


Types of Calendars

Emperical Calendars:


The start of the months or years is determined by direct observation

Calculated Calendars
Lunar Calendar: 
No attempt is made to keep the start of the year in sync with the sun, but the months are tied to the phases of the moon by inserting days according to a rule. Twelve average lunar synodic months total about 354.367 days.  
Example: Islamic 
Luni-solar Calendar:  
Months tied to the phases of the moon rounded to the nearest day. The introduction of an intercalary month every now and then ensures that the months are right but the year is right only on average but never on any particular occasion- it is either too short by 10 or 11 days or too long by about 19 or 20 days.

Ex. Egyptian at first, Babylonians, Greeks, Hindus, Chinese 

Solar Calendar: 
Year tied to the period of the sun, using schematic months about the length of the lunar synodic month but not tied to the phases of the Moon.

Egyptian Civil Calendar, Julian and, Gregorian Calendars
Methods of intercalation of months for

Luni-Solar Calendars
Greek (Octaeteris) In the 3rd, 5th or 6th , and 8th years. Extra month of 29 or 30 days is added.

Meton’s cycle (432 BC);  7 years in 19 are embolistic, or include intercalary month. Years 3, 5, 8, 11, 13, 16, 19  This 7 additions in 19 years cannot be improved upon in a human lifetime.

Math Behind Meton’s Cycle 
235 months totalling 6939.68 days, 
whereas 19 tropical years circa 400BC total about 6939.604 days. A difference of 2 hours after 12 cycles (228 years)

Callippic Cycle: 4 Metonic cycles, For every 76 years one day is skipped, selected as occurring in the 19th year of the 4th Metonic cycle. Reduces the average lunar month to 22s too long and the average year to exactly 365.25 days, then believed to be the actual length of the year.

Methods of intercalation of Days for

Islamic Lunar Calendar


The final version of the Islamic calendar was instituted in AD 642 by the Caliph Umar I with the days starting at sunset.
.
Started on 16 July Ad 622 (Julian) to commemorate the Hegira (flight of the prophet Mohammad Mecca to Medina)
Every year contains just 12 months of alternatively 30 and 29 days. An extra day is added 11 times in 30 to keep the calendar as close as possible to the lunar month. In years 
2, 5, 7, 10, 13, 16, 18, 21, 24, 26, 29

Math behind Intercalation

Length of lunation known to Arabian astronomers at the time was 29 days, 12 hours, and 44 minutes.

In a 30 year cycle there are:

360 months = 12  × 30 
 
 


10631 days =  (6 × 29 + 6 × 30) × 30 + 11

Giving an average of  29.53056 days a month. 
The actual lunar calendar is 29.53059 days so one day in gained in 2500 Islamic years.
The Day


Easily counted by the rising and setting of the sun, usually broken into two parts, night and daylight hours. Most civilizations took either sunrise or sunset as the start of the day, only the Romans used midnight. After the fall of the Roman Empire most reverted back to the day starting at sunrise.

Lunation
29.530589 days

Year

12.368166 lunations

12 Lunations 
354.367.066 days

Year

365.24219 days

Month 

Solar months the periods rounded to the nearest whole day required by the Sun to traverse a 30° segment of the Zodiac. Range from Capricorn, 29.4 days, Cancer 31.48 days.

Babylonians began month on the first day at sunset, on which there was a visible crescent after sunset, or which was the 31st day after the last sighting of the first crescent.

Year
Sidereal year is defined as the interval between successive conjunctions of the Sun and some fixed star and it may be obtained by averaging the intervals between the heliacal risings of some star on or near the ecliptic

Tropical year is defined as the interval between successive Spring Equinoxes, or any analogeous pair of equinoxes or solstices) 

The Planetary Week
	Roman
	French
	English
	Teutonic

	Latin
	English
	
	
	

	Dies Saturni
	Saturn’s Day
	Samedi
	Saturday
	

	Dies 
Solis
	Sun’s 
Day
	Dimanche
	Sunday
	

	Dies Lunae
	Moon’s Day
	Lundi 
	Monday
	

	Dies Martis
	Mars’ Day
	Mardi
	Tuesday
	Tiw

	Dies Mercurii
	Mercury’s Day
	Mecredi
	Wednesday
	Woden

	Dies
Iouis
	Jupiter’s Day
	Jeudi
	Thursday
	Thor 

	Dies Veneris
	Venus’ Day
	Vendredi
	Friday
	Fria or Frigga


The Planetary Week

When the 7 planetary objects known to the ancients are arranged in decreasing order of their perceived distance from the Earth, (also their orbital period) and assigned hour by hour a distinct pattern emerges.

1 Saturn 

29 years,

 

2 Jupiter 

12 years, 


3 Mars 

687 days,


4 Sun 

365 days,





5 Venus 

224 days, 



6 Mercury 
88 days,


7 Moon 
  
29 days



      Hour



Planet

Day 1 
1 = 1(mod7)


Saturn

Day 2 
25 = 4(mod7)


Sun

Day 3
49 = 0(mod7)


Moon

Day 4
73 = 3(mod7)


Mars

Day 5
 97 = 6(mod7)


Mercury

Day 6
121 = 2(mod7)

Jupiter

Day 7
145 = 5(mod7)

Venus

The guardian of the first hour of the day presides over the whole day and is termed the regent of the day. 

The days in the months of three Roman Calendars

	Month
	Calendar (date BC)
	
	

	
	Romulus
	Numa
	Caesar
	Augustus

	
	c. 753
	(seventh century)
	(45)
	(8)

	
	
	
	
	

	Ianuarius
	(
	29
	31
	31

	Februarius
	(
	28
	29/30
	28/29

	Mercedonius
	(
	22/23
	(
	(

	Martius
	31
	31
	30
	31

	Aprilis
	30
	29
	30
	30

	Maius
	31
	31
	31
	31

	Iunius
	30
	29
	30
	30

	Quintilis (Iulius)
	31
	31
	31
	31

	Sextilis (Augustus)
	30
	29
	30
	31

	September
	30
	29
	31
	30

	October
	31
	31
	30
	31

	November
	30
	29
	31
	30

	December

Total
	30

304
	29

355/77/78
	30

365/66
	31

365/66


Origin of month names

*Ianuarius, Ianus was the god of doors and is depicted as having two faces looking in opposite directins, an appropriate stance for a god standing on the threshold of a new year.

* Februarius, obscure but may derive from an archaic Sabine word Feruare meaning to purify, and may refer to a festival of expiation.

* Martius (March) is named after Mars, the god of war

* Aprilis The origin of April is uncertain- some say it is derived from ’aprire’ to open, others suggest that it comes from Aphrilis, since the name was sacred to Venus or Aphrodite. 

* Maius is named after Maia, goddess of spring; connotation of rebirth still persists in medieval May Day celebrations.
* Iunius (June) is named after Juno, the wife of Jupiter. 

*The names of the last six months Quintilis through to December are derived from the Latin names for the numbers five to ten and are very ancient.

quinque, sex, septum, octum, novem, decem

Quintilis was renamed Iulius (July) after Julius Caesar 44 BC after his assassination

Sextilis was renamed Augustus, after the 1st Emperor Augustus Caesar

History of Western (Christian) Calendar

Latin for to call is calere, the word upon which calendar is based.

1st Roman Calendar 
A lunar calendar beginning at the Spring Equinox containing 304 days in 10 months is cedited to Romulus `founder and 1st King of Rome.. (winter months were not counted.) Martius, Maius, Quintilis and October had 31 days while the others had 30

2nd Roman Calendar 

Numa Pompilius, the second king of Rome set up the pontifices- a college of officials headed by the Pontifex Maximus. They bore the responsibility for overseeing the bridges across the Tiber, for advising the king on religious matters and for managing the calendar. He added two more months Februarius followed by Januarius each 28 days, and reduced the number of days in the 30-day months to 29, but months with an even number of days were unlucky so increased January to 29.

An intercalary month, popularly known as Mercedonius 23 days in length, was inserted at the discretion of the pontifices to help align the calendar with the seasons.
Calendar Reform

Decemviri, 10 magistrates responsible for the following reforms, 
- reversing the order of Jauarius and Februarius 
- introducing a regular method of intercalating a Mercedonius of alternately 22 and 23   

  days every two years, (even BC years) between Feb 23 and 24th
By 46 BC calendar was 3 months ahead of the seasons.

Roman Week 
The week was 8 days long, day 8 was market day. Each day was labeled A thru H and each day had letters indicating what type of activities could be done.

The 7 day planetary week became popular near start of Christian era but wasn’t made official until Sunday became a holy day in the time of Emperor Constantine. Also associated with the letters A thru G

Kalends- 1st day of month

· appearance of the new moon,

· interest on debts to be paid.

· Pontifex would announce the festival days and also when nones would occur

Ides- represented the full moon 

· occurred in the middle of the month, on the 13th or 15th day. 

· Special to Jupiter, who provided light all night long

Nones
occurred 8 days prior to Ides (9 by Roman inclusive counting)

Romans counted there days backwards, Thus the day before the kalends of Aprilis, the last day of Martius was labeled pridie kalends Aprilis

The day before that was ’ante diem III Aprilis (inclusive counting)

Julian Calendar

On the advice of the Alexandrian astronomer Sosigenes he abandoned lunar year and divide the tropical year into 12 months of 365 ¼ days. Instead of an intercalary month, a single intercalary day be introduced every four years, after ante diem VI kalendis Martius, (23 Feb. same point as old practice of Mercedonius insertion. Day known as VI cal Feb. and the year in which it occurred was referred to as a bissextile year. Traditional point of view is that months alternated between 31 and 30 days with February 29 or 30
46 BC was augmented by 90 days to have 445 days. Mercedonius of 23 days, and two months totaling 67 days between November and December, called the Last year of confusion. Unfortunately the Roman method of inclusive counting meant that a day was added every 3 instead of 4 years and Emporer Augustus had to adjust the calendar once more in 9 BC he decreed that the next 3 leap years would not be held. Thus the Julian calendar was established in AD 8 and was not modified until 1582.



Thirty Days has September, 



April June and November



All the rest have thirty one,



Except February alone



Which has twenty-eight days clear



And twenty-nine in each leap year.

Numbering of years

After the fall of the Monarch in 509 BC the Romans dated events by reference to the consuls in office at the time. In 158 BC they began to take office on 1 January, and hence the year began on that date thereafter.

Varro (116-27 BC) dated events to the foundation of Rome, 753 BC or ’ab urbe condita’ AUC)

Egypt counted years as from the accession of the Emperor Diocletian, AD 284

Christian Era

Invented by Dionysius Exiguus (‘Dennis the Little’), an Abbot from Scythia (525 AD)
It was to begin on January 1, of the year following that of the Birth of Christ. Designated as the year of our Lord or Anno Domini (AD) 1 

He did not want to associate Christianity with the era of Diocletian used in the Alexandrian method of calculating the date of Easter. He erred in that the date of Christ’s birth is more likely 4 BC, 28th year of the reign of Augustus. 
To distance themselves from pagan practices New Years day, Jan 1 since 158 BC, was chosen by Christians to be Mar 25 the Feast of the Annunciation, and wrongly believed to be the date of the spring equinox.
Pope Gregory XIII’s  reforms
Julian calendar of 365.25 days was too long compared to the true tropical year 365.24219 mean solar days. Vernal equinox (Spring) was falling earlier by 1 day every 128 years and Easter was falling later and later in the seasonal year.

Calculation of Easter the main issue for the church.

King of Spain and Eastern Orthodox Patriarch Ignatius petitioned for Mar 21 as the spring equinox. Thus to bring the calendar in line with the seasons, 10 days had to be removed. Pope Gregory XIII signed a papal bull on Feb 24, 1582, which changed the calendar to what we use today with the deletion of Oct. 5 – 15, 1582.  4th October 1582 was to be followed by 15th October 1582. These days were chosen since no important feasts were held on them.

January 1 is start of year for Gregorian calendar and a leap year occurs every 4 years where an extra day is inserted after February 28. The major change from the Julian calendar is that leap years only occur on century years that are divisible by 400.
Not all countries accepted the reform all Catholic countries did so in 1582 but most protestant countries resisted. By 1700 the calendar had become an object of science and commerce and most countries made the transfer. Countries like England and her colonies waited until 1752. The Russians waited until 1920. In 1908 the Imperial Russian Olympic team arrived in London 12 days late for the games! The Orthodox churches have never adapted the new calendar and still use the Julian calendar.

English experience,

Queen Elizabeth attempted to adopt the Papal Bull of 1582 but anti-catholic sentiment resulted in the proposal being delayed and forgotten by the Protestant reformers. 

During reign of King George II two major reforms occurred

1. New Years Day in England and her colonies was moved from its old position of 25 March the Feast of the Annunciation and Lady Day to its new position on 1 January. Dec. 31, 1751 was followed by Jan 1, 1752. This meant that no days bore the dates 1 January to 25 March 1751.

2. Wednesday 2 September was followed by Thursday 14 September. 
The English legal year of 1751 had 281 days, while 1752 had 354 days

Eastern Orthodox and the Soviet Union made centurial years leap years only if they yield a remainder of 2 or 6 when divided by 9 

	    Date
	Event
	Place

	2500 BC
	Wandering calendar in use
	Egypt

	1600 BC
	Oracle bones of Shang dynasty
	China

	432 BC
	Meton’s 19-year cycle
	Athens

	334 BC
	Alexander begins campaigns
	Near East

	239 BC
	Decree of Canopus
	Egypt

	46 BC
	Julius Caesar reforms Roman  Calendar
	Rome

	AD 1
	Conventional date of Christ’s Birth
	Christendom

	AD 8
	Augustus completes Roman reform 
	Rome

	AD 10 
	Augustus reforms Egyptian Cal
	Egypt

	AD 325
	Council of Nicaea
	Turkey

	AD 356
	Hillel II reforms Jewish cal.
	Holy Land

	AD 622
	Islamic era begins
	Arabia

	AD 1378
	Start of schism between Greek (Orthodox, Byzantium) and Roman Christianity
	Christendom

	Ad 1582
	Pope Gregory XIII reforms Julian calendar
	Christendom

	AD 1752
	England adopts reformed calendar
	England and colonies

	AD 1792
	French Republican Cal.
	France

	AD 1917
	Bolshevik Revolution
	Russia

	AD 1955
	Roport of commission of Government of India on Indian calendars
	India


Calendar Starting points

	India. Jains
	From the year of the death of the founder of the sect, Mahavira
	528 BC
	

	Islamic 
	Flightof Mohammad 
	AD 622 
	Lunar

	India, Buddhists
	Counted the years from a nominal year of the Buddha’s death
	544 BC
	

	Julian Calendar
	Year 365.25 days, a leap year every 4
	46 BC
	Solar

	Gregorian Calendar
	Year 365.24 days, a leap year on centuries only when divisible by 400 
	1582
	Solar

	India, Saka
	Reintroduced in 1957
	AD 78
	Luni-Solar

	Egypt, Coptic
	From the accession of the Emperor Diocletian, renowned for his persecution of early Christians. Era of Martyrs, or Era of Diocletian.
	29 Aug, 284 Julian
	Alexandrian Lunar

	Roman
	Founding of Rome 
	753 BC
	Soli-lunar

	Jewish
	Creation of World
	Oct 7, 3761 BC
	Soli-lunar


Dates on which some countries adopted the Gregorian reform
	Country
	Year
	Dates omitted

	Rome, Italy
	1582
	5-14 October

	Portugal, Spain, Poland
	1582
	5-14 October

	Luxembourg
	1582
	15-24 December

	France
	1582
	10-19 December

	Belgium
	15821
	

	Austria
	15831
	

	Holland (Catholic)
	15822
	

	Holland (Protestant)
	17002
	

	Germany (Catholic)
	15831
	

	Czechoslovakia
	1584
	7-16 January

	Switzerland (Cath)
	15841
	11-21 January 

	Hungary
	1587
	22-31 October

	Germany (Prot.)
	17001
	19-28 February

	Denmark
	1700
	19-28 February

	Norway
	1700
	19-28 February

	Switzerland (Prot.)
	1701
	1-11 January

	England and colonies
	1752
	3-13 September

	Ireland, Scotland
	1752
	3-13 September

	Sweden
	17532
	

	Finland
	17532
	

	Japan
	18732,4
	

	Egypt
	18754
	

	China
	19122,4
	

	Bulgaria
	19152
	1-13 April

	Soviet Union 
	1918
	1-13 February

	Greece
	19244
	10-22 March

	Turkey
	1926
	19-31 December


1 The Days which were omitted varied from one part of the country to another.

2 The date of the change is problematic; in some cases because different authorities give different dates.

3 Alaska changed when it was bought by the United States of America from Russia

4 These countries had not used the Julian calendar before their adoption of the Gregorian in the year given.

Some countries changed their New Year’s Day to 1 January before abandoning the Julian calendar.

Day of Week Birthday Problem

1. Take the last two digits of the year 

2. Divide by 4, discarding any fraction

3. Add the day of the month.

4. Add the month’s key value: 
JFM AMJ JAS OND
 144   025   036   146

5. Subtract a 1 for January or February of a leap year.

6. For a Gregorian date, add 0 for the 1900’s, 6 for 2000’s 4
    for 1700’s, 2 for 1800

7. Add the last two digits of the year

8. Divide by 7 and take the remainder

The remainder represents the day of the week with Sunday = 1
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