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1 atomic mass unit,

Rest mass of the proton,

Rest mass of the neutron,

Rest mass of the electron,
Magnitude of the electron charge,
Avogadro’s number,

Universal gas constant,
Boltzmann’s constant,

Speed of light,

Planck’s constant,

1 electron volt,

Vacuum permittivity,
Coulomb’s law constant,
Vacuum permeability,
Magnetic constant,

Acceleration due to gravity
at the Earth’s surface,

Universal gravitational constant,
1 atmosphere pressure,
1 angstrom,

1 tesla,

The College Board
Advanced Placement Examination
PHYSICS C ' 1 994
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TABLE OF INFORMATION
lu= 166 x 107" kilogram
m, = 1.67 x 10~% kilogram
my = 1.67 x 107% kilogram
m, = 9.11 x 10~ kilogram
e = 1.60 x 107" coulomb
N, = 6.02 x 10 per mole
R = 8.32 joules/(mole - K)
kp = 1.38 x 107% joule/K
¢ = 3.00 x 10* meters/second
h = 6.63 x 10 * joule - second = 4.14 x 10~'5 eV - second
he = 1.99 x 107% joule - meter = 1240 eV - nanometers
1eV = 1.60 x 107" joule
€ = 8.85 x 1072 coulomb?/(newton - meter?)
k = l/4ne, = 9.0 x 10° newtons - meter?/coulomb?
Ko = 4n x 1077 weber/(ampere - meter)

k' = kjc? = py/4n = 10 'weber/(ampere - meter)

g = 9.8 meters/second?
G = 6.67 x 10" meter’/(kilogram - second?)
1 atm = 1.0 x 10° newtons/meter’ = 1.0 x 10° pascals (Pa)
1A =1 x 107" meter

1 T = | weber/meter?

The following conventions are used in this examination.

I. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.

II. The direction of any electric current is the direction of flow of positive charge (conventional current).

II1. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.

work shown in this green insert.

This insert may be used for reference only as you answer the free-response questions. Be
sure to show all your work on problems in the pink booklet. No credit will be given for
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PHYSICS C
SECTION II, MECHANICS
Time—45 minutes
3 Questions

Directions: Answer all three questions. Each question has equal weight, but the parts within a question may not have
equal weight. Show all your work in this booklet, NOT in the green insert.

Removable
Ball of Stop

k=200 N/m

T ke

Mech. 1. A 2-kilogram block and an 8-kilogram block are both attached to an ideal spring ( for which & = 200 N/m)
and both are initially at rest on a horizontal frictionless surface, as shown in the diagram above,

In an initial experiment, a 100-gram (0.1 kg) ball of clay is thrown at the 2-kilogram block. The clay is
moving horizontally with speed v when it hits and sticks to the block. The 8-kilogram block is held still
by a removable stop. As a result, the spring compresses a maximum distance of 0.4 meters.

(a) Calculate the energy stored in the spring at maximum compression,

(b) Calculate the speed of the clay ball and 2-kilogram block immediately after the clay sticks to the
block but before the spring compresses significantly.

(¢) Calculate the initial speed v of the clay.

In a second experiment, an identical ball of clay is thrown at another identical 2-kilogram block, but this
time the stop is removed so that the 8-kilogram block is free to move.

(d) State whether the maximum compression of the spring will be greater than, equal to, or less than
0.4 meter. Explain briefly.

(e) State the principle or principles that can be used to calculate the velocity of the 8-kilogram black
at the instant that the spring regains its original length. Write the appropriate equation(s) and show
the numerical substitutions, but do not solve for the velocity.

GO ON TO THE NEXT PAGE
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Sin 25°=0.42
Cos 25°=0.91
‘T’ Tan 25° =047
v=10m/s

Note: Diagram not drawn to scale.

Mech. 2. A large sphere rolls without slipping across a horizontal surface. The sphere has a constant translational
speed of 10 meters per second, a mass m of 25 kilograms, and a radius r of 0.2 meter. The moment of
inertia of the sphere about its center of mass is / = 2mr%5. The sphere approaches a 25° incline of
height 3 meters as shown above and rolls up the incline without slipping.

(a) Calculate the total kinetic energy of the sphere as it rolls along the horizontal surface.

(b) 1. Calculate the magnitude of the sphere’s velocity just as it leaves the top of the incline.
i1. Specify the direction of the sphere’s velocity just as it leaves the top of the incline.

(¢) Neglecting air resistance, calculate the horizontal distance from the point where the sphere leaves
the incline to the point where the sphere strikes the level surface.

(d) Suppose, instead, that the sphere were to roll toward the incline as stated above, but the incline
were frictionless. State whether the speed of the sphere just as it leaves the top of the incline
would be less than, equal to, or greater than the speed calculated in (b). Explain briefly.

GO ON TO THE NEXT PAGE |
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Mech 3. A satellite of mass m is in an elliptical orbit around the Earth, which has mass M, and radius R.. The
orbit varies from closest approach of a at point A to maximum distance of b from the center of the
Earth at point B. At point A, the speed of the satellite is . Assume that the gravitational potential
energy U, = 0 when masses are an infinite distance apart. Express your answers in terms of
a, b,m, M., R., vo, and G.

(a)

(b)
(c)

(d)

Write the appropriate definite integral, including limits, that can be evaluated to show that the
potential energy of the satellite when it is a distance r from the center of the Earth is given by
_ "GMem

Uy .

Determine the total energy of the satellite when it is at A.

What is the magnitude of the angular momentum of the satellite about the center of the Earth
when itisat A ?

Determine the velocity of the satellite as it passes point B in its orbit.

GO ON TO THE NEXT PAGE
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As the satellite passes point A, a rocket engine on the satellite is fired so that its orbit is changed to a
circular orbit of radius a about the center of the Earth.

(e) Determine the speed of the satellite for this circular orbit.

(f) Determine the work done by the rocket engine to effect this change.

STOP

END OF SECTION II, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
MECHANICS, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.
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PHYSICS C
SECTION II, ELECTRICITY AND MAGNETISM
Time-—45 minutes
3 Questions

Directions: Answer all three questions. Each question has equal weight, but the parts within a question may not have
equal weight. Show all your work in this booklet, NOT in the green insert.

E & M 1. A thin nonconducting rod that carries a uniform charge per unit length of A is bent into a circle of
radius R, as shown above. Express vour answers in tetms of A, R, and fundamental constants.

(a) Determine the electric potential V at the center C of the circle.

(b) Determine the magnitude E of the electric field at the center C of the circle.

Another thin nonconducting rod that carries the same uniform charge per unit length A is bent into an
arc of a circle of radius R, which subtends an angle of 26, as shown above. Express your answers in
terms of 6 and the quantities given above.

(c) Determine the total charge on the rod.

(d) Determine the electric potential V at the center of curvature C of the arc.

(e) Determine the magnitude E of the electric field at the center of curvature C of the arc. Indicate
the direction of the electric field on the diagram above.

GO ON TO THE NEXT PAGE
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Satellite

X X X x| x X X X
“L-Wire Tether of length 20 km

X X X X X X X X
X X X X X X X

X — E\ 1):760Dm/s=_

X X X‘\Shuttie X X X X

X X X X X X X X
B (into page) =33 x 1075 T
X X X X X x %X X

Note: Figure not drawn to scale.

One of the space shuttle missions attempted to perform an experiment in orbit using a tethered satellite.
The satellite was to be released and allowed to rise to a height of 20 kilometers above the shuttle. The
tether was a 20-kilometer copper-core wire, thin and light, but extremely strong. The shuttle was in an
orbit with speed 7,600 meters per second, which carried it through a region where the magnetic field of
the Earth had a magnitude of 3.3 x 107 tesla. For your calculations, assume that the experiment was
completed successfully, that the wire is perpendicular to the magnetic field, and that the field is uniform.
(a) An emf is generated in the tether.
1. Which end of the tether is negative?

ii. Calculate the magnitude of the emf generated.

To complete the circuit, electrons are sprayed from the object at the negative end of the tether into the
ionosphere and other electrons come from the ionosphere to the object at the positive end.

(b) If the resistance of the entire circuit is about 10,000 ohms, calculate the current that flows in the
tether.

(¢) A magnetic force acts on the wire as soon as the current begins to flow.
i. Calculate the magnitude of the force.
ii. State the direction of the force.

(d) By how much would the shuttle’s orbital energy change if the current remains constant at the
value calculated in (b) for a period of 7 days in orbit?

(e) Imagine that the astronauts forced a current to flow the other way. What effect would that have, if
any, on the orbit of the shuttle? Explain briefly.

GO ON TO THE NEXT PAGE
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Cross Section Coaxial Cable

E & M 3. A long coaxial cable, a section of which is shown above, consists of a solid cylindrical conductor of
radius a, surrounded by a hollow coaxial conductor of inner radius & and outer radivs c¢. The two
conductors each carry a uniformly distributed current /, but in opposite directions. The current is to the
right in the outer cylinder and to the left in the inner cylinder. Assume W = Qo for all materials in this
problem.

(a) Use Ampere’s law to determine the magnitude of the magnetic field at a distance r from the axis
of the cable in each of the following cases.
L0<r<a
na<r<b

(b) What is the magnitude of the magnetic field at a distance r = ¢ from the axis of the cable?

() On the axes below, sketch the graph of the magnitude of the magnetic field B as a function of
r, for all values of r. You should estimate and draw a reasconable graph for the field between b
and ¢ rather than attempting to determine an exact expression for the field in this region.

B

i

GO ON TO THE NEXT PAGE
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Cross Section

The coaxial cable continues to carry currents / as previously described. In the cross section above, current
is directed out of the page toward the reader in the inner cylinder and into the page in the outer cylinder.
Point P is located between the inner and outer cylinders, a distance r from the center. A small positive
charge g is introduced 1nto the space between the conductors so that when it is at point P its velocxt} v
is directed out of the page, perpendicular to it, and parallel to the axis of the cable,

(d) 1. Determine the magnitude of the force on the charge ¢ at point P in terms of the given
quantities.
1. Draw an arrow on the diagram at P to indicate the direction of the force.

(e) If the current in the outer cylinder were reversed so that it is directed out of the page, how would
your answers to (d) change, if at all?

STOP

END OF SECTION II, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
ELECTRICITY AND MAGNETISM, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.



-10-

NO TEST MATERIAL ON THIS PAGE




