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The invention relates to means responsive to 
changes in the oxygen content of the blood in 
living animals and forms a continuation in part 
of my former application for patent, Serial No. 
449,489, filed July 2, 1942, which issued as Pat 
ent No. 2,41447, January 21, 1947. The in 
vention is particularly designed for use by aviators 
but is also useful in hospitals, laboratories and 
Other places. 

It is the primary object of the invention to pro 
vide means for quickly determining whether or 
not there is dangerous oxygen deficiency in the 
blood of the subject and also to produce corre 
sponding variations in an electric current which, 
if desired, may be used to automatically admin 
ister oxygen SO as to correct this deficiency. 

It is a further object to obtain indicating 
means which may be easily adjusted to compen 
sate for individual characteristics so as to give 
the same reading for all subjects having the same 
condition of blood with respect to oxygen content. 
With these objects in view the invention consists 
in the apparatus as hereinafter set forth. 

In the drawings: 
Fig. 1 is a diagram' illustrating the circuits 

for the testing apparatus; 
Fig. 2 is a longitudinal section through one of 

the testing units; and 
Fig. 3 is a side elevation of the casing contain 

ing the testing apparatus showing the indicator 
mounted thereon and signal lights. . 
As described in my earlier application, the 

blood is tested in a portion of the animal tissue 
through which it is circulated. A convenient 
point of application is the lobe or other portion of 
the ear which is thin enough for penetration by 
a light bean. The testing apparatus includes a 
light sensitive cell and a light generator together 
with means for holding the same on opposite sides 
of the tissue. The light generating bulb performs 
the additional function of moderately heating 
the tissue so as to dilate the blood capillaries 
therein and to maintain a substantially constant 
rate of blood flow therethrough. The radiation 
from the bulb may be of various Wave lengths in 
cluding those corresponding to the lower portion 
of the spectrum. When the blood in the tissue bes 
comes deficient in oxygen, this results in a 
change of color from red to blue and an increase 
in obstruction to the rays. Consequently, the light 
falling upon the light sensitive cell will be pro 
portionately decreased to produce a corresponding 
variation in the electric current generated or 
controlled by the cell, 
Airplanes travelling at high altitudes carry 
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in addition to the pilot a crew and frequently 
other passengers. If the cabin is not pressurized 
or even if it is, in case something goes Wrong all 
will be in danger of oxygen deficiency. I have 
therefore, devised an apparatus for testing all 
persons travelling on a plane and indicating the 
condition of blood of each without regard to 
variation in individual characteristics. The 
oxygen administering apparatus may be either 
automatically or manually controlled but the 
indicator will show instantaneously whether or 
not treatment is necessary. 
The system as diagrammatically represented in 

Figure 1 includes a source of D. C. electrical Cur 
rent at constant voltage, a series of light sensitive 
cells and a plurality of amplifiers for the cur 
rent alternatively controlled by said cells, one of 
which is a bridge amplifier. The gauge or indi 
cator which is preferably a milliammeter is con 
nected in the bridge circuit, one side of which is 
controlled by the light sensitive cell while the 
other side is adjustable for individual character 
istics of the user. In order that the same indica 
tor may be used for all of the cells, a multiple 
switch is provided by which the operator may 
alternatively connect the cells into the indica 
tor circuit. A series of signal lights corresponding 
to the cells are simultaneously operated by the 
switch so as to indicate the particular cell that 
is being tested at any time. . 
More in detail, A is a transformer having a pri 

mary coil A' connected with any source of A.C. 
current and a secondary coil. A for stepping up 
the voltage which leads to a rectifying tube A. 
The latter in cooperation with a choke A, tubes 
As and A, resistances A and A, and suitable cir 
cuit connections constitutes a power pack for de 
livering D. C. current at constant voltage to lines 
B and B. The voltage maintained on the line 
B is preferably --125 volts and that on line B' 
-125 volts. C, C' are light sensitive or photo 
electric cells which correspond in number to the 
number of persons on the plane, only two cells 
being illustrated. D, ID' are signal lights corre 
sponding respectively to the cells C, C' and E, E, 
E represent a multiple switch for simultaneously 
controlling the cells, signal lights and adjust 
ment means hereinafter described. Fis an an 
plifier tube. G is a bridge amplifier tube con 
taining two triodes and H is a gauge or indicator. 
The connecting circuits include a potentiometer 
I connected with the positive line B for supply 
ing current at the proper voltage through a con 
ductor I containing a resistance to the photo 
electric cells C, C. The tube F has its plate F 
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directly connected to the line B so as to be main 
tained at the same voltage. The cathode is 
connected by a conductor J to the grid C. on one 
side of the bridge amplifier tube G. A branch 
conductor J' containing 
a ground. The grid F of the tube F is alter 
natively connected with the photoelectric cells C, 
C by means of the switch E. As shown, this 
switch connects a conductor K from the photo 
electric cell C" to a conductor K' leading to the 
grid F, while a branch K containing a resist 
ance K leads to a ground. A conductor K leads. 

a resistance J leads to 

is not illustrated as it is of 

0 

from the photoelectric cell C to the switch E and . 
in one position of this switch will be connected to 
the conductor K. The signal lights D, D are 
supplied with current from a secondary col A of 
the transformer A through a conductor D and 
connectors D and D lead from the lights to the 
switch E'. The grid G on the other side of the 
bridge amplifier tube G is connected by a con 
ductor G3 with the switch E and through said 
Switch is alternatively connected through Con 
ductors G4 and G5 to potentiometers G and G, 
the latter being connected through the conduc 
tor G8 to the line B. The plates G9 and C-10 on 
the opposite sides of the bridge amplifier are Sup 
plied with voltage from the line B respectively 
through a conductor G having a resistance G. 
and a conductor G having a resistance G. 
The cathodes G-15 and Gli are connected to the 
negative line B' through a resistance G. For 
simplicity, the heating circuits for the amplifier 
tubes are omitted and the lamps with their cir 
cuits for the photoelectric cells C and C are also 
omitted. Also, the circuits are provided with 
condensers at suitable points which need not be 
described in detail. 
With the construction as thus far described, it 

will be understood that any one of the series of 
photoelectric cells may be connected to the am 
plifier tube F through the switch E and simulta 
neously the switch E' will close the circuit of the 
corresponding signal light so as to indicate which 
of the photoelectric cells is used. Also simulta 
neously the switch E will connect the corre 
sponding potentiometer G or G with the grid 
G. of the bridge amplifier G. This potentiometer 
has been previously adjusted to correspond to in 
dividual characteristics of the person whose blood 
is being tested as will now be described. 
Each of the individual testing units comprises 

a frame L preferably formed of light metal, such 
as aluminum or magnesium and being of U 
shaped form having at one end a Casing L' for 
containing the photoelectric cell. Different types 
of photoelectric cells may be used such as photo 
emissive or photoconductive. I prefer, however, 
to use a photoconductive cell such as a selenium 
cell, the controlled current of which is not sub 
ject to the rapid fluctuations characteristic of 
the photoemissive cells. The lamp which fur 
nishes the light for Operating the cell is mounted 
on the other arm of the U frame L. to be directly 
opposite an aperture L in the casing L. Sur 
rounding this lamp is a tubular, casing I exte 
riorly screw-threaded to engage an adjustable 
correspondingly threaded sleeve L. This sleeve 
is used for clamping the unit to the lobe of the 
ear of the user or to any other portion of the 
body to which it may be applied. As illustrated, 
the sleeve has been screwed against the one side 
of the ear lobe pressing the other side thereof 
against the casing L' So that the light from the 
lamp I will pass through the tissue into the 
opening I of said casing. The photoelectric ce. 
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known construction. 

However, the conductors for supplying current to 
the lamp I and for carrying the controlled cur 
rent of the cell pass through a flexible cord M, 
the other end of which leads to a plug connector 
N. The plug N is connected with one of a series 
of Sockets mounted on a casing O which contains 
the apparatus and displays the signal lights D, D' 
and the indicator gauge H. 

Operation 
In the use of the apparatus as, for instance, 

on an airplane which is to travel at high alti 
tudes, all of the occupants of the plane are pro 
vided with the testing units L, each being at 
tached to the ear as previously described. The 
units are very light and will not inconvenience 
the user while the conductor cord is of sufficient 
length and sufficiently flexible to permit the user 
to move about in the plane. Before flight the 
apparatus is adjusted to compensate for individ 
ual characteristics of each user, this being ac 
complished by adjustment of the potentiometers 
G, G. Assuming that the oxygen content of the 
blood is normal in each of the users, there will 
still be differences such as, different thickness of 
the ear which would give a different reading on 
the indicator H. However, as this indicator is in 
a bridge circuit between the plates G9 and G10 of 
the bridge amplifier tube G, the reading of the 
dial may be adjusted by a variation in the poten 
tial of the grid G. This is controlled by the in 
dividual potentiometer such as, G, which corre 
sponds to a particular photoelectric cell. Con 
Sequently, by raising or lowering the voltage of 
the grid G, the index hand of the indicator may 
be noved to the point indicating fuIl oxygen con 
tent of the blood. 
When adjustments have thus been made for 

all the passengers, some one person may be given 
the responsibility for all of the others and at fre 
quent intervals he can make tests by manipula 
tion of the Switch E which cuts in the different 
photoelectric cells. Should the indicator show 
less than the minimum safe oxygen content the 
particular individual tested should be given oxy 
gen treatment or, if desired, the administration 
of the oxygen may be automatically performed 
by the apparatus which operates the indicator. 
However, the specific construction of apparatus 
for this forms the subject matter of my former 
application and, therefore, will not be further 
described, 
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What I claim as my invention is: 
1. An apparatus for indicating variations in 

the oxygen content in the blood of a living ani 
mal comprising a source of light at constant in 
tensity, a photoconductive light sensitive cell, 
means for positioning said light source and cell 
On Opposite sides of a portion of the animal tis 
Sue in which blood is circulating whereby the 
light transmitted through said animal tissue will 
be modified by changes in the blood circulating 
through said animal tissue due to oxygen defi 
ciency, amplifying means including a bridge am 
plifier having the grid on one side thereof con 
nected to said cell to control the voltage of said 
grid by the current from said cell and means 
for adjusting the grid voltage on the other side 
of Said bridge amplifier whereby the current in 
the bridge circuit is modified to compensate for 
the characteristics of the particular animal tis 
Sue being tested, and an instrument connected 
to said bridge amplifier responsive to variations 
in the current flowing therethrough, 
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2. An apparatus for indicating variations in 

the oxygen content in the blood of a living ani 
mal comprising a source of light at constant in 
tensity, a photoconductive light sensitive cell, 
means for positioning said light source and cell 
on opposite sides of a portion of the animal tis 
sue in which blood is circulating whereby the 
light transmitted through said animal tissue will 
be modified by changes in the blood circulating 
through said animal tissue due to oxygen defi- O 
ciency, amplifying means including a bridge am 
plifier having the grid on one side thereof con 
nected to said cell to control the voltage of said 
grid by the current from said cell, means for ad 
justing the grid voltage on the other side of said 
bridge amplifier to modify the current in the 
bridge circuit so as to compensate for the chara 
acteristics of the particular animal tissue being 

2,449,482 
tested, and an indicator for the oxygen content 
of the blood connected to said bridge amplifier 
to be operated by the current of said bridge cir 
cuit. 

HARRY M, KRSCHBAUM. 
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