Week 12

AP Physics C: Mechanics

Homework bundle for this week
A e A

exercises.lol

Contents H3

Topic 3 QUIZ .. ... 2
Exercise sheet 3.1..... .. ... .. . 4
Past-paper questions 3.1 ....... ... .. ... ... 8
Exercise sheet 3.2...... ... ... .. .. 15
Past-paper questions 3.2 ....... .. ... .. 19
Exercise sheet 3.3...... ... . ... . . 36
Past-paper questions 3.3 ....... .. ... ... ... 40
Exercise sheet 3.4.... ... ... ... . . 52
Past-paper questions 3.4 ........ ... ... ... 56

Exercise sheet 3.5. ... .. 100



3

. Work, Energy, and Power Starter Quiz - ¥EHj/MJ

AP Physics C: Mechanics Name: Score:

1

w

7.

8.

10.

. A 4 kg object moves at 3 . What is its kinetic energy (in J)?
J

. A 10 N force pushes a box 4 m in the same direction. How much work is done (in J)?

J

. Lift a 2 kg book 1.5 m (¢ = 9.8). How much gravitational potential energy is stored (in J)?
J

. A ball is dropped from 2 m (no air resistance, g = 10). Its speed at the bottom (in m/s)?

m/s

. A machine does 600 J of work in 3 s. What is its average power (in W)?

W

. If a car’s speed doubles, its kinetic energy becomes...
L] double
O four times

[ the same

O half

You carry a bag horizontally across a room. The work gravity does on the bag is...
(] large and positive

L] zero

L] large and negative

[ equal to the bag’s weight

When friction acts, the mechanical energy K + U stays constant.

O True ] False

Kinetic energy can be negative if an object moves backward.

O True O False

Friction, which opposes motion, does negative work on a sliding object.

O True ] False

AP Physics C: Mechanics - Starter quiz $Eaj/N @ @



3.

Work, Energy, and Power Answers - &%

AP Physics C: Mechanics

10.

.18 J

K =1imy? =

! (4)(9) = 18 J.

1
2
40 J

With § =0, W = Fdcos0 =10 x 4 x 1 =40 J.

2941J

Ug=mgy =2x98x15=294J.

6.32 m/s
mgh = %mv2, S0 v =+/2gh = /2 x 10 x 2 = v40 =~ 6.32 7.

200 W

P =W/t =600/3 =200 W.

. four times

K o v?, so doubling v multiplies K by 22 = 4.

zero

Gravity points down, motion is horizontal — perpendicular, so cos 90° = 0 and the work is zero.

False

Friction is nonconservative — it drains mechanical energy into heat, so K + U decreases.

False

The v? makes K positive regardless of direction — kinetic energy is a scalar and never negative.

True

The friction force points against the motion (§ = 180°), so its work is negative — it removes energy.

AP Physics C: Mechanics - Starter quiz i/l @ @



AP PHYSICS C: MECHANICS « EXERCISE SHEET

3.1 Translational Kinetic Energy

Name: - Class: - Date: Total: 14 marks

KEY WORDS kinetic energy zjfi o scalar friit o work 1)

Objective
Build the skills to answer exam questions on translational kinetic energy.

You must be able to:

« use kinetic energy #lifig: K = jmu?

» explain that K depends on the square of the speed

» find speed from kinetic energy, or kinetic energy from speed

« state that kinetic energy is a scalar (always positive or zero)

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B The kinetic-energy formula

K= %va.

A 4 kg mass at 3m s has K = $(4)(3)? = 18 J.

B The speed is squared

Because v is squared, doubling the speed multiplies the kinetic energy by four.
Tripling the speed multiplies it by nine.

B Solving for speed

Rearrange: v = /2K /m. A 2 kg object with K = 16 J moves at v = /2(16)/2 =

4ms L.

AP Physics C: Mechanics o 3.1 Translational K inergy @
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2 Practice

Now apply the methods above.
2.1 A 2 kg ball moves at 5 m s~1. Find its kinetic energy.

2.2 If a car’s speed doubles, by what factor does its kinetic energy change?

2.3 A 6 kg object has K =12 J. Find its speed.

2.4 Can kinetic energy be negative? Answer yes or no, with a reason.

3 Exam-style questions
3.1 Kinetic energy is given by

« A mu

« B %mv2
« Cmgh
« D %ka

3.2 Tripling an object’s speed multiplies its kinetic energy by

« A3
« B6
. C9
. D1/3

3.3 A 1500 kg car travels at 20 m s™!.
(a) Find its kinetic energy.

AP Physics C: Mechanics o 3.1 Translational K inergy
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(b) State its kinetic energy if the speed rises to 40 m s™'.

3.4 A 0.2 kg ball has 10 J of kinetic energy.
(a) Find its speed.

(b) State whether the direction of motion changes the kinetic energy.

AP Physics C: Mechanics o 3.1 Translational K inergy
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Solutions

2.1 K =1(2)(5)2*=251.

2.2 Four times (speed is squared).

2.3v=2K/m=/2(12)/6 =V4=2ms!.

2.4 No — mass and v? are never negative, so K > 0.

3.1B — K = ymu’.

3.2C — K xv? s03%=0.

3.3 (a) K = $(1500)(20)* = 3.0 x 10° J. (b) Four times larger, 1.2 x 10 J.

3.4 (a) v = /2(10)/0.2 = v/100 = 10 m s™'. (b) No — K is a scalar, independent of

direction.

AP Physics C: Mechanics o 3.1 Translational K inergy @
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Name: (

AP Physics C: Mechanics: 2024 Set 1

Begin your response to QUESTION 1 on this page.

3 Questions

PHYSICS C: MECHANICS
SECTION II

Time—45 minutes

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

booklet in the spaces provided after each part.

Note: Figure not drawn to scale.

Figure 1

Stringl
14
Block A Block B

I x U U

T : T

m : : 3m
I |

0 %) x) X, X

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring

with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in

aregion of length D, where the coefficient of kinetic friction between Block A and the surface is u. Block B is

attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,

compressing the spring a distance x,.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2024 Set 1

Continue your response to QUESTION 1 on this page.

At time ¢ = 0, Block A 1is located at position x = x(y and is released from rest. After the block is released, the
following occurs.

* Attime ¢t = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time t = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

* At time ¢ = 13, Block A is at x = x5 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x., and physical constants, as
appropriate.

i. Derive an expression for the speed v of Block A at time #;.

ii. Derive an expression for the speed vy g of the two-block system immediately after the collision at
time t3.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2024 Set 1

Continue your response to QUESTION 1 on this page.

Stringl

§|
0><

= U

S

0 Xo X X2 3
Note: Figure not drawn to scale.
Figure 1
(b)

i. On the following axes, sketch a graph of the kinetic energy K of Block A as a function of time ¢ from
time # = 0 to time #3.

T

—_————

___>t

~
—_

~
w

ii. Use principles of work and energy to justify the graph drawn in part (b)(i) for the time interval ¢ = 0 to
t = ;. Explicitly reference features of the shape of the graph you drew in part (b)(i).

GO ON TO THE NEXT PAGE.
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AP Physics C: Mechanics: 2024 Set 1

Continue your response to QUESTION 1 on this page.

S S |

m | 3m Iy

Note: Figure not drawn to scale.

Figure 2

After the collision, the two-block system instantaneously comes to rest at time 74, which occurs when the string

makes a small angle 6,,,, with the vertical, as shown in Figure 2. For times ¢ > t,, the system oscillates with

frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of

length 2 /7.

(c) Indicate how the new frequency of oscillation f,, of the system on the new string of length 2 £ will compare

to the frequency of oscillation f, from the original procedure.

b >

he <h — K=

Briefly justify your answer.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2019 Set 2

2. A toy rocket of mass 0.50 kg starts from rest on the ground and is launched upward, experiencing a vertical net
force. The rocket’s upward acceleration a for the first 6 seconds is given by the equation a = K — Lt*, where

K =90 m/sz, L =0.25 m/s4 , and 7 is the time in seconds. At ¢t = 6.0 s, the fuel is exhausted and the rocket is
under the influence of gravity alone. Assume air resistance and the rocket’s change in mass are negligible.
(a) Calculate the magnitude of the net impulse exerted on the rocket fromt=0tor=6.0s.
(b) Calculate the speed of the rocket at # = 6.0 s.
()
i. Calculate the kinetic energy of the rocket at r = 6.0 s.

ii. Calculate the change in gravitational potential energy of the rocket-Earth system from t =0 to t = 6.0 s.
(d) Calculate the maximum height reached by the rocket relative to its launching point.

(e) On the axes below, assuming the upward direction to be positive, sketch a graph of the velocity v of the
rocket as a function of time ¢ from the time the rocket is launched to the time it returns to the ground.

T,,, represents the time the rocket reaches its maximum height. Explicitly label the maxima with numerical
values or algebraic expressions, as appropriate.

v

(m/s)

; -1(s)

top




Name: ( ) AP Physics C: Mechanics: 2016

1.
T 2 o

0

Mech.2.
A block of mass 2M rests on a horizontal, frictionless table and is attached to a relaxed spring, as shown in the

figure above. The spring is nonlinear and exerts a force F(x) = —Bx>, where B is a positive constant and x is

the displacement from equilibrium for the spring. A block of mass 3M and initial speed v, is moving to the left
as shown.

(a) On the dots below, which represent the blocks of mass 2M and 3M, draw and label the forces (not
components) that act on each block before they collide. Each force must be represented by a distinct arrow
starting on, and pointing away from, the appropriate dot.

Block of Mass 2M Block of Mass 3M

MMMM M

-
D 0

The two blocks collide and stick to each other. The two-block system then compresses the spring a maximum
distance D, as shown above. Express your answers to parts (b), (¢), and (d) in terms of M, B, v,), and physical
constants, as appropriate.

(b) Derive an expression for the speed of the blocks immediately after the collision.

(c) Determine an expression for the kinetic energy of the two-block system immediately after the collision.

(d) Derive an expression for the maximum distance D that the spring is compressed.



Name: ( ) AP Physics C: Mechanics: 2016

(e)
i. In which direction is the net force, if any, on the block of mass 2M when the spring is at maximum
compression?
Left Right The net force on the block of mass 2M is zero.

Justify your answer.

ii. Which of the following correctly describes the magnitude of the net force on each of the two blocks
when the spring is at maximum compression?

_____The magnitude of the net force is greater on the block of mass 2M.

__ The magnitude of the net force is greater on the block of mass 3M.
_____The magnitude of the net force on each block has the same nonzero value.
__ The magnitude of the net force on each block is zero.

Justify your answer.

(f) Do the two blocks, which remain stuck together and attached to the spring, exhibit simple harmonic motion
after the collision?

Yes No

Justify your answer.



AP PHYSICS C: MECHANICS « EXERCISE SHEET

3.2 Work

Name: - Class: - Date: Total: 14 marks

KEY WORDS work )] « work-energy theorem JJ{E £ « normal force 5[] /] « kinetic energy zfjfig

Objective
Build the skills to answer exam questions on work.

You must be able to:

o calculate work ¥fj: W = F'dcos6

o explain that only the force component along the displacement does work
o state that a perpendicular force does zero work

+ apply the work-energy theorem IJFEER: W, = AK

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

® Work done by a force
W = Fdcos¥,

where 6 is the angle between the force and the displacement. A 10 N force pulling a
box 3 m in its own direction (# = 0) does W = 10 x 3 = 30 J.

B Angled and perpendicular forces

At an angle 0, only F cos# does work. If 6§ = 90°, cos90° = 0, so the force does no
work — like the normal force on a sliding box, or gravity on a horizontal path.

B Work-energy theorem

The net work equals the change in kinetic energy:

_ 1,02 1.2
Whet = AK = gmuy — 3mu;.

AP Physics C: Mechanics « 3.2 Work @
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2 Practice

Now apply the methods above.

2.1 A 20 N force pushes a crate 4 m in its own direction. Find the work done.

2.2 State the work done by a force acting perpendicular to the motion.

2.3 A 50 N force acts at 60° to a 2 m displacement. Find the work done.

2.4 State what the net work done on an object equals.

3 Exam-style questions
3.1 The work done by a force perpendicular to the displacement is

e A maximum
e B zero

o C negative

e D equal to Fd

3.2 The work-energy theorem states that the net work equals the change in

e A momentum

o B kinetic energy
e C mass

o D velocity

3.3 A 30 N force drags a sled 5 m at 37° above the horizontal.
(a) Find the work done by the force.

AP Physics C: Mechanics « 3.2 Work



(b) State why the vertical component does no work here.

3.4 A 2 kg block speeds up from 3 m s™! to 5 m s7L.

(a) Find the change in kinetic energy.
(b) State the net work done on it.

AP Physics C: Mechanics « 3.2 Work

@)



Solutions

21 W = Fdcos0 =20 x4=80J.

2.2 Zero.

2.3 W =50 x 2 x cos60° = 50 J.

2.4 The change in its kinetic energy.

3.1 B — c0s90° = 0, so no work.

3.2 B — net work equals the change in kinetic energy.

3.3 (a) W =30x5xcos37° =120 J. (b) The vertical component is perpendicular to
the horizontal displacement.

3.4 (a) AK = £(2)(5* — 3%) =16 J. (b) 16 J.

AP Physics C: Mechanics « 3.2 Work @



Name: (

AP Physics C: Mechanics: 2024 Set 1

Begin your response to QUESTION 1 on this page.

3 Questions

PHYSICS C: MECHANICS
SECTION II

Time—45 minutes

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

booklet in the spaces provided after each part.

Note: Figure not drawn to scale.

Figure 1

Stringl
14
Block A Block B

I x U U

T : T

m : : 3m
I |

0 %) x) X, X

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring

with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in

aregion of length D, where the coefficient of kinetic friction between Block A and the surface is u. Block B is

attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,

compressing the spring a distance x,.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2024 Set 1

Continue your response to QUESTION 1 on this page.

At time ¢ = 0, Block A 1is located at position x = x(y and is released from rest. After the block is released, the
following occurs.

* Attime ¢t = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time t = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

* At time ¢ = 13, Block A is at x = x5 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x., and physical constants, as
appropriate.

i. Derive an expression for the speed v of Block A at time #;.

ii. Derive an expression for the speed vy g of the two-block system immediately after the collision at
time t3.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2024 Set 1

Continue your response to QUESTION 1 on this page.
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Note: Figure not drawn to scale.
Figure 1
(b)

i. On the following axes, sketch a graph of the kinetic energy K of Block A as a function of time ¢ from
time # = 0 to time #3.

T

—_————

___>t

~
—_

~
w

ii. Use principles of work and energy to justify the graph drawn in part (b)(i) for the time interval ¢ = 0 to
t = ;. Explicitly reference features of the shape of the graph you drew in part (b)(i).

GO ON TO THE NEXT PAGE.
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AP Physics C: Mechanics: 2024 Set 1

Continue your response to QUESTION 1 on this page.

S S |

m | 3m Iy

Note: Figure not drawn to scale.

Figure 2

After the collision, the two-block system instantaneously comes to rest at time 74, which occurs when the string

makes a small angle 6,,,, with the vertical, as shown in Figure 2. For times ¢ > t,, the system oscillates with

frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of

length 2 /7.

(c) Indicate how the new frequency of oscillation f,, of the system on the new string of length 2 £ will compare

to the frequency of oscillation f, from the original procedure.

b >

he <h — K=

Briefly justify your answer.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2023 Set 1

PHYSICS C: MECHANICS
SECTION 11
Time—45 minutes

3 Questions

directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
7hich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
ooklet in the spaces provided after each part.

x , Spring P

Figure 1

. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height /., p. Frictional forces between the block and all
surfaces are negligible.

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2023 Set 1
coniunue your response 10 WUESITIVN 1 On Tnis page.

A student compares fi,,y p for Spring P with the maximum height £, o achieved with a different spring,

max

Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fy(x) = Cx'/%, where C = 20.0 N/m'’?.

F(N)
A
10.0 | |
— Spring P
---Spring Q
6.0 f=——=

8.01

4.0 =

2.04—-=

0.0 > x (m)
0.000 0.020 0.040 0.060 0.080 0.100

Figure 2

(a) For the experiment, the block is pushed against one of the springs, compressing the spring a
distance x = 0.010 m. The block is then released from rest. In Trial 1, Spring P is used, and in Trial 2,
Spring Q is used. On the following dots, representing the block in Trials 1 and 2, draw and label the forces
(not components) that are exerted on the block at the instant the block is released. Each force must be
represented by a distinct arrow starting on, and pointing away from, the dot. The lengths of the horizontal
vectors should represent the relative magnitude of the horizontal forces and the lengths of the vertical vectors
should represent the relative magnitude of the vertical forces.

Trial 1 Trial 2
(Spring P) (Spring Q)
r-r—/|—T-r— T T == " r-rr/m——T T =T - A
| [ [ | [ 1 | | I 1 [ [ | 1
r-r1— T T 17T 171 r- -1 T T 17T T 171
N I [ I N IR N B | NS I N [y I ) B |
| [ 1 | [ 1 | | I 1 [ [ | 1
bbb — bbb —
| [ 1 | [ 1 | | I 1 [ [ | 1
r-rA—TtT—-rr—I—tT—t~—-r1—1 r-rA—T—-+rr—-I—1tT—1t—-r—1—1
| [ [ [ (| | | I |1 | | | |1
=t r @111 ==t @1-T-r -1
Sy IS D I N A N Sy S I N
| [ [ | [ 11 | | I 1 1 [ | 1
F—F=—t—t——t—t+—F——A F—F——t—t——t—t—F——A
| [ [ | [ 1 | | I [ [ [ | [
-7 T T 1171 I A O N [ (R I I A |
L1 l_1_1_ 1L 1_1 L 1L 111 _1L 1_1
| [ [ | [ 1 | | I 1 1 [ | 1
| IR [N | I R N [N N | — | IR IR N Y R [N N | —

GO ON TO THE NEXT PAGE.
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VHIUTITULY y UM T UUNVIIULY LV SAW kW 1T IWIY 1 VI UHTY Uy,

(b)

i. What feature(s) of the graph in Figure 2 could be used to estimate the work done on the block by each
spring as each spring is compressed?

ii. There is one compression distance x( for which the maximum height & ,,, reached by the block is the
same regardless of which spring, Spring P or Spring Q, is used. Predict whether the value of x, is greater

than, less than, or equal to 0.040 m. Use the graph in Figure 2 to justify your answer.

iii. On the axes provided, for both Spring P and Spring Q, sketch a graph of the maximum height A,
reached by the block as a function of the distance each spring is compressed for values of x ranging from 0
to 0.100 m. Clearly label the curve for Spring P and Spring Q.

Minay (M)

A

: : : f } = x (M)
0.000 0.020 0.040 0.060 0.080 0.100

GO ON TO THE NEXT PAGE.
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coniunue your response 10 WUESITIVN 1 On Tnis page.

Block
A

Block

H
L =

Spring Q
=0
Figure 3
(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.

The change in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

1. Calculate the velocity of the two-block system immediately after the collision between Blocks A and B.

ii. Calculate the maximum compression of the spring.

GO ON TO THE NEXT PAGE.
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VHIUTITULY y UM T UUNVIIULY LV SAW kW 1T IWIY 1 VI UHTY Uy,

(d) Spring Q where FQ(x) =cxl? s replaced by a different nonlinear spring, Spring R, and the procedure

172

described in part (c) is repeated. For Spring R, Fr(x) = Dx '“. The maximum compression of Spring R is

greater than the maximum compression of Spring Q. Which of the following correctly compares the

constants C and D ?

C<D C>D C=D

Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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PHYSICS C: MECHANICS
SECTION 11
Time—45 minutes

3 Questions

directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
7hich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
ooklet in the spaces provided after each part.

+y

+X

Motor

. A block of mass m is pulled across a rough horizontal table by a string connected to a motor that is attached to the
floor. The string passes over a pulley with negligible friction that is vertically aligned with the left edge of the
table as shown. The string and pulley both have negligible mass. The pulley is at height H above the table. The
motor exerts a constant force of tension F on the string, and the block remains in contact with the table at all
times as the block slides across the table from x = L to x = 0. The coefficient of kinetic friction between the table
and the block is My, Express all algebraic answers in terms of m, H, Fr, x, Hy» L, and physical constants as
appropriate.

GO ON TO THE NEXT PAGE.
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AP Physics C: Mechanics: 2022 Set 1

Continue your response to QUESTION 1 on this page.

(a) On the dot below that represents the block, draw and label the forces (not components) that act on the block
when the block is at x = L. Each force must be represented by a distinct arrow starting on, and pointing away

from, the dot.

(b) Derive an expression for the angle 6 that the string makes with the horizontal as a function of x.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(c)

1. Derive an expression for the normal force Fj, exerted on the block by the table as a function of the
block’s position x.

ii. Derive an expression for the magnitude of the net horizontal force F,.; exerted on the block as a
function of the position x.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(d) Write, but do not solve, an integral expression that could be used to solve for the work W done by the string

on the block as the block moves from x = L to x = 0.

(e) Does the string do more, less, or the same amount of work on the block as the block moves from x = L to
L
x = — compared to when the block moves from x = 5 tox=07?

More work when the block moves from x = L to x = %

Less work when the block moves from x = L to x = 5

The same amount of work when the block moves from x = L to x =

Justify your answer.

GO ON TO THE NEXT PAGE.
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AP Physics C: Mechanics: 2022 Set 2

PHYSICS C: MECHANICS
SECTION 11
Time—45 minutes

3 Questions

R ot~

directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
7hich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

ooklet in the spaces provided after each part.

Device

¥

Ty

+X

Device

Figure 1

Note: Figures not drawn to scale.

Figure 2

. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction

between the sled and the table is x, . A string connects the sled to a device on the ground. The device maintains

constant tension Fy in the string by unwinding the string as the sled slides to the right. The total mass of the sled

is m. The string is attached to the device at x = 0 and at a height of y, as shown in Figure 1. The horizontal

position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,

Fr, x, y, and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(a) On the dot below that represents the sled, draw and label the forces (not components) that are exerted on the
sled a short time after # = O but before the sled has come to rest. Each force must be represented by a distinct
arrow starting on, and pointing away from, the dot.

(b) Determine an expression for the angle 0 that the string makes with the vertical when the sled has traveled a
horizontal distance x.

GO ON TO THE NEXT PAGE.

©)
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Continue your response to QUESTION 1 on this page.

(c)

1. Derive an expression for the normal force Fjy exerted on the sled by the table as a function of the
position x.

ii. Derive an expression for the magnitude of the net horizontal force F.; exerted on the sled as a function
of the position x.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(d) Derive an expression for the work W done by the string on the sled as the sled moves from x =0 to x = L.

(e) The sled comes to rest after traveling a horizontal distance x = 2L. As the system slides from x =0 to x = L,
the energy dissipated by friction is E}. As the sled slides from x = L to x = 2L, the energy dissipated by
friction is E,. Is E; greater than, less than, or equal to £, ?

—El > E2 —El < E2 - El = E2

Justify your answer.

GO ON TO THE NEXT PAGE.
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3.3 Potential Energy

Name: - Class: - Date: Total: 15 marks

KEY WORDS potential energy #:fj£ o elastic potential energy 54 #+fE o gravitational potential energy 5 J7 94 HE
« kinetic energy zjfig o work I

Objective
Build the skills to answer exam questions on potential energy.

You must be able to:

 use gravitational potential energy | fj¥%F8: U = mgh

« use elastic potential energy JHPE#EE: U = %ka

« explain that potential energy is stored energy of position or configuration
o find the change in potential energy between two positions

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Gravitational potential energy

Near Earth’s surface,

U = mgh,

measured from a chosen reference height. A 2 kg mass raised 3 m (g = 10 m s72)
gains U = 2(10)(3) = 60 J.

B Elastic potential energy

A stretched or compressed spring stores
_ 17,2
A spring with & =400 N m™' compressed 0.1 m stores U = %(400)(0.1)2 =21

B Change in potential energy
Only the change matters. Lifting from hy to ho: AU = mg(hy — hq).

AP Physics C: Mechanics « 3.3 Potential Energ @



2 Practice

Now apply the methods above.

2.1 A 5 kg mass is at height 4 m (g = 10 m s72). Find its gravitational PE. 2]
2.2 A spring (k =200 N m™!) is stretched 0.2 m. Find its elastic PE. 2]
2.3 State what kind of energy a raised object stores. 1]
2.4 A 3 kg box is lifted from 1 m to 4 m (¢ = 10 m s72). Find the change in PE. 2]

3 Exam-style questions
3.1 Gravitational potential energy near Earth’s surface is 1]

o A Jmo?
« B mgh

e C ika?

« D Fd

3.2 Doubling the compression of a spring changes its stored energy by a factor of 1]

« A2
. B4
. C1/2
D1

3.3 A spring with k£ =500 N m ™! is compressed 0.06 m.

AP Physics C: Mechanics « 3.3 Potential Energ @
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(a) Find the elastic potential energy stored.
(b) State what happens to this energy if the spring is released to push a block.

3.4 A 10 kg crate is raised 2.5 m (g = 9.8 m s72).
(a) Find the gain in gravitational potential energy.

(b) State the minimum work needed to lift it.

AP Physics C: Mechanics « 3.3 Potential Energ



Solutions

2.1 U = mgh = 5(10)(4) = 200 J.

2.2 U = ka2 = 1(200)(0.2)2 = 4 J.

2.3 Gravitational potential energy.

2.4 AU = mg(hs — hy) = 3(10)(4 — 1) = 90 J.

3.1 B — U =mgh.

3.2 B — U 22, so doubling gives 2% = 4.

3.3 (a) U = £(500)(0.06)% = 0.9 J. (b) It converts into the block’s kinetic energy.
3.4 (a) AU = 10(9.8)(2.5) = 245 J. (b) 245 J.

AP Physics C: Mechanics « 3.3 Potential Energ
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Question 2: Version J

2. In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant &
and Spring B has a spring constant 2. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring
A

Spring
B

x=0

Figure 1

The block is moved to x = x; and held at rest, as shown in Figure 2.

+y
Spring |

! Spring
A | t B
| +x
000000 { |

x=0 x=x

Figure 2
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M I UV UL VTRV MUY IV £V AT T 8 I e

A. An energy bar chart can be used to represent the elastic potential energy U, of Spring A,
the elastic potential energy Ug of Spring B, and the kinetic energy Ky, of the block. On the

energy bar chart in Figure 3, draw shaded bars to represent the energy of the system for
when the block is at x = x;.

The height of the shaded bars should be proportional to the relative values of Uy, Ug,
and Kblock-

Any energy that is equal to zero should be represented by a distinct line on the zero-
energy line.

Figure 3

B. The block is released from rest at x = x; and begins to oscillate. Derive an expression for the

speed v of the block as the block passes through x = ljxl. Express your answer in terms of m,

k, x,, and physical constants, as appropriate. Begin your derivation by writing a fundamental
physics principle or an equation from the reference information.
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C. In Scenario 1, the block oscillates with period 7. The position x of the block in Scenario 1 as a
function of time ¢ is shown in Figure 4.

X
A

+X71

T 3T

=
N

Scenario 1

Figure 4
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In Scenario 2, the block-springs system is placed on a new surface. There is friction between
the block and the new surface. The block is again moved to the same position x = x; and
released from rest. The block completes multiple oscillations with the same period as in
Scenario 1 before coming to rest.

On the axes shown in Figure 5, sketch a graph of the kinetic energy K of the block as a
function of ¢ for Scenario 2.

K
A
9] : : : : : : -t
1 T 3 2T 5 3T
P P 2T
Scenario 2
Figure 5

D. In Scenario 3, the block is replaced with a new block of larger mass. The coefficient of kinetic

friction between the new block and the surface in Scenario 3 is the same as the coefficient of
kinetic friction between the original block and the surface in Scenario 2.

The new block is moved to position x = x; and released from rest. The Kkinetic energy of the
new block is plotted as a function of time.

Describe how one feature of the graph of K as a function of ¢ in Scenario 3 would differ
from the graph you drew in Figure 5 for Scenario 2.

Briefly justify your answer.
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J* y
N " ]

Note: Figure not drawn to scale.

2. A block of mass m starts from rest at point A and travels with negligible friction through the loop onto a
m
horizontal surface, where the block makes contact with a spring of spring constant k = 2_g All motion of the
spring is in the horizontal direction. Point C is the highest point on the loop, and point B is the rightmost point

on the loop. Express all algebraic answers in terms of m, h, R, and physical constants, as appropriate.

(a) On the dot below, which represents the block, draw an arrow that represents the direction of the acceleration
of the block at point B in the figure above. The arrow must start on and point away from the dot.

Justify your answer.

(b)

i. Derive an expression for the speed v of the block at point B.

ii. Derive an expression for the magnitude of the net force F' on the block at point B.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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(c) In terms of R, derive an expression for the minimum height 4,,;, necessary for the block to maintain

contact with the track through point C.

(d) It is determined that 2 = 0.30m and R = 0.10 m . If the block is released from a height greater than that

found in part (c), what would be the maximum compression xypax Of the spring?

(e) A graph of the maximum compression of the spring as a function of height is shown below. The height

hin 1S the height calculated in part (c).

II

e

i. Explain why section I appears as a horizontal line segment on the horizontal axis.

ii. Explain the reason for the shape of section II on the graph.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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2. A pendulum of length L consists of block 1 of mass 3M attached to the end of a string. Block 1 is released
from rest with the string horizontal, as shown above. At the bottom of its swing, block 1 collides with block 2 of
mass M, which is initially at rest at the edge of a table of height 2L. Block 1 never touches the table. As a result
of the collision, block 2 is launched horizontally from the table, landing on the floor a distance 4L from the base
of the table. After the collision, block 1 continues forward and swings up. At its highest point, the string makes

an angle 6y, to the vertical. Air resistance and friction are negligible. Express all algebraic answers in terms of

AP Physics C: Mechanics: 2019 Set 1

Block String Onviax

|‘_L—’i ;;\’J\ . Mass of Block 1 =3M
| 7 Mass of Block 2 = M
Block ~
s 7] [
2L \\
\r\‘l
i
| 4L |

Note: Figure not drawn to scale.

M, L, and physical constants, as appropriate.

(a) Determine the speed of block 1 at the bottom of its swing just before it makes contact with block 2.

(b) On the dot below, which represents block 1, draw and label the forces (not components) that act on block 1
just before it makes contact with block 2. Each force must be represented by a distinct arrow starting on, and
pointing away from, the dot. Forces with greater magnitude should be represented by longer vectors.

(c) Derive an expression for the tension F, in the string when the string is vertical just before block 1 makes

contact with block 2. If you need to draw anything other than what you have shown in part (b) to assist in
your solution, use the space below. Do NOT add anything to the figure in part (b).

For parts (d)—(g), the value for the length of the pendulum is L = 75 cm.

(d) Calculate the time between the instant block 2 leaves the table and the instant it first contacts the floor.

(e) Calculate the speed of block 2 as it leaves the table.

(f) Calculate the speed of block 1 just after it collides with block 2.

(g) Calculate the angle 6y, that the string makes with the vertical, as shown in the original figure, when
block 1 is at its highest point after the collision.
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2. A toy rocket of mass 0.50 kg starts from rest on the ground and is launched upward, experiencing a vertical net
force. The rocket’s upward acceleration a for the first 6 seconds is given by the equation a = K — Lt*, where

K =90 m/sz, L =0.25 m/s4 , and 7 is the time in seconds. At ¢t = 6.0 s, the fuel is exhausted and the rocket is
under the influence of gravity alone. Assume air resistance and the rocket’s change in mass are negligible.
(a) Calculate the magnitude of the net impulse exerted on the rocket fromt=0tor=6.0s.
(b) Calculate the speed of the rocket at # = 6.0 s.
()
i. Calculate the kinetic energy of the rocket at r = 6.0 s.

ii. Calculate the change in gravitational potential energy of the rocket-Earth system from t =0 to t = 6.0 s.
(d) Calculate the maximum height reached by the rocket relative to its launching point.

(e) On the axes below, assuming the upward direction to be positive, sketch a graph of the velocity v of the
rocket as a function of time ¢ from the time the rocket is launched to the time it returns to the ground.

T,,, represents the time the rocket reaches its maximum height. Explicitly label the maxima with numerical
values or algebraic expressions, as appropriate.

v

(m/s)

; -1(s)

top
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vo=3.00m/s Force _
— Sensor =130 N/m v=0

Cart 1 Cart 2
m=0.500 kg m=1.05kg

) C ) C

2. Two carts are on a horizontal, level track of negligible friction. Cart 1 has a sensor that measures the force
exerted on it during a collision with cart 2, which has a spring attached. Cart 1 is moving with a speed of

vy = 3.00 m/ s toward cart 2, which is at rest, as shown in the figure above. The total mass of cart 1 and

the force sensor is 0.500 kg, the mass of cart 2 is 1.05 kg, and the spring has negligible mass. The spring has
a spring constant of & =130 N/m. The data for the force the spring exerts on cart 1 are shown in the graph

below. A student models the data as the quadratic fit F = (3200 N/ sz)t2 — (500 N/s)t .

F (N)
I
| | I | | | | | |
7 I N Y N Y S S NN S
092 0|04 096 O(I)S OIIO 0‘12 0|14 0‘16 0|18
Ol & [ | | i \ i . = 1(8)
KN
| | [ | | | e |
e | I I | | | | | |
e LU e e N it Rt 4/ Jey B
| ° | | I | | ° | | |
—15*’*”J‘”*J{*;*F”*f***f”'i‘”*ﬂ””l”"ﬁ
| i | | i | |
—20“‘“‘?“"l"“l‘.‘i‘r‘“1"“#““:““1“"?“
| i i i | | | | |
D e T

(a) Using integral calculus, calculate the total impulse delivered to cart 1 during the collision.

(b)

il.

(©)

il.

(d)

1l

Calculate the speed of cart 1 after the collision.
In which direction does cart 1 move after the collision?
Left Right

The direction is undefined, because the speed of cart 1 is zero after the collision.

Calculate the speed of cart 2 after the collision.

Show that the collision between the two carts is elastic.

Calculate the speed of the center of mass of the two-cart—spring system.

Calculate the maximum elastic potential energy stored in the spring.
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| UL

Note: Figure not drawn to scale.

2. A block of mass m starts at rest at the top of an inclined plane of height /4, as shown in the figure above. The
block travels down the inclined plane and makes a smooth transition onto a horizontal surface. While traveling
on the horizontal surface, the block collides with and attaches to an ideal spring of spring constant k. There is
negligible friction between the block and both the inclined plane and the horizontal surface, and the spring has
negligible mass. Express all algebraic answers for parts (a), (b), and (c) in terms of m, h, k, and physical
constants, as appropriate.

(a)

i. Derive an expression for the speed of the block just before it collides with the spring.

ii. Is the speed halfway down the incline greater than, less than, or equal to one-half the speed at the
bottom of the inclined plane?

Greater than Less than Equal to
Justify your answer.
(b) Derive an expression for the maximum compression of the spring.

(c) Determine an expression for the time from when the block collides with the spring to when the spring
reaches its maximum compression.

The block is again released from rest at the top of the incline, and when it reaches the horizontal surface it is
moving with speed V. Now suppose the block experiences a resistive force as it slides on the horizontal surface.

The magnitude of the resistive force F is given as a function of speed v by F = ﬁvz, where [ is a positive

constant with units of kg/m .

(d)
i. Write, but do NOT solve, a differential equation for the speed of the block on the horizontal surface as
a function of time ¢ before it reaches the spring. Express your answer in terms of m, h, k, B, v, and
physical constants, as appropriate.

ii. Using the differential equation from part (d)i, show that the speed of the block v(¢) as a function of
time ¢ can be written in the form 11 + &, where V) is the speed at r = 0.
v(t) vy m

(e) Sketch graphs of position x as a function of time ¢, velocity v as a function of time ¢, and acceleration a as
a function of time ¢ for the block as it is moving on the horizontal surface before it reaches the spring.

—

—————————
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PHYSICS C: MECHANICS
SECTION II
Time —45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Photogates
1 2 3 4 5

M

0 10 20 30 40 50 60 70 8 9 100 110 120cm

Mech. 1.
In an experiment, a student wishes to use a spring to accelerate a cart along a horizontal, level track. The spring
is attached to the left end of the track, as shown in the figure above, and produces a nonlinear restoring force of
magnitude F, = As® + Bs, where s is the distance the spring is compressed, in meters. A measuring tape,

marked in centimeters, is attached to the side of the track. The student places five photogates on the track at the
locations shown.

(a) Derive an expression for the potential energy U as a function of the compression s. Express your answer in
terms of A, B, s, and fundamental constants, as appropriate.
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In a preliminary experiment, the student pushes the cart of mass 0.30 kg into the spring, compressing the spring
0.040 m. For this spring, A = 200 N/ m? and B = 150 N/m. The cart is released from rest. Assume friction
and air resistance are negligible only during the short time interval when the spring is accelerating the cart.
(b) Calculate the following:

i. The speed of the cart immediately after it loses contact with the spring

ii. The impulse given to the cart by the spring

In a second experiment, the student collects data using the photogates. Each photogate measures the speed of the
cart as it passes through the gate. The student calculates a spring compression that should give the cart a speed of

0.320 m/s after the cart loses contact with the spring. The student runs the experiment by pushing the cart into
the spring, compressing the spring the calculated distance, and releasing the cart. The speeds are measured with
a precision of £0.002 m/s. The positions are measured with a precision of +0.005 m.

Photogate 1 2 3 4 5
Cart speed (m/s) 0.412 0.407 0.399 0.374 0.338
Photogate position (m) 0.20 0.40 0.60 0.80 1.00

(c) On the axes below, plot the data points for the speed v of the cart as a function of position x. Clearly scale
and label all axes, as appropriate.
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(d)

i. Compare the speed of the cart measured by photogate 1 to the predicted value of the speed of the cart
just after it loses contact with the spring. List a physical source of error that could account for the
difference.

ii. From the measured speed values of the cart as it rolls down the track, give a physical explanation for
any trend you observe.

®
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3.4 Conservation of Energy

Name: -~ Class: . Date: Total: 12 marks

KEY WORDS mechanical energy ###i5E o thermal energy #\HE ¢ conservation of mechanical energy #LAiHE 1|1
o friction % J] « potential energy #jE

Objective
Build the skills to answer exam questions on conservation of energy.

You must be able to:

o apply conservation of mechanical energy ¥ HFE~{E when no friction acts

» convert between kinetic and potential energy
e use Ki—f—Ui:Kf—FUf
» account for energy lost to friction as thermal energy

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Mechanical energy is conserved

With no friction, the total of kinetic plus potential energy stays constant:

K+ U = K; + Uy,

B A falling object
Drop a 2 kg mass from 5 m (g = 10 m s72). All the PE becomes KE:

mgh = 3mv® = v = \/2gh = /2(10)(5) = 10 m s~

B When friction acts

Friction removes mechanical energy as heat:

K; +U; = Ky + Uy + (energy lost to friction).

AP Physics C: Mechanics o 3.4 Conservation of y @
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2 Practice

Now apply the methods above.

2.1 State the condition under which mechanical energy is conserved. 1]

2.2 A ball is dropped from 2 m (g = 10 m s=2). Find its speed just before landing.  [2]

2.3 At the top of a swing, a pendulum has 6 J of PE and no KE. State its KE at the
bottom (no friction). 1]

2.4 Where does mechanical energy go when friction acts? 1]

3 Exam-style questions
3.1 In the absence of friction, as an object falls its 1]

o A total mechanical energy increases

« B total mechanical energy stays constant
o C kinetic energy decreases

o D potential energy increases

3.2 A cart at the top of a frictionless track has PE = 40 J and KE = 0. At the bottom
its KE is 1]

e« AO

« B20J
« C401J
« DSOJ

3.3 A 0.5 kg ball is released from rest at height 1.8 m on a frictionless ramp (g = 10 m s~2).
(a) Find its speed at the bottom. [2]

AP Physics C: Mechanics o 3.4 Conservation of y @
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(b) State the assumption you made. (1]

3.4 A 1 kg block slides down a ramp, starting with 20 J of PE, and reaches the bottom
with 14 J of KE.

(a) State how much energy was lost to friction. (1]

(b) Explain where that energy went. 1]

AP Physics C: Mechanics o 3.4 Conservation of v @



Solutions

2.1 When no friction (or other non-conservative force) acts.
2.2@2@2%26.31118_1.

2.3 6 J (all PE becomes KE).

2.4 It becomes thermal energy (heat).

3.1 B — with no friction, total mechanical energy is constant.

3.2 C — all 40 J of PE becomes KE.
3.3 (a) v = v/2gh = /2(10)(1.8) = 6 m s~ . (b) No friction / energy is conserved.

3.4 (a) 20— 14 =6 J. (b) It was converted to thermal energy by friction.

AP Physics C: Mechanics o 3.4 Conservation of y
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The following information applies to parts A and B.

3. A horizontal spring of known spring constant k is attached to a wall. A block of known mass m
is placed on a horizontal surface next to but not attached to the spring. The spring is at its
relaxed length when the block is at position x = 0, as shown in Figure 1. There is friction
between the block and the surface only for positions x > 0.

Figure 1
+X
k | Hi
mLoe
x=0

A student is asked to experimentally determine the coefficient of kinetic friction x4, between

the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

Part A
i. Indicate quantities that could be measured by the student that would allow them to
determine /4, using a graph.
ii. Briefly describe a method to reduce experimental uncertainty for the measured
quantities.
Part B
i. Indicate what quantities the student could graph on the horizontal and vertical axes to
create a graph that can be used to determine ;.

ii. Briefly describe the relationship between y, and a feature of the graph from part B

(1). Your answer may include an equation that relates x, and the chosen feature of the
graph.
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The following information applies to parts C and D.

In a different experiment, the student is asked to determine the spring constant k., of a new
spring that is attached to a wall. A block of mass 2.0 kg is placed next to the spring on a surface
where frictional forces are negligible. The surface is horizontal near the spring and slopes

upward into a ramp to the right of the initial position of the block, as shown in Figure 2.

Figure 2

2.0kg

knew

The student pushes the block, compressing the spring a distance s, as shown in Figure 3. The
block is released from rest.

Figure 3

]

The student uses a meterstick to measure the maximum height h of the block on the ramp. The
experiment is repeated several times with different compression distances s. The student’s
measurements of s and h are shown in Table 1.

Table 1
s (m) h (m)
0.020 0.02
0.040 0.04
0.060 0.13
0.080 0.18
0.100 0.33
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Part C

i. Label the axes of the grid provided with measured or calculated quantities. Include

units, as appropriate. The graphed quantities should yield a linear graph that can be used

to determine k., .

ii. On the grid provided, create a graph of the quantities indicated in part C (i).

Clearly label the vertical and horizontal axes with numerical scales.

Plot the corresponding data points on the grid.

Table 2 is provided in your booklet for scratch work and will not be scored.

Quantity (units, if appropriate)

Quantity (units, if appropriate)

iii. Draw a best-fit line for the data graphed in part C (ii).

PartD

Using the best-fit line that you drew in part C (iii), calculate an experimental value for £, .
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Question 2: Version J

2. In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant &
and Spring B has a spring constant 2. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring
A

Spring
B

x=0

Figure 1

The block is moved to x = x; and held at rest, as shown in Figure 2.

+y
Spring |

! Spring
A | t B
| +x
000000 { |

x=0 x=x

Figure 2
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A. An energy bar chart can be used to represent the elastic potential energy U, of Spring A,
the elastic potential energy Ug of Spring B, and the kinetic energy Ky, of the block. On the

energy bar chart in Figure 3, draw shaded bars to represent the energy of the system for
when the block is at x = x;.

The height of the shaded bars should be proportional to the relative values of Uy, Ug,

and Kblock-
* Any energy that is equal to zero should be represented by a distinct line on the zero-
energy line.
Energy
1 Ua Us Kplock
O 4 - ___

Figure 3

B. The block is released from rest at x = x; and begins to oscillate. Derive an expression for the

speed v of the block as the block passes through x = ljxl. Express your answer in terms of m,

k, x,, and physical constants, as appropriate. Begin your derivation by writing a fundamental
physics principle or an equation from the reference information.
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C. In Scenario 1, the block oscillates with period 7. The position x of the block in Scenario 1 as a
function of time ¢ is shown in Figure 4.

X
A

+X71

T 3T

=
N

Scenario 1

Figure 4
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In Scenario 2, the block-springs system is placed on a new surface. There is friction between
the block and the new surface. The block is again moved to the same position x = x; and
released from rest. The block completes multiple oscillations with the same period as in
Scenario 1 before coming to rest.

On the axes shown in Figure 5, sketch a graph of the kinetic energy K of the block as a
function of ¢ for Scenario 2.

K
A
9] : : : : : : -t
1 T 3 2T 5 3T
P P 2T
Scenario 2
Figure 5

D. In Scenario 3, the block is replaced with a new block of larger mass. The coefficient of kinetic

friction between the new block and the surface in Scenario 3 is the same as the coefficient of
kinetic friction between the original block and the surface in Scenario 2.

The new block is moved to position x = x; and released from rest. The Kkinetic energy of the
new block is plotted as a function of time.

Describe how one feature of the graph of K as a function of ¢ in Scenario 3 would differ
from the graph you drew in Figure 5 for Scenario 2.

Briefly justify your answer.
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3. A box is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The
other end of the rod is connected to a pivot. The box is open on one side, and a block is placed
inside the box.

The center of mass of the block is displaced a vertical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
about the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes to rest, and the block is launched horizontally out
of the box. The block moves across a horizontal surface toward a motion sensor that measures
the speed of the block. All frictional forces are negligible.

Pivot

Stopper 'J

Block
Rod
Box jl_
Figure 1 Figure 2

A. Students are asked to experimentally determine the acceleration due to gravity g using a
linear graph. To determine g, the students are permitted to use measurements from only a
meterstick and the motion sensor.

Describe an experimental procedure using the described setup to collect data that would
allow the students to determine an experimental value of g using a linear graph. Include any
steps necessary to reduce experimental uncertainty.

B. Describe how the data collected in part A could be graphed and how that graph would be
analyzed to determine the value of g.
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C. The experiment is repeated, but the horizontal surface on which the block slides is replaced
with a new rough surface, as shown in Figure 3. The coefficient of kinetic friction between
the block and the new surface is 4.

Figure 3

The block-box system is pulled aside so that the center of mass of the block is displaced
various vertical distances h and then released from rest. For each vertical distance, students
measure the position x = x,,,, at which the block comes to rest.

The students’ measurements of h and x,,,, are shown in Table 1.

Table 1
h(m) | xpax(m)
0.30 0.76
0.45 1.10
0.60 1.40
0.75 1.90
0.90 2.30

i. Indicate two quantities, either measured quantities from Table 1 or additional calculated
quantities, that could be graphed to produce a straight line that could be used to
determine u.

Vertical axis: Horizontal axis:
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ii. On the grid provided, create a graph of the quantities indicated in part C (i).
* Use Table 2 to record the measured or calculated quantities that you will plot.
* C(learly label the axes, including units as appropriate.
* Plot the points you recorded in Table 2.

iii. Draw a best-fit line to the data graphed in part C (ii).
D. Using the best-fit line that you drew in part C (iii), calculate an experimental value for 4.
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Begin your response to QUESTION 1 on this page.

3 Questions

PHYSICS C: MECHANICS
SECTION II

Time—45 minutes

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

booklet in the spaces provided after each part.

Note: Figure not drawn to scale.

Figure 1

Stringl
14
Block A Block B

I x U U

T : T

m : : 3m
I |

0 %) x) X, X

1. Block A and Block B of masses m and 3m, respectively, are arranged in a setup consisting of an ideal spring

with spring constant k and a horizontal surface. Friction between the surface and the blocks is negligible except in

aregion of length D, where the coefficient of kinetic friction between Block A and the surface is u. Block B is

attached to a string of length ¢ and negligible mass, as shown in Figure 1. Block A is held against the spring,

compressing the spring a distance x,.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

At time ¢ = 0, Block A 1is located at position x = x(y and is released from rest. After the block is released, the
following occurs.

* Attime ¢t = f;, Block A is at x = x; after traveling a distance x.. Block A moves with speed v,
and the spring is at its equilibrium position.

* At time t = t,, the left side of Block A is at x = x, after passing through a distance D across
the region with nonnegligible friction.

* At time ¢ = 13, Block A is at x = x5 and Block A collides with and sticks to Block B.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, k, D, u, x., and physical constants, as
appropriate.

i. Derive an expression for the speed v of Block A at time #;.

ii. Derive an expression for the speed vy g of the two-block system immediately after the collision at
time t3.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

Stringl

§|
0><

= U

S

0 Xo X X2 3
Note: Figure not drawn to scale.
Figure 1
(b)

i. On the following axes, sketch a graph of the kinetic energy K of Block A as a function of time ¢ from
time # = 0 to time #3.

T

—_————

___>t

~
—_

~
w

ii. Use principles of work and energy to justify the graph drawn in part (b)(i) for the time interval ¢ = 0 to
t = ;. Explicitly reference features of the shape of the graph you drew in part (b)(i).

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.
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m | 3m Iy

Note: Figure not drawn to scale.

Figure 2

After the collision, the two-block system instantaneously comes to rest at time 74, which occurs when the string

makes a small angle 6,,,, with the vertical, as shown in Figure 2. For times ¢ > t,, the system oscillates with

frequency f,. The support holding the string is raised, and the procedure is then repeated using a new string of

length 2 /7.

(c) Indicate how the new frequency of oscillation f,, of the system on the new string of length 2 £ will compare

to the frequency of oscillation f, from the original procedure.

b >

he <h — K=

Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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Begin your response to QUESTION 1 on this page.

PHYSICS C: MECHANICS
SECTION II
Time—45 minutes

3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
booklet in the spaces provided after each part.

Block A

Note: Figure not drawn to scale.

1. Blocks A and B of masses 2m and m, respectively, are arranged in a setup consisting of a ramp that makes an
angle 6 with a smooth horizontal table and an ideal spring of spring constant k fixed to a wall, as shown.
Block A is held at rest a distance D up the ramp, and Block B is at rest on the horizontal table. The coefficient of
kinetic friction between Block A and the rough ramp is ¢ in the region of length D, and there is negligible
friction between the blocks and the smooth table.

GO ON TO THE NEXT PAGE.

®
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Continue your response to QUESTION 1 on this page.

At time ¢ = 0, Block A is located at horizontal position x = 0 and is released from rest. After the block is
released, the following occurs.

* At time ¢t = f;, Block A has traveled a distance D down the ramp, has transitioned to the table,
and is moving with speed v at x = x;.

* Attime t = t,, Block A is at x = x, when it collides with and sticks to Block B.

* At time ¢ = f3, the combined blocks A and B are at x = x5 when they collide with and stick to
the spring in its equilibrium position.

* At time ¢ = 14, the combined blocks A and B are instantaneously at rest and the spring is
compressed a distance x. from its equilibrium position.

(a) For parts (a)(i) and (a)(ii), express your answer in terms of m, 6, D, u, x., and physical constants,
as appropriate.

i. Derive an expression for the speed v of Block A at time ¢,.

ii. Derive an expression for the spring constant k of the spring.

GO ON TO THE NEXT PAGE.

()
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Continue your response to QUESTION 1 on this page.

Block A

Block B X

~o o

Note: Figure not drawn to scale.

(b)
1. On the following axes, sketch a graph of the magnitude of the momentum p, of Block A as a function
of time ¢ from ¢ = 0 to #4.

Pa

‘ 1 1 1 1
1 | | | |
1 | | | |
| | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
1 | | | |
fomm oo o S — Hmmmm o N .
0 L 5] I3 Iy

ii. Use principles of forces to justify the graph drawn in part (b)(i) for the time interval ¢ = t3 to ¢ = 14.
Explicitly reference features of the shape of the graph you drew in part (b)(i).

GO ON TO THE NEXT PAGE.

@)
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Continue your response to QUESTION 1 on this page.

For times ¢ > t,4, the two-block-spring system oscillates with period Tg,. The procedure is then repeated using a
new ramp, where there is negligible friction between Block A and the ramp.

(c) Indicate how the new period of oscillation 7y in the procedure that uses the new ramp compares with the
period of oscillation 7, from the original procedure.

TN > TO TN < TO TN = TO

Briefly justify your answer.

GO ON TO THE NEXT PAGE.

©
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PHYSICS C: MECHANICS
SECTION 11
Time—45 minutes

3 Questions

directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
7hich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this
ooklet in the spaces provided after each part.

x , Spring P

Figure 1

. A block sitting on a horizontal surface is pushed against a spring, Spring P, that is attached to a wall, compressing
the spring a distance x, as shown in Figure 1. The block is then released from rest. The block slides along the
horizontal surface and up a ramp, reaching a maximum height /., p. Frictional forces between the block and all
surfaces are negligible.

GO ON TO THE NEXT PAGE.

()
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A student compares fi,,y p for Spring P with the maximum height £, o achieved with a different spring,

max

Spring Q. Each spring exerts a force of magnitude F' on the block that varies as a function of the distance x that
the spring is compressed, as shown in Figure 2. For Spring P, Fp(x) = kx, where k = 100.0 N/m, and for
Spring Q, Fy(x) = Cx'/%, where C = 20.0 N/m'’?.

F(N)
A
10.0 | |
— Spring P
---Spring Q
6.0 f=——=

8.01

4.0 =

2.04—-=

0.0 > x (m)
0.000 0.020 0.040 0.060 0.080 0.100

Figure 2

(a) For the experiment, the block is pushed against one of the springs, compressing the spring a
distance x = 0.010 m. The block is then released from rest. In Trial 1, Spring P is used, and in Trial 2,
Spring Q is used. On the following dots, representing the block in Trials 1 and 2, draw and label the forces
(not components) that are exerted on the block at the instant the block is released. Each force must be
represented by a distinct arrow starting on, and pointing away from, the dot. The lengths of the horizontal
vectors should represent the relative magnitude of the horizontal forces and the lengths of the vertical vectors
should represent the relative magnitude of the vertical forces.

Trial 1 Trial 2
(Spring P) (Spring Q)
r-r—/|—T-r— T T == " r-rr/m——T T =T - A
| [ [ | [ 1 | | I 1 [ [ | 1
r-r1— T T 17T 171 r- -1 T T 17T T 171
N I [ I N IR N B | NS I N [y I ) B |
| [ 1 | [ 1 | | I 1 [ [ | 1
bbb — bbb —
| [ 1 | [ 1 | | I 1 [ [ | 1
r-rA—TtT—-rr—I—tT—t~—-r1—1 r-rA—T—-+rr—-I—1tT—1t—-r—1—1
| [ [ [ (| | | I |1 | | | |1
=t r @111 ==t @1-T-r -1
Sy IS D I N A N Sy S I N
| [ [ | [ 11 | | I 1 1 [ | 1
F—F=—t—t——t—t+—F——A F—F——t—t——t—t—F——A
| [ [ | [ 1 | | I [ [ [ | [
-7 T T 1171 I A O N [ (R I I A |
L1 l_1_1_ 1L 1_1 L 1L 111 _1L 1_1
| [ [ | [ 1 | | I 1 1 [ | 1
| IR [N | I R N [N N | — | IR IR N Y R [N N | —

GO ON TO THE NEXT PAGE.
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(b)

i. What feature(s) of the graph in Figure 2 could be used to estimate the work done on the block by each
spring as each spring is compressed?

ii. There is one compression distance x( for which the maximum height & ,,, reached by the block is the
same regardless of which spring, Spring P or Spring Q, is used. Predict whether the value of x, is greater

than, less than, or equal to 0.040 m. Use the graph in Figure 2 to justify your answer.

iii. On the axes provided, for both Spring P and Spring Q, sketch a graph of the maximum height A,
reached by the block as a function of the distance each spring is compressed for values of x ranging from 0
to 0.100 m. Clearly label the curve for Spring P and Spring Q.

Minay (M)

A

: : : f } = x (M)
0.000 0.020 0.040 0.060 0.080 0.100

GO ON TO THE NEXT PAGE.
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Block
A

Block

H
L =

Spring Q
=0
Figure 3
(c) Spring Q is attached to the wall and is at equilibrium, as shown in Figure 3. Block A has a mass of 0.120 kg
and Block B has a mass of 0.070 kg. Block A is held at rest at the top of the ramp and Block B is at rest on
the horizontal surface. The student releases Block A, and it moves down the ramp and collides with Block B.

The change in vertical height of Block A is H = 0.75 m. After the collision, the blocks stick together and
move to the right, compressing the spring. Frictional forces between the blocks and all surfaces are negligible.

1. Calculate the velocity of the two-block system immediately after the collision between Blocks A and B.

ii. Calculate the maximum compression of the spring.

GO ON TO THE NEXT PAGE.

®
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(d) Spring Q where FQ(x) =cxl? s replaced by a different nonlinear spring, Spring R, and the procedure

172

described in part (c) is repeated. For Spring R, Fr(x) = Dx '“. The maximum compression of Spring R is

greater than the maximum compression of Spring Q. Which of the following correctly compares the

constants C and D ?

C<D C>D C=D

Briefly justify your answer.

GO ON TO THE NEXT PAGE.
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Note: Figure not drawn to scale.

Figure 1

3. A system consists of a small sphere of mass m and radius R at rest on a horizontal surface and a uniform rod of
mass M = 2m and length / attached at one end to a pivot with negligible friction, where R <« /. There is
negligible friction between the surface and the sphere to the right of Point A and nonnegligible friction to the left
of Point A. The rod is held horizontally as shown in Figure 1, then is released from rest. The total rotational
inertia of the rod about the pivot is %M ¢? and the rotational inertia of the sphere about its center is % mR?. After
the rod is released, the rod swings down and strikes the sphere head-on. As a result of this collision, the rod is
stopped, and the ball initially slides without rotating to the left across the horizontal surface.

(a) Derive an expression for the angular speed of the rod just before striking the sphere in terms of the length ¢
and physical constants as appropriate.

GO ON TO THE NEXT PAGE.
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(b) Derive an expression for the linear speed v of the sphere immediately after colliding with the rod in terms of
the length ¢ and physical constants as appropriate.

After sliding a short distance, at time ¢t = O the sphere encounters a region of the horizontal surface with a
coefficient of kinetic friction i, beginning at Point A as indicated in Figure 1. The sphere begins rotating while
sliding and eventually begins rolling without sliding at Point B, also as indicated.

(c) In the following diagram, which represents the sphere while the sphere is traveling between Points A and B,
draw and label the forces (not components) that act on the sphere. Each force must be represented by a distinct
arrow starting on, and pointing away from, the point of application on the sphere.

O

(d) Derive an expression for each of the following as the sphere is rotating and sliding between points A and B in
terms of vy, i, R, t, and physical constants as appropriate.

i. The linear velocity v of the center of mass of the sphere as a function of time ¢

i1. The angular velocity @ of the sphere as a function of time ¢

GO ON TO THE NEXT PAGE.
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(e)
1. Derive an expression for the time it takes the sphere to travel from Point A to Point B in terms of v, u,
and physical constants as appropriate.

ii. Derive an expression for the linear velocity of the sphere upon reaching Point B in terms of vy.

GO ON TO THE NEXT PAGE.
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. Cart 1 of mass my is held at rest above the bottom of an incline. Cart 2 has mass m,, where m, > my, and is at
rest at the bottom of the incline. At time ¢ = 0, Cart 1 is released and then travels down the incline and smoothly
transitions to the horizontal section. The center of mass of Cart 1 moves a vertical distance of H, as shown. At
time #c, Cart 1 reaches the bottom of the incline and immediately collides with and sticks to Cart 2. After the
collision, the two-cart system moves with constant speed v. Frictional and rotational effects are negligible.

(a) During the collision, is the impulse on Cart 1 from Cart 2 greater than, less than, or equal to the magnitude of
the impulse on Cart 2 from Cart 1 ?

____Qreater than ___ Less than ___Equalto

Justify your answer.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 2 on this page.

(b) On the following axes, draw graphs of the magnitude of the momentum of each cart as a function of time ¢,
before and after 7. The collision occurs in a negligible amount of time. The grid lines on each graph are
drawn to the same scale.

Momentum Momentum
A \ \ \
7777777777 |777777777_ _777777777477777777_
[ [
| |
,,,,,,,,,, e IS
[ [
| |
,,,,,,,,,, L e
[ [
__________ . I P
| |
[ [
: »Time : »Time
fe fe
Cart 1 Cart 2

(c) Show that the velocity v of the two-cart system after the collision is given by the equation

my

v= (7% JH.

my+ my

GO ON TO THE NEXT PAGE.




Name: ( ) AP Physics C: Mechanics: 2022 Set 1
Continue your response to QUESTION 2 on this page.

(d) A group of students use the setup to perform an experiment. They measure the mass of Cart 1 to be
m; = 0.250 kg. The mass of Cart 2 is unknown. The students perform several trials and in each trial, Cart 1 is
released from a different height H and the final velocity of the two-cart system is measured. The students

graph v as a function of VH, as shown below.

A
1.8

1.6 ,
1.4
1.2
1.0
v(m/s) g
0.6
04
0.2

0.0 >
0.0 0.2 0.4 0.6 0.8 1.0 1.2

VH ()

i. Draw a line that represents the best fit to the data points shown.

ii. Use the best-fit line to calculate the mass of Cart 2.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 2 on this page.

(e) After the experiment, the students use a balance to measure the mass of Cart 2 and find it to be less than what
was determined in part (d). To explain this discrepancy, one of the students proposes that the mass of Cart 1
was incorrectly measured at the beginning of the experiment. The students measure the mass of Cart 1 again
and record a new value, m;’.

Should the students expect that m;” will be greater than 0.250 kg, less than 0.250 kg, or equal to 0.250 kg ?

my’ > 0.250 kg my’ < 0.250 kg my’ = 0.250 kg

Justify your answer.

GO ON TO THE NEXT PAGE.




Name: ( )

—_——rr

I et L

AP Physics C: Mechanics: 2022 Set 2

PHYSICS C: MECHANICS
SECTION 11
Time—45 minutes

3 Questions

R ot~

directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
7hich are worth 15 points each. The parts within a question may not have equal weight. Show all your work in this

ooklet in the spaces provided after each part.

Device

¥

Ty

+X

Device

Figure 1

Note: Figures not drawn to scale.

Figure 2

. A small sled slides across a rough horizontal table with an initial velocity v,. The coefficient of kinetic friction

between the sled and the table is x, . A string connects the sled to a device on the ground. The device maintains

constant tension Fy in the string by unwinding the string as the sled slides to the right. The total mass of the sled

is m. The string is attached to the device at x = 0 and at a height of y, as shown in Figure 1. The horizontal

position of the sled is represented by x, as shown in Figure 2. Express all algebraic answers in terms of m, u,,

Fr, x, y, and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(a) On the dot below that represents the sled, draw and label the forces (not components) that are exerted on the
sled a short time after # = O but before the sled has come to rest. Each force must be represented by a distinct
arrow starting on, and pointing away from, the dot.

(b) Determine an expression for the angle 0 that the string makes with the vertical when the sled has traveled a
horizontal distance x.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(c)

1. Derive an expression for the normal force Fjy exerted on the sled by the table as a function of the
position x.

ii. Derive an expression for the magnitude of the net horizontal force F.; exerted on the sled as a function
of the position x.

GO ON TO THE NEXT PAGE.
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Continue your response to QUESTION 1 on this page.

(d) Derive an expression for the work W done by the string on the sled as the sled moves from x =0 to x = L.

(e) The sled comes to rest after traveling a horizontal distance x = 2L. As the system slides from x =0 to x = L,
the energy dissipated by friction is E}. As the sled slides from x = L to x = 2L, the energy dissipated by
friction is E,. Is E; greater than, less than, or equal to £, ?

—El > E2 —El < E2 - El = E2

Justify your answer.

GO ON TO THE NEXT PAGE.
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Note: Figure not drawn to scale.

2. A block of mass m starts from rest at point A and travels with negligible friction through the loop onto a
m
horizontal surface, where the block makes contact with a spring of spring constant k = 2_g All motion of the
spring is in the horizontal direction. Point C is the highest point on the loop, and point B is the rightmost point

on the loop. Express all algebraic answers in terms of m, h, R, and physical constants, as appropriate.

(a) On the dot below, which represents the block, draw an arrow that represents the direction of the acceleration
of the block at point B in the figure above. The arrow must start on and point away from the dot.

Justify your answer.

(b)

i. Derive an expression for the speed v of the block at point B.

ii. Derive an expression for the magnitude of the net force F' on the block at point B.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.




Name: ( ) AP Physics C: Mechanics: 2021 Set 1

(c) In terms of R, derive an expression for the minimum height 4,,;, necessary for the block to maintain

contact with the track through point C.

(d) It is determined that 2 = 0.30m and R = 0.10 m . If the block is released from a height greater than that

found in part (c), what would be the maximum compression xypax Of the spring?

(e) A graph of the maximum compression of the spring as a function of height is shown below. The height

hin 1S the height calculated in part (c).

II

e

i. Explain why section I appears as a horizontal line segment on the horizontal axis.

ii. Explain the reason for the shape of section II on the graph.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.

@
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Object A

Pivot M
1. |

- 2L -

2. Object A i1s a long, thin, uniform rod of mass M and length 2L that is free to rotate about a pivot of negligible
friction at its left end, as shown above.

(a) Using integral calculus, derive an expression to show that the rotational inertia I, of object A about the

4
pivot is given by 3 ML? |

y Object B

4 |
I = '

Qr

Object B of total mass M is formed by attaching two thin, uniform, identical rods of length L at a right angle
to each other. Object B is held in place, as shown above. Express your answers in part (b) in terms of L .

(b) Determine the following for the given coordinate system shown in the figure.

i. The x-coordinate of the center of mass of object B

ii. The y-coordinate of the center of mass of object B

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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v

Object B has a rotational inertia of Ig about its pivot.
(c) Is the value of Iy greater than, less than, or equal to I, ?

Greater than Less than Equal to

Justify your answer.

Object B is released from rest and begins to rotate about its pivot.

(d) On the axes below, sketch graphs of the magnitude of the angular acceleration o and the angular speed @
of object B as functions of time ¢ from the time it is released to the time its center of mass reaches its lowest

point.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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(e) While object B rotates from the horizontal position down through the angle 6 shown above, is the
magnitude of its angular acceleration increasing, decreasing, or not changing?

Increasing Decreasing Not changing

Justify your answer.

Object B rotates through the position shown above.

(f) Derive an expression for the angular speed of object B when it is in the position shown above. Express your
answer in terms of M, L , Ig , and physical constants, as appropriate.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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Note: Figure not drawn to scale.

——D—

3. A block of mass m is placed on top of an ideal spring of spring constant k. The block is pushed against the spring,
compressing the spring a distance Ax. The block is released from rest, leaves the spring at the position shown in the
figure, travels upward, and enters a track with a constant radius of curvature R that has negligible friction. The block
enters the track at point A, maintains contact with the track, and exits horizontally at point B, a distance 3R above the
point the block was released. The block then falls to the ground and lands a horizontal distance D from the end of the

track. Express all algebraic answers in terms of m, k, Ax, R, and physical constants, as appropriate. The size of the
block is much smaller than the radius of curvature of the track.

(a) On the dot below, which represents the block, draw and label the forces (not components) that act on the
block while still in contact with the track at point B. Each force must be represented by a distinct arrow
starting on, and pointing away from, the dot.

Justify your choice of vectors.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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(b)

i. Derive an expression for the speed v of the block at point B.

ii. Derive an expression for the magnitude of the net force F' on the block at point B.

(c) Derive an expression for the minimum value of Ax,,;, required in order for the block to maintain contact
with the track through point B.

The procedure is repeated several times with the distance Ax > Ax ;.

(d) Calculate the distance D that the block travels.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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(e) The graph below shows the best-fit line drawn by the students through their data of D as a function of Ax.

D
A
|
l
|
l
I
: I
I
|
|
|
i
DMINJ:’ """ f
1
| 1
T
I |
b — A - - Ax
0 Ax

i. Explain why there are no data for section I of the graph.

ii. Explain the reason for the shape and minimum value of section II on the graph.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.
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STOP

END OF EXAM




AP PHYSICS C: MECHANICS « EXERCISE SHEET

3.5 Power

Name: - Class: — Date: - Total: 14 marks

KEY WORDS power 2% o work 1

Objective
Build the skills to answer exam questions on power.

You must be able to:

w
o use power IJ3& as the rate of doing work: P = -

o use P = Fv for a force moving at speed v
« state the unit of power (the watt, 1 W=1Js)
o compare machines by their power output

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Power is work per time

p="
t
Doing 600 J of work in 3 s gives P = 600/3 = 200 W.

B Power as force times speed

For a force F' moving an object at steady speed v,
P = Fwv.
A 50 N driving force at 4 m s=! delivers P = 50 x 4 = 200 W.

B The watt
One watt is one joule per second. A 100 W bulb uses 100 J every second.

AP Physics C: Mechanics ¢ 3.5 Power @



2 Practice

Now apply the methods above.

2.1 A motor does 900 J of work in 3 s. Find its power. 2]
2.2 A 20 N force moves an object at 5 m s~!. Find the power. 2]
2.3 State the unit of power and what it equals. 1]

2.4 Two motors do the same work; motor A takes less time. Which has the greater
power? 1]

3 Exam-style questions

3.1 Power is defined as 1]

e A force times distance
o B the rate of doing work
e C work times time

e D energy times speed

3.2 A car engine provides 3000 N of force at 20 m s~!. Its power output is 1]

« A 150 W

« B6.0x10*W
« C 3000 W

« D20W

3.3 A crane lifts a 500 kg load at a steady 0.4 m s™! (g =10 m s72).

(a) Find the upward force needed. 1]

AP Physics C: Mechanics ¢ 3.5 Power @



(b) Find the power output of the crane.

3.4 A pump does 12000 J of work in 40 s.
(a) Find its power.

(b) State how much energy it uses in one minute at this rate.

AP Physics C: Mechanics ¢ 3.5 Power



Solutions

2.1 P=W/t =900/3 = 300 W.

2.2 P=Fv=20x5=100W.

2.3 The watt; 1 W=1Js '

2.4 Motor A (same work in less time means more power).

3.1 B — power is the rate of doing work.

3.2B — P = Fv=23000x 20 =6.0x 10* W.

3.3 (a) ' =mg = 5000 N. (b) P = Fv = 15000 x 0.4 = 2000 W.
3.4 (a) P =12000/40 = 300 W. (b) 300 x 60 = 18000 J.

AP Physics C: Mechanics ¢ 3.5 Power
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