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2025

5th Semester Examination

PHYSICS (General)

Paper : DSE-18/2B,/3B.-T

IcBcsl

The Jigures in the margin indicate full marla.
Candidates are required to give their answers

in their own words as far as practicable.

[Solid State Physicsl

Full Marks : 40 Time : Two Hours

Group - A

Answer {ty fwe questions. 2x5:10

l. What are the differences between crystalline and non-
qftalline materials?

2. Write down the Bragg's law of X-ray diftaction.

3. What are the basic assumptions of Kronig-Penny model?

4. Distinguish between paftlmagnetic and ferromagnetic

zubstances with examples.

5. For a certain gas molecule, the permanent dipole moment

is 1.47 Debye unit. Calculate orientational polarizability

at room temperature.

(Gven : I Debye : 3.33564x10-30 coulomb-meter)
P.T.O.
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6. Discuss the frequency dependence of the total

polarizability of a dielectic material.

7. Write the differences between type-I and type-Il
superconductors with examples.

8. The energy n1E7 of an electon of wave vector i ^ u

solid given by E@)= Akz + Bka, where A and B are

constant. Find the effective mass of the electron at

E=ko.

Group - B

Answer any four questions. 5x4:20

9. (a) Define polarizability.

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

form 6, -1 - No, 
, where ttre symbols have their

er +2 3e6

usual significance. l+(1+3)

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

(b) The critical temperature of a superconductor at

zero magnetic field is Tr. Determine the
terrperature at which the critical field becomes half
of its value at 0K. 3+2
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11. what is Hall effeet? Derive an expression of Fiari
coefficient and Halr voltage of a n-type semiconductc;r.
nraterial. Z+j

12. (a) What is reciprocal lattice? Why is it so namedl)

(b) show that reciprocar lattice of a bcc lattice is a
fcc lattice. (1+l)+3

13. (a) A crystal cannot diffiact UV radiation. _ Explain.

(b) What is packing efficiency? What is its value fiar
y'c structure? 1+(1+3)

14. Discuss the fbrmation of allowed and forbidden energli
bands on Kroning-penney rnodel.

Group - C

Answer any one question. 10x1:10

15. (a) obtain a, 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 2.2pBper
atom. Compute the intemal field for iron.

(c) What is phonon? 6+D+2+2
16. (a) Discuss the rimitations of Debye rnodel of rattice

specific heat capacity. What is Debye temperature?

v-6/233 - 600
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(b) The resistivity of an intrinsic semiconductor is

4.5 ohm-m al 20oC and 2'0 ohm-m at 32oC'

What is the energy band gaP?

(c) A plane makes intercepts of l' 2' 3A on the

crystallogr"r* *"' of * orthorhombic crystal

witha:b:c=3..2:|.DeterminetheMillerindices
of this Plane'

(d) What is penetration depth for superconductor?

Q+l)+4+2+l

<{l$tE

Ftstt - re

6{-mtrll 'ffr'F arm fu< ql\s t 2x5:10

1. TFs (Crystalline) sR q-"Tfr4 (non+rystalline) "ffi
qc$ qldo ftz

2. x-<ft q"K6{ qiqls <I[tt=r ryF ro'c'n t

3. cqtfiot-clfi:rs-rtrr drFr+ q-$Fefr fr frt

+. Eqr{{6F{q 'KrF-s (4irfl{ttdrqtrs) q<i qqTlETs

t*uwntmm*i qqrtk xc<i {qfuieft' cmrlt t

5. ..q$& fiffi dist qt{ q-di qtft Gcx-s qwr$-{ {r{ 1'47

6s-{R ?EFF ECq \t-<< srq{rqm qeIft cn-r-<ffislr

(sRcffitrrdm cmr*ffiffi) ooat oc<tt

it* : I cs<E = 3'33564'1o130 1at' ft')
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6. qsfr rEtttreGm qvnrq(< c{F cv<qffism

(c"ilarffiftFry ffi ffiNI qrrr6{t fi f I

z. BqErqirq bt?"J-: e<i bttq-q q&ffi< vc<l

"rraf+lefr c{ccll I

e. f([) = Akz + Bka qBrt em's qsB s6,T "tqIccf s-{q

NEr i e< ..a<rF trqsErffi q& rt[l , cr{tf,r I qq
B srm t E =ko<l @6as nld's{ v* frfr scrtt

futrr - t
6T-mtrql ur*E etmr Es( qI€ I 5x4=20

9. (a) c"flailsffiFrtrs q(Bt n€ I

(b) vf?krq<Gr+.fr 6srEr qffitr 6sEr (locat field)
ffns fr mnm? Sfrfl:ry-mffi q'frs-*.t6

4= {o" , dfubr smt, 6q{r6{ Feefr<
e, +2 3.0

'qlglR-$ qef flrcqt )+(:+o)

10. (a) qGffi* mcq ffi*r+t< ffi EqTo trq,qq
qGq'c"t {'FUt s'cRl I

(b) W ffii$ cryaq en'F qB{ffis q'st q"mor
€ rcr q&ffis qsb ffiE.s cqrqB rsr{
etqrrlEll{ qr 0 K Ef'FrqlR TIrffi qrf,$ qr<, R.f*
TGtf I e+Q.

P.T.O.
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11. qE asr< frr esfr n-bEot q("lm "ffiaf{ Ef, qq51

,9<( € osrc+cq'< *5 arft 6EE <ri<11 \*o

lz. (a) q'rErqr+ eItE {f,65 6t cqtr<','r ? q< q<s{

iN-SflcK +K"l frt

qu) ent"t <rn esB bcc qIFq-.qr q{a'rlls tTfiE{ eret

o+E Pc qrfrq I (>+:)+e

13. (a) esF mql{' qF-mefr -<Fr.< <llffi< S{t qt--

O) otr.tR, qrct frr /cc dbca-< q-{ 
'qK 

xn Gfr +cnt

>+(>+rr)

14. 6ffiRa-c{R rcsra' q-xlxlfrs .q<( fifr6 *rB <irs $a

<It{[l sTst I

\{I{trt6-{l ocsl t

@) csTcai{ T1t

Ftsu - tt

15.

c{-rstm 4<5F dc{K B-s< ql"e l 10x1:10

(a) a'ffi&r;r< SIFi+rq \5q <i<EI{ $t-{ umNltatqfs

q<r<q-{N{ lsusceptibilitv) <lFlrrqtF frfr rec<

fi{ls I li.llws q<c-<q-{'frqg]-{ stqq{fir

o) cwil$lfl'[{trs qw{r{< 1R ut"mnn 1043K 'q<i

tB 'fit$Td 
q.rfsft ffi{ ffi-s 2'2PB {r{

-*,* wlgftq ffiq.$t"s csrs-< El-{ 5l"t{'t +rnl t
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16. (a) ofrr 'm'rcef< 
q64fu-E \ttq qqe'lv ffiT-{

{rvrdrc fixr<qstefr' q'rrqril srfl r fu<t?

vf"i'fiqt frr

(b) 20"c \ot4xrqtr e$E freq q{qk-{fr{ (intrinsic

semiconductor) 6fl{ls 4.5 ohm-m €<( 32"C

EtqnrEF 2.0 0hm-m qcE q(?IffiB{ <Itstrm4K

rtq frfr smtt

(c) qsfr \xnftiR--s c<rtIcrrt (<l;t a : b : c : : 3: 2 : l)
ffirelqrfr-+ qsr$ esB qnsq l. 2, 3A-,! 6qq

oc< r eE q'q-s"CFK fr6TR 1u+efr'fi'fs orst r

(d) qB"tR<ta{ q-{em{ 1qlet (penetration depth)

fir (l+:)+e+\+>
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[Digital and Analog Circuits and Instrumentationl

Full Marks : 40 Time : Two Hours

GrcuP - A

Answer Nry fwe questions. 2x5=10

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

2. Find the decimal equivalent of the binary number

l01l0l.

3. State De Morgan's laws.

4. Using 2's complement method subtract 101010 from

il10101.

5. What is Barkhausen's criterion?

6. Construct an OR gate using NAIID gates only'

7. Write down the truth tables, Boolean expression of

)C\OR gates and draw their sYmbols.

g. Draw the output characteristics of a transistor working

in CC configuration

Grcup - B

Answer anY four questions' 5x4:20

9. Explain the working principle of an adder using an

OPAMP.

v,6/233 - 600
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10. Construct an AND gate using diodes and explain its

wor*ing.

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

12. Briefly discuss the working princrple of photodiode.

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

14. How Z.ener diode is used as a voltage regulator?

O) If in the non-inverting mode of OPAMP, the input

. resistance is 3kC), feedback resistance is 12kC)

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.

v-6/233 - 600

P.T.O.

Group - C

Answer arLy one question. l0xl=10

15. (a) Draw the circuit diagram of an non-inverting
amplifier using an OPAMP and derive its output
voltage and voltage gain.
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(10)
<{r{-{tn

fuu -q

c{-6<Frc{'t "ilUE acf< Es{ qls 1 2x5:10

L zz e? 6fr4 q<"fiFr$ <ffi q({im qk-<6{ +.crl t

2. 101101 *? <ffi q<uFro q"tfr-{ (csfr$ra) q("lTlr

{Rqs sc.<l I

:. fu q<dim'{ {q Tt cEc{ t

4.2-q<qRt<-+(2'scomplement)46&<K{f{s[T
1110101 6e16E lQl$10 frrIl5i +r-<t t

s. <r<"[Gcqm-{ rrqqe frz

6. c$.<qilq NAND coF g<qr< $Gt oR ceF $q T[-<t I

7. XI.{OR caF e< qsTsf qKft (truth tables) qK $KI.{
qffi (Boolean expression) Gf,Crlt ql{ sBr effr-s

drcot

8. cc q<rrtctm mcE ffi-Srr< qtEB"F ?<FrB cqqGq

$$-{ a6f 1

fruat - q

c{-6sf6{t umF aem EB< qllg | 5x4:20

q. e$F q'l\qr={ (oPAMP) <j<ET{ qca erF q'rwm{

(adder) sl'ffi-{ fr& <n"'ft <t<t t
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10. \5tmrs <Kq-{ sr{ AND ctF ?sR rcst q<( qE ffqr<
sfq s'r3 <lteBl s'6fr1|

11. EtT qirsK q<( 1-a. \qrrsm frt 1t <lT qrNtFr <irqr{

ret< e$E T{ qlrsx M +.rct

tz. +tHsnmrcs< olfiB q(q'c{ qrcEE-{I sl<t I

13. {fu( <6fr Gq iTEmrc{ e$E q(\r<q'r(Ctl{s (half

wave rectifier) €T n{d"ffr q(ffi4 <lt{l't strl I

14. cq-d'Rr slcrrs fr-qm cqr+sr fi{q$ Rc'{r< <r<qs qs ?

frtgtet -ot

F-r+lc{I ,9+,E acrK EE< qNe t 10x1:10

15. (a) €Sfr qerqnr-'l (OPAMP) er qrQd\stffi(
qk<fuT (I{on-inverting amplifier) <6ft Fq q+-q

rem qtffiS ptr-Sq e<i 6q1fiq R<fllc' (ctl{)

fr{-q st.<r t

0) esF a-ffir (Non-inverting) GIc-u ffi q4
qrr'4 {fr t{c1} 6st{ 3kQ, frq<Ir$ mt{ 12ko

e<( ?at? Frc+q 4.2 Fr& E{, slqco qlBt'"iB

ply6-6q frfr rem 1 G*G

to. esF {qK qtffi v.lnl$T <r<$r ?FL< IC 555 sTql{ $t-<

e$E Qf'gfrq $ffisRu$< (astable multivibratoo ffi{
smf ,.q<( \{lE?"F E<q-fi-6er{ qr-{-$rm{ qffi 5a3

TTTI I

Y-6/233 - 600
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[Nuclear and Particle PhYsicst

Full Marks : 60 Time : Thrce Hours

Grcup - A

Answer anY ten questions' 2xl0=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 senai-empirical mass

formula

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

6. An atom of 226puelement is transformed into an atom

og 222pn element by the emission of an o-particle'
Calculate the disintegration energy. Given that

M1226Ra; =226.096 amu, M(22'Rt; = 222.0869 amtt,

Vt(4He) = 4'00387 amu'

7. What is B -particle? There is no p -particle inside the

nucleus. Then how B -particle is emitted from the

nuclew.

What is intemal conversion?

Define nuclear cross-section. What is its unit?

8.

9.

v-6/233 - 600
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10. Calculate the amount of energy evolved when I gm of

235U isotope undergoes fission. Given that per fision of
235tI n 

"1"us, 
200 MeV energy is released-

ll. Write down the Rutherford's scattering formula-

12. A sample of uranium, emitting o-particles of energy of
4.18 MeY is placed in the vicinity of an ionisation

chamber. If l0 particles, on an average, enter the

chamber per second, calculate the current produced-

Given that one ion-pair requires 35 eV of enerry.

13. What is particle accelerator?

14. Write down the Bethe-Bloch formula regarding energy

loss due to ionization.

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

Group - B

Answer any four questions. 5x4:20

16. How nuclear radius is determined from o-particle
scattering experiment?

17. By assuming a nucleus to be spherical in shape, show

that its radius can be expressed as R = hA''', where

ro is nuclear radius parameter. Determine nuclear radii

for 160 *6 206p6 nuclei where ro: 1.4 fm. 3+2

v-5/233 - 600
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18. 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. 2+l+2

19. 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

20. Describe and explain the working principle of a Geiger-

Mtiller counter. 2+3

21. What are the different types of fundamental forces?

Mention the relative stengttr, range, interaction time and

intermediate particles (mediators) for these frmdamental

forces. l+4

Group - C

Answer Nry fiuo questions. l0x2:20

22. (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 g?Ph? 2+l+2

(b) Determine the expression of kinetic energy of an

cr -particle emitted from a radioactive element. 5

23. (a) Show schematically the variation of number of p-

particles with enerry. Explain why this B-particle

enerry spectrurn is continuous? 2+2

v-6/233 - 600
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(b) What are the diffrculties in interpretation of B -

spectrum? Explain how the Pauli's neutrino

hypothesis resolved these difficulties' 3+3

24. (a) Discuss about the Bohr's compound

hYPothesis.

(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 u{ren they leave the cyclotron and determine the

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

<{r{-{rn

firstet - +

c{-r$tffi ntE erqT Es-{ ql\g | \x)o:qo

1. ftURxrrqr Erfrrq< q-di s'tfr ffirq< cr"[q m{ GCE{

q("lil CetF{ q(?fl wc"{q:t mFf q€{f efc{fqd'?

2. fiER-{ r;t&r qi?fi frr

g. fiBF-qR:K $t <om fr r<tr<ttt

4. c<cq-sffirfiI ffi eP[RrTr"lf, :rR q<{Er

cd["tt' et.o.

nucleus
5
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s. fiBft'rnqa ctrdr$ aBffir"t< TE ffi cEcrtt r

6. 226pu ffi[E{ esF "mt ffi Ecr 222Rn fficET

e$E "K$tro <Tetlsfrs qs q<( q< *rE esB
cr-sctt frofe qsr eQ {k<61q RS{.tfu fr.fu sGItt

6qs{t qICq

M1226Ra; =226.096 amu, M(222Rn) = 222.0869 amu,

M(4He) :4.00387 amu.

7. B -s.tt fir fiE$ntcq B -s.tt enm dt I El{cET fiEtrstl
canF fis]r{ B -s.tt frrG e{r

8. wlsft"r mdtwr fir
9. frGFr RfrFrr erqcwm qig't ne r q< q+o ft,

10. I epq zrsg qffit"t q-"l.f ffis q6m Gq qRfiq
rtfrF $qffi ET st fr.ft orn I 6q\ert sffq z3sg

frBffiq< d& RetsTrH 2oo Mev "t& fr:fs qrr

11. <fqf<GFtrft fr6q46f {qF ffic?ltr

tz. esE qFfrs(q cmrffir o.R.Iore 4.18 Mev {fuT
cr-scft fie1g-+rR esB Ruffi-qlffis q{{r <faff qEql

{fr dry ef{ lOE. cr-sotl ffi 5ryE5q5 6-qfm amrt

<16{ slqcE w v&q Sq4-* EcEt Ef fr.fs vc<t t' 6q\ert

qtq.{$, qlTl;r ffiM $qqffi Grcs uie6t[ 35 eV {&
sTI $CS I

v-61233 - 600
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13. $f,t-st wr"t {E fr?

14. qllfi-crcq< 56a 1fuan q-{ffis r<cet{$ ryF cann t

15. 64"8q frz frB* $rrffi m"Fqefr cqrfit

futot - rl

6q-6stnt uf<F etct< Es< qls I cx8=qo

16. cr-T6tt fr55e1 qftwt calcs frsrm FrB&rtcq{ <m{
fr.f* on qmt

17. ,4 e< qrn F qsB fiUffirs cttlEFrK $rc{

cq"il\3 G{ q< $rfl( (x)-6$ ffiFlg w6{ qRt6{i

er$H <Et TlTr R =roAt/3 c$lt6{ ro {cqt fiBFr <Iqt(

sF<rsR6{T r e$F 160 *q<( qffi zoopu fiBR-qffiT

$F{t{fr{x sr<I r{{ ro: 1.4 fm I s+t

ls. frEFr rsd qfu-{ iltrffiql fi'fx +r<t r RBa

FrBffiqa srq$Bt q<( 6rGR-{ s"fi a& qq-{ {B<
xr<I 6fl{Gq qs{ <v6<t e<( q? 64"{cCE3 e+q1{

i<FrEJBfr qrq.lD;lt $6st I q+)+l

19. e$E ETE fr-T e<( e<sF Fc&$rq< n-5<i qryrefr

6ERllt e? at1wfr catrrcfi'str< fiB&{trn-{ s<-q fr'T

afu<q aeffis {rqtr *+e

v-6t233 - 600
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20. urRrtr<-fS'm <'cq< <tffi qlrg q<( e< T1dsffi $Hi't

TL-TI I *+e

zt. R&r imr;t-{ ffifr--s <q fr fre cfifr-+ <qefr<
qtctfu+ nr{, fu, qrsfufforq, oq-s{61 +q'f

1q<lqotflft) t >+8

fuot-q

R-r+lnt f-F etm< Us< ql$ | soxq:lo

22. (a) s-< q& q<( qrtKsl v{tit <Elcs fi r<rr<nt

R&q "R{1t< Csrq \s<q({iK T[q' T{lm{
s{l(r{< 4ffi cqclfr[q< qRrc$ cnq'Ns t e?

c{{CE car.r c+-qrs< qtfrq q-qr6 fr s-lF{f ${z
\+)r-l

(b)

23. (a)

@)

24. (a)

c\5g-G{ ffi-a 6e6q frtfu cr -sotf{ {&{e<
KIArIEI frfr +mt t c

{eT qRs p -s'{K q(<rm "lR<6rd< frffi
ffiqGq aq.f{ qc{t I cq B -$"ir{ e? *tfu <'fi-fr

Fm<&rr \+q

p -s.ttr e? .tRF <.ftfr <rtcft s-{N fr fi q$?tf

qcsfqttr frsn=< 4l$fr{ fr€&rdt ar+q eE

v1frqrs6 q-* e*cil vt <lt"u'r +t<tt \e'r-e

c<tc-r{ ffiFr+ frB&-q]r{K vq q*lt6 qrffiD-dt

TCSI I a
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O) ffifr"s $6tt <6rcs ft r<rr+tr dr&--s +"ttefrco

fu-lr< snffiT s{, <Er <t "rRqi$'r{ q< ERI

G$ftRqq-{ srt qcrcql i+e

2s. qsF qRG'Eq qrs{ <f{Hq {FftB qtrqtrr{t sG{t r

ffi{ cer+ froG qtfu ${Rr qr{'E tb{&<
ilft$Er ,q<\ {fr8q6n \r{-{tq s,.,flrgrr BIFNET fr{.q
S[Ttl (o+o)+q+q
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