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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 (€) : -

&
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
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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
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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



