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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 and printed both i HINDI and
in ENGLISIH.

Candidate has to attempt FIVE questions i all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at lcast ONE from cach Section.

The number of marks carried by a question/part 1s indicated against 1t.

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 i the space
provided. No marks will be given {for answers written in medium other than the authortzed one.

Assumc 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 ol electron (m,)

Charugce of electron (¢)

Specific charge ol electron \-I”ITE}

lu=1amu =16605x10~" kg
Rest mass energy of electron (mucz)
Permittivity in free space (£y)
Permeability of free space (1)

(Gas constant (R)

Boltzmann constant (k)

Planck constant (h)

(71)

Bohr magneton (pip)
Nuclear magneton (Liy)
Fine structure constant (o)
Mass of proton (M)
Mass of neutron (M,)
Mass of deuteron (M)
Mass of a-particle (M,,)
Mass of '7C

Mass of %0

Mass of $4Sr

Mass of 5llc

amiiamm
—

—
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I
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3%x10% ms !
0-11x10" kg
1-602%107"7 C

1-76x10'" C kg™

931-5S MeV

0-5110 MeV
8-8542x107"2 C°N'm™
4nx1077 N A~

8314 J mol ! K™
1-385800 > T

6-626x10 s
1-0546x10 2% J s

0- IV P

50511072 J T

1/137:03599

1-:0072766 u = 1-6726x107*" kg
1-0086652 u = 1-6749x10*' kg
2:013553 u

4-001506 u

12-000000 u

15-994915 u

86-99999 u

4-002603 u
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lu= 1 amu. = 1-6605x10 - kg

zadeid bl faRmaTaedT geHHE Foll (mec?)

e o e (o)

~d N

I~J

= 3x10°ms”
= 9-11x10 *' kg
= 1:602x107"7C

I

1-76x10" C kg !

= 931-5 MeV
0-5110 MeV
8-8542x 107" C*N'm™

|
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o HTh STRTY k] ATRATTHAT (1) = 4mxI07T N A
T feras (1) 8-314 ) mol ' K
Flee AT PR (k) 2 3810~ ] K °
&R [EIRT (h) = 0626710 M s
(1) = 1-0546x10 "% J s
STEX HUSTH (1) | = 9.274x10° %) T
TR T HATTA (puy) = 5051x107) T !

g 93T R (o) = 1/137:03599
1-0072766 u = 1-6726x10 *' kg
1-0086652 u=1-6749=10 *" kg

TTeTa T Ged¥ = (M)

]

1A &1 TedHTH (M)

SHCXTA &1 ZedHTH (M) = 2013553 u
-RUT T GedHTH (M) = 4-0015006 u
2¢ T TR = 12:000000 u
Mekal-cin = 15994915 u

20ST T GedHTH 86-99999 u

IHe Rl TeTHTH = 4002603 u

Y Ug ‘A’ SECTION ‘A’

. (a) 0k T Y 40 keV s H1 FHOMIS 500 cm T R T TR O ATIIA 2 | BIEwAa

o

stafvaaar fagrea & sro gaeia s & e wia S |

A beam of 4-0kcV clectrons {rom a source 1S incident on a target 50-0cm away.

Find the radius of the electron beamspot duc to Heisenberg’s uncertainty principle. 10
1. (b) U 10 nm 91T & |- fava wq 4 ofamm e & fod afveg vs sasgia & faeaaa &1

al gl ilad |

Calculate the lowest energy of an electron confined 1o move in a 1-dimensional potential well of

width 10 nm. 10
. (c) ETTSYST TRATY] ] 9o IRiford 3raedT § aheftd TihHv FRA gU FHg A dhl 4 el axiqed

& ATHAT I |

stimate the de Broglic wavelength of the eclectron orbitting in the first excited state of the

hydrogen atom. 10
1. (d) zorisa fop WA= A9 OR U §eml TR S {0 & al feead wwl TART T A SR EIT o

T STSTI) *UF2H § X@THN ) Taard JerdTcieh (SR1aR i) &ldl € |

Show that the hnes m the absorption spectra corresponding to the rotational transitions {rom two
adjacent energy levels of a medium sized molecule at room temperature have comparable
mtensities. 10

3 LS !_h.-d-[ﬂi,y
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L. (¢) et Teh HCL 3T &1 ael THaaTa =516 Nm ' © | 379 & &¥a9 &l g 4 o) aq -gea faifa
hifoTel | |THT-E AT9 9 HC| 9] & hod T H H {1 Tehaor Sar3il & a1 ) s &1 1
gehdl © 7
Given the force constant of HCI 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 HCIl molecule at room temperature ? 10

2. (a) 2p AGEIT H TTIG IS TXATY =kl AW T Feieke (49 o1 qTRrerass g3 &7 aTeard Hiford | 380
U IAFCTA <k 9T WA i Wifasar FT 8 2

Fvaluate the most probable distance of the clectron from nucleus of a hydrogen atom in its
2p state. What 1s the probability of finding the electron at this distance ? 20

2. (b) TR ot &1 I ad gd, U 1-fadia akd sadl grers & ford ol & arfireerore
hHeAdl AT FTAEIITR AT T WTH IS | TgeA! 9 FooTl rGe1ai & S0 erores wedt o
UTETSA & @I I9150 |
Using Schrdodinger equation, obtain the eigenfunctions and cigenvalucs of energy for a
l-dimensional harmonic oscillator. Sketch the profiles of eigenfunctions for first three cnergy
states, 20

2. (¢) Teh 0-1 nm A3 3R 4-0 eV & 49T =R ° & IR 1-0 eV FHoA1 o Ueh a9 & IR )

{™ O N N
ATTAD AT hl Yilhold hlHY |
Calculate the probability of transmission of an electron of 1-0 €V energy through a potential
barricr of 4-0 ¢V and 0-1 nm width. 10

3. (a) ol TAX ARG oh] GETOdT ¥ TS 3R Ui -ee e 307 U 10iE 6l G9ATd | U fo-aaTiaes
AU & {12, JUiTcHS F8H 3T & G149 T TaeH Sl THE Sl & fad s vy

-

~ N

? - | .
ST 3 37d: Terad TATHT ohl o] 9&TAT i 9T e |

Explain Stokes and anti-Stokes Raman scattering with the help of cnergy level diagram. For a
diatomic molecule, obtamn expressions for transition energics of its Raman spectra with rotational
fine struclure and hence the wave numbers of the Stokes lines. 20

3. (b) gHATSA T Th8 SRU G WA oAl # @ Tl amst a@ aaae gfaq ari s €,
STerteh Saistah Tatencor qula: sgfea grar @ |

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

3. (¢) R Teh-ehived [HgTe h1 YA hiloTd | HTh-hiwa3 U] &l TRITIYA FIHD | sHeaearene -
AR G T FEAATA L g0 I ARATH & % o FAea®q gl areit ufdqeify 3
TG FieaedTetl & sa1edt S

State Ifrranck-Condon principle. Defie I'ranck-Clondon factors. Using  schematic diagram,
explain the decay ol cxcited states lcading o the phenomena of  fluorescence  and

phosphorescence. 20)

4. (a) AHATSI TR Tl RO IO #/e?1 o a3l (1.7) 30 1. &6 =Faamt (1 1., 1) ™ A &vdd U, afd &

feoTes | F1d ©

-

] " 2 3 .
Lxplain why the square of the angular momentum (1.7) and only one of the cComponents

(L., |

v L) of 1, are regarded as constants of motion. 15

sth-d-phy 4
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(o L . T B o ™ £ g gt - =
4. (h) ATHGTT FTFrehia 979718 (NMR) & gea &1 us ool o @ & Temar 9 s
r

NMR =1 9zisid @ arel A1t & Serexol <ifad | e NMR @091 § 91 e e
B ™ .9 -
[dehlel STT Uhd © 7

Lixplam the principle of Nuclcar Magnetic Resonance (NMR) with the help of an encrgy level
diagram. Give cxamples of nucler which exhibit NMR. What major interences can be drawn
[rom an NMR spectra 20

4. (c) T NMR a1 # gT3gied GRATIHT U 50 T &1 Frachid &3 UIch (6d] SI1aT @ | g1sgiom
RATI] & A1 1 g1 waen vl (76 ) srareeriati sk NMR & fa sagaes fafao 6 smgfa &
ST FSTT | 3T (kJ/mol) Truita Frtsa |

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

dUs ‘B>  SECTION ‘B’

5. (a) U% ZRe (HIET) 9 AT9da 10 MeV 3ot & 3T T & gechlviig (499) qahmiq &
SEAHTA &l g TAT (2 = 82) ot arthahia Froan 6 wife &1 straera RIS |
[fear @ @ @ (dre,) '=9x10° Nm?C 7]

Estimate the order ol nuclear radius of lead (Z = 82) using the large angle (back) scattering of
alpha particles of energy 10 MeV incident on a target (lcad). |
[Given : (4re,) ' =9%10° NmC ] 10

5. (b) AT &1 &t AT Taa~AaT 3R e a9ifwfa & = fades fifvw | 399 & vaas & &
Teh IRTE aitd |

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

gl X o A o Y

. (c) qaq # quiq difora T 6y aie B-amﬁ 2T & Ied == i WTATHIRT @1 79T a7 ? 39
ledd d¥e-gfgg Bid € ®U9 ¥ @97 g9sHd § 7

Lhn

Describe bricily how parity violation in [3-decay was experimentally observed 2 What do you

understand by the statement, ‘neutrinos are left-handed’ ? 10

5. (d) Uk HAgaTeleh H Uk ATA® sig 3elacid & o3 Fo7i(1) 3tk ar afew(k) =4 9or amag
hk*

S : 1 - s T T S ~ - ~, u ~_ .

T =g — el o Ud FeerTes & S m, Hth 3eldgld &l GedHTT | IS b YHTA]
()

% o ™

GIHTA &1 TR ehilwid |

The energy ('lj) and wave veetor (k) for a conduction band cleetron in a semiconductor are related

=7k
| h k2
as [ = ot ——- where o 1s a4 constant and 1, 18 the Iree electron mass. Caleulate the cflective
111
mass of the clectron. 1)

i

sth-d-phy
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5.(c) P,\ 2o
* Eot BT,
R,
-
. o . +- Output
< Input I
frarivu sur feam o atearares uads gikay .
fear a1 2, R, = 10kQ, R, =150 kQ 3R watls & faga qu 19 3k ! s =818 F
UEEE = 109 Hz | wad® &t g9q 99 o€ =tgrg Haiia i |
Consider the operational amplifier circuit given above :
Given, R, = 10 kQ, R, = 150 kQ and the product of the open loop gain of the amplifier and its
bdndmdth = 10° Hz. Determine the closed loop bandwidth of the amplifier. L0
6. (a) () e & g qoradt ) foafiad o sl 78R o & SlEced 1 WA FRd © |
i) fearwan gt S‘tig(lr{ ¥k a0 3T WehTTeh STIREX (Fgael R HISTH &1 gfel | ) &
5H W ATHeaTh Tehal ST @ehell § _ N
,ud = U1, O, + H g +% L1,
5 7 = v sy o >
siel [ weia sk uiei® & S ' Sl 969 ®, o, AR o, J1IAT T
(feor) smRex € ok, SR g WA FEAshd om0l © | Sl a1 wed 6l
)-3TFET UTHaehdT AT hilad |
feam I 8« 1, = 0-857 gy, 1, = - 1-913 g1,
A g1 =2-793 g1y pay Guticaek:pracl
(1) Write two properties of deutron which suppmt the existence of non-central tensor force.
(1) Giveil that the deutron magnetic moment operator (i units of nuclcar magneton) can
be expressed as
= —5 o
ﬁ‘ ;zd:,u”o* U, O +———!
waere [ is  the relative angular  momentum between neutron and  proton,
P .._} | . s
o, and O, are the Pauli spin operators and g and {1, are lhe respective magnetic
moments. Find out the D-state probability of deution wave (unction.
[Given @ g, = 0-857 ppmfi, = - 1915 u,,
and H, = 2-793 11,5 g1, (nuclear magneton)] S+10=15
6. (b) () wfa-afEdsia €@g9 ot (BR/A) % S @l A s Aeer sned H

30 <A< 170 % & A wia =afasia dtad Fam Fo11 (BE/A) 61 a9 [ERan &1 &4
ey fepar ST 8 7

Gy STIER 9, 9B et 9e, e s awtifa set qaiim aql ) it &1 3o
FZd gd, e sTawTEs gerAar wuidr fatad |

(1)  HHow docs onc explam the appm\;imutc constancy of average binding energy per nucicon
(BI/A) of nucler in the region 30 = A < 170 the plot of BE/A versus mass number
A

(i) Write the semi-cmpirical mass formula pomting out the role of volume term, surface

cnergy terny, coulomb and symmelry energy corrcction terms. S+10=13

sth-d-phy 0
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0. (¢) (i) T cHL | HE To@d € Udd, qad 3R Ta9d T Jdl & o AqeATaies quredi
™S

T FUAT hitad |

Giy =4 A femen w1 zhE S Gan fretataa @am e @1 saaraa @
Zodd Bl © |
(0) FEEeATta =Rl (smzdareitye feyd)
(b) ATa AT
(c) @I I&A
(d) =TSt TR

{™ ™

Giy FTrfafaa 4 9 wow & Fard gew w1 fafa
(a) m', (b) K', (c) A", (d) Z° (¢) O

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

(1)  Point out the interactions 1 which the following conservation laws are obeyed or
violated
(a) [Isotopic spin
(b) Hyper charge
(c) Lepton number
(d) Charge conjugation

(i)  Write down the quark constituents ot cach ol the following :
(a) ©°, (b) K', () A", (d) Z° (e) O 5+10+5=20

7. (a) ek UHHATE STl qrashid 85 HH Fad gl Sl & H g ardl ATaF=chd Il (N uid
i

F - . . _ >
Uchch TAAT) 1 Ush oF A9 | W T | 3FR Ig aF Alec@d oh (G0 &l ATERI &l g,
T T TR AR T Tgid AT HIR |

A systiem of paramagnetic atoms (N per unit volume) which can occupy only two cnergy levels
in a uniform extcrnal magnetic field H is at a temperature 1. If this system follows Boltzman’s

distribution, find the magnetisation and susceptibility of the system. ~ 20
7. (b) AfdaTARd o w29 & GHIRW 1 ZEIATT d B4 989 e o o STah UTH Shifad R

-—d

30% HAecd & GHEATS |

Obtain the expression for penctration depth using L.ondon’s cquation of superconductivity and
explain 1ts significance. 10+5=15

7.(c) U HgATeded H U idgid iR Us fqer (T1) & WWE! Zeqd/ T shAY: 0-07 m, ¥R 0-4 m, &,
SEl m, Ah ZAFCH ZeddE ¢ | AW g T e & fo sitga fawnf o gelagia &
fasnt=r e &1 sen ® @ faed i wiasfiaar &1 uikeaw SISt S Zeldeidl Rl It eiierd]
0-8 m>volt 's™' & |

In a secmiconductor, the cifective masses of an clectron and a hole are 0-:07 m, and 0-4 m,,
respectively, where m,, 1s the frce electron mass. Assuming that the average relaxation time for
the hole 1s half of that for the clectrons, calculate the mobility of the holes when the mobility
of the electrons is 0-8 m”? volt ' s7'. LB

Fi sth-d-phy
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8. (a) pEQN
10 k2 § L
A
xVWWY
| kQ2
§ Vuut
10 kQ
Vi _: (s
iz 774 /i
sz fo Yatfa o us wade & IWAlE Schsi GEau H LT T € |
R 4RT R (3F) B= 100 3R a.c. SoaStE WK =250 Q B, 91 vaHs &1 e FIREIER]
3R dreeal dfey fagifa S |
An amplifier in common-emitter configuration 1s shown in the above figure.
If the current gain = 100 and thc a.c. emitter resistance = 25-0 ), determine the nput
impedance and the voltage gain of the amplificr. 15
8. (b)

G

2 k€2
D
_<
+
S
5 k€2 | kC2

s fear war w-wfiEe p=A« JFET & Té 9RIY @ :
R e Feedl 50V R 3R V= 60 V &, W EIH R 1, FT THEA IR |

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

If the pinch off voltage is 5-0V and Vi = 6:0 'V, calculate the saturation current I ... 15

8. (¢) it wiza (Y wiza) § waEwor-gen (Fw airfae) gwa @ afie w1 € T U h
1 w1 @y sraeen o aEu | ez T ae fea awe et 7 A wen &l e
3 | 21 FeTe 2aR oz T ge whm fRE yeR feawm gemm g A & ATIYERT 6 60T 3R
OIS T GETTAT Al €

Draw a schematic diagram of the single particle energy levels m a shell model including the
effect of spin-orbit coupling. Show how it explains magic numbers in nuclel. Give two examples
(o show how this scheme predicts the spins and particles of odd A nuclel. 20

sth-d-phy 8
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