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�LECTRICAL COMMUNICATIONS T�CHNIQUE 
AND ITS APPLICATIONS IN ALLl�D FIELDS 

MEASUREMENT OF THE IMPEDANCE OF THE HUMAN BODY 

[[]y CHA GING merely the 
, last two letters, the word 

physician becomes physi
cist. Actually, even this 

body with its pathological condition 
was made in 1881 by the French scien
tist, Vigoreaux. He r eported that there 
was a relation between the electr· cal 

small change is un-
necessary because 
the physician se
cur e s  the greater 
part of his data re
g ar ding the con
dition of a patient 
through ob serva
t ion s o variou s  
physical quantities. 
Among the many 
prop erties which 
may have diagnos
t i c  s i g n ifi c a n c e ,  
those of an electri
cal character have 
not been generally 
consider ed. They 

THE Horton· Im pedance Com

pa r a t or d e s cribed here -wa 

developed at the Electrical En.gi-

n.eerin.g Department of the Massa

chu etts Institute of Technology 

and built by the General Radio 

Company. Although designed for 

use in medical diagnosis, it has a 

number of other a pplications in 

the physical sciences. It is al

ready being used in. physical 

chemistry to measur e  the im

pedance of solutions, where, by 

virtue of its four-ter:in. i.n.al con-

nection, it yields results which 
are i n.dependent of the imped

ance of the electrodes. 

resistance of the 
body and the de
g r e e  o f  t h yr o i d 
act1vrty. Measure
ments of d-c resist
ance were, how
ever, difficult owing 
to polarization at 
the electrode sur
faces and no prac
tical use was made 
of Vigoreaux' :find

ings. Following the 
in t r o du c t i on of 

alternating - urrent 

t e c h n iqu e i n t o  
e l e c tr o -c h emi al 

have, however, received occasional at

tention since Galvani in 1791 first dem
onstrated that living matter exhibits 
electrical phenomena. 

me a s u r e m e n t s, 
Gilderrneister, in Germany, repeated 
Vigoreaux's inves-a:igations, using alter
nating current. This avoided the diffi
culty of electro-polarization as such. It 
was found, however, that there wa an 
appreciable reactance component in the 

The first serious attempt to correlate 
the electrical properties of a human 
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FIGURE I. Equivalent network of the imped
an es joining four electrodes applied to the 
body. The el ctrod ar numbered 1, 2, 3, and 
4. Path B is the impedance of the internal ti -

ue b tween the inner I ctrode 2 an d 3. 
Branche D and E are the urface t issue im
pedances under the inner pair of electrodes, 
while A and C are each th total i mpedance 
between ne lectrode of the out r pair and 
the junction of the imped ances represeoting 
surface tissue and int rnal tissu under the 

rresponding inner el ctrode 

measured impedance. This rea tance 
has the sign of a apac1t1ve reactance 
a though it is probable that it is due to 
polarization within the tissues. Very 
recently Dr. Brazi r, in England, ha 
reported that ther is a correlation be
tween the resistance-reactance ratio 
and thyroid activity. 

In an attempt to ch ck Dr. Brazier's 
on lusions, an e ten ive investiga·tion 

was carried out joi:ntl b the Ma a
chu tts Institute of Technology and 
the Massachusetts General I-Io pital. *t 
The first result of m.a j or importan e 
was the discovery that th re -was a 
marked difference in behavior between 
internal and external ti sues. The data 
on which these conclu ion are ha ed 
were obtained by applying four ele -
trodes to the body. The current paths 
joining these four electrodes m.ay be 
considered as made up of separate 
branches, some of which are om.po ed 
wholly of e t rnal ti u - and some 
wholly of intern.al ti ue . By measur
ing with a bridge the impedance be-

*"The Ele L.-ical Impedance of tbe u.man Bod ." 
J. W. H rton and . . VanRa ens aa • Journal of the 
Fran/din Institute, ol. 220, o. 5, ovembe.-, 1935. 

t "The Clinical ignificance of Electrical Impedance 
Determination in Thy.-oid Diso.-ders," Horton, Van 
Ravenswaay, Hertz and Thorn, Endocrinology, January, 
1936. pp. 72-80. 

t-ween each of the six: possible terminal 
pairs., the impedance of the e separate 
branches ma be evaluated. 

From studie m.ade at different fre
quencies, it: was evident that accurate 
observations of the reactan.ce-resist
ance ratio could not be made for the 
external tissues at frequencies much 
higher than 10 kilocycles, nor for the 
in ernal tissues at frequencie m.uch 
lower than 1:his value. Consequently, 10 
kilocycles was chosen. as the m.ost suit
able frequency for subsequent investi
gations. 

Data ob ained by the bridge method 
indicated tha1: the impedan e of the in
ternal 1:issues offered considerable 
promi e as a diagnostic indicator. In 
order to simplify the measuring te h
nique there a b en developed a 
special form. of alternating-current po
tentiometer by which the impedance of 
either internal or external tis ue m.ay 
be determined in a ingle mea ur m.ent. 
Thi apparatu is desjgned to work 
only at 10 ilocycJe and h nee can 
be calibrated · o read reactance in 

ohms directly. 
The general arrangement of the po

t nti meter is ho-w:n. chem.ati ally in 

FIGURE 2. Panel view of t:he impedance coi:n
parat:or 
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Figure 3. Current i supplied inde
pendently by two identical trans
£ ormers to one pair of electrodes on the 
patient and to a standard circuit in
clud·ng a :fixed re istan e and the pri
mar winding of a mutual inductom
eter. These two urrents are brought 
·to identity with re pect to bot:h magni
tude and phase by adding in s ries with 
t:he patient an impedan e of such valu 
that the loads on the two transformers 
are identical. This condition is indi
cated by equal oltage drops acros the 
equal resistors R1 and R2 when th de
tector is switched to the dotted po-

it1on. When this identity betwe n th 
two current ha been established, th 
d tector is switched o that: it indi ates 
the difference b tween the voltage set
up between the second pair of elec
trodes on the patient and a voltage 
composed of the resistance drop a ros 
the portion of the tandard re ·stance 
and the i du ed voltage in the in.du -
tometer secondar . These last two 
components are ad ju ted until th cliff r
ential voltage is zero. When this on
dition is established, the impedance of 
that portion. of ·the patient which is 
common to the two current paths be-

OSCILLATOR 

a: 
0 

� 
2 
... 
Q. 
� 
0 
u 

PATIENT 

R. I 

-c:·'!'" --- - - - - - - -( .. > 
CURRENT 

BAL. 

DETECTOR 

FIGURE 3. Schematic wiring diagram of the impedance compara tor, including the ne-twork rep
rese nti ng 1:he patient. i nce no current flows through electrodes Pi and P2 at balance, 1:he e act 
as poten tial terminals an measure the true internal impedan e of the patie nt, correspo nding to 

Bin Figure 1 
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--

onvenien e the impedance 
comparator and its associated amplifier and 
power supply are mount d on a ••tea wagon." 
The author is shown mea uring the impedance 
of a patient. On the pati nt' right arm are one 
inner and one outer electro<l . Th otb r pair 

of electro es are on the left arm 

tween the two pairs of electrodes is 
known to have a resi tance component 
equal to the included portion of the 
fixed re istance and a 

-
reactance com

ponent equal to the mutual reactance 
of the inductometer. 

Using this device, to which the name 

Himpedance comparator" ha h n 
given, e ten e measurements have 
been made of a wide variety of patho
logical cases. E ten i e measurements 
have been made also of the variation 
occurring in a single individual. The 
results may he generalized briefly as 
follows: 

Every person in normal health ha a 
value of Q for the internal tissue which 
is characteristic of him as an individual. 
Any abnormal pathological condition 
will act to change this value, and 
changes of the order of 2 to 1 ha e been 
observed. For individuals in normal 
h alth Q lies between 0.10 and 0.07. 
The pathological pread i from 0.02 to 
0.14. In a single individual., Q may vary 
as much as ±10% depending on the 
preceding history with respect to 
fatigue. 

These studies have in di ca ted that 
there are physiological differences be
tween internal and e ternal tissues as 
well a electrical differences., and it is 
believed that they should be measured 
separately in any study of the correla
tion between electrical impedance and 
pathological condition. For such meas
urements the comparator described 
above has been found to he both ac
curate and convenient.-}. W. HoRTO 

A NOTE ON THE USE OF TYPE 508-A OSCILLATOR 

U 
ERS of the TYPE 508- Oscillator 

may experience some difficulty in 
securing proper operation with the 45-
type vacuum tube currently available. 

he new tubes produce an appreciably 
greater amplitude of oscillation than do 
older types. Intermittent oscilla·tion at 
3 kc and 4 c may occur owing to a 
charge accumulating on the grid con-

denser and resulting e cessive negative 
bias. This can he remedied by using a 
lower grid leak resistance (30,000 ohms 
in place of 50,000 ohms)., or by intro
ducing a resistance of between 1000 
and 5000 ohms in series with the grid, 
i.e., between the grid coil and the grid 
itself. The latter method is preferable 
since it improves the waveform. 

-R. F. FIELD 
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CARRIER ENVELOPE ANALYSIS WITH THE 

WAVE ANALYZER 

F
o R years ago1 this company an
nounced a di tortion factor meter 

which gave the root-mean-square dis
tortion of a 400-cycle signal. This in
strument, when used in conjunction 
with a modulation meter to rectify the 
r-f signal, ga e corresponding results 
for the carrier envelope of a radio 
signal modulated at 400 cycles. A 
more recent instrument2 combines 
these functions in a single unit. 

Although distortion measurements 
at the standard -1:est frequency of 400 
cycles are adequate for all routine 
checks on broadcast tran mitters, the 
larger stations, groups of stations and 
t1·ansrnitter manufacturers often wish 
to make these measm·ements at other 
test frequencies or hroughout the 
audio-frequency range. While instru
ments have been built to order for 
single test frequencie , the heterodyne
type wave analyzer3 is the be t answer 
to this need because it is not limited to 
a single-frequency fundamental. 

There i still one missing link-the 
application of the audio-frequency 
heterodyne wave analyzer to a radio
frequency carrier envelope. Thi need 
has been taken care of to some extent 
by providing ��ENVELOPE'" terminals on 
the TYPE 732- Distortion and o'se 
Meter, which makes the demodulated 
output of its linear rectifier accessible 
for further analysis. This, however, is 
a compromise because the distortion 
and noise meter is designed primarily 

i W. . Tuttle, •·Direct Measurem nts of Harmonic Dis
tortion," General Radio Experimenter, VI, 6, ovember, 
1931. 
'L.B. Arguimbau,"Monitoring of Broadcasting Stations," 
Genei:al Radio Experimenter, IX, 10, March, 1935. 

for 400-cycle operation, and its char
acteristics are not entirely satisfactory 
when much higher modulation fre
quencies are used (above a 2000-cycle 
fundamental, for e ample). 

A simple linear rectifier to plug into 
the TYPE 636-A Wave Analyzer is no-t 
difficult to construct. Figure 1 is a 
photograph of one u ed in the labora
tories of the General Radio Company. 
The circuit is shown in Figure 2. 

It will be noticed that the circuit is 
entirely conventional except for the 
choice of con tants and the physical 
arrangement. The very high leak 
resistor is made possible by the fact 
that full-scale deflection on the wave 
analyzer is obtained with a current of 
only 0.01 microampere. This freedom 
in the choice of constants makes a 

3 L.B. Arguimbau, "Wave Analysis," General Radio Ex- FIGURE 1. Photograph of the linear rectifier 
perimenler, VTII, 12-13, June-July, 1933. assembly 
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FIG RE 4•. bowing the rectifier plugged into 
the input terminaJs of a TYPE 636- Wave 

Analyzer 

highly linear detector possible. The 
a orn type of tube was cho en primaril 
because its inter-electrode capa ity 
from plate and grid to cathode is only 
2.4 µµf, whi h permits the u e of a 
small series conden er with consequent 
improvement of the audio-fr quency 
characteristic. In identally, the effec
tive carrier-frequency input impedance 
is 1ncrea cl. 

Althougl not n ary, the m ter 
shown in the ir uit diagram is useful 
in measuring the magnitude of the 
radio-frequency input voltage. 

.-----------.------o----$---1 s,,..1-'-f .. 1 0 l"'\ �<g<O hm� 

R·FINPUT j �TO TYPE6.>o·A � �;,,,AVEANALYZER 
l 
J---- --- -
l 
I 
I 

-ft--ii-----_J 

Th metallized 10-megohm r i tor 
is mounted as a direct connection be
tween two shielded ompartment , the 
end being in different compartm. nt . 

o attempt ha been made o mea ure 
the eq iivalent direct hunting capacity 
aero this resistor, but it is less than 
0.1 µµf and is probably ery much 
smaller han this. This method of 
mounting is very important since a 
capacity a large a 1.0 µµf would 
begin to cause trouble at 10 k . 

The circuit as drawn is atisfactory 
at modulation frequen ies up to 2000 
cycles with alm.o t perfect linear detec
tion even when 100 0 modulation i 
exceeded. At modulation :frequencies 
up to about 10 kilocycles it will work 
linearl , provided the modulation per
centage is not allowed to approach 
1003. 

If the series resistor is replaced 
by a I-megohm pad, as shown in Figure 
3, the linearity will not suffer very 
much, and the unit may then be used 
at 10 kilocycles with 100% modulation. 
It turns out that, if the time constant 
of the CR combination is chosen in 
such a way that the net impedan e pre
sented to ·the tube at the modulation 
frequency is less than tha-t pres ted to 
the rectified direct current, the e treme 
negati e peaks of modulation will be 
somewhat clipped, generating distor
tion. -L. B. GUIMBAU 

,--------,...--- ----
1. ..J.. '01"\f1!9oh'"s 

I 
I 

I 
I 
I 
I 
I 
L_ __ 

T 
t----<> 
r--------
1 
I 
I 

-< -H-- -- _ _j 

Fie R 2. Circuit diagram of the linear recti- FIG RE 3. Alternative wiring diagram u ing a 

fier one-megohm pad 
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V ARIAC LIGHTING CO,NTROL IN THE LITTLE THEATER 

L
IGHTING control in the litde theater 

presents a problem whi h ta es 
even the ingenuity of the amateur 
property man, who must reconcile lim
ited funds and a need for flexibility 
with the necessary requirement of om
plyin.g with the underwriters' rules. 

The V ARIA C provides a convenient 
and efficient way of solving the prob

lem. It provides a smooth variation of 
illumination and eliminates the waste 
of power which i inherent in. resistive 

ontrols. In addition, the V ARIA C 

can be used on any load up to its ma -
imum capacity, while resistance dim
mers are designed for a single load. 

Figure 1 shows a lighting control 
unit built by Ea t End Electric of 
Meadville , Pennsylvania, and used in 
--he li ttle theater at the College of 

FIGURE 1. Phot:ograph of t:he lighting-cont:rol 
panel 

... -c. 
L.INE 

S.P.5.T. SWITCrt 

S.P.D.T. SW ITC t-4E3 

FIG RE 2. Wiring dia[J"ram howing connec

tion for one V ARTAC 

William a d Mary. It is en irely port
abl so that it can be moved from the 
theater to any part of the campu 
where it is needed. By he use of 
VARIACS., any size lamp load up to 

2 kw can be dim.med from full in.ten-
ity to black out. 

The board ha a total load capa ity 
of 33 kw and i supplied ith a large 

tage cable that conne ts to the con
trol board at the rear of the main 

a£ ty wit h at the ha e of the uni t. 
All lighting quipment und r control is 
plugged into the pin onn ctor outlet 
on either ide of the main switch. 

T n parate circuit are provid ed 
with control arranged on t.h panel in 
two horizonta l ro . The VARIAC 

are b low the row of toggle flush 
witche (corresponding o 1 in Fig

ure 2), and below the VARIACS are 

the enclo ed single -pol double-thro" 
knife swit he (S2, 3). 

Figure 2 i a wiring djagram showing 
how each VARIAC is conne ted. Re
ferring to igure 2, if 2 i in th upp r 
position, outl t A i conn cted to the 
V ARIA C, and it voltage may be 

varied from zero to full line voltage . 

The switch may then he thrown to the 
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outlet A lower pos1t1on, connecting 
directly to the line and leaving the 
V ARIA C free for use on circuit B by 

mean of the switch S3 • 

This feature adds to the flexibility of 
the hoard, making it possible to con
trol two separate scenes from the same 

V ARIA C and to switch from one 
scene to the ne t without loss of time. 

While the control board described 
here approaches he proportion of a 
professional installation, smaller ama
l:eur units can he huilt along the same 
line , u ing smaller types of V ARIA CS. 

REACTANCE CJ-IART 

:z: 
< 

< 

Always usiE corresponding saifcs 

lOOOOo 

"'°'" 

'"°" 

100 

'"" 
(lOO•} 

1000Mic lD,OfXI Mt. l00,000 Mc 1,0IXI, Mo: 
(lO<•) 000) {le:•) (Ole-) 

FREQUENCY 
l'U;., 'I 

1'lw. •eeomrufin,t c:hal1 _, ._ .,..,... lo:> l'U.J: 
(I) T1H- ""'"ta ....... nr • g"":-n -..1 .. c:ta_..- •I • 

_...."',�''"no:°'· 
(2) TM l"Ca�" ol • g1-- e-1••0:-M...-.- •I • 

�,,........_....,. 
(�J hr rmnn••• (""'f"....-1 ar • �"'� Ind_... 

1 .. uw:� and "•r11c:K-........ 
hi onln" 10 f1tdll1atrthfo ""'tTWtinMioo or '1••1?""

••J .. �( U.. .......... _ l11Yot ....... J lo lwn Gr tt.�,._. 
• ..,..r,.._...1 6�,..., LI- �1 .. ,.. • diw .. t..J '-''" t"'U 
P"-. ,,-..,,� I • 1� .,.,,...,1,...,. r ... n 10 L.to 

...-I Jor ,......ah C'•lnoLolin-. ..-,_u rr- 2, •t't.H"h 0. 
• .u."1 .. ,,..,...,,,. ar Y''f!'""' I .... 1.� "l'l'" ... d· 
-•of'lf 7 lln-."" U)..., u.nt ,,,.h,."' 1llr •ifc•ilir•nl 
...... ... •h� Gp,..,. •roe- .. i,.., dd.� 

TO FIND RV.CT ANCE 
l:'•ll•"t' I� rh11f'1• ..... "�•II: t,..,.,. ,.,... 1 ... noou (f�,.-J I 10111I ,.lvnp:. 1h.- UrKW •l•nlu'll .,,, .... .,1 

� tlw> t.-fl ,,. .. 1.,n.,..-.) ,.,. tn lhr r'fl;lot (n.1 ....-it•• ... ,..)-
r ... t"N'<O,....., .. n1otc -···-- (llPI" .... ,. Ito .... -.. , ........ hr 
111 ... ..J 11,,....,,.,,,.,.,n 11...-.;.- hnriuwn..oll� IA 11..- lrfi 

tram tM Jntr.--ytk.'1 11•-d ,..._.d ... """"' """°'"' 

v 
z 
< 

v 
< 

2 

Always obuin •pproximate v•lue from Figure 1 be-fore- using figure: 2 

'b ' b ....,, "" ,, 
C A P A C IT A N C E 1-------1-"--'-'-'--'-'-1---}-- -- -- - - -

" • s 6 7 8 9 10 

FREQUENCY 
....... :z. 

TO FIND RESONANT FREQUENCY 
1- ....... �.,..., .... n .. ,.,.11 ...... r ..... 1 .. ,, ... , .... .J ........... � 

lllrul r•p..-Olai,.rt". l'H>joYI otn .. n .. •nl to11tl ,.....,1 ""9• 
coa11t1o1 r""'fl''-""1 f'rom 1k bot11un M"•lr. Cor-""' 
•l.O:••t<llllM; Oof'•lt• t�1· 1 ..... ,,, ........... ) ............. ........ . 
1h��L.. 

f...eaMpk: 'I hr ""'"'I'''" ,..,inl ;,.,1 .... 1 .... t (t·ip.,..,. J) 
............ ,--1• 10 .. rrrwtu .. fW') 1o( a1..,-,..u 700 l.r •a•I 
•n "'"lou:&..nc:._ ,.r 0..5 h, .. ..,. e>r • nop--h•""" n( 
U.I �fll:l'"'U11i;l•t'hlwrc-&11C• ,-r1K'i..at'f'of•l-11 

Z.CJ00.000 •hn- Thr n_-..)Ma .. 1 '""'"l'-"""'"'"• .. r • 
r&n-.k '"°nubU1 .. tltl"W>"' .,.,.,,... nf ;,,.1.,,,.. • ...., ... 1 
... ,. .... � ....... 1 .... of ... ,. .. ,_..� 700 "'"· •111•ro'llm•w-ly. 

USE Of FIGURE t 
�....., :!. .. UAdl w. fillf.aln •dll11Jo ... 1 p�•-· 

or n:aJln,i; bul dunt '"'" pl ...... •"" J....i..-1 puhu 
,.hkh ....... , '"" too.1rd rrv• • . ,, .. 1;.urnary t:111ry ... 
FW-0..,. l. "'lh.,.<' thr d .. 11 ....... .-.nt """"";_._ 1 ... 0 
IGfii•rkhnair 11,......Jno for- lada.t:......,,.f' ._IMf 1'..9fll.,.J.. 
Lmo<r fof' .....,,.� unfill' .,, ,......,J .. G( f"'1'8'"91'J' •a! 
,,.........n .. .-, llnl ..... '""' C"Orr....:1 Jrto.J..- fctr L•"" C"' 
.. ._... ... ,..,.. .... 1 .... 1.,...t .... 1 ........ r ,..._, • ....,. • ..,. 
,......,.... ...... , .. m .... u. rmtr lo • r .. rt.yr or :J lh. 

1:.....-1•Lfsl (('".-.utinu....J) Tl..- n,,-c�,,. � 
•r-Q<hng In 0.$ l>n>ry al' O. I f'.>l.f • 2_2..'10.000 
ohnvi •t 71::? .. r.1Jic1r �.....,, rrr.q,,H"lM')• 
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We still ha e available a number of 
large i·eactance charts similar to that 
shown above. These harts are 19 x 24 

inche and are suitable for mounting on 
the wall. Copies will be sent fre to all 
who request them. 

GENERAL RADIO COMPANY 

30 State Street: Cambridge A, Massachusetts 
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