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Question Paper Specific Instructions
Please read each of the following instructions carefully before attempting questions :
There arc EIGHT questions divided in TWO SECTIONS und printed both in HINDI and
in ENGLISH.
Candidate has to attempt FIVE questions in all.
Questions no. 1 and & are compulsory and out of the remaining, any THREE are to be
attempted choosing at least ONE 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
meaning.
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 may be needed
Velocity of light in vacuum (c) = 3 x 108 ms™!
Mass of electron (m,) = 9-11 X 1055 kg

Charge of electron (e) = 1:602 x 10719 ¢

Specific charge of electron (i] =176 x 1011 C kg!
Me

lu=1am.u. = 16605 x 10727 kg = 931-5 MeV

Rest mass energy of electron (mecz) =0-5110 MeV
Permittivity in free space (g,) = 8:8542 x 10712 C?N-1m2
Permeability of free space (ug) = 47 ¥ 105N A

Gas constant (R) = 8:314 J mol 1 K1
Boltzmann constant (kg) = 1-:381 x 10723 g K1

Planck constant (h) = 6-626 x 1024Js
(h) = 10546 x 103¢ J s

Bohr magneton (ug) = 9:274 x 02

Nuclear magneton (pp) = 5:051 x 105203 T~
Fine structure constant (o) = 1/137-03599
Mass of proton (M) = 1:0072766 u = 1-6726 x 10727 kg

Mass of neutron (M,) = 1-0086652 u = 1-6749 x 10727 kg
Mass of deuteron (M) = 2:013553 u
Mass of a-particle (M) = 4:001506 u

Mass of '2C = 12:000000 u
16

Mass of 8O = 15-994915 u
87

Mass of a 8Sr = 86:99999 u

Mass of ;I—Ie = 4002603 u
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SECTION A

Q1. TF=fafem avft avt & s Sifmu -

Answer all the following questions :

(a)

(b)

(c)

(d)

(e)

Teh BRI YTHIY] TN 7€ n = 10 ¥ fam o7een # Iouey dshaor i
T I IARIa HT 8 | T B H e, G371 Ta qUiesd 70 H | 59
TshH T BIEgie 99 <hi Hfcféred Tfa oft sma shifste |

Find the energy, momentum and wavelength of a photon emitted by a
hydrogen atom making a direct transition from an excited state with

n = 10 to the ground state. Also find the recoil speed of the hydrogen
atom in this process.

Th FAaA 10—9mzﬁl§°tqtf@maqgﬁrﬁ1ﬁéaaﬁatgﬁ%ﬁmqﬁm
2 | Ugelt i STgHa Sl STawiedl % fu selae il ¢ SiTell qUTeEd| wE
TG St 1 Uieher IR |

An electron is confined to move between two rigid walls separated by

109 m. Compute the de Broglie wavelengths representing the first three
allowed energy states of the electron and the corresponding energies.

Ush UTEYsh YIS BT @i 5 x 10715 m 2 7R =1fies 9 IcafSia sflel
HUT Y HoIl IAeehad 1 MeV =hi shife &t 3 | AffTeaar & faga & snar ©
firg hifvre 6 sorerei= Tiftres & foemme € €

A typical atomic radius is about 5 x 1071° m and the energy of B-particle
emitted from a nucleus is at most of the order of 1 MeV. Prove on the

basis of uncertainty principle that the electrons are not present in
nuclei.

T e yan #, i Ag ] SWE & ®@ §, 9E 9™ 1000 K, 7 ~ 25 cm
qq % ~ 10+3 3EA/m B | QT HEhl o S o A h1 Teheld hIT |

In the Stern-Gerlach experiment using Ag atoms, the oven temperature

is 1000 K, [ = 25 cm and % ~ 10*3 Tesla/m. Calculate the separation
Z

of the two components.

AfTRead  RIga 1 ST Hd gL, TGN G H HEaH sTEe H
TR 3T Sl 1 IR HINT |

Using uncertainty principle, calculate the size and energy of the ground
state of hydrogen atom.

10%x5=50

10

10

10

10

10
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Q2.

Qs.

(a)

(b)

(e

(a)

(b)

(c)

A T %1 9ol hive | ==t hifse TR e weeR geR smeemef
Wqﬁs@@hw(@?)aﬁmmlwméﬁﬁﬁ
oW T T F T RO €A1 S T 6% 2 TeF F A= F 0
HH T HINT |

Describe Stern-Gerlach experiment. Discuss how it has explained space

quantization and electron spin. Find the value of angle between the spin
_>

angular momentum S and its z-component of an electron moving along

—
the external magnetic field B . 10+10+10=30

et Sz & T A 1 AR G Girded A ©9 A 3646 A T
TR | 39 07 ST T {@T W qUIeed I Shife |

The series limit wavelength of Balmer series in hydrogen spectrum is
experimentally found to be 3646 A. Find the wavelength of the first line
of this series. 10

U3l & ITqas g o YR W, 3 g p-saigel o T Tgad THagH]
UE 1 YREhe HIT |

Compute the allowed spectral terms for two non-equivalent p-electrons
on the basis of Pauli’s exclusion principle. 10

A IWTE 1 R 2 B89 T Y U TEeH % gEA A ST duE hiig |
HC1 27 % fore 3req woiia T e 4106 em=1 @ | 319] 59 wmgsti @
ST B, 3%h ot Sfauifies gff siid RSy |

What is Raman effect ? Describe briefly the chief characteristics of pure
rotational spectra. The small rotational Raman displacement for HCl
molecule is 41-6 cm™. Find the internuclear distance between the atoms

forming the molecule. 10+10+10=30
- I 3R S5 JHA ATl i ToRdRyeeh T g |
Explain in detail L-S coupling and j-j coupling schemes. 10

Ay R w1 R 7 BRGSH WA § H, 9UR @1 6 Y& ST 6 i
W 3 HRT 1 HE @ 7

What is Lamb shift ? What is its significance in determining the fine
structure of H, Balmer line in hydrogen atom ? 10
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Q4.

(a)

(b)

(c)

T g fowd o foIe Afs R wieRto &e i 3 s o 6t st St B,
fRrfes oot va it & (B > V) 79 30 wmet % e 9w iR e
TUTTh ST YIEhe hITY |

Solve the Schridinger equation for a step potential and calculate the
transmission and reflection coefficient for the case when the kinetic
energy of the particle E;, is greater than the potential energy V

(i.e., Eqg> V).

Fﬁﬁ?ﬁ?ﬁw cx,csyU._q" czmﬁﬁwﬁ"@‘w%ﬁﬂ |ﬁ|@ﬁﬁrm%€t
o Frffen adafimel = Gqe w0 § -

()" oy, orl =210,

(i) [o?.c,]=0

e e e e T T S S
(dil) (o . A)(oc . B)=A . B +ic .(A x B)

- .o . .

¢ A T B USelt AR & WY FELE FH B |

Write down the matrix representation of the three Pauli matrices o, oy
and o,. Prove that these matrices satisfy the following identities :

1) oy, oy] =2io0,

i) [0%.0,]=0

e T T T T I T
(iii) (¢ « A)(c « B)= A . B +ic .(A x B)

20

— —>
if A and B commute with Pauli matrices. 8+4+4+4=20

Th S W ek Ul o Y weied Aiteh TSR % g B g @
foret arg @ ety foem = ® ol % o vl e (SR& i
TeH) I Uieherd i |

Calculate the density of states for an electron moving freely inside a
metal with the help of quantum mechanical Schrodmger s equation for
free particle in a box. 7
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SECTION B
Q5. TreferRaa aeft weat & sw difvm

Answer all the following questions : 10x5=50
(a) EHNSY T ToRa ol Sepeaia <hi SafSra rawen T8 & |

Explain why the deuteron has no excited state. 10
(b) NAND U8 NOR gR W% gR 9 Sactid § ? & NAND gR & fog, o

ING, e T T JemH Jrelt §f |

Why are NAND and NOR gates called universal gates ? Give the logie

diagram, Boolean equation and the truth table of a NAND gate. 10
() TS 01 T & 3 3% foh8 WehR afiha femarm Sman & 2 9 ol & «fte faft=

TR <hl SN i T&T | aui i |

What are elementary particles and how are they classified ? Describe in

brief the different types of interactions that can occur between the

elementary particles. 6+4=10
d) e fgfenfia Sermn & sy TMia |y FEgEr €

a= 2,i\ + 3 y b= 23}
$Hh SYcshH SToTsh o STNTSY TAMTAT Hiewr 1 FHufor Hife |
The primitive translation vectors of a two-dimensional lattice are
a=2li\ - 3, b=2§.

Determine the primitive translation vectors of its reciprocal lattice. 10
(e) SAIEYAT IN@ ! HgEal 4 ewisy for forelt stfcamers & fog oot wa fafdre

FET T T30 TR A9 o |-y IiEa gidn @ |

With the help of a schematic diagram, show how entropy and specific

heat vary with temperature for a superconductor. 10

Q6. (2) Thd HU HIN Hied & Hoi AWEIG H HIT HINC | ATRgE T

Teshu-ET g2 ffada Meflw @ ofedt Ao i emyseat (feaet)
g e TS SR qd §© 2

State the basic assumption of single particle shell model. How do the
centrifugal and spin-orbit terms remove the degeneracy of a
three-dimensional spherical harmonic oscillator ? 10+15=25
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Q7.

(b)

(c)

(a)

(b)

Tise & TifYeh Siwr Alsa 4, g@xaﬁaaﬁsﬁ%mwmﬁw
ho =41 A3 MeV & # |
Show that in the nuclear shell model, the level spacing between major

oscillator shells is approximately 2w =41 A3 Mev. 15
ﬁmﬁ*{f@amﬁﬁaﬁﬁn@m@mﬁ mé@)ﬁmmm%w

R foF T A % A 1 qEigEE sy

@) 507

G 0

(iii) 1,C1%°

Predict the spin and parity of ground states of the following nuclei on

the basis of shell model : 10
G C1°

A IRaR & fafter geet = wse e | ARl T TTE = g 2

3 G & W % AR W, say fh Fefaiea Afhfrad aee & @

&l -

@ w-opu+ ;1:

() nopt+e + vy

Explain the various leptonic family members. What is leptonic number
conservation ? Based on this conservation law, state whether the
following reactions are possible or not : 10+5+5+5=25

A T,
(ii) n—->p++e“+$"e
et 520 o) v S e
A QT Y SR A
frafaRea &=t (fesna) + aamed & uqi # faflaw
6] n.—:~p"'+e_+3e

@AY S £ n

(i) Xt - pt+ 10
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Q8.

(c)

(a)

(b)

(c)

Write down the quark structure of the following hadrons :
A Q= 3T and A°
Write down the following decays in terms of quarks : 6+9=15
i nop'+e + Ve
i) A*—>nt+n

(i) I*—pr+ad

T -grerchi T geel RIAGAASAT & TeHIEhoT i THSMEY | Z'-SiEi &l

2 ? Soiggiaieh Thihlor H SEehl FRIT TRl 8 ?

Explain unification of electromagnetic and weak interactions. What is

7 -boson ? What is its relevance in electroweak unification ? 10

Y UG THCIE ITEY AU gdTeleh] # o1 a8 ? Wler Al A ST
% fIT 3/ @ SI9-91 3UIE B 2

What is the difference between direct and indirect band gap
semiconductors ? Which one is suitable for use in solar cells ? 10+10=20

Sredt % g, Tae-fem fdada & fog e & wfisen s g hifv
293U foh 3 et s & o & wa § |

Obtain Laue’s equations for X-ray diffraction by crystals. Show that
these are consistent with the Bragg’s law. 15+5=20

ST HOHT AT <hl 3ME=re <l PR % yg@ iftaen 1 fafaw | 5@
I 3TEeereA < PR # faftre $wn % fou e #1 fakay aen 3uht 3=
wa fre e et @) e HR |

Write down the salient features of the Einstein’s theory of lattice heat

capacity. Further write down the expression for specific heat in
Einstein’s theory and explain its high and low temperature limits. 4+6=10
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