THERMODYNAMICS ¢« SECTION 5.1.3

The State of
the System

Defining the macroscopic properties and
variables that lock a thermodynamic
system Into a calculable state.
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MACROSCOPIC VS. MICROSCOPIC

Simplifying the Universe
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We do not need detailed knowledge of the motion of every single particle to understand a system. Thermodynamics
introduces a simpler, more powerful concept: defining the state through average, measurable properties.

Mechanics (Microscopic)

KK

Requires the exact position and velocity of each mass
point at a given instant. Highly accurate for simple
physics, but vastly too complex for chemical systems
containing moles of particles.

’

Thermodynamics (Macroscopic)

Requires only the measurable, bulk properties of the
entire system. We ignore individual particles and rely
on averages.

Key Concept: A thermodynamic state is fully described by its bulk, macroscopic properties alone.



DEFINING THE SYSTEM A

The Core State Variables

To make useful calculations before and after a change, we must specify the system quantitatively.
We do this using state variables—the macroscopic dials of our thermodynamic dashboard.

[ p] Pressure [ V] Volume

[ T] Temperature [ n] Amount / Composition

The Memory Rule: These variables describe the current condition of the system. Their values depend only on

the current state, regardless of how it was reached.
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CRITICAL DISTINCTION A
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State Functions vs. Path Functions
A state function is independent of the route taken to get there. A path
function depends entirely on how the change was carried out. State Functions
£ . Depend only on initial & final state.
State B (35°C) (eq..T.V.p. U H).
Example: The volume of water in a pond
; 4 is exactly the same whether it was filled
_ Path 1 For both paths, slowly by rain or rapidly by a tubewell.
The Helicopter = AT = +10°C
is identical.
Path2 . * ’ Path Functions
# The Mountain ¥
10°C Depend on the specific route or
mechanism taken.
State A (25°C) (e.q., heat g, work w).
. v,

(&.State = Stateting1 — Statej,itial (Path Independent))




SYNTHESIS & RECAP A

The Principle of Minimum Properties o

To completely define the state of a system, it is not necessary to define all of its properties.
The universe locks the rest into place automatically.

The Lock-in Effect

Only a certain number of properties can be varied independently (depending on the nature of the system).

The Golden Rule: Once the minimum number of macroscopic properties are fixed, all other
properties automatically assume definite values.

The exact state of the surroundings can never be completely specified—and fortunately, it doesn't need to be. Calculations only require the state of the system.
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