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 3

MM2A 
 

Q Solution Marks Total Comments 
1(a) 2 2(6 2 ) (1 12 )t t t= − + −v i j  M1 

A1 
A1 

 
 

3 

differentiating both components 
one component correct 
second component correct 

     

(b)(i) 1 6 2 12 11
3 9 3 9 3
⎛ ⎞ ⎛ ⎞ ⎛ ⎞= − + − = −⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

v i j j  M1 
A1 

 
2 

substituting the value for t into their v 
correct velocity 

     
(ii) Travelling due south A1ft 1 correct description (Follow through from 

k= ±v j ) 
     

(c) (12 2) 24
(4) 46 96

t t= − −
= −

a i j
a i j

 
M1 
A1 
A1 

 
 

3 

differentiating their velocity 
correct acceleration at time t  
correct acceleration at t = 4 

     
(d) 6(46 96 ) 276 576= − = −F i j i j  

 
2 2276 576 639 NF = + =  

M1 
 

M1 
A1 

 
 
 

3 

apply Newtonís second law correctly  
 
finding magnitude 
correct magnitude 

  
or 
 

   

 2 246 96 106.45
6 106.45 639 N

a
F
= + =
= × =

 
  

 
 

 

 Total  12  

2(a) 4 90 7 90
4 7 8 11

x × + ×
=

+ + +
  

990 33 cm
30

= =   AG 

M1 
A1 

 
A1 

 
 
 

3 

moment equation 
correct equation 
 
correct distance from correct working 

     

(b) 11 60 7 60
30

1080 36 cm
30

y × + ×
=

= =
 

M1 
A1 

 
A1 

 
 
 

3 

moment equation 
correct equation 
 
correct distance 

     

(c) 36tan
33

47.5

α

α

=

= °
 

M1 
A1F 

A1F 

 
 

3 

use of tan 
correct expression 
correct angle 
follow through y  from part (b). 

 Total  9  
 
 

1

(Q2, June 2006)
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MM2B (cont) 
Q Solution Marks Total Comments 

4(a) ( ) ( )10 40 5 10 60 40ρ ρ× × + × ×  M1 

 
  

 = ( )10 40 10 60 ρ× + × y  M1 
A1 

 

  

 26 cmy =  A1 4  
     

(b) Symmetry of shape  B1 1  
     

(c) 

 

 
M1 

 
 

 
Attempting subtraction leading to 13 cm 

 26tan
"13"

θ =  
M1 
A1 

  

 Or inverted, must see 26 
Or inverted   

 63 (63.4)θ = !  A1 4 Accept 117!  
 Total  9  
     

5(a)(i) 0, 2 10t = = +r i k  B1 1  
     

(ii) 2π, 2 7.49t = = +r i k  B1 1 Or 2i (10 0.8π)= + −r k      accept 7.5k 
     

(iii) 2π, = 4πt t=  B1 
B1 

 
2 

 

     
(b) ñ 2sin 2 cos ñ 0.4= +t tv i j k  M1 

A1 
A1 

 
 

3 

Differentiation  
Trig 
k 

     
(c) ñ 2 cos ñ 2sint t=a i j  M1A1   

 ñ 50 cos ñ 50sint t=F i j  M1   
 2 2 2 250 cos 50 sint t= +F  M1  No unit vectors 

 50(N)=F  A1 5  

 Total  12  

PMT

(Q4, Jan 2007)
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4 

MM2B 
Q Solution Marks Total Comments 

1(a) Kinetic energy = 21 5 10
2

× ×  M1 
  

Full method 

                         = 250 J A1 2  
     

    (b)  Using conservation of energy:    
 KE when box hits ground    
 = Initial KE + Change in potential energy    M1  Could have sign errors 
 = 250 + 5 × 30 × g  A1ft   
 = 1720 J A1 3 AG; SC2 5 35.1 1720. ...g× × =  
     

      (c) 21
2

mV  = 1720 M1 
  

 
       2V  = 688 A1   

 ∴Speed is 26.2 m sñ1 A1 3 CAO; accept 688 or 4 43 ; SC2  26.3 
     

    (d) No air resistance E1  Or no resistance forces  
 Box is a particle E1 2 Deduct 1 mark for unacceptable third 

reason 
 Total  10  

2(a) Symmetry of the lamina about PQ E1 1 Accept ëmirror lineí 
     

     (b) Taking moments about AB:    
 600ρ Z 15 + 100ρ Z 35 M1A1  Condone lack of ρ 
 = 700ρ x  A1   
 x  = 17.857  = 17.9 cm A1 4 SC3  17.8   
     

   (c) 
10tan

17.857
θ =  M1A1  M1 for use of tanθ  

          =  0.56    
 Angle is 29.2488Ö M1   

          = 29° A1 4  
 Total  9  

 

PMT

(Q2, June 2007)

3
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MM2B 
Q Solution Marks Total Comments 

1(a) a = d
d
v
t

 = 12t + 4 M1 A1 2  

     
           (b) Using F = ma,      
     Force    =  3 × (12t + 4) M1   
 When t = 4, force = 3 (12 × 4 + 4)    
 Force   =  156 N A1 2  
     

(c) r  =  3 22 2 7t t t c+ − +           M1 A1   
 When t = 0, r = 5,   ∴c = 5 M1   
 ∴ r  =  3 22 2 7 5t t t+ − +         A1 4 SC3 if no ‘+c’ seen 
 Total  8  

2(a)  
 
 

B1 1  

     
    (b)  Taking moments about A    

 2.1 × 40g  = TB × 4 M1 B1  B1 for 2.1 
  TB           =  21g              A1 3  
     

    (c) Resolve vertically TA  + TB = 40g M1   
  TA     =  19g     or       186 N   A1 2  
     

    (d) Gravitational force acts through mid point 
of the rod 

E1 1  

 Total  7  
3 X  =  25 1 12 4 4 5

1 4 5
× + × + ×

+ +
 M1  

 
Two terms on top correct (+third) and 
denominator correct 

       =  93
10

   or  9.3 A1  
 

 Y    =  10 1 7 4 18 5
10

× + × + ×  M1  
 

        =   128
10

   or  12.8 A1 4 SC3 for interchanged  and X Y  

 ∴ Centre of mass is at (9.3,  12.8)    

 Total  4  

40g 

TB TA 

A B 

PMT

(Q3, June 2008)
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MM2B (cont) 
Q Solution Marks Total Comments 

3(a) v  = d
dt
r  M1   

 v = (
1
2e

t
– 8)i + (2t – 6)j 

A1 
A1 

 
3 

i terms 
j terms 

     

(b)(i) When t = 3, v = – 3.52i B1 
 
 Accept 

3
2(e 8)− i  

 Speed is 3.52 m s –1 B1 2 3.5 does not give 2nd B mark 
     

(ii) West  B1 1  
     

(c) a = 
1
21 e2

t
i + 2j M1A1  

 

 When t = 3, a = 
3
21 e2 i + 2j  or  2.24 2+i j  A1 3 

 

     
(d) Using F = ma: M1  Accept 7=F a  

 
F = 7(

3
21 e2 i +2j)  

  
 

 ∴Magnitude of force is      
 ( )3

2

1
22 217 ( e ) 2

2
+     M1  

 

 F  = 21.025    
 F  = 21.0 A1 3 Accept 21 

 Total  12  
4(a) Taking moments about AD:    

 8 × 10 + 2 × 15 = 10 x  M1A1  M1 for moments and 1 term on left 
correct and 1 term on right 

 x = 110
10

    

     = 11 cm A1 3  
     

(b) 5 cm B1 1  
     

(c) (tan) θ = 1
5

  ie (a) 10
(b)
−  M1  From areas; 1.4 15.6 or 15.7

5
θ⇒ =  

          = 0.2 A1ft   
     
 Angle is  tan–1(0.2) M1   
          = 11.3° A1ft 4  
     

(d) Centre of mass is at middle of lamina E1 1  
 Total  9  

PMT

(Q4, Jan 2009)

5
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 MM2B  
Q Solution Marks Total Comments 

1 Work done = cosFs θ  M1  Accept sinFs θ  for M1 

                   40 5 cos 30= × ×  A1   

                   =  173 J A1 3  

 Total  3  

2 3 15 1 7 6 8 10 12
3 1 6 10

X × + × + × + ×=
+ + +

 M1A1  
M1 for at least 3 multiplication & addition 

 
    220

20
=  or  11 A1  

 

     
 3 6 1 14 6 7 10 9

20
Y × + × + × + ×=  M1A1  

 

 
    164

20
=  or  8.2 A1 6 SC 4 (10, 7.4) [ ]omit lamina  

ie:  B2, B2 
     
 ∴ Centre of mass  is at (11, 8.2)    
 Total  6  

3(a) 
 
 
 
 
 

B2 
 
 

2 
 
 

B1 for four forces 
B2 for two different reactions and 30g and 
20g marked 

(b) Taking moments about A:    
 3.2 30 5Bg R× = ×  M1B1  B1 for 3.2 
 19.2BR g=  A1 3 AG 
     

(c) Resolve vertically: 50A BR R g+ =  M1  Can be awarded in (b) 
 30.8AR g=  or 302 N A1 2  
     

(d) Gravitational force acts through mid-point 
of the rod 

E1 1  

 Total  8  
 

A B 

    30g 

RB RA 

20g 

PMT

6

(Q2, Jan 2010)
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 4

 
MM2B 

Q Solution Marks Total Comments 
1 v = d

d
s
t   

M1 
 M1 for either d

d
s
t or 1 of 2 terms correct 

                                          (ignore signs)    
    = 10t – 12 sin 4t A1A1 3  
 Total  3  

2(a) 
 

Kinetic energy = 1
2 × 3 × 42 M1   

                          = 24 (J) A1 2  
    (b)  PE lost is      

    = 3 × g × 51  M1   
    = 153g or 1499.4            
    = 1500 J A1 2 Accept 1499,   153g 
     

    (c)(i) KE is 24 + 153g     M1  M1  ‘(a)’ + ‘(b)’ 
    = 1523.4           
    = 1520 J A1  (if done (c)(i) in (b) 0 marks; if done (b) 

and then (c)(i) in (b)  M1 only) 
        (ii) Using KE = 1

2 mv2    

 v2  = 1015.6 M1   
 Speed of stone is 31.9 ms–1 A1 4 Accept 31.8 from 1520 
     

If use constant acceleration formulae in 
2D,  possible 4 marks in (c) BUT no 
marks if initial speed is treated as being 
vertical 
 

    (d) eg  Stone is a particle E1 1  
       No air resistance   Not no resistance; accept no wind 

resistance 
 Total  9  

3(a)  Symmetry E1 1 Only accept ‘symmetry’ 
     

  (b) Moments about B:    
 0.4 × 4 + 0.1 × 8 = 0.5 × x  M1A1  M1 3 terms , 2 correct  
 

x  = 2.4
0.5

 
   

      =  4.8 cm A1 3  
 Total 4 

 
 
 
 
 
 
 
 

  

PMT

(Q3, June 2010)
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MM2B(cont) 
Q Solution Marks Total Comments 

4(a) Moments about line AD:    
 5 × 30 + 4 × 10 = 9 × x  M1A1  M1 2 of 3 terms correct 
 x = 190

9
   

 

    = 21.1 cm A1 3  
     

(b) Moments about line AB:    
 5 × 15 + 4 × 25 = 9 × y  M1A1  M1 2 of 3 terms correct 
 y = 175

9
   

 

 y = 19.4 cm A1 3 If moments about DC; 10.6 found SC2 
     

(c) tan θ = 80
175  or 8.9

19.4  M1 
A1  

M1 use of tan 
A1 use of 8.9 or 80 ( )( )30 a−  

         = 0.4571 A1  Or  0.45876 
     
 Angle is  tan–1 0.4571    
         =  24.6° A1 4 65.4 ⇒D M1A1 only 
     

(d) Moments about the line PR: 
(or AD or BC) M1   

 
30m = 4 × 20 or 809

9
×  A1  

 

 
   8

3
m =  A1 3 

 

     
(e) Centre of mass is at middle of lamina E1 1  

 Total  14  
 

  

PMT

8

(Q4, Jan 2011)   

MM2B (cont) 
Q Solution Marks Total Comments 

2  
 

X  = 2 9 3 2 8 3 7 6
2 3 8 7

× + × + × + ×
+ + +

 M1  
M1: Expression for X  with no more than 
one error in the numerator and correct 
denominator. 

 
      = 90

20
 or  4.5 A1  

A1: Correct distance. 

Accept 9
2

 or 90
20  

or equivalent. 

 
 Y  =  2 6 3 4 8 8 7 11

20
× + × + × + ×  M1 

  
M1: Expression for Y  with no more than 
one error in the numerator and correct 
denominator. 

 
      = 165

20
 or  8.25 A1  

A1: Correct distance. 

Accept 33
4

 or 165
 or equivalent

20 .
 

 

∴ Centre of mass is at (4.5, 8.25) 
 
 
 

A1F 
 

5 
 
 
 

A1: Correct coordinates; dependent on 
M1 M1 

Do not accept 90
20

 etc at this stage. 

SC4: For final answer (8.25, 4.5) award 4 
marks. 
 
Moments about B, (2.5, 4.25)  SC2 
 

 Total  5  

PMT

9

(Q2, June 2011)
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MM2B 
Q Solution Marks Total Comments 
3(a)(i) Moments about AB:    

 1.6 × 4 + 0.4 × 8  = 2 × x M1A1  M1 for 2 terms correct 
 x = 4.8    
 Distance is  4.8 cm A1 3  
     

  (ii) Moments about AD:    
 1.6 × 6 + 0.4 × 12  = 2 × y M1A1  M1 for 2 terms correct 
 y  = 7.2    
 Distance is 7.2 cm A1 3 SC2+SC2 for (a)(i) and (a)(ii) reversed 
     

(b) Moments about A:    
 1.6g× 6 + 0.4 g× 12  = 12 × TB M1A1  M1 for 1 side of equation 
    Or using above:  moments about A  

12 × TB  = 7.2  × 2g      (ft for M marks) 
 TB  = 1.2g = 11.8 N A1   
 Resolve vertically:  TA  + TB =  2g  M1   
 TA  =  0.8g = 7.84 N A1 5 1.2 and 0.8 is zero marks 

If 11.8 and 7.8 as final answer, must lose 
1 mark somewhere 

 Total  11  
4(a) Distance of particle from the origin is    

 1
22 2{(4cos3 ) (4sin3 ) }t t�  M1   

     
 = 4 which is a constant 
? particle is moving in a circle centre the 
origin 

A1 2  

     

 (b) 
d
dt

 
r

v  
   

 v =  – 12 sin 3t i – 12 cos 3t j M1A1 2 M1 for either term correct 
     

 (c) 
d
dt

 
v

a  
   

 a =  – 36 cos 3t i + 36 sin 3t j M1A1 2 M1 for either term correct 
     

   (d) a =  – 9 (4 cos 3t i – 4 sin 3t j)     
    =  – 9 r    
 k  =  – 9 B2 2 B1 for 9 
     

   (e) Acceleration is towards centre of circle 
(or origin) 

E1 1  

 Total  9  
 

PMT

(Q3, June 2012)

10
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Q Solution Marks Total Comments 

3 Force acting against gravity is mgsinT    
 Force acting against gravity and resistance 

is mgsinT  + 8000 
 

M1 
 Condone cosT or -1 for M marks 

 =  1500 × g × sinT  + 8000    
 =  8588 N  or  8590 N A1   
     
 Using power  = force × velocity    
                        =  8588 × 22 M1 

dep 
  

                        =  188 936 W A1   
                        =  189 kW A1 5 Accept 188.9 or 188 
 Total  5  

4(a) Symmetry  E1 1  
      

     (b) Moments about AB:    
 300σ.15 + 100σ.5 + 300σ.15  =  700σ. x  M1A1  (condone lack of σ	  
 

x  = 
700

9500
 

  M1 needs correct total marks 

 
    =  

7
95

   
or 13.6 cm A1 3 

 

     
      (c) Distance from HG  is 16.4 cm B1   

      
tan θ  =  

42857.16
15

   M1  Seeing both 15,16.4 and tan 

                  =   0.913043    
       θ   =   42.3974˚ A1   
       θ   =   42˚ 

A1 4 
[ 48˚ probably B1, M1] 

NB 13.6
15

etc �42˚ no marks 

 Total  8  
 
 
  

PMT
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(Q4, Jan 2013)
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