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Question Answer Marks Guidance 

2 1 1cosθ↑ =N mg   

( ) 2
1 1 1 1sin sin  N m rθ θ ω→ =   

B1 N2L horizontally and vertically for the first case. 
25
14 g rω=   

 2 2cosθ↑ =N mg   

( ) 2
2 2 2 2sin sin  N m rθ θ ω→ =   

B1 N2L horizontally and vertically for the second case. 
25
23 g rω=   

 25
4 1

25
23

g r
g r

ω
ω

=   
M1 Combine to find ratio. 

 1 1
2

2
3ω

ω
=   A1  

  4  

1
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3(a) ( )21
2

d 4
d
v v
t
= − +   

( ) [ ]11 1 1
2 2 2tan  v t A− = − +  

*M1 Forming differential equation and integrating to a term 
involving an inverse tangent. Condone omission of +A. 

Allow M1 for integrating ( )21
2

d 4
d
v v
t
= +  to obtain a term 

involving an inverse tangent. 

 A1 CWO, condone omission of +A. 

 ( )11 2 1
2 2 80,  2 :     tan πt v A −= = = =   DM1 Use initial condition to find constant. 

 ( )1
4

d 2 tan π
d
xv t
t

= = −  

( )( )[ ]1
42ln cos π  x t B= − +  

DM1 Integrate into term involving ln of cosine or sine. 
Accept modulus in ln term. 
OE, for example  

( ) ( )1 1
4 42 tan π , 2ln cos t πv t x B= − − = − + .  

 0,  0 :      ln2x t B= = =   

( )( ) ( )( )21 1
4 42ln cos π ln2    ln 2cos πx t t = − + = − 

 
A1 Use initial condition and obtain correct expression. 

AEF, may see an expression in terms of sec. 
Accept modulus in ln term. 

  5  

3(b) ( )( )1
42ln cos π ln2 0t − + =   M1 Solve equation to find a value for t. 

 1
2 πt =   A1 CWO 

  2  

2
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4 
In equilibrium, 5 5 ,    = =

mge mg e a
a

. 
B1  

 Let x be the length of the string when speed of P is 7
5 ag . 

Energy equation in subsequent motion: 

( ) ( ) ( )
22

71
2 5

55
2 2

mg x amga mg e a x m ag
a a

−
− = + − +  

B1 At least one correct EPE term seen. 

 M1 Dimensionally correct energy equation with one KE term, 
two EPE terms and at least one GPE term. 

 A1 Fully correct energy equation. 

 2 225 60 27 0 − + =x ax a   M1 Three-term homogeneous quadratic equation in x  and a . 

 9
5x a=  only. A1  

 Alternative method for question 4 

 
In equilibrium, 5 5 ,    = =

mge mg e a
a

. 
B1  

 Let x be the extension when P is released. 
Energy equation in subsequent motion: 

( ) ( )
2 2

71
2 5

5 5
2 2

mga mgx mg e x m ag
a a

− = − +  

B1 At least one correct EPE term seen. 

 M1 Dimensionally correct energy equation with one KE term, 
two EPE terms and at least one GPE term. 

 A1 Fully correct energy equation. 

 2 225 10 8 0− − =x ax a   M1 Three-term homogeneous quadratic equation in x  and a . 

 ( )( ) 4
55 2 5 4 0,   x a x a x a+ − = =  only. 

Required length of string = 9
5 a . 

A1  

  6  

3
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5(a) 1
3x ka h= +   M1 May be seen in a table.  

 ( )1
3 3x ka h= +  A1 AG, shown convincingly. 

 ( ) ( )1 1
3 3 2y a h a a h= + − = +   B1 May be seen in a table. 

 Alternative method for question 5(a) 

 Coordinates ( ) ( ) ( ), 0 ,    ,  ,    , 2+A ka B ka h h C ka a  

( ) ( )1 1
3 3 3x ka ka h ka ka h= + + + = +   

M1 Complete method to find x . 

 A1 AG, shown convincingly. 

 ( ) ( )1 1
3 30 2 2y h a h a= + + = +   B1  

  3  

4
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5(b) Taking moments about the x-axis:  
( ) ( )2 2 1 1

2 32  2    x ka ah ka ka ah ka h+ = × + +     
M1 Moments equation with 3 terms. 

 Area From OD 

OACD 22ka  1
2 ka  

ABC  ah  1
3  ka h+  

Shape OABCD 22  +ka ah   x  
 

 A1 Fully correct moments equation. May be seen in part 5(a). 

 For equilibrium, x ka≤ , so 
2 2 21

3

2
a k ahk h

ka
ak h
+ +

+
≤  

M1 Use correct condition with their x  for OABCD.  
Allow strict inequality. 
M1 for simplifying and attempting to solve an inequality. 
May be implied by correct final answer.  

 ( )0 3  h ka≤ ≤  A1 CAO 

  4  

5(c) Point of toppling means [ ]3h ka a= = . 

( )1
3 3 1x a= +   

B1  

 [ h a= , meaning triangle ABC is isosceles.] 
=y a  (by symmetry) 

B1  

  2  

5
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7(a) 
2 2

d 2tan
d 2 cos
y gx
x u

θ
θ

= −   M1 Valid attempt at differentiating. 

 d 1
d
y
x
= −   

B1  

 4 2
3 451 Ax− = −   M1 Form equation with –1 and attempt to find a value for Ax . 

 105
2Ax =   A1 52.5 or 525

g
. 

 35
4Ay =   A1 

8.75 or 175
2g

.   SC B1 for 35
4  OE from setting d 1

d
y
x
= + . 

 Alternative method for question 7(a) 

 Horizontally: 25cos 15θ= =Hv  
Vertically: 25sin 20Vv gt gtθ= − = −  

M1 Both equations, allow sign error. 

 At A:  tan 45 1= − ° = −V

H

v
v

 B1  

 7
2

20 1,   
15

gt t−
= − =   

M1 With RHS = –1, find value for t and Ax  or Ay  

 105
2Ax =   A1 52.5 or 525

g
. 

 35
4Ay =   A1 

8.75 or 175
2g

.   SC B1 for 35
4  OE from setting d 1

d
y
x
= + . 

  5  

6
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7(b) Let v  be the velocity before the collision at A. 
cos 15x xu u vθ= = =   

B1  

 15= − = −y xv v   B1  

 Speed: 2 2 15 2+ =x yv v  (m s–1)  B1 FT  

  3  

7(c) Let w  be the velocity after the collision. 
5
3 2w ev= =   

M1 Correct application of NEL. 

 A1  

 

( ) ( )

2
35
4 2 25

3

tan45
2 2 cos45

gxx− = −  , 29 35
5 4 0x x− − = . 

OR  
235 5 31 1

4 3 2 2 22 2 ,   t gt t= − × + =   

( )cos 45x w t=  5 3
3 2     = ×   

M1 Substitute values into trajectory equation and solve to find x. 
OR 
Complete method to find x that firstly determines the time of 
the flight after the particle strikes the barrier. 

 5
2x =  (metres) A1  

  4  

 
 

7


