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A FREQUENCY COUNTER WITH A MEMORY 

AND WITH BUILT-IN RELIABILITY 

\\'hat, another ('Ollllter? YC'H, til(' 
Tnt: 11~0-.\ Digitn l T im/;' aud Fl'I'­
qUCl\ty :'l! clcl" "hOII'll ill Figure 1 Ii'< a 
lwand-uf'\\" ('Il\I"Y in the field of high­
~p{'cd ('Ollilteri'< IICW 011 the ;owene and 
new ill many im portant detail:;. l.ike 
S('\"cl'aJ olllf'I"";, it i" aillultomal1r' iu:<trn­

nwnt for til£> PI"t'(·j,;{, mca><UI'CllH'tlt of 

fl'('{IUC'IIt'y, pel'i()d, ali(I time inll'ITili14. [1 

differ:- from them, IWII"(,v('l', ill u"ill~ ltC'\\" 

('in'Hits aud 11('11" dc,.:igll idc:l.~ in pro\'idc 
lllHl:<wd feature,.; and :1 '"(>I"Y high dcgr('c 
of r('liahility. 

The ill;:' rumen! mca.."'w'c;; frcqllC'lwicH 

from d(' 10 \0 :-' 1(- with :t mnximuill 
pl'('ej"ioli of ±O.l ep,.:. period::; from 10 
Jl>'«'t" to 107 :'('(' \\"i 1 h a pl'{'('j;:ioll of ±O.l 
~,.o('(', lWei lime iU\t'ITa]" f!'Om 1 ~,;('(' 10 

\01 :;;e(' with a pr'('(+.;ioll of ±O.1 ~"'<'('. 11 
(,lin :\Jso be used /I) ('(lUIlI· rand om l'venl~, 
lll(>a"'llre fre1lllt'IlC'Y 1':11 ill,." ('Ompllle ph:l~l' 
l'hi fl. alld mcn"'Ul"(' ('hanH'll'1'i, .. ti,'''' o! 

pubp wan'fonH";. 

Digitalr'Oulller ... hu\'l' fOlllld irHTN1,.,ill.l! 
appliellliorl during the pa:;t len yem,.;, 
uml ~n'ral (Oolllrllcn,ial ver,.,ioll:" han' 
('orne inlo wide I!.~e, The ti0.<ign of slill 
1LllOl lwr, hn\'ing similar ba,.,ie ,'h:ll":l('-

Figu •• 1. Pane l v iew of Type 1130_A Olgilal Time and F.eque nc y Me te ., 
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GUHRAl RA DIO EXPERIMENTER • 

If'ri.,1 ie'..:. II'tL-I IIlld('rlakrll olll.v afl!'r 
tlulI'ouglt ~lIldy iIHI;('<lu·1I tlmt hotll pcr­

forlH:lIll'(' allli ('!IIII'I'uit'II('{' or I ....... l'ul1lt! 

I", -Illl l ~l a1l1i:.llJy illlpro\'I'd. 
Tlt t, Tnt: 11:l1I-.\ i"lIH)/ "jU-lI allOlh('l" 

(·11111111·1' ... From ,III' ,,' :Irl of 0111' dl'll'IllP­
nll'lIt \\"ork, 1\'(' df~'idt'{l Iha' \\"(' :-hcmld 

dhi:! .. :111<1 nUlrkel "IH·h :111 in . .,tl'llllU·ul 

IJIII.v if WI' eOllld lII:lkr :<olllr impnrtaHI 
11('11" 1'lIgillt'f'l'illg I'fHltrihllli()n" Ihllt 

Ilwtld hlll'f' .,uh..:t:llltial ndw.· In 111(1", 

1I~'ro-, :-;llIdi(',. of "1'1'("'l,1 l'otnmf"I'dal 

('111111 1('"" h:ln:' 1Il1l'lll'erNI illiwrrnl .,hol'I-
1'''lIl ill)!;'' ill l''(i,,1 ill)!; cl/· ... i).!;",.. :Iud firld (''(­
pI, .. il·III·!' hll:< ,,11,,1\'11 Ihal IllalfHIII·tillil" 

IIri .. ill!.!; f rom thl'''I' ill"f'I1l' oflrll (,lIolIl-(h In 

1)(' 'Ihjl,(·tiollnhh' 111111 10 11t"{'I'""il:llf" ('x­

I I 'll"il'I' III:1illlrllllll("l' !J1'I1)!;t'aIU". 

Fl1rll\l'1' ill lll 'I'I'II I tli "~J/II'all la:!{'" ill 
prl'l·io, .... il).'" nIIlWIII ... h" n' 1"('''1111 ell f film 
till' II:tl lin' (,f I hi' 1Ilf':l"llrrmrlll "I'IIIU'III'C', 

Ill' prn:!I';lIl1 tt"rd. 'I'll(' 111'/11·'· .... " of al1~'r-
1Il111'I,\' ('olllllin,l! alll i rli"playill,!( 1m,.. It-d 
10 l ilt' familiar" "illli'rlHill!'III" Iypi' ,If 

pr"-;('lIt!lliotl, \\'iIi(' 11 i..: 11011 old .v iltt'fiit-i(,ltl 

11111 It'lub 10 (·all...;(' ('I>('ralor' (·'lIIfll.., inll, 

(:CII{'r;d HtHj;(I!O pmdm'p rdillhlt, ('i!\lill-

111t'1I1, aud lhr ::la tl lillnl:l of qllalil:.' dt'­
\'I'lop!'d ill .~ I'l·kitlg Ihii: tlhjCt'liVl' h:lI'c 

fonm't'l lhe ha"i,.: of thl' t'omparl.v '" r!'ilH­
laliol1. Thi . ..: blll'k~1"I1Hlld hn,.: flll"lIi..,ht'(i 
a ,..olid f0l1llliali(11I from II'hi(·1I 10 work, 
hili il hlL" 1X'f'1I iml1re"...:eci:1l all po"..:illic 
\>oilll,.: hy illHIII·ali/lll. :\,.: 11' \,11 :I." hy the 
e:qwrif'tll'(' of oI IH'I"". 

Tit., ('OllqJll t('I' lil'lt l. ill P:II'lil'uhll', 1'<; 
11 ril'h :-;4111 1','(' (If rf'li:lhili,y illfnl'lll:tlioll 

alld idell":. an rl 1 hi' dl'"igll of Ilw TYI'~: 
II:l(}...\ lJiv:i'ltl Tinll' :tud Frl'qlll'III·." 
:'0 1('1('1' h:I": ,11'11\1' 11 1'~\pH .. il'l'ly upntl ('OIU-

1'111('r Il'('hl1iqll('" and ("{Jrnp((n(,llt~ . .\ 

majm df'i·i .,,;oll. "hl' ioll,.:I,\'. 1111." h('('11 I he 
.'<{'Irl"lion Ilf 1':1('1111111 I llh('" ill~I , ·: .. i ,)1' 
tran..:i!"'I,,!",.: a ,.: a..th·(, ,'(lmpOIlI·IlI". Pro)!;­

)!;1'("": in 11\1' PI'I'fonn:ol('(' nf ";(,li tl·"lalc 
11,'I' il'(':o: h:l" 11('('11 (·I)llli ,llllm,.:. :I t ld ()ftC'I' 
:<IK'i·I,II·lIlar. ;11 1"('("1'111 ,\·raT":<. (( .. Il:thilit,v, 
Oil th(' IltlWI' lI:lllti . l:.h'.~ limC' Iml!. 1(1 
lit' a,·hi!'I·{'.! !Iud 10 hc a",,,,',,,,(·II . Tilt' 

11'1':llIh of prol'( '!! 1"11111'11111'111" :11111 1'I'li­

:Ihilil,v l'."'pl'ril'lu·I' ftll' l"a('1Hltll 1\lhl'" h:l,; 

lit('rC'fur(', 011 hal:wI'('. 111'('11 l-\"il'l'li ('Ult-

fllti:!Ut,. :lIlti aIl1111:'>':lII!·". trflililig 11'C'ip;hl ill I III' drt,i,.ioll . 
'I'll ',I'rl',"JIll(' t hI' d iflil'ult II.,. .,I,·mmill)!; 'I'll Iw 11\11"1 lIo-('ful. all 1'1('( '11" mil' 

fr'll1I th,''-l' ;ttIU'rf·nl dlllraI"1Cl'i." lil·.~ :11111. 

ill )!;I'IICI'lll. '0 huild :I h(,lll'l' '·"UIlIN. 

II(' hnd 1'1 tll'"i;':1I "irf"lli", thai 11"1'1'(' 1(1)1 

11:1-"4.'" ntl 11~ldilif)II:l1 icJl'u .~. ~II II'''' maliC' 
:1 fr'c'~h ~t:\rl. \,i{,l\illl!; IIIl' ills\!'!LlH!'1I1 

:I~ 11l<' ":P''{'i:II;ZNI dip;itllll'{mlplI\l'r it i", 
11/' tll'~i!;l:tl('(i thl' (1IwI'alilt)!: "y..:I('tn, 11." 
111'1\ 11:I..;il' ,·in'llil", 1111' di..:play :llld 

f'(I'ltr()[s, and Illc' IIll, .. h:lll;,·:.1 :1""('IIIIII.v 

fmlll III\' W'lIl1l1d 11]1. TIlt' \'{'''III( i" :m 

;1I .. trtllll{',d l!t!tt 1\1' l'I'lil'I'''' l'C'[lI'{',«'nl-l 
all 1I1I1"t:Ul( lill~ "<)IlIj,ill:tI;1I11 of pl'I'form­

:111<'(' 111111 rl,li:thilit,I', 

SPECIFIC GOALS AND ACH IEVEMENTS 

Reliability and Ease of Mointenan ce 

J I h:I'" :till':t,I''' !.{'('Il t he nhj{'(.'1 il',' of 

tI"I'il'I' ,.hflllld npl'l'lllr fO l' a IOIlV: I il1lc 
\\";Iitolll ftlitu!''' lIlill "hould 1Jl' t·:l~iI.v 

pill IUlI'k ill ""I"\'i{'I' ill II "hllrL 1 inll'. The 
fil .... , 'If 1111''':'' ('IIlI!':wlt'ri::lin; IllI':t"llJ"l'·~ 

... ·Ii:ll.ilily :lnd IIIf' "'-'('01ld (,:L~t' of 111:1;11-

II'IHIII/·{'. TIlt' (: It ('Olililt'l' ha,. ]'('1'11 tI(,­

..:iWINI II) IIWf'l 1I(II h Ih(' . ..:(· rI'lluin'IlWIlI", 

Urli:!h;I;ly is a:."lIl'I,d firsl of :dl It.l' 
I h()rllll~h "-,,,.:Il'm d ... "i).l:lI. TIlt' ('Ollnl ;n~ 

IInil" dl'."I· rilwd hl·lo\\" fil l" I'XlIlllp1\- , Il":C 

:I fl,['(lh:l('k s.r~ Il'tt1 ItII' fOllnd ('1"'1'lI'h£'r(', 

ali( I I Ill' d ll,·il'III·.\' of Iltl' Opt'I':lliu)! ]11'0-

:!I~ltll i., lllliqUt'. 

HI'Ii:lhility i'" fUl'l l iN :I"'~lIr('(1 hy Jlllill"­
lakill!!; l'ir'('II;1 d('''igrl, ('onlpII'I'l'-l!l"lu IO 

t!llll' . ..: (fntllll'-grid I.I'PI'" 11·111'1"1' Mlilal,ll') 
:11'(' 1I~{ ,tllhl"'Hl!.d"llil I II(' in"lmnll'll1. ,\ 11 
t·"mpotlcltts an' "CI'I '!"!"iy dCI':IIt'd :tllli 
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, 

pl'CmiUnHllIality ('conlledon; are used. 
('irl'uit" 1111\"(' 1)(\('11 d t'l'iglled to npl'rMc 
p"operly under ('xlcu"i\'c \"al'lali<l1l:; :md 
dl'J.'radalinrl III' 1(11)e p:ll':1nwtl'l'1', :llIL! fin 

lint require fus."y ,'ugul:ucd pblc dlld 

IW:ller pnw{'t' I<ll ppliC's. Onl,v OIU' reglllll-
11)1' ('it'('lIil is 11.~l'd 10 )\ • ..;.,,111'1' !1laXitlllliU 

"Iithi]it.\, (If tltl' ('z'y"',al-hltltrolJed lill1('­
ha,;l' o.~(·ilbtor·. 

.\101.1111:\1' ('otl .... tnL('li{'1l 11:1 ;' b('cil (l."I!d 

10 ~'irnplify l11:1illl('II1[II('i.'. ]';n'ry tnbc 
('in'lIit i", nil :111 {,!f'il('(I-<"il"(:uit hOlll'd, 

Idlkh ,'all IIC' (I uil'kly rI'IIIO\"('d for rep:"!i l' 
( ," l't'pl:H'('IHClit. and Ie,.:! pnillt...: lire 
:1 Vllilal,](1 fll I(larked 1):( llPls 1)]( hot h :-idp" 
(If t Il t, ill_~lnll1l{' rlt . '1'11(' erl'hcI I-I'in'ult 
1){)IIt'd,., emhody ('on"lnwli',1\ tCI· I \IIiqUt·,~ 

Ihul ha\'e rl'';IlIIt..~J ill a I'l'Jll:lrkahlt' ,;el'\'-
11'(' re4'f)]',], ~in{'(' (; H IW~:Ul \lSill~ 

f'lc' lw·d-t'irt'llil hn:lrd" ~c\'('ral years U~II, 
\\'('h:(\'t',;hippeu 1],IOOin"InlmcIII,,(,(lIl­
I:lilling 21,:~On II!lard,-:. ,\ mol1g Ilw,~c 

21,:300 hllan 1:< 1)111", 12 fll ilure" Ita 1'1.' be(' 11 
rC'po]'/('(I , :111(\ llH' (':I\I,;(>S fut' t lwi'(' fail­

l! 1'(''' hn I'C' si 111'(' bel'll fnU]ld:t lId ('I1rt"t'('let\ , 

Displa y 

Tht' prohll'm of d al :1 di~p1:ly lI'a" \ he 
fir"l to Iw Itlt:l('kcd, Th(' o)peraliug 

pm,!!:r:1111 !I;<I'(\ ill 11l(1.~1 l'lIunlt'I',; p!'od twl''' 

all indlic'i(, lI t lind f:lt igllil1g in\('1'111ili(,llt 

di"ptay, Whil! ' (' Ollllt.~ an' 1>('il1),:: !\l'C'(UlW­

I:llCU hy tht' ill,;InIIH{'lll, 110 i n fol'll1:.tinll 
I" prc!'iCllted 10 Ihc op!'t'altJr, ('0I1vel'';4,1,)', 

lI'hile Iht' 1'l'sUIt I;:; dl:ipl:I,\'('d, Ihl !le\\' 
informatioll i,~ f'!llf'rill!]; Ihe ('011111 1'1', \\'e 

Im \'t' dCl'dopcd 11 ,~l f ll'agl' '-:Y";\('I II illuL 

holds a ('0\111\ :Ind di,;pl:)y.: il l'olllin­

wlIl,~ly \rhilt' a ll('\\, 1'11\1111 i.~ hcill~ :1('­

f'lIlllUlalNI, . \ 1 tIll' end 'If (,:t('h ('fllllllill ):: 

iutelTal. I lw Il('W ('owl! i,~ Irall~fl'rT('d 141 

{ile di.splay in tl hricf. 100-.u:«~' in](!!'\'t tl, 

Carefl1l altt'lIlioll WIl,; al;<l' gi\'~'11 10 
thL' d;,:pb,v ;1,:1'If. I ll-lille I't,:tdo\l t ,.; IJ:lI'e 

bl'l"ll widl'I,\' ndoj) I(,d for ('tlllllll' I',", hIlt 

MAY , 1 96 1 

ad d l'I,n,~idenllll;.' ! II I'XPl'Il":'{', ('I ,mplexit.r, 

alrd 111.1;111('II:lI1('£', T heI'1ll()lllctf'r-lypc 

d i:-pla,v:-, Oil jill' 0111('1" hand, ha I'e U 1'\111-

nil!g-IIP-'tl\{I-dowI\ apPC:lr:)II('C that ha ,~ 

gencmll,v h"C'11 fOlllld ohjl'I'lioH:lhlt" Til; ,.; 
objt'I' l ioll i,.: l'Onrpll'II'I,\' nl'('I'f'nnl(' by the 
Ll,"(' of ~I<lrng/.', :lnd it \\':1:< IhpI'dol'C 

(/eddcd IIt:lI tlw ,:illlpte, I't'liahir 111'011-

taillP C(,llll1lllS 4)ITrn'd tilt' 11l',~1 ':4 1Iulilll! 

1'(,1' I)Olh CCOIlOIll,\' and l'OIlI'{'Ul('IICC, 

FOil!' dt'( 'adf'''; of I hI' (; R C'(JIIII h'r I'a II 

bC' Ili"l-'d cithel' a,: ,~t oml(i' Ill' a:i N)I!Illing 
Illlil.~, Depcll dillg Ilpon \\'hidl fWlI'lioll 
I': »('i('r t l'{l. thr OPI'I':ltlU' ha,~ Ih(., rlroi('(' 

of I'ither UII 8-digil "illlt'l'IlIiIIC1l1" di~­

pb,v of ('(11\\, ('111 i4111:d type 01' :1 -I-digit 

('0111 i!lll(!lI,; tl i ,~ pl:)y, By proper ,;eiert iOll 
of Ihe (" llIllling inli.'!'vlIl t ill' I C" J)I­

liIIlWl1,:I,\' di,:plaYi,(j digit " ('till b(' ,IllY 
,I ('(IIl,;i,,<'I!til'C di~it,. III thc S-digil 

lllllllhrr, Wht'll c'alihratill,L!; 1':II'i:tblt'­

f rf'1tlU'IW,I' 1),~I'ilb[('I''', f(.!' I'X:1mpJc, 0111' 

i" u':lI~dl,v intcH'stf'd ill mily Iht, HI',~t 

fel\ digit ,:, TheSl' wlluld lh('I'tfUl't' be 

t'i'1),:('1l for l'onlilluow' di"plny , ('011-

,'cl'»I'I,\', ill 1 Itt.: 1I1ea"UI'etllen\ of fl-('­

que1l('Y drift in \'('ry 1'itn hlf' () ,~('illallJr,~, 

olll,v the b 1'i1 fr'\\' di,l!:il." \\-u I11d pl'ohahly 
IX' :<lgllifi(,llllt unci ('ho,"'l1 fol' "011-
I illllons di,~pl:lY, 

,\ flll'IIll' 1' 11111(IU(' ad \'alll ag(' of i Iltf'I'lw I 
"1<lI':lgr i,~ tllf' inlirl'l'l!l :n-;Iilahility of 

\'ollnJ,!;('t< >lui t:lhlc for :tuah!g ~I'tlphit, ]'('­

cording, '1'111' "imph' TnI-: 11:J-l-:\ I)i;,;· 
il a I-I o-A n:ti( I~ C'Otll'l'l;I l' !' Ul'f'e.~,.;OI',I', 

whi('h n[lc]':i!c" fnnn the 1'i loraJ,!;(' rl4'f'­

mlh', p1'O\-ides a de l'tltPIiI I)f U_t <', 
a('('w'al',\' :111(1 lirlelll'it.\', ('OlT{'"pOllding t rl 

nny :3 f'Onf';C4'1I1i\'(:! dit ... i1.~ of !lIP 4'01l1l11'!' 

d i;;;plu,r. Thi ,.; nUl put will tlr'in' graphil' 
1'f'('ol'cl(>I'" d;re!'j ly \fit houl 1114' lI("..'d (If 

:111 illtl'l'Ill('tiiall', 1','l:pl'll.~i\'(' ('It'('lt'lllll('<'h­

:l1Iir':tI ,:tora!!:1' ~yst('m, _\ gntphit, 1'1'('01'11 

i ,~ nllJ('h ('a,;i4'1' 10 1lIlalyz(' thall n li o::l of 

lHllllbl'l's, lind Ihe n'st1lt~ ('1111 hI' ju,'l' :1:­

!I('t'III'a 11' if I llC pmpc]' di~ii" an' ~c'Ic'('II'fL 
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GEN ER A L RAOIO EX PERIMENTER • 
Decimal-Counting Units 

Thl' dt'''ign IIf 1111' dl'(' illl:II-I'OUlllill~ 

ullit ". or lIl',·ad .. .,... IIf ,hi' (; n l'OUIIIl'r hn ... 
illf'OI'IlonLu'(l b'.I!h op!imizlIlioli 1('I·h· 
niqll(,"; :111.1 110\'1'1 id(':1 ..... \ fiNI !'Il'p Ila.'" 
a delail('(i ~Iudy {Jf bi.~I:lhlt· flil1.fl,)p 
"il'l'lli,,, and ,Il{' inl('rrcl:llion ... of {'II 'II­

PfJllCll! \·lIht(·,.; aUtI ItllJ(' (·h:II':H"lt'ri ... I!I·". 
D("~i~1I \'urv(':oo' WNl' Ih'H,loIWd from 
whil·h (lPlillLlIlII nllu('~ ('(lul<1 1)(' dl.'ll'l"­

milll'(l, dt'P{'llIlill):: 111)/111 d('~in'tl n·pl'li. 
11011 1':.10-111111 :lYllilahlp lul)(' .... This 1I'1I .. " 
follow('1 1 h.v an iH'I'H~i\"\' ~!l1d,\' of 
dl'" i 111111-, '01111 t i III!: I'>."sl Plll .~. 

111 npI·t·uliollllll' fli" -f1op,, O)f 11 def'i1l1:ti­
l'OlltllillP: IIllil :11'l' I'I .rnpll·lIItlll t" l. t '1'11111 

i ... , 1ll('~' "1'\1 ' "''' ' :-,1:11(' 11' PII(·II iuput plIl,.:1' 
alld i ...... ue an outPllt Of (·ut .... \' puJ"{' r(Jr 
\'\"{"'y 01111'1' iliPII! pul",l', ,\ .~illl!:k' flip­
/ll)p. tlll'rpj"r)l'4" fn1'll1'" 11 l<\·al('-{If·.w n 
"in'llil, pl·, .... lllf·illy; /':lIT)' pIIl'«'~ al h:llf 
Iht' t't'I)!.·lil!ClII mit· IIf Ih., iUJlII!' F"lll' 

":I"I':I(\C<I flip-flop ... fltl'lll it h:l .. it· "ntll'-of­

lilXll'('U :1 .... ~('1I1hly :t .. "h()1I"1I ill FII(III'(' 2. 

E:I..!.\' 1'1)111111'1' di..,plaYNI Ihpir "I1Hllt 

du't,(·tly ill hium." Illlil~ :llId it 11':1;;; 
t· u.~lumar.l' In .. cfpr 10 Ihl'l11 :1'" .~\':lli'~)r­

III, ,:(·;\h ...... lf-12S t'OIIIII I' ..... , I" ('., dep£'ndinp; 

FLIP - FLOP 
PULSES TO ELEMENTS 
BECOUNTEO~ 

DECIMAL 
NUMBER _STATU_ 

0 0 0 0 0 , , 0 0 0 , 0 , 0 0 , , , 0 0 
4 0 0 0 

• , 0 0 , 0 , 0 
7 , , , 0 

• 0 0 0 , , 0 0 
'0 0 0 

" 
, , 0 

" 0 0 

" , 0 

" 0 

" , , , , 
16 -0 0 0 0 0 

upon I h(' 1I1lml)('r of flip-{J(lp,,; ll"t'd. T hf' 
modem (\l"'i1l1nl "."",11'111"; ."ll"'In from till' 
wmk nf I. Eo Cl"O:<ci( IfT,1 who "llIlIn .... 1 hcm 
hi f'il:lll:,!;(> the .~(·:II(·..(If~"i.'(IPt'lI ,,~'''1I'1ll In 

:\ ~'aIP-Of-lt'll hy IIW:lIl~ of fl'Nlhm'k 
pul"., .... ;111(\ hnw 10 Ii~ht '~11 IIl'Oli lamp;;; 
in .h(> llOW f:ll11iliar (,.,hl1llll:l1' di ... pby. 
Fijl:ll11.,:l "hO\I;;; • ht' 111'0 f('{'(III:lI'k ",.\, .. , t'Ill" 

dC-Nill('\.1 hy (:m"dllfT. 

'1'11(' d(lllbh'-fl'Nlb;\('k ".\':<\('nl i .. IX''''I 

adaplt"III! Ih!h lill~ 11"11 Hf'ml 1:onp:< ill it 

d('('ill\:l\ di,~p\;l.\" i)('{':lII':(' the pla't· \011-

Hg('.~ nf lilt· fOllr flip-flop,.; {'lUl Ill' propt·l'I." 
"omhincd ill:l "imph' mal rix of 1·(',~i...:llIr."" 

'I'll(' l<illl!ll·.fe(·dh:H·k ... y.~l l ·m i... 1.('~1 

:ld:lPI(''(llo rdi:lllll' 1·(l1llllilll!:. 

Be('au"(' .,f I he \':1."'(' of oblaillill)!: 111(' 
lIi .. pla.I·. all I lI·l·l·ioll .~ 1·(HIIII ,' ,'" h:I\'I' Il .. t·d 
tht:' d'lllbl('~f(>('db:ll'k .~y" I('111 ill Ilm·· .. l l~·f't1 

t1l·I·:ld('~. :-;lII·h df'(·:ld~·.~, h(J\\"(·\·PJ·. :It'(. 

"uhj~' 1 10 ('ITllr~ ill ,'ulIlI.iuJ,!; !':j1j.~''I 1 II\' 
till.' IIHlllipll' f('ptlb:\I·!,;. and fnihll·(,.~ fn,,;\ 
thi~ ('::IlISt' h:1H' ll('("tI a fl"e'lIl('II' ~1111'('f' of 

Imuhl£'. 
'I'll(' Iir,.1 f('('{lha('k .'< iV;II:11 III Iht' 

dnllhll'-ft'ftlbad, ~y"I(,Jll fI(·(·1II .... al llU' 
('1)11111 f.f h,ul'. Thc 1I I lr:lll~ilinil of l i lt' 

.llil'll flip-flop I'l',..et ... ,It{' "'1,,·011t1 fiip.f1oJl 
10 I Thi~ !Illl·m.iotl ,·:tllo<.l'''' 1111 dini! '1I11y 

' 11. \\. ;o'"",rt. "'I .,'tlUl"·T,,I~' n""I1,,!. 1 """.,,, ru. 
('O .... "P'f .. ' In._'n"",·",.,i""." ~~ ....... ·1.,..h"i ... 1 """ 
"",Ill. "1>,~",I ... r 10. l!l:.~. 
, . '""". II ... "'''(0"]1\ or """I""",~n"', ... n'''" ........ In ,1,,' 
lunar)· .},'f'" two n",,,h~ ... , 0.",' .. /'''''' 'h" ",A .. • I_ 
't.f .... r"'" th~ M1"I.I'~"r"t '" H .. n.1 ,'j"" "" ...... ~nd. 'ft il'_ 
1\"". "' I.kon.o: ~n ",,), .... , .... h~, ""."plp\,,1 ,I.p ,,,,,,,I (of 
.u I..-,bk: mit" ......... 
' I. K G""",r"lf. "[.:1..,· • ..,,,,,· (''''''''''''':' H{" \ lIe",.·,.. ,· .. 1 
\ II . n ... ~. ""'1,1 .. Wit;: I'IJ, 1'1 .... 11;. 

l. ~" r: ...... lulf. 'Tlr~l"''''''' ('t,~." ",I" n. ... ""ul t ... I,· 
""I ........ · \'.~. 1',,\onl "<t. ~.I:UI,I~~t: \1",.-1, 2, l\ll~. 

FIg u, . 2 . Blo<k diag,om of fou r <os<od , d ftip . flop . 
In ° 1<01.'01 · 16 ..... m!>'.,. , Each ftip _flap I ... I 
oh" n .. " I.,.la 1Ial .. 0 .. nd 1 b.,. th Inpu l pul .... On 
I, .. n t il ton f, om lIal . 1 1o .101. 0, . ach flip . flop 
I, onomlts 0 CO".,. pu' • • la Ih. follow In g fl lp . flop, 
w h ic h in lu.n lO~U on slol .. 0 ond I al h .. If th , 
,o1 . o f th ' p •• cedlng flIp -flop . Th. flip . flap " " ... 
... " U p .. nding I .. Ih. n"",be , of Inpul p"I ... " tt 
10b"laied be lo w !h. dlag, .. ", . No .. IhOllh . II . Un g 
o f Ih . flip . flop .101 • •• how. Ih . 1. 011 . lgn lfl . .... 1 
digit ol lhe lefl-Ih e , ........ a f Ih ' . o " •• pondln g 

b t .... '.,. numb". 
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;;ill('(' the 0- 1 tralll"ilion of the !<4!('ollll 
flip.nop gen{'I·:1tt·~ 110 (':IITY pll l~·. Con­
"ide 1', hOWl" -!,! !'. I he 11':,",,;1 ion from 5 10 Ii. 
Thf' ilqml pul:-;(· fi ..... ' >-('ls lhe flip-flop.:; to 
,,1:itl'''' 0001: the 0- \ \ I':lII :<i(ioll uf the 
fourth flip-fhm £(,(,<1" a 1)1I1~ Imek 10 the 
I iiiI'd nip-f1up 10 n'''i't it fmm 0 \(J 1: thL .. 
o I Il'all.~ilion 'If Ih!· third flip-flop, 
hUIW-\'t'1', it' lite :<:1111(' \I':m;;:iliou IJI'l,,·i. 
nll~ly Il"l'd tn I'l',;{'\ tJlf'l'l('('ond flip-flop tn 

1 ill lh(' fb", feedh:wk opC't'alinn. W ith 
1Il'11 1111 .... " l h e utl\nttlH'{1 f('('(lh:lt'k d( l('~ 

lIut O(T111' ht'(':lu"{' tilt' lr:LIt ,:;ilioll.~ from 

I 1u 0 :Ind 0 In 1 ill thl' third flil)..lIlIp 
f( ,linl\' (':leh other ~o do";('ly ill tiuw rll :11 
tl fl1 ll · .. i1.(,<1 f"1'1lbat"k plll:«' to tilt' ~'t"JIld 

flip-flop I'; HOI J1;l'tll'rai('d .. \ 8 I ll(' tuilt'" 

ag<,. howen'l', dHl II~l'~ ill vClha .l(~ !t'\' l'! 
:Iud tll·lay liml' etln, :Ind do. pr('\,('ul Ihi,.: 
"'-'(111('111'(' from 'If't'urrillg prillX'd,\'. and 
IIII' t'Olllll jump" from ,) 10 8 iu",t(':.ui of 
f!'(lm ,j In n. 

'l'h(· 11('\\' GH ('Ollllt('1' docs nnt II"P 

Ihis .,y",tl'1I1 :t1l,Yllhcrc, but IL;-'(':; ill"tea d 
I ll(' h ... llproof ::Iillg!(,-rf'('{lb:td; ..;y"lcm, ,\ t 

the ":Llt)(' linlt', hy ,he u,,<, of lilt :Iddi· 

MAY , 1 96 1 

I iOllalnOOIl hllnp\ , he nddiug mal rix for 
the 1('11 lLC(JlL I:l mp" i,<l; m~dc a.~ ",im p I" 
;tnd ccollomictl i a s Ihe nmtrix lLfiCd \lilh 
Ihe doub!<,-f('(.'tlh:u:k ~ystcm. 

\'COIt IlImp,.: :Ire n\>'{) 11:«.'(1 ill the 

fet'db:l('k rwtll'OI'k-.; to a"' ... ur(' 1't'li:Lblp 
OIX'r.tlifllL·, and nooll lamp!" :tnd n.'si"lfll'" 
1U'(' U",t't1. II ('0)11'('1' , ;t 100I'-spt>ft1 ('Olll1t iug 

d,'eade illtl) a c()lll iJi n:ltiOlI cntllLtil tg :lL ld 
Slflt'11gC dctud(". 

'1'111' prublelH of tube a~ilLl,"( Ita ..... 1)('('11 
I-!;I'l':I t I)' 1'('(1(1(-(.'(1 ill 1114' (; B d('(':Ld (-~. 

,\\1 drcu il '" \I-ill I)!>('t:llt' willt half-dl,;td 
ll1lX'", tha t j,., tllhe'1 wilh h:llf t i l(' I!: ~ ()r 

t\\'i('e lh(' r ,. Ilf:L dt' .... i~ II-t't' II It'I' 11Llw, Ilr 
wilh a llY t'otlJ l ,itl:lliOtl IJf 11t'II' :Llld 
:1g;1'(1 tlllw~. 

The lO-Mc Decade 

The l':l."{':ld,'il liml' dl'1:lY:; i1l\'(lI\I,,1 HI 
till' tl':iIt",iliol1 from 7 lu 8 itt Ill(' fl'('{I­
hack "'y"It'Lll t1I''';I'I'ilx,d nho\'(' limit il,. 
lLH' 10 itt pUI-pu l"e rt'pe'ilioll r:U('~ LIp to 

uhQlIt I i\ 1\,. F I)I' fJ I){_'ral iou :II flll<lf'1' 
-L1. w, :<1\1'''1. "U~M .. r ~\,,' e hi"or: {,,,,,,,,t.: ' lin !>." 
1'.1<'''( ," , •. ",,) 1 ... : .1, t , :<, 1'''t~1II '."IUII .... "("""'''' .",1 
lh'I~ .)' i<l-"'~"' : ' t . S. 1·,t.I .. nt 1· .... 1"' •. " (· .. unlln. " n,I 
:It'''' .. ~~ ~~",~", •. " t'.~, 1'." ... , 1',·n,linK. 

fEEDBACK .toT 
, 1·8 TRAN$fTION 

PULSES TO _ -LL::.... 
BE COUNTED~~ 

fEEDBACK .toT 
3· . TRANStTlOh' 

FIII II " 3. F •• d bo. k 'y"'''' ' '0' 
<on ..... llnll 'rom 1<01"01 .• 1 • • 
t • • n 10 •• 0l,·o'·Ion opo.otlon, 
Tho co"y p .... eo 0' . g . n.,o'. d 
dll,lng 1, .. n l ilLon. from , 1 .. 1 • • 
10 1101.0, Ih . f •• db .. <k p .. tu, 
dll. lng I<onlilion, fr .. m , Iol e 0 
10 , 10'. 1. Th . w olllhtlng, 
n ... n ... ., 1o ... n .... . , Ih . b lna.y 
_101 .. '0 ° d edmol nllmb • • " •• 
lL, t.d b.low Ih. lobll 'ol.d flip . 
l'I"p ,tat .. , Th. <fo ... d ' .. III 
bin" • ., " 0'.' do nol 0«'" bill 
or. bypo ... d b., th . , .. dbo •• 

ruet "p • • oti .. n " 

O[ ClJoj AL. 
HUJoj 8ER 

o 

, 

c • , 

, , 
• , 
'0 

fLIP - flOP 
WEIGt-tTLNG 

0 0 0 

0 0 

0 , 0 , , 
• • , ' , 
0 

" 

, 0 , 

o , 

0 

0 

0 

0 , , 
0 

o 0 0 0 

, , . 
A,DOIJ'!lLE fEEDBACK SYSTEM 

DEC1JojAL 
MJ~8ER 

o 

, , 
• , , 
I' 

• , .. 
Flip · FlOf' 
WE IGI-ITtNG 

0 0 o 0 

0 0 0 

0 0 0 , 0 0 

0 0 , 0 

0 , 0 

0 , 0 

, II II ~) 

~ 
o 0 0 0 

, . , 
8 SINGlE rEEOBACK srST[ Joj 
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GENERAL RADIO E X PERIMEN T ER 8 

t_,,~C I)(COOES Fillll,e ~ , Bloc k di"II ' "m of ' he cOlin' ''; fre que ncy 

, 

~ 
~ 

-,. 
ral(',.;, hi~h-.'<I)Ct·d flip--fl"p" all(1 llLllltiple 
~alill~ "y"1t'lLh'~ hnl'(' tx't'n dCI· it't·d to 

1l\iuimizc IlL!' tilLH' tI('la,\', [u the CI{ 

higIH'Pt'('d utl'ad£>, \11"11 1111Ve! rt'~llllrl',~ 

lIal'to iwt'u (lI't'( [ 111:11 l'ontl"ihut£> til ,I 

U£>V;I'('(' of l'l'liuhilil.\' {·omparahh· to I hal 
of Iht' 100H'!" "JX'{'d dt'(·ad(·~, .\ hl(l('k 
dia!!:r:lIll of Iht, ~:II illl.l ".I'.~tl'rn 11,,1'(1 i,~ 

:<1I01\"1I ill Fi!-(lIl"(, (i.~ III I hi . ..; .... y"tcm the 

J,h flip-flop i" a "i lllpl(' "PI--rt':->('\ ('in'nil 
whidl ('01111"01.", a ~atl' elil'I,,'1 ill!!; lilt' (·:IIT.\' 

pIIL~i','" from till' I:.:t flip-flop 10 tIll' 211d. 
The ('01111\ pl"lll"I'M I .~ fmlll 0 I.) l) ill IlOl'Illlll 
l'wa1t'--of--.~ix'('f'I) fn,.:hitlll, T he Iran"iti,ltl 
J'\'(llt11100illll1(':~rdfli[l-f1oP:1111H'8Ih 

("(lIm I ,.;el" the Ilh flip,lIr.p \n till' 1 ,.:lal\', 
do:.:illl!," Ihe I!;lltf'. 'I'll\' oll!Jmt plll,.:(' of 
Ill(' 1"1 flip-f1(\p at Ihl' ,'olin 1 (If 10 i" 
tlwrf'for .. pr{,I'I'lllcd from Irig)!:erill~ Ih(' 
2nd flip-flop amI in,.;l('ad 1'1'>'('1,.; Ill(' -It II 
flip-Hop to 0, I(':t\'in~ all Ilip-fll)p,; in till' 
n ,;hut' :lIld l'l'o]lcllill)!,: lilt, ){:H('. 

III Illi" :<y:<lt'll1. Oil!.\' Ihe li'",o;t flip-flop 
op('rate,.; ~lt til<' Iti)!,:h-inpill raIl'. C'1I1'1'f'1i!­
";OILI'('l' (·ollpling:7 . ., i,,; 1I:«.'(1 ill I hi,.: ,·in·lIi! 

In :u·hip\'l· maximulll ~pl'('d. 

'rtw fI('('ad,> ;;,V"Il'm de:':" I'ihClI I"(',.;ull.~ 
ill 11 1-2-1-8 ('oil,'. ' I'hi ... t'{Jd in~ i" ('()Il­
yt'l'lt'tl 10 Ihl' \-2-1-2 .~'qllelll·(' nf Ow 
IOIH'I' .~I)(,t·d uel':lde:< ill :\ fOIlI'-wlll..' 

r('adOIlI IIl1it ";I'p:l!'at" from Ilw IO-), l c 

l'OItHI in/!: dr'('ad!', 

Opergting Progftlm 

Tilt' op('ratinJ;; ,'<('(l'lI·lIn". or pl'll~l':ll1'. 

used in pl'e\'i411l5 ("oulIl (' I';; h,l~ Ii mil cd f Itl' 

effi('ieHl'Y of illfnrrnatiOIl pr~)('(-~,;illg 10 
5()1"' ;:. :.It 11('''1. , \ 1O-"t'{'Olld nwa:.:un'nwllt 
of fr('(I'II'IlI'Y , for ('xumpk', t"cqllil'('''' :111 
alllll)."ing dead lill1\' of at le:t-'l :\11 tlet--

lInd pe ,i"d mea ,u,e man' , 

dit iotl:iI !O $t'( 'onti !< for tli,,;p!:l)' hdf)I'(' a 
tiel\" l·t)1I111 iug illte lYal begill", I II {'Oll­
I m:':l. II,e program of I he c:n COllll ler if< 
83'e I'ffi{'ic l ll. 11 i.~ I hcrcfore llL'Cc:;sa ry 
Ii, wait (!lily 2 f<('e('md.~ before :) m'w 
llI('U,.UI'('I1I('lIt i,.: hegun, irre:-p(,(,tin' nf 
\l'hether 8 d igit...; interm it tent 01" " d i)!,:it:.: 
('0111 illllOll" :II'tl di ... pl:l.\'ed . F()I' lL nll('­
":ce()lld llIca$(II·CI11Cllt. the II'nilill!!: illll'I'­

\':lI i'" olll.v 0 .2 !-;('e()nd, fOl" a O. I-"el·olld 
nH'a":II1'('lltl'lIt 'jllly 0.02 ,~et'I) l l d,~, {'I". The 

dlll·it'll('.\' of Ihe ('olllillllOlloS di:-:play. on 

I he 01 11l'l" lt aliCt. i, 1· ... ""·11 t i:llI.v 1 OOo/r ,~11l1'C 

I\('W :111"IH'I'" al'e Ir:lll"fel'rl 'd ill onl.\' 
100Illi,'wl"{'I·,ul(1.,..;. 

HUmgn Engineering 

'1'1)(' po,.:ili(jllill~ alld lahe1illg t .f "011-

Irob; :tI1d ('OllllC(·tnl':; ill p,'('doll ;': Li ('"ig:ll:! 
h:l\"(' I(,fl lL1IWh It) 11(' dC1<i lwl fmlll t he 
":lIll1d]JoiHI of litl' npcm tl)l· .. \...; ,,110\\'11 ill 

Fi~1I re I. 1 It c><c !.:OIllPO'UlII I" 111'C' log-it'lllly 
~II'l"allgl'd :llId dC:II'ly lauell'{1 ill Ihe en 
(·outt1l'1". T Ill' 11'1'111" lI;:cd :I n ' ,.:imple :"ttld 

d{,~I 'ripf i I'e, Two-l'olOl" 1'11)!,:nl \'i ll~ fllrl lwr 
,.:implili",,: Ih (' ()p( 'm l iQll ,.f t he ill:-:tnl-
1lll'lIt. '1'111' \l'h ile t'ngl':tI'il1g imlit·att!,.; ill­
formaliol l (If prim:l l·.\' illll' l"I·,,1 10 111(' 

opcml(u·. "";I)("h :I.~ Ihl ' 111('11"'It"l'lll t!nl !Wi llg 

111;ldl' :I'ld the ulli ! ,.: of mea::,U 1"elll('ll\: Ihe 
nnww' t'1I}!r:wing: illdi(·:I1.-':, ,,:('(·olld'll'.\' or 

I'lipportilll,!: illfon nafillll. :'lll' h 11": Ihe 
"(1lllltilig illl(']"\'1I1. F t'!" ('XH II1Plc, \\'h l 'lI 

t he I:U'~I" t'ellll'ally IIWll l ed, 11\ e!l,~\l n'!1Il'n t 

conI 1'111 j" ill the Time- l lltCI'I':ll po,.:i!iml. 
all or:lllgf' dOl at Ihe rf':u' (If t he (\11\lhl('-­
b:u' knoh poi 1I1_~ 10 :r 11 mlttl)!\' lilll' 1(,:lClil1p: 
1{l11H' ~Iart :wd RIO]) illPllt ("IIll IINI01"":, 

'.\.1':. H~~lc". "j\ 10 "~":~"IN {, .. /I:,,~I~M (\,((nti ,,~ &1\,1 
h.~",o>ney :-'I"",(( .. ",(~",:· II I' Jf"''''~1. .... 1. ~. ' ..... 1. 
O ¢t<>lJ<or. 19.'041: 1'1'. 1 ~1 . 
. ~, . I.. '';:''ml'' "(J~II'I! l"'taM t~"un' ~ r U'~l''' '''' ..... " 
I' ... ,n", .. ~ ." f:'HI,,,,,; ... ""I. ~,;. 1'1'. 1,; .. 1 17. F,.Io ... ,~.y. 
l!l,'~t. 

' I'at.," t I'eudin~ , 
-n. \\". FNln k. "'u 1,"r ..... ""'II·"I .... (:""" r~'M ~'il h 1'-, 
u~ iii .. · T i u'~." r.~" ",,1 I(,u';" "·f'." "' .. "I~r. :; :1. ~ 
Fd"' ''' t\ , lll',9, 
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TECHNICAL DESCRIPTION 

Sh .. p Ufle d IIlock Oi .. , ... m 

Tin' ~ill1J1lilil~ 1 hlO\'k dillJ,:r:.UI !Jf FiJ,:IIn' I 
IIl"'\\M Ihlll ,111' Tn'~; 1130-.\ Oi!,il'" Tirw' :u,,1 
Frp,pw,w,\' \I,'1('r 11.ml:,ill~ li"o' I",.~i,· "in'ni, 
"tlwk~; llw [lIpul ('i""lIi, .. , I he Tinl<' [b."t' , IIw 
:\1:.11\ (;,,11', lllf' I'n)jl:nllll {'rilllr"r , und lilt-
1)""II11:,I'('V1ItJlillJ,; l·l!il~. '1'1,,' " 'IHI1 ('ir"lIi l ~ 
1Ir1' Il't'd Iv !,\,'Il('r:tu' nil(l,(,'r 1)lt1~1'~ from 111<' 
il'l'l1l ~iJ.:llIIl, I'"r f""llU-W'," m\'''~lIr''nll'llt Ilw 
lfl):).:'·, Pllt~l'" :,11' \'''uII1~ 1 for a lill1\' 11I1"rVII] 
,1"r;\"'iJ [wm Ihl' Ijllll' ha.~'; fur nnw Ul"lI"IIr!~ 
IlWlI! 11"'rind . 10 r ... ·riod, or lim,- ill!!-rl-"I ), tl,(· 
,rhO:;"f 1'111'1'" ,h-I.-rl1l;II\· 11,0' lilll(" ;1I1I'r\":<I, 
IllIrlUl: "hl~'h 4'h,d. ]lul-,,>, [n>lll IIII' lilll(' h:\..~, ' 
,11'('1'''1111,,,,1 

Til., I'ruKnllil ('''lIIrul (.IIJt'n~ :Hu\ du~'ti IIIl' 
'Iuin {;:III" I'fllltrob thl" i.:<pb.v, :11101 h:III1I1.,. 
Ih .. ""ri,,"~ n.,.dti"l( ul .. 'mt;vn~ , 

'"p .. 1 Clrcu'" 
\ "nnw l'l'tl"in'"H'Il' fflr dil(il,,1 In",,_,"rill)C 

"'luiprn""1 i~ 1 '101 it 1M.':I:'; ,,..,,rl .• , ""I"tIL" , i,' : ' ~ 
(Iu~~d,ll'. T1,;s ri~llIir"'''''1I1 i~ Iml 101 itl< 1II"~1 
~" VI'n' 10'.1 ill 11,4' iU,Jll1 ~'in'lIil~ , 1I'1,,· ro· 11t(' 
,·",wI.'r ~.\"ll·1U rn"'I~ t 1w II-"r~ ~.1'''1 ' '1I1, Ili..:II.",1 
ri'1inl,ili1I' "1111 Iw ' 1I1"lIint~1 "hen IIII' "i l/;II"I~ 
('(111111 ... 1 :on' ,ml",'~ "f t"OII~I:"" 1.1UI,liIIUI,· ;{Iul 
" lIml"", ; Ih., mlln' IWilrl .• · ,·m,SI,," ' . II,,' IIIUn' 
rt,liuh ll' Iht· ,"mlllilll::. Y{'I Ih i- -iKII:11 rnll~' 1M ' 
. ll-ri \l~1 (r"m Ill(' 1I~.'r·>i "ilt""I, ill "hi.,11 fn'­
'(1I1'I"'~-, ";.n,fur"" III'MIIII"ti ... ", 1I IId "uL-, ' un ' 
"II \'lIri"hl ..... '1'<1 m" k., I hI' '~ JlII,I~ 'r 1I,,",'fll\ wilh 
• h., ,ddt.,,' I".riply .. f IUIII" ~i)C""I. ,", 11:1\'.' 
Ih{'tt'f··Il'I·r.,,-idcol: 

1. .\ IIlt'all~ fur Ilfljll~lill): III!' il1,JIIll'irt'uit Iu 
I'r.H[II(·" I lw Irill~.'ritl)C plll~":ll ~onl(' ~jtN·ifi. ~1 
l'IIJIII-" .. llltj:C Ii' I',.]. T ltis [wrntit1' lit" tf·je.'1 it'll OJf 
iIOm., fflrl1l~ of ""i~!' ill I I", illl'''1 ~i)C"ul 111,, 1 
,,,bjt'~ llil' !'(llllll('r I" IIIl':L'lItt' I ... fr. 'qu'·I"'\· " r 
III'ri",! .,f 1,,,, •• 11IIy·r:1Iio l.ul,,',1 ~i )CII:,I ~, . 

2. _\ m" l"'~ for rt'1l10I'ill~ th' "', ,hnl 11t~' 
rN~III('IH')' "r :lll input ~i)Cn,,1 l )\ .lhl"I,~1 "II ,j,. 
"'111 III' uW:Cc<II" ... 1 

3, .\" ul\l'ltll;llur 10 1H"lp tf~hll'" IIII' ,'ITI~'I" or 
l(I,i ... · ulul 1III"""'"_"l' \11f' r:ou..:" " r II ... lrij/J("ritr): 
],'I'('lt'Ulllrol, 

,\ 1l1l',111~ for .... 'h~·linj: II", " ["[1" "r II,,· 
11I1,ul .;):",.1 "ltid, I'nHlul'('" th., 1"' .• 1 Irillll.,·r 
1'111.". Tlli" 1 .. [jll~lIUl'al is pnrli"III 'l rl~' im-

""rllllil in Iw·n.H] ,,, .. I tilln,-inl"r\':d rtW'lI'lItI~ 
1lI"nl ~ "Iwtl" f"r IIta~ illlllm :u·(·ur:LI'y. III<' nm-I 
r"l,i. Il.\' 1'\':"'lIill ): [lorl illll (If Ihl' iUI,"1 "ij:II1.1 
.hollitl IH' ""I'''-'It'll 

\ siml)lilil'[ ,·dw,u:.li" dl l'lotr:uu flf ,It" illl'ul 
ri"'"i'~ "f II. .. "II"IlI"r i~ ... hll"" i" Filotllr, ' .-, 
']'1.1' tIl" lri,,,],' s""li",,~ ,.f II", lin<1 1111,,,, "n' 
'·""lu,.·t( .. IIL~ ")'II"h-pIIII dilT,·tt'II!'<":lmplili.'r or 
"1'1I11/:·I:lil.,d p:lIr" ', '1'1,,' illl'lI' ~il!",,1 is " " "Ii"d 
10 "IH' lind "f IIII' ,,,.ir UW[ II , 'u ri"hl" rt·ft'rl'l u',' 
",,1 1:,":1'. d.'II'fm;llI,d ,,,. till' Trij/J(,'r-IA''''I 
t111l!rool. i.. :t1,,,li,,,1 I" Ilw (l1I .. 'r ;,:n.1. Th i~ 
I"t· f"tt'".,. , "t,I III~(' .I"j"rmim'!t 1[,,· IIOil11 " .. Ih, · 
~1I11lI1""i)Cllitl I\!u"pfurm:tl IIhidl I. Iri~"'r 11111~" 
I~ Iowlt('r:.I.~1 J. ... ,1", ["IJlII ('it"IlII~. Fur fn~ 
'1"l'II")' m.·" ... ur"III"1l1 of I'tel"', :'<11111>'0;'1:01 
~ il!n;ll~. il i~ . I,,,,i r:.hl. , I .. )C"llI' r"U' tri)Cl'l'r 1'1I1~/." 
:01 IIH' '-.'rl.H't<1"'~III):~ "f IIII' ill,)111 sit::nal" j" 

",htHi" nm\iUllirn "' ·II~ilh'ill·. IIttw(,\,.'r, f,'r ftf'­
(111<·~"'.I· IIW"!<I tr!'m"II1 (,( '''Ir~" "-:lI'('f"rm"" ill lIlt" 
pt''''l'I''''' "f lu,i.w "l>i.,11 "1"1_''''' mllitipit' n·n,.. 
,·rt>;:~ill):~, ,"ul fur 1,,'ri,"1 IIlId liuw-jlll<'rvHI 
nlt'I'~l1n'nh'l\l~ 1",,1 111" "(OUlllill)l: ,.f rn,,,I,,m 
"'·""I .~, il i .~ . It."irnhll' lu IIdjll~1 1111' lrilQ:;l'rilll! 
1"1',,110 tI,, · " h':m,"'1 ur mus1 ~ill:u i til'IUl I por,i"" 
(I' tIl!' iUI,I" \\I.,." f.}tlll '1'1", Tri~I'r_ I., ',-,,1 
I'oillrol I ~ II 1".t(·IIILtlnH'I ,·r "illl II ..:n""I1I~ ~t 
.'.'II.wr-I,,\) ',{)\",nnl! ; ' hnm.1 "'r!01\ uf t<l11I-ti"ll 
..-1011'10 :tl ""~ " 'Iuu'k, 1I0lwnll.'I.1 «'llIrli ,,, 
):NlIIII,1 IMlTl'nlb!. TIlt' rIIIlK" of til" n '(cl"t'nt'" 
"011:<1(1' i~ t If) \,(,11 < "hit'h. i" 1'.)njl11wlihn \I il h 
tI", 10:1 iUI.II' :'II'·IIII"'''r. lln>l'id(''< "" j·ITI'l'Ii.,1' 
iUI,"l-lriJ:J.!"r;,,1ot mulot., IIf :::I: 1110 ""II,; . 

11.1' in1<'rt'hllll)Cilllt I Itt' II:ri(1 I'I""I4" ' titln8 flf II ... 
illput .• ;)CIII.1 ;1I1t! r(,fl'n'II< 'I' \,,,'1;111-", (I", SI"p" 
('olllr ... 1 (1t1)1 .10"\\11 ill Fi): .It. · ;,) dt'h'rlUill l~ 
wllt,tl".r II Iri):Iot.'t Jlul ... , b !("IIt'r;) I t~1 "I " 
1"",ili\"'-I("i"lI; "r :t ,,,,It"l i ,,, ~It()il! [.t .'r""-';"K "f 
11>1' Ir;IIJ(.'rinll: h'I'\'1. TIH' ~I"p,' ('''"I n,1 "IIn 
:tl~(, ".""U~·I:t ""I):I,·il..r ill ~.'rit'" wilh IIH' inl'lIl 
" i):II:l1 I" 101,)<,1.. 1111.' ,j,o ,It,ll ""'Y I", pTf':«'1I1 

Tlw 111':<1 :ltlIl llil i"r .. in'lIit III...., ~"r .· .. " ;U; :I 

~1"l,h' limit,'r , ,..ill"I' II .. , l,t"I ~'-\'tltl"II;" limil" 
II n' ,!t''''rruilll,1 h~' III<' 1'1,," .... ,,1'1'1 .1' \'1.111" )C. ' :\1 "I 
II.~, [l11(1~' 1It111 "111'111<1., r!'''I~ltlt:<, HIIII Uti, '''''''11 ' 
1;,.,11.. illll('IO("I<I"", ,,( lulH' .'h"ra{'II'ri~li\'li, 
[ J.t.'(.'iL\l~1' .. f I hi' ~,\' lllU\I't ri"al , I ':ll:",,',~ 1 !H' ~ uri' "f 

>(:, ~:. \'311~~ _n,1 It, 1I~ 1I",a" _ "\ao." "".·rub<- \"",h. 
11<-. ... Ih"I",lio" I .. I~,"",,') 1«-." .. __ ' '' .• ", )1r{l ... ,,· II ,1I 
Iv.,~ ('",,,, .. n)-, ,~'" Y"rty ,~'" \ur~. 1lI1~ . I'. Ill. 

!·~·"~"'~""~'-wr-f·"""""I-"-,-----"l'"'·"""-'""'l'"""'-----,-o+ 

~ III"'. S, Simpl ifl . d 

uh.m .. llc d ioll .orn "'""'""'---f~') of th. 'npul c;rcu;ts , -

IIE.T. 
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GENERAl RAOIO EXPERIMENTER " 
e lHolItf 

OIlmeUI' 

·'·l ~'~' 
o 0 0 0 0 
I I 0 0 0 
l 0 I 0 0 

" I I 0 0 
... 0 0 0 
~ ~ I 0 
.. 5 0 , 
~ 1 , , 
:z • 0 0 

o 
o 

, 0 
o , •• :! 10 

" ~ :; 
, 0 0 

o 0 
, , 0 
o 0 

IS, 0 
,. 0 
' 5 , , , , 

110000 

" 
, 

'-------
, 

, 2 " • 
-;,C,rr,;,C,rr",-rrr",-- ' 0I~1 
6~.,V2 

I I I I I CARRY TO "'2 

~'-2V. 
I I 
~1f3V. 

Fi llv., 6. Su,I •• of·,r. "'n binary cavn ... ond dr,play . The binary nvmb ... r' pr ... n"h •• ra'" allh, 
fllp . flap t <a .... paRdlnll 10 a 1'l48 weigh l. d <ode. 

11,/· (·irrllit. 1'I1<'rlll;1)1I i. ;,1>\1' ' "<:-I' !lli:,lIy illd("­
Il1'n,II'1I1 .,f IJIaIl'-1'IIJJI,lv "r fihlnwllt_\'()lllL~" 
I·:>riulion,. \nnlhl'r :ol l rl lull,· of Ihi~ l'in'lIil ;~ 
il~ V('I".\' loi[(11 d.I'IIUlllil· nln~(' whid) r"·rrnil.~ 
IIlt'll.~IIN'lIl1'lIt !If _i[(n~l, "-;Ih 1:lrl/.'· UlnolUlils of 
:unpJi,"dr-nl!,dlll"'i()" H' I,)wt'r fn'<III('U(-Y uo;o«' 

"iI.,·,· th,·,·in·iI;1 ,,-illm!! I .. · ,'l:omlll~1 hy lh(' 
!loi",' lit rnOdlll!lliull 1)o·:Jk~. 1>111 "jU"olllinuc IH 
"Ij(·r:.l(· :,1 1",(, fl.'f,·r'·n, .. ··I.·I,,·1 '·I"(h..-illjCll. 

TI!I' OU'IuH "r Ih,' li"'l t!.lIlplifi,·, ~lill/." i. 
,IiJ'l'l't I'OUI.II'(\ Ii, Ihl' ~''',(11'''- Hlltl, ~hllnl 1111<1 
~"ril' .... Il{·,.killl: illtllll·Ior.< lin' IN',j IV OI, I:I;n 
'1lII'l.1I1l1I1ll hund\l'i"lh_ Tin· ~'~'Uw.J 1'1111(" of 
"rnIJlilil'"lioll i~ ~irllilar ,,, III!' fi,..1 ('''r~'111 Ihlll 
Ihl' 11t1~h-lltlll inpUI i~ ,~ml'l'rtl~1 10 ,. ~illtd, ... 
"nil,,,1 Oltll)1I1 In Ihi~ '·"IIW .... U')[1 Ih" dTf'uil i~ 
1I~lIlllly I'<'fl'r,.-.,' ,.-. II_ II (,lIlhod('-{'()UI)'f~' 
dipl'(·r.'· 

Thl' <)tI'rml 01 lilt' ~1~"lId :1Il11,lilil'T ~ttI,::,-;~ 
,\in'l'I]~' N)1I1,11', I", tilt' r"II'I"illlo: !'in'lIil "illlOIlI 
""'·Illlnt ioll b,- IIl1':tnS of 11 I rilltl,' I'VII II(~'I('II II.~ II 
"urn-nl Nll1rri·, • 1Wt'-:I1"«- 01 lIlt' lu~,' "nlhll/it­
r""i-Ior, IIII' In!)'!(- , Ir,,"~ II "on~I:lnl "urN'''I 
lhr',ugh 1111' n";~IfIr ''OIIII,,·t<~1 tOJ it.-!' IllllI" , 
Wjlh 11. "un~I"nt I'lIrrt-llt ill 1111' N'_,i'Ior, ,Inol 
rh!'N·furf· II "')'4<lmtl vulta):1' IU'ro;.,; il. ""-I' 
I'li riali!)!) In ..... ltlll"· III <)11(, to-rmilllli of II ... 
r"~;-tor is Imn~1l1l'tl'<l 11,,,\illltlli~ht ... 1 In 11,/. 
nlhl'r If'rlllinIlJ, I,ul III 11 IlilTt,rt'1I1 dl·!('w'l. 

Ti", IJUI"''-Io:''III'f111 illl( l"ir"lIil il~,'lf i ~ h:~~I'lr 011 
Ih" fHlnilbf ~'hllli!l "i""lIil" \,ith lIIHllht'f 
f'llrr('nl...;Klllro·l· .... ·i)UIIl·'·ll'Il Irind .. 11"1. 1 III ",.upl" 
II", 11'11-IIIIIItJ plull' 10 Ihn ri.dll+h,wd I(ri d , 
:-;hnnt 1I,'nkinll: ,,101>(' i~ IN ... I ill thill "in'nil ~i,H'(' 
~1'ri,.,.I}I'I'J...;'11C \I ould inl mc!m'I';' lilll>' d('IIl.I' 1111.1 
,1 .... ·rt'It ~,· Iht' 1n:,,,il1llllU fl']""liliol' rllte of thl' 
!"ir'·lIit. The OUWIII IJlII-,';~ I(rlll'mlNI h.\· II _nwll 
tfJmidlil Irfln~l"rnll'r. 11'0111111 011 Ii f{'rrilt· ,'on' . 
\Ih il' h i~ 1-011111"'11'(\ III II,,' riJi:hl+lwlld I'la ll' ,)f 
'h" S/'!lInitt ,-il"l'lIli 

Tltl' ~n~itivilL (null1l1lum 1'I'II"lo:e IICt·' ..... 
~"r.r III IIr11dm·,· ~)UlI'''1 11111. ... "", or lilt' ('irl'lIil>, 
,],'>It·rilJol-d i~ /lhol\l 100-/111' rm~ lrom ill' tu 3 \I,. 
ri_i",:: 10 2.;0...1111' rm~ III 10 \1,-. 

Caunllnll CircuIts 

T Il<.' 1("JU'nol 111(.>11,-. ,.1 'J I,f'rutio"!lf !Ill' "OUIII~ 
i1t ~ .. ir('tlit", I ,,~~ alro'Ild)' hl'I'U Ilio;l,·riIJl",1. The 
,·I""lI'll!s (If Ihl'IR' {'in'llit>< !lft' "fIj, .. no,1>'," IIr 
hi"l:lhll' mnhiviJ,rnt"",. 

ForiI' of Ihl' S7 dr""il' ill Ihl' "l)lIl11l'r ,m­
llip-flojl". Of I hl'8l' If) dr""il>" 31; lITt' II~(~I ill I he 
D/~'im:11 ('fllmtiu!!. l · uil ... , "ht'n' IIH1 hi""rv 
~,·:llt'-l.lf-:;i~u'(·u i." ]wrmIl1Nllo N ,:o,·"I,-...)f-I'·1) ftir 
!·ithl't !!'1:J 'H!r.n\ r""lIlill~ or I'flmhiu:oli'lII 
rOlllll in!(: .. ~lor:tg('. 

F(lUT ":1"":ldr'" lIil}o-II.)p' rnrmilllo: It I'lIh~()f+ 
.i,lN'n an- ~hu"" ill Fi"urt· Co_ 

1 .... '1 U!' 1I-.;O;<\lII1f' thlll lh .. ('ir.,I .... \lithiu the 
n>t·cfllljo:le;o n'l1rt'!<1'nt ing "lid, m\I-I")I' lUI' till' 
two luI)!,.", formiu,:: tilt' l-iN·"it. \ -" , I,'Iill\' II,~ 
flip-Roil to hi' ill Ih,' "0" ~I"h' \\il l, lilt' ridll­
hnnd 1111)(' 1'0IHh"'Iil\l(. TIItI~ . ill th(' Iil(lIfl'. Ihe 
"hatl",1 rin'les rl·pn ..... 111 on 1111".,. , :111.1 lht· 
!<t'al, .... )f .... i\!t"-·n i~ in Ih(> ,'llI\<' 0000. T h(' 
hnriwnt,,1 liJt(· .'fl'ml .... ti(jll:< N'I,r<'-'!'lIt ill""I~, 
l<iIy Iu ).lri(\i:', "lid Il 1II·t-(lI I iVf· 1"/1 .... IJi:If'/"t1 U11 
Ilw t'lImmon I-O'U!N'lioll 1)('1"("'11 th,· tul,,~ \1';11 
lurn oIT IIhi" lw"'·r luhi' i~ 1111 11111\ 1Ii11 Ihu~ 
'·<lntl']elUt.'ut tilt' ~ 11I1f'_ ('h,ml( inl( II ~" n' ,-IU\(' to 
"011(' or " tllll' 10:1 21'm, .\ ~il;nll l fNt 1(I1'illll'r 
j;(ri.t "t'p"rllld.1' \I-ill IIl't .tl!· llir .. n .. p It) 111(­
./" .... ilil ... \ ~.1II(' 0111,1'. II I hI' /lip-/l')jl i~ '1I1O':u l), in 
llal s!all!. I hI! pul.'\I· \\"illll"\'(' II" , 'ff~ ',·t. 

\"'(I\\" h:wing , ,~tuIJIi~hl~I. 11I' J{fI)llllol rlllt'~. II Il 

hili "('[(ill 1,1 '·'''lIlL. 'I'll(' tir;;;1 llI1l~,· r.·,·,·ivl'(l hy 
flip.flop I in I-'i"ll rf' G II ill "illl~l' it lu n" ',·I'1"~ 
~1.'l.It' (1 00\)). Tbe p(ll~(' r,mm'<. l wlll'lI Ih . ' r1!J:hl+ 
Il1l1ul tllhe ,ltOlI>! tifT willIII' I.t)~ilivl' ,HId will nul, 
IIfT!'('1 F F2. T Ill' 81'1'01111 I'll -;e \lill "1111.'" FFI 10 
rt'lll(" to Ihe 0 "Inl ,· :u,,[ t il(' r ;lo: h l+hllll1lllll", in 
turniuj{ on will protll ... (':l ""J/:lI' iVI- 1'1I1.'!(: t'lIu~ill!( 
Ff.'2 10 ('Ompl l'ml'n l (0100). E/II'], 1-10-0 Irllll' 
~i lioll "ill I,rothlf'~' It '·"rry 1'"1."-1' aw l 1'lIl'h 

"J.~ -'lill",a" a .. ,1 II .. I~ .. T ."b. " 1'Ul'" an.1 lI,,,,,.1 
(';"",;1 •. " M.o ... ".II ,1\ l loolk ' -''''','''')'. h .... "" ... \-.,..~. ""."" '·uri. 19_',r~ 
"I,. II _ &flm; ll . _. \ TIt~""j",,;~ T"';~,...r" Jo~, .... ! _,.v ... 
''''iJ<-I''''''''",.~I.o. "'~. '~" ,,, •. !,.~'l, Jan".,,-. IlI.\Ii. 
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FI,"'I 7 . G ro l doff 1224 " 11,hte" ~ode . how ing indicator malrl .. ond f •• db .. . ~ pat h. Th , , h"d l d 0.101 
d U' liI no'e <o mbi .... I;on l oill ip -tlop 1101 .. Ih .. , • • 1 •• un ique ly In <on]u .. eUo .. wi th the ' 00 .. . lolU 0 Gnd I 

o f iFI fo r 'h , oUowed $lai n . The nl on I .. ",p, a ..... .. n .. ' . d 10 t he ..... 1,1. bu n • . 

~UI~·('I<.~I\·l' ml}-IIUII willll\\i\,,10 lit Imlf the nil!' 
of l h.- (JIll' )(·fun,' i1. Ti'l' "im ple "ift'llit (If 
Filtllrl' (; ,hefl'furl' IH ... }!hH"~ llit, '-UIII' ('II II,III:I I 
@nlJ,·-<:,f-l'i, u 'f'll Wll1H'UI"'. 

T o Ill"k(' H u"dul ("()U n l l'f, fUll' Inu._, :14 111 
ll.ppr(ljlri",I' m(,/l.n~ In ilUlimll' thl' flir}-iloP 
~lllll"" This i.< c"(\lI\'('lli"1I1]" .JUIIC with 111'011 
bmrl!- Iha, fiN! VI M'r:lt.~1 fr( illl ('utnhin,.l iun)< of 

1'llIh' \"ultlllff'>' in Ihl' lIi]l-II('I1II1II1'>1. I n "'i ~\I I'(' G 
(>11' Iwon l:HIlI'~ M(, ... ho" II, I·Oll lll~·tCtl 10 lllo:h l 

"lol'll I'n· ril{ht-h:o.n.ltul)(' i ... (·undlH·ti ll lt ("lft\1' 
J). ' J' lw lIl'tIU Lllnl~~ an ' Ihl·N·forl' .)IT f" ,;1. 0 n llll 
n n for.~ , in eI,,> ,!!, r(I(·,d"r .li lti t (i ll till' hilmry 
",Y""·III) IImt t lw.,· rl']lr'I"!'nt. T IlI'!'I' tli git~ II rl', 

f lO" '. l a . PIal ..... lIa g ..... .. 1 ... " .. 
.. I 50 kc of .... 2, ..... , .... 6, and ..... 10. 
122. cod' ng . flo , IYII. m o p " allonl 
ou u"in g al p"II". and 6 p . od .. c . 
110 , d ip i In FF 2 and ff3 .. o ... fo.m l . 
Th.l. d ip l , in I .. . n , c o .. .. 110. dilli · 
c .. llI .. lnh • •• nl in 11011 "'1'"'. "" Th e 
fI.1I fe.dbo< k I, u .. ombill .. O" '1 Ih. 
n<orld , 100". "' . " • • q .. I ••• 11001 Ih. 
11m. <o",Ion i 0 1 ' h. f •• db.ck p.lh 
10 , c.llicalt y ad iUlltd 10 b •• h"rt 
comp .... d 10 ,h. Ii .... ... 1 ...... ....... xI · 
... .. m · . ol. co .. nll 10 .. 1 long c ompo •• d 

10 110. d"' otio ,, of 110 . d'p l. 

f ill .... ab. fF2 Ilrl d ... . II .. g ......... . . 
fa . ," , f h. fl, "1 I .. db.c ~ . 100 .... . 
cl.a.l y a l an ........ 10111 .. 0 ... II IlAal ; 
110 ... ~ond 1100 ... D po. illv. 0 ... . . _ 
110001 co .. .. d b y dUf. , e n, lolion 01 
110 . pO III '''' . Ilop. of Ihe 0 . 1 I,.nol · 
l Io n in Ffl . In Ihls ...... pl . 110. Il.id 
1 .... lngl • " Olt l .. bov. 'he 10 v olt. 
.. " .. I"d f • • c .. !toll. Wh. n Ihll 0 ... '" 

• ho ,,1 b ......... 100 1.'11. II .... itt p.o· 
d ... . lh •• o ... monl~ ob .. , ... . d d . ... d. 
f. II .... of . kipplng f.o ... an Ind l ... I. d 

co .. nl of 5 ' 0 e. 

r'I"',II't·I jn·ly. ], 2, I, ''''.] R, :uttl lhl' lIip-II"I'_ 
,m· ."i,] 1" I ... · 'H"jfhl(-d I<l....j·h fur '·IIulI,iujf. 
Fur I'XllII lph'. ~II]JJ}()~" IllI' N,lIn h 'r ha~ " .• 
r" I"'II'I'd 10 J,lIl ... , ... F li l,-fluI J~ IllIUlIJt'r 2 and 1 
Ilill , h, ·" I", "'I, nml tl lll- n()p~ I I,n.1 ;J "p, 
yil'h l iIlJf"I~/U III of 012"1 + , (2') ... (1 I:!" ...-1 
\2') - 10. Til" lin-I lI,wll'a, .,·"It·,.,. ",'rt· ,·"n· 
~ ' rlU'll'l.l ill Ihi_ jfl· ,wml [1I .• lli'1II. "iel, 1>1,,,,,.,· 
di.~pl:I.\,~. 

Fo r (,(JIII·I'\,i'·.II"'· 11.1<1 ~"I ... '(I of "'",Ii II" ill 
nwa."uriUII: ~.I·t-I'·m~ il i~ ut,l'iou~lr It.-'Intl,,," I" 
"(IUU\ ,,,,,I l u ,li~I'I,,\' Ill\' rU'IlII1~1 Ilulul.,.r ill IIII' 
d ,'1'im ,, 1 ><y,, " ·m. I. L t :I'I:Il" lolT "F 11 ('.\ ~JIH\\ , ·d 
hOIl 10 "oll~ l rUl·I II .II~·III I, ' (·(,I1I1 ' (·r 10:",·,1 (," 

V2 PI. II , FFI 

V~ PI .... fF 2 

V6 Pial., ff 3 

ve Plo'., fF. 

F.B. G, ld V ·3 fF · 2 

.... ~ Plale , fF · 2 

....6 Plo'e, FF · l 

.... e PI .... , FF · • 
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_ OUTPUT 

Fig",e 9. Ge n",,1 Radio 12·t2-weighl . d cod . Ihowlng f •• dback and Indical", m,,1,''' ' Shoded o , eal 
,how n ean _Iamp malr'" Con n" I'onl. F" , Ihls codlnll 0 I,;pl. addillan m", ' be "oed. The Ion involv.d 

In Ihl. oddilion 10 mlnlmlnd by 'he u" of INHIBIT lamp ;nlle"d 0/ 0 ,eohla,. 

III'rmlilill~ I Ill' "":II<'-(lf-si~I''('1I to tL I",,,II'-<lf-I('II 
1,'1,1 ILl Ih(· ":lm,· tlllll' "UIIIH'I'IIII~ 11'11 IIl'OlI 
I"mp" in Il ~illlph __ maIn ... II') .lbpllL\, 11\(' {'(mill 
,,~a dl'l'l1UHI '"Imh('t' -

1'110':"'1' 7 ~h"111! lilt' ,lollhll~f'~',J1':1('k ~1'Sh'nI 
"f I ;rf)~dolT. I, i~ tin' ,~~·~tl'rn 1n()1I1 I'flmi11HIII.,· 
U'I',j 111 mo(I"'1I l'OIlIlII,'N I,,.,'"'''''' Ih. /rll-I,H"/I 
",f/I,il' i~ Int ~i",,,lr"l. Tit" gl"lI'wl ..... ~III"nrt· "r 
II,i~ r'Ollinii; ~"~"'m 1m .. :11 .. ",,1.1' ioN'" ,If'>\..rilll'd , 
Ulitl IllI' ",·"klll·''''' anlLlp,'_1. 'n", p'Js.~ihilil)· of 
f:lihm· i~ .~hown dl~I.I.I' III lilt" o"dllogram~ "f 
Fi)l;llfl' R. 

Thl' ~illlo':h'-f",'dhlLek lI.nl('11I 1\I,il'h (;I'{)~,I()IT 
~1I~lCl':!!h~ 1 d,}('g IIlIt hnv(' Ihi~ huilt_in h,lzard. 
I h "!I('rill ion hn~ lH~·tl Ilr(·\'il)ll.~ly d",,,,,·ril,, .. 1 ~tld 
Ilw"I'''lI'm j~ ~Iouwtl ill Filtun' \1. I" Ihi~"\'~II'nl 
Ih.· ~:O"tll I'ru,· .. ~I~ 1lllrtLll!lI.1' "I) 10 IIII' i'j!(hth 
"IJI~!'_ TIl<' U-I Imn~ili"" of I Ill' ("u.ill flip-II"I' 
111\'1I rl'~{'I" hvth II<" ~l"-'omll>nd third m,,-flOII~ 
~illtulllllll~'1I'1y III I, .·limi~wliJig Ilw (" ",·:tll'-Of­
"hIN'1I I,j",'ry "I"I('S i< I" 13 Will")1I1 ''rilil"ld 
timiliit. TIll' IllIt'_~lkHl imrlU'(iil,,,·I.I· "riS<.,"", why 
h"HI't thi.~ UlIIrt' rt·liulllt ·I'(,dl·I,,·I-'JI ll'ihl ",rl,f'r 
III"" 11lf' ,'0111111011 ,,,w·.' TI", :t"",,·,'r li('>< ill 111(­
indin.lor-llllllil II1lllrh: whit-It 11" •• ~ha!l 1111" 
<li'(·II"". R.~' F,gll'" 10. ",hl'rl' Ilti!! l·o.li"l; ~,\'~t \'m 
;~ ,1"11\' ,, ill opN:Ul{)r, "I .)(j k,·. 

](,·f,·r :11.(:1111 W Fi)(urt' i. ,\fI~IIIU" thut:l giwl1 
1H~,n Inml' ill Ihl' 11111i"tllur will iOlli~,' oilly IIh"n 
il i~ ,·ol1lw/."l(,/1 from II ... 1'"1('II(i,,1 .. r :HI vff 
fli,>-UOj' IIluI" In th,,1 of 1111 011 piliit'. :"ow. rur 
.'\,U11j1", lr,kt, 1111' <i'~'lmul "nrnu.'r 1. The 1 
l'lmp i~ COlln{~'I~1 from II", plulC of \'2, whio:h 

i~ olT (~I:ttl' 11, \'b 1\\"0 n.,.i~lol1O 1.<, ,,1:01 ,-,; M \ . t 
,nld \ '$ II hid, an' I'" (~ t"'(' 11 1. 1'l"1~ Ih l' 1 I:lmp 
"ill I,., lUI. 'I'h,.,;,· .;1:11'-", ill F F2 ""d F FI IIrl' 
ulli,!,,,! 1" II,,· digitI! I) 111111 ! ill Ihill ('"dll1lt 
~",~I 1'111. I"" II 'II I"'r " I!..I\I·,, ! ~I II! ''Jj pi I her (IJH' nr 
th l' oll"'r nip-II!!!> i~ in lIiHt(· 1 11",1 Ih.· l'IIJt:lJ{I' 
)It 1111' 1"~)11 1"1111) i~ 12 ll ,,' (HI -Ilinl , · 1'(111111-\('. 
",I,irh i~ '")l ,,"flir i,'11 In li).:!, t it. !.ik,·\\'i~c. ,,11 
~ht1l!.'/1 ~Ia\t' \'I)) "hl"uliulI~ ill Fil-!urt· ; 1m' 
111,ilfue tu ""rr('~ I ~Hldin" ,h·{·im,,1 Iluml ,, ·,.,., ;-';,,1(' 
\1"" ,du·I],,·. thl' Q tIr tl", I bm" i~ Iig],1t~1 
d(·I~rul.~ (lull' "j~'" I III' III"", ()f tIll' 1i!":!1 fliJ>-lIup . 
'1'1,,· lill'! 1111'-lnll nl\\I'.I·,~ ,1i·It·rllli", .... WIH'llw. 
I h""u'II vr ,,,1,1 bUlp "[,, ~,·t.·I'I\"II':,;r will [il.(h l . 
[ n thi.' .'~"!IlI)h', tlll·n,rllrt·, II ... I~"PI· (,f .~imp l(· 
rt',i!<f()r IlII,tri" ~ hu\\,ll l\illlllt"ml,i~IIt 'II.~I,· ,.,,,,_ 
Ir"l I h,' I"m[!~. Xow, lonk ,II Fij..'lll"l' II: X"le 
t hul ,\'(1 ~1I('h ,·,,,,,1)111:11 il)l) ,,( 111'0 ullill'"' .• ,;"e,., 
,'~i~!,~ f" r "Ill'1I ,,,,ir of ,h'('inwl ltumIH·""'. I II 
vrdl'r II' Itt·\:w IIII"mhi).:lIvlI.< "uml,illatiulI, \1(' 

1II11~1 l'olllhilt~':l1 1I'!IiZ! ow',, till' ~Iut,,,, 1)( tbr'~' 
of lilt' flil'-n(JjI.~. TIlt' (;"lIl'rnl H".!i" "ml,, ' ill~ 
,1,·,·",ll' "~'''' 1111' ""11I11illali'!lI~ ~h\l\\'11 sh:HI,·,!. [I 
II"<I"IIII}<.' 11I)~~il,h· II, '·OIHilm,· III <1,_" /I n",illfror 
n1:lIri ... Il"Ilh Il Ihr('I~n.,.i."O' 1l,1,lill(,1" I" rOll!.,,1 
Ih, ·1il:hlill);" of It", ~h-""""II IUml) I);)i • . hilI 111l' 
II)~~ ill ~llI"h" T\·.,i~lll·" mld"r. ",IWII l'Oltll!I ... lwilll 
1101' fi\t~1 iUlli1."'ioll-,ldo"i1.ali,,,, l'olta~l~i,,,,n~ 
nlt'ul I"(''1"li'-':1I11"1I111 "r "1.'''" l"m1!~. woul.1 ",,11 
(or 1I1" ... ·Ollomi,·I.Il.I· II"~I' flip-flo" plllt,· .,wi"l(\<. 
\"1' It,,\,/, ,1f'v('lor,('~J " m"lrl~ B.I·~!I"ll n·'1lliri,,1t 
th" ",,11/" 1'1~.Ii· .~'I"IIIIt,., ,,~ :' ""rm,, 1 d".'"dl' \ '.1" 
:lI!rlilll.(')IH' nt~1II1H1111' III Ihl' 11l:,t.i\ lt1l'r(" I"'1l1 

fF _I 

fF _2 

fF ·J 

fF-4 

f'lIu re 10, Typ,cal wove /ofm , fo , Ihe 
"'p _"op. in Ihe Ge n.,o' Radio 1242 

'ode or plaIn. 
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Fig", . 11. G , n.,o l Rod lo 10_ Me Dlcod •• 

tlot· lOmwtwII of tlw l!.ix-I'(·vt'Tl 1:III1J"' during 
Ihe IIIHIC S-!)." 1\ liN')" himj) ('{Oi<1~ 11111(' m ol'(­
I h:11I ;l 1'!·~u.I.)r ~ If'1' h(I"" /h~ r,.lil ,ll/,. rod,. ­
um/,'I alIllO«/ /It) illrfffl"" ill ro~l. 

T,n , M, gDcycl. DICod. 

l ' ll tn Ihi" \'O;nl WI' h:\\'1' Il i,;j'II~",'t1 , I(~ ':H"" 
tll'l'ilo!lIllrinl'il"'I' lIi th no «·(('r.'n'·,' 10 lh ... rll l,­
or (,UIIII I ;III(. " III.',\'OI,,1 II r(!r l :liu UlI,,,imuUI inJ'ut­
plIl~ .. rul\', hll"'·\·~'r. Ihl' tlil)-II"p~ wi!! fUll 10.0 
~\\'it" h I"" 'nll~" "f ill~IIn;;'i('1I1 liu)O' for '·"I,:wi. 
1:"'('1'" 1I ... " .... lIIwd I'illi Iht' drt'llit~ Iu l' hurl:l ' 
(.Ir lIi"'illOrltt'. 

"r:tI'li!':oI V:lPllll rtl.lnIOf· """'!l lill~ ('in'lIi'" ill_ 
vull-ill ): flil .. nUIIS ,d.(Ii'~· III,,~,' ' ·lIm·nl.!' 1) 1" 'r:o~(' 
IlI'f)ll.lump indi l'1I101"S1 din'o'lI r 111",,1 1,,11'1' pblt· 
~"-i ultl' ,·~('t'f'<Jinll: '00 voll.,. .. \.~ till' ,'ollnliulI: 
ral,· ilwr":h' '"', t h~' fIi,..-n"Ji IIIIIII"! I:III(,'· II" " " 
IIm"I I .. • ,II'..r"""I"!] ill onl('r 10 i<III~',1 II". " ha rl(" 
:'1111 , li .... · h:.'lC" of ,·j n ·UII '·"I",,·jl,u,,·,·. \\' ilh 
I",~ I vuhn):" N~\"il't'm('" t;;, Ih .. 11011". i"l'lI1 
IIm"I ri",· d in~'1 .1' wilh lhi!: , 1(":'n"I~ ill" lIn­
IIt"!I:.III·I' .. \ pr:wl i,·,,1 1)(\\\l'r limil i" rt':II'III~1 ,,1 
,·,!lIU1l!1).: r"ks uf ,,111)1,1 I ),1,' fur 11,, ' ,'(0111','11· 

nUll"] d"",,, I\"I !'If Jiij(l1No;o i :om] !). 
I II Ihr ,Io ... i,," vf !l ,1L ... ·udl' 10 ul l<.'rI ,I,· III 

HI ). 1,', " ~Ir"i llhl r" ,I"I'Ii(U. IIf Hl h ' 1 ill " ir"uil 
i 111111 .. 111111'(' 1(' v" I ~ :HI(I pI:. I ' ~",)I"')l:" "" i 11,1..'" \\ ill 
nul " i" loI " I, .. ",·, i'·III , ~ I aloll·. alld "'liltl,I,' ,· in'lIil. 
\\ill. "ullv"IIliUlml "irt'uil ~ III l h i" rl't":III" I\I'~', 
Ilw .I,' ,'ril.'ri:! for ,....Iiahlo, flip._llo, •• I ..... ign ('''"Ilul 
III' mI'!. ('11' 11 "ith !lit, IM ... I fntlll''-llritl 1"1 .. ,,, 
ItI'" ibhl,' loday. Th(' r(':I,<on" :.,... ~impl(' , '1' ... 
nU": '1 ""r N~llli"'I11;'''I'' \\{' U\ll .. 1 o .... ,.,Jri'·,. II1\' 
IlIhf"'!I<) l1ml I llI' "IT mh.: "ill ",lIIl1iu nil' unti.' r 
,,"tlr_I 11I1 ""-lI lI:iulI; "Iltl c-ompl)lH·uI~\" .ri"li (", 
rnrHlit iou". Thi~ oo·,-.r,lri\·(· , 'o ll il l/:{' mll~I II<.' 
~,~, ihj,I"!l1 I lu' llrid lIid(' of Ih,' "rnI<'--{,{)lIpliul: 
1I{'I,,"ork whidl uornmlly hal<" ""It,,~(' IlI1I_ of 
''':$ II' I~. T h"I<I' \1I",ill;" n"J"in'rrw!!' " ,·,,11 f,'r 
1:lrll" " 1'1:t1{,-,·"II"II" lIwill)(l< llo:11l (':\11 1)(' "ro­
,h",,'d \Iilhi" 11\1' 1)(I" " 'r r"fill lP' "f "W'II IIII' 
t~·~ , m ....... ru IlIh, .... 

\\'l' h:I\'I' d('\"'I,,, "~1 " Ilip--fllIl'. 1I~ljjl·,1 OIl 110(' 
rIl I'TI'III-"uuTt·(' ,·oll,.lin~ ~~· .. If'ln ,I,,,,,·,.; IN·,j ill 
,1 ,(' ,...·,·Iioll nn iJl" ut " in·lI il.!'. in \\ hit-h IIII' "r' ~""~ 
(· ... uplinlt 1o"",, h : ... IIf'('n dimi ll:ll l'<l.l 0,,10· '1 III 
1~ of lilt' plMf' ""ill\! of :J lIurlllf.1 ,.j"·lIi, i ~ 
rf'illlin'Oi, "jll! :I proportiOIl,,1 <q,dIlR ill II, ... 
lIo""r n'(,lIirl"1, Wi th" ' '()I1''('lIlimlfll riTt'l1il. 
I III' two-tl, ...... (' IlIll('-rIlutlo"" I'rill' ri" "'111 1M' 
111,'1 :01 imlll~b",'(' l('v('I~ tlPl)ruprinl,' 10 ,').;\ 1(' 
t , ,,,,-,lnl'II(I. "hh I I,,· IIlIi •. \- rnilpliuu; 1l,,:' lo ni,1'1O' 
\111' .• ·, 1111' IlI lw rliAAip"Iiun "ill ,i,·I, 1 ,,' 1: .. \1 (' 
l'i"'11I1 

It i1< not ~uth,'icJ\1, ''' lU,'\N, , ,, ']l""1f;:1I a flill--
1101' ,,; .. :-11;1 mf'('tiu)l: III" ti'l:l~1 01,· rt'liuhilil .' 
l'rilf'ri" a",1 ~\\ II.-i,injl," "I " '\I lm" il'nl].I· f"~1 n ih ' 
Thi~ ('in'uil nm&, no" 1M' d .... illlll .. 1 jlllo /I. d(,(,~I.1t,. 

Ih'liahl. ' llil .. llop l' i"·'lIl1l i" "hid\ lilt, " Wflll' 
1II1 II' 1"'$ a ia'lC" ,.,0.,,"'" I ,i:l,. "01 1"11" ro ~ 1'liN' ILl r~t' 
tri.l!:.I!: ~'rin,,: volt"R''lI :lwl , \\hh II ... lillil(' ri~I' __ 
lillll' of IIII' I ri":~"ri"l; vult " Ill'. 1",('11111,,1111\' llIun' 
lilll" d{'b .l· 1)l'11\I'C1l 1111' : ' IlJ>lil'~,';oll of ~IH' 
I rillJ(" r lUI" 1101' "" 1",,1 ~1"1!, ..... \\ildlilljl; ",'liOIl 

Ihull !h(' m,m' "UHV"lIlio"wl ,h.,.iJ(II~. V"ri""" 
~11I-;'i,,1 , ll"'IJ(II:; h"I'I' 10(":'11 .• "j(,,:, ·.~I''1 1 for hi):h· 
~ ".~ , I d r":'ll,I ~.'· All {I' Ih,,,,,-' fo r llL~ Imv!! """'11 
,m"ly1."! :t1l,1 I I,,· ('(")lIlil'"rllllVlI ... 1,,)\\ ' /1 ill Fil(ll'" 
11 ,n:,,, n"Ollh~ 1 ~I.!' lilt' IIIJlimlllll ~lr""IIIN' fro m 
I II\' <" n not]KJi ll l of ,inlt' , ... b~·.· 

'1'111' 01.,·",1" 11M'" II ,,::.1(' 1 .. 'lw'~'11 l ilt, fiNO' "n,j 
~""onrJ 1li1..-1I1111'1. This ,,:1\" ;~ "1'('t:I1I"! ~ . I I lot, 
(1)(1111 IIf S 10 ,lr{','I'1\1 " , ,11111 "'.,. 10 from 8t'nill ':: 
FF2 I ... ;<1,, 1'" 1. FF1 i~ n' ... ·1 '11 110,' 0 -"I"f(' 1,,­
I I.,· t,'1I1h I JlII~l' 11111 1 i~~U!.,. II,,· '·:lrt." O"II)UI . . 

TI", t im, ... h·l:or r<~ I lIin' II"'"H ill Ih i~ 1!~1'1o'm 
11ft' f',~~ih' 1''I:" I"il''' 1. Flit " "'I)N 0IWl"lI.ioll 110" 
11"\(' mll:~1 1.1(' ,.Ju",~r " I th, ' ,'OO UtI of 10. II i .~ 
"1'.'r:lI('(1 hy FF I ", lIIi ' """IH " r 8 ~lII d lKIll,,· 
11)1,,1 1001' . 11'1" ." i"..tlldin!t 110" ": 111 " ri!<l' limo.' Ito 
110(' ,·I "~( .. I ,·",,!iil iml IUII~I III ' I,'S.~ Ihml 1\\11 
",,, ",1 ... "I lh,' m",imllm iUIl'" fn"l'ww'Y (0 .2 
"'~''':':I/ 11l M d. 1'10,· )(",'-' mll ~1 :11f"ill ht· 01"' 11 
Ulld n~u],I' til I':L""'I :1 ' ·II rr.,· Illll ~.· for FF2 (II 
,'011111 2. Sio",.· Ihf' ( ... ,rl1, Ilil .. nlll' is rl"'O" 

,I;rl'l·,h' fmm VFI , il il< "'I'M I ,," Ih,' d~illll: 
l im''-f li'lu,' Iim'I.~. ],:\·,'11 "ilh our .,·Iiulll(· :md 
"~ Iill''' flli .. nlt,,:<, I I,. · 1,,1:01100-'1' .1('111." (\0('" "VI 
"jll"·()~ ,'·I. 11"'0.2-,... ....... · ("i lIlN' h!tlln'. 

\:utt' Ih,,1 IIII' 1I",iO],:: "y~li'ln ,,( thi" ,1 .... ·,,011.' 
"'11\',- .1,.. ~' ~'I)II,r nip-fl"11 ill "'"It' 0 fur 11,(, 
MIIII ' " g '1I1l1 lJ. \\'t'. 11I1'n,rnn', h,II',' i' purl' 
l.i,,:or,l· 1 )l"vJ{r,·,,-~i'j" lI'i\h \\I';ji: I,linll 1·2- 1 .. $1. 
Sill,'" "III' 10 -;\1, ' "· .... Iuli"" ,11~··"dt' I1m,;1 !o UI·, ' 
~miltt pl i. ll' ~\\ illl:~. 1\ I'f'I or 1oIlfT,'r IIl1lpli!i,·r." 
mll.~1 1M' ,,~cd \(I l lr;,'(' Iltf' illfl;l'fllor. T' ,," ~,· 
' tlnptifi('!1j :tr, ' ,Iril('" I,.v till' 10-;\1<- d,.,·,,,ll· 
,,1:.11'" Ihrouj(h" n'!'i~Ior m"Ir;' whl"h ,·h"II.I/:'''' 
Ih., r utiL' 10 1·2-1~2 \\('i~hlill~ ..... 111(11 Ill(' hllfT"r 
nlll,,"1 i~ i.lrllli .. ,,1 with. h,' vul pu' tlr IhL' III,,".'r· 
~1>l.~1 ,1",·,,11 ...... 

,, ~''''nd, ' ..... ·n' \,~ IU~I'~I. . .~. I"'rnl I~·"'hn .. 
" Z 11a, ."":\. T. (;" ... "',, .... " 1Ii.1. :<,_1 .lil"n'''I"fv' 
.. ,~ '1H 1i",i~ __ ",1 It .... "',,:· I HI: TO'", .... U".u"~ iiI ..... 
I ......... ('_,,'''"''. ~:C-J. 3. :-;.·1" .. "'1 .... nl.-~'. I'. I~'. 

\n •• ~"'~I.·". ~11"'~)· of 'h I, .. ,bl .. "" I'IIn .... "''''KI'n I 
.II. II illi.",. IJ • • ' •. \l,ln,lt .• n.1 J " II ,){",If" .. I ... ,,1"....., ... , 
1·:I "Nt\m;~ i-<,,·,t<'l,i'.~ ('it~,,,~," I' ....... ~f IH"', ,-,~. :\, 
1'1'. f, .1.J;{I. lan".ry. W.;lI. 
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G E N ER AL RADIO E X PERIMENTER " 

__ .:'~~ _____________ ~______ !L11. ______ ~ __________ _ 
= ... ~'!'.~~t( = 
I;OUNn""~T',", 

~ 
r STOUGE ~UfT 

Fig ... e 12. Co .. nlln g and . Io rage de. ad u fa, 110 , ' YP' 1130 _10. 

Cam binatian Cau nllng ·Slorage Ce.ade 
and Slar a g' Sy. I.m 

\ ,!t~'im,,1 I·UlIUliuj!. unit l'1l1u"!'i,\" Ull;ltU\'" 10 
Ih~· T il'!> 1130-.\ 1)11--"11:11 Tinw :md Fn~I'I<'I"'l 
\1('1,', i~ ~h(l\' U in FII/:IIrl' 12. '1'1,, · un;1 i~ " ('Om­
l1ill.III<'1I ,1'~'lIdt' "lrid, ,':111 "itlu-r ('uurU ill II,,· 
rn'rm,,1 r,,~lli'!II ill frl~ LII "lIdl'" in I'~I'I'''''~ [If 20 k.·; 
ur, "h"1"II!!liI"'lv, Ilhi,·I, "an I<\()rl' hiuJin' II:rl" 
I<wl 11I"'~"111 il :, .... I' .I",,·iuurl II llIult,'r ,,1"'1, Ihl'~" 
rI"I:. :11'1' «''''..1 III frmll hllwr (:(-I'I'r,,1 Hwlin 
~1:,,,,lu«1 1-2-1-2 rool('ol rI'~'imull'ull"tinlo( unit~. 

\rIlI'l! Ihl' ""IIIII"r i.~ 11",-'(1 for '·UI . li"Il'I" ~ rll.<_ 
1'1", 'If ;1I["rlll;.I;IIn, lin· (·ilo(ht Ilt-U· .... ;Ift' irrnk"n 
mIn I"" Io(n)uJ'~ uf r'IIIr \'adl. Thi._ i~ rlhlw III 
iUI('rrupliullllw "an)' puLlo.' 1}('11\f ... ·1I tI ... f"urtl . 
'lIIiI Ihl' liflh ,ku'~. (I hi~ tifth ,I<-u i~ Ih<' fi~l 
"umilin!!t;on "";1.1 1'11<' timinl( cli;ll(rmll II[ 
l' il(lItI· 12 ... h",,~ Ih" "'~III " lH'I' nf I'v,'ul" [lflt'r" 
"(lIl11li"lI: inti'n·,,1. Th i~ ~'~IUI'III'" i" inili:llPtl hy 
lIn' dll~illll: "f I 111' m"ill ,:::,,1(' :lIId 1·II.h'll tOOO 1"'1',' 
]"U'I' l.t"'n 11,,· IIt'''';lu,, 1 ''I./'UH; rlj.l; nnill< MI' « ..... 1 
I,) U'rtl. 

Durilll( 'hi~ lin\(' i"I"rv:ll: 
1. Th,' ,,1"n,Io(" ,,"ils an' ~l'1 I" ~.l"r"J, I.'fllI'llilt 

II ... vl, l 1]"1,, fruln I llI' !:ri;1 "",,,,Iinl/: luh'rvnl. 
2. ,\fh·t" I()()..,,,.',,,~, ;nll'I'I':,1 til tII~"N' rlml 0", 

~lnr,,1o(1' unil~ lin' 111 "qnilihrium, 
3, \ tr:tIl~[CI' ',(JIllIll:md lIut ..... i~ 1(1·IlI'ml.~1 nn 

11", "Inrn_f,·," hu"I!I~lill)( for rIOt) ~"''('. /)lIrilll( 
'III~ 111"'1'",,1, ""'" hlll:!I'.'· I in" '~)lInt;,,1( 111~'ad (' 
"iU .·"11 .... ' III\' tr:ttl~fl·1' l:imIlC\'!l Ihrough ' "12) 
to "mi1.l'. '1'111' "-"'ultiu): pul",-, \\il1 '1'1 t he 
.'lluinll'·111 «turn,:::" llip-Ilop 1" Ih(' 1 :<I:tit'. 

-I. 150 p.."f'(' "fl .. r 11.(, tl'rminnl iUII (If lhc 
Ir:'II,f,·,. '·"nUlI"u,i, lhl' drn'lj :IN' n"'l'l I" ll'I'O 
.Hld II ... ",." I'WllIl;II'::: '·p·I,' /':111 h,' 8I"rtrtl. 

\\ hl'lI Ih.,.\, iOIl;z('. Ihl' 1I("Q1l1umIISlh('1I1,.r:-]W'/S 

l 'rtI"i.I" Pltl~ .... "hi ... h Ir:lII~f"t Iblll I" I Ill' ~tor. 
'1(" II ni Is, 1'1.' I hili 1 hI' illOl:. I ill" rr.,. i.~I"'·l! I""" '\'11 
I I,, · "olllllinl( lind ~lOra)(<' nllil l'! '·,u. h","I' "('1'1' 
!lilt!1 \.:11 111 .... Sim'(' II,,· " ('Oil Illmp~ , wh,'" ".;, 
!ntll7.('(I, !t:\\ .... "I'r.'" ~ 111 J1 11 <" II': ... il"'''~·, t ilt' ,'Ulllll-
\lilt ;l1ld "to r.j~l' lU,il~ 'Jllt·r:tl .' indl'Il· ... IHI ... ntly 
lOlI, l " .. (~'mfJl(·x ~witdl ilii/: i~ r"'\lIircr.1. . 

. \1 IIII' !It~JII·li.m" j\llll'l;o"~, t II' 10I,(i ('111 0 :"lil 
11"\'I'I~ from Ihl' "OlllllillJo; (k~'lldp pnll'i'[I' ±.)O 
vulls :rl'm,,"~ ,hI' hulh \I hil'll i ~ '10/ 10 iQltizl' allli 
1.'">0 Vfllt~ ,1('1'0::;" till' 1:UIlII "hid, mU$\ iOHj~,' for 
a I 1t;IU~fl'r. Thl'~" h·\· . ·I~ jn~ur" Ilml \IIb.·II~·I,~1 
"' ... 111 1:rTllJ!~!'IHI h" 1l~1"1 with ,HI d[III):('r of fubl(' 
IrUIl_fl, t or f;.;h.1'l' I" Ir[lll~f" t . WI' h:1v,' I'rt)­

\'ill!'<1 II "IIlnpl,''{, :1",1 h"rl'tof"rr unol,l"j"a!)](' 
fUlII'lioJl ill Ihl' 1't)lnhin,jliOIl ,·,,,u,tillj: 'Ion.!.:,: 
,I",·adl'. h~' u~;nlt o n ly fout 1I"'~jlf'nsh'j' n.~>11 
Inmp,', (·ighl l"\",i"I',"", ; .. ,,1 I·ildll '·"p, ... i lor:<. 

P, a g ,am 

Fh:urt' 13 i~ :1 hlt)t'k dilll(rlUII of 111(' I'rol\"'''I1-
(·ulltrols.\,stt·m 11'>4'1.1 ill Ih,' (;It COIIII\('r. 

I.I'! 1I~ "~~Il m(' Iha' II", ~I'qU(' IH'" ''''!!ill'' wilh 
1\ rI'!irl IlUI~l' fTfllll Ih,' Il l":!rt C<'III' rator. Th,' 
r.·,l'I jJul;«: l<l't.~ "IlII,,' lJt·'·lmal-C'oulllin,.: l ' nih'! ,",Il Ih,' I'rolo(rlHl) · ('nnlrol n .. 't·, .. Ii' 10 1.(.rt) uml 
>;('I~ (h,· :'I 1,ulI (;1111' "lijo-Flol' umllh \' PrOl(tHtu 
U:1l1' Flilo-Flop 10 ~"ru, I'lU!lint( the :'Il:iill (::"11<', 
I III' I'rogr:Ull (:l\h ', til\' Dior lr e'lll'. li nd Ihe 
T im(' ( :"Ie. ~in('1' Ilw Tinw G all' iSI'IOi'I'tl. doek 
lIuJ~~ from Ihe T inll' Ih'l(' (',ulllnl ,lI' l;v ll\ <' the 
" :un {::.l<' Flip- Flop 1111(1 tire lrigg,'r l)ui;«'l'I 
fmlll II,,· Inpul {'i tl"lli t.o (';"'''01 rnll:r the 
1)1'<'1111:1 1 ('('luIIl;u,::: l·lIit~ . 

• 
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" 

Ttli' n',,'1 1)!1I~f' "I~ (l'll4J::<,rllllw Il l'!;'" 1)"1".\' 
f:f'n,'r:ll<Jr, II liil· h I,rod,u',,,, " 1'111-...· 100 .. ~.(' 
llllt'r lind "<'1~ till' ' rolCr:1lI1 (i:.l" Fli l}- F lhl' W 
tht, " 1" ~h\k. f'I~'ninlt 1111' I'ro)l:l'lII11 (;"'1(' ,uul 
l)llrl!ully ,.,ml ,Io'IIII !/; th l' Diodl ' (;:11" , T h. · Tinll' 
( h.h' i~ ~liI1 1'1,>",'<1, 1m! 1 )1I1~, ." from til,' 'I'ill1l' 
Ion· ... "II" 1"' ''-" lh Ihl' l'rn)::rull'.C .... nlrol ]), .. ·,\<1." 
T Ill' lir<l Tirn{'-lb."i4' plil~" "dnLl}'·' ''' 1 h.· " ' n to' (,I f 
til(' ,1(,<-,,,1., to "1", ",1,;"11 ('(11111,1<,\, ... '!II' l)iO<.lt, 
lilll!' "",I ,.",."' .... till' T il11\' (iuli' 10 "/Io·n_ '1'1", 
Ill'" Tiul('- Ba.-,· pul-,', tin' "'~'o"" p:I~"l'" 
tlmlllll;h II", T irn{" (i"lI' nnd f'olllj,h'UlI'lit. I ll<' 
;\1:)111 (;at.- FiliI- Flop If) "''', I\hid, II/H.'US I II(' 
.\Iuin (;,,11' Hlld ,.11""" pIIJ,..·~ fro ll) II ... Input 
('irl'nil~ I" '-111.,1' 111(· '),"'iruul-{'Ollnlilll1: , 'lIi l ". 
1'1,,' ....... ·0.111 Ti IrlL~ I \':""c pul"" ,,1-0 ,ul\""I1'~'" 'he 
I'tnlr' of lh~' I'ro"null-( olltr,,1 1)(.,.·,.,10, III " 2." 
I,hidl {Ii~:lhl, '" till' I>iod., t: Ii\t~ :!wl {·I " .... ." II .. , 
T illH' (:(11" ~o Illnt l1u' fo l1,\,\in" Til1l.~ lh ... 
pub.", r:II ... "1 {'hl~r' Ih,' \1 'lin (:mc. T I!I' ;\ I"ill 
(i!]lt· rt·nmill' 111""" "hil,' t lw T;IlIl'-- I \:L~, ' 1"lb, .... 
1'OlJlinll., t" :I,IHln\'O~ lilt' ~t,.I , · of Ilrf' l'roI1:T1II1l­
('ont ro! 1)O ~':" I.,. \\'111'11 tl .... 1.,<,:,,[., rl'm·I ... ~ ·' 1'· 
:r""ill, 11 ... Di,,.I.· (i " le i~ "11:";" 1·"'lh1r~1 :.u.III.(, 
T inl\' U ah' i~ oP'·"' '!1. ,,!luwin,l(' lh, ' nl'" T i1l1l·· 
Ih.,,· 1111!~I' , l h,' '·!I' \·~'" IIr., ,,, I!".~ ~hrull~h 11U~~ 
,·,1111,,11'111"'" Ih., \blll ( .nl , ' FIII ... FI"I' 1" ·'0, 
dO-lUI! \1,,' \tHin (i,I\". 1'111 ... ", (Win II ... Irqltll 
('i1'<'lIil h,,\"(' "WI! "lIn".~ 1 I ... I':L'S lhrull"h Ihf' 
\1tr;lI (:ntr· illl" Ihe J)'~' illllll ( ·oun liul!: ' · n;l« for 
1.''(,,('11,· 11'11 ' [ '; r'II "' B:~.I·I"III'" illti'r\·al~. 

"1'1,,: do., lul( "f lh,·;\ "ill (;,, 1,· "I lh,' "nd "f 
II .. , Irl.'a~ur"nlr'n l inleT\',,1 S(·ts IllI' 1'T(,.: r:0 1rl 
linlr' Fli,r FhlJlIO '·0" IIJIII I(lf'ki< 1)", 1111' 1'1"1>­
)(r:Hn (f" to', J}1I,,1f' { j " 1(" "'" I TlIIl(' (;[J II' "', 1 h:lt 
1111" Ill'(' iJl"II,( ·ulIllliu" rnil~ ('~II ,Ii- "by tlu·ir 
1II·'·nlnIlIJHt~ 1 (·OUlII. If !I,,· Inl<'rrnitt"111 d i~ "", .\ · 
nlfllll' i~ n~,'d, !hr' ;\ I"iu fi "tl· ,.j,»<iuJl," "I~rl lrill:-

MAY, 1 96 1 

1','1'>1 tlu· J)i~p""·. l nl"n·:\1 I i,·!It'r:ttor .. \1 IIw 
t'ud ur Ihl'. II"'ITI" ' 0.1- 10 1O-.;t~'nnd di~pb",lin ... 
II .. · H ... ", lil'lIl'r'I lur i:< tri,,):"r<~ I , IlcudndllJ(" 
,., ....... ( IllIl .... , II I,i,'h I ... ·.!:i".~ till' (·.1'1"11' "j.:"ill. 

If !II(' ( 'uIIII II II()"~ Il i~pl:I.' nll~h' i.~ 1I~'~1. lhl· 
Oio"I: •. I' [III''T\'''! i. rli~"lrt,·d '''rr lillt' .\l:iill lilllt' 
,·Iu..I"g Iri):"II:"f'!( !I,,· TrlItI ~fl'r l ' lIit. Thi. IIl1il 
I'[IU-'''' lIlt' '·(JUlll ""r'lIlIlllb lt~1 ill 11 ... fllllr "1111111-
illit <1 .. ·: .. 1''>111) , .... lr.lIl~fr·rn~ll" li lt' fUllf -mr..JI,"i' 
,1r~·",lt"' .. \fl"c" I-nl"('l' ;1I"·cl"ul, W'lwr.H' 'i1 hI" 
III(" Tm,,~f"f 1)l'Iu,·, t in- Il,,,,,", (i"IH'mlnr 1~ 
lriJ(J/.'·"'-~[ IlIld lin: r~·rl ,· 1"'II=i" .. :1J.:lriU. Tlr l' 
1I1\':ll'lIn·JjWIII '·.\"f·II' ,'"" II{' ~lnp l,, 'd :",,1 ~1"rl, 'd 
fllo:1\in,,1 any IMli1i1 II\" Ihl' \[:111""[ Ill""·,, IIhidl 
i. "onll"l)1I1'(1 hy 11\1" 11"(1111-11," 11,1 l it""'1 ~\\il.-ll. 

F(Or IO-I"'ri'>rl "lI'a~un'II\""I~ , II", roll'" tlf !he 
1" 1'111 Cif\'lIil~ :m,1 T iuw H",.,· lin' rr'v"r:-I'd.,." 
l h" l III\' :'obill {i,. I" rl'I1I:IlIl~ OIH'1I fhr I" .. illl ' lIl 
ill\l'rv"l~ \I hilr ' Titn, ... II: ~~. , Ilul,,'. " fI ' fI 'j.:i.''''rl.'d 
ill 11 ... 1)('dl1l"I-('Hlln lill~ l'"i, ... 

Th(· II~.' t)f II,,' l 'rl)~mm-{'o"lml I)' ~·:irl.· III 
1 ILl' ~~ ,h'm 1,,,, .. i, lt'" 11t,..~' ,,,,,,,,,,1:1((1.'1': 

I. T u IJhlUiu :I 'fH<\~'''JI,1 IIH·~'~\ln'II"'"1 i"lf'r­
"HI 11 ... 10\, • .,.1 ~11,~ 'd Tinll··I1I1,," oIh irl .'r 1)1"'r:"\'~ 
:11 I q ""' r..II ... r th:m n.1 I· I ~. 

2. T" rr- I'pri,kl ml':t~l1n'l1lt'lIl~ "r,· !"""ih m,ule. 
a, 'I'l.l' dr',,,1 lilll,· hr:lw''!'11 nh':r~UI"I.' m,'nl~ I~ 

(1'~·n·" ... , '!1 1" 1\\ .... I"llllc~ "f" IIW:bllr" I11\'11 1 
Illl.'n'"L 

Fe.r ~i"jl;I''''!~'1"md :" ,. l li l,w .. ill " 'r\',,1 nlt'''~lIrl'-
111\'111", tltt, l 'mJo(nllll ( i"I,·, l·r.,~r:rm_('("'lnll 
[)'~·ltdl', :'I1II1Ili,"1o- (iatt· liT(' n'n1rl",~1 frolll Ill(' 
~Y~"'I1l, :'Illtl tilt' T im .. (illl.' o,,,'r.."'" lIu.!t·r tlu' 
,hrr~'1 '~mtrol "f tin' I'ro)(rIIl11 {ill I,· Fh,>-FIr'JI 
IIr Ih., Inl"" (' i"'·l1il~. '1'111' ~v,.11'111 ,·II"·"·II'·v ,~ 
(111"11 r.·dl1 r·,~1 1" ;'(V ( . " llh·,"'Uf,·n\l'n1 11I··illl!: 
m:LtI.· duriu" e"" f." u ll",r inc"rv:,! ,II h ..... 

f ig ... , . 11. 810ck di"g." ... "f Ihe Digit,,1 Ti .... "nd f •• qu . nc y M. , •• 
to. " eq .... nc y ond to . p.rlod .... "s ......... nl . 
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GENER A l R A DIO EX P ER I ME N TE R " 
TIME BASE 

Dri .... e Sources 

The tillll' h:I,..(' IIf I Ill' Tnl·: 11:30-.\ 
l'OIlUIt·1' i" de~ijo!;lIl'(l III "IWI':ltl' fr()lll :1 
.'i~~I(· :-0111'('(-'. Ttl "Ilit :1 widl' nU'it'ly of 
n'tjuirt'mt'III~, s('\'('ml t h·i\'(, "OW,('('" :1 f"(' 

;!\'[Iibhlt· ;\" (,ptioualllllih whidl e:lll ht' 
pltl~('d illio t II(' r('ul' of I ht· ('OttilIeI'. The 
T\"['~: 1 l:m~1'2 o.~dll:I!o\" :'-.Ittlliplil·]" :rI· 
tr,ll' /,> opcl":llioll fl'lIlII t'"ll'l'Ilul sQun'C" of 
100 kl' , I .\\(-, 0 1" ,; ,\ 1\', or from :tn in· 

I('nl:tl ;>"\11' (I,.c·ill:uOI·. The illl('l'lIal· 

"",·illaltll· I'in'uit '1 .... ·'. 11 rf~l1n·tl'llIpt·111· 

Itm:' '1IInrl1. ,·ry.~t:ll of I'xl'('ptiOIl:l1 dl:lr· 
HI·II'1"i"tit·",~ Willi;! .. 111Ir1·lt·1"lll ;;tahili !.\' 
III' ahl/III 1 1(1' PI'I" llIiIlU\I' :tnd <111 a~ing 
mil' I/f :11)1)111 2 lOl ,WI" \\{'(·k. Till' 

n1ll1lipli"r (·irt·ttit ""' .... l1(wd tl'dmiqul's 
IIt' \'\'lopl'(l t"':I}('(·iHlIr rill" thi." :qlplil·Ir. 

lilm.'-
'1'1", TYI'E 1130·I-';j O",·ill:111JI" 1·11lI· 

l;ti",. the 1):'(·jllttlot· porliull of IhC' T YI'I'; 

II:iO·1'2 OsdllatM .\[ullipliC'I" lind I,. 

rt'(·IJmllll·m.!ed foll" tho"!.' appli"al iOIl": 

wlll'n' p:lrl·I)(,I'·l1lillillll :l1'1'IU'at,\" i~ ;;!If· 

'kit'"I . 
' 1"111' '1'\1'1-: 1130-1' I 1·1'I~·i.~illll O",·illator 

i .. i l ~olid·"Ial(' dt,\·il·t· "olllaill i llg 11 5·,\1t­
flllui:lIlll·n!:rI·mudc <·ry~tnl. Tht' C'I".\,,.!:d 
:11111 till' IIsl..'illalw·l·i ,·,·uil HI'(' (,lIdo"!'tl ill 
II 1)rnpmlioll:rI·(·I'111!"t11 0\,('11. 'J'hb I),;(·il· 

blor di"'pla.\·" a ",horl-krrll ".:rhill!,\" of 
:tholll 1 IO~ pt'r miuutl' :lnd :tn :t~itlV; 

r:t1 t' of :lbOIlI rl 10' Jl('1" \\{,(·k. The lilllt .... 

I n lo,(' dl'i\'I' """)III'f'I'~ Illl'llli'"Wti will III' 

dl·.;,c,,·;lwd in flll'l hl'" dl'!uil ill a fort h-
1'llIllillJ!; i",s\ll' (If I hl' HJ·lurilluli/lr. 

Jr ('xl r{'llIt' j.1I·p(·j"iutr i~ r('(II,irl'l\. Ill(' 
"0111111'1' \'an II(' IIlw1'ali'( l from a ... !andard 
fl'/'qul'IIIT "",·illnu,r ... II('I! a .... til<' TYt,t; 
111:3·,\. 17 lI"ill~ II T n't: 11 30-1'1 Tin1l'· 
Bil"I' , 'lIil!W :lIIy uf lile fJlI('.~ Illl,lttimit'd 

:Ihll\'('. 

-II. II. t· .... ,,~. II I ' ·~ ". I' · ""'''·r ... \ 'r; " ",/ t'''"III''''", ".Ioh",,,,. ", I""",,",~ I "I.h,lin." ar~ .. "1 1/",,",, 
1.'11" ""'~,,, On""",". 1') '1.1 

Time-Ba se Div ide rs 

ThC' dividl'r rir!'lI i! " an! of the prOl'CII 
lIluhivi hral()r IYIX'. Tlw low·fr('Wll'II(·Y 
di\·id C' I',.: II-<£' hi~h.\'!du (>d . pJa tl'-lo.a d I'e­
l"i"I/,1"< It) ill:-Olll'(> " hllnJ botlflrni,lg'" aud 
lIlinimizl! thl' clTt"'1 of varia !ion .... ill lul~ 
,'h1l1':u.'t('l'il<l il· .~." Tltt, high·frcqurlw.\" :1-
.\1 1' to 1·1\ [ (' ll1ultil'il}!';!!o]' IIH·."i:t fnUlH'· 

W'id douhlp lI'iudl' ill :1 ('i l'(;Hil WI'II .. Ia­

hiliz(·t.! by ('I IITl'lil fC'(>(lb:l(·k. 1$ . \ 100('( 
ill(·n ·l,l.~(' ill Ihl' pl ate n:·~i .~I:IILI't' (·lLU"(' .... 
onl.\· a 5cr l'iWlIgt' ill Ihe fr('e-l"IIullillg 
fl'C>iIIlf'l1l'Y of fhp tllulth-ihra'I)I"". Iii .. 
('all",' (If t hp l')"l'('rll iOlull "!,lbil i1'y 'Ir Ilw.-.(· 
(·tn·uili'. III! pel'i,ll]il' atl jl1"lllIl'lll~ II I'P 

'·l'(lui red . 

Time ·Base Mon itor 

I f the 5·:'-.1,' timp·h:rM' drin- " i~lI al 'I' 

:lh""III. the tli\' id(,1" dl:rill Willl'P(']'Il11' fll 
:t r, .... >illlelwy t' I'I'1 II" Ilf :1 hOll! :l ("~ , ~inl il:rrl.v. 
if ,I 1":lillll'I' should !le('1I1' ;III:'o"wh('l'I' ill t ilt' 

!illll' hH;'il', Ihe I-I'p" llmlti\·ihra l fll". l ilt' 

l:h! di\' i{ I!' r in the I' haill , lI"ill he in {'I'I'IIt. 

~Il(·h : Ilt eTl'Il l". of (·OUI'!'{'. will 1~'lIme 
(Ih\' ittll,~ if Ilw " 11111111 '1' i~ " el fOI" -<'If­
f"ltt'l·k op(,l":Ilil)ll. I II addil ioll II) t hi f:, 
hOlI 1!1·1'1·. a nHlnilfir ('in'ILit Ira ... bl'{'11 pro­

\'iIlNll0 indil·att·llll.v irr·C'glll:ll·it.\, ill I ht, 

t illl" b""I!. Tilt, O.r,..,.:{'I·olld half pNiod of 
thf' I--{'p" d i\' idC'1" I;; (·nllti,lllflll,.:l,V (·( .m· 
pllrC'f.1 \\'itlt :l O.5·~·"lId illl(,I'I":d. " hi,·1t 
i" indl'lwndl'lItl.\' W'Il(>ratf'd h.v a fl't>(>­
nliUlillg IHlll til·ihnllOl' of drfli !-!;II ,.:imilllr 
lu Ihe di\' id('r I·irl·ui,;;. If ,hI' O,,}·'<\.'(·fl1ld 

illll'n·al,. dilTI'\" It.V 1Il(l1'('lh;lH 1 f'~. :1 p:IIH·1 

li)(III ([n,.,IH''': III \\"al"n t he opemllu·. '1'11 11": 
Ihl' liml:' h:I:«' is 1"Ql/linIlOll ,~I!J 1II01I ;(orrll 

..,~ It t/"h r l/ /lit' (·Offlllr,. i~ I/Ul/;ifl(j 1//(IIH"rl-

1/11'11/111. 

• II. 1'. \I~ \I,~ .•. '" .\ .... 0'·'·1 \l ell.od lor F"·",,,·,,~. I I" h l. 
1'1I,""KoII." ltl"'I,~"ir 1.<1"." ;,, , ·I."u". 1Il~1l . 
''' ,", ... , F ..... I'''·MO}· .~t. ",!ar.r ," (;,"""" 1I,~li~ /0'11''' ' ' 
",rn lr" 1/,";1. 1111:1. 
" 11 11'. ", .. k . • '. II, I ..... .. . " '1'11- 1"1'" I!!l ;l-(' l ·nl1 
1'u",·/ ~'.....,u~n,·, ("a lih", ,,,.." ("Ir"",,) 11",/, ,, /0'1/"'" 
.. ,"",. J" ...... III56. 
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MECHANICAL OEseRI PTIQN 

The Tn~; [1:l0 ... \ Di!(it.tI Tirne :wd 
F re(jlll'Ill',Y ,\letet' h:1:-: hff'1l dl'.~i:',!;Iwd to 
f:wilitall' hoth lh(' ('( ,f);;tnwlion of tilt, 

ill.'Itrllll)('llt :ll1d Iht' o('('a.'<i01I:ll 1l1:1itllC­

m)II('I' 1'(·lllIil"(·11. ,\ ... 1I1Clllioll(·d Ul}ll\'{', 

{'I'('I'y \'a/'tHrlll-! lllw (';n'l1il j,.: (,ti :111 

(·:Iliil." rl'uHJnrhle ~· ' I'll('d-l·in·lIi( hoard 
.. plUAAl'{l inll1 thl' TlIa in .. .;lI'udlll'('. The 

IIlain ,-tl'lll'll1l'e j":1 I"IIg~t'd fralllt'\rl)l'k of 

e:\sl alld 111lldlin{'d :dumiul1lll. ('0111:\in­

ill/o( tht' ptIlH't' Irall:-,fOI'IlIf'r • . ~onH· of thl' 
powI'r-"upply rl'('lili(>t~ !tlld lilltl' I'U­

Ilat-ilol''';, ;lItNI'IUll!('I'l i ,m t': l hl{'~, plng.",_ 
lind "Iwkl":-:, ,,01111' l'ompOlltlll 1{,l'Iniu:l1 
bOlll'd.",_ uml til(' fmllt pailI'I \\'jl h it,.: 
!;wildw" alld "w;It'11 (';n'uil":, Fl'nut­
p<lllt'l ~wilf'llt'.~ !'Ollplt :llllollJatil'all.r to 

~\\' it('lw" 011 1110 ('1(' 111'(1 1)()al'll:: wilh!l\ll 

:'WI-:'i!'l'('W": or (' I' iti('al :lli~lll11ell1. E:wh 
tldlNI hO:lt'{1 j,.: ;«'('lIl'l'ly f:L;o(tl'lIc'd ill the 

ill,,.:tnlm('111 Il,\' nwall.": (If II "illgll' ;0(1' 1'1.'\\, 

Tilll{'-lb",· dl'lI '(' IIl1il'; phl~ into 111(> I'('al' 

of 111(' ill,.;lI·llIW'lIt :11111 an' held hy two 

Fill"" 14. Inle.io ... iew of Ihe Typ. 1130_A 
Dlgl/"I TIm. "no F •• quency Mete •• Nole Ihol th . 
elched ·cI.c,,1I bo"rd, (lom. .hown p"'''"U y 

wilho.ow nl or. r.odlly ocuul bl •. 

1., (':L l)(w(' I Ill' I'Xt ('I'll:]] a III bient 1 ('mpel'­
:111Il·1'. Tlw ail' filll' l' "IlHp.~ 0111 f':L,.:ily 1'01' 

11:1111'1 ~('n·w,,:. 1·]I':lllillg. 

(luil'! f(m'{,(]-:Iirf'nolin~ i,; n,.:l'u 10 hold ,\ ViPII of 1h f' ill;o(11'111ncnl wilh e:lbilll'1 

llil' illl('l'lI:11 I{'mpt'ratlll'!' li,.:(' In about j'j 'lIHln'U i;o( ,,1111\\11 ill F~1U·t· 11. 

TESTING TECHNIQUES 

H('('l\ll~ (If 1 h(' mO(IIII:I!' ('( 111 ,,11'111'1 illil 

of ,III' COllnl('r , il i,.: po ..... ,.:ihll· tn 1(,;0(\ ('adl 

et!'IIf'c! lJI):ll'(1 \ hl!l'OllA:hl,\' :1:-: :1 I1nil lJl'­
fOI'(' ill, .. I:llblioll ill th!' ill.,.:lrlllll1·lll; :llId 

tIll' .,.;t i'lli'I 111'1' it""lf II il Ii it 'i jlO\\'('r "llpply, 
s\\'ildH'S, alld (·o!llpolI('III." ,'UII he 1\'"I(,d 

nl'"H'. III addilioll 10 ~lIha,,-;('rnbl.,' I{'''t­
ill.!!;. of ('o\lI'''{'. (1)(' "(1l111,11'1('d il l"(I'IIIIH' II! 

j" "uhjl'!'lt'd II) o\'f'I'-all (t''';lillg. 

. \ p().~"ihlt, diffie'ult.v ('llll"f'd h.I' til(' 
\I' i{II' 1 o[prllll('l' of (II{' (·i 1'{'11 il;o( I (I t 111)(' :Iud 

{'OlI1POlI{'1\ I "aria1 illli i:; illl ill('I'(':l.X' ill (hl' 
pmhahilil.\' (h:lt II 1\T1l1I,!!:-\':(l!ll,d ('om­

POII('tlt Ill' 11 1\'I'ak tllhe Ill:t~· J,!;O IIll~ 

lIoti"f'd, i<illf'f' (IU' ,·in·uit Hilly ",ill fUII('­
lion p!'IJ]lI'rI,V. To ('oml);!1 , hi,. p()~"ibilit,\'. 
t Il(' (·in·nil,. 111'1', Hlbje('II't! 10 mal'gin:d 

testilll!; ill whid\ tIl(' . .;upp[y :wd ~i~1ll11 

l'I!I'a~f''' :I1'f' I,:tl'i('d (("('I' wid!' nllll!:('''. 
TIi" 1)/,('ill1nl-l'olwtilll! l'lIi,,,. for (''\­

mnplf', mll.,.: t (1)(11':)11' pt'Olwrl.\" fot' a ]11:\1(.­

":lIJlply I'olla!,!;!' \':trilllio" of ±120 volt" 

nhfl\lt t Ill' II01llill:11 valtH' qf +100 \'olt", 

Ilmllllf' Tinw-Ba"l' IWil I1Hl"t npf'rat(':)1 

half it_,.: nOllliHal p1:JtC'-"lIpply \'oltngl'. I II 

additiun, ('\'(' ''Y ill.~tl'l1nl('llt nm,.:! np('I":II(' 

IJ1'Olwrly 10 11.::' :'II,' 
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GENERAl RADIO EX P ERIMENTER " 
ACCESSORY EQUIPMENT 

To ilU'rt'!~"" Ih(' t':lll~l' Ilf appli('atioll 

f)f III(' TH'~; II:W-.\ I)j~ilal 'filiI!' ,tlld 
FI'(·(/llt·II(·.\' ... I{·IN lh(' follllwiH)1; ill~lrll­

nlt'"t" art u\'aila hk: 

Type T132- A Data Printer 

.\ I,lIIl1f:t('tlll'!'fl aud :-.I.'I"\'i.·t"(l II,\' tlw 
('Iury ('orporatioll of ~:tII Oahril'l, 

(·ulifomia. auti ~'Ild hy (;U. III(' ' 1'\1'1: 

11:!2-,\ Dala Prill"'J" pwddl'" a PI'I'-

1II:IIII'nl prilltl'll rt '('nnl of IIII' n,,,"1t~ flf 
IU(':,"UrI'ILH"lt on :ll l djll~-1l\:U'hillt' tapt' 

:1I1i 1 allo\\~ 1I11:lltt·,HI. ·d 1l1l'1I'lIn'!rll'III~, 

ITI\\,. Ilf 1\\t,IH'-liigi! 1IIIlllltl'l'''' III a I'lll" 

:utjll~l:(hh' fl'olll 1]11(' prillt t'\'I'I'~' /lll'lIly 

~'~'uIIlJ" I II I hl'l'I' pt·illl ... IWJ" "'t't·flllIl. 1<:i)1;11I 
,,f ! IH' !w('ln' ili!!i!,; are (Ihl:,illl'f] dif'(,(,t 1.\' 
(Will Ih., ('41111111'1", aud 11t(' ,,1 1lt'1' fullr 
dij.(il" Ill!!.\' hI' nhlaill('c1 from t',II'rliul 
"'''111','(,'' .. \ !-C'.\'III"':lrd lIml prill' ... ·()I llIltaltd 

h:lr :11 111(' lOP Ilf Iht, ill~\I·lInwlll :dll)\\' 

1l11l111){·I .... III Ill' '."1)1,<1 m:tllually hel\\'('{'11 

tliliomati(' prilll.,.; .. \11 output flll'dl'i\'itl),: 
:111 J In] ~lIt111na l'.\' Pllll..!1 i" :I\':titahl{':ls 
II ~I"~'illl oplioll. Tltt' prillll'f i~ tnllllllll'd 

il, 11 IIt'wh-t,vjlt' l'a .... ' with IIIl' :Iddill~­

tl/lu·hilll' Illpl' i"'''lIill)!; from 1111' Illp. 

Type 1134-A Digital-Ta-Analog 
Canverter 

J~f"':II'''I' nf Ihl' illft't'II;!1 ~tnl'aj.(I' (':l pa­

I,ilil\' 'I' 1111' ('I)lIlillllOU~ <li"pla.,' of Ilu' 

'1'\1']: I latl-.\ I)i~ilal Tilul' :illlr ]0'1'1'­

'1U('I1('.\' \It'lI·r. til(' ta"k of j.(mphit':11 1'4-­

"'1J'ditl~ i~ \-a~lI.v "imptifil"l. TIlt' '1', 1'1,; 
11:1 1 ... ,\ I) ij.(ital-t"-.\ ll:lt()~ ( '1 ' 11\'('1'1\'1' :H'­

"I·pl .. 1 hi' fOl1r-lim·, 1·2 ... 1 ... 2. hillary-t·(ldl,t! ... 
cll .. ·illlal tIllt!)UI" of Ih(' 10111' "loraj.(I' 

d('{':ldl'~ uf tht' ('cutlllf'r alit! prlldl"'(''';:l 

III' !\II(l IIl~ 0111 put of 0.1' , a(·I'II":II'.", Tlii~ 
ll'·I'm:H'.\' ;:r){'(·ifi l·al ic,n illl'illdl';: t hl' 1' lfl'r\ 

of 1I01llilH':II'ily, f('pt':ltnhilily. ± IO~ 
lin('-"oll :IW' ,·:II·i:l! iOII~, IOH~-1 ('1'111 :<':l hil­
ii.\', alld amhi('l1\ ll'tnlx'l':ttHl'e" from 0 

1(1 T)(j( ·. T Ill' Thf'\'I'ui ll " l plinth'llt of lite 
nulpnl , 'in'lIil elf III(' illstnlll}{'111 is u 
\'olta~I' f(oun'(' \·:lI'.\'illl! frllnl 0 In ~O 
"III1.~ bd lilld :1 n '"i"\:lJU'I' IIf :30 kiJohll1~. 
Thi~ (1\lI P UI will tid\'(, l -mfl graphi(':ll 
1'('('or'(I f'I'~ wil h illpllI irnp('(IaIIl'I'~ liP II) 

2 kilohlll~. \ 11 illtl'mal 1()(I-ollill rc.~i"wr 

('an 1)(' f'(UIIIN'INt ill ,,1111111 I\ilh tilt' 0111-
pllt IC'I'm i ll!lL~ II) IInl\'iflf' a 100 ... millivolt 
"i~lIal Ii) dt'in' alo,,! \'ullill!l' n·{'<ll'dt 'I.,.., 01' 

I'xll'I'lInl j"('~i_,,1tII'.~ ('/lll !fl' t'Olltll'tll'tl to 

1':111 II(' l'!\\ ill'lwd 10 opI'mH' fmlll :Illy 

,111'('( ', or I he last 1 \\'11, ('oll"t'('uth'(' d i~ih 
<If the ('"UIII('I' di .. pb ..... :lllo\\iul!:\ Pl'l .... 

l'i .. iOlI •• f 1'l'(',)I'dill)1; t1~ ~n'!l1 a,,; Ihal ,~f I Ill' 
{ 'OIlIl II'I' il-"('If. '1'1 11' a \'1lilahi li t,\' uf I hi .~ ill­

"lrlllll('Ilt:lliOlI ~IIIllIIII illl'I'l':t-":'lh(' PC/PU­
larit,\' (If gr:lpltil'al I'f'('(,,'di l l~ (If f fI" IUt'III'Y 

;:tnhi lil.\'. dl·irt. pH'" hl't':IIIs(' or the ('f1~ 
(If illti'I'pt'('t:lliuli of 11 j.(1~lJlhil·:\r t'{'f'0I'{1 
('OIll I'/I!'!''' Wil l i Ihnl IIf 11 li~I of l)I'ill!"" 

111 I mh" ..... , 

Type 1133-A Frequ e"cy Canverter and 
Videa Amplifi er (Wider deve/opmenl) 

'I'll i>l i /I 'lInll/u 1/1 i ncr. (I·~( .~ 111(' .""">1;1 il'it!J 
1)( tlu' Tn'.: II~O- , \, fllIIl i,/('rf'tJi<">I 11,. 
frtf{II"/lcll (OilY' If) :iOn ,1f r. 'f'II. ' i".~ffll'" 

IIIUII PfOl'itl(>s t/ ,/i(Jilu/,fi""/Jfflll /li/d fUIt /)1' 

OIIII'(I/l'd (';/lwr"~" wi,I, -lmlld hd('r(JfIYI/f' 
rlJIII'f'r/('1' f(lf rli(w i1itlllC/I.~ III' Il~ (/ A('/tcli"" 
1'/JIII'(I'/('( /111' 110; NIl "iflll(l/.~. Till h('it' fOr/NII(,­

f(f('f'flltl ,~i(JIWI" (II'( d(',i". II frtlm lilt· 
f'I'.'I"/tI/-('(Jlllrul,,'d Tin,,'-HfI .~( ",i/'f !<Oll'('(' 

IIf Ow ( 'QIIIll17 /Iliff (In jl/,~III ~ ( ft(' lIro/l'. 

- B. W. FI! IX'"' 

- II. T, ~[t ·.\U:.: lt 

• 
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ACKNOWLEDGMENT 

The dCi;ign :lnd development of the 
T YI' .; 1130-.\ Digit al Timf' and FI'f'", 
IIIWII('Y \I('IN \\'W< 1 he \\'Ilrk or a develop--
1)1{:'lIt l<!llm ('ompo~d of H. W, F rnllk , 

II . T. :'I l cAk-{' l', allel H. W. StulIr! uude!" 
the Icadcr:;hip of :'d r. Fr:U1k. T he dcei­
mul-('ount iug Ullilft and 1 he progralll­
('(mimi uuil were de;igllNI Ill' H. W. 
Sluart. thl' input am pl ifier.- :1l1d lime­
bl.l"'· lIlIi ! hy I I. T . .\l cAlecl', and Ihl' 
10-).11' dl't'!l(ic. main-gate sYl$l('rn, stOll-

channel tompara l(lr find power supply 
by B. W. Fl':Luk. The modular l'Ol'h:epl 

W:\8 develoJ>ed hy n . W. Fmnk !l nd 
worked 0111 COfI I.N.! I"/nivl'ly wilh 1-1 . T . 
;\ lcA let·r and H. G. Rtil'ling. P. 1\. Bod~e 
cOl I~1I1ted on lIIc('h:ulil 'a i-cllginccrill l!; 
prnhlellls. alld 'c~'ing lind c:tlibr:ltiOn 
pnwedul'{'s wer'(' dl'\'i~1 by w. P. 
BUlIl'k. G. K Pilk iuglou \\':18 l'CSpolisible 
for prodllNitm t'ligiurerilig. 

SPECIFICATIONS 

FREaUENCY MEASUREMEN T 

Ra",': 1)<> In [0 ~k. 
S, nlil lvi' y: O.'2:i voll rm~ for ~iUl' W:lVett , IntIre 
/it'n",iLive III low fr('(lueIWi(!>l: 0 . • vil li p"lIk.to-­
[le:. k for 1\' I)i{,1I1 p1l1~ w,wt"rOtm~. 

Ca u",i .. , I .. ' .,.",ah I 111-"<-.... to 10 1!l"I'. ('x lt·mli· 
"I., hy II! !,TII'!S. ISTEK\AI. swiu'h or {');'ler,,,!. 1 
,·onnl'(·llOlbi. 

A ..... a.y: ± I ('Ollllt ±tim('·b/iSe·o~l'il l u ' or 
ILt·f·urnl·Y· 

' EII:IOO MEASUREMENT 

Ro" ," lO ... ~L"· 10 ,or ....... - h It' to 100 kl')­
(fir ~ inllh ... t}('rio<l Ulc"",lIr{,lllcn1. 330 ... ~ ... ~. h' 
Ill' ~l"' -(oll' to 31) "e)- for lell·perill.1 
ml'a~un·nH'nl. 

hn.Ulvhy, 0 .1 \'olt rlll~ for ~int· WIIV~: 0 .3 
volt p{~lk·lo-l"'lIk for lypil'lIlllulse wuvcfurm,.. 
Ca .. ntl"l1 I"",,,,al : I IJot: riod, 10 I)(·riod~. f'x· 
t,·n(hhl.· II~' \II~I .TII'I .• ~ I"TEK\AI. OIw ill'll Hr 
,,,Ierllul "onnt'(>IIOIIS. 
Ca .. n' ,d F .. "u. " .y: 10 ) 11', 100 kl', I k.·, 
10 "J)'<. ur ('xterrml (Ii voll<l mil! ~ir1t' W/\\'I'>I. or 
+ 10 vult,. IWltk 1'111_. 10') 1'1)"1 10 10 \I ,,). 
A ..... a .y: :1::0 . 1',:\1 I voll rrn~ fot ",i IlK"'-

Iwri ..... 1 OU'fLMIrt'lIwIII: t)('tt" r fur higtll'r \',)I hi~" 
(·V(·J :111/1 1C0ud ~iR'lIIl - lo-nl>i~" rullo . ± 0 .01 '; 

)I t I volt rm~ for 1001'('ri'Jd llll':""n ro 'uwnt; 
I,NI"'r fflr lIigh ... r ,"oh:'R" """! 1i",1 gou,[ ~i~lltll­
to-lloi"l' ruliu. 

TIME_.NTERVAL MEASUREMEN T 

Itan, . , 1}I-geI' 10 107 )«. ... 

Se ... lrivi' y: 0 .3 volt pellk·to-pe·..lk. 
Co unt. d F" q". " 'Y: 10 )11'. 100 1((', I kr, 
10"1"'. or "\tern:lI (6 \"D1!i! ml~ "ille WI\\'('!I. or 
+ HI \·011101 ,)('llk IJIIIs&<, 100 "P~ to 10 ~ I r). 
A<"...a .y: 1)(·\1('I1."'nl on slope of ill lm l OIil(lIul ~ 
l it ill_hHIIJII of triKK"rillj[. FM ~""'I) ~lflp('I! 
(P.R., 1"11,,,,, \: ± I period of r ...... L.U·ut·y ,-oHIl I~"(1 
:t. un'un!!'), or rr~'(Luency ('0011100. 

COUNT MEASUREMENT 

Rot.: H\.' to 10 ,\1.· . 

S, n flltvily, 0 .2.; \'011 rill", for ~i rll' """I':!, mort' 
~,·ogiliv,· at luw fll.'(ltlelll'k't!: 0 . 1 volt pt!:. k·lo-­
penk for typk:ll Jllll,oe \\:Ivcforlll ~. 

Capa.ity: to'! 1'011111.&. 

TIME _BASE OSCILLAT O R STABILITIES 

TV/)to .<;IUJrl_T(TIII In/tg-TtT'" 
113()..1"2 lei!!! Iha ll 1 ,0' I ..... ~ Ihun 2 107 

/HOT mirllllt' pN WI ... k 
11at).1'3 
L 131)..1'4 1h\K t IlKlI I '0' leo..; Ihull fi '0' 
1113·.\ 

fllr mitmlt· 
("'~ ,h:1Il I \{IIG 

!If'r Wilt'!,; 
t'l.<>< tll:tI •. s 10'6 

(with pl'r millill" },..r ,lay 
1130-1'1) 1l1CII.SUTl'll "il h IO-dfLY!l.n:: r-

I S(o{' ~:Hll pl(' "!!" flf\('r ()(} 
,111\'11 ' operll-
lio'n) 

GENERAL 

Ottploy: X{o(l!l.lnlll]l.·uhulInll - 8 (li~ I " inlf't­
mill('IIt, I ,Iildll:< f'(lttliIlIlOll~ 

Displa y TI ... " Vllnllt,le, 0 .1 to 10 see. iutillite. 
flr ('OntillllOIl~ rli~IlI,"'\" 

Inp .. ' .... p. dan •• ' I rnl'~utJln 1I1Hlllted hy -1 0 I)r. 

Input A",,, .. ata t: X I or);' 10. 

Ch • • k, 10 I'Ili<, 1 h', 100 ke, o r 10 ~ k ,·ltll h"~ 
('f}lIlltl .... 1 For I rn .... ~· 10 10 ~l,(·. 

Manito" F1:~hin~ [f,llIp in,li{'"l(';! J:trk (If l im.'­
hu~e d rive ~ilrrml lOr i'llproper operation of 
ft{'tlllcn,·y di\'i(I,·~. 

l .. p'" T,I " • • I" , l , ... , I: V"Tiahl.· ± IO \'01101, 

... p .. t T.III, ,,lnll S lo p e: l'()<ili,'e-!(oiI1J1; o r 
of"l:::l'i\'e-goin!t. :t(. or lit:- l'Oupling. 
h, • • "ol a"'putt-f,ant Pa .. ,1: a"n: iji)!11U l 
(f'oirwirlcs lI'jl h "Oll"lill~ inlcrvZlI). 

" OW lIu1gC!J (ul ~ I:ltt or inlcrn:)l Ilrogmm 
c)'f'le) . 
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GENERA L R ADI O EX P E R I M E NTER " 
10 ('I~ to 10 :'>11- (1''I:('cpt I :'>Id et8nd!lrd 

fl"('(~uctl{'il'll from r,:Xl' 1"OILtlt'dor, dt'IJending on 
.i("tungs of \IEA.:H:Ilr,:~U;.o;1', "'1l~;{jl· .;SCI', 1l.ml 
TillE control! 
E. ' • • n .. 1 O"'p,," - AI R.a" Ml·'.l'l"'.t~-1 ''TEIl­
\ .... ,. t"Onnel't ions (tl'rminlll~ of lll'I.T1I'I.E 
1'l:1'I':R\'A I. punel II....-i.('h; "('lIrry" puiS(' of 
progrtun-('outro] \I('{'ftde to be <"OlIntcd dOlnl by 
t''I:,cTnIII intt'T\'''I -mnltilllie r {'in'nit for cnM:K, 
FIC£Ql· .;S('1'1 !lnd 100rt;IW,1J m{"lI.~llrt'melll$ l . 

8, four- ine, binary-cQded-(let'iuUlI digits 
( 1 ,2,~,2) (''(I'' _ 185 voh~. "1" - 65 \'oh~ -
0.5 megohm lI01I~1' impeJonce minimuill 
lond impl'duuce 1.8 megohm ). 
TI",.-8 .. 1' O.!y. R' q"hed, 5 :'> 11', I \'011 mlS 
iulU .-)() ohm~ (",upplil'd hy 1130-1''1, -1'3, -.1'-1, 
1]13- \ ). 
POW I ' lnp"l; 115 230 volU!, 50-(;() CpII, -100 
1\1111.6. 

01"' l nliano: \\id.h HI, hl'ight 153
4 , dl']}lh II) 

irwh<!ll (48;; II)" -100 loy -I~ mm l. oVl'r-ulL 
W. lgh l, 85lh. (3!1 kgJ. 

'f'ip(' 

ACCESSORY INSTRUMENTS 
TI", . _Bo • • Unl11 (!It'!' PIlRI' Hi nnd III.tO\"1' for de­
l!I'riptioll allli lltability hgures). 
Ty p . 11 l0_ P2 Tim._Baol Oocilloto,/M"' Ilp lie. 
(I"ftlr ])Iug-iu ) for opentl ion from 100 k(', I \Ie, 
5.\1 (' or iUlertlll1 5 .\Ie. 
Ty p . l1 l0· l' l 5·Mt Tlm.·B .... O.dUoto. (rear 
plug-in). 
Ty p . 1130· P4 S·M. P, •• loIon Tlm • • Bo .. O.dll" IO, 
(n~lr plug-in). 
Ty p . 1 130· Pl Co up linll Unl! for usc \\ilh (''l:lerntll 
1;1111' hase, slIeh 1'1.._ T YI'i': 1113-'\ SI:UJdurd­
F .... oqu('u('y O"..Jllutor. 
Ty p e 11 l2· A D"Ia P, in l" 

Ty p . 1134 _A Dig llo l_lo . An o loli C .. ny,rt. , rO r 
dri\;ug gmphi.-. rrron1<.'I'. 

Ty p . 1 130_ 1'5 S., ~ i .i n g Atuuo,y - permilll 
01)(,I"II.ion of llll~' ':If 11 pMnl(,.j-(·in·uil IX,lllrds 
,. ('lIr of r(';jt of IIIslrumClIt for opl.'rullOnuI 
tTOull]!, ~hoo.ing. 

CQ(lr 11'<1".-1 P"itt 
11l0_AMI (tncl"d lng Typ. 11l0·1'1 TI",.·80 .. Un'l) Bln ch Mo " nl ' .... 80n $2515.00 
11l0_ARl (tnd"dlng Typ. l1l0_'1 TI"'.· B .... Unil) Rod. Meu nl \U'l:I.\1 2515.00 
11l0 · AM2 (tnd"dlng Typ. l1 l0. 1'2 Ti", . · 8 a •• 01 d 11010' / M Ullipl i. ,) 

Be nch Mount .. , .... 1'1:1. 2750.00 
11l0 . AU (lnd"ding Typl I1l0. 1'2 Ti", •• 8 " .. O u Woto,/ M"l tlp li., ) 

Rock Ma"nl ~h.k · IU 2750.00 
IllO _AMl (tncl"ding Typl 11l0- Pl Tlm . _Ban 01C111" Io. ) B. n ch Mo u nt , ......... -;1, 2670.00 
IllO·ARl (tndud ing Typ. 11l0_l'l Tlm.·Ba u OlCilia lor) Ra ck Mo u n l .11(>(;1'1. 2670.00 
11l0_AM4 (lnduding Typ. l1l0·P4 p •• dol e n Ti m._!o •• O .. illot o , ) 

B. nth MOUni .• . • 1.""':8 2950.00 
l1l0 · AR4 (lncl"din g Typ. l1l0 . 1'4 I'''cilion TI",.·80 .. 0 1<111010.) 

R .. ck Mo"nl ...•....... .... :rAI. 2 9 50.00 
Ill2 · A 0"1,, P.in", . . . . . ....... 1.I I .... t· 1450.00 
11 l 4 _AM Oigital - l o·Analog Cony."" (Blnch Mo u n l) \11 "lit 595.00 
Ill4 _AR Ollillal _lo.An"loli COnYI " . ' ( Ra ck Mo" nl) I\",,·T'U SU.OO 
11l0_'S S .. ~ ldng At . ... o,y . • ... \101 .... ,\ lO. OO 

CORRECTION 

The TY1'~: \112-.\ Standa rd- Fl"ftll1C'I1('Y 
:\luitipliC'r ill put 1' 1)('('ifie:ltioll~ givC'1J ill 
the April, IOIiI EXPEHlJI EN7'E H 
f<hould he l'tJ IT{,(·t('d to r('ad tlS follow:<: 
Input: I volt , IOO-kc ~ine w:ln~ from 
slandu rd-frequl'lIey o,,;cillatol'. C:lll al,.,Q 

be dri n O'n at inpILl fretillerl('jcs of I :\10 
(1.5 \'olls), 2.5 :\ Ic (0.1 volt), or 5 :'o l e 
(0..1 volt). Will rUIl fr('C \\itll 110 input 
:-ignlil. bulllh"l1ll1tp frt'quC'llcy lIlay be in 
('rror by scn~rul part:. pel' million. 

General Radio Company 

"';;" ' . ... 

, 

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


	May 1961 p01
	May 1961 p02
	May 1961 p03
	May 1961 p04
	May 1961 p05
	May 1961 p06
	May 1961 p07
	May 1961 p08
	May 1961 p09
	May 1961 p10
	May 1961 p11
	May 1961 p12
	May 1961 p13
	May 1961 p14
	May 1961 p15
	May 1961 p16
	May 1961 p17
	May 1961 p18
	May 1961 p19
	May 1961 p20

