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PHYSICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please 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 question from each Section.

The number of marks carried by a question/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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3x10® ms!
9.11x1073! kg
1-602x10°19 C

1.76 x10*! C kg™!

931:5 MeV
0:5110 MeV

8-8542x10712 c2N1m™
4nx1077 N A2

8-314J mol ' K1

1-381%x10723 gK-!
6-626x1073% J's

1-0546 x10* J s

9.274%1072* g 7!
5.051x10727 g 1!
1/137-03599

1.0072766 u =1.6726 x10727 kg
10086652 u =1-6749 x 10727 kg
2.013553 u

4-001506 u

12:000000 u

15994915 u

86:99999 u

4-002603 u

0 (FgH), 1 (fief)

-3-8260 (F2H), 5:5856 (W)




Constants which

Velocity of light in vacuum (¢
Mass of electron (m,)

Charge of electron (e

Specific charge of electron [—‘-’LJ
mE

lu=1amu. =16605x10"%7 kg

Rest mass energy of electron (mec2)

Permittivity in free space (gg)
Permeability of free space (ug)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)
(7)
Bohr magneton (ug)
Nuclear magneton (uy)
Fine structure constant (o)
Mass of proton (mj)
Mass of neutron (m,)
Mass of deuteron (m,)
Mass of a-particle (mg)
Mass of 1§c
Mass of lgO
Mass of 5zSr
Mass of gHe
Orbital gyromagnetic ratio (g;)
Spin gyromagnetic ratio (g,)
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may be needed

3><108 ms!
9:11x1073! kg
1.602x1071° C

1- 7610 Clg™?

931'5 MeV

05110 MeV

8-8542x10712 C2N"1m™2
4nx1077 NA™2

8-314 J mol 1 K~}

1-38ix10 W g
6-626x1073% Js

1.0546x1073* J s

9.274x16° % g 11
80511073 g™
1/137-03599

10072766 u = 1-6726 x107%7 kg
1.0086652 u = 1-6749 x107%7 kg

2-013553 u
4:001506 u
12-000000 u

15994915 u
86-99999 u
4-002603 u

0 (neutron), 1 (proton)

-3-8260 (neutron), 55856 (proton)
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@Uus—A / SECTION—A

1. (a) @iy o wien AiGef F01 1 g=2mm o Wa 9 99 m=h /(Av) W@ p=h /A F W
aifoa g1 &, &l h, A 3R o wH: wi R, TR ot ww F 9 #) T et & qo-am
gad (55) W Rufi Aifs

Show that the mass and linear momentum of a quantum mechanical particle
can be given by m=h /(Av) and p=h /A, respectively, where h, A and v are
Planck’s constant, wavelength and velocity of the particle, respectively.
Comment on the wave-particle duality from these relations. 10

(b) wESHet % fF AT fagidl ) wary i e w9 § e fif) sen 9t $
o 4 3 faardl & fifeda qg= #1 39vr Fifsg)

State and express mathematically the three uncertainty principles of
Heisenberg. Highlight the physical significance of these principles in the
development of Quantum Mechanics. 10

(c) TH-Imar fava & v § wF g Fied qithE FU  fou 3r ey 5 ot i s @
R (FaTfd) Bl 81 3 S 0 U Waw eredi o & 9 @ e e fim #7

For a free quantum mechanical particle under the influence of a
one-dimensional potential, show that the energy is quantized in discrete
fashion. How do these energy values differ from those of a linear harmonic
oscillator? 10

(d) w0 FR 2 5 f-wlm S yoreht & g wfoes amm=ren dva 78 27 38 e Fif

Why is population inversion in general not possible in a two-level laser system?
Explain it. 10

(e) FF e fF CO, 31 F T whrg FU9 3 1R F9 TH-gW F T Bid 87

Why are Raman active vibrations and IR vibrations in CO, molecule
complementary to each other? 10
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2. (a) 3 e-TR TG F FRE THR TR 0§ Raw fF kw1 %9 aa aik e se-w
¥ed, AT V F dH- 2 g gie §

w1 5(2)

TR, M 0 3 0+ do F =9 * gl e & @@ 21 7l 7m i & ko ofa g =
% HIEl A 9@ L/ (2n) B, &l L o afem F geis 9l 6 o 21

How do you define density of states? Show that the density of states with wave
-3
vector less than k in a three-dimensional cubic box of volume V can be given by

Do) =—Y kz(@]

on? dw

in the frequency spectrum between ® and w+dw. Here, assume that the
number of modes per unit range of k is L /(2n), L being the length of each side
of the cubic box. 20

(b) EEENE T &R B R ey w1 @ wRnfia i v Rane B @ gy @
n SR T SY= el

3 oot 1
2(@/Z)4n?ne,

Ad 2, sEl 2z, H W] %1 9] shHi 81 H WY % q 3R E; % 3 A H aiEwer
wifsm |

n

Define mathematically the Bohr radius of a hydrogen atom and show that the
binding energy at state n of this atom can be given by

%) Ze® 1
2(@/Z)an’ne,

n

where Z is the atomic number of H atom. Calculate the numerical values of
a and E; of H atom. ' 15

(c) wffTada % fagia ¥ eEgee wH] % HR R Fiean stewen S &1 e i

Estimate the size of hydrogen atom and the ground state energy from the
uncertainty principle. 15

3. (@) YHMR SR FEEHIE SHE U9 90 hIfe | gHense R A wege Ty § ayEd @l
¥4 331 7@ B

Describe normal and anomalous Zeeman effect. Explain how it lifts the
degeneracy in hydrogen atom. 20
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(b) @ gl (Rrez) 1 87 wEgo WA § H, 97R Y@ F g wE & Puior w0 §
g R == Hifsrg

What is Lamb shift? Discuss its significance in determining the fine structure
of H, Balmer line in hydrogen atom. 15

(c) TSR ST SRl 0, 0, AR o, H ARG A T et w1 I w@ g e
+ forg Fifve -

Define Pauli spin matrices 6,, 6, and 6,. Using these definitions, prove the
following :
(l) GJ2€=G!.2[=U§=1

() o040, =i0,; 6,0, =i0,; 6,0, =i0, 15

4. (a) % B FAT H IRAIRG FRY R Fda i § Foig g9 GERE L F §6 92w @

a1 emse | guiEe f6
2 =—rz2[r2V2 _i(rz i)]
or dar

B 2| wifea i % dewrs L2 1 iefta gda fEme (6, o) &

" 2
L2 =-p2 1 —a—[sinﬂ—a—)+ 1 -E-)———
sin® 98 96) sin2 0 092

¥ +ft =g Toran < whaT 1

Define angular momentum of a particle and find out the three components of
the angular momentum operator L in Cartesian coordinates. Show that

72 o _p2[,292 _i(rz i}]
or or
Prove that the operator L? can also be expressed as
3 2
(2 = 42 Li(sinei}r bt
sin® 98 30/ sin? 0 o2

in spherical polar coordinates (r, 6, ¢). 20
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(b) & Waw Fadi Ao F Ty dficeh e (FErs) # fafae) suize & os6@ & s

(c)

(b)

el () TH B E, =(n+%]mommf@ﬁmmmﬁmmm

2, fel o, o des * F 6 gl smft #) fag fim 6 o= 0 o= ffa 7 fafie
M3Hg ®Y F1 TF a0 FeH ¢

Write down the Hamiltonian operator for a linear harmonic oscillator. Show
that the energy eigenvalue of the same can be given by E, =[n +%)hm0 at
energy state n with ®, being the natural frequency of vibration of the linear

oscillator. Prove that n=0 energy state has a wave function of typical
Gaussian form.

Fi-ie fugia 0 37 7@ fugia ¥ onuR W uE Ruwfvas o) % Fefe seeagie wagH
# dgan faamor w ==t Hifsm)

What is Franck-Condon principle? Discuss the intensity distribution in the
vibrational electronic spectra of a diatomic molecule on the basis of this
principle.

@WUve—B / SECTION—B

o T TR T wen § W o =g A §, sfE w Tl & =g < st
B B | amgmE i

Stable light nuclei have equal number of protons and neutrons, whereas
heavy nuclei have excess of neutrons. Explain why.

o9 (u) 3N T (d) T F T TR FeAHE A e A SR el ek S 6
I (1, /1p) T AR

Assuming equal masses for up (1) and down (d) quarks, find the ratio (4, /Kp)
of the magnetic moments of neutron and proton.

15

15

10

10
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(c) Tho Hio Hlo et H THIVSA! % GHFoTd acil & fer Yokl (sFedw) =i fmfia Fifem)

Deduce the Miller indices of the close-packed planes of atoms in the f.c.c.
lattice. 10

(d) ¥R % Igeherh SuF & AT F Fo vt B T v 9w S F we ¥ ag
fasol % 9 & FIT F THE BR B F0 F A9 H 6w F o gty fvewo w1 3g@m
Hifer |

The angles between the tetrahedral bonds of diamond are the same as the
angles between the body diagonals of a stack of neighbouring cubes having
common edges and not faces. Use vector analysis to find the value of the angle. 10

() T=300K AN W T# fuferpia sefames 70 #1 qwy-%r2 &5%d 0-5um? 3, fm
TS SR ST MEEE C(x) = 5x 1016 el*/In) ¢m =3 ¥ g3 # goragil € fwfiem
1250 cm? v71s7! & 7 ¥ ik wegEl B fmw e, L, 4um 2 TR A g0
x=2pmmmmmmﬁml

A silicon semiconductor sample at T=300K having cross-sectional area
of 05 ;.trn2 has a pentavalent donor doping profile given by

C(x) =5x10'® el"*/In) cm 3 Given, the mobility of the electrons in the sample
is 1250ecm?2 V™! s! and the diffusion length of the electrons, L,, is 4 um.
Calculate the diffusion current in the sample at distance x =2 um. 10

6. (a) IIFH & AHR F WM A & fafim a1 saen fifve) 5@ w3 sifm Thm
Tdur ifin &, @ oy i dweu @ S e Rl % Ysm @ AR s @ fRuto
frg v =017

Explain the various methods of finding the size of the nucleus. How will you
determine the nuclear radius from the observation of beta rays resulting from
nuclear transition when the initial and final nuclei are mirror nuclei? 5+15

(b) T % 70 A 1ds,, R 1dy), F F=9 F 1 S guHd 5 MeV B | THH0-Fell

SRR B e (qrehd) 1 qRehe I @ S R f6 1ds,, WX, 1d,,, WA
A= R

Given that the single particle energy separation between ldsg 2 and 1d3,, in
170 is 5 MeV. Calculate the strength of spin-orbit interaction. It is observed
that 1dg,, level is lower than 1dj,, level. 15
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(c)

(a)

(b)

()

(@)

Fad 1271 &1 [ H @R gaa AaraE § A g ) wgEma F& gva 16 2 7 A IW
=1 ifae wifam i)

Why is it not possible to detect the parity violation in weak interaction by
observing only the beta decay rate? Justify your answer. 15

S a AT FeAh-hiad g1 Ters | T Fif ) Frfia fife—
(i) STITST T i i,

(ii) A FIFH F AT I,

(ifi) T AN TG W

(iv) A ST h AT H |

Consider a face-centred cubic lattice of side a. Deduce—
(i) the primitive translation vectors;

(i) the volume of the primitive cell;
(iii) the reciprocal primitive translation vectors;

(iv) the volume of the reciprocal lattice. 20

v 3maft ¥ UF Fiew Aed H fEa S % A weE e fifw) wfi-few famw odR
E -Ep >2 WA &t 5@l Ep & &R 2|

Derive the expression for the average energy of a quantum oscillation of
frequency v. Assume Fermi-Dirac distribution and E —Eg >2, where Eg is the
Fermi level. 15

U 9fE (FER=) W18 MOSFET ¥ Sifyee-#1e ¥ #1 @it sy 3R g6 fid
(w1m3ege) firail ) Hee B 36k G % fgidl i e S|

Sketch the cross-sectional structure of an enhancement mode MOSFET and
explain its principles of operation with the help of its output characteristics. 15

& R adaes ¥ TR # 6x10'° cm™® YgfifEm womst sk 7x10'° em ™
FeprE T @ Wik fRn T R T=300K W fenm mn R, W aws @@,
n,=15x10°% ecm™3; ¥ d@w@, E,=lleV; oA e,
W =1250cm? vl s7! 3R e faefiea ;.J.p=480c1rn2 vist 2w d fm
Frafor fifse .

(i) AdETEF B YFR, n Tl p
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(b)

(c)

(i) B ATEF AEW

(ifi) FAFA AR Wz

(iv) <A 4 F et F qng T § wH-wR H wE
(v) T T =TAHRA

A silicon semiconductor sample is doped with 6 x10'® cm ™ of aluminium and
7x10"° em ™3 of phosphorus atoms. Given at T =300 K, the intrinsic carrier
concentration, n; =1-5x10% em™3 ; the band gap, E,; =11 eV; the electron
mobility, p, =1250cm? V™! s™! and the hole mobility, p, =480 cm? v~!s7L.
Determine in the sample of the following :

(i) The type of the semiconductor, n or p

i) The hole carrier concentration

(i) The electron carrier concentration

(iv) The position of the Fermi level in the sample with respect to the bottom of
the conduction band

(v) The conductivity of the sample

2 nA W Ffacim |gfi U1 916 U6 5 cm? Ge UR ¥@ W UR fafror smafaa 2t 2, fed
wfd ¥FvE 4 x 1017 goiaA-ga g w1 Fmin @ ) oA o A f et w
5um 3 2 um 8| 9o F fore f= & omn e

() g-afa uRl

(ii) Gen-ufay e

A 5cm? Ge solar cell with a dark reverse saturation current of 2 nA has solar

radiation incident upon it, producing 4 x10'7 electron-hole pairs per second.
The electron and hole diffusion lengths are given to be Sum and 2 pum,
respectively. Calculate for the cell of the following :

(i The short-circuit current

(ii) The open-circuit voltage

(i) e gaha Sl fi Iafh S T AR T % twa w0 ged f gee ¥ gahe
faydta sl & o = =geaa sy
(i) TF T AR TF A A g T 0 (G0 T B S f) F e wE e A e

AT TR0 (STEEITeR), = (fem) iR wefl wien dened ) fiffs @ g
fafim gwfaa srerenstt =t fofaw)

SDF-B-PHY/13 10

20

10

— e —



() Explain the origin of the nuclear magnetic moment. Deduce expression for
the magnetic dipole moment with the help of the Schmidt single particle
model. 10

(i) For a system consisting of one proton and one neutron (not necessarily a
deuteron), write down the various possible states specifying clearly its
isospin, spin and orbital quantum numbers. 10

* K K
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