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THE NEW GR FREQUENCY STANDARD 

Jjkc. vultage, (,lII'fCllt, and impedance, 
frCfII]('ncy is fl factO!' in most electrical 
mC:I!o;url'tncn t s . l1. CH \ CI'S directly illlO 

:Ie measurements, and indirectly into de 
mc..'u:uremculs, Hppmlri llg mo"t often 
liS it'> reciprocal, time. Since time is 
reciprocally related to freqllcncy, tt good 
fr('{lucllcy strrnd:lI'd can become a good 
time r-t.:mdllrd fOl' time mC:lsurcmcnts. 
In vic\\ of the necessity for some son of 
fl'(!(IUt'IlCY sl:\1luard for e\'en 11 1000-cycle 
impcdaucc measurement, it has become 
a lmost routine for:l1l electrical measure
ment laboratory to pos .. "Css .'l. stable 
frmlllcncy SI:1uclMd whi{'h cn n be 
chcckcd against sta ndard-frc{luency oz' 
stund:l.rd-timc signals from appropri
ate sources, 

1t would be:1 mist:1ke In CQlIsidcI' that 
:~ "fnxluency standa rd " {'o ll ~isi{'d solely 
of all cxtrcmcly stable oscil!:ttor. Fre-
fluency di viders and multipliers firc 
necessary to make the freq uency st:md
ard useful over the rrlllgc of frequencies 
covcl·cd by elcc u·icfLl measu rement leeh
" i qlte~, and to permit cn libmtiOIl of the 
freq llell cy in terms of recognizl.'(1 inter
Ilational standurds. The provision of 

st :l.nci:lrd out put signals o\'er the rnngc 
from]o\\· audio to mierowfI.\"C frequcneies 
in::;urc::; max imum tlscfulllCss for uppl ica
tions rilllging from hctcrodync-. .. ystem 
frcqucllCY meas urements 10 servicc as 
time-bnse reference in d igital counters 
fo r frequellcy and time-interval meas-
Ilrernen lS. 

The frequcuey sl:\IId:lrd de"ierihcd in 
thi;; article rnllkes :lVaibhlc, ill v:uiolls 
combi nations, (J(luipment to produce 
fllildamelllal frequcl1{'ics from no cps 
10 1000 :\ Ie. It inrludC8 completely new 
inst rUlllents for gellcl"ati ug the ,;;.\[mdard 
frcqucncy, for deri vi ng the dC$ircd lo\\"
frequency su b-mul ti ples, and for do
\'clopiug harmollie-rich outputs. An 
im proved Syncronometer* integrates thc 
\()()t,)..{-yele out put. to permit lime COIll

parisons with sUlnd:trd-t imc t ransmis
siolls, and the '!'Yl't; 1\\2-A llnd THE 
1112- 13 S t:llldu l"d- l"rcquellcy r-.lulti
pliers' provide high-frequency output up 
10 I hou$Ulltls of llleg:lt'ycles. These 
scvcml instruments cun be used individ-

"T.,.,l~",,..k l"'n'lIn~. 
'Fnmlr o. t-" ... ~". ··,,;,·w ~1 .. rul a ... l.Fn-queu"y Multi. 
]>1ic"':· G~""uJ f(ru/io Erper ...... "Ur. Vol. 3~. N"o. U, 
Job·. l!).~. 

,.. Fill Ur. 1. F.eque ncy "f Type 1113· ... SI"nd."d·Fre qu . ncy Ouilt"Ior comp"re d wllh II.O·k. tlondo.d_ 
".qu . n • .,. """. ",;n;"nl 01 N8A o"e. ° I b, · monlh pertod. Th , " " e''' II' d,,;t .,. drill "I Ihe e nd o f Ih tl 
pe,iod il 1.2 .. 10- 10• The NBA I,a,, " mlner ll m" t"tal ned On f. eque n • .,. b.,. <o",parl l on w ith ° . n lum be"m. 
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GENElA~ RADIO EXPERIM ENTER • 
i I • i " .. t~--

.. . ... ",,.,,' . 
fig"" 2. l"t •• compo,llo" 01 I,.q ... "cl •• of t ",o Typ. 1113_A Slo"d",d.f'.qu."cy O.dll"lo<l. Tk • 

• h"rl -torm 'r.q .. . "cy In,lability of " .. . OHiliolo. 010". II I . .. It".n Ihl' .ombl".d i,, "tabllily by I : V'i: 
Th. I. ft · ha"d plol ,ho"" " .q .. . ".y "o.h.tlo", a .... ag . d 0 .... l' l.co"d 10mpU"g p • • lodl , Iho ,llhI· 

ko"d plot .1.0 ..... f • • q ... n.y va.lalia". o .... ag.d 0 ".' O.l , ".<o"d p •• lod • • 

!laity Qr in nlrious comhinnlioll'l to Int't.{ 
81)('c-ific need,;. Thl")' a rc dl'''i~tiec:1 to co-
opcratc with the Gl'lleral Iludi(l '1', 1'1-; 
1 \05-B frl'f"]ucncy :\ l cM'III'ilig Equip
Hll'll t u. .. wclt :I ~ with COlilltcl'-type fre
Cjtlcn~''y-ml':Llluring '1y",tclll::!. 

XCI\' technique.::. tirc-uit.i, and com
ponent:; ha,,{' 1)C('1l lI"eU whcrC\'cr ap
plicablc, ~'on1:ii~tcn l wit h l'OII1:iCI'\'ulive 
dc,.;ign. P ruc-t i(':lJ {·om promi:;l·" IUl.ve 1lCt!11 

sought throughollt to pm\'idc perform
unce cornmcll"lIl'3.1e wit h Ihc prc-.,cnL 
!ltille of lh{' art Ill. I)riccs in krcping with 
equipment for everyday IIgc. ThllS, in 
o.c('orU wit h (;cl1cr:ll Hudio pl'llcticc. the 
lIl"trument!'\ Ilrc de;:,igned 10 he rugged, 
[IC('llrate, (Ind delX'lIdablc fo r ordinary 
cn\'ironmcnt~ bllt tlot (wit h I hc eOIl"idef
nhle :Hlclcd co~t neec;;;...;.·U'y) II) cope with 
the stringellt rCt[uil'cmcllts of t hc miJi· 
Inry !'f'r\·icc."i for exircll1{, l'ti\'irOlLlllcnttl l 
(·onditioll!l. 

The Tn'I:: J 120-AH 1000-:\ (e Fre
quency Stamlanl il1 uslmll'li iii figure 1 
comprises ilw TYPE 1113-.\. tandal'!l-

frequency Osdl1ator. the Tn>£ 111-1-. \. 
Frf"(lliency Divider, thc T" I'~l II03-B 
SYlLl'ronomctl'r. and the TYI't-:8 I 112--A 
atid 1112-13 St!Hidard-Frcqucll('Y i\lulli
plicf!>. l"~'(1 in conjunction with t he 
T\·I'~: 1105-13 frt't.lUcllcy }' Ic:u;.urillg 
Efluipmcnt. tlnd the lIew ' I' ''I'E 1130-.\ 
Digit:\J Time Hud Frequency )1eter t lti ;o 
yi(' ld~ n comprch{,Il<;i\·e Jille of illt~gratl'd 
fn." llIf'llcy·mca"uring cquipnH'nt. 

THE TYPE 1113- A 
STANDARD-FREQUENCY OSCilLATOR 

The hcart of 1 he lI$cmhly is, of cour;;e, 
the ::tand:1rd·fl'c<plenc), gCllcl'tttor. The 
(j(' lier:d Radio T nt: 1101-B Picw
Ele<>tric Q"dllutor, IlL"'t of a long linel of 
tl i"tlllgui.'lhcd predcces.'iOr.'l, udded its 
OWl! I:Ol ltl'ihution to the cx(·c11cnt !'cput:1-
l ion of GCllcral Ibdio fl'('{llLC[lCY t'tnnd
:\rd,; for drlX'lidauility in t h e field. T o
dny '~ rt."quin:'lllent<;. how(,ver , demund 
cl)lI"idera bly b~ttcr ~tnbility. 
'To h.! . "'''~'nl'f'<l "".t ,"OMb. 
'J.", .. K. C'i&f<I', "A N",.. ~' ..... ,,~,,~y ~'a'"iM'd." O.~ ..... I 
/I.lI/id Kzp",imhl/ .... \"01. 3. Ko. II. Avril. 102\). 

fl" .. ,. 3. S.h.",all. col . q .. lpm.nt .... d 10 obtai" th. dota ploll.d I" Fig .. ,. 1. T .... a ",dllot"n a, •• 0 ... • 
par.d 01 1000 Me. Tho dlft'o,. " •• 'r.qu.".y to I. mod. 1 <pi fo, 0 I _u.o .. d , ampl . 0' 10 cps fo, a 
O. I · ••• ond l ompl •• Th. a .. lp .. 1 f,om Ih. mix ... obo"t SOO. m" p . ok . to . p . ak , I, a"'pflR. d t" SO "oil. 
p.ak_lo_p. ak . A I"w_pan RII • •• n ... l"al •• Ih •• mali omo .. "t 01 60.ey." o"d 120_ey. l. compon.nll 
Introd .... d by th. "' .. Itlpli •••. 110 ... t _o ft' f,.q" ."cy I. IS .p •• ",lIh b . II., tho" 40 db on. " .. allon "t60 cp •. 
lh. p.rlod of th. dlff.,." .. f'.q"'''cy In I. m ...... ,.d ",III. .h. Typ. 1130.A Oil ilol Tl ", . ond f, . q" . "cy 
M.' .. ond ilt ""tp .. t -o""."e d l"to analog fo,m by Ih . Typ. 1134 _A OII"ol . Io_Analog Can" . ... ,. The 
o"'p .. tll ploll.d by 0 Typ. IS21 _A R •• o,d.,. Thl, . . .. ,d., h ... a ba"d .... ldth of 10 <pi ",hl.h p ... mililh . 

m.a . ... . "'.,,1 0' I tabUily fo, O.l_ •• cond ,ompl ... 
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The lIew TYPE 1113-A Standu l'd
Frequency Oscilkitor, which rcplm:c,; it. 
uses the Courict-Clapp circ,: uit~, in.~tead 

of a modified i\ lctlchum bridge, uud rt. ... 
plnl'cs the secolJd-harm01lic extcII .~ ionul

mode quartz bar.6 opcrutillg at 100 kc, 
with tl cont.olu-OO AT-cut. quartz platc, 
opel'tl.ling:lt'; ~"I c. This plate, developcd 
hy a group at the Bell 'l'clephone La bora
tol'ies6 under tl. Signal Corps con I met. has 
fl. storage factor, Q, in the range of 2 t.o 3 
x I()II, which makes po~iblctl high degree 
uf dccoupling bCLII'cell l he frcCllLency
control clemcnt nnJ its mailltaining cir
('uit. This, in turn, minimizes !;:hort-term 
frequency variation;.;. Cnl·e in pl·occos."ing. 
with particular attention 1.0 avoiding 
eontnminatiulI .J Ilunimizes long-tcnn 
drift. Over-all stability is therefore ex
cellent, as "hOWl) in Figurc::; ] and 2. 

Figure ·' is a schematic of the oscilla.
tor, sho\\·ing the frcquency-control sys
t.em nnd the dehtyed AGe, which main
tains the drive po\\·er to the crystnl :"it 
approximately 0.5 x lO-- watts, :l level 
earef lilly c.hosen to be large enough to be 

'J"",,,,, II:. (;bpp. ··A lIffi8dr"~1 F...,....,eDCY .\I"nil", 10' 
'b~ ZO CHI .. nule." Gt" .... III".jj~ b·~peri""" .... y,,1. H. 
No. ~. Jllnuar)" J9~O. 

~;. l'. ~(Mh and J. O. b.ad. ··A $;,,,])1., Orcuit for 
Frequen"y Sland"nJ~ E"'I,Io)~n~ O'·~rtoD" C ..... 1RLs." 
/'roc. ITfE. \ '01. ~3. :-;:n .• ;. pp. W.i-003 • .\I"y. 19:';;. 

}'. II. I."".",. ·· I'requ"nCl· and 1'lme !' .... ndRnJI." I'roc. 
I HE. Vol. ~:j. N"o, II. p. I055~ .. d Ap~ndi~ pp. 1065-1008. 
So"" .. ""I><:,. 19~. 
lJamt .. K. Clapp. '.0.. ' h" F..quivalcn' Circui' .. nd Pc,_ 
l()t", ... "" of 1'1&, .... ' Qu ... t~ I)a .. .'· 0",",,/ Rwlio lh"",·. 
",,", ... No. 10-11. V"l. 22. Mn.d,·A"ril. UHS. 

'A. W. W""'''-'f. ··Hi.llh.Fr""u"n~)" C,)-.,al Unit' 10' 
Prim .. ,y .""",..,uen.)' St .... do.rd.:· Prot". IHE. \ '01. ~O. 
No. 9.I'P. 100001oa:J. &ptcrnbo •. ltI5!!. 

'A. W, W"",pr. ··F,.".,,,,,,,.)" .~Ki"lf 01 lIiah.h"' lu"",,>, 
M.tcd c.y,;-tal 1' 0; \.1.'· I'""" IftE. 1'01. (3. No.7. 1>1). 
700-7tl2. July. 1955. 

. " 
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"Ollt of the noise" for "hon-Ierm fluctufir 
lions bILL smull enough so that. aging und 
variations of frequclIcy with drive level, 
which become sigHificnn L at high powcrs, 
:\re minimal. Premium quality, long-life 
tubes are uFol'd for ostillnlor a Dd ampli
fierI'; to assure reliubility and 1.0 increase 
the time bctwe<'11 tube replacemcn ts. To 
minimize effects of eathodB-intcrface 
illlpcdnllce ~ the o~cilbtor tube is op
erated :1t. relllti\·ely low tr:lIlsconduc
tanccand at reduced hontc]" I.cmpcr.lture. 
Filtered de heater yoltage minimizes 
OO-ryele frequelley modulation. and wcll
regulated h\~a ter lind platesllpplies mllke 
t.he opc]"Mion of the instrument sub
stnnti.llly independent of line mltage. 
Ac nile! de fcedbu.ck ill the AGe umpli
fier sy:;tcm keeps the cryst.l] drive level 
withill 1070 for 2:1 clllIngc in t.raU!lCOIl
dUctaJlce of the wbes. 

The temperatnI'C-Colilrol fOl" the 
qlltlrtz pbtc is a t\\"()-:'ltage sYl)tcm based 
Upoll the vacuum-hottle oven that has 
given excellenL reliability ol'cr t hc years 
in the TYl'e 1184-.\-:\ Television Trans
mit ter :\Ionitor. i The temperaturc of this 
o\·cn is det ermined by a mCI'cmy ther
mostnt, whieh provides an oU-QfT signal 
to the gl'id of n thyratron thnt, controls 
dircctly the lo\\,-po\\·er nven heMer. 
Cyclical tempcnLture changes nrising 
from this on-QfT nmlting system ha.\"e 

'C, T. Kobn, "Th" ~:jJ~<:1 "I" Cathode Imt,....lHn"""n lho 
. '''''(,ucnc)" St"bilit)" of I.;",,,,. OOdlll.lo ... ·· 1'r0t". IRE. 
VoL ~8. PT'.~. J''''''a,y. 1000. 
'C . .II. Cad~·. "N"ew Tol",·;,,;oo T ... "",niu", :"Itoni", • .'· 
G~" ... al JlaJ,·o l:.·r"n;"'t"l~r. ' ·o!. 31. Xo. 4. s.,pte",be •• 
10.:.6 • 

Figure 4. Bloe~ seh omolle of th o T.,.,, _ 111 3·A Standard.F'_quo .. <.,. Ol<illat" r. 
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GENERAL RADIO EXPERIMENTER , 

flgu •• 6 . Inl • • '''' "I.w .. f ,h . uandard _fra qu . ncy 
osc ill .. ' .... N .. ,. 'h .. , all patll ... a a .. lily a«,,"lble. 
Th , crYl 'al o",n I~ a' 'he Ie ". The ampUfie . 'ub .. 
and o'her ci.c .. 11 a le manh .... m .... n' . d On a Fibe. _ 
111 .. 1 etched boord In ° CO l ' f.om e. AI 'he reo. il a 
COOUnll fan w ilh Ihermal cul- .. ,., which Iu.n l 0" 

'ha p .. w • • if Ihe fan f .. II •• 

()CeU reduced 10 the ol"der of 0.001°(':\1 
th(' quartz plnte, nnd a rc"ullalLl fl"('4 
quency ('ydillg of leN> thall 10- 1° .. \ btl 
is u>'C'd 10 cqualize Ih!' tcmperature ill 
the eahinct in order io keep the Illslru4 

men I ('ornponenls cool :\nd to pI·o\-ide:.l 

!'uitablc amhient for Ill(' outer "tngc of 
the tcmperallire-eolltrol "y:<tern. The ........ 
oul('r "tage, it:<elf, makes it IIc("e"8:)I'.\' fOl' 
the inner stage 10 cope with only 11 !;tnall 
tempernture range. The eombillUtion 
Hmintnin."i lIt lem;! a 1500:1 ("ontrol 1':IIio 
oYcr ltn lllllbi('ut temperature range of 
00 to 500 e. 

'1'0 provide rnuximum prot('t'lioll 
again!'1 ehange" in ambient temperature, 
the oscillalor--('irCllit compOllents that 
('nl el" in10 the e,..tnbli"llIllent of frC<lllency 
nrC' :111 mounted in the O\'en with the 
(jll:U!Z plate, The coarse frequency ad4 

jll"t menl, whi('h covers n. l'ilngo of ad j lISL4 
Illcnt of ahout 5 x 10 7, i:; included :lmollg 
these ('om pOlletlt:;;, lind ill pt'o\'ided with 
nil ingenioll.'l dl'i\'o nlcchnnkm {lUlL 
millimizc" hcat41eakage pmblcms while 
n&<u ring prc<:i1<C f<Cll:1bility, The fine fl'l.'
qUCllCy Hdj llstmClIl, 110\\,C\'01' , CO\·CI".'l an 
IIdjulltmclll r.lngc of only ± 5 x 1O-~ 

and is IlOt scntoii livo enough to ambicnt. 
eh:wgcf; 10 \\,:lrrn.nl tompCnl tu re ('01111'01. 
[t I:; individually calibmled to he direct 
reading, \\"ith di\'i~ions prodded al illl('l'4 

fillur e 5, View of Ty pe 1113_A Slandard_F.eq .. e ncy O.eill .. , ... conl, .. 1 ponal. The fr .. n' pon ell. h.ld In 
pia •• wilh 'wo ... I.h .. , and il e ,,"ily r' mo"ed f .. , adiu l lmenl af conlroll Dr obu r" .. lion of o"e n per_ ...... 
formonc e, The m. I .. con b. I wilched 10 perform ony ona of •• "erol funClion s , a . a dlagn .. . tlc d a "ln, • 1 
Th . C"D'" and fine fr equency conl, .. I. ,ova. a 10101 .anlle of adjU l l men t of 5 " 10-1 ya' pe.mlt UHlnll 
, .. 10 ·10, Th . fin e .on,.olll dl.ec,· .... dlnll, wlth'di" i.l .. n •• paced al in, • • ""II of 5 " 10- 10, 
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, 

Fig"" 1. Fronl ylew 
of 'he Fr .. que ncy 
Olyid e r wllh pon '" 

r.move d. 

\'al<:. {If:} X 10 10 and is ,--c1tablc 10 10- 10, 

For opcl'tltionnl cheek;;, n five- point 
inNer circuit is included. The nwlel' 
clu'(.'bi o."Ciliator hia . .,;, I'f Olltput. platc 
ClllTenl, inner-o\'cn tcrnp<,mturc. nlld 
OU1CI'-{)\'CII temperature. 

TYPE 1114-A FREQUENCY DIVIDER 

The Frequency DivideI' produces fl'0111 

tbe 5-:\ lc stanchu'd signal u series of out
put frequenc ies \\' it h fUlldnmentu ls of 
1 :\[c, 100 I.e, 10 kc, I kc, and 100 (O ps. 
Additional plug-in units 111"0 :'lxuilnble to 
furni;:;h outputs at. ..\ 00 cps and no cps. 
T hc:3C output frcqucn<!ics arc cs>;;cnti~lJly 
~ine wuvc..;;. For tho!;C appli(,fL t ioli l" 
where harmouic .:;.cries arc nccded, the 
Tnt;: 1108- 13 Coupling Pa llCPo provides 
ft harmoni('-l"ieh output. One of the 
important ('onsidCI'atiollS ill the des-ign 

" """ T)' I'" 110: .. 11 P""I"""c)·.'le .... ",iR~ 1':'1U;I""~Rl, 
I'U~ I~. 

• - • • • • 
• • .. 

• 
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of a frC<jUC'llcy ~';llld ll l'd is that i, "f:)il 
safe," that i", thnt ther£:' be no pu.,~i

biJity 'hnt c it her the output fJ'equc ueics 
01' thc indicated time be in errol' as- a 
I'c!<ult of fa ilure of the I';Ulmla rd-fI'C
q ucncy ."ignaJ. T hcre :ll'C '\"0 fail-i':.lfe 
cond itions in 'he TYI' ~: 1120- FI'C<lllcncy 
Standard,,_ F irst, the >,ynchronolls clock 
will £:til out of ~yncht'oHisrn and lIot 
rcgtar~ if the dri'"ing . .;;ignnl fHils 0 1" 

dumges frequclley momentarily; and, 
;:;('('ond, the frt .. '<luency di,·ider.'; ha \'c 110 

output ill the llb!'.<-'tlcc of nil input !<igtl:lL 
Thc di,'iders, ho\,"e\'cl', arc dc"igllcd 

to restilrt when the ill]lllt :;ignal reap
pcar,.. T IlliS 110 n\luable data ar!' lost in 
sueh applieutiom; as aulomtitie ft'e
qllcnl'y-('ompnri."01I "y;;;telns in the e'"Cllt 
of tempomry power f:\ilul'e, whilc the 
doek stoppage ind i('ale" that the liming 
:;cqu('nec hns hC<"n internlpted, 

Figurc>' i ami 8 "holl" the tll('ell:lniclli 

• 

fit 
• .. • Fig",. •• R .... 

... Ie w of tI •• dl-

• ~Id.< with plug • • in "nih ,n,loUe d , .. • .. (I 
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~ GENERAL RA DI O EXPERIMENTER • 

con<.lruC'tion of the diddcr. The front 
pnnrl l'!111 be rClIlo\'('d to make lesl 
POillt!'! ('Uf;i1y l\(>ccs,.;iblc from the front 
of the reillY rnck. Plug-in unit" for the 
dc. .. ircd output, freqnencies are ill~j.'rl<:c:1 

from 1 he I'CIU' (Figure 8). .\ typical 
plug-in unit is showll in Figu ro U. 
T mn!1islors afC used throughout. f{w 
reliahility, small size, 11lIeI low-power 
('onsumplioll. Figul1" 10 is a block dia
gram of til(' divider. The 5:1-:\ lc divider 
is reg(,IlCflltivc, while the lower-fre
quency di\'iders arc of the ewitching 
type. 

The regenerative PI-unit divide!'; the 
origin!11 5-:\ l c frcquclH'Y (or, optionally, 
2.5 )o r (') to I Me. Elich of t he followiug 
unit$ (P'l to Po) di\'idcs by 10. The 
optiollal -iOO-cyC'lc unit sclC<'ts lht' 

HC('(Jud hnrmonic of a 200-c:rclc f'ignnl, 
and the optional OO-cycle unit di,"idcs 
200 hy 10 and f<Clccts the third harmonic 
of the 2()..('ycle >lignaL 

The 5:1-:\1(' regencrati,'c divider is 
"hown ill elementary form in Figure II, 
To explain its operation, let. liS HSSlLme 
the p l'eilCII('C of n smnll 1-:\ le voltnge ill 
Ihe I -~ Ic ~'ircuit. This is multiplied to 
4-:\ 1(', which is fed back to the mixcr 
and heterodyned with the 5-:'I l c input, 
increulting the 1-:\ l c OlltPIlt. 

This regeLicrative process produces a 
I-:\Ie 8inc wa\'e, The oper:lIi1lg condi
tiolls of the circuit. nrc >oCt to obtain 

'" IO ~< 

,., 

'''--1'-1 

fig",e 9. View of 0 Iy p lul .. 1"g . l" ,," ii, 

limiting on n few ten ths of n ,'olt input., 
nnd the output. is cs."Clitially con~t8nt 
o"er 5:1 d rive rn nge, For 2,5-:\ lc input. 
the mixer gcner:lt cs t he 5 J\ l c second 
h(lrillonic und \\'ork,<; tI8 dl'scrihcd nbo"e, 
dividing effect ively by 2 /5. 

The lower frC<lucllcy dividers nre of 
the "switching" type. Figure 12 is n 
block diagram. T he input signal, a 
sQU9.I"C wave, is differentiated. T be 
trigger gencrntor is !1I1 nmplifier gener
ating shor t, positive trigger pubes. They 
zll'e used to dri ve Ii monostable multivi
brator (onc-RhoL), The time cOllslfiZlt of 
this circuit is choscn to resct at every 
fifth trigger pulse. Hence, one output 
pulse is gellcr:\ted for every 5 input 
pulses. T he next ~ I age is a histable multi
vibrator (flip-flop), T he square wa,·e 
from this flip-flo p is one tenth of t he 
input. fl'C<llIency. A nllrrow-band filter 
seleets the fundamental component 
, .. ~ .. 400... ~" •• 

I I 

OIlIVING '"(OU(NeY 

5"'< ':" l00I0< 

f ig" ,. 10. Block 
d log.om of ,10. 
'.eq"e"cy 

Dlvld • •• 
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Fie .... 11 . (1 , .... , "10 ''1' .. h.rnotlc of th. 5, 1 . ,. 
g ' n ' rotlve d h"l d ••. 

which is twu ilnblc at the out put ter
minal. 

T he choice of a rcgcncmti,'e dividel' 
from 5 ). rc to 1 Me unci switchi ng 
di"idcrs for the lower frequencies was 
dictated by two considcr:ll ioD!,: The usc 
of n rcgcncf :ltivc divider above 1 ~ I c is 
1ll00'C cconorrucal. while below 1 ) [c 
S\\"jlching dividers have better phuse 
stability. An im portant objective of this 
de;,:ip:n has been t.o obtain high-phasc 
stability so Ihnt the output signals can 
be used for the generation of high-ol'dcr 
ha rmonic spectra with l\ minim um of 
phase modulation. VOl' such applica
tiolls, sq uare-wa vc out PIL ts arc provided 
at 100 kc and 10 kc in addition to the 
sine-wave oulputs. 

The phase sl :1bilit.y of a divider may 
be cxprcf;!;Cd in two wnys: ci t her i ll 
degrees ph:lsc angle of the output, or in 
terms of absolut e t ime varia! ion (jil.ter). 
I n 11 regenerat ive divider, the slope of 
the signal voltage decreases by nil order 
of magnitude for ench divi;;ioll by 10. 
Assuming consta nt circuit-noise lo\'el, 
the pha8C-ungle jitter will be invtu i:tnt. 
T his means thllt. the lime jitter in ab
solute units inerctlscs by one order of 

APRH , 1 961 ~ 

m:1gnit,ude for eacb dC<!nde of divLsion. 
Switching di\'iders on the other hand 
may be :lssumed to have constant risc 
time l'egfl rdJess of fUllcb melltal fre
quency so that the time jitter rem:lins 
il1\'flriunL. Thili metlllS thut the phase 
noise is reduced by all order of magni
tude fo r each 10: 1 division. Given un 
over-all division rntio of 1000, suy from 
1 ~ [c to 1 kC t and assuming that. for 
each stnge n swiiebing divider con
t ri buted 1 nsec, then \\'e \\' ill bave a total 
of :3 nscc time jitter at the l -kc output. 
If tl regenerat ive d ivider operating over 
the same r.:mge starts with:l I-Me slope 
eQUltl to that of the switching dividel', 
then the 1-;\10 to IOO-kc st:lge will 
conI ribute I nsec as in the pulse system 
described above. From 100 ke to JO kc 
the slope of the si nusoidal waveform 
has decreased by \0;1 , hence, the jitter 
will be I I nsce t and at l-ke output, t he 
jilter will be III nscc. This is 30 times 
more thall the switching divider. 

Wh ile th is hy pothetical example is 
fo r illustmtive purpof'CS only, measure
meuts ha.\·c shown similul' relntionship 
between the jitter of such _circuits. A 
typical figul'C for the circuits of t hc 
Tl'l'E 111 -1 -A is an avcmge of .05 nsec 
of jitter pcr dccade. The measurement 
was made wit h a sumpling osciHoscope 
measming the tot a l jitter of the 100-0 
output. with rcspeet to the 5-Mc in put_ 

THE TYPE 1103·8 SYNCRONOMETER 

The reciprocal relationship betwccn 
frequency and time has been of prime 
importance from tbe cn.rliest days of 

f----_ F, ~ ,. 
Fiv u, . 12. Block diov,om of Ih •• witchln, dlvld . ,. 
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G EN ER ... l .... 0 10 E X PERIMEN TER " 
fI"("{IU('llCY :<t:.llldflr\l~ Time is a fund:l
]I\I'l1lnl dilll('Il"iol1 In our physi(':ll dl'
'<{'l'iplioIiR of Ihill~"';, auf! the Il('('d fol' 
11101'(' :llld more :il'(,ll1'alf' IIlCll:<UI'CIlIl'III" 
of I im(' iln. .. :<t(,IHJi ly illt'r(,:li'ed OWl' I h(' 
yea~. .\ fn.:QlLl·Jl(·Y :<t:lIld:lrd. \l'hi('h 
)I.\'Ilf'l'lIh:: .... a >'t'ri('R of ('''enl" :It a \"t'ry 
(·01l.",,1:}1I1 mit'. (':tn 1)(' ('OIl,.jti('rNi :L~ :1 

lill(':11' intNpoltllOr 1)('1\\'('('11 m(':t"u red 

lil1\('" Ih!11 mar k till' Iwgili ll ing Hlld cnd 

01 tittl(' interval!'. T u l)('rfol'l l1 thi" f Ul\('
lifltl il ill IIe('C_ ...... "llI·y tlml [h(' ('\'('111 .... 1)(' 
{'I1!IIlINI o\'er lilt' internl l, :lUll thi .... 
(·UUIII illf!; ('[HI be lIil'('ly done by :t "'YII
j·hNlll0U:S dock. 

The f'w'ntr;: ('OIllllro arc ult irnal{'].\· 
dj"pln,v l'd hy I h I' (·Io(·k n" IIU'n " of /1 

!<haft, or. in finer dewi l. by Ihe 1I111o!;11' of 
til(' "hnfl..\ t'l<)l:k d{· .. iglled to nm from a 
frt"<I\lellt'}' "hllldllrd should Iherefol"(' rIIn 
"mo()thly, at II \'('ry l'Oll4ulIl tll1J1,:lI!ar 
wlo('ity. >'0 Ih:1I it" ~hnfl :lIlgie hear:- 11 
1"()II"talit rf'lalioll"hip 10 the l'IN:tl·i(·:t1 
:wj.dl' of the ~iuu,·;()i(1:t 1 dri\'ill~ "igmd, 
!Iud it "lIould be p1'l)vi(ipt\ II-il h U 1lI('('[1-

IJlli~1l\ for ael·tlmtdy u{'tcrmining the 
"'haft angle at :lily dl'",irt'{1 point in lillll'. 

TIll' f:elwrlli H:uJin ~.\'II{'r(lnoll\('H' .... 1I 
hll\,{'. 11\'('" tlw yean<. Inel thC"'(' !Wlllirt·
mt'nt" admit·uhl)". It,..; :ltl{'~ted liy their 

liS(' IhmuJ!:hout th(' world. T hey arc 
1111.';1.'<1. primarily. UI)I/H n IOOO-"ye!c "Yll
t'hrnnOUll mol or ha vi ug :l 1 OO-tOO\ It rotor 
fnhriC:l tcd fro m high-grnde "ili\-ou-"'\I'('I 
lam ililltion!<. T wo dri,·iug coil;.;, 0\)

J>o,:itely &"'I>O:o.e<i with re':pt'ct tel ,he 
rOior :;:h:lft. (·:Lrr~· l ilt' 10000(·.n·le driyjll~ 
",igrllli sU!lc'rimposcd upon [l. de bial-iH~ 
(·urr('1l1. Pul,.;c.", of torql1e arc thcr{'for(' 
c-,:cI·h.-d upon the t('e th at lL IOOtJ-r.vl'ip 

mIl' as they pa_"'" tho pole piC'l'CS, :lnd the 
rolOr !'hllfl turns lit \0 ren)llI t ion" per 
"C\'ond. The rotor itself ('arric.", l\ I'lrelll;!r 
\l'dl, l."(Xt-.:i:d wilh Ih(' "haft, \l'hieh 1'1111-
t:till_" l"'J.diaJ btlflle>i and I\'hi" h i,.. pari inll)' 
fi lled ,,·itll rnt't"{'my, The nwn·ur.y, ill th i" 
('( lII fig m atioll , doe,: douhle dil ly ill "'('1'1'

illg as u hCln'y lIlaJ'."" to producc fl ywht't'l 
:H'I ion and a :s t\ datn l)ing agent to mini
mize tW llting. 

'I'll(' rOlor "haft. which is ,'erti.'aJ 
\\'hell t he in,:trUlIll'lll i" in it,. normal op· 
eralillg po,:ilioll, Ul'i'·Cil fI hOl'ir.ont a l "h:tft 
til 1 1"Cl'lilul iu l1 PCI' ";{''f'(Jn u t hroll~ I I l he 
t'Olllhi nnl ioll of a \\'on n 1111 £1 gea r. T ll i:
"haft. in turn. dri,'C'" the dock 1tl('(,'h:t
lIi, .. m Ihroll,l!:h :ll1othel' I'i~h t-a llg l c W()flll-

"·'TI, .. 'I'~I'" III l'I)n,·hro."",. :\10:.'0 •. " (h .. ",./ NlMli" 
Fn"-n ... ·~I". I" .. 1. 't .. II. \10)', 19~1. 

II ,;;. Wilkln._ "")'n~l.n;m ..... \1<l1O •. I)t;'·~" {' .... ~, 
r.. Nffl.llI~ J:,· ... '>n;"""In", '''''.G. ~'".~. 0<1"1,,, •. unl;'. 

f l g~ , o 13. Typ. n 03.B Sy .... ono ... . I. ' . Th . n e w 24 . ho". diol fo c. II .,,,Ie. 10 read Ih o .. Ih . old . Th • 
... I .. odlol a nd .. cand . ha .. d Ihaft l 0 •• aH. nlbl . lh.o "gh Ih e po,1I la I I, . ,Ighl o nd 1. 11 01 11, . clo<k '0< ' . 
"'pacll .... ly , o n d can be . at w ill, 0 <ro .. k. Th . Ty p , 1103. B I, <omp'at.ly .. If . conloln. d, wllh ill ow .. 

pow .. lu pply, a nd can b . d rl .... .. , . om ony o .. e· voll l GOO . cycl. 10" .... 
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fi gu •• 14. 5 .. <u .. I~. 1'0''', 01 ' ,u •• lld InlClI y all , 
o f 1000_o:yd •• ignat , " ,,,,i,, .. ' . d b y clOIU' . of th , 
c"ntoclo. I" !ho Ty p . 1103 _8 Sync.o"o", , ' , •. Fa. 
eO",p".llon l w ith I lo.,d."d · tl", e 111"01 . th o Typ ' 
11 09·8 Co m po,ll"n a u illo l cop' I • • ecomme nd , d . 

and-~('tlI· comhinat iOIl, whit,h reducc" the 
"'pt'NIIO 2 rc\'(\hl!ioll~ PI']" minute. T he 
:-\-('4111<1 hand of Ihe d(){'k i.~ driW'1l from 
thi ...... h:lfl lhrou~h:1 2:1 difTt'rcntiul g(':lr, 
II lii(-h mnk('!o; I}(N.;iblc cuntiutloll!l. tuiju .. l. 
111('111 of the '-f'l'01ld-h:md PO,.:ilioli wilh
hut :dfl'd ing till' opCl":lIiOIl nf the t'lo(-k 
mfl\or in ally W:I.\', The miuu\p .. hund :tlld 
hour-llllnd l"huf'" are po"itin'ly <ll'in'lI 
by tht' ~et'olld-hand "haft, so Ihal lIwir 
I't'I:lli,'e po.~itioll.~ rClllfl in POtTCC! WII('II 
tutju ... tml'1I1,.: aI'£' madl". The h:lIld,.,lhem· 
!-·t'!n'", howe\'er. :11"(' driWIl I hrough "lip 
dUll"hc!l so that t hey can be iudividllnll.v 
!-'t't, when de1<ired, 

The on{}-I"('\'olu!ion·lX'r·.8C(>ond !:lhaft 
al"'O drivcs the ('oniaeior Ih:"!! i;: u.-c<1 to 
determinc the \":llue of the .~ haft :ltIgle 
at a given moment ill time. T he con· 

hWIor i;: mounlPd on a disc, wh("l . .;c phlllc 
i" lIormul to 111(' "haft. 011 a I)(,:lrilll! thut 
i" 1I('{'Uralely rrnlxinl \\'ilh the ~haft. The 
('01l1IH'10r is tU'lwlI('(1 by :l (·:tm on Ihe 
,.h:tfl , lind lhe IIl1gular 1)01<il iOIl of I he 
di:'(' i" adju4:lhk· from the frolll pallel 
Ihrfmgh a worm·:Lnd·whccl dri\'(> .. \ 
Jllc('hfillil'al counlcr, d ri\'ell from Ihe 
adjll;:lin!,!; ~haft. pl"Ovidc8 HII ill-lillt' 
div:ital readom I hat I;: di rect re:ulilLg ill 
milli ."CConci,.. and 11m! caliiX' t"('fId to 0. 1 
milli .""'<'I·(md 011 nil illlcrpoltllinl!: M':d(' 
hH\'illl!; ma!"k" at O.2-milliS(..'('ond iull'!"· 
\":ll!'. Thi" ("\1Oi('(.' of :«':11(' m:1k~ lh(, 
n~."l)l ution ('ompaliblc wilh thc \lIWCI'
tllinl.\' in jlul>'C-,.;wrting lime dUI\ ari:-<t.'" 
froUl propagat ion anOIll(\Jies for timl' 
,.;ignal;: l'l'l'l'i\"t:d o\'er I'adio p:llh!-'. Thi" 
u!l('el·tainIY. whil"h Illn .... be l!>i littlc:l"" 2 
mi('r():'('('olld~ frH" ground-wtl. \'t:' r('Ccpl iou. 
i;s gCIJ(,I':dly :IbOUl 0. 1 rnilli:-;('t'ond for 
sky-"":\ \'C r{'('cpl iOIl .I~ 

" II F. 1I ..... lin~ •. 'I 'rf>cl ....... F ...... J!'~nei ('on'ro! • ...t 
;\1,m,... .. ,n,1 ''"In' ''''':' II~I "'" 0{ :-<111. '"''''"''"''' I' t~ 
A"~' t\,,~,. 

" 

" 

- , . , 
a.o .... "'" OI .... "' .......... IIIC_ 

Figur. U. Hidogram l ho w lnll Ih . rond om nolur. 
01 " o rlalion. In do. u r. 11m. 01 th . o: Onlodor In Ih . 
Typ. 11 0 3 · 8 Syncronom. ' . ,. Th . o v.,o ll. 01 .,,1 0 · 
lion II I ... 'han ,h. a ".r"u, un corl"ln'., in I k., . 

wove r • • • ptlon o f 'i ... . I luna'", 
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~ GENEAA l RA D I O EX PERI ME NTER 

The 1\ I'E IIo.'J-B Syncronomclcr. 
.mown in Figure la, is improw!d over its 
prooect""';f}r In I'Cvcml respects. From nil 
operating I"lflud l}l)int. howC\'cr, the mo"t, 
ulll)Qrt:Ull u.re, undoubtedly, the m(,'
ch:lIlicu i fNII Il rc~ discu.oosed above, which 
mnke pos."ibte mom C'o))vcnicnt. H!.'C lI' i1l1 
nn improvcl1lclll in !IccunH'y of 10: I. All 
iml>ortflllt ingredient. in the IIlC('il:lIlirlll 
Syl'tcm is the COIIHlCtor, which follow:i 
the gelll'mi design of :l cont:\ctor worked 
out by II. F. lI a:<tillgs of the ~(lnll Rc
Fe:ll'('h L.'loor.ltory. This conl :u'lor
mcchnni::;rn hns ft \'cry long !'('rvicc life 
hccllu.'I,C WCilr is distributed over a Inrge 
nr('n, :lII d (1Il :lccur;ley of closure of np
proxirnntcly ± 50 to ±80 ~scc, wi thout 
"bounce," Figu I'C l~ shows typical per
format.(,t.' for ::ignul display lwd FiJ.;llrc 1.5 
is n histogmm of do~illg tillle!'!." The 
ruggl'<incSli of H simple m('('hn ni.~m, n.'
fined by improvemellts b!l£<C(1 011 exp<·ri· 
enCI', provides a reliability of operation 
Md cn;;c of maint£'nan('c Ii('ldolll Il l). 
proochlod by more complex syi"t ems in
corpo rating combination:" of ek'ctril'ilJ, 
optil'[!.I, and medlanicnl tech nique ... , 
Proven operatiug fealure!) iTwludc til(' 
:lhility tn tnkl,;t tillle--of·arrimi rending 
without disturbance of the inditalcd 
lime 011 the dock, und provi",ion for 
stll rling t he l()()()...eyt'\c liynrhronoll 1<l 
motor fMm , h(, front panel , 

TYPE 11OS·B 
FREQUENCY -MEASURING EQUIPMENT 

l\ ieusurement s: of unknown frequen
eie!) in term!; of a locally gCIl('rn led 
standard frcquency fi re being mude more 
lind more with d igital coullti ng <'<l lIip. 
mell t, lInd the TYPE J 113·:\ Stllndard· 

'"Tloe ..... 1 ... 'iu>~ i. WO!d for rde ........ hN'a".., 01 il. III· 
b_lIlly g..,.,I ... h'iiJoh,tl .... For. d--.-lllliQu <>, II .. of 
Ib~ l-rn.....,"""'.I~r _: t . 1>. I ....... ;", ")11.",1 ... , Timt 
I'lltftIIl." G.~r",j N.J,,, Br"""; .. _w. \"01. 32, ;0.; ... 13. 
JUlie. 10:.11. 

" 
Frequency O.scil1:t tor :md the TYI>£ 
1130-.\ Oigitni T ime :lnd Frequency 
-' Icter h:we been dc~igllcd to combine 
the high McurnC'y and s1tlbility of :l 

(I'('qucm:y standard with the high reso
lution and cotl\'cnienoo of It COUllwr. 

'l'bCl'C nrc, howcvcr, limi tat ions to 
counters t lwl" nw.ke irn IJCruti"e the usc 
of ot hel' types of mC:l liUl'iug illstrument. 
In p:micular, !he counter i5 inherently 
II hroad·b:.lI1d devicc, wide 01)('11 to noi;:;c 
nnd unable to di"tinguish ix> t.WCCIl n 
willi ted lel'o-croRl>ing find [Ill UIlWllll tetJ 
!'pike. Whell measurements of frC<luCIlI')' 
muM be mflde in the pref;Cncc of noisu 
there is therefore It 1l('(X1 fOI' devices that. 
muke th is discrimination. T he humall 
eM is cxccllell1 ffll' r his purpose, and tho 
radio rooei \'or, with hum:lll opcnltor, hns 
found cOIl!!ider:lble usc over t.he years. 

The 1')' ,>),; I I05--B Frc<lueney· -' feus
ming F.<juipmcnL (.'Om pri~, hMic:llly, 
three Teb'l'nerativc m<lio re<'ci\'crs, or 
lUlled detcctors. covcrillg the fr«jllellcy 
l'l.lIlge from 100 I.e to 100 Me, combined 
\\'i lh three higlH'lubility heterodyne
fl-t:qllcm·y·met {'r oscillnl0r8 covering the 
fund.lmentn l frequency Tfltll!:CS 100--200 
kc, 1·2 -' Ie, lind 1()...2Qi\ fc, Thetunedde
le<'lors c:tn be opcml cd cit her oscillating, 
for ;1I;Iial piekuJl of the unknown 8igll:ll, 
or Ilon--oscillating fo r deh.'Ction of l he 
difference fnxllle lH:Y betw~n the UIl
known iSignnl :wd a ~l:ll1dnrd·frt!(wcncy 
sign:ll. This !'t:l lldnnl. freqllcncy ;.;ign:ll 
CfW be eilher :l hftl'mOllie of the belero
drn~frC{l\lcncy meter, lIscd to 1 00~Htc the 
{requelley \\'it hiu ± O. I%, or a IO--kc 
harmonic of t lie. 'I," '~: I I I<I-A 1"1'C{lucney 
Oi"id('r, used to mnke t be fi nnl precise 
measurement. The finnl me:lsmement 
c:m be mllde by oomp:uil<Oll of t he difTer
enee frequcncy with that of the TYI'E 
1107-A interpolation O~ilhtor . The 
resolution and stability of this iustru· 

-
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" 
mClliure ndcqwltc to provide a pl'cci.;;ioli 
of comparison of ±O.5 cps, alld atcu
racy corresponding CIlll be assured by 
comparison of t he ou tput of t he Inter
pohLtion Oscillator with the IOO-{'ps 
outPllt of the ' L""PE 1114-A F"CqUCllCY 
Divider to locnte high-:\ccUI'ncy pointi'l 
011 til(> eli/lI . lly ad justing the ZCI'O of the 
bc:lt-frcqllcllcy oscillator used in the 
IlItcrpolat ioll Oscillator, one caJ1 set the 
dial to read exactly at. such points, 
thereby mak ing the accuracy equal to 
the resolution. T he fmctionul accuracy 
t hen becomes ±5 parts in !()!I fo r a 
fre<llLcllCY of 100 kc, increasing lo ±5 
parLI:; in 10' fo r a f"C< lllcncy of 100 ;\10. 

The performance of tho TYI'B II05-B 
Frequenc·),-:'. r ca.<;uring Eq uipment great-
1y cx('ccds that of its prccicccs,.<;or at the 
high-frt:'Cjuency end of its mca.~uriHg 

r:ltIgc bceUliSC the IO-kc tind lOO-ke 
harmonics arc much st rongCl·. T he 
'l'YI'r.: I I I'I-A l~requellcy Divider docs 
not, in ittiClf, produce :\ wide range of 
hannonic f requcllC..' ics, AVllIHllchc-tl'iin
si,:tol' hu rmOllic genel·utor s ha vo t herefol'Q. 
heell inCOrpOfalcd in thc T YPE IIOS-B 
Coupling Panel to perform this special
i7.OO fUl1ction. This approach prod uces 
strong, solid harmonic "pi('ket fences" 
through nnd beyond the range of the 
Tnt; l105-B. 

The signal produced by thc diffcl"I':'Ilce 
frcrplclIcy betwccn onc of thes(> pickC'ts 
and the unknown frcqueuey i.~ cntirely 
udC<luute to dl'i\"o 11 countCl' if the un
known signnl is grenter t han about 
100;<\' and "Ollt. of the lloise." For 
mca~urement8 of this kind a counter 
can thcrefore be substituted fo r the 
TYPE llOi-A Interpolation Oscillator , 
For general 1<01T-th<.'-ni r" me:lS\l1'elllcnts, 
however, the discri mination t hat cnn 

,... be provided by the oscilloscope com
parison \\'ith t hc f ntcrpolation Oscillator 
is in many cases vital. 

APRIL . 1 9 61 

Figure 16. Panel view of ' he Type 1116 . A Em''' _ 
g _nc y Power Supply. 

TYPE 1116 ~A 

EMERGENCY POWER SUPPLY 

.\ 1\ em('rgcncy powcr suppl,v unit IS 

availablc to mnintaill t'outillllOllS open'
t ion of n. f['equcncy standard compri.~illg 
an os<'illaIOI', freqllcllcy-dividcl', and 
('lock unit. The THE 1116-A Emergency 
Power Supply fUl"lli,:hc.'l ac pOII'I'r from 
stomgc batlcl'ics, the switch-ov('f hcing 
u('complished uutOlllllt ic:llly upon failure 
of the main ac supply. Thc 1 r:l.lli'iiliOll 10 

buttery flll pply Of'curs without intel'l'up
lion of t he con tinuous operation of t hc 
o,:cillaIOI' and timillg ~)' stelll, so that 
calibrat ion procedure invol\'ing time 
intcgl'ntioll ('fill be fully relied upon. 

While thc dcsigu of the Tnt; 1113-,\ 
Stnndard- li'requcney Oscillator prevents 
thc pOHSibility of l)Cl'mallent danlll,gc in 
the event of power failurc, a p('J'iod of 
bours or cven days may be nCCCs.-;:lry for 
t he ~t:lndnl'd to recover Cfluilibrium after 
fl. temporary ua!;cttlcmellt cilllsed by 
pO\\"(' 1" fnilu l'c. 

The ClllcrgCllC), power stlpply i:.'1:, t hcre
fore, ~ recommended ilCCCSSOl".Y for the 
f l"C<}ucncy stnndn rd. 

- R. \y, FlUNK 

- F, D. L EWIS 

- H, r, Sl'HATE~n~"En 
Nole 

The design of l he various instruments" 
making lip the complete frCqUCHCY 
staodnrd lIud measuring txluipment has 
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GENERAL RADIO EXPERIMENTER .. 
called upon the talents of many General 
Ibdio l'ngil1l'l'r:-. The eMly concept lind 
cou .. truetion of the Tn't: 1113-,\ Stund
nrd-I' I"l'<IUCUCY Oscillator \\':\i5 worked 
Qut by C. A, Cndy; the fin{tl cllgillc<.'riug 
dc\'('loPIlI{,lIt WILS the l'espol1l<ibility of 
I I. p, SIt'nlemeyer, ,,'ho was tll~o COI11-

p!('Iely r(,~po"!,Iihl f' for the dcnwpmcnt 
and design of Ihe T YPF: 111 I-A Fre
quency Di\'ider. The de\'elopment of the 
TnE 1112 FrC<:tucllcy i\lultiplie~, whif'll 

\\,H" starled by J, TC Clapp, was COIll
pietl'<i by F. D. J.c\\'il<, who, with H .. \ . _ 
:\Iortenson, was 3150 rcspoll~iblc for the 
modifications to the Tntl 1103-B Syn
cronomctcr. The u,'alanche trfjnsi",tor 
harmonic gencmlol'l:! for thc TYPE: IIOS-B 
Cou pling Panel \\·crc dc.signcd by J . K. 
Skilling. Thc O\'cl'-:III program was 
under the su pervision of n. W, Frank, 

- EmTon 

SPECIFICATIONS 

TYPE 1120 f REQUENCY STANDARDS 

F.II ... h fn'qu('u"'Y 811l1Hlard tI~ml>ly ill IUI)
p1iI~! in It tlv'Jr-t>"lJe relliY flick. TIll' rllnd~ lind 
rday ruck IITt' Imishcd in Ucncrlll Bilelio gr(,y 
t'rttddc II,t'qllcr. ~P'wc is Iwailr,hle ill the r,lrk 
for lIt1dition of ~\lch IIlJ . ..-:ilillry ilcm9 WI !inC'
\,O]tliKI.' rt.·l!iulntol"il, cmcrJ;:en ... y jJower BU\I]lly 
units, rndio ~h'ing eqllipmcnt, lIud oud 
~1J('!Ikrra. 

The p<'rfornumn;! Jil>e<'ific:uiorl.!l of Ih('!l(' 
fl1'qul'JlI"}' 8tnn,brds lire listed undcr the 
de....'riIJliollll of Ihe I.'omponcnl unil3 de$·riIO('{\ 
II! lh~ fullo"'ing !,Bgl'!!!. Two mocll"l~ 1m' ~I,\'nil· 
Ahle, TVI'~ I I~.\ lind TTI'E II~..\II. 

TY PE 11 20·A FREQUENCY STANDARD 

Compo". ,,'-, 
'lYI'E 1113-A SInlldnrd-FTl'qucn('y (Xs('illllior 
Tn'.: 1114_,\ F)'i,<}uclw)' ])il'i!\"r 
Tyrt: Il03-11liynt'Tonomeler 
fo'I()(lr-tYIK' rch,), nick 
BlftIlk pIlIII'I" 10 fill rack 
l'onllt'('lioll cltbles 

OU'Pllt f.,,,u . ,,<I,.: 5 :\11.", I Mt", 100 kt", 10 kc, 
I kt, 100 ... 1 ..... Plug-in IIIIil8 for 400 q)S lind 
60 C]1tI Itft' III~ Ilvailltble, SI!e TTI'& 1114 •. \ 
Frequeury Divider, 
Pow •• t"p"': 130 wnttJJ, maximum, nt 105 to 
12:1 (o r 210 to 250) volts, 00 10 00 I"pI!. 
Dl m .... lo ... , II ti"ht 76~, \I'idth 2'2, d ... pth 
18 ' ~ ind.,,,,, (11100 hy 560 by 470 nUll), Ol·cr-"II. 
N., W.t.hl: 82 IKiunds (37.5 kg). 

TYPE 1120-A H 
1000_ MEGACYCLE FREOUENCY STANDARD 

Co",po", ,,U: 

Tl'1'li; 1113-.\ Sllllldnrd- Frt'<llLc"e~' (~iIIntot 
Tn'E II \4-.\ fo' fl"'{jlwnt'y Dhill .... r 
Tl'I'li; 1103-11 S~'ot'ronomeu'r 
1'YI'~ 1112-.\ fort'qurncy ~luiliplier 
TYI'': 1112-" FTf'(}u('n ... y ~lultiJllit"r 

Oulp .. ' F., ,, .. , ,,<ln: 1000 ~k, 100 ~I .... , 10 :\11", 
S :\k, 1 ~Ie. 100 ke, 10 ke, I kr, 100 ql!': 
oplioWllly 00 ... ps nnd 400 rps, 

, .. w .... Inpu': 330 "illt~. mliximllln /OllO.'i 10 125 
(or 210 10 250) volt~, 50 10 00 {'!l~. 
Dlm, n.;o,,", IIciltht 70 • "idlh 22, dt'plh 
lSI ~ int"bCl! ( 1950 by 5(;0 by 470 tlllU), Q\·cr-:llI. 
N. , w, rllhi: 112 pounds (lifi kK). 

TYPE 1116·A EMERGENCY PO WER SUPPLY 

l"p .. l: 115 or 230 1'01t~. 50 10 1;0 rp!! (rom power 
linc. 28-32 ,'olts, 7,5-6.5 lUlIl) rrom OO'tt .... ry 
(when olK:raling freqUt"lI"'Y III:lI1dnrJ), 
O .. lpul: 115 I'olu~, lJomin:ol , riO ,'J.'3. 180 Wilt I.!! 
CQlltinuou~. F~IUellcy etllntiurd requires 130 
waltH, m:I.X. 
A ..... orln R' q"i,.d: 28-. 3O-,or32·\,ult blttt ... ·l: 
bUllery clllIrging ll(luipmcnt. 
Ol ",.noto" .. Lenglh 10. height 10 1"1 in"',,'~ 
(485 by 270 mm). dCIJlh Ixohind ])uncI13in .... ht. ... 
(330 mm). 
N. t W.lghl: 5S1~ rIOltnd.~ (20.11 kg). 

TYPE 111 3, A 
STA NDARD _FREOUENCY 05CtUATOR 

' " " ... n<., Sh.bi1i t, : 
Aging: 1..c8!! 1101101 5 ~ 10 -I' prr lillY, 11\·l'r:I~I, 1 

0"1'1' 10 dJlys. IIflcr 00 d8y~ o( ollCrntinll. Af"'r 
I yl':llr of olll!nltion Iypirnl drift i~ I('AA IhfW 
2 X 10-1' per dill'. 

Short-Term: -lx'lIcr thnn I J( 10 -" pCI' 
mimllc, 118 mt'llllUrt'<l wilh 1 .... l'<:Ond sltmplt .... 

Oven ('yeli"g: l .e&o th:ln I x 10 ~" I}(,flk to 
JlC"k. 

Amhien t : Lcs8 thl\n ! x 10 - 10 ~C (ri x 10 t 

for 0 c.(I°C). 
I.ilw: 1..(.'86 tlmn I x 10 - 11 for 105 to 130 ,'vII"" 
Loading: l.l'llfl than ±2 x 10-11 for 50 obllls 

±20'" 
F"" .. , ,,<, Ad jw.lm ... tI : 

('Olm;e: ,\Jlllro\;iml1 tc.l ~' 500 \; 10 -'. 
Fine: ±5 \; lO - t in dh·i.!!iolUl of 5 x \{I -I', 

Seu:lhility: To I x IO -It, 
O"'p .. l: I >,ult rm~ inlu 50 ohm" lit ii ~I .... A loll '" 
TIll!! for C'·n .... r/l.l Hlldio T" "t: 1112-.\ Fn."(lu",nc) 
:'IllIhiplier. 

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



-
" 
Pow • • lnp,," L05 to 12!i (v r 2 10 to 250) volls, 
!iO 10 flO ('1)10, 100 WlIlIl!. 

htb. Comple ... e "l: OTlj' ,·:<('h o.\~'\SJ 5A \'5(;A, 
5'Jf..'i, fin7, 5(051, t}92'! 1::88('('; ,hrt..-' 
GG.-;S El80F. 
l''''' f l"o. C .. ... pl.ment: OrlO' each 2 ;0.; l iaS, 
2X 1372, two 2:\'413.\, 

Di ... e .III"" .. j',mel, I!) by 5r~ ineh ..... (4% loy 
13.;. mUl); tlt'plh hcllind II:ln<'l, 16 inchetl 
( 410 mm), 

N. , Welghl , 30 pounds (13./; kg), 

TYPE I1l<1 •• fREQUENCY DIVIDER 

1 . .. ".1"0. Compl .. u"t: Oue t'8<,h 2XU~5 flnll 
2:\ 1218, t"O 2;\ 13!)11, Ilm..-' 'lX IJiZ, four 
2X r,20, ~l'n'll (,;\('h 2;>" Hin,\ (IUd 2X 582. fifteen 
2N-IOI. lind ~ i .~lr1·n 2:\ 137 1. 

l"pII': 5 \Ie, I .'l Ie, 100 kr, 50 ohm.~. I volt 
:t:i.o c~ . 

Olllp"" (wilh ';";\ Ic i"II1I I): 5.\Ie 
,<;;ine Wu\'eo!: 

l~ ~!c} v { ~~~;~ } into 50 ohm;! 

10 k" l 1 I.e v { ::!:"~;~ I into tiOll ()hm~ 
100 " 

: I~ ~ } II {::!:" .~~~ } in to GOO olun~ 
r ... lJlt"' ..... ...-. .... 

Sqlltl~ "'al'e!!: 100 k<') . \pll ro"inIllH~l.1' 7 
10 lie 1'0lt8 pp IIIK'1I ci rruh 

Spll,h .. " $lgn"lo: 11(o11" r 'hnn 3 1 rll, do\\ II. 

Jilt .. : I ... """ IhM) ,5 Ui!I'!" for 100 C ouq)1lt wi.h 
n"'IX .... ·t to .j :\Ie input. 

Pow. ,lnp"l: 10.:; to 130 for 210 10 200 1 vul""', 
60 to 100 ''II'', 1'llpro.~ im"I .. 1.\' 7 WllU!!. 

TYPE 11OJ,B 5YNCRONOMETU 

Inp .. l: lOOO"' ·l'.·I I· ~illt· "·lIn', one \'uh into 
00,000 olml~. 
Mlcrodlol : 

C(lnl"rtor HI"I,ili • .I': ,\Ia\imum ,'0111'<1"1 du"ii,,, lifne d('\"i:lliml at IIny mi,'rQr lilll ~'-'lting i~ 
±O. I m~'!". 

Co lib,,,lion [ .. oro: T h,' tnnximurn ,1('l' iul;UII 11<.'
I''' ... ·n the iurlil':'IIt'd mi('ro<ti.~1 ~e t lillJo[ IIIHI Ihr' 
lIe'lI,11 ('on'M'tor rl()~illli: lilllt' vnr;e~ sin".ooid'll1y 
from 0 10 ±I 1I1i<t"!t' over Ille 10(M).10II<"l' ra"iW, 

Au .. , ocy of 11 ... . I" ... ", . "h, Tile tna,,;m lllli cr· 
rur 01'1" Il t;mt' inten'al of 25 msc.: is ±2«
± O. I Ill*" 
Pow • • lnp,,' : 10510 12[. (or 210 10 250) vOlt8, 
,;0 to 00 qJlj ; 'l'l W!ll1a.I'Hnlililloll~; 10 ""lls for 
~tnrti,,1t mnto •. 

Di .... nslo .. s: I'llIlI'l I!) by 8', ineh"" 118.'1 ".1' :n.) 
!"'" min ', ; d('pl to 1 .... I.ind Illmel, I I int· he~ (280 111111). 

Nel Welghl: 3.'1 l)(}lInd~ IH.O(kg). 

APRIL, 1961 

TYPE I1I1· A 
STANDARD . fREQUENCY MULTIPLIER 

$p ... lo .. . $Ie"olo: l'nw3nt ..... \ IUlrllloniCl!. of the 
1II1'1l1 frt'(III('III'\ 01'<.' al I~l.!t ]00 db lK'h,,, tile 
I\e-irN.l OUIJIUI '[ I\.'(llIell.·Y. 

F, . q .. ency.Mod .. lol ;o .. Noise: 1..e!i6 Ullin ±l x 
10 · re;idu:\L nOliit', 

lockln.e R"nee: 1'11,' ill\>111 .• iglllli tIm drift ±- 15 
p'lrt~ III 10' 1)I'fort' L h ... ()('kl",1 O:'I·ill8,to. It~~ (,UI 
of l'On. rol. 

Bond width: (Eslln.""",d 3;'; "lIuwabll' [reqU\'IW\" 
dUl'iHtioIJ flIte ) . 

Inp".: I "oil, l00..lic ;';;IlI' WO\"(' from I.<ttllldilril· 
f~IU"IIt'.I' Ot'cillnlor. ell" 111.,;0 be drht'u III 
;1I1)UI frl'( ' u('lwi, .... "f I, 2.5, IInti 5 :\ I c; r<~l\lir"d 
;IIJlIII i~ "lJl' rtl.\IIUHtl·ly 5 '·(.Jhl<. 

Will rUIi ' rtoe whh no input 1';11:11111, bllt :11 ........ 
hue fl"l..'<III'-"1('Y may I~ in "rror by severlll 1" .. t8 
per million. 

O .. lp .. l: Fllur rillumels; Oil" ,·,,..h of I .\l r nnd 10 
,, !<-. lind 1,,"0 of 100 \ 11:; fIll ~ine Iml'l'; 811 .)(l 
ohm~; 20 mil1iw'llti>, mus., jllto 00 ohm~. 

Op." . Cl .... 1I 0"'1',,1 ",ohog. , ,\pprox;m."ll r ]y 2 
yoll8. 

Te,,,,lnol., '1'\" ('1; 874 ('otl,,;111 (ollm'('tOI"!l; 
utllllJIOI';;! :Hl' nVlliltllll(' 10 lillIll Mrnmo"h u ...... \ 
l'QlUl('("tor tyP("'. 

T"b. Co ... pl. ",e .. ' : Til') ",lel,l; \\'fl , 6V!. li IK ',,,>, 
ij('\".\ "XS; Ihl"('(! 6AX8; 0111' cn" h t;o&), 
12. \X7, 5651 . 

'ow. , s..pp'Y' 10iI ttl 12z, (or 210 10 250) \"(.h~, 
50 10 f ,() 1')"")("", 110 \lallll. 

Ace ... o,i .. S"pplled: T n"; ('. \ 1'·2'1 PO\\"r t 'ord, 
T nE 8H·n:n Pntr h Coni, tW"O TYI'E fl;71.(',o,s 
Callie ('onnt><:toN'. ~ JI!lre fu-t"'. 

DI .... n.loftS: !t. ·IJlY·l'lll·k p:m<'l , I!! Ity 121 ~ IIIdll'l!
(48ft Ill' 330 nun ); dppL h, III ~ iudll'll (311l mm). 

N. , W. lght , 26 I)()lll,d~ (I L.,i kg). 

n"E 111'1 · 8 
S1ANDARD . FREOUENCY MUl1."UER 

Input: 20 miJli,,"i1L1~ , 100 ,\ I f', sirw WIl.l'(' fl"l..lm 
Tn'~: 111 2-.\ Slulld'Lrd-Frellll~n"y ;\ lul1ipher; 
.iO-ohm inpul im])('(\,u\('('. 

O .. lplll: 1000-\1" sin.' ,,"11\1('; 50 mw illt ... 
,;().ohmlO.'ld: &()..{Jlull oUlput impO<.lilu.'c. 

locki ng Rang. , :I: Iflll kr " I thl' input f'U'IIiL·nry. 

Bo .. dwldlh: \\lOllll i>ll' fn'(lu('lIry d{'vill.lion rale 
i~ 100.000 Q"'I!'"' ftt th(' inJlll' fn."lot'III:Y . 

lube Co ... pl ..... nl: Thn. ... ·l·/.d. 0,\.(;5, G,\l ',',(;l', 
12.\Xi, 5651; ,\\'o 6AKS;one f"~ I'h 6UG, GAl'G, 
611:\I6,5S7G. 

Po w .. Inp"" lZ,', watls. 

Au ... o,;.d 5,,1'1'" • ., Tn''': (' \ 1"·22 I'o,",er ( 'or(I, 
TY!'E 874·(;.')8 ('Ilbl ... {'omlt"' lo" two TYI' ~: 
871.1122 P:lIrh ('ortl~, spll re (u;;, .... 

Nel Welehi: 35 Jl()lm"~ ( li ;,O kg). 
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~ GENERAL l,., D IO EX P E RI ME N TER 

Olher S]lecificalion~ art' identical wilh thOlMl 
for T YI'.: 11 12-.\ , IIbovf', 

For a ('OIII\JII'II' 11('tIniplion of th('!!(' in~lru
ments, !ICC tIe GtMTal Rwlio t:.rperi~"ltr, 
32, La, July, 1958. 

F •• q"."~y SICI .. dord 

TYPE 1105· 8 
fREQUENCY_MEASURING EQUIPMENT 

.. 
DI ....... lo .. " Height iG.!1, width 22, dcpth 2()1l: """"" 
iu('hes (1950 by 550 by 500 mm), over-1\II. 
N., Weight: 370 l)Gunds (168 kg), 

Cod~ 1I'0ril I'fret 

.;"001'0' $3640.00 

1'ype 

1120·'" 
II'lO· AH 
1116_1. 
1113_1. 
1114_. 
1114.1'6 
1114 _'7 
110l_8 
1112_1. 
1112 _8 
1105 · 8 

l000. M'II .. ~yd. F.eque ""y StClndord 
Em • • I1 . ... y Power Supply . . 
Standard_Fr.", ...... "!, 01<;11010. 
F. eq"e"cy Divider 

';SJOY 
lU' :\!}IY 

AunT 
AOOWN 

6450.00 
540.00 

1550.00 
950.00 

400_<:y<1. PIUII · I" Unll 
60_cycle 1'1"11 ' ;" Unit 
Sync,onome ' e r 
F. e quency M"ltipli • • 
F, eq" , ncy Mull1pll •• 
F •• q ... "cy_M. o .... 1nll Equip .... " ' 

l ' .S. l'attn, :,\". :!J"S.~~7 
I'al~n~ l'endinll 

C AMI>I, 15.00 
CA I.U· 115.00 
Al' I)IT 900.00 
1>1'()('1l 1450.00 
t;I"OI)I> 1360.00 
lU1't;1I 5900.00 

PRECISION CONDUCTANCE BRIDGE 
A precision l'ondu('t:uwc bridge cm

ploying a (:ellerai nadio T \'l'E HiO.:;".\ 
Impoo:U1cc COmpar!llOI' is dcs('riix'{l in 
the :'o.larch is..'mc of Jourllal of Ihe ":/edro
chi mical SOCiJ.'ly.l Dcsigllcd for usc in 1 he 
ci<..'('lrocilemica\ labor:ltory, the bridge 
has i)('(!11 UM!(I for >iwdi tm of the eleel ricIl! 

eondul'tanccs of high-tcmpcr:lturc mat..
ter. inorganic fl:llt systems (Z,IO- I()(X)°C) 
and solutions of eleetrol."tcs in nquCUtl>! 
auel organ ic solvents at temperaturcs 
ofO- 15°C. 

REPRESENTATIVE APPOINTED FOR NEW ZEALAND 

T he firm of \\' . and 1\ . \\1 cLean, 
Limited has been appointed Gener:ll 
Ibdio 8,.'l1es representative fo r XCII' 
Zealand. All technical (lnd cornrnerdal 

inquiries regarding Celleral Ibdio prod
ucts should noll' be directed to that firm, 
P. O. Box 3097, Auckland. 

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
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