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1. Relative to a fixed pole O and an initial line, the curve C has polar equation r = a sin 26, where a is
a positive constant. A particle P moves along C so that OP rotates with constant angular speed w.
(a) Find, in terms of a and w, the speed of P when 8 = z.
8 5)
(b) Show that, when 6= E, the transverse component of the acceleration of P is zero.
4 ©)
(Total 8 marks)
2.

Figure 1

0

A smooth wire is in the shape of an arc of the cycloid s = 2asiny, — %< w < %
The wire is fixed in a vertical plane with its vertex, the origin O, at its lowest point. A bead of mass
m is threaded on the wire. At time ¢ the bead is at the point P, the arc length OP = s, and the tangent
at P makes an angle y with the horizontal, as shown in Figure 1. The bead is released from rest at
the point where s = i’-a.

(a) Show that §= —(ig-—)s.
2a

@

(b) Show that the speed of the bead at O is -;-\/ (% .

&)

(¢) Find the magnitude of the normal reaction exerted on the bead by the wire as the bead passes
through O.
)

(Total 10 marks)
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Figure 2

A uniform hoop, of mass m and radius a, rolls without shppmg with its plane vertical along a
horizontal path until it reaches a vertical step of height . 34, as shown in Figure 2. The step is at
right angles to the path. When the hoop reaches the step at P, it starts to turn about P, without
slipping or losing contact. The angular speed of the hoop immediately before it makes contact with
Pisw. :

Find the angular speed of the hoop immediately after making contact with P.

(Total 9 marks)

4. A uniform solid sphere, of mass m and radius g, is projected down a line of greatest slope of a rough
plane inclined at an angle « to the horizontal. The coefficient of friction between the sphere and the
plane is p. Imtlally the sphere has no angular speed and the speed of the sphere down the plane is
V. Given that p>3 2 tan ar, show that the sphere will slip for a time

2V
g(Tucosa —2sina)

(Total 15 marks)
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Figure 3

A ball is projected from the point O at the bottom of a hill to hit a target 4 from above. The ball
is modelled as a particle, the target by a point, and the hill as a plane inclined at an angle « to

the horizontal, where tanc = > . The particle travels in a vertical plane through a line of greatest

7 -
slope of the inclined plane. The particle hits the plane at right angles at 4, as shown in Figure 3.
The particle is projected with initial speed ¥ m s~! at an angle @ to the plane. By considering the

motion along and perpendicular to the plane, or otherwise,

(a) show that tan 6 = —§-

®)
Given that the particle takes 2 s to move from O to 4,
(b) find the distance OA4,
)
(c) find the value of V.
3)
(Total 16 marks)
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6. A particle P of mass 2 kg is free to move on a smooth horizontal table. The particle is attached
to one end of a light elastic string of natural length 1 m and modulus of elasticity 4 N. The other
end of the string is attached to a fixed point O on the table. The position of P is specified by polar
coordinates (7, 8) referred to O as pole and a fixed line OA as initial line, where OP = r metres.

Initially P is held at a point on 04 with the string just taut. It is projected horizontally at right
angles to O4 with a speed of 3 m 571, Given that the string remains taut, show that, ¢ seconds after

projection,
€)) d*> 9
Fr

)

(b) 2

(d_r) =7~ % —2r* + 4r,
d# r

C)

(¢) Hence show that, in the subsequent motion, the length of the string varies between 1 m and 3 m.
)

(Total 17 marks)

TOTAL FOR PAPER: 75 MARKS
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