
PHYS 432/532 Formulae for Exam 3 Dr. Hanna

Chapter 1 selected equations:

PV = NkT = nRT (1.1 and 1.5) vrms =
√
v̄2 =

√
3kT

m
(1.21)

Uthermal = Nf
kT

2
(1.23) ∆U = Q+W (1.24)

W = −P∆V → −
∫ Vf

Vi

P (V )dV (1.28 and 1.29)

PV γ = const. (1.40) γ = (f + 2)/f

C ≡ Q

∆T
(1.41) c ≡ C

m
(1.42)

CV =

(
∆U

∆T

)
V,N
→
(
∂U

∂T

)
V,N

(1.44) CP →
(
∂U

∂T

)
P,N

+ P

(
∂V

∂T

)
P,N

(1.45)

L ≡ Q

m
(1.50) H ≡ U + PV (1.51)

∆H = ∆U + P∆V = Q+Wother (1.53 and 1.55) CP =

(
∂H

∂T

)
P,N

(1.56)

Q

∆t
→ dQ

dt
= −ktA

dT

dx
(1.60) ` ≈ 1

σn
≈ 1

4πr2
V

N
(1.62)

∆t =
`

v̄
≈ `

vrms
(1.63) kt ≈

1

2

CV
V
`v̄ (1.65)

|Fx|
A

= η
dux
dz

(1.69) Jx = −Ddn
dx

(1.70)

Chapter 2 selected equations:

Ω(N,n) =

(
N

n

)
≡ N !

n!(N − n)!
(2.6) Ω(N, q) =

(
q +N − 1

q

)
≡ (q +N − 1)!

q!(N − 1)!
(2.9)

N ! ≈ NNe−N
√

2πN (2.14) lnN ! ∼ N lnN −N (2.16)

Ω(U, V,N) ≈ 1

N !

V N

h3N
π3N/2

(3N/2)!
(
√

2mU)3N (2.40) S = k ln Ω (2.45)

S(U, V,N) = Nk

{
ln

[
V

N

(
4πmU

3Nh2

)3/2
]

+
5

2

}
(2.49)

Chapter 3 selected equations:

1

T
=

(
∂S

∂U

)
V,N

(3.5) (dS)V,N =
dU

T
=
Q

T
=
CV dT

T
(const. V , no work) (3.17 and 3.18)

U = −MB = −NµB tanh

(
µB

kT

)
(3.31 and 3.32) C → 0 as T → 0 (3.22)

P

T
=

(
∂S

∂V

)
U,N

(3.39) Q = TdS (quasistatic) (3.48)

−µ
T

=

(
∂S

∂N

)
U,V

(3.55) dU = TdS − PdV + µdN (3.58)



Chapter 4 selected equations:

e ≡ benefit

cost
=
W

Qh
(4.1) e ≤ 1− Tc

Th
(4.5)

COP =
benefit

cost
=
Qc
W

(4.6) COP ≤ 1

Th/Tc − 1
=

Tc
Th − Tc

(4.9)

H = Upotential + Ukinetic + PV (4.19)

Chapter 5 selected equations:

F = U − TS (5.2) G = U − TS + PV (5.3)

∆F ≤W (at constant T, V,N) (5.5) ∆G ≤Wother (at constant T, P,N) (5.8)

Obtain Eqs. (5.18), (5.20), and (5.23) for dH, dF , and dG from Eq. (3.58) for dU ,
and the definitions of H, F , and G in Eqs. (1.51), (5.2), and (5.3).

G = Nµ (5.35) G = N1µ1 +N2µ2 + · · · =
∑
i

Niµi (5.37)

µ (T, P ) = µ◦ (T ) + kT ln (P/P ◦) (5.40)

dP

dT
=
Sg − Sl
Vg − Vl

=
mL

T∆V
(5.46 and 5.47) . . . assumes Eq. (1.50) for L(

P +
aN2

V 2

)
(V −Nb) = NkT (5.49)

G = (1− x)G◦
A + xG◦

B (unmixed) (5.59)

∆Smixing = −nR[x lnx+ (1− x) ln(1− x)] (5.60)

G = (1− x)G◦
A + xG◦

B + nRT [x lnx+ (1− x) ln(1− x)] (ideal mixture) (5.61)

Chapter 6 selected equations:

P(s) =
1

Z
e−E(s)/kT (6.8) Z =

∑
s

e−E(s)/kT (6.10)

X =
∑
s

X(s)P(s) =
1

Z

∑
s

X(s)e−βE(s) (6.18) E = − 1

Z

∂Z

∂β
(6.25)

D(v) =

(
m

2πkT

)3/2

4πv2e−mv
2/2kT (6.50) F = −kT lnZ (6.56)

Ztotal = Z1Z2Z3 · · ·ZN (noninteracting, distinguishable systems) (6.69)

Ztotal =
1

N !
ZN1 (noninteracting, indistinguishable particles) (6.70)

`Q =
h√

2πmkT
(6.80) vQ = `3Q =

(
h√

2πmkT

)3

(6.83)

Ztr =
∑
s

e−Etr/kT =
∑
nx

∑
ny

∑
nz

e−h
2n2

x/8mL
2
xkT e−h

2n2
y/8mL

2
ykT e−h

2n2
z/8mL

2
zkT

→ Lx
`Q

Ly
`Q

Lz
`Q

=
V

vQ
(6.82)

Z =
1

N !

(
V Zint

vQ

)N
(6.85) µ =

(
∂F

∂N

)
T,V

= −kT ln

(
V Zint

NvQ

)
(6.93)
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Chapter 7 selected equations:

P(s) =
1

Z
e−[E(s)−µN(s)]/kT (7.6) Z =

∑
s

e−[E(s)−µN(s)]/kT (7.7)

nFD =
1

e(ε−µ)/kT + 1
(7.23) nBE =

1

e(ε−µ)/kT − 1
(7.28)

εF ≡ µ(T = 0) (7.33) εF =
h2

8m

(
3N

πV

)2/3

(7.39)

U =
3

5
NεF +

π2

4
N

(kT )2

εF
(7.47) g(ε) =

π(8m)3/2

2h3
V
√
ε =

3N

2ε
3/2
F

√
ε (7.51)

nPl =
1

ehf/kT − 1
(7.72) u(ε) =

8π

(hc)3
ε3

eε/kT − 1
(7.84)

U

V
=

8π5(kT )4

15(hc)3
(7.86)

power

area
=

2π5

15

(kT )4

h3c2
= σT 4 (7.97)

U =
9NkT 4

T 3
D

∫ TD/T

0

x3

ex − 1
dx (7.112)

kTc = 0.527

(
h2

2πm

)(
N

V

)2/3

(7.126) Nexcited =

(
T

Tc

)3/2

N (7.128)

Constants and units:
k = 1.381× 10−23 J/K = 8.617× 10−5 eV/K, NA = 6.022× 1023, R = NAk = 8.315 J/mol·K
h = 6.626× 10−34 J·s, c = 2.998× 108 m/s, e = 1.602× 10−19 C
me = 9.109× 10−31 kg, mp = 1.673× 10−27 kg
Temperature scales: 0 ◦C = 32 ◦F = 273.15 K, 100 ◦C = 212 ◦F
Pressure: 1 atm = 1.013 bar = 1.013× 105 Pa = 14.7 lb/in2 = 760 mm Hg
Water: c = 1 cal/g◦C = 4186 J/kg◦C, ρ = 1 g/cm3 = 1000 kg/m3,

Lmelt = 333 J/g @ 1 atm, Lboil = 2260 J/g @ 1 atm

Stefan-Boltzmann constant: σ = 2π5k4

15h3c2
= 5.67× 10−8 W/m2K4
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