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2 (a) The distance s moved by an object in time t may be given by the expression

s  = 1
2

at 2

  where a is the acceleration of the object.

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

1.  ......................................................................................................................................

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

2.  ......................................................................................................................................

 ..........................................................................................................................................
 [2]

 (b) A student takes a photograph of a steel ball of radius 5.0 cm as it falls from rest. The 
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.

80
cm

initial position
of ball in photograph

90
cm

100
cm

final position
of ball in photograph

Fig. 2.1

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

5 of 65

s-t
+at

Initial velocity =0

Linean motion I constantacceleration

u = 79cm.

-cm
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  Calculate, to an appropriate number of significant figures,

  (i) the time the ball falls before the photograph is taken,

 time  =   ............................................   s [3]

  (ii) the time interval during which the photograph is taken.

 time interval  =   .............................................  s [3]

 (c) 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.

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

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

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

 ...................................................................................................................................... [2]

6 of 65

u =0 3 =ut +at
-

S =0.79m

a =9.8m/s" 0.79 =0 +1(9.8)t2
t =? t =0.40152

0.40

~

s =it +Lat- tya =0.40s

0.9 =0 +1(9.8) t
90

=0r433

t =0.435 1t =0.033

The
gap between

the shadows will be less

as there will be less acceleration and the

ball would be slower. Less bluned.
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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 
into operation, the car moves forward a distance of 29.3 m. With the brakes applied, the front 
wheels of the car leave skid marks on the road that are 12.8 m long, as illustrated in Fig. 2.1.

position of car
when hazard appears

29.3 m 12.8 m

skid mark

Fig. 2.1

 It is estimated that, during the skid, the magnitude of the deceleration of the car is 0.85 g, 
where g is the acceleration of free fall.

 (a)  Determine

  (i) the speed v of the car before the brakes are applied,

 v  =  ……………………  m s–1  [2]

  (ii) the time interval between the hazard appearing and the brakes being applied.

 time  =  ……………..………….  s  [2]

32 of 65

-

14.6m/s u= ?7
- v =0

->

a =0.85g

v =0 vzuz
=2as

a =

= 0.85g 0 - u2 =2(- 0.85 x9.8)(12.8)
5 =12.8m

u =
14.5

u =?

14.6

v=
14.6 =

29.3
t

=

2.0

2.0
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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.

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

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

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

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

33 of 65

The driver was withinthe speedlimitbut

his reaction time was toolarge.

60kmoses
60 x10

3

=16.67 m/s
1 x 3608
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2 Fig. 2.1 shows an object M on a slope.

Q

P

R

M

3.6 m s–1

Fig. 2.1

 M moves up the slope, comes to rest at point Q and then moves back down the slope to point R. 
 M has a constant acceleration of 3.0 m s–2 down the slope at all times. 
 At time t = 0, M is at point P and has a velocity of 3.6 m s–1 up the slope. 
 The total distance from P to Q and then to R is 6.0 m.

 (a) Calculate, for the motion of M from P to Q,
 
  (i) the time taken,

 time =  .......................................................  s [2]

  (ii) the distance travelled.

 distance =  ...................................................... m [1]

 (b) Show that the speed of M at R is 4.8 m s–1.

 [2]

64 of 65

#
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"-"
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Paper 1  Multiple Choice

Additional Materials: 

D 0.8 A 

6 

Which ammeter reading will be nearest to the correct value? 

A 0.2 A B 0.4 A C 0.6 A 

The diagram shows a velocity-time graph for a car. 

12

10

8

6

4

2

0
0000 1

time / s

velocity
/ m s–1

What is the distance travelled during the first 4.0 s? 

A 2.5 m B 3.0 m C 20 m D 28 m 

A =1(2 +12)(4)
= 28m 12

2

2 3 4

o



8 The diagram shows the path of a golf ball. 

Which row describes changes in the horizontal and vertical components of the golf ball’s velocity, 

when air resistance forces are ignored? 

horizontal vertical

A 

B 

C 

D 

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 

6 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 t after she sees the hazard. 

t
0

0 t1

v

t2

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

has seen the hazard? 

0 t1

s

2 tt
0

0 t1

s

t2 t

0
0 t1

s

t2 t
0

0 t1

s

t2 t

A B

C D

0

I dspeeddes

~

grad
dec

↓
↓

O

↓
↓
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8 The diagram shows a velocity-time graph for a vehicle. 

16

14

12

10

8

6

4

2

0
0000000 1

velocity
/ m s–1

time / s

The vehicle, moving at 4.0 m s–1, begins to accelerate at time = 0. 

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

A 0.67 m s–2 B 1.0 m s–2 C 1.3 m s–2 D 2.0 m s–2 

9 A small steel ball falls freely under gravity after being released from rest. 

Which graph best represents the variation of the height h of the ball with time t ? 

h

t
0
0

B
h

t
0
0

A
h

t
0
0

C
h

t
0
0

D

·16.3, 18)
(3,6)

grad= ,
23 456 7 =1.21 =

O



7 
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 1.2 s. 

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? 

0
0

A

1.2

acceleration

time / s 0
0

B

1.2

acceleration

time / s

0
0

C

1.2

acceleration

time / s 0
0

D

1.2

acceleration

time / s

↑
o
↓g

↓ -9.8 x X

↓ D
v

⑪. N

W F =w
+N

Oa>g
F =W

a
=g

- 9.8 -

- 12-
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8 A bicycle brakes so that it undergoes uniform deceleration from a speed of 8 m s
–1

 to 6 m s
–1

 over 

a distance of 7 m. 

If the deceleration of the bicycle remains constant, what further distance will it travel before 

coming to rest? 

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

9 A ball is released from rest above a horizontal surface. It bounces once and is caught. 

Which graph represents the variation with time t of the velocity v of the ball? 

0 
0 

v 

t 

A

0
0

v

t

B

0
0

v

t

C

0
0

v

t

D

u=0

sped X X O
·

·

·

sm
1 s =ut +tat-

ifu =0, then

=Eat grad= Ea
Y =mX +c

2 -2

v2/MS
X u =0

O

O >tY/sz v'- nc=2as

v
2
=2as

Y =mx +c

grad =2a
⑨

O >sm
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6 One object moves directly from P to R. 

P

R

Q

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. 

7 The graph shows how velocity v varies with time t for a bungee jumper. 

0
0

v

t

P

Q

R

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

acceleration? 

jumper at rest 
jumper with zero 

acceleration 

A Q

B Q

C R

D R
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7 One of the equations of uniformly accelerated motion is shown. 

s = ut + 
2

2

1

at

Apparatus is arranged to record the time t taken for a marble to fall between two light gates 

connected to timers. The marble touches the stop before it is released. The vertical distance s 

between the light gates is measured. 

s

fixed stop

marble

fixed light gate 1
connected to timer

movable light gate 2
connected to timer

Which graph does not show a correct relationship when light gate 2 moves up to light gate 1 

which is fixed? 

s / m

t / s

A

/ m s–1

t / s

B

u / m s–1

t / s

C

a / m s–2

t / s

D

s
t

0
0

0
0

0
0

0
0

-

I =yA +ta
t =0 ·

Li I =u +tat
Y

I =at +u
ty =t

y
=mx

+c

correct correct

-

correct
wrong

u = 8



6 A car X is travelling at a constant speed u along a straight road. At time t = 0 a second car Y is a 
distance d0 behind car X and travelling at a speed v in the same direction. Speed v is less than 
speed u. 

car Y car X
v

d0

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 t of the distance d between the cars? 

d

t

d0

A

0
0 T

d

t

d0

B

0
0 T

d

t

d0

C

0
0 T

d

t

d0

D

0
0 T

7 The resultant force acting on an object is slowly increased. 

Which graph could show the variation with time t of the momentum p of the object? 

0
0

p

t

A

0
0

p

t

B

0
0

p

t

C

0
0

p

t

D
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~ A 2D-motion under the effectof gravity.
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2 (a) Explain what is meant by a scalar quantity and by a vector quantity.

scalar:  .......................................................................................................................................

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

vector:  .......................................................................................................................................

 ...................................................................................................................................................
 [2]

 (b) A ball leaves point P at the top of a cliff with a horizontal velocity of 15 m s–1, as shown in 
Fig. 2.1.

cliff25 m

15 m s–1

ball

path of ball

Q

P

ground

Fig. 2.1

  The height of the cliff is 25 m. The ball hits the ground at point Q.
  Air resistance is negligible.

  (i) Calculate the vertical velocity of the ball just before it makes impact with the ground at Q.

 vertical velocity =  ................................................. m s–1 [2]

  (ii) Show that the time taken for the ball to fall to the ground is 2.3 s.

 [1]
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My =0 v=u+at
uy =0 My =0 Vy =22.1 22.1 =0 +9081
vy =? a =908/ms2
a =9.81m5-2 t =? t =2.25s

=

S = 25m
25m 2.35

v
=

u
2
=2as v=t

v
=
= 0 =2(9.81)(25) ⑥ 33.75m 15m5-1

v =22ms
- 1

> > 15
=

50.25
22m5/

V Sx =33.75m

h
2
=pz +b2

=33.752
n42m
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2 A ball is thrown from a point P with an initial velocity u of 12 m s–1 at 50° to the horizontal, as 
illustrated in Fig. 2.1.

P horizontal

path of ball

50°

X =12 m s–1

Q

Fig. 2.1

 The ball reaches maximum height at Q.

 Air resistance is negligible.

 (a) Calculate 

  (i) the horizontal component of u,

 horizontal component =  ................................................. m s–1 [1]

  (ii) the vertical component of u.

 vertical component =  ................................................. m s–1 [1]

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

 [2]

 (c) Determine the magnitude of the displacement PQ.

 displacement =  ...................................................... m [4]

 [Total: 8]
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=9.2ms v=- u

=
=2as
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-1 v =

t h
=

=

p
+b2

Vy =0
h
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v =u +at
--

0 =9.2 +(-9.81)t
Si =7.22m
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2 A ball is thrown horizontally from the top of a building, as shown in Fig. 2.1.

60° P
x

8.2 m s–1

Fig. 2.1

 The ball is thrown with a horizontal speed of 8.2 m s–1. 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.

 (a) For the ball at point P, 

  (i) show that the vertical component of its velocity is 14.2 m s–1,

 [2]

  (ii) determine the vertical distance through which the ball has fallen,

 distance =  ............................................  m  [2]
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↑

X
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8.2m51
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Vy V
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  (iii) determine the horizontal distance x.

 x =  ............................................  m  [2]

 (b) The path of the ball in (a), with an initial horizontal speed of 8.2 m s–1, is shown again in 
Fig. 2.2.

8.2 m s–1

Fig. 2.2

  On Fig. 2.2, sketch the new path of the ball for the ball having an initial horizontal 
speed

  (i) greater than 8.2 m s–1 and with negligible air resistance (label this path G), [2]

  (ii) equal to 8.2 m s–1 but with air resistance (label this path A).     [2]
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