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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided into two SECTIONS and printed both in HINDI and in
ENGLISH. ‘

Candidate has to attempt FIVE questions in all.

Question No. 1 and 5 are compulsory and out of the remaining, THREE are to 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
question shall be counted even if attempted partly.
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Constants which may be needed
Velocity of light in vacuum (c) = 3 x 108 ms-!
Mass of electron (m,) = 9-11 x 10-31 kg
Charge of electron (e) = 1-602 x 10-1°C
Specific charge of electron

[iJ =176 x 10" C kg-!

mMe

lu=1amu. =16605x 102 kg = 931-5 MeV

Rest mass energy of electron (m,c?) =
0-5110 MeV

Permittivity in free space (g,) =

8-8542 x 10712C2N-Im2

Permeability of free space (4y) =4mx 107N A2
Gas constant (R) = 8-314 J mol-! K-!
Boltzmann constant (k) = 1-381 x 10-23 J K-
(h)=6626x10347s

(7)) =1-0546 x 1034 J s
Bohr magneton (u,;) = 9274 x 10724 J T
Nuclear magneton (1) = 5-051 x 1027 J T-!

Planck constant

Fine structure constant (&) = 1/137-03599

Mass of proton M) = 10072766 u =
1-6726 x 102" kg

Mass of neutron (M,) = 1-0086652 u
=1-6749 x 10%" kg

Mass of deuteron (M) =2-013553 u

Mass of o-particle (M,) = 4-001506 u

Mass of 1§C = 12-000000 u
16

Mass of 80 = 15994915 u
87

Mass of o Sr=86-99999 u

4
Mass of , He = 4-002603 u
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SECTION “A’

1. (@ In a seres of experiments on the determination of the mass of a certain
elementary particle, the results showed a variation of + 20 m,, where me is the
electron mass. Estimate the lifetime of the particle. 10
4 ‘
(b) Using the definition L=7x 1_9) of the orbital angular momentum operator,
evaluate [Lx, Ly]. 10
() The normalized wave function for the electron in the ground state of the hydrogen
r
atom is given by y(r)= : f;—aF
\ a3
where aj, is the radius of the first Bohr orbit. Calculate the probability of finding
the electron within a distance 7o Of the proton in the ground state. 10
(d) How are electrons distributed in the various sub-shells forn=3? Give the
quantum numbers for the electrons jn the second shell. 10
() What do you understand by H-one (HI) interstellar clouds and their importance
to understand the universe, ' 10
2. @ T 7
v=v,
%
0 x
Consider a beam of particles incident on a one-dimensional step function potential
with energy E>V, as shown in the above figure. Solve the Schrodinger equation
and obtain expressions for the reflection and transmission coefficients 30
(b)  What are the limits of the reflection coefficient for E-Vyand Ese ? 10
(c) Discuss the cases 0 < E<Vyand E<0. 10
3. (@) With proper selection rules, construct the cnergy level diagram and allowed
transitions for ESR Spectrum of hydrogen atom. 30
(b) Why are Raman active vibrations and infrared vibrations in CO, molecule
complementary to each other ? 10
(c) In a Raman spectrum of 3 linear triatomic molecule, the first three lines are 4-86
‘14 and 11-36 cm! Calculate the rotational constant, B and the moment of
inertia of the molecule,
(Given A = 6:626x10727)s, C = 3.0x1010 cm/sec.) 10
a-bri-m-qizb G
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(@)

(b)

(©)

(a)

(b)

(©

(d)

(e) .

The term symbol for atomic states are quoted as *P, and ’Ds),. What are the

values of L, S and J? 10
Discuss the fine structure of sodium D line. Draw D, and D, lines due to the
transitions between 2P and 2§ levels. 25

Show that the velocity of electron in the first orbit of hydrogen atom is (_1..) (s

157
where C is the velocity of light. (Given electronic charge = 1-602x10-19C
Planck Constant 6-63x10-34 J g, permittivity = 8-85x10712 C2N-1p2) 15

SECTION ‘B’
Calculate the Q-value of the reaction : 10

jBe(;He, n)];C

Given :

Mass (;Be)=9-01283
Mass (3He) = 4002603

Mass (162(7) =12-000 u
Mass (n) = 1-0086652 1

Write down the nucleonic configuration of, 7Li, 12C, 170 and 274/ in the ground
state of the nuclear shell model and hence calculate the corresponding ground
state angular momenta and parities. How do the observed ground state angular
momenta and parities agree with those predicted on the basis of shell mode] ?

10
State the quantum numbers L, Y and S for the u d s quarks and antiquarks. Which
combination of these leads to the formation of (i) proton and (ii) neutron ? 10

2¢
. c
a b
xela 3/26 ™Y
A crystal plane is shown in the above figure. Find its Miller indices and
interplanar spacing. 10
Draw and explain the collector characteristics of a bipolar junction transistor in



6. (a)

(b)
(©)

(b)

©

8. (a)

)

Explain parity violation in f-decay. Describe how parity violation was experi-
mentally detected in the decay of $°Co. Mention any other decay process in which

the parity violation has been demonsirated. 20
What is the role of neutrino in the weak interaction of radioactive nuclides ?
Explain the experimental detection of neutrino. 15

In the following reactions indicate with an explanation, whether they proceed by
strong, electromagnetic or weak interaction or they are forbidden :

@ #t—sut+ v,
() pon+tet+v,

(iii) p+r” 5Kt +3” 15
Starting with the expression for the density of states for electrons in a band, show

that the Fermi energy of an intrinsic semiconductor is at the middle of the band gap.
Use these results to estimate the electron density at 300 K (Assuming Eg = 1 eV and

the rest masses of electron and hole as m, and my,). 20 -

A perfect conductor and a superconductor with T; ~ 10 K are subjected to the
following conditions :

(i) cooled under applied magnetic field to 4 K
(i1) cooled to 4 K and then magnetic field is applied
with schematic diagrams, explain path of magnetic field lines in all these

situations. 15
. = - 1 = - C -
Show that the London equation Vx J =— =B or f== A
MoAT 4mA;
leads to the Meissner effect. 15
f
70 pf ‘,‘ C :
p 1 L
20 pH

!

Explain how the circuit shown above can be a source of oscillations. Use this
circuit to comstruct a transistor oscillator and explain its working, What is the
frequency of oscillations of this circuit ? _ 25
Construct a digital circuit to add three bits A, B and C and provide their sum and
carry as outputs. Show appropriate Boolean expressions and truth table to justify
the outputs. 25

a-brl-m-qizb , 8
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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
C-PRV-N-RIZB 3
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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)

C-DRV-N-RIZE 4

yawEr e g (@ R ) & R o S e AR Esee o) @ s
et w1 A fawea (S wdfefer) s =13 1=2 st & R agEd dwEnl
F FEET B @Y T | |

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

*kx



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
CORNN-RIZE 5
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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

C-ORVN-RIZE 6
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Paper—I1
firstfRxf MWV ffrf W 3tof I ;250
Time Allowed . Three Hours Maximum Marks . 250
OTT f&mj ypr # W# fSW NOTE # ## WM%4v V? cftftpr :

3m wtf # it wit %mzr mr # sfic fAf um dtifrff $ mar mri i
&nfte<lli # W W FFIf # ~TdT #1/
2w i N j dfwef # AR # ##f  Trr t"- sm dit
Arrr #1
WH/mr $ 3o 7°7# *7it ft? w? $i
zm ttftt mm %f& $ Nt WI2%Ez $ srhm #/ yAr-w-"m (gca) <$W?

im fcs/ffcT BZFT <? 525" ~ ~A7T7TW # $1 3FAW WWW  # WWW #' [~ 7fT7F ~
A fan i

W¥W Ft$ H ~cf 37 # WH 3, fWef: At/

A 3fw it, f&m x& 3Futr wz. sgw ? w NSl

#f ~Nc# m m wr-w-"fx mr i, u$ F7W: Arz ?/

Yt FPY # sPwm %fifor *nitmi m m A wr *f ¥mnr, xit X f~ zrtim vie A
tt: Pbvmr wi

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. | and 5 are compulsory and out of the remaining, THREE are to 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 ofthis Question-cum-Answer (QCA) booklet in the space provided. No marks will be givenfor
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 Question-cum-Answer Booklet must be clearly struck off

Attempts of questions shall be counted in chronological order. Unless struck off attempt ofa question shall
be counted even if attempted partly

i



fATTTA Orr<£t STTAMCTT ft |
irfe-A5TOTATAT(c) = 3x 10sms"1
AEET  gamPT (me) = 9-11 x 10“31kg
ANETAT3NAT (e)= 1-602x 10~19C

(o)
=176x 10" Ckg 1
Uel
lu= lamu. = 1-6605 x 10 27kg = 931-5 MeV
(e =
0-5110 MeV
NFT3TTAT 3 f(E0) =
88542 x 10 -~Cm "2
A 3ITIOr*  gRTORTT =47Tx 10~7N A2

(R) =8-314J mol"1K"1
(kB = 1-381 x 10-23J k-1
(h) =6-626 x 10-34J s
(ft)= 10546 x 10 ~Js
(W) =9-274 x 10-24) T~!
mfM k-W k (/) =5-051 x |0'27 Tr 1
P TAT T fARTA (a) = 17137-03599

Mi*

?tm (Mp) = 1-0072766 u =
1-6726 x1027 kg
sgK  55WT (Mn) = 1-0086652 u

= 1:6749 x 1027 kg
AXHATS5W r(Md)  =2-013553 u
a-"TATAmw(Ma) = 4-001506 u
1§c ETMTPT = 12-000000 u

16

3O 15-994915 u

gg Sr ATAJHR = 86-99999 U

Iv‘ CAREERINDIA
Constants which may be needed

Velocity of light in vacuum (¢) =3 x 10sms' 1
Mass of electron (me) = 9-11 x 10-31 kg
Charge of electron (g) = 1-602 x 10*19C
Specific charge of electron
f_ ' =176x 100Ckg'1
vme,
lus lam.u. = 16605 x 10"27kg = 931-5 MeV

Rest mass energy of electron (roec?) =
0-5110 MeV

Permittivity in free space (e0) =
8-8542x 10 -~"C"m -2

Permeability of free space (ji) =47rx 107N A-2
Gas constant (R) = 8-314 Jmol-1 K1
Boltzmann constant (kB) = 1*381 x 10-23J K 1
(h) =6-626 x 10"3J s

(ft) = 1-0546 x 10~34J s
Bohr magneton =0-274 X10-24J) T*
Nuclear magneton (/*) =5051 x 10~27J T~ 1
fine structure constant (a) = 1/137-03599

Mass of proton (Mp) = 1-0072766 u =
1-6726 x10"27kg

= 1-0086652 u

= 1-6749x 10-27kg
Mass of deuteron (Md) =2-013553 u

Mass of a~parfcicle (Ma) = 4-001506 u

Planck constant

Mass of neutron (Mn)

Mass of ‘£c = 12-000000 u
Mass of 18/) = 15994915 u
Mass of ler: 86 99999 u

Mass of \ He = 4*002603 u

h
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WS—3r
SECTION—A

Q. 1(a) WT (c"T Vil(x t) = exp [i(kx - cot)] % yiPfrtll M N YR

AN 3T MR c* |

Obtain an expression for the probability current for the plane wave

v/(x, t) = exp[i(kx - cot)]. Interpret your result. 10
Q 1) fWfaf ~ T T e T ~ gy WTTH fa fat W W 27t

t ?

Using dimensional analysis, explain why the angular momentum of a particle cannot be

10
Q. 1(c) H C 13r) 3 Tjiff NPT it “rRtvR AT 3T eft WITTt
835cm’1” 1041 cm-111 tFTTT WTT VftZ Ft} T snicft sft f&fr

Two successive lines in the rotational emission spectrum of HCImolecule appear at wave
numbers 83.5 cm-1 and 104.1 cnrl Calculate the position of the next line appearing at
the higher wave number. 10

Q. 1(d) (i) Fflfar fa ;
he = 1240 eV.nm
= 1240 MeV. fm
Establish that :
he = 1240 eV.nm
= 1240 MeV. fm 5
(i) FTAMm WTFJ $ 3wif PTRFJSK t

(-1
E.= nm2yna
AFT 1 Ryd = hcR

TSflife R = 1.097x107 m-".

The energy levels of a hydrogen atom are given by En = f"f?Ryd w”ere
IRyd= hcR.
Show that R = 1.097><107 m_L. 5

<°0OVg-0-0JpB B



. 1(e)

. 2(a)

. 2(b)

. 2(C)

. 3(a)

. 3(b)

. 3(c)

. 4(a)

IV' CAREERINDIA

A N K LM Wm: cnm 78, 12~ 3 keV fWcT t t,
Ka”n Kpel™f ~ OTtwf T |
If K, Land M energy levels of platinum are approximately 78,12 and 3 keV, respectively,
below the vacuum level, calculate the wavelengths of Ka and Kp lines. 10
N fWffa" SHWR Ttffel $ W fcR cT W
3 srqw xtf sm w  sr3W3ff wunNi
Solve the Schrfldinger equation for a particle in a three dimensional rectangular potential
barrier. Explain the terms degenerate and non-degenerate states in this context. 30
Tc % %> Mid terfn |
Write the time independent Schrodinger equation for a bouncing ball. 10
w t
(2 °
W=Nexp 2a2 j
w A fMrr VTN ~TPE Pt TTIcH
Normalized wave function of a particle is given below
( 2
—Ar-+ikx
v2az2 y
Find the expectation value of position. 10
"# 1ot w t ? wiMt snsnr A «n t ?
What is Zeeman effect ? How can it be understood on the basis of quantum
mechanics ? 25
# CTTY. % AT IM - AMtrr |
Obtain Zeeman splitting for sodium D-lines. 15
3 LSy~T p, 323TTT 3 WTPJ STTM.W I
Find the magnetic moment of an atom in 3P2 state, assuming that LS coupling holds for
this case. 10
snj ftwrrfe® 11w snj % m  ¥tfAT i cr’it i
A %IT «&& M RT % %ir w I
Hydrogen molecule is diatomic. Obtain the rotational energy levels of this molecule.
Write down the selection rules. Obtain the smallest energy required to excite the lowest
rotational mode. 30

i
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Q. 4(b) CO 3PJ iter JTVT 6.42X108Hz 11 3P) W f¥mfA
The observed vibrational frequency of CO molecule is 6.42x1013 Hz. What is the effective
force constant of the molecule ? 10
Q* ~(c) W 3PRT wnf % a % cwfaR A5 ~ W [32T tlI OTRI WT W f
v"(\Wy &a(¢?)f
W $ & p <M p+dp » yitodl TO ~ |

A particle trapped in an infinitely deep square well of width a has a wave function

nY 12 'ax'

Vg sin val® The walls are suddenly separated by infinite distance. Find the
probability of the particle having momentum between p and p+dp. 10
SECTION—B
Q 5@ Mt ifcT'T $ I ¥frftor $ Q 7IFT T nR*WN
ASe"He, n)

fell 3TT1 :« H "Be)=9.012183 u
5WTH (4He) = 4.002603 u
snaroFT (12C) = 12.000 u

Define Q of a reaction. Calculate the Q-value of the reaction :

Beg He, n) Xc.

Givefl : Mass (9Be) = 9.012183 u
Mass (4He) = 4.002603 u

Mass (12C) = 12.000 u. 10
Q. 5(b) ft ft# (fed if asT apjw =riff i
Show that any arbitrary rotation axis is not permitted in a crystal lattice. 10
Q. 5(c) wuds w N fclg MCTWT lIzY SM&Z | T $
(i) ¥Tm ~ (i) ANTW ¥t# 11
State the quantum numbers 12, Y and S for uds quarks and antiquarKs*Which combination
of these leads to the formation of a (i) proton and (ii) neutron ? 10

e-<FOF-6~QS3& Pt



IV' CAREERINDIA

Q. 5(d) Wifcm [AB (C +BD) + AB]JC wftWT " tt |
Simplify the logical expression [AB (C + BD) + AB]C. 10
Q. 5(6) n-p-n”™  p-n-p N mx W I T T
t, N jfffTrar #r w w  TATF % wth i

Q. 6(a)

Q. 6(b)

Q. 6(c)

q. 7(a)

Q. 7(b)

Differentiate between n-p-n and p-n-p transistors. Give their device structure and biasing

circuits when used as an amplifier. 10
ArfART fWizff (ML A) A

Describe grand unification theories (GUT). 20

WTif ~ f 2 "mpff % znwx x, 3RR j

How many types of neutrinos exist ? How do theydiffer in their masses ? 15

PpTHIMRNd m t NN

(i) Q° a® + K"

(i) ao—p+ T

@iii) K" -» -+

Write down the following decays in terms of quarks :
(). Q —a°+K

(i) ao->p +n~

(i) K" > IT + uu. . 15
srrarfef N9 MHZ A A
MCTTF X WR RdT 2 ?
Design a transistor based Colpitt oscillator which can oscillate at9 MHz. Explain how
the oscillations are created and sustained. 15
arrarto i *rfowpf?
AT N fq, AT IcT % fePJ thT
Mu
9% 43I 43y =0,
dt2  dt

Describe an operational amplifier based integrator. Using operational amplifier integrators,
design a circuit to solve the following differential equation :

OIZV+2ﬁl+3v=0. 20
dt2 dt

+6 +



Q 7(c)

Q. 8()

Q. 8(b)

Q. 8()

IV' CAREERINDIA

tr # srfWmi ¥/°rr Mt twite A Aowm
VSff ftp 3°rf *f MRCIRfd ft ATRft t | -V #C |
Draw the device structure of a p-n junction solar cell and explain how light energy is
converted into electrical energy. Draw and explain its I-V characteristics. 15
A -feRI*d cRT AT cfN
ATtr fALf Wt ?
Find an expression for lattice specific heat of a solid, and its low and high temperature
limits. What is Debye temperature ? 20

3TIMoN T# &N 3fk 3nrf

3 FFICT 3TAT3ff % tif fART f7TT t | M % 3TOR

xTfefrl, srghn~f afh fapftM i % sffa to wit Arrot ?

Describe the motion of an electron in one dimensional periodic potential and show that
it leads to formation of bands of allowed and forbidden states in the electron energy
spectrum. How are the conductors, semiconductors and insulators discriminated on the
basis of band structure ? 20

srfcNm~ ~ RIT iw  rg 1% 5m w t ?

Distinguish between a superconductor and perfect conductor. Explain what is a Cooper
pair. 10

<S5(H6-6(B8R 7
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B

YT G91 @ IV 37 @ g [AF1e1RaT T S_vT @i qTYaS g
399 313 I57 & 51 § @St 7 fayiioia § aor et 37 At g4 4 &9 & /
wierefl &1 e Tier 3e & I e & |
yo7 e 1 3 5 37fHart & aor @bl 3 @ 9% T8 § FH-T-FH Uk 97 A 1-a] a7
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IRF /5T & 3 Iq GH7 12T T E |
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HTEqH T T IPE FoH-TE-IR (FL.A.T.) JrasT & J@-768 T/ 3laa fHiqee T T 15T
ST =BT | G Aregq & Jfafs 7 [Fd1 7re9m § 7@ 79 I W Hi5 3% T8 [mA7 |/
I3 IS &1, Tl ITYH B HT T HIT, TIT ITh! 141 HIT |
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Question Paper Specific Instructions
Please read each of the following instructions carefully before attempting questions :
There arc EIGHT questions divided in TWO SECTIONS und printed both in HINDI and
in ENGLISH.
Candidate has to attempt FIVE questions in all.
Questions no. 1 and & are compulsory and out of the remaining, any THREE are to 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 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
meaning.
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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Constants which may be needed
Velocity of light in vacuum (c) = 3 x 108 ms™!
Mass of electron (m,) = 9-11 X 1055 kg

Charge of electron (e) = 1:602 x 10719 ¢

Specific charge of electron (i] =176 x 1011 C kg!
Me

lu=1am.u. = 16605 x 10727 kg = 931-5 MeV

Rest mass energy of electron (mecz) =0-5110 MeV
Permittivity in free space (g,) = 8:8542 x 10712 C?N-1m2
Permeability of free space (ug) = 47 ¥ 105N A

Gas constant (R) = 8:314 J mol 1 K1
Boltzmann constant (kg) = 1-:381 x 10723 g K1

Planck constant (h) = 6-626 x 1024Js
(h) = 10546 x 103¢ J s

Bohr magneton (ug) = 9:274 x 02

Nuclear magneton (pp) = 5:051 x 105203 T~
Fine structure constant (o) = 1/137-03599
Mass of proton (M) = 1:0072766 u = 1-6726 x 10727 kg

Mass of neutron (M,) = 1-0086652 u = 1-6749 x 10727 kg
Mass of deuteron (M) = 2:013553 u
Mass of a-particle (M) = 4:001506 u

Mass of '2C = 12:000000 u
16

Mass of 8O = 15-994915 u
87

Mass of a 8Sr = 86:99999 u

Mass of ;I—Ie = 4002603 u

M-ESC-D-PHY 2



. feerTes bt arravaesar g @l &
fqafa § gehrst 1 Qv (c')=3><J.08ms_1
AT T GFHM (m,) = 9-11 x 1073 kg

FlFE i AT (e) = 1:602 x 10712 C
goigel o1 fafime e (miej =176 x 1011 C kg™!
lu=1amu. = 16605 x 10727 kg = 931-5 MeV
g h ferTEEen $2mE et (m c?) = 0-5110 MeV
Teh ATRIE W freasfieran () = 8:8542 x 10712 C2N1m 2
Teh JATHTR Shi TIOTIET (ug) = 4 x 107 N A2
g fer (R) = 8:314 J mol ' K
Siegea™ fRRI® (kp) = 1-381 x 10722 J K1
i ferie (h) = 6:626 x 1034 J s
(h) = 1:0546 x 10734 J s
et AW (ug) = 9-274 x 10724 T1
TR A (uy) = 5:051 x 10727 J -1
YEA T TR (o) = 1/137-03599
S 1 G53H (M) = 10072766 u = 16726 x 1027 kg
ST T EAH (M) = 1:0086652 u = 1-6749 x 1027 kg
U 1 g H (M) = 2013553 u
0-hUT ST GEFHT (M) = 4:001506 u
2 %1 geaHT = 12:000000 u
130 %1 G = 15:994915 u
o7 Sr 1 oA = 86-99999 u

;He T oM = 4-002603 u
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@ug A
SECTION A

Q1. TF=fafem avft avt & s Sifmu -

Answer all the following questions :

(a)

(b)

(c)

(d)

(e)

Teh BRI YTHIY] TN 7€ n = 10 ¥ fam o7een # Iouey dshaor i
T I IARIa HT 8 | T B H e, G371 Ta qUiesd 70 H | 59
TshH T BIEgie 99 <hi Hfcféred Tfa oft sma shifste |

Find the energy, momentum and wavelength of a photon emitted by a
hydrogen atom making a direct transition from an excited state with

n = 10 to the ground state. Also find the recoil speed of the hydrogen
atom in this process.

Th FAaA 10—9mzﬁl§°tqtf@maqgﬁrﬁ1ﬁéaaﬁatgﬁ%ﬁmqﬁm
2 | Ugelt i STgHa Sl STawiedl % fu selae il ¢ SiTell qUTeEd| wE
TG St 1 Uieher IR |

An electron is confined to move between two rigid walls separated by

109 m. Compute the de Broglie wavelengths representing the first three
allowed energy states of the electron and the corresponding energies.

Ush UTEYsh YIS BT @i 5 x 10715 m 2 7R =1fies 9 IcafSia sflel
HUT Y HoIl IAeehad 1 MeV =hi shife &t 3 | AffTeaar & faga & snar ©
firg hifvre 6 sorerei= Tiftres & foemme € €

A typical atomic radius is about 5 x 1071° m and the energy of B-particle
emitted from a nucleus is at most of the order of 1 MeV. Prove on the

basis of uncertainty principle that the electrons are not present in
nuclei.

T e yan #, i Ag ] SWE & ®@ §, 9E 9™ 1000 K, 7 ~ 25 cm
qq % ~ 10+3 3EA/m B | QT HEhl o S o A h1 Teheld hIT |

In the Stern-Gerlach experiment using Ag atoms, the oven temperature

is 1000 K, [ = 25 cm and % ~ 10*3 Tesla/m. Calculate the separation
Z

of the two components.

AfTRead  RIga 1 ST Hd gL, TGN G H HEaH sTEe H
TR 3T Sl 1 IR HINT |

Using uncertainty principle, calculate the size and energy of the ground
state of hydrogen atom.

10%x5=50

10

10

10

10

10

M-ESC-D-PHY 4




Q2.

Qs.

(a)

(b)

(e

(a)

(b)

(c)

A T %1 9ol hive | ==t hifse TR e weeR geR smeemef
Wqﬁs@@hw(@?)aﬁmmlwméﬁﬁﬁ
oW T T F T RO €A1 S T 6% 2 TeF F A= F 0
HH T HINT |

Describe Stern-Gerlach experiment. Discuss how it has explained space

quantization and electron spin. Find the value of angle between the spin
_>

angular momentum S and its z-component of an electron moving along

—
the external magnetic field B . 10+10+10=30

et Sz & T A 1 AR G Girded A ©9 A 3646 A T
TR | 39 07 ST T {@T W qUIeed I Shife |

The series limit wavelength of Balmer series in hydrogen spectrum is
experimentally found to be 3646 A. Find the wavelength of the first line
of this series. 10

U3l & ITqas g o YR W, 3 g p-saigel o T Tgad THagH]
UE 1 YREhe HIT |

Compute the allowed spectral terms for two non-equivalent p-electrons
on the basis of Pauli’s exclusion principle. 10

A IWTE 1 R 2 B89 T Y U TEeH % gEA A ST duE hiig |
HC1 27 % fore 3req woiia T e 4106 em=1 @ | 319] 59 wmgsti @
ST B, 3%h ot Sfauifies gff siid RSy |

What is Raman effect ? Describe briefly the chief characteristics of pure
rotational spectra. The small rotational Raman displacement for HCl
molecule is 41-6 cm™. Find the internuclear distance between the atoms

forming the molecule. 10+10+10=30
- I 3R S5 JHA ATl i ToRdRyeeh T g |
Explain in detail L-S coupling and j-j coupling schemes. 10

Ay R w1 R 7 BRGSH WA § H, 9UR @1 6 Y& ST 6 i
W 3 HRT 1 HE @ 7

What is Lamb shift ? What is its significance in determining the fine
structure of H, Balmer line in hydrogen atom ? 10

M=ESC-D-FYy G}




Q4.

(a)

(b)

(c)

T g fowd o foIe Afs R wieRto &e i 3 s o 6t st St B,
fRrfes oot va it & (B > V) 79 30 wmet % e 9w iR e
TUTTh ST YIEhe hITY |

Solve the Schridinger equation for a step potential and calculate the
transmission and reflection coefficient for the case when the kinetic
energy of the particle E;, is greater than the potential energy V

(i.e., Eqg> V).

Fﬁﬁ?ﬁ?ﬁw cx,csyU._q" czmﬁﬁwﬁ"@‘w%ﬁﬂ |ﬁ|@ﬁﬁrm%€t
o Frffen adafimel = Gqe w0 § -

()" oy, orl =210,

(i) [o?.c,]=0

e e e e T T S S
(dil) (o . A)(oc . B)=A . B +ic .(A x B)

- .o . .

¢ A T B USelt AR & WY FELE FH B |

Write down the matrix representation of the three Pauli matrices o, oy
and o,. Prove that these matrices satisfy the following identities :

1) oy, oy] =2io0,

i) [0%.0,]=0

e T T T T I T
(iii) (¢ « A)(c « B)= A . B +ic .(A x B)

20

— —>
if A and B commute with Pauli matrices. 8+4+4+4=20

Th S W ek Ul o Y weied Aiteh TSR % g B g @
foret arg @ ety foem = ® ol % o vl e (SR& i
TeH) I Uieherd i |

Calculate the density of states for an electron moving freely inside a
metal with the help of quantum mechanical Schrodmger s equation for
free particle in a box. 7

M-ESC-D-PHY 6

10



@us B

SECTION B
Q5. TreferRaa aeft weat & sw difvm

Answer all the following questions : 10x5=50
(a) EHNSY T ToRa ol Sepeaia <hi SafSra rawen T8 & |

Explain why the deuteron has no excited state. 10
(b) NAND U8 NOR gR W% gR 9 Sactid § ? & NAND gR & fog, o

ING, e T T JemH Jrelt §f |

Why are NAND and NOR gates called universal gates ? Give the logie

diagram, Boolean equation and the truth table of a NAND gate. 10
() TS 01 T & 3 3% foh8 WehR afiha femarm Sman & 2 9 ol & «fte faft=

TR <hl SN i T&T | aui i |

What are elementary particles and how are they classified ? Describe in

brief the different types of interactions that can occur between the

elementary particles. 6+4=10
d) e fgfenfia Sermn & sy TMia |y FEgEr €

a= 2,i\ + 3 y b= 23}
$Hh SYcshH SToTsh o STNTSY TAMTAT Hiewr 1 FHufor Hife |
The primitive translation vectors of a two-dimensional lattice are
a=2li\ - 3, b=2§.

Determine the primitive translation vectors of its reciprocal lattice. 10
(e) SAIEYAT IN@ ! HgEal 4 ewisy for forelt stfcamers & fog oot wa fafdre

FET T T30 TR A9 o |-y IiEa gidn @ |

With the help of a schematic diagram, show how entropy and specific

heat vary with temperature for a superconductor. 10

Q6. (2) Thd HU HIN Hied & Hoi AWEIG H HIT HINC | ATRgE T

Teshu-ET g2 ffada Meflw @ ofedt Ao i emyseat (feaet)
g e TS SR qd §© 2

State the basic assumption of single particle shell model. How do the
centrifugal and spin-orbit terms remove the degeneracy of a
three-dimensional spherical harmonic oscillator ? 10+15=25

M-ESC-D-PHY 7



Q7.

(b)

(c)

(a)

(b)

Tise & TifYeh Siwr Alsa 4, g@xaﬁaaﬁsﬁ%mwmﬁw
ho =41 A3 MeV & # |
Show that in the nuclear shell model, the level spacing between major

oscillator shells is approximately 2w =41 A3 Mev. 15
ﬁmﬁ*{f@amﬁﬁaﬁﬁn@m@mﬁ mé@)ﬁmmm%w

R foF T A % A 1 qEigEE sy

@) 507

G 0

(iii) 1,C1%°

Predict the spin and parity of ground states of the following nuclei on

the basis of shell model : 10
G C1°

A IRaR & fafter geet = wse e | ARl T TTE = g 2

3 G & W % AR W, say fh Fefaiea Afhfrad aee & @

&l -

@ w-opu+ ;1:

() nopt+e + vy

Explain the various leptonic family members. What is leptonic number
conservation ? Based on this conservation law, state whether the
following reactions are possible or not : 10+5+5+5=25

A T,
(ii) n—->p++e“+$"e
et 520 o) v S e
A QT Y SR A
frafaRea &=t (fesna) + aamed & uqi # faflaw
6] n.—:~p"'+e_+3e

@AY S £ n

(i) Xt - pt+ 10

M-ESC-D-PHY 8



Q8.

(c)

(a)

(b)

(c)

Write down the quark structure of the following hadrons :
A Q= 3T and A°
Write down the following decays in terms of quarks : 6+9=15
i nop'+e + Ve
i) A*—>nt+n

(i) I*—pr+ad

T -grerchi T geel RIAGAASAT & TeHIEhoT i THSMEY | Z'-SiEi &l

2 ? Soiggiaieh Thihlor H SEehl FRIT TRl 8 ?

Explain unification of electromagnetic and weak interactions. What is

7 -boson ? What is its relevance in electroweak unification ? 10

Y UG THCIE ITEY AU gdTeleh] # o1 a8 ? Wler Al A ST
% fIT 3/ @ SI9-91 3UIE B 2

What is the difference between direct and indirect band gap
semiconductors ? Which one is suitable for use in solar cells ? 10+10=20

Sredt % g, Tae-fem fdada & fog e & wfisen s g hifv
293U foh 3 et s & o & wa § |

Obtain Laue’s equations for X-ray diffraction by crystals. Show that
these are consistent with the Bragg’s law. 15+5=20

ST HOHT AT <hl 3ME=re <l PR % yg@ iftaen 1 fafaw | 5@
I 3TEeereA < PR # faftre $wn % fou e #1 fakay aen 3uht 3=
wa fre e et @) e HR |

Write down the salient features of the Einstein’s theory of lattice heat

capacity. Further write down the expression for specific heat in
Einstein’s theory and explain its high and low temperature limits. 4+6=10

M-ESC-D-PHY 9
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qHT : diT "I STfereher 37k : 250

Time Allowed : Three Hours Maximum Marks : 250

weA-u= o forg faform srger
IeR forEeT 9E A ¥ TEdt s f e & weles Ry ereEes ug S |
TS WAT ol 2t Wt H aier 7T § 3K fEwdt T st # win B |
FHETGAR 1 el TT=r TeAT o ST o © |
T HET 1T 5 AR, SR e § & e 9ok ok TS ¥ S T W SR g R E |
TS /39 & ek I8k awa fou T |
IR TEY AT # e o 8 o aridfthene B AT R | SUHT Ieaid WeH-88-SwR (QCA) Tahele
#F frefRa e W qEys W wAT STE © | g " ¥ fir wer # o STl R i s T
feam smam |
ST B W, IMd 3TRe A o, SUHT Jedl@ TIE: L |
e s g e &, faee wd A1y AR TR 9 Hle?ﬁ%’fqadaa‘{?f%l
IS T T AT AN A IOR YT § DI AT ®, S TN A9 FE g |

T 9T T s F R SRR | 99 snfies v 7 ferar @rﬁﬁmaﬁﬂwﬁeﬁﬂ’é’f?ﬂz _
feam =t |

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 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 sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly.
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Constants which may be needed

Velocity of light in vacuum (c) =
Mass of electron (m,) =
Charge of electron (€) : -

&
Specific charge of electron ( J =
o

lu=1amu = 1:6605x107 kg =
Rest mass energy of electron (m.c?) =
Permittivity in free space (&p) =
Permeability of free space (L) .=
Gas constant (R) =
Boltzmann constant (k) =
Planck constant (h) =

(#) o
Bohr magneton (pp) : =
Nuclear magneton () =
Fine structure constant (ct) =
Mass of proton (M,) -
Mass of neutron (M) ; e
Mass of deuteron (My) =

3x10% ms™!
9-11x10~' kg
1-602x10°°C

1-76x10" C kg

931-5 MeV

0-5110 MeV
R-8542%107 > 2N 'm>
4nx1077 N A2

8314 J mol ! K!
1-381%I0 P I K™

6-626x1074J s
1:0546x1074J s

9:274x1072* J T

5:051x10727 1 T

1/137-03599

1-0072766 u = 1-6726x10%" kg
1-0086652 u = 1-6749x107*" kg
2013553 u

Mass of a-particle (M,,) = 4-001506 u
Mass of 'Z2C = 12-000000 u
Mass of '$0 = 15994915u
Mass of §3Sr = 8699999 u -
Mass of 3He - = 4002603 u
forgs Rt srasaerar g ahdt §
frafa § wertar =1 A7 (c) = " 5xi0®mg™
AFA HT FHAAH (m,) = 911x107'kg
TFCA T MY (e) = . 1602x101°C
2 € ;
zoFeid o fafite smay [r—n_J = "1-76x10" C kg™
€
lu=1amu = 1-6605x1072" kg = 931-5MeV
ST ehl TeRMETEET god™ Foll (mec?) = 0-5110 MeV

qeh JATeRIST A faRIaeiadn (go)

=  88542x107'12 C2N"'m™



1.(a)

1.(b)

1.(c)

1.(d)

HThH TR hl TRIFIAT (L) =  4nx107 N A7

ita ferms (R) =  8314Jmol' K'!
e RIS (k) | = "1-381x10°2J K
wieh fERTeR (h) = 6:626x107Js
(h) . , = 1-0546x107*Js
STe AU (1) : : = . GR7AxTO) T
Tyt RUCHH () = 5051%1027 ] T
e T fRRTE (o) = 1/137-03599
el &l GeddT= (M) = 10072766 u=1-6726x10"%" kg
I 1 GeqHTH (M) = 1-0086652 u=16749x10 " kg
S T GoUAT (M) = 2013553 u '
-7 T AT (M) = 4001506 u
2C =T gegH T = 12:000000 u
190 =T TEaHTH = 15994915u
87Sr T GedHTA = 86:99999u
JHe T SedHT = 4-002603 u

TUS ‘A SECTION ‘A’

T B A 40 keV FoFiAl F1 FHRTIH 50-0 em T R TH eRie T ATI(Ia 2 | BTSSR &
stfrfeaaan frgra & Fro et facorgs Y fBrean sma Sifsa |

A beam of 4-0keV electrons from a source is incident on a target 50-0 cm away.
Find the radius of the electron beamspot due to Heisenberg’s uncertainty principle. 10

T 10 nm =TT & |-t favwa qu & wfomm e & fod wfeg ws gaagia & foeras st
&1 qRea i |

Calculate the lowest energy of an electron confined to move in a 1-dimensional potential well of
width 10 nm. 10

BTSE IS URHTI] i st Rt sraeer # wef trﬁ%‘«TUT R B FAFGTT el & FTA! qATqed
T TR ST | '

Estimate the de Broglie wavelength of the electron orbitting in the first excited state of the
hydrogen atom. 10

carfzd fof HTHTG AT TR UE HE SRR & AV i 1 freheadl ot Tkl ° HU GshAvN <
HITT STETO T H W @] I e JerdTeAd (TR @) giel ¢ |
Show that the lines in the absorption spectra corresponding to the rotational transitions from two

adjacent energy levels of a medium sized molecule at room temperature have comparable
ntensities. : 10

3 sth-d-phy



1..(e)

2.(a)

2.(b)

2.:(e)

3.(a)

3. (b)

3.:(¢c)

4. (a)

ol e HCI 319 &7 ot faaies = 516 Nm™' @ | 379] & hae ot 7t foer oY qrar-wea fratha
IS | AT A9 9 HCI 31V & P9 e H H ehal Tshao @13 & eI ) a9 <l o7
g&dl ® ? _

Given the force constant of HCl molecule = 516 Nm™', determine the wave number of the

fundamental mode of vibration of the molecule. How many transition lines one can expect in the
vibration spectra of HCI molecule at room temperature ? 10

2pmmﬁwhﬁmﬁﬁwﬁsﬁﬁ§mﬁuﬁwqﬁmwaﬂﬁﬁ | 58
UR eI A & U A ) AT 4T 8 ?

Evaluate the most probable distance of the electron from nucleus of a hydrogen atom in its
2p state. What is the probability of finding the electron at this distance ? 20

FTETR THISHOT &1 ITANT Ol g2, Tah 1-ferftar &=t aradt Srereh o fordt oot & arfiraerore
FeAAl AR ATHALI0ER AT Bt wTE HID | qgelt 9 Sl sraedrsl & srfHeevre went &
TIRTSA] & @I F15Y |

Using Schrédinger equation, obtain the eigenfunctions and eigenvalues of energy for a
1-dimensional harmonic oscillator. Sketch the profiles of eigenfunctions for first three energy
states. 20

T 0-1 nm S18TE 3R 4-0 eV F Fawa =R # & BaR 10 eV FT & T Torei= & TR &y
yTfrerar &1 aiemres A |

Calculate the probability of transmission of an electron of 1-0 eV energy through a potential
barrier of 4-0 eV and 0-1 nm width, 10

Sl TR 3TR@ 1 Herdar & Teiad 3R ufa-Teied e Uhivi+ &l aassd | e fo-warfvae
3] & fordl, suivrenss qem wREA % Wy WA SHH H GHFAT ST o o e
I 311R oTeT: Tetaa T3t hl ORI HEATSAl hl UTH HIf |

Explain Stokes and anti-Stokes Raman scattering with the help of energy level diagram. For a

diatomic molecule, obtain expressions for transition energies of its Raman spectra with rotational
fine structure and hence the wave numbers of the Stokes lines. 20

wf\maﬁaﬁﬁﬁmqﬁa gl g |

Explain why lines in some Raman spectra are found to be plane polarized to different extents
even though the exciting radiation is completely unpolarized ? 10

HTE-ived (g &1 wgT I | wih- wgmaﬁﬁtrﬁm&aﬁﬁﬂ | SAIEATHE -
AR@ @I &1 SEAATA & GU ST HTTATHT & &9 o Herea®q giv areil Fiaeiiy AR
TSI afcaerst 6 sareat i |

State Franck-Condon principle. Define Franck-Condon factors. Using schematic diagram,
explain the decay of excited states leading to the phenomena of fluorescence and
phosphorescence. 20

AT o T SHROT 10T Tl 6 &t (L2) 3R L & Jeahi (L, Ly, L,) | & &ae O, fd &
feuRie A St € |

Explain why the square of the angular momentum (L?) and only one of the components
(L L,, L,) of L are regarded as constants of motion. 15

sth-d-phy 4
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4. (b)

4.(c)

5.(a)

5.(c)

5. (d)

AT Frerehig g (NMR) & firgred &1 U ootf @) omi@ ) gemdr 4 awsmsy |
NMR &1 wefifa s areft rf¥renrst & sgrexor i | us NMR ®9eT @ 717 e frsad

forerTet <1 WeRa © 7

Explain the principle of Nuclear Magnetic Resonance (NMR) with the help of an energy level
diagram. Give examples of nuclei which exhibit NMR. What major inferences can be drawn
from an NMR spectra ? 20

T% NMR WA # STEgIST TATST W 50 T 1 Jeeh1d & Woeh FoaT STrat @ | ersgion
qIATY] & AT 61 g1 w01 () sraeensti sk NMR & fod srasass fafeor 4t smaf &
= FoTt |/ 37X (kJ/mo)) Trertfa s |

In an NMR experiment, hydrogen atoms are subjected to a magnetic field of 5-0 T. Determine
the difference in energy (kJ/mol) between two spin states of the nuclei of hydrogen atom and
the frequency of radiation required for NMR. 15

QUs ‘B> SECTION ‘B’
U erte (HHET) W Aafd 10 MeV STl & 310 011 & Jechivig (999) Wbl &1

SEHTA &ed gU EET (Z = 82) &t Arfyehrar Broat &t wife w1 st 17 |
[z arn e (‘l;’re‘o)ﬁI =9x10° Nm?C?]

Estimate the order of nuclear radius of lead (Z = 82) using the large angle (back) scattering of
alpha particles of energy 10 MeV incident on a target (lead). ‘ _
[Given : (4me,)™" = 9%x10° Nm?C~?] . 10

ﬁﬁwaﬁaﬁaﬁﬂﬁwaﬁ?aﬁwwﬁ%%aﬁ?ﬁﬁﬁaﬁﬁm lsﬂﬁﬁn—aﬁ%ﬁ'&
T IETeX0T eiford |

Distinguish between charge independence and charge syrrimetry‘ of nuclear force. Give one
example for each of these. 10

e ® quiq it for fora axe p-erm & 4Rkt & Seata &t wratfena: 3@ 9 91 ? sy
‘fera dve-2fee g1 § wue & Fay w7

Describe briefly how parity violation in (3-decay was experimentally observed ? What do you
understand by the statement, ‘neutrinos are left-handed’ ? 10

@mﬁqﬁm%sﬁ@ﬁ%%ﬁm(mﬁ?ﬁ@ﬁ%w(k)sﬂmw
242

; h7k
§EB=o m,

ST T qiaherd It |

el o U RIS 8 3R m, W el HT GeaH | Saagia & uHrel

The energy (E) and wave vector (k) for a mnductlon band electron in a semiconductor are related
% 3

a5 B =io where a is a constant and my, 1s the free electron mass. Calculate the effective

0
mass of the electron. 10

5 sth-d-phy



S (e)

6.(a)

sth-

R;

7]]”_"/\1\’\’\/‘* a Output

nput

WWWWW"%%WH-
feam mar 2, R, = 10 kQ, lesomaﬁtuﬁﬁaﬁ%%ﬁ@ﬁﬂsﬁ?wﬁa@aﬁmﬁm
TUAHS = 106Hz|wﬁ$aﬁmwa€ﬁ€éﬁwﬁw%\ﬁﬁl,

Consider the operational amplifier circuit given above :

Given, R, = 10 k2, R, = 150 kQ and the product of the open loop gain of the amplifier and its
bandwidth 106 Hz. Determme the closed loop bandwidth of the amplifier. 10

(i) ST & g qorerHt ot fafed 9 =g TR 9 ferea w1 welT aa § |
Gy oo T @ o segi rarehta ATel HehTie SRR (FIFe TR AUeiA &\ g{7el #) F

ﬁmﬁm%mw% s

= U, o, +pp0' +1 f 2
et 1 ﬁigldSﬁ(Hldlda%qm'ﬂ'ﬁf\Waﬁ'Uﬁqﬂa‘T% asﬁ? JWW
(feom) W%ﬁpﬂaﬁ?ypﬂ%g@ﬁ%ﬂﬂﬂ@f%l@gﬁmwaﬁ
D-ST€T et w17 I | |
[feam Tt @ : = 0-857 uy, 41, = 1913 g1y,
IR g1, = 2793 pry; oy, (TTHRTA AT

(i) Write two properties of deutron which support the existence of non-central tensor force.

(i) Given that the deutron magnetic moment operator (iri units of nuclear magneton) can

be expressed as
~5 N = 7
wnere [ is the relative angular momentum between neutron and proton,

> % o : ;
o, and 0, are the Pauli spin operators and z, and 4, are the respective magnetic

moments. Find out the D-state probability of deution wave function.
[Given : u, = 0:857 py, p4, = —1-913 p,
and g, = 2793 g5 4ty (nuclear magneton)] 5+10=15

() wia-gfFasia suaq oo (BE/A) & ToOWM @edl A & @ne sed |
0 <A< 170 F & § gfq =fFasiia ﬂﬂaamwﬁmE/A)aﬁmwﬁwaﬁﬁ?@r
wqE T STaT @ 7

(i) ATIEA 9T, I8 Hl Ug, FHeriH AR wHfifq sorl g a5l & givw &1 ey
% ga, e srawTtas gemm wrgar e |

(i) How does one explain the approximate constancy of average binding energy per nucleon
(BE/A) of nuclei in the region 30 < A < 170 in the plot of BE/A versus mass number
A? ;

(i) Write the semi-empirical mass formula pointing out the role of volume term, surface
energy term, coulomb and symmetry energy correction terms. - 5+10=15

d-phy 6



6. .(c)

7.(a)

7. (b)

7.(c)

() UH g & W foard ga vad, ged R fomga grechm ot & o sfyanefore qoremt
FT HAT hIT |

Giy A s fame @ fim AR GmE frafafas @weo femt & smaem o
Seered Bl ® |
(a) HEEATAe wEwul (smEareifus feaq)
(b) 3rfa srmEsr
(c) WeH TEAl
(d) =TSt HIEHA

Gy Frafafas 3 ¥ wdw % ws e @ R
(@ =, () K, (© A™, @2 () Q

(i) State the three characteristic properties of strong, weak and electromagnetic forces
distinguishing one from the other.

(i) Point out the interactions in which the following conservation laws are obeyed or
violated

(a) Isotopic spin

(b) Hyper charge

(¢) Lepton number

(d) Charge conjugation

(i) Write down the quark constituents of each of the following :
@ =*, M) K, ) AT, @) Z° () Q 5+10+5=20
U THEHH STl o & HH had of Sofl &l | e aret 313313?%\11 AT (N wfa
Ueheh IIAF) o1 Ueh @ a9 T 9 ® | 3FR I§ F SIec@q ™ o {ocRoT &l Saser &dl &, ol
T HT TR R G g Fa wIE |

A system of paramagnetic atoms (N per unit volume) which can occupy only two energy levels

in a uniform external magnetic field H is at a temperature T. If this system follows Boltzman’s
distribution, find the magnetisation and susceptibility of the system. : 20

ARTATARAT & Ao & FHIGKU 1 ZEH R B4 98T o3 & ford =4t qTH shifor 3R

I9% Hecd &l qHEE |

Obtain the expression for penetration depth using London’s equation of superconductivity and
explain its significance. 10+5=15

TH SGATAH H T g 3R U e (211) & Wt geawma A 0-07 my AR 0-4 my &,
SEl m, Aeh 3T g @ | Wd ge fe faer % forr sitea feenfR @@ g &
%mﬁrmwmw%aﬁﬁaﬁa’%nﬁsﬁwmwﬁaﬂﬁﬁﬁﬁwﬁfﬁﬁﬁﬁaﬁam
0-8m2volt's! ¥ |

In a semiconductor, the effective masses of an electron and a hole are 0-07 m; and 0-4 m,,
respectively, where m, is the free electron mass. Assuming that the average relaxation time for
the hole 1s half of that for the electrons, calculate the mobility of the holes when the mobility
of the electrons is 0-8 m? volt™" s, P 5

7 sth-d-phy



8. (a)

8.(c)

+9V

2:5 k&)

]

out

C
4-3

S o3 Yarhe § v vadE @ swalte geas eae § gutar @ ¢ |
R AT AR (FF) =100 3K a.c. IS WY =250 Q B, A FAdE A frraeft wfcrre
3Rk Frecar wfsy feiia Fifsm |

An amplifier in common-emitter configuration is shown in the above figure.

If the current gain p= 100 and the a.c. emitter resistance = 25-0 ), determine the input

impedance and the voltage gain of the amplifier. 15
—-12V
2kQ
D
G 9
+
S

5kQ 1 kG2

S T o @-sea p-39a JFET &1 U 9Ruy ® :
TR T Aeedl 50 VE IR Vg =60 V B, T FG 4RI Igq 1 TRebe HUR |

Given above is a circuit of self biased p-channel JFET.
If the pinch off voltage is 5:0V and Vo = 6:0 'V, calculate the saturation current Ijgo. 15

Fyr Az (I Aigd) H T=HI-HET (fem sikfore) o &1 el aRd g3 T&a &0 &
St Tet 7 s P s | guisy T ae fra ate mfient # Afste wean @t srer war
2 | 3 e AR eutst 5 a8 whw fRe weR fuw e den A % AR & @ R
FHHUT T GATTH A |

Draw a schematic diagram of the single particle energy levels in a shell model including the

effect of spin-orbit coupling. Show how it explains magic numbers in nuclei. Give two examples
to show how this scheme predicts the spins and particles of odd A nuclei. 20

sth-d-phy 8



CS (MAIN) EXAM:2018
AR (W9A-a=-11)
m—muz Hitas 3% 250
uyA-us T g agEm
(wrt wsdl % TR ¥ F o el oeE s R STEgEE )
Tl Az T E oA oA mve) § e e e o sl 998 et R
wigm F1 Fo 9 9w kR I R
o W 1 3 5 sfiErd & o A wE § A o wvg § S9-0-F0 U T O A T I 2
v T e frem o gEs ae R )
uri T =) witms mem § Tl w0 =ik, e o aneE wEe-Te S Ben o B, o gR mem e
TiE TE-aE- (Fe e we) I F guye w fiffe wm wm e iy ffen mem F Rl o=
foreft e § Frd e @e o w3 A TR
af% s A, @ TS SS9 woan I AR W
a7 IfghEn 3w, Sha Aw) e i wes adl § s 8

T F I e warE S A s T 8, @ oW F I A e R el SR 9w I e B
T B TR qier d wiel g BN U 1 6 i W TR WO SR W el
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QUESTION PAPER SPECIFIC INSTRUCTIONS
(Flease 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 gquestion from each Section.

The number of marks carried by a guestion/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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Teurrer Pl atrryereeaT B Tt &

Frata @ ww FAT (o)
Tl A ()
T T HEW (g

S

lu=1amu, =16605210"% kg
et ot B 3= A (me?)

e e & R eg)
T SATHT AT )
e T (R)
ELCLIER e
=T R (k)

{Ay
= )
A AERT ()
T T AR o)
R = ()
=g S (m, )
A FFEAE (my )
- FEEEE (my,)
2o w1 e
80y 1 TR
S Sr i TS
A He =1 Z=OH
Fet T AT (g,)
o il s (g, )

Constants which

Velocity of light in vacuum ()
Mass of electron [m,)
Charge of electron (g

Specific charge of electron [iJ
m,

EGT-B-PIRE/ 10

3x10% mg!
211x107 kg
1:602%x1071% ¢

1. T6x10" C kg!

9315 MeV

05110 MeV

8-8542x10° % ciN-1m2
4n 1077 N A2

8-314 J mol ' K}

1.381 %107 jK-1
6626107 Js

1-:0546 1073 J g
9-274x107* g 17!
5-051=107%7 g -1
1/137-03599

1-0072766 1 =1.6726 10727 kg
1-00B6652 u = 16749 %1072 kg
2.013553u

4-001506 u

12000000 u

15994915 u

8609099 1

4002603 u

0 FEH), 1 )

-3-B260 [721), 55856 [deh)

may be needed

=

=

(]

«3::«11:!iB ms !
9.11x107 kg
1-602x107'% ¢

1-76x10' C kg!



lu=1amu =1-6605x107%7 kg = 0315 MeV

Rest mass energy of electron {mﬂczl = 5110 MeV
Permittivity in free space [gg) = 8.8542x10°"2 Cc?*N1m?
Permeability of free space u,) = 4rxl0" NA?
(as constant (&) = £:314Jmol ' K!
Boltzmann constant (kg) = 1381x10™ gK!
Flanck constant {h) = 6-626x107 Js
" - 1.0546x10™ J 5
Bohr magneton {ig) = 9. 274x1072* g7t
Nuclear magneton fuy] = 5.051x107% g1
Fine structure constant fo) = 1/137-03599
Mass of proton jm,) = 1.0072766u = 1-6726 %1077 kg
Mass of neatron (m, ) = 1.0086652u =1-6749x 10747 kg
Mass of deuteron |my) = 2-013553u
Mass of a-particle (m,,) = 4001506 u
Mass of 12C - 12-000000 u
Mass of 'S0 = 15994915u
Mass of §isr = 86-99990u
Mass of JHe = 4002603 u
Orbital gyromagnetic ratio (g,) = 0 (meutron), 1 [proton)
Spin gyromagnetic ratio (g,) = -3-B260 [neutron), 5-5856 (proton)

WrE—A / SECTION—A

1. fa) TF T A A g = e 5 F gm ¥ W —a < x<a #wm T W
=

A i i
The wave funclion of a particle is given as q.rix]::'}_n.-e't"‘l""". Find the
a

probability of locating the particle in the range -asx <a. 10

fh) TF U@ T f yE-fas Feow sfeees i, Ped 1070 kg W owsme o FEm R @
I0'N% 58 3 107 m 7% Tam ot =2 B % 5o 920 7297 911 7= e o fam & of
F Tom, = 2
Calculate the zero-point energy of a system consisting of a mass of 10> kg
connected to a fixed point by a spring which is stretched by 1072 m by a force of

10" N. The system is constrained to move only in one direction. 10

E&T-B-PIFH/ 10 3 | B.T.C.



fc) T WA AleE (UE-TEEE) F /e T e e
U lx) = i ai_y"e'yl"z
k=0

2, *anty=1l|l?x?. s T a, o P g
2k -nj
oy
(k + 1) (k +2)
ﬂ%hmyhﬁﬁw“+namhﬁﬁmﬁﬁmmﬁﬁwﬁmmﬁ

x <0 fom favm sem 8w (e we aed] Sens), & s e
The general wave functions of harmonic oscillator jone-dimensional) are of the
form

T

W b= i qwkﬂ-ff:

k=10

I rreay
with y=1i|£-;]--- x, and coefficients a; are determined by recurrence relations
2(k=n)
(p 4 = =]
e TSI

Corresponding energy levels are B, =(n+é—]ﬂm. Discuss the parity of these

wave functions. What happens, if the potential for x=0 is infinite (hall

harmonic oscillator)? 10
fed) iR AT AT THe THe WRe % FEAm # fHgea § g BER wwn wEme

=1 7

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

an MME? 10
fe) T=mm s W Li' T 5 TEm geieeis e B ufees il

Calculate the radius of electron orbit for Li' ' in ground state, i

2. (a) EEETAR WH F P s A e

W) = ™10
ymag
®, FE a, 90 TN R w0 - F oW F TN 0 Wi W s 0 Sed & e
10 | Tay e § e o 8 faen i A w we o wrfiman 5 aitwe i

The ground state wave function for hydrogen atom is

Wi = griee

Adp

where a, 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

EGT-D-PIFE/ 10 4



(b Tt adufmma 1 fag fifam
fif 1B Lyl =10,
fii} Pl =cosb + (G Ajgin B
FProve the following identities :
il By Lyl =ihps
fii) e 1T — cosB 4 {[F - filsin®
(o) Erefafem O 9 F9-m8 e i w8 R
(B wix)=AeFE 4 geths
il wixt=Ae ™ +Beb”
fii) wrix) = Asin3kx + BeosSke
fiv)  yilx) = Asin3kx + Bsin 5kx

ful  wix)= Atan kx
I I TEEEE

Which of the following functions is/are acceptable solution(s) of the

Schridinger equation?

r.r} w[x}:ﬂe'rkr-iﬂﬂth

il wix=Ae ™ +Be**
fiif) yix) = Asin3kx + BeosShx
fiv) yix) = Asin3kx + Bsin Skx
ful  wix)= A tankx
Explain vour answer,

15

3. ja) w9 eV ® UE FOEEE & oV 35 Fiva dium oo e st B sfia g 2w F e

yfHETaa wratda gl

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 wwiEe fF g soEk Tm A fifefe (aD) Fi-wm e BV % squn giafia g g, aw
7% Tavin wr=n g (2D) % fom £, wm am (1D) & fam E7Y? sk w=a 3 (0D)

F fom & wem w0

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 [guantum well),

EY2 far 1D [guantum wire} and & function for 0D [guantum dot).

15

o) TEER TR § L8 3R JoJ T F aee w0 ol i ek e 99 % aeEnie

mea w1 £

Describe the importance of L-S and J<J eoupling in atomic spectroscopy. What

are experimental evidences of their existence?

EGT-B—PHH/10 5
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4. (a) U REE FNORY ARAR gl fe e m R s 2 o e it

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

fb) ETEER FEN ) YEN drE woS= Fifa) et e 4 g e wEn s 6 8

Discuss the fine structure of hydregen spectrum. How is it of importance in the
astronomical observations?

fe) TammmmeF st & g ofn Fevhr e ¥ fem woael it aREf s epelfi 4
ELE
Discuss the theory of rotational and vibrational spectra of diatomic malecules.
What is the difference between flusrescence and phosphorescence?

wv=—B / SECTION—B

5. (o) TR @A 140 MeV Bam w2l F -3 % fafmm om o R §) fhicks == &
YT W

Nuclear forces arc mediated by exchange of t-mesons of rest mass 140 MeV,
Estimnate the ranpe of nuclear forces.

(b) ¢ o & N vy A evn #0 ol TR (e ) ) aftean 3t 1202 MeV B
afe ,C'° womm i wEf 13:003354 u B, @ N3 v of vl = wieee Fifa)
The maximum energy of a positron (e ) released in the decay of EE” atom into
a ;N'¥ atom is 1-202 MeV. If the mass of the oC'? atom is 13-003354 u,
calculate the mass of the -N'3 atom.

o) Tafim wmem Fral % sl Frafafan & 8 S9-9 0@ =0 sl s agea 80 af sgee
E, @ srEhEm W T S T ) ged % e s Rl
{i} p+n—rhﬂ+z'
i} nten—=A"+K?
i} p+n—s KT+ X7
iz n” — Y Y
ful A=sp+e’+v,

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

fiil prrn=aA®s%
fil at+n—=saA+K"
fit p+n =K "+%"

finy “n_}':""'l’

ful m=p+e +vy,

EST-D-—"PIRH/10 &

15

15
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fd) wHe e He #H wHe e de TS F fau yEmmdE e TUw (to dlo wHe) W
sfter ifem s soiige f A deemd wed sifaw goghe §)

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

show that these are the most closely packed structures, 10
fe) X-Fm Fmde & fom am fad Fem = sem D) Bees w fgio % B e

A Teamd -9re fafedt &) gam $fem

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

Scherrer methods for crystal structure determination. 10

6. ja) IF A g FF =ER-AER s = w5 vy B
Vih=-V; ., rsb%fm

=0 , r>b#fa
=gz i ) B smen = o e

wir) = Asinkr , r<hfm
-Ce™™ | rxb%PBm

#Wﬁﬁmm%,ﬁ_ﬂk=\{:‘fgﬂvﬂ+mﬁﬂ'{Tl 8

52
7wl Mgt aefy, Woesa f i w1 Al A an o fEaE
(i) =y R weEi oA ug s & o
n?n?
a4 M
(i) wETE, T S e s v i e faeie e
Assuming that the neutron-proton interaction has a sguare well form
Vir) = =¥y for rsbh
=) for rab
the ground state wave function of deuteron nucleus is given as
wir) = Asinkr for r=<bh

= e for r=b

Vpb® =

where k = j%i—lﬂfﬂ + W) and y = |ﬂ
ft

Va2

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

fil Show that for a just bound state of deuteron

P
vpp2 =22
4M 10
fi} Explain why deuteron is a loosely bound extended structure, 10

EGT-D-PIRE/ 10 7 | B.T.0.



()  TE o -4ETA TaMm stEwe & i e O o -

c}

7. (al

()

e

8. (al

(b

fc)

n = +GP
A HEE I K
sl § Tt u o -l ) R o ahEe wif
A -meson at rest decays into a 4 -meson |
L ST AT
Caloulate the kinetic energy of the i~ -meson emitted in the reaction.

il ¥ fom sl -safas wemm wp fafan ok ga% num = s Foram gt i e
T EE DT S TR T wee v s sries w0 gy
Write the semi-empirical mass forrula for nuclei and on its basis draw mass

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

A F3 % A U AR T T A F e e e o s am i)
T TEm = o 08 A ¥ grEd sy gl Fif)

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
E'Dw nucleus,

frard wizw # o fanm wem % Rmo e wEE Sgew diew) el s A W
(faand 7 Fram) g $ifamy

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

i szt adaes w0 T 87 avise TR A andEeE 8w Ae, W SE T sAuEmE
i FerEEa gz % o & fege o w2

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

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

R 1 ¥R wEn 1 sfrEre = En 27 sewe A e 1 s e 1 A F
mrgen v A oo wfrreRa e W = ifa ofn s gen Bif)

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

Hiwamens wads w0 B 8 0 e R o B wewm T o w20 @ e fe
EAIE LY

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

woE T @ T WEE e e = avia i T weres e o e
Freqre Tem v wwnfam & 27

Describe the working of a microprocessor system in block diagram. How 1s its
performance affected in a pipelined processor?

* W W

15

20

15

15

20

15

15
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CS (lempEram 21
oo Y (TH-TE-10)
qe ;oK gl Hftewraw 3% : 250

Ty -ua Tt g srew

(3 3\ F @ Fr=fafaa fént =1 Foa gEuriEs ©)
el ame ww & S @) @rel & fawfia ¥ o R=h wE sieh Gt d B §)
Ifigar R Fel qiE W F IW A F)
7 g 1 3 5 e § qon areht wel # F g @ue ¥ F9-9-F0 T T A o1 I 6 IW <
eF W /9 F fere e o 3u% g e o #)
T ¥ I I iitha W # fa s e, e sgE o yau-u & fen mn R, 3 3w mew w5 e
IPE TH-UE-IW (Fo Ho To) YR  gays W Fifde wm w frn s =ife) Sfghaa mem & sfafes o=
forelt rem § for@ T I W HE o7 T firer)
gfe aEwE B, @ 9gw AtFS w1 w1 Faw 7R Pl w1
w9 % 3fgfaa 7 &, Hha a1 TearEel yafaa wEE w9f § g 2
W] % I ) AT SHEER B ST gl e 6 A, @ v F I A o i e =9 98 W svE:
T B E-He-3W gfeen § el Se1 g UB A1 36H W H T €9 @ FHE | =)

SDF-B-PHY

PHYSICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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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feri®w Rad sravawar 8 Twd 3 e

Trafa & wehra 1 97 ()
TelagH 1 FATH (m,)
TG 1 AT (e)
lu=1amu =16605x10"%7 kg
Foiag I farmTaEn g E S (m,c?)
e ke H ferggEier ()
ek AT 1 QIO (U )
v B+ (R)
siegsH R (kp)
e fRR (h)

(7)
SRS (1)
AT AU (uy)
g&q 9= fer (o)
e =1 FAHH (m )
g TR (my, )
S F1 FHH (my)
o0 1 FFHA (M)
12¢ &1 gom
120 =1 53R
ggSr?ﬂWﬂ
gHe H1 FTHH
Ffta igrahr 3 (g;)
fer epteraia T (g,)

SDF-B-PHY/13

]

3x10® ms!
9.11x1073! kg
1-602x10°19 C

1.76 x10*! C kg™!

931:5 MeV
0:5110 MeV

8-8542x10712 c2N1m™
4nx1077 N A2

8-314J mol ' K1

1-381%x10723 gK-!
6-626x1073% J's

1-0546 x10* J s

9.274%1072* g 7!
5.051x10727 g 1!
1/137-03599

1.0072766 u =1.6726 x10727 kg
10086652 u =1-6749 x 10727 kg
2.013553 u

4-001506 u

12:000000 u

15994915 u

86:99999 u

4-002603 u

0 (FgH), 1 (fief)

-3-8260 (F2H), 5:5856 (W)




Constants which

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

Charge of electron (e

Specific charge of electron [—‘-’LJ
mE

lu=1amu. =16605x10"%7 kg

Rest mass energy of electron (mec2)

Permittivity in free space (gg)
Permeability of free space (ug)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)
(7)
Bohr magneton (ug)
Nuclear magneton (uy)
Fine structure constant (o)
Mass of proton (mj)
Mass of neutron (m,)
Mass of deuteron (m,)
Mass of a-particle (mg)
Mass of 1§c
Mass of lgO
Mass of 5zSr
Mass of gHe
Orbital gyromagnetic ratio (g;)
Spin gyromagnetic ratio (g,)

SDF-B-PHY/13

may be needed

3><108 ms!
9:11x1073! kg
1.602x1071° C

1- 7610 Clg™?

931'5 MeV

05110 MeV

8-8542x10712 C2N"1m™2
4nx1077 NA™2

8-314 J mol 1 K~}

1-38ix10 W g
6-626x1073% Js

1.0546x1073* J s

9.274x16° % g 11
80511073 g™
1/137-03599

10072766 u = 1-6726 x107%7 kg
1.0086652 u = 1-6749 x107%7 kg

2-013553 u
4:001506 u
12-000000 u

15994915 u
86-99999 u
4-002603 u

0 (neutron), 1 (proton)

-3-8260 (neutron), 55856 (proton)
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@Uus—A / SECTION—A

1. (a) @iy o wien AiGef F01 1 g=2mm o Wa 9 99 m=h /(Av) W@ p=h /A F W
aifoa g1 &, &l h, A 3R o wH: wi R, TR ot ww F 9 #) T et & qo-am
gad (55) W Rufi Aifs

Show that the mass and linear momentum of a quantum mechanical particle
can be given by m=h /(Av) and p=h /A, respectively, where h, A and v are
Planck’s constant, wavelength and velocity of the particle, respectively.
Comment on the wave-particle duality from these relations. 10

(b) wESHet % fF AT fagidl ) wary i e w9 § e fif) sen 9t $
o 4 3 faardl & fifeda qg= #1 39vr Fifsg)

State and express mathematically the three uncertainty principles of
Heisenberg. Highlight the physical significance of these principles in the
development of Quantum Mechanics. 10

(c) TH-Imar fava & v § wF g Fied qithE FU  fou 3r ey 5 ot i s @
R (FaTfd) Bl 81 3 S 0 U Waw eredi o & 9 @ e e fim #7

For a free quantum mechanical particle under the influence of a
one-dimensional potential, show that the energy is quantized in discrete
fashion. How do these energy values differ from those of a linear harmonic
oscillator? 10

(d) w0 FR 2 5 f-wlm S yoreht & g wfoes amm=ren dva 78 27 38 e Fif

Why is population inversion in general not possible in a two-level laser system?
Explain it. 10

(e) FF e fF CO, 31 F T whrg FU9 3 1R F9 TH-gW F T Bid 87

Why are Raman active vibrations and IR vibrations in CO, molecule
complementary to each other? 10

SDF-B-PHY/13 4




2. (a) 3 e-TR TG F FRE THR TR 0§ Raw fF kw1 %9 aa aik e se-w
¥ed, AT V F dH- 2 g gie §

w1 5(2)

TR, M 0 3 0+ do F =9 * gl e & @@ 21 7l 7m i & ko ofa g =
% HIEl A 9@ L/ (2n) B, &l L o afem F geis 9l 6 o 21

How do you define density of states? Show that the density of states with wave
-3
vector less than k in a three-dimensional cubic box of volume V can be given by

Do) =—Y kz(@]

on? dw

in the frequency spectrum between ® and w+dw. Here, assume that the
number of modes per unit range of k is L /(2n), L being the length of each side
of the cubic box. 20

(b) EEENE T &R B R ey w1 @ wRnfia i v Rane B @ gy @
n SR T SY= el

3 oot 1
2(@/Z)4n?ne,

Ad 2, sEl 2z, H W] %1 9] shHi 81 H WY % q 3R E; % 3 A H aiEwer
wifsm |

n

Define mathematically the Bohr radius of a hydrogen atom and show that the
binding energy at state n of this atom can be given by

%) Ze® 1
2(@/Z)an’ne,

n

where Z is the atomic number of H atom. Calculate the numerical values of
a and E; of H atom. ' 15

(c) wffTada % fagia ¥ eEgee wH] % HR R Fiean stewen S &1 e i

Estimate the size of hydrogen atom and the ground state energy from the
uncertainty principle. 15

3. (@) YHMR SR FEEHIE SHE U9 90 hIfe | gHense R A wege Ty § ayEd @l
¥4 331 7@ B

Describe normal and anomalous Zeeman effect. Explain how it lifts the
degeneracy in hydrogen atom. 20

SDF-B-PHY/13 5 | P.T.O.



(b) @ gl (Rrez) 1 87 wEgo WA § H, 97R Y@ F g wE & Puior w0 §
g R == Hifsrg

What is Lamb shift? Discuss its significance in determining the fine structure
of H, Balmer line in hydrogen atom. 15

(c) TSR ST SRl 0, 0, AR o, H ARG A T et w1 I w@ g e
+ forg Fifve -

Define Pauli spin matrices 6,, 6, and 6,. Using these definitions, prove the
following :
(l) GJ2€=G!.2[=U§=1

() o040, =i0,; 6,0, =i0,; 6,0, =i0, 15

4. (a) % B FAT H IRAIRG FRY R Fda i § Foig g9 GERE L F §6 92w @

a1 emse | guiEe f6
2 =—rz2[r2V2 _i(rz i)]
or dar

B 2| wifea i % dewrs L2 1 iefta gda fEme (6, o) &

" 2
L2 =-p2 1 —a—[sinﬂ—a—)+ 1 -E-)———
sin® 98 96) sin2 0 092

¥ +ft =g Toran < whaT 1

Define angular momentum of a particle and find out the three components of
the angular momentum operator L in Cartesian coordinates. Show that

72 o _p2[,292 _i(rz i}]
or or
Prove that the operator L? can also be expressed as
3 2
(2 = 42 Li(sinei}r bt
sin® 98 30/ sin? 0 o2

in spherical polar coordinates (r, 6, ¢). 20

SDF-B-PHY/13 6



(b) & Waw Fadi Ao F Ty dficeh e (FErs) # fafae) suize & os6@ & s

(c)

(b)

el () TH B E, =(n+%]mommf@ﬁmmmﬁmmm

2, fel o, o des * F 6 gl smft #) fag fim 6 o= 0 o= ffa 7 fafie
M3Hg ®Y F1 TF a0 FeH ¢

Write down the Hamiltonian operator for a linear harmonic oscillator. Show
that the energy eigenvalue of the same can be given by E, =[n +%)hm0 at
energy state n with ®, being the natural frequency of vibration of the linear

oscillator. Prove that n=0 energy state has a wave function of typical
Gaussian form.

Fi-ie fugia 0 37 7@ fugia ¥ onuR W uE Ruwfvas o) % Fefe seeagie wagH
# dgan faamor w ==t Hifsm)

What is Franck-Condon principle? Discuss the intensity distribution in the
vibrational electronic spectra of a diatomic molecule on the basis of this
principle.

@WUve—B / SECTION—B

o T TR T wen § W o =g A §, sfE w Tl & =g < st
B B | amgmE i

Stable light nuclei have equal number of protons and neutrons, whereas
heavy nuclei have excess of neutrons. Explain why.

o9 (u) 3N T (d) T F T TR FeAHE A e A SR el ek S 6
I (1, /1p) T AR

Assuming equal masses for up (1) and down (d) quarks, find the ratio (4, /Kp)
of the magnetic moments of neutron and proton.

15

15

10

10
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(c) Tho Hio Hlo et H THIVSA! % GHFoTd acil & fer Yokl (sFedw) =i fmfia Fifem)

Deduce the Miller indices of the close-packed planes of atoms in the f.c.c.
lattice. 10

(d) ¥R % Igeherh SuF & AT F Fo vt B T v 9w S F we ¥ ag
fasol % 9 & FIT F THE BR B F0 F A9 H 6w F o gty fvewo w1 3g@m
Hifer |

The angles between the tetrahedral bonds of diamond are the same as the
angles between the body diagonals of a stack of neighbouring cubes having
common edges and not faces. Use vector analysis to find the value of the angle. 10

() T=300K AN W T# fuferpia sefames 70 #1 qwy-%r2 &5%d 0-5um? 3, fm
TS SR ST MEEE C(x) = 5x 1016 el*/In) ¢m =3 ¥ g3 # goragil € fwfiem
1250 cm? v71s7! & 7 ¥ ik wegEl B fmw e, L, 4um 2 TR A g0
x=2pmmmmmmﬁml

A silicon semiconductor sample at T=300K having cross-sectional area
of 05 ;.trn2 has a pentavalent donor doping profile given by

C(x) =5x10'® el"*/In) cm 3 Given, the mobility of the electrons in the sample
is 1250ecm?2 V™! s! and the diffusion length of the electrons, L,, is 4 um.
Calculate the diffusion current in the sample at distance x =2 um. 10

6. (a) IIFH & AHR F WM A & fafim a1 saen fifve) 5@ w3 sifm Thm
Tdur ifin &, @ oy i dweu @ S e Rl % Ysm @ AR s @ fRuto
frg v =017

Explain the various methods of finding the size of the nucleus. How will you
determine the nuclear radius from the observation of beta rays resulting from
nuclear transition when the initial and final nuclei are mirror nuclei? 5+15

(b) T % 70 A 1ds,, R 1dy), F F=9 F 1 S guHd 5 MeV B | THH0-Fell

SRR B e (qrehd) 1 qRehe I @ S R f6 1ds,, WX, 1d,,, WA
A= R

Given that the single particle energy separation between ldsg 2 and 1d3,, in
170 is 5 MeV. Calculate the strength of spin-orbit interaction. It is observed
that 1dg,, level is lower than 1dj,, level. 15

SDF-B-PHY/13 8



(c)

(a)

(b)

()

(@)

Fad 1271 &1 [ H @R gaa AaraE § A g ) wgEma F& gva 16 2 7 A IW
=1 ifae wifam i)

Why is it not possible to detect the parity violation in weak interaction by
observing only the beta decay rate? Justify your answer. 15

S a AT FeAh-hiad g1 Ters | T Fif ) Frfia fife—
(i) STITST T i i,

(ii) A FIFH F AT I,

(ifi) T AN TG W

(iv) A ST h AT H |

Consider a face-centred cubic lattice of side a. Deduce—
(i) the primitive translation vectors;

(i) the volume of the primitive cell;
(iii) the reciprocal primitive translation vectors;

(iv) the volume of the reciprocal lattice. 20

v 3maft ¥ UF Fiew Aed H fEa S % A weE e fifw) wfi-few famw odR
E -Ep >2 WA &t 5@l Ep & &R 2|

Derive the expression for the average energy of a quantum oscillation of
frequency v. Assume Fermi-Dirac distribution and E —Eg >2, where Eg is the
Fermi level. 15

U 9fE (FER=) W18 MOSFET ¥ Sifyee-#1e ¥ #1 @it sy 3R g6 fid
(w1m3ege) firail ) Hee B 36k G % fgidl i e S|

Sketch the cross-sectional structure of an enhancement mode MOSFET and
explain its principles of operation with the help of its output characteristics. 15

& R adaes ¥ TR # 6x10'° cm™® YgfifEm womst sk 7x10'° em ™
FeprE T @ Wik fRn T R T=300K W fenm mn R, W aws @@,
n,=15x10°% ecm™3; ¥ d@w@, E,=lleV; oA e,
W =1250cm? vl s7! 3R e faefiea ;.J.p=480c1rn2 vist 2w d fm
Frafor fifse .

(i) AdETEF B YFR, n Tl p
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(b)

(c)

(i) B ATEF AEW

(ifi) FAFA AR Wz

(iv) <A 4 F et F qng T § wH-wR H wE
(v) T T =TAHRA

A silicon semiconductor sample is doped with 6 x10'® cm ™ of aluminium and
7x10"° em ™3 of phosphorus atoms. Given at T =300 K, the intrinsic carrier
concentration, n; =1-5x10% em™3 ; the band gap, E,; =11 eV; the electron
mobility, p, =1250cm? V™! s™! and the hole mobility, p, =480 cm? v~!s7L.
Determine in the sample of the following :

(i) The type of the semiconductor, n or p

i) The hole carrier concentration

(i) The electron carrier concentration

(iv) The position of the Fermi level in the sample with respect to the bottom of
the conduction band

(v) The conductivity of the sample

2 nA W Ffacim |gfi U1 916 U6 5 cm? Ge UR ¥@ W UR fafror smafaa 2t 2, fed
wfd ¥FvE 4 x 1017 goiaA-ga g w1 Fmin @ ) oA o A f et w
5um 3 2 um 8| 9o F fore f= & omn e

() g-afa uRl

(ii) Gen-ufay e

A 5cm? Ge solar cell with a dark reverse saturation current of 2 nA has solar

radiation incident upon it, producing 4 x10'7 electron-hole pairs per second.
The electron and hole diffusion lengths are given to be Sum and 2 pum,
respectively. Calculate for the cell of the following :

(i The short-circuit current

(ii) The open-circuit voltage

(i) e gaha Sl fi Iafh S T AR T % twa w0 ged f gee ¥ gahe
faydta sl & o = =geaa sy
(i) TF T AR TF A A g T 0 (G0 T B S f) F e wE e A e

AT TR0 (STEEITeR), = (fem) iR wefl wien dened ) fiffs @ g
fafim gwfaa srerenstt =t fofaw)

SDF-B-PHY/13 10
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() Explain the origin of the nuclear magnetic moment. Deduce expression for
the magnetic dipole moment with the help of the Schmidt single particle
model. 10

(i) For a system consisting of one proton and one neutron (not necessarily a
deuteron), write down the various possible states specifying clearly its
isospin, spin and orbital quantum numbers. 10

* K K
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CS (Mzin) Exam, 2020
sifeeht (S9A-u=-11)
Ay : dH v Aftreran 31 : 250

TA-u At g srgRwm
(R 7 F @ Fefifan B3 A Fon qEuHiEs 13)

7@l ey ¥ S A wudi # fwifa & @ Reh o ol 9t 3 v ¥

IAfiggR & FA U TE F IW < §)

T TE 1 3R 5 AfER & qun weh uwE § @ yQF Gre § FH-9-50 T T g 6 e % W )
TS Y /9P % fore faa o 3ud wrm Ru e #)

T % I I wiitga Arem # i@ s afke, S g oa yaw-ua # R e R, ik 3@ mew W e
BT TH-TR-IW (Fo Ho To) Yl & guys W Ffée wm = fen s =few| witra meam & arfafes =
forelt memm | for@ 7Y W W B iF A9 e

I rEvEE A, o UG ATRS B FFA Hivg A 7w [fdE fif)

S o Sfgaa 7 8, d%a a7 AssTEell Jufd 7S A § yge 2

T % S h T FAFER H e AR FE T A, D IE F IW D e A eht 9 98 W e
T A TH-T-R IR 3§ @rell 991 330 U8 A1 36 FW H e F H HE A A1)

URC-B-PHY

PHYSICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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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TR Red sravasar 8 awd ®

frata & wehret &1 A (o)
T 1 TG ()
T F AT (e)
mwﬁﬁmm(mi)
lu=1amu. =1.6605x10"%7 kg
ToaA I e s S (m,c2)
e s J fagasfia ()
ek TR H T ()
5 for* (R)
e foris (kp)
T TR ()

()
R A (up)
TfvhR AU (uy)
g gt e (o)
W 1 F=AH ()
A TR (m, )

3><108 ms‘1
9.11x1073! kg
1-602x1071° C

1.76 x10'! C kg™!

931-5 MeV
0:'5110 MeV

8-8542x10712 C2N1m2

4anx107" NA2
8-314Jmol ! K}
1.381x10728 gk}
6-626x1073* Js
1.0546x10734 J s
9.274x107%* g 17!
5.051x10727 g T}
1/137-03599

1-0072766 u = 1-6726 x10727 kg
1-0086652 u =1-6749 x10727 kg

T F FHAN (my) = 2.013553u

0T FH TEAE (M) = 4001506 u

12¢ =1 z=mm = 12:000000 u

120 %1 s=mA = 15994915 u

8% Sr =1 g=EHH =  86-99999 u

3He %1 5@ A = 4:002603 u

el Tpigrshr S (g)) = 0 (), 1 ()

o uigrhl 3T (g,) = -3-8260 (M), 5-5856 (W)
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Constants which

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

Charge of electron (e)

Specific charge of electron (_e_)
me

lu=1amu. =1.6605x10"%7 kg
Rest mass energy of electron (mec2)
Permittivity in free space (g,)
Permeability of free space ko)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)

)
Bohr magneton (ug)
Nuclear magneton (uy)

Fine structure constant ()

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

Mass of deuteron (my)
Mass of a-particle (m,)
Mass of lgc

Mass of 150

Mass of ggSr

Mass of 3He

Orbital gyromagnetic ratio (9,)
Spin gyromagnetic ratio (g)

URC-B-PHY/47

may be needed

= 3x108 ms!
= 9.11x10731 kg
= 1.602x10719 ¢

= 1.76x10'! C kg™

= 9315 MeV
= 05110 MeV

= 8-8542x10712 C2N!1m2

= 4nx1077 NA™2

= 8.314Jmoltk!

= 1.381x10728 gK!

= 6-626x1034 Js

= 1.0546x107%% Js

= 9.274x1072* g 1!

= 5.051x107%7 g1

= 1/137-03599

= 1.0072766u =1-6726 x107%7 kg
= 1-0086652u =1-6749x107%7 kg

= 2:013553u
= 4-001506 u
= 12-000000 u

= 15-994915u

= 8699999 u

= 4002603 u

= O (neutron), 1 (proton)

= =3:8260 (neutron), 5-5856 (proton)
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@us—A / SECTION—A

1. (@ fTog Hfm B 9 Tdem vy Rrafafsa (FenfhY) ST F e Tg=d §, SW n g
a1 Q) 9 3R Y weR w9 afiied B
Prove that Bohr hydrogen atom approaches classical conditions, when
n becomes very large and small quantum jumps are involved. 10

(b) O B y(x, t) = [AeP*/? +Be“'!”‘/"]e“'f’:"”""i ¥ foe yRea a0 wWE 99wl
o <6 siferes smen HifsT)
Find the probability current density for the wave function
W(x’ t) - [Aeipx/h ¥ Be—ipx/h]e—ipzt/2mh

Interpret the result physically. 10

(¢ THAA T H AN 4500 A ¥ alug o=l ¥ EW H S i ¥ W H AT
(fEm) 150 W  qu1 56 8% ol ¥ F w0 § vwe A 31 A F g R v wfd
Yere IcaTia Fopy s €7

A blue lamp emits light of mean wavelength of 4500 A. The rating of the lamp is
150 W and its 8% of the energy appears as light. How many photons are
emitted per second by the lamp? 10

(d) Fed aEegh § T S % g R SHfrran e, gl 85 4 TR faafm 91 A,
20 cm & & B

() 38 B W e % A f e i)
(i) ST H S MeV # el &7
R T ¥, TR & = 1500 EE A S H T = 3-34x107%7 kg.

In a certain cyclotron, the maximum radius that the path of a deuteron may
have before it is deflected out of the magnetic field is 20 cm.

(i) Calculate the velocity of the deuteron at this radius.

(i) What is the energy of deuteron in MeV?
Given, magnetic field = 1500 gauss and mass of deuteron = 3-34x10727 kg. 10

(e) TF sEET frem w1 wes weE (W) T W] S A 357 A IR 12 R1 @
frza ¥ v 6 T SR R T R, SENTR) FE@m, N =6:023x10%° (kg mol) 1.
The lattice parameter and the atomic mass of a diamond crystal are 3-57 A and

12, respectively. Calculate the density of the crystal. Given, Avogadro’s
number, N =6-023x1026 (kg mol)_l. 10
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) -1/4
2. (a) @maﬁmwmm:(ﬂ e~ /2 ¥ g Frefya R w1 21 F91 F R Ax 3R
Ap 1 aftwer Fifv o aﬁfﬁwmmw:%aﬁwﬁa%m

-1/4
A particle is described by the wave function y(x) = (%) e“”‘2/ 2. Calculate

Ax and Ap for the particle, and verify the uncertainty relation AxAp = g nS

(b) T A3 =13 U §A R A B if) s R A =1
Consider a Hermitian operator A with property A% =1 Show that A=1. 15

() i gEFEa R (To o o) ¥ Rrgr # gy i g=fm ogR *
o157 @ SRl # qERY a9 F9S HEEgol Syt % 9R & faRaw)

Write the principle of nuclear magnetic resonance (NMR). Explain the design
and working of NMR, and write its important applications. 20

3. (@ %efirm N 6438 A A i W@ F WA A e N g A, safE gomgst S
0-009 T % Tr=ehig &% § a1 ™1 B

Determine the normal Zeeman splitting of the cadmium red line of 6438 A,
when the atoms are placed in a magnetic field of 0-009 T. 15

(b) WY T $A @H-TTH TEN H IR WA T WAL F G A, HOE A
TeRTEN S 3R TATT F TRV T IThTH fhan ST Wkl § 1

Explain how the magnetic moments of atoms, the space quantization of
angular momentum and the spin of electron are measured using Stern-Gerlach
experiment. 15

(c) aﬁﬁwﬁsﬁaﬁq%mmz-m+§ﬁ,ﬁwﬁwuﬁm%ﬁﬁmﬁmﬂz’ﬁmﬁ

(@l%z—a&memaﬂm%)mgm——;’-%? z’ femn & waspw 6 fraa WH w0 RY

If the z-component of an electron spin is +§, what is the probability that its

component along a direction z’ (forming an angle 8 with z-axis) is g or —g?

What is the average value of spin along z’? 20

4. (@) TRUAF 3s) vt w1 g faya sy, THERE AR, py, % 9@ ¥ ¥ i) fen
TR, p ,=2:792847uy AR p,=-1913042uy.

Calculate in terms of the nuclear magneton, py, the magnetic dipole
moment of 3S, state of deuteron. Given, p p=2'792847uy and

n,=-1913042uy. 15
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(b) R F IURG g AR WRAT ) fafaw) (@) =g 3R (i) WM % e el B R
we Hfvm)
Write down the basic weak interaction processes in the nuclei. Also illustrate
the beta decays of (i) neutron and (ii) proton. 15

(c) T =Tere h ff-we (amm ol aftmrers) eaumon qun Adaad a1 I wd §¢
srferaTereRal % @ wieq Wi i et Him|

Using the two-fluid model of a conductor (normal and superconducting) and
the Maxwell’s equations, derive the two London equations of superconductivity.

20
@Uves—B / SECTION—B
5. (a) T €9A ¥ I o T 0 F e a0 wemt F, E >V, & e, ffew
Vo, x>0
Vix) _{ 0, x<O
A
Vix)
N
O, Bl @
= >
aRomt it st samEm Hifv)
Write the wave functions for a particle on both sides of a step potential, for
E> Vo .
Vo, x>0
Vix) =
() { 0, x<0O
M
Vi(x)
N
O, ol @
= >
Interpret the results physically. 10
(b) wigeR yumE 1 = Hifv)
Explain the Méssbauer effect. 10

(¢ 9=t & It wea # g T s RfEm § @ wweete 233 U sie 238U, 7.3x1073 @
1% TN AgaE # €)1 9% e g 5 A et % fmin ¥ v 9 wwente wwe
" & 3IA Y, I P & am @ e iR e mn @ S wreenfret ) ohea
g e 1:03x10° o a1 6-49x10° =9 R)
Natural uranium found in the earth’s crust contains the isotopes 282U and
238 Uin the atomic ratio 7:3x1072 to 1. Assuming that at the time of formation

these two isotopes were produced equally, estimate the time since formation.
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Given that the mean lives of both the isotopes are 1-03x10° years and
6-49x10° years, respectively. 10

(d) T ge A8 Yeghiiem s (3e) F 0-19 wonys wfavd aw (HR) e i wHe ®
o1 0-18 TRETE ST AW ¥ag ¥ 1-2 mm I TEE W R 550 °C W FqE A a1 A
¥ Yood w1 UReed Hvg, aR 3@ aHM W oaw & YogfifEm A feeme o
525x10713 m? s7! ®| fow ™0 }, Al FCC et WHi, a =4-05 A.
% In an almost pure thick aluminium sheet, there are 0-19 atomic percent of
copper at the surface and 0-18 atomic percent at a depth of 1-2 mm from the
surface. Calculate the flux of the copper atoms from the surface at 550 °C,

if the diffusion coefficient of copper in aluminium at this temperature is
525x10"1% m?2 s~!. Given, Al FCC with lattice parameter, a =4:05 A. 10

" (e) aﬁsﬁaﬁqﬁmﬁmﬁ@mﬁm%ﬁawﬁmmﬁ%ﬁmﬁmﬁmBCC%
| a1 O N TH YT 428 A7)
Calculate the Hall coefficient of sodium based on the free electron model.
! Sodium has BCC structure and the side of the cube is 4:28 A. 10

| 6. (a) T dER S ¥ RAT AR oA g b R g9 § W T T o wa 7 i
| <iism)

Write down the Weizsacker mass formula for the nuclear binding energy. Give
short justification for each term of the formula. 20

(b) A aiaes w7 AW RifeE W SR SR 101 eV R ol T =300 K ® &
T I T R | WIS ST S ) WEEd @ A9 e § il ' R Rl )
feoquft Hifsm)

What is an intrinsic semiconductor? Intrinsic silicon has a band gap of 1-1 eV
and yet at T = 300 K, the conductivity is non-zero. Explain. Comment, with the

help of relevant expression, on the position of the Fermi level of an intrinsic
semiconductor. 15

() UF vads F afewew i, Neh gen um (Ffor & fomn) @ty () A % q i
guﬁa(ﬁmﬁﬁa)B%lgﬁgﬂﬁwaﬁﬁAf%a%qmmﬁmlgaWua%%m

I T 6 et FiR, Rk F=rla 98 TF dos B ®e FH B 21 A § aRadd % w
Ap # 8 A aREda R el i)

Consider an amplifier with an open-loop (no feedback) gain of A and a feedback
factor B. Derive the expression for the gain with feedback, A.. Derive the
condition for the amplifier with feedback to act as an oscillator. Comment on
the change in Af with a change in A. 15

7. (a) wﬁfﬁm%ﬁwmumz%mmﬁmwﬂngamﬁ%%ﬁmﬁwm
e Hifve |

Using the uncertainty principle AxAp 2 2, estimate the ground state energy of a

harmonic oscillator. 15
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(b) FHiE wam % foe sl (FgRwm) =y fag i
L3, L,]=0
7 oft ewise B8 (L xL) = ih L.
Prove the commutation relation for the angular momentum :
L%, L,]=0

> - -
Also show that (L xL)=ihL. 15

(c) T Teuwumoe a1 it feufest S, STataTTs siqr R % vg # frefafaa ®a d A s & -

-A B
Sl A=1-44x1073% gm? @ B=219x107115 g m!° ¥ gma s, R, v faEiem
F1 1 giEhed Hfm)
The potential energy of a diatomic molecule in terms of the interatomic spacing
R is given by

-A B
where A=144x10"2%Jm?2 and B=219x10"'° gm!®. Calculate the
equilibrium spacing, R, and the dissociation energy. 20

8. (a) TEGNA T H YW IR Fe F oA hl @R A TR HR)

Calculate the frequency of the electron in the first Bohr orbit of hydrogen atom. 15

(b) I UNTE H Y SHF A9E H Fwfaf¥a (FReR) e g % enur W anEsy)

What is Zeeman effect? Explain Zeeman effect on the basis of classical electron
theory. 15

() () R - (SR SRERERE) % A TEEeE A dRem 9% pp Sa i
BN et ygE sfufreT A gEfee A afifrnett ¥ afomht faw e w5 o
Sg@ )
(i) HoN h A =NafE § Wi IR iy A A ufirEt B Q) eem-eem @l |
et Fif)

(i) List the main reactions in the pp chain leading from hydrogen to helium
during stellar nucleosynthesis. Also mention the net effect of the

reactions. 10
(i) List in two separate columns, the quantities that are conserved and not
conserved in the weak interaction of particles. 10
* % K
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Assume suitable data, if considered necessary, and indicate the same clearly.
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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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10
10

10

.

.010 nm @, T TN
-

TATEIA T TH fowr

A beam of 12 eV electron is incident on a potential barrier of height 25 eV and -

width 0-05 nm. Calculate the. transmis_sion. coefficient.

Sttty & forg sravaes g

T & HT IqT T 5 {6 G Qg e fraat fadgq o
o st R | SR A fasheaw s=w quifs & ford |

h2

h2
me2
mez

SECTION ‘A’

ay

]

> et
TR o 2 | 3@ srmen # ufow oot & anifira s Y o ifo |

Normalised wave function of hydrogen atom for 1s state is

6A’

400 nm TGT-254 ) WFew T A 3 9 F o

e—r/ao
e where a,

3

0
being the Bohr radius. Calculate the expectation value of potential energy in this

state.

1
ra;
1

za

V1o
V100

BTESIS WATY &t 15 HTedT # Foagid & forg arariga o<1 wew fefofaa 2

spectral line of 400 nm wavelength when a spectrometer whose resolution is

Find the minimum magnetic field needed for the Zeeman effect to be observed in a
0-010 nm is used. Write the answer in the nearest high integer.

25 eV FATE 3R 0-5nm 91$E & fawa A9 | 126V

srraferd BT § | HERO1 OITeh <l TUET HIT |

1.(a)
1.(b)

1.(c)

zL.10z]  14.102 £v.ov || 0.9
zS.zg1| zS.zg1 Yo.59€ || 89
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1.(d)

1.(e)

2.(a)

2.(b)

2.(c)

O-ST%Wﬁmm%ﬁqaﬁiwmﬁmaﬁmlmm%
fir T ST T & FRO A Y@t d a geans | fadred e
e |

Calculate the Larmor precessional frequency for a magnetic induction field of 0-5 T.
Hence calculate the splitting in wave numbers of a spectral line due to normal
Zeeman effect for the same field. 10

HCI ¥ g Tvita aufsa (Sagw) & veen ufte 2118 om™ W foard &t R | sty
S TS Y AT FAT | BT TRATY T GeAHT 1:008 3R FARI TATY 6T
ZEAT 35-45 amu & W& amu TRATTOE FEAHTE SIS € |

The first line in the pure rotational spectrum of HCI appears at 21-18 cm!. Calculate
bond length of the molecule. Given atomic masses of H and Cl are 1-008 and
35-45 amu, respectively. 10

qrelt YT TRl &1 Suan gy fig Fife e,
() o,0,+0,0,=0; 0,0,+0,0,=0; 0,0,+0,0,=0
(i) o,0_=2(1+0;)

(i) o,+0p=io, & a*pry

Using Pauli spin matrices prove that,
(i) o,0,+0,0,=0; 0,0,+0,0,=0; 0,0,+0,0,= 0
(i) o,0_=2(1+0),)
(iii) o,+0p=ic, where a#f#y 8+6+6

T O & G SAFIETAT 1 ga ey o saeht et 002 em & i fraffa 6t
AR R | U Sl SR AT &1 3 3 # ST T I FEY S 153107 om
& R e = |

Find the uncertainty in the momentum of a particle when its position is determined

within 0-02 cm. Find also the uncertainty in the velocity of an electron and a-particle
respectively when they are located within 15% 108 cm. e &

& & 50A e AR Ia FATE & CHfHT B (FTE) A @R | HE
(FFE) & Fg W 15A F FaTa & fraR F0 & @rere it gwraen (wfisan)
o T T e el gaaw et @ feafa 7 e

A particle is moving in a one dimensional box of width 50A and infinite height.

Calculate the probability of finding the particle within an interval of 15A at the
centres of the box when it is in its state of least energy. 15
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3.(a)

3.(b)

3.(c)

4.(a)

3637A & IS @1 F €9 H ITART I Y T T o A qUIHA (TFgH) &l q@q
# 3980A W wiFg @1 faedt ® | Hiex ! zoE # ww fawamm (firee) &1 wan
U | Hefira Tara 3R Ut-weram aredl & forg A # 9w x4 ot worn g afe
IS 3T 6465A © |

In observing the Raman spectrum of a sample using 3637A as the exciting line, one
gets stoke line at 3980A. Deduce the Raman shift in m™ units. Compute the
wavelength in A for corresponding stokes and antistokes lines if the exciting line
is 6465A. 20

WSSVl A <l SATEAT HISTT | FThUT-FHedT J3HA & HIRUT BTg o - GATY] <l
WagHt (avisw) Xama & faures &t ==t Hifsg |

Explain spin-orbit coupling. Discuss the splitting of spectral lines of H-atom due to
spin-orbit coupling. 15

T 3 GASIEHAT ATl SAFe (| UKHIY # Gl IdAFgEl i FaTeH FEATU §;
m=8 h=4 5=}
n2=7 12':2 8= %

(i) L-STE A4S g L 1 Gl 7w Aforg sk J @ S |

(i) j-j T 1 AHEA TCJ FT G 74 A1 HIC |

The quantum numbers of two electrons in a two valence electron atom are;
n1=8 ll=4 =';'
n2=7 12 =2 Sz %

(i) Assuming L-S coupling, find the possible value of L and hence of J.
(ii) Assuming j-j coupling, find the possible values of J. 7+8

R -5 m, F T &0 6 TS St K @, quise for @t <t vl adresd
frafafaa gro fraffa 2

o e
VK (K +2myc?)]

;2 MeV RISt 3911 & UF ST & areed Y T0ET HIRT | afg K<< moc® &
at A &1 HH T B ?

HXS-B-PHY : 4



4.(b)

4.(c)

5.(a)

5.(b)

A particle of rest mass m, has a kinetic energy K, show that its de Broglie
wavelength is given by

hc

VIK(K+2mgc?)]
Hence calculate the wavelength of an electron of kinetic energy 2 MeV. What will

be the value of 4 if K<< myc®? 15

ﬁwﬁﬁaﬁmaﬁﬁmwmaﬁﬁmﬁuﬁmaﬁwmqﬁ
AdE F9 grETg e # 2 | ¥e o qufse fF aft s st e sEea @
2 @ wu  Pfafea @ & are fraea & wfisar s 16% (wfae@) 2 |

Calculate the probability of finding a simple harmonic oscillator within the classical
limits if the oscillator is in its normal state. Also show that if the oscillator is in its
normal state, then the probability of finding the particle outside the classical limits
is approximately 16%. 15

T 3R G AT WHTE T Fui g | awsTse F F' wEgiee wan |
FIEAT T HA IBT ST ¢ |

Describe normal and anomalous Zeeman effect. Explain how it lifts the degeneracy
in hydrogen atom. 20

gus ‘B’ SECTION ‘B’

A, -2 T U TR RIS 30° & S 1] IR TEe ShH & ST TR & I[erRal
%|97mwéﬁmqmi60°%%naﬁwwqﬁwm%m?hﬁ 2

m%ﬁm(ﬁw)@@mﬁwﬁ@%%az T 9E A

An X-ray beam of wavelength (4,) undergoes a first order Bragg reflection at a
Bragg angle of 30°. X-ray of wavelength 97 nm undergoes 3rd order reflection at a
Bragg angle of 60°. Consider that the two beams are reflected from the same set of
planes. Find the value of 4,. 10

ATafE o1l & ASh
ho
hw/kBT 7,

msﬁmaﬂﬁ frarze f5 s 6 fafie o aifan feafafes g
fautfa €;

2 holkgT
C=3R ho e :
kgT ( ehw/kBT_l)

U=3N

7 s fearzn fF T @ T smEeda @ fifire e arfiar ww qmgEE W e kst
& FATATE et ¢ |
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5.(c)

5.(d)

S.(e)

6.(a)

6.(b)

Using the expression for internal energy

U=3 N_L, show that Einstein specific heat capacity is given by;

h(D/kBT
e -1

2 holkgT
C=3R[ ha)) ( e

kB T ehw/kBT 2 1)2

Also show that Einstein specific heat capacity given above is proportional to

e "%sT at very low temperature. 10

p° IR K° FEH 1 & AR 2t 3R 2 # @ € € | gy 5 o0 w6 sitea
sﬁa-«rm(mlo-ﬁs)]c% taq St &1 (~1071%) & goren | Brer 71 2 |

p° and K° mesons both decay mostly to z* and 7. Explain why the mean lifetime
of p° is shorter (-~ 1023s) compared to the mean lifetime of K°(~101%). 10

forfeed Fare & 9% gQ F 5 a1 7 E 7
(a) ud (b) ud (c) dds (d) uss

What are the properties of the particles made up of the following quarks ?
@ ud (b) ud (c) dds  (d) uss 10

g StafraTd T gt € ? e & shifaes g A, fas e e sfwfear
grdt €, 9 F41 3 frered € 2

What are chain reactions ? What do you mean by critical size of the core in which
chain reaction takes place ? 10

T & FETTT 1 F9T Heed ¢ ¢ SINIA ohi Toreraw sraean & forg Aifem axfamor
&1 & WTH Y 3R sy fof 20 @& det aid A ag ax grar 2 |

What is the importance of study of deuteron ? Obtain the solution of Schrdinger
equation for ground state of deuteron and show that deuteron is a loosely bound
system. 20

qufsy f5 aififm @iw # q@ QAfm il & 9w =R o
ho=414"MeV BT # |

Show that in the nuclear shell model, the level spacing between major oscillator
shells is approximately Aw=414"">MeV. 15

HXS-B-PHY 6



6.(c)

7.(a)

7.(b)

7.(c)

8.(a)

i TR ¥ gRAT I 9d ¥ ? GHEEl & HER W I AR B TE FRY |

How many types of neutrinos exist ? How do they differ in their masses ? 15

B=49 F WA TH n-p-n TIER ITAME IcAH yatfs faer § =10V sk
Ry =2 kQ % gy fepan wmen | afy gifirees & womes ok MUR (99) & i
& 100 kQ RS g1 gAT R A Wi WITES AT Y A0AT B | A WY
Vge=0 |

An n-p-n transistor with =49 is used in common-emitter amplifier mode with
V..= 10V and R, = 2 kQ. If a 100 kQ resistor is connected between the collector and

the base of the transistor, calculate the quiescent collector current. Assume Vpp= 0.
20

aTfcadh JaedT | WAV YT ThivaH & 3d3ﬁ&rﬁwmsﬂa¢h@m%€§
FIVT I J R A7 FaTe Ture g & AT Y o Hiforg 3R I A H
0-5T % &1 & Fa® 0 91 & feya Aol &1 ot i faffca & & fog Fifog |

In the metallic state the transition metal scandium has a single electron in 3d
subshell. Calculate the values of total angular momentum J and the Lande splitting
factor g and use these values to determine the energy of the lowest energy dipole
moment in a field of 0-57. 20

6x10~* cm F A7e TE AR 1015 cm> & TrT Wigal & MG p-3a ffawia FET
¥ forq g diecar A o ifrg | fafasta @ wrEgars 12 fargsn @

Calculate the pinch-off voltage for n-channel silicon FET with a channel width of
6x10~4 cm and a donor concentration of 103 cm™. Given that dielectric constant of

silicon is 12. 10

feamd 1 uftuy & fog .4 9R @ =t @ifea S |

Vee
§ o ; R.=10kQ
B
—>IB Pt *
+ N _VCE
Vo —
Sketch the dc load line for the circuit shown. 10
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8.b)  UF 3 H Ng> rael it aq Figar gt ¢ O | yeAE H A 4 A% B @ |
7€ A U fh 78 s 102 m™ €, 1K R T3 &1 geehig yafa it aomn i |

A solid contains a dilute concentration of Nd** ions, each of which possess three 41
electrons. Assuming that there are 10 m3 of these ions, calculate the magnetic
susceptibility of the sample at 1K. 20

8.(c) ATARE TITAROT T TEAT Y ATEAT HITY SR TRIR T TOITh ht TRATS
Hifvrg | ==t Hifirg f5 form ofifeafdt § siafe swam gfen weapd @
AT ® |

Explain the phenomenon of internal conversion and define the internal conversion
coefficient. Discuss under what conditions the internal conversion process becomes
important. 20

HXS-B-PHY 8



faar<a DETACHABLE

CIVIL SERVICES (MAIN) EXAH-2022
(T-9=11)
PHYSICS (Paper II)

fAaifRa gaa : diT que 3Iferaam 3 : 250
Time Allowed : Three Hours Maximum Marks : 250

UEA-O wERT e sigew
IR W & qa frwfafga et =t woar smauigEs o -
TH A3 U § S qr @vet 7 fawfa € qun feedt ok sl ST W w9 gu €
IEfGIR A Fef q = WAl & IR oA © |
U @ 1 3R 5 Afad € qar Srh ue # ¥ 70 Gve ¥ FH-9-F0 UE U g die
Tl & W QI |
TS W /9 & o g s ses wme few ¥
E & IW IE Wiitga wremw # forg s =nfew free S suss waw-uw # e man R,
IR 30 AW H WE Iod@ UH-He-IR (F,H1.0.) gfErw & qEys w ffde wm w fEn
ST =Tfey | wiftea Aremw & sifafies s foedt wmemm # for@ @ SR R S s Al el |
Ay wEwEE |, q IuGF Atwsl & 59 Y U IE s A |
v d Sfeifad 9 T, W adT YISl yHEfod WG 39T A WO © |
T & SWI H IAUET FAGER H @A | afg FeT Tl 8, qA U F IR P 0T H SO

AMe 98 S Ava: feam w9 | ue-ve-Sw gfEr # @il S g3 Y a1 S6E 3V A TWE
w7 ¥ F I AT |

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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frafa & v w1 90 (o)
AR B FEHH (my,)
TR B AR (e)

wwﬁmm(i

me

forts Rrmf savasa 8 wod }

lu=1amu. =1.6605x107% kg -
W $ R 3R F9 (m,c?) -

To aem 3 Rgaiad )

T A A TR 1)
T R (R)
e FRR® (kp)
i R (h)

(L)
R 4 (wp)
e A )
T w1 RS (o)
WA 1 ¥=HH (m )
R W T (m,)

XA F ETH (my)
o-F F THA (mg)

12¢ =1y
120 w1 s=mH
8z Sr 1 F=WH
3He 1 F5H
F4R Py 3w (g))
o gl g (g,)

CRNA-S-PHY

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 (m,)
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><108 ms!
9.11x1073! kg
1.602x10712 ¢

1.76 x10'! C kg™!

9315 MeV

0-5110 MeV

8-8542x1072 C2N1m™
4nx107 NA™?

8-314 Jmol 1K1

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

1-0546x10"3# J s

9.274x1072* g 1!
5.051x10°%7 g 1!
1/137-03599

1-0072766 u = 1-6726 x10%” 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. T4T 3o H gAAH m=9-11x1031 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 # = 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 drEa H ET SR | [eE & 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 g Fefa @ofg e ok g & @i g6 & foag @2 g-FRe e
- 1 3R 2 % | 3P, s & QR &1 gAEA 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 Toeeiee SE9w & 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 3 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 15 ? 15

(i) TAT] R § weH-IRe™ WA F 3a e o 7
(i) 38 WART & ASHTEg ARG SH1EY AR ok & gia Gei it it | 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 HCIl are

0-1274 nm and 0-0264x107* kg.m? respectively. 15
4.(c) 0, IR o, AR F AEAIFA AtvEOE iUl B W@ HIC |
Obtain the normalized eigenvectors of o, and o, matrices. 15

«us ‘B’ SECTION ‘B’
5.(2) afe PERT oo Aay § @ @ R Th g 3R TE Wed aed e a9 ©
QA A e & fou a1er sEen ® AR R 7 9% gRAdH-gEasd ga 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

CRNA-S-PHY 6



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,
Ifermm wieRw, 3R wg-eae iy |

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 =t & ang
T a3t smwEar (fi-selt) ot R | st Qe fava grr sgefia 99 ek
K s wemsit B W 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

TATYSAT T FOR, THEAH el A §¢ AR o, sefelt stk ugpee st
& foq v tes Sifvsw (Fd) ARt & 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 FWETag g E g H fafau ik w@w 9e B e S |
TrERe & w0 35U W& o-Scaeis ® 3R b 9 B-Soasis @l ¢ 7
Write down the Weizsécker semi-emperical mass formula and explain each term.

Explain why 23§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 ® & SFRmal
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=afEaT os fou Soeerl B | 3R o afia @ S Fifsig
for zod @ ¥ e fam o Sewa gem |

(@ 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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CIVIL SBRVICES (MAIN)EXAM- 2023

faa<T DETACHABLE

'ﬁﬁiﬁ (T9=-T=11)

PHYSICS (Paper II)

Time Allowed : Three Hours

fRuiRa g : @i woe Ifeead 3ie : 250

Maximum Marks : 250

AIA- wFaret o srqew
I W F g el et = woa amaaTigds oF |
T TS U € S gt wvst # fawforr ¥ ar et w s SR A st g € |
SENGIR I Fof qI=r Ul o6 I e € |
W FE 1 3R 5 Ffad € Jur et ue # ¥ g @ve @ FH-9-FH TE U R @
T & IR S |
WE W /W & forg foga sie g g fog o €

Tl & IR I Wiitrha wrem # for@ 9 =rfen, R s e vav-uw § fan R,
R 36 AT H TE I T-He-Sw (FL,H.0.) e F qays | Fie wm w R
ST =TfeY | it wrem & sifafies s ol e § R U SR R A s et Al |

afe v B, 91 UG SAlehel 1 Fa HITT quT S S At |
S e Sfectfad 7 B, b TdT grael! y=ford WS AT H W € |

WAl % II HY AT FAEEAR B STEH | 3 wer T8 8, A W F SR S AET $ S
TR 98 IR ANA: @ 1 & | we-we-SR g § et Sie1 g 98 a1 96 v @ W
T F el FET A1 |

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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fonis R sravasn § awdt @

Redwm e g
TaA F TR (m,)
RARH AT ()

oo

lu=1amu =1.6605x107%7 kg

wRA A Romeen 3998 39 (m,c?)
7o st § frgeden €,)
A B IR (1)
s (R
Aeger R (kg)
s R () |

]
AR A fup)
TR MR i y)
i W RS (o)
TR %1 = (my,)
=R F 7EEA (my,)
YA 1 5 (my)
-5 BT TTHH (my)
12¢ w1 yomA
120 # x=mm
81 Sr w1 TAAW
3He 1 T
R TR AW (g,)
@ pigafia s (g,)

SKYC-B-PHY

3x10%® ms™!
9-11x107! kg
1-602x1071? C

1.76 x10'* Ckg!

9315 MeV

05110 MeV

8.8542x10712 2N m™?
anx107 NA?

8-314J mol ' K™
1-381x10™% gk!
6-626x10734 J s
1.0546x1073% J g
9.274x1072% g 71
5.051x10°% g 1!
1/137-03599

1-0072766 u = 1-6726 x107%" kg
1-0086652 u = 1-6749 x107%" kg
2-013553u

4-001506 u

12000000 u

15994915 u

86-99999 u

4002603 u

0 (FEF), 1 ()

-3-8260 (JZH), 55856 (d1H)



Coanstants which may be needed

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

Specific charge of electron (—f‘)
m,

luslamu =1.6605x10"%7 kg
Rest mass éncrgy of electron (m,cz)
Permittivity in free space (gq)
- Permeability of free space {u,)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)

#
Bohr magneton {ip)
Nuclear magneton {uy)
Fine structure constant ()
Mass of proton mp)
Mass of neutron (m,)
Mass of deuteron {my)
Mass of a-particle (m,)
Mass of 1§c
Mass of 1§0
Mass of gZSr
Mass of 3He
Orbital gyromagnetic ratio (g,)
Spin gyromagnetic ratio (g,)

3x10% ms™!
9-11x1073! kg
1.602x1071% ¢

1-76x10* C kg™

931-5 MeV

0-5110 MeV

8-8542x1072 C2N 1 m2
4nx1077 NA™?

8-314J mol"tK!

1-381x107% gk-!
6-626x107H J g

1.0546x10"¥ J 5

9:274x107%* g 1!
5.051x10"% g 1!
1/137-03599

1-0072766 u = 1-6726 x107%7 kg
1-0086652 u = 1-6749 x10~%7 kg
2-013553 u

4001506 u

12000000 u

15994915 u .

8699999 u

4002603 u

0 {neutron), 1 (proton) -
~3-8260 (neutron), 55856 (proton)
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1.(a)

1.(b)

1.(¢c)

1.(d)

qus ‘A’ SECTION ‘A’
TE T @l I fawa F9 H @ R T Rl & fou g fag st d o )
(i) T 100 g & g S 5 m =it @1 R yfqafia € |
(ii) T TS GAT] S 2x10710 m Sersh R wfitaa ® |
(iii) TH FoFeE S 10710 m vy # wfhEfia @ )
o aege % oy g fog el o wee H A€ R 7 e @ |
Calculate the zero point energy for a particle in an infinite potential well for the
following cases :
(1) a 100 g ball confined on a 5 m long line.
(ii) an oxygen atom confined to a 2x107'0 m lattice.

(iii) an electron confined to a 1071 m atom.
Why zero point energy is not important for macroscopic objects ? Comment. 10

SHH m 3R A g T Teh T Ush UHiaHT Tad] Qleieh fa9d & WHTG & e
el § | A <R 76 3@ vw R fora o £ wn o ® | el @ ww @

2

%ﬁ?cﬁﬁ'qﬂH=-§—+—21—mw2X2—qEX TRT Wed © | &0 pth SAfoa s@edm &
m

fora oot ot 3R TR WerR WE hifo |

Consider a particle of mass m and charge ¢ moving under the influence of a
one dimensional harmonic oscillator potential. Assume it is placed in a

constant electric field E. The Hamiltonian of this particle is therefore given by
2

1
H= zﬁ— + Emw2 X = gEX. Obtain the energy expression and the wave function of
m

the nth excited state of the particle. 10

SHHT m < Teh U ALeATH g o Mg GAfG srades fawa # 8 | g Foig @aw
H Q aReg staemit & o smaws fawa it EaR e w1 AR |
A particle of mass m is in a spherically symmetric attractive potential of radius a.

Find the minimum depth of the potential needed to have two bound states of zero
angular momentum. 10

ATTHM 400 k W Th 3G & I SIEgo TATSHT &l Tk o T -TTeidh WA
A, foeh e it =TS | m T R FEUIET 87 10 2ET /HieX ®, WS A # |
36 fog R St 4 97w A Bisar 7, agwed fagwor f o Fiw |

A beam of hydrogen atoms emitted from an oven at 400k is sent through a
Stern-Gerlach experiment having magnet of length 1 m and a gradient field of
10 tesla/m. Calculate the transverse deflection of an atom at the point where the
beam leaves the magnet. 10
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1.(e)

2.(a)

2.(b)

uﬁ@maﬁo-lweber/mz?ﬁﬁmaﬁmaﬁﬁ?@%,ﬂa@ﬁqﬁﬂﬁh
AT H /=3 HaedT § & h RERT B R T d Al Hi e R |

e mn @ o somgm &1 e st gEhia & @ 30° @ I ST € |

If an atom is placed in a magnetic field of strength 0-1 weber/m?, then calculate the
rate of precession and torque on an electron with /=3 in the atom.

Given that the magnetic moment of the electron makes an angle of 30° with the
magnetic field. 10

QA T 1 & FO A IREARE R A TF §FRE P=a+bo, 0,  quET T
? Wl 0 T b OIS W 0, 0,3 TEHET F U AR T | FA TEH i
F S=5,+5,=1h@,+3,) ¥ | i 5 P, S2Ud S, & TH 9 W R
S wHAT R

An operator P describing the interaction of two spin % particles is P=a +b(_7)]-5)2,

where a and b are constants, and 0, and o, are Pauli matrices of the two spins.
- -2 -

The total spin angular momentum S =S, +S, =3k (5"l + 5')2). Show that P, §2 and
S, can be measured simultaneously. 15

TR AifSw fof m gemmm & 3R wifost ot £ % @it &t ue aw)T gareTs x-feem #
& fawe seRiys ft R wfmg © |

V(x)=0 for x<0

V(x)=3TE for x>0

x=0 IR qEfda HO & AY Ad hR |

Consider a stream of particles of mass m each moving in the positive x-direction with
kinetic energy E towards the potential barrier

V(x)=0 for x<0
V(x)= % for x>0
Find the fraction of particles reflected at x = 0. 15
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2.(c)

3.(a)

0, 0<x<a

e o, fawa v(x) =
oo, Tl Tl WG

qw
(a) mmwuﬁawﬁsﬁﬁamﬁaﬁmﬁﬁmm@rﬁﬁl
ECIE

(i) TF PRH TF 9 F AR UReg € e @R a=101"m R |
(i) 1 g A JAEHR &1 S AHR @ =10 cm & a= § TR ® |
b) TR A ™ A Fad F ol Fiew e F wea H = HoA |

(c) Fffraar figia &1 WA 9= Todgl @ JUIR H1g F J H ATeherd Hiod |

0, 0<x<a
Consider the potential V' (x) =
oo, elsewhere

(a) Estimate the energies of the ground state as well as those of the first and the
second excited states for

(i) an electron enclosed in a box of size a = 10710 m.
(i) a 1 g metallic sphere which is moving in a box of size a =10 cm.
(b) Discuss the importance of the Quantum effects for both of these systems.

(c) Estimate the velocities of the electron and the metallic sphere using uncertainty
principle. 20

AT T AN Wiew F R 7 ARy WA Aied f wa e f wd-edE
WIN R fRE WeR S i TE A 7

What is vector atom model ? How the principal features of vector atom model were
explained by Stern-Gerlach experiment ? 5+10=15

SKYC-B-PHY 6



3.(b)

3.(c)

4.(a)

4.(b)

4.(c)

dAS g HFex T § ? 6C WA & 2p3s fomE & 3P 'R F forw ot g HER

AR HRT | S WA S 0-1 tesla & oTel Tl & § @ 9 Al &R &
fawrsm & ot oET W

What is Lande’s g factor ? Evaluate the Lande’s g factor for the 3P; level in the
2p3s configuration of the °C atom. Also calculate the splitting of the level when the
atom is placed in an external magnetic field of 0-1 tesla. 5+5+5=15

WA YHE FT 8 ? T TAE & Fien g T @ auishA (SFed) 6t Uil a5
& e i |

What is Raman effect ? Explain Quantum theory of Raman effect and Rotational
Structure of a Raman spectrum. 5+10+5=20

x-dE & sgfew wfasfier 3R 0 < x < L W (3WA) # wfvefia & Fo @
TATEHAA W(x)=sin(%c) ®; Rl n TH QU B | TOTHAA Al FETHIRATEROT
HIFT 3R FoIh FHT F AT A H TR HI |

A particle constrained to move along x-axis in the domain 0 < x < L has a wave
: . ( nmx : : : x
function y(x) = S“‘(T)’ where 7 is an integer. Normalize the wave function and

evaluate the expectation value of momentum of the particle. 15

BIEZIOM TRATY i 2p AT & Zog & oY T8 GHITET G0 T Jedie v |
W 0 R B wifiear e w7 ® 2

Evaluate the most probable distance of the electron of the hydrogen atom in its
2p state. What is the radial probability density at that distance ? 15

AT Trerhia ATG T ® 7 3 wEeRl fagra iR greha e @i
WOl # 3Gk SUANT &1 Ui hiford |

What is nuclear magnetic resonance ? Explain its working principle and use in
magnetic resonance imaging systems. 5+5+10=20
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5.(a)

5.(b)

5:(c)

«us ‘B’ SECTION ‘B’
9 g veR i +8 5 v, 1@ v, @ faftm yer & @ € 2

How could you establish that v, and V. are two different particles ? 10

fra Sham #§ 6 ¢ @A 4C @ SER g9 ® 27 &9 Wi e @, Sl 9y
R 7

14
e o % ﬁg &1 FqUE=13x1073, C § 7g-31g (T;,) = 5730 = |

What is the age of a fossil that contains 6 g of carbon 14C and has a decay rate of
27 decays per minute ?

14
Given : Ratio Wg =13x 107", Half life (7j/,) of *C =5730 yrs. 10

I A Tt @ A FitR s gr feafafaa Tifida e afeq €@ € -
) Kt—> 0"+ +IT

() Mr+p —— M +II" +n

(i) M+p > AT >IT +p
(iv) Z°——> A°+y

V) Y —— A°+e" +ve

(Vi) K+p— K +K°+Q"
(vi)) TI°—— y+e'+e”
(viii) Y —— n+e +7

(ix) A°—— pt+e +V

x) ef+e—> v+y

Name the interactions via which the above nuclear decays occur : 1x10=10

SKYC-B-PHY 8



5.(d)

5.(e)

6.(a)

6.(b)

6.(c)

7.(a)

7.(b)

A STl ATURIT N STAN Ik faactq h wal it Fafa iR | 31 @l =
frer &9 | ST ST @ 2

Derive diffraction conditions using reciprocal lattice concept. What are these
conditions known as ? 10

Y fof Rl &R 2-UaR & AeEeE § IR A RE 96T o9 F ASerE et
AT 8 3R p ISR & e H AR H RE GENEdT 98 & A e
B ® |

Show that the Fermi level shifts upward, closer to the conduction band in an
n-type semiconductor and shifts downward, closer to the valence band in a
p-type semiconductor. ' 10

HAE ANTRMAT Td Tlehl Sl A -0l & forg Tedrd & wehroir afkes & g
& i difs |

Establish the Rutherford’s scattering cross section formula for a-particle by
considering the standard assumptions and symbols. 20

ATfHeE I ATHE A 10712 cm & TAJE TS W Teh TG S A IR FoAaH
TR R AMST ARA-56 TR & gfFasria h afest Foit e Kl |

By assuming the nucleus as a cubical box of length equal to the nuclear diameter
10712 cm, calculate the kinetic energy of the highest level occupied nucleon of
iron-56 nucleus. 15

Tifih st @ a9 F@n wwEa © ¢ At s & val figea i amen fife |

What do you understand by nuclear forces ? Explain meson theory of exchange
forces. 5+10=15

wiagrasa & faufafesa fagia A s ity | qufze i afogreda et
Wi HY A G & GATIT B € | Toh WA & Gt e wiorreehed
H ANGE T aRS ® ?

Explain classical theory of diamagnetism. Show that the susceptibility of

diamagnetic substances is directly proportional to the atomic number. Why all the
electrons in an atom contribute to diamagnetism ? 5+8+2=15

fear faga @ & 3| wd f fafire sw & fog <o v = ok feame fn
WA HA & qe foraar wa R | smseers fagia f qamn # e fagia § wew
Hecaqul srfsawen w@r g 7 feard figia & w9 ol R 7

Derive an expression for the specific heat of a solid based on the Debye theory and
show how it agrees with the experimental values. What is the most important
assumption of Debye theory in comparison to Einstein theory ? Is there any
drawback of Debye theory ? 15+3+2=20
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7.1c)

8.(a)

8.(b)

8.(c)

s W aRug ARG F AT dA-foret Serer H w1 gumedt H amen S |

With a neat circuit diagram, explain the working of Wien-Bridge oscillator. 15

g & HfE TFR & A9 & @ ACWE g 7 Ak R Hogen
fadrwarstt &0 quiq Hifeg |

What do you understand by the critical size of a reactor ? Explain the main features
of nuclear reactors. 5+15=20

FREEEAT T T 7 AEER UNE § wren wiie | afees 9ol ®@ us
wfrgreda Ted 3 € 7

What is superconductivity ? Explain Meissner effect. Why superconductors should
be a diamagnetic material ? 15

(i) Tufe g ot & wads @ Fraeh sk forfa wftamnst & wm faffa fifv@
dfFarers wads & Janfie ¥ OFHER Z,=2MQ, Z, =75Q 3R 4,
(genm wTy dieedr ) =200,000 € |

(ii) §9a TN diecal A9 H AE WH HIC |

Rf
220kQ

%10 kQ

(i) Determine the input and output impedances of the amplifier in given figure.
The op-amp datasheet gives Z,=2MQ, Z,,=75Q and 4, = 200,000
(open loop voltage gain). 10

(ii) Find the closed-loop voltage gain. 5
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