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ASTRONOMY 5
Final Exam Spring 2001

(Edited for questions relevant to Astronomy 5 2007 Midterm)

Follow the directions in each section. Write all answers on this examination paper. Ieel
free to ask for clarification of any question. You may utilize the textbook, lecture notes,
your notes, homework solutions, and any handouts that we have passed out. However,
the exam must be written in your own words. Direct quotes from the texts or lecture
notes will not be given credit.

Write neatly please. Keep answers short and to the point. Credit is given for the quality
of ideas, not the number of words on the page.

The first two sections are graded in difficulty from easy to hard. 1f you are having

trouble with the ends of these sections, skip them and go on to the rest of the exam.

TRUE-FALSE: Do all. One point each.
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We know the Universe is not contracting because the light from
galaxies is not blueshified.

The HR diagram of a star cluster can be used to estimate its age.

Black holes are discovered at the centers of galaxies by observing
very high velocities for stars orbiting close to the center.

Older stellar populations look bluer because massive red stars
evolve quickly away. —= Older Stellar po slations  (oole
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reddor  because wassive olue  stars ewvolve guickly awey.

Light paths when viewed from within curved space always appear

straight. TL‘“'.' oe corved. This can be H/\Ouj.i’\* of
os o debniton of “corved space

A rough estimate of the age of the Universe can be gotten from the

velocities ol galaxies, assuming that their speeds of separation have

remained roughly constant over time. ——> Us‘\mb H Hubble

constant :  age o Yk
Olber’s Paradox is resolved by the fact that the Universe is finite
n size.

Hubble's law is valid even if a universe expands at very dilterent rates

in different places. Hubble's [aw assumes Hae Universe
expands ot e sane rade  evewpliere

A galaxy’s location along the Hubble sequence reflects the importance

of major mergers in its formation history.
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MULTIPLE-CHOICE: Do all. Two points each.

26.

30.

31.

What characteristic most determines how stars differ in luminosity? IO

Which of the following statements about Hubble’s law is true?

Atomic spectral lines are produced because:

a) Atoms collide with other atoms.

b) There are only a finite number of elements in the periodic table.

¢) Electrons in upper energy levels of atoms fall to lower energy levels,
producing photons.

d) There are an integral number of neutrons and protons in an atomic nucleus.

e) Matter and anit-matter annihilate, producing photons.

a) Their composition.

b) Their mass.

¢) The time they are formed.

d) Where they are formed.

¢) Their color when they are formed.

b

The formula for Hubble’s law is:

v = Hyr. “radial Velocﬂq )

means velo ci-l-«-r a[ov%,

a) The symbol v is the total velocity of a galaxy, and the symbol r is its Hir (e oc
f:llslapcc from us. . ) 1 | - S?Ob\+ _
b) The symbol v is the radial velocity of a galaxy, and the symbol r 1s its
distance from us.
¢) The symbol v is the radial velocity of a galaxy. and the symbol r is its
radius.
d) The symbol v is the rotation velocity of a galaxy. and the symbol r is its
radius.
¢) The symbol v is the velocity of a galaxy sideways to the line of sight,
and the symbol r is its distance.

Which statement is true about the lifetimes of stars? a

a) Little stars live longer because they don’t burn energy very rapidly.

b) Little stars live shorter because they have less fuel.

¢) Massive stars have more fuel, but they also burn it more rapidly, so they
end up having the same lifetimes as little stars.

d) Stars begin life at the top of the main sequence and evolve down it
as they run out of fuel, become dimmer, and cool.

¢) Stars begin life as giants and contract to the main sequence just before
they die.



34, The disk of our Galaxy does NOT contain; _ e

Lad

By measuring the redshift of a galaxy we could NOT learn:
a) Roughly how far away it is.
b) Roughly how long it took for the light to get from it to us.
¢) How big the Universe was when the light left the galaxy compared to
how big it is now.
d) How fast the galaxy is moving perpendicular to the line of sight.
¢) How fast the galaxy is moving along the line of sight.
C

a) Gas that is still forming young stars.

b) Material that fell into the Galaxy after the last major merger.
¢) Stars that had formed before the last major merger.—> mgjov  wevgers (il_l_@:ﬁ_:}‘
d) Objects that are moving in circular, co-planar orbits. e ASles ™t ﬁ'atqk‘l\f S

)

Other planetary systems.
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36.  The energy released in quasars comes from: €

d

29, Our horizon 1s a surface that surrounds us on all sides. Which one of the

) Matter-antimatter annihilation near a black hole.

) Black hole evaporation.

¢) Nuclear reactions in an accretion disk around a black hole.
) Energy emerging through a wormhole.

) (

Heat generated via friction in an accretion disk around a black hole.

5]

What is the strongest evidence that 90% of the mass ol the Galaxy is 6&_
im the form of dark matter?

a)  The orbital speeds of stars far from the Galactic center are surprisingly high,
suggesting that these stars are feeling gravitational effects from unseen
matter.

b) Although dark matter emits no visible light, it can be seen with radio
lelescopes, and such observations confirm that the halo ol our Galaxy is
tull of this material.

¢) Theoretical models of galaxy formation suggest that a galaxy cannot form
unless it has at least 10 times as much matter as we see in the Milky Way,
suggesting that the halo must be full of dark matter.

d) Our view of distant galaxies shows them (o be full of obscuring, dark
patches,
and we assume that our Galaxy must be full of similar dark patches also.

C
lollowing statements about it is NOT true?

a)  Ouwr horizon encloses the part of the Universe that we can sce.

b)  Our horizon will encompass more matter in the future.

¢) Our honizon surface is the same horizon surface scen by all observers
in the Universe.

d) Our horizon is about 14 billion light-years in radius.

¢) Our horizon has a lookback time equal to the age of the Universe.



40. Consider a distant galaxy one billion light years away. Its trajectory C
with respect to our Galaxy so far can best be described as:
a) A circular orbit, with period equal to the age of the Universe.
b) An elliptical orbit, with period equal to the age of the Universe.
c) A straight line directed away from our Galaxy.
d) A straight line oriented sideways to the line joining our two galaxies.
e) A straight line directed towards our Galaxy.

SHORT DEFINITIONS: Do 5 out of 8. Four points each.

54. Schwarzschild radius
Tha Sehwarzschild wadivs © the vadius amwﬂ a wmaass
ob whidh e escape \/?,loo({-‘.r s the SP-&cf of
\oj\/\-\-‘ whidh wans  {hat hOHANa ingide s rdivS can
esmre-—-—w& avon light I The ~ Schwarzselild  vadivs
of & Vlack hole is also called Hie “event horizow.'

56. Hubble sequence — o 55\[&3{._{ c,(a.ggl"C\‘CAHOV\ SL{SW_

The \duldole Sequence is: E-30-Sa-Sb-Sc~Sd- lrr
e Stomdls  Hor el\l\okm\ 3alﬁx7. These  have Splwm‘a&a[ uslm'oes, .
scoawmbled stellac orbits wo gas, and no YOU:?S stars., "Sa, Sb S S
ave S?R‘mi 5alaxies wia \Claﬂw& mi‘k{'“'\a ! [LS-, Spfml Arms,
g6s, and Youn stars. The leHers a—d. ge from e {Eﬂff 845‘

an& Lfouvt Stars to ‘HLG_ Mo S+ as a.aaal 70“3 S‘ﬁkr_f. "“"Tvr ane
wregular ~galaxies, uhtch have ta Most gas a oung stars, but no

QUANTITATIVE QUESTIONS: Do all of these. Point totals vary and are marked at Gr&({‘-f J;'SX:S
the end of each problem. Put answer in the blank. If you show your work, you are more
likely to be given partial credit even if the answer is wrong. .

59.  The formula for the Schwarzschild radius of a black hole is:
T e
Rsehwarz = 2GM/c”.
The Earth has a mass of about 10** g and a Schwarzschild radius of about 1 ¢m.

A massive star might have a mass as large as 10 g. What is the Schwarzschild
radius of such a star. in cm? Hint: get the factor that is the mass ratio, decide



whether the star’s value is smaller or larger than the Earth’s, and multiply the
Earth’s value appropriately. (5 points)
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61.

The formula for the Hubble law is:
v = Hp I3

where the value of Hg is 70 km/s/Mpc or 21 km/s/million light years. A distant
galaxy has a radial velocity of 4200 km/s. How long does it take light to travel
from it to us? Hint: Think about which value of the Hubble constant is better to
use. (7 points)

7uesﬁom-‘ (r'glm‘- Hrave| Hime —=> use ourts o# fr:f,ﬁhfear.s(

’Ua[m! = {00 lowl/s) H, = &l fbwe/s/m;ll:‘nn [7

. Vpalass
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62.

The graph below uses logarithmic axes to plot the relationship y = x. On the same
axcs, plot the relationship y = x°. (6 points)
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