
THE GENERAL R A D 10 

FREQUENCY STABILITY MEASUREMENTS OF 
STANDARD-S IGNAL GENERATORS 

• FREQUENCY DRIFT 

• INCIDENTAL FM 

INTRODUCTION 

I 'n·-,('III-II:I.\' U~t'~ iUI]}lN' r:lliwr :-t'\('f{' 
I)('rfi l rtll:lllet' n11ItiJ'\'11Wtlt~ 4.11 Hutillani

,.11::11:11 p;(·I1l'nllm .... Iu :t dt,j.!I'(·(-' not pn-· 
tlil'Iahlt- Ollly a 1,'\\ year- lI~O. Th(' 
illl-rt':\"'IlIj! ('I'()\\dil1~ 01 til(' i1't111lt'II{'Y 

"IM'('lrU1II ha_ fo_I,'n·1I tlu- ~ro\\lh of 
H:l ITO\\-I'!Lllfl It'l·hllilllll·-. \lhit'l! ill lurl1 

1m" dI11\\1\ hlt'"!";I_l''' :IIII'lIlioll to "'WIl(' 

"f II\(' rt' ... idll:11 I"n-'llu-III"." ill~l:lhili,i('- ill 
tilt' W'llt'rator I11Ilp1l1 \1l1"II,\! ,Ilt--t' art' 

( 11 fn'(IUI'II\',\" ('h:III~I' II ilb lillii', Ibu:tll.\' 

I'all("d frl'quI'IlI'Y .Irif, ·2 "horl-I)(-rilIl1 
LlI_I:thility. 11-11:111," ,,:tllt,d fill 110i-.(' or 
1"I· ... idual fn'qlll'w'," 11l()lllllalioll, C~ I 111-

,·jtlt'Hlal f rNIIll'llI'Y tuodlll:l I JOIl ( n'~I1I\ ilLl!: 

£1"11111 :L1l1pll1LI\I~' 111(0(1111:111011" alltl ( I 

lIlj,'ro]lhOllit,~, 01" fn'lpII'III',\ dlan!!"~ flf 
nu'('hal,i"al tIt a""l1~li('al "ri!!ill, 1'111' :I 

.. i~I1:t1 !!I'ILf'I~I'!lr to II(' llI(1~1 W'lU'I~II1,'

u~dlll 111 tuda\"" tt'l'IlIlol,,!!,\', thbl' 

'1Il:IHtlli('~~hoLild Itt,lu,ld tn:1 1lllllilllLllH. 

.\ 11 1'\IIIllPlp of lIlt' t'\lr(,JlW .. tllhility 
n'fpIII't'I1Wlll~ I" \.,111111 III Ill(' 11' .. lill)( of 

('n'~I:d filll'I'~, \\ hid ! han' \'\'r~ ~h:trJl 

• RESIDUAL FM 

• MICRO PHONICS 

I'Ilt-ofT elwnll'l('n .. III"", Ililh .. I('IH'" n .. 

~I('('p u ... a fl'll t1'111h .. dh P(' I' (''\'1,1" :11 

fn'qut'lH'i(' .. o f Ilu' nrd r r of 10 1Il('J,!::I

I'YI,II''';, (1II1i(III .. I.I' lUI:'o' l'ppr{'('iahl(· 1"1'1'
fPI('I1(',1' ill .. tahilily 111 I h(' 11' .. 1 .. Olin'!' II ill 
oh"('lIrt, IIIf' qllallli,_, 1l11<i('r I1U':\"lIn'-

1l1('1lt. 

MEASUREMENT TECHNIQUES 

\\i th lUI t'lt'1'\J'(lllil' di)!:illl] ('0\1111\'1" '"14' 
(':Ill --.('1 I IH' frt'IIIII'HI'Y (If IIII' .. i.L!llal 

)!:1'1l('nllor \"t'ry pn'('I,,('ly. :-'illC"\' II", 

l'OI1I1I1'r 111(':\ .. 111'(' .. f rt'l11ll'1I('y dln'l'1 Iy :IIHI 

,'olltll11loll .. ly, il (':111 lIl .. " illdll';lII' 1111" 

fn'C\lu'llt'y dnfl, loll! it ('lIHI101 l1WII"III't' 

Iht' .. hOI'I-I)('l'iittl r l't'll lll'nt'Y i l l"lnl,ili1~ 

'1'111' .. 11111' \ 1'''\ ,It:!\ill.L!-tIIlW 111\('1"1'111 \il1 

(,llrrl'lIlly ;1\':lil:ll,11' \'4111111(,(">;1 I" !lll('lIT a 

lIIilli--'('('ol1l l. II hid, ('orrt·" lltIlH I .. ,,, :1 

iar)!:<' IIITTllht,1' "I' rf I'yl'it''', 011(' TltOU~ILlul 

of tlwlIl al OIL(' TIlt',!!:at'yd{'. TIlt' ('OIlt,LT"!" 

Ihll'" nll':I,.;U!"(''o I Itt' (/nrll!11 fl'l" 111I'11I',\

\\ilhlu I hl' I'IIlIt1 III1)!:-limt' ill ll'l'\'ui. Til 

lll!'a"11!'\' fl'l'IIIIt'IIt'Y .. ,ahiliIY (1\'1'1' 11111,·11 

.. hurl('r 11111'l'\,:11 .. l"1'(luirt'" dilTt'l'l'HI 11'1'11-

IIlqU<''' of 1l1('II ... ur{'1I1t'nl. 
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GENERAL RADIO E X 'ERIME NTER 

A bl,,('k dl:L~r.lln flf II mC;I':Urt'IIICIlI 

... y.~1l'1lI for 111(' 11 1.')1'(' quail! il ie- i" ~holl'lI 

ill VigurC' l. T IIi,., CqlliPlI1(,1l1 i,..; .. ui l ahlc 

fur Ul(,:J"'urillV; I h r' fr{'<IUt'I1I'~" drift , I h(> 

rt·,.,idwd f"C'qllC'IWY modulation, :Inti till' 
illl'itlf'UI:11 frt.'qlll·tll',\" m'M IIll:tlioll, Hlld it 
(':111 di"'lll:ir mil't'ophotli"l l ll,I' i1td lH'(~ 1 
frNltlt'u,'Y in, .. I:lhilili.", 011 Ihe o""'ill,,,, 
";I'IlI}!', 

FM NO ISE or RESIDUAL FM 

,\ ,',jll\'COlllI'llt 1I1(,t lltMI "f 1I1I':1"llrill~ 

I'(' ... idu:tl I'm i'llIplll,"~ I( P IlI~I'-('IIUIiI di,.;~ 

" .. illlill:llllr a..; \l~('d ill Ilw Tn'E 11 12-.\ 
Fr('-tu('twy .\ 1(·I,·r :llld l )i""rilllillltl,)I'. 

Tit i .. 111 ... 11"111\1(111' ":111 111' "11t'1':! 11>(1 di n 'et Iy 
up III l .b .\ 1('; :llId, h,l' 1H!':11l" 'If Itl'l(>rn .. 

d.nll' "~ ' hlliqUl'''' , :It lIi).\ l lI'r frt~III(,IlI'i('''' 
TIll' OIHpUI ":111 1,(, f,·d di l'l ·l'Il." If! II 
TH~: i:1(;".\ \\ ':In' .\ II:Ilr)(I'I', ,I'hidl "ill 
... ,·It·I"1I \'1·I .... Illl'a~lI rt' li lt, \"fl. l'i'lll" fn'

qUl'tH',\' "IlIll PWI\'tl'~ <If , III' fILl lI"i",(' . 

• \ 1(1,- 1 Ilf Ih(' 1"I' .. idwll fl"l"llll'lll'Y 1I111,I,tln

Ijllil , ... ,'111'''' :t l p')\\I'r~"'ILJlplr fUllda-

o lO • • 

LC 

, 

mellla l :llId hll rt lluni(' frcq U{,IIl'il'':, \\hh-h 
the ;UIHI.\' Zl'!· ('i\1I l'tL~ ily [(ll' lI lify, F;\ I 
II r i,..iug frl1ll1 Olhl'r N"' l11 't' {' ~, ItHlI'l'VI' I', 

11M)' rt'tl " i ,',' :1 wid , .... b;r tid 111(':1."" L 1"(,I1)('n I , 

,\ I'ali l)m l t't l, hiKlr -Wl i n II ll1p iilicl' ,'m,'r· 

ill~ 1111' full II lId io ;ope,'I "tlm will "hilI' up, 
fill' (,:"':lllI ple. d i .. ,tlrlmlw,'''' ,':IL L""'II by 
\":lrl:l.Iioll ,.. ill !>IIIw-'r-lil1l' ,ul! :lgl·. T ilt, 
1'I·~idll :l 1 f1l1 111:1,1' (·(,II",i .. ! of a u( lllliu:tul 
nO-I'y,'11' '·' IIIlP" ' lf· lll. r"l'l't'''''p'l1ldil lg III:L 

tI"Iia! ilm of tllallY ('al'ri"I' I·,n·le" from 
Ill(' III'N:l).!,"I' fl'l~IHt"If',I', :11 II nO-('.n'l(' 
1'111('. Ihml'n"', "lli lll!." III lrau,:it'III'\ 

l'\.i,,'in~ ,Ut 111(' ]JI\\wr lil1<', Ihi.: fm ,..iJ!11ll1 
IIIl1Y llt"'llla l (, l' ioll' l lIly ill iIL1(,,,,jl),, ,\ 

"H rl'"w-hlllid :lllal.I·1.(· !" (':11111 ' 11 l'I,",;pllltd 

III ,Ill"" II lH·!II:l.\i ' llI"; :11111 wilt "imply 
:lI.'mgt> Ih(· n· ... III! .. ill :1I'("lI'tiau{'c "ilh 
II ... nwn I ,:tll tl widl h , 

MICROPHO NtCS 

,\nollll'l" "apahiliIY of:1 widt'-h:l.IId flU 
11.'''1 .. )' ... 1('111 l.~ tht· tll{,:I"'tll'f'I IIf'tll Ilf 
1llt'l'h:lui('ally intiw,('tl fn.!I[Ht'I1I'Y "hir,,,, 

SELECTIVE 
" .I'II'!OW,8ANP 
.N. LTlUI 

TYPE 11 4 Z·A 
,~"""" 

"'[lE" 
~o P 20 •• 

TYP[ ISSI- Pll 
COHO£HS£" 

"' ltRPP"ON[ 
$Y$lE '" 

'YPE ' ~~ I·t 
SO\JND - Lnn 

"'EfER 

OSCILLATOIII 

b. TTPE 1932 · A 
PI$lOlllTION 

." >t 01S[ 
1!I ( l[II 

W' D[ - IANtl 
ANA LYZER 

TYPE r~ZI-A L _ . ___ --' 
GIIAPHIC-L[V [ L I 

RECOIIDER 

Fie ... . 1. 810.k d loa.orn of .... , .. u,erne nl sys lern, 

tyPE I~~'A 
, .. PACT 
NP IS[ 

_ .. ALTU " 

PEA K 
SE" '-PEAH 
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, 

CUlilu\Ouly n·f<:rr(.,<1 10 a~ mi,'ropiL(Jui,''':, 
'VlLeli Olll' \\:llIlti til ,'each Ille l'xtJ'tlllc 

lilll;'" (If .~I:tbililY fm:\ ,.igliullo!;(,lIl'I':IIIJ)', 

mi('l'opliolli,',. aud high :H:OII"'1 i,' IIn;M.' 

Icn'l~ muy pl'O\'C to be I he limit illJ; 

factor,;, \\ 'Iwil a ,..igull! !-I;('III'rulnr i .~ 

()pt'rakJ ill :It'j)u .~li(·IlIl.\' w)i~.\" !'lIv il'I)lI-

111('1I1~, il lila)' p,\ h ihi l l'H .... it·r-frl'\JUl·tle.r 

iU .. t:lhilil,Y :It fr(''III(,lIeil''': n·Ia1('i1 to ill

lema I 1Il.,(·Ii:Llli<::d rc .. Orl;lIl('e .... 11 j..: of 

ill/('n.,,,t to kIIU\\ wllt'n: tlw"'C 1'I''''Ollall{'l'''' 

:t/"1 ' alit! h(I\\ IIHwh fn~llIl'ltI·y ,11'1' ;:ll;11I1 

dwy may Iii.' lillie to ,It('ll{,r:ltl' ill :I giw'lI 

1'11\' ;",1111111'111. ill ')1'(\('1' to IIlillilllizl' l h"111 

\\Iien' "n~ .... ihll' 11111110 pl"Ovid .. "ihnlli<lll 

; ... Ol:ltilill allOl IlI'jlll,;lit;td ill...:uialioll \\lwn· 
1'1'(I(·I;.·al. 

.\ h:lndllidth ("l\'('I'ill~ :11 I~':I'" I III' 
amlin ~lw,'lr1B11 i~ hkhl," dl'~ir,llJlt, 111 

1 h.. 1t '~1 l'qllipml·lI1. .\11 1I."4'illo:-,'ol"' 
pro,' ull''' a "1111\' ,'111"111 \' i~lIal ,li~pJ:IY "f 
Ihl' alldllJ-freqll~'II~'," ~i),::II:,1 fnllll lilt' 

di,,"I'1111ill:illll' '!III pilI. ,\ tl :1 PIII'<,xilll:111' 

In''I I II'III'Y al1aly:,i., ,)f Illi/'I"lpll"tlil'" ,':,11 

f':I~it,\' hl' I1wdt, hy tN' 'If a ~hakl' 1:11,1" 

I., "Il,t·alt· I h l.' !J;t'II~'rallfl' IIII /Iel' 1.' ... 1. 

1)lIlll illHIlI 1Itl'\'h:\lli(':1\ 1'1.'~"II:IIWt''' ":111 

Il\' 'llli,'kl," lo":lIi'1,J hy "j,,\1:.1 oh~'''' \: 11 1 ,,]j 

1111 1111' Il~" i 1I1I~1'1I 1)(' U ... 1111' ,. 1 Iit'il I • I r d I'i \', '. 
f 1"''IIII'II(',\' i" \ ·al'i(,,1. 

\"1111"'11.':.1 /,jTwl ... , \lIIlI'h a re ... jlllil:II' 

" I Ulil 'r"pliotli,'_", ":til hi' 1'\HlIlitl(,<1 hy 

I I~.' I ,f 1111' .... rwakt·r ~.",.:tl'I'1 ~I"II\I' ill 

Fi),!:llrl' I , For 1I\1'.~1 :1I'1'III':llf' I't' ~IIII"', 1111' 

)("111'1':11111' IIl1dl'l' le"l ... h'lul" h., i'llI'lo~.~1 
in all olll'I,III,i,' dl:llIlhf'l'. :I ll hlllll'h \'NY 

II"t,fllll" ''''lll!'''':l1I he I)hl:lilwd wit h \"1'." 

l1\lI .. h ~illlpk l' 1'llI'lu:-III'""" ,\ ' 1\ I'E 15.')1· ( ' 
,";0111111·1,(' \,(,1 .\ 1('ler I,. 1"l"'II11I1I1('II(h,d 10 

1l1(,"ilur 1111' '''111111 1(',' ('1 \ljllJiIl Iltl' 

l'IU·I" .~\lI,(,. 

Tn tl('1 ('fll.i.u' 111f' ('Irl't'l (,I' wl.i, l' III)i~,' 
l1 POIl til{' ),::l'lwnl1o)" IImlel' 1(',1. lite 

"IX':lkl 'r l':111 I,H' drin'll hy Ih\' T\ I '~: 

I :iHI} .. U Ib "dom \' !!i ,~, ' (;ell('l'al!)!', I ! i~ 

DECEMllER , 196. 

1)cl"itap::: mlJI'C " ignitic:tllt 10 ~xallljl1c lilt' 
I"t. ... l)tm~ to ~i1t,.de·r 1"t.'(IUt'Ul'Y ~lIInd :h 

I Itl' f"I'l'III I'IICY i~ varit'(l v\'{'r ,II{' emi l'C' 

aud i" "'1)('('l1"lIlIl. Thi" nlll he dOl1c ton· 

\'I'l1il'lllly by UN' 01':1 COlnbiwl1 iOIl of 1he 
"1'''1'1.: l;ml·B HI'al - Fn 'qllt'III'Y Audio 

(:l'lIerallJl' II lid 1 I\(' Tn'~; 1.52 1· ,\ era phi" 

IA'vel H t'COI\!t·I', : , " ,.111'11'11 ill Figllr(' I. 
\ dlarl of ~iI!;II:IJ·gt'IINa'l)r fill d l"\"iatil)1l 
ma~nillltlt" I ' ';. al"IlI"'ti(":II~'\I'il:llil)l1 £r('· 

'1"I'l1\'Y Idllllf' ohtained, :-'tu·h a (,hart i~ 
\ " '!",\' t1~cftll ill 1'1'I,lIi"IIIII; 1i:('IIl'nll<lr p,' r· 
l"II'lIlall('(' ill ItiJ.!h·lt,,' ('1 n(,,"II~lit': , 1 ~l'· 

, ' inOllll)l'111 ~ a 1It1 ~'1'\1'.~ ; , " ;, J.;lIld(' lowilrd 

1'lil1lillali1,1I (,f IIlIlI'a1l1(',1 IlIl'l' hunil'lI! 

1'l'''lJ l ta lll'I '.~ lIithill IIII' ~1·IIl'ral .,I'. 

,\1 1111." "),":1 "11 1" art.' ('IIIII'('l"Ill,d "I,ll 
Iwn;irnlllll Jl~':lk'lIl"Jllill1''' ' ,igmtls (as 

IIppo;--t-..1 III rill" or :l\' l'm~(' l. whil'h Il'lId 

II. '"'1.'1'10:111 ,lwlII, """111'Iill\(''; to t il{' 

1>llit.1 .,f l'll1npll't(' I"", "r :llll p lifil':lli()11 

1(,1' -<" 'l'nll .... ·,·,1l1ti ... III "tldl ,':I,.cS. the 
kll(]l\"lcd~( ' (.r till' p(,:tk :llll l'lilU\I~' is 

illlpm·laili. TIII,:t Illplii Ild (, I" 'l'1't''' I}()l lding 

101 till' peat... d(','blinll uf:1 ",il(lliIl gell(·ra· 
101",. ,'IIIT11'1' fn" PII'II('." i~ I'lI , .. il.,' ml"a"Ill"l'd 
wilh lh(' '1'1 I'.: 1551\.,\ Imp:I!'I \"j ... " 
\1I11IY1.t " , 10 III"it'all' P(';I!\' d(-'I ' iatioll'; of 

t h,' ,I~llal. \ eh"i,'!' of ';IlIl"-a"(-'ra~I" 

qll!l~i-"":Ik . "" pr'lIk rf· ... pt)1j;.(' i, prnl' idt'tl 
f"r ,-,ilh('I' p"lal';ty III ,Il\' ~i}!lIal I)('in).!; 
1l1l':1~11"" I . 'l' ll i:< 1)('nl1il'" I IIi.' Il1l' :I;.;III'1'"-

1Ilt'111 .,f Irull,il'I II 1I,'\' iali(IIl". "'\leh a~ 

II];]." n'.~1111 from ",hot,k IJr "ihl'allnll , 

INCIDENTAL FM 

\\'h('1\ :I "il( l1 :11 ~('lIf'I':l1ol' i .. :llHplill1d,,-

Illodulated . . "0111(' illl,it!"n lal frt'qllclI('Y 

1Il0dlll:H iOIl al,o O'·l'u r.~. Til., 111(';1."1111'-

111(' 11\ of I Iii, "IT.,.'t imp"....:,,, :--('\"(-'rc 1"1'. 

'luirl'Ill(-,I1I'" \11\ I ll{' nl(·IIMlrl11j.! appaml 1\":, 

II hi l'" mll ... t 1M' 1':,p;lhlt~ of h:l1lfllilJ~ IIII' 

rf i1l1)111 "'i~IUlI "i\ lumi ph:\'I' t1i~IIJrlilm. 
:It :111," IIH~llIlnliliK fl"l'IIUt'IlI·.'" lI'ilhill 
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GENERAL RAD I O EXPERIMENTER • 

!Ill' ('apahililir'" (If llll' ~t·tlf'l·al(JI' undt'l' 

h',,!' .\ nll'iuliorr of plm.~(' irr Ill{' ~('II('nt

! 01' ('arl"i('I' fl'l.'CjtLClley dlu'in,!! I he IlWdllla

lioll (·.\'(·It.: lIill rt'~llil ill ill('idl'lIl:ti ftn. 
~imilal' pha--<.· ~hifl" l"all :ilf<o llt.:(·lll' ill the 
Il'~! appal'alil" Hrr(1 (':111 I('ad III I"IT(HIl'(JlI~ 

rc"ull" ullk~" adCtlllale dc::,i!.!:]) pI"C('aU

linll", al'e lakt.:ll. ,' Ie:l i'ollrl"mCnl:; at n'l)I 

I(m Il'I'('I" of ilicirielll:d fm :1I'l' u"mllly 
lill1il{'d b.v Ihil' "ITl'('I, (',"'pc('i:tlly :.t the 
hi!!:h arrrli'l modulalil 'll [" !"{'qucm·I{',,:. 

\\'hil (' :ll':U'j'il'I' ... i~tlal [':ill bl' c":llnineu 
\· j"rr:dl.l· (III :1 P:IIIl11':lIlIII' dl "pln.l· <.It·l·i('l'. 
il i .. dim('ull 10 iell·lIlif.I' ~pllr:llf'l.r IIIl' 

:111\ nnd fill ... idl'b:llIIl" IIh('ll b()11r lIrp 

.... imll1t:III('(/u ... ly pn'''l'l1 I. F ()1" I hi .... ]"(·n",oll. 

I ht, l'y:,;lI'rn "hOlI"lI ill F I~lm' I. whil'l! ('H1-

ploy,.: all fill di",,·rIHlHlalor. is t'('t'tlllI

I11l'udl'd. 

()11f' flf 111(' nlfl,,1 inlpol"l:1111 1':(1'1')1'': In 
lire 111(":1";111'1'1\11'111 f)f ill .. idl'III:11 fill i .. tite 

1'lllIlpll'\ lI:lvl'fIJ!·1tl illl' "ln,d. ,\ ." pointed 

olli pn'l'iulI",I.I'. "i~ltal .. Ihal 1"I'111'f''''l'1\1 

11i(' I"t'."idll:ll fIll nui"l' of :1 "ig:llal

W'III'r:llol' 1':11'1'1('1" fl·{·ql1ell(·.I' al\' ("/In

ItIOIII." ('(llupl,'" l1:n t"!·OI"lIlI". dOlllill1ll,'t1 

b.l· ,,11'01l,!!; ('OIUPOlIl'III": rl'bt~l t .. ill!' 

P(I\\,(,t"-lill.' fn'/IIII'IIl'Y, :-:illlil:rrl.l'. III!' 
.~igl l:tl" (hlll I'l'PI"('~l'III 11[(· 11I1·idt'llwl fm 

of :In H111plillldt'-IIHulubli'll (':tI'l'I,'I' I\ill 

\':U'Y I·Olll"i,II,t":lhl.l' ill 11:II·for"!"!11. TIIf'Y 
will ('/1111:1111 frl'qlll'llf'i('~ !"l'bll'd til Ill(' 
rll llpliltldl'-l11lllllll:11 i. )11 fllllll:! IIH'II I :11 f 1"1'

tl'll'tll')'. {h'pI' :t widr nlll!!l' ill 111O(ltd;r I i, III 
11'l'ell' [llld IllIJc\tllaliuli fn"p"'llI".I·. (iiI' 

nW:lI'III· .. d .. i~llal ma,l' dl:lllJ!(' fl'om !1l'al"l.I' 
... inl1l'oid:tI (0:\ hlt!:ld.I' d i~l"rlt·d (·llhlph·\ 

"iJ!;l\al. 

'1'11\1 .... 1'11111'1' Iltl' b:rllliwitillt of lIlt"' 

Illr'aSllrlllj.:; ~.I'~It'1I1 1Il11~1 Ill' :ttil'ljllalt'. {II' 

1'01"1'('1'1 itlll.~ nlH~1 ],1' 1I1:Hlr f'll" II. ('01'1'('1:1-

lillil 1)('111', '('11 \':I1"il'lI~ H1l'lhud." of 1111':1"

lU'Crll('1I1 {'arl Iw tn:\l\(' II h e-I"I' thf' 1'('

I'POlIS(' (,h:1I":II'1 f'ri,,1 il'.~ of /·al·ll ".1'''' Ptn 

1111' knOll II. 

MEASURED CHARACTERISTICS OF THE 

TYPE 805-0 STANDARD-SIG NAL 

GENERATOR 

Thf' rnC:IMll'f'llIf'lll 1",I""ll'1l1 uf Flj.(III'l' 1 

11'11;" Il .. (,d In f'1':rllI:lll' lire Ill'l"r"rlH:Il((,t' tlf 

tilt· 1\1'1'; SO,"i- 1) ~land:I1'l I -~i~lIal (:1'11-

t:'l'aHH". w i lh I"l·."ull" :1" dt":ti11'11 Iw1()1I. 

Residual FM Naise 

I II 11';"1" lUI lilt' TYI'E ~05- D :-;1 :llIlla 1'11-
Si!-!:lIal (:('Ilt'l"aIOt" fol' fl'cqlwm'y ",1 :ll>ilil)', 

lill':t"U("('111('1 11 ... \\' ('l'f. jil"":l 111:1( 1(, I lf IIIL' 

I"l,."itlll:d-fl1l-IU li"l' dlal':I~'l l'ri~1 it,." ,11'1'1' 

t III' (' Il! iI"(' I ' a rri('l"-f r('( 111ell ('." r: IIl).!;t' ( t t i k (' 
I" ,-)0 ~II' ) . I l{'l·onl.~ 11('("1' m:ldl' din'l'lly 

ill ('Y('le~-pcr->'('('ond (\('I'i:l 1 jon. :-:jlll ·t' 1 hi;;: 

i..: Ille 1I1O;"t di l'cl'll," 11'''1:1"\11 lJar:lIl!!'h'!" fill" 

l'\':lhl:ll i ng !:!;l' I Il't'alo1" pt'l'ft.nn:II(('{' III 

ntll"l'()\I'-h:llIli sy,,1 cms. I 'Cfl i l l('111 dn I [l 
:Ire ,,11()1I"1l 111 Table 1 . . \ typiwd j)l'l uhl('

lillll-l'llll In ... tnlmcnl \\' :11' t:lkf'll fr,1' 1111'..:(' 

lIle:t<,III'Ctnl'lIt;:; and til(' j"i';"IIII.~ :11\' til be 
l'j('II('t! a~ typica l . 1"lltltl'j" 11t:111 f,(u:ll':tn

t('Ni. 
'1'111' 1'6\111::: ~ho\\' Ih:ll :1!1 obM'I'I'rd 

11111I11>l 1(l1:lll'd {·:ll'I"it.'r-f ("Nt 111'11('." ;.:1 a hi Iii y 
(If I hI' (.rch'r f.f 0111'- (H' tll'n-(·.\'I·I I ' 11('I' i:l

tintl ('lIt1 1)(" :1I·ltil·n,t! 0\'/'1' Ililldl of Ihe 

(·:lrri~']"-fl1·qll(·I1/·.\' ran!.!:l' flf til(' ~l'tI(· l'alo l" . 

~ h WI'O\ I']". Iltl' ~I'I':' 1'· ... 1 ('/lIlIl'lhlll I II ~ 1":11'
!M ('lilll'itl!,!: Ilti . .; dC!!IN' of ill",!ahili!.\' I" 
1"I,lnl ('d III tltf' Pflll(,I'-;"II]lpl,v ft·I'lllI , 'IW.' ·. 

Thi ... i, ,·,'I<1(,1I1 IIhetl llt(' domitl:llll 

1 " 1\\ "I'-f I"l'q II I~ I Ii '.1' -S!('I Il'l'a I ei I ('(ojll l)t '1l1'1 II 
i- lilll'l'(,d (1111. Tlti . ..: ,":II!!.!!:p"l,.: 111:11 fIll' 

"rili(':11 11_,· .. irnprn"t.:llwlll ('lill hI' ob .. 
1:lill(·<I Ihmuj!h l i lt' \1-1' of II til' IWllli'I' 

"'IlJlpl.\'. Thr j!1'1I1·Z"tlIl- l':IiJilll'l ,.:iz{' and 
1<1\\ ilI11'1"I1:11-1 1'111])<'I':ll(ll'(, I'i~c will pl·nnil 

11j(' ilH :dl:( I ifm flf nil in!cnl~rI t 1':III"i:-:lOl"-

1'{'j!III:II('I1 h l'III , 'I' l'lIppl.\'. \\" i!h :"lIch :111 

:11T:111!!('Il1{'!lt. Ihl' rt'"idll:11 fm 11/'1:-:(' 

... llIllIid [l PWn:H'h (l1l{,-(',1'l'11' d l'I'i:1! i(>11 

111'f'1" 11l1l"i Ill' I h(' f'a nif'!"-fn'qIlC'1I 1·.I' 1':111"::1' , 
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TABLE I 

INCI DENTAL FM MleRQPHONtCS 
Wi,l>.oo - AM at Relull;,,!! ' .om 

CARRIER FREQUENCY RESIDUAL 'M 30% AM 80% AM Mechonica' SI>ock 

:;I; 6 1 Peak 
Devio t jon 

Ma!o_ in cpo Mo jor 

±D' Com ponenl wi,h ±D' ±D' ±D' Component 
Peak of Peak Mojo< Peok Peok Peok of 

'" Duialion Deviolion Com~"t Deviation D"v;o' ..... DeviCllion Oeviolion 
M< in cpo ill cps Removed in cp. In CPI In c ps in cp' 

,., , 
" L' , '" 

L' , '" , , '" , 13 '" " " 18' 
" • " 
" " '" 10 " 18' 
" " '" " 70 "' 

il ium Ih(' J,!;t'llt'r:lICU' j, npf'I':lIN I 111 :t 

un.-m:d lalmratorr (>ll\l,'il1lrlH'lIt . 

< , " '" >0, '" < , '" '" .. '" 
< 1 " '60 1000 18' 
< , 18' 1000 >0, ". 

< , >0 '00 "00 18' 

" '>0 '00 '000 '" • '" 100 >0, 18' 

" m 1000 >000 '10 
13 300 70' 3000 18' .. 1300 3800 10,000 '" 13 1100 10,000 '00' '" 

'I'll<' ,hila ~hm\l1 :iI'" ,'\lr('Illf'; ff)r 1101'

mal l:lI')Or:lI01"~' (·f)ll1litioIlS illl'itil'lll:d f1l1 

rt'''ldLill~ ft'ol1\ 11I1,' ,'o1'lIlIlIi, '''' :11'" N'ldfl1H 
Mi crophonic FM Noi$e .~i~lIifit'all'. 

The '1\ ,. ~; sor,.. !) :-;, jmci:Il'( I. :'i),!:lI:d 
(:('III'I':,II1I'h,I" bill ')!]f"dOlllill:lllt IIII,/'Imll· 

i":11 r('''''!II:lII/'~', a ud 1 hil'i i~ ill Ill\' I'(,).!;ioll of 
27,,) 10 2!K) I,~·,·I(',.; IX'I' ~1'1"ll!d fur 1lI" ... 1 

"IIII{htilllls, Tlli.: Ila" oil·tf'l'Iuil1l'd h,l' lilt'· 

1'I1:111il'lI1 :lIlt! :l('OIl"li,'aII'XI'il:ltillll '11' tht, 

~t'I1I'I':II!lr 01,',' a \I id('·fn'lll1l'III'Y 1':l11l!"', 

TIll' data l!'in~ 1I ill T alil,' I illlHrall' 
111111 j (':111 h:IPIlf'1I 11) t 111' ('arri('I·.fn'qlll' IH'.\' 
~1 a hi! il r \I h('11 II]{' p:lII!'1 is "tl'IW" it ,~h:1 I'P 

hll l\\ (('w/'I 'dill).!: Ihat likely 10 hi' 1'11' 

1'011111('1'(,11 ill 1I01'1ll1d ""I') .. \ ~1Ij,st:llllil1l 

f l'l' IIIH'III'.\' ,h'l' intillll (':111 I\I·I'W'. Tht' 1'1I1t' 

:11 \\ hkh it will 0/'1'111' i ... l:lI'j.;f·Jy <I,·IN· 
IIlilll'(l h~' 11ll' fl'l'III1{'IH'.\' "f tilt' 1l1:l jllr 

IIll'dmllil'al n· ... !!I:!II'·'· of thl' 1!I'II('r:llHI'. 
II hill' Ihf' maj!nitude of Ih(, dl' l j:l\ ioll 
Jlr<IIJ,H't'd \\ill hl' a fum'citlll .If tilt' 1'1''''' 

1I11:1111T {J alit! the II;ttllrt' of Ihe illll)a('1. 

Frequency Drift 

.\ 1()\\'·fm·lI"i~I' ,~ij.;n:tl 1!;1 ' llI'l':IIIII' Ili ll 
he of ma,inlllllL IIlilily 'JIIly if j", fn·· 
qucllf'y·drift r:III' is ;t1~'J 11III, Th i" :-hlluld 
Ix'l , .11 1'1I01l!.d1 10 {·ltahll· tlw lI~(' r 1" -.c:1 

:1 ~pf'('ifil' fn'llllelll·.I· alit! h:II'(' il 1'(" lIlaill 

1'''tt~t:lllt lUll).!; ('111111):;h HI I'OlHpiClI' hi " 
nl('a~II"('1lIl'tl1 \I it IIIHII n,,,,' 1 11 111l<I,I':lll o.: e. 

111'1'1', a;':::lill, tIll' 1"'ltllil'('IllI'lIt~ ;11'(' tll'll' r · 

111ill\'d hy Iltt' ill1i'llIll'd 1I~(' of the 1-1;1'11· 
" 1';1101', ... ilwt' the millitllHIll fl·('\jUl'IlI'.\' 

drifl IlilI hf' "htailwd u1ttll'r "'UI~I:IHI 

nlll'mlill~ ('{Inditinn". it i~ :Iltl':t.\'" 1)1'-1 
II) keep till' ;'::(' 111"':11 \)1' ill "IJ1llill ll 'll1." 
npl'ral iun 10 :I\'oid I Itt" 1I~\L:d \\:Irm'u\l 

(·y .. le. For Ih",,\, I'a""'; \\h"l'l' Ihi~ i .. lin! 
p(J.~illl (' , , III' ('l1n' I'~ (Ir 1,I"I,il':L! fn'qlll'!lI',v 
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Range Switching Effect 

.'. , 

o 
............. '00: .... ",,' ~ ................ "". 

...... "" ~ ,"'- OI'{ ••• .,.. 

Figur. 2. Graphic . .... rdo of fr ' qu e n<y drill. Th , 
upp ••• ,. o f cu,,," I hoW I 110, , If .. " of ,an", 
.. .. h.hlnll . ft •• low., II'OUP showl drill 0 ' .. COII_ 
.tonl Iwltch •• ttlng. Th, record. at tit, lo wo. ,.f' 

I .. t .. ch II'''''P I how Iypicollo llg,'o .. n drift . 
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Gen erator Operati on from Turn-On Point 01 Room Te mperature - Cold Start 

~ 

G~ ~ 
~ • ....--. . , 

. 
>< ....... , .. ··f ........ " • -" . , .. "",,,. .- ..., ... ".,,"" 

\ '-.. .." .. '. ---
' .......... "".' 

• 

• 

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



, DECEMBIHI , 1961 

,.. drift ~hll\\"n ill Fiv;un' 2 II ill be helpful. Incidental FM 
Tlw~l' rbt a fl'llrc<'(,lIl 111{' !'hallgc i ll fl'c
qUt'HtT heginllill!!; with t he st:lrt of 
I),;t·jllnlion,.: foll()\\'ill~ 1111'11-011 of th(' 

pOIII'r ,.\\ill'h . . \ ~.\'rllptIJti(> -..Iahilil)" will 

hI.- "t-:lt,hed \\ilhill lht' fif8l hour of 
I) IX'I111 inll. 

.\lIntlll'r ,:lOIU't't' IOf fn'quclll'Y t!l-ift II; 
sudd"11 l·hflllf!:C';;; ill o. .. !'illalOr'·(:irt'uil / '/)11-

dili/llu,,_ :'. Laj l)I' cflutr-ilI111ot':-; 10 Ih i~ type 
of drift 111'(' hlllld·'m-itt·hillg tlml, If) II 
It, .. ~er ('xl('nt, ehaIlW'" ill the f!'Nluelley
elial ,.;(·ttillg. Wilh lilt, geUCrlllOr ill 
normal npoenll ioll /lolI~ enough to h:l\'{' 
I>a .... ('d throllgh till' illili!11 Wllr/lL-l'p 
cytle), a ciUIH,L(f' fI'om 0111' fn'q1ll'lI{',v 
range to allO\ hN \\i ll hrill!! :Iilonl (I 
R't'llIlfbry frc"fIUI'IH'Y ddf\. Typit!11 of 
U\l' n'''lIlt" to he 1'''ph,It .... 1 art' tilt' l'un't'i< 
~holln ill Figurt, 2, Thi,: ehtlr:.u:teri-:tie 
appropriately dcfilll'': llic p l':.ldic:al limit 
of frC('jll('ncy st:\hility, rather ihau the 

fil m] valuc "l'l)eh l'd 1llld c l I O Il~-1Cl'm, 

COII.',t:wt-oper:lting cond ition!;. 

Ftgure 3, I"clde"tal 1m '01 " 
fu .. d i,, " of p"U .. IDg. """Iula ' 
II .. " al t .. "le. ' .. q ..... d u b.· 

h.' .... 50 a"d 1.50 h . 

In gelll'r:II, I he ilwiuenl:tI fill ill :L 

"ij,(II:I] gtllt"'!l t(U' II ill 1)(' n flllll'l iU11 (If 
(':I I'I'icr fl'l'qllcnc.v. Ul llplitude-lllodllbll illil 

l)t'n'Cllta),!;!', !Iud 1lI0dllllltillg fl't'ttIH'IWY, 

Thi" la", l'!UI Iw quile iml)ort:ull :It 111\1 
!':lfri!.'r frt'lIIll'IU'it,,:, The II:Irl"OlI" Imllt/

Wilh h" of til{' I 1I11('d I'il"l'uil,: !Hay Il,,.lIlt ill 

;;u 1),.:t:l ILl i:d illl'illptit al fIll hl'iug ~(,lIcm I I'll 
III high IlHldlllalic'lI (1'('qUCIII'il'':, Fil!:l(!,(':~ 

"huw,.: Ihi~ I'""d ilion for (,Hni('I' frl 'qlll'lI

I·i/"" ill the .;0- HI 15U-k(' ranJ.:I'. ;-.:" 1-\1'1':11 

('liang!' ill tlw 11'1"c'l or il1l'i<lI·III:l1 fill j. 

founa on'!' th i .. 1':\11)(' flf 1':trt'iN ft'(,
IplNWy, :\'0\(', hll\l('\'(.'I', the rapid l'i"I' ill 
iUl'idl'lIlal fill H,; t ht' 1Il0011lialillJ.:: fl'I'
qll{'III'Y iIU'l'I'lb(,s, ' I 'his It(' h f\I'il'l' "IIJ.::J!;I'"I

p h:I"c nlllllllialilll1 ari"illg: fl'llIl1 11".1'111-

Hlel riC'al pha ... • .. :tIIt! :IIUp1ill1dl'''' of I hI' 

~id('-b:l1\rl-. 

Figllrt, I :::holl"; I Itt' illcitit,tll:li rHl pru-

dUI'l.'<i at 1111' hi~h l'arrif'1' frf'{l'lt,tlt'il's, 
The PI'{'';I'HI'I' of a liui)staHli:rll,v hi).d"',, 

levl'1 of ilwiti"III:11 fill i~ ,'II'!!I'I,I' IIppal'I' II!, 
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GENERAL RADIO EXPERIMENTER • 
,,. , 

I ~(,,,JNT .M , 
-'-::t::!'" -T -- : 

--- !!"'" , 

~ " , 
'o! . 00 , 
• 
" '00 

• 

---

, .. • .. 
hili lIllI£' 111(' ah>'('l1('o of :l dlillll!;<' wilh 
1Il11i1111ali1JlI fl't'tllit'll t·y. Th i, .. Iwl1a,'iOl' 

"'llj,(y;t, ... I, ... pll1'l' fn'(lllt'llt'y 1ll0dltlati(Jll 1'('

"111Iill).( frlltJ\ real'lion Oil t il{' n"eillatol, 
Tahl\' 1 ~hl)w:,; typical pcrfonn:wec:l1 

t II I) "IWI·ilil' :unplitude.modulalioll Il'q'l~ 
fIJI' \';lr[IIII" ('at!"icr fl'C(ll1l'lIl'ic,.: thrnup;h. 
tlul t Iii' r:LILj.(t' of t~c "i~lIal !!('lIcmtor .. \,.: 
Illit.:ht lw expected, t he magllitudC' of 
illl'idl'l1t:d fill wi ll incI'C!I:".C 011 ally ,l!;iwlI 
j·al'l'i(·I··fl't'qw.'II(·Y r:tngc ali t he carrie!" 

fn·qlH.'ILl"Y illerca,.:c ..... 

,.,. 
,~ Figu, . 4. Inddl nl,,1 1m ". " 'untlion "I 

pe. u nlage mod"lalion at high <arri , . 
" e ""e nd ... 

-,~ 

~ .. 
Carrier Distortion 

.\llo;h("i" ('IWl'a\'lt'l'i"Ii(' ,If g('IINal in-
1I'l'e"'l lo~it.:lI:d ).(i'1I(·l'all)1· 1l~1'I".~ i .. " (':lrri£'l'

fl·('illU' lli" .... di"IllI'lioll. II hii·h i" im por 

latH ill wiu(··hallil 1\'~tillV;. III le"t" on 

\'ideo :llIlplilii'!"". 1'1'1' il1 .. t:llW('. (":II'ri('r 
di~l()rtioll .. hOl1ltllH' 11I·ld at :1 llIillimum. 

:-'1I1l\{' ('OlllpnUlli .. t· 1)('1\\"('('1) t".ll·l·u'r 
di"lortioll :lllti ('11\ ('Iop,-' (ampliludl'
modulation) tii"l11l'tilill j" l1~u:tll." Il!,(·t· ..... 

,,:tl"." in all ilHnlllll'lIl 1'/)\'cl"ill~ a widc 
fl"eqw:'!ley 1"!lllgC. Thi " l"e~lIlh frolll o\'cr-

Fig ure 5. P"ne' ..-I.w ,,' Ih . TVp. 105· 0 SI"ndard·Signal G. n" al"" 

I 
I 

) 
1 
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• 

CA RRIFI! 
FREQUENCY 

IN Me 

, 
16 

16 

" 

TABLE 2 

CARRIER 
HARMONIC 
DISTORTION 

2.3% 
5.5% 

1.0% 
3.1% 

1.2% 
3.1% 

lappill)!; 1"1'qllirenwIIH III the freqllelle), 
rat1!-!;{'_~. 11"; for example. the mnximilln 
modubtitl" frcqueJlt)' ,I t till' minimulll 
C:tlTil'l' frl'ftlll'IWY. III til l ' Tn,-) 80&- 1) 
~t:lllJ:Il"d .... ";iJ!:n:ll C:CI1('I':llor, thc,;c f r'c
QUl'11I'il"'; :11"1.' idf'HI ieal hilt w/)llld not he 

Il'il'cl ,.;irHUltUHC'C)U"[Y. Thi" illlpo . .;{''' tl 

pnwtjl'ul Jinillatiflli 011 tIll' i"ollitioll (If 

DECEMBER , \ 961 ~ 

:llldiO-lllOlilililtinn ,.law',.; from tlw 10\\
f,'cqllt"'l\t·y l'/llTil'l' ~I ag(''', ,"'OlliE' di .~IOI'I iOIl 

exi.;j":1 t low (':1 rrif'r r n'qlll'III'if'''; frl)jll 1 hi" 
(':lll"l'. ,\t Ill(' highf'l" (-:lnif'r fl'(>( jlU'lIt'i(''', 

Ie . .;" t.::IITil'l" di,.;tIWli(JlI i~ f(IIIIIt!. "'hi;-: 

1"(':'Iull:-: frl)m the illl'n'::I"illg 1il.·lcdi\"il,v 
Ht lii),!;lwl' I'lIrriCI' rr{'q1t t~nt'it,:<, T:\hli' 2 

~h()w ,~ t'e:<lIl1" t,),pitlll o r thl' TYPE 80.').. 1) 
;-;t U I1ti:! l·tI-~i~llnl ( ;('Jl('J'alOr. 

- C . . \ , C,\I)\' 

Tile TYl'~; 805-D :';(Hlltl:I1'lI-~i~II:11 

Gl'lIC'ralOl' "uper";I>{11.''' Ih(' Tn'~; ~05·( ', 

01<11'1' I,\'Pl'" of tllhl.'.~, meter:<, aud 11I1i('r 

('Olil pOIH'llh hu\'(~ bt'l.'ll I'l.'plael.'d with 
l'UITt'n1 typl'~, !Illd tlwn' lIa,'(' 1)1'1'11 SOtnt' 

1ll1'(,halli(':11 (,hHl1j!;L''', 1\'I'fot'1l1:11H'(' '''IWf'i

lil'lIl;t)II,~ ~llld PI'Il'f' l'I'm:lill \\l1('h:lll~('(1 

!ll1d tin' 1i~ll'd in nul' 1'lIlTl'1l1 t'atalo~, 

A CONNECTOR IS KNOWN 

BY THE CONNECTIONS IT MAKES 

'1'l1t' 11l'rmal)lll'n(iill' l'o:l\iul ('Ollllt'('ll)t' 

« ;(,111'r:d Hadin T HE 8 i -l *) \\'a,; illil lally 
~l'('{' t('{I, IlpOIl it" ililrotiudinil ill \918, 
1111 It I'l':1('11011:- rallJ!:illl!; from "llh, Ito ! 

Xol Hliolit('1' l'OIlIl('('ltU'!" It) " (; olld! I I'" 
:) h,I\\1 lill"'!" :..;i,\('(' th t'II, 111;" l'I)1111('I'tl'I' 

h:I" "(-'I'll ill('I'I'a~;II~ 11"(' (':11'11 Yf'ar :tlld 

n'('I'llIly l1a" 1)('('11 "<"1(,('11'11 hy "I'I'{'r:d 
1\1'II-kIHIIII1 1l1:llllIfat!III'l' r" for \!"(' Oil 

11('W alld :\{k~II1t'('lJ ill"tl'llIIlI'IIL~, Ex-
1111Ipit'" Ilf 1"I)IIlL' (,!' 111('''1' larg;('-"Nl.lc IIX'''; 

:11'(' ... holl'l1 ill OJ.(' :lI'('llmp:lllyi1\g pll<1tH
p:1':tph", Tlw~(' 1ll1H1nf;\f'tuI'('I"": I't't'tainly 

h:I\'(' 1101 iJa~t'd \lIPil' ~l'II'('lion Oil whim 

til' 1111\'1' 11,\', hILt 011 sol1l1d t'lIl!;;lIp('l'il1~ 

j\ld~nwHt and ('nmmoll i<1'11"(', 11 (']'(' Ii<:1 

ht'id n'piu'! llhollt Id lY the (;1'111'1'111 
Badi.) ('olltwI'10r 1)1\." b('(,11 ('h(),~('n h,\' 

~()11if' of il" 1:1.I'!!t-:·wa1e Il:'CI'", 

;\ I O,~I propl(' f,>(>1 1 hul 1 !tNt' U 1'(' 

already tn(. IWIII,I' dille'I'C'IH I,VPC" of 
('.)axIlll ('''HIll'('tell','', Titi,.., ft'l'lilfg PIl"I'_~ :t 

fO],1I1iduhlc' h1l1'(\II' 1 hal mlt~1 hr "111'-

1)1 ' )111111'(1 hefnt'(' :llly ("(IIt1Ct'IO], ('all 1w
('nIHI' II idl'I,I' 111'('('])I;' ll. , \ 11('1\ ('01)11('1'11,1' 

mIl"l ])I'I,\'(' lllal :llly pll",..ihlt, l'III1I"lil':I
I ion il mar brill'!!; il' gt't'lllly Ollt lI't'iJ!:lll'd 
hy il" adl':lnta!!;t'''' For lilt' GH f'I!IIIII'{'

t,II', litC mnjol' :l(h' :llIla~t'" :In': 

I: 1I {'I'lll:l1Ihroclitt' tk"igll t l1l' 1'('-

i"ultillJ.!; 1'1;l11ina\ loll of plll~" :lIld jHl'k" 
~rt'ally ";lllplific~ illl('I'('()l1l1('('!;oll';' :1111 1 

dl'a:-l1f':dl,r !'(,dul't'" "tol'b of ll fi :I]lIOI'" 
;lIul pall'l! I'nl'd;,; 11I'('ded. 

2. 1 ~('fI('t'l i/)Il~ 1'<1II"j< 11'1':1\11,1' Itlll ('I' 111:111 

Iho-«' of olhrl' t'ouxi:ti l'OIllI1'I'!OI''';, lInd 

1'('{'(,I1II,\' ;mpI'OI,(,tl ('1'1'11 fllrlitt't', 
:{, ('(lIll'C' lli('Uf'(' or qlli('k-I,(!tlllf'('I / tli,,-

('\)1111\'(' t I" til J I t '('1 i( 'I!" II ()II' Nl ha 11/'('(1 hy 
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GENERAL RA OIO EXPERIMENTER " 

pft,I1'-I0l1i of :\ \rwkillJ,!; armn,ll;emelll. 1 

(·tT4T!II'(· at thl" u~'r'" option alld ("41111-

1':11 i1111· \\il It lIon-l(wkin~ Il""';OIl,.;. 

I \nlillihilil,1' 411' IlIw-\':-i\\'H adaptors 
In utl'·OlHlllfJIlI,\' 11,,(11 (·OIHI(1·tor "),"\{'H\". 

lIith f('IIN adaptur Iype,.; Il{'f,dl"d, 

HERMAPHRODITE CONNECTORS 
VERSUS PLUGS AND JACKS 

I t 1\1\" 1101 1·1t".I· t41 inlro(hlC'l' the 

,'" ... an" 1"'1,,,,,,,1 ("(,~u.1 (.,,.,, ..... ,,, ...... r,'H' .. / H .. d". 
Hn'"'''''''' ;l,',_ln,"~'"I ... r.I{Io\l. 

Teklronill, Ine., u.e. Ihe GR Connedor on 

",verol new oscillo.cope., including Ihe 

Model 519 OC 10 I Gigacycle O.cilloscope 

(t 25-ohm venlon--see porogroph 01 end 

01 article), Ihe Pulle Sampling Sy.lem •• ond 

Ihe recently announced Model 567 Oigilol 

Readout O.cilloscope, The venolilily of Ihe.e 

irulrumenl .y.le .... ;, reflecled in Ihe yoriou. 

woy.,hey con be conneCled, ond Ihe conven· 

ience 01 Ihe quick·conned di.connect he,. 

mophrodite conneclor i. very importonl The 

ability 10 handle ul,emely fo.1 pul.e. with 

negligible refleclion. wo. 01", on e .. enliol 

foclor in Ihe .eleclion of 11110 GR Connector 

by Teklronill . 

IwrtlltlphnKlile eOllnet'ior into a well
c..,tahli .... hrd wmld of male and feillale 
1'01111('1·1or..... II ,·crl ll inly was ea"ler, 

though, Ihlll1 if the "itlilltion had beell 

rt·wr-;eU, and pili).,"" and jaeki; were 1 r,\"

ill)!; 10 gaill :l1'1'('ptal1('e against Ihl' l'So 
l:thli"hed ('ou\('uieuI'e of hermaphrodile 
"Ol1l1('l·IOI ..... The plll~-,'Ild-jlll'k ... y,.;\j·m 
fllr 11(l1I'( r l'OHlI(-,('1 iou" hll~ \111 e~'<('lll ial. 

pr:lC'ti(·;iI a<il':tllllIl!:t' itl !{'fIllS of safelY, 
1,111 Ihe l'arrY--l)n'r of the plug-:md-jack 

Cotnp"'e(·Meo.u(.me~" Comp"ny .elecled Ih. GR Rece .. ed locking Conneclor for u •• on Ihelr Mode l 7088 

100 Me Frequency.Pe,rOG COUnle, for .eyerol rlolO<U. The focI thai ° 10w,VSW R odoptor to ony common 

c"""edor typ e con b. locked in p r"ce on Ih. in.I,,,menl 0110'" CMC 10 meet differing cu.tom., r.quiremenro 

y.ry eOlUy - and Ihe he,moph,odile Chor"cle,i,tk greo tly redllC" the n"",b.r of odoplor Iype. required. 

finolly, euellenl shieldi~g ond 10 .... VSWR ore mondo tory. CMC .ee. Ih;, I~cking conneclor o. on e ~ cellenl 

.oI"'ion 10 on old pro!>lem and e~p.c" it to find InCfeo.ing u •• on modern etetlr;>:.k 110.' In.lrll"'enlo in Ihe fulur e, 

0452713 • • 
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" OECEM8ER , 1961 ~ 

E 

) " • 

-
Eldorado EleCl,anI" t.a ••• I.,(led Ih O R C ....... dor for .... "" their Model '.109 '.No ..... ec .... d r .... "."'IerYol 

Me' ... 0.. hog"·'.eqllltf>Cy pili ••• hondled by tIM ..... w In.I,,,,,,.nl i"'poie I."". '.eqllllftCy ..... p .... , .. COfOdition. 
on ,". c ...... ector. which mu,1 1,0". con.lonl.l",pedonce chorocl"",le. 01 gigacycle , •• q ..... d •• and e~c.lI.nl 

pu',. 'elpon ••. Th" electrical p ..-for",once of Ih. G R Connector, II> con"""""e, and Ihe wid. vorieTy o f 

available O(,."o,i •• mo~. il Ideolly .IIiled 10 ,hi. oppllcollon. 

C illt'l'pl HlI!! lu \\-pmH'I', IIIJ.!:h-fn~IUl'llt·y 

00 'II/mlll ir(llwfls :Ind 111((11111 rr /Ill /.l to( I" i,..
m"nl nm']Y h:, ... :llIy II<L~i('lIdnllJtlll!:{' :lTltl 
rc_uh .. lII .. \t'ad III H h:l .. I(· IIUiNI1I('('. \ 

nnjnr n.'l\"il!l fur 11](" adoption (If ,ht
Trl'E ~i I ('wlllt'('Ior hy it .. lar~('-"":Ilp 

u ..... ' ...... h1("; i M.'t'1l t il(' rli liLilllllioli of ,hi .. 
nHi~Hlu'\' 1111'1'1' I .. olll:\' Olli' ha .. i(· IYI>t'. 
Ilnd ally ('lIIml"'1 or "()IIIl I't'I:-< din"'lly II il II 
all,l' ullwt. Fot t·\ll1nplt·. Ill\' (·('1l1pr t' 11I·1l. 

)o;in' (:t'llNal Hat/in Ijlll' (If dlf·llllf ill .. lrll· 
111('111.'01 alill ('(la,ial eJl'llit'lIt .. , many or 

whil'h un' I\\(\ m' 11101'1' pun dl,\,I1·\· ... 

wOllld ha\"(' ht'('lIl1l1lt'h It' .. ,.. pr:wtit'al :Inti 
flt'xihl(' \\illulill Ihl' Iwrlll:lphroditt· '·"11· 
Il('(·tnr 

REfLECTIONS AND VSWR 

\nfltlll't, nlld jllll)ilrtallt. r(';1:<4/ll h'l" 
(:('11('1':\1 Haclio· .. dt·\'(·lnplll('llt (Jf I lw 

T\I'~:~71 ('IIIIIII'('lor \11I~ tilt, lat· I.. of :11l~ 
I til('t (·ollm'(·Ior wil h 10\\ {'noujdl \ ' ''';WH 
10 alinw jh 11-,(' ill a 'flt'\ihl!' "',1',,1(,111 of 
toaxi II (·1,·1\1(·1'1 .... 1"(1" 11U':I"lll'('IIll'111 pllr-

A' Sog. lol>O<olori ... Inc.. G il: Con· 

neclor. 0'. wld.ly .... d In Ihe« p .... 

duc:hon o"d 'ol>O<olory 1 •• 1 work ' 0 

$(, • • II",.. Mony of Ih. ",eo.u •• • 

m.n" mod. "" Soge ",ie.o ... o •• 

comp"" ... h. such o. Iheir TEMLINE 
Hyb.id 3 d b Coup'.'" in.oIve ",ony 

C""".eI dlltonn.eI operolion. 10 de

I ... ",i... coupling. direclivily. ond 

VSW R for .och ..... ' ov •• ;1, f •• quenq 

,o"g •• The.e componenh O'e lempo

to.~'l' lI"ed WIth Gil: odoplor. 10 

make lhe ope.ator·, work eaoler ond 

10 a.oid .. ear on Ihe eq"';p me,,' 

.... de. ' eol. 
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GENERAl RADIO EXPERIMENTEII " 

~ MllLIMIKf ., 

....... ~ 

,penTO" " .. ... $ ..... uu .. ... ,,~'u , .. c. 

Edge.lon, Ge.m •• ho~.en & G.ier, Inc" ... e. 

the GR C"""ector on Ihei. Mode! 7 51 PvI.e 

Gene'o lor, The mojor factor. Iho t ;n fl~enced 

their .eleclion o.e eo.e of u.e '''na plUIi' Or 

jock. 10 ... any abOllI"), ncellenl electrical 

chotacte.;, t1c., and ruggedne .. '''0 good, 

.ugged connector"), 

-__ ,- - ----_ r--' 
P'),;{''', ~illl'(' Ihc Cit ('Ol1l1e("lor\ illtro liol1" of :lIly ~ellct'.tl-pt1l'l)()~e ('Oa\i:11 

,'OIllH'('lor ill il" ft'NjtlC'IW)' t':lIll-I"l' (de 
1 (I i (;1' ) , 

(\\1("1 iOll. 01 hf'r "Olll1{'('Ior I YP<''' ha \"(' 
hl,(,t1 "uh"I:Wliul1y il1lproH'd (alld mallY 
/!III" t,\"P(-'~ (']"(':u{'(1 ('.A: .. C, 11(', S(', 
T:\(', el(',) , hut Ill<' (;B (,OIlIl('('lor, 

Irhidl il "l'lf lIa,. IWI'II iltlprTl\"('(i II.\" Blany 

refillCIll('llh, ",/til ha ,~ Ill(' 1\lln',-' l'l'fil"C-

SOllll' (If Ill(' rm"on" fOl' Ihi" 1)f'1'

fOrI1111111'1' :Ire: 

I , 1.aq!;f't' illl('m:lI dianwl('!'" (:11wJ1lt 
I lI"i('e I he dimell"ioll'"' of TYI>(' :'\) t'{'(hwt' 

The Gene.ol Elec l,;c Company'. Chemicol and Ma terial. Engineering loboro tory in Schenectady ho. largely 

eliminored connector p'oblem' In the ... Ide vo,iely of meo.vremen" th.y m"ke between DC "nd SO Mc by 

.electinll the GR Connector for use on their equipm.nl, Thi. equipment include. " . eened room •• cont.ol!ed, 

temper"tu.e chombe .. , dieleclric"pecimen holde", and mea.urlnll in,l,umen" o f var'''''' moke., whi ch are 

modified on o"ivol ta u.e 

rh. G R ConneCTa. , Thi. 

laboratory u.e. Tellon bead. 

" .. oiloble on 'pecial order) 

in Ihe GR Conneclo.. in 

order 10 p.rmil U'e in high, 

lemperotu,e Ie". and 10 

,educe diAkull;e. f,om di. t 

ond moi.lur. in meo.unnll 

>y, tem. involvinll e~l,emely 

hillh impedance lev .... 
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" 

lol'onll"e labaralorie., I .. ,., ",.ded a well

"".Ided cont>eclo. 'hal ... <WId ",01. ""ithewl 

any ~'nd of Iwi,hng oc t"", for ,h.i, Model 393 

H;9h.Fr.q~ency Trond •• Volimele<. In Ihi. 

highly Occ".ol. On,',ume'" Ih. itllet(hc"'>veoble 

.... O ..... inll probe. Or' plugged lI.a'IlM inl" " 

deep ponel ,ece .. , WIth Ih, COI\I\e"M loint in

IIce,nibl., lot DC ""ndord",,'''''' oh IO, tiro, 
b""g conneCled 10 on unknown " ¥oIlolle 10 

be meolured. 

Nnu" dlle' HI :lIly ~pt'('ilil'(l :th,..nIHIt· 
'1,It'l':Ill1"l' ill dill1('ll,jllll"_ Il fI\\f'\"'r, ,h,
OI/I..~lf" dialll('tN 01" tilt' <:H ('(UlIIN'lor i ... 
n'x f,!:,','atl'r ill proportion to It,.. l:iq.!;1'r 

inll'I'ual dialll{'ll'I·~. ht'f'UII"'(' it,.. d<''''')I;1l ,-. 

l'illlplt'r :tllll ilion' ('flit-i"111 ill t hi .. n'",!>,,,·I. 
2. Tiv;htN uiJl/oil//l lolt'l1l1w('", of ill' 

t<'tllal dinl{'n ... inn .. of lIIalill eOIlIU·c-!I,r ... 

r'(· ... Ullill,l!." fnlllllllorl' f:l\"lll~lhll' ('OI1Ili'1"Clr 

gPOlllt'l ry anti I hmuc:h u~' uf ",p('('ial ('011-
tn,IIIlt'lhod,.. in fall1"ll'alion pnll·(· ... -.(·,..llc' 

h{' d(·,..t'ribt'll in H filum' lI1'll('Il') , 

:J. 11:lnlE'II('t1 1}f'r.\'llinnH'uppt'r i1llll'r· 
('lllUhwlnr ,..prill)!: ('wllac'l ... )!:in' ,..whihly 

:lIId p('nnanC'n('('lo lilt' inili:.lllllI' \:o'\\"U 
of Iht· (:H ('01111('('11.11' 

()pI illlulll 1II"'lIlalor tlt·"';!!II. ill It'rln-. 

clf diallU'II'1' C'0I11IH·II ... aliclll. "'p:II'illl1:-ltl

Ihi(·klU' ...... ralio, {'II'. 

Th . l'hyoic..o!,In,<IIolloll Sect,.... 01 Ih. 

W .. ,"''' ........ h •• o.eh lobor-oIOli •• "' •• Ih. 

GI c ....... ctor- wid.ly .... "'.0 .... ;.," .q..,;"",..,1 

oparol'''g 01 I •• quenei •• ',om OC 10 mie.o· 

wav •• , Te" 10 fllt.e " yeco" ogo. befor-. 

adopling Ihi. con .. e,IOI. Illey uted Ihtee or

lou, dilfe.enl ' .... neclo' Iyp". each with mal. 

ond femol. we.,.on •• and found Ih .... 10 be a 

' .... ',nuol _re. af inconvenie"CI, No .... rio. 

''''gl. C;I he,mophrod".lyp. ;,.".01 .... h ••• v., 

pOl"bl. on .wd! IMI ...... IIft" a. .Ianda.d 

OIc~IOIcop" •• p.cial la"_p<ll •• eO< .... a 1." aI" 

po.alu.. amplifl.... .pedal capacilance 

bridget. and inlerconnecling cable.. A. 0 

~ ,ewh. '"0<. Ii .... can be 'penl on Ihe "'eo.u'., 

menl and I ....... Ihe selup, 

DICIM8ER , 1961 

TIll' :1(1\"1'111 of f:I-'I-PIII-.(' "Olilltilll1: 

l'irc'lIIt>. :Jntl o-.c-illo",c·ol)('-' ,·ol·t·rill'" II 

"1)('('lnUll In 1I1111(11't'l1,.. ur \h'"I-':lnd ... III' 

1iIl')!,':u-.\'(·lt,,, Ita -. I'll rt her :It't'C'I{,nI t ('(I lIlt' 

dl'tIl:lHd fllr 1001-\,:"n\,H C01l11('{·tOI" .... 

CONNECTION CONVENIENCE 

C)t Iwr (·111111«'('\0 ..... arl' of I lIn Ita,..u

-.,.1"11'" ltayoIH·t-lcwk Iypo:'''' 1 ~lwh :1-' 
Ty[}t,,, (" :lIld B \"(' \ for 11-.(' II'lll'n' C'IIII

llt·t·t di-'(·Olll1t,,·t ",p('1~1 i-. 1ll!! ... 1 1Illpur

ralll. :lIId ... (·rt'II-OII ',1'1)('''' ( ... IH'h:t ... Typt· .. 
~, !-'('. :tlltl '1"(' for 11-,( ' Ilht'r( , Iht· 

I1It'l"h:IIIII':l1 II t':1 kilt·,..,.. :lIId ('1,"'1 .. i(·al It·ak· 

H!!I' of h:1 :"0111 ,t -10('" t.l' Il('''' :11'(' 1111 c ,1t'l'n hl;,. 

\ dlOic'(' 11111 ... 1 1M' I1I:Hlt, .. C'IIUI'('ui(,IU'(' 

H'r~lI-' ,..lrt'II",lh alld -.lllt,[dillJ,! 

Xo "II1'It t,lmil'(' i~ IIt'l·(·,.. ... :lry Ilith thl' 
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~ GENeRAL R ADIO EXPERIMENTER .. 
m'w T\N: Hi·1 i.O(·king ('OtllU'(·1(U· .• \ 

lot'king "IN.'\"(' i" pw\"id('(1 IIlld i.~ a!\\"lIY" 
realiy, bUI it-; II,;{' i..; oPlional. Thcr('for(', 
ill Oil(' COIIII("Ctor, '~JJ/f(l and COm'fllil1let 

han' Ix't'll eowln'tjJ"l/lI'ilh high tn£'('hanil':il 
I<trl'II{jlh lind loU" 1'1(,(·tril':il /wka{j(. 

HIGH· IMPEDANCE CONNECTORS 

;-i('v('ml Of),(:I1liz:l1 ion>; 11:1\'" "II i .. fHf·
lurily lldapl\,,-1 Ihl' (: 1{ "Olln\'c'lor 10 
IO(}-ohm and 12')..I)hll1 impNI:llw(' le\"(+_. 
The 9JI)iuI"h l'it'l'tl"ieal diamt'It'J" of Iht, 
outer ('olldu("tor allo\\..; itlIlC'I'-l"Il1Idul'llIJ" 
diIllCIl..;iol1" h\J'~e ('n()u~h 10 Iw Imu·liml. 
:1IIt! Ih(' ha .. ic· C'Ollllt'I'WJ" dt' .. i~11 IIwk(' .. it 
,·('I:.II in·]y .. imph' to 11..;(' hi~h-illlp('dal\("(' 

head :\lId iUlwr-c'OIuhll'tor dl' .. i)!;l1~ \\ hilt, 

THE 
NEW ENGLAND 

OFFICE 

,.,till rctaining the de.",i'·ahle hen naph
rodite ehn rat"tcri:.;tic" T he,..(' high-illlpcd
:lIlI'C dc...;ign" are 11;0;('(1 on C'1ll1ipmcnt 
:I"....c}("ialcd with iOIl or I~Hl ialion del£'('
tor" in order to ohtaiu maxinnnll OlltpUt. 
from lhe d('l(,{,ton<, whieh nn' C'OII...;tUllt
t'UlTt'lit d('\"it"C'1'" I..a,·ge-... C'ulc u .. er:--. of 
th{'"'(' high-imp('d:uIl'e \"er:<ioll"; of the 
(: I{ I"OIlIl{,(·tor :II"C "j'ektronix, 11\("., 
alld Edgerton, (;erJlle,.;hau~t'lI .\: (;ricr, 
In(" . In (',"ery ilbt:lll{"C "0 faJ". Gell(,,'al 
Hatlio h1l"; :«Ipplicd thc' outl'" "l)Ildlu'('lr 
pari .. ollly, IIlth IIIl' ll>'('r t"lIrlli,hill!-( tilt' 
hi!!h-illl l.)I'dalw(' IH':HI~ and l1111f'1" ("ondll("
lor" to (,htaill IIIl' d!'~in'd imped:tll('e 
[1·\",,1 of ('ilh('r 100 Ohllb 01" 12.) ohm ... 

W. IL Ttl! H .. ..;TO .... 

R. 8. Richmo nd R. I( . Pe' ... on S. P. Roberh 

\\"hill' 1 he '\('\\ En~I:111l1 l)i"II"]('1 ( JfIi('e 
i" phy~il"ally ]r-H":IIt'd al (Jllr hOI1ll' ofll("{· ill 
('l)Il("orcl. it i,.. oll!'r:l( (·d in 1lI1!!'h I he .. allle 
lll:tllll('l" a" ollr "Iht'!" Ili'll"il·t offieb. 'I'he 
:\!'\\" England Of/i/"{, i" 1·('·'I}llII"'ihl(' for 
.. :d('~ in 111I11Il' :\l'\\' EIl).(lalld~':lh'..;, I'X
('('pt fClI" lIlt' .":Olllh(·1"I1 ('CIlIIlf'l"Ii("111 an':1 

IIhic'h i..; -.(',·,wl h.\" OUI" :\('w York Oftil·c. 
'I'll{' :\('w J-:1l~l:lIld .\1:1Il:1).(('1" i" Hol)('1"l 

B. Hiehmol1d. I II' i" :l .... i .. tf'(1 by Halph I-i:. 
P('I ('1""011 alld :-;'11:0" P. Bol)l'l"t~. .\ i 1"" 

1'('1('1""011 h:h 1','c'('1l1Iy t nHl"f,'rr('(J from 

th{' )!;('Ilcral .. alL'.~ ('Il).(illl'('I"iug group ami 
\\ill d(,l"ol(' hi" full tillll' Iu OHr l'Ollllt'I'li-
1"111 :tlld '\ia"-.:u-hu-.t'lt" l"u."'t c' lllcr:<. '\Ir. 
HI1I)(,I'("; joillcd till' (;1'11('1":11 ILldio ('Olll
pall.\' I \1'0 .real"" a!(1l :llId will bl' l·c:<pllIl,.;i-
1,1(, fur llIul"h of 111(' ... lle" ('O\·t'r:l~t' ill Ea ... t-
1('1"11 '\ia,,-':Il"hu'I'II'; :llId Hhod{' I:<lalld. 

.\ t<,l<'phol1(, ntll 10 Ihe"'l' ('lIgiIlN'r,.. at 
!-:'\ [er,..Hl fJ--t 100 or .\ II:<,ioll H-7100 will 
hrill)!; prompt inf,)j"ma! iOIl :lholll ( ;eI1l'r:1I 
H:ldio pmc.lu("I". 
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" DECEM8ER, ) '6 1 

GENERAL RADIO IN FLORIDA 

'I'll(' :I('('olllpntlyitl~ phnlOv;raph ~hf)\\" til(' ('nir:\I\c'(' to our IH'W Florida 
ollic'c', :UIIIOlllll't'( l in the ()t-toil.'" i~~ul' of ,Iii' E"I'U(I\H:'T~:H. i.(w;Ut"tl at 
11:~ E:I'" t'~)h)llial l)rin', I JdUl.dl), , IH' I)!lil'l' is 11l:l11:1W'tII ,y .I0hl1 ( ' Ill'hl 
of I)ur ':1]1· ... EI1~ilU'(·l'il1.1!: "' laIT. T('It'1I11II11I' j ... (; \ r(/I'II ,~r ll i jl. 

General Radio Company 
extends to all Experimenler reoden ils besl wishe s 

for (I Happy and Prosperous 1962. 

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



The General Rad Io EX
PERIMENTER is moiled 
wl /hovt charge eoch 
month 10 e ng ineers, 
SClenltsts, lechnrclons, 
and others rnlerested rn 
eledronrc ' echnlques rn 
meosure ment. Wh en 
sendmg requests for 
subscrrplions ond ad
dress.chonge no lrees, 
pleose supply Ihe fol
lowing ,nlormo t ,on 
nome, c o mp any ad· 
dren, 'ype of business 
compony if engaged 
tn, and "I/e or posttlon 
of IndIVIdual. 

THE GENERAL R A 0 I 0 

fxr fR IMf NTfR 
puhlished Monthly by the Generol Rodio Compony 

VOLUME 3S • NUMBER 12 DECEMBER, 1961 

GENERAL RADIO COMPANY 
Welt Concord , Mossochusetts 

NEW YORK : I . ........... .... . . , li .. d.n . R'd"". 'd. N .... Je ... y 
rolepllo ... - N . Y., WO rth "·2722 

N. J" WHilney 3.3 140 

SYRACUSE, Plcka.d a .. ildln, . Eo • • M.Il.y R •• d . 5Ylac .... 11 . 
N. Y. 

ToIeplt .... - Gl .......... 4·9323 

CHICAGO: 660S Wet ' N.rth ...... . n .... O.k POlk. IIIln. l. 
TMph_ - VIllage 8·9400 

PHILADElPHIA , 11$0 Y ... k R .. ad . ... bln" .. n . P . ..... Y' ... onlo 
ToIeplt .. ne - , M .... H ..... c .. ck "·74 19 

Ab ... g t .... , ru, .... 7.8486 

W ... SH.NGTON: ' OSS 13th S •. , Sil ..... Sp<i .. , . Ma,y land 
T.¥- - JUnipe. 5· 1088 

flORIDA , 

lOS "'NGHES: 

113 E ... . C.I .... I.I 0 ,1 ... .. Orl.nd • • FI .. "do 
Teleph ..... - G ... . d.<. 5·467 1 

1000 No.th Se ... o.d 51" los Ang. L • • 3 • • C.'il . 
ToIepI>_ - HOllywood 9·620 1 

SAN fRANCLSCO : 1186 l ............. ... . " l •• Ah • •• C.lil . 

CANAO"' , 

EAst COAST: 

NEW YORK , 

MIOWEST, 

WEST CO"'ST: 

C ... NAOA , 

TeI.pII ..... - WH,t.cMF 8 ·8 233 

99 FI •• ol P •• II ... oy. To,o .. '. 1$. On, ... 10 
T.NpItone - CH .. .., 6·2 17/ 

RE' ... LR SERVICES 

G . ..... , R.dl. C .... Se . ... in O. pl .• 22 B.k ..... .... n .... 
Wil l C.nco. d . lola .. . 

rtltp/lo ... - C-., .. "" EM.,. .... 9-4-100 
I .. , ton, loll ....... 6 .7 400 

G.n. ,aL Radio C • .• 50, ... 1 .. D' p' .. B .............. at 
l Lnd . n, Rld" . fI"Ld . N . ... J . ... y 

1101.,.,,_ - N. Y., WOrth " ·2722 
N. I., W H,' '''''' 3·3140 

O' .. .... L R.di. Co •• SIt ... ic . D. p' ., 660S W ... N." h 
... ..... , O"k P".II , lIiln .. i , 

rel.pJ. ..... - Vlllo~ 8·9400 

G" .. " .I R.d l. C." S. ,vic. O' pI" 1000 No •• h 
S.",a.d SI, •• " l •• An, ,, ln 31, C.lif . 

le1.pJ._ - HOllywood 9·620 1 

O . .. " ... L Ro"l. C • . , h, ... ln D. pl .. 99 FLo, aL P. ,k · 
....... y, T., .. n'. U . 0",,,<1. 

1.'ephone - CH •• ry 6·2 171 

GENERAL RAOLO COMPANY !OVlRSEAS), ZURICH, SWLTZERLAND 

REPRESENTATIVES LN PRINCIPAL OVERSEAS COUNTRLES 

'.'::"<. 
"., 
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