Chapter 4 Concept Tests:  Heat Engines 
4-1

A quantity of heat Q enters a system from the environment.  During the transfer, the system is in equilibrium at temperature T.
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The increase in entropy of the universe (system + environment) is 

A) 0 

B) Q/T

C) greater than Q/T


D) impossible to tell without more information
Answer: impossible to tell without more information.  This might have been a reversible process, in which case the temperature of the environment is same as temperature of system and total entropy change is zero.  Or the temp of environment might have been higher than system, in which case entropy increases.  

(This a tricky question, the type I would never ask on an exam.)

4-2
A heat engine executes one complete cycle.  The change in entropy of the engine (just the engine, not the external thermal reservoirs) is 
A) zero
B) greater than zero
C) less than zero
Answer: zero.  In one complete cycle, the engine returns to it original state.  So all macroscopic variables (N, V, T, S, etc) must return to their original state and the change is zero.
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4-3 In one cycle of the engine, the net change in the entropy of both reservoirs (hot and cold together) is.. 


A) zero
B) greater than or equal to zero
C) less than zero
Answer: greater than or equal to zero
.  By the 2nd Law, the entropy of the universe (engine + hot bath + cold bath) can never decrease. The entropy of the engine remains constant (see previous question).  So the entropy of the reservoirs must increase.  In the case of an ideal Carnot cycle, the process is reversible and the net entropy change is zero.
4.4  The energy level diagram for a QM ideal gas is shown before and after a change (highly idealized diagram, imagine lots more levels and lots more particles).
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The process was a 

A) free expansion
B) a quasi-static, adiabatic expansion

C) a quasi-static isothermal expansion
Answer: a quasi-static, adiabatic expansion.  The total energy decreased, so this could not be an isothermal process, nor a free expansion.  
4.5 During this process, the entropy of the system 

A) increased
B) decreased 
C) remained constant
Answer: remained constant.  In a quasi-static adiabatic process, no heat is exchanged with the environment and there are no changes in the populations of the various energy levels.  So you have not changed the number of ways that the energy can be distributed; same number of microstates means same entropy.
4.6 In one complete cycle, a heat engine extracts heat Qh from a thermal reservoir, does work W and does not eject any heat into the environment.  This heat engine is impossible because its operation violates

A) Conservation of energy (1st Law) only

B) 2nd Law only

C) Both 1st Law and 2nd Law.

Answer: this would violate the 2nd Law only.  The entropy of the hot reservoir decreases by S = Q/T. The entropy of the engine did not change (since it returns to its initial state).  The entropy of the rest of the universe did not change, since doing pure work does not change entropy (see previous two questions).
4.6
A device containing an ideal gas executes the cycle shown.  This is a..  

A) heat engine 
B) refrigerator  

C) Neither because the net work done by/on the device is zero

Answer: This device is doing positive work on its environment, since it is exerting an outward pressure while it is expanding (along top of square).  Heat engines turn heat into useful work output.  Refrigerators absorb work and use the energy to move heat from cold to hot reservoirs.

4.7.  An ideal gas in a heat engine executes the cycle shown.  The temperature of the gas is maximum..

A) along the line BC

B) at point B

C) at point C

D) at point D

E) along the line CD

Answer: temp is max at point C.  For ideal gas, pV = NkT, so T is max, when pV is max, which corresponds to the point furthest from the origin .
4.8.  Along the line AB..
A) heat was input 

B) heat was extracted

C) no heat was transferred
Answer: heat was input.  Along the line AB, the quantity pV increased, so NkT increased so U = NkT was positive.   U = Q + W, and W = 0 since pV = 0.  So U = Q is positive.
4.9 An air conditioner is brought into the center of a dorm room and turned on.  After several minutes, the temperature of the room.. 
A) increases
B) decreases
C) remains constant
Answer: the room temperature increases.  Air conditioners only work if you put them in the window, so they can eject heat from the room into the great outdoors.  Any power input to the air conditioner (from you electrical supply) is turned into heat that is output, thereby increasing the room temp.  You can’t cool your kitchen by opening the fridge door.
PreSpring-Break question: Are you here now, answering this double-credit question?
A) Yes, I am here. Gimme dem points.

B) Yes, I am here. Gimme dem points.

C) Yes, I am here. Gimme dem points.

D) Yes, I am here. Gimme dem points.

E) Yes, I am here. Gimme dem points.
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