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Question Answer Marks Guidance 

1 Let Av  and Bv  be the speeds of A and B respectively after the collision. 
4 4+ =A Bmv mv mu   

M1 Conservation of momentum, masses correct. 

 − + =A Bv v eu   M1 NEL, signs must be consistent with momentum equation. 

 3
4 ,      A Bv u v u= =   A1 Use momentum condition after the collision to obtain 

expressions for vA and vB in terms of u. 

 1
4e =   A1  

 Alternative method for question 1 

 Let Av  and Bv  be the speeds of A and B respectively after the collision. 
4 4+ =A Bmv mv mu   

M1 Conservation of momentum, masses correct. 

 − + =A Bv v eu   M1 NEL, signs must be consistent with momentum equation. 

 ( )1
5 4Av u e= − , ( )4

5 1Bv u e= +   A1 Combine to obtain expressions for Av  and Bv  in terms of u 
and e. 

 ( )( )
( )( )

1
5

4
5

4 4
3,       

1
m u e
m u e

−
=

+
 1

4e =  
A1 Use momentum condition after the collision to solve for e. 

  4  

1
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Question Answer Marks Guidance 

5(a) ( )sin sin 2u v =   B1 May be implied by correct answer. 
3 24
5 25
u v =    

 5
8

v u=  B1  

  2  

5(b) ( )cos cos 2mu mv kmw = +  B1 PCLM equation, must include masses. 
7 54

5 25 8
  ,  u v kw kw u = + =   

 ( )cos cos 2eu w v = −  B1 NEL equation. 
74

5 25
eu w v = −   

 5 4 5 7

8 5 8 25
e

k
= +     

M1 Combine and substitute for v and w to obtain 

equation in e and k only. 

 25 7

32 32
e

k
= −  

A1 
AEF, for example 

25 7

32

− k

k
. 

Not dependent on first B mark. 

  4  

5(c) 25 7
0 1

32 32k
−≤ ≤  

M1 Form inequality using their expression for e. 

Allow equality or strict inequality. 

 7 25 39k k≤ ≤  M1 Rearrange at least one side to the form 
 or  ak b ak b≤ ≥ . 

Allow equality or strict inequality. 

 25 25
39 7

 k≤ ≤   A1 CAO 

  3  

2
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Question Answer Marks Guidance 

7 Perpendicular to the wall: sin sineu v =  B1  

 
1 2PP uT=   

2 3P P vkT=   

B1  

 
 

1 2

sin
d

PP
 =       

2 3

sin
d

P P
 =   

M1  

 
sin

d

uT
 =          sin

d

vkT
 =  

M1 Eliminate 1 2P P  and 2 3P P . 

 eud vd

uT vkT
=  

M1  

 1
e

k
=   

A1  

  6  
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6(a) 2 29 1 1
2 2 22 A Bmv mv× × =        [ ]3 A Bv v=  B1 KE equation linking Av  and Bv .  

Needs to be KE equation with 1
2  and m . 

 2 2 A Bmu mv mv= +   B1 Conservation of momentum.  
Must see m present. 

 62
5 5          A Bv u v u = =    B1 AG, shown convincingly.  

If a quadratic equation is formed, must show 
method for solving and obtain a single answer. 

  3  

6(b) Let w  denote the speed after the second collision. 
Perpendicular to wall:    coscosBv w βα =  

B1 OE, for example 5 cos 2cosα β= . 

 Parallel to wall:      sin sinBev wα β=   B1 OE, for example 2sin 5 sinα β= . 

 2 2 2 2 2 2 2576 144
625 125sin sin      sin sinBe v wα β α β = =    

2 2 2 2 2 236 144
25 125cos          cos cosBv w cosα β α β = =    

*M1 Obtain an equation involving only one of ,  α β . 
Eliminate α  or β  by squaring both sides and 
adding. 

 ( )2 2576 36 144
625 25 125sin 1 sinα α+ − =   DM1 Use 2 2sin cos 1θ θ+ =  to reduce to equation 

with just sine or cosine of 1 variable. 

 2 5 1
9 3sin         sin 5α α = =   A1 Award for any of the following: 

2
3cosα =  or 1

3cos 5β = or 2
3sin β = . 

 ( )sin 1α β+ =  A1 Exact answer. 

  6  

4
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6(a) Let v and w denote the horizontal components of the velocities for A and B 

respectively after the collision.      

2 cos cosmu mu mw mv − = +  

M1 Allow sign errors, m must be present. 

 )(3 cosw v e u − =  M1 Restitution equation: directions must be consistent 

with those used in momentum equation (signs 

must be consistent). 

 ( )1 1
2 2

3 cos cos   (3 1) cosw eu u e u  = + = +    A1 Combining to find equation with w, e, u,  . SOI 

 ( )1
2

3 1 cos
tan

sin

e u

u






+
=  

M1 OE, using perpendicular motion of B. 

 2 1
2

tan (3 1) e = +  M1 Obtaining an expression for tan  in terms of e . 

 1
2

tan (3 1)e = +    A1 CWO, must reject negative term if seen. 

  6  

6(b) 3 cos cosw eu u = =  
1
3

e =  

M1 Using v = 0 to find a value for e. 

 tan 1 = ,   45 =   A1  

 Alternative method for question 6(b) 

 
0,    cosv w u = =   and tan

sin  

w

u



=  

M1  

 2cos sin tan ,  tan 1,   45u u    = = =    A1  

  2  

5


