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RESPERATORY APPARATUS 
William A. Wildhack, Arlington, Wa. 

Application December 2, 1939, Serial No. 307,240 
(C. 28-191) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 75) 

1. Claims. 

The present invention relates to respiratory 
apparatus such as is employed for high altitude 
flying, in submarine working and diving, and for 
medicinal and physiological purposes, wherein 
a respirant or other gas is delivered to the user 
or patient in predetermined quantities and at 
regulable pressures. w 
One of the main difficulties encountered in 

the design and use of the usual breathing appa 
ratus is the necessity for the user to overcome by 
lung action the resistance to the flow of the cir 
culating air. In order to avoid undue fatigue 
from breathing against this resistance, the pres 
sure drop in the apparatus must be made low 
by using breathing tubes of large diameter. 
One of the objects of the present invention 

is the provision of an improved apparatus, of 
the character described, wherein certain disad 
vantages previously encountered are avoided and 
which embodies in its construction a valve Op 
erable by differential pressure developed at a 
respiratory zone located remote thereto for con 
trolling the high pressure supply of respirant with 
less breathing effort than was formerly required. 
Another object of the invention is the provi 

sion of a respiratory device which may be used 
in a demand or intermittent type of apparatus 
and which may also be employed in a rebreath 
ing of regenerator type of apparatus, achieving 
greater flexibility and convenience, by permit 
ting the use of a relatively long conduit leading 
from the supply container and control valve to a 
respiratory Zone at which point in the system 
a face mask, breathing bag, regenerator and the 
like may be located and in which these instru 
mentalities may be freely moved relative to the 
surply container when located remote thereto. 
A further object of the invention is the pro 

vision of means for humidifying the air or other 
respirant so as to prevent irritation of the nasal 
and oral passages and lungs of the user. 
A still further object of the invention is the 

provision in certain cases of a respiratory device 
in which means are provided for admitting con 
trollab'r amounts of atmospheric air into the 
system for the purpose of diluting the respirant 
gaS. 
Wh thrse and other objects in view, as well 

as other a vantages that may be incident to the 
u r cf the in provements, the invention consists 
in the prrts and combinations thereof herein 
a tor set forth and claimed, with the understand 
in that the several necessary elements consti 
tuting the same may be varied in proportion and 
arrangement without departing from the nature 
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and Scope of the invention, as defined in the 
appended claims. 

In Order to make the invention more clearly 
understood, there are shown in the accompany 
ing drawing, means for carrying the invention 
into practical use, without limiting the improve 
ments in their useful application to the particu 
lar constructions, which, for the purpose of ex 
planation, have been made the subject of illus 
tration. 
In the accompanying drawing: 
Fig. 1 is a view partly in side elevation and 

partly in longitudinal Section showing diagram 
matically a respiratory apparatus of the demand 
Or intermittent type embodying the invention, 
and 

Fig. 2 is a similar view of an apparatus of the 
rebreather or regenerator type constructed in 
accordance with the invention. 

Referring to the drawing, and particularly to 
Fig. 1 thereof, the improved respiratory appa 
ratus is shown as comprising in its essentials, 
a casing 0 having end walls and f2 and a flex 
ible bottom wall or diaphragm 3. A partition 
f4 is provided interiorly of the casing O which 
extends parallel to the bottom wall 3 in spaced 
relation thereto, forming an upper receiving and 
delivering chamber 15 and a lower control cham 
ber f 5. A flexible conduit 6 communicates at 
One end with the chamber 5 and at its other 
end with a mask 8 located at a remote point and 
adapted to fit over the face of the user, . The 
mask 8 may be provided with a one-way outlet 
valve 8' if so desired. . 
A respiratory gas, such as oxygen, is admitted 

into the chamber 5 from a high pressure Source 
of Supply, through an inlet pipe 9 which com 
municates with a branch duct 20 formed in an 
enlargement or boss 2' of the end wall 2 of 
the casing. One end of the branch duct 20 ter 
minates in a valve seat 21, communication 
through which is controlled by a valve member 
22 carried by a lever 23 which is pivoted on the 
boss 2', as indicated at 24. This valve is urged 
toward its seated or closed position by a spring 
25 and also by an expansible and contractible 
element, such as a Bourdon tube 26 or the like, 
which communicates at one end with the branch 
duct 20. The other end of the Bourdon tube 26 
is provided with an adjusting Screw 27 which 
bears against the lever 23 with a force sufficient 
to balance the pressure in the supply tank. 
The valve 22 is opened in order to admit gas 

from the high pressure supply container, when 
necessary, by means of a rod 28 connected at one 
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end to the flexible wall 8 and at its other end 
with the lever 23. The rod 28, where it passes 
through the partition 4, is fixed to a flexible dia 
phragm 29 provided in the partition, thus per 
mitting of its free movement with the flexing of 
the wall 3 and at the same time preventing leak 
age between the chambers and 5'. The wall 
3 is flexed, in order to actuate the valve 22, by 

differential pressure effected by the respiration 
of the user through the medium of a breather O 
tube 30 which extends through the conduit 6, 
one end terminating adjacent to the mask 8 and 
the other end thereof communicating with the 
control chamber 5'. Thus, when the user in 
hales, the pressure within the control chamber 
5’ is reduced and the wall 3 is flexed inwardly. 

This moves the rod 28 upwardly, opening the 
valve 22 against the combined force of the spring 
25 and the expansible element 28 so as to admit 
gas from the high pressure supply into the cham 

mask 8. 
The difference in pressure between the two 

ends of the conduit 6 depends on the rate of 
flow of the respirant and may in practical cases 
amount to several inches of Water pressure. The 
difference in pressure between the ends of the 
tube 30 is, on the contrary, unaffected by this 
flow and, except for transient variations due to 
the movement of the diaphragm 3, is zero. The 
suction which must be developed by breathing 
effort is thus essentially Only that necessary to 
open the valve 22, which in practice may be made 
as small as one-half inch of water, or less. 
Breathing fatigue is thus greatly reduced. 
The oxygen thus supplied to the mask , is at 

times diluted with air from the outer atmosphere 
in amounts determined by the conditions under 
which the apparatus is employed. This diluting 
air is admitted from a chamber 3 located with 
in the casing to which communicates with the 
outer atmosphere through a flap valve 32 pro 
vided in the wall and with a chamber 33 
through a valve 34 provided in the upper wall 35 
of the chamber 3. The valve 4 is opened and 
closed with changes in the ambient pressure by 
means of an adjustably positioned aneroid cap 
sule 36 connected therewith by a rod 37. The 
adjustment may be effected by means of a rod 
3' secured to the capsule and threaded into the 
wall 4. If desired a Wenturi tube or injector f7 
may be employed to facilitate the introduction 
and metering of the air admitted into the system. 
By means of this Construction when the wearer 
of the mask 8 inhales, he not only draws in a 
limited amount of oxygen, as previously de 
scribed, but also a controllable quantity of air, 
the proportions being regulated by preliminary 
adjustments of the parts and by the pressure of 
the atmosphere, as in high altitude flying. In the 
latter case, as the ambient pressure decreases 
with an increase in altitude, the capsule 36 ex 
pands and gradually moves the valve 34 toward 
its closed position, thus restricting the admission 
of atmospheric air. Studies of the physiology of 
respiration have shown that for each altitude 
there is a minimum concentration of oxygen 
which must be provided in the air breathed, if 
normal oxygenation of the blood is to be main 
tained. This necessary concentration of oxygen 
for various altitudes are approximately: 20% at 
sea level, 27.5% at 10,000 feet, 50% at 20,000 feet, 
60% at 25,000 feet, 80% at 30,000 feet, and 100% 
at 34,000 feet. It is a characteristic of the jet 
and Wenturi structure shown that the proportion 
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2,269,500 
of air drawn in to the oxygen delivered may be 
made nearly independent of the rate of delivery 
of oxygen, Over the range of rates encountered 
in practice. The performance of the apparatus 
is thus not dependent on the variable respiratory 
characteristics of the user. The proportion of 
air drawn in is regulated only by the opening of 
the valve 4. 
The diluter operation described is not depend 

ent on the tube 30, which may, in some embodi 
ments of the invention, be terminated at the out 
let of the casing 0. In this case, the jet and 
Venturi may also be omitted, the correct pro 
portioning of admitted air being attained by emi 
pirical adjustment of the valves 2 and 34, and 
of the spring 25, to obtain air flow and oxygen 
delivery characteristics varying in like manner 
with the suction applied. The use of the jet and 
Wenturi is, however, preferred. 
In the use of apparatus not of the regenerative 

or rebreather type, discomfort is often experi 
enced due to the drying and irritation of the 
mouth and nasal passages by the dry respirant 
supplied to the mask. To overcome this incon 
venience, and to promote economy of the oxygen 
or other gas, in cases where substantially pure 
undiluted respirant is supplied, there may be 
provided a breather bag 38. This bag is fixed to 
and communicates with the conduit adjacent 
to the mask 8 and has a volume considerably 
less than the normal lung capacity of the user, 
such as % to 2 liter. During exhalation, the 
first part of the exhaled air, which is humid, and 
high in content of the previously inhaled respir 
ant and comparatively low in CO2 content, is col 
lected in the bag 38. The remainder of the ex 
haled gases are exhausted to the outside air 
through the relief valve f' located in the mask 
or adjacent thereto. Subsequent inhalation of a 
mixture of this air from the bag and fresh re 
pirant from the supply into the lungs provides a 
satisfactorily humid atmosphere, and may slight 
ly reduce the quantity of respirant supplied. 
The presence of a small amount of CO2 in the re 
breathed air has the physiological effect of caus 
ing an increase in the pulmonary ventilation, so 
that using too large a breathing bag results in an 
actual decrease in economy. The use of the 
small bag permits a desirable combination of hu 
midity and respirant and insures adequate in 
spiration since in the event of shallow breathing 
the CO2 content in the bag increases and induces 
deeper breathing. 
The breathing effort in the present device is 

much less than in that in other types due prin 
cipally to the use of the tube 30 to control di 
rectly the suction operating the valve 22. It will 
be noted that the gas pressure acting on the valve 
22 and tending to open the valve is balanced by 
the pressure in the elastic distensible member 2 
tending to close the valve. The spring 25 also 
tends to hold the valve closed. The areas on 
which the gas pressure acts and the location of 
the points of application on the valve arm 23 are 
so chosen that the net closing force, for small 
or zero opening of the valve, is substantially that 
exerted by the spring and is thus independent 
of the supply pressure. The screw 2 may be ad 

5 

justed, if desired, to place the distensible men 
ber 26 under compression so as to always exert 
a closing force upon the valve 22 that is greater 
than that of the gas pressure alone. In such 
cases, the spring 25 can be omitted. 

In Fig. 2 there is shown a respiratory appa 
ratus of the regenerator or rebreather type. In 
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this particular device the diluting instrumentali 
ties including the chamber 3, valves 32 and 34 
and aneroid capsule 36 and also the Venturi tube 
or injector T are omitted. The mechanism for 
controlling the flow of respiratory gas is, how 
ever, identical to that hereinabove described in 
connection with the apparatus shown in Fig. 1. 
Also, the breathing bag 38 shown in Fig. 1 is 
omitted and replaced by a regenerator compris 
ing a casing 40 of light weight material which is 
communicably connected with the conduit ad 
jacent to the mask 8 by a pipe 4. The interior 
of the casing 40 is divided by a horizontal wall 
42 and vertical partition 43 into an inlet cham 
ber 44, an outlet chamber 45 and a regenerative 
chamber 46, the latter having a removable re ceptacle 47 slidably mounted therein. This re 
ceptacle is provided with perforated upper and 
lower walls and is adapted to contain a renewable 
absorbent 48, such as soda lime, lye, or other 
basic material or chemical capable of removing 
the CO2 content of the exhaled air or removing 
the CO2 with liberation of oxygen, as will present 
ly be described. The lower portion of the Casing 
40 opens into an expansible and collapsible con 
tainer or bellows 49 which is adapted to receive 
the exhaled air after passing through the absorb 
ent 48. The pipe is divided longitudinally by 
a wall or partition 53 so as to form an outlet 
passage 538 and an inlet passage 53. 
When the user of the apparatus exhales, the 

air passes from the mask 8 through the conduit 
6, thence through the passage 53 in the pipe 4 
and a port 50 at the bottom thereof into the inlet 
chamber 44 of the casing 40. From this cham 
ber the exhaled air passes through a one-way 
valve 5 in the vertical partition 43 into the out 
let chamber 45 and thence through a port 52 in 
the horizontal wall 42 into the regenerative 
chamber 46, and thence through the absorbent 
48 into the container 49 which expands So as 
to accommodate the same. Upon the succeeding 
inhalation the air from the chamber 49 passes 
again through the absorbent 48 in the regener 
ating chamber 66, and port 52 into the outlet 
chamber 45. From here the purified air passes 
rthrough a valve 54 into the inlet passage 53 
and thence into the conduit 6 and thence to the 
mask. When inhalation occurs after the bellows 
39 is collapsed, the breathing suction increases 
slightly in the mask fe, and therefore also in 
the control chamber 5, actuating valve 22 and 
allowing respirant gas to be forced through the 

- chamber 5 and the conduit f6 to the user. 
When the flow of gas thus delivered exceeds the 
user's demand, the pressure at the mask f, in 
the tube 30, and in the control chamber 5' in 
creases, closing valve 22. If desired, a spring 
loaded one-way outlet valve 54 may be provided 
in the pipe 4 to permit air to escape to the outer 
atmosphere if the pressure within the apparatus 
becomes too great. . 
By suitably adjusting the several springs, the 

pressure exerted by the Bourdon tube 28, and the 
relative sizes of the diaphragms 29 and 3, the 
valve 22 may be caused to remain open until the 
pressure in the chambers 5 or 5’, or both, is 
built up to a point somewhat above atmospheric 
before the valve is closed. . This will insure that 
if the apparatus is employed in a poisonous at 
mosphere any leakage will be in an outward di 
rection; and that the pressure in the chamber 
5 will not become excessive, 
A diaphragm or any other type of elastic dis 

-tensible member can be used in place of the Bour 

indirectly through links or levers. 

0 

5. 

3 
don tube if so desired to urge the valve 22 closed 
and it may act directly on the valve arm 2 or 

By the use 
of a balanced valve, the delivery rate may be 
made great enough to supply the breathing de 
mand even at very low supply pressures, thus 
economizing in the respirant gas by utilizing 
practically the entire supply. This also has the 
advantage of reducing the tendency for ice to 
form and the clogging of the valve by particles 
of foreign matter. 

If desired, the force available to open the valve 
22 may be increased by using a plurality of col 
lapsible chambers acting in parallel on the valve, 
as well as by increasing the size of the single dia 
phragm 3 shown. 
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It will be understood that the above descrip 
tion and accompanying drawing comprehend 
only the general and preferred embodiment of 
the invention and that various changes in con 
struction, proportion and arrangement of the 
parts may be made within the scope of the ape 
pended claims without sacrificing any of the 
advantages of the invention. 
The invention described herein may be manu 

factured and/or used by or for the Government 
of the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. w 
I claim: 
1. A respiratory apparatus comprising a cas 

ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure; a breathing conduit 
Communicating with said chamber and extending 
to a respiratory zone located remote thereto; 
valve' means for controlling communication be 
tween said chamber and said source; a collapsi 
ble control chamber sealed from the atmosphere 
and from said receiving chamber; a control tube 
communicating with the interior of said con 
trol chamber and extending to a point adjacent 
to said respiratory zone for effecting a reduction 
of pressure in said control chamber and the col 
lapse thereof upon a reduction of pressure at 
said respiratory zone; and means operable when 
said control chamber is thus collapsed for open 
ing said valve means to admit gas to said re 
ceiving chamber. 

2. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure; a breathing conduit 
Communicating with said chamber and extending 
to a respiratory Zone located remote thereto; 
valve means for controlling communication be 
tween said chamber andsaid source; a collapsible 
control chamber seal from the atmosphere and 
from said receiving chamber; a control tube com 
municating with the interior of said control 
chamber and extending along said conduit to a 
point adjacent to said respiratory zone for ef 
fecting a reduction of pressure in said control 
chamber and the collapse thereof upon a reduc 
tion of pressure at said respiratory Zone; and 
means operable when said control chamber is 
thus collapsed for opening said valve means. 

3. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure; a breathing con 
duit communicating with Said chamber and ex 
tending to a respiratory Zone located remote 
thereto; valve means for controlling communica 
tion between said chamber and said source; a . 
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pressure responsive device sealed from the Outer 
atmosphere and from said receiving chamber for 
actuating said valve; a control tube communicat 
ing with the interior of said pressure respon 
sive device and with said respiratory Zone for ef 
fecting a reduction of pressure in Said pressure 
responsive device and the movement thereof upon 
a reduction of pressure at said respiratory. Zone, 
thus to open said valve; and means responsive to 
the pressure of the atmosphere for admitting air 
into said casing for mixture with the respirant 
gaS. 

4. A respiratory "apparatus comprising a casing 
having a receiving chamber therein adapted to 
be communicably connected with a source of 
respirant gas under pressure; a conduit commu 
nicating with said chamber and extending to a 
respiratory zone located remote thereto; valve 
means for controlling communication between 
said chamber and said source; a collapsible con 
trol chamber; a tube communicating with said 
cOntrol chamber and extending to a point adja 
cent to said respiratory ZOne for effecting a re 
duction of pressure in said control chamber and 
the collapse thereof upon a reduction of pres 
sure at said respiratory zone; means operable 
when said control chamber is thus collapsed for 
Opening said valve means; and means respon 
sive to the pressure of the atmosphere for admit- , 
ting air into said casing for mixture with the 
respirant gas. 

5. A respiratory apparatus comprising a casing 
having a receiving chamber therein adapted to 
be communicably connected with a source of 
respirant gas under pressure; a conduit commu- : 
nicating with said chamber and extending to a 
respiratory Zone located remote thereto; valve 
means for controlling communication between 
said chamber and Said source; a collapsible con 
trol chamber; a tube communicating with said 
control chamber and extending to a point adja 
cent to said respiratory zone for effecting a re 
duction of pressure in Said control chamber and 
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a position adjacent the respiratory Zone to the 
interior of the control chamber; means operable 
by the collapse of said control chamber upon the 
inhalation of the user for opening said valve 
means to admit gas to said receiving chamber; 
and means for humidifying the air prior to its 
inhalation. 

8. A respiratory apparatus comprising a casing 
having a receiving chamber therein adapted to be 
communicably connected with a source of respir 
ant gas under pressure and with a respiratory 
Zone; valve means for controlling Communication 
between said chamber and said source; a collapad 
ble and expansible control chamber sealed from 
the atmosphere and from said receiving chamber 
and communicating separately with said respira 
tory zone through a control tube extending from 
a position adjacent the respiratory zone to the in 
terior of the control chamber; means operable by 
the collapse of said control chamber upon the in 
halation of the user for opening said valve means 
to admit gas to said receiving chamber; an ex 
pansible storage chamber communicating with 
said respiratory zone for receiving exhaled air; 
and means for absorbing the carbon dioxide con 
tent in the exhaled air, 

9. A respiratory apparatus comprising a casing 
having a receiving chamber therein adapted to be 
Communicably connected with a source of respira 
ant gas under pressure and with a respiratory 
Zone; valve means for controlling communication 
between said chamber and said source; a collapsi 
ble and expansible control chamber sealed from 
the atmosphere and from said receiving chamber 
and communicating separately with said respira 
tory Zone through a control tube extending from 
a position adjacent the respiratory zone to the 
interior of the control chamber; means operable 

40 

the collapse thereof upon a reduction of pres- . 
Sure at said respiratory Zone; means operable 
when said control chamber is thus collapsed for 
opening said valve means; a valve for admitting 
air into said casing for mixture with the respi 
rant gas; and an aneroid capsule responsive to 
atmospheric pressure for controlling said valve. 

6. A respiratory apparatus comprising a casing 
having a receiving chamber therein adapted to be 
communicably connected with a source of respir 
ant gas under pressure and with a respiratory 
zone; valve means for controlling communication 
between said chamber and said source; a collapsi 
"ble and expansible control chamber sealed from 
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the atmosphere and from said receiving chamber 
and communicating separately with said respira 
tory zone through a control tube extending from 
a position adjacent the respiratory zone to the 
interior of the control chamber; and means Oper 
able by the collapse of said control chamber for 
opening said valve means to admit gas to said 
receiving chamber. 

7. A respiratory apparatus comprising a casing 
having a receiving chamber therein adapted to be 
communicably connected with a source of respir 
ant gas under pressure and with a respiratory 
zone; valve means for controlling communication 
between said chamber and said source; a collapsi 
ble and expansible control chamber sealed from 
the atmosphere and from said receiving chamber 
and communicating separately with said respira 
tory Zone through a control tube extending from 
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by the collapse of said control chamber upon the 
inhalation of the user for opening said valve 
means to admit gas to said receiving chamber; 
and means for absorbing the carbon dioxide con 
tent in the exhaled air. 

10. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure and with a respira 
tory Zone; valve means for controlling communi 
cation between said chamber and said source; a 
collapsible and expansible control chamber sealed 
from the atmosphere and from said receiving 
chamber and communicating separately with said 
respiratory zone through a control tube extending 
from a position adjacent the respiratory zone to 
the interior of the control chamber; means oper 
able by the collapse of said control chamber upon 
the inhalation of the user for opening said valve 
means to admit gas to said receiving chamber; 
and means including an expansible and contracti 
ble storage chamber communicating separately 
With Said respiratory zone; and means for absorb 
ing the carbon dioxide content of the air exhaled 
by the user. 

ll. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure and with a respira 
tory Zone; valve means for controlling communi 
cation between said chamber and said source; a 
collapsible and expansible control chamber sealed 
from the atmosphere and from said receiving 
chamber and communicating separately with said 
respiratory Zone through a control tube extending 
from a position adjacent the respiratory zone to 
the interior of the control chamber; means oper 
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able by the collapse of said control chamber upon 
the inhalation of the user for opening said valve 
means to admit gas to said receiving chamber; 
and an expansible chamber having a volume sub 
stantially less than the normal tidal breathing 
volume of the user communicably connected with 
the apparatus for storing a limited amount of the 
first part of the air exhaled by the user for Sub 
sequent inhalation thereby. 

12. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure and with a respira 
tory Zone; valve means for controlling communi 
cation between said chamber and said source; a 
collapsible and expansible control chamber sealed 
from the atmosphere and from said receiving 
chamber and communicating separately with said 
respiratory Zone through a control tube extending 
from a position adjacent the respiratory Zone to 
the interior of the control chamber; means oper 
able by the collapse of said control chamber for 
opening said valve means to admit gas to said re 
ceiving chamber; means for admitting atmos 
pheric air into said apparatus; and a second ex 
pansible chamber having a volume substantially 
less than the normal tidal breathing volume of 
the user communicably connected with the appa 
ratus for Storing a limited annount of the first 
part of the air exhaled by the user for subsequent 
inhalation thereby. 

13. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein adapted 
to be communicably connected with a source of 
respirant gas under pressure; a breathing conduit 
communicating with said chamber and extension 
to a respiratory Zone located remote thereto; 
valve means for controlling communication be 
tween said chamber and said source; a pressure 
responsive device Sealed from the outer atmos 
phere and from said receiving chamber for actu 
ating said valve; a control tube communicating 
with the interior of said pressure responsive de 
vice and with said respiratory zone for effecting a 
reduction of pressure in said pressure responsive 
device and the movement thereof upon a reduc 
tion of pressure at said respiratory Zone, thus to 
open said valve; and means for admitting air 
from the outer atmosphere into said casing for 
mixture with the respirant gas substantially in 
proportion to the amount of respirant gas de 
livered. 

14. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein com 
municably connected with a source of respirant 
gas under pressure; a breathing conduit com 
municating with said chamber and extending to a 
respiratory Zone located remote thereto; valve 
means for controlling communication between 
Said chamber and said source; pressure responsive 
means sealed from the outer atmosphere and 
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from said receiving chamber and communicating 
separately with said respiratory zone through a 
control tube extending from a position adjacent 
the respiratory Zone to the interior of the control 
chamber for operating said valve means in re 
sponse to breathing suction, and means for ad 
mitting air from the Outer atmosphere into said 
apparatus substantially in proportion to the 
amount of respirant gas delivered. 

15. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein communi 
cably connected with a source of respirant gas 
under pressure; a conduit communicating with 
said chamber and extending to a respiratory Zone 
located remote thereto; valve means for control 
ling communication between said chamber and 
said Source; pressure responsive means Sealed 
from the outer atmosphere and from said receiv 
ing chamber and communicating separately with 
said respiratory Zone through a control tube ex 
tending from a position adjacent the respiratory 
zone to the interior of the control chamber for 
operating said valve means in response to breath 
ing suction, and means responsive to the pres 
sure of the atmosphere for admitting air from 
the outer atmosphere into Said apparatus. 

16. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein communi 
cably connected with a source of respirant gas 
under pressure; a conduit communicating with 
said chamber and extending to a respiratory Zone 
located remote thereto; an injector in said Con 
duit for drawing air from the Outer atmosphere 
into said conduit; valve means for controlling 
communication between said chamber and Said 
source; a control chamber sealed from the outer 
atmosphere and from said receiving chamber; 
and a control tube extending from the interior of 
said control chamber to said conduit at a point 
between said injector and said respiratory ZOne 
for operating said valve means in response to 
breathing suction. 

17. A respiratory apparatus comprising a cas 
ing having a receiving chamber therein com 
municably connected with a source of respirant 
gas under pressure; a conduit communicating 
with said chamber and extending to a respiratory 
Zone located remote thereto; an injector in Said 
conduit for drawing air from the Outer atmos 
phere into said conduit; valve means for Con 
trolling communication between said chamber 
and Said source; a control chamber Sealed from 
the outer atmosphere and from said receiving 
chamber; a control tube extending from the in 
terior of said control chamber to said conduit at 
a point between said injector and said respiratory 
Zone for operating said valve means in response 
to breathing suction, and means responsive to the 
pressure of the atmosphere for admitting air from 
the outer atmosphere into said apparatus. 
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