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Question 
Number 

Scheme Marks    

   

1. EPE = 
2.1

5.0 2×λ
 B1 

 GPE lost = EPE gained M1 (used) 

 
2.1

5.0
1.18.98.0

2×=×× λ
 A1ft 

 4.41=λ N or 41 N A1 
  4 
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Question 
Number 

Scheme Marks    

   
2.   

(a) 3    ,
3

22 === ωπ
ω
π

T  B1 

 8.12.092 =×== xa ω ms-2 towards C M1 A1 

  (3) 
(b) ( ) 89.1)04.025.0(92222 =−=−= xav ω  M1 

 v = 1.37 ms-1 A1 
  (2) 

(c) 2.03sin5.0 == tx  M1 A1ft 

 137.04.0sin
3

1 1 ≈= −t s A1 

  (3) 
  8 
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Question 
Number 

Scheme Marks    

3.   

(a) ( ) ( )2 3

d 10 10 100
,

d 6 6 6

v
a v

x x x x

− −= = × =
+ + +

                                M1 
M1, A1 

                                             =
( )3

100 1
8014 6

− = −
+

ms-2 A1 

  (4) 

(b) ∫∫ =+⇒
+

= txx
xt

x
d10d6

6

10

d

d
 M1 

M1 

                    [ ]
142

1
2

6 10
2

Tx x t + =  
 M1 A1 

        196 6 14 2 12 10 10
2

T+ × − − = −  M1 

                                 178         17.8(s)T T= =  A1 
  (6) 
  10 
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Question 
Number Scheme Marks    

   
4.   
   

(a)   
   
   
   
   
   
   
   
   
   
   
 ↑  gT 5.060cos =° ,  T = g     (1) M1, A1 

 Extension in the string = x, 
8.0

6.19 x

a

x
T == λ

 B1 

                 Using (1) ,            xxg    ,5.24= = 0.4 m * M1, A1 

  (5) 
(b) → 25.060sin ω××=° rT        (2) M1 A1 

 Using (2)              260sin)4.08.0(5.060sin ω°+×=°g  M1 A1 

 ��������������������������������������
3

5
   ,

2.1

22 gg == ωω � (4.04 or 4.0) A1 

  (5) 
  10 

 

0.5g

T

r

60°

B

A
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Question 
Number Scheme Marks    

   
5.   
(a) Distance of P from the centre of the Earth = R + x  

 ( )2xR

k
F

+
=   

 x = 0, F =mg,   ( )2Rmgk =  M1 A1 

 ( )2

2

xR

mgR
F

+
=      * A1 

  (3) 

(b) maF = ,  
( ) x

v
v

xR

gR

d

d
2

2

=
+

−  M1 A1 

 
( )

gR
22 2

2
V

d d
R

R

gR
v v x

R x
= −

+∫ ∫  M1 A1 

 
R

R

gR

V xR

gR
v

2222

2

1









+
=





 

M1 
A1 

 
6232

1

22

1 22
2 gR

R

gR

R

gR
V

gR −=−=−×  M1 

 
2

25 5
   

2 4 6 12 6

V gR gR gR gR
V= + = = ,    

6

5gR
V =  A1, A1 

  (9) 
  12 
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Question 
Number 

Scheme 
Marks    

6.   
(a)   

   
   
   
   
   
   
   
   
 GPE gained = ( )θcos1−mgl   

 Conservation of energy: ( ) 2

2

1
cos1

4

11

2

1
mvmgl

gl
m +−= θ                               M1A1 A1 

 






 +=






 +−= θθ cos2
4

3
cos22

4

112 glglv   

 Resolving towards the centre of the circle: M1 

 
l

mv
mgT

2

cos =− θ  A1 A1 

 






 +=− θθ cos2
4

3
cos mgmgT  M1 

 






 +=






 +=
4

1
cos3cos3

4

3 θθ mgmgT    * A1 

  (8) 

(b) 
4

1
cos0 −=⇒= θT  M1 

 
4

cos2
4

32 gl
glv =







 += θ ,  
4

gl
v =  M1, A1 

  (3) 
(c) Horizontal component of velocity at B    

 ( )
44

1
180cos

4

glgl =−×= θ  B1ft 

 Extra height h 
42

1

642

1 gl
m

gl
mmgh =+⇒  M1 A1 

                         
128

15

128

1

8

1 l
lh =






 −=  (0.117l) A1 

 OR: Using 
128

15

2
16

15

4
2

sin 22 l

g

gl

g

v
h =

×
== θ

 (4) 

 OR: Using 
128

15
  ,2

64

15
0  ,222 l

hgh
gl

asuv =−=+=   

  15 

l 

11
4
gl
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Question 
Number Scheme Marks    

7.   

(a) ( ) ∫∫∫ +−=−= xxxxxxxxy d1236
4

d6
4

d 432222 πππ  M1 A1 

                                             =
5

1024

45
312

4

6

2

5
43 ×=








+− ππ x

xx  M1 

                                                                                        (160.8….)  

 ( )22 3 3 4 5d 6 d 36 12 d
4 4

y x x x x x x x x xπ ππ = − = − +∫ ∫ ∫  M1 A1 

                                             =
15

10496

46

1

5

12
9

4

6

2

654 ×=




 +− ππ
xxx  M1 

                                                                                          (549.5……)  

 ......416.3
1024

5

15

10496 =×=⇒ x  M1 A1 

 Required distance ≈ 3.42 – 2 = 1.42(cm)  * A1 

  (9) 

(b) Base has radius 442
2

1 =×× cm B1 

 About to topple 
42.1

4
tan =⇒ α  M1 A1 

                                      °≈ 5.70α  A1 
  (4) 

(c) Parallel to slope: βsinmgF =   
 Perpendicular to the slope: βcosmgR =  M1 A1 
 About to slip: RF µ=   
                        °≈== 7.16    ,3.0tan βµβ  A1 
  (3) 
  16 
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