INTRoDUCTION To ELECTRICAL CIRCUIT ANALYSIS

CIRCUIT ELEMENTS

ELEMENT VoLTAGE - CURRENT RELATIONSHIP UNIT DESCRIPTION
i - ) Opposes the flow of current
1. Resistor (R) — AANAN— v=1(R  (Ohm’s Law) Ohm (Q) Dicélbet oenchod
2. Inductor (L) — EEET— V=] di Honru b)) Stores energy in
dt 4 ma.gnetic Eie[d
3. Capacitor (€) = W dv Farad (F) Stores energ? n
dt electric field
4. Inde.pen&en’c (:j Ve Vi = fgiven). Volt (V) Maintains a specific
Vol{'age. Source (Independen{: cf i) volfo_ge.
5. Independe.n‘t (:) I = Al (8i\fen) Maintains a sPeci{:ic.
Current Source 2 (Independent of v) Ampe:re, (A) current
6. Dependen{: = /LLV,( Voltage contvolled
V g
Voltage Source <t>_ % (,M VoH:age aain) Volt (V) vaifo.ge. sSource (VCVS)
7. Dependent @_ = ﬁ L Current controlled
i & 0
Current Source X ( P Current 3ain) Ampe‘r‘e. (A) current source (CCCS)
8. Ground —?I'— V=0 — Reference node (0 V)
9. SE':’:;::':‘) o =0 — No conduction path
10. s():gll:sﬂ:i) ° v=20 - Comple‘te conduction Pcd:h
PASSIVE ELEMENTS ACTIVE ELEMENTS Note :

% Current enters the Posi’cive.
terminal of an element.

D tes l nergy .
2. Inductor (L) E el

1. Resistor (R) }
3. Capacitor (€)

1 Independenf Sources ‘JL Can SL’”PPl}} energy

Theg absorb or store to the circuwit.

% DePendenf Sources
energy.

* All elements are ideal unless

sPecEf ied.




depending on the rela‘l:ionship between vol’cage and. current. =

. INEAR AND Non-LINEAR DEVICES

Electrical devices are basic building blocks of circuits. They can be classified as Linear or Non-Linear

1. LINEAR DEVICES

2. NoN-LINEAR DEVICES

(

A device is linear if the voltage-current relationship is

linear and it obegs superposition princ,iple.

(A device i3 non-linear if the voltage-current relationship

is not linear and it does not obey superposition principle.

Device Symbol V-I Relationship Notes Device Symbol V-I Relationship Notes
R Niree i Allows current in
1. Resistor (R) v=1IR S 1. Diode A |D K J one direction only.
LA (Ohm’s Law) thmlﬁh u‘ua. 5 v | Non-linear V-I
rough origin - characteristic.
{ 5
L s Linear element Opera.i:es n -For‘wa.rd
2. Inductor (L) — P — V=L -d-i- (aner% cton=dF o 2. Zener Diode §—I>[—|E. - bias and reverse
magnetic field) f 0 breakdown region.
—= = Non-linear.
C Linear element C
3, Ca.pacitar (€ i=C dv . 3. Transistor Relationship between
’ | dt Ej::gi SEZT[ZA) M (BIT) B be = {(53, Vee) currents and volfages
E is non-linear.
4. Independent 7 v = Ve Tdeal source, L P ‘ Non-linear device
VOL‘I:G.EI'& SOU.Y'CE. 5 ((‘.onstan‘t) VG.i.U.e. iz COnStﬂ.ﬂt £|' MOSFET E‘_| q ]'D - .F[VGSF Vns) used_ .Fo-r- 5L\J|:JEC'H|:T|.8
(Vs) e L— g and ampli-Ficoj:ion,
5. Indepen&.en‘l: { = I, Ideal source, { t Vo“:o.ge depgndan‘l:
Current Source LR netint) Sk e Bt —{ 7+ vesIsbors
(Is) ;‘lg e Non-Llinear.
Properties of Linear Devices i Properties of Non-Linear Devices iy
. Obeld superposition Principle. * Do not obey superposition principle.
« V-I re.la.ﬁonship is linear. Linear V-I o V-1 reluﬂonship is non-linear. f
+ Parameters (R, L, C) are constant. v characteristic * Parameters are not constant (wmd with vol‘l:agefcurrent), 9o 4
) olo , , ) Non-linear V-I
* Examples: R, L, C, independent sources. * Examples: Diode, Transistor, MOSFET, Varistor, etc. R
characteristic

-

-

-

[ Note: Most practical circuits use a combination of linear and non-linear devices.

)




ACTIVE

AND

PASSIVE DEVICES

Circuit elements are classified as Active or Passive depending on their o.bii.i.’cg

to su.pplld energy to a circuit.

1. ACTIVE DEVICES

Active devices can supply energy or control the flow

of energy in o circuit.

2. PASSIVE DEVICES

Passive devices cannot supply energy; theg onlsj

store or dissipat& energy.

Device SamboL Desc.ription/ Function Example Device ngbol De.scri.p{ion/ Function f Example
|

1. Independent Provides a specified Battery, 1 Rasiiber (R R Limits current and ' Carbon resistor,
Vc-l.ta.ae. e s Vs \.roH:a.ae. rega.rd!.ess of DC source —AMA— cli.ssi.Pa.tes energy in | Metal film

the current. the form of heat. | resistor
F

2. Tndependent Provides a specified Carrert 2. Inductor (L) L Stores energy in | Choke, Coil,

Carienl Sourde I current r‘egardLess of Gererator — YT — ma.ane‘l:ic. field. | Inductor
the voltaﬂe, 1
3. Capacitor {C) C Stores energy in Ceramic,

3. Dependent Source whose value VCVS, VCCS, ——I I-—— electric field. Electrolytic,
(Controlled) Vx depends on some other CCVS, CCES | Film capacitor
Source vﬁtto.g.e or current in TEw Transfers AC energy Groe

Ix the circuit. between circuits Step - down
il:h"’“ﬂlf‘ mutual Transformer

4 Troansistor @ Used for o.mPLifi,ca.ﬂon 2N3904, induction.

(BJIT) and 5“’&‘3“'13- Controls BC547 5. Diode Allows current to ﬂow IN4148,
£ 1_-“‘"31 current with small . | in one direction cnla. IN4007
I.npu. .
Provides high gain; used | 741, LM358 6. Switch Connects or Togai.e switch,

5. Opertﬂ; tonal

Ameplifier (Op-Amp)

in amPlLfﬁins, -F'therina,

comparing, etc.

—o/o—

disconnects parts
of a circuit.

Push button
switch

_Kga Point: Active devices can deliver power to a circuit.

Key Point: Passive devices cannot deliver power; they only

store or d.i,ssi,l:mte energy.

Su.mmo.rﬂ &
A p—

Active devices —» Can su.pplg energy or control energy flow. (Sources, Transistors, Op-Amps, etc.)

Passive devices = Cannot supply energy; Uﬂ.ea store or dissipate energy. (R, L, C, Transformer, Diode, Switch, etc.)




UNILATERAL

AND BILATERAL DEVICES

L Electrical devices are classified as Unilateral or Bilateral d.epend.i.ng on the 5Umme,tr3

o-F their V-1 characteristics and the o.b'd.iig to conduct current in one or both directions.

1. UNILATERAL DEVICES

Devices which allow current to {:low Pri.marilld in one direction

are called unilateral devices.

2. BiLATERAL DEVICES

Devices which allow current to {:low in both directions

are called bilateral devices.

Device Symbol V-1 Characteristic Description / Example Device Symbol V-I Characteristic Description / Exo.mpl,e_‘
e i Allows current ¢ Allows current in
siikeiElals A E | K in forward direction 1. Resistor (R) R both directions.
v only. VVVYV : V-I characteristic

Ex: PN Jund:i.on diode

2. Zener Diode

Allows forward
l:l.l.f'l‘&l"l.l'. 0.}'1.!3'. reverse

v breakdown be 51:-n.d

certain vol’co.ge .

Ex: Zener diode

-

55 SER A £ Conducts in -Farwa.rd.
(Silicon Controlled direction when 3ate.
Rectifier) G 5 v |is ‘tri.aserecl..
K / Exi SCR
4. Transistor e Non-linear and Fuwent d‘.Flmi. c.ontrcchLed.
(BIT) B ot in one direction between
- uptiaLerar: collector and emitter.

Ex-aBJil

Ke";’u Point (Unil.a"tgrul.): Unilateral devices conduct current m.o.i.nl.ﬁ in one

direction and block it in the opposite direction.

—

is linear.

Ex: Carbon resistor

i4

C U.T"I'E.'I"lt can 'FLO w

2. Inductor (L) L in either direction.
Stores energ in
/ g maan.etic fi.ePd..
Ex: Choke, Coil
C t Current can ]Ci.ow

3. Capacitor (€)

-

in either direction.
Stores ener in
electric -F ie ﬂ ;

Ex: Ceramic c.apa.ci.i:or'

4 Transmission

Line

Linear and

bilateral .

Allows voH:a.ae and.
current in both
directions.

Ex: Two-wire line

Key Point (Bilateral):

Bilateral devices conduct current in both directions

and their V-I characteristics are samme,tri.ca.l..

% Note: Unilateral devices are used in rechL-Fi.ca.‘Eion ; swij:l;hi.ng, and control applications.

Bilateral devices are used in signal processing, energy storage, and passive networks.



ENERGY SOURCES

Ene.rgs sources are the circuit elements that Supplld energy to the circuit.

There are two types of ideal energy Sources.

1. VoLTAGE Source

* A Vou':mae source wmaintains o constant vol.ta.se

across its terminals irrespective of the current

-F'Lom'mﬁ through it.

[ (a..) Sﬂmbo[
—O—

r(b) V-I Re.l.o.tionship VoL’Ea.ge is constant.
v = Vg (constant)

Current i can be any value

clependinﬁ on the externmal circuit.

~(c) Terminal Characteristic
v The terminal voltage

Vs remains constant
for ony volue of

current .

0 |

r (d) Examples

. Batte.rﬂ e DC Power S“PPLB

¢ Generator (constant voH:a..?]e.)

2. CURRENT SouRrcE

% A current source maintains a constant current

'l:hrowah its  terminals i.'rresPec‘l'.Lve. o{: the voH:o.ﬁe

.—®—.I5

across it.

(a) Sld mbol

—(b) V-I Re.l.od‘.i.onship Current is constant.

i = Is (constant)
Vo[’tcn.se. v con be any volue

dependi,nﬂ on the external circuit.

—(c) Terminal Characteristic
v The terminal current
remains constant
-For ony value o-f

VDL‘to.ae. ;

o] -

—(d) Examples

¢ Current Generator

* Photocell (approx.)

¢ Transistor current source e Solar Cell (aPFrox.)

Ke.g Point :

* Voltage Source —> Specifies voltage (V) and current (I) is the result.
% Current Source —> Specifies current (I) and voltage (V) is the result.

Note :

In practical sources, intermal resistances

exist but in circuit o.mltdsi.s we use
ideal sources.




SOURCE TRANSFORMATION

Source transformation is the process of converting o voltage source into an equivalent current source

or a current source

(v-I re'l.cd:l.onshLP) of

inte an e

the circuit.

1. VoLTAGE Source To CURRENT SOURCE

Or ig inal Circuit

Equi.vaLant Circuit

quwa.l.en‘l: voLtage. source without c.ho.nﬂmg the external behavior

2. CUurRRENT Source To VOLTAGE SoOuRCE

Origi.no.l. Circuit

Equ'l.vatent Circuit
o +— Q o} — Q
Vs g R = R Te § R = Vs C_’) R
b b b - b
Relo.ﬁonshi.g between sources 'r_Derwa:l:l.on

Vs

R remains the same.

-

IS = EA [ Current in amperes :]

‘ n the oﬂatmL circuit,
et
|
l

= This Curre.nt I is Provud.e.cl
bld, H‘\,& current source Ig.

Exam le :

CB@Q = é) :;6_ 60

b

e.rl. Lcu.tmn_
* Open circuit (a-b oPen)
Vop = Vs = IsR = 12 v

Yoo I, - 24

# Short circuit (a-b shorted):

Since both circuits give
same Vop and Tsc,
{:hea are eciui\.rc.l.en‘c ;

Po int :

[ ReLo.ti.onshiE between sources

Vs

= R [ Vo!.{a.ae in vo‘.’cs]

LR. remains the same.

Examl:z_l.i -

— 0.

3A (4 gqn

b

—

Derivation
In the Ori.ﬂin.ol circuit,

V=1IR=1IsR

= This vol.{:aﬂe. is Provi.d.ad.
bg the \roH:cLﬁa source V.

a
Vs = LR 90
= 3x9
=27V
b

Verification :

V&b = VS = IsR

'/
I,,,._=T5= s

* Ope.n. circuit (a-b o?en)i

= 27V

# Short circuit (a-b shorted):

3A

Since both circuits 3i.ve.
same Vo and Tgc,
t'neﬂ are equlvaLent :

2

A Prac.‘l‘.i.c.a'. circuit can be si.mPli.-F'Le.d. bH fransfcrmi.ng sources to make o.no.l.ldsis easier

[ Source transformatwn c.hnnﬂes the source tHPa but not the external V-I behaovior olf the circuit. :l




ANALYSTIS WITH DEPENDENT CURRENT AND VOLTAGE SOURCES

Depe.nd.e.n{'. (controlled) sources
elsewhere in the circuit.

1. ANALYSIS WITH DEPENDENT VOLTAGE Sources (DvS)

A dependent vaL’c.aae source s a voLtaSe source whose

vo\.to.ae. s Pr‘oporﬁonal. to some voL’c.cxae. or current in

the circuit.
(a) TﬂPeS and. Sﬁmbols

are those whose wvalue d.e,]:ae.nd.s on some other

Vol’co.ae Controlled
VnL'co.ae. Source (VCVS)

Current Controlled
Voltage Source (cevs)

~—©—°v=,u.vx

(b) Example Circuit
ha

10V (i)

o—— F— = 1

a T =S

6 0 resistor

b

20 Cor\'c.roLl.Ln.ﬂ varioble
§ P § e lx = current through
L,Ll
() Analﬂsis (Nodal Method)
Let node b be reference (0 V) and node a has voltage Vi, .

VoLtase. or current

2. ANALYSIS WITH DEPENDENT CURRENT Sources (DcCS)

A de.pend_e.r'd:. current source is a current source whose
current s PrOPGrtl.ona.L te some uo[to.ae. or current in
the circuit.

(a) T:jpes and. ngboLs

Vcl.l'.o..se. Controlled.
Current Source (VCCS)

»—<{‘>—<i=3vx /\1> i=Bi,

(b) Example. Circuit
30 \/ Controlling varioble:
_ )
12 V (:) 60 g 40 Ly = CU.TI."E.T‘L{'. throu.sh
6 0 resistor

i,l-

(c) Analysis (Nodol Method)
Let node b be reference (0 V) and node a has voltage Vo .

Current Controlled
Current Source (CCCS)

{—i because current source

enters node a)

Current 1, = LE:'- i = Vx.)é
dent : :
VoLto.ﬁe ALYOSS ‘d,e.Pen e\::. sourr.ze., Current of depend.ant source, L= 21, = Z(%) = Yo ['me node b to a)
v = 4i, = 4(—6'5-:} e Va [+ ot node a side ] R Pk d 3
APPLH KCL at node a: PP 4 Rz Nt s
Vo - 10 + Vo + Vo = ¥ n [(Nod.e. o is connected to V—Q;TE' + \;—q = L= 0
2 6 4 three branches)
Substitute v = -% « ond solve for V. Substitute 1 = ..Yge_ and. solve for V.
Ke-:d Points

* Depe.mien{'. sources make the circuit e.qrm’ci.ons coupled..

source rela.’ci.onships ;

* Alwmds define the c.ontroLU.ng varioble and its direction.

#* Use KCL, KVL, nodal or mesh methods i.nc.i.ud.i.r\.ﬂ the dependent

¥ VENS: w= v, | CEMS: v =

T by

* VCCS: L =gv, , CCCS: i = B.i,

(where w, v, g and B are constants)




4. NoDE ANALYSIS (KCL Method)
It is o method of circuit ana.Lﬂsi.s in which node voll:u.ﬂes (with
respect to o reference node) are the unknowns.

(a) Example Circuit

R [ Sl
L WS SR
20 40 L SR
Rz > Rz = 3N
2A
oV g 376 (T Ry = 40
Vs = 10V (left)
I. = 2A (uf)u.ln.t‘d)
_l__ = Re.ferem:.e node s . )
(b) Node Ecuku.o.tions ov
At risht node V. : The current source i.njects 2 A into the node V.
Voo il ,
He.nc.e., current ﬂ\rouﬁh R3 SCPA = T = 2 Kowe: Baink
[ Vi = Vo BJ Do not write
At node V:I. H APPL:I KCL (currents le.cwi,ns the r\od.e} \i—i oy It is
T =
V" 1_ + E‘. HE _V" hi' = 0 [Vr = Vi. + 8] incorrect because
2 3 4 i
Substitute Ve 1 Vy =10V, (V. -V,) _ s
5 = + i 0 R3 depends on
Yz 10 3 L = w88 g (Ve=Vy), not Vy
2 3 lo
alone .
Multiply by 6 = 3(V,-40) + 2V, - 42 =0 = 5V, = 42 =
42
V, = = = 8.4V ‘
{(c) Other Node VuH:naes / Branch Currents
[V, =V,+8 = 84+8 = 16.4V]
: Wy 8.4
* Current in R; (downward) i Ig, = e i 2.8 A
_ = 10 -V, 10 - 8.4
* Current in R, (frum 10V source to nede) : I, = 3 = 2 = 0.8A
¢ Current in R3 (fr'cm. node to current source) : Igs = 2 A (to the r'l.ﬂht)

Kej Points { Node An.n.l.glsi.ﬁ )

Choose o reference (ﬁmur\.d.) node .
Assign node woltoges te the remaini
APFLS! KCL ot each non- re.fert.nce. node .
et node wvoltoges.

nodes .

Solve simultanecus e.ntunki.ons to

* ¥ % Ok ¥

Branch currents can be fouru:l usl'.nﬁ Ohm's low.

2. MESH ANALYsIS (KVL Method)
It is o methed af circuit n.na.hjsi.s in which mesh currents are the unknowns.

(a) Exo.mPLa Circuit

R -

Ri 4.3 Datq.: j

ANN— AN

20 40 Ry e 2
R, = 30

+ Rz +
10V _) g C) Ry = 40
( Ii 3in I, = o 3

V, = 10V (left)
Vo = 5V (right)

(b} Mesh Eq,u.ati.on.s (APFLIJ KVL)
M (cloc,kwi.se)
~A0im Ty -+ ALE -Tg) =0

Mesh 2 {cl.oc.kwl'.se)
-5 + 4L, + 3(I,-I,) =0

= [5r, ~ 3 =g i) = [-3I,+?Iz=5 = i
(<) Sol.vi.n.a Ec‘u.n.b'.ons (1) and (2)
From (1) : B5I, -3I, =10 = I, = 20 “53I=
Substitute in (2) : ~3(i°+5A) + 91, = 5

5 30-9I, +35L, 2Ly L5 o e 25K

5 5
Thesm, T, % 10 +3x2.5 _ 1%.5 _ 3.5A I, = 35A
3 5 I, = 2.5A

(d) Branch Currents

Current in Ry = I, = 3.5A (left to ri.aﬁht)

Current in Ry = I, = 2.5A (left to right)

Current in R, = I, -I, = 3.5 - 2.5 = 1.0A (downward)

-

Ke.ﬁ Points (Mesh Armlasi.s)
Id.e.nti.fﬁ meshes (ne current sources between two elements; i.f present, use supzrmﬁh).

Asslsr\. mesh currents (I.LSMLLIJ clockwise ) .
APP"& KVL earound each mesh.
Selve simultanecus equations to find mesh currents,

Find branch currents us'mﬁ mesh. currents .

L B N B

4




CoNCEPT OF DuALITY AND DuaL NETWORKS

1. Concept oF DuauiTy

* In electrical netwerk ’Cheorﬂ, every circuit has o
dual circuit obtained b'ﬂ i.n’r.e.rc.ho.n%i.ns certain
circuit qumti.’t.le.s and. elements.

* If the equn.i’.ions o'f a network remain wvalid ‘fc'r the
interchanged. (duol) quentities, the two networks
are called duals of eoch other.

* Duo.l.ﬁ;ﬁ he.LPs n si.mpl.i.-fai.n.ﬁ the a.n.o.LHsi.s ond. in

d.eri.\ri.ng new circuits frcm. known circuits.

Pri.ncLP\.e. crf Dl.l.oli.’f.ﬂ
I]C o stotement is true for a network, the duel of that
statement is also true -for the dual network obtained

b\(..l' i.nfe.rc.'n.mxsi.na the dual Po.i.rs.

4. ExaMPLE
s Consider the network N =hown below

3. DuaL NeTworks

e Two networks are duals L-F one can be obtained 'ffom the
other bld i.n't.erc.'nnnﬁima oll the duol Pa.i.r's. R1
Orl.ﬁi.nnl Network (N) Dual Network (Nd_)

{:'1 VS

Ry
; -
A .
VS Ci) RZ i IS Cz
e The dual network Nd. s
Rs Csy obtained as:
AR : II = Cy

f 3 11
2. DuaL Pair oF QuanTiTiES AnD ELEMENTS Jesirntiont l

o Voltage source V5 in N «—> (Current source I in Ny C
%im.n.i. Qumﬁttj / Element Dual Qumd;i.bj_ [/ Element P - ; - I =

¢ Resistors R;, R;,R; in N «— Ca.Pn.!:.l.’ccrrs €y, C3, Gy i Ny,
ol V) == Eg (s, o Series in N <  Parollel in Ny £
Current (I) «—> Voltoge (V) KVL in N e H

. in in
Resistance (R) > Conductance (G =1/r) ] ) »
LR Gt il T e
Series Connection > Parallel Connection Ebs TR Lyt 2Rty =hs
Parallel Connection «— Series Connection L o %
VS Cloopifevs) ca Al T InmporTANCE / UsEs 6. ImporTANT PoINTS
Mesh > Node

# Duali rovides a erful tecl to obtain a new network " o
Loop P oy fmm,t:, i;i.“n Mtwot::‘ f o e #¥ Duol of dual is the on.auw.L network .
VoUco.tae Source S Current Source * Tt thPs in checking the tness of network equations # Not every practical network hos o Pkﬁsi&aﬂﬂ realizable
Open Circuit «—> Short Circuit * It si mpl.i.fi.es e e of complex circuits. dual (due %o proctical constraints ).
Short Circuit — Open Circuit | % Many theorems have their duols (e.g., Thevenin «— Norton). | % Duality holds for linear, bilateral networks.
Ke!j To.ke.u.wa.a : Dual.Lhd establishes o one-to-one correspondence between two networks bﬂ i.nJ;e.rc.hnnﬂi.n% voUcc.ag “— current,

series «— Pa.ro.LLe.L, KVL «— KCL and the associated elements.




