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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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foris freh smavawa © vt }

faafa 3 wem 1 3 (g = 3x10% ms™!
AR H FEHH (m,) = 9.11x107! kg
TR & AR (e) = 1.602x107'° C
W w Rt smw [i} = 1.76x10'! Ckg™!
lu=1amu. =1.6605x107% kg = 9315 MeV

W # fowEen = 39 (m,c?) = 05110 MeV

% e § Rgafiea €,) - 8.8542x107'2 C2N"'m™2

e AN $ TR (1)
s (R

4nx1077 NA?
8.-314Jmol ' K™!

e RS (kg) 1-381x10°% gK~!
i fRR (h) 6-626x103% Js
L] 1-0546310'3“ Js
W% &R @g) 9.274x107 y 17!
TR Al (1) 5.051x107%7 g 1!
@ w1 R (o) 1/137-03599
MR 1 59H (m ) 1.0072766 u =1-6726 107" kg
A H T=WE (my,) 1-0086652 u = 1-6749 x10™%" kg
TXA 1 TEEH (my) 2-013553 u-
- 1 FHAA (M) 4-001506 u
2¢ 7 x=mA 12-000000 u
160 % s=mH 15994915 u
8% Sr % F=mH 8699999 u
3He 1 Fq9H 4-002603 u
wef iy g (g;) 0 (REH), 1 (M)
fom g s (g,) -3-8260 (2H), 5:5856 (fieH)
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Constants which may be needed

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

Specific charge of electron [—5]
m,

lu=1amu. =1.6605x107%7 kg

Rest mass energy of electron (m,c?)

Permittivity in free space ()
Permeability of free space (i)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)
]
Bohr magneton {ug)
Nuclear magneton {uy)
Fine structure constant (a)
Mass of proton (mp)
Mass of neutron (m,)
Mass of deuteron (my)
Mass of a-particle (my)
Mass of 12C
Mass of '§0
Mass of 35St
Mass of 3He

Orbital gyromagnetic ratio (g;)

3x10%® ms™?
9:11x107! kg
1.602x1071? ¢

1.76 x10'! C kg™!

931-5 MeV
0-5110 MeV

8-8542x1072 C2N"1m™
4nx107 NA™?

8-314J mol 'K

1-381x107% gK™!

6-626x107# U g

1-0546x10°# J s

9.274x10724 g T-!
5.051x107% g 1!
1/137-03599

1-0072766 u = 1-6726 x10%" kg

1-0086652 u = 1-6749 x10°% kg

2:013553 u
4-001506 u

12000000 u
15994915 u

8699999 u

4002603 u

0 (neutron), 1 (proton)

Spin gyromagnetic ratio (g,) = ~3:8260 (neutron), 5:5856 (proton)
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QUs ‘A’ SECTION “A’
1.(a) oo 01 1 Q- Webeqd1 F1 ® 7 300 V gRT @Ra ferad & SI-sIRTell aeed
T eATH HIfT |
(e @1 & gen g = < F g = 1.67x107% kg)

What is de Broglie concept of matter wave ? Evaluate de Broglie wavelength of
Helium that is accelerated through 300 V.

(Given mass of proton = Mass of neutron = 1-67x10727 kg) 10
1.(b) UH-IEE Ed fawa g # ww FoEH
Plx) =0 —a<x<a% g, AT V(x) = o

=R qRRiE 2T £ 3R n=4 ¥ n=2 ®R q@ @1 991 3-43x10' Hz IR F
Pt Jeafld @xar & | g9 @ e R v fifvg | (ww <o fr @it R
h=6626x10"4 J.S. 74T TFA & 5oAAH m=9-11x103! kg ¥ 1)

An electron in a one-dimensional infinite potential well, defined by
Vix)=0for—a<x<aand V(x)=

otherwise, goes from 7 = 4 to n = 2 level and emits photon of frequency 3-43x10' Hz.

Calculate the width of the well. (Assume Plank’s constant 7 = 6-626x10734J.S. and
mass of electron m = 9-11x1073! kg) 10

1.(c) 120 MHz TR i & wie & NMR &Fgd & Fiem o & fou smawas 996
& &1 dea S e e | (e & fog ik g-FRE (gy) = 5-585]

Calculate the magnetic field strength required to observe the NMR spectrum of

protons in benzene at 120 MHz. [Given the value of nuclear g-factor gy for protons
is 5-585] 10

1.(d) Ty s gz F=fa @oig @3 R yg @ il @ & fog &8 g-@rs s
1 3R 2 %1 3P, e & Q0 g-FRe &1 qAiEA HIC |

Show that the Landé g-factor for pure orbital angular momentum and pure spin
angular momentum are 1 and 2 respectively. Further, evaluate the g-factor for the
state 3P,. 10

Le) S& (J,) 3R ARy (U) ®Q smeed & #Aw: J,=J, +iJ, I J= J-iJ, T
afenfya fear s @ | Frafafea adafieet & fig g
() [z, Je]l=£hJ,
(i) J_J,=J*-J?-hJ,

The raising (J,) and lowering (J_) operators are defined by J,=J, +iJ, and
J_=J,—iJ, respectively. Prove the following identities :

(l) [Jz: Ji]=ih‘]i
(i) J_J,=J*=J}-hJ, 10
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2.(a)

2.(b)

2.(c)

3.(a)

3.(b)

3.(c)

s AEr R wER F fog AR @ o wdie iy S sk et gam
(eaferr) & "wraar s AR |

Set up the Schrodinger’s wave equation for one dimensional potential barrier and

obtain the probability of tunneling. 20
fearzu fe T wEN] & Tl R ¥ E, =< V> ¥ € |
Show that £, =< V> in the stationary states of the hydrogen atom. 15

(i) framu & = 2 ™ 7o F@ew g o & g ey i awfa sEed
n? Bl ® |

(i) TF AT G F 4D, R el fon s @, e
L, S 3R J & "E wa fifvw | 3@ smen & fog wife sosgE & gaad
Te feadt BFt ifen 7w el s Gean o gHE S |

(i) Show that for a given principal quantum number #, there are n? possible states
of the atom.

(ii) An atomic state is denoted by *Ds,. Find the values of L, S and J. For this state,
what should be the minimum number of electrons involved ? Suggest a possible
electronic configuration. ' 7+8=15

af gt wfey n @ R # @A ved &1 AW Lp ¥ s=1 F frg o 7 wom

TR ?
What is the spin wave function (for s = -%) if the spin component in the direction of

unit vector  has a value of 1/ ? 15

(i) TeATy] HfFh # wH-IReg WA F A Ao MR 7
(i) 28 AW &1 ASHTEg ARG I 3R 4o & gaa @ei At srpfoar | feeoft
It |
(iii) 29 wAW #§ =TS & AN 99 & @ @b fen o ?
(i) Why does Stern-Gerlach experiment enjoy so much importance in atomic
physics ?
(ii) Draw the schematic diagram of this experiment and comment on the shapes of
the magnet pole pieces.
(iii) Why was the atomic beam of silver used in this experiment ? 20

wiE-Fed faga & aRwfa g | oe e supsit & sufis ok
FIE WFH & digdr faawor & gEeE # F Aeg WAl ¢ |

Define Franck-Condon principle. How does it help in explaining the intensity
distribution of vibrational-electronic spectra of diatomic molecules. 15
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4.(a) (i) T TEuRaToes 3] & Sie Uk Ued WA S SHh Rl GHETHG H ¥ TH GRI
wiceanfya feram st @ o qoit @A & = uRexq e € ?
(ii) ST BTESoH 3] # eEger @ egefan grr wiheafua fran smar @ o goir
faris B # aRexda & wmr Hifs |
(iii) YOI Sl TR & ASTTerg, FRET0 &1 ITANT Fh FOR 3R IR-FSR A H
W a1ET AR 39w feuelt Hifvrg |

(i) In a diatomic molecule when one constituent atom is replaced by one of its
heavier isotopes, what change takes place in the rotational spectrum ?
(ii) Calculate the change in rotational constant B when hydrogen is replaced by
deuterium in the hydrogen molecule.
(iii) Draw the spectra of rigid and non-rigid rotors by using the schematic

representation of the rotational energy levels and comment on it. 20
4.(b) (i) feocames st & dufre SEg | oswEETear (TTemiRE) & wwE @
|89 H wwEEy |

(i) HCl 3] & g (9oi) & shaa safy & momr fifs aft ag /=3 s@en
# %1 HCl € Sc0-3m@ gt 3R Sgc@-amgel A 01274 nm 3K
0-0264x1075 kg.m? ¥ |

(i) Briefly explain the effect of anharmonicity on the vibrational spectra of
diatomic molecules.

(ii) Calculate the average period of rotation of HCI molecule if it is in the J=3
state. The internuclear distance and the moment of inertia of HCI are

0-1274 nm and 0-0264x10~* kg.m? respectively. 15
4.() 0, IR o, IR F ARG sl qiedl A R |
Obtain the normalized eigenvectors of o, and o, matrices. 15

Qusg ‘B’ SECTION ‘B’
5.(a) afe T S Ay ¥ @A § AR TH YgH AR TF WA 91 F@dT a9 ©
@A A e & fou arer sEEn = A R 7 g% YEawA-gEds 99 )R
AR WG a1 § 7

If the nuclear force is charge independent and a neutron and proton form a bound
state then why is there no bound state for two neutrons ? What information does this
provide on the nucleon-nucleon force ? 10

5.(b) @ Fifvy fF 30 A TAS F1 FH-AEA F AER F AW qE 8 S |
() 1 fEm (v=sor) &1 ww SR @
(i) foga smawr +2 @1 ww wd-afam

Explain why each of the following particles cannot exist according to the quark

model.
(i) A Baryon of spin 1 and
(i) An anti-Baryon of electric charge +2 10
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5.(c)

5.(d)

5.(e)

6.(a)

6.(b)

6.(c)

7.(a)

7.(b)

e &t f6 @ sfoeras geet & smyEe # ere-1 sfteres 2rEa-l
FfcraTerd ¥ SR BT ¢ |

Explain why Type-II superconductor is better than Type-I superconductor in the
application of superconductor magnets. 10

& T iR (%) @ F UE gt gifeek o o @ 7 3R ge fogdh Wy
gifsreex & 38 R, = i |

Why is the Field Effect Transistor (FET) called Unipolar Transistor ? Discuss how
it is superior than Bipolar Junction Transistor. 10
NAND 3R NOR g8 &I €Ef Aga Tt Fer 91 € ? X-OR W2 & q6-31a,
fermm wftawor, stk g-dae S |

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

quiEy &% ua ffie &R (n, 1) & foro w@ien @@ (N) & fadwar aeh o=t & ane
wE a5t sawEd (fe-smelt) 2t ® | sadt Qe fava gRr s 99 @R
AR wgE Fesht F A |

Show that for a specific value (n, /), there exists a large degeneracy relative to the

energy characterized by the quantum number (N). Find the shell closures and the
magic numbers predicted by harmonic oscillator potential. 15

AT S FIR, THEH e WG G WHR u, et iR o st
& foq wfa oo Fifesw () wAET f FEn SR e e W Hifg |

Considering atoms hard, uniform spheres, find the number of atoms per unit cell
and packing fraction for simple cubic, bce and fec structures. 15

TR F a SRy TEEE g @ R iR e w9 e St |
ey & F= BU & o-Somis @ AR @b 9 B-Sousis T8l ¢ ?
Write down the Weizsicker semi-emperical mass formula and explain each term.

Explain why 2S§U nuclide is an o-emitter and not a B -emitter ? 10+10

sEeeE & fafim o faga 6t wfimt f sren fiftg ik a8 5 wwemo 5 R
feam & qrr =& R forr wmm an |

Explain the drawbacks of Einstein’s theory of specific heat and how it was
overcome by Debye. 20
fEy 5 ww =g ok uw e frm s # fafolt wew w e €
n+p——d+y
W RN # el weM 6 Tl ww Rl | @ sgeki w wiie wewEyt @ 7
A neutron and a proton can undergo radiative capture at rest :
n+p——>d+y

Find the energy of the photon emitted in this capture. Is the recoil of the deuteron
important ? 15
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7.(c)

8.(a)

8.(b)

8.(c)

TS AfEes & AU W TR G Add o |y whoy & fasRar $igern
$ifse | gR-gE & fmfo & g8 § 9o fif |

Compare the dependence of resistance on temperature of a superconductor with
that of a normal conductor. Describe briefly the formation of Cooper pairs. 15

fearu f5 & n-YHR & AgEES & U W-TR W QU R ST SEenEi
IR 9o 98 WK & 9 # @ e R | (E,=0 9Fd TQ)
Show that for an n-type semiconductor, the Fermi level lies midway between the

donor states and the conduction band edge at low temperature (assuming £, = 0).
20

Te & 9gg (erie) ¥ fla = wgE WX aEd A O oA 01512m ©
foc AT A TR & (111) @t & fafda fafemor 2020 & sF-Fior & srgET g
2 | afe fiRea 1 w9 2698 kg/m® ® 3R TH-9R 26-98 kg/k mol & 1 SR
e & e A |

The wavelength of a prominent X-ray line from a copper target is 0-1512 m.
The radiation, when diffracted with (111) plane of a crystal with fcc structure,

corresponded to a Bragg angle of 20-2°. If the density of the crystal is 2698 kg/m?
and atomic weight is 26-98 kg/k mol, calculate the Avogadro number. 15

Frafafaa @ & <9 ¥ o A iRk S & affa € ? R a9 s € @ Sfefaa
Hfrg f i & sl o fog Swer ® | PR aa afia ® @ Swa St
& a8 o § e fom @1 SeEa ghm |

@ n— pt+te +v,

(b) A°—— 't +7”

) mm—> e +y

(d) 7°—— e +e'+v, +V,

() it —— e +e'+u'+v,
Which of the following decays are allowed and which are forbidden ? If the decay

is allowed, state which interaction is responsible. If it is forbidden, state which
conservation law its occurrence would violate.

@ n—> pt+te +Vv,

(b) A°—— " +7
c)m—— e +y

(d) 7°—— e +e*+v, +7V,

(e) it——> e +e’+ut+v, 15
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