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So called electro-cardiographs for the plck-up
and recording of the cardlac function are al-
ready known, in which the electric voltage im-
pulses induced by the work of the muscles of the
heart are transferred on the luminous screen of
a cathode ray tube or on zn electro-mechanical
device e. g. on a galvanometer, and in which the
variation as a function of time of the voltages is
traced on a film band kept in uniform motion.
In view of the fact that in electrocardiography
the peak values of the differences of potential
between the electrodes do not amount to more
than to about 2-3 millivolts, an amplifying ap-
paratus comprising & number of stages is re-
quired in order to enable these voltage impulses
to operate the recording device which possesses
a relatively low degree of sensitivity. In the
equipments of known types the hecessary supply
of heating and anode current is supplied by bat-
teries forming part of the equipment.
back of this arrangement is that owing to the
rapid diminution of voltages possible in the case
of these batterles the amplification is, immedi-
ately after putting the apparatus in circuit, ex-

posed to fiuctuations, by which recording is ren- :

dered unreliable, the voltage condition of the
batteries themselves heing in general unknown
to the attendants. Experiments have shown that
it is posslble to avoid the fluctuations of ampll-
fication ii the voltages required for feeding the
amplifier tubes are derived from the eleciric
mains system (if necessary from a motor-car
storage battery) and if for stabilizing the anode
and grid direct voltages of at least the first (in-
put) amplifier tube at least two mutually con-
secutive filtering stages having high time con-
stant are employed, at least one filtering stage
consisting of a voltage-stabilizing tube or tubes,
whilst the remaining filtering stages elther con-
sist of a voltage stabillzing tube or tubes like-
wise, or of a voltage-stabilizing transformer, a
motor-generator having a sufficient degree of
inertia, or a circult arrangement comprising elec-
tronic tubes, e, g. & refiex circult arrangement of
stabilizer tubes.

The diagram of connections of an embodiment
shown by way of example of the apparatus ac-
cording to the Invention is represented on the
accompanying drawing,

On the drawing, | denotes the Arst (input)
amplifier tube, without the device for heating
the cathode, whilst |4 denotes the second snd
15 the third amplifler tube, As, in the case of
apparatus for examining the cardlac function,
1t i3 essential that the fluctuation of the feeding
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voltages, expressed for the control grid of the first
amplifier tube, should be smaller than 0.03 milli-
volt, a tube having a high degree of amplifica-
tion, corresponding to D <3% preferably a screen
grid tube is employed in the first amplifier stage.
The voltage to be amplified which Is admitted
to the apparatus through the termlnals J—J is
impressed through the condenser 3 on the control
grid 2 of this tube. The bias voltage of the con-
trol grid 2 is supplied by the battery 5 by means
of the resistance 4. The feeding voltage for the
anode 9 and for the screen grid 8 of the amplifier
tube 1 is stabilized in the first stage by the series
resistance 183 and by the four-stage stabilizer
tube 10, whilst the second stage of stabilization
is attended to by the stabilizer tubes & and by
the series resistance 12. The current consump-
tion of the stabllizer tube 10 in the Airst filtering
stage is higher (amounting to about 30-50 milli-
ampéres) than the current consumption of the
stabillzer tubes 8 and 7 of the second filtering
stage (amounting to about 5-10 milliampéres),
which circumstance preferably also finds ex-
pression in the dimenslons of the tubes in ques-
tion. The stabilizer tubes 6 and 1 employed in
the second filterlng stage may possibly be dis-
pensed with, and in the remaining filtering stages
it Is possible to employ voltage stabilizing trans-
formers, circuit arrangements comprising elec-
tronic tubes e, g. reflex clreuit arrangements of
stabilizer tubes or motor generators possessing
an adequate amount of mechanical inertia, the
feeding of the last-named apparatus being ef-
fected by means of the alternating or direct cur-
rent mains system or possibly by means of a
motor car storage battery of 6 to 12 volts.

The working point of the screen grid tube #
in the first ampllfier stage should according to
the inventlon preferably be adjusted in such a
manner that relatlvely to the anode the fiuctua-
tlons of the anode and of the screen grid direct
voltages should exactly mutually balance. This
desired adjustment will be reached If

AEg,%R.—AEFo

in which formula AEg2 {s the fluctuation of the
screen grid direct voltage, AE. the fiuctuation
of the anode feeding voltage,

din

Ocgs

is the degree of steepness of the anode current
expressed as & function of the screen grld voltage
and Rs the working resistance in the anode cir-
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cult, which latter is marked il on the drawing.
In order to enable the compensation described
above of the voltage Aluctuations to be achleved,
the anode resistance {| is constructed as an ad-
Justable resistance. The calculation shows that
in the case of the usual high-frequency pentodes
the working resistance has to be adfusted between
50,000 and 100,000 ohms, in order to achieve
compensation.

In the second amplifier stage the screen grid
tube 14, and, respectively, In the third amplifier
stage the triode 15 are working with voltages
stabilized in one stage only, the sald stabilization
belng taken care of by the stabilizer tube 10 and
by the series resistance 18, The anode resistance
t8 of the screen grid tube 14 is adjustable like-
wise, in the same way as the anode resistance 14
in the first amplifier stage in order to enable the
working point of the amplifler tube 14 to be ad-

justed In such a manner as to ensure that the =

Auctuations of the feeding voltages of the anode
and of the screen grid, respectively, should just
exactly mutually balance. The control grid 19 of
the amplifier tube (4 receives the bias voltage

from the battery (0 by means of the resistance :

i1. The feeding voltages for the anode 21 and
for the screen grid 20 of the amplifier tube (4
are stabllized by means of the stabilizer tube 10
and the serles resistance 13. The control grid 29

of the triode 15 receives the blas voltage from '

the battery 31 by means of the reslstance 39,
whilst the control voltage itself is admitted to
the control grid 29 through the condenser 82.
The anode 33 works on the resistance 34, whilst
the amplified voltage 1s admitted to the recording
device at the terminals O—Q by means of the
condenser 38. :

The condensers 22, 23, 24, 21 and 28 as well as
the resistance 25 and the switch 28 are employed
for influencing the width of, 1. e. for alfering, the
band of frequencles passed by the amplifier. It
Is possible to assure by these means that the
amplifier should pass those frequencies only,
which are essential, e. g., In the recording of the
cardiac function, the frequencies of the héart
sound: 20 to 400 Hertz, and the frequencies of
the electro-cardiogram: 0.5 to 40 Hertz, The ad-
Justment of the desired band of frequencles is
preferably effected by means of a number of

members (C—R) composed of condensers and

resistances.

Experiments have shown that at least by way
of first amplifier tube and of stabilizer tubes it
is necessary to employ tubes of such a kind the
essential electrodes of which are constructed as
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low in microphony as possible and/or to fix these
tubes in a resilient manner, The anode and grid
bias voltages of the amplifier tubes In the second
and further amplifier stages should be stabilized
at least in one stage by means of low-frequency
filtering with the ald of stabilizer tubes, it being
possible to employ, partly or entirely, the same
stabllizer tube or tubes for the stabllizing of the
feeding voltages of the varlous amplifler stages.
The control grid bias voltage of the amplifier
tubes can be produced by means of the voltage
drop In one cathode resistance, or supplied from
& stabllized voltage; the bias voltage of the first
ampiifier tube and possibly also those of further

3 amplifier tubes should preferably be taken from a

battery, possibly by means a voltage divider of
high resistance.

For the callbration of the amplifier it is pos-
sible to derive alternating voltage, preferably by
means of a resistive voltage divider, from the
heating voltage of the amplifier tubes, it being
possible t6 Impress the said calibrating voltage
on the control grid of the first amplifier tube.

If In the apparatus, recording is effected by
means of a cathode ray tube, it is preferable
to employ a cathode ray tube of such a type
the fluorescent screen of which emits blue light
for the purposes of taking photographs, and
green, yellow or white light for the purposes of
direct observation, or ip which a secondary lu-
minous surface is employed. As the Inertia of
the human eye amounts to ahout one-eighth of
one second, the time constant of the luminous
substance emitting the green, yellow or white

= 1light should be greater than one-third of one
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second. The voltage to be graphically recorded
1s impressed to one of the palrs of deflectipg
plates of the cathode ray tube, whilst in the case
of direct observation a saw-tooth voltage is im-
pressed on the other pair of defiecting plates,
the frequency of which saw-tooth voltage can be
synchronized with that of the heart-beat. As
the period of one heart-beat may vary hetween
about 0.2 and 2 seconds, the saw-tooth voltage
generator should be constructed in such a manner
as to enable the period of oscillation to be ad-
Justed at least between 0.5 and 2 seconds. The
capaclty of the condenser, periodically charged
and discharged for producing the saw-tooth volt-
age should be assumed at a value higher than
2 micro-farads.

LASZLO ROSA.
IMRE ZAKARIAS.



