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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

June, 2012
PHE-07 : ELECTRIC AND MAGNETIC
PHENOMENA
Time : 2 hours V Maximum Marks : 50
Note : All questions are compulsory. Marks allotted for each

question are indicated against it. You may use log tables
or calculators. Symbols have their usual meaning. Values
of physical constants are given at the end.

1.  Attempt any five parts : 3x5=15

(a)

(b)

(d)

PHE-07

The electric potential at any point is given
by : ¢ =y -6x)

Calculate the electric field E at that point.
Why is the electric field zero inside a
conductor ? Invoking this concept in
conjunction with Gauss’ law, show that the
charge resides only on the surface of a
charged conductor.

State Biot - Savart law. Plot the magnetic
field due to a straight current carrying
conductor at a point outside the conductor.
Write the expressions for the incident,
reflected and transmitted electromagnetic
waves at the interface of two dielectrics.
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() Show that the tangential component of Fis
continuous across a dielectric boundary.

(f)  The electric field associated with an
electromagnetic wave propagating in free
space is given (in Vm™~1) by

E=207exp[—i(10°f + 8z)]

Determine its direction of propagation, wave
number and frequency.

(8) A beam of electrons passes undeflected
through two mutually perpendicular
electric and magnetic fields of strengths
8 kVim~! and 2x10-3 T, respectively.
While maintaining the same magnetic field,
the electric field is cut off. The electrons then
move in the magnetic field in a circular path
of radius 1.15 cm. Determine the ratio of
change to mass of the electron.

(h)  Explain in brief the working of an electrolytic
capacitor. What are the important
specifications for these capacitors ?

2. Attempt any five parts : 5x5=25
(a) State Ampere’s Circuital law. Use this law
to calculate the magnetic field inside a toroid.
(b)  An electron circulates around the nucleus
in a path of radius 5.1x10- 11  at g
frequency of 6.8 x 1015 revolutions per

second. Calculate the magnetic field (B ) at
the centre of the nucleus and the resulting
magnetic dipole moment.
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(c) Derive the expression for the electric field
at a point along the axis of an electric dipole.

(d) What is meant by atemic/molecular
polarizability ? What are its units ? Derive
the relation between polarizability and
relative permittivity.

() What do you understand by self inductance
of acoil ? A solenoid 1.5 mlong and 20 cm
in diameter contains 1500 turns of insulated
copper wire. A current of 3.0 A flowing
through it is reduced to zero in 1.5 ms
calculate the magnitude of the back e.m.f
induced in the solenoid while the current is
being switched off.

(f)  What considerations led Maxwell to
introduce the concept of displacement
current ? Discuss the physical significance

of displacement current.

(g) The capacitance of a parallel-plate capacitor,
whose plates are separated by a distance of
3 m, is 300 pF (picofarad). What will be the
energy of the capacitor when it is charged
to a potential of 1000 V. For the same
charge on the capacitor plates, calculate the
potential difference, if the plate separation
is doubled.
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3.  Determine the self-inductance of a toroidal coil
of rectangular cross-section, having N; turns,
inner radius a, outer radius b and height h.
Suppose a coil of N, turns is wound over the
toroidal coil. Show that the mutual inductance

" b
of this arrangementis: M = = NN, h In | =
2% a

5+5=10
OR

Write Guass’ law in both integral and differential
forms. Using Gauss’ law obtain an expression for

the electric field due to a spherical charge
distribution at a point lying : 2+3+3+2=10
(a) outside,

(b) inside; and

(c)  on the surface of the charge distribution.

Physical Constants :

e = 1.67x1071° C

m, = 9.1x10731 kg

m, = 1.67x107% kg
€ = 8.85x10" 12 F m~!
wo = 4wx1077 Tm A1
c=3x108ms~!

h = 6.626x10~34 Js

1
47 €,

= 9.0x10° Nm2C~2
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1. HE e g H ; 3x5=15

(a) Tt fog W faga faws, ¢ &1 w1 fFr=fatead
% ¢=y(x2—6xy)
39 fag W fagq &3, £ 1 9F diehfad HiLl

(b) Tt arere gered & afeR fagq &= &1 9 I
i a1 27 3W SIIURON A MSH FH #:;
3 aR fag w5 frdt smafym 9es =
Y Fad 3P g W & © Tl gl

(c) E-wEe faw aae | et €9 =, fad
YR yalfed & W@ 8 & 9w & fodt fag W
Jahg &F AT FL |
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(d) < T el % TS WS, g
qu1 yrRia fag-geaea ol & oy s
fod |

) Tog w{ i & wEEgm &1 9™ W E #
TN e Had e g

() T ST H Henfid foR[- e w8 & 9
forgd &9 1 9% (Vm 1 sEE H) e R
E=201exp[—i(10°t + Bz)]

70 0 & g e, 0 "em adn aghd
gfwfea i

(g) T Ferai feorgst S weut wae ferggq e
<ershia s, Tk wfvaror smeen: 8 kv ™t aen
2x 1073 T & @ erferafera Torar ® 1 o &
1 M Tafafdd W g faerd &3 &1 96 A
o T St & | U feafa & geieel dosid &
¥ 1.15 cm T390 A1t U 1 99 WA A
21 TORA ¥ AV IR FTHEH F FAIAC
gfehfaa &L

(h) Togd-smeed i &1 wEgomel gaq &
g | 3 GuIfEl & weayu AfYaeu &
€2

2. HE U YT : 5x5=25

(a) wftweR ofwe fram aang | 39 fram 1 sy
F TH TGS & A qahd & qRehierd
Exdl
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(b) TF oI fodl Tifas & I” &k
5.1 %10~ 11 m 5581 O/t o geta 19 % srfem
6.8 x 1015 wfgrm yfa dhe &1 faes & g W
I & (B) war TRond) e fgys sl
ufErfer i

(c) U= Tag oy & s & sfew fedt fag
fogq &9 1 =9F = HL

(d) TREIUER/ IO yauitad | 39 F T
T 7 U T RN B ? YAl g sMifern
T & ey ety w

(e) Tdl ool & WIEHE @ 3T T YU § ?
1.5 m e T 20 cm ARG A T Yl
H fogq -0t e % R F 1500 A ¥ 59y
Tefed 3.0 A 90 &1 1.5 ms § R I H
e smar ®1 39 swfy F wienfere § IR
fereft T aes st wftafem wi)

() TF7 wrol @ dwde @ fae yw w9
TReEI Falad weh uSh ? forenam ur )
ifae wrefarar st faa=m =i

(g) U WHIR-we 9uify, foas! @el & o= &1
Tl 3 m B, &I Ifan =1 A 300 pF 1 AfE 54
HYIRE 11000 V fawa @& smafye faan sme
@ TEET S K WH F0 B H@Y F g
1 & fore gaifa &t @d & st faveiat =
AT UReierd FX Al 37 ot & gl A A
X fear s
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3. SRR STIE-UR=dg dret Th as €9 Heat
1 W@ iR ®{ afs 389 gaE) w1 §en N, ®
T TR AR 553 o B, a1t Foroan b R 90 =g 1y
g1 FHouT ® fF 36 IS T FeA TN, gAE
el T I Fedt el wdt ¢ fag w 5w

TN & A Ihed H] Foieh {74 § -

M=2 NN, hin (9]

1y a

AYdT

5+5=10

AT A1 STFha a1 €91 ° MY from fad | e
a9 1 ST X Teh e A9 f9aer & FRoT
=1 fagetl W foe- 49 & foaw =i o= &1

(a) U fog S s foraeor % o’ feerd &;

(b) TF fog S e faawor & oiex fee ®; aen

(c) T fag S sTaw foaor ) wag | fred 21
2+3+3+2=10

sitfees Fraaie

e = 167x10719 C

m, = 9.1x10731 kg

m = 1.67x10"% kg

€ = 8.85x10"12F m™1
no = 4wx1077 Tm A~1
c=3x108ms~1

h = 6.626x10~34 Js

41 €,
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=90x10° Nm2 C-2
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