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ABSTRACT . - . ... .o

In response to & task assignment by the IRIG Steering Committee, the
.- " TCWG has investigated the need for precise time synchronization ou a

global basis. ' The TCWG determined that valid .requirements exist for . -

microsecond synchronization. TCWG then evaluated methods of achiev-  _
ing the required synchronization accuracy. -

The TCWG reconmends that the LORAN-C navigational éystem: be grilized
for precise timing applications and extended ap required .tg provide.
global coverage during the next five year period. :Integration of
VIF techniques with LORAN-C techuigues ig also recommended. ~The
VLF-LORAN-C_approach will permit maximum utilization of existing -
transmitting chains. = :

Several problem areas are noted-in the LORAN-C system where certain
changes would enhance the system's usefulness for time determination
and synchronization. It is recommended that these areas be: throughiy
investigated, - - o T —e e e [, i
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PLAN FOR GLOBAL TIMING SYNCHRONIZATION -0 .~ . .70

INTRODUCTION .~ S

At the: JRIG Symposium in El Pasa; Texas, Novembe¥r 1980, a~ "~~~ ~— " [ 77 7777 7

task was asgigned to-the Telecommunications Working Gtoup (TCWG)

by the IRIG Steering ﬁomittaftuﬁg’repare a plan forthe next: R S S S S

years to secowplish the following:

1. Review sid establish tima syuchronjization reguirements - - - T
on a.global basia. . . o

2. Recommend method F&r time synchronmization and gorrelatlon: = - = ===

on a global basis.

To. accomplish this work, the TCWG established three major: -

AD HOU Eowmltteest ~Propagutlon Consideratiens; Synchropization

Requirements; -and,. Technlques and Gosts.  The yeport of the Propaga-~-
tions Committees was submitted at.the 1l6th weeting of-TCWG in February.
1961, That report. appears as Apiién&i’x"ﬁ'iri'the Minutes-of that: - -
meering  and ag Appendix C to this report. ‘Reports of the other two-.
committees- wra:premted;ttrthe l?th TCWG meetmg at Bouldar, S
Colorado fn June 196L. o

Sincethe fuichions of theé three commitiees were diraéed to- - .-~ - -0 ===~ -

ward the solution to one-problem, i.e. astablish a plan for precise = . . "1 ;-
time synchronization on—x global basils, 1t was vecemsary foy the — . 7 77 0T

chairmen to_tlogely caordinate their activities. TFurther, the .
Techniques and Costs Commiffes could oot ﬁnalizg Ats-work until .

the recovmmendations’ of the Réquiremerts Coim were c-:yatali.z;ed '
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REQU]:REEIEN’IS_,_, i T T LTS

- “Service Mizsile Ranges,  from-gEsociatest malor Goveriment ‘agencies, - o I

T mamber of _areas of

In erder tao obtainauthoritative statementy Erog-National and .

and from Government -¢onnetted conkractors as Eo.the dégree ol time . T 17U T
aynchronization presently regulred and predivted, the TCWG prepared —~ -~ —— - - -~
a questiormmatire and cover letter which were. distributed. to selected .. L L ceeiess
group representativesr— & copy ofzthe tuestionnaire and cover _latter, L N
copies of the returned.questionmaires, and a summary ofthe. ADSWerS - e
on the questionnalres ars fmciuded ag Appendix A to this reporty -~~~ - uTo T oTE

From the .answers to this questicinalre: réceived. from the. Ngtiongl frmemizemme s
and Service Missile Ranges, 1t hag been: detf&mineﬂ ‘that.. present - T sEme e
synchronization Tequirements for these_ agencles are generally in the
order of -+ one millisecond.  However, acturgcy: :mermmts_ predicted
for miesile snd Batellite J:z:m:king jnstrupentation systems In the L
next faw. years. fudlcate that lwprovemernt= by several ordexe of” magnitude_._—T
will be raguired For-the instrumentation timing wystems before the
full capabilities of fmproved: insfrupentation trackipg systetis can be_
realized. . Timing systems between ranges will have.to be aynehrcnized Sl Ll
in 3 to-5iyears to #pproximatel¥V I 10U microsécomds’ (omé Range anti= T
cipates a requirement-of + 3 wicruseronds), and if appears that % 3= J,ﬂ .
wmicroseconds is & realist:it int&rmg mgui:r:ﬁment ‘Ei:m f;he fo;:’ﬂbee- :

gble futvre = = s o

Frum apswers to. the questiconatres recelvwed frow sgeuties outside e e
the missile. ranges themselves- amd—from contacts deve loped through o - :
IRIGC associzte brganizations, it waz determined thdt réquivements = .
presently exlst, or will soon exist, for .timing- -gylichrontzatjon ae- .
curdcies even more stringent thau indicated by the misgile ranges, ... . _.
A number of ‘these requirements wmay be classified as of yital 'Qbribérn*.,
to the defénge uf this country. A summary of these é¢ontacts and - =0
requirement: statements appears as Appendix B.

. It has been deemed appropriate by the TOWG i consider not iny oD e
inter-range requirements but also other-ageuncy requirements im order ... ... ... =~ -~
to recommend an IRIG timing syrfichroutizatlen system which would be . .. . . . _ .. .......
compatible with or would igrm t;he :mglex;s of - gpractical :.wrld-wide L
systen for-Nariopal use. .. ... . - Ty S _

The TCWG ¥indg 1

clocks to acraracies more precise, ‘than those uormally,,_p*rwided by




presently available techniques and hardware. (Only HF radio, WWV o
and. WAVH, and VLF radio, NBA and GBR.are prégently available for . . . .~ . o 0]
time synchronization use. Mora cowplex techniques such as the ' - : o

transportation of an Atomic standard are-pot within the realmof ... . ... . .. ... . .__
practicality for most users.,) . Preci;e synchrnnization rgqqirement . ' Tl T
areas 1m:1ude the. followi,ng. S e e oo T T

a. Htssile amd - satellite inutrumentation Byste‘ma.

— - 77 77 b, Secare.commnications systems.

c. Belentiffc studies of propagation phenomena. -
d. Evaluation apd adjustment of precision oscillators.

e. Certain classified defause systems, . .

As. the 3-5_year goal, the TCWG revommends the adoption of the
' LORAN-C method of -achievifig inter-range time synchronization. The S
establishment of inter-range synchronization by this wethod will .- .. . _ - .. . - ... ___
undoubtedly be a giant stzp toward obtaining world-wide microsecond . .
synchroniration of timing. The benefits to the United States Govern- '
ment in obtaining this world-wide capability are-tremendous. It would L
significantly enhawce not only Depariment of Defense activities but -~~~ - - -~
alao numerous R&D activities that way be directly releted to. aﬂvanei.ng LT s
.the state-of-the-art in fature precise systems’*needed by o an.’t S :
other U. S. Government agencies. o ST ..




over the past fow ]
to. achieve 1 fractim 1-m111i.
a world-wide “basis: mamely, ¥
an Atomic: 5t§.nda:rd t’o-v 4 oud i FoiEl
has also beem © larec
costly, would requ { 4S5
standard to- Eac;‘n : ‘require 8 &Pt
gtandard upor WY failuré Hhieh Interrupted” fhe 1dcal cl&ck.,

| Dot be ml*i.ly a,va,ilable to ageueizs- who were not .
. gtapdard, Becansg € thege . serious

3 the. char- -

crical. methods haye beem ’prﬂposed o
;’mcﬁrunizaﬁdﬁ“- T‘Wﬂ?& on T

Limitations, L
acteristies. of
of using ea.c;h_

During the February. 1961 meting of t
stratians of both X

e

methoda were observed e"U‘"*S* aval’ abmmny,z;,
mm deiﬁﬁnstrations wes ‘Fuctessfal. ~However, "

: ceiver use& 17 - the LORAN-C demonstyations
' v x 1t ite {ﬁctmtlusivga L The .-
’EES Boulder .

ﬂolora,do in Matc
that were. t:perar.ing o grn
8 clearl_y iné‘ic g
w’l’.’th‘i.n '?ﬁ'_ ﬁn& wave —me’fgge

cou1¢ he ax:hieve

In ordey tO: obta,’m:—the _cha‘racter'istics of each syaﬁ‘ém all availabﬁe m T -
technical reports -and bulletids” pertaining - to time wrﬁce and to . : '
VIF ;a.ﬁd LORAN-C traﬁmi glon-Systets Were: reviewai. _(Bee Appendix F )

Considerable work pertaining ! to-a- Lt
betwe.ﬁn widely Beparate& glocks has,been (o] 3 by the
wards, Boulder, Colmsad NBS 5§oﬂsom he devel ComerEr o

of the mew LORAN-T TIWDM =ppielvers & TORAN-C clock with mieros o "
gecond reads “capa 3 ofirhose’ develqpments and of the. Sl
many NBS étﬁdies mava NB ' _
Thege TEports. were_ ‘meticu hniqu eg—and Ctmts
Committee 1in ‘order EO. se resulls O P work on timing
ym:hronizat:ion. -3 ity of P techni ta op the VLF &

- aid” TORAN-F systeus follows ' S SR

“a. Pulse rise time: LDBAN-G :LH about 70 micxcrseconda (& Cyclas L
ST of 100 KEY;. VLEF 1s ép‘pfaximately 15 s T e
millisegg;;dg : 7 © e



b. Signal dilution:  Within the Mpa of grovod “wave Ci:!verage,_ ,
arrival uf_the Firat sky: wave the,reby ST

- aliminating error caused by lonespheric ... .. _. B e

vartavions; VLF signdls® are contaminated = - : S

by sky waves for all usablé porttbng[ of 1 - T

P B TR TR e RS T AR SRR e, — S T T e LTl LrTo o InIlIL T

¢. ‘Cycle dutectiont ~During a sampling ifuterval, the zero axis.
crossing of a periicular cycle .of the ST
Lm{_carrEr"is detarmined- to-an accu- T E
racy of betteyr than one wmicrogecond; a - : T
particular cycle of VLF cannot be iden-
tified with sufficient accurscy.’ T

d. Diurnal or seasonal variatrioeg: - LORAN-C ground-wave gignal = = _ '~
is not wignifivantly affected (signal
sampled before arrival of sky wave) but : S
the “sky wave signal would vary (pbout: - o T
the same as VLF); VLF ground wave si&nal e e e
is affets:.teil;ecause aﬁ_sky wave mntam- SR A
Ination., ~ ' o

e. Transmisafon delay: (1) LORAN-C grouud wave signal pro- -
pagation-delay - is predictable swithin: ' ' -
nominal Limits of 0. 1-1l.0 microseconds - _ . . . izl LI
to. Epproximately 2000 miles; VLF ground - T : o
wave signal delay fs predictable but _ . .- .. oo i
subject: 13 sky wave dilution for:wsable . ... . o o .
portions.

(2) The ionospheric reflections are.
subject -to substantial, buf generally L
pedictable. diurnal varlatriows sf.sugrlse- . 0 oo
and sunset,  During stable periods, the T T
sky wave signals can approximately be
predicred to within 10 microseconds,

f. PHase locking: ‘AfterTthe ‘exact timg has beem set. in the . . . -
S : ‘local “generafor, the local timing irm_ci],:z FT el e T
lator caw be slaved.to either-the LORAN-C . .. . . .
or VLF signals toiprovide. uxtremely uag-r el BRI
e e - —ful continucus synchronization. ‘ :

The principal advantnges -and_disadvantages of using the. YLF. and S s e
T 'IORAN~C systems for timing synchronfzation are shown below. .o o .o —ao. - PR




Advantages .. .. 70 C° 7 T Tt l)_iﬁadvantggen

1l.. Virtual world-wide timing toverage - .~~~ 1. Blow rise time of trans- ‘ T
- - - is provided by existing fransmirfters- »,_m,tttgd pulse fapproximate-— . SR,
over:at—=least some part of each day.._ _ly 15 milliseconds) makes -~ ¢
determinatisn of . the pulse
"o~ 2. Relatively inexpensive eguipment is.. .- .. .. begluning difficult (500 .
required.ats Em:h rece.:l,ving ﬁtﬂtiﬂn e e o oo - Microseconds, however, 100

($2500-§&S00). T T LTS T Talcyosetonds max. accuracy.
~ B T T way bussibly be achleved
' 3. Synchrfonizing signals accut at a7 7 .“but .this has not, been
1 pps rate during periods when . demnﬁtrated). el _

communications 1g not being handled. L B
' : o 2. Due to the slow pulse rise ~— o
4.. The duty ecycle of the tranpmitted . __ o _times, all usable portions -

pulses (30Z) simplifies the task of. . ofthe transmitted pulse i
phase meagmementss - - - LTI oo '—fauffex Erom sky wave T
cﬁntmﬁinatian. : o

5, Good atnd predictable phase’ stahﬂity - o
exists in splte-of sky wave. cqnt_am-'* 3 é;: ’p’resent:, 'NBA trans- - - - - = -
ination-effects.” (Dinypal. ;ghif:n;g, “miagions are interrypted to- -
the order of 40-50 wicroseconds. = .“.f."."_f"f.”"”" handle commnications.
between Balhoa_ snd Washingtor:) ' :

Advanteges - - . . Disadvmtgges L oo oo
1. Faster pulse rigse times allow the _._... .. ~Only limited ground wave =~ - o
sigual to_he detected before sky. . e timing coverage (approximately . .
wave. conramination: occurs for ground © T AU milEs radius during day--- ‘—'—‘L--‘-%'—--.—
wave coverage to-about 2000 wiles.. . . .. light) provided by the exist— T
ing . E.{;ﬁit Cgaﬁt Ghain. - -
2. Faster_pulse rige tiwes in . conjuncriom - - o
with sophisticated techoiques wakes &~ #2‘ The large v;a;::igty pf- mpeti-..: ST e
it possible to. detarmine & known point . ... tlon rates, and the signal . . .. .. . .
of the pulse tao within 0.1 microsecomd . _ ;_;:}:gﬁingﬁ employed result. 'in ST T s
at beat uslpg existing techniques. . . - epstly timing vecelvers. LT
(530,000 edch which may be. .
3.. Absence of sky. wave. coutaminatipn - . reduced with quantity pro- -
results in extremely.good phase - o curemrxt)
stablility (leéss than 0.1 microsmd o -
in pure growmd wave conditions). 3{ The limited ground-wavg range "I
of each transmitter-results in o
4. Virtual world-wide. timing ¢overage - . - a:large number of transmitter - .-~ ..

_ chalus ta make full use of the .

could be integrated to: prcvide_mxld—--,--
. LORAN-C. one-~migeosecond: Bmhmv. .-.,,__‘_,..:

wide navigation coverage—from’ the.,

same uninterrupted transmissions - - B . - wizatioircapabilities. - (Approx: -
(accuracies of grounl wave coversge. . ... .,,m‘liiGQJIQ(L plus building facilities
1 microsecond. and of sky wave coverage ... . .Per: Btﬁtﬂl‘ﬂ)

about 10 microseconds). . ... &, Since,. manieof the repetitinn :ﬁtgs

used_in_the LORAN-C gystem (e,
L0.01001--pps) are not integrw
ARl tiPles of onie ppE, the” opéft

~—ttonal problems of maintaining ftﬂ;e
~ syonchroglzation-are undﬁe,ly o
7 complicated, - L )




Fyom thie wbove it is evidept that for - synchronization accuracles im = -~ 770 ... ¢
the neighborhood of 500 microseconds, VLE 15 adequate, and the expense of . ~© . ..o 0 oo
the LORAN-C sygrem 18 not Justifted! Since wokld-wide synchrombzation . . . . L .00
«—  accuracies below 50 mlcroseconds dre required,; 1t would appear that a - S
program for constructing LORAN-C. transmitfers and recelvers must. be em- .. - .
barked upon: - Umder these conditions g large oumber of "Specific® rates
NTTTTWGUTd Cbe T rEqilvéd forstation Identificatton, -which would meke the process -
of transmitting time information &round the world-wide chain or ohtaln= -
ing time informatiou-Trom this chain extremely tedious; -For example, the-
repetition rate:pf-10.01001---pps" qnatgﬂ previously maams that - Qne of ‘the
pulsea of this repetitton rate is co-fucident with 1 pps "on time" only . .
once in every thoumand secouds,.. A Bpeclal divider could.be fabricated -~ - -0 o0
to provide these pecullar reptitioo ratws. - However, this divider canld ... - . .
be compared with one pps "on time! onxly once iln-every thousand seconds. - - o
Although this divider vould be very accorately synchrouwlzed to-the recelv--

ed aignal, synchronization between tiis divider and the majn L pps divider = . . =
could be checked only once in every 16-2/3 minuctes without the wsge of -~~~ -~ =7

speclalized operaftIng techniques. The hardship to ptatiow personnel in ST LTI ,
maintaining symchronisw wnder-thege comiitions woold be enormous. Further- e

move, relisbility of the overall tfming “synchronization ‘Beheme due tn:rthe I
incorporationof ~thig addirional complex divider is veduweed, — —: . .. o ool TTLs

These difficulties conld be gurmounted ffooly those rates which ave ' .. ... ... .. .77
co-incident with 1 pps'bu tiwe’, ~every second; or ilntegral multiples. of- - . .7 =
once per minute, be.consgidered Tor fransmiggion of tiie-sypchroaization - 1 -
information. - A giwple divider chain vpérafing umder these condltions - 0 oI
conld then be automatically syuchroumized by one -ppm "on time' from the
existing cime base gemeratorss.-If only six. "Basic” repetition rates are Lo .
used for transmitting zvowrate timing -information; oruly six chaias cnuld Ce LS.l rmEls

be used without comfusion,. unless a,ddir,ima_L phase *cr.iding 'Sthenres are. . . L
uged for statiom idenrification. - - B

A winimum of Tive LOKAN~U chalns synchronized to Universal Time Eti’d’ o o . .
gppropriate monttor—stations o provide "steering™ must be situated atoo oo o UTT s
strateglic locations {see Figure 1) arcund the equator: “g.g., the U, S. S

Eagt Coast; Ascension Eland Mauriticey; Manus Island; and Hawaiian : S
Island. StatiomE#®r=those lot;utizsmr fapproximately SQBQ milen apaft) S,
are most likely To provide the best sky .wave coversage; according to- T Em e moLTo
NBS findings. I this metword, two chains are:-dlready instdlled: . the S
U. S. East Coast; and, -the Hewailisn Islands. Unfortmoately,.the . SN
Hawalfan chain . dQEF ot broadeastatr @ Bagicrate,” However, it is b&liav- B
- ed that this chain eould be chapnged: to a4 Basicrate, if required, ~To .. T e e
gugure “adequake voverage for gome special applicationsg, it may also.be - e el
necessary ta. synchronige t;he e.:x;iﬁri:ng Med_it;erraugan _ami Aleutian LORAN C oL T
v chains to Univexrsal Time. - .—-.= ST o L
Tn addition- to the LORAN-C chaing proposed abaove, two.other single oL LT L L
LORAN-C transmitting starions are. mquireri sithin the U. S., €.8- Boulder, T e el el




Colorado-WSMR area and the l. 5. West Coast.” Thesé two -stations would e T
not be part-of-a navigational chain and thus would only provide: t:imiﬁg SR et S
synchronfzation: links ro insurs: precigé 1rite3:'-‘i.‘*aﬁg€ Synchrotﬂ:zat:ion e
withir the continental U. S. . - - o

With this. rtetwtfrk installed,. timing stati:ms Located anywhere on oot T

would_s_eldcml be more than threeg thouaamd wiles Erom the nearest gynch- Lo L
ronizing souremi: This would.insfife fhar. time synchromization  at any - e

POiAt TH This sréa woild be checked to firhin ter micréweconds during ; o L
at: least some part of each day. This, however, does mof: guapantee. . . ., Tl olC
that the timing statiouns will be in gyochronisms to within 10 acrose_conds T
of each other for ¥he following re;ascns.i_ I Five parts in LOT stdbility —
ogcillators are used .4t each staticon; t¢ime drift:throtghott the day in o
the absence of ‘a syuchrofilzation: siml‘ could be. approximately + 40 = o
microgeconds , Frovided. tEat the Aycitial sscillator setting was accurate .. © 7 R
to. withifi=one part in. 1040, an aﬂditicfﬁal +.9 microssconds per day = ToT o
error.can-be expected for Emrh part-im 10 W0 nirtal Erequency offset. .. - U T L
Thus, two.timiag stations, Infeially synchronized to within + 10 mtcrm- o
seconds of the synchedulzing source {20 wicrosedonds ofieath “other) .. L ‘
could.concelvably be 100 mic¥csecsnds out of. sjrﬂchronism by the time ST L S
LORAN-C reception is again available one-day later. . ... S e DT

Becausg  of the above problems using gky waves, it is.desirable. .. . - . = .. = i

to.utilize the EORAH EL aignal_ta Anttizlly aynchrontze: the dystem dur- L
‘ d,jt’cff.tﬁaiﬂt&iﬁ phage hronism with S
VLF signals thu:ing pefiods of . poor 1LORAN-C receptinii: ~Using this. e
technique., tima Qﬁr“ﬁélatiﬂn "bétween the ciming statloni-and the ﬁynch- IR
) 1d be mainrained td within 10 microseconds; provid- e a

ed of ‘courge r:.haﬂ: the phase Idck between the VLF and-LORAN=C £ranf-.. ..: .0 2 caeweee
mitters terkept. constant .to within ‘two or three mierosedands (although T
there -may be. an. offsetr-of "0p-to 200 mic: be.twéian“!‘;ﬁé‘m.andf e
LORAN-C transmftiers, as long as this: offsef is walntained ro within ST T
two or three microseconds continasugly, . the. sym;hmnizatmn regquire~ ' .
ments will have been met). It is. believed: that the Naval Observatory T .
has the facllities to mainrain tthréﬁﬁired.synchrnnIsm between the . . T o oo
East Coast’ chaiﬁ'hf IIIR&N C. tmsmitfars and. the YLF statlod in.the s
Cénal Zome (NBA)..

slaving nf 'E:he 1ma1 tim,ing Qsctllator.-:,i‘hus_, either the VLF or
LORAN-C_recelver may be used.for:! 'slaving” in areas of-LOKAN-C ground , o
wave coverage . Howevetr, da VLF récelwer shonld. hg‘prﬁvidai as.4a part. T UL UTIL

of the synchrnnizing B?stem he:cause, TIr t:puLd. alsn be u&ad ttj provide _ e
toleHrry the” stIEion “thréomgh perioﬂs ﬁfj}'ﬁbf mﬁﬁ-c :eceptien (mainlﬁ o ___
in marginal sky wavé aress).. JIf the VIF receiver 1 used far this T




gignals furnish only "fine" t{mihg:kign

purpose, it could also identify .the UT second for setting the local
glock, - If not then a high frequency recefver Would be requirsd to
provide the ''coarse” time setting (WWV signalo)’ becmse '!.GRAN-(‘

10




using combined i;lLE amd LORAN I; v i&,n&cessaty to- ide tify {tems thﬂr _,f Tt T
must. he_ mcomplished in relation to-the transuittdng -systems and ‘to - o oo
investigate ways of ™ éﬁﬁﬁdﬁicmy imprmting fhe ayaﬁm for f.iming o oo
synchromization., .~ 7 o .- z Ll _

The LORAN-C is. basically a navigatfoual system, and the VLF (NBA)
station 18 hagleally a worldscoversge commmrdcation-statica,  Thus,
both types have certain limitrarions for: timing use.. The required-changes = _
in equipment and procedures €& be implediented without deteriorating”
the origimal intended nse for each system, Additiomal’ LQBLDI—C chains _
can be uged for. pavigatiton and timing synchromtzarion, - ' ' : -

Existiog LORAN-C chalns musf be up-dated. The station crystal
ostillator it must-be replaced with -a more precise umit. The problem
of repltition rates mifst he gulved (this item was-discussed with NBS
Boulder who further discuseed.the subject with the . U..S. Coast Guard . .. .. _. ... . .. __
and Sperry Corp. and it appears that a change in method of agwignlng =~~~ = 77
repetitiom Tates Tan he solved. satisfactorfly)y o “The: transmissiong from L B
the master starion wust be menitored by the "Steering" agency (gee -~ - - -— - <
Appendix E) to_provide.correction fnformation when the traxrsmitting* Tt T
station oscillater deifts auny Tron Unlversal Time beyond tolerance. - e
Propagation-delay times must be accurately computed for_ ‘each major - R
range syiichronizing lacation and other areas around the woild. In
additiom; = stirdy of sky wave propagation effecrs should he Initiated - -
to increage systen docuracy and relfahllixy.  Thig gtody. gshoold dnclude = i: ,
measuretent and analysis of signdals in dreas wheie: Bka waves tmgt’ be . S
uged (see Appendix D). e

New LORAN-C chaing and appropriate:-wmonitor: stattoms mugt be du- - = -~ -~ ==
stalled to obtain world-wide tnwerage . ~Also, two timing-only LORAN-C = = ... — =
transmitiing srations wust be lnstalled at appropriate locations within
the U. 5. to_dnsure microsecond syuchronization: b?twgen ‘the National
and asgovlate Mismile Ranges and other test Rangeg. ~ ~ 1~ ~ - - _ STt oo

The "Steer¥ng” agency must monitorthe VLF statiom to malntxin a ST e R
constant. timesphase relatlonship betswenw VLF trausmissions and. LORAN-C .. . . . _ .. .
chatns. Thls will allow the user ta choose either ¥LF or LORAN-C =~ . . _ . *
signales fox phage=locking hig local osctllator,. xie,pending upon” the o
accuracy_and velismbility of ‘gigials at his Llogation.” =

i 0




L]

The user will _have a choice of: two-approaches in timing egquipwment - - = = -
configurarton, ~His selectionm of approach will be Influenced by his f : L
ex:l.st:[ng equipmem t;qnfiguratiun and hy the speﬁfic trmiremﬁxts :tn T T LTI ET
3 o1 B T e

o First, the NBS developed LORAN-C. clock {see Figure 2) with added ~ = -~ =~ 7 ~~
- timing gemeratiouw circuirry-could provide IRIG format Limﬁag_gmetation e T e
and ayrchrouizarions: The NBS LORAN-C clock without additional circuitey - -0 - oooweoe
would. provide only synchrosization aid fGilcrasiecdnd resgdootr o random - - T T e e
event. capabllity., The use of this clock would probably not be-the mwost . . .. . .. .
economical method of achleving wicrosecomd symchronfzation; 1f the wser - . - oo o . o =
already possesses.an IRIG.Standard Format. generator. The §NBS elack . = =
contains a Yslaved” oscillakor; dividér ctrowitey; and displays of time &=~ = 77 o
information (microssconds, seconds; minutes, hours; amd days) which may )
duplicate geuarator—Lltema. > The LORAN-C tliming nec:eiver: uped with this . T :
clock was developed by Sperry Corp, under NBS contract. "It lsan . - T T
excellent recéiver but contains mwany cunplex circults and conrrgls that B L it
are not regulred-by each user.. _Therefore, NBS was advised thar TCWG . ' .
1 interegted hosinplificatfion of the LORAN-G retelver design toye- - = - o775

duceTrhe production coste as’ an immediare goal. NBS contacted. Sperry

Corp. who is-now considering the problem. Examplesldf ﬁimplificatinns ":'"*”:'*i:r;}_x;”;:
are as follows: repackaging (spread ouf components); modulat.desigd: SO by
but not weight campresaed; eliminatimmrnfaome items such as notch ‘
filter-and guard -alarm chammel (most items eliminated can be offered

as optional); osctllator will be furnished by user; change power foput ~: ° = e 7w o
from 400 cycle to 50-60 cyecle; uge of packaged cipeuitry: wsgplug-din ~ —- v v oo
units for sta:thm ﬁﬁlgctinn _anﬂ_,_m:fl&.gssmpe aml antenna provided by ' '
user., . R R

The second approach would be usted with IRIG timing generators - LT T e e
similar to those purchased by FMB, This method requires a LORAN-C :
timing raceiver and slaved oscillator (either VIF or L¥ phase-lock). . o
Algo, special clrcultry canm easilybe designed to provide mlcrosecond - - - - oo o
readout capability of the timing generator, if required by the wser,~ . -~ - - L. 7T

Both of the above approaches are compatible because they vse the
same techniques in measuring amdi-adjusting tlie local generator signal
tov -syncthronize -with Universal Time. In elther case,. a VLF recelver. - . - .. - . ..

would be renuired am noted._ previmrsly “under- Techntques. -

Simce both approaches require the use of a LORAN-C receivaer and
since the proper fumctioning of this receiver will affect the precision
of synchronization between widely. separated clocks, .a study mist be _

conducted to-determine - standard ‘measurement and calibration “techniques
to be followed-by the user. ‘

Another problem of implementation will be the availability of
funds on & timely basis guch that joint procurement action for  LORAN-C

12




timing receivers can be accomplished through TCWG and such that all = "7 7
propused LORAN-C.chalns. and” momitor-steeripg stations are installed . . .
{n an effective manner to-achieve fnrérsvange and global timing wicre: ~

second synchrapization within the next 3-5 years. - 7

3 -
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COsSTs ... .

, Since other DOD Agenciex have Cogmizance over the VLE and LORAN-C T T
tramsmittttrg amaimonitut:t;ng systems; the TCWG has’ ma&e m‘.‘x “Afteipt to it:_,_ - , Sl
summartze the detatl costs fivolved for them. - - :

It was notpussible to obtain exact cost figures for. nser.gynch- I
rounizationequipment difcugsed above Becatusé nofle 6F that "Equlpment s =7 7 7O
in production. However, appropriate personnel of varigus groups were ~° ~ 7T
contacted in order to urrive. at the "best” estimated costz. T

12 da. NBS LOBAR-C clock .7 72
Exiatmg IIJRMT C timing o _ _
recelver 0 i T : 30 000 T
VLF yeceivar. .. - . .0 4&,00{1 e T
TOTAI. ) $5£'+ UQCLA_:,, [

$20 Oﬂﬂﬁﬁf SR _Jir

b. NBS LOEAN-C.clock = = §20,000. . _
Simplified LORAN-C ~ ..  __ . . . . = .
timing recelver - 14,000

VLF recelver Ul il ~%,000 . - L. T

TO'I'AI $34 Q00 ..o L ouIlool

“*c. IRIG Foimat Gemeratiom " “§L5,000° "~~~ - TTTUILTUO
eircuitry for use wit;h ' "'_ ' ' _
either "a" or-"b'" abave. . ... ... . . ...
(Single ,uni;t: ge‘n_.eratq:;;},_,_: el 0t U S N el

Second Approach: al Special cixvcuwitry . . S 5,000 o 7 —
ExiStiﬁgLQRANCttming R e

recelver - - .o oo - 30,0000 T -
VLF recelver - o - oo e gt T

TOTAL = §39.000- . — - & f=5iias

b. . Bpeclal clrealtry-~- -7 . T
Simplified. LORAN- C_ eI . - }
. Elpingreceiver - - - 7 - LI TITTTrT
VLF recainax_._..., e p e e ..;-, B < - S
- ' TOTAL ~ ~ 519,000 )
'*Co'st uf'IEIG'Fdiﬁéf"'gﬁé’féfféﬁ"éiii':E:uiEfjr"iﬁ"'Ehwn’ W B_em 'Eé' 'si' irm{r o ) )

gﬁtf&ﬂ!fiﬁﬁ'ﬁ&“whrdni}m eqnipment. i'.rotal cagt, using ™"
and "c” 1g $49,000. per single unif.y . L L _ _




The cost of the extuting LORAN-C timing Tecelver 15 shown. i;'c:r AT ke
use by Agencien -requirfng-all functions: —Discugeion with ) - s AT

Corp. repreaentati%mgd:@al the cast of. the. LORAN-C tim! *’ CUEEL R
- receiver can glmost-certainly be: reduced through - rgﬁasign QD Eimlil.i.fy .

it (the approximate cost of $10,000 is based upon thelr-estimate of . .. .~ 7710 TUITC
a world market ﬁur thgae raceiverg)- P . .

Format generators snd thus would use. eg;}gpment; listed s yander. itew. "l?“—,—--'- e
of the pecond apprcach for-each sire requiring direct sgmzbronization - S
- The number of._; —amncnt o Equipment -required by sach, e will e, e
be tabulated latey when TCOWG prepares & jolnt procuremweunt plam. - - - Set

Most-uf the Ranges are {un_the process. of prﬁcm:ing TRIG Standard T mmmmeen e e




RECOMMENDATIONS

1. _IORAN-C he adopted as- the primary methoﬁ cxf achieving
microgecond Eynchronizatiow. === , T

2. VLF be used tc atgmear TORAN-C ‘in LOKAN-C signal problem = =~ -~ + = = "=
aregs.” 7 R : : , - e e s

3. 'Additivdal LORAN-C transmitting and monitoring-statfpmsbe -- - = -
eatablished by DOD add vtber ipterested.agencies to ubtzin ground -~ - IR I
wave coverage across the U. S. anmd reliable global. sky wave coverage, o T

4. ..LORAN-G‘tranmiEEi.ng stations be eguipped with oseillators>~--- =~ - Z ol
stahlga,ta;mmm“mﬁm per d&Tﬁf bettn,r Lrggxiraa action by the
U. 5. Coast Guard).

3., Schewme of -Speclfic FEras ‘tol uded -in- IORAN-C.be reviewed - S
for-the purposeof Bimplifying time smhmiaatim" ‘ezg., #tthe ST T T
speclffc repetriricicperiods -differsd by Incremdiits of HHE: rnillisecand Bt T L
instead of 100 microsecoids, NBA or si{milar ode-percsecond” pulses .
could be used ip ‘A stralght forward ‘menmer o Yesclve the mpetition SR
perlod and ser—The Iﬁnﬂ Lfllof.k Ire _ﬁes jcﬁ.‘Tl’f: Ef‘fﬁff }xy ﬁ“ﬂg WS,,— e e
Comst Guard, aad TCWR). 77 ; ' oo

6. LORAN-C gystew be 'Stdered” by the U, §. Naval Dbsegvatory .
(see AppermdixE, this 1s presently an a.saign’ed fum:timr) _ ST e

7. The phase-lock relationship betweer the master LORAN<C and =~ @ = 7

NBA (VLF) transmikaions be walnfained by the . §. Naval Gbaérvatcry B _
to within + S-wicroseconds.™ This would.not ouly :Lns:rease. the effec:ti\re T T e LD
use of LORAN- iﬁmﬂsmxliamm otﬂy tq be uge;d a8-8. quurse e e
synchromizatton medfum.. - o T TUonT T ST T

8. . NBS_be requested to assist i determiuninig-propagation con-
stants between LORAN-C stations and speciffc locatlons-within “IRIG R
member ranges (requires sits location data and fands by TOWG . action). ~— - -~

9. 'NBS be reqiebted to-provide specififations Fox Btanda‘rizatian e e
“of revelver calibracion (requfies fonds by TCWG actiony. " . S

10. DOD assist the N. S. Coast Guard in furding work by NBS to .. .. . . . .
furtler Investigate sky wave *propa:gaticsﬁ of _ LORAN-C signals (see , e
Appendix-D). S : - -




11.. NBS-and ICWG. work _;oitttly witir Sjé‘i‘sz‘ﬁox;p £o Fetermine the

feasthility of simplifylsg the LORANZC. receiver: for runge"ﬁimﬁtg aﬁpl”i:":_.- [
cattions withaut. sacrificthg perforfance. 7.1 1 0 070 T .-
12. TCWG metber ranges insufe thai:igﬁééé""locifng wn‘fmiques use:d N

in slaving the 16¢al.osclllator shall not degrade thi dhort term |

stabiliry of the.lacal ocscillator by mors thani-a facEaf of ths. . =

13. ICWG ¥oriilate Jefinifs plans for. {blut procurement sction T
To be effectiVe, Joinf action,_w:tll require suppcrt 5C tha Raﬁge_;, P e C e
Commandar-fevel. =~ . _ . R
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TIMITG SYNCHRONIZATION. R@UEEMEIFI‘S i
OF TEST RANGES

APPERDIX A

(smnmw FROH Qwﬂmmsﬁ DR

one Present . 3-S5 Yemrs ' Future

AFCHL (Canbridge).

IRM-R]:}) T :i:,:,,,ff,j, ,TL m
SMBA Radar . o % Lme.
SMIA Freq. Div. . .. ... ___.

NOTS :
Test Dept.

PMR + 1 ums.,

TOVED o

AR {(Questionnaire not returnsd) .

m
FAA : .
.Bureany of R &I .

Sandie Corpﬁ- LTI oo it
Inst. Dev. nept. S

HASA
JPL
Goddard Space. Fl.ighﬁ Cénter

Rasea:rch Probe Ins‘l:. E‘. e

(rt. mm@m)'

AFPMDC
Oribital Mechanics Div (MDWO)
Directorate of Adv. . zpec;hmlogy

*%11 we.
. - (MDRTTI)

,‘:i;_[, ms_. - o

+5m. S

) + ’100 u(ac::t

Not regquired o

* 100 U get,

Lo #1000 see, .

+.100.U Béc.

I'I'H'

{Quéstionfinire. riturned but unable to AnSWer question at present)

(7) Unknown

3 ms e
1 se‘_c.,, LT

% 100,y Bee.. .o LT

4100w see. UL TTELLT

4+ 100 0 Bea, I

[P ———— v o v o o o . o e i Ty e 4 oo A e 44 S ot i o e s e - o o 5 Mo g e e o T A0 A N i A PR i TR N T L B WO AR U A W —

Names and addresses of the individual sources fér the above informetion -

can. be found on the;reprodncedmpies cf 'the re‘burned q_uestionnai.res ol

ivicluded as & part of-this report..

Al




APPENDIX A

19 January 1961

The Telecommnications Working Group of the Integrated Range 7

- Instrumsntation Group bas been assigned a mumber of taska desling vith
the sccuracy requirements of renge timing for Anstrummtation. Completion
of thess tasks should result in informstion which will be of considerable
benefit to all renge instrumentation sod result in improved dats sccurscy.

It is requested that the enclosed letter and guestionnaire be Maced
in the hands of proper authority within your agency to supply competent and
relisble answers. PFleege note that the questionnmire should be returned to
the undersigned by 10 Febyruary. Your cooperation will bs greatly apprecisted.

R. L. Montgomery
Associate TCWI - JRIG

Bollomen Air Force pase, N. M.

RIM/ap | - {Committee Chairman)




APPENDIY : . ..

16 Jaduaey 196L. . . . i T
TO: -
FROM: Committes tor Revied and Bitablish Piue Bygehronization Requirements o "f:*,
' on & (lubal Basis, Telecﬁmﬁﬁiﬁ&ﬁnm %rking Group of the Inter-Rdnge. . el
Instrumentation Group. ‘

' The Bteering Committeé of the IRTG has appigned o series of tasks = = 0.
to the Teleenmmicatmna Working Group; on® 6% which 1§ Edticerned with the. = P
"Reviewing and establishing of time synchronizatiofl requireiichtd on a global *
basis - at the presest time dnll e anticipated three to” TIvE yesrs 1A the

future". A cosinittee within the Telecomminicstious Working Group wad set
up to deal with thls portion of the task assignment. s

2. In order to commuicete with other groups or agencies on s
conmon languege besis. tha rpommlttes had ddopted the Pollowing definitions:

a. Time Synchronization = The dtate of: fal:j.ng place at the same
inptant of time ;

b, Bimultaneity - - -~ Same as above

t. Time Corrvelation < The act or procesd of egtablishing &
mitusl of rééiprocal relstlon to an
iostant of time, . This relation ia oL
expressed ag dn interval of time. .. .. . il =

d. Universal Time(UT-2) - Mean solar time corrected for observed .. .. 0"
poler motlon and for extrapolated sea-. . - - -
sonsl variaticny 1n gpesed of rotatiom T
of the eArth.” The gecond of mean solar
tims 15.1/86, 400 .0f & mean solar day.

3. After reviewing information swillible in connection with fnter- range o
time synchronigation requlrements on the Ratioua.l and Bmiu Hissile Ranges
the committee HEE de‘l';'eﬂnined t.]ie tollowings"

B. The vast majority of tnter-rirge and global time synchronization . - °
requirementa indicate that & need &xists for timing simltaneity, ag presented. :
to the user, to at least the following aicuracies -

Present o F One Milligecond. - . G T e

3 = 5§ years in future 'f;, UKL Microsenonds

b. Although more stringsnt requirements” sppear to exist, it is
desirable to dsterming if these zan be satinlied by post-flight or delayed

Al




APPENDIX A

correlation CHrLRCEINE. TIZOTEa T TE K BYa0T posinls that "tIMing ﬁimnﬂtanélﬁy '
requirements ¢ad-be relaxed ol A" Tlmfvp rator 8148, TR _ﬁﬁ‘ﬁé EhBEE,” :Lf _ AU
accurntely known Figiifes chn He-supplied Tor tha ‘prapagamn &elay be’ﬁween S Lo
. the timing generator mite-mnd the ent tostrumenlatiton: =-7s @ e, - Lt emamowoouis

c. Present techrigues ung ' "hardware" known-to be employed at

"""" miasile ranges W1l not conttAsntly yield * Gie mi11fsdcond timing slmmle"
taneity to Universal Time (UT-2).  Uncertatnties of 2 Wmﬂﬁagm ; T
are considersd o & By the UeE oF available methods, —— 77— s e s T

4. o asBtot thie. mtee*mfmﬁﬁg’the Tequired colege of . 0 UIOTT T
action to satisfy the apecified thsk,” sayy exceptibns to the ptafed accuracies ~ . . . .
in paragraph 3.4 should be hroupht to thé committes's attention through the = . T
media of the attached queéstiontmirel [Iunfiwadtion developed by this committee === oo

mist be acted upon by sther copmittees in emusﬁiﬁg the methods and equip- = 7
ment to be employed, @fd the specificatiosd for eqiilpment mist be prepared’ L
prior to the next ﬁaca:i. year. The. committee in schediled to meet next on . . ool

the 13th of Fehmiary. It is, 'l:heref‘ore, extrems]y’ mrtant that the ques- = :
tionnaire reach the undmaigned e 1s.ter t-.ha.n 10 Fehruary Your. cnoperat:ian oLt
will he greatly apprecfated. =TT T IR ol

& 7 %z.,.f:?
R, L, M)ntgﬂm -
Apporinte TCI«‘IG IRIG R T T
Holloman A:I.r Force ‘Ease, N. M. oo

{Committes Chafrman) .




APPENDIX A

Questivnnatiys = =~ v~

Inteér-Range Timing Synchronigation

- What 1a the wiST BUFIagent thelng C6ralatisd reqhirement to

Universal Tims (UT-2), for post light reduttion; Bésdsd by instrumentation

operated by your yREEE or wation; 7

Accuracy of correldation’ ' U MEximid allowablie delay
e BN, o 4B xeceiving correlation

correction figpra

Present +
days

In3 ~ 5 yeurs e e
Foreaeeable future. : e e e e e

Type of instrumentation . = -

xl

2. What is the most stringent timing simulianeity requirement to. .
Universal Time (UT-2), for veal time, quick.look, ot immediate reduction,

needed by instrumentation operated by your vange or organization:

Present = %

In 3 = 5 years

Type of instrumentation. ..

3. If not provided with the accurmcies specified Above will the data
be degraded to the extent that the program will be jéopardizedy

(yes or no). If enswer 1s yes, you will be contacted Tor furthes details.

Authority for above answers S

Organigation _ _ - e

Mailing address . . e

Name (pristed) - - Bignature .. . ... 0.0




APPLG

TIMIRG SYICEROUIZATION REQUIRE®NPS
SUMIARY FRUT QUESTTONGATRES o
(SIMULTAIEITY 10 UT- 2) ‘

wmmsmreBPrOSENt . 3.5 ve
TIUT T T ke s " el o T e 3

g A 4:':$

~F

S +lms. 4+ 1lme.
: :Z“Toauw, Tt re AL-M;:
- —rer angr g - P TR P L RS
| AFFIC ~{Questiomadre ot ratusnsd) . fomis . - YN P P e - N TE TS

FAA
. Bureau of R A D

Tnst., Dev. Deph 0 Rlme. T 00 0 seec ) % 100w Bee, L T

L RIE r1for

- (Questlonnaire. retirmed but inable to-Enswer gnestion at present = 7T

JPL Sk lme. T oy-loouw E&f::. ek 100 UBeE. T
Goddard. Space FMght Canter . mdliwms. —~  Fhrme N e
o S0 ‘ N PR 1 Rr7 0 S S

ook g, T 4
APCRL (Cambridgs) : :
Resenyrch Probe Tnsth. | Br.

{Ft. Biachueca) o

Oribital Mechantes Div (m) ¥ sma. T T & 3me. .
D:Lrectafata O.‘g Adv. _ﬂ:‘"echnglqu__j-__]__m oL ———:—‘_L'—loﬁu sec.: T TTTTTTT R
) of Ay _ = IR

- 100 e T 4 100w Beel T T

B “* irces for the shove information . -
i l 3. hr“ ‘bhe,reinrne’ﬁ qttest“ionnaires T

A6




Questiomaire . -

Ioter-Reange Tiiing Synchronization ="~

1. What.is the myat gtrin ’j' B
Universal Time {U-2), for post L
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APPENDIX B

TIMIUG S CHROLIZATION BREQUIREMENTS - . . . |
OF OTHER AGENCIES .. ... .- . ... .. h

CAgemcy Prese”l‘ﬂ SRR ot L 5 oo Fubure.

(1) nasa T +2 ne. 0 ¥ 00 uoese.. A
T yarsY T T

(Source for sbove: Letter duted § Feb. "61,fx‘o'ni' ST
John . Meagel; Assu't Director, Tracklng and .= -
| Daba Systems Divectorste, Goddard Space FLight .o
Center, Greenbelt, MD. s ta D‘r. H'.L:Lhtm x-arkowitz, Lo
Neval Observetory) , o S

(B) GHG (TRIG) . . T T I ik i i Pt 1 5t o e

(Sourme “Prom-sbove: ._Letter deted G Feb. 61 from . .. D
H. Brickson;. Chadrmen GWG, ity B. Lo ‘Montgomery. . .. ..
Letter -1s: reproduced ae & part of tlts report).

(3) Sylvania ~ - "Gt CHylvanla Electric. Et:fﬁiucts, ‘s has & raquirment LT
for 10 U sec.. timing "all over the U.S." Contact 70T
is Mr. Bidwaite (address not: Qetermined)s . ... ...

{4) General. mgtric,_ﬁimmg, WY, has & requirement for 1l u sec. timing synchropization ...
. within n 1000.mile redivs.of Cepe Canaveral in. comact.— -
ion with the MISTRAN syatem ‘Cemtact 18 Mr. Richard
gteele, 0 L . : :

(5) Lincaln Iabs {MIT) hes_indicated that a mmber of regsgreh projects could use one.. .
microsecond timing synchronization but campt, a:ff;ml :
to_support, dollar. wm; . for 11:.5 :’:mplanentatim e S
Cofita&cts aye: ™ SR R

A. W. Bishop, Redar applicabtiops. . i -7
Jerry Byds, Special Reder Lipk between - - .
Trinidad ang Bs::&fon I im T

5teve Dodd, MISTHAN '
Paul. sibgrli% Special Redar Link ...
and other programs . ... =
Walter Morrw, Qirbital Heatter - 7T
Melvin Stone, Supervieor of sevexal .
programs . L

conspecial projects.

(6) BAC, USAF presently requires one micr

(Source for Items (3) through (6): Mr. GLfFGrd. ZTol7io0Tr
Hefley, Chief Navigatitng Jystems Section, Ra.dio o o
Bystenms Division,  Certozi Radioc Propagation Tab= -
oratory of latlorar Burmau-of Standards). ,

(7) AFCCOD (Cambridge),. has g coutractor that xsquires %iming synchropization to. better. ..o
: than "one part™ in 109, e

(Source; p. 11 of Mimutes of 16th Mecting of TCWG, ... ...
quoted from Mr. Duugberty of HBS).
Bl
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Agency o _ _Preseot 3«5 Yesrs -~ Future

(8) Swmithsonian Iastitute will have a requirement for 100 u sec timing -
synchronization: "&ll over the world" in _

~ =+ === _shout one year for use by. tracking cameras., -
Contact is Mr, C. Hagge of Smithsoulsmn
Institute, Satelliite Tracking Program.

| _ad
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Task project III, section b, of ‘thes overnll TCWG axslgmment as outlined by |
the TCWC Chaizmsn's. letter uf 18 Novembor 1960 wat detalled to cover the follow-.
ing areas: - "La.l,lgmetiggtg delay..and, their predictability o
VLF snd LF;. (b} Compare CW. approsch with DULi& BppYOach... Inve igz&tvrphase ﬁir
torticn due to-mizing of -pround end, sky-vave, and the abIlity toidentify a = | .
~_precize polat. luw-time by each yitems. (o) Inveatigte the. problem of propsgation ..
delay determination 1o the chce- ﬂramvin&mhicla tﬁhig; eﬁc-) vithout ¥mow-

Two meetings were held on ﬂie above subjectud - Ooe &t AFFIC in DepemlWer of | .. . ..
1960 attended by Capt. John Conley, AFPFIC: Wally Wallingtord, AFFIC; .and. Daareﬂ,g :
Kensper, NOTS.  The second meeting touk place at NODS with G, Hefley, NBE3; ‘Lavrence -
Kruggex, B-mmet "I, Conley, AFFTC, and Dave Kasper, NOTS -in sttendence M:r:,,L EE

Giffo:rfi Heflg ; ig a.n Ar.zﬁgciﬁtﬁ I-Iembar, m, and Ca.pf J. T. Gonlﬂy iq [} memberqf!;'

The fallming somttentary iy ﬂ;preﬁentmve o¥ the guneral views derived from
the two- info:msl myetings and also_excerpts from currsnt literature in this gen-~
eral area.” The bibliography is not 4 complete liat.of. avellable literature, bub
containy & few of the papers T have had an opportunity torsad or jean (not. atud;r)
in -the zhort time provided. In meny caseg, Turther refzrences will be fumd in -
thu e cited, i.e. "H. POEVERLEIN, Iov AU Yery Low Frequency Propagation, AFTRC-

-106; “Janury 190", a rovlew dealing with observationsl regults and theorat-
ical studiesim the :‘iﬂd ot Iszxw antI very lmt fre:quen;y pmpq.ga.tion and containg .
128 refrerengep. . - . ,

In. general, the time correlaticn scouracies deslred will predicate. tha aa- LT
gree of consideration that must he piven the propegationm aspest; - -~ 71

A, "Investigate promtimn Mwa end thelr yredixtabiuty comparing be- " ¢
twwen VILF and LF." " . . = L

e the early part Of thy 1ait de:ade interest in bath. VIF (3KC.t0 P RU) . . =
a.mi ]'.F o 300KC) e Thes IEAdIly” increaged, dug principally to the need . .
for long-rengs nevigation, dats, and comunication cystems. . The rymarkable. stabi,l-
1ty of VLF andt LF propagation wmake: pca'ﬂihla 2luo. a world-wide gtandard of time
more accurate than now provided by fime sigoals in the High Frequency Band. The
bagle methude of most systemg providiuvg timing, nevigation, amd positlon- fmgg
ell involve g maagurenznt of the time. réquired for radin energy to “propagete. mm_r
the swrfaye of the earih. The asccurscy of sugh a measurment depends upnn the,
varigbility of the provpagation wedivm, .

The lower freqguencies sre characterized by high rulia.bility and regolerity -
of “reception. The ground wave 1z predomipent up to relatively great dlstances. .. ..
and -the wave reflected. in the ionozphere 1s leys variable with time of day, season -~ -
and lonojpheric disturbances than 1t 1g at higher freguenclex. - In generszl, these .
variations decrease with decreaging frjqueniy wiih the most constant ‘conditions: EomrT
found at the freguencies below 30 KOw. W pheve #tabiTItd s reported in the. lﬁ_ﬂlf Smlld
KOp réangs IOF &n-all-daylight or all-night path ars of the order of .an average: ;
gtandared. ﬁem;atian of from 4 to 5 mlgrogseonis with peaks pometimes yeaching 507 . .. 7
microsecarnds, . The large veriationg gar be attributed tc”phase interference: hetween

Cl
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t.}:i;v varicus propagetion moass,  ‘vhess prqpag‘,&ﬂ.‘.i.cm acourarics of Lee VIE CW signals i e

s Be visualised if we camiﬁer tre boundaries of ihe _earth and the loncsphere | = SN
f'u”rmg a waregulde end these gigrals-progating vie the daninm moade,  Sumtlse or
sanset efTects introduce a Ciscr;.,.ti:mit‘; in the upper golface of the. weveguide. peas e
(changes botween day &nd night helghte are fiow aoot,.t 70 %2 90 K, respectively) © :
woich is contimuous during the intcrval of time necesiary ror the sun to illumlnater -
the entire ir_mkzﬁpnarzﬁmt.:fimm'f'ﬁ&r.-stdmﬁmn:;:_mr: .ex.amgler_. e hiwas of ap Bl e o s o
daylight path_betweerVesuington, T. C. ®rd Boulder, COLSFads (OI70¥R) W0Uid be” 77 s
12.8 hours in June and 7.2 hours in December; While an all ‘daylight path Betwesn = 777777
Moscow, U.S.5.R. and Boulder, Colorado (8,880 ¥m) it 6.3 howrs in Juge end-l.7 ~~ — 7 77
aours in December. The hours of an 2ll night path would be.the reverss far tl;a_e, o e
months mentioned. ~The constancy snd regularity of pbase also. .extends up igtg -
the LF region for C-W ground wave s:.e;na*s b.ut over a less;ar ra.t’;ge_, sirce attem-' T

ustion rates ilacrssge with freguency. . T . L. LT I

The carrier to noise ratloc avallahlie zt the receiving locsbtivs is an iw- Sl el
portant fec¢tor and greatly elflects the time required “tooltslin precision Trequency - el
comparisons, especially at long distanceés. . Thermal and. _atmospheric noises have 7
their greatest effiect. in the VLF and LF bands.. Averagé polse levels decrease with .
ircreasing TYEqUENTY, OWING 16 PALY.TO. THe Tediated Specyrim and Parily bedduge a-r Sl e
pmpa,ga.tionfattﬁnﬁat:trm;;;umey;ml (mmxuadf*) nalse may ardse from any number of - S
sources, auch as power 1inss, strial meehines,” diathermy machives; ignition - =
systems, etc. Thus its vharacteristics vary over wide-limits and 1t is rel&tively .
unaffected by diurnal ‘or ‘Sessoual thunzas Th the ioncsphere. THis rmd noise level — — =
will be comstant for a given locmtlon end-its effecta on fragquendy esmparison
accuracy can be readily calculated. TheMal noiss mewsursrents In dscibels above = —— ==
one microvolt per meter in & one ilogyule bandwldil in fhe. Otiaws-Seatile area . R R
renged from appmiﬁﬂiﬁté‘ly ﬁ‘*db WU IO KeH (e lng a.’béuL 5378b at 20 Ken) to 33db et LTI
100 Kee, T - o

Atmospheric noisés (thunderstOrne, SUOEHIE 'Ecﬁlvit?} ; &3ve more erratic in. 0
character, " Consisting of shOTL U188y WITH random Feeurreiicd, stperimposed Wponm ™ ~ =77
& background .of rardom nolge, they heve o very different atatistical patwre in s - 5 .
wide bandwidtih. WHen carvier thase or lreguency stability 1s being coasidored, . . oo
the narrov bands employed, “O. L o or le§k, will nakée the atuosoharic nolge - . R
statistices the SEE® 3§ tHEYrTAl ndise.” ‘I'Fma i“ “id ,jpﬂbﬂ..;blﬁ :.E..l ca._t,ulate it&w*f:
effects on freguendy comparison acearacy.” — . - 7 L0 T :

The actual C/N 1KC required will tndoubsedly vary with the characteristics
of the receiving eguipment and the. smount of e*‘f’crt a,:f-.«nu in attenpbing to separat
the desired emergy Trom the wndésired noisde energy.  The gz‘e&feﬁ coniearn. Lo time.

slgnal accuracy 1s the variabinty cf nolse levels wWiHish | ge wa},l; increase with
fraquency. .

j;heLF regiun.i*ﬁcm,ﬁﬁh’m lc ,,}mx o f,, i \".’:.t"ﬂ,‘_..,Lh;i &u,f;. sl dgpe ad, . Lm, e i e
lov attenuation retes obtedned in the VIF. band make eniveions in this frejyuency T

region ugeful for very.long-range coveruge, The shere of ap BLEEAWLIOn wvm - 0 omo Sf meiis T
frequency curve (db/l000m) hss & ninjmuﬂ in the vicinity of* XY o 19 Kes, Atien= - o oo
uerion varies also with 4f rectian, - £ 10 Weet (megretl ) «fferiual.ion rutée, wuy S
be as much &s one or.tun ﬁb/lﬂom greater ‘than West 1o Bast attesuatlon rates, & o ooooai

The magnetic attenuation effect is. expected 1o be nore winc meed at night, gwater

. €2




APPENDOIX C ... 1

B. “Compmre CW approach with pulse approach. Investigate phase distarlom.. ..o
due to mixing of ground and sky wave; snd the abilify to ldentify a precise polut. ..
in time by each sysbem'. . | e T )

P T e

A GV signal received st a distasce measured along the certh's surface.from..... ...

‘the transmitter_c tH .of .5 ContribuEIon AUe 1o The growm-weve and contribu-..
i tude will dedcible

‘tions die to sKy-Wave components; - The total signal emp.

some of quasLl=EyElic variation s the phase of escH sky—wsve vector vexles . . - .07,
relstive to each other and relmtive—to-the. pomewhat cous @Qﬁ‘:ehﬂnﬁ'?&f, the mund:-‘f - f‘;;'_; T

wave, Tne varlation of smplitude as & function of tiwe ﬁ@mm tue retlec- .
tion heights end retlection cosfflicients of the sky-wave, sad upon the smplitude. . -~ . .
and phase of the grownd-wave: - The F1eId etrength of ihe ground-weve contribution
at the receiver is & funchion uf freguency; polarizatiop, distance, earth cwrve- -
ture and the effective tonductivity and dlejectrié consfant of the imtervening
terrain: Theoretical studies by many have produced solutjong for- calculatioms .
of the ground-wave f1€1d lnteAsTTleN £Or_ propagation over & homogeneous and smooth |
curved earth but mgreement seems to. be.lacking concerning tropos) ,
refraction sffects.at-lov frequencies.. artivle mentioned an emplrical method: o oo oo f
to- take in accoumts the effect of a wixed path on.the grouwnd-wave field intenslty ~ . .
that could also b extended to estimate the resultant phmee of the grownd-wave - - .= -
propageted ver mn inhouogeneous smooth esrth.. . LT e

, “the extemt of Lropospheric

et

pf“the tranemitting -

1 e and earth, sud -
the path length of thé sky-wave, A C-W system must, ol n

The effentive amplitude of the sky-weve modes at the reveiw
more complex. They. ave dependent upon yelsted charactériptics

\ if pecessity, operste on the . ..
composite signul.-composed ‘of the ground-wave and all the sky-wave modes. In ordey ... ...
to identify & precise poimt in-time, ir s CW system, the grommd-weve to sky-wave ' . LT
rabic st be falrly laigs 0 permit religble jdemtificatiom of cycles. This 1s

true only over relstively short renges with respert to the algonl coverage.

A pulde system, however, provides a means of identifying the various trang-. . .. .. -
nission modes and correspondingly a peint in time, _(Spheries, pulses wsually — & =7 7
produced by Lightening dlscharge snd propagated bétween the earth and lomosphere, -
have been used for some fiwe in propegation studies). Thus the various predom- .
inarrt modes can be resolved and theiy phase memsured Independently. Usually the T
ground-wave mode im selscted since its varistiop in tranemiswion time is con- o T

siderably less than the sky-wave modes.  The pbage delay of & signal traversing

o path of mixed conductivitiss can gemerslly be predicted to within microseconds =
or better, mml ground-wave-phase will be .stable to vitkin a few twndreds. of B Ll
microgecond. - When. homogehecus paths of known tonductivity ure being congldered, -~ —
i.g, ses WatEr, the phase delay csn be predicted to better than 0.1 migrosecond =~ .-" " "0 :
with about the Bawe value for repeatability, ~ -

The propageting wedium, st the low fregueucles, dges pot impose smuy wnumsuel. . - -
restrictions. on the modulating systenm or on determining the sccuraty of receptlom, - & 1o
The transmitting suterms system Beems to be the major limiving factor. The spount - -~
of power radieted by the Transmitter snd the shape of the redisted slgoal are . ..
functions of the iagiaticn efficfency of the antenna, Practicsl entednas uzed st ..

low frequencies. are physically short compared with the pperdting wave length
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{aprroxi: "'Hr-'.].}' a0 miles st 1o Kow), they elso have zlow rediation yesistence and
velutlvely high napegttive ruzetence,  Small Tlurtustions in the: antenna system
ingsulator lealkage registorce Tresduced By vet‘bing by fog, ruip or sleet mey bpuse- T
variatiors in the werinvedence  of ihe. énterna. which produces o deturing erfect. T
This is of pearticuler Dmportones In the cgge of pulses, bocuuse detuning of tt.ﬂe_‘_' T
entenne will result I signe” diztortlon.  Thls effect 1= wauglly conpoensated. bjr" L
- providing & fecllity ab the transmitier for remote turing of the anbenna Indues S ~

tance, The degrea of sficaiion jald 1o This perilcular poerimeter will de .‘trmina _;..;j' RN
‘the shape and rize fime of il {rinsmdtied. ﬁtilﬁﬁ e - the cFer-all Bysten real ST
time synchromization:  As-freguency decrespes, the effects beoteme more critical [
»nd will probably be the J.:fLmi?:.ing= factor on time pu.lag mxn&tit)n churacy - oL
using VLEF,

The phase gtabl ity znd longsy rénpge tapabllitlies T VIF 'ha?e__ promphed in- -
vestigetion for methods tq overcome these bandwidth restrictionz. Synchyonous .07 . _
antenna tuning with FSK, separbte dual freyuensy trausmisgions t}. Xes spacing],ﬁ T
and alternate frequency transmisstons (10.29s spatlng) dre” reécent exemples.. .. . 1. .
Over-all real tive pysfem scturacy In the order of SU0 microfachods to one - - Lo S =227
millisecond are veing reslized with recent developments in time sym:hrouiza.tion R
techniques.. Conturrent developments 1y VLF automatlic data systems ueing MSK S
(minimum frequency sbift keylng, biuaxy communivation systew) are snticipsting -~~~ -
keylog speeds up to 240 wpn (sbproximately 90-éps). PosBIble” Adsiuracies, Using o e
VLF, of 100 microsstamds ar-bether might be achiéved with future developmenwt - ~ = -
buf probable eventual accuracy will not be much less than 50 micraseconds. . . 0 7 0.

In the LI band the anterme tandwidihi Ilimitaticns sre reduced permitting - - - =
faster rise times snd thus resulting ic greater system stoutacies.  Alao avail- e
able frequency spectrun mares large bandwidths moré precticzl.  It-1is in this | Lol
frequency range vhers long-range time synchronlzastion stcurscies of a.mierosecond -~ - -0
or better have been realized due 1o recent modification to & navigational aystem, o

Phase meagurement of the gky-wuve modes carr be mede o distaaces beyond
ground-wave raugs but will be less reliable and will not provide the high accuracy - C
obtained with the ground-vave... In. geperal; & pulse BysStefi cen use the first —— ~—— — -
avgilable time mode, which is resolved from the succesdive time modes, and there- - . .
fore measurements are only effected by the phase variatlors of a. particular mode,”
The range’ of 100 Kes pulse. sky-wayes have bheen checked out to 3000 nsutical miled o
with pbase stabllity within & wiciosecond (exciudiog sunset and gmarise). The .. - [ .7
sunset and sunrise periods of lnstabllity axe approximately half an hour for.each
ionospheric reflection. polnt lovolved. ... , o

As mentioned before, when freq,uwm.y decrepses from LF to the VIF time pulses
will be increasingly shared and.delayed by the tige constants of the high-f .
antennes typical of both VIF end low LF Instollaetions. Irf The VLF band 1t 18
not possible to tramsmit suwlliciently merrow puless to  gllow posItive geparution i~
of the varicus propagation wodes. The reason for -thig is thet vhyvienlliy . SO

. .. realizable gntonnas have extrenely high g xesulmng 1o gntemms tundwidths crf‘ Iesa"fi"lii""f';i TS

than 100 eps. The sky-wave delsy decreases #t the. lower {requencies which wonld.._ -
reguire a gremter hamdwidth for redciution of the modes in the, reselved cumposite )
wave., S - . , ,

The wdvent of oferationgl pulse pystems in the VIF ,d.ild'ﬂ}: bands, with the =~ Sooen
corresponding develuipsul of pow fhdarnwsdnp techulpaes wnd-tnesomeentation 4 - - - -

c4
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leading to 2 better understanding. of’ the wechonism of propapgeation within these .. .0 . =
rm@;anc,A. _The propegation dety being coilevted is Q;E‘ grza;l: value for cmni e
surison with the orxlsting theories of Propagation. . . o0l ol oo, al © S

o C. "Investignte the prohlem of. propagation delay determination in the cise - =
© 7 of a noving vehicle (ahip, etc.) withouk knowledge of JOSLBION to gxtréme sccaraey”.

-.,,,7f,,,,,_JIth uaing na:v:lgticn s;ﬁtems where the baai;.t E:ani sls involve a measurament -~ -
of the time requirsd for-radlo-tiergy *tn‘prc‘ms&te over the. surface of the earth,

. rosition accwraey is directly related to.propagation delay determination. - IT. vele~ 75071

tive position gmecuracy is within 100 FL., “then the n‘fa.ﬁmmiiim"a;ccumcy’will e T LT
approsimately Q.1 wilerosecond, 1000 £t - L siicrdsecond; TU,000 TH - 10 microsecond ~ © °

and s on. IF nevigation systems. employlng other technigues are utiliaed, i!gt oL

Trensit, 1t seems thet this relationsbip will not be as close. -~ T e
SUMMARY -
A. A VIF.C-W sigral 16 more etable thean an LF C-W aigoml,
B. Pulse nethods pravide gregter sceurncy at longer’ ai&tances 1n estabriahing .
a time or phase reference at the recelving locetions — ~ 7 7~ S S

€., Posltiom accoracy 1s. dl::ectly relgted to tlme m*“*pha.ae detergingtion —~ - -
aCCUracyY. . .. _ ... N . — .

/s/ DAVE KASPER, Chafrmam,  ~~° Tt oo o oo - 2
Propagatlon CORELLLEe - - o - --Fr wromsommmss mm i s s e el
CS-—-'—- e B it el — o .
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UNITED STATES COAST GUARD ' .
. EEE-4
ABURBLS REPLY TH Jis-2/12-23 0 _ ..
COMMANDANT

Weacouanvems T T T o NSl . B1MAY et T -

Jiational Buresau of Standar . . -
Boulder Jaboratories R o Lo
Boulder, Colorado

Gentlemen:

Referance 1s made to the early correspondence wherein the
National Bureau of Atandards €xpressed interest in performing

a study of the charscteristics of aky wave propagation at

100 XEC. The Coast Guard may be able to support a limited

study program of this nature in the near future., In particular,
the Coast Ouard interest lies in the exploitation of skywave
propagation of Loraa-C Tor navigstion. ~Additionaly, of course,
this mode may also bPe of interest for- timing.

The main aiwm of such & study would be the determination of
the service area corrections to be applied to .the presently
computed ground wave time diffarences for the first hop =zky
wave aignal hetwsen about 1200 and 3000 wiles from the source,

Because the inherent accuracy of the Loran-C system stems from

the phase moasuremsnt while ;uhlsqity"uf'phntn is resolved by

snvelope measuremant, the program would include ingquiry into

the sky wave characteristics of hoth envelope and phase, it
would be sxpected that the effects of the earth’'s wmagnetice ... -
field would be included as well as any variations due to

changes in the characteristics of the ioncsphere as a function

of latitude.

S8ince the program must be limited by economic vonsiderations,

the facilities to be smuployed would be these prexently in

existence. 1In this connec¢tion, the pressent five Loran-~C R
mystems diAY bhe made available to collect data. A U. 8. Coast - -

Guard electronic atreraft configured for Loran-C reception

can be made available frow time to time. Additionally, thse

Const Guard contemplates the establishment of a sky wave

monltoring station on the Pacific Coast =~ prohadbly on the coast -

of Waakington.

Dl
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cCoOMDT (EEER) Itr J1B-32/12-23 to lgtional Bursau of Standards

Within these limitations,

__________ _Ain which we are interested is summarized as follows:

Bisgoie:

To create a --t of tlbl.l or chlrt- whick contnin'
‘the sky wave corrtctionl to be applied to the
observed Loran-C time differences when the measure-
ment is made on (a) the first hop sky wave of one
slignal and the ground wave of the other and, or
(b) the first hop sky wave of both sgignals as
appropriate to each service ares.

Boope of Btudy:

Through acoguisition of data from exiating systema
and study of ‘the literature, to establish a
mathematical model of the earth-atmosphere-iono-
aphere, inecluding the magnetic field of the sarth,
from which the first hop sky wave of the envelops
and phase characteristios of 100 KC Loran~C pulse
may ha approximated, - Besoause the envelope infor-
mation desired will be in the form of a corrsction
to the ground wave envelope, the literature study
will imclude an extension of the study of the low
frequeney ground wave to determine "the secondary
growy.  factor™ for various conductivities of the
surface of the sarth, This group factor is to be
analagous to the nooondnrr phase factor containod
in NBE B73.

Eauipment apd = e L
Fagllitjiens:Utilize present equipment in sximtence. The

facilities and personnel of & Loran-C systemss

can be made avallable on a limited basis to acquire
datx. A Coast Guard sircraft can be made available
for limited perioda for arsa probes. Other facili-
ties for study of lonospheric height and density,
magnatic qualities of the warth's field, and atwmos-
pherioc density are not avallable within the Coast

_Guard. In. this connection, it is believed that

National Buresu of Standards is aware of efforts

by other government agencies which can provide much
information in this region. It is not anticipated
that new squipment will be developed solely for
this study.

D2
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COMDT (ERE) 1tr J18-2/12-23 to National Bureau of Standards,

Funding: Because of the intereast in the characteriatios
of LY sky wave propagation by agencies other than
the Coast Guard, it may be that others would be
interested in supporting a mors saxténded progran
than is proposed hare, If the Coast Guard ia the
scle support for thiszs program, the purpose stated
above will be the primary purpose of this effort,

It is suggested that a meeting of NPE, Nydrographic Office

and USCG represe-tatives be held in the near future to solidify
this program, At this meeting the Hydrographic Office will
present ‘its correction factor requirements and the USCG will
outline a program for sky wave data collectlion for NES comment,
If the National Bureau of Standards is interssted in active
perticipation in this program it is reguested that the extent
of participation and funding requirements be prosintud at

this meeting. et s S : S

Yory truly yours,

E, H, THIELE
Rear Admiral, U.8. Coast Guard

Enginesr-in-Chiet
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(b). The control of the ’basie uacillator at Ca.pe Hattera.a w111 be '
-- the same aw at Carolina Beach, B . '

(c). : 'I‘he L'.apc H&ttern -e;;—ui‘pment wﬂl pse'rmit preciu control of
the phase of the time pulses. The Nayal Obgervatory will provide

instructions for control of phase. Nermally, it will not be necessary

to instruct that a phase change be made unless the Qamllator or
dividers at the tranemitting station have stopped. :

4. Basic Oselllator. ~ - . =« _
{a). The atabinty of the time intervals transmitted by LORAN-C
is controlled by a basic oscillator, At Carolina Beach a 5 Mc/s-

quartz-cryastal oscillator of high precision is now used. A 2.5 Mc/ 8

quartz-crystal osexllator of increased pracisicn can be installed at
Capo Hatteras, - - ... -2 . - . .o ‘ .

{b)s As the state of the art permits; atomic osciilators can be
introduced for stabilisation control, - It is expected that gas cells can:
be in rloduced firet. .This should psrmit a stability of about 1 part
in 10 , the present roal. If the hydrogen maser meats theoretical
expectations, it would permit a stability several orders-higher.

5. LORAN-C Chains,

The Navsl Obssrvatory will control the frequency and phase of the

East Coast master LORAN-G -Station.. ' When it become s fezsible for =

- other LORAN«C chains to mﬁhramze with the East Connt chain,

either directly or indirectly, a coordimated system of timing will thus -

be provided,

B, L, GURNETTE - -
Copy tot -~ « .- o  TEEREER
-9_'D_PR _&BQ_E_ e _é__________ _— _‘ ___'_ _'__‘_"___'__ _ _:___ LTS8 R -:-_:_.__;ﬁ-_ -
CNO, OP-94. - - . 77C i

Director, ONR - Lo

Director, NRL (Code 54241

Director, NBS5, Washmgton S ’

Director, NBS, Bouldcr L&boratonen - Sl
BUWERS .. .= e aa e e
BUSHIFS

Patrick AFB, AMR -+ . 0. o - e il e

White Sands MR
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