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Thermodynamics

thermodynamics: the study of the thermal energy

SI unit of temperature: Kelvin scale

The temperature of our universe at present: 3K



Fundamentals of Physics by Eunil Won, Korea University

The Zeroth Law of Thermodynamics

If bodies A and B are each in thermal equilibrium with a 
third body T, then they are in thermal equilibrium with 
each other

thermoscope: a device that displays numbers 
proportional to the temperature of an ojbect

thermal equilibrium: if two bodies have stable, 
unchanging values from thermoscope (they have same 
unknown temperature)

The Zeroth Law of Thermodynamics
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Measuring Temperature

The Triple Point of Water

Liquid water, solid ice, and water vapor can 
coexist, in thermal equilibrium at only one set 
of pressure and temperature

T3 = 273.16 K

the triple point of water has been assigned a 
value of 273.16 K

It also sets the size of the kelvin as 1/273.16 of 
the difference between absolute zero and the 
triple-point temperature of water
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Measuring Temperature
The Constant-Volume Gas Thermometer

: it consists of a gas-filled bulb connected by a 
tube to a mercury manometer

the temperature of any body in thermal contact with 
the bulb

T = Cp p  :  pressure within the gas
C : a constant

we know that

p = p0 − ρgh p0  :  atmospheric pressure

T3 = Cp3

at the triple point:

T = T3

(
p

p3

)
= (273.16 K)

(
p

p3

)

: this way one can measure temperature but it has 
practical problem when we measure boiling point of 
water (it depends on gases in bulb)

T = T3(273.16 K)

(
lim

gas→0

p

p3

)

(ideal gas temperature)
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The Celsius and Fahrenheit Scales

Kelvin : SI unit, used in basic scientific work

Celsius: scale of choice for popular and commercial use

TC = T − 273.15
0

TF =
9

5
TC + 32

0

TC:  Celsius temperature

Fahrenheit: used in US

0oC = 32oF

5Co = 9Fo : temperature difference 
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Thermal Expansion
Linear Expansion:

if the temperature of a metal rod of length L is 
raised by an amount ΔT, its length is increased

∆L = Lα∆T

 α : coefficient of linear expansion

Volume expansion:

∆V = V β∆T

 β : coefficient of volume 
expansion

β = 3α

Substance α(10-6/Co)

Aluminum 23

Brass 19

Copper 17

Steel 11

Diamond 1.2
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Temperature and Heat
Heat Q is the energy that is transferred between a system 
and its environment because of a temperature difference 
that exists between them

TS > TE : the energy is transferred from the system to the 

environment

TS < TE : the energy is transferred from the environment  to 

the system

TS = TE : no energy transfer

calorie (cal): energy that would raise the temperature of 1g of 

water from 14.5oC to 15.5oC

1 cal = 4.1860 J
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The Absorption of Heat by Solids and Liquids
Heat Capacity C : the proportional constant between the heat and the temperature change ΔT

Q = C∆T = C(Tf − Ti)

C has the unit of the energy per temperature

Specific Heat c : heat capacity per unit mass (property of material)

Q = cm∆T = cm(Tf − Ti)
Molar Specific Heat c : heat capacity per unit mole

1 mol = 6.02 x 1023 elementary units

Note: for liquids and solids specific heat is almost constant under constant pressure and constant 
volume but for gases have quite different specific heat under constant pressure and constant 
volume conditions

Heats of Transformation:

heat is required to undergo phase transition (solid to liquid or liquid to gas) and this is 
called heats of transformation

Q = Lm L  : heat of transformation
m : a sample of mass undergoing a phase transition
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A Closer Look at Heat and Work

Consider system of gas confined to a cylinder with a 
movable piston

wall of cylinder: insulating material (no heat transfer)

bottom of cylinder: reservoir for thermal energy

initial state i:   pi - pressure

                     Vi - volume

                     Ti - temperature

final state f:     pf  - pressure

                     Vf  - volume

                     Tf  - temperature

changes occur slowly and the system is in thermal 
equilibrium 
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A Closer Look at Heat and Work
Suppose the piston pushed upward:  the differential work done by the gas 

dW = !F · d!s = (pA)(ds) = p(Ads) = pdV

the total work done to change volume would be:

W =

∫
dW =

∫ Vf

Vi

p dV

The total work done is dependent 
upon the path taken in p-V curve
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The First Law of Thermodynamics
The quantity Q - W is path independent in p - V diagram : the quantity Q - W represent 
a change in some intrinsic property called internal energy Eint

and for a differential change:

∆Eint = Eint,f − Eint,i = Q − W

dEint = dQ − dW

The internal energy of a system tends to increase if energy is added as heat Q and tends to 
decrease if energy is lost as work W done by the system

The first law of thermodynamics is an extension of the principle of energy conservation 
to systems that are not isolated

dW here is the work done by a system, such as gas (this is opposite from what we 
discussed in previous chapters: we discussed the work done on the system)
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Some Specific Cases of the First Law of Thermodynamics

1. Adiabatic processes: no transfer of energy as heat occurs (Q=0)

The figure left shows an example of adiabatic process: no 
heat transfer occurs due to insulation

Work done by the system decreases the internal energy

∆Eint = −W

2. Constant-volume processes: if the volume of a system is held constant, 
that system can do no work (W=0)

∆Eint = Q
2. Cyclical processes: system is restored to its initial state (Eint = 0)

Q = W
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Some Specific Cases of the First Law of Thermodynamics
4. Free expansions: there are adiabatic processes in which no transfer of heat  
and work (Q=W=0)

∆Eint = 0

Initially confined to one half of an 
insulated double chamber (the other 
half is evacuated)

When the stopcock is opened, the 
gas expands freely (Q=W=0)
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Heat Transfer Mechanism

Three transfer mechanisms: conduction(전도), convection(대류), and radiation(복사)

(thermal) Conduction

: vibration amplitudes of the atoms and electrons of one 
material can be passed to the other material

Experiment shows that the conduction rate Pcond (the 

amount of energy transferred per unit time) :

Pcond =

Q

t
= kA

TH − TC

L

k: thermal conductivity
good thermal conductor has high value of k

Thermal Resistance to Conduction

R =

L

k
(thermal resistance)
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Heat Transfer Mechanism

Conduction Through a Composite Slab

TX: temperature of the interface

Pcond =
k2A(TH − TX)

L2

=
k1A(TX − TC)

L1

TX =
k1L2TC + k2L1TH

k1L2 + k2L1

Pcond =
A(TH − TC)

L1/k1 + L2/k2

Pcond =
A(TH − TC)

∑
(L/k)

Solving for TX yields:

now the conduction rate becomes:

for multiple materials:
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Heat Transfer Mechanism

Convection

: energy transfer when a fluid comes in contact with an object whose temperature is 
higher

ex) atmospheric convection, flame of a candle

Radiation

: energy transfer via electromagnetic waves (called thermal radiation)

Prad = σεAT
4

Pabs = σεAT
4

env

Pnet = Pabs − Prad = σεA(T 4

env − T
4)

the rate Prad at which an object emits energy via electromagnetic radiation

A    : area

σ   : Stefan-Boltzmann constant 5.6703x10-8 W/m2K4

ε    : emissivity, ranging from 0 to 1  

the rate Pabs at which an object absorbs energy via thermal radiation from environment

Tenv : temperature of the environment

the net rate Pnet : 
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Summary
If bodies A and B are each in thermal equilibrium with a 
third body T, then they are in thermal equilibrium with 
each other

The Zeroth Law of 
Thermodynamics

T3 = 273.16 KThe Kelvin temperature 
scale

Heat Capacity C Q = C∆T = C(Tf − Ti)

First law of thermodynamics:

and for a differential change:

∆Eint = Eint,f − Eint,i = Q − W

dEint = dQ − dW


