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A New Frequency Standard 
By JAME 

� H.ECi E TCY, like other phy ·ical quantities, is 
1 mea ured by comparing the unknown with a stand-

ard whose value has been e tablishcd either ab o­
lutcly or a rbitrarily by general agreement. \Ve mea ure 
length with a yard tick, which has been compared by 
mean of many interm diat "measur ments" with the 
length of a certain bar recognized as the international 
standard. imilarly, we m y measure frequ ncy by com­
paring the unknown ignal with one from a piezo-el ctric 
o cillator, let u ay, which is our standard. If we were 
to inquire how the frequency of the standard was deter­
min d, we should probably find that it was purchased from 
a manufacturer who compared it with a more accurate 
standa1·d which he, in turn, had compared with another, 
still more accurate. 

f4:. CLAPP 

It is unnecessary to trace further the frequency stand­
ardizing equence in order to understand. why the Gen­
eral Radio Company i' interc tcd in th problem of 'tand­
ardization and the preci ·e d termination of frequency. A 
a manufacturer of piezo-electric and magneto triction os­
cillators and tuned-circuit frequency met rs, it is called 
upon to supply thes in trumcnts calibrated with an in­
crea ing degre of precision, larg ly because of the pres­
sure being exerted upon all radio services to stay within 
their a s ign d channel . Although the labo ratory tand­
ard u ed by General Radio i uffi iently accurate for all 
pre ent need'• the po ibility that even greater precision 
of calib ration might b r quired made d sirable a search 
for omething better. 

'I he r quirernent for General Radio's own frequency 
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tandard arc c ·sentially the same a tho for any la.b­
orator that intere t it. elf in the preci e mea ur ment 
of all frcqucncie . A few of the mo t impor ant con id ra­
tions are: 

( 1) It mu ·t be ompact. pac · i;; u. n lly at a prc-
rnmm. 

the I r·e-(2) It hould be po ·ibl to ch ·ck regularly 
quency of the standard without trnn porting it to ome 
other laboratory for compari on. 

(3) leans should be provid d for 
tandard a large number of frequcncic 

communi ation frequency pectrum . 
General Radio calibration lab­
oratory i often called upon to 
111 asure in ucces ion a wide va­
ri ty of fr quenci ·: a fr qu n­
cy meter for hort waves, a 
pi zo-electric crystal for a 
broadcasting tation monitor, 
and the reed of an airplane bea­

btaininO' from the 
in all part of th 
For in-tauce, the 

con indicator (60 or 70 cycle ) , COH1'R.QJ.,. 

for example. 
( 4') It hould be ru gcd, re­

liable, and inexpensive, and be 
capable of a pr ci ion of at least 
one pa1't in a million. 

VOt.TAGlr 

Fl 

Before de cribing the new frequen · d t nmna 1011 

quipment let u r f r to the writer di cu ion of a 

g 'neralized fr qu ncy determination y tcm which a p­
p ared in the ExrERfi\IE "TER for Iarch. There it wa 
pointed out that any uch y tem mu t con i ·t of three 
ba ic el ment . The principal m thod available for u e 

11\ ach of the e were Ii ted and an ou line chart of a 

general y tern wa drawn up. 
Thi i here rq roduccd a Figure 3. It how a work­

ing tand rd or ourcc of con ta ut fr quency, a method 
of counting the number of o·cillation e ccuted b the 
tandard over a lon"' time interval and a method of de­

r iving from the workinO' tandard dir ctly or b mean of 
a implc auxiliary a ufficient number of u ful frequen­
cies . 

The nrti 1 al o point d out that the frequency mea -
nr ment probl m i e ·entially one of mea uring a time 
interval and that the tandard time inter al (and there­
fore, ll1e tandard of frequency) i th :;\fean olar Da 
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of "h ich the . econd i � a 1 6,400th part. In any di ·­
cu· ion of frequency measur •nwnt., thi cone pt cannot 
b o,·erern1 ha iz d, for if, by som mean , the number 

f o cillation of a constant-frequency gen rator in a 
given time be counted, thl'n Lhc fr ·quency 01· number of 
o. cilli t ions p<'r . cornl can he clet nnincd. 

II 

In the pre ent y tem a piczo- 1 ctric cry. tal-controll d 
o cillator with a fundamental frequency of ,·er.• nearly 
50 kilocycle i mplo. ·ed as the working :standard. Thi. 

>\fPUF1ER 

o ciJ!ator d riv a tep-<lown 
frequency converter of the mul­
tivibrator t_ype so that n. 

voltarr having a frequency on'­
fiftieth that of the working 

tanclard is available for run­
ning a ·ynchronou -motor-driv­
en clock. ry tal o cilia.tor 
frequency divider, and clock 
op 'rate continuou ly, and, by 
the u e of an attachment for 
comparing the clock time with 
radio Lime i gnal , the average 
frequency of the tandard can 

be dete rmined with a high degree of pr ci ion. 
Be ide driving the clock, the fr ·quency divider furu­

i he continuou ly a 10 kilocycle fundam ntal with har­
monic up to the 300th a well a n on ki loc ycl funda­
mental which al o ha a large number of .harmonic . . 
'l'he 1000-cycle i gnal i a vailablc through u.,l inc amplifier 
at any point in the laboratory . The equipinont, ther -
fo1·e deliver a larg number of frequencie from one 
to 3,000 kilocycle but what i mo t important, ach 
fr quen y i known with the amc prcci ·ion that the fre­
quency of the working tandarcl i known. 

To how how thi y tern fit· into the g nernl syslern 
outlined in the ExPERI:\IENTER fo1· :\farch, the chart of 

igur 4 ha b en drawn up. It will be notic d that both 
the timing and the conve1· ion of the �'orking- tand11.rd 
frequ nc are provided for hy the am · mu lti' ibrator·. 

Fi gure 4 al o call att nti n to the facL that th radio 
time ignals u cl for tim ing the working tarn.lard arc 

( oncluded on page 4) 
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An Alternating-Current-Operated 

Radio-Frequency Oscillator 
VERY laboratory ha need at lea.,t occ!L ionall_y 

for a rad io-f r qu ·ncy o ·cillator. :om ' time ago 
the General Radio 'omµany de ignc<l au<l built 

it TYPE 384 0 c illator \1hieh when equipped with plug-in 
coils would cover a wide range of nHlio frequencies. Thi., 
in trrnm'nt j,, bitttcry-opcratcd and u c ·a tube of the 199-
type . Another o cillator of CY •n greater ut ility i now 
announced. It i · similar in many way to the older one 
hut it ha a con -id rabl great r power ou put besides 
operating from the 1 10-volt alternating-current upply . 

The new quipm nt i ntirely . elf-contain <l ex cept for 
the plug in coil . It makes u e of a 22'"' type tube a an 
o. ·ilia tor and n 201-A type tub' a.· a rectifier in the plnte­
Yoltage upply. tran -
form er and a moo thing 
filter for upplying the fil­
aments of the two tubes 
and for· the plate volt­
age :,upply of the o cilla­
tor tub arc included. 

The TYPF. i5 -1< Oscillator ha a provision f r injectin g 
into i ts plate cir uit a rnodulnting voltag from any de­

;red audio-frequency o cillalor. A b al-frequ ncy o il­
lator is suitable for thi u e. 

A 1nilliammcter is JHO\ided for ind ic ating the average 
plat current o the o cilia.tor tub . It is useful for sho' -
ing when the ubc is o ·cillut ing, and, in addition, it may 
be u d a' a r act ion indicator in adju ting for r o­
nancc. Terminals for conn cting a t elephone head d 
i nt o th circuit at a point of low radio-frequency potential 
have been provided. 

Th whole n. mbly m n:-.ur •::; 1 in hes X 9 1/4 inch 
X 9-1/4 inchc· and weigh· 2:2-1/2 pound· without Lub 

or coil . Being light in 
w ight and relati...-ely in­
c pen ivc, it i a handy 
addition to the equipment 
of an laboratory . It can 
b tor l on a shelf when 
not in we and p ut into 
operat ion in onl a mo­
ment wh n ne ded. It is 
the ideal laboratory h t r­

odyne and general-purpose 
radio-fr ·qucncy o cillator. 

The frequ ncy range, 
u ·ing the tandard TYPE 
3 ·'!! plug- in coil· is from 
10 kilocycle to 20,000 kil­
ocycle . Tuning i done 
with a straight-line wave­
length variable conden er 
having a ma imum capaci­
tance of 500 micromicro-

FIG RE 6. THE TYPE 5 4 A.C. PORTABLE R. F. 0 CrLLATOR. COILS 

ARE PL GGED l TO THE FOUR JACK AT THE RIGHT 
Price ..... . $140.00 

ode 'Word .. OZ01 E 

f a.rad. t ogether with an auxiliary 50 m icromicrofa rad con­
den er for fine a.dju tment. Knowing the type of con 
d nser u d and the freque ncy ba11cl coYen.'ll b.r each coil, 

, ome id a. about the criticaln " of tnning_ior each coil 
ran be e timated. 

Th following table Ji ting the coil rang i taken from 
Catalog E with the waYdcngth rangr thrn� li, tc>d co11-
vertcd into fr quency: 

Coil 
Type 38 l-.A 
Type 3 J.-l.l 
Type 384-C 
Type 384-D 
Type 384-E 
Type 381<-1'' 
Typt' 38J.-G 
Type 3 J.-H 
Type 3 l-D8 
The Type 3 -1 l) l'oil i. 
minimum ext .rnnl field. 

Rang• 
'.?0,000 10,000 

10.000-:n.>o 

4,290 J.500 

l 579-522 
531 176 
176 6 

6 -25 
2;3-10 

1 ,.)00-300 

il n�u re- coil 

p rit:e 
kc. . '3.00 
kc. 3.00 
kc. 3.00 
kc. !J.00 

kc. 4.00 

kC'. 4.00 

kC'. :5.00 

kc. .50 

kc. 4.50 

dr i�llCll lo have :1. 

,.\ trip mounted on the cabinet top is prO\·irlcd for tor­
ing coil that nr not being u-.cd. 

A Speaker Filter for the 
245-Type Tube 

T
HE hein·y plate curr nt required by the tub com­
monly employed in pow r amplifier can eriously 

dama"' the winding of a p aker through which it flows. 
ome devic i , therefore , nece ary for j ·olating the 

p aker from the plate ci rcuit of the output tube. Either 
11 tran former or a o-call cl peaker filter can be usc<l 
for· thi purpo . 

\Yh n the reproducer ha a high impcdan e the filtt-r 
make the most economical unit. In " n ral it con i t of 
a choke coil ancl conden er combination connected a -

hown in Figure r produced on page For be t op-
eration the choke coil hould ha'' a high impedanc and 
the blocking conden. er a low imp :dance at all voice frc­
quencie'. The lower the frequency , tl e farther both of 
the c value depart from the id al so th a t for good low­
frequency re pon- a large choke C'Oil and a l �t 1 ·gc con­
den r arc required . 

� omctimc a ection of the blocking conden er i placed 
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'l'hi!> Cl'\'C to keep Lh 
p ak r but it al o 

r capacitanc . If a condens r 

were to b plac d in ither peakcr lead in the xampl 
lio\\'n in th diagram each ection would n eel to b of 

4M� 
SPEAKER 

FCG RE 8. WlRl , DIAGRAM FOR THE TYPE 5 7-C PEAKER FILTER 
iooht microfarad in ord r to have the ame total capaci­

tance that the four-microfarad unit now giYe . The 
ingle condenser ction i-, therefore, much more econom­

ical. h chok -coil inductance i 40 henry with rated 
curr nt flowing. 

The TYl'E 5 7- p aker Filter ha been d igned · for 

u e with r ·producer, having an impedance averaging about 
30 0 or -±000 ohm . cla which include almo 't all of 

pea.ken. that arc not of the o-called dynamic type. 
t wa built primarily for u e with a tube of the �-15-type, 

an<l it will with tand without dama()' the maximum rat d 
plate curr nt of on of the c tube . 

onn clions can be made a ho\1 n in the diagram or 
the lo\\· potential t rminal of the peak r may be con­
n cted to the negative id of the plate voltag upply. 

ornctime- r g neration occur- in an amplifier due to 
coupling in the common plat upply, but it can u ually 
be minimized by the use of the alternative connection in 
which audio-fr quency output currents arc kept out of 
th B- upply. 

).Jaxitnu1n currt"nt 
PE IFI TIO� T 

Chok(' (•oil induclHnce with m11ximuu1 <'urrrnt 
Oirrct-c:urreul re i tancc 
Blockin r condenser 
Jmpeclam·e of choke coil al 25 cycles 
lmpedn1w of blockin� eond<•nsl·r nt 25 cyeks 

C'o<le Wur<l: F.\ YOR 

8;5 milliampere 
40 henrys 
700 ohm 
� rnicrofarnch 
6000 ohms 
1600 ohm 

Price: ,· .00 

A New Frequency Standard 
( oncluded from page �) 

d pendent upon a tronomical ob ervation made al Lhe 

. . Taval Ob crvator ·. 'l he ob crvatory check the 

time i O'nal tran mi ion from i T AA for their accuracy 

and omparc them with tho f rorn BR at ugby 
England, and from FYL at Bordeaux, France. Eac·h 
month a report i · i ucd in which the <lail rror :in 
tran mi ion i r corded a w ll a th re ult of com­
pari on with th two aboYc-m 'ntioned for ign tation . 

lthough the tim ignal a tr an mitt d from 1 .AA (on 
it, 113-kilocycle channel) ha an a ,·crag lag from true 
time of about .05 econd, th int nal b ·tw n two u -
ce. i\•e noon-to-noon transm1 s10n i correct to about 
0.005 ccond. That is to ay that on th average th 
:.. -hour int rvnl defined b · the time ignal accurate 
to within on part in 13 million. 

The clock u d in the counting me bani m of the tim­
ing quipment on i t of a Type 111 ynchronous fotor 
modifi d by the addition of a haft carrying a hutter 
which make one revolution p r eond. A neon lamp op­
erated by a time ignal receiver is mounted behind th 

butler and with very· receiv d time dot the lamp fla h s. 
By m an of a uitable •e-piec , it i pos ible to com­
pare the clock with t.h time ignal to withi11 0.005 ec­
ond. Thi preci ·ion i a cl approach to the accuracy 
of time ignal tran mi ion , o that but little further 
refin ment in the comparina dcYice i needed at pr cnt. 
If necc ar , how Y r oth r compari on m tho<ls already 
tried in our laborator ma b applied to increa the 
preci ion of compari on by at I a t five tim 

r qu n y di vi ion i accompli hed by m an· of multi­
vibrator , a circuit for which i hown in Figur 5. Th 
multivibrator i a relaxation o cillator who c frequency 
i determined b the value of th condcn er , , and th 
re i tance , Rp. The application of a voltag to the grid 
of the tctrod i olation amplifi r re 'ult in an injection 
of a voltaa of the ame frequ acy into the multivibrator 
circuit, and for a rang of valu • of , th fundamental 
frcqu ncy of the mutivibrator a um discrc t valu s 
that arc ubmnltipl s of the control fr quency and inde­
pendent ov r that rnng of In thi- ondition, the 
fr qucncy of the multivibrator i det rmine<l by th fre­
qu ncy of the control v ltagc. 

In the G n rn.l Radio quipment, the 50-kilocycl work­
ing tnndard control a multivibra or ha ,·ing a funda­
m ntal frequ n y of 10 kilocycl s, and thi · multivibrntor 
control· another with n fundamental of on kilocycl ._ 

Each multivihrator i al o a ource of harmonic of it 
fundamental fr quency, which explain, how thi y. t m 
can furni h o many u eful accurately d t rmined fr 
quenci for calibration and oth r compa1·i ·on work. 

• lack of pa e preclud a mor detailed de 'cription 
of th n w frcqu ncy-dctermination quipmcnt, but the 
intere ted r ad r i referr for rnor dctail:s to n -paper 

b L. l\1. Hull and the author app 'aring in th }'ebruary 
i, ·uc of the Proceedings of the I. R. E. 
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