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CHAPTER 1
Cirenit Elements and Laws
11 Voltese
Emergy i1 reguirsd for the mmoement of ckarge froen oze point o seother Let W
Torales af emsrey ke negaited b move poutive charss () cohswbs from & poist & o
pomt b = & ciroeie TWe sy thar 3 volaes sxios benvesn the tan polsts. The valtige
W bemsan o points ey be defined m temms of spargy that woald be regmred i 3
chegs wer mamsfarsd Som oos point to the other. Thim, thers cm be 3 voltage
betaees o poisty &ven if no charge ix actually movine fom one t© e other.

Volbtaze berwresn 3 and b 1 ziven by
‘“?
L QIE
Worked are (W) in Joules
Heace Elecmic Pommal (V) =
Ch ar= & ([)in colmibs
Currest :
An sleane corent = the movement of slece chargs: sleaz a dafinise parh s cazs
of & conductor tha mosing chargss sre alactron

The it of mument is S smpere. The simpene i défmned gs that furrent ndich ahen
fiowine in rovo infinitedv Jone parafls] conductors of nerlistle rods section, sinmed 1 meter
apart in Vecwam, produces berween the conductors s force of 2 x 107 MNewion per metre

lenth

Fower - Ponsi i defined 31 the work dooe per umit time If a feld F mewiton acts for 1
seconds throash o distance d metre: slons a sraighe lins, work dose W= Fxd }m er J. The

power B, aaher penerated or dissipated by the nom sleneen

Pe=x mExd
{ § t



Work
Power cam also be nawiten &5 Powar = tne

“Wodc Ch arge

=Ch arge=  Time

= Volmee x Comeni P= %V e T walt

Energy | Electric snirgy Wit defined 8t the Powe Comvened m o gies time Hece, if
current 14 flows in an element over & tme pariod ©second, when a veltaze Vool = applied

s if, the enargy commmed 15 givem by

We=FrisVzIzt]orna sscond

The it of snsrey 51" 4 Joude () of wam serond However in pescnes the oair of
snargy 13 kalowesst. hoar (Eawhd

Bsspiance - According fo Obm's lew podential difference {7} across the eads of o
cantieter |s proporsnnsl b the cuvens [T} Aawine themsh the condusios i &
constent repnperanre. hathemarically Ohs's baw & axpressad &=

VolaV=RExl

Vv
OrE= [ akeeR i e propormonsdny constant s i desiprared ac the coadiscior

resistance and bag the st of Cum ()

Conductasce - Viokass 1= mduced = 3 sitiessry condunior when placed in 3 vanme
magnstc field. The mduced volage (=) i propornonal v the tme rate of changs of
cament S & odacing the magmetic Sed.

Thersiore s o (1

di
Ore=L g




o md | g bot fmcoon of time. The proportonatity consomi L i called indociance.
The Unit of inductesce i Henery (H).

Capucitance - A capacmor 1= 3 Phmcal dence. whock when polansed by s slecmc fisld by
appiving a oitshls voltags sorcer i, wors serEy in the form of 3 charge separstice.
The sbdliey of the capacisar i shore charss i measured in tams of capartaers.
Capacitence of 8 capacior = defined & the charze sioeed pr Vol applisd.
q Coulomb
L]

=

v Volt

C= = Farad

12 Agtive snd preaive Brasch .
A beamch ix amid to e sctive when it coctiisn ong or more STy soOUrces. A peimn

branch dpes nov CONIEID A0 SRSTEY SONECE

Eranch - A branch i= a0 clemem of the nemvark having only o rareminals,

Eilareral snd unidaters! element -

A bilsteral element ceaduct: equaliy well m axher darection. Plesismors and inductors
e example: of bdaeral elemenz: When the curren: voltage relations ara fferess for
the o directions of corent fow, the sbarsant i said 80 be mmilsters] Dhiode = an
umilsseral element

Linear Elements - Whan the ozrest 20d voltage relaonship m an 2lemant can be
omubsted by 3 lEeer sgoation efther aloebreic, differetisl or imhend type, te
et b a3id 1o be Minsas slasqent

Nom Limear Eleasent - When the cumrent aad volaze relationship in an sl=ment c3n
eot be mmalated tn g Enewr aquation, the slemest & wid 1o be pox heear elements.

—
=l

The algwberaic sues of Voltige {or voltags drops) iz ooy clowd path o leop i Jaro

LRl



Applicstion of KVL wh saries commected voliage wearme.

Ry
gt
R, |
'|-‘||I'l
R,
T,
Fig 11
Wi+ =Ry =R =l
=WV RiH)
v
Y,
I= B+R;

Appiitation of FIUL while voltase sources are conmected in opposite palarity.

L1
¥,
AN I
— .
v ke = a
."
rllﬂ'lﬁ'l »
Fig. 1.2

V=R -V=IR:-IR: =0
HVi=VieR <R+ Hs
K Vi=Vie Il +IR: +1R;)




-
HKi= E+K:+R
Hirchaofl's Currest Law (KCL) -
The alesbrale s of cuements mestine o 5 junction of mode ls 260,

Fig. 1.3
Coasidaring fre comducters, camying cemams [ 2. 0o Ly ond [ mesimg vz point O
Azvomieg the mooeming curmenrs 10 be positive s GUIECENE OETERIS BAEAIVE.
L=+ L L)+ 1 =0

I-trddety=0

T+ o0l w1y
Thee above Law can aisp be mmted 35 de s of cuments flowinz wwards oy
jenchion i @ slecinc coruis & squal to the nom of the ozt fowing ey fom
phat funcvien

Considarine a volmase source (E) witk resistors B, and B in seties acroms it




_E
I=  R.+H;

EE_

Volisge drop acroaa B =1L B, = B +R,

_ER
Sisdlarty veltage drop across B = TR: = L +R,

:.]-h- -_- =
A parallal coouit aci 83 2 cumest drrider 35 the cument divides i all baaches o g
pacallel cirman

Fiz showen the omrent | has been drndsd mio [ and [ oo parsllz] bramches with
masivtances B, and B> whils ¥ e the vokars drop scrost By and Bs.
v Vv

[i" — aadl:s_—

R.| H;

Lz P = Total resranes of the cantits

Bgn L ==14_1
R R R

R
%R = R+R,




I

v

% VR +R}
“Ra_,, = RR:

R.+R.

Bm=V=1R =1E;

H

RR.
R+R

ta IR R
E.

Thartore

i
Ii= R+E:

Simuterty it cam be dermed

L= R,

B




Alnenefic Circudts -

followed by the fux lines it called & mametic crcuie Thun, & masnetic cirost
provides & path for magnatic Qe just sa a0 slesie cirewt provides & patk B the
flony of electric curreme. In general the e magnstc oot appliss to any closed
paih i ipace, Inx m e analyws of elecoo-mechanice] snd slecoomic nviem i tem
g spacifically used For clecnits comtaining a major portion of frromasasic roterials,
The smdy of magmenc CHOE! comcepis 1o esemsisl in the desism snsbvss and
appbcance of elecromagnenc devices like mamsfonmers, motaomg  machines,
alacromugnatic ralavy wic

W‘I‘lrﬂtlm:
Flhux & produced rond aoy omres - comveg il In order to produce the regeired
fhix dessiry. the coil thould have the comect oimber of nrns. The product of the

cument and the pernber of tome (= defined 2= the coll magneto monve force (me f).

IiT= Crarrent through the ooil (A)

W =umber of tare m e codl
lagnewmete force = Cument & iR
Lo MAMF=1XNM

The moit of MALF, & mopere-toe (AT but it i teicen ax AmpereA) mioce 1
Bl B dimmen s

Aaonstic Fiek Intemi

Alspnanc Fizld Imenn o defimed 3o e masneto-motve force per wit bareh of the
maguatc fux path, In svmbol i H.



Magmstomotne force
Magnetic fiekd Entesity (R = .
L Jensth of the magnstic path

F IN
% H= |5 | Am

TWhere [ iz the mean lenzth of the magnesic circwit m metern. ) agnetic fisld momsity & also
called masvans Geld swrensrh oy masnsrising foree.

Permeability -

Every substance possesses 2 certzin power of conducting magnetic lmes
of force. For example, won 1 better conducior for magnehc lmes of force than
awr (vaccum) . Permeability of a3 materal (U) w th conductnmg power for
mageetic Imes of force. It 1 the ratwo of the fix density, (B) Produced m a

B
material bo the masnatie filed strenpth (H) ie g= H
Beluctapcs :

Raloctames (1) 15 aloe to renstance (wiheeh hmity the electne Current)
Flux m 2 magneic cocut » houted by reloctance. Thus reluctance(s) 3 2
messare of the opposibon offered by 2 masnstic cireuit o the seffine up of the
e

Eeluctance is the ratio of magnato mothve force to the fhor. Ths

Mimf
. P

Tis unsit is 2mpece harns per webbar (or AT/WE)
Permeance -

The reciprocal of reloctance is called the permeance (symbol A)
Formeancs (A) =15 wbAT
Turn T Juws o yemal.

Hence permeance 13 expressed m wh'A or Heperes(H).

]



Electric Field versus Magentic Field,

L

2y

3)

B}

1)

Similarit

Eleciric Field
Flow of Current (T)

Emf is the canse of

flow of current

Fesistance offerad
to the flow of
Current, 15 called
resistance (B}

Conductamce
g 1_

R
Current density 15
ARPEray Per ByUETE
mEtaT,

Curvent (T) - EMF g

b

3

4

]

Dizziosilarities

Current actaally flows
12 an abactnc Coonst

Epergy 1= nesded 2z
loms as curent fows

Masmetic Field
Flow of flux (=)

MM 1y the cane of
flow of flux
Fasminnee offared to
the flow of fex, is
called reluctance (5)

1
Pemmutraty (= ' §

Flix demesty is niienber
of lines per squars

mveler.

MMF
Flox (@)= _
3

Fhax dows not actually
flow m a magnetic
ket
Energy u imstially
nesded to create the
magneisc fhux, bt not



to mamiain #

3) Conductanes ia %) Parmaahility (or
constast end magpete
izdependant of curent conductance §
strength at a particular depands o tha fotal
temperahoe. frux for a particular

temperature.
B.H. Curve :

Flace 2 piece of an unmagnetised won bar AE within the field of 2
solencid fo magretie & The field H produced by the solemoid, s called
mageehame feld, whose value can be altered (1mcreased or decreassd) by
chansins (incressing or decressins] the current thioash the selenoid. IF we
imerasse slowly the value of masnetie field () from zero to maxinsam valos,
the value of flux density (B) varies along 1 to 1 as shown in the figure and the
magnetic materials (i.e won bar) fmally attams the mamimum value of fhox
densrty (Bm) at pomt 2 and thus bacomes magnetically saturated

New if value of H 15 dacreased slowly (by decreasing the cument m the
solenoad) the comesponding value of fhex densmity (B) does mot decreases along
2=1 bt decreases wome what less rapadly along 2 to 3, Consequently during the
reversal of magnetization, the value of B is not zero, but is 13 at He 0, In othes

EE]



wards, during the period of removal of masnetization force (H), the wron bar is

In order to demagnetize the ron bar completely, wa have to supply the
demagnetimzaston force (H) m the cppostte direction (Le by resering the
direchion of current in the solencid). The valos of B 1 reduced to zero at poant 4,
whon Be'14". This valon of H required te casr off the suisdual magnstisation. is
ke s cosscive foree e the tepacity with which the materisl balds to ity
magnetism.

If after obtzinme rero valoe of magnetism, the valus of H iz made mors
negative, the iron bar agam reaches, fmally 3 state of magnetic saturation at the
point 3, which represants negatroe sabarabion. Now if the valos of H 15 moreased
i sagalive saburabion (= 457 o posilive ssharation { = 12} 2 carve "5.67.7'
iy phizined The elosed loap "2 5.4 5 6.7 27 this repressnts one ¢omplets evels
of mammeteahion and 12 kmown as hystaresis loop.




CNT. Semestar 3™, Diploma Engineering (Ekectric & Elgcimonics]

NETWORBE ANALYSIS

Dafferent famms ars dafined below

1. Circoit A ciraut is a clased conductine path troagh whick 1z electric cmrees either
flow or 1 mosnded dow

1 Network: 4 corbinstion of variows lectrie diments copnscted in s mesnes

Whatvosvar, 1t called s sbaciric perwook

3. Node: it is an equipotential point ar nhich fwo or mare circuit lements are jained.

4. Junctiom: i 1= that pomt of 3 petwork where thres or more crouit eletnents & joined.

§. Branch: it i a part of 8 netonoric which Lies beftween onction poimty.

4. Loap: iz aclossd path 1= 3 oo inowhich so element of nede 15 soooussed mors than

ante

7. Alesh: 1t i= & loop that comains ne other Joop withm it

Example 3.1 [n this cooun coafigaeton of figee 3.1, obae e po. of 1) Croes alemests 1)
nodes i) juncnes points ) branches and v madhe:,

1_”\. u"F"'.

Wi

ot

—Wﬂ\r & "".*"‘" -rl_lf
Ry Y
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Solution: i) oo, of civwt slarsanty = 12 (§ resision = 3 volage somos)
i) no. of nedes =10(s boc, d e f g B kgl
tif} no. of junction poimty =3 (b, & &)

1) 0. of branckes = § (bode, be bl befsh bakh)

vimo. of meshes = 3 {sbhk, bode, bedh)

JIMFSH ANALYSIS

Dfesh and nodal anslvsss are tovo basic Emporamt echrigoes nied = findng sobanioss
for a petwork The mishdliny of eighes pesh or podal ansiveis oo a parmodsr problsm
depands mainly on the manbar of voltags seoss or cores sowrces 1f s nenwork has 5 largs
ket of volrase seurees @ i wseful 1o nes pesk anslvsi as this sealveis pequires than all
the sources @ a cirogi be volfags soamosi. Therefors, of Gere &e 1EY CUITET SOUWCET I @
il thsy sre oo be convensd ae sguevalent volisse searces i om e ather hand he
marovoric kas mors cumest sowrces sodal analiaas is mors umedfal

hiesh analysis ps applicable cely for plassr setnodks For non-planss cirouits mesh
amalysis = st applcable A cromt iz saad 1o be planar, if B cam be domw oa a plase mrface
withoes cressovess. A nes-plsasr circuit cannal be desom on & plase serfecs withem &
TORIOVEE.

Figure 3.2 (a) i= & planar circuit. Fimme 3.2 (b) & & non-planar circoit and fis. 3.2 (<) is
planar ceouit which looks hike 3 non-planar circu. | has slrsady bean discuzsed that a loop
is 2 closed path. A maesh is defined as a loop whick does not contsin sy other Ioops withis it
To spply mash mahws, ow Gt wep & 0 check whether ®e oromi 5 plear or not md the

sacond s 0o selery mesh cuereans. Finallv, wriing Kivchiefl 5 voliase liw squarions & psmms
of mimowns aad sobving them: leads 10 the fnal sclvnon.

Wi ; Ay A

Y g U
L Fe

Fimen 31

Obsarvstion of the FigJ.2 indicaivs thet thame o too koops sbafs,snd bodeb in dhe
perwork Larus sssume loop cuersmes ) and Towits dirscnos: &= mdcaed in dee fizes.

il
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Conndanzg the loop sbefa aloos, we obmn that oores [ is paasmg through B and (T:-
12 is pasamg through F.; By spplying Finchiedd™s volage bw, we cm wine

Vo oL BB AT L) E.D
E R,
I
"N RYAVAY
Wa
;:
Ba
'“‘:- 2 2
.> L { :.-3’
>
&

Figune 3.3

Sirmdlarhy, ifwe conzidas the 2econd mech bodeh, the oment 1y 12 pessing darensh Bs
aad By smd (I; - 1) is passins throush B By spphins Kirckha™s veltase Liw sround the
second mesk, e kmw

R (oD} + Ry *Ruls = 0 ks

1) (Ry=Ru)- LB =W,

B HEPFEHEa (3

By selving the sbove squatioss we cas find the oeress 1) and I If we ohssrve
Fig 13 the ciromit conaists of e branckes and foor aodes, inchidne the reference node The
moomsbeay oof e Carrents 13 agua to the mumsher of mesh equanoas.

Ard the sumbar of squehcnr=tranches-inodes-1)in Fig.2.3, the requered numsbar of
mesh cament would be 2-44-1FL
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In gemera] ve bove B poeber of branches snd 0 mumber of podes mclnding the:
refence nods than manber of Enearty wdzpendant mesh squanons M=E-(-11

Example 3.} Wriiz the mesh
ETRSt squations @ the cEouit dhowa wy 0
in fig 3.4 and determins the oo,

Figure 3.4
Splutiom: Arrume tao meth coments in the direction ; indiceted in fig. 3.5, The math
CHNTERE SgUENS ars

i L
i—zn:-; i
[

Figuse 3.3
A < Hhidd=10
101z = 2(13-1() = 50=0 (3.4)
TWa can Teamangs the sbovs equanions an
T =M=l
-2, +Ey=-30 03
By sofving the abovs equutions, we bww [;= 025 A and I; ==4 125




_ NT. Semester 3™, Diploma Engineering [Elscricsl & Beoranics)

Hars tha cusrest i the sscond mesh I & negatnw; that is e acma) camest [: Sows opposite
in the asauned drecticn of camest in te croat of fig 5.5,
Example 3.3 Detsomime the mesh ouras [ = the cronit shown @ fig7.4

Mt =B —

Fisure 1.6

Solntion: From the cirnst we con from the fallowing shree mesh squetion:

W50 3T = 50 a8
L =Hih)~lil=iy= 10 8.n
M-+l =5 G5
Feexrrazsing the above sguaban: e set
181303130 a5
STy+30 + Tv=10 G
51 = L= 41e=5 @
Accarding to the Crama™s rale
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=31 4
Orl=33 A Similsly
B o® -3

s W 1
I =d—i 4 g=d3d
18 5 -3 ]

i
=51 4

Orl,=05974
B 5 2

5 8 M
=i 1 -5 35
> 5 -3 358

B 1

=1 1. &
Orhi=1474 {315
SIFR AN =00RTA T 4TA

S5SEN EOTATIONS BY INEFDCTION METHOD e sed apmaisin b s gl il wieek o b s
b mspocsoe wifosl gries dnsph il dosslnl dops Csmide @ e mob mos sk s sbeen o Beez 1.

i by it s 1681 BHPZE ) Ri Ry
m A Ly
T 7 B I ¥ b 7
- - —
Figun 37
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Ral ILiraR=-A; il4
Bl vsRa0 mys 315
Feordering the shove squetions. we hanz
(PRl -Fal=W R
Bl PRl =y 317
(Bl 38
The senersl mesh equations for Swes madh pesistive nenwork can be wisiben &
Bl &Rl 2 RuleVe ER Y
# Roleefofs + Rols s 330
i Rel # Bal-Rel= W i

By comparing the eqestions 3.18, 317 md 3 18 wih equaticss 3.10, 320 and 3.21
resperively the folowine obesrvations can be taken ints accoust

1. The self-pesjsrsnce in anch madh

2. The ruresl restances batween all pass of meshes and

3. The sleebowic mm of the voltazes in each rmesh

The seif-respmance of loop 1, By =Ru~F. s the som of the redstnces teoush wiich 1)
PR

The exstual resistance of Roop 1, Ejr= -F, is the i of the resistances commmon to loep
omvests [ and 0, If the divecmons of the cmvenly paodns e the (omsen Peasianres go
the smne. the muiusl resisanc will bave 3 positne agn: 3ad if the directons of the cuvmG
paesing torough the common renstance are oppodte then the el recsmance ol ko
I-_',‘I'I.'Iﬂ_ﬂ.

V=W s the volege nhick dm=s the loop | Here the posiive sign i3 wsad if
ths dewcrtion of the comeets & e mEw a5 the direction of tha sowe. If the ozt
direction i1 opposiie 1o the dimection of the woorce, then the nesstive Hem i osed.

Sumiterly Foo=F-F; md Fo=FF. me the selfreqsianees of loops 1 and 3
regpaemvely. The mores] reqstances By =0, o= B, Roe=l B =0, Bao=0 are the
waz of the resivances cosmmon to the medh carments mdicased in their mbacrips,

Vom Vo Vo V) are the sum of the voltazes drivins their reapective bbopa




 CNT, Semastar 37, Diploma Enginaaring (Elxcricat & Bacmanics)

Examgpile 3.4 vrite the mesh squacion for the cirant shown m Be 33

—‘F“f"u"‘f‘—r’\ﬁ A

E‘ ‘.:?
m-f:: | o2
— T =
& I | h.f L
[
L -— &0
-f} -ut"‘”_"I
> =
> <
T e T
|
o
Fizare 3.3
Epdution ; the general squatios for three mash squstion me
Byily ® Hyali = Ryl 3
Rolrifok £ Rl 3.25)
& Bl & Bal=R Il (3.24)
Conssdar equston 3 .22

By =l resashenss of loop 11k 3 £ 8 LX) =10 (2

By 7= the roma] ressstance comeon 1o Joop | and loop 2=-30

riese the rEgitive sign Indicates Ehst the currents are in opposiss direction

- R s=1the ool resiEmance common o loop 1 & =40

V= +10V, the voltage fhe drivise the loop 1.

Hize he posicnz sign indicates the loop currsm ) d= i the caee disecrion a2 the

spurce slemant
Thersfors squanon 3 12 cus be wrimss 5=
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100 3=8= 10V (325
Conspdar Eg. 323
B2y=1he momal resssranc: comexwmie Joop | and loop 2=-3 0

Ry welf pevistance of loop 2m{3ik+ 1 3«5 £F) w10 £
E=0, thare 13 no common reaimancs betwean loop 1 and 3.
Wi =-5 W, the volmsee drivisg the loop 2
Thaseform Eq, 5.2 conbe vritm |
-3l + 1il=-5% i3.18)
Conmdar Eg 3.4
Eyy= e murasl resbstanss pormmes 10 loop | aadloop 3=-40
Ry = the movins] redstancs comenon o Joop 3 and leop 2=0
F.; = self resiepance of loop =40~ 4 O =100
Vy=the slgebraic no= of the 1olge daving loop 3
= § Pl mRE 317
Theeefos, Eq3 . 24cem be wrishan a5 6, + 100,= 13V
=51;-30 =81 = 10V
A=Y
== 0L y= 5N

14 SUPERMESH ANALYSIS

Suppows sy of the branches i the nefuork hay oot source, tham it ix dighthy dEficok
Spply mesh sralvus sraish forward becauss fes we shoubd asmme an aslmown voitazs
mcrons the coment source, writing mech equation s before, and then relate the powce coment
1o the sszizned medh porrent:. This 35 peneralby & diffirul spproack. On way 1o ovencome this
difficalty ia by spplving the ssparmiesh techmigue. Hers we bave o choows the kind of

smpemnash A supermesh & constiveted by two adjacent Joops thar have 3 comenon owremt
source. Ay an example, consider the network thown iz the Beare 5.0

_.r"-.”-“l. AN
hi‘g‘”‘l"

B I

_;'I +
N N—

-7
(3
L
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Herw the carment source I iy in the cossmon bousdary for the tuo meshes 1 and 7 Thiy comrent
SO Credes & repenmesh. which 13 Goching bt 5 cosvbinmion of meckes | and 1

Rule - Rall b=V
O B =R -RieV
Conmdensg mesh 3, m= heve
EyLilz)= Edi=0

Fimslhy the aurrsns [ from cument sowrce i squal 1o the diffsrence berneen om mesh corents
is

Ii-L=t

e b thms formed thres meth equatioss whech we can wohe for the thees eloeoon
CETERT i e network

Exnmpls 3 5. Determing the current in. the 341 maivior m the neimuod: given i Fig 310

1 wa kB m
- 14 nf i
o () L | ® % 'H_j;_ 19
- — Ts F
53
i
Fieure 3.10

Sciuhos: - From the vt mesh, 1.8, #00da, we ke
50 = 10T, 1)+ 5040

O 130;- 102 -0 =30 {3.25)

From the second and thind meshes, we can fomm & super mesh
L= B e R Bt T ) =

Or -1+ 1 0= 405 =D 3.2
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The cumment source ix equal to the difference betvosen [T and 10T meh corrents
ia [=li=14 (3.0
Bohing 3243 0 end 3 30, v have
Ij=]1990A Tm 1733 A and Iy = 1533
A Tha coment = the F0 rewstor =1, I =10.89

-lii = A
The cument m the 393 rezpomor 3 4844,

Exnmple 3§ Trite the mesk squations far the cirowt thows in fig. 3.11 and detereine the
m.];.:—_ﬂh

] L =& — L
E‘!‘_w,m i;anb L ! ::""m
| ‘i; .u :Tiim o

N
Figuze 3.1]

Solwtion ; [n fig 3.11, the currest source Ba on the perimster of the circust, end the
firsr mech = ignored. Farchbedf = volrage leov 15 spplhied onhy for second and third meshe: |

Froe the secoad meh, we b

314201100
r -3l =32, =-10 331

Froes che tand mesh, we o
o= 2L -Ix) =10

Or =3 =1 (3.33)
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From the first mach Ts =104 (333
Froe the shovsthres squanons, we get

I;=104, I,=127, Iy=818A

A5 NODALANALYSIS

I the chapter | we discmasd aiwple chtoih cepieriss selv bwe oodes, mclufis the
refarzmca pads Ip zememd mo N mods cioot, ome af the nedzs & chosan = the mfrence of S
mode, fan it 0 pomhie te wrie W -lnodal squetions by aseawmieg N-l mode wolmgm For
expmple il pode cimer paquies mes umiRown voliesss mnd pivs prmerises Tack nade jn g iEpni
can be assigred 2 sumber or a letiar The zods woltage & the voitage of 1 given node with resped @
ang particoier anda, calad the refecence pnde, nthich we asnmme of pem polentiel [s e circed shawn
infiz 312 nade 5 is zesmeed ms the Beferancs node The voltzgs sineds | = the voliegs o thal nede
with reupect o zods 3. Simitzxly, e voliage 2 oode 1 i the volizee = el mds with mepec to poda
3 Apphvine HiechbefT's rumees leg o1 ode | the meeed eieeins |s the cerreed bendes (e

Fgiln
1 |
L ﬁ\N \’,A—r""h f\:"’v
Fa By
_.::-" -
L O {m } R TR
3 FIEmE 312
A R
— 1|.: — \XRAILI
. S
"T" E By
_Fi;m.’r.u
="V B+ -VaiEa
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Where Vi and \': ars the volmges o node | amd I, respectely. Siewilarly, st node
2.the oorent entenng iz aqual 1o the umens leavmg 5 shovm in fig 3.014

_“*;\(f\r;gdf_* VWA
R Tt
Figure 314

Il—.
l—AA N

V-V Re + Vel + ValReRa) =0

Femrzsmne the sbove squations. we bave

VillR~ VRVl RFL

N(VR) + Va[VR 1R+ VR R

From the gbove sguanion: we can find the volmage: & sachnode.

Example 3.7 Dievsrmans the volmges o aach nods for the droan shows mfig 7,13

e V= =

A 'i‘ll.h‘u"- 'n,f" _J;l. 'JI.IL‘.'I?"': | I'\'Jﬂuﬂ"i'lll
= - & % %

v % > A W2

| ? T ? Figan 3.15

Salution : Atnods |, assoming thae sl currsess are laamg, we bave
(We-10F R0 = (VW a)3 +V 5 = (VW) 3 =
G Vi[lle-15 13+ 15 ] -V 13+ 13 ) =1

D8V, .66V =1 (3.36)
At node 2, pommeme that all coments are beayvine excend the Soment from corsent soarce, e
bane

VsV 3= (V¥ )3+ (VW2 =3
ViRAVALE ~173 « 12JV{1) =5
VL IV =5 3.3
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At node 3 sasigming all currents are lesving, we

Bovn (V- Vy2 = Wil + Vi =D

0.5V, = L&V =0

Apphving Cramer's ruls we gt

1 -08 @

5 LW -84

5 @ -05 166
V=

1154

=580

M -0 0
-088 L1 -03
o =02 164
Simdlariy,
o 10
=086 5 =05
e —2 0 186
056 -0t6 0
- 116 - 0%
0 =05 146
0e -088 1
-0s 118 %
V= 1] =Rs O

08

LT

=22 =307

M -a66 0

=056 Ll§ =03
] =03 L

0.5

R R

a3s)

Fisure 3.16

B N0bal. EQUATRONS EY CYIRTCTION MITHOB Mo skl comsms by o powsd pless nowork. oo i b osssie by
..F.-_Hwil_qlL—hhh:ut'mm“-hlm:lﬂ_.‘--k
Niw
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Iz Bx 3 16 @n peints 2 228 b ow the acma] node 2ad ¢ i fbe mdmency poda

How censsder e podas & ened b sepamizly a2 chowe te e 5.1 Mn) end (8

Ri Va Ra RV P

In fi= 317 (2, scoonding so Kinchhodf™s currens law we ke
Il
VeV PR S R (Ve R ) (13
In fiz 317 (bj _ of we spply KirchhedT's susre lsw
L=I=1
S ViV R = ViR VeV Bl (240
Femranging the above squations we get
AR+ R~ LE WALV =RV, (341
TRV (LR VR RV 2 R 34D
In gezarnl, the above equation can e written m
i Vi = i Vi (3.4}
Gira¥a + GV (324

Ev ocoenpaning Eqs 3,413 42 and Eqs 343, 344 w= have e self condormace & neds
a, Oy=LRy = LFy = LUE:) ix the nm of the condocrnces connected to sode 4 Similarky,
Gt = (12 = VR =1F) 13 the sum of the condnmusces comnacted i mede b G- LR
i3 e sam of the mumal conductmces oomneceed e neode o and nede & Here all the maamal
coadocfances he negwitre rizpa Similady, Gh® (LR} o alse a ool condactance
conmered kemyesn nodes boand 2 1; and [ are the sam of the wource cumeaE & aods o and
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Exwnaple 3.8 for the cimuit shown m the fiwars 3.18 writs the nods squations by the
inFpacnon mehod.

Fizili
Solution -
Tha gpananl equations 2w
GV V=l (345)
Oty W > Oy T2 {3485
Concider squsnon 3.4%
Gae=(1= V2 =17) mbe. Tha salf condactiace o pods o is the rum of the
conductary: et Oormected to nade &

G = (L= 148 + U'3) b the salf copelorranes a0 geds & is the s of
condnctances commected o mode 5

G ={1'3) mho, the mromal conductances bermmse podes g and & 5 the nos of de
coedpctances comnecied betwean mods @ md B

Similarly O, = {1/T), the sure of e mermua] condurtinces between podes b and

& I;=1071 =10 A, the sousce cament o pode &
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=033+ 3= 1 13A the source coment & nade b,

Theefers, the aodal squatioss sre

LESW =033V =1l {(3AT)
LIVAL TV 123 48
3.7 SUPERNODE AMNAL VSIS

Supposs any of the branches in the retwork ha: & woltaze soorce, thes inis shghehy ditficulk o
sgply nodsl snalves Ome Wiy b0 olercoms this dsMisiley 5 0 agply the sapemods
teckniqme In this method, the tooo adjacent nodes that are comectsd by 3 voltage somoe are
reduced 1o 8 mngle nods and then the sgminons are formed by appiving KirchhefT™s comemt
1o 2= muaal This i explained with die belp of flz 510

v Vi Rt Vs
AN (O
B U
& & 2 R "'r Ry By
—

FG518

Te s lear Erogn the He 3 19 thet nods 4 15 the refsrencs node. Applviss Kirchlaf™s
et lrw af mode 1, we get
=V R )= (VW

The to the pretence of voltage soce Vy in betnees noder 2 and 3, 8 B dightly
difficalt to find out e current. The roperneds iwcheique can be comweienily spplied m s
=111

Accordinsly, we ms wree the combmsd squation for nodes 1 and 3 &= ander.
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(VW Ry = Ny * (Vo VB +V Eam D
Tha othar sgaation is
V-V =l

Frém the shove thres equations ne can e the thees unkeens voltases

Exnnaple 3 % Dhetermins fhe mmme i the 5 0 resicter fae the Sariie shown s fis

i
a1

Vi Vy . v

—SARAPT D
war MW
102 50 7]
itiam
v g 320

Solution. AT neds |

10w Vi3 = [Vi-Va)2
O Vi[L3 ALV 10=0
0BV 0. 5Val0 =0 (3.45)

Atnods 2 aed 3, the rupemade squanon =
(V2N )2+ Vol + (Vi-10y5 +2 = 0
or Vi AL Vofls + L2)=2
r DSV 1 5Vl T -Deelk (250
That voitaze betvwen nodes 2 mnd 3 is ghom by
VrVER (3.51)
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The cumrent im 50 resiser I (V- 10}
Sabving equation 340, 3.50 md 3 51, we obtain
V=2V
‘. Curents Iv={-8.42-10%5 =-3.68 A (cumwent sowards node 3 ) L2 the
omrest flows wwards node 3

A8 SOURCE TRANSFORMATION TECHNIQUE

In pedving petoeks 1o find sobmions ons mey hans 1o deal with ssergy sowoes, [t has
alrepdy boen discumed n chapeer | the banically, anery vowce @w aither volage somTes
o Cuirent spurces. Soametimes B b4 mecessary 1o cosvert o voliase source 1o a OmTent Soupce
of vice-yerma Asy pracncal voliase sourcs comsisr of s bdeal voltage source in series with

an intemal resistance. Samilarky, @ pracucsl cument source consiss of an ideal ourens soupce
in paralle] with an Etermal sesistance a: showa b= Seared 21 F. and F. represen: the istesmal

maFsces of the vokags somce V., =d canen soace L mipeoevely,

By
A ] &

u
Ly ]
o

T

¥ sain b

Any sormca, be it 8 CETeRt smarce oF 3 voltage souare, dmves currens through i lead
mepiviance snd the sapeihsds of the current depands on the valus of e lcad ranteece. Fix
3210 repeesents 3 practicsl voltage spres and 5 practicsl ostrend sourcs connected w the sams
load emsamca B

By
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Vi L . \.!’-Hff\- i'r \Apk b

)
b b

)

=

Fizare 322

From fig 3.12 {a) tha lead voltage can be caloulared by uamg Koo s vokage lsw s

VeVl R

The apen circat valtuge Vo WV,

The st caouit cumest L=
K,

froes iz 327 (b

L= Vaki)
The open circuit voltase Vo= LE,
Tha shor ciroas oarest L.=L

The ahowe tvo sousces are sad w0 be squal if tey prodace equal smoums of oamest
s volrase when feev are commected bo idenieal Joad resinanres. Thersfoss. by aguanng fhe
open circut vikaess and shor circuit correnty of the shote b podroe: we obiain

Vo oLE =V,
TesLaV. R,
Tt follows that
ReR=R,; V=R

whare B. & the imterrnd resixtance of the voltags or curent source. Thesefom, ey
practical voltage source, haning an sdeal voltage V. and imiemal seniss resismnce P cao be
replaced v & cuerenr sparce L=, R in paralisd wath an irernal resispance B The reverse
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nsformarion b Ao poside Thus s pearecal oewess sowrce in paralls] with an ssmal
mesivtance B cam be replaced by o volisse sowrce V=L, in series vrith s inbernal revivtance

Fe
Exnmple 3 10 Deberimines the aqufiabent voltase sounce for the corrent souce dhaws in fe
i
A
A 11
i¥)
| B
Figure 3.3

Soluthom: The voliaze scross emmingls A and B is equal 0 29 V. since the mmemal resistance
for the Cument source fs 5 62, the internal resistance of the voltnse source is alva 5 6. The

sqnaleat voltage sowrns i shown m fig. 3.24.
b1
A

5y

Fis 3.24

Erple 3 1] Uret=mmine fie couivaie cumenl soee for the vollge unme doen wfg 129
Ma

aV
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Eplution : the thort crrpit currens st teemizaly A and B is sgoad o
=50G0=18A

i

1864 é
@ 5
[

Figi

Zince the interal redstance for the 1oltase mumﬁm:ﬂ.ﬁﬂ
of the cETeat sours i also 30 8. The equnadent axrant source & showa = g, 3.26,
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NETWORK THEDREMS

Eafore start the thesrem we should kmow the hasie terme of ths network,
Circart: 11 12 the combmation of electncal elemests through whick corrent
passes 15 callad ourcutt.
Network: Ii is the combination of circuity and slaments 1= called netwerk.
Uniateral It is the circuit whese parameter and charactensbics chanse with
changs m the dwection of the supply applicaton
Bilateralk: If 15 the circwit whoss parametsr and characteriztics do not
chanss with the supply is sither side of he nstweark.
Node: It 1 the mier conmechon poant of b or more than tuto elements 1
called node
Branch: It is the mterconnection pomt of thres or more than thres alemants i3
called branck,
Loop: It 15 2 complate cloisd path 10 3 cremt and no element or node 1 taken
more than ones.
Super-Position Thearems
Etatement =" It viates that m a nedovork of heear resifances cmﬂzining more than
oue source the cument which fows at sy pomt 5 the sum of all the cuments
which would flow at that poat if each source wers considerad separately and all
other sources replaced for time being leaving its infernal resistances if smy”

AW
A

Ezxplanation
Censidering B source

'

Shap L.
Bo&r are m senes and parallel with Kz and agam senes with By

1
I
-
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{R&r:g Iri?-)?FE

Ri+r+ B
En=m+ 8 +n
I _E-

Rr,
o AIEE

-I_l By vaep

=“'.|:“‘.||I'}

# e ————
. l: 1'!';-""!'.
Step -1
Comidermg E2 source B &3 ame sanies and B3 paralle]l and E7 m serie

(Rt [ B3

t{llq'rl:ﬂ_'l =i {5:!.:]
R=r +J

BnmpeRr+p

i E

The dirschon of the branch carrent will be m the direction of the greatar value
current
Thevenin's Theorem :
The cument flowmg through the load remstance B comnected acroas any too
tmimlj;.ﬁldrﬂnflﬂumﬂnehﬂm:lmr&ughub}'
;e TR

RatB: R+R:
Whare Vig = Ve 15 the open. creuif voltage across A and B temmunal when B
18 remeed,
m-hkhwmdhmﬂuwmmhm
cireuit network from termmals A & B with all sources replaced by thewr miemnal
raipianses if sy




AT, Semestar 37, Dipioma Engineering [Ekcricet & Beoronic)

Explanation :

Bl

Egep — | for finding Vi
Femove BL temperaniy to fimd Ve
i

A .
L
i -[ 7 K
E
I=H<R +r
Fe=IR;
Stap < 2 finding Kih
Eermove all the sources leaving their internal resistances if any and viewed from
open circuit sids to fnd out By or Ry

L] h

=R+ R
(R =rik
fr=

R.#r+i-
Step - 3

Coenect isterpal resistances and Theverin™s voltase in serves with load
reapstanmce B
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Where Ep=thevenin resntance
Viy=thevenin voltage
k=theremn current

e OIE: o

;=R "R ="
ol L] '!I"-k

Example 01- Applvinz thevapis theoram find the follovane from zrven o

) the Corrent in the load resastance B of 15 0
m A

-

L ;L‘ﬂ

"
r= LE}

Solution : (i) Fmding Voo
—+ Remove 150 resistance and find the Veltage across A and B

i1
oty A

s e
7

Ve 18 the voltags across 12 0 resister
damp}
V= =13F

12+3%]
{n) FindmgRe
Fa is calcalated from the terminal A & B mto the network:

Tha L  resiger and 3 O in arg sevies and o naralial i

Ra=3+1//12
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L
(i) Ipme I o db oy I i
Hy =R 15+3

Exampls §2: Determma the current 1 18 ressator acrows AB of the
network shovn in figla) using theverin theorem. Solution: The circuirt can
be redrawn as m fig ().

‘%- #_mg
‘%] - fig (). (b)), (d) respactivaly

Step-1 remove the 152 reswtor and keeping open cmeast . The curment source 13
convertad to the agurvalent voltage souree 2= shows m fig (2

Step-02 for finding the Vis we'll apply KVL law in fi= (e}

tham 3-(3+1x-1=0

w=l4A

Vir=VAR =3-3%0.4=1 8V

Stapl3-for fmdme the Rp.all sources are set be nero
Ra=13=(2*¥3)1+1=1.10

Stepl4- Then cumrest Lip=1.8{12 1+1)=0 824
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Example0d: The four amms of 3 whestvione bridse have the following
Teamstances .

AB=IR BEC=100,CD=40 DA=S00 AL  pahamcmeter of 100
resstance 1§ connectad across BD. Use thevenin theorem to compute the current
through the palvinomstsr when the potsatis]l differenca]llV i masEtemed
across AC.

=1
wlep 01~ Galvanomster is nempred.
stepll-finding the Vg betwese BED ABC 5 3 potentisl dovider o which a

voltags drop of 1(vtakes place.
Potential of B wet

C=10=10T10=0504V Potential of D
wrt C=10%4/54= 141V then,
p.d betvreen BA&D s Via=0 505

741=0.168V Stap03-findmg Ra
remave 3] souress to zero kespine theiy misrmal resistanees,
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Ry =Rgn=10/100+50/4=12.790

Stepld,
lastly le=Vip/Ba+Rr =0 168712 T9+200=ImA

Norton's Theorsm

Statement : I8 any hwo ferminal active astwvork confaining voltage sources and
reapsfances when viewed Fom s ootput terminals in eguivalent to a comsfant
currest source and 3 parallzl resistance. The constant cument source 15 equal 1o
the current whick would Sow 18 a short cireust placed across the ferminals and
paralle] reswtames 1n the resmtance of the network when viewed from the open
cemt mde after meplacmg ther miemal resmtances and removing all the
BOUTCES,

OR
In amy two termunal active network the coment Aowmg through the load

resistance BT 1 grven by §x @

T
Where F; is the imternal resptanes of the sstwork s viewed from the apen ekt
side A & B with all sowvess being raplacad by larving Thair internal resistenees
1f amr.
Iir 15 the shor it cument between the two termmals of the load
resmstance when i 15 shorbed
Explanation :

A &H -erhd by a thrck copper wire to find out L.
L:
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lx=E/(R1)
Step — 2
Famove all the source laarmg s miernal reststance if any and wewed from
open crowt iida A and B imio the patwork 1o find B
Ay .

L

P iy h’

Bo=(R +a]R
B=l+AR R +r+ i)

Step — 3

Commect e & R, in parallel with Ry
Im T

Rl
Example 01:Using sorton's theorem find the curvent that would flow through
the resistor By whesit takes the values of 110 1408 360 raspectrvaly m the fig
shonn below,
Solution:
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Ii S S ‘1 . _'I
1 --'.. . i
- |l
E IFl. _I
[}
i S i byl

T
k | o |
|_i i ':L ra———
1

| 1M -

Step 01-remove the load resistance by making short corcast. pow termmal AB
short circutted
Stap 02-Fmdimg the short corui cumrant i
First the curreat due to E| 13 =12040=34 and dus to E7 s 130060=24
then [ ad+3=64
Stap 03-findmg revstamcs Bx

It is calculated by by open circuit the load resistance and viewed from open
cireuit and mto the network and all sources are taken zaro,
Ey=a0/ 80={40%60) (40--50=2403
Uwhen Bp=110 [1=f*24/24+36=4A
if) when Ry =248 J =6/2=34
i) whan Ry w360 Tt w6*24/(24+36m2 44

Mazimom PowerTrapsfer Thearem

Statemant 1 A remstnoe load will abstract maxomum power from a netoeork
when the load resistance 15 equal to the resstance of the network & wewed
from ths owtpat tersnimals(Opes careadt) with all sonress rameyvad lsavine fhen
'i.u.l.-.'nll rexntane ey E'I.I._T

Proof : 4 A
I &= Iy
:t R+ R )
Power delpvered o the load »
TesiEiancs 1s grven by ¥
P=IR X
L .F;I.I__ 1'5.
= H
= R+8 K
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DL

BALY
Power delrvered to the load resistance B will be maxmmom
When 25 =g
d 'ﬂ'?-':l
- 15_:-“::!3?: n
=F (R+R)=FR¥{R=R) =
e

R ¥ N -F:"I.r_i MR+ R )=0

TSR R - R R+ R0
T (R B w20 Re (R )
TR+ R=IR:
TA=1R-R
T E=R:
Fa?
Fyma= ]
P :
='|i..tl

5 (4] i
Accordimg to Millmans Thecrem number of sources can be converted
imte @ simgle source with a imtermal resistance conmectzsd I senes to iif the
sources are in paralle] connection.
According to the Millmear™s thecrem the squrralent volage vourcs

_Ea-c_l w F :l:_:l-_ 1-_5'_11_
2 1 K 1 B
1.1
F ]

i

*IF i
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'?ﬁﬁ?ﬁ#&ﬁf
£ =

"G 4G, 4G, +..

=l adyd e G
#5, +0, +_

Example = Calcalate the current acress 782 resstor by pring Ahilbman™s Then
Culy

l_.;u- o En,

e el Fi

g
Solution - Grren ,
Eo=20  F=f0 ; R=40 Ri=50
E:= fiv, E:m iy
tha Iﬁu‘hr:i%} 1 nof caleulated because there 5 no volage source

e e L]
F - -

w=E= 1,1, 1
> 1*%‘:-

= 4243 wlixl =5y
12 i

e 1 =l eld siped 1 i)
IR T LT SR

Rt R*R 12

-_Fb':_ - _Ei - l_u-lrw_ LY

Lig=3 109+%
COMPENSATION THEDOEEM]! :
Etafement o

15 states that m a ciwowit anv mesisiance B m 3 bmnch of network m
which a current T is flowing can be replaced. For the purposes of caleulations
by a vollage somrce = - TR,

1]

OR
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If the resistames of sy bramch of petwork is chanesd fom B to B -48
where the current Jowine origmmaly 13 1. The chanse current at any other place
in the natwork may be calculated by asmming that one em f =1 A R has bean
impected mic the modified branch Whale all other sources have ther em.f
suppressed and B represented by their imterpsl racjataness paly.

|

J: llﬂ b§ 2.5 7 =L 3

T - He=20y &y =200

Exp - (01}
Calculate the valoes of new cuments m the network illostrated , when the
rasisior B3 15 mereased by 3%
Solutbon t- In the sives circuit | the valuss of varisin branch currents a5
5= TS5 s 34
I =] = =1 Sdmp
40
Wow thevahes of F3, when 1f mersase 0%
R =20 + (2005} = 260
JRelE=20=0]
F=-iaz

=-15=§
= -15F
1t

L
IOy s mE  1E

I* 12
Ohw s L R L

; =t
—_ B g
i z

Iuﬂﬁ::_l-ﬂ:

I Dddmp
B

1*=9-04=444mp
IreD]e25m ) Sdne
I=15-05=Linp
RECIPROCITY THEOREM :
Slatement ;
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It stabey that in sny bilsters]l netowerk 6f 5 sowree of e § E” in any
branch produces a corment I any other branch Then the same em f E™ actms
mmmhmmemmM:meml“hm

Step — | First ammater B reads the current m this branch due io the 36w source,
the curreat s Frives by
4 =12
‘!11'_.|E =30
£ =lsa+3=00
36

I=  Q=adey L]
|1 . _.1.!_:“ 5
= raa T8 -

g =cirrent throwsh 1 [ reaisber 403

Siep — (I} Then interchansing the sources
and measuring the current

&= 12 12
Mg+ 12=18 =40
X = dr3=]=B)

I= Jl:u.un,u:a =

qf‘l‘"; = 4mp Tramsfer recisfanee = =
F

l.n-E

COUPLED CIRCUITS
It = defined a: the interconnected loops of an electnic network throuzh
the marnstic circuait.
Thers are toro trpes of mduced emf
(1) EStatieally Induced amf
{2} Dvoamieally Indinced smf
Faraday™s Laws of Elactro-hMagnefic -
Intreduction — First Law :—
Wheanever the magnstse flux linked with 3 civcmt chanees zp emf iz mdueed ia
it
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OR
TWhenever a conductor cuts magnetic flux an emf s indoced m 2t
Second Law —

It states that the magniiude of induced emf & sgual to the rate of changs of flux
lkasss

OR

The emf mduced 15 directly proportional to the rate of change of flux and
number of parms

Mathernatically :
dg
B &
g N
Or E.'ﬁ'ﬁ
Where & = imdaced emf
HW=Nep. of oms
& = it
Ve sgnis dueto Lanz"s Law
Indociance :—

It iz defined an the property of the subhstance which opposes any change m
Current & flux
Unit :—  Henry
Fleming's Right Hand Ruls:—

It states that “hold vour nght hand with fore-fBnger, muddle fmger and
thamb at nght angles to sach other. If the fore-finger represents the direchion of
field thusmb repressnts the direction of motion of the copduetor, then the middls
Enger rapresents the direction of indoced emf”

Lenz’zsLaw: —

It states thai electromagnetcally indoced current always flows m sach a
direction that the action of magnetc Held set up by it tends {0 oppose the vary
caane which produces o,

OR

It siates that the directien of the mduced cumrent (emf) i suek that it
opposes the chanze of maznetic fux.
2]  Dymamicslly Induced emf :—
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i i)

In this case the field 15 stationary and the conductors are rotstng m an
uniform magnetic feld at fux dersity B™ Wh mt" and the conductor is lving
perpendicular to the masnatic field Lat I is the length of the conductor and it
moves 3 distance of dx™ ot m time 4" second.

The area swept by the conductor=1
dy Hesee the fux cut = ldf B

Bl

Change m flux in tima " wecond = a2

E=Blv

fras

Where = 4y
If the conductor 1s makmng an angle 87 with the magnetic fiald, then
(1) Statically Indueed sofi—

Hers the conduciors are remain m stahonary and flie hoked nath o
changss by increasmg or decreasing.

It 1= divided mio two types
() Selfinducsd st
{n) Auhaalb-mduced enaf
(i) Sell-induced emf : — It 1z defined as the emf mduced m 3 ool due to the

:'J:a.ngelﬂfmmﬂmhﬂedmiﬂnhemi

'|

&

If ewrrant thronsh the coil is chanzsd then the fum lnked with its own
tare will also chanse which will produce 30 emf is called self-indisced emf

Self-Imduetance :—

Tt
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It is defined 3 the property of the sail dus to which it opposss sy
chanse (ncrease or decrease) of carrent of flux throush .

Co-efficient of Self-Indwectance (L) :—

1% is defined as the ratio of weber tums per ampere of current in the eaill.

OR

It 15 the ratio of fhex hinked per ampere of current m the codl

1st Method for “L° 1=
Neg

£
TWhere L = Co-efficient of salf- mduction

M = Number of tuma

= fhax

I= Ciarresd

snd Method for L :—

Where L = Inductance
d @
=N i known 2 self indnced emf

al
When ~— gy =lows sec

e=]1vak
L =1 Haary

“EF
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A eoil b sxid b be 5 spli-mduetames of 1 Hewey if 1 volt 1 mdoced o @
Whaen the corrent through it changes af the rate of 1 amp/ sec

Jrd Method for L :—
MM AN
J]

Whaere A = Ama of x-section of tha codl

N = Number of tums

L =Length of the cotl
G Mutuslly Indueed emf i~

It is defined a3 the smm{ mduced m ona coil due o change I curment in
other coal. Consider two coils _A™ and , B lving closa to each other. Am emf will
be mducsd i coil B dae to chanes of carrent in codl A7 by chanming the

posrhon of the theostxt
+ | ”Eﬁ
Afwinal Inducianee i—
It 15 defired 23 the em{ mduced 1 coil , B™ due fo change of coment m
coil A" 1s the ratic of fhax hiskage in coil . B to | amp. Of oarrent i coal A"
Co-afficisnt of Mwbaal Inductzsee (M)
Eﬂﬁnﬂqfuuin;ﬂ m&:.dmn-b'tnml]u I'Incnﬂ.-.' u-ﬂ.-ﬁq.ld J.I.'HI.I

waber-turns w one cotl dus fo one ampers current 15 the other
latl.[tllodj.[?;‘&['t
M=
rl
H3=Number of tums
M = Autisl Inddctance
1= flux linkase
11 = Current m ampare
2nd Method for M i—
Wa know that ye
M-
X
_-‘E| =rl'|lr"|
"'—_m :_"..'..F.
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i = =
Then M = | Heary

A coal i 530 1o be a mutaal inductance of 1 Henry when | volt is
induced whes the cusrent of 1 amp/sec. is changed in s asishbourme cadl
Ard Method for M —

M M ANNK

M= :

Co-sfficient of Coupling :
Consider toro magnehically cowpled couls havmg M1 and 37 tums
respectively. Their mdividual co-efficisnt of salf-indnconess are
L wwas
[ J
L. M Ty

Tha flux @] produced m conl , A" due te a camrent of || ampare s
I.I .'I.!'J.l' AW I

!I \ " ‘ ..-"I-

gn M MK

Ew:ﬁm-ufﬁuﬁuu E:p;ulmhimﬂir_nﬂj"
Then M= -',:" KN, = ENN {1}

Similariy th Enw;mh:-d :'mihj"&mm Iz amp. Is
o= MU AT

Ew&:&m{mﬂhﬁs ﬂu:tri."?hlfﬂ:i_-. bmked with codl A"

Then W= £ ay= )
&y PRI T T

Multplymg squaticn (1) & (2)

H
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EEN'N,
Miw ok e o A
induF
i T T
[ox = £ =2
M=EL1
E=ir
. 7
S K= (Ll

Where K" iz known a3 the co-efficient of conpheg,
Co-afficient of couplmg is defined as the ratic of mutual mductance
between two couls to the square root of thewr seli- mductances.

Inductances Im Seriez (Additive) 1 —

Flinrs mid o thie shime directog

Let ki = Co-efficient of muhaal inductance
L1 =Co-efficient of self-nductance of first ool
La= Co-efficient of self-mductsnee of second cadl
EMF mduced m first cotl dus o self-inductance

v ==L _:_ﬂ'

Matually mduced smi i first eeil
& il
Wi == a&
EMF wnduced m I-I&T‘-cnilﬂm fo salf induction.

w: ==L
hlutually mducad Efinsemﬂcuﬂ

Eops =— A d"
Todlinggeed emf ' |
g &

Lj i o F oy

If LY 15 the equivalest mductancs, then

=
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-L ﬂ'ﬂp-z, ‘ﬁﬂ -yﬁa =1 ﬁd- —y‘iﬂa
o dl

T gs- g -I-2M0

sl =l ol I

Inductances In Series (Subsinactne) i —
L L

B R e T
Lat Al = Co-efficieni of mutoal mductance
L1 = Co-efficient of self-mductance of firs coll
L3 = Co-effecient of self-inductance of second
col Ent'mdumdf first coil due to self mdaction,

w=-1 g
hutually mdoced enaf 1 first col
& ar o
o= — A = A

a it
Emf mduced iu:;fwd coal due to self-mduction

fr ==Ly &
Mgtuslly mduced amf in second codl

& &
Inductances In Parallel :—
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o

Let two inductances of L, &L, are comnected m parallal
Lat ke co-afficant of sustasl inductanes betwesn thee ps 3
Tug wi

dl oy o Ly
& & &

r-Iiﬁl -J.ﬂig

-dlﬁﬂ, m-ﬁ‘; {1}

T i i 3}
If L7 is the squivalest mdnetancs

o & _ . & A

e=lig=l a My

Idfiml & « M
- ST : -
d&_1 &

- = =N

& I &

{4)

R B B B

Substituting the valus of 2
di.l LML, ®
& I L-M &

Equating equation (3) & (5)
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- I-M+1=IL L-M +M

o oMM ) o SEMALM M !
L=M E LM
adiel -2l LL N
==prti=1 =~

1 E
~LyLi-20= [ [Lis-2f]
I..I:_-.I.lle
sL® L+l <2U
Whan mutaal fiald paeist
I E _IH
L= 1+ +IM
When mutual fisld opposes.
CONDUCTIVELY COUPLED EQUIVALENT CIRCUITS

mluﬁmﬁ?mﬁuniﬂi}
FI:rLI +;: i

F=lris 2 i
& &

Tha loop equahion ars from fg(b)

d
7=t -0 2w 40 o)
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ar o, d
V=il- M) gy +Mgt li+56)
“r'iinh,wrhﬁ_&mg ome
FimLi g4 M
d't.:-r-
F=l; M
dr dr
50 called conductively equivalent of the magnetic corowt . Hers we may
represamt 2y =L1-M .
Zg={lyMjamd Iz =M
In case W18 + ve and both the currents then Ty = L-W Tg = LM and Zo =
M akso | 1f 15 — ve and currents in the common branch opposits to each other
Za=L1M Zp=Ly-Mand Zp=-M
Emnilarly, if M 13 —ve bat the two currents in the common branch are additive,
tham also.
Fa=Li+M Fa=LrMand Zr=-AL
Futher 7. Zuand 7o may also be sssomed to be the T aguivalsst of the
CTFCurt
: 3
Two coupled cols have salf inductances I.]= 10= 10 H and L2=20=10"
3H The coefficiant of coupline (K being .75 in the air, find voltase in the second
coil and the fhex of first coil providad the second cotls has 300 fums and the coout
cuETent &= grven by 1) = Jan 31414,
Selution :
M=K LL
M=0Ts 100 ®
20107 = M=106<10" §
Thae voltage mduced 1n second coil s
- it
visM T gy TN
= 106 Ilﬂ'"-—-ﬂl‘,dﬂ 5n 3147
=108 %107 = 3 = 314 cos 314¢
The magastic CKt bemg lmear,
Neg 500x (Ep )
M= -
g

PL w i DOEI0™ o3 g 04
a0 SOmpE

= 5.66 210" sin 314t
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@ =588 x107 sin 2 314r
Exp. 02

Find the tota] mductance of the thres senes commected coupled
coils Whars the self and mutuzl inductancss are L=1H L=1H L =3H

Myye 6.5H Myy = 1H My« 1H
Solurion:
Ly =Lp+MxMy;
=1+205+]
=130

= ] 5
=330

= S]]
=TH

=] 5] 547
= 13H (Ans)
Example 0.3:

Twre ideatical 750 tum eoils A and B le m parallel planes. A currest
changmg at the rate of 1300A's m A mduces a8 emfof 11.25 V m B. Calculate
the muhaal inductance of the amangement If the self mductance of each coil &
1%mH ealenlste the Sux produced in coil A per smpere and the percentass of
this Bux which Imks the toms of B,

Solution: W kmow that

M ]
bt |

iy = de
11.25

L = —
M= '.fh"’ﬂ = 7.5ml

ey,
1,.%.%.9.15.!_‘_:.1.19-1:&%
M__15-107

i gl T 7 Db
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A.CFUNDAMENTAL
Direct Curremt . Carremt

(1]

2
)

()

DC. akeays Sow s ose
drection and whoss magmiuds

remains copstant,

Hizh cost of production.

H ia mot possibls by D.C.
Becanse D.C. 15 dangarous to tha
frans former.

Tis tramsmpsason coat s boo high

(1

2
3

)

AL n cos which revenss
penicdically m

dizection apd whess marmitade
undergoes a definzte cyele changes
m defmite mtervals of tima.

Lew cost of production

By munz transformer A C.voltage
can be decraased or mereased

AT can be trapemmiited to 2 bong
distance ecopomically.

Dafimition of A.C. terms 1-
Crele & It 5 one complete sat of =ve and —ve values of alfernating qualiy

spread over 3607 ar 2| radas.

Time Period 1 It s dafmed as the time requited to complets one cycle.
Frequency : It s defined as the reciprocal of time peniod 12 £= /T

Or

Ttis defined as the nomber of cycles completed per second.
Amplitude ; It 15 dafined as the maimam vakue of ather —ve half orele or —ve

half evele.

Phase ¢ It 15 defined 15 the snsulsr displecsment batunesn tirs hated is sede.
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OR
Twe alternatine gquanbiy are I v
phass when sach pams throogh ther zero i
value at the same instant and also atam ¢ T
theasr maxsmam valne ot the sams instant B
a ;'r;\-lnc_'l.'nll. !r B oy

Fm [My 2in it

i = Iig sim wit

Phase Difference i- It = defined as the anpulsr displacement betwesa bawe
alternzting quantrhes.
OR
If the angular displacement betwess two waves are not zero, then that 15
knowe as phase difference. e af o particular tisne they attsin unsgaal destance.

Two guantires are ot of phase if they reach thesr mamimum value or
mmaemae vakue 3t different times but alorays have an equal phase angle betoreen
them

Hera 7= Fyp sim wr

i= [ 2im Gws-@)
In thiz case cument lags voltage by an angle "
Phasor Dizoram :
Ceneration of Alernating emf ;- .

Consider a rectangular coil of N™ tums, area of cross-section i A" ot is
placed i x-axiz in an uniform magnetic field of manmom fux density Bm
web'wr”. The coil 15 rotating = the magnetic fald with a velosity of w radiam /
sacond Al time § = [, the eoal 15 m x-meis. A fer imberval of time _dt™ sacond the
coil make rofating m ash-clockoise deection and makes an angle 0" with x-
dirertion The perpsndienlar scomponsnt of the maenstic fald = @ = @r cox wr

Accordmg to Farmday's Laws of electo-magnetic Induchon
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d e
= =0 gt
=-N4 (2 coswr)
& =
= =N'{—p w 003 W)
= Wi, 2in we
= IpVe. &= wilw = Inyf)
= NS A 51 W
g = By i ws
Whess E =lqhl. 4
f—frequency m Hz
Bp— Maomom flox density in
‘i’ir'hml Now when 8 or wt=50"
e=Ep
12, Em=InfiBmi

NS

Eoot Mean Square (RALS) Value :—

The rm.s. vahie of an ac. t3 defined by that steady (d.c) cument which
when flowing through 3 grven circust for a gren time produces same beat as
produced by the altemating currest when flowing through the same cwremt for
the syms fime

Simusedial alternating coment
1=l nin wt=]p sin 8
The mean of squares of the mstanizneous values of cument over cos
complete cvcle
::r' - )
o b2 )
The square roct of this vale &

-

- [Tu.mer o
i
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T
B a m
éﬁ II.EH‘|
I . ,,1 :mﬂl
I."l:r| i
.Hr"er{]—mlﬂhﬂ
I ,6-mm28 ™
Il:rr__ 2
IJ - e AR
AL e

| &w . )

- gt
I.Hl' .Jﬂ{m B

i.;ji:h
b

.L.-.=ﬁ.|;|_'.'.:ﬁ[_

Averaze Value :—

The average value of an altemnating currest is expressed by that steady
current (d.c.) which tansfers across amy circwst the same charge a5 1 feasferred
by that altematine current during the sa2 tme. 8

Tha som of tha IRE curment 15 1=

egquaticn ,Wc 1=z mm
_i:.-l
_m
T }tnm a8 I

-I = W nﬂ = g I sin & &8
_Ill[—maﬁ']" - —mrr—t-mﬂ']

- -t
L

Iﬁ=.....-n'
I = I= Mifmimym s

=
Hence, L. =087L
The averags value over a complete cvels is zaro
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Amplitude factor’ Peak facior’ Crest factor - It 15 defined as the ratie of
maxmnzm valos to rm.s valee.

n,;@&"’_ﬂ!ﬂ!@! -—fn =7 = FAl4

Form factor - - 1t 15 defined a5 the ratio of r.mus vakue to average value

e tmifoe DU gy
Avergge Foiee 06371,
Kfr=111
Phasor or Vector Representation of Alternating Quantity :—
Ay &

R 1 R
) 1'
4 1 ] . 2

An alternzheg coment or veltage, (quashty) 18 2 vector quantiky which
hay magnriude 35 well 3 disechon. Let the aliematms value of cument be
rapresamted by the equation @ = Eg Sm wi The projection of Ex on V-axm at
Emy imstapt gives the imstamtapeciss value of alermabimg cuwrrent Since the
mstantanesus values are confinucusly changing, so they are representad by a
rofeting vector of phasor A phaser s 3 vector rotating at 3 comstant amsulsr
velocity

Abr a3 E, os

A‘t]‘;.l’_-".[. iz Wi

Addtion of two alternating Corrent 1=
Lets = sxw
a=E, snlwt- g
The wum of two sine waves of the same
fogquency B ancther sme wave of 1amas P,

frequency but of 3 diffarent maxmoan value and !,
Fhazs.

g= 1 g, T+ 108 0P
Phasar Al=ehra :—
A vector quantity cam be expresied in terms of
{1}  Rectamgular or Cartesian form
fn] Trngonosmetne form
(1t}  Ezponential form
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(i) Polar form
Emnag

E=gsf
= E{cou # j dn &)

Whare 2 = E cos 8 ix the actrve past B.om g

b=E sm B & the reactrve part

f=tm~?_ =Phase angle

o

J =1y

F==1180" )

J == 270"y

J'=1(368")

A

(i} ERectangular for:-
E=gsp

mE=b'a
i) Trizenometric form :-
EmEcpaldjum )
{ni} Exponential form :-
r=gM"
{iv}) Polar form :-
EmEspEe g #F |
Addition or Subtration i-
E=a+5b
Ei=a w b
.E.iI-={lr ""ﬂé:lfl:*ll"":

mn

@
Muloplicanon = -
EymE:=(g & lm)x (@ +jb)

= (s = bods ) 4 e + Bl )
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+

ab ba
g=mm, 3

&y, = byl
EmE L8
E=E.L8

E=E:=EEB: Lg+p:

Diivislon :-

K u E 28
¥08% £

= 28 &
Ey  Eufly K

ALC, thronzh Pure Resiziance :(—

Let the resistance of B abkm is connected acrosas to A.C supply of applied
voltage

—_— |
R —F
Y
= 1
F i,
T A semreasesemsisensse 0 o= Eamin w1 of v = Vasin wt
Lzt 1" s the instanfaneons current .
Here g = (i
= af

5 Eatie W s ans nannaaesssi ]}
By companng equation (1) and sguation (I} we pet altemating voltags
and cunrent 3 pure resishive circmit are s phase

Instantamacus power is grven by

P=a
= Ep sin i . Iy sin = Engin =t
e i
“ITIIE“I‘“’ e 1= Losin wt
=_a.= lym' wi T
2
&L
= 7Y 2 40 cos D) T (=
!iﬂ"_ _:-Ei'_g._u.'u
&
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S
Whare —=7-—.] 15 called constant part of power
|
N o gy m.'tl':a?-:aliad.ﬂu:mﬁngpm of power.
The factuating paxt 5 5 coalud of frequaney douhbe that of voliase snd correst 2

wanes

Hence pouer for the whels cyelais Pa

| P 1 wakls

AC througk Pore [nductance :—
Lat inductance of L™ banry w conmacied across the A.C. supphr

L

4{9_._

v N wi

Ul ) R ——— i)
Accordims to Farsday™s laws of eleciromasnetic mductance the emf mdaced

across the mductance
cll
4 F=L o o Wl W
E'.I' h[h.e:;euf&m;eafurrﬂ N LR ]

Fanwi=L °
" ar

& L
-ﬁ-'EL'mwd

I.nte_f,nun;hr_b sidas,

Id h i Wi

C0S WT

g D

ﬂ=_' 5

L H
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F coswr

omg gimwre— [ =2l =ui]

M:l:-??mnﬁh.afiu"
L=__ when .w—-  ©&umiy

X 2
Hm‘ﬁqnﬂunufm bazomss [ = I ssdwr— w2
Lo we find that if apphied voltaze &= rep[resented by v = F_ um ur, thee carrent
flowmg m a paredy mdoctive circust 13 grean by
(=1 smiwr-m/ 1)
Here current lazs voltaze by zn angle A2 Badisn

Power factor =co i
=gz 90"
=
Power Consumed = Vicos ¢ P
= V=0
={
Hence, the power consumed by a purely Inductnoe circuait 1s zevo.
A.C, Through Pors Capacitance 1 —

c i - TR
o= v = Ve Wl
1 ¥
-
K i
=t iy TP
v Yiakin Wi

Let a capacitance of O farad & connectad across the A C. supply of applisd
voltage

v P xn wl (1}
Let  .q"=change on plates when p d betwreen two plates of capacttor 15 7"
q -.nl

§ = el Sth Wi
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dyg d
dr=6 gt (Fosmwy

i = cFm it
. w:i:'-m cos Wt

=" =ponuf
P'ﬂ.‘
= s = oomut LI #_1 =_1 ixknown as capacitive reactance
X ' owe it
inohm]
= [, 008 Wl
= I sinuz & i T}
Here current leads the supply voltage by an angle N2 radian
Power facior =gos P
=g 90 =0
Poiwer Consumed = V1 cos @

The power consumed by 3 pure capaciirve curoudf i3 zero.
A.C. Through R-L Series Cireubi : —

L
i (TUTO___
iy
+ Vi & Vi ]
P
=/
e=f_ o w

The resistance of R-ohm and inductanca of L-henry are connscted 1n sanss
across the A C. supply of applied volfaze

&= E sinw? (1
F=F; *'_!?l

i—y— T
=y i~ +l L8Tim' -;-

i .
S AT SNy T L ""’R
= “l;"".!] La=an™ T'

- Ag Vi<
L —_—
)

L
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WhareZ= P+ ¥, .
=R +iX; is kmown as impedances of B-L seres Cirout
J’:L ..—I"M
Iig Iiw
I'e Lsdaut = @)
Here current lags the supply volfage by an angle .
Power Factor :— It is the coune of the angls between the voltage and carrant.
R
If 15 the ratio of active power fo apparent porer
OF.
It 15 the mtic of resastance to mpedence
i
=Wl
=J wm wrf sindur — @)
'T‘Lﬁ‘w‘i}

7 Fo L 2ein wrsin(wt = )
1
= V. Ljeoup - oo 2ut ~g]
ﬂhmhhm:fﬂ:ﬁhufmm

0 aconstast part _2 F.J.':lnwwhi.:hmmhdu 1o Teal power

) 3 pulsabing component _1 Fata cosiar — @) which bas 2 frequency twice
that of the voltzes and current. I does nob contribaste to achual power sines @
average valoe over a complete cycle 13 zero,

Hesics average pnwulrnmmd

Juge
e S T
njl']"w
Whare V' & [ repressnts tha rm : valos.
AC, Throush B-C Series Cirenlt 1 —
mmﬂﬁ"ﬂmnﬂ.mﬁﬂﬂ"wh:nmmﬂq:mh

AL wupply of applied voliage
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¢=E simwr {1}

F=Fa+{=jF)
=IR=(-iXc)
=[{R=JEc}
=i

Whare Z=R -l = ‘.'R:;:Télhlmnm:imp-ﬁmwfﬂ*ﬂﬂﬂ'ﬁuﬁt
2=R-ji¥¢c
-uE s X
X
i=grimnt = i

Fa[rs-g
_F_
“l= X/ -9

-.I.'. iR uE

Ii—g
£
=Z 2" umlur+g)

= [ [ win iz + @)
Hare cunrent leads the wapply voltzge by an angls 0"
A.C. Through B-L-C Series Circuit : —
Let a resistance of , K-ohm mductancs of L7 hanry and 8 capacitance of [T
farad are connectad across the A C. supply = senes of appliad <oltazs

L
&
by |—

i— h’l—#_”l.. i —_

F -
=
w i, - -

o= E_pnwi {1:'
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e =g Fe

=Fp i ¥
By e fiF=Fe)
=g+ fl:s=Ir)

=MR+FX:-Xc:]]
1R creem e
&
=ZLap
Whers =1, B4 (x:-Tc) 1 known as the mapedance of B-L-C
Circut  Sertes

If
If x; 1'I¢-:_ﬁmﬂ:|l.q;|l'q.-\1
X ;<X ¢, then the angle s -v2
Impedancs is defined as the phasor sum of resnstance and net reactance

g=lileg
~pz——Ziig L = I sm{wt £ o)
Iixp Iizy

(1) IfX;>X., then P-fwill be laspine.
(1) IfX:<X:,than P Forill ba leading
{3 KX¥:=Xc,then the circudt will be resistive one. The p.f. becomes umaty

and the resonEnce ooours.

BEASONANCE
-ﬂhdﬁn-duﬁlrmlhlhchkﬂdmﬁhnﬁgpudnu:di“
elements represents 3 parbicular #ate when the curment and the voltage m the
cirewit 15 masirnum and minesom with respect to the magnitude of axcitation
at 3 particalsr frequency and the impedances being either munimam of
mazmmm 3t unaty powar factor
Eescmance are classified 1oto foro fypes.

(1) Beries Fesonance

{2}  Parallel Resonance

(1) Series Resonance - Lot a resnstance of R ohm, mductance of L™ henry
and capacitance of | \C' farad are connacted 1n senes across A C. mpplr
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—m—ﬂmﬂ-—l —

{=
St
= F i
o= E, n et
The mzpedance of the curcust
I=R+{X;-Xcl
I= o+ X7
The condition of 1erier resonance:
The resonance wall sccur when the reactive part of the lme cument is
zera The p f becames iwnity.
Tha oot eactznce will be zareo.
The carent become: masmum.
Al resonance net reactance 1s rero
Xk =
= s
Rt HF L - I
e = C

_".:L:‘_'.:ll

W= IC
=W = 4

. e
1

“'Iru'-=;_.
e 9

| 1

Resanant frequency (f, )= 3-m—2C

Impedance at B esonance

Cument at Resonance
¥
L= R
Powrer factor at resonance
prof ok ooy [az. =]
I R




CNT, Semextar 3™ Diploma Engineering [Esoricsl & Beoranic)

Fezanance Curve :-
Unity p.finpf [ L
|
pf [agging
Pf

]

£, £,

At low frequency the X, 13 greater and the circuit behaves leading and

at high frequency the X becomes high and the circuit behaves
ing circut

If the reszstance will ba low the carve wall be stiff (peak)

¢ If the resistamce will 2o oh mereasing the curreat goes on decressipg and

the curve becoms flat,
Basd Widih :—

At point A" the powsr lows is [ R
The frequancy s ) whach i at
remme.fgﬁ

The power loss i 30% of the power loss at pomt
A

oy % /
'l = e b — - P
/’ | .
|
g Hencs the fraquenciss

correspoadme o peist B is known s half pewsr fraguencies | &
7. i = Lower half powar frequancy

fog-
s 4k

F; =Uppar hﬂ.l.’pmm fraquency
Fape

Band ondth (B.W) is defined a3 the diference betwvesn upper half poves
frequency idkrﬂ'zlulfmwﬁﬂmq
BEW.=f~rf=

L
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Seleetivity : —
Zalectnty 1 defimed a5 the ratio of Band vndth to resomant frequancy
Selectramy = BN - R Srkmm:;:...-ﬂ__

k- i ImeL
Quality Factor ((-factor) -—
It is defined as the ratie of 10 ® Mawimuem spersy stored to ensrey dissipated
par cycle

Qbiclor =

el I

o
b
oy

L.
_'E'."_,‘.I'
TIT
=.3H.I-H- ' !_
Qualiy factor== _2, Q= .5f
E I ®

Qrabity factor o defmed 23 the recaprocal of powwr Gctor.
1

Qﬂnln:==ﬁ-|?
It w tha reciprocal of selectity:
ificati =\oimge pcress Inducws
Q-factor O Magnification factos I‘j“‘““m .
ETR S
‘-I'i. -—
Q‘rh'.'ﬂ.l"--'_l
£
Q-Eactor fctor = arzmis ]
mmm?l
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e
=2
1 |
sl C a2l CR
1
Q-factor = WCR
r= Walx 1
g R hl’m
-
¢ RE
|

= e
‘ 1L
- E\c

Craphical Method :—

(1) Bezistance 13 independant of freguency 1t represents a straight lme
() Inductrve Reactance X1 = Infl

;thd.ira:lh-pmpmﬁnnﬂb frequency. Ae ths frequensy mersness

AR L
1) Capacitrve Reactance X = =g

X

/.

f —

Ti 1= nversaly proportional to Frequency. As the frequency incrasses 3
decreases.

When frequency mernases, Xi mmcreases and X decreases from
tha higher valas.

.ﬂ_l*ll
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/

f 1

-

X
At 3 eertain frequency. X1 =X
That particialar Braquency is known o Fesonint Faguency.
Variation of circuit parameter in 387183 resonance:
{2) Parallel Rezonance - Resonance will cocur when the reactive part of the

line current is zero.

: M_,’u‘n'rﬁtrn

1%

uE

¥o_¥ i
- SIS AR B .
2 S .
T A 'f"‘.-ﬁ 3 il
TR+ X =R xe

F i—-_t'l_.:;",u = gl = W—F
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. 1L
z=C"
A -
-hh,E:C
--l."'+:7..‘:|;;lJ'.]"'=l:'L
ﬂl‘{-h‘r"ﬁ I=
L i
L
WRE -
L i )
3 1
-t ¥ - =af
&l
P R
A wlic L cosp
M = Resonsnt freqisency m paralle] cocust
Curment at Resonance =
ﬁhﬁz W
_1-'-_:;._
FR
= B
=g FLiT
LeC v

1/ B¢ = Drvnamac Impedance of the cocost

or, dvnamuc impedances 15 defined s the mpedance at resonance frequency m
paraflel eirenit

Parallel Circumit t—

m—
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The paralle]l resonance condition:
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TWhen ths rescdive part of the line siurrent i zasa.

The net resctances 18 2670,
The pawer factor will be ity
Impedance I =8 +j%;
if.--!jL e
: et
Admattance T, :

-ﬂil{itl if'}J 3

_.RI_.II.:
o Feay
hi=%. “f} A 'iﬂ'.%r, :

Ademattance 5 --1 'l*h‘

—mﬂ’ﬁ‘

N +.r‘
| N ¢
R:+X 31 X

=

Tuulummumm "1l +1
¥ X%
= Fal 11’*
Rl Ac
TS s o “_rIr'-i'— ST X i W
B & L iy 5 : &
: RE - i X
BT il St ooy
At]tunnr:e_
i 1':
Fox =X eX7e0
X T
-+ =7 R
- xa: “It}-P(l 'If}[x i)
= Il §
-lrr.rr: L
L B g

im +___+
. mE. W C
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L g :
= IPC -2mCs £ =1k
1..E ﬂ.'l"'-' L X

e iy ki :#—-‘

mLe ¢

=

‘zl LR

il I=CR:
1 LUK

dw IC L-CR:

1 [I-CE :
i) ok
1 -
l_r'l' E!‘I . .
113 called Kesonant frequency.
¥r =p
M:’ ;ILIIIL_EIRE

1 [E=CF =
-ll:ﬂl [ 14
wl [L-2:
AT
I
ww\ic I
1 " R,

ey ST
e
IfR) and B3 = 0, then

Comparizon of Series and Parallel Resonant Corost —
Item Seriex cht (R-L-C)  Parallel che (R-L and
C)

- -
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= lmpedance #t Eesonance Minpmum
™ Cugrent 2t Resonance ¥
Maximnem= Mimtmam= (I | (R}
" Effective Impedance E é
P f at Resomance Unity Wity
™ Baspnant Frequeney —:— 13 _R_’
I IC e - s
O It Magshes Vakage Cirrent
= Masmification factor !11 !II

Zi=mepre=id+x,? Lo
CE A LY LR PR
1 =¥ =X sg=1 L-¢
i s .

Thae =FT
21

Hare Y1 — Admattance of the coowmt
Admimanes 1 defined as the reciprocal of mpedence.
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I == v
i —'1!1‘"+_||EI1.

=¥ =K se=ITiglsy

Ll &

T= ot + B+ 2k costy *0n )
I=hd —p+hip,

The resultant cwrrent “T7 15 the vector sum of the branch cumrens I & |7
can be found by using parallelogram low of vectors or resobveg [7 mio ther X
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— sl Y- companents | oF 1ctive and resstive components reapactivaly] snd then
by combining thess components.

B o f artrve conponsnts of T) and T = 1) cos @q+ I3 eos gy Sum
of the reactive componsnts of T] and [ 3 =17 sin gy -1 | win 4]

EXPOL:
A B0Hz valtzsa of 730V efective value is impressed on an mductanes of
0265 H
1) Write the time equation for the voltage and the resulting current. Let the
zero axis of the voltzgs wave be att =0,
(n} Show the veltage and current on a phaser diagram
(m} Find the maamam energy stored i the inductance.
Solution :-
Fis = L2F =/ 2 @ 250F
JF=60Hz, Welgf=Ilr=§=3"Trad &
o =wl =377 % 0.265 = 1000}
{1}  Thetmne equabon forvoltagess F(H=23 ,2sn 3™
Lei =P 1y =130 227100.=25 .3
9 =20" (lagh.
O} Cusrents quatics s,
HE) = 23524377 =11 1)
ar =137 coad T
) I
(i) of Ene = 1Iz.r:...- 'l;_uu.:us-am:-'=u.r

Ex 82 :

mm&ﬂhlm acroar 3 ocal 1z 4.5 '\':ﬂllllﬂmrill.l.
direct cument of ¥ A The same coil when camies an alternating cument of 9A 2t
25 Hr the potentis] difference iz 3 v, Find the power and the power factor
whan 1t 13 supplied by 30 +, 30 Hz supply.
Solution :

Lot B bethe d o resistance and L e inductarce of the ceil

EaF I=4 5905
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TWith 5 e curvent of 35Hz # = V)1
4
g =21660
I = (Ei=R° w  2hE =05
=] 20
m=dwx xl
X = 000670
At HiH=
o o= 262 2= 52400
Zw 05 + 504
=506 0
I-SIM lﬁ-!ijﬁ
FII"E.-‘J" K0 5=45 vatt

Ezample - 03 :
A 50- yf capaciior 15 connected across a 230-v, 5 - Hz supply. Caleulate

(2) Thereartames offersd by the capacitor.
b The maxmmum corent and
{2}  Therms valoe of the current drawn by the capaciior.
Selution ; Y & "
I::] nw— & = - =TS
w e ZmxxX=i*
(el Gimee 230 v represents the rom s value
Qf e =200 =230/ 836 = 3014

] Lo=Ll.,®xil=383x1=51L4
Example — 04 :

In a parficular B = L series corenit a voltaze of 1l ot 50 Hz produoces a
current of 700 mA. What are the values of K and L in the circust 7
Salution ;

M Z=g-amaan

= s

Fal:

10 = 700 #1078 = SRE0AL" )

O +GBERAE ) = 10/ 700 x107 = 100/ T

B+ PREPEL" = 10000 4F mimesamemeemainee (]}
(i) Inthesecond caseZ= (R +Q2w= 75}

00 = 500 =107, (RF & 22066LY ) = 20

(B + 2120661° ) = 20
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B YTIHOGET - = 4 e neean m
Subtractmg Fa (T} from (1), we get,

TII06EL — PREDEL" = 400 — (10000 / 45y

==rL:s:-|.f:Jr:'-=mue;1

L = 173370
] ]-j'ﬂ-'
L= 123370=0.0308H = 40 mH
Substituting this vahe of L in squation (&) we et & + 2220845 (0358} =40
T R=590.
Example — 04 ;

A 200) resistor is compmected in series with ap inductor, & capacitor and an
ammeter CToEE @ 4o -7, vanable frequency supply. When the fequency =
400Hz, the current 1n 3t th Max valos of 03 A and the potenimal diffarencs
across the capacttor B 150v. Caleulate
(1) The capacitancs of the cxpacitor.

(b)) Tha renstance and mductance of the mductor
Selution :
Since currsnt B myxieiem the cirewil & i reLonInes
= Feil =150 1 0.5 = 3000}
{fal xm=Vigh=30=11reall=ys

TeE 1 AZE W = A2 5F
(b o=z =150 0.5 =300

2nm = 00 = L =30

=L =04%H
fe] Al rescnance

Cireuil resistance w 20+R

T W =25105

T R=300
Exp 08

An F-L.C seriss cirenits consists of 3 resistance of 10000}, an inductince
of 100MH an a capacrtance of wi pf or 10PK
) The half power pomis.

Selution ;
1w
'l-} 'b:!ﬂ.'m-lﬂ'r. ’:h:Jm
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LI I =
H) ge R(Cp 1000 %10 =
i) _r—,.a—'#—mam o = 148 20T
éni —
_r-,,lr-"aﬁls-ﬂrlﬂ"*—lm'-mm.
3 & 47 Wil

Caleulate the impedswes of the parsllel —turmed ewenst ss shown in fe.
1452 at a Frequency of 300 EHz and for band width of operation egual to 20
KHz. The resistance of the coil is 30,

Sobation :

At resonsnce, ccut mmpedance 13 LOCE. We have been grven the value
of K but that of L and C kas to be found from the grven the value of B bat that
of L and C has to be found from the gren data.

3r='f“ 20 =10" ='_iwf=3-‘h.|ﬂ'

irr'l 'IT‘.! — . —
-t 1. RJ A | [ L ¥
n 115 I a0 ¢ ges )
C=16x10
z =LeR=39x10" 126 2107 x3
= 3x10°0

Example: A coil of resistance 2080 and indwetance of I00pH is in paralls] with
a vanable capeciior. This combinstion 15 senes with a resistor of S00042. The
voltage of the sapphy 13 200V at a frequency of luﬁﬂztihﬂ]il

1) the valoe of C to 2rve resopanes

1) the Q of the coal

1t} the current 11 each branch of the circutt af resonance

Solution:

m.
A ,I_I-ul'h'

o P —
- :I.I -

1 dp —
o
-

o =2 =2x*10% 2005100 =12560
The coal @ neghgible resisiance In companson to resctance,

= .4
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o
drvaild =L =

}q-—f--zu-m* 200+ = o6
i) ‘nmnnmpedmne of the circuit Z=L/CR=200"10"

€ (125°10™ > *20=800000

total Z=80000=B000=88000C2
E200/88000=1 2 TmA
p-d acroas toned dmﬂ-“.l_*]ﬂ_itﬂm-f 8 1.6V current

through inductive branch=—S2t— = 144 5md

current through capacitor branch= @b C
& 12
=1816*2n*10 *125*10 =14).7TmA

POLY.PHASE CIRCUTT
Three-phass cwcuits comsists of thres windings 1o - RV B

T s L]

L =

En

Ey wE, pinutwE, S0
Er =E mmwy -1 =E_, £ -1
By =E . mmwr— 1 =E, £ -Mi=E, L1130
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3 . p Cirenit are divided imte tes types
*  Biar Connechion
= Diliz Connedhon

Star Connsction 1—

[

If three siular ends conmected at one poms, then 1t 13 kmown as star connected
svstem

The common peiat & known s neatral peist and the wire faken fom the
neuiral pomt is known as Neutral vare.
Phase Voltage :—

T is the potential difference batwaen phase and Neutral,
Line Vaoltage 1 ==

It 15 It 15 the potental difference between two phases.
Eelation Berween Phaze Voltage and Line Voliage :—
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Wiin = Vi

S
d Fry
I;_-\:J.{-—-L'I‘:;.?
Wy

I.m.&i'niang:ei";}- =i-’;\-—;‘1;-.-
Fr = | Fiy+* Fry = 2FpFey Costill”
AP 1
"\.IFJ!"‘I" a=IFulFp® 7
"':3;':“ L LRE 1
F; = !l.jr;s.
Since m a balanced B —phase corewnt Vs Vi = V=V
Belaton Betweea Line current and Phase Carrent i-
In case of star connection system tha leads are connected i sares wath
each phass
Henee the lins cusrent is equal to phase casrent
I =
Power m 3- Phaze coreuri:-
P-I"F,i!fpﬁn:u.ﬂp.phu-
=!:I"F};J'Fﬁm!.¢h3pkue

F.L
ul__ T 2
G Im*m‘l =3

P= 3] conp
Summaries is star connection:
1) The lme voltages are 1207 apart from each other.
i) Ling voltases sre 307 shead of thair respective phase voltage.
1u1) Tha ansle between lme carrents and the comespendmg hee voltage n 30+
1) The current m line and phase are same

Diebta Connection i~
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f ¥
'[:—

If the dissimilar ends of the closed mesh then 1t 15 called 3 Deliz
Connected system
Eelation Between Line Curveat and Phaze Current :-
Line Carrent in wire — 1 =&~ 1.
1-°2

R=irt
_|'
=\ Pt byt =20 g froos Y
! 1
=1,:I,.’+a',.f-1-r,...r-_.i=r 2

i e
=35t mhart
!,', - T?-II-IH

Eelation Between Line Voltage & Phase V =
Fe IF_,.'.

Power ==  7F: I ; toap

Summaries in debta:
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i)Line currents are 1207 spart from sach other.
if) Lise earrents are 307 behind the respactrye phass currest.
i) The snsls batwssn the line ciarents and correspondine line volasses is 30+
Aessurement of Power | —
(1) By single watt-meter method
() By Two-watt metar Method
{3) By Three-walt meter hlethad
Measuremant of powsr By Two Waitt Meter Mathod :-

FPhasor Dixeram -
Let Vg, Vi, Vg are the r.m 1 valoe of 3-p voltages and Ip Iy Jg are the rm s,
values of the currents respactirely
Curreet in F-phacs which flows through the current coll of wan-mster
Wi=lp
And Wi=Iy
Piotential d1ference across HH"I.'D]!I'.I.EItEI:ii of F = Fa= Fj =Fs

And Wy = Py = By - Fy
Asspming the load s imdactyce tpe watl-meter W reads
Wi = Vg [z e300 - ¢} (1)
W= Pl oos(30 - )
Wattmeter W2 mads
g, Folco0 ®_
= Folocos(30 + @) i)
i+ = Fofroe(30 — g +F o oss(30 + )
= [ dr [ena(30 =g} +Fi I coa30 + g
= Fr I {2 o 307 cogd

-3
= Filflx v cong)

W+ = 3F: T : conp 3
W, -, = V. I; foos(30 - ) — cos(30+ g
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=7 J; {2sim 30° sin )

afil2x }wsng)
l’.-l':lii"z.f;w

W
ol = Feluep
l':+l"_ "3;:.]‘“'

1
PELL B
m 3 .
L i B
L W =
=gem y =g

3 W1 readmg W7 readmg
=looa =l +ire erqia] =i'e agiaal
=Hloo =03 1 e
=Sloos =0 -ve, equal +ve agual

Exp.: 01

A balanced star — connected load of (8-56). Per phase is connected to 2

balsnced 3-phass 100-v supply. Find the cone currest pover Factor, powsr and
total volt-amperes.
Sobation -

Za=F+F =100
Fa=400/(3=2 /v

I.F -:-’_,...-E,h =110 =2314
Iy =2g=231A

P.f = coull » Rppy'sgp = 8710 = 0.8 (lag)
FougrF s «3F, 1, coud

= 3 =800 = 150x 08

= 12, 800 watt

Total valt ampers s =3V It
=3 x 400% 23.1

=16 000 VA
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Exp. 02
Phase voltags and currest of 3 dar-coenected mductnre load 1 130V and
25A. Power facter of load 2 0.707 (Lag). Assummng that the svetens is 3-vare
and power is mezsored pamne fwo walt maters, find the readings of wahl maters,
Solution :
Vien= 130V
Vi=v3x150
Lp=Ip =154
Total powar =3 VLIL cos @ ="3 » 150x v/3 2 25 » 0.707 = 7934
mwrw: = T854 00, cos @=0.707
g=cos (LT07T)= 45" tan 45" =
1 Wow for a laggmg power factor,
tan g = T, — W ) (T + ;)
".]FJ-{ <=
T
o[ =W, ) = 4550w
From (i) asd (1) above, we get
W= 175 W= 168 w
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TRANSIENTS

Whenewer 8 network contsining energy ftorage elements such 2 Inductar o Capacitar &
switched from one condTon 1o andther, efther by change In app#ed source or change in
natwork slemaris, the response cuerment and woltage changs from one state To the otk
gats The tire teken 1o changs from 0 IARIS| spesdy stans 1o the fingl stesdy state 1 koo
& the fronsient peniod This responss & known 35 fronsent response o frangients.The
respone of the network afer It sttaing o fingl seady vaiue 1 ndepenident of trme end 13
called the steady-mane response The pomplete response of the setwork 15 determinad with
tha halp of » diferertial squation.

STRADY STATE AND TRARSIENT RESPOAMSE

in 3 HETWork CoRTIMInG enargy SI0TEpE Slements, with change In exditation, the currents
and voltages In thia cirowst change from o state to othar state. Tha behavour of the
WOILAgE OF Current witen It i changed frof one STEte 1o Arather 18 called the rarsient siate
Tha thme taken fior the circult 1o change from one sheady Fiate to another deady Hats &
called the transiant Bme. The spplization of KVL snd KCL 46 droults sontsining snengy
storage demants resuts in differantial, rather than aipebraic eguations. when we consiisr @
ciruit contalning storsge slemants which are Independant of the sources, the respanse
depends upon the neture of the droul 5ad = caled netursl resporss. Morsge eemants
deliver thelr energy 1o the reslstances. Hence. The responss changes gets maturated after
£omie trne, ind 1 referred B0 e the trandent response. Whan we toniidsr § S5uFEs sclirg
on 3 drzult, the response depands on the neture of the source of sounces This responsa is
called forced respongs. In othar words, the complate response of o Circul conslsts of tag
parts; the forced responss 5nd the iransent redponde. When we consider 3 defferential
eqation, the complets solution corsists of two parte: the complementary furction and the
partcular solution. The complementan funchion dies out after chort intarval, and i refiermed
1o &5 the frarsient response of source free response. The pamicular solution 15 the seady
stata rezponse, or the forced response. Tha first stap Im finding the complets solution of
eifalt 18 bo farm & diferentisl aquanon far the drodt. By ohtening e differennsl
equation, seversl mathods can be used to find out the complete solvticn,

DT RESFOMSE OF &N B-L CIRCLIT

Congider & arcult consisnng af & resmience and dLCEnce a8 shown i figure. The inducioe
i the ciroek |5 InlSlally urcharged and I o seras with the reslitor Whan the pelich 515
clesed we can find the complete soluzion for the currant anplicatien of lonchefF s veliage
Lz 1 ths cirpuit resulte in the folowing deffarential eguation

PO

-
Py
*
I *
U
r—
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Fgwre 11
».r:nral.i PR K P A W £ PP &
dt

tH_ir I|'I-_r .............................................. i3

In e abovm agquation | tha curemt | s ha seluton 1o be fourd amd V st sppiled comazart
vaitags. Tre veltags ¥ % sppfed i the simed anly wher the pwiteh § 5 ceed, The save
aguaen s a linear diMeveeial exaatien of fire coser. comparing it with & nor-homogani s
=Feerralsquston

=3

L R £ i
whoen mivtion

N i i 14

Where ¢ & 7= schitrany coostent, In a sonviar wary . wi cn weits the cormest sovation &=

- ~Ee prE
P R _f_‘_;‘: &

i=c

=L .
i'!luq,iil;l"‘!" . 15

To determies tie value of ¢ m equabon ¢, we ofe the ootial conditioes 1 the creuit thownin
Fig 1.1, the myrinch 8 15 doasd ot tellof tall- L, fusr before cioaiag the switeh ©, the pdarret in the
inductor iz zern. Since the mdnetor doss met allow sadden chanzes in rurments, 8t t=o+ past 2fter
ihe switch i dosad she carrent remains zery.

Thsxzt=0.i=0
Eubstteg the abovs condibon (n egnSon ¢, e kam

D=+ "
¥

Egbsttuting the valoe of oIn equabion ¢, me gt

" =2
i@ " W
F =

=) o1
et (1 7 prbare 47 31

=i

fu e s —¢) [rebar r-huuﬂm-:-
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D ¥ 2 3 4 8 8 TC

Figure 1.2
Euation: d cewists of tro parts, thi ady e part. Ve ® ¥/ bd the it pust © P 1

Whes swiseh 5 s closed, the response reackes @ meady sate veloe after g ums moerval a5
shown infigare L1,

Here the transition pericd is defined as tha tirme taicen Sor the curreet o reach its fal
o spediy e valne from 29 ininal vahes s the wangest part af the selution, the

guanity LR is mportantin describing the carve smce LR 15 the ome period reqaired
for the corrent to reach its mitial valus of zero to the Enal value !, <V/R The time

consani of a fomcoom . -? 15 the e at which the exponent of » 5 umity, whare &

15 the bass of the nanaral logamthees. The terma LR 15 malled the tme cons@ntand 15
demoted by T,

.
50, T= — 5
Hencs, the Tarsient partof the solatica =

¥
- af

ism REE =+ @7
Arome Time conmant, the ransient term reaches 6.8 peroest of its inidal valee,
957 <ot <2m3
Smmlary
if27)=gad =0135C
(3= Se=t 200498
i

After 5 TC the transient part reaches more than 99 peroant of it Snal ke,
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12 Agurs A ve cun find sot the voltapses 5a d pevwess §mress ebch element by eting the
eurrest Veltare sornss the resistar &

a llill-l‘.:': {1- EF]

Beaes, 1y=V[1- I=F 1

Smilarty, the volmge acress the indecance s
8ok
cal@ist s VT sy T

The respanses gre shown = Figare 12

Figure 13

Powes {mthe peismpee

Bemein V(i /11~ T int
- je
Fowerin the mdactor 5

o -mr"tF"E == F)

|
',.{Fi

Ths responses areshownia fgure 14,
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-'FF
Px
Y
1 x 3 &« FE @ TO
Fizare L4
Froblem 1.1
RS

Fipire LB

4 series B-L arouit with B= 300 aad L =13 H has a consmntvoliage V = 50 Vapplied att=0 as
shown m Fig 1.5 . determize the current i, the voltage across ressior and across mducion

Eolisins :

B appiying Kirchoff s volmge Law. we ger
157 « 305260

= o 4limd

The sererl solutor fr 2 Ensar differessisl squation i
o e T 2Ll

whese FelEez

pumegthe valees

T e &t

= pi4d
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Artw(, the mitch 5 i3 closad.

Since the indoster never aiews sadden charge in carreste Aft=(,- the current in the dront
15 zwrn. Therefors 2t te [, inl)

= -+l

LEmed

Sabstweng the velee of ¢ m the carrent squation. we have
e 5 )k
vedage aeross mesistar | o) =iR=d1- » = )z30=80{l-r o )

okage acrost indear [ <bm =15 T Bl & - Ju 30 51 Dt S

DC RESPORSE OF AN R-C CIRCLUITT

Consider a orcult consisving of 3 resistanoe and sapachanmz 25 shown in fgure. The apecstor inthe
it i nitialy unchamged and i meeras with the merer Wihen 28 paritch § 5 dosed ati=l . we
cars Brd the compists sciutian far the current dopicrtion &f kindhofTs waltage Lo b2 tha dircut
FRsuins im e Robowi ng eolfarantlal aquanion.

Flzare 15
v-ltia-%:[_;.m___ .................................... 17

By dfferentarng I abave aaation, wa gt
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Dt ¢ o lifeer diffeaestiol eeomtins wik sy B coraamartary furciom The aertie s
sobution for this above ezuatan 5 mene. The solution for Bs typa of dferantal aquasion s

L
LT 3 R L | |

To determice the valis of ¢ o ‘ﬁ:ﬂ' we nse the britial enedirine Ja the crsie shows (s
the stk £ = esed an t=0, the capaime does mon allew sudden chanses = valnege
acas @ short dreaitar t=o+ pastafier the swich s desed.

Sotbecurmatimthe creuitatta e is

Thus #t =0, the arrenti= |
Subsomznethe shove condrocn in equaton ¢, we bave
L e
Sabsomcngthe valos of oIk eguaton ¢, we gt

i
i= ;e'.'fé* " 111

X
R

1 2 37T 5% 7¢
Figure 1.7

VWhem switch £ is doand, the responss deceys as shown i= fgurm
The term BL |3 enlled the rime comstant 308 1= denpted byt
Sa, 1= RE see
After 5 TC the curve reaches 99 percent of its fzal vakue
Ia figure Aws cam find oot the voltage scross sach slement by using the carrem sgaation.

Voltage acrons the ressterix
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=Ri=R -‘_!‘ﬁ

Eszcm, .=V lﬂ'
Simmilardy, rolinee acmeas the capaciter s
irar

o w EF

LA
ke ar
=-%?H#J1:

=V o
Avt=lolEes aoross capadiior 5 2870
Sac=V
sind

. _yli= oih

Tha respanses am shown = Figurel B

Figure 1.8
Fower in the resiswris
Baa s |a ¥ ot it
i
Fower in the capaciaris
':.-TF[:I.-'E'L"': &
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= (oW
The respepse are shiwn = fiegre 15,

¥

a 1

il-!si

Figure 19
Froblem : LI

Aseris B cirouit wh B o= 100 a2d € =01 F bas @ comvant volage V= 20 V applisd att=0 a5
shown = Fig, deterr=ing the currest & the voltage across resEtor and scress capacisorn,

Hog = ‘E_ﬂﬁ .\:

,__,q.rh e

By applyine Hirehofl's valmpe L, we ger
10ie - f14ta

Differentating wrt, twemn
0+ =0

IL'+|=':|

The solanen for shove eqration s
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18L,
Art={, the swvoch £ is closed.

Sincw the capaciter sever allows tudden change in volees, Atts . the carrentin the sredt
ini=VA=20/10=24

<Thareforeatt= 0=l A

= -, the sorrent aquating 18 =1 |

Wﬂ;lpmmirtu'[.l':l]lmlﬂ it tEIDaI0 s v

veage aevoss espucitoe (11 )= ¥ 0= o®a20p. . - v

D RESPOSTSE OF AN B-L-L CROUIT

Coagder a cireuit tonaisting of & rmhtssol, dotiance nd clpeciianok & Phows in figurs. The
tagecterand nductor in the drous 5 eitally urchaged and ans n seras whh the resEso Whan
the pwitch § i clossd a2 o), we can find the corglets paltion e the curert Application of
ot s woltage faw 0 the crow rasuis i the following offerartial aguatan.

Fagmme £11

'|.I=H|+L%+I‘|t¢l 112

By SfferantSting e anava & oiEa, il BEt

= ot & Si= 113
H.nr" l,."-a.l_n i

gr

@iy L2 P, S St i 134
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The sbove esustian £ 4 s seemad ooder lmaar S Feetial eguation wits anly tha camplemertary
funcien. The particular soiution for the abova eguation 5 rero. The Seraciaristo eguation for this
vee of dffarsntal eguation &

L T N 1. -

The rocts of eguation LIS as
—_

o L EY-_ B
Koo 5 %

- = 1
By asvmming ¥ mey.and Fion 1.'{;|.= VT
A T T o
b . - soy be posithe neatve or I8
JELs
Casel: WataPoatiiow 'J] ¥ =
M-FﬂmmMMHwﬂumumﬂmﬂWEMm

The solation for the above equation is 1= [ ., M, o glk-ich

Figure 112
Casell - Ky iy Nagosire Li‘_lll g -;:,

Than . the roocs &e Lomplex Conagate and pve as under-damped Resporss a5 shows in
figurs L.13.
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Figere 111
The solution for the above equation fs 1= © - e seek 1 + & g Kyt)
Cosn i, 1y 2ore (R)° - 1
Then , the roms e Equsl sed mve am Criviestly-damped Besponse s dhenes |s Bpure 114,

ik

B
-
£

1]
Figure L14
The solatien for the above equation s 1= * > 0L # 5%
Proklam - .3

Aserizs B-L-C grenir wirh B = 200, L=0051H and €= 20 uf bas a consmar volmee V= 100
apphed 3t il & skows 2 Fig determsme the (TR cammeet i,

Schxina -

By applying orchofl's voltage Lanw, we et

100=301 0052 5 2 _ [ian
T

Differsntacing wrr Twegst

[ -} 1
assade et o B D=0
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- o I e -y 1R

o> (F®, s000 4+ 10% =0

i FEE ool r e Gyomeblar]
o ® R0, conBTSEE + Conin §758¢]

Akl the mich 5 15 closed.

Since the inducter never afows sadden chanse in parrents. Art=11  the ourrens in the pront
iszere. Themefore aits Do ial)

= - i=l={1) ¥ ves 3G sl
=3 G pandie ¥ (T muBiGE] 4

Differsmtatinawat twepgs

o S B p TR £ e 0™ = 20 $T |
Axe=0, the valage acrss the mdartar s 100 ¥

=i 100or 5= 2000

o, 5= 2000- 9788 cosd

o]
=2, = PEA=l4

Tha current eqeatisnis
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4o O (el 7T B) A

ANALY3IS OF CIRCUITS USING LAPLACE

TRANSFORM TECHNIQUE

The Laplace tansform & & powerfal Anafydesl Technigue that is widely used o stody e
bakavior of LinsarLemped sresies. Laplace Trass$ . i e
funerize (Y] w8 fequerey domets firesiem Fis} and slon [ererse Laplace mranfoemsarion
comverts the (requescy domrain fancion F{5) badk toa tme domain function it

qm:ﬂg};j_-.t" L] LT4

E— L] =t

DC RESPOITSE OF AN B-L CIRCLNT (LT Metted]

Let us determming the polotion § of the Oret order differential sguation grez by eguatom A
wiich i for the DL respomie of B B-L Ciretils pnder the: rere initial eoadition Le, curment (v e,
i=0 & =0 and kence i=0 & t= ¥z the dran in figure A by the property of Indacaace no
allyyrizg the OrTest o change i fwitch i3 dosed at tell,

"
ﬂ' A

g _D al.

Fgure LT 11

2
Vi RisL 2 ~AT1L

Takina the Laplate Trazelorm ol bothe sides we see,

» =RI)+L[s1z)-10)) (T2
=22 R + L[15)) (120 =0 - 2o initial oarrent )
=5 sIgReLe
=l5)= ITi3

]
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Taking the Laglace lxverse Transform of besh sides we ot
= E gy = o) m Vi)
G
e & Vendl | Dividing tha siermerator snd Axnomisarer by L]
puttizg = = &% wa gt

T TR [ N
M=k 'E,Tq“ S "[ﬁ_r ;_1,3';}

¥ i i
if)= L“[;[i'm‘;i{mmmumd ")

e f el e ) e L

g=p, (1-,5) (wheme fiﬂﬂim-: )- - -LTL4

1z ean be pbseeved thar valution for 11] 24 sbeasned by Lasisee Tranobarm techrigue s same &
that pheamed by sEadand differesnial methid

B RESHOSEE O AN R-C ORLUITILT Method)

Simmilariy,

Le# s determing the schutoon i of the Ers® crdir diffesecsial squation piven by squation 4 whidh s
Fuir the D resporde of & F-L Circait andes the fern eigal condition Le. voliese Boross capacitnr i
pespy i fane=ly gewiheses |f =Dart= [ inthe mewr s Bmee 4 by the peapery

of capaoEnoe notaloviag the vokmps 20ros it to charge a5 pwitch & closed s tell

SReE

Fgra lTL13
'|.I=H|+?|'J".f|:l _— LLT1E

c

Takinz che Laplace Trazsform of both sides we 2et.
z =RI+:] & am] LT16

=23 R+ ][I0 =D vero i charge
=vs =lffRe— |=IEE=

p1e]
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e s _ W
= s s [T w DD e LTLT

Taking the Lanlace |sverse Trusshors of both sdes we
e = iy, B ORI

e '-'*t_»;%-l ( Déviding the surserator and decerinator by R
PUINg (& = WEER

i[ﬂ-aﬂ[&_lt_r —

ift) =, 45 pusting back tha valze of *

5] =iy 7 [whary A TR
et 7] (where ¢ Fime oristerst = BC)

Tican be sbserved chal selaton for 1) a5 chtamed by Laphace Transiorm wchnigue mg s
Fame 25 that obeaned by sandard i3l methed ind

RESPOMNSE OF AN R:-L-L CI IMELT.
Y x

- j L
; e

Fgure LT 1.3

JE

Dimilehy

L=t 1z dmtermine the solotion |af the frm crder differenfal squasion sven by squaten & whith s
foriize DC response of 3 B-L-C Circais under the 2ere mecal condinen e the pnisch 55 dosed &
tllat tell La st baforn closng the Poyich 5. the crent 1o the mdocor & zern. Smce the mdacier
ﬁumlhnﬂn.ﬂm’inm:mmﬁlhnﬁummm
2 alsn the voitape acvods Gpectoris sen e O =l mt= [ andbence 7 2l

at t= £ iz the cireis = figum by the propery’ of mpaciznes not allmring the whuurm:t
[ mmmumum:m

fﬂ

'|.I'=H:I+!L -1r ———— b s F..

Taking the Laplace Trazsform of both sides we get

il
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L =RED) +» L {2l 1[0 J+ 4 ﬁhi[ﬂ]]_ ........... —_.LTi10

a2 2 Rl + Lint) ok 8 ] 000 @ Oueorw latal cusrwt & 1(0) o0 2000 it
charge ]
=21 =R+ 1] = I SRR

E

=+ s =-1-yemeierrm) e L

Taking che Laplace lsverse Tranaform of both sides we get

o EAIE] = ) L e =l

==L ‘iphl [ Dividize the numerater and denominater brlL )

1[!]=L_I i 1
m.al ”hIE

Sl e

idd
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| . Ao

— - - e —

T o e W e o g

CASED: Wien the roors are Real and Unequal, (2pives an over-damped respense,

- - e

=y e gy LTigd
or ) w o WA
CASEH - When the roots are flzal and Equal. ivgives an Crineally-damped resposse,

— —  iimdhic e e sslosas o giecs by

=== _ Al ) e b 5.5 B S
CAST I Wher the roms ae Complex Conugais. & pres am usser-damped responss
L -

E ar = . ;bnchis se, the solution is given by

=4 o A Rrtc D
where, 3, .5y -ﬂl':-'—"'" =i At

Lot A =of =y=lyer =8¢ =| @y whee =] and ey WE =2

Keare, i) ma™ B, g g =Rl

T R R =
) me™ T [+ Agdiamugt =] Uy = Ag)sn et ]
i) =r~¥D, cosmyt =D M3 gt IT 114

idd



CNT, Semextar 3™ Diploma Engineering [Esoricsl & Beoranic)

TWO PORT NETWORKS

Genaraly, amy nebwack may be rapreseied shtematia®y by 3 reckargular box. & netwark may be
unstd for rmarEienting either Souree o Load | erfer s variaty of purpese. & pair of termiral st
herh @ Sigal Ty ANGET o iV & ReTwers S ralied @ o, A pevt is sefnen a5 any par of wmemina
It which snemgy is withdrawn ,orwherg the network varizbles may be measumed . Org such
mefwerk hpving sl ane g of femrinale {11 T shewn fgere 11

PR Folt= §»

- !,'7—-#’ L —

Fgewm il

& two-port retwork it imphy 3 netwerk 2 retwert mida 2 biack bow, 2081 e netwerk har anly feo
peira of ascessble terringly; uiua by ool one pairs meprean e the irput and the cther represents e
Bt Seri @ buildieg: bisck 5 vary COMMAan i EECresic SYThiTd, COMMurication 1atam,
transmisson and distibeton systae. fig 1.1 shows 2 two-por retwor,or o Trmrina! pair
gk, in which the faer tmrmirglis have bewn pained e porix §-1" aod 3-T" Thm momirgle 157
tagenher corstitate & pare. Semilarly, ta leneinaly 2-27 conmitote anster sert. Twa ports
contaming m souncas 0 thair branches ang caiod passve ports | among them ong power
Srarsmissson lines o transfores. Twe ports containing mowrm in i oot oo oiled active
porti. & voRage a0t cursest el grad 1o eaeh oF 5 Bt porth. Thi voltage and cofrart 82 tha input
wrrinaisane Niand L wherea oaer oo emening nns the netwaicang b, 1and L, £
Two of thame s depandert wriakls, the cther twao s indepent verizble. The number af possida
cambratons geneabed by Four varabls, ' ke two ot Bee, 368 Thea, Share sne sin posdible seta oF
S2USTeNS derrineng 3 TWO-DAT RTHEN

DPEN CIRCUIT IMPEDANCE (7] PARAMETERS

B gannsa] lnkar Ses-aor satwar 5 showe belew in Bguns 13,

Tha r paramanars of 3 nwoepom Pensoric o tha pasitive drecron of vofapes aaC curents may b
wiefired by svpreming the port voioge U and Ts in eresof the comermiz | o[ - Harg, |5 aed
17 s twg dapande varablaa wsd (o and [ ane bes indeperdent vaclabie

L)
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*'I—ﬂL-'H‘ bl—Lg
= 7 by S
! -i-‘_-—-ld" L — 1
Eqrs il

Tre veltage at part 117 inthe respems procussc by the twe perments raed 4 -
bLIE ]

¥y wengsh TN 11

WmEnhelph e 12

Zudin 1y and funhmt#um and are aier impatance’ ) paramataTs, sl
a5 oefined by eguatons 1.l and 1.3 .

Tress parameten: sac ten be reprreted by Matsizeo.

'Wia sy wirbe the metrs sguessn [V = [TE0
K
whars Vi the column marx= [ V]

Iy luil

Iulmmm:[’h Tu

&

S e T W 'l i the colmn matra == | rl-]

B I Sy &
T T M e " 321[?::

Tha indiwiduai T peramanens for 2 gwen natwork @ b defined by sarting aech of te port
TR e e, suppass port I-T7 & laft open oroufed, them - =0

i
S T
whate
Iy SR ETTVIRY pOin] Pt N pen ]~ I witpert I =
= open girosied i i calledd the open chrout Inged impedarks

smiary,

%o & =t

whes
2. it trerder {smpesSnoe e posi L - Uil ped 2 -
2 g ctrendinad. I b calledd Ehe Cpan chrowi fn rwand Transder Lapedinse

iy




 CNT, Semastar 37, Diploma Enginaaring (Elxcricat & Bacmanics)

Suppase gort 101" o ek apes cireited, than § ) el

M'&Ilﬁh-ﬂ
whin

Zyy bt pansdw lmpediemtpen =2 vl et L=
1 opm cirouimed. It o (alled Thes cpes Sl pvvmn e Epeany

wmilany,
I!I-'L:%Iif'| -

whemg
Iy & thw opren clrred ddriving petaf impedanes of port 2 = 3wl gt L =
Vopw caradivd it 9 adee called U opad clroadd pulpsd lmpsdence

The eqgivafers girguit of the Swo-psrt iFbwercl govened by the squation 1.2 e=d 1.7 L& open
Rl iMBESEALE PR B 1 hEuw bEse 0T L1

. — P :_'
l 2y 2y I!;
| Zuh AT
T ' i
[ T
Pigure 13

H'ehe netvenre ieser $hety 3 recianseal e hdxiaral, thes |n aerardaeng with D rae preciy aeincple
ﬂr;zu = Eh=0

-4

J;lI lu

1 B ebsanaes Ean &l The parETET e have [ha dimersens of meadarce. Moresver, irdyviceal
PR TESTE a0 spesiied ondy whan the myment imeng of the pans §aee. This samesperss te ane
o tha e baig soes piresinbd FEd whizh 2 arlmanen 450 Sieive the Samie Bean ol
TSI PR TR

Feoblars 1.1

i
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Find bl T paramirta ey bee the eret shean in Figore 14

s

2 - sl

W
D T S
-

Ssistize Thi Shewt in the prabier B 8 T 9itware Fras E53 061 894 16.2 v have
WomBylp+Bgly and eyl +Igl
Wikn 5ot BE I 53R dreuted,

ﬁ.u':—

Whan B o=l +a)

oy midgtag
E.u:ﬂ'rl'“'
Whars Hehly alpel,
‘When pert 2-3" i open orosted, 10
Io. il =9
whg 11 = Ll Ly
sy e iZ+L
Za. Mo
whem 02 B lely gop 2w Iy

By o b pbaarvas g 500 ™ T30 g vt ks o Slunenel masan it wieh sataREs tha
principis of red ety

SHORT-CIRCUIT ADMITTANCE (Y] PARAMETERS

b+
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3 "¢
Egura 1%

& geaers| twg- port retweark which b corpidered 0 Sectiot 16 1 & ahoen in Fig JE5The Y
paramatars iof 3 mwio- port for tha positive drections of volagss and curments may ba dafinad by

Epreaing the port eorrnes 1 wed [ B eermsof the ol Toend U bare b, Do
depandan vanzties e ¥ and V4 are indopendant verEblexnt ey be corsidansd to be tha

Supirpastias sf bwe SAMpBanETH, Bl Chos By | St 18 It By
Thuz,
h=Tuh+Tu% 13

Mo, FLTo gng Vil grg tha nerwors networe furct ons and a7 @52 Sfer 18 adTimEnE
(V] pararrasire. Thiry da defines by E5 16,5 aod 164 Thicss fics e ci® 5 sepreaented by
rratrices a5 foliows
M=[¥IV]
u In

r '}
i I=[l_ “ef_u Tr_\

1amsval

Thus,

1 T T W
T Yag iy

TR Aduil ¥ ARFEMEET I § FulA Sitwirs Lan B SEfAEE By SEEUSE LEch S8R oBlfE 1S
raro. Fwelict ' = be mero by shert drcusing part 1-F thar

IL'. " ﬂ ST ]
T stha crivieg point admezance ot port 1-17, with port 3-1 shom cieouited. Io s abe cafier
ihEe short oot inpet sdmstancs.
]
g T |

Th i th transfir sSvRmance & port 117, aith pors 307 ahart drcuites i B el caled B ahort
cirotes iorsard rarafar afmirmee. Fwe ka2 ' 5 5o nana by short cirnating pars 117 than
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£
.Q:I?I-:- il

Tz s B rarsfer adeittares 3t pert -1, with part 1-1' short orosted, K i als cafiad the shart
Ertibed rwveria irde s pEe ance,

Y
T.-'J:.‘l E |

T iy o whvmst ERe ding peist sl istass @ peet 17, with e LoD iheet srscined (Y alee
cafipd the shor crruliten owtput sdmittanc. The eguivalant orouit of the netwonk govsrnad by
emeaten 138 14 & hown in Bpra 1 B

L

t
!

——
F
T

{-. n 'ﬁuﬂa{} 'i'-l"-.[

Fgrelt
M ehip Aetwa i wtder shidy @ misignocal & bilatecal. this bh atordason with e hecipracly printpie
H:&-: ' ‘l!'lll._-ﬂ

- 5

Faztg

[ i SESERES ENAE N | N EA LT B REE TRE EIMERE e of JAmankang WA B e, |Reiyitd)
SRrETEierT any specied onlywhen the voltages i one of $w paris s oo, This cormempend st ane
of thia vty b ahan cinuned frore wiich e Y eFamalans 55s dema BN Riera 5har sirsul
=tmitionog parameteTL.

Prohipe 1 1 Find tha V-parenetecs for the sitwerk shown i Fg 1.7

B Ay Ay 1 gt -
: ==}l £ "‘t
v, §zu §4ﬂ v

ﬂ'_l o EL G = v [0 i &

]
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Eghion:
'ﬁ;:ﬂ- =0

ihan b~} issmevr creuitmd, v =dane ta retwark iooes as showe in Fig. LB{)

% LTant &
s Tk pa gz s
¥y o— L 0 =0
¢! PESETEE .
Fgifis)
'-..'.lnh':"
'Iﬂil I
h-'.:h't

L

kT w‘!-;i_
I.I':ﬁ;.-:ﬂ

When b Y isshortcircuited, - & ly X = ==

ol

and Tp tﬂvgﬂhi

ey, whan 260 e @ shamtsrooted, -5 0 aRd thE rEtwar (656 BB abown s Fig. LA
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_.-r'l o I'I
R A A 1
142 30 | 1.
¥izag gz:a g-ill
& |
= a:'l'. =0

" -:'d AE

L

EFHII e
T.I.'I::_ﬂ1 =

it e 5 gharr pireuied -8 S

Trha cesorong 8qusTons 0 e of e somitence pee e

Lednaln

oweS a3

Tranzmissken [ABCD] parameters
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— by —
. r'l y‘l_
{ i 2 . T
Figure 1.9

Trarmecasion paramarars ar ABCD paramatars ar witaly caas s cransmission line thaoey and
ot rebwocis. b describing the taremission garametsrs, the ngut varables e & ot port
1-¥, isually exfiad tha sending ene re oenransesd in tmnm of B Butact varakiss © and | - pert
2T, calied, the recrivimg end. The tranemisran parsmwiens prerdy 3 dimct refstiooship betwer
i=pur and arpor Tranamimies paomeses 200 3lsa cied gasord ciFmst paameens, or caain

rearFTetes. They ame cefned by
I""I'I"ﬂ. 15
k=CV=08 Ak Far s )

Tha nogere sign b used wieh <, and nat for s poramaner 8 ana D, Socn o ot oorrames [oqne-
T eare lacted £ tha right, e with § negatiee s is squation & ied bthe coreva = pert 12

wheh lsawas the pert b savgnaied &5 poRihve The pemmetets A BC and 0w ik Terenmian
S EREEEPE. |7 TR e T, R e T S A,

tﬁ_a=“.-‘ Eh -1

A ﬁ
The masrte & s B T m bl It

For 2 given ratvwork. Thowe peraTetes oo be detmrmined as fofowe. With port 22 epen cinued
le | w0, smslying s voitage st ree oot DD caieg egu 8, we hae

Lrlilm-in: c-l_:-l:, ol

.
eoce, — =28 mp gy 0

L3
178 i caliad v mean ciredy veieage EAin 2 Srmandlan lEm paramier And "":'".." i

={iis cabd open droul raesher impadance. with port 2-7 st circuied, e, . =0, applying
woltags 7 8t port 11" Bom ege= . bwe kawe

-B:ﬁr\-_li H-ni'&: g;-ﬂ‘
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1
- 'rfE"'" ¥al '+ =0 calod short ciout trancter admittance

i

- tlr-r-ﬂ Mg e B0 i enes AR Ercll Aottt A FRaralan I PR

- |

Probiee 1.4

Frdthe frarsmession or ganeral erost gecemwies far the crieat shows in Rgd. 10

s Mg G P gl g T

At e el ST ) . s = T

Sabnian - Frem feugtiors 1 5a0d L wehas
A=,
LIV,

wiban B 5 opan crnued e | =0, we have

,,aﬁ-ﬁ

whom b-b' it short oroaited im by =l we boe

9
n-ill fml ypdpe & el

» e
e, -1 =% andsn B=
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smilary, !.'-’:.—." and - 1-_1..'.'1'

WWI}:;

Hybrid parameters

Byparid peraresters or h-parametan ind oieeys umm in Fanpiter Swurs. They are wed wuited
TS STt &1 thEkE [ITETENETT CY Bd mast camanieely masuned, Tha Fyleld marie
SRITies 3 Tem-pert nEwers, when the vehage of era per and the turment of ather pert Fe sEn

a3 tha isdEgandesy v abes. Coealder B hitwers A Pigure 1,10

1 votage & port 1-17 @00 oorramt st oot X o taken a5 capendent veratian we @0
Exprani them A e ol Loand L

LT R T O &
b=huftha¥ 18

Tha ooafficient in the sbove s amw i ybrid parsmatens.bn met e not=tian

oAy kg K
it Bt Toy

! h
-rL-—_:"'—-u ,b..J—_fz
L, F. ¥
' HE;-—-«m" L —a

Fgure 111

e mEustier B Bd 5 thE EEhidus B seramaans may S sefined by laoing 1 =0 e

wher " o= (the port 117 i shor civc fted
il.l
Than it = 0 a0 = s sirnuin input imosdance.

"l
Bo bl == st drcuit forweed cument gein

Semiiary, by HEEag s -0 ana, L =D

o
L P ={i= open droul revarsa wotEgE g T

=0
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5
&-: & #0 @ opis rtuited cuts s admRlantE

£nog h-paramates rapresem dmensoealky AN rpRtancs, AT st rmniz A vokage ga T ard &
curart gain, they sra called nvibeid parameters An egeivalend cincett of a twa-part netwerk interms

ol eynnd ParEPeanas |5 Shown el

_.-,l _‘__.]!

n:'ml [] by

b

t Y

figure 1.22

Probiersy 1.2

Fird the Fepararmaters of the netwiork showe In Fg 1.13,

D S ..:--._.“ ...-i-'!f:'l' '-'.""1." -'l"'-‘. - v all, E oy
TR

R HE T '

¥ - - o
Ei e
- E A T | -
P :
e .
' ;!

Ag.1-13
abution :
From agaaticns 1.7 and 1.E , we have
il ” i
=Il!_lT‘.-.l.|:-||l.1.1.l.l.: -l&lhlﬂ;w_"clﬁ j il

Wportb.i & ohort drouited, 7. =0 and the netwer loglks an shoem in Fg, 1.180a)
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a —"Ay fel — b
— iz
t 1 10 B
—_— < 20 .;%Ln Vyad
PR 2
& &

h.ﬂr q"i'ir-

m =0y

'I.1'7.—‘-h1

by

i thw wauiralet impesdaoce a4 viewsd from port - < i I3

Wy =8 o =whan - = ~and ang g =

Hpart e 5 . ivopen amaftes, 1, =Uandthe nevwark bl a5 shown in Rg 1.1487%] ther

I_""'“ 10

¥

'

$20

242 I,

40 L]

LEEE S

Fig 1 3400

h-'l- H:'.‘ vl N l-l.!.-l:li.
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'-H.'i'ﬂ-|.. j-ﬂhﬂ-ialﬂt-

INTER RELATIOMSHIPS OF DIFFERENT PARAMETERS
Expression of 1 parameters i terms of Y parameters and vico-versa

From aqpatons 111313 K 14 = s sawy to darke the reladon batwoen tha opan choul
impedaree myrametey e the thort situi sdmiTiseoe poramwien by TEser of Fan mas
auarions of the respectve maramaners. By sohving aouston 2 and bieer _ _and | -, wa gt

[*I.-'Li 2 ::ndt-hﬂl:“::l.

L
winTg i e deberirgrt of 1 make

oS . T
™
La
|.“' -
- 110
ag
L
o

camperrgeesgtans 19 o 1 0wt equarars 1§ s 1 Lwe kv

T
vﬂ.!lﬂul Tz &

Ebf;‘h.%

= 3 girniliar manswr, the : pararretey oy be exprereed i terms of she admittance pacareters by
salving anuations 1 3 and 14 far Tl b -

i i I
e T i T -

win & e demmirgnr o ¥ nairx

—a 11t
o by
i a - I 13
s , i

comparng eysatens 111 and L11 with equations 1.1 and 1.2 we haw
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L

h -Ig. = hlli- 1F

T TS
'E.l.:— o ;!ﬂ= &

ral 11 PErsmeters D Parame b Terms af £ AMme
and ¥ Paramaters
We lmow that
b et b : o R=RR AT
LmCV=DK ; ‘ Ly 0 ¥ap Ty Wy
hHI;-!.- &H 7 e I:':r:-ﬂ‘:ﬂ- -Hﬂ-ﬂ

Subrteatingthesosgitan el heguemiose Ll end L3 we gt

Substeting the coediian  wlin aguatiarsl d we gt

' -
a=li e =38
Substituting the condimion |- =lineoustions 1.3 we g

:'-:-‘L
ti.lr;q —

Substituting the ndition |- =0in equation 1.3 and L4 e sobving for g =y .

w
Wegm A s the deseminane of Tha 38mitEecs Mara
Mpes ==X =C
" L
Sebsciuting the ondidon Y- =0 In equations 14, we get
':ﬁ‘-l-.i =-# =B
_q:llh
SubSTEUAR th caRSSs o B0 E EuEten 1 1 g 1T e sabang ferrl  Eas !

WhErR C . bt detersieant af i empedance maire
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- =
W R e
Eubsonuting tha condition 1. - <0 ineguaton 12 wa get,
ks
:H "l-‘ =B =D
Substivuting tha condzion * L =0ineguators Liang 14
e get

ﬁ"‘"" " -'I'l: 1]

Tand v e

A, TweD-porT network with any number of elements may be convenied Inlo & Two-porT tree-
ehement rebworic Thus, & twosport network may be regresented by an sgulvalent T-
nalwork, Le. three impedances are connected together in the form of 37 a5 shown In figare
118,

— =3
W 7 7 =k
v [l «
L =
Figure 1.15

i 5 possible 1o express the elements of the T-nemaork In term of T parameters, or
ABCT parerieters 56 saplained belvw.

I parameters of the network
Tu ﬂl. e
- Hl; =0 =7
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2Ty -0 B4R,

IH-HII -0 =1,
From the shove relations, It i clasr Shat
L =8y-iy
A=y
Heigci
ASCD pararmaters of the netwark
#=2|1; =0 -!If-l:

B=ll =0
—,.-| .
Whar 2= 7' 15 ghort droufied

-fl ll-_rh&_
BelooRg3gedc

B=0(I,+L,] '-'ﬁ"

t-éﬂ!- -t -
u-%ﬂ V=g

When - 7' |2 thart Srcuited

Froklem (18
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The Z pararnaters of  Two-port netwarkarg —3s ™ 200 Iy = 1S5, Iy op
Fird the equlvaiant T natwark and ASCO Parameters,

Sodution ;

The aguialznt T retwodk i Shown In Elgure 118

where 2 = Pn - By -np

1, = & . &z w100

e ¢ =50

The ABCD paramatens of the Felworn ars
5 B
b Bralezgef e Lope & a2zn
.'._l.
C= " =002;0=1 &=1

in o gimilar way @ ted-port network miay be reprasented by an equbvalent - - network,
L. thres Enpedences or sdmittances aoe connected togather in the form of — | a5 shown

g 117
— ) e
L I,
T
. F'—|J | '
5 = ¥y b -

o [ s
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Ry 118 Rgii7

it i possible to express tha elements of the = -network In terms of ¥ parameters or
LB pargrnetens a3 axplaingd below,

Yeparameters of the netwark

‘l'jg_:'-":l'l;:ﬂ =l &
m:H;.ﬂl =
&-Hnlﬂ ¥

T:i:’ﬂ':'. ===

‘Writing ABCD serametars immrrs of ¥ paressters violds the follgwing rosuls.

[ | R
i ma= T

S e e e e o PIORGECCO0ON, . 2 1 pxcar s s s
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9.1 CLASSIFICATION OF FILTERS

d Fliwr i o reactive nebecck that Fresly peses o deaied baed of fraxg Smd whin slmait
maly supprassing il ether hands. A filker is cormirora e from puredy resotive elemsens, for
ctherwite the afterustion would neser Secorme e i 1 ihe pass Sand of the Fitar networt. Filien
differ froen simple resonant ciroutt in providing & substantislly CoRSIant ransmEsion over
the hand which they sccest: thic bend may e batween any it depending on the design.
ideally, fitters shiould produce no aTenustion in the desired bend, called the Trenamission
band or pees band, nd should provide total ar snfinte sttsnuation 52 sl other frequencies,
called stterumton band or siop band. The frequency which separates the frenemiision
Band gnd the snenuston band 15 Ssfined & the an-of freauency of the wewe fiters_ snd
i designated by fr

Fiker natwods are widely es=d in commamication petems o secersa varows volos:
chicrals 0 TaEuesey baleshana siscts Fiees alie Fad aaplaations @ FElFumESEaLan
whmataring egopmant @c whEna it is recassany 0 TENsmiT or sensatd 3 bmited renge of
Fraguensies. A flar may, i pringple, fhave sty sember of pasi bande mparated by sftenustion
ands.Howaver, Iy and cassifer imo four commee tyoes, vidlow ass, high pass, band Dass ar
band shmingtios.

Decibel and neper

Thi B LEfesties of & wivi I8¢ 260 b @usfdiiid |8 SaeibE 5° ARPe's Masdr 4 S8Fadd i the
ratural logarithen of tha rato of input volsge for corrent) to the oetput voiage o urrent),
provide that the natwer i proparly terminsted in i charactarieis impadanes T s .

I Iz
—— g
T Vi NW. £ 1
e ——

Fig 8.1 [a]

Feam Bg. 5.1 [a] the sumber of nesess, Ne log g IV Vel o loge [h Al & seper can slas ba
axprass=d in tervs of inpet power P ant the ovtput power P an M=l lag, PP, S dechaell
defred 5 b0 e the caFmos Iagarth of the rafis of thi it pownit £5 Bhis Guitiud
=1

Docioe| D=1l ogmPu Py
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T dsitel cas Se enprpaaed 0 lee=s ef e ratie of sput vatage (o eusre k] aed e sutsus
v ltEe [ currmmt)

=20 lageadviyu/Ve] =20 logasly il

* Ona dacibel sequal G VISR
Low Pass Filter

By definiton 2 iow paes [1IP) fiker 5 one which passe withowt asisnusteon Jl frequenciss up
gt cut-of¥ Prasulngy G, Gnd Eraaes &l iRar eguences Eraaer than - Thi arenuasies
characteraic of an ozl LP fitar b shown in fig 8 100).Teis trasseits ourrenes of 2l Feguarcias.
from mre up e the cot-off Frequancy. The bard it cfed pass tand or teramicsion band Thus.the
mass bang for the LF Riter is ma frecuarcy rarge o fo The freouency mmge over which
TarETIEERDT GoRE ret ke plaow i @t the Rop kend e atisnustion bend The mapbanc fora L

fimer ks e fregoanoy racge abova s

Altenuation T Atlenuation | paag
] Band B i o Band
fu - fo —=r
Low Poos Fiter High Fass Filtor
I Altenuation | pggs | Attenustion o |Pass | Attenuation | Pass
Band Band Band Band | Band Band
fy fp—= Fy f
fr

Fga.1 b
High Pass Filter

& bigh sads [HP] Fer mmacates all Breguesses baltw & Sexigeated sut-af Fosuansy f . and
passas &l fraguancias sbove £+ . Thus the gess teno of this filter 5 tha fregquenoy mngs sbove [ and
thi #top band @ the Fegaindy rangs bilow [ . The stsnuation dharactetbitc of a HP Alke o dhcws
= RS B

Band Pass Filter
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£ ard paas Fepe sudars Fesieing beve pre bz Eagastes st g pupese e
attancates af othar beguancas. Itis sbbeeviates as BF finer. A3 shown ia fip 2.1 (o], 2 8P finar nas
twa cet-off frequencios srdl will bowe the e end f = fo fi v cefied the ipwr oyt —off
fraguancy, whila % = calies the unper cut-off fremuanoy.

Band Elimination fdter

& berd glmination Srer passa il frequenoas bying outsios 3 certsin rerge, while T
attasuated o Freguen cien Betvnen the fwe dedgnated Feguescied k bake refered a1 band #op
fimpr. Tog chararmrimic of an i2eal Band alreinstan fieer S shaws in fig 9.1 (=) A5 framcansioy

Betmeen i and f will be attenusted whils Frequesies beigw [ sodd placren | will be pussedl

9.2 FILTER NETWORKS

I5aaiy & Bhar 1hould have saes EEaLEtian 0 tha saas sand . Tha candean mr oy ba
=g § s aemarts of the Sber are deeppatoniom which oot ba resliced i preciice. Aloers
S S e with &% EkoFETes UL e slimares of sha Bl & putaly reactR. Fisrs an
mada of srmmatrical T, or k saction. T = saction can be considaned a5 combination of
wrnymmettcal L sestiors s ghows in Figdd

[] e []2
gl L
[ G Qe [Jon
i) — 14k
Fig. B2

Tra ‘sdder serucring 5 one of ta commponae fones of Tar nemwesr. & ravana
cenneiien of mvaral T ars n sk iees constivins = dder netwerk. & ommen kerm of ihe adder
e W Shaw o8 R 93

Figume 8303} reprasenis a T section lsdder netwark, whensss Fig 0.3 (8] rapseemsthe
sesten lyddes saSwect. ¥ as be shaperrd bt bets metwer ks ooe deetosl ereest ot thae g1de
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&y

Y St
e B
I{]u.u lli]rr i’]r.ﬁg,é?(‘u_

9.3 EQUATIONS OF FILTER NETWORKS

Tha stusdy of itg oemavier of oy Bte regurss the cuiator of i progsgEton cometant ¥,
anEnation &, phase sei & ang o chametrtele mesdanes Iy .

T-Hatwork
Consider a symmatrical T-netwonc as showm In P 54,
: '._...f..., ,é: ,
1
3% a
¥ E -
Fig.94

Hthe imags mpetances at port 1-1 and port -2 are oousl to asch othar the image
e is then cailed the charecher it o the Bersthe rrpedance, T 5 Thus, Fehe nitwark
= Fg 8.4 s marmingear In I 5 _fox imput impecanes wil also be 1 5. Tha value of input Imeedarce
For the T-ntwatk whan & b terminsted 7 T 2 @ gvan by
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Z-—E-l...,. I:{‘E"i +t']

mlsan L =Ty

“u -i+——i—-—m I:Lr_:n‘]

2 +1X, 427,
2 | NEZ 2,0

=3 Z, % 2T, + 312,

2w U AW 4202, 1T, + ATy
¢ HE + 2y +2Ey)

e
H'%“*‘:lz:r

The charatterigtic mpedarce of 3 rmet-ical Topaction &

';-.-l.r - i Fyafy
B ]

o7 en ahs b expreveed in terms oF open Srouit irrpesiance Zoc and thort Seut impedanes
Lo alehe T=nepweek . From e 9.4, vea span o imaadaren 7 o w707+ 2 amd

Rl
Propagation Constant of T- Network

By dafinitaen tha propaginss conseian i ol 1he setwere e FES5 8 pvar by ¥ 2log - Ll
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Writing tha sk equatios fer the Ind mnh, we pet
%~ 5
‘[.._..W_._.__..n. T L e— —

i
i."'-"'-:l' £y i
1+l | } g

12~ 5|2+ 2,4 2,

e %"“‘z:"‘xu .
Iy Z3

EIL-#E_- 4 E.:, v zzl-'1r

4
z’ =I]Ir1—”" -g"

-

Tha characteristc impesanme of 2 T— netwark ic given by

zl
Zor = J-i— +ZZ,

Squzring e 93900 U4 pod putracting En 8.4 From 0.9 A, we ot

EEN
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2 r ;
Zi (e -1y +54L ~Z,Z;(e" —n—f}-—z,zz ~0

Z3(e" =1 —ZZ, (1 +&" -1 =0
Z3(e? —1)* —Z, 236" = 0
Zi(eY =1y ~Z e =0

Dividing both ioea by I, we mave

2 ™ r
oo i LRI NS

2 27,
coshvy = | il
2z,

i85

5l gracher expression may abrtained for the mple propagation ot et miwmrs of e
Prypertolic ngant rather than Ry perboiic cosine.
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sith y = yfeos A1y~ 1
] (]

oy d iz 4 BB

T
8
Divicing B2 5B by Eg 85 Wagat
=
b~ — n:zl
2y
Pt i-"t+51""‘-ln
Ain from Em 83,
Fgy = -
g e
X \r-.
Al siah ¥ — [ geoatiy— 13
e wr |y o s 08 F Bty b
= ¥ BT
= Mebwark

Lanpder arymmetnce n— section shown 0 Fig. 9.6 When tha natwork s tmomeatad m I, & port
Irll'hqutnmtpnhr

é:.-
1
L

iy
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i A B
VL Z 2y 4 LEE A FEE, A AZIE, 4 20Ty
- AT 4 AR 4 ATy
: ZE) VAR L - AR}
£ A2y = AL T
om0,
X, Ay
Rearrnnging the sbove equation lends i et
£y '1?—‘&!—"
1 Z, 1 8Z,

)

which is the characteristic impedance of a symmetrical w-network,

s
i 22+ 214

Fromiig. 84
T T
v
o B
b
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T o 20 g pwemend 4 teeren o the s Siceuit impetares T sa e ahest gy
Iripatanca F o of the m satwork shomn i Fg S5 aechave of tha ioad 22

Mﬂi-llhiﬂp.tﬂﬂdﬂﬂnmi-il-ﬁwl-l in spn in g by
g HE{EE +1-‘.-.'I}
Z, +4Z,
Sevilarty, ¥ha input impadence & pert =1 whes part I =1 B dhort cireuit i oen by

7 o 22%
T2+ 2

ez - nx

Hemoe X, =X = =
- R A T AT

Thus from Eq. 8.8
RN
13804
Propagation Constant of m— Network
The pronagaten constant of 2 Jymvratneal M- S0ion & 1ha S 38 that for 3 symmarreal T

= haxtiom

e uﬂ11=1+£l:—
9.4 CLASSIFICATION OF PASS BAND
AND STOP BAND

[z i3 possitea o werify the cramoeistcs of fiters from the prosegation mnswant of the neower. Tha
Prepagstion consant ¥, being 8 Fnction of Feguancy, the pess berd, siop bard a0d the out-gfF
[, L. ERE PRI ST SRS BT U T Banss, Fan B sesufied. R wemmenreal Tar
— satction, the aeressen for propagetion canstant ¥ in erms of tha byperbafc functiens is gven by
E=355 gad 8.7 in samion 8.3, Foom £.9.7, 5in R Y2 el 5 5.

FI gred I; are both purs imapi ey waluss, Tt mmin, and henoa Iy T L will be s meme el
Fuembar. Snce Ty sred Iy mrary B @y b5 15 rart Troem o 80 o, 25 &2 iy il v iy
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FaEl vitloe betwaes the AR Tmita . Thar 50 =02 88T 5 VT will 3lss M =Esing lFmin,
DUt may D @ T raa 0F imaginany dapending wpon whathar 21/ 477 [5 positva or nagatve

W bnoww Piat the progagation constant i o complex function W= ol . the real part afthe
=AM PrORMEATSS ERTIRIA 8, & 8 TR o B chEngE [0 magrio ol tha eatEs & altagE
= e natwork oown 35 the sfienuetion mestant . s 2 measurs of the feenm in pless
Betewen the input #od oussut curnimia or veltagin. Kndws st ghase shift-comstast ThereSors § and
B =i on dfferent walues depanding wpon the of I A%,  From Eg A7, W ha

S T R e
&
47,

M 1; amc Iz are the sema typs of reacmncas, tren (L f &5 | & real and sgual 12 sy a4

1))

Case &

Thy irragmany pars ofthe kg, §.11 must be e

ﬂﬂh%l‘lﬂgﬂﬂ

1l

lM?mng

1i13)
= and 3 rougt matiafy both the abows squations.

Ezuzron 512 man becovafion # 8 = 0or nr, wheran=0, 1,2 trancos B3 = Land snhafizx
N3,/ 82)

That x shous b Shwam posineg epliar Tt

-

TR
m >0 and o = 2sinh m

(R LH
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Soece @0 i edicaten that the SR ross e Euats
3@

Consider the cate of Z; snd I3 bairig oppasite type of reactances, [ T 47 bsegete,
makorg ¥ I; [ £l magnary and anusl sy e

*The rea’ pert of B Bg 9. 11 must b gera.

Bebd
gy

bR %)

Beeh tha aeuatians M ma saricfel Smorieaacsty by m sl B Eonien 555 oy ba
sabsied when o= 0, orwhen B = Thas conditions ore comsidered saparaiaty hereundar

[ Vehiet 29 0, e 65, .05, sink &/ slussed froen 655006 i B2 mnn o1 70 /&2 But tha
SR G v @ maorum aia of L Trengfors, the abowa soluton iswalid ony fior negedve I, [/ 415
« ahg Baving muxie vales of uiiky, Risdicaben B oo rdition of pet berrd with sera
artEnuaion and foliows the mndition a5

-
= =
= 3K, = 0

o= Tmim-" j!l
s 817

il ‘Whan = o 215 s B =0 dngFem IR Fr&fl=2 1 eash @l =x =Vl [ &5

ren rew @l ¥l s seivten i valid for nagetive I3 /AT and baving
rageSude grestes Bhaa, o egual s ety B ind cated the cord Sima afste s ke aicte 2 # 0

&£

"-3-.1 ==
o = Fowwih Y .
'J"'*"’: 318

sks bl skdarens ERAE EhEE BFE PR [t Far sk A ke i KAsaing the values of

3 and Iz, [t v powrble to determing the caee b be spplied to the fBter: 25 and 1z srw made of
difarar: rypas of FEattEenes, oF nerebinations of FEactae o, 58 That, as tha fraguansy ERangEs, &
Fisar may p=ss from one s3se to ancther, Casa & ol (1) o case B are stsenuadion bends. whanss 5
i canp B ix the bremymisdon band.

4l T
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Thw fregeensy which separste: Bw siteruation bend Fom pam Send o vios versa ia
cafied cet-off braguancy. Tha cut-off freguency o Senobed by fi- , and 5 aiso werread a3 nominal
Freguergy. Snee 5 reel ity pass berd 30d maginary i gn attenustion band. ki m the
fraguancy a1 which 25 changes from beng real = ety magnarny. Thass freguancies cezura

o
J_IT = B -0 —

ﬁ— I i 2,
= - i 1,"3]__‘]
e 21§15

Tha abeva AR ERR 24 FEATIENTSE EABR AT, B 0 FE5.T.

oM

= e = -
Fig. 9.7

9.5 CHARACTERISTIC IMPEDANCE IN
THE PASS AND STOP BANDS

Retprring o the sharscteristic imoudance of 3 syreemaericil T-netweek, fom Ex. 3.1 Wa bave

A Z
Zr =1H- +2,2, = JZIZE‘HE'I

B Ty s Ty are mucily raastive, e 2y @ s e Iy @ fup | thas
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X
Zor = |=%%; | 14—
4.-1'2

(LR

& pase e e wen T 3w 3w oF oppaEtE reEnEnoE e

X
—le—Ll <0
4x,

Subsireting thasa romsitions im Bn. 513, wa find thae I is positve aned real. Now consdar
in o band, & o band ensts when oy and Az ave of tha sems typw of reactances; ther oyfles 5
0 Scbasiniting thase conditions in By 819, wa find that Tpy b puriey imaginary s tvs aoenuation
ragen. Angther Bog tend @esE whEn 1y 307 1 . 8 o 116 sems bype oF reactaroes, Dot with wy fde,
« + L Tiar from E5-5015, Ty is giis purty imapieary b e arm nuarias regise.

Thus, in 2905 band if 5 eetwork 5 termiressd in s pere ressames Rollor = Agl, the put
Erpedance it B and the neftwisk tranewiss the power recsived fram the souice 85 the A
withaut any attenuataon. in 3 siop Dand 2o+ & reactva. Tharafors, i tha neowark & termineead in
& pise redctanca | Lo v purs feactancel, e inpet impedancl it mactvi, and ot feceive or

T power. Bowever, tha nemaerk bransmis voftapa and curem with Hl*phmn'ﬂ:m
e with atteruation, & bax abready been tSewn et the charscieristios meedarce of a2 mreest
il - seeren us e aveeEmed o b o T, Thus, Bam B399 7, = 2370 T -

S Iy and Iz v punaly mactva, Do s e, # Lor s raal andl In 5 magrany #lor
& imaginery. Thoa the canditions developed for T=aaction arsvald fer 5 = pections,

9.6 CONSTANT -K LOW PASS FILTER

& samwerk, mittar Tor x, o said 1 be ol v coawam =k typa 32, and I ol tha satwad sataly e
swlatign

=i
LR
‘Whare I and Iy ara mpadances in the T and m sectiens aa shoem inFig 5.8 Eocation 230 manes
shat I, el Iy ars ivvese F the'r produst is 3 censtart. indepsnoent sf fraguensy Kz ammsl

EOFSTERY TRAE I8 T PELEREE . b S I TR e S (TR B & A A e e ol
constanm k- fikar.
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Thg ssaxtast b T ar mbpse Pl @ alas kbemws a2 the soefetiee bessuse st er Tere e TS E
retwork can be dervad from it A prosctypa T and = —section: ara show in

Z Z
» L1 BT il o 11 wt
™ wEEE .
L2 L2 .‘- A
Iy ra 27, T e af2 225
(@) )

1
P28 (2} and (k) where Iy = e and I3 = 1/ Juc . Herce 22z = L A0 =k which

i ndependent of fraquency.
L L
2Z. =k =2 =
142 e or & Ve
[4- %]

Sinee the profiont 7, and T, iz comptant, the Bker e ciesters = k type. From Fg 818 [a] the
cut-off regmndes are I3 f425 =10,

1 &
i, —in” L
'—-‘ a [}
ie Lol and oo 1
a4z,
2
L —
or S =

L
2T

T pass band can ba camerminad grackizaly. The reactareas of ) and AT will vary wits
Freguency ax orawn in Fig 39 The cut-off fregeency =t the intesedbion of e cores I, o -3 &
iedicamad a8 fr . D tha X = w38 Ia = 877 a1 cut-olf Fregoaney, Tha pass band G batveen tha
freguerci stwhich =l and I;=- 43 .
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[ -

&l g fragueroas abowa i e n @ stop o aTerustion band | tius, tha matwork salled 3
fiowe- pass Aiter . We aizo have Fom Ea 7 that

b w’LC _ Jell€
Fiasn B 2

1=
gt

\

fFram En 8 33

-H-T--"""E-.r—

5
w...mwu.t-*hp-ﬁm
.
l{“Jt:ﬂ'
—lc_ﬂr’r{cﬂ
¥
—i = == i
- I.r.r]"':
o
and ﬂ—:l:ll.l IL]n-ﬂ
T Ehe @ieamastiom B,
:'L-c m.,-.-f <1

R P [_-_I :ﬁ L) o=

Tha gt & 5 a2 | far pam end 5309 Bands are stonwn In Fig@ 20
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Theis, frem Fg- 5,00, e, el unh-lﬂ_.-];}h-rftjg
S TR T T W S

Fig .8.10

Tha charanenstos moesania can b taicuiame &5 folows

Hiy = Jﬁul.[I + i%;!

S H g !‘,'..“""I
W X e o
S

)

From Eg 8.33_ Feris raal whan fo fe, Leinthapass band @t f=fo. Zomamd for f2 e, Lorls
imagreny mihe et wetion fend | rEng te infinits manmnee at infiris fequenoy . The veriatan

ol Ly ‘it frammeaney i shewm in Fg 811

it ]
.I |
Fin | L
H I - -
. Tavy [—— | i
I' 'I Fas i ..r"
Frasmiean | s Adimen s
T
6 1 Wiy —=
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Fga.11
Emigry, tre charactarsics imgagencs of o = — nemwerk i gvam by

LT PO
e

Thw varigtion of Loe with frequercy s shown n Fg 211 For fof  Ton mrsal s & o I
LeFring, §nd Bar F3 B Top i PRAEARR) Ao Eass s £5e B Saignas Tarm g saasheatinn
ol oM reguenoy amef ead FESSLaCR.

.18

&t cut-ofF Freguency, fy v+ i3z
A
Y P
WALC - |

Also we konow that & < JL/C s called the design supodance or the koo resistasce

et

c
e = |

Ce= -!h piven the vabue of the sl capsroiiamos

wd L= ke - éh gives the value of the series mductmee.

Example 8.1

Dasipnz low nass fiker |boch m ard T— secvons | having & cue-off Freguenoy of 3 krr
10 apersta with d senvenated load reratascs of 50010 -

solkation. it s given thar & =L =200 0, are fo= 2000 He
welmowthar  L=k'nf = B00E 34 x 2000 = 75 6 mi
T ik 15314 2000 500 = 0310 F
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Tha Ta=d r= pmtinns oF b fler 5o s i g 512 (8] and (5] repastvaly,

Fig8.13

Agais, uoas be shasrved that the pragost of T; s Ty b indasandant of Feaguansy, wd
the Hner devign obisined will be of the constant k type Thus, 2,1, ans given by

N = l-'
C
Tha sut-off frogeensios ars given By Iy = land I = -4

fy=imceams jful =0, oru o

LEZ = 280 vk L2 = 3,0 e L= TRA i
AR 1 il l T e J s
C = 0.5108 4 E - E
| [ & [ &
{ml [{5}]
Fig8.12
9.7 CONSTANT K - HIGH PASS FILTER
Constasth = Rigs sass Fiter cas e abtaioed Sy Soanpeg the sottineg of 1esis ard gt arsa of
tha retwares shown i Bg S 8. Tha protanype tign pass Hs are shewe (0 Fp 8 1 whers I, = -
cand Tywjul .
2C G (
—il —s ¥
Z 4 4
2 L 222y ¢ glg 27 z_f_gzl‘a
(a) (b)
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Famm Iy o 25
Aotz
'I-l!l-l:l‘.ll"

|

—

o L=h\&—f

(£ B

Tha neaczanees of £; and X are demrear as funciaes of freguancy 25 shoem in Fg 814

&z szan from Fig 814 tng flser vtz 2l freouarnces setwesn f= frand fzo Trepaen
Hrewm e Eom s B O aian e e Tym o ATy

FomEnd,

S5y e el
-3 12, Va'LC

From Eq. §.25,
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vy
i
JiC =

x lﬁ.I- M- ..'Ef.
2 Wy

I Bw pam bard, <l Il < 0, a=0orthe rmgian inwhich & ffe l sapmmband = 1 @n dl'Ili;.l'
fl

b=tz astaruation bams Tllae -1 3 fef Fol

mel o /4T
=lom i /f)iB=-n
L]
o
Lirl i
! #
!
|
mfl— = = = o = -
Fz&15

Tra plot of g @0 | far pam o wop bends af = high pass fiar nevwark ars shawn in Fig 2.45

& high pasy Blae may be dasigned somiar ga she low pass fiker by cheasing & maisowa icad
w2 the meramnt kb such thar Az e=UE
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L=—*-—-md£'-¢

o, dwf b

The characteratc impriancs cin b criclrted ssing the resion

Zar = (2214 2] = JE[- ]

Simiarty, the chaacrraic impatanca of 3 M — REwosk i gvan By

i
S =
) k
7
0 h =7 ¥
9.8
Fiss.8
b it TemrEaEs wn mEpaT by fenuaney sihown - Fpd 18
xample 8.2
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Dhesigs a high pasd Fhme Aremg & subeff FBeguesey ol 1 bz wekh 5 oad snntsace
of S0

Solition. B ghven thatll | = o000 angd §= o000 He
L=E Al = 600 2 e 1000 = £7.74 ml
£ = Jinkfe= Lilnw GO0 3000 = 0,133 oF

Tha T aeei m— sovtions of tha fiker are shown n g 8.17.

PO = 000 W 20 = Q0 e C=01¥uF
ik b 1k =
i = 4T Fd mH 2L ; FN Bl A amelirh
| — e — - - -
=} imy
Figa.17

9.8 m - DERIVED T - SECTION FILTER

& & cleer from g 8.10 and B, 15 that the stiessatian &t sharp in the Bap band Bar khes
fizen Tha charsmerstic mpatdaree, 1 5 2 funchon of frecuanoy and varkos widely in tha
trarsmizsion band. Mtynuation o be ircosasad in the stap bend! by ysing ladder section, e by
£OARETNNG twen o2 masd IDeNtE senons. s areer to g tha TR secians, it wadd be nEsESIERy
shat thair characterstic mpedercms e squal 1o saxh gther at 38 Fregessncias. F their charackerisic
imsasan mates 5 | Freguensin, ey wood Bas S el L 2881 BEed | Rawiv
ascading ls not 3 gropar solution from a3 practical point of viae

Thi iy betaem sracticy! slemeis haw 8 cortain resisteror, which pnss riae i
amnuation in the sass tand also. Tharators, any amamen W ACRase wtanuation in Siop Sard by
sxrading Jv tapliis v an ineraeee oF T the pem band W the comitat & section is egarded 2
tha seatseyeg, = b passivig e Sevies o fimer to heee reoie attanuanian (e tha o haod |, and e
= cheraciarats impedants ot the prekotype 2t o Beguences . Such 2 Fker it cafed m - derend
[Flmir SUpSASE 3 PRDLSTYEE T — MACRE N IASAR I8 FIED. 1302 hat ™ senas arm madifios a8 shoews in
Fg Bl b), whers & 2 commiat . Equating the chersosrmic mpadanos of the nemweris in
FE5.18, wa have
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% {%___. miyE mZ2

2 L

- - & &

Fip.9.18
el
‘Wherz Loy is e charameristic impsdanoa of e modfied {m —dervad) T—renearie.

J-—L‘.’Jpg; J-—""‘"*--E‘z:

2 2
Lsnz, =" w2,
mZZ) = %!L[l-m"]-h ZZ

Z £
T e 3D o §
z il n‘j+m

AT

I apoaars that e shensarm £ I, oS of paen imoedanee i sanes as shown in Rp 8.8

e F 2 FIrEE 2
s o IR
vy

g SETY

Z L1 —rry®}

Fgs.18
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mhu?.i-m'ﬁhm#upmummmwz',m.
gl | Thus m—derwad secion 30 e ablaines from tha prototype by madifying &s sonias
a~d ghumt grme The same techique 0 B0 spplied to nseston metwere. Jupaose 8 pretotEe T =
mezeerk shown in Ag. 320 (a) has the shunt arm medifies 2 shows in Fig. 8300,

¥

IH=IIF

m:}.uhmmwdunﬁum-m;u-m

et o il gy
5z, _ z'n

iHr‘—E'- 14 B

*E; -Ilnﬂ'ln'ﬂ




_ NT. Semester 3™, Diploma Engineering [Elscricsl & Beoranics)

Squaring ire sramt muttiaking the shove EquEtian rent as cndar

(A2, 2, + mEE ) = fﬁﬁfﬂﬂ

& | AZ

I.—":+~-"J -z,]-u,z,

ar B ety
4 2] 'zl "..‘?I

' -
dim  m 4

4

e e — e

L T
ot o B

A’ 2. Am

s tizaty "t
i’ D
o e e

{oam)

#-“II]"I that the semes. o of e m = dervad & esten o 3 peralle! combeaon of mdy acd
A - Thl S = seeron is shimn s Fgd 71

m — Deawed Low Pass Filfar

1= Fig 921 Bk o= didhd low pai T 65d A D EY SSas G5 i85, Fad 58 T =5SHer ihawn
im Fig 2 3302}, the shunt arm |5 o be chossn so 1hat it 5 ressrant ot soma freguenoy fe above cut-

ofF Freearcy f

I Shent aem S sarkes resorane s i mpadanocd will ba menimere o taro Tharelore , tha
izt T an will aremeersl te ks attewation & this particular fregusrey, Thes, 3t fs

Afmeadl= 1—rl'.|'-ln1.|.-!.,m iy i thit rEseeant Presuarcy
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mZy
e 7
p o =l ey
2Z5/im Am_ > 2z
T a/m
Figa2
l"*_i.r_-
.-—_."—..

JL
o

2l 1-m
8399

-
(w0}
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W s shary suteal s Seninest f, thencid By nese i f, | Fram 5.9 294 s claar teat fae thg
smalar tha vatug of m fie comas coss to fr_Equation 330 shows that f L ane fo ame soacfed . e
sy vaiue of m may then be ceicuizted. Simdariy for m — datived i eestion, the indeciance
and sasacianen in U LA A NSt tR 2 resanant semul . Ths a2 & Passeaney
comuspands o mhnis SEnstion, et
1
1 —
it
]
1 L0 =" )
P o= I
T Ll —m)
1

H"W.‘ _f:., - #JE.F.

I -
1

o, I, =
aa L°

a5}

Thux Far bath m — dervvad low pam retearis for apasivevabm af il m < 1) f 2

Enuatans 5,30 ar 5,31 con e uses b checaa tha valua of m, knewing L and . Afear the valhua of m
i3 eweluatad, tha elomants of the Tior m—natworis can be found from R 2 22 Tha waristion of

sstaniatian for 8 low sass = = darives sestion cam b6 verifies Fom 5w Tessh VI Fee o
Fo . For I3 = julk and Iy = -ifwt for the proootgpa.

Figurs 5,28 showy the varistion of g . | and Tz with saspett t= Eeguesoy for 89 e = dervd
EFE T BT
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I s — — —

Ll T A ——

Dasgn @ m—oerwad low pass #kar naving cur-off freguancy of TeHz,
degrige impedance of S0G [, gnd the resprurt Fequercy 1100 Wz

Sodution. k=400 0, f;=1000 W f =1100 42

S O T

Lzt s oeugn tha valuas of Lana € for 2 low pass , K —typa Pz [prototypa fitar.

& 400
L W= 1N
ki, o A0 = 1000

= 12732 mM

[ o

o 7D W

The dlememnef m—dirved oW BEE WU T B ee R e with e se Fg Rl

Thustha T4emes EEMET o
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mL  0416x127.32x10"
: 2

mC = 0416 % 0.795 X [0% = 033 uF

= 26,48 mH

1w ) 1=(0A16) o0 45107 = 63,27 mi
e 3.0410

The w-section alements ane

W
!_15 _m:ﬁun.:nhlu O 1ASRE

(s 1 (0A16)° b 0,395
- ni - eBRis » 0,795 10 nk

ml = 0416 x 12732 x 10~} = 52965 mH

Thg mn —derived UF Bhgr sestiors ame iews in Fg il

B 508 mi
2048 miH 2648 mH e 111 e
TEEE T il 1.1 1 R T i
0,33 pF i =t
; 0.368 o 1;
a3,27 mH = I -
) i)

Fg:g.24
m— Derived High Pass Filter
In Fig.5.25 both m = derived Figh pass Tand = section are shown,

' the shurt 20m I T — sectios B sarias resonant, [T offers mirimuae of 2em
pmpedance Therafiore, the sutput 1 2éra and, thus, at resonance fraguency or the
frequency comesponds 5o InSinite stoenuation,
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{ ) |
“,;-
—
H'I_-ﬂl
20w 2CIm
L BT
_Am_ o
[ -
iy ™
Figa.2s
philay Sl 1 | —m’
S L fm .. ALC
] mt
ol —m? \‘I—-"
e =3 JIC ot 4uJLC

Erom Eg. 528, tha rue — i fraquancy - of 2 high poss proftatyss flier i gvan by
i

£ = ndic
fo=rh-m

{5as

m= -

IR TH

SEmilarlyfor tha m - R0 A ~ SESHER U ESSAERT SFEST . SSREERUEEd by e SETiE
M impudaem a0t moec e . Thus L St
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= —te
FFl
2
7 * 1 — e
h, = ik

I

I

I

|
— f- —
(m)

Fgaze

Thus the fregquendy comespanding o Infinfte astenuation | the same for both sections.
Equanon 5% may be used 1o detarming m for & ghen £ ans . Tra alemaees of tha m-
wherived high pacs Tor 1= meions @n be found frome R 3L05. Th wariation of o f andl s
st Peiemjeltrney i3 5 heown im Fig. 9.25.
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Exarngle 4.

Osigr & m-gamad high pess fiker with a cut-off Fegquency of 10sdHz: design

impedance of Flland m a4

Sodutien Forihe gromonyps mgh pass finer,

P, Dy SO0
dmf,  dsxwx 10000

= 1978 mH

L e . - !
dwkl, w500 x OO0

= 0.0139 uF

Tra @amants of m-darvad Righ pass sectons tan be sotemes with rdfaenm T
Fig 9.25 Thus, the T-asctien peTerl o

2 TwO0IF0 <10

e o — (07D i
£ 39THw10"
- .k =594 mi]
A w08
- - =D 3w 0™
1wt 1 - (0.4)F e e
The 1 -sdwrfivn elencmiy g

I 200180 iae?
pre=r=i W,
e - D = 10 ED i

¥
i | 1_‘“?,:‘!.”#:-:1& - 7577 mll
E ._“_’.-..E!‘EE,N ® - 00097 uF

T e msactions of tha m —gerved high pans fismr ams wewm in Fg BIT.

TSTTT mH
0.0798 pr 0.0788 ur il Ll
" 18
i
0045 ik ¥ 0.0007 wF '
T 00302 uF g ﬁ

i)

)
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Figs.27
9.9 BAND PASS FILTER

£s drazdy avplalred o Secvon 8.1 3 bane pass At 15 one whch atnenuetes ol Peguancas salow
& looner cuteff Freguerey i and sbove 37 upper ool frequensy i . Freguende: lying betwaen fi
and f; compnsa the pam b a0 are trensTImed winn mmre atteruana A mand pess frar may ee
e by osing 8 low pas Rhee beileed By 6 Bgh pads e in whish e 2ut-olf Beyoarey of

th P fitar 5 abowe o cot-off frequiecy of tha HF Siner | ™ overiap thus sliowing onky 2 band of
Fremuersiet 2 pam . Ths & not eseeric! i prctios; B & mems smnemice! i sambies the low
and high pass foictiens e & Sngle Fber aporan

Congidar tha orruit be Ag 2R, gach amm hat 3 remo=ant cincu® weth same resonant
Fragu iy, Li. thy fesanint Freguenty ofthe simdi & M and tha reasfant Eeguiscy of the shunt
&7 are Mada agus 10 ohtein the Dend pans charatansin

L L
ALE I Y, Byt aihy
“TrS—T— - it 1111
.= g ' LR
E’LE"’ E’ET_EH“ "*‘L:g"*
(a) i)
Fea.28

Fer this sersitios of egsal remamt Fregue o,

For this condition of equal resonant frequencies.
i"-= : fisr the series am
lrom which, w' L) =1
1534)
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and e = iy Ly, T she sbast s
s

froo which, ~ wL,C; =1

18.35)

T R Ty
£ Gy = gty
38}

The impedanos of the series mmy, & s given by
-[,...;, LI_;[& mﬂ]
The irnpedance of the shun ane, 7, is gheen by

ol I
put + ' D= iy

27, - .-'["'

-S|

J{l iz)

l~ﬂ‘1-r¢~
EromEgfiE
Ay ©y = Ly
2, - -'.él--."
=g ?" {.-l
‘Whers I s commsamt. Thus, the Bher s 2 mnsmart k—tyes Theralore, for 3 cosamt b —type Inthe:

[pas Baad.

—l-::i-v'--:{l , uiwl ot cu-ofT freguency
% L ¥4
- |

1;' = 4z, = -4t
Z, = = j2k
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ix the vrlue oF I, ot iower cutealf eguency @ et t2 the regetive af the weive of I, a2 the
uprar con-off Fequancy -

O = o Uy €y ) = fi;tuitst'- 1y
f2amn

From ig. 004 Lela w1 fuy

Hanes En 9 37 ray Ba wremn &5

(-3)-2(2 -

G, — w0 Jooy == g — )

n":"""ill "“1"‘”: e "lﬂﬂ oy

o Lty 3 ) = iy (o by )
g = ey

Jo =1

1225
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Figa.s

Thus, tha reserant fraguarcy isthe geomatnc mear of the nut-off Fogenoes.
T vifiatian of the resctance: with feepect b Fresueney b thawn in Fg 829,

H ehe fimer & armina=d in = loed resianee =, fen ot tha lowsr cur-off freguancy.

[_.i' +Juuh]n-1}k

mﬂ e e

1 - l"!.t‘rli] - lhult]

S :,-r;. - i,
I 3 - Tyt

7
'_?ﬁﬁiﬁ ~dniie A= JRR)
fi=fy = dwif £
]
i £y
£a38)

Since L, = ;'I

l
g a7
fR.Ag}
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Vi evmbuare e vahurs for the shumt s, consider thee euson
A o0
Hty=Gm s
o

-kt WA=
by = G4 And 1

Az

o

A}

Euations 3. B9 traugh § 4D ave the desgn eguations of & peototyoe bane ass e The

wartzon of o, Bwith reapact to fraguenoy s shows n Fg A 30

a A

1 i » !
. I |
I i
i = -
1 i
I i
i :
! ot = L N
h N =" L

Fig9.30
Cuampke 8.3
Dssigr £ - 5yo% 552 pems Star m@ving & cesT Tasdenme 08 500 (e
eut-gif Irpzuancies L s ared 10 e
Sohrtion .
w500 (% f & 3000 Me; f w 10000
HxFrom kg BA0
k Sl 55,58
s - - i = 1668 mH

T T T R

Fram £5.5.35,

C= h_d - 2000 o= 01 143 pF

dwhf, fy Ao e SO0 = 1000 = 10000
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i
L= (P =357 mh

S

=t =f,L = 0.0707 uF

T —————

%=%E-I.huﬂ

AC, = 2 M 0143 = 0.286 pF

Andd the shunt mrm elements of the network are jgiven by
Cy = 0.0707 uF and L, = 3,57 mH

For the constant-&, w section filier the ¢lements of the serles arm are
) = 0143 pF and £, = 16,68 mH

The elements of the shund arnms are

g%_unmr

2L, = 1 X 0L033E = 00716 H

9.10 BAND ELIMINATION FILTER

= (1035 wF

& imnd simergten fiter T one woch passes winout steruation & freguemoas less tham tha

e cut-ofl fraguinsy ) | srd graaer =ean tha vppar cue-off reouancy ) _ Frequancias iiag
Eetween fi 0vd [ o sttenceted. |t i eleo kogwn 3t bard Sop Fter. Therefor, 8 band slop fikes
= BE rEAEDS by ESSAEIERE 3 low axn FIRET 0 marlle with o high pass sErren, i weh the
cut-off freouenoyaf low gass fiter is below that of 2 high pass fiker. Tha confige=tionz of Tard
eanEET F Satd fag sbsian & ihawh i\ R 531 The BahRg alimraiss BRi & deighed 5 i
=ma mannar as s tha band pass e




L

i} sy

Figa.1

B for the band gz fier, the wsries and shunt arms s chosen to rosorats S the =me
fraguEney u y - Therefers, Bom Fig 931 (o), ke the consisen of @gual ressant Py snciss

'Elﬁ-....!._.. hﬁn-.ﬂ.nln_:-

T Dol
L,
{243
m.-.l_. — u._h.li'; foer abse wlstint arsn
]
-.g o .l'..,{-'g.
bR
i i
e i
LE, T L6
Thus L.f-'1 - qu-
{AE)

— ¥ ¥
o f=fk

14T

Bt ot P uieeraly, In 2 - STy

Multiphying bat= pews wits Iy wa gat
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22, m AT} =4
&
Zy=kyg
[ H

I e e i eerinanart e 2 lnast e lsramea, T 3k, M i cos-al By

: 3 -J{#—HHI-J‘;

I ']
-yl s s
From 09,84
hﬂ-ﬁ
t ‘%?'i""'
s &l
-—[-}: ~ kmAiCy
o 1
e Al
Kince .F-"m
e LR 'l
A 1 NS
I —
=
[E ]
Fram £ 9.04,
. 1
.
g M e o
o T P Py
Sinow Ja=JAhT5
']
gl ey

A0
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The varatien of readizmost with respect &2 Seguenoyis showen = Bg 231 Equsvorn D4
a8paugk B2 .52 6 e didgs 85 Latiars oF & sretetyee Bard goriratien Ele, Thi viraben of 2 2
with rmspact 1o frogusroy s tSown in Fg 033 .
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1 W,
' "

y

P ————

Fg.eis
Example 3.5,

Pesigr 3 bas gimington fither baving 7 design meederee of B0 0 ood sut-off fraguengian |, =
2iHr ane fy= Bk

Sobtion. |f; - %] = 4 B4

hiziong wse of the Egs 9.28 chrough 5.52 In Saction 9,10, we tave

TN

- 4111:{;, —f)  dxmx nimml o il
‘==m:;1~m=uff:nn>=”“‘”
POTNLIN P/ e WS ) (NN [ PP

Ckm| NSy | 600w | 2000 6000
Each of the two series arms of the constant &, T-section filter is given by

%—M.!-m}l

2C, = 0.066 wF
And the shunt nrm elements of the network are
Ly = 12 mH and €, = 0.176 uF
For the constant &, w-section filter the elements of the series arm are

IT>

Ly =6mi O = 03 i



