law is,

point.
all the current meeting at ,

Anoth

algebraic sUM of
o ¢ {s always ZeT0-

Fig. 1.37 Junction point junction poin .
The word algebraic means considering the signs

Y1 at junction point = 0

wing

m a junction poin ;
{7 e while I, and 1,are negative.

the
cr way to state

Sigm comventon : Currenls flo
positive while currents flowing away i
e.g Refer to Fig. 137, currents I, and [ are post

¥ 1 at junction O = 0

Applying KCL,
0ie. I+l =13+,

l] +l: -lt —l‘

Kirchhoff's Voitage Law (KVL) :
t elementy
“In any metwork, the algebraic sum of the voltage drops across the circuit e of

» » h m =
any closed path (or loop or mesh) is equal to the algebraic sum of the e.m.f. s doudp.ﬂ:h
In other words, "The algebraic sum of all the branch voltages, around any pa

or closed loop is always zero.”
Around a closed path ZV = 0

Network
An
electrical network.

Y arrangement of the various electrical energy sources along with the different circuit elements is called ar

Any individual circuit element with two terminals which can be connected to other circuit element is called

network element. Network elements can be either active elements or passive elements.

Active elements are the elements which supply
are the examples of active elements,

3-34

power or energy to the network. Voltage source and current sourc
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TRy or dissipate
nis. Inductors

ements arc the elements which cither store ene
gctor and capacitor are the three basic passive eleme
sipate energy in the form of heat.

sivc el

energy in the form

' of heat. Resis
N Capatitds Resistor,

an store energy and resistors

fesh (oF Loop)
\foth (or Loop) 1s a set of branches forming a closed Path in a network in such

o refraining branches do not form a closed path. A loop also can be d“;“; ZWﬂy o e 0SS
‘rom & Pﬂrlicular node, terminating at the same node, travelling through v{“? il My
J\rough any node twice. f REL odes. without Uayeing

1
|

2

:Thc Classification of network can be shown as
Electrical circuits or networks

Py T

Active Passive Unear  Nonlinear  Unllateral  Bilateral Lumped Distributed

E—

. Linear thwork:

| A circuit or network whose parameters 1.¢. elements like resistances, inductances and capacitanc |

F constant irrespective of the change in time, voltage, temperature etc. is known as linear nctpwork T;s fg;’ “’W;’YS
can be applied to such network. The mathematical equations of such network can be obtained by'usine th"nI : a“f,'

‘ superposition. The response of the various network elements is linear with respect to the excitation applgied tt:o i:l:‘;r(r)l

Non-linear Network:
A circuit whose parameters change their values with change in time, temperature, voltage etc. is known as non-
linear network. The Ohm's law may not be applied to such network. Such network does not follow the law of

superposition. The response of the various elements is not linear with respect to their excitation. The best example
is a circuit consisting of a diode where diode current does not vary linearly with the voltage applied to it.

Bilateral Network:
A circuit whose characteristics, behavior is same irrespective of the direction of current through various elements
of it, is called bilateral network. Network consisting only resistances is good example of bilateral network.

Unilateral Network:

A circuit whose operation, behavior is dependent on the direction of the current through various elements is called
unilateral network. Circuit consisting diodes, which allows flow of current only in one direction is good example
of unilateral circuit.



Active Network: lled active, An energ) source may be a volty |
- oy 1§ called « ( '

A circuit which contains at least one source of energy 15 sy (u"(m |
-

source

Passive Network: '

e ralled passive circull |
A circuit which contains no energy source 18 called passive

Lumped Network:
A network in which all the network elements are physically XY
electric networks are lumped in nature, which consist elements SN

separable 1s known as lumped netwrk Mot
: k Mo
C, voltage source etc. ™

Distributed Network:

A network in which the circuit elements like resistance, Nalyy
purposes, is called distributed network. The best example of such : Stang
inductance and capacitance of a transmission line are distributed all along its length and cannot be shown y5 ”"ch'
clements, anywhere in the circuit.

i ductance ctc. cannot be physically separabje for a

a network 1s a transmission hine where res; :

| = Length in metres

a = Cross-sectional area in square metres
p = Resistivity in ohms-metres

R Resistance in ohms

]
]

=
o|2

1 Calorie
024 Calonie

4.186 Joules
1 Joule

Dependent Sources
Dependent sources are those whose value of source depends on voltage or current in the circuit. Such sources gr
indicated by diamond as shown in the Fig. and further classified as,

v=xv,<¢§ I=KI,§ V-KI,ZE 1'KV1<:E
(a) (b) (c) (d)

i) Voltage Dependent Voltage Source: It produces a voltage as a function of voltages elsewhere in the given
circuit. This is called VDVS. It is shown in the Fig. (a).

ii) Current Dependent Current Source: It produces a current as a function of currents elsewhere in the given
circuit. This is called CDCS. It is shown in the Fig. (b).

iii) Current Dependent Voltage Source: It produces a voltage as a function of current elsewhere in the given
circuit. This is called CDVS. It is shown in the Fig. (c).
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jtage Dependent ( ‘“'r""‘"“ ‘s““"c?? It produces a curren as a functj
This 18 ¢ alled VDCS, It is shown in the Fig. (d), 1on of voltage clsewhere in the given

i acessmmatt ClARSITIR A GRS T o LT R IR



, Thevenin’s Theorem

}Uf; ;"/Qi;) r,:j;});;: r:fwi(')rk cfr'mf:loscd in a box wiFh two terminals 4 and B brought ou.t. The
e P aw;rrjmf /v ;r;m o an;llnum.ber ,Of r.c‘snslor.'s and e.‘m.f. sources connected 1n any
R Ufgc ;:, ) 1;v<,nu.1’,lt e entire ancu:t I)ehm'd terrr.unals. A anc? B can l?e replaced
bod Thevenic rmibtﬁr;(v'c Sl l: ca lcq 'I”qu'cvcnm voltage) in series with a single resnstance'RTh
 mentioned in Tl‘xf:vcr:ir:’dstz ‘own in Fig. 3.8 (i0). Th'e valuc.:s of Epy, ’and.R'Th are d.etgrmmed
13 U, et gt I:h eorem. Once Th'evenin s equivalent c:rguzt 1S tha.lned [See

P rough any load resistance R, connected across AB 1is given by ;

[ w T
RTh +RL
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h CBDC, the voltage drop across R, is E,-V

B
I. = EZ 7 VB
2 123
B rrent I = Vg/R,. Putting the values of I,, I, and I in eq. (i), we get, ol 55
F]",];E, 3. EE_:_I/JE_ EE (i)
R Ry R,

antities except Vy are known. Hence Vj, can be found.out. ane Vg is known, all
1 qucmg can be calculated. It may be seen that nodal analysis requires only one equation
purrents =

for determining the branch currents in this circuit. However, Kirchhoff’s or Maxwell’s
= O @
E would have needed two equations.

AS

‘ serposition Theorem

erposition is a general principle that allows us to determine the effect of several energy
‘ voltage and current sources) acting simultaneously in a circuit by considering the effect
: source acting alone, and then combining (superposing) these effects. This theorem as
- w d.c. circuits may be stated as under : ;
o linear, bilateral d.c. network containing more than one energy source, the resultant
difference across or current through any element is equal to the algebraic sum of
& d;j’ferences or currents for that element produced by each source acting alone with
bther independent ideal voltage sources replaced by short circuits and all other independent
1 sources replaced by open circuits (non-ideal sources are replaced by their internal

scedure. The procedure for using this theorem to solve d.c. networks is as under :

) Select one source in the circuit and replace all other ideal voltage sources by short
circuits and ideal current sources by open circuits.

' Determine the voltage across or current through the desired element/branch du
source selected in step (7).

Fepeat the above two steps for each of the remaining sources.

Algebraically add all the voltages across or currents through the element/branch under
considerztion. The sum is the actual voltage across or current ‘through that element/
oranch when all the sources are acting simultaneously.

- Note. This theorem
penis or vol

e to single '

is called superposition because we superpose or algebraically add the components

tages) due to each independent source acting alone to obtain the total current
£ & circunt element

'. . Thevenin’s Theorem

¥ & 3.2 (1) shows a network enclosed in a box with two terminals 4 and B brought out. The
MOre in the box may consist of any number of resistors and e.m.f. sources connected in any
e But according to Thevenin, the entire circuit behind terminals 4 and B can be replaced
R " “ugle source of ¢ f, Lyy (called Theyenin voltage) in series with a single resistance Ry,
815 Thevenin 1 esistance) as shown in Fig, 3.8 (ii). The values of Ey, and Ry, are determined
; "’_”?“"’?‘?d in Thevenin’s theoremn, Once Thevenin'’s equivalent circuit is obtained [See
b 22 (D), then current 1 through any load resistance R , connected across 4B is given by ;
| = ..__E:ﬂz___

in or voltage



Sy R
L

°
.....................

(1)
(1)

Fig. 3.8

Thevenin®
Arv Iinea: l:;omm as applied to d.c. circuits is stated below
of emf 5 lr; \ O‘feral network having terminals A and B can be replaced by a single ¢
S eries with a single resistance Ry, o"’le
e :{) pin B; the voltage obtained across terminals A an
D The resiss i "C"ffed voltage between terminals A and B.
B with Io:;“ Ry is the resistance of the network measured between terminals 4
Sy soummmovcd and sources of e.m.f. replaced by their internal resistances, IQH
es are replaced with short circuits and ideal current sources are ’?PIZ::

with open circuits.
y a8 S W N e ol

d B with load, if any rem,
Veq
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Thevenin Equivalent c|;;|“ S

QA: E .......... H' E A
o L

R, | '
. e ¢

-0 __+4 ' ' %

e 3 L ; °B
(") ............... (II)

Fig. 3.8 g

ated below :

2:,‘:::: :I;Orem as applied to d.c. circuits is st
of emf E, ir; s;::r al. :etwo_'k having terminals A an
® The em with a single resistance Ry

S Ep, is the voltage obtained across te

ie iti il e g
@) e. it is open-circuited voltage between termin
The resistance R, is the resistance of the network measured between terminals 4 %

B with load removed and sources of e.m:/. replaced by their internal resistances, [q,
voltage sources are replaced with short circuils and. ideal current sources are rep| ac:dl

i with open circuits.
b ustration. Consider the circuit shown in Fig.
is concerned, it can be replaced by a single sour

x‘m R, as shown in Fig. 3.9 (i}). The em.f. Ep i
; Temoved. With R, disconnected, there is no current in R, and Ep,

d B can be replaced by a single "Ou,t'

yminals A and B with load, if any remg,
eq

als A and B.

3.9 (i). As far as the circuit behind termij
ce of em.f. Ep, in series with a gjn

s the voltage across terminals AB wih
will be voltage appcﬂn'ng

across R
30
“ E;, = Voltage across R,
= Current through Ry X Resistance Rj
— X Ry
A
—————=—0 ¥

|
3
: %';ZU

5
L
e - B 0 A 2

. A : ———
: Gii) 5

# ) '
Fig- 3.9

To find R 5, remove the logd R, and ;

resistance is 4 A , and replace the battery by 3 short-circui its internal

Sooking bﬁ’&‘;m“’m""m ﬁm;;mmcc measyred betweeq 4 and 3 Eﬁfe;‘:;b;: ;u:: gﬁ&;&ug’
oriing o i g oyl 19, S5 o 15, 7 KT GRS copbigaton s in
? R R A SR

Ry, = i i e ,

L v Ry + Ry ' 11
|

)
4




N orton’s Theorem

/) shows
e 3.:(Oit$'2he box r:anetwork- enclosed in a box with two terminals 4 and B brought o
ﬂcmt;:t according to N);!:g:tir Any number of resistors and e.m.f. sources connecte‘: S“;:;_?c'
y e e y 4 -4 . n
’nncramllcl with a resistance R ntire circuit behind AB can be replaced by a curre

wn i : : - same as

0 istance R. Th SISO in Fig. 3.10 (if). The resistance Ry 1s the 5

enin resi ™ ¢ value of 1,1 d : \ ] 'e theorem. Onc
N 18 determined as mentioned in Norton's

o

, jvalent circuit is d : 20
AT ctermined (See Fij ough any load /<L
vi\‘:‘cf(cd across AB can be rcadlly obtairfcd 1g. 3.10 (if)], then current thr gh
a -
// £— Norton Equivalent Circuit
2% : T

0) p “rtecnecccaccanccnan
(i)
N Fig. 3.10

Hence, Norton’s theorem as applied to d.c. circuits may be stated as under :

4ny linear, bilateral network having two terminals A and B can be replaced by A currens
e of current output I in parallel with g resistance R,,

() The output Iy of the current source is equal to the current that would flow through AD
when A and B are short-circuited

(if) The resistance R is the resistance of the network measured between A and B with lou.
removed and the sources of e.m.f/current replaced by their internal resistances. Ideal

voltage SOMIcesyTE replaced with short circuits and ideal current sources are replaced
with open circuits. :

Norton's theorem is converse of Thevenin’s theorem in the following respect. Norton equivalent
| circuit uses 2 current generator instead of voltage generator and the resistance R, (which is the
«me 2s Rpy) in parallel with the generator instead of being in series with it.

-~ are ' ]




when load R, is connééted e 4
be

Ce K b
" temingy , -~ NetWork Theorems m 65
I = > E Nd B, then Current in R, is given by ;
1. Norton’s ThQOhem ™+ R,
sig. 3.10 (V) sh
ork in the b
¢ netw or OX ma 0 sed
t accordin Ntaip box ;i
aner. Bu g to N . ith tw :
8‘,, parallel with a l‘csista::o S : Bl Ol resistorg n;:’dt:rrrnm;mls aancls brougl?t o
¥ evenin resistance R,y :"af:v 88 shoy,. Uit behing 4p S sources connected in any
u

eplaced by a current source

jorton’s equivalent circyiy is esistance R, is the same as

¢ n Fip,
NI1S dctcnnigne::ilo (i). The r

onnCC(Cd across AB can bc readilrrnincd ScC Fig 3 las mcntioned in NOnon's thcorcm. Once
y obtained. S . 0 (“')], thcn current lhrough any load RL

i complex

Network R,
1. \OB ? R,
e

) -

Hence, Norton’s theorem as applieq ¢

Any linear, bilateral nepy, ork hevin o
<ource of current output ., 8 two terming

. begd rrent
) The output I,, of thm el resistance Rand B can be replaced by a cu

E o € current ] N

when A and B are Shaﬂ-cimf‘?;’;e 'S €qual to the current that would flow through AD

(i) The resistance R, is the resistance o

removed and the sources of f the network measured between A and B with lou..
voltage sources are replac
with open circuits.

Hlustration. Fig. 3.11 illustrates the

: : application of Norton’s theorem. As far as the circuit
behnd terminals 4B is concerned [See F

: ; . ig. 3.11 (i), it can be replaced by a current source Iy
i parzllel with a resistance R, as shown in Fig. 3.11 (#v). The output J,, of the current generator

is equal to the current that would flow when terminals 4 and B are short circuited as shown in
Fig 3.11 (i). The load on the source when terminals 4B are short-circuited is given-by ; -
R' = Rl + .R2R3 = R]Rz +R1R3 +R2R3
RZ ar R3 Rz + R3
Source current, I = YV _ . VR +Ry)
R°  RR,+RR;+R,R,
Short-circuit current, /,, = Current in R, in Fig. 3.11 (ii)..
* = I’x R3 = VR3
Ry+Ry, RR,+RRy+RR,

-
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"N, n,
AN ww\-—c Fro—— AHM' ,\*—-' N B
| ’
= \ —ie 3
| 5 %Rl o V A Short—y|
<
L"——- [
—_— e— ! — ot *
) B (i) 8 ~
: A *
¥ ;\'
B
(iv)

P oy

(111)

Fig. 3.11
To find R, remove the load R, and replace battery by @ short because its internal resis“n%

» assumed o be zero [Sec Fig. 3.11 (1ir)]. . ‘
R, = Resistance al terminals A8 in Fig. 3.11 (iii)
R
= R, +.—-—-—R’ .
R, + Ry
Thas the values of /,, and Ry, are known. The Norton equivalent circuit will be as shown in.

Fag 311
12 Maximum Power Transfer Theorem
e deals with transfer of maximum power from a source to load and fnay be

awcd as unoer
r is transferred from a source [0 load when the load resistance

Fircuils, maximum powe
the internal resistance of the source as viewed from the load terminals wig,

laced by their internal resistances.

roa

made oguan 1o

od and all e m [ sources rep

e ] e e e :
A I ! 1 A
]
' N
g fes o ! .
AT HL : _";_ E | % R
i : L
| |
! |
| | 20
] B8 e o e E B
) (ii)

Fig. 3.12




by A A OB e I TN S e e - .

i
<
ey
MW
'_Il
il

< ) p——
' B
(1)
R, R, A
R
Ry -
—0
X B
(iif)
Fig. 3.11
n

is assumed to be zero [See Fig. 3.11 (iif)].
R, = Resistance at terminals 4B in Fig. 3.11 (iif)

RR,
2 E
R, + Ry

Thus the values of /, and R, are known. The Norton equivalent circuit will be as show, 5
Fig. 3.11 ().
12. Maximum Power Transfer Theorem

This theorem deals with transfer of maximum power from a source to load and rnay 'Be
stated as under : §
In d.c. circuits, maximum power is transferred from a source to load when the load resistance
is made equal to the internal resistance of the source as viewed from the load terminals wig,

load removed and all e.m.f. sources replaced by their internal resistances. .
[ :—-—--------; ----- I
{ A i ]

{ ? i Ww——
| ) :
‘ J I
. ! =) I [
4 Circuit % R, E —E :
1

| : :
! [

‘ B ! 1
L2 4 R e 1

(i) (i)




v

ey

10 a load R
8 equij Tk
al ith Thevenin resistance g
.,‘.nf” “~c mcasurcd betWecn te
> [;1(1"
|\

Consisting cl;f Thevenin voltage E (
i (*Rp) as show
Minals 4B with g
' gistances. According
;oo r; from the circuit to
gferte

‘0 maximum po

the load when R

|s AB. The proof of thijg theorem ig left

[ s = o

mmi"“ Under the conditions of

\MC.Y generated is dissipated
rc -

1 PO\\

: R, is the

0 in Fig. 3.12 (ii). Clearly Bl
removed and e.m.f. sources rep ower will be
wl;:r transfer theorem, maximum p

. at
in resistance
i 1 to R,, the Thevenin
L 1S made equal to » e
@S an exercise for the reader.
maximum power

f the
onc-hnlf o
transfer, the efficiency is only 50% as

in the internal resistance R, of the source.
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