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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.

Question Nos. 1 and 5§ are compulsory and out of the remaining, 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 Booklet must be clearly struck off.
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3x10® ms™!
9-11x107%! kg
1-602x10719 C

1. 76 x10'! Ckg™!

931-5 MeV

05110 MeV

8:8542x10712 C2N"'m™2
4nx107 NA?

8-314J mol ' K™!
1-381x107® gK!
6-626x10™4 J s
1.0546x103% J g
9.274x1072% g 7!
5.051x107% g1~}
1/137-03599

1.0072766 u = 1-6726 x10™2" kg
1-0086652 u = 1-6749 x107% kg
2-013553u

4-001506 u

12-000000 u

15994915 u

8699999 u

4002603 u

0 (FEh), 1 (M)

~3-8260 (2H), 55856 (MNeH)
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Constants which may be needed

Velocity of light in vacuum (¢
Mass of electron (m,)
Charge of electron (¢)

Specific charge of electron [-i]
m,

lus1lamu. =1.6605x10"%7 kg
Rest mass energy of electron (m,_,czl
Permittivity in free space (€q)
Permeability of free space o)

Gas constant (R)

Boltzmann constant (kg)

Planck constant (h)

"

Bohr magneton {ig)

Nuclear magneton (uy)

Fine structure constant ()

Mass of proton (my)

Mass of neutron (m,)

Mass of deuteron (my)

Mass of a-particle (m,)
Mass of '2C

Mass of 1§0

Mass of gESr

Mass of 3He

Orbital gyromagnetic ratio (g,)
Spin gyromagnetic ratio (g,)

3x10® ms!
9-11x1073! kg
1-602x1071° ¢

1-76 x10'! Cxg!

931:5 MeV
05110 MeV

8-8542x1072 C2N 1 m2
4nx1077 NA72

8-314J mol 1 K}

1-381x107% gx-!

6-626x10 ¥ J s

1.0546x10°¥ J g

9:274x1072* g 1!

5-051x10°% g 1!
1/137-03599

1-0072766 u = 1-6726 x 10727 kg
1-0086652 u = 1-6749 x 10°%7 kg
2.013553 u

4001506 u

12-000000 u

15994915 u .

8699999 u

4002603 u

0 (neutron), 1 (proton)
~3-8260 (neutron), 55856 (proton)
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1.(a)

1.(b)

1.(¢c)

1.(d)

qug ‘A’ SECTION ‘A’
TS 0 H FA fawa T H @ R e Rl % fog gm fag st o 1
(i) TH 100 g & g S 5 m o=t @1 R yfqEfia § |
(ii) Tk TR YA S 2x10710 m Sees R wfaefia © |
(iii) T Feidg@ St 10710 m wEm) F witefia ®
o et & forg g fog ot o e w7 el wt
Calculate the zero point energy for a particle in an infinite potential well for the
following cases :
(1) a 100 g ball confined on a 5 m long line.
(ii) an oxygen atom confined to a 2x107'% m lattice.

(iii) an electron confined to a 1071 m atom.
Why zero point energy is not important for macroscopic objects ? Comment. 10

G m AR AT ¢ F USF 01 U THAHE ATadl qloreh fa6a & W91a & e
W%Qﬂﬂ%lﬁﬁ?ﬁﬁﬁ%sﬁqu@zﬁgaéﬂEﬁ@w%lmﬁﬂmwm

%ﬁ—aﬁ‘ﬁmﬂ}f— +2ma)X2 gEX TR Wed © | 991 S nth Sufoa sEedm &
%ﬁaﬁmaﬂzwwmaﬁrﬁﬁ!

Consider a particle of mass m and charge ¢ moving under the influence of a
one dimensional harmonic oscillator potential. Assume it is placed in a

constant electric field E. The Hamiltonian of this particle is therefore given by
2

1 g ;
He 5— + EmeX 2 —qEX. Obtain the energy expression and the wave function of
m

the nth excited state of the particle. 10

GHTA m H TS F AGATH a & MeAd GHHG e fawa | B | g7 Soiig qaa
& 1 ufeg saemst & ol smaws fawa i Ean el @ fiR |
A particle of mass m is in a spherically symmetric attractive potential of radius a.

Find the minimum depth of the potential needed to have two bound states of zero
angular momentum. 10

ATIAM 400 k W TH Haq & Ioahld eEgor TATYS & UF Yol @A -Todh Jam
#, Feh grard Hit =TS | m T FFEhE FEUET &7 10 SET /HieR §, WS S © |
3a fog R Wl 99 T A S @, dwed fagww i e Fifvd |

A beam of hydrogen atoms emitted from an oven at 400 k is sent through a
Stern-Gerlach experiment having magnet of length 1 m and a gradient field of

10 tesla/m. Calculate the transverse deflection of an atom at the point where the
beam leaves the magnet. 10
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1.(e)

2.(a)

2.(b)

afe TH WA F 01 weber/m? Aol & AT &7 F @M ¢, 99 TF TR A
AT H /=3 e W g R h R GE ae Aol Hi e Hiw |

fear w2 o o &1 g syl g & & 30° @ v ST © |

If an atom is placed in a magnetic field of strength 0-1 weber/m?, then calculate the
rate of precession and torque on an electron with /=3 in the atom.

Given that the magnetic moment of the electron makes an angle of 30° with the
magnetic field. 10

A wEHT 4 F F f oReRe T B OF GERSE P=a+b0, 0, ¥ AT W@
? el a 9 b FOR® T 0, 0,39 TEHT F U ATE € | F T vy
AT §’=§1+§z'=%ﬁ(5’,+32) Tl & P, S2wd S, 1 U @iy Aw9e femn
ST gt © |

An operator P describing the interaction of two spin % particles is P=a +b3|- c_r’z,

- . . 7
where @ and b are constants, and o, and 5; are Pauli matrices of the two spins.
5 =5 =

The total spin angular momentum S =S, + S, =3k (5"1 + 32). Show that P, §? and
S can be measured simultaneously. 15

foar HifSg &6 m seamm & Rk wfost oot £ % oot &t us 4R/ geeRs xR #
s fawe sags f AR afem R

V(x)=0 for x<0
V(x)=% for x>0

x=0 R REfdd HO & AW AT Do |

Consider a stream of particles of mass m each moving in the positive x-direction with
kinetic energy E towards the potential barrier

V(x)=0 for x<0
V(x)= % for x>0
Find the fraction of particles reflected at x = 0. 15
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2.(c)

3.(a)

0, 0<x<a

A o, fawa v(x)=
oo, Wl | TG

dd
(a) AT AT TAT UES 9 GEQ SN HEATHAT Bl TSl 1 AHer b |
wafe

(i) TF PR T G & Il uikeg @ e @R a=1010m ® |
(i) 1 g § FAER €1 S AHK a=10 cm F a=& # Tawiiet € |
b) TR T3 ™ 3 Fadl & ol Fien wwa F wea & == wbA |

(c) wrfifeaaaT Rigia &1 WA &R ZodgA 9 GAIHR 81g & 90 1 IATher Hiiord |

0, 0<x<a
Consider the potential V' (x) =
o, elsewhere

(a) Estimate the energies of the ground state as well as those of the first and the
second excited states for

(i) an electron enclosed in a box of size a = 1010 m
(i) a 1 g metallic sphere which is moving in a box of size a=10 cm.
(b) Discuss the importance of the Quantum effects for both of these systems.

(c) Estimate the velocities of the electron and the metallic sphere using uncertainty
principle. 20

AT T AN Wiew F g 7wy WA Aied f wia e f @l -TdE
vt gR1 forl e st i T 4t 7

What is vector atom model ? How the principal features of vector atom model were
explained by Stern-Gerlach experiment ? 5+10=15
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3.(b)

3.(c)

4.(a)

4.(b)

4.(c)

dqS g HaR FT § ? OC WA F 2p3s fom@ & 3P, 'R & foau R g TR @
TR FRY | S AT H 0-1 tesla & a1 Frohd &7 § @ I q &R &
fawmom & ot oET K |

What is Lande’s g factor ? Evaluate the Lande’s g factor for the 2P, level in the
2p3s configuration of the °C atom. Also calculate the splitting of the level when the
atom is placed in an external magnetic field of 0-1 tesla. 5+5+5=15

T UHIE 1§ ? T UHE & FaleH g T T aviA () H Uil s
& e i |

What is Raman effect ? Explain Quantum theory of Raman effect and Rotational
Structure of a Raman spectrum. 5+10+5=20

x-F8 & sEfey wffie 3R 0 < x < L wa (3F) # witefa & s @
T W(x)=sir{%r) ®; VRl n UEH QUIE § | TETHAH T TEEATRIET
FIRA R FF FH1 & WA AA H AR DI |

A particle constrained to move along x-axis in the domain 0 < x < L has a wave
, . (nm : ; , :
function y(x) = su{Tx} , where 7 is an integer. Normalize the wave function and

evaluate the expectation value of momentum of the particle. 15

BIEGIS TRATY &l 2p ST & 3og & folg da@ gwTfea gl 1 qediee i |
W W R Byl o =R ?

Evaluate the most probable distance of the electron of the hydrogen atom in its
2p state. What is the radial probability density at that distance ? 15

Tl e ST w0 R 7 T wEER g ok g s @R
JuTell ® IHG SUANT 1 a9 SR |

What is nuclear magnetic resonance ? Explain its working principle and use in
magnetic resonance imaging systems. 5+5+10=20
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5.(a)

5.(b)

5.(c)

Qus ‘B’ SECTION ‘B’
719 frg woR wfig &0 7% v, ud v, 3 e yer & @0 € 2

How could you establish that v, and V. are two different particles ? 10

fra Shaew & 6 ¢ T 4C ® U SER g9 ) 27 &9 WG Free @, S 9y
TR ?

14
foar mn % - % & FaE=13x10""3, “C § wg-amg (7;,,) =5730 = |

What is the age of a fossil that contains 6 g of carbon '*C and has a decay rate of
27 decays per minute ?

14
Given : Ratio 1—2% =13x107", Half life (7;/,) of "*C =5730 yrs. 10

37 s Rt @1 e St fms grr Frafafaa T g afea @ 2
(i) K'— I +0* +117
() M+p—— M +I1" +n

(i) Mr+p > AT sSIT  +p

(iv) 2°—> A° +y

V) Yr—— A°+e' +v

V) K +p— K'+K°+Q~
(vi)) TI°—— y+e'+e”
(viii) ¥ —— n+e +V

(ix) A°—— p+e +V

(xX) et+e—— y+y

Name the interactions via which the above nuclear decays occur : 1x10=10
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5.(d)

S.(e)

6.(a)

6.(b)

6.(c)

7.(a)

7.(b)

oA A FAYRIT T IJTART Reh et 6t 9l 6l eafa Hiford | 39 @t &
o &0 & ST ST ® ?

Derive diffraction conditions using reciprocal lattice concept. What are these
conditions known as ? 10

TViEU fof WA &R p-0aR & FfEee § IR 6 O 96 a8 & Ao faenfua
BT & R pUSR & FEEd § A9 H /e GhSEdr 98 F e ey
BT ® |

Show that the Fermi level shifts upward, closer to the conduction band in an
n-type semiconductor and shifts downward, closer to the valence band in a
p-type semiconductor. ' 10

HAE AR Td Flfehl &l Ao o-hoil & forg T & wehila afkés & 4
& wifua difs |

Establish the Rutherford’s scattering cross section formula for a-particle by
considering the standard assumptions and symbols. 20

ATfHe @ AfE A 10712 cm F TR ETE H U THIG S99 HE 9] Ieaad
W R AffSa smaxa-56 Aifie & JfFasia 6t afas sof & e Hifvd |

By assuming the nucleus as a cubical box of length equal to the nuclear diameter
10712 ¢cm, calculate the kinetic energy of the highest level occupied nucleon of
iron-56 nucleus. 15

ifieha =i | 39 9 g9sa © 7 At aat & de fige & aren SitE

What do you understand by nuclear forces ? Explain meson theory of exchange
forces. 5+10=15

e % Pt Rigia 9 =men fifw | gutze B s et 6
Wt Y A T & THEIT St ¥ | Uw WA & awft sogE wiigreed
H AFGE i AR § ?

Explain classical theory of diamagnetism. Show that the susceptibility of

diamagnetic substances is directly proportional to the atomic number. Why all the
electrons in an atom contribute to diamagnetism ? 5+8+2=15

fearé firgia @ w 3| wgd i fafire ssn ¥ fou =os ww = 3k Ranu &
W 7T @ @ faar wa @ | e fagia f goen § feard fage § v
Hecaqut srfsawon w@r ® 7 feard fagia #& w9 o R 7

Derive an expression for the specific heat of a solid based on the Debye theory and
show how it agrees with the experimental values. What is the most important
assumption of Debye theory in comparison to Einstein theory ? Is there any
drawback of Debye theory ? 15+3+2=20
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7.(c) UH T 9RuT IR@ F @g dH-forst Qe H FE wonert Hi ren wifwd |
With a neat circuit diagram, explain the working of Wien-Bridge oscillator. 15
8.(2) RER ¥ e a@R ¥ a9 & @1 AfwE § 7 A Rowd foqe
faQwarastt @1 aviq Hiforg |
What do you understand by the critical size of a reactor ? Explain the main features
of nuclear reactors. 5+15=20
8.(b)  WfrETeaT FT R ? WEER WWE @ wren it | sfeew wed w®@ oo
wiogdia qqd B € ?
What is superconductivity ? Explain Meissner effect. Why superconductors should
be a diamagnetic material ? 15
8.(c) (i) Tute g o & wade @ fraeh s foofa wfvamst & @ fuffa $ie@ )
dfFarers vatE ¥ Sawfie ¥ OAGER Z,=2MQ, Z,=75Q 3R 4,
(et 919 Fleedt ) = 200,000 ¢ |
(ii) G N1 SreedT A9 H A W HIfC |
R¢
220kQ
%10 kQ
(i) Determine the input and output impcdances of the amplifier in given figure.
The op-amp datasheet gives Z,=2MQ, Z,,=75Q and 4, = 200,000
(open loop voltage gain). 10
(ii) Find the closed-loop voltage gain. -
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