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[57] ABSTRACT 
Breathing apparatus which incorporates a sensing de 
vice operable to adjust the amount of breather’s ex 
haled gas captured in a gas collector section as a di 
rect function of How rate and volume of the previous 
inhalation. The amount of exhaled gas captured is suf‘ 
ficiently low in carbon dioxide (CO2) content to per 
mit rebreathing on the next inhalation, at which time 
the sensor again adjusts the volume of exhaled gas to 
be captured. in the one embodiment, a fire fighter's 
breathing system is described wherein the gas collec< 
tor section is integral with the breathing mask worn by 

the ?re ?ghter. 

13 Claims, 10 Drawing Figures 





U.S. Patent Oct. 21, 1975 Sheet 2 ms 3,913,576 

[I7 
VOL 
LIMIT 

L» 
20 

TO/FROM USER 

SENSOR 
F IG.3A 

BREATHING 
GAS 

R % 

U R H » MuI-IQO.V v l||.__ 
OHN 

R‘IE IIJ. 
=1. 8 ‘ 

O _ 

T I Ll OML rVU 
0- EH 

.0 3 

w w 

2 3 f 

R 

m w Umum m s a 

8 

w . HS 

m MM F M 

B 

I I49 

EXH 

FI 6.9 

BREATHING 
GAS 



US. Patent 0a. 21, 1975 Sheet 3 of5 3,913,576 

n2 

P3 
I20 
( 1001 

42 



U.S. Patent Oct. 21, 1975 Sheet 4 of5 3,913,576 

TIME r 



US Patent Oct. 21, 1975 Sheet 5 of5 3,913,576 



3,913,576 
1 

BREATHING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: _ 
Breathing apparatus‘of the type wherein the user re 

breathes a portion of his previously exhaled breath. 
2. Description of the Prior Art: ‘ 
Attempts have been made in the past to conserve the 

amount of breathing gas consumed from a breathing 
apparatus by allowing collectiotn and subsequent re 
breathing of the initial portion of exhaled gas. 
This initial portion is low in carbon dioxide content 

and is referred to as the dead space or dead volume. 
Such breathing apparatus ?nds widespread use in the 
?elds of diving, space, rescue work and in general, in 
stances where the user must be supplied with breath 
able gas while in a hostile ambient environment. 
Previous systems relied on a technique for capturing 

a ?xed volume of exhaled gas within a distensible bag, 
the ?xed volume being determined by maximum bag 
distension. The entire volume of gas captured within 
this bag was then made available for the next inhala 
tion. Such systems increased the duration of the breath 
able gas supplied; however, in actuality, the dead vol 
ume is not a constant value nor is it a constant ratio 
with respect to inspiratory tidal volume. Accordingly, 
depending upon the ?xed volume chosen, the appara 
tus can be less than ef?cient or in some instances, can 
be quite hazardous due to excess amounts of CO2 re 
breathed. 

SUMMARY OF THE INVENTION 

The present invention retains optimum efficiency 
and safety regardless of high or low work rates by vari 
ably controlling the volume of exhaled breath which is 
saved, in accordance with the user‘s breathing. 
A sensing means senses the tidal volume and the flow 

rate of an inspiration, and on the subsequent expiration 
the sensing means effectively causes a volume limiting 
device to proportionately limit the amount of exhaled 
breath ?owing into a gas collector. The gas thus col 
lected is available to supplement the next inhalation. 
The gas collector may, if desired, be formed of two 

sections, a ?rst section having a ?xed maximum volume 
and a second section having a variable maximum vol 
ume. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a curve illustrating the variation in CO, con 
centration as a function of expired volume; 
FIG. 2 is a curve illustrating the dead volume as a 

function of inspired tidal volume; 
FIGs. 3A and 3B illustrate, in block diagram form, 

two embodiments of the present invention; 
FIG. 4 illustrates in more detail another embodiment 

of the present invention; 
FIG. 5 is a curve illustrating inhalation and exhala 

tion as a function of time; 
FIG. 6 illustrates a variation of the embodiment of 

FIG. 4; 
FIG. 7 is a front view of a ?re ?ghter utilizing the ap 

paratus of FIG. 6; 
FIG. 8 is a side view of FIG. 7, with portions broken 

away; and 
FIG. 9 is a block diagram of another embodiment of 

the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a typical‘ plot of instantaneous CO; content 
as a function of a volume of expired breath and serves 
to de?ne certain terms. The vertical axis represents 
CO2 concentration in the expired breath and the hori 
zontal axis represents the expired volume. The initial 
expiration contains no CO, whatsoever, and thereafter, 
the CO2 content rises. At in?ection point A, the instan 
taneous CO2 concentration is somewhat less than 2.5%; 
however, the cumulative CO2 content up to this point 
is less than 1%. This volume is approximately equal to 
the volume of the bronchial tree and upper respiratory 
passages not subject to gas exchange. This volume is 
termed the anatomic dead volume and is designated on 
the horizontal axis by the term AVD. 

Respiratory gas exchange takes place in the alveoli of 
the lungs and point B on the curve represents instanta 
neous CO2 concentrations typical of alveolar gas and is 
in the order of 4—4.5%. The cumulative CO1 content up 
to point B, however, would only be about 2-2.5% and 
within an acceptable range for rebreathing. The vol 
ume corresponding to point B is designated the kinetic 
dead volume KVD and may be de?ned as the amount 
of exhaled gas needed to flush the dead space gas from 
the respiratory passages up to the appearance of'pure 
alveolar gas. The kinetic dead volume is approximately 
equal to twice the anatomic dead volume. 
Proceeding along the curve, point C is reached and 

represents the tidal volume, that tis, the volume of gas 
expired during the respiratory cycle, and is designated 
V-r. ‘ ‘ ' 

As total lung volume increases due to increased 
depth of ‘inspiration, so also does the dead volume in 
crease. A typical relationship is illustrated in FIG. 2 
wherein the vertical axis represents the kinetic dead 
volume in milliliters and the horizontal axis represents‘ 
the inspired tidal volume in liters. The sloped straight 
line curve of FIG. 2 intersects the vertical axis at 300 
milliliters and has a slope of approximately 7.5 milli 
liters increase in kinetic dead volume per 100 milliliter 
increase in tidal volume. The actual slope of the 
straight line varies somewhat, according to different in 
vestigators in the ?eld of respiratory physiology and ac 
cording to recent data, FIG. 2 represents a somewhat 
conservative viewpoint. That is, the curve in FIG. 2 is 
less steep than that predicted by some investigators. In 
addition, the typical curve is based on an attest ana 
tomic dead volume of 150 milliliters (the kinetic dead 
volume is approximately tiwce that or 300 milliliters) 
corresponding approximately to a user's body weight of 
I50 lbs. The base value varies per individual roughly on 
a direct milliliter of anatomic dead volume per pound 
of body weight basis. 
Various prior art devices utilize a ?xed maximum 

volume breath-saving arrangement. Let it be assumed 
for purposes of comparison, that the breath-saving vol 
ume is designed to hold a maximum capacity of 400 
milliliters of exhaled breath; this is a represented by the 
horizontal line in FIG. 2 labeled “Prior Art ". If the 
user is working at a rate such that his inspired tidal vol 
ume is a little more than 1.8 liters, then from the kinetic 
dead volume curve it is seen that there is 400 milliliters 
of dead volume containing gas which can be rebreathed 
and, accordingly, the apparatus is efficient for that par 
ticular work rate. 
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Consider now a situation where the user is at rest. In 
such instance, his kinetic dead volume is only 300 milli 
liters, but he is still collecting 400 milliliters of exhaled 
gas; and thus an unsafe and potentially dangerous con 
dition exists whereby the user will be rebreathing saved 
gas having a C02 content above an established safe 
maximum. Consider now the other extreme, where the 
user is doing heavy work such that his inspired tidal vol 
ume is around 2.5 liters. In that instance, his kinetic 
dead volume will be in the order of 450 milliliters, yet 
his apparatus is sized to only collect 400 milliliters, rep 
resenting a less than ef?cient operation. To eliminate 
any potential hazard, the ?xed maximum volume may 
be reduced to, for example, 300 milliliters; however, 
the apparatus will always be less than ef?cient for all 
situations except when the user is at rest. 
The apparatus of the present invention is constructed 

and arranged such that an amount of exhaled gas is col 
lected which closely approximates the kinetic dead vol 
ume curve, ideally to track right on it, or practically, to 
operate in a zone right below it. Thus, when the user is 
at rest an exhaled volume close to 300 milliliters will be 
captured, and this volume will increase as the work rate 
and, accordingly, the inspired tidal volume increases to 
retain the optimum combination of ef?ciency and 
safety regardless of high or low work rates. 
One way of accomplishing this variable volume col 

lection of exhaled gas is illustrated in FIG. 3A in block 
diagram form. A source of breathing gas 10 provides 
oxygen-containing gas to the user via passageway 12, 
on demand, and at the ambient pressure. Exhaled gas 
from the user passes to a gas collector means 16 which 
may be a ?exible bellows arrangement and may, if de 
sired, be constructed in two sections —— a ?rst section 
16a having a ?xed maximum volume and a second sec 
tion 16b having a variable maximum volume and which 
closes as determined by a volume limiting device 17. 
The section 16a may have a volumetric capacity equiv 
alent to the at-rest dead volume of the user and the vol 
umetric capacity of section 16b may be such as to ac 
commodate the expected remainder of the kinetic dead 
volume. 
The volume limiting device 17 operates in response 

to a sensor means 18 disposed relative to passageway 
12 to sense the ?ow rate and volume of an inspired 
breath to close the volume limiting device at the proper 
time. 
Inhaled gas in FIG. 3A is designated by the solid line 

arrows and exhaled gas by the dotted line arrows. After 
the volume limiting device has closed the gas collector 
16 in response to a signal from the sensor 18, further 
exhaled gas is discharged to the ambient medium 
through a relief valve 20. 
For some operations, it may be desired to maintain 

the breathing gas from the source in a dry condition so 
as to be useful for defogging purposes. By way of exam 
ple, FIG. 35 illustrates an arrangement for accomplish 
ing this with the provision of two separate passageways, 
the inhalation passageway 26 and exhalation passage 
way 27. A source of breathing gas 28 provides the oxy 
gen-containing gas to the user who also breathes previ 
ously collected gas from the gas collector 30 which 
may, as previously discussed, be comprised of a ?rst se 
cion 30a having a fixed maximum volume and a second 
section 30b having a variable maximum volume. Sen 
sors 32 and 33 sense the ?ow rate and volume of in 
haled gases in respective passageways 26 and 27 to 
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4 
open the volume limiting device 35 to enable section 
30b to capture exhaled gas over and above that cap 
tured by section 30a. The remainder of the exhaled gas 
is discharged to the ambient medium by way of relief 
valve 36. 
For the fluidic embodiments of the invention, an indi 

cation of the inspired tidal volume can be obtained by 
a measurement of the inspiration ?ow rate over the in 
halation period. For very slow breathing or in instances 
where the user may hold his breath, there is the possi 
bility of alveolar and dead volume gases mixing within 
the respiratory passages, and the exhaled breath would 
not be CO2 free. Accordingly, it is preferable that 
means be provided to initiate closing off of the variable 
volume gas collector, should this type of breathing oc 
cur. That is, the amount of exhaled gas captured de 
creases as a function of the time from inhalation to ex 
halation. 
Yet another arrangement for varying the amount of 

collected exhaled breath in accordance with the user’s 
breathing is illustrated in more detail in FIG. 4. The ar 
rangement utilizes a face or head cover 40 closed to the 
ambient environment when worn by the user in con 
junction with an oral—nasal mask 42 which fits over the 
nose and mouth of the user and closely conforms to the 
facial contours. The oral-nasal mask 42 and head cover 
40 may be integrated into one unit; however, they are 
shown separated in FIG. 4 and connected by a valved 
passageway 44, for ease of explanation. 
Breathing gas is supplied on demand on the head 

cover 40 by means of inhalation demand valve 46 and 
then through a venturi passgeway 48. 
The gas collector 50 combines into one unit the pre 

viously discussed ?xed and variable maximum volumes 
and includes an outer wall portion 51 and an internal 
cylindrical collapsible bellows 53 normally urged to its 
extended position by means of spring 54. 
Means for limiting the downward stroke of the bel 

lows 53 is provided and takes the form of a sensor actu 
ator 58 also in the form of a cylindrical collapsible bel 
lows which intercepts and halts the movement of the 
bellows 53. The sensor actuator 58 is communicative 
with passageway 60 through aperture 61 as long as 
moveable button 63 is held away from the aperture by 
spring 64. 
Means for sensing the parameters of an inhalation are 

provided in the form of sensor 67 divided into three 
chambers 69, 70 and 71 by means of movable dia 
phragms 73 and 74 connected together by means of 
rods 75. Spring 78 normally urges the plate 80 of dia 
phragm 73 against the opening of passageway 60, and 
passageway 60 is communicative with chamber 71 
through a restricted passage sensor ori?ce 82. 
Chamber 69 is communicative with the oral-nasal 

mask 42 by way of passageway 85; chamber 70 is com 
municative with the head cover 40 by means of pas 
sageway 86; and chamber 71 is connected to the throat 
88 of venturi 48 by means of passageway 89. In addi 
tion to communication with the head cover 40 and sen~ 
sor 67, the oral-nasal mask is communicative with the 
user’s mouth as indicated by the double-ended arrow, 
is communicative with the gas collector 50 through 
valved passageways 92 and 93, and is additionally com 
municative with the ambient medium through relief 
valve 95. The operation of the apparatus of FIG. 4 will 
now be explained with additional reference to FIG. 5 
illustrating, by an idealized curve, a single inhalation 
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and exhalation as a function of time. Flow, in terms of 
liters per minute, is plotted on the vertical axis. 
At time :0 the user begins to inhale, through spring 

loaded one-way valve 100, gas saved in the collector 50 
from a previous exhalation. This saved gas is con?ned 
to the space between the bellows 53 and wall 51 and is 
shown stippled. As the user continues to inhale the pre 
viously exhaled gas, the pressure within the collector 
50 continues to decrease and the bellows 53 moves to 
its extended position. At t, the bellows 53 will have 
moved to a position such that disc 102 on top of the 
bellows 53 contacts the tilt lever 104. in so moving, the 
tilt lever 104 pivoted around point 105 depresses valve 
disc 107 against the action of spring 108 which was 
forcing it against the valve seat 110. With the demand 
valve 46 thus opened, breathing gas at a pressure P, is 
supplied to the user through venturi 48, head cover 40, 
passageway 44, and spring-loaded one way valve 112. 
A flow straightener, such as a honeycomb section or 

screen 115, is provided just prior to the converging por 
tion of the venturi in order to provide a more uniform 
?ow. Due to the venturi action, the gas ?ow causes a 
pressure reduction at the venturi throat 88 and this 
pressure P, is low compared to the pressures in the 
head cover 40 and oralnasal mask 42; this pressure P, 
is also the pressure in chamber 71 of sensor 67 by vir 
tue of the passageway 89. Similarly, by virtue of pas‘ 
sageway 86, the pressure P, in chamber 70 is the same 
as the pressure in head cover 40 and the pressure P;, of 
chamber 69 is the same as the pressure in the oral-nasal 
mask 42 by virtue of the communication 85. At this 
time, pressure P, is lower than pressure P, or F3 and, 
consequently, the movable diaphragms 73 and 74 are 
forced to a position such that the diaphragm plate 80 
closes off the opening of passageway 60. 
The pressure within the sensor actuator 58 is P, and, 

by means of passageway 60, this is the same pressure 
that appears at the left-hand side of sensor ori?ce 82. 
From time t, to t, as the user inhales, the pressure drop 
P,—-P, across the sensor orifice 82 results in a flow rate 
of gas from the sensor actuator 58 being about propor 
tional to the ?ow rate through the venturi. Since the 
flow rates occur over the same period of time, the vol 
ume change in the sensor actuator 58 is about propor 
tional to the volume inhaled by the user; and so, at the 
end of inhalation, the sensor actuator 58 is in a some 
what collapsed position indicative of the inhaled vol 
ume. Exhalation commences at time t,, and the exhaled 
breath starts to fill the collector 50 through spring 
loaded one way valve 120. Exhalation continues into 
the collector from time t, to ta at which point the down 
ward stroke of bellows 53 will be stopped by virtue of 
disc 102 engaging button 63 to force it against the aper 
ture 61. Thus no more gas can be accepted by the col 
lector 50 and the pressure in the oral-nasal mask 42 
rises slightly, causing the remainder of the exhalation 
to be discharged to the ambient medium through the 
relief valve 95. 
The construction and operation of the sensor actua 

tor is such that, if the wearer holds his breath after in 
haling, the volume of the sensor actuator 58 and its po 
sition will slowly increase because gas will slowly ?ow 
through the sensor orifice 82 from the slightly higher 
pressure P, in the head cover relative to the pressure P, 
in the sensor actuator. (Since there is no flow through 
the venturi, the pressure P, will be equal to the pressure 
P2.) The amount of total possible accumulator volume, 
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6 
accordingly, will become smaller as the wearer holds 
his breath and this is desirable because the longer the 
breath is held, the more time there is for CO, rich gas 
to mix with the CO, free gas in the pulmonary passages 
and less gas should be accumulated for rebreathing in 
such instance. 
At time :4, corresponding to to in the cycle, the user 

begins to inhale the previously collected gas from the 
collector through valve 100. This results in a slight 
pressure drop in the oral~nasal mask 42. With P3 
slightly less than the pressure P: in the head cover 40 
(and with P, equal to P2) the movable diaphragms 73 
and 74 will move against the action of spring 78 to 
thereby allow discharge into the sensor actuator 58 
from chamber 70 by way of passageway 60 thereby re 
setting the sensor actuator to its maximum length posi 
tion for the next inhalation. 

If desired, a manual override may be provided to sup 
ply the user with gas and this may be accomplished by 
the provision of a purge lever 123 which, when pushed 
up, will open the demand valve 46. 

In order to insure a clear passageway through sensor 
ori?ce 82, screens 125 on either side of the ori?ce are 
provided to prevent blockage thereof. With respect to 
the various spring-loaded valves illustrated, the spring 
force relationship is such that, of the two valves con 
ducting gas out of the oral-nasal mask 42, valve 120 
will open before valve 95; and with respect to the two 
valves conducting gas into the oral-nasal mask 42, 
valve 100 will open before valve 112. 
With respect to the idealized curve of FIG. 5, it is to 

be noted that flow rate vs. time is plotted. The area 
under the curve therefore, is equal to the volume of gas 
inhaled (n, to :2) or exhaled (I, to 1,). 
The embodiment of the invention illustrated in FIG. 

4 is of the type wherein gas is supplied to the user in se 
quence, that is, ?rst from the gas saver (to to r.) and 
then from the supply (t, to :2). Flow rate is sensed (and 
accordingly, volume) only from t, to 1,. 
Other arrangements contemplate the simultaneous 

provision to the user, of saved and supply gas, so that 
measurement is made of total inhaled gas (e.g. to to t’) 
to control the amount of gas saved on exhalation. Addi— 
tionally the volume limiting device can also be actuated 
in response to not only inhaled gas but to exhaled gas, 
the inhalation flow rate governing the opening of com 
munication to the gas saver and the exhalation govern 
ing the closing of such communication. 
The apparatus herein may be utilized in various 

?elds, such as diving, space or rescue work. For exam 
ple, the apparatus of FIG. 4 is shown in similar form in 
FIG. 6 as might be used by a ?re ?ghter as illustrated 
in FIGS. 7 and 8. The components of FIG. 6 are identi 
cal to those described in FIG. 4 and have been given 
like reference numerals. One exception is the gas col 
lector 50, which has now been divided into a ?rst sec 
tion 50a having a ?xed maximum volume and a second 
section 50b having a variable maximum volume. The 
operation of FIG. 6 is the same as that described in 
FIG. 4 in that, after the user inhales the previously ex 
haled gas from collector 50, bellows 53a will actuate 
the tilt lever to cause supply gas to flow. The pressure 
drop PrPl causes a reduction in the volume of sensor 
actuator 58 in proportion to the inhaled volume. By 
making the spring force of spring 54a less than that of 
spring 54b, as the user exhales into the collector 50, 
bellows 53a will be collapsed first, after which bellows 
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53b will collapse to a position determined by the sensor 
actuator 58, as previously described. The volumes may 
be sized such that the ?rst section and associated pas 
sageways is approximately equal to the at-rest dead vol 
ume while the volume of the second section 50b and its 
associated passageways is equal to the remaining maxi 
mum expected dead volume. In order to accommodate 
a wide variety of users, the apparatus can be designed 
with gas collector volumes in, for example, a small, me— 
dium and large range. Alternatively, a minimum ex 
pected user weight may be determined and the appara 
tus tailored to that weight, thus adapting to a broad 
range of individual users and having nearly universal 
application. 
Some components illustrated in FIGS. 7 and 8 have 

been described with respect to FIGS. 4, 6, and accord— 
ingly, have been given like reference numerals. The gas 
collector sections 500 and 50b are seen on the ?re 
?ghter’s mask and section 500 has a protective screen 
128 and the valve actuator 58 is supported within sec— 
tion 50b by means of a spider 130. 
Above the relief valve 95, there is positioned a voice 

disc I33, whereby the ?re ?ghter may communicate 
with other personnel. 
Demand valve 46 is seen with purge lever 123 and 

venturi 48, and a gas supplying hose 136 is shown in 
FIG. 8 as being connected to a source of breathing gas, 
tank 139, by means of a quick-disconnect 141 and a 
?rst stage regulator 143. 
Many variations of the breathing apparatus are possi 

ble depending upon the speci?c design of components. 
The ?ow/volume sensor and the volume limiting de 
vices could be mechanical, electromechanical or fluid 
mechanical. The sensor means could be in the form of 
pressure transducers sensing pressure difference varia 
tions to thereby activate a solenoid ?ow limiting valve 
to vary the captured exhaled volume. 
Whereas the embodiments thus far described operate 

with a previous history of the user's breathing, the em 
bodiment illustrated in block diagram form in FIG. 9 
operates on a breath-by-breath examination of the ex 
haled gas. Operation is accomplished by the provision 
of a sensor I47 operable to provide an output signal in 
dicative of the instantaneous CO2 content of the ex 
haled breath. The output signal from sensor I47 is re 
ceived by electronic circuit 149 to activate a valve 151 
to a closed position, thus shutting off exhaled gas flow 
to gas collector [52. Operation can be such that the 
valve will be shut off when the output of sensor 147 in 
dicates that alveolar gas is present, or alternatively, the 
output of sensor 147 can be integrated such that the 
electronic circuit 149 will shut the valve 151 when a 
total accumulated CO, content reaches a predeter 
mined, dangerous level. 
We claim: 
1. Breathing apparatus comprising: 
a. means for providing a user with a gas to be 

breathed; 
b. a gas saver means for the capture of the user's ex 
haled breath; 

c. sensing means for sensing an indication of the vol 
ume of an inhalation by the user; and 

d. means responsive to said sensing means for closing 
off said gas saver means, as a function of said inha 
lation so that no more exhaled gas will be accepted 
thereby during the exhalation. 

2. An apparatus according to claim 1 which includes: 
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a. means for decreasing the amount of exhaled gas 
captured as a function of the time from inhalation 
to exhalation. 

3. Breathing apparatus comprising: 
a. means for providing a user with the gas to be 

breathed; 
b. a gas saver means for the capture of the user’s ex 
haled breath and having a variably volumetric ca 
pacity de?ned by a moveable portion; 

c. sensing means for establishing a ?ow rate of gas 
proportional to the ?ow rate of an inhalation by the 
user; 

d. a moveable actuator means connected to said sens 

ing means and moveable in proportion to said flow 
rate of gas; 

e. said moveable actuator means being positioned 
relative to said gas saver means for limiting the cap 
ture capacity of said gas saver means to de?ne a 
maximum volumetric capacity for the subsequent 
exhalation. 

4. Apparatus according to claim 3 wherein: 
a. said moveable actuator means is positioned to in 

tercept and halt the movement of said moveable 
portion of said gas saver means. 

5. Apparatus according to claim 4 wherein: 
a. said gas saver means is de?ned by two separate 

sections, the ?rst section having a ?xed maximum 
volumetric capacity and the second section having 
a variable maximum volumetric capacity. 

6. Apparatus according to claim 4 wherein: 
a. said gas saver means includes a rigid outer wall 

portion and a ?exible inner portion, the volume be 
tween them being for reception of exhaled breath; 

b. said moveable actuator means is a collapsible bel 
lows positioned within said ?exible inner portion of 
said gas saver means. 

7. Apparatus according to claim 6 wherein: 
a. the interior of said bellows is communicative with 

said sensing means so that gas flow may be estab 
lished between them; 

b. the volume of said bellows being decreased as the 
user inhales, in proportion to the inhalation. 

8. Apparatus according to claim 7 which includes: 
a. means for resetting said bellows to an initial posi— 

tion prior to the next inhalation. 
9. Apparatus according to claim 3 which includes: 
a. an inlet for the supply of said gas to be breathed; 
b. a venturi section connected to said inlet; 
c. said sensing means including an ori?ce; 
(I. one side of said ori?ce being communicative with 

the throat of said venturi section; 
e. the other side of said ori?ce being communicative 
with said moveable actuator means. 

10. Breathing apparatus comprising: 
a. a face cover closed to the ambient environment 

when worn by a user; 
b. an oral-nasal mask in valved communication with 

said face cover; 
c. a gas inlet for supplying breathing gas to said face 

cover; 
d. a venturi section having an input portion con 
nected to said gas inlet and an output portion con 
nected to said face cover; 

e. a gas saver means in valved communication with 
said oral~nasal mask for capturing a portion of the 
user’s exhaled breath and supplying it to the user 
on the subsequent inhalation; 
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f. a moveable actuator means positioned with respect 
to said gas saver for limiting the volume of gas cap 
tured by said gas saver means; 

g. sensor means connected between said moveable 
actuator means and the throat of said venturi sec 
tion for establishing a ?ow rate of gas proportional 
to the user’s inhalation, to proportionally move 
said moveable actuator means. 

11. Apparatus according to claim 10 wherein: 
a. said gas saver means includes means for opening 

said gas inlet after inhalation by the user of the pre 
viously saved exhaled gas. 

12. Apparatus according to claim 10 wherein: 
a. said moveable actuator means is a gas containing 

moveable bellows; 
b. said sensor means includes a plurality of chambers, 

21 ?rst chamber being communicative with said 
throat of said venturi, a second chamber being 
communicative with said face cover and a third 
chamber being communicative with said oral-nasal 
mask; 

c. a plurality of moveable diaphragm members sepa 
rating said chambers from one another; 

d. a passageway communicating the interior of said 
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10 
bellows with said second chamber, one of said dia' 
phragm members normally closing said passage 
way; 

e. an ori?ce connected between said passageway and 
said ?rst chamber whereby when said passageway 
is closed by said diaphragm member and the user 
inhales, gas will flow from the interior of said bel 
lows, through said passageway, through said ori 
?ce, into said ?rst chamber and venturi section; 

f. said passageway being open to said second cham 
ber when the pressure in said second chamber is 
greater, by a predetermined amount, than the pres 
sure in said third chamber, to allow gas flow back 
into the interior of said bellows to reset said move 
able actuator means to an initial position, 

13. Apparatus according to claim 10 wherein: 
a. said gas saver means is in two sections, a ?rst sec 

tion having a ?xed maximum volumetric capacity, 
the second section having a variable maximum vol 
umetric capacity; 

b. said ?rst and second sections being carried by said 
face cover. 
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