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XfTE:\UAT[O:\ "\IEASUIU':il IE~TS 0:\ 

'1'E]'EI'I[ ONI: A~I) 'J'l:f.I': GR .·\I'[1 Li NES 

I x its nlo:.;\ clelllcutMY rorm the 
mell<:(lrCFlICIlL of the atlelLllalion nf 
a telephone or telcJ.,'l'aph e)r('uit 

cOHs;sls of IIlca~urin,l.! I he power de­
liyered 10 lh{' line al the Irllll.<;lIli lli n,l.( 
enrl and of )Ja·ll>lu rillj.( the power dc­
iivcrt.'il h,Y the iille:lt the rcc(,lving cnt!. 
The Itl tl'lluuliOlI-frcqllclle.\' dlara<:lcr'i~­
Lie of it line i ~ obtained hy repeating 
these ml'asurcmCIlI ... at a i:uitahle IIU1Il­

hef of known frt'qneueici<. 
I n ll1akillj.( the;;;l' mcasurClllenl.~. IIII' 

ilrlpcdanl'c of the If>lld to which the 
line ddiyt'r", (· l lcrj.()' i~ !!('Ilerallr made 
l't jllHl lu. or IIw\('hed tl>. the dwrad.l'r­
j"I;I' impcdam;e of Ihe [i1l(.:', wll;,-II ('an 
u;>;uulh· h{, t'nllsid~ red .1:- 11 jlllre resist­
.lIwe \~' it hou t appret'1ahl(' error. Ir t hi~ 
lIlutdlillg conditioll is met, t hc powcr 
delil'ercd h.1' tilt, .~our("e uf cllergy to the 
lille is idcrllieal wi t h th e power which 

• Chief ErI~irlCt'r. (;{'u{'nol lI"d io (·(lml~IH~'. 

the SlII11e source would deliver to the 
lo.ul. wcrc the 1.11 tel' {'Iltluectc,! 10 tile 
.~O llr("c in plat'l' of till' lim' . . Ftll,ther­
morc, when the lim' is ('onnccled be­
tween Ih t, !'OlIn'e and thc 1001d. tilt, 
\'oltllge ac r·os.~ iL~ inpu t Lcrlllir1HI~ alld 
the yolla~l' .lcross the IQad termilllils 
llIay be used aN :111 inciielltion of tile 
power rcceil'cI[ and ,ldil'cre,I, inasmuch 
a.~ lhc~{' l'olhlgt·S UTC illlprc ",~ed IIpOIi 
t'ircu;t" of equal impeilallc(', 

III ]Jr:lclicc, Ille l"dore, l.ll e IIl ea .~ lrre ­

m{'n! of line atterHl<ltiou i,.. efft,"<:te,[ 1,,1' 
!crmirwlin~ the line III :1 .~ uil1thlc 
101111 IlIIpe<hI11Ct'. aud ill Illt'a,..urinj.\" IIIl' 
\"oItHge.~ a("ro~~ its ill put lI rld ou tp ut 
lermiuHk Vrom lhe Talio (If thc..,:c two 
yoUliges, the altclIlI:lliQu of tire lillc. ill 
lrHn.~mis.~ ion IInit ~, ;i; ohta iued hy till' 
followill!: equll t ion: 

, . 1 I ' i~ 1 'I 1 . ='l(J ()g\ O-. ~ lecl.(,~. 
I ~¥I 

"'WI Hie I. ,\pj).1nolu< uud l~J"'H."(·til"" for mea'ur;t\j{ line Htlenunl;on h.r lhe mlwli lic:nli'm of the 
'II,urh ... 1 Illcthod dc<cribed iu 'he 1IC1..·()"'I)an~'i l\ lJ: "''Iicle 
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]" pradicc. the voltlLge al tile rc­
Ct' iviug end of the liue gt'ner:llly lias a 
Illaglliludc so ,~ nw.ll tllat il elill uol he 
measured h;'! :UlY availahl e ('lLlihralcd 
instrument. It is customa ry, t he refore. 
to resort. 'to a ,~ll hslilllt.ioll IIIdho(1 ill 
which :1 clll ihra teJ uttClllwtor, h;willg 
the .~alllt· impedance dl:tl'acter;"tic ;1.'1 

I he liTle. is IJscd lit I he ]'ccciv lng' ter­
mina1. Tile arrallgement of circui ts i" 
showJI in Figurc L 

The atteJlllat.or rccei\' e.~ c llc rKv fn.Il " 
a source 8i llli l:lr to that eOllllt'('led to 
the trli llsmilti lig end of lhe lillt'. Tile 
"oltagc across the in put termi uuls or 
t.he atlenuator is adjusl.CfI to be equal 
to the voltage across t he illJlut tcrtlli ­
Ilal,; of the line; hell(''e, as the imped­
;11IC'CS a.re eq uill, the po\\'c'r r1.cli\'ered is 
the same ill each cas e . . An ampli fi er 
lun'i ng illl input im peda nce eq ual to 
the chur'l(:leristie line impedallcc, and 
therefore slIitll ble for usc as 11 load , is 
oolUl(.->cted a lternately to the line and 
to t he cal ibrat ed HtlCntl1ttor, alld lhe 
latter Mljustcd unti l t he output of I he 
amplifier as indicated by any i(uitable 
ill sirullle llt is tile l'iame for both con­
lIecliolls. Whell this couditioll is 
reached , the voltage set up across t he 
lond I>y the line is equal to the knowli 
volttlge :;el up across the SlIllle load 11:,' 
the ClIlihruted aUcllualor. Por ("Oil · 
ven iencc. the latter is cilJiiJral ed in 
transmission uuit.-; - genl'rall ,r in d t-'C i­
I){')s - and. hellC(', the :lltcnuation I)f 

tl w lille i,~ indicated dirt'e Ll ~' by the 
selling of the ;lllClHwtor 

A.'1 I U1.~ 1III'ellJ y h(.'(' 11 lIole~l , the ellli­
bmlcd lIltClluntor mu.~ t have ti le saUle 

c haracteristic illlpcdall(''e as t he lille. 
Th is (."Ondi tion a pplies only to the in­
put termina ls o f til e lIttClllwtOI'. awl 
it is imposed in order that e(pllI! yoll­
ages across !.lIe inpull.o the line IIl1d 1I1e 
input to the ali e l)UHtor shall indicate 
e<tlw i :1 11101l1lts of power. Wh ell t his 
condition i,. met. il is fl.ppal'enl t hat t he 
cal ibrated allelllW!OI' presents the ."autC 
imp<:d:Hlce to I he seeondllry ."ouree Hl'l 

would the load , were the s(.'(;o llda~'y 
source ;J uri tile load C()JlIlceled tii recll ,v 
togethe r, 

Provided Il lat t he input impe<lance 
of the attenuator is the SHllIe as tIl e 
load impedallcc. it is ulIlle{.'t'ssary for 
the output impedall(:e of tlle :ltlenuator 
lo match the load im1>Cflau(-e, i l.1 a~­
much as the indicated a U.£'iluatioli for 
Illl,Y scU.ing r('fe rs to Llle actual ratio 
betweell t he power su pplied \'0 the 
nttelluator ;Ind the powe r deli vcl'(.'(1 b~' 
the a ttellllator to t he IOild. In other 
words, in t hose Iltlelluutioll net works 
which present a constant impcdan<:c to 
the source ollly (i. c., L-type networks) 
the loss due t.o the impedance mis­
match on the load side is included in 
the calihration. 

In making the measurcmellt outlined 
ill the preceding discussion it is . of 
course, necessary to be surc that til e 
freq uency of th e e ll rrent supplied to the 
line and the frcqllency of Ihe eurrcut 
supplie~1 to the calihrated allellllator 
are identical. I n o rd er to a void the 
necessi ty for repeatedly makill g this 
adjustment. and also to perm it 
t he me!l.stlr('(nent to he made in cascs 

(Conlinuc(l 0 11 1)uge 1) 

Jo'IGIRfl;1. 'I. nlel,hod "r mensnrillg tine lItlenul'ltion l ik~' th~l or lI igu~ I ex~Jlt t.hAt 111\ Ilmpti6er 
r"pli,,"(>~ l1"' o<;","~t" r ijl ,,,,, re<:eivinJ,! en.1 of the li!lf~ 
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,IMPLlFIED l NDUCTAN E CALCULATIONS 

W
l-lLLI~ much material ha!> IJe<.n 
IlublisheJ Orl the culculatioll of 
the inducta nce of coils.t the 

forruulae given arc jll general not ('011-

venit·nl. for cngin!'ering lise. Two dif­
ficnlties are CllcoUlltcred in lIpplyiug 
tile rf.·sult s ill clI~incerillg practiC(>, one 
heinJ.: UlC ill\'ulvcd cornpulfrtiolls and 
the otllt-r tile fact thul ditrcrcll(:es in 
form lind wire sil',cs /lnd errors in the 
n,easw'cmcnl of these factors iJltro­
ducc torrors ill the cniculatiollli which 
In rgct,v vitillte t he III il ily of precise 
rfWIHUI:tc. 

For ~ingle-ll\.ver l."Oiis at radio fre­
Ill/Clrcies (: lI1d , with slight modification. 
fQr bank-wound coits). K:t.gaoka's for­
Ili ula probllhl,\' is the hest for gelleral 
1,-'lIl{inf.-'Cring use. While ueglecting' tlw 
shflpc lultl siz!' of the cross-section of 
I lie> wire. the self-c:lpucity of the wil1o­
iug aud the variation of illductlltlce due 
III ski ll-effccl. ilma;", be s llOwn tliut the 
formula gin's aUout RS good results for 
h i~l l-rrC(ltiellcy induct.:IIlCC lL'i can be 
uhtuiul'd. 

• Ellltin~r, Generul lI"di" COUlI"'Il," . 
t:;,. i" porli('u]nr the IllIiJliCllLion, I'll 

II ... I" S. 1IllJ'f""" <.If :;t8 ud~rd'lIud the 
I'rut\l't"(I;n~$ ot the IJiSliL .. h~ 01 1111<1'0 
1·: uj( i11t'(>r,. 

F/(H'I!& L IlIdu~·t~nC(> ,It coil~ 
(lI,hely ""Hlml 011 l;elll)rlli 
1I,,,H,, T'fl' f) .i77 FOrtH ;I~" 
ruuC(i"n ,If t1H! nurnLer 
(J( IIITII'! "ud difrN"nl 
~ir",,~ "r doulol,...."ilk­
,·"vcrt'(1 "'i~, Tllble 
I gj,.,.< llt(l I1U",-

I.cr .,1 lurm 
fur thi" 
fornt 

T abl es of the values of Xagaoka's 
eorrectioll fllc tor ha\'e been preparoo , 
but req ui re (:ollsiderable time to usa 
dlle to the oec('ssity for interpolations . 
The table va lues may be plotted in t he 
fo rlll of:~ curn", but a more COII \'CIl;cnL 
interpolation is madc 
possible by plotting' 
these values Oil logar­
ithmic sca les, a,<; has 
bccn doriC ill Figure 
3. Wh ere much 
work of Llris type 
is d Olle. the 
seales llIa y 
he transfer­
red to 11 
s lid e­
r u 1 e 
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NUMBER OF TURNS 

r 
'i 
z 

'" " Z 

~ o 
z 

inches. II i.-; thf' numh(,-r of tum:;. 
b is Ih e.- 1e.- 1I1-(!1I of t ile wizuling ill 
inch{'J<, Hlld 1\ is :\Hg!lOka'" cor· 
re.-d ion fador wllidt is 11 function 

of (~,) or the ratio (If diarn('lcr In 

le ll,U'th of the winding, 
If I/ e i .. tilt' lIumber of !urlHl pcr 

iuch. !iIe intfnci.:lnce ami ra lio (If 

diulI1(' l l.' t 10 IloIIg lh ;Irl' HlOrc " 0 11 ' 

\'l'nil'lI!l), gi\"cll by : 
1,= U " 1I1f13(1 ~,m~h-. 

F" .\ u.: ~ . Imlu.,:tn'lCe "r {"il. "' .. ,mll .m r.e'ICMII 
IIII\Ii" '1'\'1'" ,i17 FUf1ll "illl ,luul,lc·.ilk-",,,' .. no;l 
"i,.., in wl,ich lilt: IUfn_ Iu.\'o' 1\f:t!1I ~'qUI1It,\' '1".<:<.,<1 in 
"f, let 1(, liIIllle ,( · inch \\ill.lill)l: '1IHI't', II I''''', "._ I t " 

lII il'rohcnr." ~ ('l) 

M I. = O,O-2 ,.j Id! 'I/I . I\ . 
lIli( Or() ht'lIr."~ (:3) 

~oth:ttlln rdN('IK"(' IU I)ri ll l l'f l Ilwlcrial 
i:; requir('d, 

The formulae J.( i\'cn 11l'1'(,. II'h<'-1I C:II'C­
full)' appli~1. j..!'i\'c \';du l'.~ of infillclUIl('c 
to wilhill ;,hollt ! WO ller (."('111. for ,i IIgle· 
Ia .... er (.'(,i l .. and to within ahOllt fi ve per 
(.'Clt!, for four.la.rcr hnnk-wOUlu l ('oil. .. 
for frequcl1('ies whcre the eoil.~ 1I'0ulli 
..ervt H" lIorll mll ulI{'fI -l'irt'uit delllent ... 

Th{' gencra l formula is 

L = ~, IIIO::,(/ ~ " ~ I\ . Inierolu:n r,\''; ( I ) 

\\lll' r,' 1/ j. rmlill;; of a lIIeOll1 lu rll in 

9 

1 
-lfl -l(W,. d'h 

IV Il're = =-
/, 1/ /I 

IIlImeri(' ( ~ ) 

OIlid d is Ih e di:nncll'r 
Ilirn ill illd,e~" 

or 1 hI.' mell n 

(;i\"CII the size of wire 0I1U1 i t ~ il1 ~ "la~ 
liolt ami t iLc IliOllllcLer of Ihe coil form. 
II .. as wound. is fOHlil1 fro ll l Tahl (' 1 aud 

dll . . 1·1 1 r 1 . 1 1.-; rl'a( I Y (,(II n pIII(,1 or a n,\' ( C~ lrel 

" 
1II IIIIhe r Ilf IllrliS. 1(':11 1111(' l-orreSI14)ud-
ing \'alue of"" frOIn Ihe ~ca lt'.; al lh(' 
lefl. Th e illdlll'l allec i~ 
Ihell {'H~i ly (,'''IIPlltc,1 II,\' 
m('l1l1~ of lilt' slide-rille . 

• 

-

I 

1'"illI l'll!!!I!'''ll!!jlll'jl'l 'I 11'11 1 I " I II ' II 11111]11)111 IIi 

o~"I"~"!'I!t:'"!"~ 

1lllrrllll jl lJ11f1 j'il1 
~ ~ ; a 

~ ~ '3 ~ ~ 
111 'I I II I III! it II I "I !! I I t I , I I It, I I I I I I ,I I I I' I I j I 
If " r , 

.s; * ~ :8 

0l~ ~ c 
'" "'0 

I 1 I 1 , 
2 
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Yot.. \ ', Xo. H 

",... ~'o r hankt",1 windings o f lIol loo J.;"rea t 
,It'pth as l'olll pme<1 wilh I he diameter, a 
dust, approximation for the iuduclall<.'1.' 
is ohtnilled hy u!<ing X'I. for tl 1t~ turns 
pcr iudl (when' S i ,~ the lIumiler of 

1 k 1 "Sil o r 1 ' I' )all ',~ ) :UlI .- o r I I(' ra t LO o f 1 lalll ~ 

" ('h'r to len",111. 

'1'1 ~II dS,I . . () 
1('11 = -- 1lfl!lICl'1C ,1 

b " 
and 1.- O.0'2,ild~SIIII~ A.-. 

llIit'rohellr;,>"~ (6) 
Tlu.' lIum lwr of turns re<lIlir{ ... 1 for 11 

de"ire<1 \'llllle of illductlUu' e CUU llot he 
dirt.'('tl~· c:licu laled si ll(.'(' 1\ va ries a~ /I 

i~ , 'ariCt I. \\,il h givell types of wind ­
inu·~ cXIK'riel\(:e wi ll iud ic-l i le lin ap­
proximate ,'a lile for t he liu ll ilJ('r flf 
tHrll ,~ , If ti ll' (,OInput li tioll .~ ar(' c:l1'ricd 
ou t i lUd th e inductance ,,1I11Iil/ell i~ 
neur t he dcsired ,·:tllll~, Ihe <-orred 
IIt11ul)('r or turns to g-i,'c Ihe ,It'si r('ll 
\,11111(' li my he oht:lin{'f l h," relllljll .~ t ~ 
menl. siul'C I\. docs nol ,'ary rapidl,\' 
..... ith II. " 'here IIHllly "alues arc re~ 
'1uired il i~ si mpler to ('aleulate 11 i<uf­
fjei"111 nUll/het of \'ILi uc" fot a c urve, 
Til e rNtllired val llC" Inny t hen he read 

~'"mot..,,·~ ... ",.1"", A' fur off I'l ired I,'" (~'t' Fi ~lIre:< 

dl~ on" to;.rllritlnni('<('nlt' I nlld 'i!, for ('xampl(' ,) 
" 

,; 

T .\ III. I-: I 

'"" Fn.,. 
". ~I ~(''' 

W'N>: FUN .. 
II,~:': __ - ' __ 

F t · '·i"~ll) (' '' b l~ "inotle1 0""ble ' l)oy, 
." .. " '~ I ,~Il~ I "il~ ~I('"tt v" ,ble,silk 

~, ~J " 'l,; " " ,'ill 

" :11, :H :1'1 , :U :m II I 

" I.; " ,~ " :i.,; ,Ii 
" .n .H I.; .'011 " !Jlf 

'" " HI 

I 
,;:1 . ~) " !Iij 

'W "" ., "II " ,j,; IW 
:H HII if,; 7.1 " I, t '" 

I';x \\U 'U:-; I)~' ( ' .'1.1 ' 1 1 .. \TlI)"" 

G;n'lI: FOI'III dilllllt't er= -l.7:i illdlt,~ 

«(;cllcral B.nd iu ( "'IIIIIIIIIY 'I' n· .I:: 57. 
Form), Wire ,~ i zc - ~o. ~O d()u hle-~i l k­

t.-o\'(~r('l l. Find: T llc illdlll'lall{'(' for ('(li l 
,)r :J:j IlIrn ~, 

" ,(/('(.'t/llrr: I II T ahle I lind 1I. ='!;i 

( V ';+ 1 )~.; rill .. ,J -
-= ~, ' = I ,n !) 

" t! /I . 
1"1'0111 ~, 'a l l ' .", o P l llbi lt, I .!J!I fOi' - . n':!,1 

" 

j I t I I I I I 
~ ~ 

I 1111 1/"''' 1/ lilt" "II II I I I " I I l I ! I 1 I I I I I I I I I II I I I I I I r I T I r 1 I I I I I 

~ !:::!:!~~ !!t:!!!!B ~ 

I" 
~ ~ • 

" 
Itllltltl l ! I II I 1"lIlltliI 'lp l lllllll1tl llll lltIIIIII III J I I I t l'l 

1= ,-
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6 TilE GE~";R"I, H..\I'lIO E X I'EII I'\rE"XT .. ~n 

,---------., K = O.526 

FOR MEASUREMENTS 
OF ATTENUATION 

o C ILLATORS 

TYPE 377·B 

Lo ... I'.~""""O 
0..,/11"'0. 

$JSO.OO 

c;..... ..... I,"""""",,, "'nil:<' or 10 ro.ooo ~f" ".m 
WN ...... ·dnnn ...... ,taI ..... ~ ... u-c.' .""""",UIOlt 
.nJ r(!<X>~I"'" ."IlJ "r I"", 

POWER·LEVEL 
I ND ICATORS 

TYPE 586-A 
1'"""",.L,,,·d 

'"die",,,. 
$60,00 

t.s...r ~ ... 11"><11 un"", \yJ,1IfIC "" ... .11 ' " t"",.OO to 
.'.C""ut~ ... h .. , C ,I,hnnrd '" db bel .. ot<>- I() 
• ..J~k>""". 

ATfENUATION BOXES 

T \' I'E 2.-49 

T\" '" 12', 

!io.:HrRI J llk",,,' ' YI"" 8 r~ ava,lahk .. "h I ..... · 
T., 11_, nn..l lllll .. ""aJ·ll· tyl'" .... ,, ~Ir1, Th<r~ " 
..- '" "I<~' n~'y n .... 1 5. .. ,: C.,,,I("ojI F_X 2 ~ ". 
!un"u , ... L"'''~''kln 

OUTPUT METERS 

TYI'E 486 

$38.00 

. . . 

.. 

,;,!" .,.. ... 
, , 

• ::.~ C!:.9. 

.\ ~.."."'"nl<""( in ''''''ICfl~ lOt- 'OO.,."nl( .h~ 
)"It ... tr .kt.v<rnI h y t he I,,,,,", "'''1'10(,,,. i\o.~u .... c 
,,'"~t awu"(n~JU<""'Y har..! 

CATALOG F·X> 
./. ""," ,,/I ,of 1M.., ...... " ...... ,," in ,ut",( Ad 
Jar a ".,.~ "" ''<'''' "" •.• ", .... , ,,,,,,,1w.J</ 'o"'/'ttllD 
UOl"'" .... ,fit« .~~~." ... 1'<'" .... 

GENl:.RAL RADIO CO~\PAN \' 
C AMOIUOCI! A MASSACH USETf"S 

1. = 0.025 1 X (2.79)~XS5 X,!5XO.5'l6 
= 00.0 microhcnrys. 
For 1\ rough estimate, lilt, diameter 

of tll<.' form llla;'-' oneil IX' Laken llS the 
diameter of a tUrrI . J II the ;dxwc ex· 

I I · I . cillo .... 0-IIlTlpC llis Pt'O("('( lire gl\'es - - l,,, 0, 

" K =o.5:'m lind /.. -88 microhcnrys. 
which ditrcr.~ frolll t he pre"ious vlIllle 
by ahout 2.5 IX' I" CCIlt. 

For hank-wou nd eoi ls all ('xll lOl)le is 
liS follows: 

Girell: d='!.i5, t/ . =~5, .\'-4, and 
1/ -~OO 

(~,75+ .!.)25 X'~ 
Thcll, dXlIo = !i5 

It !lOO 
= LA5.'). 

From Figu re 3, K ,..O.(jO ~ 

Theil L=O.O-?,'i I X ('l.7.'i+ 4.)~X4 ., 
X~5 X200X O,60-~ = 2570 11lierolrc11 rY$:· 

.;\ Iany cxpcrirnc illcrs and III1W Y ClIl,.ol. 

Ill'('r,~ "tlcsign " inductors by gu('ssing 
lit the 1I(11I11)1.:r uf turn .~. LllCII peeli ng 
off wire ulltil the corree!. value of 
illd uct:mcc is ohtuilll'd r:I\Ju'f Ihn n go 
to the Irouble of u~il1g the !lstUli tuLles 
IIUti forrnula.~. Dllr (·xI""" r il' lI(''\.' willi 
111(' method ,lc.;('rilx'l.l he re p roW.'S (:011-

clw.i\·cly lh;11 Ilul(,h lillll' IIml effort 
lIIV ~In:d b:--' cn leulnti llg lhe dCiiired 

I
,':ilu(' of indllct:llltt " ... ,rol"(' the ('Oi l iii 
WOUIIII. 

R F:PRINTS 

REPHISTS of i\ l r. Clupp '.'.j ll rlide 
Ilan' beclI !)repured 011 bond p:lper 

for tilt' uSt.: of o ur 011'11 cngillcl'rillg" 
tlepHrtlllt'llt IIlJd 11 fell' l'xtnr eopic5 Ilrc 
u\'ai lablc. T1r<.> ho ud pnp4.'r will .!Itand 
lutlldliug" mudl IX'tier tlHl11 tilt' pap('r 
011 which the E.rprrimcllirr is printed . 
• \ copy of tlu.' rcpriut tnilY 1)(' 1111<1 II ith­
out chllrgc by II riling to the GCller:.11 
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, 
HORTON: ATTENUATION j\l EASU REMEKT S 

(C()lI liIlItCclfrOllL 1IUge £) 

where a dllplicatc source Iilay not. he 
a\'ai\ahJ.:- at the reeciving end. it. is 
IlQssibJe l\1 c alT,y out the 1I1C1t$ 1I 1'l' I\ICn l. 

;tS illdicntcd in Figure.2. In Ih!!'! figure 
it will he !lilted that the O>;ciltator of 
Figllre 1 ill rcpklCCtI hy 1111 iIln plifier 
willel, muy he ('OIlJU,.'CI.\'<! to the line 
\\hCIICI'er the 10;'1(1 is con necter\ to the 
oil l pill o f lhe caliUl'Iltt..'t ] altClluator. 
The lllnplificatioTl of I his ;,c<;ondllry 
!iI/urI'!" amplifier is adj us ted until tl ll~ 
volLag:e acrus!! the in put end of the at­
IoCrlll:ltor lit the ,·ceciving term inal is 
t he N Ul l(> II~ the volt:lgc acros.; the inJlut 
I'lld of LIlt' 1111e al tJ1C t l'lul1';milling 
h-rminnl. l n this case, it i.~ apparent 
t.hal. the frCflllcncy of t he current dc­
]iv{'red to t i le ultelltlat or II) lIst be 
identical willi t he frL'<lucncy llelivcred 
to tli(> Ii 11(, . One object ion to this method 
lies ill IIII~ r:ld th:lt the wave supplied 
tu ti le (llleliulitor may fa;1 to d uplica te 
(!Xacll.\' the wave supplied to the line, 
due t t) tile Il re.sell(.:c uf interference 
picked up hy t he la tter. 

a shoul,1 he 110100. in j'Ollllectiol) 
with 1.lle al[(orna l; \,{' SOlll'('e of 10<:;).1 

curreJi l just oiescribed , t lla t it is Iln ~ 
ncceS:i:tr.Y for t he input impL-. I:mce of 
l he seeo udllJ"y source a mplifier t o 
ma td l I he lille impedancc, in:liilll ileh ai' 
thc e flieiellcy of lhi;; coll ileetioll plays 
110 pa rt in the lIl CaSll rCllleu t. It should 
fw·t her be po; nted out t llut it is q u it(> 
IIIl11eees~iry to kuow the gaiu UI' a m­
pli ficnt ion of the so urce alllpl ifj("r. 01' of 
t he load ampli fiel' used in making- lhc 
,"oltage ('o mparisolJ : t he frequency 
ehnract.eristies of I hesc alilplifiers are, 
L"OnS(.'{luelltly, of 110 importll ilce in COII­
nect.ion with the allenuatio n lII ea.;Hl I'e­
lILell t, p rt.l\'ided t hat t he :.::.;n is ade­
q uate HI lI lJ frefJuelicies. 

T o SUHiIlUt rize Lh e req uircllU' ll ts Im­
po~ O il t.he measuri ng C(luipmc nt. 
therefore, we not e Ll lIIt t he ca libra tJXI 
nUcnUlI lor lIlusl ue dcsigllCt I so as tn 
ha ve t he SHlll e input im pL'(lull(:e as thc 
lill(, wilh whic.h it is 10 Le comparC(1, 
a nd lIl1I lthe impedallce of t he voltage­
illd icati ng a mplifier , whidl is COllne<; tcd 
alterna tely to the li lle and 1.0 t he cali · 
br:tted a ttl'lJUulor , m ust ma teh th is 
cllflracter;"tie illl llClltl llce. 

MISCELLAN Y 
C,\ RDiOT AC H QM ETER 

I N tbe ,Jllly, 1!.l:JO, issue of UiC Ex­
prrim.cllier. Horat.io W, G Olson 

JeJ'Cribcd all inslrUlII(' lIt called the 
cardiotachollletf'r whi"1i he huilt in 
collaborat ion with Pau l Bauer, for 
mC:lsurclHenl. of a )lfll ient's heart at 
I'cst Of duri ng e.u'rcisc. 

Two of oll r readers h:~ve writlell lhal. 
It simil:lr inst rument. was descri hed b,\' 
Dr. Ernst 1', n Olls in t he . Irchil'es oj 
/II/rmol .lfi:diritlc for M urch, 1!l28. 
l\ l r. Lailisoll did not then know of Dr, 
Boa:;' (,:tnliotadlOllletel' or he II,ot) ld 
II1.we referred to it. inasllluch as it htlll 
man;\-' felttures he found lII~.v In 

ma ke h i~ iustrUlllcnt work ,;;''l li ,~fa('­

turil)'. 
T he inslrUl llen t 1I'11S developed 1"v 

Dr. Bow; a t. ;\l o ntefiore Il osp ib tl in 
New YQi'k City. wh ile he WfiS l he 
IIIcclic':d director of I hHt inst itll t io n. 
I"rom the uut set . Dr. Uenjn mi n Lie­
bowih wa.'S Ils.soci .. tcd wilh h im ill t he 
work. T hey were rortuna te in oht:lini n,Q 
help in lhe desig'n :lnd L'O II ." t rllctioll 
of Ihe amplifiel' frOIll D r . . \ Uretl N. 
Goldsmith alli l .Ili lills \Vei lll}("rger , 
T hL'od ore A. Smith . I1l1d GNrgc Hod· 
wi ll of t.he Badio Corpora t ion or 
America, SUbSe(IIiClll developmt'nts of 
the instrUIll (-l1 l Wcr(' wOl'ked oul. hy Dr, 
Will iam W. ~ raeal p i ll t', a t tl lat limc 
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H TH~; G~;\"EI( .\L ItAI)lf) EXI' ~:Rl.\rK)I,·T~;JI 

rdlm\ ill till' ,1c1);'lrtrnclLl or ph~',ic, at 
('(Illlnlhi;! l · lIi,·cr~il.'·. 

Dr. HIJa!o ha~ ;,:inm Ih a /.(rCal deal of 
inrormlllioll nl.(l1I1 the lhe of the ap­
IHiralll' jllld all~'(mC int<:r{'~lcd in hClirt 
In('U'lIr(,II1Cllt~ iiillUUld rClul Ill{' re.~lIlt~ 
or hi, IIlI'll~urcmcnts ill the rollowill,l.: 
a I" ides: Boa~ a lid Goldscll midi ... ( '011 -

111111011 :-< HCl'ord illj.(' of the II Clirt HlIIl' 
I ) l' ri 11g' ()pt'rH t j01'''' •• ,/(111 flllIl . r IIIf'riNl" 

.1lrdirll/ . 11t.~fK'i{/lill". XCI\' ( I!I:;II) . 
I.,zW: HO;l" allli Wei~ ... "'1'11(' I lcart 
Hate DuriuJ,: :-0]«'11 " .. J){:tcrmil1(. .. 1 hy 
I he ('lIrilintlll'Ilt)lIIclcr." .I (II/rlllll. 1 meri­
('fill .1fl'llirffl . I.~!t()('i{/';(J", XCII ( I~n) . 

'1111'1: Bnul- ulill (;uld .. (:hmidl, I\l i",'/u'/'r 
Irflrh/'".~('h,if'. IX ( H1~(). ll\ ;j: Hlld 
BI):"' .... "'I'll(' \ '(.' 111 ri"llla r Uli l e ;11 . \ ur;clI· 
1:11' Fihril1nlioll S'tJdi(:~ willi tilt, ( 'ar· 
, tiotHf'hoItH .. '1 el·,.. . I //I f'r;('(I /I 111:11 rl '/111/ r· 
III/f, [\" ( \!}'l!), ~~!) . 

• • • * 
PKI.( I ~ I O:\ \V'\'h,\HTrKS 

OWI\'EH~ of (;t' lIl'ral H:ulio '1', I'E 
q'H, Tl'I'E ~~~"\' aurl '1', f'E 'H ~,L 

I'r<'{'i~ioll WU\'erncll'r~ williit' illt('rt""t(~1 
iu klltl\\ ill).! 1 IHI t we 1111 , '(' jllst ('oruplt'tl'd 
,I.l· IlI't.'lmratinrl or ;t 1\('\\ il l ~ t rtl " liOiI 
loo()k 10 ,'o\'('r all I[m'e ill~ lrlllt1\\II1.,. 
If "Oil hun' olle or Ihl':->e preei~i(lll 
\\;II'\'IlII'kr~, ,nm Hr(' cut it led to a \·Op." 
\,;1 1,0111 (·1,:1 Tj ... 'l'. !'I('H"t, 111("11;1.,' tl,\, 
typl.· IIlIIlI l i'I.:r :11111 '<I:r;ullllllllhl'r of your 
\l an·'Ilt·ler ill ~'fJ"r n.·ltU('~t. 

\lOU'\IL COXTKOI.S -

A { '( 'OH [) I ~(; hi ~tl1 "C of I lu.: (:(·uer..J 
fi Hadio COlllpall."· .~ Hdl'('rt;~ill"'. all 
artidc On Ihe (ht' IIf "olllrn{' eonlrol" 
ill higll·qllalil.Y "olllid I",Y,,\('III:. 11'11' 10 
han' appt:llrl'd II, is 1I101i l h . l · lIrortu· 
l!ald.\'. ;1 ha .~ IWl'1I IIl·(·C ~~i lT.\· \0 po.,,· 
]lO1\{' ti l(' aJlpl';tr:rlll"t.' of !I, ;., :rrlidt' 
1(1 H fill 1m.' i ., .~II{' of Ihl' ";rprr;m('l1/fr . 
\,'l' 1,(1)(' t Iml 110 rt'lIdcr 1,:1.' hc.·ell 
i 111'01 I \·c 11 ieJll"l" I. 

• • * • 

SlI'UI. II ~:n, ~o\}y:\ ... 

E~G I XEE n~ lI'orkiJlJ.!(llI I Il l.' 11 (.'.~ig ll 
. of sUllt'rlll'IcrcHly Jt t' rt'{'eil'(.'r., eilll 
1I0\\' ohtaill a "lX'{' i:d illfllJ('tor fur 
(,()'·l.'Ting t l](.' rallJ.((·ll(:twt'C JL \! ItO k(,. aluJ 
\liO k(,. witll thl' ,(" I'E U):}·(' Stand· 
ard ... "iigllai GC'lwralor. T"j~ IIwkes it 
I)(),,~ihl l' III "mke !it·ll·di,,;t.,· alld :.(:n~i· 
li,,;t.\' nli.'a~'lrt·rnt'nt, Oil till' intt'rll1L' .. li · 
1I1(,·fn:·qUC" II('.I' Hlllpli fi ef. 

The.· Ill'\\' illdudor, 11'1,1..'11 IlIl('ali· 
"rllit'd. i~ dt'~ignat('d '1', I' ~: m:~· I'H allil 
i ~ prie{:d al $ Hi .OH : W lll' ll calihrll ll'd it i., 
dl'signll t l'll Tn'~: .• U:I.q H ill ill i .~ prit:.:.d 
:11 *~·UJ(J . For ol l'L'r JIOIl'!; II[IPl.\·ing ttl 
1I(111;\;ona l in.ll1et()r~. pll'lI,t, rt·ft'r to 
('ilia log F, Jla).(\' !1I1. If :0-'0\1 haW:II't 
a l'UJI,\', H.,k u .~ fOf C:llal"g F·X~. 

The General Radio Experimen ter ;$ published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatus manu· 
factured by the General Radio Company, It is 
sent without charle to interested persons, Re, 
quests should be addressed to the 

GENERAL RADIO CO~1PANY 
C ... MBRIDGE. .... M ... SS"'CHUSETTS 
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