
AQA MM1B Mechanics 1 Mathematics 16 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) 

𝑠 = −    𝑢 = 14    𝑣 = −    𝑎 = 0.8    𝑡 = 12 
 

𝑣 = 𝑢 + 𝑎𝑡 = 14 + 0.8 × 12 = 𝟐𝟑. 𝟔 𝒎𝒔−𝟏 
b) 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 = 14 × 12 +

1

2
× 0.8 × 122 = 𝟐𝟐𝟓. 𝟔 𝒎 

c) 
𝐹 = −    𝑚 = 1400    𝑎 = 0.8 

 
𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑓𝑜𝑟𝑐𝑒:    𝐹 = 𝑚𝑎 = 0.8 × 1400 = 1120   ⟹     𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 − 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑜𝑟𝑐𝑒 = 1120 

 
⟹     1600 − 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑜𝑟𝑐𝑒 = 1120   ⟹     𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑜𝑟𝑐𝑒 = 𝟒𝟖𝟎 𝑵 
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2. 
Alternative 1 (triangle of forces): 

 
a) 

𝐹 = √602 + 402 = 𝟕𝟐. 𝟏 𝑵 𝒕𝒐 𝟑 𝒔. 𝒇. 
b) 

tan 𝜃 =
40

60
   ⟹     𝜽 = 𝟑𝟑. 𝟕° 𝒕𝒐 𝟑 𝒔. 𝒇. 

Alternative 2 (resolving): 
a) & b) 
Resolving vertically: 

𝐹 sin 𝜃 = 40 
Resolving horizontally: 

𝐹 cos 𝜃 = 60 
 
Solving simultaneously: 

𝐹 sin 𝜃

𝐹 cos 𝜃
=

40

60
   ⟹    tan 𝜃 =

2

3
   ⟹     𝜽 = 𝟑𝟑. 𝟕° 𝒕𝒐 𝟑 𝒔. 𝒇. 

 

𝐹 =
40

sin 𝜃
=

40

sin 33.7
= 𝟕𝟐. 𝟏 𝑵 𝒕𝒐 𝟑 𝒔. 𝒇. 

 
 



 
3. 
a) 

𝑠 = 6    𝑢 = 0    𝑣 = −    𝑎 = 0.05    𝑡 = − 
 

𝑣2 = 𝑢2 + 2𝑎𝑠 = 0 + 2(0.05)(6) = 0.6   ⟹     𝑣 = √0.6 = 𝟎. 𝟕𝟕𝟓 𝒎𝒔−𝟏 𝒕𝒐 𝟑 𝒔. 𝒇. 
b) 

 

c) 

 
An advantage of modelling the van as a particle when considering vertical forces is that the contact forces which in 
reality would act through the four wheels can be modelled as a single force, directly opposing the weight.   
  



d) 
Resolving vertically at the skip:  

𝑅 = 800𝑔 
Using 𝐹𝑟 = 𝜇𝑅: 

𝐹𝑟 = 0.4 × 800𝑔 = 𝟑𝟏𝟑𝟔 𝑵 
e) 
Resolving horizontally at the skip: 

𝐹 = 𝑚𝑎   ⟹     𝑇 − 𝐹𝑟 = 800 × 0.05   ⟹     𝑇 − 3136 = 40   ⟹     𝑻 = 𝟑𝟏𝟕𝟔 𝑵 
f) 
Resolving horizontally at the van: 

𝐹 = 𝑚𝑎   ⟹     𝑃 − 𝑇 = 1700 × 0.05   ⟹     𝑃 = 85 + 3176 = 𝟑𝟐𝟔𝟏 𝑵 
 

 
4. 
a) 
Resolving perpendicular to the bank:        𝑣 = 2 sin 70     𝑥 = 20    𝑡 = − 

𝑣 =
𝑥

𝑡
   ⟹    2 sin 70 =

20

𝑡
   ⟹     𝑡 =

20

2 sin 70
= 𝟏𝟎. 𝟔 𝒔 𝒕𝒐 𝟑 𝒔. 𝒇. 

b) 

𝐴�̂�𝑂 = 𝛼   ⟹    tan 𝛼 =
20

3
   ⟹     𝛼 = tan−1

20

3
= 𝟖𝟏. 𝟓° 𝒕𝒐 𝟑 𝒔. 𝒇. 

c) 

 

 
𝑎

sin 𝐴
=

𝑏

sin 𝐵
   ⟹    

2

sin 𝛼
=

𝑉

sin(110 − 𝛼)
 

 

⟹     𝑉 =
2 sin 28.53 …

sin 81.46 …
= 𝟎. 𝟗𝟔𝟔 𝒎𝒔−𝟏 𝒕𝒐 𝟑 𝒔. 𝒇. 



 

 
5. 
Using conservation of momentum: 

𝑚 [
4
2

] + 𝑘𝑚 [
6

−2
] = (𝑚 + 𝑘𝑚) [

5.2
−0.4

] 

 

⟹     [
4𝑚 + 6𝑘𝑚
2𝑚 − 2𝑘𝑚

] = [
5.2(1 + 𝑘)𝑚

−0.4(1 + 𝑘)𝑚
]    ⟹     4 + 6𝑘 = 5.2 + 5.2𝑘    𝑎𝑛𝑑    2 − 2𝑘 = −0.4 − 0.4𝑘 

 
⟹     0.8𝑘 = 1.2   ⟹     𝒌 = 𝟏. 𝟓    𝑎𝑛𝑑    2.4 = 1.6𝑘   ⟹     𝒌 = 𝟏. 𝟓 

 

 
6. 
a) 
Horizontal motion: 

𝑣 = 𝑉 cos 2     𝑥 = 420    𝑡 = 1.8 
 

𝑣 =
𝑥

𝑡
   ⟹     𝑉 cos 2 =

420

1.8
   ⟹     𝑉 =

420

1.8 cos 2
= 𝟐𝟑𝟑 𝒎𝒔−𝟏 𝒕𝒐 𝟑 𝒔. 𝒇. 

b) 
Vertical motion: 

𝑠 = −    𝑢 = 233 sin 2     𝑣 = −    𝑎 = −9.8    𝑡 = 1.8 
 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2    ⟹     𝑠 = 233 sin 2 × 1.8 +

1

2
(−9.8)(1.82) = −1.209 …    ⟹     𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝐴𝐶 = 𝟏. 𝟐𝟏 𝒎 𝒕𝒐 𝟑 𝒔. 𝒇. 

c) 
The only force acting on the bullet is weight.  For instance, no air resistance acts on the bullet.   
 



 
7. 
a) 
Particle A: 

𝑠 = −    𝑢 = [
4
2

]     𝑣 = −    𝑎 = [
−0.4

0
]     𝑡 = 𝑡    𝑥0 = [

0
0

] 

 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 + 𝑥0    ⟹     𝑠 = [

4
2

] 𝑡 +
1

2
[
−0.4

0
] 𝑡2 + [

0
0

] = [4𝑡 − 0.2𝑡2

2𝑡
] 

 

𝑡 = 10   ⟹     𝑠 = [
4(10) − 0.2(10)2

2(10)
] = [

𝟐𝟎
𝟐𝟎

] 

Note: it is not necessary to find the general form for displacement at time 𝑡 for part a), but it is needed for part b).   
 
b) 
Particle B: 

𝑠 = −    𝑢 = [
0.4
0.6

]     𝑣 = −    𝑎 = [
0

0.2
]     𝑡 = 𝑡    𝑥0 = [

11.2
0

] 

 

𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 + 𝑥0    ⟹     𝑠 = [

0.4
0.6

] 𝑡 +
1

2
[

0
0.2

] 𝑡2 + [
11.2

0
] = [

0.4𝑡 + 11.2
0.6𝑡 + 0.1𝑡2] 

 
If the particles collide, there is a value of 𝑡 for which: 

[4𝑡 − 0.2𝑡2

2𝑡
] = [

0.4𝑡 + 11.2
0.6𝑡 + 0.1𝑡2] 

 
Equating the 𝑖 components: 

4𝑡 − 0.2𝑡2 = 0.4𝑡 + 11.2   ⟹     𝑡2 − 18𝑡 + 56 = 0   ⟹     (𝑡 − 14)(𝑡 − 4) = 0   ⟹     𝑡 = 4    𝑜𝑟    𝑡 = 14 
 
Equating the 𝑗 components: 

2𝑡 = 0.6𝑡 + 0.1𝑡2    ⟹     𝑡2 − 14𝑡 = 0   ⟹     𝑡(𝑡 − 14) = 0   ⟹     𝑡 = 0    𝑜𝑟    𝑡 = 14 
 
A collision takes place only when 𝑖 components and 𝑗 components are equal.  Therefore 𝑡 = 14.   
 
Position of collision: 

[4𝑡 − 0.2𝑡2

2𝑡
] = [4 × 14 − 0.2(14)2

2 × 14
] = [

𝟏𝟔. 𝟖
𝟐𝟖

] 

 
 
 
 
 
 
 



 

 
8. 
a) 

 

Resolving perpendicular to the slope: 
𝑅 = 40𝑔 cos 30 = 339 𝑁 𝑡𝑜 3 𝑠. 𝑓. 

 
Resolving parallel to the slope: 

𝐹𝑟 = 40𝑔 sin 30 = 196 𝑁 
 
Using 𝐹𝑟 = 𝜇𝑅 (in limiting equilibrium): 

196 = 339.48 … 𝜇   ⟹     𝝁 = 𝟎. 𝟓𝟕𝟕 𝒕𝒐 𝟑 𝒔. 𝒇. 
b) 

 

i. 
Resolving perpendicular to the slope: 

𝑅 = 40𝑔 cos 30 + 𝑋 sin 30 = 𝟑𝟑𝟗 + 𝟎. 𝟓𝑿 
ii. 
Using 𝐹𝑟 = 𝜇𝑅:    𝐹𝑟 = 0.577(339 + 0.5𝑋) = 196 + 0.289𝑋 
 
Resolving up the slope: 

𝑋 cos 30 − 40𝑔 sin 30 − 𝐹𝑟 = 40 × 0.2 
⟹     𝑋 cos 30 − 196 − (196 + 0.289𝑋) = 8 

⟹     𝑋 =
400

(cos 30 − 0.289)
= 𝟔𝟗𝟑 𝑵 𝒕𝒐 𝟑 𝒔. 𝒇. 
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