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ABSTRACT 
This concept paper proposes ISO TC20/SC14 develop standards for time intervals and time scales required for space missions, astrodynamics, and astronomy.   

The atomic second based on frequencies of radiation of hyperfine energy transitions of the ground state of  the Cesium 133 atom is the de-facto international standard time interval.   Universal Coordinated Time is the de-facto civil time scale world wide.  However, space missions and many other applications require time scales and intervals relative to the dynamics of the solar system, the galaxy, and the Universe.  It is absolutely essential that:
· time scales and time intervals required for space missions and civil time scales and intervals be well correlated so that each can be realized in practice
· the diverse varieties of time scales and time intervals be clearly distinguishable from each other

· normative guidance be developed for accommodating the distinctions in analysis and operations.
This effort will address these requirements.   The objective is to achieve world-wide stakeholder consensus in these critical issues.   Through consensus, those most affected can assess the significance of the leap second for correlation of astronomical and civil time scales, assess impacts of that consensus on existing operations and systems, and assure adequate operational processes for realizing appropriate time scales in appropriate time intervals.

INTRODUCTION

UTC is the atomic version of mean solar time, which has dutifully correlated International Atomic Time (TAI) — the average accumulation of SI seconds — with the measure of solar days known as Universal Time (UT).  UTC does so by infrequently accepting leap seconds into its “atomic calendar” to keep the atomic standard synchronized within 0.9 seconds of astronomical time of day. The UTC broadcast includes precise measure of the difference between UTC and UT, which is the principal operational correlation mechanism.  This defining arrangement has been relied upon for many space-related activities, because if a system knows what time it is, then it also knows (to better than a second) how Earth’s longitudes are oriented.
UTC serves the radiotelecommunications community by transmitting standard seconds mainly for frequency calibration.  The time scale, correlated with astronomical time with leap seconds, is not important for that purpose.  However, the astronomical basis of UTC with leap seconds to correlate with astronomical events is essential outside radiocommunications. 
No matter what the final form of UTC, there are at least three (3) technical issues which must be resolved.

1. The basic time interval, the "second," is often confused with other time intervals of the same name.

2. There is no completely normative definition of UTC beyond a suggested method of labeling epochs in the vicinity of a leap second. No dedicated standards body has ever taken up the matter.

3. The issues some experience with leap seconds are matters of implementation, having resulted inadvertently due to a lack of well-coordinated, normative guidance. 

SCOPE
1.  The Second

Normative definitions and specifications of the universal time interval are the first requirement.  For scientific purposes, the 13th Conference Generale des Poids et Measures (CGPM) in 1956 defined the atomic second precisely.    It specifies the transition of Cesium in ground state in a reference frame fixed to the Earth and at a precise altitude, mean sea level of date.   The time interval so defined will vary with gravitation and relativistic effects in any other reference frame or relative to other gravitation.   

Time in this world is accrued only in seconds. Minutes, hours, days, and years are civil conveniences.  They are neither constant nor continuous.  For example, leap years have more days than other years.   This is necessary because the day varies from 24 hours measured in mean solar minutes, and solar minutes defined as 1/1440 of a solar day are also variable.  Because of the leap second, there are also some minutes that are 61 seconds rather than 60.  As long as time is accrued in relatively constant seconds from a given epoch, this is acceptable.   

Unfortunately, there are many different definitions of the "second," and all lead to a different fundamental time interval.  Some are effectively constant, but most actually define a variable (or elastic) second depending on the Earth's variable rotation rate.   ISO standards include at least three definitions that lead to different values for what is a terminologically indistinguishable "second."

For example, a second has historically been considered 1/86,400 of the length of a day from some astronomical event to that next occurrence of the same event.   We now know that these intervals vary to a degree that matters in modern science and technology.  Many reference books define the second as 1/60 of a minute, despite the fact that since the inception of the atomic second, some minutes may include more or fewer than 60 seconds.   

The scientific community, if not the whole world, requires more precise, normative terminology and definitions.  To avoid even more confusion, the native term "second" without further qualification should be reserved for the atomic second as defined by the IAU and currently implemented in ITU-R recommendations and maintained through the efforts of BIPM and its elements.  The scientific enterprise owes much to Newcomb, who meticulously determined the mean solar second, often called the Second of 1825.  That deserves its own normative definition and well qualified terms.  Then there are the elastic seconds that were used throughout almost all human history.  

We must clear the fog and categorize the many varieties of "seconds."   Months of investigation reveal that there is truly no single normative authority and that this normative effort should be undertaken with the Joint Committee for Guides in Metrology, chaired by BIPM.

2.  Connection between civil and astronomical time.

Astronomy and astrodynamics conducted from the Earth require the Earth's position in inertial space and the location of points on the Earth relative to objects of interest, whether astronomical bodies or spacecraft.  Therefore, the de facto standard timescale is based on Earth rotation as determine by observing essentially fixed points at a great distance.  Quasars and pulsars are appropriate references.  In simple terms, astrodynamics uses Earth rotation as a clock.   An exquisite correlation formula exists for relating Earth rotation to accrued time in atomic seconds.  UTC in its current de facto definition is the civil realization of Earth rotation.   

The mechanism for correlation has been debated since the atomic second became the world-wide de facto standard.  At inception, the mechanism was UTC with leap seconds and the DUT difference in real time.  The need for the leap second and alternative mechanisms such as leap hours has been debated for more than ten years.  Recent papers review the debate and suggest the kind of normative consensus proposed herein.


Whether the leap second is retained or not, a normative definition of the civil time scale and mechanisms for realizing it is required.  One particularly vexing matter is that if the new time scale differs from the current UTC, the name of one or both should not be an unqualified UTC.   If this were not so, there would be confusion between the old and the new UTC, beginning at the instant that UTC would change.  

Guidance for Implementing and Realizing Civil and Astronomical Time Scales:

Perceived difficulty implementing the leap second is the major reason for seeking to eliminate the leap second.  This despite more than 40 years in which to implement the mechanism well.  Whether or not the leap second is eliminated, the scientific community requires normative guidance.  Either those who have problems with the current arrangement need guidance in using it, or those who have adapted successfully will need guidance in operating without the leap second.

Therefore normative definition of civil and astronomical time scales, accrued in atomic standard seconds, is necessary.

ORGANIZING AND EXECUTING THE EFFORT
Normative definition of UTC is most important.    The first task is to determine the representative spectrum of missions and applications that rely on UTC.  The second task is to conduct an objective survey of practitioners and stakeholders to determine specifically what issues plague those who wish to eliminate the leap second and what processes for dealing with the leap second have been successful.   The third task is to assess the cost and operational impacts of either making the current scheme more robust or effecting transition of existing implementations to a world without leap seconds.  Finally, the working group should recommend a normative definition and process.  All of this must be accomplished jointly and collaboratively with ITU-R and the JCGM.   This could be a full time task with duration of at least one year.

Definition of the "second" is less demanding but no less difficult.  A working group across several ISO TC's would be desirable.  This includes terminologists from TC37 as well as TC12 for Units and Quantities, and TC's for maritime navigation and horology.

RECENT DEVELOPMENTS:    This matter was brought before the ITU Radio Assembly and the World Radio Conference in Jan and Feb 2012.  Decision was deferred because  information and guidance as recommended in this proposal was lacking.  ISO TC37 also ruled that there were serious terminological issues, issuing a pivotal finding just as these events convened.  This is clearly immediately relevant and important internationally.  
RECOMMENDATION:
Develop normative standards for these matters.  This must include determining feasibility across ISO TC's and among other stakeholder organizations such as ITU-R and the JCGM.
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