






































With this arrangement, the E.M.F.
between the terminals remains at 1.5
volts (approx.), but the load current is
shared between the total number of cells.

Because each cell is then called upon
to deliver only one half, one third, one
quarter, etc., of the total load, the bank
of cells can handle a proportionately
higher current than any one of the cells
singly.

A similar current capacity, with pos-
sibly longer shelf life, could be obtained
from a single very large cell, but the
parallel arrangement is sometimes used
for convenience or expedience.

One of the later forms of dry battery
is the LAYER BUILT type. The com-
plete battery is made up of units (they
are not strictly cells) consisting of a
sheet of zinc faced with carbon, a separ-
ator impregnated with ammonium
chloride, and a flat cake of manganese
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dioxide (figure 6). Although these are
all the components of a complete cell,
they are not in the right order to make
it work. Each unit requires the carbon
electrode from the next one, while
supplying this electrode for the previous
unit.

The direct contact between units elim-
inates interconnecting wires and there is
none of the waste space occasioned by
the former practice of assembling round
cells in rectangular cardboard separators.
Chemically, however, the cells are
identical.

THE ALKALINE CELL. A moadified
version of the Le Clanche cell, utilising
an alkaline electrolyte instead of the
acidic ammonium chloride, gives a better
high. rate performance and can be more
readily manufactured in smaller sizes.

The smaller sizes are generally for low
current drain applications only, although
an “inside out” construction (i.e., with
the positive plate connected to the outer
case) has been designed, with potassium
hydroxide as the electrolyte, for higher
current drains.

ADYANTAGES

The energy volume ratio of alkaline
manganese cells is higher than the acidic
Le Clanche cell and they have a longer
shelf life. They may well eventually re-
place the Le Clanche for general com-
mercial use but, at present, are slightly
more costly to produce.

Another type of primary cell is the so-
called “mercury” cell, which has been
used for some years now in hearing-aids
and other continuous-use devices, and is
finding use in some of the newer tran-
sistor equipment (figure 7).

The mercury cell uses zinc as the
negative electrode, as before, but the
positive electrode is of mercury. Mercuric
oxide is used both as a source of the
mercury and as 'a depolariser. The
electrolyte is a strong solution of potas-
sium hydroxide and zinc oxide in water.
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Mercury cells are commonly made
“inside out”—that is, with the negative
(zinc) electrode brought to the top as a
cap. This enables a steel case to be used,
both to connect to the positive mercury
electrode and to act as a container.

They may also be made in the “flat”
variety, for stacking in series piles to
produce voltages higher than that of a
single cell. The voltage of a single mer-
cury cell is approximately 1.35 volts,
slightly lower than the Le Clanche type,
but the internal resistance is generally
very low in comparison, and mercury
cells have a very high capacity. This
makes them more suited to applications
where the battery cannot be replaced
very often, and to circuits which draw
high currents for short periods.

In all the cells we have described so
far, the electro-chemical action neces-
sarily ceases when the chemicals have
been used up, and the cells are then of
no further use. -

These so-called PRIMARY CELLS
are distinguished from SECONDARY
CELLS by the fact that the latter can
be made to deliver current afresh by a
process called RECHARGING.

The most common type of secondary
cell or battery is the lead-acid accumul-
ator used in motor vehicles and as “A”
batteries in the earliest battery radio ssts.

In the lead-acid accumulator, two sets
of lead plates are immersed in a mixture
of sulphuric acid and water. The plates
are connected to an external E.M.F. in
such a way that a current of up to
several amperes flows through the acid
via the plates,

The flow of current causes the acid-
water mixture to be decomposed, re-
leasiny atoms of hydrogen and oxygen
at the respective plates. The hydrogen
mostly escapes, but the oxygen liberated
at the positive plate combines with the
plate to form the dark brown peroxide
of lead.

When the charging has proceeded for

an adequate length of time, the battery
may be removed from the charging cir-
cuit.

If a conductor is then connected be-
tween the two plates, a current is found
to flow, and, as it does so, a chemical
change becomes evident in both plates.
The positive plate, coated with lead
peroxide begins to take a coating of
greyish lead sulphate, and much the
same thing happens to the lead negative
plate.

The “sulphate” molecule comes from

Figure 8. Basic construction of the

lead-acid accumulator, showing alter-

nate placing of the positive and
negative lead plates.

the acid, which is therefore progressively
weakened as the discharge continues,

When next the cell is charged. the
lead sulphate on the negative plate is
reduced to pure spongy lead, and the
coatint on the positive plate reverts to
the dark coloured lead peroxide. At
the same time, the strength of the acid
is built up again. so that the cell is
ready once more for a period of dis-
charge.

This charge and discharge cycle can
be repeated hundreds of times until,
after a period of perhaps several years,

BASIC RADIO COURSE




the active electrodes begin to disin-
tegrate.

The chemistry and construction of a
lead-acid accumulator are rather rnore
complicated than the foregoing simpli-
fied statements may have implied. To
ensure that the plates are utilised most
efficiently, they are usually ribbed to pre-
sent the greatest possible surface area
to the electrolyte.

During manufacture, a special re-
verse charging procedure may be used
to transform the surface of the nega-
tive plate into a spongy lead mass.
Alternatively, the crevices in the plate
may be filled with red-lead paste, which
is readily reduced during charge to a
spongy mass of pure metal.

SEVERAL PLATES

To increass the current handling cap-
acity of each cell, it is usual to use a
number of interconnected negative and
positive plates in a grid formation. (See
figure 8.)

To allow them to be packed close to-
gether, yet without danger of shorting,
they are usually separated by thin lavers
of wood or other selected insulating
material.

The whole assembly has to be sus-
pended clear of the bottom of the case,
so that conductive particles which may
become detached from the plates will
not collect on the bottom and ultimately
cause a short-circuit and a discharge
path within the accumulator itself.

The E.M.F. of a lead-acid secondary
cell is normally reckoned at 2.0 volts,
irrespective of its size. The actual cur-
rent handling capacity is governed large-
ly by the number, the size, the spacing
and the nature of the plates.

For voltages greater than 2.0, it is
usual to mount several cells, side by
side, in the one large subdivided con-
tainer. The cells are sealed across the
top to prevent spilling of the acid and
then connected permanently in a series
arrangement, as already described for
dry cells.

For radio work, accumulators deliver-
ing 2, 4 or 6 volts are usual, and either
6 or 12 volts for motor vehicles. These
voltages require the use of 1, 2, 3, or
6 cells respectively.

Because the strength of the acid is
affected by the chemical condition of
the plates, it may be taken as a good
guide as to whether the cell is fully
charged or otherwise.

SPECIFIC GRAVITY

In new cells for car or radio use,
it is usually arranged that the SPECI-
FIC GRAVITY of the acid be about
1.25, when fully charged (often quoted
as 1250), 1.18 when half-charged and
1.11 when discharged.

(Specific gravity has effectively the
same meaning as “density compared with
that of water, which is taken as 1.0.”)

Where cells are intended for indus-
trial or home lighting purposes, acid.of
somewhat lower specific gravity is often
specified in the interests of long service
life.

To measure the specific gravity, a
device known as a HYDROMETER is
used. This is rather like an oversize
syringe with a small glass float in the
barrel.

The acid is drawn up into the barrel
and specific gravity is indicated by the
depth to which the float submerges in
the acid. The upper section of the float
is usually calibrated directly in terms of
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specific gravity, with “Full” and “Dis-
charged” zones indicated for general
guidance,

The EMF of a fully charged cell is
often as high as 2.2 volts to begin with
but rapidly drops on load to almost
exactly 2.0 volts. There it remains for a
long period, falling to 1.8 volts at very
low charge.

Generally speaking an acccumulator
should not be used when the voltage per
cell is less than 1.8, or when the specific
gravity is less than about 1110 (1.11,
strictly). Failure to observe this require-
ment may result in permanent damage
to the plates.

The current capacity of an accumu-
lator is summed up in its AMPERE-
HOUR rating, which gives a rough idea
of the number of hours it will continue

Figure 9. The

stations are—or should be—designed to
observe the same precautions.

When not in actual use an accumu-
lator will gradually discharge through
its own internal losses, the effect in-
creasing as the battery ages. To offset
this and prevent sulphation of the plates,
an idle battery should be given a small
charge every couple of weeks and its
condition checked periodically with a
hydrometer.

When the electrolyte evaporates suffi-
ciently to uncover the tops of the plates,
it should be brought back to normal
level by the addition of pure distilled
water.

As well as the lead-acid accumulator,
there are a number of other secondary
cells used for special applications. One

hydrometer, as
used for testing

the condition of
lead-acid cells.

to deliver a specified amount of current
after a full charge.

The rate at which an accumulator is
discharged does not appear to be im-
portant as far as the life of the battery
is concerned. It has even been claimed
that an accumulator can be short-cir-
cuited without damage to the plates or
the active materials.

The same is not true of charging,
though this is frequently the subject of
debate. In general, however, the char-
ging rate should never be such that it
causes excessive temperature rise or
gassing. High temperatures may distort
the plates and cause loss of active
material, while excessive gassing also
tends to dislodge active material.

The maximum safe charging rate is not
constant over the charging cycle. When
a battery is in a discharged condition
it can safely be charged at a high rate,
since most of the charging energy is
employed in producing chemical change
and very little is wasted in generating
heat or gas. As the charge progresses
there is an increasing tendency to gener-
ate heat and gas, and the charge rate
should be decreased, or “tapered,” to
keep these within safe limits.

In a modern motor car the charging
system is designed to behave in exactly
this manner, If the battery is well dis-
charged the system will charge it, initi-
ally, at a very high rate, up,to 50 amps
in g six-volt system. As the charge

progresses, the rate decreases until, at
full charge, it may be no more than 1
Fast chargers used

amp. in service

Figure 10. A typical three cell, six
volt, lead-acid accumulator.
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of these is the Nickel-Iron (Ni-Fe) cell,
sometimes called the Edison cell, after
Thomas Edison, who is credited with
its invention,

The cell is a complex structure, the
positive electrodes being rows of per-
forated nickled-steel tubes filled with
alternate layers of nickel hydroxide and
thin flakes of pure nickel. The negative
electrode is a grid made from nickeled
sheet steel containing pockets filled with
iron oxide. The electrolyte is a 21 per
cent solution of potassium hydroxide in
distilled water, plus a small percentage
of lithium hydrate.

The voltage of this cell is 1.37 when
fully charged, dropping to 1 volt when
discharged. A greater number of cells
are therefore required for a given bat-
tery voltage. The specific gravity of the
cell does not vary appreciably from
charge to discharged conditions, and the
voltage is usually taken as a guide to
the condition of charge.

This cell is a good deal more costly
than the lead-acid type, but offers a num-
ber of advantages in certain applications,
particularly for electric traction vehicles
and similar heavy-duty service. It is a
very robust cell, not easily damaged by
other than optimum charging conditions
—even including accidental reverse
charge — which would quickly ruin a
lead-acid cell. Its working life may be
20 years or longer,

A more recently dcveloped secondary
cell is the nickel cadmium type. Al-
though initially dearer than the lead-
acid cell, it has many advantages which
make it attractive for modern, compact,
electronic equipment.

Among its advantages are a very fav-
ourable power to weight ratio, a chemi-
cal cycle which permits complete sealing
of the cell—thus minimising damage to
associated equipment due to corrosive
fumes — and a better tolerance to
“neglect” than the lead-acid type. As a
result, it is finding increasing use in
portable equipment, such as electronic
photo-flash units, hand held transceiv-
ers, portable transistor radios, etc.

Anothr application is in self-contain-
ed electric appliances, Electric shavers
and electric drills are two examples of
this, in which these cells make possible
a compact, convenient device which can
be used anywhere, independently of
power lines, or where the use of high-
voltage equipment may be dangerous.
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CHApTER 3: Magnetic

fields. Coils with air

and iron cores. Inductance and mutual induction.
Direct and alternating current. The alternator. The
Sine wave and its properties. Inductive reactance
and phase angle. Practical inductors.

T some time or other, most of us

have toyed with a horse-shoe magnet
and noted the mysterious attraction it
has for iron and steel.

We know how a magnetised steel
needle will align itself with the earth’s
magnetic field — a phenomenon which
is the basis of the magnetic compass.
The following discussion involves this
same rather myterious force.

If a pocket compass is held close
to a wire carrying heavy direct current,
the pointer is found to be deflected from

fts normal due-north setting. Very
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Figure 1. Showing how a magnetic

field encircles a coil carrying current.
In the circle is the schematic symbol
for a coil (inductor),

obviously, the wire must be surrounded
by a magnetic field which interacts
with that of the earth and thus affects
the compass needle.

The exact nature of the magnetic field
is a matter of much debate, but it is
convenient to think of it as so many
lines of force. The stronger the cur-
rent, the stronger the magnetic field

and the more numerous the lines of

force.

Alternatively, we may say that the
magnetic FLUX DENSITY is greater.
The direction in which the force
operates is defined by indentifying its
poles in terms of north and south,
based on their reaction to the earth’s
magnetic field.

In actual fact, the magnetic field
surrounding a single conductor is not
very great, but it becomes much more
evident if the wire is wound up into the
form of a coil. The magnetic field
assumes the shape indicated in figure
I, the lines of force all passing through
the centre and completing their circuit
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via the much greater space outside the
coil.

It is obvious enough that the mag-
netic concentration must be much
greater within the coil than in any
other region.

It is actually possible to state the
direction of the lines of force surround-
ing a conductor or a coil, but there
seems little point in the beginner com-
mitting this to memory just here. But
note the schematic symbo] for a coil,
shown within the circle in figure 1.

Because of its magnetic properties,
the inclusion of a CORE of iron within
the coil can greatly increase the mag-
netic flux density for a given current
through the coil.

To be a little more technical, we may
say that the iron core has greater
PERMEABILITY to the magnetic flux
than air: the term “permeability” may
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Figure 2. The inductance and mag-

netic properties of a coil are vitally

affected by placing a soft iron core

in and around the coil. Note the
modified symbol.

be roughly defined as the flux multi-
plying property of a substance.

According to particular requirements
the iron core may be a simple iron
rod, a bund e of iron wires, or a stack
-of iron strips. It may be of either
round or rectangular cross-section, the
latter being the most common in prac-
tice.

If the iron core is straight, as actually
shown in figure 2, it assumes the char-
acteristics of a bar magnet in the pre-
sence of a steady current through
the coil.

In other words, it has a north and

south pole, will attract iron objects and
will align itself with the earth’s mag-
netic field if there is no mechanical
hinderance. (Note should be taken of the
schematic symbols for air and iron-
cored coils; in the latter case the core
is shown either within or alongside the
coil symbol, according to the whim of the
circuit draughtsman.)

With a soft iron core, the magnetic
effect is entirely dependent on the
strength and the direction of the cur-
rent through the coil. If the direction
of the current is reversed, then the
magnetic poles are interchanged. If
the current is interrupted altogether, no-
thing but a slight residual magnetic
effect remains.

Magnetic effects in a core due to
current through the associated coil are
very widely utilised in a variety
of radio apparatus, as we shall see in
later chapters.

However, it is interesting to note that
steel and certain alloys will retain their
magnetic property even after the ener-
gising current is switched off. In other
words, they become permanent magnets.

Where the iron core is continued
around the side of the coil (shown dot-
ted in figure 2), the lines of force tend,
for the most part, to follow the easier
path through the iron, and the magnetic
ﬂug& in the free air surrounding the
coil is correspondingly reduced.

If a small gap is left in the IRON
CIRCUIT, a very great magnetic con-
centration is evident across it, and this
fact is also utilised in numerous electro-
mechanical devices.

The important points to grasp in all
this are (1) That a magnetic field is
evident round a conductor carrying 4n
electric current, and (2) That this,mag-
netic field can be controlled fo~ serve
particular purposes.

That can be regarded as step number
one in our thinking. Now to go on:

Assume that we have a battery and
a switch so arranged that we can direct

Figure 3. Schematic diagram show-
ing how a current can be directed
through an inductor.

an electric current at will through a
coil. Refer to figure 3 which, by the
way, is the first wholly schematic draw-
ing we have used.

When the switch is closed, the cur-
rent builds up at a limited rate to an
ultimate value determined largely by
the potential of the battery and the.
resistance of the coil. With a very large
iron-cored coil. he building up of the
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current is slow enough to be seen on an
ordinary milliamp meter.

The effect cannot be duplicated with
a purely resistive circuit, where the cur-
rent always comes immediately to its
ultimate value.

Very obviously, the coil must offer
some initial and temporary opposition
to the flow of current by a property
quite distinct from the resistance of
the wire.

To cut a rather long story short, the
opposition is produced in the process of
building up the magnetic field around
the coil,

The very action of building up the
field produces in every turn of the coil
what is known as a counter EMF—an
induced voltage, which is in opposition
to that from the battery. This counter
EMF is evident only while the mag-
netic effect is in the process of build-
ing up, but it exercises a definite re-
tarding effect on the action.

Once the current has reached its ulti-
mate value—as determined by the bat-
tery voltage and the resistance of the
coil—the magnetic field remains station-
ary and constant while ever the switch
remains closed.

When the switch is opened, one might
expect the EMF to disappear from across
the terminals of the coil, but, for sheer
stubborness, the magnetic field must rival
the classic mule.

The opening of the switch is the sig-
nal for the magnetic field to begin col-
lapsing, which is to be expected, but in
the very process of doing so an EMF
is generated in the coil. The EMF is
of such a- polarity that it would tend
to maintain the current initiated by the
battery, were the circuit still complete.

The induced EMF across the terminals
of the coil may even cause a spark as
the switch contacts begin to separate.

This magnetic effect is just as much
a property of the coil as its resistance.
It is defined as INDUCTANCE, and is
measured in units known as HENRIES.

A coil is said to have an induc-
tance of one Henry if one volt is
induced across its terminals when
the current through the coil is
changing at the rate of one ampere
per second.

Smaller units of inductance are the
MILLIHENRY (equal to one-thousandth
art of a Henry) and the MICRO-
ENRY (equal to one-millionth part of
a Henry).

INDUCTOR & INDUCTANCE

In the form of a general statement, it
may be said that a circuit or coil possess-
ing inductance—often referred to as an
INDUCTOR — tends to oppose any
change in the amount of direct ¢urrent
flowing through it,

If there is zero initial current, then
the coil offers temporary opposition to
the building up of a current in either
direction. If there is an initial steady
current, then the coil opposes any ten-
dency for it to increase or diminsh.

Read those last two statements again.
They are very important.

An interesting phenomenon can be de-
monstrated by mounting two coils in
close proximity, so that the magnetic
flux from one coil can intersect the
turns of the other.

Assume, as in figure 4, that one coil
can be connected through a switch to
a battery .and that a sensitive indicating
meter is connected across the terminals
of the other coil.

On closing the

switch, the meter
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peinter will be found to move slightly
—say to the right—and then ieturn to
its normal position. If the switch is now
opened, the pointer will show a slight
mevement to the left, demonstrating that,
somehow or other, an EMF has been
induced in the second soil.

The explanation is found in a general
law that an EMF is always induced in
a conductor, which is cut by moving
lines of force, or, yet again, in a con-
ductor which itself moves through a sta-
tionary magnetic field.

In the illustration of figure 4, the
closing of switck‘ “S” causes a magnetic
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Figure 4. Changingscurrenls through

the lower coil produce corresponding

EMF’s in the upper coil by mutual

induction. Back EMF’s will also be

produced in the lower coil itself, due
to its self inductance.

field to build up a-ound the lower coil,
and, for a brief interval, lines of force
are evident moving outwards from the
coil. These moving lines cut through
the turns of the upper coil and induce
in it a voltage, which is- made evident
by the meter “M.”

Once the magnetic field has become
stationary, no further voltage is induced
until such time that the circuit is broken
and the field begins to collapse. The
reverse movement of the lines of force

Figure 5. In its
simplest form,
the AC generator
or “alternator” is
a loop of wire re-
volving  between
the poles of a
permanent mag-
net. The ends of
the loop are con-

that the two coils are quite large and

intimately couplied together, and that
heavy currents are caused to flow
through them; further, that the meter
M is replaced by a small torch globe.

Each time the switch is opened or
closed, we can expect the induced cur-
rent to cause a momentary glow in the
lamp, so that it flickers off and on at
a rapid rate.

Carrying our assumption a little fur-
ther, let us step up the rate of opening
and closing the switch to such an extent
that the individual surges of current
through the lamp can no longer be dis-
cerned, and it appears to glow steadily.

We then have a state of affairs where
useful work is being done, not by a
steady direct current from a battery, but
by an ever-changing current produced
by the relative movement of a conduc-
tor and a magnetic field.

ALTERNATING CURRENT

The electron movement which pro-

‘duces the heat phenomena is no longer

a steady flow of electrons through a
conductor, but an oscillatory or to-and-
from motion.

In this simple way, then, we have
been introduced to ALTERNATING
CURRENT, which is of tremendous
importance in the field of radio and
electricity.

Before pursuing the subject further,
it is as well to be quite sure of the
difference between DIRECT and
ALTERNATING current.

In the first case, electron movement
is always in the one direction. It may
be large or small, or subject to con-
tinuous variation but, so long as it
remains uni-directional, it is referred to
as a direct current, or DC

An alternating current is one in
which the actual direction of electron
movement is changing continually or
in periodic fashion.

nected to the
“’slip-rings.”’

then causes an induced EMF of oppo-
site polarity.

A similar effect could be produced
by passing a powerful bar magnet rap-
idly through the centre of a coil, or by
sliding the coil to and fro over a sta-
tionary magnet.

While ever the magnet and coil were
in close proximity and there was move-
ment of the coil relative to the mag-
netic poles, small voltages would be
evident between the terminals of the coil.

An interesting condition arises if the
switch “S” in figure 4 is opened and
closed rapidly for a sustained period of
time. Under these conditions, the mag-
netic field around the two coils- would
be maintained in continual movement,
building up one instant, collapsing the
next.

The result would be a current through
the upper coil, which is continually
changing its polarity. At one instant,
electrons would be moving from right
to left; next instant from left to right,
and so on.

Let us assume, for argument’s sake,

The amplitude of the electron move-
ment may, of course, be large or small
at-any particular instant, depending on
the circumstances which initiate it.

An alternating current cannot be pro-

duced directly by electro-chemical
action, as in a battery, but is always
generated by relative movement of a
conductor and a magnetic field.

An elementary type of AC generator
(note the abbreviation) is illustrated in
figure S.

Imagine that a loop or wire is mount-
ed so that it can rotate between the
poles of a permanent magnet; further,
that the two ends are brought out to
mutually insulated copper bobbins,
which make rubbing contact with a pair
of metal or carbon rods known as
BRUSHES,

The magnetic field surrounding the
loop of wire will be evident as lines of
force joining opposite points on the faces
of the two magnet poles.

When the loop commences to rotate.
the movement relative to the lines of
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through, while a thin file issues from the
other side. So it is with a resistor—an
accumulation of electrons on one side
and fewer on the other. Look again at
that last sentence.

What we really have is a potential
difference—or a voltage drop—across the
resistor. The larger the electron flow or
the higher the resistance value, the
greater is the voltage drop across the
resistor.

This observation
importance,
attention.

The exact mathematical relationship
between current, resistance and voltage
is set out in what is known as Ohm'’s
Law:

E equals I x R wa-(1)
where E is in volts, I is in amps and
R is in ohms.

is of fundamental
and deserves plenty of

R1 R2 R3
AW AAWWA—AWAW—
(a) R4

[R5 ]
b |,Ré |

Figure 3. Introducing two important

terms in circuit parlance, the three

resistors in (a) are said to be con-

nected in SERIES. In (b) they are in
PARALLEL,

Explained in so many words, the for-
mula simply means that the potential
d.fference developed across a resistor is
equal to the product of the current flow-
ing through it (expressed in amps) and
the resistance (expressed in ohms).

Thus, a current of 0.5 amp., flowing
through a resistor of 6 ohms, would
develop a voltage drop of 3 volts across
the resistor.

Try it out for yourself with the for-
mula!

By a simple mathematical “wangle,”
formula (1) can be transposed into a
second form:

Leguals B/R> .. w5 se w3 @)

Thus, if the voltage across a resistor
of stated value is known accurately, for-
mula (2) makes it possible to calculate
the amount of current which is flowing
through it.

For example, if a potential difference
of, say, 12 volts exists across the ter-
minals of a 4 ohm resistor, the current
flowing through it would necessarily be
3 amperes,

Further transposition of formula (1)
gives:

R equals E/I .. .. (3

If the voltage across a resistor is
known, and the current flowing through
it, it therefore is possible to calculate
also the value of the resistor.

To elaborate further on these import-
ant and basic formulas would take up
more space than is available, but the
foregoing should give some idea of the
essential relationship which exists be-
tween voltage, current and resistance.

It is important to note that all thres
formulas apply equally, whether one is
concerned with direct or alternating cur-
rent and potentials.

In figure 2a, the voltage across the
lamp filament must inevitably be less
than that of the battery by the voltage
drop across the series resstor.

If the value of the resistor is small—
just a few ohms—the lamp filament may
still glow, but with reduced brilliance.
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With higher values of “R”, the current
flowing may be so limited that the fila-
ment will fail to glow at all, unless the
battery terminal voltage is greatly in-
creased,

By having a variable resistor in place
of “R” (figure 2b), it is possible to
exercise control over the current flowing
through the circuit and the voltage which
is actually effective across the lamp. In
many cars, such an arrangement allows
the driver to adjust the brightness of the
panel lamps. This is just one simple illus-
tration of the actual effect of resistance
in an electrical circuit. But let’s take in
a few more facts about resistors in a
circuit.

In figure 3a, three separate resistors
are shown connected in series—that is,
connected end to end. The total resistance
of the combination is simply the sum of
their individual values.

Thus, if R1 is 1 megohm, R2 is .05
megohm and R3 is 7,000 ohms, the
total resistance of the combination
would be 1,057,000 ohms or 1.057 meg-
ohms. Call to mind our explanation
of the terms ohm and megohm and
check back on our addition,

In figure 3b, three resistors are shown
connected in parallel—that is, side by

LI00

Reactance —,-

Frequency —»

Figure 4: An inductor (or coil) will
carry direct current and presents to
it a certoin amount of resistance,
often referred to as its “"DC resist-
ance.” However, it presents what is
called “inductive reactance” to
alternating current, reactance in-
creasing as the frequency rises.

side in an electrical sense. If the three
occur in this fashion in an electrical cir-
cut, they provide three suitable paths
for the current.

For a given electrical pressure (i.e,
applied voltage), more electrons can
move through the combination than
could move through, say, just RS on i‘s
own; in other words, the PARALLEL
RESISTANCE of the combination is less
than that of any individual resistor in it.
. The general mathematical expression
is:

=—=—=+—=+ ﬁ1§ eecttC. oo (4)

in which Rt is the paralleled resistance of
the combination, R1, R2, R4, RS, e'c.,
are individual resistors and all values
are expressed in the same unit of resist-
ance, be it ohms, kilohms or megohms.

Whether you can apply this formula
immediately will depend on your fami-
liarity with algebra. If your recollec-
tion of algebra is not too good, simply
remember the general statement just
ahead of the formula.

But let us move on. ;

As explained in a previous chapter,
the passage of an electric current
through a conductor is attended by con-
siderable atomic agitation and a certain
amount of the electrical energy is dissi-

pated in the conductor as heat.

.An extreme illustration is seen in the
filament of an electric lamp, where the
heat generated is so great as to cause
the filament wire to glow brightly. The
same heating effect is evident in resis-
tors.

The electrical energy dissipated in a
resistor is expressed in WATTS, being
equal to the product of the voltage
across the resistor and the current
through it in amperes. That is,

= Exlais s ()

The above formula can be transposed
in various ways and combined with the
Ohm’s law expressions given earlier, but
it is not our intention here to pursue
mathematical investigations.

Just remember that there is a definite
limit to the current or voltage which any
given resistor or combination of resis-
tors can handle, For this reason, radio
circuit designers often specify the mini-
mum wattage rating required for certain
resistors, as well as the resistance value.

If the constructor is careless enough
to use too small a unit, the resultant
heating effect may easily cause it to char
and fail in service. So much, then, for
resistors.

Because of their special characteris-
tics, inductance coils—INDUCTORS, to
be more correct—find frequent applica-
tion in circuits involving alternating cur-
rents.

If necessary, they will carry direct
current but offer marked opposition to
the flow of AC; this much we have
already seen.

The opposition to alternating current,
that is the reactance of an inductor, is
expressed by the formula:

XL = 2L s oa.(6)

In which reactance is in ohms, pi is
equal to 3.1416, f is the frequency of
the current in cycles per second, and
L is the inductance in henries.

—
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Figure 5: A capacitor is virtually an
“open circuit’”’ as far as direct cur-
rent is concerned but it will con-
duct alternating current. It offers
“‘capacitive reactance’”’ to the pas-
sage of AC, the reactance becoming
smaller as the frequency of the alter-
nating current rises.

Without worrying too much about the
formula, one point is obvious, namely
that the reactance of any given inductor
varies with frequency. The higher the
frequency of a current, the greater the
opposition a given inductor offers to
its passage.

Plotted graphically, the result is as
shown in figure 4, ;

Imagine an inductor connected into
a complex circuit arrangement requiring
it to carry a direct current and two
alternating currents of different fre-
quency. The jnductor would offer little
opposition to the direct, but definite and
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different degrees of opposition to the
two alternating currents.

This discriminating effect of an in-
ductor is very widely utilised in radio
circuits, as we shall come to appreciate
later.

If two or more inductors are con-
nected in series, the total inductance
value is equal to the sum of their in-
dividual inductances, providing there is

Figure 6: Vital to the

operation of all radio

and television receiv-

ers is the purallel

tuned circuit—an in-

ductor ond capacitor L
connected in parallel

as at (a). Curve (b)

shows how the im-

pedance of the

combination rises in (a)
the vicinity of a par-

ticular frequency,

known as the ‘‘resonant frequency.”

no magnetic coupling between them;
this is exactly the same as with resistors.

In like manner also, the inductance
value of a number of parallel-connected
non-coupled inductors is less than that
of any one of them and the expression
is similar to formula (4):

1 1 1 1

BTl it S (T

T ¥ +L2+L3...etc. (
Condensers — or may we call them

capacitors—are almost an opposite in
their characteristics to inductors.

Since the component parts of a capa-
citor are necessarily insulated from one
another, a capacitor cannot carry direct
current. However, because of the
phenomenon of electron displacement, it
will carry alternating current, although
offering some opposition to its passage.

This opposition, known as capacitive
reactance, is expressed in ohms and is
given by the formula:

1

XC=’2—m—C......

(8)

In which pi is equal to 3.1416, f is
the frequency in cycles per second, and
C is the capacitance in farads.

It is interesting to nrote that the re-
actance of a capacitor also is dependent
on the frequency of the current flowing,
but the relationship is just the reverse
of that which characterises an inductor.
With a capacitor, the higher the fre-
quency of the current in the circuit, the
lower is the opposition offered by the
capacitor to its passage (Figure 5).

A capacitor in an electrical circuit -

thus offers no path for the tiow of
direct current, but allows alternating
current to flow through it with an ease
dependinz on its own capacitance value,
and the frequency of the current. Herz
is yet another discriminating- effect,
which is widely utilised in radio re-
ceiver and electronic apparatus design.

When capacitors are connected in
parallel, the total capacitance is equal to
the sum of their individual capacitance
values. That is:

Ct = C1 4+ C2 + C3...etc...(9)

This is just the opposite effect to that
stated for resistors and inductors. For

BASIC RADIO COURSE

capacitors in series, we revert again to
the familiar reciprocal expression:

1
03...etc..(10)

These expressions may be rather
baffling to some, but don’t worry over-
much about that. The whole purpose in

Resonant Freqtlency

N

Impedance —»

(b) I

Frequency —»

Time ——— »

Voltace or Current

Figura 7: Energy fed into a tuned

circuit tends to produce an oscillatory

voltage, as described in the text.

The oscillation takes place at the

resonant frequency of the tuned cir-
cuit,

T =
(a) (b)

Figure 8: The resonant frequency of
a tuned circuit can be changed by
varying either the value of the capa-
citance (a) or the value of inductance
(b'. Such circuits provide the basis on
which a radio receiver can ‘‘tune in”
individual radio stations.

Figure 9: A series
tuned circuit (a) and
the way in which its
impedance varies with
frequency, to a mini-
mum value at reson- (a)
ance. Circuits of this
type are frequently
used to absorb energy
at particular frequen-
cies, being then known
as ‘“‘trap’ circuits.

this chapter is to give a general picture
of how components behave and why
they are used, rather than to get down
to a precise mathematical basis.

Circuit requirements often call for a
combination of resistance and induct-
ance, either in parallel or in series. The
opposition to such a combination to the
flow of alternating current is neither
wholly resistive nor wholly inductive and
is expressed instead as an IMPEDANCE
of so many ohms.

The same word “impedance” also
applies in circuits involving a combina-
tion of resistance and capacitance.

95 .

Examination of the word impedance
from a mathematical viewpoint is rather
too involved for inclusion in this chap-
ter. but the student is well advised to
follow up the subject in other texts
which choose to cover it in detail. But
remember the term and remember also
the effect of resistance inductance and
capacitance in an electrical circuit.
® Resistance is a definite property, in-
dependent of frequengy.

@ Inductive reactance depends on, and
increases with frequency.

@ Capacitive reactance depends on, but
varies inversely with frequency.

® Inductors will carry direct current,
but capacitors will not do so.

® Circuits combining the above proper-
ties offer impedance to the flow of alter-
nating current, the impedance depending
on the frequency and the quantities in-
volved.

At this juncture, it is necessary to
mention a matter of vital importance,
namely the combination of an inductor
(or coil) and a capacitor (or condenser).

We have seen that the reactance of a
coil increases with frequency and that
the reactance of a capacitor decreases
with frequency.

Referring then to figure 6a it is
obvious that, for any given value of in-
ductance and capacitance, there must be
a particular frequency at which the re-
actance values of the two are equal.

The frequency at which this occurs is
commonly known as the RESONANT
FREQUENCY and the coil and capaci-
tor are said to be TUNED to this fre-
quency.

Because the two components are con-
nected side by side (in the electrical
sense), the combination is referred to as
a PARALLEL TUNED circuit.

In previous chapters we have learned
something of phase; that the current

_through an inductor lags behind the

voltage but leads the voltage in the case
of a capacitor.

At the resonant point of a tuned cir-
cuit such as that of figure 6a the cur-
rents through the two components —
which are opposite in phase, one lag-
ginz the voltage by one-quarter of a
cycle, the other leading by the same
amount—are equal in amplitude. They
accordingly cancel each other, so that
the circuit offers an infinitely high re-
sistance to current.

Resonant Frequency
1

N

(b)

imepance

Frequency —3»

The above assumes that the compon-
ents are lossless or perfect — the coil
having no resistance, and the capacitor
no dielectric loss. In practice, however,
this will not be true, so that at re-
sonance the parallel tuned circuit will
have a large but finite resistance,

Note that the word used is RESIST-
ANCE, for at resonance the inductive
and capacitive reactance cancel rach
other, and the impedance of the «om-
bination becomes simply a resistance.

Because the reactive currents ciancel
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