A few thoughts about calendars, time, and leap years.

The word calendar is derived from ‘calends’ , the first day of the Roman month. It is a system for apportioning a year into a useful periodic system.

The chief functions of a calendar are

1. to establish dates, and

2. to measure equal time intervals

Under 1, dates to be established may be those of physical phenomena such as equinoxes, eclipses, tides and other periodic events, or nonperiodic events such as earthquakes floods, bushfires.  Historical and civil events are recorded in exact chronology by the calendar system.

Under 2, the calendar is used in the commercial field and at home, where salaries, accounts, lectures, tutorials, and business relations need to be based on intervals of time.  Statistical and scientific uses of time intervals are included in this grouping.

A third type of dating is that of ecclesiastical events and movable events, including the date of Easter.

What makes things a bit difficult is that there are 3 main types of calendar :

a. the lunar

b. the solar

c. the lunisolar

and the next few words will (hopefully) help to put these in perspective.

(a). Lunar:  The lunar (moon influenced) calendar preserves the length of the lunar (or synodic)  month (29.5 days) and disregards the length of a solar year. The majority of cultural groups which use the lunar calendar basis have months of 29 and 30 days alternately, thus averaging 29.5 days per month. 

The lunar calendar sets up a lunar year of 12 * 29.5 or 354 days. A lunar year of 12 synodic months actually has 354.367056 days. The decimal component amounts to 11.012 days in every 30 lunar years.  By inserting 11 days in every 30 lunar years, the calendar becomes very accurate with respect to the moon. (Druids used this method of reckoning). 

However, there is a catch – the lunar year is about 11 days shorter than a solar year (next), which causes the seasons to occur at earlier and earlier dates through the years. It is impracticable in civil affairs.

(b) Solar: The solar calendar keeps to the length of a solar year (or very nearly) but disregards the lunar month and assumes a set length of month. The Julian calendar (more about this later) is a good example. Other examples are the old Mayan and Egyptian calendars.

The solar month is 365.24222 days long. Solar calendars include normal years of 365 days and allow for the fraction (0.24222 days) by inserting an extra day in each ‘leap year’.

The solar calendar has 4 critical points – two equinoxes and 2 solstices.  

(c) Lunisolar :  In the lunisolar calendar there is an attempt to keep the lengths of lunar month and tropical year in harmony by making periodic adjustments.

The lunar month of 29.5 days is, as described above, made into a 29 day and a 30 day month on an alternating basis. 12 of these give 354 days. Additional months are added when necessary to bring the number of calendar days to the number of days in a solar year. The method used is to insert a 13th month every 2 or 3 years.  This ensures that the agricultural seasons occur at roughly the same calendar each year.  The Jewish calendar is an example of the lunisolar year.

Measurement of Time

The above brief explanations assume of course that there is a method  (or methods) of measuring time – but what is ‘time’ ?

Time is best explained as being units based on periodic movements of natural phenomena.  The rotation of our Earth on its axis measures a ‘day’, the revolution of the moon around the Earth gives a ‘lunar month’, and the revolution of planet Earth around the Sun makes a solar year.

Solar Day:  The Earth’s rotation is essentially uniform and a solar day is taken as the interval between 2 successive passages of the Sun over the lower meridian.   Apparent solar days are not uniform in length, so that for timekeeping purposes the mean sun is used, and a mean solar day is the interval between 2 successive transits of the mean sun over the lower meridian. Mean solar days are of constant length.  The beginning of a new day is at 0 hour (or midnight). 

The Romans had their day commence at different periods of their history – which must have been quite confusing.

Lunar Month:  The month was based originally on the period of the moon’s revolution around the earth (synodic period) or the interval between two successive new moons or full moons. 

The mean synodic month (a lunation) is 29 days, 12 hours, 44 minutes, 2.8 seconds in length.

Year: The  kind of year used for ordinary purposes, including the calendar, is the tropical year or year of the seasons, which is the interval between 2 successive returns of the sun to what is known as the vernal equinox. Its length is 365 days, 5 hours, 48 minutes and 45.4 seconds, and is decreasing at the rate of 0.5 seconds per century.

Here are some other ‘pieces of information’.

The Julian Period

You have probably heard of the Julian period, which by the way had nothing to do with Julius Caesar.  This Period form was espoused by one Joseph Scaliger in 1582. He was a French chronologist. (Julian was his father’s name).  

A Julian period is 7,980 years, and just to keep this simple, is a multiple of the solar cycle (28 years), the Metonic cycle (19 years) and the Roman Indiction (15 years).  The year and day of the beginning of the Julian period is January 1,4713 B.C. as the 3 cycles all began together on that date.  The cycle completes at the end of A.D. 3267.

To find a year in the Julian period, add the year number to 4713. The year 2000 is number 6713 in the Julian period. To add to this, each day in the Julian period has its own Julian number, and is indicated by the number of days elapsed since the beginning of the Julian period.

The Gregorian Calendar

The calendar by which your birthdays, semester dates, exam dates, and most other dates are based, is known as the Gregorian calendar. Prior to its introduction and acceptance, the era began on January 1, A.D. 1 which is though to have been  started by Dionysius Exiguus in A.D. 532. This chap designated the beginning of the year A.D. 1 to have been March 25th. Based on this, December 25th was called the birth date of Christ.

However in A.D. 1582 Pope Gregory X111 altered the beginning of the year to January 1.  (You might remember that there was an astrologer named Nicolaus Copernicus about 1543 who had some revolutionary ideas about movements of planets. He published his Heliocentric Theory which was not, at that time, received with great enthusiasm – however, that is another matter). 

A very interesting situation arose with astronomers. There was a year 1 B.C. (before Christ) and a year 1 A.D. (anno domino – in the year of the lord) but no year 0. Astronomers seem to prefer to use the ’00 (century) years as the beginning of a new century – which probably helps with our current confusion about 2000 being the first year of Century number 21.

There are some peculiarities or weaknesses with the Gregorian calendar –

(a) The chief weakness is in the uneven division into half years, quarter years, months and weeks.  The quarters currently contains 90, 91 or 92 days (how many days are there in the University semester ?)

(b) The calendar year should be the same length but this is not possible as the tropical year does not contain an even whole number of days.  There are two types of ‘year’ – Common and Leap. (remember the insertion of an extra day ?)

A year may begin on any one of the days of a week, which gives 7 types of Common years and 7 types of Leap years. This is very confusing as the overall effect is that there can be 14 types of years.  28 years are required for the cycle of one series to be repeated in order. 

(c) The lengths of the months are unequal. There may be 28, 29 (as in February in the year 2000), 30 or 31. This gives some problems with accounting and statistics (which really like to use a common basis).

(d) The year does not have an integral number of weeks, either in common years or in leap years. The weeks are uneven in number in the quarter year, the half year, and in the months except February in a non-leap year.

(e)  Dates of days from week to week ,or month to month, or year to year, do not correspond. It becomes difficult to locate specific events. In America for instance, Thanksgiving Day is always a Thursday, but the day of the month is variable. Christmas is always December 25th, but the day of the week varies.

A  Leap Year :
So what is  ‘Leap’ year ? Try this :

A year with 365 mean solar days, effected by inserting February 29th  when the year number is divisible by 4, such as 1996, or divisible by 400 if the year marks a new century, such as 2000.

Some Additional Thoughts:

Time is a human invention. The concept of time is built into all known languages as ‘tense’.  English for instance has the fundamental 3 fold division of time as past, present, and future.  Latin has more divisions including present, imperfect, perfect, future-perfect and  pluperfect.

The setting of 7 days to be a ‘week’ is an invention of the Near East where 7 was/is a magic number. 

Some African tribes have ‘weeks’ of from 3 to 10 days.

The smaller units of time (weeks, hours, minutes, seconds, degrees) are artificial.

Babylonian astrologers divided the day into 12 equal periods, and these were then divided twice by a multiple of 12 to give 60 minutes and 60 seconds. (what is the multiple ?)

The Egyptians modified the Babylonian system and instituted the starting point of a year (New Years Day) as being set by the rising of the star Sirius. The Egyptians doubled the number of hours in the Babylonian system and through the Greeks, Romans, and our European ancestors we have eventually arrived at our current calendar system.

Is the current European Calendar System  Perfect, Usable, Confusing, Able to be used effectively ?

There have been, and will probably continue to be, suggestions for the improvement of the Earth calendar.

Some of the notables are :

1. International Fixed Calendar, which is based on 13 months of 28 days each month. This was first sighted in 1849 by a French person named Auguste Compte. Each month would start on a Sunday, and there would be a 7th Month (suggested name Sol) between the 2 sets of 6 months with the same names as now. (June, Sol, July). 

There is a problem though in that 13 months do not give equal quarters or halves. 

2. World Calendar. This is based on a quarter year and January 1 starts the cycle. The first 3 months have 31, 30 and 30 days. Leap Year Day would occur after June 30, and Year End Day would follow December 30.

3. Perpetual Calendar. This has its origins in Hawaii, and the calendar would have four 3-month quarters, beginning on Monday  January 1. The first two months of each quarter would have 30 days, and the last 31 days.

