






Problem 3

Grading notes:

    No points for unused formulas

    If you used DSideal from your cheat sheet, there was a maximum of 4 points total.  The point of the problem was to work

out the entropy integral.

    It was okay if you used any correct path over which to integrate S because S is a state variable.

Solve for : Entropy change from B → C

dS =
dQ
�������
T

Maximum 5 pts. for setting up entropy integral and using the integral.  No points for just the formula.

∆S = ‡ 1
����
T

 �Q

Maximum 5 pts.: Second Law.  You must state and use the law correctly for credit.

Maximum 5pts.: both entropy terms are algebraically correct

(If the 2nd law was not used in one place and path was split up into different phases (isochoric, isobaric, etc) then there was

5 pts. max for each term.)

Second law : Q = ∆E + W

dQ = dE + dW

=
d
����
2

 NkdT + PdV

∆S = ‡ Hdê2L Nk
�������������������������

T
 �T + ‡ P

����
T

 �V

=
d
����
2

 Nk∗ln J Tc
�������
Tb

N + Nk∗ ln J Vc
�������
Vb

N

Max 3pts. : Plug in temperatures and volumes

Tc = Ta =
P1∗ V1
������������������

Nk
and Tb =

P2∗ V1
������������������

Nk

Vc = V2 and Vb = V1

Max 2pts: Carry out all algebra to finish, including signs of terms.

Nk = nR = R Hfor 1 molL
d = 3 Hfor monatomicL

Answer:

∆Sbc =
3
����
2

 R ∗ln 
i
kjj
P1
�������
P2

y
{zz + R ∗ln 

i
kjj
V2
�������
V1

y
{zz
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5. a. (5 pts) Write equations for each rod, noting that the temperature of each rod at the junction is the 
same. 

𝑟1 =
𝐴𝑘1

𝐿1
(𝑇𝐻 − 𝑇𝑀)    𝑟2 =

𝐴𝑘2

𝐿2
(𝑇𝑀 − 𝑇𝐿) 

At steady-state, the rates will be the same, 𝑟1 = 𝑟2.  Knowing this, we can solve for 𝑇𝑀. 

𝐴𝑘1

𝐿1
(𝑇𝐻 − 𝑇𝑀) =

𝐴𝑘2

𝐿2
(𝑇𝑀 − 𝑇𝐿) 

𝑘1

𝐿1
𝑇𝐻 +

𝑘2

𝐿2
𝑇𝐿 = �

𝑘1

𝐿1
+

𝑘2

𝐿2
� 𝑇𝑀 

𝑇𝑀 =

𝑘1
𝐿1

𝑇𝐻 + 𝑘2
𝐿2

𝑇𝐿

𝑘1
𝐿1

+ 𝑘2
𝐿2

 

b. (5 pts) For this part, we know 𝑇𝑀 = 50 °𝐶.  I will also plug in 𝑇𝐻 = 100 °𝐶 and 𝑇𝐿 = 0 °𝐶. 

50 °𝐶 =

𝑘1
𝐿1

100 °𝐶

𝑘1
𝐿1

+ 𝑘2
𝐿2

 

1
2

=
1

1 + 𝐿1
𝐿2

𝑘2
𝑘1

→
𝐿1

𝐿2

𝑘2

𝑘1
= 1 → 𝐿2 =

𝑘2

𝑘1
𝐿1 

c. (5 pts) Calculate the rates, 𝑟1 and 𝑟2.  Plug in our knowledge of 𝑇𝑀 from part a. 

𝑟1 =
𝐴𝑘1

𝐿1
(𝑇𝐻 − 𝑇𝑀) =

𝐴𝑘1

𝐿1
�𝑇𝐻

𝑘1
𝐿1

+ 𝑘2
𝐿2

𝑘1
𝐿1

+ 𝑘2
𝐿2

−

𝑘1
𝐿1

𝑇𝐻 + 𝑘2
𝐿2

𝑇𝐿

𝑘1
𝐿1

+ 𝑘2
𝐿2

� =
𝐴𝑘1

𝐿1

𝑇𝐻
𝑘2
𝐿2

− 𝑇𝐿
𝑘2
𝐿2

𝑘1
𝐿1

+ 𝑘2
𝐿2

= 𝐴

𝑘1
𝐿1

𝑘2
𝐿2

𝑘1
𝐿1

+ 𝑘2
𝐿2

(𝑇𝐻 − 𝑇𝐿) 

= 𝐴
1

𝐿1
𝑘1

+ 𝐿2
𝑘2

(𝑇𝐻 − 𝑇𝐿) 

Of course, 𝑟2 is the same because we are at equilibrium. 

d. (5 pts) If all linear dimensions double, then the length doubles, 𝐿 → 2𝐿, and the cross-sectional area 
quadruples, 𝐴 → 22𝐴.  Looking at the conduction formula makes it clear that the flow of heat doubles 
(for both 𝑟1 and 𝑟2).  It is helpful to note that the temperature at the midpoint does not change, see the 
answer to part a. above, letting 𝐿1 → 2𝐿1 and 𝐿2 → 2𝐿2. 

𝐻 =
𝐴𝑘
𝐿

(𝑇2 − 𝑇1) →
4𝐴𝑘
2𝐿

(𝑇2 − 𝑇1) = 2
𝐴𝑘
𝐿

(𝑇2 − 𝑇1) = 2𝐻 
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