
Question 1: 
 
Liquid supersaturated sugar solution can evaporate in an open beaker. What is left is a solid of sug-
ar crystals.  

(a) Did the sugar gain or lose entropy going from a liquid to crystalline form? Explain.  
(b) Does this violate the second law of thermodynamics? Explain using sign sensemaking. Make 

sure to state a prediction for whether or not your answer to part (a) violates the second law 
of thermodynamics. Then provide an explanation making sure to use the signs of the entro-
pies involved. 

 
 
 
 
 
 
Question 2: 
 
3.0 moles of an ideal gas are subjected to the following processes. First the volume is 
tripled in an isobaric process. Then it undergoes an isothermal process to a pressure of 
9.0 kPa. The volume is then halved in another isobaric process. Finally, it returns to 
the original state in an isochoric process. 

(a) Draw a PV diagram of the cycle. Label each state (vertex) with a letter (A, B, …) and each 
transition with a number and arrow showing the direction of the process. 

(b) Is this a heat engine or heat pump? Explain without using “clockwise” or 
“counterclockwise”. 

(c) Begin the sign sensemaking process by making a prediction for the sign of the total work 
done on the gas. Briefly explain your prediction using your answer to part (b) 

(d) If the isothermal process occurs at a temperature of 900 K, what is the pressure, tempera-
ture, and volume for each state. 

(e) Find the work done on the gas, the heat in and out of the gas, and the change in thermal 
energy for each of the processes. 

(f) Complete the sign sensemaking process by comparing your answer to part (e) with your pre-
diction in part (c). Explain why this mean your answer to part (e) is reasonable (or not). 
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c Prediction work is positiveb cmore areas than areas
and netarea work

Why area under is negative expansion work

area under ispositive compression work
area under ispositive compression work
area under is zero
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d PV NRT
PCV NRT

f 9000 Vc 3 8.314 1900

k 8.314Jmolik VE 3183119001
TB 0900K Vc 2.5m
PaD 9 kPa 9000Pa
VB 3VA
PA PB VA VD 1.25 m

YEVIN VB 30A 3 1.25 3.74 m

PBVB PcVc b c isothermal process
VD Vc

PB 3 74 9000 2.5
VD 2.5 PB 6000 Pa
VD 1.25 m

PDVD NRTD
PAVA NRTATD PELI TA Panta

Tp 91 33 ta 300K
TD 450K



final table of values
pressure volume temperature
6000Pa 1.25m 300K

6000Pa 3.74m 900k

9000 Pa 2.5 m 900k

9000 Pa 1.25m 450 k

e OEth n ROT

OEth n R TB TA
Eth 3 3 18.314 900 300
OEth 22,448 J

DEth 0 b c ΔT 0

OEth nZzR TD Tc

Eth 3 3 8.314 450 9007
Eth 16,836 J

OEth nZR TA TD
Δ Eth 3 3 8.314 300 450
ΔEtʰ 5612 J

weaved under curve
W 13.75 1.25 6000 15,000J

W 2.5 1.25 9000 11,250J

W NKbT InYf 316.022 1023 1.38 10 23 900714 355
9098 J



Eth W Q

Q OEth W

Q 22,448 1 1510001 37,488J

Q 0 9098 9098 J

Q 16,836 11,250 28,086 J

Q 5612 0 5412J

final table of values

W Q OEth

15,000 J 37,4885 221448J

90985 90985 0J

11,250 J 28,086J 16,836J

0J 5612J 5612 J

f prediction f t t work

actual 15,000J 9098J 11,250J 5,348 J

The net work is positive and wepredicted it wouldbe

They match


