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SUMMARY

The development of an Anoxie Werning System, Lesed oi. photo-
metric informestion obtained by trensilluminsting, or reflect-
ing light from, the subject and using this informotion elec~
troriically hss been undertaken.

An Englneering Model of the electronic system has been com-
pleted.

Efforts up to June 30, 1953 to develop & pickup system sulted
tS service condiftions failed becsuse of the inadequacy of aveil-
able photo-cells., More recent efforts have been concentyated
on the study of Cedmium Sulfide cells to produce & satisf. :tory
pickup. Besed on the results using these cells, the decision
was msde not to undertake a herd tube development progrem 8s

origlnaliy proposed, snd to continue work with theuse cells.



1. Introduction

1.1 The objeective of this controct 1s to develop en snoxis
werning system, boscd on photometric cxaminetion of the bdblood
of the user. This warning aystom is %to bo suitoble for use in
aircraft by flying perscnncl with e minimum of attention snd e
moximum of rellability, ziving o maximum of time between detect-
able onse¢t of anoxie and loss cf consciousness.

1.2 Thu problems presented by the sbove contract objoctives

are:

1.2.1 To determine the best system for field use utilizing
relioble principles which will form the bssis for the construce
tion of such & device,

1.2.2 To devclop, first using normol components, electronic cir-
cuits to instrument the system choseu, ilaving demenstrated the
practicality of the system, to develop 8 sub-miniaturc syatem
suitable for eirborne use, using os far as practicablec techniques
end componcnts suitsble for monufccture of the device in large
quantitios.

1.2.3 To inveetigate the plck-up system osnd componcnts for use
in this pert of the devico ond to develop 8 pickeup hesd to be

used with the above systom,

2. System Progress

2.1 A detoiled explanstion of the system under development, with
an snalysis of the principles involved, wes presentecd in the
June 1952 Semiznnnal Report on this contract. (reforence 5.1)

A review of verious possiblc systems togoether with notes on
their complexity ond suitobility to service conditions 1is given

in the June 1953 Semionnual Report, {refcrencc 5.3)
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2.2 Development effort was dividod between the two mejor pro-

blems outlined in 1.2.2 &nd 1.2.3.

T - s

with the sucoeesaful con-
clusica of tho olectronic circuitry being schieved prior to
the Somlannuel Report of 5 Jeanuary, 1953 (rofercnce 5.2). A
full des~ription of the Elcctronic Unit is to be found in that
roport.

Aftor Jonuery 1052 some imnroved components becamc oveilable,
allovwing for some improvcments in circuitry for this unit,
wvhich ore deseribed in detoail in section 3 of rofsrcence S.3.
2.3 Devélopmont of o pick-up device hes progressed through
various stages. Recferonce 5.3 shows 8 reflection unit, gives
reosults using Sclenium cclis, discusscs © method for drift com-
pcnsation, and prosonts dats on the use of vecuum phcto-cclls
in the pickup. Refercnce 5.3 concludes with 8 rccommendstion
thet efforts bc direcctod tosards the development of 8 sube
ministure vacuum photo-electric cell.

2.4 Just bcforc cmbarking on the vecuum photo-clectric cell,
Cedmium Sulfide cclls becamc avalleble for test. Thesc cells
showcd so much promise that the hsrd tubc devclopment was not
andcrteken and further work hes bcon concentrated on the
Cadmium Sulfidc Celis. Scction 3 bolow glves dats on the
Cadmium Sulfide colls, including thc reescns for -he docision
to work with theso cells.,

3. Cadmiurm 3ulfidc Cells

3.1 Reasons for decision to work with CA8 cells

Aftor reccipt of oxtonsion of this contract in October 1953
the first part of tho work (referencec 5.3) consisted of ob-
taining CAd8 cells from the Devid Sernoff Research Lsboratorics
of RCA &nc investigasting es corefully and es quickly &s pos-
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slble the choracteristics of these cells for oximetry use.
The first schedule included the followings

(1) A time limit wes set for cuciding whather or not
these CdS cclls are suiteblao,

(2) 1f they showed definite promise of being setis-
factory, the hard tube dovelopment would not be
undertaken.

(3) If they were unsstisfactory, the herd tube develop-
ment progrem would be undertaken.

Tests made up to December 15, 1353 showed thet the CAS cells
showed definite promise of proving successful in the oximeter
apnlicetion; this promisc of success, coupled with the facts

thet the herd tube development would not produce any ussble
models for at least threc mcnths end would not produce o

device as conveniont in size as the €4S cclls, led to the
decision to work with Cd4S8S cells.

The decision to usc the CdAS cells was Loscd on the followilng
characteristics of the cells:

1. The size foctor 1® cxcellent; the pre-production cell uset
consists of 8 smell erystel mounted on a glass base snd
covaored with o protecetive plsstic. The crystol 1s
connected electricolly to leads through the base.

See Filgure 1l-A

2. Temperoture sffoucts src much lcss thon those of selenium
cells., For sclenium, temporotare efifovcts ore grester
then o 20% snoxie signrl; for CdS, tempersture effucts

are less than o 5§ snoxis signal,
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3. Soensitivity cf tho culls tc anoxis 1is grustor theon
tnot of solonium culls, Selenium cells change by
2% while CAS cclls chonge by 8% for 104 onoxis,

b, The ce¢lls seem to be truc photoconductive resistors

with 1littic or no harricyr £t the centachts. Their

roaoin

i+

zn2e voriod ot most by 104 from tha corroct

value fer veolteges of +20, +2.0, +0.2, -0.,2, -2.,0,

-20 volts.
2.2 CdS Cell Scnsitivity
Once theo decision woas medce to usc £dS cells, thc ncxt pert of
the work was concentroted on obtsining more colls from RCA
and moking tusts to determinc more completcely thelr choracter-
istics 1n order to be oble to ectteck the problems of thelr
cpplication better. Spcetrel tests were mode on the ccells to
pcrmit selection of cg¢lls with nigher scnsitivity in the higher
spectrel reglons of interest. Figure 1 shows an absolute sen-
sitivity curve., It should be noted that the important cherccee
teristic of & coll 1s not 1ts sbsoclute scnsitivity tc light
but it rcletivc scnsitivity to light. One cell cen bc lower
in rccilstonce thon snother ccll (higher ebsolute sensitivity),
but hove o smallor pcrcentcge chenge of resistance with e
chonge in light intensity (lower rolstive sonsitivity); for
this opplication, largo ruletive scnsitivity 1s desired.
Prom Figurc 1 1t can be scon thot the cbsolute scnsitivity
is down rather low in the uppcr cnd of the rcglon uscd
(850-900 m/u); the intcresting point is thot the relative
scnsitivity 1s still lorge cnough to . .ve usoblo scnsitivity

to anoxio and bloocd volume ¢ffoects.
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Figuroc @ givcs dete on relative sensitivity.

Tests of tho culls showed wideu varistlon of rosistence and
spoctrol sensitivity. Tho cclls having very high resistance
or very low sonsitivity in thc 600-350 @}Arcgion wore not sat-
isfactory for thc oximctcr opplicoticn. (33x out of 13 cells
were suitoble)
3.3 Prousent status of oximoter

Figurcs on an oximeter using two of thc sclectoed colls are
useful in discussipg the prcsent status of the oximcter sand
the work rcmsining to bo dons.

The oxperimental circult is gilvun below with ccll 1027 covered
by & single laycr of Wratton 29F (rcd) ond cell 1028 covored
by ¢ singlc layer of Wretton 88A (infrarcd)

g Cell
5 i
| S
Ry l
g
: @ - l>.a Cell =
| = > V2 InnQ

Ry ond Rp arc CdS cclls
o, = R (c3 Rp - coPy)
R (Rj + R,) + Ry Ro

If c¢o 18 fed dircctly 1nto thc grid of o tube, R 1is largo

compored to R aond ®- onAd
compirea to Ky ond Hg ong

o _ 0y Ry - cx Ry
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With ¢y = 8 volts rms, the following ¢, 's orc obtoinecd (poesk
to pook valucs)

NUlleseeecocesecscosscssncnssosessscs +0l5 volls

B8lood wolumc + temperature chongus... .300 volts

10% anoxia.....0..".00.......0‘...00 0600 VOJ.tS

. % Cheng. of Resistsnce

Ccll 1027-Red Cell 1028-Infrarcd Effect 8ignal
a3 4 6 TUmpGrature 1.3
4+ Rlood volumc
8.5 3.0 104 Anoxin 55

The whitc light resistance of ccll 1UZ7 wes epproximatcly
twice that of ccll 1028; Behind the c¢or and with thoir rospec-
tive filters (1027 rcd ond 1023 infrarcd), the resistance of
ccll 1028 was approximstuly twice thot of ccll 1027 {2 megohms
for 1027 red and 4 mcgohms for 102€ infrorcd). A Mazdo &7
lamp was uscd for illumination.

The deflection for these cclls caused by changes in blood
volumo was not in the semc dircction as the enoxis deflection,
In snoxia, the red cell resistance inerceses more than the
infrercd cecll rosistoncce; temperature snd inercascd blood
volume csuse the infrored ccell rcesistance %o incroeosc moro
than the red coll resistances This differcnece in dircetion

of snoxis and blood volumc change deficctions is fortunate

sinc¢ o chengo in cither red cell scnsitivity or infrered cell

the onoxiz dcflcetion. Incrcasing the scnsitivity of the red
ccll wilil increvase the snoxis offoct Adircectly. Dcerceosing
the sensitivity of the infraored cell will doervose the anexic
effoect on the infrorcd coll; which will also incrcaoso the

S



overall snoxis ¢ffect,

It should be noted that vhorcoes ccll 1028 bechind the vor ond
the infrared filter is more sensitive to blood volume changes
then 1s cell 1027 behind the cer ond tho red filter, cell 1028

is less scnsitive thon ccll 1027 to smeil chenges of white

3.4 Gonersl Charoctoristics of CdS cells

1, Thorc 18 no contoct barricer,

2., Do C. resistance change is smell as direction of
curront 1is rcverscd.

3. Resistance scoms t¢ change only slightly as voltage
levcl changos.s

4, Therc is no noticusble saturation effect with high
light intensity.

5. Tempersturc scnsitivity is vory low (.25%/°c)

4., Work Rcmoining
4,1 Work will bc donc on cquelizing the blood volumc sensi.
tivitiocs of the two cells,
(2) One sppresch will be to find out if therc is cny
changc of sensitivity with light intensity. If
such 0 chonge of scnsitivity exists, there can be

an accuratc sutometic bslancing of blood volume

effocts.,
(b) Another spprosch i1s to substitutec f{R,) for R, 1in
the oxpression Co = 21 Bp = 9p Ry giving
Rl + R2 :
o = 01 T(R2). - 0 Ry
Ry + ¢ (Ra)



If R2 is thce infrarcd resistenco which is more
sensitive to blood volume changes, f(R,) con be
sorics and porellcl combinetions of rcsistors with
R, which will meke £(Rn) 1loss sonsitivo.
4.2 An invcstigstion will ©c made of thc procticadbility of
using neirow teand seconé ordor interferenco filters instead
of high-pass Wratten filtery,
4,3 Work wiil be donc on trylng to get o rcflection unit,
4.4 Iuformotion will be scught on light sources which will
producc lignt ‘r» the region 600-850 ma.ra0re efficlently then
the Mozds 47 Lampe.
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