
PHY 215
Thermodynamics and 

Modern Physics

Thermodynamics

Spring 2026
MSU



Outline

• Ideal Gas Processes

• Isochoric

• Isobaric

• Isothermal

• Adiabatic Expansion/Compression

• Heat Engines

• Efficiency



Concept Test - Part I
• A well-insulated container is divided into 

two sections by a rigid, adiabatic wall. Each 
section contains a different ideal gas, at 
different temperatures (T1,2) and pressure 
(p1,2). We then remove the partition, and 
wait some time. This process is

A. Reversible

B. Irreversible

C. Can’t Tell



• A well-insulated container is divided into two sections by 
a rigid, adiabatic wall. Each section contains a different 
ideal gas, at different temperatures (T1,2) and pressure 
(p1,2). We then remove the partition, and wait some time:

A. The system comes to a common temperature, but a 
pressure gradient remains.

B. The system comes to a common pressure, but a 
temperature gradient remains.

C. The temperatures and pressures become the arithmetic 
average of the initial T’s and p’s.

D. The system arrives at a common T and p, but there is 
insufficient information to say any more.

Concept Test - Part 2



Ideal Gas Processes



Isochoric Process

P f > P i

PV = nRT

V f = V i

⇒ T f > T i

∆V = 0⇒ ∆W = 0 ∆W = 0⇒ ∆Q = ∆U

“Equation of State”



Isobaric Process

PV = nRT

V f > V i

P f = P i

⇒ T f > T i

>0

U =
nRT

2
· (# dof)⇒ ∆U > 0 ∆Q = ∆U + ∆W > 0

“Equation of State”



Concept Test
• Which of the following is true?

A. TA<TB<TC 

B. TA=TB<TC

C. TA<TB=TC

D.TA=TB=Tc

• Is the work done positive (A) or negative (B)?

∆W = − 1
2
∆P ∆V < 0 (Triangular cycle!)



Isothermal Process

PV = nRT

P f < P i

V f > V i

T f = T i

U =
nRT

2
· (# dof)⇒ ∆U = 0 ∆U = 0⇒ ∆Q = ∆W

“Equation of State”



Adiabatic Process I

PV γ = const

γ =
Cp

CV
> 1



Adiabatic Process 2

>1



Concept Test

• The adiabatic (left) and isothermal (right) processes above, 
start at the same temperature and pressure, and end at the 
same volume. The final temperature for the adiabatic process is

A. lower than

B. equal to

C. greater than

the isothermal process.

PV γ = const

γ =
Cp

CV
> 1

PV = const

P (1−γ)/γT = const

TV γ−1 = const

Ideal Gas Adiabatic Process:

PV= nRT



Work done during an 
Adiabatic Process

PV = nRT

∆T =
∆(PV )

nR

∆U =
nR∆T

2
· (# dof) = nCV ∆T

∆W = −nCV ∆T = −nCV (Tf − Ti)

= − CV

R
∆(PV ) =

1

γ − 1
(PiVi − PfVf )



Alternative P · prEconstant = C
method :

A if

w= gy par =Ser
Vi =/)

= Fr( PfV - PiV)
= (PV -P)



Heat Engine: Heat to Work

Efficiency=Work done/Heat Input 

η =
∆W

QH

ΔW

Engine undergoes
Thermodynamic Cycle

Heat 
Input

Waste 
Heat







Summary
• Ideal Gas Processes can be

• Isochoric - no ΔW

• Isobaric (constant p)

• Isothermal - no ΔU

• Adiabatic Expansion/Compression

• No ΔQ

• Heat Engines transform heat into work

• Efficiency: work done over heat input

PV γ = const

γ =
Cp

CV
> 1


