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CIRCUIT ANALYSIS : GENERALVTIES |
. — AWALYSIS - COMPAUTATION OF AlL VoLTAGES AND (ORRENTS
=> WRITE CIRQWIT EQUATLONS ANR SOLJE
— CIRCUTT EQUATIONS :
_JOLTAGE & QRRTNT EQUATIONS CIRWIT TOPOLOGY
( LINEAR  MEMORYLESS)
CONSTITUTIVE RELATIONS - ELEMENT BEHAVIORS (ANY TTYFE)
— ANALYSIS METHODS
_ELEMENTAL : CIRUNIT TRANSFORMATLONS £ YNow AN
. SoLUTIONS  Fog SIMPLE ToPoLoGIES
_ GENERAL : UIA EXPEDIENT FORKS oF CIRUMIT EQUATION S
( woRlc FOR ANY CIRCVIT)
NOMAL ARALYSI) HETHOD
_ COMNECTED NETWORYC ( NO $EPARATE PARTS)
_ NATURAL coNDITION @ NETWoRK EL€MENTS HUST zis
E €
& JOLTAGE COSTROLLED ( No $HORTS & VATAGE XV
BeTWEEA) NODES) ,; I OTHER WORDS,
V - JT - B-—
’I/\ 2 TeErRMINAL ELEMENTS : ORRENT 4 cAN BE

aH VOLTAGE oF THE CLEMENT

-f—=-> O—= I l.— o EXPRESSED  THROV

<= F(7) ¢&=> U/ GE ONTROUED

RESISTOR
4 JOLTAGE
® % /m_,: = G- WHERE G+ i{r{ CONDULTANCE CONTROLLED
.._-__.‘D i ———— —
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EQUATIONS

. UobAL EQUATLONS OF n-4 NOdES THAT DEFINES THE N-4 VOLTAGES
LET'S COMSIDER —THIS EXAMPLE

HOW TO WRITE THE WODAL EQUATIONS

 ASIOUIATED REFERENCE
> pipeCtioN OF Ay

1) SELECT TtE ReFERenNce Nobe & LABEL THE
OTHER h-4 NobES FROM 4

2) WRITe NoDAL EQUATION ToR EAM oF THe -4 NODES
(IN THS CASE , @ AND D)

fOR EVERY EQUATION, ASYUME POSITIVE THE
. (WRRENTS EXITIN &r THE NOPE wﬂ«ams_
ARE DEFINEN AS Flowiwér oUT TRoM THE NODE

A A1+A,+4=0
®

I-zj-(—/t'g =0

To COMPLETE THIS STEP{ EXPRES) EACH WRRENT g
FoRk THE NODAL VolTAGE

@) G, Tna + &’z(/‘5‘;14*1)”:"‘3)“{1 =L
® n

,ﬁHl VECToR& OF

WANS
7 U a0
2 G, (Tnz-Taa) + Gy Tz = O
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LET'S USE JNVERSE OF LONDOCTANCE MATRIX HETHOD
To folVE sER. THE PRclilovud PROBRLEM

Ta4 4
[ Tny

'D’m] 4 &”&*]A
[/U’m T AT &

T (Gt lyely) - G

&z"'&-g &2 A
a_z &'41" G-? 0

LET'S (HEOR THE RESULT BY O)ANG (RAMER RULE , SUPPOSE
NE |5 INTERESTED TO LOMPUTE Taz

I atGz A
Uy = e _&; 0&‘J
G4+ Gz - G2
M [ " &1 ﬁg“‘&'z,

—(/Eé AS BEFoRt 8
deT

WEITE TeEe EQUATION ToR AODAL
WLTAGES AMND COMPUTE A

@ Gu (Vg -Taz)- A= 0
@ by g £ 54{4511*%4)=0

G. -4 fﬁ,f}ﬂ [ A ]
- Ga @I*&z Tnq 0
APPLYIN G (RAMER RULE
(ra A

ba (Gt ) - Gt

THE ORTAINED REWLT 15 €AY To RE
CHECKED ; THE INTECTED WRRENT (wRaedT
SOURCLE ) 1S Also THE WRRENT FLowING
THROVGH G, R G2 (4 BrRANCH )
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[ramcn 2]

(OMPUTE NobdAL [oLTALES OBTAINED THRoU4H MobAL ANALYIE) METHOD

@D -a4+ 6&[%4*%1)=O

@ &4(’”12-%4.4)* ﬁz[%z_-f )'f'az =0
@ -6'?24- &'3%3

_‘61‘1 - (4 0 Un4 a4

~ e GutGe O Tar | = &ze"a"
0 (rs Uns —+ A,

& LooP EQuATION Upa-Taz = T4z

REFLACE NYMBERS

Fa ?2 =1 ®© Uns 4
(2 -2 & D Tz |= | e-4
B L@ 08 4 s 1
b, >G+0a
- Mg = 4V
Py Zr =2 @ Uin4 1 firs < 4]
0 4 © Y | 7| @
IR A 1 "ﬁ'i‘:(4+zem)% J
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_' 4 TERMINAL LLEMENT
' SAPL . DOES MoT PLAY ANY ROLE g
(OMPUTE A5 RBY NODAL ANALYSIS METHOD =

WE ONT (AANOT
APPLy NA

DRECTLY

A
= — =A -_:.5 ﬂ - W
&14&44- &3/”-!14 1 Py

N THE SIMPLIFIED CIRUAT , ONE (AN COMPUTE A3 AND A5 , THAT ARE
THE AME FroWwm b [N THE Orl4INAL OUE

A
. - &_ LB o
/tg 2 644{-&’3 A

4; = O WHV? REAVE 1T 1S 4 TERMINAL A ELEMENT 7 NoT ENoU&H TO mvg

A, =0 BECAUSE THE UoLTAGE ACrod} THE REMSTOR <
IS 2ZERo RY DEFINITION => © VOUAGt = O WERENT

LET'S COME BAIK TO ORIGINAL CIRWIT

. =0
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G+2) oy Vng -4+ s (Vna+¢)=0
([114— éa) T4 = ik ﬁge

APPEU DI X

Tha

foLTAGE YOUR(C WO n
LW GE [MVOLVED,

EQUATION S A SIHPLER

Tne =Tona+ €

Grg Una+ by (Vrg+ 02 )= 0
by Vg + Gy (Thg+ ¢+ €2) =0
Una [bat br) = - iz (€4¢2)

__ b=
Yna = reny (ece,)

oy = - L2 (g0e) 42
5!44572

=
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MPLE | ASJOCIATED
EXAMP r/ il

5 plRECTLON

S
® ) i <t SR ) AoRBIN G TO MNA RULES
INTNOWN'S = { Una, Tz, Al
_ ‘ _ Vs
% Vectok OF aha
H UnIAoWN § i
na

o : A1l WE OF THE wWITMWN),
@A) Gy -A-4=0  WHERE 1) cyncrion OF AonAL VOTAGE

© i+l = O

O Unz-Tng = E  CHARACTERISTIC OF 1hEA¢ WLTAGE JOURLE

LET'Y WOVE TO MATRIX FoRM

Gd. O “11— %4 A
0 Gy -+ Taz |=| O
sl -y o £ g

Hmeb NODAL ANALYSIS 1S CONVENTENT

A) ToR AUMERICAL SOLVTION

2) WHeRe PEQUESTED
3) wHen OWE WANTI To PROOVE GENERAL PROVERTIE)

N ALC DTHER (ASES, IT (3 BETTER To uit "THE OTHEK METHO D
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WRITE THE MATRIX EQUATION OF THE MNA METHOD

100F EQUATION

The < Tnz + €2

W= [ Taa, Tz, 4]

@ (;1'4%44-0!' A5
@ “+ A - O+ &z(%?_-f' €2)=O

G) Vhz-Tha =28 ——

Gy Tha+ OWnq +(-47 4 =-&
0’Vh4+&3%2+41 a -l
—47ﬁ14+41&2-‘(7ﬁ E

1"

\
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THEOREM 4

CIRWITS WITH LOOPS (WT-5eTS) (OMPOSED

OF VOLTAGE (oRrgeNTs) SOURCES HAVE £MTHER
No OR INFINITELY MANY foLU TIONS

NECE SSARY
GQNDITiIo A

/"r——-—_ﬁ‘“‘\\
( J ‘K’ 5
.. , :
PR b P,

. Vo PONMIBLE INTERPRETATON , MeaninG LES]) FOR (T POINT oF UVIEW
CIROAIT 18 MODEL OF NO PHYpmaL IYSTEM IN THESE (AIES

AWE OF THOSE THOPOLOAICAL ERRORS
+ o RUT THIS cRWIT HAS AGAIN o JOLUTON S ”

— “THEGRERL <L U NEGTIARY powdiTon O
N N -4

® | Theorem 2 |

CIRWITS LOMPOYED OF RESISTORS wWliH POSITIVE ReSUTANCE AND
INDEPEAIDEAT  JOURLES WITHOYT LOOPS OF WLTAGE JOURLE] AND JUTFICEAT

o
UMT-TET OF WERenT SOURKES HAVE oNE JoLoTioN (ONDITo

FORBIDDEN ToPOLOGY
WTHOUT \\/

~. NtGATWE REJIITORS
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SERIES MDD PAGALLEL COUNECTIONS

4 SINGLE PATH SO THAT THE SAME CURRENT FLOWS TRRU EACH ELEMENT ®

commolite ToPolLoGY - TERMINALI oF
= EerttuT ELEHENTS MUST Re Jo(KED,
= = A o A DIMENSIONAL CHAIN,
O_le" § = SN (ORAENT Frow 15 THE SAME
T o (-/‘r"/ TOR ALt EEMEWTS gF THE
B e e ~ /// CNNECTION
= N A
~ W
(F OOE Looits BY THIS R
WNNECTION,; WHAT HE GETS DUALITY
| : t ECTION
(§ A New ELEMEAT ; CoMPOIED SERIES —:) PARALGEL CONNE
gy LNECTION —1/ (SHUNT GONNECTION )

7 TeeHINAL ELEMENT

9 TERMINAL ELEMENTS ARE COMWECTED N JPARALLEL ] IFF THE(R TERMINALS

ANE CONWECTED To [HE SAME Two ANODES so THAT THE SAME WLTAGE 15
APPLIED TO EACH ELEMENT

- =

]_ [ \\ EACH ELEMEMNT HAS THA JAME
L‘/ =24 VOLTAGE ACRO)) RECAVIE THE n
W = TERMINALS Afte COWNECTED To o
k Ty B THE [AME 2 WDDES
N w ‘\\ E @
e coMfoSTTe

ELEMERT

RESISTORS A SERIES

To DESCRIBE THE BEHAVIOR OF mew ELEMENTS M TrE MARACTERISTIC (T WEEDE D,
I THIs cae Q- rpf(,.,') L
we LET'S TeANSFoRM THE 3 [24 £ Roca b
RESISTORM AS A WEW :
ELEMENTS J :
fowerFUL TooL ToO 2 R5) ﬁ'Ki A3 T
SIMPLIFY CIRCUTTS ' *
! a
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WRRENT 4 I} THE WH OF THE 3 KCE

WRANTS Frowin & THROUGH THE S ,
RE 3 ITORSS €= Mgt A, 4 Ay = Gy Uyt 0y « (05
BY DEFINITioN OF PARALLEL CONNECTLON; V==V =73

JOLTAGE ACpol) 11 THE sAME OF THE

LOMPOIITE ELEMENT | 4= (gt Gy bs)T= lieg V= %«, ¥

THE COMPOSTIE ELEMENT (AN BE n
RePLACEDd BY A SINGLE RESISTOR WHOIE

< WAUTY
3 HE SUM T Loudu(TANCES o
(WDUCTANCE (S Tfie BT SHUES COMNECTWON PABRULEL CONNE CTron)
4 > 6.5 a1 ResISTANCE ReSSTANCE
s ® 2 = e
kK Uk B Rea = Z K< Crea = £ G

®
SPECIAL CASE OF 2 RESISTORS
o e

lU\EFOL PROPERTIES l

IF OVE HAS A JEMES COMUECTION OF RESISTORS WHOXE P«ESIST/;IMGES
Ry AfE ALL POMNTWE RENISTANCES, THE CauivaLenT LENSTANCE 13 FOR
WRe GREATER THAN THE L SISTANCE OF EA COMPONERT

SERIES CONMNECTION

PARALIEL GOANECTION

LET's DEAL WITH PARAUEL comWECUONS NOW

A A

e . J
Rew &8 — ; =— % THAT MEANS

S Gea  Gn OARALLEL COUNECTION
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LET'S (oNSIDER THIS PROBLEM

WHAT 15 THE RELATION
5 D7 RETWEEN A AND 4 7

for WRE = Reg- 4

A.‘

ANY NETWORK COMPOSED By RESITTORS BEHAVES LIKE w
E R EQUIVALENT EESISTOR 5]

[ET'S PRooVE T BY uMNE& NA. METHOD

Py
/"_‘—5

§ == A

if ﬂ) rUfM 3 o

Ly e
T4 o
; N ﬂ)*i 0
: d

We 15 INTERESTED N Tha

CA U e i RE
- YLTAGE AlROI) THe ELEMENT

(P*),; - EQUUAENT RensTANCE
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— ;

I/’
A=
<

T = ¢e/Rea

T,V ARE THe ONLY TERMS DEFINED N BOTH ORIGINAL
CIRUMA T AND  SIMPLIFED ONE , IF oMNE 1) /,UTEM{J?&:) N
INTERUVAL QUANTTES, HE HAS To STEP BAUL To THe

ORI GINAL Crun (T

* e |

za = 311'(‘%!“):“22\/ / V=-€—[—Zjl/} Loof EQUATLON

s s = A1 (444L)
- i — = — _g. o -—d—-' = —'.—E-
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PAY ATTENTION

SAMPLE 2 |

—_—

s -

0N SIGNS

o

FAY ATTENTION

ON TofolO (x/

m—L
-+ R.{ {
I TRa K4> Uy! VoLta GE DIVIDER HOLD ONLY
e { " FOR SERIES COMNECTIONS , WE

-
= —

-—

Ra SERIE S Cavnfeczen TO THe
(CHPOWTE T~TelrH- WAL ECEMENTS

UOST NoT APpLy TO EVERYTHING
THAT 1) NOT fERIEY CMNELTED

WERRENT Frow!R & THRoU GH
Ry =* WAEAT FlowwG nerott! Kz

+ T R
, Tab

RE{R = Rz ”(R;-I'Kq )

. i wE - &
AorptN & To VOLTA GE DIVIDER RULE ab = K;mh

SINCE THE 2 CARUATTS ARc ERUIVALNT,
THE QAUANTITIES COMPUTED HAVE THE JAME

Vhoc N BOTH THE CReyiTS

R4

\gf“k 3 Ty S
I e Rat R
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(OMPUTE THE CRRENT I amd A% ®
omd THE VOLTAGE Ux Q) e 07 20 ‘)1)'
x
R
" 4/2 : 1 A
dx= 24 — FAY ATTENTION
Af3% 2+ AL To THE <laAS
'U}: 2.0 Ax
B2 30T = T=7x/-3
=) o
LHPOTE WREENT Ax amd T
o in
LET'S COMPUTE THE EQUIVALENT ResISTANLE ) Jq = J03
OF THE SERIES COMWECTION BETWEEN 5A |
Y

Ry Ann Roll R4 / WON , JNE 15 ABLe TO
OMPOTE Ax [OW7 PAIALEL WVWELT NS )

._ 2
Ax =575 = 34 PAY ATTENTON
T0 TH=e
T ToPaLoG7/
I = hixs —Z—' = '2" /5‘ ’

==n

DETERMINE 4 AND T V|4 EMHER WRIENT gr THe yoLTAGE PIVISION

RULE

Req= (443t 21 (4+4+2) = 42/5 o

(-3 42) ;
12 @ R

- 5 = 42 V 4)'-7- = 4 3 = ~
.v':[ 3 / %/[ + +2) 6V i /p':l_

7 bA
e b 2 Jr
Ge 5 /42 PAy ATTENTION ———
To THE SIGNS 10 &
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e EFFECT AND & EFFECT CAMN Be COMPUTED
INDEPEABENTLY RY SETTING WE OR THE OTHER

e EQUAL To Z2ERO

e-EFFECT  Ppg {a=o

i

A=0 &5 OPEN ClrWIT

LEV's APPLY UOLTAGE DIVIDER RULE

/U;H - R.'Z

a=9 R/H' Rz_

8

(. - EFFECT %J/Cﬂ?

R,‘/ 2, )7 3
AN

6=0 (=D SHRT CIRWIT

e Bebl, o
R/g-{'ﬁz
RiR2
Ve [C':O E Ra+ Ra

NOT EFFeCTVE
METHOD O
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l MILIMAN'S THEOREM |, CONT'D !

v v
(AT+C3] (zn'z.z + (24-48)
T S — =4V Un
(¢ 4 A :‘_)
£ T

THE WEEMENTS LONNECTED 1N SERLES To A
(WRRENT FOURLE HAVE MO EFFECTI onv VU &

PETERMINE VOLTAGE | £ wrpenT 4

~1h-40-. 2
e e e
3

"{/z+4/d

L0OP EQUATION

Ty +VUx+40=0

=5 ft&:-afodg-.-- A1y

AFTER COMPUTINCT THE

MILLMAN'S VOLTA GE, THE n
- 0THER JNIWow) ARE o
z 3 SIIPLY oM PUTE B
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ENIN'S THEOREM | 0 e i
THEVENIA HeQREM | 5 "
_ b v

IT (S A GENERALIZATION ©OF EQUALENT RESISTANCE .

0R

ANY WELL-DEFINED ( IT DOEY NOT CONTAIN CIRWIT ELEMENTS THAT ARE
OUPLED TO JoME PHYSICAL YATUARLES QUTSIDE) , Z-TERMINAL (IR (AAT

THAT 1S CoMposed BY LINEAR, TME INVARIANT , RESISTIVE

ELEMENT
VEA

ELEMEMTS AND THAT LEADS To A WE - OLuTioN CRwiIT wHigA DI/

BY AN IDNEAL CURRENT SOURCE

4) HAS THE TFollowiml CHARALTERINTIC .

2) 1S EQUIVALENT To THc Foltowinb 7-TERMINAL b Re ., b a

EleMenT | THEVENIN EQUIVALENT ) %
u,/

ALLOW TO REPLALE A COMPOSITE LINEAR
RESISTINE  2~-TERMINAL ELEMENT RY THE

SERIES CUNNE CTioN OF WE RESHTOR
AND We WwolTAGE JOURCE

| DEMONSTRATION

1T 1S BAED QN SVRERPOMTLON THEOREM

+
b unTANS f/, 75,, (T—)/!m_ AND> v

[T RESPECTS THEUEAIN'S HYPOTHES'S
LWTioN - )

( WeLL-DEFINED = CLOsED, 4 3°

SUPERPOSITION THEOREM : =K A+ Vo =) 7= Re A+ o
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DETERMINE THE THEVENW'S EQUNVALENT CIROVT AT TERMINALS b-on

_—— b

o "
+
Vo
——
ONE STEP @Mﬂﬂﬂiﬁﬂﬁ
b
APPLYIN & MILLMAN . )2 -
R
T=(G4E+x')/ﬁ&i+6u7 +| ;12?_ T .
D -
LET'S tHANGE THE FoRM To OBTAIN E
THEVENIN'S EQUIVALENT R —t
ar = = A+ —&—L—' E
Giat G ﬁ-(’t&'z
L_.-\(—"‘—J L._—T———J
RE T,
TWo STEP cOMPUTATION (MORE EFFICiENT METHOD ) -
—————————eo e,
. b ey
N o i 5/ N NE LEAVES THE
ta TERMINALS OFEN
E) 2R, To o (No coRRENT THRoUGH THEM )
=
2 - 2 LEAVING TERM{NALS OPEN
— TemsFORM comECTion
INTO SERIES =
lOLTA GE DINIDER
A /1_
b
KJ’ RJI R .
R = RIIR, =
/4 Rt A ’Rz R,H-R o
— 1 s |
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| Proelem 4 |
METERMINE THE (ORRENT A BY REDGN G THE 2-TERMINAL ELEMENT ATTACHED
To THE 5.9 RessTor TO 1S THeleNIN EQRUIVALENT .

_— —THEVENIN z
- - = :“‘\ (L N g lJ
- = —et ;
//+ J 30 ‘; v/‘: : ‘}{RE 1
2 104 /
r By 207 @ /) 154 #> G
'y EEA g +)C /
N e i - e &3 el i
LINEAR. PORTION R Ao o
e
2 3
29 = fe = (22)43 =40 »

U Athol) R=32 1§
NOLL BECAVIE TERMAALS

iv -
Z S . e (eFT OPEN
'{/Z'{‘JI/Z
A
10 ]
b A = -8V . _gA
-8V
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l SAMPLE {Ll

DETERMINE THE NoRToN EQUITALENT CIRWIT AT TERMINALS e on

ONE STEP COMPUTATION

LET'S APPLy NODE EQUATION

= Ty Gu(VE)

4 =(6f4_4—&1)'u- = &-4E

e I_.TJ
G Lo
TWo-STEP COMPUTATION  (MORE EFFICIENT)
e e
b
2, )
R?_ &'5 = &1‘(’ GZ = E;:
A
Tr
£ R ,,
— M Loo? EQUATON
+ R, o3 E+Mp=0 = TR=-E
i @

ﬂ A‘o-:l(:ﬁ_; —&i'E

wRAENT THRU Rz 15

. " i
NOLL BEGABE Ry IS | A= (bt ) v~ GE
SHORT CIRWTTED
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wNUERSloM EQUIVALENTS |

AULLD THE DUAL EQUIVALENT OF owe THAT IS GIVEN

g BY A
n ONE (AN =il
é/ + fAY T TRANVRHATLON

THeVEN M
EQUVALENT NoRToN

FQUNALENT

ONLE ONE HAS
oMPUTED
Ge & A°

EVEN THe oPpojite PRLOLEDURE 1S ALLOWED

Re= 4l & Mo = Aol i

THE WReNT SOURLE
HAS To PC DIRECTED
As Ao IV THIS TIGURE

Rg Must BE #£ o OTHERWIE WE (ANNOT
COMPILE gg. IT

OF REMSTORS & INDePeN DENT FOURCLES

EXISTAN E EIUALENTS PRACTICAL CONDITIONS Fol ELEMENTS (OMP0XED
XISTANCE O

¢ IF IRe|cpr @ Rg #0 = RO THE 2 EQUIVALENTS EXIST

“'\ -{-/—\Vo o v—_ ,W"
. IF Re =0 , THE THEUENIW EQUIVALENT 15 = e T °
ORIV EQUIVALEANT DOES ART EXIST
A- = “"o ,{,"‘/{
e IF |Re|=00 (Ge=0), THE NORTON EQUIVALENT IS :

THEJENIN EQUIVALENT DoES APT EXIST
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|APPLICAT£0N OF THEVENIA : MAXIMOKL PoWER TRANSFER l

HAXIMUM POWER ©ORTAIRED

APART FRom SPeqaL CASES, VE O)ES THEVEMIN'S EQUIVALENT

PROBLEL : FIND MAX OF F(t)ﬂu;,c} WHERE [ = LAD

ONE CaN COMPUTE UL AND AL

/\5 : . ek sy e
(._, & o Tres = Fs 4L LET'S (OMPUTE

THE POWER

o U T = Ts- RsAL — |
(&
E R T
DWER = QUADRATIC TUNCTLON OF LOAD HAX i
% \
4 ' \
IF AL=0 => gPeN CRwIT AS UTILRER // ; s
' \
: /
(F AL = Us/Rs =) sHORT URWT AS UTILIER ’ \\
I’ i
1 \‘_:.}
P 1S NULL IN THESE ABE 2 POINTS ABOVE HEXTLoNED 0 /(285 TR
MAXIMUM POWER ( READ UN PARABOLIC GRAPH ) T
:(/U— 4 ﬁ)'v‘s s -_::M,i‘_-:_, ;‘,_L_!_““-
PH‘PAK el L 2% :-Z—P:S ?,S &+

FOWER ’—11,;__,___
S
MATCHIN (& WHED A JOURCE OELIVERS MAX PoweR, NE
LOAD SAVS THAT (T (5§ MATAED

IN QUR CASE, W= V5|2 : SMALL UVAULE OF B
Voctp GE,; For EXAMPLE, IN (AJE oF BATIER(E)

T 1] Mot Good To Be AT sow W VeV

lHAfon WITH g ( AbT (4 woRri NG Z0WE )
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ANALYSIS UIA CIRCOTT TRANSTORMATION |

o MODIFY THE CIRWT ToPoLoGY, GRoVP AND REPLACE ELEMENTS (O °
REDICE THE CIRLIIT To A SINGLE LOOP oOR SN GLe - pODE-PAIR. (IR IT
(NoT ALWAYS PoSSIBLE )

/
o SOLUE THE SIMPLIFIED CIRwIT BY DWIDER EQUATIONS OF HMILLHAN J EQUATION

THERE (5 NO ALGHORTIMM, T REQUILES ExPeftichce 8

L;@ 7511} m w\ °

A0-2=200

QN ¥ "

Hogess o BRI T 0

1

LET'S BUILD THEVENIN EQUIVALENT

(2112)+3= 402

Z"”’ STER

o

e

11

|
o oe

T

-8V
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2340/ 1043

CONTOUED YOURCES ARE |DEAL $OURLE S (uof_-m,g.g JURLE OR Cor@eNT gNE)
ForLiNG VOLTAGES AND (ORRENTS THAT ARE FUNCTIONS gF gTHER CIRWIT VARIABLES ;
THEY DEPEND on SOMETHING ELSE p THeY Ale MOT [NDEPENDENT

LET'S beal wiTH  LINEAR CONTROLLED $SOURCES

g VOLTAGE cavTRoLLED et
/ COLIAGE = GIABE  BHEGE

IOLTAGE  FoureeS CoNTrRoUED B |

\ CURRENT = WRENT coNTROUED

b ceNsS
VoL TAGE YOoURCE

() (T DFINES WHE BEHAVLOUR OF
THe ELEMENT ; JOLTAGE 1S

g LWEAR TUNCTLoN OF

(ONTROLLING: VoLTA GE x

Vees
THEUIR DUAL eNTITIES ARE /

CONTRoLUNUT CoNTILOLLED

ConToLUNT CONTROUE D
BRANCH BRANCH BRAN (M BRAM U
! 8
_‘ AF A =
G" J =T () | j 2T di
JOLTA GE  con TloueP> (URRENT ConTlo .W:D
oLTAGE SOURCE IDLTAGE JOURCE
CONTAOLUA i (ONTIOUED (AT Lo LUN br (HTIOLLE D
RRAN BRANH BLAN U BNANA
T '{.k

s I:J Ll—l a-ﬁ A

IoLTAGE (ONTOUED (ORaNT CONTRALLED
CURREATT fO0RLE CORRENT SOUILCE
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4

e/R= G-

A .
R O
IR

3 R equiialn
- —@__’—Mf :__1> ——@—L wiafaz/'fm =)

L

g 2 Supml

2) Tor THE ReEWLTANG RESISTOR (- FOURCE URWIT , USE
® RESISTORS COMNECTED
[C‘JM - Z [k To NOBE K

RESISTORS RET(/EEN

[&JEK - [ C"”—.(K*A E ’Z (. Vodes K & T

| I CORRENT  IWIECTED
[Alk = L Gk INTO NobE K
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NODAL HATRIX EQUATIQN TROM HATRIX ELEMEATS, CORLEAT CONTROLIED ECEHENTS ASE

4)  SHORT clrevITS onLY = JUST ReMoye THEM

2y OLTAGE JOURCE : (SE MNA ( TREAT AUXILIARY (ORRgnTS AS FORCAUG TERMS)

WRIENTS  INIECTED

[AIK - D Qg+ 7 dex INTO NODE K

THEN MOUE AUXILIARY coprenTS ¢N  LEFT- HAUD g
SIDE AND CAST 1IN MATRIX TORM

ExAMPLE
. No eRIeS ToPoLo (v7/

VOLTAGE §OURCE . FORRIDMEN ELEMENT
’/f@\“‘? = LET'S DEFINE AUAILIARY GORTENT =

THROUGH THE VOLTAGE JURGE AND
3 THeN APply THE RuULES @NE
r Tn2 HAS 9057 SEEN
VELTOR OF JWURLES

ACIUAL VECTOR OF
[ e
0
VP NG oV —Tf’/c_

/ e TERH
SET QF UNKWOWAS i’lﬁn,%z, i} v/ owll - A

=[.A.1’“l:[é‘ gl
[+ el Gl

a—i 1][0_1 A [tj

Pndg ™
Ahy

— ™

T4 ' [

Taz | =
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®
BY NobAL ANALYSIS OR MODIFIEN NODAL ANALYSIS QNLY

o 7 <TEPS

— TREAT CONTROULLED  JOURLES FORUING TERMS AS KAOWN :
IMPLICIT MATRIx ERUATIONS
_ E\PRESS FORGING TERMS AS TUNCTIONS OF MTNOWN

VARIABLES : EXPLICTT EQUATIONS

CYMHMETRY PROPERTIES ARE LOST

| Ly
CORGT SOURES @ AFFecT THE AMATRIX OF THE NA EQUATION e

[&1+673+&4 ~(Gy+ Ga) ]{’ﬁu (g + &593

. A
/“'1 *&36‘54‘ a

—({7;4—574) G+ G+ 6!’5

Ux = Ang-Tnz = G- qom (Vna-Viz )

@ i o Gy - (Gt Ga) Tind ) _0g+ (33 \ 0 0 T4
“(&3* (g ) 6'1'44- (5'3"&5 T 3 &563 +jm _jm q}'hz
L
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oty -3 | [ T i EXPLICIT

® A4 A Y+ || g | | o EGUATION

C8/6. = fl% ] [0 9
1 5/4 Ty - 0
L e )
(lﬂq
'J'J"‘Y!‘iv -1 q

CTEP BACK TO THE ORIGINAL CIRGIIT

4’: ;'Zi(/ﬁu_- iZ)
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(¥l
g=K1
o TraNSToK MER
; — v -

- M INTRIVAIC Two PorT E.LE:MCNT- IS A —_;) LL-LZ
4 TERMINAL ELEMENT WITH AV WTERWAL —_]q __| 2
STRUCTURE THAT GUARAATIE THE 7, l L [ ’) i,

0_— .+

— ANY FoUR-TERMINAL ELEMENT wWTTH
Two TERMINALS TERMINATED gY A
TWo - TERMINAL ELEMENT QPERATE)

AS WO fort

I DEFINES A (WT-SET
WREENT ENTERIN G = WRREAT EXITIN G

@ I vernts A WT- SET
(URRENT ENTERIN G = WIiEAT EXITIN &

B WRRENT HE ARE MOT THE SAME |
N0 LoN &gk AUARANTEE THEIR

EQVI VA LENCE

?rtoPEf{‘l‘{ NO Los' RER HOLD
7-TERMINAL MO Lon GER
FORHS A WI-%ET
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(ONTROUED SOURCE : BASIC 2-PORT ELEMENTS |

S o— (RS ,  REGARDLESS
e Vs WRREAT
T4 : > Ty U, =mAs RE GAIDLESS A7
“ 3 L SINCE ONE HAS 3
o —0Q 4 VoLTAGE JOURCE

O »
i~ O
_
=
+
[
|

§"§C)
© O
P =

0

J
e L o
A 2 ¢

NEXT STEP: WRITE THe ENPLIUAT CHARACTERISTIC

— & DIFFeReNT PoOSSIBLE COMBNATIONS Fol Z-PORT gleMenTs

_ 2 DIFFEReNT PRVBLE (OMBINATIONS ToR 4-PortT ELEHENT

WADIMoN oF EASTANCE

el 2 g
. A [ %] " ‘E [ '4] :#[ MAIRIX INVERIION 1) IWVOLUED

/ff'z Az

JNCE PROVIBED INVEIE OF MATRIX /A EXISTS

- YLT ¢
. NOT SURPRISIN G € .
fufﬁ -4 Ad /A“d' @ 2 porT E:LEMMT {) ﬁEﬂEFAUMT”M
[’lfz ] = A B A7 ! OF 4 PolT ELEMENT

’IU_: n&”b“‘m
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:
OPEN CIRQUIT SHOET Ccimwi
® / JOLTAGE / CIRNENTS

v RasVo 45:([611@%
LT CIRWIT
OPEN) CRWTT e :
HiTRIX RESISTANCE CoupCTANE METRIX
SAMPLE 4
* - P |
o == K{/) M—T o&— 45
A | P‘i RZ
1 ( | By : )1&
o l i |
| o e ntbne: s il

Ty TRAA'4_+ €+Rs(41_4_+/f7_)

’U’-?- = .Ezzt'l‘f R'-b ("'.:[4- ’(‘Z-)

® [y R4+R3  R3 A4 )
2 5 e
l T Rz R+ Rz | | A2 0
LV L
i v,
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J-Pokt ELEMENT

]
O—_ ~ MANY PoniBLe r,
ﬁ5 r-Kz+ U EQUIVALENT
o—" AT - CIRGITS o
—0

THEVENIN
e ——,

. "U_d. E44 212 /(':_1 /u-"J/‘_

2 o
Uz Rea Ko || 4, Yoy
i . 2 YoUTAGE LonTRIBUTLONS
Ta =Ry A4+ Ko 47 + Vou SUHMED VP To OBTHIN Wz
Ta UL Ve
OWE (A IDEATIEY IT
/ BY A BESyTOR WITH Raa
RESTANCE Ra4 \
Ta
AT =k
_ o S ; _ -+ A |
J\ JOLTAGE DePEANDIN GO 2. PAZ""Z

“7 on K WRGRNT
. / ( ,b-i j /ﬁ’ / DEEINE n WMEWHER E Zevs
:
(@)

x OTALE IWDERENIDENT oN
\//‘\\_/j‘y ’U‘(_ o EVHZ‘ITH:'”& = /MeAL @ Aod
WLTALE JoURCE
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[, — FUNDAMENTALS OF DINAMIC CIRCULTS

LET's DAL WITH LINEAR DYNAMIC CIROVITS

25/40] 013

DYNAMIC ELEMENT = ANY GRWIT on ELEMENT BEFIWNED BY A CONSTITUTIVE
———

RELATION WITH MEMORY !
ALTO THE PRENOOVS $TEP OF VOLTAGE AND W

gAY THE INSTANTANEOUS VHLUES

/ tAPACITOR
2 ELEMENTAL DYNAMIC ELEMENTS Z— |NDUCTOR
TIME, INUARIANT = COUPLED INDUCTOR

E MORE
pYNAMIC CIRCOIT = ANY CIRWIT CONTANIN G NE OR
—_—

b‘/NMlC ELEMENTS

cAPACITOR (IDEAL)
——i

Ait) 9= Ca(t)
\7

)= 2alt)= 2ol
’6[0("';5 A[t)-dtq[f) Cdtﬂ[

e
[

[NDUCTOoR ( IDEAL)
WAGUETIC FLUX [ Webes, W]

/-

A[t) Q1) =L 4(t)
G- L 2l
1!(”»6“ (1) Lmﬁ[

K CAPAATANCE [Fa,waf, Fl i 4F =

(T cHMaRACTERNTIC HAS A MEMORY A/Uc}‘_
WT ARE INVILVED, AT

DWAHMIC ELEMERNTS

EQUATION DESCRIBIN G
peHAVIOR OF ¢APACITOR

AClV

[ WOICTANCE [ howwy, H 4 H= A WhA
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CONTINUITY QF CAPACITOR VoLTAGE

FOr ANY CURMRENT TUNCTIoN BOUNBES IV A CLOVED INTERVAL [ ta,fb]
oUS FUNLTON N THE

THE cAPACITOR VoLTAGE 1S A CONTIN

o INTERUAL (Te,Tb)

i
w2 |ttt
A_m : 7
OE 'E_JM“ ) d

LET'S cARRY ouT THE WTEGRATION GRAPHILALLT

[enecar {umﬁmv‘
wwd la

0LtL 4 / Jw

r

150
iit)=4 2t

-7t Actél

Alt, A :
\
|
EE AR S R
'1'40 | |
l ‘ L =[5
4 7! zZ|
0 4. :
';.LU _‘F I
.l 1
45,V

DISconTINOITY IN
(WRIENT TLow BOT
cONTINOITY N
VoLTH GE ACROSS
THE caPAUITOR

0=
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SERIES AND PARALLEL CONNECTIONS OF CAPACITORS |

THE CAPACITANGE PARAMETER REHAVES LIKE THE CONDUCTANCA pARAMETER

THE INDUCTANCE PARAMETER BEHAUES LIKE THE RESISTANCE PARAMETER

{sarece 4
@]

PORE R R i P R
TN ,f'“\ "4[ 4:.-——-:._..
rffjl" :\1“"\5'/ g 342 5 J> _%(Eﬂt(i*‘ Cy
l 1 b
LzF; s 2F  AF got 2p 1 J
@ =V X A —— G Jx7 3 "
2H 2H 2H
 romdi o Y i ey
{ \ ¢ TSH %MH %(BT)H
AH T KQH = — =
a = =N T
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3 L2 l .
o= pAx
7 A C 2T
b owo) 9 <7
"
AX = GTiQ-* {"]&“’)O{t'
-0
1 t t
: p 4 e [ o) [1)olt!
ilt)= fl( alt)dt’ = —j(&1e+ﬂe)=(@~*[um’t“’f“-‘Lc g
L C—zﬂ C-—m & S

COUPLED INDUCTORS |

UCToRS ARE £ MODEL FoR (oUPLED wiINbINGS ( feal TR

| ANSFORMERS )
LOUPLED IND

sHENT
COUPLED  DUCTORS ARE INTRINSIC 2-PoR™ ELEHEN

J . [
m(t)d«;g{u(th ijt"'z“)

&
M + J
] & > @ d : : ‘ {t)
L) = Mf—44(f)+12 Z A7
» "
CoUNTIONS - L4707 1,70 MéAllz
M COUPLES THE Two PoRT ; IT IS NAMED MUTUAL INDUCTANCE
La M | INDUCTANCE 0iEFULL To DEFINE (T VNNG
L= [ M Lz] MATRIX 4= COETE. Ly, Ly, M IN THIT WAY
2 4 VECtoR E@UIVALENT OF SLALAR g o
' [L() = U. = f {,t ) ERUATION THAT Hotb! FOR A= -(;ﬁ_:
- 4 INouCTOR [ 4 PoRT ELEMEAT)
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30/40/20413

> agvic=o KL

o N Zf)’r: Ak =0 Kl

N

2 ; SYSTEM OFRAIC
L T+ ba 4+ Cn=0  LineAR AtE

EQUATIONS
RESISTIVE
/ LINEAR CIRCOVT

(F THERE I SOMETHING DYNAMIC L [UPORTANT To  DECIBE
ThE BEST METHOCD

. To soLve THE PRORLEM

IKE A CAPACITOR

A= C -- /
(7) LINEAR ALGERRAIC ERUATIONS beFERENTlAL

ALGERRAIC o
@ TION
/v/.‘ . NIFFERENTIAL EQUATIONY EQUA
i‘/

€ IBUE 1S THE soLOTION OF DAE

MIXED SYSTEMS ARE BIFFICLT To BE SOLVED : TH

T r IH Fr& — T f"t 3 f o T O‘b IOR A "l OIUE

DIFFERCNTIAL

lc oR DECoUPLED
L et Pt e ERIVATIVES [INTE GRAL! ONLY

EQUATIONS INVOLUING EITHER THE UNHNOIWAS o THEIR D

o ALGEBRAIC YOWTION OR ALGEBRAIC + INTERRATION / DIFFERENTATION
(SELDOM HAPPENS)

— REDCUBLE TO A FIRST ORDER (oMPLITE DIFFERENTIAL EQUATION
( PARTICOLARLY [P RTAN CASE )

o PALAMETRIC FORM OF THE SOLUTION & (T HAPPER) WHEN THE CIRWIT
HAS TUIT 4 CAPACToRR. OR 4 INDuCTOR OR THEIR EQUIVALENTS

—/—“——— —2R——  TONT ONE
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USING THE PARAMETER T

: E (ON
4 4 THIs 1S THE EQUAT
cl _Z.qrz =(t) To BE SOLVED

r~

— = [NCLUDE INITIAL oNDITIoN S L.¢C-

L_~> <peciey Ao (L)

To sowe IT, ONE HAS To

T,(t)= Em(t)

THE PRLOBLEM (AN BE SPLIT [N THIS WAY

E’{_"f + = T= —il E t>o0 (NTIAL ComNDITION DESCRIBING THE PROBIEN ;
C L

REMEMBER THAT VOLTAGE ACRO))
/ CaPACTOR 15 A ConTijoUy TUNCTLON
(0%)= 7 (07)

FoR T <40 VOLTAGE APPLIED By THe VOLTAGE SOURCE 1S @ => SHORT CIRWIT

LET'S REPRESENT THE CIRWIT

STeADY STATE ADITLONS
=) oPEN CIRWIT

i

CAPACITOR IS IN
j 7(0°)

RESISTOR CONNECTED To 0PEA! CIRWIT => No WRERENT 1§ FlowIN G
=> YpLTAGE ACRON TuE ResisTor 15 9 = A()7) =0

THE soWTcON OF THt PROBLEM 1§

0 teo ONCE ONE HAS THIS ToLuToN , HE
'U—U-) i DOES NOT WNEED To WRITE ANYHORE
or L = DIFFERENTIAL EQUATION
-Ee. +E T20 THE DIF
-/t

N MORE OMPACT FoRM  ar(t) = —Em(t)e  + Em(t)

=
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o4 ) L e C) r(t)

Toli) =EtEalt)

N THIS (AME,
SIHER 2 DlFFEREN'T PROBLEM S

ONE (AN SPUT THE SOURCE AY DEPICTED BElow |
SUPERPOS(TION THEOREM HOLDS = (NE 1§ 4OING 'Eo N

THE UOLTAGE ACRoSs THE CAPACITOR WILL BE THE n
SUM OF THE UDLTAGES COMPUTED N THE Z PROBLEM? o

Eult)
Ea ‘t) /—\1%}\ G j ' @
7(t)

% E° )ftrm @
j

b . ~[
LET'S (onSIDER PRORLEM () - ZERO-STATE RESPONSE (OMPUTED BEFORE 'Um: -E2 It

+E L7

JOURLE HAS NO DISLONTINUTTY : AT A FIXED TME, ONE 1S

LET'S CONSIDER PRoBLEM (D
lookwe FOR THE FINAL VALUE AND T 18 Es

_:_Tr\ 'U{” = Ea

n ONCE 1S Kown v[07)

; B Ut AND TINtE con STANT ART
> -Ee "+ E+E, = =Ee \ £

ott] Rt T 0 o WE DoES AT NEED TO

WRTE DIFF. EQUATION

7]

Y
o

SWE E=Wh-Es = wlt)= (E-)e o t
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:r E,m[t)(‘

LeT's Fows THE ATténTion oN THE PROBLEM

.’———"——-._,__“' “
&‘//z
= %lt)

4+
b

Ay 4
nlt) = Zwr:]+zfaltJ

(4% %)

Tit) =
¢ [y -(% 1+ 15 )] &
FINAL UALUE

+

b S Re=RallRy = SR

o

GEmlt)+ G-ﬂ"a,
Gt G

Y
3; P(t) =

J
“b

4&5 JWE 1 LorciW & FOR
Tc HE I MT FREE T0

DEFINE THIS ONE
i)

E

]S

4
Zﬂ',an

Vv

"/Z{? Y vy L0

_(t*ﬂ“'f / i
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a=2[mit)-m(t-1] A

T>0

U, l-4) = # s

e

WMPITE AUD PLOT T, (t)

SERIES EQUIVALENT ﬂ

DES MoT EXIST

Juas > b

o

DAQU.) T

D —————

a(t)

t
T Vo -42t40
/_f. 1 f)
= a4+ — =
-4 2
Up + ol 3 t2T
e A
o+ =~
d I’W_‘ I Y P TR ._\P-- e
g . . ’yf: [:.'1’-.'_
] G i
TR T RS RN ra*n"‘w?‘ ]
s ; i =T
i T
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- @ @ 2
. —— : t ,t
2 T
8 f/ﬂ\ B S~ g‘i\
£ e
&
+§-\ + .
e ? Toz
% T4
DEPEADIN G ob THE
,U[t) i o) LENGTH OF INTERVAL
= € VAWEOF T
d L 1L ©  Ab oN THE j
it (%0-%4) ‘ = e THe FUNCTWA CAN REAH
- TIWAL VALY
& 1lt) = (Talta) - 1) &= T+ 4 OR NOT THE TINAL VALUE

1) PLOT SouRLE WAVEFORMS AND WBDIVIDE TiMe AXxIS
IN INTERVALS WHERE YOURLES ARE CondTANT

2) FoR EACH TIME INTERVAL , BUILD TTHE SERIES/ PARALLEL
EQUIVALENT (F THE RESISTWE COHPO)ITE ELEMENT

@ DRINWG THE CAPACITOR/ INDUCTOR

3) FOR EACH TIMe (NTERVAL, WRITE THE foLuTioN WVING
THE PARLAMETERS OF THE EQUIVALENT OF THE INTERVAL
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COMPUTE AMD PLOT A (t)

G17s T Kz
&4"’61 R’ﬁ K’L

Kz
Rak - Ratler CatRa
R R ' = Bt
~7 : Eaqu‘in'L 2 i
’ +
-~ Ra —
Ey o— =E,
KA‘*R‘L 1
@ Moo = O N T=Re: 4
lo 2.
L le's wppore =5 L

u

T
@ Vc4 (O EQR-IR )e- + B2 Ry RatRz
. (t~Teo)

Rz e o K=
@ Voo (Talt-ts)-Eafgr ) e + B Ry
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[ IbEaL swiTCHEs |

EVERYTHING A) BEFORE n
SAHE. CONSINERATION'S
o

SAHME PROCEDURES

ONE THING To BE UPDATED: ONE HAS To DIVIDE TIME AX!S

@ NTO INTERVALS WITH —> CONSTANT JOURCE VALUE
L5 cousTanT SWITCH STATE

ONE MINOR DIFFERENCE - WHEL SWITCH CHANGES 1TS STATE,
ALSO ToPoLo (Y OF DRNING ELEMENT CHANGES ; CONJERVENTL,

ALVO EQUI VALERNT RESISTANCE CAN CHANGE

TIME CONSTANT 1S DEFINEDN TOR EAcH TIMkg ;N‘Cegu,qf_/vﬂa
LowGER 0on START VALVE Re CHANGES => T HANGES

©) @) @
.‘S.J =
Re4. Kez
+ 4

SOLUTWN HAS THE SAME TFoRM AS BeFoRE
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§~ GENERAL DYNAMIC CIRCUITS

SWELE SIDED LAPLACE TRANSFORM

ARBITRARY # OF CAPACITOR £ INDUCTORS

INTEGRAL LINEAR TRANSFORMATION

L]
F)=2[30]- [ 2e0¢" ol
.

i REAL AXIS

g = q+jw

COMPLEX NUMBER : CoMPLEX TREQUENCY

(OMPLEX VARIABLE => CoMPLEX RESULTS

WHEN THE INTEGRAL IS pEFINED, 4 TO 4 CoRRESPoNDENCE

THE ELEMENTS ARE PARED
SINGlE SIDED BE/AUSE THE

INTEGNAL 1S DEFINED [9+m)
) . 0" INCLUDED To Alow
Q FuncTiopN To WORK Paofer L/
Wit THE TRANSFORMATIAN OF dT
- E ., ~
islan gt 0-<0-£

{ * (), F(ﬂﬁ - LAPLACE TRANSTaRM PAIR

__ UPPER (ASE
FunctigN oF TREQUENC/

LOWER CASE LETTER
FUNcTloN oF TIME

DFFERENTIAL QPERATOR
[N TIME DOMAIN
RECOMES LINEAR ALGEBRAIC
[N FREQUENCY DOMAIN

KEY PROPERTY

o=

L[] = Fs)  Tuawséer oF The FukcTion

SIHPLY LINEAR ALGEBKAIC
EQUATION

s [:rm} Sﬂﬂ-:f(r)

==
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-RATIO OF PolYNoOMIALS

- Qm, by .-~ ARE REAL COEFFICIENTS

amsm—i- am_gsw“i-{- e =+ ao n~> w‘
F(S) = 4 [ah;bh"l m(a)
b+ by S"* 4 o+ b
RHTOR
N(s) & - REPRSSENTIN G THE foLipoM 1AL U WYHERATO
Fis) = ==~

> 70
D(S) o ReleienTNGT THE PUIPOIIAL on DEWOMINATOR

IF Nd{m , NUMERATOR (AN RE DIVIDED RY DENOMINATOR AND
THE FCTon (AN Be WRITTeN 1N THIS wAay

REAL RATIONAL FUNCTO N
K
Flsy = 2~ &S5 4 GeHE PRoPER FUNLTOA
K

ZREJULT OF
DIITICN

ROOTS OF PolyNOMIALS - h-RooTs IN COMPLEx PLANE FoR
BOTH MUMERATOR AND NENOMINATO IR

. ROOTS OF PolvNom/ALS WITH REAL COEFFICIENTS (AN BE
REAL OK N PAIR COMPLEX con 1V GATES

THE 2ERO> oF N()) ARE AlSO A
ZEROY OF THE FUNCTloN
v PeS
THE ZeRoS OF AN(Y) =) ZEkOY OF
F N MED EROS
FUNCTON MNAME Z Pl o >
THE EEKDY OF D(3) = foMTS oF S<

(omplex PLANE WHERE FuaLTioN
& DIVERGES, AOES To INFIALTY ;
THey ARe NAmMen POLES

& AT EVERY ZERO OF D(3), ME
HAS SINGULARCTY OF F(s)
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THE 2 GONTRIBUTION ARE LUMPED [N SINGLE (ONTRIBUTION 0F THIS FORM

DIMOITIZABIlE (OME

. E}’" * ks :> gt = o 2 DIFFERep2A D1 @UADIAT!
S I 44 (5-03)% + W3
N W [eePs cowTV GATE] TOGETHER

= THII PROOVLT 1l REAL

To woMPyTe THE WEFFIUENT OF THc RESIDVES =D HANY TECATRUE S

THE SIMPIEST ouE 1§ TO EQUATIN G K. Kz4
S-p4 s= Pz

NE UTILITY (AN BE Founb oN WwWW. ?w}:f(-mﬂh-ww

| THE Lapuace MeTHOD

SoLUTioN PROCEDURE

SUPPoYe THAS 1S THE GIVEAN PROBLEM: gNE DOES NOT
NEED TO WRITE EQUATIONS IN TIME DOMAIN

(4) TRANSFORMED CIRAWIT
REPLACE ORIGINAL CIRWIT WITH THe TrANTFORMED
ONE ) I TRANTFORMED CIRWIT, EVERY ELEMENT E{s@

@ 1 ALGEBRAIC CHARACTERSTIC Vis)

=N PLANE LINEAR ALGEBIAIC

)/,

(2) anatysts V(1) = ...
WiT

ANY METHOD FoR LINEAR LesiSTIVE CIr
(0F CouRSE , THE MOJT CONVENTENT
For THE PRoRLEM ONE HAY)

( %) INVERSE TANYFoRMATION OF JoLUTIONS

L8 [Wxﬂ= 1(t)
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