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1. 
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 
provide 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 
increasing 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 modified form; and Fig. 3 is a 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 to compris 
ing a thermal sensitive electron emitting cathode 

positioned between a pair of anodes 12. The 
electrodes if and 2 are enclosed within a Suit 
able evacuated envelope which may be of glass 
or metal and provided with a suitable window 
3 through which thermal radiant energy, such as 

infra-red rays, may be directed toward the cath 
ode I. Preferably, such a window is composed 
of a fusible inorganic salt, such as a 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 is positioned directly in the 

path of radiant energy entering the rock salt 
. . window 3 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 55 
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6 Claims. (C1, 250-83.3) 
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sivity of its surface. Oxides suitable for this pur 
pose are barium oxide, caesium oxide, and the 
like. Preferably, the anodes f2 comprise flat 
metallic plates which may be semi-circular in 
shape and disposed so on opposite sides of the 
cathode? that the planes of the anodes 2 are 
positioned at a slight angle with respect to each 
other, . . . . . 

I have shown at Fig. 1 the anodes 2 electri 
cally connected together and to one terminal of 
a primary winding 5 of a transformer 6. The 

15 

opposite terminal of the primary winding 5 is 
connected to a suitable source of positive poten 
tial, such as a battery 7. The cathode of the 
electric discharge tube 0 is also connected to the battery 7 at a point negative with respect 

20 

to the point of connection of the transformer 
winding 15, thereby to complete an output or 
load circuit for the discharge device 0. 
The cathode ff of the discharge device O is 

connected to be heated by current from the bat 
tery through a circuit comprising a variable 
resistor 18, a tertiary winding 19 on a transformer 
20, and the cathode , all connected in series 

25 

30 

35 

circuit relation between points of suitable poten 
tial difference on the battery f7. 
The transformer 6 is provided also with a sec 

ondary winding 2 shunted by a tuning capacitor 
2a 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 
winding 26 on the transformer 20, the opposite 
terminal of which is connected to a suitable 
Source of positive potential on the battery T. 

... The cathode 25 of the amplifier 23 is also con 

40 
nected to the battery 7 at a point more nega 
tive in potential than the point to which the 
primary winding 26 of the transformer 20 is con 
nected. The transformer winding 2 f, 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: 7 which is more negative 
in potential than the point to which the cathode 

50 

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 
ference on the battery T through a circuit in 
cluding a variable resistor 27. 
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 O may be 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, Tc. It will 
be noted 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 is applied be 
tween the anode and cathode of the discharge 
device to and the electric. discharge device-to-is. 
directed So that pulsating thermal radiant en 
ergy from a source the temperature or distance 
of Which is to be measured falls upon the "cath 
ode fl, a plate current flows having: an instan 
taneous value proportional to the instantaneous 
temperature of the cathode . The temperature 

; of the cathode if is determined by the sum of the 
heating effects of the received radiant energy and 
the electric heating circuit, Preferably, the var 
liable resistor. 8 is so adjusted that, the average 
... Cathode temperature resulting from the sum of 
"...the current heating and the radiant energy-heat 
ing falls somewhere near the point B on the curve 

s.A. of Fig. 3. Thus, as the cathode temperature 
sis-periodically increased...and decreased instan 
-taneously, by the pulsation of the received rai 
ant energy, the anode current pulsates and an 
..alternating component of current at the fre 
...quency of the radiant energy pulsation flows 
through the transformer 16. The alternating po 
tentials thus induced in the secondary winding 
2 of the transformer f6 are amplified in the 
discharge device 23 and applied to the output 
transformer 20. These amplified oscillations ap 
pear upon the secondary winding 28 of the 

... transformer 20 and are applied to the indicating 
v.or: measuring device. 29. 

For the purpose of increasing the sensitivity of 
...ny detecting, apparatus to radiated, thermionic 
...energy, I provide for regenerative feedback of 
energy from the output transformer 20 to the 

... cathode heating circuit of the...discharge device 
10. It is for this purpose that the tertiary wind 
ing 9... of the output transformer 20, is connected 

...in series: circuit relation in the heating circuit 
... for the cathode of the discharge device 0. To 
ensure regeneration, rather than degeneration, 
from the winding 9, it is only necessary to so 

: arrange the circuits that the oscillations appear 
ing across the winding 9 are in phase with the 
radiant energy pulsations received by the cath 

... ode of the discharge device O. To further en 
sure maximum response, it will be clear that the 
tuning condenser 2 a. should be adjusted so that 
the parallel resonant circuit comprising the 
transformer Winding 2 and the condenser 2 a. 
is tuned to the frequency of the received radiant 
energy pulsations. - 

* At Fig. 2, I have shown another embodiment 
of my invention in which the electric discharge 
device 0 is provided with a control grid and a 
suppressor grid between the cathode f : and each 

is of the-anodes. 2. The control grids are: electri 
i: cally connected together and are identified by the 
reference numeral. 30. The Suppressor grids are 

is also electrically connected together and are iden 
tified by the reference numeral: 3. Further 

::more, as at Fig. 1, the anodes-2 are-electrically 
; connected together and to one terminal of a 
sprimary winding 32 rof-a, transformer, 33. The 
opposite terminal of the primary winding 32 of 

y 4. & 

the transformer 33 is connected to a point of 
positive potential upon a battery 34, while the 
Cathode 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 
variable resistor 35 and the cathode'? connected 
in series circuit relation. The Suppressor grids 

106.3 are connected directly to a suitable point upon 
the battery 34 positive With respect to cathode 
potential. In order that the discharge device to 

ir may be properly biased, the control grids 30 are 
connected through a tertiary winding 36 on the 

5 transformer. 33 to a suitable point upon the bat 
tery 34 which is slightly more negative in poten 
tial than the point to Which the cathode is 
Connected. The unidirectional potential applied 
from the battery 34 to the control grids 30 

20. through the tertiary Winding 36 provides a nega 
tive bias for the discharge device O. 
The transformer 33 is provided with a second 

..ary Winding 37 having connected in parallel cir 
cuit relation thereWith a tuning capacitor 38. 

25. The secondary Winding. 3 f is connected to the 
input of an amplifying electric discharge device 
39 having an anode 40, a cathode 4, and a con 

, trol, electrode 42. The anode 40 is connected to 
one terminal of a primary Winding 43 of an out 

30 put transformer 44. The other terminal of the 
winding 43 is connected to a suitable source of 

... positive potential, such as a battery 45. The 
cathode 4f of the discharge device. 39 is con 
nected to a Suitable point of negative potential 

35 upon the battery 45, and a cathode heating cir 
cuit for the cathode 4 is connected through a 
variable resistor 46 between points of suitable 
potential difference upon the battery 45. Final 
ly, the transformer Winding 37 has one terminal 

40 connected to the control grid 42 of the amplifier 
39 and the other terminal connected to a point 
on the battery 45 which is slightly more: negative 
in potential than the point of connection to the 
cathode 4 f. The section of the battery 45 be 

45tWeen the Cathode 4 and the Connected termi 
nal of the transformer winding 37 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 
alry 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 0 is adjusted in the same manner as de 

55 scribed heretofore in connection with Fig. 1. 
Thus, when pulsating infra-red 'radiation falls 
upon the cathode , the anode current in the 
electric discharge device O varies periodically 
thereby to provide an alternating component of 

60 current in the transformer 33. The signal thus 
induced in the transformer 33 is amplified in the 
discharge device 39 and impressed upon the in 
dicating device 47 through the transformer 44. 
Simultaneously, also, an alternating potential at 

65 the frequency of the received pulses of thermionic 
energy is induced in the tertiary winding 36 of the 
transformer 33. The potential induced in theter 
tiary winding 36 is connected in series circuit re 
lation in the control grid biasing circuit for the 

70 electric discharge device-O, whereby this alter 
nating potential is superposed upon the normal 
unidirectional bias, potential of the control grid 

-30. The alternating potential on the winding 36 
'will be substantially in phase with the pulsations 

75 of thermionic energy to which the cathode f is 
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exposed, and the winding 36 is so arranged that 
the potential fed back to the discharge device O 
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 f, the tertiary Winding 36 in 
Stantaneously raises the potential of the con 
trol grid 30 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 occur 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 energy detecting ap 

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 pull 
Sating thermal radiant energy, Said cathode con 
trolling the anode current of said discharge de 
vice 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 anode 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 electron 
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 connected 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 
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to said control electrode a potential in aiding time 70 
phase relation with said pulsating radiant ener 
gy for increasing the response of said anode cur 
rent to said radiant energy. 

6 
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 
m0responsive electron emissive cathode, a source 
of negative bias potential connected in circuit 
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 variations 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 
ing through said window. 
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