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— . Yhe mohli{»a o] deed’s in a A9 t
seveval  Hmep to  dhat @4. othey  canductors
Lo {E;. conduc Hvi {3 vuJ h?ﬂ.

—> (&enwauj in an cmdu&ol. . these ave
S ya u. pex. untk cube )

0 o 10 atoms pey  untt volome and hence

)7 23 ‘{;”“’M

these c¥e 108 10 10 Fee €prin &

C’OOJUC{'D’L fe eue\r} conductor 1s a W"y

vieh 64 free e,f .
—  dn the preence o]  extevnal dictd  didderent

dyee € cu'll  unde 30 didd-- chs[duc-to
a la"‘}l no. a’t, dree £6 ) and  heoce 'lfsez/ ;
il move it difd-- vclocH—}. But onl?, é
one  veloctky  if  dedined |, o called datft
wloc:{-(}. Jt U an av? vclocuk} a/‘, alk
the e €5 aithin o condvetor . and 15
goeo by v - pE wfp
K= mobilt O’t Jree €5 ™
jk- ~AN\IIL:7/ external t‘ielc!v—v‘;c;
—> Tht k. arsociated with each dree € L5
KE = fpmu> 3 c#«ﬂve mass
m= an x5 kg (Mmezm)
me 8 the wass o} sree & while ®E |

wn a motion.
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The {ist Haty el the Ohm's expemiment
edhen the: conductor  mot Camytng eleetrical
entvgy  E=0:-

—> whn E=0=>» V=0 = k.E.=0

te ot the dweé ave in ~the rest.

—> Since -the Cconduetor A3 opua-h'n} at 1oom
+emp. (=3¢ ot 300k) : J;H.. dree € g ealt
acquiie dedd- thermal enerilcs [ due to o
Lar;t no - 0’{' +ree e'] and hence 'H\ez will
MoVt  n J’"‘H’ dereetiong in a yandom mamey
the et 4low o", ™0 any duectton 3ev0,
e the - chcu.7¢ nodion {8 L0 and -the ¢
s RO and also 4he  corrent clenitt}[JJ
5 jero.

ie. ‘ohen E=o0, then 3=0.
Je cond 'Hal4- o"‘ ohm's experiment — when

h¢ conductor s (mr‘-"m?_ electsical emrgat

[ E+0 ] :- :
cohen ~the condvetor 18 Subject-
ed 40 an axial -electric
fietd, the  dotce il be
g exevted on evcva dree €.
we . = ®eel N
= —16xib e

Sioce ‘e’ & e Hhere existe Hhe divection
of detce is  inorposite to that o4 €.

and hence -theve exists a net € wnotion
e the charge motion in +the direction

S
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7& mgn({v& 64 Cﬁalaz ) ?veq ‘]'
=0 C , D= NO. a" free € cw:s«'n;
a vefevence s avea, a vaviable ?mn'h"i'}

dve a lazge no . 01 free €.

orposite  So +that d‘i, © l
l

-9
e =’ —1.6 xM0 € |
—> ghe Hme tate a’J, {ow o’l. electric ° .

ckavaes 1p no'Hm? Lot the electile 1 e |

i dy 4 |

dt |

Since q, is -ve, the comverrtional cwrrent |
dweetton {5 oppostte  that oa‘» “the d\arae.

motion (& & motion [ fe in the dwe.ef ¥ ] |

The comrent per unit es ara i nothing bot ‘

the custent dcn:d} pesulded  cocthin a  conducdon

e 3= .;_ A fm*

Since 'S is la JSealar, “the Ain.a‘-':f
Booin othe dive. o} ‘e i€ Linvthe divedlE.

|

Ace. 0. Obm,  theve exists a lnear
velation bl the aplied electric {ietd
and MJ‘UQ‘“'\?, Currcn‘t den:{(-n ld, Jol £

J=CE 5 iohm'se lous in the *('Q(J 'l’\ccmr

. Fovm,
L — Conducﬁv&a 01 the condueton.

_
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I-E  ebhavactenisdics - 4 j
At the odﬁin 9> €

E=0 = J=0 O.htl [

s not e,?ucxl 1o zerd o
amitation -

The oOhm's law (s valid =3
Onla cdhen pro porﬁonalivls} Comj.'..ia ip const.
the demp. s kept condition:

At ke const. E | as dempi DC¥EQpLs
Jrom voom  temp. -thee exuste an inceage
v collisions amo the Avee €s and hence
the mobll&}/ 44!1:, So -the concluc-Hw'tJ

decveases. [ng(_ the collisionsg bjw “l‘\e

it

dee &'s and +Ve tons are assomed do be
consk. , Since E s kept constant 4 i

At a const.TEMP. as 'E' jneveases dthwe
exizts an  10cvease  in  collifions bw  the
dece €5 and  the ave 100s § Largey 0 h}c]’
cabich  vesults  Hhe *?no:{ tn vy and hence
Hhe lest in kE. This losted an"?}' it
be dissipated  in e {otm e} heat, chich
results  Hhe  wvolk: duop acvoss the conductor,
[ #deve  4he collisions amovnt , Jhe Lree €5
ave  assomed 40 be const | Since the

demp. 3 kept  const .
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e

— —AC‘N&“'I 4he oprposition a‘d -the enevgy |
-ﬁ(ow (s diedvibution ve -t{woo?% 4he. conductor . |

But fvac‘h'c@fia. 4his  is  appront mated ioto |
—eassive  luvmped fop che d  locer regs
(vpto 1mHg] and  henece  n(w 'tfw.ov} velid
4& Oﬂ(i locer  Frey:s.

At l\:a&u Sreqs € can't dcrivc.
e lomped elements $6 no  lumped - electate
afed; So. N0 n(w -Huoq, e feld "!{\lOf‘},ls
applieable -

f1eld -H\tora, approach d‘_ SoLuin}, the ’

|
destributue  electaic ofw's. ave valid {otall |
I

Freq.s S{-ax-!:m} 4 som  gero ({pc].

fo  the cuments -H-wou7's all -the 3 passive
Lomped elements ilt al wagh flows Hvom
e -to —ve teaminals. ’

Leststanee K i~ |
C SSNeO bl oK

:‘lif "’—3—""() ‘

= V= -—&—):.

s
- V= KU — Ohm's
ckt -&%cor} Jorm |

lacs tn ¢kt

L

K = 3—_—5—
Limt 4 ation :
The Ohm's laew s valid whn

R & kept const & temp. 1 kept
const .

e N i
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> A ST e LT, {5 o ’%‘ = almost const.
el fo RY

—> €= Ko C1rat) o x — demp. coer in [,

which & ave _for  all -the conductors.

—> Jinte v= Rl = ic% = V4§ — 3vd dJorm
a’t» ohm's law.

& = Conductance s
t
Since L= é_l ) V= gcé_i .—;4-% GAMO‘W\S
dt dt
L A %2 I 2w = ¥/m (o1) Im
“RLEoet Le €S a-m" B
gl e e o L L-m* s
-—> fe.ﬂf'{(vl{? ¢= L A3 — =
_ dw dw 4y
—> pe Lt =V Wi ¥yt (W)
—  knevgy dwe= pdt => w= [pdt (D
)= I I:E dt = J!E 4t . v . |
V= T Chavactevistics:- .- /', :
» .J.
1 Quadrant fil Quadvant v // g
: ; N A
L .,‘M £t =4 ‘—ﬁ/" OA A i
* 9 - i SN : v
m;A -‘|.:‘"‘, - = L A ‘;‘J:‘,' :A /
o+ IN - ot \V -+ -'3

Obsevvationg «—
. Qeststor 8 a linear, passive, bi Lacteval
and -L?nt \nvaviant T 5 plane . ;
J““l"c'{:m” Lc.).‘\tﬁ a Hme varying { O ‘Fowukj
".T + g flfwov?\ the coil, a  Htne vav}m}
V v 3L magy nedtc o  eollt be .pmduczé-

= I The <otal {lut produce 4 gh= Y (eb)
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g - floe  pey dornh N- Nno. a", “torns . ‘

ahe Hoteal 4(‘&1 i fropM‘HonaL 40 ~the
-Hwouak He eotl . te (Pt |

=P W = Lt |
Yhe volt. dvop actoss dhe coll s V=-ﬁ—

B o, )
¢ = 'll.- [ vw.dt ._’:—:—HA
-od
t 4t

W= YL (3)

“f‘\: %nev'”, ctoved in the inductox
at anz insdant @il Jcpcmls on[?, on ‘the |
cunrers't 'ﬂwooz"» “the  indvetor This 13
4ot al eney gy cdoved L} induckor,  Jrom mlﬁuu&l

past (~») to present Hime E

¢ 1 chavacderistics - ¥
—  The indvetor s a linear, §
passive , bilateral, d4ime
pvaviant element. {n_'f“ T PP !
v~ 1 plane. A
/
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oy B
o= i& \,
(= X, g«
Y=V
di= Capac('{»ov pavame et

(i(_l r(l(i {O&

. J . A
e % SR (o I gt
3 =
4—-‘ >
5 dt . -
Bt L
— W= I%(I/ch‘)d-t =i ey i, @)

enevay s¢ored in Capacttor ak any

So
ntdant  depends on oo!{ay ok that insdant.
Y= ¢ havaete vistics - v

/€

The capacitor s a linear, pastive,
bi tateral, Hme invaviant

- /-V——.-o‘ -
_'/'\
n Y-V plane . / A

Celation bleo vg d§ 0 Lgct-

T 'U-*L-.J.-i- o T,
dt W, «— ¢,
= L Ji 3 ;
YV _;__'_ LB St ST
v, = K. %‘lf |
Y= L'fz(il*lx) = L’%_% +L.% -\’r&\)‘.
So  the velation bt wve g io L IS l'neav
cmcl &encc Ve L-% —> Sih 44«) o‘»m‘.flqw
t
| = --:-_- I dl(’ el G‘t"'ﬁ 44"’ 0‘\"\'5
o o0
¢ { = C"-j—:- —> W4h
t
v= L ]EJ{P — §th
C
— 4
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NOTE -
. W= Y%t and = [ adl
) W, = hcvt and e | Edl
J0 indvctor  ftores enevw :n*ﬂ\e {dm 4

in the

majnehc -‘uh‘ an d CaracifoL —>

A4 o] electric Hgetd.
(lj pes "’1 glementd i~
. Active and passive
2. Linear and wNon- lineay
3. Bilateval and untlatevel
A _Pistributed and lvnpeal |
s. fime vavient and invartant |
—>  An etement i Said to be acte i{' it

delivers a et amont "/1 energy +o -the
outside wovld . otherwipe it said 1o be

fassive -
—> AnD etement

chari | deilant Hnel

-ﬂ«ouf\ ~the ovz7zﬂ . otherage —> Non Lineay
— An element it said 4o be bt Lateval i{. w

51,4«! fame .mee dance dﬁ"" _e.d“sel. dive - ‘

1" L 4low, —> o-('f\uwft;e —> unltc\}+efal,,_ |
4n  other wovds %ov a bilateral s \ " : ;
element, il’ (T, v) i an the chav-fp ,

dhen  (~i,-¥) must also be on the

= o
(s faild 4o be lneay 14. kg
it a st lne,

char-s.
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> An etement (5 Satd <o be 4tme. inva-
vient i its chavis deep nt c’san?,c taith
+me oﬂauu\;e —s Hme vancr\f

7 5
e T“e &5‘483 C’K\V~f alfro y(rn}m i '{/“(*
-?Cl.‘s‘(ve ’ Lineav anJ be - /—/—/—_-..-1 -—-—-—-___{
lateval | /,

ND’YE"‘,"'I‘\Q YCS?I‘{OQ, .Mclvc-h)rf, Cc\‘ac’tforf aye
e

passive 1{— and on[} l{- Ryo , k»wo § C70.
O'ﬂ‘iva;}& 'f{wtz, are faid 46 be active 1€

<0, L<O ¢ cL0.

Tke v-§ chav.s 4 an element skowo'«%i%”

element —1
—> lineav, gasstve,

% / bi Lateval element
4

(W ~—> NoOn -l.muw .{?aS‘JWC unt -

latevel  element

— Non- lineay, _passive, B{~ lotefal

element
=

y —s Non- lineay, passive

V) . i .
} / unt lateval . ) -
A é N

Non lineay, active

- oni laderel - .
,"_'3:5 ; No —gassive efement will have -Ve vv*u!anui

in ang —povtion of ikts char-s. So above cha
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a3 : —
@ The vol{ajc-cwrcnf yelattone 1in a vesistoy

J

vozer  then that element 7 ‘
, Non lineay — ackive, ont- |
: 4 )
Lateval 3 S T
Vv
@ - v
—s lLinear, ackive
= 9 bi - latevel (‘l,\’) = (-3,2)
=(3, ~5) .

i Al e lincay elements avt alwar bt~

-_—

Latevel and conve vise need not e trve.

- e fdeal

SOU RC tS o / v 4 ha(*’(cci
imleccﬂdcnf N <““i‘ i
dependent st

|
5 [ [ |
VEVS VIS ecvs CLS

Tod 3 fdeal vo({aac Souvees -
h%-- : 1 ~f yom 0.17 fowee 'ﬂal CMYJ} i
d ] ety de livzra, (s dvom  dhe avt ~tevmingd,

$ Vi) -

:

Source Voltage =V
' V, e

N VeVg et all T
So in an ideal voltage ;r._o\‘z‘rc_e‘, S 1 |
dhe load volt age s indepen- |
dnt o lead §  dvaen.
NOTE :- A U {"e Jources axe in he venrt
non - Lineav in  nature, Sfince ~the WH*G%

o .
and curvent velablon i nen - dinear.
| - A
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‘[M}, ave BOJ'ECCJL-}, ac{fivc and unt Lateval

elements.
~{’\r\c'li6al voltaqe Souvte :~-
R i
Ba wml-m} kvli,
3 v
Vi’ Sha =V =D tdeal
')
¢ ETTINE % =
9 V S 1(5 S .‘.‘ 'f'.’ ‘i(fl
R \lt\l('|(.:
Jo a gracktical volt: Source o
the Lload voHaeIe 6 oa J‘«nc'&on 4
LN —sd =0
load ¢ drawn. [ '
> ahen d=0, V =VY5. % ’.) e

w hen Ahe 1 -&fwou?& any- I ' - -
fassive element s 7ero, Aen the two end

volta?cs ave a:i,u.:\!.- and  vtce versa .
Tdeal vwent  Souvee -

4, - VI T
T i=1; 4ot alt
;. : ' ———— Jn an tdeal @
) L Source , <the load
= B B s AT T ¢ 4 1 L :.
s ¢ S S L
practical cuyrent Souyte -
-2 Loy
4 “+ % ! | (fﬂ““ —I‘*'%s b
: ¥ IR T aMteal
1, (1) %Y V) -

: ' L&
& — :L.:J . | \\\"— '-‘. 7""-:”':5 Q l = J‘ ‘s
- ! N v
L \

.

So. in o W4 practical cs, +he load i (s

a  danckion 4 toad voltage. L4 .

— hen v=0 then 1= 1,}: N '}J B V=0
l.l. '8\2 covrent c\lm;& C’\OOSC} a_“., \’

min - vesistance path. .
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Dependent 0¥ controfled  Souvces:-

| . X

‘ |
(0 <T> ko <-_'> K1y <Y> Kedo | <f>k5 "
veve .

Ve LS cevs cees ! cevs

s ete .o ‘
\4————- Lincar Controlled Swrtes —"—"‘" non -~ Lineay

d fonee.
wwh  vespeet to dhe  controlled cortralied St
vdvia.‘(e , all contvolled  Souvtes art luneav,

ackive and bi- lateval  eleme ats. The presence
4 these  elements makes the nlw a
linear active and . b lateral .

The cortvoled  Souvees  ave faid 410 be active
elements e the  Sfourtes on(}, cohen ot teast one

(nd. source &5 ~present, “theny oﬁl} the contro-

Ned  var.§ ave non- F€A0.

- g i
2 o /-Sl.mp‘{')o&
1.9 KCL™= | 93 s clc{rmul at a houL'rlociﬂt:&

prnceple  0ode is a interconnection 4 ot least

3 bvanches, chereas dhe ;tmple node 15 o

1otex cooneetion o4 onlz . bvadches .

9o o lumped electvic etveuit, 4t
any of s podes and at me 4 e

alge brate Sum a’{, At the er)f") t's luw(n}
‘ W\
+he  node g gro. T

1
& 3
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""1‘(1 1";3-0’ £4+ 2.5 =0

4 i,+i2 > 13¢l4_+i_., e Sum e’t en{erm}

cuorvents§ = fum dl, Ahe (ea\,{,? covrents |
" : = d@
—> Smince t= ==
dt
=$—d-4°-'+ia_*,abs*do+*da5
s dt dt R

°

=» Gq*Q‘L = QJ*‘Q4+Q5 e Sum C”i, 't‘\l

cntcvn'n} ch\v'rs = Sum 01, ~the leauin}/ C"m?es'
B ance q,—.—.ne’

ne+Ne = NetNeE+ Nge
= 0] = N4 NN, @ Sum o} the
m{cvmg 8 it ok 4 e leav:o}, es.

~Feod uves i~

o dvErhe i ke L an«lt’ts +0 an} !umrec{ electyic
civentt otk doesrot  madter whether  ~the

civevtt  elements  are  lLineav, non- linear, active,

fassive, Hme Vavzincz . time  invavient . etc.
Zc kcl IS 1nd . a’l_ -(*ﬁc neture a‘i ﬂth;
elements  coonected 4o the node.

2. JSince these &3 N0 acevnu lation t‘{«a C'\c\v}t.

ot ong_ node., te kel

conseiva sLon G"r

expresses  the
c’mv}c ot each chever}/

node n a lmmJ ele cdvic  civevtt -

L dn a lumpd electyic ckt (c& m\j
0“ tks  loops at any 0’1, 4tme |, the al-
gedvace  Sfum 04 bvaneh vo(f‘a,}(f aroond  tHhe
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—

v—— v‘—\/‘--— \}C :o
— V= V&-\-V,\-fvC

o (N
— Jince V= —2- S
v v 'R

We Wg "‘CQL‘!'NC

ind . 0", the neatuee ‘L'Hw.

elements , —precent i a  loop.
3. kvl expvesses ~the consey vaction 4 SR

in a eveva ioof o/‘_ a lumpul electric <kt
kel + Oho's law = Nodal Analysts

S
kvl + Ohm's laww = Mesh —A—nch}ﬂS
since kel ¢ kvl ave ind. each other, the
ind. o each

nodal ¢ mes b {voceduvc; avt
odhes -

—>  Yhe above
Ahe  lumped elecaic  crveuts , [hert

ave valid'T" and " 'that 1o’ &% «
temp. [ chere e bhwls Mk iIs valid ] .

k- laws are ind. "/1' +4he natuve a’lo
:5 a 4«40({30‘!

fechniques  ave valid on(? {4
kel, kvl

constant

— The
the elements, ahere as  obhm's

4 the nature a'i— elements.

ghe obm's law 18 &4‘&4 acyoss an .'
element  -that element can ke lumped o |
distiboted J=rk , chere as the K- lawy

avet a.N.LiCauC 40 on‘t {et dhe lomped electric

ctycotks.
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Yhe ohm's law 15 not apl cable {et
actwve  elements  Lke gouvees, fince dhe v-1
velation i non-  Llineay and it 5 apli-
cable o 00(3 {c& 4the linear -passive

elements  Like B, L, 0%

NOC‘A{m. ﬁhé}t\zjis(;— stept - |
B8, I JAerrh(-} the no-a-‘_
' nodes .

' 4\

K. -Assign +the node

p voHages carth ve {egence
] 4o ground node, choge

m"\‘ s VOH@}.Q alwa};, = 0%

3. -Ba Ufm} KCL -‘(u{’g ohm's next sovide

nodal e«vuah'ons.

A Node 25 | vaTV e+ butig, =0 (By kel)
V‘_7O -V) + ‘_—-VH)
e % v, > vit) C’% + 4 [ v dt i #O
e i Ktk
X + ¥ h '3
b V, = Vg, = v(4)- Vg, =0 (‘7 e )
v, 2 .
, Vi V, - t‘L&L"’(-t)—L‘L(sgo
: : ¥, - v(4)
i : > Ko €, +€s
& e
G peetieg ¥, -V -% =0
g o B o e LR R =C“_!<.=c~£‘..3-°.
| N - e o ‘-' [ Rl ¥ | S c Jt 4t
At Node 1:- v,rvL] 7o
V%l —} :
. Yy d ‘\ ¢ \l}
__c({)*-""""(‘ﬁ'vs-)zo ¢
&\ s A{ —_— n — ¥
Me sh -AnaLJJ(S = | A l
Steps:- 3 P > Ve
< u } & & ) AL Ve -
1. 3de nﬂ‘-} +he no. '4— (-r')// // ’ ) f
+ ’
me shes . L' ol © @ 3%
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e _
2. -ASSijn mesh L's clock woipe.
Sy Bd u:'m} KL “&s{' and ohm's law oot

covike Abe  mesh . equations.
Mesh s :- (is?l;)

(-.3 7i|
AN, A

N -V - \’(‘_- V('(’)—-VKJ;-,O

...L~__j_; (i5-4,) = isR, V(&)= 1,8 =0

Cince  the voﬂajc

i +the.
an} w\lue » .ll- e no{’ fomHe '{0 wﬂ{'C
. Aov  mesh. KeLin
g v _it)+¢, =0

. : = (%)= Ty
E‘pvivﬂl(‘ nt  civeuits -

- - .Cs
— 5 wahen 2 elements avt satd 40 be inident

Oﬂ‘& the -Hm:uz’s them are Same .

—fov \Id' = vol‘:a:ci avet Same.

—— The “impedances n  Sevies and admidances

i net Ahen ewe can add . Ahem.

— A.
Jwe

Zo* kb A ; ®,=

r
!
Vo(&aae division -princt ple == |
u

1 Vv Z\ T

Vs U By, SROEE THe LA g O o 1o SUREY
: v Vi Ny |
) v‘_\/.ﬁ| .v‘v.z,, PRSI

. ‘ .zl"’z:_ : E\"’iz_

zwé Z.-r!,_

. A ——
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—
—> when Z =R

when Z=auwl

2 ethen 2 = ELJc
V- K V.l Ve
V I Vi & - - V = >
' K& Loktly v~
V,- = ki K‘- Vv = VL!— v 3 V(‘
CUERCENT Dviston :— —
e i b1, chen  daken ap Z.,V P P 8
i+ E
o = T]es q.%. 7.2 =
j| b 5 ‘(JL‘/-——
Z|+1;. Z‘*z’.
— > chen = K, c.)‘,eq Z = Jwl (..)"\N\ T = A&
3 = J- tx, 1‘3-‘ 1'-Lj_ ﬁ‘ & ‘.C‘
' R+ K, Ly +L ! CiAe,
‘|*&«. L|+L)_ i c, +C,
Y- A cJonvevsions:—
ZA z”'f Esl( " G Zc?.A 243
Z':: e ~ ...
EC + ?_{‘_.’!
2
- ZA% -+ Z‘Z( + 2( if—. -
o 1o Z o Tttt
‘ "A
i SRk
26 L
AT
Z;\ - il Eat '
Zz B
2y T It &3
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b

deams . - l : \‘\ ) o |
T N ' :
. Avea wndev  -the curve = lovx Z '] L \

- 10

. u
jovx ¥
Vawi = b = 10V
Th
=
(2, AT e ) ;
bk l'_ AVC = AUC + Aul .y
’ L 2

, B L_i = JOR /,_ +0

. T

B fast = T.

— pevioJic UnSJn. cuyve .

(3). ] )
10 [
'} | S0 Ave = (10x T ) -r(‘r,,_x -2.)
2 ' k
(4

Base = 7.

2 —>  peviodle S'.'mme-hl(.
[ l | C

T o AuC= AV +A0G -
ol 1 1 —-'»rAU(s.

= 3\‘/‘0"‘ sxY “+ 7% X

-—

10 10

SR g IR
10 0
:r:\ ]

AUC = Y w basex b("q’»

= Y x % %10
e ‘ Base = T,
(6)
1D l ! AVL = 'AU(l ) 'A“'(z_
|

. ‘ - !/zx.:_ A0 40O
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0 > s
> [ y ' - T
-2 13 Base = T.
v
® Ave = L Vm fin® - db = +2Vy
4L - \\‘ > ¥ \sﬁ“ = w Yd- ,' vaﬁ = ?.i'.,
/ W
Q. - =
v ,
2N : "
Vays = =¥
{ 3 Vavg = =
Y

/,']wijonomhi( fevies -
vit) = A, + acfinat 4 a, Sinzat 4. . + Qg Sinnawt
+b, Coswt + b, cosrwt 4 ... 4 bycoSHWE .

s Vcwl = A,,

Ext A = 54 2 §imet

‘AV‘} =S -«A-mp

R"'S alug i~
. st Avea undey «the Square  Curve
v Base
2 T
v __/,..' Ause = via T B
2

3 ALSC = '/STVL

T v
v ] - .-(’ ‘m'.':ho\r\
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—p e = LtaX e
y AUS 3‘&2.7\!0

SBasge = ¥,

V\MI = -_/j_US_C . 533V ‘
Bage :

—3AVSC = AVEC, + AUSC)

o o = Y
\ = S X : 10

fast = T.
> AUSC = ASC -+ AuSC,

TR S 2
.,Sx\D'A 1*2 S 1

Bage = T.

ASC = 1077

— AUsC = AVSC, + ~Aull,

= 101%1‘ 4+ 0

-

6(1,\8 = T .

— AUVSC = 1 VM1 S‘nLG 40
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7 ]
W ® AEC = VeI 00
I~ <ol
] e el s 4 f \
Vi
Vims = ~— v Vm Vim
vz yms = -
s L
/1'vigonomc'lric f(r'(cs ; 3
vit) = &4 + a‘ft'n wt +--+ anfinwt.n 4 L. coseat+ -

s = [ At (@Y () ()
+(E)+ Ge)a- a2y

Ex: wt)= 54+ Cosrwt,

Vems = fs‘+ Vo)t = s-esv

e

—> AUSC = AUSC| + “AUIC,

= -é—ﬁl’_}‘ -Q'AL-TE

Basc = 7
N
| il fase =« Y.
oo
./Q~ D'JL
100 -— e, 1 Sy
A
| ' +1 Iy 2
" 2 u —> AUSC = 100 % 2
' atav Dy
"I 3 Bage = 2w
2 y
\ o S Var = [NEE ey
& 2w

s Yhe ¥ms valve 01, a  vesolant cunent W
a  cotve > cohieh Canies de curent 4

10 A, and Jinu-  .Ac cuﬂm‘lf a’.‘ 20 A Zs..,
— .L
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4 1.
Cyms = \fw‘+ (5—\%) = 17432 A

»

.
- o

# —» ym$ valve 5 —

1‘/ ‘ Ans: ——"
Y45

@ 50 dl} ac VDHCL?ﬁ ¢ measoyed acth

H1 voltmetty ad a YC(‘H{&Y ac  voldmedey

connected in 1. 30 the meder veadfn?,s are
w ¢ Varrves. then e  Fom 4‘ador 0'1 Al
voltage 5 -

AW) . value
an1 = 0.-63%F Vn o Van (0-70%)
T e— = L)
Ve = O- JoF Vn Vi .0.6%%

Sthee M1 metevs  veads A4vwe vyms value.

fo  Vems = Vealibeakd
{ fecii*«'u medevs are  calibvated Ao vead

avg - value (‘l'YCC‘“T )

Vems
Vcw'}. S o,
-1 (-1

Vi
VT G e L
. Vafin
\\’b -
& - fw 0 cmvcht ave 40(#)5 ave  fhown n

+he {;(.}, OB ae passed 4o iderrtical

yestStovs c"j‘. . The vatio eL heat prode-
ced n each yesistovs in a geve e (zr
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|

corvent o #}(Db Hy3 @ 15—

.l — Y
'{('2 @1 -3 4(‘815)
dyms = (3 4 byms = {3 4
NOTE °— ' : 4 A
The eave Jﬂ"’( m  chieh s Bavm}

Bijkcst Yymi  valve  wilt  produce move  heat
fince the yms valves 01, bo-th wave 4«»5

fame |, e yatio 4 heat produvce is v

aveé
Mflﬁm?'“('(lu}; (JOUI\\GJ ¢ tveorts --
) 1,{ rgb!{tor\ t“. (l*f'ft ‘ cuw'n" (t relted indu-
cdornel »
—_— INN, e Py cm.,‘(w‘_u,\; - %3
|
Lo Ny . S .
e

Dot convension :
— T0 ondey stand

—_ TO U.\A(vokma (de* ety ‘f‘i
( metval  indvcel emt) aids e Seld induced

+he mem} dnee .
mufusd l'\Juc-l-quL.

emd &  opposes,
i Do

- LW n 0y A :

s 5 v S S remad B ""1, £ r"" .
-:l| 4 L'J..' {ﬁt; Vo v, 4% vV,

g e B =

v =k by 4G ""é'g'*” "&"0 ‘
dt dt I
Vy, =1y A“'-'—"é_ljao g V’_—Ll J!a. o+ M. Ju-
dt l
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v
At
nJax =0
- (L at at )
> v= (LrlrzH) —% 30, “teg, 7 T b 1Y
M &
) Yt oM -«:-IN} . LTI

L - L L ,_‘ .1‘ l f“ le L \u{m}
=> QT = s -3 ‘
¢ - | 3
‘ [\>)l[‘-( 1y U(" ‘ 2 c‘f LI'LI'!I"

by b
L+l
2] r\ﬁ‘ I.T\Ju(,( o

’f'} YT L‘. o'od
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—'L d‘f T Jﬂz_ 7 - -H)é—i' o J(‘l*'a-)-
vp-te b i di Jh . d,)
& S :-:.-o—a@ V- (L -H)—2 -T,@

=7 & D= 5D g ‘v@"‘v-@

case i :

mcluc-(nncc :

N|¢|= Ny
1, s

¢+ veluetance = et
He Hr A

Nz @, (Vi

[ 3
coe o’{ cou,\lfn (k)
ke P _ £2 eheve ¢ = gyt B,
& - 8 @r Po= Pt Psy
Hax. valve of &k s 1.
2. Muteal inductance -
Ny @ 2 = Ny @
N t g

and alio M= k JLilo

L;_‘

|

=

4 Inductances T fevtes :-

Levz besthy 2 ay -r—bdidu)?
o /8 %4 - —» OpMOStn
5. pavallel ctreut - pe ;

Lty ~H* —
L“V’ (=2 -—bmdgﬁ},

L+ ¥ 24 + — onofin}
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- \/ 9 ‘\C Vf‘l\’C dt’ Vo —1

N_-- 0

> i
lrormut .'U{ o Ve {
| Cs ,-‘(-»r;'rrw\())
| | 1 R 1%

Vo = —48&; Y (- 1oow5m|oovr+)—o 440
| dt
it is convineent o ugpe the veactance

- »Jo!*afjt. dvop instcad o{, ch(opin} Ji“cvm{ial
6:{» 4the  valve 0—" g, ts not 'Goum:l , ~then

4he  value 6(, Vo can't deteymine.

fvom -he § loop:
—3(wow.2). §, ~3(oonr o.%) § —of,
£yom the § loap -
| — 44, =3Cw0onxL ) g —g(onx0-4)8, =0
| The wvalve ol f, can b de-tey mine vst'n}
the abowe eq . { and can bk pvoveJ as
f,= =04 —J0O 0064
Now  ~the value a;t, Vo (§ 10 Htmes 51. i,
whith s e«buals 40 (-4 -30.064)
S0 Vo = A COSI0ON — 191,
¢ 3{. Ahe ckt 'Sl\ows' i, =4Slp2t ¢ L,=0 ,
l dhen V&Y, — 3

e Ji 1(2_
‘. A " —— V| L, _;:I, - H __* o
- . & L d
vy '“d\ b VJ—- T e 5 0 -
Uy =l P 94 .o

I - / t t
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r r
. Q . £ind 3 |
zﬂ 2N (2]
L LAD <
L~ M ~H
*“ i \ by
M TN

@ 3w eH 6H
- ] e, 4 14 p B
} [ LM L™
Yoy Y |

g e EOALC

C—

éx (-3)
qu LGl | o R - ZNH .
((:C\\\:\‘) 6-3

\‘é _ The 4otal inductance 4 +he  cwveuit  fo_
AN

e TR :
7 '\;}0 ch = Lirbatly-2n,
~

#35" * My 32y

. J,\“ J
e LY T2 = §£H
‘as R
W0

Q. a2 cols hav.mz .lm(uc{'nnc.c b=2mi, L =ismy
have effectve nductance of 40 mH  cahen comp-
cted v Sexies cuelinz . Qhat ol be QH“'HV‘-
1nductance if we connect them in. feries ,
Apposetion .

hMi+h 421 = 40 m |y
=> 104 15+ 2H = 40

=) 2H = 15 mi
L Ltk — 21 « 10415 -5 =10 mH
So “Ans: —1omy
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whn connected 1 fertes  wtth a4 corrent 0"
10 A . CJ&” -{{i -{tYm;ﬁc'\‘S f‘, oneé @L -{& (‘0(.(
LS reveYﬁd 3 Hhe corvent  dvawn s A, then
4bhe Coc . )
the o (’t' (oup(m‘}_ -

v
I WLt wl, -2t )
] [FX) +eal, v2WH ]

Lyl 420
- SO el Ly L 2L+2M
§ b+l =24 sL=-2M
L+ 10
=> B2 — R

Also He kyhly
= . KJLL = kL
» ke 2 = &

Qe indvetive cotls ky ¥l ave rﬂajne'ﬁcdll
coopled  in  fertes Orpo:?n} & in pavallel cug;,,a
Yes. vhe mutoel ;nduc%ﬂd- baw -the cotl ;s H.
The egquivalent ‘inductances  in he 4wo By

cases  wtl be —
L‘ Lz_" H

by by - z "1
Al circoets

-

A .”\.C‘t'-a‘\ rL'\C \1'.r(4'-l.-'an"( :
—> vhe covvent i) in phage cotth ool{*aa; vi¢)

| —s TYhe aetive pocer 107. , veactive power 0 Y

-
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.
—  power &5 dovble Afves, . hanrfcnb.(,}m‘(.
e} fower = 100 Hp) — power s unidivectional |

AC -N\s 007;5 puve ;rvlvc{anc( Vs

ey = b3 A (gasinet]

= fwl-wcoswt

- V- Sin (@t +490) coheve Vpe fumwl .

fndvetive  yeatdante ¥ o ol = ardl

i vol{-a_?e leads  -H, corvenct LJ-' 16 .

e >
st 47 >V : i lage v t-, 0
—, powey (5 double drey.  bansent ([« # a‘,v%
—  fowey (S btdwectonel . +e €.
—  active paey =07/ [ Thee s po ant poser
vteltged .’_(7 bot. & 5 -an:4<m4 {wm load

10 Jfowte , Sfouvce to load a(-kma-hucl.k.
| Peactive _pooty 4@ « 1067/

Ac '{';\YOU?L fore (:Lm(.({nv;_
i) = ¢. 4vi)
dt
ol vv-ﬂ-.s‘\n(wt*qo) [~ (TN NPT
xc 7’ c

1 ¢ 2nfc
L L leads v l} a8 -
v

WY

Y Yeman 3 po;nfs ave  Similay 4o  tductance.

| S S :
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A( S \. (¢S Qg L‘(". i

KL Certe CLy (U(* -

IARA AT s V= Ngt™
L CC-') /} ' GBI /3'(
\JO“""'f A'l v v "r-[tr‘\'m’.‘ A( “‘A‘ .
w—C , 9
J X .2 /," .' \/j VL‘ - )".-
6 Vi o XL .
A g6 /
VK 2 Vel » [
Var¥eHiN | - ﬁ"’ e P= acdive powcy
e
] 2 e (eet)
lvl — JV‘.J-QVL z : £ "’JKL - V‘l « VI (O © ("r
£ » avent ot True
from  pbeoty A't, S At

o ;A 4ed ~l PO Y (VA)
lex. powey S= Ft3J
44 r 4 : Ceardive foux ® L
£= VI cosC = 5Cos® e

« VIInG
0= vl G = £ fnd
cose — t£- , O an7ft bl .Yo“-l} vol+n.}c and
Jurrl? covent - ‘)
Cose = (4 = -7‘!" oo S
Gmcva\(} vot{ajc 8 Ataken as vc{cvmcc, 4

§ =11 Lﬁe # V= WILO s= v(? =vlo- 1]t

‘v nitonal
Lagpv [ Af  conne ]

KC Sevees Ciwveutd

o A
)V--
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f= vi coso
&= vi £in®
o 7*3 la”m, VAL
S (ta.elm} vAk
S=veEts
— fnductve
E S ﬂ( thive
T e fapacett
cofo = Lt
z = |2l|% 4an' (%) € = +ve , indu. vaL
Capactiive

==Ve, Capa. VAR
91" z=10[-3%0 — ge ckt
z2=12 [#2 — Kbkt
z = 10l0 — poe vesistor
Z = (010 — fort inductor
2 = b =90 — puve capacifov .

K-L-C Jevies civeutd i-

AAA e CTTT u_,,_~ .
J V= Veth Yy

v, &V ave €0 out 01, phase

e | ¥
o - f-¥e  Ee= R 43(X-Xe)
; af Re>Xe -
V=JV‘L‘*(VC$VL)L ¥e 2 = B+3( Xe=%p)

ab ek

w en &'XL g=L |
Xi<X. - Capa- ckt —, lceul-m} M-

XLeXxe. — Kesistive ckt —s unH} Y

w‘nﬁ X2 e lh(‘u ekt > '.Qﬂeug
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p oty .(athf - (050 = .5._ o K
. {ie e R+ (b)) ™
._"ny_a“{_'_ (’H(U(" =
t - - . P ]
r—'-? =31 Z‘. /‘ My = 'yz_' 5 l.z_' i,
a [ & Q) . 2
v &) %l L [%ay el 55
®y N
| wa QU o ! 2
\,l = —l— = .—‘——— = .,-———-‘Z' - J "_X'
Z\ “—Q'U*‘ K'L**l’- ‘:'2-,,.7\‘
= —36
=> Y “y l—'o Susceptance . "
: . r——9
conductance Z = R43%
= o 8 L— L
Yo = 6=90, — Ka.z 4
L ¥ = |zl |¢o
y= & 3386 tead 1}

! Yaotal = V1tV
~f OWCY %ru' " oY & ,I 2 "\ (."U ( U\(.'l

3N (" o}
e E—NN"”], vhe 4 CL the - cireut — 1
- = ¢ T

(T~ Yeotal = Y14%h = 5 G
& = T(‘lﬁ‘( _‘f_(_{ ) = 66
Vs
P§ = CO5O = cosed . = 05 ld} .

& vhe ¢4 o] the cureuck — )

-—

J ‘f ‘=Y|"’\!z.

= 14730

<A ¥ % I
% vhus p4¢ O Um(r}.
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‘(1

&

s”’SIt

A

fov this ckt iy leads 1, - 4"7(2'

s
D g e
T o Z; = 2432 -{@Uag'(%‘,)
EL(LL*SO
it »v ('(‘.\

'
fov the ckt, e vol{—acjg Vi hat a

‘)h‘a'?le 4 s TN W
A r::'.a—— Vbco Vs v, deads %
17.3% 10 10 b} 66-
— O J 4

L. In -ﬁ.c ckt  fhown -the powev consumed L},
ow. -then the pf of the ckt B

f_sa = 10¢W
@ = ¥rmS couvrent .

'!"X5 =10 = I =Vv2 A
V= socoSu{

fot = f*xi0 = 2z0W

<.

Jotal ' acttive power = = 20410 =30w
s = vi
- 7—— ¢l

COIG=-§-=@=O-G‘.41/.

= 50 V4 »

considey  the -‘olloaxb}, ckt, i the power con-

sumed &7 sw =pw thn Il =7 ¢ cosf=1

! l

rrn —
uo \ £ 0+ £¢¢
10(6

!

|
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! Hodel <6 ¢ pouey  Aalculations :-
,( co«mltl Poooex dvaean L)’f‘[ cireuct (S—-7

| < |
Y‘ 31‘31 : YL 274

] S=vi”?
-V ( \,0.""12.*)
hus p = 330% w0

| 1 = 3307 — J46l.53.
0= 46153

L ]

|“L° 7L

hc".t.unr

P} = (05O
= cos [ Tan'($)] = o043 lead.

& he vol%a?t a’,‘, a it B to\l_58° § cuvvent

s XL"SO . The active & veactwe fowexs —7

v=ole pe 60 (lag) U lags v by b
§ = 2|4 s=ve?

- 10%2 60
| Athue powty = 20 cossl + R0 Sin 60

8. he covrvent —i"wooa‘s dhe evwent coll o} a watt
netey  § = 142 sinwt ;& ~the voHa;e aeydss the
pressove  cotll y= 2+ SSN3wt . dhen the  aad meder

o ycc«lfn} l.S )

toadt medey rtath}, = IR e 2.

{( covr--to -the *unda- oﬁl. curvent | dhe vo(-&ajg_

(s not I""}M'C and corr-4o  the 3vd b‘""‘

VO““}”‘ , he curvent G net prescot . ]

1
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r

. The veacdive poexy dvawh from cthe

Jovvee —

30 rJ\o:"” — Laa?: "3 VAR = leadt 7
Ibols e Vi &
’ - c -

Net veactive powey =
Model = F 2 sope  gevtes £ pavallel coveuds -

¢ “.‘.01 Vo - W= 2,
!
1 RS At
2 1R Yo X« WL = 2X\=2
l XL-XC
= Z = K.
t(t) = -\% = 2.5 cosz2t .
.Vo >= VL('{')= L’ii_g) - — Cirat
dt A

[ - -

& 38 ac cht. bau‘m} RLEC And ontvc&in;
at lct;;t'ﬂ} P . Incveaze in drey . will vesold
—_ veduce curvent -

I e AL e veactance 'mcrcascs fo
covent  davthey  deeveages |

@. Gn -he ckt. rhown  the voltmeter indicates
30V - vhe reaJc'nZ ’4’ ammedey  will b~

—fA » '
t o 30 '
2 . 3;"39 Ly = = =10A ‘
v - £ e 13I8 —> 45" lead ‘I.
23 - -3 . '
{o = I0]4S ll

=

'
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- 30v2 | Tas' (5)
iy = .i-' - 10 |45

D= 0l 10 (45T o a4

L. ahe corvent & dvawn  fom -the Vs 15 v i)

Xe = ' - S0
lo¢ a5t 5% j Vs r
| il e

25

Vs = 10 Lo

= 10%02¢ 145 = 2.5 |45

=) [+ 20 LAT

—> powey Jhould be caleulated aith rms value |
L .
A mhck 01( -ﬂ,p_ {o\(owm}, s-h&cmm'fs ave 4t
in ~the cuwevit fhown — .
T g
————AAA— XVg = 100V
1600 1
4 vt
t = 24
250V Cos 300t L4 150V
J.‘- vii = 025 A
Vy * \IV;;—- W Vime s 450
. . Wi 209
-~ ); -',O -1 c -x - ' L A
200 o
2 o0y (ol E Y L2,
{
= 12 ¥ o’
} g
7¢ = 300¥%L
' aads W ANSA J
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r,&' -foc the 3:00) cet  -the volv!-a.r Aacross ,

Vi=W -V = qv
. i ov

— -
2 - s = Ye-\N =19
Veie | Veb# (Vu=Ve) 1w 18

g,LkC Shoold ,‘
V‘ = 20NV :

=5 V" 4\ =20 |

l

|

2 T
’?”’-VLL'? (vl.“‘ v() = |5 \/“'-f 1"='5‘

- Y= 20-15T4q s TR O
= Vi = 16V
- Ve = 6-9 = 3V,
A . fn the -‘«1, shown, A Az, A3 are ideal amme-
ters. 9L Ay As vead sg 3 A ves. dhen

ftt\diﬂz, 01, A, ‘z |

R“‘“\ AvakA,  As= e
>V
M

Q in the 44? I hown

et A TV e
VL 2R

: 1€
105t

—————— T .
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0 Network Theorems
Supey 5‘(95‘(‘{(’00 Theoverm . - )
—  Applied 40&. l?ncnv, bilatevel nfw. on(},.
—> Atteast = ind. Souvees ave vt%.uircé.
= cdan bt aplied ‘%ct V ot § bt net 4«1
the  powey .
| 'Hcmc»gem%j ['erl‘«{r_. '

A }—- o )2!\
-— -
N wia [T Fev | wka | |
A ) e R

n'"\t'\fl:n(‘\‘}'
—s Aedicable 4ot onilateval |, bilateved , active

k gpassoe and (F  canslt be applied “a(,

non- Unear nfw.

—»  Yhevenin' s &  nNotdon's e ckis ave aplicable

onl-: 601. fra(-ﬁcal vol{n}e { conveat Sources
yes. and  not "0‘ By deal spovee s

e — - - ————— T —————
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@ Haxtmum _poasey r{v.rmr{.u Theovem «-

case \: The powey -{fam{a’cJ 4o the load
5 max, *‘{' bath e Jouvee and load

.unpulance ave purt yesistve  =» R = K.

T

S

fmax = _::’E condi- {o«. mt.r.-ham“‘r
L) \

case 20 Yhe  Soovee is complex gmpedance,

| but ~the load s pure vesestive |

Aondt. A‘& max . _pocier —hran.st‘(vr Ry =2l
= £ Ks® 4+ %3

Cage 3:— Bokh dhe  fource and load has

]
Complex m'wcda nee. —

n

dondt- A‘ot mak P -hmm‘(v: 2, = 2" & 2= B
casc 4. Source  has complex impedance , bok

load has vartable  vyegfisdance R, bt ‘::(QJ

= )“1;_}.. -
yeactance X, -~ ';:‘

C.Ondi . “Ct max. ¥. '(':(EDSLY - KL"' JVKSL*'(xL*’S)’-

— HIT & move applicalle .‘ot communi cation
and etechonic  ckts. and s ‘pever predevred i
powey JI gtems ow'm} {0 w0/ vouut}l drop

p and sy losses 0 —he  Source tmpedance. .

Q.  Petexmint. MAX . PO Af.s‘s(pa#c«f 4hr R,

Qo4 ’
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Vih = [bov zﬂe 5 l__',J.lSo
dondl. 4ot HIT o ke |zp) = s

o [o .
L= = N-13 |—26:5
s +3114
i fage ®. . CHE = 13" xs = 6250 |

Rec‘qmcﬂa 9 heovem i~
— A nlw ahlch Satis 4& s dhe ve (i‘\rot'.p'?
Th. &5 known as yeciprocal nlw.

— vhe olw N Should ot contaln ary active
elements ol control  Souvtes.

V, = No=» -—\"-
o S B NG I’.——-—~0~“ & K& = 3 z
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