PROCEEDINGS OF THE
PLEIADES NATIONAL PLANETARIUM CONFERENCE

SAINT LOUIS, MISSOURI
OCTOBER 10-14, 2017

PROCEEDINGS OF THE
PLEIADES NATIONAL PLANETARIUM CONFERENCE
SAINT LOUIS, MISSOURI
OCTOBER 10-14, 2017

Invited Papers
FINDING YOUR FIRST LOVE  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .1
2017 Noble/Spitz/Keynote Lecture
David W. Hurd
ASTRONOMY UPDATE FOR THE PLANETARIAN 2017 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6
Ronald Kaitchuck
GOING TO PLUTO FOR THE FIRST TIME: WHAT WE SAW AND HOW WE SAW IT. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13
Paul M. Schenk
Contributed Papers
A FEW NEW SPACE SONGS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17
Jon Underwood Bell
SCALE MODEL OF EARTH, MOON, AND SUN .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22
Jeanne E. Bishop
RESPECTING THE ASTROLOGER  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 24
Robert Bonadurer
LESSONS LEARNED FROM THE FLOOD  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 28
Ken Brandt
INTERACTIVE PLANETARIA: A CALL FOR VOLUNTEERS .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 29
Ken Brandt, Sara Schultz, Keith Turner and Timothy Slater
ADLERCAPS: A FREE AND OPEN-SOURCE CAPTIONING SOLUTION  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 31
Steve Burkland
SCIENCE VISUALIZATION ON THE DOME  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 32
Tony Butterfield
3D PRINTING IN THE CLASSROOM: WHERE TO GET STARTED .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 33
Jack Daleske
ANIMATION IN MUSEUMS .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 35
Aimé DeLattre
CHOOSING YOUR OWN PLANETARIUM EXPERIENCE .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 36
Derek Demeter
SOLAR ECLIPSE AT TELLUS SCIENCE MUSEUM  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 37
David Dundee
THE ART AND SCIENCE OF CELESTIAL CARTOGRAPHY  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 39
Jon W. Elvert

i

INSPIRING THE NEXT GENERATION WITH LIMITED RESOURCES .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 42
IN AN INCREASINGLY TECHNOLOGICAL WORLD
Paulette Epstein
ABRAMS PLANETARIUM GAME NIGHT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 43
John French
THE POWER OF THE INTROVERT IN YOUR PLANETARIUM CLASSROOM  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 45
Drew Gilmore and Patricia Seaton
SO YOU THINK YOU WANT TO HOST A MULTI-REGION PLANETARIUM CONFERENCE  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 47
Anna Rebecca Green
WISDOM FOR EVENT PLANNING .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 50
Jim Greenhouse
FIRST GRADERS IN THE PLANETARIUM: THREE DIMENSIONAL TEACHING .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 52
Peggy Hernandez
HARRY POTTER SCIENCE SATURDAY  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 54
Carole Holmberg
TEACHING ABOUT INFRARED ASTRONOMY .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 57
Geoff Holt
DEVELOPING NEW NGSS-ALIGNED, LIVE, INTERACTIVE SCHOOL SHOWS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 59
AT THE CALIFORNIA ACADEMY OF SCIENCES
Mary Holt, M. Josh Roberts and Dan Tell  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 59
CONCERTS UNDER THE STARS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 63
Emily Hromi
BEYOND BRIGHTNESS AND CONTRAST .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 72
Chris Janssen
UPDATE ON THE NEW BELL MUSEUM + PLANETARIUM .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 75
Sarah Komperud and Sally Brummel
PLANETARIUM COMMUNITY COLLABORATIONS—BUILDING AUDIENCES AND EXPANDING HORIZONS  .  .  .  . 79
Shawn Laatsch
DOMECASTING AND STREAMING THE KAVLI LECTURE SERIES .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 82
Patrick McPike
BUILDING THE LARGEST PLANETARIUM IN THE WESTERN HEMISPHERE  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 83
Patrick McQuillan
DEVELOPING THE TO-NIGHT SHOW AT THE EMERA ASTRONOMY CENTER  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 85
Scott Mitchell
CHANGING HORSES MID-STREAM? WHAT HORSE… WHERE? .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 89
Jordan Mogerman
BEYOND THE ‘SHOW’: THE FULL PLANETARIUM EXPERIENCE .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 91
Mike Murray
COSMIC CONVERSATIONS: WILL AUDIENCE MEMBERS TALK TO EACH OTHER?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 93
Morgan Rehnberg

ii

3D PRINTED FILAR MICROMETER FOR AMATEURS AND ASTRONOMY EDUCATION  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 95
Emily Rull
THE EFFECT OF MACULAR DEGENERATION ON APPRECIATION OF THE TOTAL ECLIPSE .  .  .  .  .  .  .  .  .  .  .  .  .  . 97
Sheldon Schafer
STUDENT DEVELOPED SHOWS AND CONTENT SHARING  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 99
Sara Schultz and Boston Heaford
BUILDING TEACHER SELF-EFFICACY THROUGH PROFESSIONAL LEARNING OPPORTUNITIES .  .  .  .  .  .  .  .  .  . 101
Patricia Seaton
PROFESSIONAL LEARNING OPPORTUNITIES WORKSHOP .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 103
Patricia Seaton
NO DOME LEFT BEHIND  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 162
Sharon Shanks, Tom Arnold and Ron Walker
ACTIVITIES FOR ENGAGING AUDIENCES IN PLANETARY SCIENCE  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 164
Christine Shupla
SHARING ONGOING PLANETARY EXPLORATION  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 166
Christine Shupla
THE PLATFORM AGNOSTIC PLANETARIUM .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 168
Mike Smail
CREATING A 100-SHOW ROSTER .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 169
Dale W. Smith
USERS’S GUIDE FOR IMPORTING SLIDE-RICH LEGACY SHOWS INTO SCIDOME .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 180
Dale W. Smith
CONNECTING CURRICULUM TO PLANETARIUM PROGRAMMING .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 195
Tiffany Stone Wolbrecht
THE INTERNATIONAL PLANETARIUM SOCIETY’S DATA TO DOME INITIATIVE .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 198
Mark SubbaRao
VISUALIZING THE ORION NEBULA .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 200
Frank Summers
ASKING THE RIGHT QUESTIONS FOR THE RIGHT LEARNERS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 202
Carolyn Sumners
INTERACTION WITH CLICKERS IN THE DOME  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 207
Carolyn Sumners
FOSTERING A QUESTIONING PUBLIC .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 211
Dayna Thompson
CHAOS IN THE PLANETARIUM .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 215
Arylyn Trout, Jacob Salis and Emily Porter
PREVIEW OF EVENING PLANETARY EVENTS, 2018-2020  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 217
Robert C. Victor
JUST GIVE ‘EM THE FACTS?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 228
Dave Weinrich

iii

RADIO ASTRONOMY IN A TOTAL SOLAR ECLIPSE .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 230
Christi Whitworth, Lebby Moran and Gary Lazich
PLANETARIUM PLATFORM AGNOSTICISM (CONT’D)  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 232
Ryan Wyatt
WHAT IS VIZ?  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 235
Ryan Wyatt
Posters
CONNECTED EYEWEAR FOR ACCESSIBILITY .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 238
Christelle Barclay
TALES OF A TIME TRAVELER .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 239
Tony Butterfield
THE PLANETARIUM OF THE FUTURE: AN ARCHITECTURAL DESIGN COMPETITION .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 240
Christina Ciardullo, Margarita Calero, Andrea Verini & Eloise Carr
ILLUMINATING NORTHERN LIGHTS .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 328
Jean Creighton, Danielle Devasto and Sam Gallagher
FINDING ACTIVITIES FOR PLANETARIUMS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 330
Alan Gould
SEEING IN THE DARK  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 333
DEBUNKING MYTHOLOGIES ABOUT HOW WE SEE IN PLANETARIUMS
Philip Groce
IMPACT FEATURES IN THE UNITED STATES .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 337
David E. Hostetter
IPS ONLINE SEARCHABLE DIRECTORY  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 342
Adam Leis
SOUND UP! CALLING ALL LISTENERS .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 344
Charlie Morrow
THE TRAVELLING TELESCOPE AFRICA LTD.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 345
Susan Murabana Oduori and Daniel Chu Owen
TEACHING USING IMMERSION—EXPLAINING MAGNETISM AND ECLIPSES IN A PLANETARIUM DOME  .  .  .  . 348
Patricia H. Reiff and Carolyn Sumners
THE UNIVERSE IN MUSIC—A STEM PRESENTATION .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 352
Jonn Serrie and April Whitt
THE LIBRARY TELESCOPE PROGRAM .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 353
James Small
1ST TOTAL SOLAR ECLIPSE ON THE 1ST DAY OF SCHOOL  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 356
Krista Murnane Testin
LIBRARY PARTNERSHIP: STARS AND STORIES!  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 357
Sarah Twidal
SMALL EXHIBIT SPACE, BIG ACTIVITIES  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 358
Sarah Vise

iv

FERNBANK’S ANNIVERSARY ECLIPSE . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 362
April Whitt
THE BUFFALO ECLIPSE CONSORTIUM: LESSONS LEARNED AND LOOKING AHEAD TO TOTALITY IN 2024 .  .  . 364
Kevin K. Williams
EVALUATING THE IMPACT OF LIVE PRESENTATION .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 365
Ryan Wyatt and Akemi Mease
Workshops and Panel Discussions
MINI LIPS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 369
Karrie Berglund
COMMUNICATING CONTROVERSY IN THE DOME  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 370
Carolyn Collins Petersen, co-moderator
Dan Tell, co-moderator and panelist
Julieta Cristina Aguilera-Rodriguez, panelist
Michael McConville, panelist
Joyce Towne, panelist
LET’S PLAY: INTERACTIVE GAMING IN THE PLANETARIUM .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 374
Talia Sepersky and Heather Fairweather

v

Editor:

Dale W. Smith

Text Preparation:

Wade Kemp

©2017 by the Great Lakes Planetarium Association; all rights reserved
Editor’s Notes:
We thank the many authors whose cooperation made possible the preparation of these Proceedings. All papers
are based on texts provided by the authors.
In future volumes of this series, we request all authors to carefully observe directions and deadlines supplied in
the Instructions to Authors in order to expedite preparation of the Proceedings.
The ideas and opinions expressed by the authors are not necessarily those of the Saint Louis Science Center, the
Conference Host, Great Lakes Planetarium Association or any of the other participating regional planetarium
societies, their Officers or membership, or the Editor.
Photo Credits:
All figures were supplied by the respective authors, except as credited otherwise in the photo or photo caption.

vi

The seven U.S. regional planetarium associations that
composed the 2017 Pleiades Conference acknowledge the
following companies and organizations for their generous
support in Fiscal Year 2017-18:

Maia Level Sponsors
Astro-Tec Manufacturing, Inc.
Digitalis Education Solutions, Inc.
Evans & Sutherland
SCISS
Seiler Instrument
Spitz
Zeiss

astro-tec.com
www.digitaliseducation.com
www.es.com
sciss.se
www.seilerinst.com/divisions/planetarium/
www.spitzinc.com
www.zeiss.com

Alcyone Level Sponsors
Ash Enterprises
The Elumenati
GOTO INC
RSA Cosmos
Sky-Skan

www.ash-enterprises.com
www.elumenati.com
www.goto.co.jp/english
www.rsacosmos.com/en/
www.skyskan.com

Asterope Level Sponsors
Audio Visual Imagineering
Konica Minolta/Magna-Tech
Mirage3D

www.av-imagineering.com
www.konicaminolta.com/planetarium/
www.mirage3d.eu

Celaeno Level Sponsors
ChromaCove
Digital Projection
ePlanetarium
Laser Fantasy

www.chromacove.com
www.digitalprojection.com/visualization
www.eplanetarium.com
www.laserfantasy.com
(continued on the next page)
vii

The seven U.S. regional planetarium associations that
composed the 2017 Pleiades Conference acknowledge the
following companies and organizations for their generous
support in Fiscal Year 2017-18:
(continued from the previous page)

Taygete Level Sponsors
GeoGraphics Imaging
Milwaukee Public Museum

geographicsimaging.com
www.mpm.edu

Electra Level Sponsors
Adler Planetarium
Bowen Technovation
Clark Planetarium
IMERSA
Museum of Science Boston

www.adlerplanetarium.org
www.bowentechnovation.com
clarkplanetariumproductions.org
www.imersa.org
mos.org/planetarium

Merope Level Sponsors
Bays Mountain Productions
California Academy of Sciences
Creative Planet
Dome3D
International Planetarium Society
NSC Creative
Starlight Productions
Sudekum Plm./Adventure Sci. Ctr.

www.baysmountain.com/planetarium-productions
www.calacademy.org/exhibits/morrison-planetarium
creative-pla.net
www.dome3d.com
www.ips-planetarium.org
nsccreative.com
www.starlight-prod.com
www.adventuresci.org/sudekum

viii

FINDING YOUR FIRST LOVE
2017 Noble/Spitz/Keynote Lecture
David W. Hurd
Planetarium Director/Professor
Edinboro University of Pennsylvania
169 Cooper Hall
Edinboro, Pennsylvania 16444
dhurd@edinboro.edu
Abstract: Challenges, distractions, and even the mundane can sap the vitality of any
planetarian. This talk challenges us all to find that “first love” and keep the “main thing”
the main thing. Through sharing personal and sometimes embarrassing experiences, Hurd
will challenge you to get back on track.
I want to acknowledge Roger Sargent. We all know the
“Rogers’” in our lives. The man or woman who impacts us on
a regular basis and makes us better at what we do. The one who
doesn’t have a background in planetarium management or even
formal education, but adds to our success by his/her sheer passion
and involvement with our programs. Roger works for the athletic
department at Edinboro University in grounds and during the day
he can be found washing uniforms for the athletes or painting
lines on fields. But he has a zest for learning and helping in the
planetarium, and he had a hand in guiding me in the development
of this talk.

that hasn’t ever happened to any of you! Why does mass cause
gravity? What’s outside the universe? Are there vampires in here?
Oops, that’s the kind of questions Ken Murphy gets!
I am also humbled to be here with you. You are my friends
and colleagues and my first reaction to doing this talk was, “nuts,
I can’t wow them with some cool astronomical stuff or wax
eloquently (or more likely wane pathetically) about an upcoming
astronomical event or fact, or even hide behind a console in a
dark dome” all while magically maneuvering my guests through a
tour of their backyard in my planetarium. Besides, if I picked an
astronomical topic, over half of you would know ten times more
on the subject than I and the other half would be too humble to let
me know I got it wrong.

It is a great privilege to be able to stand before my colleagues
and friends in this capacity. I recall getting a phone message from
Anna regarding the upcoming conference and I was sure she just
wanted to ask me about doing a paper or workshop on working
with special needs visitors or wanted me to assist in some way as
to help out for “the cause;” or “win one for the Gipper!” Well, I
was pretty busy. Can you imagine that, a planetarian being too
busy to respond to a request from Anna Green! Since I delayed in
getting back to her phone message, she decided to ask me straightup in an email if I would deliver the Noble/Spitz Lecture. As many
past lecturers can attest, at first I thought she might be joking. But
after realizing she was in a state of panic to find someone naïve
enough to take her up on it, I accepted, noting that I was humbled,
honored, and petrified.

These talks in themselves are humbling—especially when
you must deliver one! And, I don’t know about you, but I need
these talks. Once a year I need to be energized, I need a pep-talk
and that’s what I feel like I get when I go to one of these lectures.
I get encouraged, I get challenged, and I need that. So, I’m not
going to bring you anything new today or anything that you say,
“wow, I never knew that,” but what I hope to do is encourage you
and hope to challenge you. For some of you, this is a pep talk and
I’m just saying “keep up the great work, keep at it, keep on the
long haul.” For others, myself included, it’s “come on, we can do
better, we need to get back to our first love.” Maybe you have lost
that “show-time” mentality. Well, you gotta catch it again, you
gotta just do it, you gotta say to yourself, “you know what, I’m
NOT gonna let 40 kindergartners in here with their glow shoes
a-blazin get me down today. I’m going to introduce them to the
wonder of our place in space!”

Point number 1:
I am so humbled to be in this profession. Have you ever
stopped to realize we carry on a trade that has gone on since the
beginning of our existence? Have you ever pondered the fact that
before most (if not all) people groups had a written language, they
were mapping the stars, planets, and intricacies of the moon and
Sun and recording them chiseled in rock or using larger structures
that enabled ancient cultures to record significant natural events?
To me, that’s humbling.
Or what about the myriad of times a 5th grader has asked me a
great question that I can only skirt about the edges with? I know
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And what an opportunity we have to tell others we come in
contact with that we work in a planetarium. In my mind, being
a professor is secondary and a necessary evil to continue to get a
paycheck. But when I’m out and about, “I run a planetarium!” After
all, the planetarium is not a room: it’s a magical place; so, make it
a magical place. True story… one of which my secretary reminds
me of often: I remember not long ago a student was wandering
out in the hall during the first day of class and I happened to be
out in the hall at the same time and she came up and asked me,

“where’s Cooper Hall room 161?” “I don’t know, let’s go find it”
I replied with my best professorial voice. After searching for about
2 minutes we ran into my secretary who was also guiding students
who were wandering aimlessly on that first day of class, and so
we asked her. “Where is room 161?” A puzzled look came across
her face as she looked at me expecting me to finish the punchline
but then realized I was asking a legitimate question. She laughed
politely and told the student and me she would show us to “ROOM
161.” Down the familiar hall we trod. Boy had I been a good Boy
Scout and was in the act of doing a good deed when she slipped
into the museum and pointed to the planetarium door! “There’s
room 161 Cooper Hall DR. HURD!” “What,” I thought, “that’s
not room 161, that’s the planetarium!” I never knew it was room
161 Cooper Hall as the sign behind my “floating Earth” display
proclaims. It was always “THE PLANETARIUM” for me. THE
PLANETARIUM stands on its own, it is not a room, it is not a
room number, it’s the PLANETARIUM! And there’s a respect that
comes with the fact that it’s the planetarium.

Part of my own journey includes cutting my teeth on a
Spitz A3P with the original control console. I had finished my
undergraduate degree and taught junior high physical science for
four years before finding my first love. It was at the University
of Nebraska, Kearney campus where I was first introduced to
the world of planetariums while working on my master’s. My
advisor, Dr. Glen Underhill, told me, TOLD ME mind you, he did
not suggest; that I would be running the annual Christmas show
in the planetarium. “The planetarium,” I exclaimed, “let’s see,
that doesn’t have the telescope in it… right?” So, one October
afternoon, he told me to have a pencil and notepad ready and took
me into the planetarium. “I want you to copy this control panel
exactly as it is laid out here and I want you to find out what every
knob does on this machine.” With that he turned and walked out. It
was sorta dark in there and I had to first find out how to turn on and
off the lights! However, at Dr. Underhill’s request, I painstakingly
took on the task of learning how to operate the planetarium. My
first couple of shows, I am certain, were less than stellar! However,
making me copy down the panel and self-discover was one of the
best things he could have done for me. I was hooked. It wasn’t
long before I was scheduling and running the programs on my
own. I never did see him in the planetarium after my initiation.
He retired the following Spring. However, his methodology lives
on as I have countless graduate and undergraduate students who
happily (maybe grudgingly) remember their first day on the job
when Dr. Hurd “made” them copy the control panel and find out
what the knobs do!

I want you to think about your humble beginnings related to
the planetarium field for a moment. Show of hands… how many
of you knew you would work in the planetarium community when
you first entered college? How many of you knew by the time you
were a junior in college, you would work with the planetarium
community? For how many of you, was it not until after you
finished college that you discovered you would work with the
planetarium community? What a journey we are on and what tales
we can tell. Many of you may have heard or shared your journey
tonight with some sitting at your table.

I graduated from the A3P in Nebraska to a Viewlex Apollo
with the flip down control panel. Yeah, how many of you remember
that? You pull on the metal shelf and the flip down controls fold
out before you. All this housed in a 20-foot dome—of sorts—that
was actually another display for other rocks and minerals while
the planetarium was not in use at Kingman Museum of Natural
History in Battle Creek, Michigan. From there, I was sent back
to the A3P at Edinboro University of Pennsylvania where I have
been for the last 25 years and wouldn’t trade it for anything. Even
though I don’t have the latest full-dome technology, or full-dome
at all, for that matter, I continue to milk out of the A3P the last bit
of star light in my universe that I only see as growing and growing
and expanding as the opportunities unfold before me to enlighten
the next generation of explorers.

Toshi Komatsu, who works at the De Anza College Fujitsu
Planetarium, was a junior at UC Berkeley when he stumbled upon
an ad for a planetarium presenter at the Lawrence Hall of Science
and his path crossed with Alan Gould. Several years later, as a
result of Alan’s encouragement and arm-twisting to attend a WAC
meeting in San Deigo, Toshi had found a “home.” Toshi recalls
that the WAC conference was an unusually “friendly” crowd and
all too willing to share, encourage, and challenge him to explore
many different ways of communicating in the planetarium in an
engaging way.
Zach Thompson shares a similar journey. At the University of
Nebraska as an undergraduate, he reached out to Jack Dunn. Jack
would help guide Zach in his quest to learn all he could about how
a planetarium is operated. In his own words, Zach recalls “I’ll
never forget the day I got word I would be the lucky follower to
take over the reins at Mueller Planetarium. Now three years later,
it’s a wonder how so many steps in my life led me to this time and
place and I never knew it! I am grateful to be living the dream,
where it hardly feels like work. To share this love of astronomy
with others, to see the wonder in their eyes when they experience
a planetarium show or presentation, is a fulfillment beyond words.
I am grateful for what I learned from Jack and what I continue to
learn from my new friends and colleagues. This is where I was
meant to be!”

Interesting side-bar, I think cutting my teeth on the A3P
at University of Nebraska at Kearney, helped me get my job at
Edinboro University as I walked in and said, “hey, I know this
projector, I know this control panel. This feels like my backyard.”
Point number 2:

Both Toshi and Zach are the result of the planetarium
community embracing energetic and creative individuals, and it is
noteworthy that both expressed how much their regionals made a
significant impact on them.

2

What an honorable profession we have. The word “honor”
as a noun has two primary meanings. It can either mean “high
respect” or “esteem” as in… “The U.S. regional planetarium
associations are regarded with honor among planetarians around
the world.” Or, the word “honor” can mean “a privilege” as
in… “it is an honor to bring the wonders of our universe to our
constituents.” It is this latter meaning of honor of which I speak
now as a professional planetarian who has the privilege, pleasure,
pride, joy… yes, HONOR of being able to do what I do. After
all, what other profession allows you to invite your customers

into “your” backyard! So, I ask you now, “have you lost that first
love?” If you have, you have forgotten about the honor afforded
you to invite others into your backyard. In the book of Revelation
in the Bible, the Apostle John records a message Christ wanted to
communicate to the church in Ephesus. In that particular letter
Christ commends the church for many things, but ends with the
following rebuke, “But I have this against you, that you have left
your first love.” I believe they didn’t “lose” their first love, but
rather “left” it. That, to me, seems more purposeful and intentional.
I don’t think some of us have “left” our first love, but rather some
of us (myself included) have “lost” our first love. The distinction
is subtle but I believe very important. I did not intentionally leave
my first love I once had in the planetarium profession, but rather
I have allowed other distractions to draw me away from my zeal.
Distractions, the mundane, the “other” responsibilities piled up
until the planetarium itself was the distraction. I need to regain
that “show-time” mentality.

forgotten what their surprise will be when they return to class to
report their findings.
When was the last time when introducing the concept of AUs
did you get a meter’s length of adding machine or receipt paper,
tell your pupils to imagine the sun at one end and Pluto’s orbit at
the other end and challenge them to predict and mark in where the
other planets should be? Of course, Pluto is about 39 AUs from
the sun and a meter is just over 39 inches long. You know what
their predictions will be. So I ask you to consider, what creative
way will you help them find out the truth of the matter?
Or, what about this… how often do you invite your audience
into “YOUR BACK YARD” where the temperatures always just
right and there is never a cloud in the sky? I know one of our
colleagues sitting with us tonight does a great job inviting her
guests into her “backyard!” In fact, during a job interview, she
accidentally pointed out the wrong stars that make up the summer
triangle. After realizing her error, she quickly retorted, “Oh, your
backyard is much bigger than my backyard.” Well, she got the job
and I KNOW she does a great job inviting her guests into her 40
foot backyard, but I still miss her working in my 30 foot backyard…
thanks Tiffany. By-the-way, any of us who have had the privilege
to present in someone else’s “backyard” has experienced the angst
of being totally lost for a while until you can orientate yourself.

I admit, I have lost my first love and need to find it again. So,
let’s search for it right here, right now, together.
When’s the last time you blessed your guests with a trip to the
North Pole to visit Santa Claus and the sky he sees, or better yet,
when’s the last time when somebody asked, “is there a south star?”
you said, “I don’t know, let’s go look, but before we go look, how
might we determine if they have one? Let’s think about it; let’s
talk about it; let’s go exploring right now, right here in YOUR
backyard.”

The examples and opportunities are boundless to help us find
our first love of this profession and it is conferences like this that
enable us to do that through fantastic colleagues who are filled
with creative ideas for reaching a wide variety of audiences.
Colleagues like Gene Zajak, Jeanne Bishop, Dave DeRemer and
others come to mind. I am certain you can think of those creative
educators in your regional organization and I encourage you to tap
into their brain-trust. After all, most of my “creative” teaching
techniques aren’t my ideas, they are your ideas. I don’t come up
with this stuff; YOU DO! I don’t invent these ideas, I STEAL
them. You guys make me look good. And then I win awards for
being a good professor. I just don’t tell them that I steal these
great teaching ideas every year from my colleagues from the
planetarium associations of North America!

When’s the last time you found the 3rd dipper in the sky called
the “milk dipper?”
When was the last time you pointed out maybe one or two
interesting cultural constellations… How about the “blubber
container and lamp stand,” Cassiopeia in Inuit lore; the “cat’s
cradle,” Orion in Polynesian lore; “organized group of thieves,”
the Big Dipper in Macedonian lore; “buffalo embryo”, the Hyades
in Dakota/Lakota lore; or the little plough, 3 saints, the hatching
hen with her chicks, the bright star of the pig (sounds like a Stephen
Spielberg movie), jaguar, armadillo… and the list goes on and on.
When’s the last time when you asked, “what’s the brightest
star in the night sky” and everyone shouted, “the North Star,” did
you say, “hey, let’s find the North Star. Did you know you can find
the North Star in this way?” And once you found the North Star
said, “hmm, I wonder, is it the brightest star in the night sky? Let’s
have a look around.”

Point number 3:
Yes, being a planetarian is an honor and, at times, humbling.
But it can also be petrifying. Facility closures and cutbacks,
dealing with administrations that just don’t “get it,” shows that
go “bump” in the night, students or patrons who bring criticism—
justified or otherwise, and the list goes on.

Don’t lose your first love. Of course, with my old Spitz
A3P arc lamp it was kinda hard to know if the North Star wasn’t
the brightest star in the night sky. I think it kinda was at times
depending on the position of the star ball! By the way, do you
know what A3P stands for? No, you’re mistaken. It really stands
for Adjust And Align Planets; or, maybe since it is not a subscript
3, it stands for Adjust Planet Positions Promptly!
Or, what about finding your first love even out of the
planetarium? When was the last time you provided your version of
a device with various sized holes in it and challenged your students
to predict how big the full moon will be at arm’s length with one
eye closed. “Which circle would circumscribe the moon?” What
fun! You know what their predictions will be and you may have

There was a possibility I could have lost my job on October
1st from Edinboro University of Pennsylvania. It was an unsettling
time, but I was blessed with the fact that I did not. But I often ask
myself if I had, would I have lost my zest for astronomy? Would
that flame have died? Would resentment, anger, and bitterness
build up in my life instead of “wow, I wonder where I can go
where I can again make a difference in the lives of learners and
their interest in science and astronomy.”
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I am also petrified that at times I might fail. And, at times I
have failed epically! After all, how many of you can lay claim
to nearly burning down your facility? It was a cold December

morning several years ago when I was rudely woken by a phone
call from my Dean. “David, you need to get in here immediately
and report to me ASAP. The local fire department is on site and
it seems there has been a fire in the planetarium.” “How can that
be?” I thought, “Who would do such a thing? Was it an act of
terrorism?” After arriving at the planetarium, I quickly realized
that one of my best-laid special effects had gotten the better of me.
An 18 inch plastic Frosty the snowman perched above one (I had
disengaged the other three) of the old style arc lamps that heats to
the temperature of the photosphere in a matter of seconds, created
the perfect effect for my homemade and improvised Christmas
light show. As long as no one tried to use the HOUSE LIGHTS,
the effect was a fool proof plan guaranteed to work flawlessly and
delight patrons through the season as a QUICK on-off motion
would illuminate Frosty to dark-adapted eyes causing squeals of
delight leaving the indelible image of Frosty the Snowman dancing
in their minds. But, what about the custodian? Did he not enjoy
the effect during his morning vacuuming? Or did he not get the
memo that it was to be turned on and off immediately? Maybe the
cool glow that lasted for less than a minute and erupted in flames
dancing on my asbestos dome did not impress him? Needless
to say, for years afterwards an “all-faculty” bulletin would come
out on e-mail warning ALL faculty to use EXTREME caution
with any holiday decorations, accompanied with a list of what
was permissible and what was not. Although it went out to ALL
faculty, each time I saw that e-mail, an invisible finger would come
out of the screen and tap me on the chest to remind me who it was
really aimed at. Now, all that remains of the 18-inch tall Frosty is
part of the head and top-hat fused to the bulb casing as though our
formidable closest star had indeed been the demise of Frosty. For
about eight years, the smoke stain arch directly above the mishap
on the dome added to the magical ambience at the Edinboro
University Planetairum. During the renovation of Cooper Hall in
2012, about all I got was a painted dome and sprinkler system that
posed quite a dilemma when we installed new LED cove lights in
2014. And, I often wonder why the management was all too eager
to splurge for the white light LED option to replace my previous
house light system. Go figure.

I give it my all.
No progress
Am I doomed to failure?
What do these lines mean to me.
It is all just another form of calligraphy.
I feel the lines again.
They are like reading a fortune.
What does this loop above the small dot mean?
That is nothing I am told.
Concentrate on the point out yonder fields.
Keep trying, trying, trying.
That line from the circle curves and points upward to the left.
That to the right.
Go home and study this further.
If I can’t figure it out here,
how in hell am I supposed to figure this out in my dorm?
It being noisy and full of life.
What relevance will this have on me ten years hence.
Will it help to build my career taller than a neighboring fence?
Perhaps another reading of a palm.
The lines converge on one another in my mind.
There is nothing in the current project to find.
I will continue to try to find the mystery of my task at hand.
To hold my own, I must make this stand.
Ken Bremer, published in “Life Lessons through Poetry;
College life for a visually impaired person in verse”
Ken and I actually had a good teacher/student relationship, but
his frustration in trying to make sense of a pseudo adiabatic lapse
rate chart was the final straw. The poem captured his frustration
and although it is a scathing rebuke of my inadequacies, at least I
tried and this made me better at what I do in working with students
with disabilities. And often, it is in those efforts of trying that
we learn to be better deliverers within our practice. After all, I
am convinced we learn more from failures than from success. In
my over 30 years teaching experience, I cannot recall once giving
out extra credit points for students giving me right answers during
lectures, but I often give out extra credit points for wrong answers
that help us understand why we think the way we do and provide a
backdoor approach to better understanding.

Another epic failure was directly related to my work with
students who are blind. After all, I AM the leading expert in
working with blind and visually impaired students in science
education—NOT. And, I am so impressed—NOT, that a student
memorialized me in a poem that was published in a book which I
would like to share with you now.
“On Trying to Read a Weather Station Map in Braille at
an Atmospheric Space Science Review Session” April 29, 2003
In his office I sit
Reading the isobars
Trying to figure out what the hell they are telling me
What language are these materials in you ask?
It is frustration and quite a language she speaks.
The professor guides my hand over the humdrum of lines.
It all feels the same to me.
Why do I not understand this?
Perhaps it is the uniformity and unfairness of it all.
Perhaps the impatient professor expecting instant progress.
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I want to close with this and I want you to think NOT about
what you have done for the planetarium community, but rather
think about what the planetarium community has done for you.
Who has been influential in your career? Who was it that inspired
you to be doing what you are doing now and even influencing
HOW you do it? The most powerful influence in my journey as a
planetarian was Paul Rheaume. Paul was curator of natural history
at the Kingman Museum of Natural History in Battle Creek,
Michigan. It was amazing to witness him work with the children
who came to the museum, directing them through experiential
learning as a master conductor of a symphony orchestra. But it
wasn’t his skill with the children that impressed me as much as
his “show-time mentality.” For Paul, when a bus rolled in, it was
SHOW TIME. In fact, he would shout it out as a bus rolled up
to the museum, “it’s show time!” With a smile on his face, he
would burst out the front door that was guarded by the bull moose

standing 10 feet high, a cow and calf. He would bound down the
limestone stairs and anxiously await the door of the bus to open.
He was one of my biggest influences on how I conduct business.
“It’s show time” and my audience has arrived! It didn’t matter to
Paul what other distractions were buzzing around in his head or
surrounding, for when the group arrived IT WAS show time. “But
Paul, I was enjoying our gripe session about the administration
here.” It was too late; he was out of the door. “But Paul… I was
enjoying our conversation about our cramped office space where
three of us have barely enough room to get through the door, let
alone to our desks.” It was too late, he was out of the door with a
smile on his face. “But Paul, you were just telling me how rough
it was last night with your wife and kids”… it was too late he was
out of the door with a smile on his face, it was Showtime.
So, tonight I challenge you to “take root downward and bear
fruit upward.” For those of you who are “all in,” keep at it and
keep up the great work! For those of us who need a reminder,
find that first love because… no matter where you find yourself
tonight, IT’S SHOW TIME!
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ASTRONOMY UPDATE FOR THE PLANETARIAN
2017
Ronald Kaitchuck
The Charles W. Brown Planetarium
Ball State University
2000 W. Riverside Ave
Muncie, Indiana 47306
rkaitchu@bsu.edu
Abstract: The pace of scientific discoveries has not slowed. So there was great selectivity
involved in the choice of topics for this report. This year the Juno spacecraft arrived at
Jupiter to begin its mission while the Cassini probe ended its 13 years of exploration of
Saturn. Technology has advanced to the point where the first images of the surface of the
star Antares have been made. A star in a distant galaxy has disappeared and is possibly
the first time we have seen a star collapse to make a black hole. There is a prediction of a
coming merger of two stars in a binary system. Tabby’s star continues to puzzle astronomers
but it now seems likely that clouds of dust are involved in the star’s episodes of dimming.
Objects called fast radio bursters may be produced by a new type of astronomical object
that now appears to be related to young stars. Exoplanet discoveries have continued at a
fast rate. An exoplanet as dark as asphalt and another with the density of Styrofoam have
been found. The star Tau Ceti has 4 earth-size planets and the star Trappist-1 has 7 more.
The existence of ultra diffuse galaxies continues to puzzle astronomers. The radio galaxy
Cygnus A has a second supermassive black hole that only recently appeared in images of the
galaxy. Astronomer Vera Rubin passed away this year. She taught us about the existence of
dark matter. Curiously this year brought evidence that dark matter had different effects on
galaxies in the early universe. Some of the most exciting discoveries came from gravitational
wave astronomy. The third and fourth gravitational wave detections were from merging
black holes. These detections show the existence of a new class of black holes in the range of
25-50 solar masses that our current theories can’t explain.
The Solar System
Juno and Jupiter
Juno arrived at Jupiter on July 5, 2016. It went into a polar
orbit that allows the spacecraft to get very close to the planet
without passing through the intense equatorial radiation belt. To
date all spacecraft have stayed outside this region to protect their
instruments. Juno’s orbit is fairly elliptical with a 53-day period.
The original plan was to fire Juno’s engine again to modify this to a
14-day orbit; however there were indications of a faulty fuel valve
so it was decided not to take any chances by firing that engine
again. So Juno will remain in the longer orbit. Even so, it’s getting
closer to the planet than any probe has done before.
There have been many surprising scientific results. Juno’s
polar orbit is giving us our first good look at Jupiter’s poles. Its
polar regions lack the cloud belts and zones seen at the equator.
Instead the polar regions have a chaotic appearance with complex
clouds, white ovals, and cyclones the size of the Earth. The polar
regions also have a different color, almost a dark blue. Jupiter’s
poles look completely different from those of Saturn.

Jupiter’s south polar regions as revealed by NASA’s Juno
spacecraft. The image shows cyclones and great white ovals, and
storms. The polar regions lack the belts of the equatorial zones
and have a different color.
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We thought the auroras of Jupiter were produced the same
way as Earth’s. The planet’s magnetic field directs the charged
particles (mostly electrons) from the solar wind to the magnetic

poles. Along the way these particles collide with the molecules
in the atmosphere causing it to glow. But Jupiter auroras are
produced by electrons emitted from the poles of the planet. Jupiter
powers its aurora all on its own; it doesn’t need the Sun. It’s not
clear how Jupiter does this. It has been suggested that electrons
might be accelerated by waves in the planet’s magnetic field close
to the poles. We may learn more as the Juno mission continues.

Cassini made a long list of discoveries. These include a
surprising hexagon-shaped atmospheric structure at Saturn’s north
pole. Saturn’s rings are a vast array of beautiful and puzzling
features. They are amazingly flat but there are places where the
gravity of mini-moons force ring particles to produce structures
reaching 2 miles above the ring plane. The tiny moon Enceladus
spouts geysers of water into space and thereby creating the outer
ring of Saturn composed of ice specks. Apparently tidal heating
keeps the interior of Enceladus warm enough to prevent water
from freezing. Enceladus is now a target for future searches for
extraterrestrial life. The moon Titan is another wonder. It features
a dense nitrogen atmosphere, rivers, lakes, and stream channels
filled with liquid methane. Cassini produced time-lapse images
that show methane clouds forming over Titan’s pole. Saturn and
its moons are truly wonders.

Juno has been mapping Jupiter’s magnetic field during its
close passes above the cloud tops. The magnetic field is almost
twice as strong in spots (up to 20 gauss) as expected and it’s not
uniform. This suggests the field comes from shallow depths, rather
than being created in a deep core. The field might be produced by
currents of ionized gas in the outer layers of molecular hydrogen.
We have long known that Jupiter radiates more than twice
the energy it receives from the Sun. Juno is using the microwave
portion of this emission to map the locations of specific types of
molecules in the interior. We can now produce detailed maps
because Juno gets so close to the planet. Planetary scientists had
expected that beneath the swirling clouds things would be less
complex and the gasses would be uniformly mixed. But Juno’s
mapping shows the complex atmospheric structure goes deep
into the planet. It was thought that ammonia molecules would be
evenly distributed in the atmosphere. The data show there’s more
ammonia near the equator where there is a plume of ammonia
welling up from greater depths. This appears to be part of a giant
weather system that extends well beneath the cloud tops.

The Stars
Antares revealed
Almost all stars are unresolved, i.e. they appear as points—
even in the largest of telescopes. Star field images seem to show
stars with different sizes. But this is entirely an effect of difference
intensities of the stars. But there are about a half dozen stars where
a bit of their surface detail can be seen. These are relatively nearby
supergiant stars.
Antares is a red supergiant almost 900 times larger than our Sun
and 620 light years from Earth. It is 15 times the mass of the Sun
and 10,000 times more luminous. Keiichi Ohnaka (Universidad
Católica del Norte, Chile) and colleagues observed Antares for
five nights using the Very Large Telescope Interferometer (VLTI)
at Paranal Observatory in Chile. The VLTI can combine the
light gathered by its four 8.2-meter telescopes, and three smaller
auxiliary telescopes, achieving the resolution equivalent to an
82-meter telescope.

Prior to the Juno mission astronomers thought that Jupiter
either has a small, dense, rocky core 1-10 times that of Earth’s
mass or that it has no core at all. Juno’s results thus far indicate
that neither is idea true. The gravity field data are consistent with
a “fuzzy” core, with an indistinct boundary that is half the radius of
the planet. The gravity field was estimated from small variations
in Juno’s trajectory measured by the Doppler shift of its radio
transmission. If the spacecraft passes over a denser concentration
of mass it will pull Juno a bit closer to the planet. Juno’s polar
orbit and its extremely low perijove make it much more sensitive
to Jupiter’s gravity field than any previous mission.
Juno passed just 5,600 miles above the Great Red Spot,
closer than any other spacecraft. Its images show great detail in
this complex storm. The Great Red Spot is shrinking, and if this
continues sometime later this century it may vanish. Its red hue
is fading, too.
The Cassini Mission Ends
This year the Cassini Mission to Saturn ended. After 13 years
in orbit its reserve of fuel used for its orientation thrusters was
nearly depleted. In time it would be all used and the space probe
would be unable to keep its antenna pointed toward Earth and it
would be unable to adjust its orbit. There would be a possibility
that Cassini might collide with one of Saturn’s moons. The Cassini
mission taught us that Saturn’s moons could harbor alien life. A
collision with Cassini could contaminate a moon with Earth’s
bacteria. So it was decided that Cassini’s last orbit of Saturn would
end with a fiery entry into the planet’s atmosphere.
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This image of the red supergiant star Antares was obtained using
the European Southern Observatory’s Very Large Telescope
Interferometer in Chile. ESO/K. Ohnaka

The images of Antares were obtained over a narrow band of
wavelengths so motion-induced Doppler shifts could be measured.
The images show gas moving inward and outward at 20 km/sec
(45,000 mph). The atmosphere contains clumps that extend nearly
two times the star’s radius. The usual atmospheric convection
common in stars cannot explain matter at such great distances.
There may be some as-yet-unexplained physical process at work

Merging Stars
Lawrence Molnar (Calvin College) and his colleagues predict
the two stars in the binary pair KIC 9832227 will merge in 2022
(give or take a year) and they will explode producing a nova that
could reach 2nd magnitude.
KIC 9832227 is an eclipsing binary with a current orbital
period of about 11 hours. It is a contact binary, i.e. the stars are in
physical contact and sharing a common atmosphere, which gives
them a peanut shape. Contact binaries are very common and it has
long been thought that, given enough time to lose orbital angular
momentum and energy, these star pairs could merge. The orbital
period of KIC 9832227 is growing shorter, meaning the stars are
getting closer. Even more significantly this change is accelerating.
This has lead to the prediction of a merger and a nova in 2022.

A star disappears
When a massive star dies is it possible for it to collapse directly
to a black hole without producing a supernova explosion? There
have been some computer models that predict this. But without
observational evidence the idea has been controversial.
Scott Adams (Caltech and Ohio State University), Christopher
Kochanek, Jill Gerke (both at Ohio State University), and
colleagues were monitoring a million stars in nearby galaxies,
hoping to catch a supernova. Instead they saw a star in the galaxy
NGC 6946 that seemed to disappear. This star, estimated to be
about 25 solar masses, was fairly constant for a period of ten years.
In 2009 it became 1 million times more luminous than our sun
(but still much dimmer than a supernova). Within several months,
the star’s visible light disappeared. This star may have become a
black hole. But it will have to be monitored to see if it reappears.
It could be some very strange variable star.

This type of thing has happened before. The star V1309
Scorpii was a contact binary that merged and exploded, appearing
as a red nova in 2008. This star was monitored coincidently by the
Optical Gravitational Lensing Experiment (OGLE). This resulted
in a record of its deceasing orbital period and its changing light
curve right until its explosion. KIC 9832227 may be headed for
the same fate.
A Weird Star
Yale University’s Tabetha Boyajian and her team first noted
the unusual behavior of KIC 8462852 (called Tabby’s star) back in
2015. This is an F-type main sequence star located in the original
field of view of the Kepler orbiting observatory. This star was
observed to dim, sometimes by 1% and other times by 10% to
20%. While a 1% drop could be caused by an orbiting exoplanet
10-20% can not. In fact this behavior has not been seen before in
any normal star. Each dimming episode lasted days to weeks at
a time.
There have been many attempts to explain its behavior that
have included collisions with comet swarms and even an alien
megastructure. Recently, Fernando Ballesteros (University of
Valencia, Spain) and colleagues have suggested another model that
involves an orbiting planet that has a large disk and two swarms
of Trojan asteroids. The disk produces the deeper losses of light
when it passes in front of the star while the asteroid swarms
produce the smaller dips. If this model is correct there should be
another dimming event in 2021 due to the transit of the second
batch of asteroids.

Two images from the Hubble Space Telescope show a massive star
before and after it disappeared, possibly by imploding to form a
black hole. NASA/ESA/C. Kochanek (OSU)
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This shows the model from Ballasteros and colleagues to explain the behavior of Tabby’s stars. A giant planet with a system of rings
orbits the star, along with two swarms of Trojan asteroids, trailing and leading the planet in its orbit. Ballasteros et al. arXiv
Joshua D. Simon (Observatories of the Carnegie Institution
for Science) and collaborators have shown that the long-term light
curves of Tabby’s star display a gradual dimming (as seen before)
but also there are times of gradual brightening. A recent study that
used NASA’s Spitzer and Swift missions, as well as ground-based
telescopes has shown that at least some of the star’s dimming is
produced by obscuring dust. The team leader is Huan Meng, at
the University of Arizona, Tucson. Their observations indicate
that there is a cloud of dust orbiting the star with a roughly 700day orbital period. The clue was that they found less dimming in
the infrared light from the star than in its ultraviolet light. Larger
objects like rocks and moons would dim all wavelengths of light
equally when passing in front of the star. Dust particles that are
comparable in size to a wavelength of light will show a degree of
scattering that is color-dependent. Dust in the Earth’s atmosphere
helps to make the Sun appears red at sunset. To explain the
observations the dust grains that are dimming Tabby’s Star can
be no larger than a few microns in diameter. This certainly runs
counter to the alien megastructure idea.

A Radio Mystery
In 2007 Duncan Lorimer and his student David Narkevic
were exploring old data from Australia’s Parkes Radio Telescope
for pulsars. Instead, they found a strange, short-duration burst of
radio noise recorded in 2001. It didn’t repeat so it was not possible
to learn very much. Over the following years many more Fast
Radio Bursters (FRB) have been observed over the entire sky.
Each burst generates as much energy as 500 million Suns in just a
few milliseconds and they are not seen again.
However, FRB 121102 is the first, and so far only, repeating
FRB. The very large array (VLA) radio telescope has found the
source to be a faint dwarf galaxy, more than 3 billion light years
away with only 1/1000 of the stars as the Milky Way and less than
one-tenth the size. Images from the Hubble Space Telescope and
the 8.2-metre Subaru Telescope show the bursts originate in an
active, star-forming region in this galaxy. This suggests the source
of the bursts is a young object, perhaps a young neutron star. The
short duration of each burst sets an upper limit to the width of the
source. It can be no larger than the distance light can travel over
the duration of the burst, i.e. less than 100 milli-light seconds, or
less than 1/10 the radius of the Sun. FRBs maybe a new type of
astrophysical object.
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are located in the habitable zone of the star. This zone is very close
to the star because it is a cool M8 dwarf with one-tenth of a solar
radius. Being close to the star is not so good in other ways. Cool
stars are very chromospherically active. For an M8 star the stellar
wind is between 1,000 and 100,000 times greater than the solar
wind and the radiation is very strong. This means the atmospheres
of these planets could be largely stripped away.
Exoplanets: 4 Earths
Fabo Feng of the University of Hertfordshire, UK and
collaborators have discovered four Earth-sized planets orbiting the
sun-like star, Tau Ceti, only about 12 light-years away and visible
to the unaided eye.

Image of the field around FRB 121102. The host galaxy was
imaged, and spectroscopy performed, using the Gemini North
telescope on Mauna Kea in Hawai’i. Gemini Observatory/AURA/
NSF/NRC

One planet is at the extreme inner edge of the habitable zone.
A second planet is at the extreme outer edge. As a star ages its
luminosity changes and this causes the location of the habitable
zone to move farther from the star. The planet at the outer edge
has been in the habitable zone relatively recently. To make things
even worse for the prospects for life, there is a massive debris disk
around the star that likely causes intensive bombardment of the
planets by asteroids and comets.

Exoplanets

Exoplanets: Just like Styrofoam

Exoplanets: Black as Asphalt

The exoplanet KELT-11b orbits a subgiant star in less than
five days. The planet is about twice as large as the scientists can
explain, given its mass and proximity to its host. Its radius is 1.37
times that of Jupiter, but only 19% of its mass. This gives the star
a mean density that is near to that of Styrofoam.

Taylor Bell of McGill University and the Canadian Institute
for Research on Exoplanets has found the exoplanet WASP-12b to
be a hot Jupiter, 1.4 times more massive than Jupiter and 3 times
its size. It orbits in just under one Earth day. It absorbs 94 percent
of the light falling on it, making it as black as asphalt, and no one
is sure why. The side of the planet facing its star is 2600 degrees
Celsius (4700 degrees Fahrenheit). Being this close to its host
star the planet is tidally locked: one side always faces the star,
while the reverse side is always night, and 1000 degrees C (1800
degrees F) cooler. Spectra of the planet indicate it has water in its
atmosphere. This means water vapor clouds should form on the
night side. The planet is close enough to its star that given time,
the star will slowly steal the planet’s atmosphere.

Galaxies
Galaxies: That Shouldn’t Be

Exoplanets: See Them Move

Ultra-diffuse-Galaxies (UDG) have about 1/1000 the stars
of the Milky Way but are physically just as large. How did this
come to be? There are two ideas. The first is that UDGs formed
as small galaxies with few stars but they grew in width due to
gravitational pull of other galaxies. The second idea is that they
began formation in the same way all galaxies do but something
stopped their star formation.

Exoplanets are very difficult to see directly. The host star is
millions of times brighter than any planet and they can appear so
close to the star that their images merge. There are new techniques
for suppressing the star’s light so that, in some cases, its planets
can be seen. Jason Wang at the University of California, Berkeley
put together a movie that shows four planets more massive than
Jupiter orbiting the young star HR 8799. The images taken over
seven years at the W. M. Keck observatory only show a portion of
the orbits because the closest-in planet circles in 40 years and the
furthest takes more than 400 years.

A team of scientists led by Pieter van Dokkum (Yale
University) have a clue to the answer. They found that UDGs have
significantly more globular star clusters than expected for galaxies
of that luminosity.

Exoplanets: Nest of Seven

This is consistent with the second idea. They likely have the
halo mass to have formed a large number of globular clusters,
but star formation stopped before they formed a full disk of stars.
To check this idea there need to be measurements to confirm the
existence of a massive halo. Then astronomers need to figure out
how the star formation was interrupted when the galaxies were
young.

The star called Trappist-1 has 7 earth-sized planets that can be
detected by the light loss during transits in front of the star. They
have orbital periods between 1.5 and 35 days. Three of the planets
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A Galaxy With an Extra Black Hole
Cygnus-A is a radio galaxy located 800 million light-years
from Earth. It is a large elliptical galaxy that has two oppositely
directed jets of material flowing from a massive black hole at its
center. Astronomers Rick Perley (National Radio Astronomy
Observatory) and colleagues took a new radio image of Cygnus
A. The previous time it had been imaged was 1989. Their new
observations showed another object in the galaxy’s core roughly
1,300 light-years from the central black hole. This object was not
seen in the 1989 radio image. This object can only be one of two
things: a supernova or a supermassive black hole. The supernova
idea seems unlikely because the object is too luminous and visible
for too long to be a supernova. If the object is a supermassive
black hole it must have been there all along but at some time
since the 1989 image it began feeding on a star or an interstellar
gas cloud making it become visible. The existence of a second
supermassive black hole in this galaxy suggests that Cygnus-A
merged with another galaxy in the past. In this way it gained a
second supermassive black hole.
Dark Matter
Dark Matter is More Complicated
The astronomer Vera Rubin died this last year. More than
any other astronomer she made the case for the existence of dark
matter. In the 1970s Rubin and Kent Ford mapped the velocities
of the stars and nebulae in galaxies. The goal was to produce a
rotation curve for each spiral galaxy they observed. A rotation
curve is just a graph of orbital speed versus distance from the
galaxy’s center. This was not expected to be a ground-breaking
study; everyone thought they knew what to expect. In the inner
regions of a galaxy the stars are close together and interact strongly
gravitationally and they move together, in solid-body rotation, like
a spinning hockey puck. Farther out the stars move independently
about the galaxy center. They should follow Kepler’s Laws and
their speeds should decrease with increasing distance from the
galaxy’s center, as in our solar system, but this is not what Rubin
found. Instead of declining with distance the rotation curves of
galaxies remained nearly flat, i.e. the speeds did not change. This
means the stars in the outer regions of each galaxy are moving too
fast and they should be escaping into intergalactic space. Clearly
this is not happening. The only explanation is that the galaxies
have a much stronger gravitational field produced by a massive
halo of unseen matter.

exists; it’s just not doing what we expected. Maybe at the time the
galaxies in this study existed, dark matter halos were still growing.
Or, perhaps due to the great distance of these galaxies, we are only
seeing the brighter inner cores where ordinary matter dominates.
Follow-up studies with very large telescopes are needed. This is
important.
Gravitational Waves
Einstein’s Universe
The Laser Interferometer Gravitational-Wave Observatory
(LIGO) made its third gravitational wave detection on January 4,
2017. It was another BLACK HOLE merger event. The larger
black hole was between 25 and 40 solar masses while the smaller
one was between 13 and 25 solar masses. By modeling the
detected signal, the radiated power at the source can be calculated.
Comparing this to the observed wave strength gives the distance to
the source. In this case it was roughly 3 billion light-years away.
LIGO cannot detect gravitational waves with frequencies
below 30 Hz. So this means the black holes must be so close to
each other they orbit each other 30 times per second or more. The
more massive the black holes, the shorter the time their measurable
signal lasts before they merge. Also, a higher frequency means the
pair has a lower mass. For this third gravitational wave detection,
the wave pattern indicated one black hole was spinning in the
opposite direction to the orbit. If the two black holes are spinning
aligned, they need to shed some of the system’s total rotational
energy before they can merge. This results in a small time delay
before merger. The spin alignment can tell us something about the
history of the black hole pair. If the black holes came from the
evolution of a binary star system it is highly likely the spins will
be aligned with their orbits. If, on the other hand, the black holes
were once single entities that found each other by a near collision
(say in a crowded star cluster), there would be no preference for
their spin alignments. The gravitational wave pattern of this third
detection indicates the black holes spins were not aligned.
The fourth wave detection was Aug 14, 2017. This was the
first time a gravitational wave was observed simultaneously by
three detectors. The Italian Virgo detector had just come on-line.
This too was a black hole merger event with estimated masses of
31 and 25 times the Sun. About 3 solar masses were radiated away
in the energy of the gravitational waves, leaving a single 53-solarmass black hole. Their distance was estimated to be 1.8 billion
light-years from the Earth.

Reinhard Genzel (Max Planck Institute, Garching, Germany)
and colleagues obtained rotation curves for several hundred
galaxies in the distant universe (2.5 billion to 8 billion years after
the big bang). They have reported the surprising result that toward
the edge of six massive, star-forming galaxies, the rotation curves
do drop. The averaged data for 97 other (fainter) galaxies show
the same result.

The direction to the merger was estimated from the arrival
times of the wave at the three detectors. The wave first reached
LIGO Livingston, before hitting LIGO Hanford 8 milliseconds
later and then Virgo 6 milliseconds later still. The position
estimated in this way is still not good enough for optical telescopes
to search for a visible sign of the event. But considering these
were black holes there may have been nothing to see.

No one is taking this to mean that dark matter doesn’t exist or
that it didn’t exist in the past. Rather it is probably indicating our
ignorance on how young galaxies form and evolve. Dark matter

An early lesson from gravitational-wave astronomy is that
stellar-mass black holes can be more massive than astronomers
expected. Previous estimates, based on the X-ray emission from
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black holes in binary systems, did not exceed 20 solar masses. The
LIGO detections thus far show there is a population of black holes
that are significantly larger.

An important discovery from gravitational-wave detections is
that stellar-mass black holes can be more massive than expected.
Previously, mass estimates based on the black holes found in
binary systems with stars (purple) did not exceed 20 solar masses.
But the gravitational wave detections indicate a population of
stellar-mass binary black holes greater than 20-solar-masses.
The Nobel Prize in Physics this year went three key people in
the LIGO team. Rainer Weiss conceived of the first L-shaped laser
interferometers that are central to the LIGO design. Barry Barish,
is credited with reviving the project after its early problems and
managing the collaboration. The LIGO team has 1000 members.
Kip Thorne helped advance the theory of gravitational waves. He
described how the waves, produced by merging black holes or
colliding neutron stars, stretch space and time.
Closing Update
Just a few days after the Pleiades Conference ended it was
announced that the LIGO-Virgo team had detected the merger of
two neutron stars. Furthermore, the event was detected optically
as a 17th magnitude object located in a distant galaxy. It was also
detected by its emission in gamma rays and x-rays. This was
an historic first: an object observed in both the electromagnetic
spectrum and with gravitational waves. There will be some
exciting discoveries ahead.
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GOING TO PLUTO FOR THE FIRST TIME: WHAT WE SAW AND HOW WE SAW IT.
Paul M. Schenk
Lunar and Planetary Institute
3600 Bay Area Blvd.
Houston, Texas 77058
schenk@lpi.usra.edu
Abstract: The New Horizons encounter with the Pluto system in July 2015 produced the first
high-resolution global maps of this system and specifically Pluto and its large moon Charon.
These are the most distant major objects mapped and the first within the Kuiper Belt zone
of trans-Neptunian objects. Global maps of morphology, color and topography have been
produced with resolutions ranging from ~35 km down to as low as 70 m. These products will
be available on the PDS system this autumn and can be used for a variety of applications,
including visualization in simulated 3D. They also reveal a body that is remarkable in its
Earth-like geologic variety, with eroded mountain ranges 3 to 5 kilometers high, glacially
carved valleys and an enormous ice sheet produced by frozen nitrogen and methane. The
similarity is a result of the substitution of other ice phases in place of silicates and water ice
that give us our dynamic surface on Earth. Charon, similar in size to the icy moons of Saturn
and Uranus, is the second-most rugged of the group, with canyons and depressions several
kilometers deep, the deepest being 14 km. A large resurfaced plain has an undulating surface
and appears to be several kilometers deep as well.
Direct exploration of the outer known regions of the Solar
System began in July 2015 with the New Horizons encounter with
the Pluto system. This flyby produced the first high-resolution
maps of morphology and topography of Pluto and Charon, the
most distant objects so mapped. Global integrated mosaics of Pluto
were produced using both LORRI framing camera and MVIC line
scan camera data, showing the best resolution data obtained for
all areas of the illuminated surface, ~78% of the body (Figure 1).
A unique feature of the Pluto imaging data set is the observation
of terrains illuminated only by light scattered from atmospheric
haze, allowing us to map terrains in the southern hemisphere that
would otherwise have been in darkness. MVIC 4-color data were
combined with the panchromatic map to produce full color global
maps. Digital elevation models (DEMs) over ~42% of Pluto were
produced using combinations of MVIC hemispheric scans and
LORRI mosaics (Figure 2), from which slopes at scales of ~1 km
can be determined.
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Figure 1. Global map of features on Pluto from New Horizons.
Colors are derived from 3 camera filters extending from blue to
near-infrared (just beyond the range of normal human vision).
Effective resolutions range from ~35 km to ~150 meters in the
center of the map. Map extends from 0° to 360° longitude.

Figure 2. Global map of the topography of Pluto. Map is greyscale version that shows highs as bright lows as dark. Relief
shown is 6 km. Areas with no data are due to either darkness or
lack of useful stereo imaging coverage. Map extends from 0° to
360° longitude.
Pluto can be divided into regions each with distinct
topographic signatures, corresponding with major physiographic
terrain types. Large areas of Pluto are comprised of moderately
cratered plains units that are either smooth or deeply pitted. The
most dominant topographic feature on Pluto is the 1200-by-2000km wide depression enclosing the bright Sputnik Planitia (all
names are informal) ice sheet, the surface of which is 2.5-to-3.5
km deep (relative to the rim) and ~2 km deep relative to the mean
radius. The partial ring of steep-sided flat-topped massifs, several
of which are more than 5 km high, along the western margins
of Sputnik Planitia produce some of locally highest and steepest
relief on Pluto, with slopes of 40-50° and more. The second major
topographic feature is a complex, eroded, ridge-trough system
~300-400 km wide and at least 3200 kilometers long extending
north-to-south along the 155° meridian. This enormous structure
has several kilometers of relief and likely lies beneath the basinfilling ice sheet. It may predate the large impact event forming
the basin, though some post-SP deformation is evident. The large
depressed partially walled plain Hyecho Palus lies due southwest
of Sputnik Planitia. The circular constructional edifices Wright
and Piccard Montes rise 4 to 8 km and lie near the center of this
plain. Both of these constructs are interpreted as volcanic in nature.
Additional prominent topographic features include a 2-3 km high
and ~600 km wide dome centered on the illuminated IAU pole
and the amoeboidal plateaus of “bladed” terrains in the equatorial
region, which rise 2-5 km above local terrains and are the highest
standing geologic units on the encounter hemisphere. Local relief
of 3-5 km at massifs, troughs and pits supports conclusions that
the icy shell of Pluto is relatively rigid. Numerous examples of
topographic control of ice or frost deposition occur across Pluto,
including the distinct coloration of the polar dome, the elevated
terrains of eastern Tombaugh Regio, and along the ridge-trough
system, where ridge tops and fossae rims are covered in different
ices than lower elevations. The topographic signature of Pluto is
controlled by deviations from the otherwise dominant low plains,
including elevated bladed terrain plateaus and the depressed
volcanic province including Wright and Piccard Montes, and by
the large SP depression.

Figure 3. Global map of features on Charon from New Horizons.
Colors are derived from 3 camera filters extending from blue to
near-infrared (just beyond the range of normal human vision).
Effective resolutions range from ~35 km to ~150 meters in the
center of the map. Map extends from -180° to +180° longitude.

Figure 4. Global map of the topography of Charon. Map is greyscale version that shows highs as bright, lows as dark. Relief
shown is 16 km. Areas with no data are due to either darkness or
lack of useful stereo imaging coverage. Map extends from -180°
to 180° longitude.
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Global integrated mosaics of Charon’s illuminated surface
were produced using both LORRI framing camera and MVIC line
scan camera data, showing the best resolution data at all areas of
the surface. MVIC 4-color data at resolutions up to 1.47 km/pixel
were combined with the base map to produce full color global maps
(Figure 3). Digital elevation models (DEMs) with best vertical
precisions of ~0.1 km were constructed for ~40% of Charon using
combinations of MVIC hemispheric scans and LORRI mosaics
(Figure 4). Local radii were also determined from the cartographic
control network solution for the LORRI framing camera data,
which validate the stereo solutions. Charon has a topographic
range over the observed hemisphere from lowest to highest of ~19
km, the largest topographic amplitude of any midsize icy body
(including Ceres) other than Iapetus. Unlike Saturn’s icy moons
whose topographic signature is dominated by global relaxation of
topography and subsequent impact cratering, Charon’s topography
is dominated by large scale tectonics and resurfacing, and may be
most similar to Ariel. Impact craters range up to 250-km-diameter
and up to 6 km deep. Most of Charon’s encounter hemisphere
north of the equator is broken into large polygons by a network
of wide troughs with typically 3-6 km relief; the deepest of these

occur near the illuminated pole and are up to 13 km deep with
respect to the global mean radius. The southern resurfaced plains,
Vulcan Planum, consist of gently rolling plains, locally fractured
and pitted, and are depressed 1-2 km below the disrupted terrains
of Oz Terra that comprise much of the northern hemisphere. These
plains slope downward gently to the south with a topographic
range of ~5 km. The outer margins of Vulcan Planum along the
boundary with Oz Terra form a 2-3-km-deep trough, suggesting
viscous flow along the outer margins. Large blocks with relief
of 1-6 km and surface tilts of up to 5-6° are observed along the
margin of Oz Terra and Vulcan Planum. Isolated massifs, also
flanked by annular moats, lie within the planitia itself. The plains
may be formed from volcanic resurfacing of cryogenic fluids, but
the isolated and tilted massifs associated with these plains also
suggest that tilted blocks foundered into Charon’s upper mantle,
now exposed as Vulcan Planum.

Figure 6. Best views of the smaller moons of Pluto shown to scale
against the edge of Charon (at bottom).
New Horizons also observed Pluto’s smaller moons (Figure
6), which proved to be very potato-like is shape but on the order
of 10 to 40 km across. Geologic features could be resolved on the
two largest, Nix and Hydra, both of which are lightly cratered and
irregular in shape, though we did not get close enough to resolve
fracture systems. Despite the light cratering, both are likely rather
old due to the lower flux of small objects in this region of space
with which to impact planetary bodies. Both are bright but also
have stray reddish markings suggesting other ice or non-ice phases
are mixed in.

Figure 5. Perspective view of Pluto showing mountainous terrains
west of Sputnik Planitia, the smooth bright ice sheet seen to the
right. Tallest mountains are 5 kilometers above the plains and
scene width is ~1000 km across. View is produced using the base
maps shown in Figures 1 and 2.

Additional observations include those by the Burney Student
Dust Counter, which found the Pluto system to be relatively free
of debris, and indeed no ring system was found, and the SWAP
and PEPPSI instruments that observed the solar wind and its
interaction with the Pluto system. The other great surprise was
the atmosphere of Pluto (Charon has essentially none). The
atmospheric pressure and composition was about as predicted,
with a surface pressure similar to Mars’ but the escape rate of
nitrogen gas through the top of the atmosphere is much slower
than predicted. The other surprise was in the haze, which formed
thin translucent layers (Figure 7) extending a remarkable 150 km
above the surface. It is possible to see through these layers very
well, or the surface would have been obscured, but in forwardscattering light they shine brightly. It is light scattered from these
haze layers that allowed us to see parts of the surface that would
have been in darkness during encounter.

The global base maps and topographic data can be combined
to aid visualization of the surface. Using appropriate software, the
surfaces of Pluto and Charon can be rendered in 3D for any view
of the surface (Figure 5). These products serve as an aid in show
production as well as a tool for armchair explorers and scientists
desiring to examine the surface from many different perspectives.
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Figure 7. The haze layers of Pluto extend high into space in this
crescent view obtained at a resolution of ~350 meters.
The next target for New Horizons is the small Kuiper Belt
object 2014MU16 on 1 January 2019. At 43.4 AU it will be the
most distant Solar System object encountered and mapped. A
stellar occultation in 2017 revealed that this object is non-spherical
and might be two objects in close proximity. At 20-to-30 km
across, it is slightly smaller than Nix and Hydra but it is not known
whether it will be similar to them in appearance or composition.
This object will be much better observed, however, with expected
surface resolutions on the order of 100 meters. It is anticipated
(hoped?) that this object will be a relatively primitive unmodified
object left over from the formation of the Solar System, and that
will help to put not only the Pluto system in context but open a
window into the vast outer reaches of our planetary neighborhood.
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A FEW NEW SPACE SONGS
Jon Underwood Bell
Hallstrom Planetarium
Indian River State College
3209 Virginia Avenue
Fort Pierce, Florida 34981
jbell@irsc.edu
Abstract: Songs are an effective, powerful tool for teaching facts and concepts in most any
field of knowledge. As a college instructor, I have come up with some handy mnemonic songs
for remembering the spectral classes of stars, or the names and accomplishments of famous
astronomers. As a planetarium director, I use songs that are geared for all ages and levels of
understanding, such as “There are Plenty of Stars in the Sky,” or “Ode to Planet #9.” Recently
I have been branching out into other sciences, with “Mycologenia Dreaming,” “Fungi Isn’t
Fun,” “DNA,” “Jocelyn Found a Radio Star, “ and “The Entymologist’s Farewell.”
Choosing a Venue, Choosing a Method of Presenting the Song

I call myself “the Singing Astronomer.” I wanted to be “the
Dancing Astronomer,” but I can’t dance all that well. Many of
my colleagues like to remind me that I don’t sing very well either,
but it’s hard to stop an idea that’s come, especially as singing is so
therapeutic. For me, not necessarily for any listeners. The reason
why I tell you all this is that I don’t want anyone to be daunted
by feelings of low musical self-esteem. More frequently I hear
people tell me that they can’t sing; but that shouldn’t stop us. We
may not be Placido Domingo or Renée Fleming, but the human ear
is surprisingly forgiving when it comes to music (how else can you
explain Rod Stewart’s success?) The point is to try, and it’s easiest
when you get others to sing along. Anyone can write a space song.

Ask yourself, “What resources are needed to perform a space
song?”

I have a pretty good background in music. I grew up singing
in choirs and choruses and around campfires. For many years I
sang with Virginia Opera, Opus II & the Doorway Singers, and
played tuba for the Paradise Garden Rooftop Orchestra in Hampton
Roads. I have served as a cantor, a soloist, and even a Latin
Mass choir director. Beginning in the 1980s I created a series of
astronomy workshops for kids at the Virginia Living Museum and
Planetarium, and I have been presenting papers and workshops on
this topic since 1996.

• You. Can you sing? Are you comfortable standing up in front
of people and singing?
• Musical accompaniment
Piano, guitar, autoharp, karaoke, a cappella
• Music sheets to hand out or ways to put the words up on a
screen
• A place to sing—campfire, classroom, or…
• A terrific theater with comfortable seats, excellent multimedia,
and great acoustics!
Know your audience: kids; families; college students, etc. Tailor
songs to the audience
Come up with talking points that connect the songs into some kind
of pattern

Don’t get me wrong, I’m not much of a tune-maker. But
I can make up new song lyrics on most any topic, and I try to
use tunes that are well-known and sing-able, and ideally, in the
public domain. The one song I’ve published so far on YouTube is
“Universe Calling!” and here’s the link: https://www.youtube.com/
watch?v=Gav1BbXYeZ0. I’ve also published “The Astronomers
Songbook,” available from Amazon.com.

Musical accompaniment
no music at all, just out-loud recitation (boring!)
a cappella
karaoke
piano or other keyboard
guitar
autoharp or other instrument (ukulele?)
rhyming dictionary

In this paper, I will introduce a few new space songs that
I have crafted for an upcoming planetarium show, aptly named
“Space Songs.” Think of it as a blending of an astronomy lecture
and karaoke night at Applebees.
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Getting Down to Actually Writing Your Own Song

•

Are you making money doing it, or are you impacting the copyright holder’s ability to make money?

•

When in doubt, ask for permission. Weird Al
Yankovic does it even though he doesn’t need to,
but on the other hand, Jimmy Buffet never replied to
my request to use “Volcano.”

1.	 Concepts
Write down your ideas about what kind of song is needed for
your students to have in order to help them learn about some
aspect of astronomy. If it’s about a concept, a mneomonic, an
astronomer, or some sky phenomenon or object, jot down the
important things to say about it.
2.

2b.	 What music, IMHO, shouldn’t you use?

Write an original song, including tune and lyrics.
This can be a stumbling block for many people, so you may
want to consider

Sacred music
As a rule, avoid music that is strongly identified with another
venue, like the National Anthem (but there are exceptions,
such as, “The Battle Hymn of the Republic.”)

2a.	 Existing songs that might work for you.
Choose a song that you think might work. Keep in mind
the tempo and the rhythm. Is there anything about the song
title or its lyrics that suggest its utility, such as turning “Little
Brown Jug” into “Little Brown Dwarf,” or “Moon River” into
“Moon Crater”? Keep or modify any original lyrics that work.
Also, keep the fair use doctrine in mind: as a teacher, you are
allowed some latitude in using even contemporary music, so
long as you don’t overstep the bounds, for example, by selling
it as a product and making money on it. Copyrighted music
written in the U.S. after 1923 can get you in trouble, unless
permission is given, or it meets the fair use doctrine. Works
published after 1922, but before 1978 are protected for 95
years from the date of publication. If the work was created,
but not published before 1978, the copyright lasts for the life
of the author plus 70 years. Folk songs, classical music, opera
or light opera—anything written before 1923 as a rule, is fair
game. The copyright on that old chestnut, “Happy Birthday to
You,” has even gone by the boards.

Avoid genres or styles or difficult-to-sing pieces that you can’t
do
Don’t sing out of your range—find your range through
practice and performance (e.g. When I sing in front of others,
my range is higher)
3.	 Count your syllables
When you’ve found a previously published song, it’s always
a good idea to lay out the original lyrics so that you can make
sure the cadence, number of syllables in each line, etc., works
for your new lyrics.
4.	 Make it rhyme

If you are using a copyrighted song, ask yourself

Rhyming dictionaries still exist in hardbound books, but
online rhyming sites are very easy to use. Rhymezone.com
is a favorite of mine. You will discover that some words you
want to use don’t have enough good rhymes to play off of, and
you will need to choose the words you use carefully.

•

•

Is it a parody or commentary on the original? You
should be able to make a case for using a particular
song because only that tune could be used. For example, Jimmy Buffet’s “Volcano” would be easier to
use since you would be writing basically additional
lyrics to the song (see elsewhere in this article for the
revamped, “Volcano.”) But if you chose the Beatles
tune, “Hey Jude,” to use for a song you wrote about
the planets of our solar system, it would be difficult
to justify why you needed that particular song when
most any other tune could have been used.

5.	 Find your key
Make sure when you sing it that you’re not straining your
voice by singing too high or too low. Usually a key that you
like to sing in while practicing using your “inside voice,” will
be too low for when you project during an actual performance,
so be prepared to go up a step or two.

Who is your audience? Family and friends are different from your class, which is different from the
general public

6.	 Accompaniment
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You have a few choices: 1. A cappella. 2. Piano, guitar,
autoharp or other instrument(s) played live with the song. 3.
Karaoke, either from a recording you’ve made or from some
public domain music (internet is a good start.)

7.	 Solo or group effort?
If you’re doing a solo, it’s best to memorize the song. If you’re
doing a group sing, then putting the words up on a screen via
Power Point and video projector is a great way to go. You can
even insert the music into your Power Point so you are free to
concentrate on the song, and not have to worry about clicking
on the next slide.

Here Are the Lyrics to A Few New Space Songs

The Stars that Guide Us
By Jon U. Bell
November 9, 2015
Sung to “Waltzing Matilda,” adapted from “The Craigielee March,” by Christina MacPherson
I’d always wanted to set some words to that beautiful Australian tune, “Waltzing Matilda”, and in this song I got my chance. I was
looking to capture the feeling of a nighttime down-under “walkabout”, and how a traveler might be guided on his way by the positions
of the stars. The one special star in the north that is mentioned in the song is, of course, Polaris, the North Star; but the irony is that
Polaris can never be seen from the Earth’s southern hemisphere, and there is no corresponding “South Star”. However, when it is above
the horizon, the Southern Cross can be used instead, as the upright of the cross points toward the South Celestial Pole.
Once long ago as I traveled about the land
I lost my way and knew not where to go
But just as despair filled my soul and my hope had gone
Out came the stars and the way they did show.
CHORUS

Stars shine at nighttime, all through the nighttime
Stars shine at nighttime and show us the way
When you’re lost in the dark and you’re not sure which way to go
Stars shine to guide you so you will not stray.

Bright stars and faint stars were cast across the darkened night
Which star would guide me, how bright might it be?
One star alone, with a small but a steady light
Shone in the north and it beckoned to me.
CHORUS
All through the night as I walked across that darkened land,
Stars rose and set as the earth turned below
But off to the north stood that one single steady light
Showing me how to my home I might go.
CHORUS
Night and Day
By Jon Bell
April 2003; January 10, 2004, December 17, 2012
(sung to the tune, “Night and Day,” by Cole Porter, from The Gay Divorce’, 1932)
AUDIENCE: All ages
Like the beat beat beat of the tom-tom		
Like the tick tick tock of the stately clock		

When the midnight shadows fall
As it stands against the wall

While the planet earth sails through its orbit		
Inertia drives it along its way, and it will		

Its revolution we will learn
Turn, turn, turn!

Night and day, there’s rotation,
As we turn into earth’s shadow,
Then back toward the sun.
The shadow’s what we call night,
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In daytime we see the sunlight, day and night -

Night and day!

Day and night, Why is it so,
That our planet keeps on spinning where-ever we go?
As we travel ‘round the sun,
Completing a revolution: Still we rotate on,		

Night and day.

Night and day, as the world turns below
Up above all the stars and the sun and the moon ‘cross the skies go
And its spinning won’t be through
When the skies go from midnight to azure blue,
Day and night, Night and day!
Living On Mars
By Jon U. Bell
September 13, 2015
Sung to the tune, “My Grandfather’s Clock,” by Henry Work, 1876
The surface of Mars is much colder by far than the frostiest places on Earth
Its C.O. two atmosphere runs pretty thin, and for breathing has no practical worth
The air is so dry, there’s no tear left in your eye, the UV will make your skin shed
If you take off your helmet, your eyes will bug out, in a minute you will be quite dead.
CHORUS

But Mars is a planet we’ve come to know
And Mars is a planet where we could go
It’s for-ty million miles from Earth
And we ought to go.

On Mars the wind stirs up great deserts of sand where the watery oceans once stood
The landscape is cratered, its tundras are bare, and it’s plain that the soil is no good
Its volcanoes stand high, but their lava has run dry, and the heat has gone out of this place
Any hope to find life on this forsaken world has evaporated into space.		
CHORUS
It would take half a year to send rockets to Mars, another half year to come home
Once we’re there, we must stay for a year and a half, living under a sealed pressure dome
But its red sands call out, of this there is no doubt, it’s waiting for us to explore
Like the sailors who voyaged on unknown seas, we sail out to a distant shore. CHORUS
Jocelyn Found A Radio Star
By Jon U. Bell, 2010 (and thanks to Ann Lakey for the suggestion!)
To the tune, “Video Killed the Radio Star,”
By Trevor Horn, Geoff Downes and Bruce Woolley (the Buggles)
She was observing space way back in ‘Sixty Seven
The telescope she ran was listening to Heaven
The signals coming through seemed commonplace, but then - Oh-a-oh
She noticed on the chart there was a signal strange
A most peculiar pulse, a beacon point of change
Occurring once a second, was it alien exchange?			
Oh-a oh
Was it L. G. M?				
Oh-a oh
Some Little Green Men?
Jocelyn found a radio star
Jocelyn found a radio star
Signals sent from a pulsar 						

Oh-a a-a oh.

A pulsar is a neutron star, it’s spinning fast
Magnetic hot spots on the star create the flash
It’s small and dense, a total supernova ash 				
That was the first one 						

Oh-a oh
Oh-a oh
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But not the last one
Jocelyn found a radio star
Jocelyn found a radio star
It’s one big neutron, how bizarre
Electrons have gone nuclear 					

Oh-a-a ho oh

Oh-a-a ho oh

Instrumental bridge
Jocelyn found a radio star
Jocelyn found a radio star
It’s one big neutron, how bizarre
Electrons have gone nuclear
It’s ten miles wide, a compact star
It’s just the core left, it’s gone too far
It is a radio star
It is a radio star
Jocelyn found a radio star, Jocelyn found a radio star, Jocelyn found a radio star,
Jocelyn found a radio star, Jocelyn found a radio star, Jocelyn found a radio star, etc.
(along with):		
It is a radio star, It is a radio star, etc.
Oh-a oh, Oh-a oh, Oh-a oh, etc.
The Stars Are Just Light Years Away
(The Ten Nearest Stars)
By Jon Underwood Bell
September 11, 2015
Sung to the Scottish folk tune, My Bonnie”
Fans of the TV show,“The Big Bang Theory,” may recall the scene where Sheldon recites the list of nearby stars as he goes downstairs
(https://www.youtube.com/watch?v=vg3noqtm0L0.)
Great fun, but not as musical as I would like. So here’s my “ten nearest stars” version set to an old tune that my children are tired of
hearing me sing. (And now you will have to work to get it out of your head, just as they did.)
I’m going to Alpha Centauri,
The closest star to us, they say –
I’m going to Alpha Centauri,
It’s only four light years away!
CHORUS		

Light years, light years,
It’s only four light years away
Light years, light years,
It’s only four light years away!

They say Barnard’s star is the next one
The next nearest star, they say,
They say Barnard’s star is the next one
It’s under six light years away! 		

CHORUS (last line: It’s less than 6 light years away!)

The third closest star, Wolf three-five-nine
Is less than eight light years away,
I really would like to go out there
But I hope the Borg have gone away!
CHORUS		

Light years, light years, It’s less than 8 light years away
Light years, light years, I do hope the Borg went away!
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SCALE MODEL OF EARTH, MOON, AND SUN
Jeanne E. Bishop
Westlake Schools Planetarium
24525 Hilliard Road
Westlake, Ohio 44145
jeanneebishop@wowway.com
Abstract: For the August 21, 2017 Great American Eclipse, I wanted to convey the correct
scale of diameters of Earth, Moon, and Sun, as well as the distances between them. It always
is difficult to convey correct diameters and distances simultaneously. In this paper I will
demonstrate the scale and materials I used as well as present some analogies to show relative
diameters and distances of space bodies.
I know that many of you gave workshops in preparation for
the Great American Eclipse of this past August 21. When I was
planning workshops for students, teachers, and park interpreters, I
wanted to present a visual that would accurately show the relative
sizes and distances of the Earth, Moon, and Sun. If you have
also tried to do this, you know how hard it is to have an accurate
representation. The true scale of the sizes and distances of these
three bodies is a misconception to many people. If one has model
objects for the Earth and the Moon that are large enough to see
well, the model for the Sun must be very large. And the distances
between all the bodies are greater than what almost everyone
would at first predict.

tennis ball for the Earth and a penny for the Moon, the Moon will
be located quite a distance across a room, and it will be very hard
to include the Sun and the Earth-Sun distance in the same scaled
model.
To represent the Sun’s 865,000-mile diameter, which is 108
Earth diameters), the object must have a diameter of 47.5 inches or
3.5 feet. I taped four poster boards together and then cut the large
rectangle into the proper size for the scaled Sun. You could use
any substance that comes in large pieces, like canvas, wallpaper,
metal, or plywood, to cut out this scaled Sun-size object.
How far from Earth is this model Sun? It is 11,600 Earth
diameters or 5,115 inches or 426 feet or 142 yards. (For any set
of scale materials, the Sun will be about 400 times farther than the
Moon from the Earth. It is a natural coincidence that the Sun is
400 times farther but 400 times wider than the Moon, making a
solar eclipse possible.)

In the model one needs to compare an Earth diameter of about
8000 miles, a Moon of about 2000 miles, a Sun of about 865,000
miles, an Earth-Moon distance of about 250,000 miles, and an
Earth- Sun distance of 93,000,000 miles. We will ignore the EarthMoon and Earth-Sun small changes of distances due to elliptical
orbits.

Curling ribbon comes in rolls of 300 feet. Unwinding about
a roll and a half of yellow curing ribbon for the 426 feet between
Sun and Earth is easy in an outdoor situation, such as a field. If
you are inside, one student can carry a pre-cut-and tied length of
ribbon, 426 feet, around the room. Other students can hold up the
ribbon as it turns corners.

I examined many items in craft stores, grocery stores, toy
stores, sporting goods stores, and Dollar stores. I figured that
among all these places would be materials that would help me
make an accurate model. I fund many round objects—all sizes of
Styrofoam balls, pom-poms, tennis balls, baseballs, soccer balls,
beach balls, ping pong balls, marbles, beads, gunshot, balloons,
hole punches to make round dots, round stickers in many sizes,
fruits and vegetables, seeds, round candles, small candy sprinkles,
marshmallow, tacks, pins, and cotton swabs. Coins also are good
round objects for comparisons. Perhaps you will want to make
scale models or have students make models of space bodies using
such items.
I selected a round piece of gunshot 0.44 inches in diameter
for my Earth. (Spray paint or clear covering on the gunshot, so
you do not touch the lead.) I also found small round smile-face
stickers this size to represent the Earth. Then I selected a piece
of gunshot 0.11 inches across, and I glued it on contrasting-color
cardboard, for my Moon. To represent the distance between Earth
and Moon, the two pieces of gunshot are separated by 13.6 inches,
or just a little over a foot. If you use any larger objects to represent
the Earth and the Moon, there is more difficulty in adding a large
Sun and a large Earth-Sun distance. For example, if you use a

Indoors, the model can be made more spectacular by using
glow-in-the-dark materials. Spray paint the Earth, Moon, and
Sun sheet with glow paint. Place the Earth and Moon 13.6 inches
apart. Glow ribbon, twine, or shoe-strings tied together (all
available around Halloween) are tied together to produce the 426foot distance from Earth to Sun.
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This model can be expanded to include other Solar System
objects, but the distances become so large they are unwieldy.
Online one can find a number of ways to construct a scaled model
of the Solar System, including the method of folding a piece of
paper in half and half again several times to get scaled distances
of planets. But you will not be able to include moons (natural
satellites) in any of these models, and two different scales, one for
distance, and one for planet size must be used to see the smaller
planets.

There are some other analogies for the Earth, Moon, and Sun
diameters and distances that can be used to visualize the scale.
Consider sheets of paper, 8 1/2” x 11”. Think of four vertical
sheets as representing the Earth diameter and one vertical sheet
representing the Moon diameter. The Earth is 31 sheets away
from the Moon. On a computer with a Word program, scroll down
four sheets (Earth diameter), then scroll and count down 31 sheets
(distance to the Moon), and then scroll one more sheet (Moon
diameter). To add the Sun to the computer scrolling model, scroll
and count down about 12,000 sheets (distance to the Sun). The
Sun’s diameter in this model is about 400 more scrolled sheets!
If one uses actual sheets of paper in this analogy, the distance
between Earth and Sun is about 24 reams of paper!
Suppose you use claps at a certain frequency to represent size
and distance. Try a fast rate and count. One clap is the diameter of
the Earth. 31 claps is the distance to the Moon. A very quick clap
is the diameter of the Moon. The Sun’s distance is 124,000 claps,
and the Sun’s diameter is 108 claps. Different musical instruments
can be used for diameter and distance, such as piano notes for
diameter and drumbeats or triangle hits for distance; all, of course,
at the same frequency for a given scaled model.
We already use light-time to compare distance to objects.
While it takes about 8 minutes to receive light from the Sun, from
the Moon light arrives in about 1 1/2 seconds. For the last thirty
years Cassini scientists have lived with the light time of Saturn’s
distance from Earth, which varies from about 88 minutes to 71
minutes.
It is fun and educational to think of ways to show size and
distance of space objects. Too often our textbooks, computer
programs, and even planetarium presentations give representations
that give ideas about size and distance that lead to misconceptions.
I suggest that we are careful in how we represent size, distance,
and other comparisons both in and out of the dome.
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RESPECTING THE ASTROLOGER
Robert Bonadurer
Daniel M. Soref Planetarium
Milwaukee Public Museum
800 West Wells Street
Milwaukee, Wisconsin 53233
bonadurer@mpm.edu
Abstract: I am not an astrologer. Repeat, I am not an astrologer. But your planetarium visitor
might be. How do handle such a visitor? This paper will explore planetarium opportunities
for delving into the power of the zodiac. It will take a fresh look at astrology long ago and its
current status today.
After describing what I do for a living, I often hear, “oh, so
you are an astrologer.” My first response is to clench my fist and
somehow keep a straight face without rolling my eyes. After my
ears stopped rattling from their ludicrous conclusion, I take a deep
breath and politely explain the difference between astronomy and
astrology.

has remarked the following about Kepler, “had he not been an
astrologer he would very probably have failed to produce his
planetary astronomy in the form that we have it.”
To be fair, Kepler also disparaged astrologers. He wrote
that the many rules of astrology add up to nothing. For more of
Kepler’s thoughts on astrology read Max Caspar’s book entitled
simply Kepler.

Kepler Was an Astrologer:
We have revered Johannes Kepler in many planetarium
shows and classrooms. And for good reason. His three laws of
planetary motion were revolutionary. They accurately predicted
the positions of the wanderers.
But Kepler also cast horoscopes. You might say that he had
to—for the money, to keep his position, or advance his career.
To get a good sense of what the times were like 400 years ago—
an excellent book is The Astronomer and the Witch: Johannes
Kepler’s Fight for His Mother by Ulinka Rublack.

Birth of Astrology:

The fact remains that Johannes Kepler (1571-1630) was
both an astrologer and an astronomer. One historian, John North,
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Who knows when astrology started? Maybe it was when we
first gained consciousness. From my perspective, it’s easy to
comprehend how the stars and planets came to be seen as gods—
who have powerful influence over people and events on planet
Earth. The next step was natural for early humans. The position
of these “gods” became a factor in human decisions and actions.
There were heavenly signs above—you just had to look and watch
their movements.

Astrology Today:

The Moon was the first object to be tracked. One of the first
stargazers was a Paleolithic cave person. Evidence shows Moon
phases chiseled into an animal bone about 30,000 years ago.
Perhaps, it was a way of tracking days to better predict or follow
animal migrations.

Not long ago, astronomer Carl Sagan used to poke a little fun
at astrology—as evidenced in his Cosmos public television series.
He pointed out that you find a horoscope column in many papers,
but hardly any science or astronomy references.

As human civilization advanced with the invention of
agriculture and writing, they better understood the sky above. The
Greeks gave us a perfect word for this perfect place—cosmos. It
means order. The sky—the heavens—were seen as impeccably
organized.
The Sun, Moon, planets, and stars operate like
clockwork. All above was flawless. Things down on the ground,
on the other hand, were chaotic. Volcanoes. Storms, floods.
Earthquakes. Chaos—means disorderly—the opposite of cosmos.

Today people use the internet for news, so I wondered: ”Who
wins the Google search battle—astrology or astronomy?” The
winner—as of September 19, 2017—is astronomy at “about 139
million results.” Astrology is not far behind at 93 million.

Over 2,000 years ago, the ancient Greeks started to explain
the sky by natural causes. Astrology had a rival—the science of
astronomy. While the scientific pursuits of the Greeks faded, it
was re-born with the European renaissance starting around the 14th
century.
Astrology wasn’t going to disappear overnight. As the
Renaissance grew and flourished, astrology lost some of its luster,
but it was still glowing bright. About 100 years after Kepler, Isaac
Newton was reported to have turned away from astrology. Others
though claimed Newton secretly practiced astrology. We do know
alchemy was a passion of the great gravity master.
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Astrology and the Planetarium:

Neil de Grasse Tyson loves to debunk astrology as much as
Sagan. He calls a horoscope a “horror-scope.” His website points
out that the gravity of the planets do exert a pull on the human body,
as all objects with mass do. He then cleverly points out that the
doctor who brought you into this world had more of a gravitational
effect on your body than the distant planets. My favorite quote by
Dr. Tyson is “the good thing about science is that it’s true whether
or not you believe in it.”

What does all this mean? Astrology minded people visit the
Planetarium dome all the time. It means there is an opportunity
to teach the difference between astronomy—the study of the stars;
and astrology—the language of the stars.

Lots of people think astrology works like science. The
National Science Foundation (NSF) recently reported percentages
of Americans who think astrology is “not at all scientific.” The
number of people declined from 62 percent in 2010 to just 55
percent in 2012. You have to go back to 1983 to find a time when
people in the USA were less skeptical of astrology.

In our planetarium’s latest show, Sky Wars: Battles of
Discovery, we have a scene called “Astronomy vs. Astrology. “
Below is part of the current script from this show:
NARRATOR: Long ago, the planets, Moon and Sun were
seen as gods—moving among the Zodiac constellations. Their
influence was real. People saw a connection between the sky, the
heavens—and life here on Earth. This astrology was powerful—
although its predictive powers were not very accurate. Still,
countless horoscopes were cast—as they are today.
Today, astronomers do not find a direct link between planets
and life events on Earth. The planets are too distant—their
gravity too small—to affect anything here on Earth—except
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of course—curiosity. The Moon—causes the tides—but it has
never caused a physical action on any human body—besides
maybe—a lovely song.
(sing song to self)
Well, it’s a marvelous night for a moon dance
With the stars up above in your eyes
Elle: That’s my first chapter—astronomy vs. astrology. These
two still battle today.
Risha: I think both camps are looking for connection to the
stars and planets. They’re just use different tools to connect.
Astronomy is science. Astrology is a belief.
Elle: Makes sense—but people still get confused about their
differences.
Risha: They do sometimes. What other sky battles do you
have?
Elle: SIRF—run “Round verse Flat.”
Respect:
“No pessimist ever discovered the secret of the stars, or sailed
to an uncharted land, or opened a new doorway for the human
spirit.” ~Helen Keller
(

As planetarium educators, we will not open many astronomical
doorways if we talk down to the astrologers. I do not know if
the script we wrote for our newest planetarium show is respectful
to people who believe in astrology. I hope so. I want them to
know the difference and leave it as that. After all, astronomy and
astrology sound the same. It’s safe to say many people have never
had the difference explained to them.

Johannes Kepler was caught in two worlds. Both astronomy
and astrology surrounded him. It’s the same for many of us today
in the planetarium world.
Sure, I will always speak more passionately about science than
astrology. To me, the joy of discovery is incredibly fascinating and
rewarding. Or as the great physicist Richard Feynman titled one
of his books—science is simply The Pleasure of Finding Things
Out.
Is there pleasure for people who believe in astrology?
Absolutely. And many of these are planetarium customers who
should be treated with respect.
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LESSONS LEARNED FROM THE FLOOD
Ken Brandt
Robeson Planetarium
201 E. Livermore Drive
Pembroke, North Carolina 28372
Ken.starsabove@gmail.com
Abstract: Hurricane Matthew reduced much of Lumberton, North Carolina to a hip-deep,
or worse, wading pool. This included the Robeson Planetarium and Science Center, which
was inundated by 3-4 feet of floodwaters. What have we done, and what are we preparing to
do? Come hear about lessons learned, and what you might do to make your institution more
disaster-resistant.
October 8th, 2016 Hurricane Matthew brought 25 inches of
rain in twelve hours. Inundating most of Lumberton-to include the
planetarium and science center. After doing an initial assessment
of the damage, I entered the planetarium and saw the projector
lying on its side.

One of the things we featured was an activity bus and driver
to go out to the schools and bring kids to the planetarium. We lost
the bus in the flood, and the driver retired. Amazingly enough, I
somehow convinced my administration and many school principals
to use one of their buses and driver to bring the kids!
The eventual rebuild of the planetarium is still a distant dream.
Several different entities have yet to complete their analysis of
what was lost, and what it would cost to replace same. I’ve gone
from “dream big-go for the best we can get” to, “you’ll be lucky to
get what you had before”. One person, the district’s auditor, is in
control of the eventual fate of the facility. So, for now, I have to go
low-budget, low resolution, and lowered expectations. That does,
however, beat the alternatives!
What’s the lesson: work in a place that doesn’t have natural
disasters. Failing that, when disaster does strike, have a plan in
your back pocket, ready to unveil at will.

One of the first things I did was ascertain what was remaining
in my operating budget for the year. I requested bids from various
vendors of portable planetariums, and I am now running inflatable
planetarium programs for our students.
I chose to go with a semi-permanent home for the inflatable,
rather than schlepping it around to different schools’ gyms.
Fortunately for me, after a meeting with the Lumberton downtown
development council, arrangements were made for the planetarium
in a “multipurpose room” at the Robeson County Partnership for
Children.
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INTERACTIVE PLANETARIA: A CALL FOR VOLUNTEERS
Ken Brandt
Robeson Planetarium,
201 E. Livermore Drive
Pembroke, North Carolina 28372
Ken.starsabove@gmail.com
Sara Schultz
Minnesota State University
Moorhead Planetarium
1104 7th Ave S
Moorhead, Minnesota 56563
schultz@mnstate.edu
Keith Turner
Carmel Clay Schools Planetarium
Carmel Clay Schools
Noblesville, Indiana 46032
planetarium1972@gmail.com
Timothy Slater
University of Wyoming
Laramie, Wyoming 82071
timslaterwyo@gmail.com
Abstract: As part of a large footprint research study, a team loosely based at the University
of Wyoming is building the infrastructure needed to gather data about nature of interactive
planetarium lectures. The specific definition of “interactivity” is still under refinement, and
participants at previous conferences are helping to define the notion. The researchers are
actively seeking volunteers to provide audio (or video) recordings of live planetarium lectures
in order to build a database for systematic study.

Since its advent in 1931, the planetarium has been a nontraditional educational learning environment of great promise
and interest to science teachers for teaching astronomy (Slater &
Tatge, 2017). Today, more than 3,000 planetarium classrooms
exist around the world (Abbatantuono, 1995; Rice & Town, 2013).
Most are permanently installed brick and mortar planetariums
existing in K-12 schools, on college campuses, and in museums.
Additionally, a significant number of planetariums are mobile—
in the form of inflatable domes surrounding a digital computer
projector—that travel to K-12 schools and summer camps.
For most of the history of planetarium education, there
has been an ongoing—but mostly data-free—debate about the
comparative value of “live planetarium lectures” versus that of
carefully constructed, turn-key, pre-recorded presentations. Part
of what makes this debate data-free is the difficulty in studying
what actually happens during live planetarium lectures on any
sizeable scale. Specifically, what has not been systematically
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described and documented in recent years is what is the content
and nature of “live planetarium education” lectures. Fifty years
ago, Curtin (1967) arranged to have planetarium presentations of
numerous presenters’ audio tape recorded using the infrastructure
of the Great Lakes Planetarium Association. The content was
then analyzed to determine the astronomy content of school group
planetarium programs, in an effort to extend nascent work done by
Richard Emmons (1950) and Anita Emmons (1963). He studied
18 elementary school program recordings and 20 junior high
school programs. He reported that 42.9% of the presentation time
at the elementary school level was allocated to current, night sky
observations, and that 48.5% of the presentation time for junior
high school level programs were devoted to current, night sky
observations. In other words, with considerable effort he was
able to ascertain what range of “nouns” were most frequently used,
but did not have the tools available to score the degree to which the
live planetarium lectures were based on a notion of active-learning
and intellectual engagement.

A team of experienced planetarium educators based at the
University of Wyoming is reproducing Curtin’s (1967) study in a
modern context study by collecting and systematically analyzing
voluntarily submitted recordings of planetarium lectures.. As a first
step, audio recordings are being systematically analyzed and given
a quantitative “interactivity” index score using widely recognized
and validated instruments that constitute standard practice in
education research: (i) the Reformed Teaching Observation
Protocol, RTOP (Piburn & Sawada, 2000) and (ii) The Classroom
Observation Protocol for Undergraduate STEM, COPUS (Smith,
Jones, Gilbert, & Wieman, 2013). The goal is not to issue a “value
judgement of planetarium teaching effectiveness” but instead more
formally characterize the range and domain of interactive teaching
techniques used in contemporary live planetarium lectures. The
results will be useful for training future planetarium educators
by better understanding the range of techniques available and in
better designing future learning effectiveness studies.

Figure 1. The University of Wyoming Team (L-R) Keith Turner,
Ken Brandt, Sara Schultz, Tim Slater
References
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ADLERCAPS: A FREE AND OPEN-SOURCE CAPTIONING SOLUTION
Steve Burkland
Adler Planetarium
1300 S Lake Shore Dr.
Chicago, Illinois 60605
sburkland@adlerplanetarium.org
Abstract: Every guest deserves the opportunity to experience your sky shows. But, providing
closed captioning shouldn’t require specialized equipment; in fact, it shouldn’t cost anything
at all! Learn how to implement this free and flexible, web-based solution in your dome or
theater.
Many of our institutions measure success based on the
number of guests who walk in the door. What about prospective
guests who can’t walk? What about those who can’t see or hear?
Upgrading the accessibility of your institution is important, costly,
and inevitable. More than that, making changes that allow people
to better engage with your museum is simply the right thing to do.
Adding closed captioning to your dome or theater allows guests
who have any amount of hearing loss to laugh, gasp, or wonder
with everyone else in the room. AdlerCaps lets that experience
take place with the comfort of a guest’s own mobile device, and at
no cost to your museum.

Other captioning systems require mirrors, handheld devices,
or specialized computer equipment. AdlerCaps requires a guest’s
mobile device, a public WiFi server, and a computer or tablet on
the presenter’s desk—that’s all! A comprehensive installation
manual describes how to add our system to your existing Linux or
Windows based web server, or how to turn a computer or laptop
into a webserver that can manage the captions. If you have access
to an IT professional, the installation process becomes even less
difficult. In addition to the AdlerCaps system itself, the software
bundle includes usage tracking code, and a timing and formatting
program to help you create your own caption files.

AdlerCaps is an open-source, web-based system that utilizes
public WiFi, which already exists in many museums. Guests visit
a landing page online that established a chat room-like connection
to the AdlerCaps server. Guest connections only receive
communication from the server, they can’t broadcast them. The
show presenter also joins the chat room-like connection, but they
can both receive and broadcast. Presenters choose the appropriate
show captions and either manually start them, or wait for the
planetarium software to automatically start them. In either case,
the captions broadcast in a timed fashion determined by the creator
of the caption file. In fact, anyone can create and add new caption
files if they follow a certain structure and take care in determining
the timing.

Upgrading your facility’s accessibility may be a costly
endeavor, but obtaining closed captioning shouldn’t be—
AdlerCaps is free. Simply visit www.adlercaps.org/test to see
the interface, and get a feeling for what your guests would see.
Then, navigate to www.adlercaps.org/download and get the latest
version. Finally, contact the Theaters team at the Adler if you have
questions or run into bumps during installation. Whether you run
a dome, a flat screen, or a standard movie theater, AdlerCaps is
the affordable and flexible way to attract new guests and achieve a
higher level of success.
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SCIENCE VISUALIZATION ON THE DOME
Tony Butterfield
Houston Museum of Natural Science
5555 Hermann Park Drive
Houston, Texas 77030
tonyb@hmns.org
Abstract: From craters to crinoids, visualization of various collectable artifacts from the
Houston Museum of Natural Science. Realistic graphics that use photogrammetry can be
used in a planetarium to really help visualize educational topics.
From craters to crinoids, visualization of various collectable
artifacts from the Houston Museum of Natural Science on the True
8k Dome. Different examples include finding craters, cracks, and
ridges on a giant 22-foot tall crinoid and flying between them on
a 50-foot dome. Artifacts from Cabinets of Curiosity explored in
“Tales of a Time Traveler”.
In March 2016 the Burke Baker Planetarium was reopened
after a complete remodel of the dome, seats and projection system.
The new system created the highest resolution planetarium in the
world. Taking advantage of this new high resolution, very detailed
scenery can be imaged on the dome.

The first part of photogrammetry is taking the photos. The
better the quality, the better the results. A very good photo from
a good phone is better than a bad high-resolution photo from a
digital camera. At first I only took 40-50 pictures. The software
needs as much information as possible to build a data set. Now
I usually take about 400-500 photos to create a detailed account
object.

The new full dome movie, “Tales of a Time Traveler” opened
September 29, 2017 in True 8K Resolution. I produced several
of the scenes in the movie. In order to take advantage of the high
resolution display system, very high resolution animations had
to created. In order to create the highly detailed animations, I
learned how to use a highly technical aspect of photography called
photogrammetry.

I tested several software programs that specialized in
photogrammetry. I settled on two professional programs, Autodesk
Remake and Agisoft. Photogrammetry is a computationally
intensive process. Autodesk has recently replaced Remake with
Recap and charges a fee every time it computes a batch of photos.
They do that because all of the calculations are on Cloud Based
computers. The advantage is that you don’t have to have a render
farm of computers. Then downside is you have to buy “credits”.

Photogrammetry is the science of deriving 3D content from
a 2D image. Even though the concept goes back more than a
hundred years, it is only now that computers are powerful enough
to produce movie quality results. The process to create a 3D object
is still long and detailed.

Realistic graphics that use photogrammetry can be used in a
planetarium to really help visualize educational topics. My tip is
to take more pictures than you think you need and to use the fastest
computer you can get.
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3D PRINTING IN THE CLASSROOM: WHERE TO GET STARTED
Jack Daleske
Peoria Riverfront Museum
222 SW Washington St.
Peoria, Illinois 61602
jdaleske@peoriariverfrontmuseum.org
Abstract: How can you use 3D printers as a teaching tool? This presentation will be an
introduction on how to teach 3D design for K-12 and how to tie it into planetarium content.
Emphasis will be on getting started, common pitfalls, and setting expectations for students
and parents.
minutes of opening the box. However, it also had many tools for
more advanced users. On the negative side, it is a little bit more
expensive than most introductory printers, and it is pretty loud to
have running in a classroom or office.

3D printing is a relatively new technology and it is a very
exciting topic for educators and parents alike. To informal science
educators, 3D printing represents a new way to bring unique
and fun learning experiences to our museums and planetariums.
Today, I am going to take you through the process of bringing 3D
printing to Peoria Riverfront Museum and give you a place start
thinking about 3D printing in your own planetarium.
So how did 3D printing start at Peoria Riverfront Museum?
Predictably, this project started when we were awarded a grant.
This is a situation I think that a lot of people here would be familiar
with. Suddenly, there is this opportunity to do something very
exciting but for now you are looking at a blank page. We applied
for a grant through NASA Glenn, which awarded us seed money
for two Lulzbot Mini 3D printers and some filament. We already
had ten laptops in our museum school. We decided that was
enough to bring 3D printing content to Peoria Riverfront Museum
and developed two classes. The first was a single afternoon class
where students made a keychain with their name. The other class
was a longer four-session class.

One detail about the printer that I didn’t know until after we
got it is that some of the parts of the printer are 3D printed. This is
interesting, and it also made me confident that the designers know
their stuff and are themselves enthusiasts interested in the buildyour-own philosophy.
The Lulzbot also allows you to print a wide variety of different
filaments. Some printers are limited in their temperature range
and some only allow you to use their proprietary filament. The
filament is not expensive! A 1kg spool will cost around $25 and
that will last a long time (consider that most small prints will only
be a couple of grams).
The Lulzbot printing wizard will let you import designs and
tweak the printer settings, but we also need a way to design a
model using a CAD program (Computer Aided Design). The most
well-known free CAD is Blender, which is incredibly powerful but
also has a steep learning curve that can be intimidating for younger
students. Instead, we decided to use Tinkercad, which is a learning
software developed by AutoCAD. Tinkercad was designed with
younger students in mind, so the actual functionality is limited.
However, we found it was perfect for a student to learn and use
to create a final print model within an hour. It also has some very
helpful step-by-step tutorials including the name keychain.
Tinkercad is browser-based. This is helpful when it comes
time to make prints. So when I’m inevitably missing one of the
student’s prints or a slight change needs to be made, I don’t have
to go around to different laptops, I can just log in with the account
the student was using.

The 3D printer we decided to go with was the Lulzbot Mini
because according to internet reviews it had a reputation for being
durable, which is a must-have for classroom use. It was beginnerfriendly and we could print our first test print within twenty
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We developed content for two classes—a four-week after
school class and a single afternoon class that could be included
with our regular museum summer camp. We also had a one-off
“3D Print Your Own Fidget Spinner” workshop. These workshops
have been very well attended. We necessarily limit the number of
slots to ten, and so they’ve sold out every time.

The one-day workshop was a step-by-step lesson in using
Tinkercad. Students learn the basics of working in three dimensions
and design their own keychain with their name.
The four-week class was space-themed. After an introductory
class (identical to the one-day workshop), the students had to solve
an engineering challenge each week. They were also given time
to re-tweak previous week’s work to improve on their previous
solutions. An example of one of the challenges was our “Space
Wrench” challenge.

However, we’ve learned some lessons from these workshops
that we made sure to keep in mind for future classes. The biggest
mistake I made was overestimating my students’ computer literacy
and their hand-eye coordination. I assumed these kids grew up
in the digital age and between their iPads and Minecraft they are
probably more familiar with the computer than me, right? Well,
working in 3-dimensions really requires full use of the keyboard
and mouse’s functionality. So I had to make sure that we started
with the absolute basics in every class—pointing out that the scroll
wheel on the mouse can be pushed down like a button, what it
means to click and drag, etc. Some of the actions require pressing
and holding two or three keys and using the mouse at the same
time and that proved challenging for some of the younger students.
To make matters worse, for my first workshop, we didn’t have
mice and the students were using the trackpads on the laptops,
which proved very difficult.

Students had to design a space wrench that could be used by
astronauts aboard the International Space Station. Their designs
were tested using an Outreach to Space display that simulates a
spacewalk by having kids stick their hands in rubber gloves to
screw in a panel behind a fume hood.

In addition to the changes in the lesson itself, I also found
that it was important to start by setting the right expectations for
students and their parents. 3D printing is slow and they need to
understand that we can’t print up ten models in an hour. For the
one-day workshop, parents had to pick up the finished models at a
later date. For the four-week class, I would have the models ready
to pick up at the next week’s class. 3D printing is not only slow;
it is also error-prone. There will be misprints. Sometimes, the
student doesn’t follow directions; sometimes the student follows
your directions but still makes a model that won’t print well.
Sometimes you switch the filament and forget to change the print
temperature. There will be misprints so be sure to give yourself
plenty of time to print.
I provided students with detailed specs for the bolt that the
wrench had to fit, but it was up to them to make it. When we
tested the wrenches out the following week, some of the students’
solutions didn’t work and we took time to improve their wrench.
This specific challenge ties in to the actual 3D printer aboard the
ISS, and the actual space wrench designed by NASA. An example
of another challenge was designing a 3D-printed Mars base. In
all, we’ve had a lot of success with these classes. It’s allowed
us to offer something new and exciting in our museum school
curriculum.

If the right expectations are set, students will see a “failed”
print as an interesting surprise and a step in the engineering
process. The 3D printing classes have proven to be an exciting
addition to our catalog of museum classes. Not only has it driven
attendance and provided new educational content, it has also
provided something unique. It has given our students a challenge
to think creatively and scientifically, and an opportunity to hold the
result in their hand.
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ANIMATION IN MUSEUMS
Aimé DeLattre
Peoria Riverfront Museum Intern
200-248 SW Washington St
Peoria, Illinois 61602
adelattre@mail.bradley.edu
Abstract: As an animation intern at the Riverfront museum, I worked with the Planetarium
curator to develop a promotional/educational video for the total eclipse this past August. My
paper will highlight the steps necessary to educate audiences through animation and how
animators can be valuable as interns or faculty to a museum.
In this talk I will discuss how animators are useful for
planetariums and museums. It goes without saying that an animator
has the abilities to animate dome animations or educational videos.
But something you might find surprising is that they are also
trained to use creative softwares that are almost identical to those
of graphic designers. In fact most students studying animation end
up in graphic design occupations. Similarly, since some animators
could pursue a job in claymation, stop motion, or even video
effects/editing, they are fairly comfortable using cameras. This
can be useful if there was ever a need for photographs or film for
promotional purposes. Since my internship began a few months
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before the 2017 total solar eclipse, most of my work was dedicated
to promoting it. I have been able to create an educational video as
well as designing posters and flyers for the eclipse. The animation
was distributed to a variety of different media platforms, both
promoting the eclipse and the museum. Currently I’m developing
another educational video, but this time it will be designed for the
planetarium surface instead of social media purposes. I’m also
working on a 15-minute, visually appealing experience for dome
purposes as well. There are many more projects that animators are
capable of working on that can be beneficial to museums.

CHOOSING YOUR OWN PLANETARIUM EXPERIENCE
Derek Demeter
Emil Buehler Planetarium
Seminole State College of Florida
100 Weldon Blvd.
Sanford, Florida 32773
demeterd@seminolestate.edu
Abstract: For years it has been a challenge for many of us to find strategies for return visits
to our planetariums. We here at the Emil Buehler Planetarium have designed a series of
live and interactive programs that allow guests to control the direction of the shows by
utilizing our new “Planetarium Interactive Response System.” No two shows are alike thus
encouraging guest to come back for more!
The Emil Buehler Planetarium at Seminole State College
prides itself with being an institution that presents fully live and
interactive programming with over fifty in-house-produced shows
in our inventory. This past year we have decided to experiment
with a totally different type of show in which we democratize the
content of the show to our audience. Call it a “Choose Your Own
Planetarium Show”, which is inspired by the “Choose Your Own
Adventure” books that were popular over twenty years ago where
the reader decided the outcome of the events that took place in the
story. The concept is the same except the audience gets to choose
the outcome of their planetarium experience.
To see if this concept worked, we decided to create a new show
called “How Do We Know” that explores the science behind many
astronomy concepts. The show was inspired by a conversation
my brother and I had over lunch. He being not a very scienceminded person asked me if we ever looked into doing a show
where you explain the “how we know” the things we know about
the Universe. Challenged by my brother’s question, I decided to
investigate with my staff the development of such a show. After
much discussion, a solution came to us. What if we created a show
where the audience got to choose the questions they wanted to
answer. A “Choose Your Own Adventure” style program. It was
then that we decided to implement such a show.

out to create the show. Our plan was to have the audience choose
from ten questions we selected and vote for the most desired one
they would like answered. We had designed over seventy different
questions, which we randomized over the run of the public show.
The clicker response system, which runs off of a PowerPoint plugin, allows us to open and close polling to allow the audience time
to vote. We give them thirty seconds to choose from the list of
questions and then close the polling. The results are then displayed
on the dome, showing which was most voted for that round. We
then proceed to discuss the topic they chose, followed by another
poll to see which question will be talked about next. We performed
this task between five or six times per show depending on which
questions the audience wanted answered and how long it took
to discuss them. The show lasts about sixty minutes but can run
longer if the audience participation and enthusiasm is high.

Every fall and spring the college’s foundation offers grant
funding for projects that cost $2,000 or less. My colleague
suggested we apply for a grant to purchase classroom clickers
that the company Turning Technologies designed for classroom
assessment and polling. We applied for a grant and with our delight
we were awarded the money. This led to the development of our
“Planetarium Response System”. With the clickers in hand, we set

The show has been very successful and has also proven to
retain guests to the planetarium for future visits. Since we do not
address all seventy questions per show, we are allowed to alternate
questions and allow people to return and get a chance to discover
more. We plan to use this our “Planetarium Response System”
for new public shows which include trips to the planets Mars and
Jupiter where the audience will choose the destinations we will
visit during our travels. Another long-term goal we have using
the response system is for assessing students during field trips and
classes. The clickers allow us to gauge student-learning outcomes
and can improve how we can teach in the planetarium. We are
expecting to implement this with groups coming to the planetarium
in 2017.
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Link
for
Turning
Technologies:
https://www.
turningtechnologies.com/response-solutions/responsecard-rf-lcd

SOLAR ECLIPSE AT TELLUS SCIENCE MUSEUM
David Dundee
Tellus Science Museum
100 Tellus Drive
Cartersville, Georgia 30120
davidd@Tellusmuseum.org
Abstract: This paper will detail the partnership between Tellus Science Museum and the
local ABC TV affiliate for the great eclipse of 2017. Tellus signed an exclusive contract with
WSB-TV (local ABC affiliate) to be the exclusive supplier of information and images for
the Solar Eclipse. The museum site was in the partial eclipse zone. But Astronomer David
Dundee and Chief WSB Meteorologist Glenn Burns traveled to coastal South Carolina to
broadcast back images of the eclipse to the museum and the TV viewing audience. Tellus
had an all-afternoon event for the eclipse and interacted with the remote team throughout
the eclipse.
About a year before the eclipse I had decided to broadcast a
remote image of the total eclipse to Tellus Science Museum. This
was not an easy decision, as I was reticent to leave such a major
astronomical event (and equipment and programming) to my staff.
Although I had every confidence in my staff and their training, one
never knows what might come up at the last minute.
Early on I had involved every department in the museum to
prepare them for what might be a very large event. That was one of
challenges for this event: we really weren’t sure how many people
would actually show up at the museum, and of course weather
is always a factor with any sky event. The museum was in the
partial zone (98%); bad weather might drive more people to the
museum since we knew we could get images of the total eclipse
from somewhere. People might come just for that. On the other
hand, we were so close to the area of totality I wondered if anyone
would come.

that we would give away to Tellus visitors on eclipse day and at
pre-eclipse events, and an additional 2000 donated by NASA and
1000 from SEPA. But that was not enough! Two weeks before the
event, we were sold out. Distraught patrons searching for eclipse
glasses acted as if the world would end if they could not purchase
a pair! Thankfully, the museum had reserved 3000 eclipse glasses
that would be given out with admission on eclipse day.
A week before the eclipse, I received a communication from
WSB-TV that they would be moving the eclipse-viewing site from
the centerline of totality to the College of Charleston campus,
which was still in totality, but a minute less of totality. The reason
for the change was bandwidth. But being tied to the TV station
by contract, I had no choice. We picked the South Carolina coast
because it had been predicted that afternoon coastal breezes would
blow any clouds away. They almost did.
Chief WSB Meteorologist Glenn Burns and I traveled to
Charleston, South Carolina and broadcast images of the eclipse to
the museum and the WSB-TV viewing audience. When we arrived
in Charleston there was much discussion about possibly moving
to Columbia, South Carolina, for better weather. The initial plan
was to move at about 2 a.m. the morning of the eclipse, but new
weather models showed clearing for the afternoon, so we decided
to stay in Charleston.

About eight months before the eclipse, our local ABC
affiliate, WSB-TV, approached the museum with a proposal for
a partnership agreement. This was new territory for me; in all
previous events, I would interact with a broad spectrum of media,
but this partnership agreement had me as the exclusive WSB
astronomer from July 21 - August 21, 2017. I was concerned how
this might affect our relationship with the media for future events.
Since WSB-TV has a bigger viewing audience than all the
other TV stations put together, and since the Cox news network
(WSB’s parent company) also owned the local large print media
(Atlanta Journal Constitution), it seemed like a good deal. WSB
offered Tellus 5000 eclipse glasses, exclusive coverage, and
extended amount of air time for the museum. Plus, they supplied
the equipment for direct signals coming from the TV studio
in Atlanta and all remote locations. And Tellus would be the
exclusive supplier of information and images for the solar eclipse!
We knew the event had caught the public’s attention by late
July as “Eclipse Glasses Panic” set in. Tellus had purchased 5000
glasses for the museum store to sell; we had 5000 from WSB

That morning we awoke to rain. We were in place by 7 a.m.
and the sky began to clear. We had wonderful images of the
partial phases of the eclipse, and even Baily’s beads, but the haze
prevented us from seeing a corona.
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Tellus had an all-afternoon event on the museum grounds
and interacted with the WSB/Tellus remote team throughout the
eclipse. Thanks to the superior equipment that the TV crew had,
we were able to broadcast a nice, clear signal directly to Tellus.
Not only did the museum receive the televised broadcast, but we
also broadcast several more interviews that were solely for Tellus
visitors!

The museum had over 3000 visitors that day, although it was
likely closer to 4000 including those who stayed on the Tellus lawn
instead of purchasing admission into the museum. The sheriff
closed the road to the museum when we ran out of parking, but
people kept arriving on foot, finding parking somewhere! Even
with the huge crowd we only received glowing reviews from our
visitors; everyone had a good time.
This was one of the most exciting events of my career, and I
am looking forward to the next adventure!
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THE ART AND SCIENCE OF CELESTIAL CARTOGRAPHY
Jon W. Elvert
3526 Bon Sejour Avenue
Baton Rouge, Louisiana 70820
jelvert1@gmail.com
Abstract: During the 17th and 18th centuries, celestial mapmakers often recorded objects on
their charts not really knowing what those objects actually were. In 1690 the famous English
astronomer John Flamsteed recorded the star “34 Tauri” into his chart, but this “star” was
later discovered to be the planet Uranus. This paper uses early, artistic celestial charts to
identify modern day astronomical objects incorrectly recorded by earlier cartographers/
astronomers. Close examination of earlier celestial maps can be used to help students connect
art with science, as well as lead to citizen science projects.
Like most of you, I became fascinated with the sky at an early
age that eventually developed into a planetarium career. Part of
my adolescent interest in astronomy was reading about how early
astronomers and historians modeled their known universe in such
seemingly simplistic, but elegant theories that seem so unrealistic
today. I was also captivated by elaborately decorative star charts,
especially those of the 16th through 19th centuries, depicting the
beautifully artistic renderings of constellation figures. But no matter how much these celestial maps are appreciated as works of art,
they were first and foremost works of science. It was this merging
of art and science—artistic renderings of historical and astronomical interpretations of the night sky—that inspired me not only to
collect these magnificent charts, but also to use them in the classroom as visual inspiration and storytelling.
Over the span of a couple of centuries, celestial map cartographers became increasingly more accurate in recording their observations, both in the number and position of stars. But even
after the advent of the telescope, these celestial charts were seldom accurate enough in recording the correct positions of stars, or
in many cases, even accurately identifying whether an observed
“star” was actually a star. In fact, upon close inspection of many
of these early maps, numerous “star” positions were not actual
representations of stars, but objects we know today to be planets,
galaxies, nebulae, or other deep sky objects. After some careful
detective work, I was able to locate many of these early stellar
anomalies and then identify their modern day object.

But perhaps one of the most erroneous recorded stars by any
cartographer was “Georgium Sidus” (George’s Star). In December, 1690 the famous English astronomer John Flamsteed recorded
the star “34 Tauri.” Flamsteed produced the first major star catalog made with the aid of a telescope, which Edmond Halley and
Isaac Newton considered to be the most accurate to date. Flamsteed cataloged several interesting discoveries and unrecognized
pre-discovery observations, including the “34 Tauri” star. In 1781
this object was revealed to be the planet Uranus (“Georgium Sidus”) by William Herschel, but not discovered in the same position as depicted in Flamsteed’s posthumously published 1729 Atlas Coelestis (Figure 1). Using the virtual planetarium software
Stellarium, the night sky over Greenwich, England in December,
1690 can be replicated. The planet Uranus appears just below the
ecliptic (Figure 2) just as it is depicted on Flamsteed’s chart.

Among the several cartographers/astronomers who mislabeled objects they observed in the night sky, Charles Messier, a
French astronomer during the mid-1700s, may be the best known
early astronomer who, in his fervent search for comets, incorrectly
recorded a number of celestial objects.
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Figure 1.

Figure 4.
The so-called “Flamsteed numbers” (34 Tauri and 3Cassiopiea) were actually introduced in 1783 by the French astronomer Joseph de Lalanda, so they do not appear in any of Flamsteed’s work.

Figure 2.
In August, 1680 Flamsteed inadvertently observed a star in
Cassiopeia and catalogued it as “3 Cassiopeia.” But in the nighttime sky of today, there is no visible star where Flamsteed made
his recording. The object Flamsteed observed and recorded in his
Atlas Coelestis was a suspected supernova (Figure 3). Today, this
object is known as Cass A, the supernova remnant and the strongest known radio source in the sky. Working back from the correctly observed expansion point to an explosion that would have
become visible on Earth beginning around 1667, Stellarium shows
the night sky of August, 1680 (Figure 4) absent of any bright star
as depicted on Flamsteed’s chart (Stellarium displays no data for
early supernovae).

Figure 3.

In 1683, the French astronomer, Allain Manesson Mallet, published a massive encyclopedic description of the known world—
Description de l’Univers—that included world maps and celestial
charts meant to depict cosmological systems, constellations, and
numerous celestial bodies. One such print, Etoilles Nouvelles,
(Figure 5) shows five constellation images, in which the location
of supposed stellar novae, or new stars, appeared (designated by
a capital letter in each image): Cassiopeia with the nova of 1572,
Cygnus with the nova 1600 and 1670/’71, and Andromeda with a
“new star” that is actually the Andromeda galaxy. The other two
figures are Cetus (with a variable star in its neck and not a nova),
and Eridanus with several novae.
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Figure 5.
As with most of Mallet’s illustrations, beautiful rural scenes
accompany the maps that are meant to provide aesthetic value and
stimulate the interest of the reader.
Throughout the Renaissance, astronomers employed cartographers and artists to embellish the celestial maps to attract an increasingly literate audience that was interested in science. The
celestial maps became as popular for their artistic splendor as for
their scientific value.
You can easily access dozens of these antique celestial maps
online for use in the classroom to teach an art-science connection;
enhance student’s appreciation of their perspective on how earlier
people saw the universe and their place in it, or possibly develop
a citizen science project challenging the public to do similar research and detective work on incorrectly recorded objects on celestial maps.
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INSPIRING THE NEXT GENERATION WITH LIMITED RESOURCES IN AN INCREASINGLY
TECHNOLOGICAL WORLD
Paulette Epstein
Michigan Science Center
5020 John R St.
Detroit, Michigan 48202
Paulette.Epstein@mi-sci.org
Abstract: With advances in technology, it is becoming more difficult to keep a person’s
attention. How do inspire the next generation and hold their attention, especially without
full dome projection? This paper will discuss how we can use the limited resources that we
have as traditional systems by creating engaging and interactive experiences.
At the Michigan Science Center, we find that sometimes
you have to get a bit goofy to keep people engaged. When most
people look up into the nighttime sky, they see a bunch of dots,
and constellations can be hard to find. If you ask folks what they
see, they will have an easier time finding the constellations. It is
like making up your own asterisms to make the night time sky
make sense to you and even pointing out how ridiculous it is that
the Ancient Greeks looked up at the sky and saw Sagittarius. I’ve
had folks tell me that Lyra is a juice box, Hercules is an old man
dancing, and everyone’s favorite, Canis Major is a hot dog. I find
that folks really Relish the joke after they Mustard up the courage
to Ketchup. Adding jokes, however terrible, leave a lasting
impression on the guests. After presenting shows, I’ve had people
come back the next season and tell me all of the constellations that
they were able to find now, where they never could before.

The Michigan Science Center in Detroit is working toward
becoming the STEM Hub of Southeast Michigan, inspiring
curious minds of all ages. We have a film IMAX Dome Theater, a
4D Engineering Theater, an electricity theater, and a planetarium.
The Michigan Science Center does not have the most state of
the art technology in our planetarium and other capital projects
are pushed ahead of the dome upgrade. We have a Digistar II
projector with jiggly green stars, two BARCO 708 CRT video
projectors that have a hard time converging, 3-color incandescent
cove lighting, a BARCO 909 CRT video projector with twice as
many hours as is expected, and 36 slide projectors that have a mind
of their own and are, not so slowly, dying.
Without an upgrade on the horizon, we need to be a little
creative about how we write our shows. We are basically limited
to a star field, stick figures, constellation pictures, and limited
videos. We rely on our amazing, knowledgeable staff to present
engaging and interactive experiences for all of our guests. We
regularly present two different shows, “Stories in the Sky” for our
youngest guests, and “What’s Up: Your Guide to the Night Time
Sky” for curious minds of all ages.
In “Stories in the Sky”, we change the color of the sky, sing
“Twinkle, Twinkle”, and follow the little pointer as it points us to
our constellation friends that we have up in the sky while asking
our guests questions and have them assist us along the way. We tell
stories about the constellations that we see, though usually not the
Greek stories, because they tend not to be the most family friendly.
In “What’s Up: Your Guide to the Night Time Sky”, we talk about
the motion of the sky, the stars and constellations, and any current
events, such as where to find the planets and anything current
events in space news. The presenters are allowed flexibility to
read the audience and speak to what they are most knowledgeable
about.

Because our youngest guests have the shortest attentions
spans, creating a show that can hold their attention can be really
tricky. “Stories in the Sky” actually gets the little ones involved.
By snapping our fingers, clapping our hands, and stomping our
feet, we can change the color of the sky. We have the kids help us
turn off the city lights by pretending they have a huge light switch
at their seats, and this is a technique that I bring into the dome any
time I have little ones. It makes the kids feel like they are helping.
We also, of course, use the technique where we ask the kids what
they see, and teach geometric shapes with the asterisms we see in
the sky.
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There really is no “big secret” to making sure guests are
engaged, because every person is different. All we can do as
planetarium professionals is try. Practice makes perfect. When
presenting planetarium shows you shouldn’t be afraid to “take
chances, make mistakes, and get messy!”

ABRAMS PLANETARIUM GAME NIGHT
John French
Abrams Planetarium
755 Science Road
East Lansing, Michigan 48824
frenchj@msu.edu
Abstract: This paper is about Abrams Planetarium’s first ever “Game Night”. Game Night
was held in March of 2017. Three video games were played on the planetarium dome. The
Games were Space Invasion, Xur, and Snice. Space Invasion comes preinstalled on Digistar
5. Xur and Snice were created by Markus Schack and his students at the Mediendom in Kiel
Germany.
In March of 2017, Abrams planetarium held its first ever Game
Night in the dome. The Evans and Sutherland system, Digistar
5, is capable of running video games. Several games have been
created for the Digistar using its Java interface. For our game
night, we ran three different games: Space Invasion, Xur, and
Snice. Space Invasion is a one-person game. It’s basically a copy
of the classic arcade video game Space InvadersTM and is included
in Digistar as an example of Java/Digistar programming. Space
Invasion is controlled by the joystick that is part of the Digistar
system. Xur and Snice were created by Markus Schack and his
students at the Mediendom in Kiel Germany. Xur is a two-person
game. Players have to jump from one island to another and collect
apples. Snice is a “snake” style game for four players. Snice and
Xur take advantage of the fulldome environment whereas Space
Invasion is really just a 2D game projected on the dome. Xur and
Snice are controlled by wireless Xbox controllers plugged into the
Digistar.

For the one-person game, we let people play the game and
recorded their score on our scoreboard. At the end of the night,
the person with the high score was the winner. For the two-person
game, we set up a bracket system, similar to college basketball’s
March Madness. For the four-player game, the winner of each
round moved on to the next round and competed against three
more challengers. We kept score on a large 4-foot by 8-foot white
board placed at the front of the room. (On a side note, the “white
board” was just a 4x8 sheet of bathroom shower-board purchased
at our local home center for about $20).

Figure 2. The scoreboard.

Figure 1. A view of the Xur game play.

At the beginning of the night, we gave a brief description and
demonstration of each game to the audience. Then we invited
players to sign up for the games they wanted to play. During
game play, one of our student presenters provided a play-by-play
commentary over the microphone. At the end of the night, we
gave the top winners of each game a certificate stating they were
the winner.

Game Night was free and open to anyone who wanted to
attend. We placed flyers around campus and posted notifications
on our social media accounts, i.e. Facebook and Twitter. We had
about 20 people show up. Some people were MSU students, some
people were from the local community. We had three Abrams
Planetarium staff members working the night.
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Lessons learned

•

Our first Game Night went on for about four hours,
which was a bit long. Many people left before the
winners were declared. If/when we do it again, we
will only play one of our games rather than all three
games.

•

We had a mix of college students and families from
the community. With the age mix we ended up with
rounds of game play where competitive college
students were paired with elementary school kids.
This led to uncomfortable situations due to the wide
range of skill levels. Next time we will have a separate College Student Game Night or a Family Game
Night.

•

Our turnout was less than we had hoped. We promoted our Game Night by using Facebook and flyers posted around campus. Next time we will try to
do a better job of getting the word out and perhaps
changing the time of the event. We did it at 7:00
p.m. on a Thursday. We might try a college student
night on a Friday or Saturday at 10:00 p.m. after our
weekend public show ends.

Figure 3. The flyer posted around campus.
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THE POWER OF THE INTROVERT IN YOUR PLANETARIUM CLASSROOM
Drew Gilmore
Adventure Science Center
800 Fort Negley Blvd
Nashville, Tennessee 37203
dotsandlines@gmail.com
Patricia Seaton
H.B. Owens Science Center
9601 Greenbelt Road
Lanham, Maryland 20706
pxts13@yahoo.com
Abstract: Today’s classroom environment tends to lean towards group assignments
and group work. We’ve been part of group assignments where that one person seems to
dominate naturally, often unwittingly. In our planetarium environment, I’m sure we all
quickly pick out that “one kid” who has all the answers. But what about the introvert?
Research shows that solitude is good for creativity and productivity. In our planetarium
classroom, we probably don’t have the luxury of time to allow for much solitude. This talk
explores strategies such as “wait time” and “think time” to allow our introverts as well as
extroverts to successfully participate in our planetarium experience. Presented by Introvert
Drew Gilmore and Extrovert Patty Seaton.
Scenario One: Your program is a 20-30 minute astronomy
full-dome presentation. There may or may not be time at the end
for some brief questions. The introvert sits back and sighs. They
can watch the program in peace, let the extroverts answer the
questions. But have we fully engaged this student?

brainstorming using the “protection of the screen” (Baldasaro,
Embracing Introversion: Ways to Stimulate Reserved Students in
the Classroom).

Scenario Two: Your program is two hours, with teacherdirected learning under the stars interwoven with several
opportunities for group work. The introvert isn’t excited about
the group work, but quickly lets the extroverts in the group take
over. They may or may not have to actively participate, and will
get the same grade as the entire group. Have we fully engaged this
student?

At a glance, this may seem to be quite a challenge. Extroverts
possess a social learning style and prefer working with others.
Introverted learners possess a solitary learning style, preferring to
brainstorm and reflect on their responses. One simple technique
that can be applied in any classroom setting (planetariums
included) is heralded by almost every author on the subject of
teaching introverts. This technique is called think-pair-share,
where students are given time to think first about the question
asked (“think time”), then called to turn to a partner and share with
each other rather than having to speak in front of the whole class.
This may embolden the introvert to share out with the whole group,
having first been given the opportunity to discuss with a partner.
This strategy works equally well for extroverts, because they are
still interacting socially with another student. Another important
advantage to this strategy is that it also challenges the extrovert to
think more carefully before sharing and listen deliberately before
speaking. (Kline, 6 Ways Extroverted Teachers Can Support
Introverted Students).

These two scenarios are just a couple examples of what our
educational offerings may look like, driven by our institution’s
scheduling and capabilities. Either way, we are dealing with
students and should be aware of their learning styles and needs,
even if we only have this short period of time to interact with them.
We should desire to create a well-balanced classroom that provides
an effective and supportive learning environment for all students,
both the introvert and the extrovert. (Wilson, A Primer for Mixing
Introverts & Extroverts in the Classroom)
This is a challenge in a world that favors more group
work. There should be a shift in teacher expectation from class
participation to classroom engagement; rather than rewarding
quantity (participation), reward the quality of a single, reflective
comment (classroom engagement). (May, How to teach a
young introvert). Recognize the introvert’s need for time, space,
and asynchronous learning opportunities such as electronic
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Another technique is to simply implement “wait time”. It’s
natural, given our limited face time with the students, to ask a
question and immediately call on someone to answer the question
(there will usually be students with their hands in the air before
you even finish asking the question!). Even waiting for 3-5
seconds is a powerful tool for allowing students to really think
about the question, and giving your introverted students a chance
to participate also. And perhaps a great tool, if possible: provide

students with journals for written responses. (Learning Styles of
Introverts and Extroverts). The important aspect is to allow some
element of choice, providing students with options for how to
demonstrate learning. (Higgin, 5 Classroom Strategies That Help
Introverts and Extroverts Do Their Best Work). To engage both
types of learners, a balance should be set between whole group,
small group, and independent activities. (Wilson, A Primer for
Mixing Introverts & Extroverts in the Classroom)

extended form of wait time over several minutes. Instead of taking
their answers immediately, we will let them think about their
answer. Only once we have populated the dome with an outdoor
scene complete with clouds and the Sun, will we have them give
their responses.
Conclusion
As we have hopefully demonstrated, it is possible to use the
planetarium classroom setting to support the learning of both
introverts and extroverts by simply being aware of both learning
styles and incorporating a couple simple techniques that can
benefit all.

Personal Ways We’ve Implemented These Strategies
Patty:
Most of my programs are 2-hour blocks, with the exception
of an hour program for Pre-K, and 1 hour 15 minutes for
Kindergarten and 1st grade. For our third grade program, I try to
mix multiple types of activities. I begin by having the students
watch a 12-minute full dome video on the Sun. I then engage the
whole group with a few questions about the video. I am learning
to implement wait time, which I’m better at when the lights are
up and I can see students hands to call on (I’m guilty of having
students call out answers in the dark, which is contrary to the idea
of wait time). Next I put the students in small groups to explore
the concept of sunspots. The video makes the claim that sunspots
occur in a regular cycle. I present the students real sunspot data in
the form of bar graphs, a third grade math concept in our district.
I ask the students as a group to evaluate the data and come up with
evidence that either supports or disproves the video’s claim. Next,
we explore the Sun’s position in the sky through the seasons. Each
student is given an individual worksheet to complete, although
we make the observations as a whole group and I model how to
complete the worksheet using an overhead projector.

Resources
Baldasaro, Tony: “Embracing Introversion: Ways to Stimulate
Reserved Students in the Classroom” (Sept. 10, 2012)
https://www.edutopia.org/blog/introverted-students-inclassroom-tony-baldasaro
Higgin, Tanner: “5 Classroom Strategies That Help Introverts and
Extroverts Do Their Best Work” (Jan. 4, 2017) https://
www.commonsense.org/education/blog/5-classroomstrategies-that-help-introverts-and-extroverts-do-theirbest-work

In past programs, I implemented journal writing in a 7th grade
program that used Hubble images to inspire poetry writing. Eight
grades used a journal to write reactions to music used to interpret
visuals. In each case, we shared out as a whole group after the
journal writing, although think-pair-share could also be used (and
probably should be).

Kline, Tony: “6 Ways Extroverted Teachers Can Support Introverted
Students” (March 27, 2016) http://www.bamradionetwork.
com/edwords-blog/6-ways-extroverted-teachers-cansupport-introverted-students
May, Kate Torgovnivk: “How to teach a young introvert”. (Sep.
2, 2014) http://ideas.ted.com/how-to-teach-a-youngintrovert/

Drew:
In a science center planetarium setting, we have fewer
opportunities for classroom style engagement, and even as an
introvert myself I’ve only started to think about how I might adjust
my interaction style with our audiences to better connect with all
students.

Nadworny, Elissa: “How Parents And Teachers Can Nurture The
‘Quiet Power’ Of Introverts” (Feb. 18, 2016) http://www.
npr.org/sections/ed/2016/02/18/465999756/how-parentsand-teachers-can-nurture-the-quiet-power-of-introverts

One of my favorite questions to ask our 1st-3rd grade
audiences after a particular show is: “If the Sun makes it day,
what makes it night?” It is almost inevitable that many students
will call out “the Moon!” Granted, it is a bit of a trick question,
but this would be an excellent time to try the wait time technique.
Extroverted students would also benefit from the additional time to
consider their answer carefully.

Wilson, Christi: “A Primer for Mixing Introverts & Extroverts In
The Classroom” http://www.teachthought.com/pedagogy/
a-primer-for-mixing-introverts-and-extroverts-in-theclassroom/

In a live show targeted for preschool to first grade, we ask
students to name things they might expect to see in the daytime
sky—usual responses include the Sun, the Moon, clouds, birds,
airplanes, rainbows, and so on. All this is done before any images
appear on the dome. The quantity and variety of responses varies
among groups and age levels. Here is an opportunity to try an
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“Learning Styles of Introverts and Extroverts” http://
onlineprograms.ollusa.edu/med-school-counseling/
resources/learning-styles-of-introverts-and-extroverts

SO YOU THINK YOU WANT TO HOST A MULTI-REGION PLANETARIUM CONFERENCE
Anna Rebecca Green
James S. McDonnell Planetarium
Saint Louis Science Center
5050 Oakland Avenue
Saint Louis, Missouri 63110
Anna.Green@slsc.org
Abstract: Hosting a regional planetarium conference is a large undertaking for whoever
decides they are ready to take on the responsibility. Hosting a non-IPS, multi-region
planetarium conference has been a massive enterprise and interesting learning experience.
From trying to include the culture of each region, to trying to make everyone happy, to
balancing conference planning and one’s day job, to dealing with surprises, metaphorical
fires, and the effort to maintain a personal life, the last three years of pros, cons, and learning
lessons will be covered. Serving as a reference document, this paper will address what it took
to make the Pleiades National Planetarium Conference happen.
A crazy thought
The idea of a multi-regional conference is not new nor was
it unique to me. In fact, when the discussion first happened, I
was only in my fourth year as a planetarian and had attended my
first conference only the year before (perhaps this newness was
necessary to my willingness to consider the idea). In 2014 I found
myself at the Live Interactive Planetarium Symposium (LIPS) in
Mystic, Connecticut talking to Derek Demeter of the Southeastern
Planetarium Association (SEPA) and Benjamin Mendelsohn of the
Pacific Planetarium Association (PPA) about the eclipse in 2017,
when it was brought up by Mr. Demeter that 2017 was also the 10year anniversary of the Triple Conjunction conference. We started
chatting about the idea that Saint Louis was a great middle ground
for everyone, but also that it might be cool to invite everyone for
a conference and the eclipse; and the idea of another large multiregional conference was born.

the Saint Louis Science Center (SLSC), as a public institution with
greatest attendance during school holidays, to host in October to
prevent disruption to our visitors during our busiest times. Once
it had been discussed, the go-ahead was given to try to get the bid.

Convincing Ten Different Groups

The rest of 2014 and most of 2015 was spent finding members
of the regionals to help, going to the different regional conferences
and making the final bids. IPS was contacted for support and
also to be sure to show that we were not going to compete with
IPS because we would be holding the conference during a nonIPS year. IPS immediately gave its support and it was on to the
sponsors, who also were very excited by the idea of attending
and supporting one American regional conference instead of four.
Slowly, contacts were made with the president and presidentelect of the Middle Atlantic Planetarium Society (MAPS), and
the presidents of the Rocky Mountain Planetarium Association
(RMPA), the South-Western Association of Planetariums (SWAP),
GPPA, and Dan Tell was contacted to assist in getting the ball
rolling with GLPA.

So one member of SEPA and PPA were each on board, and I
was a fledgling member of the Great Plains Planetarium Association
(GPPA) and the Great Lakes Planetarium Association (GLPA), so
all I needed to do was convince my institution, my regions, the
other regions, the International Planetarium Society (IPS), and
the sponsors that this multi-region and eclipse conference should
happen... We realized quickly, that most of the regions have
by-laws prohibiting conferences during astronomical events, so
hosting during the eclipse was out, but the interest was still there
for another time.
When I got back to my institution, our Chief Officer of
Science, Education and Experience (SEE) said we should think
about hosting a conference, so that was a good start. He had me
present the idea at a senior staff meeting where I was grilled on the
implications for our institution. It was decided it would be best for

The vote for the 2017 conference grew closer. The biggest
concern about one conference was that none of the regions wanted
to lose their culture at the annual conference. They wanted to
be sure they would all be represented and have the opportunity
to have their business meetings and cultural moments (such as
Constellation Shootout or Story Telling and the Banner Passing) as
usual. I started pulling together a list of all of the different traditions
and cultures of the regions so they could all be represented and
also took into account the desires of the sponsors that were shared
with me as well. By the end of 2015, the James S. McDonnell
Planetarium at the Saint Louis Science Center had won the vote
to host in 2017 with all four of the regional conferences (GLPA,
MAPS, SEPA, and the Western Alliance Conference [WAC] made
up of GPPA, PPA, RMPA and SWAP).
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Pulling together YOUR team
Each regional conference has its own planning team, whether
it be a conference planning chair (GLPA), the president-elect
(MAPS), or the president for the regional in which the conference
is being held (WAC). All of these people will be incredibly
helpful and are very necessary to a successful conference. It is
also important, however, to have a group that are your appointees
to help too. Without your team, you may struggle. Your team is
there to support you past sharing rules and experience (which is
not to say they cannot help you with these as well). Your team not
only takes on some of the responsibility but also acts as a sounding
board to bounce ideas off of too.

also incredibly important. Throughout everything, my staff and
I were available to help but having someone from each region
heading up their task was crucial.
If I did it again…

My team was made up of people from each of the four regions,
and some of them were those tasked with the duty of conference
planning for their region (i.e. Jack Northrup for GPPA, Kevin
Williams for MAPS), but some were outside of that (i.e. Dan Tell
for GLPA and Derek Demeter for SEPA), plus a sponsor liaison
who was both a delegate and a sponsor too (Ron Proctor) to help
navigate what each side needed. Finally, I had a conference planner,
Darla Stadler, who was able to help guide me through the process
she had done several times and to help us make the connections and
get the deals needed to create a great and affordable conference.
Finally I had my team at the Planetarium: my staff as well as our
Exhibit Engineer and Planetarium Technician plus our Technical
Director to help be sure everything went smoothly and that I had
the time I needed and the hands I needed to get everything ready.
Having their insight and help as we all sailed through uncharted
waters was necessary to making sure the ship arrived safely, and
with the desires and needs of each region and the sponsors met.

Perhaps at this point you are thinking, “When I read the title
of this paper I thought the whole thing would be you saying, ‘Do
not do it!’” I would be lying if I told you I did not have moments
where I questioned how I got into hosting such a huge conference.
I did. There were days where I was very stressed, but that is why
you have to have a great team to help you! I would not change the
fact that I hosted the Pleiades National Planetarium Conference;
however, there are things I would do differently if I were to do it
again (and also a couple of things I would keep the same).
First, I would re-evaluate timelines. Some things were very
early and some were late in terms of when different abstracts were
due and when different registrations began. The timeline was
created based on input from different regions and when they ask
for or open different aspects of presentations and registration. This
was the best information we had since this was the first time this
conference was done, but some deadlines could have been earlier
and some could have been later.

Divvying up duties

When it came to registration numbers, I was advised not to list
a limit on registration; the numbers I was given for expected turn
out were based on three-year attendance averages and were much
lower than the final turn out. This was very much a surprise. Were
I able to do it again, I would have made sure to list registration
limits (determined by fire code maximum occupancy) from the
beginning.

One key to meeting the needs of everyone and planning such
a large conference was having each region take over something
so that way each was part of the process and no one region could
claim they ran everything. MAPS offered to chair sponsorships,
SEPA chaired workshops and papers, GLPA chaired registration
and GPPA chaired on-site check-in and delegate needs. As
conference host, I worked closely with each region to plan and
bring everything together. I also went to my own institution to
sign off on things like the hotel contract after all seven regions
agreed to the terms (after they were arranged by our conference
planner).

The eclipse was an amazing event and possibly a life-changing
moment for most people who saw it. It also made devoting the
necessary time the conference called for extremely difficult if
not impossible in August. With the conference in October, it was
very inconvenient to have severely divided time, and it made for
some very long days, especially since we were 2,000 feet outside
the path of totality and needed to prepare for both totality and a
partial eclipse. My team at the planetarium was great in helping
to shoulder the tasks, but not having the conference and the
eclipse so close together (or in the same year) would have been
much better. A conference of this size would be better if it was
not hosted the same year (or at least within a couple months) of a
major astronomical event happening in the host city.

Having each regional conference area take on a specific large
part of planning for the conference was key to getting everything
accomplished successfully. Kevin Williams of MAPS worked
well with sponsors and helped me in cultivating relationships and
meeting the requests of the sponsors to the best of our abilities.
The team from GLPA (Gary Tomlinson, Dayna Thompson, Tom
Dobes, Cheri Adams and Janet Beckstrom) worked together to get
the website up and running, to get registration ready to go and
to help delegates and sponsors alike with registration questions.
Derek Demeter taking over on soliciting workshops, panels, master
classes and papers was extremely helpful. He and committees he
put together selected the abstracts that they felt would be the best
program for attendees. Finally, having Jack Northrup and his crew
to work with delegates on-site to get them what they needed was
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Another point to consider is to try not to worry when people
do not start registering or turning in abstracts immediately after
announcing the opening, or even within the first week or two. It is
in everyone’s nature to wait until closer to the deadline and a sea
of abstracts (or registrations) for Pleiades flooded in at the end. If
I were doing it again, I would resist the urge to submit my own
paper to make up for the lack of papers at the beginning. Having to
give a paper at the conference I was hosting when I was busy with
so many things is something I should not have worried about, let
alone writing it (before or after the conference). The papers will
come, the registrations will come, and the conference host does not
need one more thing to worry about in the end.

Layouts of documents that work for the host are also very
important. Having documents that the regions each use in planning,
budgeting and for registration and abstract submission are very
helpful, but if they do not work for the host, do not hesitate to
change them so they make sense for what the host facility is doing!
Keeping everyone in the loop on it is important of course, but the
faster the host is comfortable with what is going on, especially
with how the budget is setup, the faster the host is saved from a
headache and/or panic later.
One last thing I would change would be to try harder to
balance work and personal life, and I would recommend this to
anyone who takes on conference planning. It can be easy to work
as much is required to get things done, but often, and particularly
during conference planning, this can leave the host ignoring much
needed time to recharge. Were I to plan the Pleiades again, I would
try to make a bigger effort to get to the gym or yoga more often and
to keep indulging in performing music periodically too instead of
letting everything fall to the wayside until after the conference. A
healthy mind and body are a big help to conference planning too!
Once again, I cannot say enough how important it was to
have a supportive team, both within my planetarium and within
the regionals. Having support from IPS was also very helpful. I
would not change a thing about how I founded my team and whom
I reached out to for help. If you want to plan a conference, multiregion or single, I would highly recommend having your team.
This is the biggest thing I would not change.
Having a conference planner was a big help too. Our conference
planner can help us get deals we would not have found otherwise
on hotels, food and beverage minimums, transportation and also
can take care of things like finalizing menus. A conference planner
should be with the host the whole way through planning and the
conference and can be a huge help when it comes to catching things
the host may not think of on her own. My conference planner is
also something I would not change if I were planning the Pleiades
all over again.
After the Pleiades…
So now that it is all over, am I glad I hosted and would I
suggest someone else host a multi-region conference? Or would
I tell everyone to stay far away from hosting? The answer is that
I am honored and proud that I hosted. I did something that had
never been done and I am and will always be glad I did it. The
fact that we had all seven regions plus an international contingent
represented, interacting, networking, building bonds, and learning
from each other is huge. Furthermore, I highly endorse and
recommend anyone who is interested ask previous hosts (including
myself) what they think and to not be afraid to host! It is a very
tough, but very rewarding experience that benefits the greater
good of the Planetarium Community within the United States of
America.
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WISDOM FOR EVENT PLANNING
Jim Greenhouse
New Mexico Museum of Natural History and Science
1801 Mountain Rd. NW
Albuquerque, New Mexico 87104
jim.greenhouse@state.nm.us
Abstract: All of you have planned events at your institutions, so I’m not going to attempt a
comprehensive overview of event planning. Instead, I’m just going to share some tips I’ve
learned over 35 years of working in informal education facilities. Several of these would
have made my life a lot easier if I’d known them from the beginning!
Publicity
Start any narrative for publicizing an event with journalistic
basics: who, what, when, where, why, and how. The ‘how’ can
be the cost of admission. The ‘who’ might not be you, but your
planetarium or institution, and that might also be the ‘where.’ If
your event is off-site, make that very clear.

different days of the week and find out which days work best in
your area. Weekends may not always be the best time.

Be as specific as you can. For example: If you know there’s
going to be a speaker, mention that, even if you don’t know who
it will be at the time you are submitting the information. As
publications progress toward being in a digital format, that might
give you the opportunity to update an event listing as you get more
information.

When observing astronomical phenomena that last for hours,
advertise the start of the event to be a few minutes after the subject
begins to be visible. That way, ‘eager beavers’ who show up
early may be able to see something when they arrive rather than
impatiently waiting for gratification. Also, plan for the event to
conclude a few minutes before the end of the observance so that
people who think they can show up at the last minute might still
see something.

On social media, post information about events several times,
not just once.

If the date of your event is flexible, check community calendars
to see how much competition you have at the same time. Consider
taking your activities to bigger events as an outreach if possible.

Make friends with your local media. During video interviews,
show them that you have fascinating subjects and content that will
attract attention. Don’t just be a ‘talking head.’

Make sure sprinkler systems, lights, or anything else on a
timer is turned off well in advance.
Admission
Even if you’re not interested in making significant income from
an event, don’t offer it for free. There seems to be a psychological
concept that free things are not worthy. Instead, try charging a
modest fee or list it as “Admission by Donation.”

If you are doing the event for a targeted audience, be sure to
state that.
Content

When charging a specific admission fee, in most cases that will
need to be collected by an employee and not a volunteer, so be sure
to factor the cost of their pay into your budget.

If you are participating in a regional, national, or world-wide
event, check the event’s website. NASA is doing a particularly
good job of providing significant content on their websites and
also through the Museum Alliance and Night Sky Network.
If showing videos, try to download them in advance (unless
they are live broadcasts, of course). Don’t trust the technology to
work on the day of the event, especially if you think there will be
a significant audience. If streaming a live broadcast, have several
sources tabbed if available so that you can easily switch if one
fails.

If you have a speaker for which you cannot charge admission,
ask them to specify those terms. It may be that you can’t charge
for admittance to their talk, but you may still be able to charge the
usual museum or planetarium admission and include their talk in
that.
Staffing
It’s best not to have any specific job for yourself, if possible.
That way you’ll be free to relieve others for breaks and take care
of any issues that arise.

Timing
If you are new to an institution, try presenting small events on
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If harvesting activities from a website, share it with those
working the event. If the activities are complicated, consider
having a training session some day before the event.
Equipment
For events that reoccur, prepare a box or bag with the supplies,
handouts, spare parts, etc. that you’ve found were needed or might
be helpful. Add to it as experience suggests.
If creating planetarium content for an event, run through the
whole presentation once before an audience is present, even if it’s
something you’ve done before. Content that hasn’t been used for
a time might no longer work or do something unexpected.
History
If a long-time employee, volunteer, board member, etc. comes
to you when you’re at a new job and tells you about events they
thought were successful in the past, be careful but not dismissive.
If possible, check admission records to see how successful they
actually were. If you decide to try them again, start off small and
see how that goes. There may be reasons beyond your position
being vacant that lead to an event no longer being offered.
When considering a new event, try to find out if it’s been
hosted at institutions similar to yours and ask how it went for them.
Do any of you have questions? Also, if you have tips to
share, please do, and if you haven’t had the same experience in
association with any of my suggestions, I’d like to know.
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FIRST GRADERS IN THE PLANETARIUM: THREE DIMENSIONAL TEACHING
Peggy Hernandez
Elgin School District U-46 Planetarium
c/o 355 E Chicago St
Elgin, Illinois 60120
peggyhernandez@u-46.org
Abstract: Six year olds need to move, talk, observe, think, listen, and practice (sometimes all
at once!) to learn. I adjusted my 1st grade planetarium lesson using the full dome program
“The Moon” to accentuate the disciplinary core idea of celestial objects/movement, the
crosscutting concept of patterns, and the scientific practice of observing, describing and
recording the natural world. I designed and procured a notebook that goes home for practice
and a set of flashcards for teachers. Teacher feedback and some informal achievement success
will be shared. Limited samples of the notebook will be available.
My position as planetarium teacher is fully supported by the
district and my lessons are not considered a field trip, but a part of
the science curriculum. Therefore, the lessons I offer have to be
aligned to the current K-12 curriculum, which is currently aligned
to the Next Generation Science Standards (NGSS). “The Moon”
clearly supports the 3 dimensions of (NGSS). It is full dome and
also comes in flat screen, but best of all it comes in three short
video modules. Each module can stand alone or all three can be
used in a presentation, but the whole program is conducive to
allowing the presenter to pause to have live audience engagement
as needed. First graders are impetuous and the natural breaks are
perfect for stopping to let them ask questions, clarify, share, and
then getting them back on track.

The planetarium allows us to plant that seed of wonder
regarding the sky. But that seed needs watering. What about after
they leave? How do I get them to continue noticing the sky in real
time? Brain research tells us re-visiting big concepts enhances
understanding and learning. Cornell note-taking strategies include
one known as 10-24-7; re-visit the idea ten minutes later, then again
24 hours later and then summarize in 7 days to make the notes
meaningful. Wouldn’t it be beneficial to have my first graders revisit all three dimensions after their visit?

The first segment (5 min.) delves into the features of the Moon
with a little boy making very obvious labeled sketches of what he
sees, which is the scientific practice of making observations and
recording them. I make a big deal out of the amazing sketching skill
of the little boy and the students really get into it. Most 6-year-olds
love to draw. The disciplinary core idea of celestial movement is
an NGSS dimension and is part of all three segments. Segment two
(7 min.) delivers sequences of day and night illustrating the eastwest movement of the Sun and the Moon, allowing the students
to point out and follow the movement. Segment three (9 min)
shows the monthly movement of the moon and accentuates the
pattern of change we see over a month. This woven cross cutting
concept of patterns is the third dimension of the NGSS, making
the lesson fully aligned. It is important to note that neither the
NGSS nor the program expects 6-year-olds to master the concept
that the movements the Earth, Moon and Sun in real time cause
the patterns we see, but they do expect 6-year-old to be able to
notice, be interested in, and share observations made about those
very patterns.

I hatched this idea to make a notebook that all the first graders
could take home. Then I added a set of flash-cards with the phases
as well. I contacted Joanne Young to ask for permission to use the
cover art, font, and images into a mock-up of what I envisioned.
I read over Kim Small’s suggested lesson scripts and her research
data from the program that indicates improved knowledge and
recall facts about the Moon, especially shortly after the lesson.
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I sent the mockup to a vendor that our school district uses
for marketing/graphics. I received a quote knowing that we serve
about 4,000 first graders in about 150 classrooms per year. It was
$14,394 for both the notebooks (5,000) and the flashcards (500).
Wayyy out of budget. After some magical negotiating with her
vendors, the quote drastically changed within a couple months,
down to $7,196 for 10,000 notebooks. I also had applied for a
received a grant from our school district’s Education Foundation.
Joanne Young graciously offered a donation and I was able to cover
the rest with the planetarium budget. I handed out 30 notebooks
and 2 sets of flashcards per 1st grade class in the 16-17 school year.

The students were always excited to know that they would
get their own notebooks to take home. The teachers showed
enthusiasm for them to be “real” scientists. I held up a sample
notebook at the end of each session and showed them the pages
and how they get to become scientists at home by recording their
own observations. I have received positive feedback beyond my
expectations from teachers. I think my goal of having my students
practice science at home (one of those NGSS dimensions!) has
been reached.
I am open to other ways to incorporate the notebooks and
have started making suggestions for teachers. For example, it is
impossible for anyone who sleeps at night to “watch the moon
every night for a month”, especially a 6-year-old. And especially
in a humid continental climate like Illinois. I suggest that teachers
have the students fill in the pages of their notebook at calendar
time in school every day for a month by bringing up a website
with the moon phase every morning. The children know what
to look for that day (or night) and will have a complete, correct
notebook at the end. They will have a set of flashcards up at a
station to put in a correct order. I have also considered adding 15
minutes to the program and having the students do the drawings
in the planetarium as we pause every few days while watching the
moon. I also just found an amazing trade book that I have ordered
25 copies of to let teachers borrow as they leave the program. It’s
an NSTA sponsored book titled, “Notable Notebooks; Scientists
and their Drawings” (ISBN# 978-1-68140-307-6) on the amazing
power of recording careful observations and the famous scientists
who have done (or do) it. And it is perfect for primary grades.
That’s the beauty of having these notebooks…there’s more than
one way to utilize them.

Moon Notebook

A drawback is the cost. They are consumable. One idea is
to contact and inform PTA/PTO Leadership in building to ask
for support, maybe in the form of legwork in finding a sponsor to
advertise on the notebook in exchange for the cost. Some schools
offer a Schoolkit/Toolkit that offers all the school supplies for a
grade level that is ordered in spring to be ready for pickup in the
fall. The notebook could be added to the 1st grade toolkit. Of
course, there could also be a charge at the planetarium for a set
of notebooks equal to the cost for each. There are many ways to
make it work and I found it worthwhile.

Moon Cards

I have a limited amount of notebooks in the back. Each guest
at the presentation can take one on the way out while supplies last.
A flier is also available from the vendor that I contracted with.

Moon Feature Labels
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HARRY POTTER SCIENCE SATURDAY
Carole Holmberg
Museum of York County
4621 Mt. Gallant Road,
Rock Hill, South Carolina 29732
CHolmberg@chmuseums.org
Abstract: A desire to create a live planetarium show featuring Jane Houston Jones’ “Harry
Potter Objects” resulted in a 4-hour museum-wide extravaganza with 1500 guests and only
Facebook advertising. Now, arguably our Museum’s most popular annual event, it proves
that Harry Potter continues to be a draw for young people and adults alike.
Welcome everyone. My name is Carole Holmberg and my
talk is about a very popular annual day I started at our museum
called “Harry Potter Science Saturday.” We’ve held two of them
thus far. The first, in February 2016, brought over 1500 visitors to
our museum, and the second, with a higher admission price, still
brought 1000 visitors in.

This is the list of the objects I ended up using. I gave 20-minute
shows every half hour. I wrote a macro for our projector so it
showed the same objects in this same order every time. First I
showed an image of the character from the movies, and gave a
few hints if necessary until someone guessed the name, and then
I showed the object in the sky. People were attentive and once
they recognized that Sirius was the “dog star” and Bellatrix means
“female warrior” and Merope is the lost Pleiad, they realized that
many of these names were chosen for a reason. A few words about
some of the objects:

This logo that you see was created in-house. The font is a
free font from the web called “Harry P.” At the time our first event
was held, the Museum was featuring a traveling art exhibit called
“Only Owls.” The picture that you see is from one of the exhibit’s
artworks and was used with permission.

Merope wasn’t shown in the movies, just mentioned in the
books, so there is no movie picture of her. I used an image from
a fan site on the web. Is that legal? Well, in our case it is. Being
owned by the county government, our museum has rather deep
pockets. The county lawyer brought in an IP (intellectual property)
attorney who was given the planetarium script, a list of where all
the images came from, and pictures and descriptions of the entire
day. He declared it all to be legal, except for a few of the food
items we sold. He said that our goals were educational, that we
were using only small parts, and if anything we were helping the
Harry Potter franchise rather than hurting it. Oh, I have no idea
how to pronounce “Merope.” Whenever someone actually said the
name, I just added, “That’s right!”

I must admit that I have never read any of the books, and seen
only one of the movies, but I remember years ago sharing a room
at a conference with April Whitt, and she could barely put her
Harry Potter book down. And a big fat book it was! She shared
the fact that it was actually her daughter’s but they both loved the
book series. A few years later, I saw a post in Jane Houston Jones’
blog about using the stars and constellations with the same names
as characters in the Harry Potter books and movies to interest
young people in stargazing. Jane is the person who spearheaded
the Saturn Observation Campaign and does the monthly “What’s
Up in the Night Sky?” videos for NASA. This is the link to her
blog that lists the relevant Harry Potter characters and stars/
constellations.

Eta Argus, is actually an old name for Eta Carinae and isn’t
visible from South Carolina now, but was centuries ago due to
precession. I showed a picture of Argus Filch and Mrs. Norris
before heading south of the equator and pointing out the Argo
Navis constellations and the location of Eta Car. We have an
evaluation as visitors leave and someone wrote, “I had no idea that
there was a star named “Filch.””
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Alphard was a name that no one knew. I showed his picture
from the tapestry. We had similar problems with Prof. Sinistra.
No one remembered her name. She was in the movies, but really
just as an extra. Young Scorpius Malfoy’s face was hidden in the
movie he appeared in, but I showed an outtake with his face and
many people knew his name given a few hints.

be an actual animal that became endangered, so now it’s a flying
ball. We compared it to the endangered bison. In 2018 we hope to
have a taxidermied red wolf, a highly endangered Carolina species
and can talk about its plight.
“Flukenliver” took place in our Naturalist Center and we
talked about parasites that controlled their host, and compared
that to the Imperius Curse in Harry Potter. Last year, we changed
that up to the Harry Potter concept of the thestral, a creature not
everyone can see, and how artists once drew animals that they saw
in order to describe to others.

Once I decided to do special Harry Potter shows, we posted
it as an event on Facebook, and it really took off. There was no
advertising the first year, except on Facebook. As more and more
people said that they were attended, we just started throwing more
people and more activities onto the day. We only seat 55 in the
planetarium, so there was no way we could show the program to
more than 500 people during the 4-hour event. The rest of the
slides show other things that were added to the day.

For “Lickendeer” we mentioned Beans of Almost Every
Flavour from Harry Potter and had some of those chemical taste
strips that different people taste differently. It was a weak premise,
but people loved tasting them and learning about themselves.

We had a naturalist PhD in the “Only Owls” exhibit explaining
why owls couldn’t really deliver the mail. I don’t know if he was
really that exasperated or he just pretended to be. “No.” “What
motivation would it have?” He explained that they could carry
string-wrapped packages but not a flat letter.

Finally, our Dumbledore signed their certificate and declared
them a wizard. If they weren’t able to see the planetarium show,
he waved his wand and declared it okay, they were still a wizard.
People loved getting their picture taken and it made for a long
line at times.

We came up with this idea that you could get a stamp at each
of four stations and then get your diploma. One of our exhibit
people designed these. “Canistar” was the planetarium show, and
was the bottleneck as there wasn’t room for everyone. We didn’t
use the name of the four houses or the word “Hogwarts.”
“Bisonfew” was in one of our galleries and was about
endangered animals. The golden snitch used in Quidditch used to
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Here’s our Hagrid outside, telling people where everything is
and directing members to the special membership line.

We have asked a local quidditch team to support us, but they
have been unable to have members come either year. So instead
we turned our auditorium into an obstacle course with brooms.
Last year, we made it more elaborate, looking like a miniature golf
course except with brooms rather than clubs.

The York County Library bookmobile came. The librarians
dressed up and put a face on their bus. They also had a craft. It
worked well for children waiting in line to enter the museum.

We had a few activities, as well, in our classroom. Over 1000
people meant every space in the museum was used.

This frame was originally from Halloween but it got
repurposed for Harry Potter Day.
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We brought in a food truck. We also had a tent for our Museum
Guild to sell Harry Potter related food and drink. The butterbeer
was a huge hit. (My advice: Go to stores well in advance and stock
up on the ginger ale.) The IP lawyer had problems with some of
their items. Not butterbeer, but the chocolate frogs were in little
boxes that he didn’t like, and the jelly beans were labeled with the
same name as the ones in the movies, which he also didn’t like.
Windy, seen here, took sticks from the backyard, spray-painted
them with glow-in-the-dark paint and sold them for $1 each.

TEACHING ABOUT INFRARED ASTRONOMY
Geoff Holt
Madison Metropolitan School District Planetarium
201 South Gammon Road
Madison, Wisconsin 53717
gholt@madison.k12.wi.us
Abstract: Observing in all wavelengths of light is vital to understanding the universe around
us. Observing in the infrared helps us to study objects that often can’t be seen in visible light,
revealing hidden star clusters embedded in nebulae, hidden stages of star formation, and
more. The NASA/DLR SOFIA Observatory and the upcoming James Webb Space Telescope
are a couple of relevant instruments. This paper will demonstrate the importance of infrared
astronomy using relatively inexpensive equipment, including an infrared camera for $250,
which attaches to your phone.
SOFIA
I had the honor of flying on SOFIA, the Stratospheric
Observatory For Infrared Astronomy. It’s a 747 aircraft with a 19ton, 2.5-meter (100 inches) diameter infrared telescope. SOFIA is
operated in an 80/20 partnership between NASA and the German
Aerospace Center (DLR). It was such an amazing experience that
my smiling muscles were tired at the end of each 10-hour flight. As
I shared my SOFIA experiences with audiences in the planetarium
and other venues, a sequence emerged which has worked well for
teaching about light, infrared light, and builds a strong case for
exploring the universe in more than just visible light.

Different colors of light have different properties: When the
Sun is low in the sky, its light must pass through a lot of air, water
vapor, and dust in order to reach us. Ask them what colors of
sunlight they see when the Sun is setting or rising. A photo of a
beautiful sunset shows that it’s the red and orange colors. Colors at
the red end of the rainbow/spectrum pass through our atmosphere
the best. You will have to work harder to help them conclude that
the daytime sky is blue for the same reason, but opposite affect—
blue light gets scattered by our atmosphere. Once they know that
there are colors beyond red and beyond violet, light that exists
but we can’t see it, we can help them to “see” how the properties
of other invisible colors might interact differently with the world
around them.

Teaching Sequence

Seeing in a New Light

Oh, I See!
Seeing with visible light: Use an incandescent clear light bulb
to show that if you heat it up the filament enough, it will emit light.
That light reflects off of you and me so that we can see each other.

Electromagnetic spectrum: Use a graphic of the electromagnetic
spectrum to show the “colors” of light that exist beyond the visible
spectrum.

Properties of objects as they relate to light: Use materials that
you can find at your local building supply store to demonstrate
that some objects are transparent (sheets of clear acrylic), some
are translucent (sheets of “frosted” acrylic), and some are opaque
(a piece of a contractor strength garbage bag).

Visible light camera: Show a live view of a visible light camera.
I AirPlay my iPhone camera to an Apple TV which is hooked up
to a video projector. Pan around the audience to show that this
camera captures the light either emitted by objects or reflected off
of objects.

Many colors: The Sun and other stars give off light. Ask the
audience what colors of light we get from the Sun. A photo of a
rainbow provides either reinforcement or a prompt.

Infrared Camera: Demonstrate what an infrared camera sees. I
connect my SEEK Thermal Compact camera ($250) to my iPhone,
which is still AirPlaying to my Apple TV. Pan around the room
now with the IR camera and ask the audience to explain what they
see. You can usually find a variety of objects that brings them to
the conclusion that warm things are brighter, and cold things are
darker. Objects in our temperature range are glowing, radiating
infrared light!

57

Revisit the sheets of plastic: Have a volunteer hold a piece of
the clear acrylic in front of their face, and we’ll see with the IR
camera that this material is opaque to infrared light, and so is the
frosted acrylic, but you might even see a reflection of yourself in
IR with the clear sheet. Have the volunteer hold up the black piece
of a contractor garbage bag in front of their face and you’ll see that
it’s transparent to infrared light! Different “colors” or types of light
have different properties.
Unlocking Invisible Clues
Infrared astronomy: Compare infrared astronomical images to
visible light images to show that there is so much that we would be
missing if we only study the universe in visible light. Comparing
a wide field view of the constellation Orion in visible and infrared
images works well.
Transparent or opaque: Use compare infrared and visible light
images of the Orion Nebula to discover that using infrared we
can peer into clouds of gas and dust to see earlier stages of star
formation. Those clouds are often opaque to visible light, and the
protostars may not be emitting visible light at these early stages.
Have fun: Have volunteers help you explore this glowing
phenomenon: draw a mustache on your face with an ice cube or
cold can of soda; have a volunteer stand with their shoes off on the
carpet, and then walk away—they leave a trail of footprints; make
disappearing hand art on the wall; zoom in on someone’s face to
see their nostrils glow as they breathe.

Infrared Observatories: Use images of SOFIA and the James
Webb Space Telescope to show how astronomers are conducting
infrared astronomy research.
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Infrared astronomy helps us to study objects that often can’t
be seen in visible light, revealing hidden star clusters embedded
in nebulae, hidden stages of star formation, and more. Infrared
cameras like the SEEK Thermal Compact ($250) or the FLIR
ONE ($250) are now inexpensive enough that we can help people
to experience firsthand the need for infrared astronomy, and
astronomy across all parts of the spectrum.

DEVELOPING NEW NGSS-ALIGNED, LIVE, INTERACTIVE SCHOOL SHOWS AT THE
CALIFORNIA ACADEMY OF SCIENCES
Mary Holt
M. Josh Roberts
Dan Tell
Morrison Planetarium,
California Academy of Sciences
55 Music Concourse Dr.
San Francisco, California 94118
mholt@calacademy.org
mroberts@calacdemy.org
dtell@calacademy.org
Abstract: With California’s adoption of NGSS and major updates to Morrison Planetarium’s
hardware and projection systems in 2016, the planetarium staff made necessary updates
to their school offerings. In collaboration with the Academy’s education experts, technical
staff and planetarium show presenters developed new programs incorporating the science
standards and best practices in interaction strategies for student learning, while maximizing
utilization of the dome environment, to create an exciting, engaging, and relevant show
driven by current solar system science.
At the end of the 2015 school year, we found ourselves in
a predicament. Our school shows were increasingly showing
their age (it was getting harder and harder to explain why the
New Horizons mission had not gone much farther than Jupiter)
and California had recently adopted the Next Generation Science
Standards that had shifted the ages and grades for the specific
pieces of astronomy content that were contained within. While
our shows had always been received favorably, we had often heard
from our teacher and classroom facing staff that getting approval
from administrators and school districts was becoming more
challenging and any added expenses (like field trips) needed more
justification to make them possible.

to places that would otherwise be unable to make new shows from
scratch. We did not want to make these presentations static and
locked in place in terms of presentation style or content. We looked
at ways to design them so the modules can be updated or the “flow”
of the show changed to match the presenter or new science content
and news as it becomes available. This meant working with our
engineers to make a perennial show base that could be built out
with add-on modules and ensuring that our presentation was sound
both in term of educational content and proper pedagogy.

One solution seemed to satisfy a number of these challenges,
adapting our live and presenter-led shows to the NGSS while trying
to maintain the same level of interactivity that had made them
successful in the past. The prior shows were long, they addressed
directly most of the astronomical content that was contained in
the standards for the grade levels that attended. We designed the
second generation shows to hit fewer standards but specifically
address the more challenging spatial concepts that were harder to
illustrate in a classroom but easy (or at least easier) to visualize in
our dome and better address the central cross-cutting standards of
the NGSS.

Our institution is lucky enough to have staff with an educational
expertise related to the somewhat challenging environment that is
the informal museum setting, as well as familiarity with bringing
NGSS focused instruction to the classroom. We utilized them
at benchmark moments at each stage of design creation and
implementation of the shows. They were also critical in getting
our staff trained in pedagogical techniques. Originally, there was
a degree of concern that techniques that had proven successful
elsewhere, like giving long pauses for kids to think and to formulate
their answers, might get out of hand or disrupt the smooth “flow”
of the show, but that has proven to be inaccurate. Techniques like
the long pauses, peer sharing, and predictions have been part and
parcel of the success of our programs.

The second major driving force was the wide distribution of
these standards. The Next Generation Science Standards have
been adopted (or partially adopted) in 42 states to date and there is
hope that they will survive and continue to grow beyond that limit.
As one of the more extensively staffed and higher throughput
institutions in the country, we have production capabilities that
might be out of reach for some smaller planetariums and created
these shows with the idea of providing them as a toolkit of sorts
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Our education staff met with us at the onset, allowing us to
show them the shows as they were. We emphasized what elements
we thought were successful, what was fun, and what we thought
was a necessary part of the show. After identifying these elements
we turned to the NGSS standards and found the portions that were
the best fit for the dome and wrote a script using our favorite parts
as a scaffold between the standards content. This early script
was then looked over by the educators who delineated complex
concepts and helped us address them in a more easily processed

way, ensuring that adequate time was given for tougher ideas
and that vocabulary worlds were contextually clear or defined
explicitly. After three iterations, we discovered that what had been
thought of as a show targeting 6-8 graders was really a better fit
for our 3-5 grade audiences and thusly required some re-working.
Eventually we arrived at something that all parties were happy
with, assets were finalized, and we began to train our staff on the
shows with an educator watching their final practice and some
of their first shows. The education staff was able to offer more
hints about conveying excitement, keeping a handle on boundary
pushing groups and making the shows work for our students.
This final step has been invaluable in implementing the education
practices as a part of the shows themselves.

modes for a show, and so there is a repeated process of testing
the show with multiple presenters, reporting errors back to the
engineering team for repair and prevention. This also includes
developing recovery methods, so that if a problem is encountered
the presenter can easily reset the show to a default state. When
properly implemented, this allows maximum flexibility for the
presenters, so they can hit the core concepts through the flow of the
show, but also customize it to their own preferences and strengths,
and, in the case of the upper elementary and middle-school shows,
choose the optional assets they think will best tell their story.

Production for the show largely proceeded in parallel with the
collaborative process with the education team. As our educators
provided us with relevant NGSS standards and core concepts, the
writing and production teams of the Senior Planetarium Presenters
and Planetarium Engineers sat down together to look through
assets and story-lines that were relevant and explanatory to the
topic. These were turned into demonstration profiles that were
taken to each meeting with the education team and flown by an
engineer as a presenter explained the visuals. This collaborative
and iterative process let the shows evolve and be reworked as
changes were made.

As for the assets themselves: it had been our intent from the
start of the production process to make the shows and their assets
available to other planetariums, as has been our practice with other
realtime assets produced by Morrison planetarium. As a result,
particular effort was put into sourcing data from public sources
and producing assets in-house.

The software chosen for the production was Sciss’s Uniview.
Morrison Planetarium has previously used Sky-Skan’s DigitalSky
2 software, as well as Microsoft’s WorldWide Telescope. Although
the staff regularly evaluate new software, the Morrison staff had
become increasingly familiar with the use of Uniview, were
using it for the live sections of other daily shows, and it seemed
natural to move the shows from previous software packages into
Uniview for consistency. As with other productions at Morrison,
we opted not to use the “Panels” feature available since the release
of Uniview 2.0. Although Panels provides drag-and-drop showbuilding ability, it was determined they did not yet meet the needs
for the production of this show and a custom web interface was
constructed. Although built around a core functionality of buttons
and toggles, the custom commands written into each button
provided more robust functionality, a more easily customizable
layout and the ability to color-code related sections of the show. In
addition overall color-scheme is well suited for the dark-adapted
presentation needs of the planetarium, and uses colorblind-friendly
colors as much as possible.

The lower elementary show was relatively simple to produce
and collect assets for. As the focus was that there are objects in the
sky and they move it was easy to produce on top of the basic assets
present in Uniview—largely built on the original Digital Universe
framework by the American Museum of Natural History, although
several assets have been updated or replaced by Morrison’s
production and engineering teams over the years. As the focus
of the show was observing the sky from Earth, demonstration of
retrograde motion was considered important--even though the
concept was unlikely to get a full explanation to kindergarteners
and is an optional asset that can be used for a sufficiently advanced
audience. Unlike other software packages, Uniview did not have
the ability to trace retrograde loops in the night sky, but this was
solved by producing geocentric SPICE kernels for the planets of
the solar system using JPL’s Solar System Dynamics HORIZONS
query system and their SPICE toolkit.

Reliability was among the greatest concerns for the
presentation. Morrison’s demanding public show schedule does
not leave any time for delays or cancellations of school shows,
which often accommodate several groups at once to fill the 290seat theater. Shows created for Morrison thus have to be extremely
difficult to break—as our presenter team calls them “presenterproof.” This, in itself, is an iterative process. The shows are
intended to be flexible, modular and somewhat non-linear. As one
moves between the “modules” of the show the commands reset
various settings in the show to prevent errors that may “break” the
show down the line, making it difficult to complete if the presenter
moves out of order. However, the engineering team has learned
time and time again that it’s impossible to anticipate all the failure

Production for the upper elementary show was more
complicated. The early iterations of this show ended up evolving
into the middle school show. Both shows make use of Uniview’s
GIS features via its “Geoscope” tool to allow the presenter,
and audience, to visit high resolution simulations of the planets
delivered by the spacecraft missions that have visited them. In
all cases the high-resolution data could be accessed through either
the spacecraft mission pages themselves, or USGS’s astrogeology
pages. We used the open sources software QuantumGIS (QGIS)
and the Geospatial Data Abstraction Library (GDAL) to perform
conversions and (when necessary) transformations on the data to
prepare it for use in Uniview.
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The upper elementary show’s focus is explaining the motions
of objects in the sky, which means being able to step through the
series of cycles that the planets of the solar system move through.
The start of the show is thus a repeatable segment that allows the
presenter to step through the seasons on Earth, seeing how the
motions of the Sun change throughout the year, repeat as necessary
for the audience that show, and then compare the same motions
with the Earth from space. Since one of our goals with the show
was to create experiments using the planetarium as a model, we
then selected other bodies that would provide interesting examples
and counter-examples to let students explore and generalize their
knowledge of how these motions are created.

As our first counterexample to Earth we decided the Moon
was an excellent contrast, and gave the presenter the ability to fly
and land on the Moon, and then advance through a lunar orbit, so
students can see the dramatic difference from this familiar body.
We then gave them the option to compare with two of the
other terrestrial planets: either exploring Venus and comparing
its rotation to Earth, or visiting Mars and its similarities to Earth,
including what the planet may have historically looked like. For
this trip back in time to explore the ancient Mars we referenced
work done on our fulldome production Life: A Cosmic Story—our
researchers advised us on likely colors for the seas and soil of an
early Mars, particularly one where the chemistry that could lead
to life was active on the young world. Collaboration with NASA
researchers also allowed us to peg a likely coastline level for the
ancient Martian seas (although our collaborators point out you can
see a history of coastlines as the Martian water evaporated).

For familiarity we still began our show at the Academy, but
immediately transported the audience to space to begin peeling
away the layers of the Earth to understand the interactions of
these “spheres.” This again was an iterative production process
with the presenters, as we worked with them to determine the
order they preferred to use, and how they wanted these buttons
to operate. The atmosphere was provided by Uniview’s builtin simulation, and the Biosphere represented by NASA’s Blue
Marble Next Generation Earth Imagery. As we progressed to
the next layers, removing these, we used water and ice data
from the free Natural Earth project (www.naturalearthdata.com),
and finally presented our “waterless” Earth generated from the
Shuttle Radar Topography Mission’s Digital Elevation Model of
the Earth--the same high resolution dataset used to generate the
basic terrain in most planetarium software--combined with the
GEBCO (GEneraly Bathymetry Chart of the Oceans) Bathymetry
data to expose the sea floor. Using QGIS we generated a hillshade
map of these enormous datasets and colorized it with advice from
Academy geologists. Tectonic data from Natural Earth could also
then be overlayed, along with updating Earthquake and Volcano
data from the United States Geologic Survey to share with students
the activity of this layer of the Earth. Peeling down to the Earth’s
core, we added the “invisible” sphere of the Earth, with models of
the magnetosphere and Van Allen belts.

After a visit to Jupiter and its ice moons, the audience is
transported to the dwarf planet Pluto. We were excited to share
with students the current science of Pluto and made sure we had
the Pluto system enabled with the best data available from the
New Horizons mission to the world. Pluto, we concluded, was
an excellent example that built upon our previous experiments, as
we explore the view of Pluto and Charon both moving around the
system barycenter, and the dwarf planet tidally locked to its largest
moon.
Unlike our earlier upper elementary show, we specifically did
not visit every planet in the Solar System, instead taking time at
each one to focus on the experiments and cementing the concepts
of the lesson. We concluded our time in the Solar System with a
demonstration of the orbits of each of the planets, taking a moment
to enlarge the planets so every student has an opportunity to see
their favorite.

An emphasis in this show was highlighting the career pathways
that begin to be discussed and focus on the “E”—engineering—
in STEM. Thus our journey to each world involved a current
space mission exploring it, engendering the understanding with
our students of the essential nature of these programs to these
discoveries, as well as that they were learning current science.
Earth was no exception as we end our exploration of its “spheres”
looking at the vast constellation of science satellites that constantly
survey it.
After exploring Earth, the show presenter was once again
encouraged to select from several options based on their own
interest to create “experiments” for the audience to see how these
“spheres” appear and interact on the different planets. In each case,
a current space mission was used as our anchor for exploration—
Akatsuki at Venus, MAVEN and MRO at Mars, Juno at Jupiter and
Cassini at Saturn.

We conclude the show leaving the Solar System to share
with students one dramatic example of how different other stellar
systems can be from our own. We chose two exoplanets as an
option for the presenter--the well known Kepler 16b, a gas giant
often compared to “Tatooine” in Star Wars for its orbit around a
pair of stars; or Kepler 1647b, another, more recently discovered
circumbinary jovian planet in the habitable zone of its stellar
system. Between the (hopeful) recognizability of one example,
and the novelty of the other we hoped the presentation would
ensure students felt they were getting a show bringing them highly
current science from the frontiers of research.
The production of the middle school show was the most
complicated of all. Early work on the project showed us the
importance in the curriculum of discussing what the Earth is made
of—breaking it down into a series of “spheres”—atmosphere,
lithosphere, hydrosphere, biosphere, etc. We latched onto
this concept as something we could build on easily to create
comparisons and experiments using the other planets, as well as
changing our model of the Earth using the GIS features of the
planetarium.

In the case of Jupiter and Saturn, we briefly explore the planets
themselves, comparing most of their bulk with the atmosphere of
the Earth and cutting into their interiors. We also invested the work
in the production of a magnetosphere model for Jupiter, based on
existing research and modeling. Most of the time is spent with
their major moons—looking at the dramatic, active lithosphere
of Io, and comparing the globe-covering cryospheres of Europa,
Enceladus, and Titan with the lithospheres of the terrestrial planets.
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These tours complete our experiments with planets in the Solar
System. To look beyond and find more intriguing examples, the
Kepler space telescope became our anchoring space mission as we
look at the massive datasets of Kepler candidates and confirmed
exoplanets, updated via the API interface for NASA’s Exoplanet
Archive.

Although we give our presenters a variety of worlds to select
from, we chose two in particular as ideal contrasts: Kepler 452b and
55 Cancri e. Kepler 452b lets us encourage the students to imagine
another Earth-like world, in the habitable zone of another star, but
based on research of Nick Cowan, of McGill University, that such
super-Earths, if they have water, may be nearly mountainless,
continent-less global seas (although Cowan has additional
research into mechanisms whereby such planets may be able to
sustain continents and oceans if certain geologic mechanisms are
in place). 55 Cancri provides an exciting variant on the planets
found in the Solar System: combined observations by Hubble and
Spitzer give us some idea of the temperatures on this super-Earth
orbiting close to its parent star. Robert Hurt and the visualization
team from Spitzer and IPAC at Caltech provided us with surface
imagery inspired by these observations, suggesting a tidally-locked
world with a vast lava sea, where molten rock becomes part of the
atmosphere—in a different way than the icy worlds visited earlier,
blurring the lines of “spheres” as experienced on the Earth.
The selection of dramatic, current research with active space
missions is intended to help students feel connected to the very
real data and research they’re being exposed to as they join the
presenter in this journey. With the production of the shows
completed, it was time to put them in front of audiences and
measure their reactions.

A really exciting aspect of the process of giving these shows
has been our ability to train a variety of presenters and structure
the shows in a way that can be utilized not just in our particular
situation, but at other institutions as well. A big part of the training
and adjustment for our presenters has been to emphasize the
need to be comfortable with long pauses. During most of our
presentations, there really isn’t much interruption or silence. We
did ask questions in our previous school shows, but it was much
more in a way that expected a particular answer, and didn’t leave
much time for exploration or thought into the answer that was
given. The majority of the show was based on a set of topics and
ideas the presenter wanted to provide the audience, and they do so
at whatever pace and timing that makes sense for that show and for
them, but wasn’t the best for the students to feel really involved
and interested throughout. With this new structure, guided by our
education department, presenters had to adjust their approach by
making a conscious effort to allow ample time for the students to
consider a question, discuss it with their neighbor, and then provide
their ideas to the presenter. An important part of this adjustment
was also to ensure the presenters have an attitude of exploration
and open sharing of ideas, and to make sure to not respond to the
students by shutting down their answers or saying they’re wrong,
but working with the answers they provide and moving from that
point to explore more and transition to the next topic smoothly.
We strongly believe that any institution and any planetarium setup
could utilize and benefit from these strategies for their own schoolfocused shows.

A big part of these new versions that we emphasized and
utilized throughout each show was more interaction with the
students. Like many large planetariums, our setup puts the presenter
behind the audience, completely out of sight, making face-to-face
interaction generally difficult. Finding a way to overcome this
disconnect was important in order to ensure that we were keeping
the students engaged, that they felt involved in the process, and
learned that actively seeking and answering questions is an integral
part of science. We utilized strategies provided by our education
department to accomplish this more interactive framework.
Throughout the show we would ask questions in one of two ways:
either by asking the kids to answer the question out loud, once, and
loud enough that the presenter could hear the responses clearly, or
by asking the students to take a several seconds to share with their
neighbor their ideas or hypothesis about what we were observing.
This provided the students with agency and made them an integral
part of the show, plus it provided a much more tangible way for the
presenters to check that they weren’t losing the students’ attention.
The students go along with this method of questioning and
answering throughout the show very well, in part because we
always made sure to give an overview of the process during the
show’s intro. Framing the planetarium as a different kind of
classroom, requiring different methods of interacting, as well as
framing the students as the scientists who were going to explore
ideas and questions along with the presenter, gave a good primer
before each show. That along with including funny questions or
jokes during our intro worked well for getting the students engaged
right from the get-go and excited to start the show.

With these strategies put in place it was clear to presenters who
had given both versions of the school shows that student response
was much stronger and much easier to interpret or evaluate. In
addition to real-time evaluation of responses, we also provided
teachers with questionnaires for our 3rd to 5th grade show. Among
a total of 23 teachers surveyed, we had overwhelmingly positive
responses. While it wasn’t a huge survey, 90% of the teachers
who were surveyed had brought their students to the previous
solar system tour show, so they were able to compare and contrast
the new format to our previous format. The survey included a
mixture of 3rd, 4th and 5th grade teachers, with twelve 3rd grade
teachers, five 4th grade, and ten 5th grade. We asked a range of
questions, including whether the show met expectations, was the
length appropriate, engagement of students, whether it fit NGSS,
how the teacher prepared for the visit and how they planned to
follow up the show with work in the classroom. In every section
of the questionnaire at least 75% of teachers responded “agree”
or “strongly agree” in response to questions about quality, clarity,
and engagement with the show. As we re-enter the school year
we plan to conduct a similar survey for our 6th grade to 8th grade
show as well.
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A lasting impression made at the right age can have
immeasurable impact. We take pride in our efforts at creating
shows and content that will help to share inspiring and informative
content at our dome and beyond. We would like to thank you for
your interest in our efforts.

CONCERTS UNDER THE STARS
Emily Hromi
Grand Rapids Public Museum
272 Pearl Street NW
Grand Rapids, Michigan 49504
ehromi@grpm.org
Abstract: In early 2017, the Grand Rapids Public Museum’s Roger B. Chaffee Planetarium
launched its pilot run of Concerts Under the Stars, a series of live music performances
accompanied by live visuals on the dome. This highly successful concert series challenged
both the skills of Chaffee Planetarium staff and the public’s perception of the planetarium
and how it could be used. This paper will discuss the various factors that went into planning
and executing the first year of Concerts Under the Stars, important lessons we learned along
the way, and our plans for the future.
Introduction: A Personal Perspective
Alternative programming in the planetarium is becoming
more and more widespread and common with each passing year,
and at this point, many domes are no strangers to live music
performances. In early 2017, the Grand Rapids Public Museum’s
Roger B. Chaffee Planetarium became a bona fide music venue
and made a reputation for itself in a city with a prosperous music
scene, which was not an easy (or intentional, really) task. Many
creative minds worked together, and many pieces conveniently fell
into place to make the pilot run of Concerts Under the Stars the
humble success that it was.

foreign or new; before the Chaffee Planetarium’s upgrade in 2014,
there had been a handful of one-off performances, and the new
seating arrangement included a “stage” area for just such events.
But despite the chatter and the floorplan, it took some time to
actually get the ball rolling.
Immediately after the Grand Rapids Public Museum hosted
the GLPA conference in 2015, my boss’s boss at the time, Tom
Bantle, asked me to write a few proposals for future alternative
programs in the planetarium. Tom was not highly involved in
planning the conference, nor was he really an attendee. But,
out of curiosity to know what the conference was all about, he
sat in on some paper presentations, including one (presented by
Anna Green, Renae Kerrigan, and Mike Smail) that apparently
piqued his interest. Later at the banquet, he was fortuitously
seated with one of the aforementioned delegates who presented
the aforementioned paper, and they had a chance to chat about it a
bit. The proposals that I ultimately wrote sat around for about five
months, but I still consider that to be the moment that actually lit a
fire and began the conversation for real.

Figure 1. Emma Loo and Sam perform in the Chaffee Planetarium,
April 6, 2017.

Two splendid coincidences occurred in April 2016, the first
of which involved personnel changes and reorganization of the
Museum’s hierarchy. At that time, I was asked to revisit the
proposal I wrote for Concerts Under the Stars, because we were
looking for clever ways to attract new audiences to the Museum
as part of our overall strategic plan. The second coincidence was
that I had recently found myself in the company of new friends
who were involved in the Grand Rapids music scene, including
promoters, radio programmers, actual musicians themselves, or
simply people who put on shows in their basements and living
rooms. I find it relevant to include this bit of personal history,
because without the advice and support of many of these people, I
don’t think the first year of this series would have gone as well as
it did. To that point, I can’t stress enough the importance of having
strong connections between your organization and the greater
communities within your city.

Throughout the course of my employment so far, I personally
can’t remember not wanting to host live musicians in the Chaffee
Planetarium. Since the moment I stepped foot into the dome and
heard how good music could sound in that space, the concept
seemed obvious. I certainly wasn’t the only one with that thought,
since there was general chatter about the idea floating around
meetings and lunchtime discourse. And the notion wasn’t entirely
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Overall Intent

Local Performers: Genres with a Lot of Adjectives

It seems pretty straightforward that new and different programs
will attract new and different audiences. As a public museum, our
main audiences tend to be families with children, and overall we
are trying to find new ways to appeal to millennials, people from
older generations who don’t have kids, and even people who do
have kids and want to do something interesting in a museum setting
that isn’t specifically for the kids. Oftentimes when I would meet
somebody new and tell them where I work, their response was
that of fascination and a desire to visit, but with the caveat that
they hadn’t actually been to the planetarium since they were in
middle school. Our main and obvious goal was to change that; but
as our plans for Concerts Under the Stars developed, some other
(somewhat more unexpected) motives arose.

In all aspects of Concerts Under the Stars, we wanted to keep
connections within our local community, so all of the performers
we booked were local Grand Rapids musicians and artists. Grand
Rapids has a fantastic and substantial music scene, and the people
of Grand Rapids are generally very supportive of their local
musicians (as it should be in every city).

A large percentage of our usual families-with-children
audience has a GRPM membership. At any given event, there
are a handful of those members who attend simply because it is
something for them to do, and they have the opportunity to benefit
from their member discount. Although we were specifically trying
to create a program for people who aren’t our usual audience,
it could be assumed that some of these folks would show up.
Although not intended, their presence would still ultimately be
positive, and we wanted them to leave as fans of local music they
might not have discovered otherwise.

There is certainly no shortage of musicians to choose from
in Grand Rapids, but conceptually, there are certain genres
and instrumentations that fit really well into the planetarium
environment. Since I was still finding my footing, I received some
advice and suggestions for which bands to book from friends in the
music scene, but I was also sought out directly by one musician,
and already knew another personally (a fellow GRPM employee).

There was a buzz among local musicians from the moment
the knowledge began to circulate that this series was in the works.
Small, alternative venues continue to pop up in Grand Rapids
(and probably every city), and it isn’t uncommon to see a show
at the public library, a coffee shop, or somebody’s backyard.
Musicians want to play interesting shows, and there seemed to be
a certain prestige about performing in an immersive environment
with a great sound system. The planetarium is unlike many other
venues (alternative or otherwise) in distinct ways, but perhaps less
apparent is the fact that these shows would unquestionably be allages, and that the Museum is a safe space, unlike many bars. The
performers who wanted to play in the venue became an audience
in their own right.

The official lineup for Concerts Under the Stars 2017 was
Joshua Tree (analog techno), Janga (chamber funk), Mishigami
(electronic jazz), Emma Loo and Sam (psychedelic folk). I felt
that we had a wonderfully diverse group of musicians in spite of
the limitations and constraints that we tried to set for ourselves.

Lastly, an outcome that naturally arose from planning an
alternative event in the planetarium was the attempt to challenge
people’s perceptions of how the space should and could be used.
A planetarium has the potential to be so much more than strictly
its traditional purpose, something that is not necessarily taken
into consideration by the public. Up until this series, the Chaffee
Planetarium had been desperately under-utilized for anything
other than typical planetarium shows and the occasional wedding.
Throughout the process of putting together Concerts Under the
Stars, we also challenged ourselves to push the limits of our
technology and ourselves, a staff that was doing this sort of thing
for the first time.
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Figure 3. Chaffee Planetarium floorplan.

Figure 2. Publicity photos for Joshua Tree, Janga, Mishigami,
and Emma Loo and Sam.

To curtail this concern, we strategically booked small bands
and solo artists. All of them used some amount of electronic
equipment, which reduced the number of amps that would be
needed, as they could plug directly into our sound system. Most
significantly though, the Chaffee Planetarium is fortunate enough
to have a skilled sound technician on staff. John Foerch has years
of experience running sound for bands at music festivals, and
possesses both the technical knowledge and nuanced attention to
detail that is necessary for an alternative music venue.

Concern: Acoustics

Despite our initial concerns, we received overwhelmingly
positive comments regarding the sound quality from audiences
and performers alike (including some participants from the focus
group, which was quite satisfying). Over the course of the four
shows we put on in 2017, it became more and more apparent what
our capabilities were, and that the planetarium wasn’t as much
of a challenge as we expected. My only remaining concern is
that, although the bands provided a lot of their own gear, we did
also utilize a considerable amount of John’s personal equipment,
which is something I hope to alleviate in future years as we
continue to learn what our needs are and acquire our own in-house
microphones, monitors, and other accoutrements.

A number of participants from a focus group we held during
the planning stages of the series unanimously agreed that in order
for this to be a memorable experience for audiences, we needed
to “get the sound right.” Oftentimes alternative venues don’t
consider sound quality as seriously as they should, or they simply
don’t have somebody on staff who has the expertise required.
One of our primary concerns early on was feedback due to the
relationship between our stage area and the placement of our right
and left speakers. We also simply didn’t know what to expect
from acoustics of the room itself once we were presented with live
performers.

Pretty Pictures
In June 2016, through mutual friends, I met a local video artist
named Nate Eizenga. Nate had been working regularly as a video
jockey with local musician Darkly for the last year and a half, as
well as with a number of DJs, providing visuals for dance parties
and underground shows. Previously we had heard of each other,
and upon meeting decided that some sort of collaboration was in
order, though we didn’t know yet what it would be.
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Figures 5-6. Digistar 5’s videoInputDisplay and the VJ software
Resolume Arena.
Like most non-planetarian artists, Nate had not worked in
fulldome format prior to this, so the content that he already had
was not necessarily suited to project onto the dome. Some of it
was abstract enough that it could warp to the dome without looking
unnatural, and some of it was centrally composed so that it could
be cropped and warped with minimal distortion. Throughout the
series, Nate adapted his workflow to specifically seek out video
of this nature, and also utilized free fulldome content (particularly
from ESO’s fulldome video archive). I also worked alongside
him to alter some of his other existing video content in After
Effects, utilizing methods such as repetition and mirroring to form
pseudo panoramas and patterned effects, and strategic masking
to artistically display a rectangular video at the focal point of
the dome. For Mishigami’s set, Nate also incorporated some of
the musician’s album artwork into his video performance. All in
all it ended up being a beautiful combination of visuals, mostly
combining abstract, geometric, and astronomical aesthetic.

Figure 4. Artist Nate Eizenga mixes video during a rehearsal for
Concerts Under the Stars.
Nate visited the Chaffee Planetarium a couple of times over
the next two months to show us his creative process and some of
his work. The first time he came by, we somehow finally realized
that Concerts Under the Stars would be the perfect opportunity
for our desired collaboration. During these initial meetings, we
figured out the best way for him to project onto the dome from
his laptop (Digistar 5’s videoInputDisplay) and worked out some
other technical details. Nate used VJ software called Resolume
Arena for video mixing, and his process for collecting video
mostly included perusing royalty free content that thematically fit
the music that he accompanied. After rehearsing and figuring out
the general flow of the set, the various visuals would be mixed
together live during the performance using a MIDI controller.

Before Nate came on board, our plan was to create a library of
visual effects to play on the dome during the performances. While
this would have been enjoyable to watch and would have been a
suitable accompaniment to live music, involving more local talent
in the series and adding an element of spontaneity in the form
of live video mixing made each performance a truly unique and
tailored experience.
Concern: Lighting
We were faced with the need to illuminate the musicians
without flooding the dome with excess light. Taking advice from
Jason Fletcher of the Charles Hayden Planetarium in Boston, we
constructed some directional lights that were very inexpensive and
very homemade. We began with a $15 four-pack of LED camping
flashlights from Amazon and attached a black cone of paper and
duct tape around each one to funnel the light in one direction. The
lights were diffused with layers of drawing vellum and red gel
(ultimately we had two white lights and two red lights), clipped
to standard tall microphone stands, and pointed downward at the
performers. This cheap homemade solution worked quite well,
illuminating the performers for the audience to see as well as
giving them light to see their instruments, without casting much
light above.
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Figure 9. Janga performs at the Chaffee Planetarium, February
9, 2017.
We also utilized our ChromaCove lighting for Joshua Tree’s
show, however this was used more as an additional visual effect
than as utilitarian lighting. We set up cove and behind-the-dome
lighting effects that responded directly to the MIDI signal from
one of Joshua’s synthesizers. The effects could be turned on and
off through Digistar’s control panel. They were used sparingly
during the set, but to great effect.

Figures 7-8. Homemade directional lights used during Concerts
Under the Stars performances.
For Janga’s performance, we also used our spotlight for one
of their songs, which featured a guest vocalist. The spotlight is
mounted behind the dome at the back of the theater and pointed
toward the stage area up front. The spotlight tends to cast more
light than is ideal, so its usage was limited to this single song,
which was very appropriate and tasteful.

Figure 10. Joshua Tree rehearses for his performance at the
Chaffee Planetarium.
Concern: Photography
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As many planetarians have probably experienced,
photography in the planetarium is a tricky task with very specific
camera settings. Semi-darkness, rapid fulldome visuals, and
now the added element of one or more live performers can make
for an unforgiving environment. And if you’re not actually a
photographer, pretending to know how to use a camera is even
more complicated.

I had very little photography experience myself, so once
again I turned to Jason Fletcher for advice. I’d seen his gorgeous
photographs from the Charles Hayden Planetarium’s own live
music series, Cosmic Loops: Music Beneath the Stars. The
specific camera settings and other suggestions he passed along to
me yielded very good results, especially by the fourth and final
show as I became more and more adept and comfortable using
the Chaffee Planetarium’s camera and adjusting settings on the fly
based on the brightness of Nate’s visuals.
The topic of photography in the planetarium could surely
take up enough space for an entirely separate conference paper or
workshop, so I won’t get too in-depth with instructions or specific
camera settings. As a general rule, I made sure I knew more or
less which settings to use before the show began, and I marked on
the ground where the tripod should sit so I wouldn’t have to worry
about proper positioning each time. After manually focusing, I
also physically taped down the focus ring to avoid having to
refocus at any point during the show.

Figure 12. Camera settings for a photograph captured during
Emma Loo and Sam’s performance at the Chaffee Planetarium,
April 6, 2017.

The Chaffee Planetarium has a Canon EOS 6D. Generally
the settings were high ISO (anywhere between 6400-25600), short
exposure time (1/125 sec. - 1/13 sec.), and aperture set to f/4. I also
used a fisheye lens, which allowed me to capture a good portion
of the dome in each shot, and (as a personal preference) made the
photos look pretty neat.

Figure 13. Camera settings for a photograph captured during
Janga’s performance at the Chaffee Planetarium, February 9,
2017.

Figure 11. Camera settings for a photograph captured during
Mishigami’s performance at the Chaffee Planetarium, March 16,
2017.

While I felt the photos turned out surprisingly decent
considering my lack of photography skill and experience, I think it
would be fantastic to hire a professional photographer (or two) for
future iterations of Concerts Under the Stars. Not only would the
photos turn out better in the end, it could also allow for multiple
angles and closeup shots of the performers.
Advertising, Media, Budget, etc.
For various reasons, there was no money set aside for Concerts
Under the Stars in any departments’ budgets. That said, all media
related this project were earned media; we benefited enormously
from social media, word of mouth spread rather quickly, and
GRPM staff and performers alike were solicited by various local
media outlets. The only planned printed media relating to this
series was a small spot in the GRPM spring newsletter, although
that was released after the first three shows already passed, and
was less of an advertisement than it was a retrospective piece.
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The posters for Concerts Under the Stars were designed by
Alex Barger, a student from Kendall College of Art and Design
in Grand Rapids. Alex had contacted our marketing department
in Autumn 2016 seeking out a design project as a final for one of
his classes. He created a unique poster for each show, drawing
inspiration from the performers’ musical styles and any particular
aesthetic preferences they suggested (if they had any). While I
generally don’t advocate art students being taken advantage of for
free work, colleges can be a great resource for projects such as
this, especially if the project benefits the student, as it did in this
situation. Additionally, yet another local connection was made
through a collaboration with an important organization within
the Grand Rapids community, which I consider to be inherently
positive.

Figure 14. Posters designed by Alex Barger, for each Concerts
Under the Stars performance.
Leading up to the start of the series, there were a few online
news articles that seemed to attract attention remarkably quickly.
Prior to the first show, Nate Eizenga, myself, and GRPM’s
marketing director went on a show called The Guest List on 88.1
WYCE, where we had the opportunity to promote the shows and
play a couple tracks by each musician. Joshua Tree was interviewed
and performed on WYCE’s Local Spins shortly before his show on
January 19, and all four musicians had some form of exposure on
WOODTV’s EightWest during the week leading up to their show.
Additionally, Janga’s show in February was on a list of Valentine’s
Day date-night ideas in Revue, a local arts and music magazine.
The performers themselves did a notable job promoting the shows
on their own social media pages as well. The combination of word
of mouth, earned media, and the collective online efforts of GRPM
and the involved performers caused all four shows to completely
sell out.
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We worked closely with our Hospitality department at GRPM
to provide a cash bar at each show. This is something we have
been incorporating more and more into evening events, such as
special late-night laser light shows, exhibit opening receptions,
and other adult-centric activities hosted elsewhere in the Museum.
The concerts each began at 7:30 p.m., so we opened the doors at
6:30 to give attendees a chance to find a good seat, hang out with a
beverage, and even mingle with the performers in the planetarium
lobby. For special events like this we also allow food and drink
inside the planetarium, which is something that always seems to
excite guests. The bar was popular enough that our Hospitality
department generally made a small profit or at the very least broke
even.

Figures 15-17. Various examples of earned media for Concerts
Under the Stars.

Each band prepared a 45-50 minute set, so the shows overall
took about an hour once we closed the doors, made announcements,
and got started. Small groups of attendees tended to linger after
the shows to talk to the band, ask them questions about their music
or gear, buy merch, etc. The planetarium is an intimate enough
environment where that sort of thing is accessible and encouraged.
Conclusion: In Retrospect
As mentioned, all four shows in the pilot run of Concerts Under
the Stars were completely sold out, which occurred days prior to
each show. For the most part all 147 seats are filled only under rare
circumstances (it isn’t unheard of, but is uncommon, particularly
that far in advance), and while we are a lot smaller than traditional
venues, it’s quite special for a local show to be at capacity. Many
of those attendees were new visitors, particularly people who were
already fans of the music scene but were visiting the planetarium
for the first time. The shows were attended overwhelmingly by
non-members, which is a stark contrast compared to the ratio of
members to non-members visiting the planetarium on any given
day. There were many repeat visitors and at least two people who
attended all four shows (one of those people is my best friend, but
that is beside the point...right?).

Showtime
So, now you’ve read about all of our worries and woes and
the things we needed to consider during the planning stages of
Concerts Under the Stars, but there were several other things that
went into the performances themselves that are also worth noting.
A certain amount of rehearsal time was necessary for each
show. Meeting with each musician for the first time, we assessed
their audio needs and the setup that they would require, using a
combination of their equipment, Museum equipment, and John
Foerch’s personal equipment. That generally took up a large
portion of the first rehearsal, but the band would run through some
or all of their set to check sound and get a feel for the environment.
Nate Eizenga attended the first rehearsals as well, so he could
begin to get an idea of their performance style and what visuals
would work well with it (sometimes he also listened to some of the
music prior to this). We scheduled a few additional rehearsals per
band, including a dress rehearsal the night before the show.
Tickets were $10 for GRPM members, $12 for non-members
in advance, and $15 for non-members day of show. Since all
of the shows were sold out, we actually didn’t have any day of
show sales. Our prices were based on similar GRPM events (e.g.
Wurlitzer Organ concerts) and live music events that have been
hosted in other planetariums. Despite our lack of budget, we were
even able to pay each of the performers, which is something that I
personally was very insistent about.
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Figure 18. Average attendance of GRPM members vs. nonmembers on the Saturday after each Concerts Under the Stars
performance.

Figure 19. Attendance of GRPM members vs. non-members for
each Concerts Under the Stars performance.
We plan to expand Concerts Under the Stars in 2018 by
adding another show so there are five shows total. The series will
still occur during the winter and spring, from January to April;
after all, the name “Concerts Under the Stars” came from the idea
that outdoor concerts cease during cold weather, but the stars of a
planetarium can still be enjoyed indoors. Although not exactly a
replacement for an outdoor venue (largely due to capacity limits),
it is indeed an additional option for an activity during the time
of year when there fewer things to do outdoors. And in its pilot
run, it certainly proved to be something both well-liked by the
community, lucrative for the Grand Rapids Public Museum, and
probably the most fun and validating project I’ve had the pleasure
to facilitate during my planetarium career thus far.
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BEYOND BRIGHTNESS AND CONTRAST
Chris Janssen
Planetarium of the Wausau School District
Wausau West High School
1200 West Wausau Avenue
Wausau, Wisconsin 54401
cjanssen@wausauschools.org
Abstract: I use three amazing ways to upgrade fulldome video content that make stunning
results. I will share these ways using Adobe and some plugins to 1) FPS Upgrade—Make
24 or 30 fps content into 60 fps. Especially useful for older Imax to dome content. 2) High
Dynamic Range—Adjust your content to compensate for the harsh dome cross talk and/or
lower native contrast projection systems. 3) Resolution Upgrade—some content was only
rendered in 2K (or lower) resolution but is irreplaceable for your facility, so upgrade it to 4K
instead.
We have all adjusted the brightness and contrast on a projector
as a very basic way to improve the way our theaters look. Despite
being basic, these settings can have a dramatic effect on quality.
In modern times there are many more settings to adjust but the
core feeling is the same. Change how the projection is done to
maximize quality of whatever we are showing audiences. It is to
this end, the constant pursuit of maximizing quality, that I distilled
three techniques to dramatically do just that.

menu with the hand remote and check the “info” or “input
signal” section. It will tell you what the projector is receiving.
Example: 1920x1080 60Hz.

Legal:

• If you are NOT operating at 60 HZ check with your hardware
manufacturer, your graphics cards may be able to handle it and
you can get a free upgrade. If you are at 60HZ(or higher) why,
why should you feed your beauties 30HZ (or 24 HZ) content?
Half of your bandwidth is pure waste.
• It’s all that’s available you say? Buckle up!

While these methods do not alter the program’s content, if any
of these techniques explicitly violate a program license contract
you must comply with the contract and run the program in lower
quality. Example: You leased the program at the 2K level and
received 2K dome masters. If the contract specifically says that
you must play said program at “2K resolution” then you are locked
to show it at 2K.

Here are two ways to create “tween” frames in a high quality
fashion to add a frame between each of the 30fps to get to 60fps.

It is my opinion only, that both program creators and facility
directors would want their product to be represented to the public
in the best viewing quality available at each site. Each dome and
projection system is different and some adjustments are needed to
maximize playback.

• If you’re using Adobe Creative Cloud, you can do this NOW,
for free. It’s called “Optical Flow.” Search for or check out this
video: https://www.youtube.com/watch?v=CCnXs7hOe9E. I
found ‘Optical Flow’ to be good but not for all cases of motion.

Frame Rate Upgrade

• ‘Twixtor’ from Revision FX is an award-winning plug in that
can be licensed for about $250 (educational price) It is superior
to ‘Optical Flow’. http://revisionfx.com/products/twixtor/ The
plug in is actually used to produce “slow motion” footage from
incapable camera footage. How do you use it? There are many
tutorials on their website and you should reference them but
here’s the basic concept.

Why operate at higher frame rates? Clarity is dramatically
improved because there is no jagged “tearing” of edges as they
move about the frame. Imagine a strobe light at a dance club, the
slower the flash rate, the more jagged your dance partner’s moves
look. Major improvements can be seen when upgrading 24fps
content like in the case of digitized IMAX films to 60 fps.

Instructions:

• Before You Start… Many projectors now are shooting at 60 fps
(frames per second). If you are unsure you can easily check.
Once your system is warmed up, access the projector’s main

• In Adobe (Premier or AfterEffects) create a video sequence
of your final target fps. Example: I have a 10 minute 30
fps I’d like to upgrade to 60fps. I create a 60fps sequence.
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• Next, I import and interpret the footage as 60fps. (wrong on
purpose) It’s now only 5 minutes long and comical. Copy and
paste the whole video sequence again directly at the end of the
first section. This makes it 10 minutes again but it’s still going
to play wrong (and twice).

• Create another video sequence just like it (60fps) and
drag the incorrect sequence in.
Apply the Twixtor
plug in and set the speed to 50%. (30fps / 60fps = 0.5)
NOW the duration and playback is correct and at 60fps!
• Export to PNG frame sequence to get your 60fps version of the
content. If the PC stops working, no problem pick up where you
left off as you already have those successfully rendered frames.

Filter Settings:
Shadow—Turn off Automatic and set between 0-10 (2 works in
most cases)
Highlights—Turn off Automatic and set between 25-35 (30
being ideal)
Black clip—Set between 20%-32% with 20% being “break
even.”
Rationale: the dome’s going to be “grey” due to cross talk
lighting so why “spray” grey up there at all? Make the filter cause
dark shades of grey to drop to nothing (black) and let the natural
grey that ‘s already there do the rest. This drop in light output will
help reduce overall lighting crosstalk.

Technical Notes:
• GPU vs CPU. The project properties must be set to use only
CPU (not GPU CUDA) to avoid problems.

Resolution Upgrade

• Make sure your production machine is fairly robust. Be prepared
to wait. Processing time for a 25-minute 4K program took 5
days on my fastest PC and 28 days on my average PC.
• Be prepared to buy more large hard drives. At $100 for 4TB,
it’s very reasonable to keep your new frames in addition to the
original frames.

Feeding your projectors anything less than native pixel count
will reduce quality. Feeding way above native resolution has
no effect on visual quality but wastes CPU resources and could
cause lag and jitter as this overly-large media loads. Based on
your dome’s total resolution and the area you intend to show the
footage, lower res footage would look pixilated and blurry. There
are two very good methods of upgrading the resolution of footage
more then simply “scale and sharpen”. These two techniques use
algorithms to eliminate rastered (or jagged) lines within the frames
themselves that Scale and Sharpen will not touch.

• Want to speed things up? The Twixtor plug-in CAN use CUDA
(GPU) in the plug in settings (NOT IN ADOBE PROJECT
PROPERTIES. See the “Allow GPU” setting inside the plug in.
It may still not work on older or lower power graphics cards.
• 24FPS calculation I found to be imperfect.. You’d think I have
to “slow” the final sequence down not by 50% but 40% (24fps
/ 60fps = 0.4). In careful testing, I had to set it to 40.4% slower
and it was still off by couple of frames. This is easily fixed
with a very old technique from the days of magnetic tape that
would stretch out… You re-adjust the entire audio track to the
new final length. This few milli-seconds of difference spread
over the entire program is indiscernible but having the audio off
by milliseconds for all of the program is obvious.

You may also want to apply this filter to rectilinear video in a larger
production. Examples:
• You have 720p (720x 1280) video you want to show front and
center. In the very front of your dome the pixels are ~1500
pixels across (note that 1280 is less than 1500). You’d want to
upscale this footage to as close to native 1500 as possible.

High Dynamic Range Upgrade (HDR)

• You have an entire 2K domemaster sequence and your facility is
4K projection. If you can’t remaster this as a true 4K… You would
want to upscale the 2048x2048 frames to 4096x4096frames.

What is HDR? The ability of display system to better represent
what our human eye would truly see. If you’re standing just inside
the mouth of a cave, you can see outside, the bright clouds features
and the barely visible walls of the caves. Take a picture or video
and most of the fine details vanish, you’ll get parts under and over
exposed.

There are two ways I found to get this done:
•

• Adobe users not on the cloud? Super-Resolution plugin from
Infognition ($50) http://www.infognition.com/super_resolution/

Upfront… This technique is not “TRUE” HDR that we
are seeing on many brand new display units. This requires the
playback media to be HDR and display to have a specific hardware
handshake. However, similar results can be attained by “baking”
the same effect into frames. We are going to tell the dim areas to
brighten and the bright areas to have more contrast and darken
slightly.
Adobe’s built in filter called ‘Shadow/Highlight’ can be
applied to the entire video sequence (or the same to each section
of the sequence). These filter settings yield excellent results
particularity for “daytime” scenes with huge amounts of scattered
dome lighting.

Adobe Creative Cloud effect called “Detail-Preserving
Upscale.” (Free, built into CC)

The use of these plugins is very straightforward. You simply
type in the percent “larger” (or new pixel frame size) you want.
Technical Notes:
Same CPU intensive warning applies here. Many calculations
are done from “previous” and “next” frames. Therefore,
image stills with no movement may not show the same quality
improvement as moving imagery.

•

Have large storage hard drives, a faster machine and prepare
for many days of processing in some cases.
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•

•

- Personal “secret ingredient”… I have found that adding the
Sharpen filter to upscaled content can improve things even
better now that there are added neighboring pixels for the
sharpen algorithm to use. I use “Gaussian Sharpen” with the
amount and radius set to taste as seen in the preview window.

74

UPDATE ON THE NEW BELL MUSEUM + PLANETARIUM
Sarah Komperud
Sally Brummel
Bell Museum + Planetarium
10 Church St. SE Minneapolis, MN 55455
Komp0030@umn.edu
sbrummel@umn.edu
Abstract: Coming in summer 2018 to the St. Paul campus of the University of Minnesota, the
new Bell Museum + Planetarium brings together science, art, and the environment with a
unique Minnesota perspective. Our new home features a 16-meter digital planetarium, hightech exhibits, our famous wildlife dioramas, outdoor learning experiences, and more. This
presentation will feature the latest updates on our program development and equipment
installation.

Merging the Planetarium and Museum
The Minneapolis Planetarium operated in Minneapolis’
downtown Central Library from 1950-2002, serving over 4
million visitors throughout the state, introducing them to the night
sky, sparking an interest in science, and igniting imaginations.
When the Minneapolis Central Library was torn down in 2002, the
planetarium came down with it.

1930s, James Ford Bell, the president of General Mills, wanted to
preserve the beauty of the then endangered grey wolf so that future
generations could admire the animal. In order to do so, in 1938
he co-funded the construction of a permanent building to house
dioramas depicting the natural beauty of Minnesota’s landscapes
and wildlife from around the state. Francis Lee Jacques was
commissioned from the American Museum of Natural History
to return to his home state of Minnesota to paint the background
scenes for 9 large and 10 medium dioramas in the then newly
constructed Bell Museum. To this day, Jacques is considered one
of the greatest wildlife and diorama artists of the 20th Century.

In June 2003 the Minnesota Planetarium Society (MNPS)
incorporated as a charitable not-for-profit organization to promote
educational programs focused on astronomy and Earth science.
To maintain a presence and to continue with astronomy education
in the twin cities, MNPS purchased a first of its kind Elumenanti
GeoDome. Running Sciss’s Uniview software, MNPS brought its
GeoDome, named the ExploraDome, out to schools around the state
of Minnesota and western Wisconsin. The ExploraDome program
became the pioneer for interactive, fulldome astronomy education
in Minnesota, which led to MNPS establishing a statewide
network linking planetariums in Minnesota and neighboring states
as a way to share costs for the planetarium software, and to share
programming knowledge and resources.
Located in a different part of Minneapolis, on the campus of the
University of Minnesota, was the Bell Museum of Natural History.
The Bell Museum was established in 1872 by the Minnesota
State Legislature in order “to provide for a geological and natural
history survey of the state...” and in turn, that “natural history and
geological specimens be prepared, and a museum to be established
at the university.” For 66 years, the museum’s collections were
housed in available office spaces in buildings on campus. In the

Fast forwarding to the 21st century, the MNPS and the Bell
Museum both found themselves needing to upgrade their facilities.
The Planetarium had been without a permanent home since
its deconstruction in 2002, and the Bell Museum needed major
renovations in order to preserve the renowned dioramas for future
generations. Seeing that the two organizations shared common
goals to educate and inspire the public, and to promote stewardship
of our home planet, and both organizations had similar needs for
new facilities, they merged and the Planetarium moved to the
University of Minnesota in 2011.
Planning for the New Bell + Planetarium
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In 2014 The Minnesota State Legislature passed funding
to support the construction of a brand new facility for the Bell
Museum + Planetarium. At the heart of the new museum lies the
planetarium.

Groundbreaking occurred on Earth Day, April 22, 2016. One
of the first structures to arise was a three story concrete cylinder,
which had many onlookers wondering what would go inside that
“silo.” This feature houses the planetarium dome, and the rest
of the museum’s exhibit halls and program areas are built around
it. Building and grounds construction concluded in the fall of
2017, allowing the museum staff to focus on finishing exhibits,
education, and planetarium programming in the remaining months
before opening in July 2018.

The selection for the projectors was in some cases harder than
the selection of software. With so many different options, and
the fact that the reflectivity of the dome had yet to set (something
other planetariums rarely have the opportunity to change) the
field of projector choices was essentially wide open. In the end,
planetarium staff elected to be at the forefront of the changing
technologies for planetariums. The planetarium theater will
operate two Digital Projection Insight Dual Laser 4K laser light
source projectors. The planetarium will not open with an optical
mechanical star ball, but during construction, infrastructure for a
future star ball was built into the theater should the planetarium
ever be in the position to acquire one.

Selecting the Planetarium Theater
After a few years of researching software and hardware
options at planetarium conferences, vendor user groups, and
talking with fellow planetarians, planetarium staff elected to stay
with Uniview and run it in both the permanent theater as well as
the outreach dome. The decision to stay with Uniview wasn’t
an open and shut decision. Each software that was tested had
its benefits, and in some cases had cool and exciting things that
Uniview cannot do. However, the ease of live flying, inclusion
of new data and modules, and the network of other Uniview users
and content generators, were what the final decision came down
to. The planetarium’s personality was developed over the past
10 years in the portable dome. Being nimble, immersive, and
personal is what the planetarium is and a Sciss Colorspace Theater
with Uniview was the best option for the new theater to continue
and be true to that personality.
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With the selection of the software and the hardware for the
planetarium almost complete, Astro Tech’s Ulteria Seam dome
was selected to be the canvas for programs. With the Ulteria
Seam, the dome panels sit flush on both the horizontal and vertical
seams, making the seams virtually invisible. Installation of the
dome screen itself began the last week of July 2017, and wrapped
up by the end of September 2017. The installation of rest of the
planetarium furnishings are expected to be completed by early to

Accessibility

mid-November 2017, with the rest of the AV equipment, including a
brand new production studio, will wrap up by the end of December
2017. Planetarium staff will gain access the planetarium and
production studio in January of 2018 to start testing equipment
and producing content before the July 2018 opening.
The Theater Experience

One of the core values to the Bell Museum + Planetarium
is to be a place of inclusiveness. The museum and planetarium
are expanding their capacity to meet the needs of visitors with
disabilities. The planetarium will offer programs for the deaf and
hard of hearing via live American Sign Language interpreters and
a Communication Access Realtime Translation (CART) system.
These accommodated shows will be scheduled on a regular
monthly basis for the general public. Additionally, any group can
request use of these accommodations when reserving programs
in advance. One of the reasons the planetarium will be able to
offer these services to visitors on a regular basis is because of the
University of Minnesota. The University has professional ASL
interpreters that the museum can utilize at no cost if requested two
weeks in advance.

When the museum and planetarium open to the public in July
2018, visitors will enter at the rear of the theater under our 16 meter
dome, select their favorite seat from the 120 available options,
and immerse themselves in both astronomy and non-astronomy
programs. The personality of the mobile planetarium has always
been one of complete immersion and a personal experience (the
spring line of the mobile dome is only inches above the heads
of visitors). In order to construct as similar an experience in the
permanent theater as possible, planetarium staff worked with
the architects to design the dome screen to be hung low, and at
a 15-degree tilt, the expectation being that these two elements
would lower the spring line as much as possible, and will immerse
the visitors more effectively, with as minimal separation between
them and the dome screen itself as the architecture would allow.
The expanded seating and production capacities will now
allow the planetarium to do more than could be done in the mobile
dome. Staying true to the personality of the planetarium, most of
the shows will be live presentations of Earth and space content
by students and educators from those fields. With the expanded
capacity, programs will now have the ability to effectively include
non-astronomy content. For the time being, a majority of the nonastronomy content will be purchased, full dome films. However,
all the excitement around this new project has opened new doors
for the planetarium, and funding has been secured for an original,
full dome, opening production. NSC Creative is the production
house, and Minnesota author and scriptwriter, author of The War
on Science and the screenplay for House of Sand and Fog, Shawn
Otto, wrote the original script. The story explores the formation of
the universe from a uniquely Minnesota perspective; investigating
the deep geological and cosmic history of the land beneath our
feet, as seen through the eyes of a student on a field trip.

For visitors who would benefit from audio accommodations,
included in the planetarium RFP package were 26 audio receivers
that will be used for audio descriptions for visitors with low
vision, audio amplification for visitors with low hearing, or
translation into alternative languages for non-native English
speakers. Planetarium staff are working with the museum’s
Associate Director of Operations, who is also the Co-Chair of the
Minnesota Access Alliance (MNAA), to work the kinks out of
these systems, especially for live presentations that will not have
a pre-written script. This is just phase one of the museum and
planetarium’s accessibility development. As more is learned from
these audiences what their uses and needs are, better ways to serve
them will be developed.
The museum and planetarium will continue to offer sensory
friendly programs that have light and sound levels turned down
for a less stimulating environment, and will introduce relaxed
programs that give audience members the freedom to make noise
or move around in a judgement-free zone.
Astronomy in Other Parts of the Building

It is the goal of planetarium staff to show visitors and other
stakeholders all of what a planetarium can do. Programs and
events will go beyond the K-12 and public shows. Because the
planetarium is imbedded in the University of Minnesota, there are
unique resources available to enhance programming and create
unique programs. One key component to all of the museum’s
programs, including the planetarium, will be to highlight research
being done at the University of Minnesota. In collaboration
with the University’s Medical Device Center and the Interactive
Visualization Lab, pilot testing of visualizing University research
in a planetarium was done using scans of a human heart. The
new theater and production studio will allow the planetarium to
collaborate with other University departments to visualize their
data and host special events that engage audiences with real
research and the researchers themselves.

Astronomy will not be limited to the planetarium in the new
facility. Visitor studies have shown that the museum experience
starts the moment visitors look for parking. One of the first things
visitors will encounter in their experiences to the new museum and
planetarium is a 26-foot diameter sundial in the parking lot. This
sculpture will be one stop on tours of the outdoor learning spaces.
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Another of the outdoor learning spaces is located on the second
floor of the building. At the top of the grand staircase is the exit to
the observation deck. Because as great as learning astronomy can
be in the planetarium and galleries, nothing is better than to see
distant planets, stars, and celestial objects for yourself. Mounted
on the south-west corner of the observation deck, three permanent
telescope piers will play host to the museum’s telescopes (which
will not be permanently mounted to the piers) for both daytime and
evening star parties. Located just blocks from the 45th parallel, the
observation deck will have clear views of the North Star, western
and southern skies, with views of the eastern and northern skies
semi-obscured due to the architecture of the building.

for life) and how astronomers are searching for life elsewhere
(detection of exoplanets, analyzing atmospheric compositions,
and comparing known environments of extremophiles to planetary
conditions). Visitors will have the chance to engage with handson exhibits including a 4-meter panoramic kiosk running an
assortment of astronomy software (Uniview, NASA Eyes on the
Solar System, World Wide telescope) that puts them in the driver’s
seat for an interstellar adventure.
Come visit

The exhibit gallery spaces include 5,000 square feet for
temporary exhibitions, and 21,000 square feet of permanent
exhibits. Approximately 4,000 square feet of the permanent
gallery is devoted to a brand new astronomy exhibit. The entire
permanent gallery follows the story of Minnesota. Visitors will
begin this story by investigating what makes life possible here on
Earth (liquid water, an active planet, and the required elements

As the construction winds to an end, exhibit installation and
program development continues. Everyone on staff at the Bell
Museum + Planetarium is looking forward to opening the doors in
July 2018 to the public and returning a large, public planetarium
to the twin cities. And of course, for those still looking for that
classic Bell Museum experience, the 10 large dioramas have been
successfully moved, all of which are being cleaned, restored, and
reinterpreted.
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PLANETARIUM COMMUNITY COLLABORATIONS—BUILDING AUDIENCES AND EXPANDING
HORIZONS
Shawn Laatsch
Emera Astronomy Center
University of Maine
167 Rangeley Road
Orono, Maine 04469
shawn.laatsch@maine.edu
Abstract: Expanding and diversifying audiences is a key concern for many planetariums.
This paper will share ways to build community relationships to create new programming
opportunities for domes, from science lectures utilizing university connections, to working
with the local public library, to ticket partnerships, and many additional options will be
explored. What makes a good partnership? How can existing content be leveraged to your
advantage for partnerships? What are some ways to leverage local media for promotion
partnerships? Emera Astronomy Center will share some of its most recent partnerships and
their outcomes as examples of community collaborations.
Many years have passed since beginning my planetarium
career back in 1984 at Wausau West High School Planetarium, and
with those years numerous changes have come to the planetarium
world with the advent of digital technologies—be it digital fulldome, VR (virtual reality), AR (augmented reality), and immersive
audio. The advances in these areas allow planetariums to branch
out and become centers that can help share multiple sciences, art,
and culture in new ways using the new tools in our toolbox. Not
only is diversification an option, to many facilities it is essential as
the cost of these new technologies make it too expensive to serve
only one audience or topic.

observatory, and a twenty-inch PlaneWave research telescope. We
offer regular public programs on Friday evenings at 7:00 pm and
family/children’s ones on Sundays at 2:00 pm plus host a variety
of k-12 school visits, University of Maine classes and astronomy
labs, and numerous private programs and special events. We are
a cost recovery unit of the university, which means we must earn
our operational income through ticketed events, private rentals,
donations and sponsorships.

Building community partnerships is a great way to diversify
one’s audience and serve your broader community in new ways.
Partnering provides ways of leveraging resources not possible
alone, and often spurs development of new ideas for how our
domes can be used. Partnerships can take on many forms, from
simple ones like ticketing discounts with another organization
to full blown production around a new topic or idea. Whether
simple or complex, partnerships provide new opportunities. The
key is being open to novel ideas and a willingness to try new
programming. It does not matter the size of the community—
small, medium, or large—there are always some options to build
relationships and diversify programming by working together.

Upon arrival here in January of 2016 my first priority was to
look for ways to build partnerships with aims of increasing our
public attendance by broadening our audience base and create
new funding streams not only for operations, but for technology
replacement. A key component of this was raising the awareness
both at the university and in the community that the planetarium is
a visualization center and that we can do much more than classic
astronomy. During the first month on campus I reached out to
numerous attractions and cultural facilities in our area, joined the
Bangor Arts & Community Group, and held demos for a variety
of departments at the University of Maine. With all of these
groups, I invited them to our facility to show them a variety of
real time and playback programming we can offer, and how we
are able to tailor things to their individual needs. While this was
a bit time consuming, it was well worth it in the partnerships and
collaborations that evolved over the next year and a half, many of
which are ongoing and on the second iteration. Below are a few
examples.

For a quick case study, I will share the experiences of Emera
Astronomy Center and Jordan Planetarium, a facility that I have
directed for the last two years. Our facility is in central, rural
Maine in a community of around 60,000 inhabitants.
The center here has a 10-meter dome with 50 seats housing
a 4K Sky Skan definiti system, ChromaCove lighting, and 5.1
digital audio. In addition to the dome we have a multipurpose
room that can host 30 people seated around tables for hands
on activities or labs, a lobby with a handful of computer based
exhibits, a historic Alvin Clark refractor enclosed in a roll-off roof

Ticketing Partnerships
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Our first partnership was very simple and easy to set up. The
Maine Discovery Museum (MDM) is a children’s museum in Bangor, Maine located about a fifteen to twenty minute drive from
Orono. After discussions with their director, we decided to launch
a ticketing partnership for the K-12 school break with the first one
to take place in March of that year. Our basic premise was to of-

fer a $1.00 off discount to patrons who attended either facility via
a coupon. Patrons of the MDM would get $1 off their entrance
to Emera Astronomy Center (EAC), and the reverse was true if
they visited EAC first. The first week of the partnership yielded
increased attendance of about 8% to both facilities, so we decided
to continue it with the K-12 public schools Fall and Winter Holiday breaks. This became very popular and as a result we now are
exploring joint school visit programming for this academic year.
In the same vein we were contacted by Orono Public Library asking if they could purchase a block of tickets for their visitors to
check out. This has helped us reach underserved/less fortunate
families and after the first few months, they have committed to doing this as an ongoing service. We allow them to purchase tickets
at half price, and they do need to make reservations in advance for
the seats they use. Ticketing partnerships with local museums or
science centers or other cultural attractions are very simple ways
to build partnerships that increase a planetarium’s attendance and
reach into the community.

our school visitation for the two months following as a number of
teachers who attended the library exhibit then wanted to bring their
students to see the planetarium program.
In June we partnered with the Bangor International Airport to
bring Dream to Fly to our facility. We promoted our local airport
and their connections to the history of flight in our live introductions. Many local audience members were surprised to learn the
Amelia Earhart flew regular flights from Bangor to Boston, that our
airport has a runway long enough to land the space shuttle (one of
only 3 in the nation), and was on the Great Circle Route in WWII
and used for refueling B52 Bombers. This partnership helped us
raise awareness to the tourist and locals who travel through the
airport in our area. It is the second largest airport in Maine, and
serves between 450,000 to 500,000 passengers per year, so it has
substantial reach in our community. Again diversification of programming can provide these partnership opportunities that reach
beyond astronomy.

Collaborative Events and Specific Content

Last October we partnered with the Theatre and Performance
Arts to present a live play called Constellations in the dome. This
had two actors on stage and used the dome for digital sets. Along
with the working with the theatre group, we also worked with a
faculty from the New Media Department at the Innovative Media
Research and Commercialization Center on building the immersive sets. This was helpful in building connections to the digital artists and getting New Media students introduced to ways the
dome can be used as a tool for a variety of artistic projects.

An exciting way to extend a planetarium’s audience is to collaborate on events or specific content. This past year we have partnered with Bangor Symphony Orchestra, Bangor Public Library,
Maine Mineral and Gem Museum, Bangor International Airport,
and the University of Maine Theatre & Performing Arts Department on a number of content- and event-driven programming.
Bangor Symphony Orchestra was preparing for a March 2017
concert featuring the music of Star Wars and so worked together
for joint promotion using both our February public planetarium
show (Stars – narrated by Mark Hamill) and their concert. On
each of our Friday evening public programs in February, the BSO
provided musicians for mini-concerts to start our shows. Two Fridays featured their String Quartet and two featured their Brass Ensemble playing for 10 minutes at the beginning of each program.
Our audiences loved it, and it brought in a number of families who
have children with a strong interest in music. The BSO used these
performances to highlight the upcoming full Star Wars Concert
in March. During their March performances they advertised our
upcoming spring planetarium schedule. This was a fun way to
leverage existing events from two institutions to bring new audiences to both programs.

Emera Astronomy Center partnered with the Bangor Public
Library for the Great American Eclipse this year as well. I presented lectures at the library and the library was able to get eclipse
glasses and distribute them at our viewing here onsite on August
21st. While we only had 54% here in Orono, Maine—over 1000
people showed up onsite to look through telescopes here onsite
and go to the planetarium for eclipse programming. The result is
that we now have an ongoing partnership for future events going
forward and are in the planning stages for the 2024 solar eclipse
when totality will pass through our state.

Educational Programs

In March of this past year we partnered with the Maine Mineral and Gem Museum to bring in a program called Asteroid: Mission Extreme. They are a new facility that is in the process of
opening this year and have an extensive collection of meteorites.
Along with the program sponsorship they provided we are working on science kits for teachers and camp leaders which can be
checked out and provide hands on activities in exploring meteorites as well. Future plans include a small display in our lobby of a
portion of their collection.

Planetariums are first and foremost an educational tool that
can inspire students in ways not possible in standard classrooms.
Why not leverage this? Here at the University of Maine, the planetarium has worked to build special programming with our departments of Math Education, New Media, and Environmental and
Ecology Sciences. In each case we worked with instructors to use
real time assets in our digital system to build programs tailored to
their curriculum needs. With Math Education we build a program
around the Geometry of motion in the sky exploring how location on Earth determines the paths stars appear to take across the
sky as viewed from our vantage point and how this can be used
for navigation. We launched a Science Lecture Series on the first
Thursday of the month during the academic year to highlight research done here at the University of Maine and at the community
at large. The series has had bioengineers sharing cancer research,
the Climate Change Institute sharing ice core and global warming
research, nano-machines by physicists, and science visualization

April brought collaboration with Bangor Public Library working on joint programming. The library was hosting a Smithsonian
Exhibit on the Origins of Humans. We decided to schedule Natural Selection as our public program for that month and worked
on cross promotion. This helped us reach out to audiences interested in biology and evolutionary sciences, and even increased
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Conclusion

by video game designers. This series has helped attract new undergraduate and graduate students to our facility, and has raised
awareness of faculty of how our center can be used for visualization and presentation purposes. The partnerships with other university departments build bridges that assist in justifying technology replacement by having our facility seen as more than just for
astronomy. It has led to a variety of partnership opportunities and
has potential for generating funding going forward. While this
will take time, planting the seeds now hopefully will yield benefits
a few years out.
Marketing and Public Relations

These strategies for building partnerships and collaborations
have had a number of positive effects for our facility. It increased
our attendance by roughly 12% the first (academic) year and we
are on track for an increase this year as well. We have diversified
our audience and are starting to reach a greater number of 18-25
year olds, often a challenging group to reach. The awareness of
our facility has increased and more groups are exploring ways to
use our center for a wide variety of programming. Building community relationships has strengthened our place at the University
of Maine as they now see us as being a very important part of their
community outreach. In a small university facility such as our that
is a cost recovery unit that needs to generate all of its operational
funds, these partnerships are key to accomplishing these goals.

Marketing and public relations are very important to the planetarium field as a whole. Many small university facilities, like the
one I direct, have limited funds for purchasing advertising. As a
result most need to do some form of “guerilla marketing” or “shoestring marketing” to reach their audiences. Over the years I’ve
found that in smaller communities one can get a fair amount of
free PR by engaging local print, radio, and television. Shortly after arriving in Maine I reached out to the local newspaper, Bangor
Daily News, and invited their editor and reporters to visit our facility. This led to discussion of ways we could work together. They
asked if I would consider doing a weekly blog on what is visible
in the night sky. Since January of this year I do one called Eye on
Maine Skies!, which has allowed me to share celestial happenings
but also promote our planetarium programming. By agreeing to
do so, the newspaper also became an annual media sponsor, meaning they give me some print space in the paper on a regular basis.
I decided to match it with paid ads and this has resulted in our
planetarium having weekly exposure in our metro area reaching
about 40,000 households. Monthly I do appearances on two local
radio stations sharing the latest astronomy discoveries, space history and anniversaries, and of course promoting our current programming and special events. It is also a way for me to highlight
joint programming with other local attractions and again increases
awareness of the variety of programming we offer.
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DOMECASTING AND STREAMING THE KAVLI LECTURE SERIES
Patrick McPike
Adler Planetarium
1300 South Lake Shore Drive
Chicago, Illinois 60605
pmcpike@adlerplanetarium.org
Abstract: Video streaming is becoming commonplace in the fast-paced mass media market.
The digital planetarium has a unique opportunity to take advantage of this new wave of
streaming and domecasting and expand our reach to a broader audience, well beyond the
walls of the physical planetarium. We can connect planetaria all across the world and share
a single experience in real-time or connect single users from dome to VR. At the Adler
Planetarium we have been creating a series of high quality fulldome lectures with the Kavli
Foundation that are taking advantage of domecasting and 360 streaming technologies to
further our goal of immersing people in science education. We will share the results from
this lecture series and look at what the future of domecasting and streaming planetarium
content might look like.
Domecasting has helped move the planetarium from a
localized experience into a truly global collaboration amongst
many planetarium and their visitors. With this new technology we
are sharing content from one planetarium to another planetarium
in real-time. Traditionally this content may have only been seen
inside the dome of the institution that created it and its potential
impact on space science education left ultimately limited. Many
great lectures, shows, and presentations never make it out of the
originating planetarium’s local community. The Kavli lecture
series produced at the Adler Planetarium since 2015 is the first
of this new generation of planetarium experiences to test the
potential outreach capabilities of the domecasting planetarium.
So far, the series has brought several unique highly produced
lectures to over 30 planetariums worldwide. The response has
been overwhelmingly positive from participants and guests alike.
The first lecture was “Tales from the outer Solar System”
with Dr. Mike Brown, which also became the basis for the Adler’s
“Planet Nine” show. This first lecture domecast did not have a VR
stream. The second lecture was with Dr. Michael Turner and was
titled “From the big bang to the multiverse & beyond” and also
did not have a VR stream. The third in this series was with Dr.
Nergis Mavalvala titled “The 100 year quest to detect gravitational
waves”. This lecture was the first to also have a HD 360 VR stream
to YouTube. Our upcoming fourth lecture in this series is with Dr.
Lisa Kaltenegger titled “Are we alone in the universe?” and will
also have a 360 VR stream at 4k resolution.

From domecasting we now move to VR casting for the
planetarium. VR casting brings a new level of accessibility that
far exceeds the potential reach of dome-to-dome casting. Almost
anyone with a cheap mobile phone, tablet or pc can participate in
a planetarium experience that is still immersive even without a
dome. Using streaming platforms that are more recognizable and
easily accessible to the public such as YouTube, Facebook, and
Twitch also bring added support without putting pressure on the
institution. For example, the Traveling Telescope, an astronomy
outreach program that brings astronomy to children in Kenya
who are able to participate in the lecture series using Google’s
cardboard VR and streaming to YouTube Live. Low cost VR
capable preowned phones and cardboard devices were purchased
and shipped at a fraction of the cost of a portable inflatable
planetarium. VR casting also allows a much overlooked sharing of
content. For years, planetarium collaborations have been limited
by the vendor choice of the institution. With 360 VR casting any
planetarium can ingest the 360 stream in real-time and display it
on their dome no matter who the vendor is. All they have to do is
provide that feature.
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A few challenges lie ahead in the world of dome and VR casting
planetarium shows. We have to figure out how to make a great
planetarium experience in full 360 instead of a dome environment.
Internet Bandwidth from our institutions has to be fast enough to
upload high-resolution imagery in real-time for streaming. Our
vendors have to support streaming formats like Spout and NDI,
and we have to properly market our casting experiences to a
new audience. No matter how it is used, streaming of real-time
planetarium content is going to help further our goal of bringing
astronomy and science education to the world.

BUILDING THE LARGEST PLANETARIUM IN THE WESTERN HEMISPHERE
Patrick McQuillan
Liberty Science Center
222 Jersey City Blvd
Jersey City, New Jersey 07305
pmquillan@lsc.org
Abstract: The dome IMAX Theater at the Liberty Science Center was installed in 1993. It
was purely a film IMAX Theater with no other audiovisual equipment. Given the impending
demise of celluloid film products, Liberty Science Center needed to upgrade the capabilities
of the IMAX Theater. The move to a digital theater was expanded to a digital planetarium
and giant film theater upon the discovery that our 27-meter dome would be the largest
planetarium in the Western Hemisphere when renovations were complete.
The 27-meter dome IMAX Theater at Liberty Science Center
(LSC) in Jersey City, New Jersey was installed in 1993. It was
the standard celluloid film IMAX Dome Theater. The seating
capacity of the theater is 400. The capabilities of the room were
very limited. There was no other audiovisual equipment besides
the film IMAX projector. No video projectors were ever installed
in the theater.

Another issue with the dome surface was the numerous dents
that the dome acquired over time. As expected this was especially
noticeable (and more numerous) in the low front portion of the
dome.

In the event of a corporate rental, LSC would have to rent the
required audiovisual equipment to support the rental. This would
require a large amount of staff time dedicated to setting up and
aligning video projectors, lighting, podiums, and microphones;
testing of said equipment; testing the renter’s program content, and
finally un-installing the rental equipment after the event.

All of these issues could be resolved with the renovation to a
digital theater.

The original dome surface had rivet heads showing and seams
were easy to pick out during movies.

Also, after 24 years of seven days a week usage, most of the
infrastructure in the theater was showing its age. Many of the
seats were in various states of repair. The cove lighting no longer
functioned as intended. The dimming circuitry often would not
fade completely to zero. This caused one or more lamps to stay on
very dim. Not good for a theater. The only solution, sometimes,
was to take out those lamps. This led to very uneven lighting of
the dome surface during entry and exit, with some bright areas
next to dark areas.

The first change to the theater was to remove the rear projection
gallery and finish the dome frame so that the entire rear area could
be covered with dome surface. This had the added bonus of
providing a continuous cove trough for 360 degree cove lighting
around the dome.
The dome surface is a Spitz NanoSeam dome, which obviously
provides a more uniform projection surface with no rivets or seams
visible during presentations (and no dents or dirt, yet).

The back 25 degrees of the dome was not dome at all, but a
window for the usual IMAX projection gallery. This also meant
that the cove lighting did not go completely around the dome. The
back 25 degrees of the dome had no cove lighting.

The cove lighting is a ChromaCove high power RGBW system.
This system outputs ~1100 lumens of combined red, green, and
blue and ~2100 lumens of white. These will function as seating
lighting, show effects lighting, laser show effects, and work lights.

The dome surface itself had been well used. Since the dome
is tilted, the front of the dome surface comes down to the floor.
While you hope that no one will touch the surface of the dome, it
is thought that over the 24 years that it had been in use, more than
a few hands touched the dome. Also dirt had accumulated on the
surface of the dome (dust) over the years, especially in the low
front portion of the dome.

The projection system consists of ten Christie Boxer projectors
aligned so as to provide an 8K image across the surface of the
dome. They are powered by an Evans & Sutherland Digistar 6
True 8k software system. Great care was taken to ensure that the
locations of the projectors would not impact the audience viewing
a given program. This is especially important for the projectors
located in the front of the room. Four of the ten projectors are
positioned as far away from the center front as possible. This
places them (two to a side) approximately 30 degrees off of center.
That way there is no bright light shining directly into your eyes;
they are off to the sides.
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All projectors are located below the dome so that there are no
holes cut in the dome surface. Given the tilt of the dome, the six
projectors in the rear of the theater are actually located below the
cove trough.
The overall equipment also includes an insert projector,
located in center back, which projects a rectangular image in the
front (approximately 50 ft W X 25 ft H). This projector will be
used for corporate rentals, lectures, and Hollywood type movies
(Polar Express).

The theater is scheduled to reopen the Friday after Thanksgiving
(November 24, 2017) as the Jennifer Chalsty Planetarium and LSC
Giant Dome Theater. Jennifer Chalsty is one of our current board
members and long time supporter of the museum. She provided
the entire five million dollars for the project. This generous gift
allowed us to move very quickly with the project. From closing
to reopening (new seats, new carpet, new dome skin, new rear
dome section, electrical, projector install, console install, server
room build and install, E&S Digistar 6 install and training, insert
projector install, laser lift install, and laser realign) took from
August 1 to November 20.

An Audio Visual Imagineering (AVI) Skylase laser system
provides full dome laser coverage for music laser shows. This
system is running the Saturn 90K scanners. Two beam projectors
are located in the front of the theater, behind the dome, about 10
degrees off of center. They are located behind two small cut outs
in the dome surface. The cut out is approximately 6 inches by 8
inches. A similar-in-size dome section is available to cover the cut
out when the beam lasers are not in use. With the cut out covered,
the two holes are not visible to audience members.
The seating capacity of 400 has been maintained. We lost some
seats in the back row due to the location of the control consoles.
But we gained them back by taking out and covering the doghouse
from where the IMAX projector would project.

Figure 1: Liberty Science Center
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DEVELOPING THE TO-NIGHT SHOW AT THE EMERA ASTRONOMY CENTER
Scott Mitchell
Emera Astronomy Center
167 Rangeley Rd.
Orono, Maine 04473
Scott.a.mitchell1701@gmail.com
Abstract: The To-Night Show at the Emera Astronomy Center is a parody of contemporary
late-night talk shows, drawing inspiration from programs like The Late Show with Stephen
Colbert, Late Night with Seth Meyers, and The Daily Show. The show focuses on astronomy
and other science news to keep visitors up to date on current events. This is presented
in the form of an all-live show that can be re-run and updated to feature the most recent
announcements, missions, and news. Most planetarium programs cover wide-ranging topics,
phenomena, and history, but leave it to the presenter to shoehorn in current events into short
live segments before or after the main part of the show. In its most recent iteration, the ToNight Show consists of a monologue of brief headlines paired with jokes, in depth desk pieces
focusing on more notable recent events, audience participation games, guest interviews with
characters played by student staff, and field pieces where staff can interview people on the
street or report “live” from somewhere significant. Each segment is laced with humor to
keep the show entertaining and prevent it from becoming a normal tedious news broadcast.
The show that we have created is a product of the hard work of student staff learning as
they go to create graphics, jokes, audio, interviews, video, and physical set pieces to bring
together an entertaining and informative program that has been met with enthusiasm from
the community. The work to develop this kind of program is excellent for involving student
workers, costs very little, and can be a valuable part of a planetarium’s repertoire.
As a planetarium presenter, I always enjoy presenting the live
parts of programs more than the full-dome playback. They give
you the opportunity to tell the audience about recent discoveries,
upcoming events, and current viewable phenomena. The goal of
the To-Night Show was to present a wide variety of science “news”
in one live program without having to conform to a single theme.
Often with normal full-dome programs with a single subject,
the supplemental live portion adds to the information in it while
staying limited to one topic. The dome environment allows it to
then go from a current events news show to something visually
engaging and interesting. This kind of program has been done in
planetariums all over the world. In my attempt to set the To-Night
Show apart I modeled it less on a serious news broadcast or NASA
TV update, and more like a late-night comedy talk show. The
third installment ran in September 2017, and regular patrons to the
Emera Astronomy Center have commented on the improvement
and growth of this experimental program. Preparing new content
for the hour-long show is no small task, but the public reaction is
rewarding, and presenting it is an opportunity to have fun teaching
and telling jokes.
The initial idea came from a conversation with our newly hired
planetarium director, Shawn Laatsch. We were discussing potential
new programming and he mentioned that at a previous facility in
Hawaii he had done some all-live programs that were popular.
One that we have continued since his arrival is Hitchhiker’s Guide
to the Universe, which uses Sky Skan’s Digital Sky 2’s dataset

viewer to fly from Earth all the way out to the edges of the visible
universe. It’s done with the typical tranquil and informative tone
expected from planetarium programs, and remains very popular
for its versatility using the real-time flight. He also mentioned
something he called the Tonight Show. As someone who had
been seriously considering trying his hand at stand-up comedy,
I was immediately thinking of ways to combine the planetarium
with NBC’s Tonight Show Starring Jimmy Fallon. The show that
Shawn had in mind was probably much more like his Hitchhiker’s
program, with current events presented matter-of-factly, supported
by dome visuals. I already preferred to get my news from the likes
of Jon Stewart and Stephen Colbert, as opposed to Wolf Blitzer
and Lester Holt, so I took this as an opportunity to bring some
astronomy-themed humor to the dome.
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The easiest aspect of the project was looking for inspiration
from professionals, which gave me an excellent excuse to watch
TV at work disguised as research. Ironically, of all the late-night
shows on the air, I probably drew the least inspiration from Jimmy
Fallon (this hopefully also will help keep NBC’s legal team off
my back). Fallon’s Tonight Show has much more emphasis on
celebrities, pop culture, and music than it has on the news. In
fact, the structure of the To-Night Show shares much more with the
show that airs right after Fallon’s; Late Night with Seth Meyers.
Since becoming host in 2014, Meyers’ show has had a much more
political angle to it. There are certainly celebrity guest segments
plugging the latest movies, but almost every episode features a

political desk piece. Meyers’ Closer Look segment analyzes the
day’s biggest headline, usually critiquing the top political story
of the day. The commentary always contains jokes, but can be
surprisingly informative and thorough, breaking down hypocrisy
and hidden agendas to keep people informed. This gave the
perfect template for my goal with the To-Night Show. I wanted to
be able to present science and astronomy news, but weave it with
jokes and references to make people laugh. Meyers’ monologue
also provided a tried and true format that had been successfully
used in The Late Show with David Letterman, and The Tonight
Show with Jay Leno. The monologue’s structure offered a way to
mention multiple smaller headlines paired with quick jokes that
didn’t merit an in-depth segment.

but we feel that if it isn’t in some way related to astronomy, then
we can’t use it. Performing inside a planetarium makes us feel at
least a little obligated to stick to a theme, though I’ve stretched it
before. Regardless, we don’t want to be left out of the fun, so any
time NASA and the president are mentioned in the same article,
you can bet we’re on it.

The in-depth segments I run in the To-Night Show have a wealth
of role models to draw inspiration from. Until their cancellations
I was an avid watcher of both The Daily Show with Jon Stewart,
and The Colbert Report on Comedy Central. I still maintain that
Jon Stewart is one of the most honest and passionate “journalists”
of all time; always extremely funny, but poignant. After moving
to CBS’s The Late Show, it seems Colbert has taken up Stewart’s
mantle in this regard, never afraid to call someone out on the air
and pointing out the absurdity of the news. My last big inspiration
comes from HBO’s Last Week Tonight with John Oliver. Oliver’s
show always features an almost half hour long segment that dives
into a very well-researched topic they want to bring to the public’s
attention. One segment in the most recent run of the To-Night
Show was very heavily influenced by this style, addressing recent
changes to the Environmental Protection Agency in arguably the
least astronomy oriented segment we’ve done.

While the astronomy writing is easy to do with some basic
research, the joke writing comes only after reading the same
completely un-funny sentence over and over and over again. It’s
considered bad form to look up jokes and put them into the show,
but after a long enough time playing word-association games and
repeatedly saying to whoever is in the room “Hey, tell me if this
is funny” you can come up with some good ones. To help with
the actual comedy writing, I picked up a book called Comedy
Writing for Late-Night TV by Emmy-winning comedy writer Joe
Toplyn, who was the head-writer for both The Late Show with
David Letterman, and The Tonight Show with Jay Leno. Toplyn’s
book is an absolute must-have for producing a program like the
To-Night Show. It has whole chapters on how to write monologue
jokes, desk pieces, prop segments, remote segments, interviews,
and more. This is one of my better monologue jokes written with
Toplyn’s advice that appeared in the most recent iteration of the
show:

The topics we tackle in the To-Night Show are chosen based
on how passionately my writers and I feel about a topic, how
important the story is, how much we can write about it, and for
monologue topics, how easy it is to write a joke for it. Planet
9, LIGO’s detection of gravitational waves, Scott Kelly’s year in
space, Juno’s arrival at Jupiter, and Cassini’s Grand Finale have
all had their own approximately ten-minute desk piece. The hope
is that the reports will inform the public about these exciting new
events and discoveries using the dome and its capacity for visual
presentation as a backdrop. Monologue topics only get very
brief mentions, but are still a good way to bring up interesting
news stories. I’ve written jokes for the Parker Solar Probe,
SpaceX launches and landings, NASA-related election news, and
discoveries of comets and dwarf planets. In a few cases the joke
is written first and an astronomy topic that fits is paired with it
later. In the end, it comes down to what we are most excited about
and want other people to know, so we do our research, squeeze in
jokes, and inform the public about what’s going on in space news.

“The furthest spacecraft from earth, Voyager
1, turned 40 this month. NASA reports that the
spacecraft has recently adopted a combover
and is considering buying a motorcycle it can’t
afford.”

There are two main areas of development: writing and visuals.
The writing is mostly broken into actual informative content and
jokes. In my Juno piece, for instance, it was easy to write what
was essentially a school presentation using NASA’s publicity
material. Facts about its instrumentation, mission goals, and flight
path are readily available. Unfortunately, the content we have to
work with seldom has obvious comedic potential. Actual TV show
writers have the entirety of the news day to make jokes about,
but we’ve limited ourselves to (mostly) space content. You could
write entire shows about the hijinks going on at the White House,

More often than not a joke needs a little extra kick to get
a good laugh, which leads me into the second major part of
development: visuals. If there is a single skill that producing the
To-Night Show has improved, it’s my Photoshop ability. Most of
the time the graphic is a pretty simple gag to accent the punchline.
For example, with the Voyager 1 joke we replaced the head in the
photo of a man on a Harley Davidson motorcycle with an image of
Voyager. The planetarium is an immersive visual experience, and
using it to its fullest is a challenge. When I host the To-Night Show
I’m sitting at a desk in front of our uni-directional seating, but as
good as I look in a suit, no one wants to just stare at me talking
for an hour. A balance is struck with some creative cove lighting
sequences, spotlights, 3d models, digital slides and videos. In
addition, we designed a show logo and segment title cards and
intro animations all from scratch. Finally, all of this content gets
programmed into Digital Sky 2 buttons with image fades, music
cues, lights, and most importantly, prompter slides.
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In the first episode of the To-Night Show I did my best to
memorize an hour’s worth of jokes, stats, and segues, and the
preparation was a nightmare. Normally you don’t give a 10
minute speech without note cards, so I had to work very hard to
make each thought flow into the next to stay on track. In a real
television show, the host reads almost all of their scripted material
off of cue cards held above the camera. After the first show, I
decided that if I wanted to have more content with snappier jokes
I needed something similar. The solution we came up with was to
make a kind of teleprompter just above the horizon on the back of
the dome. With our tilted dome this was less than ideal, as I was

noticeably staring way above the audience’s heads, but if it meant
I could deliver the lines as they were painstakingly written for the
best impact, it was worth it. Presenting a regular planetarium show
requires the memorization of certain facts and it’s usually best to
recite them naturally as you go, but reciting a whole show word for
word without a script in front of you, or other people to cue your
lines, is extremely difficult. It gave me a whole new respect for
theater actors. During one of the first episodes, I accidentally left
out an entire section of a segment on Scott Kelly’s return to Earth.
The way the images were programmed sequentially in DS2 meant
that the poor student running the console for me had her cues all
messed up and had to click through three or four images, now with
no context, to catch up to me. Having my lines on the dome gave
a lot more structure to the show. I knew exactly what to say each
time, and the person running the console knew exactly what I was
going to say and what they needed to do when I said it. Taking out
the guesswork streamlines both rehearsal and presentation by an
incredible amount.
In an effort to emulate my late-night heroes, and to give the
program structure, I wanted to include commercial breaks. The
breaks offered relief for me and divided the shows segments up
nicely. Early on I wanted to try to make a handful of parody
commercials to play on the dome between segments. I imagined
seeing the Space Shuttle in a local used car dealership ad, or NASAgrade Space-Windex for cleaning tardigrades off mars rovers. It
turns out that shooting and editing video is not easy, which is why
people make careers of it. So unfortunately, my team of undergrads
and I, with a lot of homework to do, weren’t able to break into
the parody commercial game. Nevertheless, commercial breaks
offer much needed structure between segments, so we used this
time as an opportunity to play trailers for other upcoming public
planetarium shows. In a way, they were actual commercials for
our sponsor, the planetarium. The full-dome trailers also serve
to show off the immersive power of the dome. With the To-Night
Show being less dome-oriented than typical programs, it’s nice to
demonstrate some of the more visually impressive content to the
audience while keeping with the format of a late-night show.

Another staple of late-night shows are guest interviews. This
is where I get to rely on some of our student staff to step up and
take ownership of part of the show. They do research into the
topic and work with me to write out an interview. Then they get
to sit in front of the audience and act in character as an expert,
either visiting from a faraway university or one of our own
correspondents. In the first episode, we also experimented with a
remote field segment interviewing random people on campus about
Planet 9. After confirming that none of them had heard anything
about it we moved on to the entertaining sequence where we asked
them if they could name the planets and their feelings on Pluto’s
demotion. Despite little to no experience shooting or editing video,
we successfully pieced together a six-minute piece that we didn’t
have to do any writing for. The third segment in Episode 2 was
perhaps the best-received piece we’ve done. With some comically
low-effort decorations to the astronomy center lobby, we turned it
into SpaceX headquarters where Senior Rocket Correspondent Ray
Goulet reported on the recent landings and upcoming re-launch
of the Falcon 9 rocket. We recorded all of Ray’s video ahead of
time and timed out gaps just long enough so I could respond and
ask questions, simulating a live field report. We wrote the whole
segment together, so the back-and-forth felt natural and it was a
lot of fun to perform. The third episode went back to a much
simpler desk segment about the Trump administration’s changes
to the EPA. The piece wasn’t technically about space, but NASA
was involved, Earth is a planet, and I felt justified advocating for
science at a point in history where we really need it. The program
finishes with the recurring The Sky To-Night segment, which is
your standard constellation lecture where I’ll poke fun at how
absurd the constellation stick figures are, and some of the more
tame, but still ridiculous, Greek stories. I choose constellations
found in the sky after twilight, roughly when the show ends, so the
audience can find them in the sky themselves and to help plug our
open observatory nights. Before signing off, I’ll offer the audience
time to ask me questions about anything space related.

The structure of the To-Night Show has stayed fairly consistent
since the first episode in March 2016. I, wearing my best spacethemed necktie, walk out into the dome to my Garage Band stock
music theme and prerecorded applause playing over the speakers.
I stand in front of the custom fold-up desk I built specifically for
this and deliver about a dozen short monologue jokes. After the
first commercial break we come back to the first desk piece, usually
a 10-minute report on a major headline. A typical show will
include three such pieces presented at the desk, conducted as an
interview, or with a pre-recorded video. It gives a good variety to
the segments so no one gets bored of hearing me talk. To add some
flare, we once ran a surprisingly difficult audience participation
game with a Scott Kelly segment where they guessed whether the
image on the dome was one of Kelly’s pictures of Earth from orbit,
or an image of something tiny through a microscope. Eliciting
participation can be tricky for a segment like this, especially if
attendance is low or they feel awkward shouting out answers. I
once did a show for an audience of four people during the first run,
an unfortunate consequence of living in a small rural community.
Fortunately, an audience that sparse is uncommon and you get
enough sympathy laughs to get through it.
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From production to performance I have relied on student
planetarium staff to make the To-Night Show a reality. It offers
them a chance to own part of the show and to stretch their creative
muscles. I am constantly bouncing joke ideas off them and asking
them to contribute to or perform full segments, to make graphics,
or edit video and sound. Sometimes it’s difficult to work around
their schedules and get them to commit to the writing process, but
the payoff is worth it. I always strive to have a minimum of one
segment per show that features another person, either at the desk
performing live, or recorded ahead of time and played back during
the show. Fortunately, undergraduates who sign up to work at the
planetarium are usually comfortable performing and presenting,
so it’s easy to get them in front of the audience. In addition, I rely
on someone else to be sitting at the console paying attention to
my cues and operating the dome. In rehearsal, DS2 can be made
to display the trigger sentence so they know when to activate the
next sequence, but the computer can’t account for comedic timing.
I tried to automate the process at one point, programming in short
waits before displaying an image where I thought the punch line
would end up, but they always seemed too short or too long. There
really is no substitute for someone operating the console that really
understands how to pause for laughter and trigger an image at the
exact right moment in the punch line. Of course, there are the
inevitable computer hiccups that need an experienced operator

to get around without stopping the show in its tracks. The most
demanding part of the show for my console operator is The Sky
To-Night where there is no script and I bounce around the dome
from constellation to constellation asking for stick figures, art,
IAU boundaries, planets, etc. We rehearse it earlier in the day so
they generally know what to have ready, but depending on time I
may shorten the piece and choose to leave a few out.
The presentations themselves are well received. At least, no
one has told me it was garbage to my face yet. It is extraordinarily
awkward if the audience is small, but in situations like that they
tend to pity you and try to laugh louder to make up for it. I always
try to spend as much time looking at the audience as possible as
opposed to the prompter, and by the end of a month-long run I
have enough of it memorized that a glance at the first line sends me
on my way. The biggest necessity in a host is the ability to make
a fool of yourself. When inevitably you find yourself stalling for
time you have to have something to say. If you think it’s awkward
stalling from behind the console, try it sitting at a desk in front
of 50 people. On top of time issues, there are moments when a
joke bombs and recovery is everything. No matter how good you
thought it was when you wrote it, there is always the audience that
won’t think it was funny. For example, I tried this masterpiece out
just the other night:

The biggest worry I’ve had for the recent show is about
getting too political. All of the shows I draw inspiration from have
a distinct leftward tilt, and with the current situation in the White
House there are too many opportunities to pass up. Just putting the
photograph of President Trump staring directly at the sun during
the eclipse got laughs before I said a word, and the EPA segment
in Episode 3 is unashamedly critical of the administration. I justify
it by reminding myself that we already have a whole program on
climate change (Spitz’s Dynamic Earth), and that as a planetarium,
people who don’t hold a high opinion of science probably don’t
want to come anyway. To date, I’ve only had one real complaint
about the show being too political from someone who obviously
didn’t read the show description before buying tickets. I’m
fortunate to have a director who has my back and believes, as I do,
that it’s our job to educate people about real science, even if that
means dealing with some of the pushback we can receive from
audience members who cling to too many “alternative facts”. To
do otherwise would only make the anti-science mentality in our
country worse and allow the spread of misinformation. Just slap
an “ages 15 and up” recommendation on your show and you’ll
cover most of your bases.

“Early on the morning of September 6th,
the sun fired off the largest solar storm in over a
decade, and the flare could potentially interfere
with GPS satellites in orbit. Now it makes a
lot more sense why the National Association of
Paper Map Salesmen has had such a sudden
interest in solar physics.”

The To-Night Show has been an extremely fulfilling project
for me and my staff in Orono, Maine. I can honestly say I’ve never
enjoyed putting so much work and effort into something, and I’ve
always been proud of the result. It’s very different from the rest of
our programming, and I feel that it creates an excellent platform
for exploring current events that may not otherwise fit in a standard
planetarium show. To make it happen you need to bring together
a team of people who really want to teach people and make them
laugh at the same time. As far as I’m concerned, humor is one
of the best ways to engage someone in learning, and it is underrepresented by stuffy educators and intellectuals that would rather
do a monotoned lecture that puts people to sleep. Writing, editing,
programming, and performing something like the To-Night Show
is a lot of work, much more than preparing a purchased full-dome
show, or even a live flight through space. But if you’re like me
and just want to make people laugh, then you’ll put in the effort, or
at least try to think of ways to incorporate a joke or two into your
normal shows. I’ve been Scott Mitchell, have a great night.

It absolutely bombed. Not even a pity chuckle. There are a
couple ways to handle such a complete and utter failure in comedy,
including having your console operator hit the “chirping crickets”
button (use sparingly), going straight into the next one as if nothing
happened, or stopping the whole show for a “Really? Well I didn’t
think it was that bad” or a “Yeah well, Tony wrote that one. I
didn’t like it either.” You just can’t ever take the show or yourself
too seriously.
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CHANGING HORSES MID-STREAM? WHAT HORSE… WHERE?
Jordan Mogerman
James S. McDonnell Planetarium
Saint Louis Science Center
5050 Oakland Ave.
St. Louis, Missouri 63110
Jordan.Mogerman@slsc.org
Abstract: Changing one’s career can be a daunting endeavor, especially in middle age or
later. This is my story of career change at the age of 51, with advice and suggestions to help
others who may be considering a similar alteration to their life’s course.
“Courage is being scared to death… and saddling up anyway.”
John Wayne

know!” Although I had never considered a position in formal
academia, I took her very-well-intentioned advice.

Apollo 11, the first manned moon landing, took place on July
20, 1969, my fifth birthday. I’ve been a true space cadet ever
since. It didn’t stop there, either—on my twelfth birthday, Viking
1 landed and sent back the first pictures from the surface of Mars.
It seemed destined I would have something—anything—to do
with the space program, and I loved every minute of it.

Overnight, twenty years passed. Twenty years of college
teaching… of a few important victories, but far more defeats…
twenty years in which I found myself at the highest point I would
ever reach, barely above where I had started. I am proud to say I
was able to start many graphic designers on their careers, and some
of them have truly excelled; however, my own job satisfaction had
disappeared years before.

For a variety of reasons, however (most of which are
unimportant and don’t bear mentioning), I found myself distracted.
Friends, girls, cars, and an academically-disastrous first year of
college left me without direction. I changed schools, adopting
graphic design as my ‘field of choice.’ I graduated, and ran my
own freelance design firm for five years. (Space, although still my
primary interest, seemed more remote and unreachable than ever.)
Sound impressive? It wasn’t. The company never came close
to breaking even; parental largesse is the only thing that kept me
afloat. After five years of stagnation, the only option seemed to be
more schooling; three years later, I earned a Master’s of Fine Arts
degree.

What to do? Was this all there was? Perhaps it was a
combination of job dissatisfaction along with mid-life crisis; I’m
not sure. I knew I was at a crossroads, however: accept my lot in
life and fade away slowly, or listen to that little boy in my heart,
the one who, through it all, still waited for his chance to shine.
My decision was to leave formal academia behind as a career,
in favor of that which always thrilled me: historical and modern
space travel. I was too old to become an astronaut, to be sure; but
perhaps I could still have a part in pushing Man to the stars by
inspiring others. I have always researched options heavily before
making any major decisions; this was no different. After much
research and consideration, I finally had a goal: to work in an air
and space museum.

Then, two weeks before graduation, came ‘The Phone Call;’
the one that would determine the course of my then-foreseeable
life. My angelic mother (the one for whom—to this day—I would
gladly roll in broken glass) called me, and demanded a decision
regarding my future: how would I apply all this schooling? What
was I do? She wanted an answer—right then.
She kindly gave me three options. The first? Rabbinical
school. “Don’t worry,” she said. “You’re a good boy.”

With the generous and unfailing assistance of Dr. Jay Rounds,
a well-known and illustrious member of the Museum community,
I was able to enroll and complete another Masters’ degree, this
one in History and Museum Studies, with a graduate certificate in
Museum Studies.

The second option? The military. I should consider that as a
viable option, she said, because I would never have to worry about
food, clothing or housing, and (added bonus) due to my age at
the time, I could go in as an officer! I didn’t mention that I felt I
would probably become the kind of officer who would ultimately
be killed by his own troops—in peacetime.

But now what? It is often said—and is very true— that
volunteering at a museum can often lead to employment at that
museum. At the very least, it offers the opportunity to gain muchneeded experience. I met with John Lakey, the director of the
James S. McDonnell Planetarium, discussed my schooling and
professional desires, and requested approval to volunteer, doing
whatever was needed. He generously allowed me to do so.
After a very enjoyable year and a half doing interpretation with
visitors about our resident Mercury and Gemini space capsules,
a part-time Educator position became available. I applied, was
able to interview for the position, and, with the gracious approval
of everyone here, I was allowed to take on the part-time work.

That left what Mom described as ‘the only thing left:’ teaching.
She said, “Working with young people keeps you young, you
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My primary duties here involve doing star shows, but I also do
additional work creating poster and projection graphics, doing
demonstrations, assisting with our Great American Eclipse
efforts and serving as Press Liaison for the Planetarium, and most
recently, scanning archival slides, photographs, and documents to
make them available to the rest of our staff for any purposes which
might be needed. I’m having a ball.

4.

Power through the difficulties. How one deals with
difficulties often defines their ultimate level of success;
when a difficulty arises, put it in with all the other duties
and tackle it headfirst. Waiting only makes the problem
larger.

5.	

Take true care of yourself. This is more than a mere
generality; it is fundamental to success. Establish a healthy
routine and stick with it. Take a multivitamin right before
bed every night; take any medications on schedule. Get
more sleep than you think you need, even if that means
you go to bed at 7 p.m. (Just don’t admit it.) Eat regularly,
and stick to any medical regimens you require. Failing any
of this simply adds stress to an already-challenging life;
sticking to it, however, does ease the burden.

6.	

Believe and trust in yourself. This is not only the most
important one of all, it is also, unfortunately, the most
clichéd. The fact remains, however, that if you trust
yourself and believe you are doing the right thing, the odds
are greatly in your favor.

My plan is to reach official retirement from teaching; this
should occur no later than four years from now (and hopefully
sooner). In the meantime, I am pursuing full-time employment at
SLSC so that I can ‘walk into’ my next career. At that point, I’ll
have my retirement income as well as income from my work here.
For the first time in a very long time, my future looks bright.
The advice I would give anyone considering such a change is
as follows:
1.

Know exactly what you want to do (though not necessarily
where). A career change likely would involve a location
change; it is important to be open to moving, and to follow
the work where it goes.

2.

Be a sponge. Listen to advice (from those who would
know) and consider it; trust yourself to apply that advice
which seems logical and right to you.

3.

Stay focused. Take your work with you; you’ll be amazed
how much work one can do in a restaurant waiting for
lunch, or in a movie before the incessant previews begin.
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I wish anyone embarking on this endeavor the best of luck.
Ignore the ‘negative Nellies,’ take care of yourself, stay on top of
your work and obligations, power through, and you will optimize
your chance of success and happiness.

BEYOND THE ‘SHOW’: THE FULL PLANETARIUM EXPERIENCE
Mike Murray
Delta College Planetarium & Learning Center
100 Center Avenue
Bay City, Michigan 48708
mikemurray@delta.edu
Abstract: To achieve maximum impact and encourage repeat visitation, the modern
planetarium experience can go far beyond the playback element. The ability to combine
real-time content with live interaction can do wonders for giving audiences that unique and
unexpected “wow factor” and inspiration. A personalized and visual introduction provides
context for why the immersive experience is so unique—without it, people aren’t sure what
to expect and may just assume you are a “movie in the round.” Adding also a live “hot
topics and current events” section to public shows offers an opportunity to demonstrate
relevance and human enthusiasm that audiences will remember. In this talk we will outline a
variety of presentation elements used at the Delta College Planetarium to improve the visitor
experience.
To the public, many still see the planetarium as a place to learn
about the stars. Our ability to present high quality cinema-like
programs has advanced considerably, but audiences can get so
much more out of them if they are prepared for those experiences.
One of the best ways to help visitors better understand and
appreciate the modern fulldome show is to augment it with some
customized content. Live presentation doesn’t need to be isolated
into its own separate presentation. For example…

give the audience some context for what they are about to see. It
doesn’t need to be (and shouldn’t be) very long but it can serve as
a kind of prelude to a story so the audience has some context for
what they are about to see. The live, personal touch can do a lot
to help guide expectations into a more realistic direction. All you
really need are a few short sequences that describe the topic in a
general way—just be careful not to duplicate effects or language
from the show itself.

A Personalized Introduction

An Epilogue to Cover the Night Sky, Hot Topics and Current
Events

A tailor-made and visual introduction provides context for
why the immersive experience is so unique—without it, people
aren’t always sure what to expect and may just assume you are just
another kind of “movie.” Step away from the control console and
get in front of your audience so they can see you! Make good eye
contact and connect with them on a personal level—pay attention
to all those things that make for a good introduction to you and
the mission of the facility. It’s an opportunity to demonstrate the
exceptional character of the planetarium.

Many people still attend a planetarium expecting to see
something about the stars, no matter what the title or advertising
says about the show. At the end of the feature program, we offer
a few minutes to cover what’s currently visible in the night sky.
This would include special astronomical events as well as space
breakthroughs if they happen to be timely.

I emphasize “demonstrate” because our mantra is “Don’t just
say it, show it!” Create examples that illustrate how the modern
dome show is so special and unique—that it’s more than a star
theater or a movie theater. One demo we use is a short Fulldome
video sequence that starts out masked into a flat 16x9 screen
projected onto a relatively small portion of the front of the theater.
After a few seconds describing the traditional HD widescreen, the
mask slowly unveils the rest of the “frame” to cover the entire
rest of the dome. We get audible “ooohs and aaahs” every time.
It’s like they “get it” when it’s opened up gradually, as opposed
to showing the rectangular screen and instantly fading to the full
dome screen.

Build up a library of content so you can be prepared to answer
questions with visuals as well as words! Remember to think
of that “content” as how well it can make use of the immersive
environment. New images from space probes or observatories
don’t need to be a big “floating rectangle in space”—use masks,
fill as much of the dome as you can, create panoramas, animations,
3-dimensional flights, etc. Make it dynamic. There are so many
excellent video shorts (fulldome or HD flat screen) being produced
now, including fun content for families, that they can be included
as short “snippets” and tailored to the character of each audience.
This has been well received and we continue those efforts to make
sure there is sufficient variety and change to what we offer.

A Prologue to the Feature Presentation

One of the keys to success for incorporating this kind of liveoriented programming is that the presenters are well prepared and
well rehearsed. It needs to come across as engaging, genuine, and
confident. Those efforts, for us, have been successful in generating
positive word of mouth and repeat visitation (our surveys confirm

A well-produced and polished “preface” to the main show can
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this). It encourages many patrons to remain after the shows to ask
questions, which allows us to develop relationships with people
and give them recommendations to continue the exploration
on their own. After all, isn’t that one of primary goals of the
planetarium experience?
Conclusions
Audiences can get a movie-like experience almost anywhere—
why would they come to the planetarium to get the same thing?
The cinematic element can be a powerful component of the
modern digital dome experience but there is so much more that can
be performed in that kind of space. Being interactive with modern,
timely content shows that you can be responsive to current events
and hot topics, and answer their interests on demand.
Capitalizing on the “live space simulator” aspect of the
planetarium does a lot to engage and amaze the audience with more
than they might expect from a planetarium visit. It can underscore
how the planetarium experience is unlike any other medium, and is
especially effective when it has a human component.
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COSMIC CONVERSATIONS: WILL AUDIENCE MEMBERS TALK TO EACH OTHER?
Morgan Rehnberg
Fort Worth Museum of Science and History
1600 Gendy St.
Fort Worth, Texas 76107
MRehnberg@fwmsh.org
Abstract: What happens when a planetarium show ends? Often, the audience leaves.
Sometimes, they get a chance to ask questions first. Both options reinforce a top-down learning
model in which knowledge flows in one direction: from the “expert” staff to the viewer.
This paper discusses Above & Beyond: Cosmic Conversations, a project that attempted to
place presenters and visitors on a more level footing. Instead of fielding questions from
the audience, the presenter charged the guests with answering a question themselves and
engaging each other in response. I will discuss the format of the approach and explore the
benefits and difficulties of this method.
Changing trends are placing increasing pressure on
planetariums to differentiate their experiences from those of
adjacent markets. Less expensive and higher fidelity virtual
reality hardware is bringing the dome theater’s signature, allencompassing immersion into the home and the school. At the
same time, as planetarium shows become more highly produced,
their content and presentation begin to overlap with giant-screen
theaters and even commercial cinemas. These environments often
offer larger displays, more comfortable seating, and the opportunity
for concessions. Where does this leave the planetarium?

part of the program lasts 40-45 minutes, leaving 15-20 minutes for
the conversation.

One experience not provided by either virtual reality or giantscreen theaters is a sense of communal interaction. Modern VR
is generally a solitary affair in which other humans are at most a
disembodied voice or crude avatar. Seating in giant-screen theaters
is generally unidirectional and shows are timed for maximum
throughput. While throughput remains a key consideration
for a planetarium and seating in these theaters is increasingly
unidirectional as well, some facilities have the opportunity to use
their unique arrangement to create a different kind of experience.

Typically, after a presentation is a period of Q&A, during
which audience members can pose questions—related or not—to
the presenter. This serves to reinforce the typical scientist-public
dynamic in which scientists hold all the answers and dispense them
to the wider world. But the topics covered by Above & Beyond
often resulted in situations for which this didn’t have to be the
case. Thus, as an alternative to the audience asking questions, our
presenters would instead ask a question of the audience. Audience
members then had the opportunity to engage with the scientist and
one another on the topic at hand.

This paper describes a project undertaken in collaboration
with the staff of the University of Colorado’s Fiske Planetarium
to develop a series of shows designed around a more interactive
model. Called Above & Beyond: Cosmic Conversations, the series
used graduate student presenters to tell stories about topics where
the path of science intersected with the needs of society. From
2014 to 2016, nearly two dozen unique programs were developed
on topics ranging from light pollution to biodiversity to water
scarcity.

Asking the audience a question was not intended to serve
as a “quiz” to gauge their comprehension of the presentation.
Instead, questions were designed to provide the presenter with
new information and to inspire conversation between guests.
For example, to induce the former, the question posed after a
presentation on light pollution asked audience members for ways
they had seen others affected by light at night. On the other hand,
to create conversation between guests at the end of a talk on
the cost of human spaceflight, the presenter asked the audience
whether it was better to send one human crew or 20 robots to
explore Mars. Guests were prepared for this new format by way
of an introduction before the presentation.

Each hour-long program had two phases, the story and the
conversation. The story phase served as the content-delivery
portion of the program, during which the presenter introduced
viewers to the topic at hand. Emphasis was placed on developing
a narrative structure to the presentation with overarching themes
and a clear arc. The planetarium dome served as a canvas for
illustrating the story with live flights, images, and videos. This

After a question was posed, a runner took a microphone
around to enable audience response. We typically observed one
of four outcomes after posing the question:
1.	 The guests proceeded with Q&A anyways
2.	 Few participants, but deep conversation
3.	 Few participants, but shallow conversation
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4.	 Many participants

Once scenario 1 happens, it is nearly impossible to get back
on the desired path. People’s familiarity with Q&A takes over
and the presenter has to respond in kind. One response that was
occasionally successful was for the presenter, after answering a
few questions, to pose a new, different question to the audience.
Often, as in scenarios 2 and 3, only a few audience members
would participate in the conversation. Sometimes this indicated
a poorly-chosen prompt, which could be either too specific or too
general. Very specific prompts (“Should we send rovers to the
Moon or Mars?”) do not leave enough room for people to take
varying positions and, once each position has been articulated,
discussion dies out. Very broad prompts (“How do you think
we should allocate our science research money?”) require guests
to formulate the entirety of their position, which can be an
intimidating procedure. With a well-chosen prompt (“Is it worth
spending money on human exploration given the effectiveness
of robots?”), a number of nuanced positions emerge naturally.
This can yield rewarding conversations, but energetic audience
members can discourage others from joining in (scenario 2).

Prompts that derive answers from lived experiences are the
most likely to result in scenario 4—mass participation. Perhaps
the most successful question a presenter ever posed to the
audience came at the conclusion of a talk on the diversity of
animal adaptations: “What animal do you think has the coolest
adaptation?” This prompt resulted in dozens of responses from
the audience and the age range of participants was uniquely broad.
Everyone, from small children to adults, has animals they think are
particularly neat. A number of the suggestions were examples the
presenter, a trained biologist, had not previously considered.
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Despite experimenting with a variety of approaches, showto-show variation in audience participation remained high. This
introduced an element of uncertainty in the timing of shows.
Some audience members also reacted with displeasure at a format
that deviated from their expectations. Our experiences suggest
that audience-directed discussion can be a valuable addition
when incorporated in an event that is clearly distinguished from
traditional planetarium shows.

3D PRINTED FILAR MICROMETER FOR AMATEURS AND ASTRONOMY EDUCATION
Emily Rull
Strickler Planetarium at Olivet Nazarene University
Department of Chemistry and Geosciences
1 University Avenue
Bourbonnais, Illinois 60914
Emily.Rull777@gmail.com
Abstract: Using resources from the Scientific Revolution alongside designs from the 1980s, I
designed and 3-D printed a filar micrometer for use in measuring the separation and position
angle of double stars. I am using the filar micrometer, a telescope, and lamps to model
a double star to calibrate the filar micrometer. This calibration will be turned into a lab
procedure for ONU’s Astronomy course. This process is an effort to make the expensive and
precise filar micrometer accessible to the amateur astronomers who are leading the research
on double stars by observing and measuring their orbits.
Over this last summer, I received a research grant from the
geosciences department at Olivet Nazarene University to do fulltime research on filar micrometers. As a student in the Honors
Program at Olivet, I planned to use this research opportunity to
make significant progress on the capstone project required by
the program. My mentor for the Honors research project and
the research this summer is Stephen Case, who some of you may
know. The research that I carried out this summer is what I will
be discussing here today: The Design and Calibration of a Filar
Micrometer for use in an Astronomy lab.
In the design and manufacturing portion of the research, I
made use of primary sources from astronomers who have used
filar micrometers so that I could utilize their descriptions of the
instrument and their method of observation to inform my design
process. It was an iterative process with four distinct prints. One
of the challenges that I had was in finding the focal plane of my
eyepiece and placing the threads in it. This required additional
research and a little bit of jury-rigging to expose the focal plane
of my eyepiece. Using an old Criterion eyepiece, I had to remove
its outer sleeve in order to find and make use of the focal plane. I
also had to make sure that the distance that I added between the
eyepiece and the telescope would not compromise the placement
of the eyepiece’s focal plane in the telescope’s focal plane. This
problem made it necessary for me to remove the eyepiece holder
from the focuser tube of the eyepiece to remove the distance that
I had incidentally built into the instrument while designing and
printing.

Advantages that I encountered in my 3D printing were that I
could manufacture these prototypes quickly and in-house. I was
able to make the necessary changes to my design and have the
part printed and ready to use within 24 hours. Another advantage
is that the printing of these parts in plastic is considerably less
expensive than getting the same prototypes machined from metals.
Challenges included the fact that the printers were occasionally
temperamental and would produce compromised parts that had to
be scrapped before the print could be started over. Additionally, the
tolerance of the printers was larger than might have been preferred
in order to produce such a precise instrument. This challenge was
overcome by sanding down pieces that were slightly too large and
by adding layers of electrical tape to parts that were slightly too
small.

Figure 1. Four distinct designs for the slide part of the filar
micrometer.
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Figure 2. The LED circuit installed inside the filar micrometer to
illuminate the threads of the instrument.

Although the filar micrometer has most consistently been
used with telescopes that are equatorially mounted, that was not
an option for this filar micrometer. I made the choice to design
this filar micrometer to fit with one of the dobsonian reflecting
telescopes that Olivet Nazarene owns for use in lab. This was an
additional challenge that unfortunately keeps this instrument from
the universality that it could achieve. Another challenge that I faced
came when I started to try observing with the filar micrometer. My
research led me to believe that plastic cement could be used to
make the fine threads used to measure the star but while observing,
I found that the threads produced by the plastic cement were far
too fragile to be used in this design. I had hoped to use the plastic
cement for several reasons: it was far easier to acquire than other
options and was therefore much less expensive than the wire that
is the strongest option otherwise. In the future, I will be working
with fine nichrome wire instead of the threads of plastic cement.
These wires will be more permanent than the plastic cement
threads were ever meant to be, and can optimistically be kept in
position on the filar micrometer for several observing nights at a
time before needing to be replaced.

Figure 4. Placement of flashlights, bearing ball, and telescope in
artificial double star demo.
Before I complete this project, I would like to improve the
accuracy and precision of the filar micrometer as much as I can
through minor re-designs as well as increase the effectiveness
of the lab procedure. Making measurements with the wires as
crosshairs instead of the threads must be completed as well in
order for the project to move in the right direction.

Figure 5. Completed filar micrometer with LED circuit and
micrometer measuring tool.

Figure 3. The field of view of a telescope when using a filar
micrometer.
In order for observing nights with this filar micrometer to make
meaningful measurements, calibration was necessary. The lab
procedure that I wrote this summer uses the measurement method
described below, but then asks students to apply the measurements
taken to a real double star with a known orbit. To calibrate the
filar micrometer (and get students using the filar micrometer), I am
using a method of artificial double stars described by Paul Couteau
in his 1981 book. This artificial double consists of two flashlights
reflecting off a bearing ball, back to the telescope in a set-up
presented in Figure 4 below. The artificial double star can be
designed to represent any star separation, which, in general, allows
for the calibration of the instrument without being concerned with
diurnal motion. The limitation of this method is that it cannot be
used to model position angle since the flashlights must sit on the
ground and cannot be placed at an appropriate angle (for each star)
with respect to the bearing ball.
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THE EFFECT OF MACULAR DEGENERATION ON APPRECIATION OF THE TOTAL ECLIPSE
Sheldon Schafer
Adjunct Faculty, Physics Dept.
Bradley University
1501 Bradley Ave.
Peoria, Illinois 61625
sls@fsmail.bradley.edu
Planetarium Director Emeritus
Peoria Riverfront Museum
Peoria, Illinois 61602
Abstract: Macular Degeneration is “…a degenerative condition affecting the central part of
the retina (the macula), resulting in distortion or loss of central vision. It occurs especially in
older adults.” Age-related macular degeneration affects more than 1.75 million individuals
in the United States. Owing to the rapid aging of the US population, this number will
increase to almost 3 million by 2020.1 The subject of this research, a woman with moderately
advanced macular degeneration, will have been given in advance a series of questions
highlighting the eclipse phenomena that could be observed or experienced, and asked to
record her responses as the eclipse progresses. This paper will explore those responses and
how her visual impairment affected her appreciation of the event.
As an eclipse chaser, I have a personal interest in the effects of
macular degeneration and eclipses since I was diagnosed five years
ago as exhibiting early stages of macular degeneration in one eye,
and pre-macular symptoms in the other eye. It has not affected
my vision to date, and may never, but it has that potential. The
subject of this paper is a 77-year-old woman who has moderately
advanced macular degeneration. Her condition has advanced from
the dry to wet stages, more severe, but somewhat treatable. She
was first diagnosed about 10 years ago. As such, she has lost most
of her central vision.
As early as this past January, I began discussing the upcoming
eclipse with the subject. The subject was aware of the eclipse, but
because of her condition, was not intending to make plans to travel
to totality, thinking that she would not be able to see or share in
the experience. As the result of ongoing discussion, she agreed to
travel to totality, and to report on her experience.
Since the subject would be traveling with her family on eclipse
day, staging in Iowa for travel to either Nebraska or Missouri,
and I was going to northwest Nebraska, I prepared her with the
following checklist:
Check-list for observing the eclipse

Can you see or detect the appearance of crescent suns
on the ground?
Can you see or detect shadow bands on a flat white
surface?
Can you see or detect any increase in contrast or
shadows on Earth?
Can you see or detect the partial eclipse, using proper
solar filters?
Can you see or detect the approaching shadow of the
Moon?
It is ONLY safe to look at the Sun without filters during
totality!
Moments before or after totality
Can you see or detect the Diamond Ring?
Can you see or detect Bailey’s Beads?
During Totality

15 minutes before and/or after totality
Can you see or detect bird and animal behavior
changes?

Can you see the Corona? (this is the single most
spectacular aspect of the solar eclipse, so I am
particularly interested in your response to this)

Can you see or detect changes in temperature, clouds
and cloud color, wind speed, and formation of fog?
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Can you see or detect changes in temperature and the
brightness and the color of the sky and clouds, and the

In summary, the subject was exceedingly glad that she had the
opportunity to experience the eclipse, even if she was unable to see
the corona. She was able to share in all of the social aspects of the
eclipse, to share in the excitement, and to see or feel the changes in
the sky, in nature, and in her surroundings. Surprisingly, she was
able to see the partial stages through the eclipse glasses, although
she had to adjust where she positioned the Sun in her field of
vision. Also surprising was that, even though she was able to see
the partial stages through the glasses, the corona at totality wasn’t
bright enough to be seen at all. While she didn’t report on seeing
the stars or planets, this wasn’t unexpected. (Since the shadow
path was not very wide, the sky was relatively bright during this
eclipse, making it harder for anyone to see the stars or planets. In
fact, I was only able to see Venus from my observing site.) It can
be concluded that the subject was able to greatly appreciate the
event, despite being unable to see the corona due to her visual
impairment.

360 degree sunset surrounding you along the distant
horizon?
Can you see the appearance of stars and planets?
We went over the checklist two weeks before totality, and
proceeded independently with our eclipse travel plans.
Eclipse day, the subject and her family started out in Des
Moines and went near to Lathrop, Missouri, on centerline about
50 miles east of St. Joseph, Missouri. They drove straight back to
Peoria after the eclipse so it was a long day.
After we both had returned, we met to debrief, and she
followed up with an email and some additional comments. As
reported by the subject,
It was really rainy, but we were able to find a clearing
in the clouds, and stopped there. We saw the entire
eclipse from the parking lot of a propane dealer in the
middle of cornfields so we really had great viewing
conditions. There were several other groups at our
location with people from Nebraska, Iowa, Virginia,
Minnesota and Illinois. Everyone was friendly, and we
all took pictures of other groups. One guy was offering
Corona beer just in case! It was kind of like tailgating
before a sporting event!

1

We had a complete eclipse. I could see the partial
eclipse stages through the eclipse glasses but I could
not see anything during totality (without the glasses).
I could not see Bailey’s Beads (or the Diamond Ring)
or the Corona except for the Corona Beer so I did see
a Corona at least.
We had a completely clear horizon; I could see the
sky, and the colors, and that it was darker in the west.
There was some locust activity that I could hear and
I saw two birds flying around close to the ground,
which I thought that was odd, but I am not sure why.
Everyone but me could see fireworks in the distance
that were set off during the complete eclipse, a little
additional feature.
I thought of how ancient peoples thought of an eclipse.
I’m glad that no wanted to practice human sacrifice, as
I could readily see how they [ancient peoples] would
[respond that way].
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Prevalence of Age-Related Macular Degeneration in the United
States. Citations and Abstracts from Archives of Ophthalmology;
April 2004; 122:564-572. The Eye Diseases Prevalence
Research Group. https://nei.nih.gov/eyedata/pbd4

STUDENT DEVELOPED SHOWS AND CONTENT SHARING
Sara Schultz
Boston Heaford
Minnesota State University Moorhead Planetarium
1104 7th Ave S
Moorhead, Minnesota 56563
schultz@mnstate.edu
Abstract: Two undergraduate students and I have undertaken the task of expanding our live
show content by developing shows on topics ranging from the moons of the solar system to
the science behind Interstellar (and many things in between). We would like to share our
experiences, struggles, and successes. We will discuss the content we have developed and our
future plans for continuing and expanding this to the rest of the planetarium community. We
would love to hear what others are doing in this area and start a conversation about how we
can really share our stories across sites and technology.
undertaking. Offering to let them research topics they were
interested in helped, but without a way to pay them, it would fizzle
out quickly. Fortunately, there is a student internship fund on
campus for monies to be spent over the summer on scholarly work.
I talked with some students who might be interested and asked
them to submit a proposal. It was funded! Now I had two students
working about 30 hours per week for 10 weeks over the summer to
develop new content for our planetarium catalogue.
Our secondary goal to just increasing content was to collect
these fleshed out topics and make them shareable across the greater
planetarium community. We also figured there had to be others
who had put together shows on some of these topics who would be
willing to share what they had done. Share and share alike. Some
of the topics we were considering:
•
•
•
•
•
•
•
•

Figures 1 & 2. The Team at LIPS 2017

•
•
•
•
•
•
•
•
•
•
•

In an effort to expand our live program offerings and hopefully
lure in more people to see them, I wanted to develop shows based
on current and popular topics in astronomy. This would include
current missions such as New Horizons, Cassini, and Juno, as well
as popular science fiction such as The Martian and Interstellar.
I needed a way to stay current, keep up with all the goings on,
and do it cost-effectively (read: free). What I had to work with
was students. I needed to convince them this was a project worth
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Exoplanets
TRAPPIST-1
Pluto & New Horizons
Moons of the Solar System
History and evolution of the Universe
Overview of our solar system
Proposed future space missions
The real science behind popular sci-fi movies: The Martian,
Interstellar, etc
Contributions of women to the advancement of space travel
Satellites and spacecraft missions to other planets and moons
Black holes
Comets
Eclipses
Asteroids
Life in the Universe
Neutron Stars
Stellar Life Cycles
Interpretation of the sky by other cultures
Stellar events - solar flares, CMEs, pole reversals, Gamma
Ray Bursts

•
•
•
•
•
•
•

Another issue is ensuring the content you are citing is relevant,
useful, and interesting. The students make extensive use of NASA
sites and astronomy textbooks from around our department. For
some of the science fiction, they pulled from books and websites
about the science behind the movie magic and often times had to
show how the science was wrong, but also had those moments the
science was right!

Quasars
Dark Matter & Dark Energy
Special Relativity- time dilation and length contraction
RNS Process - elemental creation in stars
General Relativity (LIGO)
Galaxies - characteristics etc
Rogue Planets

The first hurdle was becoming more familiar with our
software, UniView. As with any software, there is a learning
curve. However, there is also an extensive support group in the
other users. We had a lot of help working the kinks out when it
came to visualizing the content we were trying to convey.

The students found the work fun and interesting, however
also very challenging at times. It brought a greater appreciation
of what goes into a good show and a good presenter as well.
Having put in all this work, they wanted to be able to share it with
others. To that end, we wrote out narratives to go with the shows
that would be able to be shared and wouldn’t be system specific.
We used a script template found on the Great Lakes Planetarium
Association (GLPA) website. These narratives would be shareable
with the idea that the presenter would be responsible for adapting
the content to their native system.

Figure 3. Caption: Example imagery from Solar System show.

Figure 5. Caption: Making our shows available to share.
We are continuing this work through the semester, albeit at
a much slower pace. We are interested in the work others have
done and would love to start a conversation about these topics, and
others, and work towards a national or even international database
of show narratives and assets.

Figure 4. Caption: Excerpt from Interstellar
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BUILDING TEACHER SELF-EFFICACY THROUGH PROFESSIONAL LEARNING
OPPORTUNITIES
Patricia Seaton
(in collaboration with Virginia Fulton)
Howard B. Owens Science Center
9601 Greenbelt Road
Lanham, Maryland 20706
pxts13@yahoo.com
Abstract: At the Howard B. Owens Science Center for Prince George’s County Public
Schools, our teaching staff not only designs and implements STEM programs for Elementary
through High School students, we also facilitate Professional Learning Opportunities (PLOs)
for teachers. In the past, these experiences have tended to be “one and done” programs—one
day jam packed with content and information on how to bring students to the science center
for programs. However, working with our Master Teacher Virginia Fulton, we are changing
the way we offer PLOs. They are now multi-day sessions with different expectations from
the teachers in how they participate, collaborate, and infuse the content and materials into
their classrooms. Creating a collaborative network with shared accountability we designed
a multi-session plan that culminates with immediate use in the classroom. I followed this
model under a grant with the New Horizons mission to Pluto, culminating in teachers and
students presenting mini-models of flybys through the solar system using software purchased
through the grant. Explore this model with us and implement similar successful programs
at your own institution.
Many if not all of our facilities provide some sort of workshops/
trainings for teachers in addition to providing programs for
students. Traditionally, these sessions are held for only one day,
with little opportunity to develop lasting productive relationships
with other teachers. A shift in the way professional development is
being offered is using a cohort model, having groups of people, in
this case, teachers, work together for multi-day workshops in order
to develop community, foster creativity, and build leadership skills
(“What is a Cohort Program” CCU CAGS).
Under a NASA grant supporting the New Horizons program,
I developed a 2.5-day workshop for teachers using the cohort
model. Teachers were to learn together, share out together, and
hopefully continue to dialogue with each other following the
conclusion of the Professional Learning Opportunities (PLOs).
The sessions began in the planetarium with teachers learning about
Pluto and the New Horizons mission. Next teachers participated in
classroom activities designed to teach how remote sensing works
on spacecraft such as New Horizons, and to provide resources they
could use with their students in the classroom. The second full day
of training introduced the same group of teachers to the Seeker solar
system simulator software from Software Bisque. After becoming
familiar with the software, teachers worked in teams to brainstorm
criteria for their students to design a solar system sequence using
the software, entering them into a contest. Winning presentations
would be shown at a Pluto Palooza public event. The Final half day

of the PLOs brought the teachers in to share their student products,
evaluate them on a rubric designed from the criteria, and select
the winners. The Pluto Palooza event, held on June 10, 2016, had
students and teachers together presenting their final projects!
We believe this model of a multiple-day PLO was a much more
powerful tool for developing relationships between the teachers
than a single day workshop. Participants responded positively in
their post evaluation with comments such as “The training is very
interactive, hands-on, and up-to-date information for students/
teachers. Love the experience and wanting more of these fantastic
learning!” and “The workshop was great. I enjoyed everything
plus learned a great deal. My interest has peaked in learning
more.” One hundred percent of the 19 participants expressed an
interest in continuing with the cohort the following school year.
Unfortunately, funding was not available to support this goal.
I modeled my PLOs from my colleague, Virginia Fulton,
who had already successfully implemented multi-day STEM
workshops for teachers, K-3 and 4-6. Her programs were
designed to be multi-tiered with clearly defined objectives, shared
expectations, and shared accountability, during each phase of the
learning, ending with a capstone project. The example shared
here is the 2.5-day STEM Academy PLO for teachers in grades
4-6. In order to develop a cohort mind-set from the start, with
the idea of networking and developing new collaborative partners,
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participants were asked to start off with a quick high energy
engineering activity, Spaghetti Towers, that only lasts 18 minutes
from start to finish but requires a lot of communication, chance of
failure, exposes many myths in engineering and hopefully shared
laughter. Participants were immersed on the first day by actively
engaging in the content and practices. This was accomplished by
providing each teacher a selection of engineering design programs
at HBOSC to participate in as “students” with just a few “think
abouts” to stimulate discussion later. Included in this selection
was a planetarium program, “EcoDetectives”, where students are
challenged to design an effective lighting system to reduce light
pollution and save energy, using the planetarium as a qualitative
measurement of design effectiveness.
The second day was divided into two parts. The first half of
the day included several “Take it Back to the Class” activities with
the accompanying class set of consumable materials to complete
the activities. The second half of the day was a collaboration and
work session to provide the teachers time to discuss, develop and
plan the strategies and activities they would put to practice in their
classrooms, along with any modifications they might need to make.
The rubric was also shared for peer evaluation of the capstone
project, in which each participant would facilitate a STEM lesson
or activity in their own classroom and then present it to the cohort
during the last session. Each participant’s presentation would be
no longer than 7 minutes and be video-taped for documentation
and their own personal professional growth portfolios. During this
time a shared Google Folder of all resource materials was made
available to cohort members. Purposefully, the first two sessions
were scheduled close together, with a month gap before the last
session to give the cohort members time to implement one or
more of the STEM activities and strategies, as well as, prepare a
presentation for the cohort.

Responses included:
•

“The teachers improved in their knowledge in STEM.”

•

“The importance of having feedback and working together as
a team.”

•

“...that I learned as much from my fellow colleagues as I did
from the instructors. I was really thankful that the instructors
welcomed the interaction amongst all of us who were enrolled
in the class. Everyone’s feedback was helpful.”

We believe this model is more effective in helping teachers
build self-efficacy than a simple “one and done” workshop.
This style also allowed us to showcase the many HBOSC
STEM programs offered through laboratory classrooms and the
planetarium. We encourage your facility to implement this model
as we continue to follow up on our successes.
Resources
CCU CAGS: “What is a Cohort Program”. August 22, 2011.
http://www.ccu.edu/blogs/cags/2011/08/what-is-a-cohortprogram/

The post evaluation revealed that 100% of the 16 participants
agreed/strongly agreed that the format of the PLOs effectively
allowed for collaboration and practice of new concepts and skills.
As part of the post evaluation, teachers were asked to complete
the following: “After listening and providing feedback during the
teacher presentations, I realized...(please complete the sentence):”

102

PROFESSIONAL LEARNING OPPORTUNITIES WORKSHOP
Patricia Seaton

Needle in a Haystack Worksheet
12

4

4

2

2

4

2

2

4
16

3

4

1

4

8
32

8
8
8

•

This map represents your landing site. Build your mountains: Stack the
buttons/coins in the boxes corresponding to the number in the box.

•

If the numbers represent the height of features on the surface (blank = 0
represents “sea level”), where is the tallest feature?

•

What does the landscape look like in the upper right corner?

•

Would you feel safe trying to land in the lower left quadrant?
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Needle in a Haystack Worksheet

3

•

Let’s say your LIDAR detector has a spatial resolution of 4 x 4 in this field of
view instead of 8 x 8: Average the values in each 4 x 4 square. The upper left
square is done for you.

•

Now rebuild your mountains. What does the new landscape look like?

•

Where would be the best place to land your spacecraft based on this map of
your landing area?

•

Describe how the lower spatial resolution of this camera affects the view of
reality that the scientists have to work with.
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2

Needle in a Haystack Worksheet

•

Let’s take it a step further. The budget gets cut before launch, and you have
to fly a lower‐quality LIDAR detector that has a spatial resolution of 2 x 2 in
this field of view: Decrease resolution by a factor of 2…AGAIN.

•

Build your mountains. Now what does the landscape look like?

•

With only this information, would you be comfortable landing in the lower
left corner?
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3

Needle in a Haystack Worksheet

2

2

2

2

Now, let’s put yourself in the position of the scientists. Can you reconstruct the original
landscape from these data?
“Ex nihilo nihil fit. “ ‐ Parmenides

106

4

107

108

109

110

111

112

113

114

115

116

117

118

Team Members: _______________________________
_______________________________

Based upon your observations, how would you define a “dwarf planet”?

Pluto

Ceres

Compare and contrast the images of Pluto, a dwarf planet in the Kuiper Belt, with Ceres, a dwarf planet in the asteroid
belt. List the characteristics you observe (ex. plains, mountains, craters, valleys, atmosphere, etc.)

Data Set ____

Encounter Pluto!
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Data Set A

120

PLUTO

121

PLUTO

122

PLUTO

123

PLUTO

124

PLUTO

125

PLUTO

126

CERES

127

CERES

128

CERES

129

CERES

130

CERES

131

Data Set B

132

PLUTO

133

PLUTO

134

PLUTO

135

PLUTO

136

PLUTO

137

PLUTO

138

CERES

139

CERES

140

CERES

141

CERES

142

CERES

143

Data Set C

144

PLUTO

145

PLUTO

146

PLUTO

147

PLUTO

148

PLUTO

149

PLUTO

150

PLUTO

151

PLUTO

152

CERES

153

CERES

154

CERES

155

CERES
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CERES

Name: ______________________

Date: _____________
Mystery Box
Multi-beam Mapping Simulation Data Sheet

A

B

C

D

E

1
2
3
4
5
6
7
8

Key/Legend:

MSCSER 2013
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New Horizons Science Equipment Payload

The science payload includes seven instruments:
What does the payload tell us about the mission objectives?

Are they all examples of remote-sensing equipment?

Which use passive or active remote-sensing?

Ralph: Visible and infrared imager/spectrometer; provides color, composition and thermal maps.
Alice: Ultraviolet imaging spectrometer; analyzes composition and structure of Pluto's atmosphere and
looks for atmospheres around Charon and Kuiper Belt Objects (KBOs).
REX: (Radio Science EXperiment) Measures atmospheric composition and temperature; passive
radiometer.
LORRI: (Long Range Reconnaissance Imager) telescopic camera; obtains encounter data at long
distances, maps Pluto's farside and provides high resolution geologic data.
SWAP: (Solar Wind Around Pluto) Solar wind and plasma spectrometer; measures atmospheric "escape
rate" and observes Pluto's interaction with solar wind.
PEPSSI: (Pluto Energetic Particle Spectrometer Science Investigation) Energetic particle spectrometer;
measures the composition and density of plasma (ions) escaping from Pluto's atmosphere.
SDC: (Student Dust Counter) Built and operated by students; measures the space dust peppering New
Horizons during its voyage across the solar system.
New Horizons Encounter Pluto! Science HBOSC 2016
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Online Resources for Passive/Active Remote-Sensing Activity

As a team you can visit the three websites and review the video to research your New Horizons
Spacecraft Equipment
Websites
https://www.nasa.gov/mission_pages/newhorizons/spacecraft/index.html
http://pluto.jhuapl.edu/Mission/Spacecraft/Payload.php
https://earthdata.nasa.gov/user-resources/remote-sensors
Video
What is Remote-Sensing? https://www.youtube.com/watch?v=sBI3MIbzIBA

__________________________________________________________________________________

Literacy Task Activity
Literacy Tool Kit This is the Secondary Literacy Tool Kit. It gives the SAT model/framework for writing
What about the next Pluto Mission?
https://drive.google.com/a/pgcps.org/file/d/0B1hu1eDTnyTSLXladFFHSWh0a0U/view?usp=sharing
NASA’s New Horizons Spacecraft Has Next Mission after Pluto (shorter text)
https://drive.google.com/a/pgcps.org/file/d/0B1hu1eDTnyTSZFl6WUE2aG1pZkE/view?usp=sharing
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Topography Basics: What’s in the Box?
The Lunar Orbiter LASER Altimeter (LOLA) aboard NASA’s Lunar Reconnaissance
Orbiter will make topographic maps of the lunar surface. The LOLA instrument will
send a LASER pulse to the lunar surface that will be reflected back and received by
the satellite, as in the cartoon below. The instrument records the roundtrip time of
the pulse.

Today’s exercise is to simulate the process of satellite mapping using a cardboard
box with an unknown shape inside of it. You will insert the metal rod into the holes in
the box and measure how far it goes in using the scale on the upper right corner of
the box. The rod simulates the LASER pulse. The length of the rod that goes into
the box simulates the time it takes the LASER pulse to reach the lunar surface. You
will measure a 5 x 5 grid (the box is an 11 x 16 grid, but that would take too long for
today). Place the measured value (in centimeters) in the table below. For advanced
students, the values should be placed in an Excel spreadsheet to make a contour
map. For younger students, they could color-by-numbers to make a contour map.
0

1

2

3

4

0
1
2
3
4
What shape have you
discovered in the box?

0

1

2

3

4

Graph the points for row 3 to produce a cross
sectional view of the “landform.”

What can you say about the shape you have drawn compared to the actual
“landform” in the box? Why?

161

NO DOME LEFT BEHIND
Sharon Shanks
Editor, IPS Planetarian
Retired from Ward Beecher Planetarium
Youngstown State University
Youngstown, Ohio 44555
sharon.shanks@gmail.com
Tom Arnold
Kirkpatrick Planetarium
Science Museum Oklahoma
200 Remington Place
Oklahoma City, Oklahoma 73111
tarnold@sciencemuseumok.org
Ron Walker
The Star Barn Planetarium
P.O. Box 161
Cave Creek, Arizona 85327
thestarbarn@gmail.com
Abstract: Technology has improved life for many of us, but it has made life difficult for
others. There are the traditional domes that cannot afford or deliberately decide not to adopt
fulldome. What can the planetarium community do to make sure every dome makes the best
use of the tools that it has? At the same time, what can we do to keep good planetarium tools
out of landfills? And, connected with this, we need to reach out to the reclusive planetarians
who do not know about—or who think they don’t need—the assistance that the affiliates here
at the Pleiades Conference can provide them. This is both a short paper and an introduction
to a larger effort to gather the minds and ideas of the planetarium community.
This paper session is intended to gather information, and
perhaps interested participants, to address the question of
traditional planetariums in the digital world.1
I would like first to define the meaning of a “traditional”
planetarium in the context of this discussion.
A traditional planetarium is a projector, a dome, a presenter,
and some way to point out the stars to the audience. By default, the
projector is understood to be an opto-mechanical device because
digital projectors are a much later development in planetarium
history. The traditional planetarium, in the true sense of the word,
has a means to project the stars and a person to explain them.
1
Note: I am not here to trigger yet another debate about
“movies under the dome.” First, fulldome programs are here to
stay, and secondly, live presentations are, unarguably, the best
presentations, IF (1) you have a capable live presenter and (2) your
business model allows it.

An updated traditional planetarium has added means to project
non-star images on the dome, such as slide projectors and/or video
projectors. This planetarium may or may not have panorama
and/or allsky projectors, but the images cannot move. The video
projectors also do not cover the entire dome and usually appear in
rectangles.
A digital planetarium has added fulldome video projection,
and usually has discarded the now redundant slide projectors.
Digital planetariums also can be divided into two categories: A
hybrid digital planetarium, which has retained its opto-mechanical
star projector, either synched with its digital system or used in
conjunction with it, and a true digital planetarium, which has
eliminated its opto-mechanical projector and relies on digital stars.
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Questions I would like to discuss.

1.	 Are true planetariums taking an ever-increasing backseat to
new technology?
2.	Can there be show production in this digital age for
traditional planetariums?
3.	 Do we really know what planetarium visitors want to see in
a presentation? Is it time for a study?

Afterwards
During the question and
education and live interaction
technology is proprietary, but
people stressed the need for
audience in the presentation.

answer period, an emphasis on
emerged, noting that the digital
that knowledge is not. Several
live interaction to immerse the

Also discussed:

4.	 Is there a way that equipment no longer needed by digital
planetariums can be shared with planetariums that need it?

•

Incorporating other sciences under the dome

5. How do we reach the unaffiliated planetariums?

•

Working with existing organizations, including all the
regionals

•

Establishing a mentoring committee within each regional
to work with new planetarians, regardless of their location;
suggesting that IPS spearhead the effort

•

Sharing the message that “you’re not alone”

Most facilities are loathe to discard perfectly good pieces
of equipment, but do not have the storage space to keep it or the
mechanical expertise to repair it. Making the equipment available
through dome-l or through affiliate newsletters are the only two
ways I have seen to accomplish the sharing.
The crux, then, is having space to store the equipment, getting
the pieces there, and then letting traditional/updated planetariums
know that it is available. And, of course, covering the cost of
shipping.
The same question can be asked about slides and slide-based
planetarium programs. Is there a way to share slide-based show
kits with updated domes without violating licensing agreements?
Can a show that cost, for example, $1200 some 15 years ago still
be sold at that price? What happens if the originating producer
(Calgary Science Center, for example) is no longer producing
shows and has no mechanism in place to accept payment? (And,
in the case of Calgary, now has a new name and no staff left who
knows that they used to produce and sell shows.)
Additional thoughts to discuss
Planetariums, no matter their circumstances, share the night
sky with the tools they have available. If a particular dome has
only a star projector, is that not what its audiences come to see?
You can logically see the upgrade to digital projection as a
necessarily continual process because it is based on computers,
which are continually changing in concert with technology
upgrades. Whereas an opto-mechanical projector needs only
regular maintenance to keep performing for decades, a digital
system will either need to be continually upgraded or completely
replaced, probably within less than a decade. Does this deepen the
divide between the “haves” and “have-nots,” or will it make the
planetarium community even more diverse, based on the level of
technology they can attain?
Note: The presentation that preceded this one, “Inspiring
the Next Generation with Limited Resources in an Increasingly
Technological World” by Paulette Epstein from the Dassault
Systemes Planetarium at the Michigan Science Center in Detroit,
Michigan, Planetarium, dovetails beautifully with this topic.

One of the authors of this paper, Ron Walker, has volunteered to
start a clearinghouse for audio preservation from older technology,
digitizing from reel-to-reel tape through ADAT and more (laser
discs, cassette tapes, 16mm films, VHS, and vinyl records). There
is so much material out there that will soon be lost, especially
considering how few copies were originally made.
His quarterly Planetarian column, A Different Point of View,
will continue to address the overall topic of traditional planetariums
and provide one outlet for information. Another is through the
website Observatory Central (observatorycentral.com), which
hosts a Planetarium Forum with subtopics “planetariums as a
hobby” and “planetarium classifieds” for planetarium parts and
accessories for sale or wanted.
Another resource is The Home Planetarium Association,
planetariums.blogspot.com.
During the conference, paper co-author Sharon Shanks
planted the seeds of formation of a high school planetarium cadre,
also open to planetarians in other grade levels, to focus on sharing
lessons and best practices specifically with school facilities and to
encourage their teachers to join their local planetarium association.
According to the IPS Searchable Database of Planetariums
(accessed September, 2017), there are 663 planetariums in schools,
the majority of which are in high schools (358) and middle schools
(207).
Conclusion
From discussion following this presentation and other
informal talks during the conference, it is obvious that there is
a need and a desire for more support from the planetarium field
for traditional planetarium operators. Not so obvious is how to
provide this support. The most important conclusion, however,
is the need to find a dedicated person willing to invest the time
and effort in making improved communications and coordinating
resources available for this underserved population.

163

ACTIVITIES FOR ENGAGING AUDIENCES IN PLANETARY SCIENCE
Christine Shupla
Lunar and Planetary Institute
3600 Bay Area Blvd
Houston, Texas 77058
shupla@lpi.usra.edu
Abstract: Want to find new fun planetary science activities beyond the traditional crater
boxes and Oreo cookie Moon phases? There are a variety of new models and revisions of
existing activities that can be used in the museum, out-of-school, and classroom settings with
children and tweens, using simple everyday materials. Come discover some of the ideas and
lessons available freely online.
Many planetarians conduct space-related activities with
students and families as part of classroom programs or during
events. The Lunar and Planetary Institute (LPI) Explore program
(http://www.lpi.usra.edu/education/explore/) has dozens of
engaging informal science education activities on space science
topics, ranging from short demonstrations to longer inquiry-based
activities. The activities require little preparation, and can be
modified to fit the time available. Each activity has a full write-up
online, freely available for use or to share. Some activities also
have accompanying PowerPoints or videos to demonstrate their
use.
Activities are organized into modules around themes such
as Health in Space, Marvel Moon, and Jupiter’s Family Secrets
(which compares Jupiter to other planets in the solar system). Each
theme includes background information and a series of activities
that can build audience understanding of the topic. For instance,
Marvel Moon includes a set of activity stations that model how the
Moon formed and evolved.

The Marvel Moon activity “Splat” uses water balloons to model
the ratio of crater to asteroid in an impact.
Some popular Explore activities that could be of particular
interest to planetarians include (but are not limited to):
•
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Kid Moon: Splat!: Model ancient lunar impacts using water
balloons.

•

Penny Moon: Use a penny and a quarter to model the Moon’s
rotation on its axis.

•

Recipe for a Moon: Make edible models of the cores, mantles,
and crusts of the Moon and Earth.

•

Space Radiation - UV Kid! Use common craft materials and
ultraviolet (UV)-sensitive beads to construct a person (or
creature) and test materials that might protect UV Kid from
UV radiation.

•

Mars Match: Compare Mars’ surface features with Earth’s.

•

Investigating the Insides: Make observations of “planets” to
infer the composition of unseen materials.

•

From Your Birthday to Jupiter’s: Model your personal
timeline, act out a cultural story of our origins, and then
explore Jupiter’s timeline from today back to its “birthday.”

•

Heavyweight Champion: Jupiter!: Weigh yourself on scales
modified to represent weights on other worlds, then determine
which characteristics cause a planet to have more or less
gravity.

•

Searching for Life: Discuss how life is defined and conduct a
simple experiment, looking for signs of life in three different
“soil” samples.

•

Carving Channels: Create channel features with flowing
water, comparing observations to real images of Mars and
Earth taken by satellites/orbiters.

•

Viewing Volcanos: Create volcanos and compare them to
spacecraft images of those on Earth and Mars.

•

Teen Moon: Moon Ooze: Model how the Moon’s volcanic
period reshaped its features using Rice Krispie treats and
chocolate syrup.

•

Dance of the Moon and Oceans: Model how the Moon’s
gravitational pull causes ocean tides.

•

Beans in Space: Perform arm curls with cans that simulate the
weight of beans on Earth, on the Moon, and in the microgravity
of Earth orbit to explore what happens to muscles in space.

•

Measure Up! Measure ankles before and after lying with your
feet in the air to simulate the microgravity of space, where
everything—including body fluids—floats.

•

Bones of Contention: Make models representing bones on
Earth and bones that have been in space to discover what
happens to bones without proper exercise and nutrition.

•

Sponge Spool Spine: Simulate the expansion of a human spine
in space by dipping sponges and spools threaded on chenille
sticks in water.

Investigating the Insides uses balloons to model how scientists
study a planet’s structure and composition.
The Explore program was originally designed by LPI to enable
libraries to include Earth and space science content and activities
in their programs, in 1998, and has been funded by both NSF
and NASA. Explore activities have since been disseminated to a
variety of out-of-school time educators and program facilitators, as
well as to classroom teachers.
For more information about Explore or LPI, please contact
Christine Shupla at shupla@lpi.usra.edu.
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SHARING ONGOING PLANETARY EXPLORATION
Christine Shupla
Lunar and Planetary Institute
3600 Bay Area Blvd
Houston, Texas 77058
shupla@lpi.usra.edu
Abstract: Planetary scientists continue to make amazing discoveries through the robotic
exploration of our solar system. We can engage our audiences with these new discoveries,
particularly as they relate to the key concepts in planetary science: our search for habitable
environments and the conditions for life, and understanding of how planets, moons, and
asteroids form and evolve. Come learn how to connect with planetary scientists and their
research and visual data, on topics including the Moon’s formation, the migration of the outer
planets, early conditions on Mars, the late heavy bombardment and its possible influence of
life on Earth, and more.
Audiences can be captivated by stories of ongoing exploration,
particularly when we are surprised by what we find. Many people
are also eager to build upon their existing knowledge of the
planets. This makes the field of planetary science a popular topic
for planetarium shows. However, it can be difficult to keep up
with this complex and changing field.
Planetary science and exploration are making tremendous
advances with new data and observations of planets and other
objects in the solar system. Some of the missions are yielding
exciting and surprising results:
•

•

•

MESSENGER determined that Mercury’s structure is
complex, with an inner, middle, and outer core. MESSENGER
also found unexplained depressions on the surface called
“hallows,” volcanoes, ice at the poles, and more.

MESSENGER discovered evidence of Mercury’s complex
core.

•

New Horizons found young surfaces on Pluto including
enormous glaciers, volcanoes, and evidence of an internal
ocean.

•

The Lunar Reconnaissance Orbiter discovered evidence of as
much frozen water at the poles of the Moon as exists in the
Great Salt Lake.

•

The Juno mission observed enormous cyclones at Jupiter’s
poles, and its preliminary data suggests a bigger than expected
planetary core.

Other exciting mission discoveries have supported scientists’
models. For instance, the Mars MAVEN mission has evidence
that 2/3 of the gas in Mars’ atmosphere has been stripped away
by the Sun and solar wind, changing Mars’ climate from warmer
and wetter to the cold dry environment we see today. Yet MAVEN
also discovered a surprising new type of aurora never seen before.

MAVEN discovered a new type of aurora at Mars.
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Together, data from missions and models are revising our
understanding of how our solar system formed and evolved.
Crater counting data and analysis of lunar samples suggests that
our Moon was bombarded with an unusually high number of
enormous impactors around 3.8 billion years ago—the “Lunar
Cataclysm Hypothesis.” Naturally, if the Moon was bombarded
with asteroids or other planetesimals, the Earth and other inner
planets would have been as well. Crater counting data from objects
throughout the inner solar system support this concept, called the
“Late Heavy Bombardment.”
One explanation for this event, supported by data from the
asteroid belt, is the Nice model (pronounced like the French city,
not the centerfold version) and other related models in which the
outer planets migrated to their current positions from much closer
orbits, scattering asteroids and comets to their current positions.

•

Partner with a planetary scientist! The education department
at the Lunar and Planetary Institute is happy to help you find
planetary scientists in your region.

The Lunar and Planetary Institute (LPI) revised the Scienceon-a-Sphere show, Invisible Mars, with new content and visuals
(http://nasawavelength.org/resource/nw-000-000-003-946). We
rendered an animation of a rotating Mars (transitioning from an
early wet environment to the current dry planet) in high resolution
and formatted it for fulldome planetariums (https://svs.gsfc.nasa.
gov/12266); we hope to similarly render MAVEN animations of
the new aurora on Mars, an early Mars with a magnetic field, and
more.

This series of graphs shows the positions of asteroids (white) and
the orbits of the outer planets changing over time. This Nice model
suggests that Jupiter, Saturn, Uranus, and Neptune migrated to
their current positions as a result of instabilities from orbital
resonances between Jupiter and Saturn.
Scientists continue to analyze the data for these models, which
are being questioned, modified, and tested. The models affect our
understanding of how planets form and change. The Late Heavy
Bombardment could have played a major role in the formation and
evolution of life, which first appears in the fossil record at the time
that the major impacts end. Some scientists have hypothesized
that the impacts could have generated hydrothermal systems, hot
springs environments within the Earth’s crust conducive for the
formation of life.
From this big picture of the evolution of our solar
system to new discoveries and a changing number of
planetary missions, planetarians face a variety of topics to
remain informed of and have a plethora of stories to tell.
There are countless questions that a planetarium visitor
could ask. What’s a planetarian to do?
•

NASA’s Solar System Exploration page (https://solarsystem.
nasa.gov) contains updates with news, videos, images, and the
NASA’s Eyes 3D apps that can inform planetarians.

•

NASA’s Museum Alliance (https://informal.jpl.nasa.gov)
provides teleconferences and resources to its members on a
variety of subjects; all planetarians are welcome to join.

•

The NASA Scientific Visualization Studio (https://svs.gsfc.
nasa.gov/) has created a variety of animations that can be
incorporated into planetarium presentations.

The Wet to Dry Mars animation is rendered for planetariums at
4K and at smaller resolutions at the Scientific Visualization Studio.
The LPI education team is interested in helping planetarians
access planetary mission data, video animations appropriate for
full-dome presentations, and the planetary scientists who are
making these discoveries and creating and analyzing current
models. Please contact us at education@lpi.usra.edu with your
ideas, requests, and recommendations.
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THE PLATFORM AGNOSTIC PLANETARIUM
Mike Smail
Adler Planetarium
1300 S Lake Shore Dr.
Chicago, Illinois 60605
msmail@adlerplanetarium.org
Abstract: Historically, planetarium identities have been inexorably linked to their projection
system’s manufacturer. For better or worse, this has a noticeable effect on our ability to
reach our audiences. Now, it’s getting easier and more straightforward to install multiple
planetarium platforms on a single computer system. Learn about challenges, successes, and
ways you can make your planetarium platform agnostic.
In 2011, the Adler re-opened their historic Star Theater,
replacing the Zeiss Mark VI projector with a new, 8K ‘digital
starball.’ This projection system came from an integrator who
installed a hardware platform that hosted a traditional planetarium
software package, as well as a specialty product for playing
back fulldome shows. Over the years, we began increasing our
flexibility in the space. We wanted to be able to use the best tool
for any given task, regardless of who created it. This led us to
install a variety of additional planetarium software packages on
this system, from both well-established vendors and open-source
startups.

By 2017, the hardware was willing, but the projectors were
weak. In renovating the theater’s technological infrastructure, we
wanted to ensure that we could still further strategic partnerships
across a variety of platforms, while maintaining operational uptime
for the thousands of public shows that run each year in that space.
This led us to again install a second computer cluster that allowed
us to continue our open and flexible way of doing things.
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CREATING A 100-SHOW ROSTER
Dale W. Smith
BGSU Planetarium
Department of Physics & Astronomy
Bowling Green State University
Bowling Green, Ohio 43403
dwsmith@bgsu.edu
Abstract: Since acquiring Spitz SciDome at BGSU, we now have more than 100 shows
available in the system, including over 30 full-dome shows and about 75 classic shows, in
addition to live interactive and workshop-style programs for school groups. I will describe
how this extensive roster was created.
The BGSU Planetarium was opened in the spring of 1984
with the construction of BGSU’s Physical Sciences Laboratory
Building. It was equipped with a Minolta opto-mechanical
star projector and a state-of-the-art Omni-Q slide projection
system from Commercial Electronics in Vancouver, Canada.
These systems served it for three decades. The Planetarium is
a classroom for BGSU astronomy classes and serves northwest
Ohio with public shows and programs for school classes and other
visiting groups.
With funding from the University, the Planetarium was
renovated in 2013 and 2014 with the installation of a Spitz
SciDome state-of-the-art full-dome video system. My choice of
SciDome was motivated by its Starry Night sky, the ability to play
back full-dome shows, the prospective ease of importing classic
slide shows with the ATM-4 automation system, and the embedded
Starry Night curricula and the roster of teaching vignettes created
by Dr. David Bradstreet. SciDome has proved to be an excellent
match to our educational university setting.
We kept the Minolta star projector and the Omni-Q control
system for classic shows, though we rarely use either of them now.
However, the looming presence of the Minolta in the center of
the room clearly announces “planetarium” to anyone entering the
room. My vision was a transition period in which all systems both
old and new would be available as we gradually moved to fulldome. Everyone told me the transition period would be briefer
than I expected and this indeed proved to be the case.
During our first thirty years of operation, the Planetarium built
up a large roster of what are now called classic programs, about
75 of them, some produced here and others purchased. These
programs included slides, soundtrack, special effects, and in some
cases video. I was determined that this treasure-trove of classic
shows not be lost as we moved into the full-dome era. We had
also created a set of live, interactive programs, primarily for school
groups ranging from pre-school to high school, as well as activities
for use in our university classes.
Maintaining all the classic shows while adding many fulldome shows has allowed us to create a roster of over 100 programs
available for public shows and for schools and other groups visiting
on field trips. In the sections below I will describe how each type
of program—live, classic, and full-dome— was incorporated into

SciDome. The roster of all these programs in our Teacher’s Guide
is in Appendix A.
Live, interactive shows and workshops
The live interactive programs were centered on the Minolta’s
starfield and occasionally used other props, but not pre-recorded
program sections. An example would be a program showing
the Sun’s path across the sky in different seasons and/or from
different places on Earth with students predicting rising and setting
azimuths or going to them (our dome and floor are both level),
depending on age. Another example would be showing various
sky cycles that are used in clocks and calendars. These programs
were simply adapted to use the Starry Night starfield and often
the additional graphics available in Starry Night. We had 13 live,
interactive programs and 4 workshop-style programs, most now
adapted to using Starry Night. In additional, I have also adapted
the demonstrations and in-class activities in my university classes
to use Starry Night.
Classic shows
During the three decades we operated as a classic planetarium,
we built up a large roster of shows, about 84 of them, 20 produced
here and 64 purchased. I did not want to lose this roster and felt that
many of the shows were still viable as classic shows, even in the
full-dome era, for example our own Christmas show, which is now
in its 29th year and still drawing well. Rather than choosing which
shows to maintain, I decided to encode nearly all of them into the
SciDome system so they would remain available indefinitely, even
after the slide projection and control system was no longer used.
There are many steps involved in encoding a classic show
into SciDome. Since I have described this work in some detail in
previous GLPA Proceedings, I will just summarize it here. Even
before our full-dome system was funded and installed, I scanned
our classic shows’ 24,000 slides into digital form, did the necessary
image adjustment (brightness corrections, cropping, sharpening,
background removal, etc.), and solved a host of image projection
and folder-organization challenges, especially with regard to
blended panorama and all-sky images. In ATM-4, I created sets of
virtual slide projectors whose positions on the dome corresponded
to the locations of physical slide projector images. For older shows
where the soundtrack came in analog form, we pulled it off our
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reel-to-reel tapes and digitized it. Then in ATM-4, I created slideup and slide-down cues at appropriate places along timelines, with
one timeline corresponding to each virtual slide projector. With
practice, I learned to encode with the videoprojectors OFF. While
this seems counterintuitive, it led to working substantially faster
and with better mental focus.
Using Starry Night, I also encoded cues for all operations
involving the sky. This included both static starfields and all sky
motions. I also learned to normally do this, again counterintuitively,
with the videoprojectors off. I also used appropriately placed
“target” images to replace the need for a human operator to point
out anything on the dome.
We did not have an especially robust set of special effects
projectors, so I replaced sfx by images or sky motion.
Once a show, both images and sky sequences, was completely
encoded, then I turned the video projectors ON and slowly played
through the show, correcting errors, tweaking image positions and
sizes, adding motions, and refining the visual design.
These steps together eliminated the need for a human
operator (other than to press “play”) and the need to use any prior
equipment. Thus the encoded shows are completely self-contained
in SciDome, making them trivial to play without any special set-up
or prior familiarity with the show.
Our experience has been that the version of the show as
imported into SciDome is superior to the original version using
slides. The images are brighter if not sharper, and the soundtrack
is brighter as well. With the flexibility in image placement, sizing,
and motion, we have been able to enhance the visual design. So the
imported version is proving to be not just nostalgic preservation,
but an enhancement of the product for the future.
I began the encoding process in 2014 and it is now well along,
though some shows remain to be completed. It is a labor-intensive
effort, but once a show is done, it never needs further attention.
In this way, nearly all of our classic shows are now encoded in
SciDome and will be available into the indefinite future.
I have created a User’s Guide for importing slide-rich shows
into SciDome. Though I have published it in an earlier edition of
the GLPA Conference Proceedings, I am including it again in these
Proceedings for those outside the GLPA region who may find it
useful. You can find it in the folder Smith in the Supplementary
Materials folder.

Fulldome shows
While preserving our past, we also wanted to move into the
future by acquiring a roster of full-dome shows. As we know, most
new planetarium shows are full-dome experiences rather than
classic still-image (slide) shows. We also know that the full-dome
shows are expensive to purchase, typically costing thousands of
dollars each rather than the few hundreds that classic shows cost.
Our SciDome full-dome system came with three shows included
and I purchased two more at installation time. This small set of
shows got us through the first two years of public shows (20142015 and 2015-2016) after the renovation. Then we needed to
build up a much more robust roster to carry us into the future.
While selecting shows to buy from the national market, I
needed to put a budget together. First I had about $27,000 available
from accumulated carryover built up during twenty years of very
careful management of operating budgets. Since carryover funds
were under threat from the University, there was some urgency to
spend this money. Second, we had nearly $16,000 left from the
renovation budget. When I suspected that this budget had expired
without my being informed, I contacted the Provost and arranged
for the unused funds to be returned to us for show purchase. Third,
I personally contributed $20,000 to the Planetarium in mid-2016.
This gift was intended to make up funds lost when an entire year’s
operating budget had been recently withheld from the Planetarium
and the Planetarium’s funding otherwise targeted. Fourth, my gift
was generously matched—within less than five working hours!—
by $20,000 from the Dean’s and Provost’s offices. These pieces
together gave me a budget of about $83,000 to buy shows.
With this budget, I was able to acquire 28 more full-dome
shows. Being able to buy this number of shows gave me the
flexibility to choose a wide range of topics for public shows and
to support a wide range of ages for school-group shows. Years
of familiarity with the vendors helped me make product-wise and
budget-wise choices.
The selection of full-dome shows is listed here by the vendor
we purchased the show from and where applicable, the site of
original production.
Included At Installation
Oasis in Space (Spitz)
Two Small Pieces of Glass (Imiloa)
IBEX (Adler)
Secret of the Cardboard Rocket (Clark)
Dawn of the Space Age (Mirage 3D)
Free
Caesar & Socrates (Colgate)
Earth to Universe (ESO)
Back to the Moon for Good (Google Lunar X-Prize)
Hot Energetic Universe (EU)
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GLPA
Cosmic Colors
Milwaukee Public
Museum
A Teenager’s Guide to
the Galaxy
Chasing the Ghost
Particle
Cleopatra’s Universe
The First Stargazers
Space Aliens
Did an Asteroid Really
Kill the Dinosaurs
Full Dome Fx
Stars to Starfish
Trip Through Space
Geographics Imaging &
Consulting
FireFall
The Alien Who Stole
Christmas
Loch Ness Productions
Light Years from
Andromeda (LNP)
Natural Selection
(Mirage 3D)
One World, One Sky (Beijing & Adler)
Undiscovered Worlds (Boston Hayden))
Audiovisual Imagineering
Black Holes (Clark) updated
Exploding Universe (Clark)
Our Place in Space (Sudekum)
Rusty Rocket (Sudekum)
We Are Stars (NSC)
We Choose Space (Houston)
Spitz
Edge of Darkness (E&S)
Life Under the Arctic Sky (Mirage 3D)
Stars of the Pharaohs (E&S)
Tales of Maya Skies (Chabot)
Upcoming Purchases
Defying Gravity (Milwaukee)
The Cosmic Recipe (Milwaukee)
Sky Wars (Milwaukee)
Solar System Buzz (Milwaukee)
Seeing! (Mirage 3D & Koenig)

Current roster
With over thirty full-dome shows in hand, dozens of classic
shows encoded, and a variety of live interactive school programs
and workshop-style programs, we now have a roster of over 100
programs in our system. This roster provides a wide range of
resources for our public and school shows. Substantial additional
curricular resources within the SciDome system provide further
support for BGSU astronomy classes.
Though we have a perhaps enviable roster of shows, it is
important to continue building it. We have purchased nearly the
entire set of classic shows available from GLPA and are gradually
adding them to the system as time permits. The purchase of more
full-dome shows is a less certain prospect due to recent deep
slashes (nearly 40%) to our operating budget on the premise that
we were overfunded, even though this budget had barely changed
since the mid-1980s.
In mapping out the public show schedule for the next couple
years, I am running a mixture of full-dome and classic shows. This
fall we are running the full-dome shows Tales of Maya Skies, Stars
of the Pharaohs, and The Alien who Stole Christmas, along with
our own classic Christmas show Secret of the Star. In spring 2018,
we are doing one- and two-night runs of most of our classic shows
not produced here. In spring 2019, we plan to do one-week runs of
the classic shows that were produced here. With this schedule of
programs, we are giving our visitors a very wide range of program
topics and styles, from our past and into our future.
Appendix A: Selected pages from the BGSU Planetarium
Teacher’s Guide
****** LIVE PROGRAMS  ******  
These programs are live interactive presentations pitched to the
grade level of your class. All involve student participation. The
emphasis is on the sky and on demonstrations that use equipment
unique to the planetarium rather than on lessons that could also be
done in the regular classroom.
In order to encourage student involvement, the maximum
group size for live programs is about 55 students (two classes),
except for preschool through grade 1, where the maximum is about
25 students (one class).
Live programs are about one hour long, including an
introduction to the planetarium and time for questions at the end.
STAR SHAPES
(Preschool and kindergarten):
An
introduction to the planetarium and the sun and stars, using a
format of storytelling, activities, and a look at the planetarium’s
starfield. Maximum 20 students. (30 minutes)
DAY AND NIGHT (Grade 1): An explanation of day and
night. The sun’s motion across the sky is shown and the concept
that it moves because the earth rotates is demonstrated. Then,
the current evening sky and some constellations are shown. (30
minutes)
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FIRST CONSTELLATIONS (Grade 1): An introduction to
constellations for first graders. (30 minutes)
DIRECTIONS (Grade 2): A demonstration of the meaning of
directions: east and west as the directions of sunrise and sunset,
south as the direction of the midday Sun, and north as the direction
of the pole star. The seasonal variation in the Sun’s sky path is
demonstrated and the current evening sky is also shown. (45
minutes)
STORYBOOK SKY (Grades 2-12): The mythology and
stories of a few prominent constellations. The tales of the ancient
Greeks, native Americans, and many other cultures used the sky as
a storyboard. A variety of these tales are told under the planetarium
sky and the students also create their own constellations and
stories. (45-60 minutes)
CONSTELLATIONS AND THE SKY TONIGHT (Grades
2-12): How to find and recognize constellations, using star charts,
the planetarium sky, and practice in small groups. The emphasis is
on learning a few constellations well so the student can find them
in the real sky. Other features of the sky such as colors of stars are
also shown. The short recorded show, More Than Meets the Eye,
can be included as part of this program upon request. Maximum
about 25 students. (45-60 minutes)
NAME THAT PLANET! (Grades 2-4): A unique tour of the
whole solar system in a modified game-show format. Dozens of
pictures show each planet and comparisons and contrasts among
the planets. The current position of the planets in the sky and in
their orbits is also shown. This program is designed to follow, not
precede, the classroom unit. (60-70 minutes)
THE MOON AND MONTHS (Grades 3-6): A lesson on
watching the moon, including its phases, when it is visible, how
it moves across the sky, and its appearance to the eye and through
binoculars. The connection between the moon and months and a
short tour of the moon are also included. (45-60 minutes)
THE SUN AND SEASONS (Grades 3-6): A lesson on how
the sun moves across our sky in different seasons and why there
are seasons. The sun’s sky path at other latitudes is also shown in
order to illustrate the midnight sun and the opposite seasons of the
southern hemisphere. The lesson begins with an explanation of
why the Sun shines. (45-60 minutes)
WHAT TIME IS IT? (Grades 4-6): How our clocks and
calendars are based on motions of the sky. Topics include the
sun’s motion across the daytime sky, the stars and their movement
at night, the moon’s phases and their connection to weeks and
months, and the changing path of the Sun in different seasons.
(45-60 minutes)

LIFE CYCLES OF STARS (Grades 5-12): An explanation
of the life cycle of the Sun and other stars, including their birth,
evolution, and death. Examples of most stages are identified in the
night sky, including examples of what the Sun was like in the past
and will be like in the future. In this way, the student’s appreciation
of the night sky is enhanced. (60 minutes)
ASTRONOMICAL COORDINATES (Grades 7-12): An
explanation of the various coordinate systems and reference circles
astronomers use to record and organize the motions of the stars and
Sun in our sky. (45-60 minutes)
MARS WARS: PROVING THE EARTH MOVES (Grades
9-12): The question of how we can prove three things we take
for granted: the Earth is round, it spins on its axis, it goes around
the Sun. The program demonstrates and explains the astronomical
proofs and shows that a round, moving Earth is a sophisticated
concept that was not easy to prove. (45-60 minutes)
  ****** WORKSHOP-STYLE PROGRAMS  ******  
These programs are designed for small groups in a workshop/
laboratory format. In each, the student keeps a quantitative record
of the sky motions being demonstrated and learns the patterns by
making predictions and comparing them with observations.
The maximum group size is 25 and most of these programs
require 75 to 90 minutes to complete.
WATCHING THE SUN (Grades 7-12): Demonstrates the
Sun’s path across the sky in different seasons and as seen from
different places on the earth. Before each step, the student predicts
the Sun’s motion, and thus over several steps learns the trends with
season and latitude.
WATCHING THE MOON (Grades 7-12): Demonstrates the
moon’s path across the sky at different phases and seasons and
when it rises and sets. Before each step, the student predicts the
motion and thus over several steps learns the trends.
WATCHING THE PLANETS (Grades 8-12): Charting the
movement of the planets against the backdrop of the constellations
in order to understand why planets are seen in morning twilight,
evening twilight, at night, or not at all.
KEPLER’S THIRD LAW (Grades 9-12): Demonstrates
Kepler’s law relating the period and radius of a planet’s orbit.
Available for either inner or outer planets.

172

********* FULL-DOME SHOWS **********
Full-dome shows surround you with video that fills the entire
dome and can immerse you in distant landscapes or reveal the
night sky in all its glory. Together with narration and surrounding
sound the video can show you the cosmos in a way that no other
medium can. These shows are preceded by a live introduction
and followed by a question-and-answer period, so allow a total of
about an hour.

NATURAL SELECTION (Grades 7 and up): Join Charles
Darwin on his voyage to the Galapagos where he developed the
theory of evolution by natural selection. Hear Darwin explain it all
and see the sights and species that led him to his discovery. Suitable
for biology classes in high school and college. (39 minutes)
SPACE ALIENS (Grades 5 and up): Is there intelligent life
elsewhere in the Universe? A debate examines the pros and cons
to the ultimate question: Are we alone? (28 minutes)
The Earth
FIREFALL (Grades 5 and up): Throughout its history, the
Earth has been hit by meteorites, comets, and asteroids. These
impacts have shaped the planet we live on today and have changed
the course of life on Earth. See these fiery impacts that still take
place today. (34 minutes)

Kid shows
ONE WORLD, ONE SKY (preschool through 1st grade):
Using Sesame Street’s Big Bird and Elmo, this delightful show
takes our youngest visitors around the world and to the Moon.
Along the way, they’ll learn about the Sun, stars, constellations,
and our neighbor the Moon. (27 minutes)
THE ALIEN WHO STOLE CHRISTMAS (Grades 1 and up):
Can an alien really steal Christmas? Find out in this program
written in rhyme that explores the winter sky and follows the
hijacked Santa from planet to planet and back to Earth. (31
minutes)

DID AN ASTEROID REALLY KILL THE DINOSAURS?
(Grades 5 and up): What took out the dinosaurs 65 million years
ago? Was it an asteroid impact? See the evidence that the dinos
fell victim to an impact from space. (24 minutes)
A TEENAGER’S GUIDE TO THE GALAXY (Grades 5 and
up): Inventive Milwaukee teens created this show that will take
you on a dynamic journey through space and time. Discover the
origins and fate of the Earth, Sun, Moon, and Universe; visit black
holes; see how cosmic collisions and water have shaped our Earth.
(30 minutes)
The Solar System

OUR PLACE IN SPACE (Grades 2-3): Join Scarlett Macaw
as she solves a crossword puzzle about the sky, along the way
discovering the cause of day and night, secrets of the Sun, the
beauty of the constellations, and exotic places in space. (32
minutes)

OASIS IN SPACE (Grades 4 and up): Earth’s water makes it
an oasis for life. See how our water came from space. Tour other
planets where the water has boiled away or has frozen into ice.
(public show, 2015) (30 minutes)

RUSTY ROCKET’S LAST BLAST (Grades 2-5): Rusty
Rocket’s last trip is a tour of the Solar System training the next
generation of rocket rookies about the wonders of the planets. (34
minutes)

EDGE OF DARKNESS (Grades 4 and up): The New Horizons
mission returned spectacular pictures of faraway Pluto in 2015 and
at the same time the Dawn mission sent home spectacular images
of the asteroids Ceres and Vesta. See the best of these dark and
distant worlds. (public show, 2017) (25 minutes)

SECRET OF THE CARDBOARD ROCKET (Grades 1-6):
An introduction to the solar system using the story of a cardboard
rocket that takes two children on an adventure trip to the Sun and
each planet. Includes spectacular video effects. (public show,
2015) (40 minutes)
TRIP THROUGH SPACE (Grades 5-8): A gentle instructive
tour of the Universe from winter sky to planets to stars and
galaxies, including eclipses & seasons. (28 minutes)
Biology and life in the Universe
STARS TO STARFISH (Grades 5 and up): The oceans are
alive with life and color, revealed here with gorgeous underwater
photography and videography. (20 minutes)

UNDISCOVERED WORLDS (Grades 5 and up): We have
now discovered hundreds of planets around other stars and are on
the verge of finding other Earths. See how astronomers search for
planets and some of their most exciting finds. (public show, 2017)
(32 minutes)
Light and Telescopes
TWO SMALL PIECES OF GLASS (Grades 3 and up): The
invention of the telescope in the early 1600s, how astronomers
have used telescopes from Galileo’s day to ours, and a look ahead
to giant telescopes of the future. (public show, 2014) (23 minutes)
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COSMIC COLORS (Grades 3 and up): Light on Earth and
from space comes in many colors. See how these many colors of
light are created and what they tell us about stars and the cosmos.
Learn why the sky is blue and why Mars is red. See x-rays from
a black hole, see the green in a plant leaf, and go inside the human
eye. (31 minutes)
CHASING THE GHOST PARTICLE (Grades 5 and up):
Astronomy from the South Pole! See stunning views of the white
icescape at the end of the world! Visit the IceCube observatory
that is searching for the elusive neutrinos, particles from the dawn
of time that hold secrets of the cosmos. (25 minutes)
IBEX (Grades 5 and up): With teenage guides, learn about the
IBEX satellite that is studying the boundary between the Sun’s
magnetic field and the interstellar magnetic field. (29 minutes)
Stars
FROM EARTH TO THE UNIVERSE (Grades 5 and up): A
spectacular tour of the Universe from Earth and planets to stars
and faraway galaxies to the edge of the Universe. (32 minutes)
EXPLODING UNIVERSE (Grades 5 and up): Explosions fill
the Universe, from the Big Bang that began it all, to exploding
stars, to black holes, to colliding galaxies, to the great collision/
explosion that created the Moon, to supervolcanoes on Earth.
Witness them all shaping and re-shaping the Universe during this
show. (33 minutes)
WE ARE STARS (Grades 5 and up): The atoms that make us
up were made in distant stars. Follow a group of time travelers
back to Big Bang when the first atoms were made. Watch as these
atoms gather into stars and galaxies. See how stars made all the
atoms needed for life and how these atoms found their way to
Earth and into us. (35 minutes)
BLACK HOLES (Grades 5 and up): Mysterious black holes
are among the most mystifying places in the Universe. Their
gravity is so strong that nothing can escape, not even light. Learn
all about the weird behavior of matter, space, and time in and
around black holes and see how astronomers can detect them. (37
minutes)
HOT ENERGETIC UNIVERSE (Grades 9 and up): A tour of
our observatories and the Universe they unveil, with emphasis on
the exciting discoveries revealed by studying x-ray and gammaray light. Suitable for high school physics classes. (30 minutes)

WE CHOOSE SPACE (Grades 4 and up): Guided by the
astronauts themselves, visit and tour the International Space
Station, see its construction, re-live the Apollo missions to the
Moon, and visit future Moon colonies. (22 minutes)
BACK TO THE MOON FOR GOOD (Grades 4 and up): Learn
the life story of our nearest neighbor in space and the challenge to
private groups to land a rocket on the Moon, travel 500 meters, and
return images and video. (public show, 2016) (25 minutes)
Culture
THE FIRST STARGAZERS (Grades 5 and up): Discover how
the first stargazers around the world experienced the sky above.
Watch a first stargazer create a Moon calendar 30,000 years ago.
Discover how the ancients tried to understand the sky and how
modern astronomy grew from their work. (24 minutes)
CLEOPATRA’S UNIVERSE (Grades 6 and up): The life and
times of the brilliant exotic Queen Cleopatra. Visit her palace and
the wonders of her world. See the work of brilliant astronomers in
her Egypt. (25 minutes).
STARS OF THE PHARAOHS (Grades 6 and up): Ancient
Egyptians knew the starry sky and its patterns and cycles. Learn
how they brought this rich sky to Earth in their Pyramids, temples,
and tombs that we can see today. (36 minutes)
TALES OF MAYA SKIES (Grades 6 and up): Discover how
the mysterious Maya understood the patterns in the skies above—
the Sun, the planets, the constellations—and how they tied their
calendar and their earthly cities to that sky. (34 minutes)
LIFE UNDER THE ARCTIC SKY (Grades 5 and up): The
Sami people of northern Scandinavia live by herding reindeer in
the endless days of summer and under the aurora (northern lights)
during the near-endless nights of winter. See it all in spectacular
images! (41 minutes)
LIGHT YEARS FROM ANDROMEDA (Grades 8 and up):
Follow a light beam as it travels for over two million years from
the Andromeda Galaxy to Earth. Watch the history of Earth as the
light makes its journey. (30 minutes)
******   CLASSIC MULTIMEDIA PROGRAMS  ******

Astronauts in Space
DAWN OF THE SPACE AGE (Grades 4 and up): The
human exploration of space from the Moon landings of the 1960s
to today’s International Space Station. See the Moon landings
as never before and peek at possible future missions to Mars.
Includes awesome video effects. (public show, 2016) (40 minutes)

These taped programs combine narration, music, dozens or
hundreds of images and other visuals, and the planetarium starfield
in an instructive multimedia show. They are preceded by a live
introduction and followed by a question-and-answer period.
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The roster of available programs includes all of our former
public shows plus several others we maintain specifically for
school classes. It has been our experience that most programs
designed with adults in mind also work well for children as young
as grades 3 or 4. A few programs designed just for children have
an upper grade limit indicated.
The maximum group size is 114, our seating capacity.
Most taped shows are about 40 minutes long, so plan a total of
60-75 minutes to allow enough time for questions.
After each program description, we have listed the running
time and number of images. Programs created at BGSU are also
marked BG.
For the Youngest Students
DON’T DUCK, LOOK UP! (preschool through 1st grade):
Meet Dudley, a bright little duck who hatches before your eyes and
begins to learn about the sky with his barnyard of animal friends.
(20-30 minutes, 89 images)
LARRY, CAT IN SPACE (Grades K-2): The playful story
of an inquisitive cat who takes a trip to the moon, told through a
“cats-eye-view” of the moon, space travel, and living on another
world. (30 minutes, 160 images)
THE LITTLE STAR THAT COULD (Grades 1-2): An
introduction to stars and planets using the story of a little yellow
star (the Sun) that wanders through space to meet many kinds
of stars and finally discovers its own planets. (34 minutes, 147
images)
THE DAY THE EARTH TURNED THE WRONG WAY
(Grades 1 and up): A story-format program on the environment
in which the Earth protests environmental abuses by rotating
backwards. The program shows many of these abuses and their
effects and appeals to children to respect the earth. (18 minutes,
212 images, BG)
BEAR TALES (AND OTHER GRIZZLY STORIES) (Grades
2 and up). An introduction to constellations using a grandfatherly
character who teaches his grandchildren the star patterns and
stories about them. (33 minutes, 72 images)
The Solar System-general
NINE PLANETS AND COUNTING… (Grades 3 and up):
A 21st-century tour of the Solar System, covering all the planets
as well as asteroids and comets, with a special emphasis on the
question of whether Pluto is or is not a planet. (public show, 2007)
(42 minutes, 391 images plus video)

PLANET PATROL (Grades 3-5): An imaginative and
instructive tour of the whole solar system with Investigator
Sam Snork who travels around searching for a mysterious radio
transmission. Includes images and video of each planet. (public
show, 2000) (40 minutes, 325 images plus video)
321 BLASTOFF (Grades 1 to 4) Go with two young kids
as they go on the adventure of a lifetime exploring the Sun and
planets. (35 minutes, 223 images)
UNWORLDLY WEATHER (Grades 3 and up): The most
spectacular weather on the Earth, other planets and moons, and
the Sun, including hurricanes, tornados, thunderstorms, floods,
drought, and extreme hot and cold, as well as many types of clouds,
rain and snow. (public show, 1994) (44 minutes, 517 images plus
video, BG)
PLANET QUEST (Grades 5 and up): The appearance of
the planets in our sky, how the ancient Greeks thought all planets
revolved around the earth, and an imaginary journey to each planet
using space art and photography. (public show, 1986) (43 minutes,
358 images, BG)
OCEANS IN SPACE (Grades 4 and up): The oceans of
Earth and other planets. Explores the Earth’s oceans and their
connection with life. Recreates possible ancient oceans on Mars
and the probable present ocean on Jupiter’s moon Europa, and
visualizes possible oceans on planets around other stars. (public
show, 2007) (30 minutes, 186 images plus video)
Biology and Extraterrestrial Life
LIFE BEYOND EARTH (Grades 5 and up): Explores the
possibility of extraterrestrial life, the search for life-bearing
planets, and the history of life on earth. (32 minutes, 375 images)
THE STELLAR THREAD (Grades 10 and up): A look at
DNA, explaining its role in our lives and the origin of its atoms
in the stars. Suitable for biology, chemistry, or general science
classes. (46 minutes, 155 images)
THE SEABIRD SHOW (Grades 2 and up): A celebration
of seabirds and their environment, including the colorful puffins
which range from Alaska to Europe. Can be combined with The
Day the Earth Turned The Wrong Way as a double-feature for the
price of one show. (public show, 1993) (28 minutes, 363 images
plus video, BG)
IN SEARCH OF PLANETS WITH LIFE (Grades 5 and up):
Describes the recent discoveries of planets around other stars and
considers whether these newfound planets or any of the other
planets in our solar system may be suitable for life. (public show,
1998) (32 minutes, 352 images plus video)
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The Solar System-individual planets
MAGELLAN: REPORT FROM VENUS (Grades 4 and
up): The planet Venus as revealed by the Magellan and other
spacecraft, including the spectacular surface and thick atmosphere.
(29 minutes, 160 images)

LUNAR ODYSSEY (Grades 3 and up): An imaginary 21st
century trip to the Moon that recounts the Moon’s origin, tours its
craters and other surface features, shows what it would be like to
live on the Moon, explains the Moon’s phases, and gives tips for
watching the Moon in the sky. (public show, 2001) (42 minutes,
377 images plus video)

TRANSIT OF VENUS (Grades 4 and up): All about the rare
“transits” when Venus passes directly between the Earth and the
Sun. Explains the astronomy involved and the fascinating stories
of past transits. The June 2004 transit is the first since 1882.
(public show, 2004) (35 minutes, 228 images plus video)

ONCE IN A BLUE MOON (Grades 2 and up): A wide-ranging
program about the Moon, covering the Moon’s origin and surface
features, the first Moon landing by astronauts, myths about the
Moon from around the world, and an explanation of the Moon’s
phases. (public show, 2006) (37 minutes, 295 images plus video)

THE MARS SHOW (Grades 3 and up): A look at Mars past,
present, and future: as described in science fiction, as revealed by
spacecraft missions, as colonized within a century. (public show,
1988) (41 minutes, 375 images)
MARSQUEST (Grades 4 and up): Successor to the Mars
Show. A new look at Mars past, present, and future: as described
in science fiction, as revealed by spacecraft missions, as colonized
within a century. (public show, 2002) (41 minutes, 357 images)
THE VOYAGER ENCOUNTERS (Grades 4 and up): A tour
of the outer planets (Jupiter, Saturn, Uranus, and Neptune), their
moons, and their rings through the eyes of the Voyager spacecraft,
and a look at how the spacecraft worked. (public show, 1990)
(43 minutes, 420 images)
RINGWORLD (Grades 4 and up): Saturn, its many moons,
its magnificent rings, and the Cassini-Huygens spacecraft mission
due to arrive at the ringed planet in 2004, go into orbit, and send
a lander to the mysterious moon Titan. (public show, 2004) (35
minutes, 323 images plus video)
HALLEY: A COMET’S TALE (Grades 2 and up): The saga
of Halley’s Comet, its birth, its trips around the Sun, its future,
and its record in history. (public show, 1985) (37 minutes, 289
images, BG)
COMETS ARE COMING! (Grades 4 and up): All about
comets, including what they’re like, how astronomers discover
and study them, comet collisions with planets, Halley’s Comet,
and more. Can be combined with Cosmic Explorer for the price
of one show. (public show, 1997) (34 minutes, 275 images plus
video)
The Moon
FOOTSTEPS (Grades 4 and up): A program about the moon,
including the moon’s origin and history, early myths and stories
about the moon, the Apollo manned missions to the moon, and
future uses of the moon. (41 minutes, 172 images plus video)

The Earth
WATER WORLD (Grades 4 and up): The marvelous story
of planet Earth: its birth and life history; its drifting continents,
mountains ranges, and volcanoes; its oceans, ice ages, and life; and
its ultimate fate. (public show, 1992) (44 minutes, 566 images,
BG)
NEW WORLDS? (Grades 4 and up): To commemorate
the 500th anniversary of Columbus’ landfall, a story of human
exploration of the Earth, including the first Americans, the ancient
Greeks and Phoenicians, the Vikings, Columbus, and today’s
astronauts. Suitable for use with history and geography as well as
astronomy classes. (public show, 1992) (49 minutes, 655 images,
BG)
DINOSAUR LIGHT (Grades 5 and up): A unique trip out
in space and back in time. The light we now see from stars and
galaxies left them long ago, when the events we record on human
history and the Earth’s history were happening. The program
weaves together a tour of the present-day Universe with a history
of the Earth from recent events to the days of the dinosaurs. (public
show, 1996) (51 minutes, 571 images plus video, BG)
AURORA! (Grades 5 and up): Examines the science and
folklore of the fascinating northern lights and includes superb
video of their color and changing appearance. (public show, 2001)
(35 minutes, 302 images plus video)
THEY FOUND A WORLD OF ICE AND BEAUTY: POLAR
EXPLORATION AT THE ENDS OF THE EARTH (Grades 5 and
up): A showcase of the natural beauty and brave exploration of the
Arctic and Antarctic as recorded by the eyes of modern cameras
and as revealed in the adventures of early explorers. (public show,
1996) (44 minutes, 454 images plus video, BG)
COSMIC CATASTROPHES (Grades 4 and up): A look at
astronomical events that may threaten life on Earth, ranging from
the explosions of massive stars to the impact of giant meteorites.
Also includes human threats such as damage to the ozone layer and
the danger of nuclear winter. (public show, 1993) (38 minutes,
377 images plus video)
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THE ENDLESS HORIZON (Grades 5 and up): The human
exploration of Earth and space. Includes stone-age skywatchers,
Columbus’ voyage, the work of Darwin and Newton, the
development of flight, and landing on the Moon. (public show,
1994) (46 minutes, 237 images plus video)
BLOWN AWAY: THE WILD WORLD OF WEATHER
(Grades 3 and up): The wild and wonderful weather of planet
Earth. Covers hurricanes, tornados, thunderstorms, the cause of
seasons, and the effect of seasons on weather. (public show, 2008)
(38 minutes, 289 images plus video)
Stars and the Universe
TO SHINE ALMOST FOREVER: THE INCREDIBLE
LIVES OF STARS (Grades 4 and up): The life cycles of stars,
from their birth out of interstellar gas and dust, to their lifetimes
of billions of years, to their expansion to become giant stars, to
their final explosions and fading out. Emphasizes how stars work,
the production of chemical elements in stars, and how to see the
various stages of starlife in the night sky. (public show, 1995)
(43 minutes, 465 images plus video, BG)
JOURNEY TO EARTH (Grades 5 and up): A unique journey
from the Milky Way to the universe at large and back to the earth
to discover the place of the earth and humans in the universe.
The hierarchy of structure (planets, stars, galaxies, clusters of
galaxies) and vast distance scales of the universe are built up, and
the creation in other stars of the elements comprising humans is
revealed. One of our best programs. (public show, 1988) (38
minutes, 345 images, BG)
SPRINGTIME OF THE UNIVERSE (Grades 6 and up): The
life story of the Universe and its stars, including life cycles of stars,
the future of the Sun and earth, and a glimpse at the far future of
the Universe. (public show, 1985) (46 minutes, 125 images plus
video)
THE UNIVERSE OF DR. EINSTEIN (Grades 5 and up):
A biography of Albert Einstein and a conversational approach to
explain his revolutionary concepts of the Universe. (public show,
1986) (41 minutes, 258 images)
COSMIC EXPLORER (Grades 5 and up): A tour of the
Universe through the eyes of artists, from the nearest planets to
the farthest galaxies, and all the wonders in between. With images
and music alone, the beauty of the Universe is revealed. Can be
combined with Comets are Coming! for the price of one show.
(public show, 1997) (13 minutes, 175 images)
DINOSAUR LIGHT (Grades 5 and up): A unique trip out
in space and back in time. The light we now see from stars and
galaxies left them long ago, when the events we record on human
history and the Earth’s history were happening. The program
weaves together a tour of the present-day Universe with a history
of the Earth from recent events to the days of the dinosaurs. (public
show, 1996) (51 minutes, 571 images plus video, BG)

STAR STEALERS (Grades 4 and up): A cosmic “whodunit?”
in which detective Sam Snork investigates the mystery of the
missing stars. Along the way he learns all about the lives of the
stars. (public show, 1997) (46 minutes, 339 images plus video)
ALPHABET UNIVERSE (Grades 5 and up): An astronomical
sampler with a bit of everything. Twenty six topics from A to Z
cover the Universe from skywatching to planets, stars, and galaxies.
(public show, 1998) (48 minutes, 541 images plus video, BG)
SPACE DREAMS (Grades 3 and up): Ancient and modern
dreams inspired by looking to the sky—the dreams and birth of
space travel, the quest of astronomers to understand the cosmos,
and the hopes of finding alien life. (public show, 2004) (35
minutes, 285 images plus video)
Astronomy in Everyday Life
WORLDS IN YOUR WALLET (Grades 5 and up): How the
world’s money tells the story of science. Using dozens of images
of scientists on the world’s money as textbook and tour guide, this
interdisciplinary show covers topics in biology, math, astronomy,
and physics, including electricity and magnetism, radioactivity,
atoms and nuclei, gravity, and more, using an approach that
combines science, history, and biography. Suitable for use with
history or geography as well as astronomy or general science units.
(public show, 2006) (50 minutes, 475 images, BG)
STAR-SPANGLED BANNERS (Grades 5 and up): A worldwide tour of astronomical flags and the nations, states, and cities
that fly them. Dozens of flags around the world float images of the
Sun, the Moon, stars and constellations, and the northern lights.
This interdisciplinary program shows all of these flags, explains
the celestial sights they embody, and visits the places that fly them.
Suitable for use with history or geography as well as astronomy
or general science units. (public show, 2003) (46 minutes, 544
images, BG)
IT’S ABOUT TIME (Grades 5 and up): The tale of astronomy’s
greatest effect on our everyday lives: keeping time. Our clocks
and calendars record all the cycles of the sky, such as the rising and
setting of the sun and stars, the phases of the moon, the passage of
the seasons, and more. The program shows all of these celestial
cycles and tells the story of how many early cultures based their
calendars on them, thereby creating hours, days, weeks, months,
years, and all the other ways we keep time today. Suitable for use
with history or geography as well as astronomy or general science
units. (public show, 1987) (47 minutes, 488 images, BG)
IS THIS THE END OF THE WORLD? (Grades 5 and up): An
wide-ranging astronomer’s look at end of the world topics. Tells
the saga of the race to be first to the South Pole, commemorates
the Apollo moon landings a half-century later, and explains how
the moon was made. Recounts “end-of-the-world” scares caused
by comets, meteor showers, and calendar changes. Looks at
meteorite and asteroid impact in the recent and distant past, and
forecasts the Earth’s future. (public show, 1999) (48 minutes, 608
images plus video, BG)
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I PAINT THE SKY (Grades 3 and up): A guide to the beautiful
colors in the sky: blue daytimes, red sunsets, vibrant rainbows,
shimmering auroras, icy halos, and more. (public show, 1989) (34
minutes, 476 images, BG)
CENTURIES! (Grades 4 and up): A bicentennial show
that tells Ohio’s history from the ancient ice ages to the modern
space age. Covers Ohio’s geological past, the legacy of native
Americans, European settlement, Ohio’s statehood, the Civil War,
the Wright Brothers, and Ohio’s famous astronauts. Suitable for
history classes. (public show, 2003) (47 minutes, 396 images)
BAD ASTRONOMY: MYTHS & MISCONCEPTIONS
(Grades 6 and up): Debunks several popular myths and
misconceptions about astronomy—the Moon Hoax, UFOs and
alien visitors, and astrology—all with good humor. (public show,
2009) (38 minutes, 182 images plus video)
SECRET OF THE STAR (Grades 3 and up): A program
for Christmas. It shows the origin of many Christmas customs
in ancient solstice festivals, retells the first Christmas story, and
demonstrates several theories of the star of Bethlehem. (public
show each year since 1989) (available only in December) (42
minutes, 594 images, BG)
Cultures and Astronomy
SKY STONES (Grades 4 and up): An interpretive trip to
Stonehenge, the pyramids of Egypt, the temples of the Maya, and
several native American sites, all part of the legacy of ancient
skywatchers who recorded the movement of the sun, moon,
planets, and stars in their great stone monuments. (public show,
1991) (45 minutes, 462 images, BG)
SKYWATCHERS OF AFRICA (Grades 3 and up): The legacy
of African skywatchers. Includes the Pyramids and skylore of
Egypt, desert traders using the stars as a roadmap across the sand,
creation myths of the Dogon, prehistoric records of the Moon’s
phases, and more. (public show, 2005) (29 minutes, 380 images)
SPIRITS FROM THE SKY (Grades 3 and up): The star world
of the Pawnee Native American Nation. How Pawnee priests
watched the appearance of planets, stars, and constellations, and
used them to pattern their lives and culture. Told with authentic
music and the voice of a Pawnee elder. (public show, 2005) (35
minutes, 350 images)
LAND OF THE SOUTHERN CROSS (Grades 2 and up): A
trip to Australia, covering the cities, land, people, animals, coasts,
observatories, and the southern hemisphere skies. (public show,
1989) (45 minutes, 656 images)
SERPENTS OF THE SUN (Grades 3 and up): Ohio’s
prehistoric mounds and their astronomical significance. Visits
Serpent Mound, Fort Ancient, and other earthen mounds which
are aligned with the Sun. (public show, 1994) (41 minutes, 257
images)

ISLANDS IN THE SKY (Grades 4 and up): How the ancient
Polynesians sailed vast distances of the Pacific Ocean in canoes
navigating by the stars. (42 minutes, 149 images)
THE PEOPLE (Grades 3 and up): A collection of American
Indian myths about the sky told using the sun, starfield, and
artwork. (48 minutes, 116 images)
NAVIGATING WITH LEWIS & CLARK (Grades 5 and
up): A trip with Lewis and Clark along the route they followed in
exploring the American west over 200 years ago, with emphasis
on how they used the sky to navigate and record their their route.
(public show, 2007) (35 minutes, 299 images)
THE WRIGHT WAY TO FLY (Grades 4 and up): How the
Wright Brothers developed and flew their first airplane. In an
interview style, covers the principles of flight and the story behind
the first flight in 1903. Suitable for history classes. (public show,
2004) (37 minutes, 150 images plus video)
HUMANITIES AND THE STARS (Grades 6 and up): A
series of 11 lecture-like programs relating the mythology of
ancient cultures and the night sky those cultures saw. Programs
are available on the following cultures: Polynesian-Hawaiian,
Mayan, American Plateau, Eskimo, Norse, British Celtic, Chinese,
Hindu, Egyptian, Babylonian, and Greek. Each program describes
its culture and recounts several myths. Since these programs are
shorter and less elaborate than our others, you may select any two
as a single show. (approximately 30 minutes, 90 images each)
Light and Telescopes
GALILEO: THE POWER OF THE TELESCOPE (Grades 5
and up): Tells the story of Galileo, his pioneering discoveries with
the telescope, and how the telescope has developed in the four
hundred years since Galileo. (public show, 2010) (27 minutes,
223 images plus video)
HUBBLE VISION (Grades 4 and up): The latest and best
discoveries of the Hubble Space Telescope, featuring dozens
of Hubble’s best images and what we have learned from them.
(public show, 2005) (30 minutes, 238 images)
HUBBLE’S UNIVERSE (Grades 5 and up): The exciting
discoveries of the Space Telescope from nearby planetary
landscapes to the farthest sights we can see. Includes a description
of how the telescope works. (public show, 2001) (39 minutes, 273
images plus video)
THROUGH THE EYES OF HUBBLE (Grades 5 and up):
A tour of the Universe through the eyes of the Space Telescope:
comet collisions with Jupiter, sites of starbirth, stellar explosions
and black holes, remote galaxies, and more. Includes a description
of the Telescope. (public show, 1995) (42 minutes, 250 images
plus video)
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FIRST LIGHT (Grades 4 and up): The story of the Space
Telescope and a guide to the universe it will reveal, along with
the history of telescopes. (public show, 1987) (33 minutes, 346
images)
ADVENTURES ALONG THE SPECTRUM (Grades 5-8):
Light and how astronomers use it to study the universe. Professor
Photon leads from the familiar realm of visible light to the invisible
realm of ultraviolet, infrared, microwave, and radio energy. (42
minutes, 147 images)
Space Exploration
DESTINATION UNIVERSE (Grades 3 and up): The future
of space exploration and colonization from Space Station Freedom
to planetary engineering projects thousands of years in the future.
(public show, 1991) (37 minutes, 365 images)
ALL SYSTEMS GO! (Grades 3 and up): The story of NASA
from its inception to the development of the Space Shuttle, with
emphasis on the Apollo manned missions to the moon. (public
show, 1984) (43 minutes, 313 images plus video)
Watching the Sky

AMAZING STARGAZING (Grades 3 and up): A light-hearted
and comprehensive guide to skywatching, covering constellations,
the Sun, the Moon, the planets, and other sights of the night sky.
(public show, 2002) (35 minutes, 196 images plus video) For
older classes, the following program can also be included as part
of this presentation: SAVING THE NIGHT (Grades 5 and up): A
short show about the dangers of light pollution and what we can
do to recover a dark and inspring night sky. (public show, 2002)
(11 minutes, 68 images)
MORE THAN MEETS THE EYE (Grades 4 and up): An
introduction to stargazing, showing what can be seen with the eye,
binoculars, and telescopes. Available upon request as part of the
live program Constellations and The Sky Tonight. (see page 3)
(17 minutes, 31 images)
THE LIGHT-HEARTED ASTRONOMER (Grades 5 and up):
An introduction to skywatching, both with the unaided eye and
with telescopes. Upon request, a showing of the program More
Than Meets the Eye can be included as part of this show. (public
show, 1993) (31 minutes, 261 images)
STAR TRACKS (Grades 3 and up): A guided tour of the
winter sky and a just-for-fun “space journey” combining space
music and motions of the starfield. (public show, 1985) (48
minutes, 28 images, BG)

THE COWBOY ASTRONOMER (Grades 4 and up): The joys
of watching the sky—stars, constellations, secrets of the Universe,
and sky stories—all from a cowboy’s point of view. (public show,
2008) (37 minutes, 113 images)
THE STARGAZER (Grades 7 and up) A curious child
becomes an astronomer and learns how astronomers use light and
gravity to decipher the lives of the stars. Based on a true life story.
(37 minutes, 159 images plus video)
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USERS’S GUIDE FOR IMPORTING SLIDE-RICH LEGACY SHOWS INTO SCIDOME
Dale W. Smith
A"USER’S"GUIDE"TO"IMPORTING"
SLIDE1RICH"LEGACY"SHOWS"INTO"SCIDOME"
"

"

Dale%W.%Smith%
Bowling%Green%State%University%Planetarium%
dwsmith@bgsu.edu%

Preface"
!
We! acquired! SciDome! in! summer! 2014,! late! in! my! career! at! BGSU,! after! we! had! been!
building!up!slide!and!star!shows!for!30!years.!!These!shows!are!now!called!legacy!shows.!!In!
our! renovation,! we! kept! our! Commercial! Electronics! OmniKQ! slide! automation! system! and!
our!optoKmechanical!Minolta!star!projector.!!Nevertheless,!I!wanted!to!import!at!least!some!
of!our!legacy!shows!into!SciDome!to!maintain!them!for!the!future.!
!
The! imported! shows! have! proved! to! be! visually! brighter! and! more! vibrant! than! their! slide!
show! versions.! ! Thus! they! represent! an! enhancement,! not! preservation! for! its! own! sake.!!
Some,! depending! on! content,! should! be! viable! for! years! to! come! alongside! the! fullKdome!
shows!we!are!adding!to!our!roster.!!When!the!importing!process!is!completed!sometime!in!
2016,! we! expect! to! retire! the! slide! system! since! the! imported! versions! of! the! shows! are!
easier!to!run!and!are!visually!superior.!!We!expect!to!keep!using!the!Minolta,!though!I!have!
used!Starry!Night!for!the!sky!sequences!in!the!imported!shows.!
!
The! guide! below! covers! most! of! the! steps! we! undertook! at! BGSU! to! import! these! legacy!
shows,!some!with!elaborate!visual!design,!into!SciDome.!!If!you!are!importing!legacy!shows!
into! SciDome,! some! of! sections! below! should! be! helpful,! though! of! course! everyone’s!
circumstances! and! preferences! are! different.! ! If! you! are! creating! new! shows! in! ATMK4! for!
SciDome,! some! sections! may! still! be! useful.! ! If! you! are! working! in! systems! other! than!
SciDome,!perhaps!some!of!the!material!may!be!helpful!anyway.!
!
At! first,! the! wealth! of! processes! can! seem! intimidating,! but! with! time! and! practice,! they!
become! easy! and! intuitive,! and! yes! even! fun.! ! ! They! are! the! technical! steps! that! can! help!
support!our!creative!show!design!and!our!work!to!convey!the!wonders!of!the!cosmos!to!our!
classes!and!audiences.!
!
The!guide!has!three!sections:!
Slide!Scanning!
Image!Adjustment!Before!Importing!into!SciDome!
Encoding!a!Show!in!SciDome’s!ATMK4!
!
Further!information!can!be!found!in!various!Spitz!manuals,!which!also!contain!many!helpful!
illustrations.!
"
"
SLIDE"SCANNING"
"
If! your! legacy! show! used! slides,! you! will! of! course! need! to! convert! them! to! digital! images.!!
For!small!numbers,!use!a!commercial!service,!but!for!larger!quantities,!do!them!yourself.!
!
Choosing%a%scanner:!An!excellent!slide!scanner!is!the!Pacific!Images!5000,!available!from!B&H!
in!New!York!www.bhphotovideo.com!and!other!outlets!for!somewhat!over!$1000.!!We!used!
an!earlier!model,!the!Pacific!Images!3650.!!If!this!new!model!has!retained!the!quality!of!its!
predecessor,! it! will! prove! highly! reliable! and! will! do! tens! of! thousands! of! scans! without!
problems!and!will!work!with!a!Mac!or!a!PC,!connected!by!a!USB!port.!!One!of!our!3650s!did!
90,000! scans! before! problems! and! another! did! 60,000.! ! Given! the! number! of! slides! we!
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scanned,! the! scanner! cost! amortized! over! the! quantity! of! slides! was! about! 1.5¢! per! slide,! a!
bargain!indeed.!
!
Slide% trays:! Avoid! the! straight! slide! tray! that! comes! with! the! scanner.! ! With! cardboard! or!
plastic!mounted!slides,!it!can!jam!about!1%!of!the!time,!which!is!too!much.!!Instead!use!the!
Braun!round!slide!tray!that!holds!100!slides,!either!the!gray!tray!with!2.2!mm!wide!bins!for!
cardboard!or!thin!plastic!mounts!or!the!white!one!with!3.2!mm!wide!bins!for!thicker!Gepe!or!
Wess!mounts!as!well!as!for!thinner!mounts.!!The!white!one!is!available!at!B&H!for!about!$30.!!
I!did!over!100,000!scans!with!these!trays!without!a!single!jam.!!If!a!cardboard!mounted!slide!
is!warped,!you!should!use!the!individual!slide!loader!on!the!scanner!to!avoid!risk!of!a!jam.!
!
Scanner%settings:!(1)!The!nominal!setting!of!1800!dpi!works!well.!!I!tried!the!higher!3600!dpi!
setting,! but! there! was! no! visible! improvement! in! the! digital! image! when! projected! on! the!
dome.!!(2)!Turn!on!the!ICE!(Image!Correction!and!Enhancement)!dust!removal!at!all!times.!!
Like!flypaper,!the!emulsion!side!of!slides!will!collect!dust,!and!ICE!reliably!removes!it!from!
the! scan;! without! ICE,! the! scan! will! be! littered! with! dust,! regardless! of! how! carefully! you!
have!stored!the!slides!or!tried!to!clean!them.!!ICE!will!miss!the!infrequent!big!dust!motes!on!
the! nonKemulsion! side! of! slides;! clean! those! manually! before! scanning.! ! (3)! The! scanner!
contains!other!image!adjustment!software,!but!it!is!all!postKscan.!!Avoid!it,!use!the!nominal!
settings,!and!instead!use!your!favorite!image!adjustment!software!later!after!the!scanning!is!
done.!!(4)!Set!the!jpg!option!to!maximum!quality.!!Storage!is!cheap!!
!
Other% practical% scanning% tips:% (1)! The! scanner! can! successfully! handle! Ektachrome,!
Kodachrome,! and! Fujichrome! slides! without! further! adjustment.! ! (2)! If! you! are! scanning!
slides!in!heavy!mounts!and!filling!only!part!of!the!round!tray,!which!loads!vertically,!the!tray!
may! occasionally! skip! a! place! when! advancing.! ! You! can! avoid! this! problem! by! filling! the!
unused!slots!on!the!tray!with!empty!slide!mounts!of!the!same!type.!!(3)!The!scanner!cannot!
handle!gray!tones!in!black!&!white!slides!and!will!produce!washed!out!images.!!In!this!case,!
you! can! project! the! slide! on! a! screen! and! photograph! it! off! the! screen! with! your! digital!
camera.!!(4)!Always!load!all!slides!horizontally!so!you!can!reKuse!preKscans!on!multiple!trays.!
!
PreCscans:!Before!scanning,!you!will!need!to!run!preKscans.!!In!this!lowKres!pass,!the!scanner!
will! detect! the! areas! to! be! scanned! at! highKres! in! the! real! scanning! pass.! ! Normally,! preK
scanning! selects! the! edges! of! the! slide! frame! to! define! the! desired! scanning! rectangle.! ! For!
slides!the!have!a!lot!of!dark!space,!the!software!may!get!confused!and!define!the!rectangle!
poorly,! but! you! can! adjust! the! rectangle’s! edges! manually! before! you! begin! the! scanning!
pass.!!You!do!not!need!to!have!ICE!turned!on!for!doing!the!preKscans,!but!remember!to!turn!it!
back!on!for!the!real!scans.!
%
Scanning% times:! The! scanning! time! depends! on! the! speed! of! the! computer! the! scanner! is!
linked!to.!!Expect!to!need!about!4!hours!to!scan!a!round!tray!of!100!slides!(plus!loading!and!
unloading!time).!!Most!of!this!time!is!being!used!by!ICE,!but!it!is!essential.!!You!will!tell!the!
scanner!how!many!slides!to!scan,!so!if!you!have!fewer!than!100!slides!in!a!tray,!you!will!not!
waste!time!scanning!empty!bins.!!Once!the!tray!starts!scanning,!you!do!not!need!to!attend!it!
again!until!it!is!done.!
!
Naming%your%scans:!The!scanner!will!name!each!image!file!it!creates!from!a!scan.!!This!name!
consists!of!a!text!part!(default!is!Image,!but!you!can!change!it)!followed!by!a!number.!!You!
specify!the!number!for!the!first!slide!in!the!tray!and!the!scanner!increments!that!number!by!
1!for!each!subsequent!scan.!
!
Organizing%your%scans:!It!is!essential!that!you!carefully!organize!your!scans!for!later!use.!!My!
practice!was!to!create!one!folder!for!each!slide!projector!and!load!it!with!all!the!images!from!
that!projector.!!So!all!the!scans!from!projector!A1!went!in!order!in!a!folder!named!A1,!all!the!
scans! from! projector! A2! in! a! folder! named! A2,! etc.! ! AllKsky! and! blended! panorama! images,!
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with!many!different!shows!in!the!same!slide!tray,!were!bundled!differently!at!scanning!time!
and!later!sorted!out!to!individual!shows.!
!
Then!I!created!an!Excel!file!for!each!folder,!with!columns!listing!the!name!of!the!show,!the!
name!of!the!projector,!the!file!number!assigned!by!the!scanner,!the!tray!position!(in!the!slide!
projector’s!tray)!of!the!corresponding!slide,!and!the!number!of!that!slide!in!my!slide!show’s!
visual! design! and! list! of! slides.! ! The! last! column! had! to! be! filled! manually,! but! the! others!
could!be!autofilled.!
"
"
IMAGE"ADJUSTMENT"BEFORE"IMPORTING"INTO"SCIDOME"
!
The! scanned! images! require! several! adjustments! before! they! are! ready! for! importing! into!
SciDome.!!You!will!have!your!own!favorite!image!adjustment!programs,!so!will!likely!want!to!
modify!some!of!the!steps!below!to!suit!your!own!software!preferences.!!If!you!are!adjusting!a!
large!number!of!images,!try!to!use!a!program!with!most!of!the!commands!on!one!screen!for!
efficiency.!!Here!are!the!steps!I!did!using!a!Mac.!
!
Cropping,% brightness% and% exposure% adjustment,% blemish% removal,% leveling:! ! I! did! these!
adjustments! in! the! Mac’s! Preview! software,! where! most! commands! were! on! one! pane!
(tools/adjust%color),!so!it!was!very!efficient!to!use.!!Generally,!I!used!the!exposure!command!
to! brighten! an! image! when! needed! (often—because! the! scans! were! usually! a! bit! too! dark)!
and! the! brightness% command! to! darken! an! image! when! needed! (less! often).! ! Color!
adjustment!was!usually!unnecessary.!!With!practice,!I!could!adjust!about!100!scans!an!hour,!
including!looking!at!each!one!individually.!
!
The! current! versions! of! Preview! do! not! contain! the! brightness! command,! so! most! of! these!
steps! (except! brightness! adjustment)! can! be! done! in! Mac’s! iPhoto,! using! the! exposure! and!
contrast! commands! in! the! edit/adjust! pane.! ! If! needed,! blemish! removal! (retouch),! leveling!
(straighten),!and!cropping!(crop)!can!be!done!using!those!respective!commands!in!iPhoto’s!
edit/quick%fixes!pane.!
!
When! needed,! brightness% adjustments! to! darken! an! image! can! be! done! in! Photoshop!
Elements;! set! it! to! the! Expert! level,! go! to! the! Enhance! menu! and! select! Adjust%
Lighting/Brightness/Contrast.! ! You! can! also! dim! an! image! using! the! exposure! command! in!
iPhoto’s!edit/adjust!pane!but!the!results!are!usually!not!pleasing!to!my!eye.!
!
You! may! have! other! software! and! steps! you! know! and! prefer! in! place! of! what! I! have!
described!here.!!Naturally,!use!what!works!and!gives!the!best!results!for!you.!
!
Sharpening:!I!did!this!in!Mac’s!iPhoto!program,!which!has!an!excellent!sharpening!function!
that!I!set!to!the!maximum!level!(100)!in!most!cases.!
!
(1)! For! cardboardKmounted! slides,! the! scanner’s! focus! was! excellent! and! with!
sharpening,!the!scanned!image!would!project!well!on!the!dome.!
!
(2)!For!glassKmounted!or!doubleKchipped!slides,!the!scanner’s!focus!was!slightly!soft.!!
If! doubleKchipped,! the! scanner! would! focus! on! the! second! piece! of! film,! perhaps! an!
LPD4!or!Kodalith!mask!or!frame,!since!it!was!nearer!the!scanner’s!light!than!the!color!
emulsion! was.! ! If! glassKmounted,! the! scanner,! in! focusing,! could! detect! the! glass!
rather!than!the!film!inside.!!Either!of!these!situations!would!yield!a!slightly!soft!focus.!!
This!softness!of!focus!can!be!corrected!in!iPhoto!by!using!both!maximum!sharpness!
and!maximum!definition!in!the!edit/adjust!pane.!!Applying!both!yields!an!image!that!
will!project!sharply!onto!the!dome.!!I!tested!this!with!a!conventional!video!projector!
and!again!with!SciDome!XD!after!it!was!installed,!in!both!cases!projecting!the!original!
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slide!and!digital!image!sideKbyKside,!and!in!both!cases!the!digital!image!was!superior!!!
I!was!careful!to!use!demanding!images!in!this!test.!

!
Offset%panoramas:!The!slides!you!blended!to!make!continuous!panoramas—if!you!shot!them!
straight!across,!skip!this!section.!!If!you!shot!them!offset,!read!on.!
!
(1)! panoramas:! I! projected! our! panorama! level! slides! offset! to! the! left! to! avoid!
shadowing!from!the!star!projector,!which!did!not!have!an!elevator!or!a!pit!to!hide!in.!!
Thus!a!normal!rectangle!would!project!distorted,!with!the!right!side!taller!than!the!
left!and!with!the!top!side!slanted.!!For!slides!that!didn’t!have!to!blend,!we!ignored!
this! effect.! ! For! slides! that! did! have! to! blend,! we! developed! a! procedure! with! our!
copy!stand!to!distort!the!original!rectangles!into!ones!with!the!left!side!taller!than!
the!right!side!by!an!amount!so!the!distorted!rectangle!would!project!onto!dome!as!a!
normal!one!so!it!could!blend!properly.!!Now!I!had!to!undo!this!distorted!image!and!
give!SciDome!a!normal!rectangle.!!I!did!this!undistorting!in!Photoshop!Elements.!!Set!
Elements!to!the!Expert!level.!!In!the!image%menu,!select!transform/distort.!!Place!the!
cursor!on!the!taller!upper!corner!of!the!rectangle!and!drag!it!down!until!the!image!
has!become!a!normal!rectangle.!
!
(2)! allKskies:! ! I! also! projected! these! offset! and! had! developed! a! procedure! for! reK
photographing! the! projected! “piece! of! pie”! off! the! dome! from! an! offset! angle! that!
distorted!it!into!a!swirl!that!when!projected!offset!onto!the!dome!would!appear!as!
an! undistorted! “piece! of! pie”! and! blend! properly.! ! It! was! too! difficult! to! undo! this!
distortion!so!I!located!the!original!undistorted!“piece!of!pie”!slides!(a!reason!to!be!
highly! organized! in! storing! your! resources)! and! scanned! them.! ! For! other! allKsky!
slides!that!did!not!have!to!blend,!but!could!just!overlap!on!the!dome!and!look!okay,!
distorted!though!they!might!be,!I!scanned!the!slides!used!in!the!shows.!
!
Background%removal:!This!step!removes!black!backgrounds!from!the!scanned!images.!!Once!
removed,!the!black!background!not!only!is!not!visible!on!the!dome,!it!no!longer!exists!as!part!
of!the!image.!!This!is!critical!if!the!image!overlaps!another!one!on!the!dome,!for!example!if!
text!is!overlaid!on!a!photo.!!I!recommend!applying!it!to!most!images,!except!as!noted!below.!
!
This!background!removal!is!done!in!Photoshop!Elements,!which!you!should!set!to!the!Expert!
level,! and! which! will! yield! an! image! in! png! format.! ! The! earlier! versions! of! the! image! will!
have!come!out!of!the!scanner!in!jpg!format,!though!you!may!have!chosen!to!later!convert!the!
jpgs!to!another!format.!
!
Do! background! removal! with! the! following! steps! (noting! that! the! descriptions! are! with!
reference!to!Photoshop!Elements!13):!
!
(1)! Open! the! image! in! Photoshop! Elements! using! the! Open% command! in! the! File%
menu.! ! When! the! image! has! loaded,! locate! the! Background! dialog! box! to! the! right!
side!of!the!screen!and!doubleKclick!on!it.!!In!the!New%Layer!dialog!box!that!appears,!
click!OK!to!make!your!image!layer!0.!!Leave!mode!as!normal!and!opacity!at!100%.!!
Do! not! click! on! Save! or! Close.! ! Now! you! are! ready! to! remove! background.! (If! you!
make!a!typo!here!or!at!a!later!stage!of!background!removal,!choose!Revert!under!the!
Edit!menu!to!restore!your!image!to!background!and!start!over.)!
!
(2)!How!remove!the!background!depends!on!the!image:!
!
(2a)! slides! that! are! wellKframed! (e.g.! with! a! circle! mask)! or! in! which! the!
image! has! a! wellKdefined! edge! (e.g.! the! Space! Shuttle)! and! black!
surroundings.!!Select!the!Quick%Selection!tool!(lower!right!in!the!Select%box)!
and! the! Magic% Wand! tool! (lower! left! in! the! Quick% Selection! dialog! box! that!
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opens!in!the!lower!panel).!!Also!in!the!lower!panel,!set!the!Tolerance!to!6!(or!
experiment!if!you!want)!and!click!Contiguous.!!Clicking!contiguous!will!cause!
potential! backgrounds! within! the! image! not! to! be! removed;! if! you! do! want!
these!potential!backgrounds!removed!(as!for!example!inside!letters!like!O),!
then!do!not!click!contiguous.!!Now!click!in!the!black!area!outside!the!image;!
this! selects! black! pixels! for! removal.! ! Hit! the! delete! key;! this! removes! all!
pixels! with! the! brightness! of! the! pixel! you! clicked! on! +/K! the! tolerance! you!
specified.!!The!removed!background!is!replaced!with!a!checkerboard!pattern!
indicating!areas!that!have!been!removed.!
!
This!process!may!leave!some!jagged!fuzz!around!the!remaining!image!area.!!
This! is! very! evident! and! irritating! during! background! removal,! but! is!
invisible! when! projected! in! SciDome! if! you! are! using! a! semiCtransparent!
setting,!as!you!will!be!for!any!almost!any!image!in!which!you!have!removed!
background.! ! Likewise,! it! will! not! be! visible! if! this! image! crossfades! with!
another! one! projected! to! the! same! place! on! the! dome,! even! if! they! are! of!
different!sizes,!unless!the!crossfade!is!very!slow!(many!seconds).!!So!you!can!
ignore!the!fuzz.!
!
If!there!are!blacks!in!the!image,!but!they!do!not!come!to!the!edge!and!thus!do!
not! meet! the! surrounding! background,! you! can! specify! a! higher! tolerance,!
e.g.!25!or!50,!for!more!complete!background!removal!(i.e.!less!fuzz).!!If!you!
set!the!tolerance!too!high,!some!of!the!image!may!be!removed.!!Experiment!!
!
If! are! blacks! in! the! image,! and! they! do! come! to! the! edge! and! meet! the!
background,!you!can!specify!a!smaller!tolerance!to!avoid!removing!them!as!
background.!!If!even!a!tolerance!of!0!removes!blacks!in!the!image,!then!you!
must!use!the!marquee!technique!described!next.!
!
(2b)! slides! with! irregular! images! (e.g.! galaxies! and! nebulae)! where! image!
and!blacks!are!intertwined.!!The!magic!wand!method!will!not!work!well!on!
these.!!Instead,!select!the!Marquee!tool!(upper!right!in!the!Select!box).!!Then!
in! the! lower! panel,! you! choose! either! the! rectangular% or% the% elliptical%
marquee.! ! Next,! pressing! the! touchpad! (if! you! are! using! a! laptop),! drag! the!
cursor!to!define!the!area!you!want!kept.!!It!is!best!to!use!the!minimum!area!
that!encloses!the!image.!!Then!in!the!Select%menu,!choose!Inverse,!and!hit!the!
delete! key.! ! The! background! will! be! removed! and! replaced! with! a!
checkerboard!pattern!to!show!what!has!been!removed.!!(If!you!don’t!choose!
Inverse,! delete! will! remove! the! image! area.! ! Undo! and! make! it! right!)! ! The!
area!outside!the!marquee!has!been!removed;!everything!inside!the!marquee!
is!kept!and!will!be!part!of!the!projected!image.!
!
In!a!few!of!these!cases,!the!polygonal%lasso!tool!can!prove!helpful.!!With!this!
tool,! you! draw! a! polygon! with! many! short! straightKline! segments! enclosing!
the!image!area!and!the!space!outside!the!polygon!will!become!background!to!
be! removed.! ! Select! the! lasso! tool! (lower! left! in! the! Select%box);! then! in! the!
lasso! area! in! the! lower! panel,! select! the! polygonal% lasso.! ! To! draw! the!
polygon,! click! the! place! in! the! image! where! you! want! to! begin! the! first!
segment,!then!move!the!cursor!to!the!intended!end!of!the!first!segment,!and!
click!again;!then!move!the!cursor!to!the!intended!end!of!the!second!segment!
and! click;! continue! making! segments! in! this! way! until! you! return! to! the!
beginning!of!the!first!segment!to!complete!the!polygon;!when!you!click!here,!
Elements!will!turn!the!segments!into!dashed!lines.!Then!in!the!Select%menu,!
choose!Inverse,!and!hit!the!delete!key.!!The!background!will!be!removed!and!
replaced! with! a! checkerboard! pattern! to! show! what! has! been! removed.! As!

184

6
with!the!marquee!tool,!the!area!outside!the!polygon!has!now!been!removed;!
everything!inside!the!polygon!is!kept!and!will!be!part!of!the!projected!image.!!
If!you!now!want!to!remove!an!additional!area!inside!the!image,!draw!another!
polygon! to! define! the! area! you! want! to! remove! and! hit! the! delete! key!
(without! choosing! Inverse! in! the! Select! menu)! and! the! area! inside! the! new!
polygon! will! be! turned! to! background.! ! An! example! of! an! image! where! the!
polygonal% lasso! might! be! used! would! be! a! picture! of! Stonehenge! from! the!
interior,! where! you! might! outline! the! standing! stones! to! be! kept! as! image!
and!also!the!openings!within!them!to!be!made!background.!!You!can!also!use!
the!plain!lasso!or!the!magnetic%lasso!to!freeKsketch!an!area!to!be!handled!like!
the!polygonal%lasso!area,!but!this!can!take!a!very!steady!hand.!
!
!(2c)! other! cases.! ! Photoshop! Elements! offers! other! options! for! selecting!
background! to! be! removed,! but! the! options! above! can! handle! almost! every!
case.!

!
(3)! Saving! the! backgroundKremoved! image.! ! Choose! Save! in! the! File! menu.! ! In! the!
“Save! as”! dialog! box! that! opens,! set! the! format! to! png,! and! click! Save.! ! Next! in! the!
“png!format”!dialog!box!that!opens,!select!no%compression!and!no%interlace,!and!click!
OK.!!This!saves!the!png!image!in!the!folder!you!specified!in!the!“Save!as”!dialog!box.!
!
(4)!Closing!the!original!image.!!Choose!Close!in!the!File!menu.!!In!the!dialog!box!that!
appears,! click! on! Don’t% Save.! ! The! original! image! is! removed! from! Photoshop!
Elements!unmodified!in!case!you!need!to!access!it!again.!!(You!saved!the!modified!
image!in!the!preceding!step.)!

!
Adding% frames% to% digital% images.! ! In! the! classic! slideKbased! versions! of! our! shows,! we! had!
added! frames! to! many! of! the! images.! ! These! were! usually! circular! or! elliptical! shapes! or!
rectangles! with! rounded! corners! and! were! intended! to! avoid! projected! images! that! were!
sharpKcornered! rectangles! the! shape! of! a! slide! frame.! ! The! frames! were! typically! made! by!
sandwiching!a!Kodalith!slide!of!the!desired!frame!shape!with!the!color!slide.!!Kodalith!film!is!
no!longer!available.!
!
If! you! are! starting! with! a! digital! image,! you! can! add! a! frame! to! it! by! using! the! following!
procedure!in!Photoshop!Elements.!!The!steps!described!here!apply!to!Photoshop!Elements!
13.!!Set!Elements!to!the!Expert!level.!
!
Open!the!image!in!Photoshop!Elements.!!Do!this!by!clicking!on!the!“File”!menu!and!selecting!
“Open”! in! the! dropKdown! menu.! ! Navigate! to! the! desired! image! folder,! select! the! desired!
image,!and!doubleKclick!on!it!to!import!the!image!into!Photoshop!Elements.!
!
Then!doubleKclick!on!the!word!“Background”!in!the!blue!box!to!the!right!of!the!image.!!In!the!
dialog!box!that!appears,!leave!the!mode!as!Normal,!leave!opacity!at!100,!and!click!OK.!!This!
makes!the!image!layer!0.!
!
Then!in!the!row!of!icons!above!the!blue!box,!click!on!the!“add!layer!mask”!icon!(the!circle!in!a!
rectangle).!!This!is!the!first!step!in!making!a!mask!layer.!!Then!click!on!the!rounded!rectangle!
or!ellipse!in!the!Draw!box!left!of!the!image.!!Then!in!the!Shape!dialog!area!that!opens!below!
the!image,!click!on!the!desired!shape!of!the!frame,!for!example!the!rounded!rectangle!or!the!
ellipse.! ! For! the! rounded! rectangle,! you! can! select! how! big! the! rounded! corners! will! be! by!
changing! the! Radius.! ! Try! different! radii! until! you! like! what! you! see! in! the! frame.! ! For! the!
ellipse,!leave!it!Unconstrained!to!draw!an!ellipse!or!set!it!to!Circle!to!draw!a!circle.!
!
To!draw!the!shape!you!want,!put!the!cursor!in!the!upper!left!corner!of!the!image.!!Hold!the!
mouse!down!and!drag!the!cursor!to!the!lower!right!corner!and!a!dark!area!will!appear.!!The!
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image! visible! outside! the! dark! area! will! become! the! frame! and! the! dark! area! overlays! the!
part!of!the!image!that!will!be!retained.!
!
Now!select!the!magic!wand.!!This!is!the!“star!on!a!stick”!icon!in!the!Select!box!to!the!left!of!
the!image.!!Next!click!the!dark!area!on!the!image.!!Then!click!“OK”!to!simplify!in!the!dialog!
box!that!appears.!!A!crawling!dashed!line!appears!around!the!dark!area.!!Next!click!the!eye!in!
the!“Shape!1”!blue!box!on!the!right;!this!step!hides!the!dark!shape!but!leaves!the!crawling!
dashed!line!(that!shows!the!image!area!to!be!retained).!
!
Now!doubleKclick!on!the!white!box!next!to!the!“Layer!0”!to!select!the!mask!layer.!!Then!go!to!
the!“Select”!menu!and!choose!“Inverse”.!!Next!click!on!the!paint!bucket!in!the!Draw!box!left!
of!the!image.!!Be!sure!the!mode!is!set!to!Exclusion!in!the!Paint!Bucket!settings.!!Then!click!in!
the! image! area:! this! preserves! the! image! and! the! frame! is! turned! into! a! checkerboard!
pattern.!!The!frame!has!now!been!deleted!from!the!image!that!you!will!project!on!the!dome.!
!
Now!go!to!the!“File”!menu!and!select!“Save!As”.!!In!the!dialog!box!that!appears,!specify!where!
you!want!the!framed!image!to!be!stored.!!Set!Format!to!PNG!and!click!on!Save.!!In!the!PNG!
dialog!box!that!appears,!leave!Compression!on!Smallest!and!Interlace!on!None!and!click!OK.!!
You!may!have!to!wait!a!few!seconds!for!the!storage!to!be!completed.!!Your!framed!image!is!
now!saved!in!the!location!you!have!specified.!
!
Finally!go!to!the!“File”!menu!again!and!click!“Close”!to!close!the!original!image.!!In!the!dialog!
box!that!appears,!click!“Don’t!Save”!to!preserve!the!original!image!without!changes.!
!
These!may!seem!like!a!long,!complicated!series!of!steps!but!with!a!little!practice!they!can!be!
done!quickly!and!reliably.!
!
Resizing:! ! Spitz! recommends! resizing! images! so! the! number! of! pixels! is! a! power! of! two! in!
each!dimension,!in!order!to!improve!image!quality!and!speed.!!In!comparing!imported!shows!
in!which!images!were!and!were!not!resized,!I!did!not!notice!a!difference!in!either!speed!or!
quality! of! the! projected! image,! with! few! exceptions.! ! Thus,! we! have! not! resized! images! in!
most!shows!and!I!do!not!cover!it!here.!!See!the!Spitz!manual!for!directions!on!resizing;!the!
internet!contains!descriptions!of!how!to!do!batch!resizing!in!Photoshop!Elements.!
%
ReCnumbering:!!The!image!files!at!each!step!have!the!names!and!suffix!numbers!assigned!to!
them! by! the! scanner.! ! When! you! are! importing! an! image! into! a! program! on! SciDome,! and!
need!to!quickly!locate!the!right!image!to!import,!it!is!very!convenient!if!the!number!on!the!
image! file! name! is! the! same! as! the! number! the! slide! had! in! your! visual! design! pages.!!
Therefore!it!is!very!useful!to!renumber!the!file,!replacing!the!number!the!scanner!assigned!
with! the! slide’s! number! in! your! visual! design.! ! This! is! a! manual! operation! since! it! involves!
changing!file!names.!!The!Excel!files!described!under!organizing%your%scans!were!essential!to!
doing!this!step.!!This!step!is!tedious,!but!fairly!quick,!and!a!show!of!500!slides!can!be!done!in!
about! two! hours.! ! This! time! is! recovered! after! just! a! few! imports! since! you! know! which!
image!you!are!importing!without!laborious!searching.!!For!reinforcement,!you!can!also!see!
the!image!as!you!import!it.!
!
Storing%folders%at%each%step:!!Store!every!generation!of!adjusted!images!so!you!can!go!back!to!
earlier!generations!if!you!need!to.!!I!stored!complete!sets!of!folders!at!the!following!stages:!
the! original! scans! from! the! scanner! (jpg);! the! scans! after! brightness! adjustment! and!
sharpening!but!before!background!removal!(jpg);!the!scans!after!background!removal!(png);!
the! scans! after! renumbering! (png);! the! scans! as! imported! into! SciDome! (png,! identical! to!
folders!after!renumbering,!unless!also!resized).!!You!may!not!have!to!ever!go!back!to!earlier!
versions,!but!will!be!glad!to!have!them!when!you!do!!!
"
"
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ENCODING"A"SHOW"IN"SCIDOME’s"ATM14"
"
Drafting%Chair:! It’s! important! that! you! be! physically! comfortable! during! the! hours! you! will!
spend! at! the! SciDome! console,! which! is! at! an! unusual! height! in! order! to! accommodate! the!
computers!and!the!amplifiers.!!You!need!good!seating!and!back!support!and!armrests.!!So!get!
a!good!drafting!chair.!!The!Raynor!Eurotech!Apollo!Drafting!Stool,!which!can!be!ordered!onK
line!from!most!office!supply!companies!for!under!$300,!is!an!excellent!investment.!!It!has!an!
adjustable!range!of!heights!that!accommodates!the!height!of!the!SciDome!console.!!Verify!the!
height! accommodation! before! ordering! any! drafting! chair! and! beware! that! most! drafting!
chairs!do!not!go!high!enough.!
"
Setting"up"the"show!
!
Loading%the%soundtrack:!!The!soundtrack!must!be!in!a!wav!format.!!If!it!is!in!another!format,!
you!will!need!to!convert!it.!!One!choice!of!program!to!convert!is!Switch,!available!from!NCH!
Software! in! Australia! for! download! from! their! web! site! nch.com.au! and! priced! at! about!
US$30.! ! They! also! have! a! more! robust! audio! editing! program! WavePad,! again! available! for!
download!and!priced!at!about!US$70.!!You!pay!onKline!with!a!credit!card.!
!
Once! you! have! the! soundtrack! in! wav! format,! load! it! into! both! Preview! and! Renderbox!
folders.!!I!load!soundtracks!in!folders!called!SOUNDTRACKS!in!the!Preview!and!Renderbox!
slide!folders!on!the!SciDome!console!screen.!
!
Loading%the%images:!!Ideally,!you!will!have!images!in!a!set!of!folders,!with!each!folder!holding!
the!images!used!in!one!physical!slide!projector!in!the!legacy!show!you!are!converting.!!You!
may! have! these! folders! nested! in! various! arrangements,! but! all! should! be! bundled! into! a!
single!folder!that!you!import!into!SciDome.!!For!a!show!named!Venus,!I!might!call!this!folder!
VenusKfinal.! ! This! folder! should! be! imported! into! both! Preview! and! Renderbox.! ! It! is!
convenient!to!do!this!from!a!thumb!drive.!!Place!the!thumb!drive!in!one!of!the!USB!ports!on!
the!Preview!computer,!and!drag!the!folder!to!the!Preview!and!Renderbox!slide!folders.!!On!
the!Preview!slide!folder,!I!group!all!these!slide!folders!in!a!folder!called!CONVERTED!SHOWS.!
!
Replacing% image% folders:% As! you! develop! the! show! in! SciDome’s! ATMK4,! you! may! need! to!
modify! images! or! add! some! images! to! your! folder! of! images.! ! I! do! this! by! first! putting! the!
new!or!modified!image!files!in!the!show’s!folders!on!the!external!laptop!I!work!on.!!Then!on!
SciDome,!I!trash!the!existing!slide!folder!for!the!show!and!load!the!new!one.!!So!long!as!the!
names!of!folders!and!images!and!any!nesting!structure!of!folders!are!identical!to!before,!the!
images! from! the! newly! loaded! folder! will! play! back! correctly! in! SciDome.! ! Test! this! to! be!
confident! (I! did!),! but! it! does! work.! ! While! this! procedure! of! trashing! and! reKloading! may!
sound!more!cumbersome!than!loading!in!a!few!new!images,!I!find!it!is!simple!and!quick;!it!
avoids!errors!and!ensures!identical!folders!in!Preview!and!Renderbox.!
!
Creating%the%show%timeline/template:!Bring!up!ATMK4!by!clicking!on!its!icon!in!bottom!dock!
on!the!SciDome!screen.!!Click!on!New!in!the!File!menu.!!This!will!create!the!show!template.!!
Name!the!show,!specify!its!length,!and!Save!it.!!If!you!need!to!drag!the!show!to!another!folder!
in! Preview! or! Renderbox,! now! close! the! show! and! drag! it,! then! reKopen! it.! ! If! you!
underestimate!the!length!of!the!show,!you!can!add!time!at!the!end!later.!
!
Importing% the% soundtrack:! To! import! the! soundtrack! into! your! show,! doubleKclick! on! the!
Soundtrack%line!in!the!show’s!timeline,!doing!so!within!about!the!first!second!of!the!timeline.!!
Select!Load!in!the!dialog!box!that!appears.!!Choose!the!wav%file!you!want.!!In!our!system,!the!
sequence! to! get! to! the! folder! of! wav! files! is! ProgramFiles(x86)/SN% preview/SN%
data/slides/soundtrack;!it!may!be!different!in!your!system,!depending!how!it!is!configured.!!
Next! insert! a! play! command! by! doubleKclicking! on! the! Soundtrack! timeline! at! about! 5!
seconds!and!selecting!Play!in!the!dialog!box!that!appears.!
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!
Times% in% visual% design:! Now! play! the! soundtrack! all! the! way! through! and! on! your!
script/visual!design!pages!write!down!the!time!of!paragraph!starts!and!any!other!key!times.!!
Even! though! you! will! normally! be! inserting! slide! cues! by! listening! to! the! soundtrack,! it! is!
very!helpful!to!have!these!times!written!down.!!In!some!cases!you!may!be!using!these!time!
codes!rather!than!the!soundtrack!to!know!when!to!insert!a!cue.!
!
Creating%timeline%tracks:!!Corresponding!to!each!physical!slide!projector!in!your!legacy!show,!
create! a! virtual! slide! projector! in! ATMK4! that! points! to! about! the! same! place! on! the! dome.!!
Each!of!these!virtual!slide!projectors!should!have!a!timeline!track!in!the!ATMK4!template.!!To!
create!a!timeline!track,!select!New%Track/Starry%Night!in!the!File!menu.!!In!the!dialog!box!that!
appears,!name!the!track!and!click!OK%or!simply!return.!!Our!slide!projectors!were!named!A1,!
A2,! etc.,! so! our! timeline! tracks! were! named! A1,! A2,! etc.! as! well.! ! Create! as! many! timeline!
tracks!as!you!need.!
!
Initialization:!It!is!desirable!to!clear!the!dome!to!black!at!the!beginning!of!each!show.!!There!
are!two!steps!to!doing!this.!!First,!insert!a!black%scene!in!the!Starry!Night!timeline!track!prior!
to!the!time!the!soundtrack!begins!to!play.!!Second,!in!one!of!the!timeline!tracks!you!created,!
bring!up!an!image!at!the!1%!level!in!RGB,!then!take!the!image!down!to!zero!brightness,!then!
insert! a! slide! kill! (sKill)! command! to! kill! all.! ! These! steps! will! clear! any! images! or! Starry!
Night!scenes!left!on!the!dome!from!other!work!you!may!have!been!doing.!
!
Encoding"the"show"
!
Now!you!are!ready!to!insert!the!“slide!up”!and!“slide!down”!commands!to!bring!images!up!
and!down!at!the!desired!times,!in!the!desired!places!on!the!dome,!with!the!desired!size!and!
brightness,! and! with! any! desired! motion.! ! Play! the! soundtrack! by! hitting! the! F7! key! or!
clicking!the!“play!icon”!(green!forward!arrow)!in!the!Play!dialog!box.!!When!the!soundtrack!
reaches! a! place! where! you! want! to! insert! a! cue,! stop! the! soundtrack! by! clicking! the! “stop!
icon”!(red!square)!or!hitting!the!F8!key.!
!
Inserting%a%“slide%up”%cue:!!DoubleKclick!on!the!timeline!you!want!to!insert!the!cue!on,!at!about!
the!desired!insert!time.!!In!the!Command!dialog!box!that!appears!with!options!of!cues,!click!
on!the!Slide!cue.!!A!slide!dialog!box!will!appear!that!offers!many!options:!
!
Time:!The!time!is!nominally!set!to!the!time!you!doubleKclicked!on!the!timeline.!!You!
can! adjust! this! time.! ! I! normally! set! the! frame! number! to! zero;! this! moves! the! cue!
back! part! of! a! second! so! the! image! is! actually! appearing! at! the! time! you! doubleK
clicked!on!the!timeline,!which!looks!better!than!if!the!image!is!part!of!a!second!late.!
!
Opaque/transparency!selector:!choose!semiCtransparent!if!your!image!is!a!png!with!
background!removed;!this!choice!is!essential!if!your!image!will!be!crossKfaded!with!
another!image.!!Choose!transparent%if!your!image!is!a!jpg%(which!will!not!have!had!
any! background! removal).! ! In! no! cases! have! I! used! the! opaque! and! black% opaque!
choices,! but! I! recommend! that! when! you! at! least! once! try! all! four! choices! on! a!
variety!of!images!to!see!what!they!do.!
!
Shape!selector:!choose!keystone!so!that!SciDome!will!automatically!shape!the!image!
so! it! appears! correctly! on! the! curved! surface! of! the! dome.! ! In! the! infrequent! cases!
that!you!want!the!image!to!fill!the!entire!dome,!choose!fisheye.!
!
Image! selection:! lets! you! choose! the! image! in! a! similar! way! to! “choose! file”!
commands!on!other!computers.!!You!must!tell!the!system!what!folder!the!image!is!in!
and! specify! the! desired! image! in! that! folder.! ! For! the! first! timeline! used! in! a! show!
(i.e.!when!you!are!doing!the!very!first!slide!cue!of!the!entire!show),!you!must!specify!

188

10
the! complete! path! to! the! folder! the! image! is! in.! ! The! steps! on! my! system! are!
ProgramFiles(x86)/SN%Preview/SN%data/slides!to!get!to!the!folders!of!slides;!the!path!
may!be!different!in!your!system.!!Next,!within!the!slides!folder,!select!the!folder!for!
the!show!you!are!working!on;!then,!nested!within!that,!the!folder!for!the!particular!
timeline!you!are!on!(i.e.!which!virtual!slide!projector);!and!finally!the!desired!image!
within!that!folder.!!For!the!first!cue!on!any!other!timeline!(i.e.!on!a!different!virtual!
slide! projector),! SciDome! will! take! you! straight! to! the! folder! for! the! show! you! are!
working!on;!then!you!select!the!folder!within!that!for!the!new!timeline,!and!then!the!
desired! image! within! that! folder.! ! For! the! second! and! subsequent! cues! on! any!
timeline,!SciDome!will!remember!to!take!you!to!the!folder!you!used!for!the!previous!
cue! on! that! timeline,! so! you! just! have! to! select! the! image.! ! This! may! sound!
complicated,!but!with!just!a!little!use!it!becomes!easy!and!intuitive!for!however!you!
have!chosen!to!arrange!your!folders!of!images.!
!
SingleKclick! on! the! desired! image! name! in! the! folder! and! the! image! will! appear! on!
the!monitor.!!If!it!is!the!image!you!want,!then!doubleKclick!on!its!name!in!the!folder!
to!select!it!for!showing.!!At!this!time,!you!can!also!see!if!the!image!is!horizontal!or!
vertical! and! make! a! mental! note! of! the! image! size! you! will! want! to! use! (see! Size!
section!below).!
!
RGB! and! opacity:! ! set! all! four! parameters! to! 100! for! maximum! brightness! and!
natural!color,!unless!you!want!a!dimmer!image!or!a!modified!color.!
!
Fade!time:!!2!seconds!is!a!good!choice.!!To!my!eye,!1!second!is!a!bit!too!fast,!but!your!
judgement! may! differ.! ! If! you! want! the! slide! to! switch! on! abruptly,! choose! 0.!!
Experiment!to!determine!what!fade!time!looks!best!to!you.!
!
Size:! ! this! specifies! the! horizontal! dimension! of! your! slide! in! degrees.! ! The! best!
choice!will!depend!on!the!scanning!history!of!the!image!(or!if!it!was!imported!from!
another! digital! source! or! was! photographed! off! a! screen).! ! For! my! system,! 40! is!
usually!a!good!choice!for!horizontal!slides!and!25!is!a!good!choice!for!vertical!slides.!!
The! best! choices! may! be! different! for! your! system! and! your! preferences,! so!
experiment.! ! The! system! prohibits! sizes! bigger! than! 90;! if! you! enter! a! bigger! size!
than!90,!it!will!be!treated!as!90.!
!
Position:!specifies!where!the!center%of!the!image!will!appear!on!the!dome.!!You!will!
usually!place!an!image!by!giving!its!azimuth!and!altitude.!Altitudes!open!upward:!0!
means! the! horizon! and! 90! means! the! zenith.! ! For! panoramaKlevel! images,! 10! is! a!
good! choice! (but! see! notes! farther! along! on! blended! panoramas).! ! You! can! choose!
negative! altitudes! if! you! just! want! to! show! just! the! top! part! of! the! slide,! as! parts!
below!the!horizon!do!not!show.!!Azimuths!open!counterclockwise:!0!is!in!the!front,!
90!is!on!the!left!side!as!you!face!front,!180!is!in!the!back,!and!270!is!on!the!right.!
!
You!must!specify!azimuth!and!altitude!the!first!time!you!insert!an!image!on!a!given!
timeline.! ! ATMK4! will! remember! the! values! you! specify! and! suggest! them! the! next!
time!you!insert!an!image!on!the!same!timeline,!so!you!will!not!need!to!reKenter!an!
azimuth!and!altitude!unless!you!want!to!make!a!change.!!For!convenience,!I!suggest!
creating! a! table! of! azimuths! and! altitudes! of! each! timeline! (i.e.! each! virtual! slide!
projector);!this!will!ease!your!setting!up!the!first!“slide!up”!cue!on!each!timeline,!and!
you!can!always!relocate!images!later!if!desired.!
!
If!you!have!slides!that!were!used!in!a!leftKcenterKright!configuration!halfway!up!the!
dome! (i.e.! above! the! panorama! level)! in! the! legacy! show,! an! altitude! of! 45! and!
azimuths!(of!image!center)!of!60,!0,!and!300!(going!clockwise!from!left)!may!work.!!
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When! you! see! the! images! on! the! dome,! you! may! need! to! adjust! these! to! avoid!
overlaps!or!to!improve!appearance!and!spacing.!
!
You! can! also! specify! the! position! of! the! image! center! using! right! ascension! and!
declination.!!This!is!especially!helpful!if!you!want!to!align!an!image!(such!as!a!target!
symbol)!with!an!astronomical!object.!!If!you!then!move!the!sky,!the!image!will!track!
with! sky’s! motion! and! stay! aligned! with! the! star! or! whatever! astronomical! object!
you!have!placed!it!on.!!If!you!use!a!target!symbol!to!point!out!astronomical!objects,!
you! can! eliminate! the! need! for! a! live! operator! to! point! things! out,! should! that! be!
your!preference.!
!
Roll:! will! normally! be! 0,! but! can! be! used! to! rotate! the! image.! ! Roll! opens!
counterclockwise,! so! 90! rotates! the! image! 90°! counterclockwise,! 180! turns! the!
image!over,!and!270!rotates!the!image!90°!clockwise.!!The!roll!can!be!instantaneous!
or!spread!over!a!time!you!specify.!
!
Parameters! carried! over:! The! following! parameters! are! automatically! carried! over!
to!the!next!use!of!the!Slide%command!on!the!same!timeline,!so!you!do!not!need!to!reK
specify!them!unless!you!want!to!change!them:!image,!transparency!selection,!shape!
selection,!RGB!&!opacity,!size,!position,!and!roll.!!Note!that!fade!time!is!not!carried!
over,!so!you!need!to!specify!it!each!time.!
!
Inserting%a%“slide%down”%cue:! same! as! inserting! a! “slide! up”! cue! (i.e.! a! Slide! cue),! except! that!
now!RGB!and!opacity!should!all!be!changed!to!0.!!An!option!here!is!to!just!set!opacity!to!0,!
but!this!leads!to!jerky!crossfades,!so!is!not!the!best!choice.!!Always!take!a!slide!down!using!
the!Slide!cue,!not!the!sKill%cue.!
!
Inserting% a% slide% kill% (sKill)% cue:! this! removes! a! slide! from! memory! (i.e.! from! the! memory!
being!used!by!the!show,!not!from!the!folders!of!slides!)!and!is!essential!to!keep!memory!from!
getting!clogged!with!image!files!that!have!already!been!used!and!are!no!longer!needed.!!To!
insert!this!command,!doubleKclick!on!the!timeline!after!the!“slide!down”!cue!and!select!sKill!
in!the!Command!dialog!box.!!In!the!sKill!dialog!box!that!appears,!leave!“just!this!track’s!slide”!
selected!and!click!OK.!!You!can!adjust!the!time,!but!there!is!no!need!to.!!Two!important!notes:!
(1)!do!not!use!this!command!to!dim!a!slide!(that!is,!treat!taking!the!slide!down!and!removing!
it!from!memory!as!two!separate!operations);!(2)!insert!this!command!after!every!time!you!
take!a!slide!down!!!The!kill!will!apply!only!to!the!most!recent!slide!in!the!current!timeline.!
!
If!you!do!want!to!kill!slides!in!all!timelines,!select!“all!slides”!in!the!sKill%dialog!box.!!This!is!an!
easy!way!to!get!rid!of!all!prior!slides!while!you!are!editing!a!show!and!have!“rewound”!and!
started! playing! in! the! middle! of! the! show:! select! “all! slides”,! click! Execute,! and! then! click!
Cancel!to!remove!the!cue!unless!you!want!it!to!remain!in!the!show.!
!
Testing%a%cue:!To!perform!a!cue!without!storing!it,!click!on!Execute.!!If!you!are!satisfied,!click!
OK!and!the!cue!will!be!stored.!!If!you!are!not!satisfied,!modify!the!cue!and!try!again,!or!click!
Cancel.!!Beware!that!Execute!only!performs!the!cue,!but!does!not!store!it;!you!must!click!OK!
to! store! the! cue.! ! If! you! click! OK! but! not! Execute,! the! cue! will! be! stored,! but! it! will! not! be!
performed!until!you!are!in!play!mode!and!the!time!bar!runs!past!it.!
!
Cue%vs.%narration%timings:!Since!images!are!normally!set!to!take!a!second!or!two!to!fade!up,!
the!cue!should!be!placed!about!a!second!before!you!want!the!image!to!appear!or!crossfade.!!
In!this!way,!the!action!on!the!dome!will!appear!at!a!time!that!looks!natural.!!Of!course,!adjust!
to!your!own!tastes.!
!
Making%motions:!!You!can!add!a!zoom!effect!by!changing!the!image!size,!a!slew!by!changing!
the! image! position,! or! a! spin! by! rotating! the! image.! ! To! do! this,! insert! a! slide! cue! after! the!
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image!has!been!brought!up,!change!the!desired!parameter(s),!and!specify!a!time!duration!for!
the!change!to!occur.!!Beware!that!if!you!take!the!slide!down!before!the!change!is!complete,!
the!image!will!jump!to!the!final!setting!before!fading!down.!
!
Overlaid%images:! If! you! have! two! images! from! two! different! timelines! up! at! the! same! time!
projecting!to!the!same!place!on!the!dome!(for!example,!text!overlaid!on!a!picture),!the!image!
brought!up!later!will!be!hidden!behind!the!image!brought!up!earlier!(unless!the!first!image!is!
transparent).!!You!can!solve!this!problem!by!bringing!up!the!image!you!want!to!be!in!front!
first.!!Even!one!frame!earlier!is!enough.!
!
If! it! isn’t! possible! to! bring! the! front! image! up! just! a! little! earlier! because! other! cues! are!
blocking!its!intended!place!on!its!timeline,!you!can!insert!the!“slide!up”!cue!several!seconds!
earlier!and!give!it!RGB!values!of!0!or!1!and!an!opacity!of!0.!!This!will!import!the!image,!but!
will! not! interfere! with! any! image! already! showing! at! the! place! on! the! dome.! ! Then! at! the!
desired!time,!use!another!“slide!up”!cue!to!put!RGB!and!opacity!at!100.!!If,!for!example,!you!
are!overlaying!text!on!a!picture!and!the!text!slide!is!png!with!background!removed,!the!text!
will!now!appear!over!the!picture!as!desired.!
!
Beware!that!when!you!insert!this!“slide!up”!cue!to!import!the!image!at!nearKzero!brightness,!
if! it! is! between! another! “slide! up”! and! “slide! down”! cue! for! a! different! image,! the! image!
selection!in!the!subsequent!“slide!down”!cue!will!be!changed!automatically!to!be!the!same!as!
the! image! selection! of! the! cue! you! inserted.! ! So! check! the! subsequent! cue! and! if! necessary!
correct! the! image! selection! back! to! what! you! had! originally;! this! will! also! correct! any! sKill!
command!that!immediately!follows!the!“slide!down”!cue.!
!
Unstitched% pans% and% allCskies:! We! did! not! attempt! to! stitch! images! from! our! 12Kframe!
panoramas!or!6Kframe!allKskies!into!single!panorama!or!allKsky!images!for!SciDome.!!Rather,!
we!imported!them!into!SciDome!as!12!or!6!separate!images!to!be!projected!at!the!same!time.!!
If!you!have!sets!of!images!like!this,!you!can!proceed!as!follows.!
!
AllKskies:! load! them! as! jpg! images! (with! no! background! removal)! and! in! the! “slide!
up”!cue!set!the!transparency!selector!to!transparent,!set!the!altitude!to!45,!and!set!
the!size!to!60!(for!the!horizontal!width!at!the!base).!!If!the!frontKcenter!“pieceKofKpie”!
straddled! the! south! point! (azimuth! 0),! set! the! azimuths! of! the! six! images! to! 0,! 60,!
120,!180,!240,!and!300!(going!counterclockwise).!!The!images!will!probably!overlap,!
but! to! the! eye! they! will! blend! seamlessly! on! the! dome! in! most! cases.! ! Adjust! if!
necessary.!
!
Pans:!you!can!load!them!as!jpg!images!and!in!the!“slide!up”!cue!set!the!transparency!
selector! to! transparent,! or! you! can! load! them! as! png! images! with! background!
removed!and!the!transparency!indicator!set!to! semiCtransparent.!!One!or!the!other!
option! will! be! better,! depending! in! part! on! whether! the! images! on! the! slides! were!
softKedged!or!hardKedged.!!You!will!have!to!experiment!to!see!which!looks!better!to!
you.!
!
Set!the!altitude!to!10.!!If!this!leaves!the!bottom!of!the!image!above!the!base!of!the!
dome,! lower! the! altitude! as! needed! if! you! want! the! pan! to! rest! on! the! base! of! the!
dome.!!If!your!pan!was!a!12Kframe!pan,!try!azimuths!(for!the!image!center)!of!15,!45,!
75,! 105,! 135,! 165,! 195,! 225,! 255,! 285,! 315,! and! 345! (going! counterclockwise! from!
frontKcenter).!
!
Once!the!pan!images!are!loaded,!you!will!probably!have!to!adjust!them!so!they!blend!
well.!!First!adjust!the!altitude!on!all!of!them!so!the!base!of!the!image!is!on!or!below!
the! horizon;! in! our! system,! an! altitude! of! 8! works! well! for! this,! but! it! may! be!
different!in!your!system!with!your!images.!!The!reason!for!this!adjustment!is!that!it!
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will!hide!any!“sins”!at!the!bottom!of!the!images!since!they!will!now!be!at!or!below!
the!horizon!and!thus!not!seen.!!There!are!three!adjustments!readily!available!to!help!
you!move!the!images!so!they!blend!well.!!One!is!azimuth,!to!move!the!image!right!or!
left;!another!is!altitude,!to!move!the!image!up!or!down;!a!third!is!roll,!to!rotate!the!
image.!!You!can!also!adjust!the!image!size,!but!in!general!I!do!not!recommend!doing!
this.!!You!can!also!adjust!the!image!brightness!to!help!improve!blends.!!You!can!also!
bring! the! images! up! in! different! orders! to! take! advantage! of! later! images! hiding!
behind!earlier!images!where!they!overlap!if!they!are!in!png!format!with!background!
removed.! ! ! In! some! cases,! you! may! have! to! go! back! to! the! image! adjustment! steps!
and! crop! the! image! more! tightly.! ! In! general,! you! will! have! to! experiment! some! at!
this!stage!to!find!what!works!best!for!you.!!I!have!found!that!with!allKskies,!I!did!not!
have!to!experiment!in!this!way,!and!infrequently!might!delete!an!image!to!make!the!
scene!on!the!dome!look!good.!
!
Maximum% number% of% simultaneous% “slide% up”% cues:! ! ATMK4! can! handle! a! limited! number! of!
“slide! up”! cues! simultaneously! without! the! system! freezing! up.! ! In! my! system,! this! limit! is!
between!two!and!six,!depending!on!the!complexity!(pixel!size)!of!the!images.!!This!problem!
is!readily!solved!by!separating!the!cues!slightly!in!time,!by!as!little!as!half!a!second.!!SpreadK
out!cues!often!look!better!on!the!dome!anyway.!
!
The!limitation!is!most!apparent!when!trying!to!load!12Kframe!pans!or!6Kframe!allKskies,!and!
again!is!solved!by!spreading!the!cues!out!slightly!in!time.!!For!allKskies,!you!can!first!load!the!
front!three!images!and!half!a!second!later!load!the!back!three!images.!!Or!you!can!bring!up!
any! one! image! first,! then! move! either! right! or! left! and! bring! the! remaining! images! at! halfK
second!intervals.!!For!pans,!you!can!also!begin!by!bringing!up!any!one!image!first,!then!move!
either!right!or!left!and!bring!up!the!remaining!images!at!halfKsecond!intervals.!!Though!this!
strategy!makes!it!obvious!to!the!audience!that!you!have!multiple!unstitched!images,!it!does!
create! a! visually! pleasing! rollKup! effect.! ! Or! you! could! bring! up! the! front! two! images! first,!
then! a! half! second! later! bring! up! their! neighbors! to! the! right! and! left,! and! proceed! around!
the! rest! of! the! pan! in! this! way.! ! Again,! it! may! be! obvious! to! the! audience! that! you! have!
multiple!unstitched!images,!but!a!visually!pleasing!wrapKaround!effect!is!created.!!There!are!
many! other! possible! sequences! here! and! you! can! experiment! to! find! what! works! best! and!
looks!best!to!you.!
!
There!does!not!appear!to!be!any!practical!limit!on!the!number!of!simultaneous!“slide!down”!
and!sKill!commands:!I!have!had!as!many!as!twenty!at!identical!times!without!problems.!
!
Importing%Starry%Night%favorites:!The!Scene!command!loads!Starry!Night!favorites!into!your!
show.!!At!the!desired!time,!doubleKclick!on!the!Starry!Night!timeline.!!In!the!dialog!box!that!
appears,!click!on!Scene.!!In!the!dialog!box!that!now!appears,!adjust!the!time!as!desired!and!
select!the!Favorite!you!want.!!The!selection!path!will!depend!on!where!you!have!stored!your!
Starry!Night!favorites!for!the!show.!!When!you!have!selected!the!Favorite!you!want,!click!OK!
in!the!dialog!box.!
!
If!you!also!have!images!up!at!the!same!time!as!the!sky!is!on,!they!will!appear!in!front!of!the!
sky.!!So!if!the!sky!is!moving,!the!stars!will!blink!out!when!they!go!behind!an!image.!
!
This! guide! is! not! a! Starry! Night! tutorial,! but! there! is! one! essential! step! in! creating! your!
favorites! so! they! appear! properly! on! the! dome.! ! In! the! Local%View! section! of! Starry! Night’s!
Options%pane,!be!sure!the!cardinal!points!are!turned!on—always.!!Do!this!by!being!sure!that!
the!Labels!check!box!is!ticked.!!Check!this!box!before!storing!any!Favorite;!if!the!Labels%box!is!
not!ticked,!the!Favorite!may!look!okay!when!you!set!it!up,!but!it!will!load!incorrectly!when!it!
is!retrieved!later!for!use!in!the!show!(or!for!live!use!in!a!class).!!If!you!don’t!want!the!cardinal!
points!to!be!seen,!make!them!black!or!very!dark!and!faint,!but!they!must!be!left!on.!!If!they!
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are! not! on,! Starry! Night! will! reorient! your! favorite! to! the! horizon! and! it! will! appear!
incorrectly!on!the!dome.!
!
Inserting%video%clips:!!Import!the!clips!as!you!would!slides!and!store!them!in!both!the!Preview!
and!Renderbox!movies!folders.!!The!clips!must!be!in!mov!format.!!!!Use!the!Slide!cue!to!insert!
a! video! clip! and! in! the! dialog! box,! select! Movie! rather! than! Slide.! ! Then! select! the! clip! you!
want!from!the!Renderbox!folder,!place!and!size!it!on!the!dome,!and!set!RGB!and!opacity!to!
100.!!For!good!resolution,!do!not!make!the!size!too!big—about!the!average!size!of!a!slide!is!
good.! When! the! clip! has! finished! playing,! its! screen! will! go! black,! so! you! do! not! need! a!
“down”!command!as!with!slides.!
%
Some% topics% not% covered:! ! You! can! also! import! material! from! Layered! Earth! and! you! can!
control!special!effects!devices!with!ATMK4,!but!those!topics!are!not!covered!here.!!This!guide!
also! does! not! cover! the! use! of! stitched! panoramas! (as! from! Panorama! Factory)! or! stitched!
allKskies.!!See!the!Spitz!materials!for!further!information.!
!
Fixing/editing"the"show"
!
I! strongly! recommend! that! you! do! all! the! encoding! steps! with! the! projectors! OFF.! ! At! first!
this! may! seem! counterintuitive,! but! once! you! have! determined! what! image! sizes! work! for!
you,! have! internalized! where! given! azimuths! and! altitudes! are! on! the! dome,! and! are!
confident! in! your! use! of! the! commands,! you! will! find! that! it! is! faster! to! program! without!
seeing!the!dome!display.!!It!took!me!a!while!to!understand!this,!but!it!lets!me!program!much!
faster!than!if!I!were!constantly!checking!the!dome.!
!
I! also! recommend! that! in! general! you! complete! programming! all! the! image! cues! before!
importing!the!Starry!Night!favorites.!!Once!you!have!set!up!your!favorites!in!Starry!Night!and!
verified!on!the!dome!that!they!do!what!you!expect,!then!you!may!be!able!to!import!them!into!
your!program!with!the!projectors!OFF,!using!just!the!soundtrack!and!its!times.!
!
When!you!have!all!the!image!cues!and!Starry!Night!favorites!cues!encoded!in!your!program,!
now!you!are!ready!to!see!the!show!on!the!dome.!!Turn!the!projectors!ON!and!go!through!the!
show,!stopping!as!often!as!needed!to!fix!errors!and!make!adjustments!to!improve!the!visual!
design.!!Here!you!can!adjust!image!positions!as!desired!by!small!or!sometimes!large!amounts!
or!change!timings!as!desired!(by!dragging!the!cue!along!the!timeline!or!by!changing!the!time!
in!the!Slide!command!dialog!box).!!You!can!also!add!or!modify!motions!as!desired.!!You!will!
make!adjustments!to!any!prior!visual!design!you!had,!even!if!it!was!completely!errorKfree!in!
the!legacy!slide!show;!SciDome!has!more!capability!and!you!will!take!advantage!of!it.!
!
My!experience!is!that!in!entering!cues!from!the!visual!design!of!an!errorKfree!legacy!show,!
with!the!slide!folders!designed!so!that!the!slides!are!in!the!same!order!they!will!appear!on!
the!dome!(i.e.!for!maximum!efficiency!in!locating!the!images!to!load),!I!can!encode!about!30K
40! images! an! hour,! including! both! “slide! up”! and! “slide! down”! cues.! ! In! planning! my! work!
time,!I!assume!30.!!This!is!substantially!slower!than!recoding!cues!with!physical!faders!for!
brightness! and! push! buttons! for! slide! advance! in! realKtime! programming! systems,! but! the!
prospect!of!easier!editing!makes!up!for!it.!
!
The! time! it! then! takes! to! go! through! the! encoded! show,! clean! up! errors,! and! make!
adjustments! depends! of! course! on! the! complexity! of! the! show! and! the! number! of! changes!
you!make,!but!I!can!typically!move!through!about!50K75!images!in!an!hour,!a!little!faster!in!
some!cases,!and!much!slower!in!especially!complex!parts.!!This!is!not!a!fast!process,!but!it!is!
where! you! make! sure! you! have! it! right! and! are! constantly! “rewinding”! and! verifying! parts!
where!you!have!made!adjustments!until!you!are!satisfied.!
!
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When!you!have!completed!this!pass,!go!back!and!play!the!show!through!again!to!make!any!
further!changes!or!to!correct!errors!in!your!editing.!!If!you!were!really!careful!in!your!first!
editing!pass,!this!second!pass!will!be!quick!and!then!you!are!done!!
!
Backing"up"your"show"
!
In!addition!to!the!Acronis!backKup!system!provided!by!Spitz,!I!also!back!up!my!shows!on!a!
125!Gb!SanDisk!thumb!drive,!where!for!each!show!I!store!the!folder!of!images,!the!cue!file,!
the!folder!of!favorites,!and!the!soundtrack.!!This!provides!an!extra!layer!of!security!even!if!
the!SciDome!computer!were!to!fail!catastrophically.!!I!expect!that!this!is!only!a!teddy!bear!I!
will!never!have!to!use,!but!I!recommend!that!you!back!up!your!work!in!a!similar!or!superior!
way.!
!
Learning"
!
As!I!write!this,!I!have!had!SciDome!for!just!less!than!a!year,!have!encoded!34!legacy!shows,!
and!have!navigated!daunting!logistical!challenges!over!the!past!several!years!in!scanning!in!
23,000!show!slides!(and!148,000!other!slides)!and!organizing!and!adjusting!all!the!images.!!
With!each!show!import,!I!am!still!learning!more.!!You!will!too!!
"
"
THANKS"
!
to%three%former%students%who%contributed%to%the%work%described%here:%
%
Ted%Schultz%(1980s)—now%at%Marathon—for%developing%the%photographic%techniques%for%
handling%offset%panoramas%
%
Dan%Zielinksi%(early%2000s)—now%at%Jenks%Planetarium,%Oklahoma—for%inspiring%me%with%his%
expertise%on%SciDome%
%
Nick%Anderson%(early%2010s)—now%at%Schuele%Planetarium,%Ohio—for%pioneering%background%
removal%and%image%resizing%at%BGSU%
%
&%
%
to%Bowling%Green%State%University%for%funding%our%installation%of%SciDome.%
!
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CONNECTING CURRICULUM TO PLANETARIUM PROGRAMMING
Tiffany Stone Wolbrecht
Ward Beecher Planetarium
Youngstown State University
One University Plaza
Youngstown, Ohio 44555
tiffany.wolbrecht@gmail.com
Abstract: While most planetariums host field trips for schoolchildren, they are not required
to provide lesson plans, content standards, assessment practices, or supplemental materials
for the programming they offer. The public school teachers that bring their students to
our facilities, however, live and breathe this world. This paper discusses how and why it
is important to bridge the magic of informal education in a planetarium to the rigid and
sometimes frustrating structure of public school curriculum.
Curriculum at its most basic is the collective of student
experiences during some educational process. Massive efforts
have gone into understanding and defining what curriculum should
be and the values or goals that we should instill in our future
generation. This is a complex endeavor as academic values depend
heavily on aspects like regional culture, ethnic background, and
demands of a future on which we can only speculate. Because it is
such a subjective topic, curriculum continues to be hotly debated
and is frequently reinvented in response to political and societal
changes.
The Current Landscape of Curriculum Standards
Currently, a national initiative, known as the Next Generation
Science Standards, provides a framework of curriculum standards
for science classrooms in our country. NGSS provides benchmarks
for all K-12 science classrooms, ensuring students all over the
country are reaching the same broad academic goals. NGSS leaves
the process of reaching these benchmarks largely up to schools.
State-level curriculum standards typically provide greater detail,
filling in the steps between the national framework. Even closer
to home are the curriculum maps designed by educational leaders
in schools, building an even more rigid framework for specific
courses with the intent to meet the unique needs of their students.
This nesting dolls approach can make understanding today’s
K-12 curriculum a daunting task, especially for those outside the
classroom. And with its many constraints, curriculum standards
often seem on some arbitrary checklist that does not consider
the scope of a classroom or the individual child. Curriculum
framework at the highest level considers what values we wish
to perpetuate in our society and how to make America’s future
workforce competitive on a global scale. It is the pursuit of the
educator, both formal and informal, to consider the classroom and
adapt curriculum to fit the needs of the individual.

Curriculum Enrichment in the Planetarium
Field trips have long since been valued in the education field,
not just for their educational value, but also to instill an appreciation
for art, culture, and community in their students. Teachers know
that bringing their students to the planetarium will be an experience
they will carry long after the school year. However, many teachers
do not realize planetariums can reinforce concepts taught in
their classroom. And with the innovations in fulldome digital
technologies, planetariums can offer programs outside astronomy
more easily than ever before. This interdisciplinary approach is
widely sought after in education today as teachers struggle to meet
the always-growing list of curriculum standards. Interdisciplinary
programs also allow teachers to work with their peers teaching
other subjects to organize a field trip.
In addition to program content, there are two primary
formats for presenting under a dome—pre-rendered video and
live interactive lecture. Pre-rendered video has the advantage
of providing specific content that a teacher can choose before
entering the planetarium. Live interactive lecture offers endless
possibilities for adapting a program to coincide with what students
are learning in the classroom. A planetarium show can offer a
combination of these two elements, creating a show that is
structured, visually pleasing, and highly adaptable. However, in
order to fully utilize the educational power of the planetarium for
school groups, the planetarian must understand what students are
learning in the classroom.
Communication is Key
Planetarians know their programming better than anyone and
are talented in tailoring content to their audience. While it is a
teacher’s position to decide when and in what ways to supplement
their lesson plans, providing a teacher with information on how a
visit to the planetarium can meet curriculum requirements can go
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a long way in getting students under the dome.
Communicating with teachers about ways to adapt planetarium
programming to their curriculum will not only enrich student
experience, but in some cases make it possible for teachers to justify
the resources for a visit. Even if admission to the planetarium
is free, field trips often are not. There are costs associated with
busing, lunch, and missing class. Teachers are often required to
prove to their principal or other leaders that these costs are worth
the educational experience. The planetarian is a position to ensure
teachers and their superiors that time under the dome is well spent.
Simple Ways to Connect
Connecting a planetarium program with curriculum in schools
does not require a great deal of effort from planetarium staff.
Providing a central location with information on the programming
offered is a great first step. Using a website, social media, a
document, or pamphlet to hold details of available programs can
be a great asset to a teacher looking to schedule a field trip. Figure
1 shows how program information can be displayed on a website.

Figure 2. Google Form for scheduling planetarium field trips
includes optional inquiry on classroom curriculum. Retrieved
from wbplanetarium.org

Figure 1. A partial list of available programming for
elementary school groups. Retrieved from wbplanetarium.org
Simple efforts such as asking a teacher, “What are your
students learning about in class?” can make a large impact as well.
If a teacher says they are learning about star magnitudes or moon
phases, these are concepts easily included in a live program. Just
informing teachers that programming is adaptable empowers them
to communicate their curriculum goals.

An effective and often overlooked way of including curriculum
in planetarium programming is to provide a list of curriculum
standards that a program addresses. This does require some upfront
work and research, but can really help teachers looking for field
trip funding. University planetariums are at an advantage here as
they often have access to part-time student workers or volunteers.
Assigning curriculum standards to planetarium shows makes
the perfect project for an education major or a new planetarium
staff member needing to familiarize themselves with planetarium
shows.
Communicating with teachers not only brings classroom
learning to the planetarium, but can also bring what students learn
under the dome back into the classroom. Offering supplemental
materials such as coloring sheets, post quizzes, experiments, and
activities can enrich the planetarium experience for students.
Pre-rendered shows sometimes include education guides and
supplemental materials, so for some programs it is just a matter of
providing these materials to teachers.
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Efforts to include curriculum in planetarium programming
does not have to be expensive or time-consuming. Digital copies
of information and supplemental materials eliminate print costs
and allow teachers to utilize materials at their discretion. Using
resources already available from other planetariums and producers
or vendor of shows is simple and takes little time. Recruiting help
from student workers or volunteers can help with the initial efforts
to develop educational materials for programs. Finally, a simple
exchange with teachers on what their students are learning in the
classroom can go a long way in understanding their curriculum
needs.

Conclusion
When planetarium staff communicate with teachers on how
to incorporate curriculum into their programming, it enriches the
planetarium experience and enables teachers to gather the resources
needed to bring students to the planetarium. Planetariums are
powerful education tools that have instilled a sense of wonder for
the cosmos to generations of people. Planetarians must seek to
understand the public school, its language and structure, to bring
the unique and wonderful experience of the planetarium to the next
generation of students.
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THE INTERNATIONAL PLANETARIUM SOCIETY’S DATA TO DOME INITIATIVE
Mark SubbaRao
Adler Planetarium
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Chicago Illinois, 60505
msubbarao@adlerplanetarium.org
Abstract: The mission of the International Planetarium Society’s Science and Data
Visualization Task Force is to streamline the process of going from data to dome, increasing
the potential for scientific communication and storytelling in the planetarium. Over the past
year this ‘Data to Dome’ initiative has made significant strides in advancing this mission. This
article discusses professional development efforts, engagement with the scientific community,
and the development of new community data standards. Finally, a vision is presented for the
planetarium of the future. This ‘Just in Time’ planetarium can draw upon the entirety of
the world’s scientific data, making it the ultimate platform for public communication of the
latest scientific discoveries.
Data Science for Planetarians
The goal of IPS’s Data to Dome initiative is to enable the
planetarium to thrive in the upcoming era of big data. In this
future, the planetarian will be a manipulator and interpreter of the
continuous flow of information coming from telescopes, space
missions, and computer simulations. Professional development
is a significant component of realizing this future. Planetarians
will need new skills, strong data science skills to thrive. This
transformation in skill sets is occurring in the sciences as well,
and there are a number of efforts to train young researchers in data
science. These efforts include Software Carpentry1, the LSST Data
Science Fellowship program2, and International Astronomical
Union’s Office of Outreach for Development’s (IAU OAD) Data
Science Toolkit3. These are all complementary efforts to the Data
to Dome effort, and all excellent resources for planetarians looking
to improve their data science skills.
The first ‘Data to Dome’ workshop was held in Tokyo on
the campus of the National Astronomical Observatory of Japan
(NAOJ). The workshop was jointly hosted by the International
Planetarium Society and the NAOJ. The goal of the workshop
was to bring together planetarium professionals, astronomers,
and visualization experts to advance the state of the art in big
data visualization in the planetarium. The workshops involved
tutorials, presentations, a showcase and a practicum session. The
practicum provided an opportunity for participants to get ‘handson’ and practice the techniques they were shown in the tutorials.
52 people participated in the workshop, 36 from Japan and 16
international participants. In addition, many other IPS members
viewed the live video stream, many staying up late into the night
to do so. Currently these videos have been viewed nearly one
1
2
3

https://software-carpentry.org/
http://ciera.northwestern.edu/Education/LSSTC_DSFPOverview.php
https://datascience.astro4dev.org/index.php#about

thousand times on YouTube. The videos of these tutorials (as well
as an additional one from the author) along with the code and data
used in the tutorials are available online4.
Reaching out to the Scientific Community
Unfortunately, the scientific community (even the professional
astronomical community) is vastly unaware of the power and
opportunities currently available in the modern, digital planetarium.
At worst they view the planetarium as hopelessly outdated, at best
they view it as a wonderful tool for inspiring young people and the
general public to take an interest in science. Few see it for what
it is, a world-class powerful and flexible data visualization tool.
We are employing a twofold strategy to help combat this
misconception. At the individual level we are encouraging
partnerships between scientific researchers and their local
planetarium. At the institutional level the IPS is working with the
world’s major scientific organizations to forge new partnerships
that advance the missions of both organizations.
There is much to be gained from partnerships between
planetaria and their local research community. Researchers gain
access to a powerful platform to communicate their science,
planetariums are rewarded with new visualizations attached
to personal stories, and the local community gains a better
appreciation of the science that takes place in their community.
The IPS’s Science and Data Visualization Task Force member
Tom Kwasnitschka wrote a column in Nature that serves as a
invitation from the IPS to the scientific community to come and
use the planetarium. ‘Planetariums: Not Just For Kids5 makes the
4

5
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https://github.com/IPSScienceVisualization/Workshops
http://prc.nao.ac.jp/fukyu/dtod
Nature 544, 395 (27 April 2017) doi:10.1038/544395a
https://www.nature.com/polopoly_fs/1.21888!/menu/main/
topColumns/topLeftColumn/pdf/544395a.pdf

case to researchers that a modern planetarium is often superior to
the visualization facilities available to them at Universities and
research laboratories. Dr. Kwasnitschka argues that, “Planetariums
are, for the first time, able to give back to the scientific world”.
We imagine a future where planetaria serve as dual-use
facilities. During a planetarium’s open hours it serves the public
and at other hours, it is used as a visualization facility by local
researchers. In fact this is already happening: the Iziko Planetarium
and Digital Dome in Cape Town opened this June with exactly this
mandate. That facility is being used to visualize research from
multiple disciplines all across South Africa. This includes one of
the biggest of big data projects, the Square Kilometer Array. In
the future, the planetarium will do more than just communicate
science—it will advance it.
Another positive step is the increasing number of scientific
organizations with planetariums. These institutions are taking
leadership roles in producing content for our community. The
4D2U Theater at NAOJ is curating both the Mitaka software6,
as well as an impressive and growing array of stereoscopic,
fulldome (and now full sphere) content7. The European Southern
Observatory’s Supernova planetarium will open in 2018, as
the first open-source planetarium. ESO has already been a key
contributor towards the Data to Dome initiative. Lars Lindberg
Christensen, ESO’s Director of Education and Public Outreach, is
also a member of the Science and Data Visualization Task Force.
ESO has been curating a repository of fulldome resources8, and
leading the development of the data2dome9 standard (which will
be discussed in the next section of this article).

If we can automate the process of discovery and ingestion of
new content, it will break down a key barrier in the presentation
of new content. The data2dome is designed to do exactly that.
Once a data2dome on feed is subscribed to, planetarians will
automatically see new content inside their software interface. For
example on the morning of the Trappist-1 exoplanet press release,
there was already fulldome content on the ESO data2dome feed.
The data2dome format is rapidly gaining support among software
providers and content producers. The IPS is also engaged in
negotiations to bring more content providers online. In the
near future a collaboration with the Center for the Advancement
of Science in Space (CASIS) will provide a data2dome feed of
astronaut photography.
The data2dome format is a key milestone in developing
the ‘Just in Time’ planetarium. In this planetarium datasets are
updated automatically, and new content is fed to the planetarium
operator. No longer will planetarians need to search for new data
sources and perform complicated transformations to import that
data into their system. An open science revolution means that data
is now more open and accessible that ever. The planetarium can
be the ultimate portal to the virtual observatory, a visualization
platform for the entirety of our knowledge of the Universe.

The IPS is working with the IAU on Data to Dome issues
through the Inter Commission Working group Data Driven
Astronomy Education and Public Outreach. The IPS is also
collaborating with the American Astronomical Society on its
stewardship of the Worldwide Telescope project. The Large
Synoptic Survey Telescope project is another key collaborator,
hosting the data2dome.org10 website and collaborating on a
potential 2018 Data to Dome workshop.
The ‘Just in Time’ Planetarium
The pace of scientific advancement is more rapid then ever.
How can we evolve the planetarium so that it becomes THE place
to participate in informed conversations surrounding the latest
astronomy and space science discoveries? This evolution will also
inspire a shift in how the public views the planetarium from a place
to be visited once in a lifetime, or once a new show is released,
to a place that one should visit frequently to keep abreast of our
growing understanding of our place in the universe.
6
7
8

http://4d2u.nao.ac.jp/html/program/mitaka/index_E.html
http://4d2u.nao.ac.jp/english/index.html
https://www.eso.org/public/videos/archive/category/fulldome/
9
http://www.eso.org/public/outreach/data2dome/
10 http://www.data2dome.org/
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Figure 1: The Data to Dome workshop participants inside
the 4D2U Theater on the NAOJ campus. Photo by Shoichi
Itoh.

VISUALIZING THE ORION NEBULA
Frank Summers
Space Telescope Science Institute
3700 San Martin Dr.
Baltimore, Maryland 21218
summers@stsci.edu
Abstract: The Orion Nebula is one of the crown jewels of the sky. As the nearest starforming region covering the full range of stellar masses, it is one of the best studied and most
informative of astronomical objects. Star and planetary system formation are revealed in
more detail and beauty than on any other celestial site. We previously developed a 3D model
of the 2006 Hubble view of Orion for an IMAX film, however, due to the contract terms of
our collaborators, the frames were unavailable to planetariums and other venues. Recent
efforts have re-worked and re-rendered the Orion model, and these new sequences will be
distributed without restriction. Our presentation will describe the process and problems
of creating this visualization for Ultra-High Definition movie, dome sequence, and Virtual
Reality 360 experiences.
IMAX Heritage

cloudy layer begged for an improvement of the technique.

In March 2010, the IMAX film “Hubble 3D” had its world
premiere at the Smithsonian’s National Air and Space Museum
in Washington, DC. The main story of the documentary is about
NASA’s final servicing mission to the Hubble Space Telescope.
As illustration for Hubble’s scientific capability, the movie
includes about 13 minutes of scientific visualization within its
44-minute length. Our visualization group at the Space Telescope
Science Institute (STScI) joined with collaborators from the
National Center for Supercomputing Applications (NCSA) and the
Infrared Processing and Analysis Center (IPAC) to produce these
sequences.

From Particles to Point Clouds

The most ambitious visualization created a virtual flight
through the Orion Nebula, based on the 2006 Hubble image.
STScI worked with astronomers to dissect and model the structure
of the nebula, stars, protoplanetary disks, and other objects in the
image. We created a full computer graphics model of texturemapped polygonal grids as well as positional and visualization
parameters for the star catalogs. NCSA added their considerable
visualization expertise, in particular creating millions of particles
from the grids to represent the cloud-like nature of the nebula. The
rendering of the four and a half minute sequence is said to have
taken tens of thousands of CPU hours on one of NCSA’s clusters.
IPAC contributed the final highlight of the sequence in the highresolution protoplanetary disk that was composited into the rest of
the model.
While the Orion Nebula sequence was a great success in the
context of the film, there were two points that later felt unsatisfactory.
First, as NCSA did the render of the frames, their availability was
covered by their contract terms with IMAX. As such, the sequence
was not available for use in museums and planetariums. Second,
and a more technical item, the particle visualization used for the
nebula did not entirely hide the grid structures underneath. The
small points where a “hard” surface could be discerned below the

The simple solution to avoid the polygonal grids is to remove
them entirely from the render. The new visualization would rely
only on the point-based data created from those grids.
The standard particle generation of computer graphics
software was insufficient. The technique generates particles from
a grid using the perpendicular directions (normals) at each grid
point. This method produces a lower density of particles at places
where the grid is convex (divergent normals), and a higher density
where it is concave (convergent normals). For the IMAX film,
special sets of fill-in particles were added to compensate for this
problem along the divergent regions.
In order to avoid this problem entirely, we generated our
new particles in three-dimensional space, not based on the twodimensional surfaces of the grids. We generated random positions
within a bounding box around each grid, calculated the distance
to the nearest point on the grid, and obtained the color values for
the grid texture at that point. This particle generation step was
computationally expensive. However, as the grids were not being
modified, it only needed to only be done once.
Layers of particles out to a set distance from the grids created
both surface and sub-surface sets of particles. These particles
were visualized as point clouds. In computer graphics, a particle
is a very small, very quickly rendered object that is meant to be
not much more than a pixel onscreen. Our point cloud render
represents each point as a spherical volume with a radial density
profile that can be any size onscreen. By varying the opacity of
the points with depth, we can visualize a nebula with a mostly
transparent surface that becomes opaque at or below the surface
without using any grid structures.
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A point cloud render that uses tens of millions of points with
commercial software has been prohibitively time consuming.
Instead, we employ a custom code that was written specifically
for this render technique and was optimized multiple ways during
the project. Render times were of order 30 minutes per frame for
HD resolution (on a single core of an Intel Xeon E5 of a Mac Pro
2013).

We arrived at the conclusion that a ray-tracing solution was
the only fix. When passing through the cloud, the points can grow
to being very large on screen. As such, points whose center is
nominally behind the camera for a standard frustrum render can
extend enough forward to affect the corner pixels. A ray trace
render, in which points are sorted and culled for each ray direction,
could fix that, but at a prohibitive computational cost.

Real Problems in Virtual Reality

Our solution was to implement a “near-field ray tracer” to
complement the standard frustrum render in our code. Points out
to set distance from the camera (i.e., the near field) are rendered via
the ray trace code. All points beyond would be done in the normal
frustrum render. Even though only a tiny percentage (0.02%) of
points required the ray tracer, render times more than doubled for
the frames that needed this technique. Optimization of the ray
trace code is on the list for future work.

To bring the visualization into planetarium domes, our
production path routed through virtual reality (VR). Because we
do not have a dome in or near our building, pre-visualization of
camera moves in a hemispherical environment has traditionally
been difficult. With the advent of consumer-level VR headsets,
we can do our pre-visualization on a virtual planetarium dome and
save much time and effort over bringing our test sequences to a
physical dome.
Like many, we render a six shot cubical environment map to
cover all directions from the camera. Our projections for dome,
allsky, or other mappings are interpolated from the six separate
renders. On previous projects, this technique had produced the
expected results.
For the Orion Nebula, however, artifacts from the six renders
showed up when the camera passed close to or through the dense
point clouds. The corners of the render cube appeared prominently,
as if the viewer were flying in a glass box. The standard fixes for
the problem, which involved ensuring that all sorting and culling
of the points was done in spherical manner, helped but did not
entirely remove the problem.

Free the Orion Nebula!
The visualization shown at the conference was rendered
entirely at STScI, and will be distributed to the community in
January 2018. The current sequence retains its film heritage at 24
fps, and will be re-rendered at 60 fps for release. At the American
Astronomical Society’s winter meeting in Washington DC, we
are hosting a special session called “Astronomy Visualization in
Research, Outreach, and Entertainment”. Associated with that
session, the frames for this sequence will be released in 4K UHD,
VR 360 and dome formats on our website hubblesite.org.
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ASKING THE RIGHT QUESTIONS FOR THE RIGHT LEARNERS
Carolyn Sumners
Houston Museum of Natural Science
5555 Hermann Park Drive
Houston, Texas 77030
csumners@hmns.org
Abstract: Pre-post assessments conducted in the dome, using clickers integrated into our
Digistar operating system, show student concept mastery before and after a 40-minute
interactive planetarium experience. Performances of 502 students from five schools with
varying demographics (ethnicity, percentage of economically disadvantaged, percentage of
English language learners, student mobility, and achievement on a standardized science test)
indicate how these variables can affect student learning in a planetarium. Six core astronomy
concepts were measured based on state and national standards. Time spent on presenting
concepts and questioning students in the planetarium was also considered.
Data Collection
This research program was conducted in the Burke Baker
Planetarium during the spring of 2017. Our planetarium has an
Evans & Sutherland True8K projection system with unidirectional
seating and a 20° tilt of the dome and seating rake. Specific
Digistar 6 animations were created to allow students to interact
with the planetarium teacher and discover the answers to pre and
post assessment questions. A video showing the animations can be
provided on request.
Five schools with very different demographics participated in
this content acquisition research. Figure 1 provides the background
data for the 5 groups. Each group received the same lesson taught
by the same two teachers with the same scripts in the Burke Baker
Planetarium.

School A:
School B:
School C:
School D:
School E:

Figure 1.

AfricanHispanic
White
Asian 		
#students
American							in study
6%		
23%
48%
15%		
145
67%		
31%
1%
0%
87
7%		
34%
35%
23%
100
50%		
43%
1%
0%
100
2%		
98%
0%
0%
70

School A: 91% passing science test, 22% ELL, 11% disadvantaged, 12% mobility
School B: 35% passing science test, 27% ELL, 86% disadvantaged, 16% mobility
School C: 95% passing science test, 25% ELL, 36% disadvantaged, 7% mobility
School D: 42% passing science test. 26% ELL, 89% disadvantaged, 11% mobility
School E: 68% passing science test, 60% ELL, 89% disadvantaged, 24% mobility
Table 1: Demographic Data for the Five School Groups in the Study
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Figure 1 below shows the combined gains from all five groups for
each question, including both the right answer and the strongest
distractor. In most instances the gain in correct answers came as
the students rejected the most common wrong answer. These data
document that it is important to teach that the distractor is wrong
as well as helping students discover the correct answer.

Evaluation of Performance as a Factor of School Demographic
Data
Our research also focused on the how much of the variance in
the student performance on tests could be attributed to these three
factors:
• % Economically Disadvantaged
• % English Language Learners (ELL)
• % Passing on Standardized Science Test
These factors were chosen because they are readily available
for each campus in the study. Student mobility and ethnicity did
not provide as strong correlations as the three variables chosen
above. For instance the percentage of ELL learners is more
significant than the percentage of Hispanic students although the
two variables are correlated.
The percentage of English Language Learners explained only
7% of the variance among schools on the pre-test. The science
score on the STAAR test explained 82% of the variance. The
percentage of economically disadvantaged students in the school
explained 91% of the variance. These school characteristics
covary, but the percentage of economically disadvantaged students
was a better predictor of student performance than performance on
the STAAR test. The percentage of English Language Learners
had less effect on student performance.

Figure 2. Six test items in the 2017 research. One of the animations
used to teach the concept being tested is shown in the background
for each question.
There is significant variability among the five groups on concept
acquisition for these six questions. Table 2 shows how each school
performed.
Pre-test
Post-test
Gain
School A: 41.00%
72.25%
31.25%
School B: 47.83%
90.67%
42.83%
School C: 30.00%
66.00%
36.00%
School D: 35.00%
59.33%
24.33%
School E: 31.17%
60.83%
29.67%
All gain scores are highly significant, but vary from question to
question.
Table 2: Performance by School on the six-question assessment.

203

These data may suggest that the economically disadvantaged
student is less likely to have exposure to Museum experiences or
to come from a home environment with books and other enriching
science experiences.
We next asked if the gains in student posttest performance
were more or less correlated with these three factors.

The correlations with gain scores for the six-question test
indicate that learning occurs, but is still largely predicted by
student demographics. The ELL factor in gain scores is greater,
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explaining 56% of the variance in scores (compared with 7% for
the pretest). This value suggests that ELL students need clear and
simplified English narration, especially when introducing new
topics, and development of animations that rely less on narration.
Surprisingly we found no meaningful correlation with
the school’s score on the standardized Texas STAAR test. The
correlation with the economically disadvantaged factor dropped to
48% from 92%. These results indicate that the planetarium can be
a more effective learning environment for all students, regardless
of prior success on a standardized science test or economic factors.
Performance on New Content
Question 4 about why it is hotter in summer brought the most
interesting responses with the pretest score lower than would be
expected from random guessing (7% vs. 20%). Therefore there
must be a significant misconception related to this question.
For this question the percentage of English Language Learners
explained 31% of the variance in responses. This is more than the
covariance for the entire six-question pretest, perhaps indicating a
difficulty with the language of the question.

Only 25% of the variance in the pretest score on question 4
can be attributed to the percentage of economically disadvantaged
and there is no correlation between score on the standardized
science test and the pretest score on question 4.

Surprisingly, the gain score on question 4 also has no
correlation with science test scores and less than the correlation
with the percent economically disadvantaged (25%) for gains on
the six-question instrument (48%). Question 4 represents content
not taught well in the 4th grade. Therefore all learners start at with
similar background knowledge in learning the concept.
Performance Related to Instruction
We also recorded the time allotted to each concept represented in
the test questions and the number of audience response questions
posed by the instructors for each topic. To our surprise, the time
spent on each topic explained less than 1% of the student gain.
This result indicates that the more easily mastered concepts may
require (and be given) less instruction.
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1.	 It is important to consider both the right answer and the
distractors—as shown with questions 1, 2, 4, and 5. Notice
that most of the gain in choosing the correct answer came
from not choosing the wrong answer.
2.	 The percentage of economically disadvantaged is the strongest
predictor of student prior knowledge and performance.
However with new content, this factor has a diminished effect.
3.	 The presence of English Language Learners needs to be
addressed since it will impact student content acquisition.
Lowering the language complexity of questions can solve part
of this challenge and speaking more slowly with less complex
sentence structures can also be a benefit.
4.	 Performance on standardized science tests and percentage
economically disadvantaged plays a smaller role in the
learning of unfamiliar concepts.
5.	 Schools that have higher pretest scores on the 6-question
evaluation instrument had higher gain scores. This will
happen only if the pretest score is low (students answering
less than 50% of the questions correctly, for instance). If
most students know the answer in the pretest, there is less
room for large gains on the posttest. To document learning,
you must ask questions that students are less likely to know
or ask students to apply prior knowledge in a new way or
in a different situation, perhaps demonstrated during the
planetarium program.

Finally we were most surprised by the relationship between
the number of interactive questions asked and the gain score for
the specific question. The correlation was strong and negative,
indicating that more questions correlated with lower gain scores.
This can be explained by the teacher spending more time on the
more difficult concept. For instance the question about Earth’s
rotation causing the sun’s apparent motion across the sky is
very difficult with only a 14% gain score although we asked 10
interactive questions about this topic. We hypothesize that the gain
would be even less if we had asked fewer questions. A question
like “Is there gravity on the Moon?” can be answered with one
video and panorama – producing a 41% gain with only one student
response question asked.
Summary
The following points can be concluded from this study.

Future Research
We are preparing to embed pretest questions within our school
program, asking them just before we teach each concept. We
hypothesize that this will focus students on the concepts that we
are preparing to teach. We are also going to use these questions
with different schools, earlier in the school year. The 2017 data
were collected in the spring after schools had an astronomy unit
on the same concepts.
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INTERACTION WITH CLICKERS IN THE DOME
Carolyn Sumners
Houston Museum of Natural Science
5555 Hermann Park Dr.
Houston, Texas 77030
csumners@hmns.org
Abstract: The Burke Baker Planetarium of the Houston Museum of Natural Science
(HMNS) has developed an interactive clicker technology with the assistance of Evans &
Sutherland. Now audiences can use clickers with raised buttons to communicate with a
Digistar 6 projection system. These clickers can tell the operator how to move a 360° dome
image, from exploring outside and inside the International Space Station to walking through
a natural bridge or flying out into the starfield. We also use these clickers for pre- and posttest evaluation of student concept acquisition and to have students respond to animations
on the dome—predicting sequences and motions of celestial objects. Clicker responses
also measure what we have taught and help us determine when learning occurs within a
planetarium experience.

History
HMNS has a 52-year collaboration with the urban Houston
Independent School District (7th largest in the nation) to provide
a planetarium experience for every fourth grader and a portion of
the second or sixth grade, depending on the year. It is critical for
us to collect pre-post assessment data so we can document student
concept acquisition during our planetarium programs. It is also
important to increase student participation and interactivity in a
darkened dome theater environment.

In past years we have used paper and pencil tests, plickers,
and even photographing students holding up the number of fingers
representing their answer to a question. These processes worked,
but were time consuming, fraught with student copying, and
awkward in the management of materials and collection of data.
We have chosen not to use buttons on the seats because we don’t
want audience keypad input in every show as well as increased
maintenance issues.
Solutions with Clickers
Pre-Post Testing
Clickers (from Turning Technologies) with raised buttons
have solved our data collection problem and have also allowed
us to gain input from students throughout a presentation. In
the spring of 2017, we began by collecting student responses to
questions before and after the planetarium program with no data
collected within the program. The response from teachers was
most positive. The pre-test questions prepared students for the
concepts we would explore in the planetarium show. The posttest questions showed students how much they had learned, often
to the surprise of their teachers. This pre-post assessment used
Turning Technologies software running along with our Digistar 6
system. The questions appeared on the dome from Digistar. A
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radio receiver and the Turning Technologies software collected the
clicker responses. The planetarium operator told students what
percent had answered each question correctly. They were given
the correct answer in the post assessment along with how many
more students had gotten the question right. This information
was met with cheering in the audience, applause at each learning
success.
Integration into planetarium programming
Evans & Sutherland supported us by integrating this
technology directly into Digistar so we could embed questions and
audience choices into our programming, with Digistar generating
comma-delineated files for export into Excel.

The following capabilities have been developed:
1. Pre-post testing providing feedback for the planetarium
teacher and the audience. The six questions used for the
pre-post assessment have been divided into six different
buttons that the teacher can use as he/she begins each section
of the planetarium program. When the question appears
on the dome, the software starts collecting clicker data and
continues until the teacher presses the RESUME key. At that
point, Digistar displays the relative percentage of students
who answered with each of the 5 possible responses. This
information tells the teacher how many of the students already
know the answer. The teacher does not say which answer is
the correct one. Then the teacher continues with the lesson,
knowing how much time to spend on the concept based on
student responses. This procedure is repeated as each concept
is taught. (This is more effective than verbally asking an
audience of 170+ students a question and not knowing how
many students are really responding correctly.) At the end of
the program, the post-test uses the same questions, but the
answers are in a different order to minimize blind copying the
most popular pretest answer, which is often incorrect.
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2. Audience Interaction: This summer we developed an
interactive program in a 7-meter inflated dome to experiment
with additional functionalities of the clickers. The program
was most successful with groups of 20-40 visitors in the
portable dome, and is now being ported to the Burke Baker
Planetarium theater. First we programmed questions where
the audience could see the percentage change as they input
their answers. For this application we asked questions like,
“how old are you”, and “which part of the show did you like
best”.

3. Branching: We also divided the solar system into two sets
of 5 choices (Choice 1: Mercury, Venus, Moon, Mars, and
Eros; Choice 2: Europa, Titan, Miranda, Triton, and Pluto). A
poster for each location is displayed at the bottom of the dome
and bars appear above each poster. Audiences are asked to
Vote. When the RESUME button is clicked, Digistar takes the
audience to the most popular choice. This worked well and
some patrons chose to attend another session to make different
choices. The operator could also override the clickers or run
another destination after the chosen one.

With the success of the ISS exploration, we decided to fly
through the starfield. We loaded a 3D starfield from Digistar and
added the constellation outlines and names. Then the audience
helped the operator locate a certain constellation using the up,
down, left, and right buttons. If the audience wanted to travel into
the starfield, they pressed the center (#3) button. Then the operator
could push the right trigger of the joystick and the whole dome
would fly forward through the starfield. The left trigger would
take the audience back to the Earth sky.

4. Directing Dome Motion: First we implemented this option
with our 360° images of the International Space Station
exterior and interior. Visitors chose to move up, down, left,
or right. The percentage making each choice was displayed
continuously. Using a joystick, the operator performed the
motion that the audience requested. The operator could then
change the images using the joystick trigger. In the trip through
the interior of the space station, a green dot marked the next
room in the sequence. Using the clickers, the audience helped
the operator turn the view until the green dot was directly
ahead. Then the audience floated into the next room of the
ISS.

Following the success of the ISS and starfield interactive
experiences, we programmed a button that would overlay the
clicker outline on any running Digistar script and allow the
audience to give input to the operator as the script plays. For
instance, we filmed a 4K 360° movie going through the

Owachomo Natural Bridge in Natural Bridges National

Monument in Utah. Through clicker input, the audience could
choose which way to face as they climbed the ravine and moved
under the natural bridge.
Teacher Reactions
Teachers fill out an online evaluation for the Houston
Independent School District after their visit to the planetarium. We
used the clickers 5 times with groups of 100+ students in the spring
of 2017. All comments were positive and these are representative:
• “Wow! The experience was amazing. Students were intrigued
and understood content via the visual presentations. The preassessment and post assessment with clickers and immediate
feedback encouraged and motivated students to be actively
engaged.”
• “This was an excellent experience for our students. The
addition of the quiz was fantastic.”
• “Our students enjoyed the planetarium presentations and we
were impressed by what they knew.”
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• “Our students loved this!!! I was glad to see that there is a
focused quiz and kids can send immediate feedback. Loved
the new improvements to the planetarium.”

Future plans
During the 2017-18 school year, we will be embedding this
clicker technology in other Digistar scripts such as predicting (1)
which moon phase will appear in the sky when the moon is in a
displayed position, (2) where the shadow with be on a sundial at a
certain time of day, (3) how high the sun will be at local noon for
a given season, and (4) which direction will an event like sunrise
occur. These clicker interactions will help operators determine
how students are applying concepts that must be mastered in the
4th grade.
We are also experimenting with group Digistar games in the
planetarium using the clickers, perhaps with audience members
working in teams based on their lanyard colors. For adult
audiences, we will be experimenting with audience reactions to
new planetarium programming.

Summary
Clickers provide optional audience interactivity and a method
for assessing student knowledge and concept acquisition within a
planetarium program. The potential for audience evaluation and
audience participation in planetarium experiences is great and will
be explored in the 2017-18 school year.
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FOSTERING A QUESTIONING PUBLIC
Dayna Thompson
Charles W. Brown Planetarium
Ball State University
2000 W. Riverside Ave
Muncie, Indiana 47306
dlthompson3@bsu.edu
Abstract: With fake news evolving and becoming more prevalent, what can we do to help the
public navigate the information they are exposed to? In many planetarium presentations
we help without realizing it by teaching the characteristics and abilities that are associated
with being a scientist. How can we continue to go further with our presentations to help
better prepare the next generation of scientists and foster a questioning public? I will share
experiences and techniques that have been used in the dome for this cause with the help of
feedback from the participants of the 2017 meeting of the Live, Interactive Planetarium
Symposium (LIPS).
It’s not just about cultivating scientists…
During planetarium programs, we often inspire future
artists, writers, and various other non-STEM dreams. We
are constantly reminded that we are doing more than
helping to fill STEM jobs. Regardless, many of us have
a mission to teach astronomy and I personally start some
school group presentations by asking learners, “What is a
scientist?” We discuss this not only because of the hope
that everyone will go then out and get a STEM career,
but also because science is always around us. I asked
this question during my presentation at the 2017 meeting
of the Live, Interactive Planetarium Symposium (LIPS)
and got the response: “Someone who knows how to ask
a really good question.” Yes, science is about questions
and how we can answer those questions.
The ability to ask questions stems from the many
different characteristics a scientist has. However, it is
important for everyone to formulate questions. This
helps to navigate day-to-day obstacles. Today, this
includes the increase in fake news. Given the proper
tools, those often found in a scientist’s toolkit, everyone
can more rationally sift out credible news articles from
fake or biased one. Having a questioning public like this
can lead to a well-informed community—a community in
which we aspire to live.
So, what is in a scientist’s toolkit?
Not to be confused with a trait, which is a genetically
determined quality, a characteristic can be taught and
refined over time. Certain characteristics are said to be
associated with various professions. When you think
of a scientist, for instance, a list of characteristics can
come to mind. When asking various audiences what
comes to their minds, they usually answer: brainy,
careful, creative, critical thinker, flexible, focused,

insightful, knowledgeable, logical, objective, observant,
open-minded, patient, persistent, resourceful, risk
taker, skeptical, and even white lab coat. Again, this
list includes items that are needed to help us through
our everyday lives. Fortunately, we do teach some of
these characteristics to planetarium guests—whether it
is apparent or not. Before discussing how, let’s refine
this list and focus on the following characteristics of a
scientist:
•
•
•
•
•
•
•
•
•
•
•

Careful
Curious
Creative
Logical
Objective
Observant
Open minded
Patient
Risk taker
Resourceful
Skeptical

How can we help develop these characteristics in the
dome?
Check out the table below. It includes a list of the
characteristics of a scientist and just a few ways one can
help foster them in the dome. Special thanks to all the
participants of the 2017 LIPS conference who contributed
to this discussion. Their contributions are noted below.
Although it is not in the list, we should not forget
that these characteristics build off of a good foundation
of knowledge. Information and facts are vital to each
planetarium lesson. However, it is worth going beyond
that to help encourage other facets of the mind.
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Characteristic
Careful

Teaching Method

“I show what Venus looks like on the period of ~200 days and
ask students to write down observations on what they see, and
how can they explain why they see what they do. Some see that
it has phases, some see that it gets bigger/smaller [in diameter].
But not many see both. They realize that if they were careful,
they would have seen both, and been better able to explain what
is going on.”

Careful/
Observant

Instead of showing guests where constellations are, have them
try to find them on their own by either explaining what it looks
like or giving them a star chart.

Creative

Have guests come up with names for exoplanets based on its
composition, temperature, period, and various other traits that
scientists have found.

Creative

Allow time for divergent or off-topic questions.

Creative

“Can You Solve This?” Riddle - Scientists have to be creative
in not only the solution but also the questions and methods that
lead to a solution.

Creative

Imagine what it would be like to: go into space, visit an
exoplanet, see the sky from somewhere far away and name new
constellations (that aren’t visible from Earth), etc.

Curious

“Model and promote ambition.” – From this article on teaching
kids how to be curious. It also includes more examples than
listed here.

Curious

“I always tell audience they are free to ask questions and there
are no such things as stupid questions, only stupid answers. [I
say,] ‘I am on the hook for looking stupid, you are not.’ This
tends to get more interaction from the audience and makes them
more open about how curious they are.”

Curious

Encourage questions and revisit old ones: “I always include
time at the end for questions. For school groups I end when
the teachers have to go. For public programs, I go until there
are no more questions for the night. When they are able to ask
more questions because they are given that opportunity, they can
become more curious. Also, when someone asks a question,
there are often follow-up questions to that come from other
people as well.”

Logical

Present bad vs. good arguments with concrete examples.

Objective

“Our Pluto tour that ends with me saying, ‘you can’t go on
believing something just because it’s what you were taught.
Just because you have an emotional attachment to Pluto doesn’t
make it different from what it is. You have to figure that out for
yourself based on facts.’”
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Contributed
by 2017 LIPS
Participant









Observant

Many compare and contrast activities work well for this.

Observant

Focused observations to identify pattern (sun rise/set, path,
moon phase…)

Observant

Measure or watch w/ good technique: “I put stars up in dome and
just have kids observe. An addition to that is to add in mysteries
for students to figure out (put in hat for them to draw from).
For example, ‘how many Messier objects are in northern sky?’
This is good quiet time to observe, to think, to process, and also
write-up a mystery of their own. Basically to notice everything
you can notice.”

Observant/
Creative

“Let daily motion run, sunrise/sunset, star motion – ask what
they observe. They are not too talkative at first, but then they see
more little things and realize that they just made an observation.”

Open Minded
(submitted
under “white
lab coat”)

This participant’s facility has staff that wears white lab coats.
The facility discussed whether or not they should change the
“uniform” – because maybe it feeds the stereotype. However,
they kept it and now use it as a conversation starter. “Workers
are asked if they are a scientist because that’s their expectation.
The worker asks guests in return: ‘What do you think?’
‘What do you think a scientist is?’
‘What does it take to be a scientist?’
‘Are you a scientist?’… and they have a conversation about
these characteristics and see that a diverse group of people can
be considered scientists.”

O p e n
Minded
O p e n
Minded/
Curious
Patient

“I ask the audience questions that no one knows the answers to.
So all the responses have equal-weight. This makes people think
about different possibilities and how those might be explored.”
Give students a chance to try demos out themselves (hands-on).
“…everyone wants to know about wormholes, black holes, and
white holes but you first have to start with apples and Newton
and gravity before you can get to the things that blow our minds
– you have to be patient.”

Patient/
Observant

“[As a presenter] try not to add to many concepts in a program (I
limit 3), stick on a topic and be patient with them because they
won’t learn as fast as you can present. Let them observe and be
patient.”

Resourceful

Collaborations/team activities

Resourceful

Interdisciplinary activities/discussions

R i s k
Taking

“I show the moon without cardinal points, and then have students
predict where the moon will be in one day (by pointing) so they
can make a prediction and then take data. That way they can
gather more data over time and get a closer idea of what’s going
on. Risk taking of being wrong first and learning from that.”
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Risk Taking/
Observant

Put an astronomical object on the dome with the cove lights
up so they can barely see the object and have them guess what
it is while they wait for their class or group to be seated and
the presentation to start. This works well with Pluto as well as
planets.

Skeptical

Propose two rights and a wrong (possibly as an introduction of
yourself) and have them guess what the wrong one is.

Skeptical

Be up-front and give advice on how to detect false news/
information. Tell them what to look for.

Skeptical

Include April Fool’s Day images/Photoshop images of space in
your program and have them guess why the image cannot be
real.

Skeptical

“I point to the North Star, ask why it is special. Usually I get two
answers 1) it’s the brightest and 2) doesn’t move. Then I put on
star trails and show that it does technically appear to move. So
to be skeptical even when they have the right answer.”

Skeptical/
Observant/
Risk Taker

“I like to make preposterous statements like, ‘You can obviously
see that all stars are the same brightness.’ And wait until someone
says ‘well no they’re not…’ and then I ask them to prove me
wrong. I could also say, ‘all stars are same color.’ This gets them
to possibly look at clickbait articles a different way—to question
it.”
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CHAOS IN THE PLANETARIUM
Arylyn Trout
Jacob Salis
Emily Porter
Edinboro University of Pennsylvania
169 Cooper Hall
Edinboro, Pennsylvania 16444
eupchaos@gmail.com
Abstract: Cooper Hall’s Ambassadors of Sciences (C.H.A.O.S.) is an Edinboro Universitybased organization that provides the public with tours throughout our planetarium and
museum. As a student-run organization, our mission is to teach future generations about the
opportunities in and the relevance of the STEM fields. This paper is designed to illustrate
how other planetariums and museums can replicate similar programs, like ours, at colleges
and universities
With the fifteen-percent decrease in the interest in the STEM
fields among teens1 in the last few years, Edinboro University has
made it our duty to work as a community to engender a love of
the STEM fields at a young age. While our organization is still
blossoming after being founded in May of 2013, we had 4,570
patrons come through our doors for a tour of the museum and
planetarium through our 98 educational programs over the last
school year. While this number doesn’t seem large on a national
scale, it is relatively impressive due to how small the Edinboro
community is. Space is also a factor; our planetarium comfortably
seats 85 and our museum is a mere 1,470 square feet.
Cooper Hall’s Ambassadors of Science (CHAOS) was started
in May of 2013 after Cooper Science Hall was newly renovated
the previous year. After the renovation, space became available
to start our museum. We relied on every department to add
their own flair. It was a group effort, and between the Biology,
Chemistry, Geology, and Physics departments we were able
to encapsulate a large spectrum of the sciences to immerse our
demographic. This organization came to be because our founder,
Brittney Oleniacz, knew that Dr. Hurd, the planetarium director,
couldn’t handle the amount of bodies coming through the museum
by himself. So, CHAOS was born. Through careful planning with
the departments in Cooper and Edinboro’s Student Government
Association, CHAOS was able to become a reputable organization
on campus. The key to an organization like this is teamwork and
putting yourself out there in the community.

1

https://www.juniorachievement.org/web/ja-usa/ho
me;jsessionid=0A14D2B5880CE1531770E5244A5F90EB?
p_p_auth=nEQU7Ljl&p_p_id=56_INSTANCE_abcd&p_p_
lifecycle=0&p_p_state=maximized&p_p_mode=view&p_p_col_
id=ja-column-news&p_p_col_count=1&_56_INSTANCE_abcd_
groupId=20009&_56_INSTANCE_abcd_articleId=68398

Most of what we accomplish is done through word of mouth.
Within our community, we have established ourselves as a premier
field trip for elementary schools in the surrounding areas by
opening our doors to a wide range of school groups: anywhere
from elementary to high school to special needs. From there, we
have broadened our scope to different girl and boy scout troops
and attending local science fairs to put on demonstrations.
As an organization, we try to stress hands-on demonstrations
for our programs. For example, we have crafted a device to
demonstrate planetary and moon rotation around the Sun and
corresponding planets. We were able to do this in a cost-efficient
manner through PVC piping, a low-friction cloth, and marbles
in varying size. We have noticed that our students enjoy a more
hands on approach to science and their attention is kept when they
are included. It is easy for elementary students’ focus to wander
when they are simply just being talked at. We strive to make an
engaging environment and be sure to ask our students questions as
often as possible while they engage in our tours.
In our tours, we also value learning from incorrect hypotheses.
In our museum, we hold a large pendulum. We have set up
a ring of dominoes under the pendulum showing that the Earth
is rotating underneath it. We often ask the students how long it
would take the pendulum to travel the full circle and knock over
all of the dominoes. We often get incorrect answers (12 hours
on the equator, so around 16 hours for our latitude is the correct
prediction), but we stress that incorrect answers are all a part
of the scientific method. We do our best to make sure none of
students leave feeling discouraged so they can keep their sense of
inquisitivity.
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Another duty we hold dear is being role models for both young
women and men. The female interest in the STEM fields begins to
fade around the age of 15,2 according to a microsoft-based survey.
Our organization’s involvement is a good mix of male of female.
Through this, we are able to offer a source a representation of
women in the STEM field which reinforces that STEM is for both
sexes.
Our hope is that we can spread more student-run university
STEM programs across the nation. We are proof that a university
can start with nothing and create a very successful program
in just a couple years. A large space isn’t needed or any space,
necessarily. In the past, CHAOS has made appearances at science
fairs to showcase different tools used in the sciences. A favorite
of students is making fossil molds. We have a large rock with
embedded fossils, and by using air-dry clay, we allow the student
to pick their favorite fossil by pressing the clay into the rock.
Another favorite is the van de Graaff generator.
The key to making an organization like this work is passion.
We aren’t a major specific organization and that has truly helped
involvement for club members. Everyone involved in CHAOS
loves the work we do and we are truly making a difference in the
lives of the students we teach. It isn’t about the space used, it’s
about the passion behind the teaching and that is why we feel that
creating chaos on a national scale is more than possible, no matter
the size of the university.
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CHAOS	
  is	
  a	
  student	
  led	
  organization	
  at	
  Edinboro	
  
University	
  of	
  Pennsylvania	
  with	
  the	
  mission	
  of	
  
promoting	
  science	
  through	
  the	
  facilities	
  within	
  
Cooper	
  Hall.	
  	
  Students	
  of	
  all	
  majors	
  assist	
  visitors	
  
of	
  all	
  ages;	
  giving	
  Edinboro	
  students	
  new	
  insights	
  
about	
  their	
  particular	
  majors.	
  
	
  

What	
  Is	
  Our	
  Goal?	
  

CHAOS	
  members	
  help	
  individuals	
  learn	
  more	
  
about	
  the	
  sciences	
  through	
  the	
  use	
  of	
  the	
  museum,	
  
planetarium,	
  and	
  observatory	
  all	
  housed	
  inside	
  
Cooper	
  Hall.	
  	
  By	
  giving	
  tours,	
  shows,	
  
and	
  demonstrations	
  to	
  school	
  groups	
  
and	
  to	
  the	
  public,	
  CHAOS	
  gives	
  
science	
  a	
  fun	
  and	
  interesting	
  aspect.	
  

	
  
	
  
	
  
	
  

2

https://blogs.microsoft.com/firehose/2017/03/01/microsoft-study-in-europe-reveals-when-and-why-girls-interest-instem-fields-begins-to-wane/#sm.0000ij6j742c3f9ts2515ulcd536n
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How	
  Did	
  We	
  
Accomplish	
  Our	
  Goal?	
  

As	
  of	
  this	
  year,	
  CHAOS	
  has	
  begun	
  reaching	
  out	
  to	
  
the	
  community	
  in	
  new	
  and	
  exciting	
  ways!	
  Some	
  of	
  
these	
  include:	
  attending	
  local	
  science	
  fairs,	
  public	
  
observing	
  events,	
  and	
  providing	
  hands	
  on	
  
demonstrations	
  within	
  our	
  own	
  museum.	
  	
  Use	
  of	
  a	
  
gravity	
  well	
  allows	
  our	
  students	
  to	
  see	
  a	
  visual	
  
representation	
  of	
  orbital	
  paths!	
  We	
  have	
  also	
  
given	
  our	
  students	
  the	
  opportunity	
  to	
  make	
  fossil	
  
impressions	
  out	
  of	
  real	
  fossils	
  to	
  help	
  
encourage	
  creativity.	
  	
  To	
  further	
  
exploration,	
  we	
  have	
  put	
  a	
  new	
  spin	
  on	
  
old	
  shows	
  and	
  designed	
  new	
  shows	
  
that	
  engage	
  inside	
  the	
  planetarium	
  and	
  
out!	
  	
  

PREVIEW OF EVENING PLANETARY EVENTS, 2018-2020
Robert C. Victor
Abrams Planetarium
Michigan State University
755 Science Road
East Lansing, Mchigan 48824
rvictormi@earthlink.net
Abstract: In 2018, the three bright outer planets pass opposition within 79 days, shortest
interval since 1984. Dates are Jupiter on May 8, Saturn on June 27, and Mars at perihelic
opposition, closest since August 2003, on July 26. Venus passes inferior conjunction on Oct.
26, so it will display its most striking half and crescent phases to evening viewers from August
into early October. Summer and early autumn 2018 will be an excellent time to host sessions
to view all four showpiece planets! Whenever you show Jupiter and Saturn, be sure to
mention their spectacular pairing of December 21, 2020, when they’ll appear just 0.1 degree
apart, closer than on any occasion since 1623, during Galileo’s lifetime.
Using the Zeiss Universarium Model IX Projector, we’ll
preview beautiful planet gatherings for a selection of dates in the
evening sky in 2018-2020, concluding with the Jupiter-Saturn
Great Conjunction.
In our Planetarium demonstration, each scene will depict
the sky from longitude 90° W, latitude 40° N at evening midtwilight, which we define as the moment the Sun is 9° below
the western horizon. From latitude 40° N, this happens 43 to 53
minutes after sunset. Shortest twilights occur in February-March
and September-October, when the Sun is a few degrees south of
the celestial equator. Longest twilights occur at the June solstice.
We have found that mid-twilight is generally a good time to be out
looking for the naked-eye planets and stars of first-magnitude or
brighter, although some can be spotted earlier, in brighter twilight.
Our planetarium depiction shows the sky much darker than actual
mid-twilight conditions, allowing observation of stars at fainter
magnitudes than would actually be seen outdoors. A telltale
artificial twilight glow reveals where the Sun is located 9° below
the horizon.
Our selection of dates covering an interval of nearly three
years is divided into three acts of daily scenes:
Act I:
Act II:
Act III:

2018 April 29 through October 28
2019 May 30 through December 10
2020 June 30 through 2021 January 11

We have chosen to include only dates when both Jupiter and
Saturn are above the horizon. Each Act begins with Jupiter just
above the eastern horizon, some 9 to 13 days before its opposition.
Each Act concludes with Jupiter (or in the case of Act III, Saturn)
just above the western horizon, one to a few days before it sinks
below the horizon into the twilight glow.

The scene changes at a rate of slightly more than once per
second, a rather fast pace. When presenting to your audiences,
you might want to hold each scene a bit longer. Pauses of several
seconds can be inserted for longer examination and discussion of
especially interesting gatherings. A listing of events including
planet-planet and planet-star conjunctions, and lunar conjunctions
with planets and stars is provided in the following pages.
Angular distances between objects are given as we can observe
them in evening mid-twilight from 90° W, 40° N, rather than the
minimum separation worldwide or the difference in declination at
the time of conjunction in Right Ascension as given in almanacs.
Often the data given in such sources corresponds to daytime or a
time when the objects are below the horizon.
This demonstration previews occasions when you will want
to schedule outdoor viewing sessions. It’s always a pleasure to
have both Jupiter and Saturn available for viewing within a single
session. Even better, in 2018 (Act I), after the opposition of Mars
in late July, all three bright outer planets are available, although
Mars will be at a far southerly declination and quite low. Venus
is a bonus, and in August and September 2018, it will be of high
telescopic interest as it passes through half and crescent phases.
All four showpiece planets!
Act II (in 2019) again follows Jupiter and Saturn. Mars, now
faint and distant, lingers on into July 2019, after nearly a year
of continuous presence since its opposition and close approach
of July 2018. Venus emerges in the evening in October, but it’s
on the far side of its orbit, so is of little telescopic interest. On
Nov. 24 and Dec. 10, 2019, Venus overtakes Jupiter and Saturn in
attractive conjunctions for naked eye and binoculars.
Act III follows Jupiter and Saturn through their historic close
conjunction of December 21, 2020.
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Thanks to John French at Abrams Planetarium and to the staff
of the Saint Louis Science Center for assistance in programming
the Digistar 6 and the Zeiss Universarium Model IX. Thanks to
Robert D. Miller for his sky charts plotting the planets and bright
stars at mid-twilight, and to Jeffrey L. Hunt for his graphs of
planetary rising and setting times.

July 9

Venus 1.0° N of Regulus. Jupiter ends retrograde
2.1° WNW of Alpha Lib.

July 11

Mercury at greatest elongation, 26° E of Sun.

July 14-28

Moon in evening, passing five planets: Near
Mercury July 14, Venus July 15,
Jupiter July 20, Saturn July 24, Full Moon near
Mars July 27.

Mars 0.3° from Jupiter. Saturn-Mercury-JupiterMars span 44.1°.
Minimum span of Saturn-Mars Jupiter, 43.6°.
Mars 1.3° S of Saturn. Jupiter 46.6° W of pair.

July 21

Last view of Mercury above horizon in this
apparition. First view of Mars
in ESE to SE. Five planets simultaneously, two
barely above opposite horizons!

2019 Jan. 22
Venus 2.4° N of Jupiter. Saturn 28° E of pair.
2019 Feb. 18
Venus 1.1° N of Saturn. Jupiter 26° W of pair.
(Mars is in evening sky, below the horizon while you’re viewing
these morning pairings.)

July 26

Mars at opposition.

August

Venus displays gibbous, half, and crescent
phases, changing from 57% to 40%.	

2020 Mar. 20
2020 Mar. 31

August 12-26

Moon in evening, near Venus August 14, Jupiter
Aug. 16-17, Saturn Aug. 20,
Mars Aug. 22-23.

August 15

Jupiter 0.5° N of Alpha Lib; 3rd of triple
conjunction.

August 17

Venus at greatest elongation, 46° from Sun.

August 27

Mars ends retrograde just E of “Dog Kingdom”
(Chinese asterism in eastern Sgr).

August 31

Venus 1.3° S of Spica. Crescent Venus 40 % full.

September

Venus displays crescent phases, 40% to 17%
full in Sept., and growing in apparent size
until its inferior conjunction on Oct. 26.

Sept 4

Saturn ends retrograde 4.9° NW of Lambda Sgr.

Sept 10-24

Moon, in evening, widely N of Venus Sept. 12,
near Jupiter Sept. 13,
Saturn Sept. 17, Mars Sept. 19.

Sept 28

Venus reaches min. dist. 13.8° W of Jupiter.
[Venus will pass 2.4° N of Jupiter in
morning sky on Jan. 22, 2019.]

Sept 30

Last view of Venus at evening mid-twilight.

Oct 10-24

Moon, in evening, near Jupiter Oct. 11, Saturn
Oct. 14, Mars Oct. 17-18.

October 25

Mercury appears just above horizon in WSW,
4.8° lower right of Jupiter.

October 26

Venus passes inferior conjunction, 6.2° S of Sun.

Some noteworthy morning events in 2018-2020, not depicted in
our evening sky demo:
2018 Jan. 7
2018 Feb. 2
2018 Apr. 2

Mars 0.7° S of Jupiter. Saturn 7.1° E of pair.
Mars 0.9° S of Saturn. Jupiter 6.2° to 6.3° W of
pair (minimum span of 3).

Preview of Evening Planetary Events, 2018-2020
2018 April 29 through October 28
April 29

Scene opens with Venus in WNW, and Jupiter
rising below Full Moon in ESE.

May 2

Venus 6.4° N of Aldebaran.

May 8

Jupiter at opposition.

May 16-29

Moon in evening sky, passing near Venus on
May 17, Jupiter on May 27.

June 3

Jupiter, retrograding, passes 0.8° N of Alpha Lib;
2nd of triple conjunction.

June 7

Venus 4.7° S of Pollux.

June 13

Saturn appears in ESE.

June 14-28

Moon in evening, near Venus June 15-16, Jupiter
June 23, Saturn June 27.

June 15

Mercury appears above horizon in WNW.
Jupiter-Saturn max. dist. apart, 52.4°.

June 17

Saturn, retrograding, is 3.0° N of Lambda Sgr,
atop Teapot; 2nd of triple conj.

June 19

Venus passes closely N of Beehive cluster.

June 24

Mercury 4.8° S of Pollux.

June 26

Saturn at opposition.
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October 28

Mercury 3.2° S of Jupiter; 1st of triple
conjunction. Jupiter lingers into first week o f
November. Mercury falls short of Saturn by 23°
Nov. 15-16, then fades and drops out.

2019 May 30 through December 10
May 30

Our evening mid-twilight scene opens with
Jupiter just risen in ESE 12° lower left
of Antares, and Mercury just emerged above the
opposite horizon, WNW. Mars
is still visible, but is faint and distant, 19° upper
left of bright Mercury. The three
planets span 178°.

June 4-17

Moon, in evening, near Mercury and Mars June
4, Mars June 5, Jupiter June 16.

June 10

Jupiter at opposition.

June 18

Mercury passes 0.3° N of Mars.

June 25

Saturn appears above ESE horizon, within 31°
lower left of Jupiter.
Four planets, Mars-Mercury-Jupiter-Saturn,
span 172°.
dist.

apart

Sept 17

Saturn ends retrograde 7.7° ENE of Lambda Sgr
and 3.9° NNE of Sigma Sgr.

Sep 29-Oct 13

Moon, in evening, near Jupiter on Oct. 3, Saturn
on Oct. 5.

October 8

Mercury appears above horizon in WSW.

October 19

Venus emerges in WSW, 7.4° lower right of
Mercury.

October 28

Last day Mercury above horizon in mid-twilight,
3.4° lower left of Venus.

Oct 29-Nov 12 Moon, in evening, near Venus on Oct. 29, Jupiter
on Oct. 31, Saturn on Nov. 1.
October 29

Venus within 5° lower right of young Moon.
Mercury setting 2.9° lower left of 			
Venus.

October 30

Mercury passes 2.6° S of Venus (3rd of triple
conjunction), low in bright twilight).

November 9

Venus passes 3.9° N of Antares, on last day star
is above horizon in mid-twilight.

November 24

Venus 1.5° S of Jupiter; Saturn 19° to their upper
left.

July 1

Mercury-Mars 3.9° apart, max.
between conjunctions.

July 3-16

Moon, in evening, near Mars-Mercury on July 3,
Jupiter July 13, Saturn July 15.

July 4 and 5

Mercury 3.8° S of Mars, but Mercury is now
faint and low in twilight.

July 6

Mercury last day above horizon in mid-twilight;
at inferior conjunction July 20.

July 9

Saturn at opposition.

July 15

Mars last day above horizon in mid-twilight.

Intermission.

July 17

Jupiter-Saturn maximum distance apart, 31.2°.

August 2-15

Moon, in evening, near Jupiter on Aug. 9, Saturn
on Aug. 11.

Watch for these striking gatherings in the morning sky in early
2020; they are not depicted in our demonstration of evening
planetary events.

August 11

Jupiter ends retrograde 6.7° NE of Antares.

August 13

Venus at superior conjunction.

Aug 31-Sep 13 Moon, in evening, near Jupiter on Sept. 5, Saturn
on Sept. 7 and 8.

Nov 27-Dec 12 Moon, in evening, leapfrogs Jupiter Nov. 27-28,
near Venus on Nov. 28, near
Saturn Nov. 29.
December 10

March 20
March 31

Venus passes 1.9° S of Saturn; Jupiter 17° to
their lower right. Jupiter and Saturn are sinking
into the evening twilight glow, while Venus
improves, reaching greatest elongation 46° upper
left of setting Sun on March 24, 2020.

Mars 0.7° S of Jupiter; Saturn 7.1° E of pair.
Mars 0.9° S of Saturn; Jupiter 6.2°-6.3° W of pair.

In the morning sky during April 28-June 6, 2020, Jupiter lingers
within 5.0° W of Saturn without passing it, an event called a quasiconjunction. Minimum separation occurs on May 18, as Jupiter
approaches within 4.7° W of Saturn. Earth overtakes Jupiter
on July 13, 2020, and Saturn a week later, marking the planets’
oppositions and migration to the evening sky. The separation
between these giant planets increases until August 28, 2020,
when they’re 8.3° apart in the evening sky. In the next and final
segment, we’ll follow Jupiter and Saturn evenings through their
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spectacular conjunction 0.1° apart on December 21, 2020, their
closest pairing since 1623. Venus will not make an appearance
during the segment, since it passes inferior conjunction on June
3, 2020 and moves into the morning sky a few weeks before the
segment begins.
2020 June 30 through 2021 January 11
June 30

Opening this segment, we find Jupiter just above
horizon in evening mid-twilight. It has just risen
about 30° S of E. Moon is in Libra, in south, and
visible nightly at evening mid-twilight through
July 5, when it will be just rising.

July 5

First day Saturn is above horizon at evening midtwilight. Look 6.3° lower left of Jupiter. Watch
the two giant planets slowly move apart until
late August, then come together for a spectacular
close conjunction on December 21.

Sept 18-Oct 1

Moon in evening. On Sept. 18, Mercury is 5°
lower left of the young crescent.
Gibbous
Moon appears near Jupiter and Saturn on Sept.
24 and 25. A few minutes after mid-twilight on
Oct. 2, watch the Moon, just past Full, rise a
couple of degrees lower right of Mars.

October 4

First day Mars above horizon at evening midtwilight. Look very low, just N of E.
All three bright outer planets in the sky. Including
Mercury about to set in WSW,
the four planets Mercury-Jupiter-Saturn-Mars
span 165°. But Mercury departs
(sets before mid-twilight) within a few days.

October 6

Three bright outer planets, Ju-Sa-Ma, span 95°
across the south to eastern sky.

October 7

Jupiter-Saturn 7° apart and closing.
Mars at opposition.

July 13

Jupiter at opposition.

October 13

July 17

Jupiter 7° west of Saturn. Both planets are
retrograding, as Earth overtakes
them. Closer Jupiter is retrograding faster, so the
gap between them widens.

2020 June 30 through 2021 January 11 (continued)

July 20

Saturn at opposition, one week after Jupiter.

July 21-Aug 3

Moon, in evening sky, near Regulus on July 22,
Spica on July 26, Antares on
July 29, Jupiter and Saturn on August 1, east of
Saturn on August 2.

August 8

Jupiter 8° west of Saturn.

Aug 19-Sep 1

Moon, in evening sky, near Spica on August 22,
Antares on August 25, near
Jupiter on August 28, and east of Saturn on
August 29.

August 28

Sept 17

Jupiter-Saturn just over 8.3° apart, greatest
separation until March 2021.
Between now and then, they’ll have their oncein-20-years conjunction,
and it’ll be a very close one, 0.1 degree apart on
the evening of
December 21, 2020, their closest pairing since
1623, during the life of Galileo.
Mercury, barely above horizon 11° S of W and 6°
lower right of Spica, is just starting a
very poor, low evening apparition. JupiterSaturn 8° apart.

Oct 17-31

Moon, in evening, near Antares on Oct. 19, Near
Jupiter and Saturn on Oct. 22,
near Mars on Oct. 29.

October 18

Three bright outer planets, in order from W to E
Jupiter-Saturn-Mars, span 90°.
Their least span will be 80.9° on November 29.

October 21

Jupiter-Saturn 6° apart and closing.

October 22

Moon between and below Jupiter and Saturn.
Can you fit them all in one
binocular field?

October 29

Mars within 5° above Moon.

November 2

Jupiter-Saturn 5° apart and closing!

November 13

Jupiter-Saturn 4° apart and closing.

Nov 16-30

Moon, in evening sky, leapfrogs past Jupiter and
Saturn Nov. 18-19
and passes 5° S of Mars on Nov. 25.

November 23

Jupiter-Saturn 3° apart and closing.

December 2

Jupiter-Saturn 2° apart and closing.

December 12

Jupiter-Saturn 1° apart and closing.

Dec 15-30

Moon, in evening, is 5°-6° below Jupiter-Saturn
pair Dec. 16,
and 10° upper left of pair on Dec. 17. Moon 5°6° below Mars on Dec. 22.
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Dec 21

Jupiter-Saturn 0.1° apart, their closest pairing
since 1623, and until 2080.

Dec 25

Jupiter-Saturn 0.5° apart.

Dec 30

Jupiter-Saturn just over 1.0° apart.

2021 January 3 Jupiter-Saturn 1.5° apart.
January 7

Jupiter-Saturn nearly 2.0° apart.

January 8

First view of Mercury in mid-twilight, setting in
WSW about 2.4° to 4°
below the Saturn-Jupiter pair. Binoculars help!
On this and next few evenings,
these planets form a trio, three planets within a
field 5° across.

January 9

Compact trio of planets for binoculars: Mercury,
the lowest member, is
2.9° below Jupiter and 1.6° lower left of Saturn.
Saturn, the faintest member,
is now 2.2° lower right of Jupiter.

January 10

Mercury is 1.8° lower left of Jupiter. Faint Saturn
is now the lowest member of the trio, 2.3° lower
right of Jupiter and 2.0° lower right of Mercury.

January 11

This is the last evening Jupiter is the highest
member of the trio.
Look for Mercury 1.4° to its left and a little
lower. Faint Saturn
is about to set, 2.4° to lower right of Jupiter, and
3.2° lower right of Mercury.
By midmonth, both Saturn and Jupiter are gone,
leaving only Mercury low in WSW and Mars
high in SSE as the only planets visible to unaided
eye at dusk.
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Planets and Bright Stars in Evening Mid-Twilight
For May, 2018
This sky chart is drawn for latitude 40 degrees north,
but may be used in continental U.S. and southern Canada.
N

Vega

Deneb

Venus
22
1
29

Capella

Aldebaran

E

W

Castor
Pollux

Arcturus

Betelgeuse

Rigel

Regulus
Procyon
1

Jupiter
8

Spica
15

22

Sirius

29

Antares

Evening mid-twilight occurs
when Sun is 9o below horizon.
May 1: 48 minutes after sunset.
15: 50 "
"
"
31: 52 "
"
"

S
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Stereographic Projection
Map by Robert D. Miller

Planets and Bright Stars in Evening Mid-Twilight
For June, 2018
This sky chart is drawn for latitude 40 degrees north,
but may be used in continental U.S. and southern Canada.
N

Deneb
Capella
22
29
Mercury

Vega
Castor
Pollux

Altair

1

8
15
22
Venus
29

E

W
Procyon
Arcturus
Regulus

15

Saturn
22
29

Spica
1

8

15

29

22

Jupiter

Antares

Evening mid-twilight occurs
when Sun is 9o below horizon.
June 1: 52 minutes after sunset.
15: 54 "
"
"
30: 53 "
"
"

S
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Stereographic Projection
Map by Robert D. Miller

Planets and Bright Stars in Evening Mid-Twilight
For July, 2018
This sky chart is drawn for latitude 40 degrees north,
but may be used in continental U.S. and southern Canada.
N
Capella

Castor
Pollux

Deneb

1

Mercury

8

Vega

Venus

15

1
8
15

E

Altair

Regulus
Arcturus

22

Mars
29

1

8

22
29

Spica
Jupiter
8 15 22 29
1

Saturn
15 22 29
Antares

Evening mid-twilight occurs
when Sun is 9o below horizon.
July 1: 53 minutes after sunset.
15: 52 "
"
"
31: 49 "
"
"

S
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Stereographic Projection
Map by Robert D. Miller

W

Planets and Bright Stars in Evening Mid-Twilight
For August, 2018
This sky chart is drawn for latitude 40 degrees north,
but may be used in continental U.S. and southern Canada.
N

Regulus

Deneb

Vega

E

W
Venus
1
Arcturus

Altair

8
15
22
29
Spica

Jupiter
1 8 15 22 29
1

Mars
8 15
22 29

1

Saturn
8 15 22 29
Antares

Evening mid-twilight occurs
when Sun is 9o below horizon.
Aug. 1: 49 minutes after sunset.
15: 47 "
"
"
31: 44 "
"
"

S
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Stereographic Projection
Map by Robert D. Miller

Planets and Bright Stars in Evening Mid-Twilight
For September, 2018
This sky chart is drawn for latitude 40 degrees north,
but may be used in continental U.S. and southern Canada.
N

Deneb
Vega

E

W
Arcturus

Altair
Spica
Venus
1

Fomalhaut

Mars
29
1 15
22
8

Evening mid-twilight occurs
when Sun is 9o below horizon.
Sept. 1: 44 minutes after sunset.
15: 43 "
"
"
30: 43 "
"
"

Saturn
1 8 15 22 29

Jupiter
15 29
8 22

1
8
15
22
29

Antares

S
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Stereographic Projection
Map by Robert D. Miller

Planets and Bright Stars in Evening Mid-Twilight
For October, 2018
This sky chart is drawn for latitude 40 degrees north,
but may be used in continental U.S. and southern Canada.
N

Capella

Deneb

Arcturus

E

W

Vega

Altair

Fomalhaut

Mars
29
15 22
1 8

Evening mid-twilight occurs
when Sun is 9o below horizon.
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JUST GIVE ‘EM THE FACTS?
Dave Weinrich
Minnesota State University Moorhead, Retired
S250 State Rd 35 S
Nelson, Wisconsin 54756
weinrich@mnstate.edu
Abstract: In today’s era of “fake news” and “alternative facts,” planetarians sometimes
encounter people who do not believe commonly accepted scientific truths, for example that
the Earth is spherical. How can two people look at the same facts and come to different
conclusions? Is there anything that we can do to persuade our audiences, besides just stating
the facts?
Questions
In the past few years there seem to be more and more people
who question what the majority regard as scientific facts. Is the
Earth really round? Are vaccines safe for our children? Is climate
change real? The list can go on and on.
How I got interested
Recently, I questioned whether everything that I was reading
on Facebook was really factual. Some of my relatives, in my
opinion, would simply share what was on their Facebook feed,
without really checking to see if the posts were accurate. I
searched the Internet to try and verify the veracity of their claims.
One that I particularly remember, described a purported fence
between Mexico and Guatemala, and asked, “If Mexico can build
a fence on its southern border, why can’t the United States?” I was
suspicious. The picture looked like it was in a desert, not in the
tropics. I did some research and found a picture of a fence between
Egypt and Israel that was identical to the photo in the post. For
further verification, I went to Google Maps and found the area of
the Sinai Peninsula in question and indeed there was a fence in the
correct location, but I found no hint of a fence between Mexico
and its southern neighbor. Why was my sister so quick to jump to
the conclusion that the post was the truth? Why did I, even before
my research, jump to the conclusion that it was false? We were
both looking at the same image on Facebook and yet we came to
two different conclusions.
But aren’t the facts just the facts?
Being of a scientific bent, I always thought that the best way to
convince someone regarding a particular subject, was to just give
them the facts—neat, logical, hard hitting facts. But in some of my
discussions, I began to see that that wasn’t working very well. The
conversations became emotional and it was hard to find common
ground. I begin to suspect that there’s more than just facts that
lead us to many of our beliefs. We all believe that we are rational
beings and therefore our decisions are made just using the facts. I
gradually begin to discover that our thinking processes are actually
very complex and that two people can look at the same data and
come to different conclusions. If we are not careful, it might seem
that the person who interprets the facts differently than we do is

ignorant. And that’s the way that people on both sides of an issue
might feel about the person on the opposing side.
Other planetarians were discussing similar issues
I noticed on Dome-L and other discussion groups that my
fellow planetarians were asking some of the same questions that I
was. Like me, some of my colleagues believed that if we just kept
giving people the facts in our presentations, everyone would be
convinced and come to the same conclusions that we did.
So I began to do some research
Reading the writing of George Lakoff, Distinguished
Professor of Cognitive Science and Linguistics at the University of
California at Berkeley, I learned about framing and confirmation
bias. His ideas made sense to me and gave me a framework to
begin to answer the questions that I have mentioned earlier.
What is framing?
Descartes and other Enlightenment writers taught that we
are rational animals and rationality is defined in terms of logic.
But we are not always rational beings. Lakoff states: “… people
think using frames and metaphors and narratives and images and
emotions and so on.”1 Frames are mental structures that we build
up in our minds, starting as young children. They are subconscious
but are tied to words. Lakoff writes that “all words are defined
by conceptual frames.”2 For example when we hear the word
“elephant,” we think of a large animal with floppy ears and a trunk.
And if someone says, “Don’t think of an elephant,” of course, we
find it impossible not to do so. That’s the power of a frame. We all
use them, usually, without even being aware of them.
Confirmation bias
Another issue is confirmation bias: “the tendency to process
information by looking for, or interpreting, information that is
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George Lakoff, interview by Paul Rosenberg on Salon.com,
January 15, 2017
George Lakoff, Don’t Think of an Elephant, Chelsea Green
Publishing, 2014, p.16

consistent with one’s existing beliefs.3 There is a natural tendency
to look for the facts that confirm our beliefs and ignore those that
do not. We all do it. And while some find it easy to believe that
this is more of a problem with less intelligent people, there are
scientific studies that conclude that confirmation bias is actually
more of an issue with intelligent people.4
It’s difficult to change minds
I came to realize that it is very difficult to change anyone’s
mind, including my own. It’s not enough to throw facts at
people. As we communicate with our audiences, we can look for
commonalities and try to understand their frames and where they
are coming from; find something that interests them and then build
on it. Look at the audience and see how you can relate to them. If
it’s an audience of seniors, they may remember the Space Race or
if it’s teens they may relate a reference in a popular book or song.
Meet the audience where they are
We have to meet the audience where they are. I remember
teaching physics to students who found it difficult to solve simple
equations. Did I insist that they had to be at a certain mathematical
level before I could teach them physics? No, I had to take them
from where they were, and teach them so that they could move
toward the place where I wanted them to be, and in the process I
taught them physics. In a recent interview Neil deGrasse Tyson
noted that “the key to success is meeting your audience where they
are. If you can relate to them, you can make them excited about
anything.”5
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RADIO ASTRONOMY IN A TOTAL SOLAR ECLIPSE
Christi Whitworth
Lebby Moran
Gary Lazich
Pisgah Astronomical Research Institute
1 PARI Drive
Rosman, North Carolina 28772
cwhitworth@pari.edu
Abstract: Pisgah Astronomical Research Institute (PARI) experienced a total solar eclipse
on August 21, 2017 and gathered data from multiple radio telescopes observing at 1420 Mhz,
a neutral hydrogen wavelength. This is the first time the shadow of the Moon has crossed
a radio telescope facility and the data will be exciting even if it is as expected. Watching
the Sun is always an exciting application of learning to operate a radio telescope. This data
will be shared by educators and scientists who work with PARI. It will also be integrated
into the current education programs, including the planetarium programs offered in
PARI’s Adventure Dome. Topics that will include this new data are radio astronomy, radio
observations, and radio telescope training for student research use.
About PARI’s Solar Eclipse Experience
Initially built by NASA in 1962 to track satellites and monitor
manned space flights, the Pisgah Astronomical Research Institute
(PARI) has been serving the public as a not-for-profit research and
education center since 1999. It boasts a science museum open to
the public that includes a gallery dedicated to NASA artifacts from
the Space Race, several 3D printers, and an impressive gem, mineral, and meteorite exhibit. Once the facility opened as PARI, the
antennae left by NASA have been tuned to “listen” to the sounds
of space instead of listening to man-made objects; radio astronomy
looks along radio waves instead of optical light. Since radio waves
are much longer than optical light, these waves can pass through
interstellar dust and gas as if they do not exist, being able to see
regions of space that would normally have been blocked to visible
light. For this, PARI has four antennae that are used as radio telescopes. The largest two are 26 meters in diameter and sit one kilometer apart from each other. They can be used together to form
what’s known as an interferometer: instead of two 26m telescopes,
they become one kilometer wide telescope. The smallest, 4.6 meters across, is affectionately known as “Smiley” for the happy face
painted on the dish by government scientists during the facility’s
time under the Department of the Defense during the Cold War.
The last is a 12-meter dish tucked a little more out of the way of
visitors. Both Smiley and the 12m can be used remotely from any
computer in the world with the correct login, and we use these
for multiple different education opportunities spanning elementary
age to college.
On August 21st, 2017, PARI had the honor and great luck of
becoming the first ever radio observatory to be in the path of a total solar eclipse; all four of PARI’s radio telescopes were tuned in
and listening, and all eyes of the 1,300 people on PARI’s 200-acre
campus that day were watching. During a total solar eclipse, the

Moon is completely covering the Sun. This process, from First
Contact of when the edge of the moon was just beginning to block
out the face of the Sun to Fourth Contact when the trailing edge
of the Moon moves off the Sun entirely, lasted nearly three hours.
Totality, the darkest part of a total solar eclipse when the full disk
of the Sun is covered by the Moon, is right in the center of that
three hours. For Rosman, North Carolina, where PARI is situated in the Pisgah National Forest, totality began at 18:37 UT and
would last 1 minute and 47 seconds. For the human viewers, that
time was covered in cloud. Since PARI is in an area classified
as a temperate rainforest, it was highly likely to happen—but the
radio telescopes paid the clouds no mind and recorded the total
solar eclipse observations on a radio frequency with two different
telescopes.
Data Gathering
PARI’s radio telescopes observed the total solar eclipse at
1420 Mhz: the wavelength for neutral hydrogen. Neutral hydrogen is found abundantly in the universe and is a major component
of our Sun. PARI used the 12-meter and the 26-meter radio telescopes to make the observations. The 26-m telescope observes an
0.56 degree field of sky and the 12-m telescope observes a 1.20
degree field of sky. The objective was to make comparative observations of the Sun’s corona to confirm the possible presence of
neutral hydrogen posited in 1997 by Dorotovic et al. (1997. ASIC,
494, 189). The 12-m field of view is larger than the disks of the
Sun and the Moon during totality, while the 26-m view is smaller.
PARI took spectral data between 1419.750 Mhz - 1420.250 Mhz at
every 5 Khz. Virgo A was used as a calibration source. Observations continued from 17:00 UT to 20:00 UT. The telescopes were
instructed to track the Moon during observations.
No detection s of 21-cm line appeared in measurements from
either telescope 1.5 hours prior to totality. A spike was detected at
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140 Khz offset in the 12-m data at the time of totality but not on
the 26-m data. Given the difference in the amount of sky included
in each observation based on the size of the telescope, we know
that the 12-m telescope detection is a possible confirmation. All
good questions lead to more questions and the confirmation cannot
be concluded until we have follow-up observations of the eclipse
location of the sky for background observations and completion of
the flux calibration. Each data set throughout the eclipse still must
be analyzed for any similar spikes to help rule out Earth based
sources for the observed spike. (Cline et al. 2017. North Carolina
Astronomers Meeting poster)
Solar Radio Observations in Learning
PARI regularly observes the Sun with the radio telescopes on
its campus. The data are used to examine solar bursts and map the
Sun in class labs as well as observe Doppler shift for gas clouds in
the Milky Way galaxy. By mapping the Sun, students see the progression of energy detected from the strongest source in our Solar
System. With this new data they may also feel the power of discovery as they walk through the similarities and differences at the
various wavelengths. Our planetarium and astronomy education
programs include radio astronomy as another way of observing
objects in our Solar System, galaxy, and outside our galaxy. We
discuss how radio waves behave as they move through space and
help us explore movement of large objects. PARI is pleased to offer telescope access for individual and classroom research projects
to anywhere it is accessible from the internet. Our public program
visitors are often amazed at the amount of information one graph
or map of radio data can help them understand once they know
what they are observing.
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PLANETARIUM PLATFORM AGNOSTICISM (CONT’D)
Ryan Wyatt
California Academy of Sciences
55 Music Concourse Drive
San Francisco, California 94118
rwyatt@calacademy.org
Abstract: In refreshing technology for Morrison Planetarium at the California Academy of
Sciences, we executed a balancing act of how to improve the brightness, resolution, color,
and contrast of an eight-year-old fulldome display—while involving stakeholders from
planetarium presenters and production specialists to the institution’s Senior Leadership
Team and Board of Trustees. This talk will share successes and shortcomings, reviewing the
processes we put in place as well as the compromises we ultimately faced to keep the project
on time and on budget.
In 2008, the California Academy of Sciences opened in its
new building in San Francisco’s Golden Gate Park; Morrison
Planetarium reopened at that time with a fully digital display system and a content approach that involved creating original shows
with a strong focus on live presentation. At the time, we referred
to the version of the planetarium that opened with the new building
as “Morrison 2.0,” so we used “Morrison 2.1” to refer to the first
major technology refresh since that time.
Although the Academy‘s project was larger in scale than
many others, the Morrison 2.1 refresh was driven by programmatic concerns that are relevant to any planetarians considering new
technologies for their theaters. The two most important lessons
boil down to two core concerns:
• What are the priorities of your institution and your planetarium?
• Who are your primary stakeholders, and how do you engage
them with the process of technology selection?
The two questions are not unrelated, but keeping them in mind
will help you maintain a clear sense of direction during a complex
technology integration process.
Priorities: What Does Your Theater Do?
A discussion of priorities needs to provide the foundation
of any technology selection. Do not choose technology simply
because it’s the “latest and greatest” or the shiniest object on the
shelf. Ask yourself what your goals are, then select technologies
that support your goals.
For the Academy, first and foremost, Morrison Planetarium
delivers shows to more than 500,000 people annually, and it must
do so reliably. Call that Job #1. In the first eight years of operation, we had very little unscheduled downtime for the planetarium,
losing less than a handful of shows a year. (We close the theater
twice a year for two to three days at a stretch for scheduled maintenance.

In addition, we need to support our production team (Job #2),
which means being able to render content overnight and preview
it the next morning in the dome. During production, we are looking at content on a daily basis, so we need a robust pipeline that
delivers frames to the dome, synchronized with audio. Decreased
efficiency leads to poor use of the team’s time and increased production costs.
We also need to support our presenters as a core part of our
model (Job #3). Planetarium presenters are real-time interpreters
of data, who interface with the public and interpret the science, so
we want to supply them the best tools to work with.
Finally, we also want to build in the infrastructure to work
with more experimental applications—e.g., local tech companies,
academics, artists, and so forth—to keep advancing the medium
(Job #4).
Moving beyond Job #1, these priorities shifted our focus from
turnkey solutions to “platform agnosticism” referred to in the title
of this paper. The challenge is to make the best choices based on
technology considerations and, of course, budget.
Display Considerations
As we looked at what we wanted in the Morrison 2.1 display,
we need to balance a range of factors.
Resolution: Every digital image consists of pixels, whether
it’s Space Invaders or a space show, and improving resolution is a
priority. There are, of course, many “8K” and “True 8K” systems
on the market; however, it’s easy to get caught up in resolution,
in part because it’s easy to measure (just a number), when in fact,
there are many other factors we need to take into consideration.
Contrast, brightness, and black level: Contrast and black level, in particular, are critical factors for dome projection, in large
part because of wanting to replicate the night sky and also because
of cross-reflection in the dome (light on the back of the dome reflects onto the front of the dome, reducing contrast and degrading
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image quality). Brightness affects not only overall impression but
also color perception. These three factors must be delicately balanced.
Frame rate: Some content will look better at higher frame
rates, and this also influences perceived resolution.
Color space: An often overlooked factor! Most displays are
8-bit (meaning eight bits per color), but 10- and 12-bit options
are becoming more readily available. When convolved with the
contrast issues of the dome, color space may not be as relevant
as it is for rectilinear displays, but we nonetheless wanted to give
it some consideration. Also worth noting is that, even with 8-bit
displays, projectors support different color spaces—and the choice
of color space will change the overall brightness output of the projector! Something to keep in mind when calculating how many
foot-Lamberts will reach the dome.
Importantly, changing most of these performance metrics involves changing not just the display system, but the infrastructure
that supports it. More pixels, more colors, more frames—all involve greater computational power and greater bandwidth going
to the projectors.
Physical Considerations
Because we were renovating an existing theater, we also had
constraints on the physical environment. We were not going to
install a new dome or repaint our existing dome, so we needed to
work with a predetermined gain of 38% on the dome. And we preferred not to reconfigure the theater itself, so we gave preference to
proposals that maintained existing projector locations or required
no physical changes to the walls or seating.
Stakeholders & Collaborators
Note that articulating the priorities for the project also generates a list of de facto stakeholders. Job #1, maintaining the reliability of the system, depends on the engineering team; Job #2,
enabling production, means that members of the production team
need to be included in the process; and Job #3, supporting live presentation, requires involving the planetarium presenters.
In addition, we had other Academy staff to consider—people
who might use the dome or certainly those who might express an
opinion about it! And we needed to think about how to engage
Academy leadership—both Trustees and those on staff.
The RACI model is as good as any for thinking about this.
You have Responsible parties, who do the actual work, Accountable parties, who are ultimately answerable for the implementation, Consulted parties, who are asked for their informed opinions
(typically two-way communication), and Informed parties, who
are kept up-to-date on progress (typically one-way communication). Figure out who those people are in your organization and

determine how to keep them engaged in the project. Insofar as
possible, you should also let them know in advance how they will
be engaged with the project—when to expect updates, how their
input will be requested, etc.
Process
We kicked off our process in earnest in spring 2015. We had
targeted September 2016 (a low-attendance period) for a potential six-week closure, in order to minimize impact on Academy
guests. We conducted internal meetings with engineers, presenters, and production team members, as well as other stakeholders
at the Academy. This helped clarify and refine the list of priorities
above, and it also identified targets for the relative importance of
various factors, including increased brightness, greater contrast,
improved color representation, etc.
For the Academy, it was critical that Morrison 2.1 have the capacity to present both astronomical and non-astronomical content.
In a sense, this is a “compromise” system, capable of displaying a
dark, high-contrast night sky as well as a bright, colorful daylit terrestrial scene. Cf. my previous comment about balancing contrast,
brightness, and black level.
In fall 2015, we undertook a Request for Information (RFI)
process, working directly with projector manufacturers to learn
about their technology roadmaps and uncover what technology
would be available in time for a September 2016 closure. We developed a short list (including Digital Projection Insight 4k LED,
JVC D-ILA, Panasonic PT-RZ12KU, Sony VPL-GTZ270, and
Zeiss Velvet) based on these responses, and we proceeded with a
two-pronged approach to evaluating the projectors.
First, whenever possible, we traveled to theaters that had the
projector technology installed to see how the projectors worked in
a multi-channel configuration.
Secondly, we worked with individual projection manufacturers to schedule single-projector demos in Morrison Planetarium.
We also held a few “shoot outs,” with projectors from different
manufacturers. Critically, we controlled exactly what was going
into each projector, pushing uncompressed video from our own
servers to the projectors.
For both fulldome and single-projector tests, we developed
a “show reel” featuring familiar footage for us to review; this allowed us to gauge quality and spot inconsistencies between systems. Both off-site and on-site evaluations involved a cross-functional team, including the planetarium director, senior engineer,
visual effects supervisor, and institutional creative director.
In January 2016, we released our Request for Proposals (RFP)
to system integrators—companies that could bring the requisite
technologies together into a functional system that met our various
needs and satisfied our overall priorities.
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Becoming Agnostic

The Work Continues

Ultimately, we selected Mechdyne as our technology partner.
With significant experience in providing innovative audiovisual
infrastructure to companies, academia, and the military, the company seemed well poised to work with the Academy on developing
solutions to support our objectives and priorities.

Although Morrison 2.1 has been up and running since October 2016, we are still expanding its functionality. We opened running just Uniview as our core software, and we are now looking at
additional clusters and software platforms. We are also collaborating on the NASA-funded OpenSpace project, and we are working with the American Astronomical Society on their open-source
version of WorldWide Telescope. Our hope in all of this is that
multiple platforms will allow us to think differently about ways to
present content in our domes—to create an environment in which
the opportunities to meet our priorities and satisfy our stakeholders
continue to grow.

For back of house technology, taking advantage of the knowledge we had gathered with several software packages, we chose
to spec and build our own cluster to ensure it would accommodate
several use cases.
Dedicated playback systems were chosen to allow for a selection of compression codecs as well as being cable of uncompressed playback when needed. These dedicated playback systems have also become an integral part of our production pipeline,
automatically ingesting content for daily review.
Warp and Blend was abstracted from the software and dedicated in a custom built hardware cluster to allow for multiple presentations systems to be interchanged and displayed seamlessly. A
critical component of our live delivery of shows is that they make
use of both real-time and pre-recorded content, and for the sake of
continuity, we need to crossfade seamlessly between these sources.
DCI 4k was selected to take advantage of broader selection
of color spaces. And DisplayPort was selected to allow for bandwidth needed to accommodate a wide color gamut and higher
frame rates at 4k per channel.
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WHAT IS VIZ?
Ryan Wyatt
California Academy of Sciences
55 Music Concourse Drive
San Francisco, California 94118
rwyatt@calacademy.org
Abstract: The term “science visualization” gets bandied about quite a bit, and in the new “Data
to Dome” era, we need to give thought to how we represent data visually in planetariums.
This talk reviews some basics of visualization and advocates careful consideration of the
visual language in which we present content to our audiences. In particular, how do we
avoid confusing and confounding our audiences by assuming the visual vernacular of the
sciences—which may well be unfamiliar to the uninitiated? The talk recommends specific
resources and visualization best practices.
In my previous gig at the American Museum of Natural History in New York City, I had the enviable title, “Science Visualizer.” When I first learned that, well into the application process, I
imagined my job, sitting in an office lined with tapestries, incense
burning, staring off into space… And visualising science.

Taken together, these elements constitute a visual language
that conveys meaning. Those elements may call on religious or
cultural iconography… But fundamentally, they rely on learned
structures.
Visual Language
In contemporary civilization, we are surrounded by a complex visual environment that bombards us with a constant stream
of information. Our poor monkey brains need to make sense of
all this input, so we rely on cognitive strategies that have evolved
over millions of years—as well as learned processes that have succeeded in the past. I think of this latter category as constituting a
“visual language” that makes use of the evolved attributes of the
former category. And in much the same way we don’t spontaneously start inventing new languages, we don’t readily deploy new
methods of interpreting visuals. So what do I mean by a visual
language?

Figure 1. The god Ganesha floats in front of a celestial backdrop.
Ganesha image courtesy Michael Van Vleet, Pleiades image courtesy NASA, ESA, and AURA/Caltech.
A Google image search to support making that joke in a presentation turned up something akin to Figure 1 (reproduced here
from scratch to avoid copyright infringement). But as I reflected
on the image of Ganesha floating in front of the Pleiades, I realized that it conveys a deeper message. There’s a visual vocabulary
at work, imbuing the image with meaning for those familiar with
Hindu culture but eluding those who don’t have grounding in that
iconography. I happen to know just enough to recognize that the
position of the god’s hands and trunk, the shrew at his feet, the
cobra around his middle—all these elements have meanings, resonances, and metaphorical implications. But that understanding
only scratches the surface, and the average Western viewer (myself
included) basically just sees “new-age Hindu something or other.”

To choose one example, comics (a subset of the broader category of “sequential art”) require the viewer to understand how
images are arranged sequentially in order to convey a sense of time
and narrative structure, and a host of other visual elements (e.g.,
word balloons, motion lines) spell out additional details. Most of
our audiences will find the core elements of comics’ visual language quite familiar. But cultural conventions—e.g., reading left
to right versus right to left—will likely cause variation between
individuals.
You can look at movies and television as another example.
The vocabulary of film—e.g., framing, camera movement, cuts—
has developed over more than a century of filmmaking. (A few
of us recently published a pair of papers looking at similarities
and differences between fulldome filmmaking and traditional
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filmmaking.1,2) The level of control that is exercised over an audience based on the manipulation of these elements is, of course,
astonishing. And these tropes will be familiar to anyone who has
been exposed to screen-based media for the last several decades.
Although variation in style—from art film to action flick, from
rom com to documentary—can produce a variety of results, most
Westerns will feel comfortable with numerous variations.
The Visual Vocabulary of Science
In math and science, on the other hand, we have a well-developed visual vernacular that can cause confusion for many people.
For example, the Cartesian plane has become second nature to
most scientists—and science communicators. We find the abscissa
and ordinate so familiar that we forget how easily they can confound the uninitiated. Even if one explicitly defines the meaning
of the two axes, the message might remain unclear: interpreting
values in the xy plane doesn’t come naturally to everybody.

Having expressed my misgivings, I’ll note that Figure 2
shows both Cartesian mapping and a rainbow color map used to
relatively good effect. Accompanying a Hubble press release from
1997, an image of the galaxy M84 appears next to a visualisation
of the STIS spectrum of its interior (a region barely discernible in
the interior of M84). The spectrum uses redundant representation
for spectral shift—both color and position along the abscissa—and
the original image caption explains it in detail. Here, the rainbow
has a specific, color-related meaning—the red- or blue-shift of the
light from the galaxy—so the visual language supports the science
content. And even the rainbow’s luminance works in this image’s
favor, since the darker blues and reds express deviation from the
bright greens and yellows.

Scientists also have an unfortunate fondness for the rainbow
color map. Unfortunate because the rainbow palette assumes an
ordering of color that makes scientific sense (the spectrum from
red to violet) but not perceptual sense: humans don’t innately perceive color as ordered. But adding insult to injury, the luminance
of the rainbow palette shifts from dark (blue) to bright (yellow) to
dark (red), so using the rainbow scheme fights against a strong,
innate perception of brightness. This is a perfect example of a
learned visual language (or visual convention) that’s at odds with
our evolved visual system.

Figure 3. The Planck CMB image makes use of a deceptive and
counterproductive rainbow color scheme. Courtesy ESA and the
Planck Collaboration.

Figure 2. A reasonable application of the rainbow palette to illustrate gas motions in M84. Courtesy Gary Bower, Richard Green
(NOAO), the STIS Instrument Definition Team, and NASA.
1
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Yu, K., Neafus, D., and Wyatt, R. “Filmmaking for Fulldome: Best Practices and Guidelines for Immersive Cinema
(Part 1),” The Planetarian (December 2016), 45(4), pp.
27–39.
Yu, K., Neafus, D., and Wyatt, R. “Filmmaking for Fulldome: Best Practices and Guidelines for Immersive Cinema
(Part 2),” The Planetarian (March 2017), 46(1), pp. 24–36.

Contrast this relatively clear use of rainbow color with its
completely counterintuitive use in Figure 3, showing a subset of
the Planck CMB data release from this spring. (Admittedly, Planck
simply modified the color scheme of its predecessor WMAP but
didn’t address its core problems.) Incredibly, the image caption
and press release never even describe the chosen color representation, so readers aren’t informed that the blue regions correspond to
cooler (denser) parts of the CMB, while red maps to warmer (less
dense) regions. This visual assumes too much: it assumes that
we can “read” the rainbow representation, and it even assumes we
know what the colors represent! Furthermore, the luminance issue
makes the middling values of the CMB temperature the most visually striking portion of the image.
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Want one more reason to eschew the rainbow color palette?
Colorblindness. Something like eight percent of the male population has some kind of mutation of the retina’s cone photoreceptors,
which affects their perception of color. That often makes the redgreen zones of the rainbow difficult to perceive, and it exacerbates
the aforementioned problem with perceived luminance. Designing for color blind viewers is even more critical in a planetarium
setting, given the challenges of color representation in our domes,
so I encourage designers to take the challenge very seriously.
Beyond the Rainbow
I’ll leave you with another interesting example that has nothing to do with the rainbow color palette. Both these examples can
be found online, so I will not reproduce them as part of this article.
First, take a look at Randall Munroe’s “Space without the
Space” xkcd comic.3 It shows the surface area of solid solar system objects represented as a single island, with the relative areas
plotted contiguously, with convoluted boundaries and the suggestion of contour lines around the entire perimeter of the “island.”
Subtitled “The Solar System’s Solid Surfaces Stitched Together,”
it borrows the visual metaphor of a map (including a parchmentcolored background) to communicate explicitly that we are looking at a map. These are real places, in spite of being depicted in
this somewhat tongue-in-cheek way.
Now compare this to the “New Brainland Map” from Unit
Seven.4 It depicts the human brain as an island, with the gyri and
sulci (yeah, I had to look that up, but that’s what you call the folds
in the cerebrum) as an undulating terrain. The execution is far
more sophisticated than Munroe’s cartoony style—the colors seem
to be lifted from 1970s National Geographic cartography, with the
delicate brown hues of the brain surrounded by blues ranging from
pale to sky, all overlaid with delicate contour lines and fake place
names. Extraneous details such as latitude and longitude lines
and offshore features bearing names such as “Endocrine Island,”
“Circadia,” and “Gene Banks,” flesh out the representation even
further. But it means nothing. The metaphor of a map in no way
enhances your understanding or appreciation of the content; indeed, I suspect it gets in the way.
In my opinion, Munroe’s island metaphor succeeds completely, while Unit Seven’s fails utterly, at least as a didactic tool—in
spite of the difference in quality of execution! If you are going to
deploy a visual metaphor, it should reinforce the content you are
trying to convey.
3
4

Conclusion
When we rely incautiously on such obfuscating visual language, we risk misleading our audiences—or simply encourage
them to tune out. In the same way I look at Ganesha and see a nonspecific reference to Hinduism, many people will look at something like the Planck image and see “science something or other.”
Fundamentally, visualizations use data to communicate. You
may be communicating to yourself—basically, data analysis—or
to a peer group or to a general audience. The differences lie in
the visual language you choose to employ: you employ visual elements that your audience will find accessible. With an expert audience, you can make use of much more shorthand, but for novices,
you need to tread more cautiously.
Furthermore, as with all means of communication, all visuals
incorporate an element of subjectivity; there is no objective image. Recognize that however you choose to depict something, you
are making subjective decisions in how data and concepts will be
represented.
We planetarians have many profoundly visual stories to tell,
and we need to tell them consciously and carefully, choosing our
visual language with thoughtfulness and respect for our audiences.
We need to consider the needs of those for whom the visualisation
is intended and make good decisions in support of our messages.
In order to promote more thoughtful development of visualizations
in our community, I have added a resource page to my “Visualizing Science” blog, which you can find at visualizingscience.ryanwyatt.net/resources, which I will continue to update with references to books, articles, websites, and more that I find useful and
illuminating on these topics (including tidbits about how to design
for color blind viewers).
Perhaps my happenstance selection of Hindu iconography has
a fortuitous metaphorical implication. Many people worship Ganesha as the remover of obstacles, and as such, he can serve as a
reminder to remove the barriers of visual representation that can
separate our audiences from a clearer understanding of our messages. Whether or not we need Ganesha’s assistance to accomplish this task, we should take it seriously.

Munroe, R. “Surface Area” (July 2, 2014) xkcd.com/1389
Unit Seven. “New Brainland Map” (2007) unitseven.co.nz

237

CONNECTED EYEWEAR FOR ACCESSIBILITY
Christelle Barclay
Universcience, la Cité des sciences et de l’industrie
30 avenue Corentin Cariou
75019 Paris, FRANCE
christelle.barclay@universcience.fr
Abstract: Since July 2017 the 8K Planetarium of the Cité des Sciences et de l’Industrie in
Paris has developed state-of-the-art augmented reality eyeglasses for the deaf and hearingimpaired audience. No more text overlay or videos with sign language directly on the dome.
These smart glasses allow the viewer to watch the show like everyone else, as they superimpose
subtitles or the image of a sign language translator while the viewer can freely move his head
to watch any part of the dome. For total immersion with absolutely no light pollution, these
smart glasses are easy to use as they synchronize with the astronomic simulator.
Accessibility at la Cité des sciences et de l’industrie
Since it was founded the Cité des sciences de l’industrie has
been accessible to all approaches. Thus, the museum offer includes
touch screens for the visually impaired, a translation into sign languages, video, and a translation into Italian, English, Spanish. The
offer of mediation also works to adapt its proposal.
Unlike popular belief, accessibility is not only for people with
disabilities: it improves the comfort of all visitors, whether access
to the premises or exhibits.
It’s accessible to everyone: children, adults, people in wheelchairs, people who hear less well, those who don’t speak the same
language, the blind or visually impaired, handicapped with wheelchairs but also others visitors
Examples :
• children and adults love the tactile models that are created
for visually impaired visitors,
• foreign visitors really appreciate audiovisual exhibits with
subtitles for the deaf (and hearing impaired visitors),
• people with reading difficulties or those with dyslexia have
easier access to exhibits thanks to the large print
• the elderly and parents with young children in strollers enjoy the comfort of an inclined ramp that allows wheelchair
access.

Accessibility to astronomy: the Planetarium and the Mediation Department
The Planetarium and the services of Mediation Department1 work
to provide accessible contents to all visitors.
The audioguides of the Planetarium are triggered at the same time
with scripted tracks translated into English, Italian, Spanish.
For blind or visually impaired people, a map of the sky is printed
with Braille characters. It’s used as a support for regular presentations or for events like “La Nuit des étoiles “ (the Night of the
Stars). Those presentations have been prepared by the Planetarium team, the Mediation Department, and the Accessibility Department for the visually impaired and hearing impaired.
However, there existed a gap regarding to the hearing impaired
people.
The newly upgraded Planetarium of the Cité des sciences et de
l’industrie provides an HD 8K resolution. It didn’t seem it was
relevant to integrate a window with translations into sign languages. We decided to use the technology of connected eyeglasses
based on the principle of augmented reality (popularized by
Google glasses). The model used is Epson’s2. These smart glasses
allow the viewer to watch the show like everyone else. Subtitles
or the image of a sign languages translator are superimposed while
the viewer can freely move his head to watch any part of the dome.
This is the OLED projection technology. Unlike the LCD technology, it allows very deep blacks and therefore very transparent,
which is necessary for the very dark images of the shows of planetariums.
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TALES OF A TIME TRAVELER
Tony Butterfield
Houston Museum of Natural Science
5555 Hermann Park Drive
Houston, Texas 77030
tonyb@hmns.org
Abstract: Using hundreds of real photos, I transformed the Pantheon into a time-travelling
spaceship to create scenes for “Tales of a Time Traveler”. We utilized time-lapse fisheye
photography, taken by Adam Barnes, of the Sundial to show how the Sun travels across
the sky and the changing shadow. Time-lapse fisheye photography on a 10-foot long rail to
capture dinosaurs in the paleo hall of the Houston Museum of Natural Science.
Most planetarium programs are space shows, taking you to the
Sun, planets, galaxies, black holes, even exploring dark matter and
dark energy. A time show is fundamentally different. It’s more
personal— grounded in the human experience, which defines our
perception of time’s passage.
Tales of a Time Traveler, a cutting edge (awesome, spectacular, etc.) full dome production in 8K, premiered in the Burke Baker
Planetarium on Friday, September 29th.
In the words of our Time Traveler narrator, “Time is a slippery
thing, illusive, impossible to hold. It can’t be owned. It can’t be
stopped. You journey through space. You experience time. I’ll
be your guide through all of time – time’s beginnings and endings,
time’s cycles inside cycles—from your personal sense of time, to
Earth time, star time, and finally cosmic time. As humans, your
time is limited, but your perception of it isn’t. You can experience a million years in a minute, a billion years in the blink of an
eye” So begins your planetarium journey through all of time, told
by David Tennant, an accomplished actor who played the famous
10th Dr. Who. As your guide through all of Time, David Tennant
carries his “Doctor” persona far beyond the journeys of his time
machine to the shared experiences of all humanity.

This is an epic journey told by a master of time who guides
you through all of time. Throughout our galaxy we find moments
of creative violence mixed with eons of calm, random chapters in
this time traveler’s tale.
Tales of a Time Traveler is a coproduction of the Houston
Museum of Natural Science and Evans & Sutherland, created in
8K to use all of the resolution possible on our Planetarium dome.
Time’s score is composed, directed, and played by the Salt Lake
City Symphony Orchestra.

In this show, time travel surrounds you—from the biological
clocks in your brain and the changing shadows on our Cockrell
Sundial, to the history of life on Earth. And then the story expands
to the lives of stars, the time scale of the Big Bang, and the distortion of time by gravity.
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Tales of a Time Traveler is a story you won’t forget.

THE PLANETARIUM OF THE FUTURE: AN ARCHITECTURAL DESIGN COMPETITION
Christina Ciardullo
Space Exploration Architecture
313 West 75th Street, #4A
New York, NY 10023
christina@spacexarch.com
Margarita Calero
Ennead Architects
with
Andrea Verini & Eloise Carr
Eleven Magazine
Abstract: The Planetarium is truly an iconic architectural experience that has persisted almost
a century. The dome theater, an invention, a tool, a classroom, is truly a transformational
design experience. But with new science, and new methods of communication, we asked
ourselves—what is it we are trying to communicate in astronomy today, and how might we
re-imagine this incredibly powerful experience. With a 2015 grant from the Middle Atlantic
Planetarium Society, in collaboration with Eleven Magazine, we created an international
architectural ideas competition on the planetarium. The competition invites designers from
around the world to submit ideas on the future of this architectural icon. We’ve assembled
a leading interdisciplinary jury, influential to planetarium design in industry today, with
astrophysicists, science educators, exhibition designers, visual artists, and architects from
NASA, Caltech, ESO, SETI, Ralph Applbaum Associates, and Ennead Architects to help us
evaluate the entries and the winner is to be chosen in October 2017. This project is a unique
opportunity to take a moment to step back and think a bit out of the box on the role of
architecture, digital media in communicating science. It gives designers, as well as scientists
and educators, a chance to think collaboratively about the experience and inspire a world
where design and science are more integrated and to engage critical questions such as the
role between immersive media and physical architecture.
I. INTRODUCTION

- member of the Museum of Natural History in New
York City

A. Overview
“When I was 5 years old, my father took me to
the American Museum of Natural History/Hayden
Planetarium for the first time ... I remember...sitting
in the darkened planetarium, right next to the control
console for the projector, on the left hand side, second
row from the wall, which I considered the best seat in
the house... I would say, under my breath, the name of
every object about to be identified before the presenter
would. It was a time of great happiness and learning for
me. My parents wondered for a time whether I would
try to become a paleontologist, or an archeologist or a
geologist; I’m afraid I disappointed them; I became a
[nuclear] physicist ... with some electrical engineering
on the side. May the Museum and planetarium delight
and bring wonder to many more generations ... The
children are always the future; keep educating and
enthralling them. Thank you for a lifetime of wonder.”

“I became an astronaut because of the Hayden
Planetarium—Jeff Hoffman, astronaut, MIT Professor
Many emerging scientists have had this experience of
wonder. This physical space, the experience of sitting beneath
the replicated dome of the sky, has been inspiring the public to
study science and astronomy for over a century. It is an iconic
architectural experience, an invention, a tool, a classroom, and the
most significant place of informal education today. There can be
no doubt of the millions of scientists this experience has created.
But with new science, and new methods of communication,
we asked ourselves - what is it we are trying to communicate in
astronomy today, and how might we re-imagine this incredibly
powerful experience? The Planetarium dome has become the
standard vessel for communicating astronomy and astrophysics.
However, it was born of a singular function, to describe the sky as
seen from the surface of earth. Now we fly over planets and through
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the universe, and lessons are projections, films, or virtual reality,
making the planetarium an alternative movie theater. If once the
physical experience of being under the dome meant so much to
inspiring our youth, what kind of experience does new science
guide us towards to inspire the next generation to learn about our
universe in a new way? In this competition, we ask if architecture
itself could become—once again—the tool for experiencing and
understanding space. How can architecture engage with and
enhance today’s renewed age of space exploration and discovery?
What does the next generation of Planetariums look like?
With a 2015 Grant from the Middle Atlantic Planetarium
Society (MAPS), in collaboration with Eleven Magazine,
an architectural design forum, we created an international
architectural ideas competition on the Planetarium.
The
competition invites designers from around the world to submit
ideas on the future of this architectural icon. We’ve assembled a
leading interdisciplinary jury, influential to planetarium design in
industry today, with astrophysicists, science educators, exhibition
designers, visual artists, and architects from NASA, Caltech, ESO,
SETI, Ralph Applbaum Associates, and Ennead Architects to help
us evaluate the entries and the winner is to be chosen in October
2017. This project is a unique opportunity to take a moment to
step back and think a bit out of the box on the role of architecture,
digital media in communicating science. It gives designers, as
well as scientists and educators, a chance to think collaboratively
about the experience and inspire a world where design and science
are more integrated and to engage critical questions such as the
role between immersive media and physical architecture.
B. Project History, Goals, and Evolution
The launching of this international planetarium competition
was the result of a longer term research history and trajectory. The
overriding objective of the work, as stated in the original MAPS
Grant Proposal is “to create an interdisciplinary dialogue or
means of discussion and discourse amongst architects, designers,
scientists, curators, and educators” to push the boundaries of
creative physical and experiential design in service of science
education.
1.

The Shanghai Planetarium. The initial impetus for design
research on the planetarium was born out of the design for the
Shanghai Planetarium completed as a competition in 2014.
The winning design by Ennead Architects involved several new
interpretations of using physical space as educational tools.
Similar to methods employed by the same architecture firm
in the design of the Rose Center for Earth and Space in New
York. In that design, the architects made use of the physical
scale of the planetarium sphere in educational programs that
discussed the scales of the universe in time and space. For
the Shanghai Planetarium we turned towards the use of light
and seasonal changes to ground the abstract concepts of our
place in space and give physical presence to discussing the
Earth’s rotation. Devices employed included an oculus turned
sundial coordinated with solar and lunar patterns, a landscape
garden describing seasonal effects, a net zero astronaut camp
experience, skylights that demonstrated eclipses as the Sun
passed overhead, and an inverted dome or dish in which the
surrounding skyline was deleted beyond a new horizon line.

2.
3.

4.
5.

The Architecture of Light. The Shanghai design made
extensive use of light as a feature in education. As light is the
only method we have by which to learn about our universe, it
is the manipulation of light both physical and virtual that we
use as a communication tool, whether through the projection
of stars onto a dome, or the creation of objects that distribute
sun and star light in different ways. These ideas led to the
MAPS 2015 grant proposal: “The Use of Light for Astronomy
Exhibitry and Education.” The research that went into this
was a historical overview of ancient and modern uses of light
in astronomical communication, and provided the historic
framework for the future competition. The results of this first
step is described in Section II: Context and interim report can
be found in the appendix.
Competition Development and Launch. What became
clear upon research is that in order to engage multiple
interdisciplinary audiences in this subject was a clear set
of questions and proposals for the education, design, and
science community to react to. While ideas are intriguing
in the abstract, for more comprehensive and purposeful
results, discussion over a series of topics or specific ideas
and proposals would yield a much better discussion. An
architectural ideas competition with a targeted audience of
expert jurors was designed and launched in order to open and
broaden the discussion on the role of architecture and design
in astrophysics and education.

II. CONTEXT: PLANETARIUM ARCHITECTURE
“Never before was an instrument created which is so
instructive as this; never before one so bewitching; and never
before did an instrument speak so directly to the beholder. The
machine itself is precious and aristocratic... The planetarium
is school, theater, and cinema in one classroom under the
eternal dome of the sky.”—Elis Stromgren 1923
A. From Object to Experience
The history of astronomical education has been a path from
object (an external description where the observer is looking from
the outside) to experience (a physical space in which the observer
is on the inside). It is the creation of large objects (architecture)
that create experiences, like those produced within the planetarium.
As technologies advance the need for physical places to create
these experiences are changing. But it is our inquiry to ask what
of the physical realm remains, what object, that has the ability to
help us communicate the subject of science.
B. The Use of Light in Astronomical Education
Architects have controlled light as a tool for creating beautiful
spatial experiences. Astronomers have controlled light to
study our place in the universe. Sunlight can be used to create
beautiful spatial experiences that also serve as a teaching tool to
understanding at least our place in the solar system, and introduce
the public to ways of learning about their world through direct
observation.
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f. Immersive and Interactive Media Spaces
The non-physical world of virtual or augmented reality is
continuously taking on new achievements. Just how we
integrate these new technologies and whether in fact we
need the physical space of the planetarium for its immersive qualities is in question.

A longer discussion can be found in the appendix.
1.	 Astronomical Objects and Experiences
a.	 Sundials
b.	 Hemispheres
c.	 Frames

III. METHODS: COMPETITION PROGRAM
FORMULATION

2.	 Architectural Light Instruments
a.	 Apertures
b.	 Points
c.	 Slits

Competition Objectives

3.	 Other Immersive Architectural Experiences
a.	 Concave Space and Celestial Vaulting
“Celestial vaulting” is the perceptual impression that the
sky forms a dome over the Earth. The use of a concave
bowl to create a new horizon amplifies the effect of the
appearance of the sky to be a dome over the Earth.
b.	 Body Position: Standing Up or Lying Down
Several planetariums have already taken out their theater
seating in favor or the more relaxed lying down position,
or have both a more relaxed space and the more traditional theater for explanation. The already reclined position
of the chairs in traditional theaters helps to create the immersion while looking up. This perception may be only
more enhanced by fully reclining as it is on earth to give
the impression of a curved horizon.
c.	 Continuous Ceiling
The simple detailing of the ceiling plane floating past the
surrounding walls creates the wonderful illusion of looking out into the sky from inside. This kind of architectural move has been used to create many spaces that wish
you to feel as though you are outside when you are still
inside.
d.	 Creating Frames
Similar to creating the appearance of a continuous ceiling, another adaptation of interior forms can create the
experience of an exterior or window where there is none.
Artificial skylights and windows give the impression
that one is looking outside by the way that the aperture
is framed.
e.	 Infinite Spaces
Spaces in which the walls and floors seem to disappear
also create the same sense of immersion we get when
looking up into the smooth surface of the dome. This
can be achieved through lighting and curved surfaces to
create a “cycloramic” effect, or light and mirrors can be
used to create a 3-dimenstional space through which we
can walk.

The objective of reaching out to the planetarium community
was to begin a dialogue and study on the values of thinking about
architecture, design, and experience to astronomical education and
how a planetarium as we know it today is one of many possible
architectural experiences that enhances how we learn about and
understand our world.
Today, the dome has become a stand in for an immersive
experience. In many large planetarium theaters the use is
mostly video, and a flight through space. Its original purpose, as
replicating Earth, has become less important than the immersion.
Additionally, the subjects we teach and the way that we teach
is still based in large part on this dome experience, a representation
of the sky from Earth. What is evident is that design of space and
experience has helped teach concepts of science in the past, and can
in the future. Looking towards the present of what we are teaching
now, and what we might teach in the future, what new discoveries
and new science means and how it might be represented, would
be a great exercise for astronomy educators. How will we use
the data retrieved from new satellite missions? How will we talk
about exoplanets and dark matter? What are the most critical new
concepts we would like to teach and how are those described best?
Putting to use creative minds on helping achieve a new educational
experience could be an inspirational exercise at least, and a field
altering product at most.
Architectural Competitions are common tools used in the
design community to evoke new ideas and stoke the imagination.
The world of design is expanding from purely traditional
architecture to user interface design, interaction, and experience
design. Understanding the nature of space and communication, its
history, and its future allow us to define new boundaries between
the virtual and the physical experience, and to explore the creative
merger between art, technology, and science. Students and young
professionals took this idea to imagine new ways of exploring the
universe from home.
B. Competition Expectations
As the major purpose in the construction of this competition
was the interdisciplinary dialogue between physical and digital
media designers, educators, and scientists, the first steps in
orchestrating this competition were to ask the expectations and
hopes of each field in discovering new ideas and methods for
astronomy education.
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The following is an expert from each of these different
disciplines:
From the Astrophysicist: “Planetariums are at a singularity.
Digital rendering and display technologies have both made
planetariums more capable, but at the same time, they have
threatened planetariums with a proliferation of personal screens
with instantaneous access to astronomical news and data.
Planetariums are challenged as social events in the way cinema
has been changed by on-demand video. Yet if we consider a
planetarium as a device to model and map the known universe, it
will indeed survive, but in what form? Digital planetariums can
display non-astronomical data, thereby extending our vision to
many other realms both scientific and artistic. Finally, planetarium
buildings are also like contemporary scientific cathedrals where
we can contemplate humankind in our relation to the cosmos. It
is now time for a broadened, fresh and inspiring designs for the
planetariums of the 21st Century.”
From the Media Expert: “I am honored to participate in what
will prove to be a stimulating conversation about the nature of
how to best communicate our place in the universe, from vast
scale to deep, internal landscapes. Emerging immersive media
experiences allow inquiries of a fundamental and powerful level
that transcend any other media, and I look forward to seeing
vectors in this evolution.”

audience of today as well as allow for the creativity of imaginative
alternative designs. There was tension between choosing a
specific site, location, or requirement, versus simply providing
guidelines that would help keep potential options open. After some
deliberation, it was decided that while entrants should site their
planetarium in a particular location, we would leave that location
up to them. We would also allow them to decide the extent of
the functions within the structure: “What should your Planetarium
include? Is it a place for research, exploration, education, or all
three things?”
We wanted designers to tie their programs to scientific
objectives. Working in consultation with the astrophysicists and
science experts on our jury, we established a few possible themes
for educational functions and science concepts that are critical
today. If the first planetarium’s educational objectives was to
describe viewing the night sky from a geocentric perspective, what
were the science concepts we were trying to get across to the public
today? In consultation with the astrophysicists and science experts
on our jury, we established a few possible educational themes:

From the Architect: “Humanity’s relationship to the stars
and heavens began with the moment of our very consciousness of
being. Yet, muted by the construct of the lives and environments
that have now subsumed us, we have been detached from the power
of that relationship for some time. I expect that this competition
will give us a multitude of pathways to reconnect to that primeval
sensibility, as well as ideas to probe future paradigms, both
visceral and technological, through which humanity can explore
and understand our universe.”
From the Educator: “The planetarium is already a unique
entity. It is a profoundly different architectural space. Its
immersive presentation capabilities creates the most efficient
learning environment mankind has yet invented. It is a place
where the often mind-boggling reality of the Universe “out there”
at the largest scales, and “down there” at the smallest scales can
be visualized. I will be looking forward to innovative architecture
that creates new ways for the planetarium space. New thinking
that supports and enhances the technical capabilities of the future
to making a life-like or even hyper-realistic immersive projection
possible. New ideas for how we can “condense” the immense
reality of our cosmos so that it becomes comprehensible for our
relatively limited human mind.”
All recognize the unique, visceral, and poetic experience of the
planetarium, and the challenges facing the norms of communication
in an increasingly capable digital sphere.

1.

2.	 Scale in space or time. As humans we have a very humancentered outlook on the way the universe works. How does
this change when we consider large jumps in the scale of
time and space? As our knowledge has progressed we have
had a history of revealing, from the earth centric to the
multi-planetary exoplanet systems, and from human history
to physical history, an opening up of our worldviews.
3.	 Origins. Both in the sense of our own connections to history, but also as we look for exoplanets and life elsewhere
in the universe, understanding how we came to be here both
geologically and biologically, and to what extent life is either inevitable or simply chemical.
4.

Habits for Life. From the vast ecosystems of our own earth,
to our solar system neighbours, and exoplanets beyond,
what makes a place fertile for life, and can humans create
habitats in inhospitable places?

5.

Forces or Gravity versus Quantum Mechanics. How can
we possibly understand what goes on at the micro and
macro level or explain these in space. How do the systems
as we describe them explain the range from black holes to
spooky action? How do they manifest in our human scale?

6.

Knowledge is only for now. How do we design a space that
will change just as often as our understanding of science?

C. Requirements and Program
Writing a design brief is critical in directing the nature of the
work generated. The organizers of the competition were interested
in both solutions that could speak to the building and planetarium
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Observation. Whether through the telescope from earth or
space, or the observation of the world around us, the key
to science is being present to the physical world. In astronomy, light (visible or in other wavelengths) is the only
means we have of understanding what’s beyond our atmosphere. Perhaps the first tools of astronomy were responding to observation of light (and shadow) from the Sun here
on Earth. Today we have many more sophisticated tools
but still might be able to use architecture as another tool to
discover and observe what is around us.

IV. DISCUSSION: DESIGN THEMES
The Planetarium competition puts the traditional spherical
architectonical piece in crisis. Firstly because a theater with
a projector is not the only method of science communication
or teaching, and secondly because mimicking the shapes of the
planets alone does not explain the universe. The architecture
presented begins losing static object references to become more
experiential and phenomenological, abandoning earthly notions of
space and time.
A. Experiential and Phenomenological Explorations
The 53 submitted proposals aimed to find new ways of teaching
the complexity of the Universe. While most proposals being with
the idea that the traditional Planetarium is an educational tool, like
a showroom with a specific narrative where visitors are spectators,
the majority of the proposals embrace the idea of the experience,
the phenomena of being in outer space. This phenomenological
experience, in many of the cases, becomes less narrative of the
history of the universe and more emotional, more consciousness of
the experience and feeling of space. The future planetarium tries
to make humans closer to the universe.
Some of the phenomenological experiences explored include:
• Capsules that simulate the zero-gravity condition of the
outer space.
• Underwater conditions
• Labyrinth of hills, tubes, mirrors and elevators.
• Sensors: activating vision through darkness, soundless,
cooling, scents and acceleration
The proposals also envision different ways of experiences the
show in the planetarium, in other ways than sitting in a theater
space, including:
• In a handset
• In an individual sphere
• In movement
All the proposals bring up the question about the boundaries
of architecture. Most of them tend to lose the notion of the
container, to concentrate on the metaphysics of the experience,
of Architecture. The inside to the outside. It seems that there is
a common idea of making the Planetarium without façade, the
Planetarium is a phenomenological experience. It has a relation
with the Universe, seems it does have limits, doesn’t have facades.
B. Non-Static Spaces
The notion of movement through space and through
experiences was one of the critical themes throughout the projects.
Like moving bodies in space, new architectural proposals
encouraged movement through zones of experiences. In a way
this is a method of combining a traditional museum experience,
with the phenomenological immersive theater. It creates a feeling
of exploration and discovery by re-creating another world.

The winning entry was largely focused on this “derive” like
experience as a series of underground pathways and moments in a
park which created various immersive rooms, half exhibit and half
planetarium show.
C. The importance (or not) of location and context
There is an important topic that some proposals start to study:
historical places or locations in the world such as Rome, Atacama Telescope, Houston NASA are referenced throughout. The
relationship of important research centers or historical location
combine programs of research, science, and history into one experience. Some proposals even link different planetariums around
the world in a network that share information. Is it possible? To
experience in NY what the Alma telescope sees in Atacama? Is the
planetarium breaking boundaries of the space?
Those that use alternative locations for their planetaria, in the
ocean, in the desert, on a mountain, or even in space, focus on
connecting to. It is very important to consider that, in order to
make new architectonics of astronomy believable, we need the
Planetarium to connect to the real ´world´, to the context. These
take advantage of the lack of light pollution to combine real and
artificial educational experiences. The notion of monument or the
relationship between Earth and Universe, tracking the light of the
Sun movement or increasing the perception of the stars, creating a
better consciousness of the Universe, was highlighted throughout
many of the proposals as not just as something you see in abstract
in a movie, but also as a desire to experience in real life environments.
But as most planetria will continue to be located in urban contexts and those proposals that address the relationship with the site,
urban or landscape address the real challenges of creating another
world within an urban site. Some removed the urban context by
creating inverted domes or dishes that created a new horizon, taking you out of the world around you. These proposals recreated
other experiences through form taking the shapes of craters, hemispheres, and curved space-time forms. Still others firmly rooted
their project in the urban context creating a monument or public
square creating both an interior experience as well as an exterior
experience of scale, landscape and perception. In this case, some
of the buildings tend to disappear or be ephemeral. Those projects
that imagined using the urban context to create monuments or to
use the relationship of scale beyond the walls of a traditional building were exciting to see.
The discussion on location and method of educational delivery
also highlighted the importance of social reaches of astronomical
education. One entry, the Space Fair, described a travelling show
of sorts to reach rural areas. There can be no doubt that distributed
media away from the context of a permanent building might open
up the boundaries of astronomy education to more communities—
an accessible and basic education. Inflatable domes of the industry
show us that the experience inside a theater can be taken to any
number of locations already, so it is left to us to determine what is
critical to context and what can be achieved by removing oneself
completely from it.
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V. RESULTS: WINNING ENTRIES AND JURY PERSPECTIVES
A. Finalist Entries
1) Selected Honorable Mentions
• Chronos the Space Time Planetarium (USA)

“In Chronos: The Space-Time Planetarium users perceive
astronomical scenes at different rates, thus simulating the intrinsic connection between space and time. Six varied architectural
strategies engage users with the enveloping media at contrasting
speeds and time relations (past, present, and future) in order to
challenge their understanding of the universe. Only after the users travel through the entire planetarium do they comprehend its
organization.”
• Space Fair (USA)

A travelling exhibit sized for a football field, this scheme has
a quirky retro feel and matching graphics. It is a hybrid between a
school science fair and a high-school sports event. The fair has the
added bonus of allowing for the event to change in time and travel
the world, accessing even the most remote communities.
“The Space Fair is a traveling exhibition of space science
dedicated to bringing an immersive educational experience to the
people of rural communities who live too far away from metropolitan areas where such institutions can afford to exist. In a world
where an intransigent population is often more willing to believe
information delivered by the famous than the learned, the scientific
method is a stalwart path for shared discovery and the cultivation
of critical thought. The Space Fair is an effort at building a bridge,
stirring the imaginations, and continuing the egalitarian ideals that
began the movie theatre-like typology of a century of planetariums.”
• Celestial Trace (South Korea)
To quote one of our jury members: “Is it realistic? Probably
not, but who cares. It makes you go wow and dream. After all,
isn’t this what space is all about?”
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etarium consists of three components, upside-down hemisphere
volume, digital screen that covers the dome, and transparent glass
bridge. Instead, human being plays an active role. Human is not
just a spectator watching motions of the heaven in this scheme. In
other words, the interaction between human-nature-architecture is
the key concept of this project.”
• Antonius the Planetarium of Rome (Italy)

A beautiful link between past and present through the eternity
of space. This design uses architecture to link the user to stars,
planets and satellites above. We particularly love the Moon phase
gallery: just one of the ways in which this team has manipulated
architectural form in subtle ways to create powerful lessons of
space through a sensory experience of place.
“This connecting axis is an ‘open museum’ where visitors can
directly experience space, time and astral movements. Several
rooms from the moon phases room, to the eclipse room, projection room and sun path room, make a little unique museum in the
world. A free path through the light and the matter, like an extension of Villa Adriana’s ruins that ends in a stairway facing the stars,
above Roccabruna’s temple, immersed in the valley of Adriano.”
2) Runner Up: Microsphere (Italy)
An immersive experience of a unique scale, the minimal personal surround planetarium sphere, is coupled with physical locations around the world that has significant reference to astronomical observation throughout history.

Simple, elegant, beautifully presented and unlike anything
else submitted in this competition. We particularly loved the idea
of flipping the dome (literally) to create a new way of experiencing space.
“This proposal suggests a new type of planetarium, where
audiences can experience breathtaking moments with their naked
eyes. In order to achieve the goal, planetarium is designed with
very simple but minimal architectural gesture to allow more opportunities for people to focus on the celestial movements. The plan-
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From the Entrant: “The project is based on a network of little
planetariums scattered all over the world. Every planetarium corresponds to a sphere with limited dimensions (5 m x 5 m) and its
localization is absolutely not casual. In fact, micro-spheres are
located next to the most important astronomic observation points
in the world: starting from primitive constructions until contemporary observatories. This choice produces many advantages. First
of all observatories and ancient buildings have usually a provision of services for visitors that makes our microspheres free from
any activity different from pure experience of space. Additionally,
astronomic observation points are essentially for network’s definition. Every observatory for example could capture pictures and
videos to share them in live stream with its microsphere.”
3) Winner: Greenwich Deep Space Exploratorium (UK / Singapore)
Winning both the popular choice award and the winning entry,
the Greenwich Deep Space Exploratorium believes in the immersive experience of 360 spherical surround projection, it also celebrates not a passive movie going experience, but an experiential
walk through similar to a traditional museum combined with the
immersive qualities of the planetarium. Situated in a park, it creates more of a wandering experience of mystery to be enjoyed by
the public.

From the Entrant: “The Planetarium should be a readily available space for the public to experience and explore. For those
beginners and first timers who find it difficult to grasp all the
knowledge presented to them, can now simply pause, slowly experience, absorb and learn at their own pace. For the fervent users,
determined to experience every room and submerge themselves
into deep space, feeling the vastness, the endlessness and the infinity, this planetarium allows them to do so, and when they’ve
had enough, to also continue from where they left off another day.
This proposal for a place of celestial exploration lets people interact with space by traveling through it at their own pace. For we
believe that only where there is intrigue, curiosity and interest does
proper education happen.”
B. Jury Perspectives
As discussed in the introduction, one of the main objectives, if
not the main objective, was to stimulate discussion across design,
education, media, and science sectors. This was an opportunity to
place jurors into a similar context and to gauge different reactions.
The Architects focused increasingly on not only the beauty
of the space but also of the cultural and social implications of the
proposals:
The idea of creating a new kind of public place with civic purpose and direct orientation to the sky in cities around the world is
a powerful idea. I like very much the idea of a place of assembly
that does not rely on commercial consumption, but rather social
and cultural gathering and one that erases a sense of the urban or
any reference to \”building\” and instead forces a direct and unadulterated interaction with the stars. It is as if this project brings
humanity back to the primal point in history where people would
gather around the fire upon which their meal had just been cooked
and be enveloped by only the sky above, visible and ever present
to their nightly existence. I also like the open ended nature of the
proposal, which allows each community to find their own way of
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interacting with this new \”hemisphere\” and tailor the activities
and events which it can sponsor.
The Astrophysicists highlighted new kinds of educational
sontent:
This design’s focus on our Milky Way Galaxy is what peaked
my interest. I like it when the idea behind a planetarium design
is well thought out, strong, and contemporary. Helping humans
understand their galactic (and extragalactic) cosmography has
always been a prime goal of mine too. I really believe that one
should be direct about using the architecture to activate the experience, rather than just relegating the experience to a theater
or exhibit. The use of the new flat media, including the floor are
intriguing.
The Experience designers highlighted new kinds of spatial
experiences:
A memorable way to experience space and space travel—a
much needed tuneup for the senses in a world dominated by touch
screens, clicks, swipes, big data, AI and analytics. The experience is most accessible to everyone who can feel, see, touch, smell
and taste the mysteries of the space. We most remember what we
feel—we enjoy learning when we learn together. This design is
a social space that invites us on a sensory journey, challenges us
to use our senses, rewards us with memories we will want share
beyond the planetarium test inspires us to be curious explorers and
discoverers.
The Educators have yet to comment directly. Be the first!
VI. CONCLUSIONS
The ideas embedded in the 53 submitted proposals must still
be delved into in more depth. There is clearly a tension between
physical place and sensory perception and a continued longing for
the simplicity and powerful experience of a re-conceived dome,
in various configurations and scales. The planetarium remains a
powerful immersive space, but the desire to use the technology in
new ways including in combination with active user participation
in both personal and social spaces.
We could say that the traditional architectural typology of a
Planetarium is in crisis looking at these proposals. The building
abandons its logics to link more with other types of structures,
where movement is allowed. It seems to be creating an architectonical language where walls no longer exist, they are ethereal
and made with other materials, projectrons, or technologies. The
relationship with the context has a vertical connection instead of a
horizontal connection. There are new elements added to the language: tubes, sticks, elevators, ramps, distortions, that create new
atmospheres, utopian to our eye. There are new conditions: underwater, outer space, deserts, underground. Architecture starts to
loose its gravity conditions becoming part of that unknown Universe. There is a new element added to Architecture: movement.
It seems that the experience won´t be completed unless we add
the 6th sense to the experience, where perception is not static, just
as the Universe is not static. Architecture transforms to include
principles of the Universe.

Winning results of this competition are set to be distributed in
architectural and science media outlets to continue the discussion
with larger audiences. We look forward to continuing to engage
the design, science, and education communities with these proposals and their implications.
APPENDIX
A. Juror Biographies
1. Astrophysicist: Charles Beichman
Dr. Charles Beichman is the Executive Director of the NASA
Exoplanet Science Institute (NExScI) at Caltech, NASA’s
Center for exoplanet research. Dr. Beichman has been deeply
involved in the search for evidence of planetary systems using
first IRAS, Spitzer and now Kepler K2 for which he has an approved Cycle 1 program to search for planets orbiting bright
nearby M stars. Dr. Beichman helped to formulate NASA’s
program to search for planets around other stars, authoring
numerous articles and reports on the search for terrestrial
and ultimately habitable planets. Before taking up his role at
NExScI, he was Chief Scientist for JPL’s Astrophysics Directorate and before that Director of the Infrared Processing and
Analysis Center (IPAC) working on Infrared Satellite Astronomy Satellite (IRAS), 2 Micron All Sky Survey (2MASS),
ESA’s ISA, and Spitzer. He was a member of the Spitzer/
MIPS instrument team and currently leads the JWST/NIRCam instrument team’s program. Most recently he has been
leading internal JPL R&D efforts to develop laser frequency
combs as wavelength standards for precision radial velocity
measurements in collaboration with Caltech and NIST. These
efforts led to the demonstration of a laser frequency comb at
the IRTF and Keck telescopes in 2015 (Yi et al 2016).
2. Media and Visualization Expert / NASA Artist: Dan Goods
Dan Goods is passionate about creating experiences where
people are reminded of the gift and privilege of being alive.
During the day he runs The Studio at NASA’s Jet Propulsion
Laboratory, a team developing creative ways of communicating and working to transform complex concepts into meaningful stories that can be universally understood. After hours he
works on creative projects around the world. Currently he
is collaborating with others on new public art pieces in San
Diego and San Francisco and is developing the ‘Museum of
Awe’ with David Delgado and Ivan Amato. An experience of
art, science, theater and surprise. In 2002 Goods graduated
valedictorian from Art Center College of Design. Recently he
was selected as ‘One of the most interesting people in Los Angeles’. He lives in South Pasadena, California with his wife
and three kids.
3. Exhibit Designer / Dennis Cohen
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Dennis Cohen specializes in the experiential design and strategic planning of interactive and interpretive museums, science centers, and brand destination attractions. His projects

combine information architecture, visitor interactivity, entertainment technology, social media, event programming,
and community outreach. Mr. Cohen works closely with the
project’s design and content teams to develop the experiential
aspects of the project using the tools of information architecture, all manner of visitor interactivity, entertainment technology, community outreach, and live performances. Mr. Cohen
recently led the firm’s effort on an international Planetarium
competition, a major national science-based museum in Mexico City and conceptual plan for Frost Science Museum in
Miami, Florida. He has also develop interactive education
and corporate environments for FIRST Place, Manchester,
New Hampshire; the NASCAR Hall of Fame, Charlotte,
North Carolina; the at the Indianapolis-Marion County Public
Library; Adventure Science Center’s, Nashville, Tennessee;
Moody Gardens Rainforest and Aquarium, Galveston, Texas;
the Samsung, Seocho brand showcase, South Korea, and the
Maritime Experiential Museum - Resorts World Sentosa, Sentosa, Singapore. In addition, he has directed the development
of interpretive plans for cultural and corporate brand destination projects in the U.S. and abroad, including the Space
Exploration and Education Center (SEEC) for the NASA/
Goddard Space Flight Center, Greenbelt, Maryland; LEGO
House in Billund, Denmark; the Carlsberg Brewhouse brand
and experience center, Copenhagen, Denmark.

tradition of designing innovative, memorable and sustainable
buildings in the public realm that express client identity, respond to contemporary culture and enhance the built environment. Mr. Wong’s design for the Planetarium is exemplary in
this regard as it defines a new identity for the Lingang district
of the City, southeast of Shanghai’s central business district.
Current projects also include the Taopu SciTech city master
plan and Phase I development architectural design, also selected in an international competition. Mr. Wong received
a Master of Architecture degree from Cornell University in
1993 following his Bachelor of Architecture from Cornell in
1991. He is a member of the American Institute of Architects.
6. Astrophysicist & Planetarium Consultant James Sweitzer
James Sweitzer, Ph.D. (U. Chicago, 1978, Astrophysics) began his career at the Adler Planetarium, Chicago, where he
served as Assistant Director. After 10 years as a museum professional, Jim returned to the University of Chicago to help
create the Center for Astronomical Research in Antarctica.
In this role, he made two trips to the South Pole. In 1996,
Jim became the Science Project Director for the Rose Center
for Earth and Space at the American Museum of Natural History in New York. There he directed the renovation of the
Hayden Planetarium, which opened on the Millennium. Returning to Chicago in 2002, he directed DePaul University’s
Space Science Center, representing NASA’s Space Science
missions in a seven-state region of the Midwest. In 2004,
Jim launched Science Communications Consultants (SCC), a
firm that advises on the building and renovation of planetariums, museums and science centers around the world. In 2007,
Jim joined the Climate Reality Project where he was trained
by Vice President Al Gore. Jim has taught courses including astronomy, astrobiology, energy policy and cosmology at
Columbia College Chicago since 2004. Since 2016, he has
been teaching astronomy at the School of the Art Institute of
Chicago as well.

4. Educator / Stephen Dubois
Stephen Dubois has worked in the planetarium field for 30
years. His homebase is the Whitworth Ferguson Planetarium
in Buffalo, NY but he also is an educator at the Williamsville
Space Lab Planetarium. Over the years Stephen has authored
content for dozens of presentations, created and directed
multi-media public programming, worked as illustrator, production designer and music director. He also is a composer
working for planetariums all around the country scoring fulldome programs as well as independent films.
5. Architect / Thomas Wong

7. Science Communicator / Lars Lindberg Christensen

Thomas Wong is a Design Partner in Ennead Architects and
has been with the firm since 1993. In this tenure, he has
provided insightful design leadership on a variety of building and program typologies, from performing arts facilities
to research laboratories, museums to acute clinical programs.
This broad range of experience underpins his versatility and
speaks to his approach of every project as a unique design
problem that requires a distinct, specific and authentic solution. Among his notable, recent projects are: The New York
University Langone Medical Center, Kimmel Pavilion, Energy Building and Tisch Hospital Addition; Cornell University, Weill Medical College, Medical Research Building and
Weill Greenberg Center; and University of Michigan, Biomedical Science Research Building. In addition, Mr. Wong
is currently designing the new Shanghai Planetarium branch
of the Shanghai Science and Technology Museum (SSTM),
a project for which Ennead won the commission through an
international competition. Mr. Wong is guiding the expansion
of the firm into China with the recent opening of its Shanghai
office. Ennead’s work in China continues the firm’s fifty-year

Lars is an award-winning astronomer and science communicator. He has produced material for a multitude of different
media from star shows, fulldome movies, laser shows and
slide shows, to web, print, TV and radio. Lars has more than
200 publications to his credit, most of them in popular science
communication and in its theory. He has authored a dozen
popular science books translated to more than ten languages.
He has directed several documentaries and planetarium movies that have received critical claim around the world. Lars
received the Tycho Brahe Medal in 2005 for his achievements
in science communication.
8. Digital Communication & Media Environments / Eric Hanson
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Eric Hanson is a partner at xRez Studio, a design firm concentrating on cutting-edge immersive digital environments. Having worked with leading visual effects houses such as Digital
Domain, Sony Imageworks, Dream Quest Images, and Walt
Disney Feature Animation, his environmental work can be
seen in “The Day After Tomorrow”, “Cast Away”, “Mission

to Mars”, “Fantasia 2000”, and “The Fifth Element”, among
others. Originally an architect, he pioneered 3d visualization
practices for Gensler and Callison Partnership. He is also an
Associate Professor at the USC School of Cinematic Arts,
leading their curriculum in visual effects and cinematic VR.
Eric is a member of the VES, IVRPA, ACM/Siggraph and attended the University of Texas at Austin. He wishes he could
sleep more.

B. About the Authors
Christina Ciardullo has a background in astronomy and
philosophy and has held positions at Columbia University’s
Space Architecture Lab, the Habitability Design Center
at NASA Johnson Space Center, as well as the Ann Kalla
Fellowship at Carnegie Mellon University where she taught
interdisciplinary studios designing closed-loop sustainable
ecosystems for Mars. Her terrestrial practice focuses on
an interdisciplinary approach to integrating the built and
natural worlds at the NYC Department of City Planning and
the architectural practice of Ennead Architects and helped
guide her as one of the 2016 Buckminster Fuller Institute
Fellows. In her work off the planet, she has consulted in the
extraterrestrial endeavors of Foster+Partners. She is currently
pursuing a PHD at RPI’s Center for Architecture Science and
Ecology.

9. Magazine Editor, Architect, Andrea Verini
Andrea founded Eleven Magazine in 2015 and currently
works as its Editor in Chief and Creative Director. He was
born in Bologna in 1984 and spent his childhood and teen
years growing up in Italy, Hungary, Russia and Austria. At
the age of 17 he moved to the UK to pursue his higher education in Architecture. Andrea holds a BA (Hons) Architecture
degree (2006), a Diploma in Architecture (2009), and in 2010
was awarded a fully-funded doctorate studentship, which he
successfully completed with a PhD in Architecture and Urban
Regeneration in 2014. His architecture career has seen him
active in both research, academia and practice. He has worked
for Grimshaw Architects in London and taught at University
in both undergraduate and post-graduate levels on subjects
ranging from architecture/urban history and theory, sustainable design, emergent architectural trends, modular/movable
architecture, responsive dynamic design, and nature-inspired
design. Andrea is a full member of the BSME (British Society
of Magazine Editors). In parallel to Eleven, Andrea works
as a freelance designer and architect on experimental projects
and international collaborations. In his spare time Andrea enjoys traveling, photography and (English weather permitting)
riding around on his motorcycle avoiding woodland creatures
on country lanes.

Margarita Calero is a Spanish-American architect and photographer trained in New York (Columbia University), London (London South Bank University) and Seville (ETSAS)
with focus on cultural heritage, communities and sustainability. In 2013, and as a Talentia grantee from Ministry of
Economy in Andalusia, Spain, she graduated from Masters of
Science in Advanced Architectural Design at Columbia University, receiving the Lucille Smyser Lowenfish Memorial
Prize. Her architectural and academic work has been awarded in several competitions including Shanghai Planetarium,
Stanford Denning House, Folly 2014 Architectural League of
NY, Solar Decathlon Europe 2010; published in magazines
such as Domus, in books such as ́Educating Architects ́ and
exhibited in galleries such as T Space NY, Bios Athens and
Studio-X NY. She has taught at ETSAS and has been invited
as a guest critic at GSAPP Columbia and Carnegie Mellon.
Margarita has worked as an architect in Spain and Belgium,
and continues her practice in New York, working as a project
designer and business development representative at Ennead
Architects LLP and as a contributor on ́Rethinking UNHCR
Refugee Communities ́

10. Magazine Editor, Eloise Carr
Eloise joined Eleven Magazine in 2016 as Editor and Communications Director. She was born in England in 1985 and
grew up in a small village a stone’s throw away from Windsor.
The world of art and design has attracted her from a young
age and saw her experimenting with fine art, graphics, fashion
design, photography, printmaking, textiles, screen-printing,
jewellery design and digital media throughout her personal
and professional life. Eloise gained her BA (Hons) Fashion
and Textiles degree in 2006 and later moved into the world of
interior architecture obtaining a MA (Hons) Interior Design
in 2011. She has worked on many diverse projects including collaborations with Tatty Divine, Cole and Son and the
London Olympic Games. She is a full member of the BSME
(British Society of Magazine Editors). Eloise loves to travel
to experience different cultures and sights, which inspires her
creativity. In her spare time she enjoys designing at multiple
scales, taking far too many photographs, going to the gym and
returning home to a healthy dinner of wine and cheese!

(PDF Attachments in Supplementary Materials folder)
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April 2017

Dr Andrea Verenini
Editor in Chief

On behalf of all of us here at Eleven, our competition partner Christina
Ciardullo, our jury, and our competition sponsor the Middle Atlantic
Planetarium Society (MAPS): thank you and good luck!

Remember, there are no right or wrong answers, just endless possibilities
in the pursuit of excellence and design-led innovation. So... let your
creativity go wild and enjoy the process! We really look forward to seeing
your fantastic proposals.

In this competition, we ask if architecture itself could become - once
again - the tool for experiencing and understanding space. How can
architecture engage with and enhance today’s renewed age of space
exploration and discovery? What does the next generation of Planetariums
look like?

Today, the Planetarium dome has become the standard vessel for
communicating astronomy and astrophysics. However, many of these
lessons have become restricted to projections, films or virtual reality,
thus downgrading the architecture to a passive container rather than a
committed protagonist.

From the dawn of civilization, mankind has had a fascination with
astronomy. From Stone Henge to the Pyramids of Egypt and South
America, architecture has played a central role in the understanding of
space and time.

Welcome to Eleven’s 6th international challenge. This time around, we
focus on Planetariums.

Dear Participant,

Welcome!
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It is then that architectural form moved on from its origins as a
means for shelter, to became a catalyst for an experience: the link
between mankind and the mysteries which lie beyond our world as a
way of directly interacting, rationalising, understanding and ultimately
experiencing space.

Stonehenge celebrates the solstices of the sun; pyramids and temples
in Egypt map out the night sky; and the Mayan step pyramids tracked
the passage of time.

Since the dawn of time, the study of astronomy and space influenced
mankind. During this time, architecture became a primary tool in the
study and mapping of astrological phenomenons, eventually leading
to the birth of calendars, which paved the way for the mastery of
agriculture: the bedrock for great civilizations to flourish around the
world.

Mankind has always been fascinated with what lies beyond our sky.

Architecture,
Space and the
beginning of
Civilisation
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Planetariums have given us a new way of understanding space.
However, in many ways, the direct link between mankind and
astrology has been diluted; reduced to projections where
both we and architecture become spectators rather then
participants in the adventures and wonders of space.

Mimicking the spherical nature of our planet, domes became
the quintessential shape for this new typology of building:
used as concave screens for the projection and mapping of
astrological phenomenons, planets and stars.

As astrology moved away from divination and became more
embedded in science, a new architectural model was sought
out that could become a suitable mechanism for both learning
and teaching: the Planetarium.

The
Planetarium
Dome
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Étienne-Louis Boullée’s Cenotaph for Newton (1784) is a prime
example of a piece of architecture which achieves all of these
things. The shape resembles a Planetarium, but rather then a
projected narrative, Boullée uses design itself - and the way a
user perceives it, experiences it, and engages with it - to tell a
story. The exaggerated scale makes us think of the immensity
of the universe if compared to us. During the day, the illusion
of a black starlit night fills the room as sun light penetrates the
dome through narrow punctures arranged to map out planets
and constellations. All of these things create a building which like a Planetarium - celebrates space, astrology, and scientific
breakthroughs, but it does so - unlike a Planetarium - through
form itself. This creates a powerful message which is bound to
resonate deeper within the user.

A building becomes architecture when a relationship between the
physical and the metaphysical is created, thus engaging with the
user directly through an emotional feedback. This can be achieved
with the manipulation of scale; playing with light, shadow and
the shifting dimension of time; tectonics; materiality; and more
subliminally with symbolism. These can define, communicate
and reinforce both meaning and context, turning design into a
teaching tool through experience and engagement.

The
Experience
of Space
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This is where our competition begins...

What does the 21st Century Planetarium look like?

Is there a way for digital advances to compliment physical dimension, in a way
which is integrated in the architecture rather then independent from it?

Can it become a teacher which tells a story through an engaging process of both
connecting to space and the end-user itself?

Can architecture, through form, become the function of learning about astrology
rather then simply the housing container for a projection screen?

How can architecture became a direct vehicle in experiencing space?

In this spirit of renewal, we ask:

Today, we live in exciting times. We are steps closer to becoming an inter-planetary
species, astrophysics has blossomed into the mainstream, and technology (both
physical and virtual) has opened the door to previously unthinkable realities!

A
Renewed
Paradigm

?
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It is up to you to chose the site for your design. We
recommend that you identify a specific site (i.e. a city).
Keep in mind that if your architecture wishes to relate to
astral phenomenons (i.e. solstices, planetary movements,
etc.), then a specific site will make the design stronger as
it will help establish certain design criteria.

Forces or Gravity versus Quantum Mechanics - How can we possibly understand what goes on at the micro and
macro level or explain these in space. How do the systems as we describe them explain the range from black holes to
spooky action? How do they manifest in our human scale?

Knowledge is only for now - How do we design a space that will change just as often as our understanding of
science?

Project Site

3. What does the next generation of Planetariums look
like?

2. How can/should architecture engage with current
technological advancements in the fields of digital
technology and augmented reality to create a fully
immersive and educational experience of space for the
user, whilst still being a protagonist in the show and not a
passive container?

Origins - Both in the sense of our own connections to history, but also as we look for exoplanets and life elsewhere
in the universe, understanding how we came to be here both geologically and biologically, and to what extent life is
either inevitable or simply chemical.

Scale in space or time - As humans we have a very human-centered outlook on the way the universe works. How does
this change when we consider large jumps in the scale of time and space?

Observation - Whether through the telescope from earth or space, or the observation of the world around us, the key
to science is being present to the physical world. In astronomy, light (visible or in other wavelengths) is the only means
we have of understanding what’s beyond our atmosphere. Perhaps the first tools of astronomy were responding to
observation of light (and shadow) from the sun here on earth. Today we have many more sophisticated tools but still
might be able to use architecture as another tool to discover and observe what is around us.

Design programme - What should your Planetarium include? Is it a place for research, exploration, education, or all
three things? It is up to you to decide what is appropriate based on your concept and design rationale.

1. How can architecture engage with today’s renewed
age of space exploration and scientific discovery more
directly through form and, in doing so, become a vehicle
for experiencing space?

In this competition, we ask if architecture itself could
become the tool for experiencing and understanding
space, rather then a passive element containing the
planetarium experience. Keep asking yourself these three
vital questions:

We invite you to imagine a new typology of Planetarium, one that is
more in sync with today’s renewed interest in space and one which allows
architecture and design to play a central role in the experience of space.

Here are some key-words, concepts and questions for you to consider...

Experiencing Space

AIMS + OBJECTIVES:

Eleven reserves the right to extend the competition or amend the
schedule subject to changes. If this does happen, we will email
you with the updated schedule and further news.

PLEASE NOTE:

11th October /// SAVE THE DATE
Party time! Announcement of winners and awarded.

10th October
Public voting closes at 11:59pm (UK Time).

14th August /// SAVE THE DATE
Public voting opens for People’s Choice Award.
(Online on Eleven’s website.)

11th August /// SAVE THE DATE
Competition closes.
Submission due by 11am (UK Time).

1st August
Standard fee ends. Late Bloomer fee starts.

1st May
Early Bird fee ends. Standard fee starts.

11th April
Competition opens for registration!
Early Bird fee applies.

11th March 2017
Official press announcement.

SAVE THE DATE!

The All-Important Competition Brief...
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Charles Beichman

Steven Dubois
Editor in Chief
Eleven Magazine
(UK / Italy)

Andrea Verenini

EC
AV

Artist in Residence
NASA
(USA)

Dan Good

EC
DG

Eloise Carr

Editor
Eleven Magazine
(UK)

EC

Founder + Partner
xRez Studio
(USA)

Eric Hanson

EC
EH

We will be exhibiting all of the submissions on our website and give the general public
the chance to vote for their favourites. The entry that will accumulate the most online
votes will win the People’s Choice Award and £100!

THE OTHER JURY:
Expand your universal fan base!

h t t p : / / w w w. e l e v e n - m a g a z i n e . c o m / ? c o m p e t i t i o n = p l a n e t a r i u m

Get to know your jury more. Read their full biographies on the jury section of the competition page following this link:

Denis Cohen

Director
Ralph Applebaum
Associates
(UK)

EC
DC

Head of Education & Public
Outreach
ESO
(Germany)

LLC
Lars Lindberg Christensen

Executive Director
Nasa Exoplanet Science
Institute, Caltech
NASA JPL
(USA)

EC
CB

EC
SD

Secretary
Middle Atlantic
Planetarium Society
(USA)

Partner
Ennead Architects
(USA)

Tom Wong

Christina Ciardullo

Architectural Designer
and Educator
(USA / Germany)

EC
TW

INSIDER’S HINT: We suggest the use of plans, key sections and elevations to explain the design, but also think
of making the best use of diagrams, visualisations, renderings, sketches and models (CAD or physical) to
explain your ideas and design successfully. It is up to each participant to judge what is more appropriate for
their specific proposal.

• PRESENTATION:
How well has the participant presented his or her work in the space allocated to them by the competition submission
requirements? There are no formal requirements of images/drawings types we ask for, however, think of how best to
showcase and sell your proposal.

• AESTHETICS:
Can an entry have a fantastic concept excellently executed in design, be both feasible and innovative... AND also be
beautiful? Why not? We believe ingenuity and beauty are not mutually exclusive.

INSIDER’S HINT: Old ideas can be useful in their own ways as starting points or as inspiration to react against
or develop new ideas from.

• INNOVATION:
How original is the project? Does it stand as a champion of innovation or does it recycle old ideas?

INSIDER’S HINT: This is an ideas competition, so take this particular criteria with a pinch of salt.

• FEASIBILITY / POTENTIAL:
Does the project have a realistic element to its concept? Could it be potentially feasible? What is the potential of the
project? Is it meaningful?

INSIDER’S HINT: Ask yourself if the key concept(s) behind the design is/are clearly represented in the execution.

• EXECUTION:
How well has the idea been translated into an actual design programme and outcome?

INSIDER’S HINT: Complex concepts are not necessarily the best ones. Sometimes a simple, clear, easy concept
can be just as powerful.

• CONCEPT:
What is the idea behind the proposal? How strong is it? How profound are the intentions?

The jury will be asked to judge the competition entries through a set of criteria, being:

Meet your panel of world class experts and fellow designers!

EC
CC

JUDGING CRITERIA

THE JURY TEAM
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All of the awarded entries listed above will be published on Eleven Magazine and on Eleven’s media partner’s websites
as well... and receive a push on our social media networks!

MEDIA GOODIES

• PEOPLE’S CHOICE AWARD:
While the jury deliberate on who to award, the public will have an opportunity to vote for their favourite projects online.
The winner of the People’s Choice Award will receive a prize of GBP £100 [One Hundred British Pounds]. In addition,
they will be added to Eleven’s Hall of Fame. So, round up your supporters and get them to vote for your design online!
The People’s Choice will also receive a free entry voucher for future Eleven Competitions (one voucher per team).

In addition to the eight awards voted on by the jury, the general public will be able to vote for their favourite
design as well:

• HONOURABLE MENTIONS:
There will be SIX honourable mentions chosen by the jury. No cash prize (boo!) but lots of glory nonetheless (yay!) and
one free entry voucher for future Eleven competitions (one voucher per team).

• RUNNER-UP:
The runner-up entry selected by the judging panel will receive a GBP £400 [Four Hundred British Pounds] prize and
one free entry voucher for future Eleven competitions (one voucher per team).

• WINNER:
The winning entry selected by the judging panel will receive a GBP £2,000 [Two Thousand British Pounds] prize.
In addition, the winners will be added to Eleven’s Hall of Fame and receive one free entry voucher for future Eleven
competitions (one voucher per team).

There are eight awards which will be voted upon by the competition jury:

Awards + Prizes

It could be you.

Somebody will
become a
Star...
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• Submit a DOC file cross-referencing the model JPG names submitted with a brief description and caption of the
picture. Make sure to include any model scale or materials. Please also include the picture credit if required. This file
must be named after the registration number followed by the word “captions”.

• Please submit pictures saved as JPG files. The files must be named after the registration number followed by the
word “model”, followed by the number of the model (if multiple) and finally the number of the picture. For example:
ECXXXX-model1-2.jpg or ECXXXX-model2-4. Please keep the models safe, as we may wish to exhibit them in our
future events related to the competition.

• Please DO NOT send the actual physical model to us!

We encourage participants to engage with physical models! This is optional but appreciated. If your entry
includes a physical model (or models), then:

• Team information (including name, profession, address, and email). This is done on your portal directly, but we also
require you to send this to us as a backup DOC file. This file must be named after the registration number followed by
the word “info”. For example: ECXXXX-info.doc.

• Project statement explaining your design (500 words max). This is done on your portal directly, but we also require
you to send this to us as a backup DOC file. This file must be named after the registration number followed by the word
“statement”. For example: ECXXXX-statement.doc.

Important Note: Make sure you save two versions of your sheets. The first will be a web-ready copy which you
will upload through the portal (refer to step 1 on the next page and our subsequent Formatting Guide). Each webready sheet should be a maximum width of 2000 pixels and the file size should be less than 2MB. The second is your
high resolution image which is to be sent as a back-up file (refer to step 2 on the next page) and should be 300dpi
in resolution. Add a ‘HR’ at the end of the file names to distinguish the high resolution with the online submission files
please.

Participants are encouraged to submit all the information they consider necessary to explain their proposal such
as plans, sections, elevations, visualizations, diagrams, etc. The upper right corner of each board must contain the
participation unique reference number (starts with EC and ends with either a number or a letter) in a clear and
legible manner. This is found in your competition portal (My Portal). There should not be any marks or any other form
of identification such as team member names or company logos which link the project to team members. The files
must be named after your unique registration number followed by the board number. For example: ECXXXX-1.jpg and
ECXXXX-2.jpg.

• Two A1 sheets (594mm high x 841mm wide) in HORIZONTAL format.

The project submission must contain the following:

SUBMISSION REQUIREMENTS

Participants are fully responsible for the submission of their
proposals within the above deadline No proposal will be
accepted after the deadline expires.

Friday, 11th August 2017
@ 11:00am (United Kingdom Time)

All participants must submit their proposals through their
individual submission portals on Eleven’s website by:

This is a single-stage digital competition. No hard copies
are necessary at this stage.

SUBMISSION
DEADLINE!

“O
Th e h l o o k !
Big D
i pp e
r”
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2. Now, move on and complete Step 2 of the submission process.

PLEASE NOTE: Once the files are submitted you will no longer have the option to amend or edit your entry!

1. Once you are happy with your submission, have checked all of your files and are ready to submit your work, click on
the ‘Submit Entry’ button on the bottom right hand side of your portal. Once submitted, you will receive a confirmation
message on screen.

TO SUBMIT:

You can save your information at any time by clicking on ‘Save Entry’. This will not submit your entry, but will save the
work you have done on your portal so far, allowing you to re-visit and edit/add to your submission later.

TO SAVE:

5. Finally, check that all of your team information is correct, especially names and contact information.

4. Once you have prepared your submission, check you are happy with the files you have uploaded. Please make sure
you also spell-check your 500 word statement and all other written work.

PLEASE NOTE: Do not upload the full resolution files! Please upload you web-ready files as described in the
‘Submission Requirements’ section of this brief (2MB per sheet maximum). Please see our ‘Formatting Guide’.

3. Once inside your portal, you will be able to view your unique reference number and prepare your submission file.
You can add team members, upload your web-ready sheets, and write/copy&paste your 500 word statement.

2. Once logged in, click on the blue triangle ‘My Portal’ positioned on the left hand corner of the website header. This
will re-direct you to your team’s private competition portal.

1. Log in to your competition portal by going on www.eleven-magazine.com and clicking on the
icon on the
top right menu. When prompted, insert your login name and password (used to register yourself on the competition).

Email: help@eleven-magazine.com

Need some help?

ET VOILA’! Entry submitted. You’re all done and dusted.

5. This is your back-up in case something goes wrong with the upload. You should receive a receipt when we download
your files through Wetransfer.

4. Send the files to this address: submit@eleven-magazine.com

3. Under the ‘message’ section of Wetransfer, please write your unique team identification code so that we can identify
you.

PLEASE NOTE: Do not send us your backup with Google Cloud or Dropbox please... stick with Wetransfer .

2. Upload your high resolution (full size, A1, 300dpi) sheets, your personal information DOC file, your project statement
DOC file, and any additional model pictures to the Wetransfer site.

1. Go on Wetransfer (www.wetransfer.com)

Once you have completed ‘Step 1’, please do the following:

STEP 2
WETRANSFER (Back-Up High Resolution Files)

STEP 1
COMPETITION PORTAL (Main Submission)

TO UPLOAD:

HOW TO SUBMIT YOUR WORK (Part 2)

HOW TO SUBMIT YOUR WORK (Part 1)
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Original
File Size

Zoom

Screen View

New / Compressed
File Size

Original
Image

Web-Ready
Image

Size

Type

Ratio
Link

Quality

11. Once you are happy with everything, then go ahead and click on ‘Save’.

10. If the file size is still too large (more than 2MB), then you can reduce the ‘Quality’ a bit more.

9. Once you have followed these steps, check the new JPEG file size.

PLEASE NOTE: Before you change the image size width, make sure that the width and heigh are linked to maintain
the original image ratio.

8. As this image will be displayed online, please reduce the image size to a maximum width (W) of 2000 px.

PLEASE NOTE: This should not make any difference to your sheet. However, please make sure that by reducing the
quality it does not effect the design of your sheet.

7. Change the ‘Quality’ from 100 to 75

6. Click on ‘2-UP’ on the top menu. This will allow you to see both the online image and the formatted version.

5. On the options on the right hand side, make sure you select ‘JPEG’.

4. Once selected, you should see a new window with formatting settings for the image (see image on left).

PLEASE NOTE: In older versions of Photoshop (pre CC 2017), the menu might be different. Click on ‘File’, ‘Save for
Web & Devices’.

3. Click on ‘File’, ‘Export’, ‘Save for Web (Legacy)...’

2. Open your sheet on Photoshop

1. Save your sheet as a JPG.

It’s always a struggle to balance quality with file size. So, we decided to share this easy step-by-step guide to getting
the most from formatting your web-ready files for your digital submission (see Step 1 on our ‘How to Submit Your Work’
in this brief). Follow it and you will get the best quality at the highest compression (i.e. smallest file size)!

STEP-BY-STEP FORMATTING GUIDE:
The Best Way to Compress Your Sheets
Ready for the Web!
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Cheating is not tolerated in any of our events so please play fair. This is particularly related to the public voting for our
People’s Choice award. We encourage you to get as much public support as you can by getting people to vote for
you and campaigning for your project on social media, at work and with your friends, but please play fair. Boosting
votes is not only very annoying, but it is also easily identified, strictly forbidden and will get you a one way ticket to
cheating-land with a guaranteed disqualification from the race and a ban from our and our partner’s future events.

A warning about online ‘Vote Boosting’ :

12. Participation to Eleven’s competitions assumes acceptance of the regulations by entering the competition.

11. Eleven reserves the right to disqualify any entries deemed offensive, explicit or inappropriate.

10. The competition is open to all who wish to participate aside from employees, staff, consultants, agents or family
members of Eleven personnel and any of the jurors, including the jurors themselves. There are no age restrictions,
however, entrants which have not yet reached their 18th birthday must have an adult (defined by being of age 18 or
above) enter as part of their team.

9. Entrants will be disqualified if any of the competition rules are not considered or if any of the regulations are broken.

8. Eleven, as the competition organizer, reserves the right to modify the competition schedule if deemed necessary.
You will be kept informed of any extensions or changes via email or social media.

7. Contacting the Jury is strictly prohibited. Any competition related correspondence should be directed to Eleven.

6. A team wishing to submit multiple entries can do so by registering multiple times. Each registration will be given its
own unique competition number.

5. Only one submission per team per fee is allowed.

4. All prizes are in Great British Pounds (£ / GBP) currency and all dates and times are set to the United Kingdom time
zone.

3. The registration fee is non-refundable even in the event of a lack of submission on behalf of the entry team.

2. The official language of the competition is English.

1. This is an anonymous competition and your given unique competition number is the only means of identification. You
will your unique competition number in your competition portal.

RULES + REGULATIONS
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We highly recommend that participants take full advantage of this competition and as such any questions are welcome
and encouraged! If you have any, please email help@eleven-magazine.com and a member of our team will get back
to you as soon as possible.

QUESTIONS + ANSWERS

Please note that for the sake of fair judgment, any direct competition-related correspondence with our jury panel during
the competition life span is strictly prohibited. Any entry seen breaking this rule will be immediately disqualified and a
refund will not be made available.

General correspondence is to be directed to Eleven via email on info@eleven-magazine.com and a member of our
team will be sure to reply. Submissions (part 2) are to be sent to submit@eleven-magazine.com. For help or support,
email help@eleven-magazine.com.

CORRESPONDENCE

Ne

#A

facebook.com/elevenppid

@elevenppid

Our social media information is displayed below:

If you haven’t done so already, follow us on Twitter and Facebook, where we will
post any competition news/update.

We will keep you informed of any competition-related news and updates via email and also social media platforms.

News + Updates

Any breach of copyright (including text, images, and credits) will result in legal action being taken on behalf of Eleven.

Eleven reserves the right to use any material submitted to the competition for advertising, promotions, exhibitions, or
however they see fit for the promotion of their business. This may include publication and marketing materials. Any
third party that wishes to use any competition entries or any related material must first get written consent from Eleven.

In entering the competition, the registrant and all team members recognise the competition’s program as the intellectual
property of Eleven and agree to credit the organisation by name in any subsequent exhibition or publication.

COPYRIGHT + DISTRIBUTION RIGHTS

We do not offer refunds, including refunds for entries who enter but do not submit or are disqualified.

REFUNDS

By entering this competition you agree to adhere to this document’s rules and regulations and Eleven’s terms and
conditions. These can be found on http://www.eleven-magazine.com/termsconditions or requested by email at
info@eleven-magazine.com.

TERMS + CONDITIONS

This is simply unacceptable and strictly prohibited. Please make sure you give due credit where and when it’s due and
keep away from unnecessary trouble.

PLAGIARISM

This is an open international ideas competition hosted by Eleven intended as a purely conceptual project. Any mention
to events, publications, exhibitions and live projects by Eleven beyond this competition phase are yet to be fully
confirmed. Eleven reserves the right to cancel or change any such events at their own discretion.

DISCLAIMER

Legal Blah Blah...
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Find out more:

www.mapsplanetarium.org

This competition is officially sponsored by the
Middle Atlantic Planetarium Society (MAPS).

Thank you!

Planetariums inspire audiences of all ages and diverse cultures to develop new insights and experience a sense of
wonder while exploring the size and scale of the universe.
The immersive quality of the planetarium promotes excitement and curiosity about local astronomical phenomena and
each individual’s place in the cosmos.
Because of the affective nature of planetarium experiences, students are motivated to pursue interests in Science,
Technology, Engineering, & Mathematics (STEM) fields and to consider related career paths.”

INSPIRATION:

Communities are enriched by opportunities to interact with their local planetarium as a shared resource for formal and
informal science education.
Schools, families, individuals, community groups, professional organizations, and media benefit from the expert
knowledge of the staff, programs, and services provided by the planetarium.
Planetariums spearhead unique initiatives that interconnect diverse organizations by fostering collaborations toward
common goals.

COMMUNITY:

The study of Earth and Space Systems, included in national and state science standards, is dynamically explored in
planetariums.
The planetarium serves as a laboratory in which students reinforce and confirm related concepts introduced in the
classroom. Additionally, they deconstruct misconceptions and discover new perspectives.
Student comprehension of complex concepts is enhanced by the ability of the planetarium to compress long term
patterns and cycles into shorter segments which result in powerful learning experiences.

EDUCATION:

Planetariums are unique community assets and resources; they provide an inspirational immersive environment for
research and education.
Planetarium experiences elevate science literacy by addressing the national and state science standards; they motivate
individuals to explore careers that are vital to our national interests.
Planetariums serve as interpreters of leading edge scientific discoveries; audiences are engaged by participating in
the adventure of discovery.

VALUE OF THE PLANETARIUM: EDUCATION, COMMUNITY, INSPIRATION

“The Middle Atlantic Planetarium Society (MAPS) consists of Planetarium professionals dedicated to excellence in all
facets of planetarium education and programming.

Read the Middle Atlantic Planetarium Society’s Position Statement:
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Our Friends + Partners:

We are always on the lookout for creative partnerships, be it in conceptual fields, events, or in real-life
design outcomes. Equally, we constantly scout for creative talent to publish on our magazine. So, if you wish
to either work with us or showcase your work through us, then please get in touch.

Our competitions have won awards, have been published world wide both in print and online by prestigious
magazines, and have been exhibited in both Europe and the USA.

Competitions have many virtues. They encourage ideas to flourish, foster talent, become platforms for
innovation to emerge at multiple levels, and can even help raise awareness on global issues whilst also
possible actions as well. Our Competitions are the ideal arena for dynamic international think-tanks to thrive
in throughout a whole multitude of contexts: from less privileged communities around the world, to new
technologies, shifting urban landscapes, exotic ecological havens, product and fashion… and why not…
even outer space!

Here at Eleven, we love ideas! We believe architecture and design has a major role in today’s world. Creative
thinking is at the root of innovation, it can transform problems into opportunities and inspire generations of
change. This is why we love running competitions, as they represent ideal platforms for creative possibilities
to grow.

Eleven is an architecture & design magazine, creative agency and
online portal on design-led innovation. We create award-winning
international competitions and publish articles on the industry’s
coolest people, places, ideas and designs.

About Eleven
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APPENDIX C
USE OF LIGHT

“Never before was an instrument created which is so instructive as this; never before
one so bewitching; and never before did an instrument speak so directly to the beholder. The machine itself is precious and aristocratic… The planetarium is school,
theater, and cinema in one classroom under the eternal dome of the sky.” - Elis
Stromgren 1923

THE USE OF LIGHT IN ASTRONOMY
EXHIBITRY AND EDUCATION
INTERIM REPORT 07.30.16
MAPS GRANT 2015
CHRISTINA CIARDULLO

astronomy and architecture | 2015 maps grant interim report
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THESIS
Architects have controlled light as a tool for creating beautiful spatial experiences.
Astronomers have controlled light to study our place in the universe.
Sunlight can be used to create beautiful spatial experiences that also serve as a teaching tool to understanding at least our place in the solar system, and introduce the public to ways of learning about their world through direct observation.
FROM OBJECT TO EXPERIENCE
The history of astronomical education has been a path from object (an external description where the observer is looking from the outside) to experience (a physical
space in which the observer is on the inside). It is the creation of large objects (architecture) that create experiences, like those produced within the planetarium.

object

experience

astronomy and architecture | 2015 maps grant interim report
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HISTORIC PLANETARIUM/EDUCATIONAL DEVICES
The study began with a historical survey on the history of objects and devices for teaching and understanding astronomy. These are a selection of some of these from the smallest objects to the larger
experiential spaces.

armilary sphere, 190

Eidouranion, 1780s

gottorb globe, 1714

orrery, 1935
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ASTRONOMICAL LIGHT INSTRUMENTS
For this study I looked into a number of pre-telescopic astronomical instruments that
used physical space and mechanical or structural pieces to do naked-eye observation.
IN a sense the planetarium is a naked eye observatory of a kind, allowing us to explore
and understand the celestial sphere through direct and controlled observations. These
observations are not controlled of course, but experiences in real-time. Perhaps in understanding their various functions we can glean some way in which we might similarly
create experiences of scientific observation.
Astronomical Instruments that are physical measures of sunlight and therefore also
objects can be categorized into a few forms and functions:
SUNDIALS

OBJECTS

EXPERIENCES

- Small
- Equatorial
- Large Sculptural
- Large Experiential

HEMISPHERES

OBJECTS + EXPERIENCES

FRAMES

OBJECTS + EXPERIENCES

There are also physical astronomical objects measuring the stars. I have not gone into
detail here, but there is much room for continued cataloging of physical experiences.

astronomy and architecture | 2015 maps grant interim report
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ASTRONOMICAL LIGHT DEVICES

1 OF 12

SUNDIAL - SMALL
The most basic and simple instrument of astronomical observation measures the shadows cast by a
gnomon onto an etched surface. This is the essential “object” in astronomy. Stationary, portable, or
even easily made.

SUNDIAL - EQUATORIAL
Another object device, equatorial sundials are a slight modification of the original with the gnomon
and plate oriented according to latitude. These, like the small sundials are easy to replicate and
transport.

astronomy and architecture | 2015 maps grant interim report
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ASTRONOMICAL LIGHT DEVICES

2 OF 12

SUNDIAL - LARGE SCULPTURAL
An object larger than human scale often has the power to express a connection to the greater environment. Large sundials around the world are social, cultural, and public spaces. These might be
opportunities to reconnect to astronomy in daily life.
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ASTRONOMICAL LIGHT DEVICES

3 OF 12

SUNDIAL - EXPERIENTIAL
A unique design element in the landscape engages directly with the observer. With the human body
acting as the gnomon, this kind of immediate and direct interaction between the observer and the
astronomical device begins to help us find where people could become engaged with the real astronomical observations beyond the virtual experience in a very tangible way.

astronomy and architecture | 2015 maps grant interim report
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ASTRONOMICAL LIGHT DEVICES

4 OF 12

SUNDIAL - LARGE EXPERIENTIAL - Brihat Samrat Yantra, Jantar
Mantar, Jaipur India
Designed as a stair, meant to be occupied by people, this device crosses the line from object/sculpture to experience. The occupancy of this structure/device/instrument takes it from tool to architecture.

astronomy and architecture | 2015 maps grant interim report
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ASTRONOMICAL LIGHT DEVICES

5 OF 12

SUNDIAL - LARGE EXPERIENTIAL - Ram Yantra, Jantar Mantar
This sundial is an example of how a shift from an object based structure turns into an interior experience. The gnomon is not the main focus, but instead a surrounding experience is created where one
goes inside the structure to experience the passage of time.
“This instrument measures the altitude of the sun, according to the height of the shadow cast by the gnomon.
As the sun rises and falls in the heavens, the shadow falls and rises correspondingly as it moves around the
instrument. The sun is highest in the sky when the shadow is lowest on the scale. Wedges are cut out of the
instrument to enable observers to move freely inside. A second instrument has the wedges cut out in complementary positions to the first, so that an observation can be taken at any given time on one of the two instruments.” - art-and-archaeolgy.com
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ASTRONOMICAL LIGHT DEVICES

6 OF 12

SUNDIAL - LARGE EXPERIENTIAL - Ram Yantra
Similar to the Ram Yantra above, this device becomes and entire building and public space. These
astronomical instruments create a surrounding experience that connects the public with their larger
place in the universe.
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ASTRONOMICAL LIGHT DEVICES

7 OF 12

SUNDIAL - LARGE EXPERIENTIAL - Ram Yantra, Jantar Mantar
An instrument for measuring altitude and azimuth is also a landscape feature here and a place of
repose. Could some experiences like the one wandering around this instrument/device have some
impact on how we teach astronomy?
“This instrument displays the relationship of the Sun, planets, and stars to the horizon of the observer. The Digansha Yantra consists of two concentric ring walls with a central post. The ring walls represent the viewer’s
horizon. Wires running north--south and east--west cross over the central post. The shadow of the crosswires
falls within the ring walls, and the bar connected to the central post is moved until it intersects the shadow.
Where the bar crosses the marking surfaces on the ring wall indicates the azimuth of the Sun.”

286
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ASTRONOMICAL LIGHT DEVICES

8 OF 12

HEMISPHERE - Kapali Yantra, Jantar Mantar
A hemispherical bowl is inscribed with a map of the sky and two perpendicular wires is used to show
the sun’s position in the sky relative to the zodiac. This physical cut out in the ground suggests a
space that can be occupied.
“Because the sun is so bright, we can only see the sun during the day, and the stars only shine at night. What
would the sky look like, if you could see everything - the sun, moon, planets and stars - all together during the
daytime? That is the basic idea behind Kapali Yantra, and indeed behind most observational astronomy before the invention of the telescope. Kapali Yantra consists of two sunken hemispheres (bowls). A map of the
heavens is engraved on each bowl (a different map on each), showing the positions and motions of various
heavenly bodies throughout the year. Two wires are arranged to cross above the surface of the bowl. The
shadow of their intersection gives the position of the sun, projected onto the celestial map engraved in the
bowl. This allows the observer to determine the position of the sun relative to the planets and zodiac at any
time of the year, for use in horoscopy and other astronomical calculations.” -- art-and-archaeolgy.com

Left: The Kapali Yantra is similar to the sundial
on the left which uses in this case not crosshairs but a horizontal gnomon to project into the
hemisphere below.
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ASTRONOMICAL LIGHT DEVICES

9 OF 12

HEMISPHERE - Jai Prakash Yantra, Jantar Mantar
The hemispherical representation of the sky is now experienced from both above and below, from
above two wires point to the sun’s position in the sky, from below the hemisphere is used to make
measurements of stars. Occupying the bowl from above and bellow allows for
“A map of the visible heavens is inscribed on the inner surface of the bowls, with additional scales (including
the zodiacal divisions of the year) around the rim. A small ring is suspended from cross wires. Its shadow
projects the position of the sun onto the inscribed celestial map....The instrument is made more useful by
cutting out sections in alternation (like the Ram Yantra), to allow an observer to make measurements from the
inside. At night, an observer could sight through the ring to discover the position of any star or planet of interest..” - art-and-archaeolgy.com
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ASTRONOMICAL LIGHT DEVICES

10 OF 12

FRAMES - Dengfeng Observatory, China
This structure is meant to be both a sundial and a predictor of the equinox through the use of the
two windows and large central opening. Light shining through these frames, instead of/in addition to
shadow casting is an interesting and alternative way of measuring the sun.
“The platform is 9.45m high and its sides are over 16m long at the base and over 8m long at the top. On the
northern part of the platform stand two rooms separated by an opening. Each of the two rooms has one window facing the other room and a second window facing north. The two rooms and the opening are covered
by an elongated roof, which is 12.62m above ground level. A horizontal rod connects the two rooms through
their facing windows, and directly below this a groove with vertical sides runs down the centre of the north
side of the platform. Two stairways lead up to the platform from the bottom of the north side, one running up
the east side and one up the west side. The stairways and the platform are contained within low walls 1.05 m
in height.” -astronomical heritage.net
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ASTRONOMICAL LIGHT DEVICES

11 OF 12

FRAMES - Ulugh Beg Observatory, Usbekistan
This foremost astronomical observatory in the Islamic world perceived the sundial in a very different
way, here capturing light in a long tunnel. While not necessarily a “frame” it follows the principles of
catching light instead of projecting shadows.
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ASTRONOMICAL LIGHT DEVICES

12 OF 12

FRAMES - Goseck Circle, Germany
This historic place, similar to Stonehenge, catches the sun at various special moments in the year
through framed openings or gates. This encompassing circle clearly creates an architectural space
that is aligned with astronomical events and also serves as a social and experiential event.
“At the winter solstice, observers at the center would have seen the sun rise and set
through the southeast and southwest gates. Archaeologists generally agree that Goseck
circle was used for observation of the course of the Sun in the course of the solar year.
Together with calendar calculations, it allowed coordinating an easily judged lunar
calendar with the more demanding measurements of the solar calendar” -Ancient Observatories:Timeless Knowledge, Stanford University
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ARCHITECTURAL LIGHT INSTRUMENTS
There are several architectural examples we can look to for the successful manipulation and control of light to create dynamic and poetic events by either focusing and
capturing light or creating shadows. These experiences have been roughly divided into:
APERTURES
POINTS
SLITS
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ARCHITECTURAL LIGHT INSTRUMENTS

1 OF 14

APERTURE - Pantheon, Rome
Perhaps the most famous oculus in the world, the hole at the dome of the pantheon is inadvertently
an astronomical instrument, following the spotlight of the sky throughout the day and seasons.
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ARCHITECTURAL LIGHT INSTRUMENTS

2 OF 14

APERTURE - Roden Crater, James Turrell
This opening in the roof of James Turell’s structure has much the same astronomical effect as the
pantheon, where visitors are able to follow the path of the sun over the course of the day. It’s opening is larger to allow for added contemplation and appreciation of the framed view of the sky itself.
The space inside is designed as a place of repose, a place where a visitor is meant to spend time in
reflection. Observation of the passage of light is also a time-consuming experience, and so a place
that is both instructive and poetic is meant to be a place one might stay for some time. The addition
of simple markers would take an aperture like this and add an additional layer of educational value.
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ARCHITECTURAL LIGHT INSTRUMENTS

3 OF 14

APERTURE - Roden Crater, James Turrell
This particular sky space created by James Turell frames the sky in a similar way as his other projects, of course tilting it to be able to pass through it through a set of stairs. One might see it as a
combination between a oculus and the steps of the large sundial in Jantar Mantar. By combining
ascendance in both a mental and physical way, this kind of space could have both performative
educational as well as aesthetic functions.
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ARCHITECTURAL LIGHT INSTRUMENTS

4 OF 14

APERTURE - Sky Space Chicago, James Turrell
This aperture space is particularly distinctive as it finds itself within the public realm.
An open program created by a porous colonnade at the base of the structure encourages the casual passer-by to take a moment and experience the sky and the passage
of light. There is a power in a truly public and commonplace experience able to be
visited over and over again throughout the day.

296
astronomy and architecture | 2015 maps grant interim report

page

27

ARCHITECTURAL LIGHT INSTRUMENTS

5 OF 14

APERTURE - Shanghai Planetarium Oculus

.8°
45

58
.4°

83
.0
°

The “oculus” designed for the Shanghai Planetarium was meant to follow both the sun and the movements of the moon. Unlike others it is an exterior oculus through the building which shines outside.
The effectiveness of an exterior light experience will be seen through the construction of the planetarium. At the same time, there is a reflective space below the oculus where visitors can still just look
up into a framed sky. The oculus is itself shaped to capture the angles of the solstices.

Above: a series of light studies and projections of the movement of the sunlight over the day.
image credit: Christina Ciardullo, Ennead Architects
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ARCHITECTURAL LIGHT INSTRUMENTS

6 OF 14

APERTURE - Naoshima Museum, Taodo Ando
This aperture shown through the seasons,
is accompanies by a reflective pool enhancing the experience of the sky above
and below. This does not provide a spotlight effect as other apertures but rather
emphasizes the visual, perceptual, and
color experiences of the sky.
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ARCHITECTURAL LIGHT INSTRUMENTS

7 OF 14

APERTURE - Teshima, Taodo Ando
An aperture that one can get close to and is beautifully embedded in the landscape offers simply
a different perspective on the experience of a day-lit opening inside what in this case appears as a
infinite space.
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ARCHITECTURAL LIGHT INSTRUMENTS

8 OF 14

POINTS - Cenotaph, Tomb for Newton (concept)
This concept for a tomb for Newton, drawn in 1784, was perhaps the closest we come to an analogue planetarium. During the day, light would come through holes in the dome, and at night would
be illuminated by an armillary sphere creating a “day-lit” space. This theoretical project speaks to
both the power of the image of the universe and offers a kind of historic idea of a planetarium long
before the dome and the Zeiss projector.

Left: Entoine
Louis-Boulle
drawings from
1784
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ARCHITECTURAL LIGHT INSTRUMENTS

9 OF 14

POINTS - Kolumba Museum, Peter Zumthor
Peter Zumthor shifts bricks in this building enclosing a historic ruin. This use of material offers a simple way to create a series of point source openings that could mimic an
experience of stars inside a dark interior space though the use of natural daylight from
outside.

This kind of material concept can be easily applied
to dome like structures (left) creating light that can
peak in between bricks rather than punctures in another solid material. If we consider the dome similarly
to the Cenotaph concept we might potentially create
a sort-of starry night inside using daylight.
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ARCHITECTURAL LIGHT INSTRUMENTS

10 OF 14

POINTS - Louvre Abu Dhabi, Jean Nouvell Architects
This kind of dappled light effect used in
the Louvre museum Abu Dhabi makes
use of reflection through water, a continuous roof spanning above and over the
walls (an artificial sky) and a layering of
materials that allow points of light to shine
through. Unlike the Zumthor project on
the previous page which spaces material
to create apertures, this project overlays
materials to create a web.
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ARCHITECTURAL LIGHT INSTRUMENTS

11 OF 14

SLITS - Church of the Light, Taodo Ando

This aperture space is particularly distinctive as it finds itself within the public realm. An open program created by a porous colonnade at the base of the structure encourages the casual passer-by
to take a moment and experience the sky and the passage of light.

SLITS - Therme Valles, Peter Zumthor

Peter Zumthor breaks the planes between the ceiling and the walls to let light through, illuminating
the walls. This is a commonly used technique to create a washed wall effect.
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ARCHITECTURAL LIGHT INSTRUMENTS

12 OF 14

SLITS - UNESCO Chapel, Paris, Tadao Ando
The separation of planes, particularly between wall and ceiling create the effect of extended space
beyond the ceiling plane. Letting light around in a ring formation could have potential opportunities
for creating new light patterns that may have their own instructional advantage.
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ARCHITECTURAL LIGHT INSTRUMENTS

13 OF 14

SLITS - Shanghai Planetarium
Taking some hints from the celestial rung at the UNESCO Chapel, in the Shanghai Planetarium we
used this slit like aperture to create a kind of daily eclipse pattern on the floor of the museum. We left
a ring of glazing around the sphere housing the planetarium theater to create this effect.

image credit: Christina Ciardullo for Ennead Architects
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ARCHITECTURAL LIGHT INSTRUMENTS

14 OF 14

SLITS + POINTS - Berlin Crematorium, Axel Schultes
The design of these columns created apertures to let light in at the top of each column creating a
unique lighting effect both in the ceiling plane and in the rest of the space. Could a well coordinated
set of apertures like this help us better appreciate/understand a concept like parallax?
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ARCHITECTURAL IMMERSIVE EXPERIENCES
The planetarium experience is an Immersive experience. We step into another world
that is a replica of our own. There are a number of other architectural formal moves
that can begin to create another kind of Immersive experience of outer space.
CONCAVE SPACE AND “CELESTIAL VAULTING”
BODY POSITION: STANDING UP OR LYING DOWN?
CONTINUOUS CEILING
CREATING FRAMES
INFINITE SPACES
OTHER IMMERSIVE/INTERACTIVE MEDIA SPACES
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ARCHITECTURAL IMMERSIVE EXPERIENCES

1 OF 8

Concave Space and “Celestial Vaulting” - James Turrell
The use of a concave bowl to create a new horizon amplifies the effect of the appearance of the sky
to be a dome over the earth.
“Celestial vaulting - the perceptual impression that the sky forms a dome over the earth - is a central
part of the Roden Crater Project.... From the top of the Roden Crater, viewers have a comparable
sense of space;they feel that they are inside a huge volume of openness carved out between the
curving earth and the overarching sky.” - James Turrell: The Art of Light and Space
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ARCHITECTURAL IMMERSIVE EXPERIENCES

2 OF 8

Concave Space and “Celestial Vaulting” - Shanghai Planetarium
The use of a concave bowl to create a new horizon was here used on the roof of the building to create a new, clean horizon line and focus the visitor’s attention to the sky above. This “dish” space was
entered through a slit opening at the top floor and opened to an arena or amphitheater for stargazing and sky-gazing. In the space below this glass and steel frame “dish” the slit opening created a
gnomon for the space below.

image credit: Christina Ciardullo, Ennead Architects
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ARCHITECTURAL IMMERSIVE EXPERIENCES

3 OF 8

Body Position: Standing or Lying Down?
“Standing the viewer sees the sky as a shallow dish of space; looking straight up from a supine position, he or
she sees it as a more hemisphereically shaped dome.” - Roden Crater, James Turrell
Several planetarium have already taken out their theater seating in favor or the more relaxed lying down position, or have both a more relaxed space and the more traditional theater for explanation. The already reclined
position of the chairs in traditional theaters helps to create the immersion while looking up. This perception
may be only more enhanced by fully reclining as it is on earth to give the impression of a curved horizon.
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ARCHITECTURAL IMMERSIVE EXPERIENCES

4 OF 8

Continuous Ceiling
The simple detailing of the ceiling plane floating past the surrounding walls creates the wonderful illusion of
looking out into the sky from inside. This kind of architectural move has been used to create many spaces that
wish you to feel as though you are outside when you are still inside. When applied to something light eh home
planetariums shown here on the left, this spatial experience could be applied subtly and usefully in many
exhibits and environments where the study of the sky is the focus.
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ARCHITECTURAL IMMERSIVE EXPERIENCES

5 OF 8

Creating Frames
Similar to creating the appearance of a continuous ceiling, another adaptation of interior forms can
create the experience of an exterior or window where there is none. These images show artificial
skylights and windows that give the impression that one is looking outside by the way that the aperture is framed. This sort of “framing” experience can be applied to a number of different exhibits,
theaters, homes, classrooms, etc.
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ARCHITECTURAL IMMERSIVE EXPERIENCES

6 OF 8

Infinite Spaces - Art Installation
Spaces in which the walls and floors seem to dissapear also create the same sense of immersion we
get when looking up into the smooth surface of the dome. Here we see that created in two very different ways - one through lighting and curved surfaces to create a “cycloramic” effect, and the other
through the use of light and mirrors to create a 3dimenstional space through which we can walk.

Left: Doug Wheeler light installation “SA MI
75 DZ NY 12” uses fiberglass and a variety of
lighting to create the illusion of stepping out into
nothing
Above: Yayoi Kusama used LED lights and mirrors to create a sense of continuous space
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ARCHITECTURAL IMMERSIVE EXPERIENCES

7 OF 8

Infinite Spaces - Shanghai Planetarium
We used the idea of a shallower compressed area between the thickness of a roof structure to,
along with the use of lighting, create a sense of an infinite space. The planes of the roof above and
below slope and gradually meet making the edges beyond dissapear.

image credit: Christina Ciardullo for Ennead Architects
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ARCHITECTURAL IMMERSIVE EXPERIENCES

8 OF 8

Other Immersive/Interactive Media Spaces
Of course the world of media tools is ever increasing. The challenge is to relate the virtual experience to a physical one.

SOUND. NASA JPL’s Orbit Pavilion, 2015, created a surround sound theater, using moving sound
to track various satellites orbiting the planet. This is an audio, rather than visual planetarium experi-

EXTERIOR PROJECTION. Projection need not only occur on the inside of a darkened theater, but
can be used outside in the dark for public audiences with the right surfaces and spaces to project
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PRELIMINARY CONCLUSIONS & FIRST IDEAS
After looking at, researching, and collecting these projects, I began to try to combine
various techniques to try to understand how to use both daylighting and the formal
structure of the planetarium to enhance or alter the experience either within the planetarium itself or to create entirely new experiences.
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Traditional Planetarium

The form of the planetarium is a hemisphere lofted over a theater
space. We begin with this simplified form and manipulate the experience.

Full Sphere

We have learned of the effects that creating a curved bowl have had
on the phenomenological experience of celestial vaulting. Perhaps in
continuing the curvature of the dome and sitting within the bowl of it,
there might be an enriched experience of immersion.

Full Sphere - Lying Down

The experience of lying down in the theater happens often in planetariums, some which forgoe seats in favor of open floor plans. Perhaps
in combining the “bowl” experience with lying down it may also provide
for an immersive powerful experience of the overhead vault. The bowl
shape would provide more surface area than a flat floor.

Retractable Projection

If we were to design a multi-layered dome, in which the projection
surface is retractable in some way, we can begin to create apertures,
slits, or point lights to provide alternate daytime experiences within the
dome space.
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Unseen Horizon

What if the simple technique of placing the vaulted sphere outside of
the boundary of the planetarium wall could increase a sense of immersion. One of the techniques we have seen is the use of a continuous
ceiling plane that goes beyond the height of the walls surrounding the
room. Using this surrounding encompassing circle may also be an
interesting spatial experience.

Unseen Horizon - Flat Roof

We have seen experiences where simply by the ceiling continuing beyond the top of the wall, the sky above is created. If our programs are
becoming less about the perception of the sky from earth, and more
an immersive trip through the galaxy, could the same, or something
entirely unique, be done with an overhead movie?

Unseen Horizon - Scale

One necessary question is how scale effects our perception. We have
incredibly small and intimate planetarium experiences in portable
sphere. But just how important or what kinds of effects the change
in ceiling height may have is an interesting architectural element to
explore.

Unseen Horizon + Bowl

A variation on the continuous ceiling plane might include the use of a
shallow concave space to again enhance the perception of celestial
vaulting.

Unseen Horizon - Flat Roof + Bowl

If the concave floor does indeed create the illusion of the domed sky,
would it change the appearance of a flat roof into a domed space?
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Public Experience - Public Theater

Similar to James’ Turell’s public installation,
if we create a domed space that is easily
passed through at the base level, during the
day an oculus and point openings might help
to create a unique place to connect to the
sun’s movements and create a sundial. In
the evening, the dark dome can be used as a
projection surface.

Public Experience - Place of Skywatching

To create an experience of celestial vaulting, and a place of repose, as
well as reminiscent of a hemispherical astronomical instrument similar
to those in India, a shallow hemisphere in the public realm could help
reconnect people to the

Public Experience - Public Theater

If we think back to the cut hemispheres of Jantar Mantar, where cuts in
the hemisphere helped us to position the sun and stars, perhaps a similar underground public experience, that is both a place of skywatching
above and another experience below could make for some interesting
new ways to explore astronomy education.
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PROJECTIONS FOR CONTINUATION OF THE 2015 STUDY
Each of these projects needs to be analyzed using modeling tools and lighting analysis software.
I would like to produce a series of visualizations that could help use architecture in service of education. I will expand on this catalogue with various visual representations and give some thoughts
on ideas that could be implemented in both new construction whole buildings as well as small scale
interior domes. These findings will be presented next year in full.
What was presented are simply first ideas as to one possible application of this study. To move forward, I would love more feedback on the functional uses of the planetarium as it being used today,
and what kinds of experiences, or functions are desired.

PLANETARIUM IDEAS COMPETITION
One possible continuation of these investigations could come in the form of an open ideas competition for anyone to submit design ideas on the future of astronomical education and architecture.
These are normally directed at university students and young professionals in architecture, design,
exhibit and interaction design. I am proposing to you today that we discuss what it might be like to
create a student/young professional design competition surrounding the planetarium and it’s design,
as well as investigate new and alternative media.

MOTIVATIONS/EXPECTATIONS FOR SCIENCE
The subjects we teach and the way that we teach is still based in large part on this dome experience,
a representation of the sky from earth. What is evident is that design of space and experience has
helped teach concepts of science in the past, and can in the future. Looking towards the present of
what we are teaching now, and what we might teach in the future, what new discoveries and new
science means and how it might be represented, would be a great exercise for astronomy educators.
How will we use the data retrieved from new satellite missions? How will we talk about exoplanets
and dark matter? What are the most critical new concepts we would like to teach and how are those
described best? Putting to use creative minds on helping achieve a new educational experience could
be an inspirational exercise at least, and a field altering product at most.

MOTIVATIONS/EXPECTATIONS FOR ARCHITECTURE
The world of design is expanding from purely traditional architecture to user interface design, interaction, and experience design. Understanding the nature of space and communication, its history, and
its future allow us to define new boundaries between the virtual and the physical experience, and to
explore the creative merger between art, technology, and science. Students and young professionals
will take this idea and run with it to imagine new ways of exploring the universe from home.
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JURY, TIMELINE, LOGISTICS
Fall 2016

Distribute survey among planetarium professionals
Solicit articles from designers, planetarium members, scientists
Curate a webpage with information
Talk with architectural/design magazines about promotion and sponsorship

Winter 2017

Solicit Jury
Define program boundaries and parameters for the project
Create a statement for the website

Spring 2017

Launch website + announce competition

Summer 2017

competition underway

Fall 2017

winner selected
Runner-ups posters presented at fall planetarium conference

The competition and organization of it would be handled by myself and a colleague who also worked
on the Shanghai planetarium.
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SOLICITATION
In order to make this both a successful and useful contribution to your field, I would like to start by
asking you what you think. I will do this in two ways:
- a survey on what and how you teach in the planetarium and outside of it
- a solicitation of photos of your planetarium spaces
- a solicitation of any written pieces on the topics of what and how you teach

SURVEY (to be hosted online and distributed by email)
What subjects do you teach most in the planetarium dome? (Check all that apply)
• seasons
• constellations
• earth and planet movements
• star formation/lifecycles
• gravity
• dark matter
• black holes
• planetary science
• astrobiology
• human space exploration
• other _____________________________
What subjects do you teach most outside the planetarium dome? (Check all that apply)
• seasons
• constellations
• earth and planet movements
• star formation/lifecycles
• gravity
• dark matter
• black holes
• planetary science
• astrobiology
• human space exploration
• other _____________________________
What new science are you excited to communicate with your audience?
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
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What format are these subject usually within the planetarium? (Check all that apply)
• celestial objects as they appear from earth (sun, stars, moon, constellations)
• movies with a variety of visual effects
• planetary surfaces
• hubble or satellite imagery
• other _____________________________
What age range is your audience?
• primary school
• high school
• college
• general public
• all of the above
How many people do you host under your dome?
• 1-20
• 21-50
• 51-100
• 100+
• other ___________

Do you have any unique methods you use to communicate science subjects outside the planetarium
dome?
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
Could you describe your favorite planetarim experience either inside or outside a dome?
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
• _____________________________________________________________________________
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APPENDIX D

WITH CHRISTINA CIARDULLO
AND MARGARITA CALERO

PLANETARIUM POSTER

THE GREENWICH DEEP SPACE EXPLORATORUM is a proposal for a place of celestial exploration lets people interact with space by traveling through it at their own pace. For we believe that only where there is intrigue, curiosity and interest does proper education happen...
The underground chambers house everything imaginable in space exploration – from pitch black spaces filled with so much nothingness as that of a black hole,
to rooms crammed full of the small specks of the most distant stars, or a place where one is dwarfed by the sheer power and heat of suns, this is a labyrinth giving
users the chance to submerge themselves into the endlessness, raw power and sheer nothingness of space.

EC2812-A

THE SPACE FAIR is a traveling exhibition of space science dedicated to bringing an immersive educational experience to the people of rural communities who live too far away from metropolitan areas where such institutions can afford to exist.
The American football field is a place of confluence.... The field and its rituals are standards of American culture. For a short time during the off-season, a number of these
fields will be host to another grand event in a place where communities already know to gather....In a world where an intransigent population is often more willing to believe
information delivered by the famous than the learned, the scientific method is a stalwart path for shared discovery and the cultivation of critical thought. The Space Fair is

effort at building a bridge, stirring the imaginations, and continuing the egalitarian ideals that began the movie theatre-like typology of a century of planetariums.
EC2812-A anEC2812-G

EC2811-A

EC2815-A

ANTINOUS - THE PLANETARIUM OF ROME In a place where archeology and astronomy have been
coming together for millions of years...
This connecting axis is an ‘open museum’ where visitors can directly experience space, time and astral movements. Several rooms from the moon phases room, to the eclipse
room, projection room and sun path room, make a little unique museum in the world. A free path through the light and the matter, like an extension of Villa Adriana’s ruins that ends
in a stairway facing the stars, above Roccabruna’s temple, immersed in the valley of Adriano.

ABOUT THE COMPETITION

Why should we
re-imagine the
planetarium?

EC2812-G EC2812-A

EC2811-A

THE ZERO GRAVITY COMPANY provides the opportunity to explore space for broader public, often
in locations, in which the task would be otherwise impossible. The pollution and abundance of electric
lightning have made us loose the sight of cosmos. Therefore, we believe, that the key aim for the new
generation of planetariums is to be present in our everyday reality and allow us to truly experience it..
In other words, our diver can experience the zero- gravity conditions, when aided by a complex air controlling system, which closely monitors his weight. The wetsuit is integrated with a VR Helmet, which transfers him from Earth to far away galaxies. Completely detached from its surroundings, our visitor can quietly confront and contemplate the expanse of cosmos. Away on his journey, his simultaneously an unusual, thought-provoking part of his everyday surroundings, when visible from the streets.

There was a moment a centruy ago when the method
of teaching astronomy shifted from external objects and
exhibitions to an immersive experience within the first
dome. The planetarium taught us how to see the stars
from the surface of Earth by re-creating the dome above.
As we move into an era of new science, and ever
incrasing technological innovation to create more
immersive experiences, is there room for a new
concept of a place that communicates science
in a new way? Is this the moment for a new idea?
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A PLANETARIUM FOR THE 21ST CENTURY
AN ARCHITECTURAL IDEAS COMPETITION

EC2824-D

CHRONOS: THE SPACE-TIME PLANETARIUM invtites users perceive astronomical scenes at different rates, thus simulating the intrinsic connection between space and time. Six varied architectural strategies engage users with the enveloping media at contrasting speeds and time relations (past,
present, and future) in order to challenge their understanding of the universe. Only after the users travel through the entire planetarium do they comprehend its organization..

MICROSPHERE Traditional planetariums are usually big structures that offer collective projections and include many different activities. At the same time, the relationship between mankind and universe is something deep and intimate that risks to get lost. That’s why our first aim is to recover an individual experience
of space, refusing traditional mega-structures but thinking over the collective valence of planetarium.

EC2824-D

EC2815-CEC2811-D

EC2811-D
STAR PATTERN

Heliocentric Model of the known
universe.
Space consists of circular paths
that rotate the planets, visitors
have the option to roam freely.

Diameter:
79ft
(24m)
82

Diameter:
200ft
(61m)

The star patterns used were based on how cultures around the world represented
celestial bodies. Among the patterns were 4, 5, 6, 7, 8, 12, 14, and 24 pointed stars.
91

ZWICKY

THOMSON

OORT

Location: Winslow, Arizona,
United States of America
3891 ft in diameter (1186 m)
560 ft deep (171 m)

3891 ft diameter

Crater was created 50,000
years ago by an asteroid that
was said to be between
98-164 ft (30-50 meters) long

6 Pointed Star

7 Pointed Star

Discovery of the
Infrared spectrum
8 Pointed Star

Diameter:
57ft
(17m)

2

84

EINSTEIN

12 Pointed Star

2

E=MC
Theory of Special
and General
Relativity

Diameter@Base:
100ft
(30m)

NEWTON

10

66

Discovery of the Visible

91

Planetariums are one of the most recent forms of
communication to aid the proliferation of how we as
humans have been shaped by the universe in which we
live. Somewhat Empty Space is a planetarium that
branches from the paradigm of ancient civilizations that
mapped out stars, solar and moon cycles, and touches
base with modern planetarium typology.

Atomic number:
92
Atomic mass:
238.02891 amu
Has a space of 92 electrons orbiting around its nucleus

The site in which this project is located is inside the Barringer
Crater (Meteor Crater) in Winslow, Arizona. This is an impact
crater that was created nearly 50,000 years ago and is one of
the best-preserved craters today. The crater itself has a
diameter of about 3891 feet and a depth of about 560 feet.

EINSTEIN’S SPACE-TIME
This image is a visual representation to
supplement the understanding of a
segment in Einstein’s theory of special
relativity. This diagram illustrates an
object with a great mass creates a
distortion of space around it, causing
gravitational waves.

89
10

er:
Diameter:
ft
70ft
(21m)

PLANETARIUM PROMENADE
Through hybridization of Einstein’s
Space-time and Bohr’s Atomic Model of
Uranium, a singular spiral ramp was
created to perceive a physical timeline
for human’s observation of patterns and
to note specific points in time that
helped aid in the fruition of our under
standing of place within our universe.
To arrive at the central object, the visitor
must take part in the journey of how
humans have viewed the world starting
from Ptolemy’s geocentric model to
Zwicky’s discoveries of supernovae.

Diameter:
84ft
(26m)

6

Orbs are used as markers to let visitors know there is a
contemplation space or visible telescope approaching.

C

Moving walkways are the main form of transportation inside
the planetarium. Astronomical and scientific news will be
projected on the rail sidings of the walkways.

D

E

Located directly beneath the orb will either be a sculpture of
scientific significance or a telescope. Areas with a telescope,
have a platform that elevates to the level of the orb to allow
visitors to observe the night sky.
The moving walkways also function as sitting areas.

UNDERNEATH THE ROOF OF STARS
SECTION OF BLACK DOT

Diameter: 343ft(104m)

KEPLER

8

Length:
143ft
(43m)

1

Diameter:
78ft
(24m)

76

B

The interior surface is covered with
Vantablack material with trillions of
multi-colored lights to represent the
universe.

The Central Object’s Exterior skin is covered with Vantablack, known to be the blackest of
blacks that absorb almost all of sunlight.
6

Diameter:
80ft
(24m)

The star patterns that were inspired by the way various cultures represented celestial
bodies were used as the roofing system for the planetarium. This system contains
multi-layered panels where the same pattern is applied at different scales. These panels
are then overlayed on top of one another to filter natural light from the sun; thus creating
different patterns of light and shadow. This gesture of overlaying star patterns symbolizes
the unity of our species. “We have a genetic kinship with all life on earth, an atomic
kinship to all matter in the cosmos. So when I look at the universe, I feel large, because I
remind myself that not only are we living in this universe, the universe is living within us.”
- Neil DeGrasse Tyson

BLACK DOT

76

Introduced
the idea of
Continental
Drift

In the realm of space-time, we understand that space and time is a
distorted fabric that is bent by objects. As for the atomic scale, all atoms
are nearly comprised of empty space. To further these ideas, the energy
levels in the Bohr diagram were translated as one continuous ramp that
spirals around the rim of the crater towards the object at the center. The site
itself represents the space time fabric in which the central object is the causation
of distortion.

A

Invented the
Spectroscope
and figured out
the mysteries of light
(Fraunhofer lines)

86

WEGENER

SECTION CHUNK

FRAUNHOFER

72
85
88
72

As a formal gesture to combine the notions of Quantum
Mechanics and Astrophysics, the hybridization of Bohr’s Atomic
model and Einstein’s fabric of Space-time was the driver of
inspiration to conceive this planetarium.

24 Pointed Star

Discovered
overed the
relationship
tionship
between
ween
luminosity
nosity and the
period
od of Cepheid
variable
able stars

79

88

14 Pointed Star

E

LEAVITT
VITT

85
84

Diameter:
75ft
(23m)

C

D

Diameter:
75ft
(23m)

82

Evolution

BOHR’S ATOMIC MODEL OF URANIUM

5 Pointed Star

HERSCHEL

66

Spectrum through the
Through many centuries of our species existence,
decomposition of light.
comprehension of the known universe has developed and
revealed a construct that is inert to our survival: pattern
During certain times of day,
Newton’s exhibit will show the
recognition. This profound skill that transcends the duration
visible light spectrum through
of our independent life cycles has allowed us to understand
its 1000 prisms that create the
façade.
the cosmos from the Ptolemy Geocentric Model to Einstein’s
Theory of General Relativity. In understanding the
relationship between the stars and us, further development
of our cognition has created laws that seem to be
impossible to share a universal coexistence between the
79 DARWIN
models of Astrophysics and Quantum Mechanics.
Theory of

BARRINGER CRATER

B

Diameter:
64ft
(20m)

Diameter:
65ft
(20m)

Discovery of
the
Milky Way,
Sun was no
longer the
center of the
Universe

SOMEWHAT EMPTY SPACE

4 Pointed Star

A

Discovered supernovas
(As well as other Space Objects and
Phenomena)

Discovery of the
Electron

89

EC2811-D

COPERNICUS

2

Fact:

In our opinion there’s no need to think about acrobatic formal innovation: a simple change of scale is enough to transform the visitor’s experience. Every microsphere is sized to accommodate only one visitor at time and offers a 360° projection thanks to a mirror system.

EC2819-C

EC2815-CEC2811-D

Size:

WWW.ELEVEN-MAGAZINE.COM

To access the inside of the central object the user must enter the last space (number 92), an
infrared telescope observatory. After, the visitor will take an elevator lift that transfers
them towards the bottom center of the object.

Discovered that the
orbit of planetary
objects
were ellipses and not
circular.
Space has rotating
orbital walls that carry
openings with them,
thus allowing each
visitor to have a
different experience of
the space.

The black hole in the center of the
object is a physical refracting glass
sphere that distorts the visible
light. Black holes have forces in
which no matter, even light,
can escape.
When the user comes in
through the lift, they
experience
the
immensity of the
empty space at an
inconceivable scale.

FARADAY

Discovery of
Electromagnetism

Historically, Barringer Crater was specifically chosen as a reference to Clair Patterson.
Clair Patterson was a geochemist who developed the method of uranium-lead dating which
lead to one of our greatest achievements: determining the age of the earth. With this method,
he used the Canyon Diablo meteorite (meteorite that caused the Barringer Crater) to figure out the
age of our planet. As a tribute to Patterson, the Bohr’s Atomic model of Uranium was used. These 92
electrons were then formed to create the locations of specific spaces that appeared to orbit around the
central object.

N

Diameter@Base:
50ft
(15m)

8

86

GALILEO
Discovery of Saturn’s rings,
sunspots and other
space objects

Geocentric Model of the known
universe.
Space has one continuous ramp that
surrounds the geocentric model. The
model is hung by a mechanism located
on the ceiling to create the rotation of
the orbital paths.

Of the 92 spaces surrounding the center sphere, there are exhibits, visible and infrared telescopes, contemplation
spaces, as well as classrooms. To get from one space to another, the visitor embarks on a journey through the orbital
promenade to get to the center of the crater. The spaces in the spiral orbit are organized through a chronological timeline of
events and discoveries that helped shape our understanding of the cosmos.

RUTHERFORD

Diameter:
160ft
(51m)

SITE PLAN
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on
pa
p
ath where
experience
they can choose to exit the moving walkway and enter a
contemplation space or observe the sky with visible telescopes.

Diameter:
80ft
(24m)

Father of Nuclear Physics;
Discovery of atomic nucleus,
proton, alpha and beta
radioactivity

PTOLEMY

1

There is a set of parallel moving walkways, one travelling towards the
center, and the other going back towards the entrance. Once the user has
finished their journey, they are to traverse the reverse way they came. This gesture
is an act of learning (moving forward) and reflection (moving backward) to better
understand the cosmos.
These exhibits showcase different moments in time where each object may seem
remote and isolated, but are all connected in a series of events to understand our
place in the universe.
LEVEL -1
5646’ - 6”
LEVEL -2
5578’ - 4”
LEVEL -3
5510’ - 1”

60
76

80
88
92

25

0

25 50

50

90

LEVEL -6
5305’ - 1”
LEVEL -7
5169’ - 3”

100

100

LEVEL -5
5373’ - 9”

89

SITE SECTION
0

LEVEL -4
5442’ - 0”

82

200
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LEGEND
60 OBSERVATORY

400m

400

76 FARADAY

1600ft

88 WEGENER
89 OORT

80 DIGITAL THEATRE

90 EXHIBIT

82 THOMSON

92 INFRARED TELESCOPE

SOMEWHAT EMPTY SPACE combine the notions of Quantum Mechanics and Astrophysics, the hybridization of Bohr’s Atomic model and Einstein’s fabric of Space-time.

LANGISJOR RESEARCH COMPLEX aims to create a learning experience by providing a platform
where interactions between researcher and user can happen. Its celebrates the site and the stars by
providing openings where the user always feels connected to the exterior.

The All-Important Competition Brief...

In the realm of space-time, we understand that space and time is a distorted fabric that is bent by objects. As for the atomic scale, all atoms are nearly comprised of empty
space. To further these ideas, the energy levels in the Bohr diagram were translated as one continuous ramp that spirals around the rim of the crater towards the object at the
center. The site itself represents the space time fabric in which the central object is the causation of distortion.

THE+ OBJECTIVES:
COMPETITION
AIMS

BRIEF

We invite you to imagine a new typology of Planetarium, one that responds
to new science, new discoveries, new methods of communication and
one which allows architecture and design to play a central role in the
experience of space.
Here are some key-words, concepts and questions for you to consider...
Design programme - What should your Planetarium include? Is it a place for research, exploration, education, or all three things? It is
up to you to decide what is appropriate based on your concept and design rationale.
Observation - Whether through the telescope from earth or space, or the observation of the world around us, the key to science is
being present to the physical world. In astronomy, light (visible or in other wavelengths) is - the only means we have of understanding
what’s beyond our atmosphere. Perhaps the first tools of astronomy were responding to observation of light (and shadow) from the sun
here on earth. Today we have many more sophisticated tools but still might be able to use architecture as another tool to discover and
observe what is around us.
Scale in space or time - As humans we have a very human-centered outlook on the way the universe works. How does this change
when we consider large jumps in the scale of time and space? As our knowledge has progressed we have had a history of revealing,
from the earth centric to the mutli-planetary exoplanet systems, and from human history to physical history, an opening up of our
worldviews.
Origins - Both in the sense of our own connections to history, but also as we look for exoplanets and life elsewhere in the universe,
understanding how we came to be here both geologically and biologically, and to what extent life is either inevitable or simply chemical.
Habits for Life - From the vast ecosystems of our own earth, to our solar system neighbours, and exoplanets beyond, what makes a
place fertile for life, and can humans create habitats in inhospitable places?
Forces or Gravity versus Quantum Mechanics - How can we possibly understand what goes on at the micro and macro level or
explain these in space. How do the systems as we describe them explain the range from black holes to spooky action? How do they
manifest in our human scale?
Knowledge is only for now - How do we design a space that will change just as often as our understanding of science?

Augmented reality and Virtual Reality will soon become commonplace, giving way to a brand new way of life. In a world where one’s living room may become a personal planetarium, how do we create a space capable of enticing the user and creating a learning experience? The Planetarium, The Personal Planetariums and the Public Research play
an imperative role in the project. They serve as the connection between the the public and the research by providing the platform necessary for these interactions.

Experiencing
Space
SAVE
THE DATE!
THE
JURY
TEAM
THE
INTERDICIPLINARY
EXPERT
JURY
In this competition, we ask if architecture itself could
Meetbecome
your panel
offor
world
class expert
architects,
the tool
experiencing
and understanding
space, rather then a passive element containing the
planetarium experience. Keep asking yourself these three
vital questions:
1. How can architecture engage with today’s renewed
age of space exploration and scientific discovery more
directly through form and, in doing so, become a vehicle
for experiencing space?

EC
CC

EC
TW

11th March 2017
educators,
scientists,
experience
Official press
announcement.

2. How can/should architecture engage with current

EC
CB

Stephen Dubois

Charles Beichman

Project Site

It is up to you to chose the site for your design. We
Secretary
Executive Director
recommendMiddle
that you
identify a specific
site (i.e. a Science
city).
Atlantic
Nasa Exoplanet
Keep in Planetarium
mind that if your
architecture wishes
to Caltech
relate to
Society
Institute,
astral phenomenons
movements,
(USA)(i.e. solstices, planetary
NASA
JPL
etc.), then a specific site will make the design(USA)
stronger as
it will help establish certain design criteria.
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EC
EH

• CONCEPT:
What is the idea behind the proposal? How stron

EC
DG

1st August
Standard fee ends. Late Bloomer fee starts.

technological
advancements
the fields Lars
of digital
Christina
Ciardullo
TominWong
Lindberg Christensen

EC
SD

The jury will be asked to judge the competition e

1st May
Early Bird fee ends. Standard fee starts.

Dan Goods

th
Architectural
Designer
of Education +11
Public
in Residence
technology
and augmented Partner
reality to createHead
a fully
August Artist
/// SAVE
THE DATE
and
Educator
Ennead
Architects
NASA JPL
immersive
and educational
experience
of space for theOutreach Competition closes.
(USA
/ Germany)
(USA)in the show and not a ESO
user,
whilst still being a protagonist
Submission due by(USA)
11am (UK Time).
(Germany)
passive container?

3. What does the next generation of Planetariums look
like?

designers and editors!

11th April
Competition opens for registration!
Early Bird fee applies.

LLC

Eric Hanson

EC
AV

10th October
Public voting closes at 11:59pm (UK Time).
11th October /// SAVE THE DATE

JS

Founder + Partner
xRez Studio
(USA)

14th August /// SAVE THE DATE
Public voting opens for People’s Choice Award.
(Online on Eleven’s website.)

EC
DC

JUDGING CRITERIA

Party time!
Announcement
of winners
and awarded.
Dennis
Cohen
Andrea
Verenini

Jim Sweitzer

Astrophysicist and
Museum Consultant
(USA)

EC
Eloise Carr

Creative Director +
Editor in Chief
Editor
Experience Designer
Eleven Magazine
Eleven Magazine
PLEASE NOTE:
Ralph Appelbaum
(UK / Italy)
(UK)
Eleven
reserves the right to extend the competition or amend the
Associates
schedule
(UK)subject to changes. If this does happen, we will email
you with the updated schedule and further news.

INSIDER’S HINT: Complex concepts are not ne
can be just as powerful.

• EXECUTION:
How well has the idea been translated into an ac

INSIDER’S HINT: Ask yourself if the key concep

• FEASIBILITY / POTENTIAL:
Does the project have a realistic element to its c
project? Is it meaningful?

INSIDER’S HINT: This is an ideas competition,

• INNOVATION:
How original is the project? Does it stand as a ch

Get to know your jury more. Read their full biographies on the jury section of the competition page following this link:

INSIDER’S HINT: Old ideas can be useful in th
or develop new ideas from.

h t t p : / / w w w. e l e v e n - m a g a z i n e . c o m / ? c o m p e t i t i o n = p l a n e t a r i u m

• AESTHETICS:

t

THIS IS JUST A SMALL SAMPLE OF THE IMAGINATION OF
DESIGNERS ALL OVER THE WORLD ENVISIONING THE FUTURE OF
THE PLANETARIUM AND PLACES OF SCIENCE LEARNING.
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EXPLORE THESE PROPOSALS AND OTHERS IN
DEPTH ONLINE AND VOTE FOR YOUR FAVORITES!

S
NER
WIN UNCED
O
11
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T
C
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Planetarium

1 ONE PLANETARIUM begins by creating a virtual 1:1,000,000 model of the galaxy above London,
while the whole is never visible to the naked eye; portions of this virtual model are picked up by our
planetarium at various scales. Our Planetarium is a floating platform above London.

2818-G

The top deck of the planetarium is a long promenade that takes its current location within the 1:1,000,000 Universe and showcases it at various scales along the promenade.
Visitors are able to walk along this open air platform exploring a sliver of our galaxy at scales from 1:1 to 1:1,000,000,000,000. ... This project is meant to embrace and convey
the vastness of our Universe. This is an architecture that embraces the beauty of our infinite minuteness within a larger whole. This is not a static design but an architecture that
will change and grow as our understanding of space evolves.

EC2818-I

SPONSORED BY A GRANT FROM

the
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-sho

so
(not-

BLACK HOLE collects the light and information from billions of stars, transporting to either another dimension or the audience on our planet Earth.

EC2811

The deeper into a Black Hole, the slower time flows relative to outside which creates a remarkable observation of all the lights that would fall into the black hole in the Future.
This is represented by the large opening at the top of planetarium where the real sky could be observed towards the future since the beginning of the planetarium. Seeing real
sky rather than fake projections encourages to feel the real time and space. The hyperbolic walls of the Planetarium are mirrored screens which reflects the night sky in all directions, and display educational information. This represents the past. The Black Hole shaped Planetarium enhances the sense of Gravity in a unique Space, and seeing reflection of yourself within the reflected galaxy creates the question of who we are.

EC2817-C

EC2818-G

EC2818-I

HEMISPHERE is a public square which removes the urban context.

SPACE SIMULATOR makes the planetarium an experience museum rather than a temple of knowledge.

Hemisphere works as a walkable platform on which people can individually wander on and experience space. In a sense the Hemisphere acts like a real-time observatory. A
place of heightened focus where an individual can experience the movement of the universe in relation to his or herself. It shifts the individual horizon and guides the individual
point of view spatially as well as in time. Because of its abstract and simple geometry the typology can be seen as a public square to be staged in multiple kind of ways. As a
public stage it acts as the new theatre lobby for the theatre and cultural district, being able to host different kinds of public acts.

Starting the design process we asked ourselves the question: why is the planetarium outdated? Conceptually, we found the answer in a simple flaw: we ground ourselves and look up to the stars but ultimately disconnect from being surrounded by the universe. Design-wise, we find that changing this weak point can be accomplished simply: By double up the dome and creating a sphere. To strengthen this
experience furthermore, the design vertically emerges into the sky and forces the visitor to not only metaphorically but also physically disconnect and travel up closer to the stars.

ARCHIT

ECT

“Humanity’s relationship to the stars and heavens began
with the moment of our very consciousness of being. Yet,
muted by the construct of the lives and environments that
have now subsumed us, we have been detached from the
power of that relationship for some time. I expect that this
competition will give us a multitude of pathways to reconnect
to that primeval sensibility, as well as ideas to probe future
paradigms, both visceral and technological, through
which humanity can explore and understand our universe.”

ASTROP

EXPERIE
NC
DESIGN E
ER

HYSICS

“I am honored to participate in what will prove to be a
stimulating conversation about the nature of how to
best communicate our place in the universe, from vast
scale to deep, internal landscapes. Emerging immersive
media experiences allow inquiries of a fundamental
and powerful level that transcend any other media,
and I look forward to seeing vectors in this evolution.”

T

“Planetariums are at a singularity. Digital rendering and
display technologies have both made planetariums more
capable, but at the same time, they have threatened
planetariums with a proliferation of personal screens with
instantaneous access to astronomical news and data.
Planetariums are challenged as social events in the way
cinema has been changed by on-demand video. Yet if
we consider a planetarium as a device to model and map
the known universe, it will indeed survive, but in what
form? Digital planetariums can display non-astronomical
data, thereby extending our vision to many other realms
both scientific and artistic. Finally, planetarium buildings
are also like contemporary scientific cathedrals where
we can contemplate humankind in our relation to the
cosmos. It is now time for a broadened, fresh and
inspiring designs for the planetariums of the 21st Century.”
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EDUCAT
OR
“The planetarium is already a unique entity. It is a
profoundly different architectural space. Its immersive
presentation capabilities creates the most efficient
learning environment mankind has yet invented. It is a
place where the often mind-boggling reality of the Universe
“out there” at the largest scales, and “down there” at
the smallest scales can be visualized. I will be looking
forward to innovative architecture that creates new ways
for the planetarium space. New thinking that supports
and enhances the technical capabilities of the future
to making a life-like or even hyper-realistic immersive
projection possible. New ideas for how we can “condense”
the immense reality of our cosmos so that it becomes
comprehensible for our relatively limited human mind.”

ILLUMINATING NORTHERN LIGHTS
Jean Creighton
Danielle Devasto
Sam Gallagher
Physics Department
P. O. Box 413
Milwaukee, Wisconsin 53201
University of Wisconsin-Milwaukee (UWM) Planetarium
jcreight@uwm.edu
Abstract: This pilot study looks at best practices in explaining astronomical concepts to a
broad audience during live planetarium programs specifically using analogies, gestures, and
animations to explain the electron transitions that are responsible for the creation of aurorae.
We evaluated the public’s understanding with questionnaires. Our findings are applicable to
both live and pre-recorded settings.
Program Description
Our study focuses a series on northern lights during Fall 2016.
The full paper appears in the Planetarian (Vol. 46, No. 3 in September 2017). We wanted to test two different ways of explaining how northern lights form: one involved explaining the electron
transitions with an in-house animation (Figure 1) and the other
with an analogy comparing electron transitions to bank accounts in
an effort to make potentially intimidating physics more accessible
(see Figure 2).

the person accepting a check that exactly matches the grocery bill.
The cell phone screen shows the balance of the bank account.
Photo credit: Sam Gallagher
To assess how well audiences had grasped the science of northern lights, we distributed a short paper questionnaire following the
conclusion of each presentation (see Figure 3).

Figure 1: Screenshot from northern lights animation. The yellow
spheres are charged particles streaming form the Sun. The electron is denoted by e.
Photo credit: Sam Gallagher

Figure 3: Questionnaire distributed to Northern Lights audiences

Figure 2: Screenshot from banking analogy animation, showing
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Raw data

Total

Age

17 or younger
18-25
26-34
35-50
51-70
71 and older

Highest Level of Education Completed
6th grade
12 grade
th

College
Graduate degree
Frequency of visits
First time
1-2
3-4
5 or more
Personal Experience of Northern Lights
Yes
No

49
95
76
87
112
11
31
69
178
138

Figure 4: Percentage of correct answers to the four content questions by show type (i.e., analogy vs non-analogy). Audience understanding does not differ significantly based on show type! Also
the vast majority of people (91%+) can answer the first three true/
false questions. The tricky one is Question 8 where people have
to choose the correct diagram.

279
83
33
41

2.	 Frequent visitors benefit: 54% (15 out of 28) of the people
who had been to the planetarium five or more times answered
all four content questions correctly.
3.	 18-25 year olds had the highest number of correct content
answers in the questionnaires (51%, or 35 out of 69).

183
264

Table 1: Demographics of all questionnaire participants. We collected 455 questionnaires; with a final dataset of 297 questionnaires (43% of the total attending audience) to exclude minors and
incomplete data.
Results
1.	 Everybody learns: 91% understood key facts about northern
lights form (from Q1-3 in Figure 4). 45% demonstrating an
even more detailed understanding of northern lights formation
(Q8 in Figure 4). We consider this a triumph! Additionally,
even though only 24% (70 out of 287) said they understood
northern lights prior to the show, 98% (282 out of 287) said
they understood aurora better after seeing the show.

4.	 Neither level of education nor previous personal experience
seeing northern lights correlated with an increased understanding.
5.	 Based on the questionnaires, there is no clear difference in understanding between shows that included analogy and those
that did not (See Figure 4): the total percentage of correct
questionnaires was 45% for both.
6.	 Self-reporting: As one audience member wrote when asked
to select the best technique for explaining northern lights, this
is “not a zero sum game.” Of the multiple strategies we used
to explain northern lights, atomic structure visuals were most
helpful, suggesting that with the appropriate scaffolding,
technical content can still be helpful for deepening audience
understanding.
For more information, please see our full paper “Illuminating
the aurora: Exploring science communication in the planetarium”
in the Planetarian (Vol. 46, No. 3 in September 2017).
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FINDING ACTIVITIES FOR PLANETARIUMS
Alan Gould
Lawrence Hall of Science
University of California Berkeley
1 Centennial Rd
Berkeley, California 94720-5200
adgould@comcast.net
Abstract: The Live Interactive Planetarium Symposiums (LIPS) provide great forums for
sharing of activities that make for exciting planetarium programs. There is a growing body
of websites where documentation for such activities are available for free: LIPS website,
Planetarium Activities for Successful Shows (PASS), International Planetarium Society
(IPS), and a number of regionals’ websites.
The first Live Interactive Planetarium Symposium (LIPS) was
in August of 2011 in Bremerton, Washington, organized by Karrie Berglund and Rob Spearman of Digitalis Education Solutions,
Inc. It focused on live interactive planetarium lessons, connecting
a live planetarium presenter with an audience, enhancing presenter
performance skills, group management techniques, and sample activities. It offered an opportunity to network and share ideas with
others doing live interactive shows. There have been LIPS every
year since then (see http://lipsymposium.org/LIPS/node/48 where
you can find a few resources from each year). Slides from my
presentation on questioning strategies (The Question of Questions)
at the 2011 LIPS are at http://www.lipsymposium.org/LIPS/files/
AlanGouldLIPS2011.pdf
For upcoming LIPS, see http://lipsymposium.org/
Digitalis Education Solutions, Inc.
Past Lawrence Hall of Science Planetarium Staff: (left to right):
Toshi Komatsu (back), Jeff Nee (front), Alan Gould, John Erickson
(Current planetarium Director). We are standing in front of the
original Holt Planetarium Goto Mercury star projector.
LIPS
Manufacturer of planetarium systems, Digitalis Education Solutions, Inc., has a very good section with educational activities.
On the Digitalis Education Solutions website, the Digitalis
Open Astronomy Curricula page (http://digitaliseducation.com/
curricula) has a set of activities organized by grade level appropriateness. One that you can find there, for example, is especially
appropriate to this time of year: Halloween Astronomy (http://digitaliseducation.com/digitalis-curricula/halloween-astronomy.pdf).

LIPS—Live Interactive Planetarium Symposium

It also has “augmented lessons” specifically designed for easy
implementation with Digitarium planetarium systems. Among
the augmented lessons are the PASS—Planetarium Activities for
Successful Shows series (http://digitaliseducation.com/productscurricula-pass)
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International Planetarium Society (IPS)

Planetarium Activities for Successful Shows

IPS website has links to many resources including educational activities.
Some activities and very interesting educational resources are on
the Education Resources page of the IPS—International Planetarium Society (http://www.ips-planetarium.org/?page=edresources).
Planetarium activities may be found in the archives of
the IPS journal The Planetarian (http://www.ips-planetarium.
org/?page=plntrnarchive) particularly in the educational columns
such as From the Classdome, Lip Service, or Mobile News.

Planetarium Activities for Successful Shows resulted from a recasting of the acronym for Planetarium Activities for Student Success.
At the top of the list of hits if you aim your Internet search
engine to “planetarium activities” is Planetarium Activities for
Student Success (PASS), developed by Holt Planetarium staff
at Lawrence Hall of Science (LHS) UC Berkeley over the years
1973–1994. National Science Foundation-funded workshops in
the summer of 1978 (POP—Participatory Oriented Planetariums,
with 100 planetarium educator participants) and in the summers
of 1989-94 (POPS—Participatory Oriented Planetariums for
Schools, with 150 participants). With the 1978 POP program, we
produced Planetarium Educators Workshop Guide (IPS Special
Report #10) that was distributed to all the members of the International Planetarium Society. With the POPS program we expanded
Planetarium Educators Workshop Guide into the 12-volume PASS
series.

Photo from the IPS Portable Planetarium Resources web page
maintained by the Portable Planetarium Committee .
IPS and speaking of mobile, The IPS Portable Planetarium
Committee has a number of activities and resources on its Resources for Portable Planetariums page (http://www.ips-planetarium.org/?page=portableresources). See specifically the Portable Planetarium Handbook for ideas about planetarium lessons.
Many of the affiliate organizations of the IPS have their own
websites with pages devoted to planetarium activities. See educational links on the IPS Affiliates page (http://www.ips-planetarium.
org/?page=affiliates) for APLF (Association des Planétariums de
Langue Française—http://www.aplf-planetariums.org/), GLPA
(Great Lakes Planetarium Association—http://glpa.org/resources),
and MAPS (Middle Atlantic Planetarium Society—http://www.
mapsplanetarium.org/category/education/).

Students using starclocks in the planetarium. Starclock was originally part of the Sky Challenger planisphere with interchangeable
star wheels for a variety of sky-watching activities.
In each PASS planetarium show, visitors participate in observations, experiments, and discussion in order to experience science as exciting and understandable. They leave with feelings of
accomplishment. Titles and descriptions of all the PASS shows
may be found on the PASS website—http://www.planetarium-activities.org/ (or http://www.lawrencehallofscience.org/pass).
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With the advent and widespread proliferation of digital planetariums at the beginning of this millennium, we found that the
audience participation principle is as valuable as ever. In furtherance of the PASS project’s goal to promote audience participation
in the planetarium world, PASS has established agreements with
three planetarium manufacturers to adapt all of our PASS shows
for each planetarium system for maximum ease of presentation
by users. In addition to Digitalis Education Solutions, Inc. mentioned earlier, PASS agreements are in place with:
Sky-Skan

Students outside a Starlab. Photo by Ted Robertson.
I invite you to share sources of planetarium activities that you
know of that are not listed in this paper. You can write it right on
this page or email me: Alan Gould <adgould@comcast.net>.
Feel free to share comments on this page or to me via email
adgould@comcast.net.
Sky-Skan, in addition to having adapted PASS for DigitalSky software, also has “Special Effects Discs For Classical Planetariums”
that are of interest for use in audience participation programs on
any platform.
The PASS series as adapted for Sky-Skan planetarium systems using Sky-Skan’s DigitalSky software is called Interact! It
was developed by the collaborative team of Toshi Komatsu and
Alan Gould (PASS staff) and Martin Ratcliffe (Sky-Skan staff).
PASS may soon be adapted for the newest version of that software,
DarkMatter (https://www.skyskan.com/products/ds).
Digistar

Digistar, by Evans & Sutherland, is the most recent platform for
which PASS has been adapted.
Planetariums with Evans & Sutherland systems using Digistar
can get PASS shows customized for Digistar through scripts that
are available through the Digistar User’s Group library of online
scripts, media objects, and planetarium shows. These scripts were
created by Evans & Sutherland staff person Kevin Scott (https://
www.es.com/Digistar/).
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SEEING IN THE DARK
DEBUNKING MYTHOLOGIES ABOUT HOW WE SEE IN PLANETARIUMS
Philip Groce
Helping Planetariums Succeed, LLC
619 Orange Street
Macon, Georgia 31201
hps4075@bellsouth.net
Abstract: This presentation attempts to define how we see and perceive images in the
planetarium environment. I will address the characteristics of visual acuity as it applies to
images produced by Star Projectors and Fulldome Systems.
How do humans see in the dark, in the light, and or in
planetariums?

Cone sensors are concentrated in the center of the retina
and provide the brain with the most image details and color
information. They are most effective in bright scenes and are not
very effective in the dark (low light levels). They dominate the
central 10 degrees of vision and provide the highest resolution
image of what is directly in front of the observer. In bright scenes,
the human eye’s iris closes down, creating a sharper image similar
to what happens when a photographer sets their lens to a higher
f-stop. The sharper lens image combined with the triggering of the
cones results in greater visual acuity. This is why many people
can read fine print in bright sunlight but require reading glasses in
a dimly lit restaurant.
This seeing in brightly lit scenes is called Photopic Vision.
At Planetarium light light levels, however, we are only at the
edge of Photopic Vision. Fulldome digital projections fall into
light levels similar to sunset, dusk, and twilight. They trigger
some cones, but are still dominated by rod information. This level
is defined as Mesoptic Vision.

Figure 1.
As shown in Figure 1, the eye image is focused on the retina,
which contains over 125 million light-sensitive nerves. Some are
shaped like rods, the others cones. Rod sensors in the human eye
are about 100 times more sensitive to light than the color sensitive
cones. They are most concentrated in the areas of the retina that
are used for greater than ten degree fields of vision. Astronomers,
in order to get better views at faint stellar images, avert their gaze
so that the more light sensitive rods come into play.

Star projection light levels are in the realm of even lower light
levels. They trigger vision primarily by rods, defined as Scotopic
Vision. As we transition from Photopic Vision to Mesoptic Vision
to Scotopic Vision we lose the cone sensors and our ability to see
color. In addition, our ability to resolve fine detail is inhibited as
well. See Figure 2.
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Figure 3.

Figure 2.
How does the resolution, brightness, contrast, and motion
affect our perceptions of planetarium images?
Everyone at one time or another has had to take some form of
eye test using the Snellen Chart. See Figure 3. It consists of a
number of simple text letters of various sizes, seen from a standard
distance. Simply put, the smaller the accurately identified letters,
the better the eyesight. Good eyesight that normally doesn’t require
correction with glasses or contacts is “20/20.” At a distance of 20
feet or 6 meters, if you can read the 8th line of the Snellen Chart,
you have 20/20 or 6/6 vision.

To use this chart, as a measure of visual acuity, you must enlarge it
such that the large “E” is 88.6mm (3.5”) tall.
“20/20” letters all subtend 5 arcminutes or 1/20th of a degree and
the smallest line width or space within the letter is 1 arcminute in
size. With 20/20 vision one can see the difference of an “E” from
a “Z” on line 8 and have the ability to see lines or objects as small
as 1 arcminute apart. See Figure 4.
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2. Stand at a distance of 54 inches from these images. With 20/20
Vision, you should just be able to resolve these two craters in the
far left panel.
3. The only difference between the first image panel and the next
two is the amount of contrast. The brightness and pixel resolution
are identical in all three panels.

Figure 4.
If we use pixels to display these lines and objects, then 20/20
resolution would be 60 pixels/degree.
A “Retina Fulldome Display” as measured from the center
of the dome would have a horizontal resolution of 360° x 60
pixels/degree or 21,600 pixels or a circle diameter of 6,876 pixels
(21,600 divided by pi). Since most audience members are closer
to the dome than its center distance, dome pixel resolutions of
8,000 to 10,000 are required to achieve a Retina Fulldome Display
everywhere in the theater. This calculation has made “8K” as the
holy grail of desired dome resolution.
The problem with this reasoning is that in the USA, a Snellen
test chart must have a minimum luminance brightness of 24 footlamberts (F.L.). In Great Britain the standard is 35 F.L. and in
Germany the luminance must be 88 F.L. The average fulldome
projection system has a brightness of 1 to 2 F.L. At this low light
level, normal retina resolution drops well below “20/20” or 1
arcminute to 3 or more arcminutes. Normal seeing audiences at
this light level cannot perceive a dome diameter resolution much
greater than 3K pixels as measured from the center of the room.
Under any light level, retina resolution of fast moving objects is
also limited to about 4 to 5 arc minutes. So if all you are showing
are fast moving objects on a dome, 2 K dome resolution will
suffice.
If brightness, contrast, pixel fill factor, image compression
artifacts, color depth, frame rate, and optical quality are identical
and the only difference is dome pixel resolution, most audience
members seeing 1 F.L. brightness images cannot tell the difference
between 2K, 4K and 8K. As fulldome systems get brighter,
audience will have more Photopic Vision and they will see the
differences in resolution. Brightness, however, creates another
problem of greater cross-bounce and loss of contrast. And when
it comes to how we perceive detail, contrast may be even more
important than pixel resolution.
Try this experiment!
1. View the three photos below. See figures 5. The small box in
each photo shows two craters that are approximately 1 arcminute
in size and separated by slightly more than an arcminute.
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ability to see detail, contrast, especially in low light levels, may be
as important an image characteristic in the perception of projected
image detail as pixel resolution.
This is a major reason that starfields projected by opticalmechanical star projectors look sharper and far more detailed and
realistic than the best fulldome starfields. Star projectors have
native contrast ratios in the hundreds of thousands to one, in some
cases millions to one. It is this contrast that allows us to perceive
their higher resolution. Contrast is why stellar realism still remains
in the realm of the optical-mechanical star projector.
Wait a “Cotton-Pickin Minute!”
“I have seen demonstrations of 8K and it looks better to me
than 2K, 3K, and 4K systems I have seen.”
True, however, those demonstration perceptions of improved
quality are more likely due to brighter images (better Photopic
Vision) and far better projection contrast, not just increases in
pixel resolution.
Until we can get dome images in excess of 8 to 10 foot
lamberts, with much higher dome contrast levels (little or no
effects from dome crossbounce) than current systems, normal
vision people will never be able to truly perceive 8K resolution.
Pixel resolution is the easiest image characteristic we can increase.
However, brilliance and dome contrast are the keys to better
planetarium projection.

Figure 5.
As this experiment demonstrates, in determining the eye’s
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IMPACT FEATURES IN THE UNITED STATES
David E. Hostetter
Lafayette Science Museum
433 Jefferson Street
Lafayette, Louisiana 70601
dhostetter@lafayettela.gov
Abstract: An annotated directory of impact features in the United States, with maps and
references.
Barringer Crater in Arizona may be the most famous impact
crater in the United States, but it’s certainly not the only one! In
fact, most planetarium visitors at our facility seem surprised at the
number of impact features existing in this country. Many U.S.
planetaria are located near impact features. Although many of the
features cannot be seen, they still represent good educational opportunities for field trips, exhibits, local planetarium programs,
and the like. The purpose of this poster paper is to show where
impact features are located, with basic information about their precise locations and how to get to them. Latitudes and longitudes are
rounded to the nearest minute.
There are a number of other suspected (but unverified) impact
features in the country, but they are not included in this poster
paper’s information. In addition the exact boundary of the North
American tektite strewn field does not seem to be firmly located.
If you are located within or near the strewn field and have exposed
geological features dating to about 34 - 35 million years ago, locating these rare tektites might be a possibility.
Regarding terminology, impact “features,” “structures,” &
“craters” typically seem to be synonymous in general use, but
some sources seem to reserve “craters” for exposed features. This
poster paper uses whatever terminology seems most common for
the different features.
Known Impact Features in the United States
Alabama
Wetumpka Structure—East of the town of Wetumpka, this 4.0
mile diameter crater is estimated to be about 81 million
years old. Its northwestern crater rim is visible from US
231 east of the highway as drivers coming into town driving north. At the time of impact, this area may have been
offshore. N 32° 31’ W 86° 10’
Alaska
Avak Crater—About 5 miles in diameter and under 100 million years old, this buried feature is roughly 7 miles
southeast of Barrow. Its center is about 3.25 miles from
Footprint Lake a few hundred feet south of Winter Trail
Road. N 71° 15; W 156° 38’

Arizona
Barringer Crater—One of the most famous craters in the
world, Barringer Crater is about 18 miles west of Winslow. This spectacular, ¾ mile wide crater (complete
with a museum on its rim) is accessible via Meteor Crater
Road from Exit 233 on I-40. The museum and Crater are
well worth the trip; there is an entry fee. N35° 02’ W
111° 01’
Idaho
Beaverhead Crater—This buried crater (over 600 million
years old) has been estimated to be somewhere between
10 and 37 miles in diameter, and is known from fields of
oriented shatter cones. It straddles the Idaho– Montana
border, and various authors place its poorly defined center in either state. The shatter cone fields are located near
Island Butte, MT, between I-15 near Dell, MT, and the
intersection of Idaho State Highways 28 & 29. N 44° 36’
W 113° 12’
Illinois
Des Plaines Structure—You may already have visited this
buried structure since the southwestern part of it underlies Chicago’s O’Hare Airport! It also underlies the city
of Des Plaines, and US 14 crosses it for about 4 miles on
either side of the Des Plaines River. Five miles across,
the structure is about 280 million years old. N 42° 03’
W 87° 52’
Glasford Structure—This feature was recognized as unusual
back in the 1950s during exploration for coal resources,
and was found to be an impact site through later coring
and gravity maps. It’s about 2.4 miles in diameter, located just northeast of Glasford, and about 3 miles north
of US 24 east of that town. It’s thought to be about 430
million years old. There are no visible signs of it at the
surface, but the Little Lamarsh Creek drains out of it. N
40° 36’ W 89° 47’
Indiana
Kentland Structure—This feature stretches along US 24 from
the towns of Kentland to Goodland. It’s about 8.1 miles
across and about 300 million years old. A little of it is exposed by a quarry at the central uplift. A number of shatter cones and shocked quartz crystals have been found.
N 40° 45’ W87° 24’
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Iowa
Manson Crater—Invisible at the surface, 74 million year old
Manson Crater is one of the largest impact features in the
USA with a diameter of 31 miles. It’s centered northnortheast of Manson, near the South Branch of Lizard
Creek just southwest of the intersection of 290th Avenue
and 620th Street. N 42° 35’ W 94° 33’
Decorah Crater—Decorah Crater, Ames Crater, the Rock Elm
Disturbance, and the Slate Island uplift in Ontario may be
related in a proposed Ordovician impact event about 470
million years ago. The northern half of the town of Decorah overlies the southwest quadrant of this 3.5 mile wide
crater. The center of this buried feature is in the general
area of Barnhart-Van Peenan Park. N 43° 19’ W 91° 46’
Kansas
Haviland Crater—Possibly as young as 1000 years, and under 45’ in diameter, this crater has been completely eliminated by farming activities. It is the site of Brenham
meteorites, and the nearby Kansas Meteorite Museum &
Nature Center tells its story. Find it by traveling west out
of Haviland on US 54/400, then turn south on 45th Street;
after about 1.7 miles turn right on 49th Avenue and look
for the museum on the left after about a half mile. Both
roads after exiting US 54/400 are unpaved and should be
driven with caution. N 37° 35’ W 99° 10’
Kentucky
Jeptha Knob—Located in Shelby County, this feature is visible as a group of hills about 3.1 miles across. They are the
remains of the crater’s central uplift. The southern rim of
the crater underlies Interstate 64 just east of Shelbyville.
The estimated age is 425 million years.
N 38° 11’ W 85° 07’
Middlesboro Structure—This 3.7 mile wide crater contains
the city of Middlesboro, and is estimated to be 300 million years old. It stands out as a flat area among surrounding mountains and steep valleys. There are some
outcroppings at a local golf course and shatter cones have
been found near there. The Kentucky Geologic Survey
estimates that the impactor was 1600 feet in diameter. N
36° 37’ W 83° 44’
Versailles Structure—Still disputed by some, this feature is
generally thought to be a 0.9 mile wide impact crater
about 400 to 440 million years old. It is located northeast
of Versailles and just west of Lexington, and is crossed by
Big Sink Road. Only a few outcrops are visible.
N 38° 02’ W 84° 42’
Louisiana
Brushy Creek Crater—This unconfirmed, buried impact site
is about 1.2 miles in diameter and estimated to be 1.9
million years old. The northern part of the structure is
located about 6.5 miles southwest of Greensburg on Rt.
37. N 30° 46’ W 90° 45’
Michigan
Calvin Structure—This structure is nearly centered on the
town of Calvin Center in Cass County in the southwestern part of the state. Although studies have found traces
of a central uplift and rim, nothing is visible at the surface. The feature is about 4.4 miles in diameter and 460
million years old. N 41° 50’ W 85° 57’

Missouri
Weaubleau Crater—Masked by local geology, this 5 mile
wide crater is located within a larger, 11 mile wide region
of disturbed rock, and is about 330 million years old. It
was accepted as a likely impact feature only as recently
as 2003. The structure is centered about 5 miles south of
Osceola, and is cut by State Highway 13. N 37° 59’ W
93° 38’
Decaturville Crater—Nearly 4 miles wide and under 300 million years old, this buried crater is about 10 miles north
of Lebanon, less than a mile southwest of the intersection
between State Highway 5 and Mt. Horb Road. The village of Decaturville is where the northeast rim would be.
N 37° 54’ W 92° 43’
Crooked Creek Crater—Although this 4 mile wide, 320 million year old crater is buried, shatter cones have been
found in local road cuts. About 20 miles southeast of
Rolla, the intersection of VV and Swyers Roads passes
close to the structure’s center. N 37° 50’ W 91° 24’
Montana
Beaverhead Crater (see Idaho)
New Mexico
Santa Fe Structure—Only discovered in 2005, this eroded
structure is so old that its age is currently simply given as
less than 1.2 billion years. Estimated to be between about
4 and 8 miles in diameter, it is located on State Highway
73 between US 285 and Tesuque Village. Shatter cones
have been found along US 475. N 35° 45’ W 105° 56’
New York
Panther Mountain—Masked by a mountain wilderness, this 6
mile wide, 375 million year old crater is approximately
marked by Esopus Creek and State Highway 28. The
north-south Panther Mountain hiking trail cuts through
the center of the structure. N 42° 03’ W 74° 24’
North Dakota
Newporte Structure—This buried structure is about 15 miles
west of the small town of Sherwood, on County Road 2
(107th St. NW) only about 3 miles south of the Canadian
border. Its diameter is about 2 miles and it is under 500
million years old. N 48° 58’ W 101° 58’
Red Wing Crater—A buried structure about 455 million years
old, Red Wing is less than 25 miles from the Montana
border. From the I-94 exit in Beach, travel north on State
Route 16 about 62 miles to County Road 38. Turn right
on Rt. 38 and go 19 miles to the approximate center of the
6 mile wide feature; there are no visual markers, however.
N47° 36’ W 103° 33’
Ohio
Serpent Mound—Located in Adams County in southern Ohio,
this site gets its name because it is overlain by a serpent
effigy mound built by the prehistoric Adena people. The
impact structure is not noticeable from the ground, but
magnetic, gravity, and seismic studies indicate it has a
central uplift and a diameter of about 3.7 miles. Its age is
estimated at 320 million years.
N 39° 02’ W83° 24’
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Oklahoma
Ames Crater— Decorah Crater, Ames Crater, the Rock Elm
Disturbance, and the Slate Island uplift in Ontario may be
related in a proposed Ordovician impact event about 470
million years ago. This 10 mile diameter buried feature
is centered less than a mile northwest of Ames, which lies
well within the structure itself. N 36° 15’ W 98° 12’
South Carolina
Johnsonville Crater—About 8 miles in diameter and under 50
million years old, this structure is located a bit more than
4 miles east of Johnsonville and less than a mile from
where Possum Fork Road crosses Little Carr Creek. N
33° 49’ W 79° 22’
Tennessee
Flynn Creek Crater—Located about 20 miles northwest of
Cookeville and 5 miles south of Gainesboro, this crater
was first noticed in 1869. It’s about 2.2 miles in diameter,
with an estimated age of about 360 million years. Breccia
and shatter cones have been found near the central uplift,
but only some of the structure is exposed and the crater is
distorted by mountain building since the impact. N 36°
17’ W85° 40’
Howell Structure—This small feature is about 1.0 mile in
diameter and found in the south-central part of the state
near Howell. Its age is uncertain, but is probably about
360 million years.
N 35° 14’ W 86° 37’
Wells Creek Structure—Although heavily eroded by the Cumberland River, this crater is still 8.7 miles across, located
near the towns of Erin and Cumberland City. The impact
center has been determined through the study of shatter
cones at the site. The age is estimated at about 200 million years. N 36° 23’ W 87° 40’
Texas
Bee Bluff—Although still a bit controversial, recent research
suggests this is a 1.5 mile wide, partly exposed impact
crater less than 40 million years old. It’s located about
6.3 miles north of La Pryor between US 83 and a bend in
the Nueces River. N 29° 02’ W 99° 51’
Marquez Structure—Located about 4 miles northwest of
Marquez on RM 386, this 7.7 mile wide, 58 million year
old structure is partly exposed. Its central uplift, shatter
cones, and some ejecta appear to be along parts of the
Navasota River, but no roads lead there. N 31° 17’ W
96° 18’
Odessa Crater—An exposed crater field less than 64,000
years old, this feature can be accessed from I-20 at Exit
108 by following Meteor Crater Road about 2 miles south
to a small museum. Five craters have been identified in
the field, with the largest about 550 feet in diameter. Iron
meteorites have been found there. N 31° 03’ 23” W 74°
23’ 42”
Sierra Madera Crater—The impressive, central uplift of this
crater is about 20 miles south of Fort Stockton, and can
be seen for miles along US 385 on the eastern side of the
road. The crater is about 9 miles in diameter and less than
100 million years old. N 30° 36’ W 102° 55’

Utah
Upheaval Dome—Located in Canyonlands National Park,
this spectacular feature has a diameter of about 6 miles
(about half of which is plainly visible) and a central peak.
Its age is about 170 million years. About 43 miles from
Moab, it can be reached from town via US 191N, Grand
View Point Road (State Highway 313), and Upheaval
Dome Road. From the end of that road, Crater View Trail
allows a 4000’ hike to an overlook, and the much longer
Syncline Trail circles the crater (both trails are rough).
Take plenty of water! N 38° 26’ W109° 54’
Virginia
Chesapeake Bay—This buried crater, about 50 miles wide
and almost a mile deep, is the largest known crater in
the United States and one of the ten largest known on
the planet. Some scientists believe that the 35 million
year old feature may be the source of the North American
tektite strewn field. It had a major impact on the later
development of the Chesapeake Bay geology. N 37° 17’
W 76° 01’
Wisconsin
Glover Bluff Crater—Located about 12 miles north of Wisconsin Dells, this feature is marked by a set of three hills
about 100 feet tall that may mark the central uplift of a
buried crater about 6.2 miles in diameter. One of the hills
has yielded shatter cones. The crater is about 500 million
years old. N 43° 58’ W 89° 32’
Rock Elm Disturbance— Decorah Crater, Ames Crater, the
Rock Elm Disturbance, and the Slate Island uplift in Ontario may be related in a proposed Ordovician impact
event about 470 million years ago. This Pierce County
feature is about 4.0 miles in diameter. Its age is uncertain,
but under 500 million years. There are scattered exposures of the rim and central uplift, and shocked quartz
crystals have been found. N 44° 43’ W 92° 14’
Wyoming
Cloud Creek Structure—This buried structure is about 28
miles northwest of Casper, some 4.3 miles in diameter
and 190 million years old. Nearly inaccessible, it’s a few
miles west of County Road 110 (Thirty Three Mile Road)
about 17 miles north of US 20W/26W. N 43° 07’ W
106° 45’
North American Tektite Strewn Field
The North American Tektite Strewn Field ranges across the
coastal southeastern United States, the Bahamas, Cuba,
and other major islands. Tektites have been found in
Georgia, Texas, and Cuba, and microtektites have been
found off-shore in the Atlantic, Gulf of Mexico, and Caribbean.
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Earth and Ocean Sciences, University of South Carolina, 19
Feb. 2003. Web. 11 July 2017.
“Tennessee Meteor Craters.” Meteorite Craters of Tennessee. University of Tennessee Chattanooga, n.d. Web. 21 June 2017.
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IPS ONLINE SEARCHABLE DIRECTORY
Adam Leis
(Formerly Bowling Green State University)
13154 Jerry City Rd.
Cygnet, Ohio 41413
adam.m.leis@gmail.com
Abstract: This web application is an online directory providing information (institution,
address, dome details, etc…) on the world’s planetariums. It is dynamic, responsive, and
accessible from a wide variety of devices and modern web browsers.
Directory Features

Toggle Columns

Filters

Columns can be displayed or hidden using the “Toggle Columns” section beneath the filters. This allows any user to customize what data are being viewed, and any superfluous information
can easily be removed.

Filters are available on the directory for limiting the scope of
relevant data in the table. Some examples of what can be filtered
are country, continent, dome size, year opened, and boolean values
like whether or not the facility has optomechanical star projector,
or has a gift shop.
Filters can also be cleared individually using the “x” next to
the filter, or by clearing all filters using the “Clear Filters” button.

Sortable Columns
Columns may also be sorted alphanumerically. Clicking on
the column heading will sort the data according to that column’s
data.
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Global Search
There is also a global, or table-wide, search available. It will
search every cell of the table for matches to the query you enter.

Responsiveness
In the modern web, responsiveness is a key term referencing
a site’s ability to reshape and move content based on the available
screen widths. This is very powerful, as it enables a wide variety
of devices to use the site or application without concern for targeting specific platforms. The only relevant variable is your device’s
screen dimensions.
At the time of this writing, the directory is available to be
viewed at adamleis.com/ips/ and will eventually be housed on the
IPS website.
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SOUND UP! CALLING ALL LISTENERS
Charlie Morrow
Chair, IPS Immersive Sound Committee
Morrow Sound
1961 Roaring Brook Road
Barton, Vermont 05822
Abstract: Sound is an important part of life and of planetarium shows. Sound in life is
immersive in that we can instantly locate the source of a sound and respond. Planetariums
have a wide variety of sound solutions but none that immersive. Our committee is asking
about the old methods and about the future of sound in virtual and dome worlds.
The IPS Immersive Sound Committee invites you to …
A. help create a poll of the planetarium community about planetarium sound, the installed base and wishes for next steps.
B. join composer Charlie Morrow’s poster chats, Pleiades Conference, 2:30pm Thursday, October 12.
C. hear and experiment in an immersive soundcube.
Goals:
• stimulate listening & understanding of immersive sound
• gather information and publish results on the state of planetarium sound and wishes for next steps.
• create teaching material, immersive media & workshops led by our expanding community of immersive experts.
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THE TRAVELLING TELESCOPE AFRICA LTD.
Susan Murabana Oduori
Daniel Chu Owen
The Travelling Telescope
Orchid Apartments, No. 8
P. O. Box 957 00517
Nairobi, KENYA
smurabana@travellingtelescope.co.uk
chu@travellingtelescope.co.uk
Abstract: The Traveling Telescope promotes science and technology in Africa. We have
reached more than 40,000 students in hundreds of schools in Kenya. We have a mobile
planetarium, a 12-inch reflecting telescope, and other interactive devices.
My poster presentation will focus on our work in Kenya and
Africa. The Travelling Telescope is a company dedicated to promoting science and technology in Africa. We work mainly in
schools but also have a tourism branch to our business. So far we
have reached more than 40,000 students and hundreds of schools
in Kenya. We have also recently received a one-year grant from
Airbus Foundation to promote STEM education by running their
Space Robotics Workshop. We have a mobile planetarium, a 12inch computerized reflector telescope and other smaller interactive
devices such as Google Cardboard VR kits that we use to engage
our audience, especially school children. We have recently been
featured on CNN, BBC, Aljazeera, and many other local and international media houses. Please visit our website for more information: www.travellingtelescope.co.uk
Introduction

Students enjoy a session inside the mobile planetarium

Our primary goals were to establish the Travelling Telescope
project in schools across Kenya and the rest of Africa in an effort
to confront the deficit of research-based education in Africa. Astronomy is a science that sparks curiosity and intrigue, and through
our project we hope to excite young Africans to love science and
explore their environment using the scientific approach. By providing our tools and expertise as complimentary to the school curricula we are exposing our young minds to a different, interactive,
and exciting way of learning science.

Our Model & Tools
The Travelling Telescope comprises astronomy outreach personnel who work closely with university graduates/students mainly from the astronomy department in Kenya. We train the students
on the practical use of our equipment and once sufficiently trained,
some of them join our team. These young professionals serve as
our human resource and become part of our team.

345

As the Travelling Telescope social enterprise company, we:
• Visit schools with our portable planetarium and telescopes, we
charge international and private schools and provide free visits to public and rural schools. We have successfully run our
school events for the last three years and the reception has been
very good.
• Have received grants from the IAU and Airbus to enable us to
take our project to rural and needy schools.
• Provide services in public spaces like malls and camping sites
and engage the public in astronomy.
• Provide services to lodges and hotels as an activity for their
tourists. Kenya is one of the best destinations in the world
for ‘astrotourism’ as it has relatively dry areas with hardly any
light pollution.

A young girl admires her rocket after building it
Our programs in schools are divided into:

• Host public and private ‘star parties’

• SpaceDay or SpaceNight: which is a one-off agreement where
we visit the school and provide our science activity to mostly
the whole school. We normally take the portable planetarium,
portable telescopes, VR headsets and other activities that keep
the students occupied throughout the day.
• SpaceCamps: where we take a whole class of up to 30 students
for a camping trip in dark unpolluted skies where they learn
more about the motion of the sky and enjoy the views through
our quality large aperture telescope.
• Airbus Little Engineers Space Workshop: this program uses robotics to promote engineering and computer science, problem
solving as the space industry requires. Though we only take
a sample of the students in the school, we definitely see the
impact at the end of the session.
• SpaceClubs: which run throughout the year with interesting
and exciting activities as an after school program

Picture of the central part of our Milky Way galaxy
Future plans
The Travelling Telescope has plans to build a science centre
with a high-end fixed planetarium and an observatory dedicated
to the public. The facility will be used by schools, families and
young professionals and will be the first of its kind in Kenya and
the rest of Africa. Through this facility we envision that there will
be a new generation of Kenyan and African innovators and inventors. We have already gathered a great team and had offers of free
or heavily subsidised high quality equipment, and will soon launch
our crowdfunder to proceed with our plans.
Publicity

Student at Nova school looks through our 12-inch telescope Sustainability Model

The Travelling Telescope has been featured on a good number of respected national and international media outlets. These
include: BBC, CNN, Aljazeera, Euronews, VOA, Quartz among
others.
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Conclusion
We have successfully initiated an astronomy company that
believes in the social impact it can have to the African community
and the world. If we want to develop as a continent we must invest
in science and our youth. We must encourage a young generation of African scientists from the continent and development from
within. This is the only way Africa will have sustainable development and start looking for long term, science-based solutions to its
problems.
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TEACHING USING IMMERSION—EXPLAINING MAGNETISM AND ECLIPSES IN A
PLANETARIUM DOME
Patricia H. Reiff
Rice University
Department of Physics and Astronomy
6100 Main St., MS 108
Houston, Texas 77005
reiff@rice.edu
Carolyn Sumners
Houston Museum of Natural Science
5555 Herman Park Dr.
Houston, Texas 77004
csumners@hmns.org
Abstract: Previously we have shown that three-dimensional concepts are more readily
learned in a three-dimensional context. Although VR headsets are growing in popularity,
they only provide a quite limited field of view, and each person in a group may be viewing a
different direction or a different time in the visualization. By using instead a fullsphere movie
(VR360) in a planetarium dome instead of a headset, you can “share the VR”® and specify
which half of the sphere your audience is looking at. You can pause the movie, ask questions
using a clicker system, display the results, and move on if the subject is mastered or explain
more if items are not understood. This paper shows the results of teaching magnetism in a
dome theater, showing that both students and teachers nearly double their understanding of
magnetism topics after one viewing. We also created seven animations explaining eclipses
that were distributed free to nearly 200 planetariums. Listing of concepts learned by teachers
in our live eclipse program are shown.
Background
In this paper we have used a planetarium dome in its more traditional “hemisphere” mode to teach about magnetism (using our
new show “Magnetism – Defending Our Planet, Defining the Cosmos”) and pre/post testing to show how many concepts can be
understood in a relatively short experience. We had previously
shown [Sumners et al., 2008] that dome learning is more effective
on three dimensional concepts and that dome learning leads to longer content retention [Zimmerman et al., 2014]. We have identified
35 concepts that most high school students do NOT know about
magnetism, and have done pre/post testing on students and teachers. Most students more than doubled the number of concepts that
they were able to explain after watching our “Magnetism” show
[Sumners and Reiff, 2017] just one time. The flatscreen version
of the show can be watched in its entirety at this website: . These
are preliminary results which will be expanded in the next year:

Figure 1. Exoplanet magnetic field (from “Magnetism” show)
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Magnetism Topics tested:

Figure 2. MMS spacecraft (from “Magnetism” show)

Figure 3. MMS in orbit (from “Magnetism” show)

Figure 4. Galactic magnetic field (from “Magnetism” show)

1.	 What force accelerates particles in a super collider?
2.	 What can we learn from the paths of charged particles after a
collision?
3.	 What force makes particles rise up from the Sun’s surface in
arcs?
4.	 What force makes these particles return to the Sun?
5.	 Where do charged particles enter Earth’s atmosphere?
6.	 What causes auroras?
7.	 What causes their colors?
8.	 Describe different auroral shapes.
9. What element causes the Earth to have a magnetic field?
10.	 What properties are required for a planet to have a magnetic
field?
11.	 How do sharks and some other animals use magnetism to
navigate?
12. How has the Earth’s magnetic field changed over time?
13.	 How do we know it has changed?
14.	 Why should we worry about the Earth’s changing magnetic
field?
15.	 Who might be affected?
16.	 What is the MMS mission?
17.	 What’s special about the MMS spacecraft?
18.	 What happens at reconnection sites?
19. Why is it important for a planet to have a magnetic field?
20. When are astronauts beyond Earth’s magnetic field?
21. Which inner planets have magnetic fields? Which do not?
22. Why don’t these planets have magnetic fields?
23.	 Under what conditions did Mars have surface water?
Does Mars have surface water now?
24. Does Jupiter have a magnetic field? If it does, how strong is
it?
25.	 What compounds are in Uranus’s atmosphere?
26.	 How is the aurora on a brown dwarf different from an Earth
aurora?
27.	 About how many extra-solar planets have we discovered?
28. How did we detect the magnetic field around another planet?
29.	 About how many stars are in our Milky Way Galaxy?
30. Does the Milky Way have a magnetic field?
31.	 How can we detect it?
32.	 What is the most energetic electromagnetic radiation and
how do we detect it?
33. How do magnetic fields affect the core of a supernova remnant?
34.	 What would we know if we found auroras around a distant
planet?
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Table 1. Results
Tested Group
Science students entering High School Senior
year with one year of
Chemistry and Physics

Number Number
answered answered
pretest
after one
viewing

Number
answered
after two
viewings
30

Gain

0

21

21

Science students entering their HS Senior
Year who worked on
the Magnetism show in
the summer of 2016 and
had had Chemistry and
Physics

17

34

17

One student entering
HS junior year who had
Chemistry but not Physics

13

26

13

One student entering
HS freshman who had
not taken Chemistry or
Physics

5

20

15

Science Teachers (5)
took multiple choice
version of the test
Standard deviation, confidence level

17.6
+/- 4.7

25
+/- 4

7.4
(.1%)

Eclipse Animations Released
We have also created a series of seven eclipse animations to
teach about solar and lunar eclipses. These animations have been
used in more than 200 planetarium theaters and used as part of several TV specials on the August 2017 eclipse. By teaching eclipses
in a dome, the students correctly understand the three-dimensional
geometry of the Earth and Moon orbits and the causes of eclipses.
Preview and low-resolution fisheye versions are available free
here:
http://space.rice.edu/eclipse/eclipse_animations.html

Figure 5. Baily’s beads, from the most popular of the eclipse animations (based on number of times shown on national TV and Youtube viewings)
Estimated number of people reached:
In person or web training, countable: 5,101 (Includes public
outreach events)
Via Youtube: 43,348
Via Planetariums: ~0.1 - 1 million?
Via News (TV and radio broadcast, web interviews): ???
Via Dome Loaner program: estimated 4,000
On our email server: (some people signed up for more that one
segment)
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Planetarium educators (166)
Informal educators (122)
K-12 Educators (498)
Higher Education Educators (101)
Media (31)
A fisheye time-lapse of the eclipse from near Dubois, Wyoming is here, along with other images and videos from space:
http://space.rice.edu/eclipse/eclipse_2017.html

We gave in person, online live, and online prerecorded versions of our Eclipse training. This training included the videos
we produced, plus additional material in a PowerPoint. To receive
Professional Development hours, the teacher who watched the prerecorded version had to send in an email listing four things they
learned. They could receive more hours by doing homework on
apparent sizes of the Sun and Moon, and ellipticity.
Here are the most popular topics learned, among the 44
responses we received. Note that of the top 9 topics, six were
learned from our seven eclipse animations, and the others from the
powerpoint.

Topics mentioned as learned from training
(44 teachers listed four or more topics they
learned)

Number of Teachers Where learned
who said they learned
this topic

How to safely watch an eclipse

15

Baily’s beads and Diamond Ring

Penumbra is partial; umbra is total

USA only country experiencing totality

15

Video

13

PP Diagram

12

Selenelion is lunar eclipse at dawn or dusk

11

Eclipse has four contacts

10

Corona only visible during totality

10

Difference between lunar and solar eclipses

10

Only safe to use your naked eyes during totality

Binocular tips (solar filters; tripod adapter; each
person should have one for totality)

10
9

Powerpoint
Video, PP

Powerpoint
Video
Video
Video
Video

Powerpoint

Shadow moving 1000 mph from NW

8

Powerpoint

Annular eclipse umbra doesn’t reach Earth

6

PP Diagram

Punch a pinhole image to shoot the shadow

8

1.5 hours for the shadow to cross US

5

Take an hour to cover the Sun

5

Clouds become more transparent

5

Use Google map to get timings, coverage

4

Parts of the Sun (prominences, streamers)

3

Topics learned from Homework (not required)

Powerpoint
Video, PP
Video, PP

Powerpoint
Powerpoint
Powerpoint

Angular size of Moon versus Sun

3

Homework

Earth is 4x diameter of Moon

1

Homework

Moon’s apparent size varies

3

Moon is receding from Earth

1

Summary and Conclusions
Planetarium animations are an effective tool to teach about
magnetism and the solar eclipse. The magnetism study is ongoing
and will be improved with a larger set of subjects and questions.
References
Sumners, C. and P. H. Reiff, “Magnetism”, planetarium show, Evans and Sutherland, 2017.
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Sumners, C., P. H. Reiff, and W. Weber, “Learning in an Interactive Digital Theater,” Advances in Space Research, DOI:10.1016/j.
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Zimmerman, L., S. Spillane, P. Reiff, and C. Sumners, Comparison of Student Learning about Space in Immersive and Computer
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THE UNIVERSE IN MUSIC—A STEM PRESENTATION
Jonn Serrie
April Whitt
Future Music
900 Colony Creek Dr.
Lawrenceville, Georgia 30043
jserrie@bellsouth.net
Abstract: “Electronic music was made possible in the laboratories of science, technology,
engineering, and mathematics. I see a core connection between electronic music and STEM.”
Jonn Serrie
I’ve been involved with planetarium space theaters for many
years producing show scores, presentations, and concerts. I often
wondered if there was a way to become involved in the educational
side without having a formal degree or experience in teaching.
My conversations with April Whitt, director of the Jim Cherry
Planetarium at Fernbank Science Center in Atlanta, introduced
me to the STEM initiative. We saw a way to combine STEM
principles and electronic music principles into a unique live music
presentation and learning experience. We envision a classroom in
the planetarium where this interplay of science and music can be
realized and experienced in very interesting ways. The Universe
In Music is presented in the style of an interview between the

planetarium host presenter and myself as musical guest with gifted
students deeply engaged and interacting in the conversations
and proceedings. There will be questions and answers, learning
scenarios, lots of “what ifs”, synthesizer demonstrations, and
musical performances. The planetarium provides a realistic
simulation of the experience taking place in deep space, which is an
essential part of the program. The length of the presentation would
be approximately one hour, divided into three twenty-minute topic
sections covering the historical perspective, the current state of
scientific and music technology, and the future possibilities of the
relationship between STEM and electronic music.
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THE LIBRARY TELESCOPE PROGRAM
James Small
St. Louis Astronomical Society
Pattonville Heights Observatory and Planetarium
13128 Cozyhill Drive
St. Louis, Missouri 63122
jrsmall@earthlink.net
Abstract: In 2008, the New Hampshire Astronomical Society began a program whereby
telescopes were made available in local libraries to be checked out by patrons just like a
book. The goal is “To help foster scientific literacy, stimulate an interest in astronomy, and
provide people who have never looked through a telescope the chance to experience the
excitement that comes from discovery.” The St. Louis Astronomical Society implemented
the Library Telescope Program in the St. Louis region in 2014. Both groups have now placed
telescopes in over 100 libraries each and continue to assist other organizations in starting
their own Library Telescope Program. It is the purpose of this presentation to help other
organizations begin their own Library Telescope Program and answer key questions about
implementation including obtaining and modifying the telescopes, training volunteers and
library staff, placing the telescopes in libraries, maintaining the telescopes after placement,
and offering support.
Library Telescope, First Encounter
It’s the spring of 2012, and I am at NEAF, the famous Northeast Astronomy Forum sponsored by the Rockland Astronomy
Club in New York. I am assisting with a booth for the Night Sky
Network and a gentleman approaches us holding a small telescope.
I ask him what it is, and he says “it’s a Library Telescope!” Mark
Stowbridge of the New Hampshire Astronomical Society goes on
to explain that he and his club started a program in 2008 where
4.5” Orion Starblast telescopes were modified to be placed in libraries so they could be checked out by patrons for a week just
like a book! We looked over the telescope and Mark showed us
the modifications performed and additions that make the telescope
better equipped to handle the heavy use by the public. He says it
has worked well and we agree that it looks like a great idea! The
telescopes are already in many libraries in New Hampshire.

Mark Stowbridge at NEAF in 2012
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Fast forward to 2014 and the St. Louis Astronomical Society
has just hosted the Mid States Region of the Astronomical League
conference and earned about $1000 for our efforts. I think back
to NEAF and the library telescope we saw and thought it would
be a great opportunity to get the program started in St. Louis! We
purchased and modified three telescopes to be presented to three
different library systems in the St. Louis area: St. Louis Public
Library, St. Louis County Library, and Kirkwood Library. After
the presentations were made about the program, St. Louis County
requested 10 telescopes, St. Louis Public requested 5, and another
independent library wanted to join Kirkwood! Our first build produced 18 telescopes! The program has been very popular, expanding by an additional 39 telescopes in 2015 and 74 telescopes in
2016. We have placed a total of 149 telescopes in libraries in the
St. Louis Metro Area!
The goal of the Library Telescope Program (LTP) is to foster
scientific literacy, stimulate an interest in astronomy, and provide
people who have never looked through a telescope the opportunity
to experience the excitement that comes from discovery.

The telescope used is an Orion StarBlast 4.5” reflector. It is
easy to use, lightweight, durable and will show more detail than a
typical “beginner” telescope. Modifications are made by amateur
society volunteers to make the telescope more patron friendly and
durable. This includes attaching cords to caps, replacing button
batteries with a pair of AA batteries in a pack, replacing the collimation thumbscrews, replacing the two eyepieces that come with
the telescope with an 8-24 Zoom eyepiece that is placed in the focuser using allen-head setscrews to prevent it from being removed.
It is also fitted with a fanny pack that contains a red headlamp, a
constellation book, and a bound and laminated instruction booklet.
A Moon map is also attached to the tube of the telescope and a
magnification guide and no Sun warning sticker is also attached.
The total cost for the unit and modifications is $325 per scope.
SLAS has donated several scopes/year, but the vast majority are
purchased by the libraries.

Telescope build for SLAS and other groups. 48 telescopes modified in one day in August, 2016! For more photos of a telescope
build, see the photos here: https://www.flickr.com/photos/slclevents/sets/72157665009253980/
The libraries own the telescopes and SLAS runs training programs for the librarians on how to use the telescope. We also provide documentation that libraries can use for checkout procedures,
etc. at their own discretion. The usual procedure is the patron must
be 18 and checkout time is one week. SLAS will assist with maintenance, repair, and promotional activities.

The design of the telescope modifications is the same as the
New Hampshire Astronomical Society but the implementation was
different. In the St. Louis area, there are many different library
systems so we implement the program in a similar way among the
libraries so the patrons have the same experience no matter where
they live in the region. We have developed a unique training program that provides patrons with a “hands on” experience using the
telescope while also encouraging volunteers to get involved and
support the program. The program has been very popular with the
public and there are usually waiting lists to obtain the telescopes.

The program has been tremendously popular and we have had
terrific response to the Library Telescope Star Parties that have
been held at the various libraries. It has also been a terrific way for
volunteers to get involved in outreach. We have virtually doubled
the number of volunteers who get involved with our programs because it is so easy to use and the volunteer doesn’t need to own a
telescope to participate! We retain four to six telescopes to use at
Library Star Parties and for training purposes. The telescopes the
libraries check out are frequently not available when we want to
hold an event for training.
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Library Telescope Star Party.
For more photos, visit https://www.facebook.com/pg/slaslibrarytelescope/photos/?ref=page_internal
For more information about the program, send an email to librarytelescope@slasonline.org or call Don Ficken, Program Chair,
at (314) 550-7191 or Jim Small, SLAS President, at (314) 3070692.
The St. Louis Astronomical Society would like to express its
appreciation to the New Hampshire Astronomical Society for sharing their Library Telescope Program design and lessons learned.
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1ST TOTAL SOLAR ECLIPSE ON THE 1ST DAY OF SCHOOL
Krista Murnane Testin
Mallory Kountze Planetarium
University of Nebraska at Omaha, DSC 129
6601 Dodge Street
Omaha, Nebraska 68124
ktestin@unoamah.edu
Abstract: August 21st, 2017 was the first total solar eclipse experienced in Nebraska since
1954. This poster presents an overview of site and equipment selection, a discussion of
restrictions and the outcomes of the event. One key restriction was the fact that the eclipse
coincided with the first day of fall semester. The skills acquired and lessons learned will be
used and improved upon to provide events through the Mallory Kountze Planetarium.
Site Selection Options
School at UNO starts that day
• Focus on UNO student body
Somewhere else
• Easily accessible to UNO student body
• Large venues like ballpark were not receptive early on
• County Park has been used for events in past.
Charter bus to Totality
Staffing
Planetarium events have a history of lack of Physics Departmental help.
Sep 2015 Lunar Eclipse—6 staff (no tenured fac.): up to 3,000 visitors
Over 17,000 student, faculty and staff attend UNO; this does not include the greater Omaha area community
Interactives and viewing equipment must be independent and/or group
Once in a lifetime opportunity to see totality. Who will stay at UNO?
4 of 6 regular physics volunteers went to totality
Len and Krista stayed at UNO
•

Equipment
two 8-inch telescope-solar funnels
two 5-inch telescopes-solar funnels
two binocular-solar filter
four walk-under solar viewing window
two pinhole projection
one Collander activity

Planetarium
The planetarium will be opened with a feed from NASA and our own roof telescope. We will use an 8-inch telescope on roof to
capture video and pipe it down to planetarium.
Conclusion and Future Directions
Recruit and train volunteers continuously; still working on retention
Future events: Total Lunar Eclipse Jan 2018, partial Solar Eclipse Oct 2023 (Annular) and Apr 2024 (Total)

356

LIBRARY PARTNERSHIP: STARS AND STORIES!
Sarah Twidal
Fort Worth Museum of Science and History
Noble Planetarium
1600 Gendy Street
Fort Worth, Texas 76107
stwidal@fwmsh.org
Abstract: In this poster we would like to talk about our Stars and Stories program as an
encouragement for those in the planetarium field to find connections within their local areas
and increase attendance to their shows and programs. We want to encourage it as a mutually
beneficial program concept, ensuring both partners in the arrangement receive something
for which they could not have afforded to pay.
The idea for Stars & Stories originated at the Mayborn Science Theater under the direction of Fred Chavez, Cliff Bailey, and
Scott Sumner. They partnered with the on-site child care facility
to bring their pre-K classes to the Mayborn for a story time and
planetarium show, which eventually grew into a monthly feature.
When Scott accepted the position of Assistant Manager in Fort
Worth he brought the idea with him.
An existing partnership between the Fort Worth Museum of
Science and History and the Fort Worth Library made it easy to
implement such a program at the Noble Planetarium, and it has
been going strong now for two years. This partnership provides a
librarian for the Planetarium, not always the same librarian, who
once a month runs a story time program which lasts around 15 - 20
minutes in the Noble’s exhibit hall space. This story time flows
directly into our planetarium program time wise and programming wise. The librarian leads in the audience with a “marching song”. This is so that the younger audience members do not
become distracted in any potential wait time. The Planetarium
show runs around 30 minutes long. Both before and after the story
time and show, information handouts are made available for the
public that talk about both the library and the museum. For the
library, the museum supplies the Mobile Planetarium program for
three hours, twice a year, as well as the assistance with their Maker
space activities/programs. This was considered by both parties to
be mutually beneficial.

Our initial focus was to increase younger audience attendance
to a show that is well suited for them “One World, One Sky: Big
Bird’s Adventure”. For many younger audience members (three
years old and below) the planetarium can be an intimidating environment. We wanted to alleviate this for our younger audience
by connecting the newer experience (a planetarium show) to an
experience they might already know well (story time). Over the
two years we have been running this program, we have seen a
longer retention of younger audience members. We believe this is
connected to one, if not all, of three things:
1.	 Story time: The engaging nature of the story grabs their attention.
2.	 Stuffed animals: The library brings these to ease the younger audience members into the story time and encourages
them to keep them throughout the show in the Planetarium. 
3.	 The consistent date and time of the program for greater potential of repeat attendance.
This year we plan to alter the program to a different set of
times/dates and focus both the story time and show on a broader
age range (3rd grade - Adult). We hope this will also increase the
overall attendance to this program and drive a greater future attendance in general to the planetarium. By the time of the conference,
we should have more information on how the altered program is
running.
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SMALL EXHIBIT SPACE, BIG ACTIVITIES
Sarah Vise
Charles W. Brown Planetarium at Ball State University
2000 West Riverside Avenue
Ball State University
Muncie, Indiana 47306
svise@bsu.edu
Abstract: Since we do not have much space for permanent exhibits at the Brown Planetarium,
we offer “mobile” activities instead. This poster will include an overview of the many activities
we have available for planetarium guests. It will also include one that I helped design for
visitors in the planetarium to explore.
Planetarium Activity Stations

Learning Goals

In 2015 I began my schooling at Ball State University as well
as my relationship with the Charles W. Brown Planetarium. For
those two years I have been presenting programs to school groups
from all around the state. Additionally, I help during the public
shows by seating, greeting, and leading discussion with our activity cart—a fun, hands on, way to introduce and explain various astronomy topics. All of the activity carts are built and stored easily
in our planetarium. I have worked to introduce a Cloud Chamber
to our list of activities, so that visitors can explore the nature of
particles using observational skills. The Cloud Chamber will be
introduced to the public this October. Below is the presenter’s
guide for the activity.

Guests will become familiar with the answers to the following
questions:

Activity: Cloud Chamber Station

•
•
•
•
•
•

Essential Concepts
These are points that each presenter should be familiar with:
•

Materials
•
•
•
•
•
•

What are particles/cosmic rays?
How are the trails formed?
Do different particles make different trails?
What kinds of particles are seen?
Where do these particles come from?
What is the purpose of liquid nitrogen/dry ice?

•

Cloud Chamber
Liquid Nitrogen or Dry Ice
Isopropyl Alcohol
Gloves
Radioactive source (optional)
Magnets (optional)

•

Activity Description
The “Cloud Chamber Station” lets visitors track subatomic
particles as they zip through the air. The chamber is filled with supersaturated alcohol vapor and already existing particles found all
around us. When the charged particles move through this mixture,
electrons are knocked off the gas molecules, resulting in a trail of
ionized gas particles. These ions cause nearby vapor droplets to
form a visible trail inside the chamber. Different subatomic particles will leave different trails. This activity can describe cosmic
rays passing through our atmosphere and bodies. Radioactive material can also be used as a source of particles to explain the nature
of radioactivity.
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•
•
•
•
•
•

Subatomic particles are most basic pieces of matter
that make up atoms.
Particles can be found all around us, but are not
detected directly with our senses.
The liquid nitrogen or dry ice creates a change in
temperature from the top to the bottom of the box.
The much warmer top section allows the alcohol to
evaporate and it then falls to the cooler section. As it
falls, isopropanol enters a state too cold for it to exist
as a gas. If anything disturbs its equilibrium, it will
rapidly condense. Electrically charged particles will
ionize the vapor: it will strip the vapor particles of
its electrons. This causes a disturbance that result in
condensation of vapor along the particles’ trail.
Ions force vapor to condense and create a trail of
droplets (cloud formation).
Different types of particles (alpha, beta, muons) create
different trail characteristics.
Many particles around us here on Earth originate
outside of our solar system. These are known as
cosmic rays.
Cosmic rays are generally protons and atomic nuclei
(protons and neutrons together).
The origin of cosmic ray particles is unknown.
The following information is from Woithe, J. (2016).
CLOUD CHAMBER. S’Cool LAB -Do-it-yourself
manual:
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Advance Preparation
•
•
•
•
•
•

Procedure

Consult safety guide and use caution while setting up
and facilitating equipment.
Assemble the chamber.
Keep liquid nitrogen or dry ice in a cold storage until
use.
Put glove on before handing liquid nitrogen or dry ice.
Set out images of trails for observational comparison.
Go through the activity and check for any issues.

Do the activity with the guests.
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1.	Engage guests.
If you do not have any guests at your station, invite them
to do an experiment with you. Use “hook” phrases. (We
could use your help determining what’s causing these phenomena inside our chamber.)

2.	Explore the materials.
Briefly examine the chamber. Ask the guests about their
observations. See if they can come up with an idea to explain their observations. Are there visible trails? If so, how
do they vary? What direction are they traveling? Encourage
visitors to take their time with this, as it is a great opportunity to work on observational skills.
3.	Demonstrate the activity.
Show them how the cloud chamber works by pointing out
different components of the enclosed case. Describe that
the charged particles leave behind a vapor trail, similar to
the vapor trails left behind from a jet plane.
4.	Facilitate the activity.
Let guests hold a magnet to the chamber to see how the
particles are affected.
5.	Discuss the results.
Explain that cosmic ray particles are found all around us
but their origins are unknown. Depending on the age of the
visitor, investigate different types of particles from different
radioactive sources.
6.	Conclude the activity.
Thank visitors for helping you detect particles and cosmic
rays, etc.
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FERNBANK’S ANNIVERSARY ECLIPSE
April Whitt
Fernbank Science Center
156 Heaton Park Drive NE
Atlanta, GA 30307
April.whitt@fernbank.edu
Abstract: Before answering machines, cell phones, text messaging, and Apollo astronauts on
the Moon, Fernbank Science Center opened its doors to the students, teachers, and general
public of the DeKalb County School System. August 21, 2017 saw crowds gathered for a
celebratory solar eclipse.
Fifty years ago Montreal hosted Expo ’67, the Apollo 1 astronauts died when fire swept through their training capsule, O. J.
Simpson was a running back for USC, Israel fought and won a SixDay War, the Andy Griffith Show was popular on TV, Cool Hand
Luke played in movie theaters, and gasoline was 33 cents a gallon.
Fernbank Science Center opened on December 3, 1967, with
the first planetarium program—Star of Bethlehem narrated live by
Dr. Julius Staal—on December 8th.
Built with “Sputnik money,” Fernbank Science Center has
been part of the DeKalb County Schools for 50 years. Technology has changed, staff has changed (Forrest Wilson is the only one
left from that first year), the county demographics have changed
(200,000 more people live here now), and FSC changes along with
it all.
The county was mostly agricultural land until the 1960s, when
home air conditioning became available, and the city of Atlanta
sprawled.
The science center has had fewer than a dozen directors in that
time, most of them former teachers in the school system.
Literally millions of visitors have gazed up at the night sky
in the Jim Cherry Memorial Planetarium where the original Zeiss
V projector still enthralls audiences. Millions more have peered
through the telescopes in the Ralph Buice Memorial Observatory.
Clever planning* by the founders set up a solar eclipse during the 50th birthday celebration. Despite Ken Miller’s excellent
workshops, area media were not interested in the event until the
week before.
But for the ten days prior to the eclipse, astronomers were interviewed on the Weather Channel, local television stations, the local NPR station, in the Atlanta Journal Constitution, by telephone,
and in person.
And when the hysteria about eclipse viewers began, we had
plenty to share.

We’d ordered 20,000 from American Paper Optics in October
2016, enough for all the fourth and sixth graders in county schools.
Eclipses are part of the science curriculum in those grade levels
particularly. That number covered all the students and their teachers. (When the school superintendent decided, on August 1, to
order eclipse glasses for all employees and students in the district,
my first thought was, “Good luck.” All students did end up with
eclipse glasses.)
As various opportunities for free eclipses glasses came from
SEPA, or the Museum Alliance, or NASA, I’d said, “Yes, please,”
to each.
Our new librarian edited together a short video of me demonstrating how to properly use the Fernbank Science Center eclipse
viewers, and posted it on the science center web site. The viewers
were the index-card sized ones with a panel of filter in them, easier
for younger students to use, and easier to share.**
You’ve probably seen the solar eclipse stamp issued by the
United States Postal Serivce. The one with the temperature sensitive ink on Fred Espenak’s eclipse images?
The post service contacted us to offer an unveiling ceremony
for the new stamp at FSC. They produced a cancellation mark featuring our 50th anniversary logo, and held a ceremony the Saturday
before the eclipse. The new fulldome projection system was utilized for the ceremony, complete with the stamp and cancellation
appearing overhead to the strains of “Also Sprach Zarathustrah.”
People lined up to purchase stamps and memorabilia, and to
watch the “Eclipse” planetarium program.
From what our director had thought of as a “quiet little event”
(an exact quote, I kid you not) to the entire center staff (and a
half dozen local and school law enforcement officers) pitching in,
eclipse day itself went very well
Another TV interview at 5:30 AM started off the day. Staff
members answered telephones and crewed the Drive-By Viewers
booth, distributing eclipse viewers to people dropping students off
at the elementary school across the street and anyone else who
stuck an arm out a vehicle window.
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The planetarium ran back-to-back showings of Bays Mountain Planetarium’s “Eclipse” full dome program, along with demonstrations of how to properly use eclipse viewers. More viewers
were distributed at the exit doors.
When the lines for the planetarium wrapped the exhibit hall
from entrance to exit, crowds obligingly stepped aside or offered a
place. So many people being pleasant to so many others!
August 21st saw over 3000 visitors on the science center
grounds, despite temperatures above 80 degrees F. It was event
hotter in the observatory (102 F) but the lines formed there, too.
Several telescopes were set up near the back parking lot, for
people who wanted to see the eclipse, but not climb up the stairs to
the observatory. They were crowded all day.
Students at the county schools measured air temperature
change, used Dark Sky Meters from the Dark Sky project to measure changes in light intensity over time and submitted their data,
observed shadow changes as the eclipse progressed, and practiced
safe viewing techniques.

The solar panel at Fernbank Science Center generates electricity that flows into the local grid (http://fsc.fernbank.edu/solar.htm).
The web site allows visitors to track local weather and solar panel
electricity generation, and a graph from August 21 shows a sharp
decrease during greatest eclipse.
Several staff members traveled north to centerline sites, and
brought back images of the diamond ring and stunning corona at
totality.
As a kick-off for the birthday party, the solar eclipse was a
great success. Thank-you notes and e-mail from students, teachers, and the public still trickle in. We are fortunate to have had
good weather for the day, and a staff willing to work together to
serve our visitors.
*or sheer luck
**I’m still getting students asking, “Aren’t you the girl in that
video?” Girl—I haven’t been called that for 30 years. 
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THE BUFFALO ECLIPSE CONSORTIUM: LESSONS LEARNED AND LOOKING AHEAD TO
TOTALITY IN 2024
Kevin K. Williams
Whitworth Ferguson Planetarium
Buffalo State College
Buffalo, New York 14222
Abstract: How a consortium of Buffalo area organizations worked together for the 2017
solar eclipse.
In mid-2016, planning began to organize various organizations with an interest in the 2017 Great American Eclipse. The
purpose of the meeting was to start collaborating on public outreach to educate the public with one message as the eclipse neared.
Consortium membership started with the Williamsville Space Lab
Planetarium, the Whitworth Ferguson Planetarium, the Buffalo
Astronomical Association, the Buffalo Museum of Science, and
the Penn Dixie Fossil Park and Nature Preserve. After several
months, the Buffalo and Erie County Public Library was added as
a member.

The consortium organizations worked with each other and
others to disseminate eclipse information through a web site and
brochure, purchase and distribute over 26,000 free eclipse glasses,
and make ourselves available to the media. Although some of our
members were traveling to totality, the consortium put on four
large events across Buffalo on the day of the eclipse. Even though
we only had 72% coverage here, these four locations hosted approximately 8,000 - 9,000 people. This presentation will describe
the benefits and challenges of the consortium and lessons learned
as we prepare to host Totality in 2024.
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EVALUATING THE IMPACT OF LIVE PRESENTATION
Ryan Wyatt
Akemi Mease
California Academy of Sciences
55 Music Concourse Drive
San Francisco, California 94118
rwyatt@calacademy.org
amease@calacademy.org
Abstract: The California Academy of Sciences incorporates live presentation into all
Morrison Planetarium programming, including otherwise pre-recorded shows produced by the Academy‘s Visualization Studio. In spring 2017, we worked with an outside contractor to evaluate the efficacy of live segments from our 2015 show Habitat
Earth. The live content incorporated specific messages about sustainability including
a call to action for audiences, but our learnings have broad application to a variety of
planetarium programs. This poster will review the evaluation’s methods and instruments as well as its results.
The California Academy of Sciences premiered Habitat Earth
in January 2015. The show focuses on ecosystems, with photorealistic depictions of numerous locations and data visualizations
that illustrate the connectedness of life on Earth. Like all shows
presented at the Academy, Habitat Earth incorporates live presentation, which occurs about two-thirds of the way through the prerecorded portion of the show. In the case of this evaluation, the
live section included messages about the impact of people’s food
choices on the environment.

The punchline? The pre-recorded show and live presentation
work in synergy to create an engaging, seamless storyline that audiences found satisfying and compelling. Together, they achieve
an outcome that could not be accomplished by just the pre-recorded show or live presenter alone. Two takeaways for all planetarians delivering live content: greeting audiences as they enter the
theater provides important grounding for them to appreciate the
entire experience, and personalized humor can make difficult messages more palatable.

We were interested in assessing the cognitive, affective, and
behavioral impacts of the show on audience members—and in particular, the efficacy of the live section in supporting the overall experience. From a cognitive (messaging) standpoint, we wanted to
understand how well audience members understood the show’s intended main messages and what role each part of the show played
in communicating those messages. From an affective (emotional)
perspective, we wanted to understand the audience’s emotional
reactions to the show and the impact of the live segment. And
from a behavioral point of view, we wanted to understand how
and to what extent audiences expect they will follow through with
conservation-related actions and how the live segment impacts this
decision. Ultimately, we wanted to explore the roles and relative
strengths of the live and pre-recorded segments of the program
in manifesting those impacts—and how these compare with and
complement each other.

Research Design
We adopted a three-pronged, sequential research design.
Findings from each study informed development of the subsequent
one. We worked with Wendy Meluch at VisitorsStudies.com to
conduct the evaluation, and all work was conducted on weekdays
(Tuesday to Thursday) in spring 2017. We began with in-depth interviews in early March, followed by structured interviews in midto late March and a questionnaire in early April (Table 1). During
all the interview dates and most of the questionnaire performances,
the same presenter delivered the live segment, in order to control
for variation in presenter style and performance. All respondents
were offered a choice of thank-you gifts after completing the interview or questionnaire.
Interviews allowed in-depth feedback about the live segments
and how they enhance or distract. Open-ended data were analyzed
and scored to reflect how strongly or accurately intended messages
were perceived.
Surveys allowed for a sufficiently large sample to reliably
identify trends in qualitative data. Numeric data from fixed-response questions was compared to findings from qualitative interviews.

365

Table 1
Study 1: In-depth Interview
Random Sample (n=15)

Study 2: Structured Interview
Random Sample (n=28)

•

•

•
•
•
•

Semi-structured, conversational
style interview to follow the
interest of the respondent, while
guiding them to all areas of
inquiry.
Participants
seated
with
interviewers in a teaching lab
adjacent to the planetarium.
Most interviews were about 1215 minutes long.
All were audio recorded and
transcribed.
Participants completed a paper
demographic survey form.

•
•
•

Study 3: Questionnaire
Random Sample (n=104)

Structured interviews conducted •
with respondents as they stood
in the walkway out of the way of
the foot traffic.
•
Most interviews were about 4-6
minutes long.
Participants completed a paper •
demographics survey form.
Interviewers took hand-written
notes and immediately into the
database.

Overall Findings
As stated above, the pre-recorded show and live presentation
were perceived to work in synergy. Furthermore, we found that
the pre-recorded narration and live presenter communicate in different ways and have different types of impact. The pre-recorded
show allowed audiences to discover new information and develop
an increased awareness of the connection between living things, to
be moved by the beauty of the natural world, and the feel physically engaged in diving, flying, and soaring through the virtual environments, as seen in Figure 1. The live section enabled audiences
to become more aware of the impact of their personal choices and
to reflect on their own behaviors. Each communication vehicle is
distinct and well suited for the specific outcome, and the impact
would have been less powerful if we tried to fit the message into
the other communication vehicle.

Self administered one-page,
double-sided
self-completed
questionnaire form.
Used open-ended questions,
ratings and Likert scale-type
items.
Reduced
demographics
compared to interviews.

Specific audience responses to the pre-recorded show included positive reactions to the immersive visuals, which establish aesthetic connections to the natural world and affinity for charismatic
animals and which enable storytelling that offers visual explanations of complex content.
Specific audience responses to the live presentation included feeling a personal connection that was neither judgmental nor
“bossy,” which localized the message of the pre-recorded show
and allowed people to focus their attention on impactful, memorable facts.
Indeed, when experienced together, the show and live section achieve a challenging outcome. The majority of participants
expressed new awareness or better appreciation of the ability of
individual actions to impact life globally, and the majority also
critically considered their own behaviors as part of this impact.
Cognitive Expectations & Impacts
Audiences come to the program with expectations for an educational experience—one of the reasons they came to a science
museum—so they are receptive to the content and ready to listen
for key concepts. They easily recall lessons from the three vignettes that open the show (the bay ecosystem, kelp forest, and
terrestrial forest), they recognize that human activities (land use,
invasive species) impact life on a global scale and that individual
behaviors can have a meaningful benefit to life on Earth.

Figure 1. Flying with pelicans over San Francisco Bay, in the shot
that opens Habitat Earth.

Unlike many museum experiences, the planetarium show is
able to present an unfolding story to a captive audience so that
information presented in later chapters has greater context. Thus,
the factual information presented in the early parts of Habitat Earth
lays the foundation for understanding the implications and being
more receptive to messages in later chapters. The static images
shown during the live section contrast with the elegant flow of the
pre-recorded section, which increases the emphasis on that content.
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Affective Responses

Contemplating Behaviors

Audiences feel delight, surprise, and shock during the program—but unlike cognitive impacts, affective responses are unexpected. Audiences reported that the immersive visuals elicited
visceral responses such as feelings of being in a tunnel and flight
(as well as a little nausea). They noted that the visuals created
an affinity for charismatic animals (Figure 2), and they reported
feeling elation and connection as their field of view is filled with
imagery, which creates a visual connection to the natural world in
a way that makes it clear that audiences are a part of it.

Ultimately, the combined program of pre-recorded content
and live presenter appeared effective in moving audience towards
contemplating their behaviors. The majority of audience came to
an understanding that individual actions in general can have an impact. About two thirds or more considered personal actions, without expressing an intent to change, while half of the interviewees
expressed intent to take action. A third of interviewees expressed
need to share info with others.

Figure 2. The highly charismatic otters that form the centerpiece
of Habitat Earth, allowing audiences to connect with a friendlyfaced mammal in the kelp forest ecosystem.

In the specific example of food choice, the key appeared to lie
in communicating the way in which an individual can have a real
impact. Identifying actions which have the most potential impact
allowed individuals to direct (or redirect) their intention and energies with conviction. In turn, broad buckets of suggestions trigger
specific ideas for personal actions; food is a very personal area and
people arrive at solutions that fit into their lifestyle.

Thus, the program reaches audiences at a personal level, eliciting a variety of emotional responses: fun, excitement, and satisfaction at learning, but also surprise and disgust at human impacts
and a sense of responsibility for their own actions.

The critical elements in provoking reflection on personal behavior were both presenting the problem and gently suggesting the
solution. The presenter brought this message to a personal level,
rather than giving a lecture; pre-recorded narration would not have
been as effective. The presenter made audiences feel that “we are
in this together.” Confessions and humor (e.g., in looking at an
image of a compost pile, the presenter quipped that, “I think that’s
my squishy green pepper next to your banana peel”) made the audience less defensive and more open to suggestion. Furthermore,
the recommendations in the live section make sense because the
audience has already learned what contributes to the problem—
and they are affectively primed by the pre-recorded content.

In the words of one interviewee: “You can help by eating less
beef and dairy. You might start by introducing meat-free days into
your week, or … eat closer to the Sun. You might also make a
promise to yourself to eat what you buy and remind friends and
family to do the same.”

Framework for Understanding These Findings

Figure 3. Maslow’s Hierarchy of Needs, a theory in psychology proposed by Abraham Maslow in 1943, depicted as a pyramid with the
more basic needs near the base. (Image courtesy Factoryjoe on Wikipedia.)
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Habitat Earth guides audiences down a path of engagement,
understanding, self reflection, and motivation. Though not exact,
the experience evokes Maslow’s Hierarchy of Needs, as shown in
Figure 3. Being greeted and personally welcomed by a friendly
person puts people at ease and gives them an idea of what to expect—it satisfies their need for physical comfort and safety (which
lies at the base of Maslow’s pyramid). The immersive visuals create a feeling of connectedness as audience feels a part of what
they are watching, physically a part of this world, impressing them
emotionally. The direct messaging in the live section highlights
humans’ role in the network of life, so that knowledge and belonging intertwine. Food is easy to relate to at a personal level, and the
presenter’s comments and demeanor bring it to a personal, nonthreatening manner.
Conclusion
The combination of a pre-recorded show and live presenter
work synergistically to deliver cognitive and affective impacts
that, when layered together, lead the audience along a path to consider their own behaviors.
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MINI LIPS
Karrie Berglund
Digitalis Education Solutions, Inc.
817 Pacific Avenue
Bremerton, Washington 98337
karrie@DigitalisEducation.com
Abstract: This one-day LIPS (Live Interactive Planetarium Symposium)-style workshop will
provide a glimpse of what the full LIPS covers. LIPS specifically focuses on live, interactive
planetarium lessons: connecting with your audience, enhancing performance skills, classroom
management techniques, sample activities; etc. It is applicable to planetarians using digital
systems or starballs, in portable or fixed domes.
2017 Mini LIPS sessions will be:

“Kinesthetic Astronomy: The Earth, Moon and Mars Dance”:
Led by Jon Elvert, this session will introduce three interactive
activities that model motions of the earth, moon, and Mars. The
Moon Dance relates phases of the moon to the time of day. In
the Earth Dance, participants whirl about mimicking orbital
motions. The Mars Opposition Dance models the planet’s retrograde movement and planetary opposition in a line-dancing
rhythm.

“Storying the Cosmos” workshop:
Jean Creighton and Robin Mello will get participants exploring,
improvising, and storytelling. Participants will explore how to
apply dramatic frameworks and techniques to communicate science in their own community. Along with the fun, we will also
explore the ethics and challenges of performing myths and legends from world cultures.

“Interactivity in the Dome”:
As part of doctoral thesis research, several planetarians are gathering data in order to understand the nature and kinds of interactive presentations in a planetarium setting. Sara Schultz will
describe what this group is planning to do, and will request input
from the LIPS community to understand and gather data about
interactivity in the planetarium.

“Dome Designers: Live/Interactive Tech and Art in the Dome”:
Derek Demeter will discuss several projects Emil Buehler Planetarium staff have done with local technology entrepreneurs and
artists in the planetarium dome. All guest presenters must show
their work in a live/interactive manner to the audience that attends their showcase. Projects include projecting visible sound,
brainwaves, and performing an interactive play in the planetarium.

“Paper Stars”:

“Data to Dome and Storytelling”:
Karrie Berglund and others who were at LIPS 2017 will discuss
the first ever Data to Dome workshop held at a LIPS. After the
summary, we will work in small groups to apply ideas and techniques from the storytelling workshop to enhance presentations
using current science data.
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Are you looking for a high interest, low tech activity for your
dome? Using paper and pencil, April Whitt will introduce several simple activities you can use to engage or assess student
learning. In “Your Personal Constellation,” each student’s name
becomes the base for a star pattern. The “Origami Star Catcher”
provides a way to measure student knowledge or evaluation a
lesson.

COMMUNICATING CONTROVERSY IN THE DOME
Carolyn Collins Petersen, co-moderator
Loch Ness Productions
P.O. Box 924
Nederland, Colorado 80466
carolyn@lochnessproductions.com
Dan Tell, co-moderator and panelist
Morrison Planetarium
California Academy of Sciences
55 Music Concourse Drive
San Francisco, California 94118
Julieta Cristina Aguilera-Rodriguez, panelist
University of Plymouth, UK
Michael McConville, panelist
Emil Buehler Perpetual Trust Planetarium
Seminole State College
100 Weldon Boulevard
Sanford, Florida 32773
Joyce Towne, panelist
Spitz, Inc.
700 Brandwine Dr.
Chadds Ford, Pennsylvania 19317
Abstract: This panel discussion focused on the dome community’s responsibilities when it
comes to teaching (and/or debunking) such legitimate science topics as climate change as
well as being confronted with such unscientific ones as flat earth theories and creationism.
Panelists presented a spectrum of views on how we can deal with these topics in our domes,
presentations, and videos.
This panel began with the following questions, posted for discussion. Panelists and attendees were able to use these as a focus
of discussion:

The Communicating Controversy in the Dome Panel at Pleiades
National Conference. (left to right) Carolyn Collins Petersen
(standing), Michael McConville, Joyce Towne, Julieta-Cristina
Aguilera-Rodriguez, Dan Tell. Image courtesy Pleiades National
Conference.
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•

What controversial topics have you encountered under
your dome from visitors?

•

How did you handle it? Does your institution have
guidelines for handling such topics?

•

What specifically is the role of the non-researcher science
educator in broaching these topics?

•

What more can we all do to improve science education on
these topics and not (as flat earth popularity shows) let it

continue to backslide?
•

What is our role as science educators in influencing the
curricula of schools and attempting to influence science
education and understanding as a democratic value?

•

How can we report scientific consensus without it being
dismissed as appeal-to-authority or blind faith?

•

How can we convince the public we understand the
experiments and data collected—and can they understand
too?

•

How do we confront science educators who wilfully
dismiss research and consensus in favor of fringe
theories?

•

What is science?

Discussion
The discussion opened with each panelist presenting a short
summary of their views. Julieta began by detailing her work at the
Adler Planetarium, where she was engaged in explaining scientific
visualization along Chicago astrophysicists who would talk to the
public on a daily basis. She pointed out that controversial topics
such as the Mayan calendar and the world ending in 2012 would
come up; they would also confront the idea of “belief vs. knowing”, and whether data and scientific visualizations were “real”.
She showed an image of the Pinwheel Galaxy as an example. People would ask “So where are we?” thinking it was a Milky Way
selfie. That experience led her to think about misunderstandings
that people have about “me vs. others”, as a confusion of point of
view, and how we as educators and planetarians can figure out how
to approach teaching controversies or explain misconceptions.
Her solution was to “walk in someone else’s shoes” to imagine
how a person could hold a misconception or a misunderstanding,
and asked “why are we trying to put our shoes on other people?”
She explained how she tries to reframe the controversy to understand where it arises in the questioner’s mind, and it’s up to us to
understand a person’s perception in order to answer their questions
on controversial topics.
Historian Michael McConville addressed the role that nonresearcher science educator takes in handling difficult topics and
cast it in terms of how educators are telling a story, using narrative
to teach science and the scientific method. He pointed out that the
controversies that arise (such as climate change, flat Earth, etc.)
do not exist in a vacuum. If a person believes one thing that’s
controversial, then it’s likely they will believe in a series of other
things/controversies. Planetarium educators’ responses to those
controversies posted by people are in a larger context well beyond
the science data that are taught in the classroom or the dome. He
suggested that making the scientific explanation into a larger narrative may well help combat controversy or at least help explain

it. Simply telling a questioner that their belief or idea is wrong, or
that the shows we produce and/or present based on data are telling them that they’re wrong, is not the best approach. The stories
we tell need to remove the “blame” from the questioner and place
them in a larger context where the data make sense.
Joyce Towne began by stating what science is, as an ongoing effort to understand our surroundings and the universe, and
that brings into question why there is controversy about that effort.
She brought up the annual practice of doing an annual winter holiday planetarium show, and how in the 1990s, her museum leaders
were concerned about running such a show because it was inappropriate. She was able to let the show go, but it took some serious
thought to do so. She segued into the use of software in fulldome
systems for teaching Earth science, in particular data sets that
allow planetarium educators to visualize climate change topics:
ocean temperatures, etc. (These data sets are a staple of various
systems available today.) She also pointed out the accessibility of
the NOAA Science on a Sphere product that allows planetarians to
use actual data to illustrate climate change. (Towne and Petersen
both attended Climate Reality Project Leadership Training in Denver, Colorado in March 2017 as part of their interest in presenting
climate change to the public.) Towne pointed out that in her work
with educators, she finds herself tip-toeing around the topic of that
software until she has determined what their attitudes are toward
the subject. She reported a certain wariness about bringing up
certain topics or show trailers, depending on what region she is
visiting—as an example of just how controversial topics can affect
natural conversations even during teacher training.
Dan Tell described growing up with what he termed “very bad
science education” (Grand Rapids, Michigan, even as he worked
at a science museum there. He lived under Betsy DeVos trying to
dismantle public education, and that informed his concerns about
the value of science education for the future of students and the
country. Half of his science teachers were open creationists who
would teach evolution for the test but stated they didn’t believe
in it. He pointed out that it’s impossible not to be influenced by
someone who was teaching something they didn’t really want to
be teaching. At the Grand Rapids Public Museum, he pointed out
that the museum leadership was very nervous about broaching topics such as evolution and climate change. He pointed out that his
interest in doing this panel and exploring the topic at hand was that
most in the planetarium/fulldome field are NOT working scientists, but are science educators. Anti-science attitudes across the
political spectrum in the U.S. are concerning, along with science
mistrust and bad science; these are a backdrop against which we in
the dome field are working. Tell participated in March for Science
in spring 2017 in order to publicize our need for better science education and an improved view of science. He feels that the division
between science and politics is a terrible thing. Politics is supposed to be about creating the best society possible, and it needs
all the input it can get from all facets of society, including science.
Evidence-based processes in informing the body politic directly
connects science and society. Science is how we collect evidence
and understanding, and divorcing it from politics and society is a
fatal flaw. We see some in our own community who do not “believe” in global warming, for example, and so our own dome community faces some of the same challenges. How do we face that?

371

Petersen began teaching in the dome at elementary and then
college level. There was no question in her domes that science
was controversial or that anything but straight science would be
taught. She related that people would come in and demand that
the lecturers not use the “evolution word” while talking about
stars. This would come from very evangelistic schools. Instead of
confronting those teachers head-on in front of their students, she
would talk to them ahead of time to explain how the dome presentation would be using the language that astronomers use. She used
a one-on-one conversation to introduce the teachers to the ideas
that would be taught. Such an approach might not be as useful in a
museum setting, but may well work in the school or college facilities. Petersen then went on to relate how we as educators (both
formal and informal) may well be able to approach controversial
topics by making it a personal conversation with the audiences, as
a way to bring the science “home” to people. “When it becomes
personal, then suddenly there’s an opportunity for education.”

Broader Discussion with the Attendees
Domes are still places where people do come to learn science.
That is a major advantage we in the community have—that we are
still considered an important source of knowledge. Dome educators can and should leverage that interest as a way to communicate
science, even the controversial science, and explain it. The bigger
problem is the population who never come through our doors, the
ones that can’t be reached for whatever reason.
The Age of Reason, “facts-only” approach may well be part
of the perceived problem of science, that it isn’t “human” enough,
that we are ignoring the emotional impact of events in our lives.
Hence, a need to “feel” that something is or isn’t true that is at the
heart of some controversy is difficult to approach with a “just the
facts” style scientific reasoning. Tell suggested that perhaps we
need more appeal to emotion in our teaching approaches. Some
fulldome productions do this, just as good teachers do, but perhaps
there needs to be more emphasis on that. Emotion is a powerful motivator, as we see in political advertising and entertainment.
Much research points to the fact that emotion is a prerequisite for
memory (this research is done in both education and media studies). Personalizing science sometimes is something as everyday
as living in a state where hurricanes regularly hit, as McConville
points out. If it affects people personally, it’s likely to stimulate
the emotions and create long-term memory.
The discussion eventually settled on two controversial topics: evolution and climate change. The first topic can be very tied
up in terms of personal belief systems and perceived threats to a
“believer’s” identity. Handling that in the dome (or anywhere)
calls for a reframing of the issue to help both sides understand the
substance of the threat.
For the second topic, there are shows and presentations that
have been done using visualizations based on data sets that help
get across the ideas very well. Aguilera pointed out that understanding data also help us understand the implications of individual actions that may seem insignificant when directly experienced, but cause a big effect when many people act that way at

the same time. As an ongoing discussion topic, there may need to
be more such presentations and shows to continue the conversation as the science continues to develop and the effects of climate
change continue to make themselves felt. Alan Gould and others
suggested that in educating the public about climate change in our
dome, people focus on positive aspects of personal action, rather
than scare people with data and consequences.
The question arose about communicating controversial topics when dealing with children, without scaring them. A straight
educational approach may work better with children than it does
with adults. Children have not yet formed political opinions, and
as several people pointed out, they’re natural born scientists and
experimentalists.
The general consensus among the audience and panelists is
that telling a direct story and helping people link themselves to
the climate, light pollution, extinctions, etc. is better than simply
overwhelming them with data. Thus, the power of personal narrative and connection to personal experience may provide pathways
for domers to teach controversial topics under the dome most effectively.

Panelist Bios
Carolyn Collins Petersen is CEO of Loch Ness Productions. She
has produced and participated in the production of planetarium and
fulldome shows since 1981. Her degrees are in education and science journalism (University of Colorado), with extensive academic background in astronomy and telecommunications engineering.
Petersen has written books on astronomy and space exploration,
plus extensive exhibits for the Griffith Observatory (astronomy),
the California Academy of Sciences (climate change), and NASA/
JPL (history of space exploration). She also writes about astronomy, space exploration, and physics for ThoughtCo.com, and is a
Climate Reality Leader.
Dan Tell is senior planetarium systems support engineer for Morrison Planetarium and the California Academy of Sciences in San
Francisco, CA. Prior to joining the Academy in 2012, he was
the planetarium technician and a frequent show presenter at the
Chaffee Planetarium at the Grand Rapids Public Museum (MI).
Dan uses the dome to explore a lifelong fascination with creating
immersive experiences by visualizing real scientific data. Dan attended Grand Valley State University, studying English Language
and Literature, and currently serves as Secretary for GLPA, is a
member of the IPS Vision2020 Team, and Lead Organizer for
March for Science—San Francisco.
Julieta Aguilera-Rodriquez is currently a PhD. candidate at University of Plymouth, UK. After completing her masters in Electronic Visualization at the University of Illinois at Chicago, Julieta joined the Space Visualization Laboratory (SVL) at the Adler
Planetarium in Chicago. She became the associate director of
SVL, and worked with scientists who interacted with the public
as well as with educators who worked on exhibit and activity materials for the museum. Some of the recurring questions from the
public to the scientists motivated the creation of new visualizations and dome shows. Julieta presented weekly talks in SVL to
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the public on scientific visualization. She has since worked at the
‘Imiloa Planetarium on the Big Island of Hawai’i and is currently
completing her Ph.D. in Interactive Arts.
Michael McConville is coordinator of the Buehler Planetarium at
Seminole State College in Florida and has presented thousands of
planetarium shows to school and public audiences since 2004. He
is a tireless advocate for science education and is an active public
speaker throughout Florida, where his skills as a researcher and a
storyteller help to serve a wide variety of audiences. Michael is
also the founder of “Dome Dialogues,” one of the largest online
planetarium groups in the world and a venue for open discussion
and collaboration in the planetarium field.
Michael is an alumnus of the University of Central Florida in
Orlando, Fla., where he earned both his bachelor’s and master’s
degrees in History. A skilled researcher and expert storyteller, Michael has also served as a professor of history at both Seminole
State College and the University of Central Florida.
Joyce Towne is customer accounts director at Spitz, Inc. and has
been instrumental in helping develop educational materials for
planetarium facilities. She began her career at the Charles Hayden
Planetarium in Boston, where she was an educator and producer.
She then moved on to Fels Planetarium, where she worked as a
children’s show developer before moving on become program
developer. She has worked in outreach, teacher training, formal
and informal education, plus exhibit design and hands-on teaching skills. Joyce has a BA in education from Saint Joseph’s University, and recently took Climate Reality Leadership training in
Denver, Colorado.
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LET’S PLAY: INTERACTIVE GAMING IN THE PLANETARIUM
Talia Sepersky
Heather Fairweather
Charles Hayden Planetarium
Museum of Science
1 Science Park
Boston, Massachusetts 02114-1099
tsepersky@mos.org
hfairweather@mos.org

Abstract: In April 2016 the staff of the Charles Hayden Planetarium at the Museum of Science,
Boston, attempted a new form of public event based around text-based adventure games.
Using the game “Space Station” as our source material, we turned what is traditionally an
entirely non-visual game into a unique immersive experience by creating fulldome visuals
to match the game settings. This paper will describe what we did to create the visuals and
how we used them on the dome. It will also describe the actual event in which we ran the
game with the participation of a full planetarium audience and what we learned from this
innovative evening in our dome.
Introduction
On April 21, 2016 the staff of the Charles Hayden Planetarium,
at the Museum of Science, Boston brought the world of text-based
adventure games to the planetarium setting for, as far as we are
aware, the first time.
Text-based adventure games, sometimes referred to as
“interactive fiction” originated in the 1970s with the earliest
personal computers. They were electronic games with a simple
text-only interface that would describe the player’s surroundings,
and which used typed verbal commands from the player to control
movement and actions within the game. Early examples included
games like “Colossal Cave Adventure” and “Zork”.
As computing power and graphics improved, these games
declined in popularity, but have recently experienced a sort of
resurgence. To capitalize on this renewed interest, the CHP
staff (largely headed by one of our primary presenters, Amanda
Thompson) decided to run one of these games in our planetarium
during PAX East, a major gaming convention held once a year in
Boston.

To keep the theme appropriate for a planetarium setting, we
chose to use the game “Space Station” (© 2010 Jared A. Sorensen/
Memento Mori Theatricks). In this game, the player (players, in
this case—this particular game is designed to be played with a
crowd) wake up in a deserted, malfunctioning space station under
attack by a mysterious ship. They must explore the station and
gather the tools and knowledge necessary to repair the broken
systems and carry out the game’s ultimate (initially unknown) task
to survive. If the players do not carry out these tasks correctly, or
take too long to do so, their game character will not survive.
The game’s creator, Jared Sorensen, agreed to attend and
be our “Game Master” (i.e., to facilitate the game play). He had
experience running the game at large conventions with no visual
support, but this was the first time he would do it in a dark space
with the optical abilities of the planetarium dome behind him.

Creating the Space Station
To create the feeling that the players were in the space station
rooms they were exploring in the game, the four members of the
CHP animation team used the very brief description of the rooms
found in the game itself, and let their imaginations go. Using the
software Maya, they each created several of the space station rooms
to display in the 360-degree environment of the planetarium.
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Figure 1: Space station sensor array

Many rooms contained items (i.e. a tool kit, a code book, a
robot) that can be picked up by the players and carried with them.
This required creating multiple versions of these rooms: a version
with the items visible, and a version with the items missing after
the players have picked them up. Similarly, the players’ actions
can cause some of the rooms themselves to change, i.e. by opening
or closing doors or turning on computers. This also required
multiple versions of the rooms in question to be created.

Figure 3: The same room with neither robot nor toolkit,
after the players have picked these items up. Note that the
differences are much easier to see when these images are
on an 18-meter dome.

To help keep the players oriented, our animators outlined
the available entrances and exits to each room in blue light. To
demarcate the transport tube the players can use to move up and
down the different station levels, our animators outlined the lift
doors with a red light.
Each of these room designs went through several iterations
and test runs on the dome to account for such things as light level
and visible amount of detail.
Although the Charles Hayden Planetarium runs on Sky-Skan
DigitalSky 2 software, the station rooms are still images, which
would allow them to be displayed in any planetarium with a digital
projection system.
As a final enhancing touch, we also added an appropriate
palette of sound effects to our Jukebox Player to be used as needed.

Running the Event
To ensure the largest possible interested audience, we
scheduled our “Space Station” night to coincide with the beginning
of PAX East. PAX is a series of major gaming conventions held
around the country, with Boston traditionally the host of PAX East.
In 2016 the convention ran from April 22-24, so we chose the night
of Thursday, April 21 as our game night.
Figure 2: The space station cybernetics lab with a small
robot and a toolkit on the table.

Our 209-seat planetarium was sold out for the event, which
attracted a wider range of attendees than we imagined, from
guests who might have played the original “Zork” as kids to small
children (who seemed unlikely to have ever heard of “Zork”).
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When running a game with a crowd such as our planetarium

audience, the procedure is to pass a microphone around the room,
with each successive person being able to give a command to the
Game Master (i.e. “go up a level” or “inspect the display screen”).
A staff member followed the microphone to make sure it moved
around correctly and everyone got their turn.

We also found that, although “Space Station” is thematically
appropriate, it is a very difficult, very complex game. The list of
actions that must be carried out in order to win is long and some
of them must be carried out in a specific order to work. It is also,
though space-related, not based in any sort of science.

Early in the game, the audience mostly kept quiet and allowed
whoever had the microphone to issue commands without comment.
Later in the game, as the focus became less on general exploring
and the tasks to be performed became clearer, there would often
be several audience members calling out suggestions to the person
with the microphone, to help avoid mistakes.

We have considered, for possible future events, creating a
game of our own. This would allow us to control the complexity
of game play and create a game that might be easier for younger
audiences to understand.

In the end, it took about an hour for the microphone to travel
all the way around the planetarium once. Over two and a half
hours of game play, this allowed each person to give at least two
commands. The original time allotted was two hours, but an extra
half hour was tacked on to allow the audience to finish their last
round of play.
Over the course of game play, the audience had several
unsuccessful runs that resulted in gruesome death. On the final
run (with some help and coaching from our Game Master, Jared),
they were able to accomplish all tasks and win the game.

It would also allow us a lot more leeway in what visuals
we use, as we could design a game that makes extensive use of
existing planetarium capabilities, such as flying around the Solar
System. This would also give the game itself a more dynamic feel
than moving from room to room in the space station. To this end,
we may want to experiment with ways to encourage and facilitate
more mass audience participation (as our “Space Station” audience
took upon themselves to do towards the end of the game by calling
out command suggestions).
Finally, creating our own game would allow us to incorporate
some hard science into the story, bringing the topics more in line
with the mission of a science education institution, and perhaps
allowing us to sneak a bit of learning in with the game play.
Conclusion

Moving Forward
We found the experience of creating and running the “Space
Station” gaming event a positive one, and our audience seemed to
feel the same. Jared, the game designer and Game Master, also
enjoyed the experience enough to consider repeating it, either with
us or elsewhere. We have a contract with him that will allow him
to use our Space Station imagery in other settings in the future. In
light of this success, it is an event we are thinking of replicating in
the future, taking into account a few things we learned along the
way.
Although we certainly got several people who attended
because we held the event in conjunction with PAX East, holding
the event before the convention officially began meant that we also
had a lot of locals as well. This suggests it would not necessarily
take the presence of a large gaming convention to ensure a
successful event.
That being said, in the future we might consider posing an
age limit for events like these, perhaps middle school-aged and
up. Although many parents brought their children, several of the
children seemed to be too young to understand the process. When
they were given the microphone, even with their parents coaching
them, they would often give commands that didn’t make sense,
and their turns would not always count in the game play. The pace
of play is also quite slow, and for some of the kids it was hard for
them to sit through.

Given the crowd we attracted to our “Space Station” night and
the overall audience satisfaction with it (not to mention the game
creator’s approval), it seems there is untapped potential in large
gaming events that can be met in a fulldome setting. Although
our event involved a fairly large crowd, this is an activity that can
easily be scaled up or down to fit different dome sizes.
The visuals are now at Jared’s disposal for use in future
planetarium gaming events (see http://www.memento-mori.com/
planetarium for more details).
However, the future of planetarium gaming may better lie
in games specifically designed to take advantage of all of the
things a digital planetarium can do. This could allow different
planetariums to adapt a game to their own systems, and flying
through space to multiple locations could make the game fasterpaced and interesting to a wider audience range. And if a little
science education should happen to slip in when no one’s looking,
it’s doubtful any planetarium educator would mind.
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