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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

03161 June, 2014

PHYSICS
PHE-07 : ELECTRIC AND MAGNETIC PHENOMENA

Time : 2 hours ‘ 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 :  4x5=20

(a) State Coulomb’s law. Calculate the forces
acting between two positive point charges
4x10% Cand 5x 108 C separated by a
distance of 1m in air. Show properly

labelled forces in a diagram. 1+2+1
(b) Show that the -electrostatic force is
conservative. 4

() Determine the effective capacitance of two
capacitors connected in series in an electrical
circuit. 4

(d) Distinguish between polar and non-polar
molecules. Give one example in each case. 4
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The dielectric constant of methane at 0°C
and 1 atm pressure is 1-00088. Calculate its
molecular polarisability given that there are

2-8 x 1028 molecules in 1 m?3 volume in units
of €,

A cyclotron is being used to accelerate
protons to a kinetic energy of 5-0 MeV. If the
magnetic field in the cyclbtron is 2-0 T, what
must be the radius of the cyclotron and the
frequency at which the Dee voltage is
alternated ?

Four very long straight wires are bound
together to form a cable. The wires carry
currents

I,=20A,1 =—10A,13=12A,I4=—2A.

Obtain the magnetic field at a distance of
1:0 m from the cable.

A time-varying electric field in free space has
the components E_= Ey =0 and

Ez = E0 cos (2—:}—) cos mt. Determine the

associated magnetic field and the direction of
propagation of the electromagnetic field.

Attempt any one part :

Determine the electric potential due to a
uniformly charged disc of radius R at a point
along its axis at a distance r >> R.
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(b)

State Gauss’s law. Using Gauss’s law,
determine the electric field of a uniformly
charged sphere at a point (i) inside the
sphere and (ii) outside the sphere. : 4+6

3. Attempt any one part :

(a)

(b)

State Ampere’s law. Using Ampere’s law,
determine the magnetic field due to a very
long solenoid. Calculate the magnetic field
due to a solenoid having 10 turns per cm for
1 mA current in the solenoid. 24642

Explain Larmor precession with the help of a

diagram. Derive the expression for the

Larmor frequency ®_ = g—e— B. In the
P 2m ,

magnetic field of 2:0 Wb m™2, protons have
the precession frequency of 84 MHz.
Calculate the g-factor of the proton. 3+5+2

4. Attempt any one part :

(a)
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Write Maxwell’s equations in free space.
From these equations, derive the wave
equation of  electromagnetic = waves
propagating in free space with no source

~ charges. or currents. Show that these waves

propagate at the speed of light in vacuum.
2+6+2
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(b) A uniform electromagnetic plane wave of
100 MHz travelling in free space strikes a
block of material having e = 4 €, p = 9
and 6 = 0, normal to the surface. The
incident electric field is given by

E = 3000 cos(wt - By)2 Vm™

Obtain the complete expressions for the

reflected and transmitted electric fields.

Physical constants :
e=167x107°C

m, =9-1x 1073 kg
m, = 1-67 x 10" kg
Ho = 41 X 107 Tm A~
c=3x10% ms™?

h = 6-626 x 10~3* Js
1
4me o

=9-0x 10° N m?2 2
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dt.v=.3.-07

forsm T (e )

I, 2014
wifees fagm=
t.79.3.-07 : g iR gaehra fvereand
5T : 2 g JHferFaq 3% : 50

Fz: T F97 SRETT § | I9F F F Ik 39 G f_RY
7T & | 37T AITGROE AT FAFAR FT I I
a@a & | gl & sra amr aref § | wifaw sl
FuF AT RT T E |

1. ol oie s & sw o . 4x5=20
(%) e e aad | g § R A 1m @ W
Rm @ fog o s 4 x 106 ¢ @
5x 108 C % dF e 9 & it qfiefoa
| T M@ ¥ W ad w k@ wwR
AmifRd ek feamd | ' 1+2+1
(@) forg W % RRAggaa wah A 1 4
(1) ol fergq wimy & Sofisen & IR § Gt i
Twrelt arien fuifa =t 4
(a) ydfig qun g el # o wWe HifvT |
TR% 1 TH I8 AR | | 4
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‘(:cr-) 0°C @AT 1 atm € W BT T EETATFH
e 1:00088 8 1A} 1 m® AT # SAupei
T 2.8 x 1028 R @ ¢ 1 5wE A vard A
anfoeres gavrar aRefera it |

(F) TH AZFAIZH T TN i1 hl w@aia w1 F
fog fopam Smar @ @ wieidt & nfes ot
50 MeV & It § | AR wreaciig # gEh
&1 % W 2.0 T B, a1 39l B &1 AW
fpford w | @i @, €& F i mifta
yerad! fava i sgft aftesfad = |

(B) T Hud A AR IS ww, Hieft an § | A
o grratt % 9 fFeaa €
I,=20A,1,=—10A,1,=12A,1,=-2A
FOd ¥ 10 m 0 W YIHE &1 H AW
giehfera = |

(F) T ™ & g9 & |1y qRafdd g9 9 T
forga-83 % el & uW faa €

E =E =0dIMME =E cos(-2—n§—) cos mt.
X y pA 0 A
G geh an Pl w o RgaTEE
& o gy Y feem sand |
Tt o wm @ S 9

(%) B R 910t tHomE nafi| fowr & s %
Fgfen fFdft fog, Rl g r>> R 8, W
forga favwa fwifa =t
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(@) mew fam wad | mew fEm @ swm W
THIAE SEARE M % faggsm W o
() M F G AT (i) M & e et forg
R fRuffa = | 4+6

3. T g wmr @ I @

(%) YRR Fraw wad | YR Frm & 3w W
& Al Wt qRETerRt % SR g &
%1 =45l oZqd W | 10 B I cm T T
afeferer, Rl 1 mA 9 Yaifea &d 2, &
HTU I9qF YT & IR W | 2+6+2

(@) T NG H TERAT I ARAR JEET G991 |
ARAR SR 1 Frfafea e g ®

e
ow =g—B
p g2m

20 Wb m? guhm & #§ frelt Wil f
YR AR 1 WH 84 MHz ® | WM &
T, g-Turek aiteRfora & | 3+542

4. T o o I o

(%) T A & o dvwae @fiew o | W
fieEl w1 I W A AEv-fada @
qr-fad g o # waRa fagq-geE
@ F o an T geam WO g W
% A a0, frafa d§ o 6 99 F TR T
YA RAE N 2+6+2
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(@) g% T ¥ THE 100 MHz ITel THaaH
THa forgd-geshia T01 T 919 sA1h & Y8 W
Jfeea: mqﬁﬁﬁ?ﬁ%'\ﬂ'ﬁe—4eo,u 9,
A o =0 B | ufea ferga-a Frrea 2

E = 3000 cos(wt — By)z Vm™!

wrEfdd qen gt faga-aet % Hel e
T W | 10

yifas [T -
e=167x10"1°C
m,=91x10"3! kg
m,, = 1-67 x 107%" kg
Bo=41x10" TmA™?
c=3x108ms™!

h = 6-626 x 10~3% Js
1

411‘%_0

=9-0x10° Nm? ¢ 2
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