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2nd Law
Phenomenological

Observations

∆SUNIVERSE > 0
disorder

S is state function

revdq
S

T
∆ = ∫
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STEP 1:   Ideal Gas Carnot cycle (reversible)
efficiency 𝞮𝞮Carnot_ig=(total work done ON SURROUNDINGS)

(heat  INPUT)
in terms of TU and TL of the isothermal steps

BIG DEAL REAL WORLD MACHINES 
DON’T USE IDEAL GASSES   !!!
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STEP 2:   For any Carnot cycle (reversible , any ‘working  
substance’ i.e. ideal gas) substance 𝞮𝞮Carnot = 𝞮𝞮Carnot_ig

why: if any reversible Carnot had 𝞮𝞮rev ≠ 𝞮𝞮Carnot_ig it would violate one 
of the statements of the second law

BIG DEAL Most MACHINES DON’T OPERATE BETWEEN 
JUST TU and TL IN THE 4-stage CARNOT CYCLE !!!

OK, SO
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STEP 3:   Any REVERSIBLE CYLIC MACHINE CAN BE 
CONSTRUCTED AS A SUM OF CARNOT CYCLES

Ut OH MAYBE THER IS SOMETHING REAL WORLD 
ABOUT THIS 𝞮𝞮 THING, BUT

WHAT ABOUT REAL WORLD IRREVERSIBLE MACHINES

OK, OK
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STEP 4:  𝞮𝞮rev ≥𝞮𝞮irrev
since an irreversible machine cannot be run ‘in 

reverse’ as a heat pump, then coupling the irreversible 
machine with a reversible heat pump of (greater) 𝞮𝞮rev will not 
violate the SECOND LAW of THERMODYNAMICS

OK, OK,OK
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And one more thing we will show:

( ) ( )

( ) ( )

0

0 0 for adiabatic steps

do we have a new STATE FUNCTION ??
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