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U.G. 4th Semester Examination - 2024

PHYSICS
[H()N()URSI
Generie Elective Course (GE)
‘Course Code : PHY-H-GE-T-04(A-E)
Full Marks : 40 / 60 Time : 24 Hours
The figures in the right-hand margin indicate marks.
Candidates are required 10 give their answers in

their own words as far as practicable.

Answer all the questions from Selected Option.

OPTION-A
PHY-H-GE-T-04A
(Quantum Mechanics)
[Marks : 40].
GROUP-A |
1. Answer any five questions: 2x5=10
a)  Whatisawave function?
' b) ‘What do you"mean by an orthonormal set of
wave functions?
c) Determine the totai angular momentum for a
- free electron. T '
d)  Whatis the probability density in terms of wave ”

function?

[Turn over]



e) Normalize the wave function Yy (x) = Ne"" 2‘
f)  Can kinetic energy and linear momentum of. a
quantum mechanical system be SPeClﬁed -:
simultaneously? 7 :
g) Write the Schrodinger equation for Hydrogen
~ like atom. | |
GROUP-B

Answer any two questions: e 5 x2=10
a) State and explain Heisenberg uvr'lc‘ert'al;nty;_.,,_;
principle. If y(x,f) is a Schrodinger wave
function, prove that yr*(x,t)yr(x 2)is

necessanly real and elther posxtiVe or zero. |

b) The wave function y(x)= x*. Find thé

4 probablhty of finding the particle in the reglon
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'

Answer any two questions: 10><2—20

3

a)

b)

b)

What is Zeeman Effect? Differentiate between
normal and anomalous Zeeman effect. Derive
an expression for Normal Zeeman effect usmg
quantum theory. ' 2+2+4

Calculate the lowest energy of an electron
confined to move in a one dimensional potential
well of width 1A and of infinite depth. == 2

What is fine structure? What do you mean by -

multiplicity of a state? ' 1+2

Explain LS coupling scheme. What is JJ

'coupllng scheme? Why it is applicable only to
_ heavy elements? Differentiate between LS and

JJ coupling scheme. 14143
What is Lande-g factor? | ' 1
What do you mean by Paschen-Back effect? 1

Using time dependent Schrodinger equatlon

show that the space mtegrated probability is
~ ﬁndependent of time. S

#

What do you mean by electromc conﬁguranon?
| - 2 =




¢) State and explain the Postulates of Béhr.
 of Hydrogen atom. %

function?

b) Show that‘eigthal:ues of a Hermitian operato‘r‘i

| |
are real. E 2

pétficle on.the x-axis has'the wave vfunctio_ns‘ -
by w(x) ox® between x=0andx=2.

1) Normahze the wave functlon over the
interval

i1)  Find the probability that the part;cle canl
= be found between x = 0.5 and x= 0'76 ’

iii) Find the e€xpectation value of the partlcle e
pos1t10n x. -3 4

Show that if for a one dimensional potentia] =
V(—x) = — M(x) the elgenfunctlons of the
Schrodinger equation are elther symmetrlc or. |
antisymmetric function of x. -2

e) A particle is confined in a One-

d1mens1onal box
W1th the infini *

97Phs



OPTION-B
PH Y-H-GE-T-041
(Electricity and Magnetism)

[Marks : 40]

GROUP-A
1. Answer any five questions: 2%5=10

a) Derive the expressioﬁ for the energy stored in
a capacitor.

b) Electric field at a point inside a charged sphere
of radius 'r' is E = Ar’¥. Find the volume
charge density.

¢) Define the Poynting's vector. Write down its
phyéidal significance.

d) Using suitable examplés briefly describe the
properties of diamagnetic materials.

e) Find the angle between the vectors 4 =i — j and

 B=i+]. |

f)  State Gauss's divergence theorem.

gj Check whether the- vector E
represents an electrostatic field or not.

-h).  Write down Biot-Savart's law.
597/Phs (5)




Answer any two questions:

a)

b)

d)

~ resistance of the configuration.

GROUP-B

SXQW

- Write down Gauss's theorem of electrostaﬁc
/ §,

Apply this theorem to calculate the electrie fielg

due to a charged infinite plane with 2 SUrfac,
charge density o. 2+3=5

A parallel plate capacitor has a plate area of 2 2
and a separation of 0.01 m. The capacitor is
filled with a dielectric material with a dielectric

' constant of 5. Calculate the capacitance of this

capacitor. Write down the physical significance
of V.B=0. - 4+1=5
State and explain Lenz's law. Define self-
inductance and mutual-inductance. What is eddy
current? | o . 2+3=5

Write down four Maxwell's equations,
explaining each term. Find out the equivalent




Answer any two questions:

a)

b).

GROUP-C

10%2=20
An electron enters into a magnetic field of
B=(i+j) T with a velocity of 9 =(2i +3))
m/s. Calculate the amount and direction of the

force exerted on the electron. (Charge of

-19 o A % ~
e=1.6x10" C). If F=(xi+2yj+32k) then

~ show that ﬁ) Fds=6V , Where V is the volume

-enclosed by the surface, Why are transformer

~ cores lammated‘? What is motional e.m.f.?

3+4+2+1 =10

What is displacement current? Write down four
Maxwell's equations, explaining each. term.

Write down the expression for the velocity of

light in free space (c) in terms of L, and €.

Then find out the value of ¢ in SI units.

Determme the veloc1ty of light in water

(ri.=4/3). 1+4+1+2+2=10

Derive the expression for the potential due to a_

uniformly . chargéd solid sphere. State and

explain Ampere's circuital law. Using this law

~ derive the expressxon for the magnetlc fielddue

toa long current carrymg conductor. ‘
) 5+2+3 10

,rﬂi)l‘@fféka ;}




d) A solenoid with 1000 turns per meter Carrieg
current of 2 A. Calculate the magnetic fiely _
inside the solenoid. Find the relationship
between B and H. Define Bohr magneton anqg
write its value. Prove that for any iwo vectors A

and B.
¥ lﬁxﬁlz-l—,llélz =A%B2. - 3+24243=10
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OPTION-D

PHY-H-GE-T-04D

A.:_n:su_ Physics and Statistical Mechanics)
[Marks : 40]
GROUP-A

Answer any five questions: 2x5=10

a) Using equipartition of energy principle
calculate C, and C, for a diatomic gas.

b) Why an adiabatic process is called an

isentropic process?

¢) Ifagas expands 5090355 to 4 times its
_ initial volume irma is the ormbmo in entropy.

d) What is meant by mem-mEm»oE condensation?
e) Can Z%o:.wou mHE msﬁ_maow be 3%:3
to vwogaw Explain.
i f) : ﬂwB mm.uaa?goawg effect?
i g) What _m Baube by nﬁmﬁ-mamo ?.caom%
h) ._ .mﬁm _Ea Law of mnstmaaos of mbé ‘and
the value of energy as per this law?
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