Vorperian

Vorpérian Power Electronics Engineering

Course 1: How to solve circuits the right way — once and for all!

The Joys of Circuit Analysis



Vorperian

Vorpérian Power Electronics Engineering

Course 1: How to solve circuits the right way — once and for all!

Based on my book:

“Fast Analytical Techniques in Electrical and Electronic Circuits”
Published by Cambridge University Press, 2002.

All rights reserved by Vatché Vorpérian. No reproduction and distribution without permission from the author.



Vorperian

Vorpérian Power Electronics Engineering

Course 1: How to solve circuits the right way — once and for all!

Lecture 1

Meaningful and meaningless solutions to circuits.
Painful circuit analysis.

Painless and joyful circuit analysis.

Excruciating circuit analysis.

More joyful circuit analysis.
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Dr. R.D. Middlebrook’s Legacy.
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Lecture [
Meaningful and meaningless expressions

Example 1: A Meaningful solution to the input resistance of
a very simple circuit is given by:

_ O
Rip =R +R, || (Ry +R,) Wy
Rin
This is a meaningful solution because it is an analytical \%
expression in which the circuit elements are grouped
together in series and parallel combinations which mirror

the physical circuit. o

It is meaningful because it gives you an idea of what the circuit
looks like even if you do not see the circuit.
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Lecture [
Meaningful and meaningless expressions

Example 2: A Meaningless, but nevertheless correct,
solution to the input resistance of this same circuit is given by:

R1
: R, +R, +R, Rin
It is meaningless because the grouping of the resistors = §R2
In this expression says nothing about the structure of
the circuit. If you do not see the circuit, you have no clue
O =

What is going on just by looking at the expression above!

It is meaningless because this expression cannot be
approximated easily if for example R, >> R,or R, >> R,,R,.

It is meaningless and it is the result of painful circuit analysis which is the only kind of circuit analysis
you know, are learning now or, worse, teaching it to some undergraduate.
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Meaningful and meaningless expressions

Example 3: Approximate the meaningful expressions for R, >> R; and R, >> R3, R,
R, =R +R, | (Rs T R4)

If R, >> R,, then quite obviously, by simple arithmetic, we have:

Rin = R1+ Rz ”(Rs + R4)
~R +R,[IR,

If R, >> R;and R, >> R;, R,, then the smaller of two resistances in parallel dominates
the parallel combination so that we have:

Rin = Rl + Rz ” (R3 + R4)

~R +R, IR,
~R +R,
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Lecture [
Meaningful and meaningless expressions

Example 4: Approximate the meaningless expressions for R, >> R; and R, >> R3, R,

. R1R2 + R1R3 + R1R4 + R2R3 + R2R4 \
e R, + R; + R,

 RyRy + R3(Ry + Ry) + (R, + Ry)R,

B R, + R; + R,

_RiRy + (R1 + R;)(R3 + Ry)

R, + Rs + R, )
« RaRy + (Ry + Ry)(Ry) Apply approximation
 Ry(Ry + Ry) + RyRy

First, factor out R, + R5 so that you
> can apply the approximation R, >> R;

} Do more algebra if you want to make any sense of the result!
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Meaningful and meaningless expressions

Q. Where did the meaningless solution come from?

R1
A. To be honest, for this simple circuit, anyone of you would Wv i
have the meaningful answer right away. But, if the circuit
was more complicated, then you would have had no choice
but to write the nodal equations as follows: §R2
Vli—Vz(i+i+ L J:O
R, R, R R,+R, |
wi_wi:|
R, R, R
Inverting the above, we get: R
1,1, 1
Vi _ R, R R,+R, _r _RR;+RR +RR, +RR; + R,R, | T
1 (11 1 " R, +R, +R,
R, R, R, R,+R,
1 1
Rl R1 -
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Meaningful and meaningless expressions

| am going to show you that you will never have to write another nodal or loop equation
again no matter how complicated a circuit gets!

You will learn how to break a complicated circuit into a number of smaller and very simple
circuits for each of which you will be able to write its input resistance, gain, or whatever
appropriate characteristic just by inspection. You will then learn how to assemble the solution
of the complicated circuit from the solutions of the individual simple circuits. The solution
that you will get in this manner will be meaningful as you will see throughout the coming
lectures.

Before doing that, let us compare other types of meaningful and meaningless expressions.
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Lecture [
Meaningful and meaningless expressions

Example 5: A meaningless expression of the voltage gain of a non-ideal inverting amplifier:

(ro - Rzao)RLrin
R1rin (ro T RL(1+ ao))+ (Rl T rin)(RLro T Rz(ro+RL)) R e ,xl

H =

'\,1
v Ve
mn

Example 6: The same expression of the voltage gain above obtained in meaningful form:

! =

R
gy Mg fo gy Rt RN
a,\ R R 1%
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Lecture 1

Painful analysis of a simple bridge circuit

Example 7: Determine the input resistance of the resistive bridge circuit shown.

(o]
Rin
R1 R2
RB
Iﬁ MN
R3 R4
(o]

R;,, 1s not obvious and cannot be written easily as in the first example.
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Lecture 1

Painful analysis of a simple bridge circuit

Example 7: (cont.)

Rin
The nodal equations for this circuit are as follows: \Q

V1(61+Gz)—VZGl—V3GZ =] 1
_VlGl‘l‘Vz(Gl‘l‘Gg‘l‘GB)_VgGB =0 Gi =R— | T N
_Vle - VZGB - Vg(GZ + G4 + GB) == O

Which corresponds to the following matrix equation:

O

G, +G, -G, -G, V, I
-G, G, +G;+G; -G, V, =0
- -G, -G, G,+G, +Gg ||V, ] [0]
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Lecture 1

Painful analysis of a simple bridge circuit

Example 7: (cont.)

To determine the input resistance, you solve for V; in terms of the
excitation current I using Cramer’s rule:

G, + G3 + G —Gg
p V1 —Gp G, + Gy + Gp I 1
T |Gy + Gy —G, —G,
—G; Gy + Gs+ Gy —Gg
—G, —Gg G, + G, + Gg

So, if you are looking for a meaningful solution, like the one you got for the sig
pretty much all bets are off. Expanding each of the determinants above is pretty\n

@earller
f% OWOW
This is how you get meaningless solutions.

This is what | call painful analysis. It is what you learned. It is what you are Iearnlg NOWY, t IS wha
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Lecture 1

You need therapy to alleviste this pain

You need painless circuit amalysis
You need to legrn sbout the joys of circuit analysis

You need to listen to what I heve to sgy in the next exsmple

You need to listen to 9ll my lectures
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