
Physics 7B Midterm 1 Solutions - Fall 2017
Professor A. Lanzara

Problem 1

(a) From the ideal gas law

PAVA = nRTA (1)

n =
PAVA
RTA

(2)

(b) For point B, we apply the ideal gas law

TB =
PBVB
nR

=
3PAVA
R

RTA
PAVA

(3)

= 3TA (4)

For point C, we know that TA = TC since the two points are connected by an isotherm.
Furthermore, this also implies that

PAVA = PCVC (5)

Since points B and C are connected by an adiabat, we have

PBV
γ
B = 3PAV

γ
A = PCV

γ
C (6)

Where γ = 5/3. Taking the ratio of the two equations, we have

3V γ−1
A = V γ−1

C (7)

VC = 3
1

γ−1VA (8)

and

PC = 3
1

1−γPA (9)

(c) We have

∆UAB =
3

2
nR(TB − TA) = 3PAVA (10)

WAB = 0 (11)

QAB = ∆UAB (12)

∆UBC =
3

2
nR(TC − TB) = −3PAVA (13)

WBC = −∆UBC (14)

QBC = 0 (15)

∆UCA = 0 (16)

WCA = nRTA ln

(
VA
VC

)
= PAVA ln

(
3

1
1−γ

)
(17)

QCA = WCA (18)



(d) Adding all the quantitites for each step,

∆U = 0 (19)

Q = 3PAVA + PAVA ln
(

3
1

γ−1

)
(20)

W = 3PAVA + PAVA ln
(

3
1

γ−1

)
(21)

Problem 2

(a) The entropy change for free expansion is given by

∆S =

∫
dQ

T
=

∫
dW

T
=

∫
nR

dV

V
(22)

= nR ln

(
VB
VA

)
(23)

= nR ln (2) (24)

(b) The entropy change for a reversible, adiabatic proccess is zero.

(c) We plot the points on a PV diagram:

(d) No modification since the type of gas does not alter the fact that the change in entropy
is zero. Note that the steepness of the curve in part (c) would change due to the change
in γ values in going from a diatomic to monotomic ideal gas.

Problem 3

(a) We have the PV diagram:



Using the labels in the above PV diagram,

P0 =
nRT0
V0

(25)

P1 = P0
V γ
0

V γ
1

= 3γP0 (26)

T1 =
P1V1
nR

= 3γ−1P0V0
nR

= 3γ−1T0 (27)

V2 = V0/3 (28)

T2 = T0 (29)

P2 =
3nRT0
V0

(30)

where γ = 5/3.

(b) The heat needed to melt a mass M of ice is equal to the heat output from the gas on
segment 1→ 2 minus the heat intake from 2→ 0. Since ∆U = 0 for a cycle, we have

Wgas = Qtotal = −ML (31)

The work done on the gas is the negative of this, so positive work is done on the gas.

Problem 4

(a) The specific heat of the mixture is given by

Cm =
C1 + C2

2
(32)

so that the heat of the reaction is

Q = MCm∆T (33)

= 2m
C1 + C2

2
(4T0) (34)

= 4(C1 + C2)mT0 (35)



(b) The beetle’s volume goes from V0 to V0 + ∆V , where

∆V = V0β∆T = βV0T0 (36)

We take the atmosphere to be at constant pressure, so that the work

Watm = −Patm
∫
dV = −Patm∆V = −βPatmV0T0 (37)

Problem 5

(a) From the definition of efficiency

ε =
W

QH

= 1− QL

QH

(38)

we have

ε1 = 1− QL1

QH1

(39)

ε2 = 1− QL2

QH2

(40)

since the engines are in series, QL1 = QH2. Treating the two engines as a single engine
taking in QH1 and spitting out QL2, we can define the total, effective efficiency

εT = 1− QL2

QH1

(41)

= 1− 1− ε1
QL1

(QL1 −QL1ε2) (42)

= 1− (1− ε1)(1− ε2) (43)

= ε1 + ε2 − ε1ε2 (44)

(b) Using the efficiency of the Carnot engine εc = 1− TL
TH

, we find

εT =

(
1− Ti

Th

)
+

(
1− Tc

Ti

)
−
(

1− Ti
Th

)(
1− Tc

Ti

)
(45)

= 2− 1− Ti
Th
− Tc
Ti

+
Ti
Th

+
Tc
Ti
− Tc
Th

(46)

= 1− Tc
Th

(47)

where we have used

ε1 = 1− Ti
Th

(48)

ε2 = 1− Tc
Ti

(49)



(c) The Carnot engine has efficiency given by εc = 1− TL
TH

. Using the defition of efficiency
that involves work, W1 = W2 is equivalent to

QH1

(
1− Ti

Th

)
= QH2

(
1− Tc

Ti

)
(50)

Using the Carnot engine relation QH1 = Th
Ti
QL1 and the fact that QL1 = QH2, the above

becomes

Th
Ti

(
1− Ti

Th

)
=

(
1− Tc

Ti

)
(51)

which we easily solve with

Ti =
Th + Tc

2
(52)

(d) Using the efficiency of a Carnot engine, ε1 = ε2 is equivalent to

Ti
Th

=
Tc
Ti

(53)

which implies

Ti =
√
TcTh (54)


