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part I: The Observable Universe
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Galaxy X

1) Do you think the galaxies we can see from Earth ar

e the only galaxies in the entire
universe? Explain your reasoning.

2) Draw a circle around Galaxy X that represents its observable universe.

bservable universe that you drew for Galaxyl X different in size than the
% fbtsf;ivL;b/e universe for Earth? Explain your reasoning.
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4) Two students are talking about the observable universe for Galaxy X:

Student 1:  People living in Galaxy X have a strange view of the universe. When they
look in one direction, they see a bunch of galaxies, but when they look in
the other direction, all they see is empty space. Galaxy X must be at the
edge of the universe since there’s nothing but black, empty space beyond
it. We're lucky we live at the center since we can see galaxies all the way
out to the edge of the universe, no matter where we look.

Student 2: | think ygu're wrong. People living in Galaxy X would probably see a bunch
of galaxies in every direction they look, but they can see some galaxies
that we can't, just like we can see galaxies they can't. The observable uni-
verse for any galaxy should look similar to ours. | don't think we are at the
center of the universe and | don't think Galaxy X is at the edge either.

Do you agree or disagree with either or both of the students? Explain your reasoning.

Part Il: An Analogy for Expansion

One way to try to understand and envision the expansion of the universe is by creating
analogies that model the different aspects of our real expanding universe. One way to model
the expanding universe is to use a “balloon” analogy. In this analogy, the space and time

of the universe are modeled by the “surface” or “skin” of an expanding balloon. The entire
universe exists only on the surface of the balloon. Light can travel only on the surface of the

balloon.
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Student 1:  Someone living on the surface of this balloon universe will definitely

e_ncounter an edge and a center. All they have to do is look from their loca-
tion across the inside of the balloon to a location on the other side. The
center of the inside of the balloon is the center of the universe, and the
far side would be the edge of what they could see. So there's definitely a
center and an edge to the universe in the balloon analogy.

Student 2: [ think you misunderstand the analogy. The surface of the balloon is sup-
posed to be the entire universe. The inside of the balloon isn't part of the
universe and doesn't actually exist. You can't look through the inside of
the balloon to the other side so there is no center in the middle or edge on
the other side. In this analogy, people living in the balloon universe would
never encounter a center or an edge.

Do you agree or disagree with either or both of the students? Explain your reasoning.

i at different times during its
ious page represent the universe e
9) The bAEES i threro’;'v-euvrll‘:il;mF:aagth the balloons lh?( pqmts‘ fr:?“tlt:e:talhest im
histotry i.D;Z‘INt:: eands of the arrow with the words “earliest” a .
latest. La

LecTuRE-TUTORIALS FOR INTRODUC

© 2013 Pearson Education, Inc.

TORY ASTRONOMY
Triro EDITION





image4.jpeg
154 Making Sense of the Universe and Expansion

10)imagine you lived in a galaxy on the surface of the balloon. As the balloon expands,
would all the other galaxies appear to move toward you or away from you?

11) Would your answers to the previous question be the same regardless of the galaxy in
which you live, or would it change depending on the galaxy you inhabit?

12) In this analogy, do galaxies move relative to one another because they are traveling

across the surface of the balloon, or do they move relative to one another because the
bailoon is expanding?

131 The balloon analogy is a helpful way to think about expansion, but no analogy is perfect.

™’ Some aspects of the real universe are captured by this analogy while others are not.
The evidence we now have about the real universe implies the following statements
(af) are all true. For each of these statements, state whether it is accurately captured
by the balloon analogy or not, and explain your reasoning.

a) The real universe has no center.

b) The real universe has no edge.

c) The real universe is expanding.

d) The real universe is not round.

e) The real universe’s expansion does not cause








