
Edexcel Mechanics M4 – January 2005        Answers 
 
1. (a) Impulse on A is in the direction of the line of centres. 
        
  Impulse on A ( ) ( ) ( ) ( )jijiji 33252 +−=+−+−=∆= mmmmv . 

  Therefore direction of line of centres is ( )ji +− . A unit vector in this direction is ( )
2

ji +− . 

 (b) Let velocity of b after collision be ji 21 vv +  
 
  Momentum conserved: ( ) ( ) ( ) ( )jijijiji 21552352 vvmmmm +++−=+−++  
 
  Cancel m and equate coefficients:  i:  1524 v+−=−  5
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  Velocity of B after collision ji 5
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2. (a) Velocity of wind relative to man MWWM VVV −== .  ( ) jVji uv W −=−∴ 43  
 
  Similarly ( )jiVi 435

1 +−−= uw W . 
 
  Equate the two expressions for MV  that these produce: ( ) ( )jiijji 4343 5
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  Equate coefficients:  i:  uwv 5
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 (b) ( ) ( )jijjiV 16343 20
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3. Treat B when 0=t  as the origin.  

 4jir += tA 12 .    
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 ( ) ( )tttBA 843812 −+−=−= jirrBA  
 

 Length of AB ( ) ( ) ( )( )2222
6464161923192144843812 tttttt +−++−=
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 Minimum when derivative of terms inside square root = 0: 
 
 ( ) 47.0,01286419231921442 ≈=+−+− ttt .  (Minimum because this is a +ve quadratic.) 
 
 Substitute back into length of AB: 90.0≈AB  km. 
 



 

4. Apply maF = :  R
v

RU
t
vm −=

d
d  

 

 Separate the variables:  ( )∫ ∫=−
2

4
0
dd

u

u

T

t
vUR

vmv . 

    ( ) [ ] Ttv
vU

U
R
m

u

u

T ==







−

+−∫ 2

4

0d1  

 

       [ ] TvUUv
R
m u

u =−−− 2

4

ln  

           ( )( ) ( )( )( )UUUUUU
R
mT 4

3
4
1

2
1

2
1 lnln −−−−−=  

           ( )( )2
3

4
1 ln+−=

R
mUT  

5. (Note: error in question: jip 5
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 (a) ( ) ( ) jijijijipn 325
75

25
25

5
3

5
4

5
13

5
4

5
3

5
9

5
13

5
9 +=+=+++−=+  

 
 (b)   Before           After 
 
 
 
 
 
 
  No impulse parallel to the wall so velocity parallel to wall unchanged: pv 5
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  Newton’s law of Restitution perpendicular to the wall: nv 5
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  Put in values: ( )jiv 5
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  ( ) ( ) iijijivv −=+−−+=+ 45
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 (c) Change in KE ( ) ( ) 75.11314 22
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6. (a) Take O as zero p.e. 
 
  Mechanical potential energy ( mgh ) θ2cosmga−=  

  Elastic potential energy 
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        ( ) cmgamga
+−−= θθ 22 cos25cos8
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             (change of constant with referral  

of p.e. to any other zero position.) 

 (b) Equilibrium when p.e. is max/min so 0
d
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  ( ) 0cos48cossin 5
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  ( ) 0cos8sin 5
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  0sin =θ ,  0=θ    
 
  or 
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  When 0=θ , ( ) mgamgaE
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 which is 0<  so max E so unstable. 

 

  When °= 6.24θ , ( )( )( ) mgamgaE
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  which is 0>  so min E so stable. 
 
 



 

7. (a)  

 
  
  At time t: 

• the particle has moved x,  
• the string is length ( )ya + ,  
• the end of the string has moved 2
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 (b) maF =  to particle: xmT =  
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 (c) 22 ,00,0
n
fA

n
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  Differentiating the solution: ftntnBntnAx ++−= cossin      (or get x  from original d.e.) 
  0,00,0 ==∴== BnBtx  

   
 (d) Differentiating again: fntffntBnntAnx +−=+−−= cossincos 22  
 
  ( )ntmfxmT cos1−==  .  
 
  This takes max value of mf2  (when 1cos −=nt ). 
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