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DEPARTMENT OF PHYSICS '

BACHOLOR OF SCIENCE DEGREE, PROGRAMME- 2017/2018 ~
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PYU1160/PHU3300/PHE 3300- GENERAL AND THERMAL PHYSICS
FINAL EXAMINATION |

Time: TWO HOUR (2 hrs)

Answer four (4) questions only
Date: 30.09. 2018 ' Time 9.30 am -11.30 am

You may assume that the acceleration due to gravity g as 10 N kg ! where necessary.

Instructions to candidates: This paper consists of two parts- part A and part B. Each part consists |

of three questions. You are required to_answer only four questions, selecting not more than

two questions from each part.

Part A
1 . State the conservation of linear momentum and show that the law of conservation of

momentum for two bodies colliding in one dimension can be deduced from Newton’s law of
motion.
(a) What is meant by a perfectly elastic collision?
(b} A ball of mass 71 moving with velocity undergoes head-on collision with another ball of
mass 7, which is initially at rest on a smooth horizontal surface. The collision is perfectly
elastic.

U
—_—
n?l O O i

Show that the velocity of the ball of mass s after collision is given by

m, —m
[ 1 2}/{]
wt + e,

(¢) Use the result in (b) to describe examples of collision where
(i) myis much greater than mo;

(ii) my equal m; and
(iii) my is much small than . (15)




(d) The diagram shows a set-up used to measure the speed of a bullet in the laboratory.
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The bullet (of mass m, in the form of a small metal ball) is ‘fired’ horizontally towards a _
block of wood (of mass M, in which a hole has been drilled) suspended from two vertical
inextensible strings (each of length Z). On striking the block, the bullet is embedded and
the block rises by swinging through an angle 0 as shown.

Show that the speed of the bullets is given by the relation
v= (m ha M}ﬂgl,(l —cos0)
m

where g is the acceleration due to gravity. Indicate clearly the conservation laws applied
in deriving the relation. (10)

(a) The figure shows a particle moving with uniform speed v in a horizontal circle of radius 7.

v
A =3

With the aid of'a vector diagram, find an expression for the change in velocity AV as the
particle moves from, say, point 4 to an adjacent point B in time Af. Hence, determine the
magnitude and direction of its acceleration at point 4. If it is moving with tangential
acceleration i what is the resultant acceleration of particle? (5)

(b)Two earth satellites, A and B, each of mass m, are to be launched into circular obits about
Earth’s center. Satellite A is to orbit at an altitude of 6370 km.

(i) What is the ratio of potential encrgies of Satellite A to Satellite B?

2




(ii) What is the ratio of kinetic energies of Satellite A to Satellite B?
(iil) Which Satellite has greater total energy than other when the mass of each Satellite

15 kg and how much it? (10)
g

.{c) An asteroid, whose mass 2.0 x 10 times the mass of Earth, revolves in a circular orbit

around the Sun.

(i) Calculate the period of revolution of the asteroid in years,

(i) What is the ratio of the kinetic energy of asteroid to the kinetic energy of Earth?
(10)

¥-

3. State and prove Bernoulli’s theorem. How is stream line flow different from turbulent flow?

Explain.
(10)

A pitot tube is used to determine the air speed of an Airplane. It consists of an outer tube with .

a number of small holes B (four are shown) that allow air into the tube; that tube is connected
to one arm of U tube and it is connected to hole A at the front end of the device. At A the air

speed Va= 0 and at B speed of air equals the air speed v of the plane.
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(a) Use Bernoulli’s theorem to show that

2pgh
V:ﬁ)g- \

IO air

Where £ and P is density of liquid in the U tube and density of air respectively and
h is the height different of liquid in the U tube.

(b} Suppose that the tube is contained Alcohol with density of 810 kg m™ and air density is

1.03 kg m™, when h = 26.0 em determine the velocity of plane relative to air.
(15)
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PART B

4. (a) State Boyle’s law and write down the equation of kinetic theory of gases. Give the
assumptions upon which the equation of kinetic theory of gases is based. ®)

(b) A car tyre of volume 1.6 x 102 m® contains air at a temperature of 17°C and a pressure
of 2.6x 105 Pa. A foot pump of volume 3.0 x 10 m” is used to pump air, at a temperature
of 17°C and an initial pressure of 1.0 X 10° Pa, into the tyre to increase the pressure to 3.1
% 10° Pa. Assume that pumping does not change the temperature or the volume of the air
in the tyre.

(i) What amount of air in mole does the tyre contain initially?
(ii)Calculate the root-mean square speed of the air molecules in the tyre. (Assume an
average value of the molar mass of air of 0.029 kg mol ™) (10)

(¢) The diagram shows a diver using a gas bottle to provide air for a dive 50 m below the
surface of the sea.

(i) When the diver breathes out, small bubbles of air are produced that rise to the surface.
Every 10 m increase in the depth of seawater gives an increase of pressure of 101 kPa.

Normal atmospheric pressure at the surface is 101 kPa. Show that the pressure at a depth
of 50m is about 6 x 10 2kPa.

(ii)As the diver breathes out, bubbles are produced. At a depth of 50m, one particular bubble
has a volume of 1.25 x 10 6 m?. Calculate the volume of this bubble when it reaches the
surface. Assume that the temperature of the bubble remains constant and that it does not
lose or gain any molecules in the process. (10)

5. (a) (i) What is meant by the term of surface tension in a liquid?
(i) It is better to wash clothes in hot soap solution. Why?
(iii) Explain the temperature and impurity effect on the surface tension of liquid. (5)

(b) A minute spherical air bubble is rising slowly through a column of mercury contained in
deep jar. If the radius of a bubble at a depth of 100 cm is 0.1mm, calculate its depth where

4




its radius is 0.126mm. The surface tension of mercury is 567x 10° N m™. Assume that the
atmospheric pressure is 76 Hg cm. Density of mercury is 13600 kg m>, (10)

(c) A glass U-tube is such that the diameter of one limb is 3.0 mm and that of the other is
6.00mm. The tube is inverted vertically with the open ends below the surface of water in
~ a backer.

What is the difference between the heights to which water rises in the two limbs?
The surface tension of water is 0.07 Nm™'. Assume that the angle of contact between water
and glass 1s 0°. (10)

6. (a) Define the terminal velocity, when the sphere inside a viscose fluid moves vertically and
derive and expression for terminal velocity of this sphere. S)
An air bubble with 1mm is allowed to rise through a long cylindrical column of viscose fluid
at steady speed of 2.1cm/sec. If the density of liquid is 1.5 gem™. Find its coefficient of
viscosity. Neglect air density. (10)

(bYWrite down the equation of Newton’s law of viscosity.

A viscometer which has two concentric cylinders, 10.20 cin
and 10.60 cm in diameter. A particular liquids fills the space
between them to a depth of 12.0 cm. The outer cylinder is fixed
and a torque of 0.024 Nm keeps the inner cylinder turning
about the central axis as shown in the figure, at steady
rotational speed of 62.0 rev/min. What is the coefficient
viscosity of the liquid?

(10)
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