Course Code: UGPHS-01

Course Title Elementary Mechanics

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

Answer any three of them.. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.
Discuss Euler's equations of flow. Use these to obtain Bernoulli's theorem for steady,
irrotational flow of a liquid.
2.
State the postulates of special theory of relativity and derive the Lorentz transformation
equations.
3.
What is moment of Inertia. Deduce the relation between angular velocity and angular
momentum of a rigid body.
4.

G
G

g

What is gravitational acceleration "G" on Earth. Why it is changed, find out the relation
between gravitational constant "G" and gravitational acceleration "g".
5.

H

2𝑔𝐻
𝑆𝑖𝑛𝜃

Q
If H is maximum light of a projection then prove that the projectile velocity will
be where 𝜃 is projectile angle.
6.
Derive an expression for moment of inertia of a solid cone about its vertical axis

2𝑔𝐻
𝑆𝑖𝑛𝜃

7.
State and prove the principle of conservation of Linear momentum.
8.
Define escap velocity and obtain an expression for it.
9.
What conservation laws? Explain concept of work. State and prove work energy theorem.
10.
Derive Keplar‟s law of planetary motion from Newton‟s law of gravitation.

11.
Calculate moment of inertia of a solid sphere about (a) a diameter (b) a Tangent

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1.

Define moment of inertia and explain its physical significance. Whose moment of inertia
will be greater if we compare the moment of inertia of solid circular disc with that of a
circular ring having the same mass and the same outer radius? Give the reason of your
answer.
2.

Define gravitational potential and gravitational field intensity. Find the expression for
gravitational potential due to a thin spherical shell at a point situated inside the shell.
3.
State the Kepler's law of planetary motion and show that the trajectory is a conic section.

Y, K & 𝜍

4.

For a homogeneous isotropic solid derive the relation between Y, K & 𝜍 where the
symbols have their usual meaning.
5.
What is reduced mass and find its value for unstable positronium atom.
6.
What is artificial satellite? Explain orbital satellite and Geo-stationry satellite.
7.
What is elastic potential energy? Deduce the expression for it.
8.
Derive expressions for the velocity & revolution time of a satellite in circular orbit
around the earth.
9.
𝑑𝑡

𝜏 = 𝑑𝑡
Show that the rate of change of angular momentum of a particle is equal to the torque
acting on it 𝜏 =

𝑑𝑡
𝑑𝑡

.

10.
What do you understand by Inertial & Non Inertial frames? Explain with examples.
11.
A 6.0kg. cart is moving on a smooth surface at a speed of 9.0 m/s. When a 12.0 kg. packet is
dropped into it vertically. Determine subsequent motion of the cart.

12.
A solid cylindrical fly wheel of mass 16 kg. and radius 20 cm making 5.0 revolution / second.
Find kinetic energy and momentum.

Course Code: UGPHS-03

Course Title
Oscillation and Waves

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

Answer any three of them. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.
What are ultrasonic waves? Give two methods of their generation and discuss briefly
their application.
2.
𝑑2 𝑦
𝑑2 𝑦
2
=
𝑣
𝑑𝑡 2
𝑑𝑥 2

Prove that for one dimensional wave, the most general differential equation is,
𝑑2 𝑦
𝑑2 𝑦
2
=
𝑣
𝑑𝑡 2
𝑑𝑥 2

3.
What is simple harmonic motion? Find out the time period of a simple pendulum when it
is in harmonic motion.
4.
What is resonance? Discuss the application of resonance. Give the example of sound of
resonance and electric resonance.
5.
What is Doppler's effect? Obtain the virtual frequency when both source and observer are
in motion. What is the effect of frequency when a medium is in motion?
6.

Define simple harmonic motion. Establish the equation of motion of a body oscillating in
simple harmonic motion.
7.
What is damped oscillation? Derive a differential equation for damped oscillator.
8.
What are stationary waves? Give conditions for their formations. Discuss the nodes &
antinodes in stationary waves with diagram.
9.
What is conservation laws? Explain concept of work. State and prove work-energy theorem.

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.
gm/cm3

1.
11

glass

Young's

2

Modulus
6.5 x 10 dynes / cm
Find the longitudinal velocity of sound in glass of density 2.6 gm/cm3 for which the value
of Young's Modulus is 6.5 x 1011 dynes / cm2.
2.
What is Fourier's theorem? What are its limitations?
3.
At which points the kinetic and potential energies are half of the total energy.
4.
Write down the equation of plane progressive wave with usual meaning of contain in
equation.
5.
What is interference? Explain the constructive and distructive interference of two waves.

6.
Obtain the equation of fundamental tone in vibrations of stretched string. How the
fundamental tones be changed.
7.
State and explain the Doppler principle in light. Give its applications.
8. n
Find the resultant amplitude for n harmonic diffraction pattern.
9.
Discuss a method for the measurement of reverberation time.
10.
Show that if external force is zero, then linear moment will be conserved.

11.
Derive Keplar‟s law of planetary motion from Newton‟s law of gravitation.

12.
Explain the differential equation of a driven LCR circuit.

Course Code: UGPHS-04

Course Title
Electric and Magnetic Phenomena

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.

State and discuss the Gauss's law of electrostatics. Using this, obtain an expression for
electric field due to uniformly distributeted charge in spherical volume at an external and
internal point.
2.
Prove Ampere's circuit law. Using this, calculate the magnetic field due to a current
carrying solenoid.
3.
Write Maxwell's equation in a free space. Derive wave equation for the electric and
magnetic fields in a source free region. Also discuss the characteristics of these waves.
4.
Derive an expression for the force acting on an electric dipole kept in a non-uniform
electric field.
5.
What do you mean by capacitance of a capacitor? Find an expression for parallel plate
capacitor. Explain charging and discharging of a capacitor briefly.
6.
State and prove Gauss‟s law in electrostates.

“i”

7.

Derive an expression for the magnetic field inside a long Solenoid carrying a current “i”,
and show that the fields at the ends of such a solenoid is half of that in the middle.
8.
What are the factors responsible for Hysteresis loss? Prove that the area of Hysteresis
Curve is equal to the hysteresis loss per unit volume of the specimen in one cycle.
9.
State and prove Gauss theorem. Apply it to find the field strength due to an infinite flate sheet
of change.

10.
Clasify the materials on the basis of their magnetic properties. Explain Longevin‟s theory of
diamagnetism.

11.
Write Maxwell‟s equation and use it to derive electromagnetic wave equation in free space.

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1. LCR
Explain the series resonance in LCR circuit and derive the expression for resonance
frequency. Why is this circuit known as acceptor.
2.
Explain the construction and working of transformer. What are the causes of loss of
energy in a transformer? How are they minimized?
3.

State Faraday's law for induced e.m.f. and obtain its integral and differential form.
4.
Before the modification of Ampere's circuital law what was the anomaly and how it was
removed by Maxwell?
5.
Derive an expression for the electric potential due to an electric dipole at any point
6.
State and prove Gauss‟s law in a dielectric material.
7.
Using the equation of electric field strength on an molecule within a dielectric, obtain
Claussius-Mossotti equation.
8.

a

ABCD
Calculate the resultant electronic field at the centre O of the square ABCD of the side „a‟
meter.

9.
State Maxwell‟s equations. What are their physical significance.
10.
A current of 20 amp. flows through each of the two Parllel long wires which are 4 cm
apart. Compute the force exerted per unit length of the each wire.
11.
Derive expression for energy stored in a capacitors.
12.

𝑣 =

10𝑥2+𝑦2

V

V

The potential function is given by V=10𝑥2+𝑦2where V is in volts and x & y are in cm.
Find the value of gradient of potential V at point 2.1 cm.

Course Code: UGPHS-05

Course Title
Electric Circuits & Electronics

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.

Describe moving coil galvanometer.
2.
Explain full wave rectifier.
3.
Describe the transistor action in detail.
4.
Explain the principle of feedback in amplifiers. What are the positive & negative
feedback? What are the advantages of negative feedback?
5.

What is a filter circuit? Give the advantage of a filter in the output circuit of a rectifier.
Discuss the use of various filters to avoid ripples.
6.
Draw the circuit diagram of a single state transistor amplifier. State the function of each
component used in this circuit.
7. CMRR

OP-AMP

What is meant by CMRR? Explain why this should be very high or very low for an OPAMP .

8.
State and prove De-Morgan‟s theorem.
9.
State and prove Boolean theorem of Boolean algebra.

10.
Derive expression for the voltage gain of an inverting and non inverting application.

11.

C

L

R

Derive expression for current and impedance when and alternatin emf is applied to a circuit
having capacitance C, inductance L and resistance R in series. .

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1. Zener
breakdown
Zener
equivalent
circuit
What is Zener diode? Draw the equivalent circuit of an ideal Zener diode in breakdown
region.
2.

energy band description
Give the energy band description of Semi conductors.

3.

Ic = 4.9 mA
IE = 5 mA
µ dh value
In a transistor if Ic = 4.9 mA and IE = 5 mA, what is the value of µ ?

4.
Describe the construction and working of mosfet amplifier.
5.
Describe a tuned plate oscillator and obtain the condition for the sustained Oscillations.
6.
What do you understand by voltage-gain and band-width of an amplifier.
7.
Write short note on any two : 1. FET amplifier. 2. Full adder 3. Full wave rectifier.

8. FET
Explain working of a FET as Voltage Variable Resistor and give its application.

9.

P-N

P-N

mv

The reverse bias saturation current for a P-N Junction diode is 1𝜇𝐴 at 3000K. Determine its
ac resistance at 150 mv forward bias.

10.
𝐴 + 𝐵. 𝐶 = 𝐴 + 𝐵 . (𝐴 + 𝐶)
Prove the following Boolean identity.
𝐴 + 𝐵. 𝐶 = 𝐴 + 𝐵 . (𝐴 + 𝐶)
11.

i
ii
iii
write short note on any two
(i)
Thevenin‟s theorem
(ii)
Flip-flop
(iii)
Half wave rectifier.

12.
Write difference between vaccum tube amplitier and transistor amplifier.
13.

X = AB( C𝐷 + EF)
Draw the logic circuits that impliments the expression X = AB( C𝐷 + EF)

14.
What do you mean by multimeter? How does it works? Write it‟s applications.

Course Code: UGPHS-06

Course Title
Thermodynamics Statistical Mechanics Maximum Marks :
Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.
What is Carnot's engine? Explain Carnot's cycle and derive the expression for the
efficiency of engine.
2.
Deduce Maxwell's law of distribution of velocities among the molecules of a gas and
distinguish between mean velocity, r.m.s. velocity and most probable velocity of gas
molecules.
3.
What is difference between classical and quantum statistics? Give a brief introduction of
Bose Einstein and Fermi-Dirac statistics in comparison to Maxwell-Boltzmann statistics.
4.
State first law of thermodynamics. Using this law explain the change of states undergoing
a closed system.
5.

K

K
K

One kg of water at 273 K is brought into contact with a reservoir at 373 K. When the
water has reached 373 K, find the entropy change of the water & heat reservoir.
6.
What do you understand by loath function & point function? Prove that heat is a path
function & Entropy is a point function.

7.
To produce network in a thermodynamic cycle a heat engine has to exchange heat with
two thermal reservoirs. Explain it.
8.
(dv)

(dT)

(ds)

What do you understand by the interanal energy of a system? State first law of a relation
between the change in volume (dv), temperatre (dT) and heat (ds).

9.
Define different thermodynamical potentials and use them to obtain maxwell‟s
thermodynacmical relations.

10.

1

𝑛=3𝜌𝑐 𝜆

𝜌𝑐

𝜆

𝑛

Show that for a gas the coefficient of viscosity is given by the following expression

1

𝑛=3𝜌𝑐

𝜆 here 𝜌𝑐 and 𝜆 are density, mean speed and mean free path respectively. Discuss the
dependence of n and pressure and temperance.

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1.
Derive Vander Waal's equation of state for a gas. What are the drawbacks of this
equation?
2.
What is meant by Black body? On what factors does the black body radiation depend?
3.
Explain the importance of partition function?
4.
What are the postulates of statistical mechanics? Define phase space and phase cell.

5.
Define Enthalpy. Show that the enthalpy of an ideal gas depend only on temperature.
6.
What is a Carnot cycle? Explain the four process which constitute the cycle.
7.
Give the Gibbs phase rule for a non reactive system. Why the tripe point system is non
variant? Explain.
8.
Explain Joule-Kelvin effect. What is inversion temperature?
9.
What are the differences between Maxwell Boltzman, Fermi-Dirae and Bose-Einstein
statistics?

10.
State zeroth law of thermodynamics. How does it lead to the concept of temperature.

11.

T-S
Derive the expression for the efficiency of a carrot engine from T-S diagram.

12.
Show that enthalpy remain constant for isothermal process of perfect gas.

13.
Show that entropy is a point function.

14.
Write four characteristics of first order phase transition.

Course Code: UGPHS-07

Course Title

Optics

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.

interference
Describe and explain the phenomenon of interference in thin films.

2.
What is meant by diffraction of light? Distinguish between Fresnel and Fraunhofer class
of diffractions.
3.
Give the construction and working of half shade polarimeter.
4.
Explain the formation of interference fringes by means of Fresnel‟s Bi prism and derive the
expression for fringe width.

5.
What do you mean by coherent sources? Discuss why two independent sources of light of
same wavelength cannot show interference.

6.

5080𝐴
5 × 104
Show that for a transmission gratting with one inch ruled space that resolving power 5080𝐴
cannot exceed at 5 × 104 normal incidence.

7.
Distinguish between Fraunhofer and Fresnel class of diffraction. Give the analytical
treatment of Fraumhfer diffracton paterns obtain from a single slit.

8.

Explain the formation of Newton‟s Ring in reflected light. Prove that in Newton‟s Rings
experiment the reading dark fringes are proportional to the those of bright fringes and
proportional to the square root of the odd natural numbers.

9.
Describe the construction of a Nicol Prism and explain how it can be used as polarizer and as
analyzer.

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1.
Explain condition of interference for optical waves.
2.
State and explain Rayleigh criterion of resolution.
3.
What is pumping in lasers.
4.
What do you understand by Population inversion? Explain.

𝜇

5.
𝐴
The values of 𝜇
retardation for

𝜇𝑒
mm

and 𝜇𝑒 for quartz are 1.5418 and 1.5508 respectively. Calculate the phase

𝐴 when the plate thickness is 0.032mm.

6.
What are optical fibers? Explain its basic principle with diagram.

7.
Describe the construction and working of Michelson interferometer.

8.
What is the Rayleigh criterion for the limit of resolution. Obtain expression for the resolving
power of prism.

9.
Describe the recording and reconstruction of optical holograms. How is high resolution
obtained? Discuss some uses of holography?

10.
Discuss double refraction in calcite crystal. What are the retardation plates?

11.
Explain Huygen‟s theory of double refraction in a uniaxial crystal.

12.
What do you understand by the resolving power of a grating.

Course Code: UGPHS-08

Course Title Modern Physics

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.

XXWhat is Compton effect? Derive the expression for the change its wavelength of scattered
X-rays. Is this change independent of the wavelength of X-rays.

2.
Describe the silent features of the vector model of atom and represent it by a diagram.
Explain the various quantum numbers used in the vector model.
3.
Give a brief account of nuclear sizes and shapes. How is nuclear size determined
experimentally.
4.
State Postulates of relativity (STR) and deduce Lorentz transformation equation.
5.

L
L

Solve Schrodinger equation for 1-D motion of a particle in a box of side L and show that
its Eigen value is inversely proportional to square of side L.
6.
Explain mass-defect of nucleus.

7.
State the fundamental postulates of the special theory of relativity. Derive Finstein‟s
velocity addition law.

m

8.

Obtain the time dependent one dimensional Schrödinger equation for a free particle of
mass m. Discuss the physical significance of the wave function.
9.
Describe Moseley‟s work on x-rays. What is Moseley‟s law? Give its importance.

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1.
State Heisenberg uncertainity principle. Use this principle show that an electron cannot
exist inside the nucleus.
2.
What do you mean by Larmor precession? Find an expression for the Larmor frequency.
3.
What is Zeeman effect? Give the theory of normal zeeman effect.
4.
Give a brief account of interaction among elementary particles.
5.

”

3

𝛼
What will be apparent length of the meterstic measured by an observer at rest when the stick
2

is moving along the length with a velocity

3
2

𝛼?

”

6.

How does the concept of Bohar‟s orbit violate the uncertainty relation? Explain.

7.
What are the conservation laws obeyed during radioactive decay?

8. XExplain Auger effect of X-ray spectrum.
9.
Define phase velocity and group velocity of woves and obtain relationship between them.

10.
What is meat by the half life of radioactive substance? Establish a relation between the half
life time and decay constant.

11.
Describe the liquid drop model for the nucleus and show how does it explain nuclear fission.

12.
What are differences between spontaneous and stimulated emission? Why is spontaneous
radiation incoherent?

13.
Show that no signal can travel faster than light.

Course Title
Mathematical Methods in Physics - I

Course Code: UGPHS-09

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.
State and prove Gauss divergence Theorem.
2.
State and prove Stokes‟s theorem.
3.

𝑑𝑖𝑣 𝑣

𝑐𝑢𝑟𝑙 𝑣

𝑉 𝑥𝑦𝑧 𝛿 + 3𝑥 2 𝑦 𝑗 +

𝑥𝑦 2 − 𝑦 2 𝑧 𝑘
The probability of a man hitting a target is 1/3. (a) If he fire 5 times what is the
probability of his hitting the target at least twice? (b) How many times must he fire so
that the probability of his hitting the target at least once is more than 90%? Find
divergence and curl of 𝑉 𝑥𝑦𝑧 𝛿 + 3𝑥 2 𝑦 𝑗 + 𝑥𝑦 2 − 𝑦 2 𝑧 𝑘 at (2,1,1).

4.

i
(i)

ii

iii

iv

Calculate the probability that in tossing a coin 10 times we get
all Heads (ii) 5 Heads, 5 Tails (iii) 3 Heads, 7 Tails (iv)7 Heads, 3 Tails.

5.

x = 2 sin 3 t, y = 2 Cos3 t, z = 8t
t = 0
What is partial differentiation of vectors? A particle moves along the curves x = 2 sin 3 t,
y = 2 Cos3 t, z = 8t . Find its velocity and acceleration at any time t = 0. Find the
magnitudes of the velocity and the acceleration.

6.
State and prove the Gauss‟s theorem of divergence.
7.

(i)

(ii)

(iii)

If the probability of getting head in a toss of a coin is 0.7, then deduce the probability that
in five tosses we get (i) 2 heads, 3 tails (ii) all tails and (iii) all heads.
8.
Explain probability. How is probability related to entropy?
9.
Explain the following with examples
(1) Lamellar Vector Field (2) The Laplacian operator
Section - B
Short Answer Questions.
Maximum Marks: 12

Note:
1.

Write any four questions. Answer should be given in 200 to 300 Words.
𝐹 = 2𝑥 2 𝑦𝑖 + 3𝑥𝑦 𝑗

If a force 𝐹 = 2𝑥 2 𝑦𝑖 + 3𝑥𝑦 𝑗 displaces a particle in the x-y plane from (0,0) to (1,4)
along a curve 𝑦 = 4𝑥 2 , then calculate the work done by the particle.
2.
On an overage of 20 red blood cells are found ink a fixed of blood for a normal person.
Determine the probability that the blood sample of normal person will contain less than 15
red cells.

3.

2𝑥 − 𝑦 𝑑𝑥 − 𝑦𝑧 2 𝑑𝑦 − 𝑦 2 𝑧𝑑𝑧

𝑥2 + 𝑦2 = 1
Using Stoke‟s theorm evaluate
2𝑥 − 𝑦 𝑑𝑥 − 𝑦𝑧 2 𝑑𝑦 − 𝑦 2 𝑧𝑑𝑧 where C is the circle
𝑥 2 + 𝑦 2 = 1, corresponding to the surface of sphere of unit radius.

4.
State and prove Binomial theorem of Probability.
5.

𝐴 = 𝑥 2 + 𝑥𝑦 2 𝑗 + 𝑦 2 + 𝑥 2 𝑦 𝑗
A vector field is given by 𝐴 = 𝑥 2 + 𝑥𝑦 2 𝑗 + 𝑦 2 + 𝑥 2 𝑦 𝑗 show that field is irrotational
and find the scalar potential.

(i)

6.

(ii)

(iii)

Three particles are to be distributed in four different energystates obtain the possible
ways for distributions assuming these as (i) classical particles (ii) fermions and (iii)
bosons.
𝐹 = 𝑥 2 𝑙 + 𝑧𝑙 + 𝑦𝑧𝑘

7.

0 ≤ 𝑥 ≤ 𝑎; 0 ≤ 𝑦 𝑏; 0 ≤ 𝑧 ≤ 𝑐
𝑓. 𝑑𝑠
2
Vector field 𝐹 = 𝑥 𝑙 + 𝑧𝑙 + 𝑦𝑧𝑘 defined over the volume of the cuboid given by
0 ≤ 𝑥 ≤ 𝑎; 0 ≤ 𝑦 𝑏; 0 ≤ 𝑧 ≤ 𝑐; enclosing the surface S. evaluate 𝑓 . 𝑑𝑠.

8.

𝐴
𝐴 = 𝑓(𝑟)𝑟
𝑓 𝑟
𝐴
A central field 𝐴 = 𝑓(𝑟)𝑟. Determine 𝑓 𝑟 so that the field may be 𝐴 solenoidal.

9.

𝑑𝑟

𝑟
If 𝑟 is a unit vector, show that

𝑑𝑟
𝑑𝑡

,𝑟

𝑑𝑡

is perpendicular to 𝑟.
𝐴 = 𝑥 + 2𝑦 + 𝑎𝑧 𝐼 + 𝑏𝑥 − 3𝑦 −

10.

𝑧 𝑗 + 4𝑥 + 𝑐𝑦 + 2𝑧 𝑘
Find constant a, b, c and so that vector 𝐴 = 𝑥 + 2𝑦 + 𝑎𝑧 𝐼 + 𝑏𝑥 − 3𝑦 − 𝑧 𝑗 +
4𝑥 + 𝑐𝑦 + 2𝑧 𝑘 is irrotational.
11.

𝑟 = 𝑥𝑙 + 𝑦𝑙 + 𝑧𝑘;
i ∇𝑟 =

𝑟
𝑟

1

ii ∇

𝑟

=

−𝑟
𝑟3

If 𝑟 = 𝑥𝑙 + 𝑦𝑙 + 𝑧𝑘; show that
i ∇𝑟 =
12.

𝑟
𝑟

and ii ∇

1
𝑟

=

−𝑟
𝑟3

(x, y, z)
p
F= 𝑦𝑧𝑙 + 𝑧𝑥𝑗 + 𝑥𝑦𝑘
Show that the force represented by
p
F= 𝑦𝑧𝑙 + 𝑧𝑥𝑗 + 𝑥𝑦𝑘
acting at the point (x, y, z) is conservative.

Course Code: UGPHS-10

Course Title
Mathematical Methods in Physics-II

Maximum Marks :

Section ‘A’
Long Answer Questions.

Note:

All questions are compulsory. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1.
Solve the differential equation for damped harmonic oscillator and discuss in detail the
undamped case.
1 − 𝑥 2 𝑦 " + 2𝑦 = 0

2.

Use the power series method to find the general solution of the differential equation (1 −
𝑥 2 ) 𝑦 " + 2𝑦 = 0

n=o

3.

What is Bessels' differential equation? Obtain the series solutions of Bessel's differential
equation for n=o.
𝑦" − 2𝑥𝑦′ + 2𝑚𝑦 = 0

4.

The equation 𝑦" − 2𝑥𝑦′ + 2𝑚𝑦 = 0 plays a particularly important role in statistics. Its
solutions are known as Hemite polynomials. We would like you to obtain the coefficients
of the series soluation of this equation.

f(x)

5.

1

𝑥≤𝜋

12

+

1
22

+

1
33

+

1
42

𝑓(𝑥) = 𝑥 2 ; −𝜋 ≤

− − − − − −.

Find the Fourier series Expansion of the Periodic function 2𝜋of period. 𝑓(𝑥) = 𝑥 2 ; −𝜋 ≤
𝑥 ≤ 𝜋 Hence find the sum of series

6.

𝑑3𝑦

𝑑2𝑦

𝑑𝑦

1

12

+

1

22

+

1

33

+

𝑥 2 𝑑𝑥 3 + 3𝑥 2 𝑑𝑥 2 + 𝑥 𝑑𝑥 + 𝑦 = 𝑥 + 𝑙𝑜𝑔𝑥

1

42

− − − − − −.

𝑑3𝑦

𝑑2𝑦

𝑑𝑦

Solve equation 𝑥 2 𝑑𝑥 3 + 3𝑥 2 𝑑𝑥 2 + 𝑥 𝑑𝑥 + 𝑦 = 𝑥 + 𝑙𝑜𝑔𝑥 .
7.

R

C
0

𝛿

𝐸 = 𝑅𝛿 0

𝑐

𝑑𝑡

𝐸 = 𝐸0 𝑆𝑖𝑛 𝑤𝑡
The equation of electromotive force in terms of current i for an electrical circuit having
resitance R and a capacitance of capacity C, in series is 𝐸 = 𝑅𝛿 0
any time t, when 𝐸 = 𝐸0 𝑆𝑖𝑛 𝑤𝑡?

8.

E Sing wt

𝛿0
𝑐

𝑑𝑡. Find the current at

𝐸𝑊

L

𝑛 2 −𝑤 2 𝐿

1

C
𝐶𝑜𝑠𝑤𝑡 −

𝑐𝑜𝑠𝑛𝑡
𝑛2 =
𝐿𝐶
An alternating E.m.t E Sinwt is applied to an inductance L and capacitance C in series.
Show that the current in the circuit is

𝐸𝑊
𝑛 2 −𝑤 2

𝐿

𝐶𝑜𝑠𝑤𝑡 − 𝑐𝑜𝑠𝑛𝑡 . Where 𝑛2 =

1

𝐿𝐶

.

9.
f(x)= 𝑥 + 𝜋 𝑓 𝑜𝑟 0 ≤ 𝑥 ≤ 𝜋 vkSj 𝑓 𝑥 + 2𝜋 = 𝑓(𝑥)
Find the Fourier series for the function f(x).
0 𝑖𝑓 − ƛ ≤ 𝑥 < 0
𝑎𝑛𝑑
𝑓 𝑥 + 2ƛ = 𝑓 𝑥
𝑓(𝑥) =
1 𝑖𝑓 0 ≤ 𝑥 < ƛ

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1.
Show that even functions do not have sine terms in their fourier analysis.
2.
Show that Cosine terms are not obtained in Fourier analysis of odd functions. State
limitations of Fourier theorem.
3. L-C
Write down the differential equation for the oscillation of L-C circuit and calculate the
time period.

4.

𝑥𝑑𝑦 − 𝑦𝑑𝑥 𝑥 2 − 𝑦 2 𝑑𝑥
Find the Solution of the following differential equation

𝑥𝑑𝑦 − 𝑦𝑑𝑥 𝑥 2 − 𝑦 2 𝑑𝑥
5.

Parseval
State and prove Parseval‟s formula for Fourier Half Series.
𝑑2𝑦

6.
0,

𝑑𝑦
𝑑𝑥

𝑑𝑥 2

= 2 𝑦3 + 𝑦

𝑥 = 0 𝑜𝑛 𝑦 =

= 1 gSA

Solve the following Partial different equation.
𝑑

𝑑2𝑦
𝑑𝑥 2

= 2 𝑦 3 + 𝑦 under conditional 𝑥 =

0 𝑜𝑛 𝑦 = 0, 𝑑 𝑦 = 1 when x = 0
𝑥

7.

𝑑𝑦
𝑥3 + 𝑦3
=
𝑑𝑥
𝑥𝑦 2
Solve the following differential equation
𝑑𝑦
𝑥3 + 𝑦3
=
𝑑𝑥
𝑥𝑦 2

8.
P= log (Px-y).
Define Clairaut‟s equation and solve P= log (𝑃𝑥 −𝑦 ).
9.

𝑥2 + 𝑦2 + 𝑧 − 𝑎

2

= 𝑏2

Find partial differential equation of all spheres whose centre lie on Z-axis and is given by
the equations 𝑥 2 + 𝑦 2 + 𝑧 − 𝑎 2 = 𝑏 2 . Being constants.
10.
Write Dirichlet‟s condition for a Fourier series.
11.

12.

𝑥 − 𝑦 2 𝑑𝑥 + 2𝑥𝑦𝑑𝑦 = 0
Find the solution of the differential equation. 𝑥 − 𝑦
𝑑2𝑦
𝑑𝑥 2

2

𝑑𝑥 + 2𝑥𝑦𝑑𝑦 = 0

𝑑𝑦

− 3 𝑑 + 2𝑦 = cos 𝑥
𝑥

Find the independent solutions of the equation
𝑑2 𝑦
𝑑𝑦
− 3 + 2𝑦 = cos 𝑥
𝑑𝑥 2
𝑑𝑥
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Section ‘A’
Long Answer Questions.

Note:

Answer any three of them. Each question should be answered in 800 to 1000 Words.
18
Maximum Marks: 18

1. WKB
Use the WKB approximations to find the allowed energies of the harmonic oscillators.
2.
Explain Ramsauer- Townsend Effect?
3.
Derive Born Approximation
4.
What are postulates of wave mechanics. Give physical significance of wave function. Derive
Schrodinger wave equation.

5.
Heitler – London theory of Hydrogen molecule.
6.
Setup Schrodinger equation for deuteron and solve it.

7.
Spin angular momentum – existence (diract equation in central rorce field)
8.
The Hydrogen atom (taking electron spin into account)
9.
Explain System of Fermions.

Section - B
Short Answer Questions.
Maximum Marks: 12

Note:

Write any four questions. Answer should be given in 200 to 300 Words.

1fm

1.
Find kinetic energy of a proton whose de-broglie wave length is 1fm.

2.
State and prove Ehernfest‟s theorem.

3.

𝜍 2 , 𝜍𝑥 = 0
Prove that 𝜍 2 , 𝜍𝑥 = 0
L

4.

<x>

Find expectation value <x> of the position of a particle trapped in box of width L.

5.
Find radius of Bohr‟s first orbit with the help of Heisenberg‟s uncertainty Principle.
6.
State and prove Ehrenfest theorem.
7.

a

b
c
Write short note on any two
(a) Second Quantization (b) Born Approximation (c) Symmentries and Conservation laws.
8.
Derive Eigen functions of hydrogen like atoms.
9.

200

Hg

35

Cl

l =1 to l = 0

Hg and 35Cl are 3.32× 10-25
5.81 ×10-26
A 200Hg 35Cl molecule emits a 4.4 cm photon when it undergoes a rotational transition
from l =1 to l = 0. Find the interatomic distance in this molecule. Given the masses of
200
Hg and 35Cl are 3.32× 10-25 kg and 5.81 ×10-26kg, repectively.
200

10.
𝑗1 = 1 𝑎𝑛𝑑 𝑗2 =

1
2

p
1

𝑗1 = 𝑙 = 1, 𝑗2 = 𝑠 = 2
Calculate from the first principle, the Clebsch-Gordan coefficients for 𝑗1 = 1 𝑎𝑛𝑑 𝑗2 =

1
2

. Use the calculated coefficients to write the wave functions for 2p- sates 𝑗1 = 𝑙 = 1,
1

𝑗2 = 𝑠 = 2 of an electron in hydrogen atom.
11.

T = 𝑖 𝜍𝑦 , 𝐾𝑐

𝜍𝑦

𝐾𝑐

1

Show that in the case of spin − 2 particle, T = 𝑖 𝜍𝑦 , 𝐾𝑐 where 𝜍𝑦 is the pauli spin operator
and 𝐾𝑐 is the complex conjugation operator.

tan 𝛿𝑙 =

12.
l= 0, = 𝛿0 -kR

𝑗 𝑙 𝑘𝑅
𝑛 𝑙 𝑘𝑅

In the case of scattering by a perfectly rigid sphere potential, show that
R being range of potential. Further show that for l= 0, = 𝛿0 -kR

R
tan 𝛿𝑙 =

𝑗 𝑙 𝑘𝑅
𝑛 𝑙 𝑘𝑅

