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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 compuisory and out of the remaining, THREE are 16 be attempted choosing at
least ONE 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 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 meaning.
Any page or portion of the page left blank in the answer book must be clearly struck off.

Attempts of questions shall be counted in chronological order. Unless struck off. attempt of a-guestion shall
be counted even if attempted partly.
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Q. 1(a)

Q. I(b)

Q. I(c)

Q. 1(d)

Q. l(e)l

© Write down Pauli spin matrices. Express J,, Jy and J, in terms of Pauli spin matrices.

Q. 2(a)

AR
SECTION—A

500 eV oW e & @y TR (1) g R (i) T R $ S s qarest
1 A WIMT | (1 eV = 1.602 x 1071° 1)

Find the deBroglie wave length of (i) a neutron and (ii) an electron moving with a kinetic
energy of 500 eV. (1 eV = 1.602 x 1 01?1 10
aﬁra (A)mmmwaﬁﬂm%xm'ms 2| TWEH TEHT D evﬁ Frafro #
T stifEaar geft ?

The mean life time of Lambda (A ) particle is 2.6 x 10710 s, What will be the uncertainty

in the determination of its mass in eV 7 ' 10

PR X IR pﬁuﬁraﬂ'{a'awmé ?ﬁﬁﬁ%ﬁﬁﬁﬂﬁﬁ'ﬂ'ﬂ ﬁgéwm ﬂa’aﬁ
gifag #fmg . x]——21hp]

If X and P are the position and momentum operators, prove the commutation relatibn
[p*,%1=-2ikp- 10
a'ﬁa%ma%ﬁmwr{s(cm%mﬁmaﬁ%aﬂawwaﬁﬁﬁ845x10-2 eV
gl m%w—ﬁmaﬁwaﬁﬁm

leen that the spacing between vibrational levels of CO molecules is 8.45 x 1072 eV of

energy. Find the force constant of the molecule. ' 10

WWW(W%%)@WIWW'W%ﬁﬁJPJﬁﬁT
J, 1 TOEE A BN |

10
FHRfTm wea

x,p,1=ly.p,1=[2,p, ]—m
WWW@WWWL%Wﬁ*WwﬁWH@rmWW

[LL,1=ikL,

[L,.L,I=itL, &

L, L =ikl
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Q. 2(b)

Q. 2(c)

Using the commutation relations
[x.p,1=[y,p ]=lz.p,]=ik,

deduce the commutation relation between the components of angular momentum operator L.
L. Ly] =irL,

[L,.L,)=iL, and
[L,.L]=itL . 20

Th B & forg we-anfia SR @i B oo @R we ¥ - SR
il # fmE Fife

Obtain the time-dependent Schridinger equation for a particle. Hence deduce the time-
independent Schridinger equation. 20

¥ G 03 3HN B UF qudw @7 X Pifew o@ w1 o Ay @ wmr @
4500 A TR & Wt Y@ w1 A ueE e S § 7 (efm = 1.76 x 1011 o/kg,
¢ =3.0x 108 ms™

A sample of a certain element is placed in a magnetic field of flux density 0.3 tesla. How

far apart is the Zeeman component of a spectral line of wavelength 4500 A ? Given :
e/m = 1.76 x 10" ¢/kg, ¢ = 3.0 x 108 ms~!. 10

Q32 T mF W W F P AR whew Prffe wiide e s @2Rea 39) .

V=0,58 0<x<L
=, vd x<0,x>L
¥ ouReg g T mF 0 Fw F R AR g gw #ii
B oot arft ok wamrdgd s @ @ oo RN
Solve the Schrédinger equation for a particle of mass m confined in a one-dimensional
potential well of the form : '

V=0, when 0<x<L

. =oo,when x<0,x>L

Obtain 'the discrete energy values and the normalized eigen functions. 20
Q. 3(b) RTUNMTE I I TH oardl St & =7 H AAQ gy wrAfe ewgAt Aol A
Discuss the vibrational spectra of a diatomic molecule treating it as an anharmonic oscillator.
- 20
Q. 3(c) AT IR AT 1 A9RE & wHlafly wive ¥ w wWwegA ol 21w wweE
AATH FeAl Ao HIRC | _
An electron is moving in a one dimensional box of infinite height and width 1 A. Find
the minimum energy of electron. 10
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Q. 4(a)

Q. 4(b)

Q. 4(c)

Q. 3(a)

Q. 5(b)

Q. 5(c)

Q. 5(d)
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Obtain an expression for the normal Zeeman shift. Ilustrate the Zeeman splitting of
spectral lines of H atom and the allowed transitions for the / = 1 and / = 2 states. 20

gy B AT yeEe [ e ) geHT g A R TRAN RIS Z 9T R 9ER
frefy wear 2, feol #ifm)

Explain how the nuclear spin I depends on the mass number A and atomic number Z of
atoms. , 10

(iy e e AR (@.W.m.)ﬁﬂwm%%gwmmﬁml
(ii)mﬁaﬁqa}mﬁﬁwﬁaﬁaﬁ’rﬁﬁwﬁfuﬁw%mﬁﬁﬁm

(i) Obtain an expression for the resonance condition in NMR. 10
(ii) Explain the relaxation processes in NMR spectroscopy. 10
ErS—d
SECTION—B

e R i e sed A A omwA den ¥ @ o) e 8n § owaE wrd
AR ¥ g A S Bl 24

Explain why stable light nuclei have equal number of protons and neutrons whereas
heavy nuclei have excess of neutron. 10

CE R (W%%)%amﬁ#ﬁﬁuﬁmmmwmﬁﬂa%iﬁmﬁm
& fhg gehre 7 |

It is possible to estimate the nuclear radius from the study of alpha decay ? Explain
how. 10
fec MeE T foc FUT ¥ @l &1 I w99 2100 nvs FT 3800 m/s 81 X AR
1 feam aE 348 K 2, @ Mes @ Rew aowm gl Ak

AP e Tres @ BEd = 1.93 x 10 kg/m? SR FTOX F g 0.89 x 10* kg/m® B
The velocity of sound in f.c.c. gold and f.c.c. copper is 2100 m/s and 3800 m/s respectively.
If the Debye temperature of copper is 348 K, then determine the Debye temperature of
gold. Take the densities of gold and copper as 1.93 x 10* kg/m3 and 0.89 x 10* kg/m*
respectively. 10
W(@Wﬁ)ﬁﬁﬁmﬁﬁﬁ%ﬁm%ﬁwm%?
s @ g 78 9w @ g9 e yeR aRakid g 8 C

How does the energy gap in superconductors differ from the energy gap in insulator ?
How does it vary with temperature for superconductors ? 10
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Q. 5(e) TH T whw wiRsH @) F WA (111) M (121) F ywwed 3 €9 5 F07 HwqH
BN |
In a cubic unit cell, find the angle between normals to the plane (111) and (121). 10
Q. 6(a) ¥4 (SEM) ¥R 29 (TEM) F Fr-wgiodl  oweh i s wma Rraidl & gau s
: & J@ifhd PG| Grex wgawar @ a7y |
Explain the working of SEM and TEM and highlight the major differences in principles.
~ Draw neat schematic dlagrams 20
Q. 6(b) -3 IFEE THR F MOSFET % @ wxatr a1 AR waem X Hafg el #
37 aR-3F Aecdl EEE w1 @A T |
Give the basic structure of n-channel depletion type MOSFET. Draw the drain current-
drain voltage characteristics both in depletion as well as enhancement modes. 20
Q. 6(c) Hava =qr=uliar ¥ At willerdh & snaR Wy, qo o (qRerfcd aifdwew) w1 affaor
Y B & 7
How are elementary particles classified on the basis of their participation in fundamental
interaction ? ' 10
Q. 7(a) (i) Ty wal N e fvasw T ¥ 7
(i) AR @ gwEr @ RErd o | @R
(i) What are salient features of nuclear forces ? 10
(ii) Discuss Yukawa’s theory of nuclear forces. 10
Q. 7(b) (i) $¥ w3 §T wWisa Rwsw (fwr) o = & & 7
(i) = Asa (¢ Afsw) & T @\ § 7
(i) How does liquid drop model explain fission ? : 10
(i) What are the limitations of shell model ? . 10
Q. 7(c) whoarer® smeen ¥ €W (I3) & IEW gEAW HF W 6.2 K F s qwE M 0K
7T 0.064 MAm™ &1 TF FifE S 2| 4 K IO 9T Fifow & F1 Paior B
Lead in the superconducting state has critical temperature of 6.2 K at zero magnetic field
and a critical field of 0.064 MAm™! at 0 K. Determine the critical field at 4 K. 10
Q. 8(a) oA wers (Afew) Fu1 B & MR @A AW TE FU B ? Rve e & AISA WA
T B T H, TYOHT T H AN TGO dFCT B weel woeer A |
What is the reciprocal lattice and why is it named so ? Derive the relationships for the
primitive translation vectors of the reciprocal lattice in terms of those of the direct lattice.
‘ 20
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Q. 8(b) T X Wgd we ww ¥ 7 @ sfeed B W gQ A w B gl B

What are the magic numbers in nuclei ? List the experimental evidences indicating their

existence. . 20

Q. 8(c) 100 V/m & Rgd &F nIeR 3 F@-daF F AT G AN s 2 Ry E’!T*T-[IFH'?
~0.0125 m*/coulomb & | w = 0.36 m? v!s™! & A7 WG gL, A ¥ gr-wed Praifa
SR - |
An electric field of 100 V/m is applied toa sample of n-type semiconductor whose Hall

coefficient is ~0.0125 m?/coulomb. Determine the current density in the sample assuming

n, = 0.36 m? vis. o 10
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