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STEP 2015, Paper 2, Q10  Solution (3 pages; 21/5/18) 

1st part 

 

𝑥 is the 𝑥 coordinate from O, with left to right being positive 

𝑡𝑎𝑛𝜃 =
−𝑥

ℎ
⇒

𝑑𝑥

𝑑𝑡
= −ℎ𝑠𝑒𝑐2𝜃

𝑑𝜃

𝑑𝑡
  (1) 

Also, 
𝑑𝐿

𝑑𝑡
= −𝑉   (2) 

and  𝐿𝑐𝑜𝑠𝜃 = ℎ,   (2a) 

so that (differentiating wrt 𝐿) 

𝑐𝑜𝑠𝜃 + 𝐿(−𝑠𝑖𝑛𝜃)
𝑑𝜃

𝑑𝐿
= 0, and hence  

𝑑𝜃

𝑑𝐿
=

𝑐𝑜𝑡𝜃

𝐿
  (3) 

 

Then (1) ⇒
𝑑𝑥

𝑑𝑡
= −ℎ𝑠𝑒𝑐2𝜃

𝑑𝜃

𝑑𝐿

𝑑𝐿

𝑑𝑡
= −ℎ𝑠𝑒𝑐2𝜃(

𝑐𝑜𝑡𝜃

𝐿
)(−𝑉), 

from (2) & (3) 

So  
𝑑𝑥

𝑑𝑡
=

ℎ𝑉𝑠𝑒𝑐2𝜃𝑐𝑜𝑡𝜃

ℎ𝑠𝑒𝑐𝜃
  , as 𝐿 = ℎ𝑠𝑒𝑐𝜃 (from (2a)) 

= 𝑉𝑐𝑜𝑠𝑒𝑐𝜃  
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2nd part 

𝑑2𝑥

𝑑𝑡2
=

𝑑

𝑑𝑡
(𝑉𝑐𝑜𝑠𝑒𝑐𝜃) = 𝑉

𝑑

𝑑𝑡
((𝑠𝑖𝑛𝜃)−1)  

= 𝑉(−(𝑠𝑖𝑛𝜃)−2𝑐𝑜𝑠𝜃)
𝑑𝜃

𝑑𝑡
  

= −𝑉(
𝑐𝑜𝑠𝜃

𝑠𝑖𝑛2𝜃
)
𝑑𝜃

𝑑𝐿
 
𝑑𝐿

𝑑𝑡
 

= −𝑉(
𝑐𝑜𝑠𝜃

𝑠𝑖𝑛2𝜃
)(

𝑐𝑜𝑡𝜃

𝐿
)(−𝑉),  from (2) & (3) again 

=
𝑉2𝑐𝑜𝑠2𝜃

𝐿𝑠𝑖𝑛3𝜃
  

=
𝑉2𝑐𝑜𝑠3𝜃

ℎ𝑠𝑖𝑛3𝜃
 , as 𝐿𝑐𝑜𝑠𝜃 = ℎ, from (2a) 

=
𝑉2𝑐𝑜𝑡3𝜃

ℎ
  

3rd part 

By N2L, 𝑇𝑠𝑖𝑛𝜃 = 𝑚
𝑑2𝑥

𝑑𝑡2
= 𝑚

𝑉2𝑐𝑜𝑡3𝜃

ℎ
, 

so that 𝑇 =
𝑚𝑉2𝑐𝑜𝑡3𝜃

ℎ𝑠𝑖𝑛𝜃
 

4th part 

 

Particle will leave the floor when 𝑅 = 0 

𝑅 + 𝑇𝑐𝑜𝑠𝜃 = 𝑚𝑔  

Then 𝑅 = 0 ⇒ 𝑚𝑔 − 𝑇𝑐𝑜𝑠𝜃 = 0 
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⇒ 𝑚𝑔 −
𝑚𝑉2𝑐𝑜𝑡3𝜃𝑐𝑜𝑠𝜃

ℎ𝑠𝑖𝑛𝜃
= 0  

⇒ 𝑔 =
𝑉2𝑐𝑜𝑡4𝜃

ℎ
  

⇒ 𝑡𝑎𝑛4𝜃 =
𝑉2

𝑔ℎ
   QED 


