
THE GENERAL R A D 10 

VLF STANDARD-FREQUENCY CALIBRATION 
The initiation of stnnd:uxl-fr<'ftucllcy 

brn:l(h·:I,.t~ in thl' "If h:11l(1 h:lS m:Hlc 
J>o~, .. ihl(' nn impro\'cmcnt in the pn.·(·i~ion 
of ('alihratioll of !<tllble ().'«'illaton; ust'd 
:1:'1 loc:ll frequency 8tandard~ \\hi"h ap
pro:l{'I\('.~ t\ fador of ]()() O,'('r that 
;H'hi('vnhle by other mellus. With high
fr('qu(,Il('Y lmn};missiol1s, the hest pre
('isioll is about ± I X 10 i. This pre('i
~1I1H i!i gCIIl'r:llly attainnb!!' only by the 
Ill'<' of stnndard-timc hrOlld(·:t;;t~ :lIId 
lIt'I'UnLtt' tim('-{'ompari~Jl d('\"il'{'<;. If the 

hip;h-frNluC'Jl('Y C;Jrri{'r of th(' ,.1:ll1d:lrd
frequ('lIc .... !<tation iF. u!'('d in,.t{'!ld of the 
tilll(, 1)lIi);(·s. the precision dcterior:llCS 
!llightly. bllt the acctlr:l(,." !:lufTerl'i from 
propllp;lllion \':lriatio\I<;, so lhnt til(' ()\'{'r
nil prrformnn{'c of UIl .... one ('alibrlltioll 
('nn !'('Idolll be guarant('('(i to :l li~lll'f! 

iK'ttl'r than ± I X 10 1, and oftcn thi.'! 
fip;un' i!l optimistic, Hl'pe:tt{'d r:llihr:1-
tion.'1, and ('ro,,;,;-{'hecking of tinl{'-tick 
IIl1d ('arril'r-fI'{'{IUell('Y (,~Llihr:1tion meth
od", "lIm('{' to al10\\ some dr~f('{' of 
a ....... urarL\'{' in local frcquellc,v-!'Itandllrd 
calihmtion, but that lnbomtor," is indeed 
fortu1l1l1r which has never 1)('('11 n~ked to 
"guumlll('(''' a frequency l'l\1ibration 
obtaint,'d from the high-frc<Juency broad
Cll:-t" to hNtcr thnn ± 1 X 10 -t, 

The adwllt of vlf !'t:lIldrml-frcqu(>llcy 
bro:.ld(,:I~L'" ('oin('idinp; approximately 
with til{' prO\'ing-in of atnmir frcquellcr
st:lndard d(>"j(,(,s, h:\s made nvailnhle 
both pl'('{'i"jon :\lId :H:l"ur:lC~' of culihra
tion which nppro:wh ± I X iO II und{'r 
ideal {'ondiliolls :llId ± I X 10 10 mo.'''t 
of the tinlt'. \t pr'l';;{'Ht, til(' vlf !<tullcbrd
freqm'I\{',v hroad(':lsl s tation" are m:lin
t!lin{'{\ withm ± J X \0 10 of th(>ir nom
inal frclllll'lwil's ulldrf normal ('in'um
~taTl('I."<, and l'alihratifJlI ('orrL'{-tioll.'1 an.' 
u"aibble frolll til{' oprratinp; al!;enci('s 
which ineludt' dala to ± I X 10 IL. 

It is diHil"ult ttl jll ... t if .... :111," ntt('mpt to 
obtain il1('I'l'HS(,(1 Pl1'('isi,11l or f'alihratioll 
be,,'ond ± I X 10 II lI1tdf'f pr('!-;('nt {'Oll

ditiollS, 'I'll(' pmpa):!;:lli,1Il vuriation~ IIlld 
til(' diffi('ult," ill Illaintainin):!; perf(,(,t 
stability at the lransmittin~ st:llions 
impt:)l<C a pr:ll'til"al limit Oil the pcrform
:Jnl'C of a {'alilmlt iOI1 ..;yst{'m h:u;(>d 011 
vlf tmnsmi""ioll OH'r long r:HlgeF<, For 
inCfCased resolution and prc~:ifolioll of 
fr('(Ju('ncy ("olllp:lri",m, thurcfore, it is 
still dl's irahll' to hll\"(> hoth OI'cillators 
being ('omp:ll'ed ill th(> lIame locatioll, or 
lit least not II idl'ly !'('pnl'lltcd, TIlt' 
± I X 10 10 gtlHr:l1l l~'e on the aC(>Ut1\l'Y 
of the signals as brn:tcll':Jst is a further 
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deterrent to any nttcillpts to clai m 
grc.'ltpl' Il("curacy of calihration. The 
variOll$ possible methods of frequency 
com parisr)1l using vl f tnlnsmissiOllS have 
been dcsl:nhed by .I . A. Pierce" The 
methods u~'d b.v the present. tl.uthol' 
WCI"C cithN tllkcll dirc\·t ly fl'Om th is 
public:ltioll, or derived f!'Om it incli· 
1\'(·lly. ~c"Nal methods h:lYC bef.n trk.J, 
with the rt"!<ults indicated below. 

In Orik·r to usc vlf trallSmiSi~iOIlS for 
frcqucncY-f'tl.l1ltiard calibratioll, it i~ 
1lC<'("tii$Jr} til 1Il:,k!' usc of the pltmu· of 

tilt' clI rricr WltyC of the stuulianl
freq uen(' .... sigllal. The vlf sign:d supplies 
n phusc, c} r time, reference which sulT{'rl5 
.ml.v Il .o;light variation ill ])I'\lP:l/.{iltillll 

time comparod with lh:lt of all hf s.i!!;tuli. 
li enee. the phase dilTl'reucc J}('t\W'ell the 
;;:t:\blc uscillnlor to be culihmtQd lUld the 
I'('('eived \·If lIigrml i:; mea"uR'tI , lwd the 
frO(lIlCuey difTt!renec determined by con
nm.iull of Ih" I>hasc challgc per unit 

, d., h ' 'F tlllll), dl' IIlto t e appropn:lte UlIlhl. or 

exuO'l ple. there me Su, loo !iccl)l1(ls ill :\ 
dlt) , or, Itt ruund IHlTnb(,NI, llPllmxi
m;ttd.v 10" \,oITc.~l>onditig !o 10" Hlil'rf)
S(:{,olld~ 1)('1' duy. Thus, ;l rela live 
fn'tIUl'JlI'Y diITI'I't'lIt..- uf ± I X 10 11 
(:orl'i'_~polldll to a eh;mge of ph:t.<ie of 

-::,1 ,'- 1:~1 ,~ -----
FlflU'. I , Bloc. dlo"o", 0' y lf •• co;yln, IY"'.'" 

wl.h oscllloicop. display. 

only I miero;<Ccond in 2..J hours. while 
± I X 10-,0 freq uency di fTe rCII('c 
corl'('sponds to ± 10 m iel'osct'Qnd:.. In 
simpler terms, if t ho loca l phase changes 
+ 10 microseconds the fi rs t d:1Y, a nd 
+ 10 miCl'Oscconds t he l\('coud d:lY also, 
the oscilbtor i ~ Illllint :"t ining :1 l'OIl:-:i!allt 
frequcucy wh ich difTcl's from UIlI1 of t hc 
v lf sign:11 by npproximlltcly ± 1 X to- 1ft. 
If, huwever, ,he fl'('(luem'Y of tbe ol<Cillt\.
tor i" drift iug b~' , .5ay. 1 X 10- 11 I)('r dny, 
the phase dilTcrcJlec will rhange by I 
micro:;ccond in cuth 2·' hours. nlld, for 
example, will ~ 10 mirro~eOllds t hc 
fir:\t day, II tile &'eulld . OVCI" 11 IOllger 
pe l·iod, a lillifonll frf'CIUcIH·Y drif t !"ate 
\\' ill produce an iUCf'('ll.')C in pha.se pro
porlioufli to the SCJ.ual'C of lh(' cl!\psed 
time. 

The first, !\nd sim plest, method tried 
WllS rill e,"pcrimCTll to flS.~ the useful
nc~ of the sigu!d prm'ided b.\· NllA on 
18.0 kc. The gcncml urr:lngelllcnt \\":\8 as 
showlI in F igure J. In this method, t he 
sigu;1I i!'l hcterodYlled to 2 kc by the 
injection of 20 kc intu th l.' sctond rf ~:lg:C 
of the tunable vlf receivcr. The 2-kc 
I)(,ll\ i.~ l hcn selected tw H fixed- Illn('(1 
filter, amplified , nnd "pplied to n eir('u
l:rN,\n~Cp o!willoS('()pc driWlI b~' the 
frequelle.\' st:lIldllrd being (':11 ibr;lI ed. In 
thi~ C:lSC. since the frcqucuc~' uf the 
hetcrodynillg IO('lli osrill!itor i" hig:her 
thall the 18.0 kc signn!, nil increa&' in 
the loclll-o:;cilbtor frequency results in 
:111 illCI'C:1SC in lhe beat frl.'quet1ey , re
~\lltil\g in (1 elOl"k\\'iSl! rOllltioll of tile 
P:lt!CnI on the nseilloscopc, Thc limc for 
a otle-<'ycle ch:tngc in ph:lS<' gi,'cf': the 
frequcncy diiTcf'('HCll b~' simple cttlcuh
lion. T he senS(' of thf' difTf'l'i'lWe is ob
tainro from the dircction (If rot!ltion or 
the paUI.'rIl. If the 101::\1 stand:u d is set 
to reduce ihc rall' or rOl:ltion t.o a very 
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Figur. 2. (Rill hi) Block dlogram of 
"If rece ivi ng .yst e m U1;n\l cho •• 
ro cord", o n QuIp'" 01 ph" •• d e_ 
'eclat . (Above , A "Ollme nt 01 " 
, ecordlng produce d b y thi . 'yo' e m. 
Freque ncy differ. n et i. m eo su red 
by Ihe lime b e / w e . n th" 10'0 

«o .. ing. on Ihe c h .. .t. 

= 

sloll' mle, the ph:lsc ditTcrCIWC lIlay then 
be noted nILd rC(,OI'dcd. l; nforturl:lle1r, 
for the grcMcst prc('isioll, this method 
rCfluircs rather frequent attention to the 
phast' of the dis p!:l.\' and is thus some
what icdiolls. J 11 llddition, it is not 
pr:lcti('nblc 1.0 obtnin reliable ovcm ight 
(JlllibratiolLs by t his metlns unless COll
tinuous ubscrvntion of the ind ienlor 
'8COI)(' is pro" idcd, as \\'ill be app:l rcnt 

from fl !<tud~' of t.he i.,vpienl photographic 
phase records presented later (Figure 6). 

The i'oC('ond method of C::[llibration ul;C(l 
experiment'llI.v in the G B laboratories 
is shown in Figul'c 2. The cUI-rent from 
It b:lbneed phnse dctcdor was applied 
to 11 cha.rt. rCC::OI'der set fo r ze ro-cent er 
dcnec::tion. In view of thc smnll dcflcc::· 
tion ill the v icini Ly of the zero crossings, 

JUNE , 1 9 6:1 

--

............ 

... .... . , ..... . 

.." ...... --0·'''' _ . . _. 
the reeonlf'r 11":115 supplemellted lI"ith t he 
galvaHollletel' indil'ator \0 help estima te 
the f'X:H·t mOlllent of 1.01'0 ('lII'1'ent in the 
out put cirruit of the phase detN-tor. 
Alt.hough sOlllewhnt. morf' COJl\'cnil'nt 
th:ITl the firf;.t method df'f><;ribed. this 
still rt"quired some 1lI:lnunl f) lx'ra !ions 
and generated .\"Irds of r'ecording tape, 
which required cnlibhit.iou. The t iming 
pulses radiated by :'\IlA proyided an 
automatil' time seale. Alterl\:lliycl~', lhe 
frequency of the loc:::tI sl:lI1dard oscillntor 
could have been set. ne:u' 7.01'0 be:lt \\'ith 
the incoming sigllnl, but t.he SCllse uf the 
fre(tllellC::Y dilTerellCc \\'ould then not 
ha\'{" beel! immediately apparent.; hellt·c 
a better arrangement WMI desirflble. 

The phase-locked oscillator shown in 
Figurt" 3 was a logicnl extension of the 

3 
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Fi\lu •• 3. Block dla\l.a", o f a ",ola . · d,I"." 
p ha ... locki nll .y.t e ", . 

(U'rangCll){'1l1 s-ho\\'11 in Figure 2. A S"CI"\'O 

nmphliel' Iw ving :1 pail' of diffcrential 
inplI! !el'min:\1s w(\s uscd to drive a 
servomotor which changed the frequency 
of the Iota I sUmd:l rd,fl'cqucncy o;;('ilh)· 
tor by tnC:l!l!l of II variable eap1H.'itol·. 
For :l phase--II'lCkcd w;cilln tor SY~l cll1 , it 
was nl'{'C!I;;aI'Y to provide one dilTerent inl 
inpll! !ligon I to the servo nm plifier f"om 
the ph:tsc ... detedor· output, and another 
from :l plJ\.cntiomctol' 011 tho ('apa(·itnr 
l)h:Lft. ']'hi;; sy!I!.cm is nn cle('tl'ome
Ch:Lllical cquivalcuL of fL \'oltngc-v:ll"iabl~ 

rCl\('lancc. The fl'cqucnc.v of ill{' lacll] 
st nmi:.trd o .. rill:Ltt''Ir wus thus ph:1Se
larked to that of N'lIA. ' r he frequcILcy of 
this oscillator was ~hen recOI'dcd on the 
frequency comparator used for in\cl'
comparison of CI·.\'S I,:\1 ().<lciUlltol's ill the 
CH labOl'at.ol'ics. In this \\':\ ..... , the fre
qUCll(')' of NUA IYtlS m~\de nyail:l.hle as :l. 

reference for calibration of other os--

eillat.ors. T he p]'ocision attamed by this 
de"i('e was l\pproximatel.\· ± 2 X 10- ' 
at best. !wd, under cond it ions of high 
noise le\!cl or sudden ionospheric dis
t.lIrbam:es (SID), tho results were some
what diffkllit to intcrpret. A smn plo 
]'(X'ording is show]} in Figure 4. The 
principal viI'I 1IC8 of this system wcrt' its 
completely uutom:ltic operation and the 
dired. int.el'Gomparison with othcl' locally 
opcr:lt.ed or.cilhtnn, . 

The phase-locking t.echnique iHus
lmtcd hcn' is not so s,'ltisfllct.ur.Y a fre
C'Jue])cy cnlibratioll sy .. tcm as is lim 
ool'vo,<I"i"ell phase-! nwking rcceiver sys
t.em originally described by Pierce!, llnd 
now olTered in muny cOlllmcn.:iul models. 
The phnsc-lockcd oscill:ltor, hUIICVCI', 
permitted di rect comparison of t.he fre
quency of the N'UA signal with ot.her 
local .. igllals \\;thout. the constl'uct.ioll IIf 
spctiai phase-t.racking equip menl. Tho 
phaSl.. .... lockcd oscillator WIlS pu t. together 
from ab'cady available components. 

After scvcrrd mont hs of eXI)Crience 
with the :l.utolllntic recoI'der, it bC(:lu nc 
obvious that t.he dail~' fl'equenty shifts 
at dawJl and dusk changed in tl:'Lurc, 
dcpelldillg; on the tillie of year, und th:lt. 
even du ring dllylight hours, somc I:!rgc 
fluctU:lllotls seetned to occur. Furthc]' in
vestig;ation seemed indi(·Ilt.cd if more 
tlccumcy was to be obtilinoo from the 

'L<w. cit. 

" 

n ":C;". .. , v·, ~ ... ",,_', .... · ....• 'H· .. . '.'.. It 

.,' ..... • ..... H . .. v',' .... - .-.• -' FI\lu, . 4. F.eque ncy.compo,olo, '8<o.d •• howln ll . e laU". f.equ . ncy 01 Iwo 10e .. 1 o.eiU .. lo •• wllh 
. e.pecl 10 N8A . The .eco,d d • • I\lnoled W$ II Ihal of GR ' . wo.klnll . Iond ... d ; E$ . e p.e . e nll an e "pe.l . 
",enlo l . lonel ... eI; w hil e N8'" I ~ ... eco.eI of Ih . o t dUalo. ph .... · lock. ello N8 .... Th •• ecorel •• how ' he 
f • • "u. nc y d ift e . ence be tween e .. ch of th .. e onel 0 co",,,,on ,.fe . e nce ooemot o., The unit, for Ihe 1C0ie 

01 Ihe .Ight o.e 1'0.11 In 10'. The 10101 . pon of Ihe .e co.de, cho.1 i. 5.5 pari. In 10', 
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vlf transmis,<;iolls. Accordingly, a photo
gmphie technique was devised , after the 
m:ull1cr dei'Cribcd by Piercel , 

The photogmphic recording system 
is shown in F ip:U1'e 5, The oscilloscope 
sweep is t riggered either by means of 
the gated lOO-('.\'cle !lweep j I'iggel' shown 
or b,\' the Ullgntt>(! IOO-cyeic signal. The 
1-IX'r-st'ColLd sweep is used wi th XDA to 
avoid sweeping when the signal is not 
pre8ent, T he l00-.<;wceps-per-sccoHd 11 r
rnn~cment js u~cd to record comm uni
cntinns-key(!([ signuls. 

The usc of a modified QS('illoscope 
camel'a with tl. synchronous-motor drive 
on the mm holdN pl'Ovjdes a n~l mbcr of 
ditfer£'nt. sweep I'fIles (in inchC'S p CI' hour 
of film drive) for the reeonling film, 
which i~ exp(l~d one frnme at II time in n 
Poluroid film-back. T he I'lf !;;ignlll in
tenf<ity modulates t he tmce on the 
oS('illu~ope tuhe, the S\\'ccp speed on t he 
HsrilloSI'olW lX'ing set. 10 sho\\' pnrt. of 
t\\'O rOJ)5e('ut.ive ('a ITicl'-f re(]l1cncy cycles. 
Thc sl\'('ep-timc {'al ibl'Mion is thus de
rived from the !;pac ing betwecn t.he 
('ow!ceuti\'c eyclcs ra ther t.han from a 
fo\C p:lr:ltc oscilloscope cal ibration. The 
system can r ecord signa ls Il'ith rclat i,'d,v 
pOOl' ~ignal-to-nojilC ratio, since the l1!5C 
of the P-7 :>creen and photogr!lphic 1'(,'

eording seems t.o produee approximately 
20 .. db im provement. in appal'cllt signal-

JUNE , 1 962 

Fig" .. 5, ( l . ft ) Block diog.om of .... I"lnll .y., . ... 
" ling 0 pholog.ophlc pho.. ..co.de.. In u ' 
I howl w o". fo.m of galld Iwe.p Irlglle •• 
(A ba" e) Oiog.am .howlnll m e c hanl.", of in, 
' e n . il y_mo d .. lal. d oldliolCop. di l ploy 10. phOlo _ 

lI.ophl ••• co.dlng. 

to-noise ratio. I t is probable that the 
photographic; method alonc !\ccoun.ts fo r 
most of this improvement. and that. a l
most. :lny phosphor (,:11l be used_ 

Phologmphic records made by the 
mC'\ hod of Figure5 ;lre reprodu('ed ill Fig
ure fin, b, tHld e. ;\IiIIQI' fllH'tuntiom; ill 
phase n.ppal1'!nl 1y occu r quite f I1'!Ql1cnl ly, 
even ahno::;t ('ol ltinuorlsly, It i~ flot im
mediately a ppat'('n t. however, that t hl'sc 
flU('Iu:ttions are an.vl hihg that (,lin be 
St'pamtNi frolll lh(> e/Tcel" of impulse 
noi'l£'. su('h :1" :Hmosplll'ril' .s1:11 ic or 
"sferiril." In othel' 11' (lrd.,;, !IIi!: I'('cording 
system t'('{'ord,s Ihe !loic-.C alollg \\;Ib the 
~ igll al pha.<:;c_ One then n\akl'f> frequt'lley 
calibrations by caleulating the ind icated 
phu>ie change I>l'r u ni t. time nlld l'onvcl-t
illg t hi" figllr(-' to a fl'cQuenl'Y JitTl'l'l'il(,(' 01' 
d co\'iat ion from the I'e(''(>in-''d stnHdard fl'e
qIlCIH'Y, Diul'IIlIl phtl..,,(, t>hiftil nl'(> l'Cadily 
ohscl'l"t'<1 aud ra !ibm Icd. a.:; sholl'lI by the 
ret'onl of Vip:r.ll'l' (k\. Rrnall iniltahili1 il"il ill 

eilher lh(' rl'l'ci l'l'd :-;ign:11 pha~' 01' t hc 

FIlii ... . 60, Nlghl _ 
11m. pho •• •• • o.d 
01 N8A showlnll 
dl .. . nal phos. 

,hlf .. , 

MARC .. 7-9 1962 
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I()('al ~Iandard o,.;dllalOr (11'(' l':I~i1~' !l('C1i 

and !lrP fll'{' fnlm the effcet,.; of th(' rom
plex lime cou!'<t:lllL", in tllf' cit.;·("tro-. 
I1lcdul.nka I I'iYl'it('ms dt'scribed :d.K)H'. 

Olll' partieularly important adv!Ultagc 
of tht' phvt(lgrnphic l:..'llibmtiot1 method 
is illus! ratpd in Figurc lib whi{'\l i":l 
record of two fiignals on olle frcqUl'Il{'Y, 
which W(·rI.' flf diiTefcnt phase as reeei"ed, 
llnd whieh lINe keyed :dt('rnntt'i.\'. Both 
sigHli1 plm~'s arc eu.;:ily disc('rned in the 
ph"t~ruphi<' record. Wli('n thi'l Slune 
bet vf signul'! Wll~ ttpplicd to thc SCITo

drlvcl! phul"'C-lo(."krd ()$('illator, it I"{'

!'ultf'!.l only in {'ontinuous hultting of lhe 
servo ~y~tem. 

It is of int('rest to lIote the ch:u'adCf
iatie!; of :-;QIUC I){ the signals fl'corded. 
T he signal from Sf' .\! O"N f1. \\'('!;f-('a:<1 

p:lTh lihllw~ 5 I:'tallie phllsc~ durillp; the 
sunri!:lf' ~hift l FiJl;url' lie ), The corIT'
spourling ,;uUsCf "hift is (lIlH)lIthcd or 
blurrt.>(1 b~' the nature of th(' r{'('ombinn
li')I\ prn{'('·'.'01 in till' iOllot'phen' nfter 
SUU'it·t. ,,·hith re,.;utt,.; in n !$Iowcr change 
in l'ITc>('tiw' hei~ht t h:lIl that. ubM'J'\'ed ;Lt 

ijunri~. As H :!implificd t'xpl:lllutiun, the 
step"il"i(' variation in pha8C may be 
thought of us the result of a my blluuciug 
belWI'Cll iOIl()>lphcre und earth, with tl\"O 
I'cbtiwly sl:\hlc ionospheric cjTt'Cli\'c 
11I'ighl~ lind U tr:tn~itiOIl zone l.oetw(,(,11 
the m. The rtn" will I)(,t I'h:lllg(' its. path 
length except at certain critical intcl'\'nls 

during which olle or more of the reRe(:
lion points is in t he tmlls-ition region ns 
the rotflt ion of t il(' e!llth 1'1I11SN t he 
tr:.tllsit iOll region to movc along the path. 

,\ 8 is rc;\di ly a pP;lrent, t he photo
gl':"l.phic phtl."l.'-ft..'(·{J rdi llg mcthod pro
vides t.he pos."ibil ity of phfl:;(' {'ompari~ot1 
to with in !I 1'('1".1' fell micl'()."C{,Ollds under 
most coltd itiolts. The over-all perfl)rm
:lIIce of t his B)'st('1Il is Aueh that it call 
provide, illn 2-1-hou r int('rval, fre1luency 
c:dibrntion of n pn..'t"i!<i(ln bettef than 
± I X 10 LI, el'en apprOllching a fe\\ 
parts in 10 -IJ, :\ Iorc l'CfilL(·d phutograph if' 
H ... ·hniqucs s hould he slightly better h ut 
not hy ,,0 lIIueh:l>\ all o .. dpr of magnit L1d f', 
ill view of th(' p l'tl )Jng:l.t ioll (J ud uat ions 
app:LI"f' tlt evell 011 the&' relnt iYely un
sophi,.; tic:1lCd pllO t fl~ra phs, 

,\ n insp(x·tion of the ...... · rc{·ordilll,."S indi
ClltC!' wh,lt the 1 }(1);.~ibilitics of the photo .. 
graphic method may prnl"idl' ill the way 
of c:tlibration data. and 'l(>I'"\'e:'l to 
illu;.;,lratc the ('x{'rlll'nec of ~im ple cali
brati{JIl methods whi('11 nrc b;lS(.>(\ on 
s(lund bm;ic JJI·illciples. 

,\ few rcnl:lrk~ :lbmlt t he !! alUrc of the 
vlf sigllnls may Uc of ilL 1 C I"I~st to tho:--!' 
contcmplnting c.\'p lnmlioll of the \'If 
Spe<·trum. :\ Iost or t he tmnsmiU(,r8 
whose c..'lrricf fl"Cqlll'llC'iC's 11 1"(' stahilized 
arc used for Communicat iolL . In the vir 
band, tltis gellcmlly m(':lI1~ ~\I (J I'SC..('ode

keyed cw, 1l.Ithough otll('r tyP{.'S of 

Flgw.e 61>, Pholog.ophlc "coul .howlllg pho.e 01 , Ignolo I.om NPG and N8A, Nole Ihol .e<o,ding 
. ho w , ph .... ' 01 bOlh NPG and N6A a ll Ja .... a. y 24 , when Ihll. I.allunl" ... we" b,lng ke yed all.. . ....... 
lIal e ly. D ... IIII Ihe nlgh""n l ha .. ,. Ihe lime rcal . w a l (amp"e ued by .Iawlng Ihe 111m opeed, Nole 

Ihe . .. dde .. phon shiH 01 ... n.I .. , 
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fIIlU •• 6~. R.cord 01 
pho •• of NPM 0". , 0 
w •• I_lo_ . a . 1 I.a,u,"I., 
olan poth. Nol. th. II". 
"101',,.,"1' Iia lol . phal" 
.llh. lillnol du.lng Ih • 

• u".I .. Iro".lIIon. 

modulation nrc occasionally used. T he 
fir.;t vlf standard-frequency stat ion, Gllll, 
nll/l:hy, Eugiand, is on 16.0 kc, lllld oc
C:I>:liOlllllly 19.6 kc. All the stations of the 
l'nilcd ~tatcs Xilval n nclio Hervit'a on 
"If nr(' u!'l'fi fM communieatio118 ext'cpt 
the Nll.\ tmnsmiUcr 011 18.0 kc ( Pananla 
('lulal Zt)lle). The other st:ltioll8 are 
X:o", ,\.llnl1 IlOlis, Jo la ryland. 22.~ kc; 
XI'<'; XI.K, ,Jim Crl'('k, WfI!<hillgtOll , 18.6 
ke; .\'1'.\1, LlI:llllUll'i, 1inwaii, 19.8 kc; 
and S\ \, Cutler, ). raine, 14.i kc. T he 
:'\;Itil)nal l3urc:.m of ~1:mJlIrds main
t:llllS \\"W\'L Oil 20 kc and ww"s 011 60 
kc' (Boulder, Colorado) as .. t:wdard frl'

'1lll'ncy lmmunill(ll~, Irllllsm itting UIl
inll'rrllpt('d cnrrit'r :;igllll is with )' lnf8C
c'l',dl'-keyro en II-letter idelltifi(';ltion 
e,'er.v 20 minutes, The ~I.W lr:tIlsmilter 
(EIIV;llllld) 011 no kc tmnsrnit.'! ('OlltinuOlls 
(',IlTi(lr si):::nals during it" scheduled 
')II\'rutill~ timl'S. 

The SIH sigilli I has an upproximnte 
rudi:1t('d power of 30 kw, kcyed with 
tinl(' signllls, :IISII call-letter identi fica
tion Ilud rated frequent." ofTr<!'t from 
. \1· frefluellc .... in ). Iorsc ('ode, III add i~ 

.\1 Ii , .... i. d", litll{· _101- in ,..b,d, I .... ''''k<ilion r_ 
q .... n~)· I,f ..... ;11 ... 10 ,,,_u......cl .. 9.11I~.(13I,';-O eJo·cJe. 
pe._nd.. 

JONE, 1962 ~ 

" " 

I I I 

lion, some silent periods nnd loekc-d-kcy 
period::; lire ob:;erved_ The slrnng~t 

sigllnls are nlJinted by N"~ \ (npproxi
mll1e\~' I llleglLWutt radiated 1)O\\er) fllld 
NI'G / N I.K (250 kw), with NS~ (100 kII') 
c\o,;e beh ind, :IS is SI'~1 (100 kw). The 
WW'·L (20 kc ) cITedive nlCiil\tcd l>ower is 
ei<timatcd lit II 10 15 WlUt.--. 

Be.'ei,-ill)::: S .... ~tt'lns that depend on 
uninterruptc·d {"nrrier T"('{"cption for l,tdi
bratiun lire u(,1 K{'lIerally s\Il·('ell..'Iful when 
tried witb the k£'),cd-{":lrri('l- i<ignnls_ For 
('xample, cxtn:'Ill£'I.,- Il:lrrow-lmnd filters 
('.\:hibil keyinl!.: tmnsicnt~ which may 
ob!'('ul'e the d£'sin'd phH~' information, 
I f the signal i~ IlUt IlhoV(' t Iw Iloii'\l' level, 
the n:lrrow-bllnd filtel' lim; to be very 
('tl.rcfully dt~i~n{'(1 to :lvoid ringing, 
whidl may completei.,- m:\.sk the dcsired 
signn.1. This is e~ IJ('('iall~' tnlP in systems 
emplo .... ing \'oltllgl'-.<:cn.'!itive t riggcr cir
cu its. In jl;e!ll'r:II, the 8('r·v(l-dri\,cn phn:<e
trucking r('(.'ein'l'$ lWei Ihe photogr:lphic 
recording Illethod;; have pr(}\'cn morc 
reliable, with tlw photOF:raphi(' method 
gl'!Ierlll1y ahlf' to htl1ldlc the widest 
,'aricty of sigrmls . 

- F. D. b ;Wl S 
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