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General objectives of converting electrical sources (voltage
source and current source)

Simplifying Circuit Analysis: Converting sources makes it easier to analyze electrical circuits
using methods such as Ohm’s Law and Kirchhoff’s Laws.

Enabling the Use of Different Analysis Methods: This conversion allows for selecting the most
suitable method for circuit analysis, such as Mesh Analysis or Nodal Analysis.

Flexibility in Design and Practical Applications: In some cases, using a current source or a
voltage source may be more efficient depending on the circuit’s requirements.

Applying Various Theorems: Such as Thevenin’s Theorem and Norton’s Theorem, where
converting sources Is sometimes necessary to obtain an equivalent circuit model.



General objectives of super mesh (maxwell) theory

« Reducing the Number of Equations in Circuit Analysis: The Super mesh
method helps minimize the number of equations required when analyzing
electrical circuits, making the solution process easier.

« Handling Interdependent Currents in Circuits: This theory is used when there
IS a current source shared between two meshes, allowing them to be merged into a
single equation.

« Enhancing Analysis Efficiency: By using Supermesh, large and complex circuits
can be simplified, saving time and effort.

« Applicable to Multi-Source Circuits: This theory helps efficiently analyze
circuits containing multiple current or voltage sources.



Specific objectives:
» Conversion of Electrical Sources (Voltage Source and Current Source)

« Understand the relationship between voltage sources and current sources and how to convert
between them using internal resistance.

 Simplify electrical circuits by converting between the two sources to facilitate circuit analysis.

« Use source conversion in network analysis to easily calculate currents and voltages in the
circuit.

« Explain the concept of Thevenin resistance and Norton resistance as part of electrical
analysis.

» Supermesh Theory
» Apply Supermesh Theory to analyze electrical circuits containing current sources.
 Simplify electrical equations when a shared current source exists between two mesh loops.

« Improve calculation efficiency and reduce the number of equations needed for circuit
analysis.

« Understand the relationship between Kirchhoff’s Laws (KVL and KCL) and Supermesh
Theory to determine currents in complex circuits.



Source Transformation

A source transformation is the process of replacing a voltage source vy in series

with a resistor R by a current source i in parallel with a resistor R, or vice versa.
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Figure 3-11 Transformation of independent sources.

Source transformation also applies to

R
dependent sources, provided we carefully a oa
handle the dependent variable. As shown |
in Fig. 3-12. s " k
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Figure 3-12 Transformation of dependent sources.



Voltage Source Circuits

Multiple power sources can be connected in series or parallel in order to meet the
different voltage or current output requirements for various applications:

»Power sources are connected in series to increase the voltage output.
»Power sources are connected in parallel to increase the current capacity.
< Series Sources:

Example:
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Voltage Source Circuits

s*Parallel Sources:

\oltage sources are connected in parallel whenever it is necessary to deliver a

current output greater than the current output that a single source of supply can
provide, without increasing voltage across a load.

Example:
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Determinates

Consider the two simultaneous equations :
a;x + by = ¢
a>x + by = ¢
Where (x and y) are the unknown variables, and (a4, a,, by, by, ¢;, and ¢;) are constants. Using the

determinants the values of the variables can be obtained as :

lcl by 5 a €
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Determinates

Consider the following three simultaneous equations :
a,x + byy+cz=d
a,x + by + ¢z = dy
a;x + bsy + 32 = d3

The unknown variables (x, y, and z) are determined as follows :

a, by dy

d2 b2 Co a, dz Co a; b, d2

Ay ld3 by «c3 By laz d3 3 .- By _lag by dj
LA a, b Y=& " Tay b1 6 A e b G
a, b; ¢ a, b, ¢ a; by ¢
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Determinates

dl bl Cqy a, dl 2y a, bl
d2 b2 Cy a, dz ¢ a, b2
d3 by C3 B, laz d3 c¢; - As _lag bs
) bl €1 ¥ = A B aq b1 C1 A aq bl
a; b; ¢ a, b, ¢ az zz
a3 s Us az by c3 az D3

A= aq(byc3 — c;b3) — bi(ac3 — C,03) + ci{azbs — b,as3)
A= dy(byc3 — cyb3) — by (d,c3 — cpd3) + cq(dabs — b2d3)
By= ai(dyc3 — cod3) — d,(azc3 — C,03) + cy(azds — d,as)

Ay= a;(byds — dobs) — by(axds — dpaz) + dy(azbs — b,a3)




Ex: Calculated the x and y.

~x+2y=3
— e,
Solution: 3% Y
-1 2 — 2 x3 = ~4
s —- 1 #(——-2) 2 3
s g =N
By= -2 =2 ( )
A,= —31 wif—q) ef=2) =343 =7
-7
A, 1 .
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Determinates

Ex: Calculated the x,y, andz. ., _ _4

3y+z=2

x+2y+3z2=0
Solution:

x+0y—2z=-1
Ox +3y+z=2
x+2y+3z=0

1(3+3-1%2)+ (-2)(0=2-3+1) =13
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—1(3*3-—1*2)+(-—2)(2*2-—3*0)=--15
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1 -1 -2
0 2 1
1 0 3
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Mesh-analysis/Loop-analysis/Maxwell's Current Analysis

mesh 1

Take clockwise direction
According to the way that we have defined the currents, we see that i,

flows in Vs1, Ri/and Ry. and i, flow in Vs, Ry ,and Rs.

But what about R3 which is common?

In‘the common branch, the current is the difference of ia and ib.

“**Note:
Related to nodes consider only the node with three and more connection.
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Mesh-analysis/Loop-analysis/Maxwell’'s Current Analysis

+ UrR1 — ¥ g -
<+
+'
Negative Positive
- =+ _
VR4 VR + value value

With the mesh currents defined, we can define resistor voltages.

Next, use KVL around each mesh (loop).

From i, mish g Vs1 —Ur1 — UrR3 — Ura =0

Fromi, mish g Ur3 — Vr2 — Vis2 — Ur5 = 0



Mesh-analysis/Loop-analysis/Maxwell’'s Current Analysis

+ UR2

Vo1 —vri — 3 — e =0

V
s2 UR3— U2 — Vo —vp5 =0

- Vrs +

|
Finally, Writé resistor valtages in terms of mesh currents( using ohm law)
|

1 i
Vi1 — iaRq —((in — i) R3)— iaRg = 0 - first mesh equation

(fa EE fb) R3 — 1Ry — Vo — 1R5 =0 Second mesh
equation

Rearrange equation for i, and i,

is (Ri + R3 + Ry) — ipR3 = Vg; 2 equations, 2 unknowns!

{/Rd |G (Rz +Rs+ R5) .7, Solve for /z and /.



Mesh-analysis/Loop-analysis/Maxwell's Current Analysis

R, 1kQ R, 3.3kQ

—AN\ AN\

Vs1 (i) la Rs b Ci) Vsz

10V T 1.5 kQT_ 5V
—Ay B r—

£ DKL) > 4T k)
1 (Rl + R3 + R4) — 1 R3 = Vg

i,R3 — i (R2 + R3 + Rs5) = Vs

ip (4.7kQ) — i, (1.5kQ) = 10V
iz (1.5kQ) — iy (9.5kQ) = 5V
solving: i, = 2.06 mA and i, = —0.200 mA.

Now you can find all the voltages and powers, if needed




Mesh-analysis/Loop-analysis/Maxwell's Current Analysis

EX: Calculated the current through (4€2) by using (Mesh-Maxwell) Analysis.

Solution:
(2+4)I; — 41,=2 .....()

—41,=(4+1),=—6...(2)
|6 —4|_ (A~ V=
4 g =[6 X 5—(—4 x —4)]=14
2
—6

S I
° _6‘—[6>< 6— (2 x —4)]= - 28

N e

_54‘:[2 X 5 — (—4 X —6)]=— 14

-14 - —28
14 14

1(4Q)=1; — I, = —1 — (—2) = 1 A in the direction of (I;)

11= ,12= —2 A

2Q 12
—AMA—T— MM
o 4Q —6V
20 142
— AM——AMN—
v iy /D 44 /ID——::'éV
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Maxwell's current analysis: special case
EX: Calculated the loop currents and current through (6€2) by using (Mesh-Maxwell)
4Q 3Q

Analysis.

Solution:

For loop 1

(4+6) I; — 61,=10

101, — 61,=10 .....(1)

For loop 2

I,=—5A

10l —6(—5)=10=10I; — (—30)=10

101, + 30=10 = 10/,= 10 —30 = 10I,= —20

=20 54
1710

1(6QQ)=1; — I, = —2 —(—=5) = —2 + 5 = 3 A in the direction of (I,)




Maxwell's current analysis

Homework: Find the loop currents and current through (4€2) by using (Mesh-Maxwell)
Analysis. 100

Answer: I; = 1.84, I, = 0.35554, 1, = 1.02224 | R

12V —— %49 ?59




Nodal analysis (format approach)

We will now employ Kirchhoff’s current law to develop a method referred to as
nodal analysis.

A node is defined as a junction of two or more branches. If we now define one node
of any network as a reference (that is, a point of zero potential or ground), the
remaining nodes of the network will all have a fixed potential relative to this
reference. For a network of N nodes, therefore, there will exist (N -1) nodes with a
fixed potential relative to the assigned reference node. Equations relating these
nodal voltages can be written by applying Kirchhoff’s current law at each of the (N -
1) nodes. To obtain the complete solution of a network, these nodal voltages are then
evaluated in the same manner in which loop currents were found in loop analysis.



Nodal analysis (format approach)

The nodal analysis method is applied as follows:

1. Choose a reference node and assign a subscripted voltage label to the (N 1) remaining
nodes of the network.

2. The number of equations required for a complete solution is equal to the number of
subscripted voltages (N 1). Column 1 of each equation is formed by summing the
conductances tied to the node of interest and multiplying the result by that subscripted nodal
voltage.

3. We must now consider the mutual terms that, as noted In the preceding example, are
always subtracted from the first column. It is possible to have more than one mutual term if
the nodal voltage of current interest has an element in common with more than one other
nodal voltage. This will be demonstrated in an example to follow. Each mutual term is the
product of the mutual conductance and the other nodal voltage tied to that conductance.

4. The column to the right of the equality sign Is the algebraic sum of the current sources tied
to the node of interest. A current source Is assigned a positive sign if it supplies current to a
node and a negative sign If it draws current from the node.

5. Solve the resulting simultaneous equations for the desired
voltages.



EX: Write the nodal equations for the network of the figure below 7;

Solution:

Step 1: The figure is redrawn with assigned
subscripted voltages in the figure below.
Steps 2 to 4.

(Do

ngéﬂ

Wy

30

IQQDSA R2§4Q

L o

Reference



Drawing current
from node 1

| Vi Ry Vy

, 1 1 1 g Wy
7o (6 * 30)% - (30)% - 24 0
% Y J \ﬁ_j
Sum of Mutual
conductances conductance
connected I CD ZA R, § 60 5 3A Ry §4 Q
to node 1
Supplying current
to node 2

l I~

7. 1 £ 1 L L 7= A = Reference
2 4 Q) 36} )2 36 /°1

Y _V_l
Sum of Mutual
conductances conductance
connected
to node 2

] ]
EVI — ?VE — _2

1 7
——V, 4+ LV
370 120°

|
oS!




EX: Find the voltage across the 3-Q resistor of the figure below by nodal analysis.

Solution: Converting sources and choosing nodes

L n T

20 40 6Q 6 ()

I 1 1 1
— + = —(,
(100 30 6Q)V2 (6 Q)V‘ 1A

11 1
— V. — =V, =4

12 62

| 3

——V, + 27, = —0.1
6 ' 57 0

= Reference

A A WA
20 6 () 10 Q2
+ + -~
—F §4Q I-},“§39, =1V
- = +
V, v,
M
6Q
+ 10 Q
4A §zn §4Q Vm§3n § 0.1 A



11 1 V Vs
_Vl e _V2 — 4 X 12 Wy -

12 6 6 Q)
1 3 + 10 Q
_ng 4 sz — « 30 4A CT) 220 §4Q L"3f§3ﬂ >3 CDO,IA

= Reference

11V, — 2V, = +48
_5V| + ISVQ — _3

11 48
_ =5 =3 —33 + 240 207
— p— p— f— —
Vs V30 . 5 108 0 = _188 = 1.101 V

-5 18




EX: Using nodal analysis, determine the potential across the 4-Q of the figure below by nodal

analysis.
5Q 50

Solution: A CB M
20 20
v (1 L1 +L)V,( )Vz(#)r/ﬁo 220 1A Si0

1
20 20 10Q 20 10 Q
- I B I I 1
& (2Q+20)p2 (21’1)“ (29)V3 3A =
_ 1 | 1 \,, 1 ., ] B 10 Q
s (IOQ+2Q+4Q)L3 (20)I/2 (1OQ)V'_O Wy
V 20 V, 20 ;
Wy M °

1+1Vr] _05V2—01V3=0
V, =05V, —05V; =3 20 3A 240
04851/?3 - 05V2 - OIV] — 0




For determinants,
. b
b

d

. . a
LT, — 05V, — BlV;=0

—05), + 1 — 05);=3

—04¥, — 05¥, + 0.85V, =0

L1 —05 0
—0.5 +1 3

V= g = Z0L 05 0
1.1 =05 —0.1
—05 +1 =05
~0.1 =05 +0.85

= 4,645V

10 ()
MWy
1"1 20 l]'g 2 V}
—W——W—5
A
20 (D Feo

(0V)



Nodal analysis

SCAN ME
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