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Year 2 (A-Level) 
Forces – Set 1  

Solutions 
 

The marks shown are for guidance purposes only 
 
 

The questions are repeated here for your convenience   
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1 Three forces act in different directions on a particle of mass 1 kg 
which is placed at O and is in equilibrium. 

Calculate to 1 decimal place, the values of θ and F 
Solution 

 
a) Resolving vertically: 
 

25 cos 32 = 32 cos𝜃𝜃 + 1𝑔𝑔                    [1mark] 
{Note the weight of the particle will be acting vertically downwards} 
cos𝜃𝜃 = 25 cos 32−1𝑔𝑔

32
  

 
𝜃𝜃 = cos−1 �25 cos(32)−1𝑔𝑔

32
�  

 
𝜃𝜃 = 69.1° (1dp)                                    [1mark] 
 
Resolving horizontally: 
 
6𝐹𝐹 = 25 sin 32 + 32 sin(69.1)             [1mark] 
6𝐹𝐹 = 43.1425  
𝐹𝐹 = 7.1904  
Hence, F = 7.2 N(1dp)                          [1mark] 
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2 A 48 kg box rests on a rough horizontal surface 
Two forces are applied to the box as shown 

The forces cause the box to accelerate at A ms-2 
Find, in terms of A, an expression for the coefficient of friction 
between the box and the surface. 

Solution 

Frictional Force = 𝜇𝜇𝜇𝜇 where R is the normal reaction 
There is no vertical motion.  
The weight of the block = R + vertical component of the 75 N force 
Therefore, 𝜇𝜇 + 75 sin 20  =  𝑚𝑚𝑔𝑔 
That is, 𝜇𝜇 = 48 × 9.8 − (75 sin 20) = 444.75 N(2dp)          [1mark] 
Therefore, Frictional Force = 444.75𝜇𝜇                [1mark] 
     
From Newton’s 2nd law: Resultant Force = 𝑚𝑚𝑚𝑚 
Now resolving horizontally, we have, 
(75 cos 20 + 60) − 444.75𝜇𝜇 = 48𝐴𝐴               [1mark] 
444.75𝜇𝜇 = 130.4769 − 48𝐴𝐴  
 
Hence, 𝜇𝜇 = 130.4769−48𝐴𝐴 

444.75
                               [1mark] 

 
 

3 An 18 kg box is placed on a rough surface.  
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The coefficient of friction between the surface and the box is 0.45 
Three forces are applied to the box as shown in the diagram below. 

Determine the value of F which is required to cause the box to 
accelerate at 0.22ms-2. Give your answer to 1 decimal place. 

Solution 

Resolving Vertically: 
R + 0.3Fcos 40 + Fsin 35 = 18𝑔𝑔  
𝜇𝜇 + 0.8034𝐹𝐹 = 176.4 −− −− − Equation 1               [1mark] 
 
Resolving Horizontally: 
Frictional Force = μR  
So we have,  Frictional Force = 0.45R                      [1mark] 
 
Therefore, (12 + Fcos 35) − (0.45R + 0.3Fsin40) = 18 × 0.22  
12 + 0.8192F − 0.45R − 0.1928F = 3.96  
−0.45R + 0.6264F = −8.04 − −−− − Equation 2             [1mark] 
 
Solve equations 1 and 2 simultaneously we find that  
𝜇𝜇 = 118.3852 N and F = 72.2116 N 
Therefore, the value of F is 72.2 N(1dp)                 [1mark] 
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4 Two boxes, A and B of respective masses 13 kg and 18 kg are held at 
rest on a smooth surface using a light inextensible string which is 
passed over a smooth pulley as shown in the diagram below 

Find to 3 significant figures: 
a) The reaction force from the surface on each box 
b) The acceleration of the system when it is released 
c) The distance box A travels up the plane in 1.2 s 
d) What is the significance of the statement, ‘the string is 

inextensible’? 
Solution 

a)  
For box A: 
Resolving perpendicular to the plane 
𝜇𝜇𝐴𝐴 = 13𝑔𝑔 cos 28 = 112.4875  
Hence, the reaction force from the surface on box A is 112.49 N(2dp) 

[1mark] 
For box B: 
Resolving perpendicular to the plane 
𝜇𝜇𝐵𝐵 = 18𝑔𝑔 cos 42 = 131.0907  
Hence, the reaction force from the surface on box B is 131.09 N(2dp) 

[1mark] 
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b)  

For box A 
Resolving parallel to the plane 
𝑇𝑇 − 13𝑔𝑔 sin 28 = 13𝑚𝑚  where a is the acceleration of the system 
𝑇𝑇 = 13𝑚𝑚 + 13𝑔𝑔 sin 28 −− −−− Equation 1          [1mark] 
 
For box B 
Resolving parallel to the plane 
18𝑔𝑔 sin 42 − 𝑇𝑇 = 18𝑚𝑚  
𝑇𝑇 = 18𝑔𝑔 sin 42 − 18𝑚𝑚 − − −−− Equation 2              [1mark] 
 
Equate equations 1 and 2 
 
13𝑚𝑚 + 13𝑔𝑔 sin 28 = 18𝑔𝑔 sin 42 − 18𝑚𝑚                      [1mark] 
31𝑚𝑚 = 18𝑔𝑔 sin 42 − 13𝑔𝑔 sin 28  
𝑚𝑚 = 18𝑔𝑔 sin 42−13𝑔𝑔 sin 28

31
= 1.8782                      

 
Hence, the acceleration of the system is 1.88ms-2(3sf)      [1mark] 

c) Using s = ut + 1
2

at2 

𝑠𝑠 = (0)(1.2) + 1
2

(1.88)(1.2)2 = 1.3536          [1mark] 
𝑠𝑠 = 1.35 m                                   [1mark] 

 
d) It means the tension in the string is uniform and constant 

throughout the string              [1mark] 
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5 The diagram below shows a 1250 kg mass suspended freely at the end 
of a light inextensible cable.  
The cable is passed over a smooth pulley and attached to a 550 kg 
mass which is resting on a smooth horizontal surface.  
A 380 kg mass is rested on a rough inclined surface and attached to 
the 550 kg mass via a light inextensible cable passed over a smooth 
pulley. 
The coefficient of friction between the surface and the 380 kg is 0.41 

a) Find the acceleration when the system is released from rest 
b) The cable between the 380 kg mass and the pulley is 3.5 m.  

How long will it the 380 kg mass to hit the pulley? 
Give your answers to 2 decimal places 

Solution 
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a)  

For the 1250 kg mass 
1250𝑔𝑔 − 𝑇𝑇1 = 1250𝑚𝑚  
𝑇𝑇1 = 1250𝑔𝑔 − 1250𝑚𝑚 − − −−− Equation 1          [1mark] 
 
For the 550 kg mass 
𝑇𝑇1 − 𝑇𝑇2 = 550𝑚𝑚  
𝑇𝑇2 = 𝑇𝑇1 − 550𝑚𝑚 − − −−− Equation 2         [1mark] 
 
For the 380 kg mass 
𝑇𝑇2 − (380𝑔𝑔 sin 38 + 0.41 × 380𝑔𝑔 cos 38) = 380𝑚𝑚  
𝑇𝑇2 − 3495.8896 = 380𝑚𝑚 − − − −− Equation 3  [1mark] 
{Note that Friction = μR and R = mg cos 38} 
 
Sub Equation 2 into Equation 3 
 
Therefore, we have, (𝑇𝑇1 − 550𝑚𝑚) − 3495.8896 = 380𝑚𝑚 
𝑇𝑇1 − 3495.8896 = 930𝑚𝑚 − − −− − Equation 4    
 
Now sub Equation 1 into Equation 4  
   (1250𝑔𝑔 − 1250𝑚𝑚) − 3495.8896 = 930𝑚𝑚 
1250𝑔𝑔 − 3495.8896 = 2180𝑚𝑚  
𝑚𝑚 = 1250𝑔𝑔−3495.8896

2180
= 4.0156              [1mark]     

Hence, the acceleration of the system will be 4.02ms-2(2dp)      [1mark] 
 

b) Using  s = ut + 1
2

at2 

We have, 3.5 = 0(𝑡𝑡) + 1
2

(4.02)𝑡𝑡2       [1mark] 
3.5 = 2.01𝑡𝑡2   
 

𝑡𝑡 = � 3.5
2.01

= 1.32 seconds (2dp)             [1mark] 


