OF TIME AND FREQUENCY

By D. H, Andrews, National Bureau of Standards, U.S.A.
ABSTRACT

Following ¢ short historical background of timekeeping, the author proceeds
to deseribe Universal Time and how it is approximated by Atomic Time
with corrections prescribed by the International Time Bureau. The use of
radio broadcasts by various mations to disseminate time signals, standard
radio frequencies, and standard audio frequencies is described. Other services
are also noted. The article includes an extensive listing of worldwide radio
stations broadcasting standard frequencies and/or time signals. This tabula-
tion is divided into two parts, Table I listing stations using frequencies above
1 megahertz, and, Table II listing stations using frequencies below 1 mega-

hertz.

Key Words: Standard frequency broadcasts; Universal time signals; Inter-
national Time Bureau; Atomic Time; Time Scales.

Background

Time interval, a concept basic to time
itself, may be described as the spacing
between two events. These events are
are usually repetitive. If one can dev-
elop a sequence of uniformly sized time
intervals, larger intervals can then be
developed, Tf these intervals can be re-
lated to a partleular origin, a time-
seale, usually termed “time"” may be
developed.

%) In accordance with National Bureau of
Standards polley, the International unit for
frequency (nertz) s used in this article, The
untt, hertz, 18 equal to one cycle per second,

In essence then  “time” requires an
origin or “beginning,” a uniform time
interval that can be repeated indefi-
nitely, and a system. for counting the
intervals.

The written narrative of mankind in=
cludes a reference in the Bible in the
first chapter of Genesis to “the begin-
ning,” the origin; to the “evening and
the morning were the first day,” the
time interval; and the “evening and the
merning were the second day,” the
counting system. Thus we have all of
the essentials of a timing system re-
corded at an early date.

As history progressed longer periods
of time were necessary. Thus a week
of seven days was incorporated, a
month representing approximately the
length of time between full moons, and
the year to approximate the length of
time for a complete cycle of seasons.

One could, if desired, find many
other references to time intervals in the
Bible, Among these would be included
for longer periods the week (of years)
or seven years and a thousand years.
For shorter periods the hour is used
and also the “twinkling of an eye” or
“moment.”

The terms that have been used above
have one common failing and that is
thelr inexactness, By this it s not
meant to convey the idea that the terms
are useless or meaningless, but only
that it is difficult, for instance, to de-
fine a “twinkling of an eye” so that the
interval could be exactly repeated. .

Actually, the intervals of day and
hour now are very precisely defined in
terms of the second, the day being
86,400 seconds and the hour being 3,600
seconds. It is posdible to derive from
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1066 —[Offset = —300 X 10~10]
No time adjustments were made during
the first half of 1966,

The notation —300 X 10— means that
the frequency usged to generate UT time
is 300 parts in 101 lower than Atomic
frequency or, in other words, is equal
to 3 parts in 100 million slower than
Atomic frequency. A clock run in ac-
cordance with this frequency offset will
lose 2,592 milliseconds every day rela-
tive to Atomic time.

Time Signals

Different standard frequency stations
make use of an assorted variety of time
signals; however the most widely used
signal is the second pulse generated in
accordance with the International Ra-
dio Consultative Committee (CCIR) for-
mula. This stipulates that the time
pulse should consist of m cycles of 200 m
hertz tone. *)

The majority of time signal stations
use this formula with m = 5, thus the
time pulse consists of 5 cycles of 1000
hertz tone.

WWVH uses 6 cycles of 1200 hertz
and JJY uses 8 cycles of 1600 hertz.
Other stations use gaps in the carrier,
longer pulses, or other variations to
suit the needs.
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Although the main purpose of this
diseussion is to cover the stations oper-
ating at the specially allocated stan-
dard frequencies of 2.5, 5, 10, 15, 20, and
25 megahertz, it must be realized that
time signals .are broadcast at many
other frequencies. At some loss in ac-
curacy commercial broadcast stations
rebroadcast time signals originally em-
anating from one of the gstandard freq-
uency stations. Countries with large
Navies often broadcast time signals for
fleet use. Such signals may be broad-
cast at very low frequencies (10,000 to
30,000 hertz) as well as the customary
high frequencies. Since such stations
are primarily used for communications
they do not broadcast in the standard
frequency bands nor do they provide
a continuous time service,

Standard Radio Freguencies.

Standard frequency radio broadcasts
were started some forty years ago SO
that laboratories could intercompare
their frequency standards and to en-
able commercial broadcast stations to
check their transmitter frequencies. An
accuracy of a few parts in 100,000 was
an achievement at that time and was
attained by precisely constructed in-
ductance-capacitance (LC) regonant cir-
cuits. The advent of crystal controlled
oscillators made a significant jump in
the accuracy of frequency transmis~
sions, and many radio stations use such
oscillators. Intensive study on the type
of cut, mounting, temperature control,
and associated electronic circuitry has
resulted in even better crystal oscilla-
tors today. It is not now unusual to
find that a high quality crystal oscil-
lator ig capable of a stability ap-

proaching a part in 10'% per day. A
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the second smaller time intervals such
as milliseconds (thousandths of a se-
cond), microseconds (millionths of a se-~
ond) and picoseconds (millionths of a
millionth of a second). All of these
units are useful and practical.

Going in the other direction, however
leads to frouble, A month for instance
may be 28, 29, 30, or 31 days long. A
year may be 365 or 366 days long; and
one must remember that every 100th
vear is not a leap year unless it is div-
isible by 400.

A ray of light begins to dawn as it
is realized that “time-to-live~by” is a
variable sort of thing while “scientific-
time” is precise and exact.

Now that “scientific-time,” sometimes
referred to ag Atomic Time (AT), is a
reality and because it is very accurate
and repeatable, it is possible to use it
with very carefully defined corrections
to produce *“time-to-live-by,” known
as Universal Time (UT) or Greenwich
Mean Time (GMT).

Universal Time

Although at least two stations, WWVB
in United States, and DCEF77 in Ger~
many, do broadcast atomic seconds the

TABLY L, NP BTANDAND FIGUGNGY AND TIME SLATIONS

great majority of time signal broad.
cagts use the atomic approximation to )
UT2 (Universal Time with certain speci~ )
fied corrections), sometimes denoted |
UTC, meaning coordinated Universal
Time. It is coordinated in the sense that:
a number of time signal stations seek:
to keep their time pulses synchronized: |
to within & 1 millisecond. In order to. |
do this they develop their time scales |
from directions prescribed by the By« |
reau International de I'Heure (Internat- |
ional Time Bureau) with headquarters
in Paris, France., The directions that
are given are dual in nature. First, they
specify the exact frequency to be used
to generate UTC, and second, they de-
sighate when step adjustments (usually
100 milliseconds) are to be made. These
adjustments may be in the nature of an
advance or retardation of the signals
being transmitted, To illustrate how
this information iy specified, the data
for 1965 and the f{irst half of 1988 are
tabulated:

1965 —[Offsel = —-160 X 10-10)
January 1st. ... Retard 100 milliseconds
March 1st. .... Retard 100 milliseconds
July 1st ....... Retard 100 milliseconds
September 18t. . Retard 100 milliseconds
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Radio Propagation Forecast

gtandard Frequency stations is sev-
eral instances transmit other helptul
information. An. instance of this is the
forecast of propagabion conditions as
provided by JIY and WWV,

JIY provides a simple indication of
propagation conditions at the time of
broadeast, This is done by the use of
- three symbolg, “N,” “U” and “W" which
are broadcast by International Morse
Code. These signals, every five minutes,
tell the prevailing propagation condi-
tions. The “N” indicates normal con-
ditions, the “U" an unsettled or un-
stable condition, and the “W" a dis-
turbed condition. The latter condition
is the one most likely to result in poor
communication.

WWYV uses the same letter symbols
but adds to them a number, These
numbers indicates the expected condi-
tions during the subsequent six hours.
The range extends from 1 to 9 and
classifies conditions from “1," very poor
to “9,” excellent. WWV uses Internat-
jonal Morse Code for these notices
which are given during the last half
minute of every five minute period.
WWV's notices relate to the North At~
lantic transmission path. WWVH used
to glve similar announcements for the
Pacific area; however, these have been
discontinued.

Geoalerts.

WWV and WWVH broadeast, once
each hour, International Morse Code
symbols for geophysical conditions of
signiticance to sclentists studying the
earth’s environment, The letters GEO
are broadcast and are followed by an-
other letter repeated five times. These
letters with thelr meanings are listed
below:

s Magnetle storm

= Magnetic quiet

== Cosmle ray event

= No geoalert issued

== Solar actlvity

= Solar qulet

= Stratospherie warming

Sowm=aZE

Tables I and I

An attempt has been made to make an
all-inclusive list of radio stations from
which either standard frequencies or
time signals may be received. To ac-
complish this it has been necessary to
abbreviate the information given about
each station and to record the best
available information without recourse
to full verification. The sources refer-
red to in this.compilation are consid-
ered to be reliable, however, some er-
rors may have crept in and some chan-
ges may have been made since the re-
ferences were printed. It is the hope of
the author that the inclusiveness of this
list may outweigh any inaccuracy that
may be introduced.

A word about the tabulated material
is in order. Table I lists those stations
with their locations and geographical
coordinates which broadcast above 1
megahertz, The assigned frequencies
and, in some cases, estimates of the car-
rier powers are given, Alsgo a notation is
given ag to when the station is expected
fo be on the air. Time is given in Uni-
versal (GMT) notation.

Table II lists the same information
about stations operating below 1 mega-
hertz. The tables have been divided
since the HF stations, in general, may
be received by any communications re-
ceiver but the LF and VLF stations
usually require special receivers.

Conclusion.

No article of reasonable length can be
expected to cover the many fascinating
aspects of time and frequency broad-
costing. In this description information
has been given which will enable an
interested listener to identify the va-
rious standard frequency and time sta-
tions which he may hear. Once the lis-
tener -has identified a station he can
usually obtain gupplemental informa-
tion directly from the station describ-
ing its own schedule and services.
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stability of 1 part in 10' per day is
quite easily obtained.

At the present the standard unit of
time interval, the second, Is internation-
ally accepted as the length of time re-
quired for a cesium. atom (under care-
tully prescribed conditions) fo complete
D, 192, 631, 770 oscillations. Frequency
then, by definition, is the number of
oscillations; or eycles, which occur in
one-standard second.

Standard frequencies used for the
radio carriers will be either atomic or
universal. As noted earlier, atomic freq~-
wencies are presently used by only a
few stations. Universal frequency, used
hy most stations, is subject to annual
change and is 300 parts in 100 lower
than atomic frequency for 1966,

Use of standard radic frequencies is
friost simply done by observing the beat
note between a local oscillator and the
teceived frequency. This may be done
aurally or by visually observing a me-
ter. Such techniques will enable one to
resolve frequency to about 1 hertz; at
10 megahertz such resolution ls equal
fo 1 X 10-7, which is about the limit of
accuracy to be achleved by skywave
réception of HF signals,

Frequency comparisons at HF have
been. achieved with an accuracy of
1 X 10~ by monitoring time signals for
thirty days and observing the differ-
ence in time. Such meagsurements re-

quire highly precise oscillators at both
transmitter and receiver.

To make possible frequency compar~
isons of higher accuracy it has been:
necessary o establish transmissions at =
VLF and L¥ frequencies, ie, between
3 kilohertz and 800 kilohertz, where.
propagation effects are less deteriorat-.
ing. Measurements made at these freq-
uencies show that frequency accura-:
cies of 1 X 10~ may be realized in sev-
eral hours of comparison and, for long-
er periods of time, accuracies of 1 X
10— or 1 X 10~** may be obtained.

Standard Audio Freguencies

Audio frequencies of 1000, 800, and 440
hertz are transmitted from a number of =
the standard frequency stations. These
frequencies are useful to power compa-
nies who wish to compare their gen-
erated frequencies against a standard
frequency, to those who 'wish an audio
signal of high accuracy for calibration
purposes, and to musicians or musical
ingtrument manufacturers for deter-
mining absolute pitch.

These frequencles are generally pro-
duced by synthesis (a technigque for
producing a new frequency which has
a constant relatlonshlp to the original
or source frequency) so that their ac~
ci.lracles are equal to those of the car-
rlers.

TLABLE T {Gont,}

EABLE I, L¥/YLY STANDARD FREQUENGY.AND TIMB STATION, QALY LATTUDE | FREQUENGY | PRRATING AGHENUL
g ERRICER * e UIN | SQGNTIEN ol HONGLENOH, | ANRLEOWER L (NI
oAbl | LATITUDYE | FABQUENGY | OPERATING BORKDULR NHA Hallon, Ganal | G974 K A7 08 kIt | OBOGY 100; $700) 2
L of } Lo A pownite ] (YHIVINUAL TIME), B Y B 2 A0 X
BBg Proflwloh 5200,N 200 KHn () | 160052000 NG Mara Lodart, u“gfa L 114,95 Klfe DAU0; 13001 1800) 24
dom. | 92%8'W (ansmrmu Wb W
: - -
neEn Hainfllngin w0, P18 WHe (1) | 064841038 and il
Garriang 09°00'B ”"“’,::,?‘:,,‘3({“‘”" A )) NDBO/NGK fim lﬁn:u ::m;”« VLG RG] Gontlmes
FoR or i LI ' ahhingion
i . axagpL SuidAve. s Mol A ]
YAl | Bk Andrd u‘;u:;f 91,18 Kin (1) | oBoDy 0%00, D930, 1300) i ﬁuumunh N i;;b‘g;vw 130,00 KIta | 0GOUT 12007 180034400
RE——— 194,85 20001 219012830 M, AR8. i
anp, Tlugby u;n:n 36 Wit {13} Cloptiniane exoaps KM Lialuatnl, uny #6.0 RHa (1) | Constswans ¢
Volked Kinutsm | S011W 138041400, ; EIX s
ano Antharn 19 Kt HIN canm ULA A | AT o Jun 0600, LA0G; 16001 #N0Y,
Booilan T i
onz Grigglon BN 19,6 Kitn Nt Annapolly TN 1 uatv; 06001 4890; 18065, .
Uniied Klngdam | 03°03 ¥ Mg S A LT Y 13001,1400; 3400 .
P Miinchontuahaes [ 470018 96,08 Wi ong L1 Annuwgln N abA Wl (H) | Gontmone
Swiinerinnd 141 % LTWN T B L £
g Tig pilghiin 464:,: 78 kHn (M} Gontiiuens OMA guﬂa:amlv M;“:g,g 86 Wil (M) Clanliououn
JUS— 4 kealianbovakie | 1
jorah | Tewe g | 20K (M) | 8400.0720 enaept B8, @
ALK . § " [ Moguaw, BHeADH 8 W 4400y 0ROD) | 4005 1600}
TaRAl Komljaws Wy A0 Xlin (M} Bontlivoin Sl ”““,” 29001, £148,
Tihish Siilln O 1o%04 % KWHANE | Monsusw, asanm WO RS 01 | Elestuads exsept
; . (AXH S T H601.0100) 130713001
LOWAN-G[ Garioling Benoh | 24004, 100 kifa (1) | Clonstiwoun ) Sl L2110
Noxth Cifallas | TT°08W vitg Balgsnnen %;’;&g? A | UAG0 Ak BHOD ananik
k| (VR ATE
MaR Rughy. g::ﬁ:u R )| LAgol00 WHYH g;n Colling N Jg;fggw Wi (0 | Gontiniie
nllad Klnadom, LB K, ool
Guthx Malna “::2:§ 1.0 KN} | Gontinuous WWvl ¥k Gutling, 4&‘fal M* 20 RH (M) Eantlimaun
Bad |
A | Balbiey Onest | 9%04N H4,0 Wit (1) | Gl X80 Snanghity TN Aba kil [T
r—— 1a10an

198

® L0 by M LB o) 1D 6 e






