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1 A particle P is released from rest at a point on a smooth plane inclined at 30° to the horizontal. Find
the speed of P

(i) when it has travelled 0.9 m,

(ii) 0.8 s after it is released.

[4]

2
________ A
1.8 m
________________________ B C
The diagram shows the vertical cross-section ABC of a fixed surface. AB is a curve and BC is a
horizontal straight line. The part of the surface containing AB is smooth and the part containing BC
is rough. A is at a height of 1.8 m above BC. A particle of mass 0.5 kg is released from rest at A and
travels along the surface to C.
(i) Find the speed of the particle at B. [2]
(ii) Given that the particle reaches C with a speed of 5ms™!, find the work done against the resistance
to motion as the particle moves from B to C. [2]
3
A

A small smooth pulley is fixed at the highest point A of a cross-section ABC of a triangular prism.
Angle ABC = 90° and angle BCA = 30°. The prism is fixed with the face containing BC in contact
with a horizontal surface. Particles P and Q are attached to opposite ends of a light inextensible
string, which passes over the pulley. The particles are in equilibrium with P hanging vertically below
the pulley and Q in contact with AC. The resultant force exerted on the pulley by the string is 31/3 N
(see diagram).

(i) Show that the tension in the string is 3 N. [2]
The coefficient of friction between Q and the prism is 0.75.

(ii) Given that Q is in limiting equilibrium and on the point of moving upwards, find its mass. [5]
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4 A particle starts from rest at a point X and moves in a straight line until, 60 seconds later, it reaches a
point Y. At time ¢ s after leaving X, the acceleration of the particle is

0.75ms™? for 0O<r<4,
Oms?2 for 4<t<54,
—0.5ms? for 54<t<60.

(i) Find the velocity of the particle when ¢ = 4 and when ¢ = 60, and sketch the velocity-time graph.
[5]

(ii) Find the distance XY. [2]
5 A force of magnitude F' N acts in a horizontal plane and has components 27.5 N and —24 N in the
x-direction and the y-direction respectively. The force acts at an angle of «° below the x-axis.
(i) Find the values of F and . [4]
A second force, of magnitude 87.6 N, acts in the same plane at 90° anticlockwise from the force of
magnitude F' N. The resultant of the two forces has magnitude RN and makes an angle of 6° with the
positive x-axis.
(ii) Find the values of R and 6. [3]

6 A particle travels along a straight line. It starts from rest at a point A on the line and comes to rest
again, 10 seconds later, at another point B on the line. The velocity ¢ seconds after leaving A is

0.72¢2 - 0.096£ for 0<t<5,
2.41r-0.24 for 5<t<10.

(i) Show that there is no instantaneous change in the acceleration of the particle when # = 5. (4]

(i) Find the distance AB. (4]

[Question 7 is printed on the next page.]
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7 A car of mass 1250kg travels along a horizontal straight road. The power of the car’s engine is

constant and equal to 24 kW and the resistance to the car’s motion is constant and equal to R N. The

car passes through the point A on the road with speed 20ms~' and acceleration 0.32ms™>.

(i) Find the value of R. [3]

The car continues with increasing speed, passing through the point B on the road with speed 29.9 ms™".

The car subsequently passes through the point C.

2 correct to 3 decimal places. [2]

(ii) Find the acceleration of the car at B, giving the answer in m s~
(iii) Show that, while the car’s speed is increasing, it cannot reach 30 m s7h [2]

(iv) Explain why the speed of the car is approximately constant between B and C. [1]

(v) State a value of the approximately constant speed, and the maximum possible error in this value
at any point between B and C. [1]

The work done by the car’s engine during the motion from B to C is 1200 kJ.

(vi) By assuming the speed of the car is constant from B to C, find, in either order,
(a) the approximate time taken for the car to travel from B to C,

(b) an approximation for the distance BC.

[4]
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