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ration, New York, N.Y., a corporation of New York

Filed Oct. 3,71955, Ser. No. 538,154
1 Claim. “(Cl.-128~2.05)

Out invention rélates to the detectmg and recordmg
"of physrologlcal changes accompanying
stresses

“Emotional stress, regardless .of ‘how it is mduced or
to what degree, is accompamed by 'some ‘measurable
»Emo—

physxologlcal change in. the 1nd1v1dua1 concerned

for detectlng decepmon Instruments Ior deteotmg and
measurmg physxoloaxcal changes that accompany emo-

f 'detectors An example ,of such anqnstru-
‘the .one rdeﬁvelopedzby Dr« John. A.-Larsen and
e “ear Shief August Vollmer
It cons1sted of a -blood pressure

of Berkeley, Cahforma

-Cliff ‘and a resplratron belt both suitably - coupled fo-xre-.

.Such instruments
Other mstruments have

cordmg pens. tra,versmg a record chart
.are often called polygraphs

No ,2 379 95> :and the patent to Wllhelm No 2 535 249
Varrous other :devices for detecting and measuring-physi-
olo_grc_'\l changes in the body have been developed. How-
ever, -the polygraph.using -blood -pressure -and -respiration
changes has centinued to be -the spopular system.:; for-de-
decting :physielogical changes accompanymg emotlonal
‘stress.

It is -a purpose wof our 'invention to prov1de an im-
proved ‘system «of detecting ‘and recording physiological
«changes in-a :subject under -examination which makes it
.possibleto bring.changes:in bxygen:content of-the ‘bload
and pulse wave velocity “into -the recgrd. of iphysiolegical
:¢hange-and jrelate them -to the chatiges:in’respirationiand
blaod. pressure -in-sucha manner as to provide -a mote

specurate;indication:of the:physiological: :¢hangesiocéurring
‘.nesponse. to emptiondl ;stress rand the sextent stheréof,

,,,,,

Ttyis known :that individuals ¢an;, to:a certdin :degree,
~-control sthieir. respiration.  Other -features “of ‘the paly-
“graph’a$ generally wsed may’ make jits inidications mislead-
NG
rcuff in itself is a :diverting factor. ~The ad]ustment of
the cuff -and the necessity for releasing :it frequently iin-
stetrupt:the:test. :Alse change in temperature of the arm
«of theisubiect, when:it'is:covered by-the cuff, :may:change

the recorded reading, thus poss sibly indicating : emononal .

sstress :that is :not :actually -présent.

. Qne :purpése ~of the :piesent :invention is to iprovide
:vmear}‘s whereby the:errors:that-may:come from the-blood
spressure «cuff :reading ahay :be .oveércomie. by sproviding -a
:separate, -different .bleod pressure ;indication which s

yFar examplc, ithe :discomfort of :a ‘blood :pressure
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wobtained -without ;added: discomfort to-the :subject.in con-

shection-with -the ;pulse -wave -velocity -measurement.
~ It.is a:further ;purpose-of-our invention .to jprovide -a
. system whereby -the relation between breathing rate ;:and

70

oxygen concentration in the blood is made evidept:on.the ..

-enotional istress.

2
~recordmg mechamsm "When: a subject expenences even
a-mild .emotional stress there results a change in the body
_requlrements “for oxygen. This change in oxygen re-
quu'ement does not appear to be under his control.  Any
«change in the oxygen .content of the blood results in a
change in the color of the blood which can be detected
and indicated by a suitable color-sensitive instrument
such as an oxyhemograph. Bringing in more oxygen
‘by breathing ‘can - satisfy a demand for the subject for
more oxygen. Where emotional stress causes -a changed
demand for oxygen and the breathing -does ‘ot satlsfy
‘the demand, the resultant-color change in the blood is
‘more pronounced. . Thus by combining the blood oxygen
indication with the irespiration indication, -the presence
-of emotional stress is revealed -even though the respiratory
indication may be controlled :by the subject through
conscious effort.
. Another purpose of our:invention is\t¢' provide ‘a:system
whereby the pulse waves that travel along ‘the -arteries
“in response to heartaction, are made evidént and related
to the ‘oxygen content, xrespiratory ‘and blood pressure
mdlcatxons .There are a-plurality :of types iof pulse Wwave
velocity variations.. There :are . three types of blood
: _pressure changes that oceur:at any ‘segment of the body
‘piessure change accompanying
each heart bet.t Second there are slower: ‘blood ‘pres-
sure 'changes -ocourring -over a plurality of theart beats,
-and third “there “are: very :slow “blood pressure changes
-which -ecelir ;over.a iperiod :of ‘several minutes. .

The pulse wave velocities appear to be at.'least : ‘of
‘thrée-types. - First, there :are:gross variations ‘which’ are
«changes-in [average velocity. Second, :there are smaller
rhythmic variations due ‘apparently to cross coupling “be-
tween ‘the réspiratory and-the heart nerve centers. Third,
-there ~are specific variations ‘that are associated -with
The welocity ' of “this -composite pulse
‘wave :depends, «4n part, upon the diameter ‘and ‘elasticity
-of -the ‘blood wessels. Furthermore, ‘it *hds “been ‘found
thateven mild emotional stresses cause a change in these
Blood vessels with resulting :changes in pulse Wave
velocity.

‘Characteristics "of ‘the change in -pulse wave veloc1ty
.are: “first, “its hrgh sensitivity ‘to changes in emotional
'stréss; :sécond, its large percentage change, and 'third, ‘its
-relative’ stablllty Bven ‘small iemotional [Iesponses cause |
.changes ‘in 'the .diametér and elastlclty of ‘blood Vessels
which “in “turn affect ‘the velocity ‘at which a pulse - ‘Wave
‘travels away from the heart.

In:orderito- accomphsh measurement and indication” of
-pulse wave ‘velocity ‘coincident ‘with indications -of blood
‘pressure, we ‘employ two electrical _plethysmographs
whiéh .are “attached ‘to some segment of the ‘body, ‘one
:being farther from the ‘heart than thé other. The elec-
trical: plethysmograph ‘operates ‘upon a-very -simple ‘prin-
ciple. “The -electrical ‘impedance -of ‘a segment of the

'body depends in part upon the volume of -blood it con-

‘tains. This veluihe ‘in ‘turn s -affected ‘by ‘the ‘Blood
‘pressure ‘and by ‘the tensxon -of the blood vessel walls.
Any change in-préssiire, or ténsion, or both will change
‘the électrical impedance and this change can ‘be ‘mieasured
-easily. Thus the electrical’ plethysmograph can ‘be ‘used
to supply the desired information obtained from a ‘blood
spressure -cuff, that s, ° changes in blood ‘pressure.  The
two plethysmographs are: apphed to-a finger of a sub]ect
“nd ‘o the ‘arm ‘that carnes that finger. In thrs‘way
are obtamed s1multaneously with’ respiratory changes -and
:changés in 'the oxygen ¢ontent of the blood. The 'blood
-pressure cuff inay ‘be ‘used: also to check the plethysmo-
igraph:readings, if desired.. ;However, the plethysmogr
«may ;be:used-with so-little :discomfort and ‘without critical
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adjustment that need for the blood pressure cuff is not

apparent.

Having outlined generally the nature and purpose of
our invention, it is believed that a specific example of
the method and the details of the apparatus employed
therewith will enable one skilled in the art to practice
the invention. It should be understood, however, that
this example is illustrative only, and that changes in the
parts employed and their relations may be made without
departing from the scope of the invention as defined
hereinafter by the claim.

The accompanying drawings illustrate diagrammatical-
ly the recordings obtained and details of the electrical
-circuits essential to the operation of the system,

In the drawings:

Figure 1 is a diagrammatic view showing a typical
-comparison of respiration and oxygenation of the blood
curves as they appear on the record chart;

Figure 2 is an enlarged diagrammatic view of the
record curves that illustrate variations in pulse wave
velocity;

Figure 3 is a diagram showing the several records taken
simultaneously upon a chart;

Figure 4 illustrates diagrammatically a typical blood
pressure curve as obtained by the plethysmograph;

Figure 5 illustrates diagrammatically the plethysmo-
.graph connections to a finger;

5

10

15

4

electronic switch 24. The switch 24 is closed by the signal
from the circuit 23 and opened by the signal from the
" circuit 25. The time between closing and opening of
the electronic switch 24 is a measure of the pulse wave
velocity, that is, the time it took the pulse wave to pass
from the plethysmograph 20 to the plethysmograph 21.
The Figures 7 and 8 show the pulse wave velocity
measuring circuit, In this circuit the circuits 23 and 25
are shown together since they use a common radio fre-
quency oscillator to put a radio frequency voltage across
a segment of the arm and across a segment of the finger
of the subject. The electrodes 20a and 2056 of the
plethysmograph 20 connect to the input terminals 30 of
the circuit 23. The electrodes 21a and 21b of the
plethysmograph 21 connect to the input terminals 31 of
the circuit 25. A source of radio frequency voltage is con-
nected to a transformer primary coil 27 which has two
like center grounded secondary coils 28 and 29. The
finger plethysmograph 21 which is used to make a blood

20 pressure recording, is connected through the terminals 31

to a grounded conductor 26 and to a phase shifting net-
work by a conductor 33. The phase shifting network
comprises a condenser 35 and variable resistance 37 and
‘another condenser 35" and variable resistance 37, each

25 set being connected in series across the secondary coil

Figure 6 illustrates a typical wiring diagram of the - -

oxyhemograph for recording variations in blood
oxygenation; ’ .

Figures 7 and 8 illustrate a wiring diagram for obtain-
ing the pulse wave velocity curve of Figure 2 from two
plethysmographs, one used on the finger and the other on
the arm.

In using the system upon a subject it will be appreciated
‘that a respiration belt 10 of known type, will be applied
around the chest of the subject. An oxyhemograph 11

~29. The common point of condenser 35 and resistance 37
‘connects to conductor 33. The conductor 33 is also con-
nected through a resistance 39 to the control grid of a
"pentode tube 41. -The control grid of the tube 41 is also

30 grounded through an impedance 43 to the conductor 26.

The secondary coil 28 feeds into another phase shift-
ing network comprising variable resistances 32, 34 and
36 and condensers 38, 40 and 42. This network is con-
nected through a variable resistance 44 to the control

85 grid of the pentode tube 41. Thus two substantially equal

~will be applied to the ear of the subject. The oxyhemo- --

graph comprises a lamp 12, and two photo-electric
cells 13 and 14, one with a red filter and the other
with an infra red filter. The photo-electric cells 13
.and 14, and the lamp 12, are mounted in the oxyhemo-
graph 11 in such a manner that when the device is applied
to the pinna of the ear as shown in Figure 3, the lamp 12
is positioned on one side of the pinna and the photo-
electric cells 13 and 14 are positioned at the other side
thereof. Current is supplied from a suitable source to

the lamp 12, and the cells 13 and 14 are activated by .
light passing through the tissue from the lamp 12. Since:

one of the cells is provided with a red filter and the
other with an infra red filter, the two cells respond differ-
entially to light from the lamp 12. The output of each
cell 13 and 14 is connected to a differentiating circuit, as
shown in Figure 6, which includes a vibrator 15, a trans-
former 154, an amplifier 16, and a rectifier 16a. The
differentiating circuit operates a recorder device. Since
oxyhemographs and the indicating circuits therefor are
known, no detailed showing or description is made herein.
Since the two cells respond differentially to the light from
the lamp 12, the indications therefrom are functions of
the color of the blood in the pinna of the ear. Changes in
coloration of the blood are detected and indicated by the
recorder. As hereinbefore described, the color of the
blood is a function of a percentage of oxygen therein, and
thus the oxyhemograph indicates changes in oxygen per-
centage of the blood.

Two electrical plethysmographs 20 and 21 are applied
to one arm of the subject, as shown. The upper plethys-
mograph 20 is connected to the upper arm and the
lower plethysmograph 21 is connected to a finger on that
arm. The plethysmograph 20 is connected to a recorder
22 through an amplifying and filtering circuit 23. The

-output of the circuit 23 is also connected to an electric

switch 24. The plethysmograph 21 is also connected
through its amplifying and filtering circuit 2§ to. the

voltages, adjusted by the phase shifting networks to be
180 degrees out of phase with each other are applied to
the same control grid of the pentode tube 41. However,
the voltage from the phase shifter connected to the sec-

40 ondary coil 29 is shunted to ground wire 26 through the
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conductor 33 and the electrodes 21a and 21b. The im-
‘pedance of this shunt varies with the change in blood
volume between the electrodes 21a and 21b caused by
each heart beat. This variation in impedance, therefore,
~modulates the oscillator voltage supplied through the
phase shifting network from the secondary coil 28 to the
control grid of the tube 41. Since the voltages through
“the resistance 39 and the resistance 44 cancel each other
-with respect to the grid of the tube 41, this grid, in effect,
receives only the modulated radio frequency caused by
the changing impedance of the finger of the subject be-
tween the electrodes 21a and 215.

The tube 41 amplifies the resulting modulated radio
frequency and applies it to the tuned primary coil 45 of a
transformer which has its center tapped secondary coil
-47 connected through two rectifier diode tubes 49 and 51
-to a center tapped resistance 53. A reference voltage
-derived from the phase shifting network resistance-con-
denser pair 3¢—40 is applied over a conductor 55 through
a condenser 57 to the center terminals of the secondary
"coil 47 and the resistance 53, and alternately adds to or
-subtracts from the modulated voltage. The resultant de-
modulated cardiac frequency voltage at condenser 59 is
applied to a terminal 61 that in turn is connected to the
_electronic switch 24.

The arm plethysmograph 20 is connected through the
terminals. 30 to the grounded conductor 26 and to the
phase shifting network that is connected to transformer
secondary coil 29. The connection is by a conductor 46
which is connected to the common point of the condenser
-35’ and the variable resistance 37’. - The conductor 46 is
also connected through a resistance 48 to the control grid
of a pentode tube 50. The control grid of the tube 50
is also grounded through an impedance 52 to the con-
ductor 26. ST
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“The-éontrol ‘grid-of the tube 50'is: also connectéd:totthe
gommon’point of ‘the Varidble tesistanice 32 and:thecon-
idénser 38:of the phase shifting network:thatis connected

‘to “transformer ‘secondary ¢oil *28. - This connection “is
Sthirough”a’variable ‘resistance‘54. Thus:the *Variations’in
‘inipedance: throtigh ‘the-¢ondudtor 46 and ‘the-eléctrodes

-20a ‘dnd 205 -due ‘to- changes’ in"blood volume “between

‘e “electrodes “20a and 205 modulate ithe ‘oscillator volt-

“HPE supphed through ‘the sphase shifting ‘network : from the
“¢oil 29 -to*the control - grid *of ‘the ‘tube 50,

The tube 50 amplifies ‘the “fesulting -modiilated radio
frequency and applies it to the tuned primary coil 56 of
a transformier “having -a ‘center-tapped ‘Secondary coil 58.
The circuit from-the secondary -coil 58 to.a terminal 70
that is connected to the switch 24 is through a network
“comprising - diodes -60; -and -62, -céntér ‘tapped ‘resistance
%64 ‘and’condénser- 68, -with -the reference voltage - apphed
“Hrom ‘conductor -55 -through a-condenser 66. ~This-net-

I
#

6

‘15 -

‘wotk applies'the cardiac-frequency Voltage resulfing-from

1mpedance changes -across -electrodes 20a and 205 -to
“términal 70 -in -the -same -manner ‘that ‘the cardiac' fre-
quency voltage resulting from impedance changes across
electrodes 21a and 215 is applied to terminal 61.

Terminals 71 and 72 are connected to a plethysmograph
recorder. The electrodes 20a and 20b thus also serve
to supply the necessary blood pressure variation readings
so that a blood pressure cuff is not needed.

The electronic switch 24 has terminals 73 and 74 for
connection to terminals 61 and 70 respectively. It also
has terminals 75 and 76 connecting grounded conductor
77 to terminals 26a and 26b of grounded conductor 26.
The details of the electronic switch 24 will: now be de-

scribed. This switch acts as a pulse wave timer in the

manner described below.

The pulse signal from the arm plethysmograph ap-
plied to input terminals 74—76 of the pulse wave timer
24 is differentiated by the short-time-constant network
79 and 80 and the positive pulse corresponding to the
beginning of the pressure pulse in the arm is passed by
the diode 81 to trigger a monostable multivibrator com-
prising two triodes 82 and 83 receiving positive plate
current through resistances 84 and 85 from a conductor
86. In this state, a positive grid-return 87 normally keeps
triode 83 conducting heavily, producing a positive voltage
at the top of resistance 88 which keeps triode 82 cut off.
A potentiometer 89 is set low so this can occur, but posi-
tive enough so the positive pulse from the arm plethys-
mograph on terminal 74 can overcome the bias and cause
triode 82 momentarily to conduct. When this occurs, the
negative-going pulse of the plate of the triode 82 is cou-
pled through a condenser 90 to the grid of the triode 83,
cutting it off. The time constant of the condenser 90,
and the resistance 87 is such as to keep the multivibra-
tor in this state for about one second.

The negative going wave at the plate of the triode 82
is coupled by another condenser 91 to the grid of a
triode 92, cutting it off, allowing a condenser 93 to begin
charging through a resistance 94. The rising voltage
across the condenser 93 is fed to the grid of a triode 95
which through its cathode is connected to a bi-directional
switch 96. This switch normally is left non-conducting
by bias potential from a battery 96e. The switch 96 is
composed of diodes 96a, 965, 96¢ and 96d.

The pulse from the finger plethysmograph 21 arrives
at input terminal 73 after condenser 93 starts charging.
This pulse is coupled to a triode 97 by a short-time con-
stant network 98—99 and is amplified by the triode 97,
and the negative going pulse from the plate of the triode
97 is applied through a condenser 100 to a transformer
primary 101. This pulse is inductively coupled to the
transformer secondary 102 and subtracts from the bias
potential of the battery 96e so as to produce a potential
of the opposite polarity and allow the bi-directional switch
96 to conduct momentarily.

During this short conduction time (which occurs at
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6
‘the *time -the :pulsé ‘teaches the finger) *a ‘condenser 103
‘¢harges, ‘or -discharges, “to ‘the voltage appearing ‘acréss
cathode resistor 95r. But this is the voltage ‘that’¢on-
‘densér 93 ‘has' charged ip to dufing the ‘time ‘since‘ the
»pulse ‘wave reached the arm “and ‘triggered ‘the -timing
eircuit, Furthermore this voltage is proportional to ‘the
-elapsed time between the arm.-pulse-and the'finger pulse
and hence is-inversely ‘proportional -to -the. plilse,"—\‘ri‘eldc‘ity.
'This p()tentlal appears across termmals 104—-105 and 1s

wave ‘vélocity and reveals any changes whxch take place

‘The ‘circuit is restored to-its-original-normal :state by
“the- po’sitive‘ﬂybaék pulse from -transformer primary- 101,
which is passed by a-diode 106 to ‘the :grid-of triode 83
‘causing -it to conduct, ‘thus -cutting off triode 82. ‘The
“tridde ‘92 then ‘becomes conductive, and- discharges ‘con-
*dénser 93, thus restoring’the circuit ready to measure the
“iext “time ‘interval betweén ‘the -arm -pulse ‘and ‘the finger
“pulse.

“‘Referting now:to the ‘drawings-and to Figure 3 in¢ ‘par-
“ticular, “this ‘figure ‘shows, -diagrammatically, “an ‘example

“of recordings taken in the examination of a subject. The

respiration belt 10 is connected to a detector 10g which
feeds an amplifier 10b that is connected to a recording
stylus 10c. The stylus 10c marks a typical respiration
curve R on the chart 18. The oxyhemograph 11 attached
to the ear of the subject supplies the difference in the po-
tentials generated by the photoelectric cells 13 and 14
when they are subjected to the light from the lamp 12
through their respective filters, to a vibrator 15 and trans-
former 15a. The output fo the transformer 15a is ampli-
fied by the amplifier 16 and rectified by a rectifier 16a
to supply direct current to the recording stylus 17. (See
Figure 6.)

The characteristic curves shown in Figure 1 of the
drawings illustrate the effect on the oxygenation curve
when the subject holds the breath and when the interro-
gation that causes emotional stress takes place. The
first part of the oxygenation curve O shows how rapid
breathing builds up the oxygen in the blood. Then hold-
ing the breath causes sudden drops in the oxygen content
of the blood as indicated at 1 and 2 in Figure 1. There
is a lag between the respiration change and the change
in the oxygen content of the blood. In the interroga-
tion period shown, it will be noted that there is no great
variation in the respiration curve indicating possible con-
trolled respiration but the emotional stress has resulted
in a greater body démand for oxygen, thus depleting the
oxygen supply in the blood and causmg a substantial drop
in the oxyhemograph curve. There is an appreciable lag
of the change in oxygen content of the blood behind the
interrogation that caused the emotional stress as indi-
cated on the curve O of Figure 1 which reached its lowest
point after interrogation stopped.

The recorder 22 records the blood pressure curve B from
the electrical plethysmograph 20 adjacent to the respira-
tion curve R to provide a comparison of these two curves
in the same manner as when they are taken on the known
polygraph. The advantages of using the plethysmograph
instead of the commonly used blood pressure cuff lie in
avoiding discomfort to the subject, false readings due to
the effects of the tight cuff upon the subject, and con-
tinuous recordings of blood. pressure for a much longer
time than it would be possible to maintain a cuff tight
upon the subject’s arm. The plethysmograph 20, in addi-
tion; provides part of the information for the pulse wave
velocity curve W recorded by the recording stylus 24a:
The pulse wave velocity curve W, as shown in Figure 2,
is particularly sensitive to emotional stress. FEach heart
beat causes a pressure wave that travels along the arteries.
The velocity of this pressure wave depends in part upon
the diameter and elasticity of the blood wvessels. Experi-
ence has shown that even small emotional responses do
cause changes in diameter and elasticity of blood vessels.
These changes vary the speed at which a pulse wave travels
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away from the heart. Quite large percentage changes are
found so the continuous curve obtained readlly indicates
changes in emotional stress.

The recording instrument includes a marker unit M
operated by the examiner in order to keep a record that
may later be checked. The marker unit is commonly
used with known polygraphs. It is therefore only indi-
cated generally in Figure 3 of the drawings.

It is believed that the nature and advantages .of our
invention will be apparent from the foregoing description.

Having thus described our invention, we claim:

Means for measuring and recording together the varia-
tions in blood pressure of a living being and the variations
in velocity of pulse waves travelling through a body seg-
ment of the living being comprising a plethysmograph
applied to the body segment near the heart of the being,
a second plethysmograph applied to said body segment
at a point more remote from the heart, an electronic
switch, means connecting the first plethysmograph to
said electronic switch operable to close said switch upon
detecting a pulse wave, means connecting the second

10

20

plethysmograph to said switch operable to . open said
switch upon detecting said pulse wave after it has travelled
between said first plethysmograph and said second
plethysmograph, a recorder operably connected to one of
said plethysmographs to record the changes in blood
pressure indicated thereby, a second recorder operating in

‘timed relation to the first recorder and circuit means con-

necting the second recorder to.said electronic switch
operable to actuate said second recorder to record varia-
tions in length of time the switch is closed during sugc-

cessive manipulations of the switch.
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