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OUAL SUSPENSION OSCLOGRAPH 

Carl A. Heiland, Denver, Colo, assignor to 
Heiland Research Corporation, Denver, Colo, 
a corporation of Colorado 
Application May 15, 1950, Serial No. 162,090 

(Cl. 324—-151) 10 Claims. 
1. 

This invention relates to OScillographs and more 
particularly to galvanometer structures there 
for. 
One of the objects of my invention is to pro 

duce a galvanometer of the Smallest possible 
size so that when employed in a multi-channel 
bank arrangement the overall width thereof can 
be considerably less than existing arrangements 
having like number of channels. 
A further object is to produce an improved 

Self-contained dual Suspension galvanometer 
having its own magnetic field. 
A still further object is to produce a unitary 

dual Suspension galvanometer which Will have 
Such a design that it can be individually usable 
or usable with other like units, and When So 
used will produce a multi-channel bank ar 
rangement having a small overall width for the 
units employed. 
Another object is to produce a dual oscillo 

graph unit in which a magnetic structure is So 
employed that two fields are produced in close 
proximity to each other. 
Yet another object is to produce a dual oscil 

lograph in which structures are provided for 
producing two fields adaptable for permitting 
either bifilar or coil type suspension. 

Still another object is to produce two fields for 
a dual SUSpension oscillograph by uSing one mag 
net structure having one polarity and linking 
Such to two other magnetic structures of oppo 
Site polarity and thereby establishing the two 
fields at right angies to each other and in close 
pfoximity. 
A further object is to produce a dual suspen 

Sion OScillograph in Which the two mirrors of 
the Suspensions are at right angles to each other 
and each mirror is in the plane of the direction. 
of the lines of force. 
A further object is to produce an improved 

galvanometer in which both a suspended and 
stationary refecting mirror is employed and so 
related that the beam reflected from the sus 
pended mirror will be directed to the stationary 
mirror and then therefrom back to the suspended 
xmirror. 
A further object is to produce a gavanometer 

by the use of Suspended and stationary mirrors 
that the sensitivity of the Suspended mirror will 
be doubled. 
Yet a further object is to produce a galva 

nonetter having both a Suspended or vibrating 
Initor and a Stationary inirror and provide for 
Such adjustinent of the stationary mirror that 
light spots can be adjusted both horizontally and 
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vertically without disturbance of the suspension 
of the suspended mirror. 
A still further object is to construct a unitary 

dual Suspension galvanometer having separate 
fields So related for the suspension of mirrors 
and to provide therefor adjustment for the en 
tire unit which will permit the unit to be moved 
about the centers of both suspended mirrors dur 
ing adjustment. 
Another object is to produce a dual suspen 

Sion OScillograph that can be economically man 
ufactured, efficient in operation, easily adjusted 
and Of Superior, compact construction. 

Referring to the drawings: 
Figure 1 is a Side VieW of a dual Suspension 

OScillograph embodying my invention, with parts 
thereof broken away and in section to show de 
tails, said oscillograph having coil type of sus 
pensions for the vibrating mirrors; 

Figure 2 is a front view of the unit shown in 
Figure 1. 
Figure 3 is a top view; 
Figures 4, 5, 6 and 7 are cross sectional views 

of the unit, respectively, on the lines 4-4, 5-5, 
6-6 and 7-7 of Figure ; 

Figure 6A is an enlarged view similar to Fig 
ure 6 showing the two light paths; 

Figure 8 is a view showing details of the 
mounting of a stationary mirror on a cover plate 
and its manner of adjustment; 

Figure 9 is a view of another unit embodying 
my invention, but being adapted for a bifilar type 
of Suspension, said view being a side view sini 
lar to that of Figure 1; and 

Figures 10, 11, 12, 13 and 14 are cross sectional 
views of the structure ShoW in Figure 9, Said 
views being taken respectively on the lines - , 
-, 2-2, 3-3 and 4- 3 of Figure 9. 
Referring first to Figures 1 to 8, inclusive, a 

dual suspension oscillograph unit is disclosed 
embodying my invention and being of the type 
in which coil suspensions are employed. The 
structure shown has a casing C formed of non 
magnetic material ad comprising front and rear 
Walls 2 and 2, top and bottom walls 22 and 
23 and detachable side Walls 24 and 25 formed 
by plates also of non-magnetic material. In Suit 
ably formed openings in the front Wall are mount 
ed spaced upper and lower permanent magnetic 
members 26 and 27, said members being braised 
in the openings and projecting on each side of 
the Wall. In slots on the sides of the rear Wall 
are mounted four other permanent magnets 28, 
29, 30 and 3? arranged in pairs and extending 
on both sides of the wall. The upper nag 

  

  



u-1 
2,678,424 

3 
nets 28 and 29 have their inner ends arranged 
at angles to the body and cooperate with the 
upper front magnet 26 to produce two magnetic 
fields at the gaps since the inner end of mag 
net 26 will be of opposite polarity to the inner 
ends of the magnets 28 and 29. The lower mag 
nets 3 and 3 are mounted in the rear wall 2f 
so as to cooperate with the lower permanent mag 
net 27 in the front wall to thereby establish two 
other magnetic fields. In this manner there can 
be said to be two bifurcated fields in parallel 
planes. The branches of each bifurcated field 
are to be at right angles to each other. One 
branch of each bifurcated field will be longitudi 
nally spaced in the casing with respect to a simi 
lar branch of the other bifurcated field. 
To provide magnetic paths between the outside 

ends of the companion magnets establishing the 
bifurcated fields, there is attached to the top part 
of the front wall a magnet 32, to the top wall 
a soft iron plate 33 and to the top part of the 
rear Wall parallel magnets 34 and 35. The poles 
of these magnets are so arranged that there will 
be established the desired magnetic paths. Simi 
larly, for the magnets 27, 30 and 3, there is at 
tached to the lower part of the front wall a mag 
net 35, to the bottom wall a soft iron base 37 and 
to the lower part of the rear wall parallel mag 
nets 38 and 39. 

Like branch fields of the two bifurcated fields 
Will have Suspended therein vibratory elements. 
In the fields established between magnets 26 and 
28 and between magnets 27 and 30 there is placed 
the coil 48 which will be suspended by ribbons 
4 between a top holding clamp 42 and a lower 
gronmet 43. Similarly, in the field established 
between magnets 26 and 29 and between mag 
netS 2 and 3, there is a coil 44 which Will be 
Suspended by ribbons 45 between a top holding 
clamp 45 and a lower grommet 47. The top 
clamps 2 and 46 are mounted on an insulating 
block 48 suitably attached by a bolt 49 to the 
real' casing Wall 2. Both grommets are mounted 
for adjustment to thus tension the suspension 
ribbons. Grommet 43 is mounted on a spring 
type lever 52 which can be adjusted by a set 
Screw 5: threaded in rear wall 2 so as to be ac 
cessible from the exterior of the casing and grom 
met 47 is mounted on a spring type lever 52 ad 
justable from the exterior of the casing by a set 
Screw 53. The levers are pivotally mounted on a 
Support block 54. 
In the rear Wall are four electrical terminal 

posts 55, 56, '57 and 58. Two posts such as 55 and 
5 are connected by wires 59 and 60 to the ends 
of the Suspended coil 40 and the other two posts 
56 and 58 are connected by wires 6 and 62 to the 
Suspended ends of the other coil 44. To the posts 
can be connected the detachable electrical plug 
63 having wire to connect the coils in circuits so 
as to receive electrical impulses of which a wave 
trace is to be recorded. When current flows 
through a coil, the coil will be deflected from its 
normal position which will be in the plane of the 
direction of the field in which it is situated. The 
Current Will be varying and thus the coil will oscil 
late or vibrate. 
To record the vibrations of each suspension, 

coil 4) Will have mounted thereon at its center 
a mirror 64 and coil 44 will have mounted thereon 
at its center a mirror 65. These mirrors will 
thus be between the two bifurcated fields and in 
Order that they may receive rays from a source 
of radiation as a lamp, the front wall between the 
permanent magnets 26 and 27 has an opening 
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4. 
or window 66 provided with a lens 67. Each mir 
ror is mounted on its coil so its reflecting Surface 
will be in a plane closely parallel to the plane of 
the coil and facing toward the window. This 
positioning will result in the reflecting surfaces 
of the mirrors being at right angles to each other 
and each at forty-five degrees (45) to light rays 
entering the Window from a single source. Con 
sequently these light rays will be reflected by the 
mirrors in opposite directions and toward the 
side walls of the casing. 

In accordance with One feature of my dual Sus 
pension oscillograph, these reflected rays will be 
arranged to be reflected back to the mirrors on 
the Suspensions by the employment of stationary 
mirrors. These two stationary mirrors are indi 
cated by the numerals 68 and 69, mirror 68 re 
ceiving the rays reflected from suspended mirror 
64 and mirror 69 receiving the rays reflected from 
suspended mirror 65. Both stationary mirrors 
are mounted in like manner and arranged to be 
adjustable. This mounting and adjusting struc 
ture is shown in detail in Figure 8. 
On the inside of each of the side wall plates 

24 and 25 will be secured spaced blocks 70 and 
lf, the latter being at the top and projecting 
through a slot at the side of the top wall and 
top Soft iron plate 33. Mounted in these blocks 
Will be a tubular rod 72 projecting out of the 
top block which will place this end so as to be 
accessible from the exterior. The lower block 
is provided with a threaded hole to receive 
threads 73 on the tube. This will permit the tube 
to be adjusted longitudinally and also rotated to 
different angular positions by a screw driver co 
Operating with the slots 74 in the top of the tube. 
The lower end of the tubular rod has a flat ex 
tension 75 on the lower end of which will be 
mounted the stationary mirror 68 or 69. The 
flat extension is flexible with respect to the tubu 
lar rod and adjacent the tube it has a projection 
6 positioned below the bottom end of the tubu 

lar rod. In the tubular rod is a, second rod 77 
mounted by threads 78 and arranged to have its 
lower end engage the projection 7 6. The upper 
end of the rod 7 is accessible from the exterior 
and by a Suitable tool can be turned. This turn 
sing will result in a Swinging of the extension 75 
and a change in the relationship of the plane in 
which the stationary mirror is positioned with 
respect to its companion suspended mirror. Thus, 
each mirror 68 or 69 can be adjusted about two 
axes at right angles to each other. 
By proper positioning of the stationary mirrors 

the rays reflected from the suspended mirrors can 
be reflected back to the suspended mirrors and 
then out through the window in a path which will 
be close to the incident ray coming from the 
Source of light. This is all illustrated in Fig 
UllreS 6A. 
The casing C is arranged to be mounted on a 

base member 79 which will be fixed in a suitable 
box or other container for a single unit or a plu 
rality of units in side by side relation. The 
mounting on the base member is made to permit 
adjustment. The base magnet 37 is extended be 
yond the rear of the casing C and its lower sur 
face is curved and rests on a curved top Surface 
of the base member 79. The curvatures of both 
curved surfaces are the same and the axis about 
which the curved surface on the base magnet 37 
Will be formed will coincide with a line passing 
through points on the two suspended mirrors 64 
and 65 at which the light rays from the source 
Will be reflected. Thus, the whole casing can be 
adjusted as desired and the incident rays Coming 



2,678,424 
5. 

from the source will be refected from the Sus 
pended mirrors at the same points. In order to 
camp the casing in adjusted position on the base 
member 19, the base magnet 3 has a slot 80 and 
there is a hand Operated clamp bolt 8 extending 
therethrough and threaded into the base member 
9 as shown. 
The Casing C is intended to be constructed to be 

fluid tight So it can be filled with a liquid to pro 
wide darnping for the Suspended coils. In order 
to introduce fluid into the interior of the casing, 
the top wall 22 will be provided with an opening 
82 and there will be an aligned opening 83 in the 
top magnetic plate which will be closed by a plug 
84, this plug being made of soft iron so as not 
to interfere with the magnetic path. 

In the unit shown in Figures 1 to 8, coils are 
SU Spended in the magnetic fields. If it Should be 
desired to use bifilar suspensions in the unit, such 
can be done with only small modifications in the 
Structure. A bifilar suspension is shown in Fig 
ures 9 to 14. In place of the block 48 in the top 
Of the casing for holding the clamps for the coil 
Sul,SpenSiOn, there is substituted a block 48’ at 
tached by a boit 9'. As best shown in Figures 
9, iO and 11, this block will have mounted thereon 
four holding clamps for the Suspension, as indi 
cated by the numerals 85, 86, 8 and 88. The 
holding clamps are arranged in pairs with two 
positioned On each side of the block. On one side : 
of the block there will be a long and short clamp, 
with the long clamp at the top and on the other 
Side there will also be a long and short clamp, but 
the long clamp will be at the bottom. This Will 
inSure Separation of the upper ends of each for 
each Suspension. 
As can be seen from the different views, a rib 

born 89 for one suspension will extend from hold 
ing clamp 86 down through the magnetic fields 
established between the magnets 26 and 29 and 
between the magnets 27 and 3, around the grom 
met 4 and then back up through said fields to 
the Short holding clamp. 88, below the holding 
clamp 86. This ribbon will have mounted there 
On the mirror 65 and Such mirror Will have its 
reflecting Surface in a plane extending in the 
Sane direction as the field in Which the ribbon 
is Situated. 

In a Similar nanner a ribbon 99 Will extend 
from the short holding clamp 85 down through 
the magnetic fields, between the magnets 26 and 
28 and between the magnets, 2 and 30, around 
the gromnet 43 and then back up through said 
fields to the long holding clamp. 87 on the same 
side as the short holding clamp 85. On this rib 
bon will be mounted the mirror 64, said mirror 
having its reflecting Surface in a plane extending 
in the same direction as the field in which the 
ribbon is situated. The terminal posts 55, 56, 5 
and 58 will be connected by suitable conductors 
with the upper ends of the ribbons to place the 
U-shaped bifa, S.Spensions in circuits. The 
two groinets 3 and 47 will be mounted on spring 
type adjusting levers 5 and 52 and are ten 
Sioned by the two Set Screws 5 and 53 in the 
same nanner as the coil Suspension ribbons are 
tensioned. In order that each of the ribbons. Will 
have: their legs in proper parallel position in the 
fields, there is provided bridge plate retainers 9. 
and 92 above and below the perimanent magnets 
establishing the bifurcated fields. The plate re 
tainer 9, is shown in Figure 12 and, as can be 
Seerd therefrom, it is made from insulating mate 
rial with an Opening 93 therein, said opening hav 
ing Such a configuration that the two portions of 
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the ribbon 89 passing through one set of fields 
will be maintained parallel and the two portions 
of the ribbon 99 passing through the other set of 
fields will be maintained parallel. The other 
plate retainer 92 will be similarly constructed so. 
that the ribbons at the lower ends of the fields 
Will also be maintained parallel. All the rest of 
the Structure in the unit, shown in Figures 9 to 
14, having the bifilar suspension will be the same 
as that of the Unit shown in Figures 1 to 8 and, 
therefore, the like parts are designated by the 
Sane reference nuinerals. Rays of light coming 
from the source will pass through the windoW, Will 
be refected in opposite directions by the sus 
pended mirrorS 4' and S5, to the Surfaces ef the 
stationary mirrors and by thern reflected back to 
the Suspended imirrors and then out through the 
WindoW in a path close to the incident rays con 
ing frOn the Source of light. 
In Inaking coil suspensions and bifilar suspen 

Sions in the unit, it is necessary that different gap 
lengths be provided between the permanent mag 
nets establishing the fields. To provide for ad 
justinent of these gaps to take care of either type 
of Suspension, the magnets 23, 29, 39 and 3 will 
be attached to the rear wall of the casing C by 
Screws 94. These Screws, as can best be seen in 
Figures 5 and 3, will pass through over-size holes 
S5 in the magnets. Thus, each magnet can be 
shifted slightly towards or away from the mag 
net in the front Wall of the casing and conse 
quently change the length gap of the field to make 
it proper for the particular suspension which is 
going to be employed. If, after this proper gap is 

is established, it is desired to make such perma 
nent, the magnets 28, 29, 3 and 3 can be braised 
to the rear wall of the casing. 
From the foregoing description of my improved 

dua SUSpenSiOn, Oscilograph, it is Seen that there 
has been produced a unitary structure in which 
tWO fields and S.Spensions are provided in close 
proXimity to each other. The proximity is closer 
than where the fields are parallel. Each unit 
can be used alone or in banks for multi-channel 
applications as each unit will have non-magnetic 
Side wall covers. When banks are used, more 
channels can be employed in a given space than 
by any previous structures. The unit permits 
either the coil or bifiliar type of Suspension, as 
desired, with only slight alterations required. In 
both types of Suspension the vibrating mirrors 
Will be so mounted that their reflecting surfaces 
are at right angles to the direction of the imag 
netic fields. The stationary mirror arrangement 
is an important feature of the invention. By its 
Se Whereby a bear is refected from the vibrat. 

ing mirror and then back thereto, the sensitivity 
of the instrument will be doubled. Also, by hav 
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ing a Stationary mirror that is adjustable in two 
different directions at right angles to each other, 
the light spots to be regorded can be adjusted both 
horizontally and vertically without disturbing the 
vibratory element. The torsion of the suspen 
Sion, and therefore the natural frequency, will 
not be affected When light spot adjustinent is 
made in the improved instrument. All adjust 
inents are made outside of the casing containing 
the Suspension. When it is desired to adjust the 
entire unit, including the Suspension, the SS 
pension is not disturbed, yet there will be no 
change in the point that, the incident beam strikes 
the SU.Spended mirror, aš adjustment is made 
about the point as a center oil axis. By having 
Spaced bifurcated fields with the mirrors between 
the two fields, the suspensions will be better ball 
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anced than if the mirror were above the coil, as 
is done with a single field. 

Being aware of the possibility of modifications 
and the Substitutions of equivalent means in the 
structures shown without departing from the 
fundarinental principles of inny invention, I desire 
that it be understood that the Scope of my in 
vention is not to be limited in any mainner other 
thai as Set forth in the appended claims. 
What is claimed is: 
1. In a dual oscillograph, means comprising a 

Single magnet and two opposed magnets for es 
tablishing two magnetic fields in angular rela 
tion, a current carrying vibratory element sus 
pended in each field, a mirror carried by each 
Suspended element, Said mirrors having a right 
angular relation. Such that radiations from a 
Single Source can be reflected by the mirrors in 
opposite directions, and stationary mirrors for 
reflecting the radiations back to the Suspended 
mirrors. 

2. in. a. dua osciliograph, means including 
three magnetic members for establishing bifur 
cated magnetic fields at right angles to each 
other with an air gap between the pole members 
forming the Spaced ends, a current carrying Wi 
brating element, Suspended in each field, and a 
mirror mounted on each vibratory element, said 
mirrors arranged to have their reflecting sur 
faces at right angles to each other and each in 
a plane extending in the direction of the field in 
which its vibratory element is positioned, said 
mirrorS also having such positions with respect 
to each other that a ray from a single source 
will be refected from the mirrorS in opp0Sed di 
rections, and stationary mirrors for reflecting the 
rays back to the mirrors. 

3. In a dual Oscillograph, a Casing means ha,W- 
ing an opening through Which rays from a Single 
Source can be received and reflected, means coin 
prising three magnetic inebars for establishing 
branched magnetic fields having right angular 
relationship to each other with an air gap be 
tween the ends of the fields, a current carrying 
vibratory element suspended in each field, a 
mirroi' associated With each suspension and posi 
tioned to have its refiecting Surface in a plane 
eXtending in the Same dilirectioin as the field and 
to receive and reflect rays from the Single Source, 
and a stationary inirror for each suspended mir 
ror so positioned as to receive rays reflected from 
a suspended mirror and refect it back thereto. 

4. ). a, dual Oscillograph, a closed Casing 
means having an Opening closed by transparent 
material through which t'ays from a single source 
can be received and reflected, ineans compris 
ing three magnetic neignbers for establishing 
branched Ynaginetic fields having right angular 
relationships to each other and with an air gap 
between the spaced ends of the fields, a current 
carrying vibratory eleinent Suspended in each 
field, a rai'i'Or a SSociated with each suspension 
and positioned to have its reflecting surface in 
a plane extending in the same direction as the 
field and to receive and refect rays from the 
Single Source, a stationary mirror for each sus 
panded irror so positioned inside and laterally 
of the suspended mirror as to receive rays re 
flected from a suspended mirror and reflect it 
back thereto, and neans accessible from the ex 
terior of the top of the casing for adjusting the 
Stationary inirror from the exterior of the casing 

CalS. 
5. in a dual Oscillograph, a casing structure 

provided with a front Wall having an Opening 
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8 
through which rays can pass and a back wall, 
two permanent magnets of like polarity mounted 
in the front wall longitudinally Spaced on oppo 
site sides of the opening, two pair of permanent 
magnets each of the opposite polarity mounted 
in the rear wall in longitudinally spaced relation, 
each one of a pair being laterally spaced apart 
With an air gap therebetween and so associated 
with a front wall magnet that there Will be gaps 
establishing bifurcated magnetic fields above and 
below the front wall opening, magnetic material 
carried by the casing for establishing a magnetic 
path oetween each front, Wall magnet and the 
pair of magnets associated therewith, a single 
Current carrying vibratory element suspended in 
like magnetic fields of the bifurcated fields, and 
a mirror mounted on each suspended element 
and positioned to receive rays passing through 
the opening and reflect same in different direc 
tions. 

6. In a dual oscillograph, an independent 
unitary means comprising a single magnetic 
member of one polarity and two opposed mag 
netic members of an opposite polarity with an 
air gap between for establishing in close proX 
imity two magnetic fields in right angular rela 
tion, a current carrying vibratory element Sus 
pended in each field, and a mirror carried by 
each Suspended element, Said mirrors having a 
right angular relation such that when the vibra 
tory elements are in rest positions radiations from 
a single source can be reflected by the mirrors 
in opposite directions. 

7. In a dual oscillograph, an independent 
unitary structure comprising bifurcated magnetic 
fields in close proximity and with an air gap be 
tween the spaced ends thereof, said fields being 
in right angle relation and established by a 
single magnet of one polarity and two magnets 
of Opposite polarity, a current carrying vibratory 
elenent, suspended in each field, a mirror mount 
ed. On each Sul.Spended element, said mirrors being 
positioned so as to have their reflecting surfaces 
in planes extending in the direction of the field 
in Which its vibratory element is suspended and 
So positioned that when the elements are in rest 
positions both can receive radiations from a 
Single Source and reflect such radiations in op 
posite directions, and means for reflecting the 
reflected radiations back to the mirror from 
which it was first reflected. 

8. In an OScillograph, an independent unitary 
Structure comprising an elongated casing means, 
a permanent magnetic member of one polarity 
mounted on one wall of the casing, two other 
permanent magnetic members each of an opposite 
polarity mounted on an opposite wall with an 
air gap between and being provided with angul 
lar ends SO arranged in spaced relation with the 
first named member as to establish two magnetic 
fields in close proximity and at right angles to 
each other, means establishing by magnetic ma 
terial magnetic paths between the ends of the 
magnetic members remote from their spaced 
ends, a current carrying vibratory element sus 
pended in each magnetic field, a mirror mounted 
On each Vibratory element so that when the 
elements are at rest they will reflect radiations 
from a single Source in opposite directions, and 
means for adjusting the magnetic members hav 
ing like opposite polarity relatively to the other 
member and in parallel planes so that the space 
between magnets in which the vibratory elements 
are Suspended can be varied to permit coil or 
bifilar suspension. 
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9. In a dual oscillograph, a unitary struc 
ture comprising a casing means having a single 
Cpening on one side of the casing through which 
rays from a single source can be received and 
reflected, means for establishing magnetic fields 
at right angles to each other, said means in 
cluding three magnets with one being on the 
Same side of the casing as the opening and the 
others On the opposite side of the casing, a cur 
rent carrying vibratory element suspended in 
each field, a mirror a SSociated With each Sus 
pension and positioned to receive and reflect rays 
from the Single Source, said mirrors being so posi 
tioned that the reflected rays from each will be 
in Opposite directions, and a stationary mirror 
for each suspended mirror so positioned as to 
receive rays reflected from a suspended mirror 
and reflect Such back thereto and then through 
the Single opening. 

10. In a dual OScillograph, an independent uni 
tary structure comprising a casing means, three 
permanent magnet means carried by the cas 
ing for establishing two magnetic fields in bi 
furcated relation and common to one magnet, 
a current carrying vibratory element suspended 
in each field, a mirror mounted on each suspended 
element and being so related as to receive light 
from a single source and reflect it in opposite 
directions when the elements are at rest, and 
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10 
means including a cylindrical seat and a cylindri 
cal Surface on the casing structure for adjusting 
the casing as a unit and with it the magnet 
means, vibratory elements and mirrors about an 
axis which is SO positioned as to paSS through 
the points of reflection of both mirrors, said seat 
constituting the Sole Support for the casing struc 
ture. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Nanne Date 
988,084 Fleege –------------ Mar. 28, 1911 

1859,020 BrOWh -------------- May 17, 1932 
1930,677 Floyd ------------- Oct. 17, 1933 
2.154.080 Zinnnnerman ------------- Apr. 11, 1939 
2,161,744 McCarty ----------- June 6, 1939 
2,183,934. Heiland ------------ Dec. 19, 1939 
2,294,320 Fitzmann --------- Aug. 25, 1942 
2,410,379 Hathaway ————————— Oct. 29, 1946 
2,469,265 Hathaway —————----- May 3, 1949 
2,501,538 Ruska ------------- Mar. 21, 1950 

FOREIGN PATENTS 
Nunber Country Date 

17,624 Great Britain ------ Mar. 23, 1911. 
1910 


