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THE CONTINUOUS RECORDING OF

Ficure 1. The cardiota-
chometer in use in the labo-
ratory of Dr. A. V. Bock at
the Massachusetts General
Hospital, Boston. The
patient exercises on the
treadmill while continuous
records of the pulse rate
are laken
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RATES
By HoraTio W. LamsoN
N illustration of the interrelation of the
sciences 1s to be seen in the increasing
use which the members of the medi-
cal profession are making of electrical

equipment in the diagnosis and treatment
of the ills of mankind. For example, it
is well known that muscular contractions
are accompanied by more or less pro-
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nounced  electrical potentials. Extensive
use has heen made of this phenomenon
in diagnosing and studying discases of the
heart.

By means of the clectrocardiograph, the
voltage wave produced by the systole, or
contraction phase of the heart-heat eycle,
may he introdueed onto the vibrating ele-
ment of an Einthoven or string galvanome-
ter and thence recorded as an oscillogram
upon a photographic film. For each com-
plete beat of the heart, such a record shows
o single pulse caused by the systole of the
auricle followed by a quadruplex wave
produced by the systole of the ventricle.
This whole cyele is repeated about 80 times
per minute, An analysis of the shape and
timing of these complex waveforms gives
the physician many data concerning the
funetioning of the heart.

In order that satisfactory records may he
obtained from the electrocardiograph, the
patient must be in a condition of compara-
tive repose so that the systolic waves will
not he confused or obliterated by other
potentials due to the contraction of muscles
not involved in the action of the heart. It
is, therefore, impractical to use the ordinary
electrocardiograph for recording or timing
heart action when the patient is exercising
or is in a state of physical exertion or mus-
cular strain.

The heart is primarily a pump for supply-
ing the revitalizing blood stream to all
parts of the body. Mental emotion and
museular activity demand an increased
supply of blood which is met, in part, by an
inerease in the pulse rate. Tt is, therefore,
important to study in what manner the
heart meets the demands made upon it, how
soon it becomes fatigued, and how rapidly

A full size sample record from the eardiotnchometer

it returns to its normal rate after the cessa-
tion of muscular activity.

In earryving out such fatigue studies it
was very desirable Lo have some technique
for accurately measuring the pulse rate of
the patient from moment to moment during
exercise. For this purpose, as pointed out
above, the electrocardiograph could not he
used. Researches along these lines eon-
ducted by the Fatigue Laboratory at
Harvard University disclosed the fact that
the slow rhythmic electrical pulses, due to
the systole of the heart, contained a certain
“murmur” or higher frequeney component
of the order of 30 cycles per second. The
magnitude of this murmur potential is very
small compared to that produced by the
primary systolic waves, Nevertheless, it is,
fortunately, peculiar to the systole of the
heart, and does not exist to any ap-
preciable extent in potentials developed
by the coutraction of any of the voluntary
museles,

Use is made of this phenomenon in the
cardiotachometer, or heart-heat counter,
recently developed by the General Radio
Company in collaboration with Paul S.
Baner, Scientific Assistant at the Fatigue
Laboratory, Harvard University, This de-
vice contains a  selective  vacuum-tube
amplifiecr  which responds only to this
“murmur’™  component  of the systohe
waves and is quite insensitive to the pri-
mary waves due to the systole or to any
voluntary muscular contraction which, in
either case, would have a much lower fre-
queney than the murmue. In this manner, a
distinguishable impulse may be obtained
al each systole even though the patient be
exercising, This impulse consists of an in-
termittent train of waves of 30 cyeles per
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second frequency which is subsequently
magnified and introduced into a *pulse
amplifier” which, in turn, produces a single
direct-current pulse at each systole of the
heart. These direct-current pulses are then
used to drive one pen of a duplex syphon
recorder, while the other pen is operated
uniformly by a clock-driven mechanism,
the latter giving one impulse per second.
In this manner, by comparing the two
simultaneous rece an accurate and con-
tinuous timing of the heart rate is obtained.
A sample record is shown in Figure 2.

It is obvious that records made in this
manner may be used only for timing the
systole, and that the waveform traced by
the syphon pen which is energized by the
heart has no relation, as far as its shape is
concerned, to the primary waves obtained
with the electrocardiograph.

Iu order Lo pick up these muscular poten-
tials Lo the best advantage, two small dise
electrodes made of Monel metal and about
one inch in diameter are worn by the pa
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tient. These are carried by individual
elastic belts and are in contact with the bare
chest, one below the left breast and the
other over the center of the chest as high as
the belt, passing under the armpits, will
permit. Such an arrangement places the
clectrodes approximately along the “elec-
tric axis” of the heart where the maximum
systolic potentials are obtained. In order to
minimize the electrical resistance of the skin,
the areas of contact are well moistened with
soap lather before applying the electrodes.

The pulse rate may now be measured
with the patient standing, sitting, or reclin-
ing. He may run at various speeds upon &

=

trl‘ﬂf'"ii"‘ ])l"lil! a l'i("‘"']('. or |'xl'"'i'\l' on a
rowing machine, and while so doing, a econ-
tinuous record of his pulse rate may be ob-
tained both during the exercise and the
subsequent recuperative period.

Through the courtesy of the Fatigue
Laboratory at Harvard University, we
show two interesting curves taken with the
General Radio eardiotachometer,

Frauned. The cardiotachometer with amplifiers, syphon recorder, timing deviee, nnd power-supply
accessories mounted on o castered table
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Figore 4. The behavior of a dog while running at full speed on a special treadmill, The upper
curve wias taken before the operation deseribed below. The lower eurve was taken after the
operation

Figure 4 illustrates the variation in the
pulse rate of a dog while running at a speed
of 10.7 miles per hour upon a motor-driven
treadmill. One curve shows the record for
the normal animal, while the other curve
shows the record of the same dog after com-
plete recovery from an operation removing

certain parts of the sympathetic nervous
system. With the normal dog, the initial
rise in rate is more rapid, reaching a con-
siderably higher figure, and gradually sub-
siding after the first minute. After the
operation, the rise in rate is seen to be much
slower and no reduction occurs during the
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Fiaure 5. Three test runs made by a trained athlete on a special treadmill for three different
rates of speed. The points marked ““Stop” indicate the end of the exertion
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exercise. The recovery of the normal dog
ufter exercise is noticeably more rapid.

Figure 5 gives records obltaimed from an
athlete running at different speeds upon the
motor-driven treadmill. These curves are
self-explanatory. It is interesting lo note
that the athlete’s heart rate inereases while
he anticipates the exercise, an example of
natural accommodation.

While experimenting with this equip-
ment, the writer had an opportunity of
making some interesting psychological
tests to record the reaction of the heart rate
of children, ages five and seven, while listen-
mmg to the reading of “thriling" famry
stories, A distinet irregularity, sometimes
of acceleration and sometimes of decelera-
tion, was observed during emotional pas-
sages of the stories, What data were ob-
tained seemed Lo indieate that recovery Lo
their normal rate was less rapid in the case
of tales with which the children were thor-
oughly familiar than in the case of equally
thrilling stories which they were hearing for
the first time,

With the patient sitting quietly, a certain
interval of time is required, with children
at least, to become more or less unconscious
of the presence of the electrodes. It is be-
lieved, however, that while exercising, mus-
cular activity soon renders the patient
sufficiently unconscious of the presence of
the electrodes.

In addition to its application in fatigue
researches, the cardiotachometer is useful in
studying the time reaction of the heart to
drugs and other stimuli, Likewise, by sub-
stituting an electrie buzzer for the recording
mechanism, arrangements may be made to
enable the physician or surgeon to listen to
the heart rate of the patient during treat-
ment or operations, Il is possible that
equipment of this sort might prove of some
value as a “lie detector” in eriminal in-
vestigations,

Figure 3 shows the General Radio car-
diotachometer. All of the equipment is
mounted upon a castered table, thus mak-
ing it readily portable. The three-stage
amplifier unit utilizes special tuned 30-
eyele transformers as the interconnecting-
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coupling nnits. Such transformers serve not
ouly to eliminate low-frequency muscular
polentials, but they also reduee, to a large
degree, ordinary **background™ potentials
of audible frequency. The amplifier unit is
followed by a small bridge-type oxide-
junction rectifier and finally by a single-
tube amplifier whose output plate eurrent,
consisting of pulses of from one to 10
milliamperes magnitude, energizes one of
the pens of a newly designed duplex syphon
recorder.

The magnet coil operating this pen car-
ries two windings, through the second of
which s passed an adjustable direct cur-
rent, opposing or biasing the current pulses
from the amplifier. This electrical method
of adjusting the sensitivity and working
range of the pen has been found to be the
most suitable scheme for maintaining an
optimum record, as the potential from the
heart varies from tiune to time. These con-
trols, together with the various plate-
circuit and bias batteries, are contained in
the metallic eabinet housing the amplifier.

The second pen of the syphon recorder is
energized at one-second intervals by a
clock-driven key contained in a eabinet on
the lower shelf of the table. Provision is
made for omitting every tenth second from
the records in order to facilitate the count-
ing of the tapes. The two independent pens,
which are made from fine silver tubing and
which operate upon the syphon principle,
trace closely adjacent records upon stand-
ard Yginch ticker tape, the magazine roll of
which is conveniently mounted in a drawer
in the base of this mstrument. The timing
pen may also be separately controlled by
means of a hand-operated key, thus per-
mitting the tape to be marked for identifica-
tion of any particular occurrence during the
record.

The cardiotachometer shown in the illus-
trations was a model designed to be oper-
ated from a 110-volt direct-current source.
A charging panel on the end of the table
affords means for charging the storage
battery. A slight modification in the design
would render the equipment operative from
a 110-volt G0-cycle-current source.
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MISCELLANY

By Tur Epitor

THE General Radio eardiotachometer
deseribed by Mr, Lamson in this issue
of the Experimenter will undoubtedly
interest everyone who is concerned with the
applications of the thermionie vacuum tube
to non-communications uses, as well as
those who are working in the particular
field of biophysics where the instrument
itself might be used. The important ele-
ment in the new instrument is, of course,
the tuned amplifier which amplifies the
desired impulses and at the same time filters
out most of the extraneous ones,

As a result of its varied experience in the
development, design, and manufacture of
measuring mstruments for the communica-
tions industries, the General Radio Com-
pany’s organization s peculiarly well
adapted for work in the rapidly developing
industrial field for vacuum-tube measuring
and  control apparatus. The cardiota-
chometer is only one example of our present
interest and as information about new
problems becomes available, it will be
presented m the Experimenter.

It is our hope that Erperimenter readers
will find such discussions as this of interest
Lo them and that, when they have a par-
ticularly knotty problem to solve, they will
give us a chanee to assist. Our facilities are
available for help in every phase of the
manufacturing process: development, de-
sign, and production itself,

* % ¥ %

The editing of a new catalog of General
Radio laboratory apparalus has been
completed, and the first copies are off the
press, Catalog I, as the new book is ealled,
replaces all previous issues, the two most
recent of which were the First and Second
Editions of Catalog E, issued in September
and December, 1028, respectively.

As a preliminary step in the distribution
of Catalog F, we made a careful survey of
the Experimenter mailing list and chose
Irom it the names of all persons whom we
believed would be interested i the uses
of General Radio laboratory instruments.
To each name in this latter group, we have
mailed Catalog F. If you would like to have

a copy and feel sure that you could make
good use of it, please feel free to ask us for
one. Be sure, however, to use your business
letterhead and mention whal position you
hold with your firm, because we have found
it necessary to definitely limit distribution
of the catalog to laboratories, engineers,
and other users or prospective users of
General Radio laboratory apparatus.

Besides its regular line of laboratory
apparatus the General Radio Company
manufactures testing instruments, com-
ponents, and miscellaneous accessories for
the use of radio servicemen, public-address
men, sound techoicians, custom set build-
crs, experimenters, and amateurs. For the
special nse of these groups, an abridged
edition of Catalog F is now being prepared,
It will replace the present Bulletin 931, but
it will also deseribe our complete line of
meters and inexpensive  general-purpose
testing instruments. Copies of this abridged
catalog will be mailed to everyone on the
Erperimenter mailing list who has not
been sent a copy of Catalog F.

e 4

A unique feature of the two new General
Radio catalogs is the method for keeping
you in touch with new developments. The
General Radio Experimenter has, in the
past, deseribed some of them, but we pro-
pose to send oul eatalog supplements,
which will give more detailed data than it is
possible to include in the Erperimenter.
We are maintaining a record of your name
and address, so that these catalog supple-
ments can be mailed to you without delay.
The addressing-machine steneil from which
the mailing will be done is wdentical with
the stencil that addresses your copy of the
General Radio Erperimenter, If, then, your
Experimenter is correctly addressed, you
may be sure that your name is correctly
listed on our mailing list for all catalog
supplements.

Please cooperate with us in our efforts to
keep you posted by notifying us promptly
of any change in address. As the Experi-

menter is now being mailed, the post officc “™

will not forward it to your new address.
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When copies are returned to us, we imme-
diately remove the name from our mailing
list. It is essential, therefore, that you
notifly us of address changes as far in ad-
vance as possible,

¥ ® & &

On pages 28 and 29 of Catalog F are
described the series of Tyre 214 Rheostats
and Potentiometers which are high grade
popularly priced units for use in high grade
experimental installations. Effective at
once all of those priced at 1.75 in Catalog
F carry a price of £1.50. The two items
priced at $2.00 in Catalog F are not
affected by this change.

* & * X

Occasionally we receive inguiries from
readers who wish to maintain a regular
file of the Krperimenter, as the result of
which we are interested in hearing from
anyone who has developed for his own use
or for the use of others a workable filing
and binding scheme. We are primarily
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interested in methods which bind the
complete issue, because they are usually
much less complicated than those which
involve elipping. A number of suitable
binders are on the markel, and we should
like to know whether readers who have
tried them have any particular preference
for one type as against another,

For our own use in the engineering de-
partment of the General Radio Company,
we use a simple three-ring binder, and this
seems to us to be entirely adequate. It has
been suggested that we allow a greater
binding margin on the Erperimenier, and
we hope to make this possible in the near
future.

CONTRIBUTORS

An adequate sketeh of Horatio W. Lam-
son, the author of the artiele in this month’s
Lixperimenter, was given in the June issue
of the Erperimenter. The interested reader
is referred to page 11 of that issue for a
biographical note and a photograph.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the
GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N. H.
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With a Type 586 Power Level Indicator

ALL high quality sound sys-
tems have maximum and
minimum volume levels that
rannot be exceeded. Low levels
emphasize background noise,
too high levels overload loud-
speakers, amplifiers, and other
terminal equipment and cause
cross-talk in adjacent chan-
nels. Correct levels are most

OL‘H NEw Cartaroc F-X

accurately maintained by man-
ual control using a Type 586
Power Level Indieator instead
of the operator’s ear as a guide.

The Type 586 Power Level In-
dicator requires no hatteries,
tubes or other replacement
parts. It is made in a portable
model and in a model for
mounting in a standard relay
rack.

describes the power level indi-
cator, Request it on  your
business letterhead and state
the position you hold with
vour firm, because distribution
is limited to laboratories, engi-
neers, and other prospective
users of laboratory measuring
instruments.

An abridged catalog for the use
of sound technicians, installers
of public-address systems, radio
service men, set builders, and
amateurs will be ready within
a few weeks. It, also, will de-
scribe the power level indicator.

Other GENERAL RADIO PRODUCTS

Calibrated Condensers, Inductors, and Resistors: Attenuation Networks
and Voltage Dividers; Frequency- and Time-Measuring Devices; Meters;
Oscillators: and a Complete Line of Accessories for the Laboratory

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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