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THIS article relates the his-

tory of the discoveries
which led to the perfect-

ing of the thermionic valve,
which “Is  worthy to rank
with Merlin's wand or Alad-
din’s lamp.” This is an en-
‘grossingly interesting story.

HILE great advances were
peing achleved in FEnrlani
under the direction of Mar-

coni, progress was  heing maode
In various ways in other countries.
The method of transferring the energy
of electrical oscillation to the aerial by
inductive coupling of a coll in the spark
circuit to a juxtaposed coil in the line
connecting the aerial to “earth.” intro-
duced by Braun, of Strasburg, has al-
ready been mentioned. Braun appears
also to have been the first to show
that the current passed more readily
across a point of contact between a
metal wire and certain cryvstalline sub-
stances when flowing in one direction
than in the reverse, but the first re-
corded application of this effect to the
rectification and detection of high-fre-
‘Quency electrical oscillations appears to
'be due to General Dunwoody, of the
United States Armyv, in 1906. There-

ii_er, .glntil fhha R 'dof tef:htg ther!tgji-!
onic valve, the cry ¢ r rapidly
supplanted the coherer, the magmetic
detector of Rutherford and Marcend,
and other forms of detector which had
been inventad.

Another highly important advance in
the technique of transmission consisted
in the substitutlon of “continuous-
wave” (C.W.) types of oscillation-
generator for the spark-generators,
which could give at best only a regular
succession of short trains of waves—
one train for each spark that passed.
In 1903 the Danish engineer, Valdemar
Poulsen, succeeded In rnndif:.rinp: the
"singing arc” of the London electrical
engineer, Duddell, in such a wav as to
produce by means of it powerful and
cuntmunus}y sustalned osclllations at
the rate, if desired, of several hundred
thousands to the second.

The “Poulsen are" rapidly rose to
favor in high-power wireless installa-
tions, until in 1925 there were no fewer
than sevenly-eight stations equipped
with arc-transmitters of 25 horsepower
or more. In Germany and in America
success was attained in the design ard
constructlon of alternating current
dynamo machines which could generate
osclliating eurrents of sufficient rapldity
of alternation to serve fur electric wave
propagation; the powerful stations at
Nauen in the former country and Long
Island in the Iatter country were
equipped with this type of transmitter.

Thomas Edison's Discovery

While all the above types of gene-
rator can serve admirably for the emis-
slon of the interrupted or abiuplly
modulated trains of wave which 2re
required - for the sending of the “dot
and dash" slgnals of the Morse code,
they are far from satisfactory when an
attemptl is made to superimpose upon
the wave-train the far more complex
and delicate gradatlons of form and in-
tensity which are required for trans-
mission ol s or music. Spark-
\[generalors with their broken of
wave-trains, are ubviuu.sld unsuited for
such a p , and salthough both
Poulsen with his arc and Alexanderson
with his alternator achieved a certain
ueasure of success in radio ony
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sound-vibrations to be transmitted.
By what means can such a train of os-
cillaticns be produced? |

. The solution to this problem was to
come from snother and, at the date
of its discovery, a little -.zgsarded quar-
ter of the fleld of scientific investiga-
tion. In 1883 Thomas Edison, in mak-
Ing some experiments on the incandes-
cent electric lamp which he had In-
vented a few years before, noticed that
a small metal plate attached to a wire
Sealed through the glass bulb, but insu-
lated entirely from the white-hot car-
bon filament within, acquired, despite
its insulation,  a charge of negative
electricity. .'This curious “Edison effect”
lay unexplained and unapplied until fur-
ther Investizated by Professor (now Sir
Ambragse) Fleming, of London.

The Fleming Valve

_Fleming began his experiments on the
“Edison efTect” about the year 1887, and
carried them on for about ten years,
Aithough these experiments clearcly
established the fact that an electric cur-
rent passed much more readily in one
direction than another between u hol
filament of carbon or metal and a cold
metal plate contained In the same evacu-
ated bulb, it was not until nearly ten
‘years later that Fieming applied this in-
strument to the purpose of rectifving
the oscillatory currents induced in a
cireuit by electric waves.

In the meantime the scientific re-
searches of J. J. Thomson and his pupils
at the Cavendish Laboratory had
brought to light the existence and nature
of “electrons,” those minute particies
of negative electricity which are con-
stituents of every kind of materiai atom,
and the nature of the “"Edison effect” had
been shown to consist in the spontancous
emission of electrons from the white-
hot wire or filament, into the space sur-
rnundlng it. These electrons can, then,
act as “ions,” or carriers of electriciiy
from the hot wire to an adjacent piate
or wire, and since the “lons" are produced
by a purely thermal action, the word
“thermionic” was used to deseribe -the
- effect, and any rectifying device based
upon it is termed a “thermionic valve."

The original “Fleming valve” ol 19?.:” .

consisting of a cylinder of sheet met

surrounding the heated filament in an|

evacuated glass bulb, is identical in the
essentials of construction and operation
with the valves used to-day by the thou-
sand for the purpose of rectifying high-
tension alternating currents in order
0 obtain a high voltage continuous cur-
rent supply for X-ray tubes and other

DUrpoSes.
de Forest's Wonderful Discovery

Such valves are now made capabie
of rectifying voltages as high as 100,000
volts, or even higher. Their efliclency

ls, in fact, better the higher the voltage, |
for it Is necessary that the vacuum|
be extremely good to avold breakdown, |

and in such highly evacuated tubes
there is a drop of voltage in the tube it-
self which at lower voltages involves an
appreciable loss of power. For this
reason It seems doubtful whether
Fleming's two-electrode valve would
ever have supplanted other forms ot
rectifier, such as the crystal, in which
this vol drop {5 practically absent.
Certainly by allowing a small quantity
of alr, or better, some Iinactive gas,
to remain In the bulb, this defect Is
g:rgulr reduced. But such “soft"” valves
ave other limitations and defects,

- It was the addition of the third elec-
trode or “grid" Intermediate between
the other two which convérted the

velve into the marvellous instrument|

as we now have it. For the invention

of the three-electrode valve, Dr. Lee de i

Forest, of New York, deserves well to

stand In the ranks of the world's

greatest Inventors, For the addition

of this third electrode, combined with

a local battery to drive a stream of
lectrons from hot filament to plave
y __the ‘Intervening "grid" mnot
erély enables the valve to function
-an | |

€8 0f -

zm unmmmlﬁp?&
e ! = e
‘The application ol elec-

S4i00 i Slee




.
i
4
3
I

’—tothamm

; l-l.- _ 1,
r‘ L !i ’ =-i.'-"'llr|- ‘--:;“‘;.-. :I‘T i =
or. 'HEI‘.I - CAay, (10

g

| éxcltation of currents in the aerial
vt RN Bl
¢ or
f variation of the electron sg'rem
ing from filament to ml

ﬁﬁ:

| anode, and consequentl vmﬁ
*| the valve which may excg I:houﬂiig

times or more the power whir:h con-
trols It. And this mnznlﬂcntlun ar
amplification cen as 2asily be repedted
by using the output of ma first valve
to contirol a second.

The Thermionic Valve

But tho de Forest valve (the inven-
tor's own term for it, “audion,” has
not found permanent favor) ﬂmc-
tion in yet another way wﬁich
in its importance for the art of radio
communication even its great utility
in the role of a “detector,” or of an

| “amplifier."

In 1913 the Austrian wireless en-

| glneer, Alexander Melssner, d.ismvared
‘| that by “coupling” a coil in the “plate"

circuit of the valve with one In the
“grid” circult, self-sustained electrical
ﬂfrcﬂulf‘tﬂﬂm could be produced in either
cire

In the invariability of their st:'tngth'
and constancy of their frequency,

| their freedom from admixture with

irregular disturbances, &and in the
ea.se with which elther strength or

| frequency could be controlle this
‘| method of generating oscillations soon

gm?ed to be far superior to any nther
itherto devised. Claim to I.ndF

‘| dent or even prior discovery n'.
{ method of generating nscﬂlntlnns by

means of a valve has been made by
Lee de Forest and also by E, H., Arm=-
stron% of New York., The first n.
plication of this new osclllator to
purposes of radio telephomy ap
however, to have been made by Me E.r
—-ncting for the Gesellschaft fur
Drahtlose Telegraphle—in June, 1913,
In its triple capacity as a generator
of ' high-frequency electrical oscilla=
tions, as an amplifier of their strengthy
or as a rectifier Ior converting these
oscillatory currents into unidirectional
pulses capable of exciting a telephoné
dluPhragm the thermionic valve must
certainly be reckoned among the most
marvellous of all the tools which man,
10 ald the feeble powers which nagure
has bestowed on him, has vet devised
Suitabl mnnuntqd in an electrical
mu“ oonaensers, and ba

unvmmg t-rnin of electrical n&uIIII-
tions, the frequency of which may be
varled from one or two to many mil-
lions per second, and the Intensity of
which can be controlled to naccord
faithfully with the tones of the volce
or e¢ven with the almost 1in-
finite acoustionl complexities of
orchestral music, Transferred by
a simple Juxtaposition of colls
of wire to an aerial those oscll-
lations produce, in the space around,
electricnl waves of a frequency, inten-
sity, and modulation in oxact corre-
snnndenna with those qualities In the
parent oscilintion which travel with
the speed of light to the outermost cor-
ners af the earth, even to the very an-
tinodes, there to excite in a frall wire
hung alelt to recelve thelr fleeting, faint
caress the perfect, if almost infinitely
aftenuated, replica of the osocillations
that pmducerl them; finally, .amplified
tem-thousendfold in strength and
purged of thelr oscillatory nature by
the same marvellous instrumentality,
thes= reproduced osclllations eme .
nt‘.rrHIIﬂth as coded mossage, speech, or
muslic

Surely, the Fleming-de Forest. “yalye™
is wo h? to rank with Merlin's wand
or Aladdin’s lamp, even If thesa conld
be ¥Fﬂm£‘? hnt.her g:g h!nrm in-
ventiong of human

The fourth article o tﬁ: serles will

| appear to-morrow.




