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Name: Period: Date:

Maya Mathematics and the Calendar:
Zero and the End of the World

The Power of Nothing: Inventing Zero

Most students learn that zero was invented in India and transmitted to Europe
through the Arab world. What they are rarely taught is that the ancient Maya
independently invented zero, doing so centuries earlier than Indian mathematicians,
possibly as early as the 4th century BCE. The Maya zero was not just a placeholder,
as it was in Babylonian mathematics; it was a true mathematical concept, a number in
its own right that could be used in calculations. This was one of the most important
intellectual achievements in human history, and it happened in the jungles of
Mesoamerica. The Maya number system was vigesimal (base-20) rather than the
base-10 decimal system most of the world uses today. Where our number system
builds in units of ten (ones, tens, hundreds, thousands), the Maya system built in
units of twenty (ones, twenties, four-hundreds, eight-thousands). Numbers were
written using three symbols: a dot representing one, a bar representing five, and a
shell glyph representing zero. Any number could be expressed using combinations of
these three symbols. The system was elegant, efficient, and capable of expressing
enormous numbers. The Maya needed this because their calendar cycles stretched
across millions of years.

Three Calendars Running Simultaneously

The Maya did not use just one calendar: they ran three interlocking calendar
systems simultaneously, and understanding how they meshed together was central to
Maya religious and political life. The three systems were the Haab (a 365-day solar
calendar), the Tzolkin (a 260-day ritual calendar), and the Long Count (a linear
calendar that tracked time continuously from a fixed starting point). The Haab was
the agricultural and civil calendar, divided into 18 months of 20 days each, plus a
final period of 5 'unlucky' days called Wayeb. The 365-day length corresponds
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closely to the actual solar year. The Tzolkin was a 260-day ritual calendar divided
into 20 day-names and 13 numbers. Every combination of day-name and day-number
was unique within the 260-day cycle, and each combination carried specific ritual
significance: appropriate days for planting, marriage, warfare, or religious ceremony.
Maya priests used the Tzolkin to guide virtually every important decision. When the
Haab and Tzolkin ran simultaneously, the same combination of dates would not
repeat for 52 years, a period Maya scholars call the Calendar Round. This 52-year
cycle was immensely significant in Maya (and Mesoamerican generally) religious
thought. The fear that the world might end at the completion of a Calendar Round
was real, and ceremonies were performed to ensure the cycle would begin again.

The Long Count: History Carved in Stone

The Long Count calendar was unique to the Maya (and a few related cultures) and
was the most powerful of the three systems. Rather than cycling, the Long Count
counted continuously forward from a fixed starting point, a mythological date of
creation that corresponds to August 11, 3114 BCE in the modern calendar. Every
date in Maya history could be expressed precisely in Long Count notation, and every
monument with a Long Count date can be placed in absolute chronological sequence.
Long Count dates are written in five place-values: Baktun (144,000 days), Katun
(7,200 days), Tun (360 days), Uinal (20 days), and Kin (1 day). A monument dated
9.15.10.0.0, for example, represents 9 Baktuns, 15 Katuns, 10 Tuns, O Uinals, and O
Kins, placing it in approximately 741 CE. The precision of Long Count notation was
central fo Maya royal propaganda: linking the king's birth, accession, and military
victories to astronomically significant dates demonstrated divine legitimacy.

The 2012 Myth: What Actually Happened

On December 21, 2012, millions of people worldwide awaited the ‘end of the Maya
calendar' and, supposedly, the end of the world. Bestselling books, cable TV specials,
and a blockbuster film all promoted the idea that the Maya had predicted the
apocalypse. What actually happened was nothing — and Maya scholars had been
saying for years that nothing would happen. December 21, 2012 was simply the end
of the 13th Baktun, a major cycle in the Long Count calendar. The Maya themselves
did not predict apocalypse — they recorded events in their inscriptions after 2012,
showing they expected time to continue. The 2012 phenomenon revealed something
important about how ancient cultures are misrepresented in popular media: dramatic,
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apocalyptic interpretations sell better than accurate ones. The Maya had
sophisticated astronomical knowledge and a profound philosophy of cyclical time, but
their cosmology was about renewal, not termination. Living Maya people were openly
frustrated that their ancestors’ sophisticated mathematics were being used to fuel
New Age apocalypse theories rather than being understood on their own terms.

Astronomical Precision

The accuracy of Maya astronomical knowledge was extraordinary. The Dresden
Codex's Venus tables track the synodic cycle of Venus — the time for Venus to
return fo the same position relative to the sun — with an error of only 14 seconds
per year. Maya astronomers tracked eclipses, the movements of Mars and Jupiter,
and stellar cycles with instruments no more sophisticated than aligned doorways and
shadow-casting monuments. This precision was not merely academic — Venus, the
moon, and the sun all had specific ritual associations, and knowing when they would
appear in the sky was essential for scheduling ceremonies.

Key Information: Maya Mathematics and Calendar

Detail Information

Number SysTem VlgeS|mal (base-20); dots (1), bars (5), shell (0)

Zero Independently invented; one of earliest uses of true
zero concept

Haab 365-day solar/agricultural calendar; 18 months of 20
days + 5 Wayeb days

Tzolkin 260-day ritual calendar; guided planting, marriage,
warfare decisions

Calendar Round 52-year cycle when Haab and Tzolkin combinations
repeat

Long Count Linear calendar from 3114 BCE creation date; enables
precise dating

2012 Phenomenon End of 13th Baktun only — Maya did NOT predict
apocalypse
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Detcul Informahon

Venus Tables Dresden Codex tracks Venus cycle with error of only 14
seconds/year

Case Study: The Eclipse That Wasn't Supposed to Happen

Dr. Sandra Milbrath spread the Venus tables from the Dresden Codex
across her desk alongside her laptop showing NASA's eclipse prediction

data. She was an astronomer who had become fascinated with Maya sky-
watching after a colleague bet her the Dresden Codex was just 'mystical
nonsense.' She had been cross-referencing the Dresden Codex's eclipse
warning tables against verified historical eclipse data for two weeks. The
Maya priests who wrote the codex in the 11th or 12th century CE had,
using only naked-eye observations and centuries of accumulated records,
predicted eclipses with stunning accuracy. Not perfect — but stunning. 'Look
at this,' she said to her graduate student. 'They knew that solar eclipses
can only happen at new moon. They knew the relationship between the lunar
month and the eclipse cycle. Without a telescope. Without calculus. Without
anything we'd recognize as scientific equipment.' Her student looked at the
codex page. 'How long did it take them to figure this out?' 'Generations,’
Sandra said. 'Priests handing records to the next priest, and the next one.
Hundreds of years of watching and writing it down.' She paused. 'The 2012
apocalypse crowd said the Maya were predicting the end of the world. They
were actually tracking the sky with the precision of a modern planetarium.
Who's more irrational?’

1. What does the accuracy of the Maya eclipse predictions — achieved without
modern instruments — tell us about how knowledge can be built and transmitted
across generations? What methods made this possible?
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2. Dr. Milbrath's final question implies a criticism of the 2012 apocalypse movement.
What is that criticism, and how does the reading support her point that the Maya
calendar was about precision and renewal, not doom?

Multiple Choice

1. What made the Maya number system unique compared to most other ancient
number systems?

a) It used zero as a frue number and was base-20 (vigesimal)

b) It used only dots and lines, with no concept of zero

c) It was borrowed entirely from the Aztec civilization

d) It was base-10 like modern mathematics, making it easy to translate

2. What was the practical purpose of the Tzolkin, the 260-day ritual
calendar?

a) Predicting solar eclipses and Venus movements for astronomical
study and determining auspicious dates

b) Recording the continuous count of days since the Maya creation date
¢) Tracking the solar year for agricultural planting cycles

d) Guiding decisions about planting, marriage, warfare, and ceremony
based on ritual day significance

3. What was December 21, 2012 actually significant for in Maya calendar
terms?
a) The completion of one full Long Count cycle back to zero

b) The day the Venus tables predicted an extraordinary planetary
alignment event

¢) The end of the 13th Baktun — a major cycle with no apocalyptic Maya
meaning

d) The predicted destruction of all Maya cities by flood and fire
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Matching

Write the letter of the correct definition on the line next to each term.

Term Definition

Haab A) A base-20 number system, as used in Maya mathematics
____ Tzolkin B) A linear calendar counting days continuously from the
Maya creation date of 3114 BCE
. ___Long Count [ C) The largest unit of the Long Count calendar, equivalent to

144,000 days

4. ___ Baktun D) The 365-day Maya solar/agricultural calendar divided
into 18 months of 20 days

5. ___ Vigesimal E) The 260-day Maya ritual calendar that guided religious
and practical decisions

Fill-in-the-Blank

1. The Maya independently invented , one of the most

important mathematical concepts in history, possibly as early as the 4th century
BCE.

2. The 52-year period when the Haab and Tzolkin calendars return to the same
combination is called the Calendar

3. The Codex contains Venus tables that track the planet's
synodic cycle with an error of only 14 seconds per year.
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Short Answer

Answer each question in 2-4 complete sentences.
1. Explain why Maya rulers linked their political achievements to specific dates on

the Long Count calendar. What purpose did this serve in terms of their claim to
power?

2. How does the 2012 apocalypse phenomenon illustrate the way popular culture
misrepresents ancient civilizations? What specific inaccuracies does the reading
point out about this myth?

3. The Maya tracked astronomical cycles with only naked-eye observations across
multiple generations. What does this tell us about how their society was organized in
terms of knowledge preservation and transmission?
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