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RANDOM SAMPLING
How do you count the number of stars in the sky?
Hubert Harber's ingenious area-limiting device is a
cardboard tube held to the student's eye. Planetarium
Director's Handbook, Vol. I, No. 7 - Spitz Space Systems, Inc.
In that marvelous compendium Under Roof, Dome,
Sky - MAPS 1973, pp. 243-250, students hold cardboard windows at arm's length.

In a planetari um on Long Island, several inexpensive
WALKER PROJECTORS are used to outline equal areas
of the planetarium star field. Areas viewed in this way are
independent of student placement, arm length, or any
parallactic aberrations.
Our projectors are used in lots of different ways.

WALKER PROJECTRONICS, Div. of
THE GENERAL METRICS COMPANY
33 BEATRICE AVENUE
BLOOMFIELD, CONN. 06002
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In his many years of editorial activity for GLPA and
then ISPE, John Christian has well-earned the respect of his
compatriots. This issue marks the last that his name will be
on the masthead as Editor of THE PLANETARIAN. We
have finally shown John mercy to go on to other things.
More specifically, he is returning to doctoral study which in
addition to his continued teaching duties in Flint will more
than keep him occupied. For the record John, you have our
fondest personal feelings of gratitude and best wishes for
success in this new endeavor.
New Editor as of the next issue is Mr. George Lovi of the
Vanderbilt Planetarium. We are most fortunate to gain his
expertise, renowned for his writing for SKY AND TELESCOPE and an astounding knowledge of the heavens.
George will be responsible for receiving and editing contributed articles, making requests for rewrites, specifying
rejections when necessary, and making initial decisions on
wh ich articles will appear in each issue. Potential contributors should continue to communicate with their Regional
Contributing Editor (please see NEWSBEAT) or they may
write directly to:
Mr. George lovi
Vanderbilt Planetarium
180 Little Neck Road
Centerport, l.L, New York 11721

now working on a new system of corporate
for our institutional and commercial friends as well.
would like to work on the ISPE
would just like a supply of application forms and
to informally help out, please write
to:
Mr. Sigfried Wieser, President
International
of Planetarium L.UU'I,,(OU.vu
c/o Calgary Centennial Planetarium
P.O. Box 2100
Calgary,
Canada

**********
We were considerably heartened by an enthusiastic
response to the survey of North American
cently made for our traveling exhibit project for the
can Astronomical Society.
Many returned questionnaires have been
and very helpful. It remains to be seen how the
products will turn out, but those readers who can make
to the gala 75th anniversary meeting of the
Rochester, New York in last August will see the
our prototype. Probable topic will be Cosmogony.
As promised in the survey letter, thoughts from
the June issue will be devoted to a detailed '>"-""'"0<
planetarium survey on traveling exhibits.

**********

**********

The biggest happening right now in ISPE is the decision
by President Sig to appoint a new Membership Committee
and start a major membership campaign. He has invited
some of our most active people to participate, to get ISPE
moving again. Hopefully we will have a most important
story to report soon.
Needless to say, we have been discouraged by the general
attitude indicated by an actual decline in ISPE membership
during 1973. The increase in subscriptions has served to
compensate but keeping our circulation at essentially zero
growth. This result has really clobbered our financial
progress.
Sig's intent is to form a large committee, each member
of which is willing to personally contact his neighbors and
tell them of the potential work and significance of our
Society. As delineated in its Bylaws there are several types
of membership possible, including reduced rates for Junior
members. There's plenty of room for all, and Council is

As a final note we can't resist com
devil's advocate can draw some peculiar fire. It was
still is) our contention that our regional ",""'",,,,,1".,,.,
tions should not become involved with the
trade unionism. What we thought might be a
turned out to be a dud! There seems to be
ment with the contention. Our mail instead was
concerned with the persons presumed by our correspondents to be involved in the cited incident! (No names
purposely used in the editorial.) One person
chewed
us out in a few well-chosen words because we had
some really excellent museum professional he had in mind.
Our apologies sir, whoever you are. Another took us to
for paying disrespect to his particular regional association.
Others simply were curious to know who was involved.
Somehow our "burning" issue got lost. Oh well. ..
Frank C.
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the beginning is a philosophy of planetarium utilization in
our district, and at the end a source list of available
materials to supplement program outlines and post-visit
activities.
The district has printed a limited number of extra
of the "Planetarium Handbook" should any other school
district planetarium wish to utilize it in any way to plan a
philosophy of programming or alter a present one. Is there
any way this information could be disseminated among our
organization? The administration has informed me that due
to the paper shortage and binding cost, etc. approximately
a $3.0Q charge would have to be made to defray these costs
per copy. "Planetarium Handbook" has been authored by
myself and there is no copyright.
G. Henry Sultner
Dallastown Area Middle School
R.D. 1, Dallastown, Pennsylvania 17313

LETTERS
From the Mouths of Babes...
In early Jan\.lary, Judy Hall and three-year-old daughter,
Elizabeth, were driving to get husband/father, Don who is
Director of Rochester's Strasenburgh Planetarium. After
about 10 minutes of driving marked only by an unusual
silence from Elizabeth, Judy looked in the rear-view mirror
to see what was going on in the back seat. She saw
Elizabeth gazing out the window toward where the sun had
just set.
Judy: "Elizabeth, what are you doing?"
Elizabeth: "I'm looking for something."
Judy: "What are you looking for?"
Elizabeth: "That damn comet."

In my opinion the biggest problem facing I.S.P .E. is
really a tossup between lack of money and poor distribution of "The Planetarian." It seems you can't have one
without the other. I personally cannot even guess how one
would tackle the problem of a professional "esprit de
corps" in the planetarium field. I still think the distribution
problem could be handled first.
I think Ron Hartman hit the nail on the head with his
letter. The greatest difficulty in distribution (I would guess
85%) seems to originate from the regional organizations. If
the regional groups could only get organized, I'm sure the
distribution and bookkeeping for I.S.P.E. would be smooth
as silk. But how can I.S.P.E. dictate to some regional groups
that already feel that I.S.P.E. is turning into big brother?
Many regional officers still fear an I.S.P.E. takeover. This
problem, I feel, will have to be solved by and acted upon by
the Council.
Jack Howarth
Amarillo, Texas 79101

A NEW PLANETARIUM HANDBOOK
I wanted to write to you in regards to a matter which
may be of interest to fellow ISPE members. The Dallastown
School District has recently completed a "Planetarium
Handbook" which has been two and a half years in the
making as a result of programming at the elementary,
middle and high school levels, as well as meetings and evaluations of subject area departments throughout the district.
A brief summary and layout of the handbook follows.
The "Planetarium Handbook" is 90 pages in length and
carries program outlines for every grade level K thru 12 to
correlate with a science program. Program outlines are also
included for interdisciplinary programs in the fields of
language arts, geography, social studies, mathematics and
religion. Besides program outlines each program carries with
it a series of behavioral objectives (things we want kids to
be able to do during and following each presentation), a
vocabulary list and list of suggested post-visit activities. At

ASTRONOMY MANUAL

\ogi C fUn
Want a new challenge???
Try this new book of 40 original logic
puzzles by Frank Jettner. Some are easy most are hard! Has everything from simple
elimination types to symbolic logic. Order
today for only $1.50 per copy from:

$4.95

Teacher Edition

$9.95

Both Editions

$13.95

SCHOLASTIC SERVICES

2120 East Foothill Boulevard

LOGIC FUN
777 Park Ave.
Albany, N.Y. 12208
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Student Edition

Pasadena, California 91107
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*************
Horticulture for the Home
M- 6:30-9:30 p.m.
Horticulture Course 11Culluml Proctic:es in Gardening S- 9:30a.m .•
12:30 p,m.

JEAN'S CORNER ...
At last it has been verified in print: Planetariums are
places where plants are grown! Witness the classification of
Richland College's planetarium under HORTICULTURE!
(Upper right corner of advertisement.) I haven't had a
chance to phone John Williams to find out what particular
horticultural specimen he is featuring these days. Last
month it was comets without roots and leaves. I wonder if
this month his show might be a Garden of Dandyleo, Snapdraco, Cannapus, Sun-flower, Venus Fly Trap, Canna Major
& Minor, Castor Bean, and Poincetus? Or maybe it is one
on Aster-ology? Enough of this madness - I really do have
work to do!

FREE
$12
$12
$17
$17
$17
$17

Horticulture Course iII·Ornamentals. Vegetables, Trees S- 9:30a.m .•
12:3(}p.m.
Ikebana I (Japanese Flower Arr.. )
Ikebana II (Japanese Flo .....er
Al50-RC
Apprentice Floral Design
ApprerIIice Floral Desi9n

$20
$20
$15

Home Floral Arranging
Home Flarol Arranging

Jean Henry, Director
Highland Park Planetarium
Dallas, Texas

*************
Springer-Verlag New York

l-!olrlc,lh'~ .. n

Berlin

Dr. G. L. Verschuur
exposes

The Invisible Universe
The Story of Radio Astronomy
(Heidelberg Science Library,

20)

1973. approx. 190p. 69 i Ilus. paper

With his new book Dr. Verschuur achieves a rare
-teaching and entertaining his readers simultaneously.
Until the 1930's man's knowledge of the universe came
through the study of light-light produced by stars
reflected by planets and satellites. Then came radio
astronomy which revealed a universe that had never
been "seen."
The Invisible Universe relates, in an informal way, what
radio astronomy is about, what radio astronomers have
discovered in space, and what some of these discoveries mean.

GREEK MYTHOLOGY
AND LEGENDS
OF THE STARS
• 208 PAGES OF TEXT

New York Inc.
1
Avenue
New York, NY 10010

I Sr:ariru':it<!rg'ferlaa

• 38 FULL PAGE CONSTELLATION FIGURES
• 6 FULL PAGE STAR MAPS
PRICE, $2.25

JULIUS D. W STAAL, ER.A.S.

_ _ _ copies The Invisible Universe (Heidelberg Science
Library, vol. 20)
ISBN 0-387-90078-0 $5.90

Bookstores Send For Information On
Quantative Discounts.

PLANETARIUM CHAIRMAN
Fernbank SCience Center
Atlanta, Georgia

Price is subject to change without notice.
Staats Enterprises
p.o. Box 91144
East Point, Georgia 30344

All orders must be prepaid.
Add New York sales tax where applicable.
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"WELCOME SOUTH BROTHER"
by John W. Burgess, Fernbank Science Center

The Atlanta Metropolitan Area
Two centuries ago the Cherokee Indians living in the
village of "Standing Peachtree" could not foresee the
changes that were to take place in their land. When the
railroad was built in the late 1830's, a settlement called
Terminus replaced the big Indian town. The name was
changed to Marthasville in 1843 and in 1847, it was incorporated as the City of Atlanta - the feminine gender of
the word Atlantic.
From these simple beginnings, after suffering the torch
of a general who will go unnamed here, a great
a
center of commerce and transportation for the southeastern
United States, was born. The city is young by most
standards, and its youth is exhibited in the prosperity,
progress, and opportunities found in the area. Atlanta is
now a modern city which has often been called "The Dogwood City," the "Gateway to the South," the "Commerce
Center of the South," or the "Cultural Center of the
South." However, no single phrase can describe the city; it
is all of these, and more.
The Atlanta area is an ideal place to start or end a vacation. There are mountains to the north and the ocean to the
south and east, and a lot of culture, history and scenery in
between. And, with the energy crisis business can always be
mixed with pleasure. Major Interstate highways converge on
the city, and Atlanta ranks second in the nation in air

The Atlanta area planetaria and the
Southeastern
Planetarium Association
cordially invite you to the 1974 International Society of Planetarium Educators
Conference, October 7-11, 1974, Atlanta,
Georgia, U.S.A. Invitations are also extended to the families of planetarians attending the conference.
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traffic. Six major railroad systems and two major bus
systems also serve the city.
October is a beautiful month to enjoy Atlanta. The
normal high temperature is 72°F and the normal low is
52°F. Average precipitation is 2.4 inches. Atlanta has attractions for everyone. Art and history, museums, major
league sports, abundant night life, shopping at Tiffany's,
Saks or Rich's and recreation areas to mention a few. The
visitor to Atlanta is immediately impressed with the abundance of nature everywhere. Trees and greenery are the
rule, rather than the exception.
You can be assured of a warm welcome and a pleasant
stay by the 1.4 million inhabitants of this city which still
possesses "Old South Charm and Hospitality."
Come to Atlanta in 1974.

The Conference
The 1974 ISPE Conference begins the morning of
October 7, but you may wish to arrive early to relax and
enjoy the sights before beginning a rigorous week of work.
Papers, workshops, speeches by well-known scientists, tours
of area planetaria and business meetings are scheduled Monday through Friday. Sessions under the "real sky" at Stone
Mountain will bring planetarians back to reality to see how
nature really looks. Exhibitors from major suppliers of
planetarium equipment will complement the shop-talk all
week.

Call for
Members of ISPE wishing to deliver a paper
submit an abstract of 200 words or less not later
30, 1974. Audio-visual equipment needed should
cated at the end of the abstract.
are limited
minutes. A complete paper,
and
errors will be submitted prior to the conference for DO~;Sll1le
publication. Since available time for papers
priority on a first-come basis wil' be given.

Continuing

LUIUI..-aLiIUIl

Technical workshops in art, photography, and
conducted by experts, are
for those who
improve their skills in these areas as they
tarium operation.
An invitation to demonstrate a special effect
in a planetarium is extended. A brief
effect to be produced and a diagram of the
should be submitted by May 30, 1974. Power and
requirements for the operation of the apparatus should
given. Special techniques used in planetarium
which must be demonstrated in a planetarium,
invited.
A continuing idea exchange workshop is "'A~.J"'v"'",u
two or more planetarians are within hearing distance. No
special abstracts or prior arrangements are necessary.
is no time limit.

STONE MOUNTAIN, Ga. - President of the Confederacy jefferson
Davis and Generals Robert E. Lee and Stonewall Jackson emerge
from the north wall of Georgia's Stone Mountain in the largest work
of sculptural art in the world. The 90- by 190-foot Memorial
Carving was completed in 1970 after more than a half-century of
work. During 1973, Stone Mountain Park began construction
14-acre Memorial area for viewing the three figure's ride
history. Thirteen landscaped patios will border the 200-yard
area in a project which will take an estimated three years
complete.
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Georgia Governor's Mansion, located in the heart of the northwest
residential area. The mansion is in the Greek Revival style, popular
in the South in the mid-1800's.

Tours and Events
An afternoon and evening at Stone Mountain will be
complemented with a southern style picnic, nature study,
relaxing, recreation and a "sky show" using the real thing if Von Del Chamberlain can find the star switch. Manufacturers of telescopes may wish to demonstrate their wares
on this occasion.
Conducted tours of the primeval forest, meteorology
laboratory, electron microscope laboratory, museum
laboratory and other facilities at the Fernbank Science
Center will be offered. An observing session in the largest
observatory in the southeast will be offered if the weather
agrees.
Work sessions and programs will be held in the Atlanta
area planetariums.

meetings at the conference. Officers of the associations
should submit a request to the Program Chairman as to
requirements for meeting space.

Pre-Registration
Pre-registration forms will be sent once the economic
situation can be accessed. An announcement brochure and
questionnaire will be sent in the near future to every
planetarium. If you do not receive a mailing by March,
1974, please contact the conference committee as your
facility has been inadvertantly left off of the mailing list.
Please return the questionnaire promptly. Numbers are
needed to make arrangements and reservations. We are
expecting you, plus over 400 other participants.
Address correspondence concerning the conference to:
John W. Burgess, Program Chairman
ISPE
Fernbank Science Center
156 Heaton Park Drive
Atlanta, Georgia 30307

Family Activities
Activities for the families of conference participants are
planned to include shopping trips, historical scenic tours of
the metropolitan area afld entertainment for adults.
Activities for children will be organized if numbers warrant.

The Program Committee is exerting every effort to
organize a conference that will be informative, interesting,
and pleasurable. We hope each of you can attend!

Busi ness Meeti ngs
It is anticipated that regional associations will hold
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EDITOR: It has come to our attention that many ISPE
members have never received an official copy of the Bylaws
of our Society. Rather than reproduce them separately for
limited distribution, they are herein published for the
general information of anyone interested. The Bylaws will
hereafter be reprinted as requests to the Editors warrant it.

Members might also note that the
original form from the chartering
7972, no amendments having been
to
following forms the total constitutional structure
International Society of Planetarium

INTERNATIONAL
vote to disapprove or two votes to defer shall
application to be deferred to the
Council. Blanks for nomination to
furnished by the Secretary.
Section 3. A planetarium oriented group or
may affiliate with LS.P.E. on presentation of written
cation including a statement of support of the
the LS.P.E. and approval by the Council. The members
this affiliate group or the individual shall then obtain
appropriate membership classification in LS.P.E.
proper payment of dues.
Section 4. At any
or
Fellows, Members, and Junior Members
entitled to one vote in person, by proxy or
mail
be appropriate.
Section 5. Termination of 1\I!prnhprchln
upon death, written
or decision by

ARTICLE I

Name
The name of this Society shall be the International
Society of Planetarium Educators.
ARTICLE II

Object
The purpose of this Society shall be to disseminate
information and coordinate programs through publications
and conferences; also to support and strengthen the activities of existing and future planetarium orientated groups,
hereafter referred to as affiliates.
ARTICLE III

Members
Section 7. Persons may be elected to the Society as:
A. Fellow
professionally active in planetarium
education
B. Member - active in planetarium education
C. Junior Member - training to be active in planetarium ed ucation
D. Associate Member training to be active in planetarium education
E. Honorary Member - Honorary membersh ip may
be conferred by Council in recognition of noteworthy contributions to planetarium education.
Honorary members shall pay no fees and shall not
be entitled to vote or hold office in the Society.
F. Patron - membership open to any individual or
family donating $100 or more to the Society.
Section 2. All election of members shall be made by the
Council upon nominations by two or more Fellows or
Members of the Society or by the Executive Board of the
affiliate. At least once each year the Council, as defined in
Article VI, shall consider such nominations. Election to
membership may be made by circulation of a nomination
to the members of the Council through the mail, but one

ARTICLE IV

dent,
These officers shall .... c ..'Tt... r~
bylaws and by the
Society.
Section 2. An officer must be an active Fellow
active Member of I
and he must be a member
good standing of an affiliate group. He shall not hold
than one office at the same time.
Section 3. The terms of office for officers shall be for
two (2) consecutive years (applying to the
dent-Elect, Executive-Secretary and Treasurer)
the 31 st of December of even numbered years.
Section 4. The Council shall appoint an Elections
mittee consisting of a Chairman and at least three
tional committee members selected from the list of Fellows
and Members of !.S.P.E. The committee members shall not
be current officers and they shall be from different
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ated groups.
Section 5. The Elections Committee shall present the
slate of officers to the Council for ratification and distribution to the voting membership at least three (3) months
before expiration of the term of office. The voting shall be
by signed mailed ballot. The candidates with simple majority of votes shall be declared elected and assume office at
the designated time. The Chairman of the Elections Committee shall receive and count the votes and report to the
officers. The results of the election shall be announced to
the membership by mail as soon as convenient, but before
expiration of office of the current officers.
Section 6. If an office should become vacant for any
reason, Council must fill the office for the remaining term
through appointment within 30 days, except the office of
the President-Elect which must be filled by special election
as outlined in the preceding paragraph.
Section 7. The Council shall have authority to remove
from office an officer for just cause by unanimous vote of
the remaining members of the Council after a full investigation and hearing before the Council has been conducted.
ARTICLE V
Duties of Officers
Section 7. The President shall be the chief executive
officer of LS.P.E. He shall preside at the general meeting of
the membership and all Council meetings and shall be the
Chairman of the Council and an ex-officio member of all
standing and special committees, except as otherwise stated
in these bylaws.
Section 2. The President-elect shall assist the President
and in the event the President cannot or will not act in any
matter through incapacity or any other reason, with the
approval of the Council, the President-elect shall assume the
duties of the President.
Section 3. The Secretary shall prepare and keep the
minutes of the Society; shall be responsible for all records
of the Society; shall keep the seal of the Society and shall
execute all documents as appropriate by custom or by law;
shall issue notices to the Society and membership of all
meetings and, in general, shall perform all duties incident to
the office of Secretary and such other duties as may be
assigned to him by the Council.
Section 4. The Treasurer, if required to do so by the
Council, shall give a bond at the Society's expense. The
Treasurer shall have charge and custody of and be responsible for all funds, securities, assets, of the Society, and shall
deposit all such funds, assets or securities in the name of
the Society in such banks and depositories as shall be
selected by the Council. He shall keep a full accounting of
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all the Society's financial transactions and shall draw checks
as authorized by the Council. He shall file all reports
req uired by the laws of any state, local and national government and shall render a statement of the condition of the
finances of the Society at all meetings of the Council and
give a full financial report at the general meeting of the
membership. He shall, in general, perform all duties incident to the office of Treasurer and such other duties as may
be assigned to him by the Council.
ARTICLE VI
Council
Section 7. The Council shall consist of the past President, elected and appointed Officers, and one
tive elected by and from each affiliate group. The word
"Council" as herein used and the word "Directors" as may
be used in the Articles of Incorporation and for other legal
documents, shall be held to mean one and the same
Section 2. The names of the Representatives to serve on
Council shall be submitted by the officers of each affiliate
group to the Secretary of the Society before the end of
each calendar year by the secretary of the respective
affiliate.
Section 3. The elected Officers named under Article IV
and the Representatives of the affiliates have each one vote
at Council meetings except for the Chairman of the meeting
who shall not vote except to break a tie.
ARTICLE VII
Meetings
Section 7. A Regular Meeting shall 'be held every even
numbered year. This meeting shall be organized by a Program Committee which shall be appointed by an
Council immediately after assuming office. The location of
the Regular Meeting shall be determined by Council selection from written invitations.
Section 2. A Council Meeting shall be held annually at
the discretion of the President in agreement with the
Council members. At any Council Meeting four (4) members shall constitute a quorum. Ail questions arising at
Council Meetings shall be decided by simple majority vote
except as otherwise provided in these bylaws. A Council
member may appoint in writing any other Fellow or Member, as his proxy for Council Meetings, provided the
appointed person exercises only one vote by proxy.
Section 3. Special Meetings of the Council may be held
upon the consent of the majority of Council members.
Special Meetings may be held by telephone or through the
mail, providing all Council Members are polled on each
issue; otherwise the rules of Section 2 for Council Meetings
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apply to Special Meetings also. No Meeting shall be planned
unless a majority of Members indicate they will be present.
ARTICLE VIII
Committees
Section 7. Committees are established by the Council
through appointment of a committee Chairman. The Chairman shall select committee members from the list of Fellows and Members or as otherwise stated in these bylaws.
The term of office of the Committee shall be concurrent
with the term of office of the elected Officers. The Chairman shall have the right to sit on meetings of the Council
without voting privileges. All Committees are to report to
Council meetings as required.
Section 2. The Elections Committee shall be established
as described in Article IV of these bylaws.
Section 3. The Program Committee shall consist of the
Chairman and as many committee members as he deems
necessary. This Committee shall plan and execute all
arrangements for the general meetings subject to ratification by Council.
Section 4. The Publications Committee shall consist of
the Chairman and as many committee members as required
provided every affiliate group is represented. SUbject to
enactment by the Council, this committee shall select the
Editorial Board and suggest publication policies. The
primary purpose of this committee is outlined in Article X.
Section 5. Such other Committees shall be appointed by
the Council from time to time as they deem necessary to
carryon the work of the Society. The President shall be an
ex-officio member of all Committees except the Elections
Committees.
Section 6. Meetings of the Committees may be held in
person, by telephone or through the mail, providing all
Committee Members are polled on each issue.

than February 15th of the year concerned.
Section 3. If the dues of any person remain unpaid after
one year, the Council, after due notice, shall remove his
name from the membership list and withdraw all privileges.
Section 4. Junior Members may apply for a 50% reduced
dues rate upon application and approval to Council.
Section 5. Corporate and Institutional Memberships are
open, upon approval by the Council, to organizations
whose activities are related to the field of planetarium
education. The types of Corporate and Institutional Memberships and annual dues of each type of Corporate and
Institutional Membership shall be decided by the Council.
Corporate Members shall receive the Journal without
further cost, shall have the right to advertise the fact of
such membership, and with Council approval to hold exhibits during general meeting periods.
Section 6. Council shall approve an audit of the Finances
of the Society before each change of office.
Section 7. There shall be no remuneration to individual
Officers or Council members except for reimbursement for
expenses as incurred through their duties and approved by
Council.
ARTICLE X
Journal
Section 7. The principal publication of the International
Society of Planetarium Educators shall be a journal - the
name and details of which shall be the responsibility of the
Publication Committee with approval by Council.
Section 2. The Journal shall be managed by an Editorial
Board under the surveillance of the Publications Committee. This Board shall consist of an Editor and as many
Assistant Editors as necessary.
Section 3. The Editor shall chair all meetings of the
Editorial Board, and shall have the right to sit at meetings
of the Council without voting privileges.
Section 4. The term of Publication Committee shall
coincide with the terms of the Officers of the Society subject to renewal.
Section 5. The Publication Committee may be required
by Council to issue special publications as necessary.
Section 6. Meetings of the Publication Committee and
Editorial Board may be held in person, by telephone or
through the mail providing ail members are polled on each
issue.

ARTICLE IX
Finances
Section 7. Annual dues of individual members of the
Society shall be as follows:
Membership through affiliate group - $10.00 (U.s.
currency)
Individual Membership $15.00 (U.S. currency)
The $5.00 portion of Individual Membership fee to be
retained by the affiliate group administering this membership.
Section 2. Annual dues and a membership list of names
and addresses are to be transmitted by the treasurer of the
affiliated group to the Treasurer of the Society not later

ARTICLE XI
Parliamentary Authority
The rules contained in the current edition of Robert's
Rules of Order Newly Revised, in principal, shall govern the
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Society in all cases to which they are applicable and in
which they are not inconsistent with these bylaws and any
special rules of order the Society may adopt.
ARTICLE XII
Amendment of Bylaws
Bylaws of the Society may be repealed or amended only
upon recommendation of the Council and by a 2/3 vote of
the membership of the Society. The Council shall entertain
all recommendations from the membership for changes of
the bylaws. Recommendations of the Council shall be put
to the membership in conjunction with the election of
officers, and the procedure outlined in Article IV shall be
followed with the additional requirement of a 2/3 vote. An
Amendment to the bylaws goes into effect immediately
upon its adoption unless the Amendment specifies another
time for it becoming effective.

24" x 36" photo-quality prints of plates from
world's great observatories. Heavy matte paper. AU
postpaid.

BLACK
&

WH
Andromeda Galaxy.

M-31 36" Lick.

Black-and-white Astra-Murals ••••••••.•• $ 1.50 each
Color Astra-Murals ••••••••••.•••••••• $ .. 8.00 each
Set of 13 black-and-white Astra-Murals ••••••• $ 80.00
Set of 17 Astra-Murals (13 b&w, 4 color) •••••• $140.00

ADDENDA
In these bylaws the singular shall include the plural, and
the plural shall include the singular; also, the masculine
shall include the feminine.

astro-murals
703-280-5216

Washington, D. C.

box 7563-P
20044

**************

HEAR YE! HEAR HE!
The program committee for the 1974 ISPE convention would like
to invite manufacturers of planetarium and educational
telescopes, books, and media to exhibit their
at the ISPE
Convention to be held in

6-11,1974.
Our exhibit fee is
held to a minimum so that small businesses, which add much to the
will be able to
participate.
Since many institutions with oJa!netaril
in the .... nl' ... stages
excellent
may send delegates to the C0rwenw::>n. this will be
opportunity for company ,..pn,,..pc:pn<t::lTI·"PC
For more details on exhibit rates and
contact:
1", ...

Robert C.
Director
Harper Planetarium
3399 Collier Dr., N.W.
Atlanta, GA 30331
U.S.A.
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Last December, Herb Schwartz, Director of the Des
Moines Center of Science and Industry Planetarium,
submitted an article to your editor regarding the repair of
his Spitz A 4 instrument. He suggested that articles by the
members of ISPE describing trouble-shooting, repair and
maintenance procedures of the various planetariums in
operation would be extremely useful and quite in keeping
with the purpose of 'The Technical Side." Your editor
fervently agrees. This issue features Herb's solution to
problems involving the motions of the planetarium using
RPY circuitry and the unstable or ''sputtering'' Xenon arc.
We encourage future contributions on trouble-shooting by
the membership. The next issue of THE PLANETA RIA N
will include methods of eliminating the background of
ill-defined objects.
At one time or another, all of us have had problems with
the Spitz A3P, A4, or 512 planetarium. The first thing that
comes to mind when trouble strikes is to get in touch with
someone more experienced with that particular instrument.
But there comes a time when the experience of one or two
is not enough to solve the immediate problem. Thinking
that it would be helpful to air some of these problems with
the membership has resulted in this article for The
Technical Side.
The morning before the opening of our Christmas
program and during a school show, sparks were noticed
flying out of the arms (latitude axis) on our A4-RPY
instrument which resulted in a tripping of a circuit breaker.
A check of the console soon revealed that the only motion
still in operation was precession. Since daily, heading, and
annual motion were required for the evening Christmas
program, the situation was critical. After finishing the
school shows, a course of action was plotted.
Since the RPY circuitry is all interconnected, all one has
to do is to literally cut out the defective circuit which
should result in the reactivation of two of the three RPY
motions. Moreover, since the breaker should now stay in
after removing the bad circuit, the annual motion should
also operate as this motion is on the same breaker. The
procedure was worth a try, and to put it simply, it worked!
The entire operation is quite simple and takes only about
15 minutes.
To determine which motion has blown, the latitude axis
covers on the instrument should be removed and the P.c.
card attached to the machine (the one with the
potentiometer) should be inspected. This card is called the
Servo-Amplifier. What usually burns up are the two black
epoxy diodes located on the right side of the card adjacent
to the big capacitor. An easy way to determine whether or
not the diodes have blown is to see if they are in one piece.
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Conducted by O. Richard Norton
Flandrau Planetarium
Department of Astronomy
University of Arizona, Tucson
Now comes the challenging part.
starter assembly are located two wire
1/16 to 1/8 inch apart. This is the bleeder
controls the starting spark to the arc. To
the distance between the
must be rh",.'\",arl

too widely spaced, a rapid
again, the arc will not
with the loop distance will
starting without the aforementioned n ..
the arc fails to ignite, the power should be turned
removed, bleeder adjusted, arc
and tried
the arc does start, the power should be turned off and
allowed to cool for 20 minutes. After this
the arc should
be tested. If it sputters,
routine should be repeated.
Biasing the transistor operates the arc at a
level. Adjusting the bleeder in effect tunes the arc.
arc is lasting the fully
to adjust the bleeder until the arc
lifetime of the arc is
the transistor
rebiased. Our arcs have
about 500~750
actual star time. This is very
guaranteed
the manufacturer for
How long the arc lasts further
upon how
is ignited, but
the arc should last a
longer and it should
the "new arc"
longer. This
the best results
arc is new. Older arcs will be more difficult to tune.
Usually
are not. The card with the bad diodes
obviously the card that must be removed.
cutters or, better yet, a
gun, the
wires should be disconnected: red, yellow, blue,
red/wh ite,
and
The
tarium should now move in several modes. The motion
will not work will be that controlled
Servo~Amplifier. The remaining motions will be uneffected.
A better method may be to disconnect one of the
three wires on Terminal Buss 2. This has not been
however.
Another major problem is the sputtering Xenon arc.
£" .... " ' . '....H·
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can be remedied. To do this requires a jeweler screwdriver,
considerable patience, as well as a free afternoon. An
additional bonus to fixing a sputtering arc is that the arc
life will be increased and the arc will produce pin point
images (the "new arc" look) for a much longer time.
The entire procedure is time consuming, and once
started, it should be followed through to the end. First, the
cup and starter assembly including arc should be removed

and an ammeter attached across the contacts. The
procedure now is to bias down the transistor on the starter
assembly. To do this, either of the trim pots on the arc
power card can be used. With the starter switch
contacted, the low end should read about 0.9 amps. At full
power the high end should read about 1.5 amps after the
trim pots have been adjusted. The power can now be turned
off.

ANNOUNCING:
fSPE Special Report#4
Cost
A BIBLIOGRAPHY FOR PLANETARIUM EDUCATION, Part II
by Prof. George Reed, West Chester State College, Po.
ISPE Special Report
SOME PLANETARIUM PROGRAMS OF 1972-73
by June LoGuirato, Clifton, Va.

Cost

NOW AVAILABLE
ISPE Special Report
A CATALOG OF NORTH AMERICAN PLANETARIUMS
the 2nd completely revised edition
by Norman Sperling, Princeton
School

Cost $1.50

Now reduced for clearance

ALSO STILL AVAILABLE:

.00

ISPE Special Report
A BIBLIOGRAPHY FOR PLANETARIUM EDUCATION
1960 - May, 1972
by Prof. George Reed, West Chester State College, Po.
If you are not a member of ISPE, you may obtain these cornolrehem;ive
ordering from Frank C. Jettner, ISPE Executive
12222. Members receive one copy free.

IN61

PLANETARIUM SLIDE SPECIALIST
Horizons, Titles, and 3P-D

Please be sure to give us a CHANGE OF
ADDRESS. Send old mailing label and new address to Ronald N. Hartman, ISPE Circulation
Director, Mt. San Antonio College, Walnut, CA

For information write to:

BLACKGROUND PRODUCTIONS

91789.

PO Box 707
East Lansing, MI 48823
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Donald M. Lunetta

TILTED DOMES 111
THEATERS
MIXED MEDIA DISPLAYS 111
AND NIGHT T.V. TELESCOPES
ONTROLLED LEARNING ENVIRONMENTS 111

If you are' the market for exciting uses of mediaoriented syste
I would like to become involved with
your institution!
cGraw Hill Inc. has postponed the
New York Planetarium
vironmental Theater; but the
four years of research
development lives onl
small you can benefit
Whether your budget is large
from my applied studies concerni
tration. new techniques, and total
munity inv lvementa My present clients range from s
1 mus ums, to
industrial information centers, community
eges, full
scale museums and public schools. My responsibilities
vary from fund raising proposals. to system design,- program creation. and long range planning. I am anxious
to share my experience in mutually profitable ventures.
PLEASE LET ME KNOW IF WE MAY GET TOGETHERl!

Best regards,

DJJM1r-

Donald M. Lunetta

DESIGN /

MANAGEMENT /

CONSULTING - COMPLETE PLANNING FOR:

Planetarium Systems (Public and School) - Mixed Media Environments - Electronic Imagery - Architectural Environments
Controlled Learning Theaters - Museum Theaters - Full Range Software (Program) Production
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PRINCIPLES OF PLANETARIUM OPERATION

Chapter 3

Co-Editors: Frank C. Jettner and Von Del Chamberlain. This series
was originally conceived as a first-year, graduate level textbook in
planetarium education, written by the leading specialists in the field.
Installments will appear in each issue of THE PLANETARIAN until
completion. It is suggested each installment be removed from the

centerfold, punched, and stored in a looseleaf
reference. ISPE and the Co-Editors regret
special binders for this purpose. Questions regarding
may be directed to either Co-Editor or the chapter

Editor's Note: Because 1973 marked the 50th anniversary
of the projection pla.netarium, Prof. Hagar has given us
permission to print a chapter in serial form from his forthcoming book, "Planetarium: Window to the Universe." The
first section appeared in the last issue and was concerned
with models of the night sky. This section is concerned

with models of the solar system, and the third and final
section in the next issue will deal with development of the
Zeiss planetarium. For the purpose of a unified treatment
all references quoted will be published in the third installment at the chapter end.

THE HISTORY OF THE PLANETARIUM
by Charles F. Hagar, Planetarium Institute, San Francisco State University

MODELS OF THE NIGHT SKY

Models of Sun, Moon, and Planets

hollow globe, perhaps similar to an armillary sphere, and
eclipses of the sun and moon could be reproduced. Cicero
continues: "And when Gallus moved the globe, it was
actually true that the moon was always as many revolutions
behind the sun on the bronze contrivance as would agree
with the number of days it was behind it in the sky. Thus
the same eclipse of the sun happened on the globe as would
actually happen, and the moon came to the point where the
shadow of the earth was at the very time when the sun
[appeared] out of the region .. J73) Cicero links this planetarium mechanism with Archimedes in the Tusculan Disputations (ca. 45 B.C.):
"For when Archimedes fastened on a globe the movements of moon, sun and five wandering stars, he ... made
one revolution of the sphere control several movements
utterly unlike in slowness and speed. Now if in this world
of ours phenomena cannot take place without the act of
God, neither could Archimedes have reproduced the same
movements upon a globe without divine genius. "0 4)
It is possible that the entire apparatus was driven by
water power. H. Werner quotes the Roman poet Ovid as
also describing the Archimedian mechanism in verse:
"Work of art from Syracuse,
the globe suspended in air
Depicts the immeasurable Universe in tiny form."O 5)

In addition to showing the stars and their diurnal
motions, various models have been constructed to show the
motions of "seven wanderers" of antiquity - the sun,
moon, and naked-eye planets.
The first reference in historical literature to a mechanism
for reproducing planetary motions is to be found in the
writing of Cicero (106-43 B.C.). In his De Republica,
Cicero refers to one C. Sulpicius Gallus, "a most learned
man," who informed him of a globe and mechanical planetarium which had been taken by Marcellus from Syracuse in
212 B.C. The only person in Syracuse at the time of the
sacking of the city who had the genius to fabricate such
globes and planetariums was Archimedes (287-212 B.C.),
who lost his life during the invasion.
Marcellus took the globe-mechanism to Rome and had it
placed in the Temple of Virtue where it was greatly
admired. Unfortunately Archimedes' globe-planetarium no
longer exists, yet Gallus describes the device as showing
lithe motions of the sun and moon and of those five ...
wanderers ... " Apparently the mechanism was set inside a

from the book: PLANETARIUM: Window to the Universe,
Copyright 1973, Carl Zeiss, Inc., Oberkochen

THE PLANETARIAN, 12173

151

Figure 7

The Antikythera Mechanism (ca. 82 B.C.)
(National Archaeological Museum, Athens)
(Fig. 7)
The earliest known forerunner of a planetarium mechanism was found in 1901 by divers working on the wreck of
an ancient ship which sank in 200 ft of water off the tiny
Greek island of Antikythera some 2000 years ago. The
corroded clocklike device, about the size of a portable
record player, is believed to have had originally at least 20
gear wheels of bronze within a wooden casing. After careful
study of the corroded parts, fragmented details of the gearing, dials and inscriptions could be discerned. The box had
three dials', and inspection revealed the signs of the zodiac
and months of the year. D.J. de Solla Price has made a
thorough study of the Antikythera mechanism and states
that it was not like a planetarium or orrery device for
demonstrating the motions of the planets. Rather, it was
more like an astronomical computer with gear-driven readout dials which "showed the annual motion of the sun in
the zodiac." Price continues: " ... it also showed the main
risings and settings of bright stars and constellations
throughout the years ... the main lunar phenomena of
phases and times of rising and setting. On the upper dial the
inscriptions are much more crowded and might well present
information on the risings and settings, stations and retrogradations of the planets known to the Greeks ... "(76)
Study of the reference marks on the bronze dials together with the style of the Greek inscriptions points to the
date of the mechanism's manufacture as 82 B.C. The
existence of this device is evidence that the Greeks were far
more sophisticated in mechanical technology than had been
previously supposed.
The Tower of the Winds in Athens, dating from as early
as the 4th century B.C., may have provided an astronomical
display of the risings and settings of the sun and stars. The

Tower still stands, and archaeological investigations by
de Solla Price show that it housed a water clock. Price
states: "Although we can be reasonably certain about the
clock mechanism itself, we cannot be definitive about the
visual device used to display the information transmitted
the clock mechanism - there is a variety of
ties."(7 7) Price suggests, however, that it may have been an
anaphoric clock. * A similar disk, dating from about the 2nd
century A.D., was found early this century amid the
Roman ruins in Salzburg, Austria. More related to the astrolabe than a planetarium mechanism, an anaphoric clock
driven by water power would have been an impressive
to the Athenians in the market place.
As we trace the history of mechanisms for simulating
planetary motions, we find that the Antikythera mechanism is the forerunner of a long line of mechanized astrolabes and astronomical clocks. D. de Solla Price gives a
well-documented account, for example, of a Chinese
astronomical clock tower of Su Sung built in A.D. 1088. It
was driven through a complex of gear trains motivated
water power.(78)
C.A. Crommelin describes several astronomical clocks.
Notable among these is a clock by Giovanni de Dondi made
in 1364 which indicated the planetary positions according
to the geocentric theory. It also indicated the time of
and feast days as we1lJ79) Crommelin and Werner indicate
that the most famous astronomical clock is at the
Strasbourg Cathedral, built by Jean Baptiste Schwilgue
between 1838 and 1842. It includes a Copernican
tarium with six planets together with a celestial globe 33
(84 cm) in diameter which turns in natural time (i.e., one
turn in about 24 hours). A gear mechanism is also included
which exhibits the precessional cycle of 25,800 years. The
clock had two predecessors, one in 1354 and the other in
1574/20 )
H.C. King cites that the 17th century Danish astronomer
Ole Romer, famous for his determination of the velocity of
light in 1620 by observing Jupiter's sateilites, constructed a
model which exhibited the motions of the satellites of that
planet. He also made a similar model to show the satellites
of Saturn. In 1680 Romer completed a model of the solar
system wh ich was set in a vertical box. The face-plate of the
box had cut-out slots to represent the planetary orbits.
Spindles protruded through these slots and carried small
planet models. The entire gearing· system was hidden inside
the box and could be activated by turning a crank. This
"planetarium" received much attention in Paris, and subsequent copies were sent to Persia and ChinaJ2 7)

* A large disk planisphere with the stars and
figures,
together with the sun's annual path (ecliptic), engraved in stereographic projection.
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Huygens' Planetarium {A.D. 1682}
(History of Science Museum, Leyden)
(Fig. 8)
The most important planetarium mechanism of the 17th
century was one designed by the Dutch scientist Christiaan
Huygens and constructed for him in 1682 by Johannes van
Ceulen of The Hague. Although Huygens had it built
primarily as a "conversation piece," the planetarium represents a distinct advancement over its predecessors. Huygens
wanted to have the relative periods of the planets as
commensurate as possible with those in nature. He found,
for instance, that the period of the planet Saturn with
respect to the earth could be closely approximated by the
ratio 77708431: 2640858. In the process of simplifying th is
ratio for gearing purposes, Huygens was led to the invention
of continued fractions and thereby found that this ratio
was closely represented by 206:7. The same method of
continued fractions is used to determ ine the gear ratios in
the modern planetarium projector.

Figure 8

The Huygens planetarium is heliocentric and is housed in
an octagonal box 25.6 in (65 cm) wide and 6.7 in (17 cm)
in depth. The device is driven by a clockwork mechanism
after a coil spring of four turns is wound by a crank handle.
The face plate, of copper, has six circular slots to represent
the orbits of the planets out to Saturn. Their centers are
off-set from the sun globe to represent the elliptical orbits,
although the small planet-models are driven at uniform
speed along the circular slots/22)

Figure 9
Thomas Tompion. One product of this skillful team is to be
seen today at the Museum of the History of Science,
Oxford. It was built sometime during the period ca.
1704-9 by Tompion and Graham for Prince Eugene of
Savoy. A polished brass ball represents the sun. The moon
revolves around the earth while the earth rotates on its axis
and moves around the sun. Although not to scale, it does
illustrate the essentials of solar and lunar eclipses. Prior to
sending it to the Prince, Graham allowed John
another instrument maker, to copy it. The ebony case
in (33 cm) wide and 9 in {22.8 cm} highf23)
The Original "Orrery" by John Rowley (ca. 1712)
{The Science Museum, London}
(Fig. 10)
One of Rowley's copies of the Tompion-Graham mechanism was sent to Rowley's patron Charles Boyle, the
Fourth Earl of Cork and Orrery who had a large collection
of mechanical paraphernalia. The device was dubbed an

Model Earth-Moon-Sun System by Tompion and Graham
(ca. 1709)
(Museum of the History of Science, Oxford)
(Fig. 9)
During the 17th and early 18th century, George Graham
(1673-17 51), an English horologist, made models of the
earth-moon-sun system; only two are known. At first,
Graham worked in association with the famous clock maker
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Figure 10
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"orrery" by the essayist and journalist, Sir Richard Steele.
The term has continued to this day as the English-speaking
word for such devices, including models which include all
the planets.
This original orrery is now on display at The Science
Museum, London. It was restored in 1937 by the late
Lieut.-Cmdr. R.T. Gould. The mechanism is housed in a
cylindrical box 30 in (76 em) in diameter and 9 in (22.8
em) deep. The ecliptic ring is supported by 12 gilt
pillarsJ24)
Orreries soon became popular with the wealthy and were
bought to adorn paneled libraries together with globes of
the earth and sky. Several craftsmen took up the construction of such devices. Among these was Thomas Wright who
had a workshop on Fleet Street which operated under the
sign of "The Orrery and Globe." H.C. King relates that
other famous orrery makers followed Wright at the same
address, including Benjamin Cole and his son. Cole was
followed by Edward TroughtonJ25)

diameter and shows the planets out to Saturn,
some of the satellites. The original instruments were
mounted in large chippendale-style cabinets, the central
panel of which was reserved for the orrery. Side panels were
designed to exhibit independent mechanisms to illustrate
the motions of the known satellites of Jupiter and
the phases of the moon, eclipses, etc. The second orrery,
completed in 1771, was built for the College of Philadelphia. It was refurbished several years ago at the Franklin
Institute, and it is now on display in the Library of the
University of Pennsylvania.
The first Rittenhouse orrery was on display at the
World's Columbian Exhibition in Chicago in 1893. For
many decades it was lost. Parts of it were discovered in
their original packing crates from the Chicago exhibition in
the basement of McCosh Hall, Princeton University in the
summer of 1948. The orrery was restored by Harry
Ashworth during 1952-53 and is now on display in Peyton
Hall, Department of Astronomy, Princeton UniversityJ26)

The Rittenhouse Orrery (1767-1771)
(Peyton Hall, Princeton University, New Jersey)
(Fig. 11)
The first precision orrery built in America was constructed by David Rittenhouse (1732-1796), the father of
American astronomy. Rittenhouse once worked with
Thomas Jefferson in establishing the Bureau of Weights and
Measures, later to become the National Bureau of Standards. He was Treasurer of the State of Pennsylvania for 12
years and also President of the American Philosophical
Society.
Rittenhouse built two orreries, both almost identical. He
hoped to incorporate elliptical motion into the planetary
movements. Instead, the planets moved with uniform mean
motions around a set of eccentric circles representing the
orbits. For Mercury the use of eccentric wheels kept the
motion of that planet in close conformity with Keplerian
motion.* The orrery is approximately 4 ft (1.2 m) in

The Eisinga Planetarium (1774-1781)
(Franeker, West Friesland, Netherlands)
(Fig. 12)
The largest Copernican orrery of the 18th century is still
in operation today and is to be seen in the home of its
builder Eise Eisinga (1744-1828), a woolcomber of
Franeker. The orrery, showing the planets out to Saturn, is
built into the ceiling of his house. The driving mechanism,
consisting of wheels with iron pins and shafts of oak is
weight driven and pendulum regulated and is hidden in the
attic and also behind the south wall of the room.
The orbits are represented by offset circular grooves and
the planet-models move in natural time (Saturn actually
takes 29.5 years to complete one revolution around the
sun). The orbit of each planet is sub-divided into the
Zodiacal signs, so a visitor may determine the planetary
positions from the model. Additional dials on the south
wall indicate related astronomical phenomena, and a large
movable chart on the same wall shows the positions of the
stars that are visible from Franeker at the time of
observation/2 7)

Figure 11

* (I am

indebted to H.C. King for this observation.)

The Copernican Planetarium {1923}
(Deutsches Museum, Munich)
(Fig. 13)
The culmination of ceiling orreries was reached in 1923
with the installation of the great Copernican orrery at the
Deutsches Museum, Munich. It was designed by Franz
Meyer who was the chief engineer of Carl Zeiss, Jena at that
time.
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Figure 12

The orrery was suspended from the ceiling of a circular
room 39.4 ft (12 m) in diameter and 9.2 ft (2.8 m) high.
The sun was represented by a nine-inch (23 cm) opal glass
lamp at the center. The planets out to Saturn, together with
their satell ite systems, were suspended from electrically
driven carriages which moved independently on elliptical
rails. Although the carriages were driven at their correct
relative rates, the exact spacial relationsh ip for the outer
planets could not be retained. A movable cage under the
earth position carried an observer once around the sun in
12 minutes. He could look through a periscope to see the
positions of the sun and planets relative to the zodiacal
constellations painted on the room's circular wall. When the
room illumination was turned off, save for the central
glowing sun and 180 small lights were represented the
brighter was turned off, save for the central glowing sun
and 180 small lights which represented the brighter
A disadvantage of the device, however, was that only
one observer at a time could stand on the earth platform to
gain the proper perspective. This Copernican orrery was
partially destroyed during World War II. The remaining
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parts are in storage at the Deutsches Museum. Two similar
ceiling orreries, patterned after this one, are to be seen at
the American Museum-Hayden Planetarium, New York
City, and at the Morehead Planetarium, Chapel Hill, North
Carolina.
(To be continued)

Figure 13
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by B. Franklyn Shinn, Manitoba Planetarium

Planetariums are likely to be the focal point of the
amateur telescope makers of their area, partly because of
their astronomical orientation and partly because they are
the focal point of any inquiries from the latest UFO report
through the precise astrological sign that applied when
Grandma was born at 6:~5 p.m. on December 31,1916 in
Bombay, India, to a capsule explanation of the Black Hole
for a school essay that has to be turned in tomorrow. In the
field of the ATM it is likely that someone on the staff has
been active in telescope mirror making. At Winnipeg I
happen to be that person, so the telescope questions get
directed to my desk.
In the B.P. (Before Planetarium) era, the University of
Manitoba included in their Evening Extension Program a
course in amateur telescope making; I was the lecturer and
demonstrator. Any of you who have done this know that
no amount of talking will convince the ATM that he is
going to have the greatest trouble with his scope in coming
up with a suitable, rigid,_ but portable mounting. No sir! If
he can make the mirror he can mount the telescope! Let's
get to the fascinating process that finishes a piece of glass to
.000002 inch with his own two little hands! The whole
focus of the course seems to build to the moment when
you describe the result of all those hours walking around a
barrel, pushing one piece of glass over another with abrasive
powder making them cry out like tortured souls (Why does
it sound like that to the wife when it sounds so soul satisfying to you when you're doing it?) and then to spend
more hours smelling up the house with pitch as you fabricate a magic tool called a Pitch Lap on which you cradle
your offspring through its incubation period, to the
supreme moment, that ritual called by all Amateur Telescope Nuts as well as professionals; figuring: The test is the
thing!
Yes, the enthusiasm builds in your group to that
moment and then the lights in the classroom go out, and
guided by your more-or-Iess helpful comments one member
of the class crouches down behind the knife edge of your
Foucault tester searching with his eye for an elusive pinhole
of light. Meanwhile the other 29 or so people are standing
around the dark wondering what he is seeing. With his inexperience this is likely to be not much, and his puzzled
comments begin the deflation. Steadily the fire goes out of
the group. Your big moment is passing its crisis as a fizzling
squib instead of a glorious setpiece.
It was while making preparations to describe this testing
process to a meeting of the Royal Astronomical Society of
Canada, Winnipeg Branch, that I remembered a friend and
member who had recently acquired a TV camera, Mr.
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Willard Elliot of Icon Electronics. I had found it
sible to photograph the Foucault and Ronchi
mirrors, and these I had used in slide format
presentations. I began to wonder if the TV
pick up the images and make them visible to
group at once. The enthused members of the
then pursue it at their
and the
be satisfied without first
over to have a look at the setup,
him. Much to my surprise it worked
in the dark, but in our
TV happened to be.).
Before going further into the TV aspect of the
perhaps we should review the
on which
test, with its derivative flP'~/Pllnn/'n
purpose of a telescope mirror is to collect
it all down to a
the focal
trating quanta
of sufficient intensity to be seen. This is an
cation but will serve for our purposes here where we
determine how well our mirror meets this
ion .
The beams from a distant star may be """"'''''''''''--,
lei, and the figure or cross section of the mirror
them back to a single
will be that of a
figure whose radius of curvature is a little less at
all
than towards the edges. If this condition
from a single star will be
the
axis
point, within the limits of our discussion at the Ynr'Yn,<>nt
(See
1.) If one looks at the mirror of a telc~sc()pe
in
a
star makes
up. Because the whole surface is
of light towards the eye it appears
n':>lrCli"'\r.ICl

Camera position behind Foucault Testing apparatus similar
described by Texereau in his book "How to Make a
(Inter-Science Publishing Co.) The image displayed is that
Ronchi Screen inside focus.
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RA YS FROM A DISTANT STAR
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~

OPTICAL AXIS

F

Fig. 2. Diffraction brightens this edge, but surface generally uniformly lighted.
Fig. 1. Rays from a paraboloidal surface cross the optical axis at a
common point. Rays reflected from a spherical surface cross it at a
series of points from F to f'.

Iy bright. There are no shadows. At the single point on the
optical axis where all the light is concentrated, it can be cut
off by a single small shutter or knife edge. The mirror
appears to darken simultaneously allover. In practice the
focal point has some finite size and there is some scatter in
the light beams. So the knife edge causes a progressive darkening of the mirror as seen by the eye, but the eye cannot
distinguish any direction of travel of the knife edge. If the
knife edge is between the mirror and the focus, then it
encounters beams from its own edge of the mirror before
reaching those from the opposite edge, and the eye sees it
as a shadow moving across the mirror from edge to edge.
Beyond focus, the rays have crossed and the kn ife edge
seems to be crossing in the reverse way from its actual
motion. The effect is used to obtain critical focus for astrophotography, the plateholder being replaced by a knife
edge in the emulsion plane and focus adjusted until knife
edge travel cannot be determined. The knife edge holder is
then removed and the plate fitted for exposure.
Testing on a real star is tedious, for obvious reasons.
Foucault, of Pendulum Fame, hit upon the idea of using a
pinhole as an artificial star. The only "problem" that results
is that the pinhole is not at infinite distance so its beams are
not parallel rays. It doesn't turn out to be a real problem
since the result is predictable. Results measured for a mirror
under test can be compared with the predicted, and the
differences are an indicator of the accuracy of the mirror.
Consider when light radiates from a pinhole to a mirror;
if the pinhole is located at the centre of curvature of a
spherical surface, each beam is a radius of the sphere and
therefore meets the surface at 90 degrees. Since the angle of
reflection is equal to the angle of incidence, the beam will

be returned along the radius and reenter the pinhole, which
would then be both source and focus of the rays. If we look
down on the apparatus and displace the pinhole slightly
off-axis to one side, we can cause the focal point of the
returning beams to be equally off-axis on the opposite
and the eye can observe them. (See Figure 2.) Again, like
the star in the telescope, the pinhole floods the entire
mirror with light and a perfectly spherical mirror will look
equally bright all over. A knife edge entering the returning
beam between the mirror and focus will cut off light from
the nearer edge of the mirror before encountering the
beams from the opposite edge and will appear as a shadow
crossing the mirror. In my own apparatus I work with the
pinhole on the right, and the knife edge is moved from left
to right. In the above description the moving shadow of the
knife edge between the mirror and focus would appear to
travel from left to right. (See Figure 3.) If the knife edge is
moved away from the mirror so as to enter the beams
beyond focus after they have crossed, it is really encountering beams from the right side of the mirror before
encountering those from the left side, and the shadow has
the appearance of crossing from right to left. (See
4.) Between these two areas there is a point where no
shadow can be detected travelling in any direction. The
mirror seems to grey out all over (null); the knife-edge is at
the centre of curvature. No doubt if the mirror were perfect, the test were conducted in vacuum so there were no
air distortions, the pinhole were infinitely small, and light
did not show wave phenomena, the focal point would be
infinitely small and the mirror would go dark all over
instantaneously and there would be no greying. But this is a
world where the only absolutes are the absolutely impossible, so the appearance is that of a progressive dimming of
the reflected surface.

Fig. 4. Although knife edge still moves in from left it intercepts light
beams from right edge of mirror and shadow appears to cross from
right to left.

Fig. 3. Knife edge cuts off light from left side of mirror creating
shadow on left.
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The desired parabolic surface is a controlled distortion in
wh ich light from the edges of the mirror is focused further
from the surface than that from the centre. When such a
mirror is tested, the knife edge may enter the beam where
light from the edge zone is at focus, and the outer part of
the mirror will darken all around a central area where the
knife edge is beyond focus. The darkened ring shades over
to a shadow on the reverse side as we look towards the
center of the mirror. Light from these inner areas is not
focused on the knife edge but has crossed and bypassed it.
The ATM marks the position of the knife edge where this
occurs. (See Figure 5.) This is the focus of the edge zone.
If the knife edge is inserted in the beam where it encounters light focused by the central zone of the mirror, that
light is cut off and the center of the mirror darkens, shading
outwards to a brighter surround where the light is not
focused on the knife edge, but beyond it. The ATM again
marks the position; this is the focus of the central zone.
The total shift from the first position, focus of the outside
zone to the second is predictable for a parabolic surface; it
~

is given to a first approximationby the formula;.!. 2, where r
R

is the radius of the zone being tested, {in the above example
the outside zone} and R is the radius of curvature of the
mirror. For a typical amateur mirror of 6 inch aperture and
48 inch focal length, fiB, the radius of curvature is 96

Fig. 5. Knife edge at this position intercepts edge rays, so edge is
darkened. Central rays cross, miss knife edge, creating reversed
shadow.

inches (double the focal length) and the radius of the
3 inches and the knife edge shift works out to be
.0937 inches, which most amateurs take as about .1
typical for a first mirror.
Midway between these two points the knife edge will
enter the beam where rays from a ring of radius 70.7% of
the outer radius of the mirror cross the optical axis. This
ring will darken uniformly, but inside it and outside it the
knife edge will be either beyond focus or inside focus and
appropriate shadows will appear. The effect of this complex
of shadows is to create the impression of a doughnut, and
this is the magic appearance that all amateurs are striving to
see on their mirrors. This profound interest in doughnuts
must considerably foul up any election polls based upon
sampling of doughnut purchases similar to the Hamburger
Poll of Vancouver if any ATM 's are included in the sample.
Ranch i's modification is to substitute a screen of fine
parallel wires for the knife edge and a slit for the pinhole.
While it presents difficulty in quantitative analysis, it produces a pattern of bands across the surface, really apparent
shadows of multiple knife edges, and the curvature or
straightness of these bands is an indication of the departure
of the mirror from figure. I find the test an excellent indicator of where corrective measures are required, but
Foucault's method of measuring the zones is needed to
establish the final results. Illustrations show the type of
figures that result from both of these tests at various locations of the knife edge.

BIG SIX ZOOM

DIn YOU KNOW

A GRONKY SIX-TO-ONE ZOOM PROJECTOR
REMOTELY CONTROLLED

PLAN
IANS ARE AN
IMPORTANT PART OF

This single slide projector comes ready to plug into a 110
Volt 60 Hz circuit. With a Moon slide, a satellite slide
with the image placed off center for the effect of tangent
motion, and a L.E.M. slide, off center, that enlarges as it
settles on your horizon.

The American Astronomical
Research Group, Inc.

Big Six Zoom, a product of SKY-SKAN, INC.
is offered at $795.00 Delivered-Fully Guaranteed.
SKY-SKAN, Inc.

P.O. Box 3832

Rochester. New York

For free brochures and application write:
AARG
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The camera behind the knife edge. The image displayed is that of
the knife edge some distance outside focal point of the rays. The
mirror is outside the photograph to the left.

The TV application consists simply of locating a TV
camera where the eye would normally be, and displaying
the result on a TV screen. Photographs show the system in
operation. The only modification made was to substitute a
100 watt projector bulb and dimmer for the usual Christmas Tree lamp in the Foucault pinhole illumination. There
is considerable evidence that this is not necessary. At first I
regarded the system as purely for demonstration, but
having now done it several times and had more time to play
with it I am coming to think that it has considerable utility
in actual test procedures. The eye shifts about and only
rather fleeting glimpses are obtained, but the camera
remains fixed in position and the figure can be studied
more objectively. As I have a Cassegrain system coming up
to test, I intend to use TV on that.
In addition to remaining steady, the TV camera brings to
the system the ability to control contrast and so to amplify
intensity differences that are pretty subtle to the unaided
eye. I would not trust the appearance of Ronchi lines on
the monitor as an indicator of zonal distortion on a mirror,
a small lack of linearity in either camera or monitor could
easily distort them; but if curved masks matching the lines,
or transparent masks drawn to represent the ideal lines,

screen pattern: The bar across the center of the image is the measuring rod described by Everest in ATM Book 2. (Scientific 1411"..,' """"
Publishing Co.) The knife edge is here slightly beyond the ml(1nfl,lnt
for this mirror; 6" diameter f /6. This is a twenty-four inch
image.

were placed over the mirror, both mask and mirror
would be subject to the same distortion, and they
compared directly in the screen image. A
made over the face of the screen, which is about as
sible as you could get over the face of the mirror. After
mirror has been reworked the new
could be
pared with the tracing to evaluate the work done.
Regarding trying to trace anything before the
Willard and I were intrigued with the heated air
fingers held before the mirror
our
Willard remarked that if he had brought his VTR we
have been in line for an Oscar or an
or the
the Purple Doughnut award or something for the
tape!
If you have closed circuit TV
as I did, try it on your Mirror
touch with the local amateur tel(~sc()pe
invite them down to
their Foucault apparatus to
TV system. It could be another way of hrlt,aH10
tarium to your
- and thus
your
munity to your Planetarium.

The quote
to withstand the passage of
about 10 months,
by
it was so tattered from
writing on the
to peel the letters off
and covering up the letters with
quote was completely unintelligible.
maids took a razor blade and COil1nlerelV
was left of the quote. She was overheard to say "I guess
kids proved that the fault certainly is not in our stars!

OVERHEARD:
Jack Fletcher, of Portsmouth Planetarium, Portsmouth,
Va. reports that when hrs planetarium was built, the following quotation from Shakespeare was placed on the outside
of the glass wall of the planetarium entrance:
"The fault, dear Brutus, is not in our stars But in ourselves... "
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Everett

Warminster,

Programs, particularly at the elementary
level, emphasize man's past and present
fascination with the heavens. Students
are constantly challenged to use their
own observational and interpretative
skills.

AN ENVIRONMENTAL CENTER
MacDonald Planetarium
by Charles J. Foell, Centennial School District, Warminster,
Penn. 78974
From the beginning, the Centennial School District in
Bucks County, Pennsylvania, did not follow the standard
planetarium concept. We envisioned a major instrument,
360 projection, multi-sound, and no seats to prevent students from moving about.
Upon entering the chamber one is surprised by the apparent lack of any visible equipment, the absence of any
seating except moveable backrests around the perimeter,
and the forty foot dome which extends to within two feet
of the carpeted floor. When twelve motorized projection
ports open, the audience is suddenly in the center of a
forest completely surrounded by trees, some towering six0

teen feet. Sound comes from any of twenty-four speaker
0
locations. This 360 panorama slowly blends into the next,
giving the impression of a walk along a woodland trail.
The instructor is free to move along the students, since
he uses a remote control unit to operate most of the room's
equipment.
Our offerings include simulated trips to historic
basic learning experiences with spacial and color perception, cultural comparisons, demonstrations of the behavior
of light and sound, archaeological and geological investigations, and other programs designed for audience involvement.

Students see how big a real elephant seems when they are standing
near it. Visuals project almost to the floor. This one is 30' x 30'.

Right: Audience is free to move about in the "no seat" interior of
the McDonald Planetarium. Dome extends to within two feet of the
floor.

Photographs by: Bill Dinlocker

A pale desert sunset proclaims the coming of night. Our
Space Transit Planetarium, manufactured by Spitz Space
Systems of Chadds Ford, Pennsylvania, is elevated from its
storage silo under the center of the chamber floor. Part of
the wall projection surface opens to permit the planetarium
console to roll into the chamber on tracks.
We originated an adjustable cut-off system which permits
us to position the horizon at any level from the normal
eight foot height to within a few feet of the floor. The
lower horizon produces the sensation of an open field encompassed by the heavens. This "orbital horizon" can actually simulate a space platform view, since it discloses considerably more than the 180 of star field viewed by an
observer on earth.
Because our planetarium projector has a computercontrolled three axis system, we can program space orbits.
For example, Vega might be selected as our fixed pole star
instead of Polaris.
0

Students may "fly" our space craft by introducing
changes in roll, pitch, and yaw to the computer, via a handheld control. Problems involving acceleration and
momentum thus become very real.
We frequently go to red lighting which maintains
vision, yet allows for student discussion, activity, or questions. A random slide unit permits rapid selection of visuals
that best answer student questions.
In Centennial School District, the marriage between a
planetarium and an environmental center has been
successful. Programs are available only by teacher request,
none are mandated. Yet, the demand is such that we are
tightly scheduled throughout the school day. School attendance exceeded 24,000 last year. Our center serves
kindergarten through twelfth grade, a number of college
classes, and several county-wide science seminars. Two Penn
State University graduate courses are taught by Planetarium
staff, as well.

One of the most fascinating games to play is what I call a
"Personality Profile;" I like to think I have invented it, but
I imagine that we all play it at some time or another. It
works this way: whenever you enter the surroundings of a
person whom you have never met, you scrutinize the personal effects of this person and try to figure out what sort
of individual he is just by the things he gathers around him.
Later on, you may have a chance to meet him and see if
your instincts about him are close to the truth. The greatest
aspect of this game is that you can play it anywhere, whenever you come across the possessions of a stranger.
My personal version of this game involves looking at lists
that strangers make if I happen across one. Maybe you have
another possession that interests you, but lists is mine. You
can learn a lot about a person this way. Several weeks ago, I
ran across two lists in one day, a personal record ! To see if
you know what I mean about this great game, try your
mental image powers on these two lists I found. The first
was scribbled on a brown paper bag and was all crumpled
up, as if it had been deposited originally in someone's
pocket. Written on it was:
Fix water heater
Pick up clothes - cleaners
Call TV Man
Pop-Tarts
Cheese
Milk
Crunchie Munchies
Eggs
Cheap Wine
Do you have a picture of this person, unknown to you? Of
course you do!
The second list was astounding to me, and I leave it up
to you to figure out what it's all about. It scared me so that
I am considering giving up the game; I take it as an omen
that someone up there doesn't want me meddling with
other people's lists. It read:

Jane's
Corner
BY

Jane

P. Geoghegan

Send your "happenings" to jane Geoghegan, 4700 W.
Grace St., Richmond, Va. 23230
Get:
bicycle wheel
yellow day-glo paint
aerosol can of air
16 flashlights
moon rock
Star of Bethlehem
Alka-Seltzer
Move Earth up to 2000 A.D.
Fix Stars
Get Stonehenge to work
Take sun out of December sky
Move Cape Kennedy
Raise horizon
Dim moon - too bright
Schedule Comet for Mr. Black

**************
Planetarian Sig Weiser, of Calgary Centennial Planetarium, Alberta, notes that when hostesses patrol the darkened star chamber, odd things happen. Stumbling over a
man crawling on his knees, she asked if she could be of
assistance. He replied: "No thanks, just looking for my
kids."

Conchy
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REGIONAL ASSOCIATION
Because of the illness of NEWSBEAT Editor jack
Horkhei mer during the preparation of th is issue, we are
forced to go to press without our usual news summary from
the regional associations. N EWSBEAT in the March issue will
feature selected news items, and we will resume our usual
coverage by Jack in his own inimitable style in the June issue.
To see your name in the news there, please contact Jack
no later than June 12, 1974. Write to:

NEWSBEAT

Jack Horkheimer, Assoc. Editor
THE PLANETARIAN

Miami Museum of Science
3280 S. Miami Ave.
Miami, Florida 33129

Regional (Aflttlbuttng£ditor$
Public
Muse:um l

49502.
t;PPA

c.

Russet!

Maag,. 16:01 BlacKwell Rd., St.

Jose.p:h,Mo::·Q.4.s05~

MAPS, GerardE. Munt, ~ttasenblJrgh> Planetarium,
Q.Q.3J:as~·Ave.,Rnch~stertN~y.,.14607~

PAC .factlng), Sig'\ Wieser, Calgarv •f.;eotenniill
tarium,*P .0•. B.GX 210<1, Calgan'! AI~rtajCaflada •.
PPAj . Th.omas M. Gates~Space ScitmceCenter"
EJ.MG,nteRd •.t . l:,os Altos HUb,: CA 94022.•

RI'1P:i4t

Walt~~

Hale 1 190 ..PondefosaDr(ve,Route. 2,

Box;242:'far~er,Co'Qrado80134.

SEPA, . . p.o~ert .J ~ .•. HittlChe~peat~Ptanetarium,. 300
CedarRd .,Chesapeake,.v A 23320.
SWAP, ·johri L:.Cotton, Jr'J
Pur~ue, . DaHas,

Texas 75225.
International Editor) [)orothy E. Beede,· Norwood
City$choofsPlanetarium, 2020 Sherman Ave., Norwood,
Obio 45212.

PROIiRESSIVE PLAnETARiums
Control their Sky Show special effects the modern way •••
With TECHNAMICS solid state control devices: Dimmers,
Dissolvers, Indexing Systems, etc.

Join the crowd .•..
write today for your FREE brochures to:
THE TECHNAMICS COMPANY
2232 Gardner Station
St. Louis, Missouri 63109
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Conducted by G. L. Verschuur
The controversy about the true distance to quasars and
whether they follow the Hubble Law concerning the expansion of the Universe is undergoing a renewed examination
in astronomical circles. The problem concerns not only the
distance, and hence the nature, of quasars, but also involves
the basic questions of cosmology. Mankind has always been
interested in cosmological questions because these concern
not only the origin of the universe, but might give us clues
about the origin of life. I want to discuss the former topic
from a heretical point of view.
Looking back several centuries we recall that there
occurred in the seventeenth century the so-called Copernican revolution. This led to the majority of mankind
becoming aware of the fact that the earth was not at the
center of the universe, but that the sun was at the center of
the solar system with the stars located at great distances
from us. We also know that there were many who knew
about the sun-centered solar system around 300 BC. However, for 2,000 years we forgot about that and preferred to
believe in what I will refer to as an Old Testament view of
the universe. After all, if the statements in Genesis concerning the creation of Heaven and Earth are considered at all,
then it is obvious that the earth is in a unique position in
the order of things.
In the seventeenth century we finally emerged from that
belief, but I now want to consider the other aspect of that
dogma which still appears to permeate modern cosmology
through and through. That aspect is the concept that "In
the beginning ... " Modern cosmology may be nothing more
than our feeble efforts to confirm the idea that there was a
beginning. The expanding universe theory was based on
Hubble's observations of the correlation between the
apparent brightness of galaxies and their redshifts. This
indicated that the more distant galaxies are moving away
from us faster than those closer by. This led to a neat
theory that the universe was expanding away from some
point in time which might be called the creation. This may
just reflect our mass hang-up that everything is created or is
born. Everyone felt better that the universe too, just like
us, had a starting point and hopefully, like us again, would
someday die. Of course some suggested that perhaps the
universe is oscillating, which would avoid a creation. But
the mass conscienceness was satisfied that "In the beginning ... " the universe was created, even if the creation was
a unique "BIG BANG."
When quasars were first discovered to have large redshifts, these were first interpreted according to the Hubble
Law. This meant that quasars are very far away indeed,
even near the "edge of the universe" according to some

recent newspaper reports. HO'UTt:l>Ut:l>1"
those astronomers who have favored the idea that
were not as far away as their redshifts indicated.
there are many problems connected with quasars
much less serious if quasars are
at the m~;ta]t1CE:~S
the furthest observed galaxies
lights away rather than tens-to-hundreds-of-billions
For
years away on the cosmological
pIe, the apparent expansion of quasars at
are
than that of light is avoided if
output is smaller if we use the closer distances and
the recent discoveries of associations of quasars
peculiar galaxies make sense if the quasars are
to galaxies.
In the last few months several
discovered. One pair is .,,, ~;" ...... "..'....
another by only 5 seconds of arc. These new
have been made because radio astronomers can at
point positions of radio sources to 2 seconds of
ease. This allows the optical astronomers to go to
the
telescopes and point them
at the
sky in order to study the source of the radio waves.
The coincidence of the two quasars very dose "Vi',"''''''''''''
in the sky is not expected unless the quasars are _~ ___
close together in space.
the two quasars ser>ar;at€!d
by only 5 seconds of arc have very different redshifts
one another! Interpreted
to the Hubble Law
In that
would place them billions of
their positions would
together.
A way out is to consider that the redshifts are
be two cOlmplonenlts
measure of distance or that there
to the redshift, as two Canadian authors of a recent
suggest. One component is due to the eX1JanlSlO n
universe, the other is due to some
in the
For example, the
conditions within the quasar
vary with age in such a way that the
reflects these conditions. In such a
that the quasar is a
that is
large redshift and first looks like a IJv.u!v-un,O(;
evolves it grows
with a very
nucleus
appears as a
galaxy). At the same time the redshift decreases for
as yet unknown reason. Later the
nucleus aelcreas~~s
in brightness and the
grows larger still and the
shift less. It now appears as a radio galaxy with
culiar" reshift and
the redshift aeJJen.aulg
tance left. This radio
also unldel~gO eXplC)SHmS
and throw out some blobs of matter and appear as a
radio source.
If I take this a little further
a person.al
view) I would speculate that as the object evolves
further the redshift might get even smaller. We would
which
fore see the smallest redshifts for those
evolved furthest, that is the nearest ones. The
".Y

I
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shifts would be seen in those galaxies which have evolved
less, that is, those further away. This would give us the
illusion of an expanding universe. It wouldn't be expanding,
but it would still be an evolving universe. This brings us
back to square one!
These are partly private speculations combined with
those of others. The main problem is that we still haven't
any idea why the redshift should appear to change or even
what it is due to. What is clear is that many of those objects
which are now easily pin-pointed by radio astronomers have
given astronomers the world over much food for thought.
The question is whether anyone's thoughts are going to be
sufficiently freed of preconceived ideas in the near future
to allow us to really find out whether or not the universe
had a beginning and what quasars and redshifts are really all
about. Perhaps the answer lies in our lack of understanding
of the nature of time on a universal scale.

Of tars and

omes

by Mark R. Chartrand III, A mer. Mus.-Hayden Planetarium

The National Bureau of Standards recently announced
that 1972 was the longest year in history, by reason of the
two extra "leap seconds" added to a leap year of 366 days.
While I don't like to take issue with such a prestigious
organization, it should be pointed out that there was one
year that was longer. Much longer.
That year was 46 B.C. The old local Roman calendar had
been a lunar calendar, with extra months thrown in {intercalated} arbitrarily to make things come out right. When
Julius Caesar took over, these intercalations were frequently omitted. By 46 B.C., the calendar was about two
months out of step with the seasons. It was realized that
the reason was that the length of the year is closer to 365~
days than to 365. The Alexandrian astronomer Sosigenes
devised a new calendar, adopting 365~ days as the average
length of the year, and he was able to convince Julius
Caesar to adopt it. He is responsible for the now-familiar
method ~f add ing an extra day once every four years. With
our present system of counting this makes those years
evenly divisible by 4 leap years, provided that (1) the beginn ing of the year is on January 1, and (2) the astronomical
designations of the years before 1 A.D. are used (e.g., the
year before 1 A.D. is 0, and 2 B.C. is -1).
The extra leap day was added at the end of February,
which had been the last month of the year in the old
Roman calendar. By the time of Julius, however, the year
began on January 1, which came to be adopted in many
Western countires. (Not in England however, which used
December 25 as the beginning of the year until the 14th
century, after which they used March 25.)
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Ken Franklin
Planetarium Asl~ronome,r.
tions to both!

To return to the main issue, before the Julian calendar
could be adopted, the phase shift between dates and
seasons had to be eliminated. Julius Caesar inserted
days into 46 B.C. (He didn't call it that!) until the calendar
was back in step. The result was that year had 445
it!! It was certainly the longest year in history.
Actually the best intentions of Sosigenes and Julius
not correctly understood right away, and leap years
added at random for the next few decades. By 8 B.C.
were again out of step, and so Augustus stopped
leap years until 8 A.D., after which the Julian
continued to 1582 (and even beyond).
The person responsible for establishing the
chronological era (B.C. is our old friend
Exiguus ("Denis the Small ") whom we all mention every
year in our S.O.B. shows.
some process no one
discover today, he established the date of the birth of
(incorrectly yet!). Like most mistakes, this one had way
of propagating.
Just to
things up to date, England
Gregorian reform of 1582 and stayed with
ulian
system until 1
at which time they also adopted January
1 as the beginning of the year.
Adding the two seconds to 1972 is only one of many
small corrections to our timekeeping necessary to
the
(slightly) irregular rotation of the Earth in step with the
other methods of timekeeping. Usually the corrections have
been small, a few tens or hundreds of milliseconds added as
necessary. Announcements of when they are going
do
this are usually announced on WWV. There might be some
more this year, and we might sometime end up with a year
longer than 1972. But it would take a lot of extra seconds
(6,825,600 in fact) to equal the length of 46 B.C.!
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ASTRONOMY EDUCATION RESOUR
conducted by George Reed, West Chester State College (PA)

Astronomy and Philately
An interest in astronomy and an interest in philately can
be combined to provide both a colorful hobby and an
appealing display for the planetarium or astronomy classroom. Philately refers to the collection and study of
postage stamps, postmarks and stamped envelopes. Stamps
from countries throughout the world have contained representations of famous astronomers, observatories, telescopes,
astroarchaeologic sites, constellations, celestial objects and
symbols. Stamps have also been issued to commemorate the
occurrence of solar eclipses and achievements in the realm
of space exploration.
Slide copies of stamps can be used in the planetarium
and astronomy classroom. They can provide an interesting
and unusual beginning to programs as well as a point or
item of closure. The international nature of astronomical
stamps can add a further dimension to their use in educational programs. The astronomical stamps of a country

Elementary Science Study Unit, Daytime Astronomy by
Doug Seager, Webster Division, McGraw-Hili Book Company, New York, 1971

often reflect the differentiating aspects of the
institutions and location of that country.
Two publications will be of interest to the potential
astronomical philatelist. Astronomy on Stamps
Alphonse P. Mayernik is available from Sky Publishing
Corporation ($.50), Cambridge, Mass. This short publication contains a list of approximately 500 international
astronomical stamps that were issued prior to 1962 as well
as 81 black and white replicas of different stamps.
The second publication is Scott Standard Postage Stamp
Catalogue, "The Encyclopedia of Philately." Scott's
and complete catalogue contains a black and white replica
of each stamp listed as well as a color description and estimate of the canceled and uncanceled value of the stamp.
The Scott catalogue can be found in most libraries or it can
be obtained from Scott Publications, New York, N.Y.
Tersch Enterprises, Colorado Springs, Colorado has a 15
slide series of astronomical stamps available ($10.00) for
the planetarium and astronomy classroom.

constricted by the caprice of good weather, the unit is
designed to take advantage of any good clear days from
beginning of school until summer recess. The teacher
guided in scheduling various aspects of the unit throughout
the year rather than blocking off the three to six weeks
usually allowed to astronomy in the elementary grades.
Only by extending parts of the unit over many months will
a class be guaranteed good weather and only in this way
will they begin to see the cyclical nature of astronomical
phenomena.
All observations are made with the naked eye using
either shadow sticks (simply a stick perpendicular to the
ground of any length), protractors for measuring shadow
angles and classroom globes for making out-door models of
the real Earth. Typical questions students attempt to
answer through use of the shadow sticks are: "Where is the
sun at noon?"; "Is there a noon shadow?"; "In .what
direction does the shortest shadow for any day point?"; "Is
the midday shadow the same length every month?"
Children are urged to relate these observations to an
understanding of directions, of seasons and of time. Many
have found that observations of the sun before and after
daylight-saving time has gone into effect will help children
understand that concept.

In this era of spaceflight, many children are fluent in the
language of outer space. They can tell you that the Earth is
a satellite of the sun and that it takes one year to complete
its elliptical orbit. They can tell you that the Moon circles
the Earth. They have seen live television pictures of rockets
hurtling spaceward and establishing their position for Moon
landing and men cavorting on the Moon. Yet, for all this
sophistication, children have many misconceptions about
natural phenomena they can observe from their own
vantage point on Earth.
With this as an introduction, the Elementary Science
Study unit, "Daytime Astronomy," attempts to get
children in grades five through Junior High out-of-doors
and actually looking towards the skies. Throughout the
course of study, children will be recording various
observations of the sun to help formulate and revise a
mental model of the Universe - a model that starts with
phenomena that can be seen by the children themselves.
Perhaps one of the most radical approaches the unit
takes is in scheduling. Rather than have the teacher
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The older children using the Daytime Astronomy unit
also will perform experiments using globes oriented
out-doors to simulate the position of the real Earth beneath
their feet. Typical questions ch ildren will attempt to answer
with globes properly oriented outside on sunny days are:
"Will the sun appear to move to the east, west, north or
south in the next hour?"; "Where is the sun directly
overhead at this moment?"; "Where will midday occur one
hour from now in the northern hemisphere?" Students will
also work with building scale models of the Earth-Moon
system to demonstrate reasons for various types of eclipses.
As with all units, Daytime Astronomy is only as strong as
the teachers using it. In this area the planetarium should
play a strong role. In trial teaching the unit with
approximately 3,000 students and their teachers, it was
found that teachers often were reluctant to assign a project
unless they first tried it out. Since most elementary

teachers never take an astronomy course {and those that do
deal with it in descriptive not observational terms}, the
planetarium can be used to assuage fears of the teachers
having to predict what the sky will be like three months
hence. Where planetarium directors offer in-service
instruction for teachers and actually recreate solar positions
for months in advance, confidence and proficiency in
teaching the unit have measurably increased.
Generally the Daytime Astronomy unit is an excellent
approach to actively getting intermediate aged children
involved in making observations of the sun. The teacher's
guide' is well illustrated, offers many suggestions for types
of questions to ask and opens the way for further, more
in-depth study of observational astronomy.

Reviewed by Gerald Muhl, strasenburgh Planetarium

ANSWER - The best efforts of mice and men more often
than not, go astray. Welcome to the wonderful world of
planetariums. Yours is a story which often is repeated.
Equipment malfunction is the biggest bugaboo in the business. Also the aspect of just barely finishing the technical
requirements -in time to allow the program presenters a few
minutes to try to make sense of the operating status of
equipment is standard operating procedure. Man has a marvelous ability to fill the time space prior to deadlines and
always end up rushing at the last moment to meet the
deadline. Management of time such that programs happen
without problems is accomplished by defining project
events and setting up a number of deadlines and time gaps
between these events. We call these PERT Charts, time lines
and so on. Any industry can give you material in project
management. The other requirement is the discipline to
stick to your PERT Chart or time line. I believe this is the
area where failures most often occur. Chilton Publications,
Chestnut and 56th Streets, Philadelphia, PA. 19139 has a
reprint of a project management series for Electronics
Engineers that is very adaptable to planetarium projects.

"The other day at the climax of a Comet Kohoutek
press conference, we turned on our mighty early Goto projector to illustrate the comet's appearance in January. The
day before, the technical crew had just finished working on
renovation of the instrument for several months. Switches
had been relocated, rewired and generally changed somewhat from the known locations of last school year. With
the local newspaper and television media there, we managed
to blowout the light in the southern hemisphere, jam one
of the main supporting slide projectors and the main comet
projector which does a beautiful job, didn't work. A
student assistant wh ile attempting to align the comet projector to allow the newspaper photographers to snap a
simulation managed to wrench the projector from its base.
One of the newspapers alluded to these problems and of
course we were left with egg on our face since the newspapers had been told by our P.R. department that a
"modernization" had taken place over the summer which
was incorrect, it was simply a technical effort to keep a
"sick patient" alive. How do all the other planetariums
avoid these pitfalls? It seems that our best efforts are
waylaid."
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CONTA cn is our Question-Answer column. There are no
holds barred on questions or requests for help, providing
they are related to the legitimate purposes of this journal,
and the Editor will send a researched reply to every letter
sent him even though space may prohibit its being used in
the column. So CONTA CT: Mr. Thomas Gates, Space
Science Center, 12345 EI Monte Rd., Los Altos Hills, Calif.
94022.
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by James Stanley Hey

From the beginning, the early discoveries of
Jansky, Reber, van de Hulst and others, the
author relates in detail the launching of research programs here and abroad and surveys with the depth of personal familiarity
subsequent developments.
The book includes over 50 illustrations, 30
photographs of personalities and observatories, as well as a reference section of 15
pages covering the years 1932 to the present.
CONTENTS: The Beginning of Radio Astronomy. The Rise of Radio Astronomy
• Two Crucial Years, 1950-1 • Radio Telescopes and Observatories. The Solar
System. Radio Waves in the Galaxy. Radio Galaxies, Quasars, and Cosmology
• The Scope of Radio Methods in Astronomy. Appendix. References. Glossary
• Indexes

We now have a book that succeeds 11'1 putting the subject into human
perspectille, one that can be read with pleasure by m)t'lspecialists and
speCialists alike."
-M. L. Meeks, SKY & TELESCOPE
" ..• Radio astronomers will enjoy this book, as will graduate students in
the sciences, and it is well within the range of high school science
students."
-R. N. Bracewell, SCIENCE
" ... I can find nothing to criticize, but a great deal to applaud . .. "
H •••

Intended primarily for the amateur
tronomer, this series of annual volumes
provides in-depth articles which will be
of equal interest to the professional.
Volume 1 includes the first complete
translation of Antoniadi's classic, The
Planet Mercury.

The Moon Landings: Apollo 11 and 12
• Breathing in Space • The Approach
of Mars· A Review of Infra-Red Astronomy· The Planet Mercury • The
Constitution of Saturn • Simple Mathematics for Astronomy Examinations
• Space Research Since March 1970 Binocular Variables • Construction
and Use of a Solar Prominence Attachment
The World's Larqest Telescope • Evidence for Vulcanism on the Moon The Transitory Transits of
Venus· A Static or Expanding Universe?
Observed Seasonal Change
of the Southern Martian Polar Cap
Blue Stars in the Infra-Red
Radio
Galaxies • The History of the Calendar Ulugh Beigh's Ancient Star Atlas
• Further Comments on Lunar Transient Phenomena· Book Reviews.

-Patrick Moore, TIMES EDUCATIONAL SUPPLEMENT

x, 214 pp., mUll. (Order H-i

1973

MILKY

Evolution)

$10.00

An Elusive Road For
by Stanley L. Jaki

An often surprising and meticulously
documented history of man's concepts
of the Milky Way. The author probes the
deeper motivations of Aristotle's theory
of the Milky Way revealing hitherto unsuspected perspicacity on the part of
medieval scientists. The baffling silence
of the early Copernicans, Galileo's
strange neglect of his telescopic sighting and the puzzling disinterest of
Newton and his followers are fully discussed. Jaki's coverage of pre-1750 research on the Milky Way offers the first
treatment of this subject to be found in
the astronomical and cosmological literature of the last 200 years.

. Ja#Ci's erudition is amazing. He seems to have read nearly ellery-Charles A. Whitney, SKY & TELESCOPE

" .. should serlle for the foreseeable future as the definitive monograph
01'1 the subject."
-R. H. Dicke

1973

xi, 352 pp., 24 plates (Order J-1 Milky Way)

$15.00

edited by Michael A. Hoskin

Entering its fifth year, the Journal, published
every four months, includes articles on the
History of Astronomy, Astrophysics, and Cosmology, as well as relevant branches of
allied sciences. Selected articles from recent
issues:
The American Kepler: Daniel Kirkwood and
his Analogy; The Michelson-Morley-Miller Experiments before and after 1905; The Carnac
Alignments; Thomas A. Edison and Infra-red
Astronomy; The Development of Research in
Interstellar Absorption, 1900-1930.
Subscription information including contents of back Issues and special
new subscriber offer available upon request.

must

ill us. (Order AS·72 or AS-73)
(Order AS-723)

Each volume, 400
Both volumes

CONTENTS: Introduction • Greek Hunches • Medieval Gropings • Copernican
Silence • Galilean Myopia • Newtonian Distraction • Wright's Wrong • The
Silent Breakthrough • The Myth of One Island. The Beacon from Andromeda
"

A New Look at the Origin of Lunar Surface Breccias· Mars: an Active Planet?
• Is There a Tenth Planet? The Story
of Balloon Satellites· Hot Stars with
Emission Lines • The Origin of Ihe
Elements • The Degassing of the Moon
• Filters for the Amateur Astronomer
A History of Persian Chronology Dustmen, Electricians, and the Solar System
The Planet Mars (in two parts) While
Dwarfs • Some Observatories (in two parts) • Notes of Astronomical Terms
• The Constellations: Ursa Minor The Solar System: The Sun Two Very
Strange Stars • Astronomy of the Megaliths • The Varying Visual Sizes of
the Moon • The Runaway Greenhouse in the Venus Atmosphere • Spectacle of the Southern Skies· The Constellations: Orion· Book Reviews

The Middle Period, 1610-1632
by William R. Shea

A deft analYSis of the vexing problem concerning the actual relationship
between mathematics and experiment in Galileo's scientific work. The
explicit focus is on the years between Galileo's first reported telescopic
discoveries and the trial resulting from his defense of Copernican ism in
the Dialogue. A discussion of Galileo's earliest scientific views is followed
by an analysis of his work on hydrostatics and includes an examination
of the role of authority and authorities in the physical sciences -of Ihe
early 17th Century. The third and fourth chapters compare Galileo's
scientific methodology with that of Scheiner and Grassi, while the final
chapters examine Galileo's effort to establish the double motion of the
earth required by Copernican theory.
the

1973

xii, 204 pp., ml.ls. (Order 5-1 Galileo)

by W. M. Smart
First published in 1968, this book by the author of Celestial Mechanics
available in limited quantity, specially priced.

1968

328 pp., 39 tables, 49 figures (Order S-2 Kinematics)

all orders. Books are

a
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156 FIFTH AVENUE, NEW YORK, N.Y. 10010
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Why AlP makes other zooms obs I t
Imagine for a moment you're in your
console. You zoom up a slide to
maximum size. The image begins
to wash out- - right? Not with AZPI
Ours is the one zoom system that
gi ves you light level compensation
across the whole zoom range automatically. With AZP realism, as the
image grows larger it actually grows
brighter. To prove the point we took
the triple exposure (at the right) from
an image projected on a planetarium
dome using an AZP -I.
And here's another exclusive ...
You know how easy it is to fade
up a slide only to find it's the wrong
size. That's not an AZP problem.
The unique zoom position readout
lets you know where you are all the
time,
you
it up.
to install.

oIUII.II.:I!'t.'l'''.':;

versatile ...

a compl ete pI ug
operation at home in the
largest or smallest planetarium. Our
customers (names on request) tell us
the system's flexiblity is one of its
most appealing features. Current
models include one perfectly suited to
your special needs. They range from
the AZP-12, newest, simplest and
lowest in cost ($1,950.); right on up to
the most sophi&ticated, random access, dual controls AZP-4 ($6,150).

antee,
etc.
10:1 zoom
$4,950 ... now

Let's hear from you ...
Return the coupon, and we'll
send you full technical information
on all the AZP systems. And, if you
like, we'll be glad to talk over
your special requirements.
No
obligation, of course.

_ _ _ _ _ _ State _ _

For space science environments the System 512 planetarium instrument is a full capability simulator capable of
incomparable realism. Silent motions, three-axis rotation
to de~onstrate the effects of diurnal, latitude and azimuth
rotation, roll, pitch and yaw; changes in planetary positions
over longer periods of time; and the mathematical concepts of coordinates, ecliptic and meridian are standard.

An expandable, modular nerve center to the entire system, the
console is designed to control all the elements of System 512 including automation of all functions. Digital logic signals are sent
to various "addresses" in the classroom to energize the System
512 Planetarium, slide projectors, auxiliary equipment, cove lighting.
The console also provides space for the System 512 sound system.
I·j·
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SPITZ SPACE SYSTEMS, IN
CHADDS FORD PENNSYLVANIA 19317

215 459-5200

