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1.

(a) (i) State and prove the principle of conservation of linear momentunni, (4 marks)
(ii) Show that a gun recoils when a bullet is fired from it. , (2 marks)

(iii)In the context of a collision between two bodies, explain what is meant by the terms elastic,
inetastic and totally inelastic collisions. (6 marks)”
(b) Two billiard balls sit on a horizontal surface next to a smooth inclined plane of height / as shown in
the figure below. Ball 1 with mass i) approaches Ball 2 (initially stationary) with an initial velocity
u in the positive x direction. It then makes an elastic collision with Ball 2 (mass ma).
" (i) What is the speed of Ball 1 immediately after the collision and in which direction is it moving?
(3 marks) '
(i) What is the kinetic cnergy of Ball 2 immediately after the coilision? (2 marks)
(ii1) What is the maximum height that Ball 2 reaches up the inclinzd plane after the collision,

assuming it does not get to the top? (2 marks)

(¢) (i) Tf the collision had been totally inelastic, whal initial velocity would be required for both

balls to reach the top of the inclined plane after the collision? { 3 marks)

(ii} Determine the required velocity of Bail | before the collision. {3 marks)
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2.

(a) State Kepler’s three laws of planetary motion.

(b) Show that an ariificial satellite circling around the Earth in an orbit of radius obeys Keller’s Third

{4 marks)

Law.

(¢) State the two essential requisites for the satellite to behave as a geostationary satellite. (2 marks)

(d) Derive an expression for the radius of a geostationary satellite.

{3 marks)

(2 marks)
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(e) A certain triple-star system consists of two stars, each of mass 7, revolving in the same circular

orbit of radius r around a central star of mass M as shown in the figure. The two orbiting stars are

always at opposite ends of a diameter of the orbit.

(i)} Show that the net gravitational force F acting on one of the revolving stars as

Gm

r2

F=

(4M -Fim)

(ii) Show that the speed v of the revolving star as

G(4M +m)
Y=,
4y
(ii) Show that the period of revelution 7 of the revolving stars as
Ar??
G (4M + m)

(iv) When m << show that the triple-star system satisfies the Kepler’s third law.

{4 marks)

(4 marks)

{4 marks)

(2 marks)
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Explain the property of surface tension of a liquid and the factors that effect on it. (5 marks)

A capillary tube of radius » is completely dipped intc a container of water, then raised up vertically
such that one end of the tube is still in the watet, A column of water of height 4 is pulled up the tube by
capillary action. In a capillary tube, such as the one used in this experiment, the surface of the water

may be considered to be hemispherical.

(a) As a first approximation, assume that 4 >>r and so show that the surface tension T acting around the
circumference of the circle of contact of the water in the tube is given by
gphr

T:.—‘
2

where p is the density of water and g is the acceleration due to gravity

(2 marks)

(b) Show that a more accurate expression for 7 is

i r §
=gl h+—
L) |

{3 marks)
(¢) Two students in the Level 3 laboratory measure the diameter of the capillary tube across five different
axes with a travelling microscope, and find it to be an average of 1.89 +0.03 mm. The height of the.
column of water in the capillary tube is measured with a ruler and found to be | 1.45+0.05 cm high.
Calculate the value of T and its uncertainty. (10 marks)
(d) In this experiment, would a significantly different value of T"have been obtained using the formula
from part (a). How should the students improve their experiment to get a more accurate result?

(5 marks)
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4. Explain significance of the continuity equation of fluid flow and write down the two rcal life practical
examples of equation of continuity. (5 Marks)

(a) A pipe consists of two joined segments, the first with diameter 20.0 mm, and the second  with

diameter 10.0 mm. Water flows out of the sccond segment with a velocity of 0.100 m s

What is the volume of water per second fed into the first segment of the pipe, and what velocity

does it have in that segment? (4 marks)

(b) What is Bernoulli’s Principle and write down the equation related to it. Explain about the

limitation of Bernoulli’s equation. : (6 marks)

(¢) The flow from the pipe described in section (a) feeds into a cylindrical bucket, open at the top,
which is 25.0 cm high and 10.0 cm in diameter. Tragically, there is a hole in the bottom of
the bucket with diameter 2.50 mm. Calculate the equilibrium height of the water in the
bucket. {6 marks)

(d) How would the equilibrium height of the fluid in the bucket change if the water in the pipe

was replaced with mercury with density1.35 x 10% kg m™*? {4 marks)

&

5. What is meant by the moment of Inertia of a rotating system? (2 marks)

() () What is the moment of inertia of a propeller {See Figure )with four blades (treated as rods) of

massm, length L, at 90¢ relative to each other ? {3 marks)
(ii) If a torque 7 acts on this how long will it take to reach an angular velocity % (3 marks)
(i) How many revolutions witl it make before reaching this m? (2 marks)

(b} As shown in the figure, a small helicopter, has four blades. Each is 4.00 m long and has a mass of
50 kg. The blades can be approximated as thin rods that rotate about one end of an axis perpendicular

to their length. The helicopter has a total loaded mass of 1000 kg.
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(i) Calculate the otational kinetic energy in the blades when they rotate at 300 rpm . {5 marks}

(ii) Calculate the translational kinetic energy of the helicopter when it flies at 20.0 m/s, and compare it
with the rotational energy in the blades. (5 marks)

(iii} To what height could the helicopter be raised if all of the rotational kinetic energy could be used to

{ift it? (5 marks)

6. (a) (i) What is an ideal gas 7 (2 marks}

(ii) State the ideal gas law and prove the ideal gas equation using the two gas laws

(3 marks)

(b) A cylinder whose inside diameter 1s 4.00 cm contains air compressed by a piston of mass
m = 13.0 kg, which can slide freely in the cylinder. The entire arrangement is immersed n a
water bath whose temperature can be controlled. The system is initially in equilibrium at
termperature of 20 °C. The initial height of the piston above the bottom of the cylinder is
Ji; = 4,00 cm. The temperature of the water bath is gradually increased to a final temperature of

100 °C. Calculate the new height of the piston above the bottom of the cylinder ( Arc )

{10 marks)




(c} Starting from the same initial conditions, the temperature is again gradually raised, and weights are

added to the piston to keep its height fixed at /. Calculate the total weight that has been added when

the temperature has reached #= 100 °C . (10 marks)

- The End -




