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I History

The history of the electron tube does not date back very many

. years. The first important work with electron tubes was that of

Hoison in 1883. At this time he was experimenting with incandescent
ulbs and with an arrangement like that shown below he noted that

n the vacuum bulb V with a wire filament I' heated by the battery

a current of electricity flowed from the filament F to the plate

|

|

'» This current wac detected by the instrument G called a
|

#Fivanometer.

Paplate
F=filament

Babattery

Gm=galvanometer

Vsvacuwm bulb

il

Evidently Edison did not attempt to explain how the current of

8lectricity could pass from the filament to the plate through a
Tacuum. lioreover he made no use of the discovery.
A little later, 1890-1896, J. A. Fleming investigaled the Edison

ffect and he said that the small current from the [filament to the

m

plate was due to a negative carrier of electricity from the filament.
" ' In 1899 Sir J. J. Thomson discovered this negative carrier of
lectricity as the eleciron and in 1903 Richardson developed his
ormula concerning the number of electrons given off by wan incan-

flescent wire.




J. A. Pleming made uses of the Edison effect in
1904. He used a vacuum tube with & hot filament and
cold plete for detecting wireless signale in place of a
crystal detector. This tube was called the Fleming valve.

Dr. Lee DeTorrest in 1907 improved the Tlening
valve by adding a third part called the grid. This tube
vag called the audion and proved to be much more efficient
than the previous detectore. TWrom 1907 on, many tyves
of audicns were built all of which were fundameutally
the same.

Dr. Irving Lsneprmir in 1912 began investigations
of electron conduetion in a hizh vacuum. He found that
in a very high vacuun between a plate and filament the
electron current varied as the three halves power of the
voltarse. In other words, Ohnm's law did not hold. He
also found that the electron current varied inversely
as the square of the distance between the electrodes and
that high voltages could be used nrovided proner preceu-
tions were taken to produce & high vacuum. Below is g
curve chowing the variation of voltage with current
between a plate sand filament. The voltare is plotted
ae abscisca and the current as ordinate. Tt may be noted
that the current rises more ravnidly than the voltare or,
as before indicated, according to the three halves poﬁer

of the voltage.



Varietion of Voltage with Current in a Vacuum
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In 1921 the first commercial tube which could be operated
by a dry cell wag produced by the Westinghouse Tlectric
and Manufacturing Commany. This tube wae called the WP=11.
General Theoretical Considerations.

Before going into the operation of the electron tube
it may be well to consi’er the general theory of electri-

city and electrons.
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a. Electron Theory

An electron is a small particle of matter having a
negative charge of electricity. Assuming the electron to
be spherical, it has a radius of the order of 10 ~15 cm.
and as far as has been determined all electrons are identi-
cal in every respect except velocity. The negative charge on
the electron has the value of 4.774 x 10-loc.g.s,e.s,u;iﬂg

An atom of matter in the neutral state may be consider-
ed as made up of a number of positive electric units and
aﬁ equal number of negative units. An atom of matter
negatively charged has an excess of electrons. If thlis same
atom loses one electron it may become neutral or if it loses
several electrons it may become positively charged.

Methods of separating electrons from atoms of matter.

Professor R. A. Millikan produced an oil spray from an
atomizer and found that the electric charge on each part-
icle was negative and equal to 3.77/3-10¢.s.u.

Metals when heated give off electrons. The beta part-
icles given off by radioactive substanceg, particles given
off by metals when acted on by X-rays or ultraviolet light,
or negatively charged psrticles produced by ionization all

have the same mass and charge as the electron.
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b. Thermionic Emission.

According to the modern theory of current flow in
metals the conduction of electricity in a wire consists
in a movement of electrons. This movement exists when an
electromotive force is.applied to the wire. In the absence
of this force the electirons are of course present in the

wire,but their motion is not in any particular direction

 such as toward the positive terminal as in the case when

a current is flowing. When no current is flowing the motion
of the electrons may be zigzag or vibratory. Some of the
electrons near the surface of the metal may tend to leave
it,but as soon as they do the metal becomes positively
charged and draws the electrons back. As the temperature
of the wire is made higher the velocity of the atoms and
electrons becomes greater. Some of the electrons leave
the surface of the metal, the distance from the surface
before returning depending on the initial velocity which
depends on the temperature.

Then suppose a positively charged body be placed near
this electponcmitting surface. The electrons will be
attracted to this positively charged body and a current
will flow. In the electron tube this body is called the
plate,and the heated surface, which emits electrons,is

called the filament.



When the positively charged plate is placed near the fi.  .usent,
as in the electron tube, many of the electrons are attracted o

3

that plate «s shown in the figure.
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The mobtion of the electrons will depend on several things.
Mrst, with inerease of voltage on’ the pnlate P, the sttraction
will be rr:ater and more electrons will be drawn over. Also, on

inereusing ‘he temperature of the filament I more elecfrons will ie

emitted fith the nlabe at constan® voltage an electron such as

By, being negzative may repel E,. Therefore the electron I will

return to the filament, being drawn by the Tilament anc also repelled

by Bpe The sffect of I on Ey is called the space charge elflect.

This explains the increase of current with inerease of electron

emission of the filament, the plate being at . constant voltasze,

up to a certain point and then remaining constant.
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48 the voltage of the nlate is increased more electrons are
drawn from the filament until neariy 2ll the c¢lectrons emitted
pass to the plate. The diagramns below show rou:hly the dig-
Pribution at a given temperature, figure 2 being at the higher
tenperature. In hoth figures some of the electrons are move-

=1,

ing away from the metal and others toward it.
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The distribution of eleccrons mizht be compared with the
sir around the earth. Near the earth the asir is very dense,
but as we go away from the earth the density of the air de-
crenses.

Professor 0O.W. dichardson carried on the Iirst gquantita-

tive vork on electron emission, and Toun. tnat with about a one

ver cent, change in The current bthrough a wire, 8 twenty per

cent chenge in fhe electron emission results. His foaula is =ziven

belovi.

2

i= a l.iw—' eub

i = emission of electrons
e = bage of lNeperian logaerithm
T = absolute tempersture

a = 2%.6 X 10
52.5 X 10°
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near the wire, vend to forece those near the wire back.

o

I The ibdigon Lffecte.

-

he theory of thermionic emiscion explaing the Hdison

effect in this manner. In the figure we have a vacuum tube
containing a filament which is connecsted to a baltery. The

current ol electrizity flowinzy throuzh the wire causes electrons

he ziven oif. As soon as electrons are given oif, the wire
comes positively charged and tends to draw these electrons haeck.
reover the clectrons given off, having the same zharge as those
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milibrium will be reazhed vhen the scac number of
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ectrons are leaving the wire as are entering the wire at a ziven

mperature.
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In order to chow thaet electrous sre given off b» the heated

incert a picte ar shown in the figure sbove. In order to

[any current flow throuesh the rsalvanometer ¢ the circuit from

® muet be completed. Ac¢cording to theory, if the pnlate P is
ively charged by conunecting it to the positive side of the

ry, then electrons would be drawn from the filament to the

and a current would flow. "hen connected in thies mannar

rent doee actually flow and is indicated by the galvanometer.
owever, P is connected to the nepetive side of the hattery, it
revcl the electroans “rom the filament and no current will flow.
counnected in that manner the galvanometer showe no pascape of

nt.
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2. The Fleming Valve.
Fleming made use of the Edison effect in radio., A
dilasgram 1s shown below where the Fleming valve acts as =

(=

detector.
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When the plate P is posiltive, current flows between
the filament F and the plate. The condenser stores up en-
ergy and discharges the §ccumulation through T,the phones.
This affects the dlaphrsgmin the phones producing sound.

When the plate is negative no current flows.
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Applications of the Electron Tubes.

The Rectifier.

It is sometimes desirable to obtain a high voltage
of direct current. This may be conveniently done by
stepping up a 60 cycle alternating current supply with
a transformer,and then rectifying this high voltage by
means of an electron tube. The kind of tube necessary
would be a two element tube similar to the Fleming Valve.,
This valve, when placed in &he circuit would allow the
current to pass in one direction only,K since when the
plate is positive, electrons will flow from the filament
to the plate, but when the plate is negative the electrons
from the filament will be repelled and no current will
flow. The resultant rectified power is unidirectional but
not continuous and condensers with inductances are used
so as to store up charge during the high part of the cycle
and deliver charge during the low part. This results in
a faily steady direct current at high voltage which was
as desired. Below are given three diazrams. The first
represents an ordinary alternating current which ranges
from great positive valve to great negative valve. The
second figure indicates the rectified current. As indi-
cated by the diagram the current is positive all the time,
but it fluctuates from high value to low value. The third
figure represents the steady direct current as a resulf{ of
the combination use of electron tube, condenser, and

inductances,
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Alternating Current

vV

Pulseting Current

ANVA

Steady Current




b. The Detector

The audion
The audion consists of three elements.

(1) 2 heated filament which acts as a
source of electrons.

(2) a metal plate placed near the fila-
ment.

(3) a fine wire or perforated metal
sheet c&iled the "gridl vhich is placed between the filament
and the plate. Thus . order to pass from the filament to
the pl&te,the_electrons rmust pass through the grid.
A batterﬁ'is connected across the filament and plate
outside the tube so that an electron current may flow
from the filament to the plate. The flow of this
current will depend somewhat on the electrical con-
dition of the grid. If the grid is negative for instance,
it will repel the electrons from the filament.or in other
words will not allow a flow of current. Suppose now,
the grid to be positive. The electrons will be drawn toward i}

and a current flows from the filament to the plate,
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The space charge effect has been mentioned before in this
paper. The influence of the grid on the space charge has much
to do with the flow of electrons from the filament to the vlate.
lioreover, the grid is nearer the filament than the plate is, so
a change of the electrical condition of the grid would have much
more effect than a similar change of electrical condition of the

nlate. Below is a diagram of the audion. -

J
'

= plate
grid

(9]
1

filament

i
]

B2 = batteries

3

R = variable resistance

The Audion
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The Audion as a Detector
The figure below shows the audion connected as a detector.
The antenna is connected to the earth through a coil P. The
electric wuves which fall on the antenna oscillate back and forth
through the coil P. This induces a current in the secondary coil
S. and from there goes to the grid G. Now suppose the grid to be

charged positively by the incoming oscillation. Then a current

will flow from the filament to the plate and through the phones T.

and battery B. Then when thg grid becomes negative due to the in-
coming oséillation, no current flows becuuse the electrons are re-
pelled by a negative charge on the grid. Also the pulse sent
through the phones will be great, as compareuﬁithkhe pulse sent
along the antenna. This is because a slight change in the elec-
trical condition of the grid produces great change in flow of -

current from the filament to the plate.

Ths Audion Connected as a Detector

l ‘Hl P1=Primary coil

; : S=secondary coil
PZ nlate
FZfilament

F P GIgrid

B=battery
T=p:"mes

s B

‘|’,| S

AAMA

DV

N

\
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The electric oscillations received on the antenna are too rapid
to produce sound with the diaphragm of a telephone. 'When these
oscillations pass through the audion only the positive part of the
oscillation is used, since the current can flow through the audion
in one direction only. This results in a small pulse of current
through the telephone in one direction. These pulses are continued

and cause the diaphragm to vibrate producing sound.
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¢. The Audion as an Amplifier

The voltage across the filament and plate is large. L very
feeble zhange in the pobtential c¢f she zrid produces a strong pulse
of csurrent from the bhatbery across the Zilanent and plate. 'This
property of the tube makes it useful ag an amplifier in radio.

The pulses thus deltected and amplified by one tube 18y be sent to
another tube and amplified still more in sinmllar manner.
df The Audion ag an Oseillstor.

Begides being used as a detector and amnplifier, the audion

is used as a generator of electric oscilletions, or simply as an

oscilletor. The figure bhelow indicates the connections nec-

essary for the tube when used as suche
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The Audion as an Osciliator
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This surging back and forth will continue to increase untll the
energy from the.battery B is used up as fast as 1t 1s supplied
by the resistance of the wire and by radiation of electric waves
from the antenra.

e. The Audion as a Modulator
The oscillations just described ha'e a wave formation which
is continuous. These waves are called undamned waves and are shown

-

helow.

The waves above are oscillating too rapidly to set up vibration in

the telephone diaphragm of a receiving set.  When the diarhragm is

set 1n vibration by a nolse such as the voice at the sending set,
corresponding changes of current sre set un in the vhone circuilt. These
changes are imposed on the high fregquency wave of the oscillator

and the waves combined are shown bhelow.




nart ox

Then the detector of the receiving set cuts o. T the bottom

¥ the curve which rezults in wariations in curcrent as shown
in the fisure below. This resulting current affects the diaphragm

of the nhone pnrofucing sound.

The varying of the continuous wave sent out by the oscillator is

¢alled modulation.



22

IV Other Uses of the Zlectron Tube

i
?he Gerrier Current Sete.

l These sets are somevhat similar to radio sets only they
Lre connected by wires ani are used in telephone and electric
lUight service to convey high frequency from transmitter to re-
neivers. They are used mostly for z.mpuny business.

The lectric Furnacee.

A smell electric furnace is now being used by dentists in

o

1ezing up the dental

-

1lloys or metal work involved in dental
3ist

8 of & coil through which passes a high

.

5

0ork. The Turnace zons

tube. The metal to be heated

)
@

73 1

Q

'requenay-eurrcnﬁ from an ele
is placed inside the coil and eddy currents raise the temperacture
b1 the etal to the aelting point. TLarge electric furnaces of this
ype are slso used where, for special reasons, a le:s expensive
ethod is undesirable.

felephone.

The three element electron tube is used extensively in long

%istﬂ““ wire telephony. %“ithout the use of these tubes as am-

il L

oo
]
=

Plifiers or repeaters telcphone servize from Iew York to

Froneisco wonld be inecifeztivee

—



Auntomatic Train Control

For many years the question of an sutom:tiz train control
has been seriously considered. Accidents ozcur year after year
when the signals were perhaps all rizht but the engineer fasiled
to see them due either Lo negligence or bad veagther conditions
such ag fog or storm.

One of the most promising mechanisms for sutomatic zontrol
employs & vecuum tube. A 60 cycle A.C. voltage is applied
scross Lhe rails in insnlated sextions whizh 3orr03pdnd Lo the
signal blosk lengths. ‘then the lozomotive cnters onc of thes
sections an HJALT, is induced in a zo0il on the loczonobive.

The induced current, which is very small, is then amvnlified
by the vacuum “ube snd this aunlified surrent nay oper-te siznal

devices inside. the cab of the locomotive or even sitop the trzin.
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;3 Tistoriecal
Sbarting with the Tdison sefPect in 1885 +the next develonment
of *the ‘electron tube vus the Fleming valve in 19U4. Dy. Lee

De Tores: in 1907 imuroved the FMleming valve by adding a third

elenent ealled the grid. This tube is essentlilly tne mocern

&
alaochron tube.
rT General Theoreticul Considcerations
Tleeitron ‘haory
tleetrois are small pgartieles of mavter haviig o nega-
tive charge oi slectrieity. The novement of these par-
ticles constibutes -a ilow of electricity.
Thermionic Imission
“hen a wire is heated electrons are given off, the num-
ber devending on the temperauture of the wire and also on
the charge of any body which may be brought near the wire.
TII Onperation of the Electron Tube
The alectron bube will allow current bto mass through it in one
direction only. Thig proverty mikes it useful as a rectifiesr.
Any small chznge in the electriexl condition of the orid oro-
dueces a great caznge in the current from the Tilament fo the
plate. Tor this reason bthe elsetron fube ma; be used us a
.detector «nd amplifier. In a sending set, the grid muy oe
ziven a small chargs by c¢losing o battery cirenit. The grid
andé plate volb.age are coupled so that tae current goes o

tae plate and "feeds"™ buck to vhe zrid and so oum. Lnese 0S-

cillations ure of so ealled radio Iregueney. JVibrations Ifrom

a phone diaphragn mwy be imposed on taess oseillations. This



ig called mofdulation.
Othner uses ol vue

7he electron tube is
the electrie Turuice,

control.

M ectron Tube.

in the carrier

the telephone, :nd

in auv

tomaticec brain
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