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PHYSICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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 question 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 meanings.

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 Booklet must be clearly struck off.
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@WUE—A / SECTION—A

1. (a) e fif 5 Rk 3 sfifTean s 45 H afifes a1 smonda | B v e R

Explain how the uncertainty in position is different from the uncertainty or
inaccuracy of the measuring instruments. 10

(b) 2 AR s fava U T Qe B oI s S it i)

Determine the ground state energy of an electron in an infinite potential well of
width of 2 A. 10

() 'Fa-'D, s ¥ fog v sfam wfoes smfEa i)

Draw the normal Zeeman pattern for 'F;~! D, transition. 10
(d) ﬁﬂ%tﬂﬁmaﬁﬁfﬁlﬁlﬁ,aﬁmmmﬁmm,aaﬁmmﬁ(ﬁ@m)

o % fore gaft ooff wien we@n i mom e

[ W ffer 6 aroem aifers R

In case of pure rotational states, if the temperature will be doubled, then
calculate the rotational quantum number corresponding to maximum
population density.

[ Assume that temperature is high ] 10
(e) U ReEareh gaag v ¥ A eEgl A wien ged

n =6, =3 s =%

ng =5, 12 =], Sy =%

L-S %A AFA §T L TE J % Gifaa HHi $ 9 A
The quantum numbers of two electrons in a two-valence electron atom are

n =6, =3, s =%

n, =5 I=1, s, it

L8]

Assuming L-S coupling, find the possible values of L and J. 10

2. (a) Saesl F oA w1 27w e p ¥ @ omifen wn ¥ fog fie Hifse B S
Arfarhg 1 (B> pe?) # saednsi 1 9l
7
o=
3, 5l g(E) = wiwsd F1 W, V = 6 FI Ea, R 9 8, E = F4 6, ¢ = T
$ 74 @ h = @ FEaE)
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What is the density of states? For a relativistic particle of rest mass p, prove
that the density of states in the extreme relativistic limit (E > pc?)

4 2
g[E)=———E
n2n3cs

where g(E) = density of states, V = volume of the system containing the particle,

E = total energy, c = velocity of light and h = Planck’s constant. 20
(b) TH 30 Yae FYF ¥ Wafdd 9 YT aw & g wrad e (R) 3R 9w e (7T)
% fore =rsr ww Fifsrg )

Obtain the expressions for reflection coefficient (R) and transmission coefficient
(T) for reflected waves and transmitted waves from an infinite thin barrier. 15

(c) el wireral & ay Frafafaa fawa & g Aifer @feo = o T 3 79 Fifve 3 gom
0, x<-a

Vix)={V, -a<x<a

1 0, x>a

For a potential with the boundary conditions

0, x<-a
Vix)={V, -a<x<a

0, x>0

solve the Schrédinger’s equation in one dimension and find out the conditions
for tunnelling. 15

3. (o) TR I SfEm wHTE F g Agie-stem A fi g § s g Fifm)

Find out the difference in frequencies of Lyman-alpha line in hydrogen and
deuterium atoms. 15

(b) TH-TI T, Hiew i w1 Al fafie @ ) m e % i veag st woa=t
Fif)

The Stern-Gerlach experiment is a landmark experiment in quantum
mechanics. Discuss about the most important findings of this experiment. 15

(¢ () T o v (HF) ¥ fags 9off s @am 8 @ wara goff et 6 @
T3] & FR AV = 4050 m ™! urn s 2| FeafaRaa e Hifsw

(1) wpff e

(2) g s
(3) 2wt % wiw A g (Y )
[ ®, My =1u, Mg =19u |
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From the pure rotational absorption spectra of a diatomic molecule (HF),
the wave number difference between the consecutive rotational lines is
found to be AV =4050 m™!. Calculate the following :

(1) Rotational constant

(2) Moment of inertia

(3) Distance between two atoms (bond length)

{Givcn, MH =1‘L1, MF =19u]

(i) HCl 3] %1 9@ fR® 4.8 x10° dyne/cm ¥ Riaw 3R sfa-2raw @i 6 qn
gEgat 6t T Fifve, 59 4358 A qoresd & fafsor g s i sd)

[T = R, pye =1-61x1072% g

The force constant of HCl molecule is 4-8 x10° dyne/cm. Calculate the
wave numbers of Stokes and anti-Stokes lines, when excited with a
radiation of wavelength 4358 A.

[ Given, pyoq =1:61x1072* g

4. (q) wae T Fra yr -y 9 % fa = (o) 1 3e% dF el 0y, 0, WMo,
TR =5 TR S wehan B

State how for spin-half particles, the spin (o) can be expressed by its three
components 0,, 6, and 0.

(b) AfER Tl R EEFeE WY Hi A FEen F o wyw = -y = Ao
i

By applying the Schridinger’s equation to the ground state of hydrogen atom,
determine the zero-point energy.

(c) viedife it wpdfy & o= wie At @ aftgemelt F fou soer frarfafEt 6 samen
At 7 TR, Teel Bram TR 3 o R ol B s @
Fifs)

Distinguish between fluorescence and phosphorescence. Explain the
mechanisms responsible for these phenomena. Discuss the applications of
fluorescence and phosphorescence in the fields such as biochemistry, material
science, etc.
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5. (a)

(b)

(c)

(d)

(e)

@UvEs—B / SECTION—B

29Iise % B sraeen (S = 1) i i, wwet e (S = 0) A et F v € A 2

Show that the energy of the triplet state (S = 1) is not equal to the energy of the
singlet state (S =0).

p® oM KO ¥uf1 A A sfmR nt ol o # Rl A W ¥ 0 w1 shew heTEE
1078 s} &, saf KO %1 afra sfawaret 0-89 10710 s 37

p® and K® mesons both decay mostly to n* and n~. Why the mean lifetime of
p? is 10723 s, whereas that of K° is 0-89x10"10g?

I FTer e H B wra Hifvr, S e qomE gr aRET foc TEA ¥ adE W
fifer & warifoa 8 wwar )

Find the radius of the interstitial sphere which can just fit into the void at the
body centre of the fcc structure coordinated by the facial atoms.

e A =1.54 A ¥ fafem @ @ (Se) ¥ g wew fady fafy sfes § (220) 30
qUEH 0 O = 32° B | T 1 A F1 HR

In powder diffraction method pattern for lead with radiation of wavelength
A=1.54 A, the (220) Bragg reflection angle is 6 =32°, Find the radius of the

atom.

() FET (JFET) § MOSFET & 3t ifireigont & Fa1 s &7

What are the differences in electrical characteristics of FET (JFET) and
MOSFET?

(i) n-=7d F1 FET, p-37a % FET @ f5a wan fim 27
How does n-channel FET differ from p-channel FET?

'30, 180 3k o # FA WA FoM FA: 11196 MeV, 127-62 MeV 3R
131-76 MeV & 38 =@ee & R 1p;,, 3 1ds,, =g B9t % 69 % 3 siqoa &1
it i, Rt somm &1 16 F w9 )

The total binding energies of '30, '§0 and 70 are 111:96 MeV, 127-62 MeV

and 13176 MeV respectively. Determine the energy gap between 1p, 2 and
lds;, neutron shells for the nuclide whose mass number is close to 16.

10

10

10

10

15
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(b) THA-FHU FIN AieA H A AL FARY| ATHHE @ T 9e, B nefm e
radl 2o i yuyEar (i) F) fFa ywr T 9w 2 &7

State the basic assumption of single-particle shell model. How do the
centrifugal and spin-orbit terms remove the degeneracy of three-dimensional
spherical harmonic oscillator? 10+10=20

(c) =iE aRar % faftm gew At smen fifse) deife g o w1 87 39 @E %
MR R Farge o Frafafaa sifufrand dwg & @ 74
i) =~ >p +v,
(i) n—>p"+e +v,
Explain the various leptonic family members. What is leptonic number

conservation? Based on this conservation law, tell whether the following
reactions are possible or not :

fiy &= —-p +v,

i) n—>p"+e +V, 15

7. (@) ,He* Tfye % w@aa WeH 7 =gt § fawen F fog =man frah =i arfee?

[ & ™ 8, my =1-007825 amu, m, =1-008665 amu, m, =0-00055 amu 3R
Mmye =4-002603 amu |
What is the minimum energy required to break a 21—!134 nucleus into free
protons and neutrons?

| Given, my =1-007825 amu, m, =1-008665 amu, m, =0-00055 amu and
My, =4-002603 amu | 15

(b) () "m i & w RfEm Tl (o, U0) wa: @ suer st § i @ s Ry
THEHA 3T e Aa e T i fRrdga S 3§ w5 F smwem fifvig)
[ Fnferhr ardfeamd 1.2 x 10713 AY/3 cm wm wfifvm )

U236

Consider a uranium nucleus (g, ) breaking up spontaneously into two

equal parts. Estimate the reduction of electrostatic energy of the nucleus
considering uniform charge distribution.
13 41/3

[ Assume that nuclear radius is 1-2x10~ cm ] 15
(i) ¥ TH B F e oft gl Sl o e e F WEraia w6 geiE 87 S

Hfea sasw)

Is it possible for a photon to transfer all its energy to a free electron? Give

reasons. 5
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(c) we-geh werdl # ey (ReftRm) wiwen F wro A =ren i e @@ =

RIS F1 GG HT 87
Explain the cause of hysteresis phenomenon in ferromagnetic materials. What
does the area of the hysteresis loop signify? 10+5=15

8. (a) gl WEMN () F NER R Wfograsm, gy 3R dre-greha gerl # affeo i)
ﬁwﬁ%mm%m%#qﬂaﬁqaﬁmﬁamwmmﬁﬁm

Classify diamagnetic, paramagnetic and ferromagnetic materials in terms of

their magnetic susceptibility (x). Plot and explain the variation of . with
X

temperature for the three materials. 20

(b) X-fow faads 70 #7 v XRD wfoeq %1 fhg yor A verd 4 frea @@ 91 fuifa =63 §
Iugr T e 27

What is X-ray diffraction? How is an XRD pattern used to determine the crystal
structure of the material? 15

() () RN F1 R? GeH @ WG Th AEHNEE H SRS FEAWE F Ao
#ifwg |

What is a microprocessor? Describe the internal functioning of a
microprocessor with block diagrams.

(i) o wfrdges (uffer) ot ) 3@ fhe vor ot g 9 vaem § fim §7

How do thermistors and solar cells differ in structure and operation?
10+5=15

* 4 ok
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