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SECTION B: MECHANICS

Unless otherwise stated, whenever a numerical value of g is required, take g = 9.8 ms™ and give your
answer to either 2 significant figures or 3 significant figures.

Answer ALL questions. Write your answers in the spaces provided.
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6. At time ¢ seconds, where ¢ > 0, a particle P moves in the x-y plane in such a way that its
velocity vms™ is given by
- L
| v =1t 20— 44
When ¢ =1, P is at the point 4 and when ¢ =4, P is at the point B.
Find the exact distance AB.
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A wooden crate of mass 20kg is pulled in a straight line along a rough horizontal floor
using a handle attached to the crate.

3
The handle is inclined at an angle « to the floor, as shown in Figure 1, where tana = 1
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The tension in the handle is 40 N.
The coefficient of friction between the crate and the floor is 0.14 | 25
The crate is modelled as a particle and the handle is modelled as a light rod. | 5

Using the model,

(a) find the acceleration of the crate.

The crate is now pushed along the same floor using the handle. The handle is again
inclined at the same angle « to the floor, and the thrust in the handle is 40N as shown in
Figure 2 below.

20kg

Figure 2

(b) Explain briefly why the acceleration of the crate would now be less than the
acceleration of the crate found in part (a).
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Question 7 continued
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8. [In this question i and j are horizontal unit vectors due east and due north respectively
and position vectors are given relative to the fixed point O.]

A particle P moves with constant acceleration.
At time ¢ = 0, the particle is at O and is moving with velocity (2i — 3j)ms™
At time 7 = 2 seconds, P is at the point 4 with position vector (71 — 10j) m.

(a) Show that the magnitude of the acceleration of P is 2.5ms™>

At the instant when P leaves the point 4, the acceleration of P changes so that P now
moves with constant acceleration (4i + 8.8j)ms™

At the instant when P reaches the point B, the direction of motion of P is north east.

(b) Find the time it takes for P to travel from A4 to B.
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Question 8 continued
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Figure 3

A plank, AB, of mass M and length 2a, rests with its end 4 against a rough vertical wall.
The plank is held in a horizontal position by a rope. One end of the rope 1s attached to the plank
at B and the other end is attached to the wall at the point C, which is vertically above A.

A small block of mass 3M is placed on the plank at the point P, where AP = x.
The plank is in equilibrium in a vertical plane which is perpendicular to the wall.

3
The angle between the rope and the plank is a, where tana = qo shown in Figure 3.

The plank is modelled as a uniform rod, the block is modelled as a particle and the rope
1s modelled as a light inextensible string.

S5Mg(3x + a)

(a) Using the model, show that the tension in the rope is 5
a

The magnitude of the horizontal component of the force exerted on the plank at 4 by the
wall is 2Mg. '

(b) Find x in terms of a.

The force exerted on the plank at 4 by the wall acts in a direction which makes an
angle £ with the horizontal.

(c) Find the value of tanf

The rope will break if the tension in it exceeds 5 Mg.

(d) Explain how this will restrict the possible positions of P. You must justify your
answer carefully.
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Question 9 continued
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Question 9 continued
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Figure 4
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A boy throws a ball at a target. At the instant when the ball leaves the boy’s hand at the i
point 4, the ball is 2m above horizontal ground and is moving with speed U at an angle « i
above the horizontal.

In the subsequent motion, the highest point reached by the ball is 3 m above the ground. :
The target is modelled as being the point 7, as shown in Figure 4. | 382
The ball is modelled as a particle moving freely under gravity.

Using the model,

(a) show that U? = —2&

sinZa
The point 7'is at a horizontal distance of 20m from A4 and is at a height of 0.75m above
the ground. The ball reaches T without hitting the ground.
(b) Find the size of the angle a f

SR

(c) State one limitation of the model that could affect your answer to part (b).

(d) Find the time taken for the ball to travel from 4 to 7.
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Question 10 continued
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