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You may use one sheet of notes during this test. You may not have any books or other notes.
Some of the mformation in the table below 13 not used on this test. Good Iuck.

Kepler's 3" Law P =R'M (in AU, vear, & M...) Hubble s Law v=HD
M=233v'R (in parsec, km/s, & M...) Wien's Law A T = comstant
Fed=zhift z=1/a—1;a=11+2) Hubble’s Constant 70 lon/s/Mpc
V=2_E E; V=L ': jl."'r.'|."I.:|""|.'|.-|!. - 1 } SPEE:d DleEht gm'mlj l:m.'s
Number density  ND(a) = ND¥now) a °. Parzec 3.00=10" km
Mazz density Matter: MIXNa) =MD{now)a AU 15010 km
Radiation: MD{z) = MD{now) a Year 3.16x10" 5
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log(t [sec])
Fizurs 1 Fraction by masz of the elaments vz, time after the begmning of the unrarze. Both

axes are logarithmic: For log() = 2, the time t=10P=100 =, and for log{atundance)=10, tha
abundance iz 107", The graph is from Med Wrizht's notes on cosmology.
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In mry hand are hydrogen and cxveen in the water, ron m the blood, calcium i bones,
and carbon throughout. For each question, nam&nnﬂelementﬂmtﬁtsthedescnptmm

if there 15 no such element, write “none.” There may be more than one comect element.
a. (1l pt.) The nuclens in my hand was made i a supemova.
b. (1 pt.) The nucleus in my hand was made on earth.
c. (1 pt) The nucleus in moy hand was present when the universe was 1 second old.
d (1 pt.) The nucleus in ooy hand was made in the sun.

(1 pt. each) Who made each of these dizcovenes or measurements7 (3 pts. each) Explam
the evidence mn one or two sentences.

a. Discovery of radiation from the big bang.
b. Proof that the planets do not orbat the earth

(3 pts.) Smplicio reasons, “The discovery that the Andromeda Galaxy 1s moving toward

us dizproves Hubble's Law.” Rewrite this statement to make it correct, and point out
Smplicio’s primary mizconcephion
The galaxy 01404328 FD1 enutted some Rart. Wevehwngth ()

11540 13530 1500 L

light before the sun was bom, and the lizht ——T T — T
reached us a few vears ago to be recorded [ lae+sEs B

in the spectrum in Figure 2. In the | i-n3a 2
laboratory, the wavelength of the Ly

spe-ntral]me;ls 12154 -

a (2 pt)Find the expansion =
of the unrverse at the

time when the light that Dey f al.

zaw left the galaxy. (If vou cannot
do part (a), you may choosze a

plauzible value for the eXpansion 00 Te0 Tem a0 asn oo

parameter to do the remzming SiSret e L

parts.) Fizure 2 Spectrum of galaxy 0140+326 RD1 from
b. (2 pt) Imagine a 1-liter boftle at Dey et al.. 1998

the time the light left the zalaxy.

The bottle expands with the universe. What 15 its volume foday?

c. (2 pt)Find the temperature of the radation from the big bang at the fime the
Light left the galaxy.
Production of the light elements. Refer to Figure 1 on the cover sheet.
a (1 pt.) For which region of the plot 15 the temperature of the universe the hottest?

b. (3 pts.) Sumplicio reazons, “Around 200 s after the big bang, the ratio of neuirons
to protons drops dramatically. The neutrons decayed and became protons.™
Rewrite this statement to make 1t correct, and point cut Simplicio’s primary
misconception

c. Suppose we could adjust the reachons n <+ p+ e + v+ 2MeV to make the
energy cost much smaller than 2 MeV. (2 pts.) How would the fipure change?
(Cnumdernnlﬁ. the major constituents, H, He, and n._ (2 pts. }Hn:m would the =un
be different?
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The mon nuclens n my hand was made mn a supernova Caleum and carben
could have been expelled m a supemova.

. No mucleus m my hand was made on earth.

The hydrogen mocleus m noy hand was present when the universe was 1 second
old.

No mucleus m my hand was made in the sun.

Penziaz & Wilson discovered radiation from the big bang. They found radiation
that was 1zofropic, not polanzed, and free of seasonal vanation

. By observing the full phaze of Vems, Galileo proved that the planetz do not orbit

the earth.

Although Andromeda 15 moving toward us, it does not dizsprove the big bang. If gravity

strong encugh, as it must have been for Andromeda and the Milky Way ﬂleexpausmn
slows and reverses.

“The discovery of the galaxy moving toward us 1z evidence that the force of gravity can
overcome [the motion imparted by] the big bang for galaxies close to each other. Simplicio
didn’t realize that Hubble's Law still holds true for our galaxy and Andromeda compared to
distant galaxes but sometimes for galaxies near each other, the gravitational force can
actually make them atfract "—Kyle Krzermen

4

. Vohme=1L/a'=1634'=294L 4

Sarl Taodlemgll (1)
ik | ul:r. 15306 RE il
a=lemut7obs=12157700=1/634 T T
= (0.158. Alternatrvely, you may read 1=B. % '
the redshift from the ﬁgu.re and use T 5 |
=1/{1+xz).

T=2TK/a=1T7*634=11K

The temperature of the universe the AR il LR )

hottest on the left side of the plot 420 Foog m_-':f] : B0 s o g

. Rewntten comrectlv: “Around 200 s

- 2 Figure 1 Spectrum of galaxy 01404326 ED1 from
;ﬂﬂﬂlﬂ big hal;tg, ﬂleuemmns are Doy eral.. 1958,
mcorperated pnimanly mto helium,
and the number of neutrons drops dramatically.™ Simphcio realizes that neutrons
change mio protons earlier, which causes the ratio n'p to drop. He does not
realize that n'p stays about the same at 200 = when the neutrons are incorporated
mto nuclel.
If the energy cost to make nentrons 15 much smaller, then there would be more
neutrons at 3 minutes. Consider the exireme caze where the energy cost 13 mil.
The number of neuirons and protons (hydrogen) are the same before 3 pun  After
3 min, the neutrons drop as before, but all the protons join with neutrons to make
“He: H dizappears. The sun would have no hydrogen, and there would be no main
sequence phase.



