A New Non-Oscillating Tube

A Novel Principle Governs the Operation of a Detector
Designed to Eliminate Distortion and Capacity Effects and
to Secure Maximum Response Without Regeneration

HEW type of detector tube was
deseribed and demonstrated be-
fore the Insttute of Radio En%-
peery late in December by Harold P.
Doale, chief engineer of the Connecti-
cat Telephone and Electric Company.
He explained that this new tube has
no grid, and has no useful period of
ccillation, but he claimed for it sensi-
tiveness equal to a standard detector
fube uged in a circuit where imcreased
signal strength is secured by means of
regeneration, of semi-oscillation.  In
sddition the new tube when in its mosg
sensifive condition, does not seem to
penerate energy in 8n antenna to peo-
duce interference with other nearby re-
ceivers, | he new tube aleo a red to
have another quality in that it 15 not aen-
sitive to body capacity effects while be-
irg tuned or adjusted for maximom
mesponss, Maximum response to sig-
nzls of a given wave length is accom-
plshed by varving the neutralizing
pc:'rnﬁal of the input dreuit of the
i
The construction of one form of this
tobe iz illustrated diagrammatically in
figure 1 where F iz the filament, A is
the anode, which may be of metallic
sodium in the bottom of the tube, and
H 15 the heater which is a short length
of resistance wire cemented to the out-
side of the glass directly underneath
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the anode. This heater maintains the
anode at proper operating temperature.
C 15 the “eollector” electrode of shest
metal bent into a “TT" and positioned
abowe the fament, with its open side
toward the anode.

In operation the tube may be con-
nected to the drewit, shown in Agure
2, which is simply a two circuit tuner
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with omne terminal of the secondary
connected to the collector electrode of
the tube and the other to a contact oper-
ating on resistanos connected directly
across the flament battery terminals,

remainder of the circuit is as used
with any simple dotector.

The adjustment of the collector po-
tential s the only one necessary for effi-
cient operation other than l;{lc usual
variation of capacity and coupling of
the tuming circuit. The ential of
the “B" battery is not at all critical and
wsually may e varied between ten and
thirty wvolts without muoch effect on
TES B,

r. Donle secured a nse with
this twbe in = plain circmit equal in
magniwde to the response from = re-
generator, using maximum non-oscil-
lati Tegeneration, A regenerative
circuit umder this condition of critical
adjustment gave very considerable dis-
tortion.

Ch the other hand, the new detector
created no moticcable distortion, and,
as it does not oscillate over its useful
range, it cannol create any interference
with other receivers,

The response of the tube iz preatly
improved very weak coupling be-
tween the circuits. This is due to its

bow input im ce, which also
makes the riion of capacity and
inductanee of the secondary circuit for
maximum resis quite different {rom
those for other tubes. Although the
new detector can be used successfully
in an ordinary two-circuit tuner, re-
sults will fall short of the maximom
unless means are available for selecting

the best value of secondary inductance.,

In this tuhe there is an electron fAow
from the Alament to the collector, the
magnitude of this carrent being due in
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part to the relatively large area of the
collector and to its close proximity o
the fAlament, It, therefore, receives an
equivalent of large electron flow when
it is at the same potential as the pega-
tive end of the filament. In order to
reduce this flow an opposing potential
—which may be taken from the “A"™
battery—is introduced into the crcut
between the eollector and filament,
This potential is called the newtraliz-
ing potential and is used as abeissas of
curves shown in 3, which showr
the wamation in anode and collector
currents Ia and I¢ with variation of
neutralizing potential En, and also the
collector current when the anode cir-
cuit iz open I'e, The curves lzbeled
Ic-I'c is the difference between the col-
lector current with the anode circuit
completed and opened.  This last curve
is interesting in that it apparently takes
into consideration varipus phenomena
concerned in the operation, and its
slope is practically a direct index of the
functioning of the tube as a detector.
These curves show some of the Tun-
damental characteristics of the tube,
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Figure J=—Charicteriatle curves o the prid.

The abrupt bend in the collector cur=
rent at En=—1.8 i3 uj-n'int at which
maximum detection would be expected
to take place, according to the usual
conception of detection as being due to

tion over a section of the char-
acteristic  slope where the rate of
change is lar Ome would  alss
gather from thes curve that the effect
of a signal impressed would be to in-
crease the average valoue of the ool-
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lector and anode currents,  Although
some detection takes place on this part
of the curve, in magnitude it i3 incom-
parable to that secured over the sen-
sitive portion of the slope, The point
of maximum  sensitivity for  these
curves is at En = =14 wolts, which
is at 8 relatively flat portion of the cal-
lector current curve and considerably
above the lower bend. Furthermore,
a signal impressed on the collectar eir-
cuit always Fives a decrease in collector
current regardless of whether the char-
acteristic curve at the sensitive point is
concave of convex, many examples of
bath types having been observed. It
should also be noted that this point of
maximum sefsitivity occurs somewhat
ahove the center of the Ic-I't curve,
Amnother point of interest In connec-
tion with these curves is the valoes at
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example. T]-re#:um'hilities indicated by
this turve in the elimination of inter-
ference are ohvious.

Figure 6 shows the wariation in col-
ectar current at varions values of En
due to an impressed sipral of constant
frequency on the collecior circuit.
Thus it represents the ra af the
neutralizing potential for a signal, and
gives some idea of the ease of adjust-
ment of this variable for maximom
signal. This adjustment is obviously
broad and allows a relatively wide va-
riation of neutralizing potential for an
audible signal, making it simple and
easy to locate the point of masimam
sensitivity.

Although the collector current pul-
sates at low frequencies, the tube is en-
trely ineffective as a heterodyne re-
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quired for operation, thus eaving un-
restricted the mean free path beyond
the zanes of ionization,

Sodiwm is a convenient metal of this
type, but similar useful effects have al-
ready been secured from a variety of
differently composed anode materials,
In ice the heater is connected i
series with the flament, and the two
are thus controfled simultansously.

At first thought it would seem neces-
zary to allow a considerable time after
lighting the tube Rlament before the
ancde would become sufciently hot
‘That is, however, not the case, for an
account of the following most inter-
esting  phenomenon :—When the fl-
mient is first lighted the anode receives
a small amount of heat by direct radi-
tion from the filament and there will
be, even at this relatively low tempera-
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operating potentials of collector and
amnade cureents, the collector currest
usually being two to fowr times that of
the anode,

Figure 4 shows the in col-
lector current of the sodium tube for
impressed sigrals of different wawe
lengths. The ordinates of this curve
show in mi res the actnal de-
crease in collector current caused by a
signal of wariable frequency, but of
constant amplitwde. This curve shows
that the res for the particular
tube on which this data was taken be-
comes small abowe the wave length of
1,000 meters, and that below this wave
length detection increases rapidly.
This might seem to indicate a limited
wave lengith band of aperation for this
type of tube, but the entice shape and
position of this curve depends upon
the relative potentials of the tube elec-
trodes and their proportions and
relative 'pﬂEiI‘F::E. It iP:pnsaibI: radi-
cally to change this curve by a simple
vatiation of the nestraliring potential.
It iz also possible by a proper selection
of values to secure a serrated form of
this eurve of which figure 5 is a typical

ceiver due to the almast negligible de-
tection at this freguency. As can be
observed by an examination of figure

4, no a iahle detection takes place
until the signad freque is ab beast
four or five dmes the fundamental pul-

sation frequency.

Sinee slow changes in the collector
circuit current are reflected in the
anode circuit, a decrease of the averape
value of the collector current will re-
sult in a like decrease in the anode cur-
rent, but this occurs without any ap-
preciable amplification, By ment
an a larpe npmber of tubes the ratio of
change of power in collector circuit to
resulting power change in anode cie-
cuit was found to be approximately
unity,

The action of this tube depends wpon
ionization ced by electroms emit-
ted from the Alament. The use of an
easily waporized anode metal allows
great possibilities in the way of con-
trolling ionizaton, in part because it
becames possible to secure a very sharp
density gradient of atoms available for
ionization, and to supply these atoms
continuously at the proper rate re-

ture, o considerable emission of par-
ticles from this anode. This emission
will, however, decay with time, and &
a period of possibly one hour it will
have reached a small fraction of its
initial value. However, with the ex-
ternal heater connected in series with
the filament, as described above, when
the filament is lighted the anode will
commence to receive heat from this
heater. Its effect in raising the anode
temperature will e necessarily slow
on account of the interposition of the
glzss wall of the tube, but the tempera-
ture of the anode will be increased by
this heater at a rate approximately
correct to compensate for the decay af
the initial emission, and thus the emis-
sgon of particles from the anode will
become fairly constant within a few
secomds after the filament of the tube
iz first lighted.

The result of this combination of af-
fairs is that when the tube is lighted
it is almost immediately in operative
condition, although in some cases a
slight re-adjustment of neatralizing
potential is later necessary to maintain
a maximum sensitivity.



