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1(i) M1 Hooke’s law  
 

20 0.5 20 N
0.5ABT ×

= =  A1   

 20 0.2 5 N
0.8BCT ×

= =  A1  
 

 ( )0.75 20 5a± = −  M1 N2L  

 ( ) 220 m sa −= ±  F1   

    5 
(ii) B1 0.7 – e  
 M1 equilibrium equation  
 

20 20(0.7 )
0.5 0.8

e e−
=  

A1   
 0.269e =  A1 cao  
    4 
(iii) if BC goes slack when speed = v    
 2 2

21
2

0.7 1.2
2 0.5 2 0.8

mv λ λ× ×
+ =

× ×
 M1 energy equation 

 

 21
2 8.2 0mv = >  hence BC goes slack E1   

 M1 energy equation  
 M1 EPE term in terms of a variable  
 

at furthest distance, 
2 2(AB 0.5) 1.2

2 0.5 2 0.8
λ λ× − ×

=
× ×

 

A1 correct equation  
 AB = 1.45 m A1 cao  
    6 
     
2(i) T km l gα β γ= 2T M L (LT )α β γ−⇒ =  M1 substitute dimensions  
 0α =  M1 equate indices and solve  
 1

22 1γ γ− = ⇒ = −  A1 at least two correct indices  

 
1
20β γ β+ = ⇒ =  so lT k

g
=  A1 formula (aef) 

 

    4 
(ii) M1 N2L tangentially (no tension term)  
 

sinml mgθ θ= −  
A1 accept sign error  

 sing
lθ θ= −  A1   

    3 
(iii) g

lθ θ≈ −  hence SHM M1 use sinθ θ≈   

  E1 must conclude SHM  
 

period 2 l
g

π=  B1 follow their SHM equation 
 

 i.e. as in (i) with 2k π=  B1   
    4 
(iv) 

0 sin tθ θ ω ω= −  M1 clear attempt at velocity (not displacement) in 
terms of time (must use sin or cos) 

 

 1 1
max2 2sin tθ θ ω> ⇔ >  M1 inequality for sin (or cos)  

 
for one half-period, 51

6 60  we have t tπ π ω π
ω

⎛ ⎞ < <⎜ ⎟
⎝ ⎠

 M1 solve inequality 
 

 
proportion 

5
6 6 2

3

π π
ω ω

π
ω

−
= =  A1  

 

    4 
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3(i) 2 21 1

2 22.8 0.2 0.2cosm mg mv mg θ⋅ − ⋅ = − ⋅  M1 attempt energy equation  

 2 22.8 0.4 0.4 cosv g g θ= − +  A1 correct equation (any form)  
 2 3.92(1 cos )v θ= +  E1   
 M1 N2L with 2v

r  or 2rω   

 

2

cos vR mg m
r

θ− =  
A1   

 19.6 (1 cos )m θ= +  M1 substitute 2v   
 9.8 (2 3cos )R m θ= +  E1 must use N2L in form F ma∑ =  or clearly 

justify signs 
 

    7 
(ii) leaves when R = 0 M1   
 ( )1 2

32 3cos 0 cos 2.3rad 132θ α −+ = ⇒ = − ≈ ≈ °  A1   

    2 
(iii) 

2 2
3

3.923.92(1 ) 1.143
3

v v= − ⇒ = ≈  B1  
 

 
vertical cpt 3.92 sin( )

3yv π α= −  M1  
 

 2 1
272 0.037 myv gh h= ⇒ = ≈  A1   

    3 
(iv) M1 energy equation  
 

2 21 22 1
2 135 2 2.8 0.2mv mg m mg− ⋅ = ⋅ − ⋅  

A1   
 12.67 m sv −=  A1 cao  
    3 
     
4(i) area 

2 23 2 41
4 00

(4 )d 2x x x x x⎡ ⎤= − = −⎣ ⎦∫  M1 calculate area  

 = 4 A1   
 B1 21

2or dxy y x∫ ∫  seen  

 

2

0

2 21
20

d
4

d

xy xx
y y x

⎛ ⎞
⎛ ⎞ ⎜ ⎟=⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎜ ⎟

⎝ ⎠

∫
∫

 
B1 both formulae correct  

 ( )2 2 4

0

23 54 1
3 5 0

4 4 dx x x x

x x

= −

⎡ ⎤= −⎣ ⎦

∫
 

M1 
 
A1 

integrate their expression 
 
or multiple 

 

 ( )2 2 4 61
20

23 5 716 81 1
2 3 5 7 0

4 16 8 dy x x x x

x x x

= − +

⎡ ⎤= − +⎣ ⎦

∫
 

M1 
 
A1 

integrate their expression 
 
or multiple 

 

  M1 limits  
 16

15x =  E1   

 128
105y =  E1   

    11 
(ii) Forces concurrent B1 (or correct moments equation)  
 14

15 tan 60CX = °  M1 (or attempt two other equations)  

 16 14
15 15tan 3CXα = =  M1 (or eliminate tensions)  

 

 

56.6α⇒ = °  A1 
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