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> The present invention relates to rheocardio 
graphic apparatus adapted to measure the vary 
ing resistance of a living body as a function of 
heart beat. , A 

Due to heart activity, the electrical resistance 
of a human or animal organism exhibits a peri 
odic variation. This resistance variation may 
be recorded by connecting the body resistance in 
series with a constant resistance to a voltage 
source and connecting the ends of the constant 
resistance to the input of an oscillograph. The 
oscillogram recorded in this manner provides 
those skilled in the 'art with data which is useful 
in medical diagnosis and research. 

It is conventional to employ ‘a high-frequency 
source for this technique of investigation. 
Where the high-frequency ‘source is energized 
from a rectifying supply connected to an alter 
nating-current power line, it has been found that 
the amplitude of the high-frequency voltage 
tends to ?uctuate with changes in line voltage. 
Inasmuch as the body resistance variation to be 
recorded is very small and only in the order of 
0.3%, it is important that the high-frequency 
voltage have an amplitude which is free from 
?uctuation. Consequently, it has heretofore 
been the practice to use ‘a battery supply for the 
high-frequency oscillator, since an amplitude 
stabilized oscillator energized by an-alternating 
current recti?er would entail vexpensive com 
ponents and a complex circuit. 
The principal ‘object ‘of ‘the present invention 

is to provide an improved rheocardio’g'raphic ap 
paratus. ‘ ' 

More particularly, an object ‘of the invention is 
to reduce the in?uence of amplitude ?uctuation 
in the high-frequency rheocardiograph ‘oscillator 
on the body resistance measuring voltage fed to 
the oscillograph. ‘ 

Still another objectof ‘the invention is to per 
mit energization of an ordinary highefr'equenc'y 
oscillator for the rheocar'diogra'ph ‘from ‘a power 
line by 'means of a conventional recti?er and 
?lter voltage supply. > 

r In accordance with the vinvention a ?rst high 
frequency current is derived from a high 
frequency oscillator ‘which is conducted through 
a living body, whereby the l?rs‘t‘current is ‘modu 
lated as a function of body resistance. Also 
taken from the high-frequency io'scillator is a 
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second high-frequency current which is inde 
pendent of body resistance, the second current 
being fed into a ?'xed resistance through which 
also flows the ?rst high-frequency current mod 
ulated by the body resistance ; the second current 
being applied in a phase relative to the ?rst 
current at which unwanted amplitude ?uctua 
tions tend to cancel out. , 
For a better understanding of the invention, 

reference is had to the following detailed de 
scription to be read in conjunction with the an 
nexed drawing which is a schematic illustration 
of a rheocardiograph circuit in accordance with 
the invention. 
The carrier current source for the rheocardio 

graph is constituted by a conventional high 
frequency oscillator including an electron dis 
charge tube l, a condenser 2 connected in parallel 
with a resistor 3, and a coil 4 connected at one 
end to grid of tube l and through condenser 2 
to cathode thereof. vA direct voltage supply is 
provided whose positive terminal is connected 
through the parallel combination of a condenser 
5 and a coil '6 to anode of tube |, the negative 
terminal being connected to cathode. Thedi 
rect voltage may be obtained from any conven 
tional rectifying and ?lter circuit energized from 
an alternating-current power line. 
The grid coil 4 and the anode coil '6 are in 

ductively coupled to one another in regenerative 
relationship by way of a center-tapped output 
coil 1, whereby a high-frequency wave is sus 
tained in the oscillator. 
The high-frequency carrier voltage induced in 

' coil 1 is divided into two components ‘in phase 
opposition. One component‘yielded in the upper 
half of coil 1 is applied to the body electrodes 
connected to terminals Ill and H via a coupling 
capacitor '34 and an output resistor '23,, whereas 
the other component is applied across output 
resistor 23 'v'iaa coupling capacitor ‘35 and a 
comparison resistor‘ 9. 'For the ‘time being the 
resistance 36 may be considered to ‘be shorted 
out of circuit by closing ‘the switch '3"! shunted 
thereacross. ‘The resistance of ‘resistor '9 is "pref 
erably made equal to the mean value of ‘the body 
resistance between electrodes l0 and 'H._ 
Thus a bridge circuit is ‘formed in which a ?rst 

branch is ‘constituted by ‘the upper half of coil’! 
connected through “condenser ‘134 in "series ‘with 
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the body resistance appearing between terminals 
l0 and H, and a second branch constituted by 
the lower half of coil ‘I connected through con 
denser 35 in series with comparison resistor 9, 
the two branches being connected in parallel re 
lation across output resistor 23. 

Since the high-frequency voltages applied to 
the two branches by thetwo halves of coil 1 are, 
despite any ?uctuations therein, of equal am 
plitude but of opposing phase, should the body 
resistance at any instant be equal to the ?xed 
value of comparison resistor .9, the resultant 
branch voltages applied across output resistor 23 
would cancel each other and a null voltage would 
be produced thereacross. Therefore, as the value 
of the body resistance changesv as. a function . 
of the heart activity, a similarly modulated 
measuring voltage is developed across resistor 23. 
The measuring voltage developed across re-3 

sistor 23 is applied to a diode recti?er , l3 via .a, 
condenser i2, a leak resistor l-‘i being, connected 
across condenser 12 to ensure that variations 
similar to those in the body resistance ‘occur in 
the voltage of the condenser. The detected p07 
tential across condenser 12 comprises a direct 
currenteomponent having superimposed theree 
on a varying component whose variation corre 
sponds to they modulation of the high-frequency 
carrierivoltage developedv across resistor, 23 by 
reason of the “changes "occurring in the body 
resistance. " v .i . ' ‘ ' . 

This'varying component develops an alter 
hating-current drop across resistor it which is 
connected by, means of jmulti-contact selector 
switch 28 in series witlrfone of condensers 25, 
23 or 27 across'resistor I5. The voltage devel 
oped across resistor l4, however, exhibits a high 
frequency component by reason of the high 
frequency carrier in the measuring voltage. 
The voltage set up across resistor 15 is ?ltered 
with respect to said high-frequency component 
by a condenser ll connected serially with resis 
tor i8across resistor iii.‘ The in?uence of the 
heartbeat on the electrical resistance of the 
body is represented by the alternating voltage 
developed across condenser I‘! in which the high 
irequency carrier component is substantially 
by-passed. ‘This voltage is applied to the input 
terminals of an oscillograph [9, in which it is 
impressed on the grid of an ampli?er tube 28. 
The, oscillograph which is not otherwise dis 
closed may. beof conventional design, and oper 
ates to record the measuring voltage variations 
subsequent ,to ampli?cation. I g . 

Since the characteristic/curve expressing :the 
functional relationshiprbetween the anode volt: 
age and the current ‘of diode i3, is not straight 
but approximately parabolic, the relationship 
existing, between the input voltage of;the oscil 
lograph taken from the output of the idiode and 
the input voltage applied to the diode .is not 
linear. , In order to ensure‘ a linear relationship’ 
between the input voltage‘ of the oscillograpli 
and the varying body resistancefresistor 9 may 
be given a value differing from the mean resist 
ance of thebody. In this .case the measuring 
voltage no longer fluctuates about the zero value 
but has a constant component so that the work 
ing point of the diode is shiftedfrom the curved 
portion of its parabolic characteristic to the 
substantially straight line portion thereof. 

This expedient has an additionaladvantage 
in that it is not necessary-at each test to bring 
the value of comparison resistors into corre 
spondence with thebodyresistance, it being pos 

4 
sible to operate without changing the value of 
the comparison resistor. For this purpose com 
parison resistor 9 is preferably given a value 
which is smaller than the smallest body resist 
ance that may be expected. Favorable results 
are obtainable by the use of a comparison re 
sistor whose value is about 20% smaller than 
the mean resistance of, the body. .~ > 
‘The use of the above-described bridge circuit 

also tends to neutralize the in?uence of so 
,called “shot effect” in the oscillator tube. 

Condensers 25, 26 and 21 have different ca 
pacities and‘ are selectively inserted into the 
?ltering circuitjbyymeans of selector switch 28. 
This adjustable ?ltering circuit makes it pos 
sible to. pass a desired alternating voltage com~ 
ponentand. to reject those of diiferent fre 
quency. 1 This is useful for the purpose of neu 

. tralizing, for example, the influence of respira 

20 tion on the record to be produced, for the volume 
variation due to respiration also brings about 

‘ resistance variations in the muscular system of 
Y the body-which variations, however, exhibit a 
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frequency, different from that arising from the 
heart beat. 
,Invorder toxminimize the ripple eiiect on the 

record’ '_ arising _> from" the alternating-current 
(usuallygd? cycles) ,' power; "line serving" to ener 
gize the‘ ‘power supply for ‘the high-frequency 
oscillator, provision is made of a voltage ‘divider 
29 connected‘ to the ‘terminals 30 and ‘35 con 
nected to the A.-C. power line. The'movable 
tap of this divider is connected to the'?lter'ing 
circuit (l8 and 25, ‘26"o'r‘2'U7via‘ a resistor 32 
and a phases‘hiiter 33." By correctly positio'r‘iin'g 
the tap, an alternating voltage is'applied to'th'e 
?ltering circuit which compensates for the alter 
nating'current ripple introduced into the system 
via the high-frequency oscillator. The phase 
shifter 33, which may be of conventionaide 
sign, acts to ‘displace the phase‘of the alternat 
ing voltage derived directly from the line toief 
feet cancellation'with‘ respect to the alternating 
voltage ripple derived from the high-frequency 
oscillator. ' J . k ' ~ ' 

' The condensers 34 and 35 act to block the 
voltage'generated inith'e body itself by the heart 
beat (the voltage .used for making the ordinary 
electrocardiogram)“away from the body resist 
ance recording. The capacities of these con 
densers. must be ‘sufficiently low- to cause the 
strength of the alternating current generated in 
the body "to be negligible as'compared to the. in 
tensityv of the high-frequency current supplied 
byv the high-frequency ‘oscillator, but sufficiently 
high topass'theflatter current to a su?icient 
degree. To facilitate .this discrimination, the 
operating frequencyiof the high-frequency os 
ci'llator. must substantially exceed the frequency 
of the heart beat. ‘ ‘ 

It may be desirable, in some cases, to ascer 
tain the phase relationship existing between the 
rheocardiogram ‘representing the change in 
body resistance as a function of heart beat and 
the electrocardiogram representing the change 
in body generated voltage; as a function ofheart 
beat. This may be effected by short'circuiting; 
the blocking-condensers 34 and 35,. or by sub 
stituting-thereforv relatively high capacity vale 
ues, whereby the voltage from g the —high-fre-' 
quency oscillator ‘is, effectively combined with 
the body generated voltage and impressed; across 
body electrodes H] and,“ to produce a compos-Q 
ite record.’ Inthis'vcase, the so-called R-peak 
of the electrocardiogram alsomanifests itself in 
the rheocardiograrn, » 
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No measures need be taken to keep the operat 
ing frequency of the oscillator constant. This 
frequency may vary within wide limits. It will 
preferably not be made lower than 5 kc. in order 
that the excitation of the nervous and muscular 
system may remain below the limit of observation. 
In addition, the frequency should not be exces 
sively low since otherwise the pass resistance at 
the electrodes and the resistance of the skin in 
crease to an extent such that the resistance vari 
ation becomes excessively low relative to the over 
all resistance. 
On the other hand, itis not desirable to cause 

the frequency to exceed a given value since other 
wise particular precautions must be taken to 
overcome difficulties incidental to the use of very 
high frequencies. For this reason it is preferable 
that the operating frequency lie below 50 kc. 

Resistance 36, shunted by switch 37 serves for 
calibration purposes. Upon opening of switch 31, 
the resistance of the circuit is increased. This 
produces a jump in the diagram to be recorded 
and by measuring the height of the jump calibra 
tion may be performed. 

It is obvious that many changes and modi?ca 
tions may be made in the above-described embodi 
ment without departing from the spirit and scope 
of the invention. 
What we claim is: 
1. In apparatus for indicating the variations 

in the electrical resistance of a living body due 
to heart action, the combination which oom~ 
prises a high-frequency voltage source, a resist 
ance element, a comparison resistor, means to 
impress a ?rst voltage derived 'from said source 
through said body across said element thereby to 
develop a high-frequency voltage across said ele 
ment modulated in accordance with the varia 
tions in the resistance of said body, and means to 
impress a second voltage derived from said source 
and of an amplitude equal to said ?rst voltage 
through said comparison resistor across said ele 
ment in phase opposition to said ?rst voltage 
whereby the resultant modulated voltage estab 
lished across said element is substantially inde 
pendent of ?uctuations in said source. 

2. In apparatus for indicating the variations in 
the electrical resistance of a living body due to 
heart action, the combination which comprises a 
high-frequency voltage source and including a 
center-tapped output impedance, a comparison 
resistance, an output resistance, and a bridge 
circuit including one branch constituted by one 
half of said output impedance in series with the 
resistance of said body and another and parallel 
branch constituted by the other half of said out 
put impedance in series with said comparison re 
sistance, said output resistance being shunted 
across the parallel branches of said bridge where 
by the high-frequency voltage developed there 
across has a modulation component depending on 
the variations in the resistance of said body and 
substantially independent of ?uctuation in said 
source. 

3. An arrangement, as set forth in claim 2, 
wherein said comparison resistance has a value 
which is lower than the lowest value of said body 
resistance. ‘ 

4. Apparatus for recording the variations in the 
electrical resistance of a living body due to heart 
action comprising a high-frequency voltage 
source and including a center-tapped output im 
pedance, a comparison resistance, an output re 
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6 
sistance, a bridge circuit including one branch 
constituted by one half of said output impedance 
in series with the resistance of said body and 
another and parallel branch constituted by the 
other half of said output impedance in series with 
said comparison resistance, said output resistance 
being shunted across the parallel branches of 
said bridge whereby the high-frequency voltage 
developed thereacross has a modulation com 
ponent depending on the variations in the re 
sistance of said body, an oscillograph, means to 
detect and ?lter the voltage developed across said 
output- resistance to produce a potential whose 
magnitude depends on said modulation com 
ponent, and means to apply said potential to 
said oscillograph. 

5. An arrangement, as set forth in claim 4, 
wherein said detection and ?lter means includes 1 
a diode recti?er connected in series with a ?rst 
resistor across said output resistance, whereby 
developed across said ?rst resistor in a recti?ed 
voltage having a direct-current component hav 
ing superimposed thereon a modulation com 
ponent, and a condenser connected in series with 
a second resistor across said ?rst resistor, where 
by developed across said second resistor is solely 
said modulation component. 

6. Apparatus for recording the variations in the 
electrical resistance of a living body due to heart 
action comprising an oscillator producing a high 
frequency voltage and including a center-tapped 
output coil, a comparison resistance, an output 
resistance, a bridge circuit including one branch 
constituted by one half of ‘said output coil in 
series with the resistance of said body and an 
other and parallel branch constituted by the 
other half of said output coil in series with said 
comparison resistance, said output resistance be 
ing shunted across the parallel branches of said 
bridge whereby the high-frequency voltage de 
veloped thereacross has a modulation component 
depending on the variations in the resistance of 
said body, an oscillograph, means to detect and 
?lter the voltage developed across said output 
resistance to produce a potential whose magni 
tude depends on said modulation component, and 
means to apply said potential as an input to said 
oscillograph. 
7..An arrangement, as set forth in claim 6, 

wherein said oscillator is energized from a low 
frequency alternating current supply, and further 
including means to derive a low-frequency volt 
age from said supply and to apply it to the input 
of said ?lter means in such phase 'as to cancel 
the low-frequency component appearing therein. 

WOLFGANG HO-LZER. ' 
ADOLF MARKO. 
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