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Please read each of the following instructions carefully before attempting questions.
3O 3 7 1 Ruferfea [t #r F9am aEgeaEs 12
1. There are TEN questions divided in FIVE SECTIONS and printed both in English & in
Hindi.
THY 7 T & S O @t § farariorg € qur st o B 2 8 36 )
2. Candidate has to attempt one question from each part.

STHIEATT T T AT | T T7 T I 7T 2

3. All questions carry equal marks. The number of marks carried by a question / part is
indicated against it.

THT TAT o THIT 31 5| TAH TF [ IR % [T 3 ITeh G @7 7 g

4. Write answer in legible handwriting. Each part of the question must be answered in sequence
and in the same continuation.

qUTeo for@mae § 39 ford| o7 o T AT &7 3q< SH1 0 | [&dT ST ATl
5. Assume suitable data, if considered necessary, and indicate the same clearly.

TS ATTLTF g, AT ITATH ATHST T 9T HL TAT IAD[ HIGE H7

6. 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 answer book must be clearly struck off.

AT % TATHN sl TUET HATTATE il S0 A &9 & {7U 70 wf & IqC A AT
{2 &1 SO At I8 FTeT T2l 4T 21 &S T HS I8 ATaT 8 F WH H Oid: FE
USR]

7. Re-evaluation / Re-checking of answer book of the candidate is not allowed.

SFIEATE i IALEART T [AGATHA / [T = Tl ahl ST
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1. (a)
(b)
2. (a)
(b)

T A9

SECTION-I
ge-1
A 5Mev proton enters vertically downward in a horizontal field of magnetic

induction B of magnitude 1.5 Tesla. Determine the acceleration of the proton and
describe the resultant trajectory of the proton. (Mass of proton = 1.7x10?’ Kg) (10)

T 5Mev YT 1.5 Z6T TRHATT & Ja7 370 B F &fas &= & daaq f=
AT T FLAT gl T o @or T [LTeor FL 3{T T o TOMHT T&TaF FT
FUI FY| (ST T 52397 = 1.7x107% )

Describe the propagation of electromagnetic waves in a conducting medium. Also,
explain the term ‘skin depth’. (10)

JTeAh HTeTH | et Tl & @90 &7 G0 FIoU| &= T il TEs 9a58
#FY AT =TET i)

Find expressions for resonance frequency and quality factor of a parallel LCR
circuit connected to an ac source. Also list some practical applications of such a
circuit. (10)

UF THT Hq & [ AT TAHTAL Flehe o ATATE AT AT [T FHh 6
forT =isr @S| UH Jfhe & Feg ATl ATIIRN 1 1 Fag F2

Consider a charge distribution in a spherical volume of radius a with the charge
density given by

pzpo(l—g) for 0<r<a
=0 for r>a
Calculate the electric field due to this charge distribution at r > a
andr < a. (10)

AT ¢ F MR g § gy B 97 fF=me w3 ST sraer g\ e oA

D

FreoT & TN 7>a 3T r<q T2 A=A & AT T0ET FHiL|

SECTION-II
gz-11
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3. (a)
(b)
4. (a)
(b)
4. (a)
(b)

The wavelength of the L, X-rays spectral lines of Platinum (Z=78) is 1.321A°. An
unknown substance emits L, X-rays of wavelength 4.17A°. Determine the atomic
number of the unknown substance. Given b=7.4 for the L, lines. (10)

AT (Z=78) F L, X-Toheort T Foierefiar Y@meii it aaresy 1.321A° g1 s oT571d
TaT 4.17A° TETTET 6T L, X-Fohe0 Iefoia wear gl ST=Ta 9ared T 9CAT] HAlE
T FIRMTN L, ATSAT 6 T b=7.4 f=m 13 2

A particle is confined to a one dimensional box of side L. Derive expressions for its
eigenfunctions and eigenvalues. Further show that the minimum energy of this
particle cannot be zero. (10)

T FT L ST AT UhH-SATATHT T qF A0 g1 THE ATSAERAT A AT
& forT =S Feae FY| AR [Fg AT & =7 F97 & FAqH ol T Tal @l
GEX

The stopping potential for photoelectrons emitted from a surface illuminated by the

light of wavelength 5893A°is 0.36V. Determine the work function and the threshold
frequency of the surface. (10)

5893A° T T&F & THTL | THIAT Tdg & IcAToId RIElSoAFeidl & [T TaLrer
e 0.36V g1 T HFI 3T TqE 6l A Ioe AT g Hel

State and explain the Heisenberg uncertainty principle. Use it to explain why an
electron cannot exist inside the nucleus. (10)

BTESAadT AHTEdar ™EId i FaqT0 3T FHSATT| THHT ITIRT Tg THATH & o0
T3 T ATIS % 33T UF Toraei| #41 /NS Tol af T &l

SECTION-III
ge-111

Two radioactive elements X and Y have their half-lives of 4 and 6 years
respectively. An equal amount of both the elements were taken ¢ years ago. If the
present ratio of the amounts of X and Y is 1:3. Find the time ¢. (10)

TN IRTTHT qed X 3T Y T TL-311 FHET: 4 < 6 I g1 AT qcal 0l I AT
¢ A9 T off T2 AT AE X ST Y HF T FT Fq9T Aqund 1:3 g1 TR/ ¢ FHT IqT
0|

Explain the principle, construction, and working of a betatron. Further derive the
condition for its operation. (10)

Page 3 of 6



6. (a)
(b)
7. (a)
(b)
8. (a)
(b)

U fiereid & fAgia, Faior i 713 fit SATeAT FL| AN THE GATAT 6 [T o
9T F7|
The nuclear radius of 10 is 3 Fermi. What nuclear radius do you expect for 235Ph?

(10)
160 &t ATtHEhT FBroar 3 wHT g1 235Pb o forw o v qeaTo) Bt it o0eT i

g7

Describe the liquid drop model of the nucleus. Highlight its merits and demerits in
understanding the nuclear phenomena. (10)

AT o & 4T AISA T qUA DITor0| ATTHT TREATHAT Kl THAT § T8 T[0T

29T 9T THTIT ST

SECTION-IV
ge-IV

Deduce formula for the effective mass of an electron. Also, explain the physical
meaning of negative effective mass. (10)

T TSI o THTAT G o [oIT T fAaret| 97 EF F0Tcs THTET FoA7TT &
ifae o ot gueTE T

Calculate the Bragg’s angle at which electrons accelerated from rest through
potential difference of 80V will be diffracted from <111> planes of an fcc crystal of
lattice parameter 3.5A°. (10)

U foc fheeer &, et afes Terfie 3.5A° 8, <111> wAr & fAatda o,
ST 80V o farwaiay § ara®dT | s 1€l § S1d g, & (o7 3 & FHI07 &l

AT Y|

Based on the Kroning-Penny model, explain the formation of energy bands in
metals. (10)

HITRT-UAT AISH o ST T2 &7 H Sl 9 € o TS i ATEAT Tk

Estimate the Debye temperature of gold if its atomic weight is 197, the density is
1.9x10*kg/m’ and the velocity of sound in it is 2100m/s.

Use Planck’s constant =6.626x107*Js, Boltzmann constant=1.38x10*m’kgs K"’
and Avogadro number=6.02x10%. (10)
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9. (a)
(b)
10. (a)

T A9 FT ILAT] 91 197 8, =97 1.9x10%kg/m’ & 37T T8H &= FT A7 2100m/s

g, T | % AT ATIHTT T ATAT A0 WA HTaqid =6.626x107%)-s, SoastarT
R =1.38x10 P m?kgs 2K ™" 3f¥ SIETTST H&AT =6.02x10% T T3 F3)

SECTION-V
[EERY
Determine the concentration of free electrons and holes in a sample of Germanium
at 300K which has a concentration of donor and acceptor atoms equal to 2x10"

atoms/cm’® and 3x10' atoms/cm’® respectively. Further, ascertain whether the
sample is p- or n-type? Take n=2.5x10" atoms/cm” at 300K. (10)

300K 9% STHIATH & UH 97 | 6 TAFeiAl 3T gled il gigar Haia v,
SEH AT &Y F&wat TRHTIet d "igar wHer 2x10' Ay & 3x10'

TRHTI/EHTS & FLET g1 THE AATAT, AT R0 T FAT FHAT p- IT n-THE FT 52
300K 9% n=2.5x10" T¥AT/cm’ =1

Draw and describe the input, output, and transfer characteristics of a CB BJT
amplifier. Also, compare its features with CE and CC configurations. (10)

CB BIJT Y4 & TAIE, AScYE T TaHT ALATATeH &l a910 37T ITHT F0 H7 |
=8 FATAT, CE 3T CC F R o AT SEehl (I raaqraqi shl g1 <l

The DTL shown uses Si devices with Vg sa=0.8V, V(g sa=0.2V, Viuin=0.5V and

the voltage drop across a conducting diode is 0.7V. The inputs to this switch are

obtained from the outputs of similar gates.

(1)  Verify that the circuit functions as a positive NAND and calculate hgg min.

(i) If all inputs are high, what is the magnitude of noise voltage at the input which
will cause the gate to malfunction?

(10)
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(b)

@@ =T DTL Si T30 &7 a97 § SEH Veesa=0.8V, Vepsa=0.2V, Veuin=0.5V

AT TF FSHT SEE § qleest ST 0.7V gl 39 Fad & T I 9096 I2q &

A3 | ITH o1 ST 2

(i) T F¥ FF gfhe UF gaTeH® NAND % &9 § FTF HAT 8 T heg, min 97
TUET FEAT 2

(i) =< AT TAYE IF &, qT TAUE IT T ATeesl T THATI FT g e e g3
B STT?

Explain frequency modulation (FM) and analyze its frequency spectrum. Under
what condition an FM is similar to amplitude modulation (AM)? (10)

AT AfegAe (FM) Tl G910 3T S0 gy TIaeH HT [Aguor fitou| e
Rt # T& FM ST 7iga (AM) % 9019 872

Aokskokosk
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