j\'fﬂ)(we{( Mesh HEIL\OC{:
Iﬂs?lEac_f o‘F (;/an? bffutcl‘\ c,u.,yenJ[g as z‘h@ Vavia .&f@ S a

)
newset 1s (nftvodoced, These are a sef of “C[v‘cufah‘w?
ov | meskK' cuovveals which £low q(@ﬂ? the confour of
€ach o4 a set of 1\AC[~€}3€v‘\CfPu/' foof:s, KUL s +heu
c\(f:b(ted avoond each [oo{j to yreld asef of {uc(o})encléwf
e?n's .(1mcfe[aemc(pw'( =2 Cach hag SGMEf'!'H-:Lj fhe oflbrevs
don't haue).

Heow wany efn’s(!oaﬁs) ave weedec! ” Fov srw\)é./e
cKts gef by nspecTion . However  Theve (s a theoreus
Crowmn networ K tobology thel soys f B .us the
Nowbev o f ]:)rcpnclneS/ JV (s the fF of nodes, fhewu

the # o€ 1udepandent loops (fov cconnected

) nefwor {<’) [ S
L= B-(nv-1)

Ths 5 the # o f ‘ﬁ'c,/o_S&:f)ba/'éT(_/ooﬁs) pneedec! Fo
get au \WC{E,\QVIC(EV\.]( sef — but (1 doesa't s7y heow
Yo choose +he 1ooﬁ><, Theve 1S a coavenreal oot a

Mouch o€ the Hme nefworks ave \\’olquc;v““ w(nc.l
Weaus the civeot diagraw can be dvown on a fplon<

w(h wo lmes‘ cvesSing

Z% B

{"OKS no# }j/ﬂffq"bf bu{ c,:rnbp 5/yauu1as :S



The cltq:rmw« &t e Hanav neliwwav € shaws a bowels
ot " Woles which ave the "windows" o the nefwor K
&\ “Weshé ot the nefwovk.

(S'fr:'d/Y a wmesh s a Ioof_» sveh that wno
o fFhev Q(JBS!C[I-OVY laofc s 1w side (1)

m O;h ]-_OC){j

77”‘-’ mé’séc"s Ofa /.'J/t?rwof nefwov < ave a saf/'c_;»é:/\é’ set
7(—0 wriTe fhe V*efurszfup set of mc/@_/jeﬂc/eq,f eIAS -
T he Maxwell mesh /JYOCEJUVP /s Fhen'!
. Convevt any coyveat govrces to uo/ﬁ?;se Sovrces,
2, Chooese sef of L lhc{@f:)enc{pu‘ loofas ( Eor
JP[amav nefwoevi(s +thes (s eqsy)_

'3, /JFQ‘S(?W & cf’v’cufaf.m‘? Cuvven‘f' avevuaed @a:(ﬂ
m es h — usoa//y caffed o mesh correaf. Reference
Cjwegf(o}\ vsvelly al/! elocKwise ¥ o €O _
( Ln s/éeczaa/wfm magy be a yeqsos for havia 7
Sewme MY agnd gom 9, )

4., Wy ke KV (Jl‘/.(,':’C)ylc{ each /oa/, vS/ng terming (
VEquton -por cach %VG?/PMEMIL e,vc{;/fmf/?f, /94'?/
allenlion fto ASSigmec! Veference Aiveclisus



Z’;L o mesﬁ étcu/ysr 5

‘} neote B:: 3 P
Nz 2
Z.‘;3-(2-f]: -1 =
2 s =
2_m95/)95
Meshll ""'\/1 r I{ R‘ + Il ﬁ,_ — ‘EZ Qz = &
e (Qt"'fel)l:l — Ko Ts = V| )
wesh 2! —V, +IT,R; + LR, ~-T, R, = o
e o ?’L In + @z"'Qg) s = Vo z )

S o c;efze?xs | A ?_unkwowlﬂ?, KHOW}V{? Il, Iz_q//

) bvavnch cuveents gre defev minecl .

A SIM}?I‘Q nuweyicg [ E’qu\r[,/v-‘
(+2+3) T, = ETLs =~3Xy = 2
b Iy ~2Lts =38ly =& CD

2T, +sT, - 13 =1 (O

3L, - 1. T, +sT;:0

By Cvamey :
3 = -—3/
| 5’-‘ - | g
T - o -~ +5 - f—"’i' anc/ smfz.«/w/y Iz "ZE""
) | G 2 <3 C"?/ G 7
-2 & - / L G
'y ~| S Y5 = T7"




)

)

g?ﬂ-\?WZ/ Fov’wx o'{' *L\\e w\v?sfn e?nsi

z

7

<J

£,

<

S aa Se/'f resisfance ot mesh ¢ T sem of the

vesisTance s a/pn7 conloor of mesh ¢,
These aqre the cflac;ov\a( tevms,
= moulval vesislance ot meshes C,'q-na/d‘ = Som
of vesislances Fhrv which hoth mesh covrent ¢
and mesh cuvyent 5 £lo wf..wd'ﬁ proper sign
Noler 1 £ all the mesh cuyvents have beeu
AsSign ecl 7 ¥ vefevence cliveclion +hea +Fhe
ZgJ- fevms que —(semof com moun 'R‘r).
= Suom of va/ﬁ?7e= Sovvces groovnc! o
POSr/{—U:e ( £ ‘.;{(c[m% W\ES_&! ourvenf‘f nega /ive , F

‘OF! ()aS;hc?“ mesh coyvven £ .

fCﬁC%—ve ;’CECP-W



Cb\olr_e o"F [ao")‘s cagn L-? ac:fq/Liec/ 'f'o re?u:rem@nfs) c‘.".j.

Say want cuvui?lf\f va Ioac/ o Hd o m,hea?'s(?m? Brlc(?v: as

) ‘FV\(_ of un bq[am:?
N :4/) B:C) )= 8-(’(\)-—()
—..6-("1’—1)
= 5’-57
4or|ﬂ\~'[d oV }37' lvlS/:;ecﬁaﬁ
Nole have ehpsen ioc)}) covveals So 4hat only one
70(’5 7’-f\ru {oac{ (r\JH), A/(’E‘cj teo }qu allenliown + o
murua/ ter wm's
‘ [
(Re+ R, F R R _(rre T v
) - R, (l?‘*‘ Ex T PM\ +(R)\ t Qx) L. |_] 0O
' ~ (R +R,) +(R, t R) (R HR« R, +R.) (| I3 0
N R
Rs+ R tR, v -—(F&*r‘)'&’)
So Iz % - R & (R, + Rx) = V(l?\ﬁ’s.—‘?z@)
| — ]?,I"‘]Ql o R\*’ R)‘“RSJ'PZ A

AN

/l/c:?fe 7‘[4!9 57/\/6"5 l‘;e/a'ﬂcf cf:?nr;/: f:om (‘fz_:o ‘Far ﬁ.d?gr-f% Q")
]OUT— [ qx"n\“v’a/ for ovn ba/ance_ concdiTrion
(/b’fCYo CAP cloes this 9«?5!/7’ )



LOVS /1L uo waOpPE E I8 0'8 JousSiing A pequud

:
2= \ £y
Al Al
AL
G "
&3 E T
Zd o
AEE oocl

suolpuol lJabnain abpug

e it ST, L e o o A A, .,




LO/S 141 U0 wdgEGEIE TR g JoySEnJ Aq peyuud

2=

we

Welé

T
<
cd
b st
NBE £88
....m.t% = A
E i
€] (90t
(e
! Y
D

SjuaUNg Yaueig-sabe)oa spopn




,No:fa/ dm.a/}/&_s_
Zu the mesh methoe +he F”:C{?/L)i?ﬂc{@ﬂfv vaviables ave «

Se{ o)
In

1 wesh covvents w hich qufomﬂma//{ Safo)/ Kcl
‘f‘h? Y\oJa{ w‘lef“lfloc{ ‘f"nv [md@fwencf'an.f' Vav (dé/‘*S ar e

f‘hf vo//‘qa?ef Ftoh’\ eac_L: ﬂgc{e T o a_ fe-‘[»?rence CA((A e{af(uw\)

Y\OC‘EW‘/\lC_‘AIS USUa//YJqu ’H'le c[{f C?raunc:{ 7_/1-“5' ensovy e’

Foat

KUL— | S Sﬂﬁs F(E’c,{a rou.ﬂcf gny C/OSch Pa{“;] =
AL au’ounc( foa/') [

Vi

,.:\7 \ vi?-J“Vﬂ*‘Vz( =

(4

= [V~ - (Vo -V ] 4 [0V ) (s Ve | #] @amve) - (U-le)]

/\/oczf_?/ /Du’oc Ec_{uv‘e b

i

Com\;evf' c:?// Sou Ve es f‘o cuvveﬂf Sov rce S

2, Choosp 'S re.*Fereuce V‘Loc(t. Cz?lr'ouncf'\,

3,

)
WYL‘"Q KCL ._q‘f eac.é Moqfe, Commbﬂ lonven rtO“
/S 7(0 5"4:7( coyvend fe:?vm? +hvu }qus's;ue e/emenﬁs =
CU\'\’QV\f QM{@TM} {:vom C.uv»’euf Sovrces _ ’?e\cﬁ'fewc{

I’jo‘a\hrxf a?l eacé ho-:/e lS'i‘W/V ‘{‘a (-/.?/Jm ,



E)(am/é/'e' noclal qnq/yﬂf E

hoc‘@!.‘
ov 3V1 "'/\/1._2\/2_ = -1 (1
node 2 (Vo-v,) L L ove b - 3
] f/q -
ayY -"—Vl = 5 VL\"O\jg = = (2
necde 3 N/a- V,) 1=
Va D) .t \/g-;—}—; = —3
oY ___:)_Vl*—OV?_-}-fVB:—B (3
So etj, - o) -7
3 T S o
V.= 4 =5 g s | _ _¢&5
T 50




Nof—*& Cff’ﬂfrq' 1Cav‘W\ Q‘F e«?ns-‘

Y\\ VI t Xll\/l +\(\3 Vg = l—;
o W Taa Vo $ WV F Is

Yo Vi Y3V, + Yo Vg = g

W‘/\Pve ;
\(‘_'é- - S‘e('{ acfm:ﬁ'qnce 01[ VIDC}/Q ¢ = svem of a
c:{c{ vmf'f‘an(P( (YPleJyoc al f@SlS/??meg) a‘/ /fac/@ C.

= C{(q?onal TLE"U“WlS

\(‘" = mufua( acfsﬂ:#qﬂce ot nodes ('anc{J' = mines
Som cv‘f aafm.ffancvs‘ bef‘weem VlodPS ('gnc/_j
= O-F-F dfa'fancz/ f‘erS

Ic' = SJum 0‘1“ Curve‘n(’s ‘(:nom cuvvenf CoUurc €S

Feecf.nq Node c') + i f en/'er“fw?}- ) £ /eal/aﬂ?'



cl-¢ ecrveu ks Ceo-v)

(Sfﬂusoic{af( exc,"fa'han‘)

Consieler:!

C ; — L ;)/
O——( ) - cdY v o— Y Y\ —mp = 2L
._?L. l (4 C” =15 L[b{"
t T k- o -
| £ U = Vun coswt J F T cosewt
thean ¢ =—-cwlVmsinwt thew r = —wl ) i $inet

bot — s x = cos (x+T/2)

<.) o th.'

({ = eweVm cos(cuf"”/ﬂ 'U':auLIm o5 (Cu'tl-”/Z)
Tw a Ca{oqc: fov {;Eid_fg___’v_‘_ In an 1ndvelor v !t?fac(s C'
by /2 (]Dh'ase shi€ét) by T/ ( \ohase shof+)

No I’J'naje shift €or a vesislor since v @&)=R (¢)

[}

Sfﬁ)ﬁ”? with ‘hrlcf forms soon becomes combevsome, 9,?
L
d-—J\/\_S_/‘n’h‘H +ake ¢ = ITmcoswt
_:?g'
= s

+ hen U = Vpt T = )Ql'mgasa)f' ,auLImS;nw'{‘

= T, T\Rwsw{' — wl, sin wi]
"
bot o cosx—hsmx = é;;u;-bz)/l cos (xt+) © A= Faii (Ha)

so = Tu[Rsery]" cos(wt 4] | ol = 4! L
N



Te avoie dealing with tyig fovms a of F ferent ( bot
) Equa(@n!‘} qg;larac?cln 15 faken = phasors
Sin aned Cos Enc's can be er pressec! as }gmjedfwc
on horizenlz| v vevlical axes of a vo [aling veclor | |tave
Covyes f)ovaf ence ! /ew7l‘h of vecioy = anﬂ/b/; lvefe o sinysord
TeVa‘urfo:'lYlumfhm"" = f:re?uencv of sinvserc
(cYclpsi sec = hertz =)
(qw7ufar Freg = 2/ % vad(sec)

Starling angle @ t =0 = bhase angle of sinvses

I'n a-c ckfs, the veclor as,t oxists at vyefeveunce time
(Uqulf\/fFO] 1$ callec +he |oh45av ye(orpgpn/é/}an o £

Hﬂ'@ assocralec SrnuSorelal  fnc

) @

5 |
K\ /\‘ ¢ —% ( \5 —'};’
! [ \/ ol ’ ’
fosec

1% s
}DL\(JS’OV ‘FO"’W‘

3
$cos(377¢)

> \ ey

\__‘\ &
( \ /‘: .
: ] S Nys ©




PYaf)é\’T\/ ot lineav sysfeme 1s that vesponses do nof contain
any F\'e?uewriés whichgve wof 1v the exc lation sgurce,

[Hence all covyents +tvolfages have same freguency as fhe
Qouvce (c::n be h'ﬂase shif Fs) . Each v er ¢ has a carres/oavdm;
);lnasav yebvesenlafion and so 4 // can be j;.;f' o¥ @

phasor o(lac:ilfah’\. The veclors mammlain +hev veloliv <
I’JOQIII-oa:IS as %h?y volafe . A s‘na/as/vaf Y;p(c/s a “shH bfe*
which has g// the ,nfafma{(-am. Sma/s/my‘ fakev at a
convenieat fime — vsvally when sovrce bha sov has

Y e‘FEv eNce Qn?rfp 2 ero.

Phaseoy c{r;)fr’ams Srm/)/:(f co,m/nuTc:T:c;ﬂ $ hecaese
ingtead of wovKing with +he acfoa/ Time vavy ;17
QH’IUSOIC{S Wwe canN now Calm]o{n? ';;I/WSaVQ Us}ncf

c OW\I)IPK wuwmwbev S, Pyobhflem 15 thus Fvance for mee/
‘o a diffevent clomarn

[Remind ev § 97:/;\/4?/9:1(" Lovms

|ag Ny
FA *\r: ‘
3 JI‘ \po'ar forwm v Lé ( ov Y‘X_GX

a veal

Cdv\_ﬂ})fex huwmbev fovm a+ dl:,
A=vyvcos¢ b= Ysime
O = tan' bla
Z.Cu/wers F—gv'mu’a'. |
699 = Ccos 6 + J sin @ (stalionavy )

wt
f‘& = cos wt t 4 Simnmeot (w/E'ﬁ*‘??)



J

So fFov exaw\b

h S cos 377t
/ e L 5

—
—
e

T

4 O
5‘[")5+50, S‘é-d

N
P ufsctemern) &

l /.
e 4"/
s/ds®, £ =kix E
elec
Rel.nfe\r}:,fef basic velations 1n tevms of }-_;ha'sc:vrs.'
Resis Tor
"“_‘;’\(’}5“"“’*’ Fov ¢ =T cos(wt+o) = f‘: o L2
b oar=R7e - have V= RI[oswbtre) = \7
7
T ¥ V- and ( ijf:RIm@
fal |v‘lph45€
7—:;4 c/uc (o r
Oj%?ﬁﬂr\(_ , ~Fov c“:]_‘mcas‘(wém) I =T P
i L%- _ have ar. (ol T cos(ewt +6 +70°)
v ol {7-_-(04_1‘ Z5’+¢706
qaﬂ :
- ° = cul (I: [8) (’Z—-’?
T o+ 4! “‘d
=2 2
so V= 4l L

(hph?" \)\ can be Fﬂ"L'QV)!?VP/éa/ as gn c::o/épm/év whieh
Yarafef ,:;hf?far LY i—qoa)



® have ¢' - evc Vo cos (et i—g-quf)

]_'_'?: WCVmw
—_wc(\/mlé‘)ﬁl Zip#)
-...-—wUf"-' ‘-—-’:é'.‘“‘"
oY f}-_-_dwc.v

ov V= aluc T = K, (':'J,E)f:’ -3 (Liu—c) T

/Vd’/-‘_e ‘H’laf we pow have a ?pneva/rl}a/?ém ot CDAH‘IIQ'

Law fov vesislovs af::[:lrecf to L' gnd 'S
J:RE U= (qen) T V)T

Hence 1v qll cases VeI ave velated by an“:m/ﬁeaém(r:"
Which teo this f:mnf s P‘”"/Y veal! ( vesisfore) ov
buvel\{ imagivavy (Lla ke's) bet in g eneval w
b e com‘ﬁ(@x when we have combinalions a'F/@fL,C L
Kircho £('s /awg} clivider voles ete s/// 4/5/5/7/ bt
nNew a /! ajgera/?a;: S ave clone using complex number T

E?(am!‘if?"s-' (4‘55‘va coe= o Yad{S"c)

Sﬁ’\rrps | 5%
Q:S’éf‘-‘-— A:qh,{ C:.m;F:/D F-:fooc‘:/.(‘
Z S 3etyo 2204_3(,0)(( Z - o4 /
=0+44q0 J010) (10°%)
(ZL:d‘”L) = o—g/oo

A -
(Z(_’awc)



et sl e - T3 ¢

C &N b!ﬂ‘? .

2oL L/}l\f 300 1001 € 30 t-{h\f oo I F
O AA— T —Ma—] |——
Z=30+440 Z = 2= oo Z=30t+dq0-Hflo0
= 30-#&0

Para//e/ combinelion s,

?:(30)(2‘10) _lzoo ‘?ab‘: S o is,;."

2_9 3orgq40 T sols3
= /92t Y (= 29cos37%y 29 500 37)
1 Z= 29@/[‘3’”0)
27 3] 4y Teen _ (24127) (1004=7°)
T L2 I ¥~ 410 0
/9.2 d‘”’?;%}f/(.

2400 [ =53

$7.9 (=279

—

- 27,3_.{ 24,4



7- .0/ -c Wt el v Inec I
y pre i /amé/J Finer I,

——Z_n’l/sé’c/qt(ps a/}/c"a’a/f ? 527/@—!4

S&’UYCF fm/bpchﬁ(l? Séa;u n

12

421, 2 Wr”lau/ S/ﬁwm? {n/pr,z; 4/
c/f’?{df(/.f, ();w SQuere ©

. IS aé%en s veteyence (/_o)
3 5S¢ Sovrces are a'cfud//y
- ./4‘(5 loocosaw T and
W 7 ) oo cos(wt f—‘?a‘)
#1oo | d1
So 2, = self Im./gpc/a”cg Low /ao// -

—

= 1#13 FltglF12 R d2L2 g2 42 = l(,f—azzz
Zss T2 RIS =46 b kg e )V b1 Rg3 )9 10
z;l:murua{lm})t’c{aﬂfe loabs &2, = Lbg L = Bsy

So €gns are (]{,1—327,2\1“‘— (2+0—;z) ]_—? = e o N

_ ‘(2412)]:, (19 —410.L)T, =-jJioo @)

Sdve 13\/ Cyamey oy W\v|hfa~/ 2 by 2+72 concl add Fo @
gl

Eltﬂa 27;2.—(?—’“.52) Jfablr i et L 12; ;;oL.

vesolt s I, =/ 75"--6{3 05 = 3,48/-57-F%
QfCC("/ faé/so answelnr lo fnaf\o {efgrpspnffs
¢ () = 2,98 cos(wt —$9.8°)



