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1. A particle P moves with constant acceleration (2i — 3j)ms™

At time ¢ = 0, P 1s moving with velocity 4ims™

(a) Find the velocity of P at ime 7 = 2 seconds.
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(2)
At time ¢ = 0, the position vector of P relative to a fixed origin O 1s (i + j)m.
(b) Find the position vector of P relative to O at ime ¢ = 3 seconds.
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At time ¢ = 0, the position vector of P relative to a fixed origin O 1s (i + j)m.
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(b) Find the position vector of P relative to O at ime 7 = 3 seconds.
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A small stone 4 of mass 3m 1s attached to one end of a stnntg.

A small stone B of mass m 1s attached to the other end of the string.

Imitially A 1s held at rest on a fixed rough plane. - I—-’ (b) show that the acceleration of A is %g

The plane is inclined to the horizontal at an angle a, where tana = % C{:’ -1_.. (7)
The string passes over a pulley P that is fixed at the top of the plane. Nun OL b §_ Q LA @-&L:::‘ﬂ jegﬁ B ( T )

The part of the string from 4 to P 1s parallel to a line of greatest slope of the plane. <L

Stone B hangs freely below P, as shown in Figure 1. Cos o -"—'-‘-? M < A = 7] — M S @

- e ol _— S — - ‘% - @
The coeflicient of friction between 4 and the plane is - H < F CL< L P prmamt W
Stone A 15 released from rest and begins to move down the plane. F — __{g f E @

The stones are modelled as particles.

The pulley is modelled as being small and smooth. AN ﬂ%{,;"\ A(\\ ‘@J -F:ﬂ-f\d,l: <~ Ulr[w' _l‘_by p \m =

The string 1s modelled as being light and inextensible. 8
o — [Z — n s <= A
: _ & | 2
Using the model for the motion of the system before B reaches the pulley, —= v\ a D —— =3 o~ — Ay 13

(a) write down an equation of motion for 4 8—' S-'
(2) ‘l-v"l |C Pl J__. >< L— P‘F"\b
' Z s &
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Figure 2

A beam 4B has mass m and length 2a. | ~
The beam rests in equilibrium with 4 on rough honzontal ground and with B against a e

smooth vertical wall.

The beam 1s inclined to the horizontal at an angle 6, as shown 1n Figure 2. R —

The coefficient of friction between the beam and the ground is u 2 > 0\1 A CB'

The beam 1s modelled as a uniform rod resting in a vertical plane that 1s perpendicular g F— =
to the wall D)L — [ =< M

l

Using the model,

1
(a) show that u = Ecﬂlﬁ
{5} 3 &
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A horizontal force of magnitude Amg, where k 1s a constant, 1s now applied to the beam
at A.

k)

This force acts in a direction that 1s perpendicular to the wall and towards the wall.

5 : e
Given that tanf = 2’ F= 3 and the beam 1s now in limiting equilibrium,

{4 (5)
"y Ny
= e esj

(b) use the model to find the value of £.
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A small stone 1s projected with speed 65ms "’ from a point O at the top of a vertical chiff.
Point O 1s 7T0m vertically above the pomnt V.

Point N 1s on horizontal ground.

- | s )

The stone 1s projected at an angle a above the honzontal, where tana = T {

The stone hits the ground at the point 4, as shown in Figure 3. \

The stone 1s modelled as a particle moving freely under gravity. Z OL d

The acceleration due to gravity is modelled as having magnitude 10 ms* ) 2 =
Cra JL = g=

Using the model, [ -

<./ ~ 2=
(a) find the time taken for the stone to travel from O to A4, 1-3
4)

(b) find the speed of the stone at the instant just before it hits the ground at A.
(3)
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v=3t"1—2tj t>0 .

g 2
(a) Find the acceleration of P at time f seconds, where 1 > 0 Q) \/ -a.-_-C —L— )

*) 2t
(b) Find the value of ¢ at the instant when P 1s moving 1n the direction of i — A Ter %+ {a}{" Q.

(3) —_—

a = X /3 L *
At time f seconds, where ¢ > 0, the position vector of P, relative to a fixed ongin O, — 2 —=
IS I metres.
= /

Whent=1,r=—j \

(¢) Find an expression for r in terms of 1.

(d) Find the exact distance of P from O at the instant when P 1s moving with

speed 10ms™
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Whent=1,r=—j

(¢) Find an expression for r in terms of 1.

(d) Find the exact distance of P from O at the instant when P 1s moving with

(3)

(6)
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(d) Find the exact distance of P from O at the instant when P 1s moving with
speed 10ms™!

N (6)
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