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5.1 Thermal Physics

• 5.1.1 Temperature

• 5.1.2 Solid, Liquid & Gas

• 5.1.3 Thermal Properties of Materials

• 5.1.4 Ideal Gases



5.1.1 Temperature



Is temperature 
the same thing 

as heat?



Thermal Equilibrium

• Two objects at the same temperature are said 
to be in thermal equilibrium.

• To reach thermal equilibrium, a resultant 
thermal energy transfer is made between the 
hotter object to the colder.



Resultant Thermal Energy Transfers

• Resultant (or net) energy is transferred 
between hotter objects to colder ones.

The Sun is hotter (at a higher temperature) 
than Earth so more energy is transferred from 
Sun to Earth than the other way round.
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KErand

Low  
KErand





Laws of Thermodynamics
• You do not need to know these but...

– Zeroth law of thermodynamics – If two thermodynamic 
systems are each in thermal equilibrium with a third, then 
they are in thermal equilibrium with each other.

– First law of thermodynamics – Energy can neither be 
created nor destroyed. It can only change forms. In any 
process, the total energy of the universe remains the 
same. For a thermodynamic cycle the net heat supplied to 
the system equals the net work done by the system.

– Second law of thermodynamics – The entropy (disorder) of 
an isolated system not in equilibrium will tend to increase 
over time, approaching a maximum value at equilibrium.

– Third law of thermodynamics – As temperature 
approaches absolute zero, the entropy of a system 
approaches a constant minimum.



Temperature v Heat

• What is the difference?



Temperature Scales

• Measuring temperature has always been a 
problem.
– The material the thermometer is made from affects 

the temperature reading.
• Since different materials respond to changes in temperature 

differently.

– Different scales of temperature exist (oC, oF).

• In 1947, the SI unit of the Kelvin was introduced 
as the unit for the Absolute Thermodynamic 
Scale of Temperature.



Kelvin Scale

• An absolute temperature scale.

– Does not depend on any property of any substance.

• Starts at zero (absolute zero).

– This is the theoretical temperature at which a 
substance has minimal internal energy.

• Is aligned to the Celsius scale to ease 
understanding.

• Uses the Triple Point of water as a reference 
point.



Triple Point of Water

A specific temperature & pressure at which all 3 phases 
of a substance exist in thermal equilibrium.



Absolute scale v Celsius scale

Absolute 
Scale /k

Celsius Scale 
/oC

Absolute zero 0 -273.15

Triple point H2O 273.16 0.01

Ice point 273.15 0.00

Steam point 373.15 100.00

Room Temperature 293.15 20.00

15.273// += CtKT o



5.1.1 Temperature (review)



5.1.2 Solid, 
Liquid & Gas



What is the 
difference between 

the density of 
solids, liquids & 

gases?



Solid, liquid & gas

• The density of the solid, liquid and gas phases 
of a substance varies greatly.

What general conclusions can you reach?

STP means 
Standard 
Temperature 
and Pressure 
(273k and 
100kPa (1atm))



Conclusions:

• Densities of solids & liquids are of the order of 
103 times the density of gases.

• Solids are usually (but not always) denser than 
liquids.

• Gas densities are very dependent on 
temperature & pressure. Solid/liquid densities 
are less so.



Particle Ordering - Solids

Many solids pack 
like this to form 
regular crystalline 
shapes

Most pack like 
this – with more 
particles per unit 
volume

Whichever way solids are packed, their particles are 
not free to move about – they are locked in position.



Particle Ordering - Liquids

Liquid particles are 
in contact but are 
able to move 
around each other

Water molecules near 
the edge of a pipe tend 
to move slower than 
those at the centre.

Liquid water is unusual in that it is denser than solid 
water.



Particle Ordering - Gases

Gas particles are chaotic. They have no 
arrangement. They are free to move 
around each other and spread 
throughout a container.



Molecular Speeds

• Above zero Kelvin, molecules are in a state of 
motion (even if only oscillating about a fixed 
position).
– However, they do observe the law of conservation of 

energy.

When particles collide, 
those with high KE lose 
KE and those with low KE 
will gain KE. The total 
energy in the system 
remains constant.



Temperature & KE

• Temperature is proportional to Kinetic Energy
– More on this later.

• Melting point:
– The temperature at which both solid and liquid 

phases can coexist.

– Molecules of ice at 0oC have the same average 
kinetic energy as molecules of water at 0oC.

• The same idea holds for boiling point.



Particle Movements

• When a solid is heated:
– Temperature rises.
– Kinetic energy of particles increases.
– Greater oscillation/rotation of particles 

about equilibrium position.

• When a liquid is heated:
– Same effects as above.
– Some kinetic energy causes translational 

movement of particles.

• When a gas is heated:
– Almost all of the increased kinetic energy 

is translational.



Brownian Motion

• Thomas Brown, 1827, 
noticed how pollen 
grains on the surface of 
water never stay still –
they randomly move 
around.

• This can be seen with 
smoke particles in air, or 
milk powder on coffee.



An explanation • Molecules of air are in 
constant motion. 

• They randomly collide with 
the large smoke particle 
from all directions. 

• The impulse gained by the 
smoke particle is not zero, 
resulting in an acceleration.

• If the smoke particle is too 
large, the impulses average 
to zero and the large mass 
results in lower 
acceleration.



Internal Energy

• Internal energy is the sum of the random 
distributions of kinetic and potential energies 
of all molecules in a substance.



Kinetic Energy of Molecules

• Is the sum of the random kinetic energies of 
all molecules within the substance.

– The sum of all mv2/2 of all molecules inside the 
container.

– Does not include any additional kinetic energy 
gained if the container is travelling inside a 
vehicle.

• Hence the term RANDOM kinetic energy.



Calculating Kinetic energy of Gases

• Random KE = ½mv1
2 + ½mv2

2 + ½mv3
2 + ... + ½mvn

2 .
– Where n is the number of molecules in the gas and m is the 

mass of each gas molecule.

• This can be rewritten as ½m(v1
2 + v2

2 + v3
2 + ... + vn

2).
• The term in brackets is equal to the mean square speed of 

all molecules multiplied by the number of molecules.
• So the expression becomes:

ncmKE 2

2
1=

And since mn is the total 
mass of all molecules, which 
is equal to volume x density:

2

2
1 cvKE =



Potential Energy of Molecules

• Is the sum of all random potential energies 
resulting from electrostatic intermolecular 
forces between the molecules.

– Does not include any potential energy changes 
due to raising or lowering the container.

– We do not need to calculate these!

• (phew)



Factors Affecting Internal Energy
• Temperature

– With high temperature comes more rapid molecular movement, leading to higher 
kinetic energies and therefore internal energy.

• Pressure
– In gases, molecules attract each other so when a gas expands (or pressure is 

reduced) work will be done to separate the molecules, leading to a higher 
potential energy and thus higher internal energy.

• State
– The state of a substance describes its phase (gas, liquid, solid) and also things like 

atomic arrangements or crystalline structure.
– A change in state does not involve a change in temperature so the total kinetic 

energy does not change.
– However, a change in state does involve the breaking or forming of molecular 

attractions.
– In gases:

• Electrostatic potential energy is zero, the electrostatic forces between molecules is negligible 
since they are so far apart.

– In liquids:
• Electrostatic potential energy is negative – energy must be supplied to break the 

intermolecular bonds.

– In solids:
• Intermolecular electrostatic forces are very large resulting in a very large negative electrostatic 

potential energy.



Factors which have no effect on 
internal energy

• Speed

– The speed of the whole gas container does not affect 
the random kinetic energies of the molecules

• So internal energy remains constant.

• Height

– The height of the whole gas container in a 
gravitational field does not affect the random 
potential energies of the molecules.

• So internal energy remains constant.



Practical

• Plot a temperature v time graph for melting then 
boiling ice in a beaker over a bunsen.

• Think about:
– How you can ensure the heat energy supplied is constant.
– How you can accurately measure the temperature of the 

ice/water rather than the beaker itself.

• Write:
– On the graph, highlight the parts where:

• Internal energy is increasing.
• Potential energy is increasing.
• Kinetic energy is increasing.





Practical 2

• Wipe some acetone on the back of your hand.

– What does it feel like when the acetone 
evaporates?

– In terms of internal, kinetic and potential energies 
explain why you feel this sensation.



5.1.2 Solid, 
Liquid & Gas 

(review)



5.1.3 
Thermal 

Properties 
of Materials



What, specifically, 
is Specific Heat 

Capacity?



Specific Heat Capacity, c

• SHC = the quantity of thermal energy required 
to raise the temperature of a unit mass of a 
substance by a unit temperature rise.



Some definitions:

• Specific = per unit mass.

• Heat = energy, measured in joules.

– The term “heat” is only used because it has been 
for years.

• We tend not to use “heat” to mean energy any more.

• We use more descriptive terms instead such as internal 
energy.

• We use “heat” as a verb or “heating” as a process 
whereby energy is transferred from one object to 
another.



SHC equation

• Where:
E = thermal energy (energy supplied to an object).

Measured in joules

m = the mass of the material being heated.
Measured in kilograms

Δϑ = the change in temperature.
Measured in oC or K
NOTE: a change in temperature is the same whether oC or K is used.


=

m

E
c =mcEor



Measuring SHC – Practical 1

• Measure SHC of water using a kettle.
– Add a known mass and known temperature of water 

to an empty kettle.

– Switch the kettle on and measure the time taken for 
the water to reach 60oC.

– Find the power of the kettle from its base.
• Use Pt to calculate energy transferred.

– Calculate c and compare with published value for 
water (4190Jkg-1K-1).
• Why are the two values different?



Measuring SHC  - Practical 2

• Measure SHC of aluminium using an electrical 
method.



Using a Temperature-Time graph

• Plot temperature against 
time for the aluminium 
block.
– How can this be used to 

calculate SHC?

• Over the useable range, 
the gradient = Δϑ/t

gradientgradient

1


==


=


=

m

P

m
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m
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Measuring SHC  - Practical 3

• Measure SHC of lead shot using GPE to heat 
the metal.



Method of Mixtures

• Two substances at different known 
temperatures are mixed together until they 
reach thermal equilibrium.

• If we know the final temperature of the 
mixture and the SHC of one of the two 
substances we can calculate the SHC of the 
other substance.



Measuring SHC – Practical 4

• Use the Method of Mixtures to measure the 
SHC of an aluminium 1kg mass, when the 
published SHC of water is: 4.2Jkg-1K-1.



The thermal energy transferred from the heated metal to the cold water is equal to 
the thermal energy gained by the cold water from the heated block.

metalmetal

waterwaterwater
metal

m

cm
c








=

Simply rearrange the equation to find the SHC of the aluminium block:

waterwaterwatermetalmetalmetal cmEcm  ==



Phase Changes

• As a substance changes from solid to liquid 
(melts) or from liquid to gas (boils), two 
phases are in existence at the same time.

B-C and D-E:
Temperature is constant, so 
internal kinetic energy is 
constant. Yet total internal 
energy is increasing so 
internal potential energy is 
increasing.



Latent Heat (hidden heat)

• Specific Latent Heat of Fusion, Lf:

– The quantity of energy per unit mass of substance 
required to change it from solid to liquid at a 
constant temperature.

• Specific Latent  Heat of Vaporisation, Lv:

– The quantity of energy per unit mass of substance 
required to change it from liquid to vapour at a 
constant temperature.

fmLE =

vmLE =



Diagrammatically:

Latent heat 
of fusion

Latent heat of 
vaporisation



Lf Lv For each section 
(A-B, B-C, C-D, D-E & A-F):

Write an algebraic 
expression for the energy 
added to the substance.

A-B:

B-C:

C-D:

D-E:

A-F:

Summarise:

= solidmcE

fmLE =

= liquidmcE

vmLE =

 ++++= gasvliquidfsolid mcmLmcmLmcE



5.1.3 
Thermal 

Properties of 
Materials 
(review)



5.1.4 Ideal 
Gases



How many moles 
are in a mole of 

moles?



The Mole

• Words that represent numbers:

– Couple: 
– TWO

– Dozen: 
– TWELVE

– Mole: 
– 600,000,000,000,000,000,000,000

• 6x1023 is Avagadro’s constant, NA.
– This is the number of atoms contained in 12g of Carbon-12



The mass of one mole of atoms equals 
the relative atomic mass in grams

• One mole of Carbon atoms has a mass of 12.0g.

• One mole of Calcium atoms has a mass of 40.1g.

• One mole of Nitrogen atoms has a mass of 14.0g.

• Be careful though:

– One mole of Hydrogen gas has a mass of 2.0g.

– One mole of Nitrogen gas has a mass of 28.0g.



Molar Mass, M, and Amount of 
Substance, n

Molar Mass, M
• The mass of one mole of a substance.
• Has the units of gmol-1

– Eg: M(CO2) = 12.0 + (16.0 x 2) = 44 
gmol-1.

Amount of Substance, n
• The number of moles of particles in a 

substance.
• Has the unit of mol.

𝐴𝑚𝑜𝑢𝑛𝑡, 𝑛 =
𝑀𝑎𝑠𝑠,𝑚

𝑀𝑜𝑙𝑎𝑟 𝑀𝑎𝑠𝑠,𝑀

𝑛 =
𝑚

𝑀



What’s so great 
about an Ideal Gas?



Studying gases

• Gases can be described either on a 
macroscopic level or at a microscopic level:

– Macroscopic descriptions

• Volume, Temperature, Pressure

– Microscopic descriptions

• Particle velocities, momenta, forces



Kinetic Gas Model

• A gas is a phase of matter with mass and a 
volume equal to that of its container.
– A gas will exert a pressure on the walls of its 

container from the collisions of molecules with 
these walls.

• A kinetic model of a gas describes the motion 
of its molecules.
– We can also calculate the pressure exerted by a 

gas if we make some simplifying assumptions:



Kinetic Gas Model Assumptions
• Gas molecules:

– Move rapidly, in random directions.
– Collide with each other and with the 

container walls.
– These collisions are elastic (no loss of 

kinetic energy).
– Experience a negligible gravitational 

force.
– Experience no intermolecular forces 

except during collisions.
– The time during a collision is negligible 

compared to the time between 
collisions.

– Have a total volume which is negligible 
compared with the volume of the 
container, despite there being a large 
number of them.



Gas Pressure

• Using the ideal gas assumptions and 
some of Newton’s Laws, we can show 
how pressure is created:
– Particles in a gas are always moving in 

random directions (with a mass, m, and a 
velocity, c).

– When they collide with the container 
walls they bounce off elastically.

– The force on the wall is equal & opposite 
to the force on the particle.

– This force is proportional to the change in 
momentum, Δp.

– The change in momentum is equal to        
-2mu.

– Pressure is a measure of the total force 
on the wall compared to the area of the 
wall (p=F/A)



Gas Theories

• Macroscopic theories:
– Concerned with temperature, volume & pressure 

of gases.

– Described by some simple gas laws.

• Microscopic theories:
– Concerned with the movements of individual 

molecules and how they collide with each other 
and the walls of the container.

– Eg the kinetic gas model described earlier and 
Boltzman’s equations described later.



Boyle’s Law

• A macroscopic approach.

• The volume of a fixed mass of an ideal gas is 
inversely proportional to the pressure exerted on 
it, provided the temperature is kept constant.

p
V

1
 Constant=pVOr



Practical

• Use the plugged syringes to plot volume 
against pressure for a variety of different 
pressures.

𝑝 = 𝐹/𝐴

𝐹 = 𝑚𝑔

V

p

p
V

1
 Constant=pVOr



2211 VpVp =When comparing the same gas 
under different conditions:



Boyle’s Law Practical

• An oil filled tube with a pressure 
gauge and pump can be used to 
demonstrate Boyle’s Law.
– Pressure can be varied using the 

pump.
– Air volume can be measured on 

the scale.
– Allow the temperature to 

equilibrate after each pressure 
change.

– Plot p against 1/V not p against V.
• Hard to tell an inverse relationship 

with a p-V graph but a p-1/V graph 
will give a straight line if p α 1/v.

• Try it with yours!!



Pressure v Temperature

• Another macroscopic approach.

• The pressure of a fixed mass of an ideal gas is 
directly proportional to its absolute temperature, 
provided the volume is kept constant.

Tp  Constant=
T

p
Or



Estimating Absolute Zero

1. Set up the apparatus as shown.
2. Measure the pressure of air inside 

the Jolly Bulb for a variety of 
temperatures.

3. Plot pressure against temperature.
4. Extrapolate the line of best fit until 

it reaches p=0.
5. Read the estimated value of 

absolute zero.



Charles’ Law

• For a fixed mass of an ideal gas at constant 
pressure, its volume will be proportional to 
the ideal gas temperature in kelvin.

TV 

constant a =
T

V
So...

2

2

1

1  
T

V

T

V
=And...



Combining the gas laws:

Tp 
V

p
1

If... and...

V

T
p then... constant=

T

pV
therefore...

2

22

1

11

T

Vp

T

Vp
=so...

for the same gas 
at different 
conditions



Moles – they bite so be careful!

• You need to ensure you understand whether 
you’re talking about atoms or molecules.

– “Particles” refers to either.

– A mole of hydrogen atoms has 6.02 x1023 atoms 
and has a mass of 1g.

– A mole of hydrogen molecules has 6.02 x1023

molecules and has a mass of 2g.



The Molar Gas Constant, R

• We’ve just seen how an ideal gas undergoing 
changes to pressure, volume or temperature has 
pV/T which remains constant.

• But what is this constant?

• This constant is equal to the number of moles of the 
gas, n, multiplied by the Molar Gas Constant, R.

constant=
T

pV



What is R

nR
T

pV
=So...

Where:
n is the number of moles
R is the molar gas constant.

For all gases, R is 8.3145 Jmol-1K-1.

nRTpV =Rearranging...

This is one of the ideal gas equations.



Calculate:

• The volume of a mole of nitrogen molecules at 
standard pressure (101300Pa) & temperature 
(273.2K).

nRTpV =

p

nRT
V =

331043.22
101300

2.2733145.81
mV −=


=

Chemists will recognise this as 
22.43 dm3.
This value is the same for all 
gases.



Graphically

• We know 
by now 
how the 
exam 
boards love 
a good 
graph:



What’s the average 
velocity of particles 

in a gas?



0ms-1



What!!??

• Velocity is a vector.

• The velocities of all the 
particles in a gas will 
cancel out, since they are 
travelling in random 
directions.

• Instead of mean velocity 
we use root mean square 
speed.



Root mean square speed

• Instead of finding the mean velocity, c, of all 
particles (which is zero).

• We find the mean squares of velocities, 𝑐2 .

– This ensures they do not cancel out.

• We then square root this value to find the root 

mean square speed, 𝑐2, 𝑜𝑟 𝑐𝑟.𝑚.𝑠.



Gas Pressure (again)

• We saw how gas pressure can be described at 
the macroscopic level with p=F/A.

• This time we look at how pressure occurs at 
the microscopic level.



The equation for pressure & volume

• You can derive this 
equation fairly easily:

– Consider a single particle 
with mass, m, & velocity, v, 
in a box with sides, L.

𝑝𝑉 =
1

3
𝑁𝑚𝑐2



• The particle makes repeated collisions at right 
angles to the wall.

• The collisions are elastic so the change in 
momentum is -2mc for each one.

• The time between collisions is the distance 
covered divided by speed:

𝑡 =
2𝐿

𝑐



• According to Newton, the force exerted on the 
wall is:

𝐹 =
∆𝑝

∆𝑡
= 2𝑚𝑐 ×

𝑐

2𝐿
=
𝑚𝑐2

𝐿

𝑡 =
2𝐿

𝑐
∆𝑝 = 2𝑚𝑐



• If there are N particles in the container the 
mean force exerted by each particle must be:

𝑡 =
2𝐿

𝑐
∆𝑝 = 2𝑚𝑐

ത𝐹 =
𝑚𝑐2

𝐿

𝐹 =
𝑚𝑐2

𝐿



• Actually, only a third of all particles will be 
bouncing off opposite walls at any time. The 
others will be bouncing in the other two 
dimensions

ത𝐹 =
𝑚𝑐2

𝐿
× 𝑁 ×

1

3
=
𝑁𝑚𝑐2

3𝐿

ത𝐹 =
𝑚𝑐2

𝐿
𝑡 =

2𝐿

𝑐
∆𝑝 = 2𝑚𝑐 𝐹 =

𝑚𝑐2

𝐿



• The pressure exerted by the gas will equal the 
total force exerted by all particles on a wall 
divided by the wall area

𝑝 =
𝑁𝑚𝑐2

3𝐿
×
1

𝐿2
=
𝑁𝑚𝑐2

3𝐿3
=
𝑁𝑚𝑐2

3𝑉

ത𝐹 =
𝑁𝑚𝑐2

3𝐿

ത𝐹 =
𝑚𝑐2

𝐿
𝑡 =

2𝐿

𝑐
∆𝑝 = 2𝑚𝑐 𝐹 =

𝑚𝑐2

𝐿

(p = F/A = F x 1/A)



• Rearranging, we get:

𝑝𝑉 =
1

3
𝑁𝑚𝑐2

ത𝐹 =
𝑁𝑚𝑐2

3𝐿

ത𝐹 =
𝑚𝑐2

𝐿
𝑡 =

2𝐿

𝑐
∆𝑝 = 2𝑚𝑐 𝐹 =

𝑚𝑐2

𝐿

𝑝 =
𝑁𝑚𝑐2

3𝑉





Macroscopic v Microscopic

• The molar gas constant, R, can be used when 
dealing with macroscopic gas properties (ie
moles of gases)

• However, when dealing with individual 
molecules we need the Boltzmann Constant.

nRTpV =



Boltzmann Constant, k

• This is the gas constant for single molecules of gas.

• k has the value: 1.3807 x10-23 JK-1.

• k is the molar gas constant, R, divided by Avogadro’s 
constant, NA.

• nR is constant for n moles of gas.

• While, Nk is the same constant for N molecules of gas.
– So,

nRTpV = NkTpV ==



We can check that nR = Nk

• Consider 5 moles of a gas:

nR = 5mol x 8.31Jmol-1K-1 = 41.55JK-1.

Nk = 5mol x NA x k 

= 5mol x 6.02x1023mol-1 x 1.38x10-23JK-1

= 41.54JK-1.



To summarise, then

• For macroscopic gas calculations use:

• For microscopic gas calculations use:

nRTpV =

NkTpV =



Remember these definitions:

• They often get confused.

n is the number of moles, 
Often used in the range 0.01 – 10 mol

N is the number of atoms/molecules,
Often a large number – up to 1x1024

NA is Avogadro’s constant,
Is always 6.02x1023mol-1



The kinetic energy of a gas molecule

• By combining two previous equations:

𝑝𝑉 =
1

3
𝑁𝑚𝑐2 NkTpV =And

We get:

1

3
𝑁𝑚𝑐2 = 𝑁𝑘𝑇



The kinetic 
energy of a gas 

molecule

N can be cancelled 
from both sides

1

3
𝑚𝑐2 = 𝑘𝑇

1

3
𝑁𝑚𝑐2 = 𝑁𝑘𝑇



The kinetic 
energy of a gas 

molecule

Rewrite the LHS 
as:

1

3
𝑚𝑐2 = 𝑘𝑇

1

3
𝑁𝑚𝑐2 = 𝑁𝑘𝑇

2

3
×
1

2
𝑚𝑐2 = 𝑘𝑇



The kinetic 
energy of a gas 

molecule

Rearranging gives:

1

3
𝑚𝑐2 = 𝑘𝑇

1

3
𝑁𝑚𝑐2 = 𝑁𝑘𝑇

1

2
𝑚𝑐2 =

3

2
𝑘𝑇

2

3
×
1

2
𝑚𝑐2 = 𝑘𝑇



The kinetic 
energy of a gas 

molecule

This is the mean 
kinetic energy of 
all the particles in 
the gas:

1

3
𝑚𝑐2 = 𝑘𝑇

1

3
𝑁𝑚𝑐2 = 𝑁𝑘𝑇

1

2
𝑚𝑐2 =

3

2
𝑘𝑇

2

3
×
1

2
𝑚𝑐2 = 𝑘𝑇



The kinetic 
energy of a gas 

molecule

Since the 3/2k is 
constant:

1

3
𝑚𝑐2 = 𝑘𝑇

1

3
𝑁𝑚𝑐2 = 𝑁𝑘𝑇

𝐸𝑘 ∝ 𝑇

2

3
×
1

2
𝑚𝑐2 = 𝑘𝑇

1

2
𝑚𝑐2 =

3

2
𝑘𝑇

This only applies if T is 
measured in Kelvin



What is the significance of

• This energy is the mean random kinetic energy 
of an ideal gas.

• Being an ideal gas, this also equals its internal 
energy.

• We can also see that kinetic energy is directly 
proportional to temperature, regardless of the 
type of gas. 

2

3kT
E =



Temperature & Particle Speeds

• At a given temperature, all gases have the 
same average kinetic energy.

• However, not all gas particles have the same 
mass.

• So the lower mass particles must be travelling 
at higher velocities than the higher mass 
particles.



Internal energy of an ideal gas

• Since an ideal gas is assumed to have no 
intermolecular forces.

– There will be no random potential energy.

– So the internal energy is only comprised of the 
random kinetic energy.

– So temperature is proportional to random kinetic 
energy.

– It’s also proportional to the total internal energy.



5.1.4 Ideal 
Gases 

(review)



Complete!


