THERMODYNAMICS: 5.2.2 (d)

The Relationship
between C, and Cy

A mathematical derivation and conceptual
breakdown for an ldeal Gas.
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PREMISE 1
Constant-Volume Heating (Cy)

The Physical Process

When heat is supplied to a system at a constant volume, the system
cannot expand. Therefore, no expansion work (pAV) is done. All

supplied heat goes directly into increasing the internal energy of the
system.
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The heat (g,,) absorbed at constant
volume is equal to the change in
internal energy (AU).

g, = C,AT = AU

C, = Heat capacity at constant
volume

AT = Change in temperature
AU = Change in internal energy



PREMISE 2 A
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Constant-Pressure Heating (C;) N
_ The heat (gp) absorbed at constant
The Physical Process pressure is equal to the change in
When heat is supplied at a constant pressure, the gas expands. The enthalpy (AH).

system uses the absorbed heat to do two things: increase its internal
energy AND perform expansion work on its surroundings.

. _ qp = C,LAT = AH

Ap =0
" . C, = Heat capacity at constant
T. ° T T. W = —pAV pressure
. L AH = Change in enthalpy

A

r



TopAll
You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app

© Free Study Material, Videos & Infographics © Practice Unlimited MCQs for NEET & JEE

© Push Your Limits with Level-Based Challenges © Get Clear Explanations, Not Just Marks

© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




MATHEMATICAL SYNTHESIS

Derivation for 1 Mole of Ideal Gas

-

Step 1: Enthalpy Definition

AH = AU + A(pV)
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Step 2: Ideal Gas Law

For 1 mole of an ideal gas, pV =
RT. Therefore, the change in pV
depends only on Temperature.

A(pV) = A(RT) = RAT
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Step 3: Substitution

Substitute Step 2 into Step 1.

AH = AU + RAT
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Step 4: Introduce Heat Capacities

Substitute the foundational
equations from Premise 1
(AU = C,AT) and Premise 2
(AH = CpAT).

CpAT = C,AT + RAT




KEY TAKEAWAY
Mayer's Relation
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(Derived by dividing the Step 4 equation by AT)

The Question

Why is C, always
greater than C,,?

The Answer

At constant volume, all heat goes toward raising the temperature. At
constant pressure, the gas must do expansion work against the
atmosphere. Therefore, extra heat is required to achieve the exact
same temperature rise. For an ideal gas, this exact difference in
required heat is R (the universal gas constant).
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