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A HIGH - PRECISION CALIBRATOR FOR 
FREQUENCY AND TIME 

'j'he '['yl'l'; 1213-(' ( 'lll l 'J'imci Fl'e­
Cjlleney C:\lihl'fttOl' is in 110,.;('118(' a :simple 
I'ede,.;igll of it. ... pl't'de('l'SSOI', Ihe Tn'~~ 
12[:~-,\B l'nit Crystal (h'illator,l II i ... 
all all-nel\' dp,.;igll Ihal 1'(>fle('I ... both Ihe 
field ('XI)(>l'i(>II(,(, !!:airll'(i f!'Om Ihe carlier 
instl'luHt'nt arid til(' ndnllH'e::; ill ('Ie('­
tronil' ('il'('uit I{'('hniqllcs OI't'1' t l)(' past 
fi\'c .\'1'111'1<. Thc new eulibmlor eorn­
pl'i,;c~, in a ::;1111111 lInil-lypt" ('fl";(', !tlltlte 
('ircull" n('('(';;,.;ul',\' fur Ille frequcIlI',\' 
('lllihration of o..;eillalol's, l'eCell'(,I-";, and 
other \\'ide-mngl' dC'\'il'cs up to fl'equell­
(,ips somel\'h:ll abol'(' JOOO megaeyeles; 
and for the swcep-time (,1l1ibml ion of 
oseilJo:<eopes al illlel'\'1\I. .. from 0.1 ~sel' 
10 100 p.,;('(', 

inslrllrll('lll:,; ... hO\\· fOllt' impOl'hll1t IIPII' 
fcailll'es of the Timt' Frequent·,\' C'1I1i­
hnllol': 

(l ) IO-;\/t- hlll'nloni(' serie;;, 
(2) ,\ ('I'.\'s11l1 mixt'I' A'ood from low 

fl't'qllelll'if'>i \0 frcqlll'llI'i(>;; ab()\'e 1000 
:\Ie. 

(:1) All :llllplifil'r for audihle heat,... 
whi ch mak('s pos."iblc di l'ecl ('nlihratiml 
of (l>i('ilintol'l! up to 1000 :\Ie, 

(-I ) A \' ideo lIHlpliliCl' fot' thc multi· 
\'lhratol' output to pC'I'rnil Q;'I'illo:<('opl' 
tirne-axi:< ('alihnttiOIl :tlld 10 Illak(' tIl(' 
output :<t:lllritll'd-fn'qul'll/'Y w:\I'c-fOl'Ill:< 
available fo), dri\'ill,l!; t'xlt'l'llal puISi.' 
cquipml'1l1. 

Additional fe:llllre.~ arc (':\;;(' alLll re-
.\ /'ompal'i!<oll of thc old ami lIew !<c1tnbi lily of /'alihmlioll, fn'qm'llC',v dl'­

\'illlion \\'jlh no di5iturbulI('I' of ('a1i-
' n , fl. Ilielom"nd, ., Unit ('ryOtal O"dUnlor," G~MroI 
flmJu. Exp«,"""",. Fob .. Hi:;~. 
",111IIIroV .. 1 t-!", C;r,t~~"1 0...:;1[,,10.," G'n~,t;l fI 'u1oo 
f • .rl"nmm',r. ~I't" 1.1,,,,, 

bl'1\.(iOI1, :wd irnpro\'(~d frcquc!!(')' sta­
b ility alld reliahi!il,\'. 

figure I. '"ne' vi e w of 'lie Type 1213. C Un I' Time/Freque ncy c"m"".", wi.1I Un II Powe. Supply, 
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GENERAL RADIO EX~ERIMENTER , 
Of pnr'lif'ular irnpnrl:J.Ill:C is I'('lia hilil.\', 

which j,; locI'orning of morc anu llIore 
f'Orll:crll in thf'SC days of ilH'l'ensiHg 
('\c<:t r0I11 (' com plc:.;ity, 'rhe TY['E 121 ;~-C 
l ' nil, Timc, FrcquclI('Y C:\librntor, /'on­
tllinillg only dC\'CII \'!I('UUIlI tllbc~. is 
nut in til{' ('lass with iw;trumcnl ,; Z'c­
quirillg a major rdi,lbility anlll)'sis ; .veL 

it relied :'; thiHkillg Oll thC ilUbjc(,t whi('h 
will be applied tu iw;lnllllL'llt s more 
th:lll on order of m:l~llitlide mor(' eOIll­
p1t'x . TIlt' Hlllltivibrntot'S, used HiS fl'e­
qll{'Ht·y di\'idt· t·~ III thi ll ill.~tl·UIll(,'lt, 

l·t' PI'f~"f'llt II IWII' "UII{'{'pt I)j' nmlti\·i­
hl';llol' !'{'Iiuhilily in llIf'llSllriug in"tl'\1-
1I"·1I1 s. T1U'y an' d:\l'."if'tli Abndltlm­
BI(ll" h ~ Illulti\'ihralM:i, d('sip:rlt'd bya.ltl­
ir tir':d pI'Ot'('(lufcs \0 produ('t' IlHl:.;imlllll 
immunity 10 tllh("'f·h~l!·lll·t f'ri ..,tit· dt, t('I';­
ura t iun. '1'1)(,,«, lllultivihrat Ol's Me di;,;­
l:us;c-U ill "O lll e \lPlail in t he (·ir(·uil.~ 

sl·t· t iou of thil'i [mil,I{·. 

BLOCK DIAGRAM 

Tht' lIa,;i( ' l'ir('!!i!s w:;cd ill tlw \ ' Ilil 
'i'ili IP Fr·(,flut'lH·.V Calihralor ~. n' "IHlI\'!! 
ill Fig. 2. Tirey ('ClII~ist of: 

( I ) A 5~l\ ! (' (· ry.stal o:;cillu tor' e1e('­
trOlI- {'ouplcd til a 2:1 multiplier. 

(2) .\ IO-~! (' butfel' .ilage, 
(al .\ group of thl'l"'e tnu\ti\' ibratOl':; 

.. .". 

(·(m ll'olled uy tl panel .switeh and divid· 
jug t he IO-:\Ie ('I'YstHl eOlltl'ollcd fl'l'­
quclley by flldol'l; of 10. IOU, and 1000. 

(4) .\ hnrmullit' generator \\·hidl lI'il\ 
pl'oclu('c 11 COlttinuous htll'lllonie spcc­
tnun of t ire 1 ()..,\! c, I-.\I c, IOO-kc alld 
IO-ke ,;igHals frOIll the Illuhi,·ihratol'. 

(5) A ('I',Ystul mi:';cI' either to f'Ollp\e 

the hannOllics out uf the iHstru llll:llt on 
a ('oax illl le:,d , 01' to pt'oducc alltl to 
deice'l a heal again .... 1 :l sip: ' 1H1 f('d intv 
lhe lni:.;ct'. 

(Ii) All am plificr I;tage, !<.witdwd ei­
ther (,0 IImplify thc :wdio helll ::l igll:!1 
frolll the mixer 01' to produ ce 11 vi deo 
Sigilli 1 for oseillos'·ope t'alihralioll. 

= 
:J 

CIR CUITS 

Osci llotor 

r\ herlllctic:dl." sealed , A'I'-t·ut. .)-,\ 1\, 

qllartz ('I'.\'.~t:tl i ~ llscd as a frcqUl'lu'y 
('ollt rol Ch'IllCllt for the oseillator. TI l(>' 
elc1'll'ull-eouplcd UUllrict-('lapp' o .. ;!'il~ 
latOI' ('in'llit Ul';('t; thp tirst ,·(llltrol-j.::rid­

st'recll-grid spaec of a pClIl!lgl'id ~'on~ 

\'ertcl' tull(" 10 pl'o\' ide the o,:;ciH:lting 
loop guill. Output i~ t:1kcn from the 
pl atc i·in·lIit of the p(·tltagrid tube, 
which i::i turrcd to .·t"on:1Ilr:f' :l! 10 i\1c. 

Buff~r 

Thl' IO-:'d c ,,;igu:d ai the plat c of IIii' 

, " 

'.1 10."10.,,,. II. 
""d 1\1 .... 1,. ~; .. 
" Xo\it~ surlu 
''''''I-V.he. .1\ 
;I·E ~~\."d .. n 
I<lUt~ Al'l'li. __ 
\Iu~." 1'!d>Iic~­
li~. 17 Q/IIo~ 
fh~<It 11'", .IIi~· 
;"t'M •. ~"ril, IllIS. 
'{,II",!,. J. K . 
•. F,....I\i~n~l·':-;\K­
bl. 1",( ' ~,"~,11" • 
10nl." I',p,.. I H E. 
~2. 8; ,\ ".I("~~ 
19',1; """<:: 1:/11 .... 

... ~ ... 
"' . I."'. .. 
~T ~"9 " .... 
r-.l=:::;-:::---i f i llll •• 1 . IIlo<k 

".~':.~... diag.am of Ir.. 
, u .. <ol l b . olo. , 

1100 ",ing 110 _ 
bOli. clre" II$, 

.. .... 
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, 
(ll,wiUator dri\'CS II pClltQ(ie burfer. T he 
45-\'olt buffer output :I t JO :\ h ' drives 
Lhe I-:\ Ic multi\'ibral.ol' and ei ther t he 
harmonic gene!'!l !.o" or video Hmplifier, 
depending upon the position of the 
lIudio/ vidco sch:do]' 8\\'lt(' lI . The buITer 
output also feeds !l germanium diode 
I'ccLificr circuit, whidl prod uces it d-c 
\'ol lage for audio a mplitude ('onll-o!. 

Mullivibralors 

Three muilivibm tonl of a design ill­
tended to produce maximum reliahility 
ure m;cd to divide lhe 10<\1(' buffer fre­
quclJ{'y to prod u('c t he i3 tllndnrd 1-i\ Ic. 
IOO-k c (wd IO-h f rcq llellril'!;. T hese 
('urcful'y dc.signcd nnd (;0 1l81nl("lcd nlul­
ti\' ih rfltor'~ will illsurc km!;! and trou!.lc­
frtt opcl'litiOlI wilhout regulated \'olt:tgt' 
:mpplicil lOud with tlO rcadju sttllcilts of 
the ci l'<'uit, when tuhc:; tHC I"cp l:Il'ed, .1\ 
t.rpi~'al l'in:lIil is IShuwll ill Figure 3, I I 
will lx' recognized as t he simples t. forlll 
of the as table ll1ul t i\' ilmltor, T ill' d«'­
:;igll htu\ beell carefu lly sluui!'u lind 
opiimi)lPu for r{'linbilit,y by; 

( \ ) Exad ad justrnPIJI of all ~ 'olJlrol­

lable ('ircuit pararnC'U.'rs, (1nd trigger 
umplilude to the t'OrTect. v/lilles 1o per­
mit t1)(1:\imulll tube degmdl1tion bdol'{; 
rnihrrc, 

(2 ) l'hoief> of the operating puint fol' 
the lulll'i; so that. the lllultivibra!Ol' 
pcrfol'lnnu('c:\.8 dt'lerrni ned by the l'011-
dUNing-tuhe plute \'ollnge is Icust :>1'­
fe('Led by t he 11ging of the tuhe_ 

Figure 4 s hows ilw timing a\'tion I)f 

Fig" '. 3 (be low )_ Sch e mollc cite" it diogtom of 
ty p icor 2 · t" be m"lti~lbr .. tot_ 

Fig .. re 4 (. ig nt), Timi n g d'Dg.am h. m .. ltiyibro tor 
o f fi g ... . 3 I howl", typlco l plot._~oltog . wo .. . -

form. , 

o 

~-~"1O,-----r---' .. 
' " 

' 0 M " 
~ ""''''I ~''~ 

" T-G ,~-_--:Tr- "ACl-~ 
VI ! V2 

. ~ o~ .,on. Of 

.~t ... ,ous .. u .. , ••• ~ .. o. 

JUNE , 1956 

thc multivibnltOl' of Figurf> :{, ,b "IlHle 
thaL from to to (I, ' -I is olr; and . Ht. 
II , 1' \ switchcs Oil :\l1d quickly by l!rr 

loop l'cgcllc1'tItion is bl'Ought to and 
beyond )le l'o bias_ ( Fo!' I h~l purPO:-ll'S of 
t h is d iscu&;ioH, lIeglcl't tlw po!>itin' grid 
IrtUlSi(,llt_) SO\\' ufl('\' lim!' II, thr pl:)\e 
voltage ( t:6 !~) of r-I is at :1 lOw nduc 
depend illg Oil the zel'o-bi:lS pl1lt(' ('Unel1 f 

und Ih _ ('<~ must (Ji s('hllrgc through 
/(Q~ townrd /',,'/)6, and it will eOlHiIHH' 10 
dischal'ge ulltil the l' lItoff of \'-2 is 
I'c[l('ht'tJ. whereupon the two InlX'" will 
agllill s wit.ch, \\-ilh I -2 goill,C!: on a nd ' --I 
ofT. We call HOW write down tlH' equa­
tioll fof' the timing tlc tioll dC't e l'lllilieti 
hy the di,,;eilarge of thc grid I'oupling 
He ('il'cuit ami lilt"' :wlpliltld(' of lilt· 
plate swing, 

'/' = /(( ' 1 Hw. +H"w ( I ) 
vt d og. '_' + I" 1:'/JIo __ f'O'! 

tllld s illn.' t:",,~ = Ew" ,LI..,.: , 

+ F:~I" 

T = f(,~ ( '.: l og:~ 
E/:4 

12) 
1 

+ "m 
~illt'l! HplU = i~IO I( /. 1 ('fluatiOI1 (2 1 ,~ho\\"s 

1111 of the import a nt ('il'('\lil \'III' i ~t bll's , 

T he qualltity IJ. M i~ II fUIit-tiol1 of tubl; 
gCOlllt'tt'y [uld dot,S 1101 ch:mp:{' :lP­
prc('iahly I\-jlh tuhe life, 80 nttl'!llitm 
l1ecd ouly 1)1.' gi\'CI1 La the ftC p]'o,lwt 
H~Cd and ip1 a, 

lIoII" al'e lireSf' quulltitie,.; U:-It'd t o 
uptimize tilt"' deRign of a t riggcl'ed !Hlll1 i­
l-ihnltOl':' ('ol1"idl'l' Figul'!' _1 \\"hl"l'I' Illl' 

VOLT"GE 
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GE N f:RAl ItADIO EX P ER IMENTEIt • 
lilllillv,: wtl\'cform has h('('11 lillenrlzl..'{l to 
illl1:ilr:lte the niggerillg prin r'ipl t,S, ,0:0 
that the tilile cquati\)11 iH IIl1ltlifil'tl a,~ 

tihown in equation (J ) 
'1'= Kf(Cl:.'pl (3) 

A l$tudy of Fil!;t11"l' 5 :\l1d Equatioll ( :~ ) 

nl:1kCil it oln' iom; thaL, fllr JilItXilllH1ll 

kwkin~ t":lUgl' 011 till' nth trigger with 
IIrbi!r:!r.\' v:"II'laliollS of f'" null the f(' 
slopt:', tilt' triglJ:l'r :lmplitudt:' (E ,) must 
II(' set. 111 l1 value determined h,v flU' 
pill Ie ,~willg Wi sl att.'tI ill Equulioll (4) 

I~, = E"IQ - I:.'r»'! 
(4) 

Tlli:< i" Ow optimum Irig:gcI"4\'0ItlllJ:c 
arnplitlldt'. and til!' ilLt('rt'cpt of the 
~I'id di ,~('hal'g:e \'olluge \\"unfonn \\"il ll 
the ("utoff lill(' ill tIl!' ahSf'III'C of triggel"4 
illg Ptl1.~I''' must ht, ul II lillie of 1/ + 1'1 

Unitt', \\"h!'r!' the limr unit is that f!.st:lh 4 

li:<llI""d h~' till' II!lI"'\'td bcLw('eH trigger 
]llIls!.':! , Tbl' pronf th..-tt 1:;(llIatioll (,I ) 

dl K'!S pr('\'itll' Ilu..' Ilpti.null1 trigger :11114 

pliltt<!{' follu\\'S, l 'flllsidrr the loC'kiuj! 
l'IJIlditioli s r',r \"ai li cil of ./:.', gl"('atN 
llwll nlld 1(>:>'0; th:w til(' ol"llilll lll1"l \"I~IU\' 

!-r)\' I'n i .. C'tua1 iVIl (-I ) ; (I) " 'bell l il l' 
plute >iwill)!; j'.,',,1 0 vn ric~ through v!l.llIc~ 

gn,:atl'I' lil:HI IIl1d le;;s tha ll tire (lE'­
r:ign vallie With the slope' l'OI1St.:l!IL, tllld 
(2) WllPu (11(' nUIj.!;(' of slOI)f' \'aluet' is 
~l'(':tt('l' :Hld lesS('r th:11l tht origin:.!1 

Figu,. S, l l .. . .. ' iud ' Imlno,w"". '",m .. I .. g,,,,,, 
,,, •• h. "'ulli~iI" .. , ..... I Figur. 3, 

RA NGE Of "'A)ll "' U .... SL50" 
(Rei DRifT SHORt 
fAILURE I-

-..., t 1....-
r: Otl ~ S 

ro-/7'7L!- -ECO t 

R.NGE Of "'.KI .... I1 .... PL.TE 
CU RREN T YUIA,rIO,. BHOR[ 
'.ILU IU 

sloW' wil h /,'"", held constant. It. ("an he 
::,,-,ell 11i:1I, va lu('s or trigger \'ullage 
gn'llter than and less than thnt dctrr­
milled h,Y Equ ntioll (4) will dC('l"easc lhe 
Jo('kin ,l!; I"nnge of lhe nlulli\' ibl":ltor, hy 
havi ng i1. jump tn II lock 011 t he 41 h 01" 
6th Iriggcri llg ))111;;c wilen /:.' , is grcntrr, 
or uy Ira\'ing it go Ollt of IOl' k ('uill p letely 
whell B, is IC!-ls, 

T hrrc i,~ 1111 illcstllp:rblc COI1e1U:<iOl1 
that fl)lIows f1"OIl1 th is simple :11111Iy:::is, 
011\' is allo\\"('d a tot:l1 de \'iatiol1 of 
"'" 1'1 £'/ in t. lre vlllue of the grid <li ::­
l" h:lr"~r volt.lIge l(n'eI lit the lilHe of l ire 
Jltll t rigger" pulse ttl. which the mtrlt,i­
\'ihr"ator" shuuld 8I1"il("/), Thel"ci"ore , ill a 
,,;ynlllletri cn J Inulti\'ihmior dividirll!; hy 
10 (11 ('qual;, 5 011 cal'll h:t lf4 eyde of thr 
Illllhi\'illl"u tor). a ('hange uf npproxi 4 

ma l!'l,\' -*- 9% ill the ('nmbillll tion (Jf 8 "11 
ttrl d H(' \\'ill ('ausc a failure in the COllll\. 
;';ill ("(' rmission vnrie:; wit h time , one 
rnLI.~t 1'«1I10\'{' filly \'onII"011:l1)1(' fixf'd 
l'rn)r"" ill order 10 Inlll:<fcl' nil nllnwablc 
\'nriatiun t.o ihe tube, whiell is hound to 
rhrtllge lI"it h t imr, '['hi il is d one by l l ~ ill g 

arljll:;<ta ble eOlHp(>I1(' Ilt.$ t.o relHo\'c any 
l'ffN't due to l'ompolwnt tolc l"I"IIl C't'S on 
til!' /?4C lime ('Ollsta lltS, An ill1POI"\~illt 

f:H't thrn mllst bl' r('('o~nil(.>(1 is that Ihr 
phtll' ('UI"l"('l1t of \';"U' lIU Ill tuhes ;;«ld(1lil 
ri:-;ps \\"it h HgC, lll itilli :Idjustllwn l /"lUI 
Ih us 1)(> tIllHk' tv bike udnlllt:ll{C of this 
f:H't b:r ,;(,1.tillg the H-(' t.imc eOllst:ln\. 011 
l hr 1I)Il l{ :< ide.so Ihl1t. the tolentliCe fO I' 
dl ;'I1 ).!,"es ill plntr ('urrent npPl"oximntcs 
+ 3 lllld - 15%, 

T Ill' flwt" prc~ell ted nhove upply tIl 
a11 ,~ tltbll' l1lulti\'ihml oril no m:dl(ll' \tO\\ 
OPC,,(\t('(L Whr ll Ihe IllultivilJt":l\ol" (1'1'­

Iltll: IIl',V is helow 100 10', techniqlH':< (If 

" h'Hc!4hot tOlllill).:" " ~ e:l1l IX' appl ied, 
T he plntr resistors for all 111II1Ii"i* 

'Har,.,., r c ,' '"The ' lIanl, lt""o"'''",' "1".,<1""'1'''' ,n 
N,,~I~, h""""''''''~Ot<'' Ci""u, ,).."""," /llf: 'm~ .. 
~,.I",,,. u S~.I"" / ~",,c', 1\,'>-:1, t; Mo,.h 11!:~;, l"'~~':' 
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, 
brulor::o 01 tltis ilt'>-;).!;II are always 1;('1 lU 

!b(,jl' rlUlxillHllil alluIHlhlt· value. Thi~ 

,':llul' is dl'tcrrniut'<1 I,y ,he lime It(>(·(;~· 
~n l'." to rC'chal',I!;C' the (,tJllpling l'lI pal' ilor 
aftn the :'; lI'ildlillg interval in whit-h the 
wl')(' is IUrll('(1 !lIT. Th€' pl ni f' \'011:1).;1' 
:<holltd rI.'('O\'{'r 10 ,' :litH' IIcm' IIH' 
!>upply \·olwp;(.i. 'I'll(' Ituogesl po. ....... ihl(, 
\,lalu(' of pluIC-[Ollti rl'"i.'ilallt'C' gin's the 
1)(':<1 1l1)PI'OIWh to 111f' "lwl'ti -l)OI tOlned" 
r:: 11 :t IW'\eri"til' urld Ij lrtrs Ih!' addiliolll~1 
f{'tltul'!'.'; of miui llHllll platc d i:;1;li palion 
fol' lilt:' tube and minimulIl pln1(, cur­
r('ll\. whidl leud \1) illl'rC:ls(! Itil)(> life. 

E.'q)(,l'imctltally . mull i \' ihr'ftl or'!i de­
"i![lIcd 011 this ha.~ i :< ha \'t' pl'O\'('d to lit.· 
('xl I-e-mdy rf'li:\blf' , For \' xa III pIc, II sU'irl,l(: 

of eight s lIl'h ullil " dividing' f1"('qul'lIt'~' 

from 10 ~Ie han' Or>N:Lli't l a rilJ('k Wit h 
H)',~'eontl pulS(.'l'I fl)r {lI'N l1ill(, 1110111 h,~, 
(U'II)O hOUr:!, without a fHil lin-' 1':lII,,(,d 
hy II \":I4'UUIIl luhl', 

The' tllfl"{' frt'q1lt'llt'y-di\' idillg: multi­
vihmlorl'! 11 1'(' a(ldl'l l >"' l'illllr 10 Ih,' 
l'in:u ii :;Y:O; I{'1lI by thl' fl'equl'lH'Y 1;(>­

I("i'tflr ~I\ildl iUI tilt' ("UIII pall!·1. Tlli,.; 
:0;\\'11(, 11 111m" the pluu' po\\'('r 011 aud 
('()IIIII'I " " Iht· ap propI'intl' IIlllhi"ihmlul' 
10 eith('l' tilt, harlllolli,' !!t'IH'r[lWr or tilt' 
\·idl'{J [lmplificl', Thl'OIl),dlOllt Ihi;; switt'h­
ill,!!: IlPl'ntt;,m, the pl'WN di ,'S.~i pai<.-'d ill 
Ih(' ulli t i,.: hdd l'IIIIS!:l lIt hy Ihl' ill­
iM' r1ioll nf d llmmy II)(Id re"i"tOl'S:;o that 

iltr hox \1'mprnHl1rf' will 1'f"1'1l:liu 11" 

II(,lll'l,I' (, 01l,,1111I t fU< po.'i. .. ihl(" 

Amplifie rs 

T Ilt' !ludio-\' idl'f) IiI\'ill'll ~cJc ('t:; Ihe 
\\\(1 inpUl-I)Ul l)Ul IYIW" of opct'aliOiI . 

Wltl'u 1111' llllil i ,~ loll(' 11 .. ('4..1 for tillle 

l'ulihral ion 1\ illl lllf' I'Iwil('h in 11iC' 
video pt1..<: ilioll , IllI' output llf Ihe 
10-~d{' hulfel" or I)f ollr (,f Ihe mull i­
\'ibnlhl, 'S i,,,; "Olllli'I'lpc! II' tilt' :.:riil of 

. " I ... n~ I. II:~ " Til .. ;tl"h iw, hrat,.. '\1 '1'''<'<. TI_" l 
" .. ,t ' ''''1''' 1<'". ... 6>lie'.J.III1J1.J 1\0" ; ' ''' .~ 1:1tj 

J UNE , 19 ,5 6 

Ihl' \';dro :lInplilil'r, This r<lllgt" ;s a 
IWIlI fldf' 11 mplilil'r-limill' l' f"l,dill)!; tI ,'a t h­
od.-' follow4'I'. Tht' I':lthool' foll o \\'(:I' is 
,'OIlIl('I't«l,1 by tluo ,~lI'ill'l l ttl a tt'l'millnl 
l)ail' !II' {hl' PllIll'l :Iud pro\' idl's 11 1011'­
itn lX'(ialll'l' ,,0111'1'1' If. d"in' l'xtl'f1I:\1 
i'in'uil:- , Wlwll the IHldio-vidro 
" ,\i\('h ;1'; 11,,'ow'l 10 Ihe Ilutlio po...;itirm. 
tht., follQwillg ('hallgt"~ in ('il'('lIitr,l' 111'(' 
effl'l'lpd: ( I) Iht' ilmplifi(>1' "tuKe is {,IJII ­

If('l' ll'd to :I 1,\'()-tItaV;l' :lUdio llmplilicl' 
wil h :'}-h balld willt h nllo i1 l' l!llll~l' !!aill 

(.f ahCJtll 70 db C'ul,lIl'l'1ed to Illl' " ilil 'OIl­
tT,\,,.Inlll1ixf'l' outpu t ( Fi~lIrl' 6) : lind (2) 
l ilt' 10-:\11' hufTt'I' or ont' of til(' multi,,;­
hl'Ulor olltpul" i" l'OIlIl4'I'I\'d tfJ thl' 
I' !l nllf ,n;i' J,!;l'tH,'l'ull}t' . 

Horm on ic G ene rotor 

'1'Iw Ilarlno',;I' gf'I't','atfll' 1'()I''';~t'' I.f 
Iwo "l:Igl'>I, tht' tin .. 1 :t IK'lItod,' limiler­
drker, lind the :o;('I',lIId II 'I'illll,' tI>:'I~1 II! 
drivl' the v;t'I'IIl1I •• ium-I'ry"tallli{)(II' h:,,'­
mlllli,' gl""'nl.'lI', Thc pial" of till' 
p('lIwdc *('Iil)ll is IlInl'! t whell tllf' fl'(,­

fjll(·III'.\' !<f·II'/'lor )0\\\,;14·11 i" in tlw I !Iud 
10 ,\J I' I>o"ilioll". :lIId it al'l ,; II", :,n 1111-
' Ullrd IIl11plifiN ill thr IOO--kto II lid 10-kfo 
po:;-i'ioll~. Thl' PI'lltlllte st:lgl' 1.('1\1('('11 

Ihl' Illulliv;l.rallli'll IIlId IllIrlllll llll' ~t'lI­

cra I or ,'cnHI\'t'S 1tIu~l nf 1 he l1'i~v;('r 

plll:'l' tlUlI (11','111' .. 01. Iht, ml ,l, j\·il ll'lI l,)., 
\\'I\\'dorrn" aile! whi<'I. would othl'rwi,.;e 
make the hal'llllmi r :i1}C('lnllll 'l(ol.­
ulliform. Tilt' I ril)(h' I,annllllit, 1J;"lIl'1'­
alillg >ltngC' lilld j t !'! 1'(Illnt~di(orl If. Ihr 
mixf't' :In ' l'ho\\'11 ill F igun' ii , Tht' 
dl'il'illg \ru\'(,form switt' he" 1111' platl' 
ICurr('1I1 nIT alld 011, lIlIi! thl' iIlI[Jl'dam'I' 
di ,~I'OIl\iIlHil,\' f)lft' I'('(1 II~' Ill,· t· ,'.\'sIal 
diod(o \dlt'll IIII' plak ('U I'I1.'I" "wilcllf',~ 
011 g(>1Wr:l1c:; Il leI',\' "harp negatin"­
).\"llillJ; "pikc' of \'o!t:tg:t>, Th!· ('I'it,'r;oll f(1I' 

t li r I'I',\'",!!I dindl' used ill I his applkal iOIl 
i .. thul thl' frolll 1'(,,,;,,III!II'I' "hoilld hi:' as 
low as pos.~ihll" Helwe, 011t' (If the lit'\\' 

"\' U" dilllll',~ . tIlt' 1:\45.'1, i" IIst'll in 
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GENERAL RADIO EXPERIMENTER • 
lhi:> (lpplil'!llillll, It is the sharp \"olla~(' 
spike that produ('es the uniforlll spee­
lI'lIm of 111\1'11I011il's fed to thl' mixN. 

Mixer 

The I11I:-.:e l' used ill Ih(' Llni! Time 
Frequel1t')' C'nlilmllor i.s :l llew dCl:'ign 
('oJnbiniJlg good higIJ-fn'llUCIICY per­
fomHII1!'c with l'olllp;1C'1IlC~R, alTl'l!l;i1Jil­
itr fO I' ('ry:<tal rrplMel11cnt, :ll1d protCt­
lion for the errs l:ll diod(', The (,O:1xial 
panel fitting 1j('r\'('S llie dOllble pU1'pO~l' 
of ci t her ('oupling t ht..' r-f sped nun to 
{·"jentil.1 :>)':-.;11'1118 u.s iLil output ('Olllle("­
lOr, or :IS all illput fitlinp; 10 !let'cpt :III 

c'I(ternall,Y pru(]I1('(·d r-f :;igll:ll to 1)(., 

mixed wit h tilt..' stulld:u'dized r-f spce· 
1 rlJJn. ,\ IUlilt-jll "0:1xi1l1 (,OlJpling mpa!'i­
tnr protct'ts the 1~21B ery.-;tnl 1lIixer 
H~nillst, sUI'gCi"l from eOI!II(,(·t illg f'Xlf'nla\ 
t'ir('uitl', The mi'.;I'r l'UlTl'lIt is produt'cd 
b,v the harmonit'-W'lIcrator Inn'l'furm, 
su that I\'itll small jlljN'H'd Sigllill.s. the 
illjedN] signal do(':-; lIut lIlutcriull.v af­
f(·(,t the cffi('icllf'Y (If Ilw mixer. 

Th(' gniu of lilt.., audiu IImpli!i(')" i:-; 
('!mtwllcd in n lloll-1inear fashion by 
IIllju::;tlllcnt of /,;'l'id him; 011 t he ~C('ol1(l 

audio stage. Ellough hin . ., is appli('{1 to 
('III lief' 11Ihf' l)tT for::;llllllll"iigll1l11"i "II that 
ulitit'l'iJ'('(1 bealS of hM'ml)Jli,''': of Ih(' 

.-;t3nd!lrd rrcqIlCIll'.\' :;ignlll between Ilar­

mUlIil'" of the UllkllQWIl slgn;!1 call 1)(, 
reject!!ll. 

Power Supply 

The l ' Jlit Ti l11f'1 FrcquClwy C:ll il)l'll­
lor is desigllcd to work with eit he r the 
t ;eJlI.'I"tII H adio TYl'~ 120:{-.\ or 1201-.\ 
I)OIl'N Supplies. POWl'I' J1XIUirelllCtlts 
are :3UO vults, GO milliumpcJ'CS, 6.3 
\'olt,,!, 3,15 amperes, The Tnt:; 12UI-A 
Hegulatcd Supply is rcconllncndcd f(H" 
minimu m hUIll alld maX\l1HIHl fre­
ql\{'JH'y .-I1~\bilit.Y. 

Construction 

,\11 of the circuits ('X('Cpt the hal'-
1lI0nit'-gellcrator stage are localcd 011 

;1 :;ingle e tched hoard, This hO;lI'd IIUii 
1111 etched grounu " l:me under the er,YS­
wI oscilla tor, bu!fer lind [Iudio-vicl/..'O 
1Llllplifiel' cirtuit~. DistributCtI-cl1P:H'i. 
11llWC IO~lding Oil the mu!ti\'il)l':l tor is 
n .. dlll'ct! b,Y omjuing thc ground plane 
ll11dN Ihe.'I{! cirruit~. Ca reful rOllsidcl'il­
liull of l'ompOII('nt. layout. and :;hiclding 
1m thi.~ l)oal'cI inSul'Ci> 1\ good ('Il\'iron­
lIlCll1 fOl' the crystal oscillator free of 
thrrlllal j rallsients nnd electrical intel'­
f('rUlII'£', The Illlllri\"ibralOr li1l1(' (,Oll­
s t1l11tS an~ ('oll t I'Q11(~d by prcl'isiOlI <'Olll­

P(III('lIb with mit'a capa­
('ito~ lIJld gin;;...; iriHIIlH:I' 
(';l plI('itor!'. ' I'hl'",e ('om­
PVIll'IIt8 iHlml'e J!;ood 
Illuhi\"ibratol' perforlll­

~9==;--,-1I~O ,;";;';',;;',',,,';',,, :IIWC and lOll)!. lift" 

: ~~~L_r-- AUOIO t'J OUTPUT 

Figur . 6 , Culllwar 
view a' Ihe ~'yo'al 

mil,.r, wi th o~ h . mll ­

lic IIf I.iode ha. _ 
m 0 n Ie_g. n e r,,! In 9 

o' <>g e, 
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APPLICATIONS 

TII(' THt; 121a-c I"nil T ime Fri'­
(11If·n!· .... ('alihrulor 1I:i('(1 with the re­
tillir('d pUln' l ' ~lIppl.r and ht'adpholleR 
pruv idl'~ 1111 til(' Hl'('('S'~IIr~' :lpPIIl'lIlu,; fOl' 

lhe calil'I'atioll of rtuiio-frcqllclle .... 01;('i1-
lator:l tllLd l'I't'l,jvcrs t1l rr<'tjllf'll!'i{'.~ 1)(>­

youel WOO .\It" tllld it nlst) provid('s 
sqtlltr{,-Inl\"(' IIlllrkcn. fO!' ",.willo>i("upc 
ISwe<'IH inH' ('(Ili iml.lioll .. \ :o(illlpi(' plug­
in deviee, the Tn·t: 1:21:i-1'1 DiITer(>lI­
tiulor' (l:!upplk'{i IU! lUI u(·(·e""ol' .... ) ('011-

n:r-li'< tilt'St' "qllllt'(' wal'!'''; 10 hrir'f pu be . .;. 
The output puL;,;e lin,; been made pflwcr­
ful cllough 10 lriggf'1' mu.,t Pll tSl~ geller­
; l tO I~ and o.~eillu . .,copr· ,;w('('p . ." t h\! >; pro­
I'jeli ng a :-:1 :llllc driving Sl)lIrn: fur I imiug 
pul>3c !:!ystl'IllS flJr vnriow; appl icatiolls, 

Tlw /'a1ihl'0lioll of o.,willatol·/i ill till' 
lahoralory il' l'a.~ily earril"t.1 tn frt''lllt'H­
("i(,1! in ,'XI'I'N! of 1000 ,\1/- hy iHln ...... ltH·­

lion of thl' o.''I' illlltor 8iguul til the dt"­
le('tol" fi"iug of till' ealilmllor; audihl" 
Ix.'al:-. tlr(' prndu("oo 11:-. Ihe dial (If IIIl' 
o:.cill:ltOl· i" rotated . Till' 10-:\11' l)(Iillt" 
permil I"c:ul.\' id("lltifil'1I1ion of mlihra­
lioll jlolllls IIt'yollll WOO '\h' by!\ l'OUllt 
of lilt' wilit'ly sp:t('('(1 IWIII pililltl< on th" 
dial. B.,low .-.00 :'lie it i.'S pf);;...~i h'" /0 add 
(,:llibralillil Illa rks (il f·II}.')t·r intf'I"\'nlll hy 
tI&' of th ... 1_.\11' QuIp,,!. 'I'll{' hllJ"llloui('­
gctwntlinl!; ",y~It'm i" cfTc,' l i\'" ill suppl.y­
iug IltII"ZIlllni,':-' of 10:'llt- to LjHU :'11('. allli 
of I i\!t, !II :;00 :'Ik, \\ith illput :<iglla ls 
ill exec:,;. .. of 5U 111\', Tilt" IUU-h alld 
IU-kt Illultivil)rulor" t:lll hI.' u,.,('{1 for 
l)l'('il1litOr calibratioll up to JOU .\11' alld 
10 1\11', l"es)ll'l'liv('ly . C':dihmliou of 
""lIsiliv\.' I"ceci\"(;'rl< is rl·adil.\' I'u,' ried Ullt 
by the US<' of lhe r-f output hl.lrrlll)lli(' 
:<cries. ,ri l h scnsitivc rc("clvc!~ Ihe 
hurlllollie~ MI.l lLl5l\hle ahuvc the fn.'­
f\1If'IICy limil" giv(·tt fOI' o:-("iIl:l1or-l"ali­

hmlioll Ol>t.'wtiou, Wltt'li li"ing til(' {'~Ii­
hrBtor fo r 1'I'I:ei\'CI' {'lIlibratiom·. (':lrC 
l.<hould 1)(, tllkclI t hal kill ('I" h:lrrn(lllic;; of 

JUN E . 1956 

the 1- VI" 1O-.\1e OUlpul :<iJ.(lIal III·jng 
1I",-'\.1 do rlOI hl{)('k til(' i-f IIlliplilicl' I l is 
po., .... ihll, II) hloek the 1"I.'1·C'i\"l'r if a ti lilli­

rielllly Slron~ sigllal of the Iml"mouit­
sl)('l·tr1ll11 lil'.~ lI'ithiu Ih" i-f Pll. ..... hand , 
,\ hi~h-I};l...~ Hlte!" nm~t I~ u:;('() bl,twecn 
the 121:3-C lind the re('ci\"('I" hcillj.!; ('ali­

hratcd to "II!"red thill difl1l'lIlty, 
'If'a:ourCIlU'1i1 of fn' tIUrul'il':< lying 

1II':.r Ihe :'t:lnd:lI'd frt'qul'Uf'Y harnlllui{';; 
i ~ fa (·ilillll('(1 hy th l."' ind u:<iorl uf Ih(' 
t, t Ilueh-but tOll" er.\,.';I:II-o:;{·illator f rl'­
quell l'Y {Il,\·i:llor 011 Ihf' panrl. T (Jlwhinp; 
thi~ hU I ton n:dUl'l'" thc frl'quf'!1('y flf t Itt' 
I"l",\'stal ()sei llat01' slightl~', Ihu ,.; iudi­
elding the sign of thl' ditT!'l"elll'I' he­
I wccn til(' unknown frf'qul·"t·.,' :lhd I he 
standard fI"CqlH.'IWY , \\"itlwut rc rt uir;ng 
:illy re:-;('uing uf the llIaili fl'f'qlll'llC'Y 
:tdjU,;lllll'llt ('01111"01. Calihmlillll of till" 
1<11'fOC)} time of (·:llhodr--nr.\' "hl'i lllh('I))}I ' ~ 

is ea.:.ily {':lrried r)ut: '1'\1'1': 12Ia-I'1 
DitTer('ntill!llr is illM'rlNI ill Ihe pair 
of hilldill.!!; po~ls t'I!IIII~·I'll·d til thl' \'id('o 
output amplifier: tlw ~l'1cttor :m il eh i .~ 
.'"0('1 to timill).!.: mlukcn;; IIl1d tht' t"('>; ullillJ:!. 
t imill).!.: plll*,; :tT'(' :tJ)plied to till' :<1'01)('· 
l'u l>'('l"I an' lixailablc at ill1<~'I'ab l)f . 1. 
I. 10. :Iud 100 ,usct'o TIll' U{'{'Untl'Y (If til(' 
iul('I"\'ll\" is the !mln(' :I"; thlLl CJf the 

Figu. ' 7 . Wa"efo ..... I .. !hl Typo 1213_C u .. r, 
Ti ... . /Fr.qu.n~y ColI .... o!o •• 

!O,~" vl d to.ompli­
Ii., output ( .. oil 100, 

h mo,kl ) 

10_h mulli .. ; .... a!o. 
plat., 

I·M. hormonic Ie .. , 
" 010. plo" 

r r ..... -"" -
I 

JV',JVr 
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GE NE .... l R ... OIO E X ,fRIMENTER • 
cry:;wl o..-.(·illflIOl·. Sill('(.' it i~ po~ible 10 
(·itlihmtt· Ih(' ('rytst:lJ oscillalor dirCl·tly 
:tg:lilll:ll W\\T hy n~ Of:1 mdio rt,<,('in~ r, 

Ihe 11('('url)('Y of these timing 1ll:1rkcrs is 

n1m·h gre:lt('r thalt lho.t rl.'lluircd r.) r 
o.,,(·i llo...;c'opi(' m('Rsnre/llCIlL'i. 

H. W. F"nAXI\ 

,<'. I) . Ltan" 

Th(' nulhOf'!! :!orr ilultbtcJ to \\ . P. Btlll!"k runt ,\ . .\1. E;unl's rur Ih('ir 1111111\' ~U~l·.1ion~ 111101 
c'lnlrill\ltiOIl ~ .Iuting tl,e lh: lle["llmCI1I of th(' ( ·nit / T im.· Fl'('quent) ('ulil!ttltllr: 

SPECIF I CATI O NS 
Output F,.qu~n<I.1I 10 .\1(', I Mr, 100 k,', III ~" . 
Output Amplttucln, 10 .\ 1.' , lOll pt!8k.t()ooI~,.k , :-10 
volt< pt·ak-to-pI' lOk at lo" ~r output rll. ... l u('nrk·~ 
from 1'111 ... · il II111]ilier; t·r h:ltmonj,'~ u .... ,I.II(' Iv 
1000 .\1(' rrom 1()...\ l r out[ml, 10500 \Ic from 
1·.\1(· uutput. lu 100 .\l c from 1000K(' outrm1. 
/u I.1 10 \k from I()..ke OUII)UL 
Output Im~.n .. ' \ ' id. 'O ~u lh(ltl<'-rollo\H'r, ;-I(){l 
ohm~: f·r Qttl l)ul oUl.:,in'...J from ('ry~I " I~liod,· 
Illl rmllllk jtI· ... 'ru l • .H'. 
Slablllty , Afkr I 1<lllIr ",,,rm-up dri ft mI.· "ith 
!'I'guliltNI I!bh' ~Up\)Jy i~ mrli.d..,. Ih., , Irift ml(> 
I)f tit.· 'lllurl1. .·r.\'~11I ( IlPllrtJX I ppm! C ). With 
uU!'ClIuln tt'tl 1-'1I1I".'r ~llPIIIY, an fI<irlillO!I,,1 V1<!";" ­
lioll of '"" ~ 11,,111 will, in.' vollaltl' dmu" ... frum 
105 tv 12.) \'(01"" . 
S.nIUi~lIy , l · ... 'ihlr b"flt not.", ,'"n h., prruht..r ... 1 

"ith:)O millh'olll' ~iguJlI input to mix!'r ov('r th ... 
IllIrrnonic r:l!1g' ''' ~1",,~·ifi( .. 1 <lml .. r " Output. Ant­
plitmle~.· ' 
Tub. Complement , l-dBEII, I-StORr, 2-5~JijI . t 
(j .\l\ti, I..{; .\X/'). 14"1l':-. 
hw •• Supply , (i.:~ v It ... ·, :\ II; JOt) v 01-<" ('.0 
nlJ\. Tn'!: 120:J-.\ ur TyN. 1201-.\ i.~ "-'('OIIl­
nl{'lllll"!. 
Aceena".' SUppIlN ' Tn'.: 1:l1 :J.- 1'1 DilTeN'nti,I' 
I"r, "'Ie ('f~'.>. i:lll'Otltll"' I~r. ami one Ulultipi,i rl! 
l'OILII('("!or . 
Maunling , .\Iumiuurll J!,uwlllr,,1 ~ idt·!>, fini~11t't\ 
in bl:\l·k \·r: ... kl.· , nhuniuunl ,·.w.'r, fiui4u'(l in 
delu' 1:. ... , pit: /". H~hl~' r:l('k p,ul('l i~ M.ailab],· r",· 
nlOlllllinll; oolh Calibr!llOr nlld I!U\\"I' ,"upply. 
Olm. n.lan., IUl ~ ( width ) x 5)~ (hl·jgh t) x r 
(Jcl)t ll ) ilwh.'~. overall. Net Weloht ' I 11, •• , 10 (M 

( '/Joit II Qro " ,in 1"1JP' 

1213_C 
1203.A 
1201 - A 
... 0 _' .. U3 

Un it Tlme/F,.quen<y C .. libtato • •....... .... • IU';Hf;l. 

.U.I\"£ 

" ....... f:T 

$19.5 .00 
.0.00 
'0.00 

Unll '0 ..... Supply .••••...••.•••••..•..••.• 
Unll Revulat.cI ' aw •• Supply •••...•••. . 
It.l a y_.a<k pan ' I (10. m.unllno both <alibr llta , 
ancl paw. , lupply) ...•...•.....•••...•..... 10.00 

• r " , ... ,,",'1 !.~· t ll. ~ r,;, ,,,:.,~I ,,,~t("r I" '~"" of " ... \"'~" ... " Trl~I'IoI" w •• ,Id 1'd.· .... p'. (·".10 .... ,_1 .. 00", 
I .. ' .... U of , 10(> " ""' 0 ( ...... "" .. ,,""" vI" .\,"c.i .... , 10 .... ".,,1 " ,wh·, I . .. ~ll'. "I {; . \\ . I',,·n ... ' .... IM"''''. '" ,.i~;w .'I .... lri'· 
rl")"I~I •• ",1 .1.,,;, _,al l..! ,i ... ",\.<. 

VACATION CLOSING 

0 ","", .... ......... ., .Iv!, 23 ..... hI'y 30, .... "'.~w"'d ... l ... ~_. will _ <t ...... f .. yet • • toR . 

1 ......... lfl'" "". 1 ... .... w .... IIR ''''' ..... _1_1 ........ <","_d .. 1 "' __ Rh . 0. ... eM "", .. It ... , lndyd . 
I ... _to t ...... hn!ca' ..... ..... 1ft, .. ......;.", "'~. _.Iy ........ owol ..... "'pI _ loon. 

0... _yl.e.__._nt ___ to tft.e~ -. .... ., ._ce. 1ft 1M ..... R .. t.~ .... "" _It ... ..,.., .... p_eh .. 
_tot _ .. _ ........ Ie _c" ... .- "" .. , ........ "''''...-..1 ....... 1 .. ,.... ''''' y ..... I .. n pW\eooI. 

GEN ERAL RADIO COMPANY 
27S MA SSACH U S ETT S AVENUE 

CA M BRIDGE 39 MASSACHU S ETT S 
TELEPHONE , TRowbridg e 6 _ .... 00 

BRANCH ENGINEERING OFFICE S 
HEW YOIIC 6 . HEW l Oll( 

.0 Will STIUl 
Tfl ._ WO,,\' . · 1127 

lOS AHGH U ll , C"llfO.HI" 
1000 HOI'" SEWA.D STlUff 

T [l . _ "O Il~w ... " • • "01 

CHICAGO .s , IlUNOt S 
'20 SO UTH "' IC"IG"'H ",VENUE 

TEL_ W"' '' . ,,, 1.3'20 

IflVE. I'I,HG "' .... Tl ... NO 
1055 1 31t. S'll lT 

TEL _ JU ftlp"5· 10 •• 

PHILADIlPH'''' OffiCE 
,150 YOII( 10 ... 0 

""IN G TOH , 'fNNSTlV ... Nt", 
TU . _ H"'n c "d 4 .' 41' 

.•. :; .. ... 
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
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