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[3 equations can be created, by taking moments and resolving in 2 

perpendicular directions. As we don’t want the weight of the rod 

to appear in the equations, it seems natural to take moments 

about the midpoint of the rod, and then to resolve horizontally. 

This gives the 1st result asked for in the question. But 

unfortunately the 2nd result cannot be readily obtained in this 

way. Instead, it turns out that, by resolving along & perp. to the 

rod, the weight can be eliminated, and the required result 

obtained.]  

[Note: It is also possible, in general, to take moments about 2 

points and resolve in 1 direction, or to take moments about 3 

points; but information can sometimes be lost (eg, in the latter 

case, if the 3 points lie on a straight line).] 

Taking moments about M, 

𝑎𝑅1𝑠𝑖𝑛𝜙 − 𝑎𝑅1𝜇𝑐𝑜𝑠𝜙 − 𝑎𝑅2𝜇𝑐𝑜𝑠𝜙 − 𝑎𝑅2𝑠𝑖𝑛𝜙 = 0  

⇒ 𝜇𝑐𝑜𝑠𝜙(𝑅1 + 𝑅2) = 𝑠𝑖𝑛𝜙(𝑅1 − 𝑅2)  
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⇒ 𝜇(𝑅1 + 𝑅2) = (𝑅1 − 𝑅2)𝑡𝑎𝑛𝜙 ,   as required   (1) 

 

Resolving along the rod: 

𝑅1𝑐𝑜𝑠𝜙 + 𝑅1𝜇𝑠𝑖𝑛𝜙 − 𝑊𝑠𝑖𝑛𝜃 − 𝑅2𝑐𝑜𝑠𝜙 + 𝑅2𝜇𝑠𝑖𝑛𝜙 = 0   (2) 

Resolving perp. to the rod: 

𝑅1𝑠𝑖𝑛𝜙 − 𝑅1𝜇𝑐𝑜𝑠𝜙 − 𝑊𝑐𝑜𝑠𝜃 + 𝑅2𝑠𝑖𝑛𝜙 + 𝑅2𝜇𝑐𝑜𝑠𝜙 = 0  (3) 

(2)&(3) ⇒
𝑊𝑠𝑖𝑛𝜃

𝑊𝑐𝑜𝑠𝜃
=

𝑅1𝑐𝑜𝑠𝜙+𝑅1𝜇𝑠𝑖𝑛𝜙−𝑅2𝑐𝑜𝑠𝜙+𝑅2𝜇𝑠𝑖𝑛𝜙

𝑅1𝑠𝑖𝑛𝜙−𝑅1𝜇𝑐𝑜𝑠𝜙+𝑅2𝑠𝑖𝑛𝜙+𝑅2𝜇𝑐𝑜𝑠𝜙
  

=
𝑅1−𝑅2+𝜇(𝑅1+𝑅2)𝑡𝑎𝑛𝜙

(𝑅1+𝑅2)𝑡𝑎𝑛𝜙−(𝑅1−𝑅2)𝜇
  

= 
(𝑅1−𝑅2)𝑡𝑎𝑛𝜙+𝜇(𝑅1+𝑅2)𝑡𝑎𝑛2𝜙

(𝑅1+𝑅2)𝑡𝑎𝑛2𝜙−(𝑅1−𝑅2)𝜇𝑡𝑎𝑛𝜙
  [in order to be able to use (1)] 

=
𝜇(𝑅1+𝑅2)+𝜇(𝑅1+𝑅2)𝑡𝑎𝑛2𝜙

(𝑅1+𝑅2)𝑡𝑎𝑛2𝜙−𝜇2(𝑅1+𝑅2)
   , from (1) 

=
𝜇(1+𝑡𝑎𝑛2𝜙)

𝑡𝑎𝑛2𝜙−𝜇2   

Then 𝑐𝑜𝑠𝜙 =
𝑎

𝑟
  , so that  𝑡𝑎𝑛2𝜙 = 𝑠𝑒𝑐2𝜙 − 1 =

𝑟2

𝑎2 − 1 

So   𝑡𝑎𝑛𝜃 =
𝜇(

𝑟2

𝑎2)

𝑟2

𝑎2−1−𝜇2
=

𝜇𝑟2

𝑟2−𝑎2(1+𝜇2)
   , as required 

[The wording of the last part of the question (ie “Deduce …”) is 

arguably misleading, as the 2nd result isn’t used.] 

From (1), 𝑡𝑎𝑛𝜆 =
(𝑅1−𝑅2)𝑡𝑎𝑛𝜙

(𝑅1+𝑅2)
< 𝑡𝑎𝑛𝜙 

and hence 𝜆 < 𝜙  (as 0 < 𝜙 <
𝜋

2
) 

 

[Given the two misleading aspects mentioned, this is a fairly 

treacherous question!] 


