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ALTERNATING CURRENT v T

I- Definilion ;- Alternaling curcent (A.c) /s that

which 15 f»'Oduced bb’ a VOétagc Ssovrce whose
foofar:‘.&/ kee/o.s - on _rcvtr.sﬁq? wilh Tme
2. E:c.p(a'na.t"on t-

(@)~ Advanltage of A.C
anlee. MmaeL reason for H‘\c },Oor-éac_ wide.
use of A.C. 15 that [t canbe fncreased or cecreased.

/;;y T}qnéfofmcr\;) 4./(_ Cdln/ae Waﬂjqnﬂféd 'LIZO 4{071 a&fiéncas

e:asfi?/ 0(/{' 0\\/07 Low cost oand wlﬂ. W_r(L/"!AW((
ﬁower Losses ' .

(b). Flow of AZC"tkvoug‘\ Leu Cireurk

Consroley an ”crvnaf;;)v \/c»’U'uy( Source. LU/\J'C./\
connecled oOcross o vesis

The -&r'»’u;’)aj A of the Source |

5 - - Shown in £ )
forvas shown in {13)(0\)

15 :fbas;t«'ve cotth respect 1o ) o-....\ P?.
' hrmfna/ B and it remamns . A | \
So c(un'ng a Time rrlerval ( )
o to 7)2 . »Dun’ny his Lome s R

interval , Vc.urren“t -F[auJ.S ti\roué‘k 8
the eLreut -Frmn Al A~ ;‘-C_‘j
in clocle worse. olcrection as shown m

fig- () |
At t = 7}2 , Zhe Ter»mimals dmngz (’gu’r f:o&rfﬁd.
Now A becomes"nega]f«’ve w./:'b'\ re;/oecf’ to .
This slale cortmues  durin J -

the Time inlerval 7/’2_ to T,
O(frér which  Termmmot A aﬁal;ﬁ |
jDCCome_é f.\o_s.la"vc wikh rm./%c)(‘ 1o
B and the mext cycle plarts.
AS A vesult of CAan?e of faolarv"i%
oﬂ&lr‘ls"!g 7, 1 T The olbirection
or F low ef cuarvent n The cireott 'Ffa (L_)
whso L!‘;an?]cs i-e o f

LN

A

£ A By / . N
Flows frem £ To A (aalhelockwiic
. ¥ -
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). Different Terms O A. C
 @)- Time Period s- This 25 the Zime inlerval
during which Zhe vollage  Source c/\angc.s s polartly
once 1's kmown as period of | c?«(’f&r'naﬁ}xy- current
or vollage . Jt is denoted JO‘Z ‘T’ o |
Qv)- Freq;uency_g— The number Of c(ycﬂ(_s' prer second
ES cal(e_d' frequency . ¥ = —;—;:- . [
In ’Pak,'_s,‘i‘an the freqguvency oj’: A.C or m/‘fcr«;aﬁ}?
- voltage 's 50 Hy- | |
Git). Alhrﬂnt'na Vall‘agc. e = The most  comamon
source Of aefe‘n—ndf/;\? vc‘a'a'a e /s An A.C. ?cnem{for.
The out‘/wf v’oéfage OF ZA,';)AI,C, ?eng(l.a\'for od
Omy Mmslant 5 @fz/!n Jz(/ I ! !

V=V, Shwt =V SmZEt.
where T is Zhe faer;ao( af ri;%o’ib.,tion bf ﬂ\-': cod and
s ec;/ual to Ahe pen'oo( af /\,\.C,. and ‘2_-_‘-_7;/% = Z’A"'f::'.o)
1s The aniu.[an fregrvency of 'votalion of the w,{l .
Thus 2ZEt = wt = & ~dhe ongle Through which
I'i\e w:‘(rrow N zérne 't).

@). Varialion of Vo-tl'agg oLg;#z 'h’mq -
As V=V, 8meé = V& wt =V, G 2Xt @
Thes equalion _shows that the aHZrmT;h?Tnglibg¢ Vv
s mot comslant oM d\ang¢5 cwith Tme T . ! ;
—-Wl"bﬁ t:O ,}‘&-.—.wf;— 2_.%’-{: = O and \/i:O '
_When t -’»‘7/:* ¥ =2__-_7§xp = Zli. amd. V};aﬂa;hs /ZE
wanimum valve V[ ot this mslant. |
._NAeﬂt‘zz , ':2.;_,:5 = X aﬂd V =0
At this mstant V c_kanae_;'g‘[; /aofa'rﬁ% ond  becomes -Ve,

Aemcefar'ﬁ’\ .
-W/)cn t‘—:-?)—l_;&:'—é?‘(‘ and V-::_-Vo

2
/-',;ﬂau” afﬁf/mc end Ofﬂw_ L’yc{c

- When t =7 &= 2K ancdl V=o0.

Grophical Qe:iprc.scn‘lb(ﬁbn
J/Ie{ vartalion of V with  fime t’ aMD( B’ s ,’;SI"O‘""

|

B\

x L
2
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v E---

(+] i
L

The ara/:)\ between ) :
Voltage and Time or ' : VT
befween vold'agc ond &

15 kmown as cwave form

of aﬂfer'naﬁb? Vbeg'c.

Jt s a sine curve'.

Thus od‘fwf VOdaﬁg VT

of am A.C. ?enzro\'for ,
Varres Sinusorda ay wilk
Fime ' -V, i‘ )
). Different Valves of AUZr-na\'f'ﬂg Vo(f&g&_

(1), Inslantoneous Va(uc 2. The volve of vaéfhgc or carrent
of 'hmc t measured

|

ﬂ\a{' exsls in o C_erUlt at any m.s'fan"f
r's

from sSowme reference {Domf
Vo«?ue Jt can J«avz an Vo /u¢ <ﬁ- (&) 1
tolve. / TR |

befween f:[u_s matmurn volbue +V) ,
WV

S ‘T . n -’-
kanown s (s inslanlaneous

cnd megaitve MaARIIMUM value =V
as shown m Fl'gurc ©e) . JE s d:mfe __Vo | Vs

AU Y. The wave form of aﬂ&rrr\ajma
vollage 15 actaa,d(c/ a.set of all Um ms'fanfaﬂeous vo‘&wi

That exist durmg o funao( T.

Ma[/\e'rnailmlﬁy s glvzn as
V =V, Sing _—_-.\/Smoo{ V, Sin lﬁ‘f
). pe.a.k Valve . It /s the /n/q/n__sf valve reached by
an vo(’fagc or urrcv\{" n  One C-./cle_. /:or exam,:[&
voltage shown in f"ﬁ (c) has a /:eak valve of V.

Git). Peak to Peak Value :.
oend 'negadiw, peak values e

Jt /_S Ore ﬂEﬂ as r) P vaoue . .
Mt 5 shown 3“[’;“@‘&5 as (f,é(@ 2y,

G+ %= 2 -

Y sd@zi\“ft o

St s ﬂ\c sum o7 the po.sv‘hve"

Qo‘Dt mean Sosuare value 0F On 5
v :

awrﬂa{fy;\q curYen'f is Ahat Sdex,f

curye-t u)/-,,cj‘ ,producu the same | \d/

A(_o\'fn? e_ffed' n_ o Vcslf(aﬂca mn a vitn Lome  As

(tv)- Root Mean Sgyuare (rms) Value .. ¥
v
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The allerrnaling current does v Xhe _sawne resisTance
in the same "(f"v'v}\e ° i X

When on Dral)‘n‘arid D.c. awmrelic is comnecled n a
creoit to measure A.C b would measure 1t value
aAas av&raaed over A C_yc/(a r-e ;’«;TO- ) ™ IOC Seen

n Fig (c) that Ahe Owvera ge /(/a\(ue of VPQL‘hgc or A.C
over a cycle /s Aere,, but pPower oelivered or foower |

diiirtinald Ac bod T vele 1s ot zgg@) because

cehiqraled Gs neal  qor A C—aw

P r’r . v . | B
7Acrcforc ,ﬁ'\% ‘On/eraac of sguare oF cur're-r\‘i or Vau"agc;
will oot A&»?Canb&C.M-S& the values of W or L%
Ove fos.lt‘ve even for the f/\eﬁai?"ve vedues of Vor I,
Since M&rﬂaﬁ}\a \/oabﬁc or A.C has 00 sfeaaﬁy maﬂm'ﬁ(dz
Ao, the Power celivered ot awy rnstant ¢lu¢,'/,/ be |
f:»ro,:.o.:h'ona] to the square of Ahe inslantomeous
value of vollage or A.C.

Thus the e{f&cta"ve va bue Of | AN alférmafﬁ‘nﬁ Vgﬂa?g

i

rs oqunad os s rms valve r1-e

\4 = /ﬁ\vcraﬁe value of vt

rms =
Expression s_ v} -

[ §
In order to Adevitve
O eﬁpress:bn Fer

2
lv
1 o
Vims value over
a (’?f"&) consicler )
]\'/f'aqrc (9) which
shows an ﬂl&ro’m‘f;}\a

votlage or A.C  Owd o Fglq) ' .

the way ;fs. Vz Vaﬂugg VarUt. The valves oF V QAre +ve

on the ﬂe_gaifve /‘“jf Qﬁdﬁ? "
From -F:'aurc (8) it canbe seen that ', !

Mfr\.) [—nf&’a.,[ VﬂéML Of Vl = O .
2 2 |

Moy Linal  valve of V. =\ ur ,

_Avcraae volue of vi = 044 = L\ |

o &

i 2— - N
So . the roof mean sSauave v}[ue. of \ s dbfdmeo( Ah’
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ﬁq,kina the sgruare root on dooth- 1_’5_5 sicles

}

// Avaraac value of vi = _}/&1_ f‘
\/l"rv;.s ’ = —Y°—: = O. 70,;7 %
\S,l'mfadrpv : . ‘\FL L
Iy : :
]rm5 - F j?f: = 0.707 Io

(f)- Phase of Allernaling Voltage or A.C
Jt s the anal& which ;pcaif—f*e.; the mstanlaneous

value of the adférﬂaﬁ;\ﬁ voaﬁgc or currc;.v\f s known

as s phase.

As we have V= \, Stw & = V(Sueot K

The f:’aura (d) sShows Zhat P}\asc ot “the f.)omz}

A5 C,D and £ 75 0) 7(/2_ , T, 3%_ ond l’?r. YCS/’?CCt‘V(lH o
Thus each fo'mf on the A. C ~waveform corresl-mﬂd_s
to a certain f)l\ase. \7,/~.¢  pAase at the f)os)tfvé fco\‘k

s W)z =% and &I ézﬁ' 2270 at Ahe ﬂﬁﬁat’va /:»mk.
The ,,’wfnfs cwhere the uu_a\/'e.formf Crosses the Thime ans
Corrc_s,ﬁond to f;kas.; 0, X oand 27, 1 '
(9)- Phase Laa and. Phase Lead

- Phase Laa s- - | 2

Frgure h) shows “Jiwo wave Forms [ X\x

I and 2. The phase anab.s Alo E’/ OA c ‘Kﬂ/ l’{bf:'f E;K =
OF the u)a\/e_f—Orm 1 ad the 3:5 / \-\)47/'
{Jo;'n?‘s ARCD ond € Aas been .

Showwn above the aus and Fa(h) |

those of 2 bdowlﬂna axis. |
At fo_oinl‘ B the phase of 1 is| Ry And Ahat 07(2_/3 o.
&fmila,rzy @t anbe seen that of each ./oo:}iiyf Zhe fakax
07(.' waveform 2 15 Aoss than ﬁ‘we pl\ase af blﬂfﬂveff?fm/

loal c.m dng& of W/l . We say Z‘{f\a)[ /-\.C.‘?. ‘s laﬁﬁmﬁ
loe/wnol A.C./ «Ba a f:oka_m 7% "11. \.ﬂ means That ak eﬂd\

wlor fstant  the ph A2 7s dessthan pha
oinl or Nsian Aneé ase -G L2 15 $S Lhan se
rZ\.C.l BU 7/2“,. r 7 i . - r ‘Of
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|

Phase Lead 2‘ -
Jt canbe seern n -}'—v‘?(z‘) that m /\
y 1

Pk05¢, ot  each 1oom1‘ of waveform g
L /s arm'fer thor that of waveform 2 \S\’ L 3%
! b?f an aﬂale 7%_ . I~ This case

d s osaid dhat A.C.2 s Izaa/my .F,a(L

the A.C 1 J“U W/1, Jt means that af each mstant of

Tﬁme Ahe {J,\ase of A.C.2 /s redler ‘H\am ﬁwa\‘{ af | éﬂ .

Phase dead ond lag beliveen Two a@f'erm/’mg q,ua,qng;

15 Cofnve'n;e_vﬂl[y st\obo-n Ld rcf)re_sey{*n? J(‘Ae ft_uo A.C.

Q/ucmff es as vecors.

(h) Veclor errese_v\'(hfwn of an /\(fcrwoi'ms Qt‘_

A Smuawdau;/ aller noting thage or currert conke
'gro\p%-caw,/ GCresavwfea( by o wu'n'fer QoD ooise ro’(’o(ﬁnﬂ_
‘ ver;fEr wobich salesfres the ,fo[,lownﬂﬁ comalitions .

I1- The Le-nit/\ of Ahe vecdor 7s aa,om(nrﬁ Zo car’('am scale
u)Acl\ TC[zre.ser\'f.s ﬂ\e fbmk or rwms va(uo af ,(’[qc
ot(f'r'nodmﬁ Q/Uan'H'U

2. A vedor well be in the J\Dnaor\'fa,’ -{oosrﬁon ot XLZ’\C m_sTawf'

when the alférnm‘hna q/uanai'y s 3ero and 13 mcﬂzasm(y
po.s:'ﬁu%y |

3. The angular J—‘rcz,/uemad o the r—c‘t‘aﬁma veclor
/s The same as Zhe an?w(arfruyucncy |
w of the aél“rnafna Q/uav\tcty

Emmp(gg .l

Consider .,I:,‘a 4 a) wh” c}\ shows a ; ! '.‘./ IO -
Simvsordal w)tﬁ?e_ wavefor»m lmda;\a ;," \\\; l‘ .
oan aﬂfirﬂaﬁ;sg current waveforo ‘1 ;" \ II
P ’ \ 3%, ’
ky, R The same e_{_{-cc’(' off % ‘:K e :2:
has been shown Vc(/tt':r/'au:d © R /-L
. " : - \
n fttdurc () as: v 3—1‘,: ” ' | “ ,l
B . - ’/ |
| f,a (3) S~
. : !
{'la(K) Z}J.MA or 40° 1“
o > I ;‘
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- Here vecdor O r&Prcsav\'fs the Pmk or rms value of The c_q_t_l_r’tf\'(l 7L
which is taken as reference q'/umniztd. \frmf.larla ov

n[are_seﬂfs the rms or peak value of the O\H'zrvno\ﬁ'ng
vaubge which 1s .lma{f;«ﬂ the current :Ioa( q0. |
Both vedors are su{;Pdsed 'to be rofaﬁfnﬂ m  counler |
clockaoise olirection ot Lhe aﬂgptlar frequency o OF
the  fwo alf’ermaffr\? Q/UCH\'D'IL'M. ' o

Example 16.]1  An A.C voltmeter reads 2Sov. What is ik

feak  and instantancous values (F Lhe freqyuency of aéT‘er-na’hhg_
vollage is  SOHe P S

1! .
Solvton ;. § = soH: g

Vems = 2SS0V i.'iu

As _ Verms = V./ﬁ ' | |
her Vo o =J2 Vems = J2x280Y =3835V
Alsp » C

V =V Simewt =\ S 2Rt |

Vo= 353,5'\( S (2R so»#[t‘yl

vV = 38§3. 5 \‘S;j}sK(/ant) Volls

|

T

6.2 A.C. CIRCUITS |

| |
I'n \DC Circu;'t [ The baslhc. C.;rcu'r{_ Q(I,Q‘Y'nlﬂ‘( n A

D.cC. Cireunt s a res/stor (Q> ]wﬂn'cj'a c,o-n'fFols the

current or Vou'aﬂc and the reitzi«'onslm’fo ' R
belioeen them i1s gfw_n J o) i Ohw s Lo that NN
/s V= IR g

. . l
In A.C. Greut s Jn A.C. civeuits | i addiion to

resistor R, ftwo neco cireut e levnerits

L
'Y\a'mo,da quDUCfOQ (L) ‘ and ’IW

CaraciTor (C) become C. C
relevant . The current and vaﬂh@c n | |
A.C circut are c¢ontrolled 6?{ Mhyee

e,b—wa”:té R L and C .
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- 16.3 A.C,lHRougH A  HKESISTOR
Considar o resistor of resislance R l

Connected with an alferv\affna Voaae?c Source (’I
as shown m frgure (o) ) ¥

‘xli \/
/. Ins'lan{ancous Voll“aﬂc . )

At a‘na Time t the foo'f(ﬂ'rlaj O(AHZcrcvxcc , | !
ocross the Termnals, of the resistor! /s g |/ml>(7 r\J
vV = A Sln w‘f _— @

Where V. is the peak value of | the alt—CrY\dTﬁal
VOHA.QC . ' | | -F a(a)
2. IﬂSfaﬂ{o«\neaus Currcnf r- '

The current I’ féowmg 'U\roua/\ ‘('\e_ crrcuﬂf /s 8rven L"U

4

s

Ohm*s &zw V= IR o
ye = .\.{_‘. I .\—-/-9- SI;M-&O{ ‘ ‘
I - 7 Sinwt 2@ v L=

V.
R
Where I is the instantaneous curvewt amdl Io % ﬂ'\c

beak  value of the currert. |
3. Gra.p’ncal Qc_prz.sv.v\'fahon t ‘ "
M conbe seen -Fro-rn eqr. @ ond @ ZThat the m_,fav\(amwu_s
va@ucé 0{ both v::ﬂfage and  currvent Grc sime fuw{fons wlxr\k

vary with Time . The 8ro-lakc_a/ re_larescr. ion  of VoU'agg ond
crrewt  are showwn in .Faurc (b). Jhen -Flaurc shows ﬂ\af
when VOUbtﬂc rises } cuvrvent also

rises . Jf the voltage folls 1Zhe " y “ ‘ N
f 8 7( V] 'l N I 4 [Y
current also fa@(.s . Roth 1rAss \ / \

the mwaxrmum and  wmemum values \
ot the same rastant. 'F'ﬁf_(b) NG
Thus in -faumb,{ resislive A. C. ' ‘x,}" t..,._.__...__'
cireurt ms'f’an'laneaus volves of

VO?IaQC and Curreyd‘ avre tn pl"aSe “ Y >

q.- V!.QfOr ggr’e;e.nfaﬁgn . ‘Fla (¢) __—I:_., (o= o)
The bcl\achUr o.]: VoUhgc a«n(,i c.o(rr<y\'f w«,ﬁ\ res,’)«f 'fo

ohace 15 showw in Fraure () Vecloriadly . Phase olipy. 7s Zero,
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J

/5[, REsISTANCE
r," The 0/?/303fﬁ'on to A.C. (/O}Md\ the circutt r)rC&CY\—tS s the

YCSI.ST&\Y\(‘:. . ( = _I\./.. @
, .
! The {fauxrc 1) show s N O A I Ve JEI"'5| J-or
- -_"
resrstance s e resislance coan be shown olong |V or I

For resrslive .A. C. C,.frcu"t AUs  Showon " I lft'eiure (d)
VQ = I [‘2 I
! —>
r& l

©. Powc:r ..
The eleckrrcal Prower wFPLLQO( }otd {"?-(d) R
the source or riowcr M//Daila[ n the resistor s 81t}€n as
P. VI = I*mn = Y _ — @
The /Dow_cr p r';s m wall , ¥V Ri,s in volts, I is in a—m/ocres
and R s in ohms. Jt s very l;ﬂ/Dorfav\YL to. mote That
cqp. @) holds on%{ tohen  curvent oind VOéfa“,‘qe Clre in

ﬁkasa . | ,
6.4 A.C. THRouGH A CAFACITOR
1- Imlrodyction .. A.C . con féow ‘U\rc.uak o resisltor,
Da order to oObserve the flow or A_c. K I‘?',*fb ’

ﬁ'\Yougl'\ (23 Ca/?ac:ji)r, consider o low
power doud b g«)/m‘c;fw s covmected n Serres | c
wuth L E C&PaJm and Au{:p&d mams V N
tixroug/w A swilehas Showom in -'Fx'a.(c\")- C@
When the ‘Sw.frd\ S closed , f/\L /cwlé S

~ L

1:’8}‘\{'5 u,b 51’\ow:}18 Ahat ﬁm. cw—rof“\f . 1S | +‘8 (a)
1”0“”'”8 ﬂwrougA the C.ot{bac@r. Direct cUrrevit canmot Féouo
through o capacdor contimueusly hecause of the presence

of On l'nbuﬁat‘na el J:>¢f(,av<<r> the p(p\fe.s ar Cﬂpaaﬁr,

2. Flow of A.C. TRrough o Capocilor '
Comsider a Ca[oaclfor Vaf m[aaoztbmuz C /s comnecled
Serres cocth  an awmmﬁ w@'&zﬁe Aouru.’mouak the

o et ool

f:l&ffeg c-f[/ jAe Fél{o_aéjzwr' Avre Sc/:mro«'feo(

bd on fn.‘»ulaﬁ}m? e i o <fkrou8k cohich Y

“ﬁfmm;,v
Curvcvd‘ C(.',Lv\v'vw'f ,/30(\‘-); an &wrmajil'—ﬁ I .-;—z; )
current f&vw; in Ahe civeuit as f%al?/_s “ J—‘i’ I"m‘uma

gy L
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arcr,ﬁéf—;'rna :Vcon‘ﬁ‘nwusla c_!'\argzd T{or- the half QF;—H/& cycle of AL),'
o&}ickm-aea( ( For the next half o;-wwgclc o A. C) and C,‘\araco( |
'U1¢ ather way round, as .S"\own i;?v'\ {la(b) i

l&!s‘ﬂ?)ﬂd

and  Fig- (O). | .

3. Elfc. rie C‘\ar e :. v '

The basie rc(aT(bﬂ between the C}\arae. Yy C

on the Car.sadi‘or oand \/ou"aae V ceross i E)

the Plaffcs f-e gr =cv holds od ever \ g
=)

instant . Iy V=V, sinwt|rs 'tke,a,:lalreo( G'i(‘;)

VOtfaae_ , then C,Aarat on The C,alaa&fbr ot anal mstant

s given as Y = cv

Y = CV, sinwt p——m— @

Sinee € ,V, are conslants, Ut con be seenthat g and v
both are sime .Fu—nc'f(or\s wA,‘cA \/arvsikc Same coay w;ﬁ\

Tine f-‘e Y and & Oare in Pl\dqsc. as .:}kown m f:'?-(b()_

4. Electic Curremt :. o
Jhe current s The rale of
cka\mac of d\arac with T;;ne,:

I = &%
At any {.\o'mf onﬁ\e_Atéurvc the rq'T'_c

of C’v\a\n?c s g'ven kﬂ the slo,x
of the fanacn{’ Line ot that fao/‘nf.
So Zhe valve of L at and instant
/s oblamed bbf Ahe) slo/oc of Tthe T s"
G-t curve, as Showon in i <e> %.

i-e

Slo'pc of q/-1 curve ot o ;{‘Jo:'nf ’7(—,::.
t_angcn't ot That {?O;nf = 'f‘and—.:&‘"‘a =

q 7 g - Cosen
At 0 when & =0, the Slorze s at. {
(as Shown n -Ffa,(e)), Ao I is Lhen ift’,:.\
marimum, (03 Shown —}'—)3({)) /1 ‘
From 0 ts A ) slo,)e o Zhe Véy_.f:curvclo

0(L¢rca_xu k fto 5cro -.fo z decreased ]

and. becomes 3ero at N,
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6.5 A.C. THRoOUGH /-\N “LNDUCTOR

1. Induclor .. | |
An indudor is U.SUdUU in the —forw\- __W
of o cotl or a solemord  wound. U J UL ,38\
from o thick cwire so that it has jarﬁc vaéue of
self inductonce and has a m ugu/ole re&s'{hna—

2. Flow of A.C. 'U\rauak on moluc'tbr :.

Comsider an Tnducfbr, comnnedled woﬂ\ —
1 {' .

on ollérnats vo e source . As we know I21sinest
°

tAaf.' self mductbnce, of A Co:l Of:/’-’c')ﬂzs Iy
the C-Aange of curvexnt. ﬂgrtfore ! Mduct)r @
muost Oppose Lhe flow of A.C, uJ/'n(l'\ X A

!
i

Coﬂ'hwuous[y c‘_/\an?ma
For srmf&uiy e’ frrst consioler '”M current Fi 8(5)
aﬂd 'U'\en f}no(w\ﬁ I/\e 700(&1)’0.,1 aLthertnc_( clc_ross mductx—
{’/uc/\ vl crune //nt (‘llrrfvd | . |
3. Elechic Current ;. A\

fuPr)a e the current {low:n? U\rcm(?lw U\c_ mdudBr s

L = .Z slnwt = I 5/11 QW-Ft \ @
Where I s ﬁ'\e ,nsfaﬂ{'aﬂQOU$ volue and 1, r‘.s{’“we

peak value of current .
4- Val‘l'aae, - Jf L /s the n‘f\duc'fanc.c of The Ca‘;
the ckangma corrent sels uyp @ back ewmf in the Co/l
of ‘ma?-mihdz. &, = L AI 1
To wmaintain. the wrrcr\‘f fhe, af /oéu.d Vo (’fage, 'mu.sf be

equal To  the baclk. e.m.f.

S opplied vollage = V= L AL | @
Smece L 15 a constant . LV zir . At ,l
From @ty@ current /s A she -Fu'nc.ﬁon w/uc./\ Var—a wt.ﬂ\,

A

time as shown in .Ftﬁure, ). ’ ‘
The Vaﬂue OF Ai rs 31&1\ jmd 1 ’[
the .Slofae_ of the It curve at " °
Various instants of Time .

e VO'Iﬂﬁe LAI = L (Sla/:l( of !'_-é cur-ve) Iv? (C)
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Iacy, & (Swewt) 12

©). Faclors 7 - Cva’ff Coswot

Af.wro(fwa to eq/ua.tl'on OF ot t -0 L=1Z,
cerlain ca,oaéd’brs wirll have a L = Z = C\écf Cos o’:C\:w
lmr?e_ reactance af a low As X, = % _ W
frequency . So ﬂ\e, ma«a-m‘ﬁ(dt_ L. C%w
of the 0/31005'«&'07') a{fcrcd by s Xe = Cfu = é""‘F
wcll be Iarac and  the curredt

inthe circort will e swmall . On the ather hand ot

J'xfaiw frequency the reaclance will be fowo amd {"AL
A:’afa ‘Fre.cz/utnc?/ Currevt IArouglw e same Ca//.‘naaft;«
will be .Zarﬁe . ' |

. [N e
NOTE E*ncriy Dissipadion in  a 'Capacilve Cireuit
e L PN =1 e 5 [ 4 N T
The power doss’ in the cireut can |TE0IESS Teliet o,
f:’ | & :‘\ N 2 |
A N \¢
‘.

be fm/u't('ga'ﬁol Joy rcfcrro'rsa to [X r, : . 1{/‘,
av’vcn .’L.'aum. As & can be seen Y \J Y K .

that Zthe Currcr\'t(f;;) llaall;\a the ‘_‘[_'-‘_‘L___,Il :[“.‘/ l':": ____,,'
@ve) YoarTer | IS T
Vo_,ll‘ege Jov' —'4- Gad& or b(x{ a r:kasa ; 2nd 3;;-,’.-,;&] ! .
qu’; The Ca,oauibr ZﬂCrzfarc(iccv_lkay es for A Q/uar'{Zr cacj«. _
ond_energy s stored in s .zjur«"r\a Zhe next gruacter cyele |
the ,a,(rrcm‘l‘(-vg .F[bu,')fna n A& o(.irqctt'on oppos:il to a/:ﬁ&m’
Vo ltbgc(+,”Um & therevards The Ca[‘aa.fir owicﬁ\ﬁ‘jracs.ano(
refurns the enu“ag to lhe ?cﬂc‘q‘a\'{Br . TS é(ll_&'an’ rs |
rc,owiea( a?a,’,\ and agaum. . V)4 /;f:, XLACrc.folre'zl.a/)/:urCY\f That
the overage pover olelevered 1o a":‘ Cét’pat:dir s 3ero. So
there is vo dih:)oa’ﬁ‘an of enerqy m L& fure t‘ay;acl,t'ue_ a‘mr.;!'(;-r
EXAMPLE 16~2.;-A IOO/AF calbadﬁ: s con'n;cjid to 'aﬂ a.,(fén‘wdi;\?
vollage or 24V and fregruency SOH, . Calewlade Xe and L.

SoLuriont t- C = ioopF V=i4v and f= soue
]
!

2

@) Reoclance oF’a« Calaac;'fz_:f ‘>§¢ = sm |
X = ’ _ (). Anseory
© 2x3.14x 505 x100 x IG°F M____
; |
(b) As Xe = T => r -_—-_—x—c~ {
r = %..‘LX_ - O. 7 Anscoer |
218 ,_§ﬁ_ ‘,i
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CAS 1=, Gt '
©)- ,Expres_,sion o ‘:andl V= Lé_f‘]:l Laf
For av\‘ inductive c.o’rcu;t U‘;e ! at ] dt
inductive reaclance s ?r'vcn as V=L o(f (I SMW%)
;o= Lz, Q(_f‘&u,z.a{”
XL o= "'\_/'— = owl =2?‘J{L | ‘i/ = L[,,wdfo;wt |
). Foclors I when t —o  tha V=Y,
The reaclance of a corl ﬂw.re.fore B V., = LI w Coso
d:{)&nd.s upon the freqruency o oV, = LI
the A.C. and the induclance L.| -+ @ X, = X . Lt
b is ob'recﬂ’a P ropertional to ko th Lo 2
Foand L. So X = wb i 2RfL

©@). Umts L s e,x[;re_s.se.ci m ]’\env—U F o I-\,_,,%O oand
X, in Ohms . \

('D CO”"Mruscon o.r Xe ana( X
For o T)urcé.d Capaaﬁve efreort

o ,
XC_ = Z:‘E = -2-‘—;?"‘ 1-€ Xc_ X T
Qnol for o -{;urzLd mol.ucL ve eltreurt
X, = el 27 K e X, ok f

I canbe moted ‘U\a't mnductance and Car;au*(‘ance behave
0FP0.5«1L(U as O fuﬁc‘t«ov\ of.‘ .Frcq,utncﬁ ‘

Jf f is  dow X 1s. Small but X. /s jarﬁc

For Pigh F , X 15 large  hut X i3 small

The be l\\,av"our of resislance s ;nde.‘pcno(evsf \._;-{ the freqeency
q- Eﬁtr% Stored m  Induclor i

From f,-?urc t con be seen that mo Zﬁ:ﬂ' :‘_;t_“__,v

Power Is o(.z'ss;,oa'fec( m a fuch induclor. : I"__T
In the fl'rsf Cyum-Tcr of cac(c both ‘ : ! :

V and I ave ./oas,‘Tr’ve , So frower vr) |
s +ve which means encray 13 : N N
Su,:,:b'-wl to rnducor. In the nccond Y,E'iu Eoo EAE Exe >
q/uarfcr Vis —ve but L s 4ve . [\/(\w ower 18 —ve.. t
twhich yeans that energy s relurned. bd the mdudor Agouw
m third q/uar'rtr imduclor receives energy but re_tur'ns the
same  amount i the .fourﬂ\ q/uarEr.JJnu_. there /s mo nud

|
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5. Gra Ph";;zv B:prc sanf‘at\'gp_l |
AL 0O, the value of slorx 1 max.

Please visit us at http://www.phycity.com

. p . - :'L ‘J T
as shawﬁ m g (c), so the \ A ! . I
maximum value of \4 eoVua./.ﬁ \é ‘;’l“ | ‘%I
to V, occors at O and is N\ e _s/ 2/ \*

wo fged). From 0.t A

, (0} 7| ‘
rc[)rtscﬂfto( Ly OP as shown | ‘Q\ \/, / \

the Slope of I-t curve clcreases

R | 'F '.ﬂ’ (d‘)

to jero  So The VO%?F Oecreases from. V, b 3 2ro ot &.
From Ato &, the s [ope of It curve is meaat“‘ve s0

the vange curve goes [rom & 'tcisf L. JIn  Khis way Zhe ;'
Vobﬁac is r:/;reum'fea( 1‘77 Zhe curve PARIST Carres/.)ondl;q?i

o current curve 0OABCD.
6. Phase Difference ;.

X

i

By co-m[-urfn? the phases of the pour of raain'fs (o, P),
A, a), 3, R), (c,s) and @D, 7) i;}" conbe sSeen that

the T;lnase of The current iIs afwérzfés Less than  The fJ\a.sa |

of woltage }Dif 9o or % e ciarrent laﬁs 'A"i;‘;"o( the

a,apifeol vvbtagc oy 40°ar7\;2

ar

Jeads the current L"(f o Or’%.

7 Veclor Representation i

As in this case applid vollage
/ll.o\d_s JU\C c.urreﬂf loa 0\1aka$¢
of A0° or "}Jé , Ao vecfor:'albd
| s shown .F:a (e).

3. Inductitve Reacttance ;.

i

the a/:/m(&a( vollage

e

Fg (e

(@) . Definions:. Jt /s o measure of the cyaposﬂ?on
Offered lov the inductance corl

DM os rc/‘)re_scnﬁb‘ A)y XL -

to the }J}iow of A.C.

(b). Mathemaleeally s —"f V s the rms value of the
aéfar-na'h'ng Voéiagz Across an incluctance and I s lhe

rms vaaue 0{ C,urren‘f f.\a.s.sfna 'U\rouglw :I, the Va[uc

of XL 3 81'v¢n as
X =

t I
_ W .
V"ms T ond Lo = é:;i

Http://www.phycity.com
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— -r»-.Cbepge. a; energy m a complete ct{oﬁz Since an indudor
coll olves mol Comsume energy the corl s Orclfén cm,:(agao(
for caﬂ'f'roll:'na ‘A.C_. without consumption of e_mqét(f. i

Such an imduclonce cord 15 known as choke.

|

16.6 IMPEDANCE

1- Inlroductton :. -
We knoew that resistance R offers oppesilion to The

fbw of current. n case of A.C. an mnduclance L
or a capacilarce C also offer  Opposilion to the flow
of A.C. WAIC.A /s -measuvred /OU reaclances X, and Xe
res,acc_'a’veév. An A.C. crreurt may Cor\sf;s'f' of &
resistance R, an moluctance L, & ca/oaa'f'ance C ora

combmalion of these €lemenls.
2. Defiribion 1= The combined effect) of resislance,

, reaclances of mducor and (_afiac;for_ m an A.C.

Creuort s known as [fm‘pca(a-rn:e )

Jt s olenotled ky =z . ’ " | 1
The valio of The

3. Formula .- Jt s fmca.surc?al fc»y
rms valuve of the app[&d Voﬂhize: to Athe yrms valoe

of resul?‘fna A.C. |
-\[rm.‘» - Va/J'i _ ‘\/o

q. _UI"_'_t 1o Iﬁ*ﬁ-‘ Lo/ T,

Jt s Cx/orcssco( i Ohms., ,
o

Z =

i
'

(A

!

|

Example 16.3 : When 10v are'oppliad to an A.C.
Cireuit | the courrent {jow/%ﬁ m jit s (00 mA . ,El;\(f{ /'m/koémcrf

SO(UfL'on .. ‘ ‘ -
Lo 2ol ! = V= '
, valve of OFFIA_w( Vow@c = 1OV s

rms

r ms Va\l(ue of Cblrrcn{'l = L _100mA =160XI0D A

Im/oedanca = Z = _\{* . M__B § = {00 )
o IGORIDTA 1 Apng wer

LN
i
i
[}

v
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- 16.7  R-C AnND R_-L SeRigs CIRCUITS

. R_-C Series CiRreuiT
@ . Deginition s. It is  a arcuit inwhich vesislance R

and a ca ac:'tbr C. Qre «:ownecfcd m Ser/es
w?,#. cacA oﬂxer a'na( 'a,{so w;Hw an alﬁrm‘ﬁha Voﬂ.—aﬁc

source .

). Explandtion :- I S
Consider o series melwork | —L— 1y
of resistance R and o Co‘,.)aaﬁnr ‘ C J =
C  excrled Jo?f an alferﬂam\a A \4 £

VoU’agc as shown m Fg-(a) (f\) R ; V,
the same current would

As R and C ore in Scr:‘es)‘a.c. \ ' 7 ;
SAUPP(U T . ’ \
low through each of them . | |
f g f

I I /s the valve of current, {'ﬁ»(lol)
the foo‘fcnh'al o’&',{:fereﬂte_ a?ross resisbnee R ewould be IR
Aand ot wauld be m 10"\054 colh ] ('_urre-n'{‘ L.

Let X be the reaclance of COL/J'aa-jE:r , e {,.borcntiaf
dL«f,L‘fcrcnc‘c Ocross ca’oaclbr C  woold be.' Ve = IX,
and.. Thi Vonagc 1&55 Ahe cp'uﬁrcv\t log I} f‘\‘z.se F Q0°.
©). Vecror Pn’d@gm of the ,Voabgc and Curl:r_cy‘f
The vngr a(.cagram oF \/o[IZlgc and V;: e

cUrrent s 5l\aw~.\& N f..'a.(fo).l
~7o'll<fn3 current Vas | a reference Line J\K
the fw‘fiv\fral O(A'ffcrcv\ca acravss res\i‘.{wcc 1
Va = IR s r¢farc’séﬂtd 010116 I{\& V=IX,
current Line becavse 1t 5 n fa‘;.;m.': <
wikh the corvrent. 7he faa'/’enfm:i{ K
oli{.fcrc'ﬁce_ ACross ca,:aabr l/c -L I X {-173- (B)
,,1-0_35“ btl'\fnd ‘H’\e CUrr;n'f , 30 'ut ;3 rc/:rcscro‘rco( on afL
Line ot a m‘gkt"aﬂah to the current line .
(). Applicd Voltage | -
The a,:plud Volfaﬁc v\/ that u-JI!Z( send "H‘]xe- current I
thval the cieeuit 75 oblained by the resullant  of

I
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— — R S - ’ .«.. e
vedors V, and V. . e V= vR. + vc. =i+l ¢
As fra-m -ﬁa.(b) \42 /s Ca-ns:'c(trp,d. to be «- CO"Y)OY\(;/‘\'G e
an d\ Vc 4 ’, % . g - CO’"’I/QO Y\(Y\‘é .
then M%ﬂo""ud e /s »‘ !
j p A L kN b N
) vV = JV,L -+ %f = \é + \4_
2 O z 2
- — L
V = (IR>+<IX,:) = CZ.E)W{\‘(:JC_)

Vo= [ﬁ ) +(ZJ¢)1-—-——-—® (’-"XC =Z'I>“c>i\

Direction ( Pha _sc)

From Fig.(b)
Yar~ V. I
tane = ’vi“l - @c’_
LR |
AR |
® = Taﬂ\{u(:) .® |

: |
Jt con be seen in 9 (b) that ‘{’;ku currert and the
or;’:lfo_o{ \/oltaﬂc are mot n PL;_‘Z:«_sa. The c,'Urren'(" Aao(.s
the Vau'aﬂc de an aﬂah o = tzvﬁi(/logca)_ |

e). Impedance
I-m,;cdavm& can be calculated }fr-om ccyi @ as

L

Im/oe_dance Z =Y = ./Qz +(.i‘—a>ﬁ ________,@
; f

Equalion @) suggests that ee can find 'tke.w"vWawLanu of
a serfes A.C. cireurt bg Veét:r add:‘t‘on..lt; can he
obtained ’°U fm,"f.o(ance ob'o.graw. ;
Impedance Driagram. ;. |
The R, resislance /s rc_/are.s:n'fca( —
bﬂ (28 Aar:'&av‘m ll;’ll. »'*1 'ﬁ\t
Adveclion oF currest which is .
taken as reference. The — Z
! . P v

readlance X, = 5= s c - X,

shown /o” o Line /(aagmg R

Http://www.phycity.com
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Ine G0 as shown n Fq(C). The ympedance z os the CH‘(UJC
l': o’o‘amoﬂ bd ve dor SU-mgnoflon of R / omd )(C - ,(‘_‘{

—z—’ = —’i,—f' X = Qfl + Xc_d |

The Fg. (© I's known Os wacddrlc.c obaaram. oF the

errcort . The mgmi&dz. or the :w\/:w(ancc s
Z2 = [RY+(x)" (/74’! =/At+Ad‘)

‘ 5 A
4 JQ + (-;L—C‘z, ‘/& = law %)‘)
The amgb. w/wc.}'\ the Line represenh V\U '“ﬂc Imbta(aﬂcc
Z mokes with R Ane 6:\/(5 ch Fl\ase o(*.}:{»erentc l"/m
the vollage ond current . F:a (C_) shows Lhat The
‘ CUrvent 13 lma/ma XLAe «mﬂaﬂc across 'Ca/:aa.tar
! lov an anab. , % / ‘

. - Xe —1

Q = bﬂz ——‘—2—) (

= " CJJCR

|

2. R_L Series Cireurr |

@) 520_.{;1\”?21\ - A c?rcu:’é fv\wlwi:_i\ r‘c..'u‘s‘(_r'oceI R a.,-.o(
an induclor L are connected In Series cud'A eacl\&ﬂmr
ond. are exciled lo-i an a.[trra'f'ng Voa'&ﬁ s Ca!.lzc{
R.L series  ctreurts
¢2)) Explar\ot‘ran o “Consider On
:nJALcTOr of inductamce L’ o resisfor
o)t. resislance R’ Ore CO—nﬂqud
in serfes _and are exciled oy ’p L
on A.C, Source of Frequency PR
(1) Impedance Diagram

The ('_Urre-r\'(‘ .flowmﬂ ’U-woual\ the ANV

cveurt /5 Ta ken as ﬂf&rc ncg Ao ot Q Ffa. (d>
s re prese nted L‘"ﬂ' a Ahor 5a—n+a-1 lma
Qe.s:s t&ncc R /5 a/r‘aw-n alo'r.

Lne because the foafcnfa.f dr-a/b JQ
s 1'n Pl\a.se wdh current + As XL
[)onEaj Across the mduc'bncc

i

>

Vi = IX, = Z(wL) Leadls
current Ea 9o, so The veclor jmz of

3 ( b)
Http://www.phycity.com
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" reaclance X, = el s Adracon at maJx(“ anala. tal R lme as
shown 1 foa (b). .: |
(xt). I-mpr.dancz_ The :m,:eo(ancc OF the ctreurt 15
Obﬁmc_a( b-d the veclor .su-m ar 2 and X, dines s-e
T - T+X X, = Ri+ X 3 |

Jhos  E - [_is xE :

Z '=jQ1+ (eoL)* ;

._ | }
@) Phase difference b/, vollage and curirent,
As  from fu'a,(b) | | |

R R o

Q@ - el N

Jhe anﬂh @ which Z malkes u-bd )Q Line ?I.V(.S The
PM&: dxffcre.ncc lod’ween Voﬁa—ﬂe amd c.,urrer\{“ (._- Z= ——-)

J’-nﬂwi cCase ’d\e, Vounac OcCross mo(uc'(‘ar\ce lcad_s H\e
6urv~¢~n't ‘o” qa

* - Compgn;_,_gn bl lmpcalonrg: gL«agn;m.,s c_:,[Q C

HSSCII

anok R- L clr“cuats RL Mgr‘d%’
63 Com—,oo\rma the IMPCdAr\¢Q O(Aaarams K- 4 -
of R.C ond L-R cirevts X ' .
it con be seen that vedor Lines b : ‘
of reaclances X, and X, are B _ -
oerected 0[){90.3:’ Te 1o ¢ach other ‘ , ;
w;ﬂ\ R as referc-ncc,. X | I
| “ho_____. ?

' R-C ok'agmw'
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168 - Power In A.C. Cireuits
|

e Lx.,ares.slon .fo:— fbowcr Pls ,
P = VI |

a)Aerc V = aPplu.a( vo!,taac and
I = current {.lau:'ma ﬂ\r-ouah the CA-"'L\JI{:

1 F0r Reststirve Cireurl
The obove L-LFres.s:on Is True n case of A.C. Cnmuv"(s

e o
res r.sT ve arc.ulf : v s

Ov\bd thcn V and I are m Pha.sg as

n case af [ 3 -,:Mrc
2. For pur-e I-noludc ve or P:)rc Capadtanu: m:ue{

We know Xhat the f:owcr dl.sw/'bcnton m o /’wrc mducrvt’-
or n @ faurc Ca")aa&ncc C_orc.uf'f s btro < In these cases
bhe current lnas or leads  the c),slalu_c{ Vo i ’Iaac Loa Go°
and Co—mr:on(n‘f of‘ a,:rb-ﬂ-d Va@@-ﬁe. V¢(Ior olawg
the current veclor T~ i3 Fero . (1 e Vloso = o> = ®=90

— >
- v .
I I
Rore Induckive Cireist | | -\7» Fure CAFau"t'amz |
( oo Reer da‘s.sc'rmﬂ'or\ =0 foccause VCosap = o) | Creot
P_ IV QD =0 '

3. For R._ C. and  L-R Cm:fu:'fs
In R-C and L-R A.c. cireurls the va\anc_-r au]c.fo-cnce

’thwe.er\ OPPLLLJ Voa‘aae_ V and tfwe_ Currcv\'f L ) &’
I V. !
-» 'R

b
Lo
i‘ .
. v
-~ V. - A

!
1\{' !
Pl 3N __V§05°E_,-'

(For_R-c. cireuit |
( or C.. A rev ) | (’_w L. II’. C”_cwé)
The com,ameni of v a.(o-nﬁ I % Vese., ,

Aca«qﬂ” d s tha cm,aonm‘f‘ o vollage wc@r which
5 M phase  wilk  current . |
Bwer Dissipaled m A.c c«'rl;uf-{' 130

i
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P =

I VCoss

Power Faclor

The {ac’for

Power faclor Jor & resisTeve cireudt s Cos 0 = i
Power foclors for pure mduclive and {Pure capau Clance
) rcu:tt Ore CO.S 90’

—

= Xero ?

Exaw\'h(c 6. 4

At ohat —Frttyutvvlitd wtl an  mdudor of
1.0 H have o reactance op Soo 7
Solulion s

core  coil op 2.0 H and S0
serfes wdh o resistance
.Su,opfd OfF 100 Vv , SO Hz s c@'mm:d'ea( ocross The
F;'}\d (/) the current -F(Zo.,am "M 'ﬂqe co/é

II), P)"QSG Ol'f\?lL b/uj the  currexd amnd Vcﬁaae
Solutton :.

Tolod Resstance of

cireutt.

L

is

Z

Otmcb_u( Vo%ﬁe V= /0c7 Voltfa
reayuevxcj F = ' So  Hz ) ‘
(l)’ Jhe YCaCG\nce — XL = u_)L = 2-'7\“./:1 3
= 23, 14« So 5 x 2.0 H :
X J 6280l
L e
: .
.[rmlaea(alncc = Z :-Q \/RL+LXL> |
(Soo ) + (6 zgn)L |
Z =1 _ 803 'O't :
,%—_;» Curvent I = ;ZV— = 5/-————@\/ = 0,0/245 A :
, BoZa /2. A4S A
_.,[ C Ansever

Http://www.phycity.com
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cosa 15 knowmn as Pawzr.facﬁnj

L = 1rLow#w 5 X, = Soon
As X, = eol = 2Af L
T f= o = :iogoyi/oq = 80%
: ‘Y Ansider
Exomple 16.5  An wvon
Pxs 'paw_c'a( m

af‘}‘S—OLﬂ—.AﬂAcb

) Qrcu-t 51'0 l'-+44.s‘o—ﬂ- r §L Son :.
, = SopL
[’Y\OIMCTAV\CQ.
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0. Phase difference = ¢ =l () _ tar (2) 7T
o= 0 (F25) = L hwenr

Example 16.6 A cireurt  comsishs oF a Ca[aa«u'l'qr of
|

Z/MF ond a resistorce of 10001 Cro'nnec'f"co( n Serfes,
An a(firmaf‘ng vo&pge_ of I2v and. 'Fr«l/ue“‘ly S50 H, /5
applud Fado @) the current 'Unc‘ ctreurt  and {:ka.!c_
D) the Overage fower s«xmolneu(.
' Resrstance R = 10002 )
Ca[xku'{nmcc = C Z/U F= ZKI(;)‘“:F |
Frcq/uenc(n/ =f = 50 Hp.
= X

@) _ Resclonce 1 _
o c 27(.F(P

!
= = 15920

2x3 14 x §SO 3% 2x15°F

[wpco(ancg = Z = /IZ".;_Q‘);(L)" |

2 i
=ﬁ00%).+ (¢592.0)* 1

Zol= /188 n__ | |
I

Current = = v ‘:}_; i
=z | |
= 2V . _ oeooeda |
[ 830 1
I = é 4 w‘/%wswcr |
hase olifference = 9 = TQM, taw (’SQZ-Q_
¢ - Ff ' Lz 1000 —Q..
' |
: ¢ = S7.8 -f |
("7'.)— A~V¢Ya~ﬁ€ boeoer ]
| P - VI cosa |
— [2VxO.0064A x CosET-8%)
P = O.04 w |
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RESONANCE ;. A condition exising when an
05cu'lla,brd Mn’c creutt res,’:o,no(_-; wdh  maImom
ampltucle fb an exlernal St nod €7f ﬂﬂgu(ar ]Drcq,uenc wd,
plcs to e q
QE SONANCE CiReulT 4 A C.r.r'(_ur"ié{ that corlains  both
inductance and cnf:aa')fnwcc so arrancacc':l(“'(li\of the

cireurt s ca[xulalc oF ResonANCE. , 3 called ' |

Resonance Cireut. i
16.9 Srries ResonAnce CiRreutT |
Consider & R_L_C series cfreurt "
which 15 eteiled by an allernating R
Vo“’hgt sourcece wl‘ose f-"‘C‘;’Ue“(y]

¢an be Va(rc'e.a(:.>
- Bc.ko«w’gur a'f cireurt as Q-&,(c:?mu‘f (o}
The ca,;aa'fbr reaclance /s E '
Xe = L'TE . ‘l
When the frequency of A.C. Source |
I Vl.rv Smoll ZThen X, = a,uC_ s much -F-v?.(d)
bracr than  inducteve r~eac.'(°mr\ce1 X, = wl.
So the caloaa'fance_ cominales ot Low .\Frcq/uenog and
the cireurt behaves  Like an R-c eoreort . ‘
2. Behaviour of Creutt as R-L cireuttl
The wlucleye 'reac'@vvce x ‘ o
X, = el {
When Lhe frwucv\oa of A.C,- Source Py ‘]Vtr'd /\:('7[\
then XL = wl 1% ouch laramr- ﬁ\thM.» Ca,)au'(’aimc.e, |
reactonce x, = -—'az L G v Ths case the vnductamce
dommalis amd Ahe C/L"rc.uf(‘ behaves ‘,(,L'ka R_L Cx'mw'f_
3. For RESGNANCE (0. Condilion
m‘/\p'ﬁl\ }r«yue.nifc.& there witl be a
moderale freg vency J)r ot which X, = X
T4 comndilion ,I:S c;u:o( rcso'v;amc.ci. | ;
As e know that , the rnducleve veactance X awnd
co«,oau‘«tt'vc rexclance X. Ore olcrected g/v/aos('fe | ’tb
eoch other as  shown 1n. I:ﬂ[)CO“GY\CMc. cvc«haram(ﬁ‘a.k,)..

c' L
|.
|
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(b)), Lmpecance Ul'aar'am

A Yo '
Thvs_at resonance the induclive reactince

. xL
bdwﬂeayual and op, ostte 1o ca aub)r
resclance — cancel each other and !

the 1;v\’>edavv.c o&hafﬂ éiiuma.s ’fii.e.
form fige(Q) ie X =X =0

S =R

1

-For resonance

‘ ‘ L 4 'F'.a' ( L)
The lhpcdancé of Creuit I;Sll

(").,.Dgﬁ» milton :. The frequency

m o .fmr-'b'wlar reuit or met

¢"). Expression
I

——

L = XC. i ; |
‘ er = ! !
2o, C ,
2 ! !
“r = Tc
As l
w, = 2Ff
‘ \74(lr(.for¢ 2 & |
4F F.= _
4 Lc
Foa
2K /L C
4. _ﬁBQBEB_EEL_-s— '

The ‘F"u""‘";‘ﬂ are 'fke Proracrﬁ'gs of the serves

resonance ci'reui’'C.

@) The resomonce Fregruency ’> a:’ven hy
|

f-= =

(b) The impedance of the edreoit s resisTeve | so
| ]

cuvrrent  and Volraﬁe_ are in pkasc. .
The Powser Faclor

= Vlosx :I j
= VCoso | —_—V
= 1

B At 1L
Http://www.phycity.com

| | Fig ()
). Resonance Frwucnc%_ ‘ : ‘ o

The resomance will ocur z.:w\oltr the corolion
X

> R

af whieh resonance occurs

é»}ark 's called resonance
frequency. Jt s olensled ‘aa F'—_ . .
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(). The Im/)tdance or the efreurt /s mmrmu-m o resovance
frequency because X and X, cmu Loot eacF nﬁur) and
L oos equal o R, 1

CON Ir the Pu\k Vm('ue (amrwffu&) of Source VO&J?!@: \A
S l<e,>t constt,, the gurrey\f 131 ma-u:mu-m ot the

resomance f"“i/""“d o I = @ I o ,Z Aanoal
ond 1fs value 1s Z.5 min, So IL w.,L( be max,
Ir = ‘4/2 = /Q _.T. - ..._-’ /R

Fhe variolion of current wdth
the frequency 3 shown m -Fa,(e).

(€). At resomance VL, the Voltaﬁc_ L
O(rop across Induclance and‘ Ve
the Vodhac dro,b Across Ca/aau‘&me“
may be much (Ar?cr than the source \/oa'a.ge
Becavse A

At resomance the cémfm'ned GV\I)eAA'nce I VL‘ IX,
Purcéy resislitve Ond 135 mnfmusv,
In this case the current .Flowma 'Hvou:]l‘ , > \/;1
the cirevrt will be hrah . Siice current ] ' =IR
d _
[Zowwﬁ I's gLu.L to wb&gu &Qw,(b[)cﬁ( VC:IXC_
Across  inoleviduad eliniens . \ﬂcre.’:ore J
&\rae Volfaﬁw QAre d&\/elo,ooo( Ocross ﬁ,e, ;nO(AVtM"cZL’rmﬂ_/}
Gmee V, and V are oot of plxmﬁ witl. each althey fo that
the tatat Wﬂﬁﬂc dzvdo[;w( gcross the creurt 15 relalive ‘Z‘j’[o“’
NOTL As V=TZ - IR - I = /R a\r\d VL...[X jv

Ve = \ngc. = V( y) v X, PR &V PV
In gqeveral and Ve=M . 3 v >V

RLC . Sevies Cxreuit the ym,ﬁcdanq_‘

olkaam-m. 13 showmn wh 'ch &Ves exrea't

ma,oe_dance_ anol df’p[u-d Vo e as: X
Z R +(x - X ) N

‘21 -+ (XL—XC>3

) _
f * L—t _\*
And. Z Q + Q(L._. )kc_ | ch)

apr‘f«{ Vomac “ ‘ "‘ﬂ) Y WL'- V¢ IR> - (IXL—I)((_)

i
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16.10  ParaLLeEL ResonAncE CIRcUIT"
Consider oo . LC crcurt  nwhich L and C ‘ar¢ 'coﬂﬂ«_to(
" "JamLM to each othar as showmn i figure (o). JE 5

eqccted Ly an a‘.er%a.;é{i Source or Vo 'Iaarg LA})‘\T.SQ
.Frzyueﬂcbv couvld be varied . : L .

> .
Jhe induclance corl L has ;I I l c
3 1\23&-9,-’0 lU Small resislance R, lv II L ¢¥]
Jhe Capaa..l:r draws o llaoln'na (AP L —
current where as the wr_’( oraws T 0
o laaafna currevit (a.s .I:r-om. arlceal L
X.C. 'Umoug’a CAIDiar:d‘Br anJ »’vxdd(jbr).

I-For Kesonance

Figra).
The circuit resonmales at a Freguency” @ = w, which
makes X, = X |

= Ao ,S0 that 'fo—ua brar.eh currents i-e ﬂ'\v—o h
wpatjjar and 'ﬂ-\r-ouak ';mluciar OQre acyom.] budt Opposfn.
Hence ‘U-\e” concel out welh Tthe |\ resutt that the current
O(rawn T'Iro-m Su‘}or: I's '5¢.ro, Buf' n oclual f:orad}'ce.;
The current /3 mol 3ero , has a minimom vabue ot
b Swmall veststance Qof; the cofd. |
Resomance -f—r-cq/ue'nr_c.d Fr s calewladed on | Xe = X,

2. Propcr"?-c.s
@-

|

Resonance frccyucﬂc.ﬂ s {:r’ ' !

ZT'J Lc ‘,‘ 1‘&

|
Areurt fm /ce_o[(anc¢

—
=3

(b). At resonance -Freayuhm:\d 5 173&

15 marimum It 3 resislive and 1 value is given

l/CR . Becaq.se, the Source Lt;frcv\(’ tkrouak H"\aiax'mu"f :
L o - :

13 \/crtd sl ,o\.f' resomomee Condilion
Z =

S Y = =2l
(€) At the resomance the

1 - L 3 L]
wvﬂ'f‘\'t 1s 'mm:'fmqu and it
1S In pl\asc with the aPP“‘“” VOfi.‘a.ac, !
Jhe Power Faclor = Veoso® = |

D=

4

The variolion of cCurrent weU\ the I
Source s Shown ' F—{a(k\)

I i
I

I
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~C
eoch be lar er 'H\an 'H'\c Source current Ir°

Recavse :- At resonance the <g’r¢u.'1“ tom :olan%e 13
}n'g/\ , the a\./Cra_,U currert s low but the Voﬂ’a?c ﬁv&lb/uc(
Ocross the Paro\[,u eveort 1S J-u"ﬁln . The fn‘din'duaj
currents d&vdo,;ed i the tnducomcs I and Cb«loa(dfanu I,
ok resomance Can be very l_mrﬁc‘ but Ore P

(). . At resonance . the branch current I and I ma
(). At rezomance ’

aut of p'l'\aSe wih each other | res uJ?f:;.a n dow combied
L _rlL
curvent. As Ezgp oand V= [Z = v=IL

IL L - wl .
Now Ic:—x—c-_ = EEK“’C' = %) Sunce R>l I >1
and _[c = ’[L‘ So I >I K
NOTE L.C cvreuit as an eledmead ascllador

Elehrical osecillator is o olevice i wohich clechiead C.l\aﬂau (dLJFon_s)
con move to and Fro fLPedtade colth o cedaiin -I:rl(q/utv‘cy or ;
in wohsch energy aoullat'/i betwseen calmﬁ)r and nductor,
When copaclor is charged by applad sovrce Beclidron. ave given to
one PLail of C. ke warle done n cl\araﬁna The ca[:aclfbr ai,',!,l"r,’o’ic Aored as
energy <_2L‘.cv") . As Cak[:ae:zibr s qur,aco{ ufzm-ov\_s flow (_L.[éynﬁ t!j\c e
as electronic currevit . When caFac;ﬁw c&;hll(:’_-/\.a«r-ws/ maximoum current !
will mow be ‘F‘Of""':"‘ﬁ in the cireurt ‘and ()HJM] energy will b Stored
the form of magratte reeld o widudor (4 LI*). The sely indudance
of the corl will oppese e growth of corvest at frst and aplerwards vl ]3
oppose g oll.cad o that the echrons will decummmulate on allar plate, Zhe

(.v\crad wt;;U be rzsfbrq,( in the m{&@-uiﬂaraa s as!i;;'ﬂalzlﬁ %:-1 o
, b
s,

leat ™ “TIAREE Puase AiC. Supey | %

) As weknow that an A.C. ?cncrnﬁg? consrsli |
of & corl wth a {:au‘r of sb',: figkﬁ;. As the' c
cotl rotales on ‘p\“‘(r'nodrﬂa Volfd&fé ’s 3¢ngra'f'cd‘ y

I

d

across the sb'ra h'nas. In & three f>kase
A.C, aencrAfor , mstead of one coil there -F':J—("?c'
are three corls l'nclv'na’ol ot no t"’i each other,

. each -cmnec'fao(,,‘,'(b,..‘l','s o .r.aa;.'r of sl.&"p nkg.s . 5
When this combiwalion of three coils  rotate | K
m the rmaa-n(_t'c .f—c‘elo(, , each coil gtnu‘a‘(_e_s v
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?z—,.i!g.,a,!firnaﬂ'i\a ,VO;ahac across 113 oww ¥ of sup mgs.
Thus three allernating Voaaau Qre. ?cncra'f'éo(. The phase.
olifrerence belween these ve ltage s s 120. Jt means that
when Vc»tﬁtge. across the fl;-sf'.' 'fbau'r of Sb‘r_\ rfng /;; acro,
Aavﬁn? o fka.sc of 0, the Vowxac acrossthe Seconcl [T
of sb‘,: m'nas would »ot be 3ero bt 21' will have o f’kasc}
of 120" Sﬁm'laré.d od this instant the v‘volfaac 3c1ﬂ¢fa'fed
ocross the thivd 'naur ewitl «An_vlc a IIJ‘VN&; 240"

These a«lférmaﬁ;\ﬂ vollages Are Shown 1n {—r? (b).
P!l.\a'“'i Phase2 Pka.sc'a;

Pl Ve p—
’200 | " T\‘ / l : ‘]
1230V 4oov) y o
. H o N \ 1
/) - A
’ \
1

0 U4

240N L7

: -Ffe(b).
The machine > s’nSTcad of ;\aw'na S Ttr'mfna(_s R Luo -f-Or
each o of s!f1> n'v\as , Aas on(id four TZrmn?nla[s because
ﬁ-,\e.,,_s'[brﬁ'na ,{aofn'f‘ of ol the three corls - has o Common
._3Zuzx;tt'on,v which 13 offen earfkco(‘!‘:fo the skaffj,c'df -“"T %Ch(ro\tr
ond_Tthe other three ends of the Q{afl Qre ;C-o'n-nedao( 72)
three separate Termimals on the machine .
These Four f'e.r-'?m'na.ls ajo-na el ;ii the dvies ond corls
cormected t, them are shown ™M Fig (o). |
The Volfaﬂa Ocross A

Cach of “\c ln'ne_.s [ c 230V :400\/
]

comnecled to fermials -V VY-, '3

A) 8 , C and the neudral ~ | quov

line_13 230V. 8 s

Bt-c.awse.p,c 720° 230V

pkas;,,,,.é‘m'ff‘ , the | ‘F'ﬂ(C) =
W.Q‘aﬁc,,,ac»*ass any Two dines s abeout 400 Vas

Aévanfb.gas

|« Jhe masn advan'fh?c of "\aw'na a three "P’\m:‘ SMPPLV s that
the supply is lhat the total Load of house or a-Fac'f'org s

l
shown fig (b)

Http://www.phycity.com
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" divided T three f.\ar’E , sothat mome o the Iine 15
over looded. ff Acava Load ‘Co-n,sl's?'i?\g of & ‘mumber of

alr ggmglib‘gn'(.r_s anal mo’(Z?rs ele. 1s Su,r;'pl&o( f)owcr From
a single phase Su,;,alcj , s Voli‘aa\c A Likely t o(rop ot
‘Fuu Load . | ! | -

2. Jhe three Fkase Su,aplnd also fmw'des 400 v which

can be used to o,)em.‘fe Some SFe,é‘_‘r‘aj appl:’amcc.s r’cqzufr:;\g
400 V For t‘\!l'ir '0,'9¢.ra.'ﬁ'on. ) |

V!

16.12 PrincioLE O METAL DETECTORS

I- Elec'f'rn‘caL Oscillator . A cio%('[ and a cadpa&.tér are
eleclrreal C.o'vn,éo‘r‘»u,ﬂ'ts which Ttogether con ;n’c,ducc
oscillations of current. An L_C.‘“;,C/l."rf.uf{' ‘:c‘\m;rlcs d‘qzsf
bike an o.sc,'(ladiha mass — s,;rﬁnaf sé/sfim I In This case
energy oscrllales Jsetwecn o Cd acrlor d;’\d' an mcluelor,
The cireurt 15 called on ebicdiiveal  osctlalor. |
2 .Metal Deleclor . Tovo elechneal osccllators A and B

dre used for the or:era.Tc‘on g commen Typc oF melal
delechr as  shown ™ iTs Pr,}\cr,;lc‘,cl;agmm.l

.k'- . - 2‘ - ()smllatoi:i;'cuilB Oscillator circuit A !
In the azscv\cc of dﬂa .

) s A ™
a _LI Aqditi‘tgl;l Additional _' J_ ;
; AR | circui circyitry : :
. M B L =0=C 71 for for . c=L8q|
near l:td "W'l(ta! ‘O"QJ(C'( » e\ T r oscillalator osciﬁl;tor _—Il T
] A
the ductances L. and - |
A *. W}\&’I\ ”‘?M:&’C. fl.f.td lfoa ‘ lfm
LB Ovre 'H'\t same aY\d s ;n"l—'u,:f-d a 1
‘ welal . Beat frequency ' .
hence the vesonance Y ™G - emplifier
losi olecreases.

fua'fm :
.Frayuu\cU of the Tovo .Eo idudance of La ! .
eireurt s the same. Aecremses . Speaker | |

When the mauclor & called the search coil comes near a

metal abj'ccf , 118 induclance L, olecreases *( w NP=LL > Lo(?:)

amo( Corre.spov\dr;\a OSc.v'ua.Erz{ frgq/uenc_y n'ncr-u(se.s
!

( .FB = ) - and thus a beat mole s heared mn 'H'\L
VLsC attached speaker . |
Uses . ). Such deleclors are C‘IJET\.S:'V’LIU used for various
S(f_uru't.d checks, ‘

(bY. B locate J:?Ur('eo( melal o;oj'cd's".
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16.13 CAUKE o

Jt 5 a corl ewhich consisls ;Qif‘ff"\:'clc cor:,:z.r wi're
wound cbseb] n o larege "nu-w\'lo4"_r oF Turns over o
So,ft Iron IAmfnafgd cores . Jhis <maf<es the rnoluctance
L oF the w,’l_q/b,’re ,[ar'gc a.JA&cr'e". as ifs vesistance R
s very small. Fhus it consumes ,‘czd'rc_me‘l;; small
Powt_r. . ':i | 1‘

Use Jt is used i A.C. areurts to Liait current
wibh e&frc-me(y somall wast‘aae_iﬁ‘ oF e‘ner-a!'(:ﬂ as compared

tv o resistance or a rheostat, i i

| ' |
16.14  ELECTROMAGNETIC WAVES

1. Inmtroduclion s. In 1864 British [r‘\iys;a'sf TJawes Clark Max.wdlé
for'mulaf’ed a set of equalions  Knowwn  as NMareell <

eq/uafi‘on.s which explan ed the varfous ¢ahcfrbmaav:\et'¢
phemomena.. According to these egualions , a d«at‘naiuﬁ
maﬁv\o,t’c flu;t. credles  on eldere -fc'c@c?( ornd o c/\an*av;\?
eleddrie f[w. creales a maaneﬁ‘a v.’:(‘cla( . ‘

These - cq/ua.f?onsv are @iven as |

1 A L e Feoe AR
E"z'm—'z’t:" an T owma ° At

2. &ffnf-r(-'an e Apad«x e of d\an}r;\g éb.d?—:'c, anol -magmil‘a
{-u'd.dd imduced olus fo? cl\argc. o::c:'.((at‘on \ 5 which Travel
roer{:w\dx’wlar to each clher i the fm—m OF wave wkh
Vdodia of L’ai\{' is called }e_‘l.zd»‘-amaamji'c coaves .

3. Evt.pl.uﬂat‘on i. Consioler olrcdlzm ‘ / .
Of space  as shown 1n -}'—ca . 3
Suppose o c_l-\anac oF cﬁ'cfluf.}
I'S t&‘(en P(Ar,e. t"\-rouak o \77\1;1

Gkanaé«,ﬁ,.,‘ma.ﬂwi;'c Flon UJI.a'Sd e
a C—Aﬂnﬁn’q? c&zj?ct f(ux, 'm The

Surrounding rﬁ;m . The creation ‘
oF eledhre f{'(. n the r‘tgl.on "CDl *Flﬁ (a)
wll cause o change of elecdve Flow

Http://www.phycity.com
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Fb!;?ygb;;@t;_@?;@; which o magnei}‘c, Freld tould be ceb up
M space  surrounding CD and $0 on. Thus éach .f-rc(o(
3e-n¢raf—s the other omd the whole Fackaﬁc oF e.l.c.cj?r‘ic
and vmaﬁ'nf_&'c f-:da(x wdd move alo«ny -f‘bro,chm? lf—elf
t‘hrouak spoce . Such moving lelwff—:c and. -ma.g-né&c

c_l.of.s Cre k'nouon os c.l—lot'avmaa'ndnic 1795 3% L3N

The elecdrce fu-ld magncﬁ'c -f—:e(d oind the cj4r¢]cton oF

therr {Jro/m?afﬁon Qre fmu&cau-l é'rn\aao'naf (M‘ showm 1
-0
Jt can be seen mn This Figure E
that the el.td;-omaaiuﬁ‘c. waves  mems
are perrodic , hence thU .

boave o woave lematk A Ohieh
3 given by the relalion 8 Sinionof
c=FA : S CFIg e

there '.F' 1s  the f"‘ﬂ""“‘ﬂ ond. ¢ i's the s,scea( .a{ f‘t\e wave,
In {f\rce Sr»au, ﬂ\c s,’;ceo( o e&dromaﬂﬂatc_ waves &

.3xl0ms.

4. Types of e v cooves
Deruna(mﬂ n the values of wave ILr\aﬁ\ and ,i:rcayuency)

ﬂ'\t C.le"romaanétc waves }\ave loce-n Clﬂsu.’:lco( mtz
dA{:feru\f T-dpu of waves As radio caves microwaves,

mfrareo( rags., viscble Lek‘f' ul—fra.wold raob-a:ttans,

X~ ravds and “/Irads e,

The FH 6ure (¢) shoews
the compbii spchum, g

of dcdro'ma_g»'wﬁc waves

,Frow\ lows reacl’e waves —r o .! - : - R . —
10 10 10°  10¥ 10" 10" 10 10" 10*  10*

(l;\ ‘A.’L\.‘c;\ C‘Y\(rw of lebn I Frequency (Hertz) I - :
T T T T T T T T T T I

. —~10 ) 10° 10t 10t 100 10t 10t 10°  10* Lo 107 gt
'3 0'!\’17 0-600{' lo ev ) R Wavelength i
t J-\, al\ .Frurucmcd  obedncreasing waveleigthl - f e o
rous M“J A (A The Electromagnetic spectrum :

1} CC :
ammlma il ( l .
Fg(c)
- .

e,w.rw of Pkovas z.s a/oauf' IMev)
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16.1S  HeincipLe OF GENE RAT 10N , TRANSMISS1ON
AnD RECEPTION OF ELECTROMAGNETIC WAVES
- En'f'r‘od.uéffon t= As we know that e&d?omaané'ﬁ'c waves
are ?cnemfial when eledre or vnayhdl«@ flo 15 ;“c‘i\angﬁna
through o certain region of spoce . An eledrie cAarae aft
rest gives rise to a Coolomb s preld cohich odloes mot
rediole n space because mo d\anac oF flux Gkes T)lao:
m this %,oe of freld. | {:'-'?%_\Ii;:/,}&.
A d\arac fmawhﬁ‘ wdk  constand chcm'.f? ’s '-‘.G)ty
a;/ul'valcnf to a staa’y current. whr'clﬂ aean'va;.':"-::"::,
A comslant fmaamct‘c. f;'c_la( m Suf'r"ou-o;hdu‘:-ﬁ Space, v
but such a f"ola( also  oloes ot yadiade au!ja 'rl-“' 8
because mo ckanacd oF 'maawtﬁ'c; -flu,( are
\ rmvelved . | ‘
2. Pr"nc.n’!"lc of Generolion The onbd chance a)?tncrad"é

& wave oy au;g»jm eldrical gind magnitic frelds i3
when O eledrical rge s _aceelerated 'U\rounk il |
oscrllotion . S This D&Zl'llaforv ‘Ckar‘aa u_)w ran(A’aic. o
Pﬂf-kdgt of electrical and det'c c,her-at'c.s m ti\le_ -ror-m af
wave wkq'c_k s lnown a&;&&JVO‘hdgﬂtt'c aves .
3. Gereralion and nanimissfan of ewn eaves
A radio Paws-m:'fﬁ'nﬂ antenma f)ravz‘o(es a et
goad utamrlc ar 9¢n¢rodi§56 choﬁ‘omciﬂmﬁ’c_ ,; 'ﬂlsm '2&1_““&
waves by oicce levation oF d‘a'ﬂ‘s'ﬂi | —7
The {oiece of wire ab'rﬁ whrch d.\'chp'r'?a are A
made 1o accelerale s known as T»’*ian‘sm:'fhhg

Onttana as showm m -jli' ure, |

Jt is c_kanraed by am a(f'erno«'h'na \qugg
' c |
Source of 'F“‘Vu‘“cﬂ ¥ And . @
tine f‘fl'odf'r—: As the Cl'\arafnd l

Pochx‘b‘a.! ollernales , %he c_karag en ‘the

grleana olro reverses. For e-xam?b(c_ :'{: th |
Top. has  +9, C‘\arﬂc ot any fnsfaiflnf‘/ Zhen ‘0{77;-' tine 7/"1
| ‘dx;,ﬁ_..d\argc on top wll be —9,. Sich V‘eau(Ar reversal |

|

er' =
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- of J@rﬁgs on the anléenno @rlves rise o an eldre flux
that Co'n.sfanflv ckanﬁes wotth .[:req,u{ncd e Ths
c;\anafnﬁ electrie -flu-x. sefs up chaﬂao:&('? maﬁn&t'r:. -F:'clot,flha(((/
both the {:('clc/.s sed up e&rji-o-maenéti’c waves' which
frapa@af‘e.s out in s[aamc away frcm- The anlénna K

The frequency codh which the pields allervidle s osdways
equat b the .}:ruyucnc}/ Oof the source QC'f\'(raJl;nﬂ them .
These ,;!.td?-amagnetq,,'umws _which are rpr‘apaga’feo{ out in
space From. An';innat,,,_,,af ,T;‘Aﬂﬁ?nlf!tz;'!ﬂ,,a;&;,, 'kn:woﬂ L Aas
v'-ao(io_'wavzs . Swece en;n&g qun‘er,ul;\ ﬂxese_,wéh; ‘are’

phelons 80 1n. Free space these woves Travd cocth |
 the speed op Light, | A
F_gi_gla_"'_’,t’!:c—‘ WA:In eledrons in the A~ :
f?an,sfmfmh@ Qnténm w'/ora_rc.,& 44,0?0 '3,
Times fer second , i’ke% Proc(uc_e ra'g%{o waves
}\aW'ng frequency 94 k. Hg. |
4. Reccpﬁ.'on Of em waves._ ‘
jula ose the radio wases are 1'n"f¢'r.;i'r‘<;¢,>720( bnd recu'w'wg
a—nfinm . The dickrons mthe corre of recetving avitemina
move under Tthe acﬁ‘an or the osc‘illtkf‘fng ededin’e _fl’ela( l
which grves rise toran alferndling vollage cicross the wire,
Jhe frequency of this vaa'afe, s 'the same as that Of.‘H\c :

wave inlercepting ) the wure. R !

As the e.&(fr,:c ::?'cld of the wave ,; ) ')d.\' 1;

rs v‘¢r7 weak at o dirlance OF ’ t | \/

many ilomelres From 'f?nﬂsm:"ﬂzrl} / / :
the Vottage that oppear Ocross the

receiving anfénna /3 very small. ‘
Each Transmitfer rropa ailes rao&'o_] C‘j L
waves 0_!: one faart'w r -I:recyuenc(;_y,, 7 . :
S2 when a numloer af 'fFans-mf'th;\a g

stations o/xro«Tc sl;r‘m/ta—neou:lbl/ we e
J'\Ave o mMumber af raabfa eJaves OF - Q¢¢L.’vz’—:‘~61 An'va\v\aL

AXrLevent Trea,venciec m Space . |
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Jhus the Vélfha& thal oppears across o recefving amtenna
-[alaud m space /s u:ual(y olve to the rodke waves. of larac
number of frequencies. The Vot(’ag(v. of _ome 'par'ﬁ'wlarj

frequency can be picked up by Ca-yiwse.c_'ﬁ'nL an !’ndud'amc;
i v v 7 T ¢ ; [/} ' .
L and a vartoble copactor G m parallel  with one
T § I | "
end  of the rec.en'w;\? anlenna  as 'shown 1 —lfv'aurg obove,

Adjus‘fﬁncy\‘t of i freq vency fFor reauir 1

Jn order to ‘.,:.'ck the requrred 3"'3‘“‘34 , tke.. ca{nlaa;:;f f'a.nf_c

of the c_a,:aai?:r C = A_%fér = CGaAA) i :rlol"adjus"éa(
that the malurad frequency ((f = ._‘—-—-;}-Fa\—l— of

LC cireurt 15 the same as ( l;\“é:ﬁ—c JE)] |
that of the requuired TFAnsmfﬁvkﬂ" :;&I:'on oAt This ‘,fnecyuzma;
the cireurt wrll resomale umoler ‘!U\c; ofr.'w'nﬂ action oF
the ontenna . 'Cofmsc?/utn*ld o The L. C coreurt world
buldd up o lmf?c' response to ﬁxé aiction of ‘mﬂz/ Lhat
racko wave o which it 13 Toved . S

|

l6.16 MODULATION |
- I-n"'roolud?on,g- ,/f/ah ﬁwy ”:\.grc_lolio waves are used.
to carry 5p¢¢qk or musfc s,’an&i} (.Sound w'ave.g of |
Low freguency and the scene infromt of a television

¢

camera to many kilomelres away 1o  viewers .

The informalions i-e Lal\(-, .Sawi«;d' or other data 13
l;nlaressed on the radio cuave and is carried oalon
wth b to the destimabion coith \/olou.f;d of 11!.'8‘\{‘.

2. Definition ew Modulalion is the process (7,!:]60%&5:%:%9
the -'low frequency signal cwilh a x;'q/, f—rea!/der\cy 0
radio wave cal;e.J Zarm‘er wave vjée reSqLU'a(;ﬂf wave
'3 caUco( moaluléfia{ carrier wawve . i

The Low frequency Sc'anad s known as :modulafi'on

\;Canm . :
>- %&5 ¢ - Modulation s achieved bc(./ cAo.'ngt;\a the
ampb’&a& or the frequency o the c¢arrrer wwave in
_accordance wih the modulaling sanal. |
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]lws ﬁ\zr e_are fwe 73,:“ oF madu(aiians

@) Amplitide Modulalion (A.M) .

(b) - Frccz/uerw-y Modlulotion (F.M) l !
@). Amplitude Modulaleon .- |

) Def, In this type of wmodulation tke":a’sm,ob‘mdz

wave 1s Increased or clicreased as!the a-ml:»b'lhd:. of the

: trrxxsmg 'modu-laﬂny )Srg-naj mcreases anddecreases.

(i¥) E’-P‘ﬂmt:an - ,
F:aurc (a.| "'CFI’C .SC.T\{-S [+ 8 —Alak fr'wwey\czf
carrier wave of Conslant amrbzwla MNWWWW\MMMM

Carrivr wave

ﬂ\c }cc(rm'cr

and -Frcq/ucncv l
Flaurc (b) re,srcscnfs a low a.uda. J ,
freguency :>nav\a.l OF A sine wa\r%fa.-m._j/\\\i\-/ ‘\
Frgure (¢) shows the resutt oblarmed - o vl |
by moclulating the carrrer wave '

with. the modu(af‘ma wave, \[\IWWU\W\,\MW\N\M

JAC A M -'_Y‘dﬂSMIS.S'OT\ 'FVCGVUC‘Y‘CJC.S o (c) Amplitrde modulated wave
range from S40kH, to 1600 kHg s ’
(iir) Scﬁoma'tcc ﬁm.grawv

Sound ﬁ‘mmﬂw;
F"ﬁ%ﬁ &:/\ AUdA’O < Mﬂ

!

Moduﬂatdi Carrier Waves

ST

Mlcropkoﬂe
am’a Lf( er

= VU

Corrrer tdaves

(b). Freqyuency Madulation

(t) £:£-- -““ this tUPL Of WML(JY\ the -fr:ﬁ/uc-nc_ﬂ 'of 'Hﬁc‘

carrier wave /s Increased. or clecreased as
'moalulafme Sra-na./ ampl«'Z&dt miregases or o(.tc.r-ea.(e.(ku:{'
¢  Carr'er wave amr;b’f&c(t reamams  romslant |

@1)- Eu.ploma'tton ..
RNU\J\NUJWNWIW\

F,@urc. (ov) shows o «Ixcah f-r«yuencd
Carrier wave of constant am,:L’WL @ comere

and fregruency.

>
to the Transmifler

the
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The . %aurc(b) ,,rcr}rr}s,m‘l Low Mob.'(? /‘\ . /\ -
.Fr-ccyuent.v S:'a‘ﬂa.[. | % / . \'V \

Frgure (¢) shows' frequency VoY ﬂa;};:;:;'m. %
modulabion. ] E wft L rou r
| bd i "k AL g
The frequency of the modulatid carnir /l/l/m/mm
Iave I..S Pn'ahe.st" (Po;n'l’ H) wkCn 'ﬂ-\e_ ,5 (C) Fr%pencd 'madulalfld

woave |

Sa"av\al ’a»vY)&'tudL s ad ils marfmum fpsl’ﬁw valve
oand. 13 at W Lowest -Freg/utncy (Paﬁ.t’ L) ohen Sg'ana.'
amrb'wl— has marnimum wca’aﬁ‘n viloe . When the .s:anau{
Am’:b’tuab- Ird 5¢ro,'tf\c carri'er fr@clx/gcncd s at I.Sb normal
.Fruyutncd F - | ' |
Comparis ion betweery, A.M and F.M
Avn'pb‘m‘oh. Médulat.‘on Frcg/umc.,g N’(adu('n‘&'on
l. dn ot ampllude awmplobude I- Jdn b Frequency af carrier
of anr.’c{-, wave s Pvm—:'c.d. wave fsf \/:;red (7102): am/:L'tlJL
but fr-eg/vcnco' s kapf constt, ‘;3 k&rsf constant . ‘
2. The A.M, lransmission Frequuenciy 2 . Jhe F.M . Trarsmission frequenck
- range from S4okHyte 1600 kHj. Ore much l'u'al\tr and ranges
between 83MH, to 108 MU,
3. A.M. waves are a.;'fed'co( 3. F.M.radlo waves are
3««.72!', kd elecrical fnferference| appectid dess I°0f elecriead
than F.M, radio waves . |'nf€rf¢r¢‘nc_¢. tharn A-M.yacdlo
So o f)row'de a4 low q,uaL.I& waves, - So ot f-"row'alt. o
Transwission of sound than -l'n'al\zr q/wabfad Tronsmission of

FoM, waves . | Sound .

4. AM. vadio waver have 4. F.M. racio waves have o
%rcafir ravge than F. A,  shorter ronge than ‘A.M.‘wav«‘
waves and ave ea.s:‘L'j ' Qno( are Loss oble B va«,(
MIL to Travel oaveund QOround ob.s'!‘acl.u . -

obstacles Auch as hills and 1
larac lowjdv;\as !

5 Due to eledrical erference 1 5. F.M. radio waves Aave
g J:a.s area'l‘ér Sc‘amf— 17 y?mF#-owd s:'am!—l‘co - mz.;e

norse ra..'b'o ratia
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