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L : I
Answer all questions in Part I (M.C.Q) and only FIVE (05) questions from Part I e
PART I Ll
Answer all Questions — (30 minutes)
(Mark the correct answers in the given answer sheet)
All symbols have their usual meaning.’

|. What is the differential form of Gauss's law?

a V. D= d i) V.E = 2 (iii) V.E = p (iv) V.B=p
& €o
2. A +q charge is placed at the point A, near infinitely large, );
grounded, conducting plate perpendicular to x-axis as shown
in the figure. The variation of induced charge density (o) on
the conducting plate is correctly represented by the figure
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3. The velocity of light in free space is equal to
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4. Electric potential at a point on the eguafoﬁal'plane of an electric dipole with dipoje Mong,
located at a distance r from the electric dipole is !

&

(i) zero (i) P/4m:or (i) /47r£07'2 ) 4meyr3

5. Electric field vectors of two dielectric media at an interface are given by E; = 2i + 43 . .‘
ﬁ=ﬁ—ﬁ—ﬁ%ﬁ&dﬁdﬂwﬁywwmmqmmkmmm& .
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(i) ZOX plane (i) XOY plane (iii) YOZ plane (iv)  X+Y=1 plane

. s
6. Figure shows an electric dipole located along the = axis. If the electric . /,_';;1\ 3
potentials at the points 4, B, € and D are Vy, Vp. V¢ and Vp, respectively, e : \\‘C
1/ Q¢ \
l }—"——~¥>\).
\\ - Q+ e
/
Q) Vi=Vg=Ve=V, () Va<Vag<Ve<Vp L NT
\~k—-’
(i) Vy>Vg>Ve>Vp (iv) Vy=Vg=Vc=Vp=0
7. Electric potential function in a space is given by V =x x + 8 y2. Here a and 8 are constants.
The electric field intensity in that space is given by
=5 . o L 5 y3
(1) E=a7t+ﬁ—§- (i1) E=—a-2—l—ﬁ—3—j
(i) E = ai +2Byj (V) E = —ai - 28yj
8. The electric potential due to an electric dipole in usual symbols is given by y = [ 00:? 9,
{rg, 1
Which of the following expressions is not equivalent to the above expression?
. Pcos@ N B.# B "y
(i V= = (i) y=— (i) y=—" : Pt
4me,r 4meyr3 ey (iv) y= e

9. In a free space the electric displacement vector is given by D = : - >
Yy D = Dysin
in that space are given by oSin(wt + Bz)i. Band £

. o _ —wioDo . % = 5
) B= —Eusz.n(wt + pBz)iand E = -’::"sm(wt + Bz)f
(i) 5= Z@kolo pooa B — Do »
B 5 sin(wt + fz)jand E = S—:SLn(wt + B2)k

(iii) E . —quDo
B

. A = D,
s ==si ?
in(wt + fz)fand E ” sin(wt + B2)i

(iv) B = —@roDoy . L
) B = Bo 2 sin(wt + fz)jand E = ?Sin(wt + B2
0

respectively.
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10. The maximum number of gp;
o e K ['spin quantum sga(eg 51 . _ ) _
an clectron in an atom jg ¢s allowed for g given magnetic quantum state of
M 1 (ii)
2
(“l) n-| (|v) n
(1. Which of the following state
() Elements are mage —==zet according to Dalton’s atomic theory?

(i)  Atoms of a o particles called atoms.
- (iif)  Atoms can be subdivid
(iv) Atoms of differe
nt elemen ine in <
cheimicsi ——", ts combine in simple whole number ratios to form

12. Emitted radiation of a cavity behaving as a blackbody depends on the

) lemperatureof the cavey (ii)  shape of the cavity

(i) material made up of the cavity wall  (iv) both temperature and shape of the
cavity

13. The spectral line of the limiting member of Balmer series in hydrogen atom corresponds to a
transition from,

() n=cton=1 " (i) n=wton=2 (i) n=2ton=1 (iv) n=3ton=2

14. Atomic spectra is an example of
(i) linespectra (ii) continuous spectra (iii) band spectra  (iv) both (i) and (ii)

15. Electrons are held in an atom due to -
(i) Coulomb force (i)  nuclear force (iii) -atomic force (iv) both (i) and (ii)

16. The rest mass of a x-ray photon is

(i)  greater than the mass of a proton (ii) greater than the mass of an electron

(iii) very small value (iv) zero

7. Which of the following statements is correct? o . . |
(i)  Maximum kinetic energy of a photoelectron is directly proportional to the intensity
of incident radiation.

(i) Maximum kinetic energy of a photoelectron is inversely proportional to the intensity

inci diation. g . )
(i) K:ln?]derl: Lainetic energy of a photoelectron 1s independent of the intensity of
il aximu
- ;\I:[mdent _rad]:fltlct)fc energy of 2 photoelectron 1 directly proportional to the square
v aximum kinetl g L
root of intensity of incident radiation.
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on can be writtel E = -z—mov + mgc2

(ii)
(iv)

The energy of a phot

i) E=[pcitTo

(i) E =pc

E= Tnocz

s is not true? L
o most famous null experiment.

- bly th - the same in g ;
. S prOba hySlCS arc n al] Ingp:
a) The Michelson—Mor_leyt s postulates the laws Of P Mg
b) According to the EInSict ame in all inertia] fram
¢
| gfﬁmes ffreffert;‘:’;,eed of light in fiee SP Yo
C ¢ value O

reference. . 1
(i) aonly (i) conly

i t
Which of the following statemen

, s
ace is not the f

iy bandconly (V) aandcony

ations when

: nsform
Velocity transformations become Galilean tra

f light.
. i Jess than the speed of H1ght:
(i)  velocity v is much 1es he speed of light.

(i) velocity v is much greater than the
(iii) velocity v is equal to the speed of light. _—
(iv) velocity v is equal to the square of the speed of light.

It is the year 3000. The measured length of a rocket as measured by an observer at rest, When

it passes by at a speed of 0.3c is 100m. What is the length of the rocket at rest?
(i) 108.4m (ii) 104.8m (i) 108m (iv) 104m

For a light-like event displacement, -
() A2 <Ar? (i) c2At2<Ar? (i) cPAt2 = Ar?  (iv)  c2At? > A

According to special theory of relativity, momentum of a particle of rest mass m and speedy
is ;

() myv (if) ymyv (ii1)

ymgc (iv)  (y - my
. Re(lie)ltlvg velocity of two garticles moving with speed of light in opposite directions is
(11) 2c (lll) C (lV) C/,2
With respect to an observer length :
_ : contractio : :
() along the dirction of o 0 of a moving object happens

of the object

(i)  perpendicular to the direct:
rection of motjop
of the object

Ofm e 1

angle of 45° to the direct;
ction of motig
N of the gh;
ject
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(All symbols have thej
= r usual m
o 626 x10~ %4 Js
o = 8.854 x10-12¢2 N‘51 -2
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e = 1.6x10719
c= 3x10%ms~1
me = 9.1 x10731
| am.u=1.66x 10'2’kl§g
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al coordinates:

jspheric
|aplace equation veV = -l—z-a— (7»2 ?1) + 1 4 av
Eier or r2sing 35(51719 —) oos v _ g

3 a6 r25ind d¢@? -
D¢l operator V=_—f~+l_a_" 1 a .

or r o6 rsinf g ¢
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Part A

| a) Figure shows (WO thin conducting concentric
e. The voltage of
s —30V and the

Tmis70V.

spherical shells placed in free spac

inner spherical shell of radius 0.2m i
erical shell of radius 0

voltage of outer sph
F and D for the 1€

Obtain expressions for V. fon

between two shells, using the Laplace equation




‘ . - . B VS a ¢ \ ‘
b) Following hgure shov R
be iIc ~dia.
tween fwo magncm me
SN IhC &
calculate Hy. Hz and B2 using

diagram.

aced at points K+

_q and +q are P!
pear an +p(0.y.0)

Two point charges of
A(1m,0,0) and (Zm,lm.ﬂ)

infinitely large, grounded. conducti

respc\‘[i\'c‘l} »

ng plate placed on yoz

plane as shown in the figure. ’
a) Indicate the magnitude and location of 1mage

charge(s) required to replace the conducting plate. | A(1m. 0.0\
e >x

b) Show that the electric field intensity at the point
1

P(0, y,0) is given by p—

. q 1 2 =
E = < 37 3')
2rgg \(1+y2) 72 (P -2y + 5)72

¢) If g = 1C, calculate the magnitudes of E at the points on the y axis whengy =0a |

y=1m.
d) What would be the total induced charge on the grounded plate?

(Note:-Need not to make a calculation)

a) Write down three characteristics of a free space

b) Write down Maxwell’s equations in electrodynamics for a free spac
e.
¢) If the magnetic field intensi
ensity v in a f 7] k
ity vector in a free space is H = Hycos(wt — Bx)k, =

Maxwell’s equations in electrodynamics to obtain expressions for D and E
£ n e
d) Ifyouaregiventhat® = [z
) you s gen it o _ V Eolo, show that the |E ‘/ H] value depends only on the &
of fo and &. Hence calculate the vajye of |El / .
\HI"

e) Sketch the variations of F H
and H along th
shex-axisatt =




write down the equation fq

dependent quantities of the Cr the C

What is Compton Wavelengt:?g?o
! Dis

- tinguj
o g guish betweep Compton shift
shift and Compton

. - Wh
n shifi? at are the independent and

(i)

. ghow that the Kinetic energ
- ¥ of the recojj electron in
—cos® i
moc ) ompton scattering is given

—~e

by, hv 1 hv
+W(1—Cos®)

iy Obtain an expression for the max;
he maximum Kinetic ener
gy of the recoil
electron.

a late the dL""'B]() .e waveien [h f()] IaS‘ mov n(l speed
C [Cu gll l g lng CriCket b {1 f
all O mass 1g a'

| ems™ Can this wavelength be observed? Discuss

Calculate the wavelengths for a photon
and electron of ene
rgy 10 eV each. Which one has

a shorter wavelength? Explain the reasons for the differen
C€.

Exothermic and Endothermic reactions.

Discuss, briefly.
cesses and discuss the differences.

-value of the following decay pro

14 - 05
iC> UN+ e +oV

(1)
(i1) Calculate the Q

.

57 57 *
1) 27C0——)26FC+0|C +gv ?)

Masses in a.m.u
Co - 56.936294, C-

14.003242, Fe - 56.935396, N — 14.003074, ¢ — 5.485x 10

as becom¢€ accidentally contaminated with radioactivity. The longest-
%gr has an atomic mMass

A small building h
s Strontium-90- 3

lived material in the contaminated building
89.9077 uand its half —life is 29.] years. Assume that the building is initially contaminated
with 5.0 kg of this substance, uniformly distributed throughout the building.
R
() How many nuclei aré present &t initially”
. 90
(i) Find the decay constant of 38
B e e et fined @S |ess than 10.0 decays/min; how long
i g i defne
(iv) If the safe jevel of the building 15 )
€ unsafe?

will the building b



8.

part C

multaneity’

es light from 2
nd light from ano
m. Did the firec

ive at t =

firecracker. A, arr 3 ps
Whigy

a) (i) Whatismeantby Si
ther firecracker, B, arrive att < y
Us th&

(i) A bird at rest observ
exploding at X = 600 m a
is exploding at X = 1200
reference frame of the bird? ~
tron travel at 0.999997¢ relative to the labo%r

b) The electrons in the Australian Synchro
\ 216 m.
cumference of the SY nchrot

rackers explode simuhanemlsly _
ing,

) . : ath is
frame. The cir ron beam pa
o complete one cycle of the beam path Ay

(i) How long does it take for an electron t

laboratory reference frame?

. 5
{ take in the electron s reference frame:

(ii) How long does i

Consider a particle travels in y- direction at velocity u with respect to inertial frame §. Fry
) S. Frane

S' moves at velocity v with respect 1o S.

S'-Frame
1

; F
¥ $

% v kU
I

|

1]

S - Frame

X
xl
a) Derive the velocity transformation equation for y - component
_ onent.
b) Hence write down the inverse velocity transformation for y
) » /- component.
¢) A spaceship moves away fro N
direction at a dv ' ; m earth with speed v and fires a shuttlecraft in the forws®
speed v relative o the spaceship. The pilot of the shuttlecraft 13un?®”
. — ) 0 shuttiecra
probe in the forward direction at speed v relative 1o the sh
shuttlecraft.

(i) Calculate the speed of th
e shuttlecraft relati
anve to the earth.

(ii) Calculate the speed of
the probe relati
Ve 10 the earth



pive S eet |

amps A, B, C, D ang N
c

: st ne
nce a Straj

) ) ght li ( a rest
. ne ale
dkmg the X — axis in
ares

trajectory of light

rn on relative to the rest frame?

What is the order in which the lamps tu
amps reach the observer at x=0?

What is the order in which the light of the |
g at constant velocity relative

me axes in the moving frame (ct'a

to the rest frame. At
nd x')

-time

A car is (S’ frame =(ct, x')) movin
0. The space and ti
pect to those of the

the lamps turn o1 rel
e observer r

e car, between which

! o= . v
t=t=0,itisatx =X =
rest frame as shown in the space

of the car are tilted with res
ative to the frame S'?

diagram. What is the order in which
iding in the car?

1 which the light of

D reaches the ca

he lamps reach th

What is the order i
r where would be th

When the light from street lamp

street lights?
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