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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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3x1082 ms™!
9-11x1073! kg
1.602x1071? ¢

1-76 x10'! C kg™

931-5 MeV

05110 MeV

8-8542x10712 C2N"1m™2
4nx107 NA™2

8-314J mol ' K™!
1-381x107% gk™!
6-626x1073% J s
1-0546x107* J s
9.274x10724 g 17!
5.051x107%7 g 1!
1/137-03599

1-0072766 u =1-6726 x10™%7 kg
1-0086652 u = 1-6749 x10™%7 kg
2-013553 u.

4-001506 u

12:000000 u

15994915 u

8699999 u

4002603 u

0 (REh), 1 (EF)

-3-8260 (FgF), 5:5856 (f12F)



Constants which may be needed

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

Charge of electron (e

Specific charge of electron [_e_)
m,

lu=1amu. =16605x107%7 kg

Rest mass energy of electron (m,cz)

Permittivity in free space )
: Permeability of free space (ug)
Gas constant (R)

Boltzmann constant (kg)
Planck constant (h)

(L]
Bohr magneton {ug)
Nuclear magneton {y)
Fine structure constant ()
Mass of proton (mp)
Mass of neutron (m,)
Mass of deuteron (my)
Mass of a-particle (m)
Mass of 1ZC
Mass of 1§0
Mass of 51Sr
Mass of 3He
Orbital gyromagnetic ratio (g;)
Spin gyromagnetic ratio (g,)

3><10‘3 ms!
9.11x1073! kg
1.602x10712 ¢

1.76 x10'! C kg™!

931-5 MeV

0-5110 MeV

8-8542x1072 C2N1m™
4nx107 NA™?

8-314Jmol 'K

1-381x107% gk-!
6-626x107* J g

1-0546x10"# J s

9:274x1072* g 1!
5.051x10°%7 g 1!
1/137-03599

1-0072766 u = 1.6726 x10™%7 kg
1-0086652 u = 1-6749x107%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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qug ‘A’ SECTION ‘A’
1.(a) oo O $ -0 e 71§ ? 300 V R w@Ra B & SH-sedl qiesd
HT eI T |
(viteta w1 fean gam o = Jga & g = 1-67x10727 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) US-Imm a fawa g # & 3AEE
Vix) =0 —as‘xSaaﬁﬂTQ, T V(x) = o

=RT R BT R 3R n=4 ¥ n=2 TR IF @1 § I 3-43x1014 Hz IR H
PrefT Ieafia war & | §9 H e i e ffg | (W ifig 6 @i R
h=6626x10734 ].S. T4 3o 1 gAAH 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 n = 4 to n = 2 level and emits photon of frequency 3-43x 1014 Hz.

Calculate the width of the well. (Assume Plank’s constant 7 = 6-626% 1034].S. and
mass of electron m = 9-11x1073! kg) 10

1.(c) 120 MHz R S # e & NMR &Fgd & Fiem o & fog smawas

& i dra e S | (e & fog aifidia g-wRE (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) framy fr gg Fef @ofg e ok g & o dem & foag @2 g-wre s
- 1 3R 2 %1 3P, s & foQ g-oReE &1 gATEA i |

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

L(e) & (Jy) 3R fRY (J) T el & w J,=J, +iJ, I = J,—iJ, T
iy e smar @ | Frafafea adafimmet = fag fifg
() [J;, Jel=%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 :

(1) [Jz, J:t]=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)

e s fawa TR & forg AfeR @ o wieRe Tl e sk gEht gae
(eafert) &t gwEaT w1a Hif |

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

obtain the probability of tunneling. 20
fearzn fr TEgom WA & T sEEEEt §OE, =< V> g € |
Show that E, =< V> in the stationary states of the hydrogen atom. 15

(i) ey & R ™ ga w=ien @en o & fog sy & el sEew
n? Bt ¥ | '

(i) T TRH] HG€AT H 4Dy, gRI1 Frefua fon s R, v
L, S 3R J & wH W Hiforg | 3@ s & fog wife sogEl i gaam
Te feat B =Ry 7 um awifed Toegifee §E9w &1 gEE Qg |

(i) Show that for a given principal quantum number 7, 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

aft T wRw o A R ¥ o e A Lh ¥ s=1 ¥ forg R o v
R 7

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

unit vector n has a value of 17 ? 15

(i) T R § wH-IRe™ WA F 3a e Wi 7
(i) 38 WART & ASHTEg ARG SH1EY AR ok & gia Gei it ampfoat | femoht
ST |
(iii) =@ wAW § =i % WAW] G & AW b fear mroar ?
(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

wih-Fed faga & uRkofa e | g s et ¥ ufe sk
TS WA & digar faarer & auee # W Aeg KAl ® |

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 TEaRaToh 3v) # ST Uk e AT S SHh I GHEATR H ¥ TH GRI
wicenfia foram Simar & o ool Seew § @1 gRewA B € ?
(i) e BTESoH 3] # erEgeM @ ggefa grr wfhearfug fen Sar € ar goit
frie B # aiexa 6t womr fifsg |
(iii) oI T TRT o AerTeg T w1 ITAR FRh FOR AR R-FOR A H
QF AR 3R 99 R et fifsg |

(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) feoames srvpstt & Shufies g W smEETedT (TTRMIHTRE) & wwE @
|8 # qaEey |

(i) HCI 3] & s (9of) & sitea safy & oen Aifg afs a8 /=3 s
# 1 HCl ft -3@& g 3R msa'ana;:f FAW: 0-1274 nm R
0-0264x1045 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.(c) 0, IR o, AE F WG AtvEOE Al B W@ HIC |
Obtain the normalized eigenvectors of o, and o, matrices. 15

s ‘B’ SECTION ‘B’
5.(2) afe AhRE oo Aaw § @ @ R Th g 3R TF Wed aed e a9 ©
QA A e & fou a1er sEen ® AR R ? 9% gRAdH-gEasd aa WO
IFERT W& AT § ?

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) & FfU fF = 4y S0 FWh-ART & AER Fi faewE T8 | e |
(i) 1 fEm (v=sor) o1 wE Sfem @
(i) @ sy +2 &1 ww wehr-afkam

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

model.
(i) A Baryon of spin 1 and
(ii) 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 #f f5 w@ akees Sea F STEm el SREEE -1
Ffc=Te® § JER BT R |

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

& W gifRex (%) @ F1 Uw gt gifTeR wher Sian € 7 4R ge fouet |y
7ifeR & ¥ B, = Shifo |

Why is the Field Effect Transistor (FET) called Unipolar Transistor ? Discuss how
it is superior than Bipolar Junction Transistor. 10

NAND 3R NOR g8 &l @i g i Fel Sdr € ? X-OR I & a&-3Rg,

Iferam wefiaww, R gea-eae G |

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

T % & fafie &R (n, 1) & fog w@ien den (N) i fadwar ot o=t & ang
T a3t smwEar (fi-selt) ot R | st Qe fava grr sgmfia 9 ek
AR g FemsHt @ T P |

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

TRATYSAT 1 FOR, THEAH Ml A §C IR o, sHefelt sk ugpee st
% foq v wes Sifvsw (Fd) wAmET & den 3R dgen e wa iR |

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

AR & qE FEtg E g H fafau iR w@w 9e f =mmen S |
TERy & w0 35U W& o-Scaeis ® 3R b 98 B-Soasis el ¢ 7
Write down the Weizsécker semi-emperical mass formula and explain each term.

23

Explain why %5 U nuclide is an o-emitter and not a B~-emitter ? 10+10

Iz & faftre o faga 6t sEt i aear fifg @Rk gz S awemEr 5 R

feama & g =@ R ferr o |

Explain the drawbacks of Einstein’s theory of specific heat and how it was
overcome by Debye. 20

Tuis & U ~eie 3R e Wit foem s # fafeRol wew = e §
n+p——d+y
T TRV H I BeM H ISt 9w G | @ egedd w1 wfady weweget € 2
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) UF A & AU W Th GWMN A6 & @ wiode & fRar & ogaa
Hiforg | FR-F & fwfor @ @8 # vl Hif |
Compare the dependence of resistance on temperature of a superconductor with
that of a normal conductor. Describe briefly the formation of Cooper pairs. 15

8.(a) Temmy f&6 wh n-voR F wgaeia & fou wHi-wR &0 qI9EH W AT SEedns
IR =e dt WK & = A B S 1 (£,=0 FFd 70)

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 E,, = 0).
20

8.(b) di9 & wgw (erie) ¥ fla wh W@ TR @A A O F 0-1512m © |
fec T ATl forgedt & (111) et & faafda fafeor 2020 & sFr-aor & sgEq g
? | afe foree 1 wFea 2698 kg/m® ® 3R TTH-9R 26-98 kg/k mol ® Tl SFmal
e & AT AT |
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

8.(c) TrafuRaa # & o & &g A= 3k @9 ¥ affa € ? oFR &9 A= ¢ @1 Sffea
$ifu fs 1 @ s=afEa o fou Soeerl B | R g afia @ S Fifsig
for zod @ ¥ e w1 Seewa ghm |

(@ n—— p+e +v,

(b) A°—— 7 +7”

) —> e +y

(d) 7°—— e +e"+Vv,+V,

() i"—— 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 — p+e +V,

b) NA—— 't +m”

C)rn — e +y

(d) 1°—— e +e+v, 47,

() it —— e +e'+u’+v, : 15
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