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A request emanating from med.íoa1 oírolos as to 'whether lt was

possible to oonstruot a sfunp1e d.evioe for oontinuous índ.loation
a^na regtstration of the puloe rate i¡r subjeots performing exerolsog
broughi us to the d.evelopment of the pulse rate meter d.esoribed. j¡¡

thÍs reportn
The ínstrunent Was d.eveloped. at tho Physioal laboratory of the

National Ðefenoe Researoh Oounoil înN.Qn at the Hague. The arithors
ere g1ad. of thís opportunåty to express their ind.ebted'ness to the
Direótor of the Physioal laboratory for his kind. hospitality and

to his oollaborattsrs for tbeir most valuable ad.vice and he1p.
The clevelopment and. the oonstruotion was oagied. out nainly

by II"Jr verl Ðâ1.

From January first of, 1952 tbe med.ioal-physíoal rosoarch work
ls transf,e¡red to the Med.ioal-?hysioal Dopartment of the Nationai
Health Research Counoil T"N.Oo (Koninrgskød.e 12, the Hague). Tnis
Ðepartment oan give any inf,ormatioh ooncerni.ng the subjeote thie
report d,eals wlth.
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SUIA,IARY

A pulse rate meter is described- in which a milliammoter ind.i-
catcs the 'cime intervals between all consecutj-ve systoles of thc
hoart. The scale is calibrated. in beats per minuter ranging from
l0 to 2OO 

"
Becauso of thc ¿rction of thc heart changes occur in the blood"-

content of thc car, Thesc changcs arc transduced. by means of a small
clectric bulb ancl- a photoccll j-nto salv too-bh shaped. potential vari-
ations e bcing amplif ied. j-n a three stage push pul-l amplif ier. The
amplified- signal is changod. into a square lvavc, so that the shapo
and. thc amplitud.e of the signal d.o not affcct the mcter reading.
This square v'/avo controls an electronic rclay, whioh allows a con"
d.cnscr to be chargcd betv¿een every two systoles, making thc voltage
ovor this cond-enser a function of the tirne j:rtervaf c This voltage
is switchcd. on to another cond.enser' permonently connectod. to a

vacuum tube voltmcter. Registration facilitíes are provid-ed-. A

checking circuit is included. The apparatus is mains operated.
No orror due 'co movcments or mUscular strains of the Subject

are encountered.. One of thc first recluiremcnts of physiological
i-nvostigations in card.iae changes d.urj-ng exercise and- emotion is
thus fulfilled..

It is expccted that the apparatus r,vill rend-er good. services
in other cascs in which a continuous ind-ication and- record.ing of
tire pulsc ra-be is wantcd. As applica'r;ions may be mentioned- inves-bi-
gations on the field. of

physiolorys func-bional cxamination of thc hcart, exercise,
fatigue arrd. trai:ting;
cl-inical examination: arhYthmY

surgcrys controlling the narcosis
pharmacotherapcutics s cardiaca, narcotica¡ scdativa
ncurolory ancl psychologY.

A Ðutch and- an Engtish version of this report vras Bublished..

nÉsr¡¡É

Description dtun appareil pour Ia mesuI'e d.e la fróquence du
pouls, d-ans leque1 un milliampèremètre incliquc la d.urée d.eç inter-
val1es de temps entre tous les deux systoles cardiaguos consécutives.
Gamme d.techelLe 50 - 2OO battoments par minute.

Par suítc d-e leaction du coeur ils sc produisent des varia-
tions d.e remplissage sanguJnc do leoreillee lesquelles sont trans-
formécs en va.riations de tension éIectríquc en forme do d-ents d-e

scie par urre peti,oe lampe et r:r:e oel-Lule photo-électriqueo Ces

variations de -bensi-on sont amplifi6es dans un amplificateur push-pull
en trois étages. I-.,e signal amplifi6 est tra.nsformé å une tension
rectangulairõ cl-e tell-e façon que la formc et 1'amplitud-e n'influen-
ãent pãs leind.ication du mòtre" Cette tension rectangulaire règIe
wr relais électronique, Quir entre d-eux systolese charge-uri conden-
sateur, La tenslon d.u cond.ensateur est une fonction d.o Itintervallo
d.e temps" Cet-be tensíon est transmise à r.¡n d-euxième conclensateure
couplé constamrnen-b à un voltmòtre électronique. Ðercgistration est
¡lossiblo.
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i,¡a,ppa,rei-f es'c al.ime-i':'bó pax courant altcrnatif , i1 comprend. un véri-
fj,cateur.. Régl.agcs cornplémenta:"res ne sont pas nécessaires.

lllou!'':r¡en'ris ou tensions d.es muclcs d.u sujet d.'expérience n'::,.nfIuen-
ccnt pas Iti:idica,-i;ion d.u mðtre., De cebte manière une première demando
aux cxpériences ôans Ie d.omainc d.c Ia pþsiologie d.u travail est con-
tentéc,.

On peuj; s:a1;-berrd¡e à que 1'appareil. renclra d.e bonnes offices,
notaruncnt 1à où il- us-t d.ésirabl.e d-e mesuser ou d'enregistrer con-
tinûrncnt 1á f¡Jquc,ncc C.u pouls, Comnc- ap1:Iicatrons on peut mention-
ncr d.os recliercl:cs cn dolrlaine c1e la

physi-ologie; des rc¡clterchcs t'onctionnqls d.u coeur-, du travail ,
,lc 'j 

'¡, f'¿',;:-¡rue et de f 'entralnemcnti
dcs obse.r'va'cicns cliniclucs a:crh¡'ohmie

chirr-rrgi"ce l.a con i;rôl e dei ia narcose
pher'macotherapei-ri;iquc: cardiacao narcotica, sedativa
neurologj.c e-b psychologic"

Ii y a paru d.o ce rapport une éAition néerland.aiso et une
óctition anglaise.

ZUSANiI\IENFASSUNG

4s wird ein Pulsfrequenzmesser beschriobon, welcher mittels
eín lr[illiampercmc'úcr d-ie LËinge d.er Zeitintervallo zwischen jcde
zwei au:Peinanderfolgcnd.en Systolen d.es Herzens anzoigt' Die Skala
hat ein Serej-ch von l0 brs 200 Schl.agen pro Minute"

J-nfolge der I¡/itliung d.cs Herzens troten ,\nderungen in der
Ðurchbl.utung des Oh::ons auf , welchc mittels eín Lämpchen und oine
Photozellc in sålgezaL:nförmige SpaJxnungsändolungen umgewand.elt worden.
Dieso Spannungsänderungcn werd.en vcrstärlct in einem d.reistufigen
Gegcntak'overstärkcr. Dio verstlirkte Signale werd.on in solcher llieísc
umgosotzt in roch-bocklgcn Spannungen, d.ass die trìorm unCr dic Grössc
d.er Signalcn l:eincn Einfluss haben auf d.ic lÍosseranweisulg und- d.artn

zugeführt an ein elcktronischco Relais, welches einen Kond.onsator
zwischcn jed-cn zvrci Systolen lad.oto Die Spanmrng cles Kondensators
ist also cine Funk'cion ôes Zeitinbcrvallos zwischen zweÍ aufcin-
and.erfolgendcn Systolen. Dicse Spannung wird umgeschaltet auf einen
zweiicn Kondensator, d.auern angeschlossen an einem Röhronspannungs-
mossera Eine Rcgis,urationsnÍöglichkeit j.sl vorgcschon. Der Apparat
wird aus dem Netzc gcspeist. Ein Hohungskrois ist eingebaut,
woítercs Einstellcn ist nicht nötig"

Ðie Anweisr.mg wird. nieht zorstört du::ch Bcvrcgungen od.cr Muskcl-
spannungen dor Vcrsuchsperson. Dics ist cine erstc 3eürrg,.mg ftir
Vorsuche auf dem Gcblete d.er Arbeitsphysiologie.

Es darf ángenonmen worden, d.ass der Apparat auch gutc Ðionsten
orweisen wird. in Fällen wo dic fortlaufend.en Mcssung und. Rcgis-
trierung d-er Pulsfrequenz orwlinscht ist'

Ars Anwend-ungsgebiete können genonnt v'¡crden Untersuchungcn auf
d.em Gebiete der
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Pþsíologiec funktlonale Untersuohuag ôes Hgrzons e Arboit¡ Ermüòrzrg
und Traùnung¡
klfnisohe Untersuohungen ; Arrhyt hmus

Cbirurgíes I{ont:rolle cLer Na:rkose
Pharmakotherapie ¡ Kard.iakal Narkotíka, Sod.ativa
Neurologie r¡nd Psychologie,

Dieser Sericht is berausgegoben ií nieaerländisbber Spracho
uncl in engl-lscher Spraohe.





1. ÏNTRODUCTION

In man¡' investigations and. clinical cases it is desírable to
know the pulse rate at a given moment, or the variations of tho pulsc
rate tluri.ng a givon time. UsuaIJ.y tbis ís d.one by feeling the pulse
and. co:mting the number of pulses d-urÌng a certaj¡ tirne¡ whereafter
the number of pulses per minute is to be caJ-oulatecl.

One thus obtains a mean value of the pulse rate during the time
the pu'Jsos iÃ¡erc count<;clo This methcd. useful for the momentary d.eter-
mination of the pulso rate of a resting patient, w111 be troublesome
wíth subjects performi-ng excercisese especially whon one is lnteresteci
in the way tho pulse rate varies durj.ng the oxperj-rnont,

Aim of our research was tho constru,ction of an instrument rnakíng
, oontinuous feelj.ng of the subjectes pulso d.uring physj-ological in-
vestigations superfluous 

"As the pr:esent d.evice was intend-ed. for a^n experiment in v,¡hic¡
tho pulse rate was to'be measured for about an,ror:¡e lve d.id. not claim
to reprod.uce the oxact d-ifference in d.uration of two consecutive
heari;cycles. A mod.j-fication of the systom jn whlch tbese differenc.-.s
aro brought out botter, is d-escribed. a.nd. was realized. as an inter-
med.iate result of our research.

2, LTTERATIIRE REVIEÏII

Tbe pulse is one of the old.est aj-ds of the physlcLa¡r for making
a d.i-agnose. Until about 1800 the qualitatlve d.oto::mination prcdominátc..,
wboreas little or no attention was paid. to the quantltative d.etormi-
nation of the heart rate.

Ín 1620 Galileî(1564-1642) (t) construoted. the first pulse rate
meter makjng use of the faote that the period- of yibration of a pen-
d.u1um is proportional to the lcngth of the pendulum. The length c î thc
pend.ulum was shortened. r:ntil the period- of vibration oorrespond.eí..1
with tbe pulse of the patient" The frequoncy oould. bo read off a
oalibrated. scale.

Early 1n the l8th century Sir John Floyer published. a bookrrPþsicia.ns F¿Ise l4latchrr in wb.ich he mad.o a thorough study of the
puLse rate.

I(raus, Gold.schmid.t a¡rd. Soofig (2) (:) constructed. a Bulse reso'-
nator based. on the salne princiBle Ga1ileî usecl. The movement of the
Arteria Rad.ialis makes an electric contact by means of a lsver. The
excited. curront pulses flow through the o:rj-I of an eleotromagnote sur-

î rounded. þy 24 pend.ula having d.i-fferent own froquencies. Th.e pond.ulun
ltrfr""r'J¡¿bå€à own freguonoy approximatesl".uthe pulse frequency will show tho

greatost d.isplacoment. lMron a pend.ulum becomes a cortain pred.etermined,
d.isplacement an electric contaot is mad.e a¡rd. an electric ourrent
vrrites on ospecially prepared papor. This pulse resonator however d.ic1
not givc satisfactory results" The i-nstrument only glvos tho meaxr
value of I tiI1 10 intervals, whereas it can givo only 6 tilÌ B pulse
variations per minutoo The pulse rosonator fails entiroly at rapid.
and. large variations.

A. Fleiscn (4t5t6) roplaced. the lover system of the pulse roso-
nator by a mercury coluir;rr. pressi:rg agalnst tho A¡'teria Ra.ct-ialis by
means of a mombxane. Afterward-s he d-eveloped. anothor system for
neae.uring the pulso rate" Duri.ng the interval to be reoordod. an
electric motor d.raws a stylo upward past a clrum blackened. by a smolçy
flame. At the boginning of tbe next systole the coupling betweon motor
and. style is broken by an electric contact, a sprilg pul,ls thc style
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d.own, whereafter it j-s d.ra,r,vn utrrward. agaín by tbe motor, the length
of the dralrn line (pIus a certain length) is oqual to the duration
of the interval, This tÍme intert'al is reciprocally propo:etionate
with the froquencyr

A disad.vantago of ì;hj.s apparatus is thàt tho fore arm of the
subJeo+; is'Lo be fjxed immorrably jn order to fit the pul.sc membreJìe.

Fürstonberg and. Hoffstaed.t (Z) òublishod a comparative exarní-
nation of the pulso resonato¿. and. the olectroeard.iograph.

Gold-scheider (8) sxamincd. tl-:e regularity of the p-rr,lsi, with tha
aid. of the pulse resonator. ,lire diffsrenccs between two oonseeuti.vo
beats woulcl bo betwer¡n 0.008 ¿-und.0.109 soc. with Ìroaì.thy subjec-bs
at rest. After musçIe exe:.'cisos theso lrregularities incre¡'se, v!2,
9.035 til.I 0.317 sec. ['ith Basedou's d.isoaso he found. an extromol.y
regular pulsc (Pul.ssta::ro). An artj-f ioial h¡lsstarro can be obta:inod.
by narcosls and. aloohol intoxÍcation"

E.P. Soas (9) use¿ tho R-top of tho eleot¡ooard.íogram to aotuato
a relay, after being ampllfied. in a four stage battery a^mplifior.
The style of the relay draws a straight Lino on a paper film and-
d.eviates a few nilllmeters when the relay is actuated.. Tho nrrmber of
tips can be counted..

In 1935 vThitehorn, Kaufman ancl Thomas (tO) publíshed. a report
of a sories of experimonts, showj.ng that tho puLso rate varies vory
much at emotionaL d.ísturbanees.

In 1936 Sob,warzscbild and. Shelesnyat (eo) d.ovoloped. a p:iJso
countero Tho R-top of tbe eleotrocard.iogram decreases the negatlve
bias of a gas filled. trlode. The excited. cument pulsos are counted
by an electromagnetic oounter. lVltb the aid. of a synohrone rnotor
overy minute a píctui;e is mad.e of the d.ialnr.¡¡nbor after whj-cb a relay
is actuatod. bringing the counter at its zero'position again.

In 1937 Franklin Uenry (11) desoribed. a pulso counter. Again
the R top of the eleotrocard.iogram ìÀras used. to actuate a lelay.aftor
sufficiont amplifícation. A high àmplification factol"c vj-,z. 10"
oo':ld be obtained with a low noise level (4ZuV" ) ¡y tuning the am-
plifier at 20 cycles per sac. Tho aotive ol6otrod.e nrus $l,aced- on
tbe shest, the other in the mouth. Accord.ing to Henry the apparatus
a1lows sjmple exercises of tbe subject,.In our opinion rruscle poton*
tials j¡ the thorax are borxrd to give false read.ings.

About ono yoar later ltenry (13) improvod. his counter. Instead
of actuating a counting system the relay now connects a cond.enser
alternately to a constant voltage sourco a.nd. to a d.iscbarglng circuit.
Tbe time constant of this d.ischarging cirouit is such that the d.is-
charging frequency is filterod out rnaking possible to d.etormine the
mean value of the voltago d.own to a frequency of 2 cycles per secoircl.
Eowever it is not possible to increaso thís time oonstant for lowor
frequeneiese because in that oasò ín the higher f,requenoy range
Íntegration arises. Tho voltage to bs moasured is impressed orr a
ïVheatstone briclge, consisting of two thernionLc valves and. two
resistances. The meter ln the brid.ge is to be calibrated. at tho
mean value of this voltago. 0n applytng a constant 1ow frequency
the poínter wj.II not renr"in at rest; but d.eflect tiIl a gi.ven point
at tho scale and tbon movo backward.. This nakes a accu:nate read.ing
d.1f ficult.

In 1938 A" njor:rno (lZ¡ d"escribod. a simple mochanlcal pulse
cou¡ter, in wbich the movement of the Artoria Rad.ialls makes and
breaks a rolay circuit" This relay actuatos a Strowgor Ilne find.or
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switch as is used in autoroatio tolophor¡y.
Mo îiitso (t+) has used. the F1óisc-h putse wríter ({.) at experi-

monts on a"nimals and. compared. with a blood. pressure meter ancl an
el ectro oard.io graph"

L,aurence, Morehouse and. [uttle (15), +oo, d.escribed. a pulsc
counter ín wlrich the R top of the olectrocard.iogram is uscd_,cc con--
trol a relay after being amplified- ad.oquatl.¡r" The eleotrocles are
pJ-aoed. on the chest as close as possible to- the heart. Gooc1 contact
and. low contact resistances are of great lmportance. Tho seconc,
stage of the amplffier is tuned. at about lo cycles per second_" Tho
attenuator is to be read.justeù in oach case to prevent false oorirrting.
The relay is to be actuatecl only by the R top" rn, case of too muchamplification the T top, for instance, might ceu$e an extra p.ulso
thus giving a higher frec¡uency roacling. ü/hon tho amplification :-s
too l-ow pulsos míght be missed (soe f ig. T).In 1941 Meyer and. Seid.er (t?) composed. a formul.a for the expres.-
sion of the heart cloficioncy in socond.ovolurnerpulse rate and. venous
pressu?e.

Dirk Al-bors (tg) oxamined fifty subjects with heart vitia. The
:reration botween tho work d.onee the purse rate and_ recovery timo
was examinecL for various heart vitia" Duc to the small number of
patients no i-mportant conclusion couLd. be d.rawn. The author suggcstoCr.
to compare these results with tho electrocarcliogram, the oxygeñ uptc.kc
and carbond.Íoxyd-e procluction.

E.Ao Mü]ler (te¡ searobed. the relation betweon pulse rate and.
trainÍng. Tho increase of achlevement after training j-s d.uo to im-
proved. cxchange of blooct in the muscle tlssues" There is harclly any
guestion of training cf the hoart, since a"fter trainJ-ng of certain
muscles this improvement d.oes not hoId. for other muscles"

K. I\[atthes (t0) d.escribed- a ref]-exion meter. A hore is rnad.e
in the centre of a selenium photocell and. a light soul-ce is placod-
behlnd the cerl. The light beam is reflected. by the su¡face to be
oxamined- ar¡d- the variations in intensity of the ¡eflected. light are
record.ed. by a rnlrror galvanometer. The author used. this method. lvith
infra red- light for the reflexes of the pupirs. He suggestecl appIi..
cation of this method. for the measurement of the puì.se rate at the
Vena Jugularis. The main d.ifficulty however j-s the immovable fixture
of the registration apparatus to the neck of the subject.

rn 1942 schwarzschild. and. shelesnyat< (eo) ímproved their purse
cou.rrtero Instead. of an electromagnetic counter they usod- noï\r a gas
fil1ed. tube d.ischarging a cond.enser at each heart boat. As this d.is-
char'ging d.epencls toõ muoh upon the shape of the input v¡ave it is not
measured.r þut used to set o.ff the d.isoharge of a secontJ. gasfillecl
tube. This second. discharge current flows through a meter shuntecl by
a cond.ensorn The pointe¡ of ths incLicator moves back to zero af,ccr
each d.lscharge making oxact .read.ing clifficult.

various kind.s of work aro -examÍned by E.A. Müller (21) r,vitrr
respect to their fatigulng. As a measure for fatiguing he took thc
reration purse rate - oxygen uptake. The following row shows an
increasing fatiguinE faetor: cycring, mountaineering, woight rifting,
hand.wheel turning, milkJ-ng, moyring.

\ffood., I¡e"mbert, Bald.es and. Cod-e (ZZ)
acceleration on a;rterial- pressure, pulse
gree , respiration and. consciousness I

d.escribed. the influence of
rate, v¿r,scul.ar fillrng ôo"-
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In the pr¡lso rato motor of Stu¡m and. Woo¿ (23) again the R top
of tbe sloctrooard.iogram is used. In ord.or to obviate false roadings
the amplifj-er ls tunecl. at 15 cycles per second. a¡ld. in each individual
case tbe J.ocatfon of, tho elootrod.os is d.otormined exporfmentally in
order to get the optfmal heart aetion potentials wítb a mjnlmu¡o of
skeletal Euscle potentials" Às the oond.ensor to be charged. is connectecl
permanontly to the vacuum tubo voltæetor, tho pointer of tbe ind.icating
instrument wíll move back to zoro at eaoh d.lsoharge of the cond.onsor

'making oxact road.ings d.lfficult. Tbe battery suppl-y ancL tho laborious
ad.Justments aro sorlous d.isad.var¡tages.

Suckling (2{) doteoted the movements of tbo Arteria Rad.ialís by
a píezo electrical crystal. A cond.onsor is chargoo. botwson ovory tr,vo
systoles antl tho onC. voltage is transferrod on to a RC combination
by neans of a.n olootromagnotic ro1ay. A vacuum tubs voltmoter is
placed. boblnd, tl¡is RC combination. Tho mster indicates tho noan value
of tho pulso rate and only slow variations ar:o reproduoed. Musole
tensiore in tho neighbourhood. of tho pulse cuff are bound. to givo ar-
tlfioial extra systôIos.

Mäl1er ana Reeh (25) d.eveloBed a pulse corxrtor, in whicb. the
hoart boat is d.otected..optically. A seleniura pbotocoll and a light
bulb a¡e cllppocl at the oar. Tho potential variatJ.ons at tho photo-
coll are amBlified. and. controÌ a gasfillecl triod.e. A tolephone coun-
ter 1s inso¡tecL in the a.nocle lead. of tbie triod.e. The d.ial is photo-
grapbed. overy mj¡tute. 3y subtraotlng from saob nr¡mbor tho procod.ing
nr¡mber, tho mea.n frequency over a mj¡rute is attainod.,

The pulso rate mster of Soycl and, Ead.ie (:A¡ , too, uses the action
potentials of tho heart. Tbis mote¡ ls construotsd, especíal}y for
pharnacological oxporinents on ¿¡¡¡irnals. Tho a-^rnplifier is followed. by
a froquency selective stagor tuned at 15 cyolos por second.. A d.1sad.-
va.ntago i-s again tho laborious road.justment of the apparatus boforo
each expoiimont.

3. PRoPogITIoN

Tho airn was to d.ovolop an inst¡umont inclicatlng or record.ing
d.uring a givon tj.mo tho puLso rate of a subJect porformLng exolcisos.
A stutly of tho above described Bulse rato meters w111 make oloar
that thoy all aro showing one or notro disadva"rrtagos, making thom
wrsul,tablo for this particular purposo.

Some of them aro not pulse rato rnetors at all-r but only pulso
oounters (g), (tt), (tz¡, -(U), (eo), (25),

Othsrs a¡e r:nfit for use with subJoots perforrning oxorcisos
(z), (+,s), (r:) , (i5), (re¡, (æ), (23)r Qù.

Sono method.s of frequoncy msasurernent bave a serious d,isad.var¡-
tagee viz. tbe pointor of ths ind.icator noves bagk lo zero betwoon
two systolos, thus making oxact read.ing impossiblo (ZO)r (a:), (24).

It is i.urporta.nt that tbe operation çf tbe apparatus roquiros
a m.inLnum of the attontion of ttro experinnr¡bn Tho pulso rate metcr
of, Str¡.rm an¿ Wooô (23) or.gr ¡ is diffloult t- ¿ccept as this moter
roquires road.justrnents flom oaso to oûseo

tbus wo d.ocitlod. to d.svelop a pulso rato moter¡ whicb
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gives the pul.se rate as a d.irect meter read-ing;
makes it possible to record. the pulse rate on a fihn;
fits for use on subjects performi-ng exercises;
requÍres a mi-nimum of thç attention of 'che exporimonter.

4" DETECTION OF HEART BEATTqE

A pulse rate me-ber wil-1 have to measure the time intervals be-
tween every two consecutive heart beats, -bhis time interval being
a linear reciprocal function of the pulse rate" It is convenient
d.oing this intera-bed- time measurement electrically. The apparatus l:.as
to bc supplied- r.ritir a pick up, d.etecting one of the vrays i.n which the
heart beat reveals itself and- transforrning it into some electrlcal
magnitud.e suitabl-c for fur.ther d.igestJ-on.

As d-emonstrations of the heart beat to be consid.ered. for d.etec-
tion, we can men-bione

the action potenti.als of the heart;
the heart soundsg
the variations in the d-ogree of filling of the blood. vossels.

1) Though the hoart action potentials have the attractivenoss of
being already electric phenomenons, thus making transformation supeï-
fluous, the shape of the electrocardiogram showse that it wiII bo
d.ifficult to d-evelop a pulse rate meter measuring tho frequency at the
heart action potentials. The instrument would. have to d.iscriminate not
only betwoen-bhe R top anô the T top (even-üually the P top) of the
electrocard.íogram, but also between the action potentials of the hcar-b
and. those of other muscles.

2) tnploying the heart sound.s includ,es the use of a pick up d.iscri-
rninating between the vertex beat and. each of the heart sound"s. This
pick up has to bo j¡rsensible to broathing noisc and- any sound. arislng
from the cnvironment. The fixation of a microphone on tho chest of a
subject performing exercises will lead- to great d.ifficulties.

3) The variations in the d.egree of filling of the blood. vessels can
be d.e-bected. plethysmographically and- pho-bo-electrically. In volume
measurements i-rffnovabfe fixture of the part of the bod.y to be measurecl
is a fund-amentel requirement"

The photo efectric measrlpement of -bhe clegroe of filling of the blood.
vessels offers tho best prospects at the cietermination of thc pulse
rate of a person performing exercises. From -i;he literature v-re knor,v oxy-
meters, pulse coun'i;ers and. circulation time meters taking the signal
off the lobe of the ear" The ear fits qui'ue we]1 for radiation of ligh'ü
through it, whilst as there is a minimum of musole tissue in the earrno
d.isturbances aro to be expected due to muscle movements. For these rca.sons
vye went into a more thorough examination of -bhis method. of d.etecting
the heart beat at the possibility to sorve as starting point of fro-
quency measurernent" It turned. out to be irnportant to fix the photocell
and. tho light source upon the ear in such a manner that mutual slid.ing
is prevented. For this purpose a d.isk of perspex is interpolatcd- be-
tween the ear and- the light source. Vlith this d-isk and. a stoel spring
the photocell and- the ligtrt source are cllnged to the ear thus preven-
ting any slid-ing, while the blood- circulatj-on in the exposed. part of
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the ear is not hindered^ Sesiôes this piece safeguarôs the ea.r for
eÍ..:'^ssivo hoating.

Tbo puLsation of the bLood. flow oauses a E aw tooth sbaped tr¡o-
tential over the load. resista¡ce of the photooell' Figure 1 shows
a few erarnples of the potontlal ovor the load, resistance of the
pb.otocell as a function of the time. The curves are taken fron dif-
ferent persons and- ïeco¡.d.ed witb. cons'çant sonsltivityof tbe regis-
tratíon apparatus, The flgure shows tbat the shape a¡¡d. the anplitud.e
of the curves varies for d.ifferent persons, In pathologlcal casês
rree can expect nuch greater d.eviations than lhose shown hore. Never-
thelass those potentials a.lways show a d"istínot1y Êavr tooth shaped.
nature. TJhereas a sar/v tooth shaped. potontial fits oxtremely well as
startlng point for electronic froquency measuremontr this mothod.
of d.etection of the heart beat was chosen.

5, GET{ERAÍ.,¡ ARRA}IGEMB\TT

5,1 Introd.uctory

The normal puJ.se rato of ma¡¡ at rest is about f0 beate per mi.nuto.
Und.er ?arious cj-roumetanoes, as there are the cqnsumption of foOd.t
perfoxnance of exercises, or ln consequenoo of emotions the pulse rato
increu,sus. The pulse rate decreases¡ grgr during sleop'or urrder nar-
oogis.

A f,roquency ra¡rge of t0 tlll 200 beats Per mlnute was qbosen
as the described pulse rate meter was moant particularly f,or Pbysfo-
logical investígations in carcllaa changes ôUrlng oxercise;i.

Tb.is frequency range can be aLtersd. easily when roquired.
There are various ways to measure froguencies electronioally.

The measu.Tement of very Iow frequenoies caJ¡ bo clone ind.ireotly witb
thd aid. of a condens€r belng chargeô and òischargod. Beríoilical.]y.
lbe pulse rate in the recip¡ocaI,,vaIue of the cluration of the intor-
val between two consecutive systoles. Ths voltage across a condenser
beíng oharged. d.uring tbis interval- by a controlLed, cunont will be
a neasuÌe for the duration of tbis interval. Bepeatj:lg this cbarging
and. d.ischarglng periociically r' ví2, d,íscharging the condenser quickly
at tbe beginn:ing of a systole arrd then chargC.ng it tíll tbo next
systole, will produoe a voltage, which value¡ inmediately bef,oro tbo
d.Íschargee will be a fu¡ction of the'pulso rats.

If we succeed. in tra,rrsposi-ng this voltage ir¡to a meter deflection¡
vre may ca1Ìbrate this d.eflectlón directly in bo¡ts p€r minute a¡¡d the
Bulse rate metor is roalj-zod.

5.2 31ock scbsmatÍo d.iagra.ro

Tbe general amangenent and- action of the instn¡ment will ba d.is-
cueged. with tbe aiô of a blook scbenatic dÍagran.

Figrrre 2 shows the blook d.iagra.rn. îhe plck up devtco is a pboto
electrio oe1I. Tho varying potontial acroes tbe load. funped.anco of ths
photooell is applied, to a three stage a.np11fier. Tbe a.nplifíer has a

frequency xarlgo fro¡n about one half ti]l about l0 cycles per seconð.
The frequency of the maj-ns supply ls attenuated' exoessively.

Vfe alrea{y saw how both shape and. amplitud.e of the saw tooth.
shaped signal may varyr In figure I two saw teeth are shownr having
like frequency, but d,ifferi-ng ln shape and anrpLi-tude. One mi$ht use
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thc,s"e po'br-:;-rt j-.als to oontlol- a reì-ay" rt can be arranged- thus, that
whe¡n thc arnpli'i;ucle^of the signal. rea,ches a certaj.n v¿r-Luot eogo the
level o i-n figulc B, a, rcJ-ay is actuatecl ancl makes a coniaot" Tho
^ontact is broken agir,in, when tho amplítud-e of the signal is lowerecl
t"'il'l- bel.ow the Lo'vei e^ A conclenser may bo charged. through thj-s con-'l?91, J{o'Lveve::o flg'-'-i:e [:ì shows tha-b twr, signals of ]i.ke frequenc;r brrtcliffering jn sha'i:: r,vi:i g:-ve cliffereni: chÀrgin¿ç times (co^p*re i, and-,zl ll1us c_aü'i.ng no exacii rel,a.i;i-on betrvecn the frequency of the sigtral
and thè \rol't ego clcrlrss tirc cond-erìsero That J.s vøhy Jt is necessary tojnser'ü a triggerrng ci::r-:i;j.t -o..¿t.rreen -i;he arnplifier ancl tho relay. This
trigger:ìng ci;r'or-rit transllo:-.ms tir.e saw .booth shapecL signal into constant
pu-ì.scs1 t-:e mr.¡.uual- c-is;tar,ee cf fl.rr.rse puises j-s a neasure for tbc fre-
c.ueÌtì:rlr ri'-thc s:!..gr.tai, ;-ncrc¡cnclen-r of thc shapc or the amplitucle of thcsi,'jnal' l|Ìrc:sç piti;os occur at the mornen',; the voltago is lowe:L'ecL ti.L1

"he 
lel'e.I. e i-n fiSire B"
A conc1cirser' :ì-s charg:d. ancr d.ischarged. period.ically vía a reray

system vuith the aicL of these pulses" At the encl of thr: oharging periocl,
Just before the clischarging- the load. of this conclenser is transferred.
on to ¿-u s:eoond- c:onclcnser. The voltago across the first cond-enser be-
tvreen two systoles is -Lncreasing from a certain inftial value til.l thc-ic¡:È
na,.l. v¿r,ì,'¿c comespc.J,i.'.ol3v,rÍth the time in-berval_ betwecn these two systolr r

and- then d.Ími.nùshing qrlacli].y" The voltago ¿cross -Ehe second. cond.enser,
howeverq remeins constant cluring this timc inte¡val ancl is equal to the tor.-
uj,¡aal. -,ru]i:agc of the first conclenser in the prececling i.ntcrval-, If the
frecluency clocs ro'¡ aiter the first oohclenser wl11 be recharged- tiLl .the
r;:r:',.]i.' til:i'1rrj.il.l:l \¡qlri¿g'i) t end. the vol-tage a.cross the soconcL concl_onser re-
mains unchangecl.

Ïn clojng so the Cii,:et Índ.ication of tho pulse rato is realizeclo
The voltago a.cïosri the seconcL concÌense:r is measured by a r;¿sçum tube
voltmeter haring a very hi.gh input irnpeùance in order to obtain a
neglectibìe ioacl of this cond.cnser" The measured. frequency is inclicateci
by a milLiarnneter" A recoril.ing clevj-ce can be put in series with this
mgtel"

5"3 Action

A further cxplanaiion of the va.rj-ous transformatioy.rs of ths sfgnaJ
from the photocell lvill be given r,vith the aicl- of figure !. Figure !ã
shows r,ho output signal of the photooell in its sirnplost form for two
d-j-fferent frequencies. Figure !b represents the same signal after ar¡-prification. Th:s si-gnaI, in fj.gure þc ind.icatod. by a thin rinep ís
the ínpr-rt signal of a bistable trigger. A bistable trigger 1s a circuit
wlth two stable s-fatoso Two ds:,Ì:i.Jirea'f ou'i:But voltages are correspond.ing
wlih tirese trvo stable states. iÍ'thc ínput voltage of such a circuit
rises above a certain level the output voltage rises rapid.ly from its
lower to its higher vaIue, 0n l.owering the input voltage below thfs
l-evel- thecrrtpu't vol.tage flops back to its lower va1ue, In this way-bhe
saw tooth shapecì. signal is transformecL into a square r/'¡ave" The d.uratio¡
of this rectangle is not yet a measu-re of the freguency, since this
d.ulatíon still cì.epend-s on the shape ancl tho amplitucle of the signal,
The d-ístance bcti'veen two sÍmilar slopes of this squaro wave, however,
is a moasure for tho freg.uerÌclo In orcler to cliscriminate between the
d.o',';nwarcl ancL the u.pward. slopes, tho sqlLeresare cLi-ffercntj.a.tocl (fi-gt,re
5d). sba:-:p positirrc ¡ujses ári-sc j-nstead. of the upwarcr sropes, shãrp
negat-ì-ve pu1'es instead of the downwarcl slopes, The cLesired. cliscrirni-
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nation is obtainecì. by cuttlng off eitber the positive o¡ the negativo
pulses. We have to cut off the positivo pulses since tho next trigger
ls to be actuated. by nega"ti.ve pulses, as we will sse later on. The
result is shovm in figure !e. Attontion is drawn to the facl that tho
d.Ístance between tv¡o oonsecutive pulses ls tho reciprooal function
of the freguoncy of the originaL signaL, Theso pulses mark the be-
ginning anô 'cbe end- of each interval.

À cortain tlrno is needed for the d.ische.,rging of the cond.ensero
this tirne¡ d.lminishing the oha"rging tinree must bo constant in order
to obtain a well defined. frequency measurement. 'li¡ith the aid. of, a
monostable trigger tho negative pulses of, figuro Jo aro transforinocl
into squares of constant cluration. A rncnostable trigger is a circuit
with one stable st¿te. ïVhen a negative pulse is impressocl on the
input of such a cirouit, the output rroltago risos rapiùLy from its
stablo lower value to a cortai-n procletermínsd bigher valuo, ancL falls
back to Íts stablo lower value after a certaín time d.epend.ing on tho
RC timo constå.nt of tho trigger. In d.oíng so tho negative pulses are
transformed- fnto Equares of óonstant d-uration (soe figure !f). Theso
squaros are usod. to d.ischarge the cond.onser at the end of the lnter-
va1 (rigurc 5s).

6¡ I¡IGIfISOUBCE AI$D GÐüEBAÎOR

As f-ightsou.rce a normal l¡¡oanòescent bulb (6.Vottsr 0.35 Amp.)
was ueed, Feod.ing thi.s bulb wlth alternating curront of l0 cycles
would give a 100 cycles component in tha emittecl light d.ue to the
Low heat capacity of the fllarnent. The signal at tho load resÍstor
of the photooell wíII contain a 100 cycloc¡ componont too. As this
d.l,sturba.nce fs a few tinres greater tha¡r the cles1red, signal it is
ctifficult to elirnÍnate the fírst without consi-clerable attsnuation
of the latter. Although roctffying anct smoothíng of the altorna.ting
oument is possible¡ it is preforable to feed. the bulb with a high
frequency alternatÍng current. /\ frequenoy of about ]00 kc was
ohosen. As the heat capacÍty of the fil,amen'b is suffåaì^cirti.y 1.r,rgo

at a frequenoy of 10O kc, there is no 200 ko component to bo eiyectocl"
in the emÍtted light. Sesides elirnination of tbÍs freguenoy far out-
sid.s the used. froquêncy range is quite simple,

ftoessive heating of the oar is prevontod. partly by interpo-
lating a polyvinyl c1lsc (see flgure 21), partly by metallising the
glass of the bulb. In this metal coating, reduoÍng the d.irect racLi-
ation of heat at the oar and stimulp.ting -bhe heat cond.uction tovrarcl.s
the fltti¡rge a small aperturo is mad.e such theit the ernittetl light bea,ra

is cllrected. at the photocell.
As a generato¡ cÍrcuft a moctification of the Meissner olrcuit

vras choson, Figrrre 4 shows the cliagram. The oscillation is obtaÍnoC.
by incluctive feed. back of the a¡rod.e cÍrcuit of the Et 4t to the grirl
circuit, [o ùncrease tho efficiency the a¡rod.e oircuit is tunod, A
filter oonsisting of a self inductanco of 200 mE and. a cond.onsel
of 0,1 ¡uF prevents tho high frequent osoillatfon from backing up
lnto táe conmon power supply. Tho th¡ee honeycorrb-coils are u¡ouncl

Jolntly on a clrcular former of Lnsulatlng naterlal" Insid.e the
formet a ferroxCubo oore is morxrted. rnovably i¡r ord.er to proVid.e
readjustment of tbo power supplled. to tho light Ëourcer Tho roquirod.
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anode voltage of the generator is d.o¡ived. from the common stabilizecl
power supply. Tho stability of the generator appeareå to be such
that the light intensity could. be consid.ered fo be constant.

7 . PHOToCELTT AltD CHECI{I}TG CIRCTTTT

We ehose a Philips photocell, type 3530r a gasfÍlIecL ce1I with
oaesium cathod.eo Thl-s cell has a, for this purpose sufficient, sen-
sítivity for red. li.ght. Dimensions ancl weigÌrt arc ¡eduoccl by taking oJf
the base. The requirecl tension (90 Vo1ts) is taken off the common
stabd-lizecl powor supply Lhrough a poùentlometer and. a 1ow pass filtcr
(see figure 3), A coñdónsor (i¡ooo-p¡') is placed. in parallet wittr th"
load. resistor (3M.lL) in ord.er to pre{reñt, an¡"dls,,u¡banco of tho
amplifior by the high frequency supply of the light solrrce.

3y means of a switoh elther the photocell, or the checking cir-
ouit can be oonnectecl to the ínput of the amplifier" This círcuit
serves to verify the right operati-on of the apparatuse A choeking
squar?e wave of BO or 160 Bulses per minute can be obtained. These
valuos were chosen beoause they are d.istributecl reasonably over the
used. frequoncy range of !0 till 2O0 beats per minute, Tha chocking
oi¡cuit consists of a self startìng synchrone motor, propelling a
shaft at a speed. of B0 revolutions per minute. To this slraft two
disks are keyod. rospectively with ono and- two cams. [hese oams makê
and b¡eak a oontaot thus lmprossing period.ically a voltage on the
input of the anpJ-ifier. lhis voltage ls taken from tho cornmon stabi-
llzecl power supply vía a potentiometer.

8. Atr{P],IFIER I¡I]TH FILTER

The arnpllfier has to meet the followíng requirementse

1) The frequency characteristic has to be such, that saw tooth
shaped. potentiais of a fundamental freguency from å to 3
cycles per second are ampllfied. sufficiently.

2) Potentials in the ord.sr of fnrv have to be amplifíed. tiII about
{0 Vo1ts. The amplification factor has to be about 80.000.

3) The arnpl-ifler has to be completely ma5ns fod,, The aotion of the
. a.rnplifier may not be affected. by variations of the mains supply.

4) Interferences are to be eli¡nÍnated."

In amplifying these extremely low frequencies the push puL1
amplifier offers many profits as this type of arnplifier is less sen-
sitive to va¡iations in the power supply ancl d.ocoupling of the
cathod.o ancl screen grid. is 'not nocessary (Zl) , (zB).

The amþlifior (see fieure 6) consists of threo push puIl stages
followod. by a parallel T filtsr.

The first stage contains a doublo trioclo ECC 40 employod as
a.cathod-e fo[ower (2p) (:Z¡ , thus attaining two equal. but optrrosito
signals to be iinp:ressod on the control grid-s of the next stago
(twice m 40). Since in this caso the conmon cathocle ¡esistor is
large (¡¡ t ¡t) a consta¡ct positive voltage has to bo applioQ, to
the grids ín ord.er to obtaln the coroct operating cond.ltions" This
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bias r¡ol-tago is takon off tho stabilized. common power quPply
through a potentiometer and. a cloublo snaoothing filtor (twÍco
2 M J\ and '12,, /ú) .

The cOuplì.ág ol:ments havo been chosen such that sufficj.ent
aniplifioation coul,rl be obtalnod- for ths lowesl frcquency usod-o

llhe shunt conclenser at the in- ancl output of the a,mplifÍel ancl

the parallerl T fi}ter a.re linriti-ng t;'re frcquency characbsristia
up to about lC cycles per soconcl"

îhe paralrei T filter (:t¡' (-¡z) tt"s its resonance froc*uency
at f0 cybles pelr second. thirs sllJ-mlire,'bj.ng a:ry i.nterfeîence effe¡c"
tively (the Ðuropei';r r,rrr.i.ns suprcì.y 11.'iL*eì a. froqqency of J0 cycl'es
por seoond),

Thc. tu'bes arr: adjustcid such that ¿n ovç'ral-L gairr of 160,Cíi0
is obtainecl" ils tirc trarrsirission fa,ctor o-Í' 'chc parar.1.lc1 T i':j,1tcI'
is ¿rs much as -|e an in.ru-b signa* of å- millivo]t at thc¡ load.resís-
tanco of tho ptrótor:el:I. resrrlts in ¿bout {0 Vo]ts at th.e first grid'
of tho bÍstable trlgger.

9. MAIN TRIGGERS

The circu|t next to the amplifier oonsists of threo parts ¡

vlz. 3

the bistabLe trígger
the d.lfferentiator
the rnonostable trigge:r

Those circuits¡ sttotn j.n flguro !, vrill be brÍefly discussed'
(¡¡). The grid of tbe f irst triod.e, of ihe bisti"blo trigge:: bas a
negative biasr ThÌs negative bias nsarly cuts the anode current
of the first triod.e, tbis tube is off" Ðue to this the anotle vol-
tage of the first and the grid. vol.tage of the seoond. triode a¡e
high. Tho second. triod.e takes a large anode current - thls tube
is on - the anode voltago of the seõond tubs (the output of the
trisger) thus being 1o1'ro The first grid. receives its súgna1 front
the para)-le1 '-i' filter.

If beoauso qf this signal the grid. voltage is incroased tiIl
a certaÍn praoad.¿us'fable leveL the anod.o current wJ.1l sbow a sudden
¡lse, Tt¡is causes a rise of the cathod.e voltage¡ whilst the anod.e

voltago and. at the sa¡ne time the grid. voltage of the seoond triod.o
w111 iaII, thus cutting off the anod.o cument of the second tricdo"
Tho outpui voltago sbows a sharp riso. T.roworlng the voltage of th's
first g¡Ld tfII benoatlr the foremontioned- leveL wíl] oause ê, 1'@-

vorse ãction¡ tbe first tubo goes off again, the seoond. on, the
output voltage falls back to its lower valueo In thls way wo have
transformed the sariv tooth shapoC. signaL into a sqUare wave.

The output signal of the bistabie trigger is diffelentiat'ecl
wlth the aid. of a condenser of 1 kpF and. a resistanco of 500 k-fL,
that means the square wan'e is transformocl fnto trvo sharp pulÊes,

, a positive ono oorrespond.J'ng with the upward. slope of the,square
and a negative one c3¡,rrspondíng 'r.ij.th tho clovnv¡arcl slopc, (compare
f lgure !c anô d.).- The cLiod.e.EA 50 is placed. 'bhus as to out off tl:e positivo
pråÌses. In figule !c the base llne is ôrewn as a straig'ht }i'noe
but ln practioo ilreg'"rJ,"rities may occllT" In orC.e3 to avoicl any
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reaction of the next trigger.due to these lrregularitles a positìve
bias is inpressed. on the d.iod.e with the aid. of a resj.stance of 2 I{.íL.
Ðue to this the cutting action starts beneath the base line making
sure'onIy the requi.red, negative pulses are to reach the input grid. of
the next trigger.

îhe next trigger is monostabl.e, In the stable state the first
tube is on since the cathod.e is connected. d.irectly to eartþ and. the
grid- has a positive bias. The anod-e voltage of the first triod.e (tttu
output voltage of this trigger) is lo¡,v. The s+¿ond. triod-e i-s off sincc
the grid bias is Iow and- the cathode has a posi-bive biaso The impres-
sion of a sharp negative pulse on the grid. of the first triod-e r,vill
cut off the anode cument causing a sudclon rise of the output voltage.
Since the griù voltage of the second. triod.e follovvs this increase its
anod-e voltage will d.ecreasec The grid. of the first triod.e is connec-be.,'-
to the plate of the second. triod.e by moans of a 10 kpX'oond-enserc It
d.epend.s on the time constant of this condenser and. the grid. leak how
tong it lasts before tho grid voltage of the first triod.e has rissn
sufficiently to restore the stable state of the trigger.

Thus at the output of this trigger a square pulse arises vrith a
constant cluration, whioh coTrespond.s with the time the first tube is
off,

10. CHARGTNG CIRCUTT AT$D MECIÍANICAT RELAY

îhe monostable trigger prod.uces pulses of constant d-uration a.nd

height having mutuaL d.istances equal to the time intervals between
two consecutive heart beats. l,Vith the aid. of a mechanical relay s¡rsr¡"r;,
u¡e caJr use these pulses to control the oharging and. d.ischarging of a
cond.enser and. the transfer of the end.potential frorn this cond-ehser on
to a second. condenserr connectod. permanently to a vacuum tube volt
metor.

In figure 1 1 the d.iagram of the charging circuit and. thg mechani-
cal relay is given, The anod.e current ôf tho twintríod.e ECC {0 florøs
through the coil of relay 1. The cathode resistance consists of a
gasfilled- tube (e5 A 1) fecl by a resistanceof 120 k-aL, This neon
tube is keeping the cathod.e potential constantly at 8l Vo1ts. The
grifl of the tríod-e is corutected to the output of the monostable trig-
ger of figure ), vLa a potentiomster. tr[tren there is no pulse'at the
output of the trigger the grid. has a large negative bias with.respect
to the cathode. In this case no cur¡en'b is flowing through the vaLvs.
When the monqstable trigger produces a pulse the gri-d, potontial in-
creases and. allows an electron cu¡rent to flow through the tube, thus
actuating relay 1. The contacts a aqd. b are closed. simultaneously anð"

remain closed as long as relay 1 Ís"actuated. Sy,closing Contact a

relay 2 is aotuated., The contact c and. d. are adjUsted. in such a mallncr
that withjn the time of the d.ownward stroke of the relayt contact o

is mad.e a,r¡d. broken again before contact ð is ma.de. Ðr.rring the further
time in which relay 2 is actuated.¡ c remains open and. d. closedo Ïn 'uLro

time of the upward. s.troke c is mad.o and. broken again. Ïn the d.ownward.

stroke of relay 2 contact c connects the 12 N cond.enser with the
0.005 ¡rF cond.enser via the closod contact b{ Since tho 0.00!7utr' con-
¿ensã4 is small compared with the 12lrF cond.enser, tfro'voItaáe across
tbe fÍrst wj-t} become equal to .the vóltage across the latter. After
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the contact c ís broken, the l2 ¡:F cond.enser is d.isoharged. via
contaot d. a¡rd. the '10../Lresistor{

lVhen the squ,are ¡¡u-l-se:l-raprossed. on the griô of the trlod,e
d.lsappears, relay l breaks the oontacts a and b, thu.s caursÍ.rog
relay 2 b:neaki::rg contact d-., DurÍ-ng the upward. stroke -:'f relay 2
contact o is cLosed., bu'r, sj¡ce contaot b is open the 0.005/uf¡
oond-enser is no'b connected. to the, meanwhile d.ischarged., t,2F
cond.enser and keeps its charge u¡tiI the next square pul.se/,

The d.eslred flreq.uency range .le'be¡mines tho magniturcle rf the
charging current,, This current ùeponds on the dinensions of the
charging circuit" tpart from the frecluency Ìä,rrgo the d.i.strj.bution
af the freo.uericiês olrs¡ bet seaLe may be ad.apted. i:o any special
requirement by a suitable chrri-qe of ì;he components of the charging
oi-reui.t.

In fig.rro lg the voltage aoross the cond.enser during an in*'
te¡val is d-rav,r¡r as if it was a linear furrction i;f the time. In
this case the sca.,'-e divi-sion ïvould. become lineare if noi.i a oon-
stant piart .,f eaoh time interval had. to be used for tbe relay
ewitchlng. The consoquonoe 1s that the soale is shrinking in the
b.igher frequencfes.

In the oase on hand. it was desirable to expand. the sca.ie in
the n1cLd.le of the freguency range, since these freguencies are
tbe most lnterestj¡g in the eJq)erj.rnents orr subjects porformJng
exercises. îl¡:is was achleved. by cbarging the cond"enser via a paral-.
l-el connection of a triod.e a.nd. a registorr In d.cing so the shrlnkj,ng
of tb.e scale at the upper enô of the frequencJr range was cll-minished.
as wello

It is possible to ,btain a faJ-r1y constant charging c'':-r¡ent
by maans of a pentod.e a.nd. a exponential d.ocreasing current ìy
m€ans of a resistorr The cbargi-ng cument through a triode is an
inte¡med.iate form of tbese two. By varylng the rnagnitud.e of the
internal resistance of the triod.e and. the value of the shunt
¡esistor a large d.iverslty of cbarging curves can be obtainod.
Figure 14 shows the scale ôivision of the disoussed pu1se rate
meter.

1 1, EIJECTRONT-O-RE]LAT

11 .1 Introd.uctory

In certain cases the use of a meoha¡rioal relay in the prrlse
rate metê¡ migbt provê a disadvanftage, vi'zo the beating of the
meohanlcal lelay is aud.1bIe. This beating inherent to the rþtbm
cf the heart beat of the subject w111 affect blm psychically"
Since 1n tbis case it was preferable to use a noisel"essly worklng
pulso rate metere, ïrrê tried. to find. an electronic equivalent of
the mechanÍcal relay.

Proceeùing fron the square pulse of the monostabl-e triggor
it was possiblee wi.tb. the aid of a rneohanical relay, to ¡ealize
the nutual connectj-on of the condensers and. the d.ischargi:rg of
tbe 127uf' cond.dnser. In the eleotronic mod.i-fioatj-on howÊver vre

needl tfvo square pulses, proceed.lng shwtl.y after cne ariotb,er.
For this purlþse two ar¡clliary triggers are inserted."
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11.2 Auxilía|r;' triggers

Figure 10 shows two monostable tri-gg*re to be conneoted. to the
¡nonostable trigger of figure L Thus we have obtained. three monostable
triggers oonnected in series jointed. by d.ifferentiatlng ssctions.
X'rom tb.i-s series of triggers threc posj"tlve square pulses arise, Iinlled.
e.losely to each another L:e t'ime, that is to say the downward slope
of the first coincid.es vr'ith the upward. slope of the second. pulse, the
d.or¡nrward slope of the second with the upward. slope of the third-. Be-
tween the first ancl the third. pulse a tlmo i:rterval has given by the
hread.th of the second. pulse. Using the first and. third. pulse we havo
obtainod. two scluare palsese trlrocoed.ing shortly after one another.

11.3 Charging circud.'u and. electronic relay

The oharging circuít in the eleotronic mod.ification is ld.entj"caI
to the chargíng circuit of the mochanical ro1ay. In figure 12 this
charging circuit is ad.d.ed. for the sake of ompletoness"

The twin triod.s 6SNJ serves to make and break the connootion bo-.
tweon the 12 /t# and.. tho 0.005 7utr' cond.enser. The two t:riod.es are con-
nected. back to back, that is tó say the anod.e of ono triod.e ís con-
nectecL to tho oathod.e of the other triod.e and- vÍco versa, whilst the
grid-s are joint together.The glow tomperature of the cathod.e is d.e-
c¡oasod þ placing a 10 /[ resistor in series with tho filamont of this
tube. The pentod.o UL 41(used as a triod.e) takos care of tho short cí:l-
cuiting of the 12 F condonser. The square pulse oríginati-ng from tho
first monostable trigger is lmpressed. on the grid.s pf the twin triode,
the square pulse originating from the thiÉå monostabl-e trigger on the
control grid. of the pentod.e. Since a short t5-me elapses botween the
ocourrenco of those two square pulses it is attaj-ned. that the conneo-
tion botween both cond.ensers is broken before the d.ischarge of the
12 /ú cond.ensor begins. The points x a,:nd. y are connocted. with ono plate
ofi the 12f:J'.¡ respectively the 0,005/uF cond.enser. The othor plates
of theso óond.ensors are conneoted. joôntly'to the stabillzed power
supply of +2O0 Volts. Ðepenôing of the chargs of these condensers tho
potontials of the points x and. y may vary fnom about 110 Volts t111
about .200 Volts in respect to cbassis. The Joint grid.s are connected-
to the first anode of tho first monostable trigger. In the stable
state of tho trigger tbis anod.e has a potential of about 60 Volts.
Tho grld.s of tho twi¡r triode have a large negative bias as well ín
respeot to the anod.o as to the cathod.e¡ this tube is offr ,

Measu.rements showod. that oven with this high negative grid. bias
a troublesome leakago currênt may occur, It is easy to oaloulate thab
íf the 0.005 7UX' cond"enser is to ksep its ohargo unchanged d,uring the
time j-ntervaL between two systoles even at the lowest f¡equencies e

that is to say if the polnter of the ind.icator has to bo at,¡est
tluri.ng that interval a maximwn loakage ourront of about 10- t ' .A.mpèros
1s to be tolerafod-. X'or this reason the tvr¡in tri,odo has to be selootoô.

When a squaro pulse occìtri at the.output of the first nonostablo
triggor, the grid. vo1taga will increase by about 100 Volts naking the
twin triode cond.uctive in both d.i-rections. In caso of d.ifferent
voltagos across the cond.onsers (on ohanging the f¡equency) a þatancing
current wil] flow between tllo points x and y making tho voltagp aoross
the 0.005/uF condenser equaL to the end voltage of the 12 /q oond.ensor.

t/
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Tho sorios regis'bance (z.z ll,lL ) -i."n tne grid. circuit so¡vos to
limlt any grid. cr¡¡rent and. to ùoereaso the load. of tbo trigger.
The RC element (t ¡¡ JU - 0 - 1 ,¿uF) decreases tb.e capacitive coupLing
betwoen the grid.s on one srd.6 and. the oathodos and anod.es of the
twi¡ tríode on tho other.

The sc¿uaro pulso from the thild. monostable trigger, occurring
shol+"}y after the square pulse of tho first trigger, naked the
tube UI.¡ 41 conductive in ord.er to discharge tho 12.¡uü, cond.enser'

Attention may be drawn to tho {Bct that the cónducta¡roo of
tho eleotronic rolay is small-er that¡"that of the mechanical relay
'¿chere a corrnoction with zoro resistance is obtai-nod. Consoquently
the pqlse rato metor v'¡ith eloctronlc rolay will- not folloiv ínsta¡t-
taneously a sudd.cn chango in froquency. Às a result of this ar¡
extra systolo r¡¡ilI be ind,j-cated- only qualitativoly.

12. VACU{.IM TTIBE VOIÆ METER

. .As alrea{y ls orplaíned the vaouum tube voltneter is not to
take any current off the 0.005^rF cond.enser. For this roason a
oatbod.e follower circuit was cáosen (34) a,r:ô put in push pulL in
ord.er to minimize fihe influonces of variations in tho Bowetî supply
(see figure 13).

Since the moving coil moter is connected. botween the two ca-
tbo{es the current to flow tbrough the meter is not flowlng through
tho tubos. fn d.oing túis the tubés are ad.justod. at mininu¡o anode
currentr i.o¡ large negativo grid. bias. As this implios¡ that tho
resistanco between the grid and. thc cathod-o is largee the load.
across the 0.005 /u.F cond.enser is neglectlblo. In the grld. and. plato
leads ¡esistÐnceé of, 1 kJt are ingerted. To ca¡roe1 any d.ifference
in the i¡tornal rosistance of both triodes a correction resistanco
nay b.e placod. jl ono of the cathod.e lead.s. A zoro atljustment is pro-
vid.ed. by neans of a potentiomotor connected. to tho grid. of the
second triodo.

Tho serfes resistance of the
such that a variation of the mete¡
agrses wlth the maxímum potential
oond.ensor.

13. Eq@LåITPEI,T Arq! STASIÍ,IZATToN

fhe apparatus is maíns fetl and. the required a¡lod.o voltagos
d'erived from tho rootifior valvo Lz 41 aro stabillzotl electro-
nically. Flgure 1þ shows the arrangomont. Instead. of the íorma1
Ir-C srnoothÍ:rg circuit Just ono eLectrolytic oondenser is used.

The stabilizing clrcuit ,consists of a vari.able sorios re-
sístance (W +t), two control.pentod.es (U. +o) in push pull and
two gasfilleil tuúes 8511, (¡5), (:e¡

Poínt e of the potentiometer consisting of, a rosistance of
90 IcÂ a¡d a neon tirbe BJAI has a constant potential (85 Vofts).
Ibis potential acts ae a reference voltage ar¿d. is appl1ed. to tilc
oontroL grid. of one of the pentod.os, }eþind. the variable serios
rssistanoe (U¡, +t) a potontiometor is formed. by two resistances

movi:rg ooil instlumsnt ís ohosen
current from 0 to 100 7u AmP.

d.iffsronce across the ó .OO5 F
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respectively 220 k.fu anit J0 k -fvt In equilibrio point b has likewisc
a potential of 85 Votts. Tncreaso of the output voltage - whatever
,the reason may bo - causes art increase of the gríd. voltago of the
second. eontrol pentod.e and. thus an incroase of the anode current.
Ilereby the voltage in point c, i.o. the grid. voltago of tbe UL 4,1s
wiII d-ecrease. In consequence of this the internal resista.:rce of the
Ul 4t increases and..cancels the incroase of the output voltage. In
case of a d.ecrease of the output voltagc the reverse process occurs.

This control works instantaneously, vuheroas moreover a forward.
oontrol consisting of a resista¡ice of 15 M-/t and. a oond.enser of
'100 pF, is inserted., This forward. con-broI is connected. before the
series resistancn ffi 41¡ so that variations in tension d.o not noed- to
appoar at the output of the stabitizing circuit in orcler to be s-babi-
lized.

With the aid. of the first mentj-oned- potentiometor (eZO tL ,
?0 Ic 4) the output rroltage is ad.justed. at the desirod- value.
These values alreaftr assllre a certain stabilization. A higher d.egree
of stability is obtained. by a- p"opof choice of the value of the re-
sistance of the forwa¡d. control. In connection with.already existing,
u.navoid.ablo capacitances two capacitators¡ rospoctively O. 1 Æ and.
'l0O pF are employed. in thc control circuit j-n ord.er to s.tabtlizc tho
mains frequengyr í.

Variations in the Ioad. are stabilized. with the aid. of a resis-
tance of 10JL insortod. in the minus lead. of the smoothing circuit.
In case of an i¡rcrease i¡ Ioad. the r¡oltage d.rop over this resist¿r.nce
rryi1l increaso thus making the grid, bias of -bhe seeond. control pentocle
more negative and. koeping the autput voltage constant,

Sínce the vacuum tube r¡oltmeter neod.s a stable supply of 200 Vol--i;¡
a cathod.e follower (¡F' +Z) is'placed. at tbo output of the stabili-
zation oircuit provid.ing this vottage (¡7).

In conqequence of the high d.ernand-s put on the input resis-banee
of the vacuum tube voltmeter it is necessary feod.lng the filarnents
of the vacuum tube voltnetgr and. the electronic relay out of separate,
excellently insulated., ',vind.ings on the power transformer, thus preven-
ting any leakago along this path.

14. CÓNCLUSION

A few d.rawJ.ngs and. pictures are aôd-od" to elucid.ate the construc-
tion.

Figures 16 and. 19 show the topchassis, containing the amplifier,
the triggers and the ohocking oircuit v¡ith svritch. It should. be
noted. that the input oircuit j.nclusive tho swj-tch and. the d.ouble
triod.e of the first stage of the amplifier are screoned thoroughly.

Iigures 17 and. 20 give respectively the amangement and- the
picture of the bottom chassis, containing thc por/ver supply with sta-
bÍlization¡ gonerator¡ elect¡onic reLay and. vacuum tube voltmeter.

Figure 18 is a dimensional sketch of the frame.
Figure 21 gives some constructional d.etails of the earclip wJ-th

photocoll, bulb and. polyvilyl d.isc.
^ 
Figure 22 shows the earclíp in situ. The four connections are

lead. to a clip on the mask rvith the aid. of fine flexj-b1e wiros and.
connected to the apparatus by a shield.ed. cablê of about I feet.
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lTith reference to figuro 23 the neoessity of provid-irrg a
good. ventiLation is emphasízoð., vid.s the ventilation holes in the
oabinet.

Finally a pioture (figure 2{) is given of a complete arrange-
ment as used. in physiological lnvestigations,

ln many expelimonts j¡¡ the field. of the physiolory of work
and. exerciss it is important that tho subjoct has a greater froe-
dom of movement th.an is possible with a I foot oablo. The possí-
b11ity of d.isturbing iintorferencg when using a longer cable may
be provonted by pLaci-ng the first trruo stages of tho a,mp1ífior,
plus the genorator for the light sorirce i:: a soparate box to be
camied, by the subject. Since the signal of the photoceJ.l is now
a.npllfied. ad.equately there is no objection in conneoting this
pre aniplifier by a very long cable wj.th tho pulse ::ate metor.
. In order to obviato any dísturbanco due to variations in tho
day light a oap is to be placetl over the oar thus proventing
the d.irect l.ight to fall on to the photooell.
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fig. 19 Foto eerste chossis
fig. 19 Picture of top chossis

fig. 20 Foto fweede chossis
Íig,20 Picfure of bottom chossis
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1ig.22 Foto bevestiging von de oorklem

Iig,22 Picture of eorclip in sifu

fig.23 Foto von het complete toestel

Íig.23 Picture of the complete instrumenl

lig.24 Foto von een meelopsfelling

Íig.24 Picfure of o complete orrongement




