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NETWORK THEOREMS -1

The loop current and node voltage methods =are
employed to solve all network problems. It is pblsito
determine all the branch currents and voltages.efaras,
we may be interested in determine a particular dira
current or voltage only. In such cases, networloithes
are useful and which simplify the method of solatio
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This theorem helps in reducing the gimetwork to

simple equivalent network with respect to a givair pf terminals. If a network is
to be solved for the current through different laddmpedances to be connected
across two specified points in the network, we-eaploy either loop current or
nodal method, but the network is to be solved astnmumber of times as there are
different load of impedances. In such cases;-it el convenient to reduce the
network to an equivalent network with respect tadlaerminals by applying
thevenin’s theorem and calculate the current fochéaad of impedance.

Thevenin’'s Theorem:

Statement:

The current in any load impedance cotateto two terminals of a linear
active network is the.same as if this load impedam@s connected to an
equivalent consisting of a constant voltage sowhese voltage is equal to the
open circuit voltage at-two terminals and whoseriml impedance the impedance
of the network looking back into the terminals wdh source within the active
network replaced by impedance equal to their imieimpedances.
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The fig shows an a

ctive liar network with two terminals @and b to wich a

load impedancél is connectedThe venin'stheorem says that so far as its exte
behavioris concerned, the network-can.replaced by an elgunvvaonsisting of |
voltage source Voc in series with impedanceZth as indicated in fig, su that
the load current remainkd same in the original and equivalent cii

Il = Voc/ (Zth + ZI

Where Voc is open circuifoltage between the terminals a and b

And Zth is thevenin’empedanc and it is measured acsothe terminals and b.

Proof:the proof'makes use of superposition thec

stepl:.Let us suppose that in the load circuiigpfd introduced a voltage sour
E of such a magnitude and direction that the laadeat reduced to ze
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Evidentlythe magnitude of the source E should be.equal&ooffen circui
voltage, Voc of the active network at the load teats and. its direction must |
opposite to that of Voc as indicated in

Step2: let us suppose that yet another voltagecedttequal and opposite to |
source E is introduced into the load circuit. Tledéwork is modified as that shov
in fig. the introduction of the newsource E1. cause a current I11to flow in
external aicuit. Since there was no current in the externatud before
introducing E1, it would mean that I1.should be toerent that would flow witl
E1 alone acting in the netwark-with all other s@srceduced to zei

Therefore the current ILE1/ (Zth + ZI)

Step3: sinck and El-are equal and oppg, the resultant voltagacross them is
zero. The removal.of the two sources E and E1 hagetoes not affect the curre
I1 in the load circuit which is therefore the saasell. The network revts to its
original form.as in‘fig.

=11 =Voc/ (Zth + Z|

This is the current that flows in the loimpedanceZl connected to an conste
voltage source Voc of internimpedanceZth. The network in fig denotes t
thevanin’s equivalent of the original network in 1

Example 1:determine Il using thevenin’s theor
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4;{'6 @ 2mA < 1KQ

To get thevenin’s equivalent w. r. t a and b teatt

Thevenin’s voltage Vth or Voc: we will use supertioa.theorem tocalculate
Voc

KQ KO

y R = V—
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Voc =4V

8 [ WA Voc=4v
v @

With 4V only, Voc = 4V
With 2mA only,Voc = 4V

From Voc simultaneouslgcting with two sources, Voc = ¢

3
i
ol

]

i
-
™
|
I

st

e

{_,r—-"::\ =

www.sakshieducation.com




www.sakshieducation.com
Thevenin’s impedance replace all the sources by their interimapedanc and
determine the impedanbetween a and b, Zth =Q
From the thevenin’s equivalent shown in
Il=Voc/(Zth+2Zl)=8/(6*10"3) =4/3m

Example 2: Determine the current through the capaasing Thevenin’s theore

50 50
A O

Apply thevenin’s theorem between terminalind b

L
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Thevenin’'s.veltage:we will employ superposition theorem to calcula™ or
Voc
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With only 50V source, Voc = 5C
With only 20A source, Voc =5 * 20 = 10!
When both sources are actisimultaneously, Voc =50 300 = 150\
Thevenin’s impedance:
Zth = Zab ='Q

The thevenin’s equivalent. r. t to a and b terminals

502
r\f ke

e
Current through capacitor Ic = Voc / (2~j5) =150/ (5+45) =15+ 15 ¢
Norton’s"Theorem:

It is the dual of Thevenin’s Theore
Statement:

The current in any loadhpedanc connected to two terminals of an active lin
network is the same as if this loimpudencewvas connected to a constant curi
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generator whose current is equal to current which flows through the tv
terminals when they are short circuited, and ba&mgarallel with an admittanc
equal to the admittance of the network looking battk the terminals with a
sources replaced by their internal admittar

The fig shows an active network which can be replacath wespect tc
terminals a and b by norton’s theorem by an eqantadhown in fig
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The equivalent circuit consists_of a ‘current soulse in parallel with ai
admittance YthHAdmittance looking back into the network from témads a and |
when all the sources replaced by their internalisidnces)

Proof. The proof of the.theorem fallows from that of \thein’s theorem. B
thevenin’'stheorem the active network reduced to an equivaletwork consistin
of aconstant voltage (Voc or Vtland series impedance Zth.

Replace the constant voltage generator Voc insearith theimpedanc Zth
by an equivalent current source, Isc = V Zth in shunt withimpedanc Zth or
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admittance Yth = 1 / Zth as sho in fig. Norton’s theorem is mee provd. An
independent proof also lggven for Norton’s theorer
By Norton’s theorem Il = Isc * (Zth / Zth + Z
Where Isc = Voc / Zth
Hence Il = Voc / Zth + ZI
Voltage drop across the terminals = Il ZI = (Zt&lf (Zth + ZI))
Vab =Isc * (1/(Yth+YI)

The duality between thevenin’s and norton’s theoigevidentfrom the equation
for Il based on theveni’'s theorem and the equat@mnVab basel on norton’s
theorem.

Example 1: ihd the voltage across theQ resistance in the network shown in 1
using Norton’s theorem.

so0v < 100 5,
100Q

=

A 40 Q resistor in parallel with a 50 V source is ineffee. Shor circuit 10Q and
determine Isc

2o
Isc 10~
Isc 100/7C2
— 11 2 ’]“ 2
T S0V EV.N
Py 100 i

www.sakshieducation.com




www.sakshieducation.com

Calculation of Isc:

50 11 + 20 (11 42) = 15(

701120 12 = 15(
711212 = 15--mmeem- (1)
20 (12 1) = 1F

I P— )

Solve the equations (1) & (2) we get, 11 = 1A and-I-4A
Isc = 4A in the upvord direction

Rth =50 * 20/ 70 = 100/Q
Current through 1@, = (4 * 100/7) / (4 + (100/7))'= 40/1"
Voltage across 1Q, =10 * (40 / 17) =400./17V

Example 2: Using the norton’s theorem determine the curremough loac
impudence ZI =55 of the network shown in fig. find the power cansed by loac

Lh

- 3, ]

Get the norton’s equivalemtith respect to terminals a an

Calculation of Isc:

From the circuit, Isc =500 /50L-90 =10_90 =j10A
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Calculation of Zth:

4=
h

501_6
is

From the circuit, Zth = (5 +5-j5)/5 =5 -5

From theNorton’s equivalent, Il = Is* (5-j5)/ (5-5) + (5+j5) =Isc /2 = 90 =
j5A

Power consumed by the load, F  * Rl =572 *5 =125W
Recipracity Theorem:
Statement:

If a voltage applied in one branch of a linearatatal, passive network produc
a certain current in any other branch of the nétwthre same voltage applied
the second branch will produce the same currethtdriirst branch als

www.sakshieducation.com




www.sakshieducation.com

Proof: Consider a network consists of L loops. thet network be excited by only
one voltage source Es in the Sth loop. To deterrthirecurrent response Ir in the
Rth loop is given by as

Ir = (1/Dz)(Alr E1 + A2r E2 + ---- + Ajr Ej + --—+ Asr Es + Anr En + ----- )
Since there is only one source in the Sth loopénrtetwork,
Ir=Asr*Es/Dz=Yrs .Es

Let us now interchange the positions of excitabon response (exception to Rth
loop and response to Sth loop). We have voltageceon the Rth-loop and the
response is measured in the Sth loop as Is.

Is=Ars*Er/Dz=Yrs.Er
The ratio of excitation to response remains comnstan
Es/Ir=Dz/Asr and Er/Is=DArs
If they are to be equal, Asr = Ars.

For a linear bilateral network, the'cofactors Aré\sr. Since the loop impedence
matrix is symmetrical.

Hence theorem is proved..Note the other parts @httwork will not remain the
same.

Maximum Power Transfer Theorem:

If load .impedance is connected between twmiteals of an active linear
network;.then the load impedance can be adjustedatdhe power delivered to it
Is.maximum. This process of adjusting the load idgpee is known as matching
the impedance to source power.

There are few theoretical aspects of matchiased on the constraints placed
on the parameters of the load impedance.
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The general condition for maximum power transfetht® load is that the loz¢
impedanceshould be complex conjugate of the interimpedanc of the active
network.

There are 4 cases related to maximum power tratisferen

Case 1: The loadimpedanc ZI = RI + jXI in which both resistance and reacta
can be varied, independent

e [

Zth — Rth + j Xth

-+
\-"oc@ Ril=R1+ j X1

The active linear network to which the load.is-cected is thevenised into a sin
voltage source Voc in series wiinternal ‘impedanceth with respect to loa
terminals as shown in fig.

Then the power transferred to theload is Pl = 112.

Therefore P ——————— ———-ommem- (1)

Assuming first that only Xl is variable and RI igdd, for maximum powe—— =
0.
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From equations (2) & (3) we get,
(Rth+RIl) (Rth—-Rl) =0 => Rl = Rth —- (4)

Therefore for the power transferred to the loathaximum, which Rl and Xl are
both variable.

ZI = Rth — j Xth = conjugate ahz=> ZI = Zth * ------- (5)
The maximum power transferred to the load undercbndition is

(Voc)2.Rth _ Voc?
(2Rth)2 ~ 4Rth

Pmax this is independent of Xth. ----- (6)

Case 2: In the load impedance ZI only resistance is vadeiathile reactance Xl is
fixed. For maximum power the condition as givergguation (3)

(Rth + RD? + (Xth + XI)?> — 2Rl ((Rth +R[)) =0
(Rth + RD)(Rth + R + (Xth + X1)?=0
(Rth)? — (RD?>+ (Xth+ X1)?=0
(RD? =(Rth)? + (Xth + X1)?
Rl = V(Rth)? + (Xth + X1)?
IRI| = | Zth + j XI| ===---====---- (7)

Case 3: When Rl is*variable and load is purely resistiee, iXI = 0. For maximum
power from equation'(7) , |RI| = |Zth| ---------------- (8)

l.e., the load resistance should be equal to atesolalue of the thevenin’'s
impedance of the active network.

Case 4:When the magnitude of load impedance is variedhmiimpedance angle
of the load i.e.

_1 XL .
0= (tan)™! — remains constant.

Let ZI = Rl + jXI = ZI (cod + | SinP)
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Pl =

For Pl is to be maximum Zl only— =0

From that we can solve |Z| = |Zth|

From the above, it is seen that only when magnitfdeadimpedanc is. varied
keeping impedancangle constant, max power transfer will occur wjz@h="|Zth|
of the active n/w.

Milliman’s Theorem:

STATEMENT: This theorem states that the voltage drop fromtpg@hto point
‘O’ junction of number ofmpedance in a network of the form shown in f

= where k=1to n

Where Vo1, Vo2, --;-Von are the voltage drops ‘0’ to 1---,n and Y1, Y2---
-, Yn are the admittance between nodes----,n to common point 0. In applyir
this theorem it is not necessary to know iconnection between 0 and any ot
point n across which voltage Von exi

Proof: the proof of this theorem is simple andigtraforward
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The potential drop across Y1(¥10)! = (V10)! + (Voo)* = (Voo)?! - Vol
Current, Y1 =Y1(V10)! =Y1((Voo)! —Vol)

Similarly current through Y2 = Y2/20)! = Y2((Voo)! — V02)

Finally current through Yn = Y(Wno)! = Yn ((Voo)! — VOn)

Applying KCL at nodg(0)?!

(I10)* + (120)  + - - - - - +(In0)! =0
((Voo)r —=Vol) Y1 +((Voo)! —Vo2) Y2+ ----- +((Voo)r —Von) Yn=0
Voo)t (Y1 +Y2+----- +Yn)=Vol Y1+V0o2Y2+---- +VonYn
1 _VolYl+Vo2Y2+——-—-—— + Von Yn
(Voo)" = (YL+Y2+-———— = +Yn)
1— Yr=1Vok Yk
(Voo) ST

In this theorem, voltage drop is taken'as positive.

And also this method is very usefulin solving 3aph unbalanced star connected

load using neutral displacement method.
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