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UNITED STATES

2,168,173

PATENT OFFICE

2,168,173
TRANSFORMING MEANS

Camil A, Sabbah, deceased, late of Schenectady,
N. Y., by Willilam A. Dodge, administrator,
Schenectady, N. Y., and Lysle W.. Morton,
Schenectady, N. Y., assignors to General Elec-
tric Company, a corporation of New York

Application June 5, 1937, Serial No. 146,660
12 Claims. . (Cl.-171—97)

The invention relates to electric translating
apparatus ‘and more particularly to electric
translating apparatus for transmitting energy
between constant voltage alternating current

§ circuits and constant current alternating cur-
rent circuits. Co .

.Heretofore there have been devised humerous -

arrangements for effecting the transfer of energy
between constant voltage alternating current cir-

10. cuits and constant current alternating current
circuits. Some of these arrangements have in-
cluded devices having relatively movable parts
for effecting this transformation and other ar-
rangements have employed a plurality of react-
ances of opposite sign, such as inductances and
capacitances, for effecting this transformation.
In view of the recent advances in electric power
transmission, there has been-evidenced a decided
need for transforming apparatus to facilitate the
20 transformation of constant voltage alternating
. current to alternating current of constant value
by apparatus having only stationary elements
and by apparatus employing only a minimum
number of parts, affording thereby an economi-

25 cal apparatus susceptible of a wide diversity of
use and being of an inexpensive construction.
For example, there has been evidenced a need for

1

apparatus of this type for use in connection with’

the electric power transmission and distribution
30 system disclosed and claimed in U. S. Letters Pat-
ent 1,990,758, granted to Charles W. Stone, Feb-
ruary 12, 1935, and assigned to the assignee of
the present application. o
It is an object of the inventicn to provide a
35 new and improved electric translating apparatus.
It is another object of the invention to provide
a new and improved transforming apparatus for
effecting the transfer of energy between constant
voltage alternating current circuits and constant
40 current alternating current civcuits.

1t is a further object of the invention to provide’

a new and improved transformer for effecting

transfer of energy between constant voltage al-

ternating current circuits and constant current

45 alternating current circuits which -is devoid of

relatively movable parts and which is simple and
reliable in construction and arrangement. .

In accordance with the illustrated embodi-

ments of the invention, thers is provided a new

50 and improved transforming device for effecting

transfer of energy between constant voltage al-

ternating current circuits and constant current

. alternating current circuits. The transforming

device comprises a pair of spirally wound, elec-

55 trically insulated windinzs preferably arranged

to have.a mutual inductance substantially equal
to the self inductance of the windings and being
proportioned so that there are provided mutually
disposed surfaces in proximity to afford inter-
winding capacitance which tcgether with the in- 8
ductance constitutes a tuned circuit to effect the
desired transformation. The windings are di-
mensioned so that the tuned circuit resonates to
the frequency at which the device is intended to
operate, or, in other words, the device is arranged 10
to resonate to the frequency of the voltage or of
the current of the associated circuits. The wind-
ings may be associated with a magnetic core
structure and the magnetic core structure may be
modified or dimensioned to control the output or 18
the input characteristic of the device. For ex-
ample, the core structure may be constructed to
have an air gap to obtain the desired operating
characteristics. In a modified embodiment of
the invention an auxiliary coil, energized with 20
direct current, is employed to control the satura-
tion of the core member and to control thereby
the value of the constant current output which is
maintained. ’
For a better understanding of the invention, 28
reference may be had to the following description
taken in connection with the accompanying
drawings, ahd its scope will be pointed out in the
appended claims.  Fig. 1 diagrammatically il-
lustrates an embodiment of our invention as ap- 0
plied to an arrangement for effecting transfer of
energy between a single phase constant voltage
alternating current circuit and a single phase
constant current alternating current -circuit.
Fig. 2 represents diagrammatically an arrange-
ment of the windings and the insulation of the
embodiment of the invention shown in Fig. 1.
Fig. 3 represents the equivalent electric circuit
of the arrangement shown in Fig. 1. Fig. 4 dia-
grammatically shows another embodiment of our
invention as applied to an arrangement for ef-
fecting transfer of energy between a three phase
constant voltage alternating current circuit and
a three phase constant current alternating cur- 45
rent circuit, and Fig. 5 represents the equivalent
electric circuits and shows the manner in which
the windings of Fig. 4 are to be connected to as-
sociated circuits. Figs. 6, 7, 8 and 9 represent

40

certain operating characteristics of the arrange- o
ments shown in Figs. 1 and 4. Fig. Ta is an ex-
planatory circuit diagram. Fig. 10 represents

an embodiment of our invention in which the
constant current to be maintained is controlled ‘
by controlling the saturation of the core struc- 85
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characteristics thereof. _ P
_ Referring now to Fig. 1 of the accompanying
the invention is ' disgrammatically
shown -as applied to a transforming device or a
transformer 1 for effecting transfer of energy
between a single phase constant voltage alter-
nating current circuit and a single phase con-
stant current alternating current circuit. The
transformer | includes a pair of spirally wound
windings which may be associated with a mag-
netic core member 2.. The core member 2, if
desired, may be constructed with a high reluc-
tance portion, such as an air gap 2’, to obtain a
certain desired operating characteristic. The ar-
rangement of the windings may be better under-
stood by referring to the expanded view of Fig. 2,
It is to be noted that the windings which have
been termed primary winding and secondary
winding are electrically separated irom each other
by the use of suitable insulation, and that a pri-
mary winding 3 is provided with a terminal 4 and

. that secondary winding 5 is provided with a ter--

minal 6. The primary winding 3 and secondary

winding § are dimensioned and disposed relative -

to each other so that there are provided sufficient
areas thereof in proximity to establish a substan-
tial inter-winding ‘capacitance. Furthermore, the
windings are arranged so that the mutual in-
ductance thereof is substantially equal to the self
Inductances. The inductance of the windings 3
and § and the interwinding capacitance of these

- windings constitute in effect a monocyclic square.

The primary winding 3 and the secondary wind-
ing 5 are also provided with terminals 7 and 8;
respectively, which are connected to the other
ends of the respective windings. )

The equivalent electric circuit of the arrange-
‘ment diagrammatically illustrated in Figs. 1 and
2 is shown in Fig, 3. The windings shown in
Fig. 3 and the taps or terminal connections have
been assigned reference -numerals corresponding

- to the arrangements shown in Figs. 1 and 2. The

45

transforming device of Pig. 3 is shown' as being
connected to effect transfer of energy between. a
constant voltage alternating current circuit §
and a constant current alternating current cir-
cuit 10. Electrically opposite terminals of each of

- windings 8 and § are connected to different cir-
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cuits. For example, terminal 4 of winding 3 is
connected to circuit 9, while terminal 7 of wind-
ing 3 is connected to circuit [0; and terminal §
of winding 5 is connected to circuit | 0, while

‘terminal 8 of winding 5 is connected to circuit 9.

The capacitances il Tepresent the distributed
inter-winding capacitance of windings 3 and 5
and the capacitances 12 and 3 represent the re-
sultant or effective inter-winding capacitance of
these windings. The capacitances 12 and 13 may
be considered as being effectively connected in
series relation with the windings 3 and 5 and the
associated circuits 8 and 10. The inductance of
the windings 3 and 5 and the effective interwind-
ing capacitance represented by the capacitances
12 and 13 constitute in effect a monocyclic square.

The operation of the embodiment of the in-
vention diagrammatically shown in Fig. 1 may be
best explained by considering the equivalent cir-
cuit shown in Fig. 3. Let it be assumed that it is
desired to supply to the circuit §0 an alternating
current of constant value from the constant volt-.
age alternating current circuit 9. By virtue of
the arrangement of the windings 3 and 5, the
effective inter-winding capacitance as represented
by capacitances 12 and 13 constitutes, together

o 2,168,173
ture, and Fig. 11 represents certain operating’

with the mutual inductance of windings 3 and §,
a tuned circuit of the series type which resonates
to the frequency of the voltage of the alternating
current circuit 8 to transform the constant volt-
age alternating current to alternating current of
constant value. - As the resistance of the load
circuit connected to circuit. 10 decreases, the
voltage impressed on circuit 10 by the transform-
Ing device | will correspondingly decrease to

-maintain. the output current at g substantially

constant value; and, conversely, as the resistance
of the load circuit increases,
thereon by the transforming device 1 will corre-

‘Spondingly increase to maintain the current con-

stant. .

The operation of the embodiment of the in-
vention shown in Fig, 1 may be better under-
stood by referring to the operating characteristics
shown
the secondary current, that is, the current in
winding 5 under variable load conditions. Curve
A represents the secondary current under varying
load conditions with a certain value of applied
primary voltage when the core member is pro-
vided with an air gap, and curve B represents the
secondary current when the dpplied voltage is
reduced to approximately one half that applied
under the conditions represented by curve A.
Curve C represents the secondary current under
varying load conditions when the primary voltage
applied is approximately that under the condi-
tions represented by curve -A and when the core
member does not have an air gap.

The curves of Figs. 7, 8 and 9 will be of assist-
ance in explaining the relationships between.the
elements of the inductive devices shown in Figs.

"1 and 4. Although to effect transformation of

constant voltage alternating current to alternat-

"ing current of constant value by the use of ap-

plicants’ invention the device is operated at a
constant frequency, it is believed that- the char-
acteristics as shown in Figs. 7, 8 and 9 as func-
tions of an applied voltage of variable frequency
will be helpful in understanding the invention.
Curves D, E and F répresent the output.current,
output voltage and the input voltage as functions
of the frequency of the line voltage for- the circuit
arrangement in Fig. 7a, where an impedance is
connected in series relation. with the line and
serves as a protective means. Curves- G and H
of Fig. 8 represent the primary and secondary
voltages, respectively, as functions of the fre-
quency when an air gap is used in the core, and
curves J and K of Fig. 9 represent the primary
and secondary voltages,
of the frequency of the supply line when no air
gap is employed. - o

Fig. 4 of the drawings represents diagrammat-
ically an embodiment of the invention for effect-
ing transfer of energy between three phase con-
stant voltage alternating current circuits and con~
stant current alternating current circuits. The
transforming device includes a core structure 14

wound coils 18, 19 and. 20, respectively. Each of
the coils (8, 19 and 20 comprises a pair of elec-
trically insulated and spirally wound windings,
such as windings 3 and 5 shown in Fig. 2. Each
of the windings or conductors of coils 18, 19 and
20 is provided with two taps or terminals, one at
the beginning and the other at the end of the
winding.. For example, the, primary -winding of
coil 18 is provided with terminals 21 and 22 and

the secondary winding is provided with terminals
manner, coils {9 and 20 are

23 and 24. In like

respectively, as functions'

10

the voltage impressed N

15

inFig.6. The curves A, B and C represent -
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, s,1es,17s
provided with similarly connected termina.ls . -Solving ror '

2528 and 29—32, respectively.

The circuit diagram of Fig. 5 represents the

connections of the transtforming device of Fig. 4
when it is desired to effect transfer of energy

from constant voltage alternating current circuits

33, 34, and 35 and constant current alternating
current circuits 36, 37 and 38. It, of course, will
be well understood by those skilled in the art
that the circuits 33—35 and 36—38 may be con-

nected in the usual way to three phase alternating

current circuits when it is desired to effect trans-
fer of energy between three phase systems.

The embodiment of the invention shown In

Figs. 1 and 4 operates to transform constant
voltage alternating current into alternating cur-
rent of constant value, or vice versa. One way

in which the operation of the embodiment of our .

invention may be analyzed is as follows: The in-
ductances of the windings 3 and 5 are assumed
to have no individual leakage reactance. This

can be found and substituted.

b .
G+)
in this last equation and substituting in those
above yields a new set of equations from which
v b,

.2 .
This operation is
repeated until one Equation 2a remains.. Letting

=5

successlve substitutions in Equation 2a yleld

fépbn—n(bﬁbﬁ o hy)-

assumption is justifiable whether the windings , e

are on one core or on two cores, since the flux
induced in each coil is identical.
the analysis of the -operation of the arrange-
ment, the elemental reactor currents or the cur-
rents transmitted through the elemental induct-
ances of windings 8 and 5 may be represented
by ai, a3 . . . Gn-3, dn-1, Gn, and the currents
which flow by virtue of the elemental inter-

winding capacitances may be represented by by,

bz ... bn. The inductive reactance for the ele-
mental portions of winding 3 will be represented
as T, and the inductive reactance of the elemental
portions of winding 5 will be represented by .
The voltage of the constant voltage alternating
current circuit 9 may be represented as E, and the

current of circuit- 9 may be represented at ao.-

Z may represent the impedance of load circuit 10,
and be may represent the current transmitted
thereto. Kirchoff’s equations may be written, re-
ferring to Fig. 3, assuming that there are n por-

tions of the windipgs between the elementary

interwinding capacitances. On"this assumption,
there are n reactors or inductances on each wind-
ing and n+1 capacitances. By multiplying the
equations by —j to simplify, and assuming 7 is
an even number, the voltage equations may be
written as:

FE=12x;b,—jZby ¢y
j?=x2bx“xl(ax+82+ e Fan) ¢))
#z(bz—bx)'}'m(an—ﬂx)'—_o
%ol b3— bp)+ xian—a)=0 3)
x2f b — b, \txifa —a,\=20
QEOROMNCOR)
X2(b2—‘b1)—211(b2+b3+ c o +bl‘_)—
2
le =0
| (3+)
Xz(bs—bz)—2xx(b3+b4+ RN +b£)—
bl
x;b =0

(P2 (a) ()" ’“(
*’(”(; )~ —>,"f’<)
, W)

To facilitate -

n(2+ l)b (2b)
J;?pr\l,—n<bo‘*'.bxl+ T +b(%"))—
of 2+_‘ (2c)
2 p— (2+ ) (TI)

IE_ o - '

x pb1 n(b( ) f(p)b ,n Z+1) (211)
By substituting b: from Equatmn 1 in Equa-

tion 2n, produces finally:

o+ 300 )= (Y (o5 ) —rm)n (©)

The current equations may be written as:
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&1=ag+bz
a;=a3+ b; .
ay=a,t'by 4)
a4 (3m) 2 (3e))
CORCONS:
“<%+2>.=“(ﬂ+a>“’<-"——l>
G e e O
a<,_1)=a,.+b,
a,=by+ b,

Using the equations of Groups 4 and 5, the
currents represented by the a quantities can be
eliminated from Equation 2 and the groups of
Equations 3, as follows:

+b,.>—
)

jE=xzbl—nxl(bo+b1+ ..
. %xlb(%+1) (2a)

If bo is to be independent of Z:

N

In order to advance the analy:is from this
point, it is necessary to study Equation 7, par-
The object, of course, is to let

p-—%f(p)=0

ticularly the f(p).

(1]

70
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4 _
" .n become infinite.

For different values of n, f(p)
¢ becomes: .

n=21(p) =245

| S
n=4(py=2+p—FrE <
o p_<2+p-—l
f(p);

n=6£f(p);=2 -|-D‘WI__,—)‘2

£ (p)n—l
Pp=Hp)t

10

n=nf(p), =2+

Let p=1: _
- f(ph=1, f(p)=1, . . . f(p)a=1
Obviously, Equation 7 will not be solved for
this value. “However, if p is made equal to %--c,
. upon solution of Equation 7 for successive values
20 of n, it will be seen that as n approaches infinity,
» approaches 15, - -
- Substituting from Equation 7 into the left-

15

hand side of Equation 6 produces, noting that -

. MI2=c: .
25 ' _JE2p_ JE
2 x, T 2x,

bo=

. ‘The above analysis proves that the current

transmitted to circuit 10 is independent of Z for

30 the proper frequency, and further shows that each

small element is and operates as a monocyclic
square. C '

In Fig. 10 there is shown another embodiment

of our invention in which a magnetic condition

35 of the core structure is controlled to.effect  con-

trol of the value of the constant current which is

maintained. The arrangement of Fig.. 10 is.simi-

- lar in many respects to that of Fig. 1 and corre-

sponding elements- have been assigned like ref-

40 crence numerals. ‘A .core member 89 is also pro-

vided with an agency, such as a coil 40, which

controls the saturation of the core member 39

to establish the value of constant current which

will be maintained by the device. The coil 40

45 may be energized from any suitable source of

direct current 41 and a circuit controlling means,

such as an adjustable resistance 42, may be used

‘to control the current supplied to coil 40. It is

to be understood that the resistance 42 may

50 manually or automatically operated. o

The curves of Fig. 11 représent the output cur-

rent of the arrangement of Fig. 10 under varying

load conditions. Curve L represents the output

current when there is no current in coil 40, and

858 curves M, N and O represent this characteristic

with increasing values of direct current in coil 40,

The normal range of operation of the device will

be within the region lying between the horizontal

; line entitled Full-load voltage and the abscissae

60 axis.

scribed as applied to a particular system of con-

While the invention has been shown and de-

2,168,178

wound in mutué,l inductive relation and being
disposed relative to each other to have sufficient
inter-winding capacitance which together: with

said inductance constitutes a tuned circuit res8-

nant to the freqency of said supply circuit for.

effecting transformation of constant voltage al-

" “ternating current to alternating current of con-.

stant value. -
" 2. In combination, an alternating current sup-

. ply eircuit, a load circuit, and a transformer com-

prising a magnetic core structure and a pair of
electrically insulated windings wound about said
core structure'and arranged to have a substantial
mutual inductance, said windings being wound to

minimize flux leakage therebetween and having

sufficient inter-winding capacitance which to-

‘gether with said inductance constitutes a tuned

circuit resonant to the frequency of said supply
circuit for effecting transformation of -constant

voltage alternating current to alternating cur-.

rent of constant value,

" 3. In combination, an alternating current sup-
ply circuit, & load circuit, and a dévice comprising
a pair of electrically insulated windings wound

to form an inductance and being positioned rela-

tive to each other to minimize flux leakage there-
between, said windings having mutually disposed
surfaces of a magnitude sufficient to provide a
capacitance which together with said inductance
constitutes a tuned circuit, resonant to the fre-
quency of said supply circuit for transforming
constant voltage alternating current to alternat-
ing ¢urrent of constant value. ' :

4. In- combination, a constant voltage alter-
nating current circuit, a second .circuit, and a
device interposed between said circuits for trans-
mitting alternating current of constant value to
said second circuit from said constant voltage

© alternating current circuit comprising a pair of

electrically insulated windings being wound to
have a substantial mutual inductance and hav-
ing sufficient inter-winding capacitance to con-
stitute a tuned circuit resonant to the frequency

.- of said constant voltage circuit. = .

be "

" each having a pair of terminal connections, elec-

- 5. In combination, a constant voltage alter-
nating current circuit, a second circuit, and a
device for transmitting " alternating current of
constant value to said second circuit from said

-constant voltage alternating current circuit com-

prising a pair of electrically insulated windings

trically opposite terminals of each of said wind-
ings being connected to a different one of said

circuits, said, windings having a substantial’

mutual inductance and having sufficient inter-
winding capacitance to constitute a tuned circuit
resonant to the frequency of said constant volt-
age circuit. : T

6. In combination, a constant voltagé alternat- '

ing-current circuit, a second circuit, and a device
for . supplying alternating current of constant

- value to said second circuit from. said constant

nections and as embodying various devices. dia-

grammatically shown, it will be obvious to those
65 skilled in the art that changes and modifications
may be made without departing from the inven-

tion, and it is therefore, the aim in the appended’

- claims to.cover all such ¢hanges and modifica-

tions as fall within the true spirit and scope of the
70 invention. : :

voltage alternating current circuit comprising a
magnetic core structure and a pair of electrically
insulated windings wound about said core struc-
ture-and having a mutual inductance substantial-
ly equal to the self inductances thereof, elec-
trically opposite terminals of each of satd wind-

" ings being connected to a -different’ one of said

What is claimed as new ahd desired‘_ to secure

by Letters Patent of the United States is:
1. In combination, an alternating current sup-

ply circuit, a load circuit, and a device compris--

78 Ing a pair of electrically insulated windings being

circuits, sald windings being dimensioned so that
there are afforded miuitually disposed surfaces. to
form sufficient inter-winding capacitance to con-
stitute with said mutual inductance a tuned cir-

cuit resonant to the frequency of said constant
voltage .circuit, .
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‘comprising a pair of electrically insulated wind-

7. A device for efrectlng the transfer of energy

- between a constant.voltage alternating current

10

15

20

25

circuit and a constant current alternating ‘cur-
rent circuit comprising a pair of electrically in-
sula,ted windings being wound to have an appre-
ciable ‘mutual inductance. and having surfaces

in. proximity to afford inter-winding capacitance:
. which together with said inductance constitutes -

a tuned circuit resonant to the frequency of said
constant voltage- alternating current circuit to
effect said transfer, saild inter-winding capaci-
tance being effective as a series capacitance rela-
tive to the flow of current through said windings.

8. A device for effecting the transfer of energy
between a constant voltage alternating current
circuit and a constant current alternating cur-

rent circuit comprising a pair of electrically insu-

lated windings each having electrically opposite
terminals thereof connected to a different one of
the circuits and being wound to have an appre-
ciable mutual inductance, said windings being
dimensioned to provide surfaces in proximity
to afford inter-winding capacitance which  to-
gether with said inductance constitutes a tuned
circuit resonant to the frequency of said constant
voltage circuit to effect said transfer, said inter-
winding capacitance being effective as a series
capacitance relative -to the flow of current

~through said windings.

30

40
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9. In combination, a constant voltage alternat—
ing current circuit, a constant current alternat-
ing current circuit, and a transformer for effect-
ing transfer of energy between said circuits com-
prising a pair of electrically insulated windings
and being wound to have a substantial mutual in-
ductance and being disposed relative to each
other to have an inter-winding capacitance

which together with said inductance constitutes "
a tuned circuit for transforming constant volt-

age alternating current to alternating current of
constant value, said windings being dimensioned
to be resonant to the frequency of said first
mentioned circuits.

10. In combma.tlon an alternating current sup-
ply circuit, a load circuit, and a transformer

ings being wound to have a substantial mutual
inductance and being disposed relative to each

other to haveé sufficient inter-winding capagi- .

tance which together .with said inductance con-

stitutes a tuned circult resonant to the frequency. -

of said constant voltage cireult for effecting trans-
formation of constant voltage alternating: cur-
rent to alternating current of constant value and
means for controlling the magnitude of the con-
stant current alternating current.

11. In a combination, an alternating current

‘supply circuit, a load circuit, a transformer com-

10

prising a magnetic core member, a pair of elec-

trically insulated windings assoclated. with said
core member and arranged to have a substan-
tial mutual inductance, said windings having suf-
ficient inter-winding capacitance which together
with said inductance constitutes a tuned circuit

15

resonant to the frequency of said supply circuit g9

for effecting transformation of constant voltage
alternating current to alternating current of con-
stant value, and means for establishing in said
core member a -unidirectional magnetomotive

force to control the value of constant current-

which is transmitted to said load circuit.

12, In combination, an alternating current
supply circuit, a load circuit, a transformer com-
prising a magnetic core member, a pair of elec-
trically insulated wihdings associated with said
core member and arranged to have a substantial
mutual inductance; said- windings having suf-
ficient inter-winding capacitance which together
with said inductance constitutes a tuned ecircuit
resonant to the frequency of sald supply circuit
for effecting transformation of constant voltage
alternating current to alternating current of con-
stant value, and means for saturating said core
member to control the value of ‘constant current
which is transmitted to said load circuit.

WILLIAM A. DODGE,
Administrator of the Estate of Camil A. Sabbah,
Deceased.
) LYSLE W. MORTON.
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Certlﬁcate of Correctmn

_ Patent No. 2;168,173. : = ., August 1, 1039
- WILLIAM A DODGE ADMINISTRATOR OF CAMIL A SABBAH
e DECEASED ET AL.
It is hereby certlﬁed tha’,t errors appear in the prmted specification of the above

numbered patent requiring correction as follows: Page 3, first column, line 38, for
. “at” read as; line 60, before the equation begmnmg with - :

“xy(by— by)— 2xl(b2+bl+ +b )—

insert the following— » -
" : The current. equations may ‘pe written as:
ai=a;+by
a;=gtby . ]
) 83=J4+b4 : O

) )
DI CONEE
() T (@) T (GR)
G TG0 T
'_a(n—n-—an-i‘bz ’ ,
an=hby+b; -
Uslng the equations of Groups 4 and 5, the -
currents represented by the @ quantities can be .

-eliminated from Equation 2 and the groups of
Eguations 8, as follows: ’ ) .

JE= xsz"nxl(bo+bx+ . +b, )—

(5)

2x;b( +1)- (2&)'
and second column, line 39, begmnmg with the words “The current equatlons” strlke
- out a.ll to and mcludmg the equation .
i E—x,bl—nxl(bo+b1-l- o +bn)— .
x;b ( +1) (2a)"

in hnes 63 to 68 inclusive; a.nd that the said Letters Patent should be read W1th these
correctlons therem that the same may conform to the record of the case in the Patent -

Slgned and sealed this 26th da.y of September, A.D. 1939

fsmaz]

HENRY VAN ARSDALE, .
Acting Commissioner of Patents,




