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Coils— Why Some Are Better Than Others

It is the Lines of Magnetic
Force Which are Important

IIEN you build a wireless set, wire

is one of the most important
things. Of course, it is the wire used
to wind the coils and not a conductor
strung through the street like a tele-
graph line, which is important in radio.
When you open the cover of a radio set,
you always find one or more coils, no
matter whether the set is a single eir-
cuit crystal or a nine-tube superhetero-

dyne.
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Fig. 1. Coil is Like Weight

There are a great many wrong ideas
about the action of a coil, and why some
are better than others. For instance,
in some places you see a statement that
the inductance varies as the square of
the number of turns. This would mean
that by doubling the turns we should
get four times the inductance. Other
authorities state that the inductance
varies directly as the turns, which would
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only give twice the inductance in the
above example. Which one is right?

What Kind of a Coil?

As a matter of fact both answers are
right, depending on what kind of coil
we have. This will be explained in a few
minutes. To begin with, the reason
why a coil is used is because it furnish-
es electrical weight to the system and
this allows it to vibrate. It is exactly
like a weight attached to a spring in
mechanical vibration. A heavy weight’
makes a slow speed and a heavy coil has
the same effect.

Referring to Fig. 1, we see that a short
spring with a heavy weight corresponds
in time of oscillation to a long spring
with a light weight. The rule is that
the product obtained by multiplying the
value of the spring by the value of the
weight gives the tuning factor. So in
Fig. 1 a spring l-inch long with 4
pounds on it will bob up and down at
exactly the same speed as a spring 2
inches long with 2 pounds on it. Again
the same vibration will happen with a
1 inch spring and 1 pound weight.

If this is understood in Fig. 1, then
it will be easy to follow the electrical
case as shown in Fig. 2. Here the spring
is represented by a condenser of one
micafarad and the weight by the coil,
with an inductance of four millihenries.
This will give the same wave length as
a circuit with a 2 mfd. condenser and a
2 mh. inductance or a 4 mfd. capacity
and a 1 mh. coil.

Coil is a Weight
From this you will see that it is the
weight of the coil measured electrically

which counts. The resistance plays prac-
tically no part in determining what wave
length the coil will have. Of course, it
is an advantage to have the resistance
as low as possible because all the cur-
rent is wanted to operate the set and to
force current through a high resistance
uses a lot of energy. That is why coils
are wound with fairly good sized wire.
If the same number of turns had been
wound into the same space using much
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Fig. 2. Coil and Condenser for Tuning

finer wire, the tuning of the coil would
have been practically unchanged, that ds,
it would have sent out the same wave
length. It would have had this disad-
vantage, however, that the music coming
through it would not have been nearly
so loud, as considerable of the energy re-
ceived would have been used up in the
unusually high resistance.

The question that naturally comes to
mind at this point is, what causes the
weight of -the coil? We have already
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said that it is not the resistance. That |
has no part at all. To understand this
it is necessary to know something about est in a coil. One is the amount of mag-
the magnetism of a coil or solenoid, as petism it can make, and the other is its
a long coil is called. When a solenoid | electrical weight, as we have just been
is connected into a battery circuit so that discussing. The amount of magnetism
a current flows through the winding, it|of the coil is found by running a cur-
makes a magnet of the coil and this mag- | rent of exactly one ampere through the
net is powerful enough to turn the needle | t\yrns and then determining by the pull
of a compass or pick up small iron arti-|of (he solenoid, or in any other conven-
cles. It does this because of the so-|jent way just how much magnetism is
called “magnetic field,” which exists all produced. This may be expressed in
various ways, but a convenient one is
to leave the answer as so many lines. Of
course, if we double the current to two
amperes, there will be twice as many
lines—that is the number is proportion-
al to the current. That is why we must
lhave a unit current of one ampere flow-
| ing when the measure is made, or else the
]result would not mean anything.

The electrical weight of the coil de-
pends not only on the turns, but also on
;s . . | the lines of magnetism. As a matter of
around the coil. Tlnsj field is mere.ly 21 fact, the weight is proportional to the
Tame for the magngtlc effect, but IT’ . product of the magnetic lines multiplied
convenient to show }t by means. of .11nes Ly the number of turns. From this it
drawn around the coil as shown in Fig. 3.| casily be seen that to get an effec-

What “Average Line” Means tive coil (one which is quite heavy) we

The solenoid shown in Fig. 3 consists | g lLave ecither a large number of
of a single layer of insulated wire, tyg or a large number of lines,
wound on a cardboard or fibre tube. This | or both. Of two coils with the same
in the drawing is shown cut open so that | punper of turns, the one that has most
at the top we see the coarse section of | . neti i
the tube Iand wires, while in the lower jneueBist Sl Ui
part of the drawing the outside view ap- What Makes the Lines?
pears as we naturally see it. The various| The quantity of magnetism which
lines running around the wires and‘e_\'ists or flows is determined in just the
through the center of the tube repre- | same way as the quantity of water flow-
sent the lines of force, as explained in | ing in a pipe is effected. We all know
the preceding paragraph. Notice that one the the higher the pressurve, the more
of these lines is rather heavier than the
rest, and is labelled “A.” This repre-
sents the average line. It is spaced at
such a distance that the magnetism out-
side of it is just the same in amount as
that inside. Of course, it is rather hard
to locate this experimentally, but the
position shown in the figure would be
about right.

All the lines of force are closed on|
themselves, that is, they have no begin-‘
ning or ending. Naturally they all run | water we get. That is why a fire engine,
through the center of the tube. Most| pumping at high pressure, will squirt a
of them surround all the wires, as for‘lot more water into the flames than if
instance, the line A, but a few are| we just had the city pressure on the fire
crowded into such a small distance that | hose. But, besides the pressure, the
they do not take in the entire number | other important thing is the size, or we
of turns of wire. This can be seen rep- might say, the resistance of the pipe. A
resented in the center of the winding large pipe with a low resistance will
|naturally pass a great deal more fluid

Measuring the Coil

Fig. 3. Long Solenoid

Fig. 4. Short Wound Coil

space.

!thau a small one. In other words, the

There are two things of special inter- | smaller the resistance of the pipe, the

more current we get, even with the
same pressure. The same thing holds
true in the magnetic case.

The resistance of the magnetic circuit
|is called “reluctance.” It means exactly
|the same thing as the resistance of the
pipe. If there is a big area to conduet
[the magnetism, then the reluctance is
low and lots of lines will flow. On the
other hand, if the area is small, it will
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Fig. 5. Two Layer is Efficient

be like a small pipe, and the magnetic
current, if we may call it that, will be
rednced proportionately. But there is
another thing besides cross section of the
pipe which influences its current, and
that is its length. You probably know
that if you have an ordinary water pipe
connected to the street main fifty feet
away, you will get plenty of water, but
if you use the sanie size of pipe, and
run it several hundred feet, it will take
you quite a while to fill up a bucket be-
cause the flow will be so small through
its great length. The same thing ap-
plies in the case we are discussing. If
the length of the magnetic circuit is a
long one, then with: the same current
flowing in the solenoid the number of
lines will be small, but if the circuit is
a short one we shall get proportionately
more magnetic effect.

What the Average Line Does

The “length” of the magnetic cireuit
may not seem to mean very much since
{ some of the lines are very short, as
shown in our picture, and others send
out far beyond the limit of the drawing.
What is meant by this length? In such
a case, it is found by experiment that
‘he average line is a measure of the mag-
netic circuit. If this line A is a long
one, then the amount of magnetic flux
will be small, but if it is short, the flux
will be so much greater. Expressing it
another way, if we have two coils with
the same number of turns wound on the
same tube and having the same current,
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then the amount of magnetism will be
inversely proportional to the length of
the average line A. The proportion is
inverse because a long line means a small
amount of magnetism, and a short line
& large amount.

With these facts in mind, we can ana-
lyze the effect of different forms or kinds
of windings. Fig. 3 shows a coil com-
posed of a single layer of 16 turns. This
gives a certain number of lines, which
in our drawing we have represented as
4 on each side. (Some of the lines in
the lower half are omitted to avoid con-
fusion.) The average length of line A
is about 414 inches. Now look at Fig. 4.
This has half as many turns, that is, 8.
It is.wound on the same tube and has
the same current—one ampere—flow-
ing through it. The average turn is
now 2% inches long, or half that shown
in Fig. 3, since the length of winding is
only half as great. In this case the num-
ber of turns causing the magnetism is
one half, and the reluctance holding back
the magnetism is half, which will give
the same number of lines—4. This will
be seen from our water pipe analogy. If
we have 2 pipe lines and the second has
half the pressure forcing the water
through, and half the area allowing

water to flow, then the current in the

two will be just alike.
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Fig. 6. Two Styles of Coils

Compare Fig. 3

and 4. Once more we shall see that the
magnetism in either case is the same.

: How fhe Weight Varies

Now what shall we say about the in-
ductance or weight of these two coils.
You will rememher that the rule was
just given that the inductance (weight)
equals the product of the number of
turns multiplied by the number of lines.
In Fig. 3 the weight is 16x4—64, while
in Fig. 4, the weight works out as
8x4-—=32. From this we see that the in-

ductance of the first coil is twice that
of the second.

Now let us see what happens when we
wind the coil in two layers. Fig. 5
shows a tube of the same size as before,
and 16 turns wound in two layers of 8
each. This one ampere current flowing
through this solenoid gives the same
magnetic force as that of Fig. 3, which
also had 16 turns. But notice that the
length of the average line will be the
same as the 8 turn coil in Fig. 4. This
is because the same amount of tube
length is used in both cases. Since the
same pressure is used, but only half the
resistance, we shall get twice the mag-
netism or 8 lines instead of 4. Again
compare the water pipe. Instead of hav-
ing half the pressure on our large pipe
that we do on the small one, we apply
the sgme to both. Naturally twice as
much water will flow through the big
diameter pipe.

A Very Efficient Coil

From this it will be seen that the
short coil in Fig. 5, although having the
same number of turns as the long one
of Fig. 3 will/, nevertheless, give us twice
the amount of magnetism. This, as ex-
plained, is owing to the fact that the re-
luctance of the short path is only half
as great. The inductance of this eoil will
be 16x8=128, as compared with 64 for
coil 3 and 32 for coil 4. i

Now let us return to the first part of
There it was stated that in
some cases the inductance varied direct-
ly as the first power of the number of
turns. This is seen to be true by com-
paring Fig 3 and 4. The eight turn coil
has an inductance of 32, while the 16
turn inductance coil was 64. This you
will see is exactly a two to one ratio for
each and so the proportionality lolds.
Again it was stated that in some cases
the inductance varied as the square of
the number of turns. This is seen by
comparing Figs. 4 and 5. The 16 turn
coil in Fig. 5 has twice the turns, but
four times the inductance of Fig. 4, and
=0 the variation is as the square of the
turns. If we had used three times as
many turns, we should have got 9 times
the inductance (3x3=90).

this article.

How to Tell Which is Which

The rule which applies to all cases,
may be expressed in this way. In single
turn coils, where the length of winding

along the tube varies as the number of

turns, then the inductance varies direct-
ly as the turns. But if the length of
winding is kept the same, and additional
turns are put on in layers on top of the
first, then the inductance varies as the
square of the number of turns. This rule
will hold in all cases.

Noticing again that with the same
amount of wire Fig. 5 is four times as
effective as Fig. 3, it naturally follows
that the two layer coils are much more
efficient than the single layer. This is
indeed correct. Why then, are most

Common

BANKED
Fig. 7. High and Low Capacity

radio coils wound in a single layer? The
answer is to be found in the fact that a
two layer coil as usually wound has a
creat deal of leakage capacity, and so
will not give good tuning.

What Makes the Leakage

You will remember that a condenser
may be defined as any two conductors
separated by an insulator. Ilere we have
the upper layer a conductor separated
from the lower layer by the insulation
wrapped around each wire. To be sure
the two layers are eonnected at the other
end of the coil, but this does not pre-
vent a large amount of leakage capacity
between the two ends of the winding,
which are at the same end of the coil. In
the single layer of coil, ithe two ends of
the winding are separated by the full
length of the solenoid. and so the eapa-
¢ity action is very small, but in the two
layer coil, the end lies directly on top
of the beginning, and so the capacity is
large.

How can we arrange so that the begin-
ning of the winding shall lie at the oppo-
site part of the tube from the ending?
There is only one way— that is by wind-
ing a “banked” coil. This means that
instead of winding a complete layer and
then another one on top of it, you wind
the two layers at the same time. Fig.
6 illustrates this. These eircles shown

Continued on Page 30
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COILS—WHY SOME EXCEL
Continued from Page 7
represent a cross section of the wires
themselves, magnified quite large. The
numbers in the circle show the order in
which the turns are put on. Thus it
will be seen the first turn goes at the
left, the second turn right side of it,
then the third, etc., until the end of the
winding is reached at 5. The sixth lies
on top of 5, the seventh on 4, etc., until
the end turn lies right over the beginning
This is the natural way to wind the coil
and it gives four times as efficient a
solenoid as the single layer in point of
inductance. The trouble is, as just ex-
plained, the distributed or leakage capa-
city is so high as to prevent sharp tun-

ing in radio.
How to Bank the Winding

The lower half of Fig. 6 shows the
arder of winding a banked coil. Two
turns are put on side by side. Then the
third is wound on top of 2. 4 goes side
of 2 and 5 on top of it. 6 is side of 4
and 7 on top of it. This scheme of wind-
ing is continued until the end of the
solenoid is reached. Such a winding
gives exactly the same inductance as an
ordinary two layer coil, but the leakage
capacity is reduced to a small fraction of
what it would otherwise be. The only
reason that most coils do not use this
winding, comes from the fact that it is
rather difficult to make the wire stay in
place. When you attempt to wind wire
3 on top of 1 and 2, it is apt to spread
] and 2 apart and crowd in between
them. To make a neat looking job re-
quires a great deal of practice.

Doubling Back on Itself

Fig. 7 shows the effect of the com-
mon winding in doubling the current
path back on itself. Suppose we put 45
volts across the terminals of the solenoid.
With-the common form of two layer coil
the electricity will run along the lower
layer to the right (of course, spinning
around the tube from turn to turn) un-
til it gets to the end, and then will loop
back through the upper turns, coming
out about where it started. This puts
full pressure of 45 volts between the
lower end turn and the upper one. It is
this closeness which gives the high capa-
city. With the bank winding, on the other
hand, the current goes through a lower
layer turn and then an upper layer one,
back to the lower, then to the upper,
continuing this action, as shown, just

like the teeth of a saw. The end is
spaced the full length of the coil away
from the beginning, so no two turns
have very much voltage between them.
The result is the low capacity and sharp
tuning of the bank winding.

It may be asked how various type of
coil compare—ordinary solenoid, honey-

comb and spider web coils. The honey- |

comb coil consists of a great many layers,
and so it is very efficient from the point
of view of inductance. The wires eross
each other at an angle and so the dis-
tributed capacity is not nearly as great
as it would be if the wires were parall 1.
The first and last turns are separated
only by the number of layers in the coil,
and being mueh closer than in a single
layer, so will cause more capacity than
in such a coil with the same number of
turns. However, it must be pointed out
that it is not fair to compare with a coil
of the same turns. It is the -inductance
which you want. Comparing with a coil
of the same inductance we find its dis-
tributing capacity is low. On both points
then the honey-comb is very satisfactory.
The chief reason it cannot be used in a
variocoupler for instance is because it
is quite difficult to arrange to take off
taps at intermediate points in the wind-
ing.

Comparing a spider web coil with the
others, we find that while not quite as
efficient as the honey comb, it excels
the solenoid, both in inductance and lack
of leakage capacity. That is one reason
why this form of winding is proving
very popular.

In conclusion we may state that, for an
ordinary variocoupler, the single layer

‘winding with taps is the most practical

form. If considerable more inductance is

needed to tune to the high wave lengths|

used in code, then this solenoid should
be banked in two or perhaps three layers.
If a coil with large inductance and no
taps is needed, then a honey-comb best
fills the bill. For miscellaneous coils,
vhich do not need a rotor turning in-
side (like a variocoupler) the spider
web is very eff'icient and easy to wind.




