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PHYSICS - CLUTCH NON-CALC
CH 20: KINETIC THEORY OF IDEAL GASSES
CONCEPT: ATOMIC VIEW OF AN IDEAL GAS
● Remember! A gas is a type of fluid whose volume can change to fill a container
- What makes a gas ideal?
● An IDEAL GAS is a gas whose particles DO NOT interact with one another – they feel no forces
- The ideal gas approximation works very well with non-charged gases, which feel no electric force
- Ideal gas particles are considered to have _________ volume
● An ideal gas is composed of 𝑛 moles, or 𝑁 particles, moving in random directions at 𝑣
- Remember! The temperature of the gas is dependent upon 𝐾  dependent upon 𝑣
● The PRESSURE of the gas depends on the number of collisions per second with the wall
- The more collisions per second, the [ HIGHER / LOWER ] the pressure

● At CONSTANT TEMPERATURE, the smaller the volume, the [ HIGHER / LOWER ] the pressure (Boyle’s Law)
 𝑃𝑉 = Constant
- Smaller volume  _________ distance to cross  _________ collisions per second
● At CONSTANT VOLUME, the larger the temperature, the [ HIGHER / LOWER ] the pressure (Charles’ Law)
 𝑃/𝑇 = Constant
- Larger temperature  _____________ average speed 𝑣  _________ collisions per second
● At CONSTANT PRESSURE, each particle occupies a constant volume (Avagadro’s Law)
 𝑉/𝑁 = Constant
- The total volume depends upon __________________________________

EXAMPLE: An ideal gas at 3 x 105 Pa occupies a volume of 0.5 m3. What volume would the gas occupy if the pressure
were doubled at a constant temperature? If the gas contains 5 x 1024 particles when the volume was 0.5 m3, what volume
would the gas occupy if 1/3 of the particles were removed at a constant pressure?
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CH 20: KINETIC THEORY OF IDEAL GASSES
PRACTICE: SLOWLY DECREASING THE VOLUME OF A PISTON
A piston is a cylinder with one of the faces free to move. Initially, a piston has a volume of 0.002m 3 and has air inside of it at
atmospheric pressure. If the moving face of the piston is pushed SLOWLY inward, decreasing the volume to 0.00045 m 3,
what is the final pressure of the air inside of the cylinder?
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CONCEPT: IDEAL GAS LAW
● Combining the three equations we saw previously for ideal gases, we can formulate the IDEAL GAS LAW
- The ideal gas law is the EQUATION OF STATE for an ideal gas – the equation that relates 𝑷 and 𝑽

● The IDEAL GAS LAW, given in terms of moles, 𝑛, is
𝑃𝑉 = _______________

where 𝑹 is the IDEAL GAS CONSTANT

● The IDEAL GAS LAW, given in terms of particle number, 𝑁, is
𝑃𝑉 = _______________

where 𝒌𝑩 is the BOLTZMANN CONSTANT

- The ideal gas constant is 𝑅 = 8.314 𝐽/𝑚𝑜𝑙 𝐾
- The Boltzmann constant is 𝑘𝐵 = 1.38 × 10−23 𝐽/𝐾
● One can easily related the number of moles to the number of particles in a sample of gas:
- Where 𝑁𝐴 = 6.022 × 1023 is AVAGADRO’S NUMBER

𝑵 = 𝒏𝑵𝑨

EXAMPLE: An ideal gas at 1 x 105 Pa undergoes a compression at constant temperature. If the initial volume is 0.05 m3,
and the gas is compressed to 0.01 m3, what is the final pressure?
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PRACTICE: SAFETY VALVE ON A SCUBA TANK
A scuba tank is typically filled to a pressure of 3000 psi (2.07 x 10 7 Pa). When a scuba tank’s pressure gets too high, there
is a safety valve that will release all of the air inside before the scuba tank can explode. Let’s say the safety valve on a
particular tank will release at 4000 psi. If the tank is filled to 3000 psi with room temperature air (27oC), how hot can the
scuba tank get before the safety valve will release?

PRACTICE: CHANGING INTERNAL ENVIRONMENT OF TANK CONTAINING GAS
A tank holds a certain amount of an ideal gas at a pressure of 5.5 x 106 Pa and a temperature of 27oC. If 1/3 of the gas is
withdrawn from the tank and the temperature is raised to 50oC, what is the new pressure inside the tank?
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CONCEPT: INTRODUCTION TO KINETIC THEORY OF GASSES
● The ideal gas law takes a MACROSCOPIC view of gasses – it makes no relation between measureables and particles
- Kinetic theory takes a MICROSCOPIC view of gasses – it DOES connect measureables to particles

● The KINETIC THEORY OF IDEAL GASSES works well if you can make the following assumptions:
1) The number of particles in the gas is large
2) The average distance between particles is large compared to size of particles (zero particle volume)
3) The particles obey Newtonian mechanics, but move randomly
4) The particles only interact through elastic collisions (non-interacting particles)
5) The particles can collide elastically with the walls of the container of the gas
6) All gas particles are identical

● Recall our two conditions for an ideal gas:
1) Non-interacting particles
2) Particles with zero volume
● Using the kinetic theory, we can do many things:
- Justify the ideal gas law
- Compute the pressure of a gas on the walls of the container based on the average speed of the particles
- Compute the average kinetic energy of the gas particles
- Compute the temperature of the gas based on the average kinetic energy of the gas particles

𝑣

𝑣⊥
Δ𝑝
𝜃
𝜃
𝑣
𝑣⊥
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CONCEPT: KINETIC THEORY AND PRESSURE
● Remember! Kinetic theory can be very useful in explaining ideal gases from the MICROSCOPIC perspective
- Utilizing kinetic theory, we can compute the pressure in terms of the average speed of gas particles
● First, we want to compute the impulse imparted by a single particle on a container wall
- This collision is elastic
- Consider the particle to have a mass 𝑚 and a perpendicular speed of 𝑣⊥

𝑣⊥
Δ𝑝 = 2𝑚𝑣⊥
𝑣⊥

● Next, we want to find the NUMBER of particles colliding with an area A in a time Δ𝑡
- The only particles that are going to collide are the ones CLOSE ENOUGH to do so
- This means the particles must be within a perpendicular distance of 𝑣⊥ Δ𝑡
- The number is going to be the density times the volume:

A
𝑣⊥
𝑣⊥

𝑁𝑐𝑦𝑙 ~ 𝜌𝑉𝑐𝑦𝑙 = ___________________
- This isn’t quite the answer, though – half move towards, half move away

𝑣⊥

𝑣⊥ Δ𝑡

 𝑁𝑐𝑦𝑙 = ___________________
● So, the TOTAL IMPULSE is just the number of particles within the volume times the impulse of each particle
 𝐼 = 𝑁𝑐𝑦𝑙 Δ𝑝 = __________________________ = ___________________
- And the FORCE ON AREA A during this time, Δ𝑡



𝐼

𝐹𝑜𝑛 𝐴 = Δ𝑡 = _____________

● Finally, we can calculate the PRESSURE due to these particle collisions:

𝑃=

𝐹𝑜𝑛 𝐴
𝐴

= _________________

EXAMPLE: 6 moles of gaseous molecular hydrogen (H2) fill a 0.005 m3 container. If the pressure of the gas is just
atmospheric pressure, what is the perpendicular speed of the hydrogen molecules?
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PRACITCE: FORCE AND PRESSURE DUE TO AN IDEAL ATOMIC HYDROGEN GAS
A sample of 5 moles of and ideal atomic hydrogen gas is contained in a cylinder of 5 cm radius and 20 cm height. If the gas
is moving at a perpendicular speed of 150 m/s, what is the force on the top face of the container? The pressure?

Page 8

PHYSICS - CLUTCH NON-CALC
CH 20: KINETIC THEORY OF IDEAL GASSES
CONCEPT: AVERAGE KINETIC ENERGY AND TEMPERATURE
● We can easily convert our equation for the pressure of a gas due to collisions into an EQUATION OF STATE
- An EQUATION OF STATE is just an equation that tells us the state – the pressure and volume of an ideal gas
 𝑃𝑉 = 𝑁𝑚𝑣⊥2
● Something important to consider here is that, in calculating the impulse of a single particle, we made an assumption:
- We assumed that EACH particle moved with the same perpendicular speed, 𝑣⊥ – not a very good assumption
- A better approach is to consider the AVERAGE equation of state – the average PV for each particle
 𝑃𝑉 = __________________ = __________________
● In 3-dimensional motion, we ALWAYS have (𝑣 2 )𝑎𝑣 = (𝑣𝑥2 )𝑎𝑣 + (𝑣𝑦2 )𝑎𝑣 + (𝑣𝑧2 )𝑎𝑣
- Because directions are arbitrary, the perpendicular direction could be any, say the x-direction  𝑣⊥ = 𝑣𝑥
- In TRULY random motion, the average speed should be isotropically  (𝑣𝑥2 )𝐴𝑣 = (𝑣𝑦2 )𝐴𝑣 = (𝑣𝑧2 )𝐴𝑣
 (𝑣⊥2 )𝑎𝑣 = (𝑣𝑥2 )𝑎𝑣 = ________
● This means that we can rewrite our equation of state



𝑃𝑉 = 𝑁𝑚(𝑣⊥2 )𝑎𝑣 = __________________

- We can then use an algebraic trick to get our result to look a certain way  𝑃𝑉 = ________________________
● Notice when averaging the kinetic energy, you don’t average the speed – you average the SQUARE OF THE SPEED
̅ = [1 𝑚𝑣 2 ]
𝐾
2

1

𝑎𝑣

= (2) 𝑚(𝑣 2 )𝑎𝑣

● Finally, we can express our equation of state in terms of the AVERAGE KINETIC ENERGY:
 𝑃𝑉 = _________________

OR

̅ = _________________
𝐾

● Using the ideal gas law, we have the AVERAGE KINETIC ENERGY in terms of the TEMPERATURE
̅ = _________________
𝐾

EXAMPLE: A gas of molecular nitrogen (N2) has an average kinetic energy per 100 molecules of 1 x 10-19 J. What is the
temperature of the gas?
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EXAMPLE: ATMOSPHERE ON THE PLANET X
Air has an average mass of 4.81 x 10-26 kg per particle. If some plant, X, has an average surface temperature of 305 K,
COULD Planet X support an atmosphere of air according to thermodynamics? Note that the mass of X is 4.23 x 1023 kg and
has a radius of 1.25 x 107 m. HINT: check to see if air on Planet X would have enough thermal energy to escape gravity.
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CONCEPT: KINETIC THEORY AND RMS SPEED
̅ = (3) 𝑘𝐵 𝑇
● Remember! 𝐾
2
1

 Recall that this equals (2) 𝑚(𝑣 2 )𝑎𝑣



3

1

(2) 𝑘𝐵 𝑇 = (2) 𝑚(𝑣 2 )𝑎𝑣

● Because of this equation, it is easy to find the AVERAGE of the SQUARE of speed, but not the average speed itself
 (𝑣 2 )𝑎𝑣 = _________________
- An associated quantity, the ___________________________ speed, can thus easily be found:
● The ROOT-MEAN-SQUARED (rms) speed is simply
𝑣𝑟𝑚𝑠 = √(𝑣 2 )𝑎𝑣 = _________________
- The root mean square means the ROOT _________ MEAN _________ SQUARED
- To find any rms value, simply follow the algorithm: 𝑥 → 𝑥 2 → (𝑥 2 )𝑎𝑣 → √(𝑥 2 )𝑎𝑣
x
x2

● Sometimes the rms value is the ONLY value you can find
- For a quantity that oscillates, the average is ALWAYS going to be ___________
- But, the rms value will NOT be

(x2)av
xav t
x

EXAMPLE 1: Gaseous atomic hydrogen has an rms speed of 3.5 km/s. What is the temperature of the hydrogen gas?

EXAMPLE 2: A gas is heated to 40oC. To what temperature must it be heated to double its rms speed?
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PRACITCE: TEMPERATURE OF A DEUTERON PLASMA
Deutrons, 2H, are popular particles to produce plasmas with. A plasma can be thought of as an incredibly hot gas, with
particles moving at incredibly large speeds. What temperature would a deutron plasma have to be so that the rms speed of
the deuteron particles was 10% the speed of light? Note that the speed of light is 3.0 x 10 8 m/s.
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EXAMPLE: UNKNOWN TEMPERATURES OF IDEAL GASSES
Four different samples of ideal gasses are kept in four different containers, A through D. The mass and rms speed of the
gas in each container is shown in the following table. If the temperature of the gas in container A is 300 K, what is the
temperature in containers B, C and D. Assume that each container is insulated from the environment and each other.

Mass
rms speed

A

B

C

D

𝑚

3𝑚

4𝑚

2𝑚

𝑣𝑟𝑚𝑠

𝑣𝑟𝑚𝑠

2𝑣𝑟𝑚𝑠

4𝑣𝑟𝑚𝑠
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CONCEPT: SPEED DISTRIBUTION OF AN IDEAL GAS
● Remember! Not all particles in a gas move at the same speed
- The speeds of particles in a gas vary wildly, with some speeds occurring frequently and some speeds being rare
 Speeds of particles in an ideal gas form a _____________________ – the MAXWELL-BOLTZMANN distribution
𝑃(𝑣)
𝑇1
𝑇1 < 𝑇2 < 𝑇3

𝑇2

𝑇3
𝑣𝑀𝑃,1 𝑣𝑀𝑃,2

𝑣

𝑣𝑀𝑃,3

● The MOST PROBABLE speed is the __________ of the distribution – the point that has the highest probability
- It is clear the most probably speed increases with temperature, as should be expected
● As 𝑇 decreases, speeds near 𝑣𝑀𝑃 become ________________, but speeds from 𝑣𝑀𝑃 become ___________________
- This is known as a ________________ of the distribution
● As temperature increases, speeds become __________________________
- This is known as a ________________of the distribution
- At 𝑇 = ∞, all speeds become __________________________

● The MOST PROBABLE speed of a particle in an ideal gas is



𝑣𝑀𝑃 = ____________

● The AVERAGE speed of a particle in an ideal gas is



𝑣𝐴𝑉 = ____________

EXAMPLE: You perform an experiment measuring individual particle speeds in gaseous atomic hydrogen and find that the
average particle speed is 1.7 km/s. If you were to take one more measurement, what is the likely speed you measure?
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EXAMPLE: DATA COLLECTED ON PARTICLE SPEEDS IN AN IDEAL XENON GAS
The following data is recorded speeds of particles in an ideal xenon (132Xe) gas. Find a) The most probable speed b) The
average speed c) The rms speed d) The temperature of the gas
Number of Particles at Measured Speeds
43

Number of Particles

38

24

37

26

15
7

7
3

50

1

100 150 200 250 300 350 400 450 500

Measured Speed
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