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The Second and Third Laws

Entropy change of surroundings:

𝑑𝑆𝑠𝑢𝑟 =
𝑑𝑞𝑠𝑢𝑟

𝑇𝑠𝑢𝑟
→ ∆𝑆𝑠𝑢𝑟 =

𝑞𝑠𝑢𝑟

𝑇𝑠𝑢𝑟

For any adiabatic change qsur =0 so ∆𝑆𝑠𝑢𝑟 = 0 adiabatic change

The statistical definition of entropy 

𝑆 = 𝑘𝑙𝑛𝑊 Boltzman formula for the entropy

k:   Boltzman’s constant (k=1.381*10-23 J/K)

W: the number of microstates: the molecules of a system can be distributed over the energy states for a 

specified total energy.

ර𝑑𝑆 = ර
𝑑𝑞𝑟𝑒𝑣
𝑇

= 0

ׯ denotes integration around in a closed path
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The Second and Third Laws

Carnot Cycle: consists of four reversible stages

Stage 1: 𝑞ℎ = 𝑛𝑅𝑇ℎ𝑙𝑛
𝑉𝐴

𝑉𝐵

Stage 3: 𝑞𝑐 = 𝑛𝑅𝑇𝑐𝑙𝑛
𝑉𝐷

𝑉𝐶

Stage 4: 𝑉𝐴𝑇ℎ
𝑐 = 𝑉𝐷𝑇𝑐

𝑐

Stage 2: 𝑉𝐶𝑇𝑐
𝑐 = 𝑉𝐵𝑇ℎ

𝑐 𝑉𝐴𝑉𝐶𝑇ℎ
𝑐𝑇𝑐

𝑐 = 𝑉𝐷𝑉𝐵𝑇ℎ
𝑐𝑇𝑐

𝑐 𝑉𝐷

𝑉𝐶
=

𝑉𝐴

𝑉𝐶

The total change in entropy around the cycle is the sum of the changes in each of these four steps.
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The Second and Third Laws

The total change in entropy around the cycle is the sum of the changes in each of these four steps.

𝑑𝑆ׯ =
𝑞ℎ

𝑇ℎ
+

𝑞𝑐

𝑇𝑐
𝑞𝑐 = 𝑛𝑅𝑇𝑐𝑙𝑛

𝑉𝐷

𝑉𝐶
= 𝑛𝑅𝑇𝑐𝑙𝑛

𝑉𝐴

𝑉𝐵
= −𝑛𝑅𝑇𝑐𝑙𝑛

𝑉𝐵

𝑉𝐴

𝑞ℎ

𝑞𝑐
=

𝑛𝑅𝑇ℎ𝑙𝑛
𝑉𝐴
𝑉𝐵

−𝑛𝑅𝑇𝑐𝑙𝑛
𝑉𝐵
𝑉𝐴

=
𝑇ℎ

𝑇𝑐

𝑞ℎ

𝑇ℎ
+

𝑞𝑐

𝑇𝑐
= 0

Efficiency 

𝜂 =
𝑤𝑜𝑟𝑘 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑒𝑑

ℎ𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑓𝑟𝑜𝑚 ℎ𝑜𝑡 𝑠𝑜𝑢𝑟𝑐𝑒
=

𝑤

𝑞ℎ
=

𝑞ℎ − 𝑞𝑐
𝑞ℎ

= 1 −
𝑞𝑐
𝑞ℎ

𝜼 = 𝟏 −
𝑻𝒄

𝑻𝒉
Carnot efficiency 
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The Second and Third Laws

Entropy changes accompanying specific processes

The change in entropy of a perfect gas that expands isothermally from Vi to Vf is

∆S = nRln
Vf
Vi

The total change in entropy, however, does depend on how the expansion takes place.

∆S𝑠𝑢𝑟 =
𝑞𝑠𝑢𝑟
𝑇

= −
𝑞𝑟𝑒𝑣
𝑇

= −nRln
Vf
Vi

The total entropy change is given 

∆S𝑡𝑜𝑡 = nRln
Vf
Vi

Entropy of phase transitions: ∆𝑡𝑟𝑠𝑆 ∆𝑆𝑡𝑟𝑠 =
𝑞

𝑇𝑡𝑟𝑠
=

∆𝑡𝑟𝑠𝐻

𝑇𝑡𝑟𝑠
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The Second and Third Laws

Entropy changes accompanying specific processes

Heating:

𝑆 𝑇𝑓 = 𝑆 𝑇𝑖 +න
𝑇𝑖

𝑇𝑓 𝑑𝑞𝑟𝑒𝑣
𝑇

= 𝑆 𝑇𝑖 +න
𝑇𝑖

𝑇𝑓 𝐶𝑝𝑑𝑇

𝑇

When Cp is independent of temperature over temperature range of interest

𝑆 𝑇𝑓 = 𝑆 𝑇𝑖 + 𝐶𝑝න
𝑇𝑖

𝑇𝑓 𝑑𝑇

𝑇
= 𝑆 𝑇𝑖 + 𝐶𝑝𝑙𝑛

𝑇𝑓

𝑇𝑖
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