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UNITED STATES

2,680,438

PATENT OFFICE

2,680,438
BALLISTIC CARDIOGRAPH
Miles Lowell Edwards, Portland, Oreg.
Application Mareh 25, 1959, Serial No. 151,905
L7 Claims., (1. 128—2.06)

This invention relates to improvements in ap-
baratus. for recording the: ballistic: effects Pro-
duced. by bulsations. of the heart and the rhyth-
mie movements. of the blood in the human bedy.

The most cominon and. elementary clinieal
tests employed for investiga.ting a.patient’s heart
action: ang blood. circulation involve the use of
the stethoscope,. the. counting of the heartbeat
frequency, and measurement of the arterial blood
DPressure. - More recently, the eiectrocardiograph
has been devised to record: graphically the natyre
of the rhythmie: change. of certain electriesl
characteristics. of the. body which are synchre-
nous. with the heartbeat. Such: procedures e~
veal differeng aspects of the Phenomenon. of
heart action. and cireulation of bleod in an in-
dividual, bug they are net useiul to indicate the
rate of flow of bloed, which flow in ample vol-
ume is necessary to. maintain life and well-be-

ing in the human hody. The: usual pulse count,.

blood: pressure measurement ang: ndication of

bump to. produce: the necessary rate of flow in
the arteria) and veinous Systems..
for ezample, that.defective'valve action, in par-
ticular, may exist in the heart. Withou:b:being_ de-
tected by such tests.

well recognized.

just ang: use, and the results: generally includeél

considerable error and. distortion: from. various.

disturbances which: could not be: eliminated,

General objects of the present invention. are,.

therefore, to brovide.an. improveg ballistic cardi-

which. is. easy to adjust and use,. and. which ig
relatively inexpensive and at the same time: cg~
pable of greater aceuracy and Drecision. than
existing apparatus.

Particular objects are fio brovide improves ap-
baratus which ig sensitive to any  vibratory
by pulsationg of the heart

Xb:is. believed,.

Unusual sounds may pe
hearc{l in the stethoscope but the. limitations: of ©

or
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ter of gravity of g patient. broduced by the re-
sultant ballistic effects of such bulsations: and
blood: stream movements,.

Gther objecis are to provide novel and im-

in a horizonta] direction;
straining means for the supporting means tg
eliminate disturbing: movements. and to intro~
duce g nominal centering force; to brovide an
improveg franslaging device for converting mij.
nute movements into Imeasurable, directly pro-
Portional variations: ini an. electrical output cir-
cuit; to provide apparatus of the type described
which is suitable for use with & conventional
ele.ctrocardiograph recording machine; to pro-
vide convenient means for calibrating the record
preduced by such machine; to Provide novel

. mechanism for centering the- Tesponsive mecha-

hism of the translating device; ang to provide
novel means. for releasing the responsive mech-
anism during beriods of patient unrest,

- General principles.
Certain featyres of the present apparatus may

b(e used withoug ‘other features; but ,it"li‘s~ pres

response angd:
movements.

on a moving tape, To avoid relative movement
or vibration between the center of gravity of the
batient  and the floating Support, the support
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straint without critically impairing the desired
ballistic response. To effect the reburn move-
ment toward a centered position the frictional
dampening force is insufficient; the restraining
and restoring force must be elastic or the equiv-
alent. It is recognized that any elastic or other
restoring force for this purpose will establish 2
natural vibrating frequency of the oscillating
mass comprising the patient and support. Such
restoring force must, therefore, be adjusted to
keep this natural frequency lower than the range
heartbeat frequencies in order to avoid res-
onance at the fundamental natural frequency,
or any harmonic,
mass.

1t is found that the slight ballistic effects of
the relatively slow shifting of the center of grav-
ity of the body from respiration can effectively
Le eliminated by suitable centering springs with-
out appreciably affecting the response to the bal-
1astic effects of the heart action and blood stream.
It is also recognized that such systolic and di-
astolic action of the heart does not procuce &
simple ballistic effect in any particular direction
velative to the orientation of the body, but it is
found that there is a measurable resultant move-
ment of the center of gravity of the body in &
jongitudinal direction which is useful for the
present purpose. The present apparatus is de-
signed to provide freedom for this movement,
and to provide & sensitive, convenient, responsive
mechanism for recording the movements over a
period of time, for clinical use.

When the human body is subjected to any
sudden force, O impact, it behaves as ail elastic
medium, and a train of vibrations is initiated
at the natural frequency of the body, as when
g tuning fork is struck. Such vibrations have
been observed by disposing & fresh cadaver on
o rigid stationary support and holding & sensi-
tive vibration pick-up against the pottoms of its
feet. If the body is tapped on the head with &
single stroke, @ train of vibrations will appear
clearly on a graphic record produced from the
vibration pick-up device. vVibrations of this na-
ture are produced in a living body v¥ heart action.
The graphic records made by previous known
ballistic methods have recorded these trains of
damped vibrations to such an extent following
each impulse from the heart that the heart
action itself was obscured and could not be
analyzed satistactorily. Tn the present appara-
tus, such yibrations of different parts of the
pody relative to its center of gravity are effec-
tively isolated from the recording mechanism,
and the only movement fed into the amplifying
system 1is the 1ongitudina1 movement of the cen-
ter of gravity of the body resulting from the
vector sum of the pallistic effects of the heart
and the pulsating blood streams throughout the
body.

For a theoretical analysis of the ballistic me-
chanics involved, let it be assumed that 2 living
body is disposed at rest, horizontally, on 2 fric~
tionless horizontal surface, free of all other €X-
ternal contact. Such a body forms a closed sys-
tem having a center of gravity which remains
stationary and cannot e moved horizontally by
any muscular effort of the pody itself, though
parts of the body can move relative to other
parts. When the heart contracts, quantities of
plood are moved in different directions away
from the peart and, sinee the heart is not at
the center of gravity of the system., the center
of gravity of the system is thereby shifted rela-
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tive to the body, considering e pody as a frame
carrying a network of pipe lines. However, with
g frictionless support the actual movement in
space is that of the body frame and its center
of gravity because, as stated, the center of gravity
of the whole system, including the blood, cannob
move. This is the movement to which the pres-
ent apparatus is intended to respond, and all
mention of the center of gravity of the body in
the specification and claims refers to the hody
frame and pipe line network as distinguished
from the stationary center of gravity of the
whole body system. Energy losses from friction
tend to reduce the amount of movement in &
mechanical apparatus but do not alter the prin-
ciple of operation.

The term «“pallistic” is thus employed to de-
scribe the response of the present cardiograph
to the movement, or recoil, of the center of grav-
ity of the patient’s body frame, tissue, and pipe
line network when & quantity of blood is pro-
pelled or moved suddenly within the body by
heart action. The term “nallistic” distinguishes
the response to such ballistic movement from
yesponse to electrical manifestations of heart
stimuli, response to variations in the blood pres-
sure, and response to vibratory movements of
some part of the body relative to its center of
gravity.

Other objects and advantages will become ap-

parent, and the invention will be petter under-.

stood with reference to the embodiments illus~
trated on the accompanying drawings and de-
geribed in the following specification. It is to
pe understood, however, that the drawings are
not intended to limit the jnvention, as yarious
changes may be made in the construction and
arrangement of parts without departing from the
spirit of the invention. Also, a8 hereinabove
pointed out, advantages may be obtained for
certain purposes by using some features of the
invention without others.

Tn the drawings:

Figure 1 is a side elevation view of a preferred
embodiment of the complete apparatus of the
pallistic cardiograph wherein the patient is sup-
ported on metal rollers;

Figure 2 is & bottom plan view, on a reduced
scale, of the fioating panel under the patient in
wigure 1;

Figure 3 is an enlarged detail view in side
elevation view of one of the rollers shown in
Figure 1;

Figure 4 is an end elevation view of the roller
shown in Figure 3;

Figure b is an enlarged sectional view showing
the construction of the connecting link between
the floating panel under the patient and the
translating device;

Figure 6 is a side elevation view of a different
form of supporb employing inflated rubber
yollers;

Figure Tis a side elevation view of a modified
form of floating support to be used on 2 bed
or other conventional structure;

Figure 8 is & Cross sectional view taken on the
line 8—8 of Figure T;

Figure § is a jongitudinal sectional view of
the transiating device shown in Figures 1, 6 and 7;

Figure 10 is an enlarged detail view showing
the conneciion petween one end of the link in
Figure b and the translating device shown in
Figure 9;

Figure 11 is & fragmentary elevation view of
the light shutter shown in Figure 9;
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5. .
~Figure 19 ig ‘a'sectional view taken on‘the line
212 of Flgure 11; :
Figure ‘13 is -a-top -plan view-of the tranélating
device with parts of the cabinet broken away;
Figure 14.is: an enlargediperspective ‘View of ‘the

cluteh ‘ang ‘tentering mechanism ‘shown 4n Pig. .

ure'9;

Figure 15455 side-elevation viey “of ‘the eluich
mechanism shown in Figure 14;

Figure 16ig an-end elevation view of ‘the-clutch
mechanism; .

‘Figure 17 is a'longitudinalsectional‘vi‘ew—ta-ken
on the line [1—{7 ‘In Figyre 16;

Figure 18 is A 'Cross sectiong] ‘view ‘taken-gn
the line 18—1i8-or Figure 17; ang

‘Figure 19 llustrates 4 combined ‘electrocardi-
ogram ‘and hallistic -“cardiogram,

Support for the patent

In Figure 1, the»patieni:’s.body 10 rests.upon.g
lightweight ‘but rigig . banel ‘1 of Plywood -or the
freedom of movement in-g, longitudi-
hal-direction. This. panel isintendeq to ‘function
as-a floating ‘table, or supbort, ‘having free ‘re-
sponse to any movements of the center of gravity

another part. For ‘this burpose, the under ‘side
of ‘the ‘panel i ‘Is-equipped, -as shown in ‘Figure
2, with g plurality of short-metal rajls 12760 ‘sup-
bort the panel on grooved rollers {3, Rollers {3
are mounted on anti-friction bail bearings (not,
shown) on short shafts {4 which are supported
on a-base board 15 for-use on g rigid level table
19. The ‘moving parts of thig Support, compris-
ing panel (1, rails 12, and rollers 13, have rela-
tively small combined mass relative to the mass of
the patient’s kody 16 to eliminate-any relative

movement or oseillation between the body .18 ang ¢

Panel ji resulting from inertia effects. In-an
operative embodiment the :banel ti .and rails (2
weigh .fifteen bounds, A less weight in ‘these
parts would be ‘desirable if it could be obtained

without loss of rigidity, but 15 o 20 .pounds -ig

considered satisfactory,

The under side of panel{{-is further:equipped
with.a depending lug {g positioned between a-pair
of ‘spaced abutments 17 on the base 45. -4 -
of light coil springs {8 are seated between the
abutments {7 ‘and. opposite -sides. of the lug 1§

movement. :

The spring force exerted by the Springs £8 upon
the panel {{ is an important, consideration to the
proper i

banel in response o respiration. ‘A 'spring rate
of the combined springs of 4%, pounds per -inch
is found to satisfy both conditions for g patient
of ‘average weight, but a lower spring rate is de-
sirable, provided it satisfies the stated condition
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‘minutefor- a-body weighing 100 ‘bounds, to-thinty-

cycles:per minute for a body weighing 180 poinds,
which values are less than the usual ‘pulse fre-
quencies 'of ‘the ‘patients, These valyes ‘Were .de-
termineq experimentally. With | 2 ‘heavier indi-
vidual, ‘the ‘natural {frequency would bhe slightly
less than thirty: cycles, and the same spring rate
would -be sdtisfactory, : brovided ‘thas it ‘Was suf-
ﬁci’entutoprevent responseto-respiration. -Respi-~
ration ‘movements tan, of course, be~suspende'd‘
temporaril-y by :holding the breath, it §

linear relationship in gn -output-cireuit 232 ‘Which
is-connegted with one-of the input circuits of g
conventions]. electroeardiograph 25 or othersuit-
able electrica] oscillegraph type of instrument,

Electrocardiographs ‘are -ordinarily equipped
with-a cable 2§ earrying g plurality of different
input cireuits 27 for transmitting electries] -im-
pulses -»simultaneousl-‘y from different sources.
The output cireuit 22 is-eonnected 1o one of‘these-
circuits, The ‘translating “device 21 -ig energized -
by ‘means of an extension eord 28'and the cardio-
graph is energized by an-extension-corg 28. "The
function of the electrocardiograph 25 is-to draw
a:-curve or-a series of curves-on 2 moving-tape 8§
to ‘indicate 8raphiecaily ‘the voltage or ‘current
introduced’ intothe input circuitg 21
time axis extending -longitudinally
of ‘the ‘tape. Tn the present arrangement, the
curve traced by the signals received from the out-
have ordinate values corresponding
to the»longitudinal movements -of the pane] |
in direet ratio, Since ‘the output cireuit 92
utilizes only one of the plurality of input-cireniis
21, the other nput cireuits may be usad-to obtain
simultaneoyug ;electrocardiograph ‘Tecords, -or for
any other ‘purpose, - - ' :

The cdnstruction -and alrangement of the link
20:is shown in Figure’'s. One enid of the banel {4

.18 ‘equipped with 5, Projecting ‘metallic plate 33

and the -‘t‘ranslating ‘device 2 ‘hay- 8 movable-ela-
ment with a similay plate 84 proj ecting therefrom.
Each'of these-plate nrembers is equipped ‘with g
conical socket 35, and ths device 3 ig breferably
Supported ‘upon -5 ‘table 26 50 that the plate 37
may -be ‘disposeq adjacent the plate 33 ang ‘at
approximately -the same leve] ‘for convenient in-
terconnection of these two menibers by thelink 20,

“The link ‘20 comprises
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plates 33 and 34, even though these plates may be
somewhat out of alignment and on slightly dif-
ferent levels.

In PFigure 6, ihe patient 4% is supported on a
rigid panel 46 which is similar to the panel il
in Figure 1, except that it is not equipped with
the rails 12. The under surface of the panel 45
is made smooth and fiat, and rests upon a plu-
yality of inflated rubber rollers 41. These rollers
rest upon the smooth and flat top surface of &
second panel 48 on the table {g. Springs 18
center the panel 46 as in Figure 1, and are stift
enough, acting in conjunction with the elasticity
of rollers 41, to prevent response to respiration.

Figure 7 shows 4 modified form of supporting
means for a patient 50 who cannot be removed
from the bed § i. Inflated cylindrical rubber tubes
52 are placed transversely across the mattress to
support the rigid lightweight panel 85. The tubes
52 and panel 55 can be placed on
and the patient 50 transferred thereto with a
minimum of disturbance. The tubes 52 are pref-
erably larger than the tubes 47 in order to hold
the panel 35 above the mattress when the mat-
tress is depressed under the tubes. Both types
of tubes constitute elastic and pneumatic cushion
means to support the rigid members 46 and 58
for horizontal movement in a Jongitudinal direc-
tion. 'The tubes 52 are only partially infiated,
so that they will be considerably flattened under
the weight of the patient, as shown. With this
shape of Cross section, and with the proper wall
thickness in the tubes, the tubes themselves will
have the desired centering effect and will pre-
vent response to respiration, making the springs
{8 unnecessary. Centering springs may be add-
ed, however, if necessary.

The tubes 52 preferably extend beyond the
side edges of the panel 85, so that the ends of
the tubes will bulge up as shown in Figure 8.
When the tubes are deformed to this shape, they
offer more resistance to0 rolling, particularly un-
der the very minute movements imparted to the
panel 55 by the ballistic effects of the pulse ac-
tion. Longitudinal movement of the panel tends

to compress the tuke wall on one side of the fube *

and slightly streteh it on the other side beneath
the panel. Shear stresses are produced in the
rubber tube in the projecting end portions. For
very minute movements, the combination of com-
pression, tension and shear forces in the rubber
produce the necessary amount of restraint and
have the desired centering effect, by virtue of the
clasticity of the rubber itself, without impairing
the freedom of movement of the panel to re-
spond faithfully to longitudinal movements of
the center of gravity of the patient.

With the arrangement shown in Figure 7, the
table 36 with the electrical eguipment may be
brought girectly to the patient in a conventional
bed, in cases where the patient cannot be moved
to the equipment. The Dballistic cardiogram may
be obtained easily and quickly without any sacri-
fice of sensitivity and without endangering a very
weak patient.

The rolling friction which occurs in the me-
tallic or pneumatic roller supporting system pro-
vides sufilcient dampening of the system to pre-
vent unwanted movements. These movements
may be caused by respiration of the patient, or
by overshooting of the elastic centering force
from inertia. 1t is found that the rolling fric-
tion has the desired dampening effect with mini-
mum interference to the free movement of the
body and supporting panel under the cardiobal-

the mattress 2
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Jistic effects produced in the patient’s body, which
effects it is desired to utilize as the source of the
input signal for the oscillograph recording mech-
anism.

The characteristics of the present type of sup-
port shown in Figures 1, 6 and 7 are to be dis-
tinguished from the characteristics of direct sup-
port of the body on a stationary tapble top. In
the latter case the body tissue bearing on the
table top establishes & resilient connection be-
tween the main mass of the body and the table
in which neither the spring rate nor the dampen-
ing can be controlled. ANy pallistic impulse in
such body excites two different types of vibra-
tion in the body. There is @ movement of the
center of gravity of the body relative to the sup-
port and also & movement of different parts of
the body relative to each other, both movements
tending to start trains of vibrations. With such
support, & vibration pick-up cannot he applied
to the body to respond solely 1o the original bal-
jistic impulse and reaction.

with the present support, relative movements
of parts of the body are not transmitted to the
floating support. The support can respond only
to movements of the center of gravity of the
body, and the dampening effect and elastic cen-
tering force acting on these movements can be
controlled to eliminate resonance conditions and
to eliminate body disturbances from other than
cardio-ballistic causes.

Translating device

Figure 9 isa sectional view {ltustrating the con-
struction of the translating device 21. This de-
vice contains & special cluteh mechanism §5 for
transmitting the 1ongitudinal movements of link
28 to a shutter or occluding device 66 which
controls the amount of light from electric bulb
§7 which may fall on the light sensitive cell 78.
In the illustrated embodiment, the cell 18 is of
the self-generating type, and the output circuib
29 shown in Figure 1 merely connects the volt-
age generated by the cell to the input circuit of
the electrocardiograph a5, Other known types
of circuits may be adapted to the purpose of
varying the signal in the output circuit 22 in ac-
cordance with the movements of the link 20 with-
out imposing any restraint upon such move-
ments.

The light bulb 6§71 is mounted in a socket T4
which is energized from the supply source 28
through a switch T2 and rheostat 13. The signal
intensity in the output eircuit 22 may be ad-
justed at its source by varying the temperature
of the filament in bulb €1 by the rheostat 13, in
addition to the conventional controls provided
in the usual cardiograph apparatus 25. A pilot
light 14 is connected with the light circuit to
provide & visual indication when the light is
turned on. )

Figures 11, 12 and 13 illustrate details of con-
struction of the occluding shutter 66. The shut-
ter is pivotally mounted on pin 79 to swing in &
vertical plane when it is moved by & rod 88 hav-
ing one end pivotally connected with the shutter
by means of the pin 8i. When the apparatus is
in operation, the cluteh mechanism 65 effects a
direct mechanical connection between the rod 88
and a vod 82 shown sin Figure 10 which carries
the plate 34 to support one end of the link 20.

The pin 8! is quite close to the pin 19 in order
to magnify the movement of the upper end of
shutter blade 68 which is disposed between the
light 67 and light sensitive cell 70. The upper end
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of “the: shutter: g notehed: on: a double curve- 85
which is caleulated in accordance with the known
cHarseteristics: of the-cell' 10 to. give: proportional
eleetrical: response-in the- oubput circuit’ 22 with

barticular reference“tez'_ﬁigures.14»“50 18 The bass
member £88 iz equipped. with longitudinal ways
[81: for o sliding. frame $92. On.one:side of the
frame: {925 o stop:pin 153 Projecting between the
ends:of a. pair of ‘Opposed:stop. serews i8&and ip5
on the base 10§, A spring 106 on the:frame- 02
‘has;a;n;outen'endJanchor.ed,on pin: {87 to hold the
fra,me'-n'ormally: In:its:rearmost bosition:as viewed
im: Figure 14; with the stop: pin. {83 engaging the
Tear: stop: screw: 185. In this position there is g
smalligap; H38 between: the- other gide of stop -pin
183 and the frent stop: serew- 188, as indicated in
Figure 15,

The:front; eng of:frar:2 {82 ag viewed-in Figyre
14 carries: g transverse: shaft 189 for g, grooved
roller {id. This roller is
lindrical tube {14 having 4. set sorew {12 at. itg

The rearward end of sliding frame {82 com-
prises.a bridge. | {3.upon, which is secured a for-
wardly. extending spring. plate i1§. The forward
free end. of spring plate 1§ carries a, centering
block. 120: having an inverted. V-shaped notch tg
engage a transverse rounded upstanding lug {24
ate. which is pivotally connected by pin
128 with the tube 114, The center-of this notch
18 in the vertica] plane of roller shaft {89,

end:of lever {85:g bressed ina-rearwarg direction.

Plate {22 carries-a: stirrup {29 having g pad of
friction' material 138 forming 5 clutch element
which projects through a slot: i

Mment- with. the rod’ 89 by means of: g: spring 132
housed in g vertical tube {33 which ig integral
with:the plate {23 1 i
seats against an adjustable stop screw 134, and
the lower end extends through an obening {35:in
the plate §23 to bear against the tube {11,
Iniorder to maintain the party normaily in thejr
restor- centered position: as shown. in Figure 17,
the springs. {24 must’ exert: sufficient;: spring foree
to-overpower andslightly compress the spring (32,
With the tube § {1 thus centered: the rod 88 is ad-
Justed under set serew {12 to place the shutter 88
in Figure 9.n g median bosition, so that approxi-
mately half the sensitive surface of the cell 19 is
shaded from the rays of the light source §7. Once
made, thig adjustment does not have to he
changed:

the-lighteq area to-produce current
the output circuit 22 Droportional to- movements
of therod 89,

In Figure 9 there is also disclosed: 2 convenient

The upper end of this.spring -
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device: for actuating the: lever- {25 to'operate the
clutch: meehanism, A:plunger [4¢:is carried by g
piston 141 i

the device 24,
planger 146 out
lever (25,

Spring
of contact with the upper end:of

having g Dneumatie bulb 4§ shown. in Figure 1.
When tht bulbvisksqueezed,air is foreed into cyl-
inder 142 to drive plunger 148 againgt lever |25,
rotating it in a clockwise: direction about its pivot
128..

Figure 9 further shows:a, lever: [50 mounted on g,
Oxed'pivot 55, The lower-end of this lever is po-
sitioned o engage a:pin 152 on the sliding frame
162, as shown:also in Figures 14:ang 15. By means
off this lever; the normally stationary frame 102
may he shifted forward until stop pin {93 engages
the forward stop serev: {84, The amount of this
movement is equal to the space, or gap, 108; be-
tween the end of stop serew 104 ang the adjacent
surface of pin 103 when the parts.are in the nor-
mal position shown. in- Figure 15, and this gap
may be. accurately  measured. ang, adjusted by. g,
suitable gauge. When the clutch | 20 is: disen-
gaged, as shown in Figure 17, and the: sliding

cardiogram 38 paralle] with: the base line which
is traced when: stop pin: 103- engages:the rear stop i
screw 185, 'This brovides- a convenient and ac-
curate calibration. directly on: the. curve of the
cardiogram.

Operation

The patient ig placed on one of the supports
shown. in Figures. 1,6, 0r7. After allowing some
time for the patient. tq Test.and relax, the link 20
is.placed in Position to. operate the translating de-
vice-and make the record. In certain cases it may
be desired to, exercise the patient and then make
the.record immediately after the exercise, o

The-parts in the.ltransla‘ting,device 21 are illys-
trated. in. disengaged. and. centered. positions, in
Figure 17 which is their normal rest, Dosition when
2. record. is not, in. i

centered position. by the engagement of centering
block. 1290. with thelug. {24,

VWhen. it is desired to- trace- 3 ballisto-cardio-
gram:curve, the upber-end-of lever 25 ig pressed

of spring 132, Turther upward movement of the
128 frees the lug 121, ang the
rod' 82 is then clamped in tube { 11 to transmit
any longituding] movements from the link 20 di-
rectly to. tube 144 and rod 80 to actuate the shut-
ter 86, When. the bulb 14515 Squeezed, the elec-
trocardiograph machine 25 is operated to make
the graphic record.. The shubter will be actu-
ated. in. response to. movements of the link 29
only while-the upper end:of lever {25 is depressed
rearwardly by-the action of bulb- 126, and when
this. lever- is released: the- Springs- {24 return the
parts: to the Figure 17 position to disconnect the
rod’ 82 from. tupe tii. and recenter the latter in
its: normay Test position, This will' cause g
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_straight base line to be drawn in the center of
the curve area until the electrocardiograph is
turned off.

Pigure 19 illustrates the type of cardiogram
curve obtained with the apparatus shown in Fig-

~yre 1. The top curve 11§ is traced by conven-
tional electrocardiograpiu equipment, and repre-
sents a typical electrocardiogram Curve. This
. curve is obtained by placing electrodes connected
with one of the input circuits 2T in contact with
spaced points on the body of the patient. This
conventional apparatus is not necessary to the
invention and is not shown in Figure 1, but it
may be used in conjunction with the novel ap-
paratus {llustrated in order to trace the two
curves simultaneously for comparison. The sev-
eral input circuits 21 of a counventional electro-
cardiograph are independent of each other, and
present electrocardiograph equipment may in-
clude as many as Six input circuits for tracing
six different curves simultaneously on the record
30. The translating device 21 utilizes only one
of these input circuits, thereby leaving the other
fixe circuits available for any other type of si-
multaneous analysis which may pe desired, such
as the curve 173.

Tn the record shown in Fig. 19, the vertical
lines are printed on the paper to indicate fifths
of a second in time, and the upper and lower
peaks 171 and 112, spaced at approximately one
second intervals, form a typical electrocardiogram
curve. These peaks indicate slight variations in
the electrical potential measured between dif-
ferent points on the surface of the body which
oceur in rhythm with the heartbeat.

The curve {78 regulted from the signal from
output circuit 22 in Figure 1 and was traced si-
multaneously with the curve i78. On the curve
{15, the straight horizontal line 188 forms a ref-
erence or base line which was traced in the cen-
ter of the curve
{i1 was centered by plock 128 with the clutch
130 disengaged a8 shown in Figure 17. Ofiset
portions {8f were traced while lever {5¢ was
shifted to hold stop pin 193 momentarily against
the forward stop {84. Hence, the vertical dis-
tance on the chart petween the parallel lineg 188
and 181 is a measure of the known distance ]
petween the end of stop screw (04 and stop pin
193 shown in Figure 15.

When the bulb 148 is squeezed, clutch 130 is
engaged to produce the graphic record at {75
of the longitudinal movements of the center of
gravity of the patient with respect to the time
axis. Portions of the curve {75 above line {80
indicate movements in one direction from the cen-
tered position and portions helow line {80 indi-
cate movements in the opposite direction from
the centered position. The ordinate distances
of points on the curve from line {88 bear & linear
relation to the amplitudes of said movements ab
the instants considered, whereby the extent,
duration and velocity of any movement of the
center of gravity of the patient may be deter-
mined from measurements on the chart.

Having now described my invention and in
what manner the same may be used, what I claim
as new and desire to protect by T.etters Patent is:

1. In a hallistic cardiograph, a rigid member
for supporiing a patient, said member having &
small mass relative to the mass of the patient,
rollers supporting said member for movement in
one direction, 2 mechanism for indicating a char=-
acteristic of said movement, and & link infer-
connecting said rigid

member and said mecha~ *
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“pism for direct response of said mechanism to

said member.

2. In a ballistic cardiograph, a rigid member
for supporting a patient, said member having &
small mass relative to the mass of the patient,
elastic rollers deformable under the weight of &
patient supporting said member for movement
in one direction, a mechanism for indicating &
characteristic of said movement, and a link inter-
connecting said rigid member and said mecha-~
nism for direct response of said mechanism to
said member.

3. In a ballistie cardiograph, a rigid member
for supporting a patient, said member having &
small mass relative to the mass of the patient,
elastic cushion means supporting said member
for relatively free horizontal movement in one
direction, & mechanism for indicating a charac-
teristic of said movement, and a link intercon-
necting said rigid member and said mechanism
for direct response of said mechanism to said
rigid member.

4. In a ballistic cardiograph, a rigid member
for supporting a patient, said member having a
small mass relative to the mass of the patient,
pneumatic cushion means supporting said member
for horizonial movement in one direction, and &
mechanism for indicating a characteristic of said
movement, such as amplitude, operably connected
directly to said memper for response to said
movement.

5. In a ballistic cardiograph, a rigid member
for supporting a patient, said member having &
small mass relative to the mass of the patient,
rolling friction means supporting said rigid mem-
per for movement in one direction, elastic center-
ing means connected with sald rigid member fo
urge sald member toward a predetermined posi-
tion with suficient force substantially to elimi-
nate response 0 respiration of the patient, and
2 mechanism for indicating a characteristic of
said movement connected with said rigid member.

6. In a bhallistic cardiograph, a rigid member
for supporting 2 patient, said member having &
small mass relative to the mass of the patient,
pneumatic cushion means supporting said rigid
member for horizontal movement in one direction
and tending to center said member in a prede-
termined position with sufficient force substan-
tially to eliminate response to respiration of the
patient, and a mechanism for indicating a char-
acteristic of said movement connected with said
rigid member. ’

7. In a ballistic cardiograph, & rigid table, a
rigid member for supporting & patient, said mem-
ber having a small mass relative to the mass of
the patient, rolling friction means supporting
said rigid member on said table for movement in
one direction, olastic centering means connected
with said rigid member to urge said member to-
ward a predetermined position, and a mechanism
for indicating & characteristic of said movement
connected with gaid rigid member. .

8. Ina pallistic cardiograph, & member for en-
gaging a patient to be tested, a translating device
for converting minute mechanical movements
into current variations in an electrical circuit, &
socket in said member, a socket in said translat~-
ing device, and a connecting link having opposite
ends resting in said sockets for universal angular
adjustment to transmit movements of the patient
to said translating device.

9. In a ballistic cardiograph, & member engag-
ing the patient to be {ested, & translating device
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for broducing variations in an electrical signal
corresponding to minute mechanica] movements,

centering saig signhal
termined bosition.
11. In a ballistic cardiograph, a rigid member
for supporting g batient, means Supporting said
member for free longitudinal Mmovement, ‘elastic
means for centering said member in g bredeter-

varying means,
said link to accommodate the centering of saiq
member and said signal varying means, and means
actuated by said centering means for said signal
varying means for disconnecting sald signal vary-
ing means from said link,

12. In 35 ballistic

said clutch and centering means,
13.In g ballistic cardiograph and the like,

14. In a ballistic
gage the body of
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signal varying member in 2 predetermineqd posi-
tion w i

mined distance from said centered position when
said cluteh is disengaged for calibrating said
graphic indication, ang means simultaneously to
€ngage said clutch and release said centering
means,

and disengage said centering means,

16. In g translating device for g ballistic cardi-
ograph and the like, means for varying an elec-
trical signal to indicate the duration and extent
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