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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
maust 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
1602 x 1079 C

1-76 x 101! C kg™!

931-5 MeV
0-5110 MeV

8-8542 x 10712 C2 N~ m~2
4mx 107" N A2

8314 J mol 1 K1

1-381x 10723 J K1

6626 x 10724 J s

1:0546 x 1024 J s
9-274 x 10724 J 11

5051 x 10727 J 11
1/137-03599

10072766 u = 1-6726 x 10727 kg

1-0086652 u = 1-6749 x 1027 kg
2:013553 u
4-001506 u

12-:000000 u

15-994915 u
86-99999 u

4-002603 u
0 (FIZH), 1 (1)

—3-8260 (FgM), 55856 (M)
6-023 x 10%3 mol™!
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Constants which may be needed

Velocity of light in vacuum (c)

Rest mass of electron (m,)

Charge of electron (e)

Specific charge of electron {—G—J
me

lu=1amu. =16605x 1027 kg
Rest mass energy of electron (mecz)
Permittivity in free space (g;)
Permeability of free space ()

Gas constant (R)

Boltzmann constant (kg)

Planck constant (h)
(h)
Bohr magneton (ug)

Nuclear magneton (py)
Fine structure constant (o)

Mass of proton (mp)

Mass of neutron (mn)
Mass of deuteron (my)

Mass of a-particle (m_)
Mass of 1§C
Mass of lg 0
87
Mass of 28 Sr

Mass of ;He

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

KVMS-B-PHY

% |

3 x 108 ms™1
911 x 1031 kg

1-602 x 107192 ¢

1-76 x 1011 C kg™!

931-5 MeV
0-5110 MeV

88542 x 10712 2 N1 2
dnx 107" N A2

8:314 J mol 1 K1
1-381 x 10723 g K1

6626 x 1034 J s
1-0546 x 10724 J s
9-274 x 10724 g T-1

5051 x 1027 g T1
1/137-03599
1:0072766 u = 1-6726 x 10727 kg

1-0086652 u = 1-6749 x 10727 kg
2:013553 u
4-001506 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~1
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Q1.

(a)

(b)

(c)

@us A
SECTION A

(i) dTYsHE 27°C W AT Haer § Uah 0 AT 3 Sittelt qureed A ® | 7€ R areme
kI % &1 ST ?

(i) TS =0T % T T G0 Fod [;] 2T T T & | wr % vy sAaer

BEEIRIPES IS IR

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

temperature of 27°C is .. At what temperature will it be g— ?

(i1) The wave function of a spin % particle is given by [;J What is the

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

OH-7r (Yfesher) 1 g M0l 148 x 10746 kgm? R 1 J = 6 T & foru, 3o
YUY A7 U IV G I TOAT HINC | J = 6 — J = 7 T H A Sl
1 SIS |

The OH-radical has a moment of inertia of 1-48 x 1046 kg.m2. For J = 6,
calculate its angular velocity and angular momentum. Find the energy
absorbed in the J = 6 — J = 7 transition.

s Tt S, e i o e gt e 2 = 165 T ¥ SRR

ferarfia 21T 2 | 319 | o7 AT firear wamorsdY 1 fd 725 m/s @ | et o wEn
3 cm FI Tt IraF ¥ B 0T FA © | T THIAT % & G TFF B BISd e, T
37k GUERTOT T TUET HIfSTT |

[feam o @ - fres Ty 7 5EEE = 18 x 10725 kg 3R SueHT Gk ATl
1 SR AR R ]

In a Stern-Gerlach experiment, the magnetic field varies with distance
BZ
z
atoms coming from the oven is 725 m/s. Silver atoms travel a distance of
3 c¢m through the magnet. Calculate the separation of the two beams of
atoms when they leave the magnet.

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

in the z-direction according to =15 T/mm. The speed of silver
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Q2.

(d)

(e)

(a)

(b)

afe ush-fordtar (1-D) Reufa vah G Gt 1 wmen: & wd p & Frefo o s 2,
Al AL [%2, cos (P)] =t ToFT AT |

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

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

e H = aebox g aftla us e % s w& smsiee 31a fifvw,
el a, biiar’m%@cxma?—ﬁﬂﬁw o FIXITHE |
Find the eigenvalues and eigenfunctions of a system described by

Hamiltonian H = aeP%x, where a, b are constants and o, is the

: .
x-component of Pauli matrix o .

U& FH UH-fAHT (1-D) T A6 el F favd, V(x) = % mo2x2 H A=
(Frera) staeem & 2 | =or <hi feufa sfafSraar & o #ife |

A particle is in the ground state of a 1-D simple harmonic oscillator
potential, V(x) = % mao?x2. Calculate the position uncertainty of the

particle.

(i) U HT FHHIHT HTEAT ¢ H & ST A 10 eV TS 30 eV i sl
AT vy T vy, FT STV 2 | vy SFareet F o7 it 3ied s &
U 24 eV B |y STEATH gy T o o TaT A F14 HITT |

(i) 37e Uh-fofiT (1-D) Wt TTad 2 i 0T SFHSSIH! Y Wred Hifve
N efrearfaT

p’ -
H=P v, s
2m

¥ix)= % ma2x?2 X2 oa:f%m
= x<0a'?ﬁ'ﬂl

¥ yitaifeE 2 | et sgiasaars ot wh-fafe (1-D) e A
SATFITTEATAY & TaT § T I |
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(1)

(i1)

(c) (1)

(i)

(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 eV,
respectively. The average value of the energy of the particle in the
state y is 24 eV. Find the state \ in terms of v, and vy,

Obtain the allowed eigenenergies of the half 1-D simple harmonic
oscillator defined by the Hamiltonian

P2
H=— + V(x), where
2m
Vix)= % mao?2x2 forx>0
=w forx <0
Express its eigenstates in terms of eigenstates of the full 1-D
oscillator. 10+10

TR SR IS (EPR) wagfieh # ferpa-siehia diags % gam atn
&1 3T IUANT T E1aT B, Safeh A1 Frarshier 131 (NMR) # X qat
YA BT & 2

o 319e & wanTeRs e o T fagia g w9 sareatya T8 fear s

HFHar e ?

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 ? 7+8

6
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Q3. (a) (i) U THIY & Ueh IUHIV U Hi%T | TAG FAF2HAI hT HEAT i TUMAT HIC |

(i) HHESY & et 1 svas fagia e veR  sgaewE e d
Sl T &1 ot %0 § gemar #ar g |

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

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

(b) () iR e FATE (NMR) & farifa sfran saeft wewpt 1 8 2
(i) 12C ws 16C ATfireh THUHSAR (NMR) F 7o o fore Sugpert it 1 8 2

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

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

() () U TSI WA % T G By, o (r, 6, ) F EF forar S B |
FFIeH GEAT3T n, [, m HT AT FIWC UF I8 TOE F Jea@ HIAT |

S TF y, ;o (r, 0, ), n2 Ty (feste) 2|
(i1) E@Wwﬂlﬁiﬁﬂﬁ'—[w (r, 6, ) = A R(r) sin 6 cos 0 e 37a%T & yrT

STTT B | SIS 1 o IV G T 2-52 FTd T |

(1) The wave function of a hydrogen atom is written as Wn. 2, m (T 6, 9).
Explain the quantum numbers n, /, m and mention their ranges.

Show that v, ; . (r, 6, §) is n? degenerate.

(ii) The electron in the hydrogen atom is found in the state
v (r, 0, ¢) = A R(r) sin 0 cos § e7%, Find the z-component of angular

momentum of the electron. 1045
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Q4.

(a)

(b)

(c)

(i) sl Wi & au g (F1 dew) F1 2 3¢ W8T H1 Fal 18 2

(i) MN160 ¥ §@ vg fadfrr emifie @smul & F: 1876:06 cm~! TH
3724-2 em~! W Afiafad (Ferd) foram Smar @ | 370 i wmemeeen $uT
SATF, STTHATIAT feerish Ud 3[3-foig Frif ohi TorT Hifere |
[feam mar 2 ; 14N &1 399 = 23-25 x 10727 kg,

160 =T g9 = 2656 x 10727 kgl

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

(ii) The fundamental and 229 harmonic transitions of 14N160 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 = 26-56 x 10727 kg|

U% m FIHM F1 F0T, 4 fawa & 1-D s, St 7w a 2, Fi s (Feam)
T & ? | AT ST i TEETE, F % A G § foeed & o, wufide '
2a T & ST 2, AT TU TG I ST GEAT H 07 % B4 il TRrhar 31 i |

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.

(i) wHEC R FJ = 0 — J = 1% fore gqoff wspmor arr: sAferehed dtsrar s e
TR

(i) TSN (Hy) % wagy # wom 9w ooff o Tt 6 fuferit i 3 i,
afe Ik 1Y I S 0-742 A B | AT THOT T FEH T T IHE
TS 2
[fearmar g : 1H #T 5=9mH = 1-673 x 10727 kg
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(1) 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 = 1673 x 1027 kg] 8+7
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Q5.

(a)

(b)

(c)

(d)

@is B

SECTION B

1 1 o ITeT feFeraitg aien Wifaeht ¥ Frmran FEfea g € 2 o1 3w
i afo fifi |
Are the nucleons inside the nucleus governed by the laws of quantum

physics ? Justify your answer.

aﬁmﬁaaﬁqwﬂaz;awawﬁwmqéﬁrmmmﬁaﬁm: B wd Mc?
g1 fefta fram T R, STet ¢ wenrer Y = @ | 56 ufteg St wi fedifea e %
foTT STTarversh Uk B T =FaH Hwl i B 31 Mc? % 91 # TUMT HIfST |

Binding energy and rest mass energy of a two-nucleon bound state are
denoted by B and Mc?2, 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.

T3 Ze3m™ M &1 U A1 TR § 3geht 31 (Freraw) 7aeen @ AE 391l S9T 6t
U AT 31T § R | A1 hy S 1 y-Frtor ScafSia et ® 3t ot awr §
TEHHOT AT & | AT il FHstt § ST qivad= sht T0HT 3Hifse |

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.

() T T T S TR 2

(i) o it ol & 2oiaeTa 1 UHTe SeaHT 3T Ud FUITCHe & Hehdl & ?

(iii) GAISThAT 9 % I=adq &t & GHIY U fohted il Jeit E = — 10739 k2 Jm?
& w2 | o, e w w1010 ky, mol # # gl W

HASdT o€ § Uk @ (3ATfaeer) 8 fHepem T 2 | 3us et g=2mH
gam &1 v fratfa Fifso |
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Q6.

(e)

(a)

(b)

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

(i1) 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 = -1073° 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. 243+5

e ST G AT 31-0et Wi i Hay § SAre i ue stfaares gard #
A RS N GT-FARAL T TG 3 T =Zisfeh JTe HITC |
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

fafertr et ek fovra =1 A T & stvex =IfFasial & et @l i
e AT | | & Ffaereit - St i et Fifwe | 3= o
&A1 3% Afvent % 3fidea i =are w3 § 78 At i fawe 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 11 o Heper Tk ‘f* 31 SE S ‘Ey)’ 8 379 FI7 G0 & 2 Heper 0T f
S FeIUH HEAT (A) TE FET FHei = fb[:i_b} AW FEEE HET (A) F

i@l i @ifehd HINT | 3T = Fi fF £ o F A F g e &
ATCIE U GHL & T GBI 6 & |

What do you understand by the packing fraction ‘f> and the binding

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

mass number (A) and binding energy fraction f [: %] versus mass

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

with A have complementary approaches. 10

KVMS-B-PHY 11
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Q7.

(c)

(a)

(i) X-ferwor foadr sreaet # X-foroit & wqfea fespfamma & are wwmst gt
% foTe Seumem it Frurear (il it s i ot fafat #=n € 2

(i) e i faads fafr ¥ fagra @ srivureht H sarern fifvw | 9Ee gsat
(TTeE) T It U AIST o fad= Yet shr Suafirar @ fevauft Hifv |

(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 ?

(i) 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) wfoeresc #0122 Wi vare i ek gufedr oM =i el
22

(i) wftraverpea & Faien fagra i dimret i foae=m Fifs |

(iii) FFahIT GUTTRAT i ATIH Feld % €9 § ARRad AT | 3@ 1 290id a77
ATfErer YT (hew) 1 S T SEE R gradh giteest i amfe
wIfer T T & He |

(i) What is diamagnetism ? Why do diamagnetic materials have
negative magnetic susceptibility ?

(i1) Discuss the limitations of the quantum theory of diamagnetism.

(iii) 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)  IATHfd () ¥ G T Freeit Hehel i qoreh (Frier) ey § o fomar mr 2 <y
o smmepfer (1) & feam o 2 | fofa w3a 1 Faft w3a % wror g wei wiid g@
@Wﬁi%ﬁmlm@ﬁq%op-amp%mﬁﬁWi 12V#E|

+15V
A
5V Ry
82 kQ
Vin >t i
\ / Vout
-5V Vin o= +
a3
1-0 kQ
(I
=
(I1)

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

5V Ry
\ 82 kQ
Vin >t
\ / Vout
-5V V., o +

(D

(ID
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Qs.

(c)

(a)

(b)

Us Ty Aifseh froger it shifaendr #a1 € 2 ue uftfia-smamg & Tifsefir faose
1 AR g AffsrTeT i e w0 arelt ga giware #i fafaw | fafe
TR o el o shifder TS ol SAMATT Arehe (srshfeim) fRerier o wei o off
ot |

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.

(i) Srereh fafamse ot & 2aTE Higet ol T=l shifSIu | S9TS Higel i €FW F=T 2 2

(i) wgd Fr qrasHt W, e diee i fafime S qrome & arer 2ars T3 fam &
HTET forafid Bidt @ | T dice %1 a1 a9wE 281 K 7 1 2 Frel-ate i
Hied & a9 %1 10 K § 50 K 0% d¢M & forg forat o i stawaadr
&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

50 K? 10+5

TeRTST-ATEE T THTE T & 2 U AU | B FA=AERA13 ° It sifsa ffa
T T o forw srravaes ufsrand 2 8 2 v gier O it geqar s geifad S 9t
! hl GATaG, HIMT |

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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(¢)  Sfrai ud AT & Frffertor 3 fow SU(3) wmfufa & 219 = wmerd 8 2
ST U WU % 3TSThT ohl 3o FaTh! Ud USIaaTeh! o WY TREd shiTar |
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
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