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ABSTRACT 

An experimental standard-frequency broadcast station, WWVII, was set 

up at Maui, T. H a g  so  that data might be collected and used in determin- 

ing answers to many problems which have arisen in connection with exten- 

sion of standard-frequency time-signal service by operation of more than 

one station on the frequencies internationally assigned for such services. 

This paper describes the site chosen for W : I  and the experimental equip- 

ment used in establishing and maintaining it. Good results have been ob- 

tained at a temporary location. 
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Io INTRODUCTION 

Results o f  the International Telecommunications Conference, held at 

Atlantic City in the summer of  1947, included agreements that all standard- 

frequency broadcasts be confined to narrow channels centered on 2.5, 5 ,  

10, 15, 20, and 25 megacyclesn For a number o f  years all of these fre- 

quencies have been used by the National Bureau of  Standards radio station 

wwv to transmit standard frequencies and time signals on a continuous 

24-hour basis" 

In November 1948, the Central Kadio Propagation Laboratory began 

operation of a remotely located experimental standard-frequency trans- 

mitting station W V H ,  to obtain data for  studying methods o f  effectively 

providing continuous world coverage of  standard-frequency and time-signal 

services- 

use in determining: 

Data on reception from this station are being collected f o r  

(a) Order o f  accuracy attainable in synchronizing two o r  more stan- 

dard-frequency stations e 

(b) Increase in the effective service area provided. 

(c) Method of  operating separate stations on the same frequency; 

i.e., simultaneous broadcasts or time division among different 

stations 

(d) Best locations f o r  the different stations. 

(e) Interference to present users o f  WV services. 

This paper describes the site chosen and the equipment and methods 

used in establishing the experimental station. 
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11. TRANSMITTING SITE 

The CFWL f i e l d  s t a t i o n  a t  K i h e i ,  I s l and  o f  Maui, T e r r i t o r y  of H a w a i i ,  

where an ionosphere sounding s t a t i o n  a l r eady  was i n  opera t ion ,  was s e l e c t e d  

as being a s u i t a b l e  d i s t ance  from Washington and having s u f f i c i e n t  bu i ld ing  

space and l and  a r e a  t o  accommodate the  experimental  equipment. A photo- 

graph of  t h e  s t a t i o n  i s  shown i n  Fig.  1. The coord ina tes  o f  the  s i t e  a r e  

no r th  20@ 46:02" and west 156' 27 '42".  The s i t e ,  about 4 ac res  i n  e x t e n t ,  

has a maximum e leva t ion  of about 10 f e e t .  Po r t ions  of t he  a r e a  are oc- 

cas iona l ly  floodec? d u r i ; i s  heavy r a i n s  o r  when the  monthly high t i d e s  a r e  

accompanied by  high winds, The p r e v a i l i n g  trade winds,def lected somewhat 

by a nearby mountain range, a r e  from the  no r theas t  and have a d a i l y  average 

maximum v e l o c i t y  o f  25 t o  30 mi les  per  hour. The mean average d a i l y  temp- 

e r a t u r e  i s  74@~. 

The f requencies  ass igned  t o  WWVH a r e  5, 10, and 15 Mc. O f  the  group 

of f requencies  mentioned above, t hese  t h r e e  a r e  s a t i s f a c t o r y  f o r  inves- 

t i g a t i n g  day- and night- t ime t ransmiss ion  condi t ions  on a long-time basis. 

111. ANTENNAS 

The antenna i n s t a l l a t i o n  presented  the  g r e a t e s t  problem and i s  a com- 

promise between expediency i n  g e t t i n g  the  s t a t i o n  i n t o  opera t ion  o r  wai t ing 

u n t i l  po le s  o f  the  d e s i r e d  he ight  could be obta ined  from the  mainland. The 

s t a t i o n  i s  l o c a t e d  on a s m a l l  p o i n t  of l and  extending i n t o  Maalaea 3ay on 

t h e  south shore  o f  Maui. The main bu i ld ing  is  l e s s  than 50 f e e t  from the  

water a t  high t i d e  and the area a v a i l a b l e  f o r  t he  antenna i n s t a l l a t i o n  i s  

a low sand f l a t ,  on two sides o f  t h e  bu i ld ing ,  t h a t  i s  occas iona l ly  in-  
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undated because of heavy r a i n s  i n  the  winter  s eason , .o r  when high winds 

p r e v a i l  a t  semimonthly per iods .  

The 5- and 10-Mc antennas w i t h  a d d i t i o n a l  po le s  f o r  r e f l e c t o r s  

if requ i r ed  a r e  shown i n  Fig.  Z 0  A l l  t he  antennas a r e  v e r t i c a l  

r a d i a t o r s  w i t h  provis ion  f o r  r e f l e c t o r s  t h a t  can be e r e c t e d  i n  approx- 

imate ly  5 minutes i f  d i r e c t i o n a l  t ransmission i s  des i r ed .  Both t h e  

quarter-wave 5-Mc antenna and the  half-wave 10-Mc d i p o l e  antenna are 

supported on guyed 50-fOOt hexagonal s e c t i o n a l  plywood masts. These 

m a s t s  were e r e c t e d  on concre te  p e d e s t a l s  extending above the ground t o  

g ive  a f i r m  base  and a l s o  t o  ob ta in  s u f f i c i e n t  added h e i g b t  t o  i n s u r e  

t h a t  t h e  antenna base  i n s u l a t o r s  would be above the  water l e v e l  when the  

area was f looded,  

The half-wave 15-Mc d i p o l e  antenna i s  supported on a 45-foot 

impregnated wood po le  which has a braced  cross-arm arrangement a t  t he  

top  t h a t  permi ts  bo th  the  antenna and r e f l e c t o r  t o  be supported by the  

same pole .  

A l l  antennas are f e d  by 600-ohm open-wire t ransmiss ion  l i n e s  con- 

s t r u c t e d  o f  No, 8 AWG hard-drawn copper wire  spaced 9 inches .  The 

open-wire type of t ransmission l i n e  was used because i t  has low l o s s ,  

i s  easy t o  a d j u s t  w i t h  few instruments ,  i s  r e a d i l y  inspec ted  and 

r epa i r ed ,  and i s  r e l a t i v e l y  r e l i a b l e  over Iong pe r iods  of t i m e .  On t h e  

10- and 15-megacycle t ransmiss ion  l i n e s ,  s t u b  matching was used t o  

minimize t h e  s t and ing  waves. 

t he  5-megacycIe antenna housed an rf t ransformer t o  end-feed the  

quarter-wave antenna. The fol lowing VSWR's were measured on the t r ans -  

A s m a l l  wooden enc losure  a t  t he  base of 
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mission l i n e s  a t  t he  completion of adjustments:  5 Mc, le18;  10 hlc, 1.02; 

and 15 XIc, l i 0 8 -  Tes ts  were a l s o  made t o  determine the e f f e c t  on the SWR 

when the  r e f l e c t o r s  were used. In  no case  d i d  the  standing-wave r a t i o  

exceed 105"  This  change was no t  considered s u f f i c i e n t  t o  j u s t i f y  read- 

j u s t i n g  t h e  l ine-matching t ransformers  i f  d i r e c t i o n a l  t ransmissions were 

d e s i r e d  f o r  c e r t a i n  tests. 

I V  TRANSMITTERS 

The t r a n s m i t t e r s  used i n  t h i s  i n s t a l l a t i o n ,  shown i n  Fig.  3 9  were 

commercial u n i t s  app l i cab le  f o r  opera t ion  i n  remote loca t ions .  They 

were designed t o  minimize the  number of  types of  vacuum tubes and c i r -  

c u i t  components t h a t  must be s tocked i n  order  t o  i n s u r e  c o n s i s t e n t  oper- 

a t i o n .  The r e c t i f i e r  is a s t a t i o n a r y  u n i t  a c c e s s i b l e  from the  f r o n t  and- 

rear f o r  s e r v i c e  ope ra t ions ,  The a s s o c i a t e d  radio-frequency and modulator 

u n i t s  are the  r o l l - o u t  type a c c e s s i b l e  from one s i d e  f o r  rou t ine  mainten- 

ance ope ra t ions .  

The r e c t i f i e r  u n i t  wi th  i t s  a s s o c i a t e d  p l a t e  t r a n s f o r n e r  i s  capable  

of supplying b i a s ,  low and high p l a t e  vo l t ages  f o r  as many as four  u n i t s ,  

i . e . ,  four  CW channels o r  two modulated channels ,  A s  used a t  WWVH one 

r e c t i f i e r  normally s u p p l i e s  power t o  a s i n g l e  modulated channel bu t  may 

supply a second channel i n  emergency. 

T h e  high .and low vol tage  r e c t i f i e r s  use  type 872-A tubes i n  con- 

ven t iona l  c i r c u i t s ,  and most of  t h e  component p a r t s  are in te rchangeable ,  

The radio-freguency u n i t  has an output  of  3 k i lowa t t s  a t  any one fre- 

quency i n  the  band of 2 t o  20 megacycles, A type 807 tube is  used i n  a 
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frequency doubling stage, a 51)24/4-2508 as an intermediate amplifier and 

a forced air-cooled WLQ73/5736 in the final output stage. Power and space 

were provided for an internal crystal if desired. This space was used for 

circuits to multiply a 205-megacycle standard frequency to 5 and 7.5 mega- 

cycles for excitation of the transmitters used on 10 and 15 megacycles. 

The transmitters, when modulated 100 percent with sine-wave audrio power, 

are capable of delivering 3 kilowatts continuously of carrier plus side- 

bands into a balanced load of 600 ohms, When properly adjusted the total 

harmonic content in the output is 45 to 50 db below the fundamental. 

The modulator unit has push-pull amplification throughout and is pro- 

vided with peak limiter and automatic gain control circuits that are easily 

switched in or out of the circuit as required.' Audio input at 600 ohms 

impedance is transformer-coupled to a pair of 6SK7 tubes which in turnare 

transformer-coupled to a pair of 807 tubes in the intermedfate amplifierc 

The stage is capacitively-coupled to another pair of 807 tubes as cathode- 

follower driver tubes for the final 833-A modulator tubes. The modulator 

unit is capable of delivering 1.8 kw of sustained sine-wave power. 

V *  STATION EQUIPMENT 

I P  eguipping a standard-frequency transmitting station important con- 

siderations are accuracyg reliability, and freedom from spurious emissions* 

A detailed discussion of the accuracy of frequency and time signals is not 

within the scope of this paper. In planning a transmitting station, the 

efficiency and operating costs of the transmitters must be considered" 

Radio transmitters are not yet available which operate unattended at high 
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e f f i c i ency  f o r  long per iods  of time without maintenance,, Sealed u n i t s  

kaving sucb c h a r a c t e r i s t i c s  would be most d e s i r a b l e  and may even tua l ly  

be ob ta inab le ,  

vo l tage .  

from l o c a l  gene ra to r s  o r  from sepa ra t e  u t i l i t i e s  connected by d i f f e r e n t  

rou te s  t o  the  t r ansmi t t i ng  s t a t i o n  o r  a combination of t hese  methods. 

equipment should be p ro tec t ed  by s u i t a b l e  f i n i s h e s ,  a i r  f i l t e r i n g  and 

drying i f  d e t e r i o r a t i o n  by fungus, blowing sand o r  s a l t  spray i s  probable .  

Power f o r  the  s t a t i o n  should be r e l i a b l e  and cons tan t  i n  

Continuous power r equ i r e s  dup l i ca t e  o r  t r i p l i c a t e  sources  e i ther  

The 

The most important p a r t  o f  a standard-frequency s t a t i o n  i s  a frequency- 

time s t anda rd  of g r e a t  accuracy and s t a b i l i t y  t o  con t ro l  t h e  t ransmiss ions*  

Quar t z -c rys t a l  con t ro l I ed  o s c i l l a t o r s  are t h e  b e s t  y e t  a v a i l a b l e  f o r  t h i s  

purpose. These o s c i l l a t o r s  should be provided i n  t r i p l i c a t e  t o  i n s u r e  

accuracy o f  t h e  b roadcas ts  and t o  enable  l o c a l  comparison between the  

d i f f e r e n t  o s c i l l a t o r s  t o  determine more e a s i l y  which p a r t i c u l a r  o s c i l l a t o r  

va r i ed  i n  d r i f t  ra te  and by how much. 

broadcas ts ,  p rov i s ion  should be made f o r  d u p l i c a t e  i n s t a l l a t i o n s  of radio-  

and audio-frequency con t ro l  equipment" These sepa ra t e  sets a r e  period- 

i c a l l y  ad jus t ed  t o  maintain very c l o s e  agreement with each o ther .  Upon 

f a i l u r e  o f  any u n i t  i n  t he  chain from piezo  o s c i l l a t o r  t o  con t ro l  ou tput ,  

t he  a l t e r n a t e  se t  i s  used t o  con t ro l  t he  broadcas ts .  

To i n s u r e  the  con t inu i ty  of t he  

Cer t a in  p o r t i o n s  of  t he  submult iple  equipment as wel l  as the  P iezo  

o s c i l l a t o r s  must be kept ope ra t ing  dur ing  pe r iods  of  power f a i l u r e .  

t h i s  purpose a s e t  o f  p l a t e  and f i lament  s t o r a g e  b a t t e r i e s  and the  neces- 

s a r y  f l o a t  chargers  a r e  provided f o r  each con t ro l  channel. 

For 
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hn order  t c  f a c i l i t a t e  t he  m s t a h l a t i o n  c f  W H  a complete 59' r f  

frequency and t i m k  c e n t s o l  equfpment frcm WWV was Y L V I S ~ ~  and r ~ ~ n s ' a ~ l e d  

i n  IIawais. f ievision cons t s t ed  sf provldinng I ack-mount"ed pieoo s s ~ i l l u ! u r  

and r e l o c a t i o n  o f  Some u n i t s ,  T h e  pr,sent L n s t a l l a t i u n  i s  s h c m  i l l  b'~g-- 4 ,  

h o t h e r  o s c i l l a t n r  2nd s e t  sf frrqtienry and t i m e  con t r c l .  cquipmmt f o r  

W V H  BP e be,sng pi oirided. 

Refer r ing  t u  Fig. 4, rack No. 1 on t h ,  l e f t  ,ontairzs a POQ-kt fie- 

quency s t anda rd  with i t s  a s soc ia t ed  ampl i f i e r  t o  f u r n i s h  two i s o l a t e d  

3-00-kc outputs .  One of  these  ou tpu t s  i s  used t o  f u r n i s h  e x c i t a t i o n  fa;r 

t h e  xadlo-frequency m u l t i p l i e r  equipment and the  o ther  Go eontrio1 t h e  caiiCi%c- 

frequency depj-watfcn equipment fo r  +,he product ion cf  Sine s igna l s  and mcd- 

UT ati on fr equenei e s  e 

Rack No, 2 ( l e f t  center '  inc ludes  the  followPng equipment s+&hlb:ng at 

t he  top 

(a) Telegraphic  code time announces fe r  g iv ing  tho cc r sec t  t i m e  w t T v  

f i v e  minutes i n  GMT, by means o f  t e l eg raph ic  eode,  s t a r t z n g  on t h e  '35th 

secund o f  every announcement internal e 

&bl Keying device  f o r  i deno i fxca t l cn  of tbe s t a t i o n .  ThBS unPt k ~ ~ ~ , ~  

t h e  c a l l  l e t t e r s  WTEI twice i n  telcgl-aphlbc code 5 seconds aften t he  ccm-- 

p le t zon  of t h e  time announcement. 

I C )  Frequency m u l t i p l i e r  c o n s i s t i n g  o f  a s fng le - s t age  100-kc a p l i -  

f i e r  and two push-pull  quin%upler  s t ages .  

&dn Radio frequency d i s t r i b u t i o n  ampl i f i e r  us ing  four  type-804 tubes 

with t h e  grids drjiven 3n para l i le l  bu t  wfth ind iv idua l  i s o l a t e d  pl.ute out- 

p u t  c i r c u i t s  d e l i v e r i n g  ~ W O  watts a t  25QQ kc t o  70-ohm @oaxP&P Pines for  
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( f )  The next  two u n i t s  genera te  the  pu l ses  and c o n t r o l  t he  make and 

break of the  tone modulation t o  g ive  the  long i n t e r v a l  s i g n a l s .  

(g) Immediately below the  mixer ampl i f i e r  u n i t  a r e  the  four  ga in  

c o n t r o l s  f o r  a d j u s t i n g  t h e  modulation l e v e l  of  the  t r a n s m i t t e r s o  

(h) The bottom u n i t  on t h i s  rack  is a r egu la t ed  power supply f o r  

t he  mixer ampl i f i e r  u n i t .  

A l l  bu t  t he  top u n i t  on t h i s  rack  a r e  used i n  d e r i v a t i o n  of t h e  s tan-  

dard  audio f requencies ,  s t anda rd  t i m e  and t i m e  i n t e r v a l  s i g n a l s  occurr ing 

a t  i n t e r v a l s  of 1, 4, 5 9  9,  10, e t c c  minutes.  A block  diagram showing t h e  

func t ions  of  t h i s  equipment i s  given i n  Fig.  5 *  

The d i v i d e r s  employ tubes opera t ing  as c l a s s  A a m p l i f i e r s  with vo l t -  

ages from tuned c i r c u i t s  i n  the  p l a t e  r e f l exed  and mixed wi th  the input  

frequency In a balanced modulator c i r c u i t -  The modulator type o f  d i v i d e r  

has a d i s t i n c t  advantage i n  t h a t  i t  does no t  s e l f - o s c i l l a t e  b u t  r e q u i r e s  

an e x t e r n a l l y  supp l i ed  inpu t  vo l tage  of t he  proper  frequency be fo re  any 

output  vo l tage  can be obta ined*  

The l a r g e  d i a l  a t  t h e  l e f t  of t h e  t h i r d  u n i t  i s  on the  r o t o r  s h a f t  

o f  a se l syn  u n i t  ope ra t ing  a t  1000 cyc le s ,  i3y manually tu rn ing  the r o t o r ,  

cyc le s  can be added t o  o r  sub t r ac t ed  from the  inpu t  frequency" This  phase 

sh i f t e r -  permi ts  t h e  time s i g n a l s  genera ted  i n  a later u n i t  t o  be advanced 

o r  r e t a rded  and set  i n  exac t  agreement w i t h  any t i m e  s i g n a l .  WiFk! the  

un i t  i t  is possible t o  s e t  the seconds pu l ses f romtwo  s imilar  d i v i d e r  

cha ins  i n  agreement wi th in  f 2 microseconds us ing  an o rd ina ry  osc i l l o scope ,  

The frequency d i v i d e r  ope ra t ing  from the  output  of the  phase s h i f t e r  f u r n -  

i s h e s  output  vo l t ages  a t  500, 300, and 100 cyc les .  
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The Prequency d iv ide r  i n  She f o u r t h  u n i t ,  exc i ted  by 300 e, has an 

I n  a balanced modulator suppl ied  with 60 and 500 c t h e  output  a t  60 c o  

o u t p t  1.. 440 and 560 c n  This  output  i s  passed through a f i l t e r -  netwoplc 

which - ? f ? c t s  w e  560 e m d  passes 440 c the  s tandard  o f  ? l u s i c d  pitcl i  

corresponding t o  4 above middle C n  

The 1009 e i s  used t o  e x c i t e  R frequency m u l t i p l i e r  which has an o u t  

pu t  frequt-ndy of 400C):o 4 mlxer u n i t  i s  provided for furn ish in :  a Dono 

c o n s i s t i n g  o f  equal ampli+,udes o f  440 and 4900 c f o r  modulating the t r .?ns  

m i t t c r s  

The 100- and 1000-c f r o m  previous u n i t s  are mixed i n  a balanced mod- 

u l a t o r  c i r c u i t  and a s e r i e s  of pu l ses ,  each c o n s i s t i n g  of" 5 cycle.-; o f  Z O O 0  

c i s  genera tedn  I n  order  So prccluce good sine-save p u l s e s ,  a pha'se shnf"tel-. 

i s  provided i n  t he  190-c oPrcu i t  t o  a d j u s t  t h e  phase so t h a t  both v o l t a g e s  

aye a t  z e r o  simul tmeous ' ly .  

The 60 c" from t b e  prelrious anif is converted i n t c  2 phayc 69 c whibh 

i s  & m p l l f i c d  t o  d r i v e  it s e l f - s t d r t i n g  synchronous motcr having sn cuf_pirt 

s h a f t  speed o f  1 r p % "  4 s e t  o f  con tac t s  cpesa ted  by a edm on tI?c 1 rps  

s h a f t  P.. ~Issc~c '  c < i d 1  r e v o l u t i m  f 'or  a ns r i ed  o f  about 10 m i 1 l i s t . n  ,:~fi 3 n  

This mechanical ga te  a l l o w s  one p n l s e  pe r  second from t h e  109 pu l ses  per- 

second t o  pas;  mtc an ~ . r t t , r n d  elrLu; to  

By I"e'duc+im gear-  S ~ L  - , lock m&or a l s o  d r ~ x e s  @am shLftc- w k f c h  haT/+- 

sperds  of  1 rpm 12 ~ p h -  Exactly on the  pr0pt.r m,.nut.J o f  th f s - i r . ;  

m i n u t e  jntcrva.1 4n the  hour and on the  proper second of  t h e  m i n r ; t F  thl 

cams zeosti ss;th,nas and <hanne l  a swcnrls  pu l se  i n t c  one branch o f  an el 

tronir, s w i t ~ h ~  T h i s  switch operd tes ,  and i n  s o  dc ing  puts  cu t -o f f i  b fn?  
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on t h e  tone branch o f  the  mixer ampl i f i e r  u n i t  and e s t a b l i s h e s  normal oper- 

atPng bids an the  annomicement bpanch. Whatever i n t e l l i g e n c e  i s  desired i s  

passed t,hrough the  announcement branch t o  modulate the  t r a n s m i t t e r o o  

Exact ly  one minute Later on t h e  hour and each five-minute i n t e r v a l  

t he rea f t e r  another  seconds pu l se  i s  channeled i n t o  t h e  e l e c t r o n i c  swi tch  

where it opera tes  t o  pu t  cut-off  bias on the  announcement branch of  t he  

mixer m d  t o  e s t a b l i s h  normal opera t ing  b i a s  on the  tont, branch- 

From the foregoing i t  can be seen t h a t  t he  mechanical c o n t a c t s  func- 

t i o n  onzy as gates t e  channel the  seconds pulses  i n t o  the  proper circuits- 

The seconds pu l se  der ived  from the 100-kc; s tandard  i s  t h e  detarmining e le -  

ment i n  the  accuracy of t he  time i n t e r v a l s e  

V I  M O N I T O l i I N G  E Q U I P M B N T  

kack Non 4 a5 t h e  r i g h t (  Figo 4, conta ins  the remote con t ro l  equip- 

ment and monitoring r eco rde r ,  a s  wel l  as the  equipment f o r  m3jnitoring WWV, 

i n  order  t o  maintain the accuracy of the  frequency and time s i g n a l s  of 

WMVII e 

“a) The top panel  on $ h i s  rack conta ins  the r e l a y s  f o r  synchrontz-Lng 

the  opera t ion  of the  WWVII and the  ncnosphere sounding t r a n s m i t t e r s n  

(b’ On the  second panel  i s  a manually apcra ted  remotr 

fo r  the W E 1  t r a n s m i t t e r s .  The push-button type switches shut  c f f  the 

t r ansmi t t eps  completely. The rotary- type S I N L O  .hes permit t h e  koemoval of‘ 

the  p l a t e  vo l tages  o f  t he  rf modulator O E  reGtxfrer  u n i t s  as d c * s t r < d A  

(6) The time recorder  f o r  monitcrsng t h e  aukomatib f e a t u r e s  of t-h< 

b s t a l l a t l o n  i s  mounted on t h e  t h i r d  pane lo  
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(d) Other equipment on t h i s  rvck i s  used f o r  maintafntng the  WWVH 

osc i lPa t ,c rs  i n  agreement w i t h  t h e  WRnJ t ransmissions e 

The ionosphore s.xmding t r ansmi t r e r  cpers t c s  on t h e  hour arid ha l f -  

hour and in one-minuee sweeps through the r a n g e  2.2 t o  16 megacycles- 

Supplementary manual observa t ions  a r e  requi red  when the v e r t i c a l - i n e i -  

dence c r i t i c a l  frequency exLeeds LG Me. Some m a n s  bdd t~ be provided 

for  synchronizing the t w c l  sets o f  equipment as t h e  hrgh f i n l d s  from WWVH 

s i g n a l s  caused u n s a t i s f a c t o r y  records from the sens i t -%ve  automatic iono- 

sphere equipment. This  was accomplished by iiiedns o f  two cam-operated 

switches on the clock u n i t  opera ted  from the  frequency st,.mdardn One 

swi tch  i s  c losed  fo r  a very s h o r t  pe r iod  of t 4 n - e  t o  send it s t a r t i n g  pulbe 

t o  t h e  sounding t r a n s m i t t e r ,  

a f t e r  completing the sweep” 

ope ra t e s  a switch t o  shut  down the  W m  t r a n s m i t t e r s .  

remain o f f  f o r  4 minutes and 20 seconds t o  permit manudl ioncuphere ob- 

s e r v a t i o n s  i f  requi red .  The in te rv t t l  of’ 4 m,iiutes and 20 seconds ~b t h e  

maximum amount of t i m e  t h a t  will permit  WXI t r a n s m i t t e r s  t o  mark accu- 

r a t e l y  the  hour and 30-minute i n t e r v d s  be fc re  s h u t t i n g  down and s t i l l  

permit  them t o  r e t u r n  t o  t h e  a l r  in t i m e  t c  g i v e  the  t e l eg raph ic  code an- 

nouncement f o r  t he  5- and 35-minute i n t e r v a l s .  

The t r a n s m i t t e r  au tomst ica l ly  shuts  o f f  

Coinexdent, JvPt‘n the: <%bowe, ft lmg-=pePiod e a v  

These t r a n s m i t t e r s  

The recordey i n  the  t h i r d  panel  of the rack a t  the  r l g h t  i s  equipped 

w i t h  20 re lay-operated pens. 

ope ra t e  from e i t h e r  l i 0  v o l t s  ac or low-voltage dc-  There are t h r e e  pen 

c i r c u i t s  pe r  t r a n s m i t t e r ,  one each f o r  t he  r e c t i f i e r ,  modulator,  and 

radio-frequency uni t .  

Each relay c o i l  c i r c u i t  i s  i s o l a t e d  and w f l l  

Their  purpose i s  t o  record  the  time and number of 
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momentary overloads o r  a complete f t i i2ure o f  t h e  u n i t .  

i s  ope ra t ing  unat tended seve l~al  hours every day a record  o f  t h i s  type 

f a c i l i t a t e s  t he  l o c a t i o n  of  f a u l t s  causing t r a n s m i t t e r  outage,  o r  i n  t h e  

Whem equipment 

case  of r ecu r r ing  overloads i n  a p a r t i c u l a r  u n i t ,  i n d t c a t e s  impending 

f a i l u r e s ,  

e u i t s  to i n d i c a t e  t h a t  th2 tclne Is remoyed fop  one minute every five 

minutes and a l s o  t h a t  t he  time announcement and s t a t i o n  i d e n t i f i c a t i o n  

Addit ional  pens are connected ac ross  modulation con t ro l  C i l ” . .  

keying units are func t ioning  correctlyo Pens are a l s o  ccnnectcd t o  t h e  

hea te r  circuits i n  t he  10O--kc frequency s tandards  t o  i n d i c a t e  proper  

ope ra t ion  and any changes an the heater cyc le  caused by changes i n  

amb i en t t emp er a t u r  e 

Agreement with WT tymsmlss$cns LS determlned e i t h e r  by direlet  f r e ~ .  

quency comparisonorby ob ta in ing  mr tveragef requency  f o r  a period de r ived  

from t h e  t i m e  kept  by the syn=hronously-driven l o c a l  ellocks eompared with 

t h e  t i m e  s i g n a l s  t r ansmi t t ed  by Wo 

The i d e a l  monitor ing system would r e q u i r e  a s e p a r a t e  r ece iv ing  s i t e  

l o c a t e d  t o  t he  east o f  the W W H  t r a n s m i t t i n g  s t a t i o n o  

r ece iv ing  antennas would provide  s u f f i c i e n t  d i sc r imina t ion  t o  permi t  

Highly d i r e c t i v e  

simultaneous r e c e p t i o n o f b o t h  s t a t i o n s o  Continuously ope ra t ing  r eco rde r s  

on each of  t he  t r ansmi t t ed  f requencies  would provide  a permanent record  

Of  the f requencyandt ime d i f f e?snces  between t h e  two t r ansmi t t ed  s%gnaXso 

I n  t h e  p re sen t  i n s t a l l a t i o n  the monitoring is done at t h e  t ransmit-  

t i n g  s i t e  whieh r e q u i r e s  that the WWVH t r a n s m i t t e r  be s h u t  down for a per- 

i o d  twice d a i l y ,  a t  0700 and L9QQ GMT? t o  permit  r ecep t ion  of WWVo The 

harmonic r e l a t i o n s h i p  o f  t h e  Frequencies t o  be r ece ived  from ww7T made it 
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associated- HF r a d r o  a.eLeiver used i n  making d i r e c t  comparisons i n  fre- 

quency between t h e  l o c a l  s t anda rd  o s c i  Llators  oc o m  l 0 c a l  o s c i l l a t o r  and 

the  W W V  received freqtlc-.n{,y The harmcmti. gen\.raror consis ts :  o f  twa iden- 

t i c a l  u n i t s ,  each provided ~ i t h  ? g x l n  con t ro l  t o  d d j u s t  the  i n j e c t i o n  

l e v e l  i n t o  the  raceiver  To compare the l o c a l  osc3 I l a t o r s  t he  recs-ivel. 

i s  tuned t o  the  d e s i r e d  harmonlc and the  input connected t o  the  harmanfic- 

genera tor  output, t e rmjna l so  Edr;h harmonic g3nerator i s  c o n t r o l l e d  b y ' a  

s epa ra t e  frequency staridtzrd and tne l e v e l s  are ad jus t ed  f o r  e q u a l  ampld- 

tude by means of the S-meter in thc Pad-0 r + b e : t t + v c  The dura i  bea t  note  

may be counted by observing t h e  swing of' t ho  S-me*,e-r p o t n t e r  as the phase 

r e l a t i o n s h i p  of  the two f r  equcncies c,hcrng;es A number of Independent 

checks are  made on the zime reqd 'ed f o p  %L f i x e d  numbc;.r- of  b e a t s '  Thesf: 

Values a r e  averaged arid t h i s  averaged v a l u c  1s used til cb tb in  the  f r e -  

quency d i f f e rence .  In a u n i t  l ength  of time the  4icc.uriziy o f  intercompas- 

ing  the  s t anda rd  o s c i l l a t o r s  i n s reases  by  a fac tor  e q u a l  t o  the  harmonic 

order  a t  which the  measurement i s  madeo 

When the  frequency o f  one o f  Lbe Locd3 ,Candard u s c r l l a t u r s  I s  t o  be: 

checked aga ins t  WWV, t he  ~ e c e i v e r  ob ta lns  its input  from the  antenna and 

one of  t he  harmonic. gene rd ta r s ,  The receiver is tuned t o  an ass igned  f r e -  

quency, f o r  w h i c h  transmia;ion condi t ions  a r e  optimum, i n  order  t o  mini- 

m i z e  t he  e f f e c t s  cf fadfngo The measurement p r x e d u r e  i s  the  same as aut-  

l i n e d  i n  the above paragx=tiph. 
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Frequency determinations made by checking the time kept by the local 

cIocks are accomplished by comparing the local and received seconds pulses 

on a cathode-ray oscilloscope, The linear sweep is controlled at 60 c 

from an external source obtained from the standard-frequency generators, 

WhiIe alternately observing the position of  the local and received seconds 

pulses the phase shifter is adjusted until coincidence is obtained with 

the earliest puIse received from WWV+ 

may cause two successive received pulses to vary as much as 3 or 4 milli- 

seconds in the time of  arrival. By using the earliest puIse received, ad- 

justment is made to the pulse arriving by the shortest possible path and 

hence with the minimum delay in transmission, 

Vagaries of the transmitting medium 

After obtaining coincidence the phase-shifter dial is read to the 

nearest tenth o f  a millisecond, This reading, compared with similar read- 

isgs taken 48 and 96 hours previously, gives the number of  milliseconds 

that the synchronously-driven local cPQck has gained or  lost duaing the 

per lodo 

Since frequency is an inverse function o f  time interval, to deter- 

mine the oscillator frequency the number of  oscillations in a definite 

interval of  time must be known. Assuming the rate of  drift o f  the os- 

cillator has been uniform throughout the period under consideration, the 

average freguency f o r  the period is the same as the instantaneous fre- 

quency for the middle of  the period- This latter method is the one nor- 

mally used in maintaining the WWVH frequencies in agreement with WWV. 

After obtaining agreement between the local and received pulses the 

phase shifter is advanced 27 milliseconds before transmissions are resumedo 
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This  27 mil l i seconds  i s  the average t r ans i t - t ime  f o r  the Washington t o  

Maui pa th .  

V I 1  o CONCLUSION 

An experimental  standard-frequency and- t ime-signal broadcas t  s t a t i o n ,  

WWVH, was set  up a t  Maui, T A R .  Q temporary l o c a t i o n  was s e l e c t e d  t h a t  i s  

far  from i d e a l  because of  the l a c k  of a r e l i a b l e  source  of power and the  

presence o f  wind-blown s a l t  spray an? sand from the  ad jacent  beaches. 4s 

with most experimental  work,  r e s u l t s  a r e  wha t  count and not the  i d e a l  l o -  

c a t i o n  and opera t ion  o f  t he  equipment. G o d  r e s u l t s  have been obtained t o  

da te .  If the  same j o b  were t o  be repea ted  now a t  the  same s i t e ,  i t  i s  be- 

I i eved  an approximat,ely i d e n t i c a l  i n s t a l l a t i o n  would be chosen, 
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