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Introduction
Progress in knowledge means reduction in the number of fundamental principles
needed to explain observed phenomena. The implication of this for teaching is that
we should teach less and not more. But the fact is that we are teaching more and
more. This not only dilutes teaching but also gives a wrong impression to students
that not reduction but increase in number of principle meansprogress of knowledge.
Effective teaching of basic principles and their application can only be done by recre-
ating the scene which led to the discovery of the principles.This could take time
and effort but now with the availability of computers, once the principle is properly
understood its application to even the most complicated problems can be mastered
quickly.
The importance of recreating the scene of discovery can be seen from what Max
Planck writes in comparing two of his professors, Max Planckwrites:
“Kirchhoff was the very opposite. He would always deliver a carefully prepared
lecture, with every phrase well balanced and in its proper place. Not a word too few,
not one too many. But it would sound like a memorized text, dryand monotonous.
We would admire him, but not what he was saying.”
From Max Planck's bookScienti�c Autobiography and Other Papers, pp 12–13.

Figure 1: Max Karl Ernst Ludwig Planck from nobleprize.org

� One idea properly understood is worth more than hundred partly understood.

� Little learning is dangerous.

� Many students graduate without solving one single problem completely.

� A course has not more than one or two basic principles. The material is bloated
by numerous simpli�cations to enable “paper and pencil” application of the basic
principles to practical problems. This causes more confusion than learning.

� Teach principles and tools separately.

� Teach less not more.

Five Equations can Replace All These Books
This is just one example from a variety of courses in engineering and science.

� The same �ve equations are applied to different circuit and input con�gurations.

� The books are full of methods to solve the resulting equations.

� With the availability of computers more emphasis can be given to application
rather than their solution.

� No time need be spent in teaching short-cuts.

Circuit Elements
Circuit theory deals with the following three ideal elements.
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Five simple principles capture the whole of circuit theory.

vR = Ri R; vL = L
diL
dt

; iC = C
dvC

dt

� Sum of all currents entering a node is zero.

� Sum of voltages around a loop is zero.

Disastrous ways of Teaching
When the circuit theory was being developed, there were no computers. A great

simpli�cation can be achieved by replacing
d
dt

= j! and this is still used to introduce
circuit theory without a formal proof. This unnecessary short-cut ruins the learning
of circuit theory in an easy and straightforward manner.

A Lot can be Learned by Simple Experiments
� Where possible choose simple experiments to elucidate theory.

� It should be possible to apply the theory without having to apply any solution
short-cuts.

� To learn one has to make all common mistakes made in applying theory to prob-
lems.

� Having to reconcile theory to experimental results is the best way to discover all
common mistakes.

Figure 4: DC Motor Control Experiment
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wherevm is the input motor voltage,!; �; i a are the motor angular velocity, angular
position, and armature current, respectively.

Theory and Experiments
Solution of the above equations (1)–(3) can be obtained by programming the follow-
ing algorithm:

new value= old value+ rate of change of the value� � t:

Several control algorithms can be implemented on the experimental setup and results
predicted with the above simple solution algorithm.
Effective learning of analytical methods and their use in design can be motivated by
the need to reconcile theory and experimental results.


