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GENERAL RADIO EXPERIMENTER 2 

IDENTIFICATION o F 

IN A HARMONIC 

HARMONICS 

SERIES 

• IN U SIN G frclp lCIW) s tan!l ardi'. 
til!' 1I ~·ful output of "hich consists of 
one or nJore ;;cr ies or IwrllIonic:s. tlw 
read) iden ti fication of certain or a tl o f 
the hnrmoni cs in II given fr"quell e)' range 
is onc of the fir st problems e lll;ountcred 
in culibratin r: cquipmcllt agains t the 
51l!ndanl. Uasicall y the problcm i5 ai" lI )'S 

the sa me: ( I) T he il lenlifica lion fl f It ki·.~ 

IJOint , or o f \\ idel}' ~' pllrat e ll key po in ts: 
(2) dividing the inter vu l be",ee ll s lIch 
I'oi nts. or the freque ncy rall ge uboll t Oll t.' 
such point. into smaller freque ncy inter· 
vu l@. a nd (3) Bubtli viflin g stl l;lh int er vals 
illto sut.'l"cssively smaller in te rva ls. Dc· 
pe nding 0 11 t he melhod used. the illent i
liea tion alld 6uhdi vi d in, S Ul pS IIl ay or 
rna) 11 0 1 b~· comhilll;ld into a si ll gle 0 l)l ' r 
ntiOIl. 

I. Using Calibrated Oscillator 
or Receiver 

Wilhin l'c rt aiu runges. the simplc!!1 
me thod d('l'end~ on the elllibruion o( an 
oii(;i lllltnr or II reee i\er. or bolh . These 
I'al ibralion!! muS! be sufficie nt I)' III;lCII

rale and s tu ble so thal th i! c rrors arc 
,ouhslantiall y II'ss Ih an one half of th!" 
fu nd anh;nl lil frequc ncy of till' harmonic 
;;e rie,,_ tlml is. snhs l.anlially Icss Ih an 
Ont: half of the frequency inler val Le· 
I"cen s llcCehJ'"C IUlrmonics. 

If a fine ca libra tiotl of a picl.'C of C{llIip
IIIcnl is required, i t is obv ious thaI as 
harmonil' srr ies having lower a nd lower 
fund amental freq ucncies (10 obtain cali. 
brating Iwinl s ncarer ami ncarer to
ge ther) lire use(l, II poinl will be reachcd 
where any giv!' JI osci ll a tor or recci ver 
calibration is not sufficie lltly predse 10 
i,leutify posilivcl~' the rrequency o r an )' 
Alvcn harmonic. 

(' 1" 
A --+,-----+, --, 

• ----L1.w..w...'--'--'-'-'--'-----
FICUII ~; I. JOO-kc h ~rmonjC8 i.l,.ntili ... ·d loy ellli. 
I,ralion of OIICilia tinll n"CO! i" ~ r arC. !lhu"'n 10 1 ,\ . 
Kn ...... '>!!;!, a nd ! •. l'"jUl ij " I W·ke i'llerval~ "rf' 
fill~1 in /1;1 III B /Ifill Ihe fretl" e neles a re kno ... " . 

II. Using Calibrated Oscitlator 
or Receiverand Successive Har · 
monic Series 

By Uilt: or different hllrmonic series. ill 
/IIrll_ howe\'er, this situation clln be o"c r 
cOllie. For exallIple, suppose the receive r 
calibralion in Ihe freqllenc)' range of 
in l.eresllo be gQO(lto ± 5 ke. II is ob\' io\l ;;' 
Ihat Ihis calibration wO\lld 1I0t ~T\'e to 

identify 10-kc harlllollics, bUI it woul,l 
be cnlire l), adequu te to illcllliry 50·h or 
100-kc harmonics. 

Oy first Sl)ollill g t.he id'· "l ifiahle:SO-kl.· 
or } OO·kc points on Ihe scale o f the "q lIil' 
me nl heing clI libral.ed , SII CIt " kcy"poirl ll! 
ser ve for posi tive c!Jcl·k ing when calibnt . 
tion l)Oi ll1 8 a t, say. 10 kc. or slIluller ill 
ler va ls. liTe (jIlNl in ali ehowlI in Figure I. 

III. IdentIfying Harmonics Sepa · 
rated by a Oe slred In terval 

When the fre1l uc ncy range or lipall o f 
1111 oscillator is 10 be cltc~ked as eo\'qi ng 
certain limits, it is cOII\'c nienl l.O be able 
to identify 111'0 harmon ics oe u series 
which are 1101 adjaccnt harmonics. This 
span should he checked Lefore (lelai lcd 
('alibration is slart ed. 

If an auxi liary oscillalor is se l at II 

fundamental freque ncy equal to the (Ie· 
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) AU~\LlAQ'( OSc. HAI('MONIC.S? 

II ( S TA.NOoC\RO IOOKe. 
HA" '""ON OCS ~ II 

__ ~~Ii~ I LJ I I 
1!500KC. :ZOOOKC 

FI(:URIl 3. ShO"';ng how two slandll rJ harmoniC!! marking a Ila rlicullir frequency span arc ident; 
fied using an aux;li"ry OIICili a lor. 

sired span, out: of ils harlJlonics theu fa lls 
at the hottom and one at the t.op of the 
rlesireJ rall ge. J { Ihe span is not a multi
ple of the fundamenta l of the harmonic 
series of the stand ard, a les t span call he 
chosc n which is such a multiple. 

I r tbis is doue, the auxi liary osci ll ator 
is preferably not se t in exact zero beal 
wi th the standard. If t he osci llator is 
olTset slightly, then the l O p and bollom 
points of the test span wi ll be identified 

r by Iwo harmonic {refllleDcics of t be 
standard marked by a charac teristic 
double beat tonc when picked up ill a 
non-oscillating receiver , while all other 
s tandard frequency ha rmonic points will 
be marked by single bea t lones, as the 
oscillator frequency is varied through ils 
range. A block {u agralll of the system is 
shown in Figure 2a. An osd llating re
ceiVer , or olle with a he terodyning oscil · 
la tor, can also be ca librat.ed by t.h is 
method, as shown in Figure 2b. 

As all example, leI. liS assume thlll one 
range of a multi.ran ge frequency meter 
to be calibra ted covers a span from 1460 
10 2090 kc. [{ the auxiliary oscillator is 

se t at 500 kc, a test span of 1500 lO 2000 
kc isl'm arked orr by the tbird and fourth 
harmonics. H t his oscillator is set off 
from 500 kc by 30 cycles or so, then a 
eha racte[is tic double beat will be heard 
when the tes t oscilJator is set. at 1500 or 
2000 kc. Whcn these two poi nts have 
been checked as falling wi thi n normal 
limits ou the frequency meter scale, t be 
auxiliary oscilla tor is turned orr and fi nal 
calibration star ted in terUls of lhe 
s tandard alone. 

This sa me prOCctlure provides for 
sc tting up, ill e ffec t, a harmonic ser ies 
of higher fu nd amental (rC(IUency than 
the highes t availaLle {rom a briven fre
qucncy s tandard. J;'or exa mple, if the 
highest freq uency harlllonjc serics is 50 
kc, an auxiliary oscillalOr se t at 500 kc. 
amI sligh tly offset from the standard. 
identifics e"ery 10th 50·kc banllollic by 
the charac te ris t ie double beat tone, 
" 'hieh is equivalent to a standa rd 
harmonic series of 500 kc. This series 
ex tcnds ovcr the range eovercd by bar· 
mon ics of thc auxili ary oscillator. Final 
calihra tions a t a.ny such poiu t.s should 

Fl(:utl tl 2. (.) Block diagram showing Ih" prOCCM 01 calibrating an ~illll tOf by flt t!llt!1I of 11)1 

.. u~ilillry OtICillaLur IWl l to the de!! iroo fretlu ency SI'II Il . (b) A s.imilar ~yst"lT1 for cil libratiug a rccci,·"r. 
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" """ ~ 'o"""'''~ ~ ...... ''''.0.."........,.. 
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GENERAl RADIO EXPERIMENTER 4 

ht' lal.e ll cl irct'l l) aga in'<;' l 111(' 50·I.e 
harJnOllic". "i lh IllI' a ll xi l iaf~ u,,~' illal or 

t"fft" f'li\(' l ~ di~collncCkll frOIll Ih.~ d ... • 
1t' .· lhr, 

Fillull}, if sc\ ,' r:11 8(' ries vf s wndunl 

fr"'IIll'lI tJ} It(lrlllo ll ie$ li re a\ ailubl., . idell 
lificlIli,Ul l)f all } desire.1 harmoui(" of Ihe 
1.,\\ fr,' quo' lii'} :St ries ,'lUI he lII ade I.y 
1'"liuliul! ' proliflc,1 o nl } 111lI 1 hnrlllo lli ("s 

"f lilt" Il iI!IH'S I frc «IIt:: II C') ;:oCri .,;;; ,'a ll Le 
i,It"lIlifie'l. For c,\lullplt::. if II rO'l'cile r 

"1I lil,rll li l>lI ific ulifie" a n) Il arlll"nic of a 
100·I., ' "Ni",.., atHl is M.'I In ,JII(' !>udl 
IUII'lIIolI ;", "c ,'1111. O il i'uh" lillllill l-( 11 10· 
I.,' I'-!'ril'~. counl 11.(' I1Imlh.' r .:.f IO·I..c 
1",i'll ~ IllI i~'. 1 Ol'('r;n luning lilt' rel',';I,'r 

Illcill,,:r 10"0.'1' or hi glwr rrt'qu" ' lC'il'~' By 
" "Utllill l-\' lIot 11101'1.' Ihall file 10·I.e 
hllr nllllli .:1'. "I.' ("all se t. ,III' n 'n' iler 10 

III I) rt·ilu irt, .1 10·1. 1) mlilliplf', 

For I"\alllple . if 1670 I.r· iii In lit, i,I.' uli . 
ficd. M.'I Ihe reeC iH'r al liOO I..:. 1II; 
, 'hc,'I.e,1 Hr;ain51 l OO·I."llllrlllv ui, '!<, l.t' al

ill;; I hc ret~' il e l' III I his ~' I' ill l!' l'ul,;;1 i lule 
lilt" 10-1...' harilloni.: sc ri(' l'. Tun ing tl .. ,: 
I'!"'eilc r I''''lIn l I,m,'r frt" I' H, . lt"ic~ , Ihe 
fir~ 1 lO·k,· haril ioll it ' r .. n\'ll\,d i~ l{190 1.. ", 
Ih,' ~'t:"n, 1 16M\)_ Ililfl 1111' lloinl i., Ihe 

,1.,,,,i r(".1 I'o illl vf 1670 I.t', 

IV, Ide n til yin g H iH m 0 n i c son U n
calibrated Equipment 

It ii' f,,;t~il;lc. amI. in III:UI ~ {'I1!>!.' .. , le r} 

"HlII-I' lIi l' lIl 10 h ale ;t "}!l I CIH uf ill""li-

, 
':;'''--

H II II 

! ! I ! 

f---'--<'f-''-"c!o;; •• """,,, ... __ .... 
" 

" " 

OO.rUlNC" "'L"'U L"' ~V 
,N ""~Lt:II 

f} ill~ II",\' s/mlllr,nl j"-'I/lIcIl9' ' lOfIllU";I ', 

"il liQui the III' t't'S"il } nflHl\illglm~ ,'ali- """' 
hralcd rtHlio-fre 'llI, ' nc) equipme nl . T u 
do thi .. i l is ,wl'Cilsn r} 10 Ilale IIIt'IUI ", of 

IIlendurill g: utld i .. fro"l lfc llc il)s \Iilh pre· 
cis ion but , s illc" Such ('qU ipIllCl1t H. 
us uall y al ailahl(' II ill. I I.,! frc qucill') 
s l llndard , I I. ig is gc nt' fllil y 110 111'\\ 

p ro hlc lli . 

If il io (1'·i\ire,1. fvr ('"alll l'l('_ 11'1 1.11.'1\\ 

1I II idl 100·1.,· " I:tl11I ;lnl harlilOlli,' IHI .;I 
I tel' lI IIl IIC, 1 ill on an ullf;t ,li{Jml,,,1 n" 

t;t' in' r . 1111 t""iliar) ~Iupur '· j,lclllilil.'r:

cons is lillg of II 'T ~.;I l al QH'illatur 111111 
100-1..1' mlfili lihrll lor , I" ,w,'dc 'l. 'I'lti s 
' '1' );;1 al Q!"' i lIu tor IIce,l not be of clal,()t'a tt' 

tlesigu. If tl ... cr} ~ 1 1I 1 h a s a 10" il'1I'1 "-"" 

IIlIIre .... .II'III.· i,·1I 1 ami Ille ci rc uil i" "1',, . 
lidcJ I\itll 1I1illl' fro" \lIc nt.:) adjui' lmcni . 

for p"rl'0.-.c~ of a""lIral,'I~ 11{ljllsling Ihe 
difference in fr"'l'l!'nc). or "off"ct ," 
Ilet" e"11 Ihc s la ud ,.nl and idt'nlili"f fr," 
quc m'ie ,;;, OI 'cu;; ilO lia l rcadjwHtllc 'll I;: a ll ~ 
IIHlt i" rC'luiro ' '] , 

'1'1", II"... uf lill "off,;,; 1-- {re'luI'lll'.1 

::l l andur,1 11;; II ""'IIII ~ of uI "idin ;! I"f} 

10\\ I"'ul fre'IUc lle) diITe rel1 l:CS ,, 1.0; 11 

IIlC!l5urin~ radio freqllcllcies is "c ll 

I.nowlI . T Ilt' "arli,'u lar fea lilre of nl' in g: 

a ~ I'cci fic oITl'e t fvr i,I{' lllifiealion pur

I"~;;c., l\lIS pru]l'o",,' ,1 ,,~ tlw "riler-" co

\\orl.a. \Ir . II. I I. 1I01li", 
TI.i ;; 11 .. '\iliar~ {"n i\tal ~'ill:llof i" 

aJjU8 lef\ I f, Ii frl'lllJc .... ~ Ihal I';; a lll'fj .~ i" . 

numher of ") ,·1,'" ' 1(' 101\ 100 I.e and tltl' 
lIIullil ilonll . , .. is ""' Hroll.:,1 frmn il. FIl .. 

(-'x ,1I1I1 tic. i { till' l'r} ~ I al i/l ~-' I .1 e~ ,' lc8 10" 
on Ihc IOi\·kl' {"ndUIUen l!!!. IllI' {n' 
'1l1l'lIQ o f a n ~ ill, 'lI l ifier hantlOllil' is 

"f, = /I (f . - j, ) "" Ilf. - fI .:l c~dl''', 
"hN" fi i,.. the i,ll' lIl ifil'r fllilfl alll"nlal 
frell'U'I"'~ tllld f . is Iltt: ;; Iandar,1 fn'
fluelJ(;Y· 

NOlI. if Ihe fillm/ib/'(m.'f/nun -o,..ci llal .~ 

illg rt' j'c iler i,.. I1I 1It',1 10 ,.vllle IHlrm""i,' 
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of du.: "I :llllianl, its frc'Iuc,U'y id "f,< If, 
I lie ll , lilt' ii i 1I11dur'["II,1 idcn tiller 0 11 t pu I " 

arc hut h j'OllllCt' IC,1 to tbe rccci "cr illl'llt , 

a beat outpu t frO Ill the rCt:ci"cl' is oh
[ai lll' ,1 e qu al 10 

h "f, - (11/. - "..l) 
= 11/. - 11ft + (d, 
= II~ cycles 

I\hid, i" the I Il'a! frt"luc ll c~ tIIc lIslwcll 

"i l ll the HlIllio.frcl\ lIcnt.:)' meas urin g" 
cl pl ipruCIll. 

III ge nera l, \1,' lI r c IHlt in tcrcslt'll in 

t ill,!' 1IIIIIIher of t he ha rmonic I'; \\C \\ ish 
10 I.no\\ it s Jf"f~Jll ellc)'. By choosin g l!. 

Ill'propriutdy. the I IC1l t 11.1, ill cydcli, call 
Jot' uw dc clillal IIlllUcr il'u ll ., ' to the fre 
'111l' llq ,,/. of IiiI' s tall1iard harmon ic, ill 
I.-i/flqclcs. 

Folr c~;lIll plc. take.6. as Loo C) des.. as 
;;hl)\\11 in Figure 'I. If ,1 1f' rccci,"cr is 
trwed to the 3 i l l! 11IlrrHonic of I he IOO-h 
SI:Ind ard . the hea t oulpul fir the receiver 
\,;11 bc 100 x 37 = :1700 1'y('lc8, The 
fl'cqllcnl:Y o f I he I'<lrmoni(' to ",hicll I h~ 

lII,cl/libr(lI(~1 receiver is luned is 3700 k,', 
The !le\1 hi :;J.cr haml,mi ,' (J!:I lh ) I\OUl1 1 
g' i lc a !.H'al OU lpul of 3XOO cycles, 

From Ihis \I'C Citll sec 111(11 lhc f,'c, 
IIU,:IH:Y of I he ide llti fic r rrys l al oso.: illator 
l.'hould he sc t carefully jus t 1.00 ('} clcs 
beiOl1 lhe "tanditrd, whit.:h is mOSI ca"ily 
dOllc by tunin g: in a I...nO\\l1 hi f! h .rrc· 
'p .. :- lIcy harmOll ic ul1I l adjust ing: lhe 
I' I'}SIIII nSI' iliator 10 oht.aill the COlTcc l 
he<l! frequc ncy, \\?t,: also can SCI' Iilal , 
fo r it gi\c n j, and iI gi' cn audio·frc
' Iuew ')' I11c <lsur illg ran ge, thcre is a u 
upper limit 10 thc nUinbc r of s tl.nd unl 
harmonics "hich call be idc llt ific,l. For 

"\111111'11:. if t ile a Ull io·(rc(luc ncy IlIeaS ur· 
iug rll u il' lIIl:n t l'OI-e rs it runge tip In 5000 
t') ,'Ies, till' hight's t s lalll ia rd frCII"I!I1 C) 
I,arl/loni,' I, h idl e lll,' bc i,lcli lific,J is 5000 
kc or;; \ Ic, 

Wit.h 801111.' rare ill lll lj ll i' lilig thl! 
idl' lltil it'r crrstal osci llator fmlJlfl!nq, 

SEPTE MBER , 1943 

alld ill opcnl l iug l ile a ll ,lio· f" C'I IICII" ) 
measuring CQUipIIlCIl 1. a j, of 10 C) l'Icflo 
call Itc used, whicll givo,:;; i)\ja t fn' qlle l..-i('" 
OIlC ICllth of those gi \c lI above, The frt:· 
qllC IIC~ of the barmonic ill ~c is the n 10 
fillies thc uudio-Uc:l l (1'('(IUe ll")' Thc 
upper rrc 'I" (: Ill; ~ limil is (lL~o tCIl l illie,", 
higllcr - 50,000 kc 01' :10 \1.', 

Fro ni tltc prel'ed ill'; ,II.'SI.:ri pl iu ns "l' 
Cl.1I scc Ihat, III ohla; '1 .Icci mal IIIlIlt i
pliers for convert ing- ti ,.. o hscr Ve l1 hca l 

{reflucllc}' to the frcll lICnc) of thl' "tllnd· 
ard IlIl.nnol1l, ' . "C shu ul,l "house 11 6 
wh ich is 11 decimal fruC liuiI of till! s t lll.,l· 
ani fn:q llc lH.:,., For l'.'I:a llll'lc, if Ihe 
s ta ncillI'd f"c,/uc IlC) is 50 1...,'. ,I j of flO 
C~O.;Il'S ;;i\t:s be at fre qllc 'lI'ics i ll (')'!'Ie;, 
"hid. arc nlllllcr i call~ 1;1111(11 to Ihe fn'· 
(Iue rll'il's (If I he slail/l anJ IHlnnQlti, 'S in 
kiloc) d es, 

I ( Ihe i(Il' lIl ifit,: 1' is~" up (IS de~fTij,l'd 

ubo\c for ide nl ific;! t iou of 8lan,lanl 
Ilul'lI10lli<'s 011 lhe dire l' t . reMling bas i ~. 

Ihen the additiun uf:1 IUII','r frCtjlll' IIt')' 
l1I ul li l i], ra to l' [0 the illc nt ifil'r II ill I'ru
vi,lc ("I' itll!lIl if) in:,;- thc hltrtllull in; o f 
I I.is luwel' ;;.tulI.l ll nl [reflucm;}, r r 11 IO·kl: 

lIIulti l ihn:rt or I II: "d,led 10 Ihc idc tltif ie r 
of I Ill' prcl:cdi ng I' ll.ragra plt, lhe c lTcl'l;\"{: 
j, is 50 tlil' iller! Ir} 5. IJCcomill g 10 t,:} d es, 
Thereforc Ihe :lmlio heat oolai ll",1 hc· 
lI. ecn a Slilllll:ml lO·ke h:trmOllic serieS 
and the l O·k\: i;,or ics frOIll thc iden tifier 
is again, in j'yl'lcS, t!(JlIII I IO Ihe fre llUl'IIC) 
o f tltl" 10-1...0.: 1liIl'IlIOll il', in ~ ir oc}'de;;., 

\ fu rthcr li mit a t ion U I1 Ihc nUl" I"", 
of hMlHo nic;,: II hi i'll 1';111 he itlc il l ificll h~ 
llli ... me thod curnc;; ltlruul " he n Lhe h .... ul 
frc qlle ll" } . 1Ij, rellt'hl"8 or l' \I:('cds o l1e 
half Ihe JlI/HI/lIllenlit l fn't'l lic IlC} o f li lt' 
har ili onic ""I'ic~, Wi lh ..1 la~e n :t ~ 10 
cp'It'i>, as Ilescr ilJcd in thc bl~ t llilra
graph . "i th a lO·ke I.arrllouic i'C ri,!;<, 
1I j, bccumesl''1t1allof'i ~ Ilh""IIH~ Iwal 
is 5000 c}clci>, ('orrcs JlOlulill g' 10 Ihe 
500th hllrrnonic, \\ hite iL is possibll: lu 
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'~ .. :a .- In( 5. Showing " ~I." of idenlifi"r in uvoid ing 
"cry I.) .. ' Lelll fr'·'I'H!lIcio.:s in mCII~"ri"g ~ rudiQ 

fre' lucne} ,..,ry nCUr II "',uH,Ia". huronon;e. 

interpret the result s "hen the IlCal fn:· 
quenc} effecti vely exceeds tbis ,alue. 
il is generallr simpler and much morc 
eOll\ cniCllt to ehOO!ie a \ aluc fOf.6. which 
avoids this situation in the frequency 
range of inlere"\. 

SUlllmari zing. a value for .1 ,;all he 
chosen which will identify prac licall) 
all uscful harmonics of a high frcqucnc) 
series, within the limits of a givc lJ audio
fre(lucllI:} measuring runge. This same 
value of ..1. will identify harmoni. 'S of II 

lo"cr frequency series up to the limit 
of the audio·frequency measuring rangc 
or / ./2, \\ hiehevcr occurs at the 101lc r 
rl-eqllene) . ,,'here / . is tbe fundamental 
of the 10" frequency harmonic se ries. 

10 Ulany cascs tbis method of identi· 
ficatiou need he applied only to the iligh
cst frequency harmonic series of the 
frequentlY standard, In any gi, cn fre
quency range a IlIrge number of iden ti
fied key frequcncies lire theu available, 
The intervals bet"ee n these kIlown ke) 
freq uencies ca ll then ],e subdivided h) 
one of the othcr methods described, 

6 

\\ithou t the nel'essi t) of using a 10"0.' 1' 

fre(lueller identifie r series, 
The use of a definite value of o!Tlle t 

from standard for tbe iden tifier crystal 
oscilla tor frequency in no wa)' impairs 
the IISC of the syste m in avoidi llg loll' 
helll frcqllcllc'ies whell measuring a radio 
frdillency. If 1. broadcast s latioll fre
'plene)' is I.It'ing measured, the Leal 011 -
tainetl between [I 1O-k(' stllndu rd hll r 
mOllic and lhe station {reflueucy 1I'0u ili 
only be a fell cyclcs. If the audio 1)(:;. 1 

bcl\\'ecu the s laudard alUl iticlltifier 
serieF-, a t the barmonie (:orresponding to 
the SIUI.ion freque ncy, is fi rst measured 
:Lnd then the Lent Imlwecn the identifie r 
.;;cries and tl.e st,uioll fre(lucllcy, the 
di!T,' relll'c of tlleSt' bent freque llci{'s is 
the number of c}clcs tli llt tile s ta tion i~ 

ofT frc(lucllcy, 
For example, SUPI.IOSC 11 s tation a t 

159() kc is bei ng checked , as illustrated 
ill Fi gure 5. If the identifier is se t CJ(

adl r_ the beal diffel'cnce between the 
identifier 1I1ll1 Slauo lard at Ihis harmouie 
\lould be 1590 cydes, Su ppose the iden
tifier is slightly ofT frequency, giving 1.1 

beat of J588 cycles. If tile beat OOI\\ cC Il 
I.he identifier and station frcque ncies is 
1596 c)cles, the station is ]596 - 1588 
= + 8 cyclcs (high); if the I,eat werc 
1583 cycles, the s tntioll 1I"0u l(1 1m 1583 
- 1588 = - 5 cycles, or the s tation 
would be 5 cycles loll', The error ill 
sc lling the identifier docs not nppCllr ill 
the final result. - J. K , CL,U'I' 

SERVICE DEPARTMENT NOTES 
Tell Us What I s Wrong 

In writin g about erratic Ol)l'ralioll of 
an instrumen t, please. uc,>cribc in detail 
the type of se rvice, hours of usage. oper
ating condi lions, pOller sou rce, alit! rc
!HIlt S ohtained frolll following directions 

gi\'cn in Ins lrllctiQIl Hooks. and Scrvi(.1' 
ami \lainte ll 3ncc Notes, I I will o£len l ... 
possible fo.' liS to anal yze the trouble and 
to send (lireclions for its correction h) 
re turn mail. 
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If it is lI('ecssary IllIlt till ins tr1Un~ nt 

IJe rclurlled for rc('onriitiollill g. this de
tail.'d in formation will prCl Cll t !Iela) in 
Ilo ing the 'Iorl. , 

Service and Maintenan ce Notes 
This informal ion is mailed \\ j[llou . 

charge to all uscrs of General Undio 
equipment. The Notes will twlp ) 1l1I ill 

making lul jusllIlCn l& und rc plIirl'. th tl .~ 

u\oiJin g time losl in hal ing n"'"un · 
liilio ning done a l Ihe factory. If )011110 
lIul han: n sc t o f S·n ' .!'" a nd \Iain
It-nau("c N otes, sellli liS a lis t of ) Oll r 

( ;"lIc ral Hadio inSlfllltiCIiI S. ~i\ i llg I ~ I )(' 

Il ud seria l numbers. a nd r our l'uP) II ill 
II\: mailed prompd y. 

Check Your Equipment Now 
Cons ta nt usage o f Gene ral !l ad iu 

cfluipmc nt \\ ill cVI' lItlia ll y res ult in 1111' 
Il c ari ng of 1I1 0\' ing ,;olllpo nc nts, lltt er i
ora liOIl o f tubes a nd ballerics . clulIIg~;; 
in the " lI lues o f resistors and I:U pnt' ilors, 
allil the collectin g o f dust a nll gril 
Ihrou gho ul Ihe asSt: Ulhl y. Tliege con · 
ditions oc(' ur vcry l:,'I" lIduall y II ml L1w 
effects are no t notieNI until errors be
I'onlt' St' riOul'> or poor o peration tlt~ \(' lops. 

\Vhy 110\ I'heck your cquipme nl now 
III ~e if il I:onfonns 10 Ihe s peci fi ca tions 
ill Ihe clltulog? The in fo rm at ion gil-en 
in Ihe I n ~lnwljon Book and in the :;"r\T. 
il,e lind \llIilllen:lI lI'e N otes \\ill help 
you ill Ile lermining if o l.lt! ra tion iii nor
lII al amI in making rClldjus tmcnls, K ee p 
Jour ins lrllnu:nl s in fi rst-class opera ling 
condition ill nnler 10 gCIIIC(~unu (" r("l\ult ;;; 
fronl }'OILr LIlC8!'iurcme nl S, 

VARIACS 
\ Iosl o f IlL(' VlLriul 'iI re turned for re

pairs ha, c dallJa l:,'C 11 windings, Defecli,'c 
brns.hes or I)/)()r conlac l o f thc brus hes 
un II corroded or hlncke ncrL \, illliing 
surface rel! ult in nrcing, c ,'e nlu ll ll), dam-

SEP TEMBER . 190 

SERVIC[ H~n mRlnlfIlRnC[( 
nUlfS 

I 

ag"i ng t ilt· I:oil: •. On'lIsioll al in8I.11.' (' li(". 
lIud ci.'a ning of rour \ Hl' ial's \\ ill pre \'c nl 
Ilelays ('aLIM'11 h) re l urn 10 the fac lt)r ~ 

for r("pmr,.. Orders for re pI3l1!1Il(' nt 
brlls llt';; arl' sh ippcll PI'OIIl Pll}, PI('uSt.' 
spl '('i f) t ) I"" of ' MiaI' fill your order, 

Replacemen t Part s 
While 11 11 e ffor l is nllu l ~· to lII ai lll;l l" 11 

re !lsoll uhlc ~ to(' 1. of Jl u rl ~, ilHdl 11 :';Ul'pl _" 
IIII1S I nel'el'Sllri l ~ be lim it .. ", 1)O.'('all:-(, of 
general I'hortll{-'l'''' In pl :lt'i ng H rt'qni"i
l i('11 fur r('pln{'('lIIt'nl pnrli;. pleil "4' onle r 
I)nl y the 1I 11101IIIt s uffi l'il' lIt for ) 0111' im 
IIll'diate 111'1'11..::, Orllcril for lurgc r ( 11111 11 -

l i l i("s ma~ "cl'ri\1' :I lIolhe r 1' \I ,. IOIII,' r 
from ge ll ing pur ts 1I('(· <I('d in HII ,' mer 
g:e ncy_ 

\~-he lle\(~r IIOS;;; i!Jlc_ repa ir minor t! HIII 
Hl:,'l! in )our 011 11 plnnl , If rOil ("11 111101 

1II III.e repHirs 10 pariS of General iladio 
Ill/lIlu fal' lu ft'_ .. hy nOI re llll'n them 10 us 
for re pa ir ra tll!' r than order n replace-
1111' 111 '1 Prom pl sen 'ic;e ca n bc gi "cli and 
8tralcgie ma lerials 'Ii ll be cOIl5C r\'ed , 

II. 11 . DAll ES 
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( ;""'1' "r <' ml""~ ,', ... 
h .. I.I,,,J,: tl ... " E" I."",,..,. 

A STA R FOR OUR " E" B AN NE R 
The ,nen ami \"III1~'1I of Ihe G.'lwrlll /{lI,lio COI1l PII II ~ un- pronll tha t t heir t, tT"rh 

IUi' (' lIJ('rilc(1 a !"t' llc'\al of tl1l' \rlll~-'\11'~ "E" al'lml. T o ou r sUI'plit"r" anI I our 
,, "hl'()lllraCIOr~ .\1' (·xpn· ...... our .hulII..;; fo r thei r hdp in ad, lil1g' Ihi;; ;:; Iar to ollr "E" 
hallllf"r. 

,,~_..,. .. vo, O. T"~ N.'" _ ....... _ ... ,..... .... --- ,.01. !'IoU 

._ ...... \1 ..... __ • _w., 
_ ..... , "-">' 
coo ....... __ , .. _ .... _--, 

......... _ ... or ..... .,._t ........ .... " .... _ .... -,~- ..... -.- .... -....u ............ .--I. or ........ _ .. '~"_ r .. _ 
-.. .. -.1 _ ........ __ .. , .... r ... s_ lj •• ",.,. 

" ... , .................... ,..,-_ .... . • tr ......... _. ___ ..... _ ................... . 
__ •• _Up. _ .... 11 ........... """ r_ .. .... __ ....... _ ....... t" ..... _ ....... -.. ...... .. ...... - ....... ~ .... -...-.-.... -.- .. .... _ ...... "' .. _ ... ........ tor_ . 

.... ---..... _\ ..... ~ ................ '--.. -- ... _ ............... , .... ,. -
.... ~ .... _ ffi_ .. "" j .... ., ...... .--1 .r _0 • • _. ,. .... , ..... "'160 .. " .... ltfL_ ... . .. ... 
_ ...... ,~, ... It" _" ... . .---1, .... __ .... 

_..- ............. ..... r .. Ud .. ""-'-" ...... bI"., 
... __ ' ....... r_ ... _ltUC ........ _ ..... .. 
"-'" r ............ rI ...... . 

'""' .... -.-........... _ ........ ___ <1 .... _' .. ___ Wlo .. __ 

..... r ,_,, ___ 'no .. _ . r_._ 
Ibo ...... _ ,..-..... rUt ...... ___ ......... 

.............. , 
lf~ 
c. c. 1UlCII 

_...t, P I"',) co. ...... , ........... , .. _ .... . -
GENERAL RA DIO COMPANY 

30 STATE STRE ET CAMBR ID GE 39 , MA SS ACHU SETTS 

BRANCH ENGI NEERING OFFICE S 
90 WEST STRE ET, NEW YORK CITY 6 

1000 NORTH SEWARO STREET, LOS ANGELES 38, CALIFORNIA 
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