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Frequency Determination 
B , JAME � . LAPP 

� E need be only a ca ual read r of current radio 
lit 'raturc to know that the preci 'ion determina­
tion of frequency i a rno:.l important engmccr­

ing problem. The growing eco-

of a re,·olulion per hour, and the time r 'quired to co111-
pl te one reYolution i 2 ! hour . Frequ n y, then is 
determined when the time interval is determined, and, 

what i more important, the 
nomic, political, and ocial ig­
nificance of all radio channel i 
requiring an increasingly prc­
ci e di tribution of s rvice- ov r 
the u eful frequenci s of th 
:p ctrum. Already th Federal 
Hadio Commi ion r quire that 
the broadca ting tation';, car­
rier frequency at the high-fre­
<]U ncy end of the band be main­
laiue<l \I ithin three part" in 
10,000, and one of th· con taut­
ly-repeated sugge tions to the 
'ommi ··ion for the elimination 

of all heterodyne interference 
would, if put into effect, reduce 
that tolerance tenfold. \Yhat 
i · more, the problem i inter­
national, which mean that every 
radio-using nation mu t, in ad­
dition to u in"' preci. e method,; 

A 
READER is likely to find the 
ubj ct of frequ ncy determina­

tion rather complicated unle he 
ha an appreciation of the author's 
point of view. This article, althou h 
complete in it elf, is the intr duc­
tion for a eries which will discu s 
the General Radio Company's at· 
tack upon the problem of standard­
ization and preci e determination of 
frequency. In addition to establish­
ing a definite point of view the pr s­
ent article i general enough to 
enable one to fit into the picture th 
various systems that hare been pro­
po cd and are now in use. 

,lfr. Zapp, a member of General 
Radio's Engineering Department. 
1ca the author (with L. U. Hull) of 
the pap<>r on ' econdary Frequency 

tarulards'· appearing in the February 
Proceeding of the I. R. • 

tandardization of a time inter­
' al at the ame time e tabli he' 
a . tandard of frequ ncy. The 
two concept ar practically 
synonJmou . 

Various y tern for the tan<l­
nrdizing of a time interval haYe 
Geen propo cd among them 
::iom based upon the velocity of 
propagation of light in space, 
but th one generally u ed de­
pend upon the high degree of 
uniformity in the> rate of the 
earth rotation upon it a.·is. 
It is argued that, theoretically 
at lea t. th rate of rotation 
can change from the effect of 
friction and variation in th 
earth's mom •nt of inertia, but 
th' probahl deviation from ab-
solute uniformity i aid to be 

of fr qu nc_y determination, maintain its working :.tand­
ards of frequency in agreement with tho�e of the other . 

negligible e,· n O\'cr a peri d of a thousand centurit•s. 
Granting the po sibility of a variation, the fact remain 
that the earth is a timekeeper many man_y time more 
reliable than the be ·t man-built clock. The length of 
the olar Day a. determined by the time bet11·ecn uc·­
c s i\'e tran it· of the un aero - the meridian of the ob-

It will be helpful to an under tanding of what follows 
to rc•1dizc that the pr<'cis<' determination of freqUl'ncy is, 
c·s. entially, the preci�c determination of a tim inlerntl. 
For c�rnmplc. the freqnenc.r of a commercial power supply 
nmy be 60 cycle per second, and the time r qui reel to 
complde n cycle i- 1 GOth of a econd; the frequency of a 
clock's econd hand is l/60th of 11. revolution p r ccond, 
and the time r <]Uired to complc te one reYolution i 60 
, 1·co1Kl-.: the rotational frequ nn of the earth i 1 2-!th 

cner, change from day to day, and for everyday ci\·il 
ll"' s and for all non-a tr nomieul scientific work as well, 
the standard intrrval is the • Ican olar Day, the averagc 
or mean of the length of all the olar Day· in the year. 
The econd i a 1 6-!00th part of it. 
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iff ring om •what from thi i th idereal Day which 
th · a tronomer defin a the interval b twe n two ucc -

iYe tran it of a particular fixed tar aero hi 
m ridian. Th l ngth of th 1 an olar Da. 
almo t constant ratio to the length of the 
and ina much a the form r i an average not u c ptibl 
to mea urement, all ob en·atorie check their clock 
an l radio and telegraphic 
tran mi' ion of time icrnal 

cady than oth r . 
mu t be provided a m an of timing the 

w rkin(J' tandard f r determinin"' i fr qu ncy in term 
of the tandar<l time interval, an op ration which gener­
aH in"olve counting th numb r of c cl compl eted by 
the working tandard durincr the int rval. Wh n the 
frequency of the working low the count r 

may b a hr n g raph or a 

a er in t a tronomical deter­
mination of the ider al 
Day. 

ASTRONOMICAL 
085El?VATION 

CONSTANT 

FREQUENCY 
SOURCE. 

·3·nchronou impul motor 
and lo k train onn ct d 
directly to th tandard, 
but a high-fr qu ncy tand­

a.rd rnuy require an inter-A ha already been Ol?KING- ST.o.NDl\ll'D) 

pointed out, the univ r al 
ace plan e of the 1\1 an 
� olar Day a the tandard 
time int rval e tabli he the 
rotational frequency of the 
e:arth a the primary tand-
a r cl o f  f r equ e n c y  
( 1 400th of a revolution 

STANDARD 
TIME 

INTERVAL 

TIMING 
EQUIPMENT 

per econd) in t rm of whi ·h all oth r fr quenc ie. mu t 
be cxpre d. But the fr qucncy of thi primary tand­
ard i · o remote from any of the frequenci encountered 
in ommunication' nginecring that an i11termediat 01· 

working tandard i not onl d i rab le but e ential. It 
i the development of thi working tandard with a m hod 
of d riving from it all fr qu nc1 nccc ary for u eful 
purpo that con titut · th o-call <l fr qu nc dct r­
mination p roblem . 

II 
In any gen ral fr qucncy-detcrmination uch 

a. the one we are di cu ing her , ther ar n-
t ial, which arc hown graphically in the accompan_ying 
''flow chart (Figure 1). Each of them pr nt a dis­
tinct probl m. 

Fir t: ther mu t be provided a generator who c fre­
quency cun be maintained co11 tant for an indefinit 
p riod. Vorking tandard" is a better name for the 
. onrcc in a general y tern than th pur 1 relativ te rms 
"primary or ' econdary" tandard. If the timincr equip­
ment directly link the ource with the a tronomical 
d termination of the U an olar Day the term cond-
ary tandard' might be uitabl , bul if the urce wcr 
timed again t a clock which wa in turn checked again t 
rndio tim igna l , "t 'rtiary" or ornc highe r order might 
he the better de Tiptive term. 'Vorking t anclard is, 
therefore, perfectly gen ral and indu<lcs: 

(1) 
(J) 
(-1) 
(4) 
(5) 

Pendulums 
Tuning fork 
�Ia..,.ncto triction 05c-ilJntors 

Pi •zo- 1 ctric oseillatoi-
V ucuum-tubc oscillators of speeiul construction 

Any of th may be u eel a a working standard · which 
one ii< chosen i entirely a matter of 'Y m cl 1gn. By 
cardul control ach of these mtty be mttde to maintain 
it freC]uen cy with littl variation, althou<7h omc ar' 

CONVERSION 
EQUIPMENT 

USEFUL 

OUTPUT 

mediate fr quency-di iding 
link before a counting mech­
ani ·m can b com· nicntly 
o crated. 

The lock- rain counter 
i · u ed in exactly lh ame 
mann r in th timing quip-
mcnt a it i in a timc­

kl'eping clock. In the latter it rve to count the number 
of im1 ul cs of the pendulum (or balance wh cl) for com­
pari on w ith the number of impul e counted by a tand­
ard clock in th ame interval. The chronograph, as its 
name implies, record graphically the impul from the 
w rking tandard and a tim landard for compari 011. 

A working tandard of high frequency (100 kilocycl , 
or c ' ampl ) could not operate directly an electro­

mechanical counter, and intermediate fr quency-dividing 
quipme11t i , ther for , sential. everal u h chemc 

ar in u e but almo t all make u e of ome kind of 
g ncrator th fundamental frequency of which is low 

nough to operate th counting m chani m. harmonic 
of th g .aerator i ith r synchronized ith or monitor d 
against the fr qu nc of th w rk in tandarcl whi h i 
then knov n to be an integral multiple of th fr quency 
driving th counter. ::\Jo·t of the de ice m ntion cl in 
tl1e n xt ction ar uitabl for u a fr quenc_ divider 
as ' ell a frequ ncy multip lier . 

Third: once a working ta11dard ha b en t up and 
tim d again t th tandard tim int rval thcr r mains the 
problem of deriving from il a ·ufficicnl nu mber uf u.·eful 
frequencie . It cannot b . pected to furnish them all, 

but enough honlrl be R Y ailable to make pos�ibl accurate 
int<'rpolation.. Thi ma. b accompli h d by fr quency 
111ultiplier and diYider of scYeral kind : omc ar' apable 
0 r hold in r Lhcm ·eh· s ill s �Tnchroni m and other r q ui1·e 
manual monitoring. The Ii t of uitablc d vice includes: 

(1) :Mechanical method 
(B) Quie cent harmonic amplifiers 
(8) Controlled di lorted-wa\C u •neralor 

(a) Relaxation oscillators 

( i) • eon tub 
(ii) l\lultivibrator 

( b) Y acuum-tu be O'lcilla tors 
K cc sarily limit d by ize and p cd mechanic1tl 

deYic ar mo t u eful at compa rntiY ly low fr qucncics 

(Continucrl on page 4) 
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A Better Frequency Meter 
for the Amateur 

EFOHE the amateur band,, made nece,,,,ary hy the 
'\' a,,hi11gton onvention of the International 
Radio Tcle.,.raph 'onference went into ffl·ct ]a t 

.January, wavcm ters or frequency meter: were not the 
ab olute necc.- itie. that they arc today. i\ith not·too­
tol ·rnnt comm ·rcial and military enicc' in adjacent 
channels, sen·ices that arc them.·eh· • required to hold 
clo ·ly to th •ir a ·si<rnccl frcqucncic " it i little wonder 
thnt inc 1·en. ed official C'mphu i i being laid upon th · 
nee.,, ·ity of the amateur',, keeping within bound�. 

Realizing ec · .ity for uch an ·nstnmw11t tlw 

G ·n rnl Rudio 'ompany la ·t .July brought out the TYPE 
;J,J .Amateur Band \Yn\·emcter in \\ hieh the accuracy of 
calibration wa. 0.2.5'1o oY r all five of the high-frequency 

band . Il_' the USC of It tuning conclcm;et• d(' ·igncd lo 
-,prcad th band oYer the whole 180 degree of the dial 
nncl by the addition of a sp('cially con tn1ch'd neon-tube 

J'l'Sonance indicator, an in trument capable of unusually 

precise work was provid cl for the amateur. Later on 

the m •t •r. were calibrated in frequency in tead of wave­

l1 ·ngth and the official title wa chan.,.cd to ' "'\..mateur­

Uancl Frequency l\leter." 
:\!any u · r , inexpericnc � in making a frequency 

mea ur m nt upon an oscillator, faik'<l to ob ·erve the one 

rule that mu ·t be followed when the nwtl'r circuit contain 

a re ·onance indicator: the coupling b b\ •n the oscillator 
and the meter mu ·t be kept v ry loo e. On many ]ow­

powcr ·d -ransmitt r loo coupling could not be made to 

give an energy tran fer sufficient to light the neon indi­

cator. The coupling would then be tightened, but the 

FIGLRE 3. 
F CH I 

STRUME T 

IS lNOlVIOlJ­
A LL Y CALI-

BRATED 

FIG 'RE 2 

THE TYPE 
558-P METER 

CO�TAl 

'O RE 0-
• A 'CE IN­

DICATOR 

frequency imlicatc-d by the 111 ·tcr mirrht be con idcrably 
in error bccau e of the mutual l'Ntdion of the meter cir­
cuit and the o cillator upon each other. The frequency 
meter could be muclc to gi\ preci-e rea.ding·, but it had 
to be handled with care. 

In order to impron• 11 )On t lit amateur-band frequency 
meter and make it ca ier for th non-profc sional u er to 
obtain high precision without in any way affecting 1h 
utility, the resonance indicator ha been entirely remoYed 
from the in lrument. Thi require thnt ome indirect 
m ·thod of indicating 1·eson11.nc be u ·ed, but a number o 

methods are available that are ext reml'lv en itivc and 
lea,· little to be de ired in precision. 

. 

The be t known of th e i the so callccl plate-reaction 
method. 1Yith loo e coupling b tween the o cillator an<l 
the coil of the frequency meter, the plat '-current met r 

of the o-cillator \\ill ''kick·' a the frcquency-m ter circuit 
pa through re sona nc . \Vith om o cillators the 
current will incr a e, in other · it will decrea e, but the 
kicking point can mmally be picked out with little diffi­
cult and with much lo •r coupling than would be needed 
to operate a neon indicator. It may \\ell be empha ized 
that a plate-current meter i · not ab olutely nece · ary in 
u u1rr thi mcthocl . A tla hlight bulb of the proper ize 
mfly be u cd and, c p crnlly when the filam nt is biased 
\\ itlt an external battery it i.· highly sen itive to small 
chnngl· in the 111agnitud ·of the plate current. 

Them thod n:co111111e11ded for u. e "here\'cr it i possible 
(it ah�a}" is po· ible in the amateur station) make u e 
of a monitor h •t rodyne oscillator. Alt hough seemingly 
the method is Ii ttle used out idc the coliPge n.nd commer­
cial lnboralorie it is one that de erve. lo be bett r known 
among amateurs. (.cc ''Ch eking Tone and "'avclcngth 
of Tran.·mittcr " h: .Jame K. 'Japp. Q 'T, December, 
H):..G.) T inrr t he funclamental or a harmonic of the 
o cillating rec iving et a the monitor to beat with the 
fundamental or 11. hnrmonic of the tran,,mitter, th frc-

(Co11tin11rd on page �) 
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Frequency Determination 
(Concluded from page 2) 

where they can b mn<le to perform ati factorily . .i\Io t 
of th m ::1.re s Y nchronou mot r-dri" n tone-g nerator 

rtem and ar� capable of being d iancd to give nearly 
any ratio of motor to generator frequency. 

The harmonic amp! ificr is de· ign cl to di tort the wave­
form of an alte rnat ing YoltaN"c imprc·s ed upon it input , 
a a resul t of which harmonic. of the irnpr . rd oltagc 
appear in the output circuit. n ha he ndvanlage of 
bein quic�ccnt ; that i to ay when the applied voltage 
i removed, no vol tage of any fr qucncy app ars in the 
output; th onl ' po ible output frequ ncic are, there­
fore, alway integral multiple of th appl ied frequency. 

n non-lin ar Yacuum-tub amplifier i a harmonic 
amplifier at 1 a t to a certain extent. 

Rela ation o cilia or utilize ither the "cut-off'' or 
the ne ative r · i tan e characteri tic of uch device a 

neon tube , carbon arc and the u ual form of vacuum 
tube to u tain o cillations in a circuit compri ing a 

dir t-current ource, re i tan e and conden er . '£he 
output of uch o cillator is rich in harmonic . If a 

econd o -cill ation of high r frequency be inj cted into 
the circuit, the relaxation o cillation may assume a fr 

u ncy which j a ubmultiple of the injected frequency . 
Although th n on tube i. imple t, it control b the 

injected voltage i not a table a that obtain ·d from the 
multivibrator. The control of a multivibrator i not 
affe ted by variations in the ma<Tnitude or fr qu ncy of 
the injc ted ·oltage or the applied voltage on the tubes 
over rea onably wide rang . Thi inh rent tabilit of 
the ·stem, together with the comparatively large output 

it i apablc of d livering, make it an e cellent frcqucnc 
conYerter for a mullipl_ying or a di idin rr tern. 

B:i o>erluadi11g, Llie output wav form of a vacuum­
tub o cillator may be di tarted to p roduce a r 1ativcly 
large numb r of harmonic , that i may al o be p rated 
a a frequency multipli r or divid r under th control of 
an inj c l d voltag ; ho' Y r, the control i le table 
than th t obtained in either type of relaxation o cillator 
previou ·ly m ntioned. 

The practical importance of lhc y,,,tem outlined above 
may be ummarized by ·tatina that ach is capable of 
b ing operat d in uch a man ner as to derive b frequency 
divi.·ion, fron1 a hi"'h-fr<'qucnc_ working tandard, low r 
fr qu ncie� which arc i:,uitable for operating a ounting 
mechanism. Further, rlu to th larcrc number of harmonic 

freqnenci in the utput, it i perfectly fea ible to com­
bine the function of the conv r ion equipment with tho c 

of the timinrr sy t m, in a ino-1 a. -embly, by frequency 
multiplication. 

III 

The for�·going utlin l1a nc ·e arily been brief but it 
ha empha izecl mo -t of the fundamental concept involved 
in frequ ncy mea urement. . Herc it may well be pointed 

out again that the y tern under di cu� ion ha been a 
perfectly gen raJ sk •l ·Lon upon which the element of 
cx.i ting and proposed . J· tern may b drap d for ea y 
cla ·ification. :\Io t of the important system clements 
ha\·e be n mention d for the purpo c of ho' ing how they 
fit into the comp! t tructur , but for detail d informa­
tion on .·pcci6c y tcm , ll1e reader i r f rred to the 
pap r · and bihliogrnphi appearing in the Am rican and 
forei n technical periodicals (the Proceedings of the 
I. R. E., in particular) . 

A Better Frequency Meter 
for the Amateur 

( onclucled from page 3) 

quency m er ii, ne ·L coupl ·d rather loo ·cl)' to it.. .:�.s the 
frequency meter dial i wung pa t the frcquenc of the 
tran mitter a chan o-e in the pitch of th b at not can b 
heard in th elephon r c iv r . The couplin b twe n 
the tran mittcr and the fr quency meter i th n loo ened 
unt il th variation in the l> at note becomes almo t in­
audible. The ettin of the frcqu ncy m t r at which th 
b at not cha1 g in pitch i th fr quency of the tran -
mitter. \ ith thi m thod it i po ible o check the 
meter again t tandard fr qucncy tnm mi �ion from ·uch 
a ta ion a "\ \ Y. 

Thi raise the qne tion the accurac of the TYPE 
55 -P F requcnc i\Ietcr (the typ number for the new 
meter without a 11 on indicato1'). It ·alibration in the 
laborator i mad e to within 0.25 % , but h w Jong that 
accuracy can he maintai11 d d pend in large mea urc 
upon the tr atment that th in trumcnt re eive . The 
rI'YPE 224 l,r ci ion Fr qu Jl l tcr costing ten tim 
a much a the TYPE 55 -P 1cter i calibrated. with the 

ame accura y Lut it will retain that calibration 
longer and, b au of it micrometer cale, be capabl 
of a more p rcci · · tting than th little fellow. 'l�he TYPE 
55 -P i\-Ietcr is cnrcfull_ packed before hipm nt, and, 
if it i not roughl. hand ! d or nbjc led to extreme :in 

mpe rnturc, the original calibration hould hold clo ely. 
Even the alibration of the prcci ion frequ ncy meter 
is guarant cd for only . ix man h. ; and it follow tha 
the le � turd. amat ur-band frequency meter hould be 

h eked by ref rcnc to the tandard frcqucn y trans­
mi iou- or r tinned to the .,-cncral Radio Company for 
recalibration at lea t hat often. 

Ther ar ffr coupling inductor , four of which arc 
wound on bakclite tubing threaded lo in ·ure that the 
·pacinrr bctw n turn remain' fixc'Cl. Tl1e 5-metcr in­
du ·tor is a imp]e loop of h avy brn. · rod. The TYl'E 
55 -P Frcqucn ·y Meter i hipped in a trong packing 
ca e i n  addition lo the ·toragc box supp1i d with the 
in trumenl. • ach one i individually calibrated to with­
in 0.:..3%. 

It price i ."l .00, .":...00 h• · than the old Tn'E 5;), 
� -eon-Tuh ::u ·t r. The code '1 ord i · 1\ 0::\L\X. 
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