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The Development of Mathematics in Mesopotamia and Egypt
(2000-1500 BCE)

Introduction

The period from 2000 to 1500 BCE was one of the most significant stages in the early development of
mathematics. The civilizations of Mesopotamia, situated between the Tigris and Euphrates rivers, and
ancient Egypt, which flourished along the Nile, developed sophisticated mathematical methods to meet
the practical demands of agriculture, trade, construction, taxation, administration, and astranomy.
Mathematics in these civilizations was closely connected with everyday life. Farmers needed to measure
fields and calculate harvests; merchants needed to determine quantities and prices; builders required
methods for calculating areas and volumes; and government officials needed reliable systems for keeping
records and collecting taxes. These needs encouraged the development of counting systems, arithmetic
procedures, geometry, and early forms of algebra.

Although Mesopotamia and Egypt developed distinct numerical systems;both civilizations produced
mathematical knowledge that was remarkably advanced for their time. Mesopotamian mathematicians
developed a positional number system based on 60 and used systematic procedures for solving numerical
and geometrical problems. Egyptian scribes used.a decimal-based additive numeral system, arithmetic
techniques based on doubling and fractions,.and practical rules for measuring land and calculating
volumes.

Our knowledge of these achievements comes primarily from surviving clay tablets, papyri, inscriptions,
and administrative documents. These sources show that ancient mathematics was not merely a collection
of isolated calculations. It wasan arganized body of knowledge transmitted through scribal education and
adapted to the needs of saociety.

1. Sketches of Two Millennia'of Mesopotamian History

Mesopotamia, meaning the land between rivers, was located mainly in the region of modern Irag and
parts of neighbouring countries. Its fertile plains supported agriculture, irrigation networks, urban
settlements, and complex systems of government. The growth of cities created a demand for writing,
counting, measurement, and record-keeping.

Mathematical development in Mesopotamia can be understood through several historical stages.

1.1 The Sumerian period

From the fourth millennium BCE, Sumerian cities such as Uruk, Ur, and Lagash developed sophisticated
administrative systems. Early writing emerged partly from the need to record commodities, labour,

livestock, and agricultural products.
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Scribes used clay tablets and styluses to record quantities and transactions. Early counting practices
involved several numerical and metrological systems, adapted to different kinds of goods.

The development of writing and numerical notation was closely connected with the growth of urban
administration. Over time, these practices provided the foundations for more advanced mathematical
work.

1.2 The Akkadian period

Around the middle of the third millennium BCE, Akkadian rulers established political control overimuch
of Mesopotamia. Sumerian and Akkadian languages and cultural traditions interacted, while established
administrative and mathematical practices continued to develop.

The use of writing and numerical records remained important for managing resources,«commerce, and
government.

1.3 The Ur 111 period

The Third Dynasty of Ur, often called the Ur Il period, flourished around.the end of the third millennium
BCE. Its centralized administration produced extensive records concerning land, labour, livestock, grain,
and taxation.

This administrative activity encouraged the standardization of weights, measures, and numerical
procedures. Mathematical skills became essential for scribes responsible for managing large quantities of
economic information.

1.4 The Old Babylonian period, approximately 2000-1600 BCE

The Old Babylonian period is particularly important for the history of mathematics because a large
number of mathematical clay tablets survive from this era.

Babylonian scribes developed systematic methods for multiplication, division, finding square roots,
solving quadratic problems, and,calculating areas and volumes. They also prepared tables that simplified
numerical computations.

Mathematical education'was conducted in scribal schools, where students copied numerical tables and
solved increasingly difficult problems. Some exercises were practical, while others were designed to
developcomputational skill without an obvious real-world application.

The Old Babylonian period therefore represents a remarkable stage in the transition from basic numerical

record-keeping to sophisticated mathematical problem-solving.

2. Counting and the Development of Number Systems in Mesopotamia
Counting was fundamental to the organization of Mesopotamian society. Agricultural production, trade,
taxation, and construction required the accurate recording of quantities. Over centuries, Mesopotamian

scribes developed numerical notations that became increasingly suitable for complex calculations.
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2.1 Early counting methods

Before fully developed writing systems emerged, people in the ancient Near East used physical objects,
including small clay tokens, to represent quantities of goods. Such tokens are associated with early
accounting practices, although the precise relationships between particular token systems and later
numerical notations remain subjects of scholarly investigation.

With the development of cuneiform writing, numbers could be recorded directly on clay tablets. A stylus
was pressed into soft clay to produce wedge-shaped marks.

2.2 The sexagesimal number system

One of the greatest achievements of Mesopotamian mathematics was the development of a sexagesimal,
or base-60, positional number system.

In the modern decimal system, the place values are powers of ten: 1, 0, 100, 1000,,10000, . ..

In a base-60 system, the place values are powers of sixty:

1, 60, 60 603 ........

The system was positional because the value of a numerical sign depended on its place. However, early
Babylonian notation did not consistently use a zero symbol as we do.today, and the intended magnitude
could sometimes depend on context.

2.3 Why was base 60 useful?

The number 60 has many divisors, including.2, 3, 4,5, 6, 10, 12, 15, 20, and 30. This makes it convenient
for expressing fractions and dividing quantitiesiinto equal parts.

The sexagesimal tradition eventually influenced mathematical astronomy and timekeeping. The familiar
division of an hour into 60 minutes, a minute into 60 seconds, and a circle into 360 degrees reflects the
long historical influence of Mesopotamian numerical traditions.

It is important, however, to distinguish the mathematical notation of the Old Babylonian period from the
later development of astronomical conventions.

2.4 Different systems_ for different quantities

Mesopotamiantscribes did not always use one uniform notation for every measurement. Different systems
were.used.for.counting discrete objects, measuring areas, recording capacities, and expressing weights.
This reflects the practical character of early mathematics. A system suitable for counting animals might
not beidentical to one used for measuring grain or land.

The development of a positional base-60 system during the late third and early second millennia BCE

made numerical calculations more systematic and powerful.
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3. Computations in Ancient Mesopotamia

Mesopotamian mathematics was distinguished by its systematic approach to computation. Scribes
developed methods for addition, subtraction, multiplication, division, extraction of square roots, and the
solution of numerical problems.

3.1 Multiplication and multiplication tables

Multiplication was often performed with the help of tables. Clay tablets contained tables of products,
squares, cubes, and other numerical relationships.

For example, a table might record that 8> = 64.

In sexagesimal notation, 64 is written as 1x 60 + 4

Thus, a modern historian can interpret a Babylonian table of squares by translating/its.numerical entries
into the decimal system.

The use of tables reduced the effort required for repeated calculations and helped.students learn standard
procedures.

3.2 Division and reciprocal tables

Division was often carried out by multiplying by a reciprocal. For example,

12+3=12x1/3=4

Babylonian scribes maintained tables of reciprocals for numbers whose reciprocals could be expressed as
terminating sexagesimal fractions. Other divisions required additional procedures or approximations.
This approach was especially effective becausethe base-60 system could express many useful fractions
exactly.

3.3 Square roots and numerical approximation

Mesopotamian mathematicians’developed methods for finding square roots. One of the best-known
surviving examples is tablet YBC. 7289, dating to approximately 1800-1600 BCE.

The tablet contains a diagram of a square and a numerical approximation to V2, the ratio of the diagonal
of a unit square:to‘its.side. The value is remarkably accurate, corresponding approximately to 1.414213
This is evidence,of sophisticated numerical computation and geometrical understanding.

3.4 Mathematical tables and scribal education

Mathematical tablets were not simply records of completed calculations. Many were educational
materials. Students copied tables, practised numerical procedures, and worked through problems under
the guidance of experienced scribes.

The combination of a positional number system, reciprocal tables, and systematic procedures allowed
Mesopotamian mathematicians to solve problems that would have been cumbersome with a purely

additive numeral system.
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Their work laid important foundations for later mathematical traditions, especially in numerical

computation and astronomy.

4. Geometry in Mesopotamia

Geometry in Mesopotamia developed largely from the practical needs of land measurement, construction,
agriculture, and administration. However, the surviving mathematical tablets also contain problems that
appear to have been designed as intellectual exercises.

4.1 Measurement of lengths and areas

Mesopotamian scribes calculated the areas of rectangles, squares, and other figures. For‘a rectangle with
length | and width w, the areais A=1xw

They also worked with the relationships between the dimensions of fields and.their. areas, using
established systems of measurement.

These techniques were useful for dividing agricultural land, estimating crop yields, and determining
obligations to the state or temple.

4.2 Calculation of volumes

Volume calculations were important for estimating the capacity of containers, granaries, and other
structures.

For a rectangular solid, the volume can be calculatedias V = lwh

where I, w and h represent length, width, and height.

Mesopotamian mathematical texts contain problems involving the dimensions of vessels, excavations,
and other solid objects. The procedures show that scribes understood how to combine measurements to
estimate quantities of materials

4.3 The relationship between geometry and algebra

A remarkable feature of Babylonian mathematics was that geometrical language was often used to
express problems that.we would now describe algebraically.

For examplea'problem might involve finding the dimensions of a rectangle when its area and certain
relationships between its sides are known. The solution required systematic numerical procedures
equivalent to solving an equation.

In modern notation, a typical quadratic equation is x*> + bx + ¢ = 0

Babylonian mathematicians could solve many such problems through procedures involving completing
the square, although they expressed the operations in words and geometrical terms rather than modern
symbolic notation.

These procedures show that the foundations of algebra developed long before the invention of modern

algebraic symbolism.
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4.4 The importance of geometrical knowledge

Mesopotamian geometry was not identical to modern axiomatic geometry. Its emphasis was generally on
computation and problem-solving rather than proving theorems from a formal set of axioms.
Nevertheless, the mathematical tablets demonstrate a substantial understanding of geometrical

relationships, numerical approximation, and the practical use of mathematical models.

5. Egyptian Numerals and Arithmetic

Ancient Egypt developed a distinctive mathematical tradition along the Nile. Its numeral system was
decimal-based, and its arithmetic methods were particularly suited to practical calculations invelving
commodities, labour, land, and construction.

Our principal sources include the Moscow Mathematical Papyrus, dating to approximately 1850 BCE,
and the Rhind Mathematical Papyrus, copied around 1650 BCE from an older seurce. These documents
preserve methods developed during and before the period under consideration.

5.1 The Egyptian numeral system

The Egyptians used a decimal system based on powers of ten. They had distinct hieroglyphic symbols for
units, tens, hundreds, thousands, ten-thousands, hundred-thousands, and millions.

Unlike our modern decimal system, Egyptian numerals were additive rather than positional. The value of
a symbol did not depend on its position in the way that the digits in 305 or 350 do today.

The following table illustrates the principal.numerical symbols.

Value ||Traditional hieroglyphic description

1 Single stroke
10 Heel-bone or hobble-like sign
100 Coil of rope

1,000 Lotus plant

10,000 ||Pointing finger

100,000 |[Tadpole or frog

1,000,000(|Figure of a man with raised arms

Numbers were written by repeating the appropriate symbols. For example, 23 was represented by two
symbols for ten and three strokes for one.

Likewise, 342 would be represented by three hundred symbols, four ten symbols, and two unit strokes.
This system was straightforward for recording quantities, although writing and manipulating very large

numbers could require many symbols.
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5.2 Addition and subtraction

Egyptian addition was based on combining symbols and regrouping whenever ten symbols of one kind
accumulated into a symbol of the next higher value.

Subtraction was performed by reversing this process. These methods were well suited to the additive
numeral system.

5.3 Multiplication by doubling

One of the most characteristic Egyptian arithmetic techniques was multiplication through repeated

doubling.
To calculate 13 times12, for example, one could construct the following table:
Multiplier|Multiple of 12
1 12
2 24
3 36
4 48
8 96

Since 13 =8 + 4 + 1, the required result is obtained by adding the corresponding multiples:

13 times 12 = 96 + 48 + 12 = 156

This method reduces multiplication to doubling and addition. It is systematic and efficient, even though it
differs from the conventional multiplication algorithm taught today.

5.4 Division and fractions

Division could be performed by reversing the multiplication process. The scribe searched for multiples of
the divisor that.could be combined to give the dividend.

Fractions were particularly important in Egyptian arithmetic. Egyptians commonly expressed fractions as
sums of unit fractions, fractions whose numerator is one.

The Rhind Papyrus contains an important table of such decompositions, showing how systematically
Egyptian scribes handled fractional quantities.

These techniques were essential for dividing bread, beer, grain, wages, and other commodities among

workers and households.

6. Algebra in Ancient Egypt
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Although ancient Egyptian mathematics did not use the symbolic notation of modern algebra, Egyptian
scribes developed systematic methods for solving problems involving unknown quantities. Their work
represents an important early stage in the history of algebra.

6.1 The method of false position

One of the most interesting Egyptian methods was the method of false position, also called the method of
false assumption.

6.2 The aha method

Egyptian mathematical texts frequently used the word aha, meaning “heap,” for an unknown quantity.
A typical problem might ask for a quantity which, together with a fraction of itself, produces a specified
total. The scribe would use a sequence of arithmetic operations to determine the unknown.

The Egyptians did not write this in modern algebraic notation. Instead, they expressedthe problem
verbally and demonstrated the solution through numerical steps.

These procedures show that Egyptian mathematics included systematic methads for determining
unknown quantities, even though it lacked the symbolic language and general theory of later algebra.
6.3 Proportions and practical problems

Egyptian scribes also solved problems involving proportions, wages, quantities of grain, and the
distribution of commodities.

The Rhind Papyrus includes problems that require the determination of quantities under specified
conditions. Such exercises trained scribes te handle practical administrative problems and helped preserve
mathematical techniques through education.

Egyptian algebra was therefore primarily procedural. Its importance lies in the development of reliable

methods for solving numericalsproblems rather than in the creation of a general symbolic theory.

7. Geometry in Ancient Egypt

Geometry was‘one of.the most important branches of Egyptian mathematics. The annual flooding of the
Nile could alter:ithe boundaries of agricultural land, creating a need for measurement and the reassessment
of fields=Construction projects, including temples, tombs, and pyramids, also required accurate
measurements.

Egyptian‘geometry was mainly concerned with mensuration—the calculation of lengths, areas, and
volumes.

7.1 Areas of rectangles and triangles

Egyptian scribes knew how to calculate the area of a rectangle by multiplying its length by its width.
They also used procedures for calculating the areas of triangular and other geometrical figures. Such

calculations were important for land measurement, agricultural planning, and construction.
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7.2 Calculation of the area of a circle

One of the most remarkable Egyptian geometrical rules concerned the area of a circle.

The Rhind Papyrus describes a method equivalent to subtracting one-ninth of a circle's diameter from the
diameter and then squaring the result.

7.3 The Moscow Mathematical Papyrus and the volume of a frustum

The Moscow Mathematical Papyrus, dating to approximately 1850 BCE, contains one of the most
impressive achievements of Egyptian geometry: a correct procedure for calculating the volume of a
truncated square pyramid, also called a frustum.

The Egyptian procedure gives the correct result for this three-dimensional geometrical problem: It is
particularly remarkable because the formula is mathematically sophisticated and has applications in

modern geometry and engineering.

7.4 Geometry and monumental construction

Egyptian construction projects required careful planning, measurement, and the management of large
quantities of material. Although the exact methods used in every ancient construction project are not fully
known, the surviving mathematical texts demonstrate'that Egyptian scribes possessed substantial practical
knowledge of geometry.

Their methods for calculating areas, volumes,.and preportions would have been useful in planning
structures and estimating material requirements.

However, it is important not to assume that every surviving mathematical procedure was used directly in
pyramid construction. The papyri provide evidence of mathematical knowledge, but they do not preserve

a complete technical account of alliancient building practices.

8. Comparison Between Mesopotamian and Egyptian Mathematics
The mathematical traditions of Mesopotamia and Egypt shared many practical aims but developed

different numerical systems and computational methods.

Feature Mesopotamia Ancient Egypt

\ ) Between the Tigris and Euphrates )
Principal‘region ) Nile Valley
rivers

Main writing materials for o
) Clay tablets Papyrus and other writing surfaces
mathematical records

Sexagesimal positional system, based ||Decimal additive system, based on
Number system
on 60 powers of 10
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Representation of numbers | Wedge-shaped cuneiform signs Hieroglyphic numerical symbols
) ) Multiplication tables, reciprocal tables, ||[Doubling, addition, decomposition,

Arithmetic . ] . .

positional calculation and unit fractions

] Frequently expressed through Commonly expressed as sums of

Fractions ) ) . .

sexagesimal notation unit fractions

Sophisticated procedures for quadratic o

] Methods for finding unknown

Algebra problems and related numerical

] ] quantities, including-false position
relationships

) Areas, volumes,circle
Areas, volumes, field measurement, Q. )
Geometry ] approximation, and pyramid-
and geometrical problems )
frustum calculation

. .. . . Rhind and Moscow Mathematical
Major surviving sources (IMathematical cuneiform tablets N o
apyri

Strong emphasis on numerical Strong emphasis on practical
General character ] : ] ] ]
computation and algebraic procedures |[arithmetic and mensuration

The comparison reveals that neither civilization should'besregarded as having developed mathematics in a
single, uniform way. Their methods reflected different'numerical traditions, educational practices, and
administrative needs. Both, however, achieved a level of mathematical sophistication that supported

complex societies and influenced subsequentdevelopments.

9. The Historical Significance of Mesopotamian and Egyptian Mathematics

The achievements of these civilizations are important for several reasons.

First, they demonstrate that systematic mathematical reasoning existed long before the development of
Greek deductive geometry. Ancient scribes could solve complicated problems using established rules and
procedures:

Second, their numerical systems illustrate different ways of representing quantities. The Mesopotamian
sexagesimal positional system and the Egyptian decimal additive system show that mathematics can
develop through different conventions while serving similar practical purposes.

Third, their methods for solving equations and calculating geometrical quantities formed part of the long
historical development of algebra and geometry. Although they did not possess the formal symbolism of

modern mathematics, their procedures anticipated important later ideas.
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Finally, the surviving tablets and papyri provide evidence of mathematical education. Students were
trained through examples, tables, and exercises, showing that mathematical knowledge was transmitted
systematically from one generation to the next.

It is also important to recognize the limitations of our evidence. Only a small proportion of ancient
mathematical documents has survived, and many original works have been lost. Consequently, historians
must reconstruct the development of mathematics from incomplete sources rather than assume that the

surviving documents represent everything the Egyptians and Mesopotamians knew.

Conclusion

The development of mathematics in Mesopotamia and Egypt between 2000 and 1500 BCE represents a
foundational chapter in the history of human knowledge.

Mesopotamian civilization produced a remarkable positional number system based on 60, extensive
multiplication and reciprocal tables, methods for extracting square roots, and sophisticated techniques for
solving algebraic and geometrical problems. Its mathematicalachievements reveal a strong tradition of
numerical computation and systematic problem-solving.

Ancient Egypt developed an additive decimal numeral system, practical methods of multiplication and
division, a distinctive approach to fractions, procedures for solving problems involving unknown
guantities, and substantial knowledge of geometry. The Rhind and Moscow Mathematical Papyri preserve
examples of these achievements, includingia remarkably accurate approximation for the area of a circle
and a correct procedure for finding the volume of a truncated square pyramid.

Both civilizations developed mathematics in response to the needs of administration, agriculture, trade,
and construction. Yet their mathematical activities also went beyond routine record-keeping, as
demonstrated by the sophisticated.problems preserved in scribal exercises.

The lasting importance of Mesopotamian and Egyptian mathematics lies in their transformation of
counting and measurement into systematic methods of calculation and problem-solving. Their
achievements-helped establish the foundations upon which later mathematical traditions were built.

The history of.these civilizations reminds us that mathematics did not emerge suddenly as a finished
science. It developed gradually through observation, practical necessity, experimentation, teaching, and
the accumulated efforts of generations of scribes. Their work represents an enduring human achievement

and an essential starting point for understanding the development of mathematics across the world.
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