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I:L~CTRICAL COMMUNICATIONS HCHNIQUJ:: 
AND ITS APPLICATIO NS IN AL LlJ::D FIJ::LDS 

MEASUREMENT OF THE IMPEDANCE OF THE HUMAN BODY 

[': '\r CnA NGTNG m"oIy ' I.e B last ~":o le ll ers. the wor~1 
physlcmn becomes plty ... -

,..... ci~ l. Actually, e"ell lhis 

bod y wilh ils pathological condition 
was Illude ill 1881 by the French 81';('n

tist. Vi gorcll. lI." . I/ e reported thaI there 
was a rela tion bct\\'ccn the electrical 

s lllall challge IS un-
Ilecessary hccause 
the physician se
cures th e greater 
part of his data re 
ga rdin g th e COIl

dition of a patient 
through obsen'a
t ions 0 11 various 
physical quantities. 
Among the man y 
prope rti es which 
lIlay have diagnos
tic s i gn iri c8 n ce, 
those of an electri
ca l character hal'c 
not been generally 
considerCl1. They 

'rilE lIorto .. l"'I'"dll ll" ':: Co",· 
I' .. rtlIOr ,Ie .. e rih e d h ere '''.~ 
. leq,lo" ... "tl lit Ihc EI"ctrica l ~: nl!!:i· 

/leering I)clmrlm"111 of I h e 1\I"8sn· 
"h"sel b;; I"s titute OJf T"chnology 
; .... 1 I ... ilt hy Ihe (;" 'lI'r;o 1 Un,lio 
Co m .. ",,}' , A llho Ll /!-h dc" i!o!l1cd for 
II"': in mftlictll .n,,!o!nosi.i, it hll" " 
.... mhe .. (If .. ther ul'"lic"ti"n.~ in 
the ph y" ic,. t "cie neet;. I t i .. ,, 1-
r"a,ly t ... iu I!- .. ~ .. .'<I ;n Ilit y@;.:: .. 1 
chcm;" tr)' I .. ",,·a ~ .. r" I he ; m _ 
I>cd u llcc "f S .. luliolls, ,,-h ere, hy 
,irille II( il <' fo"r_lf'r",innl c .. ,,

"celion , i t y ield .. rel'u l ts "hiel, 
nre i", I" "c."I.'II I nf I III~ i'''II" ,I_ 
;u. ("<.' .. f t l' e d,·c l rnd,·s. 

Ci lilerllleis ter, in 

resislanl'c of the 
bouy and the de
gree of I h yroid 

\Icasurc-
lIIent s of doc resist, 
;llIce 1\I; re, how_ 
ever.difficul t OIli ng 
to polariza'ion at 
tlte elcct l'o,I(". sur
fa"es allli 110 pral'-
1;(,111 use 11(15 madc 
of Vigareau\·s filld
ings. Folloll iug Ihl.' 
introduction of 
al tt'rll :! ling -, 'UrI'" n I 
II.'('hlli(11I1.' into 
de c t ro -c he III i c il I 
Itlea S lIrCllIcnts, 
Ccr111an~-_ rCI.K!ate,1 ha ve, bowever, reeei \'ed occasiollu I at

tenlion since GahTillli ill 1791 firs t dem
ons trat ed Iha", li "ing mallcr exh ibits 
electrica l phenomena. 

The first serious allellipt LO correla te 
the electrical properties of a human 

Vigoreaux's invcstigatiotls, tlsing alter
nating Cllrrent. Thi" a\'oilletl rite ,Ii/li_ 
('ully of electro-polarization as !'\uch. rt 
was found, howc\'er, Ihal there WII,,;1I.t 

a pprceia ble react alice e0ll1 ponell1 ill lile 
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I'ICLK~ I. E(IUivull'n l. network of the jl11l'NI. 
~l1ceft jujni,,!; foOl .... 1I)C lrOtk"8 .. 1'1'1;.. ... 1 .... tho: 
hvuy. The 4'lloctr.,.Ic.J ore lIullI l>eTCtl I. t, 3.oml 
I. P~tJ, II i~ 110" i"'I'Nanl'''' of the in term, t ti ~
sue i)f't"et:II th., ;uner eICCI...-..JC6 2 ami 3. 
Hunchee /) nml /o~ arr II I<' 8urfllc .. ,i"",,,· im. 
r .... bnc."I ,,,,,I,-r Ihe i""er pair "f 1,1."lr.,.,ICII • 
.. hil •. 1 unil C urI' each th .. IUlal iml'fiiun('e 
hf:lwco:n {",n" ,·I~lrode .,( tile ou ler !,uir lind 
th" ju"cliQII of the imlH:"dutlcee rt'prl'l!('nting 
ilUrface Ii"""", and inl("rna! ,iJ;me .. uti .. , II,,' 

NJrr"' l'ollding inner e lre lrod,., 

measured illl pcdancc. Thi" reactance 
hus the sigu or a capaciti ve n'lielilllce 

uhhollgh it is prohulJlc that it. is due to 
1)()larizutioll within the t issues. Very 
rcec nti) Or. Bralier, in Ellgla nd , has 
reported that there is a corre lation he· 
tlleen the resistance·reac tance ratio 
and th)roitl a('ti\ity. 

fn an allemp i 10 check Dr. Brazier's 
cOllcl u~ion" . an ex tensi\ e iO\'estiga Lion 
was carrie,1 ou l jointly b) Ihe \ l lI s~II' 

ehu!lC lI.& Ins titut e of Tcclmolog) And 
thc\la!l8achn~ tt s Cencnll Il ospital.*t 
T he first n >sult of major importune.· 
"all the uisco\'er,· Ihal. there "US a 
marked tlifTer(,m'c in behavior betwec-n 
internalllnd (,,,terna l tiasucs. Tllc Ilulll 
00 "hieh Illt'fie condusiOlls arc base.-I 
wcrc obtllined b) a llpl} iug four clcc· 
IroJes 10 the bOlly. The eurrcnt pllths 
joining' IlIc6t" four eleclrodes ma) Le 
cOllsitlcrc-d liS malic lip o f .!w pllrille 
branches. SOll lC of which are composed 
II holly of cX lerna l lisSUC li 81111 sorne 
whotl) of internal tissues. By measur· 
ing \\'ilh It bridge the impeda nct' be· 

• .., .... EIo<:,., ... 1 Im ..... I ..... ,,( .~ II"","" lJ<>.ly,'" 
J ...... 11....-"", .,..! A c.. 1 ... II.'e ..... ·u".}....,...J 0'''''' 
h.""b~ I .... " .. ~, I ... . m. '0. •. l'>",~.",I_. 193~ 

I '"Th" Ch.",.1 ~'~n''''. __ ... ):...., .. ",.1 I ... pod • ...,., 
tkl<:< ... ,n •• "", 'n '",,,rood D .... okn. .. 1I ..... on, \ ' ... 
R •• · .... w .. ". 1I .. \O."d"",.. ... "~~. J.n .... '. 
1936 ...... 72-10, 

L\\eeO each of the si.'{ jlO8@ible termina l 
pairs, the impedance of these M!parale 
branches Olar be cl'tlluatcd . 

From studies nlaflc III. flilTercnl frc
(1'Iencies, it was c I'illcn t that IICcu rate 
observations of Ihe rellc lllnce-resis l· 
a nee ralio (:ould 1101 be made fo r the 
e'{ terllal tissues a t freq uencies 11Iuch 
higher thliLl 10 k ilocyclcs, nor fo r tile 
iUl erolil tissues at frC{llICncies much 
lo\\er Ihall this \'alue. Consequcntly, 10 
kilocyeJes was c hosell as the most suit· 
able frequency for subsequent investi
gll iiolts. 

Data obtainell by the bridge rnet hod 
indicalCd that the illlpedll lleC of the iu · 
ter nlll tissue s offe rf'd co ns id e rable 
promise as a diagnos tic indica tor. In 
order to simplify the lIIcas urin g tcch
nique there llIls been dc\'elollCd a 
specia l form of al ternll ting-f'urre nl po
tentiome ter by \\hich the imllCdance of 
ei ther iot('rl1a l or ex lernal tiS&lIes ma r 
bt'- ~lelermille(1 in a si ngle measurement. 
This apparatus is tl e!>igncd 10 \\mk 
ouly a t 10 kiIOl '} des a nd he nce ca n 
he l·lIl ibrllt.ed to l'ea.1 rcacta nce in 
ohms tlirecl ly. 

The gcncral arrnngl' lIu' ul o f the 1"0-
t('ntiOll1l'lcr is sho\11I schc ltl ll tica ll) in 

~ ~ 

C -- ..: ..: 
- -

·~O:'O 
, . , 

view or the imped.nc .. com
p"utO. 
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Figure 3. Current is supplied inde
pendently by .1'0 identical trailS

formers to one pair of elecLrQ(lcs on the 
patie nt urul to a Siaudard circuit in
clutling a r.xe~1 resistance and the pri. 
lII ary II iml illg of a rulll,tllI] imluctor ll 
c ler . These two curre n ts arc brouglll 
to it/e nlit y wilh respec t 1.0 both mugni. 
tude 11111.1 pha se by adding in &eries ",ith 
tbe pUlicnt 8n impedance of such vil luc 
tha i the loads Oil the 1"'0 Lrandorrncrs 
are ident ica l. This condition is jmli . 
cated by C{luul \'oltage drops across Ihe 
ellua l resis tors II I a nd R, \\he n Ihe tie
Lector is 8\\ il ched to the dott ed I}()-

si lion. Wheu this itlClll it , bchlccn the 
' .... 0 currents has been eS lnlJlished, the 
de tector is sv.itched so th a t i t indica tes 
the difference bcl \\een the volt age set 
"I) bet\\'een the 8Cco,.d pair of clec
Irolles on tile pulienl and a volta ge 
composerl of the res.is lance drop across 
thc porLion o f tllc s landard res ista llce 
and the inJucc\1 voltugc ill the indue
tOllic ler secolld ary. These lasl 11\ 0 
componcllls are adj us lclluUl illhc dilTer
ellti:11 ,'ohage is zero. \'fhell Ihis. oon
dit ion is esta hlis hed , tile irnlledullce of 
tha I. l1Orliol] of the pa ticn t Il hieh is 
COlUmon to Ihe 1\\0 currellt paths he-

OSCll LArOIl 

\\.,\I,j-il-l ',, ' 

]; ~ 

'f "~""""" ." 
,r»-------' 

PITlCTOII 

r ":lJu; 3. SehC",,, lie wiri ng .Iiagram or Ihe i"'I'.!tlallce CO"'I,aralor. ,"dmli,,!; thc "ct,,·orl.. rcp
r_ nl ;ns Ihe 1'"liel1 l. Since no currcn t 1I0w throuth cleet rodes I' , and I', II I bal.rK;e, the$(' ac t 
.~ po lenti.1 let'm;n.l~ li nd mcasure the Iru" in to.'r" al iml--'ance DC II,e lUI l ien! . L'Orres llOnding 10 

U ill Figure 1 
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=.= : 

FWIjRt: 01. For eon\'e nieT1~c Ihe iltlr~Jnncc 
~'Qll1lll1r Il IOT lind its associOltcd allll' l;f;er a lld 
pow.-r surr1ly lire mounted ou Il "'h 'u wIIgou." 
The author i~ ~hown nlc" .urinr:: Ihe illlr>etJancc 
of" 1'lIlienl. On I he I'l'I;Cn l '@ righl llr'" are ... 1t' 

inner lind one om,'r el <lClr .... I,~ . The oth"T puir 
of clt'Ctrod til nrc On the left Mill 

lweel! the 1 \\0 p.tirs of electrodes is 
known to have a resis tam.'C component 
equal to the included pon ion of the 
fixed resistance and a reactancc com
ponent c<lual to the mutual reactance 
of the inductolllc ler. 

: ; 

" im pedance comparator" has becl! 
gil'ell , extensivc Il1casurements hu\'c 
bee n made of 11 wide I'ariet)' of patho. 
logical cases, Extensive measuremcnts 
have been made also of the va rililiOlls 
occurring in a si ngle indi vid ua l. The 
results may be generalized briefly as 
follows: 

E"cry person in norllla l health has a 
I'ulne of Q for the internu l tissue which 
is characteristic of him liS an indi vidu al. 
Any abnorma l pathological condition 
I\ill act to change this va lue, and 
chunges of the order of 2 to] hn I'e been 
observed. For indil'iduuls in uormal 
health Q lies ue tl\ ecn 0.10 and 0.07. 
The pathologica l spread is frolU 0.02 to 
0.14. In a sin gle indi vidua l, Q may vary 
as Illud. as ± 10% depeJldiug on the 
preceding history with respcct to 
fatigue. 

These studies have indicuted that 
there are physiological differences be
tween internal and external tissues as 
wel l as electrica l differences, and it is 
helieved that Ihey should be measu red 
separately ill l illy study of the correla
tion bet\\'een elecl[icul impedall(.-e and 
pathologica l condi tion. Por slIch mcas
urements the compara tor described 
above has bceu fo und to be Loth uc-

Usi ng this dClcil..'C, to which the lIame eurute and coll\'enicnt.-J. W. 1·lonTON 

A NOTE ON THE USE OF TYPE S08-A OSCILLATOR 

USEltS of the Tyl'l': 508.A Oscillator 
may experience some dimcuhy in 

securing proper opera tion \\'ith the 45· 
type vaCllum tubes currently available. 
The new tubes produce an apprecia bly 
grcater ampli tnde of oscillation thall do 
older types. ln t.ermiLLent oscill ation at 
3 kc and 4 kc may occur owi ng to a 
charge accumulating on the grid COIl-

denser and resulti ng exccssi \'e negat ive 
bias. Thi s can be remedied by using a 
lower grid leak resistance (30,000 ohms 
in place of 50,000 ohms) , or by intro
ducing u resista nce of betwecn 1000 
and 5000 ohms in series with the grid, 
i.e., betweeu the grid coil ami the grid 
itself. The lalter method is preferuble 
since it improves the w3\·eform. 

- lL F. FIELD 
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- CARRIER ENVELOPE ANALYSIS WITH THE 
WAVE ANALYZER 

FOUie },cars ago l this company all· 
1I0U II CCti a distorlion fac tor me ter 

which gave the roOl-mea n-square dis
tort ion of a IOO-cycie signal. This in
strument, whe n u~" in COlljUIlClio ll 

" jlh a modulat ion meier to rec ti fy the 
r_f signal , gave corrcspolHlill g results 
rOl" the carrier CII\' cl0l>C of a radio 
sigllu! modu lated at. 400 c)'des. A 
more rcccn t illSLrUIlICllt 2 combines 
these fUllc tions in Ii single unit. 

Al though distortion lIleasun:: II1 Cl1 t ~ 

at rile stamlard lest frcqucnc) of -100 
c}cles are adc(lulllC [0( a ll rou tine 
checks on hroaJ cast transmit lers, t he 
larger sta t ions. groups of slutions anti 
transm itter manufacl.urers o ft en "isl. 
10 mllke these measuremellt s at o ther 

..- tC81 frc{luencics or throughou t lhe 
aud io-frequency range. While inslru
mCllt s hil\Tc been built to ortlcr for 
si ngle test fn!(lticllcics, the he tcrodyne
type wave ilnalyzer is the best a IlS',er 
10 this need Lceause it is not lirnile(llo 
a single.frc<llIcncy fundamental. 

TllCre is still one mi ssi ug link- Ihe 
;tpplication of the audio.frequency 
he terod yne wllve analyzer to a radio· 
frequency carrier enveIOI:Kl. T his nced 
has bccn takcn care of HI w me eX!Cnt 
by pro\·itling "EN VELOI' I';" termin als on 
tile TypE 732·A Distortion and Noise 
,\ 1e ter. which makes the demodulated 
output of ils lincur rectifier accessible 
for further unalysis. Tllis. 1I0', e\'er, is 
a compromise Lecuusc the distortion 
and lIoisc metcr is designed primarily 

• 110'. N. T""Io. "0;,,,,,, M .... ""',,, ... ,, "I II ~C""~'h: I)i.· 
'.,..1 .... ;' c.;en~,.1 fI."~, 1-2>.,_;",~_, 1'1, (;, j\<l,'c, .. b<:" 
1?3 1. 

"..,... • I.. II. A"uin,I .... :· ~I,,"i",,.inl<" 11, .... 1,· .. ';", s,., ;,,, ..... 
G~ ..... I « oJ;" f::r~;",~".".. IX. III. 'h"h, 1?35. 

for 400.cycle opera tion, and its char· 
ac teristics are not enti rely sa tisfactory 
" 'hen Uluch higher modulation fre
quencies are used (alJo,'e a 2000.cyclc 
fund amen ta l, for exa mple) . 

A simple li near rectifier to plug illl.o 
the Tn·li. 636·/\ Wa"e Analyzer is not 
tliflicult to construc t. Fi gu re l is a 
photograph of one lIscd in the labora
tories of the General Badia Company. 
The circuil is sho\\ II ill Figure 2. 

It will be noticed thal the circu it is 
elltircly COllvcntiona l except for the 
choice of constants and thc physica l 
arraugemcnt. The vcr) Iligh leak 
resi .. to r is made IJossihle hy the fact 
[hat full -sellie defl ection on the wllve 
IInalyzer is ob tained I\ ith a current of 
on ly 0.01 microam pere. This freedom 
ill the choice of coustants makes a 

' I~ U." ',uj",b.u,"W .. e "nOI)."."Gc,,<, olll . Jio u. FIGURE I . Photograph of the linear r.x:lifier 
I_i"'~"'r. \'H I . 12- 13. ),," •. J.II,'. 1913. IIl!,8embly 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



6 THE GENERAL RADIO EXPERIMENTER 

FIGLIII1 I. Sll< .... ;up; the r<:<:lifier plll~ed into 
thll inlill. terminalil of a '1'\I'g 636. \ Wave 

Analyur 

highl~ linear tlclector l)Osbiblc. Tilt: 

acorn i) I"lCofLlIlJc \\:Isf'hoscrl prim arily 
because it s illtcr·clcctrodc capacil,
from pili Ie and grid to ('uthode is ouly 
2. ~ }Jpf, "hich permits Ihe lise of II 
61111111 series condcn..er \I illl couse£luenl 
impro\ cmen l of tIle lIudio-frcqucncy 
chnracterist ic. III('idclIllIlI). Ihe effec
tive clirricr.frcq uclicy input impedance 
is increased. 

\Ithough not nCcc!I8u r} . the meter 
13110\\ n in Ihe circuit diagram is useful 
in measu ring the magnitude of the 
rKllio·frc(lucncy input vollage. 

FIGlJtll1 2. Circuit diugrllm of Ih., linear rocl;. 
Ii':r 

• 
'"'-

The lIIe tallized LO-megoinn re"is lUl 
is 1Il01llltetl 8S II dircC I COlllu . .'ction be· 
tllcen two shiel/l ed compartme nt !!, the 
cm!s being in tlilTerCllt compart mcnts. 
No attempt hil S hecn made to measurt· 
t 1, ~ ellui \'a1ent d irect shunt ing capaci t} 
across this resistor, but it is less than 
0. 1 Jl.j.! f and is probab1~ vcry much 
sJlllIller Ih an thi il. T his lIIeth01.1 of 
mourning is vcry im porta n t since a 
/'u pacity as large ns 1.0 j.!j.! f \\oulll 
i)t'gill to cause trouhle at 10 I.e. 

The circui t as llra\\ 11 is sn tisfaclory 
at modulation fre(]uencies UI) to 2000 
('yelcs \1 ith a lmost perfect Iincar detcc· 
t ion e \'ell wbell 100% modulation is 
exceeded. At modu lation frequencies 
up to ahout 10 ki loc)'cles it will \Iork. 
linea rly, providcli the modulation per. 
('elliage is nOI a llo\\'ed to approach 
100% . 

I f the series resistor is replaced -'" 
Ily a l-megolllll )lud , as sllo\\'n in figure 
3. the linearity II ill not suITer \'cry 
much, and the Llll it ma y thcn be used 
at 10 kilocycles witl, 100% 1II0dulation. 
It turns out tha t, if the lillie conslant 
of t he eR combination is chosen in 
such a way that the nct itnl>edance pre · 
seuted to the tuhc al Ihe moou lutioll 
frc(llicllCY is less thun Ihat prcS<: lI lCtl to 
the rectified direct Cllrrent, the c):trClIle 
negal i\-e l>eaks of modula tion \\ill bc 
somewhat clipped, ge nerating distor. 
lion. - L. ll. AJiGUIlIUAU 

r--------...-----
t r "'-, 

...., t-
I 1"'-----, 
I , , 

j 

F1t; UlU~ 3. ,\ ltcrnalive wi ring diagram US;"I!I " 
one. lll cl;:0h", I)ad 
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VARIAC LIGHTING CONTROL IN THE LlTILE THEATER 

LlCIITING control in the little tbealer 
presents a problem whirh laxes 

even the ingenuity of the umn lcur 
property man, who must reconcile lilll
ited (umls nOli a need for fl cxibi lily 
wi t Ii the necessary rC{luircmcn t of COlli 

plyi ng wilh .he ulHlerwritcrs' fules, 
The VA iliAC prol"ides a cOI\I'en iCn L 

ami cOicicnt I\ay of solving the prob. 
lem. It prol'ides a smooth va riation of 
illumination a nd eliminates the "aBle 
of I>o\\cr " hich is inherent in resisli, c 
controls. In nd(li liotl, the VA R IAC 
cno be used on any load up 10 its III:1X' 

illlllm capacit y. white resistance dim
lIlers are dcsigucd for a sin gle load. 

Figure I. shows a lighting contro l 
unit buill by Eas t End Electric of 
\l c8th ille, Pen nsylvania. and used III 

"'- ' he lillie Ihea ter at the College of 

FIGllMS J. J'holol:nlph or the lighting-conlrol 
pllnel 

FIt:lIU;; 2. \'t iring .Ii llgr,,,,, tillo,",;ng CVllncc
lions for one J , I/O/ I e 

\\7illinlll and Mury. I t is e ntirely port. 
a ble 110 that it t.:UII he moved from Ihe 
Ihellter to li ll y purl of the ca mpus 
where it is !lecllNI. Uy Ihe use o r 
VA RJACS, a ny I' izc la lllp load up 10 

2 k"' ean be dillllllc(1 from full inlell 
sit )' 10 blaek ou t. 

The board has 11 tOla l IOlld eltpacitJ 
of 33 kw and is supplied" ilh /I large 
S lltg.~ ea hle Ihal eOllllCl'ls 10 Ihe COII 

trol bO(lnl al tllC renr of lllt~ main 
snrc lY switdl II I Ihe base o f the unit. 
t\ II ligh ting elJui plllen I limier eon I rol is 
pluggc(1 illlo the pin COllll('Clor outle ts 
on eilher sid!' o f 1111' mai n IIwileh. 

T ell sepnrate e irel/ili! are provided 
... ill! ('(lnlrols lI rrnnged 011 the pnnd in 
1"0 horizontal rows. The VA /UACS 
are below t he ro\\ o f loggle flush 
s"il('hes (' orresponding to 5, in Fig
lire 2), and bclo\\ the VA RfAC5 are 
Ihe enclosed single-pole double-Ihro\\ 
kni fe sw it ches (S~, S~) . 

Figllre 2 is 11 wiri ng din gram silo" illg 
lum cneil VA U/ 4C is con neete(!' He 
(erring to Figure 2. if St is in the UpfH!r 
posi tion , outle t A is connected to the 
VA N/AC, and i15 voh age lUa)' be 
varied from zero to full line voltage. 
The switch ms)' then he thrown to the 
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lo",er 1>OSltlOo , connecting OIllle l A 
direetly 10 the line and lca \ing the 
VA RIAC free (o r use on circ uiL B by 
mea ns of the switch SJ. 

This fea ture add s to the fl exibilit y of 
tile board , making it possib le to COli

trol Iwo SCPUrfllC scenes frOIll Ihe slHne 

VARIAC and to swit ch from 
---. 

one 
scene to the ne~t ' I ilhoul loss of lime. 

While the conlrol board described 
Ilerc approaches the pro l"IOTI iOll8 of .II 

professional ins la llaliOIl . smaller .lima· 
teur unit s can be buill a long the S8rne 

lillcs, using Sllla lIer types o f V I HI A CS. 

REACTANCE CHART 
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· • 

• 

""_ .. .......,...,..,.., .- .. __ .... _-------------_ .. _--_._._--_.--,_ ... _--_._" _ .. _ .. __ .... 
~_4 .. __ ._J .' .... ____ ._J_ __ ,"_-.J, 
____ J_ ... _ .... __ .-

........... ,-,.--._---J __ ... ___ ~_ 

--.--.--._._ .. _------_ ... -
~=::: .. =-:, .. :~~ '-"'-"'_4 __ 
_ •••• _ ... ~4 ... --_ ... _-
-'''--''''' ' --.... ~---

G ENERAL R ADIO COMPAN Y . 3D STATE 1!:TREET. CAMBRIDGE. MASS. U.S. A.: 

We st ill have u\' ailahle a numher o{ 
lurge rcac tnllcc charts similar to tha t 
shOll n a bove. Thcse ('ha rts Ilrc 19 x 211, 

inches and nrc sui La ble {or IIlo unl ing 011 

the wal l. Copies IIilll )oJ 8ellt {rce to all 
who rC(lucs t tbem. 

GENERAL RADIO COMPANY 
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