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Time: 2 Hours Full Marks: 50
The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Ne.w Syllabus
Group - A
SECTION-I

Answer any five of the following questions: 2x5=10

() If a particle moves in a path with constant speed, show that the acceleration is either Z€ro or
perpendicular to the velocity.

(b) A particle of mass m moves in a linear potential v = Kr. For what energy and angular momentum, will
the orbit be a circle of radius R about the origin?

(c) Two satellites A and B of the same mass are orbiting the earth at altitudes R and 3R respectively,
where R is the radius of the earth. Taking their orbits to be circular obtain the ratio of their Kinetic
energies.

(d) Define conservative force. We can always associate a potential with a conservative force—Explain.
(e) Prove that the motion of a particle subject to a central force is confined to a plane.
(f) Find the equation of motion of a rocket moving vertically in a uniform gravitational field.

(g) Two circular metal discs have the same mass M and same thickness t. Disc 1 has a uniform density p,
which is less than the uniform density of disc 2 i.e. p,. Which disc has larger moment of inertia?

(h) Prove that the torque acting on a particle equals to the time rate of change of its angular momentum.

SECTION-II
Answer any one of the following questions: 12x1=12
(a) What do you mean by elastic and inelastic collisions? 2
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(b)

(©)

3. (a)

A neutron of mass m undergoes an elastic head on collision with a nucleus of mass M, initially at rest.
By what fraction in the kinetic energy of the neutron reduced? 5

Given that the moment of inertia of a cube about an axis passing through the centre of mass and centre
of one face is Iy, find the moment of inertia about an axis passing through the centre of mass and one
corner of the cube. 5

Three point masses m,, m, and m; interact with each other through gravitational force. Write down
the equations of motion of the particles. Determine the angular frequency of rotation of the system so
that the distance between any two particles always remains equal to ‘d’. 4

(b) Show by means of substitution r = -::that, the differential equation for the path of the particle in a

central force field in given by,

ﬁ-ku— f(‘l‘)

a6z T mh2u?

Where 26 = h and the other symbols have their usual meaning. Using the above equation show that,
if the law of central force is defined by f(r) = —K/r?; K > 0, then the path of the particle is a conic.
4+4

SECTION III

Answer any two of the following questions: 6x2=12

4. Two particles having masses m, and m, move in such a way that, their relative velocity ¥ and the
! - .= tn e ; 1
velocity of their centre of mass is V. Prove that, the total kinetic energy lszlp:vz + EM V?2; where u and

M are the reduced mass and the total mass respectively. 6

5. A long range rocket is fired from the surface of the earth (radius R ) with a velocity (v, ,vg ). Obtain an
equation of motion to determine the maximum height (H) attained by the rocket. Show that in the lowest

order of (%)’ ¥ is vertical. 3+2+1

6. (a) State and prove the perpendicular axes theorem.

(b) Use it to determine the moment of inertia of a uniform circular disc about one of its diameter. 2+4
GRrOUPB
SECTIONI
7. Answer any two from the following questions: 2x2=4
(a) The tension of a steel wire of radius 0.5 mm stretched between two rigid supports 1m apart is found

(b)

to be 37.7N when the temperature is 20°C. At what temperature will the tension on the wire just
vanish? Assume Young’s modulus for steel= 2 X 10N /m? and co-efficient of linear expansion of
steel in 1.2 X 1075 /°C .

If the mass of a gas inside a soap bubble is doubled, find the relation connecting the new radius (73 )
and the old one (7).
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(¢) Compare loads required to produce equal deflections for two beams made up of same material and
having same length and weight. One beam has circular and the other has square cross section.

(d) A soap bubble of radius r; is blown at the end of a capillary tube of length I’ and internal radius
‘a’. Find the time taken by the bubble to be reduced to a radius r,, given the viscosity of air at the
temperature as 1.

Section II
Answer any two from the following questions: 6x2=12
(a) Explain in your own words, what do you mean by streamline and turbulent motion of a liquid? What is
Reynold’s number? 2+1

(b) Liquid flows in a streamline motion through a horizontal tube of length !/ and radius ‘a’under an
effective pressure P. If a cylindrical co-axial rod of radius a/ Nv3 and length ‘I’ is inserted into the

tube, calculate the percentage of reduction of the rate of flow for the same pressure difference between

the ends. 3
Establish the relations connecting Young’s modulus, bulk modulus, rigidity modulus and Poisson’s ratio of
a maerial. 6
Explain with suitable diagram, the principle of operation of a Langmuir’s type of diffusion pump. 6

Old Syllabus
Time: 2 Hours Full Marks: 50
Group A
Answer any four from the following questions: 2x4=8

(a) Obtain the relation between surface tension and surface energy.

(b) What will be the change in entropy when one mole of an ideal gas is allowed to expand freely to
double its original volume?

(c) With what velocity will an air-bubble with a diameter of 2mm, rise in water?
(Givenn = 0.01 poise). i

(d) Show that the strain energy of a twisted wire in zl Cin- O where Cp, is the couple for maximum
twist 0,,.

(e) What do you mean by thermometric conductivity? How does it differ from thermal canductivity?

(f) The efficiency of a carnot engine can be increased by either increasing the temperature of the source
or by reducing temperature of the sink. Which arrangement is more advantageous in your opinion?

(g) Calculate the mean free path of molecules of H, gas at 20°C at atmospheric pressure. Assume the
molecular diameter to be 2 x 10™%m.
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GRroOUP B
Answer any two from the following: 12x2=24
2. (a) Caculate the gravitational potential for a thin spherical shell at a point on its surface. Explain the cases

(b)

(©

(b)

(©)

4. (@
(b)
5. (a)
(b)
(c)

when the point in (i) outside the shell and (ii) inside the shell. 4+1+1

The tube of a mercury barometer is 3.0 mm in diameter. What error is introduced into the reading
because of surface tension(S)? For mercury S = 465 dynes per cm, angle of contact = 128°, density

of mercury= 13.6 gm/cm?, g = 980 cm/sec? 3
Explain the terms: neutral surface, neutral axis and axis of bending in connection with bending of
beams. 3

Water flows through a horizontal tube of length 0.2 m and internal radius 8.1 X 10~* m under a
constant head of liquid 0.2m high. In 12 mins, 864c.c of liquid comes out from the tube. Calculate
the viscocity coefficient of water. Also verify that the conditions of streamline flow exist. 3

A tank consists CO, at a pressure of 6 atmosphere and 40°C. A leak occurs in the tank which is not
detected until the pressure falls to 4 atmosphere and temperature at that time was 22°C . Find the mass

of €0, that has leaked out if the orignal mass was 30 kg. 3
Using Maxwell’s velocity distribution law, derive the expressions for average velocity, r.m.s velocity
and most probable velocity of the gas molecules. : 6

Let a cylinder has an electrically heated wire along its axis. Discuss the heat flow in radial direction
and find an expression for the temperature distribution. How can you estimate the conductivity of the
material of the cylinder? 8+2

Write down the Maxwell’s thermodynamical relations. 2

What do you mean by A —transition? What are the distinguishing features between 1st order and

A —transition? 242
Show that specific heat of steam is negative. 4
Sketch and explain the Carnot cycle for an ideal gas ona; (i) T — S diagram; (ii) P — T diagram,
(iii) v — T diagram and (iv) u — v diagram. 4
Grour C
Answer any three taking atleast one from each section. 6x3=18
SECTIONI

6. Establish the relations connecting Young’s modulus, bulk modulus, rigidity modulus and Poisson’sratio of
a material. 6
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If the mass of a gas inside a soap bubble is doubled, find the relation connecting the new radius (7;)
with the old one (). 2

A thin wire of radius b is ploced co-axially in a narrow tube of length [ and radius a . Find the volume

of the liquid flowing through the annular space between the wire and the tube when a pressure

difference P is maintained between the ends of the tube. 4
SECTION II

Prove that entropy is a state function.

Calculate the change in entropy when m gm of ice at T{K be converted into steam at T, K. 343

Show that the ratio of adiabatic and isothermal bulk modulus of elasticity=y . 4

The specific heat value of water at 0°C increases by 9.1% on freezing and latent heat of ice is
80 cal/gm at atmospheric pressure. Calculate the pressure needed to lower the melting point of ice

by 1°C. 2
Prove that coefficient of viscocity of a gas is independent of its density.

A pond is covered with ice, 0.04m thick. The temperature of the air above is 261K. At what rate will
the ice thicken? _
[Given k of ice = 2.184 w/m/K density=920kg/m and latent heat=33kJ/kg] 343
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