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1. A car moves along a straight horizontal road. 

 The car starts from rest at a fixed point A on the road and moves with constant 
acceleration for 30 seconds, reaching a speed of 15 m s−1.  

 This speed is then maintained.

 When the car has been moving for 15 seconds a motorbike starts from rest at A and 
moves along the same road in the same direction as the car.  

 The motorbike accelerates at 1.5 m s−2 so that it catches up with the car when the car has 
been moving for T seconds.

 (a) Using the same axes, sketch the speed-time graph of the car and the speed-time graph 
of the motorbike up to the time when the motorbike catches up with the car.

(3)

 (b) Find the speed of the motorbike at the instant it catches up with the car.
(6)
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

ex
em

pla
r

ex
em

pla
r

DRAFT

DRAFT



4

*S63438A0420*

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

Question 1 continued
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Question 1 continued
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2. 

B

A
θ

Figure 1

 The ladder AB shown in Figure 1 has length 2a and weight W.

 The ladder rests in equilibrium with end A on rough horizontal ground and end B against 
a smooth vertical wall.

 The ladder rests in a vertical plane perpendicular to the wall, and is inclined at angle θ to 
the ground.

 The coefficient of friction between the ladder and the ground is μ.

 The ladder is on the point of slipping.

 The ladder is modelled as a uniform rod.

 (a) Show that μ = 
1

2 tanθ (7)

 (b) If the ladder were not modelled as uniform, state how this would affect the calculated 
value of μ, explaining your answer carefully.

(2)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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3. [In this question position vectors are given relative to a fixed origin O]

 A particle P moves under the action of a single force F newtons.

 At time t seconds, where t  0, the position vector of P, r metres, is given by

r = (t3 − 5t) i + (5t2 + 6t)j

 The mass of P is 0.5 kg.

 At time T seconds, P is moving in the direction of the vector (i + 2j).

 (a) Find the value of T.
(5)

 (b) Find the magnitude of F when t = 2
(4)
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Question 3 continued
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4. [In this question the unit vectors i and j are in a vertical plane, i being horizontal and 
j being vertically upward.]

A

h m

O

(9i + 12j) m s−1

Figure 2

 A small ball is projected from the fixed point O on horizontal ground with velocity 
(9i + 12j) m s−1

 The ball passes through the point A which is h metres vertically above the level of O, 
as shown in Figure 2.  

 The velocity of the ball at the instant it passes through the point A is λ(i − j) m s−1, 
where λ is a positive constant.  

 The ball is modelled as a particle moving freely under gravity.

 (a) Find the value of h.
(4)

 (b) State the minimum speed of the ball as it moves from O to A.
(1)

 (c) Find the length of time for which the speed of the ball is less than 12 m s−1

(4)

 The model could be refined by considering air resistance.

 (d) Suggest one other refinement to the model that would make it more realistic.
(1)
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Question 4 continued
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Question 4 continued
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Turn over     

Question 4 continued
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5. 

3 kg

θ

A

P

B3 kg

0.8 m

Figure 3

 Two packages A and B, each of mass 3 kg, are attached to the ends of a rope. 

 Initially A is held at rest on a smooth fixed plane that is inclined at angle θ to the 

 horizontal ground, where sin θ = 
2

7
 

 The rope passes over a pulley, P, fixed at the top of the plane.  

 The pulley is modelled as small and smooth.

 The part of the string from A to P is parallel to a line of greatest slope of the plane.

 Package B hangs freely below P, as shown in Figure 3.  

 The packages are released from rest with the string taut and A moves up the plane.

 In this model, the packages are modelled as particles and the rope as a light inextensible string. 

 The magnitude of the tension in the string immediately after the packages are released is 
T newtons.

 (a) Find the value of T.
(6)

 At the instant when the packages are released from rest, B is 0.8 m above the ground and 
A is at the point C on the plane.  

 When B reaches the ground, B is immediately brought to rest by the impact with the ground.

 In the subsequent motion, A does not reach P and comes to instantaneous rest at the point D 
on the plane.

 (b) Find the distance CD.
(5)

 (c) State two limitations of the model that could affect the reliability of your answers.
(2)
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