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Altho the majority of radio engineers are familiar willi 1he
use andd operation ol vacuum tube doteetors, o hef dloseription
“of their mapulaciure may he interesting. .

In the early expevimental work on this type of deviece, wo
strove Lo prduce o defector whieh would eombine maximutn
operating efficieney with inexpensive manufaeture. The nexi
point considered was {he production of desivad o ennditions, i.e.;
tubes that possessed oseillating characteristies, tubus that wete
exceptiona] deteetors, and fubes that displayed both qualities.
The third consideration was the praduction of a device casily
handicd and shipped without disturbing the adjustment of tho
cloments wnd damaging the filuments.

Fubes and hulbs of vartous shupes and sizes were tried vsing
a gaseous medinm ranging from one millinetor 1o 0,023 wilii-
moters of vacuunt, many maderials being cmployed as clements.
Various exhausts were applied but 4 was =oon found that the
etmployment of a gasceous modium  introduced  vonsiderable
difficulty in the matter of weeurate reproduction of a desired
vosull.,  (iascs ab Pressures ranguyg from once millimeter to
0.0013 millimeters were next experimented with.

I found (hat o tube gonfaining platinum filament in an
atmoaphere of hydrogen, al Pressures comparable with one
millimeter, gave fuir results.  Tungsten Alamoeots were then fried
in hipher vacua as well as ot the so-called “garcous medimn’”
pressire,  LE was inmediately noticed that conditioms could he
duplicated ax soon as vaeud above that which allowed u “gase-
ous medivm' to exist, were obtained. Moreover, tungsten was
(deal ag o filament not only beeause of its refraetory qualities aod
low volatility bui alke heeause i acts as a puriiving agent hy
atteeking any traces of vesidunl guses thad may vomain in the
tahe and forming compounds which are thon volatilized an the
walls of Lthe tubes '
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As the parts are sindl and complicated, the plass is winrked
hefore the blowpipe, after it lias been brought into {he form of
lubes by the glass works., This tubing is obtained by first
lowing a bulb, then fusing an iven rod to a point dinmetrieally
opposite the blowpipe and rapidly separnting the twe points of
attachment from ench other.

Various grades of ghiss were experimented with, and o nxture
containing n high pereeatage of lead and a amall quantity of
silicic acid was found to be the casiest to work and produced a
detector of maximum sensitivencss when used in cohjunetion
with the alumimwn plate and copper grid. In the selection of
the glass to be used, the devitrifieation of the glass had to be
considered, as during exhaustion of the tubes it is necessary
to sithjeet themn to a temperature near the point of softening
and nearly ult glasses, when maintained at this temperature for
any length of time, have u tendency to scharste out intn the
eryvetalline state. '

There hag been considerable diseussion regarding the clements

it this type of device and I inay say that aluminum plates and
copper grids were first selected on account of their etectro-
chemical relation to the tungsten flament. Luater, nmnerous
other metals were tried under the same and other conditions of
exhaustion and showed widely «ifferent operating character-
isties. -
The sclection of metals for the clements is very difficult, as
a slight difference in cither the copper or aluminum changes the
whole system of exhaust. TFor instance, copper and aluminun
purchased frony one factory will require o certain degree of ap-
plied temperature during the evacuation, while another factery
lot of the smine weight and size will require an entively different
exhaust. - . ) ,

I uve olisninated thig variation tu some extent by subjecting
the alumiman plates Lo o temperature of approximately 600
degrees Fahrenheit (315° (), immersing them in 2 saturnted
solution of cyanide .of potngsium, and finally rinsing in aleohol.
The copper is subjected to heat until it glows, when it eoinbines
with the oxygen of the air Lo form a black, brittle oxid which
breaks off it seales and exposes the underiying metnl which i of
rose reil eoler. It ie thon placed in o current of inaist air and
bevomes covered with o layer of oxygen compounds, which
remnine very thin hut eloses the pores of the tetal, |

The exhunsiion of the tubes is the most important operation
boewise of he et thad the low vaeuunm of the round hulb nickel
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clement nudion which permits of gas conduction js not used in
the tulndar “electron rolny,” wherein all gas phengmena st
be climinaled. o | :

To produes the high vacumn necessaty, T have fomnd that o
Gaede mercury pump eapable af producing o yuewn of 0.00001
mithimeter, backed by o piston punp, auch as the Gervek type,
i« the most satisfactory methed of evacuntion.

The manifold to which the tubes to be exhansted are attached
and the vacutim line eonnecting the manifold to the pumps are
preferably made of large diameter tubing. A confainer fillod
with pentoxid of phosphorus i« conbected in the vaeuum line
etween the pump and the manifold. The manifold is contained
i an oven heaied by gas nod arranged so that the tubes during
eshaustion moy he heated to high temperatures.

The lead glass tubing, used as the container for the elements
in the tubular type detector, is obtained from the glase works in
lengths of & feet (2 m.) with an inside diameter of 0.873 inch
(2.2 cns) and a wall of 0.032 inch (0.7 mn) thickness. This
tuhe is cut in lengths of ahont 6 inches (15 em.) and one end 38
diawn down to a point. Two stems are made of glass tuhing
similar to those used in an incandescent lamp, one stem contains
the grid and two filament leads ind the other contains the pinte
connection and one filunent lead,  After the wire is zenled into
these stomns, they inust be annealed very carefully. The anneal-
ing consists in allowing the temperatute to drop very slowly,
sinec quickly cocled plass 13 subject to internni strains which
arise in the following manner: In rapid cooling, a low temperature
i wpon established at the surface and the outermost Javer solidifies
while the interior tends to contract, therchy exerting o pressure
on the outer layer which is directed inwards,  Thiz mayv cause
the stem to crack.. _ .

After Lhe stoms are annealed, the prid is wounu to the proper
Jiameter and the filament is elamped onlo the two leads. The
plate is mounted on the other stem and the two stems are thon
connected together by menns of the filument, Final adjustment
of the plate and grid is then made. The spacing between the
elements is not very critienl in this type of device, but 1t i hest
to witil the grid te n large enough dismeter zo that it will strike
the plate rather than the Blument when the tube is jarred.

Aftér adjustment on the plaie anel grid hng been made, the
arsetnbly s inserted info the prepared tubes and the mied senls
made. A ahnrt lengih of small dinmeter tubing i= allached
to e sead nb one end of the tube, this Leitg for connection to
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