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2025
6th Semester Examination
PHYSICS (General)
Paper : DSE-1B/2B/3B-T
[CBCS]

The figures in the margin indicate full marks.
Candidates are required to give their answers
in their own words as far as practicable.

[Solid State Physics]
Full Marks : 40 Time : Two Hours

Group - A
Answer any five questions. 2x5=10
1. What are the differences between crystalline and non-
crystalline materials?
2. Write down the Bragg’s law of X-ray diffraction.
3. What are the basic assumptions of Kronig-Penny model?

4. Distinguish between paramagnetic and ferromagnetic
substances with examples.

5. For a certain gas molecule, the permanent dipole moment
is 1.47 Debye unit. Calculate orientational polarizability
at room temperature.

(Given : 1 Debye = 3.33564x10730 coulomb-meter)
: P.T.O.
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6. Discuss the frequency dependence of the total |
polarizability of a dielectric material. '

7. Write the differences between type-I and typve-II
superconductors with examples.
8. The energy E(E) of an electron of wave vector % in a

solid given by E(k)= Ak>+ Bk*, where 4 and B are
constant. Find the effective mass of the electron at

-

k=ky-
Group - B
Answer any four questions. 5x4=20
9. (a) Define polarizability.

(b) What do you mean by local field in case of a
dielectric? Establish Clausius-Mosotti relation in the

form & ~1 =Nae,wherethesymbols have their
e+2 3¢

usual significance. ' 1+(1+3)

10. (a) Explain briefly Meissner effect with suitable
diagram.

v(b) The critical temperature of a superconductor at

zero magnetic field is T,. Determine the

temperature at which the critical field becomes half

of its value at OK. 342
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12.

13.

14.

15.

16.

( 3 )
What is Hall effect? Derive an expression of Hall

coefficient and Hall voltage of a n-type semiconductor
material. 2+3

(@) What is reciprocal lattice? Why is it so named?

(b) Show that reciprocal lattice of a bec lattice is a
Jec lattice. (1+1)+3

(@) A crystal cannot diffract UV radiation, — Explain.

(b) What is packing efficiency? What s its value for
Jee structure? 1+(1+3)

Discuss the formation of allowed and forbidden energy
bands on Kroning-Penney model.

Group - C
Answer any one question. 10x1=10

(a) Obtain an expression for diamagnetic susceptibility
using Langevin’s classical theory. What is
significance of negative susceptibility?

(b) Iron is a ferromagnet with the Curie temperature
of 1043 K and an effective moment of 2.2uB per
atom. Compute the internal field for iron.

(c) What is phonon? (5+1)+2+2

(a) Discuss the limitations of Debye model of lattice
specific heat capacity. What is Debye temperature?

PO,
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- (b) The resistivity of an intrinsic semiconductor is
4.5 ohm-m at 20°C and 2.0 ohm-m at 32°C.
What is the energy band gap?

(c) A plane makes intercepts of 1, 2, 3A on the
crystallographic axes of an orthorhombic crystal

with a:b:c=3:2:1. Determine the Miller indices
of this plane.

(d) What is penetration depth for superconductor?
(2+1)+4+2+1
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P.T.O.
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« 7))
(2) T AMTLT STATFS O REFT IR

ACOTEAT AMREeIeE sears Frat1 G312
S e

(b) 20°C SN @3 [ua WA= (intrinsic
semiconductor) (FYF 4.5 ohm-m «R 32°C
SN 2.0 ohm-m (e SRR e
= Refy T

(c) < T AR (A a:b:c:=3:2:1)
oI e i wee 1, 2, 3A-4 =A
T | B AT frew Spref e s

(d) TS~ ST TS (penetration depth)
Jre (3+D)+8+3+5

P.T.O.
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[Digital and Analog Circuits and Instrumentation]

Full Marks : 40 Time : Two Hours
Group - A
Answer any five questions. 2x5=10

1. Find the binary equivalent of the decimal number 27.

2. Find the decimal equivalent of the binary number
101101.

3. State De Morgan’s laws.

4. Using 2’s complement method subtract 101010 from
1110101.

5. What is Barkhausen’s criterion?
6. Construct an OR gate using NAND gates only.

7. Write down the truth tables, Boolean expression of
XNOR gates and draw their symbols.

8. Draw the output characteristics of a transistor working
in CC configuration.
Group - B
Answer any four questions. 5%x4=20

9. Explain the working principle of an adder using an
OPAMP.
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10. Construct an AND gate using diodes and explain its
working.

11. What are half adders and full adders? Construct a full
adder using two half adders.

12. Briefly discuss the working principle of photodiode.

13. Briefly explain the working principle of a half wave
rectifier with a neat circuit diagram.

14. How Zener diode is used as a voltage regulator?

Group -C
Answer any one question. 10x1=10

15. (a) Draw the circuit diagram of an non-inverting
amplifier using an OPAMP and derive its output
voltage and voltage gain.

(b) If in the non-inverting mode of OPAMP, the input
resistance is 3kQ), feedback resistance is 12kQ
and input voltage is 4.2 volt, then calculate the
output voltage of the amplifier. 5+5

16. Design an astable multivibrator using IC 555 using a
neat circuit diagram and also find the expression of time
period of the output waveform.

P.T.O.
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-GG 255 2T TE WS | 2x5=10
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16.
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(b) @ F=zwelB: (Non-inverting) CNITE AU T
e A BB @tn 3kQ, reie (g 12kQ
R D (SIS 4.2 (S W, ORI ACo6
COI5% e Tt | e+

<5 7 ARG TR PR F IC 555 JIRAT I
5 F3feRer MFGeREDe (astable multivibrator) foeize
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T

P.T.O.
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[Nuclear and Particle Physics]
Full Marks : 60 Time : Three Hours
Group - A
Answer any fen questions. 2x10=20

1. Why the number of neutrons is required to be greater
than the number of protons for heavy elements?

2. What is nuclear magic number?
3. What do you mean by nuclear spin?

4. Write down the Bethe-Weizsiicker semi-empirical mass
formula. '

5. Write down the basic assumptions of nuclear shell model.

6. An atom of 226Ra element is transformed into an atom
of 222Rn element by the emission of an o -particle.
Calculate the disintegration energy. Given that

M(**Ra) = 226.096 amu, M(***Rn) = 222.0869 amu,
M(%He) = 4.00387 amu.
7. What is B-particle? There is no B -particle inside the

nucleus. Then how p-particle is emitted from the
nucleus.

8. What is internal conversion?

9. Define nuclear cross-section. What is its unit?
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Calculate the amount of energy evolved when 1 gm of
235U isotope undergoes fission. Given that per fision of
235U nucleus, 200 MeV energy is released.

Write down the Rutherford’s scattering formula.

A sample of uranium, emitting o -particles of energy of
4.18 MeV, is placed in the vicinity of an ionisation
chamber. If 10 particles, on an average, enter the
chamber per second, calculate the current produced.
Given that one ion-pair requires 35 eV of energy.

What is particle accelerator?

Write down the Bethe-Bloch formula regarding energy
loss due to ionization.

What are leptons? Write down the different types of
leptons.

Group - B
Answer any four questions. 5x4=20

How nuclear radius is determined from o -particle
scattering experiment?
By assuming a nucleus to be spherical in shape, show

that its radius can be expressed as R =r0A1/ 3, where

r, is nuclear radius parameter. Determine nuclear radii
for 160 and 2%Pb nuclei where 7, = 1.4 fm. 3+2

P.T.O.
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22.

23.
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Determine the expression of nuclear binding energy.
Show graphically the variation of binding energy per

nucleon with the mass number of different nuclei and
discuss important features of this graph. 214

Write down the similarities between a liquid drop and a -

nucleus. How do these similarities lead to the
development of liquid drop model of the nucleus? 2+3

Describe and explain the working principle of a Geiger-
Miiller counter. 2+3

What are the different types of fundamental forces?
Mention the relative strength, range, interaction time and
intermediate particles (mediators) for these fundamental
forces. 1+4

Group-C
Answer any fwo questions. 10x2=20

(a) What do you mean by mass defect and packing
fraction? Show graphically the variation of packing
fraction with the mass number of different atoms.
What information is obtained about the stability of
a nucleus from this graph? 24142

(b) Determine the expression of kinetic energy of an
o.-particle emitted from a radioactive element. 5

(a) Show schematically the variation of number of -

particles with energy. Explain why this B -particle
energy spectrum is continuous? 22
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(b) What are the difficulties in interpretation of f3-
spectrum? Explain how the Pauli’s neutrino
hypothesis resolved these difficulties. 8-+3

24. (a) Discuss about the Bohr’s compound nucleus
hypothesis. 3

(b) What do you mean by elementary particles? How
are the elementary particles classified on the basis
of their masses, interaction or statistics? 2+3

25. Describe and discuss the basic principle of a cyclotron.
Find an expression for maximum kinetic energy of the
particles when they leave the cyclotron and determine the

expression for cyclotron resonance frequency.
(3+3)+2+2

EEIBGI
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0. e Wit A e
3. PORRER 990N e N @T?
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P.T.O.
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