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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 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 (e)

(+

&
Specific charge of electron (}n—J

lu=1amu = 16605x107% kg
Rest mass energy of electron (m.c?)
Permittivity in free space (&)
Permeability of free space (L)
Gas constant (R)
Boltzmann constant (k)
Planck constant (h)

(#)
Bohr magneton (pp)
Nuclear magneton ()
Fine structure constant (o)
Mass of proton (M)
Mass of neutron (M)
Mass of deuteron (M)

3x10% ms™!
9-11x10~ kg
1.602x107° C

1-76x10'" C kg

931-5 MeV

0-5110 MeV
885421072 C?N 'm>
4nx1077 N A2

8314 J mol ! K
1-381x10° 2 JK ™

6-626x1074J s
1.0546x1074J s

9.274x1072*J T

5051102 1 T

1/137-03599

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

Mass of a-particle (M,,) 4-001506 u
Mass of 'ZC 12-000000 u
Mass of '$0 15-994915 u
Mass of §iSr 86-99999 u -
Mass of jHe 4-002603 u
fers Rt sravassan Bt et @
frafa & weetar =1 A7 (c) = 3x10®ms™
A% HT G (m,) = 911x1073'kg
TFA T A (e) = 1.602x107C
- € .
zoFeiq o fafite smay [?n’J = "1.76x10" C kg
€
lu=1amu = 1-6605x1072" kg = 931-5MeV
TorgiA Sht farmmaE g Sl (mec?) = 05110 MeV

qeh JATeRIST A fRIAeedr (go)

= 8-8542x10712 C2N'm™
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1.(a)

1. (b)

1. (GY

1.(d)

HThH TR ! TRIFIAT (L) =  4nx107 N A~

ia ferms (R) =  8314J mol' K'!
Al oA BRI (k) | = 1381102 JK?
weTTeR fEUeh (h) = 6626x107*]s
(1) . , = 1-0546x107*Js
e /AUTH (up) : : = G104 ] T
Tyt BUCHH () = 5i51%10727 ] T
e T fRRTE (o) = 1/137-03599
TIETA a1 godd{T= (M,,) = 10072766 u=1-6726x10"%" kg
e Td <l GeadT™ (M) = 10086652 u=1-6749x10 *" kg
SR &1 GeUHME (M) = 2:013553u '
-2RT T GEHTE (M) = 4001506 u
2C =T gegd T = 12:000000 u
190 @1 geFHTH = 15994915u
87Sr T GedHTA = 86:99999u
JHe T GedHT = 4-002603 u

qus ‘A’ SECTION ‘A’

T A A 40 keV getarei= w1 FROTIST 50-0 em g0 TR U eRle TR AT B | BIES 6
stfrfsaaaT frgra & Fro et facorgst Y Brear sma il |

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 & 1-forfta favwa qu & wfemm e & fod wleg we o ia & freraw st
&1 giarad hifd |

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

BTSN TRATY] T T2 IS srereet1 § shefta Tieshaor hd Y Felare [ &1 ¢ ATl aaTeEd
T ATeReAT ST | '

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

cartzd fof HTHTA AT TR UE HEAH IR & AL 1 1 frcheadl St Tkl @ O @A o6
A AT Tk H H I@ran o dieard qerress (SreR @) Bl € |
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
intensities. 10
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1.(e)

2.(a)

2.(c)

3.(a)

3.(c)

4. (a)

e fé HCI 370] T aret THraeieh = 516 Nm ' @ | 319] & sheae ol et fem o arar-wren fraifa
IS | AT G199 HCI 31V & P9 e H | fehal Tshau @13 & e by a9 <l o7
ghal © ? _

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 HCI molecule at room temperature ? 10

2p AT H GTEGISTA URATT 1 ATHH T g1 Al AT g2 1 et Hiford | 380 g8
TR TAFC A o 9T S Y Wikt T @ ?

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

FTSTR FHIER &1 IR &t g2, T 1-Forvfta o= st qrereh & fordt ootf & arf¥rerores
HAAl 3R T AT 61 W19 HISA | Tgell dF ol Feweisil & e Sl &
WIRTSA] & L@ F913T |

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 01 nm S18TE 3R 4-0 eV F fawa =R # & BaR 10 eV FT T Torei= & TR &
uTfirerar 1 gieres fifsa |

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

STl TR A h FETAd! o € AR Ui -T T T wehiole 1 awensd | s g -mxfvas
0 & ford, qUiaTcHe g&H §XEAT & "I AT TAagH I GhA Ferial & o3 e urg
HISTa 311X o Tt Ywret Y a3 e |t v Hi |

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

Srerfer gtoren ferferor qufa: srgfoa ghan @ |

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

FTsh-hived fag &1 Hud KA | Hich-Hiwgd Tl i gRATig fod | saaearers-
FR@ JWTE &1 SEAATA A U ST ATETAT & & o Feaed®q g aTel] Wiely AR
TRy afterenrait &) sarent 1 |

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

awATsd Tor Term smTRor wIvitg w4 & 99 (1L2) 3R L & =eat (L, L, L) ¥ @ &ad ue, 11 &
et 7 o |

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

“ys
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4.(b) NS TrEEE ATAG (NMR) & figra &1 U oo1f w) e &) wemar 8 ey |
NMR &1 wefafa s areft arf¥rerrstt & sgrexor §fsd |t NMR ®=eT @ Fa7 e frsed

ffrerTet <11 WeRa © 7

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

4.(c)  TH NMR WaRT # BEgIoH TRAT[SA UK 5-0 T T FFerehla 8 Wk FRam st @ | eregism
AT & AT 6T g1 werswor (e WmﬁsﬁtNMR%%ﬁmawﬁmzﬁma‘%%

[

= St 7/ 3ra (k/mol) Taertfea i |

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

9us ‘B> SECTION ‘B’

5.(a) U& erle (HHET) W mafad 10 MeV Sotl & 31ehT 011 & gechivig (999) Wbl &
SEATA & g EHT (Z = 82) <t Arfyeha Broan &t wife w1 strapera 100 |
[fean a1 @ : (dre,) ! =9%10° Nm?*C 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 : (4re,)™" = 9%x10° Nm?C~?] . 10

5. (b) ﬁﬁwaﬁaﬁaﬁmﬁaﬁmaﬁ?aﬁﬂwﬁ%%aﬁ?%ﬁaﬁaﬁﬁmsﬂﬁﬁm%ﬁﬁ
TR IETeLT giferd |

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

5.(c) e # i Fifea for form axe p-em # ARET & Seoram 1 wrafirea: 3@ T 91 ? A
e dve-gfeg gia § Hud & Fa1 wwed € ?

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

5.(d) @aﬁmﬁﬁ@mﬁgsﬁﬁaﬁ%ﬁﬁm(ﬁ)ﬁaﬁw%ar(k)sﬂmﬂrarg
5 E:ahzkz
[Tio

ST o1 YT It |

el o U RIS 8 3R m, WTh el H1 GeaH™ | Saagid & wHrEl

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

22
k
as E=a = where o 18 a constant and m,, 1s the free electron mass. Calculate the effective
0
mass of the electron. 10

5 sth-d-phy

www.examrace.com



5. (e)
R
717_,\/\1\::3_ 3 Output
Ty wur feam e withareres gt aiiay
fear 2, R, =10k, R, =150 kQ aﬁtw&faaésﬁqaagﬁﬁaﬁ?eﬂ-ﬁﬁ@aﬁ@s‘w
TUAH = 106Hz lﬁﬁﬁﬁ%ﬂﬁﬂﬂga—éﬁfﬂéﬁraﬁﬁﬁﬁ |
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
6. (a) () ST & g queHt @t fafed S s S T % AT BT A e |
i) oo T @ o seg i Srarehta SiTeol HehTTe STTReX (FIFA TR AUeiA &l g{+el /) H
=g Y 3rfireneh fomaT ?rn THAT ”
= U, O' +H, c;r +3 11,
S8l 7 = ﬁtwdw%qm uﬁf\maﬁuﬂua—ém% o, K o‘ It T=H
(feom) smRex ® 3R naﬁ?ypwn.ij@aﬁumﬂﬁ%l@gmmwﬁ
D-3TEET FTeRAT 1 shitod |
(e T @ : g, = 0-857 payy, 4, = 1913 g,
R g1, = 2793 1y 4ty (ATt AAeT)]
(i) Write two properties of deutron which support the existence of non-central tensor force.
(i)  Given that the deutron magnetic moment operator (ir units of nuclear magneton) can
be expressed as
‘ ¥ - — l_l’
. {ud——‘ll".O'n"'ﬂpO'p ‘I'E 5
wnere [ is the relative angular momentum between neutron and proton,
5; and 5:'0 are the Pauli spin operators and g, and g, are the respective magnetic
moments. Find out the D-state probability of deutron wave function.
[Given : g, = 0857 py, s, = —1-913 p
and g, = 2793 g5 4ty (nuclear magneton)] 5+10=15
6.(b) () wia-gfFasta suq oo (BE/A) & ToOWM @ear A & @ne sed |
30 < A < 170 % &= # g =i *ﬁwaa—rrwﬁ (BE/A)a%mwﬁmmaﬁﬁ?@r
e fera ST § 2
(i) ATIEA 9T, I8 FHl Ug, FHerid AR wHfifq sl guiae a5l H girw & Swd
% ga, el srawTtas gemm wrtar fafed |
(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
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6. .(c)

7.(a)

7.(b)

7+()

() UH g & W foard g3 wad, ged R foma grechm ot & ofie sfwanefore qoremt
wT HA I |

Gy A s Tt @ e fibe e feafafea @weor fad s sgaes o
IeeEd BT © |

(a) wweTes s (sgEieiis fam)
(b) 3rfa 3mmEyr
(c) e TE

(d) =TSt wgFHA

Giy Frafafas 3 ¥ wow % s 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 :
(@) n*, () K, () A™, (@) =°, () Q@ 5+10+5=20

U THEAT ST TR 89 HH Hhaed o So1l &0 H oA aTdT gareiehid s (N wid
Ueheh IA) T Ueh aF o9 T 9 § | 3FR I8 OF SIcc@H M o (ool o1 SIaeer &l &, o
T HT TR R G g i 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

ARTATAERAT & A & FHIEKU &1 ZEHE R B 98T Te3 & Tl =5 WTH shifor 3R
SEE AEE HI FHATES |

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

T STGATdSd A Uh 3oiagid 3R U faer (8191) & Wl g #A 0-07 my R 04 my &,
Sel m, Aeh 3T g € | Wd gY fe faer % forr siea feenfm @@ g &
%mﬁmwmw%?ﬁﬁaﬁﬁnﬁsﬁwmqﬁaﬂﬁﬁ%ﬁwsﬁﬁﬁhﬁﬁaﬁm
0-8 m2volt' 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 clectrons is 0-8 m? volt™ s~ R b

i sth-d-phy
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8. (a)

+9V

2:5 kQ

]

out

C
4-3
kQ

T B Yahe # uw s @ vt g ded § utar @ ¥ |

R T AR () B = 100 3K a.c. IeATEH WY =250 Q B, T v@eiw & frasf wfcamen
3k Srecar sy fgifa Fifsa |

v/

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 Q, determine the input

impedance and the voltage gain of the amplifier. 15
8.(b) =12V
2kQ
D
G —
+
S
5kQ 1 kQ2
o far o @-sfiea p-Se JFET &1 T TRUY
IR G Aeedl 50V E R V=60 V B, A G AR L T TRerers hIfoTd |
Given above is a circuit of self biased p-channel JFET.
If the pinch off voltage is 5:0 V and Vo = 6:0 'V, calculate the saturation current Ijge. 15
8.(c) @ A (da wiew) F wewor-wen (o siidfere) g I e A B TS & h
it Taet 7 s P s | gutsy T ae fea ot mfien # Afste wean @ sren war
2 | 2 e ¥ cutsh 5 a8 whw fre weR fow e den A & AT & i SR
TSI T qEATAE I € |
Draw a schematic diagram of the single particle energy levels i 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 3
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