Physics Experiment & Activity Planning

Student Ideal Gas PH221
Exp/Act: Course:
Kinetic Theory of Gasses 9/4/07
Focus: Date:
Objectives

1. Relating mechanical kinetic energy to thermodynamic kinetic energy

Recognizing the event of collisions b/w gasses and with the container

Achieving thermal equilibrium

2
3
4 |Introducing the mean free path b/w scattering
5

Pressure on walls from Impule-Momentum theorem

Core Concepts

Physics Mathematical
-velocity increases with temperature 1/2mv? = 3/2 nRT
-pressure increases with temperature PV =nRT

-pressure increases for decreased volume
-mean free path increases w/ volume, s.t. it is
proportional to temperature & 1/P

Supplies/Procedures

Materials Activity Set-Up Procedures
-about 150 ft of rope Rope off roughly a 30'x30' square of space for a class size of 30
-4 posts or broomsticks to stake in | students.

the ground
-small white boards & dry erase
markers for students
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Experiment Activity / Time:

30 min

Procedures

Notes

1) Divide the class into temperatures Hot, Medium, and Cold.

2) Group the students according to their temperatures in the roped
off area.

3) Students should know that hot gasses move faster, so remind
them to be mindful of their speeds when they start moving around.
4) Remind them to "conserve momentum®.

5) Have them start moving in arbitrary directions and count the
number of steps between collisions--keep a table of steps between
collisions on their white boards.

6) Intermittently decrease and increase the size of the roped area,
having students keep track of their steps b/w collisions for different
sized areas.

7) After ~10 min of "data collection”, separate students into small
groups (3-4 students per group) and compare and analyze their
collective steps b/w collisions. This will take another ~10 min.

Watch out for students trying to
avoid collisions and those who
don't conserve momentum.

Run the activity for some time in
order to allow each student to
generate a large data set--their
small white boards should be full
of data.
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Activity Review / Time:

10 min

Discoveries

Core Concepts

1) Students quickly came to thermal equilibrium and
all ended up moving at roughly the same speeds.

2) Collisions affect the bulk movement of a gas.

3) Velocity increases with temperature.

4) Mean free path increases with volume.

5) Mean free path decreases with pressure.

FOLLOW W/ LECTURE

1) Relating Kinetic Energy to Thermal Energy
2) Conservation of Energy

3) Conservation of Momentum

4) Proportional and inversely proportional
relationships in the Ideal Gas Law.

Connection to Real-World / Time:

Real-World Examples

Core Concepts

1) Relating Kinetic Energy to Thermal Energy
2) Conservation of Energy

3) Conservation of Momentum

4) Proportional and inversely proportional
relationships in the Ideal Gas Law.

Homework / Review for Next Class

Material Covered

Text Ref.
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Lesson Reflections

This activity was the first introduced to this particular PH 221 class. Being a Kinesthetic Activity, it was
difficult engaging the students at first, but is a good ice-breaker to get them engaged early on. Students
enjoyed the ability to get up and move around during class.

The motivation for this activity was at first just to relate the velocity and temperatures of gasses and to
illustrate how the particles in a gas can have a greater root-mean-squared velocity than the speed of
sound in the gas at the same temperature--namely to get them to think about collisions. Additional
motivation was to get students thinking about the Ideal Gas Law and how the temperature, pressure,
and volume are related. Then, this activity developed into an introduction to pressure using the
Impule-momentum theorem. Finally, and this ended up being the focus, the mean free path of a particle
was introduced and the students had to take their data and figure out how it was dependent upon
thermodynamic parameters such as temperature, volume, and pressure.
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