Summer study inthe USSR and US

Several American and Soviet organizations, including the
magazines Kvant and Quantum, the National Science Teach-
ers Association, the US International Space Year Associa-
tion, the USSR Academy of Sciences, and the International
Educational Network, are organizinga 1991 International
Summer Institute in the United States and the Soviet Union.

The program will feature advanced classes in mathemat-
ics, physics, biology, and other space-related subjects; lec-
tures by prominent Russian and American scientists and
astronauts; trips to major scientific laboratories; sports and
recreation; and many cultural activities.

Selected students will participate in either the American
or the Soviet part of the program. The American session will
take place July 1-21, 1991, at LaSalle Academy in Long
Island, N'Y, and Georgetown University in Washington, DC,
while the Soviet session will take place June 28-July 24,
1991, at a Black Sea resort, Moscow State University, and
Leningrad. The institutes are open to high school students
and selection will be based upon SAT scores and teachers’
recommendations. Financial aid is available.

Feel free to share copies of this ad
with interested students and teachers!

The Sky's Not the Limit!

To receive more information and an application,
please complete this form and mail to:

Dr. Edward Lozansky, President
International Educational Network
3001 Veazey Terrace, NW
Washington, DC 20008
(Telephone: 202 362-7855)
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David Chandler

Montclair High School, 4725 Benito, Montclair, CA 91763

The two computer printouts in
Figs. 1 and 2 are actually com-
puter-generated star charts of a random
part of the sky,* but I don’t tell this to
my students. I tell them each dot repre-
sents a galaxy cluster. When I make
transparencies of the two printouts and
overlay them on an overhead projector
(or make a transparency of one and
overlay it on a solid copy of the other for

“An Expanding Universe”

desktop use), it becomes clear that one
is an expanded version of the other.

I originally tried making the two
views with a paint program. I placed
random dots on the page and then ex-

panded one printout. Unfortunately, the
dots grew in size as well as separation.
The star-mapping program, on the other
hand, allows for change in scale without
changing the dot size.

Figs. 1 and 2 (shown on the next two pages). This pair of dot patterns is identical except
for scale. The dots are the same size, but they are slightly farther apart in one view than
in the other. If the dots are thought of as galaxy clusters and the time between views is
assumed to be one billion years, they lead to a Hubble age of 18 billion years.
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Figs. 3 and 4 (shown at left). When the two dot patterns are
overlaid without rotation, a center of expansion becomes
apparent. This is not a true center, however, since any point
can be made to appear to be the center by simply translating
one sheet relative to the other. Figures 3 and 4 result from
the same two transparencies, but with different alignments.
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Using transparencies of the sample universe pair re-
produced here, a number of exercises are possible:

a Overlay the views without rotation and ask where
the center of the expansion is (see Fig. 3). Translate
the views slightly and ask again (see Fig. 4).

The apparent center shifts, much as the alignment
point shifts on a Vernier scale. Any point on one trans-
parency can be made to be the center of expansion simply
by aligning it with the corresponding dot on the other
transparency. This clearly illustrates how observers in
any galaxy, imagining themselves fixed, will see them-
selves at the center of the expansion.

= Assuming the time difference between the two
sheets is one billion years, how old is the universe?

To proceed, choose any dot as the center of the
expansion. Find a distant dot on one page and its corre-
sponding dot on the underlying page. Measure how far
the dot (in the present universe) is from the presumed
center and how far the dot shifted in the last billion years.
Divide its shift per billion years into the total distance
from the center to find how many billion years it took to
expand to its present location.

The answer comes out the same no matter which dot
”“’e":“f"‘é'“‘??f&f'.m‘?,?é'?r“d‘f"‘.’f“’m”.f? 2 aataxy plusees A e el you choose to be the center of expansion and which dot
‘ is used as the receding galaxy cluster. This is an impor-
tant result, because if different measurements yielded
different ages, the concept that the universe has a well-
defined age would come into question.

s Define a scale. Any scale will do. Letting the time
interval between views be one billion years, graph
the velocity of recession as a function of distance
and determine Hubble’s constant in the traditional
way.

Even if students use different scales, their values for
Hubble’s constant will come out the same. Students
might have expected this (but rarely will) since the
Hubble constant can be gotten from the second exercise,
where scale was never even mentioned.
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*For further information on this star-mapping program, contact
the author. Deep Space 3-D is available for IBM PC’s and
requires an Epson/IBM-compatible nine-pin printer to print star
charts. Other star-mapping programs may also be useful for
teaching purposes, provided they allow arbitrary scaling of
printouts.
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