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Reissued Feb. 10, 1948 Re. 22,971

UNITED STATES PATENT OFFICE

22,91
CAPILLARY TRANSDUCER

Charles ¥. Burgess, deceased, late of Bokeelia,
Fla., by Oliver W. Storey, Wheaton, Ill., trustee

Original No. 2,416,978, dated March 4, 1947, Serial
No. 573,913, January 22, 1945, Apphcatmn for
reissue August 8, 1947, Serlal No. 767,600

9 Claims. (Cl 171—330)
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‘This invention relates to an electrical appara-~
tus and more partlcularly to a reversible trans-
ducer for converting electncal energy into me-
chanical energy or vice versa. The inventlon in
partlcular provides an energy-converting means
whlch will convert electrical potential directly
into liquid pressures or will convert liquid pres-
sures into electrical potentials,

2

This outside point may have ecither a load or
generator for mechanical forces coupled there-
to. The electrometer of course has metallic cir-
cuit connections to the interface forming liquids.
Thus the electrometer system may receive elec-
trical energy from an outside source and supply
mechanical energy to the outfside point or the
operation may be reversed. Hence a true energy

Af present, with one exception, electrical transfer from one system to another may be
energy can be converted into mechanical energy 10 effected. Inasmuch as the energy transforma-
or vice versa only by the use of solid materials. tion is effected in the electrometer system as
Thus magnetic or electromagnetlc ﬁelds may act hereinafter described, it follows that this elec-
upon ferromagnetic materlals or current -carry- trometer system is a transducer.
ing materials. As a rule thls will result in " A capillary eleetrometer involves the action of
forces heing generated in a manner analovous 15 a liquid conductor and electrolyte —meetmg in
to the action of two magnets. It is also pos- a meniscus interface in proximity to an insu-
sible to utilize the phenomenon of magneto- lating surface so that capillary forces may exist.
striction -involving a lengthemng of a ferro- In its simplest form, a capillary electrometer
magnetic matemal Apart from the actmn of a comprises a glass tube having a capillary chan-
magnetic or electromagnetm ﬁeld on a l1qu1d 20 nel therethrough within which mercury and an
carrying current, no direct conversmn of energy electrolye, such as dilute sulphuric acid, meet
between electncal or magnetm energy on one to form an interface. Upon application of an
hand into mechanical energy on the other hand electric potential across said interface, a change
is possible wrthahquld prior to this. 1nvent1on ' of said interface will result. Conversely, ‘upon

Similarly, e]ectrostatm fields may be used in 25 change of the interface, a potential will be gen-
connection with solid matena]s Thus, on the erated. It has hitherto been customary to pro~
one hand, the tendency for two similarly charged vide mercury or mercury-bearing substances as
particles to separate may be involved .in the means for applying the potential to the liquids
movement of two conductlng plates such as in on opposite sides of an interface. While the
the electrostatic type.of volt meter In a piezo 30 fundamental nature of a capillary electrometer
electric system, the stress in a crystal due to and its operation are still more or less obscme
an electromotive force represents an energy it is believed that the interface behaves like 2
transformation. However such forces are re- ‘condenser in that current conduction does not
stricted to crystalline materials. There is no ceur providing the applied potential is main-
means known in whlch pressure in a hqmd and g5 tained below a predetermined threshold value.
voltage in a circuit may be dxrectlJ related to In the case of mercury and dilute sulnhurlc acid,
each other as the two parameters in a trans- the threshold value is approximately one-half
ducer system. volt, and voltages in excess thereof will have

By virtue of the invention herein, a new and deleterious results on the electrometer.
different energy converting cycle is possible and 40 If the electrometer interface is considered as a
involves . on the mechanical side the direct gen- condenser, calculations have shown that the
eration of hydrauhc .pressures. A steady hy- capacitance thereof per unit area is extremely
draulic pressure represents energy in potentxal high in comparison to capacitances of conven-
form, while g varying hydraulic pressure is po- tional condensers.
tential energy varying with time, and thus may 45 The capillary clectrometer has hitherto been
represent power. It is believed that the invern- utilized mainly as a volt meter wherein applied
tion herein described .is the only means known potential across theé interface has resulted in
wherein a direct relatxonshxp between hydraulic interface movement unrestrained by external
pressure and electric potential is ut1hzed in en- force. This movement was observed by a micro~
ergy transformation. The transformatlon may 50 scope or other means. While means for ad-
proceed in either direction. justing the zero position of the interface have

This invention ut1hzes a capillary electrometer been shown in the literature, never before has
and provides a substantially 1ncompress1ble me- a capillary elecirometer had its structure
chanical coupling between the caplllary meniscus changed so that true transducer action was
and a point outside of the electrometer system. 56 effected. In order for true transducer action to
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occur, it is necessary that the energy centent
of one system be changed, and that the dif-
ference in such energy content be communicated
to another system.

It has been discovered that true transducer ac-
tion may be obtained by providing a substantially
incompressible mechanical coupling between cne
or more of the meniscuses and some point outside
of the electrometer system. In one form of the
invention, an elongated member has one end
disposed at a meniscus and extends through the
electrometer lquid to a point outside of the
electrometer. At this outside point, the member
" may either receive or give vibratory energy. In
another form of the invention, the liquid or
liquids making up the electrometer are utilized
as part of the incompressible coupling. At any
desired region where an electrometer liquid
exists, a flexible wall or movable member may
be provided. Between this member and the
electrometer meniscus is an incompressible
coupling in the form of electrometer liquid, The
coupling communicates force between said mov-
able or flexible wall and the -electrometer
meniscus. The movable or flexible mechanical
member in contact with the electrometer liquid

may provide a pressure communication between’

the electrometer liquid and some outside system.
The outside system may either be the seat of
pressure generation or conversely may receive
the pressures generated in the electrometer.

By virtue of this construction, it is possible to
apply electric potentials across the interface and
obtain mechanical responses available for use
outside of the electrometer system. Conversely,
it is possible to aprly mechanical energy and in-
troduce said mechanical energy into the elec-
trometer system and use the potential generated
across the interface.

By varying the energy, whether it be electrical
or mechanical with respect to time, the converted
energy—mechanical or electrical—will vary with
time. Thus a conversion between eleciric power
and mechanical power is possible.

While a single capillary electrometer represents
a relatively feeble converting device, it is possible
to provide a large number of such electrometers
and thus, in the aggregate, handle substantial
amounts of energy.

In a capillary electrometer, it is believed that
the effective portion of the liquid interface, as
far as electrometer operation is concerned, is ad-
jacent the insulating solid surface. For this rea-
son, a discrete interface has generally been
formed in capillary bores. Such bores have gen-
erally been of the order of from ten microns
to fifty microns. Finer bores are undesiraple due
to erratic and secondary effects. Coarser bores in
general lack sensitivity.

For a more detailed description of the inven-
tion, reference will now be made to the drawing
wherein Figure 1 is an elevation of a structure
embodying one form of the invention. Figure 2
is an elevation of g modified construction. Figure
3 is a view showing a multi-unit system for han-
dling substantial amounts of power. Figure 4
is a detail of a medified single capillary unit.

Referring first to Figure 1, container I8 of any
suitable material such as glass may have open
top I, vertical side 2, and bottom 13. Within
container 10, there may be disposed a quantity
of mercury 15. Wire 16 of platinum or other suit-
able metal may be sealed into and pass through
bottom 13 of the container to extend into the body
of mercury 15. Thus good electrical contact from
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the outside to mercury 15 is provided. Floating
above mercury 15 is electrolyte {7, which may be
any one of a number of materials that may be
used in an electrometer. About ten or twenty per
cent sulphuric acid is commonly used, although
organic or inorganic materials for this purpose
are well known. Thus aqueous sclutions of the
hydroxides of sodium -or potassium, and aqueous
solutions of the alkali metal halides have been
used.

Container {8 has glass tube 18 sealed into bot-
tom {3 thereof, and extending up into the liquid
above the level of mercury i5. Tube i8 has bore
20. Tube i8 itself may be any size desired and
preferably should be heavy enough to withstand
mechanical handling. Bore 28 may vary in range
as hereinafter described. Tube I8 has bottom
portion 22 thereof capped by member 23 of ad-
justable volume. In its simplest form, member 23
may consist of a piece of heavy rubber tubing
closed at bottom 24 and telescoping over bottom
end 22 of glass tube 18. The volume of member
23 may be controlled by clamp 26 and screw 21.
Member 23 is filled with mercury 28, which mer~
cury extends up info bere 29. The mercury in
bore 28 is adjusted so that meniscus 39 is prefer-
ably slightly above the level of mercury 5. How-
ever, this is not critical and the level of meniscus
30 may be set at any desired point. Electrolyte i7
is disposed within bore 20 so that meniscus 30
forms an interface between mercury and elec-
trolyte. Member 23 is stiff enough so that, once
adjusted, its volume remains constant in spite of
electrometer operation.

In order to provide for g capillary space in the
region of meniscus 38, a rigid member, here shown
as needle 32, may be extended down into bore 29
in contact with interface 38.

Needle 32 must extend down into the mercury
column sufficiently so that an annular mercury
meniscus is formed. The material of which needle
32 is made may either be insulating or conducting.
If of insulating material, it may be formed of glass
or other similar material. If needie 32 is of con-
ducting material, it may be formed of platinum
or other suitable polarizable metal. When needle
32 is of conducting material, proper adjustment
of the needle tip may be necessary. 'The correct
adjustment may be obtained by varying the nee-
dle position and operating the electrometer.
When the needle is correctly adjusted, some
polarizing film is formed, since no short circuiting
of the interface results. When a conducting nee-
dle is correctly adjusted, the conducting nature
of the needle is of no significance, and the needle
merely provides a mechanical coupling from the
meniscus to a point outside of the system.

The diameter of needle 32 is such that the dif-
ference in diameter between needle 32 and bore 29
al interface 36 provides an annular capillary re-
gion., 'This capillary region may vary within wide
limits. The difference in diameter may he of the
‘order of about one millimeter although this may
vary widely. Thus, a capillary region between op-
posed insulating surfaces of needle 32 and inside
wall of bore 26 will be formed.

Needle 32 forms a rigid coupling between inter-
face 30 inside of the capillary electrometer sys-
tem and a point outside of the entire system. In
order to terminate needle 32 in either a load or
a, generator, it may be fastened to diaphragm 33.
It is understood that, instead of diaphragm 23,
any other energy absorbing or energy generating
means may be used.

To complete the electrical circuit across in-
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terface 38, wire 36 may pass through sealed bot-
tom 24 of member 28 and extend into the mer-
cury.. Wires 6 and 36 may be connected to
primary 40 of transformer 4} whose secondary
42 may be connected in any suitable fashion.
If the capillary electrometer system is to con-
vert ‘mechanical energy into electrical energy, a
vibration generator is necessary at the free end
of needle 32. Mechanical vibrations at needle
32 will change meniscus 30 to generate potentials
across the interface. These generated potentials
are conducted to primary 40 of transformer 41
and potentials induced in secondary 42 may be
amplified or may be utilized directly in some
load. Conversely, if reverse action is desired, sec-
ondary 42 would be supplied with varying poten-
tials and thus function really as a primary.
Winding 49 would have induced therein. poten-
tials which would be applied across interface 30
to cause movement thereof. The resulting move-
ment would vibrate needle 32 and thus affect dia-
phragm 33.

Referring now to Figure 2, a modified structure
is shown wherein the liquid in the electrometer
is utilized as the incompressible coupling between
the capillary interface and a point outside of the
electrometer system. Thus container 60 may
have open top 51 and, as before, may have bottom
layer 62 of mercury and supernatant layer 63
of electrolyte. Lead 64 may be sealed in the bot-
tom of container 63 and contact mercury 62. It
is understood that container 60 may be made of
glass or any other insulating material. Tube 65
may be sealed to container 62 and extend up
Inside thereof through the bottom. Tube 65 has
capillary bore 66. Capillary bore 66 may vary in
size over wide limits between ten microns and one
or more millimeters. 'The length of capillary 65
may vary, although lengths of the order of be-
tween one quarter of an inch and three-quarters
of an inch may be used successfully.

Tube 65 has upper end 70 above the level of
mercury 62 and is open to electrolyte §3. The
bottom of tube 65 may have attached thereto
rubber tubing 12 whose free end 73 may be
sealed in any suitable fashion as by glass stopper
15. Passing through stopper 15 and inside  of
rubber tube 12 is wire 7. The inside of rubber
tube 72 is filled with mercury 89, said mercury
extending well up in bore 66. Electrolyte 63 ex-
tends down bore 66 to form interface 14 with
mercury.

"The liquid column hetween the interface and
rubber tube 12 is substantially incompressible and
provides a. connection between the interface and
the wall of said rubber tube. Rubber tube T2
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this value is of the order of about one-half volt
per interface. In many instances, it may be de-
sirable to generate or respond to higher voltages.
It is therefore understood thaf discrete -globules
of mercury and electrolyte may be disposed in
capillary 66 to build up as many interfaces as may
be desired. It is also possible to. parallel two or
more electrometers so that currents rather than
voltages are added. ‘Because of the :similarity
in:action between an-electrometer and a con-
denser, there will be charging and discharging
currents present. In order that - substantial
amounts of power-may be handled, it is possible
to provide a composite system wherein a number.
of electrometers in parallel form s group, and a
plurality of such groups may be operated in series.

Thus referring to Figure 3, a power unit is
shown having a substantial number of parallel
capillary elements-to form a group and several
(here shown as two) groups in series. Each
group may corisist of an insulating biock 100 hav-
ing a number of paralle] capillary passages there-
through. Thus block 109.may be a short cylinder
having top and bottom faces: 101 and 192. Cap-
illary passages 103 may extend through from one
face to the other. Block 100 may be of glass,
polystyrene, Bakelite or ‘any insulating. material
immune to attack by the electrolyte used, -as -
dilute -sulphuric acid. The passages may “be
drilled, formed when block 100 is softened by
heat or any other way. The spacing between
adjacent hores should be as small as possible.
The diameter- of the bores may vary depending
upon the process used. Bores of the order of .1

5 millimeter may be obtained by molding glass or

other thermoplastic insulator around g, group of
spaced wires. The wires may then be removed
by dissolving with suitable chemicals.

Two blocks 180 and (05 may be provided with
capillary ‘bores. The length of each’ block may
vary. However, the length may advantagecusly
be of the order of one quarter to three quarters
of an inch. Each bore preferably has at least
two interfaces formed by a globule of electrolyte
between mercury columns. Thus. a clean block
may be dipped into mercury to force some up
into each bore. Then the block may have one
end dipped into electrolyte, under pressure to
force some electrolyte up. Thereafter, a mer-
cury treatment may follow,

Each bore may. have as many cascaded inter-

" faces as desired, it being understood that sub-

55

forms the boundary between the outside and the -

electrometer system itself. In order to provide
means for transferring energy from the liquid
cclumn to the outside, rod 8%’ may be cemented
to spot 8! on rubber tube 72. 'The remaining
portion of rubber tube T2 is restrained by rigid
covering 83 which, in its simplest form, may. con-
sist of metal. The volume of rubber tube 12 may
be adjusted by clamping screw 84,

Wires 64 and 17 may be connected as in Fig-
ure 1. It is clear that, upon application of poten-
tial across the interface, movement of meniscus
74 will result in movement of the flexible wall
portion and rod 80. The reverse action may also
be obtained.

As hereinbefore pointed out, every interface
has some threshold voltage below which it is nec-
essary to operate for proper electrometer action.
In the case of mercury angd dilute sulphuric acid,

60
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stantially all bores.in one group have the -same
humber of interfaces. Because the electrolyte
generally has a higher -electrical resistance, it is
breferred to keep the. electrolyte used to a mini-
mum. Hence, there will generally be an even
number of -interfaces per bore. Thus a single
block may have one hundred bores with four
interfaces per bore. With two groups in -series,
this would result in a four-voelt threshold voltage.
The parallel capacitance will result.in a substan-
tial value so that; under certain conditions, heavy
currents may flow, :

Blocks 100 and 195 may be mounted in line
with each other and have a casing 107 surround-
ing both. Casing 187 may be of the same ma-
terial as blocks 106 and 105 and ‘firmly joined
thereto. Abcve block 109 is space 109 containing
mercury 110, Similarly, space i!l, between
blocks 108 and 165, may be filled with mercury
112. ‘Below block 105 is space 1 13 filled with mer-
cury (14, It is understood that the capillary
bores through each block form  the sole ligquid
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paths between the regions at the ends of each
block.

One end of casing 10T may be sealed as at 1186,
Conductor |1T may be sealed into the casing to
make contact with the mercury. Conductor 118
may be sealed at the other end of the casing.
Thus, the two terminals will be wires 11T and 118,
The bottom of casing 107 may be formed as flexi-
ble wall (20. Thus wall {20 may be formed of
steel sealed at the edge to the material of casing
107.

Hydraulic pressure may be transmitted through
flexible wall 129.
the system will be flexible wall 120 and the re-
mainder of casing 197. Casing 107 may be fas-
tened in position so wall 120 may work against
a load or be actuated by a load. Air space {21
at the rigid end of the system may provide a
restoring force and take up liquid expansion with
temperature rise.

The action of the restoring force is not thz
same as in a simple mechanical spring system.
In a capillary electrometer, when an interface has
keen moved in response to a potential, there is a
tendency for the interface to remain in the moved
position unless electrical conditions are also per-
mitted to reach a new equilibrium. Conversely,
if an interface is moved as a result of mechanical
forces and the ferces removed, the interface will
tend to remain in the same position unless the
electrical system can come to a new equilibrium.
Gradually, over a period of some hours, the inter-
face will return to a position of complete elec-
trical and mechanical equilibrium due to surface
leakage along the insulating container. Xence,
any mechanical restoring force provided must be
considered not as a complete restoring force for
the entire system, but only for the mechanical
portion thereof.

While theoretically, it would be desirable for
each blocek to have the same number of capillary
hores, in practice, this may be difficuit to achieve
under certain manufacturing conditions. As long
as the number is approximately the same, one

group will adapt itself to the remaining groups i

and the entire unit may operate. It is obvious
that the number of capillary bores that may be
paralleled in one group has no definite limit.
Similarly, any number of groups may be put in
series.
parallel! with each cther, so that electrically they
are connected together but physically and me-
chanically they may be separate. Thus heavy
charging and discharging currents may impose

a practical limit to the number of capillary bores ;

in one group so that, under certain circumstances,
it may be desirable to parallel groups.

Inasmuch as each electrcmeter unit is me-
chanically and electrically discrete, it follows that
a plurality of such units may be connected elec-
trically in series and mechanically in parallel or
electrically in parallel and mechanically in series.
Thus, the electrical series and parallel connec-
tions are obvious and would be the same as con-
necting other devices such as batieries in series
or in parallel. Mechanically, a parallel connec-
tion would involve a plurality of units connected
to one push rod so that sach unit actuatzd the
push rod directly. A serizsg mechanical connec-
tion would have cne unit operate upon another
unit and finally the end unit operate on a lead.

Thus, the disposition of the two blocks in Fig-
ure 3 constitutes both an electrical and mechsni-
cal series connection. It is clear that the series
mechanical connection is not necessarily in-

The mechanical terminals of |

It is also possible to dispose groups in ;
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herent in the series electrical connection. Simi-
larly, the disposition of a plurality of bores
through one block constitutes a parallel connec-
tion both electrically and mechanically. Again,
the parallel electrical and mechanical connections
are not necessarily interrelated. ’

In Figure 4, a detail of a structure is shown
wherein the mechanical coupling between the
outside and the electrometer system is applied
at or near the portion of the system containing
the meniscus. Thus capillary (29 may have at
least two interfaces 130 formed therein. The
remaining portions of the electrometer system
may be as shown in Figure 1 or Figure 2. How-
ever, it is understood that the mechanical energy
coupling peint in these figures is not included.
At point {31 on the outside of capillary 120, rod
132 may be rigidly connected, Rod.132 may go
to some load or generator for handling vibratory
energy. By maintaining the rest of the elec-
trometer system rigid, deflections of capillary
28 at point {2 will result in transducer action.
It is understood that capillary i28 would have
walls thin enough for this purpose. Whether the
coupling point between rod 132 and capillary 120
is in line with an interface or not is of no great
conseguence.

By virtue of the invention herein, a simple
transducer for reversible conversion of energy be-
tween eléctrical and mechaniecal is Pprovided.
The mechanical energy ig in the form of pres-
sure in a liguid and, as such, may be converted
by mechanical means into movement of a me-
chanical member. By the use of a number of
capillaries in parallel, the current handling
ability or pressure in a liguid may be increased.
By providing a plurality of cascaded interfaces,
either in one capillary bore or a plurality of cas-
caded capillary bores, the poiential handling
ability or amplitude of a pressure wave may be
increased. By combining these two modifications,
it is possible to provide a transducer which can
handle substantial amounts of energy or power.

The simplicity of such a transducer, together
with the direct generation of pressure in a liquid,
make it desirabie for use in many fields. Thus
the fransducer may operate in connection
with sound transmission between sound waves
and corresponding potentials, Other fields of
use may be in the detection of minute pressure
waves such as exists in seismographs, thickness
gauges, and other similar devices. A particularly
desirable feld for use resides in the generation
of potentials corresponding to pressure waves in
various portions of living bodies such as, for ex~
ample, in electric cardiographs and sphygmo-
manometers.

What is claimed is:

1. A transducer comprising a capillary elec-
trometer, said electrometer including two liquids
forming at least one interface therebetween,
means for establishing electrical connections to
said interface-forming liquids, a substantially
incompressible connection from said interface,
said incorapressible connection going to a point
outside of said electrometer system, means at the
outside end of said incompressible connection for
transmitting vibratory forces between a driven
or driving means on the one hand and electrom-
eter interface on the other hand, said means and
incompressible connection transmitting vibratory
energy from szid means to said interface or from
said interface to said means depending upon the
direction of energy conversion and circuit con-
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nections to said electrical connections for cou-
pling a potential generator or load.

2. A transducer comprising a hydraulic sys-
tem containing at least two different liquids, said
system including at least one capillary bore with
said liquids meeting in at least one interface to
form a capillary electrometer, means for estab-
lishing electrical connections to the liquids on
opposite sides of said interface, said system in-
cluding as a part thereof a flexible wall portion,
and mechanical means at said wall portion

it

coupled thereto, said electrical conducting means .

having outside circuit connections so that with
said electrometer there is formed a complete cir-
cuit, and said coupled means forming with said
flexible wall a mechanical system, whereby said
electrometer may function as a transducer for
converting electrical energy into mechanical en-
ergy or vice versa.

3. A transducer comprlslnrr a capillary elec- 2

trometer having two liquids meeting to form an
interface, a rigid solid insulating rod extending
from said interface to a point outside of said
electrometer system, mechanical means coupled

to sald rod and an electrie circuit including said 2:

interface.

4. A transducer comprising a capillary elec-
trometer including two liquids meeting to form an
Interface, a rod extending from said interface
to a point outside of said electrometer system,
sald rod having a portion forming part of a
capillary region within which said interface is
located, vibration responsive means coupled to

said rod and an electric circuit including said

interface.

5, A transducer comprising an insulating tube,
mercury and an electrolyte in said tube forming
an interface, a rod extending within said tube
near said interface to a point outside of said
tube, said rod and the bore of said tube being so
proportioned as to create p capillary annulus at
said interface, mechanical means connected to
said rod outside of said tube and circuit means
including said interface.

6. A transducer comprising a tubular system
including a capillary bore, said system having
therein two liquids forming an interface in said
capillary bore, circuit connections to said inter-
face forming liquids for providing a capillary
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electrometer, said tubular system including at
least a part thereof having a flexible wall and
mechanical means on the outside of said tubular
system coupled to said wall, said mechanical
means being adapted to either receive or generate
vibratory energy and said circuit connections
being adapted to supply or receive electric po-
tentials. .

7. An energy converting device comprising a
sealed container having mercury and an electro-
Iyte therein, at least one block of insulating ma-
terial in said container, said block forming a wall
across said container to divide the same into two
chambers, said block having a plurality of capil-
lary bores connecting said chambers, said liquids
being so disposed in said container and capillaries
as to create at least one interface in each capil-
lary, said container having a flexible wall as a
part of one chamber for transmitting pressure
between one chamber and a region outside of
said container, electric circuit connections from
the outside of said container passing through the
walls thereof fo said liquids whereby potentials
may be applied across said interface or, if gen-
erated, said potential may be conducted to the
outside, and mechanical means in said other
chamber tending to exert a restoring force to the
liquids in said container.

8. The structure of claim 7 wherein said con-
tainer has at least two blocks spaced from each
other to form chambers on each side of each
block, the capillary bores in said blocks connect-
ing said chambers in succession.

9. The structure of claim 1 wherein g hermet-
ically-sealed container is provided for the capil-
lary electrometer, said sealed container having a
compressible gas in one part thereof.

OLIVER W. STOREY,
As Trustee for the Partnership of O. W, Storey
and Associates, Assignee of Charles F. Burgess,

Deceased.
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