
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 ⟨v2x⟩ = ⟨v2y⟩ = ⟨v2z⟩
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 SA and SB and their combined entropy SAB

as a function of the internal energy in solid A Ea. The solids are in thermal contact.
At the most probable macrostate we showed that

dSA

dEA

=
dSB

dEB

and we require that TA = TB at thermal equilibrium. Make a guess about the rela-
tionship between dS/dE and the temperature T . Justify your choice. Consider using
the figure below.
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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 (ΩA = 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 (NA = NB), but far less energy (qA >> qB), 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.

DO NOT WRITE BELOW THIS LINE.
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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 EA EB ΩA ΩB ΩAB

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 Tb = 2.7 K. Its number density is N/V =
106 particles/m3 which is primarily due to protons (H nuclei of mass
mp = 1.67 × 10−27 kg) and its radius is r = 1026 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 Estars = 1065 J?

3. 24 pts. A newly-created material has a multiplicity

Ω = Ne−NE/h̄ω

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

DO NOT WRITE BELOW THIS LINE.
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Physics 132 Equations

F⃗ = ma⃗ =
dp⃗

dt
KE =

1

2
mv2 ME0 = ME1 PEg = mgh p⃗ = mv⃗ p⃗0 = p⃗1 W =

∫
F⃗ ·ds⃗ → P∆V

Q = C∆T = cm∆T = nCv∆T Qf,v = mLf,v ∆Eint = Q+W J⃗ =
∫

F⃗ dt = ⟨F⃗ ⟩∆t = ∆p⃗

P =
|F⃗ |
A

PV = NkBT = nRT ⟨KE⟩ = ⟨Ekin⟩ =
1

2
m⟨v2⟩ ⟨Ekin⟩ =

3

2
kBT

Eint = N⟨Ekin⟩ =
3

2
NkBT vrms =

√
⟨v2⟩ f = #dof CV =

f

2
NAkB Ef =

kBT

2
Eint =

f

2
NkBT

ϵ = h̄ω Eatom = (nx+ny+nz)ϵ E =
3N∑
i=1

niϵ = qϵ Ω(N, q) =
(q + 3N − 1)!

q!(3N − 1)!
q =

E

ϵ
S = kB lnΩ

dS

dE
=

1

T
E = 3NkBT Cn =

1

n

dE

dT
⟨x⟩ = 1

N

∑
i

xi σ =

√√√√∑
i (xi − ⟨x⟩)2

N − 1

ln(ab) = ln a+ ln b ln
(
a

b

)
= ln a− ln b lnxn = n lnx x = elnx = ln(ex)

A = πr2 A = 4πr2 V = Ah V =
4

3
πr3

d

dx
xn = nxn−1 d

dx
(u·v) = u

dv

dx
+v

du

dx

d

dx
lnx =

1

x

df(x)

dx
= lim

∆x→0

f(x+∆x)− f(x)

∆x

∫ b

a
f(x)dx = lim

∆x→0

N∑
n=1

f(x)∆x
d

dy
f(x) =

df

dx

dx

dy

d

dx
ex = ex

Physics 132 Constants

Tboiling (N2) 77 K Tfreezing (N2) 63 K

Tboiling (water) 373 K or 100◦C Tfreezing (water) 273 K or 0◦C

Lv(water) 2.26× 106 J/kg Lf (water) 3.33× 105 J/kg

Lv(N2) 2.01× 105 J/kg c (copper) 3.87× 102 J/kg −◦ C

c (water) 4.19× 103 J/kg −K c (steam) 0.69 J/kg −K

c (iron) 4.5× 102 J/kg − k c (aluminum) 9.0× 102 J/kg −K

ρ (water) 1.0× 103kg/m3 Patm 1.01× 105 N/m2

kB 1.38× 10−23 J/K proton/neutron mass 1.67× 10−27 kg

R 8.31J/K −mole g 9.8 m/s2

0 K −273◦ C 1 u 1.67× 10−27 kg

Gravitation constant 6.67× 10−11 N −m2/kg2 Earth’s radius 6.37× 106 m
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The Periodic Chart.
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