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2009 AP® PHYSICS B FREE-RESPONSE QUESTIONS (Form B)

3 Piston

—

<EEmELE>

The cylinder shown above has an open top, and gas is held inside it by a piston of mass m and area A. The gas is
insulated from its surroundings and is initially in equilibrium at volume V; . Express all algebraic answers in

4. (15 points)

terms of the given quantities and fundamental constants.

(a) Determine the absolute pressure F; of the gas at equilibrium.

The gas is heated by a circuit that contains three resistors, each of known resistance R, connected in parallel to

a power source of emf &€ . The piston is held fixed so that the gas remains at constant volume while being heated
for a period of time 7.

(b) Determine the resistance of the circuit.

(c) Calculate the change in internal energy of the gas.

After the time ¢, the circuit is disconnected. The piston is then released and the gas is allowed to expand
adiabatically until it reaches volume V.

(d) Indicate below whether the temperature increases, decreases, or remains the same during this process.

Increases Decreases Remains the same

Justify your answer.
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(e) The gas is then compressed isothermally to its original pressure and volume. On the axes below, draw a PV
diagram for the complete cycle described in this question, labeling V; and V on the volume axis.
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2007 AP® PHYSICS B FREE-RESPONSE QUESTIONS

Piston

5. (10 points)
The figure above shows a 0.20 m diameter cylinder fitted with a frictionless piston, initially fixed in place. The
cylinder contains 2.0 moles of nitrogen gas at an absolute pressure of 4.0 x 10° Pa. Nitrogen gas has a molar

mass of 28 g/mole and it behaves as an ideal gas.
(a) Calculate the force that the nitrogen gas exerts on the piston.
(b) Calculate the volume of the gas if the temperature of the gas is 300 K.

(c) In a certain process, the piston is allowed to move, and the gas expands at constant pressure and pushes the
piston out 0.15 m. Calculate how much work is done by the gas.

(d) Which of the following is true of the heat energy transferred to or from the gas, if any, in the process in
part (¢)?

Heat is transferred to the gas.
Heat is transferred from the gas.
No heat is transferred in the process.

Justify your answer.
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Heat is transferred to the gas.
Heat is transferred from the gas.
No heat is transferred in the process.

Justify your answer.
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2005 AP® PHYSICS B FREE-RESPONSE QUESTIONS (Form B)
Piston
[

Gas

Note: Figure not drawn to

6. (10 points)

You are given a cylinder of cross-sectional area A containing n moles of an ideal gas. A piston fitting closely in
the cylinder is lightweight and frictionless, and objects of different mass m can be placed on top of it, as shown
in the figure above. In order to determine n, you perform an experiment that consists of adding 1 kg masses one
atatime on top of the piston, compressing the gas, and allowing the gas to return to room temperature 7 before
‘measuring the new volume V. The data collected are given in the table below.

mkg | V(m) 1y (m) P(Pa)

0 [60x107 |17x10*
45%107 | 22x10*
36x10° | 28x10*
30x10° | 33x10*
26x107 | 38x10*

P O O

(a) Write a relationship between total pressure P and volume V' in terms of the given quantities and
fundamental constants that will allow you to determine n.

You also determine that A = 3.0 X 10~ m? and T=300 K.
(b) Calculate the value of P for each value of m and record your values in the data table above. ‘

(¢) Plot the data on the graph below, labeling the axes with appropriate numbers o indicate the scale.

248 |
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2 [36x107 | 28x10*
3 [30x10° |33x10*
4 |26x10” |38x10*

(a) Write a relationship between total pressure P and volume V' in terms of the given quantities and
fundamental constants that will allow you to determine n.

You also determine that A = 3.0 X 10~ m? and T=300 K.

(b) Calculate the value of P for each value of m and record your values in the data table above.
(¢) Plot the data on the graph below, labeling the axes with appropriate numbers o indicate the scale.

(d) Using your graph in part (¢), calculate the experimental value of n .
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2005 AP° PHYSICS B FREE-RESPONSE QUESTIONS
Area A

1

n| Gas

6. (10 points)
‘An experiment is performed to determine the number n of moles of an ideal gas in the cylinder shown above.
‘The cylinder is fitted with a movable, frictionless piston of area A. The piston is in equilibrium and is supported
by the pressure of the gas. The gas s heated while its pressure P remains constant, Measurements are made of
the temperature T of the gas and the height H of the bottom of the piston above the base of the cylinder and are
recorded in the table below. Assume that the thermal expansion of the apparatus can be ignored.

() Wite a relationship between the quantities T and H, in terms of the given quantities and fundamental
constants, that will allow you to determine 7.

(b) Plot the data on the axes below so that you will be able to determine # from the relationship in part (a).
Label the axes with appropriate numbers to show the scale.

H(m)
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~sd4eV
Note: Energy levels not drawn to scale.

7. (10 points)
‘The diagram above shows the lowest four discrete energy levels of an atom. An electron in the n =4 state
‘makes a transition to the 7 =2 state, emitting a photon of wavelength 121.9 nm.

(@) Calculate the energy level of the 1 = 4 state.
(b) Calculate the momentum of the photon.

‘The photon is then incident on a silver surface in a photoelectric experiment, and the surface emits an electron
with maximum possible kinetic energy. The work function of silver is 4.7 eV.
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5. (10 points)
‘The cylinder above contains an ideal gas and has a movable, frictionless piston of diameter D and mass M. The
cylinder is in a laboratory with atmospheric pressure P, Express all algebraic answers in terms of the given
quantities and fundamental constants.
() Initially, the piston is free to move but remains in equilibrium. Determine each of the following
i. The force that the confined gas exerts on the piston

ii. The absolute pressure of the confined gas

(b) If a net amount of heat is transferred to the confined gas when the piston is
pressure of the gas?

fixed, what happens to the

Pressure goes up. Pressure goes down. Pressure stays the same.
Explain your reasoning.

(€) Ina certain process the absolute pressure of the confined gas remains constant as the piston moves up a
distance ¥, . Calculate the work done by the confined gas during the process.

6. (10 points)

A student is asked to determine the index of refraction of a glass slab. She conducts several trals for
‘measurement of angle of incidence 6, in the air versus angle of refraction @, in the glass at the surface of the

slab. She records her data in the following table. The index of refractior

in air is 1.0.

Trial # | 0, (degrees) | 6, (degrees) | Sing, | Sin6,

50 80 009 | 014
15 21 026 | 036
25 39 042 | 063

o 057 [ o
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quantities and fundamental constants.
(a) Tnitially, the piston is free to move but remains in equilibrium. Determine each of the following.
The force that the confined gas exerts on the piston
The absolute pressure of the confined gas
(b) If a net amount of heat is transferred to the confined gas when the piston is fixed, what happens to the
pressure of the gas?
___Pressuregoesup.  ___ Pressure goesdown.  ____ Pressure stays the same.
Explain your reasoning.

(©) Tna certain process the absolute pressure of the confined gas remains constant as the piston moves up a
distance x, . Calculate the work done by the confined gas during the process.

. (10 points)

A student is asked to determine the index of refraction of a glass slab. She conducts several rials for
‘measurement of angle of incidence @, in the air versus angle of reffaction @, in the glass at the surface of the

slab. She records her data in the following table. The index of refraction in air s 1.0.

b o s, [

©2007 The College Board. All ightsreserved.
Vit apeentral collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (fo students and parns).

GO ON TO THE NEXT PAGE.

-9-

[ =

22:39

2012/2/15





Important Equations and Constants for Piston Questions:
Combined Gas Law: [image: image12.png]



Ideal Gas Law: [image: image14.png]PV = nRt = Nk, T




Real Gas Constant: [image: image16.png]R =8314L/mol-K




or
[image: image17.png]R = 0.08206 L-atm/mol -K




Boltzman’s Constant: [image: image19.png]ks =1.38x 10722




Pressure: [image: image21.png]-




Absolute Pressure: [image: image23.png]



And since most pistons are cylinders:

Area of a Circle: [image: image25.png]



Volume of a Cylinder: [image: image27.png]V=mnr2h




