Physics 132-1 Test 1

I pledge that I have neither given nor received unauthorized assistance during the completion

of this work.

Signature Name

Questions (6 for 7 pts. apiece) Answer in complete, well-written sentences WITHIN the

spaces provided. Show your reasoning.

1. In our development of kinetic theory we claimed that on average (vi) = (v;) = (v2)

for a large number of particles in a box. Why?

2. Consider a mass of ice that is being heated. There are regions of the heating curve in
which the temperature is not changing. What is happening to the added heat in these

regions?

3. The figure shows the entropy of two solids S4 and Sp and their combined entropy Sag
as a function of the internal energy in solid A E,. The solids are in thermal contact.

At the most probable macrostate we showed that

dSy  dSp

dEy  dEg
and we require that Ty = T at thermal equilibrium. Make a guess about the rela-
tionship between dS/dE and the temperature 7. Justify your choice. Consider using
the figure below.

Entropy




4. When you measured the latent heat of vaporization of nitrogen in lab you made some
measurements with the power to the resistor turned off. Why?

5. Consider a strange solid whose multiplicity is always one (24 = 1) no matter how
much energy you put in it. If you put lots of energy in solid A and then put it into
thermal contact with a ‘normal’ Einstein solid (solid B) that has the same number of
atoms (N4 = Np), but far less energy (g4 >> ¢p), what happens? Explain.

6. You may have noticed that when you blow up a balloon it is difficult at the start, but
becomes easier once you get enough air into the balloon. In other words you have to
exert more pressure when you start blowing it up. Consider two, air-filled balloons
connected by a straight tube with a closed valve as shown below. If the valve is opened
what will happen to the sizes of each balloon? Explain.

Balloons

N

DO NOT WRITE BELOW THIS LINE.



Problems (3). Clearly show all reasoning for full credit. Use a separate sheet to show your
work.

1. 14 pts. How many times more likely is it that the combined system of solids de-
scribed in the table below will not be found in macropartition 3:4 than
it is to be found in macropartition 0:7, if the fundamental assumption

is true?

Macropartition FE, FEg €y Qp Qup
0:7 0 7 1 36 36
1:6 1 6 3 28 84
2:5 2 5 6 21 126
3:4 3 4 10 15 150
4:3 4 3 15 10 150
5:2 5 2 21 6 126
6:1 6 1 28 3 84
7:0 7 0 36 1 36

Total= 792

2. 20 pts. The Universe was created almost fourteen billion years ago in a cat-
aclysmic explosion known as the Big Bang. As the Universe ex-
panded after the explosion it cooled and its current temperature has
been measured to be T, = 2.7 K. Its number density is N/V =
108 particles/m?® which is primarily due to protons (H nuclei of mass
m, = 1.67 x 10727 kg) and its radius is r = 10*® m. Let’s treat the
Universe as a spherical, ideal gas of protons. What is the root-mean-
square speed of the protons in this ‘gas’? What is the total thermal
energy in the gas? How does this compare with the energy output of
all the stars in the universe Fg,.s = 10 J?

3. 24 pts. A newly-created material has a multiplicity
O = NefNE/hw

where N is the number of atoms in the solid, F is the total internal
energy in the solid, and hw is the energy of a single quantum. How is
the energy E of the material related to the temperature 77 What is
the molar specific heat? Does this result make sense? Explain.

DO NOT WRITE BELOW THIS LINE.



Physics 132 Equations
. 1 ,
F=md=— KE:§m112 MEy,=ME, PE;,=mgh p=mv py=Dp Wz/F-dE’—)PAV

Q = CAT = emAT = nC,AT  Qpo=mLsy AEyy = Q+W J= / Fdt = (F)At = Aj

F 1
P= |A| PV = NkgT = nRT (KE) = (Eg) = 5m(v?) (Bun) = ngT
k kgT
Fine = N(Buan) = 5NE8T v = /(%) f = ftdof Gy = gNAkB Br==5 Bu= J;NkBT
3N
+ 3N —1)! E
€ = hw Eatom - (n$+ny+nz)e E = ;nie = qe Q(]\/'7 q> _ ((]q'(&]\/v_l)') = ; g_ kB nQ

s _ 1 1dE 1 > (@ — (x)”
dE T SNksT Co =20 (@) Nzx 7 J N-1

In(ab) =Ina +Inb ln(Z)zlna—lnb Inz" =nlnzr z="% = In(e”)

A=7r* A=dm? V=Ah V= §7r7“3 dcfvx" =nz" " di(uv) = uji—kvzliz jx Inz = i
N
P o LEEBD IO [ fiopae = im, S i p(e) = L8 s
Physics 132 Constants

Thoiting (Na2) MK Ttreezing (Na) 63 K

Thoiting (Water) 373 K or 100°C Tfreesing (Water) 273 K or 0°C

L, (water) 2.26 x 105 J/kg L (water) 3.33 x 10° J/kg
L,(Ns) 2.01 x 10° J/kg ¢ (copper) 3.87 x 102 J/kg —° C
¢ (water) 4.19 x 10® J/kg — K ¢ (steam) 0.69 J/kg — K

¢ (iron) 4.5 x10* J/kg — k ¢ (aluminum) 9.0 x 10? J/kg — K
p (water) 1.0 x 10%kg/m? Pim 1.01 x 10° N/m?

kp 1.38 x 1072 J/K proton/neutron mass 1.67 x 10727 kg

R 8.31J/K — mole g 9.8 m/s?

0K —273° C 1u 1.67 x 10727 kg
Gravitation constant 6.67 x 107" N —m?/kg* Earth’s radius 6.37 x 105 m
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The Periodic Chart.



