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CIVIL SERVICES EXAMINATION (MAINS)

PHYSICS PAPER -1: CLASSICAL MECHANICS
TUTORIAL SHEET: 1
(Conservation laws)

What is the recoil energy in electron - volts of mass 1023 gm after emission of a r ray of energy
of 1 Mev? (1990)
Define differential scattering cross-section. Write down the dependence of Rutherford scattering

cross-section o (0), on the scattering angle 6 and sketch this dependence graphically. In the present
case the total scattering cross section o = fo(0) dQ turns out to be infinite. Comment on this result.

(1990)
A neutron of energy 1 MeV collides with a stationery helium nucleus and is scattered. Deduce the
momentum of the neutron and of the helium nucleus in their center of mass system.

(1990)
Define differential scattering cross section for a scattering process. The differential scattering
cross-section for neutrons scattered elastically from a solid is of the form

_B(K K )’ N 5
0(0) =Ae where A & B are constants and Kiand Kf are respectively the wave vectors

of the incident and scattered neutron Determine the total Scattering cross - sections, given

Ki . (1991)

-

Kf

5) Prove that if E and E! are respectively the neutron energies in the laboratory system, before and

6)

7)

8)

after collision with a nucleus of mass number A, then
E 1 + A® + 2A Mc

E 1+ a)
Where Mc is the cosine of the scattering angle in the centre of mass system. (1991)

What do you mean by centre of mass of a system of particles?  Derive expressions for the
instantaneous position vector and velocity of the centre of mass of such a system of particles
(1992)

Using Rutherford’s observation that the number of a - particles scattered at angle ¢ and falling on

4
unit area of the screen varied as {cosec(gj} , deduce an expression for the probability of

scattering between angles ¢ & ¢ +d¢ .

(1992)
A rocket of mass 1000 kg. is ready for a vertical take off. The exhaust velocity of its fuel is 4.5
km/s. Deduce
(a) The minimum rate of fuel ejection so that the rocket weight be just balanced
(b) The velocity acquired in 8 seconds if the fuel ejection rate is 2.50 kg/s. (You may neglect the
effect of changing mass of the rocket in the given conditions). (1993)



9) A radioactive nucleus of mass mo amu emits alpha particle with kinetic energy E.. If the
disintegration occurs when the nucleus is free, deduce an expression for the energy evolved (ET)
during the disintegration. (1993)

10) Find the fractional decrease of kinetic energy of a of mass mi1 when a head on elastic collision takes
place with another particle of mass my initially at rest. In this context show why hydrogen would be
best to be used for slowing down. Actually DO, not H2O is used. Why?

(1993)

11) What is centre of mass? Show that there exists only one centre of mass in a system of particles.
Discuss the usefulness of centre of mass in studying motion of a system of particles.

(1994)

12) The distance between the centres of Oxygen and Carbon atoms in a CO molecule is 1.2A°
Determine the position of the centre of mass of the molecule relative to Carbon. (Assume atomic
masses of Carbon and Oxygen as 12 & 16 respectively).

(1995)

13) A particle of mass m, moving with an initial velocity Vo is acted on by a central repulsive inverse

k . .
square force, F = —. Show that the Scattering angle 6 depends on the impact parameter "b’as
r

2
cot[gj = m:‘) (1990)

14) A particle of mass m1 moving with a velocity V1 undergoes an elastic collision with a particle of
mass m; at rest, in laboratory - frame. After the collision the first particle moves at a certain angle to
the direction of its initial velocity, and this angle is 0 in laboratory-frame and ¢ in centre of mass-
frame. If the ratio of masses 2 is A, showthat 6 & ¢ arerelatedas tan6= _sing_

m, COS ¢+ +
(1996)

15) In the NH3 molecule, the three hydrogen atoms forms an equilateral triangle. The distance between
the centre of this triangle from each hydrogen atom is 0.939 A°. The nitrogen atom is at the apex of
the pyramid with the three hydrogen atoms forming the base. The distance between the hydrogen nd
nitrogen atoms is 1.014 A°. Find the position of the centre of mass relative to the nitrogen atom.

(1997)

o) =55+

r6 r12

(1998)
16) How do we infer the law of conservation of linear momentum from Newton’s laws of motion?
A stationery bomb explodes and on explosion, it fragments into three parts. Two of these parts,
which are of equal masses, fly apart perpendicular to each other with a velocity of 60m/s each. The
third part has a mass four times the other two. Find the magnitude and the direction of the velocity
of the third part
(1999)
17) Consider the motion of a rocket in a gravitational field and derive an expression for its final velocity
when the fuel burns at a constant rate till it is fully consumed.
(1999)



18) The mass of the moon is about 0.13 times the mass of the earth. The distance from the center of the
moon to the center of the earth is 60 times the radius of the earth. Taking the earth © s radius to be
6378 km, find out the distance of the center of mass of the earth-moon system from the center of the
earth.

(2002)

19) Ram and Shyam are two skaters weighing 40 kg and 60 kg respectively. Ram traveling at 4 m/s
meets Shyam traveling at 2 m/s in opposite direction and collides headon.
a.If they remain in contact, what is there final velocity?
b.How much Kinetic energy is lost? (2000)

20) Define scattering cross-section. A charged particle of mass m and charge Ze is scattered by another
charged particle of charge Ze at rest. Deduce the expression for the scattering cross-section.
(2000)
21) Using the rocket equation and its integral, find the final velocity of a single stage rocket. Given that
(a) the velocity of the escaping gas is 2500 m/s (b) the rate of loss of mass is (m /200)/sec. (where m
is the initial mass and 0.27 m is the final mass .)
(2002)
22) Derive the relationship between the impact parameter and the scattering angle for the scattering of an
alpha particle of charge + 2e by a nucleus of charge +Ze.
Calculate the impact parameter for an angle of deflection of 30 if the kinetic energy of the alpha
particle is 6x10-13 joules.
(2002)
25) If a single stage rocket fired vertically from rest at the earth’s surface burns its fuel in a time of 30
sec and their relative velocity vi=3km Sec™, what must be the mass ratio mo/m for a final velocity is
of 8Km /sec? (2004)

26) Considering the scattering of a-particles by the atomic nuclei, find out the Rutherford scattering
cross- section. Explain the physical significance of the final expression. (2005)

27) Derive an equation of motion for a variable mass. Explain how it is applied in the motion of a
rocket. (2006)

28) What is center of mass? Show that the total linear momentum of a system of particles about the
centre of mass is zero.
(2006)
29)
A force field is given by
F= (2xy+z3)f+x2}+3x22]€ .

Is it a conservative field? If so, what is the scalar potential? (2008)



10.

TS2 Rotating frame of references

What is understood by the term ‘Coriolis force’? Obtain expressions for velocity & acceleration of a
particle in rotating coordinate system.
(1988)

Define Coriolis force and write an expression for it, through suitable examples, explain the way this
force varies in different parts of the earth’s surface and for different velocities of the concerned
particle.

(1989)
Write short notes on
(1) Coriolis force (1991, 1993, 1997)
(1) Inertial forces in a rotating frame (1992)

Explain what Coriolis force means. Discuss the action of Coriolis force on a body falling freely on
the earth at latitude ‘A°

(1994)
If the earth were to rotate at ‘n’ times its present speed of rotation about its axis, the apparent weight

of a body at the equator would assume zero value. Find an expression for ‘n’.
(1995)

Define Coriolis force. Obtain an expression for the Coriolis force. How does it account for the
whirling of winds in opposite directions in Northern and southern Hemispheres?

(1996)
Obtain the equation of motion of a particle moving relative to a rotating frame of reference Explain
the term representing Coriolis force in this expression. (2001)

For a freely falling body from the height ‘h’ on the surface of the earth in the northern hemisphere
with a latitude ‘6’, show that the deviation of the body towards east at the final stage is given by 1/3
w Cos(8h%/g)Y?, where w is the angular velocity of the earth and ‘g’ is the acceleration due to
gravity.

(2004)
Derive the relation V =V, + wxr , where V is the velocity of a particle located at r in a fixed

frame of reference S and V' that observed in frame S rotating with angular velocity o with respect
to S but having the common origin. (2007)
Show using the above relation that the equation of Motion of the particle in S gets modified in S
giving rise to Various fictitious force. Identify the coriolis force and describe its effect on the flow
of rivers. (2007)



Tutorial 3 gravitation and central force motion
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4. Find acceleration of Moon at new Moon/Solar eclipses.
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7.find the time period of a satellite rotating at a distance of 20,000 KM from centre of earth, w.r.t. a point on
the earth.

8.find velocity of a satellite. Of mass 1.9 *10"27 Kg, at a distance of 70,000 km from centre of body.
9.additional velocity required to escape a body from near the surface of earth

10.Find a of a elliptical orbit, in diagram shown in r. gupta solution
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\5 #® Two bodies of masses M, and M, are placed at a distance d apart. Show that at this position where the

gravitational field due to them is zero, the potential is given by V' = —g(MI +M,+2 /MM, ) (2009)
12. Time period given, mass of sun given, find the distance of aphelion and perihelion.
13. on Central force of Motion

(a) find trajectory, semi latus rectum, e of conic section
(b) prove path of particle lies in a plane.
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Rigid Body Dynamics
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Rigid Body Dynamics

What are precession and nutation;?,Shog/,t_hgt thg angular velocity of precession Q is related to angular
momentum L and external torque T as :T=[ x Q. Assume Q<<q.
LG

2t (1995)

| Explain precessional motion of a top, A solid sphere of radius 2 cm and mass 50gm has a thin nail of
length Smm fixed perpendicular to its surface. When this sphere spins like a top with a speed of 20
rev/sec. What will be its precessional speed?

(1995)
J><Show that the angular Jnomentum of a particle located at position r relative to the origin of co-ordinates

's given by where L=vxp’, where p is the linear momentum of the particle. Using this result prove that

W' the angular momentum of a system of particles can be expressed as the sum of their angular momentum

around the center of mass and the angular momentum around the origin of a single particle of mass equal
to the total mass of the system located at the center of mass.

(1998)

7 Explain the precession of a spinning top and show that precessional velocity is independent of the angle
of inclination. A top is spinning with 20 rev/s about an axis inclined at 30° with the vertical. Its radius of
gyration is S cm. The center of mass is x cm from the pivot point. Calculate the frequency of precession.

(1999)

%) Starting from the definition of angular momentum of a single particie. obtain an expression for tie

angular momentum of a rotating rigid body Hence, discuss the time derivative of the anguiar
momentum and deduce the faw of cor,crvation of momentum

(1959)
anslation of the center of mass and rotation about an axis through
pure rotation with the same angular speed about an axis through the

Show that the combined effects of tr
the center of mass are equivalent to a
point of contact of a rolling body.

(2000)
6] Vrite the Euler’s equations for the rotational motion of a right body with one point fixed, under the
action of a torque N. App'v these €quations to discuss the rotational me*ion of a symmetrical top on the
absence of any force other than the reaction at the fixed point. C2.m3)

What do you mean by the moments and products of inertia? Show that the angular momentum vector is
related to the angular velocity components by linear transformation relations?

)

(2004)
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@D Show that for any rigid body consisting of at least three particles not arranged in one straight line,

. Derive Euler’s equations of motion for a rigid body rotating about a fixed point under the action of a
torque. When a rigid body is not subjected to any net torque, write down Euler’s equations of motion of
the body with one point fixed. (2006)

.% The angular momentum 3 of a rigid body comprising of N particles and rotating with angular velocity
— S
o is givenby M =3 m, 1, x ((Ux rA) where the origin coincides with the centre of mass. Express the

k=1

components of M in terms of components of the inertia tensor. Hence, show that the most general free
rotation of a spherical top is a uniform rotation about an axis fixed in space. (2007)

. Derive an expression for the moment of inertia of a rigid body about any axis. What is an “ellipsoid of
inertia”? Explain clearly what you mean by the terms “principal axes” and “principal moments of
inertia”? Find the moment of inertia of a thin rectangular lamina about an axis passing through the center
of the lamina and perpendicular to its plane. Hence determine the moments of inertia about axes

passing through the midpoints of its both sides and perpendicular to its plane. (2008)

number of independent degrees of freedom is six. Define Euler’s angles @, ¢ and y to describe the

configuration of such a rigid body. Consider two frames of reference, one fixed to the body and the other
to the space defined as " = (x", y",z") and S = (X, y, z) respectively, Show that the angular momentum

(L) of the rigid body in the two frames are related by [dd_fj = [i’—fj +@x L Where ¢ is the angular
s 5

velocity of rotation. (2009)

Mechanics of continuous body. TS5

Show that the Bulk modulus K, Young’s modulus Y and Poisson’s ratio ¢ are connected by the relation
__r (2008)
3(1-20)

What do you understand by streamline motion and critical velocity of a viscous liquid through a

3

respectively. If the streamline flow is maintained and the pressure across the first capillary is £, deduce

capillary tube. Capillaries of lengths/, 2/ and % are connected in series. Their radii are r, g and =

the pressures across the second and the third capillaries. (2008)

Show that the total energy per unit mass of liquid flowing from one point to another without any friction
remains constant throughout the displacement. (2009)

When a sphere of radius r falls down a homogeneous viscous fluid of unlimited extent with the terminal
velocity v, the retarding viscous force acting on the sphere depends on the coefficient of viscosity 1, the r
and its velocity v. Show how Stokes law was arrived at connecting these quantities from the dimensional
considerations. (2010)



10.

11.

12.

13.

TUTORIAL SHEET: 6
Special Relativity

Show from the Lorenz transformation that two events (t1=to) at different points (x1=x2) in reference
frame S are not in general simultaneous in reference frame S! which is moving in the +x direction with
the constant velocity V with respect to S. (1998)

What is the momentum of a proton having kinetic energy 1 Be VV? the energy equivalent to proton rest
mass is 0.938 Mev. (1988)

Write down Lorenz transformation relations and prove that x?+y?+z2-c?t? is invariant under this
transformation. (1990)

An event occurs at x'=60m, at t'=8x10®s in a reference frame S*which is moving along the common X
or Xtaxis with a speed of 3c/5 with reference to a stationery frame S. The origins of two frames coined
at t=0, t'=0. Deduce the space time coordinates of the event in the frame S. (1990)

Prove that addition theorem of velocities in special theory of relativity. Two bodies A&B are moving
away in opposite directions, each with a speed of 0.70C with respect to a stationery observer. Deduce
the speed of B as measured by A? (1990)

The half of u-meson at rest is 2x10°® seconds. Determine the half life of p-meson while traveling with
half the speed of light in vacuum. (1992)

Write down the expression for the dependence of mass of a particle on its velocity in special relativity.
What will be the speed of a particle if its mass becomes double of its rest mass. (1992)

State Lorenz transformation equations. Show that for VV/c<<1, the Lorenz transformation equations
reduces to Galilean transformation equations. Explain the physical significance of Lorenz
transformations. (1993)

State and explain variation of mass with velocity, hence find an expression for the density of a body in
an arbitrary inertial frame of reference. (1994)

The density of gold in its proper frame of reference is 19.3x10° kg/m?. Determine its density in a
frame of reference where its velocity is 0.9C, C is the velocity of light in free space.
(1995)

In the relativistic region, compare the relative increase in velocity with the relative increase in energy
of a particle. (1995)

Determine the speed of an election, which has kinetic energy 1 Mev. The energy equivalent to the rest
mass of an election is 0.51 me V. (1995)

The coordinates of an event in an inertial frame S are (25m,0, 0, 5x10%S). What will be the coordinates
of this event in another inertial frame S* moving with a velocity 0.6C 0 in +x direction with rest x to s.
The origin of two frames coincide at t=t'=0. (1996)



14.

15.

16.

17.
18.

19.

20.

21.

22,

23.

24,

25.

26.

27,

28.

29

Obtain the relativistic transformation relation for density in inertial frames. What is the equivalent
energy corresponding to 1 amu of mass? (1997)

A p meson travels towards the earth’s surface from high up in the atmosphere with a speed of 0.99C. It
decays after traveling a distance of 6km. In what time does the u meson decay as measured by
observers in reference frames (i) bound to the earth (ii) bound to the meson itself. (1998)

How is an election volt connected to other units of energy like the joule or the erg?
Determine the space of an election of energy 1.3 Me V assuming its rest energy to be 0.15 Me V.
(1998)
Prove that the expression x>+y?+z2-c?t? is invariant under Lorenz transformation. (1999)
Describe the set-up of Michelson-Morley experiment. Why was a fringe shift expected in it? How are
its negative results understood? (1999)
What is ‘Lorentz Contraction’? A spaceship of rest length 100m takes 4ps to pass an observer on
Earth. What is its velocity relative to the Earth? (2000)
Derive an expression for the mass-energy equivalence using the principle of special relativity.
(2000)
The mass of muon at rest is 207 Me where Me is the election rest mass (0.511 Me V). The mean life

time at rest for muon is 2.2 ps. The life time of muon emerging from an accelerator is measured in the
labat 6.9 ps. Estimate the speed of these muons in the laboratory. (2001)

A person is a space ship is holding a rod of length of 0.5 m, the space ship is cruising at a speed V
parallel to the earth’s surface. What does the person in the space ship notice as the rod is rotated from
parallel to perpendicular to the space ship’s motion? What does an observer on earth’s surface notice?

(2001)
Two spaceships are moving at a velocity of 0.9c relative to the Earth in opposite directions. What is the
speed of one spaceship relative to the other? (2002)

An observer A sees two events at the same space point (x=y=z=0) and separated by t=10s. Another
observer B sees them to be separated by t'=3x10%s. What is the separation in space of the two events
as observed by B? What is the speed of B relative to A?

(2002)

An observer S; sees two bodies A and B having equal rest mass approach each other with equal but
opposite velocity of the body 4c/5. To a second observer S, the body A is at rest. What is the velocity
of the body B as seen by observer S;? What are the kinetic energies of the body B in the frames of S;
and S»? (2003)

How does Doppler effects of light in relativistic physics qualitatively differ from its non-relativistic
analogue? Calculate the Doppler shift in the frequency of a photon traveling along y-axis, with respect
to an observer moving along the x-axis with a constant speed u. (2003)

A meson of rest mass m comes to rest and disintegrates to a muon of rest mass p and a neutrino of zero
rest mass. Shoe that the kinetic energy of motion of the muon is
T=(n-p)?¢% 2 m (2004)

Write down the expression for the relativistic mass of a particle moving with a velocity v in terms of its
rest mass. Establish from the above expression Einstein’s mass energy relation E=mc?. (2004)
Show that the length L of an object moving with a velocity v is given in the direction of motion by
L =Lo(1-8%/c*) 2 Where Lo is the proper length and c is the velocity of light is free space.

What will be the shape of a spherical ball while moving under relativistic regime?



31. Prove that two successive Lorentz transformations are equivalent to another Lorentz transformation.
Hence write down the Einstein’s velocity addition relation. (2006)

32. The source S moves along the x’-axis at a speed v, and emits light at an angle 0’to the x’-axis of its own
frame. In th S-frame the emitting angle with the x-axis is 6. Hence x and x’-axis are coincident. Show that
the exact relativistic aberration formula can be derived from the velocity transformation relations. (2006)

tanO = sino’ V1 —v?¥c?

cosO’ + v/c

33. A body of rest mass m, is moving in the positive y-direction at a velocity of 0.6 C relative to the
laboratory frame. Calculate the components of the four dimensional momentum vector in the laboratory
frame and in the frame of an observer who is travelling in the positive x-direction at a speed of 0.8 C
relative to the laboratory frame. (2007,
20 marks)

34. State the Postulates of the Special theory of relativity and based on these obtain Lorentz as well as
inverse Lorentz transformations. Hence, obtain an expression to conclude that a moving clock runs more
slowly than a stationary clock. (2007, 35
marks)

35. An unstable particle has a lifetime of 5 microseconds in its own frame of reference and is moving
towards the earth at a speed of 0.8C.What will be the lifetime of the particle to an observer on the Earth?

(2007, 10 marks)
36.

. The length of a moving rod can be defined as the product of its velocity and the time interval between
the instants that both the end points of the rod pass a fixed mark in S system. Show that this definition

leads to the space contraction (2008)
a7.
. A meson of rest mass 77 comes to rest and disintegrates into a muon of rest mass x and a neutrino of
2 2
. . : (m—u) ¢
zero rest mass. Show that the kinetic energy of motion of the muon is 7 = oy (2008)
T

38.
Show that a four-dimensional volume element dx dy dz dt is invariant to Lorentz transformation. (2009)
39.

Obtain the relativistic equation for aberration of light using velocity transformation equations.  (2009)



ELECTRICITY & MAGNETISM
TUTORIAL SHEET: 14
(Electrostatics)

1. Two point charges each of magnitude +2 mill coulomb are placed at A and B in front of an infinite
conducting plane, which is grounded. The line OAB is perpendicular to the plane with the point O on the
plane. If OA = 1m and AB = 2m, calculate the force on the charge at A.

(1989)
2. The components of an electrostatic field in vacuum are give as
a bx®
ExX=—+
r3 r.5
CXy
By=—% fxz .
r Ez=——, where a, b, ¢ and f are constants; X, y, z the rectangular Cartesian

r.5
coordinates and r? = x? + y2 + z2. Using the basic equations obeyed by the electrostatic field in Vacuum,
find the relations between a, b, ¢, and f and determine the charge density at a general point in space.
Would that explain the observed field?
(1990)
3. Show that the electric field intensity due to any distribution of charges at rest can be expressed as the
gradient of a potential. What is the relation between potential and potential energy?
A thin disc of radius R is uniformly charged, o being the charge per unit area. Find the potential and the
electric intensity at points on the axis of the disc. How do these change as one crosses the disc? Explain
the changes physically. (1991)

4. Two charges are placed at a distance 1 meter. The magnitude of one charge is double that of the second
charge. Find the neutral points in the two cases (i) the charges are of the same sign (ii) the charges are of
opposite sign. What happens to the neutral point if the two charges are of equal magnitude and opposite
sign?

(1992)

5. State Coulomb’s law and show that the electric field can be derived from a potential function. If the
charge distribution is continuous, find the integral formula for determining its field.

(1992)

6. Using Laplace’s equation obtains an expression for the potential between two coaxial cylinders.

(1994)

7. An electric dipole is placed in an external electric field. Find the interaction energy between the electric
dipole and the field. And hence find the force and the torque acting on the dipole

(1995)

8. An electric dipole moment pz is placed at (r, ©) in the electric field of another dipole moment 51 :
p,Cosb

placed at the origin. Assuming that the electric potential, V, at (r,0) due to Py is V(r,6)= > find

Arg, 1
the dipole — dipole interaction energy.
(1996)
9. Using Gauss law find the electric field inside a cylindrical capacitor and hence derive the expression for
its capacitance. Find the dielectric constant of the material inside a 50mm long capacitor of capacitance
40 uF having inner conductor of radius 1mm, outer conductor of radius 10mm. Which of the materials
has such a value of the dielectric constant? (1997)

10. Determine the energy of attraction an electric dipole and a plane Conducing Surface at zero potential.
(1998)
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

A potential field is given by
o = (X% +y? + 2% volt
Find the electric field at a point (X,y,z) and the charge density in the region. (1999)

Calculate the electric field as a function of position due to a dipole whose potential is cos8/4mn > where
r=Vx>+y2. The dipole is at the origin of x,y system. (2001)

A Conducting sphere of radius a is placed in uniform Eo. Using the method of images show that
3
potential is given by ¢Eo(r —a—zjcose (2001)
r

Calculate the electric field for a point on the axis of a uniform ring of charge ‘q’ and radius ‘a’. Show
that the maximum value occurs at x = +a/2.
(2002)
Show that the potential energy of a charge Q uniformly distributed through the sphere of radius R is
given by p=3/5 Q %4neR
(2002)
A Geiger tube consists of a wire of radius 0.2 mm and length 12cm and a coaxial metallic cylinder of
radius 1.5cm and length 12cm. Find
i.  The capacitance of the system and
ii.  The change per unit length of the wire when the potential difference between the wire & the
cylinder is 1.2 kv. (Assume the dielectric constant of the gas in the tube is 1).
(2002)
A cylinder of length L and radius b has its axis coincident with z-axis. The electric field in the region is

E =100 k. Find the electric flux through:
I The top circular end
ii. The curved wall of the cylinder
ii. The closed surface of sphere. (2003)

Consider an infinite grounded conducting plane .If a point charge is held at a distance d from the plane,
compute by method of images the electric potential above the plane & the induced charges on the
conductor. (2003)
What is the volume density of the charge in a region of space, where the electrostatic potential is given
by V=a—b (x?+y?) —c In (x?+y?) where a, b, ¢ are constants. (2004)

A point charge q is held at a distance d in the front of an infinite grounded conducting plane. What is
the electric potential in front of the plane? (2004)
Derive approximate expressions for the potential and the radial as well as the azimuthal components of
the field due to an electric dipole at points far away from it. Also derive expression and hence describe

the effect of a uniform electric field on a dipole which can rotate freely. (2005)
What is molecular polarizability? Derive Clausius - Mosotti equation relating the molecular
polarizability with the dielectric constant of a dielectric material. (2006)

Starting from Maxwell’s equation, \/ D = p, where D is the electric displacement density and p is the
charge density, derive Poisson’s equation. Deduce Laplace’s equation for charge-free region from

Poisson’s equation. (2006)
A potential in cylindrical coordinates is a function of r and g but not of z. Obtain the separated
differential equations for R and ®, where V= R(r) ® () and solve them. (2006)

Derive poisson equation starting from the Coulomb’s law for a set of point charges. (2007, 20 marks)
Obtain the solution of the Laplace equation in cylindrical coordinates. (2007, 20 marks)



217.

28.

29.

30.

31.

State Gauss’s Law of electrostatics both in integral form and differential forms. Two
charged spheres of radius R each, have their centers a distance d apart such that d < 2R.
One of the spheres has a uniform positive charge density p per unit volume while the
other has opposite charge density - p . Show that the electric field in the region of overlap
between two spheres is uniform. (2008)

A point charge +q is held above a grounded conducting plane located at z = 0. If the
position of the charge is (0, 0, d) obtain an expression for the induced charge density on the
plane as a function of coordinates x andy. (2008)

A thin dielectric cylindrical rod of cross-section A is situated along z-axis. The polarization
in the rod is along its length and it is given by P = (22 + 5)z. Calculate bound volume
charge density at each end of the rod. (2009)

For an arbitrary localized charged distribution, obtain an expression of electrostatic
potential V in terms of multipole expansion. (2009)

Obtain Poisson’s equation in electro-statics from Gauss’ law. What from does it takes the
charge density is zero? (2010)

32.

What is meant by a dielectric? Define polarization vector P and relate it with the average

molecular dipole moment. Obtain expression for the potential due to a polarized dielectric
in terms of the polarization vector. (2010)



10.

11.

12.

13.

14.

TUTORIAL SHEET: 15
(Biot-Savart’s law & applications)

A wire of length 1 is bent into the form of a rectangle of sides a and b and carries a current I. Calculate
the magnetic field intensity at the centre of the rectangle. Show further that the intensity is minimum for
a=b

(1989)
Starting from Biot-Savart’s law, calculate the magnetic field at the centre of a solenoid of length 1
metre, radius 2 cm and having 25 turns per cm., the current through the solenoid being 1 Ampere.

(1990)
A charged particle moving horizontally towards the east with a velocity of 10° m/sec enters into a region
where there is a horizontal electric field E of intensity 100 volt/cm directed towards the north as also a
magnetic field B. The particle continues to move in the same direction as before what can you say about
the field B? Is it completely determined? What will be the path of the particle if the magnetic field be
switched off?

(1990)
State Biot-Savart’s law. Derive an expression for the magnetic field at points along the axis of a circular
coil.

(1992)
Obtain expressions for electrostatic scalar potential, magneto static Vector potential and electromagnetic
potential. How are the first two related to the third? Explain the ideas of retarded potential.

(1994)
Starting from Biot-Savart’s law, find vector potential at a distance r, from a current carrying wire.

(1996)
Calculate the Magnetic moment of a coil having 100 turns, each of area 10cm? carrying a current of
1 mA, flowing for 1 milli second. The coil is placed in a magnetic field of 0.5 wb, which is
perpendicular to the magnetic moment. Calculate the torque acting on the coil and the angular
momentum transferred to it.

(1997)
Current is flowing in a single-turn circular coil of radius 0.1m such that at a point 5mm from the centre
of the coil on the axis perpendicular to the plane of the coil the magnetic field is 0.1 mT. Find the
current in the coil. Hence calculate the magnetic moment of the current carrying coil. (2000)
Consider two long and straight current carrying wires placed parallel to each other a certain distance
apart. Derive an expression for the force per unit length experienced by these wires. Discuss that the
attractive (repulsive) nature of this force is related to the directions of flow of currents in the two wires.

— (2005)

Find the magnetic field B at the point P due to a short straight length of wire carrying current J’. L4mgth
of the wire is 1. Point P is at a distance r away from the center of the wire. Angle between | and r is 0.

(2006)
Write Ampere’s circuital law, and obtain a generalized form of this law, for non-stationary case. (2006)

State the Ampere’s law of magnetostatics.Using this law, find the magnetic field at a point due to an
infinitely long filamentary current. (2007)
What is a magnetic shell? Define the strength of a magnetic shell. A 2mm thick magnetic shell weighing
100 gm has magnetic moment of 1000 units. The density of the shell material is 10gm/c.c.Calculate the
intensity of magnetization and the strength of the shell. (2007)

Find the vector potential due to a line segment from x=a to x=5 carrying a current [ at a
point P which is at a distance d from the line segment. (2008)



15.

Show that the interaction energy of two magnetic dipoles m, and m, separated by a

: —- l|— — — M= 7 L
displacement r 1is given by U = f—o.—3|:ml.m2 —3[m1.r)(mz.rﬂ If two magnetic dipoles
Tr
are held at a fixed distance apart, but allowed to rotate freely, what would be the
configuration for stable equilibrium? (2008)
16.

State Biot-Savart law. Calculate the magnitude of axial magnetic induction due to a circular
loop of area A carrying current I. (2009)

TUTORIAL SHEET: 16
(EMI & A.C)

A 220 volt 50 cycle AC supply is connected to a circuit containing a resistance of 20 ohms, in series
with a 100uF Capacitor. Determine the current and the phase.

(1988)
An electromotive force Eo Sin pt + E1 Sin 2pt is impressed on a circuit containing an inductor and a
resistor. Set up the differential equation obeyed by the current and show that in the steady state the
current comprises two sinusoidal terms. Calculate the average power dissipated in the circuit. What
is the difference, if any, between a varying current and an alternating current?

(1989)
A circular coil of wire having 100 turns and radius 10cm is rotating about a Vertical axis in its own
plane uniformly at the rate of 480 revolutions per minute. There is a horizontal Magnetic field of
intensity 0.01 wb/m?2. The terminals of the coil are connected to the ends of an inductor having
inductance 0.01 Henry. Assuming that the resistance in the circuit can be neglected. Find the current
in the circuit at the instant the plane of the rotating coil is perpendicular to the magnetic field.

(1990)

1. Set up the equation for the discharge of a capacitor C connected in series with a resistor R and an

inductor L. If Ro stands for 21/%, discuss three cases (1) R<Ro. What will you observe if the discharge

takes place at a low temperature when the material of resistor has become super conducting?

2.

4.

(1991)
2

The total energy U in an oscillating L-C circuit is given by U = Ug + UE=%L|2 +%, when the
resistance of the circuit is zero. From this show that it is an oscillatory circuit and find the time
period.

(1992)
If steady voltage is applied to an L-R circuit, show how voltage across the inductance and the current
in the circuit changes with time. Explain the term inductive time constant.

(1992)
A harmonic e.m.f is applied to a series circuit, containing resistance, inductance and capacitance.
Derive the expression for the current and condition for resonance.

(1993)



5. A series circuit consisting of 4.10 ohms of resistance, 810 pu H of inductance and 225 puF of
capacitance is excited by a constant voltage amplitude generator of variable frequency. At what
frequency is the maximum power delivered?

(1993)

6. A harmonic e.m.f is applied to a parallel resonant circuit, containing resistance R, inductance L and
Capacitance C. Derive expressions for resonance, angular frequency wo and the bandwidth Aw.

(1995)

7. Calculate wo, Aw and quality factor Q for LCR parallel resonant circuit given the values:

C=04uF,L=4mH,andR =1 KQ
(1994)

2
8. Show that the energy stored in a Capacitor is g—cwhile the energy stored in the inductor is %LIZ,

where the symbols have their usual meanings. (1994)

9. An alternating voltage is applied to CR circuit connected in series. Under what conditions it acts as an
(i) integrator and (ii) a differentiator?
(1995)
10. An alternating voltage of varying frequency is applied across a two-branch parallel circuit of R; and
L in series and Rz and C in series as shown in Fig. Below:
Find its resonant frequency. If Ry and R. are not zero, state the conditions when the resonant
1

2nJLC
(1995)

11. Self-inductance of two coils, A and B, connected in series is 25 m H or 10mH depending on the
relative current directions in the coils. Self Inductance of A is 10mH calculate mutual inductance M of
the pair of coils, coupling factor and leakage factor. If the current in coils is changing at the rate of 1000
AJ/S, find the induced electromotive forces across the coil A.

frequency is given by f, =

(1996)
12. An alternating voltage is applied to the circuit shown in Figure. Show that it has two resonant
frequencies fp and fq inter-related as

C

f, =fs [1+1); where r=—2 (1996)
C,

r

Q. A relay has a coil resistance of 10Q2 and inductance of 1H. It is energized by a single voltage
pulse of 10V, which remains constant for 250 ms and then falls to OV. Relay contact closes when the
increasing current reaches 200 mA and opens when the decreasing current is at 100 mA. Calculate
the time for which the relay contact is closed.
(1996)
13. The Self-inductance of primary and secondary coils of a R.F transformer is 10mH each. When the
coils are connected in series, self-resonating frequencies are 132.6 KHZ and 108.3 KHZ. Calculate the
mutual inductance between the coils & the winding capacitance.
(1997)
14. Define quality factor for an A.C. circuit and discuss the meaning of electrical resonance in a series
LCR circuit. Explain the term sharpness of resonance
(1998)



15.Two coils are connected in series and their total self-inductance is 4.40 mH. When current is reversed
then total self-inductance is 1.60 mH. All the flux due to the first coil links the second coil, but only
40% of the flux due to the second coil links the first coil. Find the self-inductance of each of the coils
and their mutual inductance.

(1998)
16. A potential difference with a frequency of 50 cycles per second is applied to a coil of resistance 1 K
ohms and inductance 2H. Calculate the power factor of the circuit.

(1998)
17. An L — C — R circuit has a resistance of 100 ohms, a capacitance of 0.2 uF and an inductance of 5 H.
An a.c. source E =50 Sin 1000t Volt is connected in the circuit. Calculate the average power dissipated.

(1999)

18. In a series L — C — R circuit connected to an alternating constant voltage source the current

n
quality factor at resonant frequency. (1999)

amplitude is (—j times the amplitude at resonance at frequency wi and w,. Obtain an expression for its

19. Two inductance coils having inductances L1 and L2 and negligible resistances are connected in
parallel. The coils have a mutual inductance M. Obtain an expression for the effective inductance of the
combination.

(1999)

20. For an R-L-C series resonant circuit, show thatf, = \/f,f, , where fo is the resonance frequency and f;

and f» are the half-power frequencies. Is this relation true for a parallel resonance circuit in which R, L
and C are connected in parallel to each other? Explain.
(2000)

21. A series R-L circuit has a constant d.c voltage V applied at the time t = 0 by closing a switch

(a) Derive an expression for the current in the circuit

(b) Calculate the voltage drops across R and across L.

(c) At what time are these voltage drops equal?

(d) Find the power dissipated by R and power stored in L.

(e) Show that the steady-state energy is stored in the magnetic field.

22.What value of inductance has to be used so that a lamp with rating of 200 volt & 10 amperes lights
the same way with 250 V source at 50Hz.

(2001)
23.An inductance is connected to a 6volt battery through a resistance R. What is the steady state current
in the circuit? After what time the battery would be delivering one half its steady state current?

(2001)
24.Explain the use of a parallel resonance circuit: 1) as a rejecter circuit  2) for current amplification.

(2001)

25. A series LCR circuit with L=2H, C=2 uF and R=20 is powered by a source of 100 volts and variable
frequency. Find the resonance frequency fo The value of Q
i. The width of resonance Af and
ii. The maximum current at resonance.
(2002)

26.A bridge network with resistance capacitance and inductance is given in the above figure. Show that
the condition for balancing the bridge is independent of the frequency of applied voltage.



(2003)

In an a.c. circuit a resistance (R= 100Q) and a capacitance (C= 1 pu F) in series are connected to an a.c.
source V=200 sin (100 =z t). Calculate the current through the circuit and voltages across R and C.
Draw a vector diagram representing the magnitudes and phases of the voltages. (2007)

217.
State Faraday’s Law of induction in terms of emf and magnetic flux. Use Stoke’s theorem

to express the law in differential form. A uniform, time varying magnetic field
B=Bo ( 1+ at)k fills a circular region of radius R lying in the x — y plane with the centre
at origin. Here By and & are appropriately dimensioned constants. Find the induced

electric field at a distance from the centre where r <R. (2008)

28.
A long solenoid of radius R and n turns per unit length carries a sinusoidal current /7 =/

cos @t . Determine the magnitude of induced electric field (E) outside the solenoid. (2009)

29.
A series R-L-C circuit is connected across a voltage source V = 100 sin 300t. If R = 50002,
L=1H and C =2 puF, calculate the average power delivered to the circuit. (2009)

30. Discuss the growth of current when an e.m.f. is suddenly applied to a circuit containing
resistance, inductance and capacitance in series. What is the time constant of the circuit?

(2010)

A

31. A series circuit has an inductance of 200 micro henries, a capacitance of 0-0005 microfarad
and a resistance of 10 ohms. Find the resonant frequency and quality factor of the circuit.

(2010)



TUTORIAL SHEET: 17
(Kirchoff’s laws & applications)

1. State Kirchoff’s laws of the distribution of currents (a) in the usual form for steady currents and (b) in a
form applicable to alternating current networks. Discuss the method for comparing inductances by using

Maxwell’s bridge. State the disadvantages of the method. (1998)
2. An inductance in connected to 6 volt battery through a resistance R. What is the steady state current in
the circuit? After what time the battery would be delivering one half its stead state current? (2001)

3. Using Kirchoff” laws find currents in each branch of the circuit shown in the following diagram.

(2002)

4. A network PQRS is connected as shown in the figure below. Apply Kirchoff’s law and show that the
current flowing through the 20 Q resistor PR is 0.029 A.

(2004)



TUTORIAL SHEET: 18
(Electromagnetic Waves)

1. Derive an expression for the Poynting’s Vector and explain its significance. A light source (1 Kilowatt)
is radiating energy uniformly. Determine the intensity of the electric field at a distance of one meter
from the source.

(1988)

2. Write down Maxwell’s equations in vacuum. Show that in the source-free case, both the electric and
magnetic vectors obey wave equations of identical form and considering a plane wave solution, prove
that the electric and magnetic vectors and the direction of propagation are mutually perpendicular. Show
further that there is a propagation of energy given by the poynting Vector

(1989)
3. Inacertain region of space in vacuum, the components of the magnetic induction are (in wb/m?)
i. Bx=Ae® +bx
ii. By=Ae®™+cy
iii. Bz=0
Where X, y, z are in metres and A, a, b, ¢ are constants. Find the relation, if any, between these
constants and also the current distribution that gives rise to this field. (No electric field is present). Is the
current distribution consistent with the charge conservation principle?
(1991)

4. Write down Maxwell’s equations for an isotropic homogenous dielectric and point out their relations

with observational laws.
How do these equations lead to the concept of electro-magnetic waves?
(1992)

5. Give the four basic experimental laws of electro magnetic in words and in mathematical forms. Explain
how they are modified to obtain the Maxwell’s equations. Show how these, equations lead to prediction
about the speed at which e.m waves are propagated in vacuum.

(1993)

6. What is Pointing Vector? Explain how the transport of electro magnetic energy is expressed
quantitatively by Poynting Vector?

(1993)

7. Show that the electro magnetic waves in free space are transverse in nature.

(1994,1996)

8. State and prove Poynting’s theorem. Discuss the physical significance of each term in the resulting
equation.

(1994)
If the average distance between the sun and earth is 1.5 x 10* meter, find the average solar energy flux
on the earth (solar constant) given the power radiated by the sun = 3.8 x 10 watt.

(1994)

9. Show that the Ampere’s circuital law fails for time varying currents. How has the difficulty been

overcome by Maxwell by introducing the concept of displacement current density? How is the expression

for Vx B modified for magnetized material magnetization vector M ?
(1995)

10. Starting from Maxwell equations, obtain, differential equations for scalar and vector potentials. Solve

the equation for scalar potential in a dielectric medium having source of charge density p.

(1995)

11. Show that attenuation constant o and phase fact p for an electromagnetic wave, propagating in a

perfectly conducting medium are equal. At what frequency the skin depth in silver is 1 um, when the

conductivity of silver is 30 x 10° siemens/meter and relative permeability is 1.0?



(1996)
12. Write down Maxwell’s equations in free space and hence show that the phase velocity of the
electromagnetic wave is equal to the velocity of light in free space.

(1997)
13. Obtain the characteristic impedance of the vacuum. Derive the expression used.

(1997)

14. Derive the wave equations for Eand B and solve one of these for plane wave propagation in an

unbounded, homogeneous dielectric medium. Further show that in a plane wave (E,B, Kj form a

mutually orthogonal right handed system.
(1998)
15. A traveling electromagnetic wave is described by the equation Ex (Z, t) = 0.5 cos. (20t-22).
Determine (i) speed of the wave, V (ii) wave length, A (iii) Time period, T (iv) Direction of
propogation.
(1998)
16. The electric field vector of a plane electromagnetic wave is given by

E- E, cos(kz —wt +€S)x

Write the magnetic field vector. Calculate the average energy per unit volume stored in electromagnetic
field and the average energy flux density.
(1999)

17. Calculate the peak values of E and B for a laser beam of power 2x10%° watt and radius 0.1mm.
(1999)
18. ‘The introduction of the displacement current is one of the major contributions of Maxwell’.
Discuss.
(2000)
19. Using Maxwell’s equations, derive the electromagnetic wave equations for a conducting medium
and solve it.
(2000)
20. What is the limiting case of a metallic conductor in the above case? Explain.
(2000)
21. What is gauge transformation? Define coulomb gauge. Derive the equation for vector Potential
under coulomb gauge.
(2001)

22. Define scalar and vector potentials. Recast Maxwell’s equations in terms of these potentials.

(2001)
23. Derives the energy continuity equation for electromagnets waves using the pouting vector.
(2001)

24. Why did Maxwell have to introduce the idea of displacement current? Derive the wave equation
from Maxwell’s equations. Obtain Fresnel’s formula for reflection and transmission coefficients of
the electric field vector where it is perpendicular to the plane of incidence.

(2002)

25. What are vector and scalar potentials for the electro magnetic field? Are they unique? Explain what

are coulomb’s Lorentz gauges. Derive the electromagnetic wave equation in Lorentz gauge and

show that it is equivalent to Maxwell’s equation.
(2002)



26. fine pointing vector and explain its significance. The electric field vector for an electromagnetic field
travelling in vacuum is given by E =Eq cos(kz- wt) L
Calculate the poynting vector for the wave and show that its magnitude is equal to the energy density of
the wave time the velocity of light.
(2003)
27. A plane wave of frequency o travels into two linear dielectric media. It has a normal incidence at the
interface of the media. Giving appropriate boundary conditions, obtain expressions for the intensities
of reflected and transmitted rays. (2003)

What are the Vector and scalar potentials? Derive Maxwell’s equation in terms of these potentials.
(2004)

30. Show that the pointing Vector S=E xH represents the energy flow per unit time both in magnitude and
direction in case of a plane electromagnetic wave. (2004)

31. Show that the electric and magnetic field vectors, E and B, plane electromagnetic waves are mutually

perpendicular in a plane normal to the direction of propagation. How are phases of E and B related to
each other? (2005)
32. Write down the macroscopic from of the Maxwell’s equation in any isotropic (but inhomogeneous)
medium and define the symbols appearing therein. Convert these equations in the integral forms to

highlight the laws represented by these equations. (2005)
33. Describe physical significance of the displacement current considering the example of current flow
through a capacitor. (2005)

34. What do you mean by a gauge transformation? What is its importance? Show that the Lorentz gauge
conditionV/ .§+ 1. &® = 0'is Lorentz invariant. Hefe & and @ are the vector and scalar potentials. (2006)
¢ ot

Starting from Maxwell’s equations of electromagnetic field in vacuum obtain the classical wave

— > —
equations for the four field vectors E” D, BandH. Show that the field vectors can be propagated as

waves in free space with the velocity of propagation equal to 3 x 108 m/s, where for free space we have the
vacuum permittivity g0 = 8.854 x 1012 farad/m and vacuum permeability p0 = 1.257 x 10 henry/m. (2006)

35. Write down the different components of the electromagnetic field tensors F,, and further prove that
Maxwell’s equations of electrodynamics are invariant to Lorentz transformations. (2006)

36. Explain the Rayleigh Scattering of light. Show that the energy density of light scattered from an
isotropic homogeneous medium of a gas is inversely proportional to the fourth power of wavelength of the
incident light. (2007, 35 marks)



38.
(a) A plane electromagnetic wave is traveling in vacuum along a direction which makes an

angle of 45° each with the positive x and z-axes. The electric field at time t is given by the
expression £ = E, (2 cos otj —sin it (i — lg)) . Find out magnetic field and Poynting vector.

(b) Explain how Maxwell modified Ampere’s law of magnetostatics by introducing the
concept of displacement current. How does it resolve the paradox of a charging capacitor?
(¢) A plane electromagnetic wave traveling in z-direction and polarized in x-direction is
incident normally from left on to an interface between two media at z = (0. The medium to
the left (z < 0) has a refractive index n, , while that to the right is of refractive index n, . The
magnetic penne abilities of both the media are equal and 14 = 1, = 1,. Obtain expressions

for reflection and transmission coefficients (R and T) and show that R + T =1. (2008)

39.
Consider in the region () <z < 1 m an infinite slap made of a material with relative

permeability, x# =3-5. If B= (2 yi —5x] ) x107 Wb/ m” Within the slab, determine

magnetization M . (2009)

40.

Consider the incidence of a plane- polarised electromagnetic wave at the interface of two
media having dielectric permittivity and magnetic permeability (&, ) and (&,, 1, )
respectively. The interface is chosen to be x = 0 plane. K,K, and K, represent the

propagator vectors associated with the incident, refracted and reflected waves respectively.

Using the boundary conditions on them, establish the Snell’s laws of refraction.  (2009)



41.
In a non-charged current-free dielectric, p =0 and J =0. Show that in this medium,

electric (E) and magnetic (H) fields satisfy three-dimensional wave equations

O°E O*H

VE =¢ and V’H =¢
# or? H or’

Using Poynting theorem of electromagnetic theory, describe the significance of the vector

P =(E x H) and the scalaru :l[B'F[-FD‘EJ
2 (2009)

42.
A plane-polarised electromagnetic wave is incident on the interface of two dielectrics

having dielectric permittivity &, and &,. Assume that the electric vector E lies in the plane
of incidence. Using the boundary conditions at the interface obtain the expressions for the

amplitude reflection coefficient (#,) and the amplitude transmission constant (z,,). (2009)

43.
A wire of length 2 m 1s perpendicular to X-Y plane. It is moved with a velocity

V =(2i +3] +k)ms™") through a region of uniform induction B = (i +2 )W m™. Compute

the potential difference between the ends of the wire. (2010)
44,

Using Maxwell’s field equations for a homogeneous non-conducting medium derive the

wave equation for the electric field. Calculate the velocity of EM wave in free space.(2010)

45.
Explain the term ‘Poynting vector’ and state the significance of Poynting theorem. (2010)

46.

. Calculate the skin depth for radio waves in free space of wavelength 3 m in copper, given

that electrical conductivity for copperis 6x10°Q'm™" . (2010)



TUTORIAL SHEET: 19
Black Body Radiation

1. Write down the expression for energy distribution of a black - body radiation at temperature T and
deduce Wien’s displacement law. (1988)
2. Define solar constant and say which of the values 1.34 W/m?, 1.34 x 10® W/m?, 1.34 x 10° W/m? is
valid for it? Calculate the total energy radiated by the sun in one second and hence the decrease in its

mass per second. (1990)
3. Write down Planck’s law of radiation and establish Wien’s law from it. (1991)
4, State Planck’s formula for black - body spectrum. Show that Planck’s formula reduces to Wien’s

formula at short wave lengths. (1992)

5. In a nuclear explosion, the maximum temperature reached was of the order of 108 K. Estimate the
order of wavelength at which the maximum of radiation energy occurs.
(1992)
6. Show that the temperature ‘T’ of a planet varies inversely as the square root of its distance ‘R’ from the
Sun. (The Sun and planets are considered to be black bodies in radioactive equilibrium.)
(1992)

8. The solar constant on the lighted surface of the earth is given as ‘J°. Assuming Solar radiation as black
body radiation, find an expression for the temperature of the Photosphere of the Sun.

(1995)
9. Derive the distribution law which explains the black body spectrum over the entire wave length region.
Using this relation determine the value of Wien’s constant b.

(1997)
10. Write down the expression for the energy distribution function for the black body radiation at
temperature T. Show that expression goes into the Rayleigh - Jeans distribution at one end of the frequency
spectrum and the Wien’s distribution at the other end.

(1998)
11. Calculate the maximum amount of heat which may be lost per sec. by radiation from a sphere of 10 cms.
diameter at a temperature of 227°C when placed in and enclosure at a temperature of 27°C. Given that ¢ =
5.7 x 1072 watt/cm?/deg/sec.

12. Calculate the temperature of Sun if solar const. is 1.9 cals per minute, angular diameter is 30° and c
= 5.7 x10° C.G.S. units.

13. Earth receives 1.3 Kw/m? of radiant energy from the sun. Assuming sun to be a spherical black body of
radius 7x108m and Earth-Sun distance to be 1.5x10m, Calculate the surface temperature of Sun.[Stefan-
Boltzmann constant 6=5.67x10%w m2k™] (2003)

14. Use the Planck formula for the black body radiation

U(o, T) = h* @
" 22 exp(Bho) —1

with = le

B

to derive Wien’s law, Rayleigh-Jeans law and Stefan-Boltzmann law.

(2005)
15. Using Planck’s radiation formula

u(v)dv = 8mh v3dv , where the symbols have their usual meaning, find the wavelength of the
C3  @hvkT



region where energy density is the greatest. Also calculate the total energy density over all the
frequencies. (2006)
16. State Rayleigh-Jeans law. Show that the intensity of emissions at a particular wavelength is proportional
to the temperature T. Discuss the limitations of this law in describing the intensity distribution of
emission spectrum of a blackbody. (2007, 25 marks)
17.

Using Planck’s radiation formula, deduce Wien’s displacement law. (2009)
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WAVES
- _YUTORIAL SHEET 7A

Damped and’. Forced Osc1llat10ns

N

Calculate the rate-of energy dissipation by a dam ed harmonic’ oscrllator in the weak damping limit
alculate the rate of energy ip y p t\_\pg

P
With w\r\>l so that @ = wo. Symbols have their usual. meamngs s¢

T (1988)
2. AVrite down the differential equation foVra damped simplé harmonic oscillator. Solve it'and discuss the
characteristics of dead beat motion.

&;

| | (1990)
Give a mathematlcal analysis of forced vibration and hence explain the -phenomenon of amplitude
' resonance.

b

(1992)
how -that for forced oscillations amplitude resonance and energy resonance do not occur at the same
Tgquency.

x;;\

“. - (1995) v
Write the equartron of motion for an sc1llator driven by a srmple harmomcally varymg force Obtain the :
condition for maximum energy transfer ‘o the oscrllator _
i : ) (1996)
The amplitude of a damped Oscillator 05' frequency 300 Hz reduces to one - tenth of its initial amplitude
after 3000 Oscillations. Calculate the dampi _ng_@_n_smm and the time in which its energy will reduce to
ne - tenth of its initial energy. — . 5o pst-
; ' (1997)
. 7. What are damped oscillations? Obtain' the differential equation for damped oscillations and write. its
. poss1ble solution. Explain, with corrgsponding sketches, when there can be very heavy dampmg critical )

2\

\

damping and weak damping. pepaipl Ve 1
A o the 1999) ]
¢ $ An ideal massless spring of force constant k has a mass m attached to one of its ends, the otherfend being

fixed to a rigid support. The spring is horizontal and the mass moves on a horizontal floor.AVelocity v
acts on the mass. Assuming the damping to be light, obtain the frequency of oscillation.

When m= 0.1 kg and k=10 n/m, it is found that the frequency of oscillation is 172 times the frequency
in the absence of damping. Calculate the 'value of constant b.

(2003)
Write down the equation of motion for a damped harmonic oscillator assuming the damping force

proportlonal to the velocity of the pajticle. Obtain the general solution for ifs displacement as a function
of time. Discuss the cases of over damping, under damping and critical damping. \}m

K’

14 0 e S S e BN e 0 L AR

(2004)
In the steady state forced vibration a point partlcle of mass ‘m’ moves under
the 1nﬂuence of an external force (F sin pt) » in addition to the_resmtmg force — (kx) 7 and damping force

—-(Bx) z Show that (i) the amplitude i is maximum when p = Vo> — 2b*, where k/m = ©® and (ii) the value
of

x\

£ | B
the maximum amplitude is ———— . What do you mean by the sllarpness of resonance! (2006) l

3 2V - o \/ X |
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UTORIAL SHEET: 7B ;
Beats, StatioWary waves, Phase & Group velocity, Huygen ‘s Principle

3
:

. ' LR 74
/ The phase velocity of surface waves of wave length A is vV, = (%1}_’_1‘_ + %}:J where T is the surface tension
. . : P Y1
and p the density of the liquid-and g is acceleration due to gravity. Find the group velocity

and express it in ternfs of the phase velocity. For which wavelength is the phasg velocity a minimum?  (1991)
. Explain the laws of refraction of light on the basis of Huygens principle. i/ ' (1991)

/' The refractive indices of a material of wayelengths 5090 A°, 5340 A° and 5890 A° are equal to 1.647, 1.640 and
1.630 respectively. Estimate the phase and group velocities of light near A = 5340 A°. (1993)
Distinguish between phase velocity and group velocity. Calling group velocity V, and phase velocity V,ina
medium of refractlve index n, establish the relation ||

A d
Vg = Vp (1 + —;1%) where A refers to the wavelength of the related light in vacuum. (1994)
on A . T
5./Certain string has a linear mass density of 0.25 kg/m and stretched with a tension of 25 N. One end is
‘ given a sinusoidal motion, its frequency 5 H, and amplitude 0.01 metre. If at t20, the end has zero displacements
and is moving along the positive y direction, derive the wave speed, the wave length and the wave equation of the
wave in the string. -~ (2001)

U

ﬁe phase ve]ocxty in a matezial is ¥g/k where k is the propogatlon constant. Prove that the group
loc1ty will be ﬁ of the phase velocity. ‘ (2001)

r
|-
i

b

A wave is represented by ;=10 cos (5x+25t). Find wave length A, velocity v, frequency f and the
direction of propogatron. if it mterfere§ with dnother wave given by ¥, =20 cos (5x+25t+n/3), find the

' 1plitude and the phase of the resultant wave (2002)
ﬁe phase velocity of the surface wave in a hquld of surface tension T and density p is ngen by

b2

2n’f A

isv. = L anl + 2 } Show that the grpup velocity V, of the surface wave is given by
T L | ‘

!

!

In opposite directions along a stretched string fixed at both ends. Obtain an expression for the standmg

%/o transverse harmonic waves, each of amplitude Smm, wave length 1 mand speed 3m/s are traveling
wave produced. Locate the positions of nodes and antinodes.

(2003)
snen of frequency 900 Hz is going towards a wall away from an observer at a speed of 10 m/sec.
3 Detel mine .
(i) Frequency of sound directly heard from the siron.
e (i) Frequency of sound reflected from the wall.
(2004)

a transverse sinusoidal wave of wavelength A propagatmg along negative x direction through a string fixed ata |
oint, show that the nodes are located at x =0, A/2, A, 3M/2, ... while thq kinetic energy/unit length at the antinodes is
- given by

(iif) Number of beats per second heard by the observer. (velocity ofisound = 330 m/sec).
\/

{
E =2pA* o’ cos® wt ' —

Where p, A and o are the mass density/unit length, amplitude of transverse displacement and angular frequency of
he wdve, respectively. (2005) ‘

./Establish the relationship between the phase velocity 7, and the group velo%y V, of waves. Under physical
Eg%condl‘nons V,<V, andV, >V, canbe possible ? ( 20137)

o L et e
ot <ﬂ'u):-‘.-r::' o S

( )

) . " of cross-section
4 antinodes 2 m“t“llongltudmal waves in a fluid contained in an infinitely long tube
fAn the propagation 0 '
A, show that

. p= po(l—-%—i‘)

Where , p0 -equlhbnum density
p = density of the ﬂmd
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Geometrical Onptics
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( -
(\\V

A ray of light starts from point A and after reflection from the inner surface of sphere reaches to diametrically

- opposite point B. Calculate the length of a hypothetical path APB and using Fermat’s principal, find the actyal

th of length. Is the path minimum? (Ans. 2 dia, No) |
i In figure, P is a point source of light. If the distance of P frorr the center O of the spherical reflecting  Surfac
: e

is 0.8r and if the light ray starting from P and-after being reflected at reachesat point Q, Show by Fermat’
fiicipal; Cos8/2=3/4. - ' ' &gR| -
\-%pcro(nsider a lens of thickness 1c¢m, made of a material of refrdctive index 1.5, placed in air (refractive index
of air=1). Let the radii of curvatures of the two surface be +4cm and —4cm (negative sign corresponds toa— -
concave surface). Obtain the system ma&ix anﬁetermine the focal length and the position of unit"points
. and nodal points. Icm ’ T ~ ]
SR N 2= °
: 4,/ Consider a system of two thin lenses as'shown in figure For a 1cm tall object at a distance of 40cm from the
‘%nvex lens, calculate the position and size of the image. Ans.: v=-14.5cm,1/2.2cm !
_ Consider a sphere of radius 20cm of p=1.6. Find the position of paraxial focal point :
| , WA
6,”"An achromatic doublet of focal length 20cm is to be made by placing-a cofivex lens of borosilicate crown
glass in contact with a diverging lens of dense flint glass. Assuming n,= 1.51462, n,= 1.52264, n,' =1.61216, n,'
=1.62901, calculate the focal length of each lens; here the unprimed and primed quantities refer to crown

" angflint glass respectively. :
‘ | ' . Ans. F=8.61cm, fi=-15.1cm
: 7~ A lens with spherical surfaces and aperture of diameter 6cm shows spherical aberration of 1.8 cm. If the central

portion of diameter 2cm alone is used, deduce the aberration.

The spherical aberration of a lens is givén by x = h%f ® is a constant. Compare the aberration in the following
three cases:' ' .
(i)When central zone h=0 to 5 mm is used.. l
(i)When peripheral zone h=10 mm to 12mm®s used.
(iii)When the whole lens h=0 to 12mm is used. (Ans.25:44:144)
9/ Statg Fermat’s principle. Apply it to get the laws of reflection from a plane surface.

3
4

i
|
I
|
I
|
- (Ans.: 0.2cm). ll
|
T
|
|
|

: : - (2002)

14, o thin convex lenses of focal length é.2m and 0.1m are located 0.1m apart on the axis of symmetry. An

object of height 0.01m is pla'ced at a‘distance of 0.2m from the first lens. Find by the matrix method, the
position and the height of image. '

(2003)

tA11. Show that the ratio~of the focal length of the two lenseﬁ in an acllromatic doublet is given by fi/f= - wi/wa,

ere w; and w; are the dispersive powers of the lenses of focal length T, and f, fespectively.,

A thin converging lens and a thin diverging lens.are placed coaxially at a digtance of Scm. If the focal Length of

each lens is 10cm, find for the combination (i) the focal length  (ii) the power  (iii) the position of the

rincipal point.=pede ponk Ve N i (2004)
137'What do you understand by paraxial rays? Show that the effect of translation of a paraxial ray-while travellin

along a homogeneous medium is represented by a 2 x2 matrix if the ray is initially defined by‘a 2x1 matrix. ﬁ/

‘ . (2005)

. Derive -Srh’s law of refraction index reldted to the velocity of light? Lightof wavelength 600 nanometer (in
vacuum ) enters a glass slab of refractive index 1.5. What are the values of wayvelength, frequency and
velocity of light in glass? - ! ' 7

[ Veloeity of Jight in vacuum = 3x10° ms™ ] | ‘ (2006)

. Derive the condition for-achromatism of two thin lenses separated by a finite distance and made up of

,  same material.{ (2009)

',-‘Ku‘ ,,,'\;'w‘. v, . .
it tibea bl Bk S0 e e L
.
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Interference *

/" A soap-film of refractive index 1.33 is illuminated with light of different wave lengths at an angle of 45°.
re is complete destructive interference for A = 5890 A°. Find the thickness of the film. (1991)
n interference pattern is-obtained by using two coherent sources of light, and the intensity variation is
observed to be + 10% of the average intensity. Determine the relative intensities of the interfering
urces. . ’ ! (1993).
Show that the interference fringes in uncoated thin films are distinct when seen in reflection, but very
indistinct in transmission. ' ! : (1994)
. In a biprism experiments the fringe-width with light of wavelength A = 5900 A° is 0.43 mm. On
troducing a mica sheet in the path of one of the interfering rays the central fringe shifts by 1.89mm. If
refractive index of mica is 1.59, calculate the thickness of the sheet. (1995)
5. Show that the interference obtained in young’s two-slit-experiment are hyperbolic in shape. Under what
nditions these are expected to appear straight? (1996)
hy does a Soap film appear coloured when it is viewed by reflected white Jlight? A thin film is
illuminated by sodiuny light of wavelength 5900 A°. Its refractive index is 1.42. Calculate its minimum
hickness so that it appears dark in reflected light. ' (1997)
. What are the essential-conditions for obserying #fe interference of light? Two Coherent. sources with
igtensity ratio 4:1 interfere. Find Inax/Imin ? % (1999)

=

K

I~

Y

AKhy an extended source is necessary to see colours in a $oap-film? Non-reflecting surfaces are made
by coating very thin films of a transparent material. - Find the ; thickness of such thin coatings
iven that A =5.5 x 10°cm and p = 5/4. i, . (1999)
xplain in detail how one can obtain fringes with the Michelson Interferometer using incandescent
) ps.\/ta ' P (2000)
10 Monochromatic light from a distance source of wavelength A falls on a double slit. A glass plate of
thickness t is inserted between one slit and the screen. Calculate the intensity at a central point as the
function of thickness t’. S , (2001)

X

11401 a experiment using a Michelson interferometer, explain with the help of suitable ray diagrams:
(i) Why do we need extended sourcks of light, ' |
(i) Why do we get circular fringes, and . .
(iii) ~Shifting of fringes inwards ot outwards as we shift the movable mirror. (2002)
12<Two microscope slides-oflength 10cm each form a wedge. At one end they are in contact and at-the
=" other end they are sepatated by a thin wire of diameter d. ( see the diagram below). Intecference fringes
are obtained when illurhinated vertically by a monochromatic light of Xz=508 nanometers. The fringe

5,

acing is found to be 1.25 mm. Estimate the diameter of the wire. Iol (2004)
. Explain th\e}o;king of Michelson interferometer using appropriate optical diagram. Also draw paths of

e rays. : ' , “ (2006)
y./‘gbtain the relation to find radii of the rings and the wavelength of light in Newton’s circular ring.
Calculate the radius of curvaturé of the convex glass surfaice where diameter of 5"and 15" bright rings
formed by sodium yellow light are measured to be 2.303 mm and 4.134 mm. Given p=1.5 and Ayefiow

=5282A° . ‘ . , (2006)
1 scribe the working of a Fabry — Perot interferometerDetetmine the intensity of the fringes of the
transmitted light. Why the fringes obtained in the Fabry — Perot interferometer are comparatively sharper
than those obtained from the Michelson interferometer ? . ' (2007)

I . oy el bl i, St
I A S DN S PR SRRt abiavey tentfey B

: lug&Let the two waves with parallel electric fields be given by
a T E = 2Cos(7c.1.é—a)t+-73qu/m,

3
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E2=5C0s[}z.5—(ot+%JkV/m. ’

Find the intensity of each beam 1,1, and also the interference term I,, at a point where their path difference
is zero. Cehbulate the visibility L ' .

W

V[z j‘“—""—%} for the interference pattern;
+

max min

[€,=8.85x10™2C? LNm?, sty = 4w x 107 N/ 4* ] - (2008)

! —
gy/ 'f

E,=E sinot and E, =F, sm(a)t+go)
By. using analytical method, obtain an expression to explain interference. Also show that intensity varies

along the screen in accordance with the law ¢f cosine square in interference pattern
' ' (2009)

\)Mg(plain the phenomenon of interfer ce,in thin films. Why is the contrast better in brightness off fringes
obtained from the interference of re ect%d light tays compared to the transmitted light rays?

(2009)
7 Describe Michelson interferometer for cvaluatlon of coherence-length of an optical beam. Calculate

coherg noe length of a light beam of wavc;length 600 nm with spectral width of 0.01 nm,

. (2010)’
W that two light beams polarized in perpendicular directions will not interfere.
‘ (2010)

. An optical beam of spectral width 7-5 GHz at wavelength A=600 nm is incident normally on Fabry-Pefbt
etalon of thickness 100 mm. Taking refractive mdex unity find the number of axial modes which

cane supported by the etalon.
(2010)
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Diffraction

i poilion ) wise b meemo
Omage (,g,ﬁ;kmalm.‘i be 1" forna

he diameter of the central zone of a zone-plate is 2.3 mm. If a point source of light = 589.
anometer) is placed at a’distance.of 6 metres from it, calculate the position of the first image.  (1988)
24 In double

(A = 5893

-slit F raunhofer diffraction; calculate the frmge spacing on a screen 50 cm away from the
slits. If they are’ illuminated with blue light 7~. 4800 A®, slits separatlon d=0.10 mm,
and slit - width a2 = 0.020mm. What is the linear distance f{om the central maximum of the first

minimum of the fringe - envelope?

(1989)

M single slit of width .0.14mm is illuminated normally by monochromatlc light and diffraction bands are
observed on a‘screen 2m away.. If the centre of the second dark band is 1.6cm from the middle of the

ntral bright band, deduce the wavelength of light.

(1990)

Show schematically the intensity distribution for a 2-slit Fraunhofer diffraction-interference, if slit-

limit the discussion to the central diffraction band range.

5 % Distinguish between Fresnel and Fraunhofer classes of diffraction of light. , D1scuss<c£e theory of plane

ating and hence find an expression for the angular dispersion of a plane-grating

" widths are 2) each and centres.of slits have separation bA. Assume incident light falling normally, and

(1990)

(1992)

What is Fraunhofer diffraction? Under what conditions may it be observed? Find an expre551on for the
mtens1ty d strjbution it double slit Fraunhofer dlffractlon takmg the result for diffraction at a sirigle slit

glven ‘
btain the mten51ty pattern due to Fraunhofer diffraction.at two parallcl slits. Each slit has a width ‘a
and the separatxon between the slits is ‘d’.

(1993)

How many interference frmges will appear in the central

ffractlon maximum, if d =4a? U\«g& M
G1ve the concept of Fresnel’s half petio es. Describe;the salient. features of Fresnel’

(1995)

s diffractio
- pattern due to a straight edge, showing the intensity dtstnbutlon How are these features explained? )//

-

(1997)

9./ Differentiate between Fresnel and Paunheffer diffractions. How can one explain the Fresnel diffraction

_ pattern due to a straight edge?
Discuss the Fresnel:diffrdction pattern formed by a straight edge using the cornu’s spiral.

(1999)
(2002)

1.0btain an expression for the intensity of light in the fraunhofer dlffractlon pattern due to a circular

| apserture. What is Airy pattern? Explain with a peat diagram.

(2003)

l A narrow slit illuminated by monochromamc light of ,1—6400A is placed at a distance of 3 metres from a

bahds. = ‘
: " What is the essential difference betweelh mL

: t the intensity distribution produced by two slits of equal width.
\/ﬁxe radius of the first zone in a zone plate is 2mm. What will be the position of the first image of a point

soprCe of light of wavelength A =500 nm placed at a distance of 5 m from the zone plate ?
_15, Obtain the expression for the primary focal length of Fregnel zone plate.

erference and dlffxoétt\of light? How can you achieve
Wraunhofer diffraction in the laboratory? U§mg the concept of Fraunhofer diffraction at a single slit, find

(2004)

(2005)
(2007)

(2010)
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(Resolving Power- -of Instrumenﬁ)

. . I ... 8
y tate Rayleigh criterian for limit of resolytion. Show that 1“—‘@% =—
& I . . . max 17T

——

i (1992)

A diffraction grating with 3 x 10* lmes is used in the secohd order in the range of wavelength 6000
A°. Find the smallest (AA) it can resolve. !

d (1992}

3,/ Discuss the theory of diffraction grating and-find condltlons for the absent spectra. Dlstlngursh
between resolving power and dispersive power ofa gratmg

(1994)

he angular separation between two distant stars is 1 arc - second. If the-effective wavelength of light

s 5500 A° , what should be the diameter of the objectwe of a telescope so that the stars are Just

regolved? . : —
' ' ' (1996)
A plane transmission grating.has 6000 lines per cm. Determine the angular separation between the

two lines of sodium of wavelengths 5896 A° and 5890 A° in the second order spectrum. If the width
of the grating 1s 2,5 cm., will these lmes be resolved? :

‘ (1997)
\//Deﬁne dispersive and resolving powers of a plane transmission grating and obtain expressions for the
two. Show that the first'and second order spectra produced by such a grating will never overlap when

the incident light contains wavelengths in the range 0f 4000 A° to 7000 A°.
(1998)
plam the terms resolving power and magmfymg power of an optlcal instrument. On what parameter
do these physical quantities depend in case of a telescope? For a glven resolving power what is the
1mum magnifying power in case? (1998)
Sodlum light is incident normally upon a plane transmission gratmg having 5000 lines/cm. Calcula;e
the angular separation of the D; and D; lines in the first order spectrum. As the1r angular separation is

very small, how can one magnify it 10 times?

iven AD; = 5890 A%, and AD, = 5896 4° ' (1999)
Give Rayleigh criterion for resolutioh. ~ Why telescopes with larger objectrves are better? The
objectrve of the telescope at . St. Palomer has a diameter of 5.08m. What is the least distance on
. Moon which can be resolved by it? (Grven distance Moon from the earth =3,84,000 km. & A =
0 A°%. : s (1999)
10« Derlve the expression for resolving . of power of a diffraction grating with N lines. Calculate the
minimum number-of lines in the diffraction grating if it has to resolve the yellow lines of sodium (589
nd389.6 nm) in the first order. (2002)

re seen clearly resolved in second order spectrum of a gratmg If the grating has 250 lines per cm, what
shouJdbe the minimum width of the grating? - (2007)
1% Calculate the' Fraunhoffer diffraction pattern from a atlng of N slits with width e, separated by equal
opaqye-spaces d. Find the condition for principal maxrmjr nd the corresponding values of intensity.

ﬁlel beam of Na light is incident normally on a plane grating with 4250 lines per cm. The second

order spectral line is observed to be deviated through 30°. Calculate the wavelength of light.

G b, .. Bty
mm«kumr‘un&zx; PN S AN I

(2008)
i) Distinguish between high dlsperswe power and high resolving power. /

(if) Obtain an expresswn for ther solvmg, power of a plane transmission graﬁng

(iii) Deduce the missing orders for a- double-sht Fraunhofer pattem if theslit widths are 0.16 mm and
0.8 mm apart. , (2009)

3

R : I

B,

|

efine resolving power and dispersive power of a grating. Two spectral lmes of wavelengths 500 nm @

o

IR e
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} Polarization

%A beam of linearly polarized light is changed,into circularly polarized light by passing it
through a slice of crystal 0.003 cm. thick. Calculate, the difference in refractive index of
two rays in crystal assuming this to be minimum thickness that will produce the effect and
that the wavelength of light is 6 x 10"m.

: . (1988, 1989)
xplain mathemétically how left and right circularly polarized light is produced by
combining two linearly polarized beams. Givgn a beam of" light, how can one
experimentally test whether it is unpolarized of cirqularly polarized?

. . t (1990)
¢ Deduce the possible thickness of a quarter wave plate of quartz which is to be used for

Sodium  light of wavelength 5890 A’ (o = 1.658, ° e = 1.486)

‘ ' (1991)

ive an outline of Fresnel’s explanation of optical rotation.. How does optical rotation due
to material vary with A2

For an optically active material the difference between the refractive indices for right -
handed and left - handed vibrations (ug - pr) for A= 4500 A°is 12 x 10, Estimate the
optical rotation caused by 1mm thick plate in light of A = 4500 A°. Assume (g - piy) to
be independent of A. _

j (1992)
|G_ive an account of the origin of optical activity in uahz crystal. A wafer of crystalline
quartz of thickness 2.945 x 10™ m is used to changeia béam of linearly polarized light (\ =
589 nm) into circularly polarized light. Find the differance in refractive index for the two
waves in thé crystal, assuming this to be minimum thickness that will produce the effect?

¢ cw (1993)

‘Describe how Fresnel has accounted for the rotation of the plane of polarisation of light.
Explain the action of a half - shade device.

/ ' — (1994)

7,7A left circularly polarized beam of light (A = 6000 A°) is incident on a quartz crystal (optic

axis parallel to the surface). Find the state of polarisation of the emergent beam.

(Thjekness of quartz crystal = 2.3 x 1|0'5m, pe=1.5338 po=1.5444). ~

; ' ' (1995)

_ A is a quarter wave plate? Explain its use in the'production and detection of circularly

r polarized light. For calcite A = 54 72 °A, po =1.659 and pg = 1.488. If the minimum

thickness of a plate that can be cut from ‘calcite is 30 pm, what should be the Winimum
thickness for preparing a quarter wave plate?

' - (1996)

< What is a quarter plate? A ‘phase retardation plate of quartz has a thickness 0.1436 mm.

Calculate the wavelength in the visible region Tor which this plate will act as a quarter
wave plate. The refractive indices of quartz for ordinary and extra ordinary rays are

1.5443 and 1.5533 respectively.
. ! : (1999)
our perfect polarizing plates are stacked so that the axis of each is turned 30° clockwise

with respect to the preceding plate; the last plate is crossefl with the first. How much of the
intensity of an incident unpolarized light is transmitted by the stack?

(2000)
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1. Why does one get polarized llght from Nlcol’s prism? How should one adjust the .
polarizer and dndyser, so that an 1nten51ty of the¢ incident light is reduced by a factor of

25.

. How do you know that the hght is.a transverse wave? What is a quarter wave plate‘7 How

is it constructed?

: . (2002)
B L/V/A quartz quarter wave plate is to be used with the sodium light (A=5869 A). What should

T be its thickness. o _
P~ (2004)
Why does one see tow image pomts for a single object point while viewed through a
calcite crystal" What is this property of the crystal known.as? What is an optic axis of a
crystal? Exptain the meaning of positive and negative crystals with one example for each
ind. (2005)
. What is optical activity?. Giyen reasons for the conclusion that optical rotation in liquids
has a molecular origin. -What do you mean by ordinary and extraordinary rays? What are -
positive and negative crystals? Give an example of each. Compute the minimum
thickness of a quarter-wave plate made from quartz for incident wavelength of 589.3
meter. Given lo =1.544 and pg=1.553. (2006)
k}/&iﬁv would you produce plane polarized light by reflection ? _What is Brewster’s law?
Calculate the angular position of the sun above the horizon so that light reflected from a
clam lake is completely polarized. The refractive index -of water is 1.33. Circularly
polarized and unpolarized light are passed in turn through a Nicol prism. The Nicol is
rotated about the direction of light as axis. What would you observe in each case? How
Id you distinguish between tHem? (20006)

onsider superposition of two pldne polarized electromagnetic waves:

E, =y‘acos(kx—a)t) and

T WS

_zbcos(kx ot +¢)
Discuss the conditions for the resultant wave to be left 01rcularly and right circularly
polarized adopting  the convention as seen by an observer traveling with the wave.
’ : . (2007)
- (i) Show that the plane of polarlza.tlon is rotated through
% - 5 nd : .
( 0"5" p) (/L‘L /JR)' . “
(ii) Aplane-polarised light is incident perpendicularly on a quartz plate out with faces
parallel to optic axis. Find the which mtroduces phar 41fference of 60° between e- and

0-rays. ' i —
\ﬂ/ ‘ - - (2009)
e 18 (w’"’?' B Bt o
st ﬂ*f‘* g Combinadisn

O-('C ’
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LASERS

A ruby laser pmduces a beam of llght of wavelength 6943 A° with a mrcu\ar cross -
section of lcm in diameter. Calculate the dlametre of this beam at a distance of 1000
kilometers. /

' (1992)
xplain-the general pr1n01ple of laser.action. - What do you mean by population inversion?
Discuss the involved in the ruby laser. A pulsed laser is rated at 10 m W. It generates 3 ns
wide pulses at frequency 500 HZ. C mpute the msitantaneous power in the pulse.

o (1993)

The light (A= 6000 A°) from a laser of sectional diameter 1.0cm and power 0.20 watt is
focused by a lens of focal length 10cm.Determiné the area of the image and intensity in it
in watt/cm?. v

\

. (1994)

Discuss the working principle of He — Ne laser mdlcatmg the transitions involved in the

l process. Determine thc power output of a laser in which a 3.0 J pulse is delivered in 1.0 n
second. : o

;\

‘ (1995)
) \}/Describ_e the working principle of a three level solid state laser giving the transitions
involved inthe ~  laser action. _
(1996)
Ny Obtain an expression for the ratio of the probabilities of stlmulated and spontaneous
emissions. What do you infer fron this rP‘ ation? How is populatlon inversion interpreted
thermodynamically?

L ' ' (1996)
In a hydrogen atom for the 2p —> 1s transition the probability per unit is 6 x 10° ™ A
Calculate the angutar frequency of the emitted photons and the order of Emstem s
coefﬁ ient By R ; :
\ B ' ' (1997)

A3 MW laser beam which has a diameter of lcm is focused by a lens of focal length 5

cm. The wave'ength of laser is 10 ,000 A0 Calculate the intensity at the focal plane of the
lens.

(1997)
\ W is population inversion? Mentlon the methods of achieving populatxon inversion.

Explain the concept of negatlve tdmperature

l (1997)
l L/1[)45&1011 focus lens is used tp focus a laser beam of wavelength 6328 A°. If the beam
width is comparable to the focal length of the lens calculate the area of cross-section of
the region of focus.* |
(1999)
. Explain why a two - level system is not adequate for laser gperation. Draw the essential
parts of a ruby laser and explain the working principle.. l/p

: S ‘ (1999)
\%plain the phenomenon of self focussing of laser beams.
! [}

(2003)
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13¢Explain how Einstein’s A and B coefficients are related to the phenomena of spontaneous
) and stimulated emission of radiation, respectively. Derive the relation between A and B.
Establish that at very high frequency around X-ray wavelength regime, lasers cannot be
made as easily as at low frequencies, e.g., far infra-red regime. °

/ﬂé)nsider an ensemble of two — level atoms in thermal equilibriunﬁ. _Show that the ratio 6f
Einstein A and B coefficientsis given by

_ 8z’ \/ : ' ' | —
e . —~ _ .

Why is it not possible toachieve inversion of population in a two- level medium?

SEN

. (2008)
ﬁlat are the characteristicé of stimulateld emission? Show that in t optical region
stimulated emission is negligible compared to spontaneous emission. \/m
v ' (2009)
~}AAt what temperature are the ratés of spontaneous and stimulated emission equal?
(Assume A = 500 nm) o

- —em T (2009)
i} What are the important properties bf a hologram? -

ptical power of I mW is launc?hed into an optical fiber of length 100 m. If the power
erging from the other end is 08 mW, calculate the fiber attenuation.
' ! . (2009)
. A laser:beam of 1 micrometer wévelength with 3 mega\yat:fs power-of beam diameter 10
mm is focused by a lens of focal length 50 mm. Ev‘aluate the electric field associated with the
light beam at the focal point. ' '

(Dielectric permittivityf: of free space,
£, =8-8542x1072C*/ N - m")
{ L (2010

i
v
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(Special Topics)
. What is a hologram? Explain l'iow the image of the object is formed when one looks
through it. ‘
. » ! (1990)
Deﬁp_g:"coherent length. A helium - neon laser emits radiation at wavelength A =
623.8 nm with AA =2pm. Calculate the coherent wavele

.

(1993)
3, What is meant by temporal and spatial coherence ? Show that the coherence length L =
AMQ where A is the mean wave length and Q represents the purity of a
. (1996)
! '
4, hat is spatial coherence? Considering young’s% two slit experiment, prove that the

distance between the slits must be sufficiently less than L%) for obtaining fringes of good éin

contrast A is the wavelength of light used and 6 is the angle subtended by the sourc?_ slits.

. (1997)
L/S'/ Explain the phenomenon of pulse dispersion in step index fibre. l/

‘ 8 (2003)
6.  What is holography? Describe the experimental set up for Gabor’s on-line holographic
recording. What are the limitations-of Gabor’s experiment? How were these overcome by
Leigh and Upatheiks? ' .

Spyeen o0

-

it

s

i (2003)
/Arawing a neat diagram, discuss how light travels through on optical fiber. Show that
the numerical aperture of a gommercially available optical fiber is around 0-25. Explain its

. physical significance. \ ' 1 ‘ '
\%ﬁy’ does one get three-dimensional irnage in holography? Explain with appropriate figures
how can one construct and read a hologram. '
‘ (2005)

AN
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PHYSICS PAPER - I: THERMAL PHYSICS
, ' TUTORIAL SHEET: 20
- Basic Concepts

o AT oL

- . balculate the work done in compressing adiabatically 10~ kg of air initially at STP to one -
half its original volume. (Given density of air at STP = 1.293 kg./m® andy = 1.4

(1990)

Establish that for an adiabatic process in an ideal gas TV""' = constant, where the symbols
have their usual meadings. )

s (1991)

- 7 One gram of hydrogen gas at 27‘ C is compressed isothermally from 100 litres to 25 litres.
T Calcuiate the energy needed.

- (1991)

Show that the work done in a reversible expansion of an ideal gas from volume V| to V; is
greater than the corresponding work done in an irreversible expansion against a constant
pressure Pa. . *
‘ : . (1994)
Explain the-concept of ‘internal energy’ of a system. Formulate mathematically the first
law of thermodynamics. Calculate the work done ini an isothermal compression of a gas.
(1999)

\
erI is an adlabanc process? Give three engineering examples of adiabatic process, which
are in common use?

C . \ ! (2000)
%e mole of an ideal gas is compressed at constant temperature T from a volume 7, to a

(Y

volume /. Find the work done and heat absorbed by the gas. The gas now expands

adiabatically to a volume 2V, Takmg the gas to be diatomic, calculate the final temperature of
the gas. ‘ : (2008)

~onsider qne mole of an ideal g‘as Whose pressure changes with volume as P =aV, where a
1s a constant. If it is expanded such that its volume 1ncreasesmﬁmes, find the change in m’(erna]

energy, work done by the gas and heaj capacity of the gas.
) Uni verasal éfw Constamk I
) R= §-314 ST Uil ' -

)%W 27 Dpaw | Prove Mo (7/}'1//,()\2 9}1}:&5 Lw 2

;_ /-\Wwwm%awm%m@twm

2010)

e
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Carnot’s Cycle and Entropy

A Carnot’s eng/ine is made to work between 0° C and -200°C. Calculate its effieiency.
Derive the expression you use for calculation.

w

(1988)
A volume of one gm. mole of an ideal gas expands isothermally to four times its initial
volume. Calculate the change in its entropy in terms of gas constant.

i

; (1988)
v./lkg of ice at 0°C is melted and converted to water at 0°[C. Compute the change in entropy.
(1989)

A and B are two huge blocks of same metal. The blocks dre conhected by a huge rod of
the same material. The temperatures of A and B are 1500 K and 500 K respectively. The
rate of heat conduction is 10* J/sec. Estimate the rate of entropy increase of the universe
due to this process.

N

(1992)

. Define entropy. Write a general expression for the elementary entropy change dS for |
mole of an ideal gas. How would this become for cases where the change is (i)
isothermal (ii) isochoric  (iii) isobaric?  Deduce expressions for S, - §; for each of
these cases, where ') and m refer to the initial and final stage entropies respectively.
Constants Cp, Cv, R may be used to express the results.

e, vese .t
—_—=

(1993)

. A 10 ohm resistor carrying 3 ampere current-is cooled by running water so as to keep the
temperature at 300K. Discuss the change in gntropy per second (i) of the resistor (ii) of
the universe? : L

N

‘ , ' (1994)
. 7. Define entropy. Derive expressions for the entropy of a perfect gas in terms of (i)Tand V
(i) T and P. The symbols have their usual meanings.

N

(1993%)
= . Explain the concept of entropy. The specefic heat Cp of a material depends on
temperature T according to the relation Cp = a + bT + ¢T? where a, b, ¢ are constants.
' Derive an expression for the change in its entropy when the temperature changes from T;
Ts. i ' | (1990)
How is absolute scale of temperature obtained with the help of Carnot cycle? Hence define

absolute zero.

(1996)

) ; . D
Prove that IE _Tg evaluated ‘along a reversible path joining the states A and B does not

EN

depend on the path chosen. Hence define the entropy function. Calculate the entropy
change in an ideal gas undergoing a state change from (V,P) to (2V, P/2) for three
suitably chosen difterent paths and show that the result turns out to be the same in all the
cases. -

‘ (1998)
Define the efficiency of a Carnot Engine. An engine is designed to have an efficiency of
25% and to absorb heat at a temperature of 267°C. Find the maximum temperature at
which it can exhaust heat.

3 , | (2000)

BN

9
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. Calculate the incre@se in entropy when 1 kg ice melts at zero degree centigrade. The Latent
« heat of fuse of ice is 3.36x10'51.loules/kg. (Assume that the melting is an isothermal
reversible process). :

(2001)
\,\&’./Describe Carnot cycle and show that efficiency is given by H=Q-Q2/ Q1 =T|-T>/ T|
where symbols henee their usual meaning.

(2002)
. Describe Otto cycle and obtain an expression for the efficiency is lower than that of a
Carnot cycle operating between the highest and lowest temperature of otto cycle.

. (2003)
[/‘%L\ gas expands isothermally from the pressure P, and Volume V| to the pressure P, and the
volume V, Calculate:
(i) the change in internal energy
(ii) the change in entropy :
(iii) the change in enthalpy
What will be corresponding quantities when gas expands adiabatically?
1

v

, 1 (2004)
\>],6‘./Show that the entropy of one gas mole of an ideal gas is given by S=C, lv V +C,In P +§,
: ' " T(2004)
\%I kg of ice at 0% floats on 10 kg of water at 30%, the whole system being thermally
isolated. What will be the change in entropy of the system when thermal equilibrium is
reached ?
[Specific heat of water = 4.2 kJ kg”' K™ and latent heat of fusion of ice = 336 kJ kg™
‘ (2006)

Prove the law of increase of entropy. ShO\zv that for a system at fixed temperature and
ressure to be in equilibrium, its Gibbs free energy should be minimum.
- (2007)
» . A system at temperature 7, is brought in contact with a reservoir at temperature 7, > 7,
When the system and the reservoir reach thermal equi]ibriwn, calculate the change in entropy

of the universe assuming the heat capacity of C, of the system to be constant. Discuss

whether the considered change is positive or not. ! ,
" (2007)
y " State second law of thermodynamics. Prove that no engine operating between two given
- temperatures is more efficient than a carnot engine operating between same two temperatures.
) (2008)
20 #Define entropy. HOw is it related to disorder? Hence, derive the Boltzmann relation S = k

log ©Q, where Q is the probability and k{is the Beltzmann constant. :

Show that for any type of process, involving a closed system

' .
N

as> 22
T

Where the equality sign applies for internally reversible processes and the inequality for

internally irreversible processes. (2009)

-5
Lije = 336 X10 ST unily
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Thermodynamic relationships
\//Obtain the clausius clapeyron equation

|
dp _ L where the symbols have their usual meanings.

L
)

! . \Y4 [
\/Z./Establish the relation Cp-Cyv :T(@j (a—)
, or/ \oT/,
(1991)

[/J./Write down the general expressi’on for_the Joule - Kelvin effect and define Joule - Kelvin
coefficient, LL. Show that for an ideal gas L= 0

Delhi Institute for
Administrative Servncfes

- ar - T(v,-V,)
(1989, 1994)

(1991)
% he density of steam at 100°C is nearly 0.60 x 10" 3kg/htre and its ‘latent heat is 2.3 x 10°
I/kg. Calculate the change in the boiling point of water if air pressure changes from

76.0cm to 70 O cm. of Hg.

H G (1991)
Define the thermodynamic energy functlons Usmg these function establish the following
relations:

o F-Z 0 e (3
(iii) [Z—;L{%JP W [_:%JT=_[%jp

, (1992)
\/Ca];mate the Joule - Thomson coefficient for Nitrogen gas at 293 K.and 100 atm. pressure

taking
Cp=18.21 cal deg- mole”
a = 1.39 litre? - atm - mole™
b = 3.92 X 102 litre mole™

(1994)

Using Maxwell’s thermodynamic relations, show that the internal energy of an ideal gas at

a constant temperature is independent of its volume while for a real gas it is a function of
volume also.

(1996)

e
signify? Show that the internal energy U at temperature T is given by U = - TL—EJ

B
3

(]997)

9,/ Using a Carnot cycle, ©btain jthc C]ausms - Clapeyeron equation. At normal pressure the

ratio of densities of ice and water is 9 : 10. When 1 kilo - mole of ice is melted, the change

in entropy is 22.2 x 10° J/K. If thefexternal pressure is increased by 10° N/m?, what will be
the change in the melting point of ice?

; (1997)

46

efine Helmholtz free energy F and Gibb’s free energy G. What does decnease inGand F
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\/lfO./Prove the latent heat equation (%} R cs - Cp, Where Cs & Cp are specific
sV " ‘

heats of saturated vapour and the liquid in contact with it respectively. Given the following

values referring to 1gm. Of water at 100°C, L = 539 Cal/gm., (%} = -0.64 Cal K'

. . ) sV
gm' Cp=1.01 Cal K" gm™ . Calculate Cs. Explain-why the specific heat takes a negative '
value , (1998)

T 2 |‘
]}./Consider the expression C, -C, = —T(—Q\i) (_82_]
' \ 0T ),\ 8V J;

and give reasoning regarding the value of T when C,, = C, for water. Also, evaluate Cy-
—C, for a Van der Waals gas to elaborate that its value is larger for any real gas as-
compared to an ideal gas. '

(2005)
. Using thermodynamic principles show that the Joule- Thomson coefficient i can be
expressed as

Cp T)p ot '

Calculate the value of | for an ideal gas and interpret your result physically.

' (2000)
13/ Establish the relation
C‘ __CV - p + .a_g .a_l/.] . ] ,
. " ov ), \er ),
T Use it to find out an expression for C, of one mole of a gas whose internal energy is

given by U= cT——IC/1 and which satisfies the equation of state (P+—I%)(V—b) =RT.

Here a, b and ¢ are constants. ( (2007)
/4.Calculate the change in pressure for a change in freezing point of water equal to -0-91 °C.
Given, the increase of specific volume when 1 gm of water freezes into ice is 0:091 cc/gm and

latent heat of fusion of ice is 80 cal/gm.

(2010)

CLAUSIUS  CLAREY PO
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Special topics

efine thermodynam;c tempﬁerature of a magnetic system. Making use of Gibb’s equation,
derive an expression for cooling produced due to adiabatic demagnetisation process. Wﬁy

is the method used only after pre - cooling to a low temperature?

j New Delhi - 16 .
Ph: 26537353/ 9350934622 { s

EL
f

(1993)

What is an adiabatic demagnetlsﬂtlon cycle? Discuss the cycle in terms of B-S indicator

diagram?

Define thermodynamic temperature of a magnetic system. Discuss how cooling takes
place due to adiabatic demagnetisation.

demggnetisation is important at l?w temperatures.

Explain how very low temperatu%e can be produced by adiabatic demagnetisation.

v

3
§
b

Coefficient for an ideal gas? ,

Show that the Value of the crmcal coefficient for Vander Waal’s gas is independent of
the type of the gas. ‘

|

s
¢

(b)

<)

What:led van der Waals to modify the
ideal gas equation? Using the concepts
of critical temperature 7T_, pressure B,

~ and volume V,, show that the critical

constant for a real-gas is 8/3. 5+15=20

i

Find - out ; the expressions for
van der Wagls constants a and b. 20
i

)
Calculate the values of van der Waals .
constants a and b for oxygen with
T, =154-2 K; P, =49 -7 atmosphere and
R =80 cm? atmosphere/K. 20

#

S (e

Explain, why cooling due to adiabatic

(1994)

(1995)

(1999)

~ (2001)

(2005)
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Specific heat of solids

. Thermal eneggy of a solid is given by the relation

) E = ['m hv g(v) dv
-0 hy;( T
el Bo-1
‘ . Kgfp ) ‘
where vm = Op being the Debye temperature.

! ' ' » xdx
temperature variation of specific hegt tor T << 6p (Given Jj s ‘{1 =2.404 )
mperature O1 spectlic hegt 1or 1 < o
; : (1990)
2. Derive the expression for the specific heat of a solid on the Einstein model. Comment on
its shortcomings. (1991)

erive an expression for the specific heat of solids in. Einstein’s model. Explain Einstein
temperature (Tg). Find the value of specific heat wheén
HT >>T, (i) T << Tg (i) T="Tg2 -

(1993)

\Mte the expressions obtained from Einstein’s and Debye’s theories for the specitic heat

of solids: What is the basic difference between the two theoties? Calculate the heat required
1o raise the temperature ol a solid of mass m from T} to T, in the low temperature region.

: * (1993)
%tate the basic assumptions of Debye theery of schiﬂc heat of solids and write the

expression for Cv derived from this theory. Show that this expression yields the famous T

. law of specific heat at low temperatures. Discuss the extent t i QRSO :
= disagrees with observationspn specific heat through the variation of the Debye characteristic o
[V tepperature Op with temperature, in geneyral? ~ (1998) E
- [jr.AThe specific heat of a substance is found to vary with temperature in the following way C o

(T) = aT + bT? where C (T) is the specific heat at the temperature T and ‘a’ and ‘b’ are
constants. Compare the average specific heat of the substance in the temperature range 0 - T

t0 the specific heat at the mid - temperature % (1999)

. Mention the assumptions made by Einstein in explaining the variation of specific heat of
solids with temperature. Show how these assumptions wege used to derive the formula for the
spegific heat of solids. How and why Einstein’s theory faiis at very low temperatures. (1999)
i \/Discuss the differences in the assumptions underlying ‘Einstein and Debye theories of

’ specific hear C,. Give schematic plots of C, versus reduced temperature for these theories and
elucidate the differences therein. Elaborate the meaning of the “law of correspondence states™

for these plots. - (2005)

. State Dulong and Petit’s law How does it agree with experiment ? Discuss the limitations of

the classical theory and success of the quantum theory in explaining the specific heat of
solids. (2006)

10 4% hat are the limitations of Einstein’s theory of specific heat of solids when compared with |
experiments at low temperature? Outline the assumptions made in Debye’s theory and show

that the specific heat at low temperature fbllows C, T T° law. What is the significance of
Debxe’s temperature, 7, ? _ , : (2009)
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Maxwell- Boltzmann’s Statistics ,
1 gas possess a Maxwellian velocity distribution function show that the fraction of

molecules in a given volume tha_'jt possesses a velocity (+Vx) in one direction only and
whose magnitude is greater than, some selected value V, is

Nz
[ f(v,)dv, =% 1—ez~f[gﬂv—°—)

KT

symbols have their usual meanings.
(1988)

\Ad the temperature at which r.m.s. velocity of nitrogen,molecules in earth’s atmosphere
equals the velocity of escape from the earth’s gravitational field. Massof N, atom = 23. 24
x 10%*gm. Mean radius of earth = 6370 km. \
i (1988)
| .
Calculate the mean free path of helium atoms at NTP, the co-efficient of viscosity being
190 x 107 kg m'l/g'. Atmospheric pressure = 0.076 x 13.6 x 10° x 9%81 N/m?.

. @76"’)’” 4 7 (1988)

Explain, using the kinetic model,éwh'y'peaks in the curves shoWing Maxwell distribution
of molecular speeds move towards higher speed at higher temperature.

(1989)

f
\%ﬂculate the mean‘ﬁ-ee path of]- molecules of Hy gas at 20°C at atmospheric pressure.
Assume the molecular diameter to be 2.00 x 10" %m.
f (1990)
¢ Write down the Maxwell - Boltzmann law for the distribution of speeds C of molecules in
a gas. Show the distribution graphically for the temperature T and 2T; also write down the
expression for average value of ¢’.
o (1990)
. A system is composed of two-level atoms, the excited state 1 being 0.10 eV above the
ground state, O. Find the fraction of all atoms which will be in state; 1 if the system is in "’
thermal equilibrium at temperature 300K.
- : (1990)
Write down Maxwell - Boltzmann distribution for the energy of molecules of a gas at
" temperature T. Find the energy at which this distribution peaks. Compute in eV the mean
energy of molecules of a gas‘at 27°C. ‘

o
|

_ (1991)
V Calculate the temperature at whiLh the average speed of Hy molecules equals that of O,
molecules at 350K. ‘

P , (1992)

shower of 6 x10” molecules, each travelling initially with same velocity, traverses a gas.

Estimate the number of molecules which will travel unaffected even after traversing a
distance equal to twice the mean free path. 3

(1992)

~
N
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rive an expression for the pressure exerted by an 1deal gas on the walls of the chamber
in terms of concentration of molecules ‘n’, gas temperature T and a universal constant.
pemﬁcally discuss how T comes into the picture? (1993)
Derive expressions for the Maxwellian distribution of (1) one component of velocities (ii)

one component of momenta, in the molecules of an ideal :gas!
i , (1994)
. Calculate the most probable speed Vp, the average s:peeﬁfi (V) and the root - mean square

DIA
A

%\

speed <V2>% for hydrogen molecules at 273 K.

, ; (1995)
. What is Brownian motion? Deduce Einstein’s formula for translatory Brownian motion of
icles suspended in a liquid and hence determine the Avogadro s number.

P

(1996)
15 Rtate the principle of equipartition of energy. What are its limitations? Show that it is
plicable only when the energy is a quadratic functlon of the associated variable.
(1996)
. how the distribution-of velocities for temperatures T1 , T and T3z (T| > T, > Ts) of gas
molecules according to the Maxwell - Boltzman law. ! Using this law prove that the most

%%\

oo 2 .
probable velocity is 3 times the root mean square velocity.

(1997)
Obtain an expression for the mean free path. Memlon the correction introduced by
axwell. Calculate the value of Avogadro’s number, if the mean free path of nitrogen
molecules at STP is 6.85 x 10°m. The molecular diamet‘,er is3.5 A°.

(1997)
8. At the NTP the mass ot” one litre ot Hy is 0 09 gm. Cal(,tl ate the (i) RMS (ii) Mean (iii)
Most probable speed at 27°C
\ : (1999)
/l“h(, RMS speed of Oxygen molecules at O°C is 460 m/sec. What would be the RMS
speed of Argon molecules (Mol. wt. =40 gm/mole) at 40°C and at what temperature this speed
would be double that at NTP? ‘
{1999)
\/Z/What is the most probable distribution of speeds in a large number of molecules of a gas
and indicate the steps for its derivation. / :
" (2000)
- Derive an expression for the Maxwellian d15t11but1on of velocities for the molecules of an
ideal gas. (2001)

22,7100 particles at a temperature T are d1str1buted among three energy levels, E,=0

E,=KTand E, =2KT. What is total energy ofthe system‘?

(2003)
.-State the law of equipartition of enelgy Show how this law can be used to calculate

specific heat of gases and hence find the ratio y =C, /C, for diatomic and triatomic gases.
(2008)

(prscen * N rddthendant particles | cach WA Con
I i UW%M&%JM +¢ Vay -¢.
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TUTORIAL SHEET: 26
F-D & B-E Statistics

Derive the Bose- Einstein’s distribution for an ideal gas.

. (2002)
2~ Disuses the phenomenon of Bose —Einstein’s condensation. Obtain the expression for
the condensation temperature. Briefly comment on observation of Bose ~Einstein’s

condensate. \ ‘ (2002)
\%Doefme Fermi energy. For an_ideal Fermi gas of N particles at absolute zero
temperature, show that the total energy is 3/5 NE; where E; is the Fermi energy.

; : (2003)
7" Show that for a distribution of electrons, the[number of electron Ni in the energy state

. . ? arr— i
Ei are given by
Ni=gi /A exp (Ei/kt) + 1

Where g; represents the no. of.quantum stales in the energy level E;. Further state under
what condition this distribution law goes over to Maxwell-boltzmann statistics.

3 Show by drawing ciurv'_ias how Fermi —Dirac distribution function varies with the
epergy at T =0 and also at the other finite temperatures. (2004)
5,/Starting from the expression | .

N =3 <n,>,where <n, ’!> is the average number of particles in the k™ quantum state,
k

derive an expression for the ajerage number of particles in the ground state of arl1 ideal
! (2005)

Bose gas. ;
\Aize the above expression to elaborate the concept of the Bose —Einstein
condensation and discuss that the phenomenon explains qualitatively the properties in

/ the low ~temperature phase of liquid *He. (2005)
. Derive the expression for the Fermi — Dirac distribution function. Represent it
graphically for T.=0and T#0, ! (20006)

8 Derive a relation between the total number of Fermions in terms of Fermi momentum and
hence obtain te expression for the total energy E of the system at absolute zero Combine

this expression with the equatioh of state PV = —3—E to show that the pressure of an ideal

z‘
ermigasat T =0 is proportion_fll to % power of its number density. (2007)

.ﬂ.:?;é;."bi,“:"\“ e

. Show thatat 7 =0, the Fermi d?stributi‘m function has a value 1 for energies less than
the Fermi energy €,. and is zero above it For a system of non-intgracting electrons at T =

0,,show that the ground state enérgy of th system of N particles is -53-NE,, . (2008)
§ \%gy distribution for », partieles in classi :al statistical mechanics is given by

Rl

ni - gie-a—ﬂs, ' ]

Where o and B are constants. g, is the single particle states in the i th level. Using
equipartition theorem, show that correct thi rmodynamic interpretation is

ﬂ=;% (Uw£%4£@u=%§ami

Wr .

5™

fe_ﬂxx'mdl -
j (2009)

i
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7 Calculate the number of different arrangements of 10 indistinguishablé particles in 15 cells
ofequal a priori probability, considering that one cell contains only one particle.

(2010)
12. Consider the followmg statement:
“The Fermi energy of a given material is the energy of that quantum state which has the
1
. probability equal toE of bem0 occupied by the conductlon electrons.”
Is the above statement correct? Give reasons for your answer.
' : (2010)
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