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The present invention relates to electrocardio-
_graphs as used in the medical sciences for obser-
vation and/or registry of the minute potential
variations between various points of the human

5 body caused by the action of the heart, and ob-
jects of the invention are to provide a novel means
for and a method of producing electrocardlogra.ph
records.

As is well known, electrocardiographs depend

10 for their action upon the fact that the action of
the heart in the human or animal body is accom-
panied by voltage impulses known as biological
action voltages or potentials of the order of about
001 volt between the limbs such as between the

15 right and left arms or between the arms and legs.
By studying the characteristics of such impulses
when they are recorded as continuous waves by
an electric oscillograph on a light sensitive sur-
face, such as the luminescent.screen of a cathode

20 ray osciliograph or a photographic film or paper
strip, physicians are enabled to determine cer-
tain facts concerning the function and condition
of the heart. : '

According to an improved method and system

25 of electrocardiography, various points of the body
are tapped by means of suitable electric connec-
tors strapped to the patient to observe and/or
record variations of the reaction potentials be-
tween these points. '

According to a well established method known
as the Einthoven system, it has become customary.
to use the following tappings or leads as they will
be referred to hereinafter for the purpose of this
specification for drawing several action voltﬁg/es
33 h/'om the body of a patient: oA

Lead I: between right arm to left arm
Lead II: between right arm to left leg
Lead III: hetween left arm to left leg

By simultaneously observing the potential fluc-
tuations between these points, valuable conclu-
sions can be drawn on the function and condition
of the heart. ! o
_As is understood, however, other tappings or
leads may be used, such as between different
points of the breast encircling the heart, or be-
tween the breast and the back and others.
An object of the present invention is the provi-
ston of a novel method of and system for electro-
50 cardiography especially adapted to the Einthoven
system of deriving action voltages from the
patient enabling a direct indication and/or re-
cording of the action voliages and their relation
to each other. :

55 Another object is the provision of an electro-

80

45

cardiograph adapted to produce & direct indica-
tion and/or record of the electrical axis of the
heart and its various positions during each palpi-

- tation or heart beat cycle.

Further objects and aspects of the invention g
will become more apparent from the following
detailed description taken with reference to the
accompanying drawings forming a. part of this
specification and ‘wherein—— C

Figures 1 and 2 are theoretical diagrams €x- je
planatory of the function and operation of the in-
vention, ) ’ .

Figure 3 illustrates an electrocardiograph re-
cording system comprising & catliode rey oscillo-
graph designed and constructed in accordance 15
with the invention,

Figure 4 1s s theoretical diagram explanatory
of the function- of Figure 3. -

Figure 5 illustrates a modification of a deflect-
ing system for & eathode ray oscllicgraph for use g0
in,an arrangement according to Figure 3, .

/Figure 6 shows. an electrocardiograph system
of the type according to the invention combined

/with means for additionally producing the ordi-
nary electrocardiographic records by means of & 28

single oscillograph device,

Figure 7 is & partial view of 2 modified cathode
ray oscillograph constructed in accordance with
the Invention showing the use of magnetic de-
flecting means.. h : n

Similar reference characters identify similar
elements throughout the different views of the
drawings. o

The conditions created by the threz léads In
accordance with the Einthoven principle may be 88
best understood by considering the tapping points
at the limbs as the corners of en equilateral $ri-
angle containing the heart in its center, This
is shown in Figuré 1 wherein B represents the
tapping point at the right arm, L the tapping ¢
point at the left arm, and B the tapping point at
one of the legs such as the left leg, whereby the
leads or potential differences between these points
are represented by the connecting lines I, 1T, XX
of these points. &ince the exciting action
through the muscular system of the heart pro-
ceeds from the base to the top during each con-
traction, the heart has a definite electrical axiz

.determined- by -the connecting: line between the

points of greatest biological potential difference
which connecting Hne coincides approximately

: with the anatomical axis of the heart. From the -
Einthoven lead triangle, the relstive magnitudes
of the separate action voltages produced by the

. individual leads may be. determined for which &3
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purpose it is only necessary to project a voltage
vector A in the direction of the electrical heart
axis whose length is preferably equal to the maxi-
mum . potential difference during the so-called
initial peak of the heart beat curve (ai, a2 and a3)
upon the three sides of the lead triangle as shown
at A1, Az, As. In case of normal position of the
heart, such as shown' in Figure 1, the electrical
axis of the heart is approximately parallel to the

lead IT, while the derivation IIT supplies the weak- -

est potential component.
within the triangle has a

If the heart vector

anatomical position of the heart may be obtained

on the basis of a simple geometrical scheme, such
as Is not always possible by means of X~ra'y‘rg-'

cording or other methods. :

. For the practising physician, it is highly; _incon-.'

venient and cumbersome to cairy out separately
for each patient the vectorial summation of defi-
nite instantgneous values: obtained from the
three Einthoven leads on the basis of the scheme
shown in Figure 1. To. overcome this “incon-
venience it has been proposed to ‘apply .two ‘of
the action voltages to separate deflecting sys-
tems of & cathode ray oscillograph arranged with
their axis at a right angle whereby a kind of
Lissajou ‘figure is obtained upon the viewing or
recording screen whose 'shape “depends on the
Phase displacement between the action yoltages
being recorded and from the main’axis of which
certain conclusions may be [drawn- on the ana-
tomical orientation of the heart. In “order to
fully complete the analogy with the Einthoven
System, the coordinates of the recording system
should form angles similar to those of the equi-
lateral lead triangle. S o o
- This obviously simple method, however, has a
serious disadvantage preventing its general
adoption In practice. For better illustration the
following case will be considered. It is assumed
that the electron beam in the cathode ray oscil-
lograph is defiécted in two rectangular coordi-
nates by potentials suppliéd by the leads I and
II.  Assuming further a specific case as llus-
trated in Figure 2 corresponding to-the so-called
“situs inversus” or inverted position of the heart
axis, the action voltage supplied by lead II might
be equal to zero, while the voltages supplied by
the leads I and IT might be equal to each other.
If the deflecting systems of the oscillograph
are connected as mentioned above, that’ is, if
lead III 18 entirely disconnected, no potential is
produced by lead II s0 that the electron beam is
deflected only by the potential produced by lead
I As a result, the electron beam is deflected in

one direction only which has no relation what- "

soever to the direction of the heart vector or the
anatomical position of the heart to ‘be deter-
mined. These conditions are substantially the

same {f in place of rectangular coordinates de-

flecting systems oriented at & 60° angle are used.
A determination of the position of the heart is
thus impossible under. the circumstances de-
scribed. N o . _
In order to obtain a Lissajou figure in' ‘the
above case, it would be necessary to connect the
deflecting systems to the leads I and TIT. From
this, however, it follows that this method is not
absolutely reliable but subject to the discretion
on the part of the physician who may choose

- ahy one of the three leads for diaghosing pur-

78

poses. As a result, the clnical value of this

different position or is-

rotated, the relative magnitudes and the polarity. -
of the separate leads will vary accordingly. From -
the above it is seen that g clear picture of -the- .
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method is rather limited and impracticable in
more complicated cases than the one considered
where an entirely false diagnosis with serious
consequences may be the result. .

By thé new method and system according to 5
the present invention, the above drawbacks and
disadvantages -are Substantially- overcome. Ac-
cording ‘tothe. irvention, all ‘three leads are
equally utilized for the recording of the elec-

“trical heart vector in such a manner that arbi- 10
_trary combinations are impossible.

~ Accordingly,
the new method employs three deflection simul-

-taneously in three directions\forming angles of

60° with each other and cooperating with the
Einthoven leads or.in other words, the cathode 15

. ray or other recording beam is deflected by the
.threg action’ voltages simultaneously and in di-

rections forming angles of 60°.

According to one embodiment of the invention,
a cathode ray oscillograph is used comprising 20
three deflecting systems each controlled by one
of the action voltages drawn from the patient’s
body and related according to the Einthoven or
any equivalent” diagram. The three deflecting
systems are successively or simultaneously passed 25
by the electron beam-in such a manner that the
resultant deflection of the luminous recording
spot produced on the fluorescent screen of the
oscillograph is determined by the vectorial sum
of the instantarnieous values of the action voltages 30
applied to the deflecting systems. o .
“For the recording of the biological action po-
tentials by means of a cathode ray oscillograph,
it "is necessary to provide an amplifier for in-
creasirig the heart action potentials (which are 36
of the order of one milivolt) sufficiently to effect
the ‘deflection of the electron beam. Great difft-
culties are’ often’ experienced in practice due to
the fact that the highly sensitive amplifier hav-
Ing its input connected to the patient who acts
&5 an antenna is liable to pick up a great amount
of interference or disturbing potential variations
originating either from the 60 cycle house light-
Ing systems or from other sources of disturbance
such as high frequency medical devices, dia-
thermy or X-ray and other electrical apparatus.
By grounding the system, a certain protection
against interference may be obtained, but under
circumstances the ground connection by which.
a definite. reference point is established In- the gg
interfering field may result in a substantial- in-
crease of the disturbance - potentials applied to
the system to such an extent as to render the
records obtained substantially unintelligible, In

- order to reduce disturbances of this kind, it was 55

necessary heretofore to carry out the observation
or registry of the action botentials in an electro-
statically screened room or a so-called Faraday

~cage, or if no screened room was available, to

screen the patient by a metallic or metal fabrie 80
cover.  All “these "expedients, however, involve
great difficulties in practice besides being expen-
sive_and not affording a complete brotection as
in the case of a metal fabric.screen surrounding
the patient.” Moreaver, the latter is impossible 65
in very serious cases of iliness where any annoy-
ance or.irritation of the patient has to be care-
fully avoided to prevent reactions and distortions
of the cardiographic records obtained. . o
According to .the present invention & more 70
efficient and reliable method of eliminating dis-
turbances is proposed based on the differential
principle for eliminating undesirable potentials,
The. novel method. is based on. the assumption .
that the space occupied by the patient and the 78
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'»ap.paré,t\.ivs is small comp,a;"ed, with the extension

of & disturbing field, the origin of which is'usual-
ly at a far distance so that.the interfering field
in the vicinity of the patient.and the apparatus
may be regarded as ‘homogeneous.. From this it
follows: that the
they enter the patient or the apparatus may be
assumed to be of equal phase, In order to sepa-
rate the disturbance potentials from the action
potentials produced by the heart, the arrange-
ment is made such that the action potentials are
applied to a differential or push-pull amplifier
and that the indicator or recording device is-also
connected in differential fashion between the
outputs of the amplifiers. In this manner only
the potentials produced by the heart action are
applied to the input.of the amplifiers while the
equally phased disturbance potentials, although
they may be considerably amplified, are mutually
balanced by the differential action of the indi-
cator or recording device.

In my copending application Serial No. 58,048,
filed January 8, 1936, now Patent No. 2,133,140
issued October 11, 1938, there is disclosed a
method by which the Einthoven action poten-

tials may be amplified and recorded by the aid -

of only two amplifiers each serving to amplify
one of the action potentials while the third po-

- tential is represented as the sum or difference of

30

33

40

the two former and serves to operate an oscillo--
. graph connected between

the output circuits of
the amplifiers. In an arrangement of this type.
the differential principle is employed only for the

third potential and in fact substantially no in- .

terference peaks appear inthe corresponding
record. The other derivations or potentials, how-
ever, which are directly amplified and recorded
are subject to interference to the full extent.
By the present application a new method and
system is proposed for utilizing the differential
principle for a triple electrocardiogr_aph system
which has the further advintage of a: consid-
erable saving of amplifiers and other parts. - For

- this purpose both the input and output circuits
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of the three amplifiers are arranged in star con-
nection while the deflecting systems .of the

cathode ray oscillograph are also arranged in .

either star or delta and connected to the qutput
circuits of the amplifiers. :
An arrangement of this type designed and con-
structed in accordance with the invention is illus-
trated diagrammatically by Figure 3. In the
1atter there is shown a cathode ray oscillograph

comprising . an_ evacuated vessel 20 having -

mounted therein an arrangement for producing
a concentrated electron beam 7 known ' as .an
electron gun and consisting in the example shown

of a cathode 21 which may be a directly heated

or indirectly heated cathode surrounded by a
pre-concentration cylindrical electrode 22 neg-
atively biased with respect to the cathode in a
known manner. The thus produced electron
beam emitted from the cathode is further con-
centrated or focussed by means of an electron-
optical lens system of any known type, consist-

ing in the example illustrated of a pair of -aper- .

tured acceleration electrodes 23 and 24 which
are sultably positively biased with respect to the
cathode so as to produce a sharply concentrated
electron beam impinged upon the luminescent
screen 21 applied to the opposite wall: of the
tube or arranged in any other suitable manner.
Any other known ray generaling system may be
provided, the details thereof having been omitied
from the disclosure and drawings for the sake

disturbing potentials wherever

‘fiers shown at

3

of simplicity and as
present invention. There are further shown
three pairs-of electrostatic deflecting plates 26—
26, 25'—26°, 25''—26" arranged with their axes
forming angles of 60° with each other and serv-
ing to effect deflection of the electron beam
simultaneously in three directions in accordance
with the respective action potentials drawn from
the patient at the points R, I and B in the man-
ner described hereinabove. Before application
to the deflecting. plates 25—26, 25'—26’, 24’ —
26", the potentials are amplified by means of
separate amplifiers such as vacuum tube ampli-

10, 10’ and 10’’, respectively, for
which purpose the tapping points R, L and B
are connected to the grids or input electrodes i3,
i3’ and {3’’, respectively, of . the amplifiers in
the manner shown. The. cathodes f, 11’ and
11" of the amplifiers are connected to ground
at 18 or to any other reference point of the sys-
tem through a switch |16 and a biasing battery

1 the purpose of which will be described later.

The anodes f2, 12’ and 12’* of the amplifiers are
connected to the load impedances 14, 14’ and 14",
respectively, which may be ohmic resistors whose
opposite ends are joined together and connected
to the positive pole of a common anode potential
source |5 having its negative pole grounded.to
compléte ‘the direct current anode circuits. In
this manner, the load impedances 14, 14’ and &’
form a star connection similar to the input cir-

cuit represented by the leads between the points

not forming part of the

16

20

30

R, L and B. The star points or anodes of the -

amplifiers 10, (0’ and 10’ are connected to the
junction. points between successive deflecting
plates of the three deflecting systems of the
cathode ray oscillograph connected in delta in
the example illustrated. For the latter purpose,
plate 26 of the first deflecting system is con-
nected to plate 25’ of the second deflecting sys-
tem, the junction point thereof being connected
to the anode 12, plate 26’ of the second deflect-
ing system is connected to the plate 26’’ of the
third system and the junction therebetween is
connected to the anode: 12’; while the plate 28"
of the third system is connected to the plate 25
of the first system and their junction is con-
nected to the anode 12", In this manner by
connecting both the input and output - circuits
of the amplifiers in star and by further connect-
ing the deflecting systems of ‘the cathode ray
oscillograph in concatenated fashion to the out-
put circuits of the amplifiers only the potential
differences between the points R, L and B are
effsctive in causing the deflection in the electron
beam while all other equally ‘phased potentials
applied to the input of the amplifiers such as
the undesirable disturbance or interfering poten-
tials are eliminated by the differential action in
all three amplifying and recording channels.
As-is understood, any desired number of am-

_ plifylng stages as well-as any suitable type of

amplifying circuit may be used for the purpose of
the invention, one amplifying stage having been
shown only for simplicity of the disclosure and
drawing. ' ’ ' . »
Referring to Figure 4, the. deflection of the
eléctron beam in an arrangement of the type
according to Figure 3 is further illustrated. The
case considered corresponds substantially to the
general’ case shown hy Figure 1 wherein the
vector of the electrical heart voltage A forms an
angle « with the horizontal or lead I. The re-
sulting deflection of the electron beam caused
by the individual components. Af, A2, A3 which
i

70
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as pointed out are obtained by projecting the
vector A upon the sides of the equilateral tri-
angle 'is found by vectorially adding ‘the com-
bonents Al, A2, A3 at angles of 60°. By this
geometrical summation a resulting vector S as
shown in Figure 4 is obtained including an angle
Z with the horizontal or derivation I. It can be
shown by a detailed theoretical analysis as pre-
sented in an-article appearing in: “Zeitschrift fiir
Instrumentenkunde” Vo: 47, 1937, No. 4, espe-
cially on pages 149. 156 'and 157, of which the
inventor is co-author that the two ‘vectors A
and S are parallel or in other words, that the
angle z is equal to the angle « as shown in the
diagram so that the vector S appearing upon

.the screen of the oscillograph directly- indicates

the direction of the electrical axis of the heart,
The analysis further shows that this law' which
has been demonstrated purely graphically in
Figure 4 applies to all possible cases and for all
positions of the electrical heart vector.

As seen from the diagram, the length of the
Tesulting vector S differs from the length of the
heart vector A. It is found that the two vectors

have a constant ratio of
S_

. A ) ;

Which is independent of the angle «. This may
be taken into account in the calibration of the

1.5

_device.

A further advantage of the arrangement ac-
cording to the invention compared with the pre-
viously described arrangement ysing only two
derivations for producing a Lissajou figure, aside
from its universal applicability and increased
efficiency, is the fact that the direction of the
heart vector S as observed is ‘substantially inde-
pendent of any phase displacement between the
separate action potentials. While, 'as :is well
known, the main axis of a normal Lissajou figure
produced by deflections in two directions depends
on the phase relation between the deflecting po-
tentials, this is not the case in an arrangement
and method aceording to the invention based on
the Einthoven voltage diagram wherein the ab-
solute sum of the three derivation vectors at any
time is equal to zero. On the basis of this,gen-
eral relation the effect of any phase shift between
the separate action potentials such as caused by
the time delay in the connecting lines and the
like is substantially eliminated As.can be proven
by detailed analysis. » : o

For the purpose of:clinical diagnosis, the prin-
ciple underlying the new method implies that the
vector S should be a straight line provided that
the heart vector during the contraction of the
heart retains a.fixed direction. The latter -as-
sumption is by no means fulfilled anatomically
since the paths along which the. exciting action
brogresses are not along a straight line but are
more or less curved depending on the anatomical
structure of the muscular system- of the heart,
Thus, if the direction of the deflection of the.elec-
tron beam during the initial peak of a heart, beat
cycle as shown at a1, az, as in Figure 1 varies or
rotates, there is no longer produced a straight,
line upon the luminescent screen, but rather a
curved line as shown at s in Figure 3 which shows
the progress of the exciting action through the
heart muscular system. Thig phenomenon en-
ables the physiclan to recognize disturbances in
the function of the heart and propagation of the
exciting action in a most simple manner which
has not been possible with any one of the devices
and methods heretofore known in the art.

2,229,608

In order to simultaneously observe and/or re-
cord the Instantaneous values of the action po-
tentials or heart beat curves as shown in ai, as, a3
in Figure 1 in additior to the indication and/or
recording of the electrical heart axis and its rota-
tion during the individua] palpitations or heart
beat cycles, the novel method may be combined
with an arrangement comprising three separate
oscillographs for individually recording the action
botentials, or a, multi-gun oscillograph tube may
be provided for this burpose of the type described
in my above mentiohed copending application,

_In the construction of a cathode ray oscillo-
graph of the type shown in Figure 3 care should
be taken that all three deflecting system have an
equal deflecting Sensitivity. Since ‘the systems
are displaced in the direction’ of the electron
beam this can be obtained by varying the length
of the deflécting plates or the distance between
cooperating plates to compensate for the different
leverage or distance from the center of the de-
flecting fields to the luminescent scfeen. In or-
der to check the balance or sensitivity of deflec-
tion‘of the séparate systems including equality of
gain of the amplifiers, the key (6 is provided
which when depressed will apply a small testing
botential supplied by .the battery 11 between the
star point or the cathodes of the amplifier and
ground. If the amplifiers and deflecting systems
are balanced, the electron beam should remain
in its zero position independently of whether the
key 16 is depressed or in its open position since
no potential difference’ is introduced in this case
in one of the sides of the triangle and since only
the average potentials at the corners of the in-
but and output triangles are lifted and depressed
uniformly. o e I

Referring to Figure 5, there is shown a-simpli-
fied arrangement for effecting a triple deflection
of the vlectron beam in accordance with the in-

vention wherein equal deflecting sensitivity is ob- -

tained. According to this embodiment the three
deflecting plates 30, 30’ and 30’ connected to the
anodes 12, 12’ and 12" of the amplifiers, respec-
tively, are arranged so as to form the sides of an
€quilateral triangle. As long as the deflection of
the electron beam is small compared with the dis-
tance between the plates, which practically is al-
ways the case in view of the increased beam lever-
age in a construction of this type, the operation

of a triple plate deflecting system of this type is

substantially the same as in the case of separate
deflecting systems shown in Figure 3. Only after
the electron beam hag been deflected from ijts
Zero position to such an extent as to enter the
marginal: zones of the deflecting fleld disturb.
ances, are fleld distortions observed. Otherwise,
the function and vectorial summation in the case
of a triple plate system'of this type is substantial-
1y the same as in the ‘case of three separate plate
systems shown in the previousg illustration.

While there has been shown a cathode ray
oscillograph for illustration 6f the novel principle
and arrangement according tc the invention, it is
understood that any other suitable type of oscil-
lograph known for the recording of Lissajou fig-
ures or the like thay be employed for the purposes
of the invention, R o »

It is furthermore possible to use a single am-
plifier in " place of three separate amplifiers in

conjunction with a pair of synchronous switching

devices periodically connecting the input and out-
put circuits of the amplifier with the points R—I.,
—B and I—B and the corresponding deflecting

systeéms, respectively, at & rate which is high
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relative to the frequency of the heart beat cycles,
such as is described and shown in detall in my
above mentioned copending application. . -
Referring to Figure 6, there is shown an
electrocardiograph system embodying a single
cathode ray oscilliograph for indicating and/or
recording both the individual action potentials
or heart beat curves as well as the position and
rotation of the electrical axis or heart vector,
According to this embodiment of the 1pvention
there are provided means for first applying the
individual amplified action potentials to & sepa-
rate - deflecting system thereby to produce an
ordinary electrocardiographic
moving light sensitive strip such as a photo-
graphic film or bromide paper, whereupon the
first deflecting system is rendered inactive and
the three action potentials derived from the
Einthoven tap points are applied to a- second

triple deflecting arrangement according to the.

present-invention for producing a record of the
electrical heart axis on the same recording strip,
thereby to supply the physician with direct de-
tailed information regarding both the instanta-
neous values of the heart action potentials as
well as their functional relation on one and the
same record in a most simple and easy manner
and by means of a single recording apparatus.
There is shown in Figure 6 a cathode ray 0s-
cillograph substantially similar as shown in Fig-
ure 3, but provided with a triple deflecting system
comprising deflecting plates 30, 30’
similar to those shown in Figure 5. In addition
to the triple deflecting system there are provided

a pair of parallel deflecting plates 31 and 32 serv- .

ing to produce a record of
values or heart beat curves. Numerals 33 and
37 represent a pair of switching devices which are
preferably mechanically coupled such as indi-
cated at 36. The device 33 has a palr of movable
contacts 34 and 3§ arranged to cooperate with
four pairs of stationary contacts 1—t, 22,
33 and 4—4, connected to the. anodes 12, {2
and 12’ on the one hand, and to the ‘deflecting
plates 3{ and 32 on the other hand in the manner
shown. The switching device 311is provided with
three movable contacts 38, 39 and 40 arranged
for cooperation with two sets of stationary con-
tacts 1—1—1, 2—2—2 and connected to the an-
odes 12, 12’ and 12’' on the one hand, and to the
triple deflecting plates 30, 30’ and 30’ on the
other hand in the manner shown.  In the posi-
tions 1—f, 2—2, and 3—3, of the switch 33, the
action potentials I, II and III are successively
connected to the deflecting plates '

the instantaneous

such as shown at af, a2 and a8 in Figure 1 may
be recorded upon a moving light sensitive strip
or film 42 by means of a lens 41 in a known man-
ner. ' At the same time the plates 30, 30’ and 30"’
are connected to ground (8 by the position of
the contacts 38, 39 and 40 of switch 37 as
shown in the drawings. If the contacts 34 and
35 are moved to position 4—4& and grounded, the
contacts 38, 39 and 40 are moved into position
222 whereby the amplified action potentials
are applied to the triple defiecting system 30, 30’
and 30’ and a record is produced on the fluores-
cent screen indicating the position and ‘rotation

of the electrical axis of the heart in the manner.

described hereinbefore. If a photographic rec-
ord isdesired in the latter case the movement
of the recording strip 42 has to be stopped and
the strip exposed by means of a photographic
shutter in g known manner. As is understood,

40, 40’ and 40’’
record upon 8.

and 30"

31 and 32
whereby normal electrocardiographic - records’

5
any other desired records may be Amduced in
succession by means of a system of this type
upon the same viewing screen and/or Tecord
strip. .

In place of electrostatic deflection, the cath~

" ode ray beam ‘may be. deflected by means of &

magnetic fleld in a known manner, Thus, the
electrostatic deflecting plates 31 and 32 may be
replaced by & pair of magnetic field coils ar-
ranged on the outside of the tube in a manner
well known. Furthermore, in place of the triple
deflecting plate system, three magnetic fleld colls
may be provided with their axis

arranged at 60° and connected In star with the

‘common star point leading to the positive pole

of the anode potential source and with the open
terminals directly connected to the anodes of
the amplifiers such as fllustrated. in Figure 7.

[

5

While I hsve described my invention with '

specific reference to the method of operation and
arrangement of parts and circuits disclosed and
shown herein for illustration, it is understood
that the novel concept and underlying iden of
the invention is susceptible of numerous varia-
tions and modifications coming within the broad
scope and spirit of the invention as defined in the
appended claims. The specification and draw-
ing are accordingly to be regarded in an illus-
trative rather than In a limiting sense. C

I claim: : .

1. In an electrocardiograph, means for draw-
ing a plurality of action voltages. from different
tapping points of a patient forming & ring con-
nected multi-phase system with the heart in'the
centre, means for amplifying said voltages, &
cathode ray oscillograph comprising means for
producing a concentrated electron beam and a

" plurality of deflecting arrangements adapted: to

deflect said electron beam in different directions
related substantially as the lines connecting said
tapping points, means for impressing each of the
amplified action potentials upon one of sald de-
flecting arrangements to deflect said beam ac-
cording to the vectorial sum of the instantaneous
values of the voltage vectors of said multi-phase
system, a further deflecting arrangement for de-
flecting said electron beam in a single direction,
and a switching arrangement between the out-
put of said amplifying means and said deflecting
arrangements for recording each of said action
voltages independently by said second deflecting
arrangement and for recording the. vectorial re-
sultant of all of said action voltages by said first

- deflecting arrangements.

2. In an electrocardiograph, means for draw-
ing & plurality of action voltages from different
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tapping points of a patient forming a ring con- . -

nected multi-phase system with the heart in the
center, means for amplifying said voltages, &

cathode ray oscillograph comprising means for A

producing a concentrated electron beam and a

first deflecting arrangement adapted to deflect

said electron beam in diﬁerentdi_rectlons related
substantially as the lines connecting said tapping
points, means for impressing the amplified action

- potentials upon one of sald - deflecting arrange-

ments to deflect said beam according to the vec-

torial sum of the voltage vectors of said multi--

phase system, a second deflecting arrangement
for deflecting said electron bgam in & single di-

rection, means comprising iswitching means be-
tween said tapping points and said first and sec-
ond deflecting arrangements for temporarily
rendering ineffective said first deflecting means
and for successively controlling said further de-
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6

flecting arrangement by the individual action
voltages, and a Iuminescent screen impinged by
sald electron beam. ‘ Co

3, An electrocardiographic recording system
comprising leads for drawing three component
action potentials from tapping points on both
arms and one leg of a patient, means for equally
amplifying the action potentials drawn, a cathode
ray oscillograph comprising means for producing,
accelerating and focussing an electron beam and
three. deflecting systems oriented relative to one

—angther so as to deflect said beam simultaneously -

in three directions at 60° to.one another, a
luminescent screen arranged to be impinged by
said beam, and means for Impressing each of the
amplified action potentials upon a separate de-
flecting system, to- produce a resultant trace on
said screen indicative of the instantaneous orien-
tation’ of the electrical heart axis during the
cardiac cycle, B :

4. An electrocardiographic recording system
comprising leads for drawing three component
action potentials from tapping points on both
arms and one leg of a patient, g triple amplifier
having each of its input electrodes excited by a
separate one of the action potentials drawn, a
cathode ray oscillograph comprising means for
producing, accelerating and focussing a concen-
trated electron beam and three pairs of electro-
static deflecting plates having axes relatively
oriented at 60° from one another, said deflecting

plates being connected in star, a Iuminescent
screen arranged to be impinged by said beam,
and coupling connections fromeach of :the star
points of said deflecting plates to a separate one
of the output electrodes of said ‘triple amplifier
to simultaneously deflect said beam by said com-
ponent action potentials, to produce a resultant
trace upon sald screen indicative of the instan-
taneous orientation of the electrical heéart axis
during the cardiac cycle.

5. An electrocardiographic recording system
comprising leads for drawing three component
action potentials from tapping points on both
arms and one of the legs of a patient, a cathode
ray oscillograph comprising means for producing,
accelerating and focussing a concentrated elec-
tron beam and three electrostatic deflecting plates
arranged in the form of an equilateral trigngle,
a luminescent screen arranged to be impinged

2,220,608

by said beam, and coupling connections from
each of 'said plates to a separate one of the out-
but electrodes of said: amplifier to simultaneously

‘deflect said beam by said ‘component action po-

tentials, to prodiuce a resultant trace upon said
screen indicative of the instantaneous orienta-
tion of the electrical heart axis during the cardiac
cycle, B

6. An electrocardiographic recording system
comprising leads for drawing three component

-action potentials from tapping points on both

arms and one-leg of a patient, a triple electron
tube amplifier having its input grids coupled each
to a separate tapping point, a source of space
current - for sald amplifier, output impedances
for sald amplifier connected in star with the
star point coinclding with the positive pole of
said source, & cathode ray oscillograph compris-
ing means for producing, accelerating and focus-
sing an electron beam and three deflecting sys-
tems oriented: relative to one another so as to
deflect said beam simultaneously in three direc-
tions at 60° to one another, a luminescent screen
arranged to be impinged by said beam, means

-for controlling each of the deflecting systems by
a separate one of the amplified action potentials
* supplied by said amplifier, to produce a resultant

trace upon said screen Indicative of the instan-
taneous orlentation of the electrical heart axis

-during the cardiac cycle.

7. An electrocardiographic recording system
comprising leads for drawing three component
action potentials from tapping points on the
body of a patient substantially equidistant from
and equally angularly spaced with respect to
the heart, means for equally amplifying the ac-
tion potentials drawn, a cathode ray oscillograph
comprising means for producing, concentrating
and focussing an electron beam and three de-
flecting systems oriented relative to one another
50 as to deflect said beam simultaneously in three
directions at 60° to one another, a luminescent
screen arranged to be impinged by sald beam,
and means for impressing each of the amplified
component action potentials upon & separate one
of said deflecting systems, to produce & resultant
trace on said screen indicative of the instan-
taneous orientation of the electrical heart axis
during the cardiac cycle,
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