


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

know the answers to all of the multiple-choice questions.

Points are not deducted for incorrect answers or unanswered questions.









of the following gives the possible range of the

expressions correctly relates the three currents?

without information about the rest of the



x-direction and the mechanical energy of the system is

7. Which of the following describes the magnitude

5. In which segment does the net force exerted on
the object have the greatest magnitude?



(C) Yes, because the patterns have the same

(D) Yes, because the tubes are identical, so the



10. The figure above shows a water wave traveling to



a horizontal surface with negligible friction toward a sphere

The block collides elastically with the sphere. Which of the
following correctly describes the speed and direction of the
block and the speed of the sphere a short time after the



the two blocks stick together and slide with total
surface of a distant planet. The planet has the same

15. The acceleration of the meteoroid due to the
gravitational force exerted by the planet is most

16. Does the planet exert a torque on the meteoroid
with respect to the center of mass of the planet?

(A) Yes, because the planet exerts a centripetal

(C) No, because the force exerted by the planet



initially not rotating with respect to its center
of mass. Two identical thrusters on opposite sides
of the satellite fire in opposite directions over the

and then turn off. How does the firing of the
thrusters affect the mechanical energy of the
satellite-Earth system and the shape of the

of the spring and slowly lowered until it is at rest
and the spring has length Leg, as shown in

what height will the kinetic energy of the block





energy is zero when the sphere is at its lowest

potential energy of the sphere-Earth system

first, then decreases and reverses direction.



standing wave produced. Which of the following

the line is equal to the wave speed.
(B) Graph i as a function off. The slope of the

under the line is equal to the wave speed.

the line is equal to the wave speed.



a horizontal axis through its center, as shown above.
The cars on the wheel move at a constant speed v.

the highest and lowest point of the ride, respectively.

rock of mass m, which falls to the ground without



The container is then sealed. Fifteen seconds
later, measurements reveal that the air inside the
container has a net negative charge. What is the
primary reason that the air becomes negatively

(A) The extra electrons on the rod repel each
other and therefore move away from the rod

(B) When air molecules bounce off the rod,



shown above. The object is then displaced to one

following correctly ranks the elastic potential





33. The graph above represents the position of two

statements about the magnitude of the momentum
of the two-cart system's center of mass, Pcom:



together and move horizontally for an instant after

torque on the wheel, causing the wheel to stop



the magnitude of the contact force between blocks

of the friction, normal, and gravitational forces on



Directions: For each of the questions or incomplete statements below, two of the suggested answers will be correct.
For each of these questions, you must select both correct choices to earn credit. No partial credit will be earned if
only one correct choice is selected. Select the two that are best in each case and then fill in the corresponding circles

information are needed to determine whether the
velocity of the block will be constant? Select two

(D) The coefficient of kinetic friction between the

track when a malfunction causes the tires to stop
rotating. The car skids to a halt with constant
acceleration, leaving skid marks on the road

(B) The contact area of each tire with the track
(C) The coefficient of static friction between the

(D) The coefficient of kinetic friction between the



is free to spin about its center, as shown above.
The magnitudes are proportional to the length of

zero net torque on the disk? Select two answers.











(b) Determine the work done by the string on the two-block system as each block moves a distance d.

(c) The acceleration of the center of mass of the blocks-string-pulley system has magnitude acom. Briefly
explain, in terms of any external forces acting on the system, why acom is less than g.



compartment's motion. The right figure above shows a magnified view of the compartment.
The graph below shows the horizontal (x) component of the book's position as a function of time, where the

i. Determine the period of revolution of the book.

ii. Calculate the tangential speed v, (not the angular speed) of the book.



-No direction, since the net vertical force is equal to zero

Without deriving any equations, briefly explain your reasoning in terms of the book's motion.

(c) Derive an algebraic equation for the vertical force that the bench exerts on the book at the lowest point of the

constants, as appropriate. Do not substitute any numerical values for variables or physical constants.



i. State a basic physics principle or law the students could use in designing an experiment to test the

equipment usually found in a school physics laboratory.



Describe the overall procedure to be used, referring to the table. Provide enough detail so another student
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed,

(c) Explain how the students should analyze the data to determine whether the company's claim is true, i.e.,







sound waves, without changing the amplitude, until the fundamental frequency fo inside the tube is reached and

i. Calculate the period To of the sound waves at the fundamental resonance.

Note: Do any scratch (practice) work on the grid at the bottom of the page. Only the sketch made on





The figures above show three stages of a dive performed by an athlete. During the dive, the athlete completes
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APPENDIX - ANSWERS

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































































































is placed, as indicated by the dot in the left figure above. The compartment moves with a constant angular

the compartment's motion. The right figure above shows a magnified view of the compartment.
The graph below shows the horizontal (x) component of the book's position as a function of time, where the







physical situations to solve problems with motion qualitatively and quantitatively.



(i) State a basic physics principle or law the students could use in designing an experiment to test











the characteristics of the motion of a system undergoing oscillatory motion caused by a restoring force.

energy of a system when a component of an external force acts parallel or antiparallel to the direction

of the internal potential energy of a system from a description or diagram of the objects and interactions

a force exerted on an object or system does work on the object or system as it moves through a distance.







of standing waves are determined by the frequency of the source regardless of the size of the region.

(if given wave speed) of standing waves based on boundary conditions and length of region within
which the wave is confined, and calculate numerical values of wavelengths and frequencies.
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