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UNITED STATES PATENT OFFICE 
23,295 

TMFODULATEB, HEATRAY DETECTOR 
taxi. saliston, Barien, Conn, gassignor to Gen 
geral:Motors Corporation, Detroit, Mich., a cor 
iporations of Delaware 

OriginatNo.-2:442,298, dated May 25, 1948, Serial 
'No. 537;961 filed May 29, 1944. Application for 
reissue 3ffet SDecember 0, 31949, Serial No. 

(C1.250-83.3) 
Matter enclosed in heavy brackets II appears in the original patent but forms no part of this 

reissue specification; matterprinted initalics indicates the additions made by reissue 

it:32:320 
i5:flaims. 

1. 
This invention relates to measuring or indicat 

'ing means and more specifically to means for 
measuring or indicating tradiation in the infra 
redband of frequencies. 
“There are, of course, many instances in which 

it is desirable to measure: the existence or quanti 
tative amount of infra-red-ratiation either from the standpoint-of-desiring to ascertain the actual 
'amourit: of said raciationer for use as a tietector 
or locator to ascertain the geographical location 
or position of the body from which the rays 
emanate. As an example of this? may be cited 
the heatetetector'setiforthiina copeneting applica 
tion Serial No. 442572, 'filed May 11, 1942, 
patented January 7, 1947, as Patent Number 
2,413,788, in the names of W. E. Sargeant and 
H. B. Hoeper, assigned to a common assignee. 
However, when utilizing aidetectoriiforšinifra ared 
rays and particularly when the "rays are focussed 
'or directed upon: a pieks up or sensitive 4-means, 
stray thermo-potenitials may beintroduced into 
the system and make the results-obtained inac 
curate, if not entirely unusable, inasmuch as the 
quantities; being tdealt - with are “small. If the 
source from which the heat rays emanate is at 
a substanitial distance,":which it would be in the 
application above referred"to, the actual voltage 
"generated by the thermopile is minute. If, at 
this same time, stray rays from some other source 
should happen to fall upon the thermopile, more 
current night be ... generated 'than was actually 
generated by the member being located or meas 
uretaritil" an erroneous results wouitsbe given. 

It is, therefore, an object of my inveritionito 
provide means whereby the effect of strayithermo 
pdtertials in a pick-up circuit may age elimi 
nated. 

'It is a further 6bject dif my: invention to pro 
vide means for 'chopping oririterrupting the inci 
dent rays; at a definite frequency iso that the 
effect of other unwanted thermo-potentials-gen 
erated may be filtered out. 

It is a Still further object of my invention to 
provide a synchronized switchfforrectifying the 
resultant amplified current :which operates in , 
Synchronism' with the light:chopper to provide 
correct indication. 

With these and other robjects in view which 
will become apparent 'as (the specification pro 
ceeds, the embodiments:of my inventionare best 
understood by reference to 5the followings specif 
cation and 3:elains arid "the siliustrations in the 
raccompanying drawing, in which the figure is 
'a'bloek tcircutt diagram illustrating 'the system 
Sf fryinvestion 
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Referring now more specifically thereto, there 

'is shown sia heat source. 2 which may be sary 
*Source of rays. in the infra-red band. Spaced at 
sa.fdistance therefrom is a thermopile 34 ; which 
is sensitive to the heat rays sand which may 
belocated in some focussing means, not shown, 
for 'concentrating:the incident-raysson: the 5ther 
mopile. The thermopile is connected by lines 
$5:and;8&to interrupter and amplifying means, the 
interrupter means comprising a movable arm 
to :which oscillates between two fixed contacts 
3f2 :and fit, contact .2 being connected through 
line's with one terminal of a transformer pri 
"mary: 8 and the contactif4 through line:20 with 
'the opposite side-of said winding. The line 8 
from the thermopile is connected to-a:center: tap 
22 on winding f8. The secondary 24 of the trans 
sformer is connected directly to a vacuum tube 
samplifier 26 of conventional form. 
The output of the samplifier 26 is connected to 

-a primary 28 of a second transformer, the sec 
£ondary;3. Of which is connected through two lines 
a32;and 3.8with spaced contacts 36 and 38 respec 
itively: Ofa second interrupter. Theirovable inter 
'rupter armitor vibrator 40 is connected through 
line-42 with:a band: pass filter 4, which is of the 
slow pass type. The:centertap;46 of the "winding 
39;is likewise-connected through line. 48 with the 
input of the "filter A4. The filter: output is con 
inected directly to a third transformer primary:59, 
the Secondary:52 of which is connected through 
:line 53 with stationary spaced contact 56 and 
ithrough line 58 with a second spaced contact 60. 
iA third Vibratory contact. :62, cooperating with 
contactS:58: and 60 is connected through line 64 
swith an indicating device or meter: 68. The center 
tap 665 of the secondary 52, is likewise connected 
"throughline 70 with the meter 268. A condenser 
2 is: connected across the lines".63 and 70 at the 

inputy of theraeter. 
The basic (operation of this type of system is 

Substantially the same as that disclosed in the 
Sargeant and Hoeper capplication above referred 
to that is, that, as they beam' of infra-red-rays falls 
stpon the thermopile 4, the same will create sa, 
very smallflow of direct: current. Assuring that 
teentact it; for the moment engages stationary 
contact. 2, it Willike obvious that this current will 
flow through the lower half of transformer 
primary st8. As soon, however, as this vibrator 
armatures, leaves contact 2; and engages con 
itact k4, the lower half of the primary 3 will 
the come tieenergized but the upper half will now 
be:-energized. Thras: as the vibratory member 0 

'65 oscillates between the two contacts f2 and 4, 
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opposite halves of the winding 8 will be energized. 
This induces an alternating current in the Sec 
ondary winding 24 of the transformer of a fre 
quency dependent upon the speed of movement 
of the armature O back and forth between 2 
and 4. 
This alternating current is then amplified by 

a conventional thermionic tube amplifier 26 and 
the output thereon is applied to the primary 28 
and induces in the secondary 30 of this second 
transformer voltage. However, in this output 
circuit a similar vibrating or oscillating arma 
ture 40 is provided which contacts either sta 
tionary contact 35 or 38. This armature is syn 
chronized with armature ) and contacts its re 
spective stationary contacts at exactly the same 
time. Thus, though current is induced in the 
complete secondary winding 30, only one-half of 
the winding is connected in the output circuit at 
a time and therefore the current is rectified back 
to direct current by this method and applied to 
indicating means or as in this case to the band 
pass filter. In this manner through the two 
Synchronized breakers and the amplifier Small 
direct currents are amplified to usable ones. The 
output of the band pass filter would then conven 
tionally be applied to some indicating device or 
meter. . 

It will be obvious that if some stray rays come 
into the thermopile from some other object nearer 
'than the one which is being located or measured, 
they would entirely upset the operation and give 
erroneous readings. Likewise, if some error crept 
into the operation of the thermopile through stray 
currents, additional erroneous indications would 3: 
be obtained. 

I therefore provide a means for modulating or 
interrupting the beam of light rays which are 
then detected and amplified as just described, 
filtering to remove all but the power of the 
chopping frequency and at a later point synchro 
nously switching the result of the amplification 
and filtering to provide an amplified direct cur 
rent attributable only to the desired infra-red 
Source. That is obtained by rotating a ray 
chopper or intercepter 74 so that it periodically 
interrupts the flow of infra-red rays from the 
Source to the thermopile once per revolution. 
This chopper 74 may be mounted upon any suit 
able rotating shaft T6. Thus the incoming rays 
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will now have a modulating frequency dependent 
upon the R. P. M. of the light chopper. This is 
preferably relatively slow. When, therefore, a 
pulsating direct current is obtained in lines 42 
and 48 after being amplified by the amplifier 26, 
the band pass filter 44 is so designed as to reduce 
the amplitude of the components of frequency 
other than those which have been generated by 
the light chopper. We then obtain at the trans 
former 59 a pulsating current whose major modul 
lating frequency depends upon the speed of rota 
tion of the chopper. 

In order to reduce this to a direct current which 
may be read upon the indicating meter, a further 
rectifying Switch is provided synchronized with 
the light chopper T4. This switch is the oscillat 
ing arm 62 which cooperates with the stationary 
contacts 56 and 60. By this action, therefore, the 
current is again converted to a direct current and 
a conventional ammeter will read the amount 
thereof to provide a direct indication of the 
strength of the infra-red rays impinging upon the 
thernopile and at the same time D.C. signals 
unmodulated or those modulated at some other 
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4 
out at a direct current indicator; also, A. C. 
signals of other frequencies passed by the 
synchronous rectifier likewise cancel out. 

It will be obvious that there are two sets of 
synchronized means, the first set is the chopper 
T4 and the vibrating armature 62 which provide 
and rectify the slow undulating pulse which al 
lows other frequencies to be filtered out and the 
second set comprising vibrator armatures 0 and 
40 synchronized together to create a higher fre 
quency solely for the purpose of amplifying the 
relatively weak currents flowing and which are 
rectified before the amplified current is applied 
to the filter. 

It will be apparent that I have provided means 
for undulating an incoming ray to enable filter 
ing out of unwanted thermo-potentials due to 
other stray effects and synchronized means 
therewith to convert the resultant current back 
into direct current, 

I claim: . . . 
1. In detecting means, a source of rays, sensi 

tive means upon which the rays are directed to 
create voltage differences, means for periodically 
interrupting the incident rays interposed be 
tween the source and the sensitive means to 
modulate the voltage of the sensitive means at 
the frequency, of interruption, filtering means 
connected . to the sensitive means to pass the 
modulating frequency but reduce other frequen 
cies that may have been introduced and rectify 
ing means synchronized with the interrupting 
means connected to the filter to convert the 
resultant current to direct current and to pass 
as A.C. spurious signals from the circuit of the 
sensitive means. 

2. In detecting means, a source of rays, sensi 
tive means upon which the rays are directed to 
create voltage differences, means for periodically 
interrupting the incident rays interposed be 
tween the source and the sensitive means to mod 
ulate the voltage of the sensitive means at the fre 
quency of interruption, filtering means connected 
to the sensitive means to pass the modulating 
frequency but reduce other frequencies that may 
have been introduced, rectifying means synchro 
nized with the interrupting means connected to 
the filter to convert the resultant current to 
direct current and to pass as A. C. spurious signals 
from the circuit of the sensitive means and indi 
cating means connected to the rectifier to indi 
cate the output. . . . . 

3. In means for detecting the presence of 
rays in the infra-red portion of the spectrum, a 
Source of ravs, thermonile means upon which 
said ravs fall, oraque intercepting means ca 
pable of internosition between the source and 

...the thermopile means, means to periodically 
interpose the opaque means to undulate the 
outnut of the thermopile means, filtering means 
in the output to pass the frequency of inter 
ception but reduce other frequencies, recti 
fying means in the filter output synchronized 
with the intercepting means to pass as A. C. 
spurious signals from the thermople circuit and 
indicating matans connected in turn to the recti 
fying means. . . . . 

4. In a detecting apparatus, the combination 
-of a source of radiant energy, a detecting ele 
ment developing a voltage in response to rays 
from the source falling thereon, means between 
the source and element for periodically inter 
Irupting the rays, an electronic amplifier cons 
nected to the element and amplifying the output 

frequencies are converted into A. C. and cance is therefrom, and a rectifier receiving the output of 
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the amplifiercanid operatings initimed relation to 
the interrupting means to pass as D. C. the signal 
introduced by the periodic interruption and to 
pass as A. C. spurious signals from the circuit of 
the detecting-relement: Y 

5. En a detecting apparatus, the combiaation 
of a source of radiant energy; a detecting element 
developing a voltage in response to rays from 
the source falling thereon, means between the 
source and element for periodically interrupting 
the rays, an electronic amplifier connected to the 
element and amplifying the output therefrom, 
and contactor rectifying means receiving the 
output of the amplifier and operating in timed 
relation to the interrupting means to pass as D. C. 
the signal introduced by the periodic interrup 
tion and to pass as A. C. Spurious signals from the 
circuit of the detecting element. 

6. A heat ray detecting system, Dhich com 
prises a source of infrared rays, a nonselective 
thernal detector developing joltages in response 
to radiation from the source falling thereon and 
greater voltages in response to stray radiation. 
falling thereon, and Stray thermo-potentials in 
troduced into the System, medins betteen the 
source and the detector for periodically inter 
rupting the radiation from the source at a long) 
frequency, a circuit interrupter connected to the 
thermal detector to periodically interritpt the 
current therefron, an amplifier connected to the 
circuit interrupter and having applied thereto 
the interrupted current from the thernal detec 
tor, a second circuit interrupter sunofaroniaed 
with the first, connected to the amplifier oftnut 
to consert the amplified resultant voltage back 
to the form of the politage in the detector outgoit, 
and a rectifier connected to the Second Circuit 
interripter and operating in synchronis, Uith 
the periodically interritpting means for the de 
tecting means to convert the resultant current to 
direct current and to pass as A. C. Spuriots sig 
nails from the circuit of the detector. 

7. In a detecting apparatus, the combination. 
of a source of radiant energy, a thermal detect 
ing element developing a Joltage in response to 
rays from the Soltree falling thereon, neans be 
tween the source and element for periodically 
interrupting the rays, a circuit interrupter con 
nected to the thermal detector to periodically in 
terrupt the current therefrom, an amplifier con- i 
nected to the circuit interrupter and having ap 
plied thereto the interrupted current from the 
thermal detector, a second circuit interriter 
synchroniaed. Eith the first, connected to the 
anglifier output to convert the amplified result. : 
at oltage back to the form of the oltage in 
the detector output, filtering means connected to 
the second interrupfer output to pass the modatlat 
ing frequency but attentate other frequencies that 
may have been introdalced, and a rectifier con 
nected to the filter output and operating in tied 
relation to the ray interrupting means to pass 
as D. C. the signal introduced by the periodic 
interruption and to pass as A. C. Surious sig 
nails from the circuit of the detecting element. 

8. In means for detecting the presence of rays 
in the infra-red nortion of the Sectrin, a sour?e 
of rays, a detecting element deedoing a D. C. 
voltage in response to said rays from the source 
falling thereon, means between the source and 
element for periodically interritpting the rays, a 
first current interripter means to convert the 
D. C. to a predetermined frequency A. C. con 
nected to the output of the detecting element, 
an electronic amplifier means connected to the 
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output of the first terrupter: inteers, a second 
current interrupter means synchroniaed with the 
first and connected to the oitput of the electronic 
amplifier means to reconvert the amplified pre 
determined frequency A.C. back to D. C., filtering 
means, connected to the second, current inter .rupter ovitput to pass the modulating frequency 
bit attenuate other frequencies that may have 
been introduced, a rectifierconnected to the am 
filifier and synchroniaed with the periodic 'in 
terrupting means to pass as D. C. desired signals 
and as A. C. Spurious signals from any source, 
and indicating means connected to the rectifier 
output. 

9. A heat ray detecting system, which com 
prises a SOiL rce of infrared roys, a non-Selectile 
thermal detector developing D. C. voltages in 
response to radiation from the source falling 
thereon and greater voltages in response to stray 
radiation falling thereon and stray thermo-po 
tentials introduced into the system, means be 
tween the source and the detector for periodically 
interrupting the radiation from the source at a 
loud frequency, a first current interrupter means 
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to convert the D. C. to a predetermined frequency 
A. C. connected to the output of the thermal de 
tector, an electronic amplifier means connected 
to the output of the first interrupter means, a 
second current interrupter means synchronieed 
with the first and connected to the output of 
the electronic amplifier means to recomert the 
aminlified predetermined frequency A. C. back to 
D.C., and a rectifierconnected to the output of the 
second interrupter means and operating in syn 
chronism with the periodically interrupting 
nects for the detecting means to convert the 
restlitant current to direct current and to pass 
as A. C. spurious signals from the circuit of the 
detector. 

f0. In a detecting apparatus, the combina 
tion of a source of radiant energy, a thermal de 
tecting element developing a D. C. voltage in re 
sponse to rais from the source falling thereon, 
means betateen the source and element for pe 
riodically interrupting the rays, a first current 
interrupter means to convert a D. C. to a pre 
determined frequency A. C. connected to the out 
put of the thermal detector, an electronic amplifier 
means connected to the output of the first in 
terripter means, a second current interrupter 
means synchroniaed with the first and connected 
to the output of the electronic anaplifier means 
to reconvert the amplified predetermined fre 
gatency A. C. back to D. C., filtering means con 
nected to the second interrupter ontout to pass 
the norillatino freq1tency bit attertate other 
freatencies that may have heen introduced, and 
a rectifier cnnnected to the filter outnut and op 
eratino in timed relation to the ran interrupting 
means to nass as D. C. the sirinal introduced by 
the periodic interruption and to pass as A. C. 
spirious signals from the circuit of the detect 
ing element. 

MAX D. LISTON. 
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