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1. (a) (i) State the Newton’s laws of friction (2 marks)
(i) Define coefficient of static friction and coefficient of dynamic friction (2 marks)

(iii) A dinner pate rests on a table cloth, with its center 0.3 m from the edge of the table. The table
cloth is suddenly yanked horizontally with a constant acceleration of 9.2 ms™, The coefficient

of sliding friction between the table cloth and the plate is y « is 0.75.

{1) Determine the acceleration of pate on the table clpth. (2 marks)
(2) Calculate the velocity and (3 marks)
(3) The distance of the pate from the edge of the table, when the edge of the table cloth passes
under the center of the pate. Assume that the table cloth just fits the table. (g =10 ms?)
(3 marks)

(b)(i) What is centrifugal force and the centripetal force on a body in circular motion and explain the
major difference between them. {4 marks)
(ii) A boy on a bicycle pedals around a circle of 22 m radius at a speed of 10 ms™, The combine
mass of boy and the bicycle is 80 kg.

(1) What is the centripetal force exerted on the bicycle? (2 marks)
(2) What is the normal force exerted on the bicycle? (2 marks)
(3) What is the angle that the bicycle makes with the vertical? (5 marks)
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2. (a) State Kepler’s three laws of planetary motion. (6 marks)
(b) A satellite of mass m travels at angular speed of @ in a circular orbit at a height h aboye the surface
of planet of mass M and radius R

(i) Write down an equation that relates the gravitational force on the satellite to the centripetal
force by using the given parameters. (2 marks)

(i} Show that the time period of the satellite around the planet is

2 W2
T (M) (5 marks)

GM

(c) A satellite P of mass 2400 kg is placed in a geostationary orbit at a distance of 4.23 x 10" m from the
center of the Earth. You may assume that period of one revolution of earth is 24 hours.

(i) Explain what is meant by the term geostationary orbit. (3 marks)
(ii) Calculate the followings
(1) the angular velocity of the satellite and the speed of the satellite (3 marks)
(2) the force of attraction between the Earth and the satellite, (3 marks)
(3) the mass of the Earth. (G = 6.67 x 10N m*kg?) (3 marks)
3. (a) Define the coefficient of real and apparent expansion of a liquid. (2 marks)

(b) When the expanéion of aliquid in a vessel is measured to obtain the coefficient of expansion of that
liquid 31, what is actually obtained directly is y relative to the material of which the container is

made. Following figure illustrates an apparatus from which the correct value of 1 can be found
without any knowledge of the coefficient of expansion of the material of the container.

Water at
tempetatura Melting
1eC fce
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(i) Showthat 7+ = oo ) Bt (Smarks)

(if) If &, —h, = 1.0 om, A, =100 cm,and 7 = 20°C, what is the value of y for the liquid?
(3 marks)
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(i) List the assumptions of the kinetic theory of gases. - {2 marks)

(i) Prove that, the pressure P of a gas is given by
1
P = ? pc’
Where, p is density of the gas, and C* is the mean square velocity of gas molecules
{3 marks)

(iii} By comparing this equation with the equation of state for 1 mole of an ideal gas, find an

expression for the translational kinetic energy for 1 mole of a monatomic gas.

Hence show that the average translational kinetic energy per molecule of a monatomic gas is

given by %kT where k is the Boltzmann constant. (5 marks)

(iv) 5 moles of helium at 27 °C are allowed to mix with 3 moles of neon at 127 °C. Calculate the
temperature of the resulting mixture of gases. Assume no heat losses during the mixing

process. (5 marks)
(i) Explain Bernoulli’s Principle and write down the equation related to it. (4 marks)
(ii) Explain two real life practical examples of Bernoulli’s principle. (4 marks)
(iii) What is the equation of continuity of fluid flow? (2 marks)

Air flows through the horizontal Venturi meter from lefl to right as shown in the figure. If the U tube

of the meter contains Mercury. Find the Mercury-level difference “h” between the two arms.

(10 marks)
The radii of wide and narrow parts of the tube be 1, =1.0 em and 1= 0.50 ¢t respectively and the
height difference of two am;ls is 1.6 cm. The density of air par = 1.3 kgm™ and that of Mercury is
Pmers= 13600 kgm™. Determine the speed of air entering the meter (V).
(5 marks)
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5. (a) (i) Explain the property of viscosity of fluid and the temperature effect on the coefficient of viscosity

of fluid. {4 marks)
(ii) What is Poiseuille's equation of flow of a liquid? (2 marks)
(iii) What is meant by laminar and turbulent flow of liquid? Explain with examples (4 marks)

(b) A flat plate of area 0.2 m® is placed on a flat surface separated by an oil film of thickness 2x10”° m
whose coefficient of viscosity is 1.5 N s m?, Calculate the force required to cause the plate to slide on
the surface at a constant speed of 1 mm s (Assume that the flow is laminar and that the oil adjacent to
each surface moves with that surface.) (7 Marks)

(¢) Water flows steadily through a horizontal tube which consists of two parts joined together as shown in
the figure. One part is 20 ¢m long and has a diameter of 0.2 cm and other is 5 cm long and has a diameter
of 0.05 cm. If the pressure difference between the ends of the combined tube (P; - P3) is 10 water cm,
find the pressure difference between the ends of each part. (8 Marks)
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6. (a) (i) Define coefficient of surface tension and Discuss molecular theory of surface tension.

(4 Marks)
(i1} Show that coefficient of surface tension is numerically equal to the surface energy.
‘ (4 Marks}
(iii} What do you understand by angle of contact of liquid? On what factors does it depend?
. {4 Marks)
(b) (i) Derive an expression for the capillary rise of a liquid in a capillary tube. (4 Marks)

(i) A capillary tube of internal diameter 0.21 mm is dipped into a liquid whose density is
0.79 g cm . The liquid rises in this capillary to a height of 6.30 cm. Calculate the coefficient of
surface tension of the liquid. (g = 9.8 m s) (4 Marks)

(¢)  Asquare glass plate of 10 cm long and Lmm in thickness is suspended vertically with the lower edge
horizontal on one arm of a balance and counterpoised so that the beam is horizontal, When the glass
is allowed to touch the surface of a soap solution, an additional mass of 0.72 g has to be added to
the other pan to keep the beam horizontal. Find the surface tension of the liquid. (g = 9.8 m 52

(5 marks)
- The End -
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