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P FACE 

Because of lor energies available in the infra- red the 

detectors to be used must be very sensitive. The ideal detector 

muld be one which counted each quantum of i ncident radiation. 

The most corn...mon method of detection in the intra- red is by heat 

detectors, such a.s bolometers and thermopilea .. While these in

strum.e-nt.s · ill react to very small changes in tempe ra ture their 

efficiency is low and the subsequent output voltage from a 

ther opile is in t he order ot microvolts . This , of course , may 

be varied by a llo ·11ng either .more or less radiation to 1'all on 

the junctions. It has been attempted in this wor to build an 

amplifier which 1111 amplify this small signal up to one or two 

volts. any problems interfered and not all of t hem have been 

solved .. The following paper includes the , ·ork done toward 

eliminating these problems . 
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INTRODUCTION 

In recent years mueh effort has been put forth to d ter

mine th instantaneous temperatures ot hight perature sources. 

Speotroscopio measurements have been used ·1dely for the in

vestigation of the reactions occurring in flam.es . This , ork has 

been directed toward ttle deterrttinatlon of te!!!perature by the 

proper analysis of infrared spectra. 

Ho iever, to determine the te.mperature ot the flame, the 

1 

flame must remain stationary tor extended periods or the detecting 

system must be able to measure and record t he temperature in an 

interval of time in the order ot a second . For th s work a steady, 

high temperature source 1as used in hopes that the ensuing instru

ment could be modified to give th temperature of an unsteady 

flame . 

For this source it was decided to use a tungsten filament . 

The spectrum and temperature of tungsten filaments llave been 

thoroughly investigated and hey are readily adaptable for our 

purpose , 



INFRARED IllSTRUMENTATlOM 

Intrared instrumentation has many problems to oombat .. 

aterie.ls vhich can be used for prisms, .mirrors an indo s are 

very sensitive to atmospheric conditions (such as humidity} and 
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a.re also very fiagile. Yet thes materials must be ve-ry transparent 

to infrared radiation since even the best souro s are relatively 

weak in energy in the infrared. The most effective method to date 

for detecting infrared radiation is the use o a thermal detector,, 

suoh as bolometer or a thermocouple .. The bolometer is a device 

,hioh changes in resistance when subjected to a ehange in temp

erature . The thermocouple is a device which will develop an 

electromotive for~e between junot1ons when heat is applied. This 

signal may then be fed into an amplifier and recorded by some 

means. Ho'.ever~ the sensitivity of the device is ~ery low. and 

thus the temperature change in the detector is in the order of 

10-5•c . 1 1th the te perature ehange being sos ll a potential 

of approximately one microvolt is set up in the detector . To 

amplify this lo· signal th amplifier must have a very high gain . 

This small ohange in t perature 'brings up another problem. If 

the temperature of the room in hich the instrument is located 

is not constant. this ambient temperature 11 cause e drift in 

the instrument. Because of this drift the output of the 

l ' . D. Liston. ;:r . Opt . Soc . Am. 37-. 515(A) (1947). 



tllennocouple d.cpends t1.ot cnl;y• on the intensity of tl:1e radit1tion 

to bEl' men.sured but r1lso 011 the tera.:t)e:rature ot its surTounuings,. 

However, 1:f the (lesirsd l"adie.t1011 oan he int(:rruptei an s ... e.,. 

voltage will be set up in the the:rmoeoi:iple,. This will elim.in:ste 

the efteet of anbient te1r1perat.ure imic.h only :0haJ:¥Z1es the average 

out.put of the detee·tor· •. 
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the aoo.1~ee on t.be entrfu1oe slit of the s11eotrom.etc·r; the infrared 

s_pectro11ater, wh;i.(lh is a monoet~mator and disperee.$ 'the infrarec1 

radiation by mean.a of a. i,r::tsm; a.nd .a mirror· to focttn tl1e nnr:roi;,1 

band or nearly monoo1U""om.at:tc radiat.tor1 on tl1e exit slit and the 

tht)l'f?lOOOtiple • 

Jrtlrrors es_pec1ally designe,1 to r£duee s1-,herieal and ehrr:imatio 

ebbe.ration. This makes it possible to toous the inHtrwr-ient witl1 

visible light and rur'ife it re.m.ain in focus 1n the infrared... Tl1e 

mirrors a:re, also gold surfaced to :F.(l;dtt.oe abr;o1~pt.1.on ot· the 

radiatton10 Adjuetraent of the nd.rl"'Ors is done by tl1ree so.:rews on 

the baek of the mirrors. I!owe·ve1\; the readjustllm11t o,t internal 

stresees set uu in the ehassi.f!l will r.:unwe the ir1~trument to dr1i't 
'" 

cn1t of align1iu:iint. lt was neeeasal'."y to check this per:todlcf1lly., 

The method: of alignment of the ins,trument can be found 1n data 

by independent. micromflter EHn:·e~is ilalibrated in .01 rrroi,., arld m,:ay 

be varied frorJ. O to 2 m. For optimm1 operation the entrance 



slit should he e~ett sll&htly :st, that the ·&me~gent beam v1ill be 

parallel to the exit sllt:a but thls was nrit inCOJf.P3~ted .1n th• 

1nstru..~ent. used., \lh,tA adjusting '.'these slits the op~rato.r shouUI. 

take ~are to approach the de~iN-d ~,,1dth f:t"om the eloa:(1d sid.e to 

insure {'.l"'f:mtes't ao.ettracy .• 

A m1c.rom.ete1> tHl:retv controls a · Wadsworth mount!~ which eon• 

trols the wave; length or frequeno.a that ,1111 paes through the 

exit slit,. This mounting ie $ device U:Sing a prism. iu1,1 a :plene 

mirror to obtain ooneten.t ~.ev1et1on,.. 'The mirror ia ~ gold s1~

faoed optieal :flat and rotates with r~speot to the p~!am. The 

scale atte.ehed to the screw reads: d1:reotly in morons ruid has a 

ranee fro1>1 o. 589 to 12: microns.. In ,ah()oaing the 1>riam .mat$;d.al 

the r~quil'"ements of a p:ld.sm. in the infrared m.net be obstffoo,. 

It must, be very transparent, have hish dispersion tor the wave 

lengths in the region to be stttdie:d, ht\lv-e $ lOV$ 1ndt£K ot :retra,ot1on 

to minimize l"(7fleetioA lo$ses:,, b~ ttaite>rm, unire:tr!tngent awl 

eeono:miaa1,. The mate:rlal t1aed in any case :must represent a eo:m'""' 

prondee bettf~e.n these. 

· Rocksalt. the ma.terie.l used in this instrwnent, is a 

unirt!:fri11g_ent cry et-al w1 th a wide range of tra.nmu-1Jsion - 0-.2 to. 

17 microns. Its index of refractio.n ls &eeeptable-and it oceura 

in nature in lar&e quantities. H~1eve.r, it i~ lba.:SilJ d~faoea 

end .is s:.i,gh.tl;- h;g:rotM~opio • eap~~lali.y when st.1bj e~t,ed to temp• 

eraturEl fluotuat!olnl.. It the hwddity is higher than 8~ the 

material will dissolve. With 6-0% humidity the aurtsce will be

come fogged and will not readily pasa visible lig,.~t. Bowe:ve:r,, 



fogged \Vinao" s transmit much better in the infrared than in the 

visible .. 1 

6 

The in trument has t,o baffles which are u d to limit the 

amount of so ttered light falling on the thermocoupl and thereby 

being measured by the thermocouple. 

l J . J .. , icgovarn, R. A. Friedel . J . Opt . Soc . Am. 37, 660 {1947). 
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DETECTION SYBTE 

The o t ditficul probl min any phase of infrared 

spectrometry is that of detection. This ste s Tom the fact that 

the minimum pm r detectable at 4000 A0 by a thermal detector is 

105 to 106 times higher than that detectable by many other 

devices ~mob. as a pho ·iwmultiplier. 1 Two of the oajor difficulties 

ot d6teotion ar that the thernal detector must have short 

response time and the amplifier mu.st have a wide frequ nay-band-

pass . 

In its simplest form the respons time of a t h rmooouple 

is the ti necessary for ·1t to dissipate th h add d . T.his 

time is a i'u.o.otion of both the pressure and oompoaition of the 

gas surrounding the thermooouple . 2 By using a pin- typ 

th rmoeouple and vaouat1ng it the Perkin- Elmer Company 'II :as a.bl 

to got 90% of the maximum possibl output ihen chopping the beam 

at th rate ot 10 cycles per second . However., for optimum per

:tormanoe. the response time ahou1d not exceed 30% of the duration 

of each light pu1s .3 or maximum output trom the Eppley the.rmo

pil used in this experiment the light pulse must last a t least 

l P . J. Vh atley • E. R. Vincent • D. L. Rot nberg . and 
G. R. Co an, "AF st canning Infrared Reoording Spectrometer, « 
J. Opt. Soc . Am. 41, 10 - 665 (1951) . 

2 Instruction .i1a.nutll for Infrared Spectrometer., Model 120, 
The Perk!n-E!riier bompany• Glenbrook, Conn. (1949) . · ---

3 D. F. Hornig , G. E. Hyde , and W. A. Adcock, A tio
Reoording Doubl - Beam Infrared Sp ctrophoto eter 1th Automatic 
Slit-Controln, J. Opt . Soc . Am. , 40, 8, 497 (1950}.,-. 



two seeo.nda. lt the thermopile is evaeuet~d the time ot the 

light pulse cu be :r•eduoed to 2/7 of a sec,ond. Si.nee this oan 

exceed the titr1.e of tlie. light 11ulse by 30;; it is possi hle to ehop 

the radiatic.1n fron the S(H.trce at the ra'.te ot ti.11e eyelea per 

seeona.. ttcw1:rvel:'• brdltUne an ami:,lif!er v1hleh w~n.1ld operate at 

snoh a loiv rrequ:e.ncy d.id net s~-em teas! ble ,irt this ti~ .and out' 

attention was directed· tot~?·d chopping the .output from the 

thermopil.e,, Dl!l"in& the de.sia,ning ot the a.1:i!pl:ttier the output 

t:rom the thermopile 1".r>as replaced by a. voltage clividu oireuit 

and a lJ::cy eell battery. Fro.m. this voltage divider oirouit was 

taken e. voltage in th.e order· of one microvolt. 

The 0:hopper us~ was the '\'Ff-eetern Eleetrio ratl:rOllrY oontaot. 

relay m,., 276 F. It is a .hermetically ffal:ed mercury wetted 

contact type of tVif;ii.toh. This type of awi toll i . .naureia clean CC4'1tacts 

at all times and !learly inatantaneou.il break ot oont,aot$ bath of 

whioh ere necessary to dearease nois$.. Tb.i.s switch has a permanent 

magnet bias i;;hieh pe,mi:ts tlle chopJ}Gr tn he fa,etory ~dJw:rted •. 

The switch ls oall0d a b1as,d relay when tlle .c.agn~t is adJutltt..~ 

so that the relay will :r~le:ase -w!1en the ·Olirrent thrcrusll. the 

winding 1$ eqmil to zero,. 1?-ollowing la a dia~am of t-he 276F:. 



*the instrument. haca. pol~r1zed operating ohara.oteristloa vhieh 

allows it to follow any periodic voltage applied to the i11ltdings 

of' the core within. 60 .... lOO c .. P• s.. '?he highest. rate depends 

upon the applied voltage and wa\te torm.. The amplification ot the· 

input t:ransfo:rm.er to be used was dete~d .. The st.eJ.)-upwas 

in the order of 145 and the method iised to mea$ur~ this will be 

discussed later. With this intormstion and using a heat fre

quency oscillator to d.r1ve the armature a.nd a wave analyzer to 

measure the output trom the inpnt t:rtu1sformer it was deterrdned 

that the noise level of the ohopper could be ldwe:red to below 

t·our microvolts. BJ putting the output from the chopper on the 

scope it could be seen that the output was nearly a s:qu.a:re wave 

and that the arma.ture cl-welled almost equal time 1nter-t£tls on 

each set of contaota. Below is the diagram ot the ehop1,er and 

accompanying ·components ttsad tor thee measurement-

' "· 

c aciloate ,... r 
o s.r., flue of'#I. 

!ital" 
F,-e1ue11cy 

ose., 11 ,11:•,,. 



con.aid erat.ion fat thin 

the thermo1"iliB. lfhis v,as oaleulated to \j{;J appro~atel; one 

.miorovolt using ,muiml.4"'ll deflection trom a Leeds and .Nort11.rup 

Wo... 2284 gnlvanome tEi;r. !nia rt'iU.st be Ml)lifieca tmtil it be.comEtS 

a suttieiently lerir;e volta1Je to be read. on & mete,: or to operate 

a reeording device. Sinoe no amJ)litier had. been designed to fit 

ottr exae.t purpos~. it i1a$ neoeesnry to d.esign on.e:. During the 

designing, ed.' the a1nplitier 1 t Yiir}a l'6pt irx nlittd t11~t with only 

one microvolt sigllf'tl the 1nterniil no1$e. ,9\nd pieJc_.;up must be kept 

to less than one mie~ovolt ., Choppi.ng the output :t:roru the tl:te:t'lYIO• 

pi le 1neant tall a. .. o. airJnal and, therllf'o.re an a .o,. amplifier had to 

be built. 

A voltate gain of t1p:proxS.mat:ely e million mui:lt be aeoomp.lished 

to amplifJl tl1e signal suffioiently and this would $eem to necessi

tate SE;vert1l ;Stag~& of am11litio~1tion. However, just :previ.oua to 

tbis v,,o:rk_ tlie t,heory of the starved ampli.fier was published. 

If the screen ,,olta;;g;e ot ll ;pentode is lo·r1ered below 10;i of its 

plate-supply voltflge a.nd the reaistat1ee of the pl~te load i.aereased 

lO i:1r nroro tix11es l:myoud conventional values., the a.11plif"ieation. 

i'aotor o.f tlie tube is greatly increased in spit,e :of ·€:I:. dec.rea&e 
• of its r11u1H1al t:r.nnscondu:etance .. 4 



• 

()Yl a 0 

,Au,,-- .. , 
/ \ 

I ----~\~----,r-··· I + 



nt 

b 

2 2 16 
10 16 10 2J 
20 17. 5 20 25 
50 18. 5 ;o 26 5 

100 20 100 2 
150 21. ; 150 JO 
200 22 200 31. 5 
25 2:3 300· 32. 5 

B I 

umie ,1- re 1st c 
d oonditions .. 

b l.b 

2 19 2 36 
10 29 10 51 
20 30 20 53 
;o 32 50 56 

100 34. ; 10 60 
150 37 150 ti 200 20 
250 )9 ,300 69 

·BLEII 

12 

6 6 

v. 

b 

2 i4 
10 "7 
20 70 
5 7J. 5 

100 78 
150 g4 
200 87 
JOO 89. 5 

D t t ken to d termine tual tr nsoonduc ar..e ot 6AU6 

pentode operati under ttsta.rv d eonditio • 

eb : 100 volt . 
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With· t!1e above curves it w~s possible to determine the tu.be 

c.hamct4ier1st1.cs_., 

i:utual t-,:an-seo.nduotane• tial :,) 1b I ... 
~ ,e0 eb f'ixea. 

Ft-om graJ)ht 3m :;. ))0 mio:.re:m.b.e• 

Plt1te resistaaol$ (r11} ;# ~··i! le.o flxed 

From. g:r.ephi rp • 75 ~cnma 
Voltage ar11pl1fieat1® tacto.r v,tl :: 4mr, 

Yrom contputatiol't;t ~ * 241 75'0 

13y way of Ct'ml~ison,. V:tilU$S f.o,: '*Sm". end ff";r.p" tor a 6J\'U6 

opel:"~ti~ tl.nd:e-r tntca.l coadi tions are h.000 mio~oa and o,.; 
megohm respectively._ 

It was d~(d.dett to 1me about 200 volts on the plate ot this 

ataae-. With a ple.te lo~d resistofl' in the order of 20 tn${;O-hms 

and a a esir~d plttte cn:w:rent of 20 .mi~tt.Hamperaa tllerce vJoul-d be a 

pot.ent1al, drop aoi'tl~S this l,",esistor Of' approximately 400 volts., 

This neeesaitated the oonstruetion of a 600 volt IHl>tter supplJ. 

A full wave rectifier wea built using a t:r.anst'o:rmf.tP \'iith )00 

volts on either aide ot the center tap,. ~he ol"igina_l d:e-sisn. 

cc~td.ned. a 6X5 rect1t1e:r tube tdld ·since the hiellest output 

voltage obteinab.l.e wes de&ind. a caps,eitor in.put tilter v,as 

usea.. Ro1'fever,. aa the work pro6'1!1e$$ei\,, th• input capacito::r 

b~ke down and the transto~r WQS. d.eunaged ., A ne,1 tratl.$fo•u· 

was p\U."ohasea vrl.th 900 v:olte a,.,o .• output and• ~11.th ample voltage 

available, the tilter ~1ae ~onve~ted to a choke inpttt dee:ien. 
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ftJ<l' heating all tilcme.rlts, tb.u~ r'e~ue3~.ng tlie po.::isib1lit1 of 60 

eyele piek ... up rand also r;rv·oit.:U.ng diffim1lties due to high voltagJ.as 

The powe,r supply vies fus$d e.t Z amperes in th.e input. to 

p:roteot age.inst furthe1• breaJ::-dm~n and, with the 1.npu.t tal-ten from 

a V,fi\l"iao, the povJe1.• .eupply v,as eomplete. JI'ollotdng la s di.ag:ra$ 

. . 
: 

:---:i_ . -
. 

\ 
. ·::-:y-. . 

~-·· iSo k 

m United. Transfortnel' Company u~-ll~ t.rensfo:i:•mer at t11e input. Tests 

Wei"'~ run to deteJt:11drie the gain of this transtorL1er. Bj' us.ing a 

1000 eyel(S tuning-f o:rk oseill&tor and a. ·voltage tUV.1.der ei:retd t 

act; tlia inpttt to the t~lnsformer and a Cleneral Radio 'iiiave arialyz,er 

at th$ inpnt th-e output. th~ gain v1mS: det.errdne,1 to bi& approx:

i:m.ately ll-t-5•, i:rn1a t,runsformer la V:1-ell shielded and tJ1e greater 



lt:ild$ sho'!lld be: intel"t'tQ'tmd ;µnd kept f.:ts otu:,1 .. t as 

cycle 
"" 111113 

>YI( 

//,1t-1H' 

Using the eha.raot:erl.stic OUI"'ifea th:e <>pereting })t;;l11t was 

/ J. s;,,, e.a 

/ ~ -lr----.... ,-, -:~ 

..----' ------ ' 
5- n=-=--=--=:.,. 

0,12. ._"'_f__,__--+'~ 

O,~ F ,.31, 

15 

·screen potentiel is take,n :from. a butte1~y... :fl'.11$ potential was 

taken from the eatl1orle r·esistor o:r tlle S<HJona stage in the final 

arrangement.. Tl1e plate lot1d resist.ol' in this stage was Vflried 

to determine tl1e beat value ap11ropriate ii1ith othe1" v-alue1JJ •. 

to tile· pa"'oblem of iaeRsuri.n.g the a.c. an.d «.e. voltages ao1~os:s 

thi.s l1igl1. plr:rt.e l.oatl resistor,, sir1:0;e tl1~ inte:rool :resiataneca of 



large resi.st.or 1£1tnJ rep.laeed 'by a 15 •. ; rne~.onm. 1,..esisto.l" 
I 

resistor~ 11nother problem arising was tl1ti maa$U!:'l'!tt1Gnt of the 

d .. e. l)lute veltage... ~he d.,.(h 1>esistanoe rY:f' th~ tube. operating; . 

untler starved e;ond1t1o~~i 1.n the O"l"<lG·r of tb~ res!s.ta.ne:e of 

the vacuum tube voltmeter. Therefor~ the d.o .. plate ·voltage 

oould not h~ :m.eaS,ured directly.. ~ obtaln the va.ltJ:e of this 

purte lot1.d re~iatoz- 1.;n1.btraa:te.rl fro.m. th.is B -t valtte. :Follt1td.ng 

a.re the a11proxit1at,e values obtained in tne first atage. 

:r,t = 600 V 

eb • 21{5 V 

6c :f#: •l .. J? V 

ea i 20 v 

lb '* 20 ),( .~ 

It shoald be po!ntei:L out that the value o.f eb rs~.y not be 

1uentioned di:tric1tltief1 in ebt,aining this value .. 

*lhe second ~rt.€ig~ of th~ arnplitJ.er util1;2~~s a J'lentode ope1~ ... 

atlng under typ1e~l eor1.d.itionrg. The tube is the· same ae that in 

l.6 

eleotrons · thr~ugh tlie tttb.e baae,it !lu.t bot11 tr1-e floritlng and 

ths e:apaelt.i1n<1e e,.n1pli.ne, 'i)Jere uns.at1.sfactory slnee tl1~ o.veration 

ltlll.$ very tmstabl(;y., !rb.e .~t~ge v11as then changed to .a dlreet ·C;ou.pled 
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amplitter~ Thia meant that the gr.id of the second stase trould 

be at the same 1'..igh _positive potential as the plate ot the first 

stag~. 1!o develop a bias :on this grid the e:atoode mWlt be 

raised 'tO a eo~reapondingl:y h1&h potential. Since 'th.1& potential 

w:as wt known soouratel,y and the actual plate eurr,ent eould not 

be determined betox-e the s:tage wa$ in operation it was n~loessary 

to w.l~ a variable resistor in the cathode oirouit. A second 

variablG resi,$tor· was placed !a this e1rou1t $0 tl1at the necessary 

s,ereen potential tor the tirst stage could be tapped off. With 

this volt.age variable tJ1e total gain ot the amplifier r.1a,y be 

varied widely and the cireuit can b.EJ made to, ost,lllate by in• 

creasing tbe so.re.an potential ot the first sts.g;e. 

'?l11s: introduoed e.noth-.r problem whic.h is us yet not ooi!'~eoted. 

As the line vcltag:e vari,&$1. the supply voltage f~llcws. This 

brings a.bout a ebaage in plat·e voltaae of t.he fl.rat stage and 

grid voltage ot the :EHl.llt:ond stage .. .., and• co.naequentlr, e ehange 1n 

the bias., This varies t,he gun of the second stage., The solution 

to this is the construction of a •oltage regultlted pov1er supply. 

Many measurements were maie at tld:s point to deter.mine tne 

overall gain. These ~ae\U'GUit.s showed little or no pin 1n 

tlie aecoad stage ot the em.pl1f1e:r. The reason was totul.d to be 

inverse feedback due to iu.adsquate by-passing of the cathode 

n,sistor,., 'lhis w&s corrected bf inserting a large by-.p~ss 

oapacator Jn the oath.ode ei.rotdt .of the seoond staa$~ Then the 

.gain v1as rn.Eu•ualtt'ed using only the two stages of the a;plitier. 

~s. gain proved t.o be approximately 4000. This ean be improve<i 



1rtrrottgh the use .of a voltsse regulated J1ov1er supJ>lt by at leaat 

a. factor of t•sio.. Tl1e overall gain,, ino:luding thtt of the in;put 

t.ransfOTiner:t ,vcniltl then 1,e well over the rI1.illion mt:t?'.k wtlioh i1as. 

the go:al of tine design+ 1\n accurate meaeu:rsfrient of the gain will 

be a1.tticult to ootain becau.se of the i11ability to l':::1easure smal:t 

values of i11put voltage.. Followirig is a diagram ot tbe eompleYted 

amplifier. 
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If., in t11e final analy.sisi, we are to dete.rmine relat.iva 

te1:1peratu:res:, tte 1nust have so.m.e nstendardl1· to ealib1~atE1 our 

instru.ment.. 'fo gain tl1is informat.1.01i e Leed.a & liorthrup 

galvarwmeter (22k18) and an Epply ther.mopil$ we1:1,e U$ed 111 con

junotion tdth the Gaertner intra.red speetroritetei"'.. Si.nee tl:H~ 

temJ;;e.rt:ttu.re o:t tlle ·tungsten filament ll~a been thoi•oughly 

'J.table III gives the i11f(i'.l:'matio.n ga111et1 by vax~1:1n, the 

potential on the tungsten filament aud recording tilfi, d-eflection · 

wa:s estlr1u;ited.. 1J'litl1 these llit(frJe lengths { ~ ma~> kn0t1n the temp• 

eratures in degrees Kelvin V(ere computed from V!ie.n' s dls,placement 

la.z.q., 

) E'.lfAX is the maximum wave lensth expressed in e-Gr1tin;1eters; 

T is the tempera.tu.re in degrea.s irelvi.n.... '1'!11s lt1w aseu.me;il) black 

body radiation anc1i tJ1.,e tunG,aten fila.ment,. a;ltllon:gl1 not $ true 

U.sl11g t.he estl.m.ated values of the m.ex11i1wu ,vave lengths 

the cot1Jn1tec1 values of the oor1"espondtng temp-ero:tures !able IV 
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In order to construct a curve from bich the temperature of 

any steady flame can be obtained it is necessary to plot 

deflection of the galvanometer against emperattll" of the tungsten 

filament. It in hoped that at a lat r date a correlation be-

t: en the defl€ction of the galvanom.eter and the output voltage 

ot the amplif 1er can be obtained ., The values tor Table V and 

Graph V iere taken from Graph III keeping the iave length 

constant at 1. 65 microns. 

It should be pointed out here that althougn t 1e tungsten 

flam nt 1a enclosed in ass. vhich does not p ss readily 

infrared radiation b yond 3_.,... , this did not interfere th the 

experiment slnee tne ma· imwn en rgy output of th tungsten 

filament occurs belo ))" ihere absorption is negligible . 

Duri th cours of the experi ent it , as discovered that the 

leads from the thermopile ·to the galvanometer must be interv:ound 

to r'6duee the piok•UP from the earth ' s magnetie field to a 

minimum. 

Both the entrance and exit slit idths were varied to 

determine the desired id ths for thi.s v ork. The sl.i ts must be 

ride enough to allo auttiei.ent ,mer"' to fall on the therm .. 

opile to produce a readable kiek to the galvan.om.eter . y,et the 



slits m.ust be narro,, enough to allow sufflcient resolution of 

the wave lengths.-. The data and graphs f'OllJ.Wiint"t show the de• 

fleetion or the galvanometer against the v,ave length, the 

relative change in the peak deflection with respect to e.na.nge 

in voltage., and tbe rele.tive temperata1~e of the: tilame.n.t with 

respect to deflection of the g,alvanometer,. 
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D t taken to et 
of tungat tila ents . 

'\lit 

,a v - 0 
. ngth 

(microns (in ' ) 

.s 5. 5 1 

. 9 10 l.2. 5 
1 . 0 15. 5 20 

. 1 22 27 

.. 2 29. 5 35.5 

. 3 37. ; 44 

. 4 43. 5 51 

. 5 49. 5 58. 5 

. 6 5) 62 

. ? ;5 65 
. s 51.-5 6:) 
.9 53 61 

2 .. 0 50 59 
l 46. S 55 

. 2 42 .. 5 51 

. ) 37.5 46 
•4 )) 39 .s 27 J0. 5 
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TlDL III 

n ~~feet of vol g o pe intenait 

ddths • O. 0mm. 

l01f5 l) 16. 5 
19 2) 26 
26. 5 32 .. 5 38 
:,5 . 5 4) .-S 49 
45 . 5 55 62. 5 ,s 65 71._5 
64 74. ; 84 
71.5 2 S 95 106 119 
77 gg 100 5 11) 126 
1e., 89,.5 102 ll3 126 
76 e1. ; 98 . ; 110 121 
72. ; 84 93 
68. ; 77 85 
6J 71 0 
;s 65 7) 5 
;1. 5 58,. 5 65.5 
44. 5 ;o 56 
)6. ; 41 46 

TB. IV 

Data computed to det r net p-rature ot tllll6st n til m nt 
at penk int noity. 

i================;=:=--i T volt 

70 
80 
90 

100 
110 
120 
130 

~( crons) 

1. 70 
l 69 
1. 68 
1. 66 
1. 65 
1. 64 
1. 63 

{ OK) 

l.705 
1714 
1723 
174; 
1756 
1765 
1775 
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TABLE V 

Data taken from calculation of temperatures and oorresponding 
deflection of the galvanometer at 1 . 65 micronn for t hose temp
ratures. 

T d 
(o K} ( in mm. ) 

·70 4. . 
1714 64.5 
1723 1t 
1745 89 
1756 102 
17 5 113 . 5 
1775 126 .. 5 
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OONCI.USION 

. The problem. in this work -r1as to build a l'1i8b, gain ampl1.fie.r 

which would amplify a d .. e. signal in the o:rcler ot a nicrovolt., 

The methods of testing and constraation are ou.tl;b.ued in this 

paper. Mot all ot the problems have been ansviered but the 
• I 

author feels t:hat by the use of a voltag;e r&&ulat:ed pmver 

supply, more retitlem.ents ,in. the chopper ;st.tppfy aystem., and 

keepin& all exte:rnal leads as short as pn.ss:tbie .the uplifter 

may be made to tunp.liff a one microvolt input w1 toout noise 

cutting out tl1e deair,ed signal •. 
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