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Instructions to Candidates 

In the boxes on the answer book, write the name of the examining body (Edexcel), your 
centre number, candidate number, the unit title (Mechanics M3), the paper reference (6679), 
your surname, other name and signature. 
Whenever a numerical value of g is required, take g = 9.8 m s-2. 

When a calculator is used, the answer should be given to an appropriate degree of accuracy. 
 
Information for Candidates 

A booklet ‘Mathematical Formulae and Statistical Tables’ is provided. 
Full marks may be obtained for answers to ALL questions. 
There are 7 questions in this question paper. 
The total mark for this paper is 75. 
 
Advice to Candidates 

You must ensure that your answers to parts of questions are clearly labelled. 
You must show sufficient working to make your methods clear to the Examiner.  
Answers without working may not gain full credit. 



P40094A 2 

1. A particle of mass 0.8 kg is attached to one end of a light elastic string of natural 
length 0.6 m. The other end of the string is attached to a fixed point A. The particle is released 
from rest at A and comes to instantaneous rest 1.1 m below A. 

 
Find the modulus of elasticity of the string. 

(4) 
      
 

2. A particle P is moving in a straight line with simple harmonic motion. The centre of the 
oscillation is the fixed point C, the amplitude of the oscillation is 0.5 m and the time to 

complete one oscillation is 
3
2p  seconds. The point A is on the path of P and 0.2 m from C. 

 
Find 
 
(a)  the magnitude and direction of the acceleration of P when it passes through A, 

(3) 

(b)  the speed of P when it passes through A, 
(2) 

(c)  the time P takes to move directly from C to A. 
(3) 

 
 

3. A particle P is moving in a straight line. At time t seconds, P is at a distance x metres from a 

fixed point O on the line and is moving away from O with speed 
6

10
+x

 m s–1. 

 
(a)  Find the acceleration of P when x = 14. 

(4) 
 
Given that x = 2 when t = 1, 
 
(b)  find the value of t when x = 14. 

(6) 
 

 
4. A light elastic string AB has natural length 0.8 m and modulus of elasticity 19.6 N. The end A 

is attached to a fixed point. A particle of mass 0.5 kg is attached to the end B. The particle is 
moving with constant angular speed w rad s–1 in a horizontal circle whose centre is vertically 
below A. The string is inclined at 60° to the vertical. 

 
(a)  Show that the extension of the string is 0.4 m. 

(5) 

(b)  Find the value of w. 
(5) 
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5. Above the Earth’s surface, the magnitude of the gravitational force on a particle due to the 
Earth is inversely proportional to the square of the distance of the particle from the centre of 
the Earth. The Earth is modelled as a sphere of radius R and the acceleration due to gravity at 
the Earth’s surface is g. A particle P of mass m is at a height x above the surface of the Earth. 
 
(a)  Show that the magnitude of the gravitational force acting on P is 
 

2

2

)( xR
mgR
+

. 

(3) 
 
A rocket is fired vertically upwards from the surface of the Earth. When the rocket is at 

height 2R above the surface of the Earth its speed is ÷
ø
ö

ç
è
æ
2
gR . You may assume that air 

resistance can be ignored and that the engine of the rocket is switched off before the rocket 
reaches height R. 
 
Modelling the rocket as a particle, 
 
(b)  find the speed of the rocket when it was at height R above the surface of the Earth. 

(9) 

 

6.  A particle P of mass m is attached to one end of a light inextensible string of length l. The 
other end of the string is attached to a fixed point O. The particle is hanging in equilibrium at 
the point A, vertically below O, when it is set in motion with a horizontal speed 21 √(11gl). 
When the string has turned through an angle q and the string is still taut, the tension in the 
string is T. 

 

(a) Show that T = 3mg ÷
ø
ö

ç
è
æ +

4
1cosq . 

 (8) 
 
At the instant when P reaches the point B, the string becomes slack. 
 
Find 
 
(b) the speed of P at B, 

(3) 

(c)  the maximum height above B reached by P before it starts to fall. 
(4) 
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7. 

 
 

Figure 1 
 
The shaded region R is bounded by the curve with equation y = 21 x (6 − x), the x-axis and the 
line x = 2, as shown in Figure 1. The unit of length on both axes is 1 cm. A uniform solid P is 
formed by rotating R through 360° about the x-axis. 
 
(a) Show that the centre of mass of P is, to 3 significant figures, 1.42 cm from its plane face. 

(9) 
 
The uniform solid P is placed with its plane face on an inclined plane which makes an angle q 
with the horizontal. Given that the plane is sufficiently rough to prevent P from sliding and 
that P is on the point of toppling when q = a , 
 
(b)  find the angle a . 

(4) 
 
Given instead that P is on the point of sliding down the plane when q = b and that the 
coefficient of friction between P and the plane is 0.3, 
 
(c)  find the angle b. 

(3) 
 

TOTAL FOR PAPER: 75 MARKS 
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Question 
Number 

Scheme Marks    

   

1. EPE = 
2.1
5.0 2´l  B1 

 GPE lost = EPE gained M1 (used) 

 
2.1
5.01.18.98.0
2´

=´´
l  A1ft 

 4.41=l N or 41 N A1 
  (4 marks) 

   
2.   

(a) 3    ,
3

22
=== wp

w
pT  B1 

 8.12.092 =´== xa w ms-2 towards C M1 A1 
  (3) 

(b) ( ) 89.1)04.025.0(92222 =-=-= xav w  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 marks) 

3.   

(a) ( ) ( )2 3
d 10 10 100,
d 6 6 6
va v
x x x x

- -
= = ´ =

+ + +
                                M1 

M1, A1 

                                             =
( )3
100 1

8014 6
- = -
+

ms-2 A1 

  (4) 

(b) òò =+Þ
+

= txx
xt

x d10d6
6

10
d
d  M1 

M1 

                    [ ]
142

1
2

6 102
Tx x té ù+ =ê úë û

 M1 A1 

        196 6 14 2 12 10 102 T+ ´ - - = -  M1 

                                 178         17.8(s)T T= =  A1 
  (6) 
  (10 marks) 
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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
xT ==
l  B1 

                 Using (1) ,            xxg    ,5.24= = 0.4 m * M1, A1 
  (5) 

(b) → 25.060sin w´´=° rT        (2) M1 A1 
 Using (2)              260sin)4.08.0(5.060sin w°+´=°g  M1 A1 

                                       
3

5   ,
2.1

22 gg
== ww   (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
kF
+

=   

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

 ( )2
2

xR
mgRF
+

=      * A1 

  (3) 

(b) maF = ,  
( ) x

vv
xR

gR
d
d

2

2

=
+

-  M1 A1 

 
( )

gR
22 2

2
V

d d
R

R

gRv v x
R x

= -
+ò ò  M1 A1 

 
R

R

gR

V xR
gRv

2222

2
1

ú
û

ù
ê
ë

é
+

=úû
ù

êë
é  

M1 
A1 

 
6232

1
22

1 22
2 gR

R
gR

R
gRVgR

-=-=-´  M1 

 
2

25 5   
2 4 6 12 6
V gR gR gR gRV= + = = ,    

6
5gRV =  A1, A1 

  (9) 
  (12 marks) 
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Question 
Number 

Scheme 
Marks    

6.   
(a)   

   
   
   
   
   
   
   
   
 GPE gained = ( )qcos1-mgl   

 Conservation of energy: ( ) 2

2
1cos1

4
11

2
1 mvmglglm +-= q                                                     M1A1 A1 

 ÷
ø
ö

ç
è
æ +=÷

ø
ö

ç
è
æ +-= qq cos2

4
3cos22

4
112 glglv   

 Resolving towards the centre of the circle: M1 

 
l
mvmgT

2

cos =- q  A1 A1 

 ÷
ø
ö

ç
è
æ +=- qq cos2
4
3cos mgmgT  M1 

 ÷
ø
ö

ç
è
æ +=÷

ø
ö

ç
è
æ +=

4
1cos3cos3

4
3 qq mgmgT    * A1 

  (8) 

(b) 
4
1cos0 -=Þ= qT  M1 

 
4

cos2
4
32 glglv =÷

ø
ö

ç
è
æ += q ,  

4
glv =  M1, A1 

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

 ( )
44

1180cos
4

glgl
=-´= q  B1ft 

 Extra height h 
42

1
642

1 glmglmmgh =+Þ  M1 A1 

                         
128
15

128
1

8
1 llh =÷

ø
ö

ç
è
æ -=  (0.117l) A1 

 OR: Using 
128
15

2
16
15

4
2
sin 22 l

g

gl

g
vh =

´
==

q  (4) 

 OR: Using 
128
15  ,2

64
150  ,222 lhghglasuv =-=+=   

  (15 marks) 

l 

11
4
gl  
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Question 
Number Scheme Marks    

7.   

(a) ( ) òòò +-=-= xxxxxxxxy d1236
4

d6
4

d 432222 ppp  M1 A1 

                                             =
5

1024
45

312
4

6

2

5
43 ´=ú

û

ù
ê
ë

é
+-

pp xxx  M1 

                                                                                        (160.8….)  

 ( )22 3 3 4 5d 6 d 36 12 d4 4y x x x x x x x x xp pp = - = - +ò ò ò  M1 A1 

                                             =
15
10496

46
1

5
129

4

6

2

654 ´=úû
ù

êë
é +-

pp xxx  M1 

                                                                                          (549.5……)  

 ......416.3
1024
5

15
10496

=´=Þ 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
4tan =Þ a  M1 A1 

                                      °» 5.70a  A1 
  (4) 

(c) Parallel to slope: bsinmgF =   
 Perpendicular to the slope: bcosmgR =  M1 A1 
 About to slip: RF µ=   
                        °»== 7.16    ,3.0tan bµb  A1 
  (3) 
  (16 marks) 

 


