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Circuits 11

Dependent and Independent Sources

4
Mesh and Nodal Analysis
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Ideal Sources
An ldeal Voltage Source is a source that Torcs
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maintains a constant voltage potential
across its terminals independent of the
current flowing through the source.

An ldeal Current Source is a source that
maintains a constant current flow
through the source independent of the TCD T
voltage potential that is required to
maintain that current.




Ideal Sources “Turned-Off”

Since an Ideal Voltage Source maintains a constant voltage
independent of current flow, if the source is “turned off”
(set to zero volts), then the voltage across the source’s
terminals will be zero independent of the source’s current.

This is equivalent to the characteristics of an “ideal wire”...

Thus, an Ideal Voltage Source that is “turned-off” acts like an
ideal wire:
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Ideal Sources “Turned-Off”

Since an Ideal Current Source maintains a constant current
independent of the source voltage, if the source is “turned off”
(set to zero volts), then the current flowing through the source
will be zero independent of the voltage across its terminals.

This is equivalent to the characteristics of an “open-circuit”™...

Thus, an Ideal Current Source that is “turned-off” acts like an
open-circuit:
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Independent vs Dependent Sources

An Independent Source is a source that maintains its specified
terminal characteristics (voltage or current) independent of
the operation or characteristics of any other circuit element
to which it is connected.

|.e. — it maintains a constant voltage or current whether or
not it is connected within a circuit.

A Dependent Source (or Controlled Source) is a source whose
terminal characteristics (voltage or current) are determined
(or controlled) by an external voltage or current of the
system in which it appears.

Dependent Voltage Source

A Dependent Voltage Source is a source whose voltage
potential is determined (or controlled) by an external

“. voltage or current of the system in which it appears.
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Dependent Current Source

A Dependent Current Source is a source whose current is
determined (or controlled) by an external voltage or
current of the system in which it appears.
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Mesh Analysis

Although many circuits can easily be solved by applying basic
Ohm’s Law theory such as with the Reduce-and-Return
method for solving series-parallel circuits, these brute force
methods of solution can become impractical for complex
circuits or for circuits that contain multiple sources.

Mesh Analysis is an method of analysis that allows for the

simultaneous solution of all of the currents within an
electric circuit by specifying and solving a complete set of
Kirchhoff’s Voltage Law equations, the voltages of which
are expressed in terms of a complete set of “mesh currents”.




Mesh Analysis

Mesh Currents are theoretical currents

that flow in closed-loops around the gl T
“independent meshes” in a circuit. : - -
@ la Is [
Independent Meshes are closed-loop N/
paths in a circuit that do not contain

any other closed-loop paths.

Although the mesh currents are theoretical currents, the
actual currents that flow in the various branches of the
circuit can easily be determined from the mesh currents,
in-turn allowing for solution of any of the circuit voltages.

Mesh Analysis Example

Perform a Mesh Analysis of the following circuit and then
define each of the circuit’s branch currents in terms of the
mesh currents.
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Mesh Analysis Example

Step 1: Define a complete set of mesh currents for the circuit,
such that there is a mesh current flowing in each of
the circuit’s independent meshes.

Note — although it is not required,

x®+ E
all of the mesh currents are
typically drawn such that ) 3
they flow around the loops ] * ]
in the same directions... [Z] | Vy®+ _
As a standard, a clock-wise

direction will be chosen for 2 - 2]
all mesh currents. P

Mesh Analysis Example

Step 2: Define the voltage drops that will occur across each of
the circuit impedances due to the mesh currents.

e

e N ~

“ An individual voltage \(}»J/‘ Azl

() drop must be defined 7 Tezs

“. across every impedance W ~ - ~
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Mesh Analysis Example

Step 3: Write a Kirchhoff’s Voltage Law (KVL) equation for
each mesh with the unknown voltages expressed in
terms of the mesh currents.
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As a standard, the KVL A }¥Tz—/
i ) Vx B Z4
equatlons. ) ) : ~
ZV”SQS — ZVdmps -0 T Z2 [z£| s 22 W o2 [ZE|

will be defined around _ R /r\zy\\ ey
each of the meshes in [] )i ‘ 0

the opposite direction
compared to the flow of Wz [{Dr z - iez|[2]
the mesh currents. < )

Mesh Analysis Example
Step 3A: The KVL equation for Mesh “A” is:

e (N z+ T, 2, 41,2~ (Ie - Zy+ T, Z,+V, )=0
.“ =
.‘. The KVL equations will
“. all be rewritten in the
..‘. standard form: 7 [ T } [Z]
“‘. A~I~A+B-I~B+C-I~C=K
once all of the equations s [z}

have been defined.
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Mesh Analysis Example

Step 3B: The KVL equation for Mesh “B” is:
(N Zgt Ty 2o 41,2, 41, -2, +V, )= (iy - 2 +1,-2,)=0

+

®
The KVL equations will ~
all be rewritten in the
standard form:
A-l,+B-1,+C-I. =K

once all of the equations [z
have been defined.
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Mesh Analysis Example
Step 3C: The KVL equation for Mesh “C” is:

e (o2, +1, 2415 -2,)~(Ty - Zg +T,-Z4+V, )=0
e & =

The KVL equations will
all be rewritten in the

standard form: ([{D Ts
A1, +B-1,+C-1. =K

once all of the equations [z
have been defined.
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Mesh Analysis Example
Step 4: Rewrite the KVL equations:
(N zy+T,2,+1,2,)- (s 2y +15-2,+V, )=0
(2ot Ty 241,241, -2, +V, )= (iy 2 +1,-2,)=0
(Ie-z, 410 Zg+ 15 Z)~(Ty - Zg +T,- 2,4V, )=0
in standard form:
(Z,+Z,+2Z,) 1, =2, 15 -Z,- 1o =V
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Mesh Analysis Example

Step 4: Given the KVL equations:

~

(Z,+Z,4Z,) N, =2, 15—2Z,-1. =V
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Mesh Analysis Example

Step 4: Given the KVL equations:

(Zl+ZZ+Z3) IA _Zz rB _Zs Ic: \Z<
~Z, 0, +(Z,+Z,+Z,+Z;)1, ~Zg-lg = -V,
~Z,-1, ~Zg- 1y +(Z,+Z,+2Z,) 1=V,

and
ZAA:(Zl+ZZ+Z3) Lpg=Len=-L,
ZBB :(Zz +Z4 +Zs+ze) ZAC = ZCA :_Z3
ch :(ZS+Z6 +Z7) ZBC = ZCB :_Ze

Mesh Analysis Example

Step 5: Solve the KVL equations:

Zan Lpg Lac ZAA:(Zl+Z2+Z3) Lpg =LZga=-14,
D=|Zgn Zgg Zgc ZBB:(ZZ+Z4+ZS+Z6) Lpe =Lep=—L,4
Zea Zeg Zec Zee :(Z3+Ze +Z7) Loc =Ly ==L,
then

\Zx Zng Lnc Z a \ZX Znc Zan Lpg \zx

_V.l’ ZBB ZBC ZBA _Vl ZBC ZBA ZBB _V.l’

~ Vy Leg Lec ~ Zen Vy Zec ~ Zen Zeg Vy

I\ = D lg = D lc = D
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Mesh Analysis Example

Step 6: Define the branch currents in terms of the mesh currents.

—lg + 1.
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The current flowing in any branch @
in the circuit is equal to the sum e
of the mesh currents that flow
through the branch in the same

direction as the desired current [z | W §

minus the sum of the mesh e

currents that flow through the 1

branch in the opposite direction. P
Nodal Analysis

Nodal Analysis is an method of analysis that allows for the
simultaneous solution of all of the node voltages within an
electric circuit by specifying and solving a complete set of
Kirchhoff’s Current Law equations, the currents of which
are expressed in terms of a complete set of “node voltages™.

Once the node voltages are determined, the actual voltages
across the circuit’s impedances can easily be determined,
in-turn allowing for solution of any of the circuit currents.
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Nodal Analysis

Expressing branch currents in terms of the node voltages:

Given an impedance through which a current I flows:

|

Then a voltage rise V must exist across the resistor, defined
In the opposite direction compared to that of the current
flow, where:
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Nodal Analysis

Expressing branch currents in terms of the node voltages:

If the voltage rise across an impedance is expressed as
the difference in potential of the node voltages on the
opposite sides of the impedance:

Vab

...
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then the current flowing through the impedance can be

.‘0 expressed in terms of the node voltages:
‘.‘. \7ab ~ ~
% i ST A
L) Va > VA . Vb =

‘ ab Z




Nodal Analysis Example

Perform a Nodal Analysis of the following circuit and then
define voltage across each of the circuit’s impedances in
terms of the node voltages.
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Nodal Analysis Example

Step 1: Choose a ground (reference) node and then identify

and determine whether the other nodes in the circuit

have “known” or “unknown” voltages.

.- A cc
Note — it is often useful to choose \@_//4 (=]
the node connected to the v
largest number of branches [Z] [Z]
and/or the node connected
to the largest number of 2] st—( ) —=—[z}—1c
Y
sources as the ground node. \%/‘
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Nodal Analysis Example

Step 1: Choose a ground (reference) node and then identify
and determine whether the other nodes in the circuit
have “known” or “unknown” voltages.

Note — it is often useful to choose
the node connected to the
largest number of branches
and/or the node connected
to the largest number of [z]
sources as the ground node.

8.0% 202 %25 .0%T-%
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Nodal Analysis Example

Step 2: Specify the actual values of any nodes that have
“known” voltages and assign a variable to the
remaining nodes with “unknown” voltages.

Va f@+ VA +Vx =1
Note — if a voltage source exists A =
between two unknown ¥
nodes, the a variable can be [ []
assigned to one of the nodes, L
after which the other node’s [ ve @/ b7
voltage can be defined based vy
on the assigned variable and - [Z]
the source value. ov
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Nodal Analysis Example

Step 3: Write a Kirchhoff’s Current Law (KCL) equation
with the unknown branch currents expressed in
terms of the node voltages for each node that has an
unknown voltage.

Va K,D+ Va+V; =1
Note — if a voltage source exists A =
between two unknown ¥
nodes, the nodes and the [] ]
connecting source should L
be grouped together and 2] Ve VBM Ve
considered a “super node” vy
for this analysis. [ZH [Z]
Ov
i EpS——

Nodal Analysis Example
Step 3a: Write a KCL equation for node “C”:

If all of the branch currents are defined to be “exiting” the
nodes, then the KCL equations will simplify to:

Z Iexiting = 0

Thus, for node “C”, if the three branch
currents are defined to be exiting the
node, the resultant KCL equation is: Vol o o

~

l,+1,+1,=0
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Nodal Analysis Example

Step 3a: Write a KCL equation for node “C”:

The three branch currents can be expressed in terms of the
node voltages as follows:

|~5 :\7C — \7A +\7X |~6 :VC —(\/B +Vy) |~7 _ \7C -0 Goelh
Z,+Z, Z, Z ga
Thus, the KCL equation for node “C” is: o 1
o R e 2
\7c_(\7A+\7x)+VC_(VB +Vy)+\7¢—020 ' Y7
Z,+Z, Z, Z, [Zl]
Oov

Nodal Analysis Example

Step 3b: Write a KCL equation for node “A”:

The branch currents for node “A” can be expressed in terms
of the node voltages as follows:

R S /7 R A R A A
1 2 Z
2

Z, 7,427,

Thus, the KCL equation for node “A” is:

Va A VatVxl = =
~ ~ \P\;ﬂ I »—|24+75}

VA—O+(\7A +\7X)—VB +(\7A +\7X)—\7C 0 |
Z, Z, Z,+Z, " "
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Nodal Analysis Example

Step 3c: Write a KCL equation for node “B”:

The branch currents for node “B” can be expressed in terms
of the node voltages as follows:

~ _\75_!\7/\"‘\1) r :\78_0 —I- (\78 +\7y)_\7c
ZZ

|, = _

3 Z3 6 Ze
Thus, the node “B”” KCL equation is:

\75 _(\7A +\7x)+\78 -0 + (\75 +\—/Vy)_\z:
Z, Z, Zg

=0

Nodal Analysis Example
Step 4: Solve the set of node equations:

%

% 0% V=0 Vo4V -V, WV, +V )V,

[ ] A + atVy B | A+Vx) v —
.‘. Z, Z, Z,+Z,
“. o -
:.“ Vo (V1) Vo0 Vo V)V 0
0 Z, Z, Zs

5 T
.‘.‘ VC_(VA+VX) VC_(VB+VV)+VC_0:0
) Z4+Zs ZS Z7




