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8. Electromagnetic Waves

Oersted c,,cpehmerd'aﬂj P-racud:ea’ Hat the
electvic Cusrevd proclucs o He Jtidol- Fahaolag $n-m
his experiment ‘o elec i imduchon found “that
a ckqnaa'ng maq?m}l‘c_ :FQJO\ producs  an elechic Afield.

At Hhu time the clerK Moaxwell state that the
Mjhbhc field b not only produwd by elechvie curvent
b alss L"J a Fime vwv.a,ing electric Held.

. Maxwell rmuloftel A set of u;uailbn.s 2nvo/uin%
electric and wagnehic f{c,lcls and 4their Sources (Hhe Char
and cmrfen:",)- ese e-“mifms are Known ak Maxwell’s

eﬁwﬂions.

Maxwell’s
Eelua'lions

(1 fem -2

T &quﬂﬂm db Gauss’s Law in elechostatics. Thia aver
the vodutr ok Fotal elechre Flux n texms of the tharge
enclosed bg e Suh.:che. s,

) fs'é'-e;? =0

T cqwiﬁoﬂ dd Gousc's Llaw n mognetostatics.
Thaa law shaw Fhod the Number o} magnehc ﬁdol Linon

entening o closed sunface. 18 eguad Jo b magnetic
feld L‘g\es Lu;)v'mg .l}:.che- = namber o )




(3) f’é’_;‘t ._i -r—b.'ag
S

Thaa wodiornn LA Farvaday's Law elechro m c
induction .eq 7 °b gt

Thaa ‘law 1ves velotion betwwean eledh‘cf‘fﬁ!d and
a c_lr\anadna m e :Pux- Tt shoros +hod e (ne
indegral of " electvic field around emy closed pathh (i-e- emf)
4 Jo the Hme rode of clhange ob m ¢ flux
‘H\voua{—\ the Surfece bounded ba the™ clof ot .

4 ) f'é’.:[ =z MeI 4+ MeTIp Iy = e‘i% +ds

TThas QP(LLOGUOY\ A a&n,v,_o.useol —form o.b AMPere_’s
Civewited Law, modi:f-ieo' b& Mexxwell oma Ja Knowon as
Ampe\’e'-— Moavwell law.

Thaid Lﬂ\w Shows Hwod the Line 37\*:84'&.! of +he
megnetc field eanound any closedt path S weloded 1o
Hie Conduchion Cuyremt (1) oand A placement current (I»)

'meu.a'h +he padh .




Ele c-lromaane-t-ic Waves

Accorcling fo Maxwell , the elechomagnidic
waver ome Hwse waves i whicth there are Sndsordal
voriadion of electre and mmanzﬁc;f{—%e)d vechors at n
angles Jo €ach other ai wellV ot riaw Or'nale): to Fhe
ifection of wave propegation.

e Divection o .
Pro?o\a&-f;*m

Both these ﬁdds (Eomd & ) vavy wiHth tme and
Space ond have the same -b'rep]m.nc_a.

The electromoanedic woaver Can pro okt Hwughh Hhe
Space wWith M&asFual ob .L(‘a&d‘ ’Eaxﬁ:‘?amjsj. a%

Maxwell also 'ﬁlmd thal Hhe electvo i woved
should travel in free space (o vacuum) with a sPeml

aq‘ ven b3

£ = s
M€,

whne M, and €Ep ane F%mca.b'll'l'l'd one) pe}‘m'n-l:Bv‘ltj
of Hhe <b-rc_e Space. Yupec:i-ive);j.

Mo = 4mx167 Whlam 5 €, = B-85x /wm>

. . . b i
vdw-l-z °b EM Waved In medium = The

Whine U oand E are the obsslute pwnea\b]l?%& ond
P%m'a&iw-l:j 05 the medium.




Preduction of Eleckromagnidic Wava

b— +iae c)\ e vu_a movm with a non-zev
accelevadion » boHA the m c? omnd e)ec-h—"cﬁdd

torll C}'\anaz wl-H'\ space A ? Jtmruz, at  then proeluces
electvrom 1C waved. Hence an ageceleyoted ckmae emits
eechomodnetic waves.

& & &

\/ = Constent V # Constant

The. L-c¢ <ivewit 44 an oscilledovy civeudt where
the chonge A o.'ad”ai',fv\a_ acyoss the Qo\ch)-hnr ?)O\Mv
AN Osd“aﬂna Ch e ' L-C Civerdt hes a non-zexo
accelevoction “hevice b emitte elechom c. que&,

tohich have the Same equaen s thot
osc.'a\\ocb'na, c,kw—..&q,- 5 ~

I oan odom an electron while orb‘.{-\ng_ avounad.
Hhe nucleus i a Steble orbit, oleer not emnt elecho-
Mmagne He tvaves. Electyo ne/hc waver are emited on)j

~ o
c;o:;:g‘ ot fedls from lrua)r\u‘ enegy crbit Jo Jower enegy

A
The Electric Field of

an Oscillating Charge

q

v

E\ecMmCﬂ‘rmJ—ic. wavet arne olio produces! when

fast moving edectrons e suddenly stoppes] on Fhe
meded  tomged of highes. atvmic Number.




Properties of Electromaane tic Waves

(1) Te electyrom L waved ase Pz—oolucmp! bg +he
acceleroted or osullc\:hné cho\,s.ae

(2) The EM waves oo not yequire any modeni ol

medium for pwopagation .

() TRegse woaves LHrovel

; in ce. writh o
L S G of B end S g
¢ f m=
(4> Inm

e)ec:‘f‘mvrn%n_eﬁc_ waver the sinusoidal vamodlon
in both electvic and

netic ield vectors (E 4R )
occwns , simultaneous mﬂAs at

atted nA
Hhe moaximum and minimum  valuwes aj Hie Same  place
and ot the Same ZHime.

The amplitucles o the electvric and megnehic fieds
In trep. Space a&p.brd.odcd b‘d.

The esyuodio-n c? electric Fiedd and m

a«gne;hc. Jcodol
V""Lﬂ””g SPUSS) aJJy with > ond Com be_amren

By = Bo Sin(wt+kx) | K=2%

and &Ep

= Eo Sin (ag-!;-i- Kx)

() The. clivection of vosdation of electvic end maan.uh
Jf—,:tu veclnrs are Pa.PenoLu-_qu.__ 4o each other
el o

no!,«c.ulaa. Hie clueci-non ok PYD cuhnn
g e et
v

c. coaves ave thans
in naJ'Uh.L_ ,bKL Ugb\)‘ ‘
(e) ™ e)cj‘\'bmaﬂnz;hc. Lowes y cohich ua
a(u'w?;led p befroeen c)ec{:vm‘rrg

L. dd o cl Megnehc
fiedd vectovs. S " “J




In Vacuum Hae Gvown.ﬂc. elechAic enthgy

dens (Ue) and average nehHe e dens)
(Ua) 'E‘g,u Jo stadc elcc;f:':aﬁclol E m r:ac
:f:e!o) B whicth olo not vavy with Hme arﬁg;vm

by -
d
i
Ue = £ €E* | and | Us = £ 8-

(7) The elecivic. vector Jr vespornb) v He obHeal
yi obe an Cdeélmmaavu%'c queintlo JA u.mﬁh Hhe

2ffect
J)Twl- vectoy-

) The elechomogneh er bed uncharged a ot
( ol:.Hed'ecl by ejgohric(: au:; Mfam@. Jf?ejd?a T

(3) The vdod’cj of EM wave m oliedechic i3 dus than
c (3x1fmfe).

(lO)Po_\ijna Veckor (T )
The Yot of fow of enwgy thvough wnit avea

1A colled podn-h'n% vectoy., 3.

T =4 (EXB)

AlSo Hhe Hde.n&i-i-g of plane ei,zc’rwma.gnzﬁc, hawe T 44

caverage of the poynting vector .

y =
oY I = E. = C Usy ['-' uqv:%€°cz‘]
2MsC




Momentum and Pressure amodared with €M waves
An  elietromagruHe wave buansports Uineon
momendum aid 1t Fovels 'Hq-mu@h space .

If an EM wawve bamfers g dutal encngy U o
a sSuwaface in time t, then dotad Liveor momerdum

Adlivered do the Susface ia
For Co'mpkir_[j absovbing  Surface

Mmomentum P = %
Iy the wave A4 botally yveflecked, then

momendum P = 2_(-__“_,

EM aves

Also jvr :l-o‘?’a.UA] ahSor.b'ma Sueface vadiahon pPresuve.
1A

P= %
and for Complidely wyeflechna Sunface
P - 3Z

Whoe I I3 the indensity of the wave.




@M Maﬂn.u-\'c. fiedd in a plane dcd?omaﬂmﬁc.
wave Ja 84‘«'"\ b& By = 2X15 Sin (0SX10° 2.+ 1:5X10%) T
(a) Whot 44 the wav ength ond grequuncy of the

wave (b)) Waite an cx’mess’wn for the ‘electric field

Sol (a) Com})a)q' the  Given es;u.ajiaﬂ wrth the

e?unjb'ov) 0 C. fydo/ varyf'na S;nquiala,Uﬂ
wath x a + a¥ .-
By = B.Sin (.2135 + 20E
7 A T
e 34}-_. 27T = O©O'S X)0®
A
2JC =}
vd - oI5 X
A oS X10% FEe
and| erf = 15 x1o" > 271y = 15x10"
"
So Haat Vv o= ISX10 = 5. 29 x10'° He
2 IL
(b) Be = 2’('0—7 i
So ++\0\j' € = CB, = 3x,°8K'J-X|6-7 = 60\//”)

Heve Hhe electrc ﬁdol Ad VMUd'lna mbmg z- divection
- = . 2T mE
Mus - Ez = Eo Sin (X 420 )

oY €5 = 6o Sin LO'.S'X)sz-!’ 1'.5-)(’0"‘1'_) \ym




@ An electric bulk 13 emitting elechomagnehic waves
in ol olirecHons Uh;.j'ormlj' A um'mg e«(luh'vmo.aru:ﬁc
emission 3o Sow, Caladode at 3m from buwhb

(9) Trdema (b Yadiadion prescsuve (¢) Magnitude of
elechic amd moagnehc fields.

Andwert () 0:UuY uym> (B) P = LU7XI0 “N/M-
(€) Eo=182VYm , B,= € 08XI68T

S o

©, HEY WARKIOR.
eet” yvty




Main Parts ‘L‘f Elecéromaanebic .Spcctmm

Wavelength

L i =~ &8 & %

Buildings Humans Honeybee Pinpoint  Protozoans  Molecules Atoms

(I R d. wﬂ - i )))If=1
) Raelro Waves <<<<()>>>> {U o5
Fru[umcz{ Tange y
5 X105 Hz 4p 1D° Hz é*?)’

TRere waver oane produced by oscillating electric
Civeults kom'n& an indudhey and capacitor.

Uses -

(X The £m waves o} wen Yange. ﬁnm 530 kM= ®
17110 KH= fo'»‘m amﬂﬁ mmddegl (AM)Ba'nd- It
wsed in ?mund have. pvopoxaod-l'on-

(2) The EM waves ob— «Sreqwmc. Yange. {710 KHz 1t SYMH=z
ane wsed for short wave bands. It s used in .skj wave
Fmpo_gajuon.

(2) The e’edmrro.gru.:ﬁc. waves ob %-reslu.mod remge SUMH=z

Jv 890 MHz ane wsed in television Waves,

(4) The elect i wolves o tre,a’uu.n yomge. B8 M Hz
do [08 MH=z form hqunuj’ moduwlades) Q—'Mq bamd .
It L wed «?-)—o{ commercial FM Yoadio

() The €M woaver o

equen yange 300 MHz- 30 3woMHz
form wtra PuaMb trwtn g

prequincy “(UHF) band. T 1 used
in  celludon phong ~ Communicohon .

g——



(2) Micvowaves -

00oa
ooo
ooo

quumczr wmnge
10°Hz. 4o 3x10" He

one produced by s'pecjo\l vacuum +ubes called
K]éahons, ma.arw)"rons and Gunn  duoded etc.
Uses -
(1) Mg'crotgqvea ore used In Radar S%fcm i‘bv air craft
nawgaiton-
(2) Microwave ovens e used for ceoking punposes,

(2) A vadan wusing mitowave Con help in detechn
+Hhe .SPe-zd ob ericketd ball , automobiles a.ifcmb:l's
i motion.

(3) Injrared Waves - @}

quumfg mnze,
3x10'Hz 4o 4 x10! H=

Tnfrored aves somehmes are Coalled
os heodt waves because Hwir obsorption  coauses the

k.uaix'ha e;bbu:t M Hre bodier and summdinars-

Iﬂfrﬂfﬁd waves Qo Pmduu_d by hot boolies
one molecuder. Thene woaves are not cetected ba human
tye but snokes Can oltect Ham.

Use-
Uy in plm«ficod -H«u*ap«a [-e. 1o +reed muscular shan.

(2) to prowviole elechical em}‘,a& o sotelluite ba u&}n&_
Solore Cells.




() in green houtes o Keep Hhe plidts tavm amd v
fm’d 'ng de.kddm.}col tnu‘%s- P

(4> For -toddna lel-oomphs clwdng He conditiom ob toa,
Smoke eicC.

() n Solan water heakrs ond Cookers.-

(6) N checking +he pwdaly of chomicals omd in the
s\udﬁ off moleculas  Shructwee bg .:i-qk'mg infea ved
absovp’d ov) Spcc}"rum .

(70 i remote control.

(4) Visible Light -

quum% ange o
o

4x10% 4o 4o axioM Hz

<—-O<0XD

Tt JUA the mMarvow vegion of EM spechrum, wohich
R cldecked by Hae human eye - Tt 44 produced olue. 4o
atomic excitaton.

Uses -

The visible Lght emitted oy re-kledeal i\tzm objects
around wA provides T the information odbout taoxJld
SwkunoUm% UuA,

() Ultraviolet Rays -

quumoc-{ ange

gx10¥ He 3 S x10*H2

The uldnviole: 1 ane produced ba sun,
specied Aamps and wvery hol bodues.

Most O‘b HAe Wimvioled Comi trum
Sun one dbsorbed by tHie ozone 1:3:\' in ﬁeqr{')«'.s
ohmosphere . The Ulvorvioled Yous in lanae, quanﬂ-lg,
P*Do\u& P\odun\f-v.d et’bed' on human zve/.s




Uses-
U5 for checking +he mineral samples through He property
ob ulbyavio et Youzb Caws'lrg j—low;a/su_nce.

(2) n He shdj ok molecudar. Shucture and avvangement
ok electroris (n Hae exteynal shall %nua/h wlthavioled

\"H:;On sl’ecﬂ'rq é
(2) 4o distroy Hwe bactewa emd jor ~S+erLUzing Hhe
su.h.gi.cod rustruments .

(4) n +he etection o r clocuments, f-r‘n er pynis
in fovensic L"‘bowog éngledin /Jwglqr alarm? P

(‘) X TG‘,S -

quumcg ange
1%, 4o 3x10% Ha

These. are. procuced  wohan Lua)n enerngy <lechons
One.  Stopped .Suddenlt‘ on A metol of b\.iah otomic

Number.  X-Youis have. Ngr\ pcne{rod"ma_ pouoey-

Uses -

() Im swgery for Hhe cldection of fmctues, Foreign

bodliea Jike bullets, dliseased orgons ond stones in
He humom body:’

(2) In Engjneehj'n to‘f dJeC‘l:‘ma, Ffaults , Cyacks and
holes in~ final “meded producks .

(2) In Radio H«empy t Cure Untraccble skin diseases
and Mﬂ?nard‘ g’mwm

(4> in oletechve pentmods for duteckin ol Sold,

Silven and e.x.plo's;ve); M Hae b°°lﬁ’ ob— srnuagle'xs.




&) in mdwstry  for Hae dedechon of Sfects in rubber
bjefs 'a~o}c\ anol dennis balls etc.

() Tn Ssdentific Reseanch foxr Haa mveégtaaiion et Hae
C\'\é&}.ad shuctunae ,ovmngexrw.n} ol adoms, molecudes
M the complex substonces. ’

(7)) T—Yﬁys- \.,/
Frequency yange @ ’\,\/\/\]\ﬂ
3x10° Hz 4o 310 Hz 4, \\

Y-favad- have. nuclear o‘r;aiﬂ

There, Yous a‘v\)j erwgdic and ave produced by
tHhe hudeus °b ‘Hu. mad—we substonces.

Uses -
Y- i are uwsed
(L) In treadmend- o<[5 Cancey and +umours.

(2) 4o prerexve the food stuff for a long time as Hhe
Soft Y-Yeus coan Kill micyganisms cas

(3) to produce nucdlear weachons.

(L) to provide valuabe informedion akout He shuchre
o odpmic nucleys - :



@ A poralld plate capacitor s being cm»\q:a‘

e’ by @ Xtime vorying Cunrerd . Expleun briefly how
Ampere's civewita) Jaw Jb generolised 1o incorpovain
the ejject due to Hae ouasqu.mud' Cuwwerd .

So\. o . -

— while dealin it Hae ch 'ng o pesealle]

plode capacitor gcmﬂq varying cm, itbwabjumcl
thal Ampere's civewtal law Ja not .Logjcg.ua Consistent
because ¢ B:dL  how not fame value on Hre tuwo

sidws sk acpla-te of chq}ﬂac) Cafaqci{-n{-

The 3ncom{¢{c~ncg o}y Ampe¥'s circiited law
oA Yemoved b?} Maxwrell ‘og Pzr-eohgﬁng Hhz PYesenCL
Ob dj.&p\aoumex\i Cusend . Hheo r-e_a,ion between +he
plades ob Co..]oqc)—i—ox' when -Hae chomae on Capacitor A
c\r\cmai!ng ity Aime .

Maxweld alao Precuctcd Hhad
tHhe Sum o) Conduchon cuwwerd ond dAsplacemend-
cwourd hos Hae Fmpm}:j ot C,onhnw{tj

The genor alised %oxm ot Ampere's Grewatad law
mooﬁﬁwl b‘y Maxwel]l Stodes +Hhod

f'g-gl: = Mo( I+ Ip) = A,(Ic.pe.c%)

dsplacement cwound Iy = e.%s’g




@ Name He E!tci’mmo\gnm’c, aves which
&t (@) maunteiny Hae easnth's warmib, and
¥ (o) are used In atveva St mﬁa,aﬁon .
sol. () Tnfcared ouss maidaun He ecnth’s wanmih
(b) Micxpwaves Gae uged iv aivevaftd mv;aod{on
due Fo Haeiv short wavelmgj'h.

W A2 Amoll ozome lnjerm-l—oPofj‘ka.
% Shradosphere  crudial %u-r Puman swuwiva) ?

sol. Becawse ozene Jluyer 4yaps wost of uwltravider
rakd/s Com'ma from the sun and prevends harmful
impact of Ultraviole} vouys.
\"Q’:\ In an EM wave +Hhe osc_'t\lc’d-iné lechric fﬂ‘dc]
o bhoving a jrequency of 3xio'® Hz and an amplitude
2 o0 . 't ; .
of 20 Vm pvop&aoc}e.s ivy Hhe positive X-duvecton.
(a) What iy +Hhe qudma'H'\ of EM wave ?
(b) weite stown +he expression do represent the
covvesponcling mognedic fiedd.

.S/OL Given +hod - v = 3 x10° Hz o Eo = 30 Vm

A3l

5

5

(&) A= S o= et - joim,
2 xol°
(b) c = Eso B, = Es
Bo ? * T =z
Bb = —Si——lg—o—g— o3 1X10-7T

Henca M&am}\'c_ field eguation Com be 84van as -

B = 157 Sin (ZI:_{: + 27X 3)(10"’{;)

B = 167 S;n( 200JLX + GJI)(IO'O{)




0O.1. A parallel plate capacitor consists of two
circular plates of radius R = 0.1 m. They are
separated by a distance d = 0.5 mm. if electric
field between the capacitor plates changes as

dE

— =5x10" . Find displacement current
dt mxs
between the plates.
Solution:
Areaofplates 4 = zr? =3.14x(0.1)* m*
ﬂ =5x%x10" L
dt mxs
I, eoA[d—E] { . - Ad—E}
dt dt dt
=8.85x1072x3.14x(0.1)° x5x10"
I,=13.94

©.2. What is the instantaneous displacement current in
space between plates of parallel plate capacitor of

capacitor 1uF which is charging at rate of

10V /S
. . _, 4%
Solution: As {; =&, dt
d d(V
=g el B V= =] 2=
Eod 1 (E) =& dt(d)
SEAdV _ ~aV

d dt  dt’
I,=10°x10°=14



0.3. Suppose that the electric field amplitude of an
EM wave is E,=120N/C and that its

Jrequency v =50MH,. Determine
(a) B,,w,A and K
(b) Find expressions for E and B

Solution:
EO
) C=Eo‘ we get
E 120
B, =—2 = =4x107"T = 400
T C T 3x10° nI’
w=2nrv=2xmrx50x10°
i1) g
=3.14%x10%rad / Sec
C 3x108
i =pl = A = = =6
oy S v _ SO0x10°
) K=2”=2”=ZX3'14=1.05m"

A 6
b) E = E, sin (kx — wt)
= 120sin (1.05x—3.14x10%¢)
B = B, sin(kx — wt)
=400x10"°sin(1.05x —3.14x10°¢)

0.4. Find the amplitude of the electric field in a parallel
beam of light of intensity 10 watt/m?.

Solution:

Intensity of plane electromagnetic wave is

I=u,“,c=%e0 E2c




1/72 1/2
g [ 21 _[ 2x10 )
T e 8.85x10 "2 x3x10°

= 86.8 NC!

O5. In a plane E.M. wave the electric field
oscillates sinusoidally at a frequency
3 x 10*° Hz and amplitude 50 Vim™.
(a) What is the wavelength of the wave

(b) What is the amplitude of the oscillating
magnetic field
Solution:

Frequency v=3x10'""Hz, E,=50Vm™'

(a)Wavelength,
8
7\.=£= 3XI010 =10?m=1cm
v 3x10

(b) Amplitude of oscillating magnetic field,

E, 50

S =1.67x%x107"T
C X




