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Section A (24 marks)

1 A raindrop increases in mass as it falls vertically from rest through a stationary cloud. At time ¢s
the velocity of the raindrop is vms~! and its mass is mkg. The rate at which the mass increases is

modelled as _ms kg s”!'. Resistances to motion are neglected.
2(v+1)
(i) Write down the equation of motion of the raindrop. Hence show that
1 ydv 1

1- )— - ~g. 5
( v+2)ar - 28 3]
(ii) Solve this differential equation to find an expression for 7 in terms of v. Calculate the time it
takes for the velocity of the raindrop to reach 10 m s7!. [5]

(iii) Describe, with reasons, what happens to the acceleration of the raindrop for large values of r.

[2]

2 A uniform rigid rod AB of mass m and length 4a is freely hinged at the end A to a horizontal rail.
The end B is attached to a light elastic string BC of modulus %mg and natural length a. The end C of
the string is attached to a ring which is small, light and smooth. The ring can slide along the rail and

is always vertically above B. The angle that AB makes below the rail is 6. The system is shown in
Fig. 2.

Fig. 2

(i) Find the potential energy, V, of the system when the string is stretched and show that

dv
— =4mgacos 0(2sin 6 — 1). [5]
de

(ii) Hence find any positions of equilibrium of the system and investigate their stability. [7]
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Section B (48 marks)
3 A uniform circular disc has mass M and radius a. The centre of the disc is at point C.

(i) Show by integration that the moment of inertia of the disc about an axis through C and
perpendicular to the disc is %M a’. [6]

The point A on the disc is at a distance 1]_0a from its centre.

(ii) Show that the moment of inertia of the disc about an axis through A and perpendicular to the disc
is 0.51Ma’. [2]

The disc can rotate freely in a vertical plane about an axis through A that is horizontal and perpendicular
to the disc. The disc is held slightly displaced from its stable equilibrium position and is released from
rest. In the motion that follows, the angle that AC makes with the downward vertical is 6.

(iii) Write down the equation of motion for the disc. Assuming 0 remains sufficiently small throughout
the motion, show that the disc performs approximate simple harmonic motion and determine the
period of the motion. [6]

A particle of mass m is attached at a point P on the circumference of the disc, so that the centre of
mass of the system is now at A.

(iv) Sketch the position of P in relation to A and C. Find m in terms of M and show that the moment
of inertia of the system about the axis through A and perpendicular to the disc is 0.6M a’.  [5]

The system now rotates at a constant angular speed @ about the axis through A.

(v) Find the kinetic energy of the system. Hence find the magnitude of the constant resistive couple
needed to bring the system to rest in n revolutions. [5]

4 A parachutist of mass 90 kg falls vertically from rest. The forces acting on her are her weight and
resistance to motion R N. At time ¢ s the velocity of the parachutist is vms~' and the distance she has
fallen is x m.

While the parachutist is in free-fall (i.e. before the parachute is opened), the resistance is modelled as

R = kv?, where k is a constant. The terminal velocity of the parachutist in free-fall is 60 m s

. g

how that k = 5-. 2

(i) Show that &k 10 [2]
_ &

(ii) Show that 1? = 3600(1 _e lsoo). [7]

When she has fallen 1800 m, she opens her parachute.

(iii) Calculate, by integration, the work done against the resistance before she opens her parachute.
Verify that this is equal to the loss in mechanical energy of the parachutist. [7]

As the parachute opens, the resistance instantly changes and is now modelled as R = 90v.
(iv) Calculate her velocity just before opening the parachute, correct to four decimal places. [1]

(v) Formulate and solve a differential equation to calculate the time it takes after opening the parachute
to reduce her velocity to 10 m s7h. [7]
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