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MM2A  
 

Q Solution Marks Total Comments 
1 

5 20 9.8 1.5AT = × ×  
M1 

A1 

 Moment equation. 

Correct equation 

 20 9.8 1.5
58.8 N

5
AT

× ×= =  A1  Correct tension 

 
58.8 20 9.8T + = ×  

 

M1 
 

A1 

 

 Vertical equation with T or moments 

equation.   

Correct equation 

 137.2 NT =  A1 6 Correct tension 

 Total  6  

2(a) cos30 2 9.8T ° = ×  M1 

A1 

 Resolving vertically with two terms 

Correct equation 

 2 9.8

cos30
T ×=

°
 

   

 22.6 NT =        AG A1 3 Correct T from correct working 

     

(b) 2

cos60 2
0.6

vT ° = ×  

M1 

A1 

dM1 

 Resolving horizontally. 

Correct equation 

Solving for v 
 -1

1.84 msv =  A1 4 Correct v 
 Total  7  

3(a)(i) 
2 12

ta e−= +  M1A1 2 Differentiating, with at least one term 

correct.  Correct velocity 

 (ii) 2 14a< ≤  B1,B1 

B1 

 

3 

For 2, For 14 

Correct inequalities 

(b) 2
12

ts t e c−= + +  M1 

A1 

 Integrating, with at least one term correct.  

Correct expression with or without c 
 0, 0 12s t c= = ⇒ = −  dM1  Finding c 
 2

12 12
ts t e−= + −  A1 4 Correct final expression 

 Total  9  

4(a) (30 42) 42

52920 W

P = × ×
=

  AG 
M1 

A1 

 

2 

Finding force 

Correct answer from P Fv=  

     

 (b)(i) 1200 9.8sin5 30F v= × ° +          M1A1 

 

 

 

Finding force.  Correct force 

 

 52920 (1200 9.8sin 5 30 )v v= × ° +  dM1  Using P Fv=  

  2
392sin 5 1764 0v v+ ° − =  A1 4 Correct equation from correct working 

AG 

     

(ii) ( )2
392sin 5 392sin 5 4 1 ( 1764)

2 1

v
− ° ± ° − × × −

×
=  

 

M1 

  

Solving quadratic 

 28.3 or -62.4v =     

 -1
v 28.3 ms=  A1 2 Correct solution 

 Total  8  

PMT

1

(Q2, Jan 2006)
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Q Solution Marks Total Comments 
5 

1600 40dv v
dt

= −  

M1 
 
 

A1 
 

 Applying Newtonís second law with 40v 

and dv
dt

.   

 Correct equation 

 1 1
40

dv dt
v

= −∫ ∫  dM1  Separating variables 

 
ln

40
tv c= − +  dM1  integrating to get lnv term. 

 
40
t

v Ae
−

=  A1  Correct integral with or without c  

 0, 20 20t v c= = ⇒ =  dM1  Finding constant 
 

4020
t

v e
−

=  A1 7 Correct final result 

 Total  7  

6(a) 2 21 1 2 (3 3cos )
2 2
mv m mg θ= × + −  

M1 

A1 
 Three term energy equation 

 

Correct equation 
 

2 4 6 (1 cos )v g θ= + −  AG dM1 

A1 

4 Solving for 2v .    
 

Correct result from correct working 
     

(b) 2
cos

3
vmg mθ =  M1 

A1 

 Resolving towards the centre 
 

Correct equation 
 

3 cos 4 6 6 cosg g gθ θ= + −  dM1 
 

 Solving for cosθ  
 

 4 6cos
9
g
g

θ +=  A1  Correct cosθ  

 44.6θ = °  A1 5 Correct angle 
 Total  9  

 

PMT

2
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MM2A (cont) 
Q Solution Marks Total Comments 

3(a) 21 30EPE  1.3 50.7 J
2 0.5

= × × =  
M1 
A1 

 
2 

use of EPE formula 
correct EPE 

     

(b)(i) 2 2

2

-1

1 1 3050.7 2 0.8
2 2 0.5

50.7 19.2

31.5 5.61 ms

v

v

v

= × + × ×

= +

= =

 AG 

M1 
A1 
A1 

dM1 
A1 

 
 
 
 

5 

three term energy equation 
two terms correct 
all terms correct 
solving for v 
correct v from correct working 

     

(ii) 2

-1

150.7 2
2

50.7 7.12 ms

v

v

= ×

= =

 
M1 
A1 

 
A1 

 
 
 

3 

two term energy equation 
correct equation 
 
correct velocity 

     

(c) 21 2 50.7 1.8 0.1 2 9.8
2

v× = − × × ×  

 
 

-147.172 6.87 msv = =  

M1 
A1 
M1 
A1 

 
A1 

 
 
 
 
 

5 

finding friction force 
correct friction force 
three term energy equation 
correct equation 
 
correct velocity 

 Total  15  

4(a) 2 2

2 2

2

1 1 (1 cos60 )
2 2
mU mv mgl

U v gl

v U gl

= + − °

= +

= −

 

M1 
 

A1 
dM1 
A1 

 
 
 
 

4 

three/four term energy equation with a trig 
term 
correct equation 
solving for v or 2v  
correct v in a simplified form 

     

(b) 
2

2 2

cos60

2 2

vT mg m
l

U gl g U gT m m
l l

− ° =

⎛ ⎞ ⎛ ⎞−
= + = −⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

 

M1 
 

dM1 
A1 

dM1 
A1 

 
 
 
 
 

5 

resolving towards the centre of the circle 
with three terms 
substituting for 2v  
correct equation 
making T the subject 
correct expression for T . Simplification 
not necessary. 

 Total  9  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3

(Q4, June 2006)
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 5

MM2A (cont) 
Q Solution Marks Total Comments 

5(a) 
214

3.92
50

1200 3.92

4704 N

a

F

= =

= ×
=

 AG 

M1 

A1 

dM1 

A1 

 

 

 

4 

finding acceleration 

correct acceleration 

use of F ma=  

correct force from correct working 

     
(b) 1200 9.8 11760R = × =  B1 

 

 normal reaction 

 

 4704 11760

4704

11760

0.4

µ

µ

µ

≤ ×

≥

≥

 AG 

M1 

 
A1 

 
 

3 

applying F Rµ≤  

 
correct result from correct working 

 Total  7  

6(a) 

2

d
20 10

d

d

d 2

1 1
d d

2

2
2

0, 25 10

20

4

v v
t

v v
t

v t
v

tv c

t v c

tv

= −

= −

= −

= − +

= = ⇒ =

−⎛ ⎞= ⎜ ⎟
⎝ ⎠

∫ ∫
 AG 

M1 

A1 

dM1 
 
 
 
 

dM1 
A1 

dM1 
 

A1 

 
 

 
 
 
 
 
 
 
 
 
 

7 

applying Newtonís second law with 
d

d

v
t

 

correct differential equation 

separating variables 
 
 
 
 
integrating 
correct integrals 
finding the constant of integration 
 

correct final result from correct working 

     

(b) 20t =  B1 1 correct time 

 Total  8  
 TOTAL  60  

 

(Q5, June 2006)
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MM2B   
 

Q Solution Marks Total Comments 
1(a) 21

35 35 9.8 10
2

v× × = × ×  
M1 
A1 

 Energy method 

 ñ114 (ms )=v  A1 3  

     
(b) Air resistance or friction  B1 1  

     
(c) Energy lost =     

 ( )21
35 9.8 10 ñ 35 12 910

2
× × × × =  

M1 
A1 

 Difference attempted 
±  

 Work done:  ( )20 910F × =  m1   

 20 910F =                            45.5(N)F =  A1 4 0F >  

 Total  8  
     

2(a) 

 

 
 

B1 

 
 

1 

 
 
Arrows + labels, w in centre 

     
(b) M( ) 0.4 0.6

2

3

B

B

A W T
WT

=

=
 

M1 
 

A1 

 
 

Moments equation  
 
Accept 2 dp 
for 

 
Res or↑ M (B)       

3=A
WT  

M1 
A1 

 
4 

each A1 

     
(c) Lamina is uniform 

weight acts at centre⇒  
B1 1  

 Total  6  
     

3(a) 21
2

2
=mg a mv  

M1 
A1 

 Energy equation  

 2v ga=  A1 3  

     
(b) 2

ñ
2

mvT mg
a

=  
M1 
A1 

 All terms for M1, no component 

 3T mg=  A1F 3 ft if 0T >  

     
 Total  6  

 

PMT

(Q3, Jan 2007)
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MM2B (cont) 
Q Solution Marks Total Comments 

6(a) 40 2π 4π (rad/sec)
60 3
×

=  
M1 
A1 

 
2 

 

     
(b) 2

2 4π 0.2
3

a rω ⎛ ⎞= = ×⎜ ⎟
⎝ ⎠

 
 

M1 
  

 
                    

216π
45

=  
 

A1 
 

2 
 
Accept  0.356 ( )2π 3sf  

     
(c)(i) 

 
 

 
 

B1 

 
 

1 

 

(ii) Vertically    
  No acceleration,  forces balance     
 cosmg T θ=  B1 1  
    

(iii) Horizontally    
 216πsin

45
θ = ×T m  

M1 
A1F 

  
ft acceleration   

  
cosT mgθ =  

 
m1 

 

 
SC 

2

tan
g
rωθ =        1st 3 marks for quoting and 

using correctly 
 

  
216πtan

45
θ =

g
 

or 
( )tan 0.358 08θ =  

 

 

 

A1F 

                                                       
 
 
 
 
ft provided M1 

 20θ = !  A1F 5 
 

earned in (b) 
     
 Total  11  

PMT

(Q6, Jan 2007)
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MM2B (cont) 
Q Solution Marks Total Comments 
5(a) Using conservation of energy (lowest and 

highest points): 

M1   

 1

2
m(7v)2 = 

1

2
mv2 + 2mga A1A1  A1 for 7v and v 

 
48

2
v2 = 2ga M1  

 
Needs 48 or 24 

  
∴v = 

12

ag
 A1 5 AG 

     

(b) Velocity at A is 
12

ag
   

 

 Resolving vertically at A: M1  3 terms 

 
2vm R mg

a
+ =  A1,A1  A1 correct 3 terms, A1 correct signs 

  
R = mg ñ 

12

m ag
a

×    
1

1 ñ M1A2
12

mg⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 
   = 

11

12
mg  A1 4 Condone  

11

12
mg−  

 Total  9  

6(a) EPE is 
2

2

x
l

λ
   

 

 
= 

2200(0.5)

2 2×
 M1  

 

 = 12.5 J A1 2  

     

    (b) When string becomes slack,     

 using 21

2
mv  = loss in EPE: M1  

 

NB Using 5 to answer (a) and thus (b) 

      ⇒  no marks 

 1

2
U 5 U v2 = 12.5 A1  

 

 Speed is 5 m sñ1 A1 3 AG 

     

    (c) Resolving vertically, R = 5g B1   

 F = Rµ  M1   

 0.4 U 5g = 2g M1   

 Using change in energy = work done:    

 2g U 0.5 =  M1  M1 for force ×  distance 

 ( )2
21 1

5 5 5
2 2

v× × − × ×  A1,A1  

 

A1 first term (or 12.5) 

A1 second term (inc ñ ) 

 
9.8 = 12.5 ñ 25

2
v    

 

 v2  = 1.08    

 Speed is 1.04 m sñ1 A1 7  

 Total  12  

 

PMT

(Q5, June 2007)
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MM2B (cont) 
Q Solution Marks Total Comments 

7(a) Using F = ma:    
 

 ñ λ mv = ma = d
d
vm
t

 M1  Condone no ë ñ í  

 ∴ d
d
v
t

= ñ λ v A1 2 AG 
Note: no use of m ⇒  no marks in (a) 

     

    (b) 
d dv t
v

λ= −∫ ∫  M1  
 

  ln v = ñ λ t + c A1  Needs ë+ cí 
  v  =  C e tλ−     
     
 When t = 0, v = U  ⇒ C = U M1  Needs correct working 
 v  =  U e tλ−  A1 4 AG 
 Total  6  

8(a) Q is in equilibrium E1  Q at rest, or not moving  
 T = 5g = 49 N B1 2 AG 
     

       (b) Resolving vertically for P:    
 T cos θ = 3g  M1A1   
 

cos θ = 3
5

   
 

 1 3cos
5

θ −=  = 53.1° A1 3 Do not condone 53° 

     

     (c) ∴sin θ = 4
5

 B1  
 

  Resolving horizontally for P:     

 
2mv

r
= T sin θ M1A1  

 
M1 2 terms: 1 term correct, other term 
includes sin or cos 

 23 4 5
5

v g
r

= ×    
 

 23 4
r

× = 4g   
 

 
r  = 48

4g
   

 

    = 1.22 A1 4 SC3   1 23⋅  
 Total  9  
 TOTAL  75  

  

PMT

(Q8, June 2007)

8
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MM2B (cont) 
Q Solution Marks  Total Comments 

         5(a) Acceleration is 
2v
r

     

 = 
22

0.2  M1   

 = 20 m s–2 A1 2  
     

           (b)  θ = 30° B1   
 Resolve vertically:    
 T1 cos θ = mg M1   
 T1 cos θ = 4g A1   
 T1 = 45.3 N A1 4 AG 
     

           (c) Resolve horizontally:    
 T1 sin θ + T2 = 

2mv
r

 M1A1   
M1 for 3 terms, 2 correct 

 45.3sin θ + T2 = 4 × 20    
 T2 = 57.4 N  A1 3 Condone 57.3 N 
 Total  9  

         6(a) EPE = 
2

2
x
l

λ     

 
= 

2300 (1.5)
2 4
×
×

 M1  
 

 = 84.375    
  = 84.4 J A1 2  
     

         (b) When string is slack, gain in PE is mgh    
  = 6 × g × 1.5sin30 M1   
  = 44.1 J  A1   
 KE = EPE – gain in PE m1   
  = 84.375 – 44.1    
  = 40.275 A1   
 21 .6. 40.275

2
v =    

 

 v  = 3.66 A1 5 AG   
     

          (c) At A, PE gained above initial position is   
6 × g × 5.5 sin30    

Or PE above position string slack is 117.6 
 = 161.7J B1  KE at A is –77.3 
 This is more than initial elastic potential 

energy  
B1 

   

 ∴ particle will not reach A E1 
 
 
 
 
 
 
 
 

3 
 
 
 
 
 
 
 
 

Or 
Using 2 2 2v u as= +  
a = 0.5g                        B1 
s = 1.37 or 1.366          B1 [or 2.87 above 
                                            starting point] 
Hence stops before A   E1 
Vertical height above sling slack is 0.683 
Vertical height above starting point is  
                                                         1.435 

 Total  10  
 

PMT

9

(Q5, Jan 2008)
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MM2B (cont) 
Q Solution Marks  Total Comments 

         7(a) Conservation of energy:    
 ( )2 21 13 2

2 2
m ag mg a mv+ =  M1A1  M1 for 3 terms: 2 KE and PE 

 29 12
2 2

mga mga mv+ =  A1  
 

  13v ag=  A1 4  
     

          (b) At A, consider vertical forces:    
 2mvT mg

a
− =   M1A1  M1 for 3 terms, 2 correct 

 13T mg mg= +  m1   
 14T mg=  A1ft 4 ft from (a) 
 Total   8  

         8(a) Power of engine is 8kW     
∴ Force exerted by engine = 8000

v
 M1A1  M1 for Power = Fv 

Using F = ma: m1   
2 d8000 600

d
vkvv t

− =    
 

600 d
d
v
t

 – 8000
v

 + kv2 = 0 A1 4 AG 

    
    (b)(i) When engine is turned off, power is zero:    

– kv2 = 600 d
d
v
t

 B1 1 AG 

    

          (ii) 2

d600 dv k t
v

= −∫ ∫   M1   

 600 kt c
v

− = − +   A1  Need ‘+ c’ 

 When t = 0, v = 20:        
 ∴ c = 600

20
−  =  –30 A1   

 ∴ 600
v

 = kt + 30    

 When v = 10, kt = 30: M1   
 

∴ 30t
k

=  A1 5 30
k

−    SC3 

 Total  10  
 TOTAL  75  

 
 

PMT

10

(Q7, Jan 2008)
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MM2B (cont) 
Q Solution Marks Total Comments 

6(a) Using F = ma     
  d0.05 d

vmv m t− =     

 ∴ d 0.05d
v vt = −  B1 1 Need to see m terms 

      
    (b)  dv

v∫   = – 0.05 dt∫  B1 
  

   ln v  = – 0.05t + c M1  Need first 2 terms 
        0.05e tv C −=     
 When t = 0, v = 20 ,     

   ∴ C = 20 
        0.0520e tv −=  

 
M1 
A1 

 
 

4 

 

     fully correct solutions 

     
     

       (c) When v = 10, 0.0510 20e t−=  M1   
        0.05e t   =   2 A1    
 ∴ t = 1 ln 2

0.05
    

        =   13.9 A1 3 Accept 20 ln 2 
 Total 8 

7(a) At top, for complete revolutions:    
 2mv mg

a
=  where v  is speed at top M1 

  

  ∴ 2v   =   ag A1   
 Conservation of energy from B to top :    
 

  2 21 12
2 2

mv mg a mu+ =  
M1 
A1 

 3 terms, 2 KE and PE 

 22 4 vagu +=     
       =   5ag    
           u = 5ag  A1 5 AG 
     

    (b)  At C, speed of particle is 3ag  B1   

 Resolving horizontally at C:    
 

       T  = 
2mv

a
 

M1  Needs 2 correct terms 

 
       T  = m 3ag

a
 

   

       T  = 3mg A1 3  
     

        (c) No air resistance B1 1  
 Bead is a particle    

 Total   9  
 

 

PMT

(Q7, June 2008)
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MM2B (cont) 
Q Solution Marks Total Comments 

5(a) 40 revolutions per minute     
 

= 80π radians per minute B1  or 
2
3

 rev per second 

 = 4π
3

 radians per second           B1 2 AG 

     
(b) Resolve vertically:    

 T cos 30 = 6g M1A1  M1  1 term each side, 1 correct 
 T = 67.9 N                                    A1 3 AG 
                 

(c) Resolve horizontally:    

 2sin 30T m rω=  M1 
A1  M1  1 term each side, 1 correct 

A1  sin 30T  
 

67.9 sin 30 = 6 × r × ( )24π
3

 A1  A1  RHS 

 r = 0.322 m A1 4 Condone 0.323 (using π as 3.14) 
 Total  9  

6(a) At maximum speed,  
tractive force = resistance force 

 
M1 

  

 Using power = force × velocity:    
 800 000 = F × 40 M1   
  F = 20 000 N A1 3  
     

(b) Using force × distance = work done = 
change in energy: 

   

 20 000 s = 1
2
× 60 000 × (402 – 362)        

M1 
A1 
A1 

 M1  Fs = change of KE 
A1  2 of 3 terms correct 
A1  all 3 terms correct 

     
 Distance = 456 m A1 4  
 Total  7  

7(a) 2 21 1 8 2
2 2

mv m mg= × −  M1 
A1  M1 3 terms, 2 KE and 1 PE 

 
     
 v2 = 64 – 39.2    
     = 24.8    

 v = 4.98 A1 3 Accept 24.8  
     

(b) Using F = ma radially:    
 2

cos60 mvR mg r= +  M1 
A1  M1  3 correct terms (not necessarily 

correct signs) 
  B1  B1 for 60° 
    6 24.86 cos60 4g ×= +     

    =  66.6 N A1 4  
 Total  7  

PMT

(Q5, Jan 2009)

12
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MM2B (cont) 
Q Solution Marks Total Comments 

5(a) 40 revolutions per minute     
 

= 80π radians per minute B1  or 
2
3

 rev per second 

 = 4π
3

 radians per second           B1 2 AG 

     
(b) Resolve vertically:    

 T cos 30 = 6g M1A1  M1  1 term each side, 1 correct 
 T = 67.9 N                                    A1 3 AG 
                 

(c) Resolve horizontally:    

 2sin 30T m rω=  M1 
A1  M1  1 term each side, 1 correct 

A1  sin 30T  
 

67.9 sin 30 = 6 × r × ( )24π
3

 A1  A1  RHS 

 r = 0.322 m A1 4 Condone 0.323 (using π as 3.14) 
 Total  9  

6(a) At maximum speed,  
tractive force = resistance force 

 
M1 

  

 Using power = force × velocity:    
 800 000 = F × 40 M1   
  F = 20 000 N A1 3  
     

(b) Using force × distance = work done = 
change in energy: 

   

 20 000 s = 1
2
× 60 000 × (402 – 362)        

M1 
A1 
A1 

 M1  Fs = change of KE 
A1  2 of 3 terms correct 
A1  all 3 terms correct 

     
 Distance = 456 m A1 4  
 Total  7  

7(a) 2 21 1 8 2
2 2

mv m mg= × −  M1 
A1  M1 3 terms, 2 KE and 1 PE 

 
     
 v2 = 64 – 39.2    
     = 24.8    

 v = 4.98 A1 3 Accept 24.8  
     

(b) Using F = ma radially:    
 2

cos60 mvR mg r= +  M1 
A1  M1  3 correct terms (not necessarily 

correct signs) 
  B1  B1 for 60° 
    6 24.86 cos60 4g ×= +     

    =  66.6 N A1 4  
 Total  7  

PMT

(Q7, Jan 2009)

13
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MM2B (cont) 
Q Solution Marks Total Comments 

4(a) Resolving vertically:    
 T cos 60 + T cos 40 = mg M1A1   
 1.266 T = 6g M1   
 T =  46.4 N A1 4 AG  no marks if g deleted  
     

(b) Radius of circle is 0.6 tan 60 B1   r = 1.039  or  1.04 
 Horizontally:      
 2

cos50 cos30mv T T
r

= +  M1  
 
Accept sin instead of cos for M1  

 26
1.039

v =            
46.4cos 50 46.4cos 30

or 70.01
+

 A1  
 

 2 12.123v =      
 Speed is 3.48 m s–1 A1 4  
 Total  8  

5 Force acting against gravity is sinmg θ  M1  Or  147000 
 Force acting against gravity and resistance 

is sin 200000mg θ +  
 

m1  
 
200 000 + ‘mg sinθ ’ 

 600000 sin 200000g θ= +     
 347000=  A1   
 Using power = force × velocity M1   
                      = 347000 × 24 A1F   
                      = 8330 kW A1 6  

 Total  6  

6(a) 
2

EPE
2
x
l

λ=    
 

 
        

2180 0.8
2 1.2

×=
×

       M1  
 

         =  48 J         A1 2  
     

(b) Using initial EPE = KE when string 
becomes slack: M1   

 2148 5
2

v= × ×  A1F  
 
 

 96
5

v =    
 

   =  4.38 m s–1 

A1F 3 ft ' '
2.5
a  

(c) Normal reaction is 5g or 49 M1   
 Frictional force is 5g×µ m1A1   
 Work done by frictional force is 5 2gµ ×  m1   
 10 gµ=  A1   
  Stops at wall ⇒ 10 48gµ =  m1  m1 10 ' 'g aµ =   
 0.490µ =  A1 7 accept 24

49
 OE 

 Total  12  

PMT

(Q4, June 2009)
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MM2B (cont) 
Q Solution Marks Total Comments 

7(a) By conservation of energy to point where 
QP makes an angle θ  with upward vertical: 

   

 ( )2 21 1 1 sin
2 2

mv mu mga θ= − +  M1 
A1  

for 3 terms, 2 KE and 1 PE 
                              mga ( )1 sinθ+ term 

 ( )2 2 2 1 sinv u ag θ= − +  A1   
 Resolve radially     
 2

sinmvR mg
a

θ= −  M1A1  M1 for 3 terms, include sinθ  or cosθ  

 
   

2

3 sin 2mu mg mg
a

θ= − −  A1 6 AG 

(b) When particle leaves the track, R = 0 M1   
 0 3 3 sin 2mg mg mgθ= − −  A1   
 1sin

3
θ =  M1  SC3  –1 1sin

3
 

 θ  = 19.5° A1 4 accept 19.4° or θ = 0.340c 
 Total   10  

8(a) Using F = ma:     
 3

2 d
d
vmv m
t

λ− =  M1  
 

 3
2d

d
v v
t

λ∴ = −  A1 2 AG 

(b) 
3
2

d dv t
v

λ= −∫ ∫  M1  
 

 
1
2

2 t c
v

λ− = − +  A1  
 
Condone no ‘+c’ 

 
When t = 0, v =  9  ⇒ 2

3
c = −  M1 

A1  
Dep. on correct integration 
( 1

2accept sign or ' ' error ) 
 2 2

3
t

v
λ= +  A1  

 

 1
22
3

v

tλ
=

+
   

 

 26
2 3

v
tλ

⎛ ⎞= ⎜ ⎟+⎝ ⎠
 m1  

 
Needs correct algebra  

 
2

36
(2 3 )

v
tλ

=
+

 A1 
 

7 
 

AG 
 

(c) When v = 4,    or  
( )2

36 4 M1
2 3 tλ

=
+

 

 2 2 21
3 3

t t
v

λ λ= + ⇒ = +  

1
3

t
λ

=  

M1A1 
 
 
 

A1 

 
 
 
 

3 

( )22 3 9 A1 tλ+ =  
1   A1 needs statement why 

3
2+3  –3

t

t
λ
λ

=

≠
 

 Total  12  
 TOTAL  75  
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7 

 MM2B (cont) 
Q Solution Marks Total Comments 

6(a) 1.2sinr θ=  B1 1 1.2 cosθ  0 marks  
     

(b) Resolve horiz: 2sinT m rθ ω=  M1A1  2cos etc M1 (+ econd M1)T m r sθ ω=  
 2sin 4 5 1.2sinT θ θ= × ×     
 T = 120 A1   
     
 Resolve vert: cos 4T gθ =  M1A1   

 cos 0.32666θ =    M1 for 30sintan
g

θθ =  

 θ  = 70.9°  or  c1.24  A1 6  
 Total  7  

7(a) Using conservation of energy:    
 2 21 1

2 2
mu mv mgh= −  M1A1  M1 for 3 terms, 2 KE and PE 

or 4 terms , 2 KE and 2 PE  
 ( )2 21 1 1 cos

2 2
mu mv mga θ= − −  M1A1  M1A1 for finding h 

 ( )2 2 2 1 cosv u ga θ= + −     

 [ ]( )
1

2 22 1 cosv u ga θ= + −  A1 5 AG 

     
(b) Using F = ma radially,    

 2

cos N mvmg
a

θ − =  M1A1  
 
M1 Correct 3 terms 
A1  Correct signs ( )– N or + N  

 Particle leaves surface of hemisphere 
when N = 0 B1   

 [ ]( )2cos 2 1 cosmmg u ga
a

θ θ= + −  M1  
 

 2

cos 2 2cosu
ga

θ θ= + −    
 

 21cos 2
3

u
ga

θ ⎛ ⎞= +⎜ ⎟
⎝ ⎠

    A1 5 
 

 Total  10  
 

PMT
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7 

 MM2B (cont) 
Q Solution Marks Total Comments 

6(a) 1.2sinr θ=  B1 1 1.2 cosθ  0 marks  
     

(b) Resolve horiz: 2sinT m rθ ω=  M1A1  2cos etc M1 (+ econd M1)T m r sθ ω=  
 2sin 4 5 1.2sinT θ θ= × ×     
 T = 120 A1   
     
 Resolve vert: cos 4T gθ =  M1A1   

 cos 0.32666θ =    M1 for 30sintan
g

θθ =  

 θ  = 70.9°  or  c1.24  A1 6  
 Total  7  

7(a) Using conservation of energy:    
 2 21 1

2 2
mu mv mgh= −  M1A1  M1 for 3 terms, 2 KE and PE 

or 4 terms , 2 KE and 2 PE  
 ( )2 21 1 1 cos

2 2
mu mv mga θ= − −  M1A1  M1A1 for finding h 

 ( )2 2 2 1 cosv u ga θ= + −     

 [ ]( )
1

2 22 1 cosv u ga θ= + −  A1 5 AG 

     
(b) Using F = ma radially,    

 2

cos N mvmg
a

θ − =  M1A1  
 
M1 Correct 3 terms 
A1  Correct signs ( )– N or + N  

 Particle leaves surface of hemisphere 
when N = 0 B1   

 [ ]( )2cos 2 1 cosmmg u ga
a

θ θ= + −  M1  
 

 2

cos 2 2cosu
ga

θ θ= + −    
 

 21cos 2
3

u
ga

θ ⎛ ⎞= +⎜ ⎟
⎝ ⎠

    A1 5 
 

 Total  10  
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 7

 
MM2B (cont) 

Q Solution Marks Total Comments 
8(a) Using conservation of energy:    

 21 3 (1 cos )
2

mv mg θ= −  M1A1  M1  21
2

mv mgh=  

 2 6 (1 cos15)v g= −  m1   
 1

2(6 [1 cos15])v g= −     

    = 1.42 A1 4 SC3:  1.41    
     

    (b)  When particle is at rest,     
 

resolve radially  T = mg cos 15 M1A1  M1 
2

– cos15 mvT mg
r

=  or sin15T mg=  

 22 = mg cos 15    
 m = 2.32 A1 3  

 Total  7  

9 As particle moves, 
2mvT

r
=  M1  

or  
using unknown as extension: 

 If radius is r, extension is r – 1.2  B1  If extension is x, radius is 1.2 + x        B1 
 

Using xT
l

λ= :   Using xT
l

λ= : 

 
T = 192( 1.2)

1.2
r −  M1  T = 192

1.2
x                                             M1 

    = 160(r – 1.2) A1     =  160x                                               A1 
 

T = 
2mv

r
 ⇒ 160(r – 1.2) = 

28 3
r

×  M1  T = 
2mv

r
 ⇒ 160x = 

28 3
1.2 x

×
+

                M1 

                                                              M1 
 2160 192 72r r− =   

( or 2192 – 230.4 86.4r r = ) 
A1  2192 160 72x x+ =                                A1 

 220 24 9 0r r− − =    220 24 9 0x x+ − =  
 (10 3)(2 3) 0r r+ − =  M1  (10 3)(2 3) 0x x− + =                             M1 
 r = 1.5 or –0.3   x = 0.3 or –1.5 
 Radius is 1.5   A1 8 Radius is 1.5                                         A1 
 Total  8  

 TOTAL  75  
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 7

 
MM2B (cont) 

Q Solution Marks Total Comments 
8(a) Using conservation of energy:    

 21 3 (1 cos )
2

mv mg θ= −  M1A1  M1  21
2

mv mgh=  

 2 6 (1 cos15)v g= −  m1   
 1

2(6 [1 cos15])v g= −     

    = 1.42 A1 4 SC3:  1.41    
     

    (b)  When particle is at rest,     
 

resolve radially  T = mg cos 15 M1A1  M1 
2

– cos15 mvT mg
r

=  or sin15T mg=  

 22 = mg cos 15    
 m = 2.32 A1 3  

 Total  7  

9 As particle moves, 
2mvT

r
=  M1  

or  
using unknown as extension: 

 If radius is r, extension is r – 1.2  B1  If extension is x, radius is 1.2 + x        B1 
 

Using xT
l

λ= :   Using xT
l

λ= : 

 
T = 192( 1.2)

1.2
r −  M1  T = 192

1.2
x                                             M1 

    = 160(r – 1.2) A1     =  160x                                               A1 
 

T = 
2mv

r
 ⇒ 160(r – 1.2) = 

28 3
r

×  M1  T = 
2mv

r
 ⇒ 160x = 

28 3
1.2 x

×
+

                M1 

                                                              M1 
 2160 192 72r r− =   

( or 2192 – 230.4 86.4r r = ) 
A1  2192 160 72x x+ =                                A1 

 220 24 9 0r r− − =    220 24 9 0x x+ − =  
 (10 3)(2 3) 0r r+ − =  M1  (10 3)(2 3) 0x x− + =                             M1 
 r = 1.5 or –0.3   x = 0.3 or –1.5 
 Radius is 1.5   A1 8 Radius is 1.5                                         A1 
 Total  8  

 TOTAL  75  
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6 

MM2B(cont) 
Q Solution Marks Total Comments 

5(a) Resolve vertically R = mg   Ignore all inequalities 
 If the particle is on the point of sliding,  

F = µR 
 

M1 
  

     
 ∴ F = 0.3R = 0.3mg A1   
     
 Resolving radially:  F = mω2r M1   
  0.3mg  = mω2 × 0.8    
 

ω2 = 0.3
0.8

g×  
   

 ω  = 1.92 A1 4  
     

 (b)(i) 45 revolutions per minute = 90π
60  M1   

 = 3π
2  or 4.71 radians per second A1 2  

     
(ii) Resolving radially: F = mω2r    

 23π 0.15
2

m g mµ ⎛ ⎞= ×⎜ ⎟
⎝ ⎠

 M1A1
A1  

M1A1 either side correct 
A1 second side correct 

 23π 0.15
2

g
µ

⎛ ⎞ ×⎜ ⎟
⎝ ⎠=  

  

 

 µ  = 0.340 A1 4 CAO (accept 0.339) 
 Total  10  

6(a) By conservation of energy     
 2 21 1(5 ) (3 ) 2

2 2
m v m v mg a= +    M1 

A1  M1 for 3 terms , 2 KE and PE 
 

 28 2v ag=  A1   
 

4
agv =   or  1

2
ag  A1 4  

     
(b) Greatest and least values of tension are at 

the highest and lowest points of its path       

  
At top,  

2(3 )m vT mg
a

= −  M1   

 
                5

4
mg=  A1ft  ft - must be positive tension 

 
At B,  

2(5 )m vT mg
a

= +  M1   

 
             29

4
mg=  A1ft   

 Ratio is  29 : 5 A1 5 CAO   Condone 5 : 29 or 1: 5.8  
 Total    9  
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6 

MM2B(cont) 
Q Solution Marks Total Comments 

5(a) Resolve vertically R = mg   Ignore all inequalities 
 If the particle is on the point of sliding,  

F = µR 
 

M1 
  

     
 ∴ F = 0.3R = 0.3mg A1   
     
 Resolving radially:  F = mω2r M1   
  0.3mg  = mω2 × 0.8    
 

ω2 = 0.3
0.8

g×  
   

 ω  = 1.92 A1 4  
     

 (b)(i) 45 revolutions per minute = 90π
60  M1   

 = 3π
2  or 4.71 radians per second A1 2  

     
(ii) Resolving radially: F = mω2r    

 23π 0.15
2

m g mµ ⎛ ⎞= ×⎜ ⎟
⎝ ⎠

 M1A1
A1  

M1A1 either side correct 
A1 second side correct 

 23π 0.15
2

g
µ

⎛ ⎞ ×⎜ ⎟
⎝ ⎠=  

  

 

 µ  = 0.340 A1 4 CAO (accept 0.339) 
 Total  10  

6(a) By conservation of energy     
 2 21 1(5 ) (3 ) 2

2 2
m v m v mg a= +    M1 

A1  M1 for 3 terms , 2 KE and PE 
 

 28 2v ag=  A1   
 

4
agv =   or  1

2
ag  A1 4  

     
(b) Greatest and least values of tension are at 

the highest and lowest points of its path       

  
At top,  

2(3 )m vT mg
a

= −  M1   

 
                5

4
mg=  A1ft  ft - must be positive tension 

 
At B,  

2(5 )m vT mg
a

= +  M1   

 
             29

4
mg=  A1ft   

 Ratio is  29 : 5 A1 5 CAO   Condone 5 : 29 or 1: 5.8  
 Total    9  

 
  

PMT
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MM2B (cont) 
Q Solution Marks Total Comments 

7(a) Resolving vertically    
 T cos 30 + 20 cos 50 = 4g M1A1 

A1 
 M1: Three terms, which must include 4g, 

Tcosθ or Tsinθ and 20cosθ or 20sinθ, 
where θ  = 30, 40, 50 or 60. 
A1: Correct terms 
A1: Correct equation 

 T cos 30 = 26.344    
 T = 30.4 N A1 4 A1: Correct final answer.  

Accept 30.4 or AWRT 30.42.  
Accept 30.4 or 30.5 or AWRT 30.45 from 
g = 9.81. 

     
   (b) Horizontally: 

2
20cos40 cos60mv Tr = +  M1 

A1F 
 M1: Three terms, which must include

2mv
r

 or 
24 5

r
× , Tcosθ or Tsinθ and 

20cosθ or 20sinθ, where θ  = 30, 40, 50 or 
60. 
A1F: Correct equation. May include T, m 
and v. 

 24 5 30.53
r
×

=  
dM1  dM1: Substitution of values for T, m and 

v.  Equation of form
24 5

r
× = number 

 
 r = 3.27537     
    = 3.28 A1 4 A1: Correct answer. Accept 3.27 or 3.28 

or AWRT 3.28. 
Accept 3.27 or AWRT 3.27 from g = 
9.81. 

Note: Do not accept 
2

30.4mv
r

= or 

similar. 
 Total  8  
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MM2B (cont) 
Q Solution Marks Total Comments 

8(a) Using conservation of energy  
(lowest and highest points) 

   

 1
2

mu2 = 1
2

mv2 +mg(2a) 

 

M1A1 
 
 

 

M1: Equation for conservation of energy 
with two KE terms and one or two PE 
terms. May see m or 0.3. 
A1: Correct equation. 

     
     2 2 4u v ag= +  

For complete revolutions, v > 0 
∴ 2 4u ag>  

2u ag>                                AG 

 
 
 
 

A1 

 
 
 
 

3 

 
 
 
 
A1: Correct result with statement of v > 0 
and some intermediate working including 
4ag term. 

 Or 
Use of PE at top and KE at B (M1)   

 Correct PE and KE (A1)   
 Correct deduction including inequality (A1)   
     

(b)(i) C of Energy    
 

1
2

mu2 = 1
2

mv2 + mga(1 + sinθ) M1A1 

 M1: Equation for conservation of energy 
with two KE terms and one or two PE 
terms including a sinθ. May see m or 0.3. 
A1: Correct equation. 

 
v2 =  

2
9
2

ag⎛ ⎞
⎜ ⎟
⎝ ⎠

 – 2ga(1 + sinθ) 
   

 
    = 5 2 sin

2
ag ag θ−  

   

 Resolve  radially    
 

±R = 
2

sin mvmg
a

θ− +  
 
M1A1 

 M1: Three term equation from resolving 
radially.  Correct three terms, but condone 
signs and replacement of sin by cos. 
A1: Correct equation. May see m or 0.3. 

 
   = 5sin 2 sin

2
mg mg mgθ θ− + −  

 
 

  
 

 
   = 53 sin

2
mg mgθ− +    

 

 
   =  3 9 sin

4 10
gθ⎛ ⎞−⎜ ⎟

⎝ ⎠
 OE (must include g) A1 5 

A1: Simplified correct final answer. 

Condone 9 3sin
10 4

gθ⎛ ⎞−⎜ ⎟
⎝ ⎠

 

     
(ii) When this reaction is zero,     

 3 9 sin
4 10

gθ⎛ ⎞−⎜ ⎟
⎝ ⎠

= 0 M1  M1: Putting their reaction equal to zero. 

 sinθ  = 5
6

    

  θ is 56.4° above horizontal A1 2 A1: Correct angle. Accept AWRT 56.44. 
 Total  10  
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MM2B (cont) 
Q Solution Marks Total Comments 

     
5 R = mg M1   

 F = 0.85 mg      A1   
 

r
mv 2

= 0.85 mg    M1A1 
 

condone 
2

0.85mv R
r

=  (for M1A1) 

     v2 = 34 ×0.85 × g m1  dependent on both M1s 
 = 283.22    
 v = 16.8 m s–1 A1 6  
     
 Total  6  
     

6(a) using maF =     
 d0.4 d

v
t  = 2 – 4v  M1   

 d
d
v
t = – 10 (v – 0.5) A1 2 Needs line above 

     
     (b) hence 1 d

0.5
v

v −∫  = – 10dt∫  
   

 )5.0ln( −v  = – 10t + c     M1A1 
m1 

 M1 for any side integrated correctly 
m1 for + c (and M1 gained) 

 100.5 e tv C −− =     
 t = 0, v = 1   
∴C = 0.5 

 
A1 

  

 ∴v = 100.5 0.5e t−+  A1 5 condone 10 0.6930.5 e tv − −= +  
     

    (c) when v = 0.55, 0.55 = 100.5 0.5e t−+  M1  substitute 0.55 into C’s (b), after finding 
c, possible numerical error 

 10 = 10e t  A1   
 t = ln10 ÷ 10    
 = 0.230 A1 3  
     
 Total  10  

PMT
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MM2B (cont) 

Q Solution Marks Total Comments 
     

7(a) by conservation of energy:    
 2 21 1( ) ( ) 2

2 2
m u m v mg a= +  M1 

 M1 for 3 terms, 2 KE and PE; not 
2 2 2v u as= +  

 aguv 422 −=  A1 2  
     

       (b)(i) 
at point A; T1 = mg

a
vm

−
2)(

 M1A1 
  

 
both signs incorrect M1 

 
at point B; T2 = mg

a
um

+
2)(

 A1 
 either correct M1A1 

 

5
2

2

1 =
T
T

 B1 
 or 5TA = 2TB 

or T1 = 2T, T2 = 5T 
 2 2( ) ( )5 2m v m umg mg

a a
§ · § ·

− = +¨ ¸ ¨ ¸
© ¹ © ¹

 A1 
 

CAO 

 2( 4 )5 m u ag mg
a

§ ·−
−¨ ¸

© ¹
  

   

 2( )2 m u mg
a

§ ·
= +¨ ¸

© ¹
 

   

 aguagagu 225205 22 +=−−  m1  from ratio 2 : 5 or 5 : 2 and one tension 
equation correct 

 agu 273 2 =     
 agu 3=  A1 7 condone 9ag  
     

           (ii) agvu 422 += → v  = ag5  B1  condone 2 5v ag=  
 ratio u : v = 3 : 5  B1 2 accept 1.34 : 1 or 1 : 0.745 
     
 Total     11  
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MM2B - AQA GCE Mark Scheme 2012 June series 
 

5 

MM2B 
Q Solution Marks Total Comments 

5(a) For particle B,    
 tension in string = 2.1g N B1   
     
  Resolve horizontally for particle A:    
 

rm 2Z = T M1 
 

Or 2
1 2m r m gZ   or   

2
1

2
m v m g

r
  

(condone lack of 1 and 2) 
 3.04.1 2 uZ = 2.1g A1   
 2Z  = 49    
 Angular velocity is 7 rad/sec A1 4  
     

     (b) Using v = r ω:     
 speed  =  0.3 × 7 M1   
            =  2.1 m s–1 A1 2 Part (b) marks can be awarded in (a) 
     

    (c) Time taken is 2π / ω M1  
Or 2π

2.1
r  

 = 2π
7

 = 0.898 sec 
A1 2 Accept 2π

7
 

(0.895 M1A0) 
 Total  8  

6(a) Using conservation of energy:    
 21

2
mv mgh  M1  M1 for 2 or 3 terms, 1 KE and 1 or 2 PE 

 21 =  2.4(1 cos18)
2

mv mg �  m1A1 
 

m1A1 for finding h 

        v2 =  4.8g(1 – cos18)    
             =  2.302    
         v  = 1.52 m s–1 A1 4 Condone 1.51 
     

(b) Resolving vertically:    
 T =  mg + 

2mv
a  M1 

A1 
 Correct 3 terms 

Correct signs 
    =  22g  + 22 2.302

2.4
u     

    =  236.7… N    A1  3  
    =  237 N   Accept 236 N 
 Total   7  

PMT
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5 

MM2B 
Q Solution Marks Total Comments 

5(a) For particle B,    
 tension in string = 2.1g N B1   
     
  Resolve horizontally for particle A:    
 

rm 2Z = T M1 
 

Or 2
1 2m r m gZ   or   

2
1

2
m v m g

r
  

(condone lack of 1 and 2) 
 3.04.1 2 uZ = 2.1g A1   
 2Z  = 49    
 Angular velocity is 7 rad/sec A1 4  
     

     (b) Using v = r ω:     
 speed  =  0.3 × 7 M1   
            =  2.1 m s–1 A1 2 Part (b) marks can be awarded in (a) 
     

    (c) Time taken is 2π / ω M1  
Or 2π

2.1
r  

 = 2π
7

 = 0.898 sec 
A1 2 Accept 2π

7
 

(0.895 M1A0) 
 Total  8  

6(a) Using conservation of energy:    
 21

2
mv mgh  M1  M1 for 2 or 3 terms, 1 KE and 1 or 2 PE 

 21 =  2.4(1 cos18)
2

mv mg �  m1A1 
 

m1A1 for finding h 

        v2 =  4.8g(1 – cos18)    
             =  2.302    
         v  = 1.52 m s–1 A1 4 Condone 1.51 
     

(b) Resolving vertically:    
 T =  mg + 

2mv
a  M1 

A1 
 Correct 3 terms 

Correct signs 
    =  22g  + 22 2.302

2.4
u     

    =  236.7… N    A1  3  
    =  237 N   Accept 236 N 
 Total   7  
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MM2B - AQA GCE Mark Scheme 2013 January series 

 

 
Q Solution Marks Total Comments 

5(a) Using F = ma:     
 

 
1
3 d4 12

d
vv
t

�   B1  
 

 
? 

1
31d

dt 3
v v �    

 

 
1
3

d3 v

v
� ³  =  dt³  

M1  
 
condone  , 3� incorrect side 

 2
3

3
2
3

v� u  =  t + c A1  condone lack of + c 

 2
39

2
v� =  t + c   

 

 When t = 0, v =  8  � c = – 18 M1A1   
 2

39
2

v�  =   t – 18    
 

 2
3 24

9
v t �    

 

 3
224

9
v t§ · �¨ ¸

© ¹
 A1 6 

 

     

      (b) Particle is at rest when 
24 –  = 0 
9

t    
 

 The value of t is 18 B1 1  
 Total  7  

6(a) Resolve vertically:    
 T cos θ  = mg M1  M1 for cosT T or sinT T and mg 
 34 cos θ =  2 × 9.8 A1   
 

    cos θ  =   
34

6.19
 

   

           θ  = 54.8˚ A1 3  
     

    (b) Resolve horizontally for particle:     
 2mv

r
=  T sin θ M1 

  
M1 for cosT T or sinT T  

 
  2v    = 

34sin 54.8 0.8
2

u
 

A1 ft 
from 
(a) 

  

    2v   =  11.113    
 Speed is 3.33 m s–1 A1 3 Accept 3.34 
     

    (c) Time taken is 2πr / v 
M1 

 
Or find Z and use 2S

Z
 

    =   1.51 sec A1ft 2  
 Total  8  
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Q Solution Marks Total Comments 

7(a) Using conservation of energy:    
 2 21 1 –

2 2
mv mu mgh  M1  for 3 terms, 2 KE and 1 PE 

 � �2 21 13 3 4 – 3 1.2 1– cos25
2 2

v gu u  u u u u  M1 
A1  

 
M1A1  for finding h [M1 for 
1.2(1 cos 25 sin 25)or� ] 

 � �2 24 – 2.4 1 – cos 25v g u     

 2 16 – 2.2036v      

 –13.71msv   A1 4 Accept 3.7, 3.70, 3.72 
     

(b) Resolving radially:    
 2

cos 25 mvT mg
a

 �  M1A1  
M1 accept cos 25 or sin 25 , + or � sign 
and 2z  

 26.645 34.491 �    A1 fully correct and substituted 
 61.1 N  A1 3 Accept 61.0 or 61 
 Total  7  
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5 
 

Q Solution Mark Total Comments 
4(a)(i) Moments about Q M1  Or  

      2.2 × 25g = TP × 4.2 A1  Moments about any point M1A1 
 TP = 13.095 × g   Moments about any other point M1 
 TP = 128 N  A1  TP  A1 ;   TQ   A1 
 Resolving vertically    
 TP + TQ  = 25g or 245 M1   
 TQ = 117 N A1 5  
     

        (ii) Weight of plank acts through its centre E1 1  
     

      (b) Resolve vertically M1  Could use T rather than TP , TQ 
      TP  + TQ  = (25 + m)g = 2TP   A1  Or  
 Moments about B M1  Moments about Q 
 TP  × 5 + TQ × 0.8 = 25g × 3 A1  TP  × 4.2 = 25g × 2.2 – mg × 0.8 

 
(25 + m)g × 2.9 = 25g × 3 

  
1
2
× (25 + m)g × 4.2  

                  = 25g × 2.2 – mg × 0.8 
 2.9mg = 25g × 0.1 M1  2.9mg = 25g × 0.1 
 29m = 25   29m = 25 
    OR 
    Moments about any point M1A1 
    Moments about any other point M1A1 
    Solution M1A1 

 m = 0.862  or  
25
29

 A1 6  

 Total  12  
5  In limiting equilibrium, using F = μR    
 Frictional force is 0.2 × mg M1A1   
     Resolve horizontally     

 
215 0.2m mg

r
×

= ×  M1  
 

 
215

0.2
r

g
=

×
   

 

    = 114.79  A1 4  
    = 115     
 Total  4  
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Q Solution Marks Total Comments 
8(a) Using conservation of energy:    

 2 21 1(5 ) (2 ) 2
2 2

m u m u amg= +  M1A1  
M1 for 3 [or 4] terms: 2 KE  
                                      and 1[or 2] PE 

 agu 221
2
1 2 =××

 
M1  M1A1 for finding h 

 
4
21
agu =  A1 4 

 

     
(b) Using conservation of energy with speed 

at point S to be V:   
Or  

 2 21 1(5 ) ( ) (1 cos60)
2 2

m u m V amg= + +  M1  
2

21 1 4( ) (1 – cos60 ) 2
2 2 21

agm V amg m
§ ·

= ° + ¨ ¸¨ ¸
© ¹

 

 amgummV
2
11)5(

2
1

2
1 22 −=

 
  

 

 2 425 3
21
agV ag§ ·= × −¨ ¸

© ¹
   

 

 2 37
21
agV =  A1  

 

    Resolving radially at point S:    

 
2( )cos60 m VR mg

a
= − +  M1A1  

 

    
1 37
2 21

mgmg= − +    
 

    53
42

mg=   or   1.26mg A1 5 
 

 Total   9  
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