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MOTOR SPEED CONTROL 
WITH THE VARIAC 

. AN IMPORTANT US E of the \Tar_ 
lac IS the cOl1 lrol of spec(] on fradional
horsep()\\'cr a.e mOlors. Sm'('cssful IISC of 
the Variac in Ihis appliealion, ho\\cvcr . 

dCI>cnds upon hol l. tli(' tY IJC o f molor and lhe I~ I)C of 103(1, alHl iL i .. 
illll'Orlanllhnl Ihis lie ~el't in mi nd "hell considering the Variac a,,:, 
"pccd control. 

Repu lsion and Series Motors 

'Repulsion nlHl series motors are by far IhecnI;ies tlocontrol through 
\'oltage vari;ltion . The speed of each of these I) pes is se n!'i!i "c to H)It· 
age, and conlrol earl be olJlaincd over a wide range orape,'d for pr:wli
('ally any t} pc of lOllrl. The cun'csof Figures 1 and 2show typil'al spced
\ollage dmractcristice for Ihese t)J)(:s of molars "jlh a hclt·dri\ell 
load. The repul~ion I) pc use(1 was a J.1 hI' alul Ihe series I) pc a 1/ .:; 
hp. The characteristics of these two mOlOrs are somewhat similar 10 

those of II,e d-(l series motor. 

Induction Molors 

]11 gCIl('ral, speed of an induction mOlor cannot be cOll lroliefl by 
,'ol luge. The motor tends 10 run at a spced approaching the spU'itro
nou;;value fletcri llined by Ihe nlllliber of poles on , the sta lor "indin~. 
Speed call he varied onl y by changi ng slip, and, for J)(:lt dri vC8 and 
other fairly conSlant loaf l5, a reduclion of \oltage changes the slip on ly 
slightly until the breakflo" n point is reached and the motor slalls . 

One outstlllulin g exception, ho"c"cr, is fOll lld for fan loads, "hert' 
Ihe effeclive load \arit·s grea tly "ith Ihe spced. Some types of intl • ..-
lion motors can 1)(: millie to opera te salisfacLOrily for Ihis sen it.:e "ith 
\ MiaI.' control, and s lnble ol)Cration can he had on a "ille range of 
sl.lCeds. This is (Ii~:ussctl below. 
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Split Pha se 

The s plit phase luulm Ililh ;1I110111111il' ."\ 
\' tll _OIlI , in par l icula r, i8 ;. I}, I)C tha i is 

nnl ... Iap led 10 speed con lrol by \oit il g.· 
\ a r ia l ioll , 

Th is tIIol.(U' hilS an auxiliar) \\ in.l ing 
"pace ,1 90 e leclrical degre .. s from Ihe 
rnain "ind ing. Ordi nari l.\' . this \Iindi ng 
is lISC!d onl y for s larling and is .. Iiseon
nce le,1 by an auLOrnati,· S\\ih;h \\hen 
ruun ing s jJCc l1 is att a ined. Afte r t he 

tllI x il iar~ ... ind i"g is di scon tu'I ' tcll , Ihe 
s pccil IClul s t.o 1I1'proar'h srlH.:/Jmno lls 
s IJCc(l , Ihe s lip J CI)cIHling mni lll ,- ItpOIl 
the IU1I\1. Vo ltage vll ri;ltiOIl has IiI 1[.: 
e ITe!.:t Iq tOli s lJCcd , The s rlt;e,j of a s l"il 
phase tHo lor is lIsually dlang ... 1 " ) 
s \\it l:hing laps on Ihe s tutor ... ilul ing: . 

wll ieh cfTcc l i\'cl~ ch anges Ihe 11Iluri)l'r of 
po les. anti also pro\ ides I ... 0 or lilore 
va lucs o f syndl rnno u;; ;;pcci l. Tire SllCt·,I
vul 'agt' ('har:!f·' c ris ,i,: of a 13 h p spl i t 
phllsc mo lor r.;o rt lroll,',1 by a \ ' ariuc is 
sho\\ n i,l fi g ure 3. 

Repul s ion- Sta rt Indu ction 
Motor s 

T he re pulsion.s lHt·' ill iluc liotl mo lor 
is pro\' i,I!.!,1 "i,11 an illr hll' iug \Ii llfl ing, 
cHlttlllul a lo l" . anrl brusl ... ~, by 11I<' (II1 S ()f 
... lli<'l1 Ihe ro")r is hroughl "I' 1(, "lI1milig 

11 1)(,1.:.1 j, ~ nl)l 'r11 l io ll as a re pulsion IIH,I,)r . 
' 1'I1t' 1;0 ,111 1I u I1ltO I" 1,"1"5 arc ,111'11 s ll\)rl · 

c ir,·"il c(1 hy II " lIIl l ' "tl a l il' /; \\i l ..t l. aw l 
[ire Illol.)t" rltltS as a ..; inglc-plrasc illdill" 
liOli Iltolor, \\7Iri le Ihc IIlotor "all IJC 

Variat·-t;onlrollc,1 during tire ~ tarling 

pcriml W lrl'l l i l i .~ r!lllliing as a t"\' pulsioll 
tlltHor, 01' "lwllC\'!' 1" tilt! \Ol lag.c is I"C
lhlcell [0 ,hi' poill[ wlre l'c lire repul;;i!)tI. 
s tarl S~S [ (' 1I1 "u IS i tl . li lt' rlltt !!c uf SItt:c ,1 
\'1IriaIIOIl is news;;:!ril ) 10\\ , :IIHI. if I llc 
re puls i!)11 ... iulli ng i,. Itol IIt:s ig ttt'd for 
con tillUOt l5 ",,' r \·ir.;c . CX,'(' S"ll e l,cHl i'lg 
ma ), ')'·(:lIr. Fi gu rt~ :~ ,,!tn\l ;; a \·o l ta;!('. 
s Jl,ced nll"w; fO I" a 13 hp rqlll isiotl'i' l arl 

t~ 1"lC of Ino tor. 

Copy,i,1t r., 19·14, Geneo-.l n ad io Coml"'oy, 
C."' II1" .d~, M ••. , U, S. A. 
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Capac Ito r and Capacito r -St art 
Mot or s 

Spti l. pha~ opera l ion ii' nrl~ n uLluinctl 
h} u!<i ng 11 ca pat'i lnr in ,;cr ics "jIb tilt' 
aU'I;i lill r} II ;Tllli n g. If the 1Illxiliu r} "intl 
in g i.l' nllC ltell IJ~ lin alllol llHltil' i'owi ll'h 

,, 111'11 rUlluin A" specil is rCllche,1. t ilt' 

IHnlnr I;; I'all .. d II "lI l'liciLUr,s l art m otor . 

I f the 1111\ il;ar)' "i lu ling is "oll n('('lcl l 

pt:rmant·nll}. II\(' 1I10tnr is nl ll t·tl a ,'a· 

pa"ilor 1IIOlor. 
The ""[llll' ilor'8I url I) pc j'anno! he 

n )ntroUcd II) ;1 ' "ariat" Tht: capueil or . 
' YI.II: j'a n 1,(:. parlin llurl} if 1110" 10;\11 i~ II 
fU ll or hl'I\\I'r. 

Speed Control for fans and 
Blo wers 

The tOr'lllt' require.1 III d rill; a flill 

ur hlo\' l.'r i8- a hlll<'lion of 8pel·'1. and, 
j'0I1So·(I IICn I1). !' lable 0 liCrution ca n !J.c 
IHHI "itll ;ml lle tion lIIolors opera t ing a t 
high, allies of sli )!, CaplIci tor lIIo lors :I ril l 
shadctl pole motors ur; ' OflclI used for 
this sc r vi('C, 

\\,ilh the s lia<i('.I'l'ole lIIotOl', s l)cc,1 
;'vrllrol oler a C(}IlS;(le r llhlc rangl' I:an Le 
nhlai nclL a8 !'iLoIHr in Figurc .1. For low 
s l)CcJs, ho\\cI'cl', it is of len tII!I'C SSlLr) In 

~lar' l a l a fll id} hi gh ,ol tage a nd thc n 
redu/'(,: lire vol lag" 10 a IOI'f'r va lrw (or 
rlllllllllg, 

fEBRUARY , 1544 

The ea paei lor mot or I.) all I .. , eon trolle .1 

by v'lr}i ll g Ihe lo!t age Oil !tolh Ihe ILi ain 

1111.1 alu iliary wi rulings "i !HlLlllIlI('ou~I), 

SolllC ca pat'i lor motor", hO\\ CII'r, arc so 
.Ies i:,:,u::d t hai /1 li:.e.1 .. oltllge .'mr IN ' 
a pplied 10 ti l!' Itllxil i,.r} win.li ll l,; .H I1 I a 
I'ana ble lul lage 10 I II!' !H:li u II ilHli ng, 
Figul'c I SIIOW5 I I,.. 5IJCc.I., 011 ng" .:h:lr.U'· 
tc ris li.:: (JIl I' lincd wilh a I) l'i l'1ll capu(:i. 

luI' rlIollJr driling U s<fuirrd-t'agl' fan 
"hcn til! ' Inlta g.' on both lIin.li llg!' ie 
varic. !. 

A s. pl i l .plla~ mo tor "lI l l he t'Olrtrol kl1 
in Ihe lIiHll1! WlI), if il is ,Icsig: llcil for 
operalion wit h the all\i liur) I\in. li n!; 
IN' rnUlIlcn tl ) (~onllef'\(:d, \\7Irile a ft'll vf 

IheSt.' a rc lI ~etl for rilll SI'rvic,'. t lH'~ :ln' 
nOI as I.)O I1I1Il .!Il as Ihc shade.l·poll' alld 
ca pllci lor l ) pes, 

Withi n e:lt'h bas il' I) pC vr motor, III(' 
dcsigner ('a ll v ur) lIlall) fw.; lor;; tv pro 
,ltH'e a motur su ilc.1 10 ;.l il Y I'urlicllhu' 
job, T o I ~tn('r thc eomple le rang.' of 
po::s ibil itie~ Ie eons i.lcl'llbl) I./l'~olltl tl,c 
scupc 1)[ this arli('lc, Wilh UII)' given 

I)' pf" o f motor the il l',,",'d-I'ol lag" ..IIOIra ~'

tcris l ic is, of ('Ollr:;.e. dC!,Cll ri f' lI t 111'011 IIw 
torquc-s pc,'d drnrllcll'r iSlic of the loau 
ilS "I'll liS thal o f thc 11l0lor ilse lf. The 
spced of eOl11C I )' pe~ of l!lotnrs is 1 ul tag'>' 
St.' IISili,',-". howclcr, ami thaI of ot ht;rs is 
no t, aIHI Illi!; should hc 1·(Hlsi.lel'e.1 fin;! 

wllI:n the IISC of a Va rim' fur lIIu tor s l'l.'ed 
control is "OI1 I(' lII ptale.1, 

CONTINUOUS INTERPOLATION METHODS 
PART II 

.LA ST MONTH 'S ARTICLE ou l- M ethod J : Direct Beating 
li lll'd Ihe \ ar io n;; mClhods of cOli li nuous 
intt'rpolation, \l e lir (){1 I. Dire.;t IU ler, 

polalion, and i\ INiuxl 2, Dire(.: t Bea ling. 

\I c re el.JIls iden,(1 in de l ail. This porl ion 

of till' arli,' le di s\' II <;S(',~ \ Ic t hods :J, ·1. 

lU1l1 5, 

Th is IIw lho.l , li l ilizill g tftc hi gl1l'r "f 
t hf' ''''0 I,..a t fr"'III(': 'II'i t's, J '" - IIJ. or 
(II + t) j .-J", is '1Ila plahle to high 
frequellc} IIIC<li'Urelll('nl " I)CCIIU5'> of lilt' 
lillli13tiOl' .,f Ihe il1 lcrpola\l,r range tt) 

/ ./'2 I.IIJ., Fill' .'\:lmpl." wi t h it Sl;.llltlani 
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CE HERAl RADIO EXPERIMEHTER 4 

fn.·IJlWIW) of I \ 11', I h~ 10"t'r Ilt.·al fre· 
'1Ut·nt·~ ( \l l.' lIlOxl I ) range" from II 100.5 
\11'; Iht, highe r ( \ lcl llod 2) rangCt> frvlII 
0.5 101,() \k ' 

Fur fre t,"'· IH: i.·,. "f Ih, ''''' m ugnilllll;'8, 
U I.roJu(ka;; ! n'('t' i\i'r ,'UII l)l' 11"", 1 for all 

inll'qM,lu lor, n 'allin gs he in g 11II..cI1 frOHi 
II ", n ·t'('i, .. .. 1·,llihr ll l ioll . Fll r ill ll ,rol",1 

al·I'ura,·), I II(' I""al frequ"IIt·~ ,'u n lie 
,·"ml'lIn·,1 \\ilh 11 I""\t' r ';: Iumlurd fn'· 
' IIII ' IW). Ihl' IliO'c"'I1I'(, frequclI' ') in Ihi.' 
rl',~' i\l'r 11 11 11'" 1 l)Ci lig nwa;.;urell iI) lUI 
in h' q lUlll lio li o.,."illl1 lor (a,. ill " .-IhUl I I ). 

III "01111111111 "ilb ol lwr 1IIc1111)(1,., .Iini . 
"1I11i,' '; 1111' t' llI'nlllllt'r.·,1 \\hl'" j~ Ii,'" Ilear 
a ,; llIlI,l"r,1 f n" IIIt ' iII',., Si ' ing: U ,li«,'rl' lIc,' 
fn 'llUt' lIq I" till' lIi' ,\ 1 higl"'r nr Itt 'x l 
I''''''r I.al'llllll,i.· "h ii'h i;; 1I, 'lIr 10 IIII' 
Inl,l(' "f Ih,· J,(lillduni fn'ljIICllO'}. 'I'hll .. 

11\0 frl'<jllt' llI'i,.s lire impn';;Al'11 nn Ihc 

r".'f' i,,' r ill!'It- .. ,I"f "Ilf' , 

Method 4. Sliding Harmon i cs 

Tn n·d u('C Ihe dinlClillie" e nume ruled 
1I io0lc 11 11.1 10 simplif} o l",' ratio ll . IIii ;; 
")"' 1' 111 , ... ,Ii·l!igm:t\ so l il at no bt'u l diffe r . 
1'111:" fN"luc lle) is 116(:.1 a lill Ih., \l ill y I)('U I 

IItili ?~, 1 is ... old) fo r rna lt hing. ?t'rn 
I)('al . Tlw in teqMllator ""lIl rol fljI"ru l.,!, 
''' 1 1111 fre{lltCIII'iN' si lllllil all,~ousl ~ , so no 
"d t' t,t illll (,f "Iu'\l'r" or "higlwr " 1"'111 fn" 
qucm') llifTen' IlI"·s all' I no IlWIISUn' nlt' n l 
of an) heal frt'quenq t1iO'f'reUf'" I,. 
require,1. 

The 1I) "'e lll ill uslru kd call bc lie I lip 
:I" fI)IIO\\,, : '1'1 ... !< t:lIldlirol l't'IIl ;; iil l ;c u f U 

IJ50 1.." ,·r)!llal tlscillator. in krms of 
I, hidl ull mCUSUrt' lIIe lil s are mu,I" all,1 
agui n,, 1 I. lt idl till' inl~'rpola t (Jr ('a n I",' 
"al tbrlllt' ,1 ,.r .-IIt't· l..t" 1. 1'1 ... inlt'fIJotllu . 
lo r 1'1I11,.ift l" flf a 50 to 60 1.. •• I'ariuble 
f~qllcnl') OM'iIIll lor, straigh t lilil' , dire('\. 

"'luling t'lllil'ratioli . The S<' al~ has 100(1 
tlil i ... ions. gi l in~ III ") l' l.,s Ilt' r tli"i ~ iolt . 

Tlw s lantillr,1 111111 iltlt ' rl Jofl lal f)r flul· 

pui S are i m"re~,1 on u 1lt00Iulutor 
and t he uPlx' r fli tl., frNlllelll'} iii selt'CINI 
It) II filter in the Inn.llllulOr output. Thie 
fill e rt'fl rullplil i" of Inoo kt-, "hCII lIlt, 

illl"rIJOlalhr i;; ~'I 111 ze ro till Ih, ' dial 
(50 I..e) anti , 'U l! I", ,arie,lu p 1.1) lOi n h 
u l I()OO on 111(' .Iial (60 kI-), II 1.0 1111 rang.· 

of une p('rl'e nt. Sillce Ih('r~' a ..... 1000 
.Ii. i;;ioll .... ;·II,·h tli"i ... intl ill (1.1)01 l"IO' r, 'clll 

ur 10 paris lle r m ill ion. 

This Olllplil f'N t'It ' IIC) i,. tl8t'd II) nill' 

Irul 0 111 ' u r 1I10rt' Iilulli.ilrr"t o r". \ 0 111' 

trleglle)'I'It' Itlultil' ihrillor. "i lh u ;;,p" "iul 
uutput amplifier. I' rol' ide,.. harmoni l'S o f 
usa hll' m agui l lll ic lip lu 200 ~ t c. ' I 'h i,~ 

IWr ll lf)n i, ' 1111 1(11 11 I,. Illili?,I·,1 ill " 0 1111+'(:' 

lio ll .,i lll II 11I'I Cr(III ), I' (' fn " IIII'IIC} mell'r 

hUli lig a rang" olf 10(1 to 200 \1", culi· 
iJruted al elldl Il1cgm: ) I' I, '. 

The "y;;.lc lil i ... p(lrlicli larl) in te ntied , 
as deS(:rihcd. fur Ih~ 1lI(' Ui;urCIIICIlI of 
frCtlut' licies in Ihl' range {rom 100 10 

1000 M e (apl}roxililatci} ). Throllgh Ihc 

uddition of a sct'oml Itlult i. ' ibrator. 0.1 
\1 e lind Ihe use of II IIclcroli)"h' Fr('· 
'!uene.y i\1l' 1,t'r t'tH'c ring 10- 20 i\ lc. mcu!;.· 
life men IS in I he rall ge frOIll 10 10 100 'M " 
colt.1d be madc. 

No\\, ,lit h Ihe inlrq"lOlulor oIial a t 

Z/'rO. th .. 'lU I pul. freq uj' III '} (j. + j .) i ~ 
('xal, tll I 1\11' alltl Ihe IUl rllloni, ' fre· 
qucllcic5 Olf lhe lIIull jl· ibralor lire a ll 
Il1l1lt iplcs o f 1. J\ l e. Thus lhe he terod) ne 

frNluc llc) me lcr call I,,· " hccke ,1 at c\'c r} 
poi lt t on its I'calc. If Ihe ilt lcrpolalor 
,Iial il; se t ltt 10()I), elll'h hannolli,; ffe · 

'IH(,IlI '}' is iucrl' usetl by 1 pcrcen t, AI Ihe 
lflOI h h:lrlll0 ll ic litis Inelll lS Ilia I I hc Ire· 
qllc nc) has bee n rlli~d (roUl JOO Mc:1O 
just 101 )r", Also, comple le eo. crage 
Iller Ihis ilil c rI' al has IJCe ll o btainCt!' fur 
lUI ) hi gher Ilarl1loni, ', I he l ' pcrl'Cn t ra nge 
e ...... 'CCds the difTCrf'nL'c loc lI' ce n Ihc gi.e n 
harmon ic and Ihc nc ... l higher 011('. ('.oil. 

scq uellily f!O lllpICIC I'O\eril!ll' o f lilt' en · 
ti re range fro lll 100 lu 200 ;'I l l' is assure,!. 
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GENERAL RADIO EXPERI M EN TER 6 

every c~ell', aro ' avail!! "I.,. lm,1 IIHlI a 
lubvralor.\' oscillator is 10 he st l I" a 
freq uelll'y of 323.383 (·)dcli. 

Tbe inh!flKl lalor (>Scilla lor is st l tv 
IJ ,333 c)I'I.!s h) i t ... . ·u libralioll . The 
()scillator 10 bt· lIll j llSlh l is II ... n sct 10 
323,000 qdcs. us rcad from a pre \' iolls 
eali hralion. Th is udju i'ol llLclIl nced nol 
he precise - it is to inSllru Ihal rile linal 
rt'~u l t \\ ill 1101 Ill' in l"Tor h) OIH' . or 
11101'(', muhiples of 1000 q-des. 

'1'1.(' osci lla tor frcq uc n('} is Ihun ill
'Teased (rOIll 323,000 cycles. The C.1\C· 
lo pe o{ the ('oll1billCd \\(I\'C 0.1 Ihe ca l h· 
uJe.ra) lube is Iha l uf Ihe difference o f 
the 1\,o nscill:H or frclpu-:ncics, hul. I/() 
JllltI" rI! 011{Jef.WS until t"I~S difference is 
Illude II IIIII/tip/c (If 1000 c)"dcs. This 
(w,'u rs \\ hell the osdlla lor freqlle ne) has 
hecil iucre tlscd from ;\23,000 eyel.,s to 
:\23,;\83 C) (·Ies. A I, el,is fre(I'u' IIO'y li lt, IIi f· 
fnell('C (,f osci llu tor <Ulli ill terpolalor fre· 
'Itlell('ies is 323,:U13 - Il,383 = :3 12.000 
qdes. \\hidl is an int<'gral IIl1dli ple of 
Ihe s tnll, lard frellllf' lle) of .lOOt) ep' les, 
luul Ihe c lJ\c1ope pa ll er" s tands Slit!. 
(TI.e indiviliull i o5(:illa liolls vf the 
"carrier" \\a\e "ould 1101 bc seen he 
('uusc of Lhe Il igh freq ue lley.) 

Aet uall), h\O l'atterllS appear, Ihe 
"frOIlI" and Ihe "bad," traces, a!O 
sJ..c tt 'hed . TI'l'SC can lie sc l)arlllcll I.)' 

phase shiftin g u t' ll"lrks. hul this is not 
u!Ouall} neccssllr}. 

'fll(' error, ill c-yclt's. in .II;,king Ih is 
llt ijm<t mcllt i!i nUlnerit;all y equal 10 li lt' 
error in e}cles ill >O(' lIi llg the inlerpntulor 
frC'IIII' ll l'}' TI.i ,. error cau he malle \'er} 
s lllali. so Iha l the met hod is ca pahle o( 
hi gh llei'lIrllt;). 

If the "scillat or is i<c l a l 100 111(: frc· 
'l uC lley. 10 1Jt' meIlS" re,t , the in l,crl'ol1ltur 
is I' arih l unliliite pattern 1I1'1I(:!II'5 :lIId is 

made s tatiolla r),. T he freq llc lI (,;Y incrt" 
l1It' nl is Ihen read {rOt,1I Ihe in terpolator 
~t' a le, the upprol'rial.: mult.iple of the 
s landarJ fri.'que ney I>ci ng itlell l ifit, .1 
from the osci ll a tor cl1lihra lion. 

I II l hc cXll mple all in h:q.lOl:unr (rt'· 
lI"erH'y of 1l,~8:\ cycles .. :1'; uscd , hu t 
I'atterns ell ll be obtaill(;,1 wi l h uny fre· 
q ue ney wl. ich gi\'es a lIIu lti ple tlf Ihe 
slalld arrl frcq uc ncy whe n Buillrue ted 
from or :lf ltl(,,1 10 Ihll (l{'s ire,1 fr"'I',e IH:Y. 
For t'xa mplc, the frc(llIe llll} o f 32:i.383 
cycles gives II pa lt t rn for in terlw' a lio n 
oseillutor frc'l llc ll ,;ies uf e ither 11 ,33:\ 
( " ,000 + 383) "' 10,617 (lI ,OOO - 38:1). 
Ti ,e illtc rpoi:'t or oscil lat or consc4Ut'utl} 
nc~,l~ to l bave a ra ll "e of onl ), Qlle ·half 

• 0 

the s luml:lrd fr" q w' ''' '}' In n l.t ai ll t:o rn · 
ple te coverage. 

T he illleq Klla tol' frt:que llc) docs 1101 
lla\ e 10 II(: as lo w as U ,OOO cycles. hul 
muy be of Ihe orde r of Ihe unknown 
frequIHlc). A high in terpo lator frc· 
queney has lhe advan tage of lo"eri ll l; 
Ihe freq ue ncy o f the c n l'clol-'C a n,l hence 
the pa u erll is easier 10 s pread o ut. The 
aosolu lc l1uc" rauy o ( a high frc(ltrellc), 
irll.e'l)l}lutor is lIs lI ul' y les8, so high 
HI;curacy ,Ielllam is the lower f,·e'l'tI' ll tJ). 

Using an inlt'q Kllalor of 11 ,000- 1-1,500 
( -yc1c~ r!l1lge. Illc asure lllen ts CU ll hc 
made to \. il lli" a cycle 10 a bOl'c OIlC 
megueydc. To e.'( lcnd Ihe freq uent:)' 
ra ngc, a higher freq ue ncy illtefl.lOlulOr, 
sa)' 30-35 .. ke. (·tm be usc" \.ilh II 10 kc 
s lallll ar(I, " itlt a sotllcwh .. t largcr ern)r. 

For eOll l'e nie tll'e IIIe scalc of the inlc r
(-Iolulor is lIIarked on l) ill frcll' ,cIlC) 
incre me nt, 0-500 (;\I· les for the rnurtt' 

• • 0 

-11 ,00010 J 1,500. A sceolld !wa lt: lI\1l rkell 
:)00- 1000 cycles is '·o lJ vc n i" 1I1. " 'hen t ht' 
re tluirud illere lllt'lIl i~ negill in', u\'oi(lillg 
;;' lIbl ra e lion. - J. K. CI~"'I' 
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Summary 

r M.thod 3 : Direct BU l in. 
'1'10 .. ~ I anda rtl frt:<I"cney "i. "nd the ""I<"own 

frt:<luency /. li re inll)r~ on " high fre(lu cncy 
. t"Cl'iH r. which i~ lUlled 10 wCC-"J' t 1><> lh. The 
Io;~lwr hea t fre<l'l(:cney diffe rence Ii! " Im.ined in 
Ih .. r~h cr ouq'" ' Dnd ill n"~"" ,,re.1 I,y l u"i,,~ 
of Ihe low f''''I"clle)" r«ei"er (or hy (;0"'1'''';''6 
... itll It suiu.iJle 811111t11" .1 (requcncy in th .!! low. 
f.MI,oeney . ('Cd,·cr. lid ()re\- io,, !! I ~' d CiIC.ihet.l) . 
The heat f.t:<luency difference t'ee he tween 
}. 21 11<1J .. 

Prilld fHl/ U miw/;OII8 are: 
(1'1) S ID udanl frC'I" "" ">' harmoniC8 " "'!! I he ,,( 

lI~able magnitwle III regio" l.rou,,,1 f •. 
(II) The fretlucney of the u~1 harmonic nJ, 

ruuu be dete rmined. 
«') The 11'; 11 o f the beat ('co.l"cIIC)" must be 

.Ieten .u"ed. 
(/1) '1'10 .. o,·cr .,, 11 llremller dq>cml.s o n II, .. c ali . 

hrM;on of the low frequency r ... ~ei .. er . 

I'rim;ipal A,/mnl(J&"S a rc: 
(tI) ,\ high fre(jul'nt:r ~ latHla rt.l clln I.e usetl. 
(6) The 10 '" (r~IU,.nev r«ei" er, or interpolator. 

range ill from I. '2 10 I .. in ~ l e.d of from 0 
10 1.l"l ( \ l e lfood 2 ) ; Ihl' Inl ('rpola lor ill 
Ih('rdo .... more ea ~il y d <'J;ign('t1. 

(,.) I ",pro .. .,1 a <.."(; ura,'y ea" he l, hlllin ...... 1 I.,. 
('(lUII,uri,,!;/. '" illi " 811;10"10.: (r" I" <,III')" frnm 
lhe s l,,,,,h,rtl. in Ih l' 10 '" (r,..-"",n<"",. re<:e;' ·('r . 

Method 4. Slidlnl Harmonie s 

The fn'q llen(', I~ Ie i " " , rc~,",:d "" " ,le l.::t; l ro. 
"ilh Ihe " "Ip" t of the ' ·a ri " hl.' h ur mon;c 
~ l u n. I :ord. The (r .... " ... " e ' · j. iij lI,..n incrl'a!le1l 10 
a "1'''' ,aluc/.' ~"eh Ih~1 "I,' ... I. (7.ero hcul). 
Frtl'" the ~ I ,, "d ll rd CO"lrol~. II,.. eh ll nge "I,' 
"I. i~ LOIo .. n . 'l"lwlI 

I, ... III,' ... 11/ ,(1 + J, ) 

... IIJ + "J.:). 
... hcr'·J. ;~ II,.. kn, ." 10 , fi~ ... "( I, ~ l n n \l "r.1 fre'I''''''''~ 
,,,101 .1 i" tlw lra,1 i",,,,/ change in J. r."(,,,iTO!(/ I" 
n!;Oke "J.' ... J •. 

f • 

,. ."'. 

, 

r 
' f. 

FEBRUARY . 1944 

f. 

'-__ "f,",",.'-__________ --< 
c f. 

STANDAAD .f. 
r .. H. 

1-1.1'. 

W Il(I!:R , J 
ILI'·AfCI!:IVER 

I r."" .o r. 

1',,: , Ult 4. lnl el"lN)lnliou " ml (nlle l io .. nl ,Ii" . 
gram~ fo r \ IClhOtI 3. 

I'rind" ,,/ Umillll iOlM are: 
(,,) The ,· .. n uble 'rNluene)' harmoni."!! 'nusl l;c 

,,( " ..... I.l e magnilm/e in rq: inn ar""nd J •. 
(6) The fr~" I "cm" or Ihe ,,~I lu,r",on;e r"" ~ 1 

he de l cr lT1 ; ,,~ .. l . 
(,,) II c. ,,11 i ~ nl> a fr"ctiu" "l lo; , ,, i ~ (nol in c~c""~ 

direclly) ""I" illj lld, Ie,1 eq"il"n~"1 i ~ "8~ .... I . 
(" ) Aoourac} "f t he o rol l'l" ,,( :!5 pa~ls I "'~ 

III; lI io,, ; C,nI 10" gr(''' I I,. ;"'I ,ro,('t l "' Ih 
",I.I ~,.j ~"'I" ' I""cn t. 

STANDARD f. 

MODULATOR 

f, 

"'fT£<ep'''Tqtr" 
B.P.FILTER 

,II,.,,,,,," ~6 (f.+ f ;) 
Y"'Nt_~ "'u. ... ".,. 
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GENERAl RADIO EXPERIME NTER 8 

l 'ritu:i/HlI AdmlllaSC8 :Ire: 
(a) Ouly one u ro be~11 fte lting i~ re.'lu'red for ~ 

me~ij"rem(>nl . 

(b) _\ ", ide measuremenl ronge i! ~ .... \ered ]'r :' 
narrow range ~illalf"'. 

(e) The {"II ra"l;e o ( Ihl' ",rial in .. "o" lml 
covrr$ 1«( or 1t!'>W Q( Ihe "'ea~"reo l (re. 
'l"eney. 
The liign of Ihe frNlotcn9 incremenl , ~ 
olwllYs I"",ilh·e. 
" -,de,],oM eO""'''' I .... fihr ..... riC .. are lIvoi,IN] 
atJ.: only 0 dCleeH.r fvr ~H;ng ~.ero lieu iii 
necetlllaf) . 

Meth o d S. Calbode·RIJ Oscilloscop. 
The three fre'lnenc ic:i! i" J .. li nd J. <.:~ili l 

],h,.~ ica ll y. ", I,,'re J, - fr('(,ue' '';l of an in lH. 
1>0111 110 11 ( ..... mnlOr. i. - Bland .... (fl."<I"ellcy. 

r, 

, 

( 
i. t ~- fi 

"1. 
NOTIt~ HA/fMO,",CS of f. cIo NOT 

el<ltrf In reY'''n iYO""'" f it 

F IGl K I;6. Fun" lional 
1.lock ,liugnllu f" r 

't el" .... 1 5. 

~~ 

fr~ ~1 
SJANCM/ID' 

The n~.1 mulli"le "i. of lhe Blllndard fre· 
' I"ency doe!!' nOI l!-"( i$1 I'h ,.~jcoll ): neilher dt)C'A 
1 Ie (reque" c) dilTerenee J. - i ,. Thetle rr la· 
l;ol1.8h'l'li nre " li tahlilihe<1 h) 1'''H crn~ On Ihe 
lIM: iIIOiICOI'e IICrcr" . 

T he inlerrolo lor frcquf'ncy iii : IJju~ l ed I!O Ih ll l 
J~ - Ii - nJ .. 

Then i. - "i. + I,· 
" rind/Hll /.,j",jwlioou lire: 
( .. ) The frMIIII'" Cr j. mU1I1 I,e 81111,Ie cnotl !:!. It, 

o l ..... r \"e I. pllttcrn. 
(/0 ) The tl lICtl llJ lllt;l' lc "J. of Ihe ~ l lItldart l n'u ~ 1 

he idenlified . 
(e) The 8igll of Ihe itl('re 'lIcIII ,"tI$1 be delf'r . 

mined . 
(d) \hsolule IIreurltCV oJ cl'"nd o! on ~ill"lor J, 

~nd "OCtlr"c} of ~1I;ng. 

l'r;II";[I<" Atimll/u/f!S art·: 
(0) 'Ilo h"r.tlnn;", lIre J1I~ on . 
(/,) EXl re '~l e ~i mrlieil y of ' 0:'1"'"'''''''' "",I ~ 

011<:' ''1111''. 
ee) \\ ide ra,,!!"" ofJ4 ('ali J", ,-",,, .. r ... 1 "'lh ~ lI il· 

,,1,le ,.]u .. io-,· of i. and i ,. 

!'''~ l Il l> 7. 11I 1(' rllOl lI l ;"" .I',,!: ruUl f,., 'ldl,,"J 5. 

!" ClI llI, 8. l'UItH"~ proJuce.J I.y 1"'0 freqncncies ~ I.plicd 10 one pair Df plal f'A or II "II IIo .... lc ·ra,
~m~ral.I, . \ ie"'e.l again~1 II linear@,,·ccl" 1",'0 freo:l lI cncieti or "n('(lual 1I1111'1il llll l' "!'I:>ear a~ ~ho"'" 
at the Idl ; ",·;Ih C<:lual a ll1l,lit ude!l U 8100 '''n Itl the cenler. The en.' e O]IC freqneney i~ lhe dilTcrellcl' 
of the 1"'0 freo"{nenciee. 

\ t Ihe righl I~ shown Ihe pnl lcrn produced hy 1"·0 frcqnenciell 1I1'1)liell 10 thr • erl;cal ddlecl;n~ 
I.I ~'IC'!I, vie"· ... l "guins! n s iuu!!Qidll l s" 'ecl' of lurge ""'p] ilnde. " hen lie 1," l1 crn ; ~ ne"rl.· 61;. lio" "r). 
one em'clol'" mO" eII ~Iowly ill one direction, while the olhcr mOl' eII ~Iowly ;n Ihr ol'I>OIIitc dirt'f' lio tl . 
a.8ind iea l ed l'Ylhe"rro.:::.~,~. ___________________ _ 

GE NERAL 
30 STATE STREET 
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