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Section A (36 marks) 
 
1 A particle is projected vertically upwards from ground level and it returns to the ground  

10 seconds later. Air resistance is negligible. 
 
Find 

  
 (i) the speed of projection,               [3] 
 
 (ii) the maximum height above the ground reached by the particle.        [2] 
 
 
 
2 A block of mass 2 kg slides on a smooth horizontal table. It is attached to a hanging object of  

mass 0.5 kg by a light inelastic string that passes over a small smooth pulley. The part of the  
string between the block and the pulley is horizontal. The string is taut with the block held on 
the table. The block is released.  
 
 
 
 
 
 
 
 

Fig. 2 
 
Find 

 
 (i) the acceleration of the block, [3] 
 
 (ii) the tension in the string. 
    [2] 
 
 
3 A block of mass 2 kg is in equilibrium on a slope of 40o. 
 
 (i) Draw a diagram showing all the forces acting on the block. [1] 
 
 (ii) Show that the resistance on the block is 12.60 N, correct to 2 decimal places.           [2] 
 
 (iii) Find,  correct to 2 decimal places, the normal contact force exerted on the block by the  
  plane.     [2] 
 
 
4 A particle is in equilibrium under the action of three forces  F1, F2 and F3. 
  F1 = 10i + 3j  and F2 = 5i – 12j. 
 
 (i) Find F3.        [2] 
 
 (ii) Calculate the magnitude of F1 and the angle it makes with the i direction. [4] 

2 kg 

0.5 kg 
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5 A boat moves through still water. Its initial velocity is 
3
0

 
 
 

 m s-1. It has uniform  

acceleration 
1
1

 
 
 

m s-2, where 
1
0

 
 
 

 represents the unit vector due east and 
0
1

 
 
 

 represents  

the unit vector due north. The boat starts from the point 
0
0

 
 
 

. 

  
Find 

 
 (i) the velocity and speed of the boat after 2 seconds,  [4] 
 
 (ii) the displacement of the boat after 4 seconds. [3] 
 
 
 
6 A stone is thrown from the top of a cliff, 50 m above sea level. The initial velocity of the  

stone is 15 ms-1 at an angle of θ  to the horizontal, where cos 0.8 and sin 0.6.= =θ θ  Air  
resistance is negligible. 
 
 
 
 
 
 
 
 
 
 
 
     Fig. 6 
 
(i) Show that after t seconds the vertical height, y m, of the stone above sea level is given  

by the equation 
29 4.9 50y t t= − + .           [3] 

 
(ii) Find the horizontal distance, x m, travelled after t seconds.         [2] 
 
(iii) Hence show that, referred to the axes shown in Fig. 6,  the trajectory of the stone is  

given by the equation 
 

      23 49 50
4 1440

y x x= − + .          [3] 

 
 

x 

y 

15 ms-1 

θ 

50 m 
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Section B  (36 marks) 

 
7 A car is towing a trailer. They are connected by a light horizontal towbar. The mass of the car  

and trailer are 1000 kg and 200 kg respectively. The resistance to motion of the car is 800 N  
and of the trailer is 150 N. The driving force exerted by the car is D N. 

 
(a) The car travels along a horizontal road. 

 
  (i) Draw a force diagram showing all the forces acting in a horizontal direction on  

the car and another diagram showing all the forces acting in a horizontal direction  
on the trailer.               [2] 

  
(ii) The car is moving at a constant speed. Write down the value of D and find the  

value of the pulling force of the towbar on the trailer. [2] 
 

(iii) At a later time the car accelerates uniformly from 10 m s-1 to 20 m s-1 over  
15 seconds.  What is the driving force now?              [4] 
 

 (b) The car is then driven up a slope of angle θ where sin θ = 0.1. The resistances to motion  
remain as above. The car slows with constant deceleration of 0.5 m s-2. 

 
  (i) Draw a force diagram, showing all the forces acting on the car and another  

diagram showing all the forces acting on the trailer.         [3] 
 
  (ii) Find the value of D and the tension in the towbar.           [7] 
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8 John can run at 8 m s-1 and he is entered for a 100 metre race. 
 
 He suggests a model in which he accelerates uniformly to the maximum speed of 8 ms-1  
 in 4 seconds and then runs at maximum speed for the rest of the distance. Fig. 8 is the  
 speed-time graph for this model. 
 
   
 
 
 
 
 
 
 
     Fig. 8 
 
 (i) Find the distance run in the first 4 seconds and hence the time taken to run the race.   [5] 
 
 John’s teacher suggests a model such that for the first four seconds his speed, v m s-1 at time  
 t seconds, is given by the formula 

     ( )2 31 6
4

v t t= − . 

 
 (ii) (A) Find v when t = 4. 
           
  (B) Find an expression for the acceleration as a function of t. 
   For what values of t is the acceleration zero?   [4] 
 
  (C) Show that with this improved model the time taken to complete the race is the  
   same as that for John’s model in part (i) . [6] 
 
 (iii) Compare the two models. [2] 
 
  
  

time (s) 

speed  
(m s-1) 

8 

4 
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Qu  Answer Mark  Comment 
Section A 
1 (i) 2

-1

1 9.8
2

0 10 490 49
Speed is 49ms

s ut t

u u

= −

⇒ = − ⇒ =

⇒

 

 

M1 
M1 
 
A1 

3 

Any relevant formulae 
Substitute 

 (ii) 2 2

2

2 9.8
0 49 19.6 122.5
Height is 122.5 m

v u s
s s

= − × ×

⇒ = − ⇒ =
⇒

 

M1 
 
A1 

2 

Alt: find t M1  
then s  A1 
OR state t = half of 10 
M1 

2 (i) 

-2
 

0.5 0.5
2

0.5 2.5 1.96
Acceleration is 1.96 ms

g T a
T a

g a a

− =
=

⇒ = ⇒ =

⇒

 

M1 
A1 
 
A1 

3 

 
Both 

 (ii) 
 
Substitute: 2 1.96 3.92 

Tension is 3.92 N
T = × =

⇒
 

M1  
A1 

2 

 

3 (i) Correct diagram B1 
1 

 

 (ii) 2 sin 40 12.60 
Resistance is 12.60 N (2 d.p.)

R g= =
⇒

 
M1  
E1 

2 

 

 (iii) 2 cos 40 15.01 
Normal contact force is 15.01 N (2 d.p.)

N g= =
⇒

 
M1  
A1 

2 

 

4 (i) 1 2

3

15 9
15 9

+ = −
⇒ = − +
F F i j

F i j
 

B1 
B1 

2 

 

 (ii) 
1

o

109 10.4 

3Angle is arctan 16.7
10

= ≈

≈

F
 

M1 
A1 
M1  
A1 

4 

 

5 (i) 
-1

 

-1
 

3 1 5
velocity 2  ms

0 1 2

Speed = 29 5.39 ms

     
= + =     

     

≈

 

M1 
A1 
 
M1 
A1 

4 

 

 (ii) 3 1 201displacement 4 16  m
0 1 82

     
= + =     

     
 

M1 
A1 A1 

3 
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6 (i) 2 2

2

1 50 15 0.6 4.9 50
2

9 4.9 50

y ut at y t t

y t t

= + + ⇒ = × − +

⇒ = − +
 

M1 
A1 
E1 

3 

 

 (ii) 15 0.8 12x t t= × =  M1 A1 
2 

 

 (iii) 2

2

2

9 4.9 50 and 12

Eliminate 9 4.9 50
12 12

3 49 50
4 1440

y t t x t

x xt y

y x x

= − + =

 ⇒ = × − × + 
 

⇒ = − +

 

M1 
 
 
A1 
 
E1 

3 

 

Section B 
7 (a)(i) Correct diagrams 

 
B1 
B1 

2 

 

 (ii) D = 950 ⇒  Driving force is 950 N 
T = 150 ⇒  Pulling force is 150 N 

B1 
B1 

2 

 
 
 

 (iii) 20 10 2
15 3

2950 1200 800
3

1750 Driving force is 1750 N

a

D ma

D

−
= =

− = = × =

⇒ = ⇒

 

M1 
A1 
 
M1 
 
A1 

4 

 

 (b)(i) Correct diagrams B1 
B2 
 

3 

For trailer 
For car -1 for an error 

 (ii) For system 
1950 1200 sin 1200 600
2

2126 600 1526
 Driving force is 1526 N

D g ma

D D

θ− − = = − × = −

⇒ − = − ⇒ =
⇒

 

 
For trailer: 

1150 200 sin 200 100
2

346 100 246
Tension is 246 N

T g ma

T T

θ− − = = − × = −

⇒ − = − ⇒ =
⇒

 

 
M1 
B1 
A1 
A1 
 
 
 
 
M1 
A1 
A1 

7 

 
N2L 
Component of weight 
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8 (i) 1 4 8 16 

2
so he runs 16 m while accelerating, leaving 84 m

84time = 10.5 seconds
8

total time = 14.5 seconds

s = × × =

=

⇒

 

M1 
A1 
B1 
 
M1 
 
A1 

5 

 

 (ii)(A)  Substitute t = 4 giving v = 8  
 

B1 
1 

 

 (ii)(B) ( )2

2

d 1 12 3
d 4

 0 12 3 0
0,4

va t t
t

a t t
t

= = −

= ⇒ − =
⇒ =

 

M1 A1 
 
M1  
 
A1 

4 
 

 
 
Set to 0 and an attempt 
to solve. 
both 
 

 (ii) (C) 
( )

4
2 3

0

44
3

0

1   6 d
4

1 2
4 4

16
          

s t t t

tt

= −

 
= − 

 
=

∫

 

The rest of the motion is the same 
So time is the same 
 

M1 
 
A1, A1 
 
 
A1 
 
E1 
E1 

6 

 
 
Each term 

 (iii) The teacher’s model is smooth  at t = 4, which is 
better, but its modelling of the acceleration as zero  
at t = 0 is unrealistic 

B1 
B1 

2 
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