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SH-V/PHS/501/C-11/(P)/19

B.Sc. 5th Semester (Honours) Practical Examination, 2019-20

PHYSICS
Course ID : 52421 Course Code : SH/PHS/501/C-11/P-11
Course Title : Quantum Mechanics and Applications Lab (P-11)
Time: 2 Hours Full Marks: 15

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

1. Determination of the ionization potential of mercury/ argon.
(a) Definition of the quantity to be determined
(b) Theory (working formula with explanation of symbols)
(c) Systematic recording of data
(d) Graph
(e) Calculation

—_— = W) O\ = =

(f) Accuracy

2. Study of Electron spin resonance: determine magnetic field as a function of the resonance
frequency.
(a) Definition of the quantity to be determined
(b) Theory (working formula with explanation of symbols)
(c) Systematic recording of data
(d) Graph
(e) Calculation

—_— = W O\ = =

(f) Accuracy

3. Study of Zeeman effect with external magnetic field.
(a) Definition of the quantity to be determined
(b) Theory (working formula with explanation of symbols)
(c) Systematic recording of data
(d) Graph
(e) Calculation

—_— = W) O\ = =

(f) Accuracy

4. Show the tunnelling effect in tunnel diode using I-V characteristics.
(a) Definition of the quantity to be determined 1

(b) Theory (working formula with explanation of symbols) and show tunnelling effect in
theoretical graph 1

(c) Systematic recording of data 6
(d) Graph 3
(e) Accuracy 2
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5.

6.

7.

8.

Determination of the quantum efficiency of CCDs.

(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbols)
(c) Systematic recording of data

(d) Graph

(e) Calculation

(f) Accuracy

Measurement of Planck’s constant using black body radiation and photo-detector
(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbols)

(c) Systematic recording of data

(d) Graph

(e) Calculation

(f) Accuracy

Determination of the Planck’s constant using LEDs of at least 4 different colours.

(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbols)
(c) Systematic recording of data

(d) Graph

(e) Calculation

(f) Accuracy

Determination of the absorption lines in the rotational spectrum of Iodine vapour.

(a) Definition of the quantity to be determined
(b) Theory (working formula with explanation of symbols)
(c) Systematic recording of data

(i) Vernier constant of the spectrometer

e e ) N Y Y B ) N i

e Y B ) N i

1

(ii) Reading at two position (left & right) of the telescope of spectrometer (Take at least 2

order)
(d) Calculation
(e) Accuracy

4+4=8

1
1
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Course ID : 52421 Course Code : SH/PHS/501/C-11/P-11
Course Title : Quantum Mechanics and Applications Lab (P-11)

Instruction to the Examiner.

The Examiners are requested to paste one question on a card with respective serial number
of the question. Cards may be duplicated, but the total number of cards may exceed the
number of examinees. A list of arranged experiment sets signed by both the examiners
along with answer script packet should be sent to the University. In no case, Examination
will be conducted by the Examiner alone. Secrecy of the result must be maintained.

Each candidate should perform the experiment which is noted on the card drawn by
him/her. The examiners may, however, use their discretion in offering him/her a second
chance only after drawing card by all candidates. The Laboratory Notebook must be
submitted by the candidates before drawing of the card. No credit should be given to
Notebook which has not been signed.

Candidates are required to write down the questions on one answer-script with respective
number of the questions and return the card to the examiner. Candidates will first write
down the theory (only for working formula explaining the symbol used) in presence of
examiners and get them signed by either of the examiners.

Examiners are requested to see that the candidates are working according to instruction
and to sign some important data for the experiment. Each answer script should be
examined jointly by the Internal and External Examiner and should bear the signature of
both examiners. All changes must be initiated by both the examiners. Marks for each item
theory, adjustment of apparatus, data recording, graph, calculation and accuracy of result
must be shown separately. Total marks for experiment should also be shown on the back
side of the cover page.

Marks distribution:

Laboratory Notebook—2

Experiment—13

If the candidate is found unable to write working formula, it may be supplied by the
examiners but no mark on that head will be awarded. Proper handling of the instruments
setting of the apparatus and systematic recording of data should be taken into account

while allotting marks for systematic recording of data. Marks for accuracy are to be
awarded on the basis of the correct result, calculated by the examiners.

52421/16758



16759-BSc-V-Phy-502-C-12-52412-19-E.docx

SH-V/PHS/502/C-12/19

B.Sc. 5th Semester (Honours) Examination, 2019-20

PHYSICS
Course ID : 52412 Course Code : SHPHS-502-C-12
Course Title : Solid State Physics
Time: 1 Hour 15 Minutes Full Marks: 25

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.
Section-1
1. Answer any five questions: 1x5=5
(a) Mention differences between crystalline and amorphous solids.
(b) Explain the significance of area of hysteresis loop of a ferromagnetic material.
(c) What is meissner effect?
(d) Give an example of a crystal that is piezoelectric but not ferroelectric.
(e) What is the number of nearest neighbour in a bcc crystal?
(f) Define effective mass of an electron in a solid.
(g) What are the origins of magnetic moment in an atom?

(h) Obtain the Miller indices of a plane having intercepts of %,g,oo on the a,b and c axes,

respectively.

Section-11
Answer any two questions: 5%2=10

2. (a) The primitive translation vectors of a hexagonal space lattice are,

&=<\/7§a>i+(%)j

E=—<§a>i+(g)j

find the volume of the primitive cell.

(b) Derive the expression for interplanar spacing between two parallel planes with Miller indices
(hkl). Show that for cubic crystal of lattice constant ‘a’ is given by,

a

dpp = NPTt 2+3=5
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3.

(a) What is Hall effect?

(b) Derive an expression of Hall coefficient of a material. 1+4=5
(a) What is meant by induced and orientational polarizability?

(b) Derive the Clausius-Mosotti equation relating to polarizability and dielectric constant of a
solid. 1+4=5

Explain the concept of BCS Theory and BCS ground state. 5

Section-II1
Answer any one of the following: 10x1=10

(a) Derive the number of vibrational modes of a crystalline solid in the frequency range y and
y +dy.
Hence obtain an expression for Debye temperature and explain the significance of Debye

cut-off frequency.

(b) Now calculate the specific heat at very low temperature and high temperatures. Interpret the
result. 2+2+5+1=10

(a) What is paramagnetism? What is the essential difference between the classical and quantum

theory of paramagnetism?

(b) Using the quantum theory of paramagnetism derive an expression for paramagnetic

susceptibility at ordinary fields and temperatures. 1+1+8=10
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The questions are equal value.

1. Measure the susceptibility of paramagnetic solution (Quinck’s Tube Method).

(a) Definition of the quantity to be determined 1
(b) Theory (working formula with explanation of symbols) 1
(c) Circuit diagram 2
(d) Recording of data + graph 5+2=7
(e) Calculation 1
(f) Accuracy 1

2. Measure the magnetic of susceptibility of solids.
(a) Definition of the quantity to be determined
(b) Theory (working formula with explanation of symbols)
(c) Circuit diagram
(d) Recording of data

(e) Calculation

e e T N =

(f) Accuracy

3. Determine the coupling coefficient of a piezoelectrical crystal.
(a) Definition of the quantity to be measured 1
(b) Theory (working formula with explanation of symbols) 1
(c) Circuit diagram 2
(d) Recording of data 7
(e) Calculation 1
1

(f) Accuracy

4. Measure the dielectric constant of a dielectrical material with frequency (or at a fixed frequency).
(a) Definition of the quantity to be determined 1
(b) Theory (working formula with explanation of symbols) 1
(c) Circuit diagram 2
(d) Recording of data 7
(e) Calculation 1
(f) Accuracy 1
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5.

Determine the refractive index of a dielectric layer using SPR.
(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbol)

(c) Setting of apparatus

(d) Recording of data

(e) Calculation

e e I\ N

(f) Accuracy

Draw the BH curve of Fe using solenoid and determine energy loss form Hysteresis.
(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbols)

(c) Circuit diagram

(d) Recording of data

(e) Graph plotting

(f) Calculation

(g) Accuracy

— =N N = =

Measure the resistivity of a semiconductor (Ge) with temperature by four probe method and to

determine its band gap.

(a) Definition of the quantity to be determined (band gap) 1
(b) Theory (working formula with explanation of the symbols) 1
(c) Circuit diagram 2
(d) Recording of data 5
(e) Drawing graph 2
(f) Calculation 1
(g) Accuracy 1
Determine the Hall coefficient of a semiconductor sample.

(a) Definition of the quantity to be determined 1
(b) Theory (working formula with explanation of symbols) 1
(c) Circuit diagram 2
(d) Data recording + Graph 5+2
(e) Calculation 1
(f) Accuracy 1

Determine the complex dielectric constant and plasma frequency of metal using Surface Plasma

Resonance (SPR).

(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbols)
(c) Circuit diagram

(d) Data recording

(e) Calculation

(f) Accuracy

—_ = Nd DN =



10.

(3)

Study the PE Hysteresis loop of a ferroelectric crystal

(a) Definition of the quantity to be determined

(b) Theory (working formula with explanation of symbol)
(c) Circuit diagram

(d) Data recording

(e) Graph plotting

(f) Calculation

(g) Accuracy

SH-V/PHS/502/C-12/(P)/19
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B.Sc. 5th Semester (Honours) Practical Examination, 2019-20
PHYSICS

Course ID : 52422 Course Code : SH/PHS/502/C-12

Course Title : Solid State Physics

Instruction to the Examiner.

The Examiners are requested to paste one question on a card with respective serial number
of the question. Cards may be duplicated, but the total number of cards may exceed the
number of examinees. A list of arranged experiment sets signed by both the examiners
along with answer script packet should be sent to the University. In no case, Examination
will be conducted by the Examiner alone. Secrecy of the result must be maintained.

Each candidate should perform the experiment which is noted on the card drawn by
him/her. The examiners may, however, use their discretion in offering him/her a second
chance only after drawing card by all the candidates. The Laboratory Notebook must be
submitted by the candidates before drawing of the card. No credit should be given to
Notebook which has not been signed.

Candidates are required to write down the questions on one answer-script with respective
number of the questions and return the card to the examiner. Candidates will first write
down the theory (only for working formula explaining the symbol used) in presence of
examiners and get them signed by either of the examiners.

Examiners are requested to see that the candidates are working according to instruction
and to sign some important data for the experiment. Each answer script should be
examined jointly by the Internal and External Examiner and should bear the signature of
both examiners. All changes must be initiated by both the examiners. Marks for each item
theory, data recording, graph, calculation and accuracy of result must be shown separately.
Total marks for experiment should also be shown on the back side of the cover page.

Marks distribution:

Laboratory Notebook—2

Experiment—13

If the candidate is found unable to write working formula, it may be supplied by the
examiners but no mark on that head will be awarded. Proper handling of the instruments
setting of the apparatus and systematic recording of data should be taken into account

while allotting marks for systematic recording of data. Marks for accuracy are to be
awarded on the basis of the correct result, calculated by the examiners.
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Candidates are required to give their answers in their own words
as far as practicable.

1. Answer any five of the following: 2x5=10
(a) What do you mean by Direction Cosines?
(b) What do you mean by Invariant tensor?
(c) What is the Quotient law of Tensors?
(d) What is antisymmetric tensor?
(e) Write down the condition for two lines to be coplanar.
(f) Find the probability of drawing 2 aces in succession from a pack of 52 cards.
(g) Give an example of a finite ordered element in an infinite group.

(h) Define normal subgroup of a group.

2. Answer any four of the following: 5%4=20
(a) What do you mean by Gradient, Divergence and curl of Tensor fields?
(b) Define Covariant, Contra variant and mixed tensors.
(c¢) Write down moment of Inertia tensor, stress and strain tensors.

(d) If the probability of a bad reaction from a medicine is 0-:001, determine the change that out of
2000 individuals more than two will get a bad reaction.

(e) Prove that for any group G, G / 2(6) is cyclic if and only if G is abelian, where Z(G) is the
centre of G.

(f) Prove that for any group homomorphism f : G; — G5, ker f is a normal subgroup.

3. Answer any one question: 10x1=10

(a) (1) Let G be a group prove that G is cyclic if and only if there exists an element a € G such
that O(a) = (G)

(i) Give an example of a non-commutative group whose all the subgroup are normal.
(iii) Are the groups (C*, -) and (R, -) isomorphic to each other? Justify your answer.

(iv) State Schur’s lemma. 5+2+2+1=10
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(b) (i) Write down generalized Hooke’s law.

(i) What do you mean by Minkowski space?

(iii) What do you mean by Kroneker Delta? Discuss its property.

(iv) Define permutation Tenser.

(v) Discuss with an example product of two tensors.

24+2+242+2=10
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Candidates are required to give their answers in their own words
as far as practicable.

Section-1

Answer any five of the following: 2x5=10
(a) Find the Lagrangian for simple pendulum.

(b) An electron of rest mass 9-2><10_31 kg is moving with a speed 0-99C. What is total energy,
where C = 3x10"*m/s.

(c) Two photons approach each other. What is their relative velocity.

(d) Show that kinetic energy remain constant when a charge particle move in uniform magnetic
field.

(e) The potential energy of a particle is a given by the expression V(x) = x4 - 4x3 - 8x2 + 48x.

Find the points of unstable equilibrium.
(f) Explain turbulance in fluid dynamics with examples.
(g) Show that if a given co-ordinate is cyclic in Lagrangian, it will be cyclic in Hamiltonian.

(h) An electron emitted from a hot filament is accelerated through a potential difference of
18kVand entrrs a region of a uniform magnetic field 0.1T with certain initial velocity. What

is the trajectory of the electron if the magnetic field is transverse to the initial velocity?

Section-11
Answer any four of the following: 2x5=5
What is light cone? What is world line? Draw typical space-time diagram. 1+2+2=5
(a) Established the relation ]52 = p2 c2 + m02 c4, symbols have their usual meaning. 3

(b) A pion at rest decays in to a muon and neutrino. Show that the momentum of the muon is

_ 2_ .2
given by |P M| = C(WZHT:”) , Symbols have their usual meaning. 2
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4.

A charge particle initially moving in the x-direction with a velocity V,,, be subjected to a uniform
electric field E in the K direction and a uniform magnetic field B in the z direction. Find the
velocity of charge particle at any instant of time . 5

(a) Derive an expression for Laplace-Runge-Lenz Vector.

(b) Prove that the speed of a particle moving in an elliptic path in an inverse square field
K(2 1

f(r)= —rﬁz is given by V2 = E(? - ;), where a is the semi-major axis, m is the mass of
particle. 3+42=5
Explained
(i) Minkowski space
(i1) Invariant interval
(iii) Space like
(iv) Time-like

(v) Light like 1+1+1+1+1=5

(a) What are the characteristics of ideal fluid?

(b) Write the general form of Navier-Stokes equation and state one application of it. 242+1=5

Section-II1

Answer any one question. 10x1=10

Two masses each equal m, are connected by massless springs of spring constant £ such that they
can freely slide on a smooth horizontal surface. The ends of springs are fixed to vertical walls.

Determine
(i) the normal frequency.
(i1) the normal modes vibration.

(ii1) the normal coordinate 3+4+3=10

(a) Given the Lagrangian L = %m(f‘z +72602?) —V(r). Find the Hamiltonian and hence the

equation of motion. (Symbols have their usual meaning)

(b) Show that the total energy will remain constant for a particle motion in central force field.
6+4=10
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Candidates are required to give their answers in their own words
as far as practicable.

1. Answer any five of the following: 2x5=10
(a) What do you mean by astronomical distance?
(b) Discuss about stellar Radii.
(c) What is solar flare?
(d) Distinguish between Absolute and Apparent luminosity of a star.
(e) What is an Asteroid?
(f) What are binary stars?
(g) What do you mean by Chandrashekhar limit?
(h) What do you mean by apparent solar time?

2. Answer any four of the following: 5%4=20
(a) What are pulsars?
(b) Write short note on Hubble space telescope.
(c) How is the rotational period of a stars obtain from its spectra?
(d) Distinguish between Reflecting and Refracting telescope.
(e) How can be measured distance by Parallax method?

(f) Compare between Apparent and Absolute magnitude scale.

3. Answer any one question: 10x1=10
(a) (1) Discuss about Hubble classification of Galaxies.
(i1) What do you mean by galactic Halo?
(iii) Write a short note Milkyway Galaxy. 5+1+4=10
(b) (i) Write a short note on Hertzsprung-Russel Diagram.
(i1) State and prove Hubble Law.
(iii) What do you mean by Dark Matter?

52417/16763
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The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Section-I
Answer any five of the following: 2x5=10
(a) Define cross section of Nuclear reaction. What is its physical significance? 1+1=2
(b) What are the quark composition of IT* and I1°. 2
(c) Given the atomic mass of 3H to be 2:0141 u, calculate the maximum wavelength of a photon
which can split a deuteron. 2
(d) Find the ground state spin parity 1§0 and 3iP. 2
(e) Calculate the maximum kinetic energy of the electron emitted in the 3-decay of free neutron.
The neutron-proton mass difference is 1-30 MeV. 2
(f) Write down the differences between compound Nuclear reaction and direct reaction. 2
(g) Write down Bethe-Bloch formula for energy loss through ionization. What is Cherenkov
radiation? 1+1=2
(h) Write down the experimental evidences regarding the nuclear shell model concept. 2
Section-II
Answer any four of the following: 5%4=20

(a) What is Compton scattering? Find the wavelength shift through Compton’s scattering for
gamma interaction with matter. Does Compton Scattering occurs for visible light?  1+3+1=5

(b) Discuss the working principle of semiconductor detector for charge particle detection. What
kind of materials are used for neutron detection? Give a process of neutron detection.
3+1+1=5

(c) Draw the ‘Binding energy per Nucleon’ vs ‘mass number’ graph and briefly explain how this

graph helps to understand the phenomena of ‘nuclear fission’, ‘nuclear fusion’ and saturation
property of nuclear force. 1+4=5

(d) What is neutrino? What lead Pauli to put forward the neutrino hypothesis? How this
hypothesis solves the apparent breakdown of conservation of momentum and energy in
B-decay. 14+2+42=5

(e) Explain the working principle of a cyclotron. Why electrons are not accelerated to high
energies using cyclotron. 3+2=5
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In the following pairs, determine which of the reactions are possible:
) M +p-20+7n°
I +p->20+k°
i) XT->m +n

(Strong interaction)

(Weak decay)
XTomn +p Y
(ii1) >pt+e +
TP }:e (Weak decay)
n—-pte +v.

Section-III

3. Answer any one question: 10x1=10

(a)

(b)

What is meant by the range of an a-particle? How does the range of a-particles in matter
depend on energy? Explain Geiger-Nuttall law relating the range of a-particles and decay
constant.

Draw the schematic diagram of energy loss (— Z—i) of Alpha, proton, deuteron and muons as

a function of energy (E) while they are passing through a medium. Explain the fine structure
of a-ray spectrum with the help of proper energy level diagram. 1+2+2+2+3=10
Discuss Rutherford’s alpha particle scattering theory with suitable mathematical analysis.
Discuss qualitatively how y-ray interact with matter while passing through it.

In a scintillation detector, a y-ray peak of 20 keV energy is observed at a pulse height of
32 volt. The full width at half maxima is 4 keV. Evaluate the percentage resolution of the
detector. 5+3+2=10
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Tifapel ST ST ACHT AT [E |
AT FAPTET e ©FF Ced 77 27

Group-A

1. Answer any five questions: 2x5=10

& I FlG 2e8d Ted nie ¢

(a) What do you mean by resistivity of a conductor? Mention the unit of resistivity.
@I AR @lE T 0e @R @ET 9 S FE!

(b) While a capacitor still connected to a power source what will be the potential difference
between the plates when the spacing between them is halved?

YR ST SRZR M (I QA ATTa@E 779 S T T O2CE AforE@d &) [red
TSR WA F© A2

(c) What do you mean by active and passive circuits?

Hgw ¢ g 8T TeTce F @R

(d) Why the internal barrier developed in a pn junction diode does not send any current in
the external circuit?

pn SRl TIENCT 3 Seredid i Kea @ afzg: I6ce ©fde Q. Avies s i

(e) What do you mean by back emf in relation to a d.c. motor?

93 @BET v em Sfwies I 0o F @R ?

(f) What do you mean by Wattless current?
FAOR S &7 I&0e J (@I 2

(g) What is the relation between fusing current and diameter of a wire?

@ AR g T 2[R A O [T AE F e

(h) What is meant by forward and reverse biasing of a semiconductor diode?

@35 SRR BT TYLTS! @R [ AT IeIce @RI 2
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Group-B

Answer any four questions: 5%4=20
@ (@) HIFG 2teE Ted wie ¢

2. Define Ohm’s law. What are ohmic and non ohmic conductors? Establish Ohm’s law on the
basis of electron drift velocity in a conductor. 142+42=5
G20 g e Sl | 6T G ORI R AR 10 F @I 2 (el AR SReEiE @
AT ez @t 2 @i

3. What do you mean by equivalent resistance? Find the equivalent resistance of the given circuit
between (i) A and B and (ii) C and D. 1+2+2=5

T (@4 0 S @IRIT 2 2ve T8AIDF (1) A @R B @ (i) C @R D @7 & 9ol (i e w5z |

2. £ 4 o)

E‘ P T— e

E

4. How a galvanometer can be converted into an ammeter and a voltmeter? Draw the necessary

circuit diagrams. 3+2=5
a3 TSIHIRGIAE Tl SHNRvE 1R (SrFoRoE Feileie T3 T ARG oAl
R Al

5. What is a dc motor? Describe with a circuit diagram the functioning of a dc motor. 1+4=5
de (NG Fi? o 936 de MG FL=ART 17 FE |

6. State Kirchoff’s laws. Applying Kirchoff’s laws determine the current flowing through 1Q

resistance in the following circuit. 2+3=5
ficra saefe fRge el | ey emfe it e @ 24w T3 1Q @IEE Te ©fer amsal
fef <vcal|

n § -

r_— J‘uw_

oy !
LY - ;
B RY

7. How does a deplaction layer form in a semiconductor diode? How does the width of tis region
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change when the diode is forward and reverse biased? What is Zener Breakdown? 2+1+2=5

SR TiEe FreiE it www ofe 232 TiEe TgLs! 3k [eide IR ow g
3 IHEE (@4 Freld AfafEe e

Group-C

Answer any one question: 10x1=10

& @IE 9 AT Ted WS ¢

What is a transformer? Describe with a neatly labelled circuit diagram the principle of action
of a transformer. Enumerate different types of losses in a practical transformer. How are these
losses reduced? 1+4+42+3=10

GEE e oifi B =@ @ GEresiEa SRte iR 31 | G e G e
ol *fewrel Rge s@ | g2 «fewrel Fea e T2

What do you mean by rectification of an ac signal? With the help of a circuit diagram explain
the use of a pn junction diode as a full wave rectifier giving its input and output waveforms.
What are the advantages of a full wave rectifier over a half wave rectifier? 1+6+3=10
ac PO YA F6708 @I 2 AfFia Sa@ns «F6 pn FRE9 BIET 3995 @]
THAE TR IFAFTT RN eI IS I O A1l 1S | SFeT3 QTP G
e GFAFRES JIAET Rl F Fe
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1. Answer any five questions: 2x5=10
T I A dees Ted mie ¢
(a) What are the uses of Multimeter?

NFGRGIET a9Qa Fe

(b) What is the meaning of SI units? The density of copper is 8-83 Kg/am®. Express it in Kg/m®.

SI @a(Fa 9 F? FAIET G919 8-83 Kg/am® | €3 Tg(F Kg/m’® G 2R A |

(c) What is the requirement of using lever?

ool IRET dEEaTel Je

(d) Discuss about the welding defects.

SN 9T FOBE SNGENS FC |
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(e) How do you measure the diameter of a thin wire?

F SOIEE T IS MATE, SNED I |

(f) What is PCB?

PCB 1?7

(g) What is the utility of vernier scale and screw gauge?

SIffaIE (&6 @R F (9Ie [ 2

(h) What is the Horizontal sweeping of oscilloscope?

Oscilloscope-43 2B(ETIF sweeping SICEIH B |

2. Answer any five questions:
& (el AAplo 2o Tew mie s
(a) Discuss how to measure the height of buildings using sextant.

JFT AR eI 36! AfTT THS! Tid, D FCE |

(b) Discuss the mechanism of Vernier Calliper and screw gauge.

il FifErsE @R F-Colres TN bl e |
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(c) A Vernier Callipers has 1mm marks on the main scale. It has 20 equal division on the
vernier scale which match with 16 main scale division. Calculate the least count for the

vernier scale.

GF5! ST FfAACR TIEE 1mm T @itz 93 @i 20/ @it st eI e @@
T IE CFRER 16 9= A Kt I | TR TS @@ T |

(d) Discuss regarding the drilling of holes of different diameter in metal sheets and wooden

block.

qred 7T G2 I A6 GeTa fogwa T F=iE SeETdal el |

(e) How do you make timer circuit and electronic switching using transitor and relay?

GAPPEIR ¥R i e F@ FeE TR ARG ¢ TErws J2s off F9Ee

(f) What kind of lever will you use to lift a heavy weight object. Discuss in details.

OISR TEE (ST G S F A GO QT FA@? AN A |

3. Answer any one question: 10x1=10
@ @I 930 A3 TR WS 2

(a) Write down the working principle of power generation system. Discuss the soldering of

electrical circuits. 5+5=10

*fE TeAW T LA GG Il | ZEFGIE ARFG soldering SNEAD FT |
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(b) What are the common material used for manufacturing? How do you make a regulated
power supply? Draw a schematic diagram of regulated power supply. What is Breaking

system? Discuss shortly about the pulley experiment. 242+42+2+2=10

WEFsIa-a F F A 7ML 92 T W2 FOIE@ GF6! ([@LTEES power supply
IR 2 (AVTEDBS power supply-4 schematic 5@ I | @R8G5 F 2 Pulley experiment
TAE A S T |
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Section-I

1. Answer any five questions: 2x5=10
el R [ ERCICE R

(a) What do you mean by generalised coordinate?

Generalised coordinate &1 I (G ?

(b) What do you understand by stable and unstable equilibrium?
fZf et Sy € SfEfeNeT SRy I&10e (@I 2

(c) What is gyro-radius and gyro-frequency?
Gyro-radius @3} gyro-frequency S ?

(d) Give the example of massless particle or particle with rest mass zero. What is the velocity of
the particle?

e [y Q&hel Tel SWIZRe Wi | 98 FEIF (FE 53 Fo ?

(e) What do you mean by lagrangian of the system?
©CFF Lagrangian J6109 S (AT 2

(f) In which condition, Hamiltonian (H) represents the total energy of the system?

(I %[0S, Hamiltonian (H) St (6 ¥ 2% S5 2

(g) Write down the postulates of the special theory of relativity.

SCoFFReRmME [RTeT wred RIeafe (&Teal |

(h) What are ‘inertial frames of reference’?

SO [NiseR FITHE 06T 2

52418/16858 Please Turn Over



SP-V/PHS/501/DSE-1A/19 (2)

Section-I1

Answer any four questions: 5%4=20
3 () BRI 2T ©ed WS ¢

2. Find out the Hamiltonian of simple pendulum and then establish the equation of motion. What is
the advantages of Hamiltonian approach? 242+1=5
el (MeTCe Hamiltonian-4g M9 (I8 01 G O (ACF T (MITea sifos e e e |
Hamiltonian approach-4g ‘{[\%I%T CeTCRT |

3. A charged particle is introduced in a uniform magnetic field B along any arbitrary direction with
velocity v making an angle 6 with B. How will be shape of the path of the charge particle?
Explain it.

A positron of kinetic energy 200 eV is projected at an angle 30° with respect to the direction of
uniform field of induction B = 102 tesla calculate the radius of the spiral path? 2+3=5

G5 SfTeifFe ST T 55 (F0q (B) V oIfSraesl @<k B-ag Y 0 (I AT S0 25|
sfgeifze w17 siferitea gl (@ 203, W 1 |

200 eV ife*lle i (Pt “ATGGacE 7@ peacwa (field of induction) B = 10™2-47 e 30°
CPICE! ST AT 7eT | A(HeT 20 P ey el |

4. What is length contraction and time dilation? Prove that length of a moving rod is always shorter
than its proper length. 2+3=5
TS B2/ LG € AL AT FES w100 F (SN0 2 & ST (@, (e ot 0 (e
OIF C2l#NF IR (proper length) (/T 7471 (RITH 203 |

5. Explain relativistic Doppler effect. What do you mean by time-like and space-like intervals?
3+2=5
AT AFG T2 [l At ST | time-like =R space-like intervals I5CS JF (AN 2

6. The potential energy of a particle is given by
V(x) = x* —4x3 — 8x? + 48x

Find the points of stable and unstable equilibrium. Explain the terms (i) normal frequencies
(i1) normal modes of vibrations. 342=5

@IC o FHfexifie 2o frmamet

V(x) = x* —4x3 — 8x? + 48x
EfoRNeT SIomy € WFEfeRtet Sy ﬁﬁﬁ"‘ﬁ FCAT | (1) =0eT (normal) 1% (ii) <07 (normal )
e, — famafer g St |

7. A particle of mass m moves in a plane in the field of force given by F = —# kr cos ® where k is a
constant and 7 is the radius unit vector. Show that mr?6 = constant. What do you mean by
conservative force? 4+1=5

(I SO, m SEE GG Tl F = —7 kr cos 0 (e (FH0q SITo= e, (@I k 261 GF16 & @18
261 7 IARE IS (93 | (TS (@ mr20 = &35 | ALT=R] 91 6709 D (G 2
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Section-II1
Answer any one question: 10x1=10

Derive the equations of Lorentz transformation. Establish the relation E? = p2c? + m2c¢* for a
particle of rest mass m,, momentum P and total energy E. What is twin paradox? 5+3+2=10
(TG TG ARFerfeT 2D N1 E2 = p2e? + m2c? 7140 2fed a1, @i m, 27 $919
%3 o4, P 251 ©a39 @3 E 2&1 (N6 *If& | Twin paradox 2

What is meant by an ideal fluid? What is the significance of Reynolds number? Derive
Navier-Stokes equation. For what condition, Navier-Stokes equation can be solved? 1+2+5+2=10
S 212} FETCS N ICAT 2 (@78 AR Sl (@0 | Navier-Stokes-47 AT 70 FC1 | (@4
*[T% Navier-Stokes SFde TN 1 7S 2
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T3 2T SRS T e |
AT IS e @7 Ted fare 209

Answer any five questions: 2x5=10

(a) Show that gradient of a scalar function is a tensor of order one.
(b) Find the second order anti-symmetric tensor associated with the vector: 2 — 3j + k.
(c) Prove that product of tensors of rank one is a tensor of rank two.

(d) Show that A x B transforms like tensor of rank one.
(e) Show that A* B* is invariant.

(f) Define Quotient Law.

(g) What do you mean by cyclic group?

(h) Prove that every cyclic group is abelian.

Answer any four questions: 5%4=20
(a) Show that: €;x5€mps = Oim Okp — Oip Okm-
(b) Define kronecker-delta function, Show that it is

(i) an isotropic tensor,

(i) a symmetric tensor of order 2. 1+2+2=5
(c) Derive an expression for the Moment of Inertia tensor.

(d) Prove that Moment of Inertia is a symmetric tensor and it transform like a second order
tensor.

(¢) A man is known to speak truth 2 out of 3 times. He throws a die and reports that number
obtained is a four. Find the probability that the number obtained is actually a four.

(f) Show that if H and K are subgroups of an abelian group G, then {hk|h € H,k € K} is
subgroup of G.
Answer any one question: 10x1=10
(a) Using tensors, prove the following identities:
(i) Vx (¢p4) = ¢p(Vx A) + (Vo) x 4
(ii) Vx (VxA4) =V(V.4) - v?4
(b) Define pure strain Tensor e;;. Establish that it is a symmetric tensor of order 2. Also give the
physical significance of its components e;1 and e;,.
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Section-I

1. Answer any five questions: 1x5=5
(a) What is the ionization energy of a hydrogen atom if the atom is in its first excited state?
(b) State Hund’s rule.
(c) Show that the relation [Lx, Ly] = ihL, is valid for the x, y and z components of L.

(d) What are the requirements that a function should obey to describe properly the state of a
particle?

(e) What is the physical significance of normalization of wave function in Quantum Mechanics?
(f) Write down the expression of Larmour frequency.
(g) Name two experimental observations which support the existence of spin of electrons.

(h) Write down the expression of probability current density in 3D.

Section-I1

Answer any two questions: 5x2=10
2. What do you mean by stationary states? Starting from the time-dependent Schrodinger equation,
find the time-independent Schrodinger equation that is satisfied by the wave functions for
stationary states.
—(Po—P.)2
3. Considering the Gaussian wave function in momentum space ¢(P,) = e (Px=P0)%/r2  Egtablish

the position momentum uncertainty principle. (The symbols have their usual meaning). 5

4. Determine the orbital magnetic moment of an electron moving in a circular orbit of radius r about

a proton. Calculate the frequency at which an electron’s orbital magnetic moment precesses in a

magnetic field 5. 243=5
5. Given the normalized eigen function for the ground state of hydrogen atom is Y, = L 7'/ o,
/Trag
where a is the Bohr radius.
Show that the electron density in the hydrogen is maximum at r = a,. 5

52411/16756 Please Turn Over
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Section-II1
Answer any one of the following questions: 10x1=10

6. What are the normal and anomalous Zeeman effect? Give the theory of Zeeman effect when the

atom is place in weak magnetic field and explain the results in the context of Na D-lines.
What happens if the magnetic field is increased to a high value? 1+(6+2)+1=10

7. Show that an appropriate boundary condition on the solution of the Schrédinger equation for the

linear harmonic oscillator leads to the discrete spectrum of its energy.

Find the probability of finding the linear harmonic oscillator within classical limits. Given the

ground state wave function of the linear harmonic oscillator is

1
Y(x) = (%) * exp [— % (%) xz], where the symbols have their usual meanings. 7+3=10
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