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(i)  

  

 

 

 

 

 

 

 

 

Referring to the diagrams: 

Resolving horizontally, 𝑅 = 𝑇𝑠𝑖𝑛𝜃   (1) 

Resolving vertically, 𝐹 + 𝑇𝑐𝑜𝑠𝜃 = 𝑊  (2) 

And  𝐹 = 𝜇𝑅 , as equilibrium is limiting.   (3) 

Component of 𝑊 parallel to AD is 𝑊𝑐𝑜𝑠(90 − 𝜙) 

Then 𝑀(𝐴): 

𝑇𝑠𝑖𝑛(180 − 𝜃 − 𝜙)𝑑 = 𝑊𝑐𝑜𝑠(90 − 𝜙)𝑏 +𝑊𝑠𝑖𝑛(90 − 𝜙)𝑎   (4) 

From (1), (2) & (3):  𝜇𝑇𝑠𝑖𝑛𝜃 + 𝑇𝑐𝑜𝑠𝜃 = 𝑊  (5) 

Then (4) ÷ (5) ⇒ 

𝑠𝑖𝑛(180−𝜃−𝜙)𝑑

𝜇𝑠𝑖𝑛𝜃+𝑐𝑜𝑠𝜃
= 𝑐𝑜𝑠(90 − 𝜙)𝑏 + 𝑠𝑖𝑛(90 − 𝜙)𝑎    

⇒ 𝑑𝑠𝑖𝑛(𝜃 + 𝜙) = (𝑐𝑜𝑠𝜃 + 𝜇𝑠𝑖𝑛𝜃)(𝑎𝑐𝑜𝑠𝜙 + 𝑏𝑠𝑖𝑛𝜙), as required. 
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(ii) (2) becomes  −𝐹 + 𝑇𝑐𝑜𝑠𝜃 = 𝑊, leading to: 

 𝑑𝑠𝑖𝑛(𝜃 + 𝜙) = (𝑐𝑜𝑠𝜃 − 𝜇𝑠𝑖𝑛𝜃)(𝑎𝑐𝑜𝑠𝜙 + 𝑏𝑠𝑖𝑛𝜙) 

 

(iii) 1st part 

From (2), 𝐹 > 0 ⇔ 𝑊 − 𝑇𝑐𝑜𝑠𝜃 > 0 ⇔
𝑊

𝑇
> 𝑐𝑜𝑠𝜃  

Also, from (4),  
𝑊

𝑇
=

sin(𝜃+𝜙)

(𝑎𝑐𝑜𝑠𝜙+𝑏𝑠𝑖𝑛𝜙)
 

So  
dsin(𝜃+𝜙)

(𝑎𝑐𝑜𝑠𝜙+𝑏𝑠𝑖𝑛𝜙)
> 𝑐𝑜𝑠𝜃  

⇔ 𝑑 >
𝑎𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜙+𝑏𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜙

𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜙+𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜙
=

𝑎+𝑏𝑡𝑎𝑛𝜙

𝑡𝑎𝑛𝜃+𝑡𝑎𝑛𝜙
  

2nd part 

The condition cannot be satisfied when 
𝑎+𝑏𝑡𝑎𝑛𝜙

𝑡𝑎𝑛𝜃+𝑡𝑎𝑛𝜙
> 2𝑏 

⇔ 𝑎 + 𝑏𝑡𝑎𝑛𝜙 > 2𝑏(𝑡𝑎𝑛𝜃 + 𝑡𝑎𝑛𝜙)  

⇔ 𝑎 > 𝑏(2𝑡𝑎𝑛𝜃 + 𝑡𝑎𝑛𝜙), as required.  


