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Term-End Examination

June, 2011

PHE-7 : ELECTRIC AND MAGNETIC

Time : 2 hours

PHENOMENA

Note :

All questions are compulsory. Murks allotted for each
question are indicated against if. Log tables or calculators
may be used. Symbols have their usual meaning. Values

of physical constants are given at the end.

1.  Attempt any five parts :

(a)

(b)

PHE-7

Point charges are placed at the vertices of a

square of side @ as shown. Calculate the
, g
magnitude of ratio 4@ so that net force on

each () is zero.

Qo o
. Y
=9 Q

Calculate the effective capacitance of three
capacitors arranged in such a way that two
of them, C, and C?_, are in series and the
third C4 is in parallel with this series
combination.
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(c) Two metallic plates of radius r are placed
at a distance (d apart and have capacitance

C. If another plate of radius % and

thickness d with dielectric constant 6 is
placed between the plates, find the
capacitance of the system.

(d)  An electric dipole of length 2 cm is placed
with its axis making an anglg of 60° with a
uniform electric field of 10° NC~!. If it

experiences a torque of 8 /3 N.m, calculate
the magnitude of charge on the dipole.

(e) Explain the principle of superposition as
applicable to electric force.

(f) A metal ring placed on top of a vertically
placed solenoid jumps when current
through the solenoid is switched on. Explain
why ?

(g) Define electric dipole and obtain the value
of electric field at a point P on the
perpendicular bisector of the dipole axis.

2. Attempt any five parts : 5x5=25

(a) A copper wire has a square cross-section of
6 mm on a side. The wire is 10 m long and
carries a current of 3.6 A. The number
density of free electrons is 8.5x10%%m .
Find the magnitude of (i) current density in
the wire and (ii) electric field in the wire.
How much time is required by an electron
to travel the length of the wire ?

( p -electrical resistivity =1.72x 1075 Q m)
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(c)

(f)

PHE-7

A beam of electron passes undeflected
through two mutually perpendicular
electric and magnetic fields. The electric
field is cut off and the same magnetic field
is maintained ; the electrons move in the
magnetic field in a circular path of radius
1.14 ¢m. Determine the ratio ot the
electronic charge to mass if F =81 Vi !
and B=2x107°T.
(1)  State Biot-Savart's Law.
(i) A current of 5 A 1s passed through a
straight wire of length 6 cm. Calculate
the magnetic induction at a point P
located on the perpendicular bisector
of the wire such that its distance is
5 cm from each end of the wire.
The amplitude of electric field in an
electromagnetic wave is Ey=120 Vm ! and
its frequency is v=50 MHz. Determine B,

w, k and A. Also write the expression for E
-
and p. If the wave is travelling in the +x

direction and ? is along the +y axis.

(i)  What is the dielectric constant of the
medium in which the plane
electromagnetic wave given by
E=100 cos (6x10%+4x) Vm~!
propagates ?

(i) Calculate the average energy density
of an electromagnetic wave given by
E=(50 Vm™ 1) sin (0 t- k x).

Discuss the behaviour of a dielectric in an

electric field and explain the concept of

atomic polarisability.

2+3
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(b)

PHE-7

State Gauss's Law for electric flux. Whrite it
in its differential forn:.

Obtain the expressions for electric field due
to a uniformly charged sphere of radius R at
the points (i) » > R, (i1) r=FK and (it r < R,
How would these expressions modifv it the
sphere 15 a conductor ?

OR

Show that the magnitude of [ falls oft
inversely with the distance from an
infinitely long wire carrving a current |

An electric generator consists ot a 10 turn
square wire loop of side 50 e the foop is
turned at 50 revolutions per second to

produce the standard 50 Hz ac. How strong
must the magnetic field be for the peak cutput

voltage of the generator to be 400 V ?
Physical Constants :
e=1.6x10"19¢C

m,=9.1x10" 5t kg

n,=1.67x10 “27 kg

€=885x10" 12 2N "liy~~
po=4dmwx 1077 TmA ™!

C=3%x10% ms~!

1 .
j’lm‘eo» =9.0x10% Nm3C ~?

2+1
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iy o FgR A0 gawa aftgeTnd
HHT ) wUd HITFTT 37F ¢ 50
T wHT vy HfErd E1 geF 3T ¥ AF 39 @A 120w
1 gy = Fes ) eIy 1 3T 37 awd &1 afas)
B aTTH HIRG w0 ) difad fAarat F T Ja 7 frw omr

&

1. RIS UTH T T 5x2=15
(a) Y=g @l 0% & i W g smEm v e
F Spenfer faeg famr o fmapn o 2

Qg3

&
-t

|
i
1
r Q

gl . 4 .
FIA 57) F1 47 A Twfaa #X o fan

TR () T T AR 2 A A Y A
) 7 ey ), Gy @ C, 39 YR sTafeerd €
fremd | d, C,adC, wgm | 4vi 4 93 €
e AT, C, 7 AOft 9 = 1T I § T2
%1 7\ fyEra ey gwrE enfan aftefea w1
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(c) T uifas @re, T8 | gk i 55901 r 8, U
TR E J g R T E a1 74 e 1 e ©
B gl T J e U e s TSaet e
14 % e FEe Tl 6 7, 3 i % dre
g T e A e &1 aifiar afeefad =i
(d) 2 cm EAE e TE fagd fgga 10° NC !
TR T A T A T T R v g
o Tet 2741, Togd &35 fawn & |19 60° 1 10
AR T Al fge gR AT9A Aol o =
82 N.m ¥ a1 fgy@ = frga smaw ufiwfea

FL |
(e) Taga Fc1 W @ 8 anel e fagia =i
HHFT |

(f) o SR fua afafas & SR afas
T VA1 & 1 S Rt § fagq um yanfed
H S T G A% 9O IR H AR ITAA B
FHATT TR T = Bl B

(g) Togd foya =+ 9fenfua =4 a1 35 o191 &
aar- fgurers W fruq fordt fag P fae 4
&1 A1 qiRfeTa o |

2. I e T H 5x5=25

(a) U qI9 o R A SIS YREST TR & Forment
TH ST HI ddE 6 mm T TF AR HI A
10 m T 91 390 3.6 A ¥ wanfed & & ¥
T SeraE! 1 FeAl T 8.5 x10%8m 3 1
THARH (i) IR =T a1 (ii) fawga & afemfera
FL TH 3T I 59 IR F TH BR I TN
BR TF T H fohae G99 o ?
(p - Fga SROIFT=1.72x10"8 Q m).
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(b)

(d)

(f)

PHE-7

TR A A AT qe FerRd A H B

TF Tore Ty wfeafaa era &1 afg

fared & g1 fermn W siv e & 6l 9H

qHEq TE AT A sEERT 1,14 om R A

TR G YT T FIAT B | AR F Y SR

TEHE Fw1 oAwa afrwfad w1 afg

E=81 Vm~! 3R B=2x10 3T 2|

() FE-TED A A )

(i) 6 cm @, T A A 5 A EFT yafEa A
ST T TH TR % AN~ HSE o e
et fag p, forast €0 ar & 9% 3R
5 em ¥, R FARE IO giEEfaa w

U e FAEe @k A 49w e,

Eo=120 Vin~ L & as=n zu%1 ergfw,

=50 MHz 81 39 90 % o B, @, k 991\

fasifig %41 @ &, p a0 g % o =i

fd afe w7 o+ fEen § o= Y ® aun

E, -i—yﬁ{‘éﬂ $ m %I

() TEE e W @ wmad - gas
T HI et ® e wive fre @
E=100 cos (6x10% +4x) Vm !
AT ] WA IEE

(i) Ty=fefEa =i g =1 fagd- g9l
TOT T ATHA A AT qiLRTE Y
E=(50 Vo Y sin (o f -k x).

fogq &= o frem foell RiAea T % o7a

FT T FL A TOTER AT BTN

TEA |

2+3
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3. (a) foga sifvams & fau ey g sam) 59 2+1

&1 stawe w9 | foad |
(b) =1 R A/ THEEAE A@T Mo F RR 542
frafafaa feafaal w fog e & fau oo
Wﬁ%
(i) r>R, (i) r=RTA (iii)) r<R.
Ig Fie (69 W uftafda e gfe mes
e 8l ?
3reratm

(a) Tog#ifH B o afmw, oFiaa: Gt ar, fed 5
YR | §aTfed B Wl §, 9 g % Ford & G
FHRAEL |

(by et dga sf= & 10 w0 9on 9’ & uwm 5
WW%WWWﬁWSOcm
T A& 50 Hz ac 3099 A & fora 5 9791 =6
50 Y Hfd Tk i & H A S ¢ S
& T fava @ formaR 7 400 v EF & fAu
JEAFHA & T HA THaAT e =fey ?
oifqes o :
e=1.6%x10"19C
m,=9.1x1073! kg
m,=167x10"% kg
€,=8.85%x10"12 C2N~Im~2
mo=4mx1077 TmA 1
C=3x10% ms~!

1
41T€0

=9.0x10% Nm2C~2
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