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A re you a newcomer to this fascinat­
ing area of electronics? maybe you 

are an avid hobbyist with a basic 
knowledge of the subject but you would 
like to know more about the theory behind 
the circuits you are building. Perhaps you 
have worked around the fringes of 
electronics for some time and would like 
some of the technical background you are 
missing. 

If so, this series on basic electricity 
and electronics will serve to fill in the 
blanks in your knowledge. If you are al­
ready familiar with some areas they can be 
a review to sharpen your skills. 

Electronics, like other areas of ap­
plied science, is heavily reliant on mathe­
matics in dealing with the relationships in­
volved. In this series we will attempt to 
minimize the amount of mathematics and 
give an overview of the subject in a 
qualitative way. Unfortunately, for those 
of us who do not get a thrill out of number 
crunching, we will not be able to avoid it 
altogether. Hopefully, we can sneak it in a 
little at a time in a way that supports the 
concepts without forcing us to become 
human calculators. 

Back to the Basics 
Those of you who have had high school 
physics and chemistry can now drag out 
your old text books and blow the dust off 
them. Weare goingtoenterthesub-atomic 
world to look around at the nature of 
charged particles. 

Don'tworry,itwon'thurtabit. 
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Why do we call copper, nickel, gold, 
etc., conductors while other materials are 
called insulators? What is a semiconduc­
tor anyway? What makes current flow in a 
conductor and what really is current? 
Why is the sky blue? 

Well, except for that last one, we'll 
try to answer these and a few other ques­
tions here. 

If you are somewhat familiar with the 
structure of the atom you know that it is 
made up of a nucleus with some electrons 
orbiting around it (Figure 1). The nucleus 
of an atom is made up of protons and 
neutrons basically, of which the neutrons 
have no charge and the protons are posi­
tively charged. The electrons, on the other 
hand, are negatively charged and spin 
around the nucleus in "shells", or energy 
levels. They are held in place by a balance 
of their attraction to the nucleus and their 
centrifugalforce. 

All the elements have different 
atomic structures with varying numbers of 
protons and electrons. It so happens, 
though, that some materials have an in­
complete set of electrons in their outer­
most shell. This makes the remaining ones 
easier to remove by adding a little extra 
energy to that material (heat or some other 
force). Add that energy and "presto" we 
have free electrons floating around in the 
material. A material which has lots of free 
electrons is called a conductor because it 
can easily carry the flow of electrons 
through it. 

An insulator, on the other hand, is a 

material in which the atomic structure is 
very stable. Because the outermost shells 
in these materials are filled with the cor­
rect number of electrons it would take con­
siderable force to remove any electrons 
from their orbits. Therefore current will 
not easily flow in these materials. 

Semiconductors are initially similar 
to insulators in that they have their outer­
most shells filled. However, by careful ad­
dition of impurities to these materials we 
can control the presence of some free 
electrons, and using a voltage or current, 
control how well they conduct. More 
about this ina later segment. 

Now we have materials which will 
carry free electrons through them and we 
have materials which will not. What can 
wedowiththem? 

® 

Fig. 1. Typical atomic structure with 
electrons orbiting the nucleus. 
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Fig. 2. Potential energy is stored by lift­
ing the pail from floor to table. 

Let's look further into the matter. 

I Work and Energy 
naskingwhatcanwedowiththem, what 
we are really asking is: How can we do 

some work with these materials? 
If you remember your high school 

physics you will recall that work is ac­
complished if you move a force through a 
distance. You can build up potential ener­
gy (stored work) if you put energy into a 
system. For example, if you lift a pail of 
water from the floor and place it on a table 
you have operated a force (against 
gravity) through a distance (from floor to 
table) (Figure 2). Once there, it has stored 
potential energy which can be recovered 
by lowering the pail back to the floor. 
What has thatgotto do with electricity? 

Well, think about the charges in the 
atoms we talked about earlier. We know 
that the negative electrons are attracted to 
the positive protons. That attraction is a 
force. If we move the electron farther 
away from the proton it will require a force 
against the attraction to do so. We will 
have moved it through a distance and so 
we have not only accomplished work but 
we have stored potential energy. This 
energy could be recovered by allowing the 
electron to travel back (because of the 
forceofattraction)totheproton. 

In a battery that is basically what we 
do: we use a chemical reaction to separate 
the negative charges from the positive 
charges. Energy is put in by the chemical 
reaction. Energy can be recovered by al­
.lowing the charges to move back together. 
The energy (or potential) stored in the bat­
tery is called electromotive force, or volt­
age. 

Now we connect our conductor, a 
copper wire, between the two connections 
on a battery (Figure 3). The chemical reac-
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tion in the battery has produced a potential 
which causes electrons to flow through the 
wire to the other post of the battery. (The 
post which has the abundance of negative 
charges is called the negative post, while 
the post which has the abundance of posi­
tive charges is the positive post.) We 
notice that the copper wire becomes very 
hot and even starts to glow. Why should 
this be happening? 

The fact is that even copper, an excel­
lent conductor, is not a perfect conductor. 
As the electrons are pushed along the wire 
by the electromotive force they have a ten­
dency to bump into atoms and other free 
electrons. As they do so, some of the ener­
gy used to move them through the wire is 
converted into heat energy and lightener­
gy. The extent to which a conductor op­
poses the flow of electrons is called resis-

Fig. 3. A typical D cell with current 
flowing through the conductor connect­
ing the terminals. 

tance and is determined by the kind of 
material, its length, and cross-sectional 
area. The rate of the flow of electrons 
(charge per second) is called the current. 

Now the confusion. Even though we 
know that it is the electrons which flow 
through the wire (because they are the 
mobile charge and a much lower mass 
than protons), in electronics it is conven­
tional to think of current as flowing from 
the positive terminal of a battery or other 
power source, to the negative terminal. 
This is called conventional current flow 
and is more rooted in history than in 
physics. 

So now we have electromotive force, 
or voltage, current, and resistance. How 
do these actually relate? 

Ohm Sweet Ohm 
Here is where we will sneak in a little math. 
The relationship between voltage, current 
and resistance is called Ohm's Law, and is 

expressed as follows: 

E=lxR 

where E is electromotive force or 
voltage in volts, I is current in amperes, 
and R is resistance in ohms. 

(Note that when we talk about 
electromotiveforceorvoltage supplied by 
a battery or power source the symbol is E, 
whereas when we talk about a voltage 
drop across a resistance we symbolize 
voltage with V .) 

Ohm's Law is the basic mathematical 
building block of electricity and as such is 
something we need to remember to under­
stand what is going in electrical and 
electronic circuits. Let's use an analogy to 
help understand the relationships here. 

Remember we talked about lifting the 
pail of water to the top of a table and in so 
doing storing energy there (Figure 4 ). The 
potential energy in that pail of water is like 
voltage. There is a force, created by 
gravity, which is exerted on the water. At 
this point the water cannot go anywhere. 
Now let's put a valve into the side of the 
pail near the bottom and another pail on 
the floor below it (no need to be sloppy 
here). When we open the valve part way 
the water runs out of the top pail into the 
bottom pail at a rate determined by how 
much we have opened the valve. The 
restriction of the valve is analogous to 
resistance. The rate of the flow of the 
water is similar to current (which is the 
rate of flow of charged particles or 
electrons). We will see in future issues 
how the pail at the bottom can be com­
pared to a capacitor storing charge. 

The difference between the water 
analogy and electricity is that in electric 
circuits we have just that - circuits, or 

Fig. 4. Water pressure (due to potential 
energy forces water to flow. The valve 
restricts the rate of flow. 
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Fig.S.A simple electrical circuit. 

circles. Current always flows in complete 
loops from the positive terminal of the 
power source, through a resistance or 
energy converter of some kind, back to the 
negative terminal of the source. (Remem­
ber we are talking about conventional cur­
rentflow.) 

Power 
The other mathematical relationship we 
should look at in this issue is power. We 
said that in connecting our copper wire 
from the positive post to the negative post 
of the battery that current flowed and the 
wire became hot and glowed. In doing so 
we have converted electrical energy into 
thermal energy and radiant energy dis­
sipating power in the process. We can 
determine the power dissipated by the for­
mula: 

where P is power in watts, and V, I 
and Rare the same as before. 

The three versions of the formula are 
derived from the relationships among V, I 
andRinOhm'sLaw. 

Why do we want to know about the 
mathematics of power, you say? 

Well,foronething,sowedon'tfryall 
the components on our latest hobby 
project. Resistors, for instance, are 
specified by their resistive value, in ohms, 
but also have a maximum power they can 
dissipate before they go up in smoke. We 
have to be able to tell if we are subjecting 
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them to too much voltage and current un­
less we plan on making toast out of our 
projects. 

The Real Thing 
Finally, let's put this all together in an ac­
tual electric circuit and see how it works. In 
fact, if you want you can set this up and 
check it out yourself. 

In Figure 5 we have a simple electric 
circuit consisting of a battery (the power 
source), and incandescent lamp (the resis­
tance, or energy converter), and wire con­
necting them (the current path). The bat­
tery we are using is a standard D cell (used 
in flashlights, etc.) which has electromo­
tive force of 1.5 volts. The incandescent 
lamp has an internal filament resistance of 
lOOohms. 

As the circuit is constructed current 
will flow from the battery, through the 
wire, through the filament of the lamp, 
through the second length of wire, and 
return to the negative terminal of the bat­
tery. 

Now, whatwillbethequantityofcur­
rent flowing through the circuit? Do we 
really care how much it is? 

We may not care how much current 
flows if we just want to tum on the light. 
But what if the lamp we have requires, 
let's say, at least .01 amperes to light up 
but cannot handle .03 amperes? We will 
want to know whether the circuit we have 
set up is correct. So we use Ohm's Law to 
find out how much current will be present: 

V=lxR 

so I= V/R = 1.5 volts/ 100 ohms= 
.015amperes 

This is within the range specified so 
the circuit will workproperl y. 

We can also determine how much 
power the circuit is dissipating by using 
the power formula: 

P=Vxl 

= 1.5 volts x .015 amperes = .0225 
watts 

These are the basic, but vital, aspects 
of electric circuits. Everything else builds 
from here. And it gets more practical and 
interesting. 

Next month we will take a look at 
series and parallel circuits, switches and 
fuses, power sources, and lots of other in­
terestingthings. 

Hopeyou'llgetachargeoutofit. • 
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