
AQA MM2B Mechanics 2 Mathematics 23 June 2014 
 

Question Paper and Worked Solutions 
Please note, this document represents my own solutions to the questions, is entirely unofficial and is not related to 
the mark scheme (which I have not seen).  Therefore, while it should help you see how to do the questions, it won’t 
include every valid method or give you a break down of the mark allocation.  If you spot any errors, or think you have 
found a better solution, please email me so I can update it.   
 

 
1. 
a) 

𝐾𝐸 =
1

2
𝑚𝑣2 =

1

2
(3)(8)2 = 𝟗𝟔 𝑱 

b) 
𝐺𝑃𝐸 = 𝑚𝑔ℎ = 3𝑔(13) = 𝟑𝟖𝟐. 𝟐 𝑱 

c) 
i. 

𝐾𝐸𝐼 + 𝐺𝑃𝐸𝐼 = 𝐾𝐸𝐹 + 𝐺𝑃𝐸𝐹     ⟹     96 + 382.2 = 𝐾𝐸 + 0   ⟹    𝐾𝐸 = 𝟒𝟕𝟖. 𝟐 𝑱 
ii. 

1

2
𝑚𝑣2 = 478.2   ⟹    

1

2
(3)𝑣2 = 478.2   ⟹     𝑣 = 𝟏𝟕. 𝟗 𝒎𝒔−𝟏 𝒕𝒐 𝟑 𝒔. 𝒇. 
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2. 
a) 

𝐹 = 𝑚𝑎   ⟹     [24𝑒−2𝑡

−12𝑡3 ] = 6𝑎   ⟹     𝑎 =
1

6
[24𝑒−2𝑡

−12𝑡3 ] = [𝟒𝒆−𝟐𝒕

−𝟐𝒕𝟑 ] 

b) 

𝑣 = ∫ 𝑎 𝑑𝑡 = [
−2𝑒−2𝑡

−
1

2
𝑡4 ] + 𝐶 

 

𝑣 = [
−7
−4

]  𝑎𝑡 𝑡 = 0   ⟹     [
−7
−4

] = [
−2𝑒0

−
1

2
04] + 𝐶 = [

−2
0

] + 𝐶   ⟹     𝐶 = [
−5
−4

]    ⟹     𝒗 = [
−𝟐𝒆−𝟐𝒕 − 𝟓

−
𝟏

𝟐
𝒕𝟒 − 𝟒

] 

c) 

𝑡 = 0.5   ⟹     𝑣 = [
−2𝑒−2(0.5) − 5

−
1

2
(0.5)4 − 4

] = [
−5.7357 …
−4.03125

] 

 

⟹     𝑠𝑝𝑒𝑒𝑑 = |𝑣| = √(−5.7357 … )2 + (−4.03125)2 = 𝟕. 𝟎𝟏 𝒎𝒔−𝟏 𝒕𝒐 𝟑 𝒔. 𝒇. 



 
3. 

Object Mass  Centre of mass 

Lamina 5 (7,6) 

A 4 (11,2) 
B 3 (3,6) 

C 7 (5,9) 
D 1 (1,4) 
Total 𝟐𝟎 (�̅�, �̅�) 

 

5 × 7 + 4 × 11 + 3 × 3 + 7 × 5 + 1 × 1 = 20�̅�    ⟹     �̅� =
124

20
= 6.2 

 

5 × 6 + 4 × 2 + 3 × 6 + 7 × 9 + 1 × 4 = 20�̅�    ⟹     �̅� =
123

20
= 6.15 

 
𝑪𝒆𝒏𝒕𝒓𝒆 𝒐𝒇 𝒎𝒂𝒔𝒔:    (𝟔. 𝟐, 𝟔. 𝟏𝟓) 

 
 



 
4. 
a) 

20 𝑟𝑝𝑚 =
20 × 2𝜋

60
 𝑟𝑎𝑑 𝑠−1 =

2𝜋

3
 𝑟𝑎𝑑 𝑠−1 = 𝟐. 𝟎𝟗 𝒓𝒂𝒅 𝒔−𝟏 𝒕𝒐 𝟑 𝒔. 𝒇. 

b) 
Resolving vertically: 

𝑇 cos 35 = 0.8𝑔   ⟹     𝑇 =
0.8𝑔

cos 35
= 𝟗. 𝟓𝟕 𝑵 𝒕𝒐 𝟑 𝒔. 𝒇. 

c) 
Resolving radially: 

𝑇 sin 35 = 𝑚𝑟𝜔2    ⟹    (9.57 … ) sin 35 = 0.8𝑟(2.09 … )2    ⟹     𝑟 =
(9.57 … ) sin 35

0.8(2.09 … )2
= 𝟏. 𝟓𝟔 𝒎 𝒕𝒐 𝟑 𝒔. 𝒇. 

 
 
 
 



 
5. 
a) 
Using conservation of energy: 

𝐾𝐸𝐼 + 𝐺𝑃𝐸𝐼 = 𝐾𝐸𝐹 + 𝐺𝑃𝐸𝐹    ⟹    
1

2
𝑚(7√𝑎𝑔)

2
+ 0 =

1

2
𝑚𝑣2 + 𝑚𝑔(2𝑎) 

 

⟹     
49𝑚𝑔𝑎

2
=

1

2
𝑚𝑣2 + 2𝑚𝑔𝑎   ⟹     49𝑔𝑎 = 𝑣2 + 4𝑔𝑎   ⟹     𝑣2 = 45𝑔𝑎   ⟹     𝒗 = √𝟒𝟓𝒈𝒂 

b) 
Resolving radially at Q: 

𝑚𝑔 + 𝑇 =
𝑚𝑣2

𝑟
   ⟹     𝑚𝑔 + 𝑇 =

𝑚(√45𝑔𝑎)
2

𝑎
   ⟹     𝑇 =

45𝑚𝑔𝑎

𝑎
− 𝑚𝑔 = 𝟒𝟒𝒎𝒈 

 
 
 
 
 



 
6. 
a) 

𝐹 = −0.3𝑚𝑣
1
3    ⟹     𝑚𝑎 = −0.3𝑚𝑣

1
3    ⟹     𝑎 = −0.3𝑣

1
3    ⟹    

𝑑𝑣

𝑑𝑡
= −0.3𝑣

1
3 

 

⟹     ∫ 𝑣−
1
3 𝑑𝑣 = ∫ −0.3 𝑑𝑡    ⟹    

3

2
𝑣

2
3 = −0.3𝑡 + 𝐶 

 

𝑣 = 8  𝑎𝑡  𝑡 = 0   ⟹    
3

2
(8

2
3) = 0 + 𝐶   ⟹     𝐶 = 6   ⟹    

3

2
𝑣

2
3 = −0.3𝑡 + 6   ⟹     𝑣

2
3 = −0.2𝑡 + 4 

 

⟹     𝑣 = (−0.2𝑡 + 4)
3
2 = (𝟒 − 𝟎. 𝟐𝒕)

𝟑
𝟐 

b) 

𝑣 = 0   ⟹     (4 − 0.2𝑡)
3
2 = 0   ⟹     4 − 0.2𝑡 = 0   ⟹     𝑡 =

4

0.2
= 𝟐𝟎 

c) 

𝑥 = ∫ 𝑣 𝑑𝑡
20

0

= ∫ (4 − 0.2𝑡)
3
2 𝑑𝑡

20

0

= [
2(4 − 0.2𝑡)

5
2

5(−0.2)
]

0

20

= (0) − (−64) = 𝟔𝟒 𝒎 

Note: Since the speed is always non-negative within this range, distance is equal to displacement.   
 
 



 
7. 
a) 

 

 
b) 
Taking moments about A: 

5𝑆 = 3(22𝑔 cos 60) + 4(88𝑔 cos 60) 
 

⟹     𝑆 = 409.64 𝑁 
 
Resolving forces vertically: 

𝑅 + 𝑆 cos 60 = 88𝑔 + 22𝑔 
 

⟹     𝑅 = 110𝑔 − 409.64 cos 60 = 873.18 𝑁 
 
Resolving forces horizontally: 

𝐹𝑟 = 𝑆 sin 60 = 409.64 sin 60 = 354.75 … 
 
Using friction in limiting equilibrium: 

𝐹𝑟 = 𝜇𝑅    ⟹     𝜇 =
𝐹𝑟

𝑅
=

354.75 …

873.18
= 𝟎. 𝟒𝟎𝟔 𝒕𝒐 𝟑 𝒔. 𝒇. 

 



 
 

 
8. 
a) 
Resolving perpendicular to the slope: 

𝑅 = 4𝑔 cos 20 = 36.83 … 𝑁 
 
Using friction in motion: 

𝐹𝑟 = 𝜇𝑅 = 0.8 × 36.83 … = 29.46 … = 𝟐𝟗. 𝟓 𝑵 𝒕𝒐 𝟑 𝒔. 𝒇. 
  



b) 
i. 

𝑙 = 1.5    𝜆 = 120    𝑒 = 𝑥 − 1.5   ⟹     𝐸𝑃𝐸𝐼 =
𝜆𝑒2

2𝑙
=

120(𝑥 − 1.5)2

3
= 40(𝑥 − 1.5)2 

 

𝑙 = 1.5    𝜆 = 120    𝑒 = 2 − 1.5 = 0.5   ⟹     𝐸𝑃𝐸𝐹 =
𝜆𝑒2

2𝑙
=

120(0.5)2

3
= 10 

 
𝐺𝑃𝐸𝐼 = 0        𝐺𝑃𝐸𝐹 = 𝑚𝑔ℎ = 4𝑔(𝑥 + 2) sin 20 

 
𝐾𝐸𝐼 = 0        𝐾𝐸𝐹 = 0 

 
𝑊𝐷𝐹𝑟

= 29.5(𝑥 + 2) 

 
Using conservation of energy and work done against friction: 

𝐸𝑃𝐸𝐼 + 𝐺𝑃𝐸𝐼 + 𝐾𝐸𝐼 = 𝐸𝑃𝐸𝐹 + 𝐺𝑃𝐸𝐹 + 𝐾𝐸𝐹 + 𝑊𝐷𝐹𝑟
 

 
40(𝑥 − 1.5)2 + 0 + 0 = 10 + 4𝑔(𝑥 + 2) sin 20 + 0 + (29.46 … )(𝑥 + 2) 

 
40(𝑥 − 1.5)2 = 10 + 4𝑔 sin 20 𝑥 + 8𝑔 sin 20 + (29.46 … )𝑥 + 58.9 … 

 
40(𝑥2 − 3𝑥 + 2.25) = 95.75 … + (42.87 … )𝑥 

 

40𝑥2 − 120𝑥 + 90 = 95.75 … + (42.87 … )𝑥 
 

40𝑥2 − (162.87 … )𝑥 − 5.75 … = 0 
 

𝑥 =
(162.87 … ) ± √(−162.87 … )2 − 4(40)(−5.75 … )

80
= 4.106 …   𝑜𝑟 − 0.035 … 

 
𝑙 = 1.5 means that 𝑥 ≥ 1.5 in this case (otherwise it would never have accelerated from 𝐶).   
 

⟹     𝒙 = 𝟒. 𝟏𝟏 𝒎 𝒕𝒐 𝟑 𝒔. 𝒇. 
ii. 

𝑙 = 1.5    𝜆 = 120    𝑥𝐵 = 0.5   ⟹     𝑇 =
𝜆𝑥𝐵

𝑙
=

120 × 0.5

1.5
= 40 𝑁 

 
Resolving forces down the slope and using 𝐹 = 𝑚𝑎: 

4𝑔 sin 20 + 40 − 29.46 … = 4𝑎   ⟹     𝑎 = 5.984 … = 𝟓. 𝟗𝟖 𝒎𝒔−𝟐 𝒕𝒐 𝟑 𝒔. 𝒇. 
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