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Sl. No. 2666 B-JGT-K-QIA 

PHYSICS 

Paper-1 

I Time Allowed : ·Three ~~ours j Maximum Marks : 200 

INSTRUCTIONS 

Electron ch 

ass ~p) 

~ittivity (eo) 

permeability ij.lo) 

Stefan's constant (cr) 

Avogadro's number ( N) 

Gas constant_ (R) 
CA"}) ( 1) 

B-JGT-K-QIA/24 

= 1·602xto-19 c 
""9·109xlo-31 kg 

"" 1· 672 x to-27 kg 

= 8· 854 x lo-12 farad/m 

= 1· 257 x 10-6 henryfm 

= 3 x 108 m/s 
"' 1· 38 X 10-23 J/K 

=:t 1· 60~ ~ lo-19 J 

= 6 · 62 x l0-34 J-s· 

= 5· 67·x io-8 W m-2 K-4 

-= .6 · 02 x 1026 kmol-1 

= 8-3lxl03 Jkmol-1 K- 1 

= 2. 7183 

{ P.T.O. 
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· Section-A 

1. Answer any four of the following : 

(a) Establish the relation between the 
angular momentum and torque of a 
particle. Show that ·this relation leads 
one to the principle of conservation of 
angular momentum. 

(b) How can one introduce the constraints 
of motioz:i t~rough , the concept <t 
generalized coordinate systems? Yf.ite 
down the set of trarisforrn~o 
·equations for a system of N art~les 
relating the generalized o · ates 
with the real coordinates 10 

(c) ~--·.-. lenses of 
d -20 em 

(d) A . 11 0· 5 mm wide is placed in front of 
a n ex lens and illuminated by plane 
waves of wavelength 500 nm. The 
Fraunhofer diffraction pattern is formed 
m the focal plane of the lens. In the 
pattern, the distance from the third 
minimum on the left to the third 
minimum on the right is found to be 

10 

3 mm. Find the focal length of the lens. 10 

(i) Between mul~imode and single­
mode fibers, explain critically how 
and why single-mode fiber 1s 
chosen for communication.. 5 

B-JGT-K-QIA/24 2 
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(ii) \Vhy are the two wavelengths 
1·30 JJ.m and 1·55 J,tm important 
in single-mode fiber-optical 
communication system? 5 

2. {a) (i) For a particle of mass m moving 
with velocities Vs and Vr relative to 

(b) 

3. (a) 

(ii) 

(iii) 

the space and rotating axis, 

of motion is obtained as 
-+ ~ ~ ~ ,..-+ ~ 
F -2m ( w x Vr) - moo x ( ro x r) = ely 

with w and a, being the 
velocity and.acceleratio .......... ~· .... .-_ .. 
coordinates~ 

ortant role 

Show:P- Pie magnitudes of the 
centri - d Coriolis accelerations of 
thf h while rotating counter-
clo 'K\.v. se about the north pole 
are around 0·034 m sec - 2 and 

· ~6xl0-4 v) m sec-2 , respectively. In 
ob~aining these results, consider the 
ratio of sidereal days to solar days in a 
year as (366·5/365·5) and the radius 
of the earth along the equator as 

15 

5 

5 

6400 km. 15 

(i) An electron of rest mass m0 moves 
with a velocity v such that its total 
energy is double of its rest mass 
energy. What is the electron velocity? 10 

B-JGT-K-QIA/24 3 { P.T.O. 

L......---------------- - - - - -



ww
w.
ex
am
rac
e.c
om

{ii) At what velocity, the electron 
momentum will be m0 c? 5 

(b) (i) What is birefringence? Indicate how 

4. (a) 

(b) 

it can be used to obtain plane and 
circularly polarized light. 15 

(ii) A left circularly polarized beam 
of light having A.0 = 5893 A is 
incident on a calcite crystal with it~ 
optic · axis cut parallel to~ 
surface. The crystal has thic ess 
d = 0·005141 mm, n0 = 1·65 
and ne = 1·48641 at this ~ Wtlat 
will be the state of pol · atien of 
the incident beam? 10 

Consider a bare fiber having n1 = 1 · 48 
and n 2 = 1 (air). Find out the NA. What 
is the maximum incident angle up to 
which light can be gtiided through the 

15 

fiber? 5+5 

(d) Why is the NA of the single-mode optical 
fiber low as compared to multimode 
fi~fi 5 

B-JGT-K-QIA/24 4 
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Seetion-B 

5. Answer any four of the following : 

(a) L-C-R circuit shown 

R~ 0·1 Q 

{ii) Determine its quality facto 
width of resonance llf. 6 

(b) Consider a long, line char 
density p1 = 10-6 coulo .b 

{c) 

force acting on a dus p cle carrying 
-10-9 coulomb, away from the 

ho~ that when the temperature T of a 
~~Hating object is not too different from 
e surrounding temperature T0 , the 

10 

10 

object obeys Newton's law of cooling. 10 

The following inputs are given : 

Surface temperature of the sun, T0 = 5500 K 

Radius of the sun, R = 7 x 1010 em 

Radius of the earth, r = 6 · 4 x108 em 
Distance between the sun and the earth, 

D = 1 · 5 x 1013 em 

B-JGT -K-QIA/24 5 ( P.T.O. 
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6. (a) 

(b) 

Assume that the earth and the sun both 
absorb all electromagnetic radiations 
incident on them, and that the earth is 
at a constant temperature T over the 
day-night cycle. Calculate T. 10 

(i) Derive an expression 
capacitance C. 

(ii) The earth may 
a spherical 
a=6·5x!0 6 rp 

• 
as 

with 

1c media with J.1 1 ~ J..t 2 
fmd an expression for 

angle e b . for parallel 

electromagnetic field inside a device 
ts given by 

E = yE0 sin(kxx)e- ikzz, where kx =rut 
a 

8 

2 

10 

H = E 0 [x -kz sin(kxx) + zjkx cos(kxx}]e-Jkzz 
{l)~t <OJl 

Obtain an expression for the z­
component of time-averaged Poynting 

~ 

vector S. 10 

B...JGT-K-QIA/24 6 
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(d) A point charge +q is located near the 
corner of a horizontal and a vertical 
plate as shown below : 

• P(x, y, z) 

Obtain 

7. (a) 

ing it is 

£'C"k~.: .. ~sions for {i) the magnetic 
to ed per unit 'length in the 

regi b p ~a and (ii) the equivalent 

10 

i ductance L per unit length. 8+2 • 
o sider a perfectly conducting half-
ace as shown below : 

Incident wave 

~ 

X 

Perfect 
conductor 

------------~--------~z 
~ 

Reflected wave 

B-JGT-K-QIA/24 7 { P.T.O. 
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A uniform plane wave given by 
~. :L.-

E t - ,.. E - J"-L. - x 0 e 

H~i "Eo -jkz =y-e 
llo 

llo = 120n ohm 

is incident normally on the boundary. 
Write down the expressions for the 
reflected electric and magnetic fields. 

(c) N particles are distributed among thl\ e 
states having energies E = 0, E = '[ ~~ 
E = ·2kT. If the total equilibrium ~ '€!.~ 
of the system is 1 OOOkT, , t ~ the 
value of N? 15 

(d) 

8. {a) Fermi-Dirac distribution 
e show that-

is a maximum at the 

5 

ermi level; 20 

....._ \ ~ii) -(·at) is symmetric ~bout the 
~" I CJE ' 

Fermi level. 5 

cavity of volume V. The system expands 
adiabatically and reversibly to a volume 

· equal to 8 V. By what factor does the . . . 

temperature change? 15 

***. 
B-JGT-K-QIA/24 8 ~ · \ BS-12*500 
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005034 

PHYSICS 

Paper II 

· (~'":e A;llowed: Three Hours) . 

INSTRUCTIONS 

Candidates should attenlpt questions 1 an 5 
which are compulsory, and any TH f l)l,e 
remaining questions, selecting at l NE 

question from, each Sec ion 

- All questions carry e~ a ~ar-ks. 
Marks allotted to.parts. q estion a-re 

indicated a · i ll t each. 

lanck constant 

Boltzmann constant 

Bohr n1agneton 

Nuclear magneton (JlN) 

Electronic charge 

= 

ENGLISH only. 

1·673 X 10-Z? kg 

1·675 X 10-27 kg 

= 9·11 X 10-31. kg 

= 6·626 x 10-34 ·Js 
1·380 X 10-23 JK-1 

= 9·273 --x 10-24 A/m2 

= 5·051 x 10-27 JT-1(Nm-2) 
I 

1·602 X 10-19 C .. ·-

B-JGT-K-QtB 1 l Contd.) 
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I I. 
! 

1. 

Atomic mass unit (u) = · 1·660 x 10-27 kg 

gP 
s 

m(p) 

m(n) 

= 931 MeV 
= 5·5855 tlN 

c 1·00727 (u) 

= · 1·00866 (u) 

m(~He) = 4·002603 u 

m( 1~C) = 12·00000 u 

m(87 Sr) = 86·908893 u 
38 

SECTION A 

Answer any four of the following : 

(a) State and explain the Hei n 
principle. Show that the atu 

(b) 

here 

e; s uncert_ainty 
line width of a 

·(0 cry= .. +i 
-0iJ, · (1 

crz = 0 

= cr~ = cr; = 1 and 

(jx(jy = - crycrx = i (jz 

crycrz = - ·crzcry = i crx 

crzcrx = - crxcrz = i ~y 10 

8-JGT-K-QIB 2 [Contd.] 
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1 

(c) Estimate the number of states lying in an energy 
interval of 0·03 e V above the Fermi level in a 
potassium cryst'al of unit volume. 
(EF = 2·12 eV for potassium) 10 

(d) . If the magnetic moment of proton is 2·793 tiN 

calculate) giving nece~sary steps, the radio 
frequency .at which nuclear magnetic resona e 
occurs in water kept in a uniform magneticdie .. _ _ 
of 2·4 T. 

(e) · What is Raman effect ? Discuss its a._ .,..A.,...., 
molecular structure. 

2. (a) A stream of particles of ma s an energy E is 
sional potential 

• 

directed from left to a o -di 

+a 
.. ; ......... ..--------+X 

:o 

• 

. . . . . . . . . . . . . . 

II . 

lie potential is -V
0 

in the regio·n a~ x ~-a and 
~ ro elsewhere. Set up a time-independent 
Schrodinger equation and obtain an expression 
for the transmission ratio from region I to II. 
Discuss the result. Show that there' is a finite 
reflection ~om such a potential well, which is a 

10 

result·of the wave nature of matter. 20 

. 8-JGT-K-QIB 3 (Contd.} 
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{b) Set up a time-independent Schrodinger equation­
for a linear harmonic oscillator and obtain the 
energy eigen values. Explain the signi_ficance of 
zero point energy. 

3. (a) Set up the time-independent . Schrodinger 
equation for an electron moving in a. Coulomb 

2 
field; V(r) · = · - ze , in polar coordinates. 

41t€
0 

r 

the radial equation to get the energy 

.. 
20 

values. 

(b) Descrfbe 

• 20 

4. (a) 

Stern - Gerlach In 
performing this experiment~ 

atoms are used. Why are e c 
not used ? Explain h · it 
discrete nature of th 
atom. 

neutral 
s or ion beams 

monstrates the 
of an 

mol~cule_ as a rigid rotator. 

20 

20 

(b) Derive e combined . vibration - rotation 
tnun of a diatomic molecule. What are P and 

"'""'"PW.. ...... nches ? · 20 

B-JGT -K-QtB 4 { Contd.] 
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l 
• 

• 
SECTION B 

5. ' Answer any four of the following : 

(a) Calculate the binding energy per nucleus for . 

s18 38 r · 

(b) A star· converts 

achieving 100% 

helium into carbon via the reaction 

· 4 He· + 4 He + 4 He··--4 
2 2 2 

The mass of the star is 5·0 ~0 g and it 
generat~s energy at the rate o~~ 030 W. How 
long will it take to corive ~~ium to carbon 
at this rate ? 10 

(c) 

(i) 

(ii) ... 
(iii) 

(iv) 

. . 
· s:uperconductor are cooled to below 1 K and. then 

a magnetic field 1s applied. In · another 

experiment, they ar·e cooled to be~ow 1 K in 

magnetic· .fie] d. Describe their responses in these 

two experiments and explain. 
' 

10 

B-JGT-K-QIB 5 [Contd.] 
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(e) Employing NAND gates,· design a half adder 

circuit which can ·add two bits ·A and B and 

provide a sun1 S and a carry C as its output. 10 

6. (a) What are magic riumbers ·? Discuss the shell 

structure of a nucleus. How is this model able to 

7. 

(b) Predict fro in the single particle shell n--cn 1u 

(a) 

·shell configut'ation, ground state s 
for the following nuclei : 

7L· 13N 
3 1

' 7 > 

Discuss the motion 

energy band under 

electric field 0 ra· 
effective 

n electron in an allowed 

e 1 fluence of an external 

an expression' for the 

electron and discuss its 

12 

l 
15 • 

(b) Show of magnetization with 

' P..P · ed magn~tic field for type I and type II 
~~ onductors. Describe their behaviour. 
~uss their potential for various applic3:tions. 10 

What is a Josephson junction ? Explain the 
phenomenon of tunneling of charge carriers 

across such a junction. Discuss DC and AC 

Josephson effects. Mention son1e applications of 
this device. 15 

B-JGT -K-QIB 6 [Contd.] 
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J 

8. (a) Using the . collector characterist~cs of a bipolar 

junction transistor, show how you can use it as a 

switch with one ON and one ·OFF state. Plot and 

describe the operation of this circuit for a 

(b) 

sinusoidal input. 

De.scribe the essential parts of an oscillat 

circuit using a block diagram .. Design a ColP.i s 

oscillator set to a frequency of 1500 ~art 
explain. how your design incorporat-e~ e 

essential parts of the oscillator eire • 
(c) What are the over 

• 

. . 
8-JGT-K-QIB 7 
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