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1. A particle of mass 0.25 kg is moving with velocity (3i + 7j) m s–1 when it receives the 
impulse (5i – 3j) N s. 
 
Find the speed of the particle immediately after the impulse. 

(5) 
      
 

2. At time t = 0 a particle P leaves the origin O and moves along the x-axis. At time t seconds 
the velocity of P is v m s–1, where 
 

v = 8t − t 2 . 
 
(a)  Find the maximum value of v. 

(4) 

(b)  Find the time taken for P to return to O. 
(5) 

 
 

3. A truck of mass of 300 kg moves along a straight horizontal road with a constant speed 
of 10 m s–1. The resistance to motion of the truck has magnitude 120 N. 

 
(a)  Find the rate at which the engine of the truck is working. 

(2) 
 
On another occasion the truck moves at a constant speed up a hill inclined at θ to the 
horizontal, where sin θ = 14

1 . The resistance to motion of the truck from non-gravitational 
forces remains of magnitude 120 N. The rate at which the engine works is the same as in 
part (a). 
 
(b)  Find the speed of the truck. 

(4) 
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4.  

 
 

Figure 1 
 

A uniform rod AB, of length 1.5 m and mass 3 kg, is smoothly hinged to a vertical wall at A. 
The rod is held in equilibrium in a horizontal position by a light strut CD as shown in 
Figure 1. The rod and the strut lie in the same vertical plane, which is perpendicular to the 
wall. The end C of the strut is freely jointed to the wall at a point 0.5 m vertically below A. 
The end D is freely joined to the rod so that AD is 0.5 m. 
 
(a)  Find the thrust in CD. 

(4) 

(b)  Find the magnitude and direction of the force exerted on the rod AB at A. 
(7) 
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5.          

 
 

Figure 2 
 

A shop sign ABCDEFG is modelled as a uniform lamina, as illustrated in Figure 2. ABCD is a 
rectangle with BC = 120 cm and DC = 90 cm. The shape EFG is an isosceles triangle with 
EG = 60 cm and height 60 cm. The mid-point of AD and the mid-point of EG coincide. 
 
(a)  Find the distance of the centre of mass of the sign from the side AD. 

(5) 
 
The sign is freely suspended from A and hangs at rest. 
 
(b)  Find the size of the angle between AB and the vertical. 

(4) 
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6.           

 
 

Figure 3 
 
A child playing cricket on horizontal ground hits the ball towards a fence 10 m away. The ball 
moves in a vertical plane which is perpendicular to the fence. The ball just passes over the top 
of the fence, which is 2 m above the ground, as shown in Figure 3. 
 
The ball is modelled as a particle projected with initial speed u m s–1 from point O on the 
ground at an angle α to the ground. 
 
(a) By writing down expressions for the horizontal and vertical distances, from O of the ball 

t seconds after it was hit, show that 
 

2 = 10 tan α – 
D22 cos

50
u

g . 

(6) 
 
Given that α = 45°, 
 
(b) find the speed of the ball as it passes over the fence. 

(6) 
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7.          

 
 

Figure 4 
 
A particle P of mass 2 kg is projected up a rough plane with initial speed 14 m s–1, from a 
point X on the plane, as shown in Figure 4. The particle moves up the plane along the line of 
greatest slope through X and comes to instantaneous rest at the point Y. The plane is inclined 
at an angle α to the horizontal, where tan α = 24

7 . The coefficient of friction between the 
particle and the plane is 8

1 . 
 
(a)  Use the work-energy principle to show that XY = 25 m. 

(7) 
 
After reaching Y, the particle P slides back down the plane. 
 
(b)  Find the speed of P as it passes through X. 

(4) 
 

 
8. Particles A, B and C of masses 4m, 3m and m respectively, lie at rest in a straight line on a 

smooth horizontal plane with B between A and C. Particles A and B are projected towards 
each other with speeds u m s–1 and v m s–1 respectively, and collide directly. As a result of the 
collision, A is brought to rest and B rebounds with speed kv m s–1. The coefficient of 
restitution between A and B is 4

3 . 
 
(a)  Show that u = 3v. 

(6) 

(b)  Find the value of k. 
(2) 

 
Immediately after the collision between A and B, particle C is projected with speed 2v m s–1 
towards B so that B and C collide directly. 
 
(c)  Show that there is no further collision between A and B. 

(4) 
 

TOTAL FOR PAPER: 75 MARKS 
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Q1 I =mv-mu 

5i – 3j = 
4
1  v - 

4
1 (3i + 7j) 

v = 23i - 5j 
|v| = 5.23523 22 =+   
 

 

 
 
M1A1 
 
A1 
M1A1 
 

[5] 

   

t
dt
dv 28 −=  

028 =− t  
Max 16448 2 =−×=v (ms-1) 

M1 
 
M1 
 
M1A1 

(4) 

Q2     (a) 
 
 
 
 
 
 

(b) )(
3
148 322 cttdttt +−=−∫  

(t=0, displacement = 0 ⇒  c=0) 
 

0
3
14 32 =− TT  

12 ,00)
3

4(2 =⇒=− TTT  

 
T = 12 (seconds) 
 

 
M1A1 
 
 
 
 
DM1 
 
DM1 
 
A1 

(5) 
[9] 

   
Q3     (a) 
 
 
 

(b) 
 
 

Constant v ⇒ driving force = resistance 
                    ⇒ F=120 (N) 
                    ⇒ P=120 x 10 = 1200W 
 
Resolving parallel to the slope, zero acceleration: 

                                         )330(sin300120 =+= θg
v
P

 

                                      ⇒ v = 6.3
330

1200
= (ms-1) 

 
 
 
 

 
M1 
M1 

(2) 
 
 
M1A1A1 

 
A1 

(4) 
[6] 
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Question 
Number Scheme Marks 

   
Q4     (a) 
 

C

D
BA

 

Taking moments about A: 

5.0
2

75.03 ×=×
Tg  

)4.62(
2
29

5
5.723 NggT ==×=  

 
 
M1A1A1 

 
A1 
 

(4) 

(b) 
← )1.44

2
9(

2
NgTH ≈==±  

 

↑  gTV 3
2

=+±   (⇒ 7.14
2
3

2
93 −≈

−
=−=

gggV Ν) 

⇒  )(5.46
2

981 NgR ≈×+=  

      at angle 
3
1tan 1−  = 18.4o (0.322 radians) below the line of BA 

                                    161.6o (2.82 radians) below the line of AB 
                                    (108.4o or 1.89 radians to upward vertical) 

 
B1 
 
 
M1A1 

 
M1A1 
 
 
M1A1 
 

(7) 
[11] 

   
Q5     (a) Ratio of areas triangle:sign:rectangle = 1 : 5 : 6   (1800:9000:10800) 

Centre of mass of the triangle is 20cm down from AD (seen or implied) 
 
⇒ y×=×−× 5201456  
      cmy 50=  

B1 
B1 
 
M1A1 
A1 

(5) 
(b) Distance of centre of mass from AB is 60cm 

 

Required angle is 
50
60tan 1−                                                                         (their values) 

                             = 50.2o  (0.876 rads) 

B1 
 
 
M1A1ft 
 
A1 

(4) 
[9] 



 

6678/01 GCE Mathematics June 2009 4 

Question 
Number Scheme Marks 

   
Q6     (a) →  10cos == tux α  

↑    2
2
1sin 2 =−= gttuy α  

⇒ 
αcos

10
u

t =  

     
αα

α 22 cos
100

2cos
10sin2

u
g

u
u ×−×=  

        
α

α 22 cos
50tan10

u
g

−=  (given answer) 

M1A1 
 
M1A1 
 
 
 
M1 
 
 
A1 

(6) 
        (b) 

12
21001102 2 ×

×
−×=

u
g  

8
1002 gu = , 1.11

8
100

==
gu  (m s-1) 

 
M1A1 
 
A1 

 
 22

2
128.9

2
1 mvmmu +××=  

11.9 −= msv  

 
M1A1 
 
A1 

(6) 
 

[12] 
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Question 
Number Scheme Marks 

   
Q7     (a)  

 

 

 

 

 

 

KE at X = 22 142
2
1

2
1

××=mv  

GPE at Y = 

⎟
⎠
⎞

⎜
⎝
⎛ ×××=

25
72sin dgmgd α  

 

Normal reaction αcosmgR =  

Friction = R×µ =
25
242

8
1

×× g  

 
Work Energy:  2

2
1 mv - αsinmgd = dR ××µ  or equivalent 

                          196 = 
25

6
25

14 gdgd
+ = 

25
20gd  

                              d = 25 m 

 

B1 

 

B1 

B1 

 

M1 
 

M1A1 

 

 

 

A1 

(7) 

 (b) Work Energy 

First time at X: 2

2
1 mv  = 214

2
1 m  

Work done = dR 2××µ = dg 2
25
242

8
1

×××  

Return to X:  2

2
1 mv  = 214

2
1 m - 50

25
242

8
1

××× g  

                              v = 8.9 ms-1                                                          (accept 8.85 ms-1) 

 

OR: Resolve parallel to XY to find the acceleration and use of asuv 222 +=  

25
8

25
6

25
72sin22 max

gggFga =−×=−= α  

gsav 82)0(2 =××+= ; v = 8.9                                                   (accept 8.85 ms-1)  

 

 

 

 
 

 

M1A1 
 

DM1A1 

(4) 

 
M1A1 

 

DM1;A1 

[11] 

X 

Y 
14 m s-1 

α  
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Number Scheme Marks 

   
Q8     (a)  

 

 

 

 

 

Conservation of momentum:  mkvmvmu 334 =−  

Impact law:                             )(
4
3 vukv +=  

 

Eliminate k:                             )(
4
3334 vummvmu +×=−   

                                                  vu 3=  (Answer given) 

 

 

 

 

 
 

M1A1 

 

M1A1 

 
 

DM1 
 

A1 

(6) 

(b) 
)3(

4
3 vvkv += , k = 3 

 

M1,A1 

(2) 

(c) Impact law:  BC vvevkv −=+ )2(    ( BC vvve −=5 ) 
Conservation of momentum : cB vvvkv +=×−× 3213   ( cB vvv += 37 ) 

Eliminate vC   : 0)57(
4

>−= evvB hence no further collision with A. 

B1 
 

B1 
 
M1 A1 

(4) 
 

[12] 
 

 
 

4m 3m m 

A B C 

u v 
0 kv 


