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PHYSICS l

PAPER - |
SECTION - A

Useful Constants

Electron charge : e = 1602 % 107" O
Electron mass : m.= 9,109 % 107" kg Q
Proton mass : my, = 1672 % 1077 kg

Vocuum permittivity : 5, =8.854 % 10 farad/m V'S
Vacuom permeability : = 1.257 % 10™ henry/m

Velocity of light : ¢ = 3 % 10° m/s
K (4 = [0=40)

Boltzman constant < k =138 x 10 /K
en by v=x,cosmyt and v=y,sinay

Electron volt : eV = 1602 % 107
g acting on the particle. Under what conditions will

I Answer any four of the following

{it) The coordinates of a particle of
(1) Find the x. v compo
this be a central [

(11)  Find the polent
ib)  Discuss Michelson
hy pothesis.
fey A quarte quart: |

its thickness”
tive indices for the ordinary and (he extroordinary ravs are given respectively by
195 andh, = | 55336)

progressive waves and standing waves” How will vou distinguish between the
-;—r]mlifﬂ.'ﬂ}.

show that the total energy is conserved
iment. Show as 1o how it led fo the rejection of the ether

15 to be used with the sodium light (% = 5896 A}, What should be

idy

equation of a standing wave m a metal rod 18 given by v=0002an

int the value of the maximum tensile siress al a point x =100 em. Young's modulus [or
material of the rod =& « 10" dynes/om”.

A grating has 315 rulings per mm. For what wavelengths m the visible spectrum can one
observe the fifth order diffraction”

2. a)  Explam whal is coriolis forece. Show that the deflection of a freely falling particle under the
earth’s gravity doe to coriolis force is.

' 3
)-\‘=—§-J~.,’-s—:——sinﬂ‘

where 0 is the colatitude. h 1s the height through which the particle [nlls and w15 the angular
velocity of the carth.

(20)




i

(b)

(a}

(h)

{a)

(b)

(a)

(b

)

2ol l3
Derive the Euler equations for the motion of a rigid body
(20)
Write all the four components of the 4-momentum in special theory of relativity. Consider a
frame 5" moving with respect to the inernal frame S with a velocity v=w, where €, s a
umit vector along X-mas. Apply Lorentz transformation to transform the components of the 4-
momentum from S 0 §

20)

Consider a particle of mass m performing oscillanons along the X-axis under the influen

the forees k. -r%.und F=Fsmp Herek, and Fy, p are all constants. Write the

of motion for this particle (do not solve this equation), Calculate the amplitude o
and the phase difference between the driven osallator and the applied foree

(20
Find the intensity expression for the Fraunhofer diffraction pattem of @ Deduce
L 4

the conditrons for mesama and mimima.
Discuss the mizssing orders ma double slit pattern

(20)
Derive the expression for the intensity of interferenc by transmission in a
Fabry — Perot interferometer and s chromatic reselvi

Explain why it 1s suitable to study the hy :
(209

SEC &
Answer any four of the following:
(4 10=40)
A point dipole F at v is 1 A point charge ¢ located at the origim Find the energy

of the dipale and the for, by it.

What is the displ L e Explain clearly the reasons for which Maxwell had to
mntroduce this curren ize one of the electromagnetic equations to & non-stationary
case

In the case o (U°C, the latent heat of fusion is 3.35 » Jkg, the volume of one gm of

ice s L9070 S the yvolume of one gm of water is 100013 cc. Find the change in
i int ofjice for | atm increase in pressure.

tween mean value, peak value, and the rool mean square value of an allemating

e the number of molecules in (11 kg of oxygen, whose velocities lie between 195 and
m/s at 00 C

Write the Poisson equation in electrostatics in the sphencal polar coordinates for potential
III[ ;] and the volume charge density p[;J Speaalise it to the case of a sphere of radius 1

with p[l:] = gonstant (say g, ) for r <, p[;] =0 forr > Pind:l:-[ F].bam mside and

outside the sphere. Now apply the fallowing boundary conditions.
(i} Wy = O for - o
u-” ﬂlﬁ ﬂ-'l"'l.i!.ﬂ for F= ﬂ;

{ii} @ and the component of £ notmal to the surface of the sphere are conlinuous at r =
rg. Then show that




LY. il
ol
o (7)-2
mr.[?] = i -r)
Here, @ and @ are the potentials outside and inside the sphere, respectively
(20
(b)  Draw the diagrams for LCR cireuits equivalent to a damped oscillator without any external

force and to a dnven oscillator (with dampimng ) Wnite. but do not solve. differential equations
for each of them.

Draw diagrams for a senes resonance circuit and a parallel resonance cireuit. S
that resonance frequency for both of these circuus 1§ same.

ta)  Consider the propagabon of a plane electromagnenc wave along g
homogeneous, 1sotropic, lnear and stationary medium. Show from Maxwe |5 equagol

|ftsahngthe':amthmﬁzsalmgﬂmammd[ }pmmsm gfction of
propagation Show further ¢

E_on

H, &

where @ 15 the angular frequency. k 1s the wave

(20)
) i ( iﬁd 0 pract
Explam the terms “emissive power _ufl ‘ab

by What do vou understand by a black

Deduce al any temperature for ! the same wu\fdauglh the ratio of emissive power
i the absorptive power of onstant and 18 equal 1w the emissive power of a
perfectly biack body
(20)
{a)  What are isothen - 1sobaric and isochoric processes? Obtamn expressions for the
work done of Deesses,
(20)
() v all ell’s thermo dynamical relations and hence explam Joule—Kelvin effect

'S (21
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PAPER - I
SECTION - A

List of Lseful Constants

Mass of proton

1,673 x 1007 kg
Mass of neutron = |67 % 1077 kg
Wiss o electron = Q.11 » 10 kg
Planck constan = 6626% 100 s 0

Bolzmann constant = 1380 & 1ro S K
Bohr magneton = 9.273 x 0™ Alm’

Electronic charge = 1602 x 1™ C ¢
Atomic muss unil (smu) = 1,660 x 1077 kg

= 1] MeV
Velocity of light

in yacwmn, c=3x 10" mg"

m(i8) 1007825 amu %
m(fH) = 2014102 o K

m(EH) 3016049 amu

im{i’cj = 1200000 umu

m{{iNe) = 19.992430 amu

i

m{iHe) = 4002603 anws
Answer any four of the fgllowin
(a)
(10)

(b} e mnimum energy of g proton confined within a nucleus of radius two fermi
uncerlginty relation.
(10)
(c) g CRussian function shows that expectation value (x") =0 for odd values of n.
(10)
) tate elementary ideas abowt Lamb shift and point out its sigmificance.
(10}

(e)  Explain spin multiplicity and deduce the term symbols for the singlet and triplet states of
singly ionized lithium atom.
(10}
{a)  Estimate the ground state energy of
(i) simple harmonic oscillator and
(i} hvdrogen atom, using uncertainty prmciple.
(20}




Jofi3
th)  Define reflechon and transmussion coefficients Deduce expressions for them considening
one-dimensional potential step of rectangular barmer and show that their sum s unty,

(20)
() Denve expressions for Fermu vector and Fermi energy on the basis of free electron tseory of
metnls
(20)
{h)  Distnguish between normal and anomalous Zee man effect Obiain an expression for the
splitting of energy levels.
(20

ta)  Explam Nuorescence and phosphorescence with sunable examples Discuss two 1eal

applications.

SECTIONB
Answer any four of the Dllowing -
(a)  Explmn the charncteristics of nuclear fusion
Discuss the mechanism of energy production in

(10)
ib)  State the coordination number of simple r& entered cubic and face-centered cubic
un

in each case
l""'“l
(b)  Give the elementary theory of Nuclear Magnetic Resonance (NMR ) G

{20}

lattices. Also determine the number of it cell of all the three cubic lamices

(10}

i) Which of the followmg reacti 7 State the conservanion principles violated by
others:

(1

ij sf—w+m @
i) ® +p—rn+n"
iyw kp—arpew s
[.ruﬂ-bu—cr

{d) A member c:—f of particles consists of two u quarks and one s quark. What is its
charge” mah: up the = hyperon?

(10}

&) hnslc construction and working of a JFET Deseribe how the churacteristics ol a

(10}

a simple theory of the deuteron. Obtan and plot the wave function for the deuteron
state taken as an s state.

20)
Diseuss in detall the shell model of the nueleus with its successes and limitations,
(20}
(a)  Explun the fundamental forces i nature and therr unification,
{20}
thy  Distinguish between superconductivity and high temperature superconductivity. Desenbe the

properties of cuprates and fulleres
(20)
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8. (a)  What is a microprocessor? Sketch the evolution of a present-day computer. Explain with a
block diagram the structure and working of a digital computer.

(20)
(b)  NAND is universal gate, Explain with suitable logic diagrams and truth tables
(20)






