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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 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 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 1n vacuum (¢) = 3 X 10% ms™?

Mass of electron (m_) = 9-11 X 10731 kg

Charge of electron (e) = 1:602 x 10°1° ¢

4 )
Specific charge of electron ® | =176x 10 C kg

\ MMle

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 10714 C*N~'m~
Permeability of free space (pug) = 471 X 107" N A~

(Gas constant (R) = 8314 J mol 1 K1
Boltzmann constant (kg) = 1-381 X 10743 J K1

Planck constant (h) = 6-626 x 10734 J
(1) = 1-0546 x 10°% J s

Bohr magneton (ug) = 9:274 x e

Nuclear magneton (uy) = 5:051 x 1074/ J T~
Fine structure constant (o) = 1/137-:03599
Mass of proton (Mp) = 1-0072766 u = 1-6726 x 1072/ kg

Mass of neutron (M, ) = 1-0086652 u = 1-6749 x 10727 kg
Mass of deuteron (My) = 2:013553 u
Mass of a-particle (M) = 4001506 u

Mass of 120 = 12-:000000 u
16

Mass of 8O = 15994915 u
87

Mass of 38Sr = 86-99999 u

Miss of ;He - 4-002603 u
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ToRTeE fSehl HATT9IHAT g1 el g

fata W gmer &1 441 (¢) = 3 x 108 ms™!

SF I GeIHH (m,) = 911 x 10 kg

SAFEIA 1 AW (e) = 1602 x 10719 C

/ R
soldel o1 fafirse 3@y |- | = 1-76 x 1011 C kg2

e
lu=1amu. = 1-6605 x 102" kg = 931-5 MeV
s i fermmTaeen gera™ St (mc?) = 0-5110 MeV

Ok ARIe 0 Tergafierar (e) = 8-8542 x 10712 C?N~'m2
eh SATShIN Sl TIOTRIAT (1) = 41 x 1077 N A~2
g feores (R) = 8:314 J mol 7 K1
Ao ™ e (kg) = 1:381 x 10729 J K
Tk fEe (h) = 6626 x 10754 J s
(h) = 1-0546 x 10°*J s
e AW (up) = 9274 x 10724 J T

AREART AHE (uy) = 5:051 x 10727 J T2

g&H g1 {80 (o) = 1/137-03599

I 1 5 (M) = 1-0072766 u = 1-6726 x 10727 kg

=[eTa &1 geadH (M) = 1-0086652 u = 1-6749 x 10747 kg

SIEUA I g (M) = 2:013553 u
0T ST FEIE (M,,) = 4-001506 u
12 o1 geAHH = 12:000000 u

10 1 5= = 15994915 u

St T G = 86-99999 u

*He &1 ZoWH = 4-002603 u
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SECTION A

Q1. =g wft uvi o I & -
Answer all the following questions : 10x5=50

(a) Q%ga@aﬁmsﬁﬁmmmn—loa |4Hdum¢mﬁmaww

BU Bl Icaioid HLdl 3 | §9 BieH shi Holl, HaTl U9 qUIced F1d Shifu | 39
GshH H BI3SIoH ILATY] sh1 Jidtered miid oft Fird shiferg |

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. 10

(b) TH Soiged 109 m i gl W @ @ gg fafvi & e o & fore uiteg
g | Ugelt dF STHa 91 Aaeansdi & e soiae &l 2 §rell quesdl v
TG I13T b1 9REhet™ hiloiT |
An electron is confined to move between two rigid walls separated by

107Y m. Compute the de Broglie wavelengths representing the first three
allowed energy states of the electron and the corresponding energies. 10

(¢) UWeh YT&EIUSH YLHTUST 1 T 5 x 10715 m & 37T 9ifires ¥ 3cafeld dle
T hl HAT ITTehad 1 MeV bl Shite 6 8 | s1fafvaa & faga & snar

forz HIfST fop sorereta i & e a8t &

A typical atomic radius is about 5 x 107> m and the energy of [3-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. 10

(d) EH e T b, e Ag W 3T B @ 8, 9E 99 1000 K, I~ 25 cm

asn 5;32 ~ 10+3 &AM B | a1 TRl & S o AU ki Ui Hifvu |
Z

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

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

Oz
of the two components. 10

(e) ATl = THGId 1 ITAN HLd §U, BEGISH THIY hi HHIaH HAGEAT I
ATHR 3 FoIl T TEhed T |

Using uncertainty principle, calculate the size and energy of the ground
state of hydrogen atom. 10
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Q2. (a) H-TRem WA w1 vl dhifvm | ==l Ay fF e HR sud AehE

—>

FATEIRWT U Soiche i Seshul (FE99) op1 aeien o1 | 99l Jreehid &9 B H

UM JTd b |

Describe Stern-Gerlach experiment. Discuss how 1t 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

(b) BESISH Weaed § o Soft 1 Avfl WioTd At YrElieh 9 W 3646 A U
STal & | 29 ofl h1 YU W@l 1 aUieed JTd il |

The series limit wavelength of Bralmer series 1in hydrogen spectrum 1is
experimentally found to be 3646 A. Find the wavelength of the first line
of this series. 10

(¢) 9ISl % Iuasid g & MUR W, g1 Aded p-saideidl o ToTu 3T{Ad ToargH]
gei shl GiEhe™ SHiteg |

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

Q3. (a) THA YW FO 8 2 €&Y T Yg HOH WaeH & &I AN T F0H HIT |
HCl 319 % forg 31eq o vme feemoT 41:6 e 1 8 1 319] 59 gt |
A1 8, b sre sTauiEs ¢l siid <hlisiy |

What is Raman effect ? Describe briefly the chief characteristics of pure
rotational spectra. The small rotational Raman displacement for HCI

molecule is 41-6 cm L. Find the internuclear distance between the atoms
forming the molecule. 10+10+10=30

(b) THA-UE WA IR A o ASHIA Sl [SdRgaeh €6 it |
Explain in detail L-S coupling and j-j coupling schemes. 10

(c) O free w0 R 7 EEQoM AW H OH | ST @1 oh gEH GeeeT %1 e
T H TEEH T AEH 8 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) TH UE fawa & foTT onis—r wHfrertor &a1 T 31 Sa o1 i Thas Fo1 K,
feufast 11 V 8 31 8l (B > V) 79 30 AW & ol qrome 3 sad
TUTTeh <h1 Tiehatl ShiToTg |

>olve the Schrodinger equation for a step potential and calculate the
transmission and reflection coefficient for the case when the kinetic
energy of the particle B, i1s greater than the potential energy V

(i.e., By > V). 20

(b) T 9I3ell AT o, o, W o, F1 HigHd Frewu fafey | fag Hifm 5 3
3Teg Hfcifigd gaaiyerist & aqe +d B
210

7

i

(1) loy, oyl

(ii) lo*.0,]=0

e e
(1) (o . A)(oc .B)=A .B +10 .(A x B)

Erﬁzqé 'ﬁmwamm@w{a%

Write down the matrix representation of the three Pauli matrices o, o,

and o,. Prove that these matrices satisfy the following identities :

) BLel=210,

Y
(ii) [0%.0,0=0

- 5 3 5 €l 5 5 5
(m1)) (o . A){co .B)=A . B +106 .(A x B}

—% -
if A and B commute with Pauli matrices. S+4+4+4=20

(¢) TWeh g€ H Ttk Ul o oI FaeH AR SR & gt <Hl g8 9
fordl T W ey f9eu & 1@ soiaeid & oY Soll-=r =9 (SR a1

TeH) BT Giehe ity |

Calculate the density of states for an electron moving freely inside a
metal with the help of quantum mechanical Schrédinger’s equation for
free particle in a box. = w0 10

M=ESC~[=PHY 6
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SECTION B

Q5. =t vt ugat & sw i
Answer all the following questions : 10%5=50

(a) TUHSY foh fohm HIUT SIEUA 61 IARIA 3Tt T81 gidl |

Explain why the deuteron has no excited state. 10

(b) NAND TS NOR gR HEfHs gR RN haehid 8 ? €6 NAND gR & fou, %
ARG, el HHiRT0 T HeaqH il S |

Why are NAND and NOR gates called universal gates ? Give the logic
diagram, Boolean equation and the truth table of a NAND gate. 10

(¢) T U AT § 3 378 Tohd YohR fipd fohdll ST @ 2 A NI & 9 farivra
TR <hi STATIRATAT &1 T&Y H U hifaig |
What are elementary particles and how are they classified 7 Describe in

brief the different types of interactions that can occur between the
elementary particles. 6+4=10

d) T fgfada Sree & 1S STt |ide FEHER §
A A A
a=21+]), b=2;
Sk Ychl STeieh o 3THTST TG |icy 1 iy $ifsm |
The primitive translation vectors of a two-dimensional lattice are
A A A
a=21+]j, b=2j.
Determine the primitive translation vectors of its reciprocal lattice. 10

() SIGET ANG hHl WA H s fob forell SAfaemerss = fo7q Tgidt wg faf¥me
o § foRd TP AT9 o TIL-ETY YEEE BiaT § |

With the help of a schematic diagram, show how entropy and specific
heat vary with temperature for a superconductor. 10

Q6. (2) TUHA HU HIW HigA & o ANWEG H1 FI9 HINC | ATBIE T
yeshul-hen g2 Bifadia mefie o rredi o i smusar (fsaauEt) &
fora s AT W Ed € ?

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

M-ESC-D-PHY 7
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(b) TEIET fob AREHIT iYW Higd H, &I TTT B & AT TR AU oHTHT
ho =41 A™V3 MeV g 8 |

Show that in the nuclear shell model, the level spacing between major

oscillator shells is approximately 4o = 41 A~1/3 MeV. 15
(¢) Trferiga et & go1 rawarestl (U8S Wed) & ”TU g "igd & 3R

R o v 9fdt o "M 1 q@igHE sy

(i) 8015

(i) Z0™

(i) ,,C1°

Predict the spin and parity of ground states of the following nuclei on
the basis of shell model : 10

() GO
() 4O
(ifi) ,,C1%°
Q7. (a) Wi @R = fafys geel ot T FHINU | i Tt Jie &= g 2

3 WUl & fFm & myRr W, sqisv & =fafag sy oovyg & o
Tal -

i) ™ op + v,

i) n—p +e + v
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

1) 7T op + v
(i) n—>p +e + v,
(b) T=faRaa ggiAl &t Fars 9= ™Rgu .
At QY BIR A
fferfiag e (fesvd) =) saed & wel o fafew

i) mn—op +e + v

(i1) AT > +n
Git) > pt+

M-ESC-L-PHY &



https://prepp.in/

WWW.prepp.in prepp

Your Personal Exams Guide

Write down the quark structure of the following hadrons ;
ATT Q7S and A°
Write down the following decays in terms of quarks : 6+9=15
1) nop +e + ﬁe
(i1) A" > n" +n
(Gii) X* - pT+ '
(c) Torpgraha @ Toal NAfRATST o ThHIHU ! THSAEE | Z -S4
2 2 SAGEITh UehiehlU] I SHehl &I JTERThAT 8 ?

Explain unification of electromagnetic and weak interactions. What 1s

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

Q8. (a) YN UH AT Y U Agarcishl § 41 AT 8 ? el Al H I

& U 99 @ SH-91 ITYF 8 2

What is the difference between direct and indirect band gap

semiconductors ? Which one is suitable for use in solar cells ? 10+10=20
(b) Tr=e % g, wwE-fer faads & fu @ee & wfieon & gred ity |

ayrien fop 3 geieRtor s & oM & Wa & |

Obtain Laue’s equations for X-ray diffraction by crystals. Show that

these are consistent with the Bragg’s law. 15+5=20

(¢) SITcTeh o1 YTitan hl s & ol < yg@ ATSEon il falge | 39eh
3T 3TTE=2Te 1 o o fofsrse oar & fofu =eies & [ilRauw qon 3ueh! 3=
vg e qra HiursTi sl Taee hiieg )

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

capacity. Further write down the expression for specific heat 1n
Einstein’s theory and explain its high and low temperature limits. 4+6=10

M-ESC-L=-PHY g
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