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Chapter 3

Kinematics

3.1 Equations of motion
173. 9702_m20_qp_12 Q: 7

A car moves with uniform acceleration along a straight road. Qil leaks from the car at the rate of
one drop every two seconds. The diagram shows the distances between three successive oll
drops on the road.

®
: 9.0m | 12.0m i

!
v
1\

What is the acceleration of the car?

A 0.75ms™ B 1.5ms™ C 30ms™> D 6.0ms™
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CHAPTER 3. KINEMATICS

174. 9702_m20_qp_12 Q: 9

The diagram shows graphs of various quantities plotted against time for an object dropped from a
stationary balloon high in the atmosphere.

graph 1 graph 2

o

time 0 time

graph 3 graph 4

0 > 0
0 time 0 time

Y

Which statement could be correct?

A

B
c
D

Graph 1 is acceleration against time and graph 3 is resultant force against time.
Graph 1 is acceleration against time and graph 4 is resultant force against time.
Graph 3 is acceleration against time and graph 1 is velocity against time.

Graph 3 is acceleration against time and graph 2 is velocity against time.
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3.1. EQUATIONS OF MOTION

175. 9702_s20_qp_11 Q: 6

The velocity of an electric car changes as shown.

What is the acceleration of the car?

A

150

velocity
/kmh~!

100

50

210ms™ B 58ms™>

C 26ms™

3

time/s

D 7.3ms>

73

176. 9702_s20_qgp_11 Q: 7

A projectile is fired from point P with velocity V at an angle & to the horizontal. It lands at point Q,
a horizontal distance R from P, after time T.

The acceleration of free fall is g. Air resistance is negligible.

path of projectile

Which equation is correct?

A

B
c
D

R=VTcoso
R=VTsiné
R=VTcos9-1gT?
R=VTsino—1gT?

— - horizontal
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177. 9702_s20_qp_12 Q: 5

A stone is dropped from a height of 20 m above water. The graph shows the variation with time of
the velocity of the stone.

20— ees

velocity/ms™

i
4

o
N—---—----

time/s

Which statement describes the approximate position of the stone four seconds after it is
dropped?

A

B
c
D

It is at a distance of 10 m above the surface of the water.
It is at a distance of 10m below the surface of the water.
It is at a distance of 20 m below the surface of the water.

It is at a distance of 30 m below the surface of the water.
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178. 9702_s20_qp_12 Q: 6

A car X is travelling at a constant speed v along a straight road. Attime {=0 a second car Y is a
distance dp behind car X and travelling at a speed v in the same direction. Speed v is less than
speed u.

At time t =0 car Y begins to accelerate with a constant acceleration.
Car Y overtakes car X at time t=T.
Which graph could best show the variation with time f of the distance d between the cars?

A B Cc D

c"o' do' do_ do'
d d d d

179. 9702_s20_qp_13 Q: 6

The graph shows how the velocity of a ball varies with time from the moment it is hit vertically
upwards from the ground.

20

velocity
/mst 157

10

time/s

—-10-
What is the displacement of the ball from the ground after a time of 3.0s?

A 15m B 25m C 30m D 45m
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180. 9702_s20_qp_13 Q: 7

CHAPTER 3. KINEMATICS

Two students each throw a ball horizontally from the top of a tower. The two balls are released at
the same time.

The first student throws her ball with a speed of 20ms™ and the second student throws his ball
with a speed of 10ms™".

Assume air resistance is negligible and that the balls land on horizontal ground.

Which row describes the horizontal distances travelled and the landing times of the two balls on
the ground?

Zgrizontal landing times
istances

A same same

B same different

C different same

D different different

181. 9702_m19_qgp_12 Q: 3

The speec11 of an aircraft in still air is 200kmh™. The wind blows from the west at a speed of
85.0kmh™.

In which direction must the pilot steer the aircraft in order to fly due north?

A

B
(o]
D

23.0° east of north

23.0° west of north

25.2° east of north

25.2° west of north
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3.1. EQUATIONS OF MOTION 7

182. 9702_m19_qp_12 Q: 6

A mass on the end of a spring bounces up and down as shown, after being released at time = 0.

/
distance up

|

distance down

Y

time t

Which graph shows how the velocity varies with time?

A
velocity up

time t

>

o
o

Y

velocity up

\

time t

g

velocity up I/_\
] | /N i
\/ \/ time t
velocity up
0 time ¢



https://stemup.co.uk

78

183. 9702_s19_qp_11 Q: 3

A particle has velocity V at an angle #to the horizontal.

magnitude of V

]

(V2+V,2

v

?

V2+V,2

\

:

V2 V2

(Vv2 - th)

o
L
<|<
—

<

tan™

<|<
S—

-

tan™

<

<<
—

-

LN
— SR — A~ | @

<<
R —

tan™

Vi

What are expressions for the magnitude of \/ and for the angle 67

CHAPTER 3. KINEMATICS

The components of the particle’s velocity are V, upwards in the vertical direction and V}, to the
right in the horizontal direction, as shown.



https://stemup.co.uk

3.1. EQUATIONS OF MOTION 79

184. 9702_s19_qp_11 Q: 6

A car travels along a straight horizontal road. The graph shows the variation of the velocity v of
the car with time ¢ for 6.0 s of its journey.

30

vims™

20

10 ™~

t/'s

The brakes of the car are applied fromt=1.0sto t =4.0s.
How far does the car travel while the brakes are applied?

A 21m B 45m C 67m D 83m

185. 9702_s19_qp_11 Q: 7

A stone is thrown horizontally from the top of a cliff and falls into the sea some time later. Air
resistance is negligible.

Which graph shows how the vertical component v, of velocity of this stone varies with its
horizontal component v, of velocity as it moves through the air?

A B C D
'y A A /
VV VV VV VV
0 > 0 £= 0 = 0 =
0 Y 0 Vi 0 Y 0 Y
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186. 9702_s19_qp_12 Q: 8

The graph shows how a physical quantity varies with time.

/
quantity

0 I=-
0 l/ time

Which event could best be represented by the graph?

A
B

the acceleration of a firework rising to a maximum height and falling to the ground

the acceleration of a skydiver leaving an aircraft, falling, opening a parachute and falling to
the ground

the speed of a javelin as it leaves an athlete’s hand, falls and sinks into the ground

the speed of a high jump athlete leaving the ground, jumping over a bar and descending to
the ground
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187. 9702_s19_qp_13 Q: 7

The graph shows the variation of velocity v with time £ for an object.

24.0
vims™'
20.0
16.0

12.0

I | I |
0 1.0 20 3.0 40 50
t/'s

The object passes a fixed point at time t = 0.

What is the displacement of the object from the fixed point at time f = 5.0s and what is the
acceleration of the object?

displacement acceleration
/m /ms™
A 60 40
B 70 40
C 60 4.8
D 70 4.8

188. 9702_s19_qp_13 Q: 8

A skydiver jumps from an aeroplane and falls vertically through the air.
Which graph shows the variation with time f of the skydiver’s vertical velocity v?

A B Cc D
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189. 9702_w19_qp_11 Q: 9

A skydiver falls from an aircraft that is moving horizontally.

The vertical component of the velocity of the skydiver is v.

The vertical component of the acceleration of the skydiver is a.

Which row describes v and a during the first few seconds after the skydiver leaves the aircraft?

% a

A constant constant
B constant decreasing
C increasing constant
D increasing decreasing

190. 9702_w19_qgp_12 Q: 6

A ball is thrown vertically upwards from ground level and reaches a maximum height of 12.7m
before falling back to ground level.

Assume air resistance is negligible.
What is the total time for which the ball is in the air?
A 161s B 3.22s C 3.88s D 5.18s

191. 9702_wi9_gp_13 Q: 6
A lead sphere is released from rest at point X, a long way above the surface of a planet. The

sphere falls in a vacuum. After a time of 4.0s, it has fallen through a vertical distance of 3.0 m.
Assume the acceleration of free fall is constant.

How far will the sphere have fallen from point X at a time of 20s after its release?

A 15m B 75m C 80m D 2000m
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192. 9702_w19_qp_13 Q: 7

A box rests on the Earth, as shown.

Newton’s third law describes how forces of the same type act in pairs. One of the forces of a pair
is the weight W of the box.

Which arrow represents the other force of this pair?

not to
scale

Earth

193. 9702_m18_qp_12 Q: 8
The velocity-time graph for an object is shown.

A

velocity

area 1

0 >
0 w/ time

How can the total displacement of the object be determined?

A areal1-—area?2

(area1+area2)
2

C areal+area2

B

D area2-areat
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194. 9702_m18_qp_12 Q: 9
A girl throws a ball vertically upwards. It takes a time of 3.20 s to return to her hand.
Assume air resistance is negligible.
What is the initial speed with which the ball is thrown?

A 307ms” B 7.85ms™ C 157ms™ D 314ms™

195. 9702_s18_qp_11 Q: 6

A tennis ball falls freely, in air, from the top of a tall building.

Which graph best represents the variation with time tof the distance s fallen?

A B
A A
S S
0 > 0 >
0 t 0 t
C D
A A
S S
0 > 0 >
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196. 9702_s18_qp_11 Q: 7

The graph shows the variation with mass of the weight of objects on a particular planet.

4
T gy
weight/N pe
3 7
2 i
1 4
0 Pl
0 1 2
mass/kg
What is the value of the acceleration of free fall on the planet?
A 063ms™ B 1.6ms™ C 32ms™ D 98ms™
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197. 9702_s18_qp_12 Q: 5

The velocity of an object changes with time t as shown.

velocity

0 -
\

Which graph best shows the variation with time f of the displacement s of the object?

o

A B
| A
S S
0 e 0 ==
0 t 0 t
Cc D
| A
S S
0 > 0 >
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198. 9702_s18_qp_12 Q: 6

A projectile is launched at an angle to the horizontal at time t=0. It travels over horizontal
ground, as shown.

path of projectile

ground

Assume that air resistance is negligible.

Which graph best shows the variation with ¢t of the speed of the projectile from when it is launched
to when it lands on the ground?

A B
\ A
speed speed
0 - 0 o>
0 t 0 t
C D
A A
speed speed
0 > 0 >
0 t 0 t

199. 9702_s18_qp_13 Q: 6

A rock on the surface of Mars is projected vertically upwards with an initial speed of 9.4ms™". The
rock rises to a height of 12m above the surface.

Assume there is no atmosphere on Mars.

What is the acceleration of free fall near the surface of Mars?

A 0.39ms™ B 3.7ms™ C 74ms™ D 98ms>
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200. 9702_w18_qp_11 Q: 6

A tennis ball is thrown horizontally in air from the top of a tall building.

The effect of air resistance is not negligible.

CHAPTER 3. KINEMATICS

What happens to the horizontal and to the vertical components of the ball’s velocity?

horizontal component

vertical component

O 0o W »

of velocity of velocity
constant constant
constant increases at a constant rate

decreases to zero

decreases to zero

increases to a maximum value

increases at a constant rate

201.

9702_w18_qp_12 Q: 6

A sprinter runs a 100 m race. The sprinter has a constant acceleration from rest of 2.5ms™ until
reaching a speed of 10ms™". The speed then remains constant until the end of the race.

Which time does it take the sprinter to run the race?

A 89s

B 10s

c

12s D

14s
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202. 9702_w18_qp_13 Q: 6

A stone is projected horizontally at time ¢ = 0 and falls. Air resistance is negligible. The stone has
a horizontal component of velocity vy and a vertical component of velocity w,.

Which graph shows how vy and v, vary with time £?

A B
A A

velocity velocity

0 = 0 -
0 t 0 t
C D
A /Vv A
velocity v, velocity v,
v,
0 > 0 ! >
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203. 9702_w18_qp_13 Q: 9

A parachutist falls vertically from rest at time { = 0 from a hot-air balloon. She falls for some
distance before opening her parachute.

Which graph best shows the variation with time ¢ of the speed v of the parachutist?

A B
A 'y
4 "4
0 = 0 =
0 t 0 t
C D
A A
Vv "4
0 > 0 >
0 t 0 t

204. 9702_ml17_qgp_12 Q: 6

A radio-controlled toy car travels along a straight line for a time of 15s.

The variation with time t of the velocity v of the car is shown.

6.0
vims™

3.0

0 T
0 5 10 15| t/s
~3.0-

6.0 ------mmmmm s oo

What is the average velocity of the toy car for the journey shown by the graph?

A —-15ms™’ B 0.0ms™ C 40ms™ D 45ms™
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205. 9702_ml17_qp_12 Q: 7

A radio-controlled toy car travels along a straight line for a time of 15s.

The variation with time £ of the velocity v of the car is shown.

v/ms™
3.0

0 T
0 5 10 15| t/s
-3.0-

—6.0-}-----mo e

What is the average velocity of the toy car for the journey shown by the graph?

A —-15ms™’ B 0.0ms™ C 40ms™ D 45ms™

206. 9702_ml17_qgp_12 Q: 18

A projectile is thrown at an angle to the ground.

23.0ms™
projectile path

10.1ms™’

ground

At a certain time, the projectile has a horizontal velocity of 23.0ms™ and a vertical velocity
of —10.1ms™".

What is the speed of the projectile at this time?

A 129ms™ B 20.7ms™’ C 251ms™ D 33.1ms”

207. 9702_s17_qp_11 Q: 4

The values of displacement, velocity and acceleration of a vehicle can be deduced from graphs
representing its motion. Often the areas under these graphs, or the gradients of the graphs, are
used.

What would not give a value for a displacement, a velocity or an acceleration?

A area under a velocity-time graph

B gradient of a displacement-time graph
C gradient of a velocity-time graph
D

gradient of an acceleration-time graph
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208. 9702_s17_qgp_11 Q: 5

A ball is released from rest above a hard, horizontal surface. The graph shows how the velocity of
the bouncing ball varies with time.

At which peint on the graph does the ball reach its maximum height after the first bounce?

A

A /[ /
0 -
0 c V time

velocity
D

209. 9702_s17_qgp_11 Q: 6

A ball is kicked upwards at an angle of 45° to horizontal ground. After a short flight, the ball
returns to the ground.

It may be assumed that air resistance is negligible.

What is never zero during the flight of the ball?

A the horizontal component of the ball’'s acceleration
B the horizontal component of the ball’'s velocity

C the vertical component of the ball’'s momentum
D

the vertical component of the ball’s velocity
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210. 9702_s17_qp_12 Q: 6

A ball is set in motion at P on a frictionless surface. It moves up slope PQ, along the horizontal
surface QR and finally descends slope RS.

_P/’/Q R\S_

Which graph could represent the variation with time f of the ball's speed v as the ball moves from
Pto S?

A B
I\ I\
"4 "4
0 = 0 -
0 t 0 t
C D
A A
"4 "4
0 - 0 -
0 t 0 t

211. 9702_s17_qgp_13 Q: 5

On a planet, a vertically-launched projectile takes 12.5s to return to its starting position. The
projectile gains a maximum height of 1770m. The planet does not have an atmosphere.

What is the acceleration of free fall on this planet?

A 22ms? B 87ms? C 27ms? D 54ms?
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212. 9702_s17_qp_13 Q: 6

A displacement-time graph for a toy car is shown.

2
displacement/m

time/s

Which graph shows the variation with time of the velocity v of the car?

A B
2 2
vims™ vims™
0 time/s 0 time/s
0 2 4 ¢ 8 10 0 2 4
-2 -2
C D
2 2
vims™ vims™
0 time/s 0 time/s
0 2 4 6 8 10 0 2 4 6 0
-2 -2

STEMUP.CO.UK


https://stemup.co.uk

3.1. EQUATIONS OF MOTION 95

213. 9702_wl7_qp_11 Q: 7

An archer shoots an arrow at a target. The diagram shows the path of the arrow.

path of arrow

target

archer

Air resistance is assumed to be negligible.

The graphs show how three different quantities p, g and r, relating to the motion of the arrow,
vary with time.

A
[ q r

0 > 0 > 0 -
0 time 0 time 0 time

Which quantity is the horizontal component of displacement and which quantity is the vertical
component of displacement of the arrow?

horizontal vertical
component of | component of
displacement | displacement

A p q
B r
C r P
D r

214. 9702_wl7_qp_12 Q: 6

A hot-air balloon is moving vertically upwards with a constant speed of 3.00ms™". A sandbag is
dropped from the balloon. It takes 5.00 s for the sandbag to fall to the ground.

What was the height of the balloon when the sandbag was released?

A 29m B 108m C 123m D 138m
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215. 9702_wl17_qp_12 Q: 7

The velocity-time graph for a train starting at one station and stopping at the next is shown.

A
velocity
\
\
\
\
0 >

0 time

Another train has double the acceleration but the same maximum speed and the same
deceleration.

Which velocity-time graph, on the same scale, shows the motion of this train between the same

stations?
A B
A i
velocity velocity
/ \ / \
/ \ / \
/ \ / \
/ \ / \
0 = 0 -
0 time 0 time
C D
A A
velocity velocity
/ \ / \
/ \ / \
/ \ / \
/ \ / \
0 = 0 =
0 time 0 time

STEMUP.CO.UK
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216. 9702_wl7_qp_12 Q: 8

A stone is released from rest and falls a long distance in air.

Which graph could show the variation with time ¢ of the acceleration a of the stone?

A B
A A
a a
0 > 0 -
0 t 0 t
c D
A A
a a
0 > 0 >
0 t 0 t

97

217. 9702_wi7_qp_13 Q: 6
A football falls from the top of a tall building.
Which graph best represents the way in which the distance x fallen varies with time t?

A B C D
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218. 9702_wl7_qp_13 Q: 7

Two identical cars P and Q are travelling along a straight road. Car Q is travelling at twice the
speed of car P. The brakes are applied to both cars, producing the same constant deceleration.

Which graph shows how the velocity v of each car varies with time t?

A A B \ c D
Vv Vv Vv Vv
Q aQ ; N Q
\P k \ =)
0 e 0 > 0 > 0 >
0 t 0 t 0 t 0 t

219. 9702_m16_gp_12 Q: 6

An object has an initial velocity u and an acceleration a. The object moves in a straight line
through a displacement s and has final velocity v.

The above quantities are related by the equation shown.
v?=u?+2as
Which condition must be satisfied in order for this equation to apply to the motion of the object?

A The direction of a is constant and the direction of a is the same as the direction of s.
B The direction of a is constant and the direction of a is the same as the direction of u.
C The magnitude of a is constant and the direction of a is constant.
D

The magnitude of a is constant and the direction of a is the same as the direction of v.
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9702_m16_qp_12 Q: 7

A car is travelling at constant velocity. Its brakes are then applied, causing uniform deceleration.

Which graph shows the variation with distance s of the velocity v of the car?

A B c D

221.

A

9702_m16_gp_12 Q: 8

ball is thrown across a flat field.

path of ball

Which statement describes the motion of the ball, when the effects of air resistance are ignored?

A
B
Cc

The ball lands with the same velocity at which it is thrown.
The horizontal component of acceleration is constant throughout the motion.

The horizontal and vertical components of acceleration are both zero at the highest point of
the motion.

The horizontal and vertical components of velocity are both zero at the highest point of the
motion.
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222. 9702_s16_qp_11 Q: 6

A car accelerates uniformly from velocity v to velocity v in time t.

velocity j

time

On the graph, which area equals the distance travelled by the car in time t?
A NPTU+ PQST

B NPWV +VRSU

C NPWV +WRST

D _PST+PQS
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223. 9702_s16_qp_11 Q: 7

A student uses a spring gun to launch a steel ball with a constant horizontal velocity. He varies
the height h of the gun and measures the horizontal displacement r of the ball when it hits the
ground.

Which graph shows the variation with height h of the horizontal displacement r?

A B

C D
r'/ r|/
00 h= 00 h‘—‘
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224. 9702_s16_qp_11 Q: 8

Two cars X and Y are positioned as shown at time £ = 0.

They are travelling in the same direction.

X is 50m behind Y and has a constant velocity of 30 ms~". Y has a constant velocity of 20m s,

50m

What is the value of t when X is level with Y?

A 10s B 1.7s C 25s D 50s
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225. 9702_s16_qp_12 Q: 6

The acceleration of free fall on the Moon is 1.6 ms2. The Moon has no atmosphere. An astronaut
standing on the surface of the Moon drops a feather.

Which graph shows the variation with time of the speed of the feather during the first second of its
fall?

A B
speed 1@t --cccoooooon : speed 1.6
/ms- ' /ms !
0 ’ 0 i
0 1 0 1
time/s time/s

c D
speed 1G4 ------------—= : speed 1.6 .
/ms™ : /ms™ i
0 ’ 0 i
0 1 0 1

time/s time/s
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226. 9702_s16_qp_12 Q: 7

A tennis ball is released from rest at the top of a tall building.

Which graph best represents the variation with time ¢ of the acceleration a of the ball as it falls,
assuming that the effect of air resistance is not negligible?

A B
A L
a a
0 > 0 -
0 t 0 t
c D
I \
a a
0 - 0 -
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227. 9702_s16_qp_12 Q: 8

The graph shows how the velocity v of an object moving in a straight line varies with time ¢t from
t=0tot=T.

o
~Y

Which graph represents the displacement s of the object in the time t=0to t=T"7

A B

(=]
~ Y

g
—
-
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228. 9702_s16_qp_13 Q: 6

CHAPTER 3. KINEMATICS

A ball rolls in a straight line up a ramp and then back down the ramp along its original path.

Which graph shows the variation with time of the ball's velocity?

A
A
velocity
0 ==
0 time
C
i
velocity .
0 : -
0 |

time

B
velocity
0+ -
0 time
D
velocity
0 Lt
time

229. 9702_s16_qp_13 Q: 7

A ball is thrown with velocity V at an angle @ to the horizontal.

%

The acceleration of free fall is g. Assume that air resistance is negligible.

What are the horizontal displacement x and the vertical displacement y after time {?

X y
A Vtcos @ Vtsin 0+ 1 gt*
B Vtcos & Vtsing— 1 gt
c Vtsin ¢ Vtcos 6+ 1 gt*
D Vtsin @ Vtcos 60— 1 gt?
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230. 9702_s16_qp_13 Q: 8

A ball travels from point X to point Y around a semi-circular track of radius 1.0m as shown.

X
north ball \
west east
south 1.0m
Y

What is the displacement of the ball from X to Y?

A 20m
B 2.0m due south
C 31m
D 3.1mdue south

231. 9702_s16_qp_13 Q: 9

Which row in the table gives the quantities that are conserved in a perfectly elastic collision
between two gas molecules?

total momentum total kinetic energy
A conserved conserved
B conserved not conserved
C not conserved conserved
D not conserved not conserved
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232. 9702_w16_qp_11 Q: 6

A cyclist pedals along a raised horizontal track. At the end of the track, he travels horizontally into
the air and onto a track that is vertically 2.0m lower.

higher horizontal track

lower horizontal track

6.0m '
The cyclist travels a horizontal distance of 6.0 m in the air. Air resistance is negligible.

What is the horizontal velocity v of the cyclist at the end of the higher track?

A 63ms™ B 94ms™ C 99ms™ D 15ms™

233. 9702_wi16_gp_11 Q: 7

An astronaut on the Moon, where there is no air resistance, throws a ball. The ball's initial velocity
has a vertical component of 8.00ms™ and a horizontal component of 4.00ms™, as shown.

initial velocity

path of ball
8.00ms™

The acceleration of free fall on the Moon is 1.62ms™.

What will be the speed of the ball 9.00s after being thrown?
A 66ms” B 7.7ms” C 106ms™ D 146ms™
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234. 9702_w16_qp_11 Q: 8

A car is travelling at constant velocity. At time f = 0, the driver of the car sees an obstacle in the
road and then brakes to a halt. The graph shows the variation with t of the velocity of the car.

velocity/ms™

0

0 0.8 50 t/s

How far does the car travel in the 5.0 s after the driver sees the obstacle?

A 16m B 42m C 58m D 84m

235. 9702_w16_qp_12 Q: 7

A lorry travels at a constant speed and then decelerates until it stops.

Which graph shows the variation with time of the distance travelled by the lorry?

A B
distance distance
0- = 0+ >
0 time 0 time
C D
distance distance
0+ > 0+ >

time time
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236. 9702_wl6_qp_12 Q: 8

The graph shows the vertical velocity of a parachutist during the first 20 s of her jump.

60 — ~
velocity ) \
/ms™ / \
40 /
\
/ \
20
/
i
/
0
0 5 10 15 20

time/s

Approximately how far does she fall before opening the parachute?

A 390m B 570m C 710m D 770m

237. 9702_w16_qgp_12 Q: 9
A girl is jumping on a trampoline.
Which graph shows the variation of the girl's velocity v with time t?

B Cc D

| WA

A
v

MA T A
AavaRivAvIRvAY f

~
—0O
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238. 9702_w16_qp_12 Q: 10

In order that a train can stop safely, it will always pass a signal showing a yellow light before it
reaches a signal showing a red light. Drivers apply the brake at the yellow light and this results in
a uniform deceleration to stop exactly at the red light.

The distance between the red and yellow lights is x.

If the speed of the train is increased by 20%, without changing the deceleration of the train, what
must be the minimum distance between the lights?

A 1.20x B 1.25x C 1.44x D 1.56x

239. 9702_w16_qp_13 Q: 6

A cyclist pedals along a raised horizontal track. At the end of the track, he travels horizontally into
the air and onto a track that is vertically 2.0 m lower.

higher horizontal track

lower horizontal track

6.0m ‘

The cyclist travels a horizontal distance of 6.0 m in the air. Air resistance is negligible.

What is the horizontal velocity v of the cyclist at the end of the higher track?

A 63ms™ B 94ms™ C 99ms™ D 15ms™
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240. 9702_w16_qp_13 Q: 7

An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity
has a vertical component of 8.00ms™" and a horizontal component of 4.00ms™, as shown.

initial velocity

path of ball
8.00ms™

The acceleration of free fall on the Moon is 1.62ms™2.

What will be the speed of the ball 9.00s after being thrown?
A 6.6ms™ B 7.7ms™ C 106ms™ D 14.6ms™

241. 9702_wi6_qp_13 Q: 8
A car is travelling at constant velocity. At time t = 0, the driver of the car sees an obstacle in the
road and then brakes to a halt. The graph shows the variation with f of the velocity of the car.

velocity/ms™’
20

0

0 0.8 50 t/s

How far does the car travel in the 5.0 s after the driver sees the obstacle?

A 16m B 42m C 58m D 84m
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242. 9702_s15_qp_11 Q: 7

A sphere is released and falls. Its initial acceleration reduces until it eventually begins to travel at
constant terminal velocity. Which displacement-time graph best represents the motion of the
sphere?

A B
A A
displacement displacement
0 > 0 >
0 time 0 time
C D
A A
displacement displacement
0 > 0 >
0 time 0 time

243. 9702_s15_gp_11 Q: 8

An insect jumps with an initial vertical velocity of 1.0ms™", reaching a maximum height of
3.5 x 10 m. Assume the deceleration is uniform.

What is the magnitude of the deceleration?

A 36ms? B 9.8ms™ C 14ms™? D 29ms™
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244. 9702_s15_gp_11 Q: 9
A body having uniform acceleration a increases its velocity from v to vin time £.
Which expression would not give a correct value for the body’s displacement during time ¢?
A ut+ lat?

B wvt—lat

c (v+u)(v-u)
2a
D (v—u)t
2

245. 9702_s15_qp_12 Q: 7

In an experiment to determine the acceleration of free fall g, a ball bearing is held by an
electromagnet. When the current to the electromagnet is switched off, a clock starts and the ball
bearing falls. After falling a distance h, the ball bearing strikes a switch to stop the clock which
measures the time t of the fall.

If systematic errors cause t and h to be measured incorrectly, which error must cause g to
appear greater than 9.81ms2?

A h measured as being smaller than it actually is and t is measured correctly

B h measured as being smaller than it actually is and f measured as being larger than it
actually is

C h measured as being larger than it actually is and t measured as being larger than it actually
is

D his measured correctly and f measured as being smaller than it actually is
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246. 9702_s15_qp_12 Q: 8

115

A stone is thrown horizontally from the top of a cliff. Air resistance is negligible.

Which graph shows the variation with time of the vertical component of the stone’s velocity?

velocity

velocity

A
A

0 time

A

Y

0 time

B
A
velocity
0 =
0 time
D
A
velocity
0 ==
0 time

247. 9702_s15_gp_12 Q: 9

A sprinter runs a 100m race in a straight line. He accelerates from the starting block at a constant
acceleration of 2.5ms™ to reach his maximum speed of 10ms™". He maintains this speed until he

crosses the finish line.

Which time does it take the sprinter to run the race?

A 4s B

10s (]

D 20s
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248. 9702_s15_qp_13 Q: 7

A raindrop falls vertically from rest in air. The variation with time of the speed of the raindrop is

shown in the graph.

speed

time
Which statement about the raindrop is correct?

A At point X, the raindrop has an acceleration of 9.81 ms™2.

B At point Z, the force on the raindrop due to air resistance has reached its maximum value
and so the acceleration of the raindrop has also reached its maximum value.

C At point Z, the force due to air resistance is equal and opposite to the weight of the raindrop

and so the speed of the raindrop is zero.

D The resultant force on the raindrop at point Y is less than the resultant force on the raindrop

at point X.

249. 9702_s15_qp_13 Q: 8

The velocity of an electric car changes as shown.

150
velocity
/kmh™!
100
A
=
50 >
g
el
i
0
0 1 2 3 4
time/s
What is the acceleration of the car?
A 210ms™? B 58ms™> C 26ms™ D 7.3ms™>
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250. 9702_s15_qp_13 Q: 9

A body falling in a uniform gravitational field encounters air resistance. The air resistance
increases until terminal velocity is reached.

Which factor does not affect its terminal velocity?
A the density of the air

B the height from which the body falls

C the mass of the body

D the shape of the body
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Paper 1 Multiple Choice Answers: Kinematics

Question

Paper

o
z
o

Answer

173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
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192
193
194
195
196
197
198
199
200
201
202
203
204
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207
208
209
210
ALl
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214
215
216
217
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Paper 1 Multiple Choice Answers: Kinematics (continued)

Question Paper Q. No. Answer
219 9702_ml6_qp_12 6 Cc
220 9702_ml6_qp_12 7 A
22] 9702_ml6_qp_12 8 B
222 9702_sl6_qgp_N 6 B
223 9702_s16_qgp_TI 7 A
224 9702_s16_qgp_1 8 D
225 9702_s16_qgp_12 6 A
226 9702_sl6_qgp_12 7 A
227 9702_s16_qgp_12 8 A
228 9702_s16_qgp_13 6 A
229 9702_sl6_qgp_13 7 B
230 9702_sl6_qgp_13 8 B
231 9702_s16_qgp_13 9 A
232 9702_wl6_qgp_N 6 B
233 9702_wl6_qp_N 7 B
234 9702_wl6_qgp_T 8 C
235 9702_wl6_qgp_12 7 B
236 9702_wl6_qgp_12 8 B
237 9702_wl16_qgp_12 9 D
238 9702_wl6_qp_12 10 C
239 9702_wl6_qp_13 6 B
240 9702_wl6_qgp_13 7 B
241 9702_wl16_qgp_13 8 C
242 9702_s15_qgp_1 7 D
243 9702_s15_qgp_T1 8 C
244 9702_s15_qgp_T1 9 D
245 9702_sl5_qgp_12 7 D
246 9702_s15_qgp_12 8 D
247 9702_sl5_qgp_12 9 C
248 9702_s15_qgp_13 7 D
249 9702_s15_qgp_13 8 D
250 9702_s15_qp_13 9 B
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Chapter 3

Kinematics

3.1 Equations of motion
24. 9702_s20 _qp_23 Q: 1

(a) State one similarity and one difference between distance and displacement.

5] 0 11 = PP PP PPRPP PP

(b) A student takes several measurements of the same quantity. This set of measurements has
high precision, but low accuracy.

Describe what is meant by:
(i) high precision

(ii) low accuracy.

[Total: 4]

37
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25.9702_w20_qp_ 22 Q:1

(a) Complete Table 1.1 by putting a tick (v') in the appropriate column to indicate whether the
listed quantities are scalars or vectors.

Table 1.1
quantity scalar vector
acceleration
density
temperature
momentum

(2]

(b) A toy train moves along a straight section of track. Fig. 1.1 shows the variation with time ¢ of
the distance d moved by the train.

0.6

0.5
d/m

AN

04 y4

\\

0.3

AN

0.2

0.1

t/'s

Fig. 1.1
(i) Describe qualitatively the motion of the train between time =0 and time {=1.0s.
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(ii) Determine the speed of the train at time ¢t = 2.0s.

(c) The straight section of track in (b) is part of the loop of track shown in Fig. 1.2.

track

Fig. 1.2
The train completes exactly one lap of the loop.

State and explain the average velocity of the train over the one complete lap.

[Total: 6]

39
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26. 9702_s19_qp_21 Q: 1

(a) Define velocity.

............................................................................................................................................... [1]
(b) The speed v of a sound wave through a gas of pressure P and density p is given by the
equation
v=4 /%2
P

where k is a constant that has no units.

An experiment is performed to determine the value of k. The data from the experiment are
shown in Fig. 1.1.

quantity value uncertainty
v 3.3x102ms™1 +3%
P 9.9 x 10*Pa +2%
o 1.29kgm3 + 4%
Fig. 1.1

(i) Use data from Fig. 1.1 to calculate k.

(ii) Use your answer in (b)(i) and data from Fig. 1.1 to determine the value of k, with its
absolute uncertainty, to an appropriate number of significant figures.

K= e E e, [3]

[Total: 6]
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27.9702_ w19 _qp 22 Q:2

(a) Define acceleration.

(b) A steel ball of diameter 0.080m is released from rest and falls vertically in air, as illustrated in
Fig. 2.1.

position of ball steel ball of

when released \O diameter 0.080m

0.280m
horizontal

position P beam of light of

of ball \ - negligible width

\ I

Fig. 2.1 (not to scale)

A horizontal beam of light of negligible width is a vertical distance of 0.280 m below the bottom
of the ball when it is released. The ball falls through and breaks the beam of light.

(i) Explain why the force due to air resistance acting on the ball may be neglected when
calculating the time taken for the ball to reach the beam of light.

(ii) Calculate the time taken for the ball to fall from rest to position P where the bottom of the
ball touches the beam of light.

timetaken = ..., s [2]

41
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(iii) Determine the time interval during which the beam of light is broken by the ball.

timeinterval = ..., s [2]
(c) A different ball is released from the same position as the steel ball in (b). This ball has the
same diameter but a much lower density. For this ball, the force due to air resistance cannot

be neglected as the ball falls.

State and explain the change, if any, to the time interval during which the beam of light is
broken by the ball.

[Total: 8]
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28.9702_ml18 qp 22 Q:1

(a) Complete Fig. 1.1 to indicate whether each of the quantities is a vector or a scalar.

quantity vector or scalar

acceleration

speed

power

Fig.1.1
[2]

(b) Anballis projected with a horizontal velocity of 1.1 ms~" from point A at the edge of a table, as
shown in Fig.1.2.

table ball

\B _
ST T I T AT T T o 7 -7 horizontal

ground

0.43m

Fig.1.2

The ball lands on horizontal ground at point B which is a distance of 0.43m from the base of
the table. Air resistance is negligible.

(i) Calculate the time taken for the ball to fall from A to B.

(ii) Use your answer in (b)(i) to determine the height of the table.

STEMUP.CO.UK
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CHAPTER 3. KINEMATICS
(iii) The ball leaves the table at time ¢t=0.

For the motion of the ball between A and B, sketch graphs on Fig.1.3 to show the
variation with time ¢ of

1. the acceleration a of the ball,
2. the vertical component s, of the displacement of the ball from A.
Numerical values are not required.

[}

Fig.1.3
(2]

(c) Aball of greater mass is projected from the table with the same velocity as the ball in (b). Air
resistance is still negligible.

State and explain the effect, if any, of the increased mass on the time taken for the ball to fall
to the ground.

[Total: 8]
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29.9702_wl17 _qp 21 Q:2

The variation with time t of the velocity v of two cars P and Q is shown in Fig. 2.1.

30 carQ
v/ims1 Sum
EEN = car P
20 =
10
0

t/s

Fig. 2.1

The cars travel in the same direction along a straight road.
Car P passes car Q at time ¢=0.

(@) The speed limit for cars on the road is 100kmh~'. State and explain whether car Q exceeds
the speed limit.

(b) Calculate the acceleration of car P.

acceleration =

STEMUP.CO.UK

45


https://stemup.co.uk

46

CHAPTER 3. KINEMATICS

(c) Determine the distance between the two cars at time ¢ = 12s.

distance = ..o m [3]
(d) From time t=12s, the velocity of each car remains constant at its value at t = 12s.

Determine the time t at which car Q passes car P.

[Total: 8]
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30. 9702_s16_qp_21 Q: 2

A ball is thrown from a point P with an initial velocity u of 12ms™ at 50° to the horizontal, as

illustrated in Fig. 2.1.

path of ball

u=12ms™"

horizontal

Fig. 2.1
The ball reaches maximum height at Q.
Air resistance is negligible.
(a) Calculate

(i) the horizontal component of u,

horizontal component = ........ccccccvivii v,

(ii) the vertical component of wu.

vertical component = ...,

(b) Show that the maximum height reached by the ball is 4.3m.

(c) Determine the magnitude of the displacement PQ.

displacement = ..o

ms~' [1]

[Total: 8]
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31.9702_s15_qp_21 Q: 2

(a) Define speed and velocity and use these definiticns to explain why one of these quantities is
a scalar and the other is a vector.

(b) A ballis released from rest and falls vertically. The ball hits the ground and rebounds vertically,

as shown in Fig. 2.1.
initial position
ball/'T P

rebound

e ——— -

ground
Fig. 2.1
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The variation with time t of the velocity v of the ball is shown in Fig. 2.2.

12.0

10.0

8.0
vims-1 v
6.0

™~

4.0

R

20

0

0 1.0 2/ 3.0

-2.0

-4.0

-6.0

-8.0

-10.0

Fig. 2.2
Air resistance is negligible.

(i) Without calculation, use Fig. 2.2 to describe the variation with time t of the velocity of the
ball fromt=0to t=2.1s.

....................................................................................................................................... [3]

(ii) Calculate the acceleration of the ball after it rebounds from the ground. Show your
working.

acceleration = .........cccoeeeeeeeeeeeee e, ms=2 [3]
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(iii) Calculate, for the ball, fromt=0to t=2.1s,

1. the distance moved,

distance = ........cccoceen.

2. the displacement from the initial position.

displacement = .........cooevene

(iv) On Fig. 2.3, sketch the variation with f of the speed of the ball.

CHAPTER 3. KINEMATICS

12.0

10.0

8.0

speed/ms—!

6.0

4.0

2.0

I

-2.0

-4.0

-6.0

-8.0

-10.0

Fig. 2.3
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32.9702_s15_qp_23 Q: 1

(a) The distance between the Sun and the Earth is 1.5 x 107" m. State this distance in Gm.

distance = ... Gm [1]
(b) The distance from the centre of the Earth to a satellite above the equator is 42.3Mm. The
radius of the Earth is 6380 km.
A microwave signal is sent from a point on the Earth directly below the satellite.

Calculate the time taken for the microwave signal to travel to the satellite and back.

(¢) The speed v of a sound wave through a gas of density p and pressure P is given by

L. [cP
NP
where Cis a constant.

Show that C has no unit.

(3]
(d) Underline all the scalar quantities in the list below.

acceleration energy momentum power weight [1]

51
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(e) A boat travels across a river in which the water is moving at a speed of 1.8ms™.
The velocity vectors for the boat and the river water are shown to scale in Fig. 1.1.

water velocity 1.8 ms-1

river

boat velocity 3.0m s

60°

river bank

Fig. 1.1 (shown to scale)

In still water the speed of the boat is 3.0ms™'. The boat is directed at an angle of 60° to the
river bank.

(i) OnFig. 1.1, draw a vector triangle or a scale diagram to show the resultant velocity of the
boat. [2]

(if) Determine the magnitude of the resultant velocity of the boat.

resultant VeloGitY = .......ccoovvveeeeeeeeee e e ms~! [2]
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22.9702_s15_qp 23 Q: 4

(a) (i) diameter and extension: micrometer (screw gauge) or digital calipers B1
length: tape measure or metre rule B1
load: spring balance or Newton meter B1 [3]

(ii) to reduce the effect of random errors or to plot a graph to check for zero
error in measurement of extension or to see if limit of proportionality is

exceeded B1 11
(b) plota graph of F against e and determine the gradient B1
E = (gradient x 1)/ [rd?/4] B1 2]

23.9702_wls_qp 21 Q:1

(a) temperature B1
current B1 [2]
(allow amount of substance, luminous intensity)

(b) (i) 1. E = (stress/strain =) [force/area]/ [extension/original length]

units of stress: kgms™/m? and no units for strain B1

units of E: kgm™'s72 A0 [1]

2. unitsfor T: s, L. m and M: kg

K?=T2E/M1® hence units: s’kgm~"'s2/kg® (= m™) C1

units of K: m2 Al [2]
(ii) % uncertainty in E = 4% (for T2) + 0.6% (for I*) + 0.1% (for M) + 3% (for K?)
=7.7% B1
E = [(1.48 x 10%)? x 0.2068 x (0.892)%]/(0.45)?

= 1.588 x 10" C1

7.7% of E=1.22 x 10° C1
E=(16+0.1)x 10"kgm™s™? Al [4]

24.9702_s20_qp_23 Q: 1

Answer | Mark

(@) similarity: both have magnitude B1

difference: distance is a scalar/does not have direction B1
girsplacemem is a vector/has direction

(b)(i) the measurements have a small range B1

(b)(ii) the (average of the) measurements is not close to the true value B1
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25.9702_w20_qp_ 22 Q:1

APPENDIX A. ANSWERS

Answer Mark
(a) density and temperature indicated as scalars B1
acceleration and momentum indicated as vectors B1
(b)(i) decelerates B1
or
speed/velocity decreases
(b)(ii) | speed = (A)d/(A)t or gradient c1
=e.g.(0.56-0.20)/1.5 A1
=0.24ms™!
(c) displacement is zero (so) average velacity is zero B1
26. 9702 519 _qp 21 Q: 1
Answer Mark
(a) (velocity =) change in displacement/time (taken) B1
(b)i) |k =[1.29 x (3.3 x 102?]/9.9 x 10 c1
=14 A1
(b)(ii) percentage uncertainty = (3 x 2) +4 + 2 (= 12%) c1
:';ctional uncertainty = (0.03 x 2) + 0.04 + 0.02 (=0.12)
Ak =0.12x 1.42 c1
=0.17 (allow to 1 significant figure)
k=14+02 A1
27.9702_wl19 _qp 22 Q:2
Answer Mark
(@) change in velocity / time (taken) A1
(b)(i) | weight > (force due to) air resistance B1
z‘groe due to) air resistance is negligible compared to weight
(b)(ii) s=ut+Y%at? c1
0.280= %% x 9.81 x t2
t=024s A1
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Answer Mark
(b)(iii) | total distance fallen =0.280 + 0.080 = 0.360 c1
0.360="1x9.81 x {2
t=0.27s
time taken =0.27 -0.24 A1
=0.03s
or
v =9.81x0.239 or (2x9.81x0.280)°5 or (2x0.280)/0.239 (C1)
=234 (ms™)
0.080=2.34¢ +%x 9.81 x t? (A1)
solving quadratic equation gives {=0.03 s
allow any correct method using equations of uniform accelerated motion
(c) (average) resultant force/acceleration/speed/velocity (of low-density ball) is less B1
(so) time interval is longer B1
28.9702_ml18 qp_22 Q:1
Answer Mark
(a) acceleration: vector B2
speed: scalar
power: scalar
All three correct scores 2 marks. Only two correct scores 1 mark.
(b)(i) time = 0.43/1.1 A1
=0.39s
(b)) |s =ut+sat? c1
=1%x9.81x0.39°
=0.75m A1
(b)(iii) 1 horizontal line at a non-zero value of a. B1
2 curved line from origin with increasing gradient. B1
(c) acceleration (of free fall) is unchanged / not dependent on mass A1

and so no effect (on time taken).
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29.9702_wl17 _qp 21 Q:2

APPENDIX A. ANSWERS

Answer Mark
(a) 30ms ' =108kmh™' B1
or
100kmh™ = 28ms™
and so exceeds speed limit
(b) acceleration = gradient or Av/(A)t or (v— u)/t c1
e.g. acceleration = (24 — 20)/ 12 [other points on graph line may be used] A1
=0.33ms™
(c) distance travelled by Q = ¥ x 12 x 30 (= 180 m) c1
distance travelled by P = % x (20 + 24) x 12 (= 264 m) c1
distance between cars =264 — 180 A1
=84m
(d) 30-24=6ms” c1
‘extra’ time T=284/6 (= 14 s)
or
180 + 30T = 264 + 24T
‘extra’ time T=84/6 (=145s)
t=12+14=26s A1

30. 9702_s16_qp_21 Q: 2

(a) (i) horizontal component (= 12cos50°) =7.7 ms™

(b) V=u*+2asandv=0 or mgh=%m/ or s=Vsin’d/2g

(c)

(i) vertical component (= 12sin50° or 7.7tan50°) = 9.2ms™"

9.22=2x9.81 x h hence h= 4.3 (4.31) m

alternative methads using time to maximum height of 0.94 s:

s=ut+ Yaf and t = 0.94(s)
§=92x0.94 - x 9.81 x 0.94% hence s =4.3m

or

s=vt—Yat’ and t = 0.94(s)
s=1%x9.81x 0.94% hence s=4.3m

or

s=Y(u+ v)tand t=0.94(s)
s=%x%x9.2x0.94 hence s=4.3m

t(=9.2/9.81)= 0.94 (0.938)s

horizontal distance = 0.938 x 7.7 (= 7.23m)

displacement = [4.32 + 7.23%]'2

=84m

A1l

A1

C1

A1l

(C1)
(A1)

C1
C1

A1

(]
(1]

(2]

(4]
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31.9702_s15_qp_ 21 Q: 2
(a) speed = distance/time and velocity = displacement/time
speed is a scalar as distance has no direction and
velocity is a vector as displacement has direction
(b) (i) constant acceleration or linear/uniform increase in velocity until 1.1s
rebounds or bounces or changes direction
decelerates to zero velocity at the same acceleration as initial value
(i) a =(v—u)/t oruse of gradient implied
= (8.8 + 8.8)/1.8 or appropriate values from line or= (8.6 + 8.6)/1.8
=9.8(9.78)ms™ or=9.6ms>?
(iii) 1. distance = first area above graph + second area below graph
=(1.1x10.8)/2 +(0.9x 8.8)/2 (=5.94 + 3.96)
=99m
2. displacement = first area above graph — second area below graph
=(1.1x10.8)/2 - (0.9 x 8.8)/2
=2.0(1.98)m
(iv) correct shape with straight lines and all lines above the time axis or all below

correct times for zero speeds (0.0, 1.15s, 2.1s) and peak speeds
(10.8ms™"at1.1sand 8.8ms™" at 1.2s and 3.0s)

B1

B1

B1

B1

B1

C1

B1

A1

C1

C1

A1l

C1

A1l

M1

A1

(2]

(3]

(3]

(3]

(2]

(2]

523



https://stemup.co.uk

524 APPENDIX A. ANSWERS

32.9702_s15_qp_23 Q: 1

(a) 150 0r 1.5 x 10 Gm

(b) distance =2 x (42.3 — 6.38) x 10° (= 7.184 x 10’ m)

(time =) 7.184 x 107 / (3.0 x 10%) = 0.24 (0.239)s

(c) units of pressure P: kgms2/m?=kgm's™?
units of density p: kgm™ and speed v: ms™
simplification for units of C: C = V? p/ P units: (m?s2kgm=>)/kgm's?
and cancelling to give no units for C

(d) energy and power (both underlined and no others)

(e) (i) vector triangle of correct orientation
three arrows for the velocities in the correct directions

(if) length measured from scale diagram 5.2 + 0.2cm or components of
boat speed determined parallel and perpendicular to river flow

velocity = 2.6 ms™ (allow + 0.1 ms™)

A1

C1

A1

M1

M1

A1l

A1

M1

A1

C1

A1l

(1]

(2]

(3]

(1]

(2]

(2]

33.9702_w20 _qgp_21 Q:3

Answer Mark
(a) (force =) rate of change of momentum B1
(b)) | E=1mv* or % x0.062x3.82 or % x0.062 x 1.72 c1
loss of KE = 1% 0.062 x (3.82 - 1.7%) A1
=0.36J
(b)(ii) |p=mv or 0.062x3.8 or 0.062x 1.7 c1
change in momentum =0.062 x (1.7 + 3.8) A1
=0.34Ns

(b)(iii) | (average resultant force =) 0.34/0.081 = 4.2 (N) A1

?arverage resultant force =) 0.062 x (1.7 + 3.8)/0.081 = 4.2 (N)
(b)(iv) | 1. average force =4.2 +(0.062 x 9.81) A1

=48N

2. average force=4.8N A1
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1 A car is travelling with uniform acceleration along a straight road. The road has marker posts
every 100 m. When the car passes one post, it has a speed of 10ms™ and, when it passes the
next one, its speed is 20ms™". 9702/01/M/J/04/Q.7

What is the car’s acceleration?

A 0.67ms™ B 1.5ms™ C 25ms® D 6.0ms™

2 What is meant by the weight of an object? 9702/1/0/N/02/Q.4

the gravitational field acting on the object

B the gravitational force acting on the object
C the mass of the object multiplied by gravity
D the object’s mass multiplied by its acceleration
3 Two markers M, and M, are set up a vertical distance h apart. 9702/1/0/N/102/Q.3
steel ball
TCEEEEE T >. —— time zero
X
AT M— ———timet,
h
R M,— —timet,

When a steel ball is released from rest from a point a distance x above M,, itis found that the ball
takes time t, to reach M1 and time t, to reach M2.

Which expression gives the acceleration of the ball?

2h 2h C 2h D 2h

A = e
t,? (ty + 1) (t,— ;) (t,> - t,?)

4  The acceleration of free fall on a planet P is & of the acceleration of free fall on Earth. 9702/01mui08/0.7
The mass of a body on planet P is 30kg.
What is its weight on planet P?

A 49N B 49N C 180N D 290N

Kinematics
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2
5 An object falls 10.0 m from rest before entering some water. 9702/01/0/N/04/Q.9

Assuming negligible air resistance, what is the time taken to reach the water and the speed with
which the object reaches the water?

time/ms speed/ms™
A 1.02 10.0
B 1.02 14.0
Cc 1.43 10.0
D 1.43 14.0
6 A constant mass undergoes uniform acceleration. 9702/01/0/N/04/Q.10

Which of the following is a correct statement about the resultant force acting on the mass?
A ltincreases uniformly with respect to time.

B Itis constant but not zero.

C ltis proportional to the displacement from a fixed point.

D

It is proportional to the velocity.

7 An experiment is done to measure the acceleration of free fall of a body from rest.  9702/01/M1J/06/Q.7

Which measurements are needed?

A the height of fall and the time of fall

B the height of fall and the weight of the body
C the mass of the body and the height of fall
D

the mass of the body and the time of fall

8 A force F is applied to a freely moving object. At one instant of time, the object has velocity v and
acceleration a. 9702/01/0/N/06/Q.10

Which quantities must be in the same direction?

A aandvonly
B aandFonly
C vandFonly
D

v, Fand a

Kinematics
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10

11

12

3

Two markers My and M, are set up a vertical distance h apart. 9702/01/0/N/05/Q7
steel ball \O
—— e — o ———— time zero
X
- M, — — time {4
h
-l - M;— —— timet,

A steel ball is released at time zero from a point a distance x above M;. The ball reaches M, at
time t; and reaches M, at time t,. The acceleration of the ball is constant.

Which expression gives the acceleration of the ball?
A 2_l27 B 2h C 2h . D 22h .
t, (t+1) (t,—t) (PR

A stone is dropped from the top of a tower of height 40 m. The stone falls from rest and air
resistance is negligible. 9702/01/M/J/07Q8

What time is taken for the stone to fall the last 10m to the ground?

A 0.38s B 14s C 25s D 209s

What is meant by the weight of an object? 9702/01/M/J/07/Q9

A the gravitational field acting on the object

B the gravitational force acting on the object
C the mass of the object multiplied by gravity
D

the object’s mass multiplied by its acceleration

The symbol g represents the acceleration of free fall. 9702/01/0/N/07/Q7
Which of these statements is correct?

A gis gravity.

B g is reduced by air resistance.

C gis the ratio weight/mass.
D

g is the weight of an object.

Kinematics
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13 An object accelerates in a direction that is always perpendicular to its motion. 9702/01/M/J/08/Q6

What is the effect, if any, of the acceleration on the object’s speed and direction?

speed direction
A changes changes
B changes constant
C constant changes
D constant constant

14  On a particular railway, a train driver applies the brake of the train at a yellow signal, a distance of
1.0km from a red signal, where it stops. 9702/11/0/N/09/Q5

The maximum deceleration of the train is 0.2ms™.

Assuming uniform deceleration, what is the maximum safe speed of the train at the yellow signal?

A 20ms™ B 40ms™ C 200ms™ D 400ms™

15 Four students each made a series of measurements of the acceleration of free fall g. The table
shows the results obtained. 9702/01/M/J/08/Q5

Which set of results could be described as precise but not accurate?

g/ms™
A 9.81 9.79 9.84 9.83
B 9.81 10.12 9.89 8.94
C 9.45 9.21 8.99 8.76
D 8.45 8.46 8.50 8.41

16 Which statement about a ball that strikes a tennis racket and rebounds is always correct?

9702/12/0/N/09/Q7
A Total kinetic energy of the ball is conserved.

B Total kinetic energy of the system is conserved.
C Total momentum of the ball is conserved.
D

Total momentum of the system is conserved.

Kinematics
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18

19

20

5

A ball is thrown horizontally in still air from the top of a very tall building. The ball is affected by air
resistance. 9702/11/0/N/10/Q7

What happens to the horizontal and to the vertical components of the ball’s velocity?

horizontal component vertical component
of velocity of velocity
A decreases to zero increases at a constant rate
B decreases to zero increases to a constant value
C remains constant increases at a constant rate
D remains constant increases to a constant value

In order that a train can stop safely, it will always pass a signal showing a yellow light before it
reaches a signal showing a red light. Drivers apply the brake at the yellow light and this results in
a uniform deceleration to stop exactly at the red light. 9702/11/0/N/10/Q9
The distance between the red and yellow lights is x.

What must be the minimum distance between the lights if the train speed is increased by 20 %,
without changing the deceleration of the trains?

A 1.20x B 1.25x C 144x D 1.56x

The gravitational field strength on the surface of planet P is one tenth of that on the surface of
planet Q. 9702/11/0/N/10/Q10
On the surface of P, a body has a mass of 1.0kg and a weight of 1.0N.

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

mass on Q/kg weight on Q/N
A 1.0 0.1
B 1.0 10
Cc 10 10
D 10 100

A football is dropped from the top of a three-storey building. It falls through air until it reaches the
ground. 9702/12/0/N/10/Q6

What remains constant throughout the fall?
A acceleration of the football

B air resistance on the football

C velocity of the football

D weight of the football

Kinematics
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21 A moving body undergoes uniform acceleration while travelling in a straight line between points
X, Y and Z. The distances XY and YZ are both 40 m. The time to travel from X to Y is 12s and
fromY to Zis 6.0s. 9702/12/0/N/10/Q8

What is the acceleration of the body?

A 0.37ms™ B 0.49ms™ C 0.56ms™ D 1.1ms™>

22 A bullet is fired horizontally with speed v from a rifle. For a short time t after leaving the rifle, the
only force affecting its motion is gravity. The acceleration of free fall is g. 9702/12/M/J/11/Q6

the horizontal distance travelled in time ¢ "
the vertical distance travelled in time t

Which expression gives the value of

A4 B V c M D 2

9 gt g gt

23 A body has a weight of 58.9 N when on the Earth. On the Moon, the acceleration of free fall is
1.64ms™ 9702/11/MI/11/Q8

What are the weight and the mass of the body when it is on the Moon?

weight/N mass/kg
A 9.85 1.00
B 9.85 6.00
Cc 58.9 1.00
D 58.9 6.00

24 A boy throws a ball vertically upwards. It rises to a maximum height, where it is momentarily at
rest, and then falls back to his hands. 9702/11/0/N/11/Q8

Which row gives the acceleration of the ball at various stages in its motion? (Take vertically
upwards as positive. Ignore air resistance.)

rising at rE:i);imum falling
A | —981ms™ 0 +9.81ms™
B | -9.81ms™ -9.81ms™ -9.81ms™
C | +9.81ms™ +9.81ms™ +9.81ms™
D | +9.81ms™ 0 -9.81ms™

Kinematics
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26

27

28

A body has a weight of 58.9 N when on the Earth. On the Moon, the acceleration of free fall is
1.64ms™ 9702/13/M/J/11/Q6

What are the weight and the mass of the body when it is on the Moon?

weight/N mass/kg
A 9.85 1.00
B 9.85 6.00
Cc 58.9 1.00
D 58.9 6.00

A body falling in a uniform gravitational field encounters air resistance. The air resistance
increases until terminal velocity is reached. 9702/11/0/N/11/Q9

Which factor does not affect its terminal velocity?

A the density of the air

B the height from which the body falls
C the mass of the body

D the shape of the body

A stone of mass m is dropped from a tall building. There is significant air resistance. The
acceleration of free fall is g. 9702/12/0/N/11/Q7

When the stone reaches its terminal velocity, which information is correct?

magnitude of
the acceleration
of the stone

magnitude of the
force of gravity
on the stone

magnitude of the
force of air resistance
on the stone

A g mg mg
B zero mg mg
C zero zero mg
D zero zero zero

A science museum designs an experiment to show the fall of a feather in a vertical glass vacuum

tube.

The time of fall from rest is to be close to 0.5s.

What length of tube is required?

A 13m

B 25m

C 50m

Kinematics

D 10.0m

9702/12/0/N/12/Q8
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29 In an experiment to determine the acceleration of free fall using a falling body, what would lead to
a value that is too large? 9702/11/M1J/12/Q6

A air resistance

B dimensions of the body are too large

C measured distance longer than true distance
D

measured time longer than true time

30 The diagram shows a laboratory experiment in which a feather falls from rest in a long evacuated

vertical tube of length L. — 9702/11/M/J/12/Q8

feather— |

vacuum-—_

Y

The feather takes time T to fall from the top to the bottom of the tube.

How far will the feather have fallen from the top of the tube in time 0.50 T7?

A 013L B 0.25L C 0.38L D 0.50L

31 The speed of a car is calculated from measurements of the distance travelled and the time taken.
9702/12/0/N/12/Q7

The distance is measured as 200 m, with an uncertainty of +2m.
The time is measured as 10.0s, with an uncertainty of £0.2s.

What is the percentage uncertainty in the calculated speed?

A *05% B 1% C 2% D £3%

32 A ball is thrown vertically in air. 9702/11/0/N/12/Q9

Neglecting air resistance, which property of the ball can never be zero at any time during the
flight?

A acceleration
B kinetic energy
C speed

D velocity

Kinematics
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34

35

9

Two markers My and M, are set up a vertical distance h apart. 9702/12/MIJ/12/Q8
steel ball \O
——————————————————————— —— time zero
1x
7777777777777777 My— — time {,
h
————————————————— M;— — timet,

A steel ball is released at time zero from a point a distance x above M;. The ball reaches M, at
time t; and reaches M, at time t,. The acceleration of the ball is constant.

Which expression gives the acceleration of the ball?
2h B 2h C 2h D 2h

A _zn
t22 (t,+1t) (tz_t1)2 (tzz _t12)

The diagram shows a laboratory experiment in which a feather falls from rest in a long evacuated

vertical tube of length L. - 9702/13/M/J/12/Q9

feather—|

vacuum—_|

Y

The feather takes time T to fall from the top to the bottom of the tube.

How far will the feather have fallen from the top of the tube in time 0.50 T7?

A 013L B 0.25L C 0.38L D 0.50L

A bicycle brakes so that it undergoes uniform deceleration from a speed of 8ms™ to 6ms™ over
a distance of 7m. 9702/13/0/N/12/Q8

If the deceleration of the bicycle remains constant, what further distance will it travel before
coming to rest?

A 7m B 9m C 16m D 21m

Kinematics
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36 A body is released from rest and falls vertically in air of constant density. 9702/11/M1J/13/Q7
Which statement about the motion of the falling body is correct?

A As it accelerates, its weight decreases so that its acceleration decreases until it travels with
constant velocity.

It accelerates initially at 9.8 ms™ but the drag force increases so its acceleration decreases.
Its velocity increases at a constant rate until its velocity becomes constant.

D The drag force of the air increases continually and eventually the velocity decreases.

37 A goods train passes through a station at a steady speed of 10ms™". An express train is at rest at
the station. The express train leaves the station with a uniform acceleration of 0.5ms™ just as the
goods train goes past. Both trains move in the same direction on straight, parallel tracks.

9702/11/M/J/13/Q8
How much time passes before the express train overtakes the goods train?

A 6s B 10s C 20s D 40s
38 The diagram shows an arrangement to stop trains that are travelling too fast. 9702/12/IM/J/13/Q7
speed 50ms™
direction maximum speed
of travel 10ms™
: — —
train marker 1 marker 2

Trains coming from the left travel at a speed of 50ms~". At marker 1, the driver must apply the
brakes so that the train decelerates uniformly in order to pass marker 2 at no more than 10ms™".

The train carries a detector that notes the times when the train passes each marker and will apply
an emergency brake if the time between passing marker 1 and marker 2 is less than
20s.

How far from marker 2 should marker 1 be placed?

A 200m B 400m C 500m D 600m

39 An aeroplane travels at an average speed of 600kmh™" on an outward flight and at 400kmh™" on
the return flight over the same distance. 9702/11/0/N/13/Q8

What is the average speed of the whole flight?

A 111ms™ B 167ms™ C 480kmh™ D 500kmh™

Kinematics
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41

42

43

1"

One object moves directly from P to R. 9702/11/0/N/13/Q6

[ 2PV

0

P
[}
In a shorter time, a second object moves from P to Q to R.

Which statement about the two objects is correct for the journey from P to R?

A They have the same average speed.

B They have the same average velocity.
C They have the same displacement.
D

They travel the same distance.

On a particular railway, a train driver applies the brake of the train at a yellow signal, a distance of

1.0km from a red signal, where the train stops. 9702/13/0IN/13/Q8

The maximum deceleration of the train is 0.20ms™.

Assuming uniform deceleration, what is the maximum safe speed of the train at the yellow signal?

A 14ms™ B 20ms™ C 40ms™ D 400ms™
A person, travelling on a motorway a total distance of 200km, travels the first 90km at an
average speed of 80kmh™. 9702/13/0/N/13/Q9

Which average speed must be obtained for the rest of the journey if the person is to reach the
destination in a total time of 2 hours 0 minutes?

A 110kmh™ B 120kmh™ C 122kmh™ D 126kmh™
A mass accelerates uniformly when the resultant force acting on it 9702/13/0/N/13/Q12
A s zero.

B is constant but not zero.
C increases uniformly with respect to time.
D

is proportional to the displacement from a fixed point.

Kinematics
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44 An object is thrown with velocity 5.2ms™" vertically upwards on the Moon. The acceleration due
to gravity on the Moon is 1.62ms™, 9702/11/M/J/14/Q7

45

46

47

What is the time taken for the object to return to its starting point?

A

2.5s B 32s C 45s D 64s

A radio-controlled toy car travels along a straight line for a time of 15s. 9702/12/M/J/14/Qs6

The variation with time t of the velocity v of the car is shown below.

A
v/ims™ 607
3.0
00 5 10 15 t/:s
-3.0-
—6.0—f === == mmm e

What is the average velocity of the toy car for the journey shown by the graph?

A

—1.5ms™ B 0.0ms™ C 4.0ms™ D 45ms™

In a cathode-ray tube, an electron is accelerated uniformly in a straight line from a speed of
4 x10°ms™" to 2 x 10"ms™" over a distance of 10mm. 9702/13/M/J/14/Q8

What is the acceleration of the electron?

A

B
C
D

2 x10°ms™
2 x 108ms™
2x10®ms™

2x10"®ms™

An experiment is performed to measure the acceleration of free fall g. A body falls between two
fixed points. The four measurements shown below are taken. 9702/13/M/1J/14/Q7

Which measurement is not required for the calculation of g?

A

B
C
D

the distance fallen by the body
the initial velocity of the body
the mass of the body

the time taken for the body to fall

Kinematics
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13

In an experiment to determine the acceleration of free fall g, a ball-bearing is held by an
electromagnet. When the current to the electromagnet is switched off, a clock starts and the ball-
bearing falls. After falling a distance h, the ball-bearing strikes a switch to stop the clock which
measures the time t of the fall. 9702/13/0/N/14/Q6

Which expression can be used to calculate the value of g?

2 2
A ht® L c |2 p 2h
2 2 h? t2
The acceleration of free fall on the Moon is one-sixth of that on Earth. 9702/11/0/N/14/Q5

On Earth it takes time t for a stone to fall from rest a distance of 2m.

What is the time taken for a stone to fall from rest a distance of 2m on the Moon?

t t
L C e p L
6 J6

A 6t B

In an experiment to determine the acceleration of free fall g, a ball bearing is held by an
electromagnet. When the current to the electromagnet is switched off, a clock starts and the ball
bearing falls. After falling a distance h, the ball bearing strikes a switch to stop the clock which

measures the time t of the fall. 970211 2/MIJ15/Q7

If systematic errors cause t and h to be measured incorrectly, which error must cause g to
appear greater than 9.81m s2?

A h measured as being smaller than it actually is and t is measured correctly

B h measured as being smaller than it actually is and t measured as being larger than it
actually is

C h measured as being larger than it actually is and t measured as being larger than it actually
is

D his measured correctly and t measured as being smaller than it actually is

A body having uniform acceleration a increases its velocity from u to v in time t. 9702/11/M/J/15/Q9

Which expression would not give a correct value for the body’s displacement during time t?

A ut+ lat?

B vt— fat?
c +u)v-u)
2a
D (v—-u)t
2

Kinematics
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53
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A sprinter runs a 100 m race in a straight line. He accelerates from the starting block at a constant
acceleration of 2.5ms™ to reach his maximum speed of 10ms™". He maintains this speed until he
crosses the finish line. 9702/12/M/J/15/Q9

Which time does it take the sprinter to run the race?

A 4s B 10s C 12s D 20s

An insect jumps with an initial vertical velocity of 1.0ms™, reaching a maximum height of
3.5 x 107?m. Assume the deceleration is uniform. 9702/11/M/J/15/Q8

What is the magnitude of the deceleration?

A 3.6ms™ B 9.8ms™ C 14ms™ D 29ms™

Kinematics
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1

1 The graph relates to the motion of a falling body. 9702/1/M/J/02/Q6

2N

0 time

Which is a correct description of the graph?

y is distance and air resistance is negligible

B yis distance and air resistance is not negligible
C yis speed and air resistance is negligible
D yis speed and air resistance is not negligible

2 A stone is thrown upwards from the top of a cliff. After reaching its maximum height, it falls past
the cliff-top and into the sea. 9702/1/M1J/02/Q8

The graph shows how the vertical velocity v of the stone varies with time t after being thrown
upwards. R and S are the magnitudes of the areas of the two triangles.

7
S
0
0 t
R
What is the height of the cliff-top above the sea?
A R B S C R+S D R-S

Kinematics (graphs)
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2

3  Which graph represents the motion of a car that is travelling along a straight road with a uniformly
increasing speed? 9702/1/M/J/02/Q7

A B Cc D

o acceleration
o acceleration
o displacement
o displacement

o
o
o

0 time time time time

4 Aballis released from rest above a horizontal surface. The graph shows the variation with time of
its velocity. 9702/1/M/J/03/Q9

1st
impact

1 2nd

velocity impact

i
X
release

r————— - — -
ball ball ball ball  ball
falling rising falling rising falling

Areas X and Y are equal.
This is because

A the ball's acceleration is the same during its upward and downward motion.

B the speed at which the ball leaves the surface after an impact is equal to the speed at which it
returns to the surface for the next impact.

C for one impact, the speed at which the ball hits the surface equals the speed at which it leaves
the surface.

D the ball rises and falls through the same distance between impacts.

Kinematics (graphs)
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3

5 The graph of velocity against time for an object moving in a straight line is shown.  9702/01/MiJj03/Q8

velocity

O -
0 time

Which of the following is the corresponding graph of displacement against time?

-

displacement 1

0 >
0 time

==

displacement

0 time

==

displacement

0 time

-

displacement 1

0 time

Kinematics (graphs)
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6 Atennis ball is released from rest at the top of a tall building. 9702/01/M/J/04/Q8

Which graph best represents the variation with time t of the acceleration a of the ball as it falls,
assuming that the effects of air resistance are appreciable?

A B
A A
a a
0 > -
0 t 0o t
C D
A A
a a
> 0 >
0O t 0 t
7 A particle is moving in a straight line with uniform acceleration. 9702/1/0/N/02/Q2

Which graph represents the motion of the particle?

A B C D
distance velocity velocity acceleration
00 time 0 0 time 00 time 00 time
8  Which feature of a graph allows acceleration to be determined? 9702/01/M/J/05/Q6

A the area under a displacement-time graph
B the area under a velocity-time graph

C the slope of a displacement-time graph
D

the slope of a velocity-time graph

Kinematics (graphs)
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9 An object is dropped from a great height and falls through air of uniform density. 9702/01/0/N/03/Q8
The acceleration of free fall is g.

Which graph could show the variation with time t of the acceleration a of the object?
A B C D

10 A body falls from rest in a vacuum near the Earth’s surface. The variation with time ¢ of its speed v
is shown below. 9702/1/0/N/02/Q10

Which graph shows the variation with time t of the speed v of the same ball falling in air at the
same place on Earth?

A B
P
"4 - 4 Z
rd v
/// ///
P e
Z //
//
//
//
//
0 0
0 t 0 t
C D
r'd
//
"4 //’ v -
P rd
Pd r'd
r'd rd
rd rd
e -7
P rd
7~ P
r'd r'd
// //
// //
r'd
//
0 0
0 t 0 t

Kinematics (graphs)
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6

11 A car at rest in a traffic queue moves forward in a straight line and then comes to rest again. The
graph shows the variation with time of its displacement. 9702/01/0/N/103/Q7

displacement/m 70

60 /

/
50 /
40 /

30

20

10

0
0 20 40 60 80 100 120 140

time/s
What is its speed while it is moving?

A 0.70ms™! B 0.80ms™! C 1.25ms™! D 1.40ms™!

12 When a car driver sees a hazard ahead, she applies the brakes as soon as she can and brings
the car to rest. The graph shows how the speed v of the car varies with time ¢ after the hazard is
seen. 9702/01/0/N/04/Q8

Vi

0t t, T

Which graph represents the variation with time t of the distance s travelled by the car after the
hazard has been seen?

A B
S A S A
O > O 1 L
0 ¢ t, 't 0 f 2 t
C D
S A S A
oL e 0l— e
0 ¢ 2t 0 ¢t 2t

Kinematics (graphs)
STEMUP.CO.UK
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13 The diagram shows a velocity-time graph for a car.

12

v/ims™ 10 /

e

4 —

2

0

0 1 2 3
t/'s

What is the distance travelled between time t =0 and t = 4s?
A 25m B 3.0m C 20m D 28m

7

9702/01/M/J/05/Q8

14 A boy throws a ball vertically upwards. It rises to a maximum height, where it is momentarily at

rest, and falls back to his hands.

9702/01/M/J/05/Q7

Which of the following gives the acceleration of the ball at various stages in its motion? Take

vertically upwards as positive. Neglect air resistance.

rising at nr::i)gmum falling
A | —-981ms™ 0 +9.81ms™
B | -981ms? | -981ms? | -9.81ms™
C | +981ms? | +981ms? | +9.81ms™
D | +9.81ms™ 0 —-9.81ms™

15 A football is dropped from the top of a three-storey building. It falls through air until it reaches the
ground.

What remains constant throughout the fall?

A

B
C
D

acceleration of the football

air resistance on the football

velocity of the football

weight of the football

Kinematics (graphs)
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16 A football is dropped from the top of a tall building.

9702/01/0/N/05/Q6

Which acceleration-time graph best represents the motion of the football through the air?

A B
A A
acceleration acceleration
0 £ 0 >
0 time 0 time
C D
A A
acceleration acceleration
0 > 0 >
0 time 0 time

17 The diagram shows a velocity-time graph for a mass moving up and down on the end of a spring.

Which point represents the velocity of the mass when at the lowest point of its motion?

9702/01/M/J/ 06/Q9

A
up

velocity

DOWN C

18 What gives the value of a body’s acceleration? 9702/01/M/J/07/Q6

A

B
C
D

the area under its displacement-time graph
the area under its velocity-time graph
the gradient of its displacement-time graph

the gradient of its velocity-time graph

Kinematics (graphs)


https://stemup.co.uk

19 The velocity of an object during the first five seconds of its motion is shown on the graph.

20 »
velocity/ms™ By
15 A
///
/’l/
10
pd
/f
/'/
5 /'l/
/’/
0
0 1 2 3 4
time/s
What is the distance travelled by the object in this time?
A 4m B 20m C 50m D 100m
20 A particle is moving in a straight line with uniform acceleration.
Which graph represents the motion of the particle?
A A A B
distance velocity
0 > 0 >
0 time 0 time
A ¢ A D
velocity acceleration
0 > 0 >
0 time 0 time

Kinematics (graphs)

9702/01/M/J/06/Q8

9702/01/0/N/06/Q7
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10

21 The graph shows velocity-time plots for two vehicles X and Y. The accelerations and distances
travelled by the two vehicles can be estimated from these plots. 9702/01/0/N/06/Q8

5 X

velocity/ms™

0 1 2 3 4 5

time/s
Which statement is correct?

A The accelerations of X and Y are the same at 2.5s.

B The initial acceleration of Y is greater than that of X.

C The distance travelled by X is greater than that travelled by Y in the 5s period.
D

The distances travelled by X and Y in the 5s period are the same.

22 A small steel ball falls freely under gravity after being released from rest. 9702/13/M/J/10/Q13
Which graph best represents the variation of the height h of the ball with time t?

A B C D
h A h A h A h A

Kinematics (graphs)
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11

23 A car driver sharply presses down the accelerator when the traffic lights go green. The resultant

horizontal force acting on the car varies with time as shown. 9702/01/0/N/05/Q8
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 >
0 time 0 time

24 A particle moves along a straight line. A particular property K of the particle's motion is plotted

against time. 9702/01/0/N/07/Q8
KA

At any time, the slope of the graph is the acceleration of the particle.

What is the property K?

A the displacement of the particle

B the distance travelled by the particle
C the speed of the particle
D

the velocity of the particle

Kinematics (graphs)
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12

25 A stone is thrown vertically upwards. A student plots the variation with time of its velocity.
40 9702/01/0/N/07/Q9

velocity/ms™
30

20

10

0
0 1 2 3 4 5 time/s ¢

-10

—40
What is the vertical displacement of the stone from its starting point after 5 seconds?
A 20m B 25m C 45m D 65m

26 A football is dropped from the top of a tall building. 9702/01/M/J/08/Q8

Which acceleration-time graph best represents the motion of the football through the air?

A B
A A
acceleration acceleration
0 > 0 >
0 time 0 time
C D
A A
acceleration acceleration
0 > 0 >
0 time 0 time

Kinematics (graphs)
STEMUP.CO.UK
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13

27 The diagram shows a velocity-time graph for a car. 9702/01/0/N/08/Q6
12
velocity
/ms™ /
8
6 /
4
2
0
0 1 2 3 4
time/s
What is the distance travelled during the first 4.0s?
A 25m B 3.0m C 20m D 28m

28 Which displacement-time graph best represents the motion of a falling sphere, the initial
acceleration of which eventually reduces until it begins to travel at constant terminal velocity?

9702/01/M/J/09/Q5
A B
A A
displacement displacement
0 > 0 >
0 time 0 time
Cc D
A A
displacement displacement
0 > 0 >
0 time 0 time

Kinematics (graphs)
STEMUP.CO.UK
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29 Which graph represents the motion of a car that is travelling along a straight road with a speed

that increases uniformly with time? 9702/01/0/N/08/Q8
A B
A A
acceleration acceleration
0 > 0 >
0 time 0 time
C D
A A
displacement displacement
0 > 0 >
0 time 0 time
30 The diagram shows a velocity-time graph for a vehicle. 9702/11/MIJH0/Q8
16
velocity 44 /!
/ms™
12
10 y
8 ,/
6
4 q,_A/‘
2
0

0 1 2 3 4 5 6 7
time/s

The vehicle, moving at 40ms™, begins to accelerate at time = 0.

What is the vehicle’s acceleration at time = 3.0s?

A 0.67ms™ B 1.0ms™ C 1.3ms™ D 2.0ms™

Kinematics (graphs)
STEMUP.CO.UK
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15
31 When a car driver sees a hazard ahead, she applies the brakes as soon as she can and brings
the car to rest. 9702/01/M/J/09/Q6
The graph shows how the speed v of the car varies with time t after she sees the hazard.

VA

0t t, T

Which graph represents the variation with time t of the distance s travelled by the car after she
has seen the hazard?

A B
S A S A
0 > 0 L L—p
0 t t, t 0 t 2t
Cc D
S A S A
0¥k — e 0 . S
0 f 2 t 0 ¢ 2t

32 The diagram shows a velocity-time graph.

9702/12/0/N/09/Q6
12— 5 .
velocity/ms™ |
S il . i
o , | i
ks G
0 i ' i i
0 1 2 3 4
time/s
What is the displacement during the last 2 seconds of the motion?
A 6m B 12m C 18m D 24m

Kinematics (graphs)
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16
33 A ball is released from rest above a horizontal surface and bounces several times.  9702/11/0/N/09/Qs6

The graph shows how, for this ball, a quantity y varies with time.

Y A

0 >
0 time
What is the quantity y?
A acceleration
B displacement
C kinetic energy
D velocity
34 The diagram shows a velocity-time graph. 9702/11/0/N/09/Q7
12— .
velocity/ms™! :
O ( i
R , i |
R A A B
0 ! i i i
0 1 2 3 4
time/s
What is the displacement during the last 2 seconds of the motion?
A 6m B 12m C 18m D 24m

35 Which statement about a ball that strikes a tennis racket and rebounds is always correct?

9702/12/0/N/09/Q7
A Total kinetic energy of the ball is conserved.

B Total kinetic energy of the system is conserved.
C Total momentum of the ball is conserved.
D

Total momentum of the system is conserved.

Kinematics (graphs)
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36 The diagram shows an oscilloscope screen displaying two signals. 9702/12/0/N/09/Q3

Signal X has a frequency of 50Hz and peak voltage of 12V.

What is the period and peak voltage of signal Y?

period/ms peak/V\</3|tage
A 20 4
B 20 12
C 50 4
b 50 12

37 A ball is released from rest above a horizontal surface and bounces several times.  9702/12/0/N/09/Qs

The graph shows how, for this ball, a quantity y varies with time.

Yy A

time
What is the quantity y?

A acceleration

B displacement

C Kkinetic energy

D velocity

Kinematics (graphs)
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38 A small steel ball falls freely under gravity after being released from rest. 9702/12/M/J/10/Q8
Which graph best represents the variation of the height h of the ball with time t?
A B C D
h 1 h 4 h A h A
0 > 0 > 0 > 0 >
0 t 0 t 0 t 0 t
39 The diagram shows a velocity-time graph for a vehicle. 9702/12/M/J/10/Q9
16
velocity 14 /!
/ms™
12
10 L
8 ,//
6
4
2
0
0 1 2 3 4 5 6 7
time/s
The vehicle, moving at 4.0ms™, begins to accelerate at time = 0.
What is the vehicle’s acceleration at time = 3.0s?
A 067ms> B 1.0ms™ C 1.3ms™ D 2.0ms>
40 A small steel ball falls freely under gravity after being released from rest. 9702/11/M/J/10/Q9
Which graph best represents the variation of the height h of the ball with time t?
A B C D
h A h A h A h A
0 > 0 > 0 > 0 >
0 t 0 t 0 t 0 t

Kinematics (graphs)
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41

42

19
The diagram shows a velocity-time graph for a vehicle. 9702/13/M/J/10/Q14

16
velocity 44 |
/ms™

12
10 Y

o N B O

0 1 2 3 4 5 6 7
time/s

The vehicle, moving at 40ms™, begins to accelerate at time = 0.

What is the vehicle’s acceleration at time = 3.0s?

A 0.67ms™ B 1.0ms™ C 1.3ms™ D 2.0ms™

The velocity-time graph below is for a stone thrown vertically up into the air. Air resistance is

negligible. 9702/13/M/J/10/Q8
A

velocity

; tirr=1e
0 Y t

The stone is thrown up at time zero.
Area X represents a distance of 5m. Area Y represents a distance of 3m.

What is the displacement of the stone from its initial position at time t?

A 2m B 3m C 5m D 8m

Kinematics (graphs)
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20
43 A student throws a ball in the positive direction vertically upwards.

The ball makes an elastic collision with the ceiling, rebounds and accelerates back to the
student’s hand in a time of 1.2s. 9702/12/0/N/10/Q7

Which graph best represents the acceleration of the ball from the moment it leaves the hand to
the instant just before it returns to the hand?

A B
A A
acceleration A acceleration
0 — time/s 0 — time/s
0 1.2 0 1.2
C D
A A
acceleration acceleration
0 — time/s 0 — time/s
0 A 1.2 0 1.2

44 The velocity-time graph below is for a stone thrown vertically up into the air. Air resistance is
negligible. 9702/13/0/N/10/Q6

velocity

zl‘ time

The stone is thrown up at time zero.
Area X represents a distance of 5m. Area Y represents a distance of 3m.

What is the displacement of the stone from its initial position at time {?

A 2m B 3m C 5m D 8m

Kinematics (graphs)
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45 The graph shows how the acceleration of an object moving in a straight line varies with time.

9702/11/M/J/11/Q6
A
acceleration
0 >
0 time
Which graph shows the variation with time of the velocity of the object?
A B
A A
velocity velocity
0 > 0 >
0 time 0 time
C D
A A
velocity velocity
0 >
9 time
0 >
0 time

46 A boy throws a ball vertically upwards. It rises to a maximum height, where it is momentarily at
rest, and then falls back to his hands. 9702/11/0/N/11/Q8

Which row gives the acceleration of the ball at various stages in its motion? (Take vertically
upwards as positive. Ignore air resistance.)

rising at T:?gmum falling
A | —981ms™ 0 +9.81ms™
B | -9.81ms™ -9.81ms™ -9.81ms™
C | +9.81ms™ +9.81ms™ +9.81ms™
D | +9.81ms™ 0 -9.81ms™

Kinematics (graphs)
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22
47 A ball is released from rest at time zero. After 1.0 s it bounces inelastically from a horizontal

surface and rebounds, reaching the top of its first bounce after 1.5s. 9702/11/MIJ/11/Q7
A
10+4----------------------—-
velocity
/ms™
5_
0 T > time/s
0 0.5 1.0 1.5
_5— ------------------------

What is the total displacement of the ball from its original position after 1.5s?

A 1.25m B 3.75m C 5.00m D 6.25m

48 The graph shows how the acceleration of an object moving in a straight line varies with time.

9702/13/M1J/11/Q7
A
acceleration
0 >
0 time
Which graph shows the variation with time of the velocity of the object?
A B
\ A
velocity velocity
0 > 0 >
0 time 0 time
C D
A A
velocity velocity
0 >
0 \/time
0 >
0 time

Kinematics (graphs)
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49 A particle moves in the manner shown by the velocity-time graph. 9702/12/MIJI11/Q7

The displacement of the particle has been measured so that it is zero at t = 0. Point Q refers to a

point in its motion.

velocity 2 Q
/ms™

0 >
0 5 10 15 20 time/s

—2 -

Which row of the table is correct?

times for maximum acceleration at
displacement/s point Q/ms™
A 2.5 12.5 2
B 5 15 2
Cc 2.5 12.5 0
D 5 15 0
50 A tennis ball falls freely, in air, from the top of a tall building. 9702/12/M/J/11/Q8

Which graph best represents the variation of distance s fallen with time t?

A B
A A

S S

% o % e

c D

A A

S S

% e % g

Kinematics (graphs)
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51 A small glider moves along a friction-free horizontal air track as shown below. 9702/12/IMIJ111/Q9

elastic buffer

air track

_%
- 0’&

At each end of the air track there is a perfectly elastic buffer.

air

Which graph represents the variation with time t of the velocity v of the glider as it moves
between the two buffers?

A B
A A
v v
0 > 0 >
0 — ¢ 0 t
o D
v 4 s A
0 > 0 &>
0 t 0 t
52 A brick is dislodged from a building and falls vertically under gravity. 9702/12/MIJI12/Q9

Which graph best represents the variation of its height h above the ground with time t if air
resistance is negligible?

A B C D

Kinematics (graphs)
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53 A ball is released from rest at time zero. After 1.0 s it bounces inelastically from a horizontal
surface and rebounds, reaching the top of its first bounce after 1.5s.

9702/13/M/J/11/Q8
A
10—
velocity
/ms™!
5_
0 T » time/s
0 0.5 1.0 1.5
B
What is the total displacement of the ball from its original position after 1.5s?
A 1.25m B 3.75m C 500m D 6.25m
54 A tennis ball is released from rest at the top of a tall building. 9702/11/0/N/11/Q7

Which graph best represents the variation with time t of the acceleration a of the ball as it falls,
assuming that the effect of air resistance is not negligible?

A B
A A
a a
0 > 0 >
0 f 0 t
C D
A A
a a
0 > 0 >
0 f 0 t

Kinematics (graphs)
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55 A ball is released from rest on a smooth slope XY. 9702/11/0/N1/Q6

It moves down the slope, along a smooth horizontal surface YZ and rebounds inelastically at Z.
Then it moves back to Y and comes to rest momentarily somewhere on XY.

/

Y y4
Which velocity-time graph represents the motion of the ball?
A
velocity
A 0 > time
A
velocity
B 0 > time
A
velocity
Cc 0 > time
/
A
velocity
D 0 > time
56 Which feature of a graph allows acceleration to be determined? 9702/13/M/J12/Q6

A the area under a displacement-time graph
B the area under a velocity-time graph

C the slope of a displacement-time graph
D

the slope of a velocity-time graph

Kinematics (graphs)
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57 The variation with time t of the distance s moved by a body is shown below. 9702/12/0/N/11/Q8

A
S

0 =
0 t

What can be deduced from the graph about the motion of the body?
A It accelerates continuously.

B It starts from rest.

C The distance is proportional to time.

D

The speed changes.

58 The velocity of an object during the first five seconds of its motion is shown on the graph.

9702/12/0/N/11/Q6
20 »
/’/
velocity/ms™* pa
/
.
1 5 rd
pd
/f
//
//
10 iy
/,
pd
//
//
5 £
/f
pd
/,
pd
//
0
0 1 2 3 4 5
time/s

What is the distance travelled by the object in this time?

A 4m B 20m C 50m D 100m

Kinematics (graphs)
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59 A tennis ball is released from rest at the top of a tall building. 9702/13/0/N/11/Q6

Which graph best represents the variation with time t of the acceleration a of the ball as it falls,
assuming that the effect of air resistance is not negligible?

A B

\_

0 > 0 >

0 t 0 t
C D
A A
a a

0 > 0 >

0 t 0 t
60 A golf ball is hit with the same force and direction on the Earth and on the Moon. 9702/12/0/N/12/Q10

Which diagram best represents the shapes of the paths taken by the golf ball?

A B
Moon
Moon
Earth Earth
/ s
C D
Moon
Moon
Earth Earth
/ s

Kinematics (graphs)
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61 A ball is released from rest on a smooth slope XY. 9702/13/0/N/11/Q7

It moves down the slope, along a smooth horizontal surface YZ and rebounds inelastically at Z.
Then it moves back to Y and comes to rest momentarily somewhere on XY.

Y z

Which velocity-time graph represents the motion of the ball?

A
velocity
A 0 > time
A
velocity
B 0 > time
A
velocity
C 0 7 > time
A
velocity
D 0 > time

Kinematics (graphs)
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62 A boy throws a ball vertically upwards. It rises to a maximum height, where it is momentarily at

rest, and then falls back to his hands.

9702/13/0/N/11/Q9

Which row gives the acceleration of the ball at various stages in its motion? (Take vertically
upwards as positive. Ignore air resistance.)

rising at T\:i)gmum falling
A | -981ms™ 0 +9.81ms™
B | —9.81ms™ -9.81ms™ -9.81ms™
C | +9.81ms™ +9.81ms™ +9.81ms™
D | +9.81ms™ 0 -9.81ms™

63 The graph shows how the velocity v of an object moving in a straight line varies over time t = 0 to
t=T. 9702/12/M1J/12/Q7

Which graph represents the displacement s of the object in the time t=0tot=T?

A B
A A
s s
0 —
0 T t
0 L
0 T ¢
(o D
A A
s s
0 > 0 L5
0 T t 0 T t

Kinematics (graphs)
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64 The graph of velocity against time for an object moving in a straight line is shown. 9702/12/0/N/12/Q9

velocity m
0 | | >
0 time

What is the corresponding graph of displacement against time?

displacement
A
0 ] ] .
0 t

=

ime

displacement ¢

o

time

displacement

o

time

displacement

O
o
opF———m>
/

time

Kinematics (graphs)
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65 The dotted line shows the path of a competitor in a ski-jumping competition. 9702/12/0/N/12/Q10

1
0
skier e N
1
1

Ignoring air resistance, which graph best represents the variation of his speed v with the
horizontal distance x covered from the start of his jump at P before landing at Q?

A B Cc D
A A A A
V V \/ ’ ’
% * % % % i
66 The velocity of a car changes as shown. 9702/12/0/N/12/Q11
120
velocity
/kmh
80
40
0
0 5 10 15 20
time/s

What is the acceleration of the car?

A 1.1ms™ B 40ms™> C 224ms™ D 800ms™

Kinematics (graphs)
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67 The velocity of an electric car changes as shown. 9702/11/0/N/12/Q8

150

velocity
/kmh™"

100

50

time/s

What is the acceleration of the car?

A 190ms™ B 53ms™ C 26ms™ D 7.3ms™

68 A ball is released from rest above a horizontal surface. It bounces once and is caught. 9702/1/0/N/12

9702/13/0/N/12/Q9
Which graph represents the variation with time t of the velocity v of the ball?
A B C D
v A v A v A v A
0 > 0 \/ > 0 \ > 0 =
0 t 0 t 0 ‘\I t 0 I/ t

Kinematics (graphs)
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69 A mass on the end of a spring bounces up and down as shown, after being released at time t = 0.

9702/13/0/N/12/Q10
A
distance up

A

Which graph shows how the velocity varies with time?

distance down

A
velocity up

time t

>

o
o

Y

velocity up ‘

0 \/ time ¢t

velocity up 1
Cc 0 —
0 \/ \/ time ¢
. A
velocity up
D 0 /\/\ >
0

time ¢t

Kinematics (graphs)
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70 A car is stationary at traffic lights. When the traffic lights go green, the driver presses down
sharply on the accelerator. The resultant horizontal force acting on the car varies with time as

shown. 9702/11/M/J/13/Q9

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 >
0 time 0 time

71 A sky diver falls vertically from a stationary balloon. She leaves the balloon at time t = 0. At time
t = T, she reaches terminal velocity. Beyond the time shown in the graphs, she opens her
parachute.

9702/12/MIJ/13/Q6
Which graph shows the variation with time ¢ of the force F due to air resistance?
A B Cc D
F | F F F
0 L 0 L, 0 . 0 .
0 T t 0 T t 0 T t 0 T t

Kinematics (graphs)
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72 A ball is released from rest above a horizontal surface and bounces several times. 9702/12/M/J/13/Q8

The graph shows how, for this ball, a quantity y varies with time.

Yy A

time
What is the quantity y?

A acceleration
B displacement
C kinetic energy
D

velocity

73 At time t=0, a body moves from rest with constant acceleration in a straight line. At time t, the
body is distance s from its rest position. 9702/13/M/J13/Q8

A graph is drawn of s against t2, as shown.

A
S

0 >
0 t?

Which statement describes the acceleration of the body?

A ltis equal to half the value of the gradient of the graph.
B Itis equal to the value of the gradient of the graph.

C Itis equal to twice the value of the gradient of the graph.
D

It is equal to the reciprocal of the gradient of the graph.

Kinematics (graphs)
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74 The graph shows how velocity v varies with time t for a bungee jumper. 9702/11/0/N/13/Q7
v A Q
P
R
0 =
L\

At which point is the bungee jumper momentarily at rest and at which point does she have zero
acceleration?

. jumper with zero
jumper at rest .
acceleration
A Q P
B Q R
Cc R Q
D R R
75 The graph shows how the velocity v of a firework rocket changes with time t. 9702/13/0/N/13/Q7

At which point on the graph does the rocket have the greatest acceleration?

A
v Cc

\

Kinematics (graphs)
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76 The graph shows how the acceleration of an object moving in a straight line varies with time.

A 9702/11/M/J/14/Q8

acceleration

time
The object starts from rest.

Which graph shows the variation with time of the velocity of the object over the same time

interval?
A B
A A
velocity velocity
0 > 0 >
0 time 0 time
C D
A
velocity velocity
OF >
g time
0 >
0 time

77 The diagram shows a velocity-time graph for a mass moving up and down on the end of a spring.

Which point represents the velocity of the mass when at the lowest point of its motion?

A 9702/13/0/N/14/Q7

up

A
velocity

Kinematics (graphs)
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78 The graph shows how the speed v of a sprinter changes with time t during a 100m race.

\ 9702/13/M1J/14/Q9

|
124
vims™
10—

0 2 4 6 8 10
t/'s

What is the best estimate of the maximum acceleration of the sprinter?

A 0.5ms™ B 1ms™ C 3ms? D 10ms™

79  Which graph represents the motion of a car that is travelling along a straight road with a speed

that increases uniformly with time? 9702/11/0/N/14/Q6
A B
A A
acceleration acceleration
0 > 0 >
0 time 0 time
C D
A A
displacement displacement
0 > 0 >
0 time 0 time

Kinematics (graphs)
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80 A ball is released from rest on a smooth slope XY. 9702/13/0/N/14/Q8

It moves down the slope, along a smooth horizontal surface YZ and rebounds inelastically at Z.
Then it moves back to Y and comes to rest momentarily somewhere on XY.

X

Y 4
Which velocity-time graph represents the motion of the ball?
A
velocity
A 0 >
0 time
A
velocity
B 0 >
0 time
A
velocity
C 0 >
0 / time
A
velocity
D 0 -
0 time

Kinematics (graphs)
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81 A wave pulse moves along a stretched rope in the direction shown. 9702/13/M/J/15/Q26
—_—
P
e @

Which diagram correctly shows the variation with time ¢ of the displacement s of the particle P in

the rope?
A A A B
S S
/ t \ t
A o A D
S S
/ t N

82 The velocity of an electric car changes as shown. 9702/13/M/J/15/Q8

150
velocity
/kmh~’

100

_ P 1
'/'
50 -
/l !
'/'
0
0 1 2 3 4
time/s

What is the acceleration of the car?

A 210ms™ B 58ms™ C 26ms™ D 7.3ms™>

Kinematics (graphs)
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83 A raindrop falls vertically from rest in air. The variation with time of the speed of the raindrop is

shown in the graph. 9702/13/M1J/15/Q7

speed

time
Which statement about the raindrop is correct?

A At point X, the raindrop has an acceleration of 9.81 ms™.

B At point Z, the force on the raindrop due to air resistance has reached its maximum value
and so the acceleration of the raindrop has also reached its maximum value.

C At point Z, the force due to air resistance is equal and opposite to the weight of the raindrop
and so the speed of the raindrop is zero.

D The resultant force on the raindrop at point Y is less than the resultant force on the raindrop
at point X.

84 A stone is thrown horizontally from the top of a cliff. Air resistance is negligible. g702/12/m10/15/qQ8

Which graph shows the variation with time of the vertical component of the stone’s velocity?

A B
A A
velocity velocity
0 = 0 >
0 time 0 time
C D
A A
velocity velocity
0 > 0 >
0 time 0 time

Kinematics (graphs)
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85 An astronaut throws a stone with a horizontal velocity near to the Moon’s surface.  9702/12/M/J/15/Q12

Which row describes the horizontal and vertical forces acting on the stone after release?

horizontal force vertical force
A constant constant
B constant decreasing
C Zero constant
D zero decreasing

86 A sphere is released and falls. Its initial acceleration reduces until it eventually begins to travel at
constant terminal velocity. Which displacement-time graph best represents the motion of the

sphere? 9702/11/MIA5/Q7
A B
A A
displacement displacement
0 > 0 >
0 time 0 time
Cc D
A A
displacement displacement
0 > 0 >
0 time 0 time

Kinematics (graphs)
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Kinematics (Graphs)
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1

1 A motorcycle stunt-rider moving horizontally takes off from a point 1.25m above the ground,
landing 10 m away as shown. 9702/01/M/J/04/Q9

125m| 774 T

-

666444446666?36999466666464646464446

< >

What was the speed at take-off?

A 5ms™ B 10ms™’ C 15ms™ D 20ms™’

2 A projectile is launched at point O and follows the path OPQRS, as shown. Air resistance may be
neglected. 9702/1/0/N/02/08

Q

O S

Which statement is true for the projectile when it is at the highest point Q of its path?

A The horizontal component of the projectile’s acceleration is zero.
The horizontal component of the projectile’s velocity is zero.

The kinetic energy of the projectile is zero.

O O W

The momentum of the projectile is zero.

3 In the absence of air resistance, a stone is thrown from P and follows a parabolic path in which
the highest point reached is T. The stone reaches point Q just before landing. 9702/01/0/N/04/Q7

-

.

The vertical component of acceleration of the stone is

A zeroatT.

B greatestatT.
C greatestat Q.
D

the same atQas at T.

Projectiles
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A projectile is fired at an angle « to the horizontal at a speed u, as shown.

What are the vertical and horizontal components of its velocity after a time t?
Assume that air resistance is negligible. The acceleration of free fall is g.

o o w >

vertical component | horizontal component
usina ucosa
usina— gt ucosa-—gt
usina— gt ucosa
ucosa usina— gt

9702/01/0/N/06/Q9

A projectile is launched at point O and follows the path OPQRS, as shown. Air resistance may be
neglected.

Q

O S

Which statement is true for the projectile when it is at the highest point Q of its path?

A

B
Cc
D

The horizontal component of the projectile’s acceleration is zero.
The horizontal component of the projectile’s velocity is zero.
The kinetic energy of the projectile is zero.

The momentum of the projectile is zero.

Projectiles

9702/01/M/J/05/Q9
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6

8

A stone is thrown upwards and follows a curved path.

Air resistance is negligible.

Why does the path have this shape?

A

B
Cc
D

The stone has a constant horizontal velocity and constant vertical acceleration.

The stone has a constant horizontal acceleration and constant vertical velocity.

3
9702/01/0/N/08/Q7

The stone has a constant upward acceleration followed by a constant downward acceleration.

The stone has a constant upward velocity followed by a constant downward velocity.

The diagram shows the path of a golf ball.

9702/01/M/J/09/Q8

Which row describes changes in the horizontal and vertical components of the golf ball’s velocity,
when air resistance forces are ignored?

horizontal

vertical

O o0 W »

constant deceleration
constant deceleration
constant velocity

constant velocity

constant acceleration downwards
acceleration decreases upwards then increases downwards
constant acceleration downwards

acceleration decreases upwards then increases downwards

A cannon fires a cannonball with an initial speed v at an angle « to the horizontal.

Which equation is correct for the maximum height H reached?

A H-=Vsina

29

Projectiles

B HJdsina ¢ Holvsina? p 4 _9%sina
2v 29 2v

9702/11/M/J/13/Q3
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4

9 A ball is thrown horizontally in still air from the top of a very tall building. The ball is affected by air
resistance. 9702/11/0/N/10/Q7
What happens to the horizontal and to the vertical components of the ball’s velocity?

horizontal component vertical component
of velocity of velocity
A decreases to zero increases at a constant rate
B decreases to zero increases to a constant value
C remains constant increases at a constant rate
D remains constant increases to a constant value
10 A stone is projected horizontally in a vacuum and moves along the path shown. 9702/01/0/N/05/Q11
path of stone
X is a point on this path. XV and XH are vertical and horizontal lines respectively through X. XT is
the tangent to the path at X.
Along which directions do forces act on the stone at X?
A XV only B XH only C XVandXH D XT only
11 A projectile is launched at 45° to the horizontal with initial kinetic energy E. 9702/11/0/N/14/Q16

Assuming air resistance to be negligible, what will be the kinetic energy of the projectile when it

reaches its highest point?

A 050E B 0.71E

C 087E D E

Projectiles
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5

12 In the absence of air resistance, a stone is thrown from P and follows a parabolic path in which
the highest point reached is T. The stone reaches point Q just before landing. 9702/11/M/J/12/Q9

T

)

The vertical component of acceleration of the stone is

A zeroatT.

B larger at T than at Q.
C largeratQthanatT.
D

the same atQas at T.
13 A projectile is launched at point O and follows the path OPQRS, as shown. Air resistance may be

neglected. 9702/12/M/1J/12/Q10

Q

O S

Which statement is true for the projectile when it is at the highest point Q of its path?

A The horizontal component of the projectile’s acceleration is zero.
B The horizontal component of the projectile’s velocity is zero.

C The kinetic energy of the projectile is zero.
D

The momentum of the projectile is zero.

14 In the absence of air resistance, a stone is thrown from P and follows a parabolic path in which
the highest point reached is T. The stone reaches point Q just before landing. 9702/13/M/J/12/Q8

T

P

The vertical component of acceleration of the stone is

A zeroatT.
B larger at T than at Q.
C largeratQthanatT.

D thesameatQasatT.

Projectiles
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6
15 The dotted line shows the path of a competitor in a ski-jumping competition. 9702/12/0/N/12/Q10

1
g
skier N
I
I

Ignoring air resistance, which graph best represents the variation of his speed v with the
horizontal distance x covered from the start of his jump at P before landing at Q?

A B Cc D
A A A 4
V V \/ ’ ’
% % % % X
16 A golf ball is hit with the same force and direction on the Earth and on the Moon. 9702/11/0/N/12/Q10

Which diagram best represents the shapes of the paths taken by the golf ball?

A B
Moon

Moon

Earth Earth

Moon

Moon

Earth Earth

Projectiles
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7

17 A tennis ball is thrown horizontally in air from the top of a tall building. 9702/11/M/J/14/Q6

If the effect of air resistance is not negligible, what happens to the horizontal and vertical
components of the ball’s velocity?

horizontal component vertical component
of velocity of velocity
A constant constant
B constant increases at a constant rate
C decreases to zero increases at a constant rate
D decreases to zero increases to a maximum value

18 A double-ended launching device fires two identical steel balls X and Y at exactly the same time.
The diagram shows the initial velocities of the balls. They are both launched horizontally, but Y
has greater speed. 970213IMIJI13/Q7

launching device

-—O | O——

JAN JAN
[ |

Which statement explains what an observer would see?

A Both X and Y reach the ground simultaneously, because air resistance will cause both to
have the same final speed.

B Both X and Y reach the ground simultaneously, because gravitational acceleration is the
same for both.

X reaches the ground before Y, because X lands nearer to the launcher.

D Y reaches the ground before X, because Y has greater initial speed.

19 An object in air is thrown upwards and towards the left. 9702/11/0/N/13/Q12
Which diagram shows the force(s) acting on the body when it is at its highest point?

A B o D

Projectiles
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20 An astronaut throws a stone with a horizontal velocity near to the Moon’s surface. 9702/12/M/J/15/Q12

Which row describes the horizontal and vertical forces acting on the stone after release?

horizontal force vertical force
A constant constant
B constant decreasing
C zero constant
D zero decreasing
21 A stone is thrown horizontally from the top of a cliff. Air resistance is negligible. 9702/12/M/J/15/Q8

Which graph shows the variation with time of the vertical component of the stone’s velocity?

A
/
velocity
0 >
0 time
C
/
velocity
0 =
0 time

B
A
velocity
0 >
0 time
D
A
velocity
0 &=
0 time

Projectiles
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Projectiles

11
12
13

14
15
16
17
18
19
20
21

Answer

Q. No.

10
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Q1.

2 (a O

Define displacement.

(ii) Use your definition to explain how it is possible for a car to travel a certain distance
and yet have zero displacement.

[3]
(b) A car starts from rest and travels upwards along a straight road inclined at an angle of
5.0° to the horizontal, as illustrated in Fig.2.1.

M
e

car,
mass 800kg

1
]
v

The length of the road is 450m and the car has mass 800kg. The speed of the car
increases at a constant rate and is 28m s~ at the top of the slope.
(i) Determine, for this car travelling up the slope,

1. its acceleration,

acceleration = ............ rerceiernnn. MS2 [2]

STEMUP.CO.UK
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2. the time taken to travel the length of the slope,

time taken = ..............

Q2.

3

A student has heen asked to determine the linear acceleration of a toy car as it moves down
a slope. He sets up the apparatus as shown in Fig.3.1.

Fig. 3.1

The time tto move from rest through a distance d is found for different values of d. A graph of
d (y-axis) is plotted against t* (x-axis) as shown in Fig.3.2.
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(@) Theory suggests that the graph is a straight line through the origin.
Name the feature on Fig. 3.2 that indlicates the presence of

(i) random error,

(b) (i) Determine the gradient of the line of the graph in Fig.3.2.

gradient = [2]

(if) Use your answer to (i) to calculate the acceleration of the toy down the slope.
Explain your working.

acceleration = ........cccceveeeeeeieeveeeeee. Ms2 [3]

Q3.
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4 (a) A stone of mass 56 g is thrown horizontally from the top of a cliff with a speed of
18m s, as illustrated in Fig. 4.1.

18m 3‘_1

7 16m

sea level

Fig. 4.1

The initial height of the stone above the level of the sea is 16 m. Air resistance may be
neglected.

(c) State the horizontal velocity of the stone as it hits the water.

horizontal velocity = ...........ccoooi i ms~! [1]

{d) (i) On the grid of Fig.4.2, draw a vector diagram to represent the horizontal velocity
and the resultant velocity of the stone as it hits the water. [1]
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Fig. 4.2

(if) Use your vector diagram to determine the angle with the horizontal at which the
stone hits the water.

Q4.

STEMUP.CO.UK
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An experiment is conducted on the surface ofthe planet Mars.

Fo
A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the Exam;;:|
planet. The variation with time t of the vertical velocity vin the upward direction is shown in

Use
Fig. 2.1.
10—
vims’ \\\\

51—

ol
0-

-5

-10

The sphere lands on a small hill at time t =4.0s.

(a) State the time t at which the sphere reaches its maximum height above the planet's
surface.

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.

Q5.
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2

(a) Complete Fig. 2.1 to show whether each of the quantities listed is a vector or a scalar.

(b) A ball falls vertically in air from rest. The variation with time ¢ of the distance d moved by

vector / scalar

distance moved
speed

acceleration

the ball is shown in Fig. 2.2.

5

d/m

04 0.6

STEMUP.CO.UK

0.8

tls

1.0

1.2

(3]
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(i} By reference to Fig.2.2, explain how it can be deduced that 5
Ecamin
1. the ball is initially at rest, Lise

2. air resistance is not negligible.

(ii) Use Fig. 2.2 to determine the speed of the ball at a time of 0.40s after it has been
released.

(iif) OnFig.2.2, sketch a graph to show the variation with time f of the distance d moved
by the ball for negligible air resistance.You are not expectedto carry out any further
calculations. [3]

Q6.
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2

(a) The distance s moved by an object in time t may be given by the expression 9
Ex am
sl gD Lk

5 jat

where a is the acceleration of the object.

State two conditions for this expression to apply to the motion of the object.

(b} A Student takes a photograpn of a steel ball of radius 9.0cm as N 1alls rom rest. 1ne
image of the ball is blurred, as illustrated in Fig. 2.1.
The image is blurred because the ball is moving while the photograph is being taken.

initial position o E\/w
of ball in photograph pr= P 80
rd S\ | cm
/ A
\ L
I L
!
\ /
\ /[
< < .
b 4 —
b — o  S—
final position 90
of ball in photograph l_ Cm
100
| cm
\/\/W

The scale shows the distance fallen from rest by the ball. At time =0, the top of the ball
is level with the zero mark on the scale. Air resistance is negligible.

10
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Calculate, to an appropriate number of significant figures, o

Ecamim
(i} the time the ball falls before the photograph is taken, Le
times= sesmmasmeasaaranss s [3]
(if} the time interval during which the photograph is taken.
time interval = ..., s [3]

(¢} The student in (b) takes a second photograph starting at the same position on the scale.
The ball has the same radius but is less dense, so that air resistance is not negligible.

State and explain the changes that will occur in the photograph.

Q7.

11
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3 A cyclist is moving up a slope that has a constant gradient. The cyclist takes 8.0s to climb
the slope.
The variation with time t of the speed v of the cyclist is shown in Fig. 3.1.

8

vims™

tf/s
Fig. 3.1

(a) Use Fig. 3.1to determine the total distance moved up the slope.

distance = ... m [3]

Q8.

12

STEMUP.CO.UK
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1 (a) Distinguish between scalar quantities and vector quantities.

(b) In the following list, underline all the scalar quantities.
acceleration force kinetic energy mass power weight [1]

(¢) A stone is thrown with a horizontal velocity of 20m s~ from the top of a cliff 15m high.
The path of the stone is shown in Fig. 1.1.

———20ms - —— — — -
cliff 15m
grour:cl
Fig.1.1

Air resistance is negligible.

For this stone,

(i) calculate the time to fall 15m,

time = s [2]

(if) calculate the magnitude of the resultant velocity after falling 15m,

resultant velocity = ... ms~'[3]

13
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(iii) describe the difference between the displacement of the stone and the distance
that it travels. |

............................................................................................................................. [2]
Q9.
2 (a) A sphere ofradius R is moving through a fluid with constant speed v. There is a frictional
force F acting on the sphere, which is given by the expression Ex:
F=6xDRv

where D depends on the fluid.

(i) Showthat the SI base units of the quantity D are kgm~'s".

[3]

14
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(ii) A raindrop of radius 1.5mm falls vertically in air at a velocity of 3.7m s~'. The value
of D for air is 6.6 x 10~*kgm™' s~'. The density of water is 1000kgm™=.

Calculate

1. the magnitude of the frictional force F,

2. the acceleration of the raindrop.

Fig. 2.1

15
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(I) State the variation with time of the acceleration of the raindrop.

............................................................................................................................. [3]
(if) A second raindrop has a radius that is smaller than that given in (a). On Fig. 2.1,
sketch the variation of speed with time for this second raindrop. [2]

Q10.

2 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms~". The
ball falls for a time of 1.51s before hitting the ground. Air resistance is negligible. Eia

(a) (i) Showthat the downwards velocity of the ball when it hits the ground is 19.0ms™'.

(2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

8| = [ Lo e e m [2]

Q11.

16
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2

{a) A ball is thrown vertically down towards the

Fig. 2.1.

ball passing point A

i A
84ms™

5.0m

Fig. 2.1

ground and rebounds as illustrated in

ball at maximum
height after rebound

O N

i

f

As the ball passes A, it has a speed of 8.4ms~'. The height of A is 5.0m above the
ground. The ball hits the ground and rebounds to B. Assume that air resistance is

negligible.

(i} Calculate the speed of the ball as it hits the ground.

(if) Showthat the time taken for the ball to reach the ground is 0.47 s.

17

(1]

Ex


https://stemup.co.uk

(b) The ball rebounds vertically with a speed of 4.2ms™! as it leaves the ground. The time

the ballis in contact with the ground is 20ms. The ball rebounds to a maximum height h. |&:

The ball passes A at time t = 0. On Fig. 2.2, plot a graph to show the variation with time
t of the velocity v of the ball. Continue the graph until the ball has rebounded from the

ground and reaches B.

v/ims

Q12.

18

STEMUP.CO.UK
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2

(a) A student walks from A to B along the path shown in Fig. 2.1. o
Examiners
Lse
A
B
Fig. 2.1

The student takes time fto walk from A to B.

(i) State the quantity, apart from f, that must be measured in order to determine the
average value of

1. speed,

2. velocity.

19
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{b) A girl falls vertically onto a trampoline, as shown in Fig.2.2. f

& u

gl
|

springy material

—

Fig. 2.2

The trampoline consists of a central section supported by springy material. At time
t = 0 the girl starts to fall. The girl hits the trampoline and rebounds vertically. The
variation with time t of velocity v of the girl is illustrated in Fig. 2.3.

10.9 NN SN
80 A
o [ /\
imsdt A 55:\52.:
sof AT I
A
Pttt \

L0 S E 20

_2.0_5_.:_._._;_._:_.\ '_'/:::: tls

i R

[

60 N N R NN RN AR
R time
_g. o A

Fig. 2.3
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Forthe motion of the girl, calculate

(i} the distance fallen between time f = 0 and when she hits the trampoline,

(ii)

{c) (i)

(i)

Q13.

distance = ... m [2]

the average acceleration during the rebound.

acceleration’ S e swarnasseag ms— [2]

Use Fig. 2.3 to compare, without calculation, the accelerations of the girl before
and after the rebound. Explain your answer.

Use Fig. 2.3 to compare, without calculation, the potential energy of the girl at
t=0 and t = 1.85s. Explain your answer.

3 A ball falls from rest onto a flat horizontal surface. Fig. 3.1 shows the variation with time t of
the velocity v of the ball as it approaches and rebounds from the surface.
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v/ms™!

OO
Y

1
]
| \
|
0
1 1A 0.2 0.3 0.4 0 ).6
I 1/
1 Y
2
\

sl - rd

A

[
-4
I]

Fig. 3.1

Use data from Fig. 3.1 to determine

(a) the distance travelled by the ball during the first 0.40 s,

distance = ...

22
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(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the
surface,

(c) the average force acting on the ball during contact with the surface.

Q14.

1 (a) One of the equations of motion may be written as
vZ = u? + 2as.

(i) Name the quantity represented by the symbol a.

(i) The quantity represented by the symbol a may be either positive or negative. State

the significance of a negative value.

(b) A student investigates the motion of a small polystyrene sphere as it falls from rest
alongside a vertical scale marked in centimetres. To do this, a number of flash

photographs of the sphere are taken at 0.1 s intervals, as shown in Fig. 1.1.
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starting point ——— R —

-20
-30
40
-50
60
-70

hot
o sphare ~—————_

-80
40
100
| scale
110
120
130
140

—150

The first photograph is taken at time t = 0.
By reference to Fig. 1.1,

(i) briefly explain how it can be deduced that the sphere reaches a constant speed,

24
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(ii) determine the distance that the sphere has fallen from rest during a time of

1. 0.7s,

distance= ..o cm

distance = ... cm

(c) The student repeats the experiment with a lead sphere that falls with constant
acceleration and does not reach a constant speed.

Determine the number of flash photographs that will be observed against the 160 cm
scale.

Include in your answer the photograph obtained at time f = 0.

NUMBEE S s snsaamansisanesnnaze [3]

Q15.
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3

A girl stands at the top of a cliff and throws a ball vertically upwards with a speed of 12m s, For

as illustrated in Fig. 3.1. Emﬂginafls
e

=
i h
; Y

Fig. 3.1
At the time that the girl throws the ball, her hand is a height / above the horizontal ground at

the base of the cliff.
The variation with time f of the speed v of the ball is shown in Fig. 3.2.

20

vims™

‘IO\:\j':

FEENG A e s

—40
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Speeds in the upward direction are shown as being positive. Speeds in the downward
direction are negative.

(a) State the feature of Fig. 3.2 that shows that the acceleration is constant.

.................................................................................................................................... [1]
(b) Use Fig. 3.2 to determine the time at which the ball
(I} reaches maximum height,
HITE = s esnssonem s s
(i1} hits the ground at the base of the cliff.
time Sismsrsrnammsnnns s
(2]
(c) Determine the maximum height above the base of the cliff to which the ball rises.
height = ... m [3]

(d) The ball has mass 250 g. Calculate the magnitude of the change in momentum of the
ball between the time that it leaves the girl's hand to time t=4.0s.

27
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(e} (1) Statethe principle of conservation of momentum.

............................................................................................................................. [2]
(if} Comment on your answer to (d) by reference to this principle.
............................................................................................................................. [3]
Q16.
3 A stone on a string is made to travel along a horizontal circular path, as shown in Fig. 3.1. 2
o
Examir
Lise
path of
stone —_ - stone
‘\\\\ e
hY
Fig. 3.1
The stone has a constant speed.
(a) Define acceleration.
..................................................................................................................................... [1]

28


https://stemup.co.uk

(b} Use your definition to explain whether the stone is accelerating.

..................................................................................................................................... [2]
Q17.
4 A trolley of mass 930 g is held on a horizontal surface by means of two springs, as shown in
Fig.4.1. |Examiners

Use

trolley spring

7

- 8 - . \. [ T N

Fig. 4.1

The variation with time f of the speed v of the trolley for the first 0.60 s of its motion is shown
in Fig. 4.2.

8.0 — HHH '
1 R a
1 I Sy :
viem s~ y dmi '
P AT
6.0 - ,/ : -
I '%r}.(...'_' 1
F.i
4.0
T =T, N\
/ \
: /.' : : :\;‘ ]
20 7 HH N |
i | N
£ .
_______ ! ! ™\
0 :
0 01 0.2 0.3 04 05 0.6
t/s
Fig. 4.2
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(a) Use Fig. 4.2 to determine

(i) the initial acceleration of the trolley,

acceleration = ..............coevvevvnnnn, m s~ [2]

(if) the distance moved during the first 0.60 s of its motion.

distance = ... m [3]
Q18.

2 A student investigates the speed of atrolley as it rolls down a slope, as illustrated in Fig. 2.1.

speed sensor

trolley g

Fig. 2.1

The speed v of the trolley is measured using a speed sensor for different values of the time
that the trolley has moved from rest down the slope.

Fig. 2.2 shows the variation with f of v.
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gl EETE R Y Y Y Y ES TR TS OO0 o

vims RN EENEN NS ENSSENESSENEENREEE, ﬁﬁﬁﬁ/ K8
........ e
225452 RS e e e e

06 0.8 1.0 1.2
t/s

Fig. 2.2

(a) Use Fig. 2.2 to determine the acceleration of the trolley at the point on the graph where s
t=0.80s. Eramine’s
Lise

acceleration = ............coeviiinnnnnnns m s [4]

(b) (i) State whether the acceleration is increasing or decreasing for values of t greater
than 0.6 s. Justify your answer by reference to Fig.2.2.
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(if) Suggest an explanation for this change in acceleration.

.............................................................................................................................. [1
(c) Name the feature of Fig. 2.2 that indicates the presence of
(i) random error,
.............................................................................................................................. [1]
(if) systematic error.
.............................................................................................................................. [1]

Q19.

2 A girl Gis riding a bicycle at a constant velocity of 3.5ms~'. At time £ =0, she passes aboy B
sitting on a bicycle that is stationary, as illustrated in Fig. 2.1.

B

L]

é 3.5m 9:1—
t=0

Fig. 2.1
At time f =0, the boy sets off to catch up with the girl. He accelerates uniformly from time t=0
until he reaches a speed of 5.6m s~ in a time of 5.0s. He then continues at a constant speed
of 5.6ms'. Attime t=T, the boy catches up with the girl.
T is measured in seconds.
(a) State, interms of T,the distance moved by the girl before the boy catches up with her.

distance = ... m [1]
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(b) Forthe boy, determine

(i) the distance moved during his acceleration,

distance = ...l m [2]

(if} the distance moved during the time that he is moving at constant speed.
Give your answer in terms of T.

o[ - o [of - Vo —————— m [1]

(¢} Use your answers in (a) and {b) to determine the time T taken for the boy to catch up
with the girl.

33
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(d) The boy and the bicycle have a combined mass of 67 kg.

(i) Calculate the force required to cause the acceleration of the boy.

(i) At a speed of 4.5ms™, the total resistive force acting on the boy and bicycle is
23N.
Determine the output power of the boy’s legs at this speed.

Q20.
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2 A car is travelling along a straight road at speed v. A hazard suddenly appears in front of =~
the car. In the time interval between the hazard appearing and the brakes on the car coming |Exaniners
into operation, the car moves forward a distance of 29.3 m. With the brakes applied, the front Use
wheels of the car leave skid marks on the road that are 12.8m long, as illustrated in Fig.2.1.

position of car

when hazard appears skid !mark
|

| /

)
29.3m . 12.8m

Fig. 2.1

It is estimated that, during the skid, the magnitude of the deceleration of the car is 0.85g,
where g is the acceleration of free fall.

(a) Determine

(i} the speed v ofthe car before the brakes are applied,

(if} the time interval between the hazard appearing and the brakes being applied.
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(b) The legal speed limit on the road is 60 km per hour.
Use both of your answers in (a) to comment on the standard of the driving of the car. 5

..................................................................................................................................... [3]
Q21.
2 A sky-diver jumps from a high-altitude balloon. For
Examin
(a) Explain briefly why the acceleration of the sky-diver tse
(I} decreases with time,
............................................................................................................................ [2]
(ii) is 9.8ms2 at the start of the jump.
............................................................................................................................ [1]
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(b) The variation with time t of the vertical speed v of the sky-diver is shown in Fig. 2.1.

LI R e S S N A A N
HHHH S ESSRSERS :

30 masEmas

20 4+ i

10

ol e e e
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

t/s
Fig. 2.1

Use Fig. 2.1 to determine the magnitude of the acceleration of the sky-diver at time ;
t=6.0s. Ecan

acceleration = ..o m s~ [3]
() The sky-diver and his equipment have a total mass of 90kg.
(i) Calculate, for the sky-diver and his equipment,

1. the total weight,
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2. the accelerating force at time = 6.0s.

(if} Use your answers in (i) to determine the total resistive force acting on the sky-diver
at time t=6.0s.

Q22.
3 A small ball is thrown horizontally with a speed of 4.0 m s~ .1t falls through a vertical height of
1.96m bhefore bouncing off a horizontal plate, as illustrated in Fig. 3.1. E
4.0ms-
—e
A
1.96m i
plate 0.98m
AN
Y Y

Fig. 3.1

Air resistance is negligible.
(a) Forthe ball, as it hits the horizontal plate,
(i) state the magnitude of the horizontal component of its velocity,

horizontal velocity = ... ms [1]
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(if} showthat the vertical component of the velocity is 6.2m 57,

(1]

(b) The components of the velocity in (a) are both vectors. For
Examings
Complete Fig. 3.2 to draw a vector diagram, to scale, to determine the velocity of the Use
ball as it hits the horizontal plate.

Fin 3.2
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VRIOCHY = oo ms™'

[3]
(c) After bouncing on the plate, the ball rises to a vertical height of 0.98m.

(i) Calculate the vertical component of the velocity of the ball as it leaves the plate.

vertical velocity = ... ms~ [2]

(if} The ball of mass 34 g is in contact with the plate for a time of 0.12 5. For
Examiner
Use your answer in (c){i) and the data in (a)(ii) to calculate, for the ball as it bounces be
on the plate,

1. the change in momentum,
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2. the magnitude of the average force exerted by the plate on the ball due to this
momentum change.

force = e N [2]
Q23.
2 A ballis thrown horizontally from the top of a building, as shown in Fig. 2.1. For
Examiner’s
Lise
82ms™
——
: //
///
/// / .'\.\\_
(607 P
/ - x -
// .
//

Fig. 2.1
The ball is thrown with a horizontal speed of 8.2ms™'. The side of the building is vertical. At

point P on the path of the ball, the ball is distance x from the building and is moving at an
angle of 60° to the horizontal. Air resistance is negligible.
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(a) Forthe ball at point P,

(i) showthat the vertical component of its velocity is 14.2ms™!,

(2]

(if) determine the vertical distance through which the ball has fallen,

distance = ... m [2]
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(ili) determine the horizontal distance x.

X T s m [2]
(b) The path of the ball in (a), with an initial horizontal speed of 8.2ms™", is shown again in
Fig. 2.2.
g.2ms™
—

Fig. 2.2

On Fig. 2.2, sketch the new path of the ball for the ball having an initial horizontal

speed
(i) greaterthan 8.2ms™! and with negligible air resistance (label this path G), [2]
(i) equalto 8.2ms™" but with air resistance (label this path A). [2]

Q24.
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2 A ball is thrown from a point P, which is at ground level, as illustrated in Fig.2.1.

-,

Fig. 2.1

The initial velocity of the ball is 12.4m s~ at an angle of 36° to the horizontal.
The ball just passes over a wall of height /. The ball reaches the wall 0.17 s after it has been
thrown.

(a) Assuming air resistance to be negligible, calculate

(i) the horizontal distance of point P from the wall,

distance = ... m [2]
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(ii) the height / of the wall.

A= m [3]
(b) A second ball is thrown from point P with the same velocity as the ball in (a). For this

ball, air resistance is not negligible.

This ball hits the wall and rebounds.
On Fig. 2.1, sketch the path of this ball between point P and the point where it first hits
the ground. [2]

Q25.
4 A student takes measurements to determine a value for the acceleration of free fall. Some of
the apparatus used is illustrated in Fig. 4.1. &

electromagnet

iron—
ball

bench

Fig. 4.1

The student measures the vertical distance d between the base of the electromagnet and
the bench. The time t for an iron ball to fall from the electromagnet to the bench is also
measured.

Corresponding values of t2 and d are shown in Fig.4.2.
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60

50
diem
40
30
20
10
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
t2/s?
(a) On Fig. 4.2, draw the line of best fit for the points. [1]
(b) State and explain why there is a non-zero intercept on the graph of Fig. 4.2.
.................................................................................................................................... [2]
(c) Determine the student’s value for
(i) the diameter of the ball,
diaimeler = svevsasersssnrnsinass cm [1]
46

STEMUP.CO.UK



https://stemup.co.uk

(if) the acceleration of free fall.

acceleration = ... ms~ [3]

Q26.

3 A ball is thrown against a vertical wall. The path of the ball is shown in Fig. 3.1. ;

T wall

9.95m

Fig. 3.1 (not to scale)

The ball is thrown from S with an initial velocity of 15.0ms~"! at 60.0° to the horizontal.
Assume that air resistance is negligible.
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(a) Forthe ball at S, calculate

(i) its horizontal component of velocity,

horizontal component of velocity = ... ms~ [1]

(if) its vertical component of velocity.

vertical component of velocity = ... ms~' [1]

(b} The horizontal distance from S to the wall is 9.95m. The ball hits the wall at P with a
velocity that is at right angles to the wall. The ball rebounds to a point F that is 6.15m

from the wall.
Using your answers in (a),

(I} calculate the vertical height gained by the ball when it travels from S to P,

height = .. m [1]
(if} showthat the time taken for the ball to fravel from Sto P is 1.33s, :
Eran
L
(1]

(ifi) showthat the velocity of the ball immediately after rebounding from the wall is about
46ms",

(1]
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(c) The mass of the ball is 60 x 10~7kg.

(i) Calculate the change in momentum of the ball as it rebounds from the wall.

change in momentum = ... Ns [2]

(if) State and explain whether the collision is elastic or inelastic.

............................................................................................................................. [1]
Q27.
1  The variation with time f of the displacement s for a car is shown in Fig. 1.1.

600 TN
5004 /

s/m EENEEEEE . N
400
3004
200+
1001

0 E
0 20 40 60 80 100 t/s
Fig.1.1
(a) Determine the magnitude of the average velocity between the times 5.0 s and 35.0s.
average veloclty = .........cccciininieiiieee e ms™ [2]
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{b) OnFig. 1.2, sketch the variation with time t of the velocity v for the car.

vims! |-

[4]

Q28.

2 The variation with time t of velocity v of a car is shown in Fig. 2.1. For

Ex aminer
s

stage 2 1

i
20041 i NN NN RSN RSN AN RN

15.0
vims
10.0

5.0

Fig. 2.1
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At time t = 0, the driver sees an obstacle in the road. A short time later, the driver applies the
brakes. The car travels in two stages, as shown in Fig. 2.1.

(a) Use Fig. 2.11to describe the velocity of the carin

1. stage 1,
...................................................................................................................................... [1]
2. stage 2
...................................................................................................................................... [1]
(b) (i} Calculate the distance travelled by the carfromt =0tof =3.5s.
total distance = ... m [2]

(1i) The car has a total mass of 1250kg. Determine the total resistive force acting on For

the car in stage 2. Examiner's
Use
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(c) For safety reasons drivers are asked to travel at lower speeds. For each stage, describe
and explain the effect on the distance travelled for the same car and driver travelling at
half the initial speed shown in Fig. 2.1.
(i) stage 1:

(ii) stage 2:

Q29.

t
1 (a) The dragforce D on an object of cross-sectional area A, moving with a speed v through
a fluid of density p, is given by

p=1cpav?
2
where C is a constant.

Show that C has no unit.

(2]
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(b} A raindrop falls vertically from rest. Assume that air resistance is negligible.

(i) OnFig. 1.1, sketch a graph to show the variation with time £ of the velocity v of the
raindrop for the first 1.0 s of the motion.

10.0 01
80T
6.0
vims™ B

40T T

2.0 H mm.

0P e

0 1.0 2.0 30 4.0 5.0
t/s
Fig. 1.1
(1]
(if) Calculate the velocity of the raindrop after falling 1000 m.
VEIOCHY = oot ms~ [2]
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(¢} In practice, air resistance on raindrops is not negligible because there is a drag force.
This drag force is given by the expression in (a). g

() State an equation relating the forces acting on the raindrop when it is falling at
terminal velocity.

(1]

(i) The raindrop has mass 1.4 x 10°kg and cross-sectional area 7.1 x 105mZ. The
density of the air is 1.2kgm=2 and the initial velocity of the raindrop is zero. The
value of Cis 0.60.

1. Show that the terminal velocity of the raindrop is about 7ms™".

(2]

2. The raindrop reaches terminal velocity after falling approximately 10m. On
Fig. 1.1, sketch the variation with time t of velocity v for the raindrop. The sketch
should include the first 5s of the motion.

[2]

Q30.
3 (a) Define power.
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(b} A cyclisttravels along a horizontal road. The variation with time § of speed v is shown in

Fig 3.1.

12.0

10.0

vims™

The cyclist maintains a constant power and after some time reaches a constant speed

of 12ms'.

() Describe and explain the motion of the cyclist.

55
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(i) When the cyclist is moving at a constant speed of 12ms™! the resistive force is
48N. Show that the power of the cyclist is about 600V, Explain your working. Ex

(2]

(iii) Use Fig. 3.1 to show that the acceleration ofthe cyclist when his speed is 8.0ms™
is about 0.5ms—2.

(2]

(iv) The total mass of the cyclist and bicycle is 80kg. Calculate the resistive force R
acting on the cyclist when his speed is 8.0ms™!. Use the value for the acceleration
given in (ifi).

=TT I i<

(v) Use the information given in (if) and your answer to (iv) to show that, in this
situation, the resistive force R is proportional to the speed v of the cyclist.

[1]

Q31.
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3 (a) Define For
Examiner

(iy veloctty, Use

(b) & car of mass ThlUkg travels along a straight horzontal road.
The wvariation with time { of the displacement x of the car is shown in Fig. 3.1.

140

e

5.0 .0
iis
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(i} Use Fig. 3.1 to describe qualitatively the velocity of the car during the first six For
seconds of the motion shown. Exanin
Give reasons for your answers. Use

average velocity = ..., ms~ [1]

{iii) Showthat the average acceleration between t=1.5s and f=4.0sis -7.2ms.

(2]

{iv) Calculate the average force acting on the car betweent=1.5s and t=4.0s.
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QL.

2 (&) (i) distance from a (fixed) poOINt ... e e M1
ina:specified direction: s rsneernsrsmany A1l
(Allow 1 mark for ‘distance in a given direction’)
({1}] (displacement from start is zero if) car at its starting position..... B1
by (N vV = +2as
282 = 2 x a x 450 (use of component of 450 scores no marks)..... C1
B B I e e e S S S e RS A1
{-1 for 1 siq. fig. but once only in the question)
(i)2 v = u + at or any appropriate equation
28 = 0.87t or appropriate substitution...........ccooeeiiiiiiennn . C1
Q2.
3 (@ (i scatter of points (about the line) T
{i)  intercept (on £ axis)
{note that answers must relate to the graph)
{b} {i} qradient= Ay/Ax=(100-0)/(10.0-0.86)
gradient = 10.6 (cms?)  (aflow 20.2)
(Read points to within i% square. Allow 1 mark for 11 cm s
ie. 2 siqfig, -1. Answer of 10 scores 0/2 marks)
(i) s=ut+ 1af
2
s0 acceleration = 2 x gradient
acceleration =0.212 m g2
Total
Q3.
{c) horizontal velocity =18 m s™ B1
{d} (i} correct shape of diagram
(two sides of right-angled triangle with correct arientation) B1
{ii) angle =41 — 48° (allow trig. solution based on diagram) A2
{for angle 38°— 41°0r 48°—> 51°, allow T mark)
Q4.

B1
B1

CA
A1

B1

B1
B1

131

121

121

L=

21

[2]

[31
[71

M

[31
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2

(b)

Q5.

(). 248 sonnssmnnsrmnnmnnnR GRS A1

in {b} and {c), allow answers as (+) or (-}

recognises distance travelled as area under graph line ... C1

height = (%24 x9.0) = (WX 16 X6.0) .o C1
= B.0mM (BOW B M) o e Al

{answer 15.6 scores 2 marks

answer 10.8 or 4.8 scores 1 mark)

ut — YVeat®

(9x4) — %x(9/2.4) x4
6.0m

{answer 66 scores 2 marks

answer 36 or 30 scores 1 mark)

altemative solution: s

b - ) =T - N B1

(b}

Q6.

2 (a)

(b)

(c)

{iY 1 gradient (of graph) is the speedivelocity (can be scored here orin 2).......... B1
inifial qradient s ZeN0. ..ot i i s R R B1

2 gradient (of linefgraph) becomes constant ..., B1

(i) speed = (2.8 £ 0.1 M 8 oot e A2

(if answer > 0.1 but <2#0.2, then award 1 mark)

{lii} curved line never below given line and starts from zere  ............ocovinn. e B1
continuous curve with increasing aradient ... B1
line never vertical or straight ... B1

e.q. initial speed is zero

constant acceleration

straight line motion

(8NY WO, ONE MATK BACHY ... e e e e B2

(i) s=%at?
0.79 = 1% 9.8 X 12 L it C1
t=040sallow 1 SForgreater ..........ooveiiiiiiii e A1
o ] i [ L= A1

(i} distance travelled by end of time interval =90 cm ........................... C1
0.90=1%x 9.8 x {2
t=043sallow2SForareater ..........ooooiiiiiiiiii e C1
timeinterval =0.03 8 ... e A1

(air resistance) means ball's speed/accelerationisless ..........ccooeeeneeenennn. M1
length of IMage is ShoMter ..o e Al

M

131

121

[31

31

21

131

121

il
121

[31
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Q7.

Q8.

Qo.

(a)

(a)

(b)

(c)

evidence of use of area below the line
distance = 39 m (affow £0.5m)
(if > £0.5m but < 1.0m, then affow T mark)

scalar has only magnitude
vector has magnitude and direction

kinetic energy, mass, power all three underlined

(i)

(i)

s =ut+%at
15=05%981x£
T =17s

if @ = 10is used then —1 but only once on paper

vertical component v,:

vi=uP+2as=0+2x981x150rv, =u+at=981x1.7(5)
v, =17.16

resultant velocity: V¥ = (17.16)% + (207

v=26ms™

If u = 20 is used instead of u = 0 then 0/3
Allow the solution using:
initial (potential enerqy + kinetic energy) = final kinetic enerqy

distance is the actual path travelled
displacement is the straight line distance between start and finish points (in
that direction) / minimum distance

B1
B1

B1

C1
A1

C1
C1
A1

B1

B1

[21

M

2]

131

121

131
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2 (a) (i) base units of D:

force: kqms™2 B1
radius: m velocity: ms™ B1
base units of D:[F/ (R x W kams™?/(m xmsg™) M1
=kgm™'s™’ AD

(i) 1. F=6nxDxRxv=[Bnx66x10"x1.5x107%x3.7]
=69x10°%N A1

2. mg-F=ma hence a=qg—[F{ml]
m=pxV=px43xRP=(1.4x107% C1
a=9.81-16.9%10"%/px 4/3 x x (1.5 x 1073y {9.81 — 4.88) M1
a=4.9(3)ms™ Al
(b} (i} a=gattimet=0 B1
a decreases (as time increases) B1
a qoes to zero B1
(i} Correct shape below original line M1
sketch goes to terminal velocity earlier Al
Q10.

2 (a) (i) v =u+at C1
=423 +9.81 x1.51 M1
=19.0(4) ms™" (Allow 2 s.f.) AQ

(Use of —qg max 1/2. Use of g = 10 max 1/2. Allow use of 9.8. Aflow 19 ms™)
(i) eithers = ut + % af? (or v=u? +2asetc.)
=423 %x1.51+0.5%9.81 % (1.51 C1
=17.6m (or 17.5m) Al
{Use of —q here wrong physics (0/2))
Q11.
2 (a) i) V=4 +2as
=(8.4°+2x981x5 C1
=12.99 ms™' (allow 13 to 2 s.f. but not 12.9) A1
fiiy t=(v-wla or s=ut+%af
=(12.99-8.4)/9.810r5=84t+ % x 9.81£ M1
t =0.468s AQ
{b) reasonable shape M1
suitable scale A1
correctly plotted 1% and last points at (0,8.4) and (0.88 — 0.96,0}
with non-vertical line at 0.47 5 A1

Q12.

I31

M

[31

[31

2]

2]

2]

[2]

il

[31
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2 (a) )

(ii)
(b) (i)

(ii)

(c)

(ii)

Q13.

3 (2

(b)

(¢)

Q14.

1. distance of path / along line AB

2. shortest distance between AB / distance in straight line between AB
or displacement from A to B

acceleration = rate of change of velocity
distance = area under line or (vi2)t or s = (8.8)*/ (2 x 9.81)
=88/2x090=396mors=3.95m=4{.0lm
acceleration = (— 4.4 — 8.8)/ 0.50
=(-) 26(.4)m 52
the accelerations are constant as straight lines
the accelerations are the same as same gradient or
no air resistance as acceleration is constant or

change of speed in opposite directions (one speeds up one slows down)

area under the lines represents height
or KE at trampoline equals PE at maximum height

second area is smaller / velocity after rebound smaller hence KE less

hence less height means loss in potential enerqgy

2

40 =2x98xs5 OR s=%x40x04

s=082m OR 0.80m ..o

Ap = m(v—u) OR P=MYV i eiaaas
speedsare 4.2 ms  and 3.6 ms™ ...,
Ap = 0.045 (4.2 + 3.6) (2/4 only if speeds not added) ...........

el |

(1 mark only if only one speed used)

any time between 0.14 sand 0.178  .ovorvreiniiriniiiirninensenns

force = Ap/ At = 0.35/0.14 (allowe.c.f)

2;5 N e T T

v’ = u* + 2as OR use oftriangle etc ... e eare e aaaanan

B1

B1
A1
C1
Al
C1
Al

B1

B1

B1
B1

AO

M

M
M1

121

121

121

121

[2]

[4]

[2]
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1 @@ (i) acceleration (allow a definition of acceleration)............................ B1

(i) the velocity is decreasing or force/acceleration is in negative

direction — accept 'body is decelerating’/‘slowing down'............... B1 2]
by () e.q. separation of dots becomes constant/does not continue to
increase (must make a reference to the diagramj........................ B1
(Y1 distance =132 OMl e e e e e B1
fiiY2 at constant speed, distance travelled in 0.1 s =25 cm
tallow =1 EMcmnnsinanmnaimnimnannmsrrnnssssstl
distance =132 + (4 x 25)
P P o o (T A1l [41
(cl s = ut+ Yat
16="x0.8x(allow g =10 M s e c1
e Y - T C1
hence 6 photographs (‘bald’ answer scores 2 marks only)........... Al [3]
Q15.
3 (a) constant gradient/straight line B1 [1]
by (i) 1.2s A1
(iild44ds A1l [2]1
{c) either use of area under line or i = average speed x time c1
h =%x(44-12Yx32 Cc1
=51.2m A1 [3
(allow 2/3 marks for determination of i =44 m or h =58.4 m
allow 1/3 marks for answer 7.2 m)
id) Ap=mAvORp=mv c1
=0.25x(28 +12) c1
=10Ns A1 [3]

(answer 4 N s scores 2/3 marks)
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3 (e} (i) total/lsum momentum before = total/sum momentum after B1

in any closed system B1 [2]
{ii} either the system is the ball and Earth B1
momentum of Earth changes by same amount B1
but in the opposite direction B1
or Ball is not an isolated system/there is a force on the ball (B1)
Gravitational force acts on the ball (B1)
causes change in momentum/law does not apply here  (B1) [31
(if explains in terms of air resistance, allow first mark only)
Q16.
3 (a) change in velocity/time (taken) B1 11
(b} velocity is a vector/velocity has magnitude & direction B1
direction changing so must be accelerating B1 [2]
Q17.
4 (a) ()] use of tangent at time =0 B1
acceleration = 42 + 4 cm s™2 Al [2]
(ii} use of area of loop B1
distance = 0.031 £ 0.001 m B2 [31
allow 1 mark if 0.031 + 0.002 m)
Q18.
2 (a) uses a tangent (anywhere), not a single point C1
draws tangent at correct position B1
acceleration =1.7 £ 0.1 A2 [4]
(outside 1.6 — 1.8 but within 1.5 — 1.9, alfow 1 mark)
by () because slope (of tangent of graph) is decreasing M1
acceleration is decreasing Al [2]
{iiy e.q. air resistance increases (with speed)
(angle of) slope of ramp decreases B1 [1]
fc} (M) scatter of points about line B1 [1]
(il intercept/ line does not go through origin B1 [M1]
Q109.
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2

Q20.

2

Q21.

(a) 35T

{b) (i) distance= average speed x time (however expressed)
=14 m

(i) distance=5.6 x(T-5) (or3.5T- 14)

fe) 3.5T=14 +56(T-5)
T=67s

{(d) (i) acceleration=(5.6/5=) 1.12ms™
force =ma
=75N

(i} power =(force x speed =) {75 + 23} x 4.5
=440 W
(aflow 1/2 for 234 W, 0/2 for 338 W or 104 W)

fa) ) vV =2as
V¥ =2x085%x98x 128
v=146mg"

(i} time=29.3/14.6
=20s
(any acceleration scores 0 marks; aflow 1 s.f)

{b) either 60kmh™ =167 ms™
or 146ms' =53kmh™’
or 221ms™ =79.6 km h™
so driving within speed limit
but reaction time is too long / too slow

B1

C1

A1

Al

C1
A1

C1
C1
A1

C1
A1

C1
Al

C1

M1

B1

M

121

Ml

121

131

121

121

121

[31
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2 (a) (i} (air) resistance increases withspeed ... M

131

resultant / accelerating force decreases .. ciccccccceerreee e AT [2]
{ii} either (air) resistance is zero
or weight/ gravitational force is onlyforce ... B1 [1]
ib) useofdradientofafandent: :cornsransnnminnnsrTsnnTnernernnenasMl
acceleration = 1.9+02ms? ... A2 3]
(for values > O 2but<0.4, allow 1 mark}
(answer 3.3 m s scores no marks)
fe) (1) 1 weight = 90 x 9. B 880N ... S e— I |
(use of g = 10 m s then deduct mark but once onfy m the Paper}
2 accelerating force = 90x1.9 = 170N ...(affoweclh) ..oreriieiiieeeeens A1 1]
{ii} resistive force = 880-170 = 710N ............ ey I 1 |
(affow ecf but only if resistive force remains pos;t.'ve}
[Total: 9]
Q22.
3 (a) (i) speed = 40mys" .. .(allow 1s.f) Al
(i) vV = 2gh
Y I | 1 - TR A0
{use of g = 10 m 52 loses the mark)
{b) correct basic shape with correct directions forvectors ... M
SPEEA = (T8 £ 0.2) M 8 oot een e A1
at (3342 fothevertical ocpannnannnnennasnrsnss s e s A1
(for credit to be awarded, speed and angle must be correct on the diagram — not calculated)
{c) (i) either vV = 2x98x098 or Vv =06.2/V2 .ieeeeeeeeeceeeeeeeeeeeeenenn C1
Lo =t I - N o 1 -SSR Al [2]
(alfow calculation of t = 0.447 s, thenv=4.4m 57)
TI) A IO MO S o o T A e S C1
change in momentum = 0.034 (6.2 +4 L. 3 LR %
= 036 KAMS e AT 3]
{use of 0.034 (6.2 - 4.4) loses last two marks}
2 force = Ap/AL ... (however expressed) . e C1
- 0.36
0.12
=30N ... {affow L8:E) convnennasnn s amnasnnr s Al [2]
[Total: 12]
Q23.
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2 (a) (i) horizontal speed constant at 8.2 ms™
vertical component of speed = 8.2 tan 60°
=142ms™’

{iiy 14.22=2 x 9.8 x h (using g = 10 then —-1)
vertical distance = 10.3 m

{iii} time of descent=14.2/9.8=145s

x =145%x8.2
=11.9m

{b} (i} smooth path curved and above given path
hits ground at more acute angle

(i} smooth path curved and below given path
hits ground at steeper angle

Q24.

2 (a) () Vy=124c0s36°(=10.0ms™)
distance= 10.0 x 0.17
=1.7m
(il Vw=124sin36°(=7.29ms™")
h=729%0.17 - %x9.81 x0.172
=1.1m

{b) smooth curve with ball hitting wall below original
smooth curve showing rebound to ground with correct reflection at wall

Q25.

4 (a) acceptable straight line drawn (touching every point}
{b} the distance fallen is not d
d is the distance fallen plus the diameter of the ball
{("d is not measured to the bottom of the ball’ scores 2/2)
{c) (i) diameter: allow 1.5+ 0.5cm (accept one SF)
no ecf from (a)
{ii) aradient =4.76, + 0.1 with evidence that origin has not been used

qradient=g/ 2
g=95ms™

Q26.

10

C1
M1
AO

C1
A1

C1
A1

M1

M1
A1

C1
Al
C1

A1

B1

B1

C1

A1

Al

C1

A1

12]

2]

121

121

12]

121

131

121

M

121

M

131
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3 (a) (i) horizontal velocity = 15 cos60° =7.5ms™’
(ii} vertical velocity = 15 sin60° = 13ms™
(b) (i) V=u"+2as
s=(13/(2%9.81)=8.6(1)m
using g = 10 then max. 1
(i) t=13/981=1326s0rt=995/75=1327s
{ili} velocity =6.15/1.33

=46ms™

60 x 107 [-4.6 — 7.5]
(-)0.73Ns

{c) (i) change in momentum

nn

(i} final velocity / kinetic enerqy is less after the collision or
relative speed of separation < relative speed of approach
hence inelastic

Q27.

1 {a) average velocity =540/ 30
=18ms™’

{b) velocity zero attime t=0
positive value and horizontal line for time t=5sto 35s
line / curve through v = 0 at t = 45 s to neqative velocity
neqgative horizontal line from 53 s with magnitude less than positive value and
horizontal line to time = 100s

Q28.

11

Al

Al

Al

Al

M1

AQ

C1
A1

M1

C1

B1
B1

B1

M
il

M

M

M

121

M

121

4]
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2 (a) 1. constant velocity / speed

2. either constant / uniform decrease (in velocity/speed)
or constant rate of decrease (in velocity/speed)

(b} (i) distance is area under graph for both stages
stage 1: distance (18 x 0.65) = 11.7 (m)
staqe 2: distance = (9 x [3.5 — 0.651) = 25.7 (m)
total distance = 37.(4)m
{(—1 for misreading qraph)
{for stage 2, allow calculation of acceleration (6.32ms™2)
and then s = (18 x 2.85) + %% x 6.32 (2.85y* =25.7m}

(i) either F=ma or Ex=1m/?
a=(18 — 0¥/(3.5 - 0.65) Ex =% % 1250 x (18)?
F=1250 x 6.3 =7900N or F =" x 1250 x (18)2/ 25.7 = 7900N

or initial momentum = 1250 x 18
F = change in momentum / time taken
F=(1250 x 18)/2.85 =7900

fe) (i) stage 1: either half/ less distance as speed is half / less
or half distance as the time is the same
or sensible discussion of reaction time

{ii) stage 2: either same acceleration and s=V?/2a or Vis%
Y4 of the distance

Q29.

1 (a) units for D identified as kams™2
all other units shown: units for A: m? units for V’:m?s™ units for pckq m™

kams—

C-..
ka m> m?m?2g2

with cancelling/ simplification to qgive C no units
{b) (i) straight line from (0,0} to (1,9.8) £ half a square
(i) % mvZ@=magh or using V¥ =2as
v=(2 x9.81 x 1000Y? = 140ms™
{c) () weight =draq (D) ( + upthrust)
Allow mg or W for weight and D or expression for D for drag
(il 1. mg=14x10"5x9.81
1.4x10%x9.81=05x06x%x12x7.1x10° x?
v=7.33ms™

2. line from (0,0) correct curvature to a horizontal line at velocity of 7ms™’
line reaches 7 ms™ between 1.5s and 3.5s

Q30.

12

B1

B1

1

Al

C1
C1

Al
(C1)

(C1)
(A1)

B1

B1
B1

M1

A1

B1
Cc1
A1

B1

Cc1
M1
AQ

M1
A1

M

M

[21

131

M

[21

121

M

121

M

2]

121
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3 (a) poweris the rate of doing work or power = work done / time (taken) or

power = enerqy transferred / time (taken)

{b) (i) asthe speed increases draq / air resistance increases

(i)

(iil)

(iv)

tv)

Q31.

3 (a)

resultant force reduces hence acceleration is less
constant speed when resultant force is zero
(allow one mark for speed increases and acceleration decreases)

force from cyclist = drag force / resistive force
P=12x 48
P =576W

tangent drawn at speed = 8.0ms™
gradient values that show acceleration between 0.44 to 0.48ms™

F-R=msa
600/8 - R =80x05 [using P= 5761576 /8- R=80%0.5
R=75- 40 = 35N R=72-40=32N

at 12 ms™' drag is48N, at 8ms™' drag is 35 or 32N
R/ vcalculatedas 4 and 4 or 4.4
and consistent response for whether R is proportional to v or not

{iy velocity = rate of change of displacement
OR displacement change / time (taken)

(i} acceleration = rate of change of velocity
OR change in velocity / time (taken)

(b} (i} initial constant velocity as straight line / gradient constant

middle section deceleration/ speed / velocity decreases / slowing down as
aradient decreases

last section lower velocity (than at start) as gradient (constant and) smaller
[special case: all three stages correct descriptions but no reasons 1/3]

(i) velocity=45/15=30ms"

tiii) velocity at 4.0sis (122 — 98}/ 2.0 =12 (ms™) (allow 12 to 13)
acceleration = (12 — 30}/ 2.5 = —7.2 ms™2 (if answer not this value then
comment needed to explain why, e.q. difficulty in drawing tangent)

(ivi F=ma
= (-1500 x 7.2 =(-)11000 (10800) N

13

B1

B1
B1
B1

B1
M1
AQ

M1
A1

C1
C1
Al

B1

A1

A1

B1
B1
B1
A1
B1
A1

C1
A1

M

[31

[21

[21

131

)

M

M1

[31

M

[21

2]
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Kinematics - 2018

1. 9702/11/M/3/18/No.6
A tennis ball falls freely, in air, from the top of a tall building.

Which graph best represents thg variation with time tof the distance s fallen?

T o

S S

0 - 0 =
0 t 0 t

C D

I |

S S

0 — 0 .
0 t 0 t

2. 9702/11/M/J/18/No.7
The graph shows the variation with mass of the weight of objects on a particular planet.

4 " \(\):V\/‘S '
weight/N z M
3 7 3 :'._1\) = ﬁ(ﬁc"/M
s 2%
2 A : ?’—O
1 A~ O
C . S /réN}B
0 : 2
= 5 -
mass/kg N

What is the value of thejcceleration of free fall on the planet?

A 0.63ms™ @ 1.6ms™ C ' 32ms* D 98ms?

STEMUP.CO.UK Page 1 of 5
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3.

9702/12/M/J/18/No.5

The velocity of an object changes with time t as shown. Qg bl V = &8
P S
i M . >
velocity r Veo
0 -
| )\

Which graph best shows the variation with time t of the displacement s of the object?

@\/

B
A
S S
0 - 0 -
0 t 0 t
C D
| ﬁ\
S S
0 > 0 >
0 t 0 t

STEMUP.CO.UK Page 2 of 5
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4.

S.

9702/12/M/J/18/No.6

A projectile is launched at an angle to the horizontal at time t=0. It travels over horizontal
ground, as shown.

path of projectile

ground

Assume that air resistance is negligible.

Which graph best shows the variation with ¢ of the speed of the projectile from when it is launched
to when it lands on the ground?

A B
'y 4
speed speed
0 — 0 >
0 / t 0 t
© :
A
speed speed
0 - 0 -
0 t 0 t

9702/13/M/J/18/No.6

A rock on the surface of Mars is projected vertically upwards with an initial speed of 94ms™'. The
rock rises to a height of 12m above the surface. -

Assume there is no atmosphere on Mars.

What is the accelerati57( free fall near the surface of Mars?

A 0.39ms™ B)37ms™ C 74ms>? D 9.8ms™
L, o« j
At vvax- (’\QI‘SL+ '{ Ute Qciv\c:-‘hc:n \ _ ™ ‘PL
V=o Vo ato1rgs ! 2 %y
3= ()_V . LI \ =
= q- nms”’ e s { = 2:6%
wey-w | o nhlr Ie S Ly [
a9 ¢ I3ToAF = AEemS

STEMUP.CO.UK Page 3 of 5
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6.

9702/13/M/J/18/No.7
Two masses, M and m, are connected by an inextensible string which passes over a frictionless
pulley. Mass M rests on a frictionless slope, as shown.

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.

v/

Which expression must be correct?

A sing< M B cosg< M @sim%m D cosg> M
M M M
5 - \ \
S‘W&'\Mj‘”‘c; W = Mq Svn &= M . PN B e
s f - |
e e s
- Mﬂ"“\s ( - [__ S \ M
- S —_— .
Moy ( = (= # S B
ot ™ =4 M -

= Mearn (
A
! {
9702/12/F/M/18/No.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 constant (terminal) velocity, which information is correct?

magnitude of
the acceleration
of the stone

magnitude of the
force of gravity
on the stone

magnitude of the
force of air resistance
on the stone

A ro
" / g ze mg
9 zero mg mg
C zero zero mg
D zero mg zero

M \[—Qwﬂ"\:\o\ Ve lo U:(’*‘X '

Guy TR I IO~ 'V\(S

e

U:nqﬂ{ {o

Page 4 of 5
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3. 9702/12/F/M/18/No.8
The velocity-time graph for an object is shown.

ﬁl

velocity

area 1

0 -
0 %32/ time

Hovz?n the total displacement of the object be determined?

/6.-« AT 6’\ :

@ area 1 —area 2 Qvea 1L — sqowqg
B (area1;area2) i 5 - 0(3&“‘,\_ R Ve SV
C area1+area?2 <—J~ffs(q@w\»~*+ - ok\if/—a,,\u_ Ao~ Sd=a ‘ob.l&

D area2-areal ‘o Anmicl- ‘,c:w\ .

9. 9702/12/F/M/18/No.9
A girl throws a ball vertically upwards. It takes a time of 3.20s to return to her hand.

Assume air resistance is negligible.
What is the initial speed with which the ball igyfown?
A 307ms” B 7.85ms” @ 15.7ms™’ D 314ms”

Toms @ QLY €= 3025 i
= o (Clufb\ogﬁw-d\rff‘um S‘YM&)NM’(\-

C-ut-4get

o -1 k™
Oz Uk ~—1 3]

ut =4 St
=3 5%
= Jd =g mI2
k= .
- 1¢-626 po-
5
Page 5 of 5
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Kinematics — 2021 AS

1. June/2021/Paper_11/No.6
A projectile is launched at an angle to the horizontal at time ¢t =0. It travels over horizontal
ground, as shown.

path of projectile

ground

Air resistance is negligible.

Which graph best shows the variation with ¢t of the speed of the projectile from when it is launched
to when it lands on the ground?

A B
A )
speed speed
0 > 0 >
0 t 0 t
C D
A |
speed speed

o
o
]

2. June/2021/Paper_11/No.7
A ftrain, initially at rest at a station, has a uniform acceleration of 0.20ms™ until it reaches a
speed of 20ms™. It travels for a time at this constant speed and then has a uniform deceleration
of 0.40ms™ until it comes to rest at the next station. The distance between the two stations is
3000m.

What is the time taken by the train to travel between the two stations?

A 75s B 150s C 230s D 300s
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3.

4.

June/2021/Paper_12/No.6
Which graph shows the variation with time t of the velocity v of an object falling vertically
downwards in a vacuum?

A B
A A
v 74
0 & 0 >
0 t 0 t
c D
A A
v 74
0 o= 0 o=
0 t 0 t

June/2021/Paper_12/No.7
A projectile is fired from point P with velocity V at an angle & to the horizontal. It lands at point Q,
a horizontal distance R from P. Air resistance is negligible.

path of projectile

— - horizontal

The acceleration of free fall is g.

Which equation for R is correct?

A R-= stingcosb?

B R-= 2V25ing(9 cos ¢

¢ R=Y’sindcosd
29

_ V?gsin & cos ¢
2

D R
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5. Nov/2021/Paper_11/No.3
An aircraft heads in a direction at an angle @ east of north with a horizontal velocity relative to the
air of 800kmh™. The wind blows with a horizontal velocity of 200 km h™" from east to west, as

shown.

NOT TO
SCALE

wind velocity = 200kmh~"

N

J
direction of resultant

velocity of aircraft

W-+——E x

A

aircraft velocity relative
to air = 800 kmh™"

The resultant velocity of the aircraft is in a direction due north.

What is angle #and what is the magnitude of the resultant velocity?

0/ resultant By
velocity/kmh
A 14 770
B 14 820
c 76 770
D 76 820
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6. Nov/2021/Paper_11/No.6
An archer shoots an arrow at a target. The diagram shows the path of the arrow.

path of arrow

target

archer

Air resistance is negligible.
The graphs show how three different quantities p, g and r vary with time.

A A
p q r

A

0 = 0 = 0 =
0 time 0 time 0 time

Which quantity could be the horizontal component of displacement and which quantity could be
the vertical component of displacement of the arrow?

horizontal vertical
component of component of
displacement displacement
A P q
B r
C r P
D r q
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7. Nov/2021/Paper_12/No.3
A tennis ball is hit so that it leaves the racket with velocity v at an angle ¢to the horizontal.

horizontal
The vertical component of the velocity is v,.
What is the magnitude of the horizontal component of v?

A vsing B vcosé C vsing D (P-v?)?

8. Nov/2021/Paper_12/No.6
The graph shows the variation with time t of the velocity of a vehicle moving in a straight line.

16

velocity 44 /!
/ms™

12
10 Y’

o N OB~ O

0 1 2 3 4 5 6 7
t/s

The vehicle, moving at 4.0ms™, begins to accelerate at time ¢ = 0.

What is the vehicle’s acceleration at time t = 3.0s?

A 067ms™ B 10ms™ C 13ms™ D 2.0ms™

9. Nov/2021/Paper_12/No.7
A stone is projected vertically upwards from the ground at an initial speed of 15ms™. Air
resistance is negligible.

What is the maximum height reached by the stone?

A 0.76m B 11m C 23m D 110m


https://stemup.co.uk

10. Nov/2021/Paper_13/No.6
The graph shows the variation with time of the acceleration of a car.

11.

A

acceleration

O -
0 time

What must the shaded area under the graph represent?

A
B
C
D

the average velocity of the car
the change in velocity of the car
the final velocity of the car

the initial velocity of the car

Nov/2021/Paper_13/No.7
A stone is thrown horizontally off a cliff and then lands in the sea. Air resistance is negligible.

Which statement about the stone’s motion is not correct?

A

B
C
D

The final displacement of the stone depends upon its initial horizontal velocity.
The stone travels with a constant horizontal component of velocity until it hits the water.
The stone travels with an increasing vertical component of velocity.

The time taken for the stone to hit the surface of the water depends on its initial horizontal
velocity.
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Kinematics — 2021 AS

1. Nov/2021/Paper_23/No.3a
(a) Define velocity.

(b) A remote-controlled toy aircraft is flying horizontally in a wind. Fig. 3.1 shows the velocity
vectors, to scale, of the wind and of the aircraft in still air.

north

wind velocity
23ms™!

/%
S

aircraft velocity
in still air
42ms

Fig. 3.1

The velocity of the aircraft in still air is 42ms~" to the north. The velocity of the wind is 23ms™"
in a direction of 54° east of south.

Determine the magnitude of the resultant velocity of the aircraft.

magnitude of velocity = ... ms™' [2]

1
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2.

June/2021/Paper_23/No.1

(a) A property of a vector quantity, that is not a property of a scalar quantity, is direction.
For example, velocity has direction but speed does not.

(i) State two other scalar quantities and two other vector quantities.
scalar quantities: ..o, AN .o

vector quantities: ... AN Lo

(i) State two properties that are possessed by both scalar and vector physical quantities.

(b) A ship at sea is travelling with a velocity of 13ms™ in a direction 35° east of north in still
water, as shown in Fig. 1.1.

N NN velocity
13ms™!
W - 35
al
S
Fig. 1.1

(i) Determine the magnitudes of the components of the velocity of the ship in the north and
the east directions.

north component of velocity = ... s ms™
east component of Velocity = ... ms™
[2]

2
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(ii) The ship now experiences a tidal current. The water in the sea moves with a velocity of
2.7ms™ to the west.

Calculate the resultant velocity component of the ship in the east direction.

resultant east component of velocity = ..., ms™~' [1]

(iii) Use your answers in (b)(i) and (b)(ii) to determine the magnitude of the resultant velocity
of the ship.

magnitude of resultant velocity = ... ms~ [2]

(iv) Use your answers in (b)(i) and (b)(ii) to determine the angle between north and the
resultant velocity of the ship.

[Total: 11]

3
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3. March/2021/Paper_22/No.1b
(b) The variation with time t of the velocity v of an object is shown in Fig. 1.1.

1.50

1.25

)
e

1.00 7

]

vims' 075 X

]

0.50 X

0.25 \

\

0 20 40 6.0 80 100 120
t/'s

Fig. 1.1

(i) Determine the acceleration of the object from time ¢ = 0 to time ¢ = 4.0s.

acCeleration = ......occoeeeoeeeeeeeeee e ms~2 [2]

(ii) Determine the distance moved by the object from time t = 0 to time { = 4.0s.

AIStaNCE = e
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Kinematics — 2023 June AS Physics 9702

1. June/2023/Paper_9702/11/No.5

One object moves directly from P to R.

® .0

oD

P
[ ]
In a shorter time, a second object moves from P to Q to R.

Which statement about the two objects is correct for the journey from P to R?

A They have the same average speed.

B They have the same average velocity.
C They have the same displacement.
D

They travel the same distance.

2. June/2023/Paper_9702/11/No.6
A ball is kicked so that it has an initial velocity of 12ms™ at an angle of 50° to horizontal ground.

Assume that air resistance is negligible.

What is the maximum height above the ground that is reached by the ball?

A 047Tm B 3.0m C 43m D 7.3m
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3. June/2023/Paper_9702/12/No.5
A ball travels from point X to point Y around a semicircular track of radius 1.0m, as shown.

X
north ball \
west east
south 1.0m
Y

What is the displacement of the ball from X to Y?

A 20m
B 2.0m due south
C 31m
D 3.1m due south

4. June/2023/Paper_9702/12/No.6

A rock is launched vertically upwards from the surface of the Earth and an identical rock is
launched vertically upwards from the surface of Mars. Each rock is launched with an initial
velocity of 12ms™.

Each rock then reaches its maximum height above the surface before returning back down to the
surface. The velocity—time graph for each rock is shown. In both cases, air resistance is

negligible.
15 !
velocity +
/mst 10 .
\ P,
5 \ b N
‘ \‘
0 . < time/s
0 2.0 4.0 6.0 8.0
-5 N B
\ \\1
Earth ) Mars
-10 ‘\‘ <
-15

What is the difference in the maximum heights of the two rocks?

A 12m B 15m C 19m D 24m
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5. March/2023/Paper_9702/12/No.5

A ball is kicked upwards at an angle of 45° to horizontal ground. After a short flight, the ball
returns to the ground.

It may be assumed that air resistance is negligible.

What is never zero during the flight of the ball?

A the horizontal component of the ball's acceleration
B the horizontal component of the ball's velocity

C the vertical component of the ball's momentum
D

the vertical component of the ball's velocity

6. March/2023/Paper_9702/22/No.1(b)

(b) A toy car moves in a horizontal straight line. The displacement s of the car is given by the
equation

V2

S=£

where a is the acceleration of the car and v is its final velocity.

State two conditions that apply to the motion of the car in order for the above equation to be
valid.

(2]

3
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7. March/2023/Paper_9702/22/No.2(d)
A motor uses a wire to raise a block, as illustrated in Fig. 2.1.

motor

A wire
/

? block,
/weight 1.4 x 10°N

Fig. 2.1 (not to scale)
The base of the block takes a time of 0.49s to move vertically upwards from level X to level Y at a
constant speed of 0.64ms~'. During this time the wire has a strain of 0.0012. The wire is made of
metal of Young modulus 2.2 x 10'"Pa and has a uniform cross-section.

The block has a weight of 1.4 x 10*N. Assume that the weight of the wire is negligible.

(d) The base of the block is at levels X, Y and Z at times t,, t, and t, respectively.

On Fig. 2.2, sketch a graph to show the variation with time t of the distance d of the base of
the block from level X. Numerical values of d and t are not required.

A

(2]

4
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Kinematics — 2023 Nov AS Physics 9702

1. Nov/2023/Paper_9702/11/No.5

A parachutist falls from a stationary balloon at time {=0. The velocity-time graph for the
parachutist from time ¢ = 0 until the time when he is just above the ground is shown.

velocity

A

0 P Q

T -

time

S

Which graph best shows the variation with time of the acceleration of the parachutist?

acceleration

A

\

A

acceleration

A

)

Q R S time

acceleration

acceleration

B
A
\I T
0 P QfR S time
D
A
T |
Q R S time
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2. Nov/2023/Paper_9702/11/No.6

A projectile is fired from point P with velocity V at an angle &to the horizontal

a horizontal distance R from P, after time T.

path of projectile

— - horizontal

The acceleration of free fall is g. Air resistance is negligible.

Which equation is correct?

A

B
c
D

R=VTcos@
R=VTsin#g
R=VTcos6-1gT?
R=VTsing-1gT?

3. Nov/2023/Paper_ 9702/12/No.4
An aeroplane is moving at a constant speed in a straight line at an angle 6to the horizontal.

. It lands at point Q,

Four forces act on the aeroplane: thrust force T, weight W, lift force L and resistive force R.

Which two equations must be correct?

A

B
c
D

L=Wcosé and T=R+ Wsing
L=Wsing and T=R+ Wcos ¢
L=Wcosé and T=R-Wsing
L=Wsing and T=R-Wcos g

4. Nov/2023/Paper_9702/12/No.5
What is the definition of acceleration?

A
B
C
D

the rate of change of displacement
the rate of change of kinetic energy
the rate of change of momentum

the rate of change of velocity
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5. Nov/2023/Paper_9702/12/No.6

An astronaut on the Moon, where there is no air resistance, throws a ball. The ball’s initial velocity
has a vertical component of 8.00ms™" and a horizontal component of 4.00ms™", as shown.

initial velocity

path of ball

400ms!

The acceleration of free fall on the Moon is 1.62ms™.

What is the speed of the ball 9.00s after being thrown?
A 658ms™ B 7.70ms™ C 10.6ms™ D 146ms™

6. Nov/2023/Paper_9702/13/No.4
A boat is crossing a river in which the water is moving at a speed of 4.0ms™ from left to right.

river bank
NOT TO
SCALE ]
i velocity of
! water, 4.0ms™
velocity of boat in 0 .
still water. 6.0ms—1— resultant velocity, v

river bank
In still water, the speed of the boat is 6.0ms™". The boat is directed at an angle 6 to a line
perpendicular to the river banks. The resultant velocity v of the boat is in a direction perpendicular
to the river banks.

What are the values of ¢ and v?

6l° vims™
A 42 45
B 42 7.2
c 48 45
D 48 7.2
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7. Nov/2023/Paper_9702/13/No.5
A student walks at a constant speed for a distance of 50m in a time of 40 s. The student rests for
a time of 10s and then walks back to the starting point at a constant speed in a time of 30 s.

What is the distance—-time graph for the motion of the student?

A B
100-—-----==mmmmm e 100-
distance/m distance/m
510 [ SR 50-
0 ] ] | 1 0 ] ] ] |
0 20 40 60 80 0 20 40 60 80
time/s time/s
c D
100-f-—-----===m==mmmm e (1
distance/m distance/m ,///,//”,
0 570 [ S
0 ] ] | 1 0 ] | ] |
0 20 40 60 80 0 20 40 60 80
time/s time/s
4
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8. Nov/2023/Paper_ 9702/21/No.2(b)

A hot-air balloon floats just above the ground. The balloon is stationary and is held in place by a
vertical rope, as shown in Fig. 2.1.

balloon

ground

Fig. 2.1

The balloon has a weight W of 3.39 x 10*N. The tension T in the rope is 4.00 x 102N.
Upthrust U acts on the balloon.
The density of the surrounding air is 1.23kgm3.

(b) The balloon is stationary at a height of 500 m above the ground. A tennis ball is released from
rest and falls vertically from the balloon.

A passenger in the balloon uses the equation v? = u? + 2as to calculate that the ball will be
travelling at a speed of approximately 100ms~"! when it hits the ground.

Explain why the actual speed of the ball will be much lower than 100ms~1 when it hits the
ground.

5
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9. Nov/2023/Paper_9702/22/No.1(b, c)

(b) Under certain conditions, the distance s moved in a straight line by an object in time f is given
by

s = zat?
where a is the acceleration of the object.

State two conditions under which the above expression applies to the motion of the object.

(c) The variation with time ¢ of the velocity v of a car that is moving in a straight line is shown in
Fig. 1.1.

25

20

15
vims™!

10

Fig. 1.1
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(i)

(ii)

Compare, qualitatively, the acceleration of the car at time { = 8.0s and at time { = 14.0s
in terms of:

e magnitude

e direction.

(2]
Determine the magnitude of the acceleration of the car at time t = 4.0s.
acceleration = ......ccovirieeiiicr e ms— [2]
(ili) The car is at point X at time { = 0.
Determine the magnitude of the displacement of the car from X at time { = 12.0s.
displacement = ... m [2]

7
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10. Nov/2023/Paper_9702/23/No.2
A ball on horizontal ground is kicked towards a vertical wall. Fig. 2.1 shows the path of the ball.

e —

path of ball\ - - Il
-
~
horizontal h
u =~
grouqi wall— |

ball 90m

Fig. 2.1 (not to scale)
The ball has an initial velocity v at an angle of 38° to the ground. The ball travels a horizontal
distance of 9.0m before striking the wall at a height h above the ground. The horizontal
component u,, of the initial velocity of the ball is 9.5ms™.

Air resistance is negligible.

(a) (i) Show that the time t for the ball to reach the wall is 0.95s.

(1]

(ii) Calculate the vertical component uy, of the initial velocity of the ball.

8
STEMUP.CO.UK


https://stemup.co.uk

(ili) Determine h.

(b) The speed of the ball just after striking the wall is less than its speed just before striking the
wall.

State what this indicates about the nature of the collision of the ball with the wall.

[Total: 6]
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