
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.









Directions: Each of the questions or incomplete statements below is followed by four suggested answers or
completions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet.

1. Two waves are created in air and move toward



(A) It shows field vectors for two particles with charges of

(B) It shows field vectors for two particles with charges of

(D) It shows field vectors for two particles with charges of



3. Some students are trying to determine whether

a nearly uniform electric field in the region
between them and near their centers. The students
rub a rod with cloth and touch it to each sphere to
charge the sphere, and they observe the deflection
of the sphere as it is attracted to one plate. They

(A) The number of times they rub the cloth back

(B) The number of times they touch the rod to



the electric field at a point in space as a function

(D) Work was done on or by the gas during every

exerted on the boat by the surface of the ice. Later
the ice has melted, and the boat floats while

(B) The buoyant force is greater because more
molecules of water are in contact with the
boat, so the net interatomic force between

(C) The forces are equal because each molecule
of ice in contact with the boat exerts the
same interatomic force on the boat as each
molecule of water in contact with the boat.

(D) The forces are equal because in both cases
the net interatomic force exerted by the ice
or water on the boat and the gravitational



material is inserted between the plates, and the charge as a function of applied potential difference is measured



the figure above. It passes through the shaded

the lens is in which of the following ranges?



(C) The electric field is in the -y direction because electric fields point away from positive charge and toward



17. Some students collect data to determine the
focal length of a concave mirror. Using a small

candle flame on it. The students measure the
distances of the candle and the image from the

Which of the following is closest to the focal





nuclei in the sample undergo alpha decay, the

(C) The fact that there is tension in the string is
evidence that the density of the cube is
greater than the density of the fluid.



containers holding the same number of moles of
different gases at the same temperature. From left
to right, the gases are in order from smallest molar

the gases as ideal, which gas, if any, has the

an ideal gas in a cylinder that is initially at room

take to increase the temperature of the gas, and

(B) Pull the piston out slowly. The gas will have
time to absorb energy from the surroundings

(C) Push the piston in rapidly. The temperature
of the gas will increase because no energy



shown above. Which of the following cross
sections best represents the charge distribution on
the two spheres when they are near each other?

location near the bulb and the current through the
bulb as the voltage across the bulb is varied. The
data are shown above. Based on the data, is the

(C) Yes, because the power is a linear function of



Which of the following indicates whether this will
work, and if so, gives a procedure that will cause

with threshold frequency fo, electrons are ejected

creating a pattern of dark and bright lines on a



above on the left. The variation of the magnetic field as a function of time is shown in the graph. During which
of the following intervals will the bulb be brightest?





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

in a procedure that uses some or all of the

Which of the following lists sufficient steps in an



(A) The mass of an ion in the beam if the charge on the ion is known

(D) The time an ion spends between the plates



134. One way to model the allowed states of a
hydrogen atom is to treat the atom's single















(b) The student thinks that one of the available batteries has a nonnegligible internal resistance. The student

Calculate the internal resistance of the battery.







Two groups of students are given samples of the same unknown liquid and are asked to identify the liquid. The

graduated cylinder. They then hang a long solid block of mass m, from a force probe and lower the block
partially into the liquid, as shown above. The students record the reading on the force probe and the volume

i. On the square below, which represents the block, draw and label the forces (not components) that are
exerted on the block when it is stationary and partially submerged in the liquid. Each force must be
represented by a distinct arrow starting on, and pointing away from, the square.



i. State the physical meaning of the slope of the line and its intercept with the vertical axis.

ii. Use the graph to calculate the density of the liquid.



The students in the second group decide to determine the index of refraction of the liquid. They have a laser
pointer and a transparent, thin-walled rectangular container to hold the liquid. They also have access to common

(c) Describe an experimental procedure this group could use to determine the index of refraction of the
unknown liquid. In your description include the measurements to be taken. Also include the corresponding
equipment needed. Sketch a diagram showing the experimental setup with labels corresponding to the
measurements you indicated. Describe how the measurements will be used to calculate the index of





i. Draw the energy-level diagram for the atom. Label each level with the appropriate energy and principal

ejected from the atom. Neglecting relativistic effects, calculate the speed of the electron.



ii. To make the electron travel in a straight line to the left through the magnetic field, an electric field can
be applied in the region. What is the direction of the required electric field? Justify your choice based
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APPENDIX - ANSWERS

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





The following contains the scoring guidelines
for the free-response questions in this exam.







Loop rule for circuits that includes determination of internal resistance of the battery and analysis of

resistors and other branching circuits using Kirchhoff's junction rule and relate the rule to the law of







calculations of internal energy changes, heat, or work, based upon conservation of energy principles
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