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Textbook Chapter 13 & 14 (Ch. 13. 1 – 13.5, 14.1 – 14.3) 

Outline: 

1. Temperature 

2. Thermal Expansion 

3. Heat Capacity & Latent Heat 

4. Conduction 

5. Ideal Gas Law & Kinetic Theory of Ideal Gas 

 

What is temperature?   

Temperature is a physical property of matter which quantifies the internal state of a matter 

consisted of numerous particles/molecules.  The higher the temperature, the higher the energy per 

individual particle/molecule has.  Temperature is often measured and represented by the 

macroscopic physical properties of a material, such as the height (volume) of the liquid mercury in a 

glass tube.  When two systems are put in thermal contact, after a while, their macroscopic 

properties become stable and unchanged (e.g. the mercury in a tube stops expanding after certain 

time sitting in a cup of water.).  Then the two systems are said to be in thermal equilibrium.  In turn, 

we say they have the same temperature. 

SI Unit of temperature: kelvin (K) 

Different types of thermometers (each exhibits a different physical property) 

Volume:   

Length:    

(Bimetallic thermometer) 
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Electrical resistance:   

Radiation:    

Zeroth Law of Thermodynamics 

If bodies A and B are each in thermal equilibrium with a third body C, 

then A and B are in thermal equilibrium with each other.   

If body C is a thermometer which gives a temperature reading, then we conclude: 

The temperature of A and B are the same. 

Temperature Scales 

Fahrenheit (TF) Celsius (TC) Kelvin (T) 

At 1 atm pressure,  
freezing point and boiling point 
of water are 32o and 212o 

At 1 atm pressure,  
freezing point and boiling point 
of water are 0o and 100o 

Lowest possible temperature = 
0 K 
Triple point of water = 273.16 K 

𝑇𝐹 =
9

5
𝑇𝐶 + 32𝑜 𝑇𝐶 = 𝑇 − 273.15𝑜 

 

The size of 1o C is the same as 1 kelvin.   1o C = 1 K 

Notation: The units of different scale are written as 0𝑜C = 32𝑜F =  273.15K.   

Triple point of water 𝑇3 is the temperature at which all three states of water: gas (vapor), liquid and 

solid (ice) coexist at pressure of 0.2 mPa*.  In kelvin, the triple point temperature is  
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𝑇3 = 273.16 K 

 
* mPa is milli-pascal = 10−3 Pa 

  

Thermal Expansion 

Linear Expansion:  Δ𝐿 = 𝛼 𝐿 Δ𝑇 

Volume Expansion: Δ𝑉 = 𝛽 𝑉 Δ𝑇 

 

It is because, suppose 𝑉 = 𝐿3, 𝑑𝑉 = 3𝐿2𝑑𝐿 = 3𝐿2(𝛼 𝐿 𝑑𝑇) = 3𝛼 𝑉 𝑑𝑇.   𝛽 = 3𝛼 
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Exception in water: 
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Heat Transfer 

Heat is the energy transfer between from one system to another due to temperature difference.   

Suppose one of the system is the environment at temperature 𝑇𝐸 

 

 

The heat Q transferred to cause a temperature 
change, 𝛥𝑇, depends on the magnitude of the 
temperature change, the mass of the system, and 
the substance and phase involved.  
(a) The amount of heat transferred is directly 
proportional to the temperature change. To 
double the temperature change of a mass m , you 
need to add twice the heat.  
(b) The amount of heat transferred is also directly 
proportional to the mass. To cause an equivalent 
temperature change in a doubled mass, you need 
to add twice the heat.  
(c) The amount of heat transferred depends on 
the substance and its phase. If it takes an amount 

Q of heat to cause a temperature change ΔT in a 
given mass of copper, it will take 10.8 times that 
amount of heat to cause the equivalent 
temperature change in the same mass of water 
assuming no phase change in either substance.  
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Heat capacity 

The heat capacity C of an object is the proportionality constant 

between the heat Q that the object absorbs or loses and the 

resulting temperature change T of the object 

𝑄 = 𝐶 Δ𝑇 = 𝐶 (𝑇𝑓 − 𝑇𝑖) 

The SI unit of C is J/K.  

The value of C depends on the size of the system, the materials 

making the system and even the state of the system.   

For a system made of one single material, one defines specific heat, 

the heat capacity per unit mass, for the material.  The specific heat 𝑐 

is related to heat capacity as 

𝑐 =  𝐶/𝑚 

where 𝑚 is the mass of the system/substance.  So the heat transfer 

in terms of specific heat is  

𝑄 = 𝑐 𝑚 Δ𝑇 

When quantities are expressed in moles instead of mass, the molar 

specific heat, heat capacity per mole, is often used.   

 

Example: Specific Heat 
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Latent Heat – Energy for phase change 

 
Heat from the air transfers to the ice causing it to melt. 

 

(a) Energy is required to partially overcome the attractive forces between molecules in a solid to form a liquid. That same 

energy must be removed for freezing to take place. (b) Molecules are separated by large distances when going from liquid 

to vapor, requiring significant energy to overcome molecular attraction. The same energy must be removed for 

condensation to take place. There is no temperature change until a phase change is complete. 

The amount of energy per unit mass that must be transferred as heat when a sample completely 

undergoes a phase change at a fixed temperature is called the latent heat L. When a sample of mass 
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m completely undergoes a phase change, the total energy transferred is: 

𝑄 = 𝐿 𝑚 

 

When the phase change is between liquid to gas, the heat of transformation is called the heat of 

vaporization (or condensation) LV. 

When the phase change is between solid to liquid, the heat of transformation is called the heat of 

fusion LF (melting/freezing). 

 

Example 2:  Latent Heat 
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Heat Conduction 

Conduction 

 

In the figure on the right, a slab of face area A and 

thickness L, have faces maintained at temperatures TH and 

TC by a hot reservoir and a cold reservoir. If Q be the 

energy that is transferred as heat through the slab, from 

its hot face to its cold face, in time t, then the conduction 

rate Pcond (the amount of energy transferred per unit time) 

is 

𝑃𝑐𝑜𝑛𝑑 =
𝑄

𝑡
= 𝑘 𝐴

𝑇𝐻 − 𝑇𝐶

𝐿
 

Here k, called the thermal conductivity, is a constant that depends on the material of which the slab 

is made. 
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Example: 

 
Heat is transferred at a steady rate through a composite slab made up of two different materials 
with different thicknesses and different thermal conductivities.  The steady-state temperature at the 
interface of the two materials is T

X
. 

 
Let TX be the temperature of the interface between the two materials.  At thermal equilibrium, the 
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temperature of the interface is steady and the net power entering the interface is zero.  So, the 
power transmitting from the left to interface equal to the power transmitting away from the 
interface to the right.  We have 

 

The temperature of the interface is  

 

and the power of conduction is 

 

 

Review on Pressure 

Pressure 𝑃 =
𝐹𝑜𝑟𝑐𝑒

𝐴𝑟𝑒𝑎
=

𝐹

𝐴
 

SI Unit: Pascal (Pa),   1 Pa = 1 N/m2 = 1 kg/m/s2  

Atmospheric pressure = 1 atm = 101325 Pa 
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Macroscopic variables and Equation of State 

The state of a substance consisting of more than 1023 particles or molecules is specified by the 

macroscopic variables: temperature T, volume V and pressure P, instead of the position and velocity 

of each individual constituent.   

When the substance is in thermal equilibrium, the macroscopic variables are related by an equation 

of state 𝑓(𝑇, 𝑉, 𝑃) = 0.  As a result, only two variables are independent.   

 

Ideal Gas 

Ideal gas is an approximated model for real gas.  The assumption of ideal gas is that, except elastic 

collision, there is not any interaction among the gas molecules.  A realization of ideal gas is inert gas 

at low density.   

 

Ideal gas equation of state:  𝑃𝑉 = 𝑛𝑅𝑇 = 𝑁𝑘𝑇 

𝑛 is the number of moles.  𝑁 is total number of molecules 𝑁 = 𝑛𝑁𝐴 (Avogadro number 𝑁𝐴 = 

6.022 × 1023.)   

𝑅 = 8.31 J/mol/K is the universal gas constant and 𝑘 = 1.38 × 10−23 J/K is the Boltzmann constant.  

They are related by 𝑅 = 𝑁𝐴 𝑘 . 

For a fixed amount of gas, the combination of  
𝑃𝑉

𝑇
= 𝑛𝑅 is a constant.   
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Kinetic Theory of Ideal Gas 

Consider a monatomic ideal gas at V at P and T consists of N 

number of molecules moving at a speed v in a random direction.  

The pressure is caused by the molecule colliding on the wall.   

For a typical gas molecule, of mass m and velocity v, that is 

about to collide with the shaded wall, as shown, if the collision 

with the wall is elastic, the only component of its velocity that is 

changed is the x component.  The only change in the particle’s 

momentum is along the x axis: 

Δ𝑝𝑥 = −2𝑚𝑣𝑥 
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Hence, the momentum Δ𝑝𝑥 delivered to the wall by the molecule during the collision is +2mvx. 

The time Δ𝑡 between collisions is the time the molecule takes to travel to the opposite wall and back 

again (a distance 2L) at speed vx.. Therefore, Δ𝑡 is equal to 2L/vx.  The force acting on the wall on 

average is 

𝐹𝑥 =
Δ𝑝𝑥

Δ𝑡
=

2𝑚𝑣𝑥

2𝐿/𝑣𝑥
=

𝑚𝑣𝑥
2

𝐿
. 

The pressure P is given by the sum of the forces from N molecules together divided by the area.  

𝑃 =
𝐹𝑥

𝐿2
=

𝑚

𝐿3
(𝑣𝑥1

2 + 𝑣𝑥2
2 + ⋯ + 𝑣𝑥𝑁

2 ) = ∑
𝑚𝑣𝑥𝑖

2

𝐿3

𝑖

 

On average, each molecule contribute  

1

𝑁
∑

𝑚𝑣𝑥
2

𝐿3

𝑖

≡
𝑚

𝐿3 (𝑣𝑥𝑟𝑚𝑠)
2

  

to the pressure.  The total pressure is 𝑃 = 𝑁
𝑚𝑣𝑥𝑟𝑚𝑠

2

𝐿3  

Root-mean-Square: 𝑣𝑥𝑟𝑚𝑠
= √

1

𝑁
∑ 𝑣𝑥𝑖

2
𝑖 = √(𝑣𝑥

2)𝑎𝑣𝑔  

Instead of the x-component of the velocity, we would like to relate the pressure to the speed.  

Assuming the direction of the motion of each molecule is random, the average value of any direction 

should be the same.  Therefore,   𝑣𝑥𝑟𝑚𝑠
= 𝑣𝑦𝑟𝑚𝑠

= 𝑣𝑧𝑟𝑚𝑠 

 (𝑣2)𝑎𝑣𝑔 = (𝑣𝑥
2)𝑎𝑣𝑔 + (𝑣𝑥

2)𝑎𝑣𝑔 + (𝑣𝑧
2)𝑎𝑣𝑔 = 3(𝑣𝑥

2)𝑎𝑣𝑔 

 𝑣𝑥𝑟𝑚𝑠
2 =

1

3
𝑣𝑟𝑚𝑠

2  

So, 𝑃 = 𝑁
𝑚𝑣𝑟𝑚𝑠

2

3𝐿3 = 𝑁
𝑚

3𝑉
𝑣𝑟𝑚𝑠

2  

Combine with 𝑃𝑉 = 𝑛𝑅𝑇 = 𝑁𝑘𝑇 

𝑣𝑟𝑚𝑠
2 =

3𝑃𝑉

𝑁𝑚
=

3𝑘𝑇

𝑚
=

3𝑅𝑇

𝑀
 

where M is the molar mass of the gas.   

Total Kinetic Energy: (monatomic ideal gas) 

𝐾tot =
1

2
𝑚 ∑ 𝑣𝑖

2

𝑖

=
1

2
𝑚𝑁(𝑣2)𝑎𝑣𝑔 =

1

2
𝑚𝑁𝑣𝑟𝑚𝑠

2 =
3

2
𝑁𝑘𝑇 =

3

2
𝑛𝑅𝑇 

For ideal gas, the internal energy equals to the total kinetic energy of the molecules. 
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Average kinetic energy per molecule = 𝐾tot/𝑁 =
3

2
𝑘𝑇

 

Distribution of molecular speed 

The motion of molecules in a gas is random 

in magnitude and direction for individual 

molecules, but a gas of many molecules has 

a predictable distribution of molecular 

speeds. This distribution is called the 

Maxwell-Boltzmann distribution, after its 

originators, who calculated it based on 

kinetic theory, and has since been confirmed 

experimentally.  The distribution has a long 

tail, because a few molecules may go several 

times the 𝑣rms  speed. The most probable 

speed 𝑣p is less than the rms speed 𝑣rms.   

The distribution of thermal speeds depends strongly on temperature.  As temperature increases, the 

speeds are shifted to higher values and the distribution is broadened; therefore, more chance to find 
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a molecule moving at high speed.   

 

 


