




















solar system, alter their positions in the celestial sphere only slightly from month to month and from
year to year, the annual change being less than a minute of arc in either right ascension or
declination. These variations result from precession or the slow change in the direction of the
earth's axis caused by attraction of the sun, moon and planets, and nutation or small inequalities in
the motion of precession. Proper motion of stars also occurs, that is, stars actually move very
slightly with respect to the celestial sphere as time goes on. Furthermore, aberration, or an
apparent change in position of heavenly bodies occurs, with a period of one year, because of the
combined effect of the motion of light and motion of the observer fixed on the moving earth. Finally,
the angle subtended by lines drawn from any star to the earth and sun changes continuously as
the earth makes its annual circuit around the sun. As a result, the positions of the stars seem to
change on the celestial sphere due to parallax.

As the earth actually travels around the sun but not the stars, (see Figure H-2) the sun
appears to move more slowly than the stars, making in 1 year 365 apparent revolutions (approx.)
while the stars make 366 apparent revolutions (approx.); thus, the sun apparently makes a
complete circuit of the heavens once each year, a new cycle beginning every March 21.
Furthermore, as the axis of rotation of the earth is not normal to the plane of the earth's orbit, the
path apparently traced by the sun among the stars on the celestial sphere, called the ecliptic, is a
continuous curved line; each year the sun crosses the equator northward on March 21, and
reaches a maximum positive declination (about 23.5° N) on June 21.

Figure H-2. Relative positions of the earth and the sun during the year

(b) The Hour Angle Coordinate System. In Figure H-1, let the plane of the hour circle MNPN'M'
coincide at the time of observation with the plane of the observer's meridian circle, and let S be
some heavenly body whose position with respect to the observer's meridian and the equator
MM'UV it is desired to establish. The spherical coordinates of the star are given by (1) the angular
distance of the star above or below the equator, which in the figure is given by the arc US, defined
previously as the declination, and (2) the angular distance measured along the equator between
the meridian and the hour circle through the star. When this measurement is from east to west it is
called an hour angle. The hour angle of any celestial body may then be defined as the angular
distance measured westward along the equator from the meridian of reference to the hour circle
through the body. Hour angles are expressed either in hours of time or in degrees of arc. In the
figure, the hour angle is more than 12" or more than 180°. When no qualification is stated, it is
understood that an hour angle is measured from the upper branch of the meridian, that is, the
branch above the station or above the observer's head. Sometimes the hour angles of stars east
of the observer's meridian are reckoned from the upper branch of the meridian rather than
westward. An hour angle expressed in this way is preceded by a minus sign.
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4. Equator Systems Compared

The system of coordinates described in article (b) is seen to be similar, to that described in
article (a) with this difference, that in the hour angle system, the angular distance along the equator
is measured (westward) from a fixed meridian, whereas in the right ascension system the angular
distance along the equator is measured (eastward) from the vernal equinox, which is a point on the
celestial equator that rotates with the celestial sphere. Thus, although right ascensions of fixed
stars have annual variations of but a few seconds, hour angles of the stars change as rapidly as
the celestial sphere apparently rotates (24" or 360° for each 23" 56° of our civil time), and hour
angles of the sun change approximately 24" or 360° for each 24" of our civil time.

The two systems are called equatorial systems of coordinates, since in each case the
primary plane of reference is the celestial equator. The declination, 9, is the same in both systems.

5. The Astronomical Triangle
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Figure H-3. The Astronomical Triangle

In Figure H-3, the celestial sphere is pictured once again. The earth is imagined to be
located at the centre of the sphere with its polar axis in the direction P'P.

The observer's meridian plane lies in the plane of the great circle M'Q'ZPMQP' and the star
S is in a position east of the meridian and above the celestial equator. The place of observation is
assumed to be north of the equator at a latitude ¢ as shown by the angle between the equatorial
plane and the observer's zenith plumb line. The hour angle, 0, is measured from the upper branch
of the meridian (360° - 8 is shown in the figure). The declination, 8, is also shown.

The colatitude (90°- @), the zenith distance (Z), and the polar distance (90° - delta) define a
spherical triangle the vertices of which are the pole P, the zenith Z, and the celestial body S. This
triangle is called the astronomical triangle.

The determination of the relationship between theta and Z, 90° - ¢ and 90° - & of the

astronomical triangle is a problem in spherical trigopnometry which is dealt with in many elementary
mathematical texts. It is sufficient to quote the result here:

cos(Z) = cos(d) * cos(0) cos(@) +sin(o) *sin(gP)
This is the equation that must be solved for cos(Z) to obtain p.
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ANNEX H
CONCEPT OF TIME
1. Solar and Sidereal Time

As the earth rotates about its axis in its travel through space, all celestial bodies apparently
rotate about the earth (or about its axis) from east to west. Since the earth in its orbit travels about
the sun but not about the fixed stars, which are far outside its orbit, once each year the sun
apparently encircles the celestial sphere along a path called the ecliptic, which twice cuts the
celestial equator during this interval. The point among the stars where the sun in its apparent
travel northward cuts the celestial equator on March 21 of each year is called the vernal equinox.
The sun travels rapidly along the ecliptic in a direction opposite to that of the rotation of the
celestial sphere.

Because the sun is apparently travelling from west to east among the stars, whereas the
rotation of the celestial sphere about the earth is apparently from east to west, the angular velocity
of the sun about the axis of the celestial sphere is less than that of the fixed stars or the vernal
equinox. At a given meridian the hour angle of the sun and of the vernal equinox will agree at
some instant on March 21, but thereafter it will be less for the sun than for the vernal equinox. Six
months later, on September 22, when the sun has covered one-half of its annual journey, the hour
angle of the sun will be 180° or 12" less than that of the vernal equinox; and one year later the
angle of the sun will be 360° or 24" less than that of the vernal equinox, and hence hour angles will
agree.

In the course of a tropical year, as measured by the time taken by the sun apparently to
make a complete circuit of the ecliptic, there actually occur 366.2422 rotations of the earth, or
apparently a like number of revolutions of the vernal equinox about the earth. For reasons
explained, the sun during this interval will have travelled through a total hour angle 360° or 24" less
than that traversed by the vernal equinox; hence, during a tropical year the sun apparently revolves
about the earth 365.2422 times.

Solar day is the unit of time with which we are all familiar. It is the interval of time occupied by one
apparent revolution of the sun about the earth.

Sidereal day is the unit of time occupied by one apparent revolution of the vernal equinox.
366.2422 sidereal days = 365.2422 solar days. The sidereal day is shorter than the solar day.

When any celestial body apparently crosses the upper branch of a meridian, it is said to be at
upper transit; when any celestial body crosses the lower branch of the meridian, it is said to be at
lower transit.

Beginning of a sidereal day at a given place occurs at the instant the vernal equinox is at upper
transit.

Beginning of a solar day, or the civil day, occurs at the instant of lower transit of the sun (midnight).

2. True and Mean Suns

Because of the elliptical shape of the earth's orbit, the apparent angular velocity of the sun
that we see, or the true sun, is not constant; hence, the days as indicated by the apparent travel of
the true sun about the earth are not of uniform length as measured by a mechanical clock. To
make our solar day of uniform length, astronomers have invented the mean sun, a fictitious body
which is imagined to move at a uniform rate along the celestial equator, making a complete circuit
from west to east in one year.
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The time interval as measured by one apparent revolution of the true sun about the earth is
called an apparent solar day. The time interval as measured by one daily revolution of the mean
sun is called the mean solar day, which is the same as the civil day.

3. Apparent (True) Solar Time

The "Nautical Almanac" considers the apparent solar day at any place as the time interval
between two successive lower transits of the true (apparent) sun for the meridian of that place.
The solar day therefore begins at midnight and the apparent solar time at any place is given by the
hour angle of the true sun plus 12". Thus, if the hour angle of the sun is 45° or 3" at a given place
and at a given instant, then the apparent solar time for the place is 3"+12"=15".

Apparent time has the same meaning as apparent solar time. Local apparent time is that
for the meridian of the observer. Apparent time for any other meridian is designated by name, for
example, Greenwich apparent time.. In the local apparent time the sun peaks its daily journey in
the South and exactly at 12:00.

4, Civil (Mean Solar) Time

The "Nautical Almanac" considers the mean solar day at any place to be the time interval
between two successive lower transits of the mean sun for the meridian of that place. The mean
solar day, therefore, also begins at midnight, and the mean solar time is given by the hour angle of
the mean sun plus 12". Thus, if the hour angle of the mean sun is -15° = 1" the mean solar time is
11", Civil time is the same as mean solar time or mean time. Local civil time is that for the
meridian of the observer. Civil time for any other meridian is designated by name, for example,
Greenwich civil time, or Greenwich Mean Time.

5. Equation of Time
When the apparent (true) sun is (ahead of/behind) the mean sun, apparent time is

(faster/slower) than mean civil time. The difference between apparent and civil time at any instant
is called the equation of time. It is used to convert civil time at any instant to apparent time.

In the "Nautical AlImanac" the equation of time is given for each day for the hours 00 and 12
Greenwich civil time. The Greenwich civil time at which the true sun crosses the Greenwich
meridian is also given. This information is useful in establishing whether the true sun is ahead of
or behind the mean sun.

6. Sidereal Time

The sidereal time at any place is the hour angle of the vernal equinox at that place; and the
beginning of the sidereal day, occurring when the vernal equinox crosses the upper branch of the
meridian, is called sidereal noon.
7. Relationship Between Longitude and Time

At any instant, the difference in local time between two places, whether the time under

consideration is sidereal, mean, or apparent solar, is equal to the difference in longitude between
the two places expressed in hours. The 1-hour difference corresponds to 15° in longitude.
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8. Standard Time

To eliminate the confusion in industry attendant upon the use of local time by the public, the
United States is divided into belts, each of which occupies a width of approximately 15° 1" of
longitude. In each belt the clocks that control civil affairs all keep the same time, called Standard
Time, which is the local civil time for a meridian near the centre of the belt. The time in any belt is
a whole number of hours slower than Greenwich civil time, as follows:

Hours Slower than
Standard Time Greenwich Civil Time | Central Meridian
Atlantic 4 60° W
Eastern 5 75° W
Central 6 90° W
Mountain 7 105° W
Pacific 8 120° W

The exact boundaries of the time belts are irregular and can be determined only from a map.

Correct standard time can be obtained either from a clock known to be closely regulated, radio
signals, a GPS receiver or an internet time service.

In certain localities, daylight saving time is used during the summer months. Daylight saving time
is 1" faster than standard time.
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A WMO/GAW Expert Workshop on Global Long-Term Measurements of Volatile Organic Compounds (VOCs) (Geneva,
Switzerland, 30 January — 1 February 2006) (WMO TD No. 1373).

WMO Global Atmosphere Watch (GAW) Strategic Plan: 2008 — 2015 (WMO TD No. 1384)

Report of the CAS Joint Scientific Steering Committee on Environmental Pollution and Atmospheric Chemistry (Geneva,
Switzerland, 11-12 April 2007) (WMO TD No.1410).

World Data Centre for Greenhouse Gases Data Submission and Dissemination Guide (WMO TD No. 1416).

84



175.

176.

177.

178.

179.

180.

181.

182.
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