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1.

To an observer standing on the deck of a tanker which is moving with velocity
(—6i — 8j)ms~!, the velocity of the wind appears to be A(i — j)ms~, where A is a positive
constant. To an observer standing on the deck of a coastguard vessel which is moving
with velocity (6i — 5j)ms™, the velocity of the wind appears to be u(—i — 2j)ms™!, where
[ 1s a positive constant.

The velocity of the wind relative to the Earth, vims™, is constant and is the same for both
observers.

Find v.
(6)
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A small smooth ball is moving on a horizontal plane when it strikes a fixed smooth vertical
wall. The floor and the wall intersect in a straight line which is parallel to the vector i.
Immediately before the impact, the ball has velocity (4i — 3j)ms~!. Immediately after the
impact, the ball has velocity (ai + bj)ms~'. The coefficient of restitution between the ball
and the wall is e.

The kinetic energy of the ball immediately after the impact is 80% of its kinetic energy
immediately before the impact.

Find the value of e.

(6)
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3. Atnoon, two ships 4 and B are 35km apart, with B on a bearing of 050° from A4.
Ship 4 is moving on a bearing of 150° at a constant speed of 18 kmh!.
Ship B is moving due south at a constant speed of 15kmh™".
Find

(a) the magnitude and direction of the velocity of 4 relative to B,

(6)

(b) the least distance between A4 and B in the subsequent motion,

@)

(c) the time when the distance between 4 and B is least.
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Question 3 continued

(Total 11 marks)

N
Leave
blank

i

P 5 5 8 5 6 A 0 9 2 8

9

Turn over



6a

A uniform rod 4B, of length 2a and mass 5m, is free to rotate in a vertical plane about
a fixed smooth horizontal axis through 4. One end of a light elastic string, of natural
length 3a and modulus of elasticity kmg, is fixed to B. The other end of the elastic string
is attached to a small ring which is free to slide on a smooth straight horizontal wire. The
wire is fixed, at a height 6a above A4, in the same vertical plane as AB.

The rod makes an angle 6 with the upward vertical through A and the elastic string is
vertical, as shown in Figure 1.

(a) Show that the potential energy of the system is

2
mgacos (5 —2k) + 3 kmgacos® 6 + constant

(©))

Given that there is a position of equilibrium with 0 < 6 < )

(b) find the range of possible values of &.
(6

(c) Explain why, when the system is in equilibrium, the elastic string must be vertical.

)

N
Leave
blank

VauVy SiHL NI ZLIYM LON 0d

o

< / >
< ',"\‘/ >
X
KKK
"'\
00 %
K
BB

P 5 5 8 5 6 A0 1 0 2 8




( ® 3\
-~
>
g8
a0 °
=
]
=
=
o
-
=
=]
(5]
-
=
=]
o=
-
n
[-%]
=
o
J
S AT IA S R A I N S LI L AR TR eh s
1LNES e VAMY SIHENESLIIMION OQ oo oo
IS B s

11

Turn over

5 5 8 5 6 A0 1 1 2 8

P



Question 4 continued

N
Leave
blank

P 5 5 8 5 6 A0 1 2 2 8




Question 4 continued

(Total 12 marks)

N
Leave
blank

i

P 5 5 8 5 6 A0 1 3 2 8

13

Turn over



Two points, A and B, lie on a smooth horizontal table with AB = 5a. One end of a light
elastic spring, of natural length a and modulus of elasticity 2mg, is attached to A. The
other end is attached to a particle P of mass m. Another light elastic spring, of natural
length a and modulus of elasticity 3mg, has one end attached to P and the other end
attached to B.

The particle P is at rest and in equilibrium at point £ on the table. The extension of the
spring AP is ka.

(a) Show that k£ =

w | o

3
The particle P is now moved along the table from its equilibrium position through a
. 2 . . . . .
distance ga towards B and released from rest at time 7 = 0. At time ¢, P is moving with

speed v and has displacement x from E in the direction EB. There is a resistance to motion

g

of magnitude 6mawv, where o = ,|=.
a
2

(b) Show that d—f + 60 4 50 = 0

dr dr @)
It is given that the general solution of this differential equation is

x =Ae ¥ + Be !
where 4 and B are constants.
(¢) Find v in terms of a, ® and .
(6
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Figure 2

Two smooth uniform spheres, 4 and B, with equal radii, have masses 2m and 3m
respectively. The spheres are moving on a smooth horizontal surface when they collide
obliquely. Immediately before the collision, 4 is moving with speed 2u at 30° to the
line of centres, and B is moving with speed u at 30° to the line of centres, as shown in
Figure 2.
The direction of motion of 4 immediately after the collision is perpendicular to the
direction of motion of 4 immediately before the collision. The direction of motion of B
is deflected through an angle 6 as a result of the collision.
The coefficient of restitution between 4 and B is e.
Find
(a) the speed of 4 immediately after the collision,

(0]
(b) the size of angle 8,

®
(¢) the value of e.

3
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7. A car of mass 800kg is accelerating along a straight horizontal road with the engine of the

car working at a constant rate of 22.5kW. The total resistance to the motion of the car is
25v newtons, where vms™(0 < v < 30) is the speed of the car at time 7 seconds.

(a) Show that

_ 2
329 _ 900 — v
dr %

3
The time taken for the car to accelerate from 10ms~' to V'ms™ (10 < V' < 30) is T seconds.

(b) Find T in terms of V.
)

The distance travelled by the car as it accelerates from a speed of 10ms™ to a speed of
20ms~!is d metres.

(¢) Show that

d= 4801n(%) -320

(6)
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Question 7 continued
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Question 7 continued
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