‘Network Laws and Theorems

Ohm’s Law

The ratio of potential clifference (V) between any two points on a conductgr
to the current (I} flowing them is constant, provided the temperature of the
conductor does not change.
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g{l'k‘(t) =01 . at any node
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T = constant or  — =R -
I where i (t) is the current through k" branch
Where, R is the resistance of the conductor between the two points Note:
considered. ] ] . . .
+  Anetworkis aninterconnection of elements or devices, whereas a circuit
Kirchoff’s Laws is a network providing one or more closed paths.
+  Number of KVL equations=h - (n-1)
1. Kirchoff’s Voltage Law (KVL) +  Number of KCL equations = (n - 1)
For any closed path in a network, the algebraic sum of the voltages is where, b is number of branches and n is number of nodes,
Zero. * Atnode, current changes and in branch, current remains same.
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where, v is the voltage drop or voltage gain across ki element

2. Kirchoff’'s Current Law {KCL) Current Division Equations

- - I
The algebraic sum of the currents at a node is zero. Alternatively the
sum of the currents entering a node is equal to the sum of the currents T ,11 &
leaving that node. ' ' v =R Re




Network Theorems

1. Super Position Theorem

The response in any element of a linear, bilateral RLC network containing
more than one independent voltage or current source is the algebric
surn of responses produce by the independent source when each of
them acting alone with

(a) All other independent voltage sources are short circuited (5.C.).
() All other independent current sources are open circuited (0.C.).
(c) Alt dependent voltage and current sources remain as they are and

therefore, they are neither 5.C. nor O.C.

« Thetheoremis not applicable to the network containing
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where,

A= (RR, +R,R, + F_R.)

Deltato Star Transformation
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Source Transformation

{a) Non linear elements.

(b) Unilateral elements such as diode or BJT.

» Thetheoremis not applicable to power since itis a non linear parameter.

*  Thetheoremis also applicable for circuit having initial condition.

2. Thevenin’s Theorem

Alinear active RLC network which contains one or more independent or
dependent voltage or current sources can be replaced by a single voitage

source V. in seres with equivalentimpedance Zeq.

Transformation of a resistive voltage so urce to a resistive current source of

vice-versa.
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Open circuit voltage between a and b (when | = 0),
Equivalent impedance between a and b, when
(a} Allindependent sources are replaced by their internal
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impedances.

(b) All dependent voltage and current sources are remain

as they are.



Note: ... .. S S 5, Tellegan’s Theorem

Theorem is not applicable to the network containing: . Inany network, the sum of instantaneous power consumed by various

*  Nonlinearelement. efements of the branches is always equal to zero.

*  Unilateral element . Total power given out by different voltage sources is equal to total power
...................................... consumed by varicus passive elements in various branches of the network.
3. Norton’s Theorem £ .

Z Vi oy = 0

Alinear, active RLC network which contains one or more independent g k=1~

dependent voltage or current sources can be replaced by a single curran; where. b = Number of branches

source g in shunt w th equivalent impedance Zoo

_____________________ Note:
.:I : —oa The theorem is valid for any type of network so long as KVL and KCL equations
—f_ | T, ettt
N W g i T Zeq :: ..............................
——é b .: ‘ 6. Millman’s Theorem
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where, I5; = Short circuit current between a and b {when V = () : ¥
Zeq = Same as that of Thevenin's theorem E
4. Maximum Power Transfer Theorem ;
Source
2 =2Zj.....for maximum power transfer 7. Reciprocity Theorem | N )
Case 1: If Zo=R_ +iX_andZ =R, + iX In a linear bilateral single source network, thg rgtlo of excitation to the
’ S _ N . h “._ L___ P response is constant when the position of excitaticn and response are
= I'R‘L:z Ry ' and | X s interchange.
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Case 3: If Z =R | and 7 .—. R Excitaion ... Response  Response Excitalion
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then ‘ R =R, MM
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* Thebasis ofthe theoremis the symmetry of impedance or admittance o
matrix.

* Thetheorem is valid for network in which linear and bilateral elements
are present.

* The theorem is valid only when single independent voltage or current
source js present.

* Theinitial conditions are assumed to be zero in reciprocity theorem,

8. Compensation Theorem

Ifimpedance 'z’ of any branch of a network is changed by '8z’, then the
incremental current ‘81 in such branch is that which will be produced by a
compensating voltage source V_ = 1 8z introduced in the same branch with
pclarity opposing the original drrectlon of current I.
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{a) Compensation network (b} Z changesto Z + 82

ldeai voitage source V_ ccnected in series



