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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.

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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feerTas Tt sravaahar g1 a&dt &

frata § vt 1 97 () = 3x108 ms™!
soag H1 fom Z=WH (m,) = 911x103 kg
TAFEA T AT (e) = 1:602x10°1°C
sAdgia o1 fafsre smaw [mi] = 1-76 x 101! Ckg!
e

lu=1amu. =16605x 102" kg = 9315 MeV
o i fammae g H S (me®) = 0-5110 MeV
Tk S A fagaEfierat (gp) - 88542 x 107 2C2 N1 m™
T TR <l TR (1) = 4nx 107N A2
9 s (R) = 8314 J mol 1K1
e FERr (k) - 1381x 1028 JK!
i R (h) = 6626 x 10734 J s

(h) = 10546 x 1024 s
R AW (up) = 9274 x10°24J T1
TR FE (uy) = 5051 x1027J T°!
gew e o (o) = 1/137-03599
T H1 59 H (m,) = 1-0072766 u = 1-6726 x 1027 kg
¢ H GEEH (m) - 1-0086652 u = 1-6749 x 102 kg
Sl 1 g (my) = 2:013553 u
00T I =TI (m,,) = 4-001506 u
2 C w1 goa = 12:000000 u
10 1 7 - 15:994915 u
2 Sr 1 FEAH — 86-99999 u
, He 1 55 = 4-002603 u
Hefd S I (g)) = 0 (), 1 ()
fom uigredE I (gy) = —3-8260 (RIg), 55856 (MeH)
Wﬂﬁ[ & — 6-023 x 1023 mol !
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Constants which may be needed

3x 108 ms!

Velocity of light in vacuum (c)

Rest mass of electron (m,) = 911x 1031 kg
Charge of electron (e) = 1602x1079C
Specific charge of electron (miJ = 176x 10! C kg1
e
lu=1amu. =16605x 10727 kg = 9315 MeV
Rest mass energy of electron (mecz) = 05110 MeV
Permittivity in free space (&) = 88542x10°2C2N1m2
Permeability of free space (i) = 4nx 10N A2
Gas constant (R) = 8314J mol 1K1
Boltzmann constant (kp) = 1-381x10 83K
Planck constant (h) = 6626x1034Js
(h) = 10546 x 10734 J s
Bohr magneton (uip) = 9274x10°24J 1!
Nuclear magneton (uy) = 5051x1027JT!

Fine structure constant (o) = 1/137-:03599

Mass of proton (m,) = 10072766 u = 1-6726 x 1027 kg
Mass of neutron (m,) = 10086652 u = 1-6749 x 102" kg
Mass of deuteron (my) = 2013553 u

Mass of a-particle (m,)) = 4001506 u

Mass of lgc = 12-000000 u

Mass of ‘50 = 15994915 u

Mass of ,, Sr = 86:99999 u

Mass of ;He = 4002603 u

Orbital gyromagnetic ratio (g;) = 0 (neutron), 1 (proton)

Spin gyromagnetic ratio (g,) = —3:8260 (neutron), 5-5856 (proton)
Avogadro Number = 6-023 x 1023 mol™!
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WU A
SECTION A

Ql. (a) @Wﬁﬂi"’lﬁ?(’p(x),x-@{&?lﬁx=0ﬁ(x=2%ﬁ?ﬁbx2%®3iﬁf
fredi T W o(x) =027 |
(i) x=103Mx=15%% o9 ¥ & & ¢ I $I Wi¥har 7@ it |
(i) = & feafa &1 gemen 9 < x > 3@ FifS |

A particle limited to the x-axis has the wave function ¢(x) = bx? 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=15.

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

(b) fearu fF Has ST a1 GHEE & a1 (L2), SIvig G971 GHRH L& 6l

ft aes 4 fepafads 2 |
HRY Afgq sy 6 @ L% Ly, L, 3 L, 31 gva fRufa # s wwar 2 |

Show that the square of the orbital angular momentum operator a®
commutes with any of the components of angular momentum operator L.

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

(¢ Teal fori® aEgea & WagH & Ioasq auieed § e yor gefia 2 2
How is Rydberg constant related to emission wavelength of hydrogen

spectrum ? 10
(d) =are Hifse 6 gEgen Wegn e yor swe +i sfafefas +@ F fau

39 foma S 2 |

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

() 3™ HU HI Foll FA Hifw fEH g9 m 2 3R o foawa &=
212.2
V(x):Mﬁnﬁm%sﬂ{ﬁawwgﬁmww(x)=exp(-bxz)

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

2 h? b2x> . : ; : ;
V(x) = ——————for which the time independent wave function is
m

y(x) = exp(— bx?). Here b is a constant. 10
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Q2.

(a)

(b)

(c)

fog fifse & -

() (L3 LJ=0

(i) [Lg, L, =hL,

Gii) [L,,L_] = 2L,

(v) L,Ly=L2-L7 +hL,
st h = 2£ (h T e 2)
Prove that :

G) ML3LJ=0

(ij-) H—'z’ L+] = hL+
(i) [Ly, L_] = 24L,

Gv) L,L =L?-1L2 +aL,

where h = 2£ (h is Planck’s constant) 5+5+5+5=20
T

e (Frtaw) raeen § U W STad] (EA1G) Fierh i all %o

I:III(ON4 IIl(DX2
wo(x)=[7;} exp[— o ]%l
() & foa fog w mivar a9 srfisan 2 2
Gi)  orreran TTRieal Ueca o1 4 FI1 8 2

The ground state wave function of a harmonic oscillator is

1/4 2
(x) = [ D@ exp| — BOX” |
Vo A oh

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

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

G) ¥ wHa ge fh T # =i g sgva R e fava 10715 .
T F TP, 3 g R fava grr AeArEg F9 H g W&
8, g <l =HaH TS ol T T HITAT |

Gi) 39w A § Hift =g it 2Ean Tfas S B A RN |
?wﬁﬁq%wqaséazﬁaﬁmﬁm%mmﬁa%mmm

|

(i)  Assuming the potential seen by a neutron in a nucleus to be
schematically represented by a one-dimensional, infinite rigid
wall potential of length 1015 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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Q3. (a) T WE % fooifafssa o Faien figia & mar o S@wn § wew
form wor weftq Bt & 2

How do Stokes lines appear in Raman spectrum as per classical and
quantum theory of Raman effect ? 20

(b)  BISSINF TagH HI GE T § A gid #4918 2 il savedem $ enuw
W 3% faga $i ==t Fife |

What is Lamb shift in the fine structure of hydrogen spectrum ? Discuss
its theory based upon second quantization. 8+7=15

(0 IO ATITH TG H G0 HIFAT | 5% NMR ¥ 3icdl I IR A
3R 3% AR Y F=t A |

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

QL (@ () UG & g% soH g F RN F g, T I W Eifem
T F FH Hal w) B e e | g i B Gifem §
qFd SoiagiA Jfd THI] 8 3 3HHT 94 0-97 gm/emS B |

(i) Frfafga % fou Fof v sma s 3i finde siwe fafew
I u-fadfy sfew | difva soweia #1 B,
II. e nadi Qo
3T M1 I TR g ot Hife |

(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.

(i1)  Draw the energy level diagram and mathematical expressions for
the following :

L. E, 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) U fguram sy % for, S SHt it &1 gamm W Bt 3t 39 T
@‘a’ﬁ,mﬁm@anﬁﬁ@hmﬁ,sﬁﬁﬁmmﬁ%wm
21

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

electronic energy by a factor of %. 15
(¢ L-SYWH 3R J-J JuT & o= o T Hifw |
(= 1%, g = 2 sy = ] e % fo g % st s d 2

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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Q5.

(a)

(b)

(c)

(d)

(e)

WUs B

SECTION B

TEEA ((HD) & Tifieh wved 1 g 35 uifas oe @ AR | (FH
i f w6t Bren s wom a1 w6t B F o ) | 3w
o1 © 15 = s e gar 2 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

Hifeaw Feiigs | A (100) Taa & €9 auet 141 AR | X-f0 o=
frea &t gag W 10° & ysaudf s w gedt &, @ fedftw w0 % o wad
B # | X-fror & faferror & et i moen s |

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.

fag s % =i 6 sma (Feam) s & fau gfeaeis 6 G
T 215 x 10~ 13 Tft &% U B ? |

For the ground state of deuteron, prove that the radius of nucleon is of
the order of ~ 2:15 x 10~13 cm.

o w1l IR fm % wmed (area) @ s siftue R 2 39 aref
forn & amed & snum W faftm st =1 arffewr FHifsw |

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

sfarifas g &3 frg ywr aom @ il =@ 2 2 & i
T % U, 14 K 3K 13 K W ifas g=hig &9 HAW: 145 x 105 A/m 3R
4-2 x 105 A/m & | Afcr=Ters TREU AW 3 0 K W wifas & 6 e
i |

How does supercritical magnetic field depend on temperature ? For a
superconducting specimen, the critical magnetic fields are respectively
145 x 105 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.

PHKM-B-PHY 8

Optional Province - optionalprovince.com

10

10

10

10



Q6. (a) T AT w1 Guh M AT # 2 AU IR F I A | AR
TR (uy) 3N SR BHSH (up) B gy Hifg | 396 A= H o
$ifT |

Does the nucleus possess magnetic moment ? Justify your answer.
Define nuclear magneton (uy) and Bohr magneton (ug). Calculate their
values. 7+8=15

® () odamwlas gom g3 fafEe | 3w g3 o swm e @ W
o T (A) % fau ged for Tt & s e (Z) o
$frm | (smEfd Ul % W HA™ H91 b AT ag = 0-711 MeV 3R
sremfafa St & fAT ay = 23-702 MeV 1 3T HIf0)

Gi) FrataRaa o sfifea & Qum it omFm il -
4Be? + oHe? = 4C12 4+ (nl
fe T  : Be ¥ 3WIAE WA gEWH = 9-015060 amu, He
SIS YT 590 = 4003874 amu 3R C HT AL THIY ZoT0H
= 12:003815 amu. =T T Zo9HH = 1-008986 amu 2 |
(i)  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

a4 = 23-702 MeV).
(ii)  Calculate the Q-value of the following nuclear reaction :
4Bed + gHe? = gC12 + ¢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
(© o i & fore fafte e faw wn € 2 37 e frami # anp = geniid
o fos @ Ffafiaa sifufwrard awa & 0 =&

@ nt+n® 5KO+K'
(i) ;e +p+—)n0+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

@ n+0? 5K+K

(i) v, + ot hY &
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Q7.

Q8.

(a)

(b)

(c)

(a)

() IFgEHcd H g N 2 ? IYIHA Yga H ammm Ffar i
fam=m fifsw |

(i) TOAfvas® FEgeA il WES a9 oW W g () sEen #
vfrgeda wgfa i mEr ifse | 9 i 5 onfas e &
ﬁﬁﬁmmﬁwﬁmﬁﬁ%waﬁaﬁrhaag%,aﬁao
BISSIH sl JeW o1 %87 6T = 2 |

(i) 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

(i) IEEE & IWTE ZIHH i T FTURO 2 ?

(i) TASHA 92 F FR W S W EK) = - 1 x 1026 k2 ergs o wn
2 | U 39 Aifdedt k = 1 x 107 k, em~! ¥ Frera formn sman &
B & YW geamH & fas v afmmr s Hifve

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

(i) The energy near 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 ky cm™. Find the sign and magnitude of effective

mass of the hole. 10+10=20

% RC-Ifma Ziforet Wcfivrr &1 qex-amgfa emviss (@fs) A, = 1002 |
= 3t ST Hit o (Fe-1%) At f; = 20 Hz 3 £, =50 kHz & | 39
argfa =t sa Hifse o w e (fsy) =2 5t 80 & ST 2 |

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
fy = 50 kHz. Find the frequencies at which the gain is reduced to 80.

T fRTn w1 AR AT orEsiNu N R 2 WiEESt (Mossbauer)
Wit it HrEifaft i 3% 3w %1 9ok Hifs |

What is nuclear resonance absorption of gamma rays ? Describe the
working and applications of Mossbauer spectrometer.
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b @

(i1)

(1)

(i1)

fefsrea Frem, wam fem @ fra v fim ? 2 Rftea wifeEa
&% AIH IYINT & J&F SR 41 & ?

AND 72, OR 12 W@ NOT e & % @, qeitd qefies 3K e
aroft ST | ZwTEY fF NAND 3R NOR 2t 1 grfis (feda) e
% ®Y | I FHHA B |

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 & ®EYuell Sl qoiT, 37! §T=11, [ -V a6 31T 3w
frereron & UR W AR |
Compare the working of FET and MOSFET with their structure, I -V
curve and transfer characteristics. 15
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