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            u                                        v cos α  = u cos 30° 

                         30°                       v sin α = 3
1 u sin 30° 

                                                      squaring and adding, 
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4
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              v           α                           v = 
3

7u
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3. 

  
       → u cos 30°                  → 0                                     v1 + v2 = u cos 30° 

    ↓   A                        ↓  B                                          −v1 + v2 = eu cos 30° 

u sin 30°                      0 

                         v1              → v2                              

    ↓                              ↓  

u sin 30°                       0                              

                                                                           subtracting, v1 = 
4

3u
(1 − e) 

 
M1 A1 

M1 A1 

 
 
 
 
 
 
 
 
 

A1 

 

  
              α                   tan θ = tan (α − 30°) = 

°+
°−
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M1 
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M1 A1 
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  (*)  A1                    (10) 
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4. 

 

 
  kv                           mg − 100k = 0 at terminal speed 
 
   
  mg 

 
M1 

 

  
                                   k = 

100

mg
 

 

A1 
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mg

100
 =  

t

v
m

d
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M1 A1 A1 
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⌠
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⌠
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v
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M1 
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A1 A1(limits) 
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 M1 

 

  
 
                                                      = 9.35 s (3 s.f.) 
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5. (a) 

 
    O 
                    a 

xmn2  
 
    T              x 
 
 x ↓                 x  
 
         mg 
 

 
mg − T − xmn2  = xm   

 
M1 A1 A1 
 

 

  mg − 
a

xman22
− xmn2  = xm   

 

M1 
 

 

  x  + xn2  + 2n2x = g       (*)  A1 (5) 

  

   

 
(b) AE: u2 + 2nu + 2n2 = 0 M1 

 
 

                     (u + n)2 = −n2        
 

  

                                u = −n ± ni 
 

A1  

  CF: x = e−nt (A cos nt + B sin nt),       PI: x = 
22n

g
 M1 

 

  
GS: x = e−nt (A cos nt + B sin nt) + 

22n

g
 

 

A1 
 

 

  
t = 0, x = a, x  = 0:    A = a − 

22n

g
 

 

M1 
 

 

  x = e−nt (−An sin nt + Bn cos nt) − ne−nt (A cos nt + B sin nt) 
 

M1  

  x = e−nt 





 −

22n

g
a (cos nt + sin nt) + 

22n

g
 A1 (7) 

   (12) 
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6. 

 
(a) 

 
               (vP − vQ)2 = vP

 2               M1 A1 
 

                 (vP + vQ)2 = 4vP
 2             M1 A1  

                 4vP . vQ = 3vP
 2            −      M1 A1  

  From : 2vP . vQ = vQ
 2                     M1 A1  

  ∴ 
3

2
 = 

Q

P

v

v
 A1 (9) 

     

 (b) From  above,  2  vP vQ cos θ  =  vQ2 M1 A1  

                                                    cos θ  = 
2

3

2

1
 = 

4

6
 A1 (3) 

   (12) 
 
7. 

 
(a) 

Zero PE       A 
                       θ       
                         
 
 
         θ        O 
 
 R                      

 
AR = 2r cos θ  
 

 
B1 

 

  For P: −mg (L − 2r cos θ ) B1 
 

 

  For R: −mg 2r cos2 θ  
 

M1 A1  

  V = 2mgr (cos θ − cos2 θ ) − mgL   (*)  M1 A1 (6) 
 

 
(b) 

θd

dV
 = 2mgr (−sin θ  + 2 cos θ  sin θ ) 

 

M1 A1 
 

 

          = 2mgr sin θ  (2 cos θ − 1) 
 

A1  

       0 = 2mgr sin θ  (2 cos θ − 1) 
 

M1 
 

 

  
sin θ = 0 or cos θ = 2

1  

 
 

 

  
      θ = 0 or θ  = 

3

π
 

 

A1 A1 
 

(6) 
 

 (c) 2

2

d

d

θ
V

 = 2mgr (− cos θ  + 2 cos 2θ ) 

 

M1 A1 
 

 

  θ = 0,  
2

2

d

d

θ
V

= 2mgr > 0  ⇒ STABLE M1 A1 
 

  θ = 
3

π
, 

2

2

d

d

θ
V

 = −3mgr < 0  ⇒ UNSTABLE A1 (5) 

   (17) 
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