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SPECIAL ISSUE ON TIME AND FREQUENCY

Standard time and frequency broadcast services have been in
operation for over half a century. The commercial radio broad-
cast industry was an early customer for these services; in those
days the state of the oscillator art was such that it was not easy
for the broadcasters to stay on their assigned frequencies in a
crowded spectrum. When the dirigible Shenandoah became lost
during a winter storm in the early 1920’s, all New York radio
stations ceased transmissions so that the lost ship’s messages could
be detected.

Over the years the standard broadcast formats evolved to
meet changing user needs, and the frequency stability of the
reference time standard improved. The propagation medium did
not change, however, so the propagation delay stability at high
frequency (HF) is no better today than it was 50 years ago al-
though HF signals are still useful. This propagation factor was of
little consequence as long as the reference time standard was less
stable than the HF propagation medium, but those days are gone.
Systems are now being considered in different frequency bands
that can take full advantage of the timekeeping capabilities of
today’s commercially available atomic clocks. But even atomic
clocks have limits to their stability and reliability, and confidence
in a system is enhanced if its clocks can be checked at will. Thus
there is strong incentive to provide very accurate time services.

In recent years, researchers have experimented with a wide
variety of new time and frequency dissemination techniques.
Much attention has been focused on the opportunities for ex-
ploiting the dissemination capabilities of existing communication
and navigation systems that exhibit high stability. Two notable
examples are the commercial television network and the Loran-C
navigation system. Neither was designed with time dissemination
in mind, but both have important capabilities. On the other hand,
the formats of TV and Loran-C are not the most convenient to
use for this purpose; however, they can be and are so employed.
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Time and its counterpart, frequency, are fundamental build-
ing blocks of electromagnetic systems; radio navigation systems
depend on the notion that distance and time are related by a
constant, and every communication system requires that the
transmitter and the receiver be synchronized in frequency and at
least coarsely in time. About 20 percent of the usable television
bandwidth is devoted to keeping oscillators and pulse trains in
television receivers aligned; and it is done independently on every
channel.

Communication systems are often designed with built-in
“single-customer” synchronization services. Significantly, many
“single-customer” dissemination services are designed and imple-
mented without conscious recognition by the designers that they
are getting involved in time and frequency technology. The
people who are concerned with time and frequency services and
the people who are concerned with systems that use time and
frequency do not seem to know each other as well as they should.
In recognition of this gap, the need for this special issue was
perceived; its purpose is to promote communication among those
with needs and those with resources for providing time and
frequency.

The challenge of preparing a Special Issue offered an unusual
opportunity to selectively increase communication. On the one
hand, authors were chosen to give broad coverage to the time and
frequency community with emphasis on dissemination and ap-
plications. But in some cases, we consciously sought contributors
and reviewers who might influence workers in their disciplines,
and who themselves might be influenced by the ideas they con-
sidered while participating in this Special Issue. Workers in the
fields of communication, navigation, geodesy, long-baseline inter-
ferometry, and related areas were invited to meet with workers in
time and frequency at Vail, Colo., during the summer of 1971. At
that meeting, the entire Special Issue was considered in first draft
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form. As would be expected, the need for the addition of some
subjects and the deletion of others was identified. It was de-
termined to provide a section of invited letters to allow for the
inclusion of late experimental results, short reports, and dissenting
opinion.

We have divided the papers in the Table of Contents into five
sections: in the first, we have two papers concerned with some
international aspects of time and frequency, especially coordina-
tion and implications for developing countries. In the second,
there is an overview of the generation of frequency and time. The
third and fourth sections include interrelated papers describing
both the dissemination as well as applications and requirements of
time and frequency; e.g., existing or proposed systems such as
television or collision avoidance systems can provide dissemina-
tion functions and also show stringent time-frequency require-
ments. Section III emphasizes the dissemination aspect, however,
and Section IV concentrates on requirements and applications of
time and frequency. The final section contains two papers con-
cerned with some scientific uses of time; one describes opportu-
nities for using long-baseline interferometry for precise time dis-
semination, and the other addresses geodesy timing requirements.

The reader will find also in the Letters section some com-
munications describing recent developments in the time-frequency
field. These cover such subjects as infrared frequency synthesis
in metrology, unified frequency-time-length standards, time
transfer via pulsar radiations, TV time dissemination, automatic
vehicular monitoring (AVM), and the status of a developing
country’s time and frequency installation, among others.

As and aid to readers we have included a Key Word Index and
an Abbreviations List following the papers. The former will guide
readers to the location of discussions on particular topics in the

477

time and frequency papers. The abbreviations generally are com-
mon but have not been approved as to usage by authoritative
bodies, such as CCIR.

As an examination of the references listed in the papers will
indicate, continuing coverage of a subject as broad as the genera-
tion, dissemnination, and applications of time and frequency will
be found in a variety of publications. Within the Institute, the
primary source is the IEEE TRANSACTIONS ON INSTRUMENTATION
AND MEASUREMENT, although other IEEE journals and conference
records from time to time cover aspects of the subject, partic-
ularly from the applications standpoint.

One of the Editors’ goals in assembling this issue was to
produce a snapshot of the time and frequency technology that
would be useful to a great many people; some might have some-
thing new to offer, while others might receive information from,
the organized time and frequency community. Hopefully, this
issue may motivate designers of systems requiring time and fre-
quency to take better advantage of time and frequency services as
disseminated, either by standard broadcast stations or services
incidental to existing communication or navigation systems. It
might encourage some designer to arrange a format for his own
internal dissemination scheme so that others, external to his
system, may make better use of it. As we look to the future, we
trust that our goals will be realized, resulting in effective, direct,
and economic time-frequency dissemination with significant
conservation of frequency spectrum.

JaMEs L. JESPERSEN, Guest Editor
ByYRON E. BLAIR, Associate Guest Editor
LAWRENCE E. GATTERER, Associate Guest Editor
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