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STEP 2012, Paper 2, Q11  - Solutions (15/7/18; 2 pages) 

 

Conservation of momentum ⇒ ∑ 𝑖𝑚.
𝑢

𝑖
= (𝑘𝑚 + ∑ 𝑖𝑚𝑛

𝑖=1 )𝑣𝑛
𝑖=1  

⇒ 𝑣 =
𝑛𝑢

𝑘+∑ 𝑖𝑛
𝑖=1

=
𝑛𝑢

𝑘+
1

2
𝑛(𝑛+1)

=
2𝑛𝑢

2𝑘+𝑛(𝑛+1)
  , as required 

Let X be the number of collisions. 

 

Then  
𝑢

𝑋+1
≤

2𝑋𝑢

𝑁(𝑁+1)+𝑋(𝑋+1)
   (1) 

Considering equality:  𝑁(𝑁 + 1) + 𝑋(𝑋 + 1) = 2𝑋(𝑋 + 1), 

so that  𝑁(𝑁 + 1) = 𝑋(𝑋 + 1) 

Thus  𝑋 = 𝑁 satisfies (1); ie N collisions occur. 

 

Initial KE of particles =
1

2
∑ (𝑖𝑚) (

𝑢

𝑖
)

2
𝑁
𝑖=1  

Final KE of particles & block  =
1

2
(𝑘𝑚 + ∑ 𝑖𝑚) (

2𝑁𝑢

2𝑘+𝑁(𝑁+1)
)

2
𝑁
𝑖=1  

Therefore loss of KE 

=
1

2
 𝑚𝑢2 ∑

1

𝑖

𝑁
𝑖=1   

−
1

2
𝑚 (

1

2
𝑁(𝑁 + 1) +

1

2
𝑁(𝑁 + 1)) .

4𝑁2𝑢2

(𝑁(𝑁+1)+𝑁(𝑁+1))2  

= (
1

2
𝑚𝑢2 ∑

1

𝑖

𝑁
𝑖=1 ) −

1

2
𝑚𝑢2.

4𝑁2

4𝑁(𝑁+1)
  

=
1

2
𝑚𝑢2 {(∑

1

𝑖

𝑁
𝑖=1 ) −

𝑁

𝑁+1
}  

=
1

2
𝑚𝑢2 {(∑

1

𝑖

𝑁+1
𝑖=2 ) −

1

𝑁+1
+ 1 −

𝑁

𝑁+1
}  
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=
1

2
𝑚𝑢2 (∑

1

𝑛
𝑁+1
𝑛=2 ) , as required 

 


