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ABSTRACT: To record the number of occurrences ofa recur 
ring event, such as pulsebeat, as well as its cadence relative to 
a more slowly recurring reference signal, which may be the 
output of a timer or an indication of some other more or less 
periodic occurrence (such as the downtread of a pedaling 
cyc1ist),'a character key of a typewriter is depressed to print a 
mark upon occurrence of the event whereas a line-feed and 
carriage-return mechanism is actuated in response to the 
reference signal so that the number of events per measuring 
cycle-or, if desired, the number of recurrences per cycle ex 
ceeding a predetermined minimum-can be read directly on 
an individual line of the typewriter sheet. Electric pulses re 
gistering the recurring event and the pacemaker signal may 
also be stored on a recording medium, such as a magnetic 
tape, for later transmission to the control circuit of an electric 
typewriter operating in the aforedescribed manner. 
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METHOD OF RECORDING RECURRING EVENTS 
This application is a division of our copending application 

Ser. No. 650,060, ?led June 29, 1967. 
My present invention relates to a method of recording the 

number of occurrences of a recurrent event, e.g. a pulsebeat, 
as well as its cadence relative to a train of timing pulses or 
some other pacemaker signal whose recurrence rate is sub 
stantially less than that of the event to be recorded. 
An object of this invention is to provide a method of the 

charting of the cadence (i.e. rate of recurrence) of such event 
during consecutive measuring periods, as determined by the 
reference signal, as well as the number of such occurrences 
per measuring period, in a simple and effective manner with 
the aid of a commonly available piece of equipment, Le. a 
typewriter. 
Another object of this invention is to allow for the charting 

of the occurrences of the event, in the aforestated manner, 
long after the actual happening thereof, advantageously in 
conjunction with a visual reproduction of the circumstances 
surrounding the event, such as the activities of a person whose 
pulsebeat is to be thus recorded. 
The foregoing objects are realized, pursuant to my present 

invention, by the actuation of a character key of a conven 
tional typewriter, advantageously an electric one, upon each 
occurrence of the event to be measured beyond a predeter 
mined number (which may be zero) of such occurrences in 
any interval between successive reference signals and operat 
ing, in the rhythm of these reference signals, the line-feed and 
carriage-retum mechanism of the typewriter whereby a vary 
ing number of characters (e.g. dots) will appear on successive 
lines of a paper, stencil sheet or the like inserted into the 
typewriter. In the simplest case, the number of characters per 
line will represent the number of occurrences of the event per 
measuring interval; in many instances, however, that number 
will always equal or exceed a predetermined minimum so that 
this background count may be omitted from the sheet, without 
altering the essential character of the resulting chart, by sup 
pressing the same ?nite number of key-actuating pulses during 
each interval and producing the marks on the sheet only in 
response to supernumerary pulses per interval. 
The aforedescribed actuation of a typewriter may be 

brought about directly and automatically by respectively con 
necting the sources of event-responsive pulses and reference 
signals to the switches which control a selected typewriter key 
and the line feed. It is, however, also possible and frequently 
advantageous to store these event~responsive pulses, possibly 
together with the accompanying reference signals, on a mag 
netic tape or other recording medium and to reproduce them 
thereafter, at a convenient time and place, for evaluation by 
means of an associated typewriter. This procedure enables the 
charting ofthe event at an increased speed, e.g. at two or three 
times the original rate of recurrence. It is also possible to make 
a visual record of the event, or certain phases thereof, and to 
reproduce it together with the playback of the recording medi 
um. Thus, I may connect a motion-picture camera to a control 
circuit therefor which measures the recurrence rate of the 
event-responsive pulses and, upon that rate exceeding a 
predetermined threshold, turns on the camera to ?lm the sub 
ject under observation; in like manner, upon subsequent 
playback, the recurrence rate of the reproduces pulses may be 
measured and, if it exceeds a related threshold, may turn on a 
projector for the reproduction of corresponding sections of 
the ?lm. 
The system herein described may be used, for example, to 

determine the rate of pulsebeat of human beings during vari 
ous activities, such as bicycling, shoveling coal, or undergoing 
other physical stress (e.g. during childbirth) and the reference 
signals may in fact be derived from a concomitant activity, 
such as the act of pedaling in the case of a cyclist. l have found 
that a very effective transducer for converting the human pul 
sebeat into electric pulses is in the form of an attachment to 
the ear, with a lamp carried thereon to transluminate the car 
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2 
lobe and a photoresistor positioned to receive the transmitted 
radiation. A radio transmitter and receiver may be inserted 
between the pulse pickup and the recorder, or the typewriter, 
to eliminate the need for a physical linkup between the subject 
and the evaluation equipment. 
The invention will be described in greater detail with 

reference to the accompanying drawing in which: 
FIG. 1 is a somewhat diagrammatic view of the transmitter 

stage of a recording system embodying this invention; 
FIG. 2 is a similar view of a receiving and charting station 

associated with the transmitter stage of FIG. 1; 
FIG. 3 is a more detailed circuit diagram of the transmitter 

and other elements of FIG. 1; 
FIG. 4 is a more detailed circuit diagram of the receiver and 

other elements of FIG. 2; and 
FIG. 5 is a graph illustrating a typical recording sheet show 

ing a set of markings representative of the number and 
cadence of a recurrent event as charted by the system of FIGS. 
1-4. 

In FIG. 1, I have shown a human test subject S on a bicycle 
B, the subject S carrying a pulse generator 10 in the form of an 
earclip. A transmitter 11 receives the output of generator 10 
and of a second generator 12 which is mechanically driven 
from the pedals of the bicycle so as to emit a pulse upon, say, 
every downtread by either leg of the subject S. The pulsebeat 
of the subject, converted into electric pulses by the generator 
10, has a much higher cadence than the output of generator 
12. Transmitter ll, strapped to the body of the cyclist by his 
suspenders, has an antenna 13 operating, say, on a carrier 
frequency of about 27.5 megacycles. 
A receiving antenna 14 intercepts the waves from trans 

mitting antenna 13 and feeds them to a receiver 15 whose au 
diofrequency output is delivered to a pair of recording heads 
l6, l7 cooperating with parallel magnetic tracks on a continu 
ously moving tape 18. At 19 I have indicated a direct connec 
tion from transmitter 11 to receiver 15, bypassing the high 
frequency stages of these two circuits, by way of a control cir 
cuit 20 which also serves to trigger a motion-picture camera 
21 trained upon the subject S. Control circuit 20 is so ar 
ranged, as more fully described hereinafter with reference to 
FIG. 3, that camera 21 is turned on only when the pulse rate of 
the cyclist (in absolute terms or as related to the pulse rate 
from generator 12) exceeds a certain threshold. Connection 
19 may be a transmission line adapted to be plugged into a 
transmitter 11 and the receiver 15 when the subject S remains 
on the spot, e.g. with the bicycle B lifted off the ground or 
rolling on a moving belt or turntable. 

In FIG. 2, I have shown the magnetic tape 18 during 
playback, possibly on the same apparatus (not further illus 
trated) that served for the recording in FIG. 1. Two reading 
heads 22, 23 pick up the signals stored on the tape 18 and 
deliver them to a control circuit 24 for the operation of a con 
ventional electric typewriter 25. As diagrammatically in 
dicated, typewriter 25 has a ?rst switch 26 for the control of a 
character key, a second switch 27 for the return of its carriage 
and the line feed, and a third switch 28 for shifting the ink rib 
bon of the typewriter to change colors (e.g. from red to blue 
and vice versa). These three switches are controlled, in a 
manner described hereinafter with reference to FIG. 4, from 
circuit 24 which also has means for varying the speed of a 
motor 29, driving the tape 18, and for operating a projector 30 
serving to reproduce the developed ?lm from camera 21 on a 
screen 31. Projector 30 goes into action whenever the control 
circuit 34 determines that the rate of pulses picked up by the 
head 32 exceeds the same threshold which determined the 
operation of camera 21 in FIG. 1, or a multiple of that 
threshold if the speed of motor 29 is increased so that the 
speed of tape 18 during playback is a multiple of its speed dur 
ing recording. 

Reference will now be made to FIG. 3 for a more detailed 
description of the elements 10-24 shown in FIG. 1. Pulse 
generator 10 comprises a lamp 32 and a photoresistor 33 posi 
tioned on opposite sides of the earlobe E of the test subject S 
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(FIG. 1 ). An energy source for this generator has been shown 
diagrammatically as a battery 34. The photoresistor 33, whose 
resistance may vary between 10 megohms in the dark and 700 
ohms in the illuminated state, is connected to the input of an 
ampli?er limiter 35 by way of a coupling network which in 
cludes a capacitor 36 and a leakage resistor 37. Network 36, 
37 may have a time constant approximately equal to the 
average human pulse rate, thereby reducing the sensitivity of 
the ampli?er to other periodic in?uences such as, for example, 
the breathing rate of the subject. 

Unit 35 may be a multistage transistor ampli?er arranged to 
be overdriven by any signi?cant changes in the resistance of 
impedance 33, regardless of the absolute magnitude of that re 
sistance, as passed by the condenser 36. Since the opacity of 
earlobe E and therefore the degree of illumination of photore 
sis'tor 33 changes rhythmically with each pulsebeat, the output 
of ampli?er limiter 35 is a train of rectangular pulses of con 
stant amplitude independent of the thickness of the earlobe 
and other physical peculiarities of subject S. In view of the 
sensitivity of the photoresistor, the luminous intensity of lamp 
32 may be low. 

Pulse generator 12 is shown in FIG. 3 to comprise a rotata 
ble cam 38 which closes a pair of contacts 39 at a rate deter 
mined by the pedaling speed of the cyclist, e.g. at the 
beginning of the downstroke of each pedal. The pacemaker 
signals thus produced by contacts 39 can be fed, via a manual 
switch 40, to a reset input of a pulse counter 41 which receives 
at its main input the pulsebeat-responsive pulses from limiter 
35. When the count of circuit 41 exceeds a predetermined 
threshold, indicating for example a strenuous effort on the 
part of the subject S (e.g. during actual or simulated uphill 
pedaling), counter 41 energizes a control circuit 42 to trigger 
the camera 21 of FIG. 1; an integrating network 43 maintains 
continuity of camera operation between successive counting 
periods. 
The connection 19 of FIG. 1 has been indicated also in FIG. 

3 by dot-dash lines and includes a pair of conductors 19a, 19b 
extending from the- outputs of limiter 35 and contacts 39, 
respectively, to a pair of magnetophones 44a, 44b producing 
an audio frequency f, e.g. of 900 c.p.s. This audio frequency is 
delivered via extensions of conductors 19a, 19b to a pair of 
ampli?ers 45a, 45b respectively energizing the recording 
heads l6, 17 associated with tape 18. When the direct line 19 
is not in use, the pulses from limiter 35 and contacts 39 
respectively open a pair of gates 46a, 46b for the passage of 
different audio frequencies fl and f2 generated by a pair of 
oscillators 47a, 4711. These two audio frequencies are applied 
to a modulator 48 receiving a carrier frequency F from an 
oscillator 49. The amplitude-modulated carrier energizes 
transmitting antenna 13. From receiving antenna 14, this 
radiation is delivered to a demodulator 50 which also receives, 
an intermediate frequency F, from a local oscillator 51. The 
output of the demodulator 50 is supplied to a detector 52 
which reproduces two audiofrequencies fl and f2 passed by 
respective band-pass ?lters 53a and 53b for delivery to am 
pli?ers 45a and 45b. The recording of the outputs of these am 
pli?ers on tape 18 is identical in both instances. 

Reference will now be made to FIG. 4 which shows details 
of elements 22-28 illustrated in FIG. 2. Reading heads 22 
and 23 work into the inputs of respective ampli?ers 54a, 54b, 
each having a pair of resonant circuits 55a, 56a and 55b, 56b 
selectively energizable via respective arms of a multilevel 
switch 57. Resonant circuits 55a, 55b are tuned to au 
diofrequencies f1 and f2, respectively, whereas resonant cir 
cuits 57a, 57b are tuned to frequencies 2f, and 2f2, respective 
ly. Another arm of switch 57 controls a speed-regulating cir 
cuit 58 which determines the velocity of tape 18 by varying 
the operating rate of motor 29 (FIG. 2). In its illustrated left 
hand position, switch 57 causes the motor 29 to be driven at a 
rate n, with energization of resonant circuits 55a and 55b, 
whereas in its alternate position the motor will operate at a 
speed 2a while circuits 56a 56b are energized. It will be ap 
parent that a switch of this type may be used to change the 
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4 
tape speed and the resonant frequencies by a factor k which 
may be any constant greater than 1, preferably an integer. 
Ampli?er 54a, when energized with alternating current of 

frequency f1 or 2f, (depending on the setting of switch 57), 
operates a relay 59a whose armature than closes a circuit for 
the energization of the key-actuating switch 26 of typewriter 
25 (FIG. 2). This circuit includes a contact of another manual 
switch 60 which in its illustrated position directly connects the 
live terminal of a voltage source, shown as a battery 61, to 
switch 26 by way of a diode 62. In the alternate position of 
switch 60, battery voltage is applied to a pulse suppressor 63 
in the form of a stepping switch comprising a ratchet 64, a 
stepping pawl 65 controlled by a solenoid 66, a retaining pawl 
67 controlled by a solenoid 68, and a wiper 69 engaging a set 
of bank contacts 70. Solenoid 66 is shown connected in series 
with wiper 69 and, in response to the ?rst seven pulses from 
relay 59a, successively advances the wiper over its bank con 
tacts 70 without generating an output. After the seventh 
release of solenoid 66, wiper 69 stands on the ?nal bank con 
tact 70’ which is connected by way of a diode 71 to the input 
of key-actuating switch 26. In this position of the wiper, any 
further pulse from relay 59a thus actuates the typewriter key 
associated with switch 26. Solenoid 68 is connected, in the 
aforementioned alternate position of manual switch 60, to bat 
tery voltage through an armature of another relay 59b which 
responds to energization of ampli?er 54b. Relay 59b, when 
operated, also actuates the line-feed switch 27 of the 
typewriter. Furthermore, a sequencer in the form of a 
unidirectional stepping switch 72 has a wiper 73 cooperating 
with 12 bank contacts 74’, 74". The six bank contacts 74' are 
connected to the winding and armature of a relay 75 so as to 
energize the color-changing switch 28 whenever the wiper 
stands on one of these contacts; the six bank contacts 74" are 
left unconnected. Thus, in the example shown, the typewriter 
will print with one color (e.g. blue) during a period of six 
pacemaker intervals and in another color (e.g. red) during 
another like period. 
An alternate source of reference signals, with constant tim 

ing, has been shown at 76 and can be made effective by the 
reversal of a manual switch 77 which disconnects the ampli?er 
54b from reading head 23 and connects it instead via a fourth 
arm of switch 57 to the cathode of either of two photocells 
78', 78" part of timer 76. This timer further includes a light 
source 79 positioned to illuminate the photocells 78', 78" 
through associated light gates 80’, 80" shown as a pair of discs 
with three and six radial slots, respectively. Upon rotation of 
discs 80' and 80" at constant speed by a motor not shown, e.g. 
at a rate of 2 rpm, photocell 78' will be pulsed every 10 
seconds whereas photocell 78” will be pulsed every 5 seconds. 
Six consecutive actuations of relay 5%, therefore, will 
represent a recording interval of 1 minute if tape 18 is driven, 
during recordal, by a motor operating at speed n. Stepping 
switch 72, accordingly, measures alternate l-minute periods 
during which the ribbon of the typewriter 25 is held in either 
of its two color positions. 
A pulse counter 81 is connected to be stepped and reset, in 

the closed position of a manual switch, from the outputs of 
relays 59a and 59b, respectively, in a manner analogous to 
that described in connection with pulse counter 41 of FIG. 3. 
Counter 81 works through an integrating network 83 into a 
circuit 84 controlling the projector 30 of FIG. 2 in the 
aforedescribed manner. 

In FIG. 5 I have shown the markings 85 produced on the 
sheet 86 (FIG. 2) by the system heretofore described, with 
switch 77 of FIG. 4 assumed to be in its alternate position to 
activate the timer 76. The chart shows along the horizontal ab 
scissa the number N of occurrences (e.g. pulse beats) and 
along its vertical ordinate the elapsing time t. The number N, 
of pulses skipped by the suppressor 63 of FIG. 4, here seven, 
represents the invariable minimum which will occur during 
the time interval (e.g. 10 seconds) represented by each 
horizontal line. It will be noted that a switchover from red to 
blue and vice versa occurs at l-minute intervals, i.e. after 
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every sixth line. Furthermore, the manually traced envelope 
87 of the pattern of markings 85 represents the variation of 
pulse rate with time and can thus be used in lieu of any time 
chart conventionally produced by much more elaborate 
equipment. 

Naturally, the system disclosed herein can be modi?ed in 
various ways, e.g_. by using several parallel sound tracks on the _ 
tape 18 to control a plurality of typewriters 25 for the purpose 
of comparing the simultaneous performances of several sub 
jects. These and other variations, readily apparent to persons 
skilled in the art, are intended to be embraced within the spirit 
and scope of my invention as de?ned in the appended claims. 
We claim: 
1. A method of recording the number and cadence of occur 

rences of a recurring event by means of a typewriter having 
character keys and a combination line-feed and carriage 
return mechanism, comprising the steps of inserting a record 
ing sheet into said typewriter, operating said mechanism in the 
rhythm of a reference signal recurring at a substantially slower 
rate than said event, and actuating a character key of the 
typewriter upon each occurrence of said event beyond a 
predetermined number of such occurrences in any interval 
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between successive reference signals. 

2. A method as de?ned in claim 1, comprising the further 
steps of storing, on a recording medium, pulses representing 
the occurrences of said event and subsequently actuating said 
character key in response to pulses reproduced by a playback 
of said recording medium. 

3. A method as de?ned in claim 2 wherein said reference 
signal is stored together with said pulses on said recording 
medium. 

4. A method as de?ned in claim 2 herein said event is the 
pulsebeat of a living subject, further comprising the steps of 
measuring the rate of said pulses during recording thereof on 
said medium, taking motion pictures of said subject upon the 
rate so measured exceeding a predetermined threshold, sub 
sequently measuring the rate of the reproduced pulses during 
playback, and reproducing said motion pictures upon the last 
mentioned rate exceeding a threshold related to the ?rst-men 
tioned threshold. 

5. A method as de?ned in claim 1 wherein said event is the 
pulsebeat of a living subject, said reference signal having 
derived from an activity of said subject. 


