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Section A (24 Marks)

1 A sports car of mass 1.2 tonnes is being tested on a horizontal, straight section of road. After t s, the car 
has travelled x m from the starting line and its velocity is m sv 1- . The engine produces a driving force of 
4000 N and the total resistance to the motion of the car is given by Nv

49

40 2 . The car crosses the starting line 
with speed m s10

1- .

 (i) Write down an equation of motion for the car and solve it to show that ev 4900 4800
x2

735
1

= - - . [7]

 (ii) Hence find the work done against the resistance to motion over the first 100 m beyond the starting line.
 [5]

2 On a building site, a pulley system is used for moving small amounts of material up to roof level. A light 
pulley, which can rotate freely, is attached with its axis horizontal to the top of some scaffolding. A light 
inextensible rope hangs over the pulley with a counterweight of mass m1  kg attached to one end. Attached 
to the other end of the rope is a bag of negligible mass into which m2  kg of roof tiles are placed, where 
m m
2 1
1 . This situation is shown in Fig. 2. 

counterweight

bag of tiles

Fig. 2

 Initially the system is held at rest with the rope taut, the counterweight at the top of the scaffolding and 
the bag of tiles on the ground. When the counterweight is released, the bag ascends towards the top of the 
scaffolding. At time t s the velocity of the counterweight is m sv 1-  downwards.

 The counterweight is made from a bag of negligible mass filled with sand. At the moment the counterweight 
is released, this bag is accidentally ripped and after this time the sand drops out at a constant rate of skg

1m - .

 (i) Find the equation of motion for the counterweight while it still contains sand, and hence show that 

lnv gt
gm

m m
t2
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[8]

 (ii) Given that the sand would run out after 10 seconds and that m m
2 5

4

1
= , find the maximum velocity 

attained by the counterweight towards the ground. You may assume that the scaffolding is sufficiently 
high that the counterweight does not hit the ground before this velocity is reached. [4]
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Section B (48 Marks)

3 A uniform rigid rod AB of mass m and length 2a is freely hinged to a horizontal floor at A. The end B is 
attached to a light elastic string of modulus λ and natural length 5a. The other end of the string is attached to 
a small, light, smooth ring C which can slide along a horizontal rail. The rail is a distance 7a above the floor 
and C is always vertically above B. The angle that AB makes with the floor is i . The system is shown in 
Fig. 3.

C

A

B

2a

7a

i

Fig. 3

 (i) Find the potential energy, V, of the system and hence show that

cos sin
V a mg

5

4
1

d

d
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i
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i= - -
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[6]

 (ii) Show that there is a position of equilibrium when 
2

1i r=  and determine whether or not it is stable.
 [6]

 There are two further positions of equilibrium when 0 1 1i r .

 (iii) Find the magnitude of the tension in the string and the vertical force of the hinge on the rod in these 
positions. [3]

 (iv) Show that 
mg
4

5
2m . [4]

 (v) Show that these positions of equilibrium are stable. [4]
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4 (a) A pulley consists of a central cylinder of wood and an outer ring of steel. The density of the wood is 
kg m700

3-  and the density of the steel is kg m7800
3- . The pulley has a radius of 20 cm and is 10 cm 

thick (see Fig. 4.1). 

10 cm

20 cm

wood

axis of symmetry

steel

Fig. 4.1

  Find the radius that the central cylinder must have in order that the moment of inertia of the pulley 
about the axis of symmetry shown in Fig. 4.1 is 1.5 kg m2. [6]
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 (b) Two blocks P and Q of masses 10 kg and 20 kg are connected by a light inextensible string. The string 
passes over a heavy rough pulley of radius 25 cm. The pulley can rotate freely and the string does not 
slip. Block P is held at rest in smooth contact with a plane inclined at 30° to the horizontal, and block Q 
is at rest below the pulley (see Fig. 4.2). 

10 kg

P Q
20 kg

30°

Fig. 4.2

  At t s after the system is released from rest, the pulley has angular velocity rad s
1~ -  and block P has 

constant acceleration of m s2
2-  up the slope.

  (i) Show that the net loss of energy of the two blocks in the first t seconds of motion is 87t 2 J and use 
the principle of conservation of energy to show that the moment of inertia of the pulley about its

   axis of rotation is 
32

87

 kg m2. [6]

  When t = 3 a resistive couple is applied to the pulley. This resistive couple has magnitude( )k2~+  N m,
  where k is a constant. The couple on the pulley due to tensions in the sections of string is

  
t4

147

8

15

d

d~
-

J

L
KK

N

P
OO N m in the direction of positive ~.

  (ii) Write down a first order differential equation for ~ when t 3H  and show by integration that

( )k k
8

1
45 4 147 4e

( )t3
147
64

~ = + + --a k.
 

[8]

  (iii) By considering the equation given in part (ii), find the value or set of values of k for which the 
pulley

   (A) continues to rotate with constant angular velocity,

   (B) rotates with decreasing angular velocity without coming to rest,

   (C)  rotates with decreasing angular velocity and comes to rest if there is sufficient distance 
between P and the pulley. [5]

END oF quESTioN pApEr
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