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 4

 

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

1
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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  

 
(Q6, June 2006)
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7 

MM2B (cont) 
Q Solution Marks Total Comments 
7(a) Max speed zero acceleration used ≡  M1  Implied  

 72000
60

 
 

M1 
  

 72000 60
60

k= ×  
 
 

  

 20k =  A1 3  
     

(b)(i) d20 ñ500
d
vv
t

=  
 

M1 
 dsee ,

d
v
t
±  

 d
d 25
v v
t
= −  

 
A1 

 
2 

 

     
(ii) d25 ñ dv t

v
=∫ ∫  

M1 
A1 

 M1 separating variables  
 

    Alternative   
 [ ] [ ]10

02025ln tv t= −  A1  25 lnv = ñt (+ c)                               A1 

     
 25ln10 ñ 25ln 20 ñ t=  m1 

A1 
 t = 0, v = 20,  c =  25ln20                 m1 

t = t, v = 10, 
25ln10 =  ñt + 25ln20                        A1 

 125ln 2 or 17.3  or ñ 25ln
2

t =  A1 

 

6 

 

t = 25ln2  or 17.3                               A1 

 Total  11  
8(a) 49

2
0.5

0.2

xg

x

×
=

=
 

 

M1 
A1 

 
A1 

 
 
 

3 

 

     
(b) 

EPE  = 
( )249 0.2

2 0.5
×

×
 

M1   

 = 1.96 (J) A1 2  

     
(c)(i) 

( )
2491.96 0.8 9.8 0.2

2 0.5
x x×

= + × × +
×

 
M1 
A3 

 All terms attempted for M1 
-1 EE from A3 

 2 0.16 ñ 0.008 0x x+ =  A1 5  

     
(ii) 20.16 0.16 4 0.008

2
x

± + ×
=  

 
M1 

  

 x = 0.04 A1 2 0.04=x  only identified 
 Total  12  
  TOTAL  75  

 

PMT
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7 

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  
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7 

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

5
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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
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7 

MM2B (cont) 
Q Solution Marks Total Comments 

8(a) Using F = ma:    
  – 0.08v 2  =  0.05a  B1   

 ∴ d
d
v
t

= –1.6v2                                              B1 2 AG; condone sign error in first B1 

     

(b) 2
dv
v∫  = –1.6 dt∫  M1   

 1
v

−  = –1.6t (+ c) A1  Condone 1 11.6 1.6t c t c
v v

− = − + ⇒ = +  

 When t = 0, v = 3 ⇒  1
3

c = −  M1  
 

 1 1 1.6
3

t
v

= +      * A1   

 81 1
3 5

t
v

= +     

 5 241
15

t
v

+=     

15
5 24

v
t

=
+

                                A1 5 AG; all working lines correct from * 

Total  7  
9(a) When acceleration is zero,    

 tension = gravitational force    

 784 80
16

x g=  M1  Both terms correct 

 x = 16,  16 32mx + =  A1  A1 for 16x =  
 Length of cord is 32 m A1 3  
     

(b)(i) When bungee jumper comes to rest,    

 EPE = 
2784

2 16
x×

×
 M1   

         = 
249

2
x     

 Change in PE = 80 × g × (16 + x) 
 

M1 
  

Or  [ ]( )80 65 80 16g g x× × − +  

                                     ( )( )or 80 49g x−  

 
249

2
x = 80 × 9.8 × (16 + x) A1   

 x2  = 32x + 512    
 x2 – 32x – 512 = 0                    A1 4 AG 

     

(ii)  x = 
232 32 2048

2
± +  M1  

 

  x = 43.7128 A1   
 Distance below point of jump is 

43.7 + 16  = 59.7 m    

 Distance between jumper and ground is 
65 – 59.7 

 
M1   

 = 5.29 m A1 4 Accept 5.287, 5.3 
 Total  11  
 TOTAL  75  

 

PMT

(Q8, Jan 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  

PMT

(Q8, June 2009)
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 MM2B (cont) 
Q Solution Marks Total Comments 

5(a) Using F = ma,    

 
1
2 d0.2

d
vmv m
t

− =     

 ∴ 
1
2d 0.2

d
v v
t

= −    B1 1 AG  Must see equ’n containing m 

     

(b) 1
2

d 0.2 dv t
v

= −∫ ∫  M1   

 
1
22 0.2v t c= − +  A1m1  m1 for + c 

     
 When 0, 16 8t v C= = ∴ =  A1   

     
 

1
22 0.2 8v t= − +     

 ( )24 0.1v t= −  A1 5 AG 
     

(c) When ( )21, 1 4 0.1v t= = −  M1   
 4 0.1 1t− = ±     

 30 or 50t =  A1  
1
2if use 2 8 – 0.2 no need to see 50v t⎡ ⎤=⎢ ⎥⎣ ⎦

 

 30t =  A1 3 50t ≠  as ball stops when 40t =  
     

(d) Integrating  ( )24 0.1v t= − :    
 216 0.8 0.01v t t= − +     

 2 30.0116 0.4
3

x t t t d= − + +  M1  M1 for first 3 terms  or  ( )310– 4 – 01
3

t  

     
 When 0, 0 0t x d= = ⇒ =  A1   

 2 30.0116 0.4
3

x t t t= − +     

 When speed is 11ms− , t = 30    
 480 360 90x = − +  m1  dep on M1 above 
    = 210 A1 4 [No ‘d’, 3 marks only] 
 Total  13  

 

PMT

(Q5, Jan 2010)
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 5

 
MM2B (cont) 

Q Solution Marks Total Comments 
4(a) Using F = ma,    

 400 cos π2  t i + 600t2 j = 200 a M1   

 a = 2 cos π2  t i + 3t2 j A1 2  

     
 (b)  v = da t∫  M1  M1 for either da t∫ or 1 of 2 terms correct 

   = 3π4 sinπ 2  + + t ti j c  A1m1  m1 for + c 

     
 When t = 4, r = –3i + 56j, 

64j + c  = –3i + 56j 
 

m1   

     
 ∴ c = –3i – 8j               
 ∴ v = ( π4 sinπ 2 t  –3)i + (t3 – 8)j  A1 5 Do not accept 

π
2

2         Accept  1.27 for 4
π

 

     
    (c) When particle is moving due west, 

northerly component is zero 
 

M1   

  ∴ 3 8 0t − =  A1    
  t = 2 A1 3  
     

   (d) When t = 2, v = – 3i + 0j  B1    
 Speed of particle is 3 m s–1 B1 

 
2 
 

B1 for change –3 to +3 

 Total  12  
5 

 1
4

d
d
v
t v

λ= −  M1 
  

 1
4dv v∫  =  – dtλ∫  m1 

 
Condone one of  

1– 4 1, d ,v tλ λ+ ∫  

     
 5

44
5

v  = –λt  + c     A1A1 
m1 

  
m1 for + c 

 
t = 0, v = u ∴ c = 

5
44

5
u  A1  

 

 
∴

5
4v  = 

5
4u  – 5

4
tλ    

 

 4
5 5
4 5

4
v u tλ⎛ ⎞= −⎜ ⎟

⎝ ⎠
 A1 7 

 

 Total 7 
 
 

  

PMT

10

(Q5, June 2010)

Mark Scheme – General Certificate of Education (A-level) Mathematics – Mechanics 2B  – January 2011 

8 

MM2B 
Q Solution Marks Total Comments
8(a)(i) F = 65g – 260v   Accept 260v – 65g 

    65(9.8 4 )v= −  B1 1 AG   must see 65g or 260 
     

(ii) Using F ma=     

  d65 65(9.8 4 )
d
v v
t

= −  M1  Need to see terms in m (condone − sign) 

 d 4( 2.45)
d
v v
t

= − −  A1 2 AG 

     

(b) 1 d 4
2.45 d

v
v t

= −
−

 B1  
 

  1 d
2.45

v
v −∫   =  – 4dt∫    

 

 ln ( 2.45) 4v t c− = − +     M1 
A1  M1   log side correct  

4t c− +  
  

42.45 e tv C −− =     

 t = 0, v = 19.6      
 ∴ C = 17.15 or 2.84e  A1  Or ln17.15 or 2.84c =  
     
 42.45 17.15e tv −∴ = +  

42.45 17.2 te−+  A1 5  
 Total  8  
 TOTAL  75  

 

PMT
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MM2B (cont) 
Q Solution Marks Total Comments 

6(a) Using F = ma     
 5

4 d2 d
vmv m t− =     

 

∴ 
5
4d 2d

v vt = −           
AG B1 1 

B1: Must see 
5
4 d2 d

vmv m t− =  or 
5
42mv ma− =  and correct final answer. 

     

   (b) 5
4

dv
v
∫  = – 2 dt∫  

M1  

M1: Two integrals with one in the form 

( )f v dv∫  where 
45
54( )  or f v v v

±±
= . The 

other integral must not contain v terms. 
 

1
4

4
v

−  = – 2t + c 
A1 

  

 
A1: Correct expression. 
Condone lack of + c for this A1, but no 
subsequent marks if no c. 

     
 When t = 0, v =  16  ⇒ c = –2 dM1 

A1  dM1: Using t = 0 and v = 16 to find c.  
A1: Obtaining c = –2.  

 
1
4

4
v

−  = – 2t – 2    

 1
4 2

1
v

t
=

+
    

 42
1

v
t

⎛ ⎞= ⎜ ⎟+⎝ ⎠             
AG 

 
A1 

 
5 

A1: Correct final answer. Must see 
1
4 2

1
v

t
=

+  or 

1
4 1

2
tv

− +
=

or 
1
4

1 1
2

t

v

+
=  

    Or 
  

  

if they obtain 
42v

t c
⎛ ⎞= ⎜ ⎟+⎝ ⎠

 

1
4 216, 0 16v t

c
= = ⇒ =  , condone c = 1 

(no other root considered) 
 Total  6  
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AQA – Mark Scheme – MM2B – January 2012 
 

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

13

(Q6, Jan 2012)
MM2B - AQA GCE Mark Scheme 2012 June series 

 

6 

MM2B 
Q Solution Marks Total Comments 

7(a) Using F = ma:    
 d

d
vm t  =  49 – 9.8v   or    5g – 9.8v M1 

 
Need to see d

d
vm t or d5 d

v
t or 49 9.81

5
a �
  

 
? d

d
v
t

 =  – 1.96 (v – 5) A1 2 Must see m terms  (not a =…) 

     

   (b) 
d

5
v

v³ �
 = – 1.96 dt³  M1 

 
And one side integrated 

  ln (v – 5) = – 1.96t + c A1A1  Need + c, A1 each side 
 When t = 0, v =  7  � c =  ln 2 A1  OE 
 5ln 2

v �  = – 1.96t     

 1.965 e2
tv ��      

 1.965 2e tv � �  A1 5 CAO 
 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  

 
  

PMT

(Q5, Jan 2013)
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Mark Scheme – General Certificate of Education (A-level) Mathematics – MM2B – June 2013 
 
 

6 
 

Q Solution Marks Total Comments 
6(a) Using F = ma     

 
d1600 4000 40
d
v v
t
= −  M1  

 

 
d 4000 40
d 1600
v v
t

−
=    

 

 
d 100
d 40
v v
t

−
=  A1 2 

 

     

(b) 
d40 d

100
v t

v
=

−
 B1  

 

    d40 d
100

v t
v
=

−∫ ∫  M1  
 

 40ln(100 )v t c− − = +  A1  Condone lack of ‘+ c’ 
 When t = 0, v = 0 ⇒ c = – 40ln100 M1A1   
 40ln(100 ) 40ln100v t− − = −     

 
10040ln

100
t

v
=

−
   

 

 40 100e
100

t

v
=

−
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 Total  8  
7 Using power = force × velocity    

 240 000 = F × 20 M1A1   
 F = 12 000 A1   
     
 Accelerating force is 12 000 – 5000    
                                             =  7000 N B1   
 Using F = ma M1   
 22 000a = 7000    

 a = 0.318  or  
7
22

m s–2 A1 6 
 

 Total  6  
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