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Figure 1

A light elastic string AB has natural length 4a and modulus of elasticity /.

The end 4 is attached to a fixed point and the end B is attached to a particle of mass m.
The particle is held in equilibrium, with the string stretched, by a horizontal force of
magnitude kmg.

The line of action of the horizontal force lies in the vertical plane containing the
elastic string.

MIONOC: =

The string AB makes an angle a with the vertical, where tana = %
With the particle in this position, 4B = 5a, as shown in Figure 1.
20mg
(a) Show that A= BEY
C))
(b) Find the value of .
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Figure 2

A thin hemispherical shell, with centre O and radius a, is fixed with its open end
uppermost and horizontal.

A particle P of mass m moves in a horizontal circle on the smooth inner surface of the
shell. The vertical distance of P below the level of O is d, as shown in Figure 2.

(a) Find, in terms of m, g, d and a, the magnitude of the force exerted on P by the inner
surface of the hemisphere.

3)
The particle moves with constant speed v.
(b) Find v in terms of g, @ and 4.
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3. A particle P is moving along the x-axis.

At time ¢ seconds, where ¢ > 0, the displacement of P from the origin O is x metres and
P is moving with velocity vms ™ in the positive x direction.

3Vx+1

4

The acceleration of P is ms~ in the positive x direction.

When¢t=0,x=15and v=28
3
(a) Show that v=(x+1)*

(b) Find ¢ in terms of v.

(C))

C))
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4. In a harbour, the water level rises and falls with the tides with simple harmonic motion.

On a particular day, the depths of water in the harbour at low and high tide are 4m and
10 m respectively.

Low tide occurs at 12:00 and high tide occurs at 18:20

(a) Find, in mh™', the speed at which the water level is rising on this particular day
at 13:35
(6)

A ship can only safely enter the harbour when the depth of water is at least 8.5m.

(b) Find the earliest time after 12:00 on this particular day at which it is safe for the
ship to enter the harbour, giving your answer to the nearest minute.

(C))
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5. A uniform right solid circular cone C has radius  and height 4r.

(a) Show, using algebraic integration, that the distance of the centre of mass of C from
its vertex is 3r.

[ You may assume that the volume of C is énrg’ ]

C))
A uniform solid S, shown below in Figure 3, is formed by removing from C a uniform
solid right circular cylinder of height » and radius % r, where the centre of one end of

the cylinder coincides with the centre of the plane face of C and the axis of the cylinder
coincides with the axis of C.

A
v

4r
Figure 3

(b) Show that the distance of the centre of mass of S from the vertex of C is ;—Z r

C))
A rough plane is inclined at an angle a to the horizontal.

The solid S rests in equilibrium with its plane face in contact with the inclined plane.

Given that S is on the point of toppling,

(c) find the exact value of tana
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Figure 4

A fixed solid sphere has centre O and radius .

A particle P of mass m is held at rest on the smooth surface of the sphere at 4, the
highest point of the sphere.

The particle P is then projected horizontally from 4 with speed # and moves on the
surface of the sphere.

At the instant when P reaches the point B on the sphere, where angle AOB = 6, P is
moving with speed v, as shown in Figure 4.

At this instant, P loses contact with the surface of the sphere.

(a) Show that

2gr +u’
cosf = ——
3gr

In the subsequent motion, the particle P crosses the horizontal through O at the point C,
also shown in Figure 4.

At the instant P passes through C, P is moving at an angle a to the horizontal.

2gr

Given that u? =

(b) find the exact value of tana.

P 7 5 7 4 4 A 0 1 6 2 4

(7

(6)
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7. A particle P of mass m is attached to one end of a light elastic string of natural length /

and modulus of elasticity 2mg. The other end of the string is attached to a fixed point 4
on a smooth horizontal table. The particle P is at rest at the point B on the table, where
AB=1.

At time ¢ = 0, P is projected along the table with speed U in the direction AB.
At time ¢

 the elastic string has not gone slack

* BP=x

» thespeedof Pisv

(a) Show that

_ 2gx°
[

2 2
vi=U

C))
(b) By differentiating this equation with respect to x, prove that, before the elastic string

f2
goes slack, P moves with simple harmonic motion with period 7 2
£ (3

Given that U = %l

(c) find, in terms of / and g, the exact total time, from the instant it is projected from B,

that it takes P to travel a total distance of %l along the table.
(6)

P 7 5 7 4 4 A 0 2 0 2 4
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Question 7 continued
(Total for Question 7 is 15 marks)
TOTAL FOR PAPER IS 75 MARKS
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