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A particle P moves on the x-axis. At time ¢ seconds, ¢ > 0, the displacement of P from the
e . . (7 - . .
origin O is x metres and the acceleration of P is (5 - 2x) m s, measured in the positive

x direction. At time ¢ = 0, P passes through O moving with speed 3ms™' in the positive x
direction. Find the distance of P from O when P first comes to instantaneous rest.
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Question 1 continued
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Figure 1

A small ball P of mass m is attached to the midpoint of a light inextensible string of
length 2a. The ends of the string are attached to fixed points 4 and B, where 4 is vertically
above B and 4B = a, as shown in Figure 1. The system rotates about the line AB with
constant angular speed w. The ball moves in a horizontal circle with both parts of the
string taut. The tension in the string must be less than 3 mg otherwise the string will break.

Given that the time taken by the ball to complete one revolution is S, show that

7r\/£<5’<7r/E
g g

stating the value of the constant k.
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Question 2 continued
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Question 2 continued
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Question 2 continued
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3. Aparticle P is moving in a straight line with simple harmonic motion between two points
A and B, where 4B is 2a metres. The point C lies on the line 4B and AC = %a metres.
3a\/3 .

The particle passes through C with speed - ms .

(a) Find the period of the motion.

3
The maximum magnitude of the acceleration of P is 45ms=. Find
(b) the value of a,

2
(c) the maximum speed of P.

(2)

The point D lies on AB and P takes a quarter of one period to travel directly from C to D.

(d) Find the distance CD.
6))
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Question 3 continued
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Question 3 continued
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Question 3 continued
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(Total 12 marks)
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Figure 2

The ends of a light elastic string, of natural length 4/ and modulus of elasticity A, are
attached to two fixed points 4 and B, where AB is horizontal and 4B = 41. A particle P of
mass 2m is attached to the midpoint of the string. The particle hangs freely in equilibrium

at a distance %l vertically below the midpoint of 4B, as shown in Figure 2.

20
(a) Show that A = ?mg.

(7

The particle is pulled vertically downwards from its equilibrium position until the total

length of the string is 6/. The particle is then released from rest.

(b) Show that P comes to instantaneous rest before reaching the line AB.

(6)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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(Total 13 marks)
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Figure 3
The region R, shown shaded in Figure 3, is bounded by the circle with centre O and
radius 7, the line with equation x = gr and the x-axis. The region is rotated through one

complete revolution about the x-axis to form a uniform solid S.

(a) Use algebraic integration to show that the x coordinate of the centre of mass of S
48

s —r.

Figure 4

Abowl is made from a uniform solid hemisphere of radius 6 cm by removing a hemisphere
of radius 5cm. Both hemispheres have the same centre 4 and the same axis of symmetry.
The bowl is fixed with its open plane face uppermost and horizontal. Liquid is poured into
the bowl. The depth of the liquid is 2 cm, as shown in Figure 4. The mass of the empty
bowl is SM kg and the mass of the liquid is 2M kg.

(b) Find, to 3 significant figures, the distance from A to the centre of mass of the bowl
with its liquid.
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Question 5 continued
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Question 5 continued
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Question 5 continued
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(Total 16 marks)
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Figure 5

Figure 5 shows a hollow sphere, with centre O and internal radius a, which is fixed to a

horizontal surface. A particle P of mass m is projected horizontally with speed 7%

from the lowest point 4 of the inner surface of the sphere. The particle moves in a

vertical circle with centre O on the smooth inner surface of the sphere. The particle
passes through the point B, on the inner surface of the sphere, where OB is horizontal.

(a) Find, in terms of m and g, the normal reaction exerted on P by the surface of the
sphere when P is at B.

S))

The particle leaves the inner surface of the sphere at the point C, where OC makes an
angle 6, 8 > 0, with the upward vertical.

(b) Show that, after leaving the surface of the sphere at C, the particle is next in contact
with the surface at 4.

(11)
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Question 6 continued

Y
£
s
o
i

il
ateiviety
&

S
e

L

i

S

i
i
Sl
o
.‘_‘ A

v R
SR
-
’,ﬁ.
i

s h

4
et
o
‘X
s

.
e
.
e
o
>

21

Turn over
L TIWEITRET R IO OmOm IR WO IR IR WmE TImET IRIE U EE I


https://mymathscloud.com

Question 6 continued
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Question 6 continued
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Question 6 continued

(Total 16 marks)

END

TOTAL FOR PAPER: 75 MARKS
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