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My invention relates to thermionic energy de-
tectors and, particularly, to electronic systems
_ and apparatus for measuring the intensity and,

"if desired, the frequency of pulsating thermionic
radiant energy, such as for example the infra-red
radiation which is emitted from the exhaust of
_.an internal combustion engine, or through. the
,propeller of an approaching aircraft, or the like.
It is a principal object of my invention to
prov1de a new and improved electronic apparatus
. for.. detecting pulsating or periodic thermal
transfer.
.. The invention is particularly concerned with
" thermionic radiation measurement, and has for
_.a particular object the provision of means for
fmcreasmg substantially the response of elec-
" tronic detecting apparatus for such radiation be-
. yond the response of such apparatus heretofore
known.
.. The. particular features of novelty character-
_ istic of my invention will be pointed out with
-particularity in the claims appended hereto. The
~invention may be more fully understood, however,
and its objects and advantages further appreci-
- ated by referring now to the following detailed
specification taken in conjunction with the ac-
companying drawings, in which Fig. 1 is a sche-
matic circuit diagram of a thermionic radiant
energy detecting apparatus embodying my inven-~
tion; Fig. 2 is a schematic circuit diagram of
. ;another such apparatus embodying my invention
in n;odlﬁed form; and Fig. 3 is 5 graphical rep-
-resentation of the thermal characteristic of the
detecting electric discharge device.
-Referring now to the drawings, I have shown

~-at Fig. 1 an electric discharge device 10 compris- -

ing a thermal sensitive electron emitting cathode
1t positioned between a pair of anodes 12. The
electrodes il and {2 are enclosed within a suit-
able evacuated envelope which may be of glass
or metal and provided with a suitable window
_ 13 through which thermal radiant energy, such as
_infra-red rays, may be directed toward the cath-
.ode {l. Preferably, such a window is composed
of a-fusible inorganic salt, such as 2 halogen
-'salt of sodium or potassium or calcium fluoride,
| As disclosed in Patent 2,125,113, granted to A, K.
Kling on July 26, 1938, such a window may be
. inexpensively constructed of rock salt.
. . 'The cathode I[ is positioned directly in the
path of radiant energy entering the rock salt
- - window 13 in the evacuated envelope. Preferably,
" the cathode is formed of a flat ribbon of thoriated
" tungsten or a flat ribbon of tungsten coated with

a‘{suitable oxide for increasing the electron emis-

(CL 250—83 3)

2 )
s1vity of its ‘surface. “Oxides suitable for this pur-
pose ‘are barium oxide, caesium oxide, and the
like. "~ Preferably, the anodes 12 comprise flat

- metallic ‘plates which may be semi-circular in

10

shape-and disposed so on opposite sides of the
cathode 1 that the planes of the anodes (2 are
positioned at a. shght angle with respect to each
other.

I have shown at Fig. 1 the anodes 12 electri-
cally connected together and to one terminal of

" a primary winding 15 of a transformer (6. The
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opposite terminal of the primary Wmdmg 5 is
connected to a suitable source of positive poten-
tlal ‘such as a battery IT. - The cathode il of the
electnc d1scharge tube 10 is also connected to

" the battery 11 a{ a point” negatwe with' respect

to the point of cornection of ‘the transformer

_,wmdmg {5, thereby ‘to- complete an output or
“load ‘circuit for the dlscharge ‘device 10.-

20
‘connected to be heated by current from-the bat-

The ‘cathode ‘1. of the discharge device 0 is

tery 11 through a circuit comprising & variable

" resistor'18, a tertiary winding 19'on a transformer

'20 and the cathode 11,
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all connected in series
c1rcu1t relation between pomts of suitable poten—
tial difference on the battery (7.

The transformer 16 is provided also with a sec-
ondary winding 21 shunted by a tuning capacitor
2ie¢ and having one terminal connected to a
control grid 22 of a low frequency electronic am-
plifying device 23. The amplifier 23 comprises
also an anode 24 and a cathode 25. The anode

"~ 24 is connected to one terminal of a primary
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winding 26 on the transformer 20, the opposite
terminal of which is connected to a suitable
source of positive potential on the battery (1.

~ ‘The cathode 25 of the amplifier' 23 is ‘also con-
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nected to the battery I1 at a point more nega-
tive in potential than the point to which the
primary winding 26 of the transformer 28 is con-

" nected. The transformér winding 21, which sup-

45

plies the input power for the amplifier 23 and

-has one terminal connected to the. control grid

22 also has its other terminal connected to a
point on the battery- 11 which, is more negative

_.in potential than:the point to which the cathode
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25 is connected, thereby normally to bias the am-
plifier 23 negatively. The cathode-25 is heated

by current from points of suitable potential dif-
“fererice on the battery (1 through a circmt in-

cluding a variable resistor 21,

65

‘The' transformer 20 is provided also with a sec~
ondary winding 28 connected to a Suitable meas-

‘uring or indicating device 29, such as an amme-
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ter, voltmeter, cathode ray tube, loudspeaker, or
the like,

The thermal electron emission characteristic of
the electric discharge device (0 may he repre-
sented by a curve such as the curve A of Fig. 3.
This curve represents the relation between plate
current, Ip, and cathode temperature; Te. Ttewill
be notéd that at some intermediate’ point;: such
as B, in the range of temperature values, the

rate of change of plate current with temperature:

is a maximum,

In operation, when potential ‘s sapplied ~be-

tween the anocde and cathode.of-the:discharge

device 18 and the electric. discharge-device -10-is

directed so that pulsating thermal radiant en-

ergy from a source the temperature or distance

of which is to be measuréd falls-upon the-cath-

ode {1, a plate current flows havings an.instan-

taneous value proportional to the instantaneous
. temperature of the cathode i1. - The temperature
..of the cathode 11.is determined by the sum ‘of the
~heating effects of the received radiant energy.and
-the:electric heating.'circuit. Preferably, the var-
able resistor-.i8.is so adjusted that the average
_cathode. temperature restilting from the sim of
the current.heating and the radiant energy heat-
“ing Talls somewhere neat the point B on'the curve
-A of Fig..3. Thus, as the cathode temperature
/is periodically ‘increased-.and. decreaséd ‘instan-
_taneously. by the pulsation of the received radi-
iant energy, the anode eurrent pulsates and an
- alternating . component of current at.the: fre-
".quency . of .the radiant énergy " pulsation “flows
“‘through the transformer 16.” The aliernating po-
- tentials thus induced in the secondary winding
~2{.0of. the transformer "16° are. amplified in ‘the
“discharge. device 23 and applied to’ the oéutpub

trarisiormer 20. “These amplifiéd.oscillations ap-
. pear . upon . the- secondary  winding ""28 of ‘the
* transformer-20. and are :applied to the indicating
L ormeastring device 29,

. For.the purpose 0f increasing ‘the sensitivity of
_iny detecting. apparatus to radiated. thermionic
_energy, I provide for regenerative feedback of

“energy from the output transiormer 20" to-the:

. cathode. heating. circuit: of ‘the . discharge”device
710, Tt i$ for this. purpose that the tertiary wind-
“ing 19.0f ‘the output transformer 20 is connected
- in .Series: circuit. relation in the heating circuif
“for the cathode 11.of the.discharge device 16.""To
s ensure. regeneration,. rather than dégeneration,
“from. the -winding 19, it is.only.necessary to' so
.arrange the circuits that the oscillations appear-
"ing.across the winding 19 are in phase With the
. radiant energy DPulsations received by the cath-
~ode 1 I.of the discharge device 18. To further-en-
_suré maximum response, it will.be clear that the
" tuning condenser 2la shoild be adjusted so that
“the ' parallel ‘resonant ¢ircuit * comprising “the
~trapsformer winding 21 and the" condenser 2ia
“i¢ tuned. to the frequency of the received radiant
Cenergy pulsations. )
“At-Fig. 2, I have shown-another embodiment
- of myinvention in which the-elect¥ic discharge
rgevice 10 is provided with:a cohtrol grid-and a
“suppressor -grid between the: cathode ‘f:and each
Zbf the-anodes 12. . The control grids are:electri-
»pally connected together and-are:identified:by the
vipeference numeral 38, :The suppressor grids-are
~nlso electrically connected together and-are-iden-
tified by the reference:numeral-3l. -Further-
~mmore; as at Fig. 1, the.anodes{2 are -electrically
+.connected: together:and -to:one-terminal-of a

s primary ‘winding :32 ~of-&. transformer 33, . The

opposite terminal of the primary winding 32 of

< a4 4
the transformer 33 is connected to a point of
positive potential upon a. battery 34, while the
cathode 11 is directly connected to a point on
the battery 34 which is relatively negative in

5 potential. Furthermore, between points of suit-
able potential difference upon the battery 34, is

. connected a-cathode heating. circuit including a

-“yariable resistor 35 and the cathode -l {: connected
in series circuit relation. The suppressor grids

10-31 are connected directly to a suitable point upon

the battery 34 positive with respect to cathode
.- poteritial. - In-order that the discharge device 10
~may-be-properly biased, the control grids 30 are
- connected ‘through a tertiary winding 36 on the
i5 transformer:33-to a suitable point upon the bat-
tery 34 which is glightly more negative in poten-
“tial thamn the -point to which the cathode Il is
connected. The unidirectional potential applied
from the battery 34 to the control grids 30
0. through the tertiary winding 36 provides a nega-
_tive bias for the discharge device 10,
“The transformer 33 is provided with & second-
sty winding. 31 having connected i parallel ‘¢ir-
cuit relation ‘therewith a tuning capacitor 38.
o5 The secondary winding: 317 is connected to' the
input of .an amplifying electric discharge device
~39 having an anode 40, a cathode 41;'and a con-
“t¥ol electrode 42. The anode 48 is connected to
‘one terminal of a primary winding-43 of an out-
30 put transformer 44. “Phe other terminal of the
“winding ‘43 is conhected to a suitable source of
_positive potential, such-as a battery 45. -The
“tathode 41 of ‘the “discharge 'device 39 'is con-
“nedted to @ -suitable point of nhegative potential
35 upon the battery 43,-and a cathode heating cir-
“guit for the cathode 41 is connected ‘through a
“yariable resistor 46 “between points- of ‘suitable
- pPotential  difference upon the battery 45. “Pinal-
1y, the.transformer winding 31 has one terminal
407 connected to the control grid 42-of ‘the amplifier
28 and the cother terminal connectéd to a’point
‘on the battery 45 which is slightly more:negative
" in’ potential than the point of connection to’ the
-cathode 4i. The section of the battery 45 be-
45 tween the cathode 41 and the connected termi-
“nal of ‘the ‘transformer winding 87:provides a
‘source of negative bias potential for the control
~grid-42.  The amplified signal’upon the trans-
‘former winding 43 is applied-to a suitable meas-
50 uring or indicating device 47 through a second-
“ary winding’48 upon -the output transformer 44,
-In the operation of the apparatus-of Fig. 2; the
-cathode heating circuit-of the electric’discharge
device 18 is'adjusted in the same manner as'ge-
55 scribed heretofore in -connection “with Fig. 1.
“Thug,” when pulsating -infra-red-radiation falls
~upon the. cathode ‘t!, the anode’ current-in the
-glectric’ discharge -device 18 -varies periodically
* thereby to provide an alternating component’ of
g0 “current-in-the transformer33. 'The signal thus
“jnduced in the transformer 33 is ‘amplifiéd in the
- discharge device 39 and impressed ‘upon the in-
“gicating device 47 through ‘the “transformer-44,.
“simultaneously; also, an altérnating 'potential at
65" the frequency of the received pulses of thermionic
-energy is induced in the tertiary winding 36 of the
“transformer 83." The potential induced in theter-
“tiary winding 38 is connected in’series circuit re-
lation in the control-grid biasing® circuiit for the
o electric discharge device -10,” whereby this' alter-
-nating potential is superposed upon the normal
- Yhidirectional bias. potential of the control grid
-230. "The alternating potential on the winding 36
" _.will.be substantially in phase withi the pulsations
75 of thermionic energy to which the cathode !l is
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exposed, and the winding 36 Is so arranged that
the potential fed back to the discharge device 10
is regenerative rather than degenerative; that is,
whenever the anode current is increased instan-
taneously by an increase in the radiation falling
upon the cathode 1, the tertiary winding 36 in-
stantaneously raises the potential of the con-
trol grid 36 in a positive direction, thereby further
to increase the anode current and to enhance the
response of the apparatus to the radiated ther-
mionic pulsations.

While I have shown only certain preferred em-
bodiments of my invention by way of illustration,
many further modifications will oceur to those
skilled in the art and I, therefore, wish to have it
understood that I intend in the appended claims
to cover all such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A thermionic radiant enhergy detecting ap-
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paratus comprising an electric discharge device

having an anode and a thermo-sensitive electron
emissive cathode, electric heating means for said
cathode comprising a source of unidirectional po-
tential, means for exposing said cathode to pul-
sating thermal radiant energy, said cathode con-
trolling the anode current of said discharge de-
viee in accordance with instantaneous variations
in intensity of said pulsating radiant energy, and
means connected in series circuit relation between
said cathode and said source of unidirectional
potential for deriving from said ancde current an
alternating potential of like frequency and time
phase relation with the pulsations of said radiant
energy, thereby regeneratively to increase the re-
sponse of said discharge device to said radiant
energy. :

2. A thermionic radiant energy detecting ap-
paratus comprising an electric discharge device
having an anode and a thermo-sensitive eleciron
emissive cathode, electric heating means for said
cathode connected in circuit with a source of
unidirectional potential, means for exposing said
cathode to pulsating thermal radiant energy,
said cathode establishing electric oscillations in
the output of said discharge device in accord-
ance with variations in instantaneous intensity
of said pulsating radiant energy, means includ-
ing a transformer for amplifying said electric
oscillations, and a winding inductively associ-
ated with said transformer and counected in
series circuit relation between said cathode and
said source of unidirectional potential for deriv-
ing from said output circuit and applying to said
cathode heating circuit an alternating potential
in aiding time phase relation with the pulsations
of said radiant energy, thereby regeneratively to
increase the response of said discharge device to
said radiant energy.

3. A thermionic radiant energy detecting appa-
ratus comprising an electric discharge device
having an anode, a control electrode and a ther-
mosensitive electron emissive cathode, means for
exposing said cathode to pulsating thermal radi-
ant energy to control the anode current of said
device in accordance with the instantaneous ther-
mal energy level of said cathode, and means for
deriving from said anode current and applying
to said control electrode a potential in aiding time
phase relation with said pulsating radiant ener-
gy for increasing the response of said anode cur-
rent to said radiant energy.
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ing through said window.

4. A thermionic radiant energy detecting ap-
paratus- comprising an electric discharge device
having an anode, a control electrode and a ther-
moresponsive electron emissive cathode, means
for exposing said cathode to periodically pulsat-
ing thermal radiant energy, means including a
transformer responsive to the anode current of
said discharge device for detecting the intensity
of said radiant energy, a winding on said trans-
former for deriving a potential of like time phase
relation with said periodic pulsations of radiant
energy, and means for applying said potential to
said control electrode regeneratively to increase
the response of said electric discharge device to
said radiant energy. :

5. A thermionic radiant energy detecting ap-
paratus comprising an electric discharge device
having an anode, a control electrode and a ther-
moresponsive electron emissive cathode, a source
of negative bias potential connected in circuif
between said cathode and said control electrode,
means for exposing said cathode to periodically
pulsating thermal radiant energy, means includ-
ing a transformer responsive to the anode cur-
rent of said device for detecting the intensity
of said radiant energy, a tertiary winding on
said transformer for deriving a potential of like
time phase relation with said periodic pulsations
of radiant energy, and means for superposing
said derived potential upon said grid bias circuit
in opposing relation to said negative bias poten-
tial regeneratively to increase the response of
said electric discharge device to said radiant en-
ergy. :

6. Apparatus for detecting and measuring the
intensity of pulsating heat energy waves com-
prising. an electric discharge device enclosed in
an -evacuated envelope having a window com-
posed of a fusible inorganic salt, said discharge
device having a two-part anode and a thermal
responsive cathode, a source of electric energy
for heating said cathode to a substantially con-
stant temperature level, said cathode being po-
sitioned within said discharge device between
the two parts of the anode and opposite said
salt window so as to have its temperature. level
varied by heat waves entering through said win-
dow, means connected to said discharge device
and responsive to the output thereof for detect-
ing varigtions of the temperature level of said
cathode, means for  deriving from the output
circuit of said discharge device a potential pro-
portional to such variations, and means for ap-
plying said derived potential to the discharge
device in adding time phase relation with said
variations thereby to increase the response of
said device to variations in the heat waves enter-
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