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poratmn :0f Delaware
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No, 5371981,
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£¥32:320
ABlaims.

(CL:250—83:3)

“Matter enélosedl in ‘heayy ‘bratkets. 1 appears in‘the origindl patent but ‘forms:mo -part of this
.réissue specification; matter printed: in talies“indicates‘the additions made ‘by réissue

1
This invention relates to measuring- -orsndieat-
‘ing “means -arnd ‘more sspecifically “to 'means for
measuiing -or “ndicating -radigtionin-the finfra-
red“band -of “frequencies.

“There are, Of ‘course; many:instances-in wWhich -

1t is‘esirable‘to-measure the-existence or quanti-
“Yative amount: of-infra-red-redistioneitherfrom
“the-§tandpoirit-of-desiving“to-ascertdin‘the-actudl
amourit:-of-said- radiation-er-or use:as-a détector
or*locator-to-ascertain the:geopraphical locdtion
-or tposition f “the *body “from ~which
emanate. “As-an-example ¢f “tHis-may *be- crbed
‘the hedt:detectorsetforth ina: 3
‘tion “Serial No. 442672, “fited “May 11, 11042,

patentetl Fanwary 7, “1947,-as “Patent Number -

2,413,788, in the names of W.iE,:Bargeant and
"H.“B. “Hoeper, -assigrned “to =n rcommon assignee.

‘However, 'when -utilizing adeétedtorfor infra-red
rays-and -particilarly -whenithe rays-arefocussed
-or directed “upon -a - piék-up -or -sensitive :means,
stray ‘thermo~potentizls *may beintroduced “into
the ‘system ‘and make the results-ébtdined 4nac-
curate, “if not-eritirély-unusdble,‘inasmuch-as-the
quantities béing “dedlt - with «are ssmdll. "If the

source from -whith “the ‘heat 'rays -emansdte tis 4t

a substaritidl ‘distance, which 1t +wodld ibe ‘in*the
application-above referrel 'to,the actualvoltage
-generated by ‘the ‘thermopile “istminute. 7If; -at
‘thissame’time; stray raysifromssome:other souree
shoiild happen ‘to T4l uponthe:thermopile, more
current niight be:-generated “than “was attuilly
generated by the member being locdted ormeas-
nretl-antl'an erroneous-result:wouldzbe:given.

It is, herefore, an -object-of :my - inverition ito
providemeans:whereby'the éffect sf:strayithermo-
potentials “in -g Picksup diredit may tbe celimi-
nigted.

It iig -affurther <6bject of my: invenitionito pre~
vide meansifor ehopping: orittterrupting:theinei-

dent -rays vdt -a *deéfiriite +frequency 5o “that the .

€ffect ofr other sunwarnted thermo-poterttials.-gen-
erdted maythe Altered:sout.

YTt fis o861 Further :object df my-invention -to
provide-a 'synchronized ;switehforsrectifying ‘the
resultant camplified eurrertt *which .-operates -in
wyhthronism :with :the Hight :elropper to :provide
correct indication.

“With rthese -gnd sother robjedts 1dn sview which
+Wwill ‘become sapparent «as sthe sspecification pro-
‘ceetds, theembodiments:of>my inventionrare-best
uriderstoetdsby:reference fofthe following:specifi-
cation vamd ~etaims -and wthe Hustrations rin sthe
-gecompanylne drawing, in swhich the figure s
-aHloek reircutt idtagram dAllustrating ithe system
of my invefition,

.2

Referring mow ‘more specifiedlly ‘theréto,there
4s -§hown -a “heat -source 22 :which “may ‘be @y
ssource-of rays.in the infra-red band. “Spaced 4t
g, fistance ‘therefrom ‘is ra “thermopile 4 aplich
4y :gensitive “to ‘the rheat :rays -and -which may
“belocgted 'inrsome focussing mmeans, not ‘shown,
“forrconcentrating:theincident:rays:on-the ither-
mopile. The thermopile is connected by lines
Band:8ointereupter andsamplifying-means, ‘the

X0 -iriterrupter :means :comprising .a ‘movable varm

40 swhich -oscillates between “two fixed rcontadts
312 zamd - 14, contact {2 ‘being -connected “through
Hine- &s wwith one iterminal :of «a ‘transformer:pri-
i through line 20-with
15 rthe vopposite -side -of ssaid «winding. “Theline ?8
from the thermopile is connected to.a-eenter: tap
22 onwinding 18. *The:secondary 24-of ‘thestrans-
“#Former jis connected directly:ito:a vaecuum :fube
.amplifier 26:¢f cconventional form.

“20 “The omtpnt of the amplifier26+s connected:to

-a-primary 28 of -a second transformer, theisec-
randary3faf which-isreonnected throughitwolines
-32-and-38 with spaced:contacts-36-and:38:respec~
Hively:of @ second interrupter. - Theimovable inter-
26 «rupter arme-or:vibrator #40:is. connected through
dirre 42 withsa band:pass filter 44 :which is:of ‘the
dow pass type. "Thescenter-tap:86 of ‘the winding
3lis-likewiseconnected through line 48 ‘with-the
dnput-of thefitter-44. -Fhe-filter:cutput iis.con~
sy ‘nected:directlyto-a-third transformer:primary-538,
#he:secondary-52-0of which is. connscted through
dine 194 with :stationary :spaced contact !56 “and
through line 58 with assecond:spaced contact 80.
A third wvibratory -coritact 62, cooperating -with

:g5 contacts:58-and 60 is-connected through line 64

-withean indicating: device or meter:68. “The:ceriter

4ap §6-0f the secondary 52, ds likewise:connected

through line 78 «with the meter-68.  A.condenser

12 -ds-connected-across: the lines 64 .and 10 -at<the
40 -input:ofthe meter.

The -basic :operation of -this type -of :system s
substantially the same as that«discloset !in the
Sargeant -and Hoeper application:above referred
o that is,-that-as the:beam-ofinfra-red:-rays falls

.45 upoen:the -thermapile +4, the rsame will credte-a

very-small:flow-of direct:current. Assuniing:.that
-eontact 48 . for the -moment -engages -stationary
cantact 12, it will'tke-obviousithat this current will
flow -through -the lower :half of :transformer
50 primary -18. -Asssoon, however, as this wvibrdtor
armature-10 deaves:contact 12:and -engages-con~
tact 14, the -lower half - of -the :primary 18 will
heeome deenergizedbut:the upper ‘half -will now
‘berenergized. Thus:as the -vibratory member {0

55 woseillates :between the ‘two contacts «#2-and -14,
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opposite halves of the winding 18 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 10 back and forth between 12
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 39 -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 36 or 38. This armature is syn-
chronized with armature (9 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 mdlcatlons would - 3¢

be obtained.

I therefore provide a means for modulatmg 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 76. 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 5% a pulsating current whose major modu-
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 74. This switch is the oseillat-
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
thermopile and at the same time D. C. signals
unmodulated or thdse modulated at some other
frequencies are converted into A. C. and.cancel

65

69

KL

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
14 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 10 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 réesultant current back
into direct current.

I claim:

[1. In detecting means, & 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 o -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.]

I2. In detecting means, a source of rays sensi-
tive means upon which the rays are directed to
create voltage differences, means for periodically
interruoting 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 rectiﬂer to indi-
cate the outout.].

I3. In means :for detectinz the presence of
rays in the infra-red portion of the spectrum, a
source of ravs, thermonile means upon which
said ravs fall, ovague intercepting means ca-
pable of internosition between the source and

-the thermonile - means, means to . periodically

interpose the ovacue means to undulate the
cutnut of the thermonile means, filtering means
in ‘the output to pass the freauency of inter-
ception but reduce other freouencles, recti-
fying means in ‘the filter output synchronized
with the intercenting means to pass as A, C.
spurious signals from the thermopile circuit and

indicatinr means connected in turn to the recti-

fying means.J
[4. In a detecting apparatus, the combina,tion

-of a source of radiant energy, a detecting ele-

ment develonine a voltage in response to rays
from the source falling thereon, means between
the source and element for periodically inter-

rupting: the rays, an electronic amvlifier con-
nected to the element and amplifving the output

therefrom, and a rectifier receiving the output of
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the amplifierzanid:operatingiinitimed relation to
the interrupting means.to.pass as D. C. the signal
-gintroduce.d by the periodic.interruption.and to
pass as A. C. spurious signdls from the circuit of
the detecting-elementd

«[5.2Fn a~deteeting :apparatus,-the:combination
of a source of-radiantensrgysa. 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 oufput 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, which com-
prises a source of infrared rays, a nonselective
thermal detector developing voltages 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, means between the
source and the detector for periodically inter-
rupting the radiation from the source at a low
frequency, a circuit interrupter connected to the
thermal detector to periodically interrunt the
current therefrom, an amnplifier connected to the
circuit interrunter and having applied thereto
the interrupted current from the thermal detec-
tor, a second circuit interrupter synchronized
with the first, connected to the amplifier ovivut
to convert the amplified resultant voltage back
to the form of the voltage in the detector outnut,
and o rectifier connected to the second circuilt
interrupter and operating in synchronism with
the periodically interrupting means for the de-
tecting means to convert the resultant current to
direct current and to pass as A. C. spuricus sig-
nals 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 o voltage in response to
rays from the source falling thereon, means be-
tween the source and element for periodically
interrupting the rays, a circuil interrupter con-
nected to the thermal detector to periodically in-
terrupt the current therefrom, an amplifier con-
nected to the circuit interrupter and having ap-
plied thereto the interrupted current from the
thermal detector, a second circuit interrunter
synchronized with the first, connected ito the
amnlifier output to convert the amplified resulf-
ant voltage back to the form of the voltane in
the detector output, fillering means connected to
the second interrupteroutput to passthe modzlat-
ing frequencybut atitenuate other frequenciesthot
may have been introduced, and a rectifier con-
nected to the filter output and operating in timed
relation to the ray interruplting means to pass
as D. C. the signal introduced by the periodic
interruption and to pass as A. C. spuriovs sig-
nals from the circuit of the detecting element.

8. In means for detecting the presence of rays
in the infra-red nortion of the s»nectrum, a source
of rays, a detecting element develonine ¢ D. C.
voltage in response to said rays from the source
falling thereon, means between the source and
element for periodically interrupting the ravs, ¢
first current interrupier means to convert the
D. C. to o predelermined frequency A. C. con-
nectad to the output of the detecting element,
an electronic amplifier means connected to the

output of ike:Nrst hiterrupter migans, a second
current.interrupier means synchronized with. the
Jirst und connected to the output of the. electromlc
-amplifier pieans to reconvert’ the.amplified. pre-

B ;dei:ermzned ‘frequeney A. U baik to D. C., filtering

‘means .. connected “to the  second., current riter-
.upter .ofitput to pass “the modulatzng frequency
bt dttenidte other frequengie ;

“heen” dnitroduced, o rectifier ¢ nnected to the'am-
10 ‘plifier and synchronized with the periodic “in-
terrupting means to pass as D, C. desired signals
and as A. C. spurious signals from any source,
and indicaling means connected to the rectifier
output.

9. A heat ray detecting system, which com-
prises a source of infrared rays, a nonselective
thermal detector developing D. C. wvoltages in
response to radiation from the source falling
thereon and greater voltages in response to stray
20 radiation felling 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

. low frequency, a first current interrupter means

25 fo convert the D. C. fo 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, o
second current inierrupter means synchronized

30 with the first and connected to the output of
the electronic amplifier means to reconvert the
amplified predetermined frequency A. C. back to
D.C.,and a rectifierconnected to the output of the
second interrupter means and operating in syn-

35 chronism with the periodically interrupting
means for the detecting means to convert the
resultant current to direct current and to pass
as A. C. spurious signals from the circuit of the
detector.

10. 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 rays from the source falling thereon,
means between the source and element for pe-
45 riodically interrupting the rays, a first current

interrupter means to convert o D. C. to a pre-
determined frequency A. C. connected to the out-
putofthethermal detector,an electronic amplifler
means connected to the output of the first in-

50 terrupter means, a second current interrupter
means synchronized with the first and connected
to the outvut of the electronic amnlifier means
to reconvert the amplified predetermined fre-
quency A. C. back to D. C., filtering means con-

ns nected to the second interruvter outout to pass
the modulating frequency but attenvate other
frenrnencies that may have been introduced, and

a rectifier connected to the filter outout and op-

erating in timed relation to the rau interrupting
maons to nass as D. C. the sional introdyuced by

the mneriodic interruption and to vass as A. C.

spurious signals from the circuit of the detect-
ing element.
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