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Question Paper Specific Instructions
Please read each of the following instructions carefully before allempiling questions :
Thore are 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 5 are compulsory and out of the remaining, any THREEFE 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 attempled partly. Any page or portion of the poge left
blank in the Question-cum-Answer Booklet must be elearly struck off.
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Constanits which may be needed
Velocity of light in vacuum (¢) = 3 x 108 ms™?
Mass of electron (m_) = 811 x 10731 kg

Charge ol electron (e) = 1-602 x 1079 ¢

Specific charge of electron [miJ =176 x 10" Ckg™!
-]

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

Rest mass energy of electron (mecz} = (5110 MeV
Permittivity in free space (g,) = 8:8542 x 10712 C2N~1m2
Permeability of free space (i) = 41 x 107 N A2

Gas constant (R) = 8:314 J mol L K1
Boltzmann constant (kg) = 1-381 x 10722 J K1

Planck constant (h) = 6-626 x 103473
(h) = 10546 % 10734 J s

Bohr magneton (ug) = 9-274 x 10724 J T

Nuclear magneton (pyy) = 5:051 x I s
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 (My) = 2:013553 u
Mass of a-particle (M,,) = 4:001506 u

Mass of ';C = 12:000000 u
Mass of lgﬂ = 15994915 u
Mass of g;sl- — 86:99999 u

Mass of :He = 4-002603 u
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ferTe foreht ATavaar gt a&dl &
Torafer 3 ST < & (¢) = 3 % 10° ms™
FAFA H GEAE (m) = 911 x 1073 kg
T T A (e) = 1-602 x 10719 C

TelgeiA 1 fafime snaw [i] =1-76 x 10} C kg!

-
lu=1amu. = 16605 x 10 27 kg = 931-5 MeV
T I e g S91 (m,e?) = 05110 MeV
ek AT 7 gt (gy) = 8:8542 x 10712 C2N~1m 2
Heh AT ] YRTEHA] () = 4nx 1077 N A2
& o= (R) = 8-314 J mol ' K
Aeeeme R (k) = 1381 x 1072 J K1
e T8 (h) = 6-626 X 1074 J s
(h) = 1:0546 x 1034 J s
e e (pp) = 9274 x 107247 T
TifEh AR () = 5-051 x 10727 J T2
e | ([ (o) = 1/137-03599
i %1 ZeaAH (M,,) = 1:0072766 u = 1-6726 x 10727 kg
=19 1 Z=HH (M,,) = 1:0086652 u = 1-6749 x 10727 kg
S[edF &1 Ze8HH (M) = 2:013553 u
o-FRUT T FEEH (M) = 4-001506 u
*2G 1 9 = 12:000000 v
Y0 %1 T = 15994915 u
oSt 1 FEEAH = 86:99999 u

;He =1 759 = 4-002603 u
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TUEA
SECTION A

Q1. F=afafEm ad ai & s i

Answer all the following questions ;

(a)

(b)

(c)

(d)

(e}

U gESay T IfSd a7l n = 10 % e e § weger wspmw w9
BU WIEH Ieafia Star & | 39 WeE 1 9l, @90 vd qineed W it | 39

e 3 EESeE TETY] it Wiafere nid ot w9 HiRw |

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,

uF RE 109 m F 3ft W B 7 o PR ¥ fw g $ Rm aheg
¥ | Teeht A o S srRanal ¥ Rw e £ 2 smell aiitet o
T 3T T AR HIe |

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

10~? m. Compute the de Broglie wavelengths representing the first three
allowed energy states of the eleciron and the corresponding energies.

U WTEsh TV Brsem @ 5 < 1015 m 2 & wifis & sfda e
w0 £ T iftreman 1 MeV 1 T it B | a1ffTemer F figm F aan w
forg Hifsm fis semT Tt & foremme 7t & |

A typical atomic radius is about 5§ x 1071° m and the energy of J-particle
emitted from a nuecleus 18 at most of the order of 1 MeV. Prove on the

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

T REre yEm #, i Ag wE) IR # @ #, 99 99 1000 K, £ = 25 cm
m%ﬂmﬁm;m% | 2 =EeR! & o= & AU w1 fieen i |

In the Stern-Gerlach experiment using Ag atoms, the oven temperature
is 1000 K, I = 25 em and df 2~ 10*3 Tesla/m. Calculate the separation

Fy 4

of the two components,

AT & fHg@ % I F g, BEGEA WHY i e sEeen @
AR 3t St w1 gherer i |

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

10%5=50

10

10

10

10

10
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Q2. (a)

(b)

(c)

Q3. (a)

(b}

(c)

WIS TEm % guiE sife | == hifon R fem R zoR oreRnf
ﬁm@sﬁaﬁﬁm(ﬁm}aﬁmmlwwmﬁﬁ
o R SR % T HE A S T e 2 e % A w0
A F1a hifare |

Describe Stern-Gerlach experiment. Discuss how it has explained space
quantization and electron spin. Find the value of angle between the spin
angular momentum ?5* and ite z-component of an electron moving along
the external magnetic field E . 10+10+10=30

TSI Tiggd # uR Aot 61 Sofi Hinia atresd TR €9 § 3646 A wr
ST ® | TW Avi 1 Wew TE = qiiesd 31 S |

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

I3 % ST9asd g % TUR W, T AGed p-Iciagl o 70 ATHT THagH]
TET W UiERer Shifa |

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

A 9T 4T 8 2 Ham | 3[g it Teen % ge A w1 50 Hieg |
HC1 379 % e arew g ooa feemm 4106 em™ & | 319 B wwm @
=1 B, I o sienfie gl s Ay |

What is Raman effect ? Describe briefly the chief characteristics of pure
rotational spectra. The small rotational Raman displacement for HCl
molecule is 41:6 em™L. Find the internuclear distance between the atoms
forming the molecule. 10+10+10=30

THA-UF I I S o Al 6 feeargds v i |
Explain in detail L-S coupling and j-j coupling schemes. 10

o firre w0 & 7 eEEeW W) F H, SOR T <l gEw wte @ i

FA H 3HH 791 Hewd 7 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) T ¥E e & for otfem wefishn ga Hifo iR stm ww o afow w1 B,
feafas sl VE #fEs 81 (B > V) 99 39 amel F o aeme iR wrede
ToTTeR R TieEer hifs |

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., Ey> V). 20

(b) i WEefl A oy, o, W o, F Aigww Fregw frfan | firg Hifom fr 2
ateye Prafofien aefafiemat @ dqw @ # .
@ loy.o0l=2i0,
(i) [0%.0]=0

— %

= - = = =
(i) (g .A)(c.B)=A.B +ic .{A xB)
-, =
4 A @ B uEell 3= & A w0 #

Write down the matrix representation of the three Pauli matrices o, 0y,
and o,. Prove that these matrices satisfy the following identities :

1) (o, U},] =2io,

(i) [o%.q,]=

- =5 = =3 = = =3 -3 3
(iii) (¢ .A)(g .B)=A .B +1ia .(A x B)

if f’f and ]_?I commute with Pauli matrices. 8+d+444=20

(c) T &ad U gwh Fu & foiu a=ien wifihe Aifem & afisr < wama 4
foreht eng & Fafy o &1 ® wiwE + fon selsm e R o
Tod) 1 TiEhed Hifeu |

Calculate the density of states for an electron meving freely inside a
metal with the help of quantum mechanical bchrddmger 8 equation for
free particle in a box, 10
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=iE B
SECTION B
Q5. Frafeafes adf ww=i & s difo
Answer all the following questions : 10x5=50
(a) wwEmsy o form o sl ft anfea s 4@ EE o
Explain why the deuteron has no excited state. 10
(b) NAND T§ NOR ZR WP gR F¥i Fgat € ? 06 NAND gR % fom, o
AN, qEE FHIH U6 Hewe Aol i |
Why are NANT} and NOR gates called universal gates ? Give the logic
diagram, Boolean equation and the truth table of a NAND gate. 10
(¢) 7 w1 w3t 38 Rew v wffera R wiman & 7 @ @i % o fafm
YR, hl TR @ TEY § 9uie 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) U fefariy se % anisa e afes e §
§= 21 + 3 h= 23
e ek STeT o AU T Hier =1 Frafor Hifsw |
The primitive translation vectors of a two-dimensional lattice are
a=21+ 3. h=2f]:.
Determine the primitive translation vectors of its reciprocal lattice. 10
(e) =H=EE i = TEEET & Tisy fe el srfoares % fou ol @ fafine
Foq § TFg TR 919 3 YUY a2 g
With the help of a schematic diagram, show how entropy and specific
heat vary with temperature for a superconductor. 10
Q6. (a) TUHA H9 HIW Alewd & ¥ AWEG w1 9 HiRw | R w@
vepru-ma 72 Giferfa mefm e onadi g St smvsen (fesetdt) =i
g wor aAa WA R 7
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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Q7.

(b)

(c)

(a)

(b}

zise fR TieEfiE i @fea |, g@%ﬁﬁ%mmmw
ho =41 A~V MeVE@T 2 |

Show that in the nuclear shell model, the level spacing between major
oscillator shells is approximately fo =41 A3 MeV.

forferfian it 1 q@ aeTanett (U9 Wem) % W Wi Aisd % STUR
T oM va 9 &% o w1 qEigEE eFs

) BDJ‘E

Gi) O

(i) 4, C1%

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

@ 07
@) g0

(i) ;,C1%8

A giEn & fafts gew #t v ifsm | S=ifs = g w=n g 7
W @ & Fam ¥ emyr w, e 5 Pefefae sfulrad aom # @
CER

i) mwop+ ?1;

(i) nopt+e + ?e

Explain the various leptonic family members. What is leptonic number

conservation ? Based on this conservation law, state whether the

15

10

following reactions are possible or not : 10+5+5+5=25

@ mop+y
) n—op*+e +v,
Freferfiaa BgiAi i Fameh A ffay .
AT Qn, T SR A
Freferfen w9 (Rsha) = 7 & 19 1§ fafan .
@} naptEeT v

() A*=nx"+n

(i) Tt —op*+
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Q8.

(e}

{(a)

(b)

ie)

Write down the quark structure of the following hadrons :
AT QT F and A°
Write down the following decays in terms of quarks : 6+9=15
i) n—espree+ v,
(i) A"=n"+n

(iii) T*—-p"+a’

forgd- gl U ge Rl % R N UEEEY | Z s

B 7 Soiggie IS Chisu § SEehl T Wl 8§ ?

Explain unification of electromagnetic and weak interactions. What is

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

Tege e SANCHd Y HaUE Fedreeh § 991 A & 2 Hiew gl # ST
o fog 590 | <l9-61 39 & ?

What is the difference between direct and indirect band gap
semiconductors 7 Which one is suitable for use in solar cells 7 10+10=20

et % g, e fGads & o a9 & et St e Hifse
Zo1TEe o & vt o & fam & wa € |

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

STereh SeAT HTitEn <t g~ I B 5wy sfraet w5 e | 3o
T e 6 BEl | fafire $e % foe s w5 fafae an Iuh 5=
vd fiem am dwrer st T K

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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