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1. Where does the force come from??

2. What microscopic properties (variables) of
the air does it depend on?

3. Can we estimate the force in terms of
microscopic properties?



The density of a gas is doubled, keeping the type and average speed of
the atoms fixed. The force on the green object is multiplied by a factor of



The density of a gas is doubled, keeping the type and average speed of
the atoms fixed. The force on the green object is multiplied by a factor of
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C) 1
D) 2
E) 4

-Doubles # of collisions per time
-same average Ap per collision

F =dp/dtis doubled



The average speed of the gas atoms doubles, keeping the type and
density fixed. The force on the green object is multiplied by a factor of

B) %



The average speed of the gas atoms doubles, keeping the type and
density fixed. The force on the green object is multiplied by a factor of

A) %
B) %
C) 1
D) 2
E) 4

-Doubles # of collisions per time
-Doubles average Ap per collision

F =dp/dtis quadrupled



The gas is replaced by a new gas whose atoms are twice as heavy,
keeping the average speed of the gas atoms and density fixed. The force
on the green object is multiplied by a factor of

A) %
B) %

1
D) 2
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The gas is replaced by a new gas whose atoms are twice as heavy,
keeping the average speed of the gas atoms and density fixed. The force
on the green object is multiplied by a factor of

A) Y
B) %
C) 1
D) 2
E) 4

-Same # of collisions per time
-double average Ap per collision

F =dp/dtis doubled



The system above is a doubled version of the previous system, so the new
green object has twice the area of the old one, while the density of
atoms in the gas, the mass, and the average speed remain the same. The
net force on the green object here is what multiple of the force on the

old green object?

A) %
B) %

1
D) 2
4



If we double the area of the green object, keeping the properties of the gas the
same. The net force on the new green object is what multiple of the force on the
old green object?

A) %

B) %

C) 1

D) 2

E) 4

-Doubles # of collisions per time (since number of collisions per time on
any fixed area stays the same)

-same average Ap per collision
F = dp/dt is doubled



A container of gas with uniform pressure has a large piston and a small piston
attached to it. The forces A and B act on the pistons from the outside such that
the system is in equilibrium. We can say that

A) The forces are the same

B) The force A is greater

C) The force B is greater

D) Any of the above are possible



A container of gas with uniform pressure has a large piston and a small piston
attached to it. The forces A and B act on the pistons from the outside such that
the system is in equilibrium. We can say that

A) The forces are the same

B) The force A is greater

C)The force B is greater

D) Any of the above are possible

Pressure is the same throughout the gas. Force from gas on piston is pressure
times area. This is greater for the right piston, so the force B must be larger.

Atomic picture: more gas molecules per unit time are collide with the right hand
right hand piston.



The force on the left piston indicated but the arrow is

A) greater in situation A
B) greater in situation B
C) the same in A and B



The force on the left piston indicated but the arrow is

A) greater in situation A
B) greater in situation B
C)thesamein AandB

The force has doubled, but the area has doubled, so the pressure acting on both
cars in the same in both situations. Thus, the pressure in B is the same as A, so
the force is the same.
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Boyle's Law - 1662 from New Experiments:
Physico-Mechanical, Touching the Spring of Air.




Boyle's Law - 1662 from New Experiments:
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Boyle's Law - 1662 from New Experiments:
Physico-Mechanical, Touching the Spring of Alr.
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A container with a partition in the middle is filled halfway with an ideal monatomic gas.
If the partition is removed instantaneously so that the gas is allowed to fill the box, the
final temperature of the gas will be

A) Lower than the original temperature
B) The same as the original temperature
C) Higher than the original temperature



A container with a partition in the middle is filled halfway with an ideal monatomic gas.
If the partition is removed instantaneously so that the gas is allowed to fill the box, the
final temperature of the gas will be

A) Lower than the original temperature
B) The same as the original temperature
C) Higher than the original temperature

Energy is conserved, so the total energy of the gas is the same before and after. For
an ideal gas, we can ignore interactions between the molecules (which might be
associated with potential energy) so all the energy is kinetic energy. Thus, kinetic
energy is the same after the expansion. Temperature is translational kinetic energy
per atom, and the number of atoms doesn’t change, so the translational kinetic
energy per atom stays the same.

Roughly: nothing that would make the gas molecules slow down, so their average
translational kinetic energy stays the same.



