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UNIT-I


1.1 Active and Passive Devices-Independent and dependent voltage and current sources are active devices; they normally (but Not always) deliver power to some external device. Resistors, inductors and capacitors are passive Devices; they normally receive (absorb) power from an active device. 
1.2 Independent and Dependent Sources- 

1.2.(a) Ideal Independent Voltage Source [image: ] voltage regardless of the amount of current that flows through it. Its value is either constant (DC) or sinusoidal (AC).


1.2.(b)Ideal Independent Current Source [image: ] current regardless of the voltage that appears across its terminals. Its value is either constant (DC) or sinusoidal (AC).

1.2.(c)Dependent Voltage Source [image: ] voltage or current elsewhere in the circuit.

1.2.(d)Dependent Current Source [image: ] current or voltage elsewhere in the circuit.

3.Linear Devices
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4. Circuits and Networks

A network is the interconnection of two or more simple devices as shown







A circuit is a network which contains at least one closed path. Thus every circuit is a network but not all networks are circuits. An example is shown








5.Active and Passive Networks

Active Network is a network which contains at least one active device (voltage or current Source).

Passive Network is a network which does not contain any active device.

Basic Concepts and Definitions

1.3 An ideal independent voltage source maintains the same voltage regardless of the amount of current that flows through it. 
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· An ideal independent current source maintains the same current regardless of the amount of voltage that appears across its terminals. 

· The value of an dependent voltage source depends on another voltage or current elsewhere in the circuit. 

· The value of an dependent current source depends on another current or voltage elsewhere in the circuit. 

· Ideal voltage and current sources are just mathematical models. 

· Independent and Dependent voltage and current sources are active devices; they normally (but not always) deliver power to some external device. 

· Resistors, inductors, and capacitors are passive devices; they normally receive (absorb) power from an active device. 

· A network is the interconnection of two or more simple devices. 

· A circuit is a network which contains at least one closed path. Thus every circuit is a network but not all networks are circuits. 

· An active network is a network which contains at least one active device (voltage or current source). 

· A passive network is a network which does not contain any active device. 

· To set up and maintain a flow of current in a network or circuit there must be a voltage source (potential difference) present to provide the electrical work which will force current to flow and the circuit must be closed. 

· Linear devices are those in which there is a linear relationship between the voltage across that device and the current that flows through that device. 
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.	loop is equal to the resultant
e.m.f. acting in that loop

















Thus E1 - E2 = IR1 + IR2 + IR3 Problem 1Find the unknown currents marked in Figure as below-

















Solution-Applying Kirchhoff’s current law:

For junction B: 50 = 20 + I1. Hence I1 = 30 A For junction C: 20 + 15 = I2. Hence I2 = 35 A

For junction D: I1 = I3 + 120 i.e. 30 = I3 + 120. Hence I3 = −90 A (in the opposite direction)

For junction E: I4 + I3 = 15 i.e. I4 =15 –(-90). Hence I4 = 105 A
For junction F: 120 = I5 + 40. Hence I5 = 80 A

Problem 2 Determine the value of e.m.f. E
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Solution-Applying Kirchhoff’s voltage law and moving clockwise around the loop of F starting at point A:

3 + 6 + E - 4 = I2 + I2.5 + I1.5 + I1

=I (2 +2.5 + 1.5 + 1) i.e. 5 + E = 2(7) since I = 2 A Hence E = 14 - 5 = 9 V
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6.SUPERPOSITION THEOREM

superposition theorem states:-


‘In any network made up of linear resistances and containing more than one source of e.m.f., the resultant current flowing in any branch is the algebraic sum of the currents that would flow in that branch if each source was considered separately, all other sources being replaced at that time by their respective internal resistances.’



Problem 3 Determine the current in each branch of the network by using the superposition theorem.



































Solution-

[image: ]9

[image: ]10

[image: ]11

[image: ]12




Problem-4 Use Th´evenin’s theorem to find the current flowing in the 10 resistor for the circuit shown.



















Solution-

Step-1
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Step-2




















First of all The 10 resistance is removed from the circuit as shown























Step-3
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Problem-5

Use Norton’s theorem to determine the current I flowing in the 4 resistance


















\Solution-

[image: ]16

[image: ]17




Problem-6

Find the value of the load resistor RL that gives maximum power dissipation and determine the value of this power.














Solution-

Resistance RL is removed from the circuit
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Nodes, Branches, Loops and Meshes


A node is the common point at which two or more devices (passive or active) are connected. An example of a node is shown


















A branch is a simple path composed of one single device as shown

















A loop is a closed path formed by the interconnection of simple devices. For example, the network shown
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A mesh is a loop which does not enclose any other loops






























Problem-6 Find the currents in all loops by Loop Analysis




















Solution:

The network is divided into two loops as shown
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Beyond Syllabus
            Star Delta Transformation
We can now solve simple series, parallel or bridge type resistive networks using Kirchoff´s Circuit Laws, mesh current analysis or nodal voltage analysis techniques but in a balanced 3-phase circuit we can use different mathematical techniques to simplify the analysis of the circuit and thereby reduce the amount of math's involved which in itself is a good thing.
Standard 3-phase circuits or networks take on two major forms with names that represent the way in which the resistances are connected, a Star connected network which has the symbol of the letter, Υ (wye) and a Delta connected network which has the symbol of a triangle, Δ (delta). If a 3-phase, 3-wire supply or even a 3-phase load is connected in one type of configuration, it can be easily transformed or changed it into an equivalent configuration of the other type by using either the Star Delta Transformation or Delta Star Transformation process.
A resistive network consisting of three impedances can be connected together to form a T or "Tee" configuration but the network can also be redrawn to form a Star or Υ type network as shown below.
T-connected and Equivalent Star Network
[image: Star Resistor Networks]
As we have already seen, we can redraw the T resistor network to produce an equivalent Star or Υ type network. But we can also convert a Pi or π type resistor network into an equivalent Delta or Δ type network as shown below.
Pi-connected and Equivalent Delta Network.
[image: Delta Resistor Networks]

Having now defined exactly what is a Star and Delta connected network it is possible to transform the Υ into an equivalent Δ circuit and also to convert a Δ into an equivalent Υ circuit using a the transformation process. This process allows us to produce a mathematical relationship between the various resistors giving us a Star Delta Transformation as well as a Delta Star Transformation.
These transformations allow us to change the three connected resistances by their equivalents measured between the terminals 1-2, 1-3 or 2-3 for either a star or delta connected circuit. However, the resulting networks are only equivalent for voltages and currents external to the star or delta networks, as internally the voltages and currents are different but each network will consume the same amount of power and have the same power factor to each other.
Delta Star Transformation
To convert a delta network to an equivalent star network we need to derive a transformation formula for equating the various resistors to each other between the various terminals. Consider the circuit below.
Delta to Star Network.
[image: Delta to Star Transformation]
Compare the resistances between terminals 1 and 2.
[image: Resistance Between Terminals 1 and 2]
Resistance between the terminals 2 and 3.
[image: Resistance Between Terminals 2 and 3]
Resistance between the terminals 1 and 3.
[image: Resistance Between Terminals 1 and 3]
This now gives us three equations and taking equation 3 from equation 2 gives:
[image: Resistance equation]
Then, re-writing Equation 1 will give us:
[image: Resistance equation]
Adding together equation 1 and the result above of equation 3 minus equation 2 gives:
[image: Resistance equation]
From which gives us the final equation for resistor P as:
[image: Resistance P]
Then to summarize a little the above maths, we can now say that resistor P in a Star network can be found as Equation 1 plus (Equation 3 minus Equation 2) or   Eq1 + (Eq3 - Eq2).
Similarly, to find resistor Q in a star network, is equation 2 plus the result of equation 1 minus equation 3 or  Eq2 + (Eq1 - Eq3) and this gives us the transformation of Q as:
[image: Equivalent Resistance Q]
and again, to find resistor R in a Star network, is equation 3 plus the result of equation 2 minus equation 1 or  Eq3 + (Eq2 - Eq1) and this gives us the transformation of R as:
[image: Equivalent Resistance R]
When converting a delta network into a star network the denominators of all of the transformation formulas are the same: A + B + C, and which is the sum of ALL the delta resistances. Then to convert any delta connected network to an equivalent star network we can summarized the above transformation equations as:
Star Delta Transformation
We have seen above that when converting from a delta network to an equivalent star network that the resistor connected to one terminal is the product of the two delta resistances connected to the same terminal, for example resistor P is the product of resistors A and B connected to terminal 1.
By rewriting the previous formulas a little we can also find the transformation formulas for converting a resistive star network to an equivalent delta network giving us a way of producing a star delta transformation as shown below.
Star to Delta Network.
[image: Star to Delta Transformation]
The value of the resistor on any one side of the delta, Δ network is the sum of all the two-product combinations of resistors in the star network divide by the star resistor located "directly opposite" the delta resistor being found. For example, resistor A is given as:
[image: Resistor A]
with respect to terminal 3 and resistor B is given as:
[image: Resistor B]
with respect to terminal 2 with resistor C given as:
[image: Resistor C]
with respect to terminal 1.
By dividing out each equation by the value of the denominator we end up with three separate transformation formulas that can be used to convert any Delta resistive network into an equivalent star network as given below.
Star Delta Transformations allow us to convert one circuit type of circuit connection to another in order for us to easily analyise a circuit and one final point about converting a star resistive network to an equivalent delta network. If all the resistors in the star network are all equal in value then the resultant resistors in the equivalent delta network will be three times the value of the star resistors and equal, giving:   RDELTA = 3RSTAR
 
Circuit Analysis
In the previous tutorial we saw that complex circuits such as bridge or T-networks can be solved using Kirchoff's Circuit Laws. While Kirchoff´s Laws give us the basic method for analysing any complex electrical circuit, there are different ways of improving upon this method by using Mesh Current Analysis or Nodal Voltage Analysis that results in a lessening of the math's involved and when large networks are involved this reduction in maths can be a big advantage.
Mesh Analysis Circuit
[image: Mesh Analysis Circuit]
One simple method of reducing the amount of math's involved is to analyse the circuit using Kirchoff's Current Law equations to determine the currents, I1 and I2 flowing in the two resistors. Then there is no need to calculate the current I3 as its just the sum of I1 and I2. So Kirchoff's second voltage law simply becomes:
· Equation No 1 :    10 =  50I1 + 40I2
· Equation No 2 :    20 =  40I1 + 60I2
therefore, one line of math's calculation have been saved.
Mesh Current Analysis
A more easier method of solving the above circuit is by using Mesh Current Analysis or Loop Analysis which is also sometimes called Maxwell´s Circulating Currents method. Instead of labelling the branch currents we need to label each "closed loop" with a circulating current. As a general rule of thumb, only label inside loops in a clockwise direction with circulating currents as the aim is to cover all the elements of the circuit at least once. Any required branch current may be found from the appropriate loop or mesh currents as before using Kirchoff´s method.
For example: :    i1 = I1 , i2 = -I2  and  I3 = I1 - I2
We now write Kirchoff's voltage law equation in the same way as before to solve them but the advantage of this method is that it ensures that the information obtained from the circuit equations is the minimum required to solve the circuit as the information is more general and can easily be put into a matrix form.
[image: mesh current analysis]
These equations can be solved quite quickly by using a single mesh impedance matrix Z. Each element ON the principal diagonal will be "positive" and is the total impedance of each mesh. Where as, each element OFF the principal diagonal will either be "zero" or "negative" and represents the circuit element connecting all the appropriate meshes. This then gives us a matrix of:
	
[image: mesh current analysis circuit]
 


Where:
· [ V ]   gives the total battery voltage for loop 1 and then loop 2.
· [ I ]     states the names of the loop currents which we are trying to find.
· [ R ]   is called the resistance matrix.
and this gives I1 as -0.143 Amps and I2 as -0.429 Amps
As :    I3 = I1 - I2
The current I3 is therefore given as :    -0.143 - (-0.429) = 0.286 Amps
which is the same value of  0.286 amps, we found using Kirchoff´s circuit law in the previous tutorial.
Mesh Current Analysis Summary.
This "look-see" method of circuit analysis is probably the best of all the circuit analysis methods with the basic procedure for solving Mesh Current Analysis equations is as follows:
1. Label all the internal loops with circulating currents. (I1, I2, ...IL etc)
 2. Write the [ L x 1 ] column matrix [ V ] giving the sum of all voltage sources in each loop.
 3. Write the [ L x L ] matrix, [ R ] for all the resistances in the circuit as follows;
  R11 = the total resistance in the first loop.
  Rnn = the total resistance in the Nth loop.
  RJK = the resistance which directly joins loop J to Loop K.
 4. Write the matrix or vector equation [V]  =  [R] x [I] where [I] is the list of currents to be found.
As well as using Mesh Current Analysis, we can also use node analysis to calculate the voltages around the loops, again reducing the amount of mathematics required using just Kirchoff's laws. In the next tutorial about DC Theory we will look at Nodal Voltage Analysis to do just that.
Nodal Voltage Analysis
As well as using Mesh Analysis to solve the currents flowing around complex circuits it is also possible to use nodal analysis methods too. Nodal Voltage Analysis complements the previous mesh analysis in that it is equally powerful and based on the same concepts of matrix analysis. As its name implies, Nodal Voltage Analysis uses the "Nodal" equations of Kirchoff's first law to find the voltage potentials around the circuit.
So by adding together all these nodal voltages the net result will be equal to zero. Then, if there are "n" nodes in the circuit there will be "n-1" independent nodal equations and these alone are sufficient to describe and hence solve the circuit.
At each node point write down Kirchoff's first law equation, that is: "the currents entering a node are exactly equal in value to the currents leaving the node" then express each current in terms of the voltage across the branch. For "n" nodes, one node will be used as the reference node and all the other voltages will be referenced or measured with respect to this common node.
For example, consider the circuit from the previous section.
Nodal Voltage Analysis Circuit
[image: nodal voltage analysis]

In the above circuit, node D is chosen as the reference node and the other three nodes are assumed to have voltages, Va, Vb and  Vc with respect to node D. For example;
	
[image: Nodal Circuit Equations]


As Va = 10v and Vc = 20v , Vb can be easily found by:
	
[image: Mesh Analysis Circuit]


again is the same value of 0.286 amps, we found using Kirchoff's Circuit Law in the previous tutorial.
From both Mesh and Nodal Analysis methods we have looked at so far, this is the simplest method of solving this particular circuit. Generally, nodal voltage analysis is more appropriate when there are a larger number of current sources around. The network is then defined as: [ I ] = [ Y ] [ V ] where [ I ] are the driving current sources, [ V ] are the nodal voltages to be found and [ Y ] is the admittance matrix of the network which operates on [ V ] to give [ I ].
Nodal Voltage Analysis Summary.
The basic procedure for solving Nodal Analysis equations is as follows:
1. Write down the current vectors, assuming currents into a node are positive. ie, a (N x 1) 
  matrices for "N" independent nodes.
2. Write the admittance matrix [Y] of the network where: 
  Y11 = the total admittance of the first node.
  Y22 = the total admittance of the second node.
  RJK = the total admittance joining node J to node K.
 3. For a network with "N" independent nodes, [Y] will be an (N x N) matrix and that Ynn will be 
  positive and Yjk will be negative or zero value.
 4. The voltage vector will be (N x L) and will list the "N" voltages to be found.
We have now seen that a number of theorems exist that simplify the analysis of linear circuits. In the next tutorial we will look at Thevenins Theorem which allows a network consisting of linear resistors and sources to be represented by an equivalent circuit with a single voltage source and a series resistance.
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Kirchhoff’s laws Kirchhoff's laws state:

Current Law. At any junction in an electric circuit the total current
flowing towards that junction is egual fo the total current flowing
away from the junction_ 1e. £ = 0

h+h=l3+14+1s of 1 +1—13—13—15=0

Voltage Law. In any closed loop in a network, the algebraic sum
of the voltage drops (i.e. products of curvent and resistance) taken
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Procedure:

i

Redraw the original circuit with source £ removed, being replaced

by 72 only

Label the currents in each branch and their directions as shown in
and determine their values. (Note that the choice of

current directions depends on the battery polaity, which, by conven-

tion is taken as flowing from the posifive battery terminal as shown.)

R in parallel with ry gives an equivalent resistance of

4x1

=080

From the equivalent circuit
Ey 4

1429A
n+08 2408

L=

1 1
- (74+ 1)1, —3(1429)— 0286 &
and

4 4
L= (m) 1= 5(1:429) = 1143 A by curent division

Redraw the original circuit with source £1 removed, being replaced
by r1 only.
Label the currents in each branch and their directions as shown in
and determine their values.
11 in parallel with R gives an equivalent resistance of
2x4_8

Sri=g=1Be

From the equivalent circuit





image11.jpeg
6 Determune the algebraic sum of the currents flowing in each branch
Eesultant current lowing through source 1. 1.2

Ihh—16= 1429 —0.571
= (.858 A (discharging)
Resultant current flowing through source 2, 1.e.
Ig—1;=103857—-1.143
= —0.286 A (charging)
Resultant current flowing through resistor R, 1.e.

I +1s = 0.286 4 0.286
=0572 A

0.858A 0.286 A
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Thévenin's theorem
Thevenin’s theorem states:

‘The current in any branch of a network is that which would result if an
e.m.f. equal to the p.d. across a break made in the branch, were infroduced
into the branch, all other e.m.f.'s being removed and represented by the
internal resistances of the sources.’

The procedure adopted when using Thévenin's theorem 1s summanzed
below. To determine the current in any branch of an active network (1.e.
one containing a source of em f):

(1) remove the resistance R from that branch,

(11) determune the open-circuit voltage, E. across the break,

(1) remove each source of e f and replace them by their internal
resistances and then determune the resistance, r, ‘looking-n’ at the
break.

(1v) determine the value of the current from the equivalent circuit shown

E
m Figure 1327 1e. I = R

+r
!
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There 15 no current flowing m the 5 £ resistor and current /1 1s
given by:
10 10

; Ri+R: 248

|

Pd across Ry =Ry =1x8=8V
Hence p.d. across AB. 1.e. the open-circuit voltage across the break,
E=8V.

The equuvalent Thevenin' s circut 1s shown 1n
E 8 b

Coemt F— —— — __ > - % .__g4a87 A
= R+r 10166 166

Hence the current flowing in the 10 £2 resistor of
0D.482 A
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Norton’s theorem

Norton’s theorem states:

‘The ciarent that flows in any branch of a network is the same as that which
would flow in the branch if it were conmnected across a source of electrical
energy, the short-circuit current of which is equal to the ciorent that would

flow in a short-circuit across the branch, and the internal resistance of
which is equal ro the resistance which appears acress the open-circuired
branch terminals.’

The procedure adopted when using Norton’s theorem is summa-
rized below.

To determune the current flowing in a resistance R of a branch AB of
an active network:

(1) short-circuit branch AB
(i1) determine the short-circuit current /s flowing in the branch
(111) remove all sources of emf and replace them by their internal
resistance (or, if a current source exists, replace with an open-

circuit). then determine the resistance r.looking-in” at a break made
between A and B

(1v) determune the current / flowing in resistance R from the Norton
equivalent network shown in

=
i (r+R)Isc
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Following the procedure:
(1) The 4 Q branch 15 short-circuited as shown
(1) From Figure 1333(b), Isc =11 +1h = % + % —4A

(111) If the sources of e m f are removed the resistance ‘looking-n” at a
break made between A and B 15 given by:
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{1v) From the Norton equivalent network shown
current i the 4 £ resistance 1s given by:

_ [ 5 ﬂ (4)=0.571 A,

(2/3) +4

as obtamned previously m problems 2. 3 and 9 using Kirchhoff s
laws and the theorems of superposition and Thévemn.

Maximum power transfer theorem
The maximum power transfer theorem states:
‘The power transferred from a supply source to a load is at its maximum

when the resistance of the load is equal to the internal resistance of the
source.”

Hence when R = r the power transferred from the source
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The equuvalent Thévenin’'s circuit supplyving termunals AB
from which, current, / = E /(r + R.)
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For loop 1:

Bl + E2 =R + 12K3
1e. 16 = 0.51, + 212

For loop 2:

Ex= IR>» — (11 — I2)R3
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Note that since loop 2 is in the opposite direction to current(/y — /1),
the volt drop across R; (i.e. (I — 12)(Rs) is by convention negative)

Thus 12=20— 50— 1) ie 12==51+70
Solving equations (1) and (2) to find /1 and /1

10 x (1) gives 160 = 511 + 200

172

(2)+ (3) gives 172 = 271 hence I = 6374

From (1): 16 = 0.5/, +2(637)
16— 2(637)

05

h=

Current flowingin Ry=/1—/2=652-637=0154

(3]
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