


Use your time effectively, working as quickly as you can without losing accuracy. Do not

Points are not deducted for incorrect answers or unanswered questions.











have units consistent with the graph, best

4. Some students observe that a hollow metal sphere

might determine whether they are correct?
(A) Is the sphere still attracted when the

positively charged rod is placed on the other

(C) Is the attraction of the sphere to the rod
weaker when the distance between them is

(D) Is the attraction of the sphere to the rod

thermally insulated from the external environment
and placed into thermal contact with each other

the containers depends on the type of atoms



the arrows representing the direction of downward slope, or electric equipotentials and electric field direction





page with speed v enters a magnetic field of

What is the direction of the initial magnetic force



decreases, so the molecules all exert less
force on the container when they collide

molecules exert less force on the container

(C) The speed of only the fastest molecules

(D) The speeds of the molecules are more evenly
distributed across all possible values, so the
molecules have fewer collisions with the



17. Three charged particles are near each other but

positive x-axis. Which of the following shows the
magnetic fields with the two long wires shown
above, which are in the plane of the page. The
student connects the ends of the left wire to a
battery, creating a current in the wire toward the
bottom of the page. What is the direction of the
magnetic field at the location of the right wire?

distance apart and released from rest. The only
nonnegligible forces on the particles are the
electrostatic forces they exert on each other.

greater than that exerted on the electron

proton is less than the magnitude of the

(C) The proton must move a larger distance

(D) The proton must move the same distance
to have the same change in speed as the



18. What is the total work done on the gas as it goes





24. The figures above represent three metal spheres

the following best describes the final charges on



(A) The buoyant force forms a Newton's third
law pair with the force of gravity on the

(B) The fluid pressure exerts a force that balances
the weight of the object, which means

horizontal forces due to the pressure cancel,

(D) The surface tension between fluid molecules
tends to resist the object moving downward
through the surface of the fluid. This
resistive force causes a net force upward.

refracted angle o, of a beam of light that travels

angles are shown in the table above. Which of the





Cosmic rays bombard Earth's upper atmosphere,
creating subatomic particles called muons, which then
stream toward the surface of Earth at nearly the speed
of light. The muon is not a nucleon. It is an unstable

of reference at rest with respect to the muon, the
muon decays with a half-life of approximately

29. The number of muons that reach Earth's surface

decay. The measured discrepancy arises because
the muons are moving close to the speed of light.

high speed of the muons and best explains the

frame are different from time intervals

different from the size measured in the rest

different from the mass measured in the rest

are different from the energies measured in

(A) The energy equivalent of the lost mass is



32. The system in the figure above consists of a conducting bar moving with negligible friction along a pair of
stationary parallel conducting rails that are connected to a lightbulb, forming a circuit. The rails are slightly tilted

the force of gravity, which are in opposite directions.



interacting with everyday objects, and why?
(A) Visible light, because there is more visible

produce than visible light waves, since

that has been inserted into a circular opening of

magnitude of the new force exerted on the cork

and whether the resistors are ohmic. The student
uses the ohmmeter to measure the resistance of
each resistor. The student then connects the

negligible, and the resistors are nonohmic.

negligible, and the ohmic nature of the

(C) The internal resistance of the battery is about

(D) The internal resistance of the battery is about



capacitor and its capacitance. The student can
adjust both the area and separation of the

multimeter. The student conducts five trials,

number shown above. Which of the following
describes how the capacitor geometry could have

generate this data? Select two answers.
(A) Both the plate area and separation were

(B) The plate area was increased, and the plate

(C) The plate area was held constant, and the



charge is removed and a new test charge with a

Which of the following quantities will be the
same in both scenarios? Select two answers.

(D) The electric force exerted on the test charge



134. Which of the following data can be used to
calculate the focal length of a thin converging

(A) The distance from the lens to the object and
the distance from the lens to the image

(B) The distance from the lens to the object and

(C) The distance from the lens to the object and
the height and orientation of the image

(D) The distance from the lens to the image and
the height and orientation of the image











(b) The wire is completely submerged in the water, and the heater is turned on. After a while, both the water and
the air above it are noticeably warmer.



ii. The door to the pool area is open, and the air outside is colder than the air in the pool area. The heater



Students use a lightbulb, a screen, and a meterstick to determine the focal length of a concave mirror from a

i. Describe a procedure that could be used to collect appropriate data and the measurements to be taken.

ii. Describe how the focal length can be determined from the graph.



i. Based on the curve, at what distance from the mirror would you expect to find the image of the Sun?



(a) Consider the system that includes only the two spheres, with Earth external to the system.

i. Write an expression for the work done moving the spheres horizontally from far apart to a separation

ii. The total energy of the two-sphere system (with Earth still external to the system) changes as the

energy changes in terms of the forces exerted on the system.



sphere so its net charge is -lo. The circles in the figure below represent the spheres. On the figure, do the



i. Calculate the velocity of the center of mass of the two decay products immediately after the decay. Be
sure to specify the direction of the velocity.
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APPENDIX - ANSWERS

Matching multiple-choice answers and free-response scoring follow.























































exerted by molecules on the walls of the container and how changes in pressure affect the thermal



Place the object and screen in front of the
mirror, as shown. Move the screen until a

distance of the object and the screen from
the mirror. Move the object to a few other









Consider the system that includes only the two spheres, with Earth external to the system.









insulators and conductors that predicts charge distribution in processes involving induction or conduction.

rearrangement occurs by electrostatic induction or is able to refine a scientific question relating to such
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