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QUESTION PAPER SPECIFIC INSTRUCTIONS
(Flease read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE gquestion from each Section.

The number of marks carried by a guestion/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA] Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.

Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order, Unless struck off, attempt of a
question shall be counted even if attempted partly, Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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Constants which

Velocity of light in vacuum ()
Mass of electron [m,)
Charge of electron (g

Specific charge of electron [iJ
m,
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3x10% mg!
211x107 kg
1:602%x1071% ¢

1. T6x10" C kg!

9315 MeV

05110 MeV

8-8542x10° % ciN-1m2
4n 1077 N A2

8-314 J mol ' K}

1.381 %107 jK-1
6626107 Js

1-:0546 1073 J g
9-274x107* g 17!
5-051=107%7 g -1
1/137-03599

1-0072766 1 =1.6726 10727 kg
1-00B6652 u = 16749 %1072 kg
2.013553u

4-001506 u

12000000 u

15994915 u

8609099 1

4002603 u

0 FEH), 1 )

-3-B260 [721), 55856 [deh)

may be needed

=

=

(]

«3::«11:!iB ms !
9.11x107 kg
1-602x107'% ¢

1-76x10' C kg!



lu=1amu =1-6605x107%7 kg = 0315 MeV

Rest mass energy of electron {mﬂczl = 5110 MeV
Permittivity in free space [gg) = 8.8542x10°"2 Cc?*N1m?
Permeability of free space u,) = 4rxl0" NA?
(as constant (&) = £:314Jmol ' K!
Boltzmann constant (kg) = 1381x10™ gK!
Flanck constant {h) = 6-626x107 Js
" - 1.0546x10™ J 5
Bohr magneton {ig) = 9. 274x1072* g7t
Nuclear magneton fuy] = 5.051x107% g1
Fine structure constant fo) = 1/137-03599
Mass of proton jm,) = 1.0072766u = 1-6726 %1077 kg
Mass of neatron (m, ) = 1.0086652u =1-6749x 10747 kg
Mass of deuteron |my) = 2-013553u
Mass of a-particle (m,,) = 4001506 u
Mass of 12C - 12-000000 u
Mass of 'S0 = 15994915u
Mass of §isr = 86-99990u
Mass of JHe = 4002603 u
Orbital gyromagnetic ratio (g,) = 0 (meutron), 1 [proton)
Spin gyromagnetic ratio (g,) = -3-B260 [neutron), 5-5856 (proton)

WrE—A / SECTION—A

1. fa) TF T A A g = e 5 F gm ¥ W —a < x<a #wm T W
=

A i i
The wave funclion of a particle is given as q.rix]::'}_n.-e't"‘l""". Find the
a

probability of locating the particle in the range -asx <a. 10

fh) TF U@ T f yE-fas Feow sfeees i, Ped 1070 kg W owsme o FEm R @
I0'N% 58 3 107 m 7% Tam ot =2 B % 5o 920 7297 911 7= e o fam & of
F Tom, = 2
Calculate the zero-point energy of a system consisting of a mass of 10> kg
connected to a fixed point by a spring which is stretched by 1072 m by a force of

10" N. The system is constrained to move only in one direction. 10
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x <0 fom favm sem 8w (e we aed] Sens), & s e
The general wave functions of harmonic oscillator jone-dimensional) are of the
form

T

W b= i qwkﬂ-ff:

k=10

I rreay
with y=1i|£-;]--- x, and coefficients a; are determined by recurrence relations
2(k=n)
(p 4 = =]
e TSI

Corresponding energy levels are B, =(n+é—]ﬂm. Discuss the parity of these

wave functions. What happens, if the potential for x=0 is infinite (hall

harmonic oscillator)? 10
fed) iR AT AT THe THe WRe % FEAm # fHgea § g BER wwn wEme

=1 7

What is nuclear precession? How is it used in the principle of working of

an MME? 10
fe) T=mm s W Li' T 5 TEm geieeis e B ufees il

Calculate the radius of electron orbit for Li' ' in ground state, i

2. (a) EEETAR WH F P s A e

W) = ™10
ymag
®, FE a, 90 TN R w0 - F oW F TN 0 Wi W s 0 Sed & e
10 | Tay e § e o 8 faen i A w we o wrfiman 5 aitwe i

The ground state wave function for hydrogen atom is

Wi = griee

Adp

where a, is the Bohr radius. Sketch the wave function and the probability
density as a function of the separation distance r. Calculate the probability
that the clectron in the ground state is found beyond the Bohr radius. 20
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(b Tt adufmma 1 fag fifam
fif 1B Lyl =10,
fii} Pl =cosb + (G Ajgin B
FProve the following identities :
il By Lyl =ihps
fii) e 1T — cosB 4 {[F - filsin®
(o) Erefafem O 9 F9-m8 e i w8 R
(B wix)=AeFE 4 geths
il wixt=Ae ™ +Beb”
fii) wrix) = Asin3kx + BeosSke
fiv)  yilx) = Asin3kx + Bsin 5kx

ful  wix)= Atan kx
I I TEEEE

Which of the following functions is/are acceptable solution(s) of the

Schridinger equation?

r.r} w[x}:ﬂe'rkr-iﬂﬂth

il wix=Ae ™ +Be**
fiif) yix) = Asin3kx + BeosShx
fiv) yix) = Asin3kx + Bsin Skx
ful  wix)= A tankx
Explain vour answer,

15

3. ja) w9 eV ® UE FOEEE & oV 35 Fiva dium oo e st B sfia g 2w F e

yfHETaa wratda gl

A beam of particles of energy 9 ¢V is incident on a potential step 8 eV high from

the left. What percentage of particles will reflect back?

15

b wwiEe fF g soEk Tm A fifefe (aD) Fi-wm e BV % squn giafia g g, aw
7% Tavin wr=n g (2D) % fom £, wm am (1D) & fam E7Y? sk w=a 3 (0D)

F fom & wem w0

Show that for free electron gas, the density of states in three dimensions (3D)
varies as EY? and this dependence changes to E® for 2D [guantum well),

EY2 far 1D [guantum wire} and & function for 0D [guantum dot).

15

o) TEER TR § L8 3R JoJ T F aee w0 ol i ek e 99 % aeEnie

mea w1 £

Describe the importance of L-S and J<J eoupling in atomic spectroscopy. What

are experimental evidences of their existence?

EGT-B—PHH/10 5
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4. (a) U REE FNORY ARAR gl fe e m R s 2 o e it

What s Zeeman effect? Discuss the factors on which Larmor frequency is
dependent.

fb) ETEER FEN ) YEN drE woS= Fifa) et e 4 g e wEn s 6 8

Discuss the fine structure of hydregen spectrum. How is it of importance in the
astronomical observations?

fe) TammmmeF st & g ofn Fevhr e ¥ fem woael it aREf s epelfi 4
ELE
Discuss the theory of rotational and vibrational spectra of diatomic malecules.
What is the difference between flusrescence and phosphorescence?

wv=—B / SECTION—B

5. (o) TR @A 140 MeV Bam w2l F -3 % fafmm om o R §) fhicks == &
YT W

Nuclear forces arc mediated by exchange of t-mesons of rest mass 140 MeV,
Estimnate the ranpe of nuclear forces.

(b) ¢ o & N vy A evn #0 ol TR (e ) ) aftean 3t 1202 MeV B
afe ,C'° womm i wEf 13:003354 u B, @ N3 v of vl = wieee Fifa)
The maximum energy of a positron (e ) released in the decay of EE” atom into
a ;N'¥ atom is 1-202 MeV. If the mass of the oC'? atom is 13-003354 u,
calculate the mass of the -N'3 atom.

o) Tafim wmem Fral % sl Frafafan & 8 S9-9 0@ =0 sl s agea 80 af sgee
E, @ srEhEm W T S T ) ged % e s Rl
{i} p+n—rhﬂ+z'
i} nten—=A"+K?
i} p+n—s KT+ X7
iz n” — Y Y
ful A=sp+e’+v,

Which of the following elementary particle reactions/decays are allowed under
various conservation laws? If allowed, write down the type of interaction and
the characteristic time by which it would proceed :

fiil prrn=aA®s%
fil at+n—=saA+K"
fit p+n =K "+%"

finy “n_}':""'l’

ful m=p+e +vy,
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fd) wHe e He #H wHe e de TS F fau yEmmdE e TUw (to dlo wHe) W
sfter ifem s soiige f A deemd wed sifaw goghe §)

Calculate Atomic Packing Fraction (APF) for FCC and HCP structures, and

show that these are the most closely packed structures, 10
fe) X-Fm Fmde & fom am fad Fem = sem D) Bees w fgio % B e

A Teamd -9re fafedt &) gam $fem

Derive Bragg diffraction law for X-ray diffraction. Compare Laue and Debye-

Scherrer methods for crystal structure determination. 10

6. ja) IF A g FF =ER-AER s = w5 vy B
Vih=-V; ., rsb%fm

=0 , r>b#fa
=gz i ) B smen = o e

wir) = Asinkr , r<hfm
-Ce™™ | rxb%PBm
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52
7wl Mgt aefy, Woesa f i w1 Al A an o fEaE
(i) =y R weEi oA ug s & o
n?n?
a4 M
(i) wETE, T S e s v i e faeie e
Assuming that the neutron-proton interaction has a sguare well form
Vir) = =¥y for rsbh
=) for rab
the ground state wave function of deuteron nucleus is given as
wir) = Asinkr for r=<bh

= e for r=b

Vpb® =

where k = j%i—lﬂfﬂ + W) and y = |ﬂ
ft

Va2

Here Mis the nucleon mass, W is the binding energy of deuteron and A and C
are constants.

fil Show that for a just bound state of deuteron

P
vpp2 =22
4M 10
fi} Explain why deuteron is a loosely bound extended structure, 10
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fc)

n = +GP
A HEE I K
sl § Tt u o -l ) R o ahEe wif
A -meson at rest decays into a 4 -meson |
L ST AT
Caloulate the kinetic energy of the i~ -meson emitted in the reaction.

il ¥ fom sl -safas wemm wp fafan ok ga% num = s Foram gt i e
T EE DT S TR T wee v s sries w0 gy
Write the semi-empirical mass forrula for nuclei and on its basis draw mass

parabolas for odd and even isobars. What would be the most stable isobar in
each case?

A F3 % A U AR T T A F e e e o s am i)
T TEm = o 08 A ¥ grEd sy gl Fif)

Obtain an expression for the magnetic moment of a nucleus having one
nucleon outside the closed core. Use this to calculate the magnetic moment of
E'Dw nucleus,

frard wizw # o fanm wem % Rmo e wEE Sgew diew) el s A W
(faand 7 Fram) g $ifamy

Derive an expression for lattice specific heat in Debye model. Find its low
temperature limit (Debye T° law).

i szt adaes w0 T 87 avise TR A andEeE 8w Ae, W SE T sAuEmE
i FerEEa gz % o & fege o w2

What are intrinsic and extrinsic semiconductors? Show that in the intrinsic

semiconductors, Fermi level lies exactly in the middle of bottom of conduction
band and top of valence band.

R 1 ¥R wEn 1 sfrEre = En 27 sewe A e 1 s e 1 A F
mrgen v A oo wfrreRa e W = ifa ofn s gen Bif)

What are type | and type Il superconductors? Give examples. Discuss and
compare Meissner effect and perfect diamagnetic behaviour for type 1 and
tvpe Il superconductors.

Hiwamens wads w0 B 8 0 e R o B wewm T o w20 @ e fe
EAIE LY

What are operational amplifiers? How can it be used as an inductor? Prove it
mathematically.

woE T @ T WEE e e = avia i T weres e o e
Freqre Tem v wwnfam & 27

Describe the working of a microprocessor system in block diagram. How 1s its
performance affected in a pipelined processor?
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