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ADVANCED PLACEMENT PHYSICS 1 EQUATIONS, EFFECTIVE 2015

CONSTANTS AND CONVERSION FACTORS

Proton mass,

Neutron mass,

Electron mass,

m, =1.67x107 kg

m, =1.67x107% kg

m, =9.11x107" kg

e=1.60x10" C
k = 1/4rg, = 9.0 x 10° N.m?/C?

Electron charge magnitude,
Coulomb’s law constant,

Universal gravitational

_ -11 3 2
constant, © = 6:67x107" m kg

. Acceleration due to gravit
— 8 g y _ 2
Speed of light, ¢ = 3.00 x10° m/s at Earth's surface, 8 = 98 m/s
meter, m kelvin, K watt, W degree Celsius, °C
UNIT kilogram, kg hertz, Hz coulomb, C
SYMBOLS second, S newton, N volt, \Y
ampere, A joule, J ohm, Q
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefix | Symbol o o o o o o o
12 0 30 37 45 53 60 90
10 tera T
i 3/5
07 sig G sin@ 0 1/2 / V2/2 | 45 | VB)2 1
10° mega M cosf 1 V3/2 4/5 V2/2 3/5 1/2 0
10° kilo k tan® 0 | V33 | 34 1 4/3 | 3 o
1072 centi c
1073 milli m The following conventions are used in this exam.
> X I. The frame of reference of any problem is assumed to be inertial unless
10 micro H otherwise stated.
1072 nano n II. Assume air resistance is negligible unless otherwise stated.
12 ) III. In all situations, positive work is defined as work done on a system.
10 p1co P IV. The direction of current is conventional current: the direction in which
positive charge would drift.
V. Assume all batteries and meters are ideal unless otherwise stated.
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. Motor

10 kg

A 10 kg block is attached to a light cord that is wrapped around the pulley of an electric motor,
as shown above. At what rate is the motor doing work when it is pulling the block upward with an instantaneous
speed of 3 m/s and an upward acceleration of 2 m/s> ?

(A)
(B)
©
(D)
(E)

120 W
240 W
300 W
360 W
600 W

2. A ball is thrown straight up in the air. When the ball reaches its highest point, which of the following is true?

(A)
(B)
©
D)
(E)

It is in equilibrium.

It has zero acceleration.

It has maximum momentum.

It has maximum kinetic energy.

None of the above

3. A ball is thrown with an initial speed of 20 m/s at an angle of 60° to the ground. If air resistance is negligible, what
is the ball’s speed at the instant it reaches its maximum height from the ground?

(A)
(B)
©
D)
(E)

Zero

10 m/s
14 m/s
17 m/s
20 m/s

4. A car goes from rest to 30 m/s in 12 s with constant acceleration. How long does it take the car to go from rest to 15
m/s with the same acceleration?

(A)
(B)
©
D)
(E)

3.0s

12//2 s

6.0s

124/2 s

24s
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B
!

B
-

The graphs above represent the position x, velocity v, and acceleration a as a function of time ¢ for a marble moving
in one dimension. Which of the following could describe the motion of the marble?

(A) Rolling along the floor and then bouncing off a wall

(B) Rolling down one side of a bowl and then rolling up the other side
(C) Rolling up a ramp and then rolling back down

(D) Falling and then bouncing elastically off a hard floor

6. A student throws a rock horizontally from the edge of a cliff that is 20 m high. The rock has an initial speed of 10
m/s. If air resistance is negligible, the distance from the base of the cliff to where the rock hits the level ground
below the cliff is most nearly

(A) 5m
(B) 10m
(C©) 20m
(D) 40m
(E) 200m
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Velocity (m/s)
o
Y

—-6+— At
o 1 2 3 4 5 6 7 8

Time (s)

An object is sliding to the right along a straight line on a horizontal surface. The graph shows the object’s velocity
as a function of time. What is the object’s displacement during the time depicted in the graph?

(A) Om
B) 1m
(C) 8m
(D) 16m

8. A 50.0 N box is at rest on a horizontal surface. The coefficient of static friction between the box and the surface is
0.50, and the coefficient of kinetic friction is 0.30. A horizontal 20.0 N force is then exerted on the box. The
magnitude of the acceleration of the box is most nearly

(A) 0m/s

(B) 0.5 m/s
(C) 1.0 m/s?
(D) 4.0 m/s
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The horizontal wire shown on the right in the figure above will break when the tension in it exceeds the value T}, .
What is the maximum mass M that the hanging object can have without the horizontal wire breaking? (Assume the
wire on the left does not break prior to the horizontal wire breaking.)

(a) =
®) 2%
© =
D) i
(E) Tmaxgtan0

10. A box is given a sudden push up a ramp. Friction between the box and the ramp is not negligible. Which of the
following diagrams best represents the directions of the actual forces acting on the box as it moves upward after the
push?
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(A)

(B)

©
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(D)
(E)

11. _,.’F-__.-"'H\
»
| —

Side View

A rock attached to a string swings in a vertical circle, as shown above, with negligible air resistance. Which of the
following diagrams could correctly show all the forces on the rock when the string is in the position above?
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(A) )

(B)

©

(D)

(E)

12. A spaceship is traveling from Earth to the Moon. Which of the following is true of the gravitational force on the
ship due to the two objects when the ship is equidistant from Earth and the Moon?

(A) There is no net force because the ship is beyond the influence of Earth and the Moon.

(B) There is no net force because the forces exerted by Earth and the Moon balance.

(C) There is a net force because the force exerted by Earth is smaller than that exerted by the Moon.
(D) There is a net force because the force exerted by Earth is greater than that exerted by the Moon.

(E) There is a net force because the ship must be accelerating toward the Moon.

13. An object is moving to the west at a constant speed. Three forces are exerted on the object. One force is 10 N
directed due north, and another is 10 N directed due west. What is the magnitude and direction of the third force if
the object is to continue moving to the west at a constant speed?

(A) 10V3 N, directed northwest
(B) 10V3 N, directed southeast
(C) 10V2 N, directed northwest
(D) 10V2 N, directed southeast
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14.

Pulley

3 kg

2 kg

An Atwood’s machine is set up by suspending two blocks connected by a string of negligible mass over a pulley, as
shown above. The blocks are initially held at rest and then released at time £y = 0's. The speed of the 3 kg block at
time t; = 2.0 s is most nearly

A) 2.0m/s
(B) 4.0m/s
(C) 7.0m/s
(D) 10.0m/s

15. A tennis ball is thrown against a vertical concrete wall that is fixed to the ground. The ball bounces off the wall.
How does the force exerted by the ball on the wall compare with the force exerted by the wall on the ball?

(A) The force exerted by the ball is greater.
(B) The forces exerted by the ball and the wall have the same magnitude.
(C) The force exerted by the ball is smaller.

(D) The relative magnitudes of the forces cannot be determined without knowing how long the ball and the wall
are in contact.
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16.

17.

Fg

The diagram above represents the forces exerted on a box that a child is holding. Fy represents the force applied by
the child’s hand, and F} represents the weight of the box. The child begins to raise the box with increasing speed.
Which of the following claims is correct about force F}, that is exerted by the box on the child’s hand as the box is
being raised?

(A) Fy = Fy, where Fy does not change as the child raises the box.

(B) F}y = Fn, where Fly is larger as the box is being raised than when it was being held.
(C) Fj = Fy, where F; does not change as the child raises the box.

(D) Fj, = F, where Fy is larger as the box is being raised than when it was being held.

A toy doll and a toy robot are standing on a frictionless surface facing each other. The doll has a mass of 0.20 kg,
and the robot has a mass of 0.30 kg. The robot pushes on the doll with a force of 0.30 N. The magnitude of the
acceleration of the robot is

(A) zero

(B) 0.60 m/s?
(C) 1.0 m/s?
(D) 1.5m/s?
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Students work together during an experiment about Newton’s laws. The students use a setup that consists of a cart of
known mass connected to one end of a string that is looped over a pulley of negligible friction, with its other end
connected to a hanging mass. The cart is initially at rest on a horizontal surface and rolls without slipping when released.
The inertia of the cart's wheels is negligible. Students have access to common laboratory equipment to make

measurements of components of the system.

18. The students double the mass that hangs from the string. They also replace the original cart with a new cart that has
double the mass. By doubling both masses, how will the tension in the string and the acceleration of the cart

change?
(A) The tension and the acceleration will double.
(B) The tension will double, but the acceleration will stay the same.
(C) The tension will stay the same, but the acceleration will double.

(D) The tension and the acceleration will stay the same.
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19.

500 N

100 N =— — =

Y
500 N

Note: Figure not drawn to scale.

The figure above shows the forces exerted on a block that is sliding on a rough horizontal surface: The weight of the
block is 500 N, the normal force is 500 N, the frictional force is 100 N, and there is an unknown force F' exerted
to the right. The acceleration of the block is 0.4 m/s. The value of F' is most nearly

(A) 20N
(B) 80N
() 110N
(D) 120N

20. A car with speed v and an identical car with speed 2v both travel the same circular section of an unbanked road. If
the frictional force required to keep the faster car on the road without skidding is F, then the frictional force required
to keep the slower car on the road without skidding is

(A) 4F
(B) 2F
<€ F

(D) FI2
(E) F/4
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21. A new planet is discovered that has twice the Earth’s mass and twice the Earth’s radius. On the surface of this new
planet, a person who weighs 500 N on Earth would experience a gravitational force of

(A) 125N
(B) 250N
(C) 500N
(D) 1000N
(E) 2000 N

22. A planet with half Earth’s mass and half Earth’s radius is discovered. What would an astronaut who weighs 800 N
on Earth weigh on the planet?

(A) 100N
(B) 200N
(C) 400N
(D) 800N
(E) 1600 N

23. A satellite of mass m and speed v moves in a stable, circular orbit around a planet of mass M. What is the radius of
the satellite’s orbit?

(A) GM/mv
(B) Gv/imM
(C) GMAN?
(D) GmM/v
(E) GmMN?

24. An object attached to one end of a string moves in a circle at constant speed. Which of the following is correct?

(A) The object is accelerating as it moves.

(B) The object’s velocity is the same as its speed.

(C) The object does not require a force to keep its state of circular motion.
(D) If the string breaks, the object will keep its circular motion.

(E) Ifthe string breaks, the object will move radially away from the center of the circle.

25. A 10 kg object is near a planet’s surface such that the gravitational field strength is 4 kﬁg. With what force is the
planet attracted to the 10 kg object?

A) 44

B) 10N
(C) 40N
(D) 100N
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26.

A ball is dropped from rest and falls to the floor. The initial gravitational potential energy of the ball-Earth-floor

system is 10 J. The ball then bounces back up to a height where the gravitational potential energy is 7 J. What was
the mechanical energy of the ball-Earth-floor system the instant the ball left the floor?

(A) 0]
B) 31
<o 717
(D) 10J
27. A ball of mass m and momentum p has kinetic energy equal to which of the following?

17
A 35

p2
® £

p2

© 2L
D) 3%
®) 245

28.

A block on a horizontal surface of negligible friction is placed in contact with an ideal spring, as shown above. The
block is moved to the left so that the spring is compressed a distance x from equilibrium and then released from rest.
The block has kinetic energy K| when it separates from the spring. When the spring is compressed a distance 2x and
the block is released from rest, the kinetic energy of the block when it separates from the spring is

(A)
(B)
©
(D)
(E)

K2
K
V2K
2K,
4K

A rocket is continuously firing its engines as it accelerates away from Earth. For the first kilometer of its ascent, the
mass of fuel ejected is small compared to the mass of the rocket. For this distance, which of the following indicates
the changes, if any, in the kinetic energy of the rocket, the gravitational potential energy of the Earth-rocket system,
and the mechanical energy of the Earth-rocket system?

29.

AP Physics 1 Page 13 of 39
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Rocket Kinetic

(A) Energy

Increasing

Rocket Kinetic

(B) Energy

Increasing

Rocket Kinetic

© Energy

Increasing

Rocket Kinetic

(D) Energy

Decreasing

30.

System Gravitational Potential

Energy

Increasing

System Gravitational Potential

Energy

Increasing

System Gravitational Potential

Energy

Decreasing

System Gravitational Potential

Energy

Increasing

Test Booklet

System Mechanical

Energy

Increasing

System Mechanical

Energy

Constant

System Mechanical

Energy

Decreasing

System Mechanical

Energy

Constant

A rubber ball with mass 0.20 kg is dropped vertically from a height of 1.5 m above a floor. The ball bounces off of

the floor, and during the bounce 0.60 J of energy is dissipated. What is the maximum height of the ball after the

bounce?

(A) 0.30m
(B) 0.90m
€ 12m
(D) 1.5m

Page 14 of 39 AP Physics 1
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31.

FORCE 1
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The graphs above show the magnitude F' of a force exerted on an object as a function of the object’s position x for
two trials in an experiment. /| and W, are the work done on the object by force 1 and force 2, respectively. How do
W, and W5 compare, and why?

(A)
(B)
©
(D)

W1 > W, , because the maximum value of force 1 is greater than the maximum value of force 2.

W1 > W5 , because the slope of force 1’s graph increases, while the slope of force 2’s graph decreases.

W1 < W5, , because the average value of force 1 is smaller than the average value of force 2.

W1 < W, , because at the midpoint, x = 0.5 m , the value of force 1 is less than the value of force 2.

A block released from rest at position A4 slides with negligible friction down an inclined track, around a vertical loop, and

then along a horizontal portion of the track, as shown above. The block never leaves the track.

32. After the block is released, in which of the following sequences of positions is the speed of the block ordered from
fastest to slowest?
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(A) BCDE
(B) BECD
(C) DCEB
(D) EBCD
(Ey EDCB

33. An automobile traveling on a straight, level road has an initial speed v when the brakes are applied. In coming to
rest with a constant acceleration, it travels a distance x. How far would the automobile travel in coming to rest if it
had the same acceleration but an initial speed 2v ?

(A) Tz
(B) 3
(©) x
(D) 2x
(E) 4x

Page 16 of 39 AP Physics 1
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34.

Object Y

Object X

Objects X and Y are connected by a string of negligible mass and suspended vertically over a pulley of negligible
mass, creating an Atwood’s machine, as shown in the figure. The objects are initially at rest, and the mass of Object
Y is greater than the mass of Object X. As Object Y falls, how does the gravitational potential energy of the Object
X-Object Y-Earth system change? All frictional forces are considered to be negligible.

The gravitational potential energy increases because the center of mass of Object X and Object Y moves

(A) upward.

(B) The gravitational potential energy increases because the center of mass of Object X and Object Y moves
downward.

©) The gravitational potential energy decreases because the center of mass of Object X and Object Y moves
upward.

(D) The gravitational potential energy decreases because the center of mass of Object X and Object Y moves

downward.
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3s.
@
A block of mass M is released from rest at point 1, as shown in the figure. The block slides without frictional forces
along the circular arc but encounters frictional forces as soon as it reaches the horizontal portion of the track at point
2. The block travels a distance D along the horizontal track before coming to rest at point 3. Consider the block-
Earth system. In terms of the mechanical energy of the system, which of the following claims is correct, and why?
(A) The system is open, because there is a net force exerted on the block.
(B) The system is open, because the block’s velocity is zero at points 1 and 3.
(C) The system is closed, because there is a net force exerted on the block.
(D) The system is closed, because the block’s velocity is zero at points 1 and 3.
36.

A 4 kg block is pushed up an incline that makes a 30° angle with the horizontal, as shown in the figure. Once the
block is pushed a distance of d = 5.0 m up the incline, the block remains at rest. What is the approximate change
in the gravitational potential energy of the block-Earth system when the block is held at rest compared to its original
location at the bottom of the incline?
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A) 0J

(B) 100 J
(©) 1003 J
(D) 200 J

37.

Side View

An object of mass M is attached to a string of negligible mass and spun in a vertical circle of radius R, as shown in
the figure above. As the object’s height increases, its speed decreases such that the object-Earth system’s total
mechanical energy remains constant. By how much does the object’s kinetic energy decrease in moving from point
O, the lowest point on the circle, to point P, the highest point on the circle?

(A) 1MgR
(B) MgR
(C) v2MgR
(D) 2MgR
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Refer to the following material for answering the questions.
v (m/s)
A
10+
K-

A cart is constrained to move along a straight line. A varying net force along the direction of motion is exerted on the cart.
The cart’s velocity v as a function of time ¢ is shown in the graph above. The five labeled points divide the graph into four

sections.

38. During some part of the motion, the work done on the cart is negative. What feature of the motion indicates this?

(A) The speed is increasing.
(B) The speed is decreasing.
(C) The acceleration is positive.

(D) The acceleration is negative.
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v (m/s)
A

>

4
NN
2

]
/ 6-1‘(5)

O 1 2 3 4 5

The graph above shows velocity v as a function of time ¢ for a 0.50 kg object traveling along a straight line. The graph has
three segments labeled 1, 2, and 3. A rope exerts a constant force of magnitude F'7 on the object along its direction of
motion the whole time. During segment 2 only, a frictional force of magnitude Fris also exerted on the object.

39. For another identical object initially at rest, no frictional force is exerted during segment 2 (between =2 s and 1 =4
s). A rope exerts the same constant force of magnitude F7 as in the previous scenario. What is the change in the
object's kinetic energy during segment 2?

(A) 3751
(B) 4.007J
(C) 12.07
(D) 16.07]

0.04 kg

The pendulum illustrated above has a length of 2 m and a bob of mass 0.04 kg. It is held at an angle ©, as shown, where
cos©=10.9.
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40. If the pendulum is released from rest, the maximum speed the bob attains is most nearly

(A) 1m/s
B) V2ms
(©) 2m/s
(D) 4m/s
(E) 6m/s

41. The frequency of oscillation is most nearly
(A) 4nHz
(B) 2mv0.2Hz
(C) (0.25/7) Hz
(D) (+/0.2/2m) Hz
(B) (v/5/2m) Hz

42. In which of the following situations is the kinetic energy of the object decreasing?
(A) A sphere is dropped from a building.
(B) A satellite is moving in a circular orbit around Earth.
(C) A baseball is heading upward after being thrown at an angle.

(D) An elevator is moving upward at a constant velocity.
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43.

W
n

N
i

Net Force

O d 2d 3d
X Position

A graph of the net force F' exerted on an object as a function of & position is shown for the object of mass M as it
travels a horizontal distance 3d . Which expression represents the change in the kinetic energy of the object?

(A) 3Fd
(B) 3.5Fd
(C) 4.5Fd
(D) 6Fd

44, A 4 kg object moving to the left collides with and sticks to a 3 kg object moving to the right. Which of the
following is true of the motion of the combined objects immediately after the collision?

(A) They must be moving to the left.
(B) They must be moving to the right.
(C) They must be at rest.

(D) The motion cannot be determined without knowing the speeds of the objects before the collision.

45. A 1.0 kg lump of clay is sliding to the right on a frictionless surface with speed 2 m/s . It collides head-on and sticks
to a 0.5 kg metal sphere that is sliding to the left with speed 4 m/s . What is the kinetic energy of the combined
objects after the collision?

(A) 6]
(B) 4]
) 2J
(D) 0J
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46. A 12 kg box sliding on a horizontal floor has an initial speed of 4.0 m/s. The coefficient of friction between the box
and the floor is 0.20. The box moves a distance of 4.0 m in 2.0 s. The magnitude of the change in momentum of the
box during this time is most nearly

(A) 12kg'm/s
(B) 48 kg'm/s
(C) 60kgm/s
(D) 96 kg'm/s

47. A dog of mass 10 kg sits on a skateboard of mass 2 kg that is initially traveling south at 2 m/s. The dog jumps off
with a velocity of 1 m/s north rela-tive to the ground. Which of the following is the best estimate of the velocity of
the skateboard immediately after the dog has jumped?

(A) 1 m/s north
(B) 1 m/s south
(C) 3 m/s south
(D) 7 m/s south
(E) 17 m/s south

48. A force of constant magnitude F and fixed direction acts on an object of mass m that is initially at rest. If the force
acts for a time interval At over a displacement Ax , what is the magnitude of the resultant change in the linear
momentum of the object?

(A) FAt
(B) FAx
(C) FAt/m
(D) FAx/m
(E) mF At

Object X Object Y

5m/s 2 m/s
- —

Two objects of the same mass travel in the same direction along a horizontal surface. Object X has a speed of 5 % and
object Y has a speed of 2 % , as shown in the figure. After a period of time, object X collides with object Y.

49. Consider the situation in which the objects collide but do not stick together. Which of the following predictions is
true about the center of mass of the two-object system immediately after the collision?
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(A) The center of mass does not move.
(B) The velocity of the center of mass does not change.
(C) The velocity of the center of mass decreases in speed.

(D) The velocity of the center of mass increases in speed.

Block X
My

Block X of mass my is at rest at the top of a ramp, and the block’s center of mass is at a height H; above the ground.
Block X is then released from rest, and it slides down the ramp and collides with block Y of mass my, which is initially
at rest and has its center of mass at a height A above the ground. At the moment before the collision, block X has a speed
of vy. After the collision, block Y travels such that it lands at point P.

50. Consider the block X-block Y system from the moment in time that block X is released from rest to the moment
immediately after block X collides with block Y. Which of the following claims best describes the system?

(A) Because the total momentum of the system does not remain constant, the system is open.
(B) Because the total kinetic energy of the system does not remain constant, the system is open.
(C) Because the total momentum of the system remains constant, the system is closed.

(D) Because the total kinetic energy of the system remains constant, the system is closed.
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51.
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A 2 kg object travels across a horizontal surface with a constant speed of 6 % An applied force that increases
with time is then exerted on the object. A graph of the force exerted on the object as a function of time is shown.
The applied force is in the direction of the object’s displacement. All frictional forces are considered to be
negligible. What is the object’s speed after the force has been applied for 4 s?
(a) 16 3
(B) 22 %
(©) 32 %
(D) 44 %
52.

e 2 )
N ot

A ball of mass M and speed v collides head-on with a ball of mass 2M and speed %, as shown above. If the two
balls stick together, their speed after the collision is
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(A) 0
B) ¥
© Y2
(D) Y2
E) &

53.

Object Y

Object X

Yo 2V 2my
m 0 — -

Object X of mass my travels to the right with a velocity vy. Object Y of mass 2m moves to the left at 2vg, as
shown in the figure. The objects collide and then stick together. What is the change in kinetic energy of the two-
object system from immediately before the collision to immediately after the collision?

(A) The kinetic energy increases by 6mgv(2).
(B) The kinetic energy increases by 3movg.
(C) The kinetic energy decreases by 6mov(2).

(D) The kinetic energy decreases by 3m0v(2).
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A student sets an object attached to a spring into oscillatory motion and uses a position sensor to record the displacement
of the object from equilibrium as a function of time. A portion of the recorded data is shown in the figure above.

54. The speed of the object at time ¢ = 0.65 s is most nearly equal to which of the following?
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(A) The value of the graph at 0.65 s
(B) The slope of the line connecting the origin and the point on the graph at 0.65 s

©) The slope of the line connecting the point where the graph crosses the time axis near 0.57 s and the point on
the graph at 0.65 s

(D) The slope of the tangent to a best-fit sinusoidal curve at 0.65 s

Unstretched Position
of the Spring

An object of mass m is attached to a spring on a frictionless inclined plane that makes an angle 8 with the horizontal, as
shown above. The object is released from rest with the spring in its unstretched position. As the object moves on the
plane, its displacement from the unstretched position is x.

55. The object subsequently oscillates about an equilibrium position at a displacement x( from the unstretched position
of the spring. What is the spring constant of the spring?
mg

(A) o cos
(B)  Fsing
©) mg ;?n 0
(D) mg :;)s 0
]) 2L
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56.
1.0 m
A 0.5 kg pendulum bob is raised to 1.0 m above the floor, as shown in the figure above. The bob is then released
from rest. When the bob is 0.8 m above the floor, its speed is most nearly
(A) Sm/s
(B) 4m/s
(©) 2m/s
(D) 1m/s
57.

Xx==05m x=00m x=05m

A block of mass 0.5 kg on a horizontal surface is attached to a horizontal spring of negligible mass and spring
constant 50 N /m. The other end of the spring is attached to a wall, and there is negligible friction between the
block and the horizontal surface. When the spring is unstretched, the block is located at = 0 m. The block is then

pulled to x = 0.5 m and released from rest so that the block-spring system oscillates between £ = —0.5 m and
z = 0.5 m, as shown in the figure. Which of the following claims is correct about the block’s period of
oscillation?

(A) The period would increase if the block were released from rest at x = 0.8 m.
(B) The period would increase if the block had a mass of 1.2 kg,
(C) The period would increase if the spring had a spring constant of 75 N /m.

The period would increase if the block-spring system was oriented vertically so that the block-spring system
(D) oscillates between y = —0.5 m and y = 0.5 m, the mass of the block is 0.5 kg, and the spring constant is
50 N/m.
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58.

0 0.5 1.0 15 2.0
Length of String (m)

In an experiment, one end of a string is attached to an object of mass M, and the other end of the string is secured
so that the object is at rest as it hangs from the string. When the object is raised to a height above its lowest point,
the object undergoes simple harmonic motion. Data collected from the experiment is graphed and linearized, as
shown. What information from the graph can be used to determine the acceleration due to gravity for an object that
is released from rest near Earth’s surface and allowed to fall to the ground?

1
(A) The slope of the graph represents 7
(B) The slope of the graph represents the quantity %.

(C) The slope of the graph represents the quantity 47?2.

The graph cannot be used to determine the acceleration due to gravity for an object that is released from rest
and allowed to fall to the ground.

(D)

59. An object is in simple harmonic motion. Of the following quantities related to the object, which set of three can
have maximum magnitudes at the same instant of time?

I. Displacement
II. Velocity

III. Acceleration
IV. Kinetic energy

V. Potential energy
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(A) LILand I
(B) LI and IV
(©) LI, and V
(D) IL I, and IV
(E) 1L I, and V

60. A disk of known radius and rotational inertia can rotate without friction in a horizontal plane around its fixed central
axis. The disk has a cord of negligible mass wrapped around its edge. The disk is initially at rest, and the cord can
be pulled to make the disk rotate. Which of the following procedures would best determine the relationship between
applied torque and the resulting change in angular momentum of the disk?

Pulling on the cord, exerting a force of 15 N for 2 s and then 25 N for 3 s, and measuring the final angular

(A) velocity of the disk

(B) For five different time intervals, pulling on the cord, exerting a force of 15 N, and then measuring the angle
through which the disk rotates in each case

©

For five different time intervals, pulling on the cord, exerting a force of 15 N, and then measuring the final
angular velocity of the disk

(D) For five forces of different magnitude, pulling on the cord for 5 s, and then measuring the final angular
velocity of the disk

61.

A uniform meterstick is balanced at the center, as shown above. Which of the following shows how a 0.50 kg mass
and a 1.0 kg mass could be hung on the meterstick so that the stick stays balanced?
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| L I
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0.50 kg 1.0 kg
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(50 kg 1.0 ke

I L | L]
©) . AN

o
0.50 kg 1.0 ke

(D) ISAN ®

0.50 kg 1.0k
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62.

Mo
<
-

-t
o
l
T

Angular Speed (rad/s)
S

5__
0 f I i =
0.0 0.5 1.0 1.5 2.0

Time (s)

An object rotates with an angular speed that varies with time, as shown in the graph. How can the graph be used to
determine the magnitude of the angular acceleration v of the object? Justify your selection.
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(A) Subtract the greatest value of the angular speed from the smallest value of the angular speed, because
a = Aw.

(B) Determine the slope of the line from 0 s to 2 s, because the slope represents %—‘2’.

(C) Determine the area bounded by the line and the horizontal axis from 0 s to 2 s, because @ = %wAt.

(D) The angular acceleration cannot be determined without knowing the rotational inertia of the object.

63.
w
A

0 : | —t (S)
0 5 10 15

A graph of the angular velocity w as a function of time ¢ is shown for an object that rotates about an axis. Three
time intervals, 1—3, are shown. Which of the following correctly compares the angular displacement A6 of the
object during each time interval?

(A) Af; = A3 > Ab,
(B) A6y, > Ab, = Abs
(C) Af3 > Abfy, > Aby
(D) A6y > Afy > Abs

AP Physics 1 Page 33 of 39



AP Physics-1 summer assignment

F, =100 N

A A

T

Fy=25N 0.5m
4 Fg =50 N

The figure above represents a stick of uniform density that is attached to a pivot at the right end and has equally spaced
marks along its length. Any one or a combination of the four forces shown can be exerted on the stick as indicated.

64. All four forces are exerted on the stick that is initially at rest. What is the angular momentum of the stick after 2.0 s
?

(A) 150 kex’

S

(B) 450 kem’

S

(C) 650 ke’

S

(D) 750 kem’

S
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65.

A uniform horizontal beam of mass M and length Ly, is attached to a hinge at point P, with the opposite end
supported by a cable, as shown in the figure. The angle between the beam and the cable is 6. What is the
magnitude of the torque that the cable exerts on the beam?

MglL,
A —5=
(B) MgL
MgL sin(6y)
(C) g 02 0

(D) MgLgsin ()

A horizontal, uniform board of weight 125 N and length 4 m is supported by vertical chains at each end. A person
weighing 500 N is sitting on the board. The tension in the right chain is 250 N.

66. How far from the left end of the board is the person sitting?
(A) 04m
B) 1.5m
€ 2m
(D) 2.5m
(E) 3m
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/L

An amusement park ride consists of a large vertical wheel of radius R that rotates counterclockwise on a horizontal axis
through its center, as shown above. The cars on the wheel move at a constant speed v. Points A and D represent the
position of a car at the highest and lowest point of the ride, respectively. A person of weight Fy sits upright on a seat in
one of the cars. As the seat passes point A, the seat exerts a normal force with magnitude 0.8 F} on the person. While
passing point A, the person releases a small rock of mass m, which falls to the ground without hitting anything.

67. Which of the following best describes the passenger’s linear and angular velocity while passing point A ?
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Linear Velocity Angular Velocity
(A)
Constant Changing
Linear Velocity Angular Velocity
(B)
Constant Constant
Linear Velocity Angular Velocity
©
Changing Changing
Linear Velocity Angular Velocity
(D)
Changing Constant

Test Booklet
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68.

Disk X is held at rest above disk Y, which rotates with angular velocity 4+wyq about its center, as shown in the
figure. Disk Y is slowly lowered onto disk X until the disks remain in contact and travel together at angular
velocity +wj. Which of the following linear collisions is analogous to the rotational collision that is described?

Block X travels toward block Y with velocity +w;. Block Y is initially at rest. After the collision, block Y

(A) travels with velocity +v1, and block X remains at rest.

(B) Block X travels toward block Y with velocity +wv1. Block Y is initially at rest. After the collision, block X
and block Y travel together with velocity +vs.

©) Block X travels toward block Y with velocity +wv1. Block Y is initially traveling toward block X with
velocity —vy. After the collision, block X and block Y travel together with velocity 4vs.

D) Block X travels toward block Y with velocity +wv1. Block Y is initially traveling toward block X with

velocity —vy. After the collision, block X travels with velocity —v9 and block Y travels with velocity +vs3.

69. A wheel with radius 0.33 m and rotational inertia 2.0 kg - m? spins on an axle with an initial angular speed of
3.0rad/s. Friction in the axle exerts a torque on the wheel, causing the wheel to stop after 6.0 s. The average
torque exerted on the wheel as it slows down has magnitude

(A) 0.50N-m
B) 1.0N-m
(©) 2.0N-m
(D) 3.0N-m
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70.

2M,

A rod of length 2D and mass 2 M) is at rest on a flat, horizontal surface. One end of the rod is connected to a
pivot that the rod will rotate around if acted upon by a net torque. A lump of clay of mass 1y is launched
horizontally toward the center of the rod with velocity vg, as shown in the figure. After the clay collides with the
rod, the clay sticks to the rod and both objects rotate around the pivot with the common angular velocity wy. The

rotational inertia of the clay-rod system is I;. Which of the following equations could a student use to solve for the
common angular velocity w immediately after the collision? Justify your selection.

(A) movoDy = I,wy, because the clay hits the rod a distance Dy from the pivot.

(B) 2movoDy = I,wy,because the length of the rod is 2.Dy.

(©) 2MyvoDy = Iswy,because the rod’s mass is 2V and the clay hits the rod a distance Dy from the pivot.
(D) 4MpvoDy = Iswy, because the rod’s mass is 2M ¢ and its length is 2.Dy.
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