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1	 (i)	 Give the dimensions of force, work and power. [3]

	 The force due to air resistance acting on a car is given by v2m , where v is the speed and m  is a constant for 
that car.

	 (ii)	 Find the dimensions of m . [2]

	 The power P of the car and its maximum speed U are related by the equation P U3m= .

	 (iii)	 Show that this equation is dimensionally consistent. [2]

	 The time t taken for the car to accelerate from speed U3
1  to speed U3

2  is given by t km P m= a b c , where m is 
the mass of the car and k is a dimensionless constant.

	 (iv)	 Find a , b  and c . [4]

	 Car C has mass 800 kg, power 35 kW, maximum speed 45 m s–1, and takes 9.18 s to accelerate from 15 m s–1 
to 30 m s–1.

	 (v)	 Find the value of m  for Car C

	 	 (A) in SI units (based on kilograms, metres and seconds),

	 	 (B) in a system of units based on pounds, miles and hours, given that

1 pound = 0.454 kg,  1 mile = 1609 m,  1 hour = 3600 s.	 [3]

	 (vi)	 Car D has mass 1250 kg, power 75 kW and maximum speed 54 m s–1. Find the time taken for Car D to 
accelerate from 18 m s–1 to 36 m s–1. [4]
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2	 (a)	 A particle P of mass m is attached to a fixed point O by a light inextensible string of length a. P is 
moving without resistance in a complete vertical circle with centre O and radius a. When P is at the 
highest point of the circle, the tension in the string is T1 . When OP makes an angle i  with the upward 
vertical, the tension in the string is T2 . Show that

( )cosT T mg3 12 1 i= + - .
	

[6]

	 (b)	 The fixed point A is 1.2 m vertically above the fixed point C. A particle Q of mass 0.9 kg is joined to 
A, to C, and to a particle R of mass 1.5 kg, by three light inextensible strings of lengths 1.3 m, 0.5 m 
and 1.8 m respectively. The particle Q moves in a horizontal circle with centre C, and R moves in a 
horizontal circle at the same constant angular speed as Q, in such a way that A, C, Q and R are always 
coplanar. The string QR makes an angle of 60° with the downward vertical. This situation is shown in 
Fig. 2.

A

Q

60°
0.5 m

1.2 m 1.3 m

1.8 m
C

R

Fig.	2

	 	 (i)	 Find the tensions in the strings QR and AQ. [5]

	 	 (ii)	 Find the angular speed of the system. [3]

	 	 (iii)	 Find the tension in the string CQ. [4]

Question	3	begins	on	page	4.
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3	 Fig. 3 shows the fixed points A and F which are 9.5 m apart on a smooth horizontal surface and points B 
and D on the line AF such that AB = DF = 3.0 m. A small block of mass 10.5 kg is joined to A by a light 
elastic string of natural length 3.0 m and stiffness 12 N m–1; the block is joined to F by a light elastic string 
of natural length 3.0 m and stiffness 30 N m–1. The block is released from rest at B and then slides along part 
of the line AF. The block has zero acceleration when it is at a point C, and it comes to instantaneous rest at a 
point E.

A B C D E F

3.0 m 3.5 m

x m

3.0 m

Fig.	3

	 (i)	 Find the distance BC. [3]

	 At time t s the displacement of the block from C is x m, measured in the direction AF.

	 (ii)	 Show that, when the block is between B and D, 
t
x x4

d
d
2

2
=- . [4]

	 (iii)	 Find the maximum speed of the block. [2]

	 (iv)	 Find the distance of the block from C when its speed is 4.8 m s–1. [2]

	 (v)	 Find the time taken for the block to travel from B to D. [4]

	 (vi)	 Find the distance DE. [3]
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4	 (a)	 A uniform lamina occupies the region bounded by the x-axis and the curve 
( )

y
a

x a x
2

2

=
-

 for 
x a0 G G . Find the coordinates of the centre of mass of this lamina. [9]

	 (b)	 The region A is bounded by the x-axis, the y-axis, the curve y x 162= +  and the line x = 3. The 
region B is bounded by the y-axis, the curve y x 162= +  and the line y = 5. These regions are shown 
in Fig. 4.

y

B

A

3

5

4

x
O

Fig.	4

	 	 (i)	 Find the x-coordinate of the centre of mass of the uniform solid of revolution formed when the 
region A is rotated through 2r  radians about the x-axis. [5]

	 	 (ii)	 Using your answer to part (i), or otherwise, find the x-coordinate of the centre of mass of the 
uniform solid of revolution formed when the region B is rotated through 2r  radians about the 
x-axis. [4]

END	OF	QUESTION	PAPER
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Question Answer Marks Guidance 
1 (i)  2[ Force ] M LT−=  B1   
   2 2[ Work ] M L T−=  B1   
   2 3[ Power ] M L T−=  B1   
    [3]  Deduct one mark if kg, m, s used 

consistently for M, L, T 
       
1 (ii)  2

2 1 2
M LT[ ]
(LT )

F
v

λ
−

−
 = =  

 M1 Obtaining dimensions of  λ M0 if 3P Uλ=  used 

          1M L−=  A1 FT  2 2[ Force ] L T−×  B2 (BOD) for correct answer with 
no working 

    [2]   
       
1 (iii)  3 1 1 3 2 3[ ] (M L )(LT ) M L TUλ − − −= =  M1 Obtaining dimensions of 3Uλ  Must be simplified 
   Same as power, so dimensionally consistent E1 Correctly shown  
    [2]   
       
1 (iv)  2 3 1T M (M L T ) (M L )α β γ− −=     
   1

3β = −  B1   
   0 , 2 0α β γ β γ+ + = − =  M1 One equation correct (FT) Equation from powers of M or L 
   2

31,α γ= = −  A1A1 CAO 
If A0 give SC1 for non-zero values 
with 2γ β=  OR 0α β γ+ + =  

    [4]  (SC1 will usually imply M1) 
       
1 (v) (A) 1

3 3
35000 0.384 (kg m )

45
P

U
λ −= = =      (3 sf) B1   

  (B) 10.3841 1609
0.454

× ×  M1 For conversion factor 1609
0.454

  OR changing both 9( 1.389 10 )P = ×  
and ( 100.7)U =  to new units 

         11360 (lbmi )−=     (3 sf) A1 CAO  
    [3]   
       

7 
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Question Answer Marks Guidance 
1 (vi)  

D 3
75000 ( 0.476 )

54
λ = =  M1   

   1 2
3 3

D
1250 75 0.47639.18
800 35 0.3841

t
− −

   = × × ×   
   

 
M1 
M1 

Two ratios and powers correct 
Correct expression for new time 

Or equation for k    ( 0.1983k = ) 
 

  OR 1 2
3 33 1 2( )t kmP PU kmP U

− −− −= =   M1  Expressing t in terms of m, P, U  
   1 2

D
1250 75 549.18
800 35 45

t
−

   = × × ×   
   

  M1  Two ratios and powers correct 
M1  Correct expression for new time 

Or equation for k    ( 0.1983k = ) 
 

   Time is  9.639 s A1 CAO  
    [4]   
        
2 (a)  2

1
1

vT mg m
a

+ =  B1  Condone r for a 

    M1 Equation involving KE and PE  
   2 21 1

2 12 2 (1 cos )mv mv mga θ= + −  A1   
   2

2
2 cos vT mg m

a
θ+ =  B1  Condone same v for B1B1 

   2 2
2 1

2 1 (1 cos )mv mvT T mg
a a

θ− = − + −     

   2 1 2 (1 cos ) (1 cos )T T mg mgθ θ− = − + −  M1 Eliminating 1 2andv v  Dependent on previous M1 
   2 1 3 (1 cos )T T mg θ= + −  E1   
    [6]   
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Question Answer Marks Guidance 
2 (b) (i) QR cos60 1.5 9.8T ° = ×  M1 Resolving vertically for R  
   Tension in QR is  29.4 N A1   
   AQ QRcos 0.9 9.8 cos60T Tθ = × + °  M1 Resolving vertically for Q θ is the angle CAQ 
   12

AQ13 8.82 14.7T = +  A1 FT                                                  e.g. cos 22.6 0.9 9.8 29.4cos60T = × + °  
   Tension in AQ is  25.48 N A1 CAO  
    [5]   
       
2 (b) (ii) 

 M1 Using 21.5rω  Allow 
2

1.5 v
r

 provided v rω=  also 

seen 
   2

QR sin 60 1.5(0.5 1.8sin 60 )T ω° = + °  A1   
   Angular speed is 12.87 rads−     (3 sf) A1 FT is QR0.2804 T   
    [3]   
       
2 (b) (iii) 2

CQ AQ QRsin sin 60 (0.9)(0.5)T T Tθ ω+ − ° =  B1B1 For LHS and RHS  (CAO)  
   25

CQ 1325.48 29.4sin 60 0.45 2.871T + × − ° = ×  M1 Numerical equation for CQT  At most one error (FT including in 
B1’s) and no missing terms 

   Tension in CQ is  19.4 N    (3 sf) A1 CAO  
    [4]   
       
3 (i)   M1 Using stiffness × extension to find 

tension in both strings 
Must use extension. Condone use of 
modulus for full marks 

   If BC = y,    12 30(3.5 )y y= −  A1 Correct equation for a distance  
   Distance BC is  2.5 m A1   
    [3]   
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Question Answer Marks Guidance 
3 (ii)   B1 For 30(1.0 ) 12(2.5 )x or x− +  FT if BC is wrong 
    M1 Equation of motion Two forces in terms of x, and acc’n 
   2

2
d30(1.0 ) 12(2.5 ) 10.5
d

xx x
t

− − + =  A1 Allow  (±) 10.5a  on RHS FT if BC is wrong 

   2

2
d 4
d

x x
t

= −  E1  
When necessary, replacing a by 

2

2
d
d

x
t

−  requires some explanation 

    [4]   
       
3 (iii)  

Maximum speed is Aω M1 OR  Using energy to obtain an 
equation for v at C 

2 21 1
2 2

2 21 1
2 2

(30)(3.5 ) (30)(1.0 )

(12)(2.5 ) (10.5)v

=

+ +
 

   Maximum speed is 15 ms−  A1 FT is  2 × BC  
    [2]   
       
3 (iv)  2 2 24.8 4(2.5 )x= −  M1 Using 2 2 2 2( )v A xω= −  OR  Using energy to obtain an 

equation for a distance 
   Distance from C is  0.7 m A1 CAO Condone  ± 0.7 
    [2]   
       
3 (v)  2.5cos 2x t= −  B1 2.5sin 2 2.5cos 2t or t± ±  FT if BC is wrong (or A or ω) 
    M1 Using 1.0x =  to obtain a time  
   

1.0 2.5cos 2t= −  M1 Fully correct strategy for finding the 
required time e.g. 1 20.2058

4 2
π

+ ×  

   Time is 0.991 s    (3 sf) A1 CAO  
    [4]   
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Question Answer Marks Guidance 
3 (vi)   M1 Using change of elastic energy to 

obtain an equation for a distance 
OR  Fully correct strategy using two 
stages of SHM 

   2 21 1
2 2(30)(3.5 ) (12)(BE )=  A1  Correct (FT) equation for a distance 

                 BE = 5.534    
   Distance DE is  2.03 m    (3 sf) A1 CAO  
    [3]   
       
4 (a)  

Area is 
2

2
0

( ) d
a x a x x

a
⌠

⌡

−  M1   

   
            

3 4 2

2
0

( )
3 124

a
x x a
a a

 
= − = 

  
 A1   

   dxy x∫  M1   
   

       
3 4 5 3

2 2
0 0

( ) d ( )
4 205

aa x a x x x ax
aa a

⌠

⌡

 −
= = − = 

  
 A1   

   31
20

21
12

3
5

a ax
a

= =  A1   

   4 2
21

2 4
0

( )d d
2

a x a xy x x
a

⌠

⌡

−
=∫  M1 For 2... dy x∫   

   
             

5 6 7 3

2 3 4
0

( )
21010 6 14

a
x x x a
a a a

 
= − + = 

  
 A2 Give A1 if just one error 

(e.g. omission of factor ½)  

   31
210

21
12

2 ( 0.0571 )
35

a ay a
a

= = ≈  A1   

    [9]   
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Question Answer Marks Guidance 
4 (b) (i) 

Volume is 
3

2

0
( 16)dx xπ⌠


⌡

+  M1 π may be omitted throughout Condone consistent use of 2πy2 etc 

   
               

33

0

16 ( 57 )
3
x xπ π

 
= + = 

  
 A1   

   2 dxy xπ∫  M1   
   33 4

2 2

0 0

369( 16)d 8 ( )
4 4
xx x x xπ π π⌠


⌡

 
= + = + = 

  
 

A1   

   369
4 123 ( 1.62 )

57 76
x

π
π

= = ≈  A1   

    [5]   
       
4 (b) (ii) Volume of A and B combined is 25 3 75π π× × =     
    M1 CM of composite body  
   123(18 ) (57 ) (75 )(1.5)

76Bxπ π π + = 
 

 A2 Give A1 if just one error FT values from (i) 

  OR 
( )

3
2

0
25 ( 16) dx x xπ⌠


⌡

− +   M1  

   
                                        81

4
π=   A1  

   81(18 )
4Bxπ π=   A1 FT  

   9 ( 1.125 )
8Bx = =  A1 CAO  

    [4]   
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