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My invention relates to apparatus for ad 
ministering gas or gases for anaesthetic and 
other analogous purposes. ' 
The object of my invention is to improve 

such apparatus, particularly in connection 
with the’ meters or devices that show the 
rate of ?ow of the gases. More especially, 
I so arrange the apparatus as to permit an 
ether bottle or other obstruction to be in 
terposed in the path of the gas at any time 
without affecting the accuracy of the flow 
meter or meters; also I so arrange the ap 
paratus as to permit gas ?ows in excess of 
the capacities of the flow; meters when nec~ 
essary, and any gases that may pass certain 
types of meters inadvertently and hereto~ 
fore wasted to the atmosphere, are now sent 
on to the ‘patient; and in connection with 
such apparatus I have provided a scale 
which permits the same- meter, without any 
adjustment, to be used for substantially any 
gas suitable for the case in hand although 
the different‘ available gases have Widely 
different flow characteristics. ‘ > ' 

The accompanying drawings illustrate an 
anaesthetic apparatus'embodying my inven 
tion. Figure leis a diagrammatic elevation 
of the gas machine, with certain representa 
tive attachments added thereto. Figure 2 is 
a sectional elevation of the cap portion of 
the ?ow meters shown in Figure 1. Figure 
3 is an elevation of one of these ?ow meters, 
without the cap, drawn to a larger scale. 
Figure 4 illustrates a scale for such ?ow Ine 
ters suitable for use with gases of different 
flow characteristics. Figure 5 is va slightly 
modified form of cap for the type of flow 
meter illustrated in igure 1. ' 
In Figure 1, the base or table 10f the ap 

paratus (which ‘may be provided with a leg 
2 or supports to elevate it if desired) is pro~ 
vided with yokes 3 of ordinary, form for 
holding cylinders of the desired gases such 
as 4., A machine can be arranged ‘for as 
many cylinders and gases as may be desired; 
the machine shown in Fig.- ,1‘ is, arranged ‘for 
four different‘ gases. The usual shut off 
valves in the necks of the cylinders are‘ 
shown, in one instance, at 5. Each yoke 3‘ 
is perforated with a horizontal passage to 

' Illustrative of 
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receive gas from the outlet in the side of 
the neck of the respective cylinder when the 
valves 5 are open, from whence the gas 
passes by the pipes 6, one for each gas,rto 
the ?ow meter or meters 8. In these pas 
sages 6 are interposed,ordinarily, individ 
ual control mechanism to reduce the pres 
sure of the gases from that within the cyl 
inders 4: to a pressure only slightly above 
atmosphere, and to control the rate of ?ow; 
ordinarily the valves 5 are, opened wide 
when‘ the machine is in use, the. gas?ow be 
ing controlled by. these control devices of 
the machine. Preferably I use for these 
control devices thosevalves '7 which are de 
scribed and claimed in my Patent No. 
1,433,104, dated October 24, 1922, ‘but it will 
be apparent that my invention is not limited 
to the use’ of such valves. At or from the 
meter or meters 8 the different gases join 
and ?ow through a single passage 10 toward 
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the patient. As is well known, ether bot; ; 
tles, whennsed, are preferably or neces 
sarily'inserted in vthe common passage 10. , 

such ‘ attachments which 
somewhat obstruct the ?ow of the gas or 
gases when inuse and permit a freer ?ow of 
the gases when taken out of service, I have 
shown an ether bottle at 11. As usualthis 
ether bottle is provided with a valve 11,_by 
means of which the gas or gases can be 
passed directly through the cap of the bot 
tle or can be madeito pass down through the ‘ 
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tube 12 and," bubbling out at the bottom of _ 
the tube, pass upward through the ether 
and thence "on to the patient. At 13 is indi 
cated a so-called “sight feed” that is fre 
quently used in apparatus of this type, in 
order that the anaesthesist may observe vis 
ually that'the gas or mixed gases are actu 
ally flowing to the patient. The device il 
lustrated for this apparatus comprises a 
glass bottle partly ?lled with» water ‘and 
provided with a tube 111 perforated longitu 
dinally. The gas coming from'the common 
passageway 10 passes down this tube‘ and 
bubbles out of one or more of the perfora 
tions, depending on'the quantity being sup-v 
plied to the patient. From above‘the water- ' 
level the gases'pass directly to the gas bag * 
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15 ordinarily used, and from thence to the 
face mask 16. 

Because of the relatively small volume of 
gas handled per minute and the necessity of 
making the machine as small and simple as 
possible, it is prefrable to measure the rate 
of gas flow (usually the rate of flow of each 
gas individually), by means of a device or 
devices directly responsive to pressure. 
Since however attachments such as the ether 
bottle 11 which o?'er some obstruction to the 
gas ?ow, are usually used only more or less 
temporarily and occasionally, they afford a 
variable obstruction, changing the back pres 
sure on the gases as the attachments are put 
into and taken out of service, and this ren— 
ders such ?ow meters inaccurate from time 
to time. I avoid this and maintain the ac 
curacy of the flow meters by connectin the 
opposite sides of each pressure instrument 
to two points along the gas passageway both 
in advance of the obstructions (ether bottle 
11), so that the pressure instriunent or in 
struments responds to the difference between 
the pressures at these two points in the pa.‘ 
sageway. This causes the instrument or in 
struments to give an indication accurately 
proportional to the rate of gas flow regard‘ 
less of the presence or absence of obstruc~ 
tions to- the gas ?ow farther along. Prefer 
ably the passageway of the gas or mixture 
of gases) to be measured is locally restr’cted, 
and the pressure instrument is connected to 
the two sides of the restriction; small 
changes in the gas flow then cause easily 
noticeable changes in the reading of the in 
strument. Each or mixture of gases to 
be measured is provided with such a restric 
tion and pressure responsive mechanism, but 
where a. number of gases are to be measured, 
certain of the passageways may be common 
to all, and the meters may be more or less 
combined in the general manner described 
with reference to the device- illustrated. 
Thus in the machine of Fig. 1, which, as be 
fore stated, is arranged for handling four 
different gases, for convenience the flow me 
ters are combined into two devices 8, each 

indicating the rate of flow of two These meters 8 are in the form I regard as 

preferable. Each of these flow meters shown 
comprises a transparent glass) container 
21 for liquid (usually water) as more clearly 
illustrated in 3, and a pierced block in 

the form of a. special cap indicated at and in Fig. 2. Each cap is pierced with an 

inlet passage 24 for each individual gas (see 
Fig. 2) to which a passage 6 leads. Each 
of these inlet passages opens freely to the in 
terior of the container 21 as through the pas 
sages 25. At- 26 an annular mirino' space is 
provided having an outlet at 23 goinglto the 

common passage 10 leading toward. the tient: at 9 the gases from the two meters 

join. Passages 27 and 28 connecting the 
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inlet passages 24 and the outlet 26——23 pro 
Vicle respectively the localized restrictions. 
The outlet passage 2”~—23 leading on toward 
the patient, is also connected by an ample 
passage or passages 29 with the interior of 
the container 21, near the top thereof. Con 
nected to the branches 25 leading oil from 
the respective inlet passages 2d, are individ 
ual transparent (glass) tubes 32 and 33 ex: 
tending downwardly into the liquid within 
the container 21 as indicated in Fig. 3, and 
open at their bottoms. The normal liquid 
level (no pressure in the tubes 32 and 33 is 
at the point marked “Water” on the scale. 

It will now be seen that the gases from 
the individual cylinders 4-, subject to indi 
vidual control by the valves 7 or other de 
vices for the purpose, are forced to traverse 
the respective localized restrict-ions 2?, 28 
on their way to the patient, and that the 
pressure of each gas at one side of its re 
spective restriction, for example, the restric 
tion 27, is transmitted by the passage to 
the interior of the respective glass tube, i. e. 
the tube 32, while the pressure at the oppo 
site side of the restrictions, in this case the 
pressure Within the mixing‘ space and out 
let 26—23, is impres ,d on the larger sur 
face of the liquid within the container 21, 
but outside the tubes. Accordingly the sur 
face of the liquid within each tube is de— 
pressed below the surface of the liquid out 
side the t-ube, a. distance proportional to the 
pressure required to force the respective gas 
through the respective localized restriction 
27 or 28; It will be observed therefore that 
the device will indicate the quantity of each 
gas flowing per unit of time, and since the 
indication depends entirely on the condi 
tions existing at the localized restrictions, 
the indication is independent of an): ob 
structions to flow that may exist bet veen the 
flow meter and the patient, for example at 
the ether bottle 11. It Will be observed that 
the localized restrictions 27 and 28 may be 

diiieretn» diameters or different lengths, 
or both, depending on the ?ow characteris 
tics of the respective gases and the quanti 

ties respectively required. Of certain the quantities required may be measured in 
cubic centimeters per minute, while a num 
ber of liters per minute will be required of 
other gases. Furthermore the rate of flow 
of any certain through any certain re 
striction. under a civen pressure, depends on 
its molecular weight or specific gravi_ , 
thus a certain pressure will pass much less 
nitrous oxide through a certain hole or re 
striction than ethylene, and less oxygen 
than ethylene, but more oxygen than nitrous 
oxide. The rate of How or quantity per unit 
time is dependent upon the molecular 
weight, i. e. speci?c gravity, as these ex‘ 
amples indicate. 

1 may use‘ with the container 21 and tubes 
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32 and 33, a scaleor scales of the kind in 
dicated in Fig. 3, that is to‘vsay, a scale in 
dividual to each tube and calibrated ,for a 
single particular gas; such a scale will be 
accuratev for the single gas for Whichit was 
calibrated and other gases of the same molec 
ular weight. Furthermore vthe scale for 
one tube may; be calibrated in cubic centi 
meters‘ per minute and the other in liters per 
minute, as indicated. By comparing the po 
sition of the surfaces of the liquids in the 
respective tubes with respect to these'scales, 
one may observe the flow ‘rate of the respec 
tive gases going on to the patient. ‘As an 
alternative for the scales of Fig. 3, I may use 
a scale of the type illustrated in Fig. 4:, which 
adapts a single restriction and pressure re 
sponsive device (e. g. tube 32) for use with 
gases of different molecular weights. Cer 
tain commonly used gases are marked at the 
top of the scale, and the scale can be marked 
with vertical lines 36 below each gas or group 
of gases of substantially the same molecular 
weight. Joining those points on these ver1 
tical lines which represent the flow of equal 
volumes in equal times of the respective 
gases, are marked lines 37, 38, 39, etc. each 
representing the flow of a certain quantity' 
of gas per unit of time... Thus the line in 
dicated by the reference character 38 indi! 
cates a flow rate of three liters per minute; 
when the gas is oxygen, the depression of 
the liquid surface .within the tube to- the 
point where line 38 crosses the middle veré 
tical line, indicates that three liters of that 
gas per minute are ?owing; when the gas is 
nitrous oxide, the surface of the liquid must 
be depressed to the point where line, 38 
reac 18S the right hand vertical line to as 
sure a ?ow rate ofthree liters per minute. 
In rectangular scales, such as are suitable‘ 
for straight vertical liquid columns such. as 
shown in Fig. 3, these equal-?ow-rate lines 
37, 38, 39, etc. are generally sloped from one 
side of the scale to the other. 'By interpola 
tion, such a scale as illustrated in Fig. 4 
can be used not only for the particular gases 
marked on the scale, but for other gases as 
well, provided only that the molecular weight 
or speci?c gravity of the desired gas is known 
as well as the molecular weight or specific 
gravity of the gases marked on the scale 
Thus a gas, the molecular weight of which 
is midway between the molecular weight of 
nitrogen and the-molecular weight of oxy 
gen, if employed with thescale'Figi 4, has 
its flow rate measured by points on the cross 
lines 37, 38, 39, etc. midway between the ver~ 
tical lines 36 respectively directly under the 
oxygen and nitrogen .markings. 

In. Figure 5, I have illustrated a slightly 
different form of cap for the flow meter. The 
inlet passage is at 42‘ and the outlet at 44. 
As before, the inlet 42 leads to the tube 32 
intended to be suspended’within a container 

. 3 

such as 21. The restriction appears at‘ 43 
in a passageway leading from the inlet 42 
directly into the container, near the top of 
the latter. The flow of gas from 42 to All} 
takes place therefore through the top of the 
container, differing in this respect from the 

. cap of Fig. 2. The outlet all opens from the 
top of the container as before. Although 
only one tube 32 appears in the drawing of 
Fig. 5, it will be apparent that a plurality 
of tubes may be used with afcap perforated 
in‘ the-manner indicated in that figure. 

_ ' ‘With my invention as thus applied to flow 
meters of the liquid type shown, it will be 
observed also that should any gas be fur; 
nished inadvertently to the meters 8 at a 
greaterpressure than can be sustained by 
the liquid in the tubes 32 or 33, the excess 
will escape from the bottom of the ‘tube, 
bubble up through the liquid, and pass to 

Fur‘ 
thermore, this ‘arrangement permits gas‘ to 
befurnished to the‘patient in quantities be~ 
yondthe capacities of the meter» or meters 
under the controlof the controller at 7. In 
some instances it may be‘ desirable to furnish 
considerable excesses more quickly than the ‘ 
controllers at 7 can‘ bejoperated, or‘. excesses 
furnished temporarily without, disturbing 
the‘setting of the controllers 7 .1 Forthis pur 
pose ,I ‘provide another orother-by-passes 46. 
Tl‘hese have respective quick-openingshut-o?' 
valvesét'l' which take their gases from‘a point 
between the controllers 7 and the'cylinders 
4, and. they deliver the gas orygases to'the 
patient side of the restriction or restrictions. 
By opening any valve 47, an excess of the re- ' 
spective gas can be sent onto‘ the ‘patient mo 
mentarily both quickly and without requir 
ing thatqthe settingof the controller‘ 'Zbe dis 
turbed. In ‘order ' that the " surface of the 
liquid-within the tubes 32, 33, and the like 
may be found quickly by theeyeJa?oat 45 
can be placed in each tube‘,-thatis'-to=say, a 
body, light enoughto ?oatiat the surface of 
the’ liquid and then follow this surface'iup 
and down. Furthermore, the “sight feed”,at 
v‘13 may constitute a flow meter: for “the ‘mixed 
gases; by making the highest“ perforation in 
‘14' suitable for passing, say, one liter‘ of the 
mixed gases per minute and each [other/‘hole 
suitable for passing another literolf- the mix 
ture per'ininutefat'least the approximate 
total’ flow. rate can berobservled noting the 
numberrof holes through which thegases 
emerge from/thetube 14; thus active emer 
gence’of gas from three holes simultaneously 
indicatesthat the , flowQralte of ‘the mixed 
gases isthree liters per minute. I‘anticipate 
that knowledgeiofboth the flow, rates of- the . 
gases individually and, the?ow vrate of the 
mixture of the gases. may be-usefulin cere 
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atmosphere as heretofore with meters of this 
liquid type'on‘ analogous apparatus. 
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tain instances. As will thus be observed, 
my apparatus can afford such knowledge. 

lVhile I have illustrated and described cer 
tain embodiments of my invention, in detail, 
it will be understood that my invention is not 
limited to these details‘ except as appears in 
the following claims. 

Claims: , 

1. Apparatus of the kind described com 
prising means for holding a cylinder of gas, 
a liquid container, a cap for the container 
pierced with a gas passage connected to the 
gas cylinder and opening into the container, 
an outlet passage opening from said contain 
er, and a passage providing a restricted pas 
sageway through which gas ?ows from the 
?rst mentioned passage on its way to the 
outlet passage, a sight tube Within the con 
tainer connected to said ?rst mentioned pas 
sage and having an opening near its bottom, 
and means for fastening to said outlet pas 
sage an attachment through which the gas 
may ?ow on its way to the patient. 

2. Apparatus of the kind described com 
prising means for holding a plurality of cyl 
inders of gas and individual means for con 
trolling the ?ows therefrom, a liquid con 
tainer, a cap‘ for said container pierced with 
passages for conducting the gases unmixed 
to the container, sight tubes within the con 
tainer, open near their bottoms, and respec 
tively receiving gas from said passages and 
a common outletineans for conducting the 
gases toward the patient, said cap being 
pierced with individual restricted passages 
through which the gases ?ow on their way 
from the ?rst mentioned passages to said out 
let means and said outlet means being con 
nected to said ‘container to receive gas from 
above the liquid therein. , _ 

3. Apparatus of the kind described com 
prising a liquid container, cap means there 
for pier‘c'e'd with a plurality of inlet passages 
opening into the container, a gas mixing 
space and outlet, a passage connecting the 
top portion of the container to the mixing 
space, and ‘a restricted passage connecting 
each inlet passage to said mixing space, a 
sight tube connected to the opening from 
each inlet passage into the container, said 
sight tubes extending downwardly into the 
container and having openings near their 
bottoms, means for holding a plurality oi’ 
gas cylinders, and means for connecting the 
gas cylinders to the respective inlet passages 
of said cap means including means for regu_ 
lating the ?ows of gas therethrough. 7 

4. Apparatus of the kind described com 
prising means for holding a cylinder of gas, 
a liquid container, means providing a gas 
passage connected to the gas cylinder and 
opening into the container, an outlet passage 
opening from said container, and a passage 
providing a restricted passageway for gas 
Hem-the first mentioned passage to the out; 
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let passage, a sight tube within the container 
connected to said ?rst mentioned passage and 
having an opening near its bottom, a scale 
adjacent the liquid column within the sight 
tube, with which the surface ‘of said liquid 
column can be compared, said scale being 
marked with lines generally sloping from one 
side of thescale to the other and indicating 
substantially equal ?ow rates of different 
gases, and means for fastening to said outlet 
passage an attachment through which the 
gas may flow on its way to the patient. 
In testimony whereof, I have signed this 

speci?cation. 
RICHARD FOREGGER. so 
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