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A New Frequency Standard 
By JAMf:S K. CLAN ' 

F llEllUENCY, like other physical quantities, is 
-1 measured by compari ng the unknown with It stand­

ard whose value has been established either abso­
luldy or arbitrarily by general agrC<!mc nl. \Vc measure 
length II ilh a yardstick, which has been compared by 
mCltns of mUll)' intermed iate "measurements" with the 
length of a certain bar recognized as the international 
:.ltlndard , Similarly, we may measure frequency by com­
paring the unknown signal with one hom a piezo-eleclric 
oscillntor, let us say, which is our staLlclarcl, If we were 
to inquire hO\l' the frequeucy ot the standard was deter­
mined, we should probably find that it was purchased {rOIll 
a manufaclnrer who compa red it with a more aCCUrtlte 
standard which he, in turn, had compared with another, 
st ill llIore accurate. 

It is unnecessary to trace further t he frequency sta nd­
ardizing sequence in o l'der to understand why the Gen­
eral Had io Company is interested in the problem of staJld­
ardization and the precise determination of frequency. ,\ s 
a manufacturer of piezo-electric and magnetostriction os­
cillators and tuned-circuit frequency meters, it is called 
upon to supply these inslt'umenls calibrated with an in­
creasing degree of precisio n, lnrgcJy because of the pres­
su re being exerted upon all radio services to stay within 
their assigned channels. Although the laborntory stnnd­
al'd used by General Radio is sufficiently accurate {or all 
present nectls, the possibility that even greater prL"Ci'Sion 
of calibra tion might be required made desirable Ii search 
fot, something better. 

'] he rCt}uircments for General U udio's own fn'qlleney 
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stLmdllrd nrc css~lllilllly the same ItS tho~c for lilly lab­
omtol"Y lhllt inte rests itself in the precise mca!>uremcnl 
of all frequencies. A few of the most important considera­
lions nrc: 

(1) It Blust he compllcl. Space i~ lIsuully III R pre­
mium. 

(2) Jt ... hould be possible to ciu:ck regularly the fl"e­
{IUCllcy of the standard without transporting it. Lo some 
other laboralol'Y for comparison. 

(3) Means should be pro\,jdcd for obtai ning from the 
stundllrd R large number of frequencies ill all pnrts of the 
communication fl-equency spectrulll. F or installce, the 
Genernl Hnd io calibralion lab-
oratory is 0(t(,1l ca\loo upon to 
Uleusure in succession a wide va­
riety of frC<luencies: a frequen­
cy meter fOl' short waves, a 
piezo"c1ectrie cr)'stal for a 
ol'oadcasting stlltion monitor, 
nnd the reoo of Iln Ilirplane bea­
con indicator (60 or 70 cycles), 
for example. 

8@ CONSTANT 
~ FllEQUENCY 

u.s. =- CRYSTAL 
AllY ~G !lr_oAA' 

I IOK.C. -5TANDAk'D IMI NG ANO CONVERSION 
TIME EQUIPMENT 

10 )00, USEFUL 

INJ:[A~.~ ~lA..l1VteRATOR, 5VNC~::r IKe. OUTPUT 
t'lOTOR,AIfO CUlGI( TRAIN 

:~ 

flt,URI!: 4. AN Ot.n1.I NI!: CHART fOR TIll! Gt:NHltAL RADIO 
COMPAN\'"S PR[QUI::NC\'_ DI::TERMINATION S\'S"rnM 

of II hich the Ill'('ond is Il ] 86,400th purl. I n nlly d is­
cussion of fr('(lu('ncy l!I~a~ur~l!Iclits. this cOllcept cllnnot 
be o\'ucmphusized, for if, hy 80llle mellns, the number 
of ()~cill"tioll~ of a con~lllnl-rrl'q\lcllcy g(,lIcratuL' in II 

given time be COIIILlI:.'(I, lh!'11 the frequenc." 01' lIumber of 
o .. eillulion~ pCI' .~('c(llll i Clln he dcterlllim"'(l, 

II 

In the present sJstem Il piezo-clcctric crystal-controlled 
oscillntor with a fundamentnl frcqu(,lIc_" of 'cry nearly 
50 kilocJdcs is emploYl'Il as the working ... Lllndal·d. Thi ... 

',. 

obcillntor drives n step-down 
(I'cquellc)" converter of the mul­
tivibnlLor t)PC, so that II 

voltage luning a fr('(luenc.v onL'­
fiftictll thut of the working 
standard is a"lIilable for run­
ning Il s .... nchronous-motor-driv­
en clock. Cl'ptal osci lla tor, 
frequency di" jder, and clock 
operate continuously, and, hy 
the use of an attachment for (oj.) 1t should be rugged, re­

liable, and inexpensive, and be 
cllpable of a precision of at least 
one part in a million. 

FIGURE 5. SCHEMATIC C IKCU ITOFTIIE M L'L TIVI BRATOR ('ompflr ing the clock time with 
rlldio lillie signals, the average 
fre<IUt!llc." of tiLC stllndllrd CUll 

AND ITS AMPUl'lER 

Before d es('ribi ng the ncw frequency detenninnlion 
equipment. id us refer to the writ('r's d iscussion of n 
g(, lleralizoo frequency dctl'rmination system which np­
pearoo in the EX1'£RIME:.'n:a for ::\l a rch. T here it wa s 
pointed out that allY such syslcm must co nsist of three 
basic elements. The principal metbods avui lable for usc 
ill each of these were li5t('(1 and nn outli ne chart of a 
g<'lI('rui system was dl'uwn up. 

T his ib here r('produced as F igure 3. U shows a wo rk­
ing standt\rd or sou rce of COllstaut frequcllcy. a method 
of coullting the IlUmhel' of oscillations ('xecutoo by tiJ(' 
stn ndurd over a long time inten'ul, and a method of de­
riving from the working sllUld ard, directl)' or by means of 
a simple Iluxiliary, u suffi cicnl number of useful frequen­
cies. 

T he article also poinloo out thllt the fr cqu('llcy l11('as­
urernent problem is essentially one of measuring a time 
intervlli and that the standard time interval (and, there­
forI", the sliUldli rd of frC<]u('ncy) is the -;\l cU Il Solar D lly 

be determined with a high degree of precision. 
Besides driving the clock, the frequeucy divitil'r furn­

ishes continuously a 10 kilocycl(' fundtllLlcntnl with IHlI'­
monics up to the 300th as well as 1\ one l-ilocrcle funda­
mental which also has a lurgc nUlllber of -Im,'moni('s. 
T he 1000-cycle siglllli is avuilnble through u,.lille amplifier 
at nil)' point in the luborato ry, T he <.'<luip'llclJIt, there­
fOI'e delivers a large lLumber of frequ('nci ('s from 0111.' 
to 3,000 kilocycles, but, what iij 1lI0st illLportunt, each 
frequency is J..no\\n Ilith the SIUlIe precision thal th\~ (!,('­

quenc)' of the working stnnda rd is 1..1\0'01'11, 
T o sho\\' how this S)'btelll fits into the "'ell('ml snt('11I . . 

outiin('(1 in the EXI'£HL\IExn:R for :'I l lIl"ch, the chul,t of 
F igu re 4 hilS heen drawn up. It will he noticed thllt Lolh 
the timing und the conversion or the workill~- ... ta)l(bl rd 
frequcncy nrc })rovid .. -d for hy the "a me multi, ihmtors. 

F igure 4 also calls attention to till' Ead thnt the rad io 
time bignals lhl'ti for timing th(' working sllllldurd nl'(' 

(COl/eluded Oft l)(1ge 4) 
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An Alternating-Current- Operated 
Radio-Frequency Oscillator 

E"Elty laLoralory hils Hl .... -d, lit 1('Il~t ocrnsiollnll.". 
for a radio-frlXlUtncy oscillator. Some lillie ago 
the Genel'lll R adio Company designcU ami buill 

its '1'Y1'E 384 O~cjll,dOl' which when <'quiJ)poo with plug-in 
coils lI'ould cover II wide range of rAdio frNj,ucllcics. Tili, 
instrullwnl is bnll('ry-opl'fltt('(J and 11~CS a tube of the lHH­
lype. Anothel' oscillator of ('I"ell greater utility is now 
nilnolillcoo. It is similar in many ways to the older anI', 
hUl it has a con~idcrably grca te .. power output he.sidcs 
operating frolll the llO~volt alternating-current supply. 

The new equipment is clltirel~' selr-containro ('XCl'pt for 
the phlg-in coils. It makes usc of a 227-tyrc lube as nn 
o~cilll\lol' ami n 201-A type tuiJc jI~ a reclifier in the plate­
\'oltage supply. A trans-
former and a smoothing 
filter for supplying the fil ­
ltll1cnb of the two tubes 
and fo,· the plate volt­
IlgC liupply of the oscillu­
lor lube arc included. 

The 'l'n·t: 584 Oscillator IlIu, tl provision for injN'liuJ.{ 
into its plnte circuit a modultlling vollnge from uny de­
s;rcd lIudio-fr('(luelw",' oscillator, A benl-frequency oscil­
IntoI' is sllittlble for this use. 

.\ millilunilider is pro\idL'£! fo,· indicating the avernge 
plllte eUl'Tent of the oscillntOI· tuhe. It is useful for show­
ing when the tube is oscillating, and, in nddilioll, il 1Il1l)' 

be usoo as a renction indicato.' in adjusting for reso· 
nallce. 'l'erlllinllls for connecting a telephone head set 
into the circuit. at u poinl of low rndio-rrequ('llcy potenti/ll 
Itlwe heen provided. 

Th(' whole nssemhl ... mell"m·es 18 inch('s X 9-1 / 1. inches 
X 9-1 ;' ~ inchcs nnd "'eighs 22-Ih pounds withoul lubes 

or coils. Heilig light ill 
weight and rdati\'el)' in­
expensi\'e, it is a handy 
udditioll to the equipment 
of any laboratory. It can 
be stored on a shdf whell 
1i0t in usc and put inlo 
opcrntion in only /I mo­
menl whell lIeeded. It. j" 

the idcal laboraLory heler-
00)'11(' and geneTllI-pUl·pose 
rndio-frL'<)uenc)' oscillator. 

The frrquency range, 
using the :>tllndard 'l'Yl't; 
384 plug-in coils is from 
10 ki locycles to 20,000 kil­
ocycles. Tuning is done 
with n straight-line wa\'C­
I('ngth varinble co ndenser 
having a maximum capaci­
tance of 500 micromicro-

FIr.URF 6. THE TYPE SIl-4 A.C.I'OKTAllLE R. F, OSClUATOR. COltS 
A!l.E PLt.;GG£O INTO THE FOUR JACKS AT Till! RIGIIT 

Price .,', .. $140.00 
('ode Word .. OZONE 

faraus. together with /llllluxiliarJ 50 llIicromicrofarud con­
denser for fine ndjustment. Knowing the t .... pe of COII­
dClllicrs used and the fr('(lucncy bund co\'eroo by ('Itch coil, 
sOllie idea about the cl'itiClllllC.S:i 01 luning-Jar cach coil 
CRn be estimated. 

The following table listing the coi l runges is taken hom 
Catalog E with the wl\\'('lellgth ranges there li sh'(l con 
nrted into frequency: 

Coil Hange Prkt' 
T~'pe 38 ~-.\ 20.000 10.000 h, $3.00 
Type 38~- H 10.000 :17;,0 ke. :I.O() 
Type 3S!-C ~.290 1500 h. .1.00 
Type 3S~-D 1,.579 -522 "- :1.00 
Typc 3S~-E 5:11 176 k '.00 
Type :lIH- F 176 . , ke . ,~.OO 

Type 38~-G OS- :!!i k,. a.OO 
']'~'P(' 38 ~-I-I Z!i 10 h. S.50 
Typr 3B~ D8 1,!j00 .iOO k,. 4 . .50 

The 'l'Y1W 38+ U8 l'oil j~ 1\ fi,:rllre-fl coil dcsi~lI('tI to hll\,c II 
minimum ('xtrrl1lll field. 

A -"trip mOllnte<1 011 the cabinet tup I~ prm'id{'(1 for stor­
ing ('oil .. thnl are 1I0t being us('(1. 

A Speaker Filter for the 
245- Type Tube 

T il E hell\Y plute currenl required by t.he tubes COIll­

monly employed in power amplifiers Clln seriousl." 
damage the winding of u speuker t.hrough which it. flows. 
Some device is, therefore, necessary for isolating the 
speake r from the plate circuit. of the output tube. Either 
a transformer or !l so-called sp(,ake r filler can be lI~ed 

for this purpose, 
When the reproducer has 11 high impcdullce the filt~r 

makes the most ecollomical ullit. In general it consists of 
n choke coil and cond('nsel· comhinlltion connected as 

shown in Figure 8 reproduced 011 page 4, For best op~ 
erution the choke coil should ha\"(~ a high impooullce and 
the blocking condensel' a low imptc'dl.lll('e at all voice fre­
fJuencies. The lower the fl'equellcy, the farther both of 
thes(' \'Itlues depurt from the ideal, so tlmt. fOI' goot! 10"" 
freqll('ncy response u large choke <,oil lllld a I'lrge COI1-

denser lire required, 
Sometimes II section of the blocking condenser is plac('(1 
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~" ., "" .".,,, "",~H,: . ~,::~: ,: ... : :~·:::::Cy Standa,d 
high \'oltage piaLe suppl~' out of the speaker, but. it also 
r<'t\uccs the lolal cO IKlenser capacitance. If a cond enser (COIJcilldccl from page f) 

wcre to be placro ill either spctlker lead in the example 
!;1I01l11 in the diagrtllll each sec tion would Ilro:l to be of 

4~~ '~ ;: 
~ ~ INPUT SPE:A KER 

= ~ 
'\ 

H GURE 8. WIRING DIAGRAM FOR Tin: TY!'E S87.c SPEAKER FILTER 

eight microfarads in order to have the same total capaci­
tance that the four-microfarad unit now gil'es. T he 
si ngle condenser section is, therefore, much more econom­
iezl!. The choke-coil illductllnce is 40 henrys with rated 
current flowing. 

The THE 587-C Speaker Filter has beeu designed for 
usc with rcproducers luwing an impedance averaging about 
3000 or WOO ohms. A class which includl's tllmost all of 

---~,., 7l1pcllJ..ers that nrc not of the so-called dynamic type. 
t was built primarily for use with a tube o( the 21-5-type) 

ami it will withstand without dllmage the maximulll ratl'(\ 
plate current of one of these tubes. 

Conllcclions can be made as shown in the dillgnun or 
the low potential tel'lllinal of the speaker may he con­
nected to tlle nl'gntive side of the plnte \oltnge supply. 
Sometimes regeneration occurs in an amplifier d ue to 
coupling in tlle common plnte supply. but it can usually 
be minimized hy till' liM! of the /llternative connectio n in 
which nudio-CrN.JuencJ output curtenls are kept out of 
HIe 13-supply. 

SPECU '] CATIO N'S 
\Iwtimurn cunflll 
('hokr {'oil imllictlOflrt: ,..ilh ml!.",imulll ('urr("ul 
llir~t-cur r(,lIt rl"sis tau{'t' 
Hlocking condellser 
1"'11.,,.,,,,(:(" of chokl' ml lOt 2.'1 ('yclcs 
Imp ... lnnf'l' of hlocklng condrMt'r ~.t 2:; eyelf'S 

(,,,tit' W,m:l: I"A "on 

86 ml11iamperc~ 
<&Q tif'llrys 
700 ohlll~ 
~ mictofnt,u', 
6000 ohms 
1600 olnl1~ 

Prier, $8.00 

dependent upon astronomical observations made aL the 
U. S. Na\'al Obsen·alory. T he obse n 'alory checks the 
t ime signal transmissions from NAA (or thei l' accuracy. 
and compares them with those from ann at HugbJ, 
E ngland , and from F YL at Uordcllux, Frnlll~c. Each 
1I10nth a repo r t is issued in which the da ily error in 
transmission is ,'ccord(.xl 115 well as the results of COI1l­

pa riso ns with the two nbon~-mcnliollcd foreign stations. 
Although the time signal as lrllllsmittcd from NAA (011 
its 11 3-kilocycJc cllUund) hilS un average Ing from true 
lime of about 0.05 second, the intenal betwCi!n two suc­
cess il'c 1I001l-to-noon transmissions is co r r('ct to about 
0.005 sccond. That is to say that, on thc averagc, the 
24-hour illtenoal defined by the time signals is accurate 
to within one part in 13 million. 

T he clock used in the counting mechanism of the tim­
ing equipment consists of a T )' pe 41 1 Synchronous Motor 
modifi etl by the addition of a shaft carrying a. shutle r 
which makes one revolution per second. A neon lamp op­
erated by a time-signal receiver is mounted behind the 
shutter, and with el'erY'recein'(:] time dot the lamp flashes. 
By means of a suitable eye-piece, it is possible to COIll­

pa re the clock with the timc siglllli to within 0.005 scc­
ond. T his precision is a close approach to the accuracy 
of time signal transmission, so that but little furtlle r 
refinement in the comparing del'ice is ne«:led at present. 
It necessary, howel'er, other compari.'>on methods ulrcady 
tried in our laborato ry may be applied to increase the 
precision of comparison by at least fil'e times. 

Frequency division is accomplished by meallS of multi­
l' ibrnlors, a circuit (or which is shown in l~igure 5. The 
nmlti l'ibralor is a relaxation oscillator whose frcquency 
is determined by the value of the condensers. C, and the 
resistallc('s, B p • The application of a voltage to the grid 
of the let rode isolation amplifier results in an injection 
of a "ollage of the same (I'equency into the lIlultivibratOI' 
c ircuit, and , for a rnnge of values of C, the (undnmental 
fr(!(IUency o( the mutil'ibraLor IlSsumes ditic reet value!; 
that are subnlllitiples of the conlt'ol frequency and inde­
pendent o\'er that range of C. I n this condition. the 
frequenl·." of the 1l1l1ltivibrator is delermillM h." the fre­
quenc." of the control volt/lgc. 

I n the General n adia equipment, the 50-kilocycle work­
ing standard controls a Illultivibrator 11111 ing n fundn­
me ntnl frl'quency of 10 kilocycles, and this lllultivibrutor 
controls anotlll"r with 1\ fundzllllentni of one kilocycle. 
Each muitivilll'nlor is also n source of IUlr!llollics or. its 
fundamental frequency, \\hieh explnins how this system 
can furnish so many useful, accurately determin(!(l fre­
quencies (or calibration and other comparison wo rk. 

A lack of space precludes a more dctnih·d description 
of the lIe\\' frC(luency-dctermiuation l'(luipmellt, but t he 
inte rested reader is referred for mote detail" to fl pup(' r 
by L . M. H ull and the /luthor n.ppearing in the F ebruzll'y 
issue of the P roceedillfJI of tile I . fl . E. 
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