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Solid State Physics
Answer any four from QI to Q6 and answer any two from Q7 to Q10.

1. Obtain an expression for interplanar distance. Show that for a simple cubic crystal

a
d; = ——==——===, symbols have their usual meaning,
VR + I+ 1

2. Explain Meissner effect. Explain the difference between type I and type Il superconductor
on the basis of Meissner effect. 5

5

3. (a) State Dulong and Petit’s law.

(b) Define Debye temperature and discuss Drawbacks of Debye theory. 2+3

P.T.O.
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10.

. (a)

. (@)

(a) Explain polarizabillity.
(b) Deduce Clausius Mosotti Equation. 1+4

How the conductivity of metal and semiconductor changes with temperature and why ?
(b) What is forbidden energy gap ? Give the order of band gap for a metal, semiconductor

and insulator. 3+2
Give an account of Superconducting state on the basis of BCS theory. 5
(a) The distance between (111) planes in a face centred crystal is 2A. Determine the lattice

parameter and atomic diameter. 2
(b) Derive the expressions for reciprocal lattice vectors. Show that the reciprocal lattice for

a body centred cubic (bcc) structure is face centred cubic (fcc). 4
(c) The primitive translation vectors of the hexagonal space lattice may be taken as

a, :(31/2a/2)fc+(a/2))7, a, =—(31/2a/2))2+(a/2)f/,a3 =cz

) o (212 2

(1) Show that volume of the primitive cell is (3 / 2)a c

(i) Describe and sketch the first Brillouin zone of the hexagonal space lattice. ~ 2+2

Calculate the structure factor of a face centred cubic crystal. Find out the condition for

missing planes in case of X-ray diffraction for this strucutre. 4+2
(b) Explain Bragg’s law of X-ray diffraction. 3
(c) What types of radiation other than X-rays are commonly used to obtain diffraction

patterns ? 1
(a) Give dispersion relation for one dimensional monoatomic lattice. Plot phonon dispersion

curve for monotomic molecule. 6+1
(b) What is phonon ? Distinguish between acoustic and optical phonons. 1+2
(a) Describe the quantum mechanical theory of paramagnetism. At what condition quantum

mechanical results approaches to classical one ? 6+1
(b) Define paramagnetic susceptibility. 2
(¢) What do you mean by effective number of Bohr Magneton ? 1

P.T.O.




(3)

A

Ay (AT A v AR @ (A R e e @R
o 4 (AT A do AL @A 12Ha TeF we

. S ITOCETR YACG &) AR qMfeq 9 1 90 76 T “FoCrd (vl A8 @

a
dyyy =—F—, AR Oima FrelRs o1 729 I | 5
NI+ I+ 12

. Meissner effect <7 9| Meissner 2t fofere 5i3et 1 € 5129 11 Sfe«ifz=isia s
A P 79| 2+3

. (a) TR @R (ACGH Fgefem [yfe wie |
(b) Debye @i7™I@l F<elF® T @32 Debye wrga @bl SiteTbal 34 | 2+3

. (a) CREFACTAISTS! T 4|

(b) FFEm @S AT (Clausius Mosotti Equation) e 511 1+4

. (2) SIER ALY @Y 8 AR AR [Fera e 7w e @ e 3
(b) Fftm «ife T 2 93 a1y, TFRRIZ R TITF 9T T JIS T T 7S |

2

. a1 stea fefers Jrimaeii w2 @i Qe wie | 5

. (a) YU FOTE (111) SR M 739 2A | =i «p=ifioR @) siasiafs e
favdffae <=1 2

(b) TR Tt (SR T ATl @t 791 (e @ @3 AT o T
(bee) FITR T AES e 261 JU (@ T (feo) | 4

(c) IO TN TIfed s oA (S3 A (eq @re A

a, :(31/2a/2)fc+(a/2))7, a, =—(31/2a/2))?+(a/2)j/,a3 =cZ

P.T.O.
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(i) (e @ SIfrs (IR e 28 (31/2/2)a2c

(ii) TTTE B Giferd 22w Kees sixes afql 79 @3 TN I | 242

8. (a) 93 Y4 T I “HOCFA 9107 TNIFT o T | AT FCNF Ty X-A [T

G SIS O SR[E s (@7 4| 4+2
(b) TR X-MA JRSTF ] 1t 9 | 3

(c) X-af&1 rSTe ey (F «ACea [iFel Aaiaers Jad aAfeTT (oire a7z 272 |

9. (a) GF NGF GF 2 Tfe Toy Kvgael T=51F WS | AT ST ey (Flee [0l

@A S | 6+1

(b) G 52 *ROTFRT G SCART Faiem T sfidmaie @4 142

10. (a) DRSS (PRGN ©F I T | (Pl TRE (PRGN SG Felzwe] PRI
OUGT IR T2 6+1

(b) *PRARTISTADGS FCIVeleTol TS T4 | 2

(c) @ TG (Bohr Magneton) FEwa! R4 I F (@A 2 1

P.T.O.
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Or,

Digital and Analog Circuits and Instrumentaion

Full Marks : 40

Group A

Answer any four from the following questions :

. (@) Subtract 110110-10110 by 2’s complement method.

Time : 2 Hours

5x4=10

(b) Find the binary equivalent of the decimal number 34. Also find the decimal equivalent of

the binary number 110010.

. (@) What is full adder ? Write down its truth table.
(b) Construct a full adder using two half adders.

. Briefly discuss the working principle of a photodiode.

. (a) Briefly explain all the configurations of a BJT.

(b) Draw the input output characteristics of any configuration.

. (a) Explain the concept of virtual ground in an OPAMP.
(b) What is CMRR in an OPAMP ?
. (@) Draw the block diagram of a CRO.

(b) Write few applications of a CRO.

Group B

Answer any two from the following questions :

3+2

2+3

3+2

3+2

3+2

10x2=20

. (a) Write down the truth tables, Boolean expression of XOR and XNOR gates and draw

their symbols.

(b) Using NOR gates only construct AND, OR, NOT gates.

5+5

P.T.O.
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8.

10.

(a) Explain the working principle of a 4 bit binary adder.
(b) Simplify the following function using K map :

F(4,B,C)=%(3,5,6,7) 5+5

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

(b) What is zener breakdown of a zener diode ? Draw the I-V characteristics of a zener
diode. 5+5

(a) Draw the circuit diagram of an Integrator using an OPAMP and derive the experssion
of its output voltage in terms of input voltage.

(b) Explain the working principle of an adder using an OPAMP. 5+5
BEGRI
e =

065 2RISTET (AT Q@] BIE 20s T e 5x4=20

. (a) 2 97 7fA7FF (2°s complement method) #I%fS @l Sso0vv0-s05 30 RN P71

(b) w8 @ Wi MAIGrE AR 7AW +IfFqET F91 Sv00s0 @ A 7R27IHH
FNgel) WA Rl Afes T4 3+2

(a) ‘71°f @RI (full adders) 52 «@F 3ol AR (truth table) (514 |

(b) TCH! SEF @A (half adder) it @G o3 @I9=F (full adder) IS | 2+3

. TGOS (photodiode) @ FTEA NSH ATHCA TG T4 | 5

. (a) <= BIT <7 & @4 (configurations) T <7 37 |

(b) QT A @9 (configurations) 255 SNCH#[T (AT rebasler St 3+2

. (a) @« OPAMP &3 SIFHIE 2ASred «i=ell i 4|

(b) =G OPAMP @3 CMRR &2 3+2

P.T.O.
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10.

(a) @3 CRO il g =% 7|

(b) @36 CRO 9T FIF0 QA (L | 3+2
faeta - «
0o efetal (AT @ (I qUBT A3 TR mis | 2x10=20

(a) XOR @3z XNOR (56 @3 3eret AF (truth tables) W7 v wfeuf& (Boolean
expression) (512 ST SIWE 2O S |

(b) wgg NOR (46 27 I @6 AND, OR, NOT (aipefer toff 63| 5+5

. (a) @ 8 5 IIFAIT SHTIER (4 bit binary adder) TS AN 41|

(b) K IHd (K map) IR I3 WHEIRS Fieat Fetmae I
F(4,B,C)=%(3,5,6,7) 5+5

(a) “fwF TS foa Aerawel @ o wa% TN (half wave rectifier) € F2E!
ALCECA [T B |

(b) (T TITANTA (TN @FCIC N ? (T ©iaed (V) @Y @efzas siw|
5+5

(a) @3B OPAMP JR2[ FH GF6 TN p+11-oa orFe F9 9 SC69[5 (OIoe
AR @F F4

(b) <6 OPAMP JR2R A G0 SHICIER (adder) TS 2 F4 |
545

P.T.O.
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Nuclear and Particle Physics
Full Marks : 60 Time : 3 Hours
Group A
1. Answer any five questions : 2x5=10

(a) What are nuclear magic numbers ?

(b) What do you mean by nuclear spin ?

(¢c) Show that the energy equivalent of 1u or (1 amu) is about 931 MeV.
(d) Explain the principle of ionization chamber.

(e) Write down the Bethe-Weizsicker semi-empirical formula for the nuclear binding energy

mentioning each term.
(f) Define nuclear reaction cross section. Write down its unit.
(2) Why is f-spectrum continuous ?

(h) What is Cerenkov radiation ?

2. Answer any four questions : 5x4=20

(a) Show that R =1y, A3, where R represents radius of a nucleus of mass number 4 and

7 is the nuclear radius parameter. Determine the radii of a '®0 and a 2*°Pp nuclei,

given that 7, =1.4 fm. 3+2
(b) State and explain Geiger-Nuttall law. 5
(¢c) Describe a GM counter and explain its operation. 5

(d) State some of the important conclusions drawn from the Rutherford’s experiment on the
scattering of ¢ -particles. A 5.1 MeV ¢« -particle approaches a gold nucleus with an

impact parameter 2.6 fm. Calculate the angle of scattering. 5

P.T.O.
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(©

®

3. (@)

(b)
©

4. (a)

(b)

(©

5. (a)

What are the basic similarities between a liquid drop and a nucleus ? How were these

similarities developed into the liquid drop model for the nucleus ? 2+3

What are the experimental evidences of nuclear shell strucutre ? Write down the basic

assumptions of the nuclear shell model. 3+2
Group B
Answer any three from the following questions : 10x3=30

Define mass defect and packing fraction. Show the variation of packing fraction with

mass number. 2+2+2
Write down the characreristic freautres of nuclear force. 2
In passing through an ionization chamber, an ¢ -particle produces 15x10* ion pairs and
is completely stopped. Calculate the kinetic energy of the ¢ -particle and the charge

colloected by each plate. Given that in producing an ion pair, ¢ -particle loses 35 eV
of energy. 2

Why is a-spectrum a line spectrum ? Calculate the Q-value in the following a-decay :

29py 5 25U + *He

Given, M( 239Pu) —239.052158 amu, M(235U) —235.043925 amu_and

M ( 4He) = 4.002603 amu 242

Find the ground-state spin and parity of 'Li and '°Ne nuclei using shell model. 3
Calculate the average binding energy per nucleon of *°Fe nucleus.

Given : m, =1.007825 amu, m, =1.008665 amu and mp, =55.934939 amu. 3

Show schematically the variation of number of /3 -particles with energy. Explain why

this /3 -particle energy spectrum is continuous. 2+2

P.T.O.
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(b)

. (a)
(b)

. (@)

(b)
(©

What are the difficulties in interpretation of f -spectrum ? Explain how the Pauli’s
neutrino hypothesis resolved these difficulties. 3+3

What is accelerator ? What are its essential parts ? 2+2

Describe with schematic diagram the basic principle of a van de Graff electrostatic
generator. 6

What do you mean by an elementary particle ? How are the elementary particles
classified on the basis of their masses, interaction or statistics ? 243

What are the different types of fundamental interactions ? 2

What is the origin of y-rays ? What are the processes through which a y -ray of
1 keV energy will interact with matter ? 2+1

A
e &

. A Aol d4res T we 2x5=10

(a)

(b)

©

(d)

(e)

®

e

(h)

g Wifes sk /e

fTefgaem 7w FeTce & @Rie

@Ae @ 1 u T (1 amu) 93 FTgey *f& 2T 931 MeV |
ST IR e GG F |

Bethe-Weizsicker @3 91 S g 7w *fe= 5@t @< | ata afel aif
T 79|

Sefan [ azmre ke nie | g @5 2
B -3 TS (o 2

Cerenkov 5=t =2

P.T.O.
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2. @ ST A Tex wie 5%4=20

(a) o F9 R =, A3, AT R TN 4 & 340 T& 3 T Imid @1 7,
e WS e e |

g5 100 @ @b **°Ph feFaselE TFIf feft 99 T4 £, =1.4fm1 342
(b) Geiger-Miiller iz RJfe @ i<l T 5
(¢) Geiger-Miiller TCFF I WIS GIR AT IR i 541 | 5

(d) IVRCHICET SeTFl-Fo [Tl 270 (AT i sFgsf Prawef @4  fo
5.1 MeV SIeT-3ll (ol e Wi 2.6 fm 203 «0iaifoR S «ifie =11
TRl [ @i Fefm 391 342

(e) M oo [y qR @G EFACR ey Avsler @14 | 92 ApHyef (@ el

iR wve [ afewel afsfie zere 243
() TR QFF 9 97 FATF 2 Fwea awieel & e FofFaem ms afsmel
7 & TR @74 2+3
A
et 4
b3 AiSTeN (AT @RIl foale 2t Ter wie 10x3=30

1. (a) ©F @0 @G3R NI S2H @7 W@ (77 | [feq NeFACR F@ o7-71R4707 ACH

TG A ARG (@12fda 2vsia 3| 24242
(b) TSl atew vifafes @Bl @4 2

(c) G0 o TN G0 TP (HHICIT Y MCT A AT 15x10% TRAF A (&el
Tl I IR TSI (A I | o -0 oifS *Ife ar afe (26 Fo =tal ke
FACA! O o7 IR | (e TR G0 T (ST T FATS ¢ - 35 eV =& I3
I 2

P.T.O.
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4. (a) @4 a3 @t @2 e TEERe o FE" T v Q-W o 77 ¢
29py — U + *He

AT M(239Pu):239.052158 amu,M(235U)=235.043925 amu 32
M(4He) — 4.002603 amu 242

(b) TS aAfesmet TaRT T (Li @R Y Ne TR v-wmm P @k ol @@ 4
3

(c) °Fe FOFNTR 1w g afs fNeiFaa e 591

#wa, m, =1.007825 amu, m, =1.008665 amu Gk my, =55.934939 amu ©

5. (a) *fea AT® B -7 AT “Ifadteax e @Tiba el 391 @ -39 @3 *fe

Feffet ferzrafomar 2 242

(b) B-F @2 e 2@ I Fa0e & & Pyl 2wl e «itfkw ek o
@2 PRl @ S of i 39| 343

6. (a) T g 7 9T SGRHGF SH@fer [ [Fe 242
(b) @ o7 TS &I FCAEPHITE (@ ItasEa Her Tadifs a6 34| 6
7. (a) G il I=ce [ @RI G FNeRTE eI OtR ©F, 3= Al «ierWE @3 7l
i [eiem 331 2R 2 2+3

(b) Rfew @t chifers Il & 62 2

(c) 7-3WE T 52 @3 1 keV *fez y -3fan @ @ afEFacs «micda e &=
AT ? 2+1




