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This book is a compilation of all the problems published by College Board in AP
Physics B and AP Physics C that are appropriate for the AP B level as well as
problems from AAPT’s Physics Bowl and U.S. Physics Team Qualifying Exams
organized by topic.

The problems vary in level of difficulty and type and this book represents an
invaluable resource for practice and review and should be used... often. Whether
you are struggling or confident in a topic, you should be doing these problems as a
reinforcement of ideas and concepts on a scale that could never be covered in the
class time allotted.

The answers as presented are not the only method to solving many of these
problems and physics teachers may present slightly different methods and/or
different symbols and variables in each topic, but the underlying physics concepts
are the same and we ask you read the solutions with an open mind and use these
differences to expand your problem solving skills.

Finally, we are fallible and if you find any typographical errors, formatting errors
or anything that strikes you as unclear or unreadable, please let us know so we can
make the necessary announcements and corrections.

Problems marked with an asterisk (*) are challenging problems that some would
consider to be outside the scope of the course, but rely on the concepts taught
within the course or they may require information taught in a later part of the
course. These are for those students who wish to go beyond the level needed, but
are not required for success in the AP B course.
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Kinematics







AP Physics Multiple Choice Practice — Kinematics

1.

A car travels 30 miles at an average speed of 60 miles per hour and then 30 miles at an average speed of 30
miles per hour. The average speed the car over the 60 milesis
(A)35m.p.h. (B)40m.p.h. (C)45mp.h. (D)10m.p.h. (E)53 m.p.h.

Questions 2 — 4 relate to two particlesthat start at x = 0 at t = 0 and move in one dimension independently of one
another. Graphs, of the velocity of each particle versus time are shown below

Particle A Particle B
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Which particleis farthest from the origin at t = 2 seconds.
(A)A (B)B (C)they areinthesamelocationatt=2seconds (D) They are the same distance from the
origin, but in oppositedirections  (E) It isnot possible to determine

Which particle moves with constant non-zero acceleration?
(A)A (B)B (C)bothAandB (D) neither AnorB (E) Itisnot possibleto determine

Which particleisinitsinitial position at t = 2 seconds?
(A)A (B)B (C)bothAandB (D) neither AnorB (E) Itisnot possibleto determine

Velocity (
{m/s)
Time {s)

The graph above shows the velocity versus time for an object moving in astraight line. At what time after
t = 0 does the object again pass through itsinitial position?
(A)BetweenOand1ls (B)ls (C)Betweenland2s (D)2s (E)Between2and3s

A body moving in the positive x direction passesthe origin at timet = 0. Betweent = 0 and t = 1 second, the
body has a constant speed of 24 meters per second. Att = 1 second, the body is given a constant acceleration of
6 meters per second squared in the negative x direction. The position x of the body at t = 11 secondsis
(A)+99m (B)+36m (C)-36m (D)-75m (E)—99m

The displacement, X, of an object moving along the x-axis is shown above as a function of time, t. The
acceleration of this object must be
(A) zero  (B) constant but not zero  (C) increasing (D) decreasing  (E) equal to g



8. A 2-kilogram block rests at the edge of a platform that is 10 meters above level ground. The block is launched
horizontally from the edge of the platform with an initial speed of 3 meters per second. Air resistanceis
negligible. Thetime it will take for the block to reach the ground is most nearly
(A)0.3s (B)10s (C)14s (D)20s (E)3.0s

9. A diverinitially moving horizontally with speed v dives off the edge of a vertical cliff and landsin the water a
distance d from the base of the cliff. How far from the base of the cliff would the diver have landed if the diver
initially had been moving horizontally with speed 2v?

(A)d (B)¥2d (C)2d (D)4d (E)can't bedetermined without knowing the height of the cliff
10. A truck traveled 400 meters north in 80 seconds, and then it traveled 300 meters east in 70 seconds. The

magnitude of the average velocity of the truck was most nearly
(A)12m/s (B)33m/s (C)4.6m/s (D)6.6m/s (E)9.3n/s

11. A projectileisfired with initial velocity v, at an angle 6, with the horizontal and follows the trajectory shown
above. Which of the following pairs of graphs best represents the vertical components of the velocity and
acceleration, v and a, respectively, of the projectile as functions of time t?

A} a (B) ¢ a Wy a
{
OFTI aQ —{ o t o f aQ 1 Q I
{D) ‘& ‘; (E) ¢ a

-

> | o—-]' o f

0

<

12. Anobject isreleased from rest on a planet that has no atmosphere. The object falls freely for 3.0 metersin the
first second. What is the magnitude of the acceleration due to gravity on the planet?
(A)15m/$ (B)3.0m/s (C)6.0m/s (D)10.0m/s (E)12.0 /s’

Questions 13 - 14

A ball isthrown and follows the parabolic path shown above. Air frictionisnegligible. Point Q isthe highest
point on the path. Points P and R are the same height above the ground.

13. How do the speeds of the ball at the three points compare?
(A)ve<Vqo<Vr (B)VrR<vVg<Vp (C)Vvo<Vr<Vp (D)Vo<Vp=Vr (E)Vp=Vr<Vq

14. Which of the following diagrams best shows the direction of the acceleration of the ball at point P?

W @7 9— © (E)l
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15. A rock of mass misthrown horizontally off a building from a height h, as shown above. The speed of the rock

16.

17.

asit leaves the thrower’s hand at the edge of the building is vo, How much time does it take the rock to travel
from the edge of the building to the ground?

h hv 2h
(A) /hv, ®) - € — ®5 ® \2hg
0

g

A ball isthrown straight up in the air. When the ball reaches its highest point, which of the following is true?
(A) Itisinequilibrium. (B) It has zero acceleration.  (C)It has maximum momentum
(D) It has maximum kinetic energy.  (E) None of the above
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The graph above represents position x versus time t for an object being acted on by a constant force. The
average speed during the interval between 1 sand 2 sis most nearly
(A)2m/is (B)4m/s (C)5m/s (D)6m/s (E) 8mis

— S5m/s
10m
{

e

shown above. The time between the object's leaving the roof and hitting the ground is most nearly
1 1

A 2 s (B)Es ©+V2s (D)2s (E)52s



Questions 19 — 20

19.

20.

21.

22.

23.

24,

vy Car X .
C*“
—— — = 1(5)
o 10 20 30 . 40

Attimet =0, car X traveling with speed v, passes car Y which isjust starting to move. Both carsthen travel on
two parallel lanes of the same straight road. The graphs of speed v versustimet for both cars are shown above.

Which of the following istrue at time t = 20 seconds?
(A) Car Y isbehind car X. (B) Car Y ispassingcar X. (C) Car Y isinfront of car X.
(D) Both cars have the same acceleration.  (E) Car X is accelerating faster than car Y.

Fromtimet = 0 to timet = 40 seconds, the areas under both curves are equal. Therefore, which of the
following istrue at time t = 40 seconds?

(A) Car Y ishehindcar X. (B) Car Y ispassingcar X. (C) Car Y isinfront of car X.

(D) Both cars have the same acceleration.  (E) Car X is accelerating faster than car Y.

Which of the following pairs of graphs shows the distance traveled versus time and the speed versus time for an
object uniformly accelerated from rest?

(AI)3|stance Feed ® Distance Foeed Distance eed
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An object released from rest at timet = 0 dides down africtionless incline a distance of 1 meter during the first
second. The distance traveled by the object during the time interval fromt =1 second to t = 2 seconds is
A)lm @B)2m (C)3m (DO)4m (E)5m

Two people are in aboat that is capable of a maximum speed of 5 kilometers per hour in still water, and wish to
crossariver 1 kilometer wide to a point directly across from their starting point. |f the speed of the water in
theriver is 5 kilometers per hour, how much timeisrequired for the crossing?

(A)0.05hr (B)O.1hr (C)1hr (D)10hr

(E) The point directly across from the starting point cannot be reached under these conditions.

A projectileisfired from the surface of the Earth with a speed of 200 meters per second at an angle of 30°
above the horizontal. If the ground islevel, what is the maximum height reached by the projectile?
(A)5m (B)10m (C)500m (D)1,000m (E)2,000m



25.

26.

27.

28.

\f}

8
Time ¢, Time t,

Vectors V; and V, shown above have equal magnitudes. The vectors represent the velocities of an object at
timest,, and t,, respectively. The average acceleration of the object between timet; and t, was
(A) zero (B) directed north  (C) directed west (D) directed north of east  (E) directed north of west

A rock is dropped from the top of a 45-meter tower, and at the same time a ball is thrown from the top of the
tower in a horizontal direction. Air resistanceis negligible. The ball and the rock hit the level ground a
distance of 30 meters apart. The horizontal velocity of the ball thrown was most nearly

(A)5m/s (B)10m/s (C)1l41m/s (D)20m/s (E)28.3m/s

In the absence of air friction, an object dropped near the surface of the Earth experiences a constant acceleration
of about 9.8 m/s’. This means that the

(A) speed of the object increases 9.8 m/s during each second

(B) speed of the object asit fallsis 9.8 m/s

(C) object falls 9.8 meters during each second

(D) object falls 9.8 meters during the first second only

(E) rate of change of the displacement with respect to time for the object equals 9.8 m/s’

A 500-kilogram sports car accelerates uniformly from rest, reaching a speed of 30 meters per second in 6
seconds. During the 6 seconds, the car has traveled a distance of
(A)15m (B)30m (C)60m (D)90OmM (E)180m

*29.At aparticular instant, a stationary observer on the ground sees a package falling with speed v, at an angleto

30.

the vertical. To apilot flying horizontally at constant speed relative to the ground, the package appears to be
falling vertically with a speed v, at that instant. What is the speed of the pilot relative to the ground?

A)Vi+Vs (B)Vi—Vo (O Vo—vi (D) YVi*-vo"  (B)yv,*+v,”°

An object is shot vertically upward into the air with a positiveinitial velocity. Which of the following correctly
describes the velocity and acceleration of the object at its maximum elevation?
Velaocity Acceleration
(A) Positive Positive
(B) Zero Zero
(C) Negative Negative
(D) Zero Negative
(E) Positive Negative

*31.A spring-loaded gun can fire aprojectileto aheight hif it is fired straight up. If the same gun is pointed at an

angle of 45° from the vertical, what maximum height can now be reached by the projectile?

h h
A)h4 (B) —= (N2 (D)—= (Eh
(A) ()2\/5 (© ()\/5 B



32. A ball isthrown and follows a parabolic path, as shown above. Air friction is negligible. Point Q is the highest
point on the path. Which of the following best indicates the direction of the acceleration, if any, of the ball at
point Q?

A)——» (B © l D) «—
®) ®) \ ) (E) Thereis no acceleration of the ball at point Q.

33. Thevelocity of aprojectile at launch has a horizontal component vy, and avertical component v,,. Air resistance
isnegligible. When the projectileis at the highest point of its trajectory, which of the following shows the
vertical and horizontal components of its velocity and the vertical component of its accel eration?

Vertica Horizontal Vertica

Velocity Velocity Acceleration
A) vy Vi 0
B) v, 0 0
© o Vi, 0
G © 0 g
(B) 0 Vi g

-
ol ' !

34. The graph above shows the velocity v as a function of time t for an object moving in astraight line. Which of
the following graphs shows the corresponding displacement x as a function of time t for the same time interval ?
(A x (B} * © =

{ny x (E} x

35. Anobject is dropped from rest from the top of a400 m cliff on Earth. If air resistance is negligible, what isthe
distance the object travels during the first 6 s of itsfall?
(A)30m (B)60m (C)120m (D)180m (E)360m

10
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36. A target T liesflat on the ground 3 m from the side of a building that is 10 mtall, as shown above. A student
rolls aball off the horizontal roof of the building in the direction of the target. Air resistance isnegligible. The
horizontal speed with which the ball must leave the roof if it isto strike the target is most nearly

-

(A)310m/s (B) V2 mis (C) izm/s (D)3m/s (E) 10\E m/s

37. The graph above shows velocity v versustimet for an object in linear motion. Which of the followingisa
possible graph of position x versustimet for this object?
(A) (B

. € = (D E
(}jA:LI U’—D_I OFSC; GME OFV‘!
*38.A student is testing the kinematic equations for uniformly accelerated motion by measuring the time it takes for

light-weight plastic ballsto fall to the floor from a height of 3 min the lab. The student predicts the time to fall
using g as 9.80 m/s? but finds the measured time to be 35% greater. Which of the following is the most likely
cause of the large percent error?
(A) The acceleration due to gravity is 70% greater than 9.80 m/s” at this location.
(B) The acceleration due to gravity is 70% less than 9.80 m/s” at this location.
(C) Air resistance increases the downward acceleration.
(D) The acceleration of the plastic ballsis not uniform.
(E) The plastic balls are not truly spherical.

¥

Note: Figure not drawn to scale.

*39.An object is thrown with velocity v from the edge of a cliff above level ground. Neglect air resistance. In order
for the object to travel a maximum horizontal distance from the cliff before hitting the ground, the throw should
be at an angle 6 with respect to the horizontal of
(A) greater than 60° above the horizontal  (B) greater than 45° but less than 60° above the horizontal
(C) greater than zero but less than 45° above the horizontal (D) zero
(E) greater than zero but less than 45° below the horizontal
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*40.Starting from rest at time't = 0, a car movesin a straight line with an acceleration given by the accompanying

41.

42

43.

45,

12

graph. What isthe speed of thecar att =3 s?
(A)1O0m/s (B)20m/s (C)6.0m/s (D)105m/s (E)125m/s

A flare is dropped from a plane flying over level ground at avelocity of 70 m/sin the horizontal direction. At

the instant the flare is released, the plane begins to accelerate horizontally at 0.75 m/s?. The flare takes 4.0 s to
reach the ground. Assume air resistance is negligible. Relative to a spot directly under the flare at release, the
flare lands

(A) directly onthe spot.  (B) 6.0 min front of thespot.  (C) 274 min front of the spot.

(D) 280 min front of the spot.  (E) 286 min front of the spot.

As seen by the pilot of the plane (in question #41) and measured relative to a spot directly under the plane when
the flare lands, the flare lands

(A) 286 m behind the plane.  (B) 6.0 m behind the plane.  (C) directly under the plane.

(D) 12 min front of theplane.  (E) 274 min front of the plane

The graph above is aplot of position versus time. For which labeled region is the velocity positive and the
acceleration negative?
(AVJA (B)B (©OC (D)D (BE

A child Ieft her home and started walking at a constant velocity. After atime she stopped for awhile and then
continued on with avelocity greater than she originally had. All of a sudden she turned around and walked very
quickly back home. Which of the following graphs best represents the distance versus time graph for her walk?

(A) t(B) ¢ (O > (D) ) :

In arescue attempt, a hovering helicopter drops alife preserver to a swimmer being swept downstream by a
river current of constant velocity v. The helicopter is at a height of 9.8 m. The swimmer is 6.0 m upstream from
apoint directly under the helicopter when the life preserver isreleased. It lands 2.0 min front of the swimmer.
How fast is the current flowing? Neglect air resistance.

(A)13.7m/s (B)9.8m/s (C)6.3m/s (D)28m/s (E)24m/s



*46.A child tossesaball directly upward. Itstotal timeintheair is T. Its maximum height isH. What isits height
after it has been in the air atime T/4? Neglect air resistance.
(A)H/4 (B)H/3 (C)H/2 (D)2H/3 (E)3H/4

47. A whiffle ball istossed straight up, reaches a highest point, and falls back down. Air resistance is not negligible.

Which of the following statements are true?
I. The ball’s speed is zero at the highest point.
[1. The ball’s acceleration is zero at the highest point.
[11. The ball takes alonger timeto travel up to the highest point than to fall back down.

(A)lonly (B)llonly (C)l&llonly (D)I&Ilonly (E)I I, &I
48. A truck driver travels three-fourths the distance of his run at one velocity (v) and then completes hisrun at one

half hisoriginal velocity (Y2v). What was the trucker’ s average speed for the trip?
(A)0.85v (B)0.8ov (C)0.75v (D)0.70v  (E) 0.65v

R i el e I e e |
E b+ A
L O
S A+ A

0 | | | | |

Time [min)

49. Aboveisagraph of the distance vs. time for car moving along aroad. According the graph, at which of the
following times would the automobile have been accelerating positively?
(A)0,20,38,& 60min. (B)5,12,29,& 35min. (C)5,29,& 57 min. (D) 12, 35, & 41 min.
(E) at al times from 0 to 60 min

50. A large beach ball is dropped from the ceiling of a school gymnasium to the floor about 10 meters below.
Which of the following graphs would best represent its velocity as a function of time? (do not neglect air

resistance)
@) 5 i () " i ()" NG i

Questions 51 — 52
A car gtarts from rest and accelerates as shown in the graph below.
4 — ;

TIME
- N SECor

51. At what time would the car be moving with the greatest velocity?
(A) Oseconds (B) 2seconds (C) 4seconds (D) 6seconds  (E) 8 seconds

*52.At what time would the car be farthest from its original starting position?
(A) Oseconds (B) 2seconds (C) 4 seconds (D) 6 seconds  (E) 8 seconds



53. A ball isdropped 1.0 m to the floor. If the speed of the ball asit rebounds from the floor is 75% of the speed at
which it struck the floor, how high will the ball rise?

(A)0.28m (B)0.35m (C)0.56m (D)0.75m (E)0.84m

54. Which of the following sets of graphs might be the corresponding graphs of Position, Velocity, and
Acceleration vs. Time for amoving particle?

(A) (B) © (D) (B) g
c e ™ c S =]
8 = ““‘x: £ £ b
ﬁu Eﬂ ﬁ E E
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2 £
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= = =
= [ = = s E —
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[+1] [4] — 4]
g 3 — g g g
< < 2 <

*55.An object is thrown with afixed initial speed v, at various angles « relative to the horizon. At some constant
height h above the launch point the speed v of the object is measured as a function of theinitia angle «. Which

of the following best describes the dependence of v on a? (Assume that the height h is achieved, and assume
that thereis no air resistance.)

(A) v will increase monotonically with o.

(B) v will increase to some critical value v, and then decrease.
(C) v will remain constant, independent of o.

(D) v will decrease to some critical value vy, and then increase.
(E) None of the above.

56. A birdisflyinginastraight lineinitially at 10 m/s. It uniformly increases its speed to 15 m/s while covering a
distance of 25 m. What is the magnitude of the acceleration of the bird?
(A)5.0m/s (B)25m/s (C)20m/s (D)05m/s (E)0.2m/s

57. A person standing on the edge of a fire escape simultaneously launches two apples, one straight up with a speed
of 7 m/s and the other straight down at the same speed. How far apart are the two apples 2 seconds after they
were thrown, assuming that neither has hit the ground?

(A)14m (B)20m (C)28m (D)34m (E)56m

*58.A certain football quarterback can throw afootball a maximum range of 80 meters on level ground. What isthe
highest point reached by the football if thrown this maximum range? Ignore air friction.
(A)IOm (B)20m (C)30m (D)40m (E)50m

59. A bird flyinginastraight line, initialy at 10 m/s, uniformly increases its speed to 18 m/s while covering a
distance of 40 m. What is the magnitude of the acceleration of the bird?
(A)0.1m/is (B)02m/s (C)20m/s (D)2.8miss (E)5.6m/s

*60.A cockroach is crawling along the wallsinside a cubical room that has an edge length of 3 m. If the cockroach
starts from the back lower left hand corner of the cube and finishes at the front upper right hand corner, what is
the magnitude of the displacement of the cockroach?

(A)3v3m (B)3YZm (C)¥3m (D)3m (E)9m

14



61. The position vs. time graph for an object moving in a straight line is shown below. What is the instantaneous
velocity att =2 s?

Time (s)
0 T ]
1 ;\%

(A)-2m/s (B)%m/is (C)Om/s (D)2m/s (E)4mis

Position {m)

62. Shown below isthe velocity vs. time graph for atoy car moving along a straight line. What is the maximum
displacement from start for the toy car?

4

Time (s)

Velocity (m/s)

4 1 >

/

(A)3m (B)5m (C)65m (D)7m (E)75m

*63.A cannon fires projectiles on aflat range at afixed speed but with variable angle. The maximum range of the
cannon is L. What is the range of the cannon when it fires at an angle z/6 above the horizontal ? Ignore air
resistance.

ORY B)5L ©=L @)L E)iL

*64.A ball islaunched upward from the ground at an initial vertical speed of v, and begins bouncing vertically.
Every time it rebounds, it loses a proportion of the magnitude of its velocity due to the inelastic nature of the
collision, such that if the speed just before hitting the ground on a bounceisv, then the speed just after the
bounceisrv, wherer < 1 isaconstant. Calculate the total length of time that the ball remains bouncing,
assuming that any time associated with the actual contact of the ball with the ground is negligible.

2vg 1 vg T 2v9 1-r 2vg 1 2vg 1
A BT O O = O i

65. The graph shows velocity as a function of time for a car. What was the acceleration at time t = 90 seconds?

w 40
% ol | //'\
$ 2 |

10 ._.L--""/}

0

0 30 60 90 120 150 180 Time (s)
(A)0.22m/s (B)0.33m/s (C)1.0m/s (D)9.8m/s (E)30m/s’

66. Anobject isreleased from rest and falls a distance h during the first second of time. How far will it fall during
the next second of time?

(A)h (B)2h (C)3h (D)4h (E)I



67. A stoneisthrown straight downward with a speed of 20 m/s from the top of atall building. If the stone strikes
the ground 3.0 slater, about how tall isthe building? Assume air resistance is negligible.
(A)45m (B)60m (C)90m (D)105m (E)120m

68. A coyote can run at a speed of 20 m/s while a prairie dog can manage only 5.5 m/s. If aprairiedog is45 min
front of a coyote, what is the maximum time it has to reach its hole without being caught?
(A)23s (B)31ls (C)54s (D)59s (E)82s

69. A model rocket accelerates from rest upwards at 50 m/s” for 2.0 s before its engine burns out. The rocket then
coasts upward. What is the maximum height that the rocket reaches? Y ou may assume air resistance is
negligible.

(A)100m (B)510m (C)610m (D)1020m (E) 1220m

70. A hunter in aforest walks 800 m west. He then turns south and walks 400 m before turning west again and
walking afinal 300 m. At the end of the walk, what is the magnitude of the hunter's displacement from the
beginning?

(A)640m (B)890Om (C)1170m (D)1390m (E) 1500 m

71. Robin Hood aims his longbow horizontally at atarget's bull's eye 30 m away. If the arrow strikes the target
exactly 1.0 m below the bull's eye, how fast did the arrow move as it was shot from the bow? Assume air
resistanceis negligible.

(A)6.0m/s (B)13m/s (C)33m/s (D)67m/s (E) 150 m/s

*72.A baseball isthrown vertically into the air with avelocity v, and reaches a maximum height h. At what height
was the baseball moving with one-half its original velocity? Assume air resistance is negligible.
(A)0.25h (B)0.33h (C)0.50h (D)0.67h (E)0.75h

73. Two identical bowling balls A and B are each dropped from rest from the top of atall tower as shown in the
diagram below. Ball A isdropped 1.0 s before ball B is dropped but both balls fall for some time before ball A
strikes the ground. Air resistance can be considered negligible during the fall. After ball B is dropped but before
ball A strikesthe ground, which of the following is true?

Top

® FalB

® BalaA

7 rs Ground

(A) The distance between the two balls decreases.

(B) The velocity of ball A increases with respect to ball (B)
(C) Thevelocity of ball A decreases with respect to ball (B)
(D) The distance between the two balls remains constant.
(E) The distance between the two ballsincreases.
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74. The diagram below shows four cannons firing shells with different masses at different angles of elevation. The
horizontal component of the shell's velocity isthe samein al four cases. In which case will the shell have the
greatest range if air resistance is neglected?
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Cannon A Cannon B Cannon C Cannon D

(A) cannon A (B) cannonB only  (C) cannon Conly (D) cannon D
(E) Both cannons B and C have the greatest range

75. Relief supplies are being dropped to flood victims from an airplane flying horizontally at a speed v. If the
airplaneis at an atitude of h above the ground, what distance d in front of the landing site should the supplies
be dropped?

h 2vh vh 2vh? 2h
Wzt @2 Ozt 0% @v"

*76.An airliner flies at a speed of 500 knmvhr with respect to the air. The jet stream blows from west to east with a
speed of 100 km/hr. What is the minimum time in which the airliner could fly 3000 km due west and then back
toitsorigina starting position?

(A)100hr (B)120hr (C)125hr (D)135hr (E)15.0hr

77. A punter in afootball game kicks the ball with aninitial speed of 28.3 m/s at an angle of 60° with respect to the
ground. The ball isin the air for atotal of 5.00 s before hitting the ground. If we assume that air resistance is
negligible, what would be the ball's horizontal displacement?

(A)Om (B)142m (C)245m (D)708m (E)1225m

78. Starting from rest, object 1 falls freely for 4.0 seconds, and object 2 falls freely for 8.0 seconds. Compared to
object 1, object 2 falls:
(A) half asfar (B) twiceasfar (C)threetimesasfar (D) fourtimesasfar (E) sixteentimesasfar

79. A car starts from rest and uniformly accelerates to a final speed of 20.0 m/sin atime of 15.0 s. How far does the
car travel during thistime?
(A)150m (B)300m (C)450m (D)600m (E)800m

80. A ball isthrown off a high cliff with no horizontal velocity. It lands 6.0 s later with a velocity of 40 m/s. What
was theinitial velocity of the ball?
(A)100m/sup (B)20m/sup (C)0 (D) 20 m/sdown (E) 100 m/s down

81. Anarrow isamed horizontally, directly at the center of atarget 20 m away. The arrow hits 0.050 m below the
center of the target. Neglecting air resistance, what was the initial speed of the arrow?
(A)20m/s (B)40m/s (C)100m/s (D)200m/s (E)400m/s

82. A freely falling body is found to be moving downwards at 27 m/s at one instant. If it continuesto fall, one
second later the object would be moving with a downward velocity closest to:
(A)270m/s (B)37m/s (C)27m/s (D)17m/s (E)10m/s

83. A rocket near the surface of the earth is accelerating vertically upward at 10 nV/s?. The rocket releases an
instrument package. Immediately after release the accel eration of the instrument packageis:
(A)20m/s"up (B)10m/SSup (C)0 (D) 10 m/s* down (E) 20 m/s” down



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

A car starts from rest and accelerates at 0.80 m/s” for 10 s. It then continues at constant velocity. Twenty
seconds (20 s) after it began to move, the car hasa

(A) velocity of 8.0 m/s and has traveled 40 m.

(B) velocity of 8.0 m/s and has traveled 80 m.

(C) velocity of 8.0 m/sand has traveled 120 m.

(D) velocity of 16 m/s and has traveled 160 m.

(E) velocity of 16 m/s and has traveled 320 m.

When afalling object reaches terminal velocity, it

(A) isno longer subject to the friction of air  (B) moves downward with constant velocity.
(C) has an acceleration of approximately 10 m/s”> (D) has no downward velocity.

(E) has an upward acceleration

A ball which isdropped from the top of a building strikes the ground with a speed of 30 m/s. Assume air
resistance can be ignored. The height of the building is approximately:
(A)15m (B)30m (C)45m (D)75m (E)90m

At acertain time, an object in free fall has velocity 4.0 m/sin the upward direction. What is the approximeate
velocity of the object one second later?
(A)14m/sup (B)10m/sup (C)4.0m/sup (D) 6.0m/sdown (E) 10 m/sdown

A motorist travels 400 km at 80 km/h and 400 km at 100 km/h. What is the average speed of the motorist on
thistrip?
(A) 84km/h  (B)89km/h (C)90km/h (D) 91km/h  (E) 95 km/h

How long must a 2.5 m/s” acceleration act to change the velocity of a 2.0-kg object by 3.0 m/s?
(A)0.83s (B)l1l2s (C)17s (D)25s (E)75s

A freely falling object is found to be moving downward at 18 nv/s. If it continuesto fall, two seconds later the
object would be moving with a speed of
(A)80m/s (B)10m/s (C)18m/s (D)38m/s (E)180m/s

The change of distance per unit time without reference to a particular direction is called
(A) inertia (B) speed (C) velocity (D) acceleration  (E) position

Which of the following termsis NOT related conceptually to the others?
(A) vector  (B) resultant  (C) component (D) exponent  (E) equilibrant

In the absence of air resistance, if an object were to fall freely near the surface of the Moon,
(A) its velocity could never exceed 10 ns.

(B) its acceleration would gradually decrease until the object moves with aterminal velocity.
(C) the acceleration is constant.

(D) it will fall with a constant speed.

(E) the acceleration is zero

Welocity

[=)

Q Time

94. Given the graph of the velocity vs. time of a duck flying due south for the winter. At what point did the duck
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stop its forward motion?
(A)A (B)B (C)C (D)D (E) none of these points



Questions 95 — 96

The following TWO questions refer to the following information. Anideal elastic rubber ball is dropped from a

height of about 2 meters, hits the floor and rebounds to its original height.

95. Which of the following graphs would best represent the distance above the floor versus time for the above

bouncing ball?

b b
[ Tome o T Tmme e \1

) ture G

g
3

4

tame

[\
\\.
\
time

D)

A

A) B) Q) E)

96. Which of the following graphs would best represent accel eration versus time for the bouncing ball?
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Questions 97 through 100 refer to the following scenario:

At to, two cars moving along a highway are side-by-side as they pass a third car stopped on the side of the road.
At this moment the driver of the first car steps on the brakes while the driver of the stopped car beginsto

accelerate. The diagrams below show the positions of each car for the next 5 seconds.

moving _ tp Ly ta 3 14 t5

car #1 @ T \L T \L T \L \L + 1
om 10m 20m 30m 40m 50m

moving to tq ta t3 tq tg

car 2 625 ! | | L !
om 10m 20m 30m 40m 50m

stopped to 14 to t3 tq tg

car #3 lE.‘__Bll ¢ \L T ¢ T T \L T +
om 10m 20m 30m 40m 50m

97. During which time interval would cars #2 and #3 be moving at the same average speed?
(A)totot; (B)tytot, (C)t,tot; (D)tstot, (E)tstots

98. About what position after to would car #1 and car #2 have been side by side?
(A)Om @B)15m (C)26m (D)37m (E)39m

99. Which of the three cars had the greatest average speed during these 5 seconds?
(A) car #1 (B) car #2 and car #3 had the same average speed  (C) car #2
(D) all three cars had the same average speed  (E) car #3

100.1f car #3 continues to constantly accelerate at the same rate what will be its position at the end of 6 seconds?

(A)22m (B)68m (C)72m (D)78m (E)9%m



Questions 101 — 102

Distance (m)
[ ]

0¥
0 1 2 3 4 5 & T L
Time (s)
101.The graph represents the relationship between distance and time for an object that is moving along a straight
line. What is the instantaneous speed of the abject at t = 5.0 seconds?
(A)O.Om/s (B)08m/s (C)25m/s (D)40m/s (E)6.8n/s

102.Between what times did the object have a non-zero acceleration?
(A)Osonly (B)Osto8s (C)0Osto5s (D) theobject wasnot acceleratingat anytime (E)5sto8s

*103.An airplane takes off and flies 300 miles at an angle of 30° north of east. It then changes direction and flies 600
miles due west before landing. In what direction is the plane’ s landing point from its starting point?
(A) 14.2° north of west  (B) 66.2° north of west  (C) 23.8° north of west (D) 75.9° north of west
(E) 37.4° north of west

104.1f aball isthrown directly upwards with twice the initial speed of another, how much higher will it be at its
apex?

(A) 8times (B)2times (C)4times (D)2times (E)2v2 times

Questions 105 — 107

The diagram below represents atoy car starting from rest and uniformly accelerating across the floor. The time
and distance traveled from the start are shown in the diagram.

Start 6cm 2dcm S4cm 96cm
0s .1s 25 Js ds

105.What was the average speed of the cart between 0.1 seconds and 0.3 seconds?
(A)o.6m/s (B)48m/s (C)19m/s (D)60m/s (E)2.4m/s

106.What was the acceleration of the cart during the first 0.4 seconds?
(A)6.0m/ss (B)25m/ss (C)9.8m/s (D)50m/s’ (E) 12m/s’

107.What was the instantaneous velocity of the cart at 96 centimeters from the start?
(A)0.6m/s (B)48m/s (C)19m/s (D)60m/s (E)2.4m/s
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Questions 108 — 109
The motion of acircus clown on a unicycle moving in a straight line is shown in the graph below
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108.What would be the acceleration of the clown at 5 s?
(A)1.6m/S (B)8Om/S (C)2.0m/s (D) noneof theabove (E)3.4m/s?

109.After 12 seconds, how far is the clown from her original starting point?
(A)Om (B)IOm (C)34m (D)47m (E)74m

110.A box fallsto the ground from a delivery truck traveling at 30 m/s. After hitting the road, it dides 45 metersto
rest. How long doesiit take the box to come to rest?
(A)0.67s (B)15s (C)20s (D)3.0s (E)6.0s

111.When an object falls freely in a vacuum near the surface of the earth
(A) the velocity cannot exceed 10 m/s
(B) the terminal velocity will be greater than when dropped in air
(C) the velocity will increase but the acceleration will be zero
(D) the acceleration will constantly increase
(E) the acceleration will remain constant

112.Two arrows are launched at the same time with the same speed. Arrow A at an angle greater than 45 degrees,
and arrow B at an angle less than 45 degrees. Both land at the same spot on the ground. Which arrow arrives
first?
(A) arrow A arrivesfirst  (B) arrow B arrivesfirst  (C) they both arrive together
(D) it depends on the elevation where the arrows are launched
(E) it depends on the elevation where the arrows land

113.A ball isthrown into the air at an angle 8 as measured from the horizontal with a velocity v. The horizontal
velocity of the ball will be directly proportional to which of the following
(A)theangled (B)thesineof theangled (C)thecosine of theangled (D) thetangent of the angle 6
(E) the value of the gravitational acceleration
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Questions 114 - 116
The accompanying graph describes the motion of a marble on atable top for 10 seconds.

Position in meters

I |

114.For which timeinterval (s) did the marble have a negative velocity?
(A) fromt=8.0stot=10.0sonly (B)fromt=6.9stot=10.0sonly
(C)fromt=4.8stot=100sonly (D)fromt=4.8stot=6.2sandfromt=6.9stot=10.0sonly
(E) fromt=3.2stot=3.6s fromt=4.8stot=5s,andfromt=6.8stot=7.2sonly

115.For which time interval(s) did the marble have a positive acceleration?
(A)fromt=0.0stot=80sonly (B)fromt=0.0stot=3.6only
(C)fromt=38stot=4.8sandt=6.2stot=6.8sonly
(D) fromt=20stot=25s,fromt=58stot=6.2s, andfromt=8.4stot=8.8sonly
(B) fromt=33stot=3.7s,fromt=4.8stot=5.0s, andfromt =6.8stot =7.2sonly

116.What is the marbles average acceleration betweent=3.1sandt=3.8s
(A)—2.0m/s" (B)20m/$ (C)0.0m/s" (D)3.0m/s (E)0.8m/s

117.A car accelerates uniformly from rest for atime of 2.00 sthrough a distance of 4.00 m. What was the
acceleration of the car?
(A)0.50m/s* (B)0.71m/s® (C)1.00m/s> (D)1.41m/s* (E)2.00 m/s?

Questions 118 — 120
The accompanying graph describes the motion of atoy car across the floor for 10 seconds.

2

Yelocity in meters/second

118.What is the acceleration of thetoy car at t =4 s?
(A)-1m$¥ B)OmS (C)1ms (D)2ms (E)4m/s

119.What was the total displacement of the toy car for the entire 10 second interval shown?
(A) Ometers (B) 6.5 meters (C) 9meters (D) 10 meters  (E) 11.5 meters
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120.An object is thrown upwards with a velocity of 30 m/s near the surface of the earth. After two seconds what
would be the direction of the displacement, velocity and acceleration?
Displacement  velocity acceleration

(A) up up up
(B) up up down
(©) up down down
(D) up down up
(E) down down down

121.Which of the following graphs could correctly represent the motion of an object moving with a constant speed
inastraight line? _
Graph | Graph Il Graph Il Graph IV Graph V

distance
speed
acceleration
speed
acceleration

time time time time time

(A) Graphl only (B) Graphsll andV only (C) Graphll only (D) Graphs! and IV only
(E) All of the above graphs represent constant velocity

Questions 122 — 123
The diagram shows a uniformly accelerating ball. The position of the ball each second is indicated.
time 25 1s 2s 3s 4s Ss

position | lem dcm 9cm 16cm £5cm
Ocm

122.What is the average speed of the ball between 3 and 4 seconds?
(A)30cm/s (B)7.0cm/s (C)35cm/s (D)125cm/s (E) 4.0cmi/s

123.Which of the following is closest to the acceleration of the ball?
(A)1cm/ss (B)4cm/ss (C) 2cm/s’ (D) 5ecmis®  (E) 3cm/s’

v
2v
v
« &« @
im 2Zm Im
I 1 m

124.Three stones of different mass (1 m, 2m & 3m) are thrown vertically upward with different velocities (I v, 2v &
3v respectively). The diagram indicates the mass and vel ocity of each stone. Rank from high to low the
maximum height of each stone. Assume air resistance is negligible.
AL @), e © 1 (D) 1,1 (E) al reach the same height

hounce 1 2 3
125. A rubber ball bounces on the ground as shown. After each bounce, the ball reaches one-half the height of the
bounce before it. If the time the ball wasin the air between the first and second bounce was 1 second. What
would be the time between the second and third bounce?
(A)050sec (B)0.71sec (C)1.0sec (D)l4sec (E)20sec
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126.The driver of a car makes an emergency stop by slamming on the car's brakes and skidding to a stop. How far
would the car have skidded if it had been traveling twice as fast?
(A) 4timesasfar (B) thesamedistance (C) 2timesasfar (D) 2 timesasfar
(E) the mass of the car must be known

127.A pebbleis dropped from a high vertical cliff. The collision of the pebble with the ground below is seen 1.50
seconds after the pebble is dropped. With what speed did the pebble hit the ground? Ignore air resistance.
(A)10m/s (B)15m/s (C)486m/s (D) 100.4m/s (E)343m/s

128.A snail ismoving along a straight line. Itsinitial position is X, = —5 meters and it is moving away from the
origin and slowing down. In this coordinate system, the signs of theinitial position, initial velocity and
acceleration, respectively, are

Choice X, vV, @

A) - o+ o+
® - - +
© - - -
@ - o+ -

(E) + + o+

129.An arrow is shot horizontally toward atarget 20 m away. In traveling the first 5 m horizontally, the arrow falls
0.2 m. Intraveling the next 5 m horizontally, it will fall an additional
(A) 06m (B)04m (C)03m (D)0.2m (E)0.1m

130.How tall isatreeif the sunis at a 53° angle above the horizon and the shadow is 8.0 meterslong?
(A)48m (B)106m (C)6.0m (D)133m (E)80m

131.Three students were arguing about the height of a parking garage. One student suggested that to determine the
height of the garage, they simply had to drop tennis balls from the top and time the fall of the tennisballs. If the
time for the ball to fall was 1.4 seconds, approximately how tall is the parking garage?
(A)49m (B)70m (C)98m (D)138m (E)19.6m

132.An arrow is shot from a bow at an angle of 40° from the horizontal at a speed of 24.0 m/s. Ignoring air

resistance, what is the arrow’ s maximum height above its launch point?
(A)59m (B)119m (C)169m (D)23.8m (E)28.8m

v

10

Velocity (m/s)

=10

Time (s)
133.A car hasthe velocity versus time curve shown above. Which of the following statements regarding its motion
isSINCORRECT?
(A) Thecarismoving fastest at 2.0s (B) Thecar isat rest at approximately 5.2 s.
(C) Thecarisspeedingup fromt=0tot=2.0s (D) Thecar has negative accelerationatt = 4.5 s.
(E) The car has no acceleration at theinstantt =2 s.

24



134.A rock is dropped from the top of atall tower. Half a second later another rock, twice as massive asthefirst, is
dropped. Ignoring air resistance,
(A) the distance between the rocks increases while both are falling.
(B) the acceleration is greater for the more massive rock.
(C) the speed of both rocks is constant while they fall.
(D) they strike the ground more than half a second apart.
(E) they strike the ground with the same kinetic energy.

135.A cartisinitially moving at 0.5 m/salong atrack. The cart comesto rest after traveling 1 m. The experiment is
repeated on the same track, but now the cart isinitially moving at 1 m/s. How far does the cart travel before
coming to rest?

A)Im B)2m (C)3m (D)4m (E) 8m

*136.During an interval of time, atennis ball is moved so that the angle between the velocity and the acceleration of
the ball is kept at a constant 120°. Which statement is true about the tennis ball during thisinterval of time?
(A) Its speed increases and it is changing its direction of travel.
(B) Its speed decreases and it is changing its direction of travel.
(C) Its speed remains constant, but it is changing its direction of travel.
(D) Its speed remains constant and it is not changing its direction of travel.
(E) Its speed decreases and it is not changing its direction of travel.

137.A dog starts from rest and runsin a straight line with a constant acceleration of 2.5 m/s>. How much time does it
take for the dog to run a distance of 10.0 m?
(A)80s (B)4.0s (C)28s (D)20s (E)14s

Questions 138 — 139
A particle continuously movesin acircular path at constant speed in a counterclockwise direction. Consider a
time interval during which the particle moves along this circular path from point P to point Q. Point Q is exactly
half-way around the circle from Point P.

138.What is the direction of the average velocity during thistime interval?
(A)—» @B)« (©)1 (D)| (E) Theaveragevelocity iszero.

*139.What is the direction of the average acceleration during thistime interval ?
(A)—» (B)«— (C)t (D)| (E)Theaverageaccelerationiszero.

25



Questions 140 — 141
The velocity vs. time graph for the motion of acar on a straight track is shown in the diagram. The thick line
represents the velocity. Assume that the car starts at the origin x = 0.

10

5

Velocity (m/s)
=

Tone (5)

140.At which timeis the car the greatest distance from the origin?
(A)t=10s (B)t=6s (C)t=5s (D)t=3s (E)t=0s

141.What is the average speed of the car for the 10 second interval ?
(A)1L20m/s (B)1l40m/s (C)3.30m/s (D)500m/s (E)5.40m/s

142.Consider the motion of an object given by the position vs. time graph shown. For what time(s) is the speed of
the object greatest?

10
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Time (s)
(A) Atal timesfromt=0.0s—»t=20s (B)Attimet=3.0s (C)Attimet=4.0s
(D) Atdl timesfromt=50s—t=7.0s (E)Attimet=85s

143.The free fall trgjectory of an object thrown horizontally from the top of a building is shown as the dashed line in
the figure. Which sets of arrows best correspond to the directions of the velocity and of the acceleration for the
object at the point labeled P on the trgjectory?

velocity acceleration
- A ! 4
T N (B) e i
P, (&) — =
) S %
N - %
L [ ® u N

144.A toy car moves 3.0 mto the North in one second. The car then moves at 9.0 m/s due South for two seconds.
What is the average speed of the car for this three second trip?
(A)40m/s (B)5.0m/s (C)6.0m/s (D)7.0m/s (E)12m/s
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145.A projectile launched from the ground landed a horizontal distance of 120.0 m from its launch point. The
projectile wasin the air for atime of 4.00 seconds. If the projectile landed at the same vertical position from
which it was launched, what was the launch speed of the projectile? Ignore air resistance.

(A)224m/s (B)30.0m/s (C)36.1m/s (D)424m/s (E)50.0m/s

146.Two automobiles are 150 kilometers apart and traveling toward each other. One automobile is moving at 60
km/h and the other is moving at 40 km/h. In how many hours will they meet?
(A)15 (B)175 (C)20 (D)25 (E)30
147.A particle moves on the x-axis. When the particle’s acceleration is positive and increasing
(A) its velocity must be positive  (B) its velocity must be negative  (C) it must be lowing down
(D) it must be speedingup  (E) none of the above must be true.

148.What does one obtain by dividing the distance of 12 Mm by the time of 4 Ts?
(A)3nm/s (B)3um/s (C)3mm/s (D)3km/s (E)3Gm/s

149.1sit possible for an object’ s velocity to increase while its accel eration decreases?
(A) No, thisisimpossible because of the way in which acceleration is defined
(B) No, because if acceleration is decreasing the object will be slowing down
(C) No, because velocity and acceleration must always be in the same direction
(D) Yes, an example would be afalling object near the surface of the moon
(E) Yes, an example would be afalling object in the presence of air resistance

Questions 150 — 151
During arecent winter storm, bales of hay had to be dropped from an airplane to a herd of cattle below. Assume
the airplane flew horizontally at an altitude of 180 m with a constant velocity of 50 m/s and dropped one bale of
hay every two seconds. It is reasonable to assume that air resistance will be negligible for this situation.

150.Asthe bales are falling through the air, what will happen to their distance of separation?
(A) the distance of separation will increase
(B) the distance of separation will decrease
(C) the distance of separation will remain constant
(D) the distance of separation will depend on the mass of the bales
(E) none of the above are always true

151.About how far apart from each other will the bales land on the ground?
(A)9000m (B)300m (C)180m (D)100m (E)50m

*152.1f aboat can travel with a speed of v in still water, which of the following trips will take the least amount of
time.
(A) traveling a distance of 2d in still water
(B) traveling a distance of 2d across (perpendicular to) the current in a stream
(C) traveling a distance d downstream and returning a distance d upstream
(D) traveling a distance d upstream and returning a distance d downstream
(E) al of the above will take equal times

*153.Suppose two cars are racing on a circular track one kilometer in circumference. The first car can circle the
track in 15 seconds at top speed while the second car can circle the track in 12 seconds at top speed. How much
lead does the first car need starting the last lap of the race not to lose?

(A)atleast250m (B)atleast83m (C)atleast200m (D) atleast67m (E) at least 104 m
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AP Physics Free Response Practice — Kinematics

1982B1. Thefirst meters of a 100-meter dash are covered in 2 seconds by a sprinter who starts from rest and

accelerates with a constant accel eration. The remaining 90 meters are run with the same velocity the sprinter

had after 2 seconds.

a  Determine the sprinter's constant acceleration during the first 2 seconds.
b. Determine the sprinters velocity after 2 seconds have elapsed.
c. Determine the total time needed to run the full 100 meters.
d. On the axes provided below, draw the displacement vs time curve for the sprinter.
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2006B2. A world-class runner can complete a 100 m dash in about 10 s. Past studies have shown that runnersin
such arace accelerate uniformly for atimet and then run at constant speed for the remainder of therace. A
world-class runner is visiting your physics class. Y ou are to develop a procedure that will allow you to

@

(b)

(©

determine the uniform acceleration a and an approximate value of t for the runner in a 100 m dash. By necessity
your experiment will be done on a straight track and include your whole class of eleven students.

By checking the line next to each appropriate item in the list below, select the equipment, other than the runner
and the track, that your class will need to do the experiment.

Stopwatches Tape measures Rulers Masking tape

Metersticks Starter's pistol String Chalk
Outline the procedure that you would use to determine a and t, including alabeled diagram of the experimental
setup. Use symbolsto identify carefully what measurements you would make and include in your procedure

how you would use each piece of the equipment you checked in part (a).

Outline the process of data anaysis, including how you will identify the portion of the race that has uniform
acceleration, and how you would calculate the uniform acceleration.
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shown in the graph above. At timet = 0, the elevator is at displacement x = 0 with velocity v = 0. Assume that

the positive directions for displacement, velocity, and acceleration are upward.

a. Determine the velocity v of the elevator at the end of each 5-second interval.
i. Indicate your results by completing the following table.
Time Interval (s) 0-5 5-10 10-15 15-20
v (m/s)
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ii. Plot the velocity as a function of time on the following graph.
b. Determine the displacement x of the elevator above the starting point at the end of each 5-second interval.

i. Indicate your results by completing the following table.

Time Interva (s) 0-5

x (m)

5-10

10-15

1520

ii. Plot the displacement as a function of time on the following graph.
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Sin 37° = (.60 Plane of

Cos 37°=0.80 Fence F
Tan 37°=0.75 ! ence
20 m/fs
25m
37°
b 32m +

Note: Diagram not drawn to scale.

1994B1 (modified) A ball of mass 0.5 kilogram, initially at rest, iskicked directly toward a fence from a point 32
meters away, as shown above. The velocity of the ball asit leaves the kicker's foot is 20 meters per second at
an angle of 37° above the horizontal. Thetop of the fence is 2.5 meters high. The ball hits nothing whilein
flight and air resistanceis negligible.

a. Determinethe time it takes for the ball to reach the plane of the fence.

b.  Will the ball hit the fence? If so, how far below the top of the fence will it hit? If not, how far above the top of
the fence will it pass?

c. Onthe axes below, sketch the horizontal and vertical components of the velocity of the ball as functions of time
until the ball reaches the plane of the fence.
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cart is given below.

2000B1 (modified) A 0.50 kg cart moves on a straight horizontal track. The graph of velocity v versustimet for the
v, (m/s)
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Fromt = 25 suntil the cart reaches the end of the track, the cart continues with constant horizontal velocity.

The cart leaves the end of the track and hits the floor, which is 0.40 m below the track. Neglecting air

resistance, determine each of the following:
ii. The horizontal distance from the end of the track to the point at which the cart first hits the floor

i. The time from when the cart leaves the track until it first hits the floor

e.
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Ground

t=0 1=2s Maximum height; Rocket
Engine ignites. Engine shuts down. parachute deploys. descends,

Note: Figures not drawn o scale.
2002B1 (modified) A model rocket islaunched vertically with an engine that isignited at timet = 0, as shown

above. The engine provides an upward acceleration of 30 m/s? for 2.0 s. Upon reaching its maximum height, the
rocket deploys a parachute, and then descends vertically to the ground.

a. Determine the speed of the rocket after the 2 sfiring of the engine.
b.  What maximum height will the rocket reach?
C. At what time after t = 0 will the maximum height be reached?

45°
*1979M1 (modified) A ball of mass misreleased from rest at a distance h above africtionless plane inclined at an
angle of 45° to the horizontal as shown above. The ball bounces horizontally off the plane at point P; with the
same speed with which it struck the plane and strikes the plane again at point P,. In terms of g and h determine
each of the following quantities:
The speed of the ball just after it first bounces off the plane at P;.
The time the ball isin flight between points P; and P,.
The distance L along the plane from P to P;.
The speed of the ball just before it strikes the plane at P,.

cooTo
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Calculate the average acceleration for the time periodt =8 stot =10 s.

On the box below that represents the elevator, draw a vector to represent the direction of this average

acceleration.
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Steel ]
Sphere” ™ _~

T

D
Recording }
Plate “—
2006Bbl. A student wishing to determine experimentally the acceleration g due to gravity has an apparatus that
holds a small steel sphere above arecording plate, as shown above. When the sphere is released, atimer
automatically begins recording the time of fall. The timer automatically stops when the sphere strikes the
recording plate.
The student measures the time of fall for different values of the distance D shown above and records the datain
the table below. These data points are also plotted on the graph.

Distance of Fall (m) 0.10 0.50 1.00 1.70 2.00
Time of Fall (3) 0.14 0.32 0.46 0.59 0.63

Distance (m)
A

2.5

T

2.0 .

L
T™r
L

Ll
T

Ll
™ T

0.5 *

L [
™ T

L B I B L S o o B e » Time (s)
0 0.1 0.2 0.3 04 0.5 0.6 0.7
(@ Onthegrid aove, sketch the smooth curve that best represents the gudent's deta
The student can usethese datafor distance D and timet to produce a second graph from which the acceleration g due to
gravity can be determined.
(b) If only thevariadblesD and t are used, what quantities should the student graph in order to produce alinear relationship
between the two quantities?

(¢) Onthegrid below, plot the data points for the quantities you haveidentified in part (b), and sketch the best sraight-line
fit to the points. Labe your axes and show the scale that you have chosen for the graph.

} : PRI
III 'IIIIIIII II'III'IIIIFII['I‘II['IIIII['IIIIII[[III 1T

(d) Usng the dopeof your grgphin pa‘t (c) cdculate the acceleration g dueto gravity in this experi ment
(e State oneway in which the student could improve the accuracy of the resultsif the experiment were to be performed
again. Explain why thiswould improve the accurecy.
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10.

11.

12.
13.

14,
15.
16.
17.
18.
19.
20.
21.

22.

23.

ANSWERS - AP Physics Multiple Choice Practice — Kinematics

Solution
Total distance = 60 miles, total time = 1.5 hours; average speed = total distance/total time

Area bounded by the curve is the displacement By inspection of particle A the positive area
between 0 and 1s will be countered by an equal negative area between 1 and 2s.

Constant non-zero acceleration would be a straight line with a non-zero slope

Area bounded by the curve is the displacement By inspection of particle A the positive area
between 0 and 1s will be countered by an equal negative area between 1 and 2s.

Area bounded by the curve is the displacement By inspection the negative area between 0 and 1s
will be countered by an equal negative area sometime between 1 and 2s.

Between 0 and 1 s; d; = vt; from 1 to 11 seconds; d, = vot + %2 at’; d = d; + d,
Since the slope is positive and constant, so is the velocity, therefore the acceleration must be zero

For a horizontal projectile, the initial speed does not affect the time in the air. Use vq, = 0 with
10 m =% gt?

The time in the air for a horizontal projectile is dependent on the height and independent of the
initial speed. Since the time in the air is the same at speed v and at speed 2v, the distance (d = vt)
will be twice as much at a speed of 2v

Average velocity = total displacement/total time; magnitude of total displacement = 500 m (3-4-5
triangle) and total time = 150 seconds

The acceleration is constant and negative which means the slope of the velocity time graph must
have a constant negative slope. (Only one choice has the correct acceleration anyway)

From rest, h = ¥ gt?

At the top of its path, the vertical component of the velocity is zero, which makes the speed at the
top a minimum. With symmetry, the projectile has the same speed when at the same height,
whether moving up or down.

g points down in projectile motion. Always.

For a horizontal projectile; h = % gt? (initial vertical component of velocity is zero)

At every point of a projectiles free-fall, the acceleration is the acceleration due to gravity
Average speed = total distance/total time = (8 m — 2 m)/(1 second)

For a horizontal projectile; h = % gt? (initial vertical component of velocity is zero)

The area under the curve is the displacement. There is more area under the curve for Car X.
Area under the curve is the displacement. Car Y is moving faster as they reach the same point.

Uniformly accelerated means the speed-time graph should be a stright line with non-zero slope.
The corresponding distance-time graph should have an increasing slope (curve upward)

From the equation d = % at?, displacement is proportional to time squared. Traveling from rest
for twice the time gives 4 times the displacement (or 4 m). Since the object already travelled 1 m
in the first second, during the time interval from 1 s to 2 s the object travelled the remaining 3 m

To travel straight across the river, the upstream component of the boat’s velocity must cancel the
current. Since the speed of the current is the same as the speed of the boat, the boat must head
directly upstream to cancel the current, which leaves no component across the river

B
B

W)

m W »>» O U m m m

Answer

37



24,
25.
26.

217.
28.

29.

30.
31.

32.
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36.

37.

38.

39.

40.
41.
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Vi, = 200 m/s sin 30° = 100 m/s. At maximum height v, = 0. Use v,* = v;,* + 2gh
Acceleration is proportional to Av. Av=v; —v; =V, + (- V)

From a height of 45 m (= % gt?) it takes 3 seconds to strike the ground. In that time, the ball
thrown traveled 30 m. v = d/t

9.8 m/s® can be thought of as a change in speed of 9.8 m/s per second.
_ vitve d
vi=0m/s;vi=30m/s;t=65s; V= 5 =
t

velocity of package relative to observer on ground vyg = v =\

velocity of package relative to pilot vy, = v, = $
velocity of pilot relative to ground vp, = —»

Putting these together into a right triangle yields v,y + v,% = v;?
While the object momentarily stops at its peak, it never stops accelerating downward.
Maximum height of a projectile is found from v, = 0 at max height and vy2 = viy2 +2gh and

gives Npay = viy2/2g = (v; sin 0)%/2g. Fired straight up, 6 = 90° and we have v; = /2gh

1
Plugging this initial velocity into the equation for a 45° angle (sin 45° = —) gives

J2
hnew = (420 i)z/zg =h/2
V2

g points down in projectile motion. Always.
horizontal velocity v, remains the same thorughout the flight. g remains the same as well.

A velocity-time graph represents the slope of the displacement-time graph. Analyzing the v-t
graph shows an increasing slope, then a constant slope, then a decreasing slope (to zero)

For a dropped object: d = ¥ gt?

For a horizontal projectile, the initial speed does not affect the time in the air. Use vq, = 0 with
10m=Y%gt’ togett= \/E For the horzontal part of the motion; v = d/t

A velocity-time graph represents the slope of the displacement-time graph. Analyzing the v-t
graph shows a constant slope, then a decreasing slope to zero, becoming negative and increasing,
then a constant slope. Note this is an analysis of the values of v, not the slope of the graph itself

By process of elimination (A and B are unrealistic; C is wrong, air resistance should decrease the
acceleration; E is irrelevant)

The 45° angle gives the maximum horizontal travel to the original
elevation, but the smaller angle causes the projectile to have a greater
horizontal component of velocity, so given the additional time of travel
\ ‘\ allows such a trajectory to advance a greater horizontal distance. In
other words given enough time the smaller angle of launch gives a
parabola which will eventual cross the parabola of the 45° launch.

The area under the curve of an acceleration-time graph is the change in speed.

In the 4 seconds to reach the ground, the flare travelled 70 m/s x 4 s = 280 m horizontally.
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47,
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49.

50.

51.

52.

53.
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57.

In the 4 seconds to reach the ground, the flare travelled 70 m/s x 4 s = 280 m horizontally. The
plane travelled d = vit + Y2 at®* = (70 m/s)(4 s) + (0.5)(0.75 m/s?)(4 s)*=280m + 6 m, or 6 m
ahead of the flare.

Positive velocity = positive slope. Negative acceleration = decreasing slope (or downward
curvature

The slope of the line represents her velocity. Beginning positive and constant, going to zero, then
positive and larger than the initial, then negative while the line returns to the time axis

Dropped from a height of 9.8 m, the life preserver takes (9.8 m = ¥ gt?); t = 1.4 seconds to reach
the water. In that 1.4 seconds the swimmer covered (6.0 m — 2.0 m) = 4.0 m meaning the water
speed is (4.0 m)/(1.4 s)

The ball takes time T/2 to reach height H. Using v, = 0 at maximum height and

_ Vi + Vf d . « e .y 2
V= 5 = — gives the initial speed as 4H/T. In addition from the top H = %2 g(T/2)“ =
t

gT?8. Plugging in a time T/4 gives d = (4H/T)(T/4) + % (-g)(T/4)*> = H — ¥4 (gT%8) = % H

While the object momentarily stops at its peak, it never stops accelerating downward. Without
air resistance, symmetry dictates time up = time down. With air resistance considered, the ball
will have a larger average velocity on the way up and a lower average velocity on the way down
since it will land with a smaller speed than it was thrown, meaning the ball takes longer to fall.

Total distance = d. Time for first % d is t; = (%d)/v = 3d/4v. Time for second part is t, = (Ya
d)/(%2v) = 2d/4v. Total time is then t; +t, = 5d/4v. Average speed = d/(5d/4v)

Positive acceleration is an increasing slope (including negative slope increasing toward zero) or
upward curvature

With air resistance, the acceleration (the slope of the curve) will decrease toward zero as the ball
reached terminal velocity. Note: without air resistance, choice (A) would be correct

Since for the first 4 seconds, the car is accelerating positively the entire time, the car will be
moving fastest just beofre slowing down after t = 4 seconds.

The area under the curve represents the change in velocity. The car begins from rest with an
increasing positive velocity, after 4 seconds the car begins to slow and the area under the curve
from 4 to 8 seconds couters the increase in velocity form 0 to 4 seconds, bringing the car to rest.
However, the car never changed direction and was moving away from its original starting
position the entire time.

The ball will land with a speed given by the equaion v* = v;* + 2gH or v = /2gH . Rebounding
with % the speed gives a new height of vi =0 = (% /2gH )* + 2(-0)hyew

The velocity-time graph should represent the slope of the position-time graph and the
acceleration-time graph should represent the slope of the velocity-time graph

It’s a surprising result, but while both the horizontal and verticla components change at a given
height with varying launch angle, the speed (v,2 + v,%)"? will be independent of o (try it!)

Vf2 = Vi2 + 2ad

dy = (+7 m/s)(2 s) + % (=10 m/s?)(2 s)% dq = (=7 m/s)(2 S) + % (=10 m/s?)(2 s)?
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Range of a projectile R = (v;° sin 26)/g and maximum range occurs at 6 = 45°, which gives v; =
v Rg . Maximum height of a projectile is found from v, = 0 at max height and vy2 = viy2 +2gh

and gives hpay = viy2/2g = (v; sin 0)?/2g. Maximum range occurs at 45°, which gives h = (Rg)(sin
45)%/2g

Vf2 = Vi2 + 2ad

The diagonal of a face of the cube is 3\5 m. The diagonal across the cube itself is the

hypoteneuse of this face diagonal and a cube edge: 4/ (3\/5)2 +3?

Instantaneous velocity is the slope of the line at that point

Displacement is the area under the curve. Maximum displacement is just before the car turns
around at 2.5 seconds.

Range of a projectile R = (v;? sin 20)/g and maximum range occurs at 6 = 45°, which gives v; =

JRg . Using 6 = 30° gives Rpew = R sin 60°

(advanced question!) The time for one bounce is found from —v = v + (—g)t which gives t = 2v/g.
We are summing the time for all bounces, while the velocity (and hence the time) converge in a

geometric series with the ratio v, /v, =r <1to

1-r
The acceleration is the slope of the curve at 90 seconds.

From the equation d = % at?, displacement is proportional to time squared. Traveling from rest
for twice the time gives 4 times the displacement (or 4 h). Since the object already travelled h in
the first second, during the time interval from 1 s to 2 s the object travelled the remaining 3h

d=vit + % gt?

The relative speed between the coyote and the prairie dog is 14.5 m/s. To cover the 45 m
distance between them will take t = d/v = (45 m)/(14.5 m/s)

For the first part of the trip (the thrust): d; = vit + % at’ = 0 m + % (50 m/s?)(2 s)* = 100 m
For the second part, we first find the velocity after the thrust v = at = 100 m/s and at the
maximum height v; = 0, so to find d, we use v¢? = v;® + 2ad, which givesd, =510 m

Total displacement west = 1100 m; total displacement south = 400 m. Use the Pythagorean
theorem.

For a horizontal projectile (vi, = 0 m/s) to fall 1 m takes (using 1 m = % gt®) 0.45 seconds. To
travel 30 m in this time requires a speed of d/t = (30 m)/(0.45 s)

Maximum height of a projectile is found from v, = 0 m/s at max height and (0 m/s)® = v + 2gh
and gives h = v¥/2g

The height at which the projectile is moving with half the speed is found from (¥av)? = v + 2(-
g)d which gives d = 3v%/8g = 0.75 h

Looking at choices A, D and E eliminates the possibility of choices B and C (each ball increases
its speed by 9.8 m/s each second, negating those choices anyway). Since ball A is moving faster
than ball B at all times, it will continue to pull away from ball B (the relative speed between the
balls separates them).

Since they all have the same horizontal component of the shell’s velocity, the shell that spends
the longest time in the air will travel the farthest. That is the shell launched at the largest angle
(mass is irrelevant).
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This is merely asking for the horizontal range of a horizontal projectile. The time in the air is

2h
found from the height using h = % gt? which gives t = _|— . The range is found using d = vt
g

Flying into the wind the airliners speed relative to the ground is 500 km/h — 100 km/h = 400 km/h
and a 3000 km trip will take t = d/v = 7.5 hours. Flying with the wind the airliners speed relative
to the ground is 500 km/h + 100 km/h = 600 km/h and a 3000 km trip will take t = d/v = 5 hours
making the total time 12.5 hours.

The horizontal component of the velocity is 28.3 m/s cos 60° = 14.15 m/s. If the ball is in the air
for 5 seconds the horizontal displacement is x = v,t

since (from rest) d = % gt?, distance is proportional to time squared. An object falling for twice
the time will fall four times the distance.

\_/: =
2

v¢ = —40 m/s (negative since it is moving down when landing). Use v = v; + (-g)t

V, +V; d
t

For a horizontal projectile (vi, = 0 m/s) to fall 0.05 m takes (using 0.05 m = % gt?) 0.1 seconds.
To travel 20 m in this time requires a speed of d/t = (20 m)/(0.1 s)

9.8 m/s® means the speed changes by 9.8 m/s each second
Once released, the package is in free-fall (subject to gravity only)

For the first part v = at = 8.0 m/s and d = %2 at” = 40 m. In the second part of the trip, the speed
remains at 8 m/s, and travels an additional d = vt =80 m

The definition of termincal velocity is the velocity at which the force of air friction balances the
weight of the object and the object no longer accelerates.

To reach a speed of 30 m/s when dropped takes (using v = at) about 3 seconds. The distance
fallen after three seconds is found using d = % at’

9.8 m/s® means the speed changes by 9.8 m/s each second (in the downward direction)

Total distance = 800 km. Times are (400 km)/(80 km/h) =5 hours and (400 km)/(100 km/h) = 4
hours. Average speed = total distance divided by total time.

Av = at

9.8 m/s® means the speed changes by 9.8 m/s each second

Velocity is a vector, speed is a scalar

Choices A, B, C and E all refer to vectors

Falling on the Moon is no different conceptually than falling on the Earth

Since the line is above the t axis for the entire flight, the duck is always moving in the positive
(forward) direction, until it stops at point D

One could analyze the graphs based on slope, but more simply, the graph of position versus time
should represent the actual path followed by the ball as seen on a platform moving past you at
constant speed.

Other than the falling portions (a = 9.8 m/s°) the ball should have a “spike” in the acceleration
when it bounces due to the rapid change of velocity from downward to upward.

The same average speed would be indicated by the same distance travelled in the time interval

(o8]

O O UT W™ O W
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At ts, car #1 is ahead of car #2 and at t,4, car #1 is behind car #2. They were in the same position
somewhere in between

Average speed = (total distance)/(total time). Cars #2 and #3 travelled the same distance.

If you look at the distance covered in each time interval you should nitce a pattern: 2 m, 6 m, 10
m, 14 m, 18 m; making the distance in the next second 22 m.

Instantaneous speed is the slope of the line at that point.
A non-zero accleeration is inidcated by a curve in the line

Net displacement north = 300 miles sin 30° = 150 miles
Net displacement east = (300 miles cos 30° — 600 miles) = — 340 miles, or 340 miles west.

. —1,150miles
Angle north of west is tan =~ (———
340miles

Maximum height of a projectile is found from v, = 0 m/s at max height and (0 m/s)? = v? + 2gh
and gives h = v¥/2g. At twice the initial speed, the height will be 4 times as much

Average speed = total distance divided by total time = (0.48 m)/(0.2 s)
d = % at? (use any point)

v=v; +at

Acceleration is the slope of the line segment

Displacement is the area under the line

vV, +V; d
vi=30m,vi=0,d=45m; ¥V = 5 =
t

In a vacuum, there is no air resistance and hence no terminal velocity. It will continue to
accelerate.

A projectile launched at a smaller angle does not go as high and will fall to the ground first.
Vy = Vj COs 6

Velocity is the slope of the line.

Positive acceleration is an upward curvature

Average acceleration = Av/At

d =% at?

Acceleration is the slope of the line segment

Displacement is the area between the line and the t-axis. Area is negative when the line is below
the t-axis.

After two seconds, the object would be above it’s original position, still moving upward, but the
acceleration due to gravity is always pointing down

Constant speed is a constant slope on a position-time graph, a horizontal line on a velocity time
graph or a zero value on an acceleration-time graph

Average speed = total distance divided by total time = (7 cm)/(1 s)

d = % at? (use any point)

m O m O W@ m m

o O m m O O O @
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Maximum height of a projectile is found from v, = 0 m/s at max height and (0 m/s)® = v + 2gh
and gives h = v¥/2g. Mass is irrelevant. Largest initial speed = highest.

Using d = % at® shows the height is proportional to the time squared. % the maximum height is

1 . .
—— times the time.

V2

Stopping distance is found using v; = 0 = v;? + 2ad which gives d = v;*/2a where stopping
distance is proportional to initial speed squared.

V=V + gt

Moving away from the origin will maintain a negative position and velocity. Slowing down
indicates the acceleration is opposite in direction to the velocity.

The arrow travels equal horizontal distances in equal amounts of time. The distance fallen is
proportional to time squared. The arrow will have fallen a total of 0.8 min the next 5 m
horizontally, or an additional 0.6 m.

Tan 53° = h/(8 m)
d =% at?

Maximum height of a projectile is found from v, = 0 at max height and vy2 = viy2 +2gh and
gives hma = Vi, 229 = (v; sin 0)%/2g

Acceleration is the slope of the line

Since the first rock is always traveling faster, the relative distance between them is always
increasing.

Stopping distance is found using v¢ = 0 = v; + 2ad which gives d = v;%/2a where stopping
distance is proportional to initial speed squared.

At an angle of 1200, there is a component of the acceleration perpendicular to the velocity
causing the direction to change and a component in the opposite direction of the velocity, causing
it to slow down.

d=1%at’
The displacement is directly to the left. The average velocity is proportional to the displacement

The velocity is initially pointing up, the final velocity points down. The acceleration is in the
same direction as Av = v + (-v;)

The car is the greatest distance just before it reverses direction at 5 seconds.

Average speed = (total distance)/(total time), the total distance is the magnitude of the area under
the line (the area below the t-axis is considered positive)

Speed is the slope of the line.
velocity is pointing tangent to the path, acceleration (gravity) is downward.
Average speed = (total distance)/(total time)

To travel 120 m horizontally in 4 s gives v, = 30 m/s. The time to reach maximum height was 2

2

seconds and vy = 0 at the maximum height which gives vi, = 20 m/s. v; = vX2 +Viy

The relative speed between the two cars is v, — v, = (60 km/h) — (-40 km/h) = 100 km/h. They
will meet in t = d/Viepaiive = 150 km/100 km/h

W)

O O >» O
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Acceleration is independent of velocity (you can accelerate in any direction while traveling in a
ny direction).

12/4 =3, now the units: M = 10%, T = 10'% M/T = 10° = micro (p)

Acceleration is independent of velocity (you can accelerate in any direction while traveling in a
ny direction). If the accleration is in the same direction as the velocity, the object is speeding up.

As the first bales dropped will always be traveling faster than the later bales, their relative
velocity will cause their separation to always iincrease.

Horizontally, the bales will all travel at the speed of the plane, as gravity will not affect their
horizontal motion. D = vt = (50 m/s)(2 seconds apart)

Traveling in still water will take a time t = d/v = 2d/v. Traveling perpendicularly across the
stream requires the boat to head at an angle into the current, causing the relative velocity of the
boat to the shore to be less than when in still water and therefore take a longer time. Since this
eliminates choice E and choices D and C are identical, that leaves A as the only single option.

If you really want proof:
To show C and D take longer, we have the following (let the current be moving with speed w):

traveling downstream; v, = v + wand time =

V+ W
traveling upstream; v, = v —w and time =
V-—Ww
. d d 2dv 2d 2d
total time = + = = >—
Viw v—w 2 2 w2V
V_ P
Y%

When the first car starts the last lap, it will finish the race in 15 seconds from that point. In 15
seconds, the second car will travel (1 km/12 s) x 15 s = 1250 m so the first car must be at least
250 m ahead when starting the last lap to win the race.



AP Physics Free Response Practice — Kinematics — ANSWERS

1982B1
a. For the first 2 seconds, while acceleration is constant, d = % at®
Substituting the given values d = 10 meters, t = 2 seconds gives a = 5 m/s’

b. The velocity after accelerating from rest for 2 seconds is given by v = at, so v = 10 m/s

c. The displacement, time, and constant velocity for the last 90 meters are related by d = vt.
To cover this distance takes t=d/v =9 s. The total time is therefore 9 + 2 = 11 seconds
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Two general approaches were used by most of the students.
Approach A: Spread the students out every 10 meters or so. The students each start their stopwatches as the
runner starts and measure the time for the runner to reach their positions.

Analysisvariant 1: Make a position vs. time graph. Fit the parabolic and linear parts of the graph and establish
the position and time at which the parabola makes the transition to the straight line.

Analysis variant 2: Use the position and time measurements to determine a series of average velocities (Vag =
Ax/At) for the intervals. Graph these velocities vs. time to obtain a horizontal line and a line with positive slope.
Establish the position and time at which the sloped and horizontal lines intersect.

Analysisvariant 3: Use the position and time measurements to determine a series of average accelerations (Ax =
Vot + ¥2 at?. Graph these accelerations vs. time to obtain two horizontal lines, one with a nonzero value and one
at zero acceleration. Establish the position and time at which the acceleration drops to zero.

Approach B: Concentrate the students at intervals at the end of the run, in order to get a very precise value of
the constant speed vs, or at the beginning in order to get a precise value for a. The total distance D is given by a
=Y at,’+ vi(T —t,) , where T is the total measured run time. In addition v¢ = at, These equations can be solved
foraand t, (if v¢ is measured directly) or vs and t, (if a is measured directly). Students may have also defined
and used distances, speeds, and times for the accelerated and constant-speed portions of the run in deriving
these relationships.
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993B1

a.

i. Use the kinematic equation applicable for constant acceleration: v = v + at. For each time interval, substitute
the initial velocity for that interval, the appropriate acceleration from the graph and a time of 5 seconds.
5seconds:v=0+ (0)(5s) =0

10 seconds: v=0 + (4 m/s)(5s) = 20 mis

15 seconds: v =20 mis+ (0)(5s) = 20 mls

20 seconds: v =20 mis + (-4 m/s)(5s) = 0

25
20
15
10
5
0
-5 |
~10F--=-====- it WU By . !
I

Velocity (m/s)

S e~ =———-— Fe==—————— pem—emm——— 1

o A= m - A= - ===- -

ii. ;1 S I N I o

i. Use the kinematic equation applicable for constant acceleration, x = X, + Vot + % at’. For each time interval,
substitute the initial position for that interval, the initial velocity for that interval from part (a), the appropriate
acceleration, and a time of 5 seconds.

5 seconds: x = 0 + (0)(5 5) + % (0)(5 5)*=0

10 seconds: x = 0 + (0)(5 s) + % (4 m/s?)(5 5)* =50 m

15 seconds: x = 50 m + (20 m/s)(5 s) + ¥ (0)(5 s)* = 150 m

20 seconds: x = 150 m + (20 m/s)(5 s) + ¥ (-4 m/s?)(5 s)> = 200 m
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a. The horizontal component of the velocity is constant so vyt = d where v, = v, cos 6 = 16 m/s

t=div=2

S

b. The height of the ball during its flight is given by y = vt + % gt® where Voy =Vgsin®=12m/sand g =-9.8
m/s? which gives at t = 2's, y = 4.4 m. The fence is 2.5 m high so the ball passes above the fence by 4.4 m - 2.5

m=19m

Verrical 5__

Component
of Velocity 0
(ms)

Time (=)

+Time (s}

i
-
I
1
|
-

2000B1
a. Thecaris

b. The speed
negative).

at rest where the line crosses the t axis. Att=4sand 18 s.

of the cart increases when the line moves away from the t axis (larger values of v, positive or
This occurs during the intervals t = 4 to 9 seconds and t = 18 to 20 seconds.

¢. The change in position is equal to the area under the graph. From 0 to 4 seconds the area is positive and from 4

to 9 secon
=20m+

ds the area is negative. The total area is —0.9 m. Adding this to the initial position gives X = X + AX
(-09m)=11m
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e. i. y=%gt (Voy = 0 m/s) gives t = 0.28 seconds.
ii. x=v,t=0.22m
2002B1
a. Vy=Vvp+at=60m/s
b. The height of the rocket when the engine stops firing y; = % at> = 60 m
To determine the extra height after the firing stops, use v¢% = 0 m/s = v, + 2(-g)y, giving y, = 180 m
total height =y; +y, =240 m
c. To determine the time of travel from when the engine stops firing use v¢ = 0 m/s = v; + (-g)t, giving t, = 6 s.
The total time is then 2 s + 6 s = 8 seconds
1979M1
a. The speed after falling a height h is found from v¢® = v;* + 2gh, where v; = 0 m/s giving v; = /2gh
b/c. During the flight from P to P, the ball maintains a horizontal speed of ./2gh and travels a horizontal distance
L . _ L _ . . .
of N thus (using d —Lvt) \ive have 5- J/2gh t. During the same time t the ball travels the same distance
vertically given by - = - gt* . Setting these expressions equal gives us \/2gh t =% gt’. Solving for tand
substituting into the expression of L gives t = /Sh/g and L = 4\/2h
d. During the flight from P4 to P, the ball maintains a horizontal speed of ,/2gh and the vertical speed at P, can

be found from v, = v; + at where v; = 0, a = g and t is the time found above. Once v, and vy are known the

speed is \/v,* + v, giving v = \/10gh
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Qavg = AV/IAL = (0 — 1.5 m/s)/( 2 s) = — 0.75 m/s*
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»= Time (s)
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Distance (m)
25

Distance and time are related by the equation D = % gt>. To yield a straight line, the quantities that should be

graphed are D and t? or VD and t.

b.
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The slope of the graph of D vs. t* is % g. The slope of the line shown is 4.9 m/s? giving g

9.8 m/s?

d.

(example) Do several trials for each value of D and take averages. This reduces personal and random error.

e.
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AP Physics Multiple Choice Practice — Dynamics

SECTION A — Linear Dynamics

1. A ball of mass mis suspended from two strings of unequal length as shown above. The magnitudes of the
tensions T; and T, in the strings must satisfy which of the following relations?
ATi=T, B)T:>T, (CT:1<T, (D)T,+T,=mg (B) T1-T,=mg

Questions2 -3

0°
]

A 2-kilogram block slides down a 30° incline as shown above with an acceleration of 2 meters per second squared.

2.

Which of the following diagrams best represents the gravitational force W. the frictional force f, and the normal
force N that act on the block?

(A} N (B N €1 N i By
N
f f r
T f
w W W W W

The magnitude of the frictional force along the plane is most nearly
(A)25N (B)5N (C)6N (D)ION (E)16N

I kg 2Ky fm—

L A T

When the frictionless system shown above is accel erated by an applied force of magnitude the tension in the
string between the blocksis (A)2F (B)F (C) 2/3F (D)%F (E)1Y/3F

A ball falls straight down through the air under the influence of gravity. Thereisaretarding force F on the ball
with magnitude given by F = bv, where v is the speed of the ball and b is a positive constant. The magnitude of
the acceleration, a of the ball at any timeis egual to which of the following?
(A)g-b (B) g—bv/m (C) g+ bvim (D) g/b (E) bv/im

A push broom of mass m is pushed across a rough horizontal floor by a force of magnitude T directed at angle 6
as shown above. The coefficient of friction between the broom and the floor is p. The frictional force on the
broom has magnitude

(A) p(mg +TsinB)  (B) p(mg—Tsinb)  (C) u(mg + Tcosd) (D) u(mg—Tceost)  (E) umg
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A block of weight W is pulled along a horizontal surface at constant speed v by aforce F, which acts at an angle
of 0 with the horizontal, as shown above. The normal force exerted on the block by the surface has magnitude
(A)W—-Fcos6 (B)YW-Fsn6 (C)W (D)W+Fsn6 (E)W+Fcos6

ik

A uniform rope of weight 50 newtons hangs from a hook as shown above. A box of weight 100 newtons hangs
from the rope. What is the tension in the rope?

(A) 50 N throughout the rope (B) 75 N throughout the rope (C) 100 N throughout the rope

(D) 150 N throughout the rope (E) It variesfrom 100 N at the bottom of the ropeto 150 N at the top.

VA A I A

{2
1
I
I
i

}

W
When an object of weight W is suspended from the center of a massless string as shown above, the tension at
any pointinthestringis

(A) 2Wcosb (B) ¥2Wcosb (C) Wcosb (D) WI(2cos) (E) W/(cosb)

*10.An ideal spring obeys Hooke's law, F = —kx. A mass of 0.50 kilogram hung vertically from this spring

stretches the spring 0.075 meter. The value of the force constant for the spring is most nearly
(A) 0.33N/m (B) 0.66 N/m (C) 6.6 N/'m (D) 33 N/m (E) 66 N/m

11. A block of mass 3m can move without friction on a horizontal table. This block is attached to another block of
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mass m by a cord that passes over africtionless pulley, as shown above. If the masses of the cord and the pulley
are negligible, what is the magnitude of the acceleration of the descending block?
(A)Zero  (B)g4 (Q93 (D)293 (B)g



Questions 12 — 13

)

fe—— dm—»f
A plane 5 metersin length isinclined at an angle of 37°, as shown above. A block of weight 20 newtonsis
placed at the top of the plane and allowed to slide down.

12. The mass of the block is most nearly
(A) 1.0kg (B) 1.2 kg (C) 1.6 kg (D) 2.0kg (E) 25kg

13. The magnitude of the normal force exerted on the block by the plane is most nearly
(A) 10N (B) 12N (C)16N (D) 20N (E) 33N

14. Threeforces act on an object. If the object isin trandational equilibrium, which of the following must be true?
I. The vector sum of the three forces must equal zero.
I1. The magnitudes of the three forces must be equal.
I11. All three forces must be parallel.
(A) Ionly (B) Il only (©) Iand 11l only (D) Il and 111 only ® 1,0, and 1l

d d

[

15. Three objects can only move along a straight, level path. The graphs above show the position d of each of the
objects plotted as a function of timet. The sum of the forces on the abject is zero in which of the cases?
(A) Il only (B) Il only (C) land 11 only (D) I and 111 only B) 1,10, and I

*16.For which of the following motions of an object must the acceleration always be zero?

I. Any motionin astraight line
I1. Simple harmonic motion
I11. Any motioninacircle
(A) lonly (B) llonly (C) Illonly (D) Either 1 orlll, but not Il
(E) None of these motions guarantees zero acceleration.

Weight =30 N
17. A rope of negligible mass supports a block that weighs 30 N, as shown above. The breaking strength of the
ropeis 50 N. The largest acceleration that can be given to the block by pulling up on it with the rope without
breaking the rope is most nearly
(A) 6 m/s (B) 6.7 m/s (C) 10 m/s? (D) 15m/s (E) 16.7 m/s’
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Questions 18 — 19

A horizontal, uniform board of weight 125 N and length 4 mis 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.

18. What isthe tension in the left chain?

(A) 250N (B) 375N (C) 500 N (D) 625N (E) 875N

*19.How far from the left end of the board is the person sitting?

(A) 0.4m (B) 1.5m (C) 2m (D) 25m (E) 3m

30N

20. The cart of mass 10 kg shown above moves without frictional loss on aievel table. A 10 N force pulls on the

21.

22.
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cart horizontally to the right. At the sametime, a30 N force at an angle of 60° above the horizonta pulls on the
cart to the left. What is the magnitude of the horizontal acceleration of the cart?

(A) 0.5m/s  (B) 1.6 m/s? (C) 2.0m/s (D) 2.5m/s? (E) 2.6 m/s’

An object of mass misinitially at rest and free to move without friction in any direction in the xy-plane. A
constant net force of magnitude F directed in the +x direction acts on the object for 1 s. Immediately thereafter
a constant net force of the same magnitude F directed in the +y direction acts on the object for 1 s. After this, no
forces act on the object. Which of the following vectors could represent the velocity of the object at the end of
3 s, assuming the scales on the x and y axes are equal.

(A) (B) J|’/ © [/ o ¥ B ¥
4 o X 0 x OV

i) X o X

Two people are pulling on the ends of arope. Each person pulls with a force of 100 N. The tension in the rope
is.
(A)ON (B)50ON (C)100N (D)141N (E)200N
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23. The parabola above is a graph of speed v asafunction of timet for an object. Which of the following graphs

24,

25.

26.

best represents the magnitude F of the net force exerted on the object as a function of time t?
Ay I By F

/

o ! a ol
<y F Dy F

o;l 04‘\ i
tEY F

100N

A 100-newton weight is suspended by two cords as shown above. The tension in the slanted cord is
(A)S0N  (B)100N (C) 150N (D) 200 N (E) 250N

20N
3kg § 2kg

Two blocks are pushed along a horizontal frictionless surface by aforce of 20 newtons to the right, as shown
above. The force that the 2-kilogram block exerts on the 3-kilogram block is

(A) 8 newtonsto the left (B) 8 newtonsto theright (C) 10 newtonsto the left

(D) 12 newtonsto theright  (E) 20 newtons to the left

A ball initially moves horizontally with velocity v;, as shown above. It isthen struck by a stick. After leaving
the stick, the ball moves vertically with avelocity v¢, which is smaller in magnitude than v;. Which of the
following vectors best represents the direction of the average force that the stick exerts on the ball?

®) \ © (D) \ (E) /

(A)
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27. Two 0.60-kilogram objects are connected by a thread that passes over alight, frictionless pulley, as shown

above. The objects areinitially held at rest. If athird object with a mass of 0.30 kilogram is added on top of one
of the 0.60-kilogram objects as shown and the objects are released, the magnitude of the acceleration of the
0.30-kilogram object is most nearly

(A)10.0m/s  (B)6.Om/S  (C)3.0m/s (D)20m/s  (E) L.Om/s

LLLIL LI L L

L

12kg

*28.Two identical massless springs are hung from a horizontal support. A block of mass 1.2 kilograms is suspended

29.

30.
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from the pair of springs, as shown above. When the block isin equilibrium, each spring is stretched an
additional 0.15 meter. The force constant of each spring is most nearly
(A) 40 N/m (B) 48 N/m (C) 60 N/m (D) 80 N/m (E) 96 N/m

Y T
- .

A ball isthrown and follows a parabolic path, as shown above. Air friction is negligible. Point Q is the highest
point on the path. Which of the following best indicates the direction of the net force on the ball at point P ?

(A) / B ——» (© \ (D)l B -——

A block of mass 5 kilograms lies on an inclined plane, as shown above. The horizontal and vertical supports
for the plane have lengths of 4 meters and 3 meters, respectively. The coefficient of friction between the plane
and the block is 0.3. The magnitude of the force F necessary to pull the block up the plane with constant speed
is most nearly
(A)30N (B)42N (C) 49N (D)50N  (E) 58 N



Questions 31 — 32

31.

32.

33.

34.
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A block of mass mis accelerated across a rough surface by a force of magnitude F that is exerted at an angle ¢
with the horizontal, as shown above. The frictional force on the block exerted by the surface has magnitude f.

What is the acceleration of the block?
(A) F/m  (B) (Fcosp)/m (C) (F-)/m (D) (Fcosp—f)/m (BE) (Fsing—mg)/m

What is the coefficient of friction between the block and the surface?
(A) fimg (B) mg/f (C) (mg—Fcosp)/f (D) f/(mg—Fcosp) (B) fl(mg-Fsing)

[ ti%;j Im t;fgi:; tfg;;f?

Three blocks of masses 3m, 2m, ands are connected to strings A, B, and C as shown above. The blocks are
pulled along a rough surface by aforce of magnitude F exerted by string C. The coefficient of friction between
each block and the surface is the same. Which string must be the strongest in order not to break?

(A)A (B)B (C)C (D) They must al be the same strength.

(E) It isimpossible to determine without knowing the coefficient of friction.

Force (N}
1 r |
R Rt M
] 1 |
54-==-- g Ry’ St
] 1 I
L R S Sty g=-m
1 ] |
3t---—- e RREEEE
1 1 r
21 AT - -
| 1 ]
S
i 1
; ! } Time 1 (s
% 1 3 3 ©

A block of mass 3 kg, initially at rest, is pulled along africtionless, horizontal surface with aforce shown asa
function of timet by the graph above. The acceleration of theblock att =2 sis
(A) 3/4 m/s? (B) 4/3 m/s® (C) 2m/s (D) 8 m/s’ (E) 12 m/s?

Qo)

35. An object weighing 300 N is suspended by means of two cords, as shown above. The tension in the horizontal

cordis
(A)ON (B) 150N (C) 210N (D) 300N (E) 400 N
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Questions 36 — 38

36.

37.

38.

39.

40.

41.
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A small box ison aramp tilted at an angle 6 above the horizontal. The box may be subject to the following
forces: frictional (f) ,gravitational (mg), pulling or pushing (Fr) and normal (1). In the following free-body
diagrams for the box, the lengths of the vectors are proportional to the magnitudes of the forces.

Figure A N Figure B N Figure C N

!

Which figure best represents the free-body diagram for the box if it is accelerating up the ramp?
(A) Figure A (B) Figure B (C) FigureC (D) FigureD (E) Figure E

Which figure best represents the free-body diagram for the box if it is at rest on the ramp?
(A) Figure A (B) Figure B (C) FigureC (D) FigureD (E) Figure E

Which figure best represents the free-body diagram for the box if it is sliding down the ramp at constant speed?
(A) Figure A (B) Figure B (C) FigureC (D) Figure D (E) Figure E

Two blocks of masses M and m, with M > m, are connected by alight string. The string passes over a
frictionless pulley of negligible mass so that the blocks hang vertically. The blocks are then released from rest.
What is the acceleration of the block of massM ?

M —-m M +m M+m M —-m
A B C) —— D E
(A)g ()Mg ()Mg ()M_mg ()M+mg
F
LU
o
A horizontal force F pushes a block of mass m against a vertical wall. The coefficient of friction between the

block and the wall is u. What value of F is necessary to keep the block from slipping down the wall?
(A) mg (B) pmg (C) mg/p (D) mg(1 - p) (E) mg(1 + p)

|;|[] kg

One end of amassess rope is attached to a mass m; the other end is attached to a mass of 1.00 kg. Theropeis
hung over a masdless frictionless pulley as shown in the accompanying figure. Mass m accel erates downward at
5.0 m/s”. What is m?

(A) 3.0kg (B) 2.0kg (C) 1.5kg D. 1.0kg (E) 0.5 kg
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As shown in the accompanying figure, aforce F is exerted at an angle of 6. The block of weight mg isinitially
moving the right with speed v. The coefficient of friction between the rough floor and the block is u. The
frictional force acting on the block is:

(A) umg to theleft.  (B) umgtotheright. (C) umg—F sin 0 totheleft. (D) u(mg—F cos0) to theright.
(E) w(mg + F sin 0) to the left.

The “reaction” force does not cancel the “action” force because:

(A) The action force is greater than the reaction force.  (B) The action force is less than the reaction force.
(C) They act on different bodies. (D) They are in the same direction.

(E) Thereaction exists only after the action force is removed.

.
Y

A student pulls a wooden box along a rough horizontal floor at constant speed by means of a force P as shown
to the right. Which of the following must be true?

(A)P>fand N <W.

(B)P>fand N=W.

(C)P=fandN>W.

(D)P=fand N =W.

(E)P<fand N=W.

A block with initial velocity 4.0 m/s slides 8.0 m across a rough horizontal floor before coming to rest. The
coefficient of frictionis:
(A)0.80 (B)0.40 (C)0.20 (D)0.10 (E)O0.05

A car whose mass is 1500 kg is accelerated uniformly from rest to a speed of 20 m/sin 10 s. The magnitude of
the net force accelerating the car is:

(A) 1000N (B) 2000 N (C) 3000 N (D) 20000 N (E) 30000 N

An 800-kg elevator accelerates downward at 2.0 m/s’. The force exerted by the cable on the elevator is:

(A) 1.6 kN down (B) 1.6kNup (C)6.4kNup (D) 8.0kN down (E) 9.6 kN down

V—p

10.0 N
10.0 kg|—»

The 10.0 kg box shown in the figure to the right is diding to the right along the floor. A horizontal force of 10.0
N is being applied to the right. The coefficient of kinetic friction between the box and the floor is 0.20. The box
is moving with:

(A) acceleration to the left. (B) centripetal acceleration. (C) acceleration to the right.

(D) constant speed and constant velocity. (E) constant speed but not constant velocity.
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Y

X

36N
— > |a0kg| 20kg

Two blocks X and Y are in contact on a horizontal frictionless surface. A 36 N constant force is applied to X as
shown to the right. The force exerted by X on Yiis:
(A) 15N (B)6.ON (C)29N (D)30ON (E)36N

Assume the objects in the following diagrams have equal mass and the strings holding them in place are
identical. In which case would the string be most Iikely to break?

B. c. E. All would

be equally likely
to break.

v [

3.0kg

A string with masses of 1.5 kg and 3.0 kg on itsendsis hung over africtionless, massless pulley as shown to the
right. What is the approximate magnitude of the acceleration of the masses?
(A) 1.5m/s* (B)3.0m/s’ (C)3.3m/s? (D) 6.7 /s’ (E) 10 m/s’

2N F
1 kg 3kg —»
Two blocks of mass 1.0 kg and 3.0 kg are connected by a string which has atension of 2.0 N. A force F actsin

the direction shown to the right. Assuming friction is negligible, what is the value of F?
(A)1L.ON(B)20N (C) 40N (D)6.ON(E) 80N

An object in equilibrium has three forces, F; of 30 N, F, of 50 N, and F3 of 70 N, acting on it. The magnitude
of theresultant of F, and F5 is
(A)ION(B)20N (C)40N (D) 70N (E) 80N

A 50-kg student stands on a scale in an elevator. At the instant the elevator has a downward acceleration of 1.0
m/s? and an upward velocity of 3.0 m/s, the scale reads approximately
(A) 350N (B) 450 N (C) 500 N (D) 550 N (E) 650 N

If the net force on an object were doubled while at the same time the mass of the object was halved, then the
acceleration of the object is
(A) V4 asgreat. (B) 1/2 asgreat. (C) 2 times greater. (D) 4 times greater. (E) unchanged



Trail

56. A tractor-trailer truck istraveling down the road. The mass of the trailer is 4 times the mass of the tractor. If the
tractor accelerates forward, the force that the trailer applies on the tractor is
(A) 4 times greater than the force of the tractor on the trailer.
(B) 2 times greater than the force of the tractor on the trailer.
(C) equal to the force of the tractor on the trailer.
(D) Y the force of the tractor on the trailer.
(E) zero since the tractor is pulling the trailer forward.

24 N
3 kg 9 kg —

57. Two boxes are accelerated to the right on africtionless horizontal surface as shown. The larger box has a mass
of 9 kilograms and the smaller box has a mass of 3 kilograms. If a 24 newton horizontal force pulls on the larger
box, with what force does the larger box pull on the smaller box?

(A)BN(B)6N(C)8N (D) 18N (E) 24N

58. What happens to the inertia of an object when its velocity is doubled?
(A) the object’ sinertia becomes 2 times greater
(B) the object’ sinertia becomes 2 times greater
(C) the object’ sinertia becomes 4 times greater
(D) the object’ sinertia becomes 8 times greater
(E) the object’sinertiais unchanged

59. A wooden box isfirst pulled across a horizontal steel plate as shown in the diagram A. The box isthen pulled
across the same steel plate while the plate is inclined as shown in diagram B. How does the force required to
overcome friction in the inclined case (B) compare to the horizontal case (A)?

(A) thefrictional force isthe same in both cases

(B) theinclined case has a greater frictional force

(C) theinclined case has less frictional force

(D) thefrictional force increases with angle until the angle is 90°, then drops to zero
(E) more information is required

60. An object near the surface of the earth with aweight of 100 newtonsis accelerated at 4 m/s’. What is the net
force on the object?
(A) 25N (B) 40N (C) 250 N (D) 400 N (E) 2500 N
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Questions 61 — 62
A car of mass m dlides across a patch of ice at a speed v with its brakes locked. It then hits dry pavement and
skidsto astop in adistance d. The coefficient of kinetic friction between the tires and the dry road is p.

61. If the car had amass of 2m, it would have skidded a distance of
(A)05d((B)d(C)141d(D)2d(E) 4d

62. If the car had a speed of 2v, it would have skidded a distance of
(A)0.5d(B)d(C)141d(D)2d(E) 4d

63. A 500-gram ball moving at 15 m/s slows down uniformly until it stops. If the ball travels 15 meters, what was
the average net force applied while it was coming to a stop?
(A) 0.37 newtons (B) 3.75 newtons (C) 37.5 newtons (D) 375 newtons (E) 3750 newtons

64. A block restson aflat plane inclined at an angle of 30° with respect to the horizontal. What is the minimum
coefficient of friction necessary to keep the block from diding?

R; B OF O ; OF

65. A force of 6 newtons and aforce of 10 newtons can be combine to form a resultant with a magnitude of which
of the following
(A) Onewtons (B) 2 newtons (C) 8newtons (D) 20 newtons (E) 60 newtons

66. The order of magnitude of the weight of an appleis:
(A)10*N (B)10°N (C)10*N (D)10°N (E)10'N

Questions 67 — 68
A 5 kg block rests on aflat plane inclined at an angle of 30° to the horizon as shown in the diagram below.

)

67. What would be the acceleration of the block down the plane assuming the force of friction is negligible?
(A) 0.5m/s? (B) 0.87 m/s? (C) 5m/s (D) 8.7 m/s’ (E) 10 m/s?

30°

68. If the block is placed on a second plane (where friction is significant) inclined at the same angle, it will begin to
accelerate at 2.0 m/s”. What is the force of friction between the block and the second inclined plane?
(A) 10N (B) 15N (C) 25N (D) 43.3N (E) 50N

50

69. The graph at left shows the relationship between the mass of a number

_— 1 of rubber stoppers and their resulting weight on some far-off planet. The
g ” slope of the graph is a representation of the:

2 (A) mass of a stopper

Z 20 Ld (B) density of a stopper

(C) volume of a stopper
» (D) acceleration due to gravity
(E) number of stoppers for each unit of weight

-
(=]

] 1 2 3 4 5
Ma=s of Stoppers (kg
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70. Two masses, m; and m,, are connected by a cord and arranged as shown in the diagram with m; diding along
on africtionless surface and m, hanging from alight frictionless pulley. What would be the mass of the falling
mass, m,, if both the diding mass, my, and the tension, T, in the cord were known?

1 -T 1 T- T
W @Ml gl M9 M
(9-1 2 (Gm -T) 7 (gm-T)
71. A box with amass of 50 kg is dragged across the floor by a rope which makes
an angle of 30° with the horizontal. Which of the following would be closest 20mjg 250 H
to the coefficient of kinetic friction between the box and the floor if a 250
newton force on the rope is required to move the crate at a constant speed of 300
20 m/s as shown in the diagram? 50 kg

(A)0.26 (B)0.33 (C)0.44 (D)059 (E)0.77

Questions 72 — 74

A 2 kg mass and a 4 kg mass on a horizontal frictionless surface are connected by a massless string A. They are
pulled horizontally across the surface by a second string B with a constant acceleration of 12 m/s?.

12 m/s2
4 kg A l2kg B »

72. What is the magnitude of the force of string B on the 2 kg mass?

(A) 72N (B) 48N (C) 24N (D) 6N (E) 3N
73. What is the magnitude of the force of string A on the 4 kg mass?

(A) 72N (B) 48N (C) 24N (D) 6N (E) 3N
74. What is the magnitude of the net force on the 2 kg mass?

(A) 72N (B) 48N (C) 24N (D) 6N (E) 3N

75. A massis suspended from the roof of alift (elevator) by means of a spring balance. The lift (elevator) is moving
upwards and the readings of the spring balance are noted as follows:

Speeding up: Ry Congtant speed: R Slowing down: Rp

Which of the following is a correct relationship between the readings?
(A) Ru>Rc (B) Ru=Rp (C) Re=Rp (D) Re<Rp (B)Ru<Rp
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76. A small box of mass mis placed on top of alarger box of mass 2m as shown in the diagram at right. When a
force F is applied to the large box, both boxes accel erate to the right with the same acceleration. If the
coefficient of friction between all surfacesis u, what would be the force accelerating the smaller mass?

F F- F
#) 5 ~mgu ®) F-3mgu  (©F-mgu (@) —¥ g

3 3

77. The S.l. unit of force is named the newton in honor of Sir Isaac Newton's contributions to physics. Which of
the following combination of unitsis the equivalent of a newton?
2 2

m m m
A) k B) kg— (C) kg— @) kg —= (E) kg—
()9()9S ()93()952()952

78. A 6.0kg block initially at rest is pushed against awall by a 100 N force as shown. The
coefficient of kinetic friction is 0.30 while the coefficient of static frictionis0.50. What is
true of the friction acting on the block after atime of 1 second?

(A) Stetic friction actsupwerd ontheblock.
(B) Kinetic friction acts upward on the block 60°
(C) No friction acts on the block

(D) Kinetic friction acts downward on the block.
(E) Static friction acts downward on the block.

100 N

79. A homeowner pushes alawn mower across a horizontal patch of grass with a constant speed by applying a
force P. The arrowsin the diagram correctly indicate the directions but not necessarily the magnitudes of the

various forces on the lawn mower. Which of the following relations among the various force magnitudes, W, f, N, P
is CORRECT?

(A)P>fandN>W
(B)P<fandN=W
(C)P>fandN<W
(D)P=fandN>W
(E) none of the above

*80.A mass, M, isat rest on a frictionless surface, connected to an ideal horizontal spring that is unstretched. A
person extends the spring 30 cm from equilibrium and holds it at this location by applying a10 N force. The
spring is brought back to equilibrium and the mass connected to it is now doubled to 2M. If the springis
extended back 30 cm from equilibrium, what is the necessary force applied by the person to hold the mass
stationary there?

(A)200N (B)141N (C)100N (D)7.07N (E)5.00N

81. A baseball isthrown by a pitcher with a speed of 35 m/s. The batter swings and hitsthe ball. The magnitude of
the force that the ball exerts on the bat is aways
(A) zero asit isonly the bat that exerts aforce on the ball.
(B) egual to the gravitational force acting on the ball.
(C) larger than the force the bat exerts on the ball.
(D) smaller than the force the bat exerts on the ball.
(E) equal to the force that the bat exerts on the ball.
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Book ﬁ Crate

A book leans against a crate on atable. Neither is moving. Which of the following statements concerning this
situation is CORRECT?

(A) Theforce of the book on the crate is less than that of crate on the book.

(B) Although there is no friction acting on the crate, there must be friction acting on the book or else it will fall.
(C) The net force acting on the book is zero.

(D) Thedirection of the frictional force acting on the book is in the same direction as the frictional force acting
on the crate.

(E) The Newton's Third Law reaction force to the weight of the book is the normal force from the table.

A crate of toysremains at rest on asleigh asthe deigh is pulled up a hill with anincreasing speed. Thecrateis
not fastened down to the leigh. What force is responsible for the crate’ sincrease in speed up the hill?

(A) the contact force (normal force) of the ground on the sleigh

(B) the force of static friction of the sleigh on the crate

(C) the contact force (normal force) of the sleigh on the crate

(D) the gravitational force acting on the sleigh

(E) no forceis needed

A student weighing 500 N stands on a bathroom scale in the school’ s elevator. When the scale reads 520 N, the
elevator must be

(A) accelerating upward.  (B) accelerating downward.  (C) moving upward at a constant speed.

(D) moving downward at a constant speed.  (E) at rest.

In which one of the following situations is the net force constantly zero on the object?
(A) A mass attached to a string and swinging like a pendulum.

(B) A stonefalling freely in a gravitational field.

(C) An astronaut floating in the International Space Station.

(D) A snowboarder riding down a steep hill.

(E) A skydiver who has reached terminal velocity.

A box dlidesto the right across a horizontal floor. A person called Ted exertsaforce T to the right on the box. A
person called Mario exertsaforce M to the left, which is half as large as the force T. Given that thereisfriction
f and the box accelerates to the right, rank the sizes of these three forces exerted on the box.

A)f<M<T BYM<f<T (COM<T<f (D)f=M<T (E) It cannot be determined.

Y ou hold arubber ball in your hand. The Newton's third law companion force to the force of gravity on the ball

is the force exerted by which object onto what other object?
(A) ball on the hand (B) Earth on the ball (C) ball on the Earth (D) Earth on your hand (E) hand on the ball

+y

+X

Y 369°

An object on an inclined plane has a gravitational force of magnitude 10 N acting on it from the Earth. Which of

the following gives the correct components of this gravitational force for the coordinate axes shown in the

figure? The y-axisis perpendicular to the incline’'s surface while the x-axis is parallel to the inclined surface.
X-component  y-component

(A) +6N ~ 8N
(B) +8N - 6N
(C) -6N +8N
(D) -8N +6N
(E) ON +10N

67



89.

90.

91.

92.

93.

A spaceman of mass 80 kg is sitting in a spacecraft near the surface of the Earth. The spacecraft is accelerating
upward at five times the accel eration due to gravity. What is the force of the spaceman on the spacecraft?
(A)4800N (B)4000N (C)3200N (D)800N (E)400N

A 22.0 kg suitcase is dragged in a straight line at a constant speed of 1.10 m/s across a level airport floor by a
student on the way to Mexico. Theindividual pulls with a1.0 x 10° N force along a handle which makes an
upward angle of 30.0 degrees with respect to the horizontal. What is the coefficient of kinetic friction between
the suitcase and the floor?

(A) ux=0.013 (B) ux=0.394 (C) ux=0.509 (D) ux=0.866 (E)ux =1.055

d\‘{:':

9
@

N 300°

A person pushes a block of mass M = 6.0kg with a constant speed of 5.0 n/s straight up aflat surface inclined
30.0° above the horizontal. The coefficient of kinetic friction between the block and the surfaceis p = 0.40.
What is the net force acting on the block?

(A)ON (B)21N (C)30N (D)51N (E)76N

10.0 m

8.0m

In the figure above, a box moves with speed 5.0 m/s at the bottom of arough, fixed inclined plane. The box
slides with constant acceleration to the top of the incline asit is being pushed directly to the left with a constant
force of F =240 N. The box, of mass m = 20.0 kg, has a speed of 2.50 m/s when it reaches the top of the
incline. What is the magnitude of the acceleration of the box asit dlides up the incline?

(A)12.0m/s (B)10.0m/s (C)5.88m/s’ (D)1.88m/s’ (E)0.938 m/s’

A 20.0 kg box remains at rest on a horizontal surface while a person pushes directly to the right on the box with
aforce of 60 N. The coefficient of kinetic friction between the box and the surfaceis pg = 0.20. The coefficient
of static friction between the box and the surface is us = 0.60. What is the magnitude of the force of friction
acting on the box during the push?

(A)200N (B) 120N (C) 60N (D) 40N (E)ON

W T
W —

*94.Two identical blocks of weight W are placed one on top of the other as shown in the diagram above. The upper
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block istied to the wall. The lower block is pulled to the right with aforce F. The coefficient of static friction
between all surfacesin contact isu. What is the largest force F that can be exerted before the lower block starts
to dip?

(A) pwW  (B) 3uw/2 (C)2uW (D) 5uW/2  (E) 3uW



95. A force F isused to hold ablock of mass mon an incline as shown in the diagram (see above). The plane makes

an angle of @ with the horizontal and F is perpendicular to the plane. The coefficient of friction between the
plane and the block is u. What is the minimum force, F, necessary to keep the block at rest?

(A) pmg (B) mgcos® (C) mgsin® (D) mgsind/p (E) mg(sin® — pcost)/pn

*96.A mass mis resting at equilibrium suspended from a vertical spring of natural length L and spring constant k

inside a box as shown.

The box begins accel erating upward with acceleration a. How much closer does the equilibrium position of the
mass move to the bottom of the box?

() L (B) L (O "2 ©)"E B)7F

k k

*97.When the speed of arear-drive car isincreasing on a horizontal road, what is the direction of the frictional force

on the tires?

(A) backward on the front tires and forward on the rear tires.
(B) forward on the front tires and backward on the rear tires.
(C) forward on all tires.

(D) backward on all tires.

(E) zero.

*08.A ball of mass mislaunched into the air. Ignore air resistance, but assume that there isawind that exerts a

99.

constant force F,, in the —x direction. In terms of F, and the acceleration due to gravity g, at what angle above
the positive x-axis must the ball be launched in order to come back to the point from which it was launched?
(A) tan(Fo/mg) (B) tan(mg/Fo) (C) sin*(Fo/mg) (D) the angle depends on the launch speed

(E) no such angleis possible

Given the three masses as shown in the diagram above, if the coefficient of kinetic friction between the large
mass (m,) and the table is i, what would be the upward acceleration of the small mass (ms3)? The mass and
friction of the cords and pulleys are small enough to produce a negligible effect on the system.

(A) mig/(my + my + m3) (B) g(my + map)/(my + my + mz) (C) gu(my + my + mg)/ (Mg —my —mj)

(D) gu(my —my —mg)/ (Mg + My + m3)  (E) g(My — umz —mg)/ (Mg + my + my)
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100.Two masses 5.0 and 7.0 kg are originally at rest on a frictionless surface. The masses are connected by alight
cord. A second cord is attached to the 7.0 kg mass and pulled with a horizontal force of 30 N. What isthe
tension in the cord that connects the two masses?

(A)5N (B)7N (C)125N (D)175N (E)30N

101.Two masses are connected by alight cord which islooped over alight frictionless pulley. If one massis 3.0 kg
and the second massis 5.0 kg, what is the downward acceleration of the heavier mass? Assume air resistance is
negligible.
(A)9.8m/s (B)84m/s (C)6.3m/s” (D)3.8m/s (E)2.5m/s

Questions 102 — 103

Three identical laboratory carts A, B, and C are each subject to a constant force F», Fg, and Fc, respectively.

One or more of these forces may be zero. The diagram bel ow shows the position of each cart at each second of
an 8.0 second interval.

i 1' ; 1
2 3 = b ar !
| — | 1 1
.S s : : f b

102.Which car has the greatest average velocity during the interval ?
(A)A (B)B (C)C (D) dll three average velocitiesareequal  (E) not enough information is provided

103.How does the magnitude of the force acting on each car compare?

(A) Fa>Fg >Fc (B) Fa=Fc>Fg (C) Fa>Fc=Fg (D) Fa=Fg>F¢ (E) not enough information
provided

104.A skydiver isfalling at terminal velocity before opening her parachute. After opening her parachute, she falls at

amuch smaller terminal velocity. How does the total upward force before she opens her parachute compare to
the total upward force after she opens her parachute?

(A) Theratio of the forcesis equal to the ratio of the velocities.
(B) Theratio of the forcesis equal to the inverse ratio of the velocities.
(C) the upward force with the parachute will depend on the size of the parachute.

(D) The upward force before the parachute will be greater because of the greater velocity.
(E) The upward force in both cases must be the same.

105.Each of the diagrams bel ow represents two weights connected by a massless string which passes over a
massless, frictionless pulley. In which diagram will the magnitude of the acceleration be the largest?

(A)
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106.A simple Atwood's machine is shown in the diagram above. It is composed of a frictionless lightweight pulley
with two cubes connected by alight string. If cube A has amass of 4.0 kg and cube B has a mass of 6.0 kg, the
system will move such that cube B accel erates downwards. What would be the tension in the two parts of the
string between the pulley and the cubes?

(A)TA=47N;Tg=71N (B)Tao=47N;Tg=47N (C)Ta=47N;Tg=42N
(D) TA=39N;Tg=59N (E)To=39N;Tg=39N

107.1f anet force F applied to an object of mass mwill produce an acceleration of a, what is the mass of a second
object which accelerates at 5a when acted upon by a net force of 2F?

(A) (2/5)m (B)2m (C) (5/2m (D)5m (E) 10m
J‘a

< m

108.A simple Atwood's machine remains motionless when equal masses M are placed on each end of the chord.
When a small mass mis added to one side, the masses have an acceleration a. What is M? Y ou may neglect
friction and the mass of the cord and pulley.

m(g—a 2m(g—a 2m a m a m(a—

2a a a 2a 2a

P A A A A A

*109.Block 1 is stacked on top of block 2. Block 2 is connected by alight cord to block 3, which is pulled along a
frictionless surface with aforce F as shown in the diagram. Block 1 is accelerated at the same rate as block 2
because of the frictional forces between the two blocks. If all three blocks have the same mass m, what is the
minimum coefficient of static friction between block 1 and block 2?

(A) 2F/mg (B) 2F/3mg (C)F/mg (D) 3F2mg (E) F/3mg

110.An object originaly traveling at avelocity, vy, is accelerated to avelocity, v, in atime, t, by a constant force, F.
What would be the mass of the object?

A=2 B O D)= (B)--

Vo
Ft V=1 vt vot
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111.A frictionless air puck of mass mis placed on a plane surface inclined at an angle of 60° with respect to the
horizontal. A string of length | is attached to the puck at one end and the upper edge of the inclined plane at the
other to constrain the movement of the puck. What would be the magnitude of the normal force from the plane
acting on the puck?
(A) mg(sin 60°)  (B) mg(cos30°) (C) mg(tan 30°) (D) ——  (E) None of these

tan 60

I o |
| I ]T:.II F
rmg| mp | 1 e——
_i-i".:l-";“-l-_,_: - —

*112.Three blocks (m;, m,, and ms) are diding at a constant velocity across a rough surface as shown in the
diagram above. The coefficient of kinetic friction between each block and the surfaceis . What would be the
force of m; onm,?

(A) (my+mg)gu (B)F—(my—mg)gu  (C)(my+my+mg)gu  (D)F  (E) mygu —(m; + ms)gu

™!
- _:ﬂ

2 kg

113.Two 5 kg masses are attached to opposite ends of along massless cord which passes tautly over a massless
frictionless pulley. The upper massisinitially held at rest on atable 50 cm from the pulley. The coefficient of
kinetic friction between this mass and the table is 0.2. When the system is released, its resulting acceleration is
closest to which of the following?
(A)9.8m/s" (B)7.8m/s (C)49m/s (D)39m/ss (E)19m/s
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SECTION B — Circular Motion

1.

When a person stands on a rotating merry-go-round, the frictional force exerted on the person by the
merry-go-round is

(A) greater in magnitude than the frictional force exerted on the person by the merry-go-round

(B) oppositein direction to the frictional force exerted on the merry-go-round by the person

(C) directed away from the center of the merry-go-round

(D) zero if the rate of rotation is constant

(E) independent of the person's mass

A ball attached to a string is whirled around in a horizontal circle having aradiusr. If theradius of the circleis
changed to 4r and the same centripetal force is applied by the string, the new speed of the ball is which of the
following?

(A) One-quarter the original speed (B) One-half the original speed

(C) The same as the original speed (D) Twicethe original speed

(E) Four timesthe original speed
N
w-—l— E
5

View of Track from Above
A racing car is moving around the circular track of radius 300 meters shown above. At the instant when the car's
velocity is directed due eadt, its acceleration is directed due south and has a magnitude of 3 meters per second
sguared. When viewed from above, the car is moving
(A) clockwise at 30 n/s ( B) clockwise at 10 nv/s (C) counterclockwise at 30 m/s
(D) counterclockwise at 10 m/s (E) with constant velocity

View from Above

The horizontal turntable shown above rotates at a constant rate. As viewed from above, a coin on the turntable
moves counterclockwise in acircle as shown. Which of the following vectors best represents the direction of the
frictional force exerted on the coin by the turntable when the coin isin the position shown?

A— B— (© - (D) (E)T

In which of the following situations would an object be accelerated?

I. It movesin astraight line at constant speed.

[1. 1t moves with uniform circular motion.

[11. It travels as a projectile in agravitational field with negligible air resistance.
(A)lonly (B)Hllonly (C)landllonly (D)llandlllonly (E)I, I, andIll.
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6. Anautomobile moves at constant speed down one hill and up another hill along the smoothly curved surface
shown above. Which of the following diagrams best represents the directions of the velocity and the
acceleration of the automobile at the instant that it is at the lowest position. as shown?

—>V
Ta —PV —V /V
(B) c —*a o «—a ® —2

Ly
|a
(A)

7. A carinitialy travels north and then turns to the left along a circular curve. This causes a package on the seat of
the car to dlide toward the right side of the car. Which of the following is true of the net force on the package
whileit isdliding?

(A) Theforceisdirected away from the center of the circle.

(B) Theforceisdirected north.

(C) Thereis not enough force directed north to keep the package from dliding.

(D) Thereis not enough force tangential to the car's path to keep the package from sliding.

(E) Thereis not enough force directed toward the center of the circle to keep the package from dliding.

8. A child hasatoy tied to the end of astring and whirls the toy at constant speed in a horizontal circular path of
radius R. The toy completes each revolution of its motion in atime period T. What is the magnitude of the
acceleration of the toy?

47°R
T2

(A) Zeo  (B) mg g (B g

@ =i

Top View
9. A compressed spring mounted on adisk can project asmall ball. When the disk is not rotating, as shown in the
top view above, the ball moves radially outward. The disk then rotates in a counterclockwise direction as seen
from above, and the ball is projected outward at the instant the disk is in the position shown above. Which of
the following best shows the subsequent path of the ball relative to the ground?
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10. A steel ball supported by a stick rotatesin a circle of radius r, as shown above. The direction of the net force
acting on the ball when it isin the position shown is indicated by which of the following?

- - =" Neaa-

11. Inside a washing machine, the radius of the cylinder where the clothes sit is 0.50 m. In one of its settings the
machine spins the cylinder at 2.0 revolutions per second. What is the acceleration of an item of clothing?
(A) 0.080m/s (B)16m/is (C) 8.0m/s’ (D)79m/s (E) 25 m/s’

m
P £ ?— ------ ?R

X : ;I

AY N /

. Lo

~ { -
"‘-_‘_.f
e

12. A ball of mass mis attached to the end of a string of length Q as shown above. The ball is released from rest
from position P. where the string is horizontal. It swings through position Q. where the string is vertical, and
then to position R. where the string is again horizontal. What are the directions of the accel eration vectors of the
ball at positions Q and R?

Position Q Position R
(A) Downward Downward
(B) Downward Totheright
(C) Upward Downward
(D) Upward Totheleft
(E) To theright Totheleft

13. A mass m moves on a curved path from point X to point Y. Which of the following diagrams indicates a
possible combination of the net force F on the mass, and the velocity v and acceleration a of the mass at the
location shown?

75



______

Top View

*14.A spring has aforce constant of 100 N/m and an unstretched length of 0.07 m. One end is attached to a post that

15.

16.

17.

76

isfreeto rotate in the center of a smooth table, as shown in the top view above. The other end is attached to a 1
kg disc moving in uniform circular motion on the table, which stretches the spring by 0.03 m. Frictionis
negligible. What isthe centripetal force on the disc?

(A)OBN (B)3N (C)1ON (D)300N (E)1,000N

S R

P g
A figure of adancer on a music box moves counterclockwise at constant speed around the path shown above.
The path is such that the lengths of its segments, PQ, QR, RS, and SP, areequal. ArcsQRand SP are
semicircles. Which of the following best represents the magnitude of the dancer's accel eration as a function of

time t during one trip around the path, beginning at point P ?
(A}

a (B} « a

a + i o
s o fa Ig i, s

I L S R I P

®
LAA L [/\/\ |
T MO [ O " T

s

A car travels forward with constant velocity. It goes over asmall stone, which gets stuck in the groove of atire.
The initial acceleration of the stone, asit leaves the surface of theroad, is

(A) vertically upward (B) horizontally forward (C) horizontally backward

(D) zero (E) upward and forward, at approximately 45° to the horizontal

/\%\/\

A car istraveling on aroad in hilly terrain, see figure to the right. Assume the car has speed v and the tops and
bottoms of the hills have radius of curvature R. The driver of the car is most likely to feel weightless:

(A) at thetop of ahill whenv > ,/gR  (B) at the bottom of ahill whenv > ,/gR
(C) going down ahill whenv = ,/gR (D) at the top of ahill whenv < ,/gR
(E) at the bottom of a hill whenv < ,/gR



18. An object shown in the accompanying figure movesin uniform circular motion. Which arrow best depicts the
net force acting on the object at the instant shown?
(M)A (B)B (©)Cc (DO)D (BE

19. A child whirlsaball at the end of arope, in auniform circular motion. Which of the following statementsis
NOT true?
(A) The speed of the ball isconstant (B) The velocity is of the ball is constant (C) The radiusis constant
(D) The magnitude of the ball's acceleration is constant
(E) The acceleration of the ball is directed radially inwards towards the center

20. An astronaut in an orbiting space craft attaches a mass mto a string and whirlsit around in uniform circular
motion. The radius of the circleisr, the speed of the massisv, and thetension in the string is F. If the mass,
radius, and speed were all to double the tension required to maintain uniform circular motion would be
(A) F/2 (B) F (C) 2F (D) 4F (E) 8F

21. Assumetheroller coaster cart rollsfrictionlessly along
the curved track from point A to point C under the %
influence of gravity. What would be the direction of the !
cart's acceleration at point B? point A point C
(A) upward
(B) downward
(C) forward
(D) backward .
(E) no acceleration point B

Questions 22 — 23
The diagram below is a snapshot of three cars all moving counterclockwise during aone lap race on an elliptical
track.

22. Which car has had the lowest average speed during the race so far?

(A) car A (D) al three cars have had the same average speed
(B) carB (E) cannot be determined with information provided
(C) car C

23. Which car at the moment of the snapshot MUST have a net force acting on it?
(A) car A (D) dll three cars have net forces acting on them
(B) car B (E) cannot be determined with information provided
(C) carC
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A centripetal force of 5.0 newtonsis applied to a rubber stopper moving at a constant speed in a horizontal
circle. If thesameforceisapplied, but the radiusis made smaller, what happens to the speed, v, and the
frequency, f, of the stopper?

(A) vincreases & f increases (D) vdecreases& f increases

(B) v decreases & f decreases (E) neither changes

(C) vincreases & f decreases

What is the centripetal acceleration of an object (mass = 50 g) on the end of an 80-cm string rotating at a
constant rate of 4 times a second?
(A)25m/s (B)32m/s (C)100m/s’ (D) 500 m/s’ (E) 2500 m/s”

What net forceis necessary to keep a 1.0 kg puck moving in acircle of radius 0.5 m on a horizontal frictionless
surface with a speed of 2.0 m/s?
(A)ON(B)20N(C)40N (D)8.ON(E) 16 N

Astronauts on the Moon perform an experiment with a simple pendulum that is released from the horizontal
position at rest. At the moment shown in the diagram with 0° <6 < 90°, the total acceleration of the mass may
be directed in which of the following ways?

(A) straight to theright  (B) straight to the left (C) straight upward (D) straight downward

(E) straight along the connecting string toward point P (the pivot)

A 4.0 kg massis attached to one end of arope 2 mlong. If the massis swung in avertical circle fromthe free
end of the rope, what is the tension in the rope when the massis at its highest point if it is moving with a speed
of 5m/s?

(A)54N (B)108N (C)21.6N (D)50N (E)65.4N

A ball of mass misfastened to a string. The ball swings at constant speed in avertical circle of radius R with
the other end of the string held fixed. Neglecting air resistance, what is the difference between the string's
tension at the bottom of the circle and at the top of the circle?

(A)I'mg (B)2mg (C)4mg (D)6-mg (E)8-mg

An object weighing 4 newtons swings on the end of a string as a simple pendulum. At the bottom of the swing,
the tension in the string is 6 newtons. What is the magnitude of the centripetal acceleration of the object at the
bottom of the swing?

(A)O (B)0.54¢g ©ag (D)15¢ (E)25¢

Ridersin acarnival ride stand with their backs against the wall of a circular room of diameter 8.0 m. The room
is spinning horizontally about an axis through its center at arate of 45 rev/min when the floor drops so that it no
longer provides any support for the riders. What is the minimum coefficient of static friction between the wall
and the rider required so that the rider does not slide down the wall?

(A)0.0012 (B)0.056 (C)0.11 (D)0.53 (E)89



AP Physics Free Response Practice — Dynamics

SECTION A — Linear Dynamics

z 7

4DOkg. Crounterweight

Eiavator
Car

1976B1. Thetwo guiderails for the elevator shown above each exert a constant friction force of 100 newtons on the
elevator car when the elevator car is moving upward with an acceleration of 2 meters per second squared. The
pulley has negligible friction and mass. Assume g = 10 m/sec?.

a. Onthe diagram below, draw and label al forces acting on the elevator car. Identify the source of each force.

b. Calculate the tension in the cable lifting the 400-kilogram elevator car during an upward acceleration of 2
m/sec’. (Assume g 10 nv/sec?)
c. Calculate the mass M the counterweight must have to raise the elevator car with an acceleration of 2 nv/sec?.

l 10 kg ! 10 kg Tﬂ
' u =0.2 l u« =0.2

F=30N 5kg

Case | Case il
1979B2. A 10-kilogram block restsinitially on atable as shown in cases| and Il above. The coefficient of diding
friction between the block and the tableis 0.2. The block is connected to a cord of negligible mass, which
hangs over a masslessfrictionless pulley. In case | aforce of 50 newtonsis applied to the cord. Incase Il an
object of mass 5 kilograms is hung on the bottom of the cord. Use g = 10 meters per second sguared.
a. Cdlculate the acceleration of the 10-kilogram block in casell.
b. Onthe diagrams below, draw and label all the forces acting on each block in case 1

10kg

5kg

c. Calculate the acceleration of the 10-kilogram block in case 1.
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1982B2. A craneis used to hoist aload of mass m; = 500 kilograms. The load is suspended by a cable from a hook

of mass m, = 50 kilograms, as shown in the diagram above. The load islifted upward at a constant acceleration
of 2 m/s’.

On the diagrams below draw and label the forces acting on the hook and the forces acting on the load as they

accelerate upward
& Load

Determine the tension T, in the lower cable and the tension T, in the upper cable asthe hook and load are
accelerated upward at 2 m/s>. Use g = 10 m/s.

10 kg

SUSSSNANNN

1985B2 (modified) Two 10-kilogram boxes are connected by a massless string that passes over a massless

a
b.

C.

frictionless pulley as shown above. The boxes remain at rest, with the one on the right hanging vertically and
the one on the left 2.0 meters from the bottom of an inclined plane that makes an angle of 60° with the
horizontal. The coefficients of kinetic friction and static friction between the left-hand box and the plane are
0.15 and 0.30, respectively. You may use g = 10 m/s’, sin 60° = 0.87, and cos 60° = 0.50.

What isthetension T in the string?

On the diagram below, draw and label all the forces acting on the box that is on the plane.

Determine the magnitude of the frictional force acting on the box on the plane.
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2.0 kg

4.0kg

LOkg

1986B1. Three blocks of masses 1.0, 2.0, and 4.0 kilograms are connected by massless strings, one of which passes
over africtionless pulley of negligible mass, as shown above. Calculate each of the following.

a. Theacceleration of the 4-kilogram block

b. Thetension in the string supporting the 4-kilogram block

c. Thetension in the string connected to the I-kilogram block

M,

1987B1. In the system shown above, the block of mass M ; ison arough horizontal table. The string that attaches it
to the block of mass M, passes over africtionless pulley of negligible mass. The coefficient of kinetic friction

W« between M ; and the table isless than the coefficient of static friction s
a.  Onthe diagram below, draw and identify all the forces acting on the block of massM ;.

M1

b. Intermsof M; and M, determine the minimum value of s that will prevent the blocks from moving.

The blocks are set in motion by giving M, a momentary downward push. Intermsof M, M, L, and g,
determine each of the following:

c. The magnitude of the acceleration of M

d. Thetensioninthe string.
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1988B1. A helicopter holding a 70-kilogram package suspended from arope 5.0 meters long accelerates upward at
arate of 5.2 m/s’. Neglect air resistance on the package.
a. Onthe diagram below, draw and label all of the forces acting on the package.

b. Determinethe tension in the rope.

c. When the upward velocity of the helicopter is 30 meters per second, the rope is cut and the helicopter continues
to accelerate upward at 5.2 m/s>. Determine the distance between the helicopter and the package 2.0 seconds
after theropeis cut.

I 3h I

1998B1 Two small blocks, each of mass m, are connected by a string of constant length 4h and negligible mass.
Block A is placed on a smooth tabletop as shown above, and block B hangs over the edge of the table. The
tabletop is a distance 2h above the floor. Block B isthen released from rest at a distance h above the floor at
timet=0. Expressall algebraic answersintermsof h, m, and g.

Determine the acceleration of block B asit descends.

Block B strikes the floor and does not bounce. Determine thetimet =t, at which block B strikes the floor.
Describe the motion of block A fromtimet = 0 to the time when block B strikes the floor.

Describe the motion of block A from the time block B strikes the floor to the time block A leaves the table.
Determine the distance between the landing points of the two blocks.

Poo T
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2000B2. Blocks 1 and 2 of masses m, and my,, respectively, are connected by alight string, as shown above. These

blocks are further connected to a block of mass M by another light string that passes over a pulley of negligible
mass and friction. Blocks | and 2 move with a constant velocity v down the inclined plane, which makes an
angle 6 with the horizontal. The kinetic frictional force on block 1 isf and that on block 2 is 2f.

On the figure below, draw and label all the forces on block m;.

Express your answers to each of the following in terms of m;, m,, g, 6, and f.

Determine the coefficient of kinetic friction between the inclined plane and block 1.

Determine the val ue of the suspended mass M that allows blocks 1 and 2 to move with constant velocity down
the plane.

The string between blocks 1 and 2 is now cut. Determine the acceleration of block 1 while it is on the inclined
plane.
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60 kg

Ps

Student A
70 kg

2003B1 A rope of negligible mass passes over a pulley of negligible mass attached to the ceiling, as shown above.
One end of the rope is held by Student A of mass 70 kg, who is at rest on the floor. The opposite end of the rope
is held by Student B of mass 60 kg, who is suspended at rest above the floor. Use g = 10 m/s.

a.  Onthe dots below that represent the students, draw and label free-body diagrams showing the forces on Student
A and on Student B.

® B

® A

b. Calculate the magnitude of the force exerted by the floor on Student A.

Student B now climbs up the rope at a constant acceleration of 0.25 m/s” with respect to the floor.
Calculate the tension in the rope while Student B is accelerating.

As Student B is accelerating, is Student A pulled upward off the floor? Justify your answer.

e.  With what minimum acceleration must Student B climb up the rope to lift Student A upward off the floor?

ao
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2003Bb1 (modified) An airplane accelerates uniformly from rest. A physicist passenger holds up athin string of
negligible mass to which she has tied her ring, which has a mass m. She notices that as the plane accelerates
down the runway, the string makes an angle 6 with the vertical as shown above.

a. Inthe space below, draw a free-body diagram of the ring, showing and labeling all the forces present.

The plane reaches a takeoff speed of 65 /s after accelerating for atotal of 30 s.

b. Determine the minimum length of the runway needed.

c. Determinethe angle @ that the string makes with the vertical during the acceleration of the plane before it leaves

the ground.

N

*1996B2 (modified) A spring that can be assumed to be ideal hangs from a stand, as shown above. Y ou wish to
determine experimentally the spring constant k of the spring.

a. i. What additional, commonly available equipment would you need?
ii. What measurements would you make?
iii. How would k be determined from these measurements?

Suppose that the spring is now used in a spring scale that is limited to a maximum value of 25 N, but you would

like to weigh an object of mass M that weighs more than 25 N. Y ou must use commonly available equipment

and the spring scale to determine the weight of the object without breaking the scale.

b. i. Draw aclear diagram that shows one way that the equipment you choose could be used with the spring
scale to determine the weight of the object,
ii. Explain how you would make the determination.
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B2007B1. An empty sled of mass 25 kg slides down a muddy hill with a constant speed of 2.4 m/s. The slope of the
hill isinclined at an angle of 15° with the horizontal as shown in the figure above.

a. Cadculate thetime it takesthe sled to go 21 m down the slope.

b. Onthe dot below that represents the sled, draw/label a free-body diagram for the sled as it dides down the slope

.

Calculate the frictional force on the sled as it slides down the sope.

Calculate the coefficient of friction between the sled and the muddy surface of the slope.

e. The ded reaches the bottom of the slope and continues on the horizontal ground. Assume the same coefficient
of friction.

i. Intermsof velocity and accel eration, describe the motion of the sled asiit travels on the horizontal ground.
ii. Onthe axes below, sketch a graph of speed v versustimet for the sled. Include both the sled's travel down
the slope and across the horizontal ground. Clearly indicate with the symbol t, the time at which the sled leaves

the slope.

oo

o

B2007b1 (modified) A child pullsa 15 kg sled containing a 5.0 kg r
dog along a straight path on a horizontal surface. He exertsa {
force of 55 N on the sled at an angle of 20° above the horizontal,
as shown in the figure. The coefficient of friction between the Ske

sled and the surface is 0.22. . 15kg
a.  Onthe dot below that represents the sled-dog system, draw and Z; N T L

label afree-body diagram for the system asit is pulled along the
surface.

b. Calculate the normal force of the surface on the system.

Calculate the acceleration of the system.

At some later time, the dog rolls off the side of the sled. The child continues to pull with the same force. On the
axes below, sketch a graph of speed v versustimet for the sled. Include both the sled's travel with and without
the dog on the ded. Clearly indicate with the symbol t, the time at which the dog rolls off.

oo

5
i
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1981M1. A block of mass m, acted on by a force of magnitude F directed horizontally to the right as shown above,

dlides up an inclined plane that makes an angle 6 with the horizontal. The coefficient of diding friction

between the block and the plane is .
On the diagram of the block below, draw and label all the forces that act on the block asit slides up the plane.

&

Develop an expression interms of m, 6, F, p, and g, for the block’ s acceleration up the plane.
Develop an expression for the magnitude of the force F that will allow the block to slide up the plane with

constant velocity. What relation must 6 and p satisfy in order for this solution to be physically meaningful ?

1986M1. The figure above shows an 80-kilogram person standing on a 20-kilogram platform suspended by arope

b.
C.

passing over a stationary pulley that isfreeto rotate. The other end of the rope is held by the person. The
masses of the rope and pulley are negligible. You may use g =10 m/ s°. Assume that friction is negligible, and
the parts of the rope shown remain vertical.

If the platform and the person are at rest, what isthe tension in the rope?

The person now pulls on the rope so that the acceleration of the person and the platform is 2 m/s” upward.

What is the tension in the rope under these new conditions?
Under these conditions, what is the force exerted by the platform on the person?

87



Fi

Il

2007M1. A block of mass mispulled along arough horizontal surface by a constant applied force of magnitude F;
that acts at an angle 4 to the horizontal, as indicated above. The acceleration of the block isa,. Expressall
algebraic answersintermsof m, F4, 6, a;, and fundamental constants.

a.  Onthefigure below, draw and label a free-body diagram showing al the forces on the block.

[]

b. Derive an expression for the normal force exerted by the surface on the block.

Derive an expression for the coefficient of kinetic friction x between the block and the surface.

On the axes below, sketch graphs of the speed v and displacement x of the block as functions of timett if the
block started fromrest at x=0and t = 0.

v X

20

t o t

0
e. If theapplied forceislarge enough, the block will lose contact with the surface. Derive an expression for the
magnitude of the greatest accel eration an, that the block can have and still maintain contact with the ground.
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1996M2. A 300-kg box rests on a platform attached to a forklift, shown above. Starting from rest at time = 0, the

box is lowered with a downward acceleration of 1.5 m/s?

a. Determine the upward force exerted by the horizontal platform on the box asit is lowered.

Attimet = 0, the forklift also begins to move forward with an acceleration of 2 m/s? while lowering the box as

described above. The box does not dlip or tip over.
b. Determine the frictional force on the box.

c. Given that the box does not slip, determine the minimum possible coefficient of friction between the box and

the platform.

d. Determine an equation for the path of the box that expressesy as a function of x (and not of t), assuming that, at

timet = 0, the box has a horizontal position x = 0 and avertical position y = 2 m above the ground, with zero

velocity.
e.  Onthe axes below sketch the path taken by the box
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1998M3. Block 1 of mass m, isplaced on block 2 of mass m, whichisthen placed on atable. A string connecting
block 2 to a hanging mass M passes over a pulley attached to one end of the table, as shown above. The mass
and friction of the pulley are negligible. The coefficients of friction between blocks 1 and 2 and between block
2 and the tabletop are nonzero and are given in the following table.

Coefficient Between Coefficient Between
Blocks 1 and 2 Block 2 and the Tabletop
Static Hs Hr
Kinetic Ha Hya

Express your answers in terms of the masses, coefficients of friction, and g, the acceleration due to gravity.

a.  Suppose that the value of M is small enough that the blocks remain at rest when released. For each of the
following forces, determine the magnitude of the force and draw a vector on the block provided to indicate the
direction of the forceif it is nonzero.

i. Thenormal force N, exerted on block 1 by block 2

my

ii. Thefrictionforcef; exerted on block 1 by block 2

my

iii. TheforceT exerted on block 2 by the string

mp

iv. The normal force N, exerted on block 2 by the tabletop

my

v. Thefriction forcef, exerted on block 2 by the tabletop

my

b. Determinethe largest value of M for which the blocks can remain at rest.
c. Now supposethat M islarge enough that the hanging block descends when the blocks are released. Assume
that blocks 1 and 2 are moving as a unit (no slippage). Determine the magnitude a of their acceleration.

d. Now supposethat M islarge enough that as the hanging block descends, block 1 is slipping on block 2.
Determine each of the following.
i. The magnitude a; of the acceleration of block 1
ii. The magnitude a, of the acceleration of block 2
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*2005M1 (modified) A ball of mass M isthrown vertically upward with an initial speed of v,. It experiences aforce
of air resistance given by F = —kv, where k is a positive constant. The positive direction for all vector quantities
isupward. Expressall algebraic answersinterms of M, k, v,, and fundamental constants.

a. Doesthe magnitude of the acceleration of the ball increase, decrease, or remain the same as the ball moves
upward?
— increases — decreases ___ remainsthe same
Justify your answer.
b. Determinethe terminal speed of the ball as it moves downward.
c. Doesit take longer for the ball to rise to its maximum height or to fall from its maximum height back to the
height from which it was thrown?
— longertorise  ___ longer to fal
Justify your answer.
d. Onthe axesbelow, sketch a graph of velocity versus time for the upward and downward parts of the ball's

flight, where t; isthe time at which the ball returns to the height from which it was thrown.
Yelocity

..........................................................

} } e Time

'
B e R il LT

91



2005B2. A simple pendulum consists of a bob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is
held at an angle of 30° from the vertical by alight horizontal string attached to awall, as shown above.
(a) On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position
shown above.

(b) Calculate the tension in the horizontal string.
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sin 30° = 0.50 sin 60° = 0.87
cos 30° = 0.87 cos 60° = 0.50
tan 30° = 0.58 tan 60° = 1.73

50kg

1991B1. A 5.0-kilogram monkey hangsinitially at rest from two vines, A and B. as shown above. Each of the vines
has length 10 meters and negligible mass.
a. Onthefigure below, draw and label all of the forces acting on the monkey. (Do not resolve the forcesinto
components, but do indicate their directions.)

b. Determinethetensionin vine B while the monkey is at rest.
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Note: Figure not drawn to scale.

1995B3. Part of the track of an amusement park roller coaster is shaped as shown above. A safety bar is oriented
lengthwise along the top of each car. In one roller coaster car, a small 0.10-kilogram ball is suspended from this
bar by a short length of light, inextensible string.

a. Initialy, thecar isat rest at point A.
i. Onthe diagram below, draw and label all the forces acting on the 0.10-kilogram ball.

ii. Calculate the tension in the string.

The car is then accelerated horizontally, goes up a 30° incline, goes down a 30° incline, and then goes around a
vertical circular loop of radius 25 meters. For each of the four situations described in parts (b) to (€), do al
three of the following. In each situation, assume that the ball has stopped swinging back and forth.

1) Determine the horizontal component T, of the tension in the string in newtons and record your answer in the
space provided.

2)Determine the vertical component T, of the tension in the string in newtons and record your answer in the
space provided.

3)Show on the adjacent diagram the approximate direction of the string with respect to the vertical. The dashed
line shows the vertical in each situation.

b. Thecarisat point B moving horizontally 2 to the right with an acceleration of 5.0 m/s.

a = 5.0 mfs?

Th
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d. Thecarisat point D moving down the incline with an acceleration of 5.0 m/s’ .

Th:

T, =

I
e. Thecarisat point E moving upside down with an instantaneous speed of 25 m/s and no tangential
acceleration at the top of the vertical loop of radius 25 meters.
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SECTION B — Circular Motion

— -

1977 B2. A box of mass M, held in place by friction, rides on the flatbed of a truck which is traveling with constant
speed v. Thetruck ison an unbanked circular roadway having radius of curvature R.
a. Onthe diagram provided above, indicate and clearly label all the force vectors acting on the box.

b. Find what condition must be satisfied by the coefficient of static friction L1 between the box and the truck bed.
Express your answer in terms of v, R, and g.

%

If the roadway is properly banked, the box will still remain in place on the truck for the same speed v even
when the truck bed isfrictionless.

c. Onthe diagram above indicate and clearly label the two forces acting on the box under these conditions
d. Which, if either, of the two forces acting on the box is greater in magnitude?

- ~
//
P M
!
! 1 \
I ]
!
I\ ;
!
\
Ground N /,
\ o .
\“-‘-”
.......................... o

1984B1. A ball of mass M attached to a string of length L movesin acirclein avertical plane as shown above. At
the top of the circular path, the tension in the string is twice the weight of the ball. At the bottom, the ball just
clearsthe ground. Air resistance is negligible. Expressall answersintermsof M, L, and g.

a. Determine the magnitude and direction of the net force on the ball when it is at the top.

b. Determine the speed v, of the ball at the top.

The string is then cut when the ball is at the top.

c. Determinethe time it takes the ball to reach the ground.
d. Determinethe horizontal distance the ball travels before hitting the ground.
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1989B1. An object of mass M on astring iswhirled with increasing speed in a horizontal circle, as shown above.

When the string breaks, the object has speed v, and the circular path has radius R and is a height h above the
ground. Neglect air friction.

a. Determine the following, expressing all answersin terms of h, v,, and g.
i. Thetimerequired for the object to hit the ground after the string breaks
ii. The horizontal distance the object travels from the time the string breaks until it hits the ground
iii. The speed of the object just before it hits the ground

b. Onthefigure below, draw and label all the forces acting on the object when it isin the position shown in the
diagram above.

Determine the tension in the string just before the string breaks. Express your answer intermsof M, R, v,, & .
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Mol Necessarily
To Scale

1997B2 (modified) To study circular motion, two students use the hand-held device shown above, which consists of
arod on which a spring scaleis attached. A polished glass tube attached at the top serves as a guide for alight
cord attached the spring scale. A ball of mass 0.200 kg is attached to the other end of the cord. One student
swings the teal around at constant speed in a horizontal circle with aradius of 0.500 m. Assume friction and air
resistance are negligible.

a  Explain how the students, by using atimer and the information given above, can determine the speed of the ball
asitisrevolving.

b. The speed of the ball is determined to be 3.7 m/s. Assuming that the cord is horizontal asit swings, calculate
the expected tension in the cord.

c. Theactua tension in the cord as measured by the spring scale is 5.8 N. What is the percent difference between
this measured value of the tension and the value calculated in part b.?

The students find that, despite their best efforts, they cannot swing the ball so that the cord remains exactly
horizontal .

d. i. Onthe picture of the ball below, draw vectors to represent the forces acting on the ball and identify the force
that each vector represents.

ii. Explain why it is not possible for the ball to swing so that the cord remains exactly horizontal.
iii. Calculate the angle that the cord makes with the horizontal.

Dk =------ e

1

1999B5 A coin C of mass 0.0050 kg is placed on a horizontal disk at a distance of 0.14 m from the center, as shown
above. The disk rotates at a constant rate in a counterclockwise direction as seen from above. The coin does not
slip, and the time it takes for the coin to make a complete revolutionis1.5s.

a  Thefigure below showsthe disk and coin as viewed from above. Draw and label vectors on the figure below to
show the instantaneous acceleration and linear velocity vectors for the coin when it is at the position shown.

b. Determine the linear speed of the coin.

c. Therate of rotation of the disk is gradually increased. The coefficient of static friction between the coin and the
disk is 0.50. Determine the linear speed of the coin when it just beginsto dlip.

d. If the experiment in part (c) were repeated with a second, identical coin glued to the top of the first coin, how
would this affect the answer to part (c)? Explain your reasoning.
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2001B1. A ball of mass M is attached to a string of length R and negligible mass. The ball moves clockwisein a

vertical circle, as shown above. When the ball is at point P, the string is horizontal. Point Q is at the bottom of
the circle and point Z is at the top of the circle. Air resistanceis negligible. Express all algebraic answersin
terms of the given quantities and fundamental constants.

On the figures below, draw and label all the forces exerted on the ball when it is at points P and Q, respectively.

~~~~~ e —

L é..,.-
Derive an expression for v, the minimum speed the ball can have at point Z without leaving the circular path.
The maximum tension the string can have without breaking is T, Derive an expression for V., the maximum
speed the ball can have at point Q without breaking the string.
Suppose that the string breaks at the instant the ball is at point P. Describe the motion of the ball immediately
after the string breaks.

2002B2B A ball attached to a string of length | swingsin a horizontal circle, as shown above, with a constant speed.

Peoo

The string makes an angle 6 with the vertical, and T is the magnitude of the tension in the string. Express your
answers to the following in terms of the given quantities and fundamental constants.

On the figure below, draw and label vectorsto represent all the forces acting on the ball wheniit is at the
position shown in the diagram. The lengths of the vectors should be consistent with the rel ative magnitudes of
the forces.

O
Determine the mass of the ball.
Determine the speed of the ball.
Determine the frequency of revolution of the ball.
Suppose that the string breaks as the ball swingsin its circular path. Qualitatively describe the trgjectory of the
ball after the string breaks but before it hits the ground.
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2009Bb1 An experiment is performed using the apparatus above. A small disk of massm; on africtionlesstableis
attached to one end of a string. The string passes through a hole in the table and an attached narrow, vertical
plastic tube. An object of mass m, is hung at the other end of the string. A student holding the tube makes the
disk rotate in acircle of constant radius r, while another student measures the period P.

a. Derivetheequation P =27 M that relates P and m,.
m,g
The procedure is repeated, and the period P is determined for four different values of m,, where m; = 0.012 kg
and r = 0.80 m. The data, which are presented below, can be used to compute an experimental value for g.
m, (kQ) 0.020 0.040 0.060 0.080
P (s 1.40 1.05 0.80 0.75
b. What quantities should be graphed to yield a straight line with a slope that could be used to determine g?
c. Onthe grid below, plot the quantities determined in part (b), label the axes, and draw the best-fit line to the

data. Y ou may use the blank rows above to record any values you may need to calculate.
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|
*1984M1 (modified) Anamusement park ride consists of arotating vertical cylinder with rough canvas walls. The

floor isinitially about halfway up the cylinder wall as shown above. After the rider has entered and the cylinder
isrotating sufficiently fast, the floor is dropped down, yet the rider does not dide down. The rider has mass of
50 kilograms, Theradius R of the cylinder is 5 meters, the frequency of the cylinder when rotating is 1/
revolutions per second, and the coefficient of static friction between the rider and the wall of the cylinder is 0.6.

b

On the diagram above, draw and identify the forces on the rider when the system is rotating and the floor has
dropped down.

Calculate the centripetal force on the rider when the cylinder isrotating and state what provides that force.
Calculate the upward force that keeps the rider from falling when the floor is dropped down and state what
provides that force.

At the same rotational speed, would arider of twice the mass slide down the wall? Explain your answer.

1988M1. A highway curve that has aradius of curvature of 100 metersis banked at an angle of 15° as shown

a

above.
Determine the vehicle speed for which this curve is appropriate if there is no friction between the road and the
tires of the vehicle.

On adry day when friction is present, an automobile successfully negotiates the curve at a speed of 25 m/s.

On the diagram above, in which the block represents the automobile, draw and label all of the forces on the
automobile.

Determine the minimum val ue of the coefficient of friction necessary to keep this automobile from diding as it
goes around the curve.
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1998B6 A heavy ball swings at the end of a string as shown above, with negligible air resistance. Point Pisthe

lowest point reached by the ball in its motion, and point Q is one of the two highest points.

a.  Onthefollowing diagrams draw and label vectors that could represent the velocity and acceleration of the ball
at pointsPand Q. If avector is zero, explicitly state thisfact. The dashed linesindicate horizontal and vertical
directions.

]
i. Point P ii. Point Q

b. After several swings, the string breaks. The mass of the string and air resistance are negligible. On the following
diagrams, sketch the path of the ball if the break occurs when the ball isat point P or point Q. In each case,
briefly describe the motion of the ball after the break.

i. Point P ii. Point Q
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ANSWERS - AP Physics Multiple Choice Practice — Dynamics

SECTION A — Linear Dynamics

© N o v

10.

11.

12.
13.
14,

15.

16.

17.

18.

19.

20.

Solution

As T, is more vertical, it is supporting more of the weight of the ball. The horizontal
components of T, and T, are equal.

Normal force is perpendicular to the incline, friction acts up, parallel to the incline (opposite the
motion of the block), gravity acts straight down.

>F = ma; mgsin® — f = ma

The “diluted” force between objects is the applied force times the ratio of the mass behind the
rope to the total mass being pulled. This can be derived from a = F/My and F+ = Mpenind the

roped

»F =ma; mg - bv =ma

F¢ = uFy where Fy is found from 2F, = 0 = (Fy — mg — Tsin0)
2F,=0=Fsind + Fy - W

The bottom of the rope supports the box, while the top of the rope must support the rope itself
and the box.

The vertical components of the tension in the rope are two equal upward components of Tcos6,
which support the weight. £F, =0 = 2Tcos6 - W

F = mg = kx (the negative sign merely indicates the direction of the spring force relative to the
displacement)

ZF external = Miotal@;
mg is the only force acting from outside the system of masses so we have mg = (4m)a

W =mg
Fn = mgcoso, cos = adjacent/hypotenuse = 4/5

Three vectors add to zero if they form the sides of a triangle, there is no requirement they be
equal or parallel, though it is possible.

Any curvature of the line in a d-t graph indicates a non-zero acceleration

Motion in a straight line does not mean the speed is constant. Simple harmonic motion is a
constantly changing velocity and can only occur with an acceleration. Motion in a circle
requires centripetal acceleration.

¥F =ma; F+ —mg = ma; Let F+ =50 N (the maximum possible tension) amd m = W/g = 3 kg

The sum of the tensions in the chains (250 N + T ) must support the weight of the board and
the person (125 N + 500 N)

From symmetry, each chain supports half of the weight of the board (62.5 N), The weight of the
person is then split between the chains with the left chain holding 375 N - 62.5 N=3125N
and the right chain supporting 250 N — 62.5 N = 187.5 N or 3/5 of the tension in the left chain.
This means if the person sits a distance x from the left end, they sit a distance (5/3)x from the
right end. This gives x + (5/3)x =4 m

¥F =ma; 10 N - (30 N co0s60°) = (10 kg)a

C

m

m W > W

Answer
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Since the same force acts for the same time in each direction, the velocity in each direction is
the same. The vector should then point at a 45° angle in the first quadrant.

Consider that no part of the system is in motion, this means at each end of the rope, a person
pulling with 100 N of force is reacted to with a tension in the rope of 100 N.

As v is proportional to t? and a is proportional to Avi/t, this means a should be proportional to t
¥F, =0=Tsin 30° - mg

F = ma gives 20 N = (5 kg)a or an acceleration of 4 m/s%. The 2 kg block is accelerating due to

the contact force from the 3 kg block Feonet = Ma = (2 kg)(4 m/s?) = 8 N. The 2 kg pushes back

on the 3 kg block with a force equal in magnitude and opposite in direction.

The direction of the force is the same as the direction of the acceleration, which is proportional
to Av =vs + (-v;)

YF external = Miorai@ gives (0.90 kg x 10 m/s?) — (0.60 kg x 10 m/s?) = (1.5 kg)a
Each spring supports half of the weight, or 6 N. F = kx
gravity acts downward

At constant speed XF = 0; The forces acting parallel to the incline are F (up), Fs (down) and
mgsin® (down), which gives F — F; — mgsin6 = 0, where F¢ = uFy = umgcos6 and coso = 4/5

>F = ma = Fcos¢ — f
f = uFy where Fy = mg — Fsind

The string pulling all three masses (total 6m) must have the largest tension. String A is only
pulling the block of mass 3mand string B is pulling a total mass of 5m.

Att=2sthe forceis4 N. F=ma

The upward component of the slanted cord is 300 N to balance the weight of the object. Since
the slanted cord is at an angle of 45°, it has an equal horizontal component. The horizontal
component of the slanted cord is equal to the tension in the horizontal cord.

The normal force must point perpendicular to the surface and the weight must point down. In
order to accelerate up the ramp, there must be an applied force up the ramp. If the box is
accelerating up the ramp, friction acts down the ramp, opposite the motion.

The normal force must point perpendicular to the surface and the weight must point down. If
the box is at rest on the ramp, friction acts up the ramp, opposing the tendency to slide down

The normal force must point perpendicular to the surface and the weight must point down. If
the box is sliding down at constant speed, friction acts up the ramp, opposing the motion

z‘fFexternaI = Meoad gives (Mg) - (mg) = (M + m)a

To keep the box from slipping, friction up the wall must balance the weight of the block, or F¢
= mg, where F; = uFy and Fy = the applied force F. This gives uF = mg

2F extermal = Miorai@ Gives (Mg) — (10 N) = (m + 1 kg)(5 m/s?)

Friction opposes the motion of the block and therefore points to the left. The normal force is
found from *F, = 0 = Fy — mg — Fsin® and the force of friction F; = pFy

When an object exerts a force on a second object, the second object exerts an equal and
opposite force back on the first object.
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Since P is at an upward angle, the normal force is decreased as P supports some of the weight.
Since a component of P balances the frictional force, P itself must be larger than f.

Newton’s 2" law applied to an object sliding to rest gives F = —F¢ = —uFy = ma. Ona

horizontal surface, Fyy = mg and we have —umg = ma, or a = —pg. Use this acceleration with v
2

=v;" + 2ad.

F = ma=mAv/t
¥F = ma; Feaple — Mg = Ma = m(-2 m/s?)

The force of friction = pFy = 0.2 x 10 kg x 9.8 m/s® = 19.6 N, which is greater than the applied
force, which means the object is accelerating to the left, or slowing down

F = ma gives 36 N = (24 kg)a or an acceleration of 1.5 m/s®>. The 20 kg block is accelerating
due to the contact force from the 4 kg block Feonaet = Ma = (20 kg)(1.5 m/s?) = 30 N.

The upward component of the tension is T, = Tsing, where 6 is the angle to the horizontal.
This gives T = T,/sin@. Since the upward components are all equal to one half the weight, the
rope at the smallest angle (and the smallest value of sin6) will have the greatest tension, and
most likely break

PF external = M@ gives (3.0 kg x 10 m/s?) — (1.5 kg x 10 m/s?) = (4.5 kg)a
From the 1 kg block: F = ma giving a = 2 m/s%. For the system: F = (4 kg)(2 m/s?)

For three forces in equilibrium, any one of the forces is equal and opposite to the resultant of the
other two forces.

Elevator physics: Fy represents the scale reading. XF = ma; Fy —mg = ma, or Fy = m(g + a).
The velocity of the elevator is irrelevant.

F =ma, if F is doubled, a is doubled. If mis halved, a will be doubled.
Newton’s third law

F = ma gives 24 N = (12 kg)a or an acceleration of 2 m/s>. The 3 kg block is accelerating due to
the tension in the rope Fr = ma = (3 kg)(2 m/s®) = 6 N.

Inertia is mass

The normal force is mgcos6. For a horizontal surface, Fy = mg. At any angle Fy < mg and F¢
is proportional to Fy.

F = ma, where m = W/g = 10 kg

Newton’s 2" law applied to an object sliding to rest gives F = —F¢ = —uFy = ma. Ona
horizontal surface, Fy = mg and we have —umg = ma, or a = —ug. Using this acceleration with
vi? = v;? + 2ad gives d = v;%/2pg. There is no dependence on mass.

Newton’s 2" law applied to an object sliding to rest gives F = —F¢ = —uFy = ma. Ona
horizontal surface, Fy = mg and we have —umg = ma, or a = —ug. Using this acceleration with
vi2 = v;i? + 2ad gives d = v;%/2pg. d is proportional to v;?

F=maand v{ =0 m/s =v;®+ 2ad

The normal force on an incline is mgcos6. The component of gravity acting down the incline is
mgsin®. The coefficient of friction is minimized when static friction is at its maximum value,
or usFy. Keeping the block at rest requires mgsin® = F¢ = umgcos6, or p = tand
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The maximum resultant possible from the sum of any two vectors is the sum of the magnitudes.
The minimum resultant possible is the difference between the magnitudes. Forces of 6 N and
10 N produce a maximum resultant of 16 N and a minimum of 4 N.

An apple is approximately 100 g. It is important to have a sense of basic values of
measurement.

¥F =ma. The component of gravity acting down the incline is mgsin®, which gives a = gsin6
¥F =ma; mgsind — F; = ma
Slope = Ay/Ax = Weight/mass = acceleration due to gravity

Newton’s second law applied to m;: T = ma, or a = T/my, substitute this into Newton’s second
law for the hanging mass: m,g — T = m,a

ZF, =0 gives Fy + (250 N sin30°) - mg = 0, or Fy = 365 N. To move at constant speed, the
force of friction must balance the horizontal component of the applied force Fcosd = 216.5 N =

uFN

String B is pulling both masses so Fg = (6 kg)(12 m/s?)
String A is only pulling the 4 kg mass so F 5 = (4kg)(12 m/s?)
Fret = ma

Elevator physics: R represents the scale reading. *F =ma; R —mg=ma, or R=m(g + a). This
ranks the value of R from largest to smallest as accelerating upward, constant speed,
accelerating downward

F = ma for the whole system gives F — u(3m)g = (3m)a and solving for a givesa = (F —
3umg)/3m. For the top block, F,, = ma = m[(F — 3umg)/3m]

m x a = kg x m/s’

The normal force comes from the perpendicular component of the applied force which is Fcoso
=50 N. The maximum value of static friction is then uFy = 25 N. The upward component of
the applied force is Fsin6 = 87 N. XF, = F,, —mg = 87 N-60 N > 25 N. Since the net force on
the block is great than static friction can hold, the block will begin moving up the wall. Since it
is in motion, kinetic friction is acting opposite the direction of the block’s motion

Since P is at a downward angle, the normal force is increased. Since a component of P balances
the frictional force, P itself must be larger than f.

Since the force is applied horizontally, the mass has no effect.
Newton’s third law

If they are not moving, the net force must be zero. While the book and crate are pushing each
other apart, there is friction from the table pointing inward against each object on the table to
keep them at rest.

The only force in the direction of the crate’s acceleration is the force of friction from the sleigh

Elevator physics: Fy represents the scale reading. XF = ma; Fy —mg = ma, or Fy = m(g + a).
When Fy > mg, the elevator is accelerating upward (a is positive)

Changing direction (choices A and C (the astronaut is still orbiting the earth!)) cannot occur
with a zero net force. Choices B and D represent accelerated motion.
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Given that the box accelerates toward Ted, Ted’s force must be greater than Mario’s force plus
the force of friction. Since Mario’s force is ¥ of Ted’s force, the force of frction must be less
than half of Ted’s force.

For a Newton’s third law pair, just switch the nouns.

The component of gravity acting down the incline (+x) is mgsin® and the component
perpendicularly intothe incline (-y) is mgcos6. 36.9° indicates a 3-4-5 triangle.

¥F =ma; F - mg = m(5g) or F = 6mg

XF, = Fsin + Fy —mg = 0, which gives Fy = 170 N. The force of friction is equal to the
horizontal component of the force applied by the student which is Fcosd = 86.6N. F¢ = uFy

constant speed means Fpee =0 N

As the initial and final velocities and the displacement are given, as well as an indication that
the acceleration is constant, this is merely a kinematics problem. v = v;? + 2ad

The maximum value of static friction in this case is usFy = 120 N. Since the person is pushing
with only 60 N of force, the box remains at rest.

Between the lower block and the tabletop, there is a force of friction to the left of maximum
magnitude w(2W) as both blocks are pushing down on the tabletop. There is also a force of
friction acting to the left on the upper surface of the lower block due to the upper block of
maximum magnitude uW. The total maximum static frictional force holding the lower block in
place is therefore u(2W) + uwW

The normal force on the block can be found from £F, = 0 = Fy — mgcosé — F. The force of
friction necessary to hold the block in place is mgsin6. Setting the force of friction equal to
mgsinod gives uFy = mgsind = u(F + mgcoso)

In equilibrium, mg = kx and the equilibrium position x = mg/k. In an accelerating elevator, we
can just adjust gravity to its effective value g = g + a, thus making the new equilibrium
position mgs/kK

This is a tricky one. In order to move the car forward, the rear tires roll back against the
ground, the force of friction pushing forward on the rear tires. The front tires, however, are not
trying to roll on their own, rather they begin rolling due to the friction acting backward,
increasing their rate of rotation

Gravity is still the only force acting vertically so we can find the total time in the air from
kinematics: v, = 0 at the top = v,sin® — gt giving t (to the top) = v,sin6/g and the total time is
twice the time to the top, or 2v,sinB/g. In this time, the ball is also accelerating horizontally
(think of it as a “sideways” gravity) and in this time, should return to its starting location.
Using x = 0 = (v,Cc0s0)t + ¥ at?, where a = Fo/m and t is found above, we can solve for 0

The external forces acting on the system of masses are the weights of block 1 (pulling the
system to the left), the weight of block 3 (pulling the system to the right) and the force of
friction on block 2 (pulling the system to the left with a magnitude uFy = um,g)

ZF external = Mioar@ gives (Mg — pmpg — msg) = (Mg + My + m3)a

F = ma gives 30 N = (12 kg)a or an acceleration of 2.5 m/s®>. The 5 kg block is accelerating due
to the tension in the rope F+ = ma = (5 kg)(2.5 m/s?) = 12.5 N.

PF extornal = M@ gives (5.0 kg x 10 m/s?) — (3 kg x 10 m/s?) = (8 kg)a

As they are all at the same position after 8 seconds, they all have the same average velocity
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Car A decelerates with the same magnitude that C accelerates. Car B is moving at constant
speed, which means Fg = 0.

When falling with terminal velocity, the force of air resistance equals your weight, regardless of
the speed.

For each case, ZF external = Migtai@d gives Mg —mg = (M + m)a, or a= g.

M +m

The two ends of the light string must have the same tension, eliminating choices A, C and D. If
choice E was correct, both masses would be accelerating downward and T o must be greater
than the weight of block A.

If F = ma, then m = F/a. For the second object m’ = 2F/5a = 2/5(F/a) = (2/5)m
ZF external = Myotai@ gives (M + m)g — Mg = (2M + m)a

As the entire system moves as one, F = (3m)a, or a = F/(3m). The force of friction acting on
block 1 is the force moving block 1 and we have umg = m(F/(3m))

F = ma = mAv/t

This is really no different than any other incline problem. The normal force on an incline with
no other forces acting into the incline is mgcoso

Since the system is moving at constant velocity, m; is pushing m, and m; with a force equal to
the force of friction acting on those two blocks, which is p(Fy, + Fys)

T F external = M@ gives (5 kg x 9.8 m/s?) — F¢ = (10 kg)a, where Fy is the force of friction acting
on the 5 kg block on the table: pmg = 0.2 x 5 kg x 9.8 m/s*= 9.8 N



SECTION B — Circular Motion
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Newton’s third law

/ Fr
F =mV/r; V=_|—; all other variables being constant, if r is quadrupled, v is doubled
m

With acceleration south the car is at the top (north side) of the track as the acceleration points
toward the center of the circular track. Moving east indicates the car is travelling clockwise.
The magnitude of the acceleration is found from a = v¥/r

The frictional force acts as the centripetal force (toward the center)
Acceleration occurs when an object is changing speed and/or direction
Velocity is tangential, acceleration points toward the center of the circular path

To move in a circle, a force directed toward the center of the circle is required. While the
package slides to the right in the car, it is actually moving in its original straight line path while
the car turns from under it.

a=V4rand v = 2nr/T giving a = 4n°r/T?

Once projected, the ball is no longer subject to a force and will travel in a straight line with a
component of its velocity tangent to the circular path and a component outward due to the

spring
There is a normal force directed upward and a centripetal force directed inward.

a = v?r where v = 2xrf and f = 2.0 rev/sec

At Q the ball is in circular motion and the acceleration should point to the center of the circle.
At R, the ball comes to rest and is subject to gravity as in free-fall.

The net force and the acceleration must point in the same direction. Velocity points tangent to
the objects path.

The centripetal force is provided by the spring where F¢ = F¢ = kx

In the straight sections there is no acceleration, in the circular sections, there is a centripetal
acceleration

Once the stone is stuck, it is moving in circular motion. At the bottom of the circle, the
acceleration points toward the center of the circle at that point.

Feeling weightless is when the normal force goes to zero, which in only possible going over the
top of the hill where mg (inward) — Fy (outward) = mv?/R. Setting Fy to zero gives a

maximum speed of 4/ gR
Centripetal force points toward the center of the circle

While speed may be constant, the changing direction means velocity cannot be constant as
velocity is a vector

F=mVr. Frew = (2M)(2v)%/(2r) = 4(mv2r) = 4F

Assuming the track is circular at the bottom, the acceleration points toward the center of the
circular path

Average speed = (total distance)/(total time). Lowest average speed is the car that covered the

m W O O
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least distance

As all the cars are changing direction, there must be a net force to change the direction of their
velocity vectors

F = mv?/r; v¥ = rF/m, if r decreases, v will decrease with the same applied force. Also, v = 27xrf
s0 4n’r’f = rF/m, or f = F/(4n’rm) and as r decreases, f increases.

f=4rev/sec. a=v¥randv = 2nrf
F=mvr

There is a force acting downward (gravity) and a centripetal force acting toward the center of
the circle (up and to the right). Adding these vectors cannot produce resultants in the directions
of B,C,DorE.

¥F = ma; mg + Fr = mv/r giving F+ = mv¥/r - mg

At the top of the circle, =F = F1 + mg = mV%/R, giving Fr = mv?/R — mg. At the bottom of the
circle, F = Fr — mg = mV?/R, giving F+ = mv?/R + mg The difference is (mv¥/R + mg) —
(mV?/R — mg)

At the bottom of the swing, ZF = F+ — mg = mac; since the tension is 1.5 times the weight of
the object we can write 1.5mg — mg = ma., giving 0.5mg = ma,

Rotating cylinder mg
F: = mg to balance
pFy = umv?/r = mg, where v = 2nrf which gives p = g/(4n°rf?)
Be careful! f is given in rev/min (45 rev/min = 0.75 rev/sec) and 8.0 m is the ride’s diameter



AP Physics Free Response Practice — Dynamics — ANSWERS

SECTION A — Linear Dynamics

1976B1

a.
!

F, = !H-:J‘\" 12:-‘._ = 100N
I ,

W = 4000 M
b. XF=ma; T-W-2F;=800N; T =5000N
c. Looking at the FBD for the counterweight we have XF = ma; Mg - T = Ma
M = T/(g — a) where T = 5000 N gives M = 625 kg

-
i

M

1979B2
a. XF=ma; 50 N - f=ma where f= uN and N = mg gives 50 N — umg = ma; a = 3 m/s’
b.

¢. XF =ma for each block gives W5 — T = msaand T — f = mypa. Adding the two equations gives
W5 —f = (ms + My)a, or a = 2 m/s?

1982B2

m‘j
T m, g
b. T, isininternal system force and will cancel in combined equations. Using ZFextema = Migtai@ gives

T,-myg—m,g=(my; + m,)a, solving yields T, = 6600 N. Now using ZF = ma for the load gives
T;-myg=msaand T; =6000 N




1985B2

a. Note that the system is at rest. The only forces on the hanging block are gravity and the tension in the rope,
which means the tension must equal the weight of the hanging block, or 100 N. You cannot use the block on
the incline because friction is acting on that block and the amount of friction is unknown.

T

.-‘r-.' mg

c. XF=0;f;+mgsind-T=0givesfs=13N

1986B1
a. z‘fFexternaI = Miota1@, M4g —M1g —Myg = (m4 +m; + ml)a gives a=14 m/sz
b. For the 4 kg block:
2F=ma
mg-T,=ma

c. Similarly for the 1 kg block: T; —mg =ma gives T; =11.2 N

a. -M48,N, or Table

Myg, Weight or Gravity
(not g or 6)
b. XFeq = mga; Where the maximum force of static friction on mass M is usN and N = M;g; M2g — usM;g =0
gives ps = M,/M;
c/d. ZF¢q = mya where we now have kinetic friction acting gives M,g — uxM;g = (M; + M,)a
so a = (Mg - uM19)/(M; + M3)

>F = ma for the hanging block gives M,g — T = M,a and substituting a from above gives T = % A+ w)
1 2

4 Tension

Weight

b. XF=magivesT-mg=maand T =1050 N

c. The helicopter and the package have the same initial velocity, 30 m/s upward. Use d = v;t + % at®
dp = (+30 m/s)t + % (+5.2 m/s?)t* and d,, = (+30 m/s)t + % (-9.8 m/s7)t".
The difference between dy, and d, is 30 m, but they began 5 m apart so the total distance is 35 m.
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a.  XFeq = M@ gives mg = 2ma, or a = g/2
b. d=vot+%at’ h=0+% (g/2)f givest = Z\E
c. Block A accelerates across the table with an acceleration equal to block B (g/2).
d. Block A is still in motion, but with no more applied force, Block A will move at constant speed across the table.
e. Since block B falls straight to the floor and stops, the distance between the landing points is equal to the
horizontal distance block A lands from the edge of the table. The speed with which block A leaves the tabletop
is the speed with which block B landed, which is found from v = v, + at = %(2\/%) = ,/hg and the time for
block A to reach the floor is found from 2h = % gt?, which gives t = 2\/% .
. . o h_
The distance is now d = vt = ,/hg x 2\/; 2h
2000B2
a. e
b. f=puN where N=m;g cos 0 gives u = mlgfcos 5
c. constant velocity means ZF = 0 where XFgxernal = M1g SinO + myg sin 6 —f—2f—Mg =0
solving for M gives M = (m; + m,) sin 6 — (3f)/g
d. Applying Newton’s second law to block 1 gives F = m;g sin 6 — f = m;a which gives a = g sin 6 — f/m;
2003B1
a. Tension
B
Tension may = oo N
Ndf‘lﬂ‘i A
g = NooN
b. The tension in the rope is equal to the weight of student B: T = mgg = 600 N
YFA=T+N-muag=0givesN=100N
c. For the climbing student XF = ma; T —mgg = mgagives T =615 N
d. For student A to be pulled off the floor, the tension must exceed the weight of the student, 700 N. No, the
student is not pulled off the floor.
e. Applying Newton’s second law to student B with a tension of 700 N gives XF = T — mgg = mga and solving

gives a = 1.67 m/s
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2003Bb1
a.

Tension
.m%

. We can find the acceleration from a = Av/t = 2.17 m/s* and use d = % at” to find d = 975 m
c. The xandy components of the tension are T, = T sin® and T, = T cos 0 (this is using the angle to the vertical)
Relating these to the other variables gives T sin 6 = ma and T cos 6 = mg.
Dividing the two equations gives tan 6 = a/g = (2.17 m/s%)/(9.8 m/s?) and 6 = 12.5°

1996B2
a. There are other methods, but answers are restricted to those taught to this point in the year.
i.  Adevice to measure distance and a calibrated mass or force scale or sensor
ii. Hang the mass from the bottom of the spring and measure the spring extension (Ax) or pull on the spring
with a known force and measure the resulting extension.
iii. Use hooke’s law with the known force or weight of the known mass F = kAx or mg = kAx and solve for k
b. Many methods are correct, for example, place the object held by the scale on an inclined plane and find the
weight using Wsin6 = kAx. One could similarly use a pulley system to reduce the effort applied by the spring

scale.
2007B1
a. x=vtgivest=(21m)/(2.4m/s)=8.755s
b.
r N

c. ZXF =0 ifthe sled moves at constant speed. This givesmgsin®—f=0, orf=mgsin6=63.4N
d. f=pN where N=mgcos 0 so p=f/N=(mg sin 8)/(mg cos 0) = tan 6 = 0.27

e. i. The velocity of the sled decreases while its acceleration remains constant
ii. y
R
[x} i

‘t}-.
2007B1B
a. N

-

f
™3

b. XF,=0;N+Tsin6-mg=0givesN=mg-Tsin6=177N
c. f=pN=38.9Nand=F, =ma; T cos 8 —f=ma yields a = 0.64 m/s’
d.

u
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a.
-

b. F can be resolved into two components: F sin 6 acting into the incline and F cos 6 acting up the incline.

The normal force is then calculated with XF = 0; N-F sin® -mg cos 6 =0 and f = uN

Putting this together gives *F = ma; F cos 6 — mg sin 6 — u(F sin 6 + mg cos 0) = ma, solve for a
c. for constant velocity, a = 0 in the above equation becomes F cos 6 — mg sin 6 — u(F sin 6 + mg cos 0) = 0

solving for F gives F = mg (%) In order that F remain positive (acting to the right), the denominator

must remain positive. That is cos © > psin 6, or tan 6 < 1/u
1986M1
a. Combining the person and the platform into one object, held up by two sides of the rope we have ZF = ma;

2T = (80 kg + 20 kg)g giving T =500 N
b. Similarly, =F = ma; 2T — 1000 N = (100 kg)(2 m/s®) giving T = 600 N
c. Forthe person only: ZF = ma; N + 600 N — mg = ma gives N = 360 N
2007M1
a.

N\\ / A
£ e—r]
|
b. ZF,=0;N+F;sin®-mg=0givesN=mg-F;sin®
c. ZXFy=ma; Fycos®—uN=ma;. Substituting N from above gives pu = (F; cos 8 — ma;)/(mg — F; sin 6)
d.
t 0 I

e. The condition for the block losing contact is when the normal force goes to zero, which means friction is zero as

well. ZFy = Fpax COS 0 = Mapma and ZFy = Frax sin 8 —mg = 0 giving Fpa = mg/(sin 0) and amax = (Fmax COS
0)/m which results in an, =g cot 0

115



1996M2

a. XF =ma; using downward as the positive direction, mg — N = ma, gives N = m(g —a,) = 2490 N

b. Friction is the only horizontal force exerted; *F = f = ma, = 600 N

¢. At the minimum coefficient of friction, static friction will be at its maximum value f = uN, giving p = f/N =
(600 N)/(2490 N) = 0.24

d. y=yo+Vot+¥at’=2m+% (-1.5 mis) and X = Xo + Vet + %2 at* = % (2 m/is?)t, solving for t* in the x
equation gives t? = x. Substituting into the y equation gives y as a function of x: y = 2 — 0.75x

e. y(m)

| 1 1 I [ i | | l 1 ' 1 I | i
! ! i | [ I 1 ] 1 1 ! 1 1 1 i
c5 SR R SR SR R SRS HERS, O B A e soet
] ] i k ¥ ] 1 i 1 i ] 1 I 1 I
| i i | [ I 1 ] 1 1 | 1 1 1 1
| i | I [ I i 1 i 1 I 1 | i |
T S S R E e
| 1 [ ) 1 1 I 1 | 1 |
| 1 i 1 1 1 1 | I | 1
! 1 1 " | 1 1 I i I 1 |
e B Mt S — e am e
| | | I i i | ] ] I | i
| | 1 I i 1 1 1 | | I 1 |
! 1 1 ! | i 1 1 1 i | ! 1 im
o 1 1 | 1 1 I | 1 i i 1 b ——— xim)
I i | ) 1 | l i 2 | 1 | I E)
I | | [ | 1 Il T | | | | i
| 1 1 [ : 1 i i | 1 l I l I
=] ——— L O s Ll ey R e e e sl Lot e e -+
| | | i 1 | | 1 1 1 I 1 i
| | | [ I 1 i i 1 i | 1 l
I i i } 1 | ] | ] 1 | I | 1
] | ] ¥ i i I i 1 I I I I 1
L e il e el il el A - o o o ] e = = — — -+
| I | I 1 i ] i i 1 i I | |
I | | 1 1 | 1 1 1 i 1 I 1 |
I I | ] ' | 1 | 1 I | L | i
[ | — ;—-—-i ________ I-—--ul-----:-""-l'---l—*'-:———-;—————!———--Ir
B0 R Sl St s St T T T
Poor L e
1998M3
a. |1 AV
i'_n ! Ny =mg
ii.
m]' J‘. = ()
iii.
i T
m. o
L z T =Mz
A
N
V.
sy Ny =(m + m:)g
V. i
£ 1. i .= Mg
[ e S

b. The maximum friction force on the blocks on the table is fona = usoN2 = pso(My + My)g which is balanced by
the weight of the hanging mass: Mg = ps (M + m,)g giving M = pg(my + my)
C. - N T

my ———97"
FZ@L. -

For the hanging block: Mg — T = Ma; For the two blocks on the plane: T —f, = (m; + m,)a

Combining these equations (by adding them to eliminate T) and solving for a gives a = [W
1 2
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d. | f1 = wamig = m;a; giving a; = wud
1. AT

p(“—’-_‘_r: T ",- S

| My E"_-D '_ :’ME

.L-J——, — oy
For the two blocks: Mg — T = Ma, and T — f; — f, = m,a,. Eliminating T and substituting values for

_ [M_#klml—#kz(m1+m2)] g
M+my

friction gives a,

2005M1

a. The magnitude of the acceleration decreases as the ball moves upward. Since the velocity is upward, air
resistance is downward, in the same direction as gravity. The velocity will decrease, causing the force of air
resistance to decrease. Therefore, the net force and thus the total acceleration both decrease.

b. Atterminal speed ZF = 0. XF = -Mg + kvt giving v = Mg/k

c. It takes longer for the ball to fall. Friction is acting on the ball on the way up and on the way down, where it
begins from rest. This means the average speed is greater on the way up than on the way down. Since the
distance traveled is the same, the time must be longer on the way down.

d Velocity

2005B2.

@ (b) Apply Fretp) =0 Frety =0
Tp cos 30 =mg Tpsin30=Ty
Tp=20.37N Ty =10.18N

1991B1
a) (b) SIMULTANEOUS EQUATIONS
Fretx) = 0 Frety) = 0
T,cos30=T, cos 60 T,sin30+T,sin60-mg=0

.... Solve above for T, and plug into Fnet(y) eqn and solve

T,=24N Tp=42N

117



1995B3

a) i)

™3

ii)T=mg=1N

b)

d)

e)

118

The horizontal component of the tension supplies the horizontal
acceleration.

Th=ma=05N

The vertical component of the tension is equal to the weight of the ball,
asin(@ii. T,=1N

Since there is no acceleration, the sum of the forces must be zero, so the
tension is equal and opposite to the weight of the ball. T, =zero, T, =
1IN

The horizontal component of the tension is responsible for the horizontal
component of the acceleration. Applying Newton's second law:

T, = macos 0, where 0 is the angle between the acceleration and
horizontal

Th = (0.10 kg)(5.0 m/s?) cos 30°, T, = 0.43 N

The vertical component of the tension counteracts only part of the
gravitational force, resulting in a vertical component of the acceleration.
Applying Newton's second law. Tv=mg—- masin 0

Tv = (0.10 kg)(10 m/s®) — (0.10 kg)(5.0 m/s?) sin 30°, T, =0.75 N

Since there is no horizontal acceleration, there is no horizontal
component of the tension. Ty, = zero

Assuming for the moment that the string is hanging downward, the
centripetal is the difference between the gravitational force and the
tension. Applying Newton's second law.

mv?/r = mg — T, Solving for the vertical component of tension:

T, =-15 N i.e. the string is actually pulling down on the ball.

a=5.0ms’




SECTION B — Circular Motion

o~ 1 = normal force; 2 = friction; 3 = weight

.._......I /-’ i

L |~

(— Tx 2
|

| (3

1

b. Friction, f < uN where N = Mg. Friction provides the necessary centripetal force so we have f = Mv¥/R
MV?/R < uMg, or p>v?*/Rg

C. / N

S
-.\‘I{

! ———
j
v Mg
d. from the diagram below, a component of the normal force N’ balances gravity so N’ must be greater than mg

, i
N cos 6 0o
Y-

| N

Jj

a. At the top of the path, tension and gravity apply forces downward, toward the center of the circle.
>F=T+ mg=2Mg + Mg = 3Mg
b. In the circular path, F = mv?/r which gives 3Mg = mv,*/L and v, = /3Lg

c. The ball is moving horizontally (vo, = 0) from a height of 2L so this gives 2L = % gtort =2 /L/g

d. x=vot=,/3Lg x 2 fL/g =23L

1989B1
a. i. Vi, =0sowe have h =% gt* which gives t = \/i—h

ii. x:vot:voﬁ
9
iii. vy =vo; vy =vy +gt=,/2gh
v=v%+v,%= v +2gh

b. o

Hq

c. Horizontal forces: T cos 6 = Mv,%/R; Vertical forces: T sin 6 = Mg. Squaring and adding the equations gives

4
T=M/g2+%

119



1997B2

a. The circumference of the path, d, can be calculated from the given radius. Use the timer to obtain the period of
revolution, t, by timing a number of revolutions and dividing the total time by that number of revolutions.
Calculate the speed using v = d/t.

b. If the cord is horizontal, T = mv¥/r =5.5 N
c. (5.5N-58N)/(5.8N) x100=-5.2%
d i - ’
leraior
we;%\-st

ii. The cord cannot be horizontal because the tension must have a vertical component to balance the weight of

the ball.

iii. Resolving tension into components gives T sin 8 = mg and T cos 6 = mv?/r which gives 6 = 21°
1999B5
a.

)

e iy

. v =circumference/period = 2zR/T = 27(0.14 m)/(1.5 s) = 0.6 m/s
c. The coin will slip when static friction has reached its maximum value of psN = usmg = mv¥r which gives

v =.,u.gr=0.83m/s

d. It would not affect the answer to part (c) as the mass cancelled out of the equation for the speed of the coin.

b. The minimum speed occurs when gravity alone supplies the necessary centripetal force at the top of the circle
(i.e. tension is zero and is not required). Therefore we have Mg = Mv,,i,?/R which gives v,,,, = \/Rg
c. Atthe bottom of the swing =F = ma becomes T — Mg = MV?/R which gives T ma — Mg = MVpa /R and solving

. R
fOr Vinax QIVeS Vg = /E(Tmax —Myg)

d. At point P the ball is moving straight up. If the string breaks at that point, the ball would continue to move
straight up, slowing down until it reaches a maximum height and fall straight back to the ground.
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a
L

a.

. XF,=0;Tcos6-mg=0givesm= (T cos 6)/g
c. The centripetal force is supplied by the horizontal component of the tension: Fc = T sin © = mv?/r. Substituting

the value of m found in part b. and the radius as (I sin ) gives v = /gl sin 0 tan 0

d. substituting the answer above into v = 2xrf gives f = =

_9
2w 4| lcos O

e. The initial velocity of the ball is horizontal and the subsequent trajectory is parabolic.

2009B1B

a. The centripetal force is provided by the weight of the hanging mass: Fc = m,g = m;V?/r and v is related to the

period of the motion v = 2xr/P. This gives m,g =
b. The quantities that may be graphed to give a straight line are P? and 1/m,, which will yield a straight line with a

slope of 472 (

mlr)
9

m1172 _ mq 42y

r r P2

mqr

and thus P? = 4m? (—)

ma29

v m%)(kg_ 50 25 16.7 125
m, (kg) 0.020 0.040 0.060 0.080
P (s) 1.40 1.05 0.80 0.75
P2 () 1.96 1.10 0.64 0.56
2.50
500 v =0.0381x +(0.0727
—~ 150 //
& 100 /
0.50 A/{
0.00
0 10 20 30 40 50 60
1/m, (1/kg)

d. Using the slope of the line (0.038 kg/s®) in the equation from part b. gives g = 9.97 m/s*
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)

Wy
. F=mv?r where v = 2nrf = 2rr(1/n) = 2r = 10 m/s giving F = 1000 N provided by the normal force
c. XF, =0 so the upward force provided by friction equals the weight of the rider = mg = 490 N
d. Since the frictional force is proportional to the normal force and equal to the weight of the rider, m will cancel
from the equation, meaning a rider with twice the mass, or any different mass, will not slide down the wall as
mass is irrelevant for this condition.

Toward the center of th.e.turn we have 2F = N sin 6 = mv?/r and vertically N cos 6 = mg. Dividing the two
expressions gives us tan 6 = v¥/rg and v = 16 m/s

b. . N, Normal force
] > “'

mg, weight
c. XFy=Ncos®-fsin6-mg=0andXF,=Nsin0+fcos® = mv?/r solve for N and f and substitute into f =
uN gives pmin, = 0.32

1998B6

a. ‘ ii.
I,
EI Rlor 4o the '.e?‘é

The ball falls straight down in free fall
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AP Physics Multiple Choice Practice — Torque

1. A uniform meterstick of mass 0.20 kg is pivoted at the 40 cm mark. Where should one hang a mass of 0.50 kg
to balance the stick?
(A) 16 cm (B) 36 cm (C) 44 cm (D) 46 cm (E) 54 cm

2. A uniform meterstick is balanced at its midpoint with several forces applied as shown below. If the stick is in

equilibrium, the magnitude of the force X in newtons (N) is
(A)50N  (B)100ON (C)200N (D) 300N (E) impossible to determine without the weight of the stick

X
I 20 ¢m
Y

e =1
30 cm —Hl--— 40 cm r
| 200N

N

JOO N

3. Adoor (seen from above in the figures below) has hinges on the left hand side. Which force produces the
largest torque? The magnitudes of all forces are equal.

B o D E
F
2

4. A meterstick is supported at each side by a spring scale. A heavy mass is then hung on the meterstick so that
the spring scale on the left hand side reads four times the value of the spring scale on the right hand side. If the
mass of the meterstick is negligible compared to the hanging mass, how far from the right hand side is the large
mass hanging.

(A) 25 cm (B) 50 cm (C) 67 cm (D) 75cm (E) 80 cm

5. A uniform meter stick has a 45.0 g mass placed at the 20 cm mark as shown in the figure. If a pivot is placed at
the 42.5 cm mark and the meter stick remains horizontal in static equilibrium, what is the mass of the meter
stick?

EOOOSSSOOOOOCOCEC..T©
45 g

PAPLF LI TTS LAY

(A)18.0g (B)450g (C)720g (D)1200g (E)135.0¢
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A massless rigid rod of length 3d is pivoted at a
fixed point W, and two forces each of magnitude F
are applied vertically upward as shown. A third
vertical force of magnitude F may be applied, either
upward or downward, at one of the labeled points.
With the proper choice of direction at each point,
the rod can be in equilibrium if the third force of
magnitude F is applied at point

V

(A) Wonly (B) Yonly (C) Vor Xonly (D) Vor Yonly

A 5-meter uniform plank of mass 100 kilograms rests on
the top of a building with 2 meters extended over the edge
as shown. How far can a 50-kilogram person venture past
the edge of the building on the plank before the plank just
begins to tip?

(A)0.5m B)1lm (C©)15m (D)2m

(E) It is impossible to make the plank tip since the person
would have to be more than 2 meters from the edge

of the building.

1
- ”I. 4.]4—{:;- ——

F
w X Y
' I
= —rf— —h-!
|
(E) V, W, or X
Sm

————7

[ ___1

Ppe

2 m—

m\\\%

To weigh a fish, a person hangs a tackle box of mass 3.5 kilograms and a cooler of mass 5 kilograms from the
ends of a uniform rigid pole that is suspended by a rope attached to its center. The system balances when the

fish hangs at a point 1/4 of the rod’s length from the tackle box. What is the mass of the fish?

~2- Rope
' £ £ g -
4 JT‘_ 4 2 —{
= —1 1
1 1
35kg Ske
(A) 1.5 kg (B) 2 kg (C) 3 kg (D) 6 kg (E) 6.5 kg
Two objects, of masses 6 and 8 kilograms, are
hung from the ends of a stick that is 70 cm long A 8CD E
and has marks every 10 cm, as shown. If the mass T i ' } T
of the stick is negligible, at which of the points

indicated should a cord be attached if the stick is

to remain horizontal when suspended from the

cord? 6kg

(AA (B)B (C)C @)D (E)E

Bkg




10. A wheel of radius Rand negligible mass is mounted on a horizontal
frictionless axle so that the wheel is in a vertical plane. Three small M
objects having masses m, M, and 2M, respectively, are mounted on the
rim of the wheel, as shown. If the system is in static equilibrium, what is
the value of min terms of M? 60°
(A) M/2 B)M (C) 3m/2 (D) 2Mm (E) 5M/2

11. Arrod on a horizontal tabletop is pivoted at one end and is free to rotate without friction about a vertical axis, as

shown. A force F is applied at the other end, at an angle 6 to the rod. If F were to be applied perpendicular to

the rod, at what distance from the axis should it be applied in order to produce the same torque?

- L )
Axis 2 )

v

View from Above

(A) Lsin0 (B) L cos 0 (©L (O)Ltand  (E)2 L

Questions 12-13

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.

12. What is the tension in the left chain?
(A)250N (B)375N (C)500N (D)625N (E)875N

13. How far from the left end of the board is the person sitting?
(A)04m B)15m (C)2m (D)25m (E)3m

14. Torque is the rotational analogue of
(A) kinetic energy  (B) linear momentum  (C) acceleration (D) force  (E) mass

15. A square piece of plywood on a horizontal tabletop is subjected to the two horizontal
forces shown. Where should a third force of magnitude 5 newtons be applied to put the SN
piece of plywood into equilibrium?

]
(A) (B) Q) I'

b
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16.

17.

18.

128

A uniform rigid bar of weight W is supported in a horizontal orientation as shown by a rope that makes a 30°
angle with the horizontal. The force exerted on the bar at point O, where it is pivoted, is best represented by a
vector whose direction is which of the following?

(A) (B) (© —» (D) B
ks T / AW /

In which of the following diagrams is the torque about point O equal in
magnitude to the torque about point X in the diagram? (All forces lie in the | Q ,l

plane of the paper.)
(B) " ¢ 3 d
(A | 4
B el S RPN o B

2F

(C) . (D)

¢ |
? o O

160 30%

(E) None of the above

A rod of length L and of negligible mass is pivoted at a point that is off-center with lengths shown in the figure
below. The figures show two cases in which masses are suspended from the ends of the rod. In each case the
unknown mass m is balanced by a known mass, M, or M, so that the rod remains horizontal. What is the value
of m in terms of the known masses?

% — % —2,— %

= M, M, "

(A) M + M, (B) a(Mi +Mz)  (C) M M, (D) %2M1M, (E) VM M,



19. A system of two wheels fixed to each other is free to rotate about a

frictionless axis through the common center of the wheels and -12F

perpendicular to the page. Four forces are exerted tangentially to the 3R

rims of the wheels, as shown. The magnitude of the net torque on

the system about the axis is

(A) zero (B) FR (C) 2FR (D) 5FR (E) 14FR
F
F

F
20. For the wheel-and-axle system shown, which of the following

expresses the condition required for the system to be in static

equilibrium? b

(A) m; =m, (B) am; = bm, (C) am, =bm;,

(D) a®m, =b’m?*  (E) b’m, = a’m; 4
mny

[__—'m]

21. A meterstick of negligible mass is placed on a fulcrum at the 0.60 m mark, with a 2.0 kg mass hung at the 0 m
mark and a 1.0 kg mass hung at the 1.0 m mark. The meterstick is released from rest in a horizontal position.
Immediately after release, the magnitude of the net torque on the meterstick about the fulcrum is most nearly
(A)20Nem (B)8.0Nem (C)10Nem (D)14 Nem (E) 16 Nem
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AP Physics Free Response Practice — Torque

1983B1. A box of uniform density weighing 100 newtons moves in a straight line with constant speed along a
horizontal surface. The coefficient of sliding friction is 0.4 and arope exerts aforce F in the direction of motion as
shown above.

a.  Onthe diagram below, draw and identify al the forces on the box.

b. Calculate the force F exerted by the rope that keeps the box moving with constant speed.
| m

c. A horizontal force F, applied at a height 5/3 meters above the surface as shown in the diagram above, isjust
sufficient to cause the box to begin to tip forward about an axis through point P. The box is 1 meter wide and 2
meters high. Calculate theforce F'.
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m, =20 kg my

C1991IM 2. Two masses. m; and m,, are connected by light cables to the perimeters of two cylinders of radii r, and
r,, respectively, as shown in the diagram above with r; = 0.5 meter, r, = 1.5 meters, and m, = 20 kilograms.
a. Determine m;, such that the system will remain in equilibrium.

Horizontal
Axis

0
x 1

C1993M 3. A long, uniform rod of mass M and length | is supported at the left end by a horizontal axis

into the page and perpendicular to the rod, as shown above. The right end is connected to the ceiling by

athin vertical thread so that therod ishorizontal. Expressthe answersto all parts of this questionin

termsof M, L and g.

a. Determine the magnitude and direction of the force exerted on the rod by the axis.

b. If the breaking strength of the thread is 2M g, determine the maximum distance, r, measured from the
hinge axis, that a box of mass 4M could be placed without breaking the thread

-
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Z

[ I

C1999M 3. As shown above, a uniform disk is mounted to an axle and is free to rotate without friction. A thin
uniform rod isrigidly attached to the disk. A block is attached to the end of therod. Properties of the rod, and block
are asfollows.

Rod:  mass=m, length = 2R

Block: mass=2m

Disk: radius=R

The system is held in equilibrium with the rod at an angle 6, to the vertical, as shown above, by a horizontal string
of negligible mass with one end attached to the disk and the other to awall. Determine the tension in the stringin
termsof m, 6,, and g.

C2008M 2.
i Spring scale
P
2y g
RIS
o i ]
Hinge ST 20 kg —" -H_F-H ke
alm—s-
| — |

The horizontal uniform rod shown above has length 0.60 m and mass 2.0 kg. The left end of the rod is attached to a
vertical support by africtionless hinge that allows the rod to swing up or down. Theright end of therod is supported
by a cord that makes an angle of 30° with the rod. A spring scale of negligible mass measures the tension in the cord.
A 0.50 kg block is @l so attached to the right end of the rod.

(a) On the diagram below, draw and label vectors to represent al the forces acting on the rod. Show each force
vector originating at its point of application.

(b) Calculate the reading on the spring scale.
(c) Calculate the magnitude of the force exerted by the hinge on the rod
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Supplemental Problem

The diagram below shows a beam of length 20.0 m and mass 40.0 kg resting on two supports placed at 5.0 m from
each end.

A N2
N1 ©)

50m
T 7\\ 5.0m

| X

A 20.0 m A

A person of mass 50.0 kg stands on the beam between the supports. The reaction forces at the supports are shown.

() Statethevalueof N; + N,
(b) The person now moves toward the X end of the beam to the position where the beam just beginsto tip and

reaction force N; becomes zero as the beam starts to leave the left support. Determine the distance of the girl
from the end X when the beam is about to tip.
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ANSWERS - AP Physics Multiple Choice Practice — Torque

Solution Answer
1. Massof stick m;=0.20 kg at midpoint, Total length L=1.0 m, Pivot at 0.40 m, attached mass B
m,=0.50 kg.
[, ] |
Applying rotational equilibrium T =0 l Ay
(M) * 11 = (M) * 12
(0.2) (0.2 m) = (0.5)(x) m,g Mg

X =0.04 m (measured away from 40 cm mark)
-> givesaposition on the stick of 36 cm

2. Asabove, apply rotational equilibrium A
+(300) (30cm) — X (20 cm) — (200) (40cm) =0

3. Torque=(Fr)r Choices A and E make zero torque, Of the remaining choices, each has C
moment arm = r but choice C has the full value of F to create torque (perpendicular) while
the others would only use a component of F to make less torque

4.  Applying rotational equilibrium, using location of unknown mass as pivot ... E
4F (1-x) = (F) (x)
aF 4F = 5Fx
I ¢mg F X = 4/5 = 0.80 m measured from right side
(Ix) X
5. Applying rotational equilibrium (“g” cancels on each side) E

(Myg) ey =(M2g) * 12
(45) (225cm)=(m) (7.5cm) > m=135¢g

6.  Ontheleft of the pivot T=Fd, on theright side of the pivot T = F(2d). So we either have to add C
1(Fd) to the left side to balance out the torque or remove 1(Fd) on the right side to balance
out torque. Putting an upwards force on the left side at V gives (2Fd) on the |eft to balance
torques, or putting a downwards force on theright side at X give atotal of Fd on theright
also causing a balance

7. Apply rotational equilibrium using the corner of the building as the pivot point. Weight of plank B
(acting at midpoint) provides torque on left and weight of man provides torque on right.
(M) * 1y = (M2g) * 1
(100 kg) (0.5m) = (50 kg) (r) 2>r=1m

8.  Apply rotational equilibrium using the rope as the pivot point. C
(3.5)(9.8)(L/2) + m(9.8)(L/4) —(5)(9.8)(L/2) =0 > m=3 kg

9.  Tobhalance the torques on each side, we obviously need to be closer to the heavier mass. D
Trying point D as a pivot point we have:
(Myg) e 11 2=?(M2Q) * 1>
(6kg) (40 cm) ?=? (8kg) (30 cm) and we see it works.
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10. Applying rotational equilibrium at the center pivot we get: C
+mg(R) + Mg(Rcos60°) —2Mg(R) = 0.
Using cos60° = Y2 we arrive at the answer 3M/2
M

11. Finding the torque in the current configuration we have: A
(FsinB)(L) = FL sin 6.
To get the same torque with F applied perpendicular we would have to change the L
to get F (Lsin®)

12.  Diagram Simple Frey) =0 B
T 500N 250N T-500+250-125=0
T=375N T ¢ T

I l |
125N
13. Same Diagram B
Apply rotational equilibrium using left end as pivot:
+(250)(4) — (125)(2) — (500)(r) =0 > r=1.5m

14. Definition of Torque D
15. To baance the forces (Fnet=0) the answer must be A or D, to prevent rotation, obviously A A
would be needed.
16. FBD T Sincetheropeisat an angleit hasx and y B
\ components of force.
H—>] ] ] Therefore, H would have to exist to counteract Tx.
wY Based on Tre = 0 requirement, V also would have
\% to exist to balance W if we were to chose a pivot

point at the right end of the bar

17. Inthegiven diagram thetorqueis=FL. C
Finding the torque of all the choices reveals C as correct.
(2Fsin60°) (L) = 2F %L =FL

18. Applying rotational equilibrium to each diagram gives E
DIAGRAM 1: (mg)(L1) =(M109)(L2) DIAGRAM 2: (M,g)(L1) =mg(L>)
Li=Mj(L2)/m Mz (L1) =m(L2)

(sub thisL ;) into the Diagram 2 egn, and solve. _ ¥
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19.

20.

21.

Find the torques of each using proper signs and add up.
+(1)-2)+ (3 +(4)
+F(3R) — (2F)(3R) + F(2R) +F(3R) = 2FR

Simply apply rotational equilibrium
(Myg) ey = (M) * 12
mia=myb

Question says meterstick has no mass, so ignore that force.
Pivot placed at 0.60 m. Based on the applied masses, this

meterstick would have a net torque and rotate. Find the net

Torque as follows ‘}
Tre=+(m1Q) e 11 —(MyQ) * 1>
+ (2)(10 M/$)(0.6 m) — (1)(10 m/$)(0.4 m) mig

mzg
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AP Physics Free Response Practice — Torque — ANSWERS

1983B1.

a) FBD. F, pointing up, F4 pointing down, f, applied to base of box pointing left

b) Constant speed > a=0.
Fnet=0 F-fk=0 F—uFn=0 F —(0.4)(100)=0 F=40N

c) Theforce F occurs at the limit point of tipping which is when the torque trying to tip it (caused by F) is equal to
the torque trying to stop it from tipping (from the weight) using the tipping pivot point of the bottom right
corner of the box.

(F)(5/3 m) = Fg (0.5m)
(F) (5/3) = (100)(0.5)

| F=30N
v
C1991M 2.
Apply rotational equilibrium with the center as the pivot
(myg) ery =(mMyg) *r, (20)(9.8)(0.5) = m,(9.8)(1.5) m,= 6.67 kg
C1993M3

(a) Thereisno H support force at the hinge since there are no other horizontal forces acting, so thereisonly vertical
support for V. Thetension in the thread T acts upwards and the weight of the rod acts at the midpoint. Apply
rotational equilibrium using the hinge axis as the pivot:
+(T)(L) —(Mg)(L/2) =0 T =Mg/2

Then using Fnet(y) = 0 V+T-Mg=0 V +Mg/l2-Mg=0 V =Mg/2

(b) Apply rotational equilibrium using the hinge axis as the pivot and “r” as the unknown distance of the box
Thread torque — Box torque - Rod Torque= 0
(2Mg)(L) - (4Mg)(r) - (Mg)(L/2) =0
2L —4r-L/2=0 r=38L

C1999M 3

Apply rotational equilibrium using the center
of the disk asthe pivot

(Mpg)(2Rsind,) + (M, g)(Rsinb,) —T(R) =0

String
(2mg)(2Rsinb,) + (mg)(Rsinf,) — T(R) =0

T = 5mg(sinf,)

MUIMDMMMILININ
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C2008M2 Fr

a) FBD H™> S ' \"
T
mg mg

\Y

b) Apply rotational equilibrium using the hinge as the pivot
+(F+sin30)(0.6) — (mg)(0.6) — (m,g)(0.3) =0

+(F+sin30)(0.6) — (0.5)(9.8)(0.6) — (2)(9.8)(0.3)=0 Fr=29.4N
c) Apply Fnet(x), Fnet(y) = 0to find H and V V=9.8N, H=25.46N
combining H and V Fhinge = 27.28 N
Supplemental
(a) Simple application of Fnet(y) =0 Ny + N, —mpg-mpg=0
N; + N, = (40)(9.8) + (50)(9.8) =882N
5m r
() S—Ce—o , Apply rotational equilibrium
A (MyQ) e 11 =(Mpg) * 12
(40) (5m) = (50) () r = 4m from hinge

myg meg = 1 mfrom point X
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AP Physics Multiple Choice Practice — Work-Energy

1. A mass m attached to a horizontal massless spring with spring constant k, is set
into simple harmonic motion. Its maximum displacement from its equilibrium m  HM
position is A. What is the masses speed as it passes through its equilibrium
position?

(A) 0 (B)A\/% (C)A\/% (D)%\/% (E)%\/g “|m| QO

2. Aforce F at an angle 6 above the horizontal is used to pull a heavy suitcase of weight mg a distance d along a
level floor at constant velocity. The coefficient of friction between the floor and the suitcase is p. The work
done by the frictional force is:

(A) —Fd cos 0 (B) mgh — Fd cos 6 (C)—pnFdcos (D) -umgd (E) - mgd cos 6

3. Ifthe unit for force is F, the unit for velocity V, and the unit for time T, then the unit for energy is:
(AVFVT  (B)FIT  (C)FVIT  (D)F/T?  (E) FVAT?

4. Aforce of 10 N stretches a spring that has a spring constant of 20 N/m. The potential energy stored in the
spring is:
(A)2517 (B)5.0J (©)10J (D) 40J (E) 200 J

5. A2 kg ball is attached to a 0.80 m string and whirled in a horizontal circle at a constant speed of 6 m/s. The
work done on the ball during each revolution is:
(A) 4501 (B)90J (C)727 (D) 16 J (E) zero

6. A pendulum bob of mass m on a cord of length L is pulled sideways until the
cord makes an angle 0 with the vertical as shown in the figure to the right. The
change in potential energy of the bob during the displacement is:

(A) mgL (1-cos 0) (B) mgL (1-sin 6) (C) mgL sin 6
(D) mgL cos 0 (E) 2mgL (1-sin 0)

(1)
- =

7. A force F directed at an angle 8 above the horizontal is used to pull a crate a distance D across a level floor.

The work done by the force F is
(A) FD (B) FD cos © (C)FDsin 6 (D) mg sin 0 (E) mgD cos 6

8. A compressed spring has 16 J of potential energy. What is the maximum speed it can impart to a 2 kg object?
(A) 2.8 m/s (B) 4.0 m/s (C) 5.6 m/s (D) 8.0 m/s (E) 16 m/s

9. A softball player catches a ball of mass m, which is moving towards her with horizontal speed V. While
bringing the ball to rest, her hand moved back a distance d. Assuming constant deceleration, the horizontal
force exerted on the ball by the hand is
(Aymv¥(2d) B)mvid  (C)mvd  (D)2mV/id  (E) mVv/d

10. A 3 kg block with initial speed 4 m/s slides across a rough horizontal floor before coming to rest. The frictional
force acting on the block is 3 N. How far does the block slide before coming to rest?
(A)1.0m (B)2.0m (C)4.0m (D) 8.0 m (E) 16 m

11. A construction laborer holds a 20 kg sheet of wallboard 3 m above the floor for 4 seconds. During these 4

seconds how much power was expended on the wallboard?
(A) 2400 W (B) 340 W (C) 27w (D) 15W (E) none of these
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12. A pendulum is pulled to one side and released. It swings freely to the opposite side and stops. Which of the
following might best represent graphs of kinetic energy (Ey), potential energy (E,) and total mechanical energy

(ET)

ET

Ep
Time
B) C)
, B S .
. Lr & LT
[13] sl
[ Tm [ A Tm
D) E)

Problems 13 and 14 refer to the following situation: A car of mass m slides across a patch of ice at a speed v with
its brakes locked. It the hits dry pavement and skids to a stop in a distance d. The coefficient of kinetic friction
between the tires and the dry road is.

13. If the car has a mass of 2m, it would have skidded a distance of
(A)0.5d B)d (C)1.41d (D) 2d (E)4d

14. If the car has a speed of 2v, it would have skidded a distance of
(A)0.5d (B)d (C) 1.41d (D) 2d (E)4d

15. A ball is thrown vertically upwards with a velocity v and an initial kinetic energy Ex. When half way to the top
of its flight, it has a velocity and kinetic energy respectively of

v E v E v E v E v E
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A football is kicked off the ground a distance of 50 yards downfield. Neglecting air resistance, which of the
following statements would be INCORRECT when the football reaches the highest point?

(A) all of the balls original kinetic energy has been changed into potential energy

(B) the balls horizontal velocity is the same as when it left the kickers foot

(C) the ball will have been in the air one-half of its total flight time

(D) the ball has an acceleration of g

(E) the vertical component of the velocity is equal to zero

A mass m is attached to a spring with a spring constant k. If the mass is set into motion by a displacement d
from its equilibrium position, what would be the speed, v, of the mass when it returns to equilibrium position?

(A)v=\/§ v =9 v g (E)v:ol\/F
m m mg k m

If M represents units of mass, L represents units of length, and T represents units of time, the dimensions of
power would be:

)

L ML?
T2

T

ML? ML?2
2 ©)—
T T

(8) (D)% (E)

An automobile engine delivers 24000 watts of power to a car’s driving wheels. If the car maintains a constant
speed of 30 m/s, what is the magnitude of the retarding force acting on the car?
(A) 800N (B) 960 N (C) 1950 N (D) 720,000 N (E) 1,560,000 N

A fan blows the air and gives it kinetic energy. An hour after the fan has been turned off, what has happened to
the Kinetic energy of the air?

(A) it disappears (B) it turns into potential energy (C) it turns into thermal energy

(D) it turns into sound energy (E) it turns into electrical energy

A box of old textbooks is on the middle shelf in the bookroom 1.3 m from the floor. If the janitor relocates the
box to a shelf that is 2.6 m from the floor, how much work does he do on the box? The box has a mass of 10 kg.
(A) 13 (B)261J (C)5217 (D) 1301 (E) 260 J

A mass, M, is at rest on a frictionless surface, connected to an ideal horizontal spring that is unstretched. A
person extends the spring 30 cm from equilibrium and holds it by applying a 10 N force. The spring is brought
back to equilibrium and the mass connected to it is now doubled to 2M. If the spring is extended back 30 cm
from equilibrium, what is the necessary force applied by the person to hold the mass stationary there?

(A)20N (B)14.1N (C)10N (D)7.07N (E)5N

A deliveryman moves 10 cartons from the sidewalk, along a 10-meter ramp to a loading dock, which is 1.5
meters above the sidewalk. If each carton has a mass of 25 kg, what is the total work done by the deliveryman
on the cartons to move them to the loading dock?

(A) 25001 (B) 3750 J (C) 10000 J (D) 250001 (E) 375001

A rock is dropped from the top of a tall tower. Half a second later another rock, twice as massive as the first, is
dropped. Ignoring air resistance,

(A) the distance between the rocks increases while both are falling.

(B) the acceleration is greater for the more massive rock.

(C) the speed of both rocks is constant while they fall.

(D) they strike the ground more than half a second apart.

(E) they strike the ground with the same Kkinetic energy.

A 60.0-kg ball of clay is tossed vertically in the air with an initial speed of 4.60 m/s. Ignoring air resistance,

what is the change in its potential energy when it reaches its highest point?
(A)0J (B) 451 (C) 2801 (D) 6351J (E) 2700
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26. Which of the following is true for a system consisting of a mass oscillating on the end of an ideal spring?
(A) The kinetic and potential energies are equal to each other at all times.
(B) The kinetic and potential energies are both constant.
(C) The maximum potential energy is achieved when the mass passes through its equilibrium position.
(D) The maximum Kinetic energy and maximum potential energy are equal, but occur at different times.
(E) The maximum kinetic energy occurs at maximum displacement of the mass from its equilibrium position

27. From the top of a high cliff, a ball is thrown horizontally with initial speed v,. Which of the following graphs
best represents the ball's kinetic energy K as a function of time t ?
X K & X K
tA) L () (D) (Ey

o ! o ! p———= 0 ! ]

28. A person pushes a box across a horizontal surface at a constant speed of 0.5 meter per second. The box has a
mass of 40 kilograms, and the coefficient of sliding friction is 0.25. The power supplied to the box by the
personis (A)0.2W (B)5W (C)50wW (D)100W  (E)200W

29. A horizontal force F is used to pull a 5-kilogram block across a floor at a constant speed of 3 meters per second.
The frictional force between the block and the floor is 10 newtons. The work done by the force F in 1 minute is
most nearly
(A)0OJ (B)30J (C)600J (D)1,350J) (E)1,8001J

Questions 30-31: A block oscillates without friction on the end of a spring as

shown. The minimum and maximum lengths of the spring as it oscillates are,
respectively, Xmi, and Xa. The graphs below can represent quantities . ﬁ .
associated with the oscillation as functions of the length x of the spring. Xmin Xinax
(A) (B)
(E) r
1 1
[ I
X { ]
Tmin Xinax Xmin Xmax ! :
I' t
) '
e e s e N Y
(<) 4 (D) Xmin Xmax
¥ ; * Lt ) h X
Cmin Xmax *min max

30. Which graph can represent the total mechanical energy of the block-spring system as a function of x ?
AMA (BB (©C OD (BE

31. Which graph can represent the kinetic energy of the block as a function of x ?
AMA (BB (©C @OD (BE
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Questions 32-33

A ball swings freely back and forth in an arc from point I to

32.

33.

34.

35.

36.

37.

point 1V, as shown. Point 11 is the lowest point in the path,
I11'is located 0.5 meter above 11, and IV is | meter above II.
Air resistance is negligible.

If the potential energy is zero at point I, where will the
kinetic and potential energies of the ball be equal?

(A) At point Il (B) At some point between Il and 111
(C) At point Il (D) At some point between IIl and IV
(E) At point IV

The speed of the ball at point I is most nearly
(A) 3.0mfs (B)45m/ls (C)9.8m/s (D)14m/s (E)20m/s

An ideal spring obeys Hooke's law, F = -kx. A mass of 0.50 kilogram hung vertically from this spring stretches
the spring 0.075 meter. The value of the force constant for the spring is most nearly
(A) 0.33 N/m (B) 0.66 N/m (C) 6.6 N/m (D) 33 N/m (E) 66 N/m

The figure shows a rough semicircular track whose

ends are at a vertical height h. A block placed at

point P at one end of the track is released from rest

and slides past the bottom of the track. Which of the h

following is true of the height to which the block )
rises on the other side of the track? J '

(A) It is equal to h/(2m) (B) It is equal to h/4 FOLLLL LTSS T 08777777
(C) Itis equal to h/2 (D) Itisequal to h
(E) It is between zero and h; the exact height depends on how much energy is lost to friction.

A weight lifter lifts a mass m at constant speed to a height h in time t. What is the average power output of the
weight lifter?  (A)mg (B)mh (C)mgh (D) mght (E)mgh/t

A block of mass m slides on a horizontal frictionless table with an initial speed v,. It then compresses a spring
of force constant k and is brought to rest. How much is the spring compressed from its natural length?

2
WY m™M, oM o /N ©. |,
29 k k Kk m

Questions 38-40

A plane 5 meters in length is inclined at an angle of 37°, as shown. A block

38.

39.

40.

of weight 20 newtons is placed at the top of the plane and allowed to slide
down.

Sm
The mass of the block is most nearly T
(A) 1.0 kg (B) 1.2 kg (C) 1.6 kg (D) 2.0 kg (E) 2.5 kg 3 m
The magnitude of the normal force exerted on the block by the plane is 37° 1
most nearly

(A)ION  (B)12N (C)16N (D)20N  (E)33N f——— 4 m——]

The work done on the block by the gravitational force during the 5-meter slide down the plane is most nearly
(A)201J (B) 60J (©)801J (D) 100J (E) 130J
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41. A student weighing 700 N climbs at constant speed to the top of an 8 m vertical rope in 10 s. The average
power expended by the student to overcome gravity is most nearly
(A 11w (B) 87.5W (C)560 W (D) 875 W (E) 5,600 W

42. The graph shown represents the potential energy U as a function of
displacement x for an object on the end of a spring moving back and U
forth with amplitude x,. Which of the following graphs represents
the kinetic energy K of the object as a function of displacement x ? Ust

(A) K (B) K

Upt Uy —— f——t— X

(© K D K (E) K

£ u + T £

—Xp o X o . ] o A0

43. A child pushes horizontally on a box of mass m which moves with constant speed v across a horizontal floor.
The coefficient of friction between the box and the floor is p. At what rate does the child do work on the box?

(A) pmgv (B) mgv (C) pmglv (D) umglv (E) pmv?

44. A block of mass 3.0 kg is hung from a spring, causing it to
stretch 12 cm at equilibrium, as shown. The 3.0 kg block is then
replaced by a 4.0 kg block, and the new block is released from
the position shown, at which the spring is unstretched. How far
will the 4.0 kg block fall before its direction is reversed? TOOTTRT
(A) 9cm (B) 18 cm (C) 24 cm 12 cm-I
(D) 32cm (ey48em  TTT==

3kg

45. What is the kinetic energy of a satellite of mass m that orbits the Earth, of mass M, in a circular orbit of radius R?
A z - 1 GMm © 1 GMm ©) 1 GMm © GMm
ero Pu— D — -
2 R 4 R 2 R? R?

148



Questions 46-47

m vﬂ
___ D —t

A rock of mass mis thrown horizontally off a building from a height h, as shown above. The speed of the rock as it
leaves the thrower’s hand at the edge of the building is vq.

46. How much time does it take the rock to travel from the edge of the building to the ground?

h hv 2h
(A) /v, ® - (@F" - ® J2h/g

0

47. What is the kinetic energy of the rock just before it hits the ground?
(A) mgh (B) %2 mvo? (C) %2 mvo” - mgh (D) % mvo*+mgh (E) mgh-¥2 mv,®

»=s,  Point of

} ..,,_,J" _ Release
Equilibrium Equilibrium
Position Position

Point of
Release

A sphere of mass m;, which is attached to a spring, is displaced downward from its equilibrium position as shown
above left and released from rest. A sphere of mass m,, which is suspended from a string of length L, is
displaced to the right as shown above right and released from rest so that it swings as a simple pendulum with
small amplitude. Assume that both spheres undergo simple harmonic motion

48. Which of the following is true for both spheres?
(A) The maximum kinetic energy is attained as the sphere passes through its equilibrium position.
(B) The maximum Kinetic energy is attained as the sphere reaches its point of release.
(C) The minimum gravitational potential energy is attained as the sphere passes through its equilibrium position.
(D) The maximum gravitational potential energy is attained when the sphere reaches its point of release.
(E) The maximum total energy is attained only as the sphere passes through its equilibrium position.
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Questions 49-50

An object of mass m is initially at rest and free to move without friction in any direction in the xy-plane. A constant
net force of magnitude F directed in the +x direction acts on the object for 1 s. Immediately thereafter a constant
net force of the same magnitude F directed in the +y direction acts on the object for 1 s. After this, no forces act
on the object.

49. Which of the following vectors could represent the velocity of the object at the end of 3 s, assuming the scales
on the x and y axes are equal?

(A) ¥ (B) ¥ < y
.-:J‘—”‘ {;JL"‘ olLf
(D) ¥ (E)
0 X o -1
50. Which of the following graphs best represents the kinetic energy K of the object as a function of time?
(A) K (B) K
4 ]
// !
— o T : o Ti
0 1 5 3 Time (s) 0 i 3 3 Time (s)
C) K (D) K
A L]
0 N 3 3 Time (5} 0 1 5 3 Time (s}
(E) K
= Time (5)

T S S
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51. A constant force of 900 N pushes a
100 kg mass up the inclined plane
shown at a uniform speed of 4 m/s.
The power developed by the 900 N
force is most nearly
(A) 400 W
(B) 800 W
(C) 900 W
(D) 1000W
(E) 3600 W

52. An object of mass m is lifted at constant velocity a vertical distance H in time T. The power supplied by the
lifting force is (A) mgHT (B) mgH/T (C) mg/HT (D) mgT/H (E) zero

53. A system consists of two objects having masses m; and m, (m; <m,). The objects are
connected by a massless string, hung over a pulley as shown, and then released.
When the object of mass m, has descended a distance h, the potential energy of the .
system has decreased by

(A) (m;-mj)gh  (B)mygh  (C)(my+my)gh (D) %(m; +my)gh  (E)O

[

54. The following graphs, all drawn to the same scale, represent the net force F as a function of displacement x for

an object that moves along a straight line. Which graph represents the force that will cause the greatest change
in the kinetic energy of the object from x =0 to x = x;?

(A) F

(E} F
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55.

56.

57.

58.

59.

60.

61.

62.

152

From the top of a 70-meter-high building, a I-kilogram ball is thrown directly downward with an initial speed of
10 meters per second. If the ball reaches the ground with a speed of 30 meters per second, the energy lost to
friction is most nearly ~ (A) 0J (B)100J (C)300J (D)400J (E) 700

A pendulum consists of a ball of mass m suspended at the end of a
massless cord of length L as shown. The pendulum is drawn aside
through an angle of 60° with the vertical and released. At the low point ‘I‘

of its swing, the speed of the pendulum ball is 60° ~ ..
SN, 4o T
@ @) oul oo ®u b o

A rock is lifted for a certain time by a force F that is greater in magnitude than the rock’s weight W. The change
in kinetic energy of the rock during this time is equal to the

(A) work done by the net force (F - W)

(B) work done by F alone

(C) work done by W alone

(D) difference in the momentum of the rock before and after this time

(E) difference in the potential energy of the rock before and after this time.

A ball is thrown upward. At a height of 10 meters above the ground, the ball has a potential energy of 50 joules
(with the potential energy equal to zero at ground level) and is moving upward with a kinetic energy of 50
joules. Air friction is negligible. The maximum height reached by the ball is most nearly

(A)10m (B)20m (C)30m (D) 40 m (E) 50 m

A block on a horizontal frictionless plane is
attached to a spring, as shown. The block
oscillates along the x-axis with amplitude A.
Which of the following statements about
energy is correct?

(A) The potential energy of the spring is at a minimum at x = 0.

(B) The potential energy of the spring is at a minimum at x = A.

(C) The kinetic energy of the block is at a minimum at x =0.

(D) The kinetic energy of the block is at a maximum at x = A.

(E) The kinetic energy of the block is always equal to the potential energy of the spring.

During a certain time interval, a constant force delivers an average power of 4 watts to an object. If the object
has an average speed of 2 meters per second and the force acts in the direction of motion of the object, the
magnitude of the force is

(A)16 N (B)8N (C)6N (D)4N  (E)2N

A spring-loaded gun can fire a projectile to a height h if it is fired straight up. If the same gun is pointed at an
angle of 45° from the vertical, what maximum height can now be reached by the projectile?

h h
h/ — = C) h/2 D) —— E)h
(A) h/4 (B) o02 ©) ()\/E E)

A force F is exerted by a broom handle on the head of the broom, which has a
mass m. The handle is at an angle 0 to the horizontal, as shown. The work
done by the force on the head of the broom as it moves a distance d across a
horizontal floor is

(A)Fdsin® (B)Fdcos6  (C)Fmcosd (D) Fmtan6 (E) Fmd sin6




Question 63-64

A spring has a force constant of 100 N/m and an unstretched length of 0.07 m. One

63.

64.

65.

66.

67.

68.

69.

70.

end is attached to a post that is free to rotate in the center of a smooth table, as - B
shown in the top view. The other end is attached to a 1 kg disc moving in / *
uniform circular motion on the table, which stretches the spring by 0.03 m.

)
[}

Friction is negligible. 1 rmmis:
I‘\

What is the centripetal force on the disc? N\ ya
(A)OBN (B)3SN (C)1ION (D)300ON (E)1,000N N - -

i i i . . Top View
What is the work done on the disc by the spring during one full circle?

(A)0J (B) 94 J (C) 186 J (D) 314 J (E) 628 J

A frictionless pendulum of length 3 m swings with an amplitude of 10°. At its maximum displacement, the
potential energy of the pendulumis 10 J. What is the kinetic energy of the pendulum when its potential energy
is5J7?

(A) 3.3 (B)51 (©)6.73 (D) 101 (E) 15

A descending elevator of mass 1,000 kg is uniformly decelerated to rest l Cable

over a distance of 8 m by a cable in which the tension is 11,000 N. The |

speed v; of the elevator at the beginning of the 8 m descent is most Elevator

nearly vl 1,000 kg

(A) 4 m/s (B) 10 m/s (C) 13 m/s

(D) 16 m/s (E) 21 m/s N I b=
8m
—J ————————————— v=0

An ideal massless spring is fixed to the wall at one end, as shown. A block of
mass M attached to the other end of the spring oscillates with amplitude A on
a frictionless, horizontal surface. The maximum speed of the block is vy,.
The force constant of the spring is

GRO0000
JODUOUO0

wMI gy Mov, My MY, MY,
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A 1000 W electric motor lifts a 100 kg safe at constant velocity. The vertical distance through which the motor
can raise the safe in 10 s is most nearly
(A)Im (B)3m (C)10m (D)32m (E)100m

A deliveryman moves 10 cartons from the
sidewalk, along a 10-meter ramp to a
loading dock, which is 1.5 meters above
the sidewalk. If each carton has a mass of
25 kg, what is the total work done by the
deliveryman on the cartons to move them
to the loading dock?

(A)2500J (B)3750J (C)10000J (D)25000J) (D) 375001

A 60.0-kg ball of clay is tossed vertically in the air with an initial speed of 4.60 m/s. Ignoring air resistance,
what is the change in its potential energy when it reaches its highest point?
(A)OJ (B)45J (C)280J) (D)635J (E) 2700
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71. A 500-kg car is moving at 28 m/s. The driver sees a barrier ahead. If the car takes 95 meters to come to rest,
what is the magnitude of the minimum average net force necessary to stop?
(A)475N (B)1400N (C)2060N (D)19600N (E) 133000 N

72. A person pushes a block of mass M = 6.0 kg with a constant speed of 5.0 m/s straight up a flat surface inclined
30.0° above the horizontal. The coefficient of kinetic friction between the block and the surface is p = 0.40.
What is the net force acting on the block?

(A)ON  (B)2IN (C)30N  (D)5IN  (E) 76N

73. A block of mass M on a horizontal surface is connected to the end of a I
massless spring of spring constant k . The block is pulled a distance x
from equilibrium and when released from rest, the block moves toward _\M/\/_ M
equilibrium. What coefficient of kinetic friction between the surface and {
the block would allow the block to return to equilibrium and stop? T

kXZ
2Mg

kx kx Mg
(A (B) Mg (©) 2Mg (D) Thx (E) M

74. An object is dropped from rest from a certain height. Air resistance is negligible. After falling a distance d, the
object’s kinetic energy is proportional to which of the following?
(A)1/d> (B)1/d (C)Nd (D)d (E)d

75. An object is projected vertically upward from ground level. It rises to a maximum height H. If air resistance is
negligible, which of the following must be true for the object when it is at a height H/2 ?
(A) Its speed is half of its initial speed.
(B) Its kinetic energy is half of its initial kinetic energy.
(C) Its potential energy is half of its initial potential energy.
(D) Its total mechanical energy is half of its initial value.
(E) Its total mechanical energy is half of its value at the highest point.

76. A particle P moves around the circle of radius R under the influence of a
radial force of magnitude F as shown. What is the work done by the
radial force as the particle moves from position 1 to position 2 halfway
around the circle?

(A)Zero (B)RF (C)2RF (D) nRF (E)2nRF
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AP Physics Free Response Practice — Work Power Energy

1974B1. A pendulum consisting of a small heavy ball of mass m at the end of a
string of length L isreleased from a horizontal position. When the ball is
at point P, the string forms an angle of 6 with the horizontal as shown.

(@) In the space below, draw a force diagram showing all of the forces
acting on the ball at P. Identify each force clearly.

(b) Determine the speed of the ball at P.
(c) Determine the tension in the string when the ball is at P.

1974B7. A ski lift carries skiers along a 600 meter slope inclined at 30°. To lift asinglerider, it is necessary to
move 70 kg of mass to the top of thelift. Under maximum load conditions, six riders per minute arrive at the
top. If 60 percent of the energy supplied by the motor goes to overcoming friction, what average power must
the motor supply?
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1975B1. A 2-kilogram block is released from rest at the top of a curved incline in the shape of a quarter of acircle

of radius R. The block then slides onto a horizontal plane where it finally comesto rest 8 meters from the beginning
of the plane. The curved incline isfrictionless, but there is an 8-newton force of friction on the block while it slides
horizontally. Assume g = 10 meters per second®.

a. Determine the magnitude of the acceleration of the block while it slides along the horizontal plane.

b. How much time elapses while the block is sliding horizontally?

c. Calculate the radius of the incline in meters.

e S

1975B7. A pendulum consists of a small object of mass m fastened to the end of an inextensible cord of length L.

Initially, the pendulum is drawn aside through an angle of 60° with the vertical and held by a horizontal string as

shown in the diagram above. This string is burned so that the pendulum is released to swing to and fro.

a. Inthe space below draw a force diagram identifying all of the forces acting on the object whileit isheld by the
string.

b. Determine the tension in the cord before the string is burned.
c. Show that the cord, strong enough to support the object before the string is burned, is also strong enough to
support the object as it passes through the bottom of its swing.
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1977 B1. A block of mass 4 kilograms, which has an initial speed of 6 meters per second at timet =0, dideson a
horizontal surface.
a. Cdculate the work W that must be done on the block to bring it to rest.

If a constant friction force of magnitude 8 newtonsis exerted on the block by the surface, determine the following:
b. The speed v of the block as afunction of thetimet.
c. Thedistance x that the block slides asit comesto rest

", #
f-

Q

1978B1. A 0.5 kilogram object rotates freely in avertical circle at the end of a string of length 2 meters as shown
above. Asthe object passes through point P at the top of the circular path, the tension in the string is 20 newtons.
Assume g = 10 meters per second sguared.

(8 Onthe following diagram of the object, draw and clearly label al significant forces on the object when it is at

the point P.

(b) Calculate the speed of the object at point P.
(c) Cadlculate theincrease in kinetic energy of the object as it moves from point P to point Q.
(d) Calculate thetension in the string as the object passes through point Q.
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1979B1. From thetop of acliff 80 meters high, aball of mass 0.4 kilogram is launched horizontally with a velocity

of 30 meters per second at timet = 0 as shown above. The potential energy of the ball is zero at the bottom of the
cliff. Use g = 10 meters per second squared.

a. Cadculate the potential, kinetic, and total energies of the ball at timet = 0.

b. Onthe axes below, sketch and label graphs of the potential, kinetic, and total energies of the ball as functions of
the distance fallen from the top of the cliff

=8
500

Energy 400
{joules)

Q S . S A e e
¢ 0 20 0 4 N &0 W &

. Distance Fallen (m) Bottom of
cliff dliff

c. Onthe axes below sketch and label the kinetic and potential energies of the ball as functions of time until the
. ball hits
- 600

500

Energy 400
{jcuias)

100

0 : $ . - $ b —~ o r—
0 [ 2 3 4 5 6 7 g
Time (seconds)
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1981B1. A 10-kilogram block is pushed along a rough horizontal surface by a constant horizontal force F as shown

above. Attimet =0, thevelocity v of the block is 6.0 meters per second in the same direction asthe force. The
coefficient of diding friction is 0.2. Assume g = 10 meters per second sguared.
a. Cadculate the force F necessary to keep the velocity constant.

The force is now changed to alarger constant value F'. The block accelerates so that its kinetic energy increases by
60 joules whileit dides a distance of 4.0 meters.

b. CalculatetheforceF.

c. Cdculate the acceleration of the block.

[Tt 3k |

ST

1981B2. A masdless spring is between a 1-kilogram mass and a 3-kilogram mass as shown above, but is not
attached to either mass. Both masses are on a horizontal frictionlesstable. In an experiment, the 1-kilogram mass
isheld in place and the spring is compressed by pushing on the 3-kilogram mass. The 3-kilogram mass is then
released and moves off with a speed of 10 meters per second. Determine the minimum work needed to compress
the spring in this experiment.

1982B3. A child of mass M holds onto a rope and steps off aplatform. Assume that theinitial speed of the child is

zero. Therope haslength R and negligible mass. The initial angle of the rope with the vertical is6,, as shownin

the drawing above.

a. Using the principle of conservation of energy, develop an expression for the speed of the child at the lowest
point in the swing interms of g, R, and cos 6,

b. Thetension in the rope at the lowest point is 1.5 times the weight of the child. Determine the value of cos 0,,.
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1985B2. Two 10-kilogram boxes are connected by a massless string that passes over a massless frictionless pulley
as shown above. The boxes remain at rest, with the one on the right hanging vertically and the one on the left 2.0
meters from the bottom of an inclined plane that makes an angle of 60° with the horizontal. The coefficients of
kinetic friction and static friction between the left-hand box and the plane are 0.15 and 0.30, respectively. Y ou may
use g = 10 m/s, sin 60° = 0.87, and cos 60° = 0.50.

a. Whatisthetension T in the string?

b. On thediagram below, draw and label all the forces acting on the box that is on the plane.

c. Determine the magnitude of the frictional force acting on the box on the plane.
The string is then cut and the left-hand box slides down the inclined plane.

d. Determine the amount of mechanical energy that is converted into thermal energy during the slide to the bottom.
e. Determine the kinetic energy of the left-hand box when it reaches the bottom of the plane.
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1986B2. Oneend of a spring is attached to a solid wall while the other end just reaches to the edge of a horizontal,
frictionless tabletop, which is a distance h above the floor. A block of mass M is placed against the end of the spring
and pushed toward the wall until the spring has been compressed a distance X, as shown above. The block is
released, follows the tragjectory shown, and strikes the floor a horizontal distance D from the edge of the table. Air
resistance is negligible.

Determine expressions for the following quantitiesin terms of M, X, D, h, and g. Note that these symbols do not
include the spring constant.

The time elapsed from the instant the block leaves the table to the instant it strikes the floor
The horizontal component of the velocity of the block just before it hits the floor

The work done on the block by the spring

The spring constant

oo oTw

sin 30° = 0.50 sin 60° = 0.87
cos 30° = 0.87 cos 60° = 0.50
tan 30° = 0.58 tan 60° = 1.73

50kg

1991B1. A 5.0-kilogram monkey hangsinitially at rest from two vines, A and B. as shown above. Each of the vines

has length 10 meters and negligible mass.

a. Onthefigure below, draw and label all of the forces acting on the monkey. (Do not resolve the forcesinto
components, but do indicate their directions.)

g

b. Determinethetensioninvine B while the monkey is at rest.
The monkey releases vine A and swings on vine B. Neglect air resistance.

c. Determine the speed of the monkey asit passes through the lowest point of its first swing.
d. Determinethetension in vine B asthe monkey passes through the lowest point of its first swing.
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1992B1. A 0.10-kilogram solid rubber ball is attached to the end of an 0.80 meter length of light thread. The ball is
swung in avertical circle, as shown in the diagram above. Point P, the lowest point of the circle, is 0.20 meter
above the floor. The speed of the ball at the top of the circle is 6.0 meters per second, and the total energy of the ball
is kept constant.
a. Determinethe total energy of the ball, using the floor as the zero point for gravitational potential energy.
b. Determine the speed of the ball at point P, the lowest point of the circle.
c. Determinethetension in the thread at

i. thetop of the circle;

ii. the bottom of the circle.

The ball only reaches the top of the circle once before the thread breaks when the ball is at the lowest point of the
circle.
d. Determine the horizontal distance that the ball travels before hitting the floor.

1996B2 (15 points) A spring that can be assumed to be ideal hangs from a stand, as shown above.
a.  You wish to determine experimentally the spring constant k of the spring.

i. What additional, commonly available equipment would you need?

ii. What measurements would you make?

iii. How would k be determined from these measurements?

b. Supposethat the spring is now used in a spring scale that is limited to a maximum value of 25 N, but you would like
to weigh an object of mass M that weighs more than 25 N. Y ou must use commonly avail able equipment and the
spring scale to determine the weight of the object without breaking the scale.

i. Draw a clear diagram that shows one way that the equipment you choose could be used with the spring
scale to determine the weight of the object,
ii. Explain how you would make the determination.
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1997B1. A 0.20 kg object moves along a straight line. The net force acting on the object varies with the object's
displacement as shown in the graph above. The object starts from rest at displacement x =0 andtimet =0 and is
displaced a distance of 20 m. Determine each of the following.

The acceleration of the particle when its displacement x is6 m.

The time taken for the object to be displaced the first 12 m.

The amount of work done by the net force in displacing the object the first 12 m.

The speed of the object at displacement x =12 m.

The final speed of the object at displacement x =20 m.

Poo T

1999B1. The Sojourner rover vehicle shown in the sketch above was used to explore the surface of Mars as part of
the Pathfinder missionin 1997. Use the datain the tables below to answer the questions that follow.
Mars Data Sojourner Data

Radius: 0.53 x Earth's radius Mass of Sojourner vehicle: 11.5kg
Mass: 0.11 x Earth's mass Wheel diameter: 0.13m
Stored energy available: 5.4x10°J
Power required for driving
under average conditions; mnow
Land speed: 6.7 x 10° m/s

a. Determine the acceleration due to gravity at the surface of Marsin terms of g, the acceleration due to gravity at
the surface of Earth.

b. Calculate Sojourner's weight on the surface of Mars.

c. Assume that when leaving the Pathfinder spacecraft Sojourner rolls down aramp inclined at 20° to the
horizontal. The ramp must be lightweight but strong enough to support Sojourner. Calculate the minimum
normal force that must be supplied by the ramp.

d. What isthe net force on Sojourner asit travels across the Martian surface at constant velocity? Justify your
answer.

e. Determine the maximum distance that Sojourner can travel on a horizontal Martian surface using its stored
energy.

f.  Suppose that 0.010% of the power for driving is expended against atmospheric drag as Sojourner travels on the
Martian surface. Calculate the magnitude of the drag force.
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2002B2. A 3.0 kg object subject to arestoring force F is undergoing simple harmonic motion with a small

amplitude. The potential energy U of the object as a function of distance x from its equilibrium position is shown
above. This particular object has atotal energy E: of 0.4 J.

(a) What isthe object's potential energy when its displacement is +4 cm from its equilibrium position?
(b) What is the farthest the object moves along the x axis in the positive direction? Explain your reasoning.
(c) Determine the object's kinetic energy when its displacement is— 7 cm.

(d) What isthe object'sspeed at x =0 ?

PRSP

Ground

£
o]

Note: Figure not drawn to scale.

(e) Suppose the object undergoes this motion because it is the bob of a simple pendulum as shown above. If the
object breaks |oose from the string at the instant the pendulum reaches its lowest point and hits the ground at point P
shown, what is the horizontal distance d that it travels?
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2004B1.

A roller coaster ride at an amusement park lifts acar of mass 700 kg to point A at a height of 90 m above the lowest
point on the track, as shown above. The car starts from rest at point A, rolls with negligible friction down the incline
and follows the track around aloop of radius 20 m. Point B, the highest point on the loop, is at a height of 50 m
above the lowest point on the track.

@
i. Indicate on the figure the point P at which the maximum speed of the car is attained.
ii. Calculate the value v s Of this maximum speed.

(b) Calculate the speed vy of the car at point B.
(©)

i. On the figure of the car below, draw and label vectors to represent the forces acting on the car when it is upside
down at point B.

—

ii. Calculate the magnitude of al the forces identified in (c)

(d) Now suppose that friction is not negligible. How could the loop be modified to maintain the same speed at the
top of the loop as found in (b)? Justify your answer.

165



0,50 ke
- v =1 3mk

1.9 m

B2004B1.

A designer isworking on anew roller coaster, and she begins by making a scale model. On this model, a car of total
mass 0.50 kg moves with negligible friction along the track shown in the figure above. The car is given an initial
speed v, = 1.5 m/s at the top of the first hill of height 2.0 m. Point A islocated at a height of 1.9 m at the top of the
second hill, the upper part of which isacircular arc of radius 0.95 m.

(a) Calculate the speed of the car at point A.

(b) On the figure of the car below, draw and label vectors to represent the forces on the car at point A.

—

(c) Calculate the magnitude of the force of the track on the car at point A.

(d) In order to stop the car at point A, some friction must be introduced. Calculate the work that must be done by the
friction force in order to stop the car at point A.

(e) Explain how to modify the track design to cause the car to lose contact with the track at point A before
descending down the track. Justify your answer.
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A simple pendulum consists of a bob of mass 0.085 kg attached to a string of length 1.5 m. The pendulumis
raised to point Q, which is 0.08 m above its lowest position, and released so that it oscillates with small
amplitude 0 between the points P and Q as shown below.

MNote: Figure not drawn to scale.

(a) On the figures below, draw free-body diagrams showing and labeling the forces acting on the bob in each of
the situations described.

i. Whenitisat point P ii. When it isin motion at its lowest position

(b) Calculate the speed v of the bob at its lowest position.
(c) Calculate the tension in the string when the bob is passing through its lowest position.
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2. (10 points)

A simple pendulum consists of abob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is held at an
angle of 30° from the vertical by alight horizontal string attached to awall, as shown above.

(8 On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position shown
above.

(b) Calculate the tension in the horizontal string.
(c) The horizontal string is now cut close to the bob, and the pendulum swings down. Calculate the speed of the bob
at its lowest position.
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A small block of mass M isreleased from rest at the top of the curved frictionless ramp shown above. The block
dlides down the ramp and is moving with a speed 3.5v, when it collides with alarger block of mass 1.5M at rest at
the bottom of the incline. The larger block moves to the right at a speed 2v, immediately after the collision.

Express your answers to the following questions in terms of the given quantities and fundamental constants.
(a) Determine the height h of the ramp from which the small block was released.

(b) The larger block slides adistance D before coming to rest. Determine the value of the coefficient of kinetic
friction p between the larger block and the surface on which it slides.

2006B1

M=80kg

LN

ni=4.0kg

0.70m

Anideal spring of unstretched length 0.20 mis placed horizontally on africtionless table as shown above. One end
of the spring isfixed and the other end is attached to a block of mass M = 8.0 kg. The 8.0 kg block is also attached to
amassless string that passes over a small frictionless pulley. A block of mass m = 4.0 kg hangs from the other end of
the string. When this spring-and-blocks system is in equilibrium, the length of the spring is 0.25 m and the 4.0 kg
block is 0.70 m above the floor.

(a) On the figures below, draw free-body diagrams showing and labeling the forces on each block when the system
isin equilibrium.

M = 8.0 kg m=4.0 kg

O

(b) Calculate the tension in the string.
(c) Calculate the force constant of the spring.

The string is now cut at point P.

(d) Calculate the time taken by the 4.0 kg block to hit the floor.
(e) Calculate the maximum speed attained by the 8.0 kg block asit oscillates back and forth
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A 4700 kg truck carrying a 900 kg crate is traveling at 25 m/sto the right along a straight, level highway, as
shown above. The truck driver then applies the brakes, and as it dows down, the truck travels 55 min the next
3.0 s. The crate does not slide on the back of the truck.

(a) Calculate the magnitude of the acceleration of the truck, assuming it is constant.
(b) On the diagram below, draw and label all the forces acting on the crate during braking.

(©)
i. Calculate the minimum coefficient of friction between the crate and truck that prevents the crate from
diding.

ii. Indicate whether thisfriction is static or kinetic.
Static Kinetic

Now assume the bed of the truck is frictionless, but there is a spring of spring constant 9200 N/m attaching the
crate to the truck, as shown below. The truck isinitially at rest.

(d) If the truck and crate have the same acceleration, calculate the extension of the spring as the truck
acceleratesfromrest to 25 msin 10 s.

(e) At some later time, the truck is moving at a constant speed of 25 m/s and the crateisin equilibrium.
Indicate whether the extension of the spring is greater than, less than, or the same asin part (d) when the
truck was accel erating.

___ Greater __Less_ Thesame

Explain your reasoning.
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Block A of mass 2.0 kg and block B of mass 8.0 kg are connected as shown above by a spring of spring constant
80 N/m and negligible mass. The system is being pulled to the right across a horizontal frictionless surface by a
horizontal force of 4.0 N, as shown, with both blocks experiencing equal constant acceleration.

(a) Calculate the force that the spring exerts on the 2.0 kg block.

(b) Calculate the extension of the spring.

The system is now pulled to the left, as shown below, with both blocks again experiencing equal constant
acceleration.

40N

~——20ke [SHTTTITY 8.0 ke

(c) Isthe magnitude of the acceleration greater than, less than, or the same as before?

_ Greater  Less_ Thesame

Justify your answer.

(d) Isthe amount the spring has stretched greater than, less than, or the same as before?

_ Greater  Less_ Thesame

Justify your answer.

(e) In anew situation, the blocks and spring are moving together at a constant speed of 0.50 m sto the | eft.
Block A then hits and sticks to awall. Calculate the maximum compression of the spring.

171



2009B1

! |
i 0
h
L
I |
JL-:| - I;l %
Compressed Released Spring at
spring on Table Maximum Height

In an experiment, students are to cal culate the spring constant k of a vertical spring in asmall jumping toy
that initially rests on atable. When the spring in the toy is compressed a distance x from its uncompressed
length L, and the toy is released, the top of the toy rises to a maximum height h above the point of maximum
compression. The students repeat the experiment several times, measuring h with objects of various masses
taped to the top of the toy so that the combined mass of the toy and added objectsis m. The bottom of the toy
and the spring each have negligible mass compared to the top of the toy and the objects taped to it.

(a) Derive an expression for the height h in terms of m, x, k, and fundamental constants.

With the spring compressed a distance x = 0.020 min each trial, the students obtained the following data for
different values of m.

m (kg him)
0.020 0.49
0.030 0.34
0.040 0.28
0.050 0.19
0.060 0.18

(b)
i. What quantities should be graphed so that the slope of a best-fit straight line through the data points
can be used to calculate the spring constant k ?
ii. Fill in one or both of the blank columnsin the table with calculated val ues of your quantities,
including units.
(c) On the axes below, plot your data and draw a best-fit straight line. Label the axes and indicate the scale.
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(d) Using your best-fit line, calculate the numerical value of the spring constant.
(e) Describe a procedure for measuring the height h in the experiment, given that the toy is only momentarily at
that maximum height.
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C1973M 2. A 30-gram bullet isfired with a speed of 500 meters per second into awall.

a. If the deceleration of the bullet is constant and it penetrates 12 centimetersinto the wall, calculate the force on
the bullet whileit is stopping.

b. If the deceleration of the bullet is constant and it penetrates 12 centimeters into the wall, how much timeis
required for the bullet to stop?

T amar B g, . A R P p A E P BRI

C1982M 1. A 20 kg mass, released from rest, slides 6 meters down a frictionless plane inclined at an angle of 30°

with the horizontal and strikes a spring of unknown spring constant as shown in the diagram above. Assume that the

spring isideal, that the mass of the spring is negligible, and that mechanical energy is conserved.

a. Determine the speed of the block just before it hits the spring.

b. Determine the spring constant given that the distance the spring compresses along the incline is 3m when the
block comesto rest.

c. Isthe speed of the block a maximum at the instant the block strikes the spring? Justify your answer.

173



C1983M 3. A particle of mass m dides down afixed, frictionless sphere of radius R. starting from rest at the top.
a. Intermsof m, g, R and 0, determine each of the following for the particle whileit is sliding on the sphere.

i. Thekinetic energy of the particle

ii. The centripetal acceleration of the mass

C1985M 2. An apparatus to determine coefficients of friction is shown above. At the angle 6 shown with the

horizontal, the block of mass m just startsto dide. The box then continues to slide adistance d at which point it hits

the spring of force constant k, and compresses the spring a distance x before coming to rest. In terms of the given

guantities and fundamental constants, derive an expression for each of the following.

a. s the coefficient of static friction.

b. AE, thelossin total mechanical energy of the block-spring system from the start of the block down the incline
to the moment at which it comesto rest on the compressed spring.

C. u, the coefficient of kinetic friction.

C1987M 1. An adult exerts a horizontal force on aswing that is

suspended by arope of length L, holding it at an angle 6 with the 0
vertical. The child in the swing has a weight W and dimensions that are

negligible compared to L. The weights of the rope and of the seat are L
negligible. Intermsof W and 0, determine

a) Thetension in the rope

b) The horizontal force exerted by the adult.

¢) The adult releases the swing from rest. In terms of W and 6 determine

the tension in the rope as the swing passes through its lowest point

b — e ek
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C1988M 2.
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A 5-kilogram object initially slides with speed v, in a hollow frictionless pipe. The end of the pipe contains a spring
as shown. The object makes contact with the spring at point A and moves 0.1 meter before coming to rest at point B.

The graph shows the magnitude of the force exerted on the object by the spring as a function of the objects distance
from point A.

a. Calculate the spring constant for the spring.

b. Calculate the decrease in kinetic energy of the object as it moves from point A to point B.
c. Cdculatetheinitial speed v, of the object
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C1989M 1. A 0.1 kilogram block isreleased from rest at point A as shown above, a vertical distance h above the

ground. It slides down an inclined track, around a circular loop of radius 0.5 meter, then up another incline that

forms an angle of 30° with the horizontal. The block dlides off the track with a speed of 4 m/s at point C, whichisa

height of 0.5 meter above the ground. Assume the entire track to be frictionless and air resistance to be negligible.

a. Determinetheheight h.

b. Onthefigure below, draw and label all the forces acting on the block when it is at point B. which is 0.5 meter
above the ground.

Determine the magnitude of the velocity of the block wheniit is at point B.

Determine the magnitude of the force exerted by the track on the block when it is at point B.

Determine the maximum height above the ground attained by the block after it leaves the track.

Another track that has the same configuration, but is NOT frictionless, is used. With thistrack it is found that if
the block isto reach point C with a speed of 4 m/s, the height h must be 2 meters. Determine the work done by
the frictional force.

o I R

176



2kg

k =200 N/m

C1989M 3. A 2-kilogram block is dropped from a height of 0.45 meter above an uncompressed spring, as shown
above. The spring has an elastic constant of 200 newtons per meter and negligible mass. The block strikes the end
of the spring and sticksto it.

Determine the speed of the block at the instant it hits the end of the spring.

Determine the force in the spring when the block reaches the equilibrium position

Determine the distance that the spring is compressed at the equilibrium position

Determine the speed of the block at the equilibrium position

I's the speed of the block a maximum at the equilibrium position, explain.

PooTo

C1990M 2. A block of mass m slides up the incline shown above with aninitial speed v,, in the position shown.
a. If theinclineisfrictionless, determine the maximum height H to which the block will rise, in terms of the given

guantities and appropriate constants.
b. If theinclineis rough with coefficient of diding friction i, the box dides adistance d = h, / sin 6 along the
length of the ramp as it reaches a new maximum height h,. Determine the new maximum height h, in terms of

the given quantities.
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C1991M 1. A smadll block of mass 3m moving at speed v,/ 3 enters the bottom of the circular, vertical
loop-the-loop shown above, which hasaradiusr. The surface contact between the block and the loop is
frictionless. Determine each of the following in termsof m, v, , r, and g.

a. Thekinetic energy of the block and bullet when they reach point P on the loop

b. The speed vmin Of the block at the top of the loop to remain in contact with track at all times

c Thenew required entry speed v, at the bottom of the loop such that the conditionsin part b apply.

VO
Cc D (‘||||.Il}_l_llili_t_llilil ) c D

Figure { Figure Il

n=04

C1993M 1. A massless spring with force constant k = 400 newtons per meter is fastened at itsleft end to a vertical
wall, asshownin Figure 1. Initially, block C (mass m. = 4.0 kilograms) and block D (mass mp = 2.0 kilograms)
rest on arough horizontal surface with block C in contact with the spring (but not compressing it) and with block D
in contact with block C. Block C isthen moved to the left, compressing the spring a distance of 0.50 meter, and
held in place while block D remains at rest as shown in Figure 11. (Use g = 10 m/s’.)

a. Determine the elastic energy stored in the compressed spring.

Block Cisthen released and accelerates to the right, toward block D. The surface is rough and the coefficient of
friction between each block and the surface is u = 0.4. The two blocks collide instantaneously, stick together, and
move to theright at 3 m/s. Remember that the spring is not attached to block C. Determine each of the following.
b. The speed v of block C just before it collides with block D

c. Thehorizontal distance the combined blocks move after leaving the spring before coming to rest
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C2002M 2. The cart shown above hasamass2m. The cart isreleased from rest and slides from the top of an

inclined frictionless plane of height h. Express all algebraic answers in terms of the given quantities and

fundamental constants.

a. Determine the speed of the cart when it reaches the bottom of the incline.

b. After diding down the incline and across the frictionless horizontal surface, the cart collides with a bumper of
negligible mass attached to an ideal spring, which has a spring constant k. Determine the distance x,, the
spring is compressed before the cart and bumper come to rest.

C2004M 1
| L
n R s A rope of length L is attached to a support at point C.
ol e C , y
1 1 UU‘LT A person of massm; sitson aledge at position A

| holding the other end of therope so that it is

: horizontal and taut, as shown. The person then drops
. ! off the ledge and swings down on the rope toward

' position B on alower ledge where an object of mass

: m, isat rest. At position B the person grabs hold of the
=~ 41, object and simultaneously lets go of the rope. The

Bl person and object then land together in the lake at

point D, which isavertical distance L below position
B. Air resistance and the mass of the rope are
negligible. Derive expressions for each of the
following in terms of m;, m,, L, and g.

D

—\—\.o-r'_-""\*l-""'_""\-\_
Lake

—_—

X

(8) The speed of the person just before the collision with the object

(b) The tension in the rope just before the collision with the object

(c) After the person hits and grabs the rock, the speed of the combined massesis determined to bev’. Interms of v’
and the given quantities, determine the total horizontal displacement x of the person from position A until the
person and object land in the water at point D.
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C2007M3.

Photogate

o [1 __ Glider

Spring

Adr Track

I I

The apparatus above is used to study conservation of mechanical energy. A spring of force constant 40 N/miis held
horizontal over a horizontal air track, with one end attached to the air track. A light string is attached to the other end
of the spring and connectsit to a glider of mass m. The glider is pulled to stretch the spring an amount x from
equilibrium and then released. Before reaching the photogate, the glider attains its maximum speed and the string
becomes slack. The photogate measures the timet that it takes the small block on top of the glider to pass through.
Information about the distance x and the speed v of the glider as it passes through the photogate are given below.

Trial & | Extension of the Spring Speed of Glider Extensjcr]..l S;E{Uﬂl"id 513"5;’3':} Sglut'lf ed
: x(m) v (ms) X (m” | ue |:_m'fs-j|
1 0.30 x 107! 047 0.00 % 10~ 0.22
2 0.60 % 107! 0.87 0.36 % 1072 0.76
3 0.90 % 107! 1.3 0.81 % 1072 1.7
4 1.2%107 1.6 1.4 %1077 2.6
5 1.5 % 107! 2.2 2.3 % 1072 4.8

(a) Assuming no energy islost, write the equation for conservation of mechanical energy that would apply to this
situation.
(b) On the grid below, plot v? versus x? . Label the axes, including units and scale.
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(c)

i. Draw a best-fit straight line through the data.

180



ii. Use the best-fit line to obtain the mass m of the glider.
(d) The track is now tilted at an angle 6 as shown below. When the spring is unstretched, the center of the glider is
a height h above the photogate. The experiment is repeated with a variety of values of x.

Assuming no energy islost, write the new equation for conservation of mechanical energy that would
apply to this situation starting from position A and ending at position B
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C2008M3

—a ; Inan experiment to determine the spring constant of an elastic cord of length 0.60
m, a student hangs the cord from arod as represented above and then attaches a
variety of weights to the cord. For each weight, the student allows the weight to
hang in equilibrium and then measures the entire length of the cord. The data are
recorded in the table below:

. Weight (N} 0 10 15 20 25
Length {m) | 060 | 097 [ 1.24 | 1.37 | L.6d

(a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line through
the data.
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(b) Use the best-fit line you sketched in part (a) to determine an experimental value for the spring constant k of the
cord.

| 1 The student now attaches an object of unknown mass mto the cord and holds the
" object adjacent to the point at which the top of the cord istied to the rod, as shown.
When the object is released from rest, it falls 1.5 m before stopping and turning
around. Assume that air resistance is negligible.
(c) Calculate the value of the unknown mass m of the object.
(d) i. Determine the magnitude of the force in the cord when the when the mass
reaches the equilibrium position.
ii. Determine the amount the cord has stretched when the mass reaches the
equilibrium position.
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Supplemental

Taut cord

k
09900000 ,, {

One end of a spring of spring constant k is attached to a wall, and the other end is attached to a block of mass M, as
shown above. The block is pulled to the right, stretching the spring from its equilibrium position, and is then held in
place by ataut cord, the other end of which is attached to the opposite wall. The spring and the cord have negligible
mass, and the tension in the cord is F+ . Friction between the block and the surface is negligible. Express all
algebraic answersin terms of M, k, Fy , and fundamental constants.

(a) On the dot below that represents the block, draw and label afree-body diagram for the block.
)
(b) Calculate the distance that the spring has been stretched from its equilibrium position.
The cord suddenly breaks so that the block initially moves to the left and then oscillates back and forth.
(© Qal culate the speed of the block when it has moved half the distance from its rel ease point to its equilibrium
?(%Sguopnﬁose instead that friction is not negligible and that the coefficient of kinetic friction between the block and

the surface is i . After the cord breaks, the block again initially moves to the left. Calculate the initial acceleration
of the block just after the cord breaks.
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ANSWERS - AP Physics Multiple Choice Practice — Work-Energy

10.

11.

12.

13.

14.

15.

16.

17.

Solution
Conservation of Energy, ~ Ug, =K, Y KA? = 1o mv? solve for v
Constant velocity > Fpg=0, fkx=Fx=Fcos 0 Wi =—fid=—Fcos 0 d

Try out the choices with the proper units for each quantity.
Choice A ... FVT = (N) (m/s) (s) = Nm which iswork in joules same as energy.

Two step problem. Do F = kAx, solve for Ax then sub in the Ug, = %2 kAx?
In acircle moving at a constant speed, the work done is zero since the Force is always

perpendicular to the distance moved as you move incrementally around the circle

The potential energy at the first position will be the
amount “lost” asthe ball falls and thiswill be the
change in potential. U=mgh = mg(L—Lcos 6)

A force directed above the horizontal looks like this % To find the work done by this
force we use the parallel component of the force (Fx) x distance. = (Fcos 0) d

The maximum speed would occur if al of the potential energy was converted to kinetic
U=K 16 = Yamv? 16 = %2 (2) v*

The work done by the stopping force equals the loss of kinetic energy. “W=AK
—Fd =Y mve2 =Y mv;? vi =0 F=mv¥2d

The work done by friction equals the loss of kinetic energy
—f, d =Y mv;® = o mv;? vs =0, plug in values to get answer

P=Fd/t. Sincethereisno distance moved, the power is zero

Thisisaconservative situation so the total energy should stay same the whole time. 1t should
also start with max potential and min kinetic, which only occursin choice C

Stopping distance is a work-energy relationship. Work done by friction to stop = loss of kinetic
—fd==%mv;? Hmg = Y mv;?
The mass cancelsin the relationship above so changing mass doesn’t change the distance

Same relationship as above ... double the v gives 4x the distance
Half way up you have gained half of the height so you gained ¥z of potential energy. Therefore
you must have lost %z of the initial kinetic energy so E, = (Ei/2).
Subbing into this relationship E, = (Ex/2)
Yomv,2 =%mv?/ 2
v,2=Vv?/ 2 .... Sqrt both sides gives answer
At the top, the ball is till moving (v) so would still possess some kinetic energy

Same as question #1 with different variables used
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18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

186

P=Fd/t =(ma)d/t = (kg)(m/sH(m) / (s) =kgm?/ &
P = Fv, plug in to get the pushing force F and since its constant speed, Fpus = fi

Total energy isaways conserved so as the air molecules slow and lose their kinetic energy, there
isaheat flow which increases internal (or thermal) energy

The work done must equal the increase in the potential energy mgh = (10)(10)(1.3)

Based on F = k Ax. The mass attached to the spring does not change the spring constant so the
same resistive spring force will exist, so the same stretching force would be required

The work done must equal the total gain in potential energy
10 boxes* mgh (25)(10)(1.5) of each

Eliminating obviously wrong choices only leaves A as an option. The answer is A because since
the first ball has a head start on the second ball it is moving at a faster rate of speed at all
times. When both are moving in the air together for equal time periods the first faster rock
will gain more distance than the slower one which will widen the gap between them.

All of theK = %2 m v is converted to U. Simply plug in the values

For a mass on a spring, the max U occurs when the mass stops and has no K while the max K
occurs when the mass is moving fast and hasno U. Since energy is conserved it is
transferred from one to the other so both maximums are equal

Since the ball isthrown with initial velocity it must start with someinitial K. Asthe massfallsit
gains velocity directly proportional to the time (V=Vi+at) but the K at any timeis equal to
1/2 mv? which gives a parabolic relationship to how the K changes over time.

Since the speed is constant, the pushing force F must equal the friction force fy, =pF,=pumg. The
power isthen given by the formula P = Fv = umgv

Since the speed is constant, the pushing force F must equal the friction force (10 N). The
distance traveled is found by using d = vt = (3)(60 sec), and then the work is simply found
using W=Fd

Only conservative forces are acting which means mechanical energy must be conserved so it
stays constant as the mass oscillates

The box momentarily stops at x(min) and x(max) so must have zero K at these points. The box
accelerates the most at the ends of the oscillation since the force is the greatest there. This
changing acceleration means that the box gains speed quickly at first but not as quickly as it
approaches equilibrium. This means that the K gain starts of rapidly from the endpoints and
getsless rapid as you approach equilibrium where there would be a maximum speed and
maximum K, but zero force so lessgain in speed. Thisresultsin the curved graph.

Point IV isthe endpoint where the ball would stop and have al U and no K. Point 11 isthe
minimum height where the ball hasall K and no U. Since point |11 is halfway to the max U
point half the energy would be U and half would be K

Apply energy conservation using points IV and Il. U, =K, mgh=%mv*

Force is provided by the weight of the mass (mg). Simply plug into F=kAX, mg=kAx and solve



35.

36.

37.

38.

39.

40.

41.

42

43.

45,

46.

47.

48.

49,

50.

51.

Since the track isrough there is friction and some mechanical energy will be lost as the block
slides which means it cannot reach the same height on the other side. The extent of energy
lost depends on the surface factors and cannot be determined without more information

The force needed to lift something at a constant speed is equal to the object weight F=mg. The
power isthen found by P=Fd/ t=mgh/t

Simple energy conservation K=Uy, Yomv,? = Yo k Ax? solve for Ax
Simple application of Fg=mg

Fn=Fg =mgcos 0. Since you are given the incline with sides listed, cos 0 can be found by
using the dimensions of the incline ... cos 8 = adj / hyp = 4/5 to make math simple. This is
agood trick to learn for physics problems

Asthe box slides down the incline, the gravity forceis parallel to the height of the incline the
whole time so when finding the work or gravity you use the gravity force for F and the
height of the incline as the parallel distance. Work = (Fg)(d) = (20)(3)

The student must exert an average force equal to their weight (Fg) in order to lift themselves so
the lifting force F=mg. The power isthen found withP=Fd/t=(Fg)d/t

Asthe object oscillatesits total mechanical energy is conserved and transfers from U to K back
and forth. The only graph that makes sense to have an equal switch throughout is D

To push the box at a constant speed, the child would need to use aforce equal to friction so
F=f =pmg. Therate of work (W/t) isthe power. Power isgiven by P=Fv - umgv

Two steps. 1) use hookes law in the first situation with the 3 kg mass to find the spring constant
(k). Fp=kAx, mg=kAx, k =30/.12 =250. 1l) Now do energy conservation with the second
scenario (note that the initial height of drop will be the same as the stretch Ax).

U top = Ug, bottom, mgh =%k Ax?, (4)(10)(Ax) = % (250) (Ax®)

In acircular orhit, the velocity of asatelliteisgivenby V = Glr’ne with me =M. Kinetic
energy of the satelliteis given by K = %2 mv2 Plugin v from above to get answer

Projectile. V, doesn't matter Vi, = 0. Usingd = vjyt + % at® we get the answer

Energy conservation Eop = Eper, Ki+U; =K. Pluginfor K top and U top to get answer

A istrue; both will be moving the fastest when they move through equilibrium.

X and Y directions are independent and both start with the same velocity of zero in each

direction. The same force is applied in each direction for the same amount of time so each
should gain the same vel ocity in each respective direction.

Kinetic energy is not a vector and the total resultant velocity should be used to determine the KE.

For the 1% second the object gains speed at a uniform rate in the x direction and since KE is
proportional to v? we should get a parabola. However, when the 2™ second starts the new
gainsin velocity occur only in the y direction and are at smaller values so the gains
essentially start over their parabolic trend as shown in graph B

SimpleP =Fv
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53.

55.

56.

57.

58.

59.

60.

61.

62.

63

65.

188

The force needed to lift something at a constant speed is equal to the object weight F=mg. The
power isthen found by P=Fd/t=mgh/t

As the system moves, m, loses energy over distance h and m; gains energy over the same
distance h but some of this energy is converted to KE so thereisanet loss of U. Simply
subtract the U, — U, to find thisloss

In aforce vs. displacement graph, the area under the line gives the work done by the force and
the work done will be the change in the K so the largest areais the most K change

Comparethe U+K ( mgh + %2 mv?) at the top, to the K ( %2 mv?) at the bottom and subtract them
to get the loss.

Use energy conservation, U top = K bottom. Asin problem #6 (in this document), the initial
height isgiven by L — Lcos 6, with cos 60 = .5 so the initial height is % L.

Use application of the net work energy theorem which says ... W, = AK. The net work is the
work done by the net force which gives you the answer

First use the given location (h=10m) and the U there (50J) to find the mass.
U=mgh, 50=m(10)(10), so m = 0.5 kg. Thetotal mechanical energy is given in the problem
asU+K =100 J. The max height is achieved when all of this energy is potential. So set
100J = mgh and solve for h

Thereisno Ug, at position x=0 since there is no Ax here so this is the minimum U location
Simple P = Fv to solve

Using energy conservation in the first situation presented K=U givesthe initial velocity as

Vv =,/2gh. Thegunwill fire at this velocity regardless of the angle. In the second

scenario, the ball starts with the same initial energy but at the top will have both KE and PE
so will be at alower height. The velocity at the top will be equal to the v, at the beginning

2
V, =VCosl = (1/29h)COS45 = (429h{%} =,/gh. Now sub into the full energy
conservation problem for situation 2 and solve for h,. Kpetom = Uigp + Kigp

ol <ot Ll

To find work we use the parallel component of the force to the distance, this gives Fcos 6 d

The centripetal forceisthe force allowing the circular motion which in this caseis the spring
force F5,=kAx=(100)(.03)

Inacircle at constant speed, the work done is zero since the Force is aways perpendicular to the
distance moved as you move incrementally around the circle

At the maximum displacement the K=0 so the 10J of potential energy at this spot is equal to the
total amount of mechanical energy for the problem. Since energy is conserved in this
situation, the situation listed must have U+K add up to 10J.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Using the work-energy theorem. W,. = A ME,
Wg = AU+AK,
—Fd = (mghs — mgh;) + ( ¥amv; 2 —Ymv; ?),
— (11000)(8) = (0 — (1000)(10)(8)) + (0 —¥2 (1000)(v;?) ... solve for v

Use energy conservation K=Uy, Yomv,? = Y% k Ax?, with Ax=A, solve for k

To lift the mass at a constant velocity alifting force equal to the objects weight would be needed,
so F=(mg). Simply plug into P=Fd/t and solve for d.

Using the vertical distance with the vertical force (Fd,)
W =10 cartons * (mg)(d,) = 10* (25)(10m/s%)(1.5m) = 3750J

The AU will equal the amount of initial K based on energy conservation, U = K = 1/2 m v?
Using work-energy. Wp =AK=K; —K; —Fd=0-%mv;? —F(95)=—% (500)28

Based on net work version of work energy theorem. W = AK, we see that since there is a
constant speed, the AK would be zero, so the net work would be zero requiring the net force
to also be zero.

Asthe block slides back to equilibrium, we want all of theinitial spring energy to be dissipated
by work of friction so there in no kinetic energy at equilibrium where all of the spring energy
isnow gone. So set work of friction = initial spring energy and solve for p. The distance
traveled while it comesto rest isthe same asthe initial spring stretch, d = x.

Y5 kx? = pmg(x)

V at any giventimeisgiven by v = v; + at, with v; = 0 gives v=d,

V at any given distanceis found by v? = v;? + 2 ad, with v; = 0 gives v? = 2ad
This question asks for the relationship to distance.
The kinetic energy is given by K = %5 m v and since v* = 2ad we see a linear direct
relationship of kinetic energy to distance (2*d = 2*K)

Another way of thinking about thisisin relation to energy conservation. The total of
mgh+1/2mv? must remain constant so for a given change in (h) the ¥ mv? term would have
to increase or decrease directly proportionally in order to maintain energy conservation.

Similar to the discussion above. Energy is conserved so the term mgh + ¥ mv® must remain
constant. Astheobject risesit loses K and gainsU. Sincethe height is H/2 it has gained
half of the total potential energy it will end up with which meansit must have lost half of its
kinetic energy, so itsK is half of what it was when it was first shot.

Since the force is always perpendicular to the incremental distances traveled as the particle
travelsthe loop, there is zero work done over each increment and zero total work as well.
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AP Physics Free Response Practice — Work-Energy — ANSWERS

1974B1.

Lsin6

mg

(b) Apply conservation of energy from top to point P
Utop = Up + Kp
mgh = mgh,, + ¥2mv,?
gL =g(L —Lsin0) + % v,°

v=.2gLsing

FNET(C) = mVZIr
Fr—mgsin 0 =m v/ r
Fr—mgsin®=m (2glsin0)/L
Fr =2mg sin 6 + mg sin 0

Fr =3mg sin 0

1974B7.
6 riders per minute is equivalent to 6x(70kg)*9.8 = 4116 N of lifting force in 60 seconds

Work to lift riders = work to overcome gravity over the vertical displacement (600 sin 30)
Work lift = Fd = 4116N (300m) = 1.23x10° J

Plift=W/t= 1.23x10° J/ 60 sec = 20580 W
But thisis only 40% of the necessary power. > 0.40 (total power) = 20580 W

Total power needed = 51450 W
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1975B1.

(@ Fpe=ma —fx=ma —-8=2a a=—-4ms
(b) v¢* =i+ 2ad (0°=vi’+2(-4)(®8)  vi=8nms
Vf:Vi+at t=2sec

(c) Apply energy conservation top to bottom
Utop = Koot
mgh = %2 mv?
(10)(R) = ¥2(8)* R=32m

1975 B7
@ ,
: Fr1
' 60°
: — 3 Fr
mg
(b) Frnerry=0

Fr1c0s0 =mg
Fr1 = mg/ cos(60) = 2mg

(c) When string is cut it swing from top to bottom, similar to diagram for 1974B1 with 6 moved as shown below

L
_______________ A
Lcos®
L
L —L cos GI
v
O
Utop = Kot
mgh = % mv? Then apply Fyerc) = mv2/r
v =/2g(L — L cos60)
L
V= 29('—_5) (Fr1—mg) =m(gL) /L

v=,/gL

Fr1 =2mg. Sinceit’'sthe same force as before, it will be possible.
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1977B1.

(a) Apply work—energy theorem

WNC:AME

Wy =AK (K¢ -Kj)

W:—Ki

W =—%mv;2 — Y5 (4)(6)? =-72J
(b) Fng =ma

—fr=ma v=v;+a

a=—(8)/4=-2m/s v=(6)+ (2t
(©) Wq=—fd

-72)=—(8)d d=9m
1978B1,

(€Y E
Ft mg

(b) Apply Freqc) = mv?/r ... towards center as + direction
(F¢ + mg) = mv¥r (20+0.5(10))=(0.5)v?/ 2 v=10m/s

(c) Asthe object movesfrom Pto Q, it losesU and gainsK. ThegaininK isequal tothelossin U.

AU = mgAh = (0.5)(10)(4) = 20 J

(d) First determine the speed at the bottom using energy.
Kiop + Kgain = K bottom Yo MVigp” + 20 J= Yo MVt Vit = 13.42 /s

At the bottom, Ft acts up (towards center) and mg acts down (away from center)
ApplY Freqo) = mv?/r ... towards center as + direction
(Fy —mg) = mv3r (F,—0.5(10)) = (0.5)(13.42)’/2 F =50N
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1979B1.

(@ U=mgh=320J
K=%mv>=180J
Total =U +K =500J

(b) Graph
IL
GO0+
: E'|
SO0
Encrgy 45"}:
|: ety ::1.::::' 200 I
2001
L0
R = = + + - 1 + - -
o] 1o 20 30 40 50 &0 Futl &0
T . Hottom of
'LL;'ﬂE-"' Dizstance Fallen (meters) c“”cm

(c) First determine the time at which the ball hits the ground, usingd, =0+ %g t2, to find it hits at 4 seconds.

A
G 4

500

2001

1004

Time (zeconds)
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1981B1.

(a) constant velocity means F,¢ = 0, F—-fx=ma F—umg=0 F-(0.2)(10)(10)=0
F=20N

(b) A change in K would require net work to be done. By the work—energy theorem:
W =AK

Fre d=60J
Fre (4m) = 60 Fre =15N
F —f.=15
F-20=15 F=35N
() Frge=ma
(15) = (10) a a=1.5m/s
1981B2.

The work to compress the spring would be equal to the amount of spring energy it possessed after compression.

After releasing the mass, energy is conserved and the spring energy totally becomes kinetic energy so the
kinetic energy of the mass when leaving the spring equal's the amount of work done to compress the spring
W =%mv? =% (3) (10)*=150J

1982B3.

Same geometry asin problem 1975B7.

(a) Apply energy conservation top to bottom (b) Use Fner(g) = mv2/r
Uiop = Kot Fi—mg=m (2g(R-R cos 0 )) /R
mgh = % m v? 1.5mg—mg=2mg(1—1cos )
mg (R—R cos 0) =% m v* 5=2(1—-cos0)

V:\/Zg(R_RCOSQ) 2cos0=1.5 > cos0=%
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1985B2.

(a) Thetension in the string can be found easily by isolating the 10 kg mass. Only two forces act on this mass, the
Tension upwards and the weight down (mg) .... Since the systemsisat rest, T =mg =100 N

(b) FBD

(c) Apply Fne = 0 dong the plane. T—fs—mgsin6=0 (100 N) —f5 — (10)(10)(sin60)
fs=13N
(d) Loss of mechanical energy = Work done by friction while diding
First find kinetic friction force Perpendicular to plane Fne =0 F,=mgcos 0
Fi = My Fn = picmg cos 0

Wi = fd =y mg cos 6 (d) = (0.15)(10)(10)(cos(60)) = 15J converted to thermal energy

(e) Using work-energy theorem ... The U at the start — loss of energy from friction = K |eft over
U _Wfk =K
mgh -Wsx =K
mg(dsin60) —15=K
(10)(10)(2) sin60—15=K K =158J
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1986B2.

(a) Use projectile methods to find the time. dy = vyt + Yrat? h=0+gt,/2
2h
t=_|—
g
. D
(b) vy @ ground isthe same as v, top Vy=dy It V, = 7
g
multiply top and bottom by reciprocal to rationalize
v,=D 9
2h

(c) The work done by the spring to move the block is equal to the amount of K gained by it = K
W =K; =%mv? = (*2M (D?/ (2h/g)) = MD? g/ 4h

(d) Apply energy conservation Uy =K

. MD*g
VekAx®=%2mv® (pluginV frompartb)  V, =————
2hX
If using F=kAx you have to plug use F 4,4 for the force
1991B1.
(a) FBD
(b) SSIMULTANEOUS EQUATIONS
Frep =0 Freery =0
. Tacos30=T, cos60 T,sin30+T,sn60—mg=0
§\ .... Solve above for Ty, and plug into Fnet(y) eqn and solve
30° L]
T,=24N T,=42N
(c) Using energy conservation with similar diagram as 1974B1 geometry
Uiep = Up + Kp
mgh = %2 m v?
gL —Lsin®)="%v?
(10)(10 — 10sin60) = ¥4 v* v =5.2 m/s
(d) Freqy= mvIr
Fi—mg=mv?/r F. = m(g + vr) F. = (5)(9.8+(5.2)%/10) = 62 N
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1992B1.

(@K+U Y%mv?+mgh % (0.1)(6)* + (0.1)(9.8)(1.8) = 3.6 J
(b) Apply energy conservation using ground as h=0

Ewp = Ep

36J=K+U

3.6=%mVv?+ mgh

3.6 =% (0.1)(v%) + (0.1)(9.8)(.2) v=82m/s

(c) Apply net centripetal force with direction towards center as +

i) Top of circle = Ft points down and Fg points down

Fnet(c) = mv2/ r

Ft + mg = mv@/r Fi=mvi¥r—-mg (0.1)(6)%(0.8) — (.1)(9.8) F,=35N

ii) Bottom of circle = Ft points up and Fg points down

Freng = Mv/r

Fi—mg = mv¥r F. = mvr + mg (0.1)(8.2)%(0.8) + (0.1)(9.8) F,=95N
(d) Ball moves as a projectile.

First find time of fall iny direction Then find range in x direction

dy = vi,t + % at? dy = Vi t

(-0.2) =0+ %2 (-9.8) ? dy = (8.2)(0.2)

t=.2seC d,=16m
1996B2.

(a) Use aruler and known mass. Hang the known mass on the spring and measure the stretch distance Ax. The

force pulling the spring Fg, is equal to the weight (mg). Plug into Fg, = k Ax and solve for k

(b) Put the spring and mass on an incline and tilt it until it slips and measure the angle. Use thisto find the
coefficient of static friction on theincline us = tan 8. Then put the spring and mass on a horizontal surface and

pull it until it slips. Based on Fn« = 0, we have Fgying— 1ts Mg, Giving Mg = Fgpring / 1.

Since p is most commonly less than 1 this will allow an mg value to be registered larger than the spring force.

A simpler solution would be to put the block and spring in water. The upwards buoyant force will allow for a

weight to be larger than the spring force. Thiswill be covered in the fluid dynamics unit.
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1997B1.

(a) Theforceisconstant, so simple F.¢ = maissufficient. (4) =(0.2) a a=20m/s
(b) Used=vit +¥2at? 12=(0) + % (20) t=1.1sec
(c)W=FKd W= (4N)(12m)=48J
(d) Using work energy theorem W = AK (Ki=0) W = Kf - Ki
W = m v;?
Alternatively, usevi 2= v’ + 2 ad 48J=1(0.2) (v¢9) vi =22m/s

(e) The area under the triangle will give the extrawork for thelast 8 m
% (8)(4) =163 + work for first 12 m (48J) = total work done over 20m=64J

Again using work energy theorem W =Ymvy? 64 J=1(0.2) v¢ vi =25.3m/s

Note: if using F = maand kinematics eguations, the acceleration in the last 8 m would need to be found using
the average force over that interval.

1999B1.
(8 Plugintog=GM yae/ rp|anet2 lookup earth mass and radius
Ormars = 3.822 m/ to get it in terms of geqrn divide by 9.8 Omars = 039 Qeartn
(b) Since on the surface, smply plug into F; = mg = (11.5)(3.8) =44 N
(c) Ontheincline, F,=mg cos 6 =(44) cos (20) =41 N
(d) moving at constant velocity 2 F, =0

(e W=Pt (5.4x10°J) = (I0W)t  t=54000 sec

d=vt (6.7x10°)(54000 s) d=362m
f) P=Fv (10) = F (6.7x10?) Fpush =1492.54 N total pushing force used
* (.0001) use for drag
> Farag = 0.15N
2002B2.

(8 FromgraphU =0.05J

(b) Sincethe total energy is0.4 J, the farthest position would be when all of that energy was potential spring energy.
From the graph, when all of the spring potential is 0.4 J, the displacement is 10 cm

() At —7 cm weread the potential energy off the graph as 0.18 J. Now we use energy conservation.
ME=Ug +K 0.4J=0.18J+K >K=0.22]

(d) Atx=0all of the energy iskinetic energy K= mv? 04=%@R)v? v=05m/s

(e) The object moves as a horizontally launched projectile when it leaves.

First find time of fall iny direction Then find range in x direction
dy = vt + % at? Oy = Vi t
(-05)=0+%(-9.8) t dy = (0.5)(0.3)

t=0.3sec d,=0.15m
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2004B1.

(a) i) fastest speed would be the lowest position which is the bottom of the first hill where you get all sick and puke
your brains out.

i) Applying energy conservation from the top of the hill where we assume the velocity is approximately zero

we have

Utop = Kpottom

mgh = % mv? (9.8) (90) = ¥ v* v=42m/s
(b) Again applying energy conservation from the top to position B

Uip = Kp+ Uy

mgh =% mvg 2 + mghg

(9.8)(90) = Y2 vg? + (9.8)(50) Vg =28 m/s
(c) i) FBD ii) mg = (700)(9.8) = 6860 N

N h"a Frenc) = MV /r
Fn+mg=mv’/r
Fo=mv¥r—mg =m(v¥r—g) =(700) (28%20—9.8) = 20580 N

(d) Thefriction will remove some of the energy so there will not be as much Kinetic energy at the top of the loop.
In order to bring the KE back up to its original value to maintain the original speed, we would need less PE at
that location. A lower height of the loop would reduce the PE and compensate to allow the same KE as before.
To actually modify the track, you could flatten the inclines on either side of the loop to lower the height at B.

B2004B1.
(a) set position A asthe h=0 location so that the PE=0 there.
Applying energy conservation with have
Uigp + Kigp = Ka mgh+1/zmv2=1/zva2
(9.8)(0.1) + ¥4 (1.5)* = Yav,,? va = 2.05m/s

(b) FBD 'y (€) Freqy = mMV2Ir
N mg—Fy =mv2/r
I;; Fn=mg—-mv¥r =m(g-v?r)=(05)(9.8—2.05°/0.95 =27N

|

(c) Tostopthecart at point A, all of the kinetic energy that would have existed here needs to be removed by the
work of friction which does negative work to remove the energy.
Wi =—Ka
We =—¥%mva?= —%(0.5)(2.05) = —1.1J

(d) The car isrolling over ahill at point A and when F,, becomes zero the car just barely loses contact with the track.
Based on the equation from part (c) the larger the quantity ( mv?/ r ) the more likely the car isto lose contact
with the track (since more centripetal force would be required to keep it there) ... to increase this quantity either
the velocity could be increased or the radius could be decreased. To increase the velocity of the car, make the
initial hill higher to increase the initial energy. To decrease the radius, simply shorten the hill length.
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B2005B2.

FBD i) i)

Tﬁa m%

(b) Apply energy conservation?

Utop = Kopottom
mgh = %2 m v? (9.8)(.08) —¥2V? v=13ms
(©) Frag = mvir
F.—mg = mv¥r F. = mvr + mg (0.085)(1.3)%/(1.5) + (0.085)(9.8) F,=0.93N
2005B2.
(a) FBD (b) Apply Frex) =0 Freqr) =0
Tpcos30=mg Tpsin30=Ty
Tp=20.37N Ty =10.18N

(c) Conservation of energy — Diagram similar to 1975B7.
Uigp = K bottom
mgh = % mv?
g(L—Lcos®)="v

(10) (2.3 2.3 cos 30) = Y4 V? Viottom = 2.5 m/s
B2006B2.
() Apply energy conservation
Utop = Kopottom
mgh = %2 m v? Mgh = % (M) (3.5v,) h=6.125v,%/ g

(b) Wye =AK (Ks-Kj) K;=0
—f, d=0-2%(1.5M)(2v,)?
e (L5 M) g (d) = 3MVv,? I = 2vo”/ gD
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2006B1.

(a) FBD
M =8.0kg m=4.0kg
N
17
£ T
" 3

(b) Simply isolating the 4 kg massat rest. F,e =0 F,—mg=0 F,=39N

(c) Tension in string is uniform throughout, now looking at the 8 kg mass,
Fe = Fi = kAx 39 =k (0.05) k =780 N/m

(d) 4 kg massisinfreefall. D=vit+%gt -07=0+%(-98)t* t=0.38sec

(e) The 8 kg block will be pulled towards the wall and will reach a maximum speed when it passes the relaxed
length of the spring. At thispoint all of the initial stored potential energy is converted to kinetic energy

Ugp =K Yok Ax® = Yo mv? Y (780) (0.05) = ¥2(8) V? v =049 m/s
B2008B2.
(@ d=vit+%at (55) = (25)(3) + ¥2a(3)? a=-44ms
(b) FBD
T N
I3
-I':'.-{;, l r:-]ﬂ

(c) using the diagram above and understanding that the static friction is actually responsible for decel erating the box
to match the deceleration of the truck, we apply Fpe
Free = ma
—fs=—psFh=ma —-psmg=ma —ps=aqg —us=—4.4/9.8 ps = 0.45

Static friction applied to keep the box at rest relative to the truck bed.

(d) Use the given info to find the acceleration of the truck a=Av/t=25/10=25m/s
To keep up with the trucks acceleration, the crate must be accel erated by the spring force, apply Fre
Fr« =ma  Fg=ma KAx = ma (9200)(Ax) = (900)(2.5) AX=0.24m

(e) If thetruck is moving at a constant speed the net force is zero. Since the only force acting directly on the crate is
the spring force, the spring force must aso become zero therefore the Ax would be zero and is LESS than
before. Keep in mind the crate will stay on the frictionless truck bed because its inertia will keep it moving
forward with the truck (remember you don’t necessarily need forces to keep things moving)
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2008B2.

(a) In a connected system, we must first find the acceleration of the system asawhole. The spring isinternal when
looking at the whole system and can be ignored.
Fre = Ma 4 =010 a a= 0.4 m/s® > the acceleration of the whole system and also of each
individual block when looked at separate

Now we look at just the 2 kg block, which has only the spring force acting on its FBD horizontal direction.
Free = ma Fse = (2)(.4) Fs =0.8N

(b) Use Fg, = kAx 08=(80)Ax Ax=0.01m

(c) Since the same force is acting on the same total mass and F,¢ = ma, the acceleration is the same

(d) The spring stretch will be MORE. This can be shown mathematically by looking at either block. Since the 8 kg
block has only the spring force on its FBD we will look at that one.
Feo=ma  kAx=ma (80)(Ax) = (8)(0.4) AX=0.04m

(e) When the block A hitsthe wall it instantly stops, then block B will begin to compress the spring and transfer its

kinetic energy into spring potential energy. Looking at block B energy conservation:
Kp=Ugy  ¥mvy® =%k Ax® (8)(0.5)? = (80)Ax? Ax=0.16m
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2009B1.

(a) Apply energy conservation. All of the spring potential becomes gravitational potential

ISp 2 _ 1 2 _ — L2
5k Ax“ = mgh 5k x==mgh h=kx“/2mg

(b) You need to make a graph that is of the formy = m x, with the dope having “k” as part of it and the y and x
values changing with each other. Other constants can also be included in the slope as well to make the y and x
variablessimpler. hisdependent on the different masses used so we will make h our y value and use m as part
of our x value. Rearrange the given equation so that isit of the form y = mx with h being y and mass related to x.

We get y = m X
kx? | 1 .
h= 2— — so we use h asy and the value 1/m as x and graph it.

g/m

(note: we lumped all the things that do not change together as the constant slope term. Once we get a value for
the slope, we can set it equal to thisterm and solve for k)

1/m m (kg) h (m)
50 0.020 0.49
33.33 0.030 0.34
25 0.040 0.28
20 0.050 0.19
16.67 0.060 0.18
X values Y values
(c) Graph
0.6 - (d) The slope of the best
' y = 0.0095x + 0.0213 fitlineis0.01

0.5
/ We set this slope equal to
0.4 the slope term in our
/ equation, plug in the other
03 known values and then
= ‘ .
/ solveit for k
0.2

2
o1 0.01= [K)
29
O T T T T T 1
0 10 20 30 40 50 60 O 01 — k(002)2
wm) 2(9.8)

Solving givesus k =490 N/m

(e) - Useastopwatch, or better, a precise laser time measurement system (such as a photogate), to determine the
time it takes the toy to leave the ground and raise to the max height (same astime it takes to fall back down as
well). Sinceitsin freefall, use the down trip with v;=0 and apply d = %2 g t* to find the height.

- Or, videotape it up against a metric scale using a high speed camera and slow motion to find the max h.
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C1973M2

(@ Apply work-energy theorem
W,,c = AME
Wfk:AK (Kf—Ki) Kf:O
—f d=—%mv;? —f, (0.12) = — % (0.030) (500)° f, = 31250 N
(b) Find find acceleration —fy=ma —(31250) = (0.03) a a=—1.04x10° m/s’
Then use kinematics vi =V +at 0=500 + (— 1.04x10° t t=4.8x10 * sec
C1982M1

(@

(b)

©

Apply energy conservation, set the top of the spring as h=0, therefore H at start = Lsin 6 =6 sin30=3m
Uip =Kot mgh=%mv?  (9.8)(3) =% (V) v=7.67ms

Set a new position for h=0 at the bottom of the spring. Apply energy conservation comparing the h=0 position
and theinitia height location. Note: The initial height of the box will include both the y component of the
initial distance along the inclined plane plus the y component of the compression distance Ax.
h=1Lsin 0 + Ax sin 0

Ugp = Ug(bot)

mgh = %2 k Ax?

mg(L sin 0 + Ax sin 0) = 1 k Ax?

(20)(9.8)(6 sin 30 + 3sin 30) = Y% k (3)* k =196 N/m

The speed is NOT a maximum when the block first hits the spring. Although the spring starts to push upwards
against the motion of the block, the upwards spring forceisinitially less than the x component of the weight
pushing down the incline (Fg) so thereis still anet force down the incline which makes the box accelerate and
gain speed. Thisnet force will decrease as the box moves down and the spring force increases. The maximum
speed of the block will occur when the upwards spring force is equal in magnitude to the force down the incline
such that Fnet is zero and the box stops accelerating down theincline. Past this point, the spring force becomes
greater and there is a net force acting up the incline which slows the box until it eventually and momentarily
comes to rest in the specified location.

C1983M3.

h=R-R cos6 =R (1 —cos 0)

i) Ky= Utop
K> =mg(R (1 —cos 0))

i) From, K =%mv?=mgR (1—-cos ) ... v"=2gR (1—
Rcos© _Il'r R cos 0)

| _,l'f Thena,=Vv?/R= 2g(1-cos0)
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C1985M1
(a) Weuse F.g = 0 for the initial brink of dipping point. Fo—fc =0 mg sin 0 = pg(Fy,)
mg sin 6 = ps mg cos 0 Us=tan 0

(b) Note: we cannot use the friction force from part a since thisis the static friction force, we would need kinetic
friction. So instead we must apply W, = energy loss = AK + AU + AU . AK is zero since the box starts and
ends at rest, but thereisaloss of gravitational U and a gain of spring U so those two terms will determine the
loss of energy, setting final position ash=0. Note that theinitial height would be the y component of the total
distance traveled (d+x) so h= (d+x)sin 0
Ut = Ui + Ugp =~ Uspiy
0—mgh + Y% kAx? -0 Y kx? — mg(d+x)sin 0

(c) To determine the coefficient of kinetic friction, plug the term above back into the work-energy relationship, sub
in—Work of friction as the work term and then solve for
Wi = Y2 kx® — mg(d+x)sin 0 —fi(d+x) = Yo kx? — mg(d-+x)sin 0
— 1 Mg cos 0 (d+x) = ¥ kx* — mg(d+x)sin 0

1y = [mg(d+x)sin 6 — Y2 kx?] / [mg (d+x)cos 0]

C1987M1

(a) 1 ' 7 I:net(y):0
:':i'a. TcosO6—-W=0 T=W/cos0
_ |/

(b) Apply SIMULTANEOUS EQUATIONS

Freg) =0 Frety =0
TcosO—-W=0 Tsin0-F,=0
Sub T into X equation to get Fy, Frn=Wtan 0
(c) Using the same geometry diagram as solution 1975B7 solve for the velocity at the bottom using energy
conservation
Uiop = Kot
mgh = Y2 mv? Then apply Fyere) = mv2/r

Vv =4/2g(L - L cos®)

v =./2gL(1- cosd)

(T-W)=m(2gL(1—os 0)) /L

T =W +2mg—2mg cos 0
T=W+2W -2Wcos0® = W(3—-2cos0)

C1988M2

(8) The graphisone of force vs Ax so the slope of this graph is the spring constant. Slope =200 N/m

(b) Sincethereisno friction, energy is conserved and the decrease in kinetic energy will be equal tothegainin
spring potential JAK| = Ugq = %2k Ax* = % (200)(0.1)* = 1J.
Note: Thisisthe same as the area under the line since the area would be the work done by the conservative
spring force and the work done by a conservative force is equal to the amount of energy transferred.

(c) Using energy conservation.  K; = Ugy YBmve?i=1J  %(B)Vve =1  v,=0.63m/s
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C1989M1
() Apply energy conservation from point A to point C setting point C as h=0 location
(note: to find h as shown in the diagram, we will have to add in the initial 0.5m below h=0 location)

Ua=Kc mghy=%mv (0.1)(9.8)(h,) = ¥ (0.1)(4) h, = 0.816m

h=h,+05m=1.32m
e
N
"3

(c) Since the height at B and the height at C are the same, they would have to have the same velocities v, = 4 m/s

(b)

(d) Freg =mv?/r Fn = (0.1)(4)%(0.5) =3.2N

(e) Using projectile methods ... Vi, = 4sin30 = 2 m/s Then vy®=v,°+2ad,
(0)=(2)*+2(-9.8)(dy) dy,=02
hme = dy + initial height =0.7m

Alternatively you can do energy conservation setting h=0 at point C. Then K¢ = U, + Kigp keeping in mind
that at the top the block has a kinetic energy related to its velocity there which is the same as v, at point C.

(f) Since the block will have the same total energy at point C as before but it will lose energy on the track the new
initial height hiislarger than before. To find the loss of energy on the track, you can simply subtract the initial

energiesin each case. Unew —Uog = Mghne - mghgg (0.1)(9.8)(2-1.32) = 0.67 Jlost.
C1989M3
() Apply energy conservation from start to top of spring using h=0 as top of spring.

U=K mgh = %2 m v? (9.8)(0.45) = 12 v* v=3m/s

(b) Atequilibrium the forcesare balancesF, =0 Fg =mg=(2)(9.8) =19.6 N
(c) Using the forcefrom part b, Fg, =k Ax  19.6 =200 Ax  Ax =0.098 m

(d) Apply energy conservation using the equilibrium position as h = 0. (Note that the height at the start position is

now increased by the amount of Ax found in part ¢ Ppew = h+Ax =0.45 4+ 0.098 = 0.548 m )
Up =Ug + K
mgh = Y% k Ax? + Y2 mv? (2)(9.8)(0.548) = ¥ (200)(0.098)? + ¥4 (2)(v?) v=313m/s

(e) Thisisthe maximum speed because this was the point when the spring force and weight were equal to each
other and the acceleration was zero. Past this point, the spring force will increase above the value of gravity
causing an upwards accel eration which will slow the box down until it reaches its maximum compression and
stops momentarily.

C1990M2
(a) Energy conservation, Ko = Uygp Ymv?=mgh Y% (v,%) = gh h=v,?/2g
(b) Work-Energy theorem. W, = AK + AU (U; =0, K; =0)
—fd=(mgh—-0) + (0-%mv,?) — (e mgeos 0) h, /sin @ = mgh, — Y2 mv,?
pmgcos 0 hy/sin® +mgh, =¥ mv,? hy (Lgcos®/sin® +g)="1 vy

h, = Vo2 / ( 2g(p cot 0+1))
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C1991M1

(a) Apply energy conservation.
K bottom = Up + K Yo MVpo”= mgh,, + K,
Y53m (vo/3)> = 3mg(r) + K, K, = mv,?/6 — 3mgr

(b) The minimum speed to stay in contact is the limit point at the top where F,, just becomes zero. So set F,=0 at the
top of the loop so that only mg is acting down on the block. Then apply Freyc)

Frec) = MV / 3mg =3mV?/r v =rg

(c) Energy conservation, top of loop to bottom of loop
Utgp + Kiop = Kot

mgh + Y2 M Vigy” = Y2 M Viyor” g(2r) + Y2 (\Nrg)? = ¥ (vo')? V. =./5gr

C1993M1
- since thereis friction on the surface the whole time, thisis not an energy conservation problem, use work-energy.

(@) Ug = ¥2k AX® = % (400)(0.5)*=50J
(b) Using work-energy Wi = AUg + AK = (Ugyry — Ugiy) + (Ki —Kj)

—f,d=(0-50J) + (¥2mv;?—0)
—pumgd=Y%mvi-50

—(0.4)(4)(9.8)(0.5) = ¥2 (4)(v.?) — 50 V. =4.59 m/s
(C) Wnc = (Kf - Ki)
—f.d =(0-%2mv;?) —umgd=—-%my;? (0.4)(6)(9.8) d = ¥ (6)(3)* d=1.15m
C2002M2
(a) Energy conservation, potential top = kinetic bottom vV =,/2gh
(b) Energy conservation, potential top = spring potential U=Ug (2m)gh = Y4 k X
mgh
X =2,]—
" k

C2004M1

(a) Energy conservation with position B set ash=0. U, =K}, V, =+/20L

(b) Forcesat B, F; pointing up and mg pointing down. Apply Fre(
Fre) = MV / Fi—mg=m(2gL) /L F.=3mg

(c) Projectile. First find time to travel from B to D using the y direction equations
dy=viyt+%gt? L=0+gt’/2

2L , 2L _ , 2L
t=_[|— Thenusevy=ds/t d, =V |— total distance  x=V' |— +L
g g g

total distance includes the initial horizontal displacement L so it is added to the range
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C2007M3
(a) Spring potential energy is converted into kineticenergy ¥4 kx? = Yo mv?

(b) (c) i)

ii) using the equation above and rearrange

6 to the form y=mxwithv?asy and
y = 203.33x - 0.0011 X2 as X
5
*
/// Y o o
vZ = (k/m) X

Slope=200=k/m

*
2 / 200 = (40) / m
/ m=0.2kg

O T T T T
0 0.005 0.01 0.015 0.02 0.025

X"2 (Mm"2)

vA2 (m/s)*2
w BN

(d) Now you start with spring potential and gravitational potential and convert to kinetic. Note that at position A the

height of the glider is given by h + the y component of the stretch distance x. Niniia =h +xsin 0
U+Ug =K
mgh + % k X* = Yam v? mg(h + x sin 0 ) + ¥ kx? = Y2 mv?
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C2008M3

)
30
Yy o=24135% - 14,0592

25 a
_ 20 - /
z /
+
E, 15
g

10 /‘

I:.

I:I T T '/ T T T T

0 02 0.4 06 0.8 1 1.2 1.4 16 1.8
length {m)

(b) The slope of thelineis F/ Ax which is the spring constant.

(c) Apply energy conservation. Uiy, = Ug(bottom).
Note that the spring stretch is the final distance —the initial length of the spring. 1.5—-0.6=0.90 m

mgh = %2 k Ax?

(d) i) Atequilibrium, the net force on the massis zero so Fg, = mg

ii) Fo = k Ax

m(9.8)(1.5) = ¥ (24)(0.9)*

6.5 =(24) Ax

Slope =24 N/m

m = 0.66 kg
Fs = (0.66)(9.8)

Ax=0.27m

Fp=65N
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Supplemental

a)
@ N
F A
"3
(b) Frea =0 Fi = F = kAx Ax=F Ik
(c) Using energy conservation Uy =Ug+ K notethat the second postion has both K and U, since the

spring till has stretch to it.
Yok AX® = Yo kAx,” + Yo mv?
k (Ax)? = k(Ax/2)* + MV?

F

R |3
2 kv

¥ k(Ax)? = MV?, plugin Ax from (b) ... ¥ k(F/K)? = MV? V=

(d) The forces acting on the block in the x direction are the spring force and the friction force. Using left as + we get
Fr« =ma Fg—f=ma
From (b) we know that the initial value of Fg, is equal to F; which is an acceptable variable so we simply plug
inF, forFptoget Fi—pumg=ma > a=F/m—pg
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Chapter 5

Momentum and |mpulse

o
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AP Physics Multiple Choice Practice — Momentum and Impulse

1.

10.

11.

A car of mass m, traveling at speed v, stops in time t when maximum braking force is applied. Assuming the
braking force is independent of mass, what time would be required to stop a car of mass 2m traveling at speed v?
(A)¥%t (B)t (C)\2t (D)2t (E)4t

A block of mass M is initially at rest on a frictionless floor. The block, attached to a massless spring with spring
constant k, is initially at its equilibrium position. An arrow with mass m and velocity v is shot into the block.

The arrow sticks in the block. What is the maximum compression of the spring?

(m+

m k m+ M M)v mv
(A)V\/; (B)V\/; Cv—— (D)—W (E)—m

How long must a 100 N net force act to produce a change in momentum of 200 kg-m/s?
(A)0.25s (B)0.50s (C)1.0s (D)20s (E)4.0s

Which is a vector quantity
(A)energy (B)mass (C)impulse (D) power  (E) work

When the velocity of a moving object is doubled, its is also doubled.
(A) acceleration  (B) kinetic energy  (C) mass (D) momentum  (E) potential energy.

Two objects, P and Q, have the same momentum. Q can have more kinetic energy than P if it has:
(A) More mass than P (B) The same massas P (C) More speed than P
(D) The same speed at P (E) Q can not have more kinetic energy than P

A spring is compressed between two objects with unequal masses, m and M, and held together. The objects are
initially at rest on a horizontal frictionless surface. When released, which of the following is true?

(A) Kinetic energy is the same as before begin released.

(B) The total final Kkinetic energy is zero.

(C) The two objects have equal kinetic energy.

(D) The speed of one object is equal to the speed of the other.

(E) The total final momentum of the two objects is zero.

Net Impulse is best related to
(A) momentum  (B) change in momentum  (C) kinetic energy
(D) change in Kinetic energy  (E) none of the above

Two football players with mass 75 kg and 100 kg run directly toward each other with speeds of 6 m/s and 8 m/s
respectively. If they grab each other as they collide, the combined speed of the two players just after the
collision would be:

(A)2m/s (B)34m/s (C)46m/s (D)7.1mis (E)8m/s

A 30 kg child who is running at 4 m/s jumps onto a stationary 10 kg skateboard. The speed of the child and the
skateboard is approximately:
(A)3m/s (B)4m/s (C)5m/s (D)6mis (E)7mls

A 5000 kg freight car moving at 4 km/hr collides and couples with an 8000 kg freight car which is initially at

rest. The approximate common final speed of these two cars is
(A)1km/h (B)13km/h (C)15km/h (D)25km/h (E)4km/h
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12

13

14

15

16

17

18.

19

20

. Arubber ball is held motionless a height h, above a hard floor and released. Assuming that the collision with
the floor is elastic, which one of the following graphs best shows the relationship between the total energy E of
the ball and its height h above the surface.

A E. C. D. E.
E E E E E
—
h h h h

. Two carts are held together. Cart 1 is more massive than Cart 2. As they are forced apart by a compressed
spring between them, which of the following will have the same magnitude for both carts.
(A) acceleration  (B) change of velocity  (C) force (D) speed  (E) velocity

. If the unit for force is F, the unit for velocity is v and the unit for time t, then the unit for momentum is
(A)Ft (B)Ftv (C)Ftv (D)Ft/v (E)Fv/t

. A ball with a mass of 0.50 kg and a speed of 6 m/s collides perpendicularly with a wall and bounces off with a
speed of 4 m/s in the opposite direction. What is the magnitude of the impulse acting on the ball?
(A)13J (B)1Ns (C)5Ns (D)2m/s (E)10m/s

. A cart with mass 2m has a velocity v before it strikes another cart of mass 3m at rest. The two carts couple and
move off together with a velocity of
(A)V/5 (B)2v/5 (C)3v/5 (D)2v/3 (E) (2/5)"v

. Consider two laboratory carts of different masses but identical kinetic energies and the three following
statements.
I. The one with the greatest mass has the greatest momentum
Il. The same impulse was required to accelerate each cart from rest
I11. Both can do the same amount of work as they come to a stop
Which of the above statements would be correct?
(A)lonly (B)llonly (C)lllonly (D)landllonly E)landIllonly

A mass m has speed v. It then collides with a stationary object of mass 2m. If both objects stick together in a
perfectly inelastic collision, what is the final speed of the newly formed object?
Av/3 B)v/i2 (C)2v/i3 (D)v (E)3v/2

. A Freight car is moving freely along a railroad track at 7 m/s and collides with a tanker car that is at rest. After
the collision, the two cars stick together and continue to move down the track. What is the magnitude of the
final velocity of the cars if the freight car has a mass of 1200 kg and the tanker car has a mass of 1600 kg?
AOmis (B)lm/s (C)3m/ls (D)4dm/s (E)6m/s

. A 50 kg skater at rest on a frictionless rink throws a 2 kg ball, giving the ball a velocity of 10 m/s. Which
statement describes the skater’s subsequent motion?
(A) 0.4 m/s in the same direction as the ball.
(B) 0.4 m/s in the opposite direction of the ball
(C) 2 m/s in the same direction as the ball
(D) 4 m/s in the same direction as the ball
(E) 4 m/s in the opposite direction of the ball
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21.

22.

23.

24.

25.

26.

217.

28.

29.

A certain particle undergoes erratic motion. At every point in its motion, the direction of the particles
momentum is ALWAYS

(A) the same as the direction of its velocity

(B) the same as the direction of its acceleration

(C) the same as the direction of the net force

(D) the same as the direction of the kinetic energy vector

(E) none of the above

A student initially at rest on a frictionless frozen pond throws a 1 kg hammer in one direction. After the throw,
the hammer moves off in one direction while the student moves off in the other direction. Which of the
following correctly describes the above situation?

(A) The hammer will have the momentum with the greater magnitude

(B) The student will have the momentum with the greater magnitude

(C) The hammer will have the greater kinetic energy

(D) The student will have the greater kinetic energy

(E) The student and the hammer will have equal but opposite amounts of kinetic energy

The net force on a rocket with a weight of 1.5 x 10* N is 2.4 x 10* N. How much time is needed to increase the
rockets speed from 12 m/s to 36 m/s near the surface of the Earth at takeoff?
(A)0.62s (B)0.78s (C)15s (D)3.8s (E)15s

A 50 kg gymnast falls freely from a height of 4 meters on to a trampoline. The trampoline then bounces her
back upward with a speed equal to the speed at which she first struck the trampoline. What is the average force
the trampoline applies to the gymnast.

(A)50N (B)200N (C)500N (D) 2000 N  (E) More information is required

Two toy cars with different masses originally at rest are pushed apart by a spring between them. Which of the
following statements would NOT be true?

(A) both toy cars will acquire equal but opposite momenta

(B) both toy cars will acquire equal kinetic energies

(C) the more massive toy car will acquire the least speed

(D) the smaller toy car will experience an acceleration of the greatest magnitude

A bat striking a 0.125 kg baseball is in contact with the ball for a time of 0.03 seconds. The ball travels in a
straight line as it approaches and then leaves the bat. If the ball arrives at the bat with a speed of 4.5 m/s and
leaves with a speed of 6.5 m/s in the opposite direction, what is the magnitude of the average force acting on the
ball?

(A)833N (B)1875N (C)27.08 N (D)45.83N (E)458N

An arrow is shot through an apple. If the 0.1 kg arrow changes speed by 10 m/s during the collision (from 30
m/s to 20 m/s) and the apple goes from rest to a speed of 2 m/s during the collisions, then the mass of the apple
must be

(A)0.2kg (B)05kg (C)0.8kg (D)1kg (E)2kg

A railroad flatcar of mass 2,000 kilograms rolls to the right at 10 meters per second and collides with a flatcar of
mass 3,000 kilograms that is rolling to the left at 5 meters per second. The flatcars couple together. Their speed
after the collision is

(A)1m/s (B)25m/s (C)5m/s (D)7m/s (E)7.5m/s

Which of the following quantities is a scalar that is always positive or zero?
(A) Power  (B) Work  (C) Kinetic energy (D) Linear momentum  (E) Angular momentum
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30.

31.

32.

33.

34.

35.

218

A tennis ball of mass m rebounds from a racquet with the same speed v as it had
initially as shown. The magnitude of the momentum change of the ball is
(AJ)O (B)ymv (C)2mv (D)2mvsin® (E) 2mv cos6

Two bodies of masses 5 and 7 kilograms are initially at rest on a horizontal frictionless surface. A light spring
is compressed between the bodies, which are held together by a thin thread. After the spring is released by
burning through the thread, the 5 kilogram body has a speed of 0.2 m/s. The speed of the 7 kilogram body is

r o L1 7
(inmis) (A) 12 (B) 7 (C) V35 (D) 5 (E) 25

A satellite of mass M moves in a circular orbit of radius R at a constant speed v. Which of the following must
be true?

I. The net force on the satellite is equal to MR and is directed toward the center of the orbit.

I1. The net work done on the satellite by gravity in one revolution is zero.

I11. The angular momentum of the satellite is a constant.

(A)lonly (B)llonly (C)landllonly (D) landlllonly (E)I, I, and Il

I 11
o

Two pucks are firmly attached by a stretched spring and are initially held at rest on a frictionless surface, as
shown above. The pucks are then released simultaneously. If puck | has three times the mass of puck I, which
of the following quantities is the same for both pucks as the spring pulls the two pucks toward each other?

(A) Speed  (B) Velocity  (C) Acceleration (D) Kinetic energy  (E) Magnitude of momentum

Which of the following is true when an object of mass m moving on a horizontal frictionless surface hits and
sticks to an object of mass M > m, which is initially at rest on the surface?

(A) The collision is elastic.

(B) All of the initial kinetic energy of the less massive object is lost.

(C) The momentum of the objects that are stuck together has a smaller magnitude than the initial momentum of
the less-massive object.

(D) The speed of the objects that are stuck together will be less than the initial speed of the less massive object.
(E) The direction of motion of the objects that are stuck together depends on whether the hit is a head-on
collision.

Two objects having the same mass travel toward each other on a flat surface each with a speed of 1.0 meter per
second relative to the surface. The objects collide head-on and are reported to rebound after the collision, each

with a speed of 2.0 meters per second relative to the surface. Which of the following assessments of this report
is most accurate?

(A) Momentum was not conserved therefore the report is false.

(B) If potential energy was released to the objects during the collision the report could be true.

(C) If the objects had different masses the report could be true.

(D) If the surface was inclined the report could be true.

(E) If there was no friction between the objects and the surface the report could be true.



36. A solid metal ball and a hollow plastic ball of the same external radius are released from rest in a large vacuum
chamber. When each has fallen 1m, they both have the same
(A) inertia  (B) speed (C) momentum (D) kinetic energy (E) change in potential energy

37. Arrailroad car of mass mis moving at speed v when it collides with a second railroad car of mass M which is at
rest. The two cars lock together instantaneously and move along the track. What is the speed of the cars
immediately after the collision?

(A) vi2 (B) mv/M (C) Mv/m (D) (m+ M )vim (E) mv/(m+ M)

38. An open cart on a level surface is rolling without frictional loss through a vertical downpour of rain, as shown
above. As the cart rolls, an appreciable amount of rainwater accumulates in the cart. The speed of the cart will

(A) increase because of conservation of momentum (B) increase because of conservation of mechanical energy
(C) decrease because of conservation of momentum (D) decrease because of conservation of mechanical energy
(E) remain the same because the raindrops are falling perpendicular to the direction of the cart's motion

39. A2 Kkg object moves in a circle of radius 4 m at a constant speed of 3 m/s. A net force of 4.5 N acts on
the object. What is the angular momentum of the object with respect to an axis perpendicular to the circle
and through its center?

(A) 9N m/kg (B) 12 m%/s (C) 13.5 kg m?/s? (D) 18 N m/kg (E) 24 kg m?/s.

.@

40. Two objects of mass 0.2 kg and 0.1 kg, respectively, move parallel to the x-axis, as shown above. The 0.2 kg
object overtakes and collides with the 0.1 kg object. Immediately after the collision, the y-component of the
velocity of the 0.2 kg object is 1 m/s upward. What is the y-component of the velocity of the 0.1 kg object
immediately after the collision'?

(A) 2 m/s downward (B) 0.5 m/s downward (C)0mls
(D) 0.5 m/s upward (E) 2 m/s upward
Questions 41-42

Three objects can only move along a straight, level path. The graphs below show the position d of each of the
objects plotted as a function of time t.

P

1 L m

41. The magnitude of the momentum of the object is increasing in which of the cases?
(A) Honly (B) I only (C) land 11 only (D) I'and 111 only B, 1, and

42. The sum of the forces on the object is zero in which of the cases?
(A) Honly (B) I only (C) land 11 only (D) I'and 111 only (E) I, 1, and 111
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43. Aball of mass 0.4 kg is initially at rest on the ground. It is kicked and leaves the kicker's foot with a speed of
5.0 m/s in a direction 60° above the horizontal. The magnitude of the impulse imparted by the ball to the foot is
most nearly

(A) 1Ns B) V3 N's (C)2N's (D)iNs (E)4N's
V3

44, Two people of unequal mass are initially standing still on ice with negligible friction. They then simultaneously
push each other horizontally. Afterward, which of the following is true?
(A) The kinetic energies of the two people are equal.
(B) The speeds of the two people are equal.
(C) The momenta of the two people are of equal magnitude.
(D) The center of mass of the two-person system moves in the direction of the less massive person.
(E) The less massive person has a smaller initial acceleration than the more massive person.

my

my
45, A stationary object explodes, breaking into three pieces of masses m, m, and 3m. The two pieces of mass m
move off at right angles to each other with the same magnitude of momentum mV, as shown in the diagram
above. What are the magnitude and direction of the velocity of the piece having mass 3m?
Magnitude Direction

\%

(A) \E
\Y,

@) V3
J2v

c 3
J2v
o 3

AN NN

(E) \/EV

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

(A) Itis in equilibrium

(B) It has zero acceleration.

(C) It has maximum momentum.
(D) It has maximum kinetic energy.
(E) None of the above

47. An empty sled of mass M moves without friction across a frozen pond at speed v,. Two objects are dropped
vertically into the sled one at a time: first an object of mass m and then an object of mass 2m. Afterward the
sled moves with speed v;. What would be the final speed of the sled if the objects were dropped into it in
reverse order?

(A)vel3
(B)vel 2
(C) vs
(D) 2vy
(E) 3vs

220



Questions 48-49
Force {N)
. 'R

25 |- |

20

10—

0 1 2 3 4
Time (s)

A student obtains data on the magnitude of force applied to an object as a function of time and displays the data on
the graph above.

48. The slope of the “best fit” straight line is most nearly
(A)5N/s
(B) 6 N/s
(C)7N/s
(D) 8 N/s
(E) 10 N/s

49. The increase in the momentum of the object between t=0 s and t=4 s is most nearly
(A) 40 N's
(B) 50 N's
(C) 60 N-s
(0) 80 N's
(E) 100 N-s

50. How does an air mattress protect a stunt person landing on the ground after a stunt?
(A) It reduces the kinetic energy loss of the stunt person.
(B) It reduces the momentum change of the stunt person.
(C) It increases the momentum change of the stunt person.
(D) It shortens the stopping time of the stunt person and increases the force applied during the landing.
(E) It lengthens the stopping time of the stunt person and reduces the force applied during the landing.
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51. Two objects, A and B, initially at rest, are "exploded" apart by the release of a coiled spring that was
compressed between them. As they move apart, the velocity of object A is 5 m/s and the velocity of object B is
— 2 m/s. The ratio of the mass of object A to the mass object B, m./my, is
(A) 4/25 (B) 2/5 ©1n (D) 5/2 (E) 25/4

B LR

52. The two bldcks of masses M and 2M shown above initially travel at the same speed v but in opposite directions.
They collide and stick together. How much mechanical energy is lost to other forms of energy during the

collision?
(A) Zero
(B) 1/2 M V?
(C) 3/4 M V?
(D) 4/3 M V*
(E) 312 M V*
53. Two particles of equal mass m,, moving with equal speeds v, along
paths inclined at 60° to the x-axis as shown, collide and stick together. ¥
Their velocity after the collision has magnitude mo\u f
i
A V, V2v, 3y, 9
e A 60°Al .
@4 ®2 © 2 © 2 BV TR
%o E
mo !
54. A particle of mass m moves with a constant speed v along the :
dashed line y = a. When the x-coordinate of the particle is X,,
the magnitude of the angular momentum of the particle with S () B P — ?’— —_
respect to the origin of the system is i
(A)zero (B)mva  (C) mMvXo o - >

mva
@) Mwx? +a’> () VX’ +a’

Questions 55 and 56

akg | O6mis_ lakg dkg

A 4-kilogram mass has a speed of 6 meters per second on a horizontal frictionless surface, as shown above. The
mass collides head-on with an identical 4-kilogram mass initially at rest and sticks. The combined masses then
collide head-on and stick to a third 4-kilogram mass initially at rest.

55. The final speed of the first 4-kilogram mass is
(A)Om/s (B)2m/s (C)3m/s (D)4mis (E)6m/s

56. The final speed of the two 4-kilogram masses that stick together is
(A)Omis B)2m/ls (C)3m/ls (D)4m/s (E)6m/s
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57. A projectile of mass M is fired horizontally from a spring gun that is initially at rest on a frictionless surface.
The combined mass of the gun and projectile is M,. If the kinetic energy of the projectile after firing is K, the
gun will recoil with a kinetic energy equal to

MZ K M 12 M 1 Ml
WK ®M oM pM-M I IM-M

X ~ 10 m/s
————— O—»—---——-?————- B A
Figure 1 Figure 11

58. Two bhalls are on a frictionless horizontal tabletop. Ball X initially moves at 10 meters per second, as shown in
Figure | above. It then collides elastically with identical ball Y which is initially at rest. After the collision, ball
X moves at 6 meters per second along a path at 53° to its original direction, as shown in Figure Il above. Which
of the following diagrams best represents the motion of ball Y after the collision?

(A) v=0

{2 J—

59. If one knows only the constant resultant force acting on an object and the time during which this force acts, one
can determine the
(A) change in momentum of the object (B) change in velocity of the object
(C) change in kinetic energy of the object (D) mass of the object (E) acceleration of the object

223



by
el

m
O A A

60. An object of mass m is moving with speed v, to the right on a horizontal frictionless surface, as shown above,
when it explodes into two pieces. Subsequently, one piece of mass 2/5 m moves with a speed v, / 2 to the left.
The speed of the other piece of the object is
(A)ve/2  (B)v,y/3 (C) 7vo /5 (D)3vy/2  (E)2v,

61. The graph shows the force on an object of mass M as a

function of time. For the time interval 0 to 4 s, the total Force (N)

change in the momentum of the object is

(A) 40 kg m/s (B) 20 kg m/s 10

(C) 0 kg m/s (D) — 20 kg m/s

(E) indeterminable unless the mass M of the object is known 0 l 3 3 » Time (3)
=10

62. As shown in the top view, a disc of mass m is moving horizontally to the
right with speed v on a table with negligible friction when it collides with a » ﬂ?..
second disc of mass 2m The second disc is moving horizontally to the right
with speed v/2 at the moment of impact The two discs stick together upon @ @
impact. The speed of the composite body immediately after the collision is

(A) vi3 (B) v/2 (C) 2v/3 (D) 3v/2 (E) 2v Top View

»
P

63. An object having an initial momentum that may be represented by the vector above strikes an object that is
initially at rest.  Which of the following sets of vectors may represent the momenta of the two objects after the
collision?

(A)

\j
\j

(B)

©c >

(D) / (E)
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\

Floor

64. A 2 kg ball collides with the floor at an angle 6 and rebounds at the same angle and speed as shown above.
Which of the following vectors represents the impulse exerted on the ball by the floor?

(A) l
®
©) -
® /7
(E) t
Questions 65-66 _
Two pucks moving on a frictionless air table are about to collide, 2.0 m/s

as shown. The 1.5 kg puck is moving directly east at 2.0 m/s.

The 4.0 kg puck is moving directly north at 1.0 m/s. 1.5 kg , tl-_o m/s
65. What is the total kinetic energy of the two-puck system before ' 04 0k

the collision? . A

(A)V13J  (B)5.0J (C)7.0) (D)10J (E)111

66. What is the magnitude of the total momentum of the two-puck system after the collision?
(A) 1.0kg'm/s (B)3.5kgm/s (C)5.0kgm/s (D)7.0kgm/s (E)5.5V5kgm/s

67. An object m, on the end of a string, moves in a circle on a horizontal

frictionless table as shown. As the string is pulled very slowly through a -~ S
small hole in the table, which of the following is correct for an observer 'f : 3
measuring from the hole in the table? F;{T -
(A) The angular momentum of m remains constant. =1

(B) The angular momentum of m decreases.
(C) The kinetic energy of m remains constant
(D) The Kinetic energy of m decreases

(E) None of the above occurs.

68. A car of mass 900 kg is traveling at 20 m/s when the brakes are applied. The car then comes to a complete stop
in 5s. What is the average power that the brakes produce in stopping the car?
(A) 1800 W (B)3600W (C)7200W (D) 36,000W (E) 72,000 W
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69.

70.

71.

72.

(A
(B

73.
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A boy of mass m and a girl of mass 2m are initially at rest at the center of a frozen pond. They push each other
so that she slides to the left at speed v across the frictionless ice surface and he slides to the right. What is the
total work done by the children?

(A)Zero (B)mv (C)mv? (D)2mv* (E)3mv?

An object of mass M travels along a horizontal air track at a constant speed v and collides elastically with an
object of identical mass that is initially at rest on the track. Which of the following statements is true for the two
objects after the impact?

(A) The total momentum is Mv and the total kinetic energy is Y2 Mv?

(B) The total momentum is Mv and the total kinetic energy is less than ¥2 Mv?

(C) The total momentum is less than Mv and the total kinetic energy is ¥2 Mv?

(D) The momentum of each object is %2 Mv

(E) The kinetic energy of each object is ¥4 Mv?

A 2 kg object initially moving with a constant velocity is subjected F(N)
to a force of magnitude F in the direction of motion. A graph of F =

as a function of time t is shown. What is the increase, if any, inthe ~ ~| N
velocity of the object during the time the force is applied? 1
(A)Om/s (B)20m/s (C)3.0m/s (D)40m/s (E)6.0m/s i
0 — —
5

A disk slides to the right on a horizontal, frictionless air table and collides with another disk that was initially
stationary. The figures below show a top view of the initial path | of the sliding disk and a hypothetical path H
for each disk after the collision. Which figure shows an impossible situation?

H :
.r
P (E)
H
“:H I
‘r
H H

1(s)

(83 EETEER
s}
Ny

C)
(D)

*
£y
Y
A ball of mass m with speed v strikes a wall at an angle 6 with the normal, as \f_:{
shown. It then rebounds with the same speed and at the same angle. The impulse Y
delivered by the ball to the wall is 8/ <
(A)zero (B)mvsin® (C)mvcos® (D)2mvsin® (E)2mvcos® o ____ 4 ____ o




AP Physics Free Response Practice — Momentum and | mpulse

e — 4 m
1976B2. U

A bullet of mass m and velocity v, isfired toward ablock of mass 4m. The block isinitially at rest on a
V,

frictionless horizontal surface. The bullet penetrates the block and emerges with a velocity of 30

(a) Determine the final speed of the block.

(b) Determine the lossin kinetic energy of the bullet.
(c) Determine the gain in the kinetic energy of the block.

H
M, l
*" — — E—
T —

1978B2. A block of mass M travels horizontally with a constant speed v, on a plateau of height H until it comes to
acliff. A toboggan of mass M is positioned on level ground below the cliff as shown above. The center of the
toboggan is adistance D from the base of the cliff.

(8) Determine D intermsof v,, H, and g so that the block lands in the center of the toboggan.
(b) The block sticks to the toboggan which is free to slide without friction. Determine the resulting vel ocity of
the block and toboggan.

[ 3% |
VAV AV A 4V 4V 4 4V SV iV LV GV AV iV VSV A v e 4
1981B2. A massless spring is between a 1-kilogram mass and a 3-kilogram mass as shown above, but is not
attached to either mass. Both masses are on a horizontal frictionless table.

In an experiment, the 1-kilogram massis held in place and the spring is compressed by pushing on the 3-kilogram
mass. The 3-kilogram mass is then released and moves off with a speed of 10 meters per second.
a.  Determine the minimum work needed to compress the spring in this experiment.

In a different experiment, the spring is compressed again exactly as above, but this time both masses are released
simultaneously and each mass moves off separately at unknown speeds.
b. Determinethe final velocity of each massrelative to the cable after the masses are rel eased.
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After Collision

1983B2. A block of mass M isresting on a horizontal, frictionless table and is attached as shown above to a relaxed
spring of spring constant k. A second block of mass 2M and initial speed v, collides with and sticks to the first
block. Develop expressions for the following quantitiesin terms of M, k, and v,

a. v, the speed of the blocks immediately after impact

b. x, the maximum distance the spring is compressed
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‘kg 4kg {5 mis
L& v=0 ' 7°
@; 16 m/sl/Ma 74 3
i P 4
M, —
M]@‘ kg
12m/s
 J
Before Collision After Collision

View From Above
1984B2. Two objects of masses M, = 1 kilogram and M, = 4 kilograms are free to slide on a horizontal frictionless
surface. The objects collide and the magnitudes and directions of the velocities of the two objects before and after
the collision are shown on the diagram above. (sin 37° = 0.6, cos 37° = 0.8, tan 37° = 0.75)
a Cdculate the x and y components (px and py, respectively) of the momenta of the two objects before and after
the collision, and write your results in the proper placesin the following table.

. . KR kg-m
p(2) | p(f2) | (52) | p(*E)
Before
Collision
After
Colhsion

b. Show, using the data that you listed in the table, that linear momentum is conserved in this collision.
c. Cdculatethe kinetic energy of the two-object system before and after the collision.
d. Iskinetic energy conserved in the collision?
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1000 m/s —l— v
- 2kg = —
0.003 kg
Before Collision Immediately After Collision

1985B1. A 2-kilogram block initially hangs at rest at the end of two 1-meter strings of negligible mass as shown on

the left diagram above. A 0.003-kilogram bullet, moving horizontally with a speed of 1000 meters per second,

strikes the block and becomes embedded init. After the collision, the bullet/ block combination swings upward, but

does not rotate.

a. Cadculate the speed v of the bullet/ block combination just after the collision.

b. Calculate the ratio of theinitial kinetic energy of the bullet to the kinetic energy of the bullet/ block combination
immediately after the collision.

c. Calculate the maximum vertical height above the initia rest position reached by the bullet/block combination.

e

I TR

/
Z
7
7
Z
7
7
/
%
2

1990B1. A bullet of mass mis moving horizontally with speed v, when it hits a block of mass 100m that is at rest
on a horizontal frictionless table, as shown above. The surface of the table is a height h above the floor. After the

impact, the bullet and the block dide off the table and hit the floor a distance x from the edge of the table. Derive

expressions for the following quantitiesin terms of m, h, v, and appropriate constants:

a. thespeed of the block asit leaves the table

b. the changein kinetic energy of the bullet-block system during impact

c. thedistance x

Suppose that the bullet passes through the block instead of remaining init.

d. State whether the time required for the block to reach the floor from the edge of the table would now be greater,
less, or the same. Justify your answer.

e. State whether the distance x for the block would now be greater, less, or the same. Justify your answer.
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1992B2. A 30-kilogram child moving at 4.0 meters per second jumps onto a 50-kilogram sled that isinitially at rest
on along, frictionless, horizontal sheet of ice.

a. Determine the speed of the child-sled system after the child jumps onto the sled.

b. Determine the kinetic energy of the child-sled system after the child jumps onto the sled.

After coasting at constant speed for a short time, the child jumps off the led in such away that sheis at rest with

respect to theice.

c. Determine the speed of the sled after the child jumps off it.

d. Determine the kinetic energy of the child-sled system when the child is at rest on the ice.

e. Compare the kinetic energies that were determined in parts (b) and (d). If the energy is greater in (d) thanitis
in (b), where did the increase come from? If the energy islessin (d) thanitisin (b), where did the energy go?

M, Block A

Block B
P = P ¥4
i [1] ]
I L4 "
Side View

1994B2. A track consists of africtionlessarc XY, which is a quarter-circle of radius R, and a rough horizontal

section YZ. Block A of mass M isreleased from rest at point X, dides down the curved section of the track, and

collides instantaneously and inelastically with identical block B at point Y. The two blocks move together to the

right, sliding past point P, which isadistance L from point Y. The coefficient of kinetic friction between the blocks

and the horizontal part of the track is pu Express your answersintermsof M, L, i, R, and g.

a. Determine the speed of block A just before it hits block B.

b. Determine the speed of the combined blocks immediately after the collision.

¢. Assuming that no energy istransferred to the track or to the air surrounding the blocks. Determine the amount
of interna energy transferred in the collision

d. Determine the additional thermal energy that is generated as the blocks move fromY to P
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1995B1. Asshown above, a 0.20-kilogram massis dliding on a horizontal, frictionless air track with a speed of 3.0
meters per second when it instantaneously hits and sticks to a 1.3-kilogram mass initially at rest on the track. The
1.3-kilogram mass is connected to one end of a massless spring, which has a spring

constant of 100 newtons per meter. The other end of the spring is fixed.

a.  Determine the following for the 0.20-kilogram mass immediately before the impact.

i. Itslinear momentum ii. Itskinetic energy
b. Determine the following for the combined masses immediately after the impact.
i. The linear momentum ii. The kinetic energy

k=100 N/'m

DUV

After the collision, the two masses compress the spring as shown.
c. Determine the maximum compression distance of the spring.

:31}0 —* 0
M M
A B

1996B1. Two identical objects A and B of mass M move on a one-dimensional, horizontal air track. Object B
initially moves to the right with speed v,. Object A initially movesto the right with speed 3v,, so that it collides
with object B. Friction is negligible. Express your answers to the following in terms of M and v,.
a. Determine the total momentum of the system of the two objects.
b. A student predicts that the collision will be totally inelastic (the objects stick together on collision). Assuming
thisistrue, determine the following for the two objects immediately after the collision.
i. The speed
ii. The direction of motion (left or right)

When the experiment is performed, the student is surprised to observe that the objects separate after the collision and
that object B subsequently movesto the right with a speed 2.5v,,.
c. Determinethe following for object A immediately after the collision.
i. The speed
ii. Thedirection of motion (left or right)
d. Determine the kinetic energy dissipated in the actual experiment.
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1997B1. A 0.20 kg object moves along a straight line. The net force acting on the object varies with the object's
displacement as shown in the graph above. The object starts from rest at displacement x =0 andtimet=0and is
displaced a distance of 20 m. Determine each of the following.

The acceleration of the particle when its displacement x is6 m.

The time taken for the object to be displaced the first 12 m.

The amount of work done by the net force in displacing the object the first 12 m.

The speed of the object at displacement x =12 m.

The final speed of the object at displacement x = 20 m.

The change in the momentum of the object asit isdisplaced fromx =12 mtox =20 m

TP o0Tw

233



— [ ] - _
[ 1’ "\\ Tabietop
| N
|
A
12m : Ng Lims LB

I N
I N
| Ry
| 1!
| v

N o ! d |

Side View : ! Top View
Before Collision Before Collision

Note: Figures not drawn to scale.

2001B2. Anincident ball A of mass 0.10 kg isdiding at 1.4 m/s on the horizontal tabletop of negligible friction as
shown above. It makes a head-on collision with atarget ball B of mass 0.50 kg at rest at the edge of thetable. As
aresult of the collision, the incident ball rebounds, diding backwards at 0.70 m/s immediately after the collision.

a. Caculate the speed of the 0.50 kg target ball immediately after the collision.

Thetabletop is 1.20 m above alevel, horizontal floor. The target ball is projected horizontally and initially
strikes the floor at a horizontal displacement d from the point of collision.
b. Calculate the horizontal displacement

In another experiment on the same table, the target ball B is replaced by target ball C of mass 0.10 kg. The incident
ball A again didesat 1.4 m/s, as shown below left, but this time makes a glancing collision with the target ball C
that is at rest at the edge of the table. The target ball C strikes the floor at point P, which is at a horizontal
displacement of 0.15 m from the point of the collision, and at a horizontal angle of 30° from the +x-axis, as shown
below right.

Tabletop 1}’ Tabletop l)‘
| 1
ldmfs | i
o - LAmS o -
A0.10kg) C(0.10kg)
Top View Top View
Before Collision After Collision

c. Calculate the speed v of the target ball C immediately after the collision.
d. Calculate the y-component of incident ball A's momentum immediately after the collision.
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Ground

t=0 i=28 Maximum height; Rocket
Engine ignites. Engine shuts down. parachute deploys. descends.

2002B1. A model rocket of mass 0.250 kg is launched vertically with an engine that isignited at timet =0, as
shown above. The engine provides an impulse of 20.0 Nes by firing for 2.0 s. Upon reaching its maximum height,
the rocket deploys a parachute, and then descends vertically to the ground.

(a) On the figures below, draw and label a free-body diagram for the rocket during each of the following intervals.

i. While the engine ii. After the engine stops, iii. After the parachute is
is firing but before the parachute deployed
is deployed
A . ﬂ
ah Jal i
(b Determine the magnitude of the average acceleration of the rocket during the 2 sfiring of the engine.
(c) What maximum height will the rocket reach?

(d) At what time after t = 0 will the maximum height be reached?
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2002B1B. A 2.0 kg frictionless cart is moving at a constant speed of 3.0 m/sto the right on a horizontal surface, as
shown above, when it collides with a second cart of undetermined mass mthat isinitialy at rest. The force F of the
collision as afunction of timet is shown in the graph below, wheret = 0 isthe instant of initial contact. As aresult
of the collision, the second cart acquires a speed of 1.6 m/sto the right. Assume that friction is negligible before,

during, and after the collision.
oA

Force F (kN)
d o/
/|
L
]

(a) Calculate the magnitude and direction of the velocity of the 2.0 kg cart after the collision.

0.5 1.0
Time r (ms)

(b) Cadlculate the mass m of the second cart.
After the collision, the second cart eventually experiences aramp, which it traverses with no frictional losses. The

graph below shows the speed v of the second cart as a function of timet for the next 5.0 s, wheret = 0 is now the
instant at which the carts separate.

2.0 ' |

Speed v (m/s) ] -\\ |
1.0 ]
o]
0 | 2 3 4 5
Time ¢ (s)

(c) Calculate the acceleration of thecartat t = 3.0 s.
(d) Calculate the distance traveled by the second cart during the 5.0 sinterval after the collison (0s<t<5.09).

(e) State whether the ramp goes up or down and calculate the maximum elevation (above or below the initial height)
reached by the second cart on the ramp during the 5.0 sinterval after the collision (0s<t<5.09).
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A small block of mass M isreleased from rest at the top of the curved frictionless ramp shown above. The block
slides down the ramp and is moving with a speed 3.5v, when it collides with alarger block of mass 1.5M at rest at
the bottom of the incline. The larger block moves to the right at a speed 2 v, immediately after the collision. Express
your answers to the following questions in terms of the given quantities and fundamental constants.

(a) Determine the height h of the ramp from which the small block was released.

(b) Determine the speed of the small block after the collision.

(c) Thelarger block slides a distance D before coming to rest. Determine the value of the coefficient of kinetic
friction p between the larger block and the surface on which it slides.

(d) Indicate whether the collision between the two blocksis elastic or inelastic. Justify your answer.

2008B1B

A 70 kg woman and her 35 kg son are standing at rest on an ice rink, as shown above. They push against each other
for atime of 0.60 s, causing them to glide apart. The speed of the woman immediately after they separateis 0.55 m/s.
Assume that during the push, friction is negligible compared with the forces the people exert on each other.

(a) Calculate theinitial speed of the son after the push.

(b) Calculate the magnitude of the average force exerted on the son by the mother during the push.

(c) How do the magnitude and direction of the average force exerted on the mother by the son during the push
compare with those of the average force exerted on the son by the mother? Justify your answer.

(d) After theinitia push, the friction that the ice exerts cannot be considered negligible, and the mother comes to
rest after moving adistance of 7.0 m acrosstheice. If their coefficients of friction are the same, how far does the son
move after the push?
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2.0 m/fs
—

250 ke @ @5 200 ke

| 15m

Several students are riding in bumper cars at an amusement park. The combined mass of car A and its occupantsis
250 kg. The combined mass of car B and its occupantsis 200 kg. Car A is 15 m away from car B and moving to the
right at 2.0 m/s, as shown, when the driver decides to bump into car B, which is at rest.

(a) Car A accelerates at 1.5 m/s” to a speed of 5.0 m/s and then continues at constant velocity until it strikes car B.
Calculate the total time for car A to travel the 15 m.

(b) After the collision, car B movesto the right at a speed of 4.8 m/s.

i. Calculate the speed of car A after the collision.

ii. Indicate the direction of motion of car A after the collision.

____Totheleft_ Totheright __ None; car Aisat rest.

(c) Isthisan elastic collision?

____Yes___No

Justify your answer.

|
|
|
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Y
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Figure [

Fraure [

C1981IM 2. A swing seat of mass M is connected to afixed point P by a massless cord of length L. A child aso of
mass M sits on the seat and begins to swing with zero velocity at a position at which the cord makes a 60° angle
with the vertical is shown in Figurel. The swing continues down until the cord is exactly vertical at which time the
child jumps off in a horizontal direction. The swing continuesin the same direction until its cord makes a 45° angle
with the vertical as shown in Figure I1: at that point it beginsto swing in the reverse direction.

a) Determine the speed of the child and seat just at the lowest position prior to the child’' s dismount from the seat
b) Determine the speed if the seat immediately after the child dismounts
¢) Determine the speed of the child immediately after he dismounts from the swing?
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C1991M 1. A small block of mass 2minitially rests on atrack at the bottom of the circular, vertical
loop-the-loop shown above, which hasaradiusr. The surface contact between the block and the loop is
frictionless. A bullet of mass m strikes the block horizontally with initial speed v, and remains embedded
in the block as the block and bullet circle the loop.

Determine each of the following in terms of m, v, r, and g.

a

b.
C.
d

e.

The speed of the block and bullet immediately after impact

The kinetic energy of the block and bullet when they reach point P on the loop

The speed vmin Of the block at the top of the loop to remain in contact with track at all times

The new required entry speed v,,’ of the block and bullet at the bottom of the loop such that the conditionsin
part c apply.

The new initial speed of the bullet to produce the speed from part d above.
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C1992M 1. A ball of mass9m is dropped from rest from a height H = 5.0 meters above the ground, as shown above
on the left. It undergoes a perfectly elastic collision with the ground and rebounds. At the instant that the ball
rebounds, asmall blob of clay of mass misreleased from rest from the original height H, directly above the ball, as
shown above on the right. The clay blob, which is descending, collides with the ball 0.5 seconds later, which is
ascending. Assume that g = 10 m/s%, that air resistance is negligible, and that the collision process takes negligible
time.

Determine the speed of the ball immediately before it hits the ground.

Determine the rebound speed of the ball immediately after it collides with the ground, justify your answer.
Determine the height above the ground at which the clay-ball collision takes place.

Determine the speeds of the ball and the clay blob immediately before the collision.

If the ball and the clay blob stick together on impact, what is the magnitude and direction of their velocity
immediately after the collision?

Poo T
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Figure 1 Figure Il

C1993M 1. A massless spring with force constant k = 400 newtons per meter is fastened at itsleft end to a vertical
wall, asshownin Figure 1. Initially, block C (mass m. = 4.0 kilograms) and block D (mass mp = 2.0 kilograms)
rest on a horizontal surface with block C in contact with the spring (but not compressing it) and with block D in
contact with block C. Block C isthen moved to the left, compressing the spring a distance of 0.50 meter, and held
in place while block D remains at rest as shown in Figure 11. (Use g = 10 m/s.)

a. Determine the elastic energy stored in the compressed spring.

ot
>
=
L1 -]
(¥
o

Block Cisthen released and accelerates to the right, toward block D. The surface isrough and the coefficient of
friction between each block and the surface is u = 0.4. The two blocks collide instantaneously, stick together, and
move to the right. Remember that the spring is not attached to block C. Determine each of the following.

b. The speed v, of block C just before it collides with block D

c. The speed v; of blocks C and D just after they collide

d. Thehorizontal distance the blocks move before coming to rest

Ball of
Clay ,

wrrre—-

0.1 kg

C1994M 1. A 2-kilogram block is attached to an ideal spring (for which k = 200 N/m) and initially at rest on a
horizontal frictionless surface, as shown in the diagram above.

Inaninitial experiment, a 100-gram (0.1 kg) ball of clay is thrown at the 2-kilogram block. The clay is moving

horizontally with speed v when it hits and sticks to the block. The spring is attached to awall as shown. Asaresult,

the spring compresses a maximum distance of 0.4 meters.

a Calculate the energy stored in the spring at maximum compression.

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

c. Calculatetheinitial speed v of the clay.
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26 m/s

0.5 kg 5kg

20m =

SIS,

Note: Figure not drawn to scale.

C1995M 1. A 5-kilogram ball initially rests at the edge of a 2-meter-long, 1.2-meter-high frictionless table, as
shown above. A hard plastic cube of mass 0.5 kilogram slides across the table at a speed of 26 meters per second
and strikes the ball, causing the ball to leave the table in the direction in which the cube was moving. The figure
below shows a graph of the force exerted on the ball by the cube as a function of time.

2.5 '

2.0

Force
(= 107 N)

4.0 6.0 8.0 10,0
Time (% 107* 5)

a. Determine the total impulse given to the ball.
b. Determine the horizontal velocity of the ball immediately after the collision.
c. Determine the following for the cube immediately after the collision.
i. Its speed
ii. Itsdirection of travel (right or left), if moving
d. Determine the kinetic energy dissipated in the collision.
e. Determine the distance between the two points of impact of the objects with the floor.
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(g

0.60 kg

I— 0.90 kg

C1998M 1. Two gliders move freely on an air track with negligible friction, as shown above. Glider A has a mass of
0.90 kg and glider B has amass of 0.60 kg. Initialy, glider A movestoward glider B, whichisat rest. A spring of
negligible massis attached to the right side of glider A. Strobe photography is used to record successive positions of
glider A at 0.10 sintervals over atotal time of 2.00 s, during which time it collides with glider B.

Air Track

The following diagram represents the data for the motion of glider A. Positions of glider A at the end of each 0.10s

interval are indicated by the symbol A against a metric ruler. The total elapsed timet after each 0.50 sisalso
indicated.

Om 010 020 030 040 050 060 070 08 09 100 110 120 130m
Lot oo oo ottt el oo oot ol
1 A A A A ? A A A A TA A A f\ATAJ’\A.ﬂT

(1.00s 0.50s 1.00s 1.50s  2.00s ¢

a. Determinethe average speed of glider A for the following time intervals.
i.0.0st00.30s ii.0.90sto1.10s iii.1.70st0 1.90 s

b. Onthe axes below, sketch a graph, consistent with the data above, of the speed of glider A asafunction of
timet for the 2.00 sinterval.
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Use the data to calculate the speed of glider B immediately after it separates from the spring.

ii. On the axes below, sketch a graph of the speed of glider B as afunction of timet.

C.
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A graph of the total kinetic energy K for the two-glider system over the 2.00 sinterval has the following shape.

K, isthetotal kinetic energy of the system at time't

=0.

1 (s)

2.00

1.50

1.00

0.50

i. Isthe collision elastic? Justify your answer.

d.

ii. Briefly explain why there is aminimum in the kinetic energy curveatt=1.00 s.
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C1999M 1. In alaboratory experiment, you wish to determine the initial

speed of adart just after it leaves adart gun. The dart, of mass m, isfired

with the gun very close to a wooden block of mass M, which hangs from

acord of length | and negligible mass, as shown. Assume the size of the

block is negligible compared to |, and the dart is moving horizontally

when it hits the left side of the block at its center and becomes embedded

init. The block swings up to a maximum angle from the vertical. Express

your answers to the following in terms of

m, Mo, |, 0, @nd g.

a. Determine the speed v,, of the dart immediately before it strikes the
block.

b. Thedart and block subsequently swing as a pendulum. Determine the
tension in the cord when it returns to the lowest point of the swing.

c. Atyour lab table you have only the following additional equipment.

Meter stick Stopwatch
5m of string Five more blocks of mass My

—_—

- —
m

Set of known masses

Spring

4]

Protractor

Without destroying or disassembling any of this equipment, design another practical method for determining the
speed of the dart just after it leaves the gun. Indicate the measurements you would take, and how the speed could be

determined from these measurements.

Motion Force
Sensor Sensor
[} — (]
00— 50 —r—
| | 1 | 1 \ | | 1 L :
| 1 1 h | | 1 i |
7 02077 -r o1k s g 404--1--+-
£ Lo R = Lo
R L e e e e e o 304--t--r--
. | | 1 ] | 3 ) 1 | | 1
S-S 1 O S N S A S S S N R0 1 PR T
) | : 1 1 : F : 1 o | :
v b N L Lo
> =0.101--7-=b-mm a1\ 104--7--+-
PP I R A e ——— ol
030 032 034 036 038 040 030 0.32
Time £ (5) Time 1 (s)

2001M 1. A motion sensor and aforce sensor record the motion of a cart along atrack, as shown above. The cart is
given apush so that it moves toward the force sensor and then collides with it. The two sensors record the values
shown in the following graphs.

a. Determine the cart's average acceleration betweent = 0.33sandt = 0.37 s.

b. Determine the magnitude of the change in the cart's momentum during the collision.

c. Determine the mass of the cart.

d. Determine the energy lost in the collision between the force sensor and the cart
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C2003M 2.

An ideal massless spring is hung from the ceiling and a pan
suspension of total mass M is suspended from the end of the spring.
A piece of clay, also of mass M, isthen dropped from a height H
onto the pan and sticks to it. Express all algebraic answersin terms
of the given gquantities and fundamental constants.

(a) Determine the speed of the clay at the instant it hits the pan.

(b) Determine the speed of the pan just after the clay strikesit.
(c) After the collision, the apparatus comes to rest at a distance H/2
below the current position. Determinethe spring constant of the OM
attached spring. t
H
. S
1 M
C2004M 1.
b L
ny K. A rope of length L is attached to a support at point C. A

the other end of the rope so that it is horizontal and taut,
as shown. The person then drops off the ledge

and swings down on the rope toward position B on a
lower ledge where an object of massm, is at rest. At

-
C
A o) I"! person of mass m; sits on aledge at position A holding
i
|
|
| position B the person grabs hold of the object and

~~1) 1tq simultaneously lets go of the rope. The person and
i1 object then land together in the lake at point D, whichis
avertical distance L below position B. Air resistance
I and the mass of the rope are negligible. Derive

expressions for each of the following in terms of
m¢, My, L, and g.

(8) The speed of the person just before the collision with the object

(b) The tension in the rope just before the collision with the object

(c) The speed of the person and object just after the collision

(d) The total horizontal displacement x of the person from position A until the person and object land in the
water at point D.
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ANSWERS - AP Physics Multiple Choice Practice — Momentum and | mpulse

10.

11.

12.

13.

14.

15.

16.

17.

Solution
Based on Ft = mAv, doubling the mass would require twice the time for same momentum change
Two step problem.
1) find velocity after collision with arrow. I1) now use energy conservation. K; = Ugy
MaVa = (My+my Vi v = mv/ (m+M) Yo (m+M)v% = Y2k Ax?, subin vy from |

UseJ=Ap Ft=Ap (100)t=200 t=2
Definition. Impulse, just like momentum, needs a direction and is a vector
Since p=mv, by doubling v you also double p

Since the momentum is the same, that means the quantity m;v,; = m,v,. This meansthat the
mass and velocity change proportionally to each other so if you double m; you would have
to double m, or v, on the other side as well to maintain the same momentum. Now we
consider the energy formula K E= ¥ mv? sincethe v is squared, it is the more important term
to increase in order to make more energy. So if you double the mass of 1, then double the
velocity of 2, you have the same momentum but the velocity of 2 when squared will make a
greater energy, hence we want more velocity in object 2 to have more energy.

Due to momentum conservation, the total before is zero therefore the total after must also be zero
Definition. J.g = Ap

Perfect inglastic collision. mqvy; + Mavy = Mg(Vs) ... (75)(6) + (100)(-8) = (175) v;

Perfect inglastic collison. mqvy; = My (vy) ... (30)(4) = (40)v¢

Perfect inelastic collision. mvy; = Mg (V4) ... (5000)(4) = (13000)v;

Energy is conserved during fall and since the collision is elastic, energy is also conserved during
the collision and always has the same total value throughout.

To conserve momentum, the change in momentum of each mass must be the same so each must
receive the same impulse. Since the spring isin contact with each mass for the same
expansion time, the applied force must be the same to produce the same impul se.

Momentum is equivalent to impulse whichis Ft
Use J=Ap J=mv; —my; J=(0.5)(-4) — (0.5)(6)
Perfect inelastic collision. myvy; = My (Vs) ... (2mM)(v) = (5m) v¢

First of al, if the kinetic energies are the same, then when brought to rest, the non conservative
work done on each would have to be the same based on work-energy principle. Also, since
both have the same kinetic energies we have Y2 m;v,? = %2m,v,° ... since the velocity is
sguared an increase in mass would need a proportionally smaller decrease in velocity to keep
the terms the same and thus make the quantity mv be higher for the larger mass. This can be
seen through example: |f mass m; was double mass m; its velocity would be v / V2 times in
comparison to mass m,’svelocity. So you get double the mass but less than half of the
velocity which makes alarger mv term.

0 O O 0O

o » >

m
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18. Perfectinglastic collison. myvy = Mye(Vs) ... (M)(V) = (3m) v;

19. Perfectinelastic collison. mqvy = Myg(vy) ... (1200)(7) = (2800)v¢

20. Explosion. ppeore = 0= Paster --- 0 =MV + Myvy ... 0= (50)(vy) + (2)(10)
21. Since p=mv and both p and v are vectors, they must share the same direction

22.  Explosion, momentum before is zero and after must also be zero. To have equal momentum the
heavier student must have a much smaller velocity and since that smaller velocity is squared
it has the effect of making the heavier object have less energy than the smaller one

23. UseJ=Ap Ft=mvi-mv; Ft=m(v¢—vVv;) ... note: since misnot given we will plugin
F4/ gwith g as 10 to be used in the impul se equation.
(24000)(t) = (15000 / 10m/s? ) (36-12)

24, Thisisarather involved question. First find speed of impact using free fall or energy. Define up
as positive and Let v, = trampoline impact velocity and v, be trampoline rebound velocity.
With that v, = V80 and v, = —V80. Now analyze the impact with the pad using J & =Ap
Fre t=mv, —mv; At thispoint we realize we need the time in order to find the F, and
therefore cannot continue. |If the time was given, you could find the F.¢ and then use
Fret = Fpag — Mg to find Fpg.

25. Based on momentum conservation both carts have the same magnitude of momentum “mv” but
based on K = % m v the one with the larger mass would have a directly proportional smaller
velocity that then gets squared. So by sguaring the smaller velocity term it has the effect of
making the bigger mass have less energy. This can be shown with an example of one object
of mass m and speed v compared to a second object of mass 2m and speed v/2. The larger
mass ends up with less energy even through the momenta are the same.

26. UseJAp Ft=mvi—mv; Ft=m(vi—vV;) F (0.03) = (0.125)(—6.5-4.5)

27. Momentum conservation. Puefore = Pater M1V1i = M1V + Myvy (0.1)(30) = (0.1)(20)+(m,)(2)

28. Perfectinelastic collision. myvy + Movy = Mg (Vy) ... (2000)(10) + (3000)(-5) = (5000) v¢

29. Kinetic energy has no direction and based on K = % m v? must always be +

30. A 2d collision must be looked at in both x-y directions always. Since the angle is the same and
the v isthe same, v, is the same both before and after therefore there is no momentum
changeinthey direction. All of the momentum change comes from the x direction.
Vix = v cos 0 and v¢, =—v cos 0. Ap = MV¢y —MVjy ... —mv cos O —mv cos 0

31. Explosion. pueore = 0= Paster --- 0=MyVy + MoV ... 0=(7)(vy) + (5)(0.2)

32. Inacircle at constant speed, work is zero since the force is parallél to the incremental distance
moved during revolution. Angular momentum is given by mvr and since none of those

quantities are changing it is constant. However the net forceisNOT = MR, its MV¥/R

33. Since the momentum before is zero, the momentum after must also be zero. Each mass must
have egqual and opposite momentum to maintain zero total momentum.

34. Inaperfect inelastic collision with one of the objects at rest, the speed after will always be less
no matter what the masses. The ‘increase’ of massin ‘mv’ is offset by a decrease in velocity
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35.

36.

37.

38.

39.

40.

41.

42,

43.

45.

46.

47.

48.

49,

50.

51.

52.

Since the total momentum before and after is zero, momentum conservation is not violated,
however the objects gain energy in the collision which is not possible unless there was some
energy input which could come in the form of inputting stored potential energy in some way.

The plastic ball is clearly lighter so anything involving massis out, this leaves speed which
makes sense based on free-fall

Perfect inglastic collision. myvy; = Myg(Vs) ... (M)(V) = (M+M) v¢

As the cart moves forward it gains mass due to the rain but in the x direction the rain does not
provide any impulse to speed up the car so its speed must decrease to conserve momentum

Angular momentum is given by the formula L = mvr = (2)(3)(4)

2D collision. Analyzethey direction. Before p, = 0 so after p, must equal O.
0=myVyy + Mavy, 0=(0.2)(1) + (0.1)(V 2y)

Momentum increasesif velocity increases. Inad-t graph, 11 shows increasing slope (velocity)
The net forceis zero if velocity (slope) does not change, thisis graphs| and Il

Since the impulse force is applied in the same direction (60°) as the velocity, we do not need to
use components but use the 60° inclined axis for the impulse momentum problem. In that
direction. J=Ap J=mv; —mv; = m(v; —v;) =(0.4)(0-5)

Initially, before the push, the two people are at rest and the total momentum is zero. After, the
total momentum must also be zero so each man must have equal and opposite momenta.

Since the initial object was stationary and the total momentum was zero it must also have zero
total momentum after. To cancel the momentum shown of the other two pieces, the 3m
piece would need an x component of momentum p, = mV and ay component of momentum
py, =mV giving it atotal momentum of V2 mV using Pythagorean theorem. Then set this
total momentum equal to the mass * velocity of the 3" particle.

V2 mV = (3m) V 3 and solve for V g

None of the statements aretrue. ) itisaccelerating soisnot in equilibrium, I1) Its acceleration is
—9.8 at al times, 111) Its momentum is zero because its velocity is momentarily zero, IV) Its
kinetic energy isalso zero since its velocity is momentarily zero.

Its does not matter what order to masses are dropped in. Adding mass reduces momentum
proportionally. All that mattersis the total mass that was added. This can be provided by
finding the velocity after the first drop, then continuing to find the velocity after the second
drop. Then repesating the problem in reverse to find the final velocity which will come out
the same

Stupid easy. Find slope of line

Increase in momentum is momentum change which

Basic principle of impulse. Increased time lessens the force of impact.

Explosion. peeore = 0 = Paster --- 0=MyVys + Muvy ... 0=my(5) + m,(—2)

Perfect inelastic collision. myvy; + Myvy = Mg (Vs) ... MV + (= 2Mv) = (3M) v; gives vy = v/3.

Then to find the energy loss subtract the total energy before — the total energy after
[ YaMV? + ¥ (2MWV? ] =% (BM) (V/3)* = 3/6 MV* + 6/6 MVv® — 1/6 MV?
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53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

250

2D collision. They momentums are equal and opposite and will cancel out leaving only the x
momentums which are also equal and will add together to give atotal momentum equal to
twice the x component momentum before hand. Ppefore = Paiter 2MoVoCOSB0 = (2My) Vs

Angular momentum is given by L = mvr = mva
Perfect inelastic collision. myvy; = Mg (Vs) ... (4)(6) = (8)v¢
Perfect inglastic collision. myvy; = Myge(Vs) ... (8)(3) = (12)v¢

First use the given kinetic energy of mass M1 to determine the projectile speed after.
K=1Mvy? ... vir = V(2K/M ;) . Now solve the explosion problem with pueore=0 = Pafter-
Note that the mass of the gunisM,—M, since M, was given as the total mass.
0=Myvyg +(Mo—M)vy ... now sub in from above for vy .

M1(V2K/M;)) == (M,-M;) vy and find vy ... vy = —Mi(NVQ2K/M;)) / (Mo-M;) .
Now sub thisinto K, = % (M ,—M ) v and simplify

Since there isno y momentum before, there cannot be any net y momentum after. The balls have
equal masses so you need the y velocities of each ball to be equal after to cancel out the
momenta. By inspection, looking at the given velocities and angles and without doing any
math, the only one that could possibly make equal y velocitiesis choice D

Definition. J.g = Ap Fra t=Ap

Explosion with initial momentum. Ppefore = Parter MV, = MaVg + MpVig
mMv, = (2/5m)(=Vy/ 2) + (3/5mM) (Vi) ... solvefor vy

The area of the Ft graph is the impul se which determines the momentum change. Since the net
impulse is zero, there will be zero total momentum change.

Perfect inelastic collision. myvy; + Mavy = Mg (V) ... (M)(V) + (2m)(v / 2) = (3m)v;

The total momentum vector before must match the total momentum vector after. Only choice E
has a possibility of aresultant that matchesthe initial vector.

Since the angle and speed are the same, the x component velocity has been unchanged which
means there could not have been any x direction momentum change. They direction
velocity was reversed so there must have been an upwards y impulse to change and reverse
the velocity.

Simply add the energies ¥ (1.5)(2)° + ¥ (4)(1)*

Total momentum before must equal total momentum after. Before, there is an x momentum of
(2)(1.5)=3 and ay momentum of (4)(1)=4 giving atotal resultant momentum before using
the Pythagorean theorem of 5. Thetotal after must also be 5.

Just as linear momentum must be conserved, angular momentum must similarly be conserved.
Angular momentum is given by L = mvr, so to conserve angular momentum, these terms
must all change proportionaly. In thisexample, as the radius decreases the velocity
increases to conserve momentum.



68.

69.

70.

71.

72.

73.

To find the breaking force, use impulse-momentum. J=Ap Ft=mv¢ —my;
F (5) = 0—(900)(20) F=-3600N

- V. +V
The average velocity of the car while stopping is found with V = ' f

=10m/s

Then find the power of that force P = Fv = (3600)(10) = 36000 W

Each child does work by pushing to produce the resulting energy. Thiskinetic energy isinput
through the stored energy in their muscles. To transfer this energy to each child, work is
done. The amount of work done to transfer the energy must be equal to the amount of
kinetic energy gained. Before hand, there was zero energy so if we find the total kinetic
energy of the two students, that will give usthe total work done. First, we need to find the
speed of the boy using momentum conservation, explosion:

Poefore = 0= Pater 0= My, + Mgvg 0= (M)(vp) = (2M)(vg) SOV, =2V
Now we find the total energy Ky = Kj, + Ky = %2 m(2v)? + ¥ 2m(v)? = 2mv? + mv? = 3mv?

Since it isan elastic collision, the energy after must equal the energy before, and in all collisions
momentum before equals momentum after. So if we simply find both the energy before and
the momentum before, these have the same values after aswell. p =My, K = % MV?

The area under the F-t graph will give the impulse which is equal to the momentum change.
With the momentum change we can find the velocity change.
J=area=6 Then J= Ap = mAv 6 = (2Av Av=3m/s

Thisisa 2D collision. Before the collision, thereis no y momentum, so in the after condition the
y momenta of each disk must cancel out. In choice B, both particles would have Y
momentum downwards making anet Y momentum after which isimpossible.

Thisisthe same as question 30 except oriented vertically instead of horizontally.
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AP Physics Free Response Practice — Momentum and | mpulse — ANSWERS

1976B2.
a) Apply momentum conservation. Pueore = Pater mMvo = (M)(Vo/3) + (4m)(vso) Vis=V,/6
b) KEf —KE;, = Yamvyi—%m(Ve/3)? = 4/9mv,>

O KE = % (4m)(vo/6)*> = 118 mv,?

1978B1.
- o 2 2H
a) Projectile methods. Findtiny direction. dy = vt +%at® t= |—
g
. . 2H
Dis found withv, =d, / t D =v,t Vo . [—
g

b) Apply momentum conservation in the x direction. Peeorepy = Patery = M1Vo= (M1+M2)vy Vi =Mqvg /
(M1+M>)

1981B2.

a) The work to compress the spring would be equal to the amount of spring energy it possessed after compression.
After releasing the mass, energy is conserved and the spring energy totally becomes kinetic energy so the
kinetic energy of the mass when leaving the spring equal's the amount of work done to compress the spring
W=%mv? =% (3) (10)>=150J

b) Apply momentum conservation to the explosion
Pbefore = 0 = Pagter 0=myvys + mMpVy 0=(2)vir + Qv Vir = 3V

Apply energy conservation ... all of the spring energy is converted into the kinetic energy of the masses
150J=K, + K, 150 = Yamvy? + Yamvy> sub in above for v
150 = % (1)(3var)* + % (3)(Var)’

Vy =5 m/s vy =15 m/s

1983B2.

a) Apply momentum conservation perfect inelastic. Puesore = Pafter 2Mv, = (BM)v;  vf =2/3 v,

AMv,°
3k

b) Apply energy conservation. K=Ug Y (3M)(2/3 V,)? = Yo k AX?
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1984B2.

a) Before the collision thereis only an x direction momentum of massM; ... px = myvy, = 16, all therest are 0
After the collision, M hasy direction momentum = m;vys, = 12 and M, has x and y direction momentums.
Using trig to find the x and y velocities of mass M, ... v, =5c0s37 =3, andv, =5sin37 =3.75.

Then plug into mv to get each x and y momentum after.

M 1= 1 kg M 2= 4 kg
Px (kg m/s) py (kg m/s) Px (kg m/s) py (kg m/s)

Before 16 0 0 0
After 0 -12 16 12
b) SUM = 16 -12 16 12

When adding x’ s before they = x’ s after 16=16, when adding y’ s before they equal y’s after |-12|=12
¢) Kinetic Energy Before Kinetic Energy After

K=% mlvlixz K=% mlvlfyz + 14 |'T]2V22

K =% (1)(16)> = 128J K =% (1)(12)* + %2 (4)(5)* = 122 J

d) From above, K is not conserved.

1985B1.
a) Apply momentum conservation perfect inelastic.  Puefore = Pafter myvy = (MM Vi =15m/s
b) KEi / KE;  Yamvy?/Ya(m+M)vf? = 667

¢) Apply conservation of energy of combined masses K=U % m+M=(m+M)gh h=011m

1990B1.
a) Apply momentum conservation perfect inelastic. Ppeore = Pafter myVv, = (101m)vs Vi =V, /101
b) AK = K; —K; = % (101m)vi® - Yamv,® = %2 (101m)(v/101)2 — ¥amv,2 = —(50/101) mv,>

o T , 2h
c) Using projectile methods. Find tiny direction. d, = vt +%at”™ t= |—

g
. _ vV, [2h
Dis found withv, =d, / t D=v,t — |—
101\ g

d) The velocity of the block would be different but the change in the x velocity has no impact on thetime in the y
direction due to independence of motion. vy isstill zero so t is unchanged.

€) Intheinitial problem, all of the bullets momentum was transferred to the block. In the new scenario, thereisless
momentum transferred to the block so the block will be going slower. Based on D = v,t with the same time as
before but smaller velocity the distance x will be smaller.
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1992 B2.

a) Apply momentum conservation perfect inelastic. Puesore = Pafter
myVvy = (My+my)vy (30)(4) = (80)v; vi=15m/s

b) K= % (my+m,) v;? = % (80)(1.5)> = 90 J

¢) Apply momentum conservation explosion.
Poefore = Pafter (M1+mM)v = myVys + MyVy (80)(1.5) =0+ (S0)vyx vy =24m/s

d) K = Yamyvy? = Y2 (50)(2.4)% = 144 J

€) By inspection the energy in d is greater. The energy increased due to an energy input from the work of the child's
muscles in pushing on the sled.

1994 B2.
a) Apply energy conservation top to bottom. U=K mgh=%mv? (gR)=%V? v=,20R
b) Apply momentum conservation

20R
Poefore = Parter MaVa = (ma+mb)vf M(\j ZQR) = 2MVf Vi = Tg

¢) Theloss of the kinetic energy is equal to the amount of internal energy transferred

A/ 20R
AK =K —K; =%22M (Tg)z—l/zM (+/20R)? = —MgR/2lost 9 MgR/2interna energy gain.

d) Find the remaining kinetic energy loss using work-energy theorem which will be equal the internal energy gain.
W, =AK —fd= —pF,d = —p(2m)glL = -2 uMgL,, kinetic loss = internal E gain = 2uMgL

1995 B1.
a i)p=mv =(0.2)(3) = 0.6 kg m/s
i) K =% mv? =1(0.2)(3)°=0.9J

b) i.) Apply momentum conservation Poefore = Parter = 0.6 kg m/s
ii) First find the vel ocity after using the momentum above
0.6 = (1.3+0.2) v vi=0.4m/s K =% (my+m,) vi? = % (1.3+0.2)(0.4)* = 0.12 J

c) Apply energy conservation K=Ug 0.12 J=%kAx* =% (100) Ax*  Ax=0.05m
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1996 B1.
) Prot = M(3Vo) + (M)(Vo) = 4mv,
b) i) Apply momentum conservation perfect inelastic. Poetore = Pater
AMv, = (mg+m,)vs AMv, = (2M) v¢ Vi = 2V,
ii) Sincethey are both moving right they would have to be moving right after
c) i) Apply momentum conservation Presore = Pater
AMV, =MV + MoVy  4AMv, = Mg + M(2.5v,) Vg =15V,
ii) Asbefore, the would have to be moving right.

d) AK = K —K; = (2mava® + Y mpV2) — (Yamava® + YampVy?) = 4.25 Mve2—5Mv,? = —0.75 Mv,?

1997 B1.

a) Theforceis constant, so simple Fnq = maissufficient. (4) = (0.2) aa= 20 m/s’

b) Used=vit +%at?  12=(0) + %2(20) t* t=1.1sec
c)W=Fd W=(4N)(12m)=48J
d) Using work energy theorem W =AK (Ki=0) W = Kf —Ki
W = m v;?
Alternatively, usev; = v;*+ 2 ad 483 =(0.2) (v¢?) vi =21.9m/s

€) The area under the triangle will give the extrawork for thelast 8 m
% (8)(4) =163 + work for first 12 m (48J) = total work done over 20m=64J

Again using work energy theorem W =Ymvy? 64 J=1(0.2) v¢ vi =25.3m/s

Note: if using F = maand kinematics eguations, the acceleration in the last 8 m would need to be found using
the average force over that interval.

f) The momentum change can simply be found with Ap = mAv = m(v¢ —v;) = 0.2 (25.3-21.9) = 0.68 kg m/s

2001B2.

a) Apply momentum conservation Ppefore = Pafter
MaVg = MaVyg + MpViy (0.2)(1.4) = (0.2)(-0.7) + (0.5)v s Vi = 0.42 m/s

b) Using projectile methods. Find tiny direction.  d, =vi,t+%at® -12m=0+%(-9.8)t* t=0.49
Dis found with v, = d, /t D = v,t (0.42)(0.49) D=02m

¢) The time of fall isthe same as before since it’s the same vertical distance. t =0.49 s
The velacity of ball C leaving the table can be found using projectile methods. v, =d/t=0.15/0.49 = 0.31 m/s

d) Looking that the y direction. pyetore) = Py(after)
0=pay —Pey 0=py —McVg 0= pgy —(0.1)(0.31)sin30 Pay = 0.015 kg m/s
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2002B1.

a)
1. 1. 11.
HEngine force “Famchute force
“ Weight ﬂ Weight ﬂ Weight
b) Jengine = Feng t (20) = Feng ()] Feng=10N
Fre = Ma (Feng—Mg)=ma (10— 0.25(9.8))=(0.25)a a=30m/s

¢) Find distancetraveled in part (i) d; =v;t + Y2at? = 0 + %2 (30)(2)* = 60 m
Find distance in part (ii) free fall.

first find velocity at end of part (i) = v; for part ii then find distance traveled in part i
Vi = Vg + ayty = (0) +(30)(2) = 60 m/s Var® = vy *+2gd, = (60)% + 2(-9.8)(dy)
d2 =184 m
dtotal =244 m
d) Find timein part ii. Vo =Vy + gt 0=60+-9.8t t=6.1s
then add it to the part | time (2 s) total time =» 8.1 sec
2002B1B

a) The graph of force vstime uses area to represent the | mpulse and the impul se equals change in momentum.
Area= 2 x ¥2bh = (0.5 ms)(10kN). Milli and kilo cancel each other out. Area=5Ns=J

VERY IMPORTANT — Based on the problem, the force given and therefore impulse is actually negative
because the graph is for the 2 kg cart and clearly the force would act opposite the motion of the cart.

J=Ap=mvi—mv; (-5)=(2)(vs) —2(3) vs =0.5m/s (for the 2 kg cart)

b) Apply momentum conservation Poefore = Pafter
MaVar = MaVor + MoV (2(3) = (2)(05) +(M)(1.6) m, = 3.125 kg

c) slope = acceleration = Ay / Ax = (0.5 — 1.6) / (3.5—3) =—0.73 m/s’

d) distance = area under line, using four shapes.
0-2 rectangle, 2-3.5 triangle top + rectangle bottom, 3.5-5, rectangle = 5.5 m

€) Since the acceleration is negative the cart is slowing so it must be going up the ramp. Use energy conservation to

find the max height. Kpy = Uygp vmi=mgh %(1.6)°=(9.8) h h=0.13m
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2006B2B.

a) Apply energy conservation

Uiop = Kpottom
mgh = %2 m v2 Mgh= % (M) (3.5v,) > h=6.125v.*/ g
b) Apply momentum conservation Poefore = Pafter
MaVa = MaVer + MpVi (M)(3:5vo) = (M)v + (L5M)(2v,) Var =¥2Vo

©) We = AK (K4-Kj) Ki=0
—f, d=0—"% (LEM)(2v,)>?

e (L5 M) g (d) = 3Mv,’ Hk = 2Vo7/ gD
d) Compare the kinetic energies before and after
Before After
K =M (3.5v,) YoM (Y2vo)? + %2 (1.5M)(2v,)?>  thereare not equal so itsinelastic
2008B1B.
a) Apply momentum conservation to the explosion Poefore = O = Patter
0=myvy + MpVy 0= (70)(— 055) + (35)(be) v = 1.1 m/s
b) Jon = Apsn Fon-sont = M(vs — V) F (0.6) =(35)(0-1.1) = F=-64N

¢) Based on newtons third law action/reaction, the force on the son must be the same but in the opposite direction as
the force on the mother.

d) Ontheson Wy = AK —fld=%mvii—%mvi? —umgd=%m(0-~v?) d=vi?/ (2

This would be the same formula for the mother’s motion with a different initial velocity. Since the mass
cancels out we see the distance traveled is proportional to the velocity squared. The boy moves at twice the
speed of the mother, so based on this relationship should travel 4 x the distance. The mother traveled 7 m so the
son would have a sliding distance of 28 m.

(Alternatively, you could plug in the numbers for the mother to solve for u and then plug in again using the
same value of p and the sons velocity to find the distance. p is the same for both people.)

2008B1.

a) First determine thetimeto travel whilethe car accelerates. vy =vy+ait; (5)=(2)+(15t; t;=2sec
Also determine the distance traveled while accelerating d; = vty +%2a:t,2  dy = (2)(2) + % (L.5)(2)*=7m

Thisleaves 8 m left for the constant speed portion of the trip.
The velocity at the end of the 7m is the average constant vel ocity for the second part of the trip
Vo =dy/ts 5=8/t, t, = 1.6 sec = total time=t; +t, = 3.6 seconds
b) i) Apply momentum conservation Poefore = Pafter
MaVa = MaVyg + MpVis (250)(5) = (250)v4 + (200)(4.8) vg=1.2m/s
ii) Since the velocity is + the car is moving right

¢) Check kinetic energy before vs after
K; = %2 (250)(5)% = 3125 J K =¥ (250) (1.2)? + ¥ (200)(4.8)* = 2484 J

Since the energies are not the same, it isinelastic
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C1981M2.

L
A
L cos 6
L
L —L cos GI
v
8 Ui =Kot b) Use the max rise height on the opposite site to find the seats speed
mgh = % mv? Koot =Uip  ¥2mv? =mgh
Vz\/Zg(L—Lcos60) Vz\/ZQ(L—LCOS45)

V= 29(L—%) V=\/29(L—%)

v=,0dL 2
v= 29L(1—% v=ygL (2-+2)

¢) Apply momentum conservation Poefore = Poafter

Mava = Mave + My (2MyOL = mv, +mi/ol 2-2) = \/E[z-w/(z-\/i))

C1991M1.
(a) Apply momentum conservation perfect inelastic Poefore = Pafter
mv, = (M+2m) v; Vi=Vo/3

(b) Apply energy conservation.
Kottom = Up + Kp Ya meot2: mgh,, + K,
Y53m (vo/3)> = 3mg(r) + K, K, = mv,?/6 — 3mgr

(c) The minimum speed to stay in contact is the limit point at the top where F,, just becomes zero. So set F,=0 at the
top of the loop so that only mg is acting down on the block. The apply Fre(c)

Frec) = MV / 3mg=3mV?/r v =rg

(d) Energy conservation top of loop to bottom of loop
Uigp + Kiop = Kot

mgh + Y2 M Vigy” = Y2 M Vior” g(2r) + %2 (\rg)? = 2 (vo')? vV, =./bgr

(e) Apply momentum conservation, perfect inelastic with v; as the speed found above and v; unknown

Poefore = Poafter mvy’ = (M+2m) v; Vp' =3vp = v, =3,50r
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C1992M 1.
a) Uip = Kpor mgh=%mv?  (10)(5) =%Vv?* v=10m/s

b) Sincethe ball hitsthe ground elastically, it would rebound with a speed equal to that it hit with 10 m/s

c) Freefall of clay d=vit + ¥ gt = 0 + ¥ (-10)(0.5)
d =-1.25 m displaced down, so height from ground would be 3.75 m
d) Clay freefall (down) V¢ = V; + gt =0 +(-10)(0.5) =-5 m/s speed =5 m/s
Ball freefall (up) V¢ =V; + gt =10+ (-10)(0.5) =5 m/s speed =5 m/s
e) Apply momentum conservation perfect inelastic Poefore = Poafter
MgV + MpVp = (Mgtmy) Vs (9M)(5) + (M)(-5) = (10m) v; vs =4 m/s, up (since +)

C1993M 1. - since there is friction on the surface the whole time, energy conservation cannot be used
) Ug = Y2k Ax® = % (400)(0.5)*=50J
b) Using work-energy Wie = AUg + AK = (Ugn—Ugp) + (Kt —Kj)

—f,d=(0-503) + (¥%mv;?-0)
—pmgd="%mv{®—50

—(0.4)(4)(9.8)(0.5) = ¥2 (4)(v?) — 50 v, = 4.59 m/s
¢) Apply momentum conservation perfect inelastic Poefore = Pafter
MyVe= (Me+my) V¢ (4)(4.59) = (4+2) v¢ v¢ = 3.06 m/s
d) Wnc = (Kf - Ki)
—fid = (0-%2mv;?) —umgd=—-%my;? (0.4)(6)(9.8) d = ¥ (6)(3.06)? d=1.19m

C1994M 1.
a) Ug = Y2k Ax® = % (200)(0.4)* = 16 J

b) Apply energy conservation K before compression — u sp-after compression

Yo (My+my) V2 = Ug, %(0.1+2) v = 16 v=39m/s
) Apply momentum conservation perfect inelastic Poefore = Poafter
MyV4= (Ma+my) V¢ (0.2) v4 =(0.2+2) (3.9) vz =81L9m/s
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C1995M 1.
a) Inthe F vst curve the impulseisthe area under the curve. Areaof triangle + rectangle + triangle = 12 Ns
D) Jonbait = APpar J=M(Vr = V) 12=5(vp—0) vy =2.4m/s

¢) i) Due to action reaction, the force on the cube is the same as that on the ball but in the opposite direction so the
impulse applied to it is—12 Ns. Joncuve = APape J=M(Vg —Vg) —12=0.5(vs—26) Vg =2NM/s

ii) since +, moving right
d) Yamvg?+Yamvyl—Yamvgl=154J

€) Using projectiles ... both take same time to fall since v, = 0 for both and distance of fall same for both
dy =vit+%gt, -12=0+%(-98t t=05sec

Each d, isfound using d, = v,t for each respetive speed of cube and ball.
Gives dy(cube) = 1m dy(ball) =1.2m so they are spaced by 0.2 m when they hit.
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C1998M 1.

i) 1 m/s ii) 0.6 m/s iii) 0.2 m/s

d/t for each interval

a) usev

b) Based on the pattern of the A shapes of the ruler we can see the glider moves at a constant speed up until 0.70 s

where the spacings start to change and it decelerates up until around the 1.3 second time where the speed

becomes constant again. So the first constant speed istheinitia velocity of the glider (1 m/s) and the second

constant speed isthe final velocity of the glider after the collision (0.2 m/s)

u(m/s)
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c)) i) Apply momentum conservation

1.2m/s

Vi

(0.9)(1) = (0.9)(0.2) + (0.6)(Vey )

MaVa = MgV + MpVips

ii) Glider B isat rest up until 0.7 seconds where the collision accelerates to afinal constant speed of 1.2 m/s

i

-

('}

0.50

(s}

2

ii) The kinetic energy becomes a minimum because the energy is momentarily transferred to the spring

i) The collision is elastic because the kinetic energy before and after isthe same

d)
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C1991M 1. - The geometry of this problemis similar to C1981M2 in this document.

a) First determine the speed of the combined dart and block using energy conservation.
Koot = Utop
Y%mv? = mgh Then apply momentum conservation bullet to block collision

vV =4/2g(L - L cos6)

VvV =,/2gL(1- cosH)

perfect inglastic ... Poefore = Paiter

Mve= (M+M) v Vv, = wJ 2gL(1- cosd)

b) Apply Freq = mv?/ r, at the lowest point (tension acts upwards weight acts down)
F.—mg = mv¥r F. = m(g+v¥r)  substitute v from above

Fi = (mtMg) (g+2g9L(1—cos0)/L) = (m+M,)(g+29—2gcosB) =(mM+tM,)g(3—2cosH)

¢) One way would be to hang the spring vertically, attach the five known masses, measure the spring stretch, and use
these results to find the spring constant based on F=kAx. Then attach the block to the spring and measure the
spring stretch again. Fire the dart vertically at the block and measure the maximum distance traveled. Similar
to the problem above, use energy conservation to find theinitial speed of the block+dart then use momentum
conservation in the collision to find the dartsinitial speed.

C2001M 1.
a) Pick velocity fromthe graph and usea= (v —v; ) /t a=-10m/s

b) The area of the force time graph gives the impul se which equal s the momentum change. Y ou can break the graph
into three triangles and 1 rectangle and find the area = 0.6 Ns = 0.6 kg m/s of momentum change

¢) Using the value above. Ap=m ( v —V;) —-0.6=m(-0.22-0.18) m=15kg.
The force sensor applies a— momentum since it would push in the negative direction as the cart collides with it.

d) AK =K —K; = ¥amvi? — Y% mv;? = %2 (1.5) (0.18° - 0.22%) = —0.012J

C2003M 2.
a) Apply energy conservation  Uygp = Ky mgh=%mv? v=,/2gH
b) Apply momentum conservation perfect inelastic Poefore = Pafter

Mvgz= (M+M) v; M (+/ 2gH ) = 2Mv; Vi = %1[ 2gH

¢) Even though the position shown has an unknown initial stretch and contains spring energy, we can set thisasthe
zero spring energy position and use the additional stretch distance H/2 given to equate the conversion of kinetic
and gravitational energy after the collision into the additional spring energy gained at the end of stretch.

Apply energy conservation K + U = Ug (gaineq) Yo mv?+ mgh = % k Ax?
Plug in mass (2m), h = H/2 and Ax = H/2 > Y5 (2m)V? + (2m)g(H/2) = Y2 k(H/2)?
plug in v; from part b m(2gH/4) + mgH = kH%/8 ....

Bothsides* (/H) = mg/2+mg=kH/8 => 3/2 mg=kH/8 k=12mg/H
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C2004M 1.
a) Energy conservation with position B set ash=0. U, =K, V, =4/20L

b) Forces at B, F; pointing up and mg pointing down. Apply Fre

Fret) = M1V / 1 Fi—mig=my(29L) /L F.=3myg
) Apply momentum conservation perfect inelastic Poefore = Poafter
MV 3= (M1 +My) Ve vi= ————4/20L
(m, + mz)

d) Projectile. First find timeto travel from B to D using the y direction equations
dy=viyt+%gt? L=0+gt®/2

2L /
t=_|— Thenusevy=ds/t d, =———,/290
g (rnl+m2) g (mNLmz)

The dx found is measured from the edge of the second lower cliff so the total horizontal distance would have to
include the initial x displacement (L) starting from the first cliff.

> M o4 = L[Z—ml+1}
(m, +m,) (
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Chapter 6

Gravitation

Circular
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Elliptical
orbit

| Ellipse focal
Geacentre point
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AP Physics Multiple Choice Practice — Gravitation

1.

*2.

Each of five satellites makes a circular orbit about an object that is much more massive than any of the
satellites. The mass and orbital radius of each satellite are given below. Which satellite has the greatest speed?
Mass Radius

(A) Yam R

(B) m ¥R

© m R

(D) m 2R

(B) 2m R

P Q

An asteroid movesin an elliptic orbit with the Sun at one focus as shown above. Which of the following
guantities increases as the asteroid moves from point P in its orbit to point Q?
(A) Speed  (B) Angular momentum  (C) Total energy (D) Kinetic energy  (E) Potential energy

Two planets have the same size, but different masses, and no atmospheres. Which of the following would be the
same for objects with equal mass on the surfaces of the two planets?

I. The rate at which each would fall freely

[1. The amount of mass each would balance on an egqual-arm balance

[11. The amount of momentum each would acquire when given a certain impul se
(A)lonly @@B)Hlonly (Clandllonly (D)Illandlllonly (E)I,II,andlll

A person weighing 800 newtons on Earth travel s to another planet with twice the mass and twice the radius of
Earth. The person's weight on this other planet is most nearly

(A) 400 N (B)%N (C)800N (D) 800vZ  (E) 1,600 N

Mars has a mass 1/10 that of Earth and adiameter 1/2 that of Earth. The acceleration of afalling body near the
surface of Marsis most nearly
(A)0.25m/s  (B)0.5m/s (C) 2m/s (D) 4 m/s* (E) 25 m/s?

A satellite of mass M movesin acircular orbit of radius R at a constant speed v. Which of the following must
be true?

|. The net force on the satellite is equal to MV¥R and is directed toward the center of the orbit.

I1. The net work done on the satellite by gravity in one revolution is zero.

[11. The angular momentum of the satellite is a constant.
(A)lonly (B)lllonly (C)landllonly (D)Illandlllonly (E)I,Il,andlll

If Spacecraft X has twice the mass of Spacecraft Y, then true statements about X and Y include which of the
following?

I. On Earth. X experiences twice the gravitational force that Y experiences.

I1. Onthe Moon, X hastwice the weight of Y.

[11. When both are in the same circular orbit, X has twice the centripetal acceleration of Y.
(A)lonly (B)Illonly (C)landllonly (D)Ilandlillonly (E)I,Il,andlll
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10.

The two spheres pictured above have equal densities and are subject only to their mutual gravitational
attraction. Which of the following quantities must have the same magnitude for both spheres?

(A) Acceleration (B) Velocity (C) Kinetic energy

(D) Displacement from the center of mass (E) Gravitational force

The planet Mars has mass 6.4 x 10% kilograms and radius 3.4 x 10° meters. The acceleration of an object in
free-fall near the surface of Marsis most nearly
(A)zero  (B)1LOm/$ (C)19m/s (D)3.7m/s  (E)9.8m/s

An object has aweight Wwhen it is on the surface of a planet of radius R. What will be the gravitational force
on the object after it has been moved to a distance of 4R from the center of the planet?
(A) 16W (B) 4w ©ow (D) 4 (E) V16 W

11. 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) 1000 N (E) 2000 N

*12.A simple pendulum and a mass hanging on a spring both have a period of 1 s when set into small oscillatory

motion on Earth. They are taken to Planet X, which has the same diameter as Earth but twice the mass. Which
of the following statements is true about the periods of the two objects on Planet X compared to their periods on
Earth?

(A) Both are shorter. (B) Both arethe same. (C) Both arelonger.

(D) The period of the mass on the spring is shorter, that of the pendulum is the same.

(E) The period of the pendulum is shorter; that of the mass on the spring is the same.

13. A satellite of mass m and speed v movesin a stable, circular orbit around a planet of mass M. What is the radius

14.

of the satellite's orbit?

GM GmM GmM
(A) —

® > oM @M [ o
v \Y Y

mM

The mass of Planet X is one-tenth that of the Earth, and its diameter is one-half that of the Earth. The
acceleration due to gravity at the surface of Planet X is most nearly
(A)2ms  (B)4mss (O5ms (D)7mis  (E)10m/s

XY

*15.A satellite travels around the Sunin an liptical orbit as shown above. As the satellite travels from point X to

point Y. which of the following istrue about its speed and angular momentum?

Speed Angular Momentum
(A) Remains constant Remains constant
(B) Increases Increases
(C) Decreases Decreases
(D) Increases Remains constant
(E) Decreases Remains constant

16. A newly discovered planet, "Cosmo," has a mass that is 4 times the mass of the Earth. The radius of the Earth is
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Re. The gravitational field strength at the surface of Cosmo is equal to that at the surface of the Earth if the
radius of Cosmo is equal to

A)¥R. (BR (O2R. [DO)JR, ([E)RS



17. Theradius of the Earth is approximately 6,000 kilometers. The acceleration of an astronaut in a perfectly
circular orbit 300 kilometers above the Earth would be most nearly
(A)om/s  (B)0.05m/$  (C)5m/  (D)9mis  (E) 11 m/s

18. Two artificial satellites, 1 and 2, orbit the Earth in circular orbits having radii R; and R,, respectively, as shown
above. If R, = 2R, the accelerations a, and a; of the two satellites are related by which of the following?
(A) a, =4a; (B) a, = 2a; (C) a = a; (D) ap = a.1/2 (E) ap = a1/4

19. A satellite movesin astable circular orbit with speed v, at a distance R from the center of a planet. For this
satellite to move in a stable circular orbit a distance 2R from the center of the planet, the speed of the satellite
must be

A) Yo B) . (©v, @ E) 2v,
()2 ()\/5 ©)v D) J2v, (B

20. If F, isthe magnitude of the force exerted by the Earth on a satellite in orbit about the Earth and F, isthe
magnitude of the force exerted by the satellite on the Earth, then which of the following is true?
(A) F1 ismuch greater than F». (B) F isdightly greater than F».
(C) Frisequal to F,. (D) F, isdightly greater than F;  (E) F, is much greater than F;

21. A newly discovered planet has twice the mass of the Earth, but the accel eration due to gravity on the new
planet's surface is exactly the same as the acceleration due to gravity on the Earth's surface. The radius of the
new planet in terms of the radius R of Earthiis

V2
W¥R (B R () J2R (D)2R (B)4R

s rl. 2

*22.A satellite Sisinan elliptical orbit around a planet P, as shown above, with r; and r, being its closest and
farthest distances, respectively, from the center of the planet. If the satellite has a speed v, at its closest
distance, what isits speed at its farthest distance?

r, r, r+r, r,—r,
A) —V B) —V C)\r,—r,|v D \% E)——V
@ v @ @ @ T @
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Questions 23 —24

23.

24,

25.

26.

A ball istossed straight up from the surface of a small, spherical asteroid with no atmosphere. The ball risesto a
height equal to the asteroid's radius and then falls straight down toward the surface of the asteroid.

What forces, if any, act on the ball whileit is on the way up?

(A) Only a decreasing gravitational force that acts downward

(B) Only an increasing gravitational force that acts downward

(C) Only aconstant gravitational force that acts downward

(D) Both a constant gravitational force that acts downward and a decreasing force that acts upward
(E) No forces act on the ball.

The acceleration of the ball at the top of its pathis

(A) at its maximum value for the ball's flight

(B) egual to the acceleration at the surface of the asteroid

(C) equal to one-half the acceleration at the surface of the asteroid
(D) equal to one-fourth the acceleration at the surface of the asteroid
(E) zero

A satellite of mass M movesin acircular orbit of radius R with constant speed v. True statements about this
satellite include which of the following?

I. Itsangular speed isV/R.

Il. Itstangential accelerationis zero.

[11. The magnitude of its centripetal acceleration is constant.
(A) I only (B) Il only (C) I'and 11 only (D) Il and 111 only (B) 1,11, and I11

Two identical stars, afixed distance D apart, revolve in acircle about their mutual center of mass, as shown
above. Each star has mass M and speed v. G isthe universal gravitational constant. Which of the following is
a correct relationship among these quantities?

(A) VV = GM/D (B) V* = GM/2D (C) V¥ = GM/D? (D) V¥ = MGD (E) V¥ = 2GM?/D

Fi W
i \
' i
"R .
1Y S
w A
""._F.-

*27.A spacecraft orbits Earth in a circular orbit of radius R, as shown above. When the spacecraft is at position P
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shown, a short burst of the ship's engines resultsin asmall increase in its speed. The new orbit is best shown by
the solid curve in which of the following diagrams?
(D)




*28.The escape speed for arocket at Earth's surfaceisve . What would be the rocket's escape speed from the surface
of aplanet with twice Earth's mass and the same radius as Earth?

\
W2 BV, ©v. (D N
29. A hypothetical planet orbits a star with mass one-half the mass of our sun. The planet’s orbital radiusisthe
same as the Earth’s. Approximately how many Earth years does it take for the planet to complete one orbit?

W% B ©1 OV2 (B2

(E) %2ve

30. A hypothetical planet has seven times the mass of Earth and twice the radius of Earth. The magnitude of the
gravitational acceleration at the surface of this planet is most nearly
(A)29m/$ (B)5.7m/s (C)17.5m/s (D)35m/s (E) 122 m/s’

31. Two artificia satellites, 1 and 2, are put into circular orbit at the same altitude above Earth’s surface. The mass
of satellite 2 istwice the mass of satellite 1. If the period of satellite 1is T, what isthe period of satellite 2?
(A)T/4 (B)T/2 (C)T (D)2T (E)4T

32. A planet has aradius one-half that of Earth and a mass one-fifth the Earth’s mass. The gravitational acceleration
at the surface of the planet is most nearly
(A) 4.0 m/s? (B) 8.0 /s’ (C) 12.5 m/s’ (D) 25 m/s” (E) 62.5 m/s?

33. Inthe following problem, the word “weight” refers to the force a scale registers. If the Earth were to stop
rotating, but not change shape,
(A) the weight of an object at the equator would increase.
(B) the weight of an object at the equator would decrease.
(C) the weight of an object at the north pole would increase.
(D) the weight of an object at the north pole would decrease.
(E) al objects on Earth would become weightless.

*34.Assume that the Earth attracts John Glenn with a gravitational force F at the surface of the Earth. When he
made his famous second flight in orbit, the gravitational force on John Glenn while he was in orbit was closest
to which of the following?

(A) 0.95F (B) 0.50F (C) 0.25F (D) 0.10F (E) zero

35. What happens to the force of gravitational attraction between two small objectsif the mass of each object is
doubled and the distance between their centers is doubled?
(A) Itisdoubled (B) Itisquadrupled (C)Itishaved (D) Itisreduced fourfold (E) It remainsthe same

36. One object at the surface of the Moon experiences the same gravitational force as a second object at the surface
of the Earth. Which of the following would be a reasonable conclusion?
(A) both objects would fall at the same acceleration
(B) the object on the Moon has the greater mass
(C) the object on the Earth has the greater mass
(D) both objects have identical masses
(E) the object on Earth has a greater mass but the Earth has a greater rate of rotation.

37. Astronauts in an orbiting space shuttle are “weightless’ because
(A) of their extreme distance from the earth
(B) the net gravitational force on them is zero
(C) there is no atmosphere in space
D) the space shuttle does not rotate
E) they are in a state of free fall
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38.

39.

40.

41.

42.

43.

Consider an object that has amass, m, and aweight, W, at the surface of the moon. If we assume the moon has a
nearly uniform density, which of the following would be closest to the object’s mass and weight at a distance
halfway between Moon’s center and its surface?

(A)Y2m& %W (B)Y%am& YW (C)1m& 1W (D)1m& %W (E)1m& %W

The mass of a planet can be calculated if it is orbited by a small satellite by setting the gravitational force on the
satellite equal to the centripetal force on the satellite. Which of the following would NOT be required in this
calculation?

(A) the mass of the satellite

(B) the radius of the satellite's orbit

(C) the period of the satellite's orbit

(D) Newton's universal gravitational constant

(E) dl of the above are required for this calculation

As arocket blasts away from the earth with a cargo for the international space station, which of the following
graphs would best represent the gravitational force on the cargo versus distance from the surface of the Earth?

-] [-E] -] -] -]
2 2 2 2 2
=] [=] =] [=] =]
[F9 [¥9 ("8 ("8 ("8
Distance Distance Distance Distance Distance
B C D E

In chronological order (earliest to latest), place the following events:
(1) Henry Cavendish's experiment
(2) Newton's work leading towards the Law of Universal Gravitation
(3) Tycho Brahe takes astronomical data
(4) Nicolaus Copernicus proposes the heliocentric theory
(5) Johannes Kepler's work on the orbit of Mars.
(A) 43521 (B) 42135 (C)43251 (D)35421 (E) 42351

A 20 kg boulder rests on the surface of the Earth. Assume the Earth has mass 5.98 x 10* kg and g = 10 m/s’.
What is the magnitude of the gravitational force that the boulder exerts on the Earth?

(A) 5.98 x 10° N

(B) 5.98 x 10** N

() 20N

(D) The boulder exerts no force on the Earth

(E) 200N

An astronaut on the Moon simultaneously drops a feather and a hammer. The fact that they reach the surface at
the same instant shows that

(A) no gravity forces act on a body in a vacuum.

(B) the acceleration due to gravity on the Moon is less than the acceleration due to gravity on the Earth.

(C) the gravitational force from the Moon on heavier objects (the hammer) is equal to the gravitational force on
lighter objects (the feather).

(D) ahammer and feather have less mass on the Moon than on Earth.

(E) in the absence of air resistance all bodies at a given location fall with the same acceleration.

*44.A scientist in the International Space Station experiences "weightlessness’ because
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(A) there is no gravitational force from the Earth acting on her.

(B) the gravitational pull of the Moon has canceled the pull of the Earth on her.

(C) sheisin freefall dong with the Space Station and its contents.

(D) at an orbit of 200 miles above the Earth, the gravitational force of the Earth on her is 2% less than on its
surface.

(E) in space she has no mass.



*45.A rocket isin acircular orbit with speed v and orbital radius R around a heavy stationary mass. An external
impulse is quickly applied to the rocket directly opposite to the velocity and the rocket’ s speed is lowed to v/2,
putting the rocket into an elliptical orbit. Intermsof R, the size of the semi-major axis a of this new dlliptical
orbitis

1 -1 — _ V8 _ 4
(A)a—4R (B)a—zR (C)a_nR (D) a = 3 R (E)a—7R
*46.Kepler's Second Law about “ sweeping out equal areasin equal time” can be derived most directly from which

conservation law?
(A) energy (B) mechanical energy (C) angular momentum (D) mass (E) linear momentum

*47.Three equal mass satellites A, B, and C arein coplanar orbits around a planet as shown in the figure. The
maghnitudes of the angular momenta of the satellites as measured about the planet are L 5, Lg, and L. Which of
the following statementsis correct?

(A)La>Lg>Lc (B)Lc>Lg>La (CO)Lg>Lc>La (D)Lg>La>Lc
(E) The relationship between the magnitudesiis different at various instants in time.

Questions 48 — 49
Two stars orbit their common center of mass as shown in the diagram below. The masses of the two stars are
3M and M. The distance between the starsis d.

b @
J

*48.What is the value of the gravitational potential energy of the two star system?

W-- B3 ©O-F O-E- EB-if

*49. Determine the period of orbit for the star of mass 3M.

N E \/g (C)n\/% (D) Zn\/% (E)%\/%

*50.Two satellites are launched at a distance R from a planet of negligible radius. Both satellites are launched in the
tangential direction. The first satellite launches correctly at a speed vo and enters a circular orbit. The second
satellite, however, islaunched at a speed Yv,. What is the minimum distance between the second satellite and
the planet over the course of its orbit?

A HR (B);R (O3R DR B3R

*51.When two stars are very far apart, their gravitational potential energy is zero; when they are separated by a
distance d, the gravitational potential energy of the system isU. What is the gravitational potential energy of the
system if the stars are separated by a distance 2d?

(A)U/4  (B)U2 (C)U (D)2U (E)4U
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52.

53.

54,

55.

56.

57.

58.

59.
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The gravitational force on atextbook at the top of Pikes Peak (elevation 14,100 ft) is 40 newtons. What would
be the approximate gravitational force on the same textbook if it were taken to twice the elevation?
(A)S5N (B)ION (C)20N (D)40ON (E)80N

Assume the International Space Station hasamass mand isin acircular orbit of radiusr about the center of the
Earth. If the Earth has a mass of M, what would be the speed of the Space Station around the Earth?

w2 @ o o™ @

2

What would be the gravitational force of attraction between the proton in the nucleus and the electronin an
orbit of radius 5.3 x 10™* min a simple hydrogen atom?

(A)20x10°'N (B)37x10*N (C)61x10%N (D)82x10°N

(E) the only force of attraction would be electrical

Two iron spheres separated by some distance have a minute gravitational attraction, F. If the spheres are moved
to one half their original separation and allowed to rust so that the mass of each sphere increases 41%, what
would be the resulting gravitational force?

(A)2F (B)4F (C)6F (D)8F (E)10F

A ball which isthrown upward near the surface of the Earth with avelocity of 50 m/s will come to rest about 5
seconds later. If the ball were thrown up with the same velocity on Planet X, after 5 secondsit would be till
moving upwards at nearly 31 m/s. The magnitude of the gravitational field near the surface of Planet X iswhat
fraction of the gravitational field near the surface of the Earth?

(A)0.16 (B)0.39 (C)053 (D)0.63 (E)1.59

An object placed on an equal arm balance requires 12 kg to balance it. When placed on a spring scale, the scale
reads 120 N. Everything (balance, scale, set of masses, and the object) is now transported to the moon where the
gravitational force is one-sixth that on Earth. What are the new readings of the balance and the spring scale
(respectively)?

(A)12kg,20N  (B) 1kg,120N (C)12kg, 720N (D)2kg,20N (E)2kg, 120N

Two artificial satellites| and 11 have circular orbits of radii R and 2R, respectively, about the same planet. The
orbital velocity of satellite | isv. What isthe orbital velocity of satellite 117?

v v
A); B5 ©v OVZv B2
The gravitational acceleration on the surface of the moon is 1.6 nV/s. The radius of the moon is 1.7 x 10° m.
What is the period of a satellite placed in alow circular orbit about the moon?

(A)1.0x10°s (B)65x10°s (C)1.1x10°s (D)5.0x10°s (E)7.1x10%s



AP Physics Free Response Practice — Gravitation
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*1977M3. Two stars each of mass M form abinary star system such that both stars move in the same circular orbit
of radius R. The universal gravitational constant is G.

a.  Use Newton's laws of motion and gravitation to find an expression for the speed v of either star in terms of R,
G, and M.

b. Expressthetota energy E of the binary star systemin termsof R, G, and M.

Suppose instead, one of the stars had a mass 2M.
c. Onthefollowing diagram, show circular orbits for this star system.

d. Find the ratio of the speeds, vou/Vu.
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1984M2. Two satellites, of masses m and 3m, respectively, are in the same circular orbit about the Earth's center, as
shown in the diagram above. The Earth has mass M, and radius R.. In this orbit, which has aradius of 2R,, the
satellites initially move with the same orbital speed v, but in opposite directions.

a. Cdculate the orbital speed v, of the satellitesin terms of G, M, and Re.

b. Assume that the satellites collide head-on and stick together. In terms of v, find the speed v of the combination
immediately after the collision.

c. Calculate the total mechanical energy of the system immediately after the collision in terms of G, m, M, and
R.. Assume that the gravitational potential energy of an object is defined to be zero at an infinite distance from
the Earth.
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*1992M3. A spacecraft of mass 1,000 kilogramsisin an elliptical orbit about the Earth, as shown above. At point A
the spacecraft is at adistancer, = 1.2 x 10’ meters from the center of the Earth and its velocity, of magnitude
va = 7.1 x 10% meters per second, is perpendicular to the line connecting the center of the Earth to the
spacecraft. The mass and radius of the Earth are Mg = 6.0 x 10* kilograms and rg = 6.4 x 10° meters,
respectively.

Determine each of the following for the spacecraft when it is at point A .

a. Thetota mechanical energy of the spacecraft, assuming that the gravitational potential energy is zero at an
infinite distance from the Earth.

b. The magnitude of the angular momentum of the spacecraft about the center of the Earth.

Later the spacecraft is at point B on the exact opposite side of the orbit at adistance rg = 3.6 x 10’ meters from
the center of the Earth.
c. Determinethe speed v of the spacecraft at point B.

Suppose that a different spacecraft is at point A, adistancer, = 1.2 x 10" meters from the center of the Earth.
Determine each of the following.

d. The speed of the spacecraft if it isin acircular orbit around the Earth
e. The minimum speed of the spacecraft at point A if it isto escape completely from the Earth
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*1994M 3 (modified) A satellite of massmisin an elliptical orbit around the Earth, which has mass M, and radius
Re. The orbit varies from a closest approach of distance a at point A to maximum distance of b from the center
of the Earth at point B. At point A, the speed of the satelliteisv,. Assume that the gravitational potential
energy Uy = 0 when masses are an infinite distance apart. Express your answersin terms of a, b, m, Mg, Re, Vo,
and G.

a. Determinethetotal energy of the satellite whenitisat A.
b. What isthe magnitude of the angular momentum of the satellite about the center of the Earth whenitisat A?
c. Determinethe velocity of the satellite asit passes point B in its orbit.

Asthe satellite passes point A, arocket engine on the satelliteisfired so that its orbit is changed to a circular
orbit of radius a about the center of the Earth.

d. Determine the speed of the satellite for this circular orbit.

e. Determine the work done by the rocket engine to effect this change.
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*1995M 3 (modified) Two stars, A and B. arein circular orbits of radii r, and ry, respectively, about their common
center of mass at point P, as shown above. Each star has the same period of revolution T.

Determine expressions for the following three quantitiesin terms of r, r,, T, and fundamental constants.

The centripetal acceleration of star A

The mass M, of star B

The mass M, of star A

Determine an expressions for the angular momentum of the system about the center of mass in terms of M,
My, ra, I, T, and fundamental constants.

cooTo

2007M2. In March 1999 the Mars Global Surveyor (GS) entered its final orbit about Mars, sending data back to
Earth. Assume a circular orbit with a period of 1.18 x 10> minutes = 7.08 x 10° sand orbital speed of 3.40 x 10°
m/s . The mass of the GSis 930 kg and the radius of Marsis 3.43 x 10° m.

Calculate the radius of the GS orbit.

Calculate the mass of Mars.

Calculate the total mechanical energy of the GSin this orbit.

If the GS was to be placed in alower circular orbit (closer to the surface of Mars), would the new orbital period

of the GS be greater than or less than the given period?

oo oo

Greater than Lessthan
Justify your answer.

e. Infact, the orhit the GS entered was slightly elliptical with its closest approach to Mars at 3.71 x 10° m above
the surface and its furthest distance at 4.36 x 10° m above the surface. If the speed of the GS at closest approach
is3.40 x 10° m/s, calculate the speed at the furthest point of the orbit.
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2001M2. An explorer plans a mission to place a satellite into a circular orbit around the planet Jupiter, which has
mass M, = 1.90 x 10*’ kg and radius Ry = 7.14 x 10’ m.

a. If theradius of the planned orbit is R, use Newton's laws to show each of the following.
i. Theorbital speed of the planned satelliteis given by

[GM,
V=
R

ii. The period of the orbit is given by

23
T 47°R
| GM,

b. The explorer wants the satellite's orbit to be synchronized with Jupiter's rotation. This requires an equatorial
orbit whose period equals Jupiter's rotation period of 9 hr 51 min = 3.55 x 10* s. Determine the required orbital
radius in meters.

c. Suppose that the injection of the satellite into orbit is less than perfect. For an injection velocity that differs from
the desired value in each of the following ways, sketch the resulting orbit on the figure. (Jis the center of

Jupiter, the dashed circle isthe desired orbit, and P isthe injection point.) Also, describe the resulting orbit
qualitatively but specifically.

i. When the satelliteis at the desired altitude over the equator, its velocity vector has the correct direction, but
the speed is slightly faster than the correct speed for acircular orbit of that radius.
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ii. When the satelliteis at the desired altitude over the equator, its velocity vector has the correct direction, but
the speed is dightly slower than the correct speed for a circular orbit of that radius.
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2005M2. A student is given the set of orbital datafor some of the moons of Saturn shown below and is asked to use

f.

the data to determine the mass Mg of Saturn. Assume the orbits of these moons are circular.

Oirhital Pericd, T | Orbital Basdivs, &
(seconds) {metess)

8.14 x 10° 185 %= 10
118 x10* 238 % 10
1,63 %107 2.95 % 107
2.37 % 10° 377 = 16° |

Write an algebraic expression for the gravitational force between Saturn and one of its moons.

Use your expression from part (@) and the assumption of circular orbits to derive an equation for the orbital
period T of amoon as afunction of its orbital radius R.

Which quantities should be graphed to yield a straight line whose slope could be used to determine Saturn's
mass?

Complete the data table by cal culating the two quantities to be graphed. Label the top of each column, including
units.

Plot the graph on the axes below. Label the axes with the variables used and appropriate numbers to indicate the
scale.
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Using the graph, calculate a value for the mass of Saturn.
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11.

12.

13.

ANSWERS - AP Physics Multiple Choice Practice — Gravitation

Solution

. . . GMm mv2 . GM )

Orbital speed isfound from setting 5 = ——which gives V= _,|—— where M isthe
r r r

object being orbited. Notice that satellite mass does not affect orbital speed. The smallest radius

of orbit will be the fastest satellite.

As asatellite moves farther away, it lows down, also decreasing its angular momentum and
kinetic energy. Thetotal energy remains the same in the absence of resistive or thrust forces.
The potential energy becomes less negative, which is an increase.

With different masses, g would have a different value, but the physical characteristics of the
objects would not be affected.

GM
g=—— 0 the acceleration due to gravity (and the weight of an object) is proportional to the
r

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M x 2=gx 2andr x 2 =g+ 4, so the net effect is the person’s weight is divided by 2

GM
g=—— 0 the acceleration due to gravity (and the weight of an object) is proportional to the
r

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M +10=g+10andr + 2 =g x 4, so the net effect isg x 4/10

Circular orbit = constant r, combined with constant speed gives constant angular momentum
(mvr). Asitisacircular orbit, the force is centripetal, points toward the center and is always
perpendicular to the displacement of the satellite therefore does no work.

The gravitational force on an object isthe weight, and is proportional to the mass. In the same
circular orhit, it is only the mass of the body being orbited and the radius of the orbit that
contributes to the orbital speed and acceleration.

Newton’ s third law
_GM
r2

Forceisinversely proportional to distance between the centers squared. R x 4=F + 16

M
g=—5 the acceleration due to gravity (and the weight of an object) is proportional to the

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M x2=gx 2andr x 2 =g+ 4, so the net effect is the person’s weight is divided by 2

A planet of the same size and twice the mass of Earth will have twice the acceleration due to
gravity. The period of a mass on a spring has no dependence on g, while the period of a
pendulum isinversely proportional to g.

mv2 o GM
=——whichgives V=,|——

Orbital speed isfound from setting 5
r r r
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25.

26.

27.
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M
g=—5 the acceleration due to gravity (and the weight of an object) is proportional to the

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M +10=g+ 10andr + 2 =g x 4, so the net effect isg x 4/10

Kepler's second law (Law of areas) is based on conservation of angular momentum, which
remains constant. In order for angular momentum to remain constant, as the satellite approaches
the sun, its speed increases.

GM
g=—5 the acceleration due to gravity (and the weight of an object) is proportional to the

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M x 4 =g x 4 and if the net effect is g = geamn then r must be twice that of Earth.

GM

g=——. 300 km above the surface of the Earth is only a 5% increase in the distance (1.05

times the distance). Thiswill produce only a small effect on g (+1.05%)

GM
a:g:r—z,ifRZZZthhenazzl/4a1

. . . GMm v o GM _
Orbital speed isfound from setting 5 = ——which gives V=, |—— where M isthe
r r r

object being orbited. If r isdoubled, v decreases by \E
Newton'sthird law

M _ _ : o :
g=—5 the acceleration due to gravity (and the weight of an object) is proportional to the

r
mass of the planet and inversely proportional to the distance from the center of the planet

squared. M x 2 =g x 2 and if the net effect is g = geamn then r must be \/5 timesthat of Earth
From conservation of angular momentum vir; = vor,

Asthe ball moves away, the force of gravity decreases due to the increasing distance.

GM

g=—At the top of its path, it has doubled its origina distance from the center of the
r
asteroid.

Angular speed (in radians per second) isVv/R. Since the satellite is not changing speed, thereis
no tangential acceleration and v#/r is constant.

Theradius of each orbit is%2 D, while the distance between themis D. Thisgives

GMM  Mv2

D2 DI/2

An burst of the ships engine produces an increase in the satellite’ s energy. Now the satelliteis
moving at too large a speed for a circular orbit. The point at which the burst occurs must remain
part of the ship’s orbit, eliminating choices A and B. The Earth isno longer at the focus of the
ellipsein choice E.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Escape speed with the speed at which the kinetic energy of the satellite is exactly equal to the
negative amount of potential energy within the satellite/mass system. That is

1 2GM
= mv2 = ‘_ _Gl\r/lm‘ which gives the escape speed vg = \/7—
> r

. | _GMm mv? GM _
Orbital speed isfound from setting 5 = ——which gives V= ,|—— where M isthe
r r r

. : . 2 o N
object being orbited. Also, T =——. Sincethe massisdivided by 2, visdivided by J2
\)

M
g=—5 the acceleration due to gravity (and the weight of an object) is proportional to the
r

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M x 7=gx 7andr x 2 =g+ 4, sothenet effectisg x 7/4

. . . GMm mv2 . GM )
Orbital speed isfound from setting 5 = ——which gives V=_,|—— where M isthe
r r r

object being orbited. Notice that satellite mass does not affect orbital speed or period.

M
g=—5 the acceleration due to gravity (and the weight of an object) is proportional to the

mass of the planet and inversely proportional to the distance from the center of the planet
squared. M +5=g+5andr+2=gx 4, so the net effect isg x 4/5

Part of the gravitational force acting on an object at the equator is providing the necessary
centripetal force to move the object inacircle. If the rotation of the earth were to stop, this part
of the gravitational force is no longer required and the “full” value of thisforce will hold the
object to the Earth.

Standard orbital altitudes are not alarge percentage of the radius of the Earth. The acceleration
due to gravity is only slightly smaller in orbit compared to the surface of the Earth.

F_GMm
r2

their centers squared. If each massisdoubled, Fisquadrupled. If risdoubled F is quartered.

. Fisproportional to each mass and inversely proportional to the distance between

Since the acceleration due to gravity isless on the surface of the moon, to have the same
gravitational force as a second object on the Earth requires the object on the Moon to have a
larger mass.

Satellitesin orbit are freely falling objects with enough horizontal speed to keep from felling
closer to the planet.

The mass of an object will not change based on itslocation. As one digsinto a sphere of uniform
density, the accel eration due to gravity (and the weight of the object) varies directly with distance
from the center of the sphere.

m\/2

2nr
5= with T = ——gives the equation corresponding to Kepler's second
r r \%

law. The mass of the satellite cancelsin these equations.

Combining
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F= m so Fis proportional to 1/r°. Standard orbital altitudes are not a large percentage of

r2

the radius of the Earth. The acceleration due to gravity is only slightly smaller in orbit compared
to the surface of the Earth.

NO, thisis not part of the curriculum, but interesting to know (and a bit of common sense if you
follow the changing of the theories)

Gravitational forceis also the weight. mg.
g isthe same for all bodiesin the absence of air resistance

Satellitesin orbit are freely falling objects with enough horizontal speed to keep from felling
closer to the planet.

The energy of acircular orbit is

1 - Gmm GM GMm GMm
K+U=—mv +(—— =— =
2 2r
2a
1 2 G 1 GM ? GM 7GM
mm 1 m m
halfwehaveK+U:—rr(Xj + (- )=— —\/: + (- )=-—
2 \2 r 2 \2Vr r 8r

7GMm
Setting — =— GMm givesa = (4/7)r
8r 2a

Sweeping out equal areas in based on the satellite moving faster asit moves closer to the body it
isorbiting. Thisisaresult of conservation of angular momentum.

The angular momentum of each satellite is conserved independently so we can compare the
orbits at any location. Looking at the common point between orbit A and B shows that satellite
A ismoving faster at that point than satellite B, showing L > Lg. A similar analysis at the
common point between B and C showsLg > L¢

GMm

r

U=-

1
Since they are orbiting their center of mass, the larger mass has aradius of orbit of —d . The
4

GEM)M  (3M)V GM _ Zﬁ(%)

which gives v =

dz_% ad

speed can be found from



50.

51.

52.

53.

54,

55.

56.
57.
58.

59.

The energy of acircular orbit is E

2
1 2 Gmm_ 1 GM GMm GMm
K+U=—nv"+(-—)=— —_— + (- )=—
2 r 2 r r 2r
GMm

The energy of an elliptical orbitis —

where a isthe semimajor axis. If the speediscutin

2a
2 2

1 (v Gmm_ 1 1 |GM GMm 7GMm
half wehave K+U=—m - | +(-——)=—m -,[— | +(- ) =-

2 \2 r 2 2\ r r 8r

) 7GMm Mm .
Setting — :—G mg|vesa=(4/7)r
8r 2a

The distance to the planet from this point isr (the radius of the circular orbit and aphelion for the
elliptical orbit). The opposite side of the ellipse is 2a away, or 8r/7, making the distance to the
planet at perihelion 8r/7 —r =r/7

GMm B
Uu=-
r
The top of Pikes Peak isavery small fraction of the radius of the Earth. Moving to twice this D
elevation will barely change the value of g.
. . . GMm mv2 . GM ) A
Orbital speed isfound from setting 5 = ——which gives V=, |—— where M isthe
r r r
object being orbited.
GMm ] B
F= . The masses of the proton and electron can be found in the table of constants (these

I,2

masses do not need to be memorized)

GMm . - . D
== Ifr+2, Fx4. If each massismultiplied by 1.41, Fisdoubled (1.41x1.41)

r

g = Av/t = (31 m/s—50 m/s)/(5 s) = —3.8 m/s”

=

mass is unchanged, weight is changed due to a change in the acceleration due to gravity A
Orbital speed isfound from setting Gl\gm = m\/Tzwhich gives V= \/@ where M isthe ’
object being orbited. r

g=Vvirandv=2mr/T B
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AP Physics Free Response Practice — Gravitation — ANSWERS

1977M3

MM Mv? . . 1
a. Fg=F¢ glves R R Solving for v gives v = 7

2
- _ _GMmM 1p,2) _ _ GMM Ty femy) | = _om?
b. E=PE+KE=-Z1] +2(2Mv>— = +2<2M<2 R>)_ -

C.

]
R
2M T X . + M

d. ng = Fgl = FC

@Mv2  Mv?

gives vo/vy = Y%

Ysa %z
1984 M2
a. Fg=F es < = Me

) ¢ giv (2R )2 ~ 2R, 2R,
b. conservation of momentum gives (3m)vy — mvy = (4m)V’ giving v/ = %2 v,
2

_ _ _ GM.(4m) 1 2 ZGME GM,\ _  7GMem
c. E=PE+KE=—Um 4 (2 (4myn?) = +2m (2 ZRE) e
1992M3
a. E=PE+KE=-%" 4 1mp2=_81x10°]
b. L= mvr—85><10f§kgm
c. Angular momentum is conserved SO mv,r, = mvyr, giving v, = 2.4 x 10% m/s

2
d. Fy=F S =M andv = |GM/, =58x10° ms
e. [Escape occurs when E = PE + KE = 0 giving —GMTm + %mv2 =0and v, = /ZGM/R =8.2x10° m/s
1994M3
a E=PE+KE=—"" 4 “mp,?
b. L=mvr=mvga
c. Conservation of angular momentum gives mvya = mvyb, or vy, = vea/b
2
d. Fg= i =m; and v = GMe/a

The work done is the change in energy of the satellite. Since the potential energy of the satellite is constant, the

change in energy is the change in kinetic energy, or W = AKE = Em (GME - voz)
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1995M3

2nr v2 4n2ra
a v=——anda=—=—73
b. The centripetal force on star A is due to the gravitational force exerted by star B.
GMq M P . 4n2ra(ra+r )2
M,a, = (ra+rb;’2 and substituting part (a) gives M, = Th
c. The same calculations can be performed with the roles of star A and star B switched.
_ 4ﬂ2rb(ra +rb)2
M"- - 61* 2 2 2

d. Lt = MaVara + Mpvpry = My Zrara + My nTrbrb :?H(Maraz + Mbrbz)

2007M2

a. v=2nR/T givesR=3.83x10°m

2 2

b. Fy=F.gives T~ ="" and M = "X = 6.64 x 10” kg

. E=PE+KE=—"" 4 my?=-538x10°)

d. From Kepler’s third law r*/T? = constant so if r decreases, then T must also.

e. Conservation of angular momentum gives mv;r; = mv,r, S0 V, = riVvy/r,, but the distances above the surface
are given so the radius of Mars must be added to the given distances before plugging them in for each r. This
gives v, = 3.34 x 10° m/s.

2001M2
. . GM 2 GM

a i Fg=F.gives—5=""andv = / '/ p
.. _ _ . _2nR _ 2mR_ [4n?R®
ii. v=d/T=2xR/T givingT = — = W = / o,

R
b. Plugging numerical values into a.ii. above gives R = 1.59 x 10° m
c. I
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2005M2

GM
a F=232"

R2

b. Fy=F, gives £t

2
c. T?vs. R®will yield a straight line (let y = T? and x = R®, we have the answer to b. as y = (%) x where the

2

muv? GM
andv = |—
R R

2nR

quantity in parentheses is the slope of the line.

=0 gives the desired equation T =

4m2R3
GM

d.
Orbatal Period, T | Orbital Radius, R }-: [53} RF [mi}
{seconds) {meters)
8.14 x 10* 185x 10° 0.663 x 107 0.633 x 107
1.18 % 10° 2.38 % 10° 1.39 % 10'® 1.35 % 107
1.63 % 10° 2.05x% 10° 2.66 % 100 2.57 = 107
237 % 10° 377 108 5.62 x 10" 5.36% 107
e.
12(10‘951)
L
o e
y
3 - - :
; :
== oA m— s
1 :’ / . j
220 I
| I = . S o 5 &
RS(JD“;».’)

f.  From part c. we have an expression for the slope of the line.
Using the slope of the above line gives Mg = 5.64 x 10 kg
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Chapter 7

Oscillations

petiod of oscillation
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AP Physics Multiple Choice Practice — Oscillations

1.

A mass m, attached to a horizontal massless spring with spring constant k, is set into simple harmonic motion.
Its maximum displacement from its equilibrium position is A. What is the mass’s speed as it passes through its
equilibrium position?

(A 0 (B)A\/% (C)A\/% (D) lA\/% () %\\/%

The period of a spring-mass system undergoing simple harmonic motion is T. If the amplitude of the spring-
mass system’s mation is doubled, the period will be:
AT B)»T (C)T (D)2T (E)4T

A simple pendulum of mass m and length L has a period of oscillation T at angular amplitude 6 = 5° measured
from its equilibrium position. If the amplitude is changed to 10° and everything else remains constant, the new
period of the pendulum would be approximately.

(A)2T (B)Y(\2)T (OT ([D)T/(\2) (E)T/2

A mass m is attached to a spring with a spring constant k. If the mass is set into simple harmonic motion by a
displacement d from its equilibrium position, what would be the speed, v, of the mass when it returns to the
equilibrium position?

(A)V:V@E ® v =X cpv=XL  (py2 - (E)v:d\/K
m m mg k m

A mass on the end of a spring oscillates with the displacement vs.

time graph shown. Which of the following statements about its .04
motion is INCORRECT?

(A) The amplitude of the oscillation is 0.08 m.

(B) The frequency of oscillation is 0.5 Hz.

(C) The mass achieves a maximum in speed at 1 sec.
(D) The period of oscillation is 2 sec.

(E) The mass experiences a maximum in the size of the

acceleration at t=1.5 sec

1(s)

¥ imj

1.5 2.0

=004

What is the period of a simple pendulum if the cord length is 67 cm and the pendulum bob has a mass of 2.4 kg.
(A)0.259s (B)1.63s (C)3.86s (D)16.3s (E)24.3s

If the mass of a simple pendulum is doubled but its length remains constant, its period is multiplied by a factor of
1

1 [
w2  ®Y2 o1 o2 (E) 2

Which of the following is true for a system consisting of a mass oscillating on the end of an ideal spring?
(A) The kinetic and potential energies are equal to each other at all times.

(B) The kinetic and potential energies are both constant.

(C) The maximum potential energy is achieved when the mass passes through its equilibrium position.

(D) The maximum kinetic energy and maximum potential energy are equal, but occur at different times.

(E) The maximum kinetic energy occurs at maximum displacement of the mass from its equilibrium position

The length of a simple pendulum with a period on Earth of one second is most nearly
(A)0.12m (B)0.25m (C)0.50m (D) 1.0m (E) 10.0m
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MY/

¥imin Xntlax
Questions 10-11: A block oscillates without friction on the end of a spring as shown above. The minimum and

maximum lengths of the spring as it oscillates are, respectively, Xnmin and Xmnax. The graphs below can represent

quantities associated with the oscillation as functions of the length x of the spring.
(A} (B} r

Trun Frax

() (D)

Xmuin Fmay Xmin *max

(E}

x

Tmin Fmax

10. Which graph can represent the total mechanical energy of the block-spring system as a function of x ?
ANA (BB (©C ([OD ([BE

11. Which graph can represent the kinetic energy of the block as a function of x ?
AMA (BB (CC (D)D (E)E

12. An object swings on the end of a cord as a simple pendulum with period T. Another object oscillates up and
down on the end of a vertical spring also with period T. If the masses of both objects are doubled, what are the
new values for the Periods?

Pendulum Mass on Spring
V4
A) /2 T2
B) T T2
© T T
o) Tv2 T
T
E) TV2 /ﬁ
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13.

14.

15.

16.

(A)

An object is attached to a spring and oscillates with amplitude A Displacement

and period T, as represented on the graph. The nature of the

velocity v and acceleration a of the object at time T/4 is best A

represented by which of the following? ) _
(A)v>0,a>0 (B)v>0,a<0 (C)v>0,a=0 2] — T"T”“‘
(D)v=0,a<0 (E)v=0,a=0 _4 \/

When an object oscillating in simple harmonic motion is at its maximum displacement from the equilibrium
position. Which of the following is true of the values of its speed and the magnitude of the restoring force?

Speed Restoring Force
(A) Zero Maximum
(B) Zero Zero
(C) %2 maximum %% maximum
(D) Maximum % maximum
(E) Maximum Zero
A particle oscillates up and down in simple harmonic y(cm)

motion. Its height y as a function of time t is shown in the
diagram. At what time t does the particle achieve its

maximum positive acceleration? +5-F 1 M - 1(3)

(A)1s (B)2s (C)3s (D)4s %:' i 3 4
(E) None of the above, because the acceleration is o
constant

The graph shown represents the potential energy U as a function of U

displacement x for an object on the end of a spring oscillating in f
simple harmonic motion with amplitude x,. Which of the U
following graphs represents the kinetic energy K of the object as a 0]
function of displacement x ?
K (B) K AN B
4
—X, ) X
Upt Uy 0 o
1
]
X + - X
—Xp o Xy —Xg o Xg
(© K b)) K (E) K
U| Unl
- X x . ' 1 X
-Xy 44 xq Xg : X 4] xp
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Questions 17-18

»=~,  Pointof

. .__l' T Release
Equilibrium Equilibrium
Position Position

Point of
Release

A sphere of mass my, which is attached to a spring, is displaced downward from its equilibrium position as shown
above left and released from rest. A sphere of mass m,, which is suspended from a string of length L, is displaced to
the right as shown above right and released from rest so that it swings as a simple pendulum with small amplitude.
Assume that both spheres undergo simple harmonic motion

17. Which of the following is true for both spheres?

(A) The maximum kinetic energy is attained as the sphere passes through its equilibrium position

(B) The maximum Kinetic energy is attained as the sphere reaches its point of release.

(C) The minimum gravitational potential energy is attained as the sphere passes through its equilibrium position.
(D) The maximum gravitational potential energy is attained when the sphere reaches its point of release.

(E) The maximum total energy is attained only as the sphere passes through its equilibrium position.

18. If both spheres have the same period of oscillation, which of the following is an expression for the spring
constant

(A)L/mg

(B)g/myL

(Cym;L/g

(D) myg/L

(E) myg/L

19. A block attached to the lower end of a vertical spring oscillates up and down. If the spring obeys
Hooke's law, the period of oscillation depends on which of the following?

I. Mass of the block

I1. Amplitude of the oscillation

I11. Force constant of the spring

(A) I only

(B) Il only

(C) Il only

(D) land 11

(E) land 111
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20. A simple pendulum and a mass hanging on a spring both have a period of 1 s when set into small oscillatory
motion on Earth. They are taken to Planet X, which has the same diameter as Earth but twice the mass. Which of the
following statements is true about the periods of the two objects on Planet X compared to their periods on Earth?
(A) Both are shorter.

(B) Both are the same.

(C) Both are longer.

(D) The period of the mass on the spring is shorter; that of the pendulum is the same.

(E) The period of the pendulum is shorter; that of the mass on the spring is the same

21. A simple pendulum of length I, whose bob has mass m, oscillates with a period T. If the bob is replaced by one
of mass 4m, the period of oscillation is

1 1
(A 4T B) 2T )T (D) 2T (E)4T

g£=10m/s’

0.1 kg

Questions 22-23
A 0.1 -kilogram block is attached to an initially unstretched spring of force constant k = 40 newtons per meter as
shown above. The block is released from rest at time t = 0.

22. What is the amplitude, in meters, of the resulting simple harmonic motion of the block?

@ itm ® itm oim ©im  ®im
40 20 4 2

23. What will the resulting period of oscillation be?
T T Vi

T
(A) 40° (B) 20° (©) 10° (D)

i
(E) 4

24. Aball is dropped from a height of 10 meters onto a hard surface so that the collision at the surface may be
assumed elastic. Under such conditions the motion of the ball is
(A) simple harmonic with a period of about 1.4 s
(B) simple harmonic with a period of about 2.8 s
(C) simple harmonic with an amplitude of 5 m
(D) periodic with a period of about 2.8 s but not simple harmonic
(E) motion with constant momentum
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Questions 25-26 refer to the graph below of the displacement x versus time t for a particle in simple harmonic
motion.

j

25. Which of the following graphs shows the kinetic energy K of the particle as a function of time t for one cycle of

motion?
{A) P (B) X
OPULT'I o el

26. Which of the following graphs shows the kinetic energy K of the particle as a function of its displacement x ?

(A) K {B) {( (C) K {D) K
\a‘/ ) / ‘0 x /j\ " 0 *
(E) K
\o}/ i
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27. A mass m is attached to a vertical spring stretching it distance d. Then, the mass is set oscillating on a spring
with an amplitude of A, the period of oscillation is proportional to

2
) F ®) P © L o /™8 @ F
g d mg d g

28. Two objects of equal mass hang from independent springs of unequal spring constant and oscillate up and down.
The spring of greater spring constant must have the
(A) smaller amplitude of oscillation (B) larger amplitude of oscillation
(C) shorter period of oscillation (D) longer period of oscillation
(E) lower frequency of oscillation

| | |
x==A x=0 x=A

Questions 29-30. A block on a horizontal frictionless plane is attached to a spring, as shown above. The block
oscillates along the x-axis with simple harmonic motion of amplitude A.

29. Which of the following statements about the block is correct?
(A) At x =0, its velocity is zero. (B) At x =0, its acceleration is at a maximum.
(C) At x = A its displacement is at a maximum. (D) Atx = A, its velocity is at a maximum.
(E) At x = A, its acceleration is zero.

30. Which of the following statements about energy is correct?
(A) The potential energy of the spring is at a minimum at x = 0.
(B) The potential energy of the spring is at a minimum at x = A.
(C) The kinetic energy of the block is at a minimum at x =0.
(D) The Kinetic energy of the block is at a maximum at x = A.
(E) The kinetic energy of the block is always equal to the potential energy of the spring.

31. A simple pendulum consists of a I.0-kilogram brass bob on a string about 1.0 meter long. It has a period of 2.0
seconds. The pendulum would have a period of 1.0 second if the
(A) string were replaced by one about 0.25 meter long  (B) string were replaced by one about 2.0 meters long
(C) bob were replaced by a 0.25-kg brass sphere (D) bob were replaced by a 4.0-kg brass sphere
(E) amplitude of the motion were increased

32. A pendulum with a period of 1 s on Earth, where the acceleration due to gravity is g, is taken to another planet,
where its period is 2 s. The acceleration due to gravity on the other planet is most nearly

(A) g/4 (B) 9/2 ©y (D) 29 (E) 49

33. A frictionless pendulum of length 3 m swings with an amplitude of 10°. At its maximum displacement, the
potential energy of the pendulum is 10 J. What is the kinetic energy of the pendulum when its potential energy
is5J7?

(A)3.3J (B)51J (©) 6.7 (D)101J (E)15J
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34. An ideal massless spring is fixed to the wall at one end, as shown above. A block of mass M attached to the

35.

36.

37.

38.

39.

40.
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other end of the spring oscillates with amplitude A on a frictionless, horizontal surface. The maximum speed of
the block is vi,,. The force constant of the spring is

Mg Mgv Mv? Mv? Mv?
»—= B -—" (" D) —* () —
A 2A 2A A 2A
A simple pendulum has a period of 2 s for small amplitude oscillations. The length of the pendulum is most
nearly

(A)1/6m (B)L4m (C)1/2m (D)1 m (E)2m

A mass M suspended by a spring with force constant k has a period T when set into oscillation on Earth. Its
period on Mars, whose mass is about 1/9 and radius 1/2 that of Earth, is most nearly
(A)T/3 (B) 2T/3 oT (D) 3T/2 (E) 3T

A mass M suspended on a string of length L has a period T when set into oscillation on Earth. Its period on
Mars, whose mass is about 1/9 and radius 1/2 that of Earth, is most nearly
(A)T/3 (B) 2T/3 oT (D) 3T/2 (E) 3T

A 1.0 kg mass is attached to the end of a vertical ideal spring with a force constant of 400 N/m. The mass is set
in simple harmonic motion with an amplitude of 10 cm. The speed of the 1.0 kg mass at the equilibrium
position is

(A)2m/s  (B)4mls (C) 20 m/s (D) 40 m/s (E) 200 m/s

An object of mass m hanging from a spring of spring constant k oscillates with a certain frequency. What is the
length of a simple pendulum that has the same frequency of oscillation?
(A)mk/g (B)mg/k (C)kg/m (D)k/mg (E)g/mk

A platform of mass 2 kg is supported by a spring of negligible mass as shown.
The platform oscillates with a period of 3 s when the platform is pushed down
and released. What must be the mass of a block that when placed on the
platform doubles the period of oscillation to 6 s?

(A)1lkg (B)2kg (C)4kg (D)6kg (E)8kg




AP Physics Free Response Practice — Oscillations

e S

1975B7. A pendulum consists of a small object of mass m fastened to the end of an inextensible cord of length L.
Initially, the pendulum is drawn aside through an angle of 60° with the vertical and held by a horizontal string as
shown in the diagram above. This string is burned so that the pendulumis released to swing to and fro.

a. Inthe space below draw aforce diagram identifying all of the forces acting on the object whileit is held by the

string.

b. Determine the tension in the cord before the string is burned.

c. Show that the cord, strong enough to support the object before the string is burned, is also strong enough to
support the object as it passes through the bottom of its swing.

d. The motion of the pendulum after the string is burned is periodic. Isit also simple harmonic? Why, or why not?

2M —v, M

Ll A T gy rss

X, i
Before Colhision | i
i |
- x -
MM
TPP7ETTPET I TIIIIFFT”Y lrrll/lf PP22T T I IFYYYY
Xo

After Collision
1983B2. A block of mass M isresting on a horizontal, frictionless table and is attached as shown above to a relaxed
spring of spring constant k. A second block of mass 2M and initial speed v, collides with and sticks to the first
block Develop expressions for the following quantitiesin terms of M, k, and v,
a. v, the speed of the blocks immediately after impact
b. X, the maximum distance the spring is compressed
c. T, theperiod of the subsegquent simple harmonic motion
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v=3.0m's k=100 N/m

paokg oo | OUOGON0 )

g i Air Track

1995B1. Asshown above, a 0.20-kilogram massis dliding on a horizontal, frictionless air track with a speed of 3.0
meters per second when it instantaneously hits and sticks to a 1.3-kilogram mass initially at rest on the track. The
1.3-kilogram mass is connected to one end of a massless spring, which has a spring

constant of 100 newtons per meter. The other end of the spring isfixed.

a. Determine the following for the 0.20-kilogram mass immediately before the impact.

i. Itslinear momentum ii. Itskinetic energy
b. Determine the following for the combined masses immediately after the impact.
i. The linear momentum ii. The kinetic energy

k=100 N/m

V0000

e “x

3 SRR . &
After the collision, the two masses undergo simple harmonic motion about their position at impact.
c. Determine the amplitude of the harmonic motion.

d. Determinethe period of the harmonic motion.

A
1996B2. A spring that can be assumed to be ideal hangs from a stand, as shown above.
a.  You wish to determine experimentally the spring constant k of the spring.
i. What additional, commonly available equipment would you need?
ii. What measurements would you make?
iii. How would k be determined from these measurements?

b. Assume that the spring constant is determined to be 500 N/m. A 2.0-kg massis attached to the lower end of the
spring and released from rest. Determine the frequency of oscillation of the mass.

C. Suppose that the spring is now used in a spring scale that is limited to a maximum value of 25 N, but you would like
to weigh an object of mass M that weighs more than 25 N. Y ou must use commonly available equipment and the
spring scale to determine the weight of the object without breaking the scale.

i. Draw a clear diagram that shows one way that the equipment you choose could be used with the spring
scale to determine the weight of the object,
ii. Explain how you would make the determination.
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A simple pendulum consists of a bob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is held at
an angle of 30° from the vertical by alight horizontal string attached to awall, as shown above.

(a) On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position
shown above.

(b) Calculate the tension in the horizontal string.
(c) The horizontal string is now cut close to the bob, and the pendulum swings down. Calculate the speed of the
bob at its lowest position.

(d) How long will it take the bob to reach the lowest position for the first time?
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A simple pendulum consists of a bob of mass 0.085 kg attached to a string of length 1.5 m. The pendulumis
raised to point Q, which is 0.08 m above its lowest position, and released so that it oscillates with small
amplitude 0 between the points P and Q as shown below.

Note: Figure not drawn to scale.

(a) On the figures below, draw free-body diagrams showing and labeling the forces acting on the bob in each of
the situations described.
i. Whenitisat point P
ii. When it isin motion at its lowest position
(b) Calculate the speed v of the bob at its lowest position.
(c) Calculate the tension in the string when the bob is passing through its lowest position.
(d) Describe one modification that could be made to double the period of oscillation.
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M=80kg

LN

ni=4.0kg

]
0.70m

Anideal spring of unstretched length 0.20 mis placed horizontally on africtionless table as shown above. One end

of the spring isfixed and the other end is attached to a block of mass M = 8.0 kg. The 8.0 kg block is also attached to
amassless string that passes over asmall frictionless pulley. A block of mass m = 4.0 kg hangs from the other end of
the string. When this spring-and-blocks system isin equilibrium, the length of the spring is 0.25 m and the 4.0 kg

block is 0.70 m above the floor.

(a) On the figures below, draw free-body diagrams showing and labeling the forces on each block when the system

isin equilibrium.
M =8.0kg m= 4.0kg

[ ] 0

(b) Calculate the tension in the string.
(c) Calculate the force constant of the spring.

The string is now cut at point P.

(d) Calculate the time taken by the 4.0 kg block to hit the floor.
(e) Calculate the frequency of oscillation of the 8.0 kg block.
(f) Cdlculate the maximum speed attained by the 8.0 kg block.

C1989M 3. A 2-kilogram block is dropped from a height of 0.45 meter above an

uncompressed spring, as shown above. The spring has an elastic constant of 200

newtons per meter and negligible mass. The block strikes the end of the spring

and stickstoit.

a. Determine the speed of the block at the instant it hits the end of the spring

b. Determine the forcein the spring when the block reaches the equilibrium
position

c. Determine the distance that the spring is compressed at the equilibrium

position

Determine the speed of the block at the equilibrium position

Determine the resulting amplitude of the oscillation that ensues

I's the speed of the block a maximum at the equilibrium position, explain.

Determine the period of the simple harmonic motion that ensues

@ ~oo

ke

-

D45 m

e
% k=200 N/m
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1990M 3. A 5-kilogram block is fastened to anideal vertical spring that has an
unknown spring constant. A 3-kilogram block rests on top of the 5-kilogram
block, as shown above.

a. Whenthe blocks are at rest, the spring is compressed to its equilibrium

position a distance of Ax; = 20 cm, fromitsoriginal length. Determine the
spring constant of the spring

The 3 kg block isthen raised 50 cm above the 5 kg block and dropped onto it.

b.
C.

d.
e
f

Determine the speed of the combined blocks after the collision

Setup, plug in known values, but do not solve an equation to determine the
amplitude Ax, of the resulting oscillation

Determine the resulting frequency of this oscillation.

Where will the block attain its maximum speed, explain.

I's this motion simple harmonic.
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figures. Enter these resultsin the table above.
b. On the axes below, plot the square of the period versus the length of the pendulum. Draw a best-fit straight line

In the measurement apparatus, a simple pendulum swings past a photogate |ocated at the pendulum's lowest point,
for this data.

which records the time tyo for the pendulum to undergo 10 full oscillations. The pendulum consists of a sphere of
mass m at the end of a string and has alength I. There are four versions of this apparatus, each with a different

length. All four are at the unknown location, and the data shown below are sent to you during the experiment.
a. For each pendulum, calculate the period T and the square of the period. Use a reasonable number of significant

(2000 M 1) Y ou are conducting an experiment to measure the accel eration due to gravity g, at an unknown location.

1_5..-,-.,--,-,-.,--1.-.,--,.-r-ﬂ,_-,.-,.,,-,,.T-,.,--,.,.,-

I
=

307

£ {cm)

20

10

been conducted inside an elevator with a constant acceleration a. If the elevator is moving down, determine the

If the measurement apparatus allows a determination of g, that is accurate to within 4%, is your experimental
Someone informs you that the experimental apparatusisin fact near Earth's surface, but that the experiment has
direction of the elevator's acceleration, justify your answer.

experimental value ge, Of the acceleration due to gravity at this unknown location. Justify your answer.
value in agreement with the value 9.80 m/s? ? Justify your answer.

Assuming that each pendulum undergoes small amplitude oscillations, from your fit, determine the

C.
d.
e




C2003M 2.

I ] M

An ideal massless spring is hung from the ceiling and a pan suspension of total mass M is suspended from the end of

the spring. A piece of clay, also of mass M, is then dropped from a height H onto the pan and sticks to it. Express all

algebraic answersin terms of the given quantities and fundamental constants.

(a) Determine the speed of the clay at the instant it hits the pan.

(b) Determine the speed of the clay and pan just after the clay strikesit.

(c) After the collision, the apparatus comes to rest at a distance H/2 below the current position. Determine the
spring constant of the attached spring.

(d) Determine the resulting period of oscillation
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(a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line through

recorded in the table bel ow:

. Weight (N} 0 10 15 20 25
Length {m) | 060 | 097 [ 1.24 | 1.37 | L.6d
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In an experiment to determine the spring constant of an elastic cord of length 0.60
m, a student hangs the cord from arod as represented above and then attaches a
variety of weights to the cord. For each weight, the student allows the weight to
hang in equilibrium and then measures the entire length of the cord. The data are

(b) Use the best-fit line you sketched in part (a) to determine an experimental value for the spring constant k of the

cord.

around. Assume that air resistance is negligible.
(c) Calculate the value of the unknown mass m of the object.

(d) i. Determine the magnitude of the force in the cord when the when the mass

reaches the equilibrium position.

ii. Determine the amount the cord has stretched when the mass reaches the

equilibrium position.
iii. Calculate the speed of the object at the equilibrium position

iv. Isthe speed in part iii above the maximum speed, explain your answer.

1 The student now attaches an object of unknown mass m to the cord and holds the
" object adjacent to the point at which the top of the cord istied to the rod, as shown.
When the object is released from rest, it falls 1.5 m before stopping and turning
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Supplemental

Taut cord

k
09900000 ,, {

One end of a spring of spring constant k is attached to a wall, and the other end is attached to a block of mass M, as
shown above. The block is pulled to the right, stretching the spring from its equilibrium position, and is then held in
place by ataut cord, the other end of which is attached to the opposite wall. The spring and the cord have negligible
mass, and the tension in the cord is F+ . Friction between the block and the surface is negligible. Express all
algebraic answersin terms of M, k, Fy , and fundamental constants.

(a) On the dot below that represents the block, draw and label afree-body diagram for the block.
(]
(b) Calculate the distance that the spring has been stretched from its equilibrium position.

The cord suddenly breaks so that the block initially moves to the left and then oscillates back and forth.

(c) Calculate the speed of the block when it has moved half the distance from its rel ease point to its equilibrium
position.

(d) Calculate the time after the cord breaks until the block first reaches its position furthest to the left.

(e) Suppose instead that friction is not negligible and that the coefficient of kinetic friction between the block and
the surface is i . After the cord breaks, the block again initially moves to the left. Calculate the initial acceleration
of the block just after the cord breaks.

310



ANSWERS - AP Physics Multiple Choice Practice — Oscillations

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Solution
Energy conservation. Ug, = K Yok A% = Yomv?

The period of amass-spring is only affected by mass and k so its stays the same
The period of apendulum is only affected by length and “g” so it stays the same
Energy conservation. Ug, = K Yok d? = 1o mv?

The amplitude from the graph is 0.04 not 0.08, the rest are true

The massisirrelevant, only the length matters. T is found with 2 V(L/g)

Mass does not affect the period, only the length matters

Energy is conserved here and switches between kinetic and potential which have maximums at
different locations

Sub into T =27 \/(L/g) and solve for L

Only conservative forces are acting which means mechanical energy must be conserved so it
stays constant as the mass oscillates

The box momentarily stops at x(min) and x(max) so must have zero K at these points. The box
accelerates the most at the ends of the oscillation since the force is the greatest there. This
changing acceleration means that the box gains speed quickly at first but not as quickly as it
approaches equilibrium. This means that the KE gain starts of rapidly from the endpoints and
getslessrapid as you approach equilibrium where there would be a maximum speed and
maximum K, but zero force so less gain in speed. Thisresultsin the curved graph.

Pendulum is unaffected by mass. Mass-spring system has mass causing the T to change
proportional to Ym so since the mass is doubled the period is changed by V2

At T/4 the mass reaches maximum + displacement where the restoring force is at a maximum
and pulling in the opposite direction and hence creating a negative acceleration. At
maximum displacement the mass stops momentarily and has zero velocity

See #13 above

+ Acceleration occurs when the massiis at negative displacements since the force will be acting
in the opposite direction of the displacement to restore equilibrium. Based on F=kAx the
most force, and therefore the most acceleration occurs where the most displacement is

Asthe object oscillates, its total mechanical energy is conserved and transfers from U to K back
and forth. The only graph that makes sense to have an equal switch throughout is D

For the spring, equilibrium is shown where the maximum transfer of kinetic energy has occurred
and likewise for the pendulum the bottom equilibrium position has the maximum transfer of
potential energy into spring energy.

Set period formulas equal to each other and rearrange for k

In a mass-spring system, both mass and spring constant (force constant) affect the period.
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20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

312

The mass spring system in unaffected because the attached mass and spring constant are the

same. Basedong=GM,/ R? and the given values, g on planet X would be greater. Using

the pendulum period formula, larger g means smaller period.
Mass does not affect the period of a pendulum

At the current location all of the energy is gravitational potential. Asthe spring stretchesto its

max location all of that gravitational potential will become spring potential when it reaches

its lowest position. When the box oscillates back up it will return to its original location
converting all of its energy back to gravitational potential and will oscillate back and forth

between these two positions. As such the maximum stretch bottom location represents twice

the amplitude so simply halving that max Ax will give the amplitude. Finding the max
stretch: - Theinitia height of the box h and the stretch Ax have the same value (h=Ax)
U=Ug mg(Ax4) = Y2 kAx,? mg=Y%kAx; Ax;=.05m.

Thisis2A, so the amplitude is 0.025 m or 1/40 m.

Alternatively, we could simply find the equilibrium position measured from the initial top
position based on the forces at equilibrium, and this equilibrium stretch measured from the
top will be the amplitude directly. To do this:

Fe=0 Fe =mg kAx, =mg AX, = 0.025 m, which isthe amplitude

Plug into period for mass-spring system T = 2 \(m/k)

Based on freefall, the time to fall down would be 1.4 seconds. Since the collision with the
ground is elastic, all of the energy will be returned to the ball and it will rise back up to its
initial height completing 1 cycle in atotal time of 2.8 seconds. It will continue doing this
oscillating up and down. However, thisis not simple harmonic because to be simple
harmonic the force should vary directly proportional to the displacement but that is not the
case in this situation

Energy will never be negative. The max kinetic occurs at zero displacement and the kinetic
energy become zero when at the maximum displacement

Same reasoning as above, it must be C

First use theinitial stretch to find the spring constant. Fg, = mg = kAx k=mg/d
Then plug that into T = 21 V(m/k) Too7 M
mg
( q )

Based on T = 21t V(m/k) the larger spring constant makes a smaller period

Basic fact about SHM. Amplitude is max displacement

Basic fact about SHM. Spring potential energy isamin at x=0 with no spring stretch
Based on T = 21t V(L/g), % the length equates to ¥ the period

Based on T =21t V(L/g), % g would double the period

At max displacement, the total energy is equal to the potential energy of 10J. Energy is
conserved so when the K becomes 5J the U would have to be 5J also to conserve E.

Using energy conservation. Ug, = K Yok A= Yoamvy,? solve for k

Plug into T = 27 V(L/g)

> > > O O



36.

37.

38.

39.

40.

Since thisis a mass spring, only the attached mass and k affect the period and both are the same.

Basedong=GM,/ R?, g of mars is 4/9 that of earth. Then based on T = 27 \(L/g), with g
changing to “4/9 g” gives a period changing by vV9/4 or 3/2 T

Using energy conservation. Ug, = K Yok A= Yoamvy,? solve for v

Since the frequencies are the same, the periods are also the same. Set the period for the
mass-spring system equal to the period for the string pendulum and rearrange for L.

Based on T = 2x \(m/k), in order to double the period, the mass would have to be increased by
4x the original amount. Hereisthetricky part .... you are to increase the massto 4 x its
original value by adding mass the to 2kg tray. So to make the total mass have a val ue of
8 kg, only 6 kg of extra mass would need to be added to the tray.
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AP Physics Free Response Practice — Oscillations — ANSWERS

1975B7.
@ !
| Fr1
| 60°
' — 3 Fr
mg
(b) Frnerry=0

Fricos 6 =mg
Fr1 = mg/ cos(60) = 2mg

(c) When the string is cut it swings from top to bottom, similar to the diagram for 1974B1 from work-energy
problems with 6 on the opposite side as shown below

L
A
Lcos®
L
L —L cos GI
v
Uigp = Kot
mgh = % mv? Then apply Fyerc) = mv2/r
v =4/2g(L - L cos60)
L
v=429(L=7) (Fra—mg) =m(gL) /L

v=,0dL
Fri =2mg. Sinceit’'sthe same force as before, it will be possible.
(d) This motion is not simple harmonic because the restoring force, (Fg,) = mg sin 6, is not directly proportional to

the displacement due to the sin function. For small angles of 6 the motion is approximately SHM, though not
exactly, but in this example the larger value of 8 creates and even larger disparity.
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1983B2.

a) Apply momentum conservation perfect inelastic. Ppefore = Pafter 2Mv, = (BM)v;  vf =2/3 Vv,

_ ) , AMv,*
b) Apply energy conservation. K=Ug % (BM)(2/3 v,)* =Y2k Ax K

/ m /Sm
c) Periodisgivenby T =27.|— =21,]—
k k
1995 B1.
a iHp=nmv =(0.2)(3) =0.6 kg m/s
i) K = mv? =15(0.2)(3)*=0.9J

b) i.) Apply momentum conservation Poefore = Pafter = 0.6 kg m/s
ii) First find the velocity after, using the momentum above

0.6 = (1.3+0.2) v; vi = 0.4 m/s, then find K, K =% (m;+m,) v{* = ¥ (1.3+0.2)(0.4)> = 0.12 J
c) Apply energy conservation K=Ug 0.12J=%kAx*=%(100) Ax* Ax=0.05m
/ m / 15
d) Periodisgivenby T =27.]— =2r,— = 0.77s
k 100
1996B2.

a) Use aruler and known mass. Hang the known mass on the spring and measure the stretch distanceAx. The force
pulling the spring Fg, is equal to the weight (mg). Plug into Fg = k Ax and solve for k

b) First find the period. T = 27r\/E =2r, /i = 04s
k 500

... then the frequency is given by f=1T=25Hz

¢) Put the spring and mass on an incline and tilt it until it lips and measure the angle. Use thisto find the
coefficient of static friction on theincline us = tan 8. Then put the spring and mass on a horizontal surface and
pull it until it slips. Based on Frg = 0, we have Feying— s mg, Giving Mg = Feping / 1.
Since p is most commonly less than 1 thiswill allow an mg value to be registered larger than the spring force.

A simpler solution would be to put the block and spring in water. The upwards buoyant force will allow for a
weight to be larger than the spring force. Thiswill be covered in the fluid mechanics unit.
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2005B2.
a) FBD b) ApplyFrexy =0
Tp cos 30 = mg
Tp=20.37N

c¢) Conservation of energy — Diagram similar to 1975B7.

Uigp = K pottom

mgh = % mv?

g(L—Lcos®)="1%v?

(10) (2.3-2.3 cos 30) = Yo V* Viotom = 2.5 M/s

d) The bob will reach the lowest position in % of the period.

T-Yop b 272 23 _o76s
4 9 2\ 98

Freery =0
Tps.n 30= TH
Ty =10.18N

B2005B2.

FBD i)

I
i 5 %
b) Apply energy conservation?

Utop = Kopottom
mgh = %2 m v? (9.8)(.08) —¥2v? v=13m/s

) Fra = MvIr

i)

Fi—mg = mv¥r F. = mvr + mg (0.085)(1.3)%/(1.5) + (0.085)(9.8) F,=0.93N

/ L
d) “g” and“L” arethe two factors that determine the pendulum period based on (T =2r —]
g

To double the value of T, L should be increased by 4x or g should be decreased by ¥%. The easiest modification

would be simply to increase the length by 4 x
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2006B1.

a) FBD
M =8.0kg m=40kg
N
7
£ 7
" ma

b) Simply isolating the 4 kg massat rest. Fpg =0 F,—mg=0 F,=39N

¢) Tension in the string is uniform throughout, now looking at the 8 kg mass,
Fe = Fr = kAx 39 =k (0.05) k =780 N/m

d) 4 kg massisinfreefal. D=vit+%gt -07=0+%(-98)t* t=0.38sec

e) First find the period. T = 27r\/E = 27r,/i = 0.63s
Kk 780

... then the frequency is given by f=1T=16Hz

f) The 8 kg block will be pulled towards the wall and will reach a maximum speed when it passes the relaxed length
of the spring. At this point all of theinitial stored potential energy is converted to kinetic energy

Ugp =K Yok Ax? = Yo mv? Y (780) (0.05)% = %2 (8) V2 v =049 m's
C1989M 3.
a) Apply energy conservation from top to end of spring using h=0 as end of spring.

U=K mgh =% mV? (9.8)(0.45) = Y2\ v=3m/s
b) At equilibrium the forcesare balanced F.q =0 Fe =mg=(2)(9.8) =19.6 N
¢) Using the force from part b, Fo =k Ax 19.6=200Ax Ax=0.098 m

d) Apply energy conservation using the equilibrium position as h = 0. (Note that the height at the top position is now
increased by the amount of Ax foundinpartc  hpey = h+Ax =0.45 + 0.098 = 0.548 m
Utop = Usp +K (at equil)
Mghnew = Y2k AX* +%amv?  (2)(9.8)(0.548) = % (200)(0.098)° + ¥4 (2)(v?) v=313m/s

€) Use theturn horizontal trick. Set equilibrium position as zero spring energy then solve it as a horizontal problem
where Kegit = Ugpa maxamp) Y2 MV = % KAX® % (2)(3.13)° = %2 (200)(A?) A=0.313m

f) Thisis the maximum speed because this was the point when the spring force and weight were equal to each other
and the acceleration was zero. Past this point, the spring force will increase above the value of gravity causing

an upwards acceleration which will slow the box down until it reaches its maximum compression and stops
momentarily.

g T= ZE\/% = 2@/;30 = 0.63s
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C1990M 3.
a) Equilibrium so F¢ = 0, Fe =mg kAx = mg k (0.20) = (8)(9.8) k =392 N/m

b) First determine the speed of the 3 kg block prior to impact using energy conservation
U=K mgh = % m v? (9.8)(0.50) = ¥2V? v=313m/s

Then solve perfect inelastic collision.  Puefore = Pater M1V = (My+my) v (3)(3.13)=(8)vs v¢ =117 m/s

¢) Since we do not know the speed at equilibrium nor do we know the amplitudeAx » the turn horizontal trick would
not work initialy. If you first solve for the speed at equilibrium as was done in 1989M 3 first, you could then
use the turn horizontal trick. However, since this question is ssimply looking for an equation to be solved, we
will use energy conservation from the top position to the lowest position where the max amplitude is reached.
For these two positions, the total distance traveled is equal to the distance traveled to equilibrium + the distance
traveled to the max compression (Ax ; + Ax,) = (0.20 + Ax,) which will serve as both the initial height as well
asthe total compression distance. We separate it this way because the distance traveled to the maximum
compression from equilibrium is the resulting amplitude Ax, that the question is asking for.

Apply energy conservation
Utgp + Kiop = U spmax-comp)
mgh + %2 m v? = Y5 k Ax,? (8)(9.8)(0.20 + Ax,) + ¥2 (8)(1.17)% = ¥4 (392)(0.20 + Ax,)?

The solution of this quadratic would lead to the answer for Ax , which isthe amplitude.

d) Firstfindperiod T = 272'\/% = 2ﬂ,/§82 = 0.90s Thenfindfrequency f = 1T = 1L.11Hz

€) The maximum speed will occur at equilibrium because the net force is zero here and the blocks stop
accelerating in the direction of motion momentarily. Past this point, an upwards net force begins to exist which
will slow the blocks down as they approach maximum compressions and begin to oscillate.

f) Thismation is simple harmonic because the force acting on the massesis given by F=kAx and is therefore
directly proportional to the displacement meeting the definition of simple harmonic motion
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to be accelerating down to create a lighter feeling and smaller F,,. Using down as the positive direction we

equate to the slope term above and solveit for g. Since the pointsdon’t fall on the line we pick random points
have the following relationship,

as shown circled on the graph and find the slope to be = 4.55. Set this = to 47° / g and solve for g
For F, the be smaller than usual, a would have to be + which we defined as down.

agree with the given value 9.8
€) Since the value of g islessthan it would normally be (you feel lighter) the elevator moving down would also need

Thisfits our graph with y being T? and x being L. Finding the slope of the line will give us avalue that we can
d) A +/- 4% deviation of the answer (8.69) putsits possible range in between 8.944 — 8.34 so this result does not

¢) We want alinear equation of the formy
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C2003M 2.
a) Apply energy conservation Uy = K mgh = %2 mv? v=,2gH

b) Apply momentum conservation perfect inelastic Poefore = Pafter

Mv,= (M+M) Vi M (ﬂng ):2MVf Vi = %ﬂng

¢) Again we cannot use the turn horizontal trick because we do not know information at the equilibrium position.
While the tray was initially at its equilibrium position, its collision with the clay changed where this location
would be.

Even though the initial current rest position immediately after the collision has an unknown initial stretch to
begin with due to the weight of the tray and contains spring energy, we can set this as the zero spring energy
position and use the additional stretch distance H/2 given to equate the conversion of kinetic and gravitational
energy after the collision into the additional spring energy gained at the end of stretch.

Apply energy conservation K + U = Ug (gaines) Y mv?+ mgh = % k Ax?
Plug in mass (2m), h = H/2 and Ax = H/2 > Y5 (2m)V2 + (2m)g(H/2) = Y2 k(H/2)?
plug in v; from part b m(2gH/4) + mgH = kH%/8 ....

Bothsides* (/H) = mg/2+mg=kH/8 => 3/2 mg =kH/8 k=12mg/H

{ 2M /H
d) Based on T=2r Mg 27 @
H
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C2008M3

(@

30
v o=24135 - 14.088

=] 4]
] on

.
F

weight (M)

—
n )

T T b T T T T T

0 02 0.4 06 0.8 1 1.2 1.4 16 1.8
length {m)
(b) The slope of thelineis F / Ax which is the spring constant. Slope =24 N/m

(c) Apply energy conservation. Uy, = Ug(bottom).
Note that the spring stretch is the final distance —the initial length of the spring. 1.5—-0.6=0.90 m

mgh = %2 k Ax? m(9.8)(1.5) = ¥ (24)(0.9)* m = 0.66 kg
(d) i) At equilibrium, the net force on the massis zero so Fg, = mg Fs = (0.66)(9.8) Fe=65N
i) Fop = K Ax 6.5 = (24) Ax Ax=0.27m

iii) Measured from the starting position of the mass, the equilibrium position would be located at the location
marked by the unstretched cord length + the stretch found above. 0.6+0.27 = 0.87m. Set thisasthe h=0
location and equate the Uy, to the Ug, + K here.

mgh = % k Ax? +1/2 mv? (0.66)(9.8)(0.87) = ¥2(24)(0.27)* + %2 (0.66) v v=38nm/s
iv) Thisisthe maximum speed because thisis the point when the spring force and weight were equal to each other
and the acceleration was zero. Past this point, the spring force will increase above the value of gravity causing

an upwards acceleration which will slow the mass down until it reaches its maximum compression and stops
momentarily.
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Supplemental.

a)
@ N
F A
"3
(b) Frea =0 Fi = F = kAx Ax=F Ik
(c) Using energy conservation Uy =Ug+ K notethat the second postion has both K and U, since the

spring till has stretch to it.
Yok AX® = Yo kAx,” + Yo mv?
k (Ax)? = k(Ax/2)* + MV?

¥ k(Ax)? = MV?, plugin Ax from (b) ... ¥ k(F/K)? = MV? V=—_|—

(d) To reach the position from the far left will take %2 of a period of oscillation.

T:27z\/E t=127z‘/M = 7[1/M
k 2 k k

(e) The forces acting on the block in the x direction are the spring force and the friction force. Using left as + we get
Fr« =ma Fg—fi=ma
From (b) we know that the initial value of Fg, isequal to F; which is an acceptable variable so we simply plug
inF; forFptoget Fi—pymg=ma > a=F/m-ug
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Chapter 8

Fluid Mechanics

Low Pressure

High Pressure
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AP Physics Multiple Choice Practice — Fluid Mechanics

1. Acork has weight mg and density 25% of water density. A string is tied around the
cork and attached to the bottom of a water-filled container. The cork is totally
immersed. Express in terms of the cork weight mg, the tension in the string
A)0
B) mg
C) 2mg
D) 3mg
E) 4mg

2. Which of the following is the best statement of Pascals Law?
A) pressure on a confined liquid is transmitted equally in all directions
B) a numerical arrangement where each number is the sum of the two numbers above
C) two electrons cannot occupy the same quantum state at the same time
D) the volume of a gas is directly related to its temperature
E) the farther away a galaxy is the faster it is receding

3. When submerged under water, the apparent mass of one cubic meter of pure gold is 18300 kg. What would be
its mass in air?
A) 16300 kg B) 17300 kg C) 18300kg D) 19300 kg E) 20300 kg

4. An ideal fluid flows through a long horizontal circular pipe. In one region of the pipe, it has radius R. The pipe
then widens to radius 2R. What is the ratio of the fluids speed in the region of radius R to the speed of the fluid
in region with radius 2R
A¥v B)¥Y C1 D)2 E)4

5. Afluid is forced through a pipe of changing cross section as shown. In which section would the pressure of the
fluid be a minimum

—\—/ oo
I
I I I v
Al B) Il o) D) IV E) all section have the same pressure.

6. Three fishing bobbers all float on top of water. They have the following relationships:
-A,B: same mass, same density, different shapes
-B,C: same size, same shape,
mass & density C < mass & density B
Three identical weights are tied to each bob, and each is pulled completely beneath the water. Which bob will
displace the greatest amount of water
A) A
B) B
C)C
D) Aand B
E) All displace the same amount of water.

7. A hydraulic press allows large masses to be lifted with small forces as a result of which principle?
A) Pascal’s
B) Bernoulli’s
C) Archimedes’
D) Huygens’
E) Newton’s
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10.

11.

12.

13.

14,

15.

328

A 500 N weight sits on the small piston of a hydraulic machine. The small piston has an area of 2 cm?. If the
large piston has an area of 40 cm?, how much weight can the large piston support?

A) 25N

B) 500 N

C) 10000 N

D) 40000 N

As a rock sinks deeper and deeper into water of constant density, what happens to the buoyant force on it?
A) It increases.

B) It remains constant.

C) It decreases.

D) It may increase or decrease, depending on the shape of the rock.

50 cm3 of wood is floating on water, and 50 cm3 of iron is totally submerged. Which has the greater buoyant
force on it?

A) The wood.

B) The iron.

C) Both have the same buoyant force.

D) Cannot be determined without knowing their densities.

Salt water is more dense than fresh water. A ship floats in both fresh water and salt water. Compared to the
fresh water, the amount of water displaced in the salt water is

A) more.

B) less.

C) the same.

D) Cannot be determined from the information given.

A liquid has a specific gravity of 0.357. What is its density?
A) 357kg/m3  B) 643 kg/m® C) 1000 kg/m® D) 3570 kg/m®

Water flows through a pipe. The diameter of the pipe at point B is larger than at point A. Where is the water
pressure greater?

A) Point A

B) Point B

C) Same at both A and B

D) Cannot be determined from the information given.

Liquid flows through a 4 cm diameter pipe at 1.0 m/s. There is a 2 cm diameter restriction in the line. What is
the velocity in this restriction?
A) 0.25mls B) 0.50m/s C) 2mls D) 4mis

A copper block is connected to a string and submerged in a container of water.

Position 1: The copper is completely submerged, but just under the surface of the water.

Position 2: The copper is completely submerged, mid-way between the water surface and the bottom of the
container.

Position 3: The copper is completely submerged, but just above the bottom surface of the container.

Assume that the water is incompressible.  What is the ranking of the buoyant forces (B) acting on the copper
blocks for these positions, from least to greater?

(A) B, <B,<B,

(B) B,<B,<B,

(C)B,=B,=B,

(D) B ,<B,=B,

(E)B,<B, =B,



16. Two objects labeled K and L have equal mass but densities 0.95D, and D, respectively. Each of these objects

floats after being thrown into a deep swimming pool. Which is true about the buoyant forces acting on these

objects?

(A) The buoyant force is greater on Object K since it has a lower density and displaces more water.

(B) The buoyant force is greater on Object K since it has lower density and lower density objects always float
“higher” in the fluid.

(C) The buoyant force is greater on Object L since it is denser than K and therefore “heavier.”

(D) The buoyant forces are equal on the objects since they have equal mass.

(E) Without knowing the specific gravity of the objects, nothing can be determined.

17. Adriveway is 22.0 m long and 5.0 m wide. If the atmospheric pressure is 1.0 x 10° Pa, How much force does

the atmosphere exert on the driveway?
(A)9.09 x 10° N

(B) 1.1x 10N

(C)909 N

(D) 4545 N

(E)1.1x10"N

18. Which of the following could be a correct unit for pressure?

19.

20.

21.

k m-s
9
m-S

w9 e gk (@
m m-S S

A block is connected to a light string attached to the bottom of a large
container of water. The tension in the string is 3.0 N. The gravitational
force from the earth on the block is 5.0 N. What is the block’s volume?
(A) 2.0x10* n®

(B) 3.0x10* n?’

(C) 5.0x10 ™ n?® block
(D) 8.0x10 * m®
(E) 1.0x10 % m®

string

A cube of unknown material and uniform density floats in a container of water with 60% of its volume
submerged. If this same cube were placed in a container of oil with density 800 kg/m®, what portion of the
cube’s volume would be submerged while floating?

(A) 33% (B) 50% (C) 58% (D) 67% (E) 75%

A piece of an ideal fluid is marked as it moves R“Eglﬂﬂ | O

along a horizontal streamline through a pipe, as :

shown in the figure. In Region I, the speed of the [

fluid on the streamline is V. The cylindrical, Vv -

horizontal pipe narrows so that the radius of the Sl - Lt Bl S e - --
I
|

pipe in Region Il is half of what it was in Region J|
I. What is the speed of the marked fluid when it T
is in Region 11? [-0‘/_ :

i !

(A)4V  (B)2Vv (C)V (D)Vi2 (E)Vi4
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22,

23.

24,

A fluid flows steadily from left to right in the pipe
shown. The diameter of the pipe is less at point 2 then at “
point 1, and the fluid density is constant throughout the

pipe. How do the velocity of flow and the pressure at Flow
points 1 and 2 compare? l

Velocity Pressure I
(A)vi<v2 pl = p2

(B) vi<wv2 pl > p2
C)vi=wv2 pl < p2
(D)vli>Vv2 pl =p2
(E)vi>Wv2 pl > p2

The figure shows an object of mass 0.4 kg that is suspended from a scale and submerged in
a liquid. If the reading on the scale is 3 N, then the buoyant force that the fluid exerts on
the object is most nearly

(A) 1.3N
(B) 1.ON
(C)0.75N
(D) 0.33N
(E)0.25N

Each of the beakers shown is filled to the same depth h with liquid
of density p. The area A of the flat bottom is the same for each
beaker. Which of the following ranks the beakers according to the
net downward force exerted by the liquid on the flat bottom, from
greatest to least force?

L

A LaLn v
B) 1, 1V, 11, 1
© 1, u v,
D) v, 1, 1,1
(E) None of the above, the force on each is the same.

25. A T-shaped tube with a constriction is inserted in a vessel containing a

26.

330

liquid, as shown. What happens if air is blown through the tube from the ~— _
left, as shown by the arrow in the diagram? : -

(A) The liquid level in the tube rises to a level above the surface of the
liquid in the surrounding tube

(B) The liquid level in the tube falls below the level of the surrounding
liquid

(C) The liquid level in the tube remains where it is

(D) The air bubbles out at the bottom of the tube.

(E) Any of the above depending on how hard the air flows.

A spring scale calibrated in kilograms is used to determine the density of a rock specimen. The reading on the
spring scale is 0.45 kg when the specimen is suspended in air and 0.36 kg when the specimen is fully
submerged in water. If the density of water is 1000 kg/m?, the density of the rock specimen is

(A) 2.0 x 10° kg/m*  (B) 8.0 x 10* kg/m® (C) 1.25 x 10° kg/m® (D) 4.0 x 10° kg/m® (E) 5.0 x 10° kg/m®



Questions 27-28: Refer to the diagram below and use 10 m/s® for g and 100,000 N/m? for 1 atm.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

pipe radius= 4 cm

pipe radius=8 cm
pipe radius= 2 cm

15m 15m 15m
pipe radius= 4 cm

The pressure at A is 9.5 atm and the water velocity is 10 m/s. What is the water velocity at point C?
@25mis (b)5m/s (c) 10 m/s (d) 20 m/s (e) 40 m/s

The pressure at C is
(a) 0N/m?  (b) 100,000 N/m* (c) 150,000 N/m* (d) 800,000 N/m*  (e) 1,100,000 N/m?

One cubic centimeter of iron (density ~7.8 g/cm®) and 1 cubic centimeter of aluminum (density ~2.7 g/cm®) are
dropped into a pool. Which has the largest buoyant force on it?
(@) iron (b) aluminum  (c) both are the same. (d) neither has a buoyant force on it.

One kilogram of iron (density ~7.8 g/cm®) and 1 kilogram of aluminum (density ~2.7 g/lcm®) are dropped into a
pool. Which has the largest buoyant force on it?
(@) iron (b) aluminum  (c) both are the same. (d) neither has a buoyant force on it.

Find the approximate minimum mass needed for a spherical ball with a 40 cm radius to sink in a liquid of
density 1.4x10° kg/m®
(@) 37.5kg (b) 375 kg (c) 3750 kg (d) 37500 kg (e) 375000 kg

What vertical percentage of a 0.25 m deep sheet of ice, whose density is 0.95x10% kg/m®, will be visible in an
ocean whose density is 1.1x10° kg/m?
(@) 14% (b) 34% (c) 58% (d) 71% (e) 87%

The idea that the velocity of a fluid is high when pressure is low and that the velocity of a fluid is low when the
pressure is high embodies a principle attributed to
(@) Torricelli (b) Pascal (c) Galileo (d) Archimedes (e) Bernoulli

The mass of a 1.3 m® object with a specific gravity of 0.82 is
(@) 630 kg (b) 730 kg (c) 820 kg (d) 1100 kg (e) 1600 kg

The apparent weight of a 600 kg object of volume 0.375 m® submerged in a liquid of density 1.25x10° kg/m? is
(@ 180N  (b) 250N (c) 480 N (d) 1300 N (e) 4700 N

A conduit of radius 7R carries a uniformly dense liquid to a spigot of radius R at the same height, where it has a
velocity of V. What is its initial velocity
(@ 0.02v  (b) 0.11V )V (d) v (e) 49V
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37. The pressure in a pipe carrying a liquid with a density of p and an initial velocity v at the inlet is P, which is y
meters lower than its outlet, which has a velocity of 2v. In these terms, what is the final pressure?

(A gp(?»vz +2gy)

1
(B) P—Ep(3v2+29y)
() P+%,o(—3v2 +pay)

;p(vz—4v2)—pgy
P
(E) po(VZ —4v2)—pgy}

(D)

38. The units of specific gravity are
(@ kg/m®*  (b)g/m* (c)m/s>  (d)N/m (e) none of the above

39. The buoyant force on an object is equal to the weight of the water displaced by a submerged object. This is a
principle attributed to
(@) Torricelli (b) Pascal  (c) Galileo  (d) Archimedes (e) Bernoulli

40. If the gauge pressure of a device reads 2.026x10° N/m?, the absolute pressure it is measuring is
(a) 1.013 x 10° N/m?
(b) 2.052 x 10° N/m?
(c) 2.026 x10° N/m?
(d) 3.039 x 10° N/m?
(e) 6.078 x 10° N/m?

41. A block of mass m, density pg , and volume V is completely submerged in a liquid of density p, . The density of
the block is greater than the density of the liquid. The block
(a) floats, because pg > p_
(b) experiences a buoyant force equal to pg gV.
(c) experiences a buoyant force equal to p_ gV.
(d) experiences a buoyant force equal to mg g
(e) does not experience any buoyant force, because pg > p, .

42. Ariver gradually deepens, from a depth of 4 m to a depth of 8 m as shown. The width, W, of the river does not
change. At the depth of 4 m, the river’s speed is 12 m/sec. Its velocity at the 8 m depth is

4m —1—= v=12m/sec

=~

@ 12m/sec  (b)24m/sec  (c)6m/sec  (d)8m/sec  (e) 16 m/sec
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43. In the open manometer shown, water occupies a part of the left arm, from a height of y; to a height of y,. The
remainder of the left arm, the bottom of the tube, and the right arm to a height of y; are filled with mercury.

A R R s e e

a0 DT e e D e el e e D

Which of the following is correct?

(a) the pressure at a height y; is the same in both arms.

(b) the pressure at a height y, is the same in both arms.

(c) the pressure at the bottom of the right arm is greater than at the bottom of the left arm.
(d) the pressure at a height ys is less in the left arm than in the right arm.

(e) the pressure at a height y; is greater in the left arm than in the right arm.

44, Water flows in a pipe of uniform cross-sectional area A.

The pipe changes height from y; = 2 meters to y, = 3 meters. Since the areas are the same, we can say v; = V.
Which of the following is true?

(@) P1 =P +pg(y2— Y1)

(b)P1 =P,

(C) Pl =0

d)P,=0

(e) p1>p2

45. A vertical force of 30 N is applied uniformly to a flat button with a radius of 1 cm that is lying on a table. Which
of the following is the best order of magnitude estimate for the pressure applied to the button?
(A) 10 Pa
(B) 10 Pa
(C) 10° Pa
(D) 10* Pa
(E) 10° Pa
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46. A ball that can float on water has mass 5.00 kg and volume 2.50 x 10 m®. What is the magnitude of the
downward force that must be applied to the ball to hold it motionless and completely submerged in freshwater
of density 1.00 x 10° kg/m®?

(A) 20.0N
(B) 25.0N
(C)30.0N
(D) 200N
(E) 250 N

47. Water flows through the pipe shown. At the larger end, the pipe has diameter D and the speed of the water is v; .
— —_— Id

i -

What is the speed of the water at the smaller end, where the pipe has diameter d ?

(A)v, ®<w  ©ow  Ov (B
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AP Physics Free Response Practice — Fluids

2002B6.

In the laboratory, you are given a cylindrical beaker containing a fluid and you are asked to determine the density p
of the fluid. You are to use a spring of negligible mass and unknown spring constant k attached to a stand. An
irregularly shaped object of known mass mand density D (D >> p) hangs from the spring. You may also choose
from among the following items to complete the task.

* A metric ruler

* A stopwatch

* String
(a) Explain how you could experimentally determine the spring constant k.

(b) The spring-object system is now arranged so that the object (but none of the spring) is immersed in the unknown
fluid, as shown. Describe any changes that are observed in the spring-object system and explain why they occur.

(c) Explain how you could experimentally determine the density of the fluid.

(d) Show explicitly, using equations, how you will use your measurements to calculate the fluid density p. Start by
identifying any symbols you use in your equations.

Symbol Physzical quantity
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i e T T T House

S0 m

B2003B6.

A pump, submerged at the bottom of a well that is 35 m deep, is used to pump water uphill to a house that is 50 m
above the top of the well, as shown above. The density of water is 1,000 kg/m* Neglect the effects of friction,
turbulence, and viscosity.

(a) Residents of the house use 0.35 m® of water per day. The day’s pumping is completed in 2 hours during
the day.
i. Calculate the minimum work required to pump the water used per day
ii. Calculate the minimum power rating of the pump.

(b) In the well, the water flows at 0.50 m/s and the pipe has a diameter of 3.0 cm. At the house the diameter of the
pipe is 1.25 cm.
i. Calculate the flow velocity at the house when a faucet in the house is open.
ii. Calculate the pressure at the well when the faucet in the house is open.
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2003B6.
A diver descends from a salvage ship to the ocean floor at a depth of 35 m below the surface. The density of ocean
water is 1.025 x 10° kg/m°.
(a) Calculate the gauge pressure on the diver on the ocean floor.
(b) Calculate the absolute pressure on the diver on the ocean floor.
The diver finds a rectangular aluminum plate having dimensions 1.0 m x 2.0 m x 0.03 m. A hoisting cable is
lowered from the ship and the diver connects it to the plate. The density of aluminum is 2.7 x 10% kg/m®. Ignore the
effects of viscosity.
(c) Calculate the tension in the cable if it lifts the plate upward at a slow, constant velocity.
(d) Will the tension in the hoisting cable increase, decrease, or remain the same if the plate accelerates upward at
0.05 m/s*?

increase decrease remain the same

Explain your reasoning.

2004B2.

While exploring a sunken ocean liner, the principal researcher found the absolute pressure on the robot observation
submarine at the level of the ship to be about 413 atmospheres. The inside of the submarine is kept at atmospheric
pressure. The density of seawater is 1025 kg/m® .

(a) Calculate the gauge pressure on the sunken ocean liner.

(b) Calculate the depth of the sunken ocean liner.

(c) Calculate the magnitude of the net force due to the fluid pressures only on a viewing port of the submarine at this
depth if the viewing port has a surface area of 0.0100 m? .

(d) What prevents the ‘net force’ found in part ¢ from accelerating and moving the viewing port.

Suppose that the ocean liner came to rest at the surface of the ocean before it started to sink. Due to the resistance of
the seawater, the sinking ocean liner then reached a terminal velocity of 10.0 m/s after falling for 30.0 s.

(e) Determine the magnitude of the average acceleration of the ocean liner during this period of time.

(f) Assuming the acceleration was constant, calculate the distance d below the surface at which the ocean liner
reached this terminal velocity.

(g) Calculate the time t it took the ocean liner to sink from the surface to the bottom of the ocean.
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Top of Bell

Area :l_f_'.?]-u m= — Hateh

™ A (r=025m)

B2004B2.

The experimental diving bell shown above is lowered from rest at the ocean’s surface and reaches a maximum depth
of 80 m. Initially it accelerates downward at a rate of 0.10 m/s® until it reaches a speed of 2.0 m/s, which then
remains constant. During the descent, the pressure inside the bell remains constant at 1 atmosphere. The top of the
bell has a cross-sectional area A = 9.0 m?. The density of seawater is 1025 kg/m®.

(a) Calculate the total time it takes the bell to reach the maximum depth of 80 m.
(b) Calculate the weight of the water on the top of the bell when it is at the maximum depth.
(c) Calculate the absolute pressure on the top of the bell at the maximum depth.

On the top of the bell there is a circular hatch of radius r = 0.25 m.
(d) Calculate the minimum force necessary to lift open the hatch of the bell at the maximum depth.
(e) What could you do to reduce the force necessary to open the hatch at this depth? Justify your answer.

2005B5.

Note: Figure not drawn to scale.

A large rectangular raft (density 650 kg/m°) is floating on a lake. The surface area of the top of the raft is 8.2 m*

and its volume is 1.80 m®. The density of the lake water is 1000 kg/m®.

(a) Calculate the height h of the portion of the raft that is above the surrounding water.

(b) Calculate the magnitude of the buoyant force on the raft and state its direction.

(c) If the average mass of a person is 75 kg, calculate the maximum number of people that can be on the raft
without the top of the raft sinking below the surface of the water. (Assume that the people are evenly
distributed on the raft.)
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B2005B5.

A large tank, 25 m in height and open at the top, is completely

filled with saltwater (density 1025 kg/m°®). A small drain plug

with a cross-sectional area of 4.0 x 10° m? is located 5.0 m

from the bottom of the tank. 25m
The plug breaks loose from the tank, and water flows from the g
drain.

(a) Calculate the force exerted by the water on the plug before

the plug breaks free.

(b) Calculate the speed of the water as it leaves the hole in the side of the tank.
(c) Calculate the volume flow rate of the water from the hole.

= [=

2007BA4.

The large container shown in the cross section is filled with a liquid of density 1.1 x 10° kg/m®. A small

hole of area 2.5 x 10°® m? is opened in the side of the container a distance h below the liquid surface, which
allows a stream of liquid to flow through the hole and into a beaker placed to the right of the container. At the
same time, liquid is also added to the container at an appropriate rate so that h remains constant. The amount of
liquid collected in the beaker in 2.0 minutes is 7.2 x 10~ m°.

(a) Calculate the volume rate of flow of liquid from the hole in m3s.

(b) Calculate the speed of the liquid as it exits from the hole.

(c) Calculate the height h of liquid needed above the hole to cause the speed you determined in part (b).

(d) Suppose that there is now less liquid in the container so that the height h is reduced to h/2. In relation to the
collection beaker, where will the liquid hit the tabletop?

__ Leftofthe beaker __ Inthe beaker __ Right of the beaker

Justify your answer.

" r
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B2007B4.

Water (.70 m

1 [\ .

A cylindrical tank containing water of density 1000 kg/m? is filled to a height of 0.70 m and placed on a stand
as shown in the cross section above. A hole of radius 0.0010 m in the bottom of the tank is opened. Water then
flows through the hole and through an opening in the stand and is collected in a tray 0.30 m below the hole. At
the same time, water is added to the tank at an appropriate rate so that the water level in the tank remains
constant.

(a) Calculate the speed at which the water flows out from the hole.

(b) Calculate the volume rate at which water flows out from the hole.

(c) Calculate the volume of water collected in the tray in t = 2.0 minutes.

(d) Calculate the time it takes for a given droplet of water to fall 0.25 m from the hole.

2008B4.

T

(1,150 m
S0

A drinking fountain projects water at an initial angle of 50° above the horizontal, and the water reaches a
maximum height of 0.150 m above the point of exit. Assume air resistance is negligible.

(a) Calculate the speed at which the water leaves the fountain.

(b) The radius of the fountain’s exit hole is 4.00 x 10 m. Calculate the volume rate of flow of the water.
(c) The fountain is fed by a pipe that at one point has a radius of 7.00 x 10 m and is 3.00 m below the
fountain’s opening. The density of water is 1.0 x 10% kg/m®. Calculate the gauge pressure in the feeder
pipe at this point.
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B2008B4.

A fountain with an opening of radius 0.015 m shoots a stream of water vertically from ground level at 6.0 m/s.
The density of water is 1000 kg/m?®.

(a) Calculate the volume rate of flow of water.

(b) The fountain is fed by a pipe that at one point has a radius of 0.025 m and is 2.5 m below the fountain’s
opening. Calculate the absolute pressure in the pipe at this point.

(c) The fountain owner wants to launch the water 4.0 m into the air with the same volume flow rate. A nozzle
can be attached to change the size of the opening. Calculate the radius needed on this new nozzle.

2009B5.

A

A B C

Three objects of identical mass attached to strings are suspended in a large tank of liquid, as shown above.
(@) Must all three strings have the same tension?

___Yes___No

Justify your answer.

Object A has a volume of 1.0 x 10®° m? and a density of 1300 kg m®. The tension in the string to which
object A is attached is 0.0098 N.

(b) Calculate the buoyant force on object A.

(c) Calculate the density of the liquid.

(d) Some of the liquid is now drained from the tank until only half of the volume of object A is submerged.
Would the tension in the string to which object A is attached increase, decrease, or remain the same?
_ Increase __ Decrease __ Remain the same

Justify your answer.
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B2009B3.

~F W™ o
- R e L
{__.a-",'{ i "\\xl| iy L
Ground Level S e VN
(.50 m
[ ] —_—
A

An underground pipe carries water of density 1000 kg/m?® to a fountain at ground level, as shown above. At
point A, 0.50 m below ground level, the pipe has a cross-sectional area of 1.0 x 10 m% At ground level, the
pipe has a cross-sectional area of 0.50 x 10 m? The water leaves the pipe at point B at a speed of 8.2 m/s.
(a) Calculate the speed of the water in the pipe at point A.

(b) Calculate the absolute water pressure in the pipe at point A.

(c) Calculate the maximum height above the ground that the water reaches upon leaving the pipe vertically at
ground level, assuming air resistance is negligible.

(d) Calculate the horizontal distance from the pipe that is reached by water exiting the pipe at 60° from the
level ground, assuming air resistance is negligible.

Supplemental Problems

SUP1. A block of wood has a mass of 12 kg and dimensions 0.5 m by 0.2 m by 0.2 m.

(a) Find the density p, of the wooden block.

(b) If the block is placed in water (p = 1000 kg/m®) with the square sides parallel to the water surface, how far
beneath the surface of the water is the bottom of the block?

(c) A weight is placed on the top of the block. The block sinks to a point that the top of the block is exactly even
with the water surface. Find the mass of the added weight.

SUP2. A tapered horizontal pipe carries water from one building to another on the same level. The wider end has a
cross-sectional area of 4 m”. The narrower end has a cross-sectional area of 2 m?. Water enters the wider end at a
velocity of 10 m/sec.

(a) What is the speed of the water at the narrow end of the pipe?

(b) The gauge pressure of the water at the wide end of the pipe is 2 x 10° pascals. Using Bernoulli’s equation, find
the gauge pressure at the narrow end of the pipe.

SUP3. A small airplane has wings with surface area 9 m? each. The speed of the air across the top of the wing is
50 m/sec, and across the bottom of the wing, 40 m/sec. Take the density of air to be 1.2 kg/m°.
(a) Find the difference in the pressure between the top and the bottom of the wing.
(b) i) Find the net lift upward on the plane.
ii) If there is no other lift on the plane, what would be the mass of the plane? Assume the plane is not
accelerating up or down.

SUP4. A block of woad floats in water, with 2/3 of it submerged. The wood is then placed in oil, and 9/10 of it is
submerged. Find the density of the wood, and of the oil.
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Dam-. B T B
L Lake
200 m
16,0 m N |
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5.0m | I
r ! Siream 2.0m .

I

A 20 m high dam is used to create a large lake. The lake is filled to a depth of 16 m as shown above. The density of
water is 1000 kg/m® .

(a) Calculate the absolute pressure at the bottom of the lake next to the dam.

A release valve is opened 5.0 m above the base of the dam, and water exits horizontally from the valve.
(b) Use Bernoulli’s equation to calculate the initial speed of the water as it exits the valve.

(c) The stream below the surface of the dam is 2.0 m deep. Assuming that air resistance is negligible, calculate the
horizontal distance x from the dam at which the water exiting the valve strikes the surface of the stream.

(d) Suppose that the atmospheric pressure in the vicinity of the dam increased. How would this affect the initial
speed of the water as it exits the valve?

It would increase. It would decrease. It would remain the same.
Justify your answer.
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ANSWERS - AP Physics Multiple Choice Practice — Fluids

10.

11.

12.

13.

14,

15.

Solution

FBD has F; pointing down F, pointing up and weight (mg) down. F,g =0 F,—F,—mg=0
The buoyant force is given by the weight of the displaced water. Since the waters displaced
volumeis equal to the corks displaced volume and the water weight for the same volume
would be 4 times heavier (based on the given cork weight = 25% water weight) compared to
the cork, the buoyant forceis equal to 4 x the cork weight = 4mg. Using the force equation
created initidly. F;, = F,—mg = 4mg-mg = 3mg

Definition of Pascal’s principle

A 1 m® volume cube under water displaces 1m® of water. Thisweight of water = pvg =
1000(1)(10) = 10000 N which is equivalent to the buoyant force. The apparent weight in
water is Mg, = 18300(10) = 183000 N. This apparent weight is lessened by the buoyant
force pulling up with 10000 N of force. So outside of the water, this upwards force would
not exist and the actual weight would be 193000 N which equal 19300 kg of mass.

Us ng fluid Continuity. Aivi=ALv, TERZV]_ = 7'[(2R)2V2 vi=4v,

Thisisbased on two principles. 1 —Bernoulli’s principle says that when speed increases
pressure drops. Second, continuity says more area means less speed based on Ajv; = ALV,
So the smallest area would have the largest speed and therefore most pressure drop.

Since A and B have the same mass and density, they have the same volume. C has the same
volume as A and B since it’s the same shape as B. So all three objects have the same
volume. When submerged, they will all displace the same amount of water and therefore all
have the same buoyant force acting on them. Note: if the objects were floating instead of
submerged than the heavier ones would have larger buoyant forces.

Pascals principle of equal pressure transfer in afluid allows for hydraulic lifts to function.
Pascals principle says P, =P, Fl/Al = Fz/AZ F, =FA, / A= 500(40)/(2)

Buoyant force is equal to weight of displaced fluid. Since the density is constant and the volume
displaced is aways the same, the buoyant force stays constant

The wood isfloating and is only partially submerged. It does not displace a weight of water
related to its entire volume. The iron however istotally submerged and does displace a
weight of water equal to its entire volume. Since the iron displaces more water, it has a
larger buoyant force acting on it.

For floating objects, the weight of the displaced fluid equals the weight of the object. For amore
dense fluid, less of that fluid needs to be displaced to create a fluid weight equal to the
weight of the object. Since the salt water is more dense, it will not need as much displaced.

Definition of specific gravity. s.g2=px /P20

Same as question #5, but moving to more area = less speed - more pressure

Flow continuity. A;v; =A,v,  m(0.02)%(1) = n(0.01)%v,

Buoyant force is based on how much weight of water is displaced. Since all three are completely
submerged they all displace the same amount of water so have equal buoyant forces.
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16.

17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

346

For floating objects, the buoyant force equal s the weight of the abjects. Since each object has the
same weight, they must have the same buoyant force to counteract that weight and make
them float. IF the equal mass objects sunk, then the one with the smaller density would have
a larger volume and displace more water so have a larger buoyant force. But that is not the

case here.
P=F/A 1x10° = F/ (22*5)
P=F/A =malA = kg (m/s%) | m? =kg/ (mes?)

Three forces act on the block, F; down, mg downand F, up. F,g =0 Fy—F,—mg=0
F,—3-5=0 F» = 8 N —weight of displaced water = pno Vi J
8=(1000) V (10) - V =0.0008 m®

For floating objects mg = Fy pay Vot &= Prio Vaiep @
Py (V)g =1000 (0.6V) g Poy = 600

In oil the sameistrue PotiVobj &= Poil Vispd (600)Vg=(800) x%V g x%=0.75
Same as question 4

Based on continuity, less area means more speed and based on Bernoulli, more speed means less
pressure.

The weight of the massis4N. The scale reading apparent weight is 3N so there must be a 1IN
buoyant force acting to produce this resuilt.

Since the pressure in afluid is only dependent on the depth, they all have the same fluid pressure
at the base. Since all of the bases have the same area and the same liquid pressure there, the
force of the liquid given by P=F/A would be the same for all containers. Note: IF instead
this question asked for the pressure of the container on the floor below it, the container with
more total massin it would create a greater pressure, but that is not the case here.

Asthe fluid flows into the smaller area constriction, its speed increases and therefore the pressure
drops. Since the pressure in the constriction is less than that outside at the water surface,
fluid isforced up into the lower tube.

The buoyant force would be the difference between the two scale readings ... (.09kg)(10 m/s?) =
0.9 N of buoyant force. This equals the weight of displaced water. Fp= pno Vg
0.9 =1000 (V) (10) ... givesthe volume of the displaced water = 0.00009 which is the same
as the volume of the object since its fully submerged.

045 _ 4510000

. = = 5000
0.00009 100 9

Now using p = m/V for the object we have ..

Use flow continuity. Avi=ALv,
since the areais the same at both locations the speed would also have to be the same.

Apply Bernoulli’sequation. Py + pgy; + ¥4 pvi® = P, + pgys + Y4 pvp°
(9.5)(100000) + 0 + ¥ (1000)(10)? = P, + (1000)(10)(15) + ¥2 (1000)(10)?

P, = 800000 N/m?



29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Both object are more dense than water and will sink in the pool. Since both have the same
volume, they will displace the same amount of water and will have the same buoyant forces.

Again both ssmples sink. Also, both samples have the same mass but different densities. For the
same mass, a smaller density must have alarger volume, and the larger volume displaces
more water making alarger buoyant force. So the smaller density with the larger volume has
alarger buoyant force.

V of this ball is 4/3 7 r* = 4/3 7 (0.4)* = 0.2681 m®. For the ball to just sink, it is on the verge of
floating, meaning the weight of the ball equals the buoyant force of the fully submerged ball.

This Obj ect will float, so Moy 9 = Fp poijobj £ = Pocean Vdisp g
(0.95x10%)(V)(10) = (1.1x10%)(x% V) (10)
Gives x% = 0.86 but that is the amount submerged, so the visible about would be 1 — 0.86

Statement associated with Bernoulli’ s principle
S.2 = Pob / Ph2o 0.82 = Pobj / 1000 Pob = 820 ... then p= m/V 820=m/ 1.3

The apparent weight is the air weight — the upwards buoyant force. The buoyant force is given
by Fy = prn Vg 9 = 1.25x10° (0.375) (10) = 4687.5N.
The apparent weight is then (600)(10) — 4687.5 = 1312.5N

Using fluid continuity. Avy = A,v, 1(7TR) v = n(R)*V vi =V /49

The fluid flow is occurring in a situation similar to the diagram for question #27.
Apply Bernoulli’s equation. P + pgyy + V% pvi® = Py + pgys + ¥ pvo?

P+ 0+ pv2 =P, + pgy + %2 p (2v)°

P2:P+1/sz2—1/z4pV2—pgy :P—3/2pV2—pgy

s.g isdensity / density and has no units
Definition of Archimedes principle
Pas = Py + P, = 2.026x10° + 1.01x10° = 3.03x10° Pa

Definition of buoyant force

Using fluid continuity with W asriver width. A;v; = Av,  4W)(12) = (8)(W)v, v, =6m/s

Therelevant formula hereis P = Po+ pgh

Answer (a) iswrong, because at y1 on both arms, the pressure is just the atmospheric pressure.
The pressureinthe right arm at y3is still just atmospheric, but on the left, it is atmospheric plus
pg(yl-y3). That rules out (a). The pressure at the bottom of the tube is everywhere the same
(Pascal’s principle), which rules out (¢), and at the same time, tells us (b) isright. At y2, we can
say P = Pbottom — py4gy2 on both sides, so the pressure is equal. Answer (d) is wrong because at
y3, theright arm is supporting only the atmosphere, while the left arm is supporting the
atmosphere plus pyyo gh. Finally, (€) issilly because both arms at height y1 are at atmospheric
pressure.

Apply Bernoulli’s equation. Py + pgy; +%-pvy® = P, + pgy, + Ybpvs’
P1 =P, + pg(y2-Y1)
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45. P=F/A=30/nr?...use 3 for m since its an estimate ... 30/ (3*(.01)%) = 100000 Pa

46. From aforce standpoint, for the object to be completely submerged there would be three forces
acting. Fy, up, mg down and Fp,g down. Fp = Fpusn + Mg Fpush = Fp —mg
Foush = Przo Vaisy 9 — Mg
= (1000)(2.5x1079)(10) — (5)(10) = 200 N

47.  Using fluid continuity. Av; = A,v, n(D2)v, =n(d2)v,  solveforv,
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AP Physics Free Response Practice — Fluids— ANSWERS

2002B6.

a) Example 1: Measure the unstretched length of the spring. Hang it with the object at rest and measure the stretched
length. Call the difference in these lengthsAx. Equating the weight of the object and the force exerted by the
extended spring gives mg = kAx from which k can be determined.

Example 2: Set the hanging mass into oscillation. Determine the period T by timing n oscillations and dividing
that time by n. The equation T = 2V m / k can then be used to find k.

b) The spring is stretched less when the object is at rest in the fluid. The fluid exerts an upward buoyant force on the
object. Since the net force on the object is still zero, the spring does not need to exert as much force as before
and thus stretches less.

c&d)

1) Measure the length of the spring when the object isimmersed in the liquid, and subtract the unstretched length to
determine the amount the spring is stretched. Thiswill allow calculation of the force exerted by the spring on
the object.

2) The volume of fluid displaced is equal to the volume of the object, which can be determined from the given mass
and density of the object.

3) The buoyant force on the object is equal to the difference of the object’ s weight and the force exerted by the
spring.

4) The buoyant force also equals the weight of the displaced fluid, which equals the product of the fluid density,
displaced volume, and g.

Symbol Quantity
fluid density

object volume = displaced water volume
acceleration of gravity

mass of object

spring stretch in air

spring stretch in water

X 3@ <o

x
=

First solving for k inair. mg = kx
Theninthefluid. Fg = kxy

Fe =0 Fo=mg—Fg pVg = mg —kxy, pVg=mg—(mg/X) X, solve for p
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B2003B6.

a) 1) The total mass of water moved can be found with the density and volume m = pV = (1000)(0.35) = 350 kg of
water. Thiswater is moved a distance 85 m so the work done to move it is W=Fd = (350)(9.8)(85) = 291,500 J.

ii) The force needed to move the water = the weight of the water (mg).
Using. P=Fd/t =(350)(9.8)(85) / (2hrs*3600 s/hr) = 40.5 W

b) i) Using fluid continuity. A;v, = AoV, 1(.03/2)%(0.5) = n(0.0125/2)~, v, =2.88m/s
i) Apply Bernoulli’s equation. Py + pgy; + % pvi® = P, + pgys + ¥ pvo”
y,:=0 P, = atmospheric (open faucet)
P, + 0+ %(1000) (0.5)? = 1.01x10° + (1000)(9.8)(85) + ¥4 (1000)(2.88)* P, = 938000 Pa

2003B6.

a) P = pgh = (1025)(9.8)(35) = 351,600 Pa

b) Pas = Po + pgh = 1.01x10° + 343,000 = 452,600 Pa

¢) The FBD has three forces acting on it. The upwards lifting force, the upwards buoyant force and the downwards
weight, mg. Constant velocity > F,g =0
Fi+F,—mg=0 Fe=mg—-Fy Ft = (PobjV obj)9 — (Ph2oV disp)9 Vi =V calitV
2> Fi=Vg (pa — pno) = (1x2x0.03)(9.8)(2700 — 1025) = 985 N

d) F, + F,—mg=ma Fr=mg—F, +ma.  Comparing thistension equation to the one in part ¢ you see that
the tension will increase since the quantity “ma’” is being added here
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2004B2.
8) Pabs = Po + Pgage 413 atm = 1 atm — Pgayge Pgage = 412 atm
b) Pgage = pgh 412(1.01x10°) = 1024 (9.8)(h) ~ h=4140m

¢) Thefluid pressures acting are the outside water pressure (which includes the atmosphere at the surface acting
down onit) and, the inside air pressure which is atmospheric. Since the atmospheric pressure acts both inside
and isaso included in the water pressure, the net force due to fluid pressure can be found by using the water’s
gauge pressure since the air pressures effectively cancel each other out.
Pgage = F /A 412(1.01x10°) = F/ 0.01 F =416,000 N

d) The force from c is not the true net force. The actual net force is zero asthe window is at rest. Thisforcefromc
is dueto fluid pressures and is resisted by normal forces acting on the edges of the window whereitis
connected to the submarine.

evi=v, +at 10 =0 + a(30) a=0.33m/s
f)yd=vit+%at’ d =0+ %(0.33)(30)? d=150m
0) Thetotal depthis4140 m. There are two partsto the trip, the first 150 m covered while accelerating and the

second (3990m) covered while moving at constant speed. The parts must be calculated separately. Part one,
during acceleration, was already given as taking 30 second. The second part at a constant speed can simply be

found using \_/= dit, 10=3990/t, t, =399 seconds. So thetotal time of travel was 429 seconds.

B2004B2.

a) The descent occurs at two different accelerations and must be analyzed in the two sections.
Section 1 starts from rest and accelerates, find the time in that part
Vi = Vg +agty 2=0+0.10t t;, =20 seconds.

di =vyt+ ¥ at;?  dy = %(0.10)(20) d;=20m

Section 2 occurs at a constant speed equal to the final speed in section 1 and will occur over the remaining
distance d, = 60m.

Vy,=dy/t, 2=60/t, t, = 30 seconds tiota = t1 + to = 50 seconds

b) Weight of water above the bell isacylindrical column with a height of h=80 m and area of A=9 m?. Thisgives
us the volume of the water above the bell given by V = Ah = 720 m®.
The weight of this column = Mo g = (praoV) g = (1025)(720)(9.8) = 7.2x10° N

C) P = P, + pgh = 1.01x10° + (1025)(9.8)(80) = 9x10° Pa

d) Sincethereisair pressure inside the bell, and the absolute pressure on the outside also includes the air pressure,
these two pressures essentially cancel each other out and we only need to push against the water pressure alone
so we should use the gauge pressure to find the needed force.

Pas = Po + Pgage 9x10° = 1.01x10° + Pgge ~ Pgauge = 8x10° Pa.
F = PA =(8x10°)(n(0.25)%) = 1.58x10° N

€) To reduce the pushing force needed, you could increase the pressure inside the bell to create a smaller pressure
difference between inside and outside. Or, by making the area of the hatch smaller the pushing force would be
less. Or, you could use alever inside that uses torque to provide mechanical advantage to amplify an applied
force to one side of the lever. This would makes the force pushing the hatch open the same but the required
pushing force of a person less.
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2005B5.
a) We are given the volume of the raft and the surface area as well. Use thisto first find the total height of the raft h,
V = Ah, 1.8=82h, h,=0.22m

Since the raft is floating, the weight of the raft must equal the weight of the displaced fluid. We will define “hy”
as being the portion of the height of the raft below the water so that the displaced volume is given by V=Ahg

Meetd = Phzo Vaisp 9
PraitVratt €= Phzo Vi 9 PraitVrat = Phzo (Ahs) (650)(1.8) = (1000)(8.2)hs hs=0.143 m
h=h, —hs = 0.22 —0.143 = 0.077 m (the visible portion of the raft)

b) Fg equals weight of displaced water = pno Vaip € = proo (Ahs) g = (1000)(8.2)(0.143)(9.8) = 11500 N directed 1

c) Determine the extra buoyant force that will come from submerging the exposed raft volume V¢, = Ah
Foedra = Ph2o Vaisp 8 = preo (Ah) g = (1000)(8.2)(0.077)(9.8) = 6187.7 N

1 personsweight = mg=735N. Tota weight allowed / person weight = 6187.7 / 735 =8.41

So, an extra 8 people could come on without submerging the raft. Y ou could also chop some arms or legs off
and throw them on there also until you get up to the extra 0.41 of a person limit.

B2005B5.

a) The force on the plug from the water inherently includes the atmosphere above it, so we use the absolute pressure.
Pas = Py + pgh = 1.01x10° + (1025)(9.8)(20m) = 3x10° Pa
Theforceisthen found withP=F/A  3x10°=F/ (4x10°) > F=12N

Note: This calculation of pressure (pgh) only works since the fluid is at rest (static). For moving fluids, only
Bernoulli’s equation (or F/Ain rare cases) can be applied for determining pressures.

b) Though many of you may know the Torricelli theorem shortcut to this problem, when the AP exam graded this
guestion, simply stating that equation and plugging in lost points. To be safe you should always start with
Bernoulli’s equation in its full form, cancel out terms that don’t exist or are assumed zero, and solve from there.
Py +pgys + % pvi® = Py + pgys + 2 pvo’

P, and P, are both open to atmosphere so are at P, and cancel. Tank islarge so v, is assumed small enough to
beO, y, isset aszero height.

pEy1 =Y pvo° v, = V2gy; (as expected from Torricelli) ... v, = V2(9.8)(20) = 19.8 m/s

c) Volume flow rate = Q = Av = (4x107°)(19.8) = 7.92x10™* m*/s

2007BA4.
a) Volume flow rate = Q = V/t = 7.2x10™/ (2min * 60 sec/min) = 6x107° m%/s

b) Your first thought is probably Bernoulli, but there are too many unknowns so this does not work. We can use the
volume flow rate above the find the velocity.
Q=Av 6x107° = (2.5x10°%) v v=24ms
c) Use Bernoullli, same derivation as in the problem above (B2005B5) ... v, = V2gh  (2.4)=v2(9.8)h  h=0.29m
d) Left of beaker. Based on the formula derived above, the exit velocity is dependent on the height and with less

horizontal exit velocity the range will be less (dy = v4t). This makes sense because less height would result in
less pressure and decrease the speed the fluid is gjected at, thus lessening the range.
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B2007BA4.

a) Use Bernoullli, same derivation as problem B2005B5 ... v, = V2gh ... v, = V2(9.8)(0.7)... v,= 3.7 m/s
b) Volume flow rate Q = Av = n(0.001)%(3.7) = 1.16x10° m%s

0Q=V/t 1.16x10°=V / (2min* 60 Smin) V =0.0014 m®

d) Freefall. d=vit+%gt? —025=(-3.7t) +%(—9.8)t? solve quadratic t=0.062's
Alternatively, first determine v; at the 0.25 m location then use v = v; + at to solve for t.

2008B4.

a) Using projectile methods. vy® = v, + 2ad, 0 = (v; sin50)? + 2(—9.8)(0.15) Vi =
224 m/s

b) Volume flow rate = Q = Av = n(4x107°)? (2.24) = 1.13x10™* m*/s

¢) If you don’t understand the wording, here is what the problem is saying

!

position 2 (0,150 m
5 307
position 1 - - ‘
P, / //"'-_-_
Feeder 41€ // )
P, r=7x10° y2=3m

First we need to find the velocity of the water at the feeder using continuity
Avi=Q; n(7x1072)(v,) = 1.13x10™ v, =0.73m/s

Bernoulli. Position 2 isthe fountain spigot which is open so at atmospheric pressure. y;=0 no height.
Py +pgys + % pva® = Py + pgys + Y5 pv,°
P, + 0 + %(1000)(0.73)? = (1.01x10°) + (1000)(9.8)(3m) + ¥2 (1000)(2.24)*
P, = 1.32x10° Pawhich is the absol ute pressure of the feeder.

To find the gauge pressure of the feeder. Pus = Pgage + Po 1.32x10° = Pgg e + 1.01x10°

Pgaue = 31600 Pa.

Note: This gauge pressure could be determined directly in Bernoulli’ s equation by realizing that P, includes
atmospheric pressure as part of itstotal value and that P, was equal to atmospheric pressure, so by elimination
of theterm P,, P, becomes the gauge pressure. This should be stated in the solution if it is the chosen solution
method.
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B2008B4
a) Volume flow rate = Q = Av = n(0.015)? (6) = 0.0042 m*/s

b) First we need to find the velocity of the water in the pipe below using continuity
Avi=Q; 1(0.025)%(v;) = 0.0042 vy =216 m/s

Bernoulli. Position 2 isthe fountain spigot which is open so at atmospheric pressure. y;=0 no height.
Py +pgys + Y pvi® = Py + pgys + Vs pvo?

P, + 0 + %2 (1000)(2.16)* = (1.01x10°) + (1000)(9.8)(2.5m) + ¥ (1000)(6)? P, = 141000 Pa
c¢) Determine the launch speed needed to reach 4m.
Freefall of awater droplet. viZ=vi?+2gd (0) = vi®+ 2(-9.8)(4) v; =8.85m/s
Use flow rate to find new areaneeded. Q = Av (0.0042) = A (8.85) Apay = 475107 m®
Find new radius Aney =Tt Mnew®  4.75X107 M =7 Ipew® Mew = 0.0122 m

2009B5.

a) There are three forces acting on the masses in each case. Tension up, buoyant force up, weight down. Since they
areat restwehave. F, g =0 F+Fy=mg Fi =mg—-Fy so the largest F, makes the largest F,

We are to assume the diagram is to scale and that clearly the volumes of the three containers are different. The
one with the largest volume displaces the largest amount and weight of water and will have the largest buoyant
force acting onit. So since they all displace different volumes (and weights) of water they all have different
buoyant forces, and based on the equation shown above will have different tensions.

b) The mass of the object is given by m = poyV oy,

Using the equation from part a,

Fi+Fo=mg, F+Fo,= (pajVoy)g  (0.0098) + F, = (1300)(1x107%)(9.8) Fo
0.1176 N

¢) The buoyant forceis by definition equal to the weight of the displaced fluid.
Fo = (pridVdsp.) 9 0.1176 = prig (1x107°)(9.8) Priia = 1200 kg/m®

d) With only half of the volume submerged, ¥2 as much water will be displaced and the buoyant force will be half
the size. Based on the formula from part A, less buoyant from will make alarger tension. This also makes
sense conceptually. Objects have large apparent weightsin air than water so having some of it in the air will
increase its apparent weight.
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B2009B3.
a) Using fluid continuity. A;v; = AoV, (1x10™)(v,) = (0.5x107%) (8.2) Va=4.1m/s

b) Bernoulli. Position B isthe fountain spigot which is open so at atmospheric pressure. y;=0 no height.
Py +pgys + Y pvi® = Py + pgys + Yo pvo”

P, + 0 + %2 (1000)(4.1)? = (1.01x10°) + (1000)(9.8)(0.5m) + ¥2 (1000)(8.2)* P, = 1.3x10° Pa

c) Freefall of awater droplet. viZ=vi?+2gd  (0)*=(8.2)* + 2(-9.8)(d) d=3.43m

d) Projectile method, iny direction.
dy = vi,t + % gt? dy = (Vi sin0) t+%gt® 0= (8.28n60)t + % (-9.8)t° t=1.45 sec
X direction. dy =v, t dy = (vjcos0)t d, = (8.2 cos 60)(1.45) dy=
5.95m

SUPL.

a)p=m/V =12/ (0.5x0.2x0.2) =600kg/ m*

b) The block will float based on its density. For floating, block weight = buoyant force.
mobjg = Pn2o Vdisp g mobj = Ph2o Asqaure(hwbmerged) 12= 1000(0-2X0-2)hwb hwb =03m

¢) The extraweight added should equal the extra buoyant force created by submerging the remaining 0.2 m of height.

Foextra) = Pr2o Vdaisp 9 = (1000)(0.2x0.2x0.2)(9.8) = 78.4 N 78.4 /9.8 = 8kg of extra mass.
SUP2.
a) Using fluid continuity. Avi = Ay, (4(10) = (2) (v2) v, =20m/s

b) Bernoulli. pgy; terms cancel out since the pipe stays on the same level.
Py +pgys + % pva® =Py + pgys + V5 pvy°
2x10° + 0 + ¥4 (1000)(10)* = P, + 0 + %2 (1000)(20)* P, = 50000 Pa.

Snce P, was the gauge pressure and did not include P, P, will also come out as the gauge pressure.

SUP3.

a) Bernoulli. pgy, terms cancel out since the height difference is negligible.
P, + pgy1 + ¥4 pvi® = P, + pgys + ¥ pv,° ... rearrange equation so we can find P, — P; which isthe AP

P, —Pr=Ypvii—Yapv,®  AP=%(1.2) (50° - 40°) = 540 Pa
b) |) AP = Fix /A 540 = Fyy / (9X2 wi ngS) Fix = 9720 N

i) Frge =0 Fiir =mg 9720 =m (9.8) m = 992 kg.

355



SUP4.

This problem involves floating objects, so weight of object = buoyant force Mgy g = priia Vaisp 9
In general vor Moy = Poijobj

Giving ... poyVobj 9= priid Vi & -~ PobjVobj = Privid Vdisp

Water Qil

PobiVobj = Priuid Vdisp PobiVobj = Priuid Vdisp

pwV = (1000)(2/3 V) (666.67)V = poi (910 V)

pw = 666.67 kg / m® pail = 740.74 kg / m®
SUPS.
@) Pas = Pgage + Po Pas = pgh+1.01x10°  Pgs = (1000)(9.8)(16) + 1.01x10°> = 260000 Pa
b) Use Bernoulli, same derivation as problem B2005B5 ... v, = V2gh ... v, = V2(9.8)(11)... v,=14.7 m/s
¢) Using projectile methods. dy = vi,t + Yo at® -3=0+%(-9.8) ¢ t=0.78 sec

dy = vyt = (14.7) (0.78) = 11.5m

d) Anincrease in aimospheric pressure around the damn increases both P, and P, equally so thereis no net effect on
these terms in Bernoulli’ s equation, which means the exit velocity would be the same.
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AP Physics Multiple Choice Practice — Thermodynamics

1. The maximum efficiency of aheat engine that operates between temperatures of 1500 K in the firing chamber

and 600 K in the exhaust chamber is most nearly

(A)33% (B)40% (C)60% (D)67% (E)100%
2. Anidea gasis made up of N diatomic molecules, each of mass M. All of the following statements about this

gas are true EXCEPT:

(A) The temperature of the gasis proportional to the average trandational kinetic energy of the molecules.

(B) All of the molecules have the same speed.

(C) The molecules make elastic collisions with the walls of the container.

(D) The molecules make elastic collisions with each other.

(E) The average number of collisions per unit time that the molecules make with the walls of the container

depends on the temperature of the gas.
Questions3—4
P
4
X | 4
rs) ol d

A thermodynamic systemis taken from an initial state X along the path XY ZX as shown in the PV-diagram.
3. For the process X—Y, AU is greater than zero and

(A)Q<0andW=0 (B)Q<O0andW>0 (C)Q>0andW<0 (D)Q>0andW=0 (E)Q>0andW >0
4. For the process Y —»Z, Q is greater than zero and

(AW<0& AU=0 (B)\W=0& AU<0 (C)W=0& AU>0(D)W>0& AU=0 (EEW>0& AU>0
5. Anideal gasconfined in abox initially has pressure p. If the absolute temperature of the gasis doubled and the

volume of the box is quadrupled, the pressureis

(A)pi8 (B)pi4 (C)p2 D)p (B)2p
6. James Joule did much to establish the value of the

(A) universal gravitational constant (B) speed of light (C) mechanical equivalent of heat

(D) charge of an electron (E) specific heat capacity of helium
7. Anideal gasinaclosed container initially has volume V, pressure P. and Kelvin temperature T. If the

temperature is changed to 3T, which of the following pairs of pressure and volume valuesis possible?
(A)3PandV (B)PandV (C)PandV/3 (D)P/3andV (E)3Pand 3V
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11.
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If three identical samples of anideal gas are taken frominitial state| to final state F along the paths |AF, IF, and
IBF as shown in the pV-diagram above, which of the following must be true?

(A) The work done by the gasisthe same for all three paths.

(B) The heat absorbed by the gas isthe same for all three paths.

(C) Thechangeininternal energy of the gasisthe same for al three paths.

(D) The expansion along path IF is adiabatic.

(E) The expansion along path |F isisothermal.

If the average kinetic energy of the moleculesin an idea gas at atemperature of 300 K is E, the average kinetic
energy at atemperature of 600 K is

E
(A) V2 (B)E ©) V2E  (D)2E (E)4E
A metal rod of length L and cross-sectional area A connects two thermal reservoirs of temperatures T, and T».
The amount of heat transferred through the rod per unit time is directly proportional to
(A)AandL (B)AandlL (C)VAandL (D)VAadUL (E) VA andL?

Which of the following is always a characteristic of an adiabatic process?
(A) The temperature does not change (AT = 0). (B) The pressure does not change (A P = 0).
(C) Theinternal energy does not change (AU = 0). (D) No heat flows into or out of the system (Q = 0)

(E) No work is done on or by the system (W = 0)

Questions 12 — 13

12.

13.

360

An ideal gas undergoes a cyclic process as shown on the graph above of pressure p versus volume V.

During which processis no work done on or by the gas?
(A) AB (B)BC (©)CcD (D) DE (E) EA

At which point isthe gas at its highest temperature?
(A) A (B)B ©c (D) D (BE



14.

15.

16.

A C

0 d

Gas in a chamber passes through the cycle ABCA as shown in the diagram above. In the process AB, 12 joules
of heat is added to the gas. In the process BC, no heat is exchanged with the gas. For the complete cycle
ABCA, the work done by the gasis 8 joules. How much heat is added to or removed from the gas during
process CA?

(A) 20 Jisremoved. (B) 4 Jisremoved. (C) 4Jisadded. (D) 20 Jis added.

(E) No heat is added to or removed from the gas.

If the gasin a container absorbs 275 joules of heat, has 125 joules of work done on it, and then does 50 joules of
work, what isthe increase in the internal energy of the gas?
(A)IOOJ (B)200J (C)350J (D)400J (E)450J

In each cycle of acertain Carnot engine, 100 joules of heat is absorbed from the high-temperature reservoir and
60 joulesis exhausted to the low-temperature reservoir. What is the efficiency of the engine?
(A)40% (B)60% (C)67% (D)150% (E) 167%

Questions 17 — 18

17.

18.

19.

"

Pop -~ Ty
%
F)

A certain quantity of anideal gasinitially at temperature T,, pressure po, and volume Vg is compressed to
one-half itsinitial volume. As shown above, the process may be adiabatic (process 1), isothermal (process 2), or
isobaric (process 3).

Q

Which of the following is true of the mechanical work done on the gas?
(A) Itisgreatest for process 1.

(B) It isgreatest for process 3.

(C) It isthe same for processes | and 2 and less for process 3.

(D) It isthe same for processes 2 and 3 and less for process 1.

(E) It isthe same for all three processes.

Which of the following is true of the final temperature of this gas?
(A) Itisgreatest for process 1. (B) It isgreatest for process 2.
(C) Itisgreatest for process 3. (D) It isthe same for processes 1 and 2.

(E) Itisthe same for processes 1 and 3.
In acertain process, 400 J of heat is added to a system and the system simultaneously does 100 J of work. The

change in internal energy of the systemis
(A) 500J (B) 400J (C)300J (D) -100J (E) —300J
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20.

21.

22.

23.

24,

25,

26.
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Anideal gasisinitially in a state that corresponds to point 1 on the graph above, where it has pressure p;,
volume Vy, and temperature T;. The gas undergoes an isothermal process represented by the curve shown,
which takes it to afinal state 3 at temperature T;. If T, and T, are the temperatures the gas would have at
points 2 and 4, respectively, which of the following relationshipsis true?

(A) T1<Tj3 B)T1<T; O T1<Ty D)T.=T, BT.i=T,

The absolute temperature of a sample of monatomic ideal gasis doubled at constant volume. What effect, if
any, does this have on the pressure and density of the sample of gas?

Pressure Density
(A) Remains the same Remains the same
(B) Remains the same Doubles
(C) Doubles Remains the same
(D) Doubles Is multiplied by afactor of 4
(E) Ismultiplied by afactor of 4 Doubles

Which of the following statementsis NOT a correct assumption of the classical model of an ideal gas?
(A) The molecules are in random motion.

(B) The volume of the moleculesis negligible compared with the volume occupied by the gas.

(C) The molecules obey Newton's laws of motion.

(D) The collisions between molecules are inelastic.

(E) The only appreciable forces on the molecules are those that occur during collisions.

A sample of anideal gasisin atank of constant volume. The sample absorbs heat energy so that its temperature
changes from 300 K to 600 K. If v, isthe average speed of the gas molecules before the absorption of heat and
Vv, istheir average speed after the absorption of heat, what is the ratio v,/v;?

W12  ®1 ©N2 (D2 (B4

Two blocks of stedl, the first of mass 1 kg and the second of mass 2 kg, are in thermal equilibrium with athird
block of aluminum of mass 2 kg that has a temperature of 400 K. What are the respective temperatures of the
first and second steel blocks?

(A) 400 K and 200 K (B) 200K and 400 K (C) 400K and 400 K

(D) 800K and 400 K (E) None of the above

An ideal gas may be taken from one state to another state with a different pressure, volume, and temperature
along severa different paths. Quantities that will always be the same for this process, regardless of which path
istaken, include which of the following?

|. The change in internal energy of the gas

I1. The heat exchanged between the gas and its surroundings

[11. The work done by the gas
(A) lonly (B) 1l only (C) landlll only (D) I1and 111 only (B) I, 1, and Il

A square steel plate with sides of length 1.00 m hasaholein its center 0.100 min diameter. If theentire plateis
heated to such atemperature that its sides become 1.01 m long, the diameter of the hole will be
(A) 0.090m (B) 0.099 m (C) 0.100m (D) 0.101 m (E) 0.110 m



27. Which of the following will occur if the average speed of the gas moleculesin a closed rigid container is
increased?
(A) The density of the gaswill decrease. (B) Thedensity of the gas will increase.
(C) The pressure of the gas will increase. (D) The pressure of the gas will decrease.
(E) Thetemperature of the gaswill decrease.

o

2 |A T

Tz) Tl
28. Intimet, an amount of heat Q flows through the solid door of area A and thickness d represented above. The
temperatures on each side of the door are T, and T, respectively. Which of the following changes would be
certain to decrease Q?
(A) Increasing Aonly (B) Decreasingdonly (C) Increasingd and T,— T, only
(D) Decreasing Aand T, — T, only (E) Increasingd, A,and T, — T,

29. A gaswith afixed number of molecules does 32 J of work on its surroundings, and 16 J of heat are transferred
from the gas to the surroundings. What happensto the internal energy of the gas?
(A) Itdecreasesby 48J. (B) Itdecreasesby 16 J. (C) It remainsthe same. (D) It increasesby 16 J.
(E) Itincreaseshby 48 J.

30. Which of the following could NOT be used to indicate a temperature change? A changein:
(A) color of ametal rod.  (B) length of aliquid column.  (C) pressure of agas at constant volume.
(D) electrical resistance.  (E) mass of one mole of gas at constant pressure.

31. A massmof helium gasisin acontainer of constant volume V. Itisinitialy at pressure p and absolute (Kelvin)
temperature T. Additional helium is added, bringing the total mass of helium gas to 3m. After this addition, the
temperature is found to be 2T. What is the gas pressure?

(A)2/3p (B)3/2p (C)2p (D)3p (E)6p

32. Which would be the most comfortable temperature for your bath water?
(A)0°C (B)40K (C)110°C (D) 310K (E) 560K

33. The theoretical (Carnot) efficiency of a heat engine operating between 600°C and 100°C is:
(A) 16.7% (B) 20.0% (C)42.7% (D)57.3% (E) 83.3%

34. A gas can be taken from state a to ¢ by two different reversible processes, a=> ¢ or a=b=c. During the direct
process a=¢, 20.0 J of work are done by the system and 30.0 J of heat are added to the system. During the
process a=b=c, 25.0 J of heat are added to the system. How much work is done by the system during a=b=c?
(A)5.0J (B)10.0J (C)150J (D)20.0J (E)25.0J

35. What temperature change on the Kelvin scaleis equivalent to a 10 degree change on the Celsius scale?
(A) 283K (B) 273K (C) 18K (D) 10K (E) O
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When an ideal gasisisothermally compressed:

(A) thermal energy flows from the gas to the surroundings.
(B) the temperature of the gas decreases.

(C) no thermal energy enters or |leaves the gas.

(D) the temperature of the gas increases.

(E) thermal energy flows from the surroundings to the gas.

Which of the following is always true for an isothermal process of an ideal gas?
(A) Theinternal energy does not change.

(B) No heat flows into or out of the system.

(C) The pressure does not change.

(D) The volume does not change.

(E) No work is done by or on the system.

The average speed of the atoms of agas at 100 K is 200 m/s. What would most nearly be the average speed of
the atoms at 300 K?
(A) 67 m/s (B)140m/s (C) 200 m/s (D) 350 m/s (E) 600 m/s

Which of the following temperatures would be most appropriate to keep milk at inside arefrigerator?
(A)—20°C (B)5K (C)40°C (D)278K (E)350K

A heat engine takes in 200 J of thermal energy and performs 50 J of work in each cycle. What isits efficiency?
(A)50% (B)40% (C)25% (D)20% (E)12%

The 1% Law of Thermodynamics is a simple statement of the Law of the Conservation of Energy. It was first
announced about the time of

(A) theFirst World War

(B) the U.S. Civil War

(C) the French Revolution

(D) Christopher Columbus' discovery of the New World

(E) thefall of the Roman Empire

A 200 gram sample of copper is submerged in 100 grams of water until both the copper and water are at the
same temperature. Which of the following statements would be true?

(A) the molecules of the water and copper would have equal average speeds

(B) the molecules of the water and copper would have equal average momenta

(C) the molecules of the water and copper would have equal average kinetic energies

(D) the water molecules would have twice the average momentum of the copper molecules

(E) the copper molecules would have twice the average speed of the water molecules

6 cm

A rectangular piece of metal 3 cm high by 6 cm wide has ahole cut inits center 1cm high by 4 cm wide as
shown in the diagram at right. Asthe metal is warmed from 0°C to 100°C, what will happen to the dimensions
of the hole?

(A) both height and width will increase

(B) both height and width will decrease

(C) both height and width will remain unchanged

(D) height will decrease while width will increase

(E) height will increase while width will decrease



44. A gasisenclosed inacylindrical piston. When the gasis heated from 0°C to 100°C, the piston is allowed to
move to maintain a constant pressure. According to the Kinetic-Molecular Theory of Matter
(A) the mass of the gas will increase
(B) the number of molecules of gas must increase
(C) the size of the individual molecules has increased
(D) the average speed of the molecules hasincreased
(E) the molecules continue to strike the sides of the container with the same energy

45. Two containers are filled with gases at the same temperature. In the container on the left is a gas of molar mass
2M, volume 2V, and number of moles 2n. In the container on the right is a gas of molar mass M, volume V, and
moles n. Which is most nearly the ratio of the pressure of the gas on the left to the pressure of the gas on the
right?

(A1 (B)81 ()21 (D)16:1 (E)41

46. A thermally insulating container has a membrane separating the container into two equal parts. Inonepartisa
vacuum. In the other part isan ideal gas of temperature T and internal energy U. The membrane is punctured
and the gas rushes into the region which was a vacuum. After the system has returned to equilibrium, which of
the following is NOT true for the gas?

(A) Thetemperature of the gasis unchanged.

(B) No work isdone by the gas on the surroundings.

(C) Thereisno heat exchanged by the gas with the surroundings.
(D) Thereisno entropy change of the system.

(E) Theinternal energy of the gasis unchanged.

47. A fan blowstheair and givesit kinetic energy. An hour after the fan has been turned off, what has happened to
the kinetic energy of the air?
(A) itdisappears (B) itturnsinto sound energy (C) it turnsinto potential energy
(D) itturnsinto electrical energy  (E) it turnsinto thermal energy

48. According to the kinetic theory of gases, when the absol ute temperature of an ideal gas doubles, the average
kinetic energy of the molecules of the gas
(A) quadruples (B) doubles (C) staysthesame (D) iscutinhaf (E)isquartered

49. When gas escapes from a pressurized cylinder, the stream of gas feels cool. Thisis because
(A) work isbeing done at the expense of thermal energy
(B) of the convection inside the cylinder
(C) pressurized cylinders are good thermal insulators
(D) the gasinsidethe cylinder isactually frozen
(E) the moisture inthe air condenses and cools
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T4=1000 K
Poa
R

Te=250K

W

A monatomic ideal gasis used as the working substance for the Carnot cycle shown in the figure. Processes A
— B and C — D are isothermal, while processes B — C and D — A are adiabatic. During process A — B,
there are 400 J of work done by the gas on the surroundings. How much heat is expelled by the gas during
process C — D?

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

Two completely identical samples of the same ideal gas are in equal volume containers with the same pressure
and temperature in containers labeled A and B. The gasin container A performs non-zero work W on the
surroundings during an isobaric (constant pressure) process before the pressure is reduced isochorically
(constant volume) to “zitsinitial amount. The gasin container B has its pressure reduced isochorically
(constant volume) to Yzitsinitia value and then the gas performs non-zero work W on the surroundings during
an isobaric (constant pressure) process.

After the processes are performed on the gasesin containers A and B, which is at the higher temperature?

(A) Thegasin container A

(B) Thegasin container B

(C) The gases have equal temperature

(D) Thevalue of the work W is necessary to answer this question.

(E) Thevalue of the work W is necessary, along with both the initial pressure and volume, in order to answer
the question.

The volume of an ideal gas changes as the gas undergoes an isobaric (constant pressure) process starting from
temperature 273°C and ending at 546°C What is the ratio of the new volume of the gas to the old volume
(V naN/V old)?

(A) 2 (B) 3 ©1 (D z (E) 1
2 3 2

A frozen hamburger in plastic needs to be thawed quickly. Which of the methods described provides the most
rapid thawing of the burger?

(A) Place the burger itself in a metal pan at room temperature.

(B) Place the burger in its package on the kitchen counter at room temperature.

(C) Place the burger in its package in a pot of non-boiling warm water.

(D) Place the burger itself on a plastic plate in the refrigerator.

(E) Place the burger itself on the ceramic kitchen counter at room temperature.
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54. The PV diagram shows four different possible reversible processes performed on a monatomic ideal gas.

55.

56.

57.

Process A isisobaric (constant pressure). Process B isisothermal (constant temperature). ProcessCis
adiabatic. Process D isisochoric (constant volume). For which process(es) does the temperature of the gas
decrease?

(A) ProcessA only (B) ProcessConly (C) Only ProcessesCandD (D) Only ProcessesB, C and D
(E) All 4 Processes.

A new monatomic ideal gasis discovered and named “Wellsium”. A pure 4-mole sampleissittingina
container at equilibrium in a20.0°C environment. According to the kinetic theory of gases, what is the average
kinetic energy per molecule for this gas?

(A)4.14x10%J (B)3652J (C)6.07x10%J (D)2.02x 102

(E) The molar mass of the gasis needed to answer this question.

Ly

7

A uniform square piece of metal hasinitial sidelengthL, . A square pieceis cut out of the center of the metal.
The temperature of the metal is now raised so that the side lengths are increased by 4%. What has happened to
the area of the square piece cut out of the center of the metal ?

(A) Itisincreased by 16 % (B) Itisincreasedby 8% (C) Itisincreased by 4% (D) It isdecreased by 4 %
(E) Itisdecreased by 8 %

A monatomic ideal gas at pressure P = 10° Paisin a container of volume V = 12 m* while at temperature T =
50°C. How many molecules of gas are in the container?
(A) 447 (B)2888 (C)6.02x 102 (D) 2.69x10®° (E)1.74 x 10?

58. Absolute zero is best described as that temperature at which

(A) water freezes at standard pressure.

(B) water is at itstriple point.

(C) the molecules of a substance have a maximum kinetic energy.
(D) the molecules of a substance have a maximum potential energy.
(E) the molecules of a substance have minimum kinetic energy.
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Pressure

8Pa |77

IPa |-------- >

2m? 5m®  Volume
In the Pressure versus V olume graph shown, in the process of going from ato b 60 J of heat are added, and in
the process of going from b to d 20 J of heat are added. In the process of going ato c to d, what is the total heat
added?
(A)80J (B)65J (C)60J (D)56J (E)47J

Which is not true of an isochoric process on an enclosed ideal gas in which the pressure decreases?
(A) Thework doneiszero. (B) Theinternal energy of the gas decreases.  (C) The heat is zero.
(D) The rms speed of the gas molecules decreases.  (E) The gas temperature decreases.

One mole of an ideal gas has a temperature of 100°C. If this gas fills the 10.0m® volume of a closed container,
what is the pressure of the gas?
(A) 0.821 Pa (B)3.06 Pa (C)83.1Pa (D)310Pa (E)1.84 x 10* Pa

Anideal gasisenclosed in a container. The volume of the container is reduced to half the origina volume at
constant temperature. According to kinetic theory, what is the best explanation for the increase in pressure
created by the gas?

(A) The average speed of the gas particles decreases, but they hit the container walls more frequently.

(B) The average speed of the gas particlesis unchanged, but they hit the container walls more frequently.
(C) The average speed of the gas particles increases as does the frequency with which they hit the container
walls.

(D) The average speed of the gas particles increases, overcoming the decreased frequency that they hit the
container walls.

(E) Theinternal energy of the gas increases.

A mole of amonatomic ideal gas has pressure P, volume V , and temperature T . Which of the following
processes would result in the greatest amount of energy added to the gas from heat?

(A) A process doubling the temperature at constant pressure.

(B) An adiabatic free expansion doubling the volume.

(C) A process doubling the pressure at constant volume.

(D) An adiabatic expansion doubling the volume.

(E) A process doubling the volume at constant temperature.

Anideal gasin aclosed container of volume 6.0 L is at atemperature of 100°C. If the pressure of the gasis 2.5
atm, how many moles of gas are in the container?

(A) 0.0048 (B)0.018 (C)0.49 (D)1.83 (E)490

A scientist claims to be investigating “ The transfer of energy that results from the bulk motion of afluid.”
Which of the following terms best describes the energy transfer method that this scientist is studying?

(A) radiation (B) convection (C) conduction (D) latent heat (E) specific heat

An ideal gas undergoes an isobaric expansion followed by an isochoric cooling. Which of the following
statements must be true after the completion of these processes?

(A) Thefina pressureislessthan the origina pressure.

(B) Thefinal volumeisless than the original volume.

(C) Thefina temperature is less than the original temperature.

(D) Thetotal quantity of heat, Q, associated with these processesis positive.

(E) Theinternal energy of the gasis unchanged.
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67. Two moles of amonatomic ideal gas undergoes the process from A to B, shown in the diagram above by the
solid line. Using the sign convention that work is positive when surroundings do work on the system, how much
work isdone in the process AB?

(A)5000J (B)1200J (C)-1200J (D)-5000J
(E) More information is required to determine the amount of work done.

Questions 68 — 69
An engine operates on the cycle shown in the PV diagram below. The working substance of the engineisan
ideal monatomic gas. The processes A — B and C — D areisobaric, while processesB — Cand D — Aare

isochoric.
I’!*mn}
wp LA o B
o | T
A \
‘ ;
\
‘ : D > V(L
% 2V, @

68. What isthe efficiency of a Carnot engine operating between the same maximum and minimum temperatures as
this engine?
(A)Y/6 (B)L3 (C)LU2 (D)35 (E)5/6

69. What isthe actual efficiency of this engine?
(A)U6 (B)4/21 (C)5/17 (D)7/19 (E)8/15

70. What would be the efficiency of the heat engine diagramed as shown below?

" 20007
Heat Engine [—204—3 Work
150071
Heat Smk

(A)300% (B)133% (C)75% (D)33% (E)25%
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Pressure m kPa

A sample of gasis caused to go through the cycle shown in the pV diagram shown above. What is the net work
done by the gas during the cycle?
(A) 12,0003 (B)8000J (C)6000J (D)4000J (E)2000J

A sample of an ideal monatomic gas s confined in arigid 0.008 m® container. If 40 joules of heat energy were
added to the sample, how much would the pressure increase?
(A)5Pa (B)320Pa (C)1,600Pa (D)3,333Pa (E)5000 Pa

Hydrogen gas (H,) and oxygen gas (O,) arein thermal equilibrium. How does the average speed of the
hydrogen molecules compare to the average speed of oxygen molecules?
(A)equal (B) 4timesgreater (C) 8timesgreater (D) 16timesgreater (E) 32 times greater

A reversible heat engine works between a high temperature reservoir at 227°C and low temperature reservoir of
27°C. If the engine absorbs an amount of heat Q at the high temperature reservoir, how much heat will it
exhaust at the low temperature reservoir?

(A) 227Q/27 (B) 27Q/227 (C)5Q/3 (D)3Q/5 (E)O

If anideal Carnot engine takesin 500 kJ of heat at 1500 K and expels 200 kJ of heat to the low temperature
reservoir during each cycle, which of the following would be closest to the temperature of the low temperature
reservoir?

(A)900K (B)750K (C)600K (D)450K (E) 300K

Hydrogen gasis contained in arigid container. A second rigid container of equal volume contains oxygen gas.
If the average rms velocities of the molecules in each container is the same, which of the following must be
true?

(A) The oxygen gas would apply the greater pressure.

(B) The hydrogen gas would apply the greater pressure.

(C) Therewould be an equal pressure in each container.

(D) The oxygen gas would have the higher temperature.

(E) The temperature of both gasses would be identical.

If anidea Carnot heat engine with an efficiency of 30% absorbs heat from areservoir at 727° C, what must be
the exhaust temperature of the engine?
(A)509°C (B)427°C (C)273°C (D)218°C (E)0°C

A mole of ideal gasat STP isheated in an insulated constant volume container until the average velocity of its
molecules doubled. Its pressure would therefore increase by what factor?
(AJO5 (B)1 (©)2 (D)4 (B)S

Anideal heat engine takesin heat energy at a high temperature and exhausts energy at a lower temperature. If
the amount of energy exhausted at the low temperature is 3 times the amount of work done by the heat engine,
what isits efficiency?

(A)0.25 (B)0.33 (C)0.67 (D)0.9 (E)1.33
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80. A sample of gaswas first compressed from V; to V, at a constant pressure of P;. The sample was then cooled

so that the pressure went from P4 to P, while the volume remained constant at V,. Finally the sample was
allowed to expand from V, back to V; while the pressure increased from P, back to P, as shown in the
diagram. Which of the following statementsis correct?
(A) The area A represents the energy that islost by the gasin this cycle.
(B) Thearea A + B represents the energy gained by the gasin this cycle.
(C) Thearea A + C represents the energy gained by the gasin this cycle.
(D) Thearea B + D represents the energy gained by the gasin thiscycle.
(E) There was no energy lost or gained by the gasin this cycle.

81. Oneend of ametal rod of length L and cross-sectional area A is held at a constant temperature T,. The other end
isheld at aconstant T,. Which of the statements about the amount of heat transferred through the rod per unit
time are true?

I. Therate of heat transfer is proportional to /(T - T5).
[1. Therate of heat transfer is proportional to A
[11. Therate of heat transfer is proportional to L.
(A)llonly (B)Illonly (C)landllonly (D)landlillonly (E)Ilandlll only

82. Onall of the pV diagrams shown below the lighter curve represents isothermal process, a process for which the
temperature remains constant. Which dark curve best represents an adiabatic process, a process for which no
heat enters or leaves the system?

L ELEBR

W (E) A
83. Three processes compose a thermodynamic cycle shown in the accompanying pV diagram of anideal gas.

p 1

3

v

Process 1—2 takes place at constant temperature (300 K). During this process 60 J of heat enters the system.
Process 2—3 takes place at constant volume. During this process 40 J of hest |eaves the system.
Process 3—1 is adiabatic. T3 is 275 K.

What isthe change in internal energy of the system during process 3—1?
(A)40J (B)-20J (C)0J (D)+20J (E)+40J
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AP Physics Free Response Practice — Thermodynamics
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1983B4. The pV-diagram above represents the states of an ideal gas during one cycle of operation of areversible
heat engine. The cycle consists of the following four processes.

Process Natur e of Process

AB Constant temperature ( T, = 500 K)
BC Adiabatic

CD Constant temperature ( T, = 200 K)
DA Adiabatic

During process A B, the volume of the gas increases from V, to 2V, and the gas absorbs 1,000 joules of heat.
a. Thepressureat A isp, Determinethe pressure at B.

Using thefirst law of thermodynamics, determine the work performed on the gas during the process AB.

During the process AB, does the entropy of the gas increase, decrease, or remain unchanged? Justify your
answer.

d. Cdculate the heat Q. given off by the gasin the process CD.

During the full cycle ABCDA isthe total work the performed on the gas by its surroundings positive, negative,
or zero? Justify your answer.

—0.005 m?

1996B7 Theinside of the cylindrical can shown above has cross-sectional area 0.005 m? and length 0.15 m. The can
isfilled with an ideal gas and covered with aloose cap. The gasis heated to 363 K and someis allowed to

escape from the can so that the remaining gas reaches atmospheric pressure (1.0 x 10° Pa). The cap is now
tightened, and the gasis cooled to 298 K.

a. What isthe pressure of the cooled gas?
Determine the upward force exerted on the cap by the cooled gas inside the can.

If the cap develops aleak, how many moles of air would enter the can asit reaches afinal equilibrium at 298 K
and atmospheric pressure? (Assume that air is an ideal gas.)
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1986B5 (modified) A proposed ocean power plant will utilize the temperature difference between surface seawater
and seawater at a depth of 100 meters. Assume the surface temperature is 25° Celsius and the temperature at the
100-meter depthis 3° Celsius.

a What istheideal (Carnot) efficiency of the plant?

b. If the plant generates useful energy at the rate of 100 megawatts while operating with the efficiency found in
part (), at what rateis heat given off to the surroundings?

The diagram below represents the Carnot cycle for a simple reversible (Carnot) engine in which a fixed amount
of gas, originally at pressure p, and volume V, follows the path ABCDA.

Pressure
3
A(Vy. po}

Pot o P
n olora )

2

D
c
+ += Volume
o V, K,

c. Inthe chart below, for each part of the cycle indicate with +, -, or O whether the heat transferred Q and
temperature change AT are positive, negative, or zero, respectively. (Q is positive when heat is added to the
gas, and AT is positive when the temperature of the gas increases.)

___Q AT
AB
BC
cD
DA
p
Potor —~5
p‘., g . A
: L oy
4

2004Bb5 One mole of anideal gasisinitially at pressure P, volume V;, and temperature T4, represented by point
A on the PV diagram above. The gasis taken around cycle ABCA shown. Process AB isisobaric, processBC is
isochoric, and process CA isisothermal.

a. Calculate the temperature T, at the end of process AB in terms of temperature T ;.

b. Calculate the pressure P, at the end of process BC in terms of pressure P;.

c. Cdculate the net work done on the gas when it is taken from A to B to C. Express your answer in terms of P
and V.

d. Indicate below al of the processes that result in heat being added to the gas.
___AB ___BC __CA
Justify your answer.
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1989B4 (modified) Anideal gasinitialy has pressure p,, volume V,, and absolute temperature T,. It then
undergoes the following series of processes:
I. Itisheated, at constant volume, until it reaches a pressure 2p,.
[1. Itisheated, at constant pressure, until it reachesavolume 3 V.
[11. Itiscooled, at constant volume, until it reaches a pressure p,.
IV. Itiscooled, at constant pressure, until it reaches avolumeV .
a.  Onthe axesbelow
i. draw the p-V diagram representing the series of processes;
ii. label each end point with the appropriate value of absolute temperature in terms of T,.

P

2p0

| y
A 2V, 3V,
b. For this series of processes, determine the following in terms of p, and V.

i. The net work done on the gas

ii. The net changeininterna energy

iii. The net heat absorbed

c. Determinethe heat transferred during process 2 in terms of p, and V.

1999B7. A cylinder contains 2 moles of anideal monatomic gasthat isinitially at state A with avolume of 1.0 x
102 m® and a pressure of 4.0 x 10° Pa. The gas s brought isobarically to state B. where the volume is 2.0 x 1072
m®. The gas s then brought at constant volume to state C, where its temperature is the same as at state A. The
gasisthen brought isothermally back to state A.

a. Determinethe pressure of the gas at state C.

b. Onthe axesbelow, state B isrepresented by the point B. Sketch a graph of the complete cycle. Label points A
and C to represent states A and C, respectively.

1 I 1 | 1
| | | 1
) . [ T 1
1 ] | 3
1 | | 3
= A
o)
£ gf-nnnn NS SRS SN
S i i i i
| | L
X | | b 1
g — A - i
=1 | | 1 1
@ i I ] !
g I i i i
- O N
S I 7T L 1
1 ] 1 |
] 1 | |
1 1 1 i
1 ] | 1
—t | J—x
0 1.0 2.0 30 40

Volume (x 1072 m?)

c. State whether the net work done on the gas during the complete cycle is positive, negative, or zero. Justify your
answer.

d. State whether thisdeviceis arefrigerator or a heat engine. Justify your answer.
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Stare 1 State 2 Stare 3 S1atc 3

A=1.20x10-2m?

T, =0°C Ty = 100°C
V, = 150 x 10~ m?
Py=1.02x 105Pa

Note: Figures not drawn to scale.

2001B6. A cylinder is fitted with a freely moveable piston of area 1.20 x 102 m? and negligible mass. The cylinder

o

below the piston isfilled with agas. At state 1, the gas has volume 1.50 x 10~ m®, pressure 1.02 x 10° Pa, and
the cylinder isin contact with awater bath at atemperature of 0°C. The gasis then taken through the following
four-step process.

A 2.50 kg metal block is placed on top of the piston, compressing the gas to state 2, with the gas still at 0°C.
The cylinder is then brought in contact with a boiling water bath, raising the gas temperature to 100°C at state 3.
The metal block is removed and the gas expands to state 4 still at 100°C.

Finally, the cylinder is again placed in contact with the water bath at 0°C, returning the system to state 1.

Determine the pressure of the gasin state 2.
Determine the volume of the gasin state 2.
Indicate below whether the process from state 2 to state 3 isisothermal, isobaric, or adiabatic.

| sothermal | sobaric Adiabatic
Explain your reasoning.

Isthe process from state 4 to state 1 isobaric? Yes No
Explain your reasoning.
Determine the volume of the gasin state 4.

P(Pa)
1.5 % 10% 1
1.0 x 105 4-
0.5% 105 4
; . » V(m?
0 0.25 0.50 L

2006B5 A cylinder with a movable frictionless piston contains an ideal gasthat isinitialy in state 1 at 1 x 10° Pa,

376

373K, and 0.25 m®. The gas is taken through a reversible thermodynamic cycle as shown in the PV diagram
above.

Calculate the temperature of the gas when it isin the following states.

i. State2

ii. State 3

Calculate the net work done on the gas during the cycle.

Was heat added to or removed from the gas during the cycle?

Added Removed Neither added nor removed

Justify your answer.



P (x10° Pa)
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; -V (10 m?)
0.75 10

2003B5. A cylinder with a movable piston contains 0.1 mole of amonatomic ideal gas. The gas, initidly at state a,

can be taken through either of two cycles, abca or abcda, as shown on the PV diagram above. The following

information is known about this system.
Q._a =685 Jalong the curved path
W,_, =—120 Jaong the curved path
U,—Up,=450J
Wapse =753

Determine the change in internal energy, U, — U., between states a and c.
i. Isheat added to or removed from the gas when the gasis taken along the path abc ?

added to the gas removed from the gas

ii. Calculate the amount added or removed.

How much work is done on the gasin the process cda?
Is heat added to or removed from the gas when the gasis taken along the path cda?

added to the gas removed from the gas

Explain your reasoning.

P (N/m%

5001
400~
300 5

2007 = = - 8

I
I
100+ |
I

Vim%

O 10 20 30 40 S0 60 70 80

2003Bb5. One mole of anideal gasistaken around the cycle A—>B-—->C—A as shown on the PV diagram above.

a
b.
C.

Calculate the temperature of the gas at point A.

Calculate the net work done on the gas during one complete cycle.

i. Isheat added to or removed from the gas during one complete cycle?
added to the gas removed from the gas

ii. Calculate the heat added to or removed from the gas during one complete cycle.

After one complete cycle, istheinternal energy of the gas greater, less, or the same as before?
greater less the same

Justify your answer.

After one complete cycle, isthe entropy of the gas greater, less, or the same as before?
greater less the same

Justify your answer.
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2004B5. The diagram above of pressure P versus volume V shows the expansion of 2.0 moles of a monatomic ideal
gas from state A to state B. As shown in the diagram, P, = Pg = 600 N/m?, V, = 3.0 m® and Vg = 9.0 m°.

a. i. Calculate the work done by the gas as it expands.
ii. Calculate the change in internal energy of the gas asit expands.
iii. Calculate the heat added to or removed from the gas during this expansion.

b. The pressureis then reduced to 200 N/m? without changing the volume as the gasiis taken from state B to state
C. Label state C on the diagram and draw aline or curve to represent the process from state B to state C.

c. Thegasisthen compressed isothermally back to state A.
i. Draw aline or curve on the diagram to represent this process.
ii. Isheat added to or removed from the gas during thisisothermal compression?
added to removed from
Justify your answer.

P (atm)
3

5+ B
4_.
3 Isotherm
oA N\
1T A G
- - -/ (m")
O  0.001 Ve

2008B5. A 0.03 mol sample of helium is taken through the cycle shown in the diagram above. The temperature of
state Ais400 K.

a.  For each processin this cycle, indicate in the table below whether the quantities W, Q, and AU are positive (+),
negative (-), or zero (0). W isthe work done on the helium sample.

Process W Q AU
A—B
B—C
C—A

b. Explain your response for the signs of the quantities for process A= B.
c. Cdculate V..
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2005B6. An experiment is performed to determine the number n of moles of an ideal gasin the cylinder shown

C.

above. The cylinder isfitted with amovable,

, frictionless piston of area A. The pistonisin equilibrium and is

supported by the pressure of the gas. The gasis heated while its pressure P remains constant. Measurements are
made of the temperature T of the gas and the height H of the bottom of the piston above the base of the cylinder
and are recorded in the table below. Assume that the thermal expansion of the apparatus can be ignored.

T(K) | A(m)
300 | L1
325 | LIS
355 | 1.29
375 | 137
405 | 147

Write a relationship between the quantities T and H, in terms of the given quantities and fundamental constants,

that will allow you to determine n.

Plot the data on the axes below so that you will be able to determine n from the relationship in part (a). Label the
axes with appropriate numbers to show the scale.
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Using your graph and the values A = 0.027 m? and P = 1.0 atmosphere, determine the experimental value of n.
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Note: Figure not drawn to scale.

2005Bb6. You are given acylinder of cross-sectional area A containing n moles of anideal gas. A piston fitting
closely in the cylinder is lightweight and frictionless, and objects of different mass m can be placed on top of it,
as shown in the figure above. In order to determine n, you perform an experiment that consists of adding 1 kg
masses one at atime on top of the piston, compressing the gas, and allowing the gas to return to room
temperature T before measuring the new volume V. The data collected are given in the table below.

m (kg) v (m) WV () P (Pa)
0 6.0 x 107 1.7x10°
1 45x 10 22 x 10
2 3.6x 107 2.8x 10
3 3.0x 107 3.3x 10
4 2.6x 107 3.8x 10

a.  Write arelationship between total pressure P and volume V in terms of the given quantities and fundamental
constants that will allow you to determine n.

You aso determinethat A= 3.0 x 10" m?and T = 300 K.
b. Calculate the value of P for each value of m and record your values in the data table above.
c. Plot the data on the graph below, |abeling the axes with appropriate numbers to indicate the scale.
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d. Using your graph in part (c), calculate the experimental value of n.
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2006Bb5. A sample of ideal gasistaken through stepsl, 11, and I11 in aclosed cycle, as shown on the pressure P
versus volume V diagram above, so that the gasreturnsto its original state. The stepsin the cycle are asfollows.

I. Anisothermal expansion occurs from point A to point B, and the volume of the gas doubles.

I1. Anisobaric compression occurs from point B to point C, and the gas returnsto its original volume.
[11. A constant volume addition of heat occurs from point C to point A and the gas returnsto its original
pressure.

a. Determine numerical values for the following ratios, justifying your answers in the spaces next to each ratio.
P. P T T
= i, === iii. =& = iv

. _B . _C
PA PA TA TA

b. During step I, the change in internal energy is zero. Explain why.
c. During step 111, the work done on the gasis zero. Explain why.

Piston
phy

!

N, Gas
2.0 moles 0.20 m
4.0 = 10F Pa

2007B5. The figure above shows a 0.20 m diameter cylinder fitted with a frictionless piston, initially fixed in place.
The cylinder contains 2.0 moles of nitrogen gas at an absolute pressure of 4.0 x 10° Pa. Nitrogen gashasa
molar mass of 28 g/mole and it behaves as an ideal gas.

a. Calculate the force that the nitrogen gas exerts on the piston.

b. Calculate the volume of the gasif the temperature of the gasis 300 K.

c. Inacertain process, the piston is allowed to move, and the gas expands at constant pressure and pushes the
piston out 0.15 m. Calculate how much work is done by the gas.

d. Which of the following is true of the heat energy transferred to or from the gas, if any, in the processin part (c)?

Heat is transferred to the gas.
Heat is transferred from the gas.

No heat is transferred in the process.
Justify your answer.
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B2007b5. The cylinder above contains an ideal gas and has a movable, frictionless piston of diameter D and mass

M. The cylinder isin alaboratory with atmospheric pressure Py, . Express all algebraic answersin terms of the
given quantities and fundamental constants.

Initially, the piston is free to move but remainsin equilibrium. Determine each of the following.
i. Theforce that the confined gas exerts on the piston
ii. The absolute pressure of the confined gas
If anet amount of heat is transferred to the confined gas when the piston is fixed, what happens to the pressure
of the gas?
Pressure goes up. Pressure goes down. Pressure stays the same.

Explain your reasoning.

In a certain process the absol ute pressure of the confined gas remains constant as the piston moves up a distance
Xo. Calculate the work done by the confined gas during the process.

P (3 107 Pa)y

3

SO0 5

1001 1 3

P S Vix 1074 mY)
O 20 40 60

2008Bb6. A 0.0040 mol sample of a monatomic gas is taken through the cycle shown above. The temperature T, of

382

state 1 is 300 K.

Cdculate T, and Ts.

Calculate the amount of work done on the gasin one cycle.

Isthe net work done on the gas in one complete cycle positive, negative, or zero?
Positive Negative Zero

Calculate the heat added to the gas during process 1—2.



-

Waler
Vapor

2009B4. The cylinder represented above contains 2.2 kg of water vapor initially at avolume of 2.0 m® and an
absolute pressure of 3.0 x 10° Pa. This state is represented by point A in the PV diagram below. The molar mass
of water is 18 g, and the water vapor can be treated asan ideal gas.

P (Pa)
4.0x 1054 B (li‘
3.0x l05--———----_________:4}_’_v
2.0x 10°1 i i
1.0 x 10°¢ i i
| |
0 } | : V (m3)

0 05 10 15 20 25 30
a. Calculate the temperature of the water vapor at point A.

The absolute pressure of the water vapor is increased at constant volume to 4.0 x 10° Paat point B, and then the
volume of the water vapor isincreased at constant pressure to 2.5 m® at point C, as shown in the PV diagram.

b. Calculate the temperature of the water vapor at point C.

c. Doestheinternal energy of the water vapor for the process A—B—C increase, decrease, or remain the same?
___Increase  Decrease  Remain the same
Justify your answer.

d. Cadlculate the work done on the water vapor for the process A—~B—C.

1974B6. One-tenth of amole of an ideal monatomic gas undergoes a process described by the straight-line path AB
shown in the p-V diagram below.

platmospheres) 1

B

O 1 2 3 4 5
V{liters)

a  Show that the temperature of the gasis the same at points A and B.
b. How much heat must be added to the gas during the process described by A — B?
c. What isthe highest temperature of the gas during the process described by A — B?
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1975B3. One mole of a monatomic ideal gas enclosed in a cylinder with a movable piston undergoes the process
ABCDA shown on the p-V diagram above.

In terms of p, and V, calculate the work done on the gas in the process.

In terms of p, and V, calculate the net heat absorbed by the gasin the process.

At what two lettered points in the process are the temperatures equal ? Explain your reasoning.

Consider the segments AB and BC. In which segment is the amount of heat added greater? Explain your
reasoning.

oo oTo

T,
B 3 U
i
|
Pressure ¥ :
]
I AN
I I
I
| ]
1 I
a1 ]
o] Vy 2V,
Voluma

1979B5. Four samples of ideal gas are each initially at a pressure P, and volume V ,, and atemperature T, as
shown on the diagram above. The samples are taken in separate experiment from thisinitial state to the final
states |, I1, 111, and 1V along the processes shown on the diagram.

One of the processesisisothermal. Identify which one and explain.

One of the processesis adiabatic. Identify this one and explain.

In which process or processes does the gas do work? Explain.

In which process or processesis heat removed from the gas? Explain.

In which process or processes does the root-mean-square speed of the gas moleculesincrease? Explain.

PooTo

1991B3 (modified) A heat engine consists of an oil-fired steam turbine driving an electric power generator with a
power output of 120 megawatts. The thermal efficiency of the heat engineis 40 percent.

a. Determinethe timerate at which heat is supplied to the engine.

b. If the heat of combustion of oil is4.4 x 10’ joules per kilogram, determine the rate in kilograms per second at
which oil is burned.

c. Determinethe timerate at which heat is discarded by the engine.
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1993B5. One mole of an ideal monatomic gasis taken through the cycle abca shown on the diagram above. State a
has volume V, = 17 x 10~ cubic meter and pressure P, = 1.2 x 10° pascals, and state ¢ hasvolume V. = 51 x
10~ cubic meter. Process calies along the 250 K isotherm. Determine each of the following.

The temperature T, of stateb

The heat Q, added to the gas during process ab

The changeininternal energy U, - U,

The work W\, done by the gas on its surroundings during process bc

oooTo

The net heat added to the gas for the entire cycle 1,800 joules. Determine each of the following.
e. The net work done on the gas by its surroundings for the entire cycle
f. Theefficiency of a Carnot engine that operates between the maximum and minimum temperaturesin this cycle

1995B5. A heat engine operating between temperatures of 500 K and 300 K isused to lift a 10-kilogram mass
vertically at a constant speed of 4 meters per second.

a. Determine the power that the engine must supply to lift the mass.

b. Determine the maximum possible efficiency at which the engine can operate.

c. If the engine wereto operate at the maximum possible efficiency, determine the following.
i. Therate at which the hot reservoir supplies heat to the engine
ii. Therate at which heat is exhausted to the cold reservoir
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10.

11.
12.

13.

14.

15.
16.

17.

18.

10.
20.

ANSWERS - AP Physics Multiple Choice Practice — Thermodynamics

Solution

Ty - T.
ec:HTC
H

While all collisions are elastic and K 44 oc T, the molecules move with awide range of speeds

represented by the Maxwellian distribution.

For X=Y, the processisisobaric. Sincethe gasisexpanding, W < 0 and since the temperature is
increasing, AU >0 and AU = Q + W so Q > 0 (it is also true because process XY lies above an
adiabatic expansion from point X)

For Y=2, the process is isochoric, which means no work is done (W = 0) and since the
temperature isincreasing, AU >0

PV ocT,orPoc T/Vandif T x 2thenP x 2 and if V x 4 then P + 4 so the net effect is Px2+4

James Joule did experiments on changing the temperature of water through various means,
including by doing work onit.

PV o T s0 to triple the temperature, the product of P and V must be tripled

Changesin internal energy are path independent on apV diagram asit depends on the changein
temperature, which is based on the beginning and end points of the path and not the path taken

Kagee T

_ KAAT
L

by definition

H

No work is done in an isochoric process, or a process where AV = 0 (avertical line on the pv
graph)

The temperature at any point is proportional to the product of Pand V. Point A at temperature
T isat pressure x volume pgV . Point Cisat 3pgx 3V =9Tand point D isat 2pg x 4V =
8To

For the entire cycle, AU =0and W =-8Js0 Q=AU -W =+8 J (8 Jadded). Thismeans Qap +
Qec + Qca =+8J=+12J+0J+ Qca =+8J

Q=+275J;W=+125]+(-50J)) =+75J;AU=Q + W
On=100Jand Qe =60 e= . _ % =Qc
Qy Qy

Work is the area under the curve, the line bounding the greatest area indicates the most work
done

Temperature rises as you travel up and to the right on apV diagram. Since processes 1, 2 and 3
are at the same volume, the highest point is at the highest temperature

Q=+400J,W=-100JAU=Q+W

Isothermal means the temperature is constant. Points to the right or above are at higher
temperatures.

C
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21.

22.

23.

24,

25.

26.

27.

28.

29.
30.

31
32.

33.

34.
35.

36.

37.
38.

39.

40.
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Poc T at constant volume. If T x 2, then P x 2. Since the mass and volume are unchanged, the
density is unchanged as well

If the collisions were inelastic, the gas would change its temperature by virtue of the collisions
with no change in pressure or volume.

related to average speed, V. = ‘{?’Mﬂ

Being in thermal equilibrium means the objects are at the same temperature. Massisirrelevant.
The question describes the zeroth law of thermodynamics.

Changesininternal energy are path independent on apV diagram asit depends on the changein
temperature, which is based on the beginning and end points of the path and not the path taken.
Different paths, with different areas under them will do different amounts of work and hence,
different amounts of heat exchanged.

In linear expansion, every linear dimension of an object changes by the same fraction when
heated or cooled.

“rigid container” = constant volume. |f the speed increases, the temperature will increase, and if
the temperature increases at constant volume, the pressure will increase.

_ KAAT
L

Q=-16JW=-32JAU=Q+W

H

Massisindependent of the state of agas. (“color” will be addressed in alater topic, think about a
yellow vs. blue flame or a“red hot” piece of metal)

PocnT/V;ifnx 3thenP x 3andif T x 2then P x 2, the net effectisP x 3 x 2

Comfortable bath water should be dlightly above room temperature. Room temperature is about
20°C, or 293K

_Tu-Te (use absolute temperatures)

H
AU for each process isequal SO QAC +Wpac = QABC + W agc, or +30 J + (—20 J) =+25J+ Wpge

While temperatures are different on the Celsius and Kelvin scale, the temperature intervals are
identical. 1°C=274K,but1C°=1K

In any compression, work is done on the gas (W is+). Since the compression isisothermal, AU
=0s0Q =-W and heat leaves the gas.

AU o AT

Vims = ‘/:%T ,if Tistripled, v is multiplied by V3

A refrigerator should be less than room temperature, but above the freezing point of water
(between 0°C and 20°C, or 273 K to 293 K)

W _Qu-Q
Qn O
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41.

42.
43.

45,

46.

47.

48.
49,

50.

51.

52.
53.
54,

55.
56.

57.

1% law was first described by Clausiusin 1850. (thiswill not be tested, but it's always good to
have areference for important laws)

Kagoe T

In linear expansion, every linear dimension of an object changes by the same fraction when
heated or cooled.

Kagee T
P o n/V at constant temperature

Since the container isinsulated, no heat is exchanged (C is true), since there is no work done (no
force required to expand), choice B istrue. SinceQ=0and W =0, AU and AT =0 (A and E are
true). While entropy change does have a heat component (and if Q = 0, the change in entropy
may be incorrectly regarded as zero) it also has a volume component (how “spread out” the gas
is)

This questionis a bit of a paradox as the energy form the fan giving the air kinetic energy is
theoretically adding to the thermal energy of the air, But asthe air lowers in temperature, this

energy will dissipate into the walls and other outside areas of the room as thermal energy as well.

Kagoe T

Gas escaping form a pressurized cylinder is an example of an adiabatic process. While the gas
rapidly does work (W < 0), AU is negative since heat does not have time to flow into the gasin a
rapid expansion.

In aCarnot cycle Q—H = 1_|:—Hand in process AB, AU =0 and since W g =—400 J, Qag = +400J
C C

and thisis Qy

Since process A and B perform the same amount of work, they must have the same area under
their respective lines. Since A does the work at a higher pressure, it does not have to move as far
to the right as process B, which performs the work at alower temperature. Since the end of
process B lies farther to the right, it is at the higher temperature.

4
>

At constant pressure V o T (use absolute temperature)
Metals are the best heat conductors and will conduct heat out of the hamburger quickly

Consider the isothermal line as the “dividing line” between process that increase the temperature
of the gas (above the isotherm) and process that lower the temperature of the gas (below the
isotherm). A similar analysis can be done to identify heat added or removed from a gas by
comparing a process to an adiabat drawn from the same point.

Kag = 3/2 kg T (use absolute temperature)

In linear expansion, every linear dimension of an object changes by the same fraction when
heated or cooled. Since each side increases by 4%,the areaincreases by (1.04)? = 1.08

pV =nRT and n=N/Ng4
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59.

60.

61.
62.

63.

64.
65.
66.
67.

68.

69.

70.

71.

72.
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Kag o« T (absolute)

Qag =+60J+20J=+80J. W,y = area, negative due to expansion=-24Js0 AU =Q+ W =
+56JandAUabd = AUy andWaDd :area:—gJSOand =AU —W 4 :+56J—(—9J)

Since there is no area under the line (and no change in volume) W = 0. The temperature (and
internal energy) decrease so Q cannot be zero (Q = AU — W)

pV = nRT

pressure is the collisions of the molecules of the gas against the container walls. Even though the
speed of the moleculesis unchanged (constant temperature), the smaller container will cause the
molecules to strike the walls more frequently.

Q =0in adiabatic processes (choices B and D). Q =AU —W. Choices A and C have the same
AT and hence, same AU and since doubling the volume at constant pressure involves negative
work, while doubling the pressure at constant volume does no work, AU —W is greater for the
constant pressure process. (The constant temperature process has AU = 0 and less work than the
constant pressure process)

pV = nRT (watch those units!)
by definition
Isochoric cooling is a path straight down on apV diagram (to lower pressures)

Work = area under the curve on apV diagram. In the convention stated, work is negative for any
expansion. Be careful with the graph sinceit isa graph of pressure vs. temperature. We can find
the work by using [W| = pAV = nRAT
TH _TC .
e = T where T o« pgV g (the highest temperature) and T¢ oc ppVp (the lowest
H
temperature) gives ec = (6poVo — PoVo)/PoVo

The heat input for this engine occurs during process D=>A=B and the heat exhaust isB=C=D
If PoV o corresponds to temperature T, the temperatures at points A, B, C and D respectively are
3T, 6T, 2T and To. The change in temperature for each processisthen AB = +3Ty, BC=—
4T,, CD =Ty and DA = +2T,.
We also have PyV = nRT,
For the isochoric process, where W = 0, Q = AU = 3/2 nRAT

DA: Q=3/2nR(2T,) = 3nRT,

BC: Q = 3/2 nR(—4T() = —6nRT,
For the isobaric processes, where W = —-pAV = —nRAT,

Q=AU —-W =3/2 nRAT + nRAT =5/2 nRAT

AB: Q=5/2nR(3Ty) =7.5nRT,

CD: Q=5/2nR(-Ty) =-2.5nRT,
Putting it all together gives us Qinput = Qpa + Qag = 10.5nNRT( and Qexraust = —8.5NRT
W Qy-Q 105nRT,-85nRT, 2 4

e

Qi Q4 105nRT, 105 21
e W _Qu-Q
Q4 Q4

Work = area enclosed by the parallelogram. Since the work done on the gasis negative for a
clockwise cycle and they are asking for the work done by the gas, the answer will be positive.

At constant volume AU = Q = 3/2 nRAT where in an isochoric process nRAT = ApV
S0 Q = 3/2 ApV, or Ap = 2 x (+40 J)/(3 x 0.008 n7°)
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83

Vs = ‘/3Mﬂ Since hydrogen is 16 times lighter and vy, o ﬁ ,Vu =4 x Vg

In areversible (Carnot) engine g—H = TI'_H (use absolute temperature)
'c c
In areversible (Carnot) engine Qi _Tw
Qx Tc

Vimg = ‘/"ijﬂ since Mo > M for them to have the same Vs To > Th

e = M (use absolute temperature)

H

Vims = ‘/:%T if vims isdoubled, then T is quadrupled. If T x 4 at constant volume, then p x 4

Qc =3Wand Qy = Qc + W =4W. ezﬂzﬁ

Qn Qn

The“energy” lost or gained would be the sum of the work done on the gas and the net heat added
to the gas, which isthe change in internal energy of the gas. Since the gasreturnsto its original
state, AU = 0.

_ KAAT
L

H

An adiabatic expansion is shaped like an isotherm, but brings the gas to alower temperature.

Qcycle = Q12 + Q3 + Q31 =+60J-40J+0J=+20J

chcle = AUcycle _Qcycle =0J-(+200) =-20J=Wy, + W3 + W3,
WhereW12 = —Q12 since AUlz =0and W23 =0

so we have 20 J=-60J+ 0 J+ W3, which givesWz =+40J
Process 3= 1 isadiabatic 0 AUz = W3,

391



392



AP Physics Free Response Practice — Thermodynamics — ANSWERS

1983B4
Since T is constant, pgVg = poVo and Vg = 2V, gives pg = % py

o

b. AU=Q + W, since AB is isothermal, AU =0 and W =-Q =-1000J
c. The entropy of the gas increases because AS = Q/T and Q is positive (heat was added)
d. Inareversible (Carnot) engine Q. = -I_I—_—Hgiving Q.=4001J

'c c
e. Negative. In a clockwise cycle, the work done on the gas is negative. Or for the cycle Qe = +600 J and AU =
0soW=-Q=-6001J

1996B7

a. pi/T1=p,/T, gives p, =0.82 atm = 8.2 x 10* Pa

b. F=pxArea=410N

c. Since volume and temperature are constant, we can use p;V = n;RT and p,V = n,RT. SUbtractnig the two
equations gives ApV = AnRT, or An = ApV/RT = 5.45 x 10~ mol

1986B5

a. e-= TH_I_;TC (use absolute temperature) gives e, = 0.074
H

b. e=W/Qyu, or Qy =W/e = (100 MW)/(0.074) = 1350 MW and Q¢ = Q — W = 1250 MW (note Q may
represent heat in Joules or rate in Watts)
c. ABisisothermal so AT = 0. Itis an expansion so W is—and Q = -W
BC is adiabatic so Q = 0. Temperature drops so AT is negative.
CD is isothermal so AT = 0. Itis a compression so W is + and Q = -W
BC is adiabatic so Q = 0. Temperature rises so AT is positive.

0 AT

AB + o

BC O -

©
3
o

9
Is

(0] +

2004B5B
a. SincePa=Pgand VA/Tao=Vg/TggivingTg =T, =T,/2
b. CAisanisothermso Ta =T¢c S0 PaVa =PcVc; P1Vy =P, (V41/2) giving P, = 2P,
c. Work is the area under the line. No work is done from B to C so we just need the area under line AB.
Specifically, W = -PAV = —P(V1/2 - V) = +¥5P V;
d. Heat was added in processes BC and CA, but not in AB.
BC: W =0 s0 AU = Q and temperature rises so AU is positive
CA: AU =0 (isotherm) so Q =—-W and it is an expansion so W is negative and therefore Q is positive
AB: Compression so W is + and temperature drops so AU is negative and Q = AU — W which must be negative
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1989B4

a. r
27, I 6T
2p, 2
1T v L
P "
) ﬂ 37,
! 1%
Y, 2V, 3V
b. i. The work done on the gas is the area enclosed. Area = width x height = 2V x Py = -2PyV (negative

since it is a clockwise cycle)
ii. AU =0 forany cycle
iii. since AU=0,Q=-W =+2PyV,
c. Forprocess 2, W = —-PAV = -2Pg x (3V, — V) = -4PV,
and AU = 3/2 nRAT = 3/2 nR(6T0 - 2T0) =+6 nRTy = +6PyV,
Q =AU-W =146 P()VO - (—4POV0) = +10POV0

1999B7
a. Since Ta=Tec, PaVa = PcVe giving Pe = 2 x 10° Pa
b. o 1 i 1 i
e r o S
= { i i i
[ S s S FE
= i i | |
x i i I |
: ,:'11 B | 1
B | i
i | |
i
| |

OE = U inl o iR e
Volume (% 1072 m?)

c. Thisis a clockwise cycle so the work done on the gas is negative.
d. This is a clockwise cycle so this is a heat engine.

2001B6

a. The additional pressure comes from the weight of the added block. AP = F/A = mg/A = 2.04 x 10 Paand P, =
P, + AP =1.04 x 10° Pa

b. A constant temperature, P;V; = P,V,, or V, =P,V /P, =147 x 10° m®

c. Since the external pressure and the added weight do not change, the pressure remains constant, therefore the
process from state 2 to state 3 is isobaric

d. For similar reasons as stated above, the process from state 4 to state 1 is also isobaric.

e. Cgmparing state 1 and state 4, which have equal pressures: V1/T; = V4/T4, giving V4 = V1 T4/T; = 2.05 x 107
m
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2006B5

a . P,=Pss0 V1/T1 = VZ/TZ gIV|ng T, =746 K
ii. Vi=V3;5s0 P1/T1 = Pg/T3 gIV|ng T3 =560 K

b. The net work done is the area enclosed by the triangle = % base x height = +6250 J (positive since the cycle is
counterclockwise)

¢. Since the cycle is counterclockwise, the work done on the gas is positive (more area under the process 2= 3 in
which positive work is done than in process 1=2 where negative work is done). In any cycle AU = 0 so we
have Q = -W, therefore Q is negative meaning heat is removed.

2003B5

a. U,-U.=AU,=Qc + W, =685J+ (-120J) =565

b. i/ii. Heat is removed. AU, =-AU. =-565 J since it is the opposite beginning and end points, the path
doesn’t matter. Q =AU-W =-565J)-75J=-640J

C. Wega=We + Wy, =0+-PAVy, =-1501J

d. Heatisadded. AU=+565Jand W =-150Jand Q = AU-W

2003B5B

a. pV=nRTsoT=pV/nR = (200 Pa)(20 m*)/(1 mol)(8.32 J/(mol-K)) = 481 K

b. The net work done is the area enclosed by the triangle = % base x height = +4000 J (positive since the cycle is
counterclockwise)

c. ifii. Heatis removed. Inone cycle AU =0s0Q =-W =-40001

In a cyclic process AU = 0 (the temperature returns to the same value)

e. The entropy is a function of the state of the gas, and after one complete cycle the gas has returned to its original
state so the entropy is the same.

e

2004B5

a. i. W=-PAV =-3600J. The work done by the gas is the negative of the work done on the gas, +3600 J
ii. AU =3/2 nRAT and the temperatures can be found from PV = nRT giving To =108 K and Tg = 325 K s0
AU =5400
iii. AU=Q+ W soQ=AU-W =+9000J (remember, the W in this equation is the work done on the gas)

L
i i i i i i o i | [ I i [ i | i i
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ii. Heatisremoved. Inan isothermal process, AU =0 so Q =-W and in a compression W is positive.
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2008B5

a. Process W ) AlS
A—R 0 B B
B=C - B 0
C—=A - - -

b. =Since process AB is isochoric, AV = 0 therefore W = —PAV = 0 (also, there is no area under the line)

= At constant volume for a fixed number of moles, pressure is directly related to temperature and since the

pressure increases, so does the temperature. AU is directly related to AT so it is positive.
2Q=AU-WandW =0
c. Since TB = Tc, PBVB = PCVC SO VC = PBVB/PC =0.005 m3

2005B6
a. The volume of the cylinder = Area x height = AH. PV =nRT then becomes PAH = nRT so H = nRT/PA

b. Him)

P T T T T T T R
A Tk L = TR e e P
R L D e e T e |
i i
T e o e e S O o
| i ioF 0 [
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i I I | | i i
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e et et L e e e i e
i 1
I

¢. Calculating the slope of the line above and setting it equal to the slope from the equation of part a: nR/PA gives

n=1.11 moles

2005B6B
a. PV=nRTorP=(1/V)nRT
b. The total pressure is the atmospheric pressure plus the pressure due to the added mass P = P, + mg/A

m kg) ]5’[_ m'lll 7 [m';) PR
0 6.0 % 107° 1.7 % 10° 1.0 10°
1 451077 22x 100 1.3 % 10°
2 3.6 1077 2.8x% 10% 1.7 % 10°
3 3.0x 1077 33x 10t 2.0 10°
4 23 % 10°

wv (x o m‘%

d. From P = (1/V)nRT, the slope of the above line = nRT. Slope = 6.19 Pa-m® so n = .0025 moles
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2006B5B

a . Tao=TgS0PAVA=PgVs: PB/PA=1/2
ii. Pg =P¢ so PclPA:PB/PA:l/Z
iii. Aand B are on the same isothermso Tg/TA =1
iv. VC = VA SO PclPA = TclTA =%

b. Internal energy depends only on the temperature. Since step | is isothermal there is no change in temperature
and thus no change in internal energy

c. W =-PAV. Instep Il there is no change in volume, and thus no work done.

2007B5

a. P=F/AsoF=PA=P(nR% = (4.0 x 10° Pa)n(* 0.20 m)? = 1.3 x 10* N

b. PV=nRTgivesV=12x10?m’

C.  Wonthe gas = ~PAV SO Wiy the gas = +PAV where AV = Ax = nR?x and x = extra distance pushed by the piston
giving Wy, = 1.9 x 10°

d. Heat is transferred to the gas. This is an expansion so W, is negative. For the gas to expand at constant
pressure, the temperature must also increase so AU is positive. Q = AU -W.

2007B5B

a. i. For the piston to be in equilibrium, the gas must hold it up against its own weight and the external force due
to the outside pressure: F = P,mA + Mg where A = nR? = n(D/2)? = nD%4 so we have F = ¥4P ,»nD? + Mg
ii. P=F/A=F fromabove + ¥anD? giving Paps = Pam + 4Mg/nD?

b. Pressure goes up. If heat is added at constant volume, the temperature goes up and so must the pressure since P
oc T at constant volume.

c. W = Fx (from mechanics) = (V4P ymnD? + Mg)X,

2008B6B

a. V1 = V2 SO P1/T1 = Pz/Tz glVlng T2 =1500 K, Pl = P3 SO V]_/Tl = V3/T3 glVlng T3 =1800 K

b/c. The net work done is the area enclosed by the triangle = % base x height =—-100 J (negative since clockwise)

d. Forprocess 1=2 W =050 Q = AU = 3/2 nRAT = (1.5)(0.004 mol)(8.31 J/mol-K)(1500 K — 300 K) =60 J

2009B4

a. PV =nRTso T = PV/nR and the number of moles = (2.2 x 10° g of H,0)/(18 g/mole) = 122.2 moles. This
gives T = (3 x 10° Pa)(2 m®)/(122.2 moles)(8.31 J/mol-K) = 591 K

b. The temperature is proportional to the product of P and V. (PV) =6 x 10° J and (PV)¢c =10 x 10°J s0 Tc/Ta
=10/6 giving T¢ =985 K

c. Since the temperature increases for process A B=C and U is dependent on the temperature, U increases.

d. Wasc = Wpg + Wge =0 +-PAV = —(4 x 10° Pa)(2.5 m* -2 m®) = -2 x 10°J

1974B6

a. PAVA/TA = PBVB/TB; (15 atm)(l L)/TA = (05 atm)(3 L)/TB glvmg Ta=Tg

b. Since To =Tg, AU = 0. W is the area under the line = -2 L-atm (negative for an expansion) and we have Q
= AU-W =+2 L-atm = +202.6 J

c. PVIT is constant so highest temperature is at the highest value of PV where P =1 atmand V=2 L. PV =nRT
gives T =243 K

1975B3

a. The work done on the gas is the area enclosed by the cycle = lengthxwidth = —4p,V, (negative since clockwise)

b. Inthecycle AU=0s0Q =-W =+4pyV,

c. Temperature is the same where the product p x V is the same: A = poVo; B = 3peVo; C=9peVo; D = 3peVo;
TB = TD

d AB:Q=AU-W=3/2nRAT -0and AT = 2T, ; so Q = +3nRT, = +3pyV,

BC: Q = AU - W =3/2 nRAT — (-pAV) and AT =6T; s0 Q = 9poV — (-6poVo) = +15poVo
Qec > Qae
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1979B5

a. Process Il is isothermal. An isothermal process is one in which the temperature is constant. Thus, from the
ideal gas law, the product of pressure and volume is a constant. This condition is satisfied by process II.

b. Process Il is adiabatic. In an adiabatic process, both the pressure and the volume must change. Thus,
processes | and 1V are eliminated. Since process Il is isothermal, process Il is the only possible adiabatic one.

c. The gas does work in processes I, Il and I11. Work is done by the gas whenever the volume increases.
(negative work is done by the gas when the volume decreases as well)

d. Inprocess IV, no work is done. Since the pressure decreases at constant volume, the temperature also
decreases, giving AU is negative and with W = 0, AU = Q and therefore Q is negative. One could also use the
adiabatic process as the dividing line between process in which heat is added and those for which heat is
removed. On the adiabatic line, Q = 0. For any process from the same initial point that lies above the adiabat,
heat is added and for any process that lies below the adiabat, heat is removed.

e. RMS speed is proportional to the kinetic energy which, in turn, is proportional to the temperature. Only in
process | does the temperature increase.

1991B3

a. Power is the rate of useful work form an engine so W (which here represents the rate in MW) = 120 MW and e
= W/Qy =0.40 = 120 MW/Qy giving Qy =300 MW

b. The rate of heat input from the combustion of oil is 300 Joules per second. Since oil provides 4.4 x 10’ joules
per kilogram burned we can divide to find the number of kg per second that must be combusted:
Am/At = (300 x 10° J/s) + (4.4 x 10" J/kg) = 6.82 kg/s

c. Qc=0Qx-W=180 MW

1993B5

a. Since P, =Py, V./T, = V,/Ty giving T, = 750 K

b/c. AUy, = 3/2 nRAT = (1.5)(1 mole)(8.32 J/mol-K)(750 K — 250 K) = 6240 J
Wy, = —PAV = —(1.2 x 10° Pa)(51 x 10° m*® — 17 x 10 m®) = -4080 J
Q=AU-W=10,320J

d. W =-PAV =0 (no area under the line)

e. InacycleAU=0soW=-Q=-18001J

TH _TC —

f. e-= 0.66
H

1995B5
a. P =Fv (from mechanics) = mgv = (10 kg)(10 m/s?)(4 m/s) = 400 W
b. e ~Tu=Te _ 0.4 0r 40%

TH
c. i. Withan efficiency of 0.4 and useful work done at the rate of 400 W we have e = (W/t)/(Qn/t) or (Qu/t) =

1000 W

i (Qclt) = Qult) — (W/t) = 600 W
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