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ABSTRACT

A Dbriel higtorical survey of the development of
time and freguency services in South Allrica is
followed by an account of some of the techniques
presently employed at the NPRL to control the
signals Trom radio station ZUO. Bhort descerip-
tions arc given of geveral devices which have
been developed Ifor local time diggermination, in-
cluding one which transmifts coded hour, minube
and second data ag parlt of the time gignals them-
selves, a simple solar-to-gideresl Time conver—
ter, and the 200 morsc code generalor.

HISTORICAL BURVEY

Time in South Africa hag traditionally been The regponsi-
bility of the astronomical obgervatorieg: in Cape Town the

Royal Obgervatory (est. 1820) and in Johanncsburg the Trans-
vaal Qbservatory (est. 1903). The Royal Observatory dis-
tributed time from an eariy dale by the dalily firing of a
naval gun, intended mainly for the benefit of ghipping in
Table Bay.

In Johannesburg the firgt hourly fTime signalg Tiom the ob-
servabory were gsent in 1908 by landline to the Central Tele-
graph Office, from where they were distributed Throughout
the province. After the uniocon of the four provinces in

1910 three Riefler clocks were installed atl wnal had now
become known as the Union Obsgervatory, and the distribution
network was exbtended to Durban, where - if all went well -

a time ball was dropped at noon by a remote gignal [rom
Johannesburg.

In Capce Town time was measured agstronomically az part of
the meridian program, but Johannesburg had at first only

a small 65 mm refractor, received on loan Tor a latitude
obgervatlion program. The regulting time gignals could
seldom be relied on to better tThan abvout 0.5 second, and
they might be worse after a period of cloudy nights. As
early as 1923 it was found that much better results could
be cbtained by using the long wave radio time signals from
Bordeaux and Rugby, and the astroncmical observations were
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discontinucd, to be replaced by the morc accurate - if
second-hand - radio time. In later years the possible
ingtallation of a Photographic Zenith Telescope has been
discussed on numerous occasions, but until today there
hag been no basic change in this approach.

Precige time in its modern form may be gsaid to have started
in 1948, when the first quartz crystal clock was built at
the Union Obgervatory. Although congisting mainly of dis-
carded war surplus components, it immediately improved
timekeceping accuracy by a factor of at least 100, and
rendered all other clocks obgolete.

In 1949, at the request of surveyors and geophysicists

who needed accurate time in the field, continuous radio
time gignal transmissions were started from a small port-
able transmitter, soon increascd in size to 100 watt. The
call sign of the new station - ZUO - where "UO" represented
Union Obgervatory, has remained unchanged till the present
day. ZUO is gtill the only time and standard frequency
atation on the continent of Africa, and in a very large
part of the southern hemigphere,

In 1972 the time department was detached from the obger-
vatory in Johannesburg, and moved to Pretoria to become
part of the Precise Physical Measurements Division of the
National Physical Research Laboratory.

In 1974 it was formally laid down that, in terms of the
Measuring Units and National Measuring Standards Act of
1973, the South African standard of time should be the
cegium clock maintained for this purpose at the NPRL.

TIME AND FREQUENCY STANDARDS

In 195% a set of six guartz oscillators using GT crystals,
with aggoclated frequency dividers, was obtained from the
British Post Office, followed two years later by one HEssen
ring crystal. The ring crystal still remains in use to-
day, but most of the others have long since stopped func-
tioning, apparently due to fallure of the solder connec-
tions.

A cegium beam standard was installed in 1966, and this hag,
with minor interruptions, controlled the South African time
gervice until the present day. During this period the beam
tube had to be changed on two occasions, alter 206 and 61
monthsg respectively. The cesium standard was from the
beginning adjusted to give an AT output. For time signalg
the offgset in usc before 1972 was achieved by a special
phase shifter, while the ZUO carrier frequency was

44




broadcast without offgset.

A second South African cesium clock (not counting temporary
installations for apecific projccts) was accuired by the
M. Burecau of Standards ai the beginning of 1975. The
Lwo CTOLKH, which are locatced gsome 10 km apart, are now
being regularly intcrcompared. All the sane, one cannod
feel altogether scecure with a national time uorvice which
relice on two basic standards only - onc ol them at a dis-
tance.

Apvaratus [or generating the ZUO and cfher time pulses has
always been designed and comstrucuud locally, and we have
by now gone through all the various stages, [rom vacuun
tubes through cold cathode tubes and 'ﬂ&ﬂﬁ‘ﬁtkiﬁ to dnte-
agrated circ x*t e mosl recent unit conmolnes all the
following Tunctions very nesyly the gquyiube time ger—
vice — in a aing slogres

- Froquency divicerp: 1 FMEz to 1 oulge ver day
-  Provigion Tor resgetti and adiusting all
ghages
Digital +time display: botn UT and SAST
DUTL code, with vreset switching (%)
Leap secona preset Switchiw» L)
Morse coﬂe: ZU0 and time, every 5 or Ih minutes
Coded pulse output for control.ll glave clocks
in DLLAH.LLLIL;
Various other time pulges, =.2. "6 pips' overy
hour or troadcast
(¥) Preset on previous day, to obviale nood Ilor manual
switching at 2 a.u.

TIME COMPARISON

The great distence between South Africs and the major centers
of research which determine AT and UT - mostly in the north-
ern hemisphere - leads to speclal problems in time coordi-
nation, and makes the regular intercomparisor of fime @ig-
nals, by every vractical method, esgential.

Betweon 1945 and 1960 the local clocks were checlked daily
with reference to the HF signals from WWV and WWVH. To
keep the time signals in agtep with WWV without adjusting
the ogcillators, a motor—driven contlinuoug phase shilter
was congstructed in 1955, which could modily the 8soillator
frequency from -20 to +20x10~9 in steps of 1x107

When in December 1960 the ZUO time gignals were coordinated
with those of other stations, the phase shiftoer wag improved
by the addition of an electronic drive, to give it a range

45




of from -99 to +99X10‘10, in gteps of lxlo_lo. (A new ad-

justable phase shifter built recently provides for adjust-
ment between -999 and +999 microseconds per day, in steps
of 1 microsecond per day.)

VLF Comparisons

The next step was to build two VLF receivers, permanently
tuned to GBR and NBA. Phase meagsurements were made with
the aid of a CRO, and manual adjustment. Used in conjunc-
tion with the phase sghifter, these receivers now made it
possible 1o keep the ZUO time signals within 1 millisecond
of UTC, and 80 keep the mean 7ZUO frequency within about 5
parts in 1070 at all times.

Continuous VLEF phase recordings are at present made by
means of two commercial receivers, normally tuned to GER
and NAA, the two stationg which in this region have proved
to be the mogt reliable. By making use of the corrections
published by the USNO it ig ugually possible to reconcile
the various measurements to within a few microseconds.

Except lor occasional disturbances due to lightning, this
aystem hag proved to be most reliable over long periods.

It has sometimes been guspected that the results might be
affected by gseasonal variatbtions in propagation time, but
until now there has becen no completely uninterrupted period
gufficiently long to enable one to draw a definite con-
clusion.

Travelling Clocks

Absolute time differences have gsince 1966 been based al-
most wholly on the travelling cegium clocks which have bcen
gent from time to time from the USA by the USNO and other
organisations. Because such comparisons have often becen
motivated by the meeds of parficular projects, they have
often taken place alb rather irregular intcrvals, and with
the reccnt closure of the local STADAN station there is
gome concern ag to the future. It is highly desirable
that thesce comparisong should continue, but it 1is also
appreciated that one cannot expect other organisations to
bear the full cost indefinitely. Iulure travelling clock
comparigons will therefore probably have to be arranged
by ourselves.

The emphasis will probably be strongly in favour of light
and simple portable clocks, which should, if at all poss-
ible, have to travel by air unattended. Even if this meant
that some gtabllity might have to be gacrificed, this might
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well be compensgated lor by laster return times and more
frequent journeys.

Loran C

This has for some years beer used by the STADAN station.

As the distance to the nearest station (Lampedusa) is too
large to make use of ground waves, accuracy is of the ordex
of £5 microseconds. The gystem thereforc provides a value
able check on local time gtandards, and would give imme~
diate rough synchronization after a complote interruvntion,
but it oahnot compete with travelling clocks Tor precigion.

Satellitesn

More or less the same applies to the TRANZIT satellite com-
parisons made at the French Tracking Station, which can at
present be relied on to within sbout 50 microgeconds.

Local Comparisons

A portablce rubidium clock has for the last year been uscd
to make regular muntnl] +1mc compariscns with the Tew
organisations in the neighbourhood of Pretoria who need
microsecond accuracy, vig. the French Tracking otatLou,
the 3.A. Burcau of Standards, and (HL\il Cetober 1975)
the STADAYN station at Hartebeeshod! e LQLpdTl Ong
have proved o be of ool WUu“aJ S, and, 17 the
demand warrantod it e ortended to otrer
rarts of the countyry.

velng estanl lshod
.gtcrcompariscﬂ, nob

The new televigicn aetwork
offers good posgibilitiew

only Tor local use, bul vsrhaps over the whole country,
At present, however, 1T ig ai{ill woo carly To give resulis.

TIMIS DISTRIBUTION

700 Radio Signals

The #UC gignals lrn LTheir

1950z when, shortliy be was
reaiised that the digs z ioc
was far from gatist Tooemiy

radlo signale at hi PJWUf direct fr*“ chgervatory,

near the centre of Johannesbhurg, the b African Pogt
Office took respons 1“3?3+v for +time Hrudiﬁjsfg from ite new
station at Clifantsfontein, about hall-way between Johannes-
burg and Preloria. Clocks and other time eguipment remained
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at the obscrvatory, while the time signals, together with
a 100 kHz standard freguency, were ftransmitted to 0lifants-
Tontein by a 100 MHz radio Link. At the receiver the
gtandard Trequency and time gignals were geparated, the
former being multiplied to 5 MHz to provide the carrier
fregquency of the HF Yransmitter, which was then modulated
by the latter.

New cquipment installed around 1970 uses a frequency of
141 instead of 100 MHz, and the original 100 MHz trans-—
mitter was moditied to transmit time signals only, as a
ugeful service to the gencral public. When in 1972 the
clocks were moved to thelr now location in Pretoria, the
same equipment was used to transmit the signals to 0li-
fantsfontein -~ almogst the game distance ags before, but
now in the opposite direction. At the game time the 10
MHz transmission from Johannesburg was discontinued, and
replaced by one on 2.5 MHz, which gives far more congis-
tent results at night over the greater part of the country.

The question is asked from time to timc whether such an
indirect transmiggion gystem does not lead o a loss in
accuracy, and the answer is, of course, that to a small
cxtent it does. The delay between clock and b MHy trans-
mitter output was measured to be aboul 270 microgeconds,
and radio propagation time accounts for about L0O0 of thesge.
There arc bound to be [luctuations, but users of HF signals
will in any case have to conftend with very much larger
changes in the travel time of the HF signals themgelves.

Present users of time in South Africa, and probably else-
where, can bc conveniently clagsificd in threc groups:

(A) Those who demand an accuracy in the microsecond region
and beyond;

(B) Those who need millisecond accuracy, ¢.g. Surveyors,
geophysicists, astronomers;

(C) The rest, usually satisfied with an accuracy of 1
gecond or more.

Groups (B) and (C) are both adequately served by the ZUO
transmigssions, and it is only group (A) which requires
special attention. It 1s as yet a very small group, con-
fined to those who maintain clocks of accuracy comparable
to that of the cesium clock, e.g. for satellite tracking.
In the immediate neighbourhood of Pretoria these users
have gometimes been able to ugse the 141 MHz transmigsions
direct, but on the whole a portable clock comparison has
been more satisfactory.
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Other +time distribution systems

Two oysthoms inten(ed primarily to serve group (C) are the
broadcast hour nals, and the "Spoeakd: Clock" servico
provided by the tgleynonc department. Belorc 1972 both
signals were controlled by the obgcrvatory clocks. This
came to an end when the clocks werc moved So Pretoria, and
since then both the 8.A. Broadcasting Corporation and the
Pogst Officc have genpratcd their own time gignalg, witn
varying degrces of success. Nelther gignal can at prescont
be relied on to sufoly orocise Lime.

What {ollows are briel descrlivntiong of three
items of apparatus develowved by tnce author
for time servicoe use,

CCDED TIME PULSE UNIT

The use of coded hour and minute data in conjunction with
time gignals is lalrly common (ag, for “ngtance, 1n the
case of ftransmissions from WWV and DOF7Y; but no cases
are known of the time pulses themselveg belng used to
transmit hour, minute and second data. The unit fo be
described, which uses this moethod, was developed Tor tlme
distribution by lince within the laboratory. It provides
a digital hour, minufe and sccond display, togother wilh
audible second and minute pulscs, without any distracting
audible code.

A BCD time code requircs 7 bits cach (op winutes and scconds,
and 6 bits Tor the hourg @ a total of 20. The second gig-
nals are thercefore made to consist of 20 pulses, al a rate
of 2000 Hz, 1l.e. a total length of L0 milliseconds per

second. Each pulse ig either short, rcpresenting "0O", or
long, representing "1".

The codced pulse generator 1s “howw in the gimplified sche-
matic dimgram of Fig. 1. A 20-stage paraliel-in serial-
out shift register ig presct evexy second by a preset
enable glignal frow the ﬂonTTOTWLng cloct. Also obtalned
from the clock are the scguences of 2000 He palscs: 20

al every second and lObQ am overy minute.  The output
pulses are produced by two monostable multiivibrators, whic
produce pulseg of duration -0 and 250 microgeconds respec-—
tively. Hvery input pulse produces a 50 pg. output pulse,
but a 250 us. pulsge is produced only when uhe ghift regia-
ter cutput ig "1". The output is fThercfore a sequence

of pulses which are short or long depending on the statce
of the shift regigter output.




Hours Minutes Seconds

tens units tens units tens units

20-BIT SHIFT REGISTER
preset enable O clock

DELAY

250 ps

MSMYV
output
250 ps

20/1000 pulses

(2000 Hz)
MSMV
50 ps
Fig. 1-Coded time pulse encoder
(master clock unit)
AMPLIFIER ‘{:(
J/ ” reset
input AMPLIFIER COUNTER ‘ COUNTER MSMV
———1  PULSE i —
SHAPER -2 =10 900 ms
MSMY
250 ps
clock
serial input 20-BIT SHIFT REGISTER
hours i minutes E seconds
| 1
DISPLAY

Fig. 2-Coded time pulsge decoder
(remote unit)




Figure 2 shows the decoding and display unit, which uses

a serial-in parallcl-out shift register. Two counter stages
dividing by 2 and 10 respectively trigger a monostable multi-
vibrator after the 20th pulse, which resels and disableg

the counters for a period cof just under a sccond, and pre-
vents any further pulses reaching the 'clock' input ot the
shift register. When a minute signal occu's, therefore,

only the first 20 pulses will be registor

The loudspeaker is fed from the output of the [first counter
(divide by 2) so that the audible gecond signal consis

of ten identical 1000 Hz pulscs, irrcespective of whether
the incoming pulscs arc short or Llong.

SOLAR-TO-3IDEREAL TIME CONVERTER

Jolar-to-gidcreal time converters have a VP*V long "'tow
Dondi's astronomical clock of 1560 was probably +he firat
instrument which used mechanical geanrs to Indicate .o_]_ar
and sidereal time simultaneously. The rzatic uvsed was lhe
gimple one of 366/;6“, but since Dondl's fime numerous
other ratios of ever increasging complexity have been pro-
posed, many of them ingenious ralher tUhan oractical.

It is undergtandable that the first clectronic converters
tended to be designed on similar srinciples, with fre-
guency dividers and multipliers now taging the place of
mechanical gears. One of the firsl units of this kind,
which had an accuracy of j:{lO‘lf), was bullt by the suthor
as long ago as 1949 (Hers, J., Naturc, vol. 164, 841).

Digital circuitry has now suggested a nmuch simpler approach,
based on the same principle ag the adtumtment ol the calen-
dar by the introduction ol leap years. A lfirst correction
1s made by adding an extra pulse to the clock input affer
every count of, say, A pulscs, wheroe A 1g The nearcat
appropriate count oblained within thP clock itselfl, or g
count clogely rolatoﬁ to 1t. I0 this =071<\t‘on Proves
to be too much {or too little) & second ¢ 119L+roﬂ Lo made
deleting (or inserting) a pulse alter count P {or count
B§ and the process may be continueo indefinitoely until
the reguired accuracy is reached. Normally each additional
gtage will increase The accuracy by @ Iaclor of abouwl L00.

fFigure 5 shows two posgible arrangemcnt In the upper
diagram the pulseu Trom the various Q_VLJQT StaQP” of the
clock are fed back to the input of the clock itegelf. The
output therefore congists of glideresl time pulses only.

In the lower diagram the correcting p“ ses Tor the glidereal
output arec obtained from a parallel scolar time divider, so




! ! 1 1 ! 1
—.— e — % e = K
A B C P Q R
INSERT DELETE PULSE COUNTING DIVIDER i
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Fig. %-Solar-to-gidereal time converter
Principle of operation

Aa— D

M5SMV MSMV I
short pulse| fong pulse T
17360 — +47x1075 > I e __.._*

[1/21000—> -27x1077 > +7 b 43 —{

1/3600000—» +23x10°9> 16 1 +6

1 pulse/ sidereal sec.

Fig. 4-8olar-to-gidereal time converter
Example of a practical design
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that both wolar and sidereal time pulses are obtalnced.
(Sidereal time divider not shown.)

A practical circult is shown in Fig. 4. Here the input
consists of a 100 kHz square wave, which Triggers the Tirst
counter on the high-to-low transitions., Alter cvery count
of 360 a monostable multivibrator avplies o vulse, which 1s
short in relation to the input pulses, To tone Tirst HNOR
gate, thus ingerting one cxira pulse, and increasing tne
total count by 1.

Alter every count of 21 C00, a second ~ultivibrator feeds
a long pulsc — approximately 1% times the daration of one
cycle ol the input frequency — to the second NOR gate,
which suppresses the next pulsc, and decreascs the total
count by 1. Alter a count of % 0600 00C, a pulse is once
again ingerted.

The average rate of the outpul pulses 1ot

P = . L : e ] N .
AMx10™2  high aTter the flirst correctlion,
?.7¥10"q Low alter the second corrcetion,
2.9x107Y high aZtcr the third correction,

and the error may be made ag omasl ag dosired by adding
Further stages.

ZUO MORSE CODE GENERATCOR

In a bilirgual country such ag South Africa time announce-
ments would have fto ke made in both officiai languages,
and it was therefore decided at an early siage that the
ZUO transmissions should use morse code rather than volce
announcements. The origingl code generstor uscd mechanical
contacts to produce, every 1% minutes, the announcement:

ZUO  ZUO  ZU0 (followed by nours and minutes)
and this wags kcept in operation for ncarly 20 years, although
it was never as reliable ag 1t shouwld have been.

In 1975, thereforce, a new ali-golid-statc unit was developed,
which not only was capable of giving {imc announcements
every 5 ingtead of every 1% minutes, but which proved to

be gimpler and more vergatlle than any similar deovice of
which degcriptions could be found.

It is based on the principle that in the rorse code the
digits O to 9 arc represented by a group ol Y dote and/or
dashes, arranged in a rcgular progressive gequence, as

shown in Flg. 5. ', therefore, a LO-gtage ghift register
is made to generate a continuous sequence ol b dots lollowed
by v dashes, any digit may be obtalned by entering the ring




at the appropriate point, and stopping after the fifth stage.

1 — o e — e s e e e | B e wm e |
2 = = = - = e e e e 8 mm omm oem|ae —
3 - - — = — s sl e 8 8 = oam|— —
hFb — — — = — ] e @& @ wm|_ - -
5 — &= = = — e & o @ 0| — — - —
6 — — — —|= o o ® #| & — - - — -
7 — — —|mm == 8 # G| e e — = — —
8§ — —|= = - e C e = —
g —| == = = = e v e = = = =

MORSE CODE

Fig. 5-Morse code characters for
digits

If, instead of counting 5 consecutive gymbols, one counts

4, %3, 2 or 1, the same system may be used to obtain 17 out
of the 26 letters of the alphabet, as shown in the large
rectangle of Fig. 6. The remaining 9 letters may be formed
by combining two simpler characters, e.g. Q can be formed

by M followed by A. In the case of ZUO this was fortunately
not necegsary.

The simplified block diagram of Fig. 6 can best be explained
by starting at the end of the chain, with the SYMBOL GENE-
RATOR. This is a 4-gstage ghift register which produceg an
output of either a dash followed by a sypace, or a dot fol-
lowed by a space, depending on whether the sequence is
gtarted at A or at C. This shift register is clocked at a
constant rate of about 10 Hz, designated in the diagram as
"elock 1". (In the case of ZUO it is 8.3%3 Hz.)

A sequence of 'presget' pulses, to produce the sequence of
dots and dashes which correspond to the required morse code
characters, is derived from the CHARACTER GLENERATOR, i.e.
the 10-stage shift register already mentioned. Five gtages

54




CHARACTER GENERATOR COUNTER
PRESET [INPUTS PRESET INPUTS

T
M
G
z
7
1
|
|
i

— o @ a = -

E
|
5
H
I
l
}
|
!

SYMBOL
GENERATOR

6-72U0C morsge codce generator
Method for obtaining digits
and lotters

WORD
GENERATOR

v

|
|
|
)
!
|
|
v

CHARACTER GENERATOR SYMBOL COUNTER ‘*

— x
SPACE !

GE NERATOR {€

| SYMBOL
| GENERATOR
| - .
|
1
v |
cutput clock 1
(B33Hz)

S
E
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of this trigger the 'dash preset' input ol the SYMBOL GENE-
RATOR (A), whilec the other five triggcr the 'dot preget!
input (C). It operates in conjunction with the COUNTER,
which determines the number of gsymbols in eachk character.
Both CHARACTER GENERATOR and COUNTER are clocked at the

"clock 2" ratce, obtained from the SYMBOL GENERATCOR outputb.

At the end ol each character an output pulse from the COUN-
TER enableg the SPACE GENERATOR to ingert an additional
spacc between characters, and feed a "clock 3" pulse to the
WORD GENERATOR (Fig. 7). This again congists of a series
ol ghilt registers containing as many stages as there are
characters to be transmitted. Iach stage is connccted,
through a diode matrix, to one of the presct inputs of the
CHARACTER GBNERATOR and to onc of the COUNTER inputs. As
an example, the diagram shows the connections necesgary to
generate the morse code symbols representing the letter B.

The completc unit for generating the ZUO code, which in-
cludes the dcecoding necesgssary for the varioug 5 minute
time announcements, consists of 34 type 74 IC packages,
mounted on threc 100x160 mm boards. Since it was put into
service nearliy two years ago there has not becn a single
ingtance of malfunctioning, a notable improvement on the
previous unit.
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QUESTION AND ANSWER PLERIOD

DR. KLEPCZYNSKI:

The paper is a historical survey of South African time
system. I am sure the paper has reflected these problems
and pitfalls correctly.

MR. SMITH:
Smith, Royal Greenwich Observatory.

I would like to ask a question and Dr. Klepczyaski needn't
worry, it is not going to embarrass him in any way, I am
sure. 1t concerns the original abstract which was given
of Jan Hers' paper concerning the BCD code for giving the
time signals,

Now, a similar suggestion has been put forward by Dr. Becker.
He has proposed that time signals should carry a BCD coding
giving the ditfference between the signals in UTC and the
UT-1. It coes appear that the navigators for whom the
DUT-1 code was originally suggested are not, in fact, mak-
ing use of it. It seems to have a very limited application
indeed.

Nevertheless, there must be many people whe would like to
know the difference on a current basis between UTC and
UT-1, It may, therefore, well be a better proposition to
use a BCD coding rather than the very simple system which
was intended for oral use by the navigator., 1 wondered
whether at this meeting it might be possible to get any
expression of opinion; first of all as to whether the
DUT-1 code is proving of any practical value whatever in
the form in which it was recommended by CCIR; whether +there
is any need for current information on the difference be-
tween the signals in UT-1; and whether CCIR should give
consideration to whether this can best be given on the
signals in a BCD coding.

This is a very urgent problem because the CCIR will be
meeting early in the new year and one of the tasks of
study group 7 will be to consider any possible modifica-
tions of the present system. Thank you.
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DR. KLEPCZYNSKI:

Does anybody in the audience care to make a comment on
Mr. Smith's proposal®?

First of all, has anybody here in the audience utilized the
DUT-1 audible code? Do we have users of that in the
audience right now? Seriously, if in any way you use this
code, please say so right now because this could have
serious repercussions.

DR. BEEHLER:
'Beehler, National Bureau of Standards.

I am not really a user, of course, of the DUT-1, a supplier
rather. But, I might mention that the National Bureau of
Standards recently conducted a major survey of its users
and the conclusions from that, at least one conclusion,

was that while there is a small group of people who said
yves, the DUT-1 code is important to us, it is a very small
group, at least as indicated by this survey, and there are
some numbers that I could give. I don't have them on top
of my head, but if someone is interested, I can get those
numbers.

But, it was by far the least-used service of eight on the
WWV and WWVH format. So, our conclusion is that it is,
indeed, a very small group that we seem to be serving with
the present technique.

DR. KLEPCZYNSKI:

1 have a question. Of those who responded, who did use the
audible signal. Could they in turn use a coded signal?

DR. BEEHLER:

The distribution of the users that said it was important

to them seemed to show no particular trend. That is, they
weren't navigators in particular, as youmight expect. It was
just almost down in the noise for all of the 14 user
categories that we looked at, the weighting of these user
categories were almost constant in their use of DUT-1.
There was no peak for navigators or any other particular
group. I think the group that included seismologists was
actually the largest.
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DR. KLEPCZYNSKI:

That is interesting. I think you recall a study made_by
Japanese navigators -- they do use DUT-1 code for naviga-
tion.

DR. WINKLER:

I would like to comment on that also. I think, number one,
that no users can be expected to be representative here.
Number two, the navigators, evidently in the large majority,
do not use the DUT-1 code because for regular celestial
navigation it is not important. It is below or at the
level of other inaccuracies. The accuracy of a sextant
sight is 1 minute of arc which would translate into several
seconds of time, so a fraction of a second of time is
really not their concern unless they want to be perfection-
ists, and there are only about 5 percent perfectionists in
any profession.

Another point is another group of users, the geodesists,
which would require the DUT-1 correction, are not aware of
it. They don't even know about it. This surfaced during
the last meeting in Grenoble of the International Union
for Geodesy and Geophysics, at which discussion revealed
the fact that there is a considerable need for education
of these people. They are not even aware of it.

That leads me to a reply toc Dr. Smith's comments. I would
take the position that whether there is any use or not, it
should not be changed within the next five years because
the learning period seems to be on the order of between
five to 10 years and if you make a change every two, three
or four vears you will always lose all of these users.
Whatever you do, I think we must have thc courage and the
perserverance to hold on to a system which, fortunately,
we have been able to agree upon internationally. It is a
sensible system. It may not be the best one. In fact, I
don't think it is the best one of all possible systems,
but to change it again, after only three or four years, I
think would be sheer madness and I am strictly against
that, whether it is used or not.






