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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 lcast 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 (¢) = 3%x10® ms™'
Mass of electron (m) = 9-11%10 3 kg
Charge of electron (e) =" 1:602x10% ¢

I

c
Specific charge of electron ( 7 ] 1-76x10"°C kg™

c

lu=1amu. = 1-6605%107 kg =  93]-5MeV
Rest mass energy of electron (m.c%) = 05110 MeV
Permittivity in free space (go) = 8-8542x10 2 C*N'm™?
Permeability of free space (L) | = 4nx107 N A7
Gas constant (R) = 831 TmellK!
Boltzmann constant (kg) =+ 1381x102 J K
Planck constant (h) - 6-626x10 2T s
#) =0111.0546%107240's
Bohr magneton (jig) - = 9274x108NPT N
Nuclear magneton () = _SOS I
Fine structure constant () = . 113703599
Mass of proton (M,) = 10072766 u=1-6726x10"*"kg
Mass of neutron (M,) . = 1.0086652 u=16749x10*" kg
Mass of deuteron (My) = 2:013553 u
Mass of a-particle (M) = 4-001506 u
Mass of 2C = 12-:000000 u ,
Mass of '50 : = . 15994915u
Mass of $2Sr = 86-99999u
Mass of ;He = 4002603 u
feries Rt stayawar Bt wwdt €
fafa & wemer &1 A7 (c) = 3x108ms™'
SoFed @l GHHH (m,) = 911x107' kg
AT T ITAT (e) = 1:602x107'°C
gerdeid &1 fafrg smay (?ne—] = '1.76x10" C kg™
[+
lu=1amu =16605%10" kg = 931:5MeV
A% hl faRmTEeT g™ ST (mec?) = 05110 MeV
ek areRner A famrasfierdr (go) = 88542x107'2 C2N"'m™

sth—d—;i)hy _ 2



1.(a)

1.(b)

1.(c)

1.(d)

Hh SATHRTY ehl AR (1) 00 N, A2

i forTes (R) = 83l4Jmol 'K
ateeoraT fERTeE (ky) ; = eSS
TR TEuRTe (h) = 6:626x10*]s
(1) . . =l:0546x10774J'8
e AT (up) : ; = 9274x10°# 1 T
i #AETH () _ = 5.0518108 ] T§
e FLET ORI () = 1/137-03599
It &l 2o q T (M) | = 1:0072766 u= 1-6726x10%" kg
T &l GeHTA (M) = 1-0086652 u=1-6749x10*" kg
ST &1 G A (M) - = 2013553u '
-7 T GHTE (M) = 4001506 u
12C T GeaHT ~ 12000000 u
'%0 T G S = 15994915u
87Sr T FeaHTH = 8699999 u
3He hT GegHTH . = 4002603 u

qusg ‘A’ SECTION ‘A’

T B § 40 keV 3o (A1 1 FRRorgst 50-0 em X TR T THTE W AT(qa € | BIEwaarl &
sfrfeaaaT fagra & aRu sae A fagorgst it Brear sma S |

A beamr of 40 keV -electrons, from. a source isy 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 =TETE & 1-frfia fasra g # wioam e & fod witeg U saagia &l raas ot
w1 uftamerd RS |

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

BTSE IS TRATY] 3T SO Feford sraet # ety afthHu Rd g geag i I o Al akaesd
T ATHAA i | |

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

ayrf=d foF T AT UK UG HEAW STEHR & 30 &) Al {eead] St TRl § U GHA
T ANV TFEH F Y@ ) dFATd FeATeHS (AR ) 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
mtensities. 10

3 sth-d-nhv



1.(e)

2.(a)

2.(b)

2.(c)

3.(a)

3.(c)

4. (a)

el T HCl 1] o7 it fFareier = 516 Nm '€ 1/30] e v ehl Ht frer &Y aar-wea faatfa
IS | T T UK HCL $0] < ke Sdees H fehele | SnHur K131 5 T Y AT &y T
"l ® 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 HCI molecule at room temperature ? 10

2pmqw|ﬁ'a'13§m-1W@ﬁﬁwﬁﬁﬁgmﬁwﬁw@mwﬁﬁﬁ IERRY
TR SAFEIA o UTA ST Y ATRrehar AT 2 ?

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

AR FHIHT T IYAN FXd g4, Teh 1Tt et smal| qreies & fordl St o arfreremores
Tl AR ATTAL0THR HET Rl WTH SN | Tee di FHell AT S SIS FeAl %
TIRTEe] & @IS S9ISU |

Using Schrédinger equation, obtain the eigenfunctions and cigenvalues of energy for a
1-dimensional harmonic oscillator. Sketch the profiles of eigenfunctions for first three energy
states. , 20
T 0-1 nm =181 3% 4:0 eV ¥ Forsa wT=R & & €183 1.0 eV il & ek To3a ¥ & Qi

TRrhaT 1 Tikeher hifed | _
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

mﬁmmﬁmﬁ%ﬁwaﬁ?ﬁ—@wmmaﬁm | o T -w=aivgs
v & fad, goiarcre gen G3aeT & §19 W eaed S gshao Sl & fod wse v
hiTTd I 3T TeTad SATAT ht a7 GEATAT hi UTH I |

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

greed T form aroor o we woaeat | Y fafire arnstt ao aaaergiad arl s €,
staifer garoren fafentor gufa: syfia erar @ |

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

FTeh-hTver gl T HAT BT | FHTh-hived UIRT i ti‘F{TlTﬁSl?l FIST | ereaTeHE -
HRE I@THT T FEAHTA A TU STV HATATHAT % &9 & Ferea®q o arel] Fiaeiy 3
e ety afcaest < saren 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

TAETEd fo T @RoT vt @aw & a1t (L2) 3R L& =eai (L, Ly, L) # & deet b, 7 &
e @ 9 © |

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

sth-d-phy 4



4.{b)

4.(c)

5.(a)

5. (b)

S.{a)

5.(d)

AR TFarehty 3T (NMR) & Rzma &1 0@ Foll TR ARG &1 dEEdr § aWaAEd |
NMR i Fefsfa s arett ATHHIsT F FeTexdr i | Teh NMR el & 7 qed s
ferat s e & 2

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

T NMR SEI # SIS A3 W 5:0 T T Ikt &= Weeh Rar stal € | sTssioe
AT o AT it g1 =0 (§607) sreeensii sk NMR & fo srasaes ferfenor 6t sy
= FHoft # 3TaR (kJ/mol) TRt 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 twe spin states of the nuclei of hydrogen atom and
the frequency of radiation required for NMR. 15

9usg ‘B> SECTION ‘B’

UE erie (HiET) W smufad 10Mev ol & 3reht &oil & gechivig (T59) wehviT @
AT FXat B T (Z = 82) it Arfiehta Broat & wife &1 spaper H1 |
fearm e : (4??.‘60)_1 =9%10° 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 : (47e,)" = 9x10° Nm’C 2] ; 10

AT =T Shl AT TA=IAT AR Ay FAHTG & &= fades Fifvo |3ﬂﬁ@m%ﬁﬁ
Teh IGTeX0 gifd |

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

Hﬁqﬁaﬁaﬁﬁﬁ%ﬁwmg &7 H 4T o Ioerad Hl UTATHThd: 2T 4T 97 2 379
‘ferta dve-2fee g1 8 wuw @ wr wHgd € 2

Describe briefly how parity violation in 3-decay was experimentally observed ? What do you

understand by the statement, ‘neutrinos are left-handed’ ? 10
U MeaTdd H UH ATedh 58 goaeid & ford i (E) (iR o afew(k) 3¢ yar gv6g
249

g E= au(—maqmﬁuwgsﬁ?mog?ﬁsﬁaamaﬂawwﬁﬁm%qm
Emmmtr?@m?fa?rﬁﬁl

The energy (E) and wave vector (k) fora u}nductlon band electron in a semiconductor are related

h k” ) ) o
a5 B=cL o where « 1s a constant and m, 18 the free electron mass. Calculate the effective
0
mass of the electron. 10

5 crh-r;_nhv



(11)

(M

(i1)

sth-d-phy

5. (e) RE
Ri ;
. m |+ Output
forarfyu sux fean o wiwarers vatfs givay -
fean 7 8, R, = 10k, R, =150 kQ IR Wt ﬁqaqqﬁaaﬁtmﬁﬁ%aﬁmﬁaﬂ
Wﬂoﬁﬂz lmﬁﬁmwﬁgﬁmﬁaﬁﬁﬁﬁ%ﬁ |
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
bandw1dth 106 Hz. Determine the closed loop bandwidth of the amplifier. 10
6. (a) () SIS & o) QU ot fofad s i TR A & sifeac 1 g9 @R € |
Gy feam v @ o g i e Sreol deniien siTaes (FF R AU &t fwel #) H
=0 VR ST o s wehar @ S
' ,ud—,u”cr + U, o +4 4,
h-) L
et 1 AL sﬁ?ﬁaﬂﬁaﬁﬁmﬁmaﬁvﬁuaﬁﬂ% o, 4% o, Tielt s
(o) ariies ® afik gy, 3R g, FRA: TrrhE A0l R | WG 71 Her
D-31F€T Wi endT 3Tel <hiford |
(R TRIT @ + gty = 0857 s = 1913 gty
S 1A 11, = 2793 phy; iy (mﬁaﬁ’mﬁﬁm)]
(i) Write two properties of deutron which support the existence of non-central tensor force.
(i) Givei that the deutron magnetic moment operator (iri units of nuclear magneton) can
be expressed as
. o 1
= § K, L + Iy, 0' + ) p
waere [ is the relative angular momentum between ncutron and proton,
E)i and 5; are the Pauli spin operators and 4, and M, are the respective magnetic
moments. Find out the D-state probability of deutron wave function.
[Given : p, = 0-857 p, p, = —1-913 p,
and g, = 2:793 py; py (nuclear magneton)] 5+10=15
6. (b) () Wa-gfFasia suq e (BE/A) & GoOAM @@l A & @ME AE H

30 < A < 170 % &= ¥ wfa gfaeraria sted S6a o1l (BE/A) ot avre feuran & &4
wm fiaT ST @ 2

AT UE, B el Ug, qelH AR GG FoI GMET GGl @l qHE F1 Ieow
&% g, ol sgwTas gerwe wrten e |

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? :

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.(c)

() TUH g ¥ Wg fo@rd €3 vad, gecl ok {93 greehm sl & e sriianefires qoremt
FT FAA hIf |
Gy = A framen & s fitw G freefafes @teaw foet & smaem o
Sead BT ¢ |
(a) THEAfEE v=hu (smEEefs o)
(b) &faT e
(c) dLH e
(d) =St g
(i) frafafes & @ vde & Frh "ehl o ol
R K'S @ A7 (O, @Y

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

() Peoint 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 :
(@) ©*, @®) K, (AT, @) 2° w(e)Q ' 5+10+5=20

T THEATM STl T 41 HH $ad §f il @l # e arell aggméﬁthmmﬁ (Nwfa
U SHAF) T U aF a9 TR B | 3R g OF Secad™ & foaRor &l S aRy &l &, o
T o Freehd SR FEeehl st ser RIS |

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

AfTaTAHAT & e F FHIGRU F AT T Td 987 TR & ford e wmw A sk
IEF Hewd H THAEY |

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

TF AGATAE W T g 3R T faer (F191) & wwmEl e FAN: 0-07 my 3R 0-4 my
Sel m, AT ToEgE g ® | WG g TR R & o stem fenf=y & somgE &
%Hﬁwmmm%ﬁﬁaﬁﬁﬁaﬂwwm%msﬁfﬁﬁﬂ%ﬁw
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 is half of that for the electrons, calculate the mobility of the holes when the mobility
of the electrons is 0-8 m? volt ' s\, 8



8. (a)

8. ()

mﬁﬁ%@ﬁﬁﬁ@w%ﬁéﬁmmﬁmwﬁaﬁmw%l
SR &RT AR (3F) B = 100 3R ac. oS MR =250 Q &, T weAtien it sl e
3R dleear «feu faufa S |

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

If the current gain =100 and the a.c. emitter resistance = 25:0 O, determine the input

impedance and the voltage gain of the amplifier: 15
= 12N
i 2 kQ
D
G _—
+
S

5kQ 1k

s o mn @-sftea pae JFET &1 U% 9RO ©

IR T Areedl 50 VR 3 V=60V &, W gl & Igq 1 Tiae i |
Given above is a circuit of self biased p-channel JFET.

If the pinch off voltage is 50V and Vg = 6-0 V, calculate the saturation current I ... 15

F wige (e wiew) #§ wEwo-wer (FEm iRfoe) T @ el R Y UEe @
St &Rl @7 e B waE | quis f ae fea ace it § AR g i eArer war
3 | 2 Sarex R culEd fn o whin fe ver faam gemm e A & A & o e
WA & AT Il €

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



