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Chapter 4

Dynamics

4.1 Momentum and Newton’s laws of motion

261. 9702_m20_gp_12 Q: 6

A stone is thrown horizontally from the top of a cliff and falls into the sea b i@ . Air resistance is
negligible. The path of the stone is shown. b
®
stone *\

cliff

C

sea

In which direction does the re on the stone act during its fall?

A horizontally to the

parallel to its vel

perpendic

2 4
verﬁcatﬂown
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CHAPTER 4. DYNAMICS

252. 9702_m20_qp_12 Q: 8

A person of mass 60kg stands on accurate bathroom scales, placed on the floor of an
elevator (lift) which operates in a tall building.

At a certain instant the bathroom scales read 58 kg.

Which row could give the person’s direction of movement and type of motion?

direction motion
A downwards constant speed
B downwards slowing down
(o upwards constant speed
D upwards slowing down

253. 9702_s20_qp_11 Q: 8 tq

A car accelerates from rest in a straight line with constant accel&

Which graph best represents the variation of the momen f the car with the distance s
travelled by the car?
A B D
A A [
p p
0 > 0 >
0 s 0 s
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254. 9702_s20_qgp_11 Q: 11

A wooden block rests on the rough surface of a board. One end of the board is then raised until
the block slides down the board at constant velocity v.

block

e

v

board

What describes the forces acting on the block when it is sliding with constant velocity?

frictional force on block resultant force on block
A down the board down the board
B down the board zero
C up the board down the board
D up the board zero

255. 9702_s20_qp_12 Q: 7

The resultant force acting on an object is slowly increased.

Which graph could show the variaticn with timé't of the momentum p of the object?

. 2 .t
Q"’-’Q

A

\

0 0 t
S 4
o D
¥
p p
0 - 0 -
0 t 0 t
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256. 9702_s20_qp_13 Q: 8

A ball of mass m travels vertically downwards and then hits a horizontal floor at speed w.
It rebounds vertically upwards with speed v.

The collision lasts a time At.

What is the average resultant force exerted on the ball during the collision?

mv —mu
A YR downwards

mv —mu
B ——— upwards
At

mv +mu

C ———— downwards
: 2

+
p mMrmu upwards
At
®
257. 9702_s19_gp_11 Q: 9 ve

Each diagram illustrates a pair of forces of equal magnit

Which diagram gives an example of a pair of forﬁ at'is described by Newton’s third law of

motion?
: 9 B

total gravitational
resistive attraction
gravitational
attraction
C D
support force lift

I

weight

weight
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258. 9702_s19_qp_12 Q: 9

What describes the mass of an object?

A the force the object experiences due to gravity

B the momentum of the object before a collision
C the resistance of the object to changes in motion
D

the weight of the object as measured by a balance

269. 9702_s19_qgp_12 Q: 10

A car has mass m. A person needs to push the car with force F in order to give the car
acceleration a. The person needs to push the car with force 2F in order to give the car
acceleration 3a.

Which expression gives the constant resistive force oppeosing the motion of the ear?

A ma B 2ma C 3ma D 4ma

260. 9702_s19_qp_12 Q: 14

A car of mass m travels at constant speed up a slope at an'angle ¢ to the horizontal, as shown in
the diagram. Air resistance and friction provide a resistive force F. The acceleration of free fall
is g.

A mgcosé

B mg sm?
C mgcosé@+F
D

mgsinf+ F
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261. 9702_s19_qp_13 Q: 10

A uniform electric field is created by two parallel vertical plates. A positively charged particle is in
the vacuum between the plates, as shown.

- ] +
_ || positively +
charged
= || particle +
_ \ N
— -
- +
- +
- U i +

Which statement is correct?

A The electric field makes the particle move towards the negative plate with'a constant speed.

B The electric field makes the particle move towards the negative plate with a constant
acceleration.

The electric field produces a uniform rate of decrease‘in the particle’s acceleration.

D The electric field produces a uniform rate of increase in the particle’s acceleration.

262. 9702_wi19_gp_11 Q: 6

The velocity-time graph for an object of @2.5 kg is shown.

velogi Q
1 _

8.0

6.0 3

&, i

*® 2.0 j

¢ 1

0 | | 1

0 50 10.0 15.0
time/s
What is the resultant force acting on the object?

A 0.60N B 0.80N C 1.5N D 20N
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263. 9702_w19_qp_11 Q: 7
Which statement follows directly from Newton’s first law?
A A body remains at constant velocity unless acted upon by a resultant force.
A satellite in circular motion about the Earth has a constant velocity.

B
C A water drop leaving a spinning umbrella travels at a constant velocity.
D

The force acting on an object is equal to its change in momentum.

264. 9702_wi19_gp_11 Q: 8

A resultant force causes an object to accelerate.

What is equal to the resultant force?

A the acceleration of the object per unit mass

B the change in kinetic energy of the object per unit time
C the change in momentum of the object per unit time
D

the change in velocity of the object per unit time

265. 9702_w19_qp_12 Q: 7

A snooker ball has a mass of 200g. It hits the _cushien of a snooker table and rebounds along its
original path.

The ball arrives at the cushion with a of 14.0ms™" and then leaves it with a speed of
7.0ms™". The ball and the cushion are. in.c t for a time of 0.60s.

What is the average force exerte@ all by the cushion?

A 14N B ZQ

C 42N D 70N
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266. 9702_w19_qp_13 Q: 8

A snowflake is falling from the sky on a still day. Its weight acts vertically downwards and air
resistance acts vertically upwards. As the snowflake falls, air resistance increases until it is equal
to the weight and there is no resultant force acting on the snowflake.

air resistance

2

weight
When the forces become equal, which statement is correct?
A The snowflake accelerates.
The snowflake decelerates.

B
C The snowflake is stationary.
D

The snowflake moves at a constant velocity.

267. 9702_m18_qgp_12 Q: 7

A stone of mass m is dropped from a_tall, building. There is significant air resistance. The
acceleration of free fall is g.

When the stone is falling at a cons rminal) velocity, which information is correct?
magnitude of gnitude of the maghnitude of the
the acceleration force of gravity force of air resistance
of the stone on the stone on the stone
A zero mg
B mg mg
Cc zero mg
D mg zero
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268. 9702_m18_qp_12 Q: 10
Steel pellets, each with a mass of 0.60g, fall vertically onto a horizontal plate at a rate of 100

pellets per minute. They strike the plate with a velocity of 5.0ms™" and rebound with a velocity of
40ms™.

What is the average force exerted on the plate by the pellets?

A 0.0010N B 0.0054N C 0.0090N D 0.54N

269. 9702_s18_qp_11 Q: 8

The momentum of a car of mass m increases from p, to p..

What is the increase in the kinetic energy of the car?

A P2-p?) g (P2—pif c P2 P D PP
2m 2m 2m 2m

270. 9702_s18_qp_12 Q: 8
A tennis ball of mass 55¢ is travelling horizontally with a speediof 30ms™". The ball makes
contact with a wall before rebounding in the horizontal direction with a speed of 20ms™". The ball
is in contact with the wall for a time of 5.0 x 10™>s.

What is the average force exerted on the wall by the ball?

A 110N B 220N C 330N D 530N

°

an inextensible string which passes over a frictionless
slope, as shown.

271. 9702_s18_qp_13 Q: 7

Two masses, M and m, are con
pulley. Mass M rests on a frie

frictionless slope

The slope is at an angle &to the horizontal.
The two masses are initially held stationary and then released. Mass M moves down the slope.
Which expression must be correct?

A sing< M B cosg< ! C sing>MmM D cosg>1TM
M M M M

T"j:.'PapaCambridge



“ JPPapaCambridge

272. 9702_w18_qp_11 Q: 7

CHAPTER 4. DYNAMICS

Water is pumped through a hose-pipe at a rate of 90kg per minute. Water emerges horizontally
from the hose-pipe with a speed of 20ms™.

What is the minimum force required from a person holding the hose-pipe to prevent it moving
backwards?

A 30N B 270N C 1800N D 108000N

273. 9702_wi18_gp_11 Q: 8

A ball of mass m is thrown vertically into the air. When the ball has speed v, the air resistance
acting on the ball is F.

What is the magnitude of the acceleration of the ball when its speed is v as it rises and as it falls?

acceleration when acceleration when
ball is rising ball is falling
A g —_ ﬁ g —_ ﬁ
m m
B g- i g + ﬁ
m m
C g + ﬁ g- ﬁ
m m
D g+ £ g
m

274. 9702_wi8_qp_12 Q: 7 Q
A resultant force of 10N acts'en a body for a time of 2.0s.

Which g;ash c how the variation with time f of the momentum p of the body?
&,

A

t's
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275. 9702_w18_qp_13 Q: 7

Two isolated spheres have masses 2.0kg and 4.0kg. The spheres collide and then move apart.
During the collision, the 2.0kg mass has an average acceleration of 8.0 ms™,

What is the average acceleration of the 4.0kg mass?

A 20ms™ B 40ms™ C 80ms™ D 16ms™

276. 9702_wi18_qgp_13 Q: 8

A mass is placed on a frictionless slope inclined at 30° to the horizontal. The mass is then
released.

What is its acceleration down the slope?

A 49ms™ B 57ms™ C 85ms™ D 98ms™

277. 9702_w18_qp_13 Q: 10

A ship of mass 8.4 x 10"kg is approaching a harbour with speed16.4ms™". By using reverse
thrust it can maintain a constant total stopping force of 920 000N.

How long will it take to stop?
A 15 seconds

B 150 seconds
C 25 minutes 0
D 250 minutes Q
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278. 9702_ml17_qp_12 Q: 9

Water flows out of a pipe and hits a wall.

wall
pipe velocity v
N — vt .
A\ i » cross-sectional
/ / " area A
water

When the jet of water hits the wall, it has horizontal velocity v and cross-sectional area A.
The density of the water is p. The water does not rebound from the wall.

What is the force exerted on the wall by the water?

2
A 2Y B 2V
A A

C pAv D pAV2

279. 9702_s17_qp_11 Q: 7
The mass of a rocket-propelled truck is approximately equal to the mass of the fuel in its tank.

The fuel is ignited and the truck is propelled along_herizontal tracks by a constant force. The
effect of air resistance is negligible.

During a test run the fuel is consumed at a constantrate.

Which statement describes the acceleration,of the truck during the test run?

A The acceleration of the truck d as the fuel is consumed.

The acceleration of the tru@ es as the fuel is consumed.
The acceleration of tQ ains constant.

The acceleration of the k is zero and the truck moves at a constant velocity.

o O w

.p

4
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280. 9702_s17_qp_11 Q: 10

The graph shows how the momentum of a motorcycle changes with time.

A

000 - .

momentum :

/kgms™ :

% 0
time/s
What is the resultant force on the motorcycle?

A 500N B 5000N C 25000N D 50000N 0

4

281. 9702_s17_qp_12 Q: 7

A rubber ball is dropped onto a table and bounces back up

@ b'e exerts a force F on the ball.

A
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282. 9702_s17_qp_12 Q: 8

A golf ball of mass m is dropped onto a hard surface from a height h, and rebounds to a height
h,.

The momentum of the golf ball just as it reaches the surface is different from its momentum just
as it leaves the surface.

What is the total change in the momentum of the golf ball between these two instants? (Ignore air
resistance.)

A my2gh, — m\2gh,

B m2gh, + m,/2gh,

C  my2g(h-h,)

D my2g(hy- ) 7,

283. 9702_s17_qgp_12 Q: 9

L J
@ewton’s third law of motion

A book of weight W is at rest on a table. A student attempts t
by saying that ‘action equals reaction’. 6

table

If the weight of the book is the ? ce, what is the ‘reaction’ force?
A the force W actin rds on the Earth from the table
B the force W acti s on the book from the table

rds on the Earth from the book

o
Do
—®
3.
<
©

ards on the table from the floor

T"i'.’PapaCambridge
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284. 9702_s17_qp_13 Q: 7

A driver stops his car in time f by gradually increasing the total braking force on the car. The
graph shows the resultant force on the car.

A
force

0 —
0 t
time

Which graph shows how the speed of the car will vary during this time?

A
!
. \
0 T L
t

0

time

speed

time time

*
0',’
*
285. 9702_s17_qgp_13

A ball of mass 2.0kg travels horizontally with a speed of 4.0ms™". The ball collides with a wall
and rebounds in the opposite direction with a speed of 2.8ms™". The time of the collision is
150 ms.

What is the average force exerted on the wall?

A 16N B 37N C 53N D 91N

?‘]’PapaCambridge
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286. 9702_s17_qp_13 Q: 10

An ice-hockey puck of mass 150g moves with an initial speed of 2.0ms™ along the surface of an
ice rink.

The puck slides a distance of 30m in a straight line before stopping.

What is the average frictional force acting on the puck?

A 0.010N B 0.020N C 0.067N D 044N

287. 9702_s17_qp_13 Q: 16

A constant force pushes a block along a horizontal frictionless surface. The block moves from
rest through a fixed distance.

What is the relationship between the final speed v of the block and its mass m?

A J;oci BVOC\/E C D \/;ocm
m

1
Vo —
Jym

288. 9702_wl7_qgp_11 Q: 9

A car is moving at constant speed in a straight line withsthe @ngine providing a driving force equal
to the resistive force F.

When the engine is switched off, the car is brought to rest in a distance of 100m by the resistive
force.

It may be assumed that F is constant d e deceleration.

The process is then repeated foere car with the same initial speed but with a constant
resistive force of 0.800F.

How far will the car traveQ&erating?

A 120m B 125m C 156m D 250m

*

19

289. 9702_w17.qp_11
What is a statement of the principle of conservation of momentum?
A In an elastic collision momentum is constant.
B Momentum is the product of mass and velocity.
C The force acting on a body is proportional to its rate of change of momentum.
D

The momentum of an isolated system is constant.

T"j:.'PapaCambridge
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290. 9702_wl7_qgp_12 Q: 10

Two blocks of masses M and m are joined by a thin string which passes over a frictionless pulley,
as shown.

The acceleration of free fall is g.

What is the acceleration a of the two blocks? Q
(M + m) (M - m) M b

Awem® B wem? e AN

291. 9702_w17_gp_13 Q: 8 ;

A man stands in a lift that is accelerating vertically rds, as shown.

@,

acceleration

lift

Which statement de force exerted by the man on the floor?

R
A ltis | to
*%qa
It is greater tha orce exerted by the floor on the man.

It is less than the force exerted by the floor on the man.

o O mw

It is less than the weight of the man.

T"i'.’PapaCambridge
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292. 9702_wl7_qp_13 Q: 9

A snooker ball of mass 200g hits the cushion of a snooker table at right-angles with a speed of
14.0ms™".

The ball rebounds with half of its initial speed. The ball is in contact with the cushion for 0.60s.

velocity velocity
14.0ms™ cushion 7.0ms™’
ball of —L —
mass 200g
before after

What is the average force exerted on the ball by the cushion?

A 23N B 7.0N C 2300N D 7000N 0

293. 9702_wl17_qp_13 Q: 13

®
A solid sphere falls at constant (terminal) velocity in a quuid@wrea forces acting on the

sphere are shown in the diagram.
upthrus c::

drag D

not to scale 0

weight W

How are the three ed?

<
A wHD=U
B W=>=U0U+D
C W-U=D
D W<D+U

T"i'.’PapaCambridge
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294. 9702_mi16_qp_12 Q: 9

Which statement defines force?

A When a force acts on a body that is free to move, the force is the product of the mass of the
body and its acceleration.

B When a force acts on a body that is free to move, the force is the rate of change of
momentum of the body.

C When a force acts on a body that is free to move, the force is the work done by the force
divided by the distance moved by the body.

D When a force acts on a lever and causes a moment, the force is the moment divided by the
perpendicular distance of the force from the pivot.

295. 9702_s16_qp_12 Q: 9

A ball falls vertically onto horizontal ground and rebounds, as shown.

P,
Py
% s /
before after

The ball has momentum p; downwards j
leaves the ground with momentum p
During this time interval, an averag

fore hitting the ground. After rebounding, the ball
. The ball is in contact with the ground for 0.020s.
nt force of 25N acts on the ball.

What is a possible combinati or py and py?

pi/kgms™ pa/
A 0.15 0.65
B ’3%20 0.30
c 0.30 0.20
D 0.65 0.15

T"i']'PapaCambridge
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296. 9702_w16_qp_11 Q: 9

CHAPTER 4. DYNAMICS

A car is stationary at traffic lights. When the traffic lights change to green, the driver presses

down sharply on the accelerator. The resultant horizontal force acting on the car varies with time
as shown.

force

0 >
0 time

Which graph shows the variation with time of the speed of the car?

A B
speed speed /
0 / = 0+ -
0 time 0 time
C D
speed speed
0+ | = 0 - =

O

0 time time

297. 9702_wl6_qgp_11 Q: 11

A car has mass m. A p @i o0 push the car with force F in order to give the car
acceleration a. The pe e to push the car with force 2F in order to give the car
acceleration 3a.

Which expression_gives the constant resistive force opposing the motion of the car?

+9

A ma, ¢, 2ma C 3ma D 4ma

4

298. 9702_w16_qp_12 Q: 12

A bullet of mass 8.0g travels at a speed of 300 ms~'. The bullet hits a target and stops after a
time of 100 ps.

What is the average force exerted by the target on the bullet?

A 24N B 240N C 2400N D 24000N

?":.'PapaCambridge
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299. 9702_wi6_qp_12 Q: 13
A light ball is falling vertically through air.
The variation with time t of the resistive force Fgr acting on the ball is shown.

A
FR

0 | -
t, t time t

At which times are the speed of the ball zero, the speed at a maximum and the acceleration

zero?
zero maximum zero
speed speed acceleration
®

A t1 tz t1 \
B t t, b ‘

Cc tz t1 t1

D tz t1 t2

?‘j_']'PapaCambridge
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300. 9702_wil6_qp_13 Q: 9

CHAPTER 4. DYNAMICS

A car is stationary at traffic lights. When the traffic lights change to green, the driver presses

down sharply en the accelerator. The resultant horizontal force acting on the car varies with time
as shown.

force

0 >
0 time

Which graph shows the variation with time of the speed of the car?

A B
speed speed /
0 / = 0+ -
0 time 0 time
C D
speed speed

0 time 0 time

301. 9702_wl16_qp_13 Q: 11

A car has mass m: A pgw needs to push the car with force F in order to give the car

acceleration a. The person needs to push the car with force 2F in order to give the car
acceleraﬁi@ 3

¢
Which exp;@Ssion e constant resistive force opposing the motion of the car?

A ma B 2ma C 3ma D 4ma

T"f"PapaCambridge
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302. 9702_s15_qp_11 Q: 14

What is the definition of the force on a body?

A the mass of the body multiplied by its acceleration
B the power input to the body divided by its velocity
C the rate of change of momentum of the body

D the work done on the body divided by its displacement

141

303. 9702_s15_qp_12 Q: 10

A firework rocket is fired vertically upwards. The fuel burns and produces a constant upwards
force on the rocket. After 5 seconds there is no fuel left. Air resistance is negligible.

What is the acceleration before and after 5 seconds?

before 5 seconds

after 5 seconds

constant
constant

increasing

o 0O W »r

increasing

constant
zZero
constant

Zero

304. 9702_s15_qp_12 Q: 13

Newton’s third law of motion is often

opposite reaction.’

A book rests on a table.

If the weight of the booK is

N

s@rised as ‘Every action (force) has an equal and

ion’ force, what is the ‘reaction’ force?

A the pull of the book on the Earth

4
the push of thé"table on the book

T"i']'PapaCambridge
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4.2 Non-uniform motion

CHAPTER 4. DYNAMICS

305. 9702_s20_gp_11 Q: 9
The resultant force F on a raindrop of mass m falling with velocity v is given by the equation
F = mg — kV?
where k is a constant and g is the acceleration of free fall.

What is the velocity of the raindrop when it reaches a constant (terminal) velocity?

A |k B K c}ﬂ p ™M
mg mg k k

306. 9702_s20_qp_12 Q: 8 0
An astronaut has a weight of 660 N when she is standing on the Earth’s su

The acceleration of free fall on the surface of Mars is 3.71 ms™.

L/

What would be the weight of the astronaut if she stood on the surfac ars?

A 673N B 178N C 250N

?"t.’PapaCambridge
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307. 9702_s20_qp_13 Q: 9

The resultant force F on a raindrop of mass m falling vertically with velocity v is given by the
equation

F=mg - kv?
where k is a constant and g is the acceleration of free fall.
The falling raindrop eventually reaches a constant (terminal) velocity.
Which graph shows the variation of the terminal velocity of the raindrop with mass m?

A B

[ A

terminal terminal
velocity / velocity / E
terminal
velocity / : city
m

308. 9702_m19_qp_12 Q:

=

=
3
=

f»»

A stone is,thro
sea below r3.

wards from a point that is 12m above the sea. It then falls into the

. - ‘ .
Air resistance is n

At which speed was the stone released when it was thrown?

A 35ms™ B 6.6ms™ C 13ms™ D 20ms™

T"i'.’PapaCambridge
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309. 9702_mi19_qp_12 Q: 9

CHAPTER 4. DYNAMICS

In the absence of air resistance, a ball thrown horizontally from a tower with velocity v, will land

after time T seconds.

If, however, air resistance is taken into account, which statement is correct?

A

B
c
D

The ball lands with a horizontal velocity less than v after more than T seconds.

The ball lands with a horizontal velocity less than v after T seconds.

The ball lands with a horizontal velocity v after more than T seconds.

The ball lands with a horizontal velocity v after T seconds.

310. 9702_s19_qp_11

Q:

10

A stone is dropped from a tall building. Air resistance is significant. The variation of distance

fallen with time is shown by the dashed line.

A second stone with the same dimensions but a smaller mass is dropped\from the same building.

Which line represents the motion of the second stone?

distance

A

A

o

) _«__path of first stone

c

\

time

T"i']'PapaCambridge
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311. 9702_w19_qp_12 Q: 8
A tennis ball is released from rest at time { = 0 and falls through air for a long time.
Which graph of its displacement s against time ¢ best represents the motion of the ball?

A B C D

312. 9702_s18_qp_12 Q: 7

A sky-diver falls vertically from a helicopter and reaches constag (t
shows the variation with time ¢ of the speed v of the sky-diver. \

A
Vv
0 o
0 t
Which graph shows the variation wij of the distance d fallen by the sky-diver?
A C D
A A A
d d d
*
¢
*®
0 + = 0 > 0 >
0 t 0 t 0 t

?"t.’PapaCambridge
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CHAPTER 4. DYNAMICS

313. 9702_s18_qp_13 Q: 8

A sky-diver falls from a stationary balloon at time ¢ = 0. As the sky-diver falls, her speed and the
air resistance increase until the force of the air resistance is equal to her weight.

Which graph best shows the variation with time t of the displacement s for the motion of the
sky-diver?

A B C D

314. 9702_wi18_qp_12 Q: 8

The acceleration of free fall on the surface of planet P is one tenth of that on the surface of
planet Q.

On the surface of P, a body has a mass of 1.0kg and a weight of 1.0N.

What are the mass and the weight of the same body on the surface of planet Q?

mass on Q/kg | weighton Q/N
A 1.0 0.1
B 1.0 10
c 10 10
D 10 10

315. 9702_m17_gp_12 Q:/8
The acceleration of free fall on Pluto is 0.66 ms™=.
*$

An object yeigh

n Earth.

L 4
What would this ct weigh on Pluto?

A 040N B 0.93N C 4.0N D 39N

?":.'PapaCambridge
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316. 9702_s17_qp_11 Q: 8

147

An object is dropped at time ¢ = 0 from a high building. Air resistance is significant.

Three graphs are plotted against time.

the height of the object above the ground

the speed of the object

the magnitude of the resultant force on the object

X

A

-
=

=

time

O 0O mm >

magnitude of
eed of the object | the resultant force
on the object
Y z
z Y
z X
Y X
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317. 9702_s17_qp_13 Q: 8

The graph shows the variation of a quantity y with a quantity x for a body that is falling in air at
constant (terminal) velocity in a uniform gravitational field.

A
quantity y

0 o
0 quantity x

Which quantities could x and y represent?

x y 2

air resistance acceleration

loss of height gain in kinetic energy ¢

o 0O W »r

loss of potential energy | work done against air resista{

time velocity

?‘j_']'PapaCambridge
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318. 9702_s16_qp_12 Q: 10

A sphere falls from rest through the air. The graph shows the variation with time of the sphere’s
velocity.

A
velocity

0 ==
0 time

Which diagram shows the forces acting on the sphere when it is at the velocity corresponding to

point P on the graph? e
A B (o

i e
@
air resistance ‘\
air resista@
weight 0: weight weight
319. 9702_s16_qgp_13 Q: 1
Three coplanar fol an object in the directions shown.
object be in equilibrium?
B C D

e
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320. 9702_wil6_qp_11 Q: 10

A beach-ball falls vertically from a high hotel window. Air resistance is not negligible.
Which graph shows the variation with time t of the acceleration a of the ball?

A B

o
Y
o
Y
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321. 9702_wil6_qp_11 Q: 12

A box is shown resting on the ground. Newton’s third law implies that four forces of equal
magnitude are involved. These forces are labelled P, Q, R and S.

Forces P and Q act on the box. Forces R and S act on the Earth.
For clarity, the forces are shown slightly separated.

P
A

box —~

RY ) 0
Si i\b
NS

A P is the equal and opposite force to Q an rces of contact.

Which statement about the forces is correct?

Q is the equal and opposite force to P and both are gravitational forces.

B
C Ris the equal and opposite force to @:oth are forces of contact.
D

S is the equal and opposite for d both are gravitational forces.

T"i'.’PapaCambridge
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322. 9702_wil6_qp_13 Q: 10

A beach-ball falls vertically from a high hotel window. Air resistance is not negligible.
Which graph shows the variation with time t of the acceleration a of the ball?

A B

?’Q'PapaCambridge
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323. 9702_wl6_qp_13 Q: 12

A box is shown resting on the ground. Newton’s third law implies that four forces of equal
magnitude are involved. These forces are labelled P, Q, R and S.

Forces P and Q act on the box. Forces R and S act on the Earth.
For clarity, the forces are shown slightly separated.

P
A

box —~

ground

RY
S

Which statement about the forces is correct?

A P is the equal and opposite force to Q and both areforces of contact.
Q is the equal and opposite force to P and both are gravitational forces.

B
C Ris the equal and opposite force to oth are forces of contact.
D

S is the equal and opposite fornd both are gravitational forces.

324. 9702_s15_qp_11 Q: 10

What is a reasonable estimate of the average gravitational force acting on a fully grown woman

tandi th ?
stan "EJ%E‘kE
A 60N o 50N C 350N D 650N

4
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325. 9702_s15_qp_11 Q: 12

A child on a sledge slides down a hill with acceleration a. The hill makes an angle @ with the
horizontal.

The total mass of the child and the sledge is m. The acceleration of free fall is g.

What is the friction force F? 0

A m(gcos@-a)
m(gcos@ + a)

B
C m(gsing—a)
D

0\
m(gsing + a) 0(

326. 9702_s15_qgp_11 Q: 13

A box of mass 8.0 kg rests on a horizont
over a smooth pulley and supports a 2.0

surface. A string attached to the box passes
at its other end.

smooth

[® pulley

[ ]20kg

L 2

L 22 o
When the box is r , a frictional force of 6.0 N acts on it.
What is the acceleration of the box?

A 1.4ms™ B 1.7ms>2 C 20ms>3 D 26ms™>
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4.3

Linear momentum and its conservation

327. 9702_m20_qp_12 Q: 10

The diagram shows a particle P, travelling at speed v, about to collide with a stationary particle Q
of the same mass. The collision is perfectly elastic.

v
—_—

Which statement describes the motion of P and of Q immediately after the collision?

A

B
c
D

P and Q both travel in the same direction with speed %v.
P comes to rest and Q acquires speed v.
P rebounds with speed %v and Q acquires speed %v.

P rebounds with speed v and Q remains stationary.

328. 9702_s20_qp_11 Q: 10

A stationary toy gun fires a bullet.

Which statement about the bullet and the gun,immediately after firing, is not correct?

A

B

The force exerted on the bullet by the gun has the same magnitude as the force exerted on
the gun by the bullet.

The force exerted on the bullet h is in the opposite direction to the force exerted on
the gun by the bullet.

The gun and the bulleQ@me magnitude of momentum.

The kinetic energy of th n must equal the kinetic energy of the bullet.

?":.'PapaCambridge



"
] o
-"P 1§6p acambrldge CHAPTER 4. DYNAMICS

329. 9702_s20_qp_12 Q: 9
A mass my travelling with speed u; collides with a mass m, travelling with speed w; in the same

direction. After the collision, mass my has speed v; and mass m, has speed v; in the same
direction. The collision is perfectly elastic.

()“1 ()“2 ()V1 ()Vz
before the collision after the collision

Which equation is not correct?

A .’1'1‘11’.!12 - m '-/12 = m2V22 - m2u22

B ww+uw=vi+u
C  my(ui—vi) = ma(va— U2)
D mi(ur—wi)? = mo(ta — vo)? 0
@
330. 9702_s20_qp_13 Q: 10 (
A ball of mass m, moving at a velocity v, collides with a sta ball of mass 2m.

The two balls stick together. @

Which fraction of the initial kinetic energy is | 4@3 t?

A 1 B 1 p &
9 3 9
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331. 9702_mi19_qp_12 Q: 8

Two balls X and Y are moving towards each other with speeds of 5ms™ and 15ms™

respectively.
C ’ 5ms! 15ms1c ’

X Y

They make a perfectly elastic head-on collision and ball Y moves to the right with a speed
of 7ms™.

What is the speed and direction of ball X after the collision?

A 3ms to the left

13ms™ to the left 0

B
C 3ms™ to the right
D

13ms™" to the right ‘\b

332. 9702_s19_gp_11 Q: 11 Q d
A helium atom of mass m collides normally with a wall. The arrives at the wall with speed v

and then rebounds along its original path. Assume th llision is perfectly elastic.
What is the change in the momentum of the @its collision?
A zero B 0.5mv C D 2mv
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333. 9702_s19_qp_12 Q: 11

Two bar magnets P and Q are mounted on floats which can slide without friction along an air

track.
P Q
—_— -
S N N S air track
= =B,
floats

The two magnets slide towards each other along the air track and interact, without making
contact.

The relative speed of approach of the magnets is equal to their relative speed of separation.
Which statement about P and Q must be correct?
A During the interaction between P and Q some of the total kinetic energyuis lost.

B During the interaction between P and Q some of the total momentumis lost.

C The momentum of Q after the interaction is equal to.the momentum of P before the
interaction.

D The values of (kinetic energy of P + kinetic energy.of Q) before and after the interaction are
equal.

334. 9702_s19_qp_13 Q: 9

A nucleus collides with a stationary nu@in a vacuum. The diagrams show the paths of the
nuclei before and after the collision

No other particles are involy @aision.

Which diagram is not'pos

A B
D 4
. > T
Cc D
_—
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335. 9702_wi19_qp_11 Q: 10

Two gliders are travelling towards each other on a horizontal air track. Glider P has mass 0.30kg
and is moving with a constant speed of 1.2ms™". Glider Q has mass 0.60kg and is moving with a
constant speed of 1.8ms™".

1.2ms™! 1.8ms™
—_— —-—

air —»
\
/ air \
glider P track glider Q
mass 0.30kg mass 0.60kg
The gliders have a perfectly elastic collision. 0

What are the speeds of the two gliders after the collision?

speed of P speed of Q & 6
/ms™ /ms™ \

1.2 0.6 *

20 14 0

28 0.2

o@.

O 0O W >
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CHAPTER 4. DYNAMICS

336. 9702_w19_qp_12 Q: 9
The space probe Rosetta was designed to investigate a comet. The probe consisted of an orbiter
and a lander. The orbiter had a mass of 170kg and the lander had a mass of 100kg. When the
two parts separated, the lander was pushed towards the surface of the comet so that its change
in velocity towards the comet was 3.0ms™".

orbiter
mass 170kg

lander
mass 100kg

3.0ms™
Assume that the orbiter and lander were an isolated system.
The orbiter moved away from the comet during the separation.

What was the change in the speed of the orbiter?

A 18ms™ B 23ms™ C 30ms™ D 51ms™

337. 9702_wi19_qp_13 Q: 9

Two objects X and Y in an isolated systeﬁ undergo a perfectly elastic collision. The velocities of

the objects before and after the collisio own.
20m 3‘1 12m S_iiEE 10m 3‘1
before after

llision collision
e 4

What is thé@pee after the collision?
L 4

A 20ms™ B 18ms™’ C 22ms™ D 24ms™
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338. 9702_s18_qp_11 Q: 9

Two similar spheres, each of mass m and fravelling with speed v, are moving towards each other.

v 1’4
_— -—

The spheres have a head-on elastic collision.
Which statement is correct?

A The spheres stick together on impact.

B The total kinetic energy after impact is mv=.
C The total kinetic energy before impact is zero.
D

The total momentum before impact is 2mv.

339. 9702_s18_qp_12 Q: 9
An elastic collision occurs between two bodies X and Y. The mass of body X is m and the mass
of body Y is 4m. Body X travels at speed v before the collision and speed S?V in the opposite

direction after the collision. Body Y is stationary before the collision.

3v

v 5
— 0 - —
m 4m ®Q m 4m
before after
What is the kinetic energy of body Y after the collision?
A Emd S8 2 ¢ 18,2 p 1mo?
10 v 50 50 5

v
4>
®
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340. 9702_s18_qp_13 Q: 9

CHAPTER 4. DYNAMICS

A ball of mass 0.20kg, travelling in the x-direction at a speed of 0.50ms™, collides with a ball of
mass 0.30kg travelling in the y-direction at a speed of 0.40ms™".

The two balls stick together after the collision, travelling at an angle #to the x-direction.

? 0.30kg
0.40ms™ l—» x-direction

y-direction

0.50ms™

0.20kg

What is the value of 87?

A 39° B 40° C 50° D 51

341. 9702_w18_qp_11 Q: 9
What is a statement of the principle of conservation of momentum?

A Aforce is equal to the rate of change of momentum.of the body upon which it acts.

B In a perfectly elastic collision, the relative momentum of the bodies before impact is equal to
their relative momentum after impact.

The momentum of a body is the product of the mass of the body and its velocity.

D The total momentum of a syste interacting bodies remains constant, providing no
resultant external force acts on m.

342. 9702_wi18_qgp_12 Q: 9

Two bodies travelling along the same straight line collide in a perfectly elastic collision.

Which statem t be correct?
\/

A The initial sp e body will be the same as the final speed of the other body.

B The relative speed of approach between the two bodies equals their relative speed of
separation.

The total momentum is conserved but the total kinetic energy will be reduced.

D One of the bodies will be stationary at one instant.

T"j:.'PapaCambridge
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343. 9702_wi8_qp_12 Q: 10
The diagram shows two identical spheres X and Y.

_— Vv

X Y

Initially, X moves with speed v directly towards Y. Y is stationary. The spheres collide elastically.

What happens?
X Y
A moves with speed 3 v to the right moves with speed 7 v to the right
B moves with speed v to the left remains stationary
C moves with speed 7 v to the left moves with speed 3 v‘to
D stops moves with speed ht

344. 9702_ml17_qp_12 Q: 10 ;

A stationary firework explodes into three pieces@ asses and the velocities of the three

pieces immediately after the explosion are sh :
N

S &
** 9
What are speed v

vi/ms™ va/ms™
A 4.0 4.0
B 9.2 9.2
C 14 14
D 16 16
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CHAPTER 4. DYNAMICS

345. 9702_s17_qp_12 Q: 14

Which quantities are conserved in an inelastic collision?

kinetic energy

total energy

linear momentum

conserved
conserved

not conserved

O 0 W >

not conserved

not conserved
not conserved
conserved

conserved

conserved
not conserved
conserved

not conserved

346. 9702_wl7_qp_11 Q: 11

Two solid spheres form an isolated system. Sphere X moves with speed 6 cmsiin a straight line
directly towards a stationary sphere Y, as shown.

sphere X sphere Y

0 — Q
_—

The spheres have a perfectly elastic collision. After the_collision, sphere X moves with speed
2cms™ in the same direction as before the collision.

What is the speed of sphere Y?

C /6cms! D 8cms™

o

347. 9702_wl7_qp_12 Q: 9
A slow vehicle and a fast vehic wards each other in a straight line and then collide.

A 2cms™ B 4cms™

Which outcome is never le, regardless of the masses of the vehicles?

A Both vehicles stop.

The slow vehicle’s speed increases.

?":.'PapaCambridge
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348. 9702_wl7_qp_13 Q: 10

Two railway trucks of masses m and 3m move towards each other in opposite directions with
speeds 2v and v respectively. These trucks collide and stick together.

What is the speed of the trucks after the collision?

B Y C v D

v
A 7 2 vy

349. 9702_m16_qp_12 Q: 10

A particle of mass m, travelling with speed u, collides with a stationary particle of mass M. The
velocities of the two particles before and after the collision are shown.

before collision after collision

Which vector diagram correctly shows the m@ before and after the collision?

A 0 B

mu

T"i'.’PapaCambridge
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350. 9702_m16_qgp_12 Q: 11

CHAPTER 4. DYNAMICS

An object falls freely from rest in a vacuum. The graph shows the variation with time t of the

velocity v of the object.

Which graph, using the same scales, represents the object falling in air?

A

Cc

O
~

351. 9702_s16_qp_11 Q: 9

Which statement about a perfectly elastic

correct?

A Both total kinetic energy and tota

Total kinetic energy is conse

B
C Total momentum is c
D

Neither total kin

um are conserved.
total momentum is not conserved.
ut'total kinetic energy is not conserved.

nor total momentum is conserved.
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352. 9702_s16_qp_11 Q: 10

Two spheres approach each other along the same straight line. Their speeds are u; and u;
before they collide. After the collision, the spheres separate with speeds v; and v, in the
directions shown below.

Uy U, vy Vo
—_— --— —_— ——

before collision after collision

The collision is perfectly elastic. Which equation must be correct?
A U —U=v+ W
B uj—u=va—vy
C Ui+ U =Vve+ vy

D uy+tb=wm—v

353. 9702_s16_qgp_12 Q: 11

A ball of mass m travelling at velocity v collides with<a stationary ball of mass M. After collision
the two balls travel at velocities v and V respectivelysin the directions shown.

m u M
O :
before collision QO to

cale

after collision

A student writes three eguations relating to the collision.

Which row, '3th indicates the correct and incorrect equations?
L 4
A
mu'= MV + mv sin 30° = mu=
MV sin 40° myv cos 30° + MV cos 40°

A correct correct correct
B incorrect correct incorrect
C correct incorrect incorrect
D incorrect correct correct
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354. 9702_s16_qp_13 Q: 10

Two equal masses travel towards each other on a frictionless track at speeds of 60 cms™' and
30cms™. They stick together on impact.

60cms™ 30cms™
e e

- -

Nhat is the speed of the masses after impact?

A 15cms™ B 20cms™ C 30cms™ D 45cms™

their velocities are v; and v». P
before collision u,
—_—l
after collision v,

Which collision is not elastic?

355. 9702_wi6_qgp_11 Q: 13 z
Two spheres travel along the same line with velocities v, and .. Tha d after collision

[of ion u,

Vs

u;/ms™ u,/ms™

2

o O w »r

3
3
5
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169

356. 9702_wi6_qp_12 Q: 11

Two frictionless trolleys are moving towards each other along the same horizontal straight line.
Their masses and velocities are shown.

4. 0ms!

3.0kg

1.0ms1

2.0kg

The trolleys collide and stick together.

What is the velocity of the trolleys after the collision?

A

B
Cc
D

2.0ms™" to the left
2.0ms" to the right 0

2.8ms™" to the left
2.8ms" to the right

357. 9702_wil6_qp_13 Q: 13

Two spheres travel along the same line with velocities

. They collide and after collision

their velocities are v; and v».

Which collision is not elastic?

before collision u,
—_—

after collision v,

before collision v,
—_—

after collision v,

u;/ms™ Up/m v,/ms™
A 2 -5 -2
B 3 0 6
C| +@ 1 6
p |“® 3 6
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358. 9702_s15_qp_11 Q:

11

CHAPTER 4. DYNAMICS

A molecule of mass m travelling at speed v hits a wall in a direction perpendicular to the wall. The
collision is elastic.

What are the changes in the momentum and in the kinetic energy of the molecule caused by the

collision?
change in change in
momentum kinetic energy
A 0 0
B 0 mv?
Cc 2mv 0
D mv? 0

359. 9702_s15_qgp_12 Q: 11

Trolley X, moving along a horizontal frictionless track, collides withéa stationary trolley Y. The two
trolleys become attached and move off together.

Which statement about this interaction is correct?

A

B
Cc
D

Some of the kinetic energy of trolley X is changedito momentum in the collision.
Some of the momentum of trolley X is changed to Kinetic energy in the collision.
Trolley X loses some of its momentum as heat in the collision.

Trolley X shares its momentum witw Y but some of its kinetic energy is lost.

360. 9702_s15_qp_13 Q: 10

Which of the following'is

A

o O m

oo

ment of the principle of conservation of momentum?

Momentum is the product of mass and velocity.

ision, momentum is constant.

isolated system is constant.

g on a body is proportional to its rate of change of momentum.
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361.

171

9702_s15_gp_13 Q: 11

A moving object strikes a stationary object. The collision is inelastic. The objects move off
together.

Which row shows the possible values of total momentum and total kinetic energy for the system

before and after the collision?

total momentum total momentum total kinetic total kinetic
before collision after collision energy before energy after
/kgms™ /kgms™ collision/J collision/J
A 6 2 90 30
B 6 6 30 90
c 6 6 90 30
D 6 6 90 90

362. 9702_s15_qp_13 Q: 12

Two balls X and Y are moving towards each other with

respectively.

5ms™

X

They make a perfectly elastic head-on
of 7ms™".

What is the speed and direction o

A 3ms™ to the left

B 13ms" to the lef Q
C 3ms'totheri

D

13m$-&th

*

15m

o

L/

s@of 5ms™ and 15ms™

and ball Y moves to the right with a speed

er the collision?
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363. 9702_s15_qp_13 Q: 13

CHAPTER 4. DYNAMICS

A wooden block is freely supported on brackets at a height of 4.0m above the ground, as shown.

wooden block

of mass 959
[
impact bracket
velocity
40m 200ms™
bullet
of mass 5.0g
A bullet of mass 5.0g is shot vertically upwards into the wooden blo 959 It embeds

itself in the block. The impact causes the block to rise above its supp

o(\ ound will the block be at

The bullet hits the block with a velocity of 200ms™". How far ab
the maximum height of its path?

A 51m B 56m

C 91m
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