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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 questi ons 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 su.itable 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 clearl y struck off. 

Attempts of questions shall be counted in sequential order. Unless sh·uck off, attempt of a question 

shall be counted even if attempted partly. 
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sth-d-phy 

Constants which may be needed 

Velocity. of li ght in vacuum (c) = J xi08 ms-:1 

Mass of electron (fie) = 9·11X}0-31 kg 

Charge of electron (e) = 1·602x lo- 19 C 

Specific charge.of electron ( ｾＧ＠ J = 1·76x1011 C kg- l 

1 u = 1 a.m.u. = 1·6605x 10-27 kg = 931·5MeV 

Rest mass energy ·of electron (mcc2) = 0·5110 MeV 

Permittivity in free space (eo) = 8·8542x 1 o-12 C2W 1m-2 

Permeability of free space (J.lo) = 4nx 10-7 N A-2 

Gas constant (R) = 8·314 J mol- 1 K- 1 

Boltzmann constant (k8) = 1·381x 10-23 JK- 1 

Planck constant (h) = 6·626x 10-34 J s 

(1i) = 1·0546x 1 o-34 J s 

Bohr magneton (J.ls) = 9·274x10-24 J r 1· 

Nuclear magneton (J.lN) = 5·051xlo-27 J r 1 

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

Mass of proton (Mp) = 1·0072766 u = 1·6726x 1 o-27 kg 

Mass of neutron (Mn) - 1·0086652 U = 1·6749x 10- 2( kg 

Mass of deuteron (Md) = 2·013553 u 

Mass of a -particle (Ma) = 4·001506 u 

Mass of Ｑ ｾｃ＠ = 12·000000 u 

Mass of Ｑ ｾ Ｐ＠ = 15·994915 u 

Mass of ｾｾ ｓｲ＠ = 86·99999 u 

Mass of iHe = 4·002603 u 

ｾ＠ fGt i1 chl ｡ｮ･ｮｴｾ＠ 4"1("11 m ft ｾｦｦｩ＠ ｾ＠

ｾ＠ ｾ＠ ＾ｦｃｦｩｔｾｔ＠ ·Cfif ｾ＠ (c) = 3x 108 ms- 1 

ｾｾｃｦｾｔＧＱ＠ CfiT ｾＦｉｊＴＱＧＱ＠ (me) 

ｾｾｃｦｾｔＧＱ＠ CfiT ｾｾｔ＠ (e) 

ｾｩｬＧｦ｜ＡＺＱｾ＠ q;r ｦ＼ｬｦｴｾ＠ Ｓｦｦ＼ｴｾｲ＠ ( ｾ Ｎ＠ J 
1 t1 = 1 a.m.u. = 1·6605x 10-27 kg 

ｾｾｃｦｾｔＧＱ＠ ｾ＠ ｦ｣ｬ＼Ｚｴｊｏｩ ﾷ Ｈ ｱｾ＠ ｾｾｾ＠ 1'1 ｾ＠ (m0c
2) 

:Iffi Ｓｬｬ｣ｦＱｔｾｔ＠ ｾ＠ ｾｾｦｴ｣［ｲ｣ｮ＠ (eo) 

2 

= 

= 

= 

= 

= 

= 

9· 11 X 10-3 I kg 

1·602x10- 19 C 

·1·76x 1011 C kg- 1 

931·5 MeV 

0·5110 MeV 

8·8542x 10- 12 C2N- 1m-2 
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,_ "T11 31TCfiHT cfil q ｉ Ｈ ｾ＠ I J:0£1 d l (!-lo) = 4nx 10-7 N A -2 

fh:T ｦ＿ｾ＠ (R) = 8·314 J mol- 1 K 1 

ｾｾｾＨｫｳＩ＠ = '1·381xJ0-23 J K- 1 

ｾｮｾＨｨＩ＠ = 6·626x 10-341 s 

(1i) = 1·0546x 1 o-34 J s 

ｾ＠ 4 ｾ＠ c:T '1 (!-lo) = 9·274x 10-24 J r ' 
ｾ＠ Ｔｾ､ＧＱ＠ Ｈ ｾｊＮ ｎＩＮ＠ - 5·051 x 10-27 J r 1 

ｴｬｾＧｬｬ＠ ｾＧ＼ｾＧＱＱ＠ ｾＨ｡Ｉ＠ = 11137·03599 

Sll d <i CfiT ｾ ｏｬ ｐＢｴ＠ 1'1 (Mp) = 1 ·0072 7 66 u = 1 ·6726 x 1 o-27 kg 

rl{$;l'1 CfiT ｾｯﾣｬｳＺｊ ｉＧＱ＠ (M 11) 
= 1·0086652 u = 1·6749x 10-27 kg 

$i[C:d'1 CfiT ｾ ｯ ﾣｬｳＺｊ ｉＧＱ＠ ＨｍｲｾＩ＠ = 2·013553 u 

a-CfiUT CfiT ｾｏｬＡ＠ S111 (Ma.) = 4·001506 u 

1 ｾ ｃ＠ CfiT ｾ＠ o£l s:JH = 12·000000 u 

Ｇ ｾ ｯ＠ CfiT ｾｏｬｻｊｏｏｉ ｉＧＱ＠ = 15·994915 u 

ｾｾ ｓｲ＠ CfiT ｾｒ＠ = 86·99999 u 

i He CfiT ｾ＠ o£l s:JH = 4·002603 u 

(<!IUs 'A' SECTION 'A' 

1. (a) ｾ＠ mo u 4·0 ke.Y ｾ ｾｭ＠ ｾ ｲ＠ ｦｃｦｩＨｏ ｉ ｾ｜ｩｦ＠ 50·0 ･ｭｾｾｾ＠ c:rifc: ｾ＠ 311Yrn<"1 ｾ＠ I Ｇｑ ｉ ｾ［［［ＱＧＱ｣ｳｴｾｦ＠ ｾ＠

ｾｾ＠ fti;s;:l .. a ｾ＠ ｃｗｕｔｾｒ＠ ｦ｣ｮ＼Ｚｶ ｬ ｾ｜ｩｦ＠ ｾｾｭ＠ ｣ｨｬｍｾ＠ I . 

A beam of 4·0 ke V electrons from a sou:ce is incident on a target 50·0 em away. 

Find the radius of the ･ ｬ ･ ｾｴｔｯｮ＠ beamspot due to I-ieisenberg's uncertainty principle. 10 

1. (b) ｾ＠ 10 ｮｭｾｴ＠ ＱＭｾｦ｣ｲＧｬｬｃｲ＼ｦｃｦＧｂ＠ ｾｬ ｲｮｳＺｊ ｉ Ｑ＠ ｾｾｾＭｱｦＧ ｻＥ ｾｾｦ［ｲｱ［ Ｑ＠ RJ00'1(1s:J ｾ＠

cnT ｾｾ＠ cRl f"l ｾ＠ I 

Calculate the lowest energy of an e lectTon confined ·to move in a !-dimensional potential well of 

width 10 nm. 10 

1. (c) ｾ ｭ＠ ｱ ｻｳＺｊｉｾ＠ <iT ＾ｲｾ＠ \3flf"1C1 rnzrr 'B cnm ｾｬｔｕｔ＠ ｾ＠ ｾ＠ ｾｒ＠ ･ｦｴ ｾ ｾ＠ ｡ ｻ ｾｬｾＭ｣Ｔ＠

Cfil 311 Cfl C'\1. ct?i f"l ｾ＠ I . 

Estimate the de Brogli e wavelength o r the electron orbitting in the fir st excited state of the 

hydrogen atom. 10 

l.' (d) ｾ ｾ ｾ＠ fcn B I JOOI I.-£1 (fTq' ｾ＠ ｾ＠ "Jtt<:p:[ 3ITCI1T( ｾ＠ 310J ｾ＠ ｾ＠ R ChC:CI dT ｾ＠ ttRT 'B ｾ＠ fi ｾ＠ S1 0 i1 ｾ＠
m ｾｾｩｨｳｲｵｔ＠ ｾｾ ＱＱＱｬ＠ oom ｾ＠ ､ＱＤＱ｡ ｬ ｾ＠ 9)C111,*b Ccst<lcst« ･ｦｴＩ ｾｾ＠ 1 

Show that the l.ines in the absorption spectra corresponding to the rotational transitions from two 

adjacent. energy levels of a medium s ized molecu le at room temperature have comparable 

intensities. 10 
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1. (e) ｾｦ｣ｮ＠ HC13fOJ ｃｦＱｔｾ＠ Rllct jq:; = 516 ｎｭ Ｍ Ｑ ｾ＠ I 3fOJ ｾ＠ ｃｦｩＢｐＱｲｦ｣ｒｔｾｦ｣ｲｭ＠ ｣ｒｔ｣ｗｲ Ｍ ｾｒｴｲｦｦｩ［｡＠

ch'l ｍｾ＠ I fl ll"fl.- £1 dfq" lR HCI 3fOJ ｾ＠ ｾ＠ ｾｬ］ｦ＠ -B fCflctrll ti SfiJOOfOI oom ｾｾ｣ｒｔ＠ 3THTI cRt \1fT 

ｾｾ Ｍ ＿＠

Given the force constant of HCl molecule = 516 Nm- 1
, 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 

2. (a) 2p 3TcrFrr ｾ＠ ｾｭ＠ q<:JOOtt'!! ｣ｒｔｾｾ＠ ｾｦｲｦ＠ cRT ｓＡｬｾ｣ｮ､ｬＢｦ＠ ｾ＠ Cf1T 3llcn(171 ｣€ｬｦＭｬＱｾ＠ 1 ｷｾ＠

lR ｾｾｃｦ＼［ＨｬＧＢｬ＠ ｾ＠ ｾ＠ \ifR cRT ·S! Ｑｾ｣ｮ ｣ｴ＠ 1 CflfT ｾ＠ ? 

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 

2. (b) il ｾ ｾＱ ｜＠ f!Blcn\01 C11T ｜Ｓｱｾｬｾｬ＠ ｾ＠ ｾＧ＠ ｾ＠ 1-fcn:ft<:r ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾｾ＠

ｾ＠ 3lR ｾ･ｊｏｔｃｦｩ＠ 11Al"cn1 m ｣€ｬｦＭｩＱｾ＠ 1 ｾ＠ cfR ｾ＠ 3mmif ｾ＠ ｾｾ＠ ｾ＠ ｾ＠

ｩｬＢｨｬｾ｣ｴｬ＠ ｾ＠ {@ lf:.et?l ｣ｳ ｆＱＱ ｾｬＡ＾＠ I 
Using Schrodinger equation, obtain the eigenfunctions and eigenvalues of energy for a 
! -dimensional harmonic oscillator. Sketch the profiles of eigenfunctions for first three energy 
states. 20 

2. (c) ｾ＠ 0·1 nm ｾｾＺｩｴ＼Ｚ＠ 4·0 eV ｾ＠ ｦ｣ｲｾｾＭ｣ｮｲｲｾＭ｜＠ ｾ＠ｾ＠ ｾ＠ 1·0 eV ｾ＠ ｾ＠ ｾ＠ ｾｦｲｦ＠ ｾ＠ q Ｑ ｜ｾ ｬｬＢｦｲｪ＠ eft 
S! ｉｾ＠ Cfl ct I CfiT q f<Cfl C1 rj c:{)1 f-l1 ｾ＠ I 
Calculate the probability of ｴｲ｡ｮｳｭｩ ｳｳ ｩｯｾ＠ of an electron of 1·0 e V eqergy through a potential 
barrier of 4·0 e V and 0·1 nm ｷｩ､ｴｨ ｾ＠ 10 

3. (a) ｾ＠ ｾ＠ ｾ＠ cfiT flf51£lct 1 "« fclCffl 3lR ｾＭｦ｣ｬｃｦｦｬ＠ '\iFf S!<fi'lofrj -cnT ｦｩｬＢｦＤＱＱ ｾｾ＠ 1 ｾ＠ ｾＭｱ＼Ｚｊｏｏｴｩｍ｣ｮ＠

3fOJ ｾ＠ ｾＬ＠ l{u frji,JOOtcn .. ｾＦＭＱＱ＠ ti<:'il'"ll ｾ＠ ｭｾ＠ Ｇ｜ｩｆｦｾｾ＠ eft tiSfiJOOtOI ｾｭ＠ ｾ＠ ｾ＠ ｾ＠ m 
｣ｦｩｬｦ｜ＱＱｾ＠ 3Th: ;mr: UlCffl oom eft cWr ｾｭ＠ "cn1 m ｣ｨＱｦＭｩＱｾ＠ I 

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 
fi ne structure and hence the ·wave numbers of the Stokes li nes. 20 

3. (b) fll"f $11 ｾｾ＠ fcn ｾ＠ cmur ¥9 '\iFf ｾＧｬＴＱ＠ -B ｾ＠ ｾ＠ ｾｭ＠ Mi fll"f ct (1 q-fcrd" "tTT<ft ｾ＠ ｾ Ｌ＠

ｾ＠ \3=d"1Cfl fc1fq:;<:ol ｾｦ｣ｦＺ＠ Ｓｔｾ＠ mm ｾ＠ 1 

Explain why ｬｩｾ･ ｳ＠ in some Rama:q spectra are found to be plane polarized to different extents 
even though_ the ｾｸ｣ｩｴｩｮｧ＠ radiation is completely unpolarized ? 10 

3. (c) ｾ Ｍ｣ｮｦ ＮＭ ｜ｓ ｲｪ＠ m " 1.-ct cnr ｃｦｩｾ＠ ｣ｨｬｍｾ＠ 1 ｾ＠ cni.-\Srj ｾ＠ cQ ｭｾ＠ ｃｦｩｬｦＭｬＱｾ＠ 1 ｏﾣｬＢｃｦＢｦｾﾭ

ｾ＠ {@ I f:.q ?I Cf1T Ｍｾｦ､＠ l4 I (1 ｾ＠ S,'l!> \3 =d ｦｾ＠ ct ｾｭｩｦ＠ ｾ＠ &fll ｾ＠ "h C1 fCI ｾ＠ q ｾ＠ CfTC1l S! fu en fu 3ft\ 
ｾｗｦｵ＠ q f<\:l C: rj I m eft 0£11 @II ch'l f"l ｾ＠ 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 

4. (a) tll"f $1 1 ｾｾ＠ fcn ｾ＠ Cfif{UT Cfll o A £l ｾ＠ ｾ＠ Cf1f (L 2) 3ft\ L ｾ＠ ｾ＠ (Lx, Ly, Lz) "B "« ｾ＠ ｾＬ＠ -.ffir ｾ＠
ｒＧｾｭｾｾ Ｍ ｾ＠

Explain why the square of the angular momentum (L2
) and only one of the components 

(Lx, Ly, LJ of L are regarded as constants of motion. 15 
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4. (b) ｾ＠ ｩｪＩｾｇｬｩＺｦｬｬﾣＱ＠ ｾ＠ (NMR) ｾ＠ fti<S;:Ird ｣ｯｬｾｾｾｾ＠ cfiT ｴｬｾｬｴｬ､ｬ＠ ｾ＠ ｴｬｳＺｴＤＱＱｾｾ＠ I 

NMR col ｾｲｮ＠ ｾ＠ ｾ＠ ｾｭ＠ ｾ＠ ｜Ｓｾ Ｑｾ｜ｯｬ＠ ｾ＠ I ｾ＠ NMR ｾ ｔｩｴ＠ CFn ｾ＠ RtSq;t{ 
frlq; l(:! ｜ｩｦｦｾｾ＠ ? 

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

4. (c) ｾ＠ NMR ｾ＠ ｾ＠ ｾｭ＠ ｱ Ｎ ＼Ｚａ ｉ ｾｭ＠ -q-<: 5·0 T Cf1T ｩｪＩｾ＼ｓＡ｣ｨｬｴｬ＠ ｾ＠ ｾ＠ fcn<n \1ffifT ｾ＠ I ｾｭ＠
q{tJ 1'1 ｾ＠ ｾ＠ cfiT ｾ＠ ){'i(Sf)OI ＨｾＩ＠ ＳＱ｣ｦｦｾｭ＠ 3ft<: NMR ｾ＠ rn-q ＳｦＡｃｦｾ＼ＺｦＢｃｦＩ＠ fc1 fCfl<O I cRT 3Wffu ｾ＠
-iRr ｾ＠ ｾ＠ rn (kJ/mol) f.lmfuf ch1 ｦＧＢＧｾ＠ 1 

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 

<gog 'B' . SECTION 'B' 
5. (a) ｾ＠ c:rifc: (-ffim') -q-<: Jilqfua 10 'MeV ｾ＠ ｾ＠ 3WflT Cfi'Ul1 ｾ＠ ｾｾＧｃｨＱｯａｴｾ＠ ＨＧｇＧｾｾＩ＠ stch1of'1 Cfil 

ｾｦ､ａ＠ I <1 ｾ＠ ｾ＠ -ffim' ( Z = 82) cfiT ｾ＠ ｾ＠ cfiT CliTR Cfi1 3i I Cfn1 '1 chl f\11 ｾ＠ I 
｛ｾ＠ ｾ＠ ｾ＠ : (4n-E0f

1 = 9x 109 Nm2C-2] 

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: (4n-E0f

1 = 9x 109 Nm2C-2] · 10 

5. (b) ｾｾＧ｣ｒｴ＠ ｾｾｔ＠ ｦｃＱｃＱｲｾｃＱＱ＠ JTR ｾｾｔ＠ ｴＡａｾｦ｡＠ ｾ＠ ｾ＠ ｦ｣ｲｾ＠ chlf\JICJ> ｉｾ＠ ｩｴ ﾷ ｾｾ＠ m 
ｾ＠ ｜ＳｾＱｾ｜ｵ ｬ＠ ｾ＠ I 

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

5. (c) Ｍｂｾ＠ ｾ＠ Cf'O'R ｣ＺｒｬｦＢＧｾ＠ fcfi m- ｾ＠ ＱＳＭｾ＠ ｾ＠ ｾ＠ ｾ＠ \31.'{'j €l'1 CfiT !'114'1 fl iChC1: ｾ＠ ｾ＠ m ? 3rr:t 
Ｇｾｲｦｭ＠ ｾＭ ｾ＠ m-a ｾＧ＠ ･ｮｾ＠ it CFn ｾ､＠ ｾ Ｎ＠ ? 

Describe briefly how parity vLOlation in 13-decay was experimentally observed? What do you 
understand by the statement, 'neutrinos are left-handed' ? 10 

5.(d) ｾ＠ 3lt'iii<1Cf1 ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾｒ＠ ｾｾｾＨｅＩ＠ 3fu: ｾ＠ ｾｾｔＨｫＩ＠ ｾ＠ m ｾ＠
h2k2 

ｾ＠ E = a lT1 ｾ＠ a 'lJ>CI1 ｒｾ＠ ｾ＠ 3fu: m0 ｾ＠ ｾｦＮＺｲ＠ Cfi1 ｾＰﾣＡ＠ A I '1 I ｾｔＧＱ＠ ｾ＠ >rmcn 
0 . 

ｾ＠ O£l A 1'1 Cfi1 q f<: Cf1 C1 '1 cRl f\JI ｾ＠ I 

The energy (E) and wave vector (k) for a conduction band e lectTon in a semiconductor arc re lated 
h2k2 ｾ＠

as E =a- - where a is a constant and m0 is the free electron mass. Calculate the effective mo . 
mass of the electron. 10 
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'5. (e) 

Output 

ｦ｣ｬ］｣Ｚｴｬｦ＼ｾ＠ ｾ＠ ｾ＠ "lfm ｾｦｓｆｬｾｬＬＫｩｃｦｩ＠ )fqt:fq:; -qftqq: 

ｾ＠ "lfm ｾＬ＠ R1 = 10 kO, ｾ＠ = 150 kO 3fR >fCft:fcl:; ｾ＠ ｾ＠ ｾ＠ ｾ＠ 3fR ｾ＠ ｾ＠ ｾ＠ q1T 

!J)O I '"I Y1t1 = 106 Hz I ^ｦｃｦｾ＠ cfiT ｾ＠ ｾ＠ ｾ＠ ［ＺｦｴｾＱｻ＠ frrmfu:r cfl f\j\ ｾ＠ I -

Consider the ｯｰ･ｲｾｴｩｯｮ｡ｬ＠ amplifier circuit given above : 

Given, R1 = 10 kO, ｾ＠ = 150 kO and the product of the open loop gain of the amplifi er and its 

bandwidth·= 106 Hz. Determine the closed loop bandwidth of the amplifier. 10 

6. (a) (i) ｾＱＧＱ＠ ｾ＠ G) ｔｔｾ＠ ｾ＠ ｦｾ＠ f<SI ｾ＠ "fl 31 -Ch .. ｾＧＩ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ 3i ffa c=q CfiT ｴｲＫｲｾ＠ ｾ＠ ｾ＠ 1 

(ii) ｾＢｬｦｭｾ＠ ｦ｣ｮｾｦＮＺｦ＠ ＱｊｏｉｓＡ｣ｦｩＩｾ＠ ｾ＠ ｗｮｲｾ＠ 3ilq{c;( ＨＮＭｬｻｃｦｦｦｩｾ＼＠ ｩｬｾ､ＧＢｬ＠ ｣ｦｩｬｾ＠ ｾＩ＠ ｾ＠

ｾｭｾｭＬＮｾｾｾ ｾ＠ ｾ＠ ｾ＠
J.l.d = J.Ln (J"n + J.L p (J"p +-}. I ' 

ｾ＠ ｾ Ｍ ｾ＠

ｾ＠ l '""1$( T 1 3fR mm ｾ＠ ｾ＠ ｴｲｍＧｾ＠ Cfll o ａｾ＠ tWr ｾＬ＠ a-n 3fR a-P -mq T'-r.\3 1:1:nn l>l =c:t S11 01 

ＨｾＩ＠ 311q{c:< ｾ＠ 3fR 1-i, 3fR l-ip sn+ru: Ｑｗｬ｣ｦｩｬｾ＠ ｾ＠ ｾ＠ I ｾＱＧＱ＠ rn ｾ＠ cRt 
D.-3fcfP:rT l>ll ｾ＠ Cfl Ci I ｾ＠ cfi) f\Jl ｾ＠ r . 

｛ｦｇ＼ＺｲｦＢｬｦｭｾＺ＠ f-id = 0·857 f-iN, .f-i
11 
=-1·913 f-iN 

3fl\ f-ip = 2·793 f-iN ; f-iN ＨｾｾｦｦｩＩｊ＠

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

(ii) Giveil that the deutron magnetic moment operator (in units of nuclear magneton) can 

be expressed as 
ｾ＠ ｾ＠ ｾ＠ - > 

J.l.d = fln· (J"n + f.1. p O'p + 1Z' 
ｾ＠

w.1ere I is the relative angular momentum between neutron and proton, 
- ) ｾ＠

O'n and ap are the Pauli spin operators and f-i
11 

and ｾ ｐ＠ are the respective magnetic 

moments. Find out the 0-state probability of deutron wave function. 

[Given: f-id = 0·857 f1N, J-i
11 

= - 1·913 f-iN 

and f-ip = 2·793 f-iN; f-iN (nuclear magneton)] 5+ 10=15 

6. (b) (i) >rffi-4Ff&t3TR ｾｾ＠ ｾ＠ (BE/A) ｾ＠ ｾＰＴＫＱＱＧＢＱ＠ ｾ＠ A ｾ＠ ｭｾ＠ ｾ＠ ｾ＠

30 ｾ ａ ｾ＠ 170 ｾ＠ m # >rfu ｾＳｦｦＮＺｦ＠ 3lTmf ｾｾｾＨｂ ｅＯ ａＩ＠ cfi1 ＼Ｑｔｦｾ＠ W:mfl ｾ＠ ｾ＠
ｾ＠ fcn<:n ｾ＠ ｾ＠ ? 

(ii) 31'TlRR· ｾＬ＠ ｾ＠ ｾ＠ ｾＬ＠ ｾ＠ 3fR t l+ifli fu ｾ＠ ｴｩＧｾｮｾ＠ ｾ ﾷ ｣ｦｩｬ＠ ｾｃｦｬｬ＠ Cfi1 ｾ＠

en@ ｾ Ｌ＠ 31tf 3111mfcrcn ｾｏｬｬ＠ +i I '"I ｾｭ＠ ｦｾ＠ f& ｾ＠ I· 

(i) How does one explain the approximate constancy of average binding energy per nucleon 

(BE/ A) of nuclei in the region 30 ｾ＠ ａ ｾ＠ 170 in the plot of BE/A versus mass number 

A? 

(ii) Write the semi-empirical mass formula pointing out the role of volume term, surface 

energy tem1, coulomb and symmetry energy corTection terms.· 5+ l 0= 15 
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· · 6.(c) (i) ｾ＠ w ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾＮ＠ ｾ＠ 3ffi: ｾ＠ jklchlll ｾ＠ ｾ＠ -JR ＳＱｦｭｲｲｾ＠ ｾｷｩｔ＠

CfiT cnzr.=r eN Rr1 ｾ＠ I 

(ii) "ZB" ｾ＠ 'ffimm cfiT ｾ＠ ｣ｎｦ｜ｲｬｾ＠ ｾ＠ friAfC1f@d ｴｒｾＺｲｯｔ＠ mm CfiT 3ijq I&F1 <n 

\31:'<1'<11 ｾ＠ t I 

(a) ｾｭｦＮＺｲ｣ｮ＠ !11'i:!SfiOI ＨＳｩｬｾｴｦｬＲＮｬｦｴＡｃｦｩ＠ ｾＩ＠

(b) 3lfu ｾｾｔ＠
(c) ｾ＠ m-r 
(d) ｾ＠ ｾＹＩｕＱＱ＠

(iii) HAR<ifuia -ij ｾ＠ ｾ＠ iii ｾ＠ ｾ＠ <it ｒＱｦ＼｡ｾ＠ : 
(a) 1t+, (b) K+, (c) L1 ++, (d) L-0

, (e) Q -

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

(ii) Point out the interacti'ons in which the following conservation laws are obeyed or 
violated 

(a) Isotopic spin 

(b) Hyper. charge 
(c) Lepton·number 

(d) Charge conjugation 

(iii) Write down the quark constituents of each of the following: 
(a) 7t+, (b) K+, (c) L1++, (d) L:'\ (e) Q- . 5+10+5=20 

7. (a) ｾ＠ Q)Ch("l SO! 11 ｾ＠ jkl cfilll ｾ＠ H -ij ｾ＠ GT ｾ＠ 'Rfd -ij W Cffi1T 31 jjkl cfilll q 'Cs:t I '1if ( N >rfu 
ｾ＠ ｾＩ＠ CfiT ｾ＠ '&.:T 'dltf T 'tR ｾ＠ I 3m ｾ＠ '&.:T ' csi'h·<;("ls=t 11 it; Rl ､ｾｏｉ＠ CfiT ｾ＠ CRm t m 
ｾ＠ CfiT jkl Cfi1 3ft\ jkl cfilll ｾ＠ ｾ＠ cfi1 Rr1 ｾ＠ I 

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 

7.(b) 3iffl'i:IIC1Cfid l ｾｾｩｴ［＠ ("IJOJlCfi'(OI CfiT ｾｴ､ｓｏｊ ｉ ｃＧｉ＠ ｾｾｾｾｾｩｴ［ｾｾ＠ >mf ｣ｨＩｦ｜ｲｬｾ＠ 3-fR 
ｾ＠ ｾ＠ cnT ＨＢｉｓｏｊｾ ｉ ｾｾ＠ I 

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

7. (c) ｾ＠ ＳｩｾｉｃＱｃｦｩ＠ -ij ｾ＠ ｾａｃｦｾ［ｔＱ＠ 3fu: ｾ＠ ｾ＠ ＨｾＩ＠ iii mOO ｾｏｬＡｓＢｉ ｉ Ｑ＠ ｓｦｩｬｬｾｔＺ＠ 0·07 m0 3fu: 0·4 m0 t, 
ｾ＠ m 0 :!ffi ｾｾｃｦｾｬＱ＠ ｾＰＴａ＠ 11 ｾ＠ I ｾ＠ ｾ＠ fcn ｾ＠ it; m 3fum ｦ｣ｦｾ＠ CfiR1 ｾｾｾＱＱ＠ it; 

ｦ｣ｦｾ＠ q)"['(1" CfiT :mm ｾ＠ ciT ｾ＠ 'ch)' Ｎ ｬｬｦｵｾｦｬ＼Ｚ［ｲ｡ｲ＠ CfiT qRCfiC11 ｣ｨＱｐｬｾ＠ ｾ＠ ｾｾ＼ｴｾｬｲｩｬ＠ 'ch)' ｬｬｦｵｾｩｔｃＧｉＢｭ＠

0·8 m 2 volt- 1 s-1 ｾ＠ I 

In a semiconductor, the effective masses of an electTon and a hole are 0·07 m0 and 0-4 m0, 

respectively, where m0 is the free electmn mass. Assuming that the average relaxation time for 
the hole is half of that for the electrons, calculate the mobility of the holes when the mobility 
of the electrons is 0·8m2 volt- 1 s-1• . i l5 
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8. (a) 

8. (b) 

+9V 

2·5 kQ 

ｾ＠ M {<3 ｉｍｾ＠ ｾ＠ 1% ｗｬｾ＠ CfiT ｾｬｩｐｬ･＠ ＧＳ｣ｴｩｾｃｦＱ＠ ｾ＠ ｾ＠ Ｂｇｾｬｩｬｬｬ＠ <T<n t 1 

3FR m\T ｾ＠ (ir-1) ｾ＠ = 100 3fR 'a.c. ＧＳ｣ｴｩｾｃｦＱ＠ ｾｾ＠ = 25·0 n m, err ｗｬｾ＠ cfiT ｭｾｦｴ＠ ｾｭ＠

3lR ql <:>C:ct I ｾ＠ RmRa ch1 M ｾ＠ I 

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

If the current gain ｾ＠ = 100 and the a.c. emitter resistance = 25·0 n, determine the input 

impedance and the voltage gain of the amplifier:: 15 

- 12 v 

• I 

G 

5kQ 

ｾｗｉｔ＠ <T<n ｾ Ｍ ｾ＠ ｰ Ｍ ｾ＠ JFET CfiT 1% ｾ＠ t : 
3FR (i11"'1'1 Gtl<:>C:ctl ｾﾷＰ＠ v t 3fu: Y 0s = 6·0 V m, err. mu l oss CfiT qf{q;&H ｣ｨｬｍｾ＠ I 

Given above is a circuit of self biased p-channel JFET. 

If the pinch off voltage is 5·0 V and V os = 6·0 V, calculate the saturation current loss· 15 

8. (c) ｾｔ＠ ｾ＠ Ｈｾ＠ ｾ Ｉ＠ ｾ＠ Sl"'lsnui-Cfi&n (WR ｾＩ＠ ｾ＠ CfiT ｾｾ＠ Cfi'@ ｾ＠ ｾ＠ Cfi'UT_ ｾ＠

ｾ＠ ｾ＠ CfiT ｾ＠ m ｾ＠ 1 ｾｾ＠ -Pcn ｾ＠ ｾ＠ ｾ＠ ｾ＠ -q ｾ＠ ｾ＠ cfiT dl i<S£11 CffiiT 

t I ｾ＠ ＧＳｇｉｾ｜ｯｬ＠ ｾ＠ Ｂｇｾｾ＠ fcn ｾ＠ ｾ＠ fcntr m ｾ＠ ｾＦＱｾ ＱＧＱ＠ ｾ＠ ａｾ＠ ｾ＠ ｾ＠ CfiOTI 3IT\ 

ｓｬＢＧＧｓｦｾｏｩＧｩ＠ CfiT Ｂｌ｟ｃｬｦｪ ｾｬＧＱ＠ ｾ＠ t I 

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 
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