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[In this question, position vectors are given relative to a fixed origin.]
A particle P is moving with constant acceleration (3i —2j)ms~
Attime t=1s
* Pis at the point with position vector (5i —2j)m
+ P is moving with velocity (—i + 4j)ms"'
Find

(a) the exact speed of P at time ¢t =4s

(b) the position vector of P at time ¢ =3s

C))
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Question 1 continued
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(Total for Question 1 is 7 marks)
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2. In this question, solutions relying on calculator technology are not acceptable.
[In this question, position vectors are given relative to a fixed origin O.]
A particle P is moving in the xy-plane.
At time ¢ seconds, where ¢ > 0, particle P is moving with acceleration ams > where
a=(1-3pi+ (2 - 20)j
Attime =0
* P passes through the point with position vector (i + j)m
+ P is moving with velocity (3i —2j)ms"’
(a) Find the velocity of P at time ¢ seconds, where ¢ > 0
3)
(b) Find the position vector of P relative to O, when the acceleration of P is parallel
to (—i—j).
(6)
L
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Question 2 continued

(Total for Question 2 is 9 marks)
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P (km) O (m)

Figure 1

One end of a light inextensible string is attached to a particle P of mass km,

where k£ > 1.25

The other end of the string is attached to a particle O of mass m.

The string passes over a small smooth light pulley that is fixed at the top of a plane.

The plane is inclined to the horizontal at an angle a, where tana = 3

Particle P is held at rest on the plane and particle Q hangs at rest with the string taut, as
shown in Figure 1.

The part of the string from P to the pulley lies along a line of greatest slope of the plane.

The two particles and the pulley all lie in the same vertical plane.
The particle P is released from rest.

In an initial model,

» the plane is modelled as being smooth

* Pslides down the plane with acceleration é g
Using this model,

(a) write down an equation of motion for P
(b) find the value of £.

In a second model,

» the plane is modelled as being rough

» the coefficient of friction between P and the plane is u

* Premains at rest but is on the point of slipping down the plane
Using this model,

(c) find, in terms of k, m and g, the magnitude of the normal reaction exerted by the
plane on P.

(d) find, in terms of &, the value of u.
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 14 marks)
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Figure 2

A uniform rod 4B has mass m and length 2a.

A particle of mass 2m is attached to the rod at the point C, where AC = 1.5a

The rod is freely hinged at its end A4 to a fixed vertical wall.

The rod is held in equilibrium in a horizontal position by a force applied to its end B.
The force has magnitude F and acts at 30° to the horizontal, as shown in Figure 2.

The line of action of the force and the rod lie in the same vertical plane that is
perpendicular to the wall.

(a) Show that F'=4mg

(b) Find the magnitude, in terms of m and g, of the vertical component of the force
exerted on the rod by the wall at 4.

The line of action of the force exerted on the rod by the wall at 4 makes an angle 8 with

the horizontal.

(c) Find the exact value of tan 6.
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Question 4 continued

(Total for Question 4 is 9 marks)
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Figure 3

In a game, a small ball is thrown from a point 4 to a point B.

The ball is thrown at 45° to the horizontal.

The point B is 10m horizontally from 4 and 5m vertically from 4, as shown
in Figure 3.

In an initial model,

 the ball is modelled as a particle moving freely under gravity
e the initial speed of the ball is Ums™'

« g=98ms”

Using this model,

(a) find the value of U.

(b) find the speed of the ball at B.

One limitation of this model is that the air resistance on the ball is ignored.

(c) State one other limitation of this model.

In a refinement of the model,

» the ball is modelled as a particle

+ air resistance on the ball is included
+ the initial speed of the ball is ¥'ms™'
« g=98ms”

(d) State how the value of V' compares with the value of U, giving a reason for
your answer.
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Question 5 continued
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