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1.

This question paper contains ten questions in five Sections. Attempt one question from each
Section.
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Each questions carries equal marks. Marks are divided and indicated against each part of the
question. Write answer in legible handwriting.
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Write answers in legible handwriting.
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Each part of the question must be answered in sequence and in the same continuation.
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Attempts of the 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
answer book must be clearly struck off.
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Use of log table is permitted.
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Re-evaluation/ re-checking of answer book of the candidate is not allowed.
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1.

(@)

SECTION-I
Consider that the vector potential is given by
A=5 cos(my) i+ [2 + sin(mx)]j
and is defined in a region R. If L be a square loop of wire in X-Y plane
with coordinate (0,0), (0,0.5),(0.5, 0.5) and (0.5,0), and it entirely lies in
the region R.

Calculate the magnitude of the flux of magnetic field passing through L.
wH o 5 d@e v, A = S cos(nmy) i + [2 4 sin(mx)]j R0 feam e @ ik
T & R #gHfEa g 19 0,0), (0,0.5),(0.5, 0.5) and (0.5,0) fesrish amer X-

Yaadaueamenau L s pierad R aadfaasd L & oo
ST FeehIT &1 o SATE o TIHTUT T SATohetd hITT |

What is magnetic susceptibility? Explain the diamagnetic, paramagnetic
and ferromagnetic material based on magnetic susceptibility. Draw the
magnetic hysteresis for ferromagnetic material and explain it.

T TUTRIAT 91 & | Feehid HTRIT o STTER TR 9t Feehid, STIashia 3R 18
TrehI YaT Sl SATEAT AT | Sre Frarehia warel o foTg erehia Siforesr st forfra
hITSTT 371 38 Femed |

Consider two concentric sphere of radii a and b, where a < b. The space
between the sphere is filled uniformly with total charge Q. Find the

electric field at any point between the two spheres at a distance r from the

centre.

TAdfe asi b Beusiisdasfsdaads, s’ a < b Rlgas =
TAH FA A& Q 8 TH GAH T H U € | 5 © 1 G ST Il o sftel fordlt off foreg
T ST &7 1 I |
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(b) In a non-conducting medium characterized by € =€, u =pu, and 1Q
conductivity o = 0, the electric field (in V/m) is E =30 sin(10°t —
kz)j. Find the magnetic field H.

€ =€y =, INTwa 0 =0, dga &x  (V/m #) E =

30 sin(10°t — kz) J =re T srerrereh H1eam B | e & H s

SECTION-II

3. (a) Thewave function of a particle confined in one-dimensional box of length  1(

L with rigid wall is given by

Y (x) = \Esin (nLﬂ) where n=1, 2, 3 ...

Find the expression of energy Eigen value from the solution of
Schrodinger wave equation. Also determine the energy of state

corresponds to n=3 having L=0.5 nm.

FILAGR TS L TS It Ueh-ARTHY STor § TXord Wek U7 ohT o el 39 JehTT
2 . nmx
e e: Y, (x) = \/;sm (T) where n=1,2,3 ... ®

ST AT SHTER0T o |G § st ATGHH ol ST sargd AR L=0.5 nm. st
N=3 & qaT&Y IsTl a1 1 oft Ferieor Hiform |

(b) (b) In Compton scattering (non-relativistic case only) of photon, calculate 1

the expression for the maximum kinetic energy of the recoil electron.

W1 o Shitue fatur (haet W emufershia feufa) o wfafafy soraem it etferman
TTforsT Fsit o foTq s st 3TTehat hIfSTT |
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4. (a) Explainthe Zeeman Effect for weak and strong magnetic fields. Draw a 10
level diagram for the transitions permitted from 2P;,, — 25, ,in the
presence of a weak magnetic field.

ST SR QIHTCA STeh T &1 o FoTT STIH STTer ol SATEAT HITST | Tk AT feieh
FAh R d 2Py > 25, ¥ v zift ¥ fore v e forr i s |

(b)  The emission wavelength for a transition D, — F; is4803 A. Calculate 1Q
the ratio of populations of the final to initial state at a temperature of 3000
K.

wF ziftee 'D, - 1F; % foq scastt @it 2wt 4803 A # 1 sifm s &
TRfreh e o6 wfie % srqara 1, 3000 K 3 amomm W, stishe hifsm |

SECTION-II

5. (a) Derivean expression of the Coulomb energy term used in semi-empirical 1(
mass formula. Calculate the disintegration energy of mirror nuclei in (B,
11C), (*N, *0) and (*Ca, #'Sc). Plot the calculated values as function of

the mass number (A) and comment on its behavior of the plot.

Teh IFUTLTHCY  Geg AT T H TIFcd Holddl Soll TH I Shofell TIed
T @ur (1B, 1IC), (BN, 150) sk (“Ca, *Sc)  ator Ak s frsre st
T Afeher AT | Foome e (A) & B & &9 7 Th{ord 7 & STaiflad
FHISTT 3T 3Gt TG o Faer 9 fewuft Fifs |

(b) Calculate the recoil energy and recoil velocity of 222Rn produced by the 1
alpha decay of ??°Ra. [The atomic masses: m(??°Ra)=226.025432 a.m.u,
m(**°Ra)=222.017604 and m(*He)=4.002603 a.m.u]
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226Ra o 1ol & g Ieatied 222RN o widd st i wfad A s stisher
Hifsw | [ormmy g m(**°Ra)=226.025432 a.m.u,
m(??°Ra)=222.017604 =i m(*He)=4.002603 a.m.u]

6. (a) Explain the idea of strangeness and the conservation of strangeness for 1(
elementary particles. What is the effect of non-conservation of

strangeness? Draw the Weight diagram for a meson octet.
T el o fore farfertar sht et SR forfersreT o weeror shi e shifSrg | forfermsrt o T

GLETUT ST T TG ISdT &, Teh WO AT o fot wr fot st mifaa hifsre |
(b) Calculate the pulse height of a proportional counter in which 100 keV 1

electron gives all its energy to the gas. The gas multiplication factor is
500, the capacitance is 200 pF, and energy required to produce an ion-pair
is35eV.

3G AN 3w hl TT FaTs T ishe shitorg s 100 keV seragm st
ol e A ad & | M aw E w500 ¢ arfar 200 pf 2 3w s

I o TG o g e St 35 eV 2|

SECTION-1V

7. (a) What is atomic scattering Factor? Prove that the total scattering 1(
amplitude is equal to the product of the atomic scattering factor and

geometrical structure factor.
TRATY] FRIOTT 0T FAT & | Ig ey ST 6 For gehrol 3mare,

TRATI] TehI0TeT 90Teh AR SATAAT G T[0T o 3cdlG o SN ¢ |

(b) Find the Fermi energy and average energy per electron of two- 1q

dimensional electron gas with n=10% per cm?,
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N=10ufy cm? aret a1 ST Serere T ot ot it 3R 3frera Fsit i setere I hifsg
|

8. (a) Derive the dispersion relation for a monoatomic linear chain of atoms. 1Q
Draw the graph between w and k, considering the vibrational motion of

the lattice.

AU 3h1 Tk TCATU[e (T ST o foTQ ShetTel Eeey ot f-eTa shifSTg | 318 /I g4
forafew s fa g, w and k & = e o1 Tifena hifsa |

(b) Assuming that relaxation times are proportional to T=3/2 | the electrical 10

conductivity of an intrinsic semiconductor is given by
B
lTlO'i =InA+-—.
T

Find the expression of A and B, and determine the numerical value of B
for Silicon (Si).
78 AT g ok forem &, T—3/2 o ST & Ueh TN STGATA shl T =TTl

Ino; = InA + 2. gmfzsdi)

A 3t B i s g sbifore v faferr (Si) 3 e B o i et i i

SECTION-V

9. (@ A Si sample (0.1 cm long and 100 um? cross-sectional area) is doped 10
with 107 Arsenic(As) atom per cm®. What is the equilibrium
concentration of holes at 300 K? Draw the resulting band diagram.
Also, find the current with 10 V applied assuming the Ohmic regime.
[Given at 300 K, n; = 1.5 x 101° atom per cm® and u,, = 500

cm?/V-sec.]

@k Si @3 (0.1 cm & it 100 um? sy e ém s 101 s
(As) wamr sfe cm® & @ swfufia fermar 1 300 K w fisgt =1 @
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10.

HIEW AT | TR sfE 3@ o1 i hifTg | 311 e 1 71 g, W 10V 6
|1 G ot T i |

[300 K mfer® n; = 1.5 x 100 atom per cm® sfw p,, =
500 cm?/V-sec.]

(b) Explain the fundamentals of Bipolar Junction Transistor (BJT)
operation. Write down the process adopted to make a double
polysilicon, self-aligned n-p-n Si BJT.

fs geft Staer giforex it Hifersrar A =amen A | T eaw diehifafas, @

FFgEsta N-p-n Si BIT = fwfor 6t whsran o fowr 4 farfag |

Write down a statement for the DeMorgan law of a NOR gate and
represents its DeMorgan ‘s equivalence. Also, explain the universal
property of the NOR gate.

e NOR 712 o fedinis frram o forg ferareor i afi saeht e wrwgesrn i

frefa gl NOR e % |refes 1ot sht +ff semen hifs |

What are light-emitting diode and Schottky diode? For a 12 V zener, a
15 mA change in I, produce a 0.3 V change in V, . Calculate the
minimum and maximum terminal voltage over a range of I, from 5 mA
to 30 mA.

JehTIT S SIS ST ThREH SRS FME 2Tk 12 V sk few [, & 15 mA

wutea, V, #0.3V uiadaasl SmA @& 30 mA & [, Fw™
T AAH SR SATHaH dleedT 1 e HIfT |

% % %k % k ¥
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