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1. At time t = 0 , the position vector of a particle P is –3j m. At time t seconds, the position 
vector of P is r metres and the velocity of P is v m s–1. Given that 
 

v – 2r = 4etj , 
 
find the time when P passes through the origin. 

(7) 
 
 

2.  

 
 

Figure 1 
 
A uniform circular disc has mass 4m, centre O and radius 4a. The line POQ is a diameter of 
the disc. A circular hole of radius 2a is made in the disc with the centre of the hole at the 
point R on PQ where QR = 5a, as shown in Figure 1. 
 
The resulting lamina is free to rotate about a fixed smooth horizontal axis L which passes 
through Q and is perpendicular to the plane of the lamina. 
 
(a)  Show that the moment of inertia of the lamina about L is 69ma2. 

(7) 
 
The lamina is hanging at rest with P vertically below Q when it is given an angular 

velocity W. Given that the lamina turns through an angle  before it first comes to 

instantaneous rest, 
 
(b)  find W in terms of g and a. 

(6) 
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3. A uniform lamina ABC of mass m is in the shape of an isosceles triangle with AB = AC = 5a 
and BC = 8a. 

 
(a)  Show, using integration, that the moment of inertia of the lamina about an axis through A, 

parallel to BC, is ma2 . 
(6) 

 
The foot of the perpendicular from A to BC is D. The lamina is free to rotate in a vertical 
plane about a fixed smooth horizontal axis which passes through D and is perpendicular to the 
plane of the lamina. The lamina is released from rest when DA makes an angle α with the 
downward vertical. It is given that the moment of inertia of the lamina about an axis 
through A, perpendicular to BC and in the plane of the lamina, is ma2 . 
 
(b)  Find the angular acceleration of the lamina when DA makes an angle θ with the 

downward vertical. 
(8) 

 
Given that α is small, 
 
(c)  find an approximate value for the period of oscillation of the lamina about the vertical. 

(2) 
 
 

4. Two forces F1 = (i + 2j + 3k) N and F2 = (3i + j + 2k) N act on a rigid body. 
 

The force F1 acts through the point with position vector (2i + k) m and the force F2 acts 
through the point with position vector (j + 2k) m. 
 
(a)  If the two forces are equivalent to a single force R , find 
 
 (i)  R , 

(2) 

 (ii)  a vector equation of the line of action of R , in the form r = a + λb. 
(6) 

(b)  If the two forces are equivalent to a single force acting through the point with position 
vector (i + 2j + k) m together with a couple of moment G, find the magnitude of G. 

(5) 
 

2
9

3
8



N35394A 4 

5. A raindrop falls vertically under gravity through a cloud. In a model of the motion the 
raindrop is assumed to be spherical at all times and the cloud is assumed to consist of 
stationary water particles. At time t = 0 , the raindrop is at rest and has radius a. As the 
raindrop falls, water particles from the cloud condense onto it and the radius of the raindrop is 
assumed to increase at a constant rate λ. A time t the speed of the raindrop is v. 

 
(a)  Show that 
 

 =  = g. 

 (8) 

(b)  Find the speed of the raindrop when its radius is 3a. 
(7) 

  
 
6. A uniform circular disc has mass m, centre O and radius 2a. It is free to rotate about a fixed 

smooth horizontal axis L which lies in the same plane as the disc and which is tangential to 
the disc at the point A. The disc is hanging at rest in equilibrium with O vertically below A 
when it is struck at O by a particle of mass m. Immediately before the impact the particle is 
moving perpendicular to the plane of the disc with speed 3√(ag). The particle adheres to the 
disc at O. 

 
(a)  Find the angular speed of the disc immediately after the impact. 

(5) 

(b)  Find the magnitude of the force exerted on the disc by the axis immediately after the 
impact. 

(6) 
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Question 
Number Scheme Marks    

   

1  d    2   =  4e  
d

t

t
−

r r j       

  2IF = e t−   

  2 2de (    2 ) e .4e  
d

t t t

t
− −− =

r r j  M1 

  
2d( e ) 4e  

d

t
t

t

−
−=

r j   

  2e 4e   dt t t− −= ∫r j  DM1 

  = −4e−t  j (+ C)  A1 
   
  0, 3t = = − ⇒ =r j C j  DM1                  
  e-2tr = (1− 4e− t )j   or r = (e2t − 4et )j  A1 
           (1− 4e− t ) = 0  or  (e2t − 4et ) = 0  DM1 
                 ln 4t = , 1.4 or better                      A1 
  7

   
2   

(a)  Mass of disc removed = m  B1 

  2 21 4 (4 ) 4 (4 )
2

m a m a+  M1 A1 

  2 21 (2 ) (5 )
2

m a m a+  M1 A1 

  2 2 2 21 14 (4 ) 4 (4 ) ( (2 ) (5 ) )
2 2

I m a m a m a m a= + − +  DM1 

  269    *ma=  A1 
  (7)
   

(b)  4 .0 3m mx ma= −  M1 

  1
3

x a=  (from O) A1 

  2 21 1 269 3 (4 )(1 cos )
2 3 3

ma mg a a π
Ω = − −  M1 A2 

  11
23

g
a

Ω =  A1 

  (6)
  13
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3 

 

 

(a)  8
3
xA xδ δ=  M1 A1 

  2

8 .
3 12
x mm x

a
δ δ=  or δm =

8x
3
δx.ρ  DM1 

  2 3
2 2

8 2.     (= )
3 12 9
x m mI x x x x

a a
δ δ δ=  A1 

  
3

3
2

0

2 d
9

a mI x x
a

= ∫  M1 

  
34

2
0

2
9 4

a
m x
a

⎡ ⎤
= ⎢ ⎥

⎣ ⎦
  

  
29 *

2
ma

=  A1 

  (6)
   

(b)  
2 2 29 8 43+  =   (perp axes rule)

2 3 6A
ma ma maI =  M1 A1 

 
  
                                     2+ (2 )   (parallel axes rule)A GI I m a=  DM1 A1 

                                      ID = IG  + ma2        (parallel axes rule)  A1 
     

  
2 2

243 253
6 6D
ma maI ma= − =  A1 

   

  
225sin

6
mamga θ θ= − &&  M1 

  6 sin
25

g
a

θ θ= −&&  A1 

  (8)
   

(c)  6For small ,         SHM
25

g
a

θ θ θ= −&&  M1 

  252
6

aT
g

π= = 5π
2a
3g

 A1 

  (2)
  16
   

5a 5a 

A 



GCE Mechanics M5 (6681) Summer 2010 

Question 
Number Scheme Marks    

   
4   

(a) (i)  ( 2 3 ) (3 2 )R i j k i j k= + + + + +  M1 
  =(4 3 5 )i j k+ +  A1 
  (2)
   

(a) (ii)  ( )x(4 3 5 ) (2 )x( 2 3 ) ( 2 )x(3 2 )i j k i j k i k i j k j k i j kx y z+ + + + = + + + + + + +  M1 
 (5 3 ) (4 5 ) (3 4 ) ( 2 5 4 ) (6 3 )i j k i j k j ky z z x x y− + − + − = − − + + −  A2 
 (5y − 3z)i + (4z − 5x)j+ (3x − 4y)k = (−2i + j+ k)   
 1 1

4 4a solution is 0, ,x y z= = − = ; x = 1
3 , y = 0, z = 2

3 ; x = − 1
5 , y = − 2

5 , z = 0  B1 
  1 1

4 4 (4 3 5 )r j k i j kλ= − + + + +  M1 A1 ft 
  (6)
   

(b)  ( 2 )x(4 3 5 ) ( 2 )i j k i j k G i j k+ + + + + = − + +  M1 A1 
  (7 5 ) ( 2 )i j k G i j k− − + = − + +   
  ( 9 2 6 )G i j k= − + +  A1 
  2 2 2( 9) 2 6G = − + +  M1 
  11  (Nm)=  A1  ft 
  (5)
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5   

(a)  
dr
dt

= λ ⇒ r = λt + a  B1 

  ( )( )  m m v v mv mg tδ δ δ+ + − =  M1 A1 

  d d
d d
v v m g
t m t
+ =  DM1 A1 

  
dm
dt

= 4πr2 (ρ)λ   A1 (B1) 

  2
3

d 3 d 34
d 4 d
v v v vr g g
t r t r

λπ ρλ
π ρ

+ = ⇒ + =  DM1 

  d 3   * 
d  
v v g
t t a

λ
λ

+ =
+

 A1 

  (8)
   

(b)  
3

3 d 3ln( t+a) ln( t+a) 3t+ae e e ( )
t

R t a
λ

λ λλ λ∫= = = = +  M1 A1 

  3 3( ) ( ) dv t a g t a tλ λ+ = +∫  DM1 

  v(λt + a)3 = 1
4λ g(λt + a)4  A1 

   
  41

40, 0t v C gaλ= = ⇒ = −  DM1 
  3t a aλ + =  DM1 

  
4

1 1
4 4 3

20(3 )
27 27
ga agv g a

aλ λ λ
= − =  A1 

  (7)
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6   

(a) MI of disc about L = 
1
4

m(2a)2 + m(2a)2 = 5ma2  M1 A1 

 2 2CAM:  3 .2 (5 (2 ) )m ag a ma m a ω= +  M1 A1 ft 

 2
3

g
a

ω =  A1 

  (5)
   

(b) ( ) ,  0M A Iθ= &&  B1 
 0θ =&&   
   
 ( ), 2 2 0R X m aθ← = =&&  B1 
   
 2( ), 2 2 2R Y mg m aθ↑ − = &  M1 A1 

 
42 4
9

gY mg ma
a

= +  DM1 

 
34

9
mg

=  A1 

  (6)
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22aθ&  ↑  ←  2aθ&&  


