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To all whom it may concerr:

Be it known that I, Epwin J. MURPHY, a
citizen of the United States, residing at Lynn,
in the county of Kssex, State of Massachu-

5 setts, have invented certain new and useful
Improvements in Recording Electric-Wave
Forms, (Case No. 2,286,) of which the follow-
Ing is a specification.

In recording the wave forms of electric en-

I0 ergy as potential or current the usual plan
of procedure is to employ some electromag-
netic device the movement of which under
the changing strength of the wave is caused
to trace its form, either by the movement of

15 a mechanical stylus Or 1n a more accurate
manner by means of photographically fixing
a reflected beam of light. Inallof the meth-
ods heretofore employed, so faras  am aware,
however, the device which actually traced

20 the wave was maintained in movement by the
rising and falling strength of the wave, and
this is accompanied by the disadvantage of
errors introduced by inertia of the moving
parts. My invention aims to avoid this error

25 as well as tosimplify the mode and apparatus
by which the wave form may be traced.

The invention comprises an electrochem-
1cal method of recording the wave form, and
1s carried oat by creating in two opposed re-

30 sistances slopesof potential by which at some
point between the ends of the two conduec-

tors opposed points of equipotential are es-

tablished and by causing this point of equi-
potential to shift by superimposing on the
35 conductors the alternating electromotive
force whose wave form is to be traced. Thus
the point of equipotential is caused to shift
by the reaction of the changing wave against

an opposing steady electromotive force, and

40 this shifting point is caused to electrochem-
ically leave 1ts trace on a sensitized sheet of
paper by causing a movement of the paper
between contacts electrically connected with
corresponding points of the two conductors.

45 The resuiltof thle method 1s a record in which
the wave form 18 traced 1n a clear space on a
lined surface or one uniformly covered with
marks due to decomposition of the chemical
solution at all points of the surface except

so the shifting point of equi-potential above re-
ferred to.

The Invention may be carried ont 1n a sim-
ple manner by employing two oppositely-ex-
tending resistances, connected asin a W heat-
stone bridge, at two points of which are ap-
plied the poles of a source of direct electro-
motive force, as a battery, and at the other
two points of which are applied the alternat-
ing leads. FKFrom points of corresponding
potential drop in the two conductors extend
leads, to which are connected pens or styles

“bearing on a ribbon or paper saturated with
an electrochemical compound easily decom-
posed bya current—such, for example, as an
aqueous solution of iodid and bromid of po-

ribbon may be kept in movement by means
of an electric motor or other device capable
of giving uniform speed.

I believe it 1s broadly new with me to pro-
duce the trace of a wave form by electro-
chemical meansunaccompanied by distortion
from inertia of moving mechanical parts.

In the accompanying drawings, which dia-
grammatically illustrate the invention, Kig-
ure 1 shows the arrangement of resistances
and a record sheet or ribbon embodying my
improvements. Fig. 2 is a diagram showing
the relative arrangement of the styles and the
ribbon. Iig. 3 is a diagram showing a sim-
plified relation of the operative parts. Kigs.
4, 5, and 6 are explanatory diagrams showing
the manner in which the shifting point of
equipotential is established, and Fig. 7 is a
modified arrangement of the system for ap-
plication by means of a transformer.

Referring to Fig. 1, 1 and 2 represent two
resistances, and 3 and 4 corresponding re-
sistances, Whleh together forma Wheatstone
bridge, ehai‘ged- at two points by a source of
steady electromotive foree, as a galvanie bat-
tery 5. The arrangement is similar to the
diagram Fig. 3, the source of alternating en-
ergy whose wave form is to be traced (indi-
cated at 6) being applied at the two oppo-
site points of the bridge. The arrangement,
however, of Fig. 1 differs from that of Fig. 5

are derived from the common point 7, but
connected thereto at opposite ends of the sec-
tion, so that a fall of potential over the re-

1 sistance 1 takes place progressively from left

tassium containing starch or dextrine. The

in the fact that the resistance-sections 1 2

60

70

30

QO

100




- sponding points in the two sections are con-

3O

15

20

25

30

35

40

45

50

55

6o

=) - ) 718,479

’

sl

to right, while that of 2 takes place progress-
ively from right to left. Connectedat corre-

ductors 8 98* 9%, &e.,which bear uponan elec-
trochemical ribbon 10. This is arranged in
any suitable way, so that it may be rapidly
drawn through the pens, as indicated roughly
in Fig. 2, the ribbon being fed from a reel 11
at one side and drawn forward at uniform
speed by motor-driven rolls 12. Motion may
be derived from an electric motor or any other
device having a uniform speed, and control
devices for starting and stopping it are of
course employed.

By an examination of the diagrams Figs.
4, 5,and 6 it will be seen that when the source
of steady electromotive forece 5 onlyis ap--
plied to the system there will be a gradual
fall of potential in opposite directions from
the points 13 14, and the point of intersec-
tion 15 will represent a point on the electro-
chemical paper at which exist equal poten-
tials and at which for that reason there will
be no current flow through the paper,and
therefore no electrochemical decomposition.
At all other points of contact between the
paper and the pens 8 9, however, the poten-
tial on one side will be higher than that on
the other—as, for example, at the point |
marked 16 in the diagram, Fig. 4—and at
these points the excess electromotive force
will decompose the paper, leaving a stain or
trace. When the circuit is closed from the
alternating source 6, however, this point of
equipotential is forced to shift to and fro
with respect to the central position, (indi-
cated at the point 15,) since the positive
side of the wave will gradually increase the
drop of potential on one side of the bridge
and lower that on the other. These condi-
tions are diagrammatically illustrated in Fig.
9, from which it will be evident that the po-
tential on one side of the bridge is raised, so
as to correspond to the slope 17 18, and that
of the other correspondingly lowered, so as to
correspond to the slope 19 20. The point of
equipotential will now be found at the inter-
section of these two slopes or at the point 21.-
With the reversal of the wave, however, this
point will be shifted to the left of the point
15, as indicated at the point 20? in Fig. 6, the
tall of potential being increased now in the
other side of the bridge. Thus by the chang-
ing values of the alternating electromotive
force the point of equal potential in the two
limbs of the resistance active with relation to
the recording-surface is caused to shift to and
fro and the sensitive surface being in move-
ment through the pens is covered with a mass
of closely-spaced lines except only at the point
of shifting equipotential, and as this moves
by and in accordance with the changes of
strength of the wave being measured its final |
shape will be outlined in a white curved line
on a colored close-lined surface. In order to
render the trace as close in resemblance to the
impressed wave form as possible, it is neces- |

sary that the resistance across the two sides
of the bridge by way of the electrochemical
paper should be high relatively to that of the
sections themselves. In Fig. 7 is shown &
plan by which the alternating wave may be
derived through a transformer, 1 2 represent-
ing the recording sides of the bridge, as be-
fore, and 3 the secondary of the transformer,
the middle point of whieh is connected with
the battery. | |

It will be understood that the arrangement
shown in the drawings is simply diagram-
matic. In practice it will be found desirable
to employ the recording-resistances in a some-
what different form—as, for example, by car-
rying the paper between two cylinders wound
with wire, which may itself be a side of the
bridge. High resistance of the shunt-path
through the chemical paper may be promoted

by covering the wire with a thin film of oxid

or other poor conduecting medium. In order
to prevent a distorfing effect on the wave
form by the coil used in such cases, the wire

‘may bedoubled, one side being insulated and

the other bare, and wound side by side in a
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manner similar to the construetion of non-

inductive resistance-coils.

Since the decomposition of the chemical
salts will oceur at times on one side of the
recording-paper and at others on the other
side, very thin tough paper should be em-
ployed, which permits the discoloration to be
visible through the fabric. |

It will thus be seen that by means of these
improvements the form of the alternating
wave may be traced without the employment
of any moving device introdueing an inertia
factor to disturb the accuracy of the wave
form. |

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. A recording device for electric-wave
forms, comprising two resistances mounted

| to ereate proportional potential drops in op-

posite directions of the potential to be re-
corded, a movable record-strip, and means
for indicating the shifting point of potential
equality in the two resistances.

2. Recording apparatus for electric waves,
comprising two resistances, a source of steady
electromotive force connected thereto to es-
tablish a falling potential in opposite direc-
tions, a recording-surface, styles governed by
corresponding points of the resistances, a rec-
ord-sheet moved across the styles, and reverse
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electric connections between the two resist-

ances and the circuit carrying the wave to be
recorded. -

3. Recording apparatus for electric waves,
comprising two resistances, a source of steady
electromotive force connected thereto to es-
tablish a falling potential in opposite direc-
tions, contacts connected with corresponding
points of the resistances, a chemical record-

125

I3o

sheet, means for driving it past the styles,

and reverse electric connections of the resist-
ances with respect to the circuit whose wave
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is to be recorded, whereby a shifting point |

of balanced potential is maintained by said
wave, o |
4. Recording apparatus for electric waves,
comprising a divided circuit, resistances in
the two sides thereof, connections for oppos-
ing corresponding points of the resistances
on a chemical recording-surface, and connec-
tion with the circuilt carrying the wave to be

recorded to effect a lateral shift of the result-

ant potentials on the surface. |
5. Recording apparatus for electric waves,

comprising a divided cireuit, resistances in

L
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two sides thereof, a source of steady electro-
motive force reversely connected with respect
to the ends of the resistances, and connec-
tions for the wave to be traced to assist the
steady electromotive force in one limb of the
circuit and to oppose it in the other.

In witness whereof I have hereunto set my 2o

hand this 21st day of November, 1901.

EDWIN J. MURPHY.

Witnesses:
DUuGALD McK. McKILLOP,
ALEX. F. MACDONALD.
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