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THE CO TI UOUS RECORDING OF 
PULSE RATES 

G_By HoR TIO W. L M o 

AN illu tration of th int rrela ion of the 

J-l.. i nee i t b nin th increa ina 
u which th m mb r of th medi-

al prof making of electrical 

Fw R 1. 'l'h canliota
chometer in u e in th laho
rat ry of Dr. A. V. Bock at 
the Ma achu tts Gen ral 
Ho pital, Boston. The 
patient exercis s on the 
treadmill while onti.nuou · 

record of the pul e rate 
are taken 

quipm nt in th diagno i and treatm nt 
of the ill of mankind. For example, it 
is w 11 known that mu cular cont rac t ions 
are accompani d by more or less pro-
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HEART BEAT RECORD 
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TIMING REC.ORD 

FIGURE 2. A full . ize ·ample r cord from the ardiotacbometer 

nounced 1 ctrical po ntial . Exten i e 
u e ha b en made of thi phenom non 
in diagnosing and s udying di a f th 
heart. 

By means of th lectrocardiograph, the 
voltage wav produ d by th y tole, o 

ontra ion pha of the heart-beat cycle, 
may be introdu d onto the ibrating ele
men of an Einthoven or ring galva1 m -
t r and th nee r ord d a an o cillogram 
upon a photographi film. For each com
p! t beat of th hear , u h a r cord shows 
a single pul cau d by the systole of the 
auricle follow d by a quadruplex wave 
produc d by th y tol of th ntr.icle. 
Thi hol y I i r p at d about 80 times 
per inut . n analysi f th hap an d 
timing of the e compl x wa form gives 
the physi ian many data rnin g the 
functioning of t h art. 

n ord r that ati factory record ma. T b 
obtained from th I r cardiograph. th 
patient mu t be in a condition of mpara
ti - r po e o that th y lie wa v s will 
not b confused r oblit rat d by oth r 
pot ntials du to th ontraction of mu 1 
no involv d in th action of the h art. It 
i , therefor , impractical to u e th ordinary 
ele trocardiograph for re o ding or timing 
heart a tion when the pati nt i x rc1s1ng 
or is in a state of phy ical e rtion or mu -
cular train. 

Th heart i primarily a pump for up ly
ing the r italizing blood tream t all 
part of th bod . Mental m tion and 
mu cular a tivity d 

upply of blood which i t, in par , by an 
in r as in the pul rat . It i , th r fore, 
important t tudy in what mann r th 
heart meets t e demand made upon it, how 
soon it  b come f atigu d, and how rapidly 

it r turns to it normal rat aft r th ce sa
tion of mu ular a tivit . 

In carrying out u h fatigu tudi it 
wa. v ry d irabl to hav ome techniqu 
for a urat 1 m a uring the pul rat of 
th pati nt from momen t m m nt urino 
exer i e. For thi purp , a p int d out 
a o , th ele ro ardi graph could not b 
u d. Re ar along th s lin con
ducted by th Fatigu Laboratory at 
Harvard ni ver it di cl ed h fa t that 
th lo rhythmi ul e , u t 

h tol of th h art, contain d a certain 
.. murmur r high r fr qu n y omponent 
of the ord r of 3 y 1 p r o d. Th 
magnitud of thi murmur po ntial is very 
small compar d to that produc d b the 
primary y oli a s. v rth less, it i , 
fortunat I r, p culiar to the r tol of the 
h art, and do s not xi t any ap
pre iable ext nt in potential de lop d 
by the contra tion of an of th voluntary 
muscle . 

i mad of this phenomenon in the 
cardiot chom t r or h art-beat counter, 
r ntl d v lop d by th G n ral Radio 
Company in colla orati n with Paul 
Bauer, cienti:fic i tan a th 
Laboratory, Harvard ni er it . 
vie contain a lective vacuum-tube 
ampli:fi r which r pond only to thi 

murmur compon ut f th y t lie 
wa and is quite in th 
mary wave du to t 
voluntary mu ular o traction 

ither ca e, would ha e 
qu ncy than h murmur. In thi manner a 

i tingui habl impul ma be obtained 
at ea h tol v n though the patient b 
ex r i ing. Thi impul e on i t of an in
termittent train of wa e of 30 cycl p r 
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s ond fr quency which is uh qu ntly 
magnifi d and in.tr due d into a "pul 
amplifi r" which, in turn, produ s a single 
direct-curr nt pul e at each y tole of the 
h art. The dir t-curr nt pul are then 
u ed to drive one p n of a dupl x yphon 
r corder, while the oth r p n i op rat d 
uniformly by a lo k-dri en m chani m, 
th latt r giving on impul per second. 
In this manner, by comparing th two 
simultan ou r ord , an a curate and con
tinuous timing of th heart rate i obtained. 
A ampl record is hown in Figure 2. 

t is obviou that records made in this 
manner may b u ed only for timing he 

y tol , and that th waveform trac d by 
th hon p n which i energized by the 
h art ha' no r lati n, a far a it hap is 
concern d, to th primar bta in 'd 
with the 1 ctro ar iograph. 

In order to pi l up th se muscular poten
tial to the be t advantag , two mall di 

1 ctrode mad of Monel metal and about 
one inch in diameter are worn by the pa-

tient. The e are carri d by individual 
ela tic b lt and are in contact with the bar 
ch t, on b low the 1 ft brea t and the 
other ov r the c nt r of the ch t a high a 
the belt, pas ing under the armpit , will 
p rmit. Such an arrangement plac th 

1 ctrode approximately along th 
ric axi " of the heart where the maximum 

sy tolic potential are obtained. In ord r to 
minimiz th lectrical resi tance of the kin, 
th areas of co1 tact ar well moi t n d with 

oap lather before applying th ele trode . 
The pul e rate may now be m a ur d 

with th patient tanding, sitting, or r din
ing. II may run at variou pe d upon a 
tr admill p dal a bi 1 , 

rowing ma hin , an hil 
tinuous record of his pul 
tained both during th 

ub equ nt r uperative p riod. 
Through th court sy of th Fatigu 

aborat ry at Har ard Universit , w 
how two int r ting urve taken ·with the 

Gen ral Radio ardio achom t r. 

FIGURE 3. The cardi ta hometer with amplifier , . yphon rec rd r, timing devi e, and p wer- upply 
a . ori mount d on a castered table 
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FIGURE 4. The behavi r 
curve was taken befor 

f a I g ' hil nmning at full speed n a pecial treadmill. The upper 
th operation de cribed below. The low r curve wa taken aft r h 

operation 

Figure 4 illu ·trat the variation in th 
pul rat of a dog whil running at a p d 
of 10.7 miles per hour upon a motor-driven 
treadmill. One curve how the record for 
the normal animal, while the oth r curve 

hows the r cord of th same dog after com
pl t r ov ry from an op ration r moving 

.. 
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c rtain part of the mpath tic nervous 
y tem. With th normal dog, th irntia 

ri e in rate i more rapid, reaching a con
iderably high r :figur , and gradually sub
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� 

1! 
/ t ./\ ........... --- \ w 160 ..... :::. 

:z: 

� 1-40 
°' 

/ 

___,., 

E=-->< � i'--... 
- ----.... 

� r--- S.Srtra..u; Ho� 
r--:----_ .............._ 

w 
ll. 
...... 
!;;:: 1.20 
Oi:: 

LJ 
.,, 

5100 
a.. 

i---
l---

� 

L/ 

r / 

/ 

-STAon OF' RuNN• G 

�o -z.o 0 zo 40 

" 11.G M1 -· /HOUR./ 
� I---� I---_ -

; HouRJ r----
� 

8.7 M1LE.S 
----

GO 80 100 IZO 140 160 160 zoo zzo 
TIME IN SECOND5 

FIGURE 5. Thr e te t runs made by a trained athlete on a special treadmill for three different 
rates of speed. The point marked "Stop" indicate the end of the exertion 
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exer i e. Th recov ry of the normal d g 
after xerci i notic ably more ra id. 

Figu 5 give r ord btained fr m an 
athlet running at diff ren p d upon h 
motor-driv n tr admill. The e 

elf- xplanatory. It i i ter ting 
that the athl te' h art rate incr 
he anticipat s th x r i e an 
natural accommodation. 

VVhile experimenting with thi quip-
ment, the writ r had an opportunity of 
making som inter ting p ychological 
test to record th reaction of the heart rate 
of children, age fi.v and en, while Ii ten
ing to the reading of "thrilling" fairy 

tories. A di tin t irregularity om tim s 
of a leration and ometime of d 1 ra
tion, wa b rv d during mo ional pa -

ag of th torie . 'i\7hat data re ob-
tain d m d to indi at that r co ery to 
th ir normal rate wa 1 rapid in th a 
of al with which th childr n w re thor
oughly familiar than in th ca e of equally 
thrilling storie whi h th y w r h aring for 
the fir t time. 

With th pati nt itting qui tl , a rta:in 
int rval of time i requir d, with hildr n 
at least, to b com mor or les uncon cious 
of the pre n e of th el trod s. It i e
li ved, howev r that whil exerci ing, mu -
cular activity oon rend r th pati nt 

ufficiently un on iou of th pr nee of 
the lectrode . 

In addition to it application in fatigue 
r earches, th cardiotachomet r is useful in 

tudying the ime r action of th heart to 
drugs and other stimuli. ik wi , by ub-

tituting an el ctric buzzer for the r cording 
mechanism, arrangements may be made to 
enable the physician or urgeon to Ii ten to 
the heart rate of the patient during treat
ment or operations. It is po ible that 
equipment of this ort might prove of ome 
value as a ''lie detector" in criminal in
vestigations. 

Figure 3 how the Gen ral Radio car
diotachomet r. All of the quipm nt i 
mounted upon a ca t r cl tabl , thu mak
ing it readily portabl . The three-stage 
amplifier unit utilizes pecial tuned 30-
cycle tran form rs a the interconnecting-

ouplina unit . u h tran form r rv not 
only o eliminat low-fr qu ncy mu ular 
potential. , but they al o reduce to a larg 
d gr , or inary "ba I ground" pot ntial 

f audibl fr quency. h amplifier unit i 
followed by a mall bridge-typ ox1 
junction r tifi. r .and finally by a ingle
tube ampli:fi r who e output plate current. 
con i ting of pulses of from one to 10 
milliampere magnitud , energizes one of 
the pens of a newly designed dupl x yphon 
r corder. 

The magnet coil operating this pen car
ries two windings, through the s cond of 
which i passed an ad· ustable dir ct cur
r nt, oppo ing or biasing the curr nt pul 
fro the ampli:fi r. This el ctri al method 
of adju ting the en itivity and working 
rang f the p n ha been f und to h 
mo t suitable h m for maintaining an 

ptimum r cord, as the p t ntial from th 
h art vari s from tim to t"me. The econ
trol , tog ther with the various plate
circuit and bia batteries, ar contained in 
th m tallic cabinet housing the amplifi r. 

The second pen of the yphon record r js 
energized at one- cond interval by a 
clock-driv n k y contain d in a cabin t on 
the lower helf of the table. Provision i 
made for omitting e ery tenth second from 
the records in order to facilitate the count
ing of the tap s. The two ind pendent p n , 
which are made from fine silver tubing and 
which operate upon the syphon principle, 
trace closely adjacent records upon stand
ard %-inch tick r tape, the magazin roll of 
which is conveniently mounted in a drawer 
in the base of this instrument. The timing 
pen may also be separate ly controlled by 
means of a hand-operated key, thus per
mitting th tape to be marked for identifi.ca
tion of any particular occurrence during the 
re ord. 

The cardiotachometer shown in the illus
trations wa a model designed to be oper
ated from a 110-volt direct-current source. 
A charging panel on the end of th table 
affords means for charging the storage 
battery. light modifi.cation in the d ign 
would rend r the equipment operative from 
a 110-volt 60-cycle-current source. 
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MISCELLA Y 
c:By THE EDITOR 

T

HE G neral Radio cardiotachometer 
d crib d by Mr. Lam on in thi is u 
of the Experimenter will undoubt dly 

int re v r on who is one rn d with the 
applications of the thermionic vacuum tube 
to non-communi ation u , a w 11 as 
tho e who ar working in th particular 
field of biophy ic where the instrument 
itself might be u ed. The important el -
ment in th new instrument i , of cour , 
the tuned amplifi r hich amplifie the 
de ir d impul s and at th ame time filters 

u t mo t of the extraneou 
As a re ult of it va i d 

de elo m n , d sign, and manulactur 
a uring in trum nt for the communi a-

tion indu trie , the n ral Radio 
pan ' organization is p culiarl 
adapted for work in th rapidly de loping 
indu trial fi Id for vacuum-tube m a uring 
and control apparatus. The cardiota
chom t r is only one exam pl of our pr nt 
interest and as information about new 
problems becom available, i will be 
pre ented in the Experimenter. 

It is our hope that Experimenter read r 
will find such discu ion a thi of interest 
to them and that, w n th y have a par
ticularly knotty probl m to solv , th y will 
give u a chance to a i t. Our facilitie ar 
availabl for h Ip in ev ry phase of th 
inanufa turing process: developmen , d -
sign, and rodu tio it lf. 

* * * * 

The editing of a n  w atalog of Gen 
Radio laboratory apparatus 
compl ted, and the fir t c pi ar 
pre . Catalog F, a th n w boolr i 
r pla all pr viou is ue , the two mo t 
recent of which were the Fir t an S ond 
Edition of Catalog E, i u d in pt mbcr 
and D c mber, 192 , re p tiv ly. 

As a preliminary t p i th distribution 
of atalog F, w mad a car ful survey of 
the Experimenter mailing Ii t and cho e 
from i the nam s of all p r on whom we 
belie ed would be int rested in the use 
of Gen ral Radio laboratory in trument . 
'Io each name in thi latter group, we have 
mailed Catalog F. If you would like to have 

a copy and f el ur that you ould make 
good u e of it, pl a e fe 1 fr e to a 1 u for 
one. Be sure, howe r, to u your bu in s 
letterhead and mention what position you 
hold with your firm be au we ha f und 
it n ce ary o d finitely limit distribution 
of the catalog to laboratories, engin r 
and other u er or pro pectiv u ers of 
General Radio laboratory apparatu . 

B id it regular lin of laborator 
apparatus the General Radio ompany 
manufactur s te ting in truments, com
pon nt , and mi c llaneou ac ori for 
the use of radio r i m n, publi -addr ss 
lnen, oun t hnician cu tom t build-

r , xp rim nters, and amateur . F r th . 

pecial u f the group , an abrida d 
edition of atal g F i n w being prepar 
It will r plac the pre nt Bull tin 931 but 
it will al o d crib our ompl t line of 
m ters and in xpen i generaJ-purpo 
testing in trum nt . Copie of thi abridg d 
catalog will be mail d to ev ryon on th 
Experimenter mailing Ii t who ha not 
been nt a copy of Catalog F. 

* * * * 

uniqu f atur of th two n w Gen ral 
Radio catalog i t m thod for k ping 
you in touch with new d v lopm nt . Th 
G neral Radio Experimenter ha , in th 
pa t, de crib d ome of hem, but w pro-
po to nd out t log uppl m nt 
which will give more d tail d data than it i 
po ibl to include in the Experimenter. 
We are maintaining a r ord of ur nam 
and addr , o tha th catal g uppl -
m nt an be mail d to you without delay. 
The addre ing-rna hin t n il from which 
th mailing will be don id nti al with 
th t n il that addre · your cop f th 
Gen ral Radio E. 'P rim nt r. f th 
Experimenter i ·orr ct] addr s 
may b ure that your nam i 
Ii ted on ur mailing li t for all 

upplement . 
Pl ase coop rate with u in our ffort to 

k ep you po ted y notifying u promptly 
of any change in addre . As the Experi
menter i now b ing mailed, the p t ffi 
will not forward it to your n w addr ss. 

[ 6 ] 
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When copies are r turned to u , we imm -
diat ly remov th name fro our mailing 
list. I is essential, h r for , that you 
notify us f addr s chang as far in ad-

ance as pos ibl . 

* * * * 

On pag 28 and 29 o atalog F are 
de cribed the seri s of TYPE 214 Rheosta s 
and Potentiomet rs whic are high grade 
popularly priced units for use in high grade 

xperim ntal installations. Effective at 
once all of those pric d at $1.75 in Catalog 
F carry a price of $1.50. The two it ms 
priced at $2.00 in atalog F are not 
affe ted by this change. 

* * * * 

Oc a ionally w r iv inqu1ne fro 
reader who wi h to maintain a r gular 
file of th E. ·perimenter, a th r ult of 
� hi ·h w are int r t d in h aring from 
anyone who ha d v lope for hi wn u 
or for th u of other a w rkabl filing 
and binding ·h m . W arc rimarily 

m metho which bind th 
compl te is u , becau they are u ually 
mu h le complicated than tho e whi h 
involv lipping. numb r of suitable 
binders ar on th mark t an we hould 
like know wheth r r ad i· who have 
tri d th h a  v any parti ular pr f r nee 
for on typ a against an th r. 

For our own u e in the engin ring d -

partment of the General Radio ompany, 
we us a impl thr -ring binder, and thi 
s em to u to b ntir ly ad quate. It has 
been ugg t d that we allow a gr ater 
binding margin on the Experimenter, and 
we hope to mak thi po ibl in the n a 
f utur 

CO TRIBUTOR 
An a uat k tch of Horatio W. Lam

son, the author of th ar icl in thi month' 
Experimenter, wa given in the Jun i ue 
of the Experimenter. T'h" int rest d reader 
i r f rred to pa<>'e of that i u for a 
bi graphical 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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Take the 

Guesswork out of Monitoring 
• 

• • • in • • •  

Theatres � Rec ording Studios 
Broadcast Networks � P.A. Systems 

With a Type 586 Power Level Indicator 

A LL high quality sound sys
_l-l_ terns have maxim um and 
minimum volum level that 
cannot b xc d d. Low l vel 

mpha ize background noi 
too high level verload loud-

p ak rs, amplifi r , and other 
t rminal quipn1 n and caus 
cross-talk in adj ac n t chan
n I . Correct 1 vel are mo t 
accurat ly maintain d by man
ual control using a Typ 586 

Pow r Level Indicator in tead 
of the operator' ar as a guide. 

'I'h 'I,ype 5 6 Power vel In
dicator requir s n batterie , 

tube or oth r r placement 
parts. It is made in a portable 
mod I and in a model for 
mounting in a tandard re ay 
rack. 

OUR EW TALOG F-X 
describe the power level indi
cator. R qu t it on our 
bu ine l tterhead and tate 
th po ition you hold with 

our firm, b cau e di tribution 
is limited to laboratori , ngi
n r , and oth r prospective 
u ers of laboratory m a uring 
in trum nt . 

An abridg d catalog for the use 
of ound technician , install rs 
of public-addr y tern , radio 

ervice m n. s builder , and 
amateur will b r ady within 
a few we ks. It, al o, will d -

rib the power l el indicator. 

Other GENERAL RADIO PRODUCTS 

Calibrated Conden er , Inductor , and Re i tors; Attenuation etworks 

and Voltage Divider ; Frequency- and Time-Mea uring Device ; Meter ; 
0 cillator · and a omplete Line of Accessories for the Laboratory 

GENERAL RADIO COMPANY 
CAMBRIDGE A, MASSACHUSETTS 
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