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1 A particle is moving in a straight line. At time t its displacement x from a fixed point O on the line is

given by

x = A sin ωt

where A and ω are constants.

(i) Show that
d2x

dt2
= −ω2x and (dx

dt
)2

= ω2(A2 − x2). [5]

A ball floats on the surface of the sea. Waves cause the ball to rise and fall in a vertical line, and the

ball is executing simple harmonic motion. The centre of the oscillations is 8 m above the sea-bed.

The ball has speed 1.2 m s−1 when it is 7.3 m above the sea-bed, and it has speed 0.75 m s−1 when it is

10 m above the sea-bed.

(ii) Show that the amplitude of the oscillations is 2.5 m, and find the period. [6]

(iii) Find the maximum speed of the ball. [1]

(iv) Find the magnitude and direction of the acceleration of the ball when it is 6.4 m above the

sea-bed. [3]

(v) Find the time taken for the ball to move upwards from 6 m above the sea-bed to 9 m above the

sea-bed. [3]
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2 (a) A particle P of mass 0.2 kg is connected to a fixed point O by a light inextensible string of length

3.2 m, and is moving in a vertical circle with centre O and radius 3.2 m. Air resistance may be

neglected. When P is at the highest point of the circle, the tension in the string is 0.6 N.

(i) Find the speed of P when it is at the highest point. [3]

(ii) For an instant when OP makes an angle of 60◦ with the downward vertical, find

(A) the radial and tangential components of the acceleration of P, [5]

(B) the tension in the string. [3]

(b) A solid cone is fixed with its axis of symmetry vertical and its vertex V uppermost. The semi-

vertical angle of the cone is 36◦, and its surface is smooth. A particle Q of mass 0.2 kg is

connected to V by a light inextensible string, and Q moves in a horizontal circle at constant

speed, in contact with the surface of the cone, as shown in Fig. 2.

36°

V

Q

Fig. 2

The particle Q makes one complete revolution in 1.8 s, and the normal reaction of the cone on Q

has magnitude 0.75 N.

(i) Find the tension in the string. [2]

(ii) Find the length of the string. [5]
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3 Fixed points A and B are 4.8 m apart on the same horizontal level. The midpoint of AB is M. A light

elastic string, with natural length 3.9 m and modulus of elasticity 573.3 N, has one end attached to A

and the other end attached to B.

(i) Find the elastic energy stored in the string. [2]

A particle P is attached to the midpoint of the string, and is released from rest at M. It comes

instantaneously to rest when P is 1.8 m vertically below M.

(ii) Show that the mass of P is 15 kg. [5]

(iii) Verify that P can rest in equilibrium when it is 1.0 m vertically below M. [4]

In general, a light elastic string, with natural length a and modulus of elasticity λ , has its ends attached

to fixed points which are a distance d apart on the same horizontal level. A particle of mass m is

attached to the midpoint of the string, and in the equilibrium position each half of the string has length

h, as shown in Fig. 3.

Fig. 3

d

hh

When the particle makes small oscillations in a vertical line, the period of oscillation is given by the

formula √
8π2h3

8h3 − ad2
mαaβ λ γ .

(iv) Show that
8π2h3

8h3 − ad2
is dimensionless. [1]

(v) Use dimensional analysis to find α, β and γ . [4]

(vi) Hence find the period when the particle P makes small oscillations in a vertical line centred on

the position of equilibrium given in part (iii). [2]
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4 The region A is bounded by the curve y = x2 + 5 for 0 ≤ x ≤ 3, the x-axis, the y-axis and the line x = 3.

The region B is bounded by the curve y = x2 + 5 for 0 ≤ x ≤ 3, the y-axis and the line y = 14. These

regions are shown in Fig. 4.

x

y

O

5

14

3

B

A

Fig. 4

(i) Find the coordinates of the centre of mass of a uniform lamina occupying the region A. [9]

(ii) The region B is rotated through 2π radians about the y-axis to form a uniform solid of revolution R.

Find the y-coordinate of the centre of mass of the solid R. [6]

(iii) The region A is rotated through 2π radians about the y-axis to form a uniform solid of revolution S.

Using your answer to part (ii), or otherwise, find the y-coordinate of the centre of mass of the

solid S. [3]
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Obtaining second derivative 
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Using  2 2 2 2( )v A x 
Two correct equations 
(M0 if 7.3x   used, etc) 
   
Eliminating   
or  Eliminating A 
or  Substituting  into both 2.5A 
      equations 
 
 
Correctly shown 
 
 
 

Using 
2


 

      (iii) Maximum speed is  11.25 msA  B1 
 1

ft only if greater than 1.2 

      (iv) Magnitude is  20.5 1.6
                 20.4 ms
Direction is upwards 

M1 
 
A 1 
B1 
 3

 
 
Accept 0.4  
B0 for just ‘towards centre’ 

      (v) x 2.5sin(0.5 )t  

When   (or 10.71) 2, 1.855x t   
When   (or 13.39) 1, 0.823x t 
Time taken is 0.823 ( 1.855)   

 
                     (3 sf) 2.68 s

B1 
 
 
 
M1 
  
A1 
 3

or 2.5cos(0.5 )x t  

or ( ) 4.996t    

or ( ) 2.319t    

Correct strategy for finding time 
( must use radians) 

    (ft is 1.3388 / ) 
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 2(a)(i)  
2

0.6 0.2 9.8 0.2
3.2

u
     

Speed is  16.4 ms

 
M1 
A1 
 
A1 
 3

For acceleration 
2

3.2

u
 

      (ii) (A) 
2 21

2

2

( ) 9.8(3.2 3.2cos 60 )

135.04

m v u m

v

    


 

Radial component is 
2

242.2 ms
3.2

v   

 
Tangential component is  sin 60g 

                                     (3 sf) 28.49 ms
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A1 
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Equation involving KE and PE 
 
 
 

( ft is 
2

29.4
3.2

u
  ) 

 
M1A0 for  cos 60g 

M0 for  sin 60mg 

If radial and tangential components 
are interchanged, withhold first A1 

 (B) 
cos 60

0.2 9.8cos 60 0.2 42.2

T mg m a  

    T
 

 

Tension is  9.42 N 
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A 1 
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 3

 
Radial equation (three terms) 
(Allow M1 for T m ) g ma 
This M1 can be awarded in (A) 
 
f
 
t dependent on M1 for energy in (A) 

SC  If  with upward vertical, 60

      (A)  M1A0A0  M1A1 (8.49) 
      (B)  M1A1A1 (3.54) 

  (b)(i) cos36 0.75sin 36 0.2 9.8T       
  
Tension is  1.88 N     (3 sf) 

M1 
  
A1 
 2

Resolving vertically (three terms) 
Allow sin/cos confusion, but both T and 
R must be resolved 

      (ii) 
Angular speed 

2
( 3.491 )

1.8

    

 
2

2
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0.204
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Or 
2

1.8

r
v


  

Horiz eqn involving 2r  or  2 /v r

Equation for r  (or  l ) 
 
 
 
Dependent on previous M1 
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  3 (i) 
Elastic energy is 21

2

573.3
0.9

3.9
   

                    = 59.535 J 

 
M 1 

A1 
 2

 
A llow one error 

(Allow 60      A0 for 59) 

     (ii) 
Length of string at bottom is 2 22 1.8 2.4 ( 6 )   

2 21
2
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(2.1 0.9 ) 9.8 1.8

3.9
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m
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Mass is  15 kg 
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M1 
B1B1 
 
 
E1 
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F
 

inding length of string (or half-string) 

Equation involving EE and PE 
For change in EE and change in PE 

     (iii) 
Length of string is 2 22 1.0 2.4 5.2   

Tension 
573.3

1.3 ( 191.1 )
3.9

T     

1.0
2 sin 2 191.1 15 9.8

2.6
147 147

0, hence it is in equilibrium

T mg      
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A1 
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Finding tension (via Hooke’s law) 
 
  
Finding vertical component of tension 
Give A1 for  obtained from 
esolving vertically 

191.1T 
r
 
SC  If 573.3 is used as stiffness: 
    (i) M1A0   (ii) M1M1B0B1E0 
    (iii) M1A1 (745.29) M1E0 

     (iv) 2 3 3 3 2 3[ 8 ] L , [ 8 ] Lh h ad     

So 
2 3

3

8

8

h

h ad


 2

 is dimensionless 

 
  
E1 
 1
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2T M L ( M L T )    
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2
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For  2[ ] M LT 
 
 
If   is wrong but non-zero, 

give B1 ft for       

     (vi) 3.9, 573.3, 4.8, 2.6, 15a d h m      

 

Period is 
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Using formula with numerical , ,  
(must use the complete formula) 
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  4 (i) 
Area is 

3 2

0
( 5)dx x  

                    
331

3 0
5 ( 2x x     4 )  

3 3

0

34 251
4 2 0

d ( 5 )d

171
( )

4

xy x x x x

x x

 

    

 
 

42.75 57
1.78125

24 32
x     

32 4 21 1
2 20

35 35 251
10 3 2 0

d ( 10 25)d

( 106.8 )

y x x x x

x x x

  

     

 
 

106.8 89
4.45

24 20
y     

M1 
 
 
A1 
  
M1 
 
A1 
 
 
A1 
 
 
M1 
 
A2 
  
A1 
 9

For 2( 5)dx x  
 
For 31

3
5x x  

 
For dxy x  
 
For 4 251

4 2
x x  

 
 
 
 
For 2 dy x  
 
For 5 35 251

10 3 2
x x x   

Give A1 for two terms correct 

     (ii) 
Volume is 
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5

d ( 5)dx y y  
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For  ( 5)dy y



 

For 
1421

2 5
5y y    

 
For 2 dx y x  

 

For 3 251
3 2

y y  

  
Dependent on previous M1M1 

     (iii) Volume of whole cylinder is 23 14 126     
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