e First Steps in Radio

How to Read a
Schematic

Diagram

Part 2: The first step
toward learning the
basic theory of this

series is to understand
circuit diagrams — the

“road maps” that

allow us to build or repair equipment.

By Doug DeMaw,* W1FB
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ure, I can handle the electronics —
up to a point. I start having problems when
I try to figure out what’s going on in
schematic diagrams.”” Many newcomers to
radio electronics have this problem.
Perhaps you’re one of them.

In this installment, we’ll learn what the
various electronics symbols stand for, and
we’ll get a feel for how the diagram relates
to the actual circuit-board layout.

Learning the Symbols

We must first accept the fact that very
few electronics symbols look like the
physical item they represent. Only a pic-
torial diagram can satisfy that requirement.
Most electronic parts are encased or encap-
sulated in some manner, which prevents us
from peering inside to see what is there.
Semiconductors (diodes, transistors and in-
tegrated circuits) are the worst in this
regard, for if we did saw one open for a
look-see, we might be hard-pressed to
recognize the various elements (drain, base,
emitter, collector, source, gate, or
whatever) unless we understood the
philosophy of semiconductor design and
fabrication. So, our best approach is to ig-
nore for now the contents of the enclosed
components and think mainly about how
the leads relate to the inner elements, as
defined by the assigned symbol. In the days
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of vacuum tubes we could dismantle a tube
and easily identify the grid, plate, cathode
and filaments, but things have changed!

Unfortunately, each publisher of
amateur and commercial electronics
magazines or journals follows his or her
own symbology. For this reason, diagrams
found around the world can conflict. The
ARRL has adopted and used the IEEE (In-
stitute of Electrical and Electronic
Engineers) standard symbols for many
years. Only a few exceptions exist, and that
is done to simplify (or unclutter) the draw-
ings in QST and other League publications.
We will focus on the QST symbology here,
and despite differences found in other
publications, you should be able to deter-
mine what a symbol stands for, because

there will be ample similarity. Some
magazine publishers, in order to establish
a distinctive ‘‘style,”” have more or less ig-
nored the recommended standards for elec-
trical symbols. It is unfortunate, but we
must accept it.

An abbreviated presentation of electrical
symbols is provided in Fig. 1. You will see
that some symbols do, indeed, resemble
what they stand for, such as the headset,
speaker and hand key. Conversely, the
symbols for ICs (integrated circuits) would
in some instances fill one or two QST pages
if we were to see all of what was inside the
IC. So for these complex circuits we accept
the practical solution — to use just a box,
a triangle or similar representation. In a
real-life situation we think only about
where each external lead connects, ac-
cording to the numbers assigned to the pins
by the manufacturer. This was for many
years known as the ‘‘black box’’ approach.
In other words, don’t worry about what’s
within the box; just concentrate on what
the box will do for us.

You will note that for some symbols we
have more than one format. This means
that we may use any of the illustrations
given, and we may find one or all of them
in a single issue of QST. The wiring junc-
tions at the lower right of Fig. 1 are an
example of what we are discussing.

The best advice I can offer at this time
is to spend a few evenings studying and
memorizing the symbols in Fig. 1. When
you feel that you have the data implanted
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Schematic Symbols Used in Circuit Diagrams
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Fig. 1 — Collection of standard symbols used by the ARRL for circuit dlagrams. Most of these

symbols were adopted from the IEEE standards.

firmly in your mind, put away the symbols
page and try to draw each symbol by
memory, writing its name next to it. Con-
tinue with the exercise until you make no
mistakes. This knowledge will prove in-
valuable to you as you pursue that ham
license. It will be helpful to know the sym-
bols after you pass the exam, also. You will
need to have this knowledge in order to
repair your equipment, to duplicate home-
construction projects in the magazines, or
to do your own circuit designs. If you are
a person without sight, have a friend pro-
vide you with word pictures of the symbols
and learn them that way. I know at least
two blind amateurs who repair their own
equipment by having someone give them
word pictures of the diagram section that
applies to the problem.

A Simple Circuit Example

Let’s try our luck at relating a simple cir-
cuit to a pictorial diagram. This will enable
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you to see how things hook together when
assembling a circuit from a schematic
diagram. Fig. 2 shows two schematic
diagrams of a two-stage audio amplifier,
such as we might find in the early stages
of a receiver. Although the two drawings
look quite different at first perusal, you will
observe that they represent the same circuit
in complete detail. The difference is only
in the manner of illustrating the circuit
schematically. Fig. 2A shows the ground
connections separately. Likewise with the
two + 12-volt connections. Fig. 2B shows
the ground and +12-volt lines joined
together, respectively. The net result is the
same in either case: In a practical circuit
the ground or + voltage lines would even-
tually be joined at a common point when
example A is followed. It merely illustrates
that you may find more than one style of
presenting a circuit. You will note also that
the resistors which connect to the + 12-volt
source (Fig. 2B) are routed upward rather

than downward, as in Fig. 2A. You may
find a mixture of the two methods in a
given drawing, so don’t let that confuse
you. The main objective is to make sure
that all of the parts are connected to the
appropriate circuit points. A pictorial
representation of these circuits is provided
in Fig. 2C.

A Few Subtleties

You are probably wondering why the
cdpacitors (sometimes wrongly called ‘‘con-
densers’’) have a curved line at one end and
a straight one at the other end. The curved
line indicates the end of the capacitor that
goes to the terminal of lowest impedance
or'potential, such as circuit ground or the
least positive of the two circuit points
between which the part is installed. This
applies mainly to polarized capacitors.
Most of these parts are marked with a +
symbol or may have a black band at the
opposite end to indicate the negative ter-
minal of the capacitor. This concept does
not apply to disc-ceramic, mica and other
nonpolarized capacitors, but the curve is
always used in the symbol to show which
end represents the low-impedance side of
the circuit. Always pay close attention to
the + symbols of capacitors: Hooking
them up backward can cause them to short
out or even explode!

Notice also that within the circular
borders of Q1 and Q2 are arrows on the
emitter line. When the arrowhead points
toward the outer circle, the device is an
NPN type, which requires a positive voltage
on the collector terminal. If the arrows
point inward toward the junction of the
three lines, it signifies a PNP transistor,
which needs a negative collector voltage.
If you use the wrong transistor you may
destroy it when voltage of the improper
polarity is applied to it.

The arrowhead on R6 — the audio-gain
control (sometimes called a “‘pot” for
potentiometer) — tells us that the resistor
value is variable by means of mechanical
adjustment. In this case we would have the
control mounted on the front panel of our
equipment. Its shaft would be fitted with
a knob to permit us to adjust the value of
R6 when we wished to. If the adjustment
were to be made only one time, then left
in a preset position, we might install a trim-
mer pot at R6 (screwdriver adjust), and it
could be installed right on the circuit board
or chassis. Some hams call these controls
“‘trimpots,”’ but Trimpot® is a trade name,
not a generic term.

J1 and J2 are jacks into which we may
plug our outboard circuits or accessories,
such as a microphone at J1. This electrical
symbol is representative of a number of
styles of jack. So just think of it as a con-
nector of your choice — one that has a
““hot”’ (center) terminal and a ground point
(outer ring). It could be a phono jack, or
one that a standard audio plug mates with.
It could even be a coaxial-cable jack, if you
wanted to use something that unusual for
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Fig. 2 — Examples of an identical circuit (A and B), drawn in different ways (see text). The pic-
torial representation at C is for the circuits shown In illustrations A and B. This shows how we
can relate the drawing to the assembled circult, which would normally be mounted on a circuit

board or a metal chassls.

audio work! Examination of Fig. 1 will
show that jacks with additional electrical
contacts have a more complex symbol.

Notice that the symbol for ground in Fig.
2 looks like a rake. This is the proper sym-
bol for chassis ground in a circuit. The
earth-ground symbol of Fig. 1 is frequent-
ly misused by publishers for indicating
chassis ground. Try not to be confused if
you encounter disparity of this type: There
is a significant difference between an earth
ground and a chassis ground!

Voltage- and Ground-Bus Lines

I’ve noticed that one of the points of
greatest confusion among beginners is how
to configure the chassis-ground connections
and the voltage-line network. In bygone
days, when hams used wooden chassis, it
was standard practice to run a ground-bus
wire across the chassis. Each ground point
in the circuit was then tied to this line by
means of the shortest connecting lead pos-
sible. Other builders would return all

ground connections for a single-circuit
stage to a nearby common terminal, then
route a lead from that point to the ground-
bus wire. Although these techniques could
still be applied, it is easier for us (and often
better in terms of circuit performance) to
bring each ground return to the metal
chassis or circuit-board ground in the im-
mediate area of the stage being wired. Not
only does this impart a neater end product,
it aids circuit performance (stability and
reduced losses) when the ground leads are
kept short and direct. The chassis or cir-
cuit board ground foil serves as the old-
style ground bus when we do this. The
‘““bottom line’’ here is to not worry about
the maze of ground lines in the diagram.
Simply make your ground connections
short and direct near the related circuit
elements.

Voltage-bus lines are treated like the old-
time ground-bus conductors. That is, they
are ‘‘floated’’ above ground on insulating
terminals (or along specific voltage-bus

foils on circuit boards). The various circuit
points that connect to the voltage lines are
connected by means of short jumper wires,
or by the related components themselves
(resistors, for example).

Circuit Direction

Another question that is asked frequently
is, “Which way does a circuit run on a
diagram?’’ The confused person means,
does the first stage of a circuit start at the
left or right of a drawing? Frankly, it
makes no difference. Traditionally, for
reasons I don’t comprehend, a circuit has
commenced at the left of the page and pro-
ceeded to the right. For example, con-
sidering a transmitter, the VFO or crystal
oscillator would begin at the left of the
sheet, followed by the intermediate stages,
with the PA (power amplifier, or last stage)
at the far right, Hams have developed the
habit, as a consequence, of laying out the
assembled unit from left to right also. I
always did! But, it matters not how you lay
out your project, provided you isolate one
stage from another by reasonable physical
separation, or by means of individual shield
compartments. The last stage should never
be placed alongside the input stages, lest
unwanted feedback occur. The straight-line
layout is the best method to adopt when in
doubt.

Although it may not be apparent when
examining a schematic diagram, we should
always try to physically isolate the input
and output components of a circuit stage
from one another. Grouping them together
will often cause feedback (output energy
being fed back to the input circuit), which
can cause a stage to self-oscillate, which
renders the circuit useless. Some diagrams
show a particular stage or stages enclosed
in dashed lines. This indicates that that part
of the circuit is contained in a shielded com-
partment to isolate it from the remainder
of the circuit. A solid line around a circuit
normally indicates that it is a separate
module of a composite unit.

Potentiometers and Meters

We can’t tell from the electrical symbol
which end of a potentiometer (volume,
tone, drive control, etc.) should be con-
nected to ground. Many beginners have a
problem with this: After wiring in the con-
trol, it operates backwards! For example,
maximum volume occurs when the control
is set fully counterclockwise. I understand
this annoyance, for it used to happen to
me!

Also, the circuit symbol for meters shows
that one terminal is plus and the other is
minus. But, which is which? Some meters
have the polarity marked on the cases:
Others bear no identification. Fig. 3 shows
which end of a control should go to
ground, and the meter drawing indicates
which terminal is the positive one. The
positive meter lug always connects to the
circuit point of highest potential, as shown
by the examples in Fig. 3. Incorrect
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Fig. 3 — When wiring audio or tone controls, the ground end of the control is at the far left
when viewing the control from the rear (A). Similarly, when viewing a meter from the back side
(B), the positive terminal is at the left. The circuit at C shows that the negative terminal of a dc
meter must be connected to the circuit point that has the lower of the two available potentials.
The voltage drop across R1 in this example, caused by the current taken by Q1, makes the dc
voltage lower at the top of R1 than it is at the low end of the resistor. This type of circuit can
be used to monitor the current that Q1 draws.

mand. We depend on article contributions
from members to cover these topics. Many
good suggestions for articles come in, but
we look to those who are considered experts
in a particular area to write most of our
articles.

Direction-finding techniques are becom-
ing more and more important as amateurs
are entrusted with an increasing respon-
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sibility to police our own frequencies.
Many groups hold ‘‘fox hunts’’ or other
events to practice VHF-DF methods. But

polarization can destroy a meter at once.
No one likes a meter with an S-shaped
needle, jammed all the way to the left of
the meter face! Ouch!

Some Final Words

The intent of this article is to help
prepare you for the installments that follow
in First Steps in Radio. How -adept you
become at following a schematic diagram
easily and accurately will depend entirely
on your tenacity in learning the symbology.
Now is the proper time to apply yourself.
This will make the lessons that follow a lot
less difficult to digest. Practice drawing
some simple circuits from memory. But,
don’t worry about the quality of your
artwork. We aren’t trying to follow in the
footsteps of Rembrandt when drawing our
diagrams; clarity is all that is required!as=

the problem is a bit more complex when it
comes to HF direction finding. What can
hams do to DF below 30 MHz?

If you are an expert in this field, please
consider sharing some of your knowledge
with QST readers. Prepare a short sum-
mary, or outline, of your proposed article
and submit it to Paul Rinaldo, W4RI,
Manager, Technical Department, ARRL,
225 Main St., Newington, CT 06111.
— Larry Wolfgang, WA3VIL, Assistant
Technical Editor



