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Oblique Impact with Plane - Exercises (2/3/19) 

 

Referring to the diagram above, 

(1) Find an expression for 𝑡𝑎𝑛𝜙 in terms of 𝑡𝑎𝑛𝜃 and 𝑒. 

 

(2) Find an expression for 𝑣 in terms of 𝑢, 𝜃 𝑎𝑛𝑑 𝑒 

(i) involving 𝑐𝑜𝑠𝜃 𝑎𝑛𝑑 𝑠𝑖𝑛𝜃 

(ii) involving 𝑡𝑎𝑛𝜃 

 

(3) When 𝜃 = 60° and 𝑒 =
1

√3
 , find 𝜙, and 𝑣 (in terms of 𝑢). 

 

(4) What relation must hold between 𝑡𝑎𝑛𝜃 and 𝑒, in order for the 

outgoing path to be perpendicular to the incoming path? 

 

(5) For the same situation, express 𝑣 in terms of 𝑢 and 𝑒. 

 

(6) For the same situation, what is the smallest possible value for 𝜃? 
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Solutions 

(1) 𝑣𝑐𝑜𝑠𝜙 = 𝑢𝑐𝑜𝑠𝜃 (A) and 𝑣𝑠𝑖𝑛𝜙 = 𝑒𝑠𝑖𝑛𝜃 (B) 

Dividing (B) by (A), 𝑒𝑡𝑎𝑛𝜃 = 𝑡𝑎𝑛𝜙 

 

(2)(i) (𝐴)2 + (𝐵)2 ⇒ 𝑣2(𝑐𝑜𝑠2𝜙 + 𝑠𝑖𝑛2𝜙) = 𝑢2(𝑐𝑜𝑠2𝜃 + 𝑒2𝑠𝑖𝑛2𝜃), 

so that 𝑣 = 𝑢√𝑐𝑜𝑠2𝜃 + 𝑒2𝑠𝑖𝑛2𝜃 

(ii) 𝑣 = 𝑢√𝑐𝑜𝑠2𝜃 + 𝑒2𝑠𝑖𝑛2𝜃 = 𝑢√
1+𝑒2𝑡𝑎𝑛2𝜃

𝑠𝑒𝑐2𝜃
 

= 𝑢√
1+𝑒2𝑡𝑎𝑛2𝜃

1+𝑡𝑎𝑛2𝜃
  

 

(3) When 𝜃 = 60° and 𝑒 =
1

√3
 ,  

𝑡𝑎𝑛𝜙 = 𝑒𝑡𝑎𝑛𝜃 =
1

√3
. √3 = 1 , so that 𝜙 = 45° 

And  𝑣 = 𝑢√
1+𝑒2𝑡𝑎𝑛2𝜃

1+𝑡𝑎𝑛2𝜃
= 𝑢√

1+𝑡𝑎𝑛2𝜙

1+𝑡𝑎𝑛2𝜃
= 𝑢√

1+1

1+3
=

𝑢

√2
 

 

(4) If 𝜃 + 𝜙 = 90°,  𝑡𝑎𝑛𝜙 = 𝑒𝑡𝑎𝑛𝜃  and 𝑡𝑎𝑛𝜙 = tan (90° − 𝜃) 

= 𝑐𝑜𝑡𝜃 =
1

𝑡𝑎𝑛𝜃
   

Hence 𝑒𝑡𝑎𝑛𝜃 =
1

𝑡𝑎𝑛𝜃
 , so that 𝑡𝑎𝑛2𝜃 =

1

𝑒
  and 𝑡𝑎𝑛𝜃 =

1

√𝑒
 

 

(5) 𝑣 = 𝑢√
1+𝑒2𝑡𝑎𝑛2𝜃

1+𝑡𝑎𝑛2𝜃
= 𝑢√

1+𝑒2(
1

𝑒
)

1+
1

𝑒

= 𝑢√
𝑒+𝑒2

𝑒+1
= 𝑢√𝑒 

 

(6) 𝑡𝑎𝑛𝜃, and hence 𝜃, is minimised when 𝑒 is maximised; ie when 

𝑒 = 1 and 𝑡𝑎𝑛𝜃 = 1, so that 𝜃 = 45° 


