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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.

Questions no. 1 and 5 are compulsory and out of the remaining, any 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 (QCA) Booklet must be clearly struck off.
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3 X 108 ms~!
911 x 1031 kg
1-602 x 10719 C

176 x 1011 Ckg™!

931-5 MeV
0-5110 MeV

8-8542 x 10712 C2 N~ m~2
A x 107" N A2

8314 J mol 1 K1

1381 x 10723 J K1

6626 x 10734 J s

1:0546 x 10734 J s
9-274 x 10724 J 11

5-051x 10727 J 1
1/137-03599

1-0072766 u = 1-6726 x 10727 kg

1-0086652 u = 1-6749 x 10727 kg
2013553 u
4-001506 u

12-000000 u

15-994915 u
86-99999 u

4-002603 u

0 (FgH), 1 (TEr)

— 3-8260 (M), 55856 (JEH)
6:023 x 1023 mol !



Constants which may be needed

Velocity of light in vacuum (c)

Rest mass of electron (m,)

Charge of electron (e)

Specific charge of electron [i]
me

lu=1amu. =16605x 10727 kg
Rest mass energy of electron (mec2)
Permittivity in free space (g)
Permeability of free space ()
Gas constant (R)
Boltzmann constant (k)
Planck constant (h)
(h)
Bohr magneton (ug)
Nuclear magneton (uyy)
Fine structure constant (o)
Mass of proton (mp)
Mass of neutron (m,))
Mass of deuteron (m)

Mass of a-particle (m,)

Mass of 1(250
Mass of 120

87
Mass of 38 Sr

Mass of ;He

Orbital gyromagnetic ratio (g;)
Spin gyromagnetic ratio (g)
Avogadro Number

KVMS-B-PHY

3x 108 ms™1
911 x 10731 kg

1-602 x 10712 C

1-76 x 101 C kg™!

931:5 MeV
0-5110 MeV

88542 x 10712 02 N1 ;2
47 % 10_7 N A2

8314 J mol™1 K1
1-381 x 10723 g K1

6626 x 10734 J s
1:0546 x 10734 J s
9274 x 10724 g T-1

5051 x 10727 J T-1
1/137-03599
1-:0072766 u = 1-6726 x 10727 kg

1-0086652 u = 1-6749 x 10727 kg
2:013553 u
4001506 u

12-000000 u
15-994915 u
86-99999 u

4-002603 u

0 (neutron), 1 (proton)
— 3:8260 (neutron), 5-5856 (proton)

6-023 x 1023 mol~!



Q1.

(a)

(b)

(©

Eus A
SECTION A

(i) TYsRH 27°C T AT He § T 0T AT 3 Sittelt qureed 4 ® | 7€ fohw qrome
™ % 2SI 2

(ii) Tk Y= % T T G0 G (_21) 2T e T ® | %07 & Rue-a1g sreEen A

EEEIRIECTIK R R

(i) The de Broglie wavelength of a particle in thermal equilibrium at a

temperature of 27°C is A. At what temperature will it be % ?

-
(ii)) The wave function of a spin % particle is given by [ 9 ) What is the

probability of finding the particle in the spin-up state ?

OH-Tefo (XfeheT) i Srecd 3Tl 1:48 x 10746 kg.m? § | J = 6 T  foC, 36
UM AT T IR AT T AT HIC | J = 6 — J = 7 Hshuol H Taenia Hst
RGeS

The OH-radical has a moment of inertia of 1-48 x 10746 kg.m?2. For J = 6,
calculate its angular velocity and angular momentum. Find the energy
absorbed in the J = 6 — J = 7 transition.

o e s, e 1 R gt e S22 = 1.5 Thnm 3 g

Z

ferarfi BraT & | 315 & 7 Aot firear wmoreY 1 M 725 m/s © | Tt & wwEny
3 cm 1 T TIreF W A T H € | T AT % & G ek H BISd €,
3Tk QFRRTUT ShT TUMET hIFT |

[feam e B - fyeat T 1 3EE = 18 x 10725 kg TR IHEHT Frarch AT
1SR AR ||

In a Stern-Gerlach experiment, the magnetic field varies with distance

Z
z
atoms coming from the oven is 725 m/s. Silver atoms travel a distance of
3 cm through the magnet. Calculate the separation of the two beams of
atoms when they leave the magnet.

in the z-direction according to

=15 T/mm. The speed of silver

[Given : The mass of a silver atom = 1-8 x 10725 kg and its magnetic
moment is 1 Bohr magneton.]
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Q2.

(d)

(e)

(a)

(b)

afe weh-farfr (1-D) Rufa vd w3 demeht 1 st § w6 p @ Frefid fmm s e,
A HL [%2, cos ()] FT TMAT AT |

If the position and momentum operators in 1-D are represented by X

and p respectively, calculate the commutator [%2, cos ( pl.

=T H = aebox g aftfa = e % smgiam & smeimee 31a fifw,
et a, b i & U o, wreel AP & FxTF R |
Find the eigenvalues and eigenfunctions of a system described by

Hamiltonian H = ae%x, where a, b are constants and o, 1s the
’ s X

: .
x-component of Pauli matrix o .

T 0 TH-9HT (1-D) WA ATEd s & 9w, Vix) = % mo2x2 T AT
(Freram) staeen & ® | =601 Y Reafa srfaferdar Y womm #ife |

A particle is in the ground state of a 1-D simple harmonic oscillator
potential, V(x) = % mao2x2. Calculate the position uncertainty of the

particle.

(i) % HU JEESd FIEAT ¢ F & ST HAM: 10 eV TS 30 eV &l FHsil
HTSNAIEETIHAT vy T vy, T TRV 2 | v SFareeT F 07 7 37 St &
U 24 eV & |y ITTEATH y; Ty, % T 1 HIWT |

() ot u-faf (1-D) ot 1rad Qs A FTHA HATFHSHSATSAT Sl I T
S efreafrm

2 <
H=*  , v(x), 5=
2m

Vix) = % ma2x2 x > 0 & fom

= o0 X<Oa:;%q
¥ uionig B | et sgimeTETenst ® u k- (1-D) Qe
FTFITEYTA & 2T | =7 hifST |
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(i)

(i1)

o

(i1)

(1)

(i1)

KVMS-B-PHY

A particle is in the normalized state \y which is a superposition of
the energy eigenstates y; and y, with energies 10 eV and 30 €V,
respectively. The average value of the energy of the particle in the
state y is 24 eV. Find the state y in terms of y; and v,

Obtain the allowed eigenenergies of the half 1-D simple harmonic

oscillator defined by the Hamiltonian
2

H= b + V(x), where
2m
Vx) = % mo2x2 forx>0
= forx <0
Express its eigenstates in terms of eigenstates of the full 1-D
oscillator. 10+10

SO ST AR (EPR) Wargiieh! # foreqa-sashrT Tagd & & aar
&1 =T I AT BT &, STafh A1 Traehi TG (NMR) # Xt Tt st
SYANT AT R ?

A e &% ST Seror 1 fétes fagia grn i saneatig et fom S

THATE 2

Why does the electron paramagnetic resonance (EPR) spectroscopy
utilize the microwave region of the electromagnetic spectrum, while

nuclear magnetic resonance (NMR) uses radio waves ?

Why can the experimental observation of the Lamb shift not be

explained by the Dirac theory ? 748



Q3. (a) ()
(i1)
(1)
(ii)
(b) @A)
(ii)
(1)
(11)
(c) (1)
(ii)
(1)
(ii)
KVMS-B-PHY

Teh GLHTU] o ek SUSITT T IR § STIHA SAFIHT T AT Y 0T HITAT |

ST foh uSell 1 sasy frgia R TR wh sgseieeE e §
T =g =t freifa =@ § gemar w2 |

Calculate the number of permitted electrons in a sub-shell and a
shell in an atom.

Explain how Pauli’s exclusion principle helps in determining the
electronic configuration in a many-electron system. 8+12

ATerhier rsrehlay 371G (NMR) & farifer ufsham sat weeargl it 2 2
12C wd 16C ek TTEHaT (NMR) & 372 % ToTe Suser it 1 & 2

Why is the relaxation process so important in nuclear magnetic
resonance (NMR) ?

Why are 12C and 16C nuclei not suitable for the study of NMR ? 10+5

T BISGISH THIY o G % &y, o (r, 0, ¢) % &9 & forar sm &
FIEH H&ATAT n, [, m I AT T T 37 TET 1 Ieoid FHIRT |
M E vy 4 o () 0, §), n? Fwyi (fesmte) 7
m@mmﬁg@aﬁmw(r, 0, §) = A R(r) sin 0 cos 0 e~i¢ 3TawT ¥ qraT
STTAT © | SFSH o IV GAT T z-5¢h J1d iU |

The wave function of a hydrogen atom is written as y 7, m (T, 6, ¢).
Explain the quantum numbers n, /, m and mention their ranges.

Show that Yn, 7, m (T, 6, §) is n? degenerate.

The electron in the hydrogen atom is found in the state
v (r, 0, ) = A R(r) sin 0 cos 0 e71%. Find the z-component of angular

momentum of the electron. 1045



Q4. (a) (i) dhufien S & qu deu (2 Sem) 1 2 37 YA | FEl S 2

(i) 14N160 % 7ot ud it ewifyer i #1 FH: 187606 cm™! TH
3724-2 cm~! W AfaRaq (Fpie) Foram Sar @ | 310] st AreTeeeT o
ST, ST feerish Te T=-feig St i T <HIfSr |
[feam T ® ; 14N &1 530 = 23-25 x 10727 kg,

160 =7 590 = 26-56 x 10727 kg]

(i) What are hot bands in vibrational spectroscopy ? Why are they
called so ?

(ii) The fundamental and 2°d harmonic transitions of 4N160 are
recorded at 1876:06 cm~! and 3724-2 cm™1, respectively. Calculate
the equilibrium vibrational frequency, the anharmonicity constant
and the zero-point energy of the molecule.

[Given : Mass of 14N = 23-25 x 10~27 kg,
Mass of 160 = 2656 x 10~27 kg] 8+7

(b) UH m T & FI, 3d fa9a & 1-D s, Sraehl o a 7, &t 3 (Feam)
ST § 2 | A dTaT Y AT, 7 % 9l Bl # faaed & fomn, aafide s @
9a T 2 STl &, AT U STere shY ATeT STSTAT H 07 o 21 2hT TRl 1 hIT9T |
A particle of mass m is in the ground state of a 1-D box of infinite
potential of length a. If the length of the box is changed to 2a

symmetrically without disturbing the wave function of the particle, find

the probability that the particle will be in the ground state of the new
box. 20

© () "HSETfEFRTI =0 J=17% e qoff Hehaor SrT: Aferhas s 1 el
AT |
(i) BTEEISH (Hy) ¥ Wagw # o 9w guff i Yarsit i fufaai =1 sa hifv,
Ife IgF Y il F TS 0-742 A B | TR T=HT T WagH TR IHE
T ?
[femr @ - 1H #1590 = 1-673 x 10727 kg]
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(i) Explain why the rotational transition J = 0 — J = 1 is often not the

most intense.

(ii)) Find the positions of the first four rotational Raman lines in the
spectrum of H,, if its bond length is 0-742 A. What will be the effect

of nuclear spin on the spectrum ?

[Given : Mass of 1H = 1-673 x 1027 kg] 8+7
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TS B

SECTION B

Q5. (a) T IR ¥ eT oA Faed Hifaeht % Fremgan fEfa 8 € 2 37 3w
EARIEEIS I

Are the nucleons inside the nucleus governed by the laws of quantum

physics ? Justify your answer. 10

(b)  Q-AferAST uferg STaweT i o7 Fl Ud FH FAHH Sl hl HAM: B T Mc?
g Fefira fomam T B, S ¢ wehTer o =Tt @ | 39 uiteg stan i foRiferd s
foTT 3TTarwersh Uk WIZH st =a Sl sl B 31 Mc2 o Ua1 # T0RT i |

Binding energy and rest mass energy of a two-nucleon bound state are
denoted by B and Mc?, respectively, where c is the speed of light.
Calculate the minimum energy of a photon required to dissociate this

bound state in terms of B and Mc2. 10

(c) T geaw M 1 Uk 1ies e 8 saeht 31me (Feraw) S1aeen @ AR SS9t
TS AT TaeT § R | A1 hy Hi T y-ToRtor Scafsia T 2 T o1 ofaw §
TSHHOT LT & | TR Y St 8 71T Iiad shl T SHifST |

A nucleus of rest mass M is initially in an excited state whose energy is
AE above its ground state. The nucleus emits a y-ray of energy hv and

makes a transition to its ground state. Calculate the fractional change in

energy for the nucleus. 10

(d) () FAFE T T S TR 2
(i) o e ol & geiagi™ o1 TvTe SeAHT 2Ad U FUTTcH 21 Tohdl & 2

(iii) GASTHAT o€ % I=IdH Tt & Y U fopeee il it E = — 10739 k2 Jm?
& T ¥ | @ O, e @ ke 1010k, mel ¥, @ gl W@
GASTRdT S § U heqeh (Aifsieet) & frepre m1 8 | 36 yrel ssqdE wE
TaT T W Ui it |
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Q6.

(e)

(a)

(b)

(1) What is the effective mass of an electron ?

(i) What are the physical reasons that the effective mass of an electron

can be infinite and negative ?

(iii) The energy near the valence band edge of a crystal is given by
A

E = -10739 k2 Jm2. An electron with wave vector 1010 k, m1is

removed from an orbital in the completely filled valence band.

Determine its effective mass and momentum. 24+3+5

e ST ZI TEATd 310 AiSe o HaT ¥ sAmet i ve siferer gare #
Y RS, S GI-FATLAN bl HEAT F FoTw =2tk et shifor |
Explain briefly the two-fluid model proposed by the London brothers and

obtain the expressions for the penetration depth and the number of
superelectrons in a superconducting specimen. 10

ffertar srradt e fava 1w I & e st & et Tl Y
AT RN | 1y & Ffersii -y St f et Fie | 3= 2w
HEAT o Aieh! % Afded i =ARean w3 & 78 AT =i fake w2

By considering the three-dimensional harmonic oscillator potential,
explain the energy levels of nucleons inside the nucleus. Also, derive the
zero-point energy of nucleons. Why did this assumption fail to explain
the existence of nuclei with higher magic number ? 20

T 11k o Heper Turish ‘f* 31 e St By & A9 77 GHAd & 2 W Torish f
Ey

S A G (A) T SO el 9= fb(:K] AW THHE HE&AT (A) &

Ier@l i @iferd FINT | AT = Fifve 6 £ o £, F A F a1y o &
HATeIE Ueh THL o YT GBI 6 ¢ |
What do you understand by the packing fraction /> and the binding

energy ‘E,’ of a nucleus ? Draw the graphs for packing fraction f versus

mass number (A) and binding energy fraction fj, (: %J versus mass

number (A). Further, explain how the graphs of the variation of f and f;

with A have complementary approaches. 10
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Q7.

(c)

(a)

(i)  X-forror forardar svezaet & X-foont & wfora feesfamma 3 arer sty gaae
3 fore sewTem <1 wviTeraT (k) 1 srer 1 fafireT fafmt wn € 2

(i) =T # faads oty % fagra vd FEivunet $H saren HifSe | Jee geet
(TdTed) sl eufer Ud A=Y & forad T st Swanfirar W fevauft shifs |

(i) What are the different methods used to increase the probability of
exposure for the atomic planes with right orientation to X-rays in

the X-rays diffraction studies ?

(il) Explain the principle and working of the Laue’s diffraction method.

Comment on the origin of Laue spots and the utility of Laue’s

diffraction pattern. 5+15

(i) SfoaFehe @ & 2 faarashia et i Fraehi gaTiedr uTcdsh A Bt
27

(il) Sicreverhea o Faien fagT= i dimret i faa=rmr Hife |

(iti) FFaehIT GUTIEAT T ATIHH B o €0 § ARG HIS | AT T 901 g7

HTifersh QAT (Thew) &1 eI @ e SR aftmerst i antees
Tfertat ST & e |

(1) What is diamagnetism ? Why do diamagnetic materials have

negative magnetic susceptibility ?
(i1) Discuss the limitations of the quantum theory of diamagnetism.

(iili) Draw a diagram of magnetic susceptibility as a function of
temperature. Pay attention to the relative scales in your diagram so

that the relative strengths of the magnetic phenomena are

presented. 5+5+10
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(b)  3TTHId (1) & T T a2l Hahd ot qorieh (Frivex) TRaer § STy fokar mr & st
o smmepfer (11) & feam o @ | oot woha a1 ot wba 3 e wfg wiwr gwifd g@

Us Tt Hiflga HifSe | 9 it fe op-amp % J1feeRay fFfa @t + 12 VE |

+15V
A
5V Ry
82kQ
Vin > 1 -
\\ / Vout
e 5 V Vln % +
o3
1-:0 kQ
)]
' an

The input signal as shown in Figure (I) is applied to the comparator
circuit given in Figure (II). Make a sketch of the output signal showing
its proper relationship to the input signal. Assume that the maximum

output levels of the op-amp are + 12 V. 10
+15V
A
5V Ry
82 kQ
Vin >t B
\ / Vout
-5V VlIl O +
a3
1-0kQ
(D
=
(ID

KVMS-B-PHY 13



Q8.

(c)

(a)

(b)

Ueh T ATiyehr fiuget i shifderar = € 2 U gifid-3mam & Tifiehiy fugex
AT AT et STfshanal st wwifad i areft e gisRarett =i fafaw | i
SRR o R 6 hifdeh T I SATHATT SATehe (FhferT) feerish & qai # +ff
fafaw |

What is the criticality of a self-sustained nuclear reactor ? Write the

basic processes affecting the nuclear chain reactions of a finite-size
nuclear reactor. Also, write the critical size of reactors of different

shapes in terms of geometrical buckling constant.

() etk fafarse SoAT 3 24T qieet shi == hifST | 2aTS Higet shi €i9Td FT & 2

(ii) w&d e qruskEl W, e dice st fafime o qrome & wrer 2arg T3 e &
7R forafa Bt 2 | e Hiee &1 a1 aree 281 K #1 2 frefl-Aie i
i< o dI99H 1 10 K @ 50 K @ s o foTe fohat S ot srereareha
&t 2

(i) Discuss the Debye model of lattice specific heat. What are the

limitations of the Debye model ?

(i1) At very low temperatures, the specific heat of rock salt varies with
temperature according to the Debye T2 law. The Debye
temperature for rock salt is 281 K. How much heat will be required

to raise the temperature of 2 kilo-mol of rock salt from 10 K to

20

50K ? 10+5

TRIYT-AIeT STHIE T & 2 U STeaTeish § Wi A=I=isharatl & St wife frfa
Ted 3T o foTT, ST TFHATT &1 € 2 U |ier §c sl Q&dT Sl TTTad i aret
T o GG HIT |

What is the photovoltaic effect ? What are the processes that are

required to obtain a useful power output from photon interactions in a

semiconductor ? List the factors that affect the efficiency of a solar cell.

KVMS-B-PHY 14
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(c)  Sftai ud vd & arffertor & foaw SU(3) T & 31a & Terd & 2
T3 U BT % 375 ! Ik FTehl Ud UIdaTeh! o AT TR hitoTC |
What do you understand by the SU(3) symmetry for the classification of

baryons and mesons ?

Draw the octets for baryons and mesons along with their quarks and
antiquarks. 20

KVMS-B-PHY 15



