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largely responsible for the rapid development of radio

in the United States. This is in marked contrast to
the restrictions imposed in other countries. Consequently
there are almost as many amateurs and radiocast stations in
the United States alone as in the rest of the world.

Results to date
Hoover's policy of a self-regulating industry.
advisory conferences of radio representatives have given his
department the benefit of the views of all branches of the

THh “hands off” policy of the government has been

than justified Secretary
The annual

have more

industry. What adjustments as have been necessary to
settle disputes have been agreed upon in open meeting and
have been accepted as the basis for the department’s rulings.

I'he chief point of discussion has been the allocation of
wavelength bands for the various classes of service. During
the past three years this has become increasingly difficult
because of the expanding needs of radiocast stations. They
have already encroached upon the space previously assigned
for ship and amateur purposes. But notwithstanding that
within four years their allocation has been increased from
a single 360 meter wavelength to the great band extending
from 200 to 545 meters, there is not enough room to take
care of those who have been licensed, to say nothing of new
stations desiring space.

Meanwhile the department has been functioning under
laws passed in 1912, long before radiocasting and other
modern inventions had been developed. The existing laws
do not provide for the suppression of man-made static nor
can motor-driven ships be compelled to carry radio equip-
ment, simply because the law designates steamships. It has
frequently been mecessary to make rulings whose strict legal-
ity may have been questioned. But be it to the credit of the
radio industry that the justice, if not the legality, of the
decisions has always heen recognized and conformed to.

While it has been possible to thus “get by” with volun-
tary self-regulation during radio’s infancy, it has now grown
to be such a sturdy youth that some stronger method of con-
trol seems necessary to protect the public interest. Since
radio has reached the dignity of public service, the interest
of the public becomes paramount to the private interests of
those engaged in the art.

The private interests will naturally object to stricter regu-
lation, just as other public utilities originally objected to the
establishtment of public service commissions. But now there
is hardly a gas, electric power or railway company that

would prefer to go back to the old days of free-for-all compe-
tition. Likewise it is to be hoped that all radio interests
will realize the compensating advantages of regulation.

History shows that whenever established law and order
has not been strong enough to handle a bad situation, some
sort of a vigilante committee has adopted drastic measures
to accomplish what it deems right. This always establishes
a dangerous precedent and too often is subversive to the pub-
lic interest. Surely no one wants a vigilante committee
in radio!

Consequently the outstanding discussions at the next radio
conference will undoubtedly revolve around the question of
what kind of regulation will be most effective and practical.
Will it be sufficient, for instance, to rely upon a station's
recognition of the fact that its success is dependent upon
the maintenance of public good will? Should a radio ser-
vice commission be established? Or should greater regula-
tory power be vested in the Department of Commerce?

In view of the evident and commendatory hesitancy of
Secretary Hoover to ask for arbitrary power so as to handle
the situation, it may be well for the radio industry to fol-
low the lead of the baseball and movie man when they
feared the loss of public good will. Judge Landis and Will
Haves have done much to inspire public confidence. Cer-
tainly Secretary Hoover or Judge Davis could do likewise
for radio, if either could be induced to relinquish his present
broader duties.

Such men, with suitable assistants in various parts of the
country, could determine whether a station is giving suffi-
cient service to the public to justify the continued use of
the wavelength assigned to it. This implies the setting of
standards as to power, location, broadness of wave, and par-
ticularly as to character of program, which might even limit
religious and other forms of publicity. It would involve a
censorship which is inconsistent with and abhorrent to gov-
ernmental supervision, but which could be tolerated if the
standards were detérmined in accordance with a good sense
of the stations themselves.

It is neither our intent nor our province to say which one
of these or other suggested methods is the best. Any one
of them is better than the present functioning under obso-
lete laws. But some means should be speedily adopted to
protect the interests of the public and thereby increase pub-
lic interest in radio. This is a real task for the radio
conference.
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Marconi Radio Beams

An Authoritative Description of This New Means Which May

Fig. 4. Marconi Beam Station, Poldhu, England.

Revolutionize Transmitting Methods

EFORE describing the essential
B features of the Radio Beam it is
perhaps advisable to briefly re-
view the more important factors govern-
ing the propagation of electrical waves
as connected with the existing methods
of radio telegraphic and telephonic trans-
mission. These waves are radiated
from an aerial so as to spread out sim-
ultaneously in every direction, their
energy being dispersed more and more
widely as they travel further from their
source. Consequently only a very small
proportion of the energy transmitted
from the antenna is intercepted by the
intended radio receiving station. ’
Going still further, it will easily be
seen that the waves from such a trans-
mitter can be picked up by any number
of receiving stations for which they are
not intended, in fact by an unlimited
number of receiving stations providing
they lie within the range of that trans-
mitter. It follows naturally that a
much greater amount of energy must be

By H. de A. Dozzist/zorpe

likely that these beams will cause the
existing high power long distance range
stations to become obsolete within the
next ten years.

The radio beam is nothing more than
a concentration of electrical waves in
one direction, this being accomplished by
means of special reflectors. In this man-
ner the whole energy from a transmit-
ting station can be directed into a beam
of not more than 15 degrees converg-
ency and can be intercepted only by re-
ceiving stations lying within the arc of

that beam. Compare for a moment this
new method of radio transmission with
that of the old, by referring to Fig. 1.
The outstanding advantages of the
beam can be immediately appreciated;
for example, there is a minimum amount
of interference caused, together with an
enormous saving in radiated energy, be-
cause with the beam there is no wauste
due to waves being radiated out in direc-
tions other than that towards the intend-
ed receiver. In the case of the existing
transmitting systems as has been pointed
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radiated from the transmitter than is
reallv required in order to operate any
one receiver. All the existing radio
telegraphic stations are rapidly produc-
ing a congested ether and it is only a
matter of time before a saturation point
is reached when no further stations can
be erected as the interference will be too
great to allow of useful working.
Luckily the advent of radio beams
will go a long way towards eliminating
unnecessary interference and a regular
system has alreadv been worked out
whereby the outlying dominions of the
British Empire will soon be linked up

™

with the mother country by means of 51 3
these beams. It therefore seems very Fig. 1. Selectivity Comparison of Ordinary and of Beam Transmitter. o=
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out before, the waves are thrown out in
every direction like those surface waves
produced by a stone striking the surface
of a pond.

The immediate result of this saving of
electrical energy is reflected in the initial
outlay and maintenance costs of a trans-
mitting station. Later on in this article,
by reference to figures, it will be shown
arithmetically how the beam station
compares in efficiency with a station
broadcasting its waves.

It must not be thought that these
beams are something quite new, as Mar-
coni, in the very early days of his radio
experiments, discovered that electro-
magnetic waves like those of light could
be reflected. It will perhaps be of in-
terest to study these early experiments,
firstly, because of their historic interest
and secondly, because they are closely
allied with the modern methods.

The apparatus and circuits employed
by Marconi in his original beam work
are shown in Fig. 2. Here the waves
were reflected by means of metal re-
flectors of the shape shown, the waves
being produced by a spark coil through
the aid of the electrical oscillator, the
spark gap of which was placed in the
line of the focus of the reflector.
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The recciver consisted of the coherer
connected up with a battery and relay
across which was shunted an electric
bell and it was shown that the bell
would only ring when the aperture of the
transmitter’s reflector was directed to-
wards the receiver. By establishing a
second reflector at the receiving end
with the coherer at the focus, it was
possible to increase the range over which
this arrangement would operate.
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Fig. 3. Parabolic Reflector.

These experiments however, proved
that only electro-magnetic waves of a
very small wavelength could be used if
the reflectors were to be anything like a
practical size and in those early days
of radio, short waves were very hard
to produce owing to the type of appar-
atus then available.

The advent of the thermionic tube and
its use for the production of electro-mag-
netic waves solved this last named diffi-
culty and consequently, during 1916
Marconi once again turned his thoughts
toward his old experiments, having in
mind an idea for using these beams for
certain war purposes. The inventor was
impressed with the possibilities such a
system of radio telegraphy would af-
ford in arresting the tapping of
messages by the enemy. This idea
will become apparent by referring to
Fig. 1, once again, assuming that the
enemy receiving stations lie on the left
of the line XY. From that year until
now, continual experimental work has
been carried on, and not without avail,
for some astounding results have been
obtained.

It is not the intention of the author
to discuss the methods of producing elec-
tric waves of short wavelengths as these
follow those of ordinary radio transmit-
ters and are doubtless known to all, so
the remainder of this article will be de-
voted to the description of the present
day methods of reflecting electro-mag-
netic waves, and to the results of their
work.

The first type of reflector used in re-
cent work is shown in Fig. 3. It will be
seen that the reflector in this instance
consists of a number of vertical wires
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placed parallel to the antenna, and spaced
around 1t on a parabolic curve of which
the antenna constitutes the focal line.

The wires which comprise the re-
flector are all tuned to the electrical
wavelength of the wave which is to be
transmitted. The size of the aperture
of the retlector is also an important fac-
tor and to give the best directional ef-
fects it has been found that the distance
between the two ends of the reflectors
1 and B must be equal to 314 wave-
lengths of the wave transmitted. With
regard to the first named condition it is
not necessary for the reflector wires to
be tuned to the transmitted wave if
their length is an undesirable or unprac-
ticable one as a suitably proportioned
length will also produce good directional
results.

Fig. 4 shows a' picture of an actual
parabolic beam reflector as has been erec-
ted at Poldhu in Cornwall, England.
This station has been used in all the re-
cent experiments with radio beams and
worked in conjunction with Marconi’s
vacht the S. Y. Electra. on which was
installed the receiver.

\With the results given by this re
ector the great value of the beam be-
came apparent, as it was found bv meus
urements that the value of the energy re-
ceived on the vacht was two hundred
times greater than that which could be
received from that transmitted without
the aid of the parabolic reflector.

Translating this fact into practical
higures shows that results can be ob-
tained from a beam transmitter with a
power of 0.1 kw. which will be equal

in strength to those produced by the
waves emanating from an ordinary non-
directional 20 kw. transmitter.

These experiments were carried out
with a 97 meter undamped or continu-
ous wave. The actual transmitter util-
ized eight transmitting tubes all connec-
ted in parallel so as to dissipate some 12
kw. The antenna radiation from this
arrangement was approximately 9 kw.
If an ordinaryv station has been erected
to give the same results at an equal dis-
tance awav from it, the transmitter
would have had to be designed to ac-
commodate 120 kw.; a startling differ
ence in power but nevertheless true,

The receiving antenna on the vacht
throughout these experiments consisted
of a vertical wire 20 meters in length
above sea level. This antenna was con-
nected to the usual tvpe of inductively
coupled receiver with two stages of tuned
radio frequencvy and auto-heterodvning
detector tube circuit; an optional two
stage amplifier was also included.

Before passing on to the very latest
form of reflector it will perhaps be of

interest to dwell a moment on the re-
sults of the experiments carried out be-
tween the Poldhu station and the Elec-
tra. ‘Throughout the cruise of the
yacht wonderful signals were received
during the night for long distances with
only 12 kw. from the transmitter, al-
though at times the receiving was car-
ried out under adverse conditions. The
signals during the day, however, were
found to weaken and disappear at defin-
ites times according to the distance from
the transmitter and depending on the
altitude of the sun at the site of trans-
mission and reception. But it was found
that a reliable commercial radio-tele-
graphic service could be efficiently car-
ried out for a large portion of the twen-
ty-four hours covering distances up to
2300 miles using only 1 kw. of energy
in the transmitting antenna.

Since this early form of reflector a
further type has been evolved which is
undoubtedly more practical from a con-
structional point of view and this is
known as the flat type of reflector. This
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Fig. S. Latest Form of Antenna and Reflector.
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na, is illustrated in Fig. 5. Here 4
represents the actual antenna whilst B
represents the reflector. © The former
consists of a series of vertical wires.
which may or may not be connected to-
gether by horizontal wires and consti--
tutes an antenna of most marked bi-di--
rectional properties at right angles to
its plane. This type of antenna approxi-
mates as near as possible to a uniform
current short circuit in which the cur-
rent is everywhere maintained at the
same relative value, by feeding it simul-
taneously at a number of points by
means of a special feeding system from
the actual transmitter. The directional
property of the energy radiated from.
such an antenna is a function of its di-
mensions relative to the wavelength,
which necessitates careful calculation in
its design.

By placing a similar arr ment be-
hind this antenna of wires the direction-
al property of the same is made unidi-
rectional and becomes the reflector. In
order that this effect may become ap-
parent it has been found esential for the
distance between the antenna and the re-
flector to be equal to one quarter of the
wavelength transmitted.

(Continued on Page 629 .




short - wavelengths for amateur

use, directed waves, or beam trans-
mission by the use of reflectors, has
come into important notice. The fact
that radio waves could be reflected has
been known for a long time, but until
Marconi performed his experiments
with the use of parabolic reflectors noth-
ing very definite was known.

Due to the large size of reflectors de-

¢ signed to be used on wavelengths over
10 meters it is not practical for the ama-
teur to construct a revolving reflector
for use with wavelengths greater than
these. ‘The 5 meter band makes it pos-
sible to construct a moderate sized re-
flector but it is still too large to be
placed in the amateur’s lab. The recent
opening of the 34 meter band makes it
possible to construct a reflector that can
be placed in the laboratory without tak-
ing up much space.

This band is practically unexplored.
It is a great deal harder to get a tube
to oscillate on this extremely low wave-
length than it is on the higher wave-
lengths. If the knowledge that has been
found on the 5 meter band and below
is applied it should be possible to get one
or two five watt tubes to oscillate on
this wavelength. Two 199 tubes will
oscillate on this wavelength without
much trouble. With the use of a prop-
erly designed reflector for both trans-
mitting and receiving the efficiency of
‘these low powered short wavelengths

®  may be multiplied many times. The re-
flector to be described here is designed
to operate on 34 meter. However, in-
structions are given whereby almost any
sized reflector may be built.

The so-called 34 meter band extends

SINCI‘. the opening of the extremely

from 400,000 kilocycles (equaling .7496
meters) to 401,000 kilocycles (equaling
.7477 meters). This band is large
enough for one hundred radiocasting
stations to operate without interference
and yet the difference between the wave-
lengths of two adjacent stations would
be only .00077 in. and the difference
between the wavelengths of the highest
and the lowest would be only .077 in.
or less than 1/12 in. So you can get
an idea of the difficulty of designing in-
struments for use of these wavelengths.
We have a great deal more to learn be-
fore we will have the same efficiency on
these wavelengths as we have on the
"" _radiocast wavelengths.

The reflector to be described is shown

'.,' 1

¥ *  Short Wave Retlectors

Detailed Directions for Constructing a Parabolic Reflector for Increasing

the Range of Amateur Transmission

By qu C. Hunter
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Fig. 1. Plan of Parabolic Reflector.
in Fig. 1. It is formed by a number wavelength, at least it is more handy and

of vertical wires fixed in the shape of
a parabola. Each wire is supported at
its ends by insulators. The length of
the wires may be 1, 15 or 14 the length
of the wave to be transmitted. For
practical use the wires are made slightly
shorter to compensate for the capacity

effect between wires, which causes a

higher wavelength. The aerial and
counterpoise is one length of wire the
same length as the reflector wires. A
small loop is made in the center for coup-
ling to the transmitter. The aerial and
counterpoise are mounted vertically in
the focus of the parabola.

Probably the best length for the ver-

economical. The closer the wires the
sharper the beam of energy transmitted,
which is to be desired, but at the same
time allows part of the energy to escape
out of the back, called back leakage.
The longer the sides of the parabola the
sharper the beam. The best reflector
then is one with moderate spacing of
the wires and with the sides extended.
This would give practically no back
leakage and a very narrow beam. With
these instructions reflectors for most
any wavelength can be designed.

How to lay out the parabola is shown
in Fig. 2. Say the parabola is to be
used as a reflector for wavelengths of

tical wires is slightly less than one-half 34 meters. The English equivalent of
A (Continued on Page 94)
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Fig. 2. Construction of Parabola.

RADIO FOR NOYEMBER, 1925

www americanradiohistorv. com

13




A Universal Radio Frequency Amplifier

Adapted for Use With Any Standard Receiver and Employing a New
Method for Preventing Oscillations

HERE is always a demand for an

I easily constructed and efficient

radio frequency amplifier unit
which may be connected ahead of any
standard receiving set. Many have at-
tempted the construction of such unit,
but few have succeeded due to careless-
ness in design and lack of attention to
details.

Tuned r. f. amplification at compara-
tively low wavelengths requires careful
work in assembly and selection of ap-
paratus. Among the rules which must
necessarily be followed is to maintain a
high ratio of inductance to capacity, in
the tuning controls, and to employ a low
capacity tuning condenser having a high
minimum to maximum capacity ratio.
The amplifier must have a method of
coupling to the receiving set tuner where-

by the amplifier is independent of the

type of circuit used in the receiver, and
can be used with any set.

Such an amplifier is shown in the pic-
tures, and the schematic diagram shown
in Fig. 1 will give the reader an idea
of the arrangement of apparatus. In
the output of the r. f. tube circuit the
r. f. and d. c. currents are divided, the
B battery being fed directly to the plate
through a choke coil, while the r. f. com-
ponent in this circuit, being blocked by
the choke coil, passes through the .002
coupling condenser to the primary wind-
ing of the detector circuit.
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By A. 7 Haynes

This is not the only function, how-
ever, which the choke coil fulfills. The
circuit makes use of a principle which,
as far as I know, is new in r. f. amplifi-
cation. Without going into technical
explanations it can be seen that the
small r. f. choke through which the B
battery is fed to the plate of the radio
frequency tube is tuned to some natural
resonant frequency, in this case approxi-
mately 550 meters. This choke is pur-
posely designed to have a broad tuning
characteristic.

By properly proportioning the capac-
ity of the coupling or blocking condenser
between the r. f. and detector tubes to-
gether with the inductive coupling be-
tween the primary and secondary of the
r. f. transformer the following condi-
tion can be attained: On the high wave-
lengths, where the r. f. choke is effec-
tive, practically all of the r. f. current
passes through the primary of the r. f.
transformer which results in a maximum
coupling between the two tubes.

As the received wavelength decreases,
instead of this inter-tube coupling in-
creasing with the frequency, which is
the case in the usual tuned r. f. circuits,
more and more of the r. f. energy is
shunted through the r. f choke which
becomes less effective as the wavelength
decreases. Thus an automatic safety
valve is provided which when properly
set maintains the first r. f. tube in its

ALECLEIVING SET

most sensitive adjustment without al-
lowing it to go into oscillatjon.

This principle is applicable to two or
three stages of tuned r. f. and in such
a case it is necessary that the values of
the coupling circuits be carefully ad-
justed. When only one stage is used
ahead of a regenerative detector it is
not necessary to bother about attaining
this condition precisely, as the regenera-
tion in the detector tube acts as a com-
pensating device. Due to the fact, how-
ever, that the r. f. tube is working near
its point of maximum efficiency over the
entire wave band, even with no regener-
ation in the detector tube, it is not neces-
sary to use the regenerative control ex-
cept on very weak or distant stations.

The fact that both the r. f. and detec-
tor tubes can be worked at their highest
gain over the entire wavelength band
accounts for the unusual sensitivity and
volume attained with this circuit.

In most receivers the ground end of
the primary or antenna circuit is con-
nected to either the plus or minus bat-
tery lines. If this is not the case, it
can be easily done by connecting the
ground post on the receiver to one of
the battery lines.

In Fig. 1, the r. f. unit is shown con-
nected ahead of the three circuit DX
regenerative receiver, the general de-
sign of which, since its appearance four
vears ago, has been followed more or
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Rear Panel Vieaw of Amplifier.

less closely by so many regenerative cir-
cuit designers that it will serve as a
good example for our purpose.

The tuning inductance, or antenna
coupler as it is commonly called, in this
r. f. unit may be made in the form of
a diamond weave spider web. It should
have an inside diameter of 14 in., the
winding being made on 15 pins by the
usual over two and under two method,
87 turns of No. 24 SCSS wire being
used, the exact number depending some-
what on the condenser. The coil is
tapped at the 15th turn from the inside
for the ground connection, the inside of
the coil being connected to the antenna
binding post, while the outer end is con-
nected to the grid of the r. f. tube and
the stator plates of the tuning condenser.
The choke coil may be wound on an

. ordinary small spool such as comes with

sewing silk. Its construction is not criti-
cal, but should consist of approximately
400 turns of small insulated wire, any-
thing from No. 30 to No. 40 being
satisfactory.

Fig. 2 is a diagrammatic view of the
back of panel, showing in detail the wir-
ing for the r. f. unit, while those who
prefer to work from a schematic dia-
gram should use Fig. 1. The actual lay-
out of the apparatus on this 7 x4 x 3/16
in. panel is indicated in the picture, the
view showing clearly the simplicity of
the jnstrument, the condenser dial be-
ing the only tuning control.

The most valuable use for the r. f.
unit is in connection with a standard re-
generative receiver having an adjustable
or tapped primary. When the r. f. unit
is used with single circuit receivers, the
antenna and ground posts on the re-

- ceiver should be connected to a small
fixed condenser of .00025 mfd. capacity.

The condenser is placed directly across
the antenna and ground binding posts
of the single circuit tuner and a few
turns of insulated wire are wound
around the filament end of the receiver’s
tuning inductance. One end of this wire
is connected to the ground post on the
receiver, while the other end goes to the
post marked P on the r. f. unit.  Five
or six turns are usually sufficient.

In general, however, on all other
types of receivers, binding post P on
the r. f. unit is connected to the an-
tenna post on the receiving set and the
plus B post of the r. f. unit is connected
to the 45 volt tap of the B battery,
which is already being used on the re-
ceiver. The minus and plus 4 posts of

? the r. f. unit connect to the A4 battery

on its respective terminals. The an-
tenna and ground proper are no longer
connected to the receiver itself, but to
the antenna and ground posts on the
r. f. unit.

trol will have no effect on the r. {. tun-
ing, and it will be found that its adjust-
ment, when the r. f. is added, is very
simple and not at all critical.

If the circuit should go into oscitla-
tion with a sharp thump when the re-
generation is advanced too far, it means
that a higher value of grid-leak should
be used, which applies to any regener-
ative receiver whether used with the r. {.
unit or not. With the proper grid-leak
the circuit should slide smoothly into
oscillation as the tickler is advanced.

In using the r. f. ahead of the DX
receiver, the tickler coil or rotor should
be reduced to 10 turns, and the entire
10-turn primary of the coupler should
be used. The primary switch may be
retarded if greater selectivity is desired
although this is seldom necessary. If ex-
treme sharp tuning is desired, the pri-
mary switch may be retarded fully, so
that only the one turn is included in the
primary winding, which will result in
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Fig. 2. Pictorial Wiring Diagram of

R. F.

The following procedure should be
used in operation. The regenerative or
tickler adjustment on the receiver is
turned to zero and the rheostats on both
the r. f. unit and the receiver are then
adjusted to their proper points. The
tuning controls on the r. f. unit and
receiver are then adjusted until some
station is received. The primary coup-
ling on the receiver should then be ad-
justed either by means of its taps or by
rotating it, as desired, until the set does
not oscillate when tuned to a low wave
station with both tuning controls in res-
onance. When this adjustment is ob-
tained, the primary of the receiver may
be left alone and the set operated exact-
ly as it was before the r. f. was added,
the only difference being that two con-
densers must now be tuned to the signal
rather than one. The regenerative con-
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Unit.

remarkable selectivity. Due to the fact
that the tuning controls do not affect
each other, stations may be accurately
logged on the dials.

When connecting a set up for the
first time, it is best to connect the fila-
ment battery, only, at the start, and see
that all the tubes light properly. Then
disconnect this battery entirely, and after
removing the tubes, apply the plate sup-
ply, with a small 110 volt lamp (about
15 watts) in series, and if it lights up,
or shows any glow at all, look for trou-
ble. If all is ok, then re-connect the
filament battery, and go ahead. This
small trick may seem unnecessary, but
as it may save a tube, or even a set of
tubes, it will be well worth while.
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An Ideal Audio Frequency Amplifier .

Directions for Making a Three Stage Impedance Coupled Amplifier of

Unusual Quality, Adaptable to any

By Ernest W. Pfaff

Radio Set

T TS T
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ECENT improvements in the  sistance coupling but due to the low source changes direction, all of the ar- 3
quality of radiocast transmission  ohmic resistance of the choke coils, prac-  rows in the diagram will change like- 3
and in loudspeakers have caused a  tically the entire B battery potential is  wise, including the lines representing i‘;
demand for correspondingly high grade effective on the plate of the tube. No the magnetic flux. As these lines of },

audio frequency amplifiers, in order that
maximum enjoyment of music or speech
may be attained. In the construction of
such an amplifier, the key to high quality
lies in the selection of inter-tube coupling
units which will pass all desired frequen-
cies faithfully without introducing dis-
tortion.

The three common methods of coup-
ling are by the use of transformers, re-
sistances or impedances, transformer
coupling being the most popular because
of the high amplification possible per
stage, and the ease of assembly. A fair
Jdegree of tone quality has been realized
with the use of well designed transfor-
mers, and until the appearance of cone
type loud speakers, transformer coup-
ling was adequate for general use. Ke-
sistance coupling produces practically
perfect reproduction over the entire musi-
cal range, but has the fault of low ampli-
fication per stage, and excessive B bat.
tery consumption; due to energy loss in
the plate resistances. It is evident that
an ideal amplifier must incorporate the
high amplification per stage and battery
economy of the transformer with the
practically perfect amplification char
acteristics of resistance coupling, and the
amplifier herein described has these de-
sirable qualities through the use of a
moditied form of impedance coupling
with autotransformers.

The impedance coupled amplifier op-

erates upon principles very similar to re-

greater amplification per stage, however,
is obtainable with the conventional type
of impedance coupling, than is possible
with resistance coupling, so that an ex-
planation of the theory of the auto-
transformer will enable the reader to ob-
tain a better understanding of why this
type of amplifier is superior to others.
Referring to Fig. 1, the current, which
is represented by the single headed ar-
rows, Howing through the circuit a-f-e-b
will set up lines of magnetic force, as
represented by the dotted lines. As the
current from the :L]ternating current

force collapse and build up again in the
opposite direction, they cut across all
the turns of wire in the coil g-e-f, in-
ducing a potential opposite in direction
to the supply voltage. The induced vol-
tage in the winding e-f will serve to limit
the current in that coil to a very small
amount, while the induced voltage in
the coil g-e will act as an auxiliary vol-
tage in series with the source. The to-
tal voltage will cause a current to flow
through the circuit a-f-d-c-g-e-b, this
current being represented in the diagram
by double headed arrows. Since the step-
C
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up ratio of input to output turns is 1 to
1.5, it is obvious that the total output
voltage will be greater than the supply
voltage and the resultant voltage avail-
able on the grid of the following vacu-
um tube to which the coil is connected
will be greater than if a single winding
choke coil were used.

It is not as difficult to design a good
auto-transformer as it is to work out a
transformer of the conventional type, for
the magnetic leakage is reduced and the
coefhicient of coupling increased to such
a degree that with the use of a large
iron core of high grade, a winding of
very high inductance is obtained with
low ohmic resistance. Hence, by wind-
ing the coil in a manner such that the
distributed capacity is low, we have a
practically ideal tube coupling device.

Fig. 2 shows the schematic circuit dia-
gram of the amplifier which is shown in
the pictures, the first two tubes acting as
voltage amplifiers, and the last tube as
a power amplifier. As explained in the
theory of the autotransformer, voltage
from the detector tube is applied to the
primary winding of the coil, and the in-
duced voltage in the combined primary
and secondary windings is applied to the
grid of the first amplifier tube
through the blocking condenser C,.
Were it not for the step-up prop-
erties of the autotransformer, the
voltage applied to the grid of each am-
plifier tube could not exceed the output
voltage of the preceding tube, but in this
case a voltage amplification is obtained
in each coupling unit, with increased
overall gain in the amplifier.

The blocking condenser is used to pre-
vent the B battery voltage from being
impressed upon the grid of the following
tube, the capacity being large in compari-
son to the grid-filament capacity of the
tube, and sufficient to pass the lowest
frequencies of the musical scale. A
value of .5 mfd. was selected as the prop-
er size, a larger capacity requiring too
long a period of time to be discharged,
with consequent paralyzing of the tube

PARTS REQUIRED FOR 3-STAGE
IMPEDANCE COUPLED
AMPLIFIER

Cirenit
Designation

No.
Required

L

Deseription

BWOw W

-

ra

o

1 pair

-

ho b

Asyy Aoy Ay
C-;. C-, C=y
R-y R=g

Miscellancons serews,

wire and lugs.

Thordarson
Antoformers.

S mfd. fixed
condensers.

S megohm grid
Ieaks.

300,000 ohm vari-
able grid leak
Centralab Modu-
Ilator.

Threce contact
jack.

Two contict jack.

G ohm rheostat.

Grid leak
mountings.

Insulated top bind-
ing posts.

Cushioned vacuum
tube sockets.

Shelf mounting
brackets.

1’anel,
7x10x 3/16 in.

Sub-pancel,

6x7x3/1Gin.

nuts, bus-bar

in the diagram), which must be high
enough so that it will not cause a loss in
voltage impressed on the grid of the tube.
In the second stage, the grid leak is made
variable, so that an effective volume con-
trol is obtained.

The vacuum tubes used in the first
two stages may be any of the .4 type
tubes, with amplification constant of 7
or more, but the tube in the last stage
should be a power tube, such as the new
UX-CX-112 or the Wcstern Electric
216-A. The value of C battery given
in the diagram is for the CX-112, but
will serve equally well for the 216-A.
The C battery is very important in this
circuit, each grid receiving its negative
potential with respect to the filament
through the grid leak, and preventing
the grid from becoming positive when a
strong signal is being received.

In building the amplifier, the accom-
panying list of parts will aid in selecting
appropriate apparatus.

The panel may be laid out in accord-

grid. The discharging circuit of the Upper Side of Sub-Panel.
condenser is the grid leak (R,, R, or R, :
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Fig. 3. Front Panel Layout. Fig. 4. Sub-Panel Template.
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ance with Fig. 3, and the driing direc-
tions for the subpanel are given in Fig.
4. If it is desired to use other appar-
atus than that listed, the mounting holes
can be changed accordingly. It is good
practice to mount all the apparatus on
the sub-panel first, and completely wire
it before attaching to the front panel.
Only a few parts are mounted on the
front panel and these may be easily wired
to the sub-panel apparatus aftere the
brackets are installed. Irom the pic-
tures, it can be seen that bus bar wire
was used for all wiring, each wire being
carefully bent, cut and fitted in position
before attempting to solder it. The use
of flat soldering lugs will greatly facili-
tate wiring, since they eliminate many
bends and result in neat appearing work.
Use rosin core solder in preference to
any other, and remove all excess solder

I'he amplitier should be connected to
the detector of the receiving set, and for
the sake of convenience, the wiring of
the detector tube is shown in Fig. 2 in
dotted lines, so that the same 4 and B
batteries may be used to operate the re-
ceiver and the amplifier. No other audio
stages should be used, as three stages is
ample for all requirements. In case the
radio receiver is not equipped with a by-
pass condenser in the detector plate cir-
cuit, it is advisable to connect a .002
mfd. fixed condenser in the position
shown with dotted lines. Otherwise,
high frequency will get into the ampli-
fier circuit and may overload some of
the tubes, resulting in distortion of the
audio frequencies being amplified.

When testing the set, care should be
taken to sce that the springs of the jacks
are making good contact, and the tube

from each joint so that there will be no
danger of short circuits due to drops of
solder in close proximity with each other.

When the amplifier is completed, a
few simple tests will safeguard the tubes
and batteries. Connect the A4 battery
to the binding posts provided for it,
insert the tubes in their sockets and turn
on the filament rheostat. If the tubes
light and show proper control from the
rheostat, disconnect the positive 4 lead
and connect it to the positive B binding
post. If any of the tubes should light,
there is a short circuit and it should be
located before the B battery is connected.
If no trouble is found, all the batteries
may be connected and the amplifier is
ready for operation. If UV-201-A or
C-301-A tubes are used in the first two
stages, and a UX-CX-112 is used in the
last stage, the B and C battery voltages
given on the diagram are the proper ones
to use. If other tubes are used, the C
voltages specified by the tube manufac-
turer should be employed.

18

Lower Side of Sub-Panel.

socket springs should be polished with
fine sandpaper so that a perfect contact
can be assured. The volume control
rheostat enables perfect control of the
volume from zero to maximum, and for
best quality, this should be set some-
where near the halfway mark, as the
first audio tube may become overloaded
with a very low volume setting. If
blocking occurs in spite of the adjust-
ment of the volume control, the grid
leaks may be defective, and new ones
should be substituted.
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Fig. 2. Connections for Mitigating Static.
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STATIC MITIGATION
By Henry W. HaLL

While static can not yet be eliminated,
the experimenter can greatly reduce the
severity of the intermittent or “click”
variety by using two identical receivers
and two antennas or loops. This is ac-
complished by means of the bridge bal-
ancing principle illustrated in Fig. 1.

x

4 %,V

<

Fig. 1. Balancing Bridge Principle.

According to the familiar principles
of the Wheatstone Bridge no current
will flow through the loudspeaker LS if
R:and R» are equal and if the potentials
at V1 and V> are the same. Let the two
resistances be the plate resistances of the
output tubes of the two receivers, and
let the potentials be the voltages of the
two B batteries. Then if we connect
the outputs of the two receivers as shown
in Fig. 2, we will have the same ar-
rangement. If one receiver is arranged
to receive only static while the other is
receiving both signal and static, the
static impulses coming at identical in-
stants will not affect the loud speaker,
if adjusted to equal intensity, while the
signal coming in on only one receiver
(and changing the resistance of its out-
put tube only) will unbalance the bridge
and cause current to flow through the
loud speaker.

This sounds quite logical and easy,
but the author wishes to warn those
who try the circuit that considerable
care in adjustment is necessary to ob-
tain the desired result. The reason for
the use of identical receivers is in order
that the wave shape of the static im-
pulses in the two output tubes will be
the same. This would probably not be
the case if different receivers employ-

(Continued on Page 90)
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Marius Latour

An Interesting Pen Picture of this French Inventor and of the

Far-reaching Effect of His Patents

HE backwash from the excitement

I created by the visit of Dr. Marius

C. A. Latour to the United States
in the spring of 1925 has died down
sufficiently to allow a rational perspec-
tive of his position in the radio situation
to be obtained. His work in 1915 and
later for the French War Radio Ser-
vice and the result of his researches. have
been extraordinarily effective commer-
cially.

There was in 1916 no general appre-
ciation of the possible extension of the
American use of radio reecivers in the
future, and so, while Europe, and
France especially, were generally fa-

By Walter Emmert

miliar with the-fact that he had suc-
cessfully employed iron in radio fre-
quency transformers, and had made and
stabilized reflex circuits, his later amaze-
ment at the public demand for the cas-
cade and reflex amplifier embodying his
ideas was genuine.

When he came to us, various engi-
neers denied the priority of his claims,
although in some cases they had devel-
oped their own ideas with the French
Army. Every American manufacturer
who used either radio or audio frequency
coupling transformers, single B batteries,
grounded filaments, or transformers, re-
flexed tubes in multi-stages, or iron radio
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frequency transformers, was potentially,
at least—an infringer.

By his late entry into the field of basic
claims for patent control of the Ameri-
can industry, this brilliant inventor stood
ready to wield a financial wand com-
pared to that in the hands of the victors
in the regenerative or superheterodyne
system of receivers.

No one except Schloemilch and Von
Bronk, who antedate him for a single
tube reflex circuit and radio frequency
amplifiers, could apparently escape the
charge of infringement. Not even the
“balanced” or ‘“‘neutralized” systems of

19



avoiding oscillations in a reeciver were
immune.

Who, and what is this type of inven-
tor, who knows first what to invent and
second how to sit back until the develop-
ing radio art carries his work forward
to commercial importance?

He is not fundamentally a radio engi-
neer at all, paradoxical as this mav seem.
Long before the radiocast era dawned,
Prot. Latour was a teacher and consult-
ing electrical engineer in France, with a
verv firm position as a leader among the
designers of various types ot alternating
current motors. He developed a tamous
tvpe ot compensated repulsion motor
known by his name, where armature re-
actions were balanced out and verv de
sirable speed-torque characteristics were
obtained with the successtul use of a
commurtator. A verv instructive and
brilliant controversy with an engineer in
England on this subject tollowed and
goes to show his manv-sidedness.

He is a philosopher and a student of
psychology, as well as a brilliant prac-
tucal technician. Like manv brilliant
European engineers and mathematicians
Marius Latour is a man ot verv broad
training in the “humanmities.” His in-
terest in sociological questions and the
general progress of mankind is much on
a par with that tvpe of mind which has
made H. G. Wells a leader ot thought
in England.  Robert Thurstun. probably
the greatest authornity on the thermo-
dynamics of the steam-engine which
America has vet produced, was of a
similar tvpe of mind: his interests
ranged over the whole tield of human
acuvity and was by no means confined
to the exact sciences.  The practical suc-
cess of men of broad scientthe training,
whose interest in the general cultural
progress of the world does not prevent
intense application to technical prob-
lems, is also shown in the heights reached
by men like Alexanderson and Stein
metz, who are illustrations of the fact
that to understand any one science or
art thoroughlv. a broads foundaton of
interrelations with allied branches of
cultural knowledge must be kept up
all through life

Manus Latour is a tvpical inventor
insofar as a problem when solved is o
him simply an.indication of a still more
interesting field to be conquered. He
has stated that his greatest hope for
tame rests not on his technical work but
on his highly original and significant
bouk on *The Mathematics of the Emo
uons” and 1s merely reflecting the real
tendency of all inventors to whom the
struggle 15 more interesting than the
result.

He 1s not of an over-sanguine tem-
perament ; as his own opinion of his work
shows that this book which he considers
his masterpiece is not expected to bring
him true recognition for generations.
He does not fear that his favorite work
will share the fate of some of the great

but now obscure products of the Middle
Ages. Real work often has been side-
tracked in the minds of the public by
more superficial successes.

For those who wish to know what his
actual position in the modern world sig-
nifies, it may be said that officially he
is a professor at the Ecole Superieure
d’Electricité in Pans. He is a natural
research engineer and has made this his
hobby when he is not writing books on
poetry and philosophy. Hiram Maxim
was a similarly endowed inventor and
his work on the science of poetry will
repay comparison with that of Latour.

Latour is a linguist and his English
1s just as perfect as that of Clemenceau,
who was a school reacher in America
for some tume. Being a consultanr and
rescarch engineer tor the General Elec-
tric Company at Schenectady, N. Y.,
from 1904 to 1911, a great many pat-
ents were granted him along the lines
ot X-rav tubes, high frequency oscillator
circuits, high frequency alternators and
repeater circuits.

It should not be forgotten that from
the date of the advent of the mercury
arc and its use as a rectifier, which was
finallv awarded to Peter Cooper Hewirt
after a struggle with the General Elec-
tric Company, the ease of producing os-
cillations from such a device was readilyv
seen by several inventors, among whom
was Vreeland. It did not require verv
long consideration by a powerful mind
to devise a negative resistance. Some of
these patents are the basis today of the
licenses that have been granted to the
Radio Corporation of America and oth-
ers.  The number ot patents granted to
date is 14 and there are about 68 appli-
canons pending.

Just before the War, Professor La.
tour licensed o French company on a
rovalty basis to make and use his inven-
uons, and it was largely due to his ef-
torts as Chief of Staff of the Radio Re-
search Division of the French Army
that the reflex crcuit was brought to
1 state of efficiency during the War,

American engineers who worked in
collaboration with this section of the
French Army seemed to have thought
along the same lines, and some of them
are challenging his priority in the mat-
ter of coupled radio frequency trans-
formers so interrelated as to reduce the
oscillations which usually produce howl-
ing and distortion in reception. It is
not generally realized that Professor
Latour's patents on high frequency al-
ternators have been developed by other
French engineers, such as Bouthillon,
to a very high degree of refinement. In
fact, the alternators in the Eiffe] Tower
station are run with their rotors work-
Ing in vacuo to reduce the power lost
in windage.

Furthermore, his patents vwn the low
antenna sectionalized cover the practice
of efficient long-range transmission.
These two patents, taken in conjunction,
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would, if rigidly enforced, have placed
the American radio telegraphic indus-
try in a very dependent position, but the
field has now been fortunately cleared
by mutually amicable settlements.

Latour alternators are highly efficient,
and their only rival is the high power
tube, such as those now being operated
i Carnarvon, Wales, and in other
places on competitive tests. The ad-
vantage of the tube is its great flexi-
bility in regard to range of adjustable
wavelengths. The alternator, however,
has the natural advantage of giving a
purer wave than the tube, unless special
means are taken in the latter to elimi-
nate the families of upper frequencies
or harmonics which are given off.

The scope of the inventions made by
Professor Latour covers so many inven-
tions that, unlike the late Oliver Heavi-
side, he is already very comfortable, fi-
nancially, from the proceeds of royalties.
His first electrical patent goes back to
19 vears ago, and strangely enough, is
for a negative resistance produced in a
mercury vapor tube. ‘The importance
of this device in certain applications of
voltage and current amplification, such
as are illustrated in the “dynatron,” will
not be tully appreciated bv the public
unul their application in the radio art
15 further developed than it is today.

It is interesting to realize that the
necessity of distortionless amplification
i radio frequency transformers was
cleatly forseen by Latour; as he distinct-
lv specifies that radio frequency amplifi-
cation, in order to be distortionless, must
be “aperiodic.” To secure this partic-
ular result, he introduced resistances,
and 1t 1s on these points that some work-
ers in the French Service from America
now dispute his priority, with what re-
sults remains to be seen.

Even in the question of “line-radio,”
he has been able to dispose of patent
rights to the Postal Telegraph Company.
These will not interfere with the situa-
tion as covered by the patents of G. O.
Squier, which patents are broadly indi-
cated in the work of Hutin and Leblanc,
Dr. John Stone and Professor Michael
Pupin, dating back more than twenty
years and now lapsed.

One of the first things that Latour
did was to use finely laminated iron core
transformers to secure radio frequency
amplification. By using this type of
transformer there was enough hysteresis
loss introduced to act as an automatic
dampener of oscillations. Of course,
the amplification voltage ratio was re-
duced but the net performance was im-
proved as regards freedom from oscil-
lations.

The question of the use of a common
B battery for multi-stage sets is an in-
teresting one and is possibly capable of
being decided in favor of early Ameri-
can inventors; as there is a great deal
of early actual experimentation recorded

(Continued on Page 60)




_« RADIO’S New Calibration Laboratory

A Description of Its Equipment and a Statement of Its

Purpose in Reader Service

a new service to readers of to 100,000 cycles, and having an output reasonably accurate calibration of any
RADIQ, in the form of a cali- free from harmonics and steady in value.  vacuum tube or buzzer type wavemeters.
bration laboratory, whose primary pur- Connected to the oscillator is a gain set, Besides the high frequency equipment
pose is to furnish a means by which which permits measurement of vacuum there are two capacity bridges, one for
| readers may have their apparatus, such tube amplification, frequency character- testing fixed condensers at audio fre
as fixed or variable condensers, induc- istic curves of audio or intermediate fre-  quencies and the other for calibrating
-i‘ tance coils, wavemeters, etc., accurately quency transformers, resistance or im- variable condensers at radio frequencies.
alr calibrated so that their equipment will pedance coupled amplifiers, in terms of An impedance bridge, which is at the
contain no unknown quantities or ap- either voltage amplification or in tele- right of the picture, enables measure

PLEASURE is taken in announcing  tube oscillator having a range from 50 up to 10,000,000 or more. They give

paratus of doubtful accuracy. phone transmission units. ment of the impedance of any inductance
# Heretofore radio publications have With the gain set it is possible to coil, audio or intermediate frequenc
A generally confined the service of their measure the peak frequency of superhet- transformer or loud speaker, either with
o laboratory, where such existed, to test- erodyne transformers, and tune the the vacuum tube connected to the ap
ing new apparatus as it appeared on the filter transformer to match the inter- paratus, or without, as preferred. A
market, and issuing certificates of excel- mediate frequency transformers. This laboratorv standard high resistance volt.
' lence or other recommendation where will be particularly useful for those who meter and high voltage storage battery
| the apparatus was found to be of good have made their own transformers and is used to test the insulation of radio
quality.  Such certificates, when pub- desire to know at what frequency they apparatus and the resistance of grid leaks
| lished in the columns of the magazine, will operate best. or variable high resistances of any sort.
| are seldom of sufficient benefit to the Adjacent to the gain set are the crystal A Leeds & Northrup inductance bridge
readers to warrant the space, and hence oscillator and its associated beating oscil-  permits the measurement of inductance
our laboratory service is confined to lator, as described by D. B. McGown coils, together with their low fre
such purposes as will give the most bene- in October RADIO. This oscillator quency resistance.

fit to the experimenter, home set con- has crystals calibrated by the Bureau of In the lower picture is shown the
structor, and the amateur. Standards, and will be used in checking General Radio Oscillograph, for analyz-
The illustration shows a portion of the wavelength accuracy of Pacific Coast ing any frequency up to 5000 cycles. It
the equipment. In the upper picture, radiocasting stations. The range of permits the measurement of noise in A4

along the back of the table, is a vacuum these oscillators is from 100,000 cycles (Continued on Page 64)
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After the License--- What?

Helpful Hints for the Aspirant to the Position of Commercial Operator

AVING decided that we are go-

ing to sea as a radio operator,

how do we go about getting a
job?  We don’t pick out a nice looking
craft and decide that she suits us and
then approach the captain, or go the
rounds of the various steamship offices.
If we do we are doomed to disappoint-
ment,

There are three large operating com-
panies which render radio service to
steamship companics. It is to one of
these companies that the new operator
should look for assignment. True,
there are several steamship companies
which have their own radio systems, but
unless sorely pressed for a man such com-
panies demand an experienced operator.

The man who has little or no prac-
tical experience with radio transmitters
will do better at the beginning to seck
a berth as junior operator. However,
hundreds of tyros have found themselves
outside the breakwater with no one to
advise them.

In order to get any kind of a berth
it is necessary to present ourselves at the
local office of one of the large operating
companies, two of which have their head-
quarters on the Atlantic Coast, the other
on the Pacific Coast. We cannot expect
to be placed immediately upon making
application. Nor can we expect always
to be notified to report far in advance of
sailing. If a ship is sailing sooner than
expected, if an operator quits without
notice, if for any reason an operator is
required at short notice the man who is
on the spot, or can be easily reached, has
the best chances for assignment.

Those steamship companies not main-
taining their own radio departments have
a service contract with one of the large
operating companies whereby the latter
maintains the apparatus, controls the
traffic and supplies the operators. How-
ever, since the operators sign the ship’s
articles, they are paid by the steamship
company. This enables the operator to
draw on his salary during the trip, a
decided advantage over the old days
when the service company paid the oper-
ator, who, unless the recipient of an in.
come, contracted many a debt if the trip
was a long one.

Having been selected to stand a watch
in the radio shack of some vessel, the
operator is given an assignment slip.
This he presents either to the captain of
the vessel or the marine superintendent
of the steamship companv, whichever the
case may be.

22

on Ship or Shore

Arriving on board the operator will
in all probability find the door of the
radio room locked. This is as it should
be. Inquiries will soon tell him who has
the key. It is usually left with the chief
officer or the chief steward. Upon go-
ing ashore in any port the operator
should leave the key with some respon-
sible authority, so that the government
radio inspector or other proper officials
may inspect the apparatus.

After hanging our license in a con-
spicuous place we should, whenever pos-
sible, check over everything with our
predecessor. After doing this we should
make out a requisition for the necessary
supplies. Each operating company has
its own ruling on this, but all of them
hold the present operator responsible for
equipment and supplies. A junior oper-
ator will, of course, not be held respon-
sible except while he is on watch.

A very important thing to remember
is to be on hand when the ship’s articles
are signed. These articles are an agree-
ment between the master and crew.
They are usually drawn up for a definite
period, six months or a year, new
articles being drawn up every voyage in
the case of deep-water vessels. If the voy-
age is completed before the stated time,
the articles automatically expire. If the
vessel is still away on a voyage, that is,
if she is not returning to a point men-
tioned in the articles where the crew can
be signed off, then the crew can demand

By Fames W. Harre, WHE.,

to be paid off, and transportation must
be furnished them to the point of sign-
ing on.

These articles are signed before a
United States Shipping Commissioner,
who reads them aloud to the assembled
crew. :

Vessels making short, regular coast-
wise voyages usually sign new articles
every three months, unless the whole per-
sonnel should change before that time.

On passenger vessels sailing on sched-
uled time the rules demand that the
radio men be on board at least three
hours before sailing. If the sailing time
of a vessel is uncertain it is advisable not
to venture ashore before determining the
sailing hour from a responsible officer of
the ship or the steamship company on
the dock. On vessels compelled to carry
radio, since the ship is subject to a fine
if it sails without the operators required,
they make sure that the radio men are
aboard. A cargo vessel, voluntarily
equipped, may sneak. off without the
operator.

On merchant vessels the radio oper-
ators rank as junior officers. That is
they rank with the second officer, this
despite the fact that many hardboiled
mariners refuse to recognize them as
such. The great war did nothing to
change many of these opinions, for the
radio operators during that hectic period
were mostly enlisted men, while the

(Continued on Page 66)
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The Beat Note

By H. A. Hzgﬁstone

ARD citizens every one, these
H men grouped about the council

fire in the center of the rude
village, lithe, muscular men, beard-
ed, and clothed in rough garments made
of a coarse brownish cloth. Their im-
plements of war and defense were for
the moment laid aside, held by the
women and children grouped outside the
circle, spears, clubs, and bows made
from the wood of the red yew tree.
Every eye focused on the head man of
the tribe, a tremendous bull of a fellow
dressed in the skins of the mountain
lion and topping head and shoulders
above the wizened figure of the ancient
at his side. The chief had moved into
the clear space by the fire and was
speaking to the men of the council in a
deep measured voice, turning from time
to time to face every portion of the
circle, that none might feel slighted.

“There is a legend come down to us,”
he rumbled, “through four generations,
of a time when this land of ours was
not the place we know now. But a few
of you are familiar with it, I know, for
it is fast fading from the minds of all
save the scribes. Exaggerations have,
of course, crept into the substance of
this story, for it is very old and it has
been told and retold many many times,
but even so, there is little doubt that at
one time there were one hundred thou-
sand people living between the sea and
the high range of mountains rising to the
eastward of this valley.” He paused for
a moment as a little ripple of incredul-
ity passed over the crowd, and con-
tinued.

“Aye, it sounds fantastic, but on a
journey I and my father once made far
to the northward I viewed a great waste
of ruins of an ancient city in which our
village might be lost a thousand times
over. But it is not now a time to argue
the matter and I see that many of you
are curious to know from whence came
this ancient man beside me, and for what
purpose. A sentry picked him up last
night by the river and brought him at
once to me. I have talked with him for
many hours and he has told me many
a strange tale of the powerful people
who were once the inhabitants of this
land and of the miracles which they
wrought and of one which at last de-
stroyed them. We are come down from
this tribe and it is well that we should
have the history of these mighty ances-
tors of ours. One of them stands be-
fore you. Speak, old man,” he con-
cluded and withdrew to his council seat.

E WAS old, very old, this ancient

man, and as he stood there in the
flickering light of the fire, blinking his
dim eyes and inhaling a last few puffs
from a cigar of dried willow root, he
looked as though the sun and wind and
rain of a thousand years might well have
worked their will upon him. A tangled
mass of white whiskers dropped almost
to his waist from the bald dome of his
head. Deliberately he sucked at his
cigar until the last permissible amount
of smoke had been drawn from it and
then, after first warming his hands and
then his back before the blaze, he began
speaking in a mumbling monotone, half
to the crowd and half to himself.

“Lessee,”” he began hesitantly, cock-
ing one eye up at the moon and vigor-
ously scratching himself, “T'his here’s
2015 or maybe 2017; I've kinda lost
track of things lately; anyway, this all
happened about ninety years ago, a good
many years before ‘any of you ginks
were born.

“Things was different then; airplanes,
railroad trains that whizzed you along
sixty miles an hour, automobiles, big
cities and millions of people living right
here in this state, to say nothing of all
those who were still back in Kansas
or Ioway. Heh! heh!; Great times—
those days. But it was radio as how
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done for everything; smashed up the
whole works and left the country popu-
lated with a bunch of damn cave men.
Radio! It made me and then it busted
me, like it did everything else. I was
running a gyp radio store up in a place
called Oakland away up north of here,
selling total-loss condensers and molded
mud sockets and bum bootleg tubes and
the like and what with the ‘super-long-
distance’ coils what I made for two bits
and sold to the suckers for eight dollars
I got along fine. 1 " Athos, chief
of scribes, interrupted.

“What was this radio of which you
speak ?”

“Radio,” answered the old man, ‘“was
something that let you talk to people
a hundred miles away, or ten thousand
miles away if you was a mind to with-
out wirgs or anything else except some-
thing to send with and another jigger to
receive with. You put together what
they called a transmitting station and
when a man made a speech into it every-
body in the world could hear him if
they had strong enough réceivers. There
were radiocast stations scattered all gver
the country and night times they sent
out music and speeches and songs and
everybody as had a receiver could listen

(Continued on Page 48)
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Comparative Efficiencies of Coils

A Statement Based Upon Numerical Calculations of the

Ratio of Inductance to Length

' I O determine the relative efficiencies
of various coils which, from time
to time, have been given the place

of honor in radio store windows, the
author has made a series of calculations
of their L/I ratio, L being the inductance
of the coil in centimeters and / the length
of the wire, also in centimeters. In
other words, the ratio is the number of
centimeters of inductance per centime-
ter length of wire. This is strictly a
measure of the efliciency of a coil at
low frequencies, but it may also be taken
as a measure at high frequencies since
it may be assumed that the radio fre-
quency resistance is proportional to the
length of the wire as well as the low
frequency resistance.  Assuming equal-
ity, the constant of proportionality may
not be quite the same for all the differ-
ent types of coils, but it will not be
greatly different from the mean.

For the sake of definiteness an in-
ductance of 165,000 centimeters was
used as the basis of calculation for each
coil. This is an average value of the
inductance in a radiocast receiver in
which a .0005 mfd. condenser is used for
tuning. Also the same size of wire was
used in every instance, the hypothetical
size. which winds exactly 10 turns per
centimeter, I. e. 25.4 turns per in., which
is an average size of wire as used for
tuning coils. The shape of a given coil
was made such, wherever it was pos-
sible, that the inductance for a given
length of wire was maximum. It was
assumed that the diameter or other wind-
ing form was made to fit these conditions
exactly, and also that the number of
turns, to a fraction of a turn, was put
on the form. Only the form was as-
sumed, and not any solid matter in the
form to support the wire. In other
words, each coil is strictly an air
core inductance.

‘The method of calculating the L/I
ratio was as follows. First an expres-
sion was obtained for the inductance in
terms of the dimensions. The best
formula available for the inductance of
a coil of given form was used for this
purpose. Then an expression was ob-
tained for the length of the wire, and
one was divided by the other. The re-
sult gave the L/I ratio in terms of a
constant and the radius of the coil or
other dimension, or in terms of some
constant and the number of turns on the
coil. 'The unknown quantity, whether
it be a dimension or the number of turns,
was then determined by making use of
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By Fo E. Anderson

the known value of the inductance ; that
is, 165,000 centimeters, and the known
shape ratio. When this unknown had
been determined it was multiplied by the
constant and the numerical value of
the L // ratio was obtained.

As an illustration of how L/l was
calculated, consider the single layer sole-
noid. The formulas in the case are
(1) L—=(27xa)*NuK (Nagaoka’s for-

mula for inductance of solenoid).
(2) I==27aN (Length of the wire).
(3) 2an/N=2.46 (Condition for least

resistance).
in which L is the inductance of the coil
in centimeters, / the length of the wire
in centimeters, a the radius of the coil
in centimeters N the number of turns on
the coil, » the number of turns per
centimeter and K is the shape factor.
When condition (3) holds the shape
factor is equal to .476, so this value may
be substituted in the formulas in place
of K. Also the size of wire assumed
makes the value of » equal to 10.

Now if (1) is divided by (2) there
results L/I=27nKa=29.9a. The value
of @ may be obtained by putting 165,000
for L in formula (1) and by eliminating
N between this changed (1) and form-
ula(3). This gives «=—4.77, and this
multiplied by 29.9 gives L/I—142.5, the
ratio sought. The ratios for the other
forms of coil were obtained in a similar
manner.

The value of the L/I ratio is not a
constant for all values of inductance,
and for that reason the same inductance
has been used in each case, the ratio
being greater, the greater the inductance.
If a wire size other than that assumed
be used, the ratio may be different; but
for a given number of turns, the Lyl
ratio will be the same for all sizes of
wire as long as the product of 7 and
remains constant. That is, the diameter
of the wire must be proportional to the
diameter of the coil.

The various coils investigated will
now be taken up in detail, and some of
the advantages and disadvantages of the
coils will be pointed out.

The Three-Banked Wound Coil

The inductance of this coil was ob-
tained on the assumption that three
turns occupied the space of one of the
wire used, or that the number of turns
per centimeter was 30 instead of 10,
but that each turn of this wire had the
same conductivity as the heavier wire.
It was also assumed that the diameter
of the coil was that of the mean of the
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three banked turns. This idealized
single layer solenoid was given the shape
ratio which gives the highest inductance
for a given length of wire.

The value obtained for the L/ ratio
was 206.0, the required number of turns
was 55.8, and the radius of the coil was
2.29 centimeters. The value obtained
for the L/I ratio for this coil is the
highest of any of those considered. The
value is slightly high, however, due to
the fact that the turns in the actual
coil are not placed quite so closely to-
gether as they were assumed to be. But
the difference is small.

The main advantages of this coil are
that the inductance to resistancé ratio
is high and that a given inductance may
be put in a very small space. Where
compactness 1s the main consideration
this coil is most desirable. The main
disadvantage of the coil is that it has
a high distributed capacity and hence
a high natural wavelength, which limits
its tuning range with a given conden-
ser. It is efficient provided it is not
operated near its natural wavelength.

The Two-Banked Wound Coil

The two-banked wound coil is simi-
lar to the previous coil in the method ef
winding except that only two turns are
banked instead of three. That is, twe
turns occupy the same space along the
axial length as one turn of the same size
wire would in the single layer sole-
noid. Hence for the purpose of calcu-
lating the inductance it may be assumed
that the wire is such that it winds 20
turns per centimeter instead of 10 with-
out any change in the conductivity of
each turn. The diameter used in the
calculation is the mean between the
diameters of the inside and outside
turns.

The value obtained on these assump-
tions for the L/l ratio was 178.0. The
calculated radius was 2,97 cm. and the
number of turns was 48.3. On account
of the fact that the turns are separated
by finite distances the L/l ratio ob-
tained is slightly too large, but it does
not deviate as much from the true value
as did the three-banked coil.

The advantages of this coil are the
same as those of the threc-banked coil,
namely, a high inductance to resistance
ratio and compactness for a given in-
ductance. Neither is as great, however,
as the corresponding advantages of the
three-banked coil. The disadvantages
are also the same in quality but not in

(Continued on Page 76)
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An Improved Loop Recetver

ECEIVING sets employing radio
R frequency amplification have

proved very effective in long dis-
tance reception. Used with a loop an-
tenna added selectivity is obtainable and
the set can easily be moved from place
to place.

A workable combination involving
three stages of radio frequency amplifi-
cation, detector and two stages of audio
amplification is shown in the illustra-
tions, there being only five tubes used.
A study of the circuit diagram, which
is shown in Fig. 1, indicates the sim-
plicity of the wiring, and the manner
in which the third radio frequency serves
also as the first audio amplifier, by the
use of the reflex principle. Two stages
of untuned r. f. amplification, with a
third stage of tuned r. f. provide the
set with sufficient sensitivity for opera-
tion with the loop antenna, the two tun-
ing controls being the loop condenser
and the variable capacity across the sec-
ondary of the tuned r. f. transformer.

The panel layout is shown in Fig. 2,
the center holes of each piece of appar-
atus being shown, as equipment differ-
ent in dimensions from that used in the
experimental model may be used, and the
holes for the mounting screws would not
always be the same. The layout of ap-
paratus on the baseboard is shown in
Fig. 3, the most essential dimensions be-
ing shown for convenience in mounting
the various parts. The list of parts
shows the amount of material required,
the tuned r. f. transformer being home-
made.

A shield should be placed between the
untuned transformers, the shield being

By R. Lewis Rockers

LIST OF PARTS
1st stage r. f. transformer.
2nd stage r. f. transformer,
Audio transformers.
200 ohm potentiometer.
0003 grounded rotor condensers.
Vernier condenser.
6 ohm rheostats.
Sockets,
00025 miean fixed condensers.
005 mica fixed condenser.
001 mica fixed condenser.
41, V. C battery.
Single cirenit jack.
Double civeuit jack,
Filament switeh.
Panel, 7x24x3/16 in.
3 in. length 3 in. compeosition

tubing;.

Shield 2146x21: in.
Baseboard 91%6x24xY in.
Binding posts, wirce and spaghetti.
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connected to the ground binding post.
In wiring the set, avoid parallel leads
as much as possible, particularly in the
grid and plate wires of the r. f. stages.
This makes the set somewhat irregular
as regards wiring, but is the best method
in the long run. The construction of the
tuned transformer is as follows:

On a 3 in. bakelite or fiber tube 3 in.
long wind 64 turns of No. 24 D. S. C.
wire for the secondary, and over this
winding place 20 turns of the same size
wire for part of the primary and wind

the remainder of the primary with 8
turns in the opposite direction on a piece
of paper tubing which will just fit in-
side the 3 in. tubing. Place the § turn
part of the primary directly underncath
the 20 turn section, which 1s wound at
onc end of the tubing. The sccondary
is tuned with a 13 plate condenser hav-
ing a capacity of .0003 mfd.

In series with the B battery is placed
a 134 volt flashlight bulb, which will
blow out in case a short circuit develops
in the set, in the I battery leads. One
of the new G. E. protective tubes will
also serve the same purpose. I1f more
volume is desired in the last audio stage,
than is possible with 4 tubes, one of the
new UX-CX-112 tubes will be the best
to use, with the additional B and C bat-
tery voltages specified by the manufac-
turer. For 135 volts plate, the C bat-
tery should be 9 volts.

The loop antenna, which is shown in
the picture, has an untuned primary. Fig.
1 indicates the manner in which the loop
windings are connected. The loop may
be constructed from two pieces of 1x 1
in. wood 29 in. long fastened together

HfIF— |

L+ For

Fig. 1. Schematic Wiring Diagram.
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in the form of a cross as shown in the
illustration. To each end of the cross

Appearance of Two Winding Loop.

glue a piece of bakelite 514 in. long
and 1Y% in, wide, grooved at top and bot-
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Fig. 2. Panel Layout.

tom to support 20 turns of wire spaced
Y4 in. apart. A swivel base of conven-
tional design enables swinging the loop
to the desired angle, and the terminals
are mounted on the base, with pigtail
leads to the loop. The untuned primary
consists of 4 turns of No. 18 d. c. c.
wire wound in the opposite direction to
the secondary, which consists of 16 turns
of No. 18 wire, tapped at the second.
turn. The tap is at the end of the sec-
ondary nearest the primary winding, and
is brought out to a small two point
switch which is mounted on the side of
the loop. With the untuned primary,
the antenna may be connected if extreme
distance is desired, and if the loop with-
out the antenna is satisfactory, the pri-
mary winding may be disregarded.
When wusing both the antenna and
ground, the dotted lines in Fig. 1 show
the proper connections. The grid return
lead should go to the end of the loop
opposite to the antenna connection, al-
though this is not necessary if a small
indoor antenna should be used.

In operating the set, the usual pre-
cautions and tests should be made to lo-
cate any possible short circuits in the
wiring, before connecting the batteries

and placing the tubes. The best plan
is to connect the 4 battery and light
the filaments of the tubes, after which
the positive 4 connection should be suc-
cessively made to the 45 and 90 volt
positive B terminals. If the filaments
light, or a spark is seen when the con-
nection is made, there is a short which
should be located before the B battery is
connected. These tests should be made
with the suggested fuse out of the cir-
cuit. The volume control is obtained by
means of the 200 ohm potentiometer,
the slider of which is connected to the
grids of the first two r. f. tubes. The
potentiometer may work satisfactorily
with only the grid of the first r. f. tube
connected, in which case the second r. f.
tube grid may be connected to the nega-
tive 414 volt C battery terminal. For
convenience in tuning, a vernier conden-
ser of .00005 mfd. capacity may be
shunted across the first tuning conden-
ser, although a vernier dial for this con-
denser will obviate the necessity of the
extra control. In the experimental set,
two C batteries are shown, but one bat-
tery can be made to do the work of two,
as is shown in the wiring diagram.

27
| 2
| l* 7%
o I u
S N
R\
3 SwrEsLo *,.,\
| | )
, tsr RET I Zwo RFT B
2§ o o0 ool l oo 0 O |—/F—
|
' i
/,,/ St

'3

o 2

26

Fig. 3. Arrangement of Baseboard Apparatus.
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Building for the Future

Complete Directions for Building a Simple Radiocast Receiver for Hearing

the Very Short Wavelength Transmissicns

HE AMATEUR, who is pri-
marily interested in telegraphy
knows a great deal about the very
short waves, having tried the various

single and double circuits with a few’

improvements of his own. It is unnec-
essary to tell him what he should be
able to hear below 100 meters, but the
radiocast listener has much to learn
about that wave band.

First, what can one hear on a low-
wave set? The amateur would say
“Code, and lots of it,”” which is true.
“Ah,” says Mr. B. C. L. “Not for
me. | hear more commercial code than
I want on my 200 to 550 meter play-
ground, so why bother with code below
it?”’  As a matter of fact, on these low
waves, there are stations radiocasting
the same programs that are heard on
the 200-550 band of waves, although the
listener-in on short waves is quite likely
at times to feel that he is entering into
a great field of silence out of which
comes pure music, unmarred by the
squeals of regenerative receivers, the
heterodyning whistle of overlapping
radiocast transmissions, and the subdued
background accompaniment of the per-
sistent local radiocaster, who will never
quite “tune out.”

What stations are using the low wave-
lengths? In the eastern part of the
country, KDKA operates between 60
and 70 meters and WGY usually at
100 meters, along with a host of other
stations. To be sure, the “host of
others” is not listed in the call books
and many of them would much rather
they were not heard on low waves at all.
The explanation is that many of the sta-
tions have audible so-called “harmonics”
on, say one-half of their normal or fun-
damental wavelength. Some stations
have louder harmonics than others and
many stations which have harmonics

- audible locally would not send out these

harmonics with sufficient volume to be
audible at a distance.

It often takes considerable skill to
tune in these harmonics, because they
are so weak in volume, and the ‘“‘space”
occupied on the tuning dial is but a small
fraction of a degree.

In order to get comfortably loud sig-
nals on distant stations it is suggested
that one stage of audio amplification be
used with any short wave set. The
writer has heard WGY and KDKA
down stairs on a speaker, with short
wave set located in Boston, Mass., us-

By Harry A. Nickerson

ing one stage of audio. Of course a
great deal depends on location of the
receiving set and unless one heard WGY
or KDKA well on the normal broadcast
wavelength, it should not be expected
that WGY and KDKA would come in
well orf their special experimental low
waves.

A high ratio audio transformer thco-
retically should give greater amplifica-
tion than the lower ratios and for one
stage of audio, distortion should not be
noticeable. The writer uses one of the
General Radio 5.95 to 1 ratios, not be-
cause of the high ratio, but because in
practice it seems to give high and equal
amplification. ~ A second stage of audio
may be added to the ‘“‘hook-up”’ shown
in Fig. 1 in the usual manner. At least

%

/\

times experienced i ‘‘getting the set to
work” is not likely to be expericnced.

A pasteboard tube dipped in boiling
paraflin is used for the stator; a paraf-
fined wooden rotor is mounted on a
hollow brass shaft, which turns in bush-
ings set into the walls of the stator.
Double cotton covered No. 16 or No.
18 magnet wire is used for the winding,
principally becapse it is cheaper and
casier to procure than silk covered. The
stator may be 3 to 4 in. outside diam-
eter, with the equivalent of about 12
turns on a 3% in. tube as the secondary
and 5 turns on the same tube as the
“untuned primary.” The rotor or
“tickler”’ should have the equivalent of
about 14 turns on a 2% in. ball rotor.
The shaft bushings are placed at the
middle of the secondary winding. Fig.
2 gives further details.

All windings are in the same direc-
tion, including the rotor. The use of
No. 26 or slightly smaller double cov-
ered magnet wire is advised for the ro-
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Fig. 1. Circuit Diagram for Short Wave Radiocast Receiver.

67 volts should be used on the plates of
the audio stages in order to get good
volume. The detector tube alone does
not give satisfactory volume even for
headphones, except possibly for nearby
stations.

The easiest way to “make’” a 100 meter
set is to buy one of the manufactured
tuners specially designed for the pur-
pose and assemble it in a set. An ordi-
nary coupler, preferably of the 180 de-
gree type may be rewound with the
proper wire and number of turns, for
low wave work.

It seems like going back into the
“dark ages” to describe the making of
an ordinary variocoupler, when this has
been so long a time used in radio, but
since the one to be described is simple
and of rather low “losses,” the descrip-
tion is given. If a coupler is made ac-
cording to directions, the difficulty some-

RADIO FOR NOVEMBER, 1925
www americanradiohistorv. com

tor,—the idea being to give a large in-
ductance in the rotor with only a small
amount of metal in the wire to act as
one plate of a condenser with the stator
winding as the other. The added re-
sistance of the smaller wire in this par-
ticular part of the circuit is of trifling
importance.

By cutting an opening in the hollow
shaft of the rotor, inside the wooden
ball, pigtail connections may be brought
out to the rear. By running these pig-
tails direct to the binding post “P” on
tube socket and B Plus on audio trans-
former, losses incident to most commer-
cial couplers may be saved.

The rotor may be kept properly cen-
tered between the bushings by using a
piece of metal tubing slipped over the
rotor shaft between the rotor and wall
of stator at the front, while at the other
end of the shaft, a coil spring, with
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washers to protect the wall of the stator
and rotor. may be slipped over the shaft
to keep it from turning too freely. A
piece of busbar swaged into an opening
in the shaft wall so that rotation of the
shaft will cause the busbar to strike a
small machine screw in the panel is a
simple form of stop. Sometimes the
ridge inside a dial mav be used as a
stop, striking against the projecting head
of a machine screw driven into the panel
front.

The coupler mav be mounted on the
panel of the set with a machine screw
inserted near top and bottom of the
stator tube, keeping the coupler well
away from the panel by use of spacers
cut from a piece of hollow brass tubing.

Builders of “untuned primary” sets of
the double circuit type shown in Fig. 1
often are troubled with a “dead spot” at
some low wavelength setting of the tun-
ing dial. It such a spot appears, one
method of eliminating it is to insert a
small value of fixed condenser in series

-i

Stator of Short Wave Coupler.

with the antenna lead.—u value even
smaller than .0001 mifd. mav be neces-
sarv. This smaller value of fixed con
denser may be obtained by connecting
two or more 0001 mitd. in series.

Fig. 3 shows a method of connection
whereby with switch arm and switch
points, either the full 5 turn untuned
primary, a tapped (3 turn) untuned
primary, or the 5 turns in series with a
fixed .0001 mifd. condenser, may be
used. The aerial should not be longer
than 50 ft. The insertion of the small
tixed condenser, however, will permit
the use of a somewhat longer antenna
with good results. It is suggested that
trial be made with and without the
fixed condenser in series, and that the
switch arm and points be not incorpor-
ated permanently into the set unless
necessary. The addition of such points
and the switch lever, with extra wiring,
means so much more in the wav of
“losses.”

A long antenna of sav 125 fr. will

probably cause a strong local station,
operating on a fairly low wavelength,
to “come in all over the set,” although
the set may pick up low wave stations
rather well, even with a long antenna.
With all respect to the more conven-
tional method of “lining up” detector
and amplifier tubes, whereby the detec-
tor tube is placed at the right hand side
of both coupler and tuning condenser,
it is demonstrable that shorter, more di-
rect leads may be had by placing the de-
tector tube socket between coupler and
condenser, preferably with the coupler
at the right hand side. This not only

V
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Fig. 3. Method of Connecting Coupler.

keeps the grid leads short but permits
the plate lead from the rotor to be kept
short.

At least a 7 x 12 in. panel should be
used to mount detector and one stage
of audig. The coupler and variable con-

(Continued on Page 82)
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The Vacuum Tube as a Generator

The Simple Theoretical Basis for an Understanding of the Design,

Construction and Operation of Amateur Transmitters

By Lieut. Jennings B. Dow, U. S. V.

Y CONFINING attention to
B those properties and characteris-

tics of a vacuum tube which en-
able it to function as a generator of elec-
trical oscillations it is possible to get a
better understanding of the action of
a radio transmitter than may be ob-
tained when the text is confused by a
discussion of its action as a detector or
amplifier. Fig. 1 shows the plate and
filament portions of a vacuum tube cir-
cuit, without present consideration of
the grid circuit. It includes an A4 bat-
tery for heating the filament and a B
battery for maintaining the plate at a
positive potential.

3
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Fig. \. Plate and Filament Portion of Vac-
vum Tube Circuit.

If the filament s heated by the bat-
tery 4, it will emit electrons into the
evacuated space surrounding it, the num-
ber depending upon the temperature of
the filament, its composition, diameter,
and length. For a given filament, the
number of electrons emitted per unit
time will be constant if the filament tem-
perature 1s constant.

If the plate is made positive with re-
spect to the filament by connecting a B
battery into the circuit, a flow of elec-
trons will be established between the
filament and plate, the negative elec-
trons being attracted by the positive
plate. This movement of electrons con-
stitutes an electric current flowing in
the plate circuit. Because of the con-
vention adopted before the electron
theory was understood, an electric cur-
rent being assumed to flow from the posi-
tive to the negative terminal whereas
the electrons actually move from the
negative to the positive, this cutrent is
conventionally indicated as flowing from
the plate to the filament inside of the
tube and from filament to plate in the
external circuit. The number of elec-

trons attracted to the plate, and conse-

quently the strength of the current, will
be dependent upon the plate potential.
As shown by 4, of Fig. 2, the plate cur-
rent increases from zero with zero plate
potential to a certain limiting value.
When all of the electrons emitted by
the filament are attracted to the plate,
no further increase in plate potential will
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new condition of stability ensues where-
in no increase in plate current will re-
sult with increasing filament tempera-
ture. At this point, the quantity of elec-
trons, or the negative space charge, is
in excess of the amount which the plate,
at the given potential, is able to attract,
When this condition is reached, it is nec-
essary to increase the plate potential to
obtain an increase in plate current. The
family of curves shown in Fig. 3 is typi-
cal of this condition.

Effect of Gas in Tube. What has
already been stated applies only in the
case of a perfectly evacuated tube. As

T
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Fig. 2. Relation of Plate Current to Plate
Potential at Different Filament
Temperatures.

cause an Increase of plate current. This
is indicated by the curve T, of Fig. 2.
At this point the tube is said to have
reached the saturation point for a given
filament temperature. If the filament
temperature is increased to a value of
T,, the plate current can rise until a
new saturation point is established as in-
dicated by the flat portion of this curve.
The plate current may therefore be in-
creased by increasing the filament tem-
perature until the condition of equilib-
rium is reached wherein all of the elec-
trons emitted by the filament are at-
tracted to the plate at the same rate as
they are emitted.

Next, consider that a fixed positive
potential is applied to the plate as the
filament is gradually heated. Before
the filament reaches a temperature where
electron emission begins, no plate cur-
rent will flow. As the filament is
heated, more and more emission occurs.
Due to this fact and to the fact that
the electrons move with a finite velocity,
there is always present in the space be-
tween plate and filament a cloud of elec-
trons which has been designated, by com-
mon usage, a space charge.

As the filament is further heated a
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Fig. 3. Relation of Plate Current to Fila-
ment Temperature at Different
Plate Potentials.

this is only approximated in practice, it
will be well to consider the effects of
gas within the tube. Since the velocity
of the electrons attracted by the plate
is dependent upon the plate potential,
and since this velocity often reaches a
value of many miles per second, their
kinetic energy is sufficient to break down
the gas into free electrons and ions.
The ions move to the filament, and the
electrons to the plate, resulting in an
increase of plate current just as though
more electron emission took place as a
result of increasing the filament tem-
perature. The well known blue glow is
indicative of the presence of gas within
the tube, and it will be observed that
this blue glow usually begins around the
plate where the electrons have reached
the maximum velocity.

The Grid. Let us now consider the
effect of the grid or control element be-
tween the filament and plate as shown in
Fig. 4(a) where the B battery poten-
tial E, causes an electric field between

29




-I___||||___["_._,|l||_+"_,

(@)
Fig. +(a Unbiased Grid
the plate and the hlament. The gnd 1
at the same putenuial as the nlament b
cause of the connection indicated. The
eftect of the plate 1s o attract the ele
trons through the openings in the gnid
11 the grid is nearer to the hlament than
1s the plate 1t 15 obvious that we can
nullify the effect ot the plate by purting
a negative potential, as in Fig. 4/ b
the gnd, this being less than the plate
potenual. Bur if the gnd were ven
close 10 the plate. as compared w 1ts
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Fig 4(b). Biased Grid

proaimity to the filaument, this negauve
potenual would have to be almost equal
to the plate potenual in order to nullify
.

Conscquently, 1t 1s evident that the
pegative potential required on the gnd
to nullify the effect of the plate in ar-
tracting electrons, and thereby establish
a plate current, varies directly as the
positive plate potential, and inversely as
a factor depending upon the construc-
tion of the grid and the distance be-

3

tnween grid and plate.  This factor is
called the amplification factor of the
tube and is conventionally represented
by M. ]

The grid may therefore be considered
as a valve, which, by its potential, regu-
lates the flow of current in the plate
circuit.  The greater the amplification
factor of the tube, the less will be the
change in grid potential required to pro-
duce a given percentage change in the
plate current.

The internal plate resistance is
so-called because, like the energy loss
due to the chmic resistance of a conduc-
tor, an energy loss as heat is caused by
the impingement of the electrons on the
plate. As the plate potennal is in-
creased sufhciently the resulung in-
creased velocity of the electrons develops
enough kinetic energy to make the plate
white hot.

I, with constant grid voltage, the
plate current is plotted against plate po-
tental for present tvpes of low power
transmitting tubes, a curve will be ob-
tained resembling the solid line in Fig.
5. Assuming that the resistance of the
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Fig. S, Curver of Iuternal Plate Resistance.
external plate arcuit, including the B
batterv, is negligible, the internal direct
current resistance of the tube at any
point 4, when the plate potennal s
350 volts and the plate current SO milli-
amperes (.05 ampere) is equal w0
350/.05 or 7000 chms. (Ohm's Law).

It the slope of the dotted line OA4
represents the ratio of plate current to
plate potential, the inverse slope is the
ratio of plate potential to plate current,
which has just been shown to be equal
to the internal direct current resistance
of the tube. Likewise, the inverse slope
of the solid line at any point 4 is de-
fined as the internal a. c. plate resist-
ance at that point, this being the quan-
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tity we are generally interested in when
studyving tube behavior.

Because the slope of the solid curve
is not constant, the internal a. c. resist-
ance is not constant. At some point (,
where the slope of the curve is a maxi-
mum, the internal resistance is a mini-
mum. At any other point it is greater,
becoming almost infinite for zero plate
current. Between two points such as E
and C of Fig. 5, it can be shown mathe-
matically that the a. c. internal plate
resistance is one-half of the d. c. value,
as is also evident by inspection of the
dorted and solid lines.

Internal Plate Impedance. When
a tube is used as an oscillator, the plate
current, instead of being steady, is pul-
saung, behaving very much as would
an alternating current with respect to
capacities and inductances. So at very
high frequencies, the capacity of the
plate with respect to the other elements
of the tube becomes an important fac-
tor in its behavior. When consideration
1s given to the effect of this plate capac-
1y, the term “internal plate impedance”
is often used in contrast with the in-
ternal a. c. plate resistance. For prac-
ucal purposes at ordinary frequencies po
harm results from using the terms in-
terchangeably.

The amplification factor of a tube
1s dependent upon the size of the grid
wires, the distance between the wires
and the distance between grid and plate.
It may be computed approximately from
these constants or may be experimentally
determined, as can likewise the internal
plate resistance or impedance. By defi-
nition, the amplification factor of a tube
is the ratno of plate and grid potential
vanations which will produce identical
plate current variations.

Dynamic Characteristics. The
static characteristics of any tube are
those resulting from a study of the tube
in its cycle of operation with wvarious
constant plate potentials and variable
grid potentials. In order to understand
the phenomena attending the operation
of the tube in a circuit wherein the con-
stants of the plate circuit influences its
behavior, recourse must be made to the
dvnamic characteristics.

(The author here makes a quantita-
tuve analysis of the static and dynamic
charactenstics of a typical oscillating
circuit.  This is omitted because it is
of lirtle interest to most readers who
are concerned with the qualitative de-
ductions. In general, it is shown that
the impedance of the external plate cir-
cuit, which may be very great and is in
the nature of a resistance, greatly re-
duces the plate current, whereas, with an
oscillating current in the grid, the plate
potential may be much greater than the
constant potential source.—Editor.)

Mutual Conductance. This im-
portant quantity is a measure of the
effect of grid potential upon the phq'—




current. It is numerically equal to the
quotient of the amplification factor and
the internal plate resistance measured
under dynamic conditions. Its value is
a direct measure of the value of a power
tube.

Since the internal plate resistance is
not constant, so the mutual conductance
is not constant. Consequently, its aver-
age value must be used. It is decreased
by the resistance in the external plate cir-
cuit.

Oscillation Generator. Now that
consideration has been given to all the
factors which affect the behavior of an
oscillating tube and the action of the grid
in controlling the current in the plate
circuit, let us connect a tube as a gener-
ator E in a simple circuit consisting of
inductance, capacity and resistance in
series, as shown in Fig. 6.
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Fig. 6. Simple Oscillating Circuit.

If this circuit is put in resonance,
either by changing the frequency or by
changing the value of L and C, the ef-
fective current I is equal to E/R. In
the construction of an oscillating circuit,
R is made as small as possible by the use
of large wire or tubing in L and by us-
ing a condenser C with low internal

The oscillating circuit of a simple
tube transmitter may be thought of as
a capacity C in the form of an antenna
and the inductance L, which includes
the coil in the antenna circuit as well
as the inductance of the antenna and
ground leads. The resistance R depends
upon a number of things, the more im-
portant of which are:

1. The radiation resistance and other
constituents of antenna resistance.

2. The plate-filament resistance of the
tube.

3. The grid-filament resistance of the
tube. This is of negligible moment
when the grid is negative.

The current which flows in the oscil-
lating circuit of a tube transmitter is
therefore governed by a number of re-
sistances. Notwithstanding this fact,
the effect of such resistances may be
made small enough to make the oscillat-
ing current in the output circuit of Fig.
7 very great for the value of plate po-
tential impressed across L.

Fig. 7 represents the so-called Hart-
ley circuit, which is typical of the cir-
cuits used for generating oscillations.
The grid and filament of the tube are
connected to the branched circuit con-
taining inductance and capacity, consti-
tuting the oscillatory circuit, in such a
manner as to include a portion of the
inductance of that circuit, that is the

coil L,. Likewise between the plate and:

filament of the tube is included the coil
L,. In this particular circuit no mutual
inductance exists between L, and L,.
Suppose, first, that the tube is not
generating oscillations. Under the ac-
tion of the plate battery a steady cur-
rent will low from the plate to the fila-
ment inside of the tube and from fila-
ment to plate through the coil L, in
the external circuit. ‘The magnitude of

_tive with respect to the filament.

this current will vary with the voltage
of the grid; it can become zero when the
grid is highly negative but can not re-
verse in direction. Also there can be a
flow from grid to filament inside the
tube, the current returning from fila-
ment to grid through the coil L, in the
external circuit. This latter current is
appreciable only when the grid is posi
Ex-
cept for effects which are extraneous to
this treatment, this current is also uni-
directional.

When the tube 