
Physi
s 123 se
tion 2 CIDHomework 10 S
ore / 301. (2 pts) Explain why any possible reversible engine operating between two thermal reservoirs must have exa
tly thesame e�
ien
y as a Carnot engine.2. (4 pts) The steam entering a steam engine is at a temperature of Th = 120 ◦C. When it exits the engine it is at atemperature of Tc = 105 ◦C . (a) What is the maximum theoreti
al e�
ien
y that the steam engine 
ould have?(b) If the boiler inje
ts 1.14 kW of power into the engine as heat, what is the maximum possible output powerthat the engine 
ould produ
e?3. (4 pts) I want to keep my freezer at a temperature of −5 ◦C when my house is at 25 ◦C. (a) What is the maximumpossible 
oe�
ient of performan
e for a refrigerator operating between these two temperatures? (b) If 2 Joulesof heat leak from the environment into my freezer ea
h se
ond, what is the minimum theoreti
al power that myfreezer will 
onsume to keep the temperature inside the freezer at −5 ◦C?4. (6 pts) Consider the 
y
le we looked at in problem 3 on the last homework (if you don't remember the answersthat you got, please feel free to steal them from the solutions that I posted on Bla
kboard). Give your answersin terms of the same given quantities as you did for that problem. (a) If an engine were to be made using that
y
le, what would its e�
ien
y be (assume that it is an ideal engine with no fri
tion, et
.)? (b) If you 
al
ulatedthe e�
ien
y of a Carnot engine running between the minimum and maximum temperatures of the engine inpart (a), would it be greater or less than the e�
ien
y of the engine in part (a)? (
) Now a
tually 
al
ulate thee�
ien
y of a Carnot engine running between these two temperatures.5. (2 pts) The 
oe�
ient of performan
e for an ideal heat pump in heating mode is Qh/W = Qh/(Qh −Qc). This isalways greater than one. Explain physi
ally why this is so.6. (8 pts) Lets derive the Carnot e�
ien
y. Take a look at the PV diagram of the Carnot 
y
le below. E�
ien
y isde�ned to be e = W/Qhot = (Qhot − Qcold)/Qhot. Unless otherwise noted, give all answers to this problem interms of n, Thot, Tcold, VA, VB , VC ,VD, γ, and fundamental 
onstants.(a) Find the heat that enters the gas during the adiabati
 pro
esses from B-C andfrom D-A. (In other words, what are QBC and QDA?)(b) Find the 
hange in the internal energy of the gas 
hange during the isothermalpro
esses. (In other words, what are ∆EAB and ∆ECD?)(
) How mu
h work is done on the gas during ea
h isothermal pro
ess? (In otherwords, what are WAB and WCD?)(d) Use your results above to �nd Qhot and Qcold.(e) Use the adiabati
 transitions to �nd a relationship between (VB/VA) and
(VC/VD).(f) Use what you found above to write the Carnot e�
ien
y in terms of just Thotand Tcold. V
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7. (4 pts) Use what you learned in the last problem to derive the 
oe�
ient of performan
e for a Carnot heat pumpin heating and in 
ooling mode.Extra problems I re
ommend you work (not to be turned in)- Compare the e�
ien
y of an engine using an ideal Otto 
y
le with the e�
ien
y of an ideal Carnot engine if bothhave the same minimum and maximum temperatures.- Work some of the problems from your book on the Carnot 
y
le and refrigerators / heat pumps.


