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PHYSICS (PAPER-II)

Time Allowed @ Three Hours | Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carefully before attempting guestions)

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 Noz. 1 and 5 are compulsery and out of the remaining, THREE are to be attempted
choosing at least ONE guestion from each Secton.

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, symbels and notations carry their usual standard meanings.

Attempts of guestions shall be counted in sequential order, Unless struck off, attempt of a
guestion 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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Teurrie Fareft strarvasmy B wadt B

Frate 8 w5 A (g = 3x10% ms!
TR T OASEE () = @11x107* kg
TR W (g) = 1.602x10719 ¢
ﬁﬁhﬂﬁhm{%] = 1.76x10" C kg™
lus=1amu, =1-6605x10"% kg - 9315 MeV
etz o frmrarn s Fal gm,e?) = 05110 MeV
e e 8 Rregaeiem e, = B-8542x107 72 ciN1m?
o AT YT () = 4uxl0" NA?
g e () = B8:314Jmel 'K}
A R (k) = 1.381=107% JK-!
o R (R - 662610 Jg
() = 1:0546%x107%% 75
= A ) - 9.274x107 2t g1
e HHE () = 5.051x107% -l
TR WO FERE o) = 1/137-03599
W W FEEE () = 1.0072766u =1-6726x107% kg
= 1 EEAE () = 1-0086652u =1-6749%x107% kg
T T EEEE (my ) - 2.013553u
=T ] FHHE () = 4001506 u
'LC W TEE = 12000000 u
80 =1 T=mE = 15994915 u
BaSr %1 T=E =  B6-99999 u
1He =1 Z=0R = 4002603 u
wefta geigef s (g,) - 0 (EH), 1 (i)
o geigradl s (g, ) = -3.8260 [FEF), 55856 (9

Constants which may be needed
Velocity of light in vacuum () = 3x10® ms!
9:11x107F kg
1-602x1071% ¢

Mass of electron [m,)

Charge of electron (g}

i

Specific charge of electron [iJ 1-76x10' C kg™!

M.
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lu=1amu. =1-6605x10% kg
Rest mass energy of electron {mgcgl
Permittivity in free space |gg)
Permeability of free space jug)
(ias constant (R}
Boltzmann constant [kg)
Planck constant (k)

"
Bohr magneton (ug)

Nuclear magneton fy)

Fine structure constant [o)

Mass of proton (m)
Mass of neutron (m, |

Mass of deuteron (my)
Mass of a-particle [m,)
Mass of 12C
Mass of 'S0
Mass of g;ﬂr

Mass of ;_He

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

931'5 MeV
05110 MeV

8-8542x1072 ¥ N1 ?
dnx10" NA?

8314 Jmol ' K!

1.381x10™2 gg!

6-626 %107 J s

1:0546 %107 J s

G274 %1072 g 7!
5.051x10°% g1}
1/137.03599

1-0072766 u = 1-6726 x 10727 kg
10086652 u = 1-6749x 107 kg

2-013553 u
4001506 u
12-000000 u

153994915 u
86-99990 u
4-002603 u

0 [neutron), 1 (protom)
-3-B260 (neutron), 55856 [proton)

WrE—A / SBECTION—A

1. fa) TF =9 & T HEA qrgx|=j1-e"””‘*ﬁiﬁmﬁilm—asxﬁu # wm % 9w il

EURETIE IR Eud
The wave function of a particle is given as yix)= ;;-L-e'“”“, Find the
a
probability of locating the particle in the range -asx<a. 10

(b} T T T R IA-Ta F=ow sferes i, B 10 kg W oerm ww PR R @
107 "N 58 & 1077 m 7% &= =1 3@ B % 70 990 2an #1729 uw R @ oy
# o == i
Calculate the zero-point energy of a system consisting of a mass of 1077 kg
connected Lo a fixed point by a spring which is stretched by 1072 m by a foree of

107" N. The system is constrained to move only in one direction. 10
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The getieral wave functions of harmonic oscillater (one-dimensional) are of the
form
sl 2
U= ¥ aypte ¥ /3
k=1
. | Tty : 5 _
with = Hl-n x, and coefficients a;, are determined by recurrence relations
2(k=n)

R T T

Corresponding energy levels are E, =(n+%]:ﬂm- Discuss the parity of these

wave functions. What happens, if the potential for x <0 is infinite [halfl

harmonic oscillator)? 10
fed) AR YT R THe THe #Re §F wEE & g 8 @ e v see

=r #f

What is nuclear precession? How iz it used in the principle of working of

an MME? 10
je} T wEEw A L' T = Tom geeea wen T w aieeee

Caleulate the radius of electron orbit for Li'" in ground state, 10

2. (a) FESTEA WO P SR R W e

"-If‘ﬂ= I._]-"_E-Flfﬂn &
ynap

#, T ay =0 T R w0 o F weW F w0 0 Wi wEe R 9 %ed W e

=AY | Teran e § 2o o 3w e i A umown R wivw o uieees i)

The ground state wave function for hydrogen atom is

yiry =

E_r"luﬂ

"y

where ag is the Bohr radius. Sketch the wave function and the probability
density as a function of the separation distance r. Calculate the probability
that the clectron in the ground state is found beyond the Bohr radius. 20
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(b T=faian wdufime w1 fag Fifag .
(i [Bes Lyl =10 by
i} gt larilf =cosh + 1T - njgin b
Prove the following identities :
fil By Lyl =it py

i & [Eil — cpsp +1[F+ f)sin B

() Freafiafem 8 4 PR-mR wm dfen wimm =S o e 3R
f wix)= Ae kL Beths
i) wixg=Ae™*+Be**
fug)  yix)= Asin3kx + BcosSke
fiv) wyix) = Asin3kx + Bsin5kx
fuf  wrix) = Atan kx
A T HAHIET
Which of the following functions isfare acceptable solution(s) of the
Schridinger egquation?
fil wix)=Ae ' +Ba’*
il wi)=Ae ™ * +Beks
il wix) = Asin3kx + BcosSkx
fiv) wix) = Asin3kx + BsinSkx
ful  wix)= Atankx
Explain vour answer, 15

3. (o) A9 eV ® UR FoEOYE & oV 39 Fva wam oA ai @ s e 2w e
ufEmrEe grEiEa wede

A beam of particles of energy 9 £V is incident on a potential step 8 eV high from
the left. What percentage of particles will reflect back? 15

(b weien 5 g seelR Y A fifdl (2D) s-wm e EY? % squm qiafia @R, A
=% Tk w=a g (2D) % fom O, wm Am (1D) F fw EV? o wi=m 3R (OD)
# o, & we T 2
Show that for free electron gas, the density of states in three dimensions (3D)
varies as EY?, and this dependence changes to E? for 2D [quantum well),
E~Y2 far 1D [guantum wire} and & function for 0D {guantum dot). 15

fo) wrEEE W § L-8 ¥ U7 A F wee W vl i) s w8 weEie
Tiea i B

Describe the importance of L-5 and J<J coupling in atomic spectroscopy. What
arc experimental evidences of their existence? 20
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4. fa) FOR RIE R AR el e e w Pl e R o e it

What is Zeeman effect? Discuss the factors on which Larmor frequency is
dependent. 15

(b) FEETR T F gEm wr oS S weE dai o e ven e i b

Discuss the hine structure of hydrogen spectrum. How is it of importance in the

astronomical observations? 15
fe) famrmmE w9t % i ofn et we F e woasl ife) oReEii si epeitfh §

1 A AT

Dizcuss the theory of rotational and vibrational spectra of diatomic maolecules.

What is the differenice between fluorescence and phosphorescence? 20

wWUZ—B / SECTION—B
5. fa) AR @@ 140 MeV Bam 58 F o-f0H * ffem e oitfan @@ ) fiebe =e &

YITH F1 U it |

Nuclear forces are mediated by exchange of n-mesons of rest mass 140 MeV,
Estimate the range of nuclear forces. 10

(b) G o & NS g # em @ w R AT (e ) @ sfiean F6 10202 MeV R
afe  C19 gom) Tl 13:002354 u B, @ NS wmm ) gxf . it it
The maximum energy of a positron (e | released in the decay of EC” atom into
a ;N'¥ atom is 1:202 MeV. If the mass of the ,C'® atom is 13-003354 u,
calculate the mass of the ;N3 atom, 10
(o) Tafsr e o) % sl Freffias 3 % =9-9 @ 50 afifEnd b agee 8 9k s
¥, M srEatEn = v ol gEE ) 9wy W et wea Rl -
{1} ,ﬂ+n—1hﬂ+'§_',1
fiiy m*+n—sA®+K"*
fii} p+n— K +X°
(tee) n" YT
W) A p+e’ +v,

Which of the following elementary particle reactions/decays are allowed under i
various conservation laws? I allowed, write down the type of interaction and
the characteristic time by which it would proceed :

fi prn=A?+T*
fii) at+n-=sA+K*
fify p+n =K "+%*
fiv) =¥ = y+y

ful M—=p+e” +v, 1G
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(d) The Hie Hie 3 wHe o fo T ¥ fiu oS dgen TUw (vo dto whe) W
sfeser ifsm, 3w 2oige 6 3 deem] v wivs gogho #)

Calculate Atomic Packing Fraction [APF) for FCC and HCP structures, and

show that these are the most closely packed structures. 10
(e XN-Fm fmd % faw am foada Fam = 2w Bfe) Beew d= fagion % fmoame

A Teams - faftrd) ) g ifem)

Derive Bragg diffraction law for X-ray diffraction. Compare Laue and Debye-

Scherrer methods for crystal structure determination. 10

6. fa) T8 AEA 7Y T AER-wER sl = o g aw b
Vih=-V,, r=bsTm
=0 , r>b#%fm
=g AT ) e smen | wee
wir) = Asinkr , rsbifm
-Ce™ | rabi%fm
%wﬁﬁmw%,aﬂk=4gwﬂ+mﬁm- T
o M A gef, Wt f o 3= ain A s e R
fij =i i wEca 6 T wg sEen & i
n2p?
4 M
(i) ey T e B s uE five =g fasim w2
Assuming that the neutron-proton interaction has a square well form
Vir) = =V, for rsb

= 0 for r=b
the ground state wave function of deuteron nucleus is given as

Vpb? =

wir)= Asinkr for r=bh

- e for r=>h

where F:=\(?Eﬂfﬂ + W) and y = lﬁ

Here M is the nucleon mass, W is the binding energy of deuteron and A and C
are constants.

il Show that for a just bound state of deuteron

% n2n?
< aM 10
fiij Explain why deuteron iz a loosely bound extended structure. 10
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(b)  TE - -EETA T stERa # wiim B O g -

el

7. (a}

(i

et

(b}

fe)

nTSp +V,

# T AR :
arfurfen & amaida o -Bgla ) i S W e difh
A n~ -meson at rest decays into a g -meson |
o=+
Calculate the kinetic energy of the i~ -meson emitted in the reaction.

it ¥ T and- vl gemm wp fafan o gad anan = @ An o woariel 3 fe
FEHT A o TETEE S TR 2w O W A s qEdies wm wme
Write the semi-empirical mass formula for nuclei and on its basis draw mass

parabolas for odd and even isobars. What would be the most stable isobar in
ecach case?

T T % AW UF e 9 OF T F e e § e os s fif
o IEm w01 A ¥ g gl w gieRes Hifm |

Obtain an expression for the magnetic moment of a nucleus having one
nucleon outside the closed core. Use this to calculate the magnetic moment of
¢ 07 nucleus.

fomrd Wizm § wew fafie wen % R ok wew sgem fifen) gl sen T i
(faad 3 Foram) e Fifern

Derive an expression for lattice specific heat in Debye model. Find its low
temperature limit [Debye T law).

3 oin wveeh adEeE T A 37 e A anluee § o @9, 9 82 suwEa
o TrEEs 42 % o & feww I E )

What are intrinsic and extrinsic semiconductors? Show that in the intrinsic

semiconductors, Fermi level lies exactly in the middle of bettom of conduction
band and top of valence band.

v | R wER 11 s e gn B smwe A wwn 1 s w1 e ¥
wgen wHiE A g wfrareda At o == i o = gen fifm)

What are type | and type Il superconductors? Give examples. Discuss and
compare Meissner effect and perfect diamagnetic behaviour for type 1 and
type 1l superconductors.

T T A T B T uve 4 e B0 g e s wEe 27 g8 hmen foe
it |

What are operational amplifiers? How can it be used as an inductor? Prove it
mathematically.

ot foE @ T nEhm faen 6 et w0 avie FIfE T T WEE 0 g
o Tem A wafam w27

Describe the working of a microprocessor system in block diagram. How is its
performance affected in a pipelined processor?

* W

15

20

15

15

20

15

15
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