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Solid State Physics

[Theory]
Group - A
Answer any two of the following: 2x15=30
1. a) Discuss the band theory of a solid material by Kronig-Penney model 8

b) What do you mean by Brillouin Zone? Draw Wigner-Seitz unit cells for the lattice

in two dimensions. 4




b)

b)

Show that the length of reciprocal lattice translational vector (5,1,d) is equal to

2z 3
dh ki

Derive the atomic form factor and discuss its significance. How does it relate the

geometrical structure factor? 6

Derive the dispersion relation for a one dimensional monoatomic with lattice spacing

a. Find the group velocity at the boundary of the first Brillouin Zone. 5+2

The energy E(l}) of electrons of wave vector k in a solid is given by

E(]}) = Ak? + Bk*, where A and B are constants. Find the effective mass of the

electron at ‘7(‘ =k,. 2

Discuss the Pauli paramagnetism theory and find the Pauli paramagnetic

susceptibility. 6

Discuss the difference between paramagnetic and ferromagnetic materials. Draw
B-H curve of ferromagnetic material and discuss hysteresis loss in ferromagnetic

material 2+2+2
What are the differences between type I and type II Superconductors 3

What do you mean by polarizability? Find the expression of electronic polarizability.

6

Derive Clausius Mosotti Equation for a dielectric material. 6

Discuss Meissner effect in superconductivity. 3
Group - B

Answer any one of the following: 1x10=10

What do you mean by Bravais lattice? Is honeycomb structure an example of

Bravais lattice? 2




b)

d)

6. (a)

(b)

d)

Mention the difference between primitive unit cell and conventional unit cell. 2

Sodium metal crystallizes in bec structure with an edge length of 4.29 x 108

cm.Calculate the atomic radius of sodium atom. 2

At 100°C copper (Cu) has a lattice constant of 3.655 A. What is its density at
this temperature? Given, Copper has FCC crystal structure. 2

The distance between (111) planes in a face centred crystal is 2A. Determine the

lattice parameter and atomic diameter. 2

What do you mean by Miller Indices? Explain the significance of the following
notations: (a) (hkl), (b) {hkl}, (c) [hkl], and (d) <hkI> 2

A crystal plane cuts intercepts of a, b/2, and 3c/2 along x,y,z directions. Determine

the Miller indices of the plane. 2

What do you mean by reciprocal lattice? Derive the expression for lattice

translational vectors in real space and reciprocal space? 4

Show that the reciprocal lattice for a simple cubic structure is another simple cubic,

1.e the simple cubic structure is self-reciprocal. 2
[Practical]
Answer any one of the following: 1x20=20

7. Discuss how could you measure the susceptibility of paramagnetic solution (Quinck‘s
Tube Method)

8. Discuss the methodology to study the PE Hysteresis loop of a Ferroelectric Crystal.

9. Define Hall coefficient and discuss the methodology with proper circuit diagram how

you could determine the Hall coefficient.
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Digital and Analog Circuits and Instrumentation

[Theory]
Group - A
Answer any two of the following: 2x15=30

Write down the differences between digital and analog circuits.

Find the decimal equivalent of the binary number 11001101. Also find the binary

equivalent of the decimal number 25.

Construct an AND gate using diodes and explain its working. 3x5
What are universal gates? Construct AND, OR, NOT gate using NAND gates only.
State and verify using truth tables the De Morgan’s theorems.

Using two’s complement method subtract 10110 from 110110. 3%5
Briefly discuss the working principle of a solar cell.

Draw the output characteristics of a transistor working in CE,CB,CC configurations.
Draw and explain a class A amplifier. 3x5
Write down the characteristics of an ideal OPAMP.

What is CMRR? What do you mean by virtual ground?

Briefly explain the working principle of a full wave rectifier with a neat circuit

diagram. 3x5

Group - B
Answer any one of the following: 1x10=10

Draw the circuit diagram of an inverting amplifier using an OPAMP and derive its

output voltage and voltage gain.




b) If in the inverting mode of OPAMP, the input resistance is 5 KO, feedback
resistance is 10K© and input voltage is 2 volt, then calculate the output voltage of

the amplifier. 2x5
6 a) Design and explain a full adder circuit.
b) Simplify the following function using Karnaugh map.

F(A,B,C)=X(0,2,3,4) 2x5

[Practical]

Answer any one of the following: 1x20=20

7)  Write down the theory and working formula to determine the gain of a non-inverting
amplifier using OPAMP- 741. Draw the circuit diagram for this experiment. Discuss
the experimental procedure. Draw a typical graph showing the variation of output

voltage with input voltage. 20

8) Write down the theory and working formula to investigate the use of OPAMP as a
differentiator. Draw the circuit diagram for this experiment. Discuss the experimental

procedure. 20

9. Implement AND, OR, NOT and XOR gates using NAND gates. Draw the circuit
diagram for this experiment. Discuss the experimental procedure and write down the

truth tables of each gate. 20
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Nuclear and Particle Physics
[Theory]

Group - A
Answer any four of the following: 4x15=60

Determine the radii of a 1°0 and a?%8Pb nuclei, given that r, = 1.4 fm,
Calculate the binding energy of a deuteron nucleus, given that

M('H) = 1.007825 u, M('n) = 1.008665 u, M(*H) = 2.014102 u.

Explain the Geiger-Nuttall law.

Mention briefly the processes by which v -rays interact with matter.

What are leptons? Write different types of lepton. 3+3+34+3+3
Define nuclear binding energy.

Show graphically the variation of the binding energy per nucleon for different nuclei

with mass number.
Discuss the important features of this curve.

Explain qualitatively nuclear fusion and fission with the help of this curve.

2+2+5+6
Discuss on the liquid drop model of the nucleus.
What are the experimental evidences of shell structure in nuclei?
Discuss on the basic assumptions of the nuclear shell model. 5+6+4

Discuss on the nature of the nuclear force.

Find an expression for ¢ -disintegration energy.




(©

(b)

(b)

(b)

(b)

(©

Explain the processes: (3~ decay, [#* decay, electron capture. 4+5+6
Derive Rutherford’s scattering formula.

Calculate the distance of closest approach to a gold nucleus (Z = 79) of
o -particles of kinetic energy 7.68 MeV. 12+3

Briefly describe a Geiger-Miiller counter and explain its basic operation.
Discuss on the Bohr’s Compound Nucleus hypothesis. (4+5)+6
Describe and discuss the basic principle of a cyclotron.

Find an expression for maximum kinetic energy of the particles when they leave

the cyclotron. (5+5)+5

What are the different types of fundamental interaction? Write down the relative
strength, range, characteristic time and intermediate particles (mediators) for these

interactions.
Write a short note on Quark model.

Using the law of conservation of lepton numbers, find which one of the following

reactions is possible:

() 75> u+u, () 75> +yQ+4)+5+4 (2+4)+5+4
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