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External Grid Vacuum Valve Construction

A Unique and Simple Means of Making Experimental Amplifiers

the introduction of the h[rst

INCE

real practical hot filament detector
into the radio field, it has been the
one great ambition of every wireless
amateur to construct experimental

vacuum valve detectors for personal use
Sad to relate but very few workers in the

By R. U. CLARK, 3rd

in with the line of work being undertaken
at_the time of enlightenment, the incident
will be forgotten or prove of little use.
The author—and probably many others—
had often thought of using the "High-low"
type of electric light bulb for constructing
valve detectors. but had always given the
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st have had the means necessary to per-
orm much research work in this branch
of the art, owing chiefly to the expensive
apparatus reqguired for the actual construc-
tion of the bulbs,

It is regrettable that the above should be
the case—especially in view of the fact
that the particular instrument under con-
sideration may still be considered in the
embryonic state, and quite capable of being
vastly improved.

The present high cost of all good de-
tectors of the valve-amplifier type pre-
cludes the possibility of their being used,
in furtherance of new ideas, except by those
with money to spare, and in most cases
places them heyond the reach of many
carnest waorkers. .

After a considerable expenditure of time
and money, the writer has evolved a very
simple and inexpensive method of making
experimental vacuum valve detectors, of the
external grid type, which will be explained
at length in this article. It is the hope
of the author that the idea involved, which
has been thoroly proven, will be of great
interest to a large class of readers. Cer-
tainly no one field offers more opportunities
of interest to experimenters than the one
in mind.

Considerable incentive and encourage-
ment may perhaps be found by others in
the fact that, altho the direct outcome of no
little work, the actual discovery of the
double filament bulb, that plays the all-
important part in making our experimental
detectors, was the result of chance. During
a few minutes' respite, spent in looking
thru a motor magazine, the writer became
aware that the solution of the problem of
making valves was staring him in the face
in the guise of an awto head-light bulb
with two filaments,

It often happens that such discoveries
are the result of chance, but the fact re-
mains that unless the particular finding fits

A Home - made Experi-
méntal “Audion' at Last!
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idea uwp as impractical, It remained for
the urge of real necessity to demand that
every possible means be given a thoro
trial.

As may have been already surmised, the
real workable valves which are illustrated
in the views accompanying this exposition,
are not only of the external Fiﬁ type, but
also have two filaments, and thus giving
double life to the instrument. It will he
at once apparent that, since the bulbs con-
tain two separate filaments and circuits
within them, that one i5 to be heated by
the low voltage battery, and the other
is intended to constitute the plate, and
when used as such its two wire leads will
be short-circuited. When one filament has
burned out in use it will be reconnected to
form the plate, while the other filament,
formerly acting as a plate, will farnish the
heat necessary to throw out the stream of
desirable electrons, on which the whole ac-
tion of the device depends,

In the first illustration there is shown a
view of the “High-low" auto head-light bulb
which does the trick. This lamp should be
purchased in accordance with the following
specifications, and if not obtainable at any
of the big auto supply houses in the read-
er's home town, they can be had from the
makers or others as listed elsewhere in
this issue® The bulb which the author,
after many tests, has found best suited
to the peculiar requirements of the valve
detector is rated as follows:

Maker's

Nomber Vaolts

P,
68 4&12, alsa 12 & 18 CP. aemi-
tubular in shape,

with double-contact bayonet base. Usual
retail price 80c, with 35% off on lots of 5,
making the price 55c each,

Unless these lamps are specially ordered

*Send stamped self-addrest envelope to  the
editor nnd names of concerns supplving these lamps
will be sent gratis.

from the makers, and specified in this case
“without bases," it will be necessary to
carefully remove the brass ferrules and
sealing compound, which together form the
lamp base, after first cutting the connecting
wircs away at the contacts to which they
are soldered. This work is best done with
a small file and a pair of nail scissors, or
pincers, and much caution should be oh-
served to prevent accidental breakage.

It will be taken for granted that the
expeérimenter intends to prepare more than
one bulb for the initial try-out. Altho
there may be a slight difference noticeable
in the behavior of different lamps of the
same make, the variation will be found in
most cases to be very slight.: The first bulb
tried out, however, might be defective;
hence the advisability of using more than
one lamp in testing out the idea involved.

A word at this point in regard to the
operation of the valves under consideration
may save much trouble later on in the
game. A good deal has been said against
the hot filament detector which is mani-
festly undeserved. It has been repeatedly
stated that, vnless exhaunsted of air to a
ve_rf' exact degree, devices of this nature
will prove worthless ‘as detectors, Quite
naturally, this is true to a certain extent,
but it 15 often possible to obtain almost
equally good results from valves which may
vary n this particular, provided the ope-
rator is willing to work to find the opti-
mum point of filament luminescence and
high voltage adjustment, as required for
the utmost sensitiveness under varying con-
ditions of vacuum within the bulb at hand.

Another point worth mentioning is that
of the strange and oftentimes erratic action
of this class of detectors after they have
seen considerable use, which calls for the
same solution as above stated. The fact
is that probably no one thoroly understands
these bulbs as vet,

Before fitting up the lamps as detectors,
the wires which lead to the inside should
be tested for a possible short-circuit which
must, of course, be avoided, except as ex-
plained elsewhere. In order to gain a clear
conception of the new bulb eircuits, which
are to be obtained by rearranging the fila-
ment leads, the reader is asked to refer to
the diagrams in Fig. 2, In this drawing the
view A represents the original connections
as made by the manufacturers. At the point
l in this view the wires should be discon-
nected. At B and {, same hgure, the cor-

Diagram Showing How Two Fliaments In the

“High-Low" Auto Head Lamp Bulb are Con-

nected to Give Two Different Forms of
“Plate" Element.

rect wiring plan for using the upper and
lower filaments respectively, at incan-
descence, 15 shown.

(Continued on page 58)
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two electrodes EE, and the poles of an
electromagnet MM, were situated av right
angles to cach other so that the rays could
be deflected in opposite directions by either
n mafml:'rc or cleetric field, The procedure
was then to frst deflect the rays by an elec-
tric fiehd of known strength to any point B
on the luminous screen; t to increase
the magnetic field in the opposite direction
until the rays were just brought back to
their ariginal position again.

By knowing the strengths of both ithe
magnetic and electric fields it is easy o
calenlate the velocity of the rays, for it is
a well-known fact that the force of an
electric ficld on an jon doss wof dt{u:ud on
the velocity of the jon, while the toree of
a magnetic field on an fon does depend on
the velocity of the won, or in other words
upon the wwmbier of hmes of force it cids
per secomd, These [acts may be exprest by
simple formulas well known to students of
physics, as follows

Magnetic foree = H ¢ v and
Electric force = V ¢ where

H and ¥V are the strengths of the eleciric
and magnetic fields respectively, “¢* is the
charge on the jon and “¥" is the velocity of
the fon. In the experiment the rays were
brought back to zero so that it is eviden:
both fields are equal, therefore :

Heov =Y og

or v = = wherehy the velocity is deter-

mined from V amd H which are known, or
can be measured,

From such determinations it has been
found that the positive fons in a tube like
the one shown may travel as slow as G600
wiiles per recond, and from their speed they
are identified az heliwn atoms.  Others
traveling at approximately 2000 miles per
sécond appear to be hvdrogen atoms, which
are the smallest positive lons =0 far known.
The Ht'fair!r'?-l.' ions travel in soch a tube at
about 100,000 miles per secomd or even us
high as the velocity of light, and are withoot
doubt free elvctrons, nider other comli-
tiofs much slower moving jons are found
than anmy mentioned and they probabiy
correspond to the groups or clusters noted
ri.rlur.. Much work is now being done to
determine the nature of jong wader differ-
ent conditwoeis, and this bears directly on
!ﬂ-l.'ﬁhrnlll:m of the nature of Electricitv
itself.

EXTERNAL GRID VACUUM VALVE
DETECTOR CONSTRUCTION.

(Continued from page 28)

A glimpse of & semi-finished detector is
presented in Fig. 3, in which the outside
grid has been lowered to give a clear view
of the interior af the hulh. In this pictare
the base wires are shown separated, but
not commected (o the necessary leads which
are shown elsewhere.

Some filea of the Anished appesrance of
our detector can be gained from a survey
of Fig. 4 The grid on these valves s
made of perforated aluminum or nickeled
brass, The holes can be punched by hand
or the material bought in the finished state.

It may he that some who glance at this
article will form the cpinion that the de-
tectors illustrated will not give pood resulis
on accowmt of the small area and positions
of the internal parts. This, however, has
not proved the case, as the anthor's experi-
ments with the bull actually pictured here
have proved them quite sensitive under the
right conditions,

The matter of current regulation with
this valve is a rather important ome. Iy

Vou bemeft by mentiowing the “Elrrtrical Experimenter” when wreitag fo advertiiere.
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order to operate the valve cfficiently the
filament must burn brightly and should be
fed at about 209 above the specified volt-
age, the exact amount varying with chang-
ing conditions. An accurate low voltage
rheostat is essential for the proper handling
of any hot flament rectifier, and espe-
cially so in the case of our instrument
The regulation of the high wvoltage bat-
tery, however, presents the greatest varia-
tion from common practise, and therefore
i.ﬁu;ds much opportunity for research
work.

A 'phone circuit battery of about 60 wolis
is generally considered quite sufficient for
the majority of present-day valve detec-
tors, but in the case of the bulbs under
consideration it is best to command a high
potential of up to 70 welts, altho very Nﬂ
results can be cobtained with as little
50 volts. The current from the cells which
form this hattc?' must be controlled by a

etentiometer very high resistance or,
etter still, several pairs of high resistance
'phones can be substituted therefor. The
author has found during his tests that a
potential of about 75 volts, :ubjocttd to the
retarding effect encountered by using the
gkin of the hand or fingers as a rheostat,
gave unusually good results,

The idea of using part of ene's hody as a
current regulator is, of course, impractical,
but the resultant effect is so striking that
it leads the author to believe that a new
instrument may be developed to take the
place of the present potentiometer, which
18 known to a very wastc[ul instrument,
An adjustable bank of receivers of differ-
ent resistance but similar pitch, connected
with 3 common sound chamber or horm,
should entirely eliminate the need of =2
potentiometer. There is also a4 chance of
:mp‘lu:nng a \rarmble condenser m this
connection to apprummatc the capacity ef-
fect obtained in using the body as a re-
sistance.

During the war it will naturally be im-
possible to test out any form of wireless
instruments, except in the lahnrator;f, where
some type of non-radiating circuits must
be utilized, and even there a buzzer prac-
tise set would constitute the limit of send-
ing power available now. No aerial or
ground connections are permitted under the
recent Radio Act.

For the real electrical experimenter and
research worker there still remains a wide
field in which to work with any type of
valve-amplifier that is not too highly valued
to experiment with., Two of the many

ssible uses to which electronic relays can

put outside the radio field are considered
separately in the following paragraphs.

Hot Glament valves are slowly coming
into use as rectifiers of electric current in
commercial stations, but are still consid-
ered in the chrysalis, or unfinished state
The great draw-back in using bulbs for this
purpose lies in the excessive waste of fila-
ment which takes place, making the rectifier
very short lived. It would be folly to use
an expensive instrument for experiments
along this line, but one of our lamps, which
cost only nhruut 6lc to replace, may be
used without one's being considered extrav-
agant. By using the filaments interchange-
ably at intervals of a few hours each it
may he possihle, under the right conditions,
to greatly increase the active life of these
bulbs when used as model rectifiers.

The most wonderful property of the
VACUUm valu:, and the one which holds
the most mn store for the inventor, is
doubtless its ahility to act as an amplifier.
For increasing, in irecll],'1 electrical energy
and mechanical motion the electronic valve
presents a_very desirable medium. Many
systems of automatic sound control are
being developed with the aid of the ampli-
fier valve, There is no limit to the possi-
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bilities of experimentation in this direction.
Lowd-speakng mcga. hones, phonographs,
telephones, horns, infinitum, all await
development, Subma.rme dutrnymg de-
vices, aerial torpedoes, locating apparatus
of all kinds, can be invented which will
pruve to be the undoing of things out of
t, but not out of the hearing of the
elicate ear of the microphone, augmented
nnd sensitized by the addition of an ampli-
fier bulb. )
1t is the author's hope that the foregoing
ideas may prove of real interest fo a very
large class of readers.

Important Notice to Subseribers

Duntnih-mn;mﬂnnhﬂn'ltﬂu
present time in all railroad movements,
also on account of the fact that many train
clerks have gone to war, there is a con-
gestion of mails all over the United States.
It may happen that your magazine will be
slow in reaching you, and this delay may
be from a few d.l?l up to weela.

Kindly bear this in mind before sending
in a complaint, as the magazine will surely
rea in due time, Only after not
havi received a certain copy for a

'ﬁ of three weeks should a complaint
be sent in.

You will confer a favor 1:;01\ the pub-
lishers not to write until this time has
elapsed, thereby saving them a wast
amount of clerical labor.

THEORY OF TUNING, WAVE
LENGTHS AND HARMONICS,
{(Continned from page 33)
terminals of the parts of a circuit can be
more than that which is applied to the

whole circuit.

The relation of the different pressures
may perhaps best be represented by such a
diagram as shown in re 3, in which
the two pressures of 2,915 volts are shown
at such an angle with each other as to
form a resultant pressure equal to 110 volts,
The two large pressures are very grcatl;y
out of phase with each other, so that their
geometric  resultant on  this composite
mutual effect is really only 110 volts.

The next step in the duvr.lué:mcnt of our
discussion should be to consider what will
happen in the circuit, and the numerical
effect on the eguations given, if the f‘r -
guency of the aﬁfhcd pressiire is doubled ;
that is, £ is to become 120 cycles. In this
ease 27F = 754, very nearly. Supposing the
condenser is the same as used when the
frequency was ﬁﬂll:jdr_'s; the value of

ZEC = T8 X = 00754 and L. =
1

L0754 3¢ 754

It is thus evident that with a given con-
denser having an unchanging capacity, lf
the frequency is doubled, the value o
inductance must be decreased four tunes
in order to produce a condition of complete
resonance in the series cirenit.

The current in the circuit under the new
condition of doubled frequency will be the
same as with the original frequency of 60
cyeles, provided the ohmic resistance has
not been changed, and likewise the pres-
siires between the terminals of the con-
denser and of the coil will be 2,915 volts
as before. In order to decrease the in-
ductance four times, the number of turns
in the coil, or included in the circuit by
the contact P will need to be only one-half
as many as were originally included, If
the number of turns were Jccrcas.:d three-
goﬁ the inductance would be reduced nine-
D,

=0.17 henry,

(Continued on page 62)

Cin, l‘lﬁ'&lﬂ

PAGE S

LLUSTRATIONS

ELECTRICAL ENGINEERS

ELECTRICITY!

ERE’S just the book on
Electricity that you need
to answer your many ques-

~otbselll tions—to solve your knntt:.r
nmbléleml. to teach rﬂnl;g;'
10 QU e r
formulas and nmr Electrieal rn:a
Meechanieal facts that soma nuplq
try to carry in their hesds—and falil.

With this "Little Giant" 1. C. 8. Elec-
trien] Englnear's Handboole in your
pocket, tool chest, on your work
=. beneh, dumng_'l.nh‘lum'dm an hour
ar n w need not be jost dlzging up™ somme for-
gotten rule, soms unfmillar fact; You'll just turm
Lo the very complets index and get it "in o Jiffy."
Just a few of the subjects troated aro:

Electricity and Huulilm Electrical

Symbeols:

Ehtiﬂa Eﬂm tu Ij d Motors m
n I RiTos an H
Ehll’nllzm L!m:; Electrical Hit"b-
ments: Meters; scent Lamps
Aul-oﬂhu: ransformeoray

Hon tric Cars; and mit
t Transmission; il Welding; .
ires—Sizes, i ti

eal Rules, Formu Symbols; Tables of Con-
stnmbs, wlents, Powers, Reciprocals,
Arens, eights asures; Chemistry |
m?‘mpl;ﬂiruf Metals; Principles of Mechanics ;

The Electricnl Ensinesr's Fanidhonk s one of 22
LC.B. Handbsakacover g 22 Toehnionl, Bclntifle
and Commercial sibjects, nll crowsded with valug.
They have the contnls of a full-slzed buok con-
densed Into pockel-sim rendy to go with you any-
where and be at y our lnstant command. They nra
enbatantinlly bound ln eloth, rel edoes, poldloaf
stamplng, printed from new, clear, resdable Type
an geod quility book paper. There 18 an (Hostra-
tinn at every point whers n potare will halp,
Hundrikls of thousands bhave beon sold on m
moaney-hack puarantes of satls fetlon,

The former price of thess Hundbools was $1.88, hut

THIS MONTH you can buy
the ones you want for only 50(! p;Tpl:'id

(Far 1 rxirs we wlll senl o elib-rovered prafesiing ease)

You Run No Risk! Money Back if Desired}

International Correspondence Schools
Box 5382, Scranton, Pa

— — —— ——TEAR QUT MERE= == — e e

INTERNATIONAL CORRESPONDENCE SCHOOLS
Box g2 , SCRANTON, PA.

1 enclase § — forwhich send me posipaid the
1udhnﬂl\9mnﬂmd X, af fige. ench, [mmy retorn any or

1l gel my money bhack within ten dqrﬂ from recaip:
Eltc'tfll:‘l Fugineer's E Advertiser's

Telephand Teleg. Englneer's  Rusiness Man's %
Mechanic's eEpErs

Biena, aml Correspandensi's
. Salesman's

Window Trimmer's
Conon Textile Worker's

Sweam Fpgineer's
Westinghouse Alr Drake

-
aIE.I'\rIrI 1‘ n lllllll"i

I
I
| &
I
I
|
|
|
|
|

Ballding Trodes Pooluys

i u
Flmb;‘l and Fiowe's Mm i

Chemiat's | Automoblles

Mame __ =
I Siresi

i N
I o Hiwie —

You benefit by mentioming the

" Electrical Experimenter”

when writing to adverfisers.



