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Time Allowed : Three Hours Maximum Marks : 250
Te-u & fore farfire sgewm

FUAT 971 @ IT 34 @ GF A1 T AT &1 Sq17gd% 93 :
$44 318 797 £ 5t 3t @vel 7 faviford & aer =t sk st @ A w9 &
T8l # oT Tier o F ITW 8 /
Yo G&I1 1 3K 5 ST & T T F & FAs TS & FH-8-HH U FoT G [T @i
el @ I T |
Y% J9/41T & 3% 399 T 2w 77 § |
Yo & I 31 Fifepa arem 7 for@ 5 ey, foae sg@ e 3aw-97 4 fasar mar &, sk
§G AT FH T IPE FH-TE-ITN (FL.H1.T.) JawT & J@-998 W iiwa [ice & | f#Hr
AT ST | STl Arem 3 Sifakes 3= a1 qaregm 4 forg 7¢ 3% 9 g 31 787 B /|
Ile SETTIF §l, T Gk HidkSl HT I FHAT, TUT ITH [T Ffow |
5a % Ilghad 7 &, GHa a9 AT J=cid AT T 7 5F & |
Yo1 @ I F1 T FHFER B TN | I FT 787 &, @ FeT F IR F M7 F e 8
& I Id: 1591 71 &l | FeT-8E-IR (7. 40.T.) ghawr § @rell sigT g3 y8 1 39% 357
P E &Y & BT T TR0 |

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.
Questions no. 1 and 5 are compulsory and out of the remaining, any 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 a 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.
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a

question shall be counted even if attempted partly. Any page or portion of the page left
blank in the Question-cum-Answer (QCA) Booklet must be clearly struck off.
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feera foaebt srravasar g1 a@dt
frata ® wehTer =1 9 (o) 3% 108 ms~!
g I fm ZWH (m,) 911x 103! kg
AT T QAT (e) 1602 x 10719 C
Toiagiq i fafirse amaw (Ee— 1-76 x 101 C kg!
e

lu=1amu. = 1-6605 x 1027 kg 931-5 MeV
Toei <l fermTaEen e Sl (mc?) 0-5110 MeV
Teh STTRTY A fegasiiar (ep) 8-8542 x 10712 C2 N1 m2
T ATHT T TR () 4nx 107 N A2
g for= (R) 8-314 J mol 1K1
FiegHH e (kp) 1381 x 1023 J K1
i fR (h) 6626 x 1034 J s

(h) 1-0546 x 1034 J s
R AEH (up) 9274 x 10724 g 71
TR FEH (uy) 5051 x 1027 J T~!
g g R (o) 1/137-03599
e 1 G0 (my) 1-0072766 u = 1-6726 x 1027 kg
¢ GEAM (m,) 1-0086652 u = 16749 x 102" kg
U I GOH (my) 2:013553 u
oY1 T ZEITH (m,) 4-001506 u
¢ %1 gomm 12-000000 u
10 %1 gz 15-994915 u
- St I T 86-99999 u
5 He 1 57T 4-002603 u
Heff i I (g) 0 (FggH), 1 (1)
fom oigreshi 3199 (gy) — 3-8260 (JIgH), 5:5856 (T2)
AETE g& 6-023 x 1023 mol !
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Constants which may be needed

Velocity of light in vacuum (c)

Rest mass of electron (m,)

Charge of electron (e)

Specific charge of electron [ij
me

lu=1lamu. =16605x 102 kg

Rest mass energy of electron (mecz)
Permittivity in free space (g)
Permeability of free space (ug)

Gas constant (R)

Boltzmann constant (kg)

Planck constant (h)
(h)
Bohr magneton (up)

Nuclear magneton (uy)
Fine structure constant (o)

Mass of proton (mp)

Mass of neutron (m,))
Mass of deuteron (my)
Mass of a-particle (m,,)

Mass of lgC

Mass of ISO
87

Mass of 38Sr

Mass of ;He

Orbital gyromagnetic ratio (gp)
Spin gyromagnetic ratio (g,)
Avogadro Number

PHKM-B-PHY
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3 x 108 ms"1
911x 1031 kg
1-602 x 10719 ¢

1-76 x 10! C kg!

931-5 MeV
0-5110 MeV

88542 x 10712 C2 N1 2
47t X 10‘7 N A2

8314 J mol 1 K1
1381 x 1023 J K1

6626 x 1034 J s
10546 x 1034 J s
9274 x 10724 g 11

5051 x 10727 J 71
1/137-03599
1-0072766 u = 1-6726 x 10727 kg

1-0086652 u = 1-6749 x 10727 kg
2:018553 u
4-001506 u

12-000000 u
15-994915 u
86-99999 u

4-:002603 u

0 (neutron), 1 (proton)
— 3-:8260 (neutron), 5-:5856 (proton)

6-023 x 1023 mol !
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SECTION A

QEBWWWW¢(x),x-31&:lﬁx=03ﬂ1x=2%ﬁ3ﬁbx2%@317“3[
fordt T W o(x) =02 |

(i) x=103Mx=15% o9 § H[ & YT A hl ITRehdT Fd hIT |
(i) o1 =t feafa =1 gmm 9 < x > F1d i |

A particle limited to the x-axis has the wave function ¢(x) = bx2 between
x = 0 and x = 2; the wave function ¢(x) = 0 elsewhere.

(1) Find the probability that the particle can be found between
x=10andx=145.

(i) Find the expectation value < x > of the particle position. 10

femms o Hes Fofig g3 R &1t (L2), S dan g6 L+ 6

ft aes ¥ fopuiads 2 |

ST Ffed FaTsT 6 T L% Ly, Ly 3R L, i g feafa & aman s ahar 2

Show that the square of the orbital angular momentum operator L?)
commutes with any of the components of angular momentum operator L.

Is it possible to measure L2, | - Ly and L, simultaneously ? Give reasons
for your answer. 6+4=10

et feom® agicM & WagH & 3casid auieed ¥ e SR gefud 2 ?

How is Rydberg constant related to emission wavelength of hydrogen
spectrum ? 10

et difs 6 gsgion Waew e IR sans +i yfafafaad 0 & oo
Ig o Sran @ |

Explain how the hydrogen spectrum is used for imaging the universe. 10

I U Hl Holl A hifow fS@ET goHE m ? IR S fawe &
v<x>=%ﬁm%mmwwmwm:m@m
2198 b U fooms 2 |

Find the energy of the particle of mass m moving in a potential field

2 h? b2x2 . 5 A ; ;
V(x) = ——for which the time independent wave function is
m
y(x) = exp(— bx?2). Here b is a constant. 10
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(a)

(b)

(o)

247

fug EAIE L & -

@ [LALJ=0

(11) [L27 L+] = hL+

(i) [L,,L_] = 2hL,

(iv) L,Ly=L?-LZ +AL,
&l h = 2£ (h weiieh R )
Prove that :

G [LAL]=0

(ii) [Lz, L+] — hL+

(iii) [L,, L_] = 2L,

(v) L,Ly=L?-1L} +AL,

where h = —21—1— (h is Planck’s constant) 5+5+5+5=20
T
e (Fraw) svaeen § T W ad] (§A113) Jieeh i all %o

mm1/4 mcox2
“’0""{%‘] e"p(‘ T )%'
G) 3E fa foig = i v sftrenan @ 2
(i)  oIfrehaw STRiehal S-cd s W &= & ?

The ground state wave function of a harmonic oscillator is

1/4 9
) = [ D exp| o 0%
Vo h on |

(1) At which point is the probability density maximum ?

(ii) What is the value of the maximum probability density ? 15

() ¥8 AFR T fh it § =g g ava R e fava 10715
T F TH-AH, 34 gg dan fava g AerEg ¥9 @ quiEn @
2, SAdgH ol IaH TS FHoll 1 T HIIT |

Gi) 3w T § difta S i e Tfas S B AR HINT |
gmﬁm%wwﬁaﬁqﬁmﬁ%%wmﬁa%mmm

t

(1) Assuming the potential seen by a neutron in a nucleus to be
schematically represented by a one-dimensional, infinite rigid
wall potential of length 10~15 m, estimate the minimum kinetic
energy of the electron.

(ii) Estimate the minimum kinetic energy of neutron bound within
the nucleus as described above. Can an electron be confined in a
nucleus ? Explain. 15
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T 9E % Fawfafsea it Faien fiagia & gar o Qe § Qeg W@
g yR gdfia et & 2

How do Stokes lines appear in Raman spectrum as per classical and

quantum theory of Raman effect ? 20

BISgIoH Tiagn I ga Tl § o gia @ & 2 i qaredfienm % emum
R 35 g $r ==t hifg |
What is Lamb shift in the fine structure of hydrogen spectrum ? Discuss

its theory based upon second quantization. 8+7=15

SeiFgH IFIITH AR H AU FIT | 8% NMR & el 1 IAWR Hif

¥ T SR == i |

Describe Electron Paramagnetic Resonance. Highlight its differences
with NMR and discuss its applications. 5+10=15

() g3 & Yoh oEgH RHgid H T B g, WH T W AT
T % HHT ol TR H AT RifST | 7 hifve F aifem §
& ST Tl TET B 3 $HHT T4 0-97 gm/emS B |

Gi) Trefefad % foe Sef @ smwa s ok i s fafe
I U-forfiy siew § Hifia soieg &1 B,

I e ad daw
3T GHI Sl TurTeR gor ft Hifa |

(1) Using free electron theory of metals, calculate the Fermi energy
level of sodium atom at absolute zero. Assume that sodium has
one free electron per atom and its density is 0-97 gm/cm3.

(i)  Draw the energy level diagram and mathematical expressions for
the following :

[.  Ej of an electron confined in a one-dimensional box

II. Linear harmonic oscillator

Make a qualitative comparison of the above two cases. 10+10=20
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(b) T Tgwm oty % fow, s St it #1 gemm W B st SR W
2 |, TS b firbr mfa A goit S, sowgife st @ %—[{mm
2

Show that for a diatomic molecule with two nuclei of mass ‘M’ separated

by a distance ‘a’, the rotational energy of nuclear motion is lower than

m
electronic energy by a factor of ﬁe . 15

(¢ L-STWA 3R J-J o & & 3w &= FHIR |
. : - . ;
[=1% 94, J = g 3R J = %f@aﬁa‘r%m J % |wifaa srfufa=mg w=n € ?
Differentiate between L-S coupling and J-J coupling.

_)
What are the possible orientations of J for the J = % and J = % states

that correspond tol =17 5+10=15
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@ us B
SECTION B

Q5. (a) RSN ((HL) & T aaea it o 39 SMuifas g9 | HIfT | (A
i fr g it Bren 3% wow 9 % i G % s R) | sudw
A | S w1 fswd frenrer wehan @ 2
Compare nuclear density of hydrogen (;H!) with its atomic density.

(Assume the atom to have the radius of its first Bohr orbit). What
inference can one get from the above comparison ? 8+2=10

(b) difsaw FEs ¥ HUH (100) Gagl & o9 fa0a 141 A% | X-Fel o=
forea it Ta8 W 10° & geeadi s W ysdt &, @ feda w0 F 9 quada
IE B & | X-feror & fafemor & qoreed <Y om fifs |

The spacing between successive (100) planes in sodium chloride is 1-41 A.
X-rays incident on the surface of the crystal are found to give rise to
second order Bragg reflections at a glancing angle 10°. Calculate the
wavelength of X-ray radiations. 10

(0 Tag Fifvw & s 6 sma (Fream) e F v Sfeaei H S=n
T 2:15 x 10~ 13 q7ft &% R Bt B |

For the ground state of deuteron, prove that the radius of nucleon is of
the order of ~ 2:15 x 1013 cm. 10

(d) ¥ Fu h IR B % amed (qrea) @ @ st @ 2 39 ureis
forn & amed & onur R fafte s @& affesor Hifsa |

What is meant by strength of the interactions of elementary particles ?
Classify the different forces on the basis of this strength of interaction. 10

(e) ofhifas b &3 fhm YR amm W fflt wtar R 2w srfoemes
T % T, 14 K 31X 13 K W shifds b &3 HAT: 145 x 105 A/m 3R
42 x 105 A/m & | AfG=Tee GhHu a9HE 3 0 K T shifdss & 6l T0ET
HifST |

How does supercritical magnetic field depend on temperature ? For a
superconducting specimen, the critical magnetic fields are respectively
145 x 10° A/m and 4-2 x 10° A/m for 14 K and 13 K. Determine the

superconducting transition temperature and the critical field at 0 K. 10
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(a)

(b)

(9]

247

T TS H GEH T AT @ ? A IR H I A | TR
TR (uy) N SR WHEE (up) B Refya AT | 396 AH TR
HIT |

Does the nucleus possess magnetic moment ? Justify your answer.

Define nuclear magneton (uy) and Bohr magneton (up). Calculate their

values. 7+8=15

G) ord-amias gome g3 fafEu | 3w g e WM W @ R
2o G (A) % Toe ged R Tifies & o] AT (Z) T oM
Hfw | (ArEfa U % TH FE S b [T ag = 0-711 MeV 3R
srEmfafa St % AT ay = 23-702 MeV 1 3TN Hifom)

i) T=faRea Tt Afifra & QA it woFr Hhifre
4B69 i 2He4 = 6012 + 0111
femn m  : Be 1 MG WHIY] GEHH = 9-015060 amu, He 1
SIS TEHIY] ZoTHH = 4-003874 amu 3R C FT TGS TATY GoTHH
= 12-003815 amu. =2 T F99H = 1-008986 amu 2 |
(6)) Write semi-empirical mass formula. Calculate the atomic number
(Z) of most stable nucleus for given mass number (A) using

the above formula. (Use the value of fitted coefficients for
Coulomb energy ag=0-711 MeV and that for asymmetry energy

aq = 23-702 MeV).
(ii)  Calculate the Q-value of the following nuclear reaction :
4Be? + gHe? = ¢C12 + (nl
Given : the mass of neutral atoms of Be, He and C are 9-015060,

4-003874 and 12-003815 amu, respectively. The mass of neutron
is 1-008986 amu. 15+5=20

Tt i % fore v geemor fam @ § 2 39w fawl 1 @ng R geiid
o for @ Ffafea sifufrard awa @ = =&

(1) 1:++n0—>K0+K+

0

(ii) 7e+p+—>n +e

What are the various conservation laws for elementary particles ? Apply
these conservation laws to confirm whether the following reactions are
possible or not : 15

(1) TC++n0—>KO+K+

Gi) v +p - nl+e
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Q7. (@ () HIITHcd H A T 2 ? JGIHA Ygfa H amm Fofar i
faa=an fifs |
(i) Ifvas® FEgeA Il WS a9 g W o (Freaw) orewen #
yiageeha ygfa i T Hifse | o= fifsw 5 wfas gegem %
ﬁ%mﬂwﬁamﬁmﬁm@maﬁ@#:%ﬁ%ﬂﬁao
TSI 1 JH 1 Her H B # |

1) What is the origin of paramagnetism ? Discuss the temperature
dependence of paramagnetic susceptibility.

(i)  Calculate the diamagnetic susceptibility of atomic Hydrogen in
the ground state at STP. Assume the mean square distance of
electronic charge distribution of atomic Hydrogen from the
nucleus r2 = 3ag, ag being the radius of the first Bohr orbit of
Hydrogen. 8+7=15

(b) () IAFH b IWIE ZoAWH ) FAT JEURI B 2
(i) T S F FR WS T Ek) = — 1 x 1026 k2 ergs o mn
2 | U 3oiagi 3iifeed k = 1 x 107 k, cm~! & Ferer foren smar 2 1
B & I goauH & g wE gl s Hifd |

(1) What is the concept of effective mass of the electron ?

(ii)) The energy mnear a valence band edge is given by
E(k) = -1 x 1026 k2 ergs. An electron is removed from the orbital
k = 1 x 107 k, cm L. Find the sign and magnitude of effective
mass of the hole. 10+10=20

(c) TH RCIMH FRT WrefierR &1 7eg-3gf awish (|fed) A, = 1002 |
2 3R TR & 3 (Fe-3116) NGl £; = 20 Hz 3 £, = 50 kHz & | 36
g =t Fra hifsre i @ s (afer) o2t 80 & waT B |
An RC-coupled transistor amplifier has mid-frequency gain A, = 100.

The values of the lower and upper cut-off frequencies are f; = 20 Hz and
fo = 50 kHz. Find the frequencies at which the gain is reduced to 80. 15

Q8. (a) T foull &1 TWFHR AR @MU w® I R ? HEEST (Mossbauer)
WFgHIe ht FRIfAR 3K sah ST H1 qui FIfST |

What is nuclear resonance absorption of gamma rays ? Describe the
working and applications of Mossbauer spectrometer. 15
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fefrea e, wram e @ fFa yor fim & 2 feftea soieeifiaw
% SIS ITANT % G&T HAU 1 & ?

AND 72, OR ¢ W& NOT e & T 3@, eiig qeftertor 3 demm
aroft €T | guisy fF NAND 3t NOR Tei 1 qrdfe (gfada) e
% €9 § I B Ghd 8 |

How is digital system different from analog system ? What

are the principal reasons for the widespread use of digital
electronics ? 4+4=8
Give logic diagram, Boolean equation and truth tables of AND,
OR and NOT gates. Show that NAND and NOR gates can be

utilized as a Universal Gate. 12

(¢ FET 3R MOSFET & SRyl il qo1, Ih! G311, [ - V a5 R 3w
ATfireremon & 3muR W iy |

Compare the working of FET and MOSFET with their structure, I -V

curve and transfer characteristics. 15
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