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VOLUME XVI II No . 5 OCTOBER , 1943 

CALIBRATION OF EQUIPMENT IN THE lOW AND 
MEDIUM RADIO-FREQUENCY RANGES, IN SMAll 

STEPS OF FREQUENCY 

IN THIS ISS UE 

I'"i!' 
T,,,,; W\HHb 

H1W\ "liT 'T,; C " ,,;;n, 
TO G~; "t:I"'. Il ~",o 6 

\ t \, 1\T';;"I ," C ';; WITII 

TilE S TK,,,Wl' \C 

• THE PRO B l E M of cal ibratin g an os 
ci llator or rc(·~i\ cr. at well i'C paratcd l.oint ;;, 
in tcrms of harlUo uics frOIll a frC'IIIt"W) 

staml ard is \'ell III1 !k r S IO()(1. ,IIHI il' (' <ls i!} 
suhc(L Bcfcrri ng \0 Figllre 2<1. if the har
llIollie;< frolll t he Siand ard ar .. multiples of 10 
!..I". or of a higher frC(pWHI ' ~. a ,'ali lwHtc,1 re
L1)ivcr .serves 10 iticlitif) the illd i\ jfhm t har
mon ic fn'q llcllI'ics \\ ilhllllt a rn bi g llit ~. Th~' 

"Olllbincd scled ivi ty of the Illnin g of the re
(:,· j\l' r , the li lll ilt'.1 pass hawl of tile Hw lio frc(I"CIW~ parI of Ihe nwcin'r, 
the telephones. ,IIHI the opcnn or's car ;;enc to slll'l'rcs~ \Cr~ la rgel y Ihe 
'\· ,,;trune<lus" I ... ·a l". If the rCI'cilcr ,'lit! I"' ma.le lu (ls ('iliale, or if 1111) 

noi"..· or hum i .. pn'sclll.lhcll the mwi llalor \'an lit.' 81: 1. "il b hi/!h pre"js ion. 

Fw"co, 1. \l !'asur;u!; frt'''lucnci t.'8 ;n the General HaJ;o l"hor;,I<>r; e;<. 
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10 :'-'.: 1'0 belLI" ilb tbc " tundunl hUrl uonie 
frcq ucncies It) Uilj USlillg il so that Ihe 
" l1uller" hennl on the audio !Jenl 10lle, 
or IlIu:kgroll ll il IIOise, is I,rough I 1.0 a \'(: r )' 

loll' fn:q uenq' . 
If 110'\ il ill ilen,,.,,M)' to eill il,rule Ihe 

()8t.:illa l,or in slIIuller ~ tl' l lS of frcfllle nc), 
than 10 ke. ;lIul harnulIlics of II lower 
rlllUllllllCnl lli freq uenc)" Slich as 1 kc, 
~l rc 1IS(:d , a \'cr ) ('on rllsi llg series of bCllt 
I(JIIC" is hearll in Ihe telephones. This is 
I.rought about Lc('au~' Ihe principal 
fl.·Ct·i\er outpuI no longcr consists of tile 
111..':11 bet"ccn Ille ~illalor and a siflgle 
"I,wt!uffl fn!(JlIeI1('Y harmonic. \\ hcn 
u"ing: II I-ke harlllonie .,eric!;. anll "illl 
Ihe osci ll llior sel nellr z.,oro heal agains t 
onc harmonic, 1.Ii';lls bel\\ccn Ihe oseil
lator ;11111 slll ndur,1 ure plIs!S(lll br the 
re(~i\{'r for sc\ cral hUrlllunil'S bOl h 
aIJo\c a nd I.ci 'j\\ the om' to "hid. the 
os .. ill;l lor is mljlls tcd . 

-- , 

,. -- ., .. _. -, .. "" 
~ILL"TOIII '"lOUtNCY-,,"C 

F"':UKe2. It lllCk diagr'''''M ~I",,, in!: .1,,· ",,·,t" MI 
of ealihra'ins: IlU oscilla tor in Io:rm;; or " lI"r. 
monic (rNJ"cncy ~1""dur,l : ( •• ) "i llo 1",,..,1 ro" """"'\ 

cdver. (6) ... ith an un lmLl",1 dcl ... ·t"r . 

This si lu;lLioll is illus trated in Fi gufC 
3. ,As Ihe osc: i11a lor ffCll " el1(') is in· 
{·,....ascll. helils nre hellnl ill till' n":"i\cr 
oU lput "hidt increasc ill frequc lI" } for 
Sla nd ard harmo nics bel.,,, thc O!o(:iIIll lor 
freque nc),: beats lInl also I,elml \\ I, idl 
de(:reasc in (reWil! J1('Y for st:llu lanl 1111[' 
monies UbOHl lhc oscill ;tlOr frCfl' le ll'·). 
Thc uppe r exlcnt of the (Iing:rlltn is 
limilcd b )' the o\O'r ,a ll I'CI"dver puiIS 

hand . as me nt ioncd :Ii>o\; '. 

For 11 parlicul ur oscillator sc ll in:;. 
s llch as represenled J,y f m Figllre :\, thc 
rece i\'cr o utput ('onlains Ihe varioll.~ 

bea t freque ncies J, 2. 3 ... liP 10 IIlc 
limit passed b)' th;.: rCI-ei\ cr , These art; 
see n to be lite .Icsircll bo:wt frequellc) 
represented by 1 allli OIlier bc alS "hi('11 
consist of multiples or the ~ t:UI,lnnl "'" 
freq uency (I k(') pillS or llI iuu;; Ihe 
dcsi red IJelil freq ucncy, represe nteel b~ 
2-3, '~-5. etc. 

H the recei\'cr Ollll'ut is tlclil.ICfII l,ci} 
gi\cn a shaff) clll .off lit a fre'luellt·~ 
slightly grellle r thun one hllif lite Slmul · 
ard (reIJllcne),. rc presen led iI) the line 
X- Y, Figure 3. then the ('onfus-i ng beats 
are cnt irely e!illlilWlcll eX' '1.~ p t fflr n \cr) 
small rt'giotl hnlfwny IJeh\cc n t> lnn.lnril 
li-cqucue}' hllrlllollics. III tl,i ll slllull "'" 
gion both bell lS nrc \ Ct'Y nCllrl ) olle It ll ir 
II,e s l.lIntlard (re'ltlcncy. If tlte o,.cill ulot· 
is SCl \'ery lIearl y halfwit), bc tw(.'t;1I Iwo 
SllIndnrd h;lrmoni('s. the rccl'i\el' Olllplit 
consists of l" O frcque ll eie~. o ne vcr)' 
slightly more thlln one IInH Ihc s ta nd llfl l 
fre que ncy a nd one \'ery slightl y lest>. 
These two fre~llIcnei ('s combine 10) give 
the e ffect of a single fre{IUC ni') "lI~illg 

Flen,,, 3. IIlu"lrali,,~ lhe ("r",ution ..,( loe;ot ~ 
fre<,,,,,,,cie!l a~ the 06Cilla tor rre<luc,,(' ~' i. ,·uri!" I. 

Copyri,ht. 19-13. Geu.,...t lI,dio C""'tltlny, 
C.mhrMl,;e. 111 _ •• U. S. A. 
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unci \.all ing in illLCnsil ) a t II ra le equul 
lu the difTcrcm:c in {rcqUt:ucy. H the 
1)!'6 I1u(Or is se t 80 thai the wax.iug ami 
\\uning Lakes place vcry slowly , or the 
" Outler" is brought to a \C:ry low fre· 
' IUCIW). theu the oscillator is adjus ted 
\Iith ('Ollsidcrablc precision 10 a fre· 
IIlwlley just balfway be t wee n 1\\ 0 
!"allilan] harmonic frc{lliclicics. 

For mUny puq}()S('s i l is desi ra ble to 
II I ' .)iJ the need of t uning II receiver to 
8ul'C(' ..sil (' s taudard frequency harlllon
i'-"8. 1.!H.! 11 an oscillator is beill g ('ali· 
Iora lcJ. An untuned dctCf'lor can IJC 
u:.cu , liS sho\\ II in Figure 2b, i f scpMalc 

Hlcan,; a rc used for ide ntifyi ng key 
poi nl s 011 the O$l'i ltal or n llihration. To 
lnoid "ollfusing hell IS, n IOII" PlISS fill.cr, 
"i lll II ,'ul-off frC(lucncy slightly o l 'cr 

mlC half the s tandard fn ·qu(· IH!r. shou ld 
hc u:.ClL 

Because no ratiio frt'quc n<') selec til" r ity ill provi tiell , a ncw serieil of e.'l:l ra 
neous beal freq uencies II ill bc hcanl in 
the detector ou tput , if tile osci ll:rl or 
outpul contains harmonics, These ben ts 
arc for med as follo\\6: \l hite fundamen · 
la l freq ucncy of Ihe oscill a tor Lei ng 
,·alibrnt,·d is dmngc.d f .. o m one Sian dan i 
frc(tu{'JI('y IllIrmonil', II, to the nex t 
higher, II + J. Ihe !'<t"'OIul harmOllic o f 
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OC TOBER, 19U 

Ihe oscillat or is ('hangcd fro m I,\\i( 'c the 
first s ta rHl ard frequency, 2 11 , 10 Iwice 
the sccorlilo 2{1I + I) or 211 + 2. In o thcr 
"ords, the sc(;o nd harmonic of lire ()SCi! 

lawr has mOle.1 Ol'cr 1\1 0 harmonic 
inten' als, Ir the oscillator is set half· 
Ilay be t"~n the t\\O harmonics II :111(1 

II + J, the (requelley is /I + ~, The 
fn;(plcnc)' of Ihe secolIll harrnou ic is 
!\lice Ihis, 2 (II + ~) or 211 + 1, which 
is 11 s turlliard h:rrmonic point, 

As judged by the fundamental frc
Iprc ncy of the o..o.: ill nto... th is simply 
mca ns that if the osci ll a to r is se t half· 
Ilay be t,,(..'cn tllO s laml arJ harmOlr ics II 
".cro Leal is lieu rd . dlle to lire secon,1 
Irarllmnic. ' 1'I1C 6(· ... ond Ir:rnnonie Jil' ides 
the fund ame ntal iuterval in hal f. Si mi 
larly. the thinl harmonic <li l' ides tlte 
interval in lo Ilm'c parts; t he fO llrth 
IllIrmon ic lli lille~ it inl O four plIr t.s, 
and so on , 

It is illll tOrl au L to reu lize Lha Llllis pUI 
terll of sllb,li visiori of t ire ir\Lcr vll l he
L,,·ce ll t"o s ucccssil c stand ard harmon
ics is al\\'ars the sume reganlless o f the 
numLcrs of the Ilarrnonics allli regurd
less of thl' value of the s tarrd:lrd fumla
mental freqtu.:ne). The pattern is iUrls-

FI(;I!U V. L Pili I" rn of hnr",,),,;c t. ... :IlS \I' hid, 
ti ll \"t; ,·;tlc 1110' ~ tulltl ,ml-rr'''I'I''JWr jnl., .. ,,1. 

f .. 

f!l/z , 
, 2(./3 
: , , 

2fs/4- , 3"/4 , , 
, ""/5 , 4('/5 , : , 

0 • fS/6 2fs/6 3f,s/6 Afs/ co 
OSCILL ATO R FREQUENCY_ 
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GENEIlAL RADIO EXP ER I MENTER 4 

FRE.QUE.NCY 
STAN DARD 

OSC ILLATOR 

e RO 

F,,: , II I': 5. BlIII'" ~Ii"g rll '" ~I ,o ... ;n ll" 1"", &Iotu l_ 
uru ;",,1 ""l"o .. " rr'~ I''''nc ;eo! II .. · \" m" ~~ ' I''fJ It, 
u eu ll" ,d l" ru} ,_!lioJ;rwl,h for 01, ' " ;11;":;: L~,,_ 

1'''1& fi gllrCl!. 

l ra lell in Figure I " hich gi\l's Ihe val n('s 
or nil of II II' f""" llU.· ' \l' ies corrcs!-,o mlin g 
10 l"A' ro beat !,o inls ill one harmonil' in 
le n al, for harmo nic;; up 10 Ihe .. ixlh . 
Thl.' ;oc I'oill l;; ure eu.!> iI} idetll ifiell ami in 
I'ol)ml' . ·at'l'1$ Hre 11 "'ry useful means n f 

Mlbdi\illing a gi"-l'n sla lllhm i freqm'II('} 
in l.' r\ al in lo "'lIal lcr parlS_ 

\ c:ll lu-....lc-r:l ) o~l· i llo~ra l!h i~ II \i! r ) 
u:,d ul lU ld H' rsul ill' dev il:C fo r IISC ill 
maki ng rre' luCIl{') cOlllparisolis II l1d meas 
urc ll lt'n IS. T hc s imples t a ppl ication is 
illll" lrah'11 ill Figure 5, \1 here II s tu lltl ar.1 
frcq l1e ... ·} i,; uppliell 10 Ihc hori7,onl al 
• ld lcNion ,,11I 1t·s IlIltl 1111 oscill a lor 10 be 
f' aliiJrah't1 i,. j'u llllec lCll to Ihe H' r ti"al 
,ld lel'lilln plah'". Tile fa lJliliar Lilisaj(Hls 
P,IUt ' rIlii "ill 0111) be uric II ) tl eS(T i l ,..d 

h ... rc. '" III Figure (, i .. ",hl)\\ 11 the I}I)C of 
pa l tert i I) lltainf'f1 II hell Il le <JS(' illa tor 
f .... ·quc ne) is I hr.·;· l ime;; the BI:md ard 
rn>' l lIc n(') . 'Vhl' l! Ihe palll' rr1 Il lan , l ~ 

"Ii ll, Ihe .)St' illa lor is exac tl} tll ree till if's 
Ilw l> lun. lanl rreq lle lle~: the for m of Ihl' 
I'lll lc ni . le l'c lUls Inl till' "hal'(' .. l ifTl·re ll"", 
"r IIle I' la ml an i a nd fI;wil1 ulQr \ol w gl·!I. 

• •.. ..- d~' ., .... J .-.;."""" .. I I"".'''' ...... I,,, ua"' l'it. 
\1 ..... ,. .. III,. " \ "-: ,,~I~ 10 (;,. , ,,~J .... 1107 I '~"~"'''~ J.,h" 
\\ ,Ir, /I N~ .. . I , ..... " I ll 

• • 

$ U,.o.o.II D 

If tilt' o~ (· illntor frc(llielley differ" \'er~ 
sligh tly fro m tlte s tarHl ard , Ihe plillerll ~ 
d langcs progre8S i \C l ~ through the form~ 

" ho\\n lItlll h:u.'k :tguin . The rUlin k 
l \\e"11 0>I(; i1l1l10r lItHI s lnnt/unl fn 'qlle n -
cies is fo und. fo r (111 ) pUllern, h} i'UIIIlI -
ing the l a n ~'C llt poi n ts a lo ng a horizon -
lal sillc . sut'h a" II , 1'_ f. allli d i\ itiin " 1. \ 

o " 
till' IllUn! )(' r of taugt'llt p(oi l1l " alull:': :l 

\crl ie:l! ", ille, s lU'11 nil '·n." 
TheoJ'C tic lI lI , fral' t iona l ra li ..... , 111 -

\olvill g o ilicr IIlall Slil all illl e~cr .. , ;;111' 11 
as 27; 19. "0111..1 be i.lcnlificd , bill \I ilh 
(·o mpl inll l· .1 figures dlel'king is \l'r~ 

limc -l'OlIs lIIuing . A I~ I, lite prilll' ipal itt 
teres t ilO gCllc ral1 ) ;llI lIdIC;! I..) integ-rill 
ratioi'. 

If tile futl c lions of idenlif)i llg t he 
frcque ne) ra tio alld M: lling for c xal'l 
freqllc llc} ratios lire Se para ted . Ihe ll ll l(' 
e ffec ti\ e runge ea .. I.IC \'c r) grt!!!!!y ex
tended . Por example, if patterns of lite 
t} 1)(' 5110\\ n in "~ igll re 6 for i ttt e~ .... a l fre- "'""' 
f1 uenc) multiples lin' llsell, "i ll. !! large 
1I0ri:l.OI11 al llefleetio ll \ oltagc (fr"UI II,,· 
sllmJlrrd), the osdlllli or can t'ir .~ iI , I .... 
Sf: t at mult iples o f 1000, or tltvr~ . 10 
one. B) u!'iug high .. r s land;ml f~ 

q uelwics. illentifi l'lIlio ll of kc} I'u illt.;; 
UII Ihe oSc.: ilh,tor \;a librlltio ll CUll I,... 
mmle \\i l ll s imple pul le rns. 1 '()i'l ~ ('a ll 
the n be filletl ill fur c \c r) kilol·H·I,· ~) r 

" \"I~ II e \ er) h:tlf-kil'H') t'k _ lI .. ill g' · 1I 1-1.. (' 
Sla mi ani . '1'1.(' ;L l'r:Jn(!,(' lill' lIl is illll" lrn tt ' ll 
in Figur, ' 8. 

\\ I"'I! lilt, h()ri ~')1I11I1 ,1.· flcI·t illn \ol t_ 
ll ;r" is irlf'rca;ocol , II .. , /'t' lIlnrl ~" ' I iu ll of 
Ihe Imlll ' I'1i 'Jill ) i" u l,:'t;ne'l. Thi ..; jllIl _ 
h'r ll a ppe ar!! us II fl'1I "~ de~ IIf I,,, j) 

, . 

• 

...." 
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osc I LLATOR ~ DETE.CiOR L-P Y AND ~ IAf A"-APLlf IER f IL TER 

IOKe 

• L-P 
• 'KC 
" 

FILTE.R 
i 

~ 100 "'" 
L-P 

~ FILTE.R 

F,f;\ 'U; 7. Block diagrll '" "r uUllio lIent S->~ I e ", 
r ........ ,I.tn' ";ng !m"l1 , '~,1iI Jr:'li"n ;nl,on n l~. 

\\lII CS, o lle progrcg,;; in g fnl 'u Idl \" 
right , the o\ lU'r fmlll rigl •• h) Idt . ,IIIC 

to the fOrl, a r;1 /Iud re lllrn Ir:U'cs j'jllli'{'d 

b} the s illusoi dul SIICC I' IOl! l.gC. WI,('II 
s tation:!r) , the 08ciilulor freq ue lle) ill 
an exacL jnh'grul llIultiple of the btnn,l · 
ani frcq lH' IIC)'. The (/I + Yii): ll'lIIIN II" 
appear a,. III () dlll; !!!I, on(' 1110 \ in g 10 Ihe 
right ami one to t he ler .. lIigher rll l io 

patterns Me rcf'ognizablc Illul Cll n he 
lI~tl if ,Icsircll.· \ t ) pical p a ll t' rn i ~ 
"ho\\ II in Fig-um 9. 

In .... "lIe eUSCII, Ihe II"{; of l e r} I. igh 
mult iples or II gi l 'en IIluntiur.1 freqllc lH') 

"ill lIo t e,.l("nd the cnlihrnlio l1 to l> uOi . 

(· jen tl) hi gh freque llc ies I IC('au"(! <'If Ille 

d ifli t'u lt ) of o l:lCl1in g o ul the I'lIlkrn fu r 
('a~) i!lcTl lifie;tlion o f the rHul1iples of 

III!! " \;lIldan l frt.:q u!!IH'}'. Uy usiug a (I," 
h'e lo r or I'l!cei , c r II '; ill Fig llr(' 7, \, i tll 

eMllplIl' lI li vci y Ili gl! f""qUf' IH'y I' l a litl ani 

Imrll1olli!,s, the 'CI,), SllIall fre 'llIe llc ) 
inh'n!ll:. ('UI! II(' St.. , u,.ing the ('alllOde· 

ra~ osl' illogrupll ill lhe :llIllio, in .... !·!!d 

of ra.lio. fr'·(luCll t·) rang" . 
~. S •• " ... I. 1 ..... ".1 ,,( 01.., I ... ",,,,~,,, ,.( n ..... ;.,~J 
• "1;""" .. /fI ... " .. ). Ju" •• I'JI3. I~ 7J. 

FU:: I K1>9. '1"",ar:mCeO(r'l' ltt'rn .. h""OeCilla lor 
I,,,,"!; f'lI l i l ,tlllcd'~ "" J "'r } " carly 10 II high ",,,1-
lipl~ of a ,, 1 ~ , .. lard fretl"ene • . O"!' lrllee a l'l~'~ 
In """.~ i l" .. I, h, Ihe ri~ht: Ihe nlher ~o"l} 

In .1,.. lefl. ;t~ i"dicate.1 h} .1,.. a rro,,~. 

"- I) 
-

CRO 

FI.a ttl'. B. BI(wk .iiagra ,,, lof ~)~ I.· ", for "pre,,,I. 
'n::: ,,,.1 I,al l" rn I., ., I ' I ~,jn ~" I"II cil lil>"a.ion 

illll'l'\ nl~. 

STANOARO 

'I'l l<' O:.4:i llator IInder "u liiJrntioll , the 
"Iandard frequel1t') wll rce, !Iud the 
.1,' 1('('10 1' s ,,,tCIlI a re. ill ., lTl·ct. a b('1I 1 

frc( plctl('f !).5eilla lor. " hich in tllm i" 
<,(llibra tcll iI) Ill!' :uHlio.frc(lu(, IIC) check . 

ing s~ Sle lll . III Ihe iHlen al ;; bel \\eC Ii the 

r;uli o.fre(l ttC tl' ·Y hunno ni, 'S of Ihe Slatu l · 

anI. lilt' oSI.'i lllll.(>I' eml he !le I It) till ) 

lIIull iple of the s tHmlllnl audio fre
q ue nc ies. 1I 11 tl, "ilh the !·a thot.!c·l·a , 
osc illogra ph. j ll ;<'1 :IS rClldil } 10 IlIulli ple8 
of one h,,1[ ,If tht·,;c frc qtJ(.·!I!·i l·s. III 
lerrns of the hlH lul a r!1 frl'fl llcne) "lIlm'8 
g i\·c n in Fi gllr(' 7. Il,is 111<':11 11" 111iI1 the 
IHcill:ll Or t'oul!1 he I'alibrnh·d ('a.~il ) 

t.o \'\ 1'1') 50 cr"les ill it s ,·ad io·rrcqul·IH' ~ 

r lln ~'C. J. " . C I,.U'I' 
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GE NE RAl RADIO EXPERIMENTER 6 

THE WAR HAS BRO UGHT ITS GRIEFS 
TO GENERA L RADIO 

• THROUGHOUT THE AGES 
hislor} hus recorlled the cou ra:"reou,. 
,Iectl .. or .... o llle .. in I,udn re a nd ill Ihe 
n: lid uf eufTcring 011 Illc ball Ie fro n t. 1.11 
I he enllling dceadcs hiSlorians II ill no 
Iluuhl c"" pound UpOIl t he contrihU liOlls 
of \\ Oll lc n to I hc pl'cM'nl \\ M Id· .. illc nlll · 

II i!'! mil l .. ill righlfuJl ) c llIpbusi .. .e thc 
im l}C.rt:ml share ill Ihc fi nal victor) .. Oil 

hy Hllr Ilomell. oolh in the arme ,1 ~r\'
in'" ami in iUlhl" lr}. 

\1Ioll t a ~car ago 1-0) III UIl Y of the 
)oullb'Cr mc mbtrs of Ihe Ce nera l Blld in 
ll rg:lI1izll tioll 11:\11 lefl 1I.!1 10 join lhe 
ar lllerl fon'cs tha l a k-riouI> shor tag" of 
I,.'r~hlu ld aro..c in our le .. li llg, ins lJoCc , 
liou. and l'Cr tai n lilaml fi'WIUr ing depart. 
IUt'nlla;. Breal.iug It life long cUSlom .. il ll 
~HIl1t' ~I igh t trcpi.llIlioll , il .... as Il lIp pil} 
Ilc.·jol.,d to huild up a corps of \.OIllC Il 

(' 111 1'10) e.'s fo r l his Il ork- a (Iecisioil 
I, hiclt has me l wi lh gra li fy ing SUC(''C88. 

T he Army has it" WACS, the Na l') 
i ts \\ \ YES, the Coasl Guard its SI'j\ US. 
FII it .... as bul na tural that Ge neral 
Ha,lio sh(mld hale ils C HI EFS. The 
lalt.'r iii a llIosl inappropria te ti tle in it 6 
lik ra l lIl f'lU ling iJut , "i th a poe tic liccn!lC 
in .. , ... ·lIi ug, is the ilini tnLlc (>olliract ion 
of Ct'lleral Ha41io Emf'rg"TII'Y Ins lJC4,tion 
Fnr4·f'. 

\ gf(.up of a lH)ul a 1I01.('n girls .... ere 
n'l'fui lell for tile ini tial C HI E F plll LOOII 
10 I,hieh "c rc :uldcd [\\u fe minine TIle lll · 
h('rs uf o ur Jnlfling d" pll rtlllcnt, O IlC o f 
Yo Ilum is 110 .... 1)11 1)lIr Ii onor !toll as II 

\larin{'. T he \\orl.. .... llieh Ihese }OIlJlg: 

I\omen .. cre to 110 requirCfI SQme rea l 
l.IIIHdc.I:,,'C of tile tllt'or) ami opera lion 
of ullr products. so tha t i t became the 
lwPI'Y privilege of t ile "ri tcr to ha \O ' 
t he~' )nUII;! l:H lic i> in "hnrgi: for a l'I i.l:· 

\leeks' ins trm'lion j"lC rioJ . The mOljor ilY 
uf the group IUld ublained lIIore or less 
of a hackgrolut d of science ami mathe
ma tics in higll ...::hool, ,'ollege, and 
ES \1 WT c1nsscs, Sc ,'eral of t he girls 
hdd collegiat e (Iegrees bUI ... hnt \las 
fur lIIom impurt no t, a ll were anxiou$ lo 
8\:111d behind hushlillds. sW('"e lilcart S. 3ml 
hro lhers in iJn tna n. in Afri cn, all,l 0 11 tile 
high seas. 

Guidell h) pre" iolls expcrien(,~ ill 
tclll'hing, tl lf> G H I EF d ass progra m 
started .... illl n s Illil y of lhc fUlld ulilellt ll1 
principles of l' le':tricnl science, (i r" t ill 
,I ·e li nd (he ll in not: SYS I,.' IIIS. a nd SIIUSC· 
qllClill y led in lO Ihe manifold prlle lil' lIl 
upplieatio lls o f this ha.sie theor) in lhe 
o llCra tion and testi ng of Cf' lIcra l Ulid io 
e(luipmclI!. Selerll l members of t he 
cngillcerillg s tli lT eont ri hul cil vlll uaLlll 
discussions COtI CC I'lti ll!; l heir special ized 
ficl4ls- lceturcs .. bid I ser"erl :15 mnlc rinl 
fo r a ·'gradu a tion IIlt'Sis" from cad I nf 
the girls. 

\l ornjllg ses;:. iuns \l ilh oh lUs. farad;;, 
ki locycles. lUlll rlli nhOIl -colored circuit 
.Iiagrams ill lite 1'lu;;srQOIll we re follolled 
iJy nfternOOIlS of graduutet! praetil'(; 
.... ork ill Ihe ins pcdion (le partmeili. 1\1 

the cOlilple ti on o f Ihe cou rse t he 
C HIEfS were rcady 10 go in to the les i . 
in g li nd ealihralin g labo ra tory mul really 
to l!(lI,1 Lhei r 01\ II in frie nd l r COIIIIK: li t ion 
" ith the ilI a.~' II' i lie e ugineer ing as,. i" t· 
urll S ill th is d; ' pllf lme nt. This trai u iu !\" 
progra m dCllrly ,Ielltouslra lecl lh~ nl.il i
lies of thesc (' nl husias tic roung "ome ll 
lu 110 th is im porl an t work, and prow'" 
Iha l some rea l kno .. lcd b<e of the subjc(·1 
ma tt,cr considerahl y e nhanccd llle .... · 
a ),ilities :111.1 heightened the 1)(,~olHtl 

sa tisfa,·tion of tltc C HIEFS in tl lt'i r 
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\\ork (m,1 a,,:co lllpli s lllll ~rlla. S"\cral of maSI;utiuc s laIT (111111 0 dat.e fou r pl<l IO ... I1 S 

IIIe gi rls harlille a l" bilion 10 !'rrpplc nrenl Ilf GH I EFS ual'c s tlcCt.lssivc t) joille,1 
a full da~ ill Ihe laboralory "ilh furlher 0111' pcrsoll ne l to cOlllpe llSll le for ,jl( r 
ev~n ill .!; "our;;;,:s in rnalhcl1lali" 8 allli cspll l1rlillg Ii onor .Holi. Ccrlaiu o f these 
radio. ~Olln g IlId i .. s ha ve f01l11l1 their Ial"rrl S 

A m OSI happy ,'s prit ,Ie corps Ira;;; ;r n,l indin;rlions lI10re mlaptcd to 111 <11111' 

dc\c1o(X'd he Lwecli Llrc G I{IEFS mrd f:rc l lJrin g than 10 les ling ;rnd ins l)Cc lion 
thc here lofore lordl ) I1Illlcs. as (le mon· :Il; tivi lies. SO Iha L they arc 11011' ,toi ng:I 
strate,l in lund ltirnc poker gallles, in gralld job in the cOllstnl(, l ion of pre. 
('ertain ad '\'ItIC;;; of that legendary cisioll mil';r cll paci tors ano 11 lIIult itude 
fello" "ilh a hcm aud ;rnow, lind ill of o lher eomponc nl paris. 
lI,rrl,,-rous o t her 11:1) .. , \~ ar br i'Igs i l8 s uITeri ng arulsvrrm\ I" 

Si nl'(' the firs t grout' IIf (;I{ IEFS 11 natioll. but to General H,j,lio it has 
1I,1(lc,1 I,ulellritudll lO prcI'isim i ;11 the inlrodw.:cd a vcry .. pcci:IllI lu l c lljo)ahlc 
General Iladio 11l.1",ratoriel>. Un .. II' S;UII rorm or G IlI EF. 
lias IH aile further (lclIIurrds upon our - If ou\'nn W. L"ll$O," 

--~-----
MAINTENANCE WITH THE STROBOTAC 

\lallllraduri'r,.. a llil user,. ur rll(li" COlll lllllll i"a lioll C(lu ipmcll l. a rc ri",li llg ill ' 
cn-asirrg II SC fo r S lro botllc5 it! design lIlltl 
Illllinlc nancc Ilork, Th is photogrllph . 
ta"e n in Ihe nulio shop or the Easle n! 
i\ir Li nes a t "1\ l i;l lll i, Flori d a, shm,;; u 
\' iIJra tor I)()\\er suppl y Ix-i ng s tuJii!ll 
Ililh u General nadio SlrobOtiL('. lVIt- . 

dHwi eal ai"liolt or the rcctls aIHI ('orn :H.: Ij; 
is ob';(-'r v(' (1 ulHlcr U\:l lIal opI'ra l iug /'011 · 

dition s, Tro ublc is ,li agl1osc,1 by I:orrc· 
lalioll of Illel"ilillli('al da la suppli t'il II )' Ihe 
IISC of l ire S trollot ue wi I h elcctrica I 11;11 a 

s UPl'lietl by 11 ,,:'thu(lc·ra) o;;ci llogra l'h. 

TlJE General Rtldio EXI'EWMENTER is mailed w ith out. charge c(lch 
"touth to ettgi"eers, scientists, I.cchuicians, and others interes lcd in 

comm unication-Jrcquency m eflsuremcllt (Iud control problem s. ' PIlCH 
scnding rel/uest.s Jor subscriplions and Clddress-dulllge notices, (Jl c(l se 
supply t.IICJollolI;ing inJormation: namc, company 'tllmc, co mpml.r ad
dress, type oj blls;"ess company is engaged in, and title or posi.t.ion oj 
individuo/. 

GENERAL RADIO COMPANY 
30 STATE STREET CAM 8RIDGE 39, MASSACHU SETTS 

BRANCH ENGINEERI NG OFfiCES 
90 WEST STREET, NEW YORK CITY 6 

1000 NORTH SEWARD STREET, LOS ANGELES 38, CALlfDRNIA 
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