
Course announcement

▪ The 2nd midterm score has been updated on eLearn. You 

can also review it during Monday’s office hours. If you 

have any questions about the score, please contact me.

▪ The 5th homework set has been posted. And it will be due 

today (1/3), 5pm.

▪ The review section 3 on 1/6 will be a pre-recorded section. 

It will be uploaded on eLearn. 
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Entropy, Engine and Refrigerator



Topic Today

Entropy and the second law of thermodynamics

▪ Heat Engine and Refrigerator

▪ Statistical Interpretation of Entropy



Definition of Entropy

▪ Entropy is a state property just like pressure and volume 

that describing the status of a system at a certain state.

▪ Since we know the change in entropy can tell the 

direction of a process, we start the definition with 

changing in entropy:

Change in entropy Sf − Si of a system during a process that 

takes the system from an initial state i to a final state f as



Finding entropy in a process

▪ In this case, we use an isotherm 
process to find out change of entropy 
from state i to f:

▪ To keep the temperature T of the gas 
constant during the isothermal 
expansion, heat Q must have been 
energy transferred from the reservoir 
to the gas. Thus, Q is positive and the 
entropy of the gas increases during the 
isothermal process and during the free 
expansion.



The 2nd law of thermodynamics

If a process occurs in a closed system, the entropy of the 

system increases for irreversible processes and remains 

constant for reversible processes. It never decreases.
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Analysis of Carnot Cycle
ab: No change in Eint. Absorb heat QH. Do positive work to outside.

bc: Decrease in Eint. No heat exchange. Do positive work to outside.

cd: No change in Eint. Release heat QL. Do negative work to outside.

da: Increase in Eint. No heat exchange. Do negative work to outside.















The 2nd law of thermodynamics

(Kevin-Planck Statement)

It is impossible to construct a heat engine operating in a 

cycle that extracts heat from a reservoir and delivers an 

equal amount of work.



Example: Impossibly efficient engine 

▪ An inventor claims to have constructed an engine that 

has an efficiency of 75% when operated between the 

boiling and freezing points of water. Is this possible?



Example: Impossibly efficient engine 

▪ An inventor claims to have constructed an engine that 

has an efficiency of 75% when operated between the 

boiling and freezing points of water. Is this possible?

We find that the efficiency of a Carnot engine operating 

between the boiling and freezing points of water is

Thus, for the given temperatures, the claimed efficiency of 

75% for a real engine (with its irreversible processes and 

wasteful energy transfers) is impossible.











The 2nd law of thermodynamics

(Clausius Statement)

It is impossible to construct a refrigerator operating in a 

cycle whose sole effect is to transfer heat from a cooler

object to a hotter one



Carnot’s theorem

All Carnot engines operating between temperature TH and TL

have the same efficiency:                                . 

And no other heat engine operating between the same two

temperatures can have a greater efficiency.



Topic Today

Entropy and the second law of thermodynamics

▪ Heat Engine and Refrigerator

▪ A Statistical View of Entropy














	Slide 1: Course announcement
	Slide 2
	Slide 3: General Physics B1 the Second law of thermodynamics 
	Slide 4:  Topic Today
	Slide 5: Definition of Entropy
	Slide 6: Finding entropy in a process
	Slide 7: The 2nd law of thermodynamics
	Slide 8:  Topic Today
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Analysis of Carnot Cycle
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: The 2nd law of thermodynamics (Kevin-Planck Statement)
	Slide 23: Example: Impossibly efficient engine 
	Slide 24: Example: Impossibly efficient engine 
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29: The 2nd law of thermodynamics (Clausius Statement)
	Slide 30: Carnot’s theorem
	Slide 31:  Topic Today
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

