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Collisions - Problem (Solution) (3 pages; 3/3/2014) 

 

Case A  

Find a condition involving 𝑘 & 𝑒  for 𝑣 to be < 0 

 

 

 

Case B  

Find conditions involving 𝑘, 𝜆 & 𝑒  for 𝑣 to be < 0 

 

 

 

Case C  

Find conditions involving 𝑘, 𝜃 & 𝑒  for 𝑣 to be < 0 
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Case A  

𝐶𝑜𝑀 ⇒ 𝑘𝑢 = 𝑘𝑣 + 𝑤 (1)    &   𝑁𝐿𝐼 ⇒ 𝑤 − 𝑣 = 𝑒𝑢  (2)  

(1) − (2) ⇒ (𝑘 + 1)𝑣 = (𝑘 − 𝑒)𝑢  

⇒ 𝑣 =
(𝑘−𝑒)𝑢

𝑘+1
     ; so  𝒗 < 𝟎 ⇔ 𝒌 < 𝒆 

 

Case B  

𝐶𝑜𝑀 ⇒ 𝜆𝑘𝑢 + 𝑢 = 𝑘𝑣 + 𝑤 (1)    &   𝑁𝐿𝐼 ⇒ 𝑤 − 𝑣 = 𝑒(𝜆 − 1)𝑢  (2)  

(1) − (2) ⇒ (𝑘 + 1)𝑣 = 𝑢(𝜆𝑘 + 1 − 𝑒𝜆 + 𝑒)  

⇒ 𝑣 =
𝑢(𝜆𝑘+1−𝑒𝜆+𝑒)

𝑘+1
     

So  𝑣 < 0 ⇔ 𝜆𝑘 + 1 − 𝑒𝜆 + 𝑒 < 0 

⇔ 𝜆(𝑘 − 𝑒) < −(1 + 𝑒)  

If  𝑘 < 𝑒, then  𝜆 >
1+𝑒

𝑒−𝑘
 

If  𝑘 > 𝑒, then  𝜆 < −
1+𝑒

𝑘−𝑒
< 0  (not possible) 

If  𝑘 = 𝑒, then 0 < −(1 + 𝑒)  (not possible) 

 

So  𝒗 < 𝟎 ⇔ 𝒌 < 𝒆  and  𝝀 >
𝟏+𝒆

𝒆−𝒌
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Case C  

𝐶𝑜𝑀 ⇒ 𝜃𝑘𝑢 − 𝑢 = 𝑘𝑣 + 𝑤 (1)    &   𝑁𝐿𝐼 ⇒ 𝑤 − 𝑣 = 𝑒(𝜃 + 1)𝑢  (2)  

(1) − (2) ⇒ (𝑘 + 1)𝑣 = 𝑢(𝜃𝑘 − 1 − 𝑒𝜃 − 𝑒)  

⇒ 𝑣 =
𝑢(𝜃𝑘−1−𝑒𝜃−𝑒)

𝑘+1
     

 

So  𝑣 < 0 ⇔ 𝜃𝑘 − 1 − 𝑒𝜃 − 𝑒 < 0 

⇔ 𝜃(𝑘 − 𝑒) < (1 + 𝑒)  

If  𝑘 < 𝑒, then  𝜃 >
1+𝑒

𝑘−𝑒
  (always true) 

If  𝑘 > 𝑒, then  𝜃 <
1+𝑒

𝑘−𝑒
   

If  𝑘 = 𝑒, then 0 < (1 + 𝑒)  (always true) 

 

So  𝒗 < 𝟎 ⇔ 𝐞𝐢𝐭𝐡𝐞𝐫 𝒌 ≤ 𝒆  or  𝜽 <
𝟏+𝒆

𝒌−𝒆
 

 

 


