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United States Patent Office 
1. 

3,089,482 
APPARATUS FOR CONTROLLING THE WOLUME 
OFAR AND THE DESTREBUTION OF BLOOD EN 
THE BODY 

Relibera Fianagan Gray, Levittown, Pa., assigaior to the 
United States of America as represented by the Secre tary of the Navy 

Filed May 28, 1959, Ser. No. 86,650 
1:2 (CHainas. (Cl. 128—1) 

(Granted under Title 35, U.S. Code (1952), sec. 266) 
The invention described herein may be manufactured 

by or for the Government of the United States of America 
for governmental purposes without the payment of any 
royalties thereon or therefor. 
The present invention relates to apparatus for increas 

ing human tolerance to accelerative forces and more 
particularly to apparatus for increasing human tolerance 
to accelerative forces by controlling the volume of air 
and the distribution of blood in the body. 

Various types of anti-blackout instrumentalities exist 
ing in the prior art are instrumental in mitigating with 
varying degrees of facility the depletion of blood flow 
to the head so as to prevent anemia of the retina, or 
"blackout," during periods in which the subject of pilot 
is being subjected to centrifugal accelerations, such as 
those experienced in the dive maneuvers of an aircraft. 
While such apparatus is satisfactory in applications where 
in the acceleration forces are of a relatively low order, 
the devices of the prior art are inadequate in preventing 
“blackout,' unconsciousness, or serious physical injury 
to the subject, when the acceleration forces bearing on 
the vascular system are of the order of hundreds of 
G's, such as those contemporarily entertained in space 
Work, a unit of G being herein denoted as that of normal 
gravity. In laboratory experiments conducted with ani 
mals which died from effects of centrifugation, it was 
observed on autopsy that failure of the respiratory center 
was a factor instrumental in the deaths of the animals 
involved in the experiment, as evidenced by the accumu 
lation of blood in the base of the lungs. In addition, 
hemorrhaging of both heart and lung tissue was observed. 
Apropos of the noted evidentiary factors and the in 

adequacies of the devices of the prior art to render satis 
factory protection, the instant invention assures the pro 
tection of a subject against the adverse effects of rela 
tively large acceleration forces. The premise upon which 
the instant invention is based resides in the use of a 
closed constant volume container or capsule, which is 
filled with an incompressible fluid medium, such as water, 
having a density approximating that of blood, in which 
the subject is completely submerged, together with pro 
visions for aiding circulation and respiration of the sub 
ject during periods of accelerative stress. The use of 
water in a closed constant volume container or capsule 
counterbalances at every point the pressure exerted by 
the body such that distortion of body tissues under ac 
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celerative stresses is greatly minimized, while the mecha 
nism for aiding respiration is of a character which cycli 
cally supplies pressurized air between preselected limits 
to the lungs of the subject, so that the pressure supplied 
to the lungs offsets the hydrostatic pressure of the vascu 
lar system. In this manner, the equalization of pressures 
results in little tendency for accumulation of blood in 
the lung sacs. While blood circulation in the body is 
also improved by this means, a positive mechanism for 
aiding circulation is provided in the instant invention 
by directly varying the pressure of the water at the cir 
culatory rate. Thus, in the manner summarily set forth, 
the apparatus of the instant invention provides protection 
for a subject against physical injury or disability when 
exposed to G forces of the magnitude such as those en 
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countered, for example, in the direct entry and reentry 
of the earth's atmosphere. 
An object of the present invention is the provision 

of apparatus for the protection of a subject against the 
adverse effects of high G levels. 
Another object is to provide for the protection of 

a subject by minimizing the intrusion of blood into the 
gas containing spaces of the body due to the action of 
accelerative forces. 
A further object of the invention is the provision of 

apparatus for forcing circulation notwithstanding col 
lapse of blood vessels in the vascular system due to the 
action of acceleration. 

Still another object is to provide for the respiration 
of a subject in a closed constant volume fluid filled con 
tainer. . 
A further object of the invention is to provide means 

for resuscitating a subject from apparent death or un 
consciousness by forced respiration or forced circulation, 
or both simultaneously. 
The nature of this invention as well as other objects 

and advantages thereof will be readily apparent from 
consideration of the following specification relating to 
the annexed drawing in which: 

FIG. 1 is a diagrammatic front elevation view of a 
preferred embodiment of the pressure cell of the instant 
invention. 

FIG. 2 is a side elevation view in partial cross section 
of the preferred embodiment of the pressure cell of the 
instant invention for housing the subject, together with 
a schematic showing of the circulatory apparatus neces 
sary for providing a reciprocating pressure on the sub ject. 

35 FIG. 3 is a simplified schematic diagram of the respira 
tory apparatus necessary for providing a reciprocating 
pressure to the lungs of a subject housed in the pressure 
cell of the instant invention. 
FIG. 4 is a schematic diagram of the electrical cir 

cuits necessary for controlling various functions relating 
to the pressure cell, and 

FIG. 5 is a partial sectional view of an alternate em 
bodiment, illustrating the use of a molded compositional 
medium for supporting and minimizing distortion of the 
body during periods of accelerative stress. 

Referring now to the drawings, wherein like reference 
characters designate like or corresponding parts through 
out the several views, there is shown in FIG. 1 a pressure 
cell shaped generally to accommodate a subject in the 
sitting position. The pressure cell is made preferably 
from a light weight material, such as aluminum, or the 
like, and is constructed in two sections, an upper pres 
sure cell member 1 and a lower pressure cell member 
12, joined at flanges 4 and 15. The structure of the 
pressure cell is characterized as rigid and non-expansible. 
Dump valve 16 is normally electrically operable to pro 
vide for selective control of an opening between the in 
terior of the cell and exit 17 in elbow 20, which opens 
to atmosphere. Provision is made for the manual op 
eration of dump valve 16 by the handle 18, such as may 
be desirable during experimental laboratory operation. 
Electrically operated valve 19 controls at the command 
of the subject the flow of water from a suitably pres 
surized source via conduit 21 to the interior of the 
pressure cell. Portholes with porthole covers 22 there 
for are provided in the upper pressure cell member 11, 
as illustrated, for convenient access during experimental 
laboratory operation. A tightening handle 23 is supplied 
for sealing each of the portholes in a conventional man 

A portion of the respiratory tube 24 is shown in 
FIG. 1, conventional coupling means 25 being supplied 
to insure sealing between respiratory tube 24 and the 
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upper pressure cell member 11. In a comparable man 
ner, circulatory tube 48 is coupled to the pressure cell 
by a conventional threadable member 40. Visual access 
for the subject is provided by a transparent lens 26, which 
is retained in position, as illustrated, by retainer 27. 
Bleed valve 28 is electrically controlled and functions 
to bleed off entrapped air within the cell during the 
filling operation. A standpipe 31 is supplied for modi 
fying the hydrostatic pressure on the subject during the 
filling operation. 

FIG. 2 presents in greater particularity the structure of 
the pressure cell shown in FIG. 1, in addition to ap 
paratus for supplementing the circulatory function of 
the subject during periods of adverse accelerations. Con 
duit 32 connects the lower half member of the pressure 
cell to dump valve 16. A plurality of clasp type latches 
33 are peripherally disposed about gasket 13 providing 
in conventional manner the pressure necessary for Sealing 
the upper half member 11 with the lower half member 
12. A waterproof control box 34, connected by means 
of a multiconductor cable 35 to the terminal box 36, 
enables the subject to control remotely the operation of 
the pressure cell. The standpipe valve 37, connected to 
standpipe 31 and having an optionally manually op 
erated valve handle 38, is normally electrically actuated 
by the subject to control the level of water in standpipe 
31, and thereby the hydrostatic pressure within the cell. 
A conduit 39 connects the interior of the pressure cell 
to the standpipe. A restraining member 41 is employed 
for supporting with the aid of conventional fastening 
means standpipe 31 to the upper half of the pressure 
cell 11. Handle 23 is threadably engaged with bracket 
61, assuring with the aid of a suitable gasket for the 
watertight integrity of the pressure cell. 

Deformation of the chest due to hydrostatic pressure 
acting on the lower part of the body during periods of 
positive acceleration, i.e., accelerative forces acting down 
wardly in the view of FIG. 2 as in normal gravity, is 
minimized by the use of a rigid vest or cuirass 42, con 
structed in two parts from a light weight rigid material 
Such as, for example, aluminum or the like. The cuirass 
is fabricated to substantially fit the contour of the chest, 
and the right and left portions thereof are joined at 
the front and back of the cuirass by conventional fasten 
ing means 43. While the use of such mechanism may 
be dispensed with when the subject is to be exposed to 
relatively low G levels, much higher G tolerance is pos 
sible by its use. A mask 44 covering the portion of the 
face including the nose and mouth is provided for sup 
plying pressurized air to the subject. Conventional web 
bing supports the mask against the subject's face, pro 
viding at the peripheral edge contiguous with the face 
an airtight seal. The respiratory tube 24 connects to 
the mask, as illustrated in FIG. 2. If desired, the sub 
ject may use corrective lenses, not illustrated, to com 
pensate for the refractive index of the water in which he 
is immersed, so that clear vision may be provided through 
the transparent glass 26. 
The apparatus for aiding the circulatory function of 

the subject is generally designated in FIG. 2 by numeral 
46. A pump 47 is schematically illustrated to supply 
a reciprocating pressure via the hose or conduit 48 to 
the interior of the pressure cell. Arm 49 is driven by 
a stud 51 fixedly mounted on wheel 52. The latter is 
shown by the dotted line notation to be driven by a 
direct current motor 53, having a field winding which 
is Selectively energized from either the energy source 54, 
or direct current amplifier 55. Switch 58 energizes mo 
tor 53, except for the field winding. With contacts 56a 
closed in the position illustrated by the action of arma 
ture 56b, rheostat 57 is adjusted so that pump 47 is 
operating at a predetermined fixed rate comparable with 
the period of the subject's heart pulsations. In the alter 
nate position, closing of contacts 56c with armature 56b 
energizes the field of motor 53 from the output of D.C. 
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4 
amplifier 55, the input for which is obtained from a 
smoothing network 62, consisting of a conventional low 
pass filter having appropriate electrical RLC elements. 
The input to network 62 is an electrocardiogram voltage 
(E.K.G.), developed across a pair of suitably insulated 
electrodes, not illustrated, which are placed at selected 
points on the body of the subject. Network 62 is there 
fore operable to convert the spikelike voltage pulsations 
characterizing an electrocardiogram voltage into a D.C. 
potential level proportional to the frequency of the pulsa 
tions. Accordingly, motor 53 rotates at a rate corre 
sponding to the frequency of the voltage pulsations ap 
pearing at the input of the smoothing network. Thus, 
in the manner described, pump 47 operates at either a 
predetermined fixed speed depending upon the Setting 
of control 57, or at an automatic rate coincident with 
the circulatory period of the Subject. 
The respiratory apparatus for cyclically providing a 

regulated flow of pressurized air to the subject is shown 
in FIG. 3. Motor 63 is connected to a suitable source 
of D.C. excitation 64, except for its field windings, which 
are connected to selectively receive the output of either 
D.C. supply 65, or D.C. amplifier 66. In the position 
ilustrated, the armature 67b completes the circuit of the 
field winding of motor 63 to the D.C. supply 65 by 
closing contacts 67a, so that motor 63 rotates at a fixed 
rate of speed determined by the setting of rheostat 69. 
In the alternate position, the closing of armature 67b 
with contacts 67c completes the circuit of the field wind 
ing to D.C. amplifier 66. The level of output voltage 
from amplifier 66 is such as to cause motor 63 to ro 
tate at a speed consonant with the oxygen demand re 
quirements of the subject. The oximeter 73 is a trans 
lation device which functions to produce a D.C. output 
voltage corresponding to the CO content in the blood 
stream of the subject. In its simplest form, such device 
may be a photoelectric cell which is responsive to changes 
in the color of the auricles, the latter being interposed 
between a point source of light and a photoelectric cell. 
Thus, in the manner set forth, the speed of motor 63 
may be selectively controlled at either a fixed predeter 
mined rate according to the setting of rheostat 69 or 
at an automatic rate of rotation consonant with the 
oxygen demand requirements of the subject. 
Motor 63 in FIG. 3 drives a worm gear 75 which is 

meshed with a gear 76. Shaft 77 is keyed to gear 76, as 
well as to the eccentric cams 78 and 79. The rotation 
of cam 73 actuates microswitch 81 which energizes the 
buzzer and signal light circuit from the battery or elec 
trical power source 70. The signal circuit including 
buzzer 60 and lamp 7i is employed in the instant inven 
tion to signal to the subject when exhalation and inhala 
tion is to occur, since proper phase relationship between 
the cyclic flow of pressurized air and the breathing of 
the subject is essential for satisfactory operation of the 
instant invention. The surface of cam 79 is in contact 
with push rod 80, which moves in a reciprocating man 
ner. Numeral 50 designates a source of pressurized air 
or oxygen. A manually operated pressure regulator 82 
regulates the upper pressure limit of the oxygen at the 
entrance to valve 83 to be at some nominal value such 
as, for example, 10 p.s. i. above atmospheric pressure. 
Valve 83 provides for a reciprocating pressure to be de 
veloped at its outlet, such that in conduit 84 the flow of 
pressurized air is regulated between predetermined up 
per and lower pressure limits of 10-6 p.s. i., respectively, 
above atmospheric pressure, which pressure range should 
be understood as merely illustrative. The lower pressure 
limit is a direct function of acceleration, that is to say, 
with higher contemplated accelerations, the higher the 
lower pressure limit. A manually operated exhaust 
choke member 85 permits adjustment of the lower pres 
Sure limit. A corresponding increase in the upper pres 
Sure limit should be understood. Conduit 84 connects 
at its lower extremity into an electrically operated three 
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way valve 86 which is operable to selectively deliver to the 
respiratory tube 24, either the cyclically pressurized air 
of conduit 84 or the ambient air at atmospheric pres 
sure entering the lower open end of tube 87. It should 
be understood that the lower end of tube 87 may be con 
nected to a source of air other than ambient, air. Inter 
posed in respiratory tube 24 is a pressure responsive 
safety switch 88, which closes at atmospheric pressure 
and opens when the pressure in tube 24 exceeds a pre 
determined level. 

Referring next to FIG. 4, there is shown a simplified 
electrical schematic diagram of the various control cir 
cuits necessary for the operation of the instant inven 
tion. Switches 90 through 96 are located on the control 
box 34, and control the energization of relays or valves, 
the coils or solenoids for which are shown with a prefix 
Kin FIG. 4. It should be further understood that the nu 
meral following the prefix represents the element in which 
the relay coil or solenoid is a part thereof. For instance, 
the bleed valve On-Off switch 92 controls the opening of 
bleed valve 28 illustrated in FIGS. 1 and 2 by complet 
ing the circuit of solenoid K28 through the source 89. 
Simultaneously with the actuation of bleed valve 28, the 
solenoid K28 also opens the contacts designated in FIG. 
4 as K28a and closes K28b. These contacts are pro 
vided for the purpose of safety interlocking the various 
circuits so that energization of the various mechanisms 
of the instant invention is performed in proper sequence. 
Thus, proceeding from left to right in FIG. 4, the water 
On-Off switch 90 controls the flow of water through 
valve 19 by energizing relay coil K19, providing con 
tacts K28a and K37a are closed, as illustrated in the 
deenergized state of the bleed valve solenoid K28 and 
standpipe valve solenoid K37, respectively. The dump 
On-Off switch 9, which controls the efflux of water from 
the pressure cell, opens valve 16 by energizing the dump 
solenoid K16 only if contacts 88a are closed when the 
pressure in the respiratory tube 28 is at atmospheric pres 
sure. The control circuit for the bleed valve 28 has al 
ready been set forth. The closing of standpipe On-Off 
switch 93 causes the standpipe valve 37 in FIG. 2 to close 
and its associated contact K37a in the water inlet circuit 
opens, preventing further entrance of water. Switch. 94 
is the pressure-ambient selector switch, which is de 
picted in the ambient or open position. In the open posi 
tion, the subject within the pressure cell is breathing am 
bient air through valve 86. If bleed valve 28 and stand 
pipe valve 37 are closed, contacts K28b and K37b will 
be closed, allowing the subject to switch to pressurized 
air by closing switch94 to the closed or pressure position. 
Energization of solenoid K86 will thus actuate valve 86 
shown in FIG. 3 to the pressure position. In the nor 
mally open position of the E.K.G.-normal switch 95, 
contacts 56a in FIG. 2 are closed by armature 56b, as 
illustrated, allowing motor 53 to rotate at a fixed rate of 
rotation providing switch 58 is closed. In the closed 
position of switch 95, the subject's circulatory system is 
being supplemented at an automatic rate, since contacts 
56c are closed by armature 56b in FIG. 2 to the alter 
nate position. In a similar manner, the closing of the 
oximeter-normal switch 96 in FIG. 4 energizes the sole 
noid K67 or relay 67, causing the armature 67b in FIG. 
3 to close with contacts 67c. 

Referring next to the showing in FIG. 5, there is il 
lustrated an alternate capsular construction in which the 
body surface of the subject except for a portion of the 
countenance is in substantial contact at every point with 
a light weight supporting compositional medium having 
preferably non-elastic characteristics, such as poly 
urethane foam, plastic, or the like, designated by nu 
meral 97. By so enveloping the subject, minimizing the 
stress concentrations and body distortion during periods 
in which the subject is undergoing acceleration, the ten 
dency for edematous effects are greatly reduced. The 
external shell 98 of the capsule is of a material such as 
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is filled with water, or an isotonic fluid, such as 

open position. 

6 
aluminum, impregnated fibre glass, or the like, and is 
constructed into two parts, having continuous flanges 99 
and 101. To afford convenient access, the structure of 
the capsular pressure cell is provided with hinges, not ill 
lustrated in the view of FIG. 5, which facilitate closing 
the capsule. An electrically actuated electromagnetic 
latch 102 is provided for securing the two sections after 
closing, and has provisions for being manually operated 
by the subject from inside the capsule. A control box 
103 is provided, as before. As in the embodiment of 
FIG. 1, provision is made for supplying pressurized air 
to the subject. For this purpose, a special mask is pro 
vided such that a complete closure is formed over the 
portion of the face which includes the mouth and eyes. 
An inflatable seal 104 having an inlet valve ili and a 
rigid portion i95 form the outer peripheral surface of 

A second closure is provided for the area 
embracing the eyes and auricles of the subject. This lat 
ter closure is formed by a rigid member 106, the trans 
parent glass window 107, and the inflatable seal 104. 
It should be understood that the interior of this closure 

dis 
closed in application Serial No. 789,754 of Reuben 
Flanagan Gray, for Fluid Filled Goggles, filed January 
28, 1959, now Patent No. 3,010,109, and application 
Serial No. 789,755 of Reuben Flanagan Gray, for Fluid 
Filled Ear Muffs, filed January 28, 1959, now Patent No. 
2,933,086. Straps 109 support firmly the mask against 
the face of the subject to thus insure integrity of seal 
ing. It should be understood that while the embodiment 
illustrated in FIG. 5 is substantially lighter in weight than 
the embodiment depicted in either FIG. 1 or FIG. 2 due 
to the use of the light weight plastic supporting medium 
for enveloping the subject, water may be used to fill pos 
sible voids existing between the surface of the subject's 
body and the supporting medium. 

Preliminary to being subjected to accelerative stresses, 
the pressure cell of the instant invention must first be 
filled with water. This phase of the operation is best 
described in connection with the showings in FIGS. 2, 
3 and 4. The subject is assumed to be in a position il 
lustrated in FIG. 2 with the cuirass 42 in place and the 
mask 44 properly secured. Porthole covers 22 and fas 
teners 33 are checked to assure that the pressure cell is 
sealed. Switches 90 through 96 are all in open position, 
as illustrated in FIG. 4. Bleed valve 28 and the stand 
pipe valve 37 are therefore initially opened. Dump valve 
16 is closed. The circulatory apparatus 46 illustrated in 
FIG. 2 is initially deemergized by switch 58 being in the 

The respiratory apparatus in FIG. 3 is 
operating, but since the pressure-ambient selector Switch 
94 is in the ambient or open position, ambient air is being 
supplied to the subject. Thus, the subject is using na 
tural breathing at this time. Water is admitted to the 
pressure cell by closing the water On-Off switch. 90, the 
water rising until the subject is completely immersed, and 
is flowing from bleed valve 28. In standpipe 31, the 
water rises to the level of bleed valve 28. When the flow 
from valve 28 is constant, indicating that the entrapped 
air within the pressure cell has been expelled, the water 
On-Off switch 90 is opened and the bleed valve 28 is 
closed by closing switch 92. To assure a comfortable 
hydrostatic pressure for the subject when ambient air 
is being supplied, dump valve 16 is actuated by closing 
the dump switch 91, premitting the level of the water in 
the standpipe to be lowered until approximately level 
with the mouth or ears of the subject, at which level 
dump valve 16 is closed. At this point, the apparatus 
is in readiness for exposure to acceleration. Since no 
constricting forces bear on the body at this time, the 
level of the water in standpipe 37 fluctuates in response 
to the subject's natural breathing. 
When accelerative stresses are expected, the standpipe 

valve 37 is closed by closing switch 93. The pressure 
cell is now completely closed, the subject being incap 
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able of breathing in the normal sense, since the body 
is immersed in a nonexpansive container in an incom 
pressible liquid. The pressure-ambient switch 94 is now 
ready to be closed to the pressure position. Upon clos 
ing of Switch 94, valve 36 is actuated, admitting pres 
Surized air or oxygen to the respiratory tube 24. While 
the chest or limbs are thus maintained stationary, the 
pressurized air, which cyclically recurs between the il 
lustrative upper and lower pressure limits previously 
Set forth, is supplied to the lungs of the subject, achiev 
ing in this manner atrifficial respiration. In order to ob 
tain a degree of coordination between the subject's breath 
ing and the respiratory apparatus illustrated in FIG. 3, 
the sounding of buzzer 60 concurrent with the illumina 
tion of bulb 71 as microswitch 81 is actuated in response 
to can 78, signals to the subject that inhalation is about 
to commence. Interruption of the buzzer and light cir 
cuit signals to the subject that the exhalation cycle is to 
begin. Thus, by cyclically supplying pressurized air to 
the lungs, the tendency for blood to accumulate in the 
lungs as a function of increased hydrostatic pressure in 
the vascular system of the body during periods of posi 
tive acceleration is greatly reduced. In addition, the 
circulatory function of the heart is made easier due to 
the action of the pressurization mechanism. Accordingly, 
a premise upon which the invention is based resides in 
the fact that the hydrostatic pressure of the body's in 
ternal fluids is directly offset by the pressurization sup 
plied to the lungs. While the description of the opera 
tion of the instant invention delineated thus far has been 
made in connection with the respiratory apparatus of 
FIG. 3 functioning at a fixed rate, respiration, of course, 
may be selected at the automatic rate responsive to 
oximeter 74, by closing the oximeter-normal switch 96 
to the oximeter position. In this manner, the respiratory 
apparatus of FIG. 3 has a period corresponding to oxy 
gen demand requirements of the subject. It should fur 
ther be noted with respect to the showing in FIG. 2, that 
the hydrostatic pressure of the water under the influence 
of positive acceleration acts to contract the abdomen 
and to expand the chest, while still maintaining the vol 
ume of the body constant. It is the purpose of cuirass 
42 to minimize such distortion during periods of accelera 
tion. 
While the apparatus embracing the pressurized respira 

tory concept of the instant invention greatly increases 
human tolerance to accelerative forces, the circulatory 
apparatus 46 depicated in FIG. 2 may be used to supple 
ment the function of the heart, to thus minimize deple 
tion of blood at the head, and in this manner, further ex 
tend human tolerance. Since the body is confined in a 
non-expandable container in an incompressible fluid, the 
reciprocating pump 47 acts directly on the circulatory 
system of the body. The period of pump 47 should be 
understood as being a fractional part of the respiratory 
cycle, and in the E.K.G. position of switch 95, motor 53 
runs at a rate which is conincident with the frequency 
of the subject's heart pulsations. Thus, during periods 
of accelerative stress, the circulatory system of the body 
may be selectively aided or supplemented at the com 
mand of the subject by closing both switch 58 in FIG. 2 
and Switch 95 in FIG. 4. 

Hence, the invention as described is instrumental in 
greatly increasing human tolerance to G forces, by pro 
viding forced respiration or forced circulation, or both 
simultaneously. In the same manner that the invention 
augments the natural functions of the respiratory and cir 
culatory organs of a subject when impaired by high ac 
celeration forces, the invention can be used for resuscitat 
ing a subject from apparent death or unconsciousness 
when his natural functions are incapable of restoring nor 
mal respiration and circulation. By holding the chest 
stationary, pressurization of the lungs is provided such 
that the instant invention is instrumental in stopping the 
intrusion of blood into the lungs and the gas containing 
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8 
spaces of the body due to the action of acceleration. In 
addition, the instant invention promotes blood circulation 
despite collapse of blood vessels. Furthermore, while the 
instant invention is particularly applicable in the field of 
aviation medicine, it is not restricted as such, and may be 
used as a general resuscitation apparatus. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that, within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
1. Pressure breathing apparatus comprising: an en 

closed rigid wall container including a head portion shaped 
to house a subject, an incompressible liquid having a 
density approximating that of the subject's blood filling 
the space in said container unoccupied by the Subject for 
completely immersing the subject therein, and respiratory 
means extending into said head portion and adapted for 
supplying to the immersed subject pressurized air cyclical 
ly varying between preselected limits above ambient atmos 
pheric pressure. 

2. Pressure breathing apparatus comprising: an en 
closed container including a head portion shaped to house 
a subject, an incompressible liquid having a density ap 
proximating that of the subject's blood filling the space 
in said container unoccupied by the subject for complete 
ly immersing the subject therein, respiratory means ex 
tending into said head portion and adapted for supplying 
to the immersed subject pressurized air cyclically vary 
ing between preselected limits above ambient atmospheric 
pressure, and circulatory means coupled to said contain 
er and operable to cyclically vary the pressure of said 
liquid for aiding blood circulation of the immersed sub 
ject. 

3. Pressure breathing apparatus comprising: an en 
closed rigid wall container including a head portion 
shaped to house a subject, an incompressible fluid having 
a density approximating that of the subject's blood filling 
the space in said container unoccupied by the subject for 
completely immersing the subject therein, said container 
being constructed into at least two sections, each section 
having a continuous flange in juxtaposition with the other 
flange, securing means including a resilient gasket inter 
posed between each of the flanges for providing sealing of 
said pressure breathing apparatus, a fluid supply source, 
inlet means communicatively connected between said con 
tainer and said source and including a valve for control 
ling the admission of said fluid, bleeder means communi 
catively connected to said container for closing off said 
fluid in said container from atmospheric pressure, outlet 
means communicatively connected to said container and 
including a valve for controlling the discharge of said 
fluid, and respiratory means extending into said head 
portion and including a mask formed to Seal around the 
mouth and nose of subject to provide him with pres 
surized air cyclically varying between preselected limits 
above ambient atmospheric pressure. 

4. Pressure breathing apparatus comprising: an en 
closed rigid wall container including a head portion 
shaped to house a subject, an incompressible fluid having 
a density approximating that of the subject's blood filling 
the space in said container unoccupied by the subject for 
completely immersing the subject therein, said container 
being constructed into at least two sections, each section 
having a continuous flange in juxtaposition with the other 
flange, Securing means including a resilient gasket inter 
posed between each of the flanges for providing sealing 
of said pressure breathing apparatus, a fluid supply source, 
inlet means communicatively connected between said con 
tainer and said source and including a valve for control 
ling the admission of said fluid, bleeder means communi 
catively connected to said container and selectively oper 
able to expel entrapped air from said container, a stand 
pipe communicatively connected to said container and 
including a valve for controlling the discharge of said 
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fluid, and respiratory means extending into said head por 
tion and including a mask formed to seal around the 
mouth and nose of the subject to provide him with pres 
surized air cyclically varying between preselected limits 
above ambient atmospheric pressure. 

5. Pressure breathing apparatus comprising: an en 
closed rigid wall container including a head portion 
shaped to house a subject, an incompressible fluid having 
a density approximating that of the subject's blood filling 
the space in said container unoccupied by the subject for 
completely immersing the subject therein, said container 
being constructed into at least two sections, each section 
having a continuous flange in juxtaposition with the other 
flange, securing means including a resilient gasket inter 
posed between each of the flanges for providing Sealing 
of said pressure breathing apparatus, an electrical control 
box means operably disposed for manual actuation by the 
immersed subject, a source of fluid pressure, inlet means 
communcatively connected between said container and 
said source and including a valve for controlling the ad 
mission of said fluid, bleeder means communicatively con 
nected to said container and selectively operable to expel 
entrapped air from said container, a stand pipe communi 
catively connected to said container and including a valve 
for closing off said fluid in said container from said stand 
pipe, outlet means communicatively connected to said 
container and including a valve for controlling the dis 
charge of said fluid, oximeter means formed to be oper 
atively connected to the bloodstream of the immersed sub 
ject and producing an electrical signal corresponding to 
his oxygen requirements, and respiratory means extend 
ing into said head portion and responsive to said signal 
including a mask formed to seal around the mouth and 
nose of the subject to provide him with pressurized air 
cyclically varying between preselected limits above am 
bient atmospheric pressure at a rate corresponding to the 
oxygen requirements. 

6. Pressure breathing apparatus comprising: an en 
closed rigid wall container including a head portion shaped 
to house a subject, an incompressible fluid having a den 
sity approximating that of the subject's blood filling the 
space in said container unoccupied by the subject for 
completely immersing the subject therein, said container 
being constructed into at least two sections, each section 
having a continuous flange in juxtaposition with the other 
flange, securing means including a resilient gasket inter 
posed between each of the flanges for providing sealing 
of said pressure breathing apparatus, an electrical control 
box means operably disposed for manual actuation by the 
immersed subject, a source of fluid, inlet means communi 
catively connected between said container and said source 
and including a valve for controlling the admission of 
said fluid, bleeder means communicatively connected to 
said container and selectively operable to expel entrapped 
air from said container, a stand pipe communicatively 
connected to said container and including a valve oper 
able to close off said fluid in said container from said stand 
pipe, outlet means communicatively connected to said con 
tainer and including a valve for controlling the discharge 
of said fluid, respiratory means extending into said head 
portion and including a mask formed to seal around the 
mouth and nose of the subject to provide him with pres 
surized air cyclically varying between preselected limits 
above ambient atmospheric pressure, and circulatory 
means coupled to said container for cyclically varying the 
pressure of said fluid. 

7. The pressure breathing apparatus of claim 6 in 
which said circulatory means for cyclically varying the 
pressure of said fluid comprises a pump, a motor means 
drivingly connected to said pump, and control means ex 
tending into said container and formed to be controlled 
by the immersed subject, and a source of excitation oper 
atively connected to said motor. 

8. Pressure breathing apparatus comprising: an en 
closed rigid wall container including ahead portion shaped 
to house a subject, an incompressible fluid having a den 
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sity approximating that of the subject's blood filling the 
space in said container unoccupied by the subject for 
completely immersing the subject therein, said container 
being constructed into at least two sections, each Section 
having a continuous flange in juxtaposition with the other 
flange, securing means including a resilient gasket inter 
posed between each of the flanges for provining Sealing 
of said pressure breathing apparatus, an electrical control 
box means operably disposed for manual actuation by the 
immersed subject, a source of pressurized fluid, inlet 
means communicatively connected between said container 
and said source and including a valve for controlling the 
admission of said fluid, bleeder means communicatively 
connected to said container and selectively operable to ex 
pel entrapped air within said container, a stand pipe com 
municatively connected to said container and including a 
valve to close off said fluid in said container from said 
stand pipe, outlet means communicatively connected to 
said container and including a valve for controlling the 
discharge of said fluid, respiratory means extending into 
said head portion and including a mask formed to Seal 
around the mouth and nose of the subject to provide him 
with pressurized air cyclically varying between preselected 
limits above ambient atmospheric pressure, electrocardio 
graph means formed to be operatively connected to the 
subject and producing an electric signal corresponding to 
his heartbeat, and circulatory means coupled to said con 
tainer operable to cyclically vary the pressure of said 
fluid in response to said signal at a rate corresponding to 
his heartbeat, thereby aiding blood circulation of the im 
mersed subject. 

9. Pressure breathing apparatus comprising, an enclosed 
rigid wall container including a head portion shaped to 
house a subject, an incompressible fluid having a density 
approximating that of the subject's blood filling the space 
in said container unoccupied by the subject for completely 
immersing the subject therein, said container being con 
structed into at least two sections, each section having a 
continuous flange in juxtaposition with the other flange, 
securing means including a resilient gasket interposed be 
tween each of the flanges for providing sealing of said 
pressure breathing apparatus, an electrical control box 
means disposed for manual actuation by the immersed 
subject, a source of pressurized fluid, inlet means com 
municatively connected between said container and said 
source and including a valve for controlling the admission 
of said fluid, bleeder means communicatively connected 
to said container and selectively operable to expel en 
trapped air from said container, a standpipe communi 
catively connected to said container and including a valve 
for closing off said fluid in said container from said stand 
pipe, outlet means communicatively connected to said 
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container and including a valve for controlling the dis 
charge of said fluid, oximeter means formed to be oper 
atively connected to the blood stream of the immersed 
subject and producing an electrical signal corresponding 
to his oxygen requirements, respiratory means extending 
into said head portion and responsive to said signal and 
including a mask formed to seal around the mouth and 
nose of the subject to provide him with pressurized air 
cyclically varying between preselected limits of ambient 
atmospheric pressure, electrocardiograph means formed 
to be operatively connected to the subject and producing 
an electric signal corresponding to his heartbeat, and cir 
culatory means coupled to said container operable to 
cyclically vary the pressure of said fluid in response to 
said signal at a rate corresponding to his heartbeat, there 
by aiding blood circulation of the immersed subject. 

10. Pressure breathing apparatus comprising: an en 
closed rigid wall container including a head portion shaped 
to house a subject therein, incompressible supporting 
medium bounded by the inner surface of said container 
and contoured to substantially envelope the subject in a 
contiguous relation within said container, and respiratory 
means extending into said head portion and including a 
mask formed to seal around the mouth and nose of the 
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subject for supplying to him pressurized air cyclically 
varying between preselected limits above ambient atmos 
pheric pressure. 

11. Pressure breathing apparatus comprising: an en 
closed rigid wall container including a head portion shaped 
to house a subject, said container being constructed into 
at least two sections, each section having a continuous 
flange in juxtaposition with the other flange, latching 
means mounted on said flanges for Securing said pres 
sure breathing apparatus, incompressible supporting 
means being fixed to the inner surface of said container 
contoured to substantially envelope the subject therein in 
a contiguous relation within said container, and respira 
tory means extending into said head portion and includ 
ing a mask formed to Seal around the mouth and nose of 
the subject for supplying to him pressurized air cyclically 
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varying between preselected limits above ambient atmos 
pheric pressure. 

12. The pressure breathing apparatus of claim 11 in 
which the supporting medium is a polyurethane foam 
product. 
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