
Chapter 19: The First Law of Thermodynamics

• What is a “system”? What is “status” of a system? 
What is a “process”?

• How the energy conservation works for a system?

• How to calculate the “work” done by a system to 
the environment?

• How many kinds of processes are there?

• How much is Cp of an ideal gas system?



What is a “system”? What is “status” of a system? What is a “process”?

• What is a “system”?
• A (closed) system is any collection of objects that is convenient to 

regard as a unit for analysis, and that may have the potential to 
exchange energy (either by heat or work) with its surroundings.

• What is a “status” of a system?
• A status is to describe the states of a system. It does not show 

information of the history of the system, rather it only describe its 
thermodynamic states (e.g. temperature, volume, pressure, number 
of molecules etc.)

• What is a “process”?
• A process is to describe how the system evolve from one status (initial 

state) to the other status (final state). Different process could have 
different evolution of internal energy, heat and work done by the 
system.



How does the energy conservation work for a system?

SystemHeat (Q) Work (W)

Internal 
Energy (U)

Use the system as the “viewer”

+Q means “add heat in”  (IN)
+U means “increase internal energy”
+W means “do work to the environment” (OUT)



Energy Conservation Law

Your total asset has xmorning amount of money in the morning, 
you make y amount today, and spend z amount of money. What 
is your total asset in the end of today, xnight?

𝑥𝑛𝑖𝑔ℎ𝑡 = 𝑥𝑚𝑜𝑟𝑛𝑖𝑛𝑔 + 𝑦 − 𝑧

A system has an initial total internal energy Ui, it absorb heat Q, 
and did a work W to the environment. What is the final total 
internal energy, Uf, of the system?

𝑈𝑓 = 𝑈𝑖 + 𝑄 −𝑊



The First Law of Thermodynamics

For a process

For a infinitesimal process

∆𝑈 = 𝑈𝑓 − 𝑈𝑖 = 𝑄 −𝑊

𝑑𝑈 = 𝑑𝑄 − 𝑑𝑊

The First Law of Thermodynamics is actually an “Energy 
Conservation Law”

Note: This law doesn't have assumption of “ideal gas”.  Which 
means it works for all kinds of systems.



How to calculate the “work” done by a 
system to the environment?

𝑊 =  𝐹 ∙  𝑠

𝑑𝑊 = 𝑝 ∙ 𝑑𝐴 ∙ 𝑠 = 𝑝 ∙ 𝑑𝑉

Definition of “Work”

𝑊 =  
𝑉1

𝑉2

𝑝 ∙ 𝑑𝑉



Examples for calculation work done by the system
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Examples for calculation work done by the system
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W = p1 (V2-V1) + p4 (V1-V2) > 0 W = p4 (V2-V1) + p1 (V1-V2) > 0



Quiz
For a system, if you want to change the status of the system from 
point 1 to 2, which path will do least work to the environment? 
Which path will require least heat input?

A

B

C



Quiz: How much heat?
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How much heat is added to the 
system after the processes 
described?



How many kinds of processes are there?

• Isochoric Process (constant volume, DV = 0)

• Isobaric Process (constant pressure, Dp = 0)

• Isothermal Process (constant temperature, DT = 0)

• Adiabatic Process (no heat exchange, Q = 0)



Isochoric Process (constant volume, DV = 0)

∆𝑈 = 𝑄 −𝑊First Law of Thermodynamics

Isochoric Process (constant volume, DV = 0)

∆𝑈 = 𝑄

𝑊 =  
𝑉1

𝑉2

𝑝𝑑𝑉 = 0



Isobaric Process (constant pressure, Dp = 0)

∆𝑈 = 𝑄 −𝑊First Law of Thermodynamics

Isobaric Process (constant pressure, Dp = 0)

∆𝑈 = 𝑄 − 𝑝(𝑉2 − 𝑉1)

𝑊 =  
𝑉1

𝑉2

𝑝𝑑𝑉 = 𝑝(𝑉2 − 𝑉1)



Isothermal Process (constant temperature, DT = 0)

∆𝑈 = 𝑄 −𝑊First Law of Thermodynamics

Isothermal Process (constant temperature, DT = 0)

𝑄 = 𝑊

𝑈 =
3

2
𝑛𝑅𝑇

∆𝑈 =
3

2
𝑛𝑅∆𝑇 = 0



Adiabatic Process (no heat exchange, Q = 0)

∆𝑈 = 𝑄 −𝑊First Law of Thermodynamics

Adiabatic Process (no heat exchange, Q = 0)

∆𝑈 = −𝑊 = − 
𝑉1

𝑉2

𝑝𝑑𝑉



Adiabatic Process (no heat exchange, Q = 0)

There is a special Equation of state for Adiabatic process:

∆𝑈 = −𝑊

𝑛𝐶𝑉𝑑𝑇 = −𝑝𝑑𝑉

𝐶𝑉𝑑𝑇 = −
𝑅𝑇

𝑉
𝑑𝑉

𝑑𝑇

𝑇
+
𝑅

𝐶𝑉

𝑑𝑉

𝑉
= 0

𝑙𝑛𝑇 +
𝑅

𝐶𝑉
𝑙𝑛𝑉 = 𝑐𝑜𝑛𝑠𝑡.

𝑇𝑉
𝑅
𝐶𝑉 = 𝑐𝑜𝑛𝑠𝑡.

𝑝𝑉

𝑛𝑅
𝑉
𝑅
𝐶𝑉 = 𝑐𝑜𝑛𝑠𝑡.

𝑝𝑉
𝑅
𝐶𝑉
+1
= 𝑐𝑜𝑛𝑠𝑡.



p-V Diagram of the 4 Processes

∆𝑈 = 𝑄

𝑄 = 𝑊

∆𝑈 = −𝑊

∆𝑈 = 𝑄 − 𝑝(𝑉2 − 𝑉1)

𝑝𝑉
𝑅
𝐶𝑉
+1
= 𝑐𝑜𝑛𝑠𝑡.

𝑝𝑉 = 𝑐𝑜𝑛𝑠𝑡.



How much is Cp of an ideal gas system?

Isobaric Process (constant pressure, Dp = 0)

∆𝑈 = 𝑄 −𝑊 𝑄 = 𝑛𝐶𝑝∆𝑇

∆𝑈 = 𝑛𝐶𝑝∆𝑇 − 𝑛𝑅∆𝑇 = 𝐶𝑝 − 𝑅 𝑛∆𝑇

∆𝑈 = 𝑛𝐶𝑉∆𝑇 = 𝐶𝑝 − 𝑅 𝑛∆𝑇

𝑊 = 𝑝 𝑉2 − 𝑉1 = 𝑛𝑅 𝑇2 − 𝑇1 = 𝑛𝑅∆𝑇 𝑝𝑉 = 𝑛𝑅𝑇

Combine results from Isochoric and Isobaric Processes

𝐶𝑝 = 𝐶𝑉 + 𝑅

∆𝑈 = 𝑛𝐶𝑉∆𝑇

In Chapter 18, change of temperature means change of internal energy



Ratio of Heat Capacities

𝛾 =
𝐶𝑝
𝐶𝑉

For monatomic ideal gas

𝐶𝑉 =
3

2
𝑅 𝐶𝑝 =

5

2
𝑅 𝛾 =

5

3
= 1.67

For most diatomic ideal gas

𝐶𝑉 =
5

2
𝑅 𝐶𝑝 =

7

2
𝑅 𝛾 =

7

5
= 1.4

See table 19.1 on page 638


