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Zeroth law: A ~ C and

B ~ C ⇒ A ~ B. Equal T,

not equal energy.

dQ = dU + dW

ΔQ = ΔU + ΔW

dQ = nC dT

Q = nC (T −2 T )1

dW = P dV

W = P dV∫V1

V2

dU = nRdT
2
f

ΔU = nR (T −
2
f

2 T )1

Signs: Q > 0 heat in, W

> 0 work by the gas. U

depends only on T.

W = f (V )dV∫V1

V2

ΔU =12 Q −

W (any path)

ΔU =cycle 0

Q =net W =net

loop area

Point = state; area

under path = W. Cycle:

ΔU = 0, Wnet = loop

area (+ clockwise, −

anticlockwise).
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Mono: Cv = 3R/2, γ =

5/3 · di: Cv = 5R/2, γ =

7/5 · Cv = R/(γ − 1).

isochoric: W = 0

Q = ΔU = nC ΔT =v

γ−1
nR ΔT

isobaric: W =

nR (T −2 T )1

Q = nC ΔTp

ΔU =

nC ΔT (any process)v

isothermal: PV =

const

W = nRT ln =V1

V2

nRT ln P2

P1

Q = W

Always ΔU = nCvΔT.

Isothermal: W = nRT

ln(V₂/V₁).

adiabatic: PV =γ

const

TV =γ−1 const

W = =γ−1
P V −P V1 1 2 2

γ−1
nR(T −T )1 2

Adiabat slope = γ ×

isotherm slope. Biso =

P, Badi = γP.

Q = 0, W = 0, ΔU =

0

P V =1 1 P V2 2

Free expansion: Q = W

= ΔU = 0; T unchanged

(ideal gas).

PV =n const

C = +γ−1
R

1−n
R

=dV
dP −n V

P

n = 0, 1, γ, ∞ →
isobaric, isothermal,

adiabatic, isochoric.

W = Q −1 Q2

η = =Q1

W 1 − Q1

Q2

COP = =W
Q2

Q −Q1 2

Q2

Engine: W = Q₁ − Q₂, η
= 1 − Q₂/Q₁. Fridge:
COP = Q₂/W.

η =Carnot 1 − T1

T2

Kelvin–Planck: no

100% engine.

Clausius: no cold →
hot without work.


