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A uniform square frame ABCD has sides of length 0.6 m. The side AD is removed from the frame,
and the open frame ABCD is attached at A to a fixed point (see diagram).
(i) Calculate the distance of the centre of mass of the open frame from A.

[5]

The open frame rotates about A in the plane ABCD with angular speed 3 rad s−1 .
(ii) Calculate the speed of the centre of mass of the open frame.

[2]

3

2

The resistance to the motion of a car is kv 2 N, where v m s−1 is the car’s speed and k is a constant.
The power exerted by the car’s engine is 15 000 W, and the car has constant speed 25 m s−1 along a
horizontal road.
(i) Show that k = 4.8.

[3]

With the engine operating at a much lower power, the car descends a hill of inclination α , where
1 . At an instant when the speed of the car is 16 m s−1 , its acceleration is 0.3 m s−2 .
sin α = 15
(ii) Given that the mass of the car is 700 kg, calculate the power of the engine.

[5]

3

A
30°

0.5 m

B
60°

P
A particle P of mass 0.4 kg is attached to one end of each of two light inextensible strings which are
both taut. The other end of the longer string is attached to a fixed point A, and the other end of the
shorter string is attached to a fixed point B, which is vertically below A. The string AP makes an angle
of 30◦ with the vertical and is 0.5 m long. The string BP makes an angle of 60◦ with the vertical. P
moves with constant angular speed in a horizontal circle with centre vertically below B (see diagram).
The tension in the string AP is twice the tension in the string BP. Calculate
(i) the tension in each string,

[4]

(ii) the angular speed of P.

[4]
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5

A block of mass 25 kg is dragged 30 m up a slope inclined at 5◦ to the horizontal by a rope inclined
at 20◦ to the slope. The tension in the rope is 100 N and the resistance to the motion of the block is
70 N. The block is initially at rest. Calculate
(i) the work done by the tension in the rope,

[2]

(ii) the change in the potential energy of the block,

[2]

(iii) the speed of the block after it has moved 30 m up the slope.

[4]

A uniform solid is made of a hemisphere with centre O and radius 0.6 m, and a cylinder of radius
0.6 m and height 0.6 m. The plane face of the hemisphere and a plane face of the cylinder coincide.
(The formula for the volume of a sphere is 34 π r3 .)
(i) Show that the distance of the centre of mass of the solid from O is 0.09 m.

[5]

(ii)

2N

0.6 m

O
0.6 m

45°

The solid is placed with the curved surface of the hemisphere on a rough horizontal surface
and the axis inclined at 45◦ to the horizontal. The equilibrium of the solid is maintained by a
horizontal force of 2 N applied to the highest point on the circumference of its plane face (see
diagram). Calculate
(a) the mass of the solid,

[4]

(b) the set of possible values of the coefficient of friction between the surface and the solid.
[3]

[Questions 6 and 7 are printed overleaf.]
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6

A small ball B is projected with speed 14 m s−1 at an angle of elevation 30◦ from a point O on a
horizontal plane, and moves freely under gravity.
(i) Calculate the height of B above the plane when moving horizontally.

[2]

B has mass 0.4 kg. At the instant when B is moving horizontally it receives an impulse of magnitude
I N s in its direction of motion which immediately increases the speed of B to 15 m s−1 .
(ii) Calculate I .

[3]

For the instant when B returns to the plane, calculate

7

(iii) the speed and direction of motion of B,

[4]

(iv) the time of flight, and the distance of B from O.

[5]

Three small smooth spheres A, B and C of masses 0.2 kg, 0.7 kg and m kg respectively are free to
move in a straight line on a smooth horizontal table. Initially B and C are stationary and A is moving
with velocity 1.8 m s−1 directly towards B. The coefficient of restitution for the collision between A
and B is e. Immediately after this collision the speed of A is greater than the speed of B.
(i) Calculate the set of possible values of e.

[9]

It is now given that the speed of B immediately after the collision with A is 0.75 m s−1 . B continues
its motion and strikes C directly in a perfectly elastic collision. B has speed 0.25 m s−1 immediately
after its collision with C.
(ii) Calculate the two possible values of m.

[6]
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