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CONCEPT 26 — THERMODYNAMICS

Second Law of Thermodynamics |

Direction of Nature
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FIRST LAW SAVES ENERGY. SECOND LAW GIVES DIRECTION.
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The Limitation of the First Law

Energy Accounting

The First Law acts like a
strict ledger. It ensures the
total energy of the universe

remains constant. A . AU — q _|_ W

The Missing Link Energy Is balanced. But
It does not determine the which way does the
natural direction of a reaction go?

process. It only dictates that
if a process happens, the
energy must balance.




The Second Law of Thermodynamics

For any isolated system, spontaneous change proceeds
toward a state of increasing entropy (disorder).

JEE TRAP ALERT

The condition AS > 0 strictly applies to an isolated
system (or the Universe). For an open/closed
system, AS,,; can be negative, provided that AS,,,
compensates to make total entropy positive!
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Visualizing Natural Direction TopAl

Hot object - Cold object Cold object = Hot object
spontaneously. spontaneously.

Separated Gases = Mixed Gases Mixed Gases = Separated Gases
spontaneously. spontaneously.




The Limit of Spontaneity: Equilibrium s

The direction eventually runs out.

When an isolated system can no longer
Increase its entropy, it has reached
equilibrium.

Entropy (S)

This is the maximum entropy condition
for the isolated system.
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Progress of Process




Summary: The Dual Laws of Nature

FIRST LAW SECOND LAW

é Conservation é Direction

Focuses on the quantity of energy Focuses on the quality of energy
(balances the ledger). (measures the disorder).

Key Takeaways

e The First Law dictates what is possible (energy is conserved).

e The Second Law dictates what is probable (nature moves toward disorder).
e For an isolated system, spontaneous natural processes always yield AS > 0.
e The process stops at equilibrium, where entropy is maximized and AS = 0.
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