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PHYSICS
Paper—II
Time Allowed : Three Hours Maximum .Marks : 300
INSTRUCTIONS

- Each question is printed both in Hindi and
in English.

Answers must be written in the medium
specified in the Admission Certificate issued
to you, which must be stated clearly on the
cover of the answer-book in the space
provided for the. purpose. No marks will be
given for the answers written in a medium
other than that specified in the Admission
Certificate. '

Candidates should attempt, Question Nos. 1
.and § which are compulsory, and any three
of the remaining questions selecting at least
one question from each Section.

The number of marks carried by each
question: is indicated at the end of the
question.

Symbols/ Notations carry usual meanings.

Assume  suitable data if considered
necessary and indicate the same clearly.
Some constants are given at the end -o
guestions. ]
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(@)

(b)

(c)

(d)

Section—A

Calculate the wavelength of de Broglie
waves  associated with  electrons
accelerated  through a  potential
difference of 200 V.

Normalize the wave function

x|

Y(x) = e~ Xl sinax

Let o be the 'vector operator with

components equal to the Pauli spin

-
matrices ¢ ,, S, ando,. Ifa and b are
the vectors’ in 3-dimensional space,
prove the identity

(6-3)(3-b)=a-b+id-(ExB)

Discuss the fine structure of hydrogen
atom spectrum. Draw the compound

doublet spectrum arising as a result ‘of

transitions between 2P and 2D levels.

What do you mean by ‘term symbols’?
Obtain term symbols for the following
sets..of values of S and L :

() S=1, L=2

(i) S=1 L=1
(i) S=3, L=

Estimate the size of the hydrogen atom
and the ground-state energy from the
uncertainty principle.
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200 V fsai ¥ g0 @ia goaer & gl
<t selt a0m % atiesd 1 gfeheE i)

T e y(x) = e ¥ sinox w1 TEERAE
Hifau|

o % 5 9 THns 3, Fas aeeht yawm
AR 0,0, I’ o, F TR TeH 140 @

i b R siaRy § afkw &, @ Al

—

(6.4)(3-b)=a-b +id (3 xb)

TR T WERH hl YR WEE1 @) oad
#Fifvml 2p ik 2D =l ¥ 9 dwAot
OHEET I9A wgE g Waw Al w
AR AR

g ‘o feew’ @ 91 31d wew wa 87 S 3k
L& Ol & Fetafaa. 92t & fau o fiea ww

Hifsg -

) S=1,1=2
) S=1 L=1
i) S=3, L=1

rfirsrar R | TEgiem Ty % s 3K
Frran s1aeen St =1 waeH Hifv
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2. (a) Solve the Schrédinger equation for a
particle of mass m in an infinite
rectangular well defined by the potential

Vix)=0, 0<x<L

= oo, x<0, x>L

Obtain the normalized eigenfunctions
and the corresponding eigenvalues. 25

(b) Calculate (Ax)?, where Ax = x - ().
15

{c) The normalized wave function for the
electron 'in the ground state of the
hydrogen atom is given by

Y(r) = = el-r/a0)
o (mag)”

where a; is the radius of the first Bohr

orbit. Calculate {r) and <%> 20

3. (a) Show that 28_1 , -2Pl and 2P§ levels of
2 2 2

sodium spectrum are split in the ratio
of 3:1:2 due to anomalous Zeeman
effect. 30

(b)  On the basis of three principal moments
of inertia I, Iy and I each about X, Y
and Z axes respectively, how can you
classify molecules? 30

4. {a] (i} Treating a diatomic molecule as a
simple harmonic oscillator, obtain
its vibrational, energy levels. 20
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2. (F) F=tafas v
Vi)=0, O0<x<L
=ec, x<0 x>L

%I IR, 3a THahR F9 B S99H m

% Uk U1 o foTu e, el g hifsg)
YRTHIRA TS HeH! 31 9iTa.- AT THT 6

e ShifSr) 25

(@) (Ax)? = wiwed Hifvg, sl Ax=x-(x)8] 15

() TR TE] Hi TiTan TR § oA+
T wemRiRa T v Refifaa g e @
w(r)=;e(—r/ao)

(nad)”

wEl ao ¥oH SEl wa A S R (r) Si (1)

r

1 Iiehe IR 20

3. (®) =wizu s oifem @agm ¥ 25, 2P, v 2p,
2 2 2

W, mﬂasﬁmumﬁ;m, 3:1:2 %
FguTa # fonee 2§ s 2 30

(@) X, YR Z o1& % @il wwwn: 1,, I 3R I
o gEa TS -STHUI o HTHR U AT U 1
form v Fffertor = g 87 30

4. (F) (i mwﬁ TH G ] qeE H
w0 AEa BY IGh FHHE FA &R H
g hHifsr | 20
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(b)

(d)

(i The observed vibrational frequency..:

of the CO .molecule is
6-42 x10' Hz. What is the effective

force constant of this molecule?

{Mass of carbon atom = 12 u and

mass of oxygen atom = 16 u, where
w<is atomic mass unit)

(i) Discuss pure rotational spectra of
linear molecules,

(i) What is Lamb shift?

Section—B

Show that nucleus is a quantum
system.

Derive Bragg diffraction. condition in

vectorial form using incident and
diffracted wave vectors and reciprocal

lattlce vector.

Find the total kinetic energy of electron

and antielectron neutrino emitted in

beta decay of free meutron.

(The neutron-proton mass difference is
1:30'MeV and mass of electron is

0-51 MeV)

An electron beam of 4 keV is diffracted

through a Bragg angle of 16° for the first

maxima. If the energy +is increased ‘to
16 keV, find the corresponding Bragg
angle for diffraction.
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(i) CO =m Hi @ FE-smEh
6-42x10'% Hz ¥ g8 370 %7 yureht =
forrdien o 27
(T TR & T 12 u 3R TS
THTY] F FHEE 16 u-®, WE u wwfvas
FIHM IR )

(@) (i) Fas opEi F ge o Wagdt | o=l
EAIE
(i) <19 gia (FF fee) o w1 e 27

Qis—4d
5. (%) <TiEe &% 7w w. wien o7 a1 21

(@) ke i foafda o olewt o Yo S
widw 1 TEHE Hd gC Wiy €9 H o7 ToEdd
Wi (fee)- sgeaa <hifs)

() T 2 & e g ° I o 3R Wi -
T AT H e, IS St 1 ATe il
(FRT-9eM FaE 3R 1-30 MeV 3R
geIF 6l FFAE 0-51 MeV )

() 4keV F @ Ty ey, veat Sfem %
T 16° % 3 3 § ¥ Faffa 9a ) aRk =t
9 F 16 keV R fem W, @ fEdT ¥
forg wmma ST e A i
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)
i
6. (a)
(b)
7. (a)

Explain conservation of baryon number.

Comment on stabili'gy of proton.

Simplify the logical expression
AB +AB + ABC

using a Karnaugh rnap.

() ‘What is the importance of study of
deuteron? Obtain the solution of
Schrédinger equation for ground
state .of deuteron and show that
deuteron is a loosely bound system.

(i) What do you mean by ‘non-central
forces’?

() What are chain reactions? What do
you mean by critical size of the core
in which chain reaction takes
place? What is critical mass?

(i) 23% Uyields two fragments of A =95
and A=140. Obtain the energy
distribution of the fission products.
Assume that the two fragments are
cjected with equal and opposite
momentum,

Find an, expression for lattice specific
heat of solids, and its low and high
temperature limits. What is Debye

‘temperature?
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(3) <fEt & & Wau ® W i weT F
TR o -fewoft Hifs

THETA ST HT TATaROT Hifsrg

. (%)

. (%) 3G Fi s 9w T % e uw o, S

(3

(if)

(Y

(i)

AB+AB ¥ ABC

ST H A HHT TEA. &7 SLA
& Frean sraeen & fog sfeT wfie

e i & g T g 2

‘e gal’ @ oy T o7 Presre 7

qitmr @, e sfia, gaen sfufFn aid
2, a1y 7 ard frrere #7 ifoe somm |
T ATegd 27

2850F A=95 3 A=140 % A T
a2 fages saet & o9t fadwor =
e s @ .=y # A e 6 gEt

we' wn e fawda wan % ur Prenfia

g 2|

o T 3R 3= @w et ) wem i
S AT HT A -7
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(b)

(c)

(b)

(c)

Explain ‘the origin of energy band
formation in solids. Show that.in nearly
free electron approximation, the energy
band gap is 2|V;|, where V; is Fourier
transform of periodic potential seen by
the valence electrons.

Describe the characteristic properties
of a superconductor. Derive London
equation for a superconductor and
hence explain Meissner effect.

Distinguish. ‘between intrinsic and

extrinsic semiconductors. Show that
in a semiconductor, the product of

‘concentrations of the two types of

charge carriers is constant at a given
temperature.

Simplify the logical expression

(A+B)B.(A+C)

and draw the logical circuit to
implement it.

Draw -the common-base amplifier
circuit; using an n-p-n transistor and
briefly discuss its working.

C-DTN-L-QZB/26 10

20

20

30

15

15



(@) 33“3’? T et ufght e & -3a-@) we iR

. (%)

avise fF Fmm T goeg wfywer ot

fswr IR 2,V | Fran R, sl v, gersar

LAk E T T el fava g
TR 2|
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Constants which may be needed

Velocity of light in vacuum (¢) = 3x10% m s~}
Mass of electron (mp) = 9.11x10731 kg
Charge of electron (e) = 1- 602 x 10712 ¢

Specific charge of electron‘[—e-] =1-76x10" c'kg™!
Me

lus 1 amu. =1 6605x1072%7 kg = 931- 5 MeV

Rest mass energy of electron {mecz) = 0-5110 MeV

Permittivity in free space (gg) =
8.8542x10712C2N"! |2

Permeability of free spacei(ug) = 4n x 1007 N A2
Gas constant (R) = 8-314'J mol"1 K}
Boltzmann constant (kg) =1- 381x10723 g K~}
Planck constant (h) = 6- 626 x 10734 J s

(M) =1-0546x1073% J g
Bohr magnetor (i g) = 9- 274 x1072% J 771
Nuclear magneton (i) =5- 051x107%7 g 771

iFine structure constant (o) =1/137- 03599
Mass of proton (my)=1-0072766u = 1- 6726 x 10727 kg

Mass of neutron (m,)=1- 0086652 u
=1-6749x10727 kg

Mass of deuteron (m;)=2-013553u
Mass of o-particle (my,) = 4.001506u

Mass of 12C = 12.000000u
Mass of 180 =15.994915u
Mass of 35Sr = 86-99999u
Mass of gHe = 4002603 u
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fata & sE AT (¢) = 3x108 m s~ !
T I (mg) = 9-11x 103! kg
T T IEW (¢) = 1- 602x 10719 ¢

TeagA & fafie smaw (n—i-} =1.76x10 C kg!

lu=1amu =1 6605x10"27 kg = 931- 5 MeV
FFgR ot RRmrEe 3emE S (mee?) = 0-5110 MeV
q% e 3 RgaEliea (eg) = 8- 8542x 107122 N1 =2
o A F G (4g) = 41 x 1077 N A2
i f® (R)=8-314 J mol~1 k™1
sitegAn fRH (kg) =1-381x10723 JK~!
% BRI (h) = 6 626x1073% J g
(h)=1- 0546 x1073% J s
AR AN ug)=9.274x10724 g 1!
TR 29T ( y J= 5 051x10727 g 17!
& T=A B (o) = 1/137- 03599
M H XA (mp) = 1- 0072766 u = 1- 6726 x 1027 kg
=R F TH=EA (my, ) = 1- 0086652 u. '
=1-6749x 10727 kg
T F FFWE, (my) = 2- 013553 u
0= &1 =91 [my,} = 4- 001506 u

12C %1 799 =12- 000000 u
180 =1 g = 15. 994915y
3£Sr =1 5T = 86- 99999 u
AHe T Z5TWH.= 4. 002603 u

* Aok
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Note : English version of the Instructions is
printed on the front cover of this
question paper.



