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Instructions :

The figures in the margin indicate full marks.
Answer any five questions.

Candidates are required to give their answers in their
own words as far as practicable.

All questions have been printed both in Hindi and
English. In case of any ambiguity in Hindi version,
the English version shall be considered authentic.

Parts of the same question must be answered together
and must not be interposed between answers to other
questions.
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What do you understand by tunneling
through a barrier? A particle travelling with
energy E along X-axis meets a potential
barrier defined by

0, for x<0O
Vix)=4Vy, for O<x<w
O for- x>w

Derive an expression for reflection and
transmission coefficient of the particle.

Ut g0 GO | 3 T TEId 87 E Al A
x—aa%mmmmm

0 ,x<0 ETY

Vix)=9Vp,0<x<w % fore

0, x>w Ffag
T gy fawe Juss @ =Har 31 0 & WEdd
IRTH TS % T Si9e FYam Hi
Define Pauli matrices and show that they
anticommute. Also show that

6,6_=2(l+0c,)

Uil TTSYE HI GRAING H qUT R TR I HA-
Ffatig €1 @y & g ® o0 =2(1+0,).

(a) The bands of a system are described by
the expression

v=19221-2+(1611-3u'-49-7u'?)
~(1495-7u"-31-5u"?)

where u = v+-1—. Calculate the position

of 0, O band and discuss degradation of
bands and their intensity distribution
using Franck-Condon principle.
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Determine the possible terms of one
electron atom corresponding to n=3
and compute the angle between L and

S vectors for D5, state.

w fem % Svs fd W ey
v=19221-2+(1611-3u’'—49-7u'?)
T —(1495-7u"-31-5u"?)

70 el & el w=v+= 210,040 A
fRufq it o W qur Se-wied fEw @
39N WA gQ el & fonem W I g
oo $i fe=m H

n=3 % f9¢ G SR a1 WA & @
7el 7 R a 2Ds,, Ry % faw Loaen
S wfewt & &= % S H A w=Y

Distinguish between Raman and
Fluorescence spectra. Establish a
relation for the probability of energy
transition involving Raman effect and
show that occurrence of Raman
spectrum depends upon the polari-
zability of molecule.

Explain the splitting pattern in
NMR spectrum of ethyl bromide,
CH;—CH,Br.

T a1 Wfdiy aofshn # 3T wE | T J9E
H @M Wd g Holl GHAY HI WRIHAT
e e el =t aur euid 6 = awE %=
afeq g1 St H gavfigar W ek @ R
TRE §mEE CH;—CH,Br % NMR duisg 3
foure fepm w1 gng)
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S5. (a) Using Schrodinger wave solution, show
that deuteron is loosely bound and
does not possess any excited S states. 10

(p) Find the Q-value for the reaction
145i%° (d, n) ;sP%° from the given nuclear
reactions for formation of ;sP*° in

ground state : 5
(i) 2,H2 —»>He* +22.5 MeV
fi) s Pl ey, 5520
+,He* +2 MeV
(iii) 15P3! +7——15 P + o1t 125 MeV
(iv) 14Si%8+ H2 — »148i%
+ lHl +6 MeV

(F) AER T @ F I\ FA T @ F
S Rifieeg ® qon 38 &8 i@ S araen
& @l

(@) 14Si%°(d, n) ;sP%° fufser d Qum fam
TR SAffshaeti & g staeen # P30 ¥
% fag @ = -

(i) 21H2 — 55He*+22.5 MeV

(i) aP3l ol 2 5 145528

+,He* +2 MeV
(iii) 15P3 +y——15 P04 1 —125 MeV
(lU) 14 Si28+ 1H2 =214 Si29

+1H1 +6 MeV
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6. (a) A pion with mass m, at rest decays into
a muon (mass m,) and a neutrino
(mass m,) both moving in opposite
direction. Assuming m,=0, show that
velocity of muon is

v=(mz-m2)c/(m?+m?) 10

(b) Classify the following processes in
terms of the type of interaction with
suitable justification : 5

T +p—>A°+k°; W +po>T°+n;
'p+y—>p+n°_; '2°—>/\°+y;
kesnat+n s A°—>p+e +V

($) T m, ¥R Iren Est fom e § fawdia
st # e T EFH (AR m,) @ =R
(WR m,) ¥ &R@ g1 81 m,=0 AMd T Wi
% =i % 9 R

v=(m} -md)c/(m7 +mg)
(@) T gfsemsti & s=fmsT & R § 3km
siifae & =Y ffea = -
Lo+ p A HEY; RApSATEn;
S PYYo pAREss B > ATy
k°s>nt+n s A°>p+e +V

7. (a) Show that the London equation leads to
Meissner effect and flux penetration
through thin films of superconductors. 10

(b) Copper has fcc structure with atomic
radius 1-278 A. Given the atomic weight
of copper 63-54, find its density. 5
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(%) <l % forg wor o Tfier TER waE &l
culal & 91 ¥g Ffdueie H Uael 9d A
sfEE I @ Bl

(@) 1-278 A wwiftas f=m 9t dfe 1 fec @
B TEH T FA W, & AR GE
TR 63:54 2l

8. (a) Derive a relation for the shift in Fermi
level of n type semiconductor of doping
concentration n;, when it is further
doped with n type impurities of concen-
tration n,. 10

(b) Determine the output voltage of an
operational amplifier for input voltages
V;;=150 pVv, V=140V, if the differ-
ential gain of amplifier is 4000 and
CMRR is 10°. 5

(®) n, Figdl & Al n THR F Iref=Ted A HH
W & fem & fou gey g =, S5 3@
n, Gigal 9l n YHR H gfed d g Afea
e s 2

(@) & ARyEa yads & frld g = fesh
fawa v,;=150 uv, V,=140pV & oo 3@
N, I 3@ vads = NS yedw 4000 aur
o Wo ARo 3o 10° Bl

* % X

04/SBS/M-2020-12B/24 6 JT/21—350



