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. -
‘THIRD INSTALMENT,

11 have now dealt both with
- - the: number of turns requir-
" ed to obtain a given induc-

tance and with the best or
- “optimum” diameter of wire
- for any given broadeast coil.
- Tt . will bs sppropridte now
to corsider the dimensions
and shape likely fo produce the best
results’ from such a coil under dlftermg
circnmstances.

In Figs .1, 2, and.3 are given the

theoretical hlgh frequency resigtances
of the coils previously discussed when

ire, It will be remembered that we
discussed this questmn of optimum
wire diameter in the issuefiof Septem-
ber 27, and that the optimum diameter
was there given for a series- of coils

for which the required number of

turns was' given alongside; this pre-
vious paper should be referred to in
order fo gain a complete understandmg
of the present one.

A tremendous amount of information

can be gained from these charts by the.

experienced designer. For the.present,
however, we are only concerned with
a comparison- of efficiencies; a little
later the charts will be put to a more
fitting use in' assisting in the design
of the primary of radio-frequency
transformers. .1t is for this latter pur-
pose that the high-frequeney resistance

» {or radio-frequency resistance) has:

heen given at two freguenecies—one
would have suﬂiced for our present
purposes. Nofe, in passing, that the

resistance increases with the applied.
per-

frequency of 1000 kilocycles
second (cortesponding to a. wave-

length of 300 metres) is gubgtantially -

higher than that presented to an ap-
plied frequency of 640 kﬂocycles per
second,

The redsoﬁ for thig increase in re-
sistance with ingcreasing frequency is,
as may have been guessed, that the

~ “skin effect” and “proximity factor’”

- digcussed in the last paper both in-
crease in a most decided fashion with
‘the frequency. In-dealing with very

high frequencies (e.g., short-wave re--

ception) these phenomena :render it
. very difficult indeed to design coils hav-
ing any - pretentmns to. efficiency, the
‘most promising results being obtaimed

with windings of copper ribbon or a .

“mymber of parallel wires flat-wise
wound. Both these expedients aim at
" reducing the “skin effect,” the scheme
~ of winding with a numher of parallel
wires also. assigting in reducing the
proximity factor by réason of the two

outér stands shielding the inner omes

from the a.e. field of the adjacent
turns.

The first of the two points which,
for the present, arige out of the re-
sistance charts, is that of the best, or
“optimum” ratio of length to diameter.
Here it is necessary to explode another
little theory which hag at various times
held sway in quarters where it should

. not have been entertained for one mo-
Y ment. The theory reférred to is one
_arising out of the fact that, in wingd-
ing a wire of given length into & coil
of given diameter, the greatest induet-
ance ‘will be reached when the dia-
meter is 2.46 times the winding length.

- From -this fact it was 1njud1ciously

asgumed that a coil iulﬁlling this ratio

ing maximum. efficiency.
broadcast band is concerned, however,:
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(By “CA THODE")

of Iength to diameter would be of the
greatest possible efficiency. Nothing
could be further from the case. So far
is th1s*assumptlon from the truth, in-
deed, that if wé double the winding
length——_even if we more than double it,
making it equal to the coil diameter,
we have still not reached ihe optunum

‘ratio of length.to diameter.
‘wound with the optimaum diameter of -

As a matter of fact, thére i no:con-
stant ratio 'of length to diameter giv-
‘So far ag the
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Fig. 1.—~Wire Data for 200 m.h.
Coil to be tuned from 200 to 600
mefres with .0005 mfd. Condenser,
Fig. 2.~Wire Dafa for 280 mph.
Coll to be tuned from 230 to 580
metres with .00035 mfd. Condenser,
¥ig. 3.—Wire Data for 340 m.h.
Coil to be tuned from 250 to 550
metres with .000256 mid. Condenser.

we can gain some idea of what ratm is
desn-able from a study of Higs. i, 2
and 3, From these it will be seen
that there is. practically no advaniagz
in increasing the winding length be-
yond 1 1-8 or 1% times.the coil dia-
meter. In- practice, the increase in
resistance involved -by a reduction of

diameter is likely to be more than
compensated by the less extended mag--
netic field of the smaller coil and the
consequent reduction of. absorption
losses occasmned by surrounding ap-
paratus.

Thus it Would seem that so far ag a
single coil iz concerned, there is every

reagson for so designing it that its wind-

ing length is approximately egual to its
diameter. If anything, the winding
length should be less than the diameter
rather than more, as the increase in
resistapce will be but slight provided
the length ig not made less than three-
quarters the diameter, while the reduc-
tion in incidental losses by reason of
the smaller field may be substantial.
It is not always that a single coil is
used for coupling, the prineipal in-
stances of -this form of coupling -in
present-day practice’ being-a tuned-

_ plate or a parallel-feed coupling fol-

lowing a screened-grid '~ valve. Both
tuned-plate coupling and parallel feed
are too familiar to the-average con-
structor to merit degcription here, par-
allel feed in parhcular having been
treated by the writer in a simple analy-
sis in these columns quite recently

'(The Efficiency Parallel Feed, “Radio

Record,” October 4, 1929).

‘When two coupled coils are concern-
ed, as in the case of & radio-frequency
transformer following 'a three or four-
electrode valve, the problem is some-
what complicated by the necess1ty of
gecuring a high coupling-factor. It

_ would seem, however, that this sub-

ject can most appropriately be treated
in a future article dealing -generally
with the design of the primary. TFor
the present it will be sufficient to men-
tion that the desirability ~ of a high
coupling-factor usually rehiders it de-
sirable to. reduce the winding length
gtill further; where efficiency is aimed
at, however, it should never be reduced
to less than half the diameter. .

Optimum Coil Diameter.

AVING disposed of the ratio of.

winding length to diameter for the
present, we arrive at the next prob-
lem, that of the optimum coil diameter
in any particular circumstances. There
are so many different factors to be eon-*
sidered in making a decision regarding
this question that it is impracticable to
lay down any set rules. The most that
can be done is to indieate the factors

which should receive attention, show-

ing their relative effect and perhaps
making one or twe gulding sugges-
tions; for the rest the individnal de-
signer must make his own decision.
This much is clear: that, within the
Yimits ordiparily - encountered, the
greater the coil diameter, the greater
the efficlency. It can readily be seen
from Figs. 1,-2, and 8, that a coil hav-
ing a diameter of 8 inches has a sub-
stantially less resistance than ome (of
the same inductance and shape) hav--
ing a diameter of 2 inches. 'Thus. if
coil efficiency were the only thing fo.
be consxdered there would be little

the winding:length- until- it egnals. theob;ect in contemplating the -useé of coils

A

of a less diameter than 8 Inches, al

- though ¢oils of greater diameter might

be objected te on account of their bulks

It is, in fact, the case that in a rés
ceiver employing only one coil, or,
where wide separation can be readﬂy
obtained, two coils, the greatest sens
.sitivity can be secured with coils have
ing a diameter of 8 inches or more, pro-
vided that ne further apparatus or
screening is mounted -adjocent to the
coils to introduce absorption losses;
this is at least ome thing that can be
stated: definitely, It is unfortunately
the case that such conditions are sele
dom encountered. More often- we wish
to mount two or more coils in fairviy
close proximity without encountering
instability, or we are anxious to make
our receiver compact, or to screen each
stage in a metal shield, or to use ser eens
ed coils, or to do some other thing’
which, were coils of Iarger diameter to’
be used, would result in either exces«
sive Iosses or Instability.

Causes of Instability.

INCE instability is the thing prine
cipally to be avoided, it may ha
dealt with first.

- In a receiver employing for high-free
quency amplification either a screena
grid valve or a neutralised three-elece
trode valve, instability can result only
from magnetic coupling between a. coil
in the plate circuit of the amplifying
valve and one In its grid cxrcult—or,
what is the same thing, ‘one in the
plate circuit of the preceding valves
the, measure .of this .coupling is the
mutual induetance of the two coils.

In case the term “mutual inducts
‘ance” should not be a familiar one, it
may bé explained that where two coils
are mounted so that their magnetie
fields interlink, the total inductance
of the two coils is not merely the sum
of their separate inductances, but ig
greater or less than this by twice the
“mutual inductance,” which may be
either aiding, that is, adding to the
sum of the separate inductances, or*
opposing, that is, subtracting there~
from., It is this “mutual inductance?
forming, as it does, a part of both
plate and grid inductances, which is
responsible for the feed-back eausmg
instability ; therefme, in arranging a
high-frequency amplifier without
sereening, - it is necessary to ensure
that the mutual inductance is too low
to provide adequate feedback to sus<
fain a condition of oscillation,

A number of experiments served to
show that, even with fairly efficient
broadcast coil§, a2 reduction of the
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