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Controversial History of Pi in Ancient Egypt, Old
Babylonia, and Ancient Greek Mathematics

고대 이집트, 고바빌로니아, 고대 그리스 수학에 나타난 원주율 논쟁

Park Jeanam 박제남

We examine how the formulas of the area and the circumference of a circle related
to pi in the ancient Egyptian and the Old Babylonian fields of mathematics have
been controversial. In particular, the Great Pyramid of Khufu, Ahmes Papyrus
Problem 48 and Moscow Mathematical Papyrus Problem 10 have raised extensive
controversy over π. We propose the pi-theory of the Great Pyramid of Khufu as a
dynamic symmetry based on Euclid’s rectangle. In addition, we argue that the an-
cient Egyptian or Old Babylonian mathematics influenced Solomon’s Molten Sea,
Plato and Archimedes’ pi.
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1 Introduction

This paper examines the main debate on pi. One of the oldest records related
to pi, Ahmes Papyrus No. 48, raised a controversy over whether it had influenced
Archimedes’ research. The different interpretation of the Moscow Mathematical Pa-
pyrus No. 10 has greatly influenced the evaluation of the mathematics level of the
ancient Egyptians. The pi-theory, i.e., the perimeter of the base of the Great Pyra-
mid equals the circumference of a circle with radius equal to the height of the pyra-
mid, sparked controversy over whether the ancient Egyptians used 3 1

7 as π. Old
Babylonian mathematical texts always assumed that a circle has a circumference
c = 60, diameter d = (1/3) × c = 20 and area A = (5/60) × c2 = 300. We pro-
pose that the Old Babylonians knew that the ratio of the circumference to diameter
was a constant, approximately 3 regardless of the size of the circle, and that the area
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of a circle was proportional to the square of its diameter. The pi value raised in the
Molten Sea in the courtyard of the temple of King Solomon has been interpreted
in a variety of ways, but the circular circumference and diameter described in the
Old Testament(I Kings 7: 23) are very obviously influenced by the Old Babylonian
mathematics. Finally, we examine whether Plato’s pi was influenced by the Old
Babylonian mathematics, and whether Archimedes’ pi was influenced by both the
ancient Egyptian mathematics and the ancient Babylonian mathematics.

2 Egyptians’ Pi : 3, 3.16 or 31
7

2.1 Area of a circle

Ancient Egyptians set pi as 3 in the Egyptian demotic mathematical text P.Cairo
#36 [19] or ( 169 )2 ≈ 3.16 in Ahmes Papyrus No. 50 [9].

A hieratic papyrus was deciphered by Eisenlohr in 1877 [7]. A text written by
Ahmes in the 33rd year of the Apophis’ reign shows how to solve 87 various prob-
lems in arithmetic and geometry. In his preface, Ahmes mentions that he is acting
as a scribe, copying a document written in the twelfth dynasty (about 1990–1780
BCE). A note on the back of the book refers to“Birth of Set and Isis”in the eleventh
year of an unknown pharaoh’s reign [9], which Bernal has argued as equating to
1628 BCE as the eleventh year of Apophis, based on the Thera eruption [5]. Accord-
ing to this claim, we argue that Ahmes wrote the book in approximately 1606 BCE
[31, 29]. This document used to be called the Rhind Mathematical Papyrus. Nowa-
days, it is thought more proper to name the papyrus after the author, rather than
the man who bought it [7, 12]. Problems 41, 42, 43, 48, and 50 of the Ahmes Pa-
pyrus deal with the area of a circle with a radius of 9 or 10 by squaring the circle
method. They squared eight-ninths of the circle’s diameter to get the area. Thus,
formula (8/9)2d2 for the area of a circle might have originated from d being the di-
ameter of a circle [9]. This corresponds to a very good approximation π ≈ 4(8/9)2

or π/4 ≈ (8/9)2. Many theories have been advanced to explain how the scribes
came to discover the squaring the circle. Why did the ancient Egyptians approach
the circle with a square? The oldest record can be found in Euclid’s Elements I-451).
Proclus (410–485) remarked [26, 4]:

Having taken their lead from this problem, I believe, the ancients also sought the
quadrature of the circle. For if a parallelogram is found equal to any rectilinear
figure, it is worthy of investigation whether one can prove that rectilinear figures
are equal to figures bound by circular arc.

1) Proposition 45. To construct, in a given rectilineal angle, a parallelogram equal to a given rectilineal
figure [15].
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The first example of determining the area of a circle, Ahmes Papyrus’ problem 41,
deals with the volume of a cylindrical granary [9]. Records indicate that the ancient
Egyptians first attempted to determine the area of a circle in order to find the volume
of a cylinder. It seems that the computation of grain volumes housed in cylindri-
cal structures was of the greatest importance at that time. This example shows that
mathematics is connected to social problems and that the ancient Egyptians were in-
terested in the area of the circle in practical mathematics.
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Having taken their lead from this problem, I believe, the ancients also sought the 
quadrature of the circle. For if a parallelogram is found equal to any rectilinear 
figure, it is worthy of investigation whether one can prove that rectilinear figures 
are equal to figures bound by circular arc.

The first example of determining the area of a circle, Ahmes Papyrus’ problem 
41, deals with the volume of a cylindrical granary [9]. Records indicate that the 
ancient Egyptians first attempted to determine the area of a circle in order to 
find the volume of a cylinder. It seems that the computation of grain volumes 
housed in cylindrical structures was of greatest importance at that time. This 
example shows that mathematics is connected to social problems and that the 
ancient Egyptians were interested in the area of the circle in practical 
mathematics.
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Figure 1. Egyptians’ Squaring the Circle

Egyptians’ squaring of the circle, as we mentioned, is related to a square on 
eight-ninths of the circle’s diameter. Following Robins and Shute [34], 
Egyptians may have a triangle with sides of 4, 8, and 9, which is nearly a 
right triangle, as shown in Figure 1(a) above. We assume that they choose 81 
for 8#5) , and hence 8#5) '8#5%9%≒8#5% '3. 

Figure 1. Egyptians’ Squaring the Circle

Egyptians’ squaring of the circle, as we mentioned, is related to a square on eight-
ninths of the circle’s diameter. Following Robins and Shute [34], Egyptians may have
a triangle with sides of 4, 8, and 9, which is nearly a right triangle, as shown in Figure
1(a) above. We assume that they choose 81 for

√
80, and hence

√
80 =

√
81− 1 ≈

√
81 = 9.
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Figure 2. Ahmes’ Drawing of Problem 48 (Drawing: J. Park)

Ahmes Papyrus’ problem 48, unlike other problems, consists of a diagram and 
two separate calculations of 5×5'(6 and 3×3 '5% without explanation as shown 
in Figure 2. The number 9 written in hieratic by Ahmes appears at the 
drawing’s center. Chace [9] interprets the internal figure as a circle and 
translates it as:

Compare the area of a circle and of its circumscribing square.

Chace's translation of the inner figure as a circle greatly simplifies Ahmes 
Papyrus' problem 48, so that it becomes a very simple computational problem 
requiring the area of the square and the area of the circle inscribed to it. 
Cooper argues that Problem 48 shows that the area of a circle will be in 
relation to the area of that circle’s circumscribing squares as the number 64 is 
to the number 81 [11].
  Vogel, however, sees an internal figure as a pseudo-octagon, not a circle, as 
illustrated in Figure 1(b) [22]. This is because Figure 2 is very different from 
the circles drawn by Ahmes in Problems 41 and 50. According to Vogel’s claim, 
the area of pseudo-octagon is 63 (see Fig. 1(b)). It corresponds to a square 
whose side is 8#(" , which is approximately 8#(" '8#(69%≒8#(6'5. Therefore, I 
argue that Egyptians used the following approximate method:

8#: '8#;/9%≒8#;/ ';.
As a consequence, the ancient Egyptians approached the area of the circle 
stepwise from its circumscribing square to a pseudo-octagon, and it seems that 
they used the approximation 8#: '8#;/9%≒8#;/ '; in the process.
  For a reference, around 500 BCE, Indian Salbasutras (literally “cord-rules”) 
suggested a following rule [14]:

Figure 2. Ahmes’ Drawing of Problem 48 (drawing by J. Park)

Ahmes Papyrus’ problem 48, unlike other problems, consists of a diagram and two
separate calculations of 8 × 8 = 64 and 9 × 9 = 81 without explanation as shown in
Figure 2. The number 9 written in hieratic by Ahmes appears at the drawing’s center.
Chace [9] interprets the internal figure as a circle and translates it as:

Compare the area of a circle and of its circumscribing square.
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Chace’s translation of the inner figure as a circle greatly simplifies Ahmes Papyrus’
problem 48, so that it becomes a very simple computational problem requiring the
area of the square and the area of the circle inscribed to it. Cooper argues that Prob-
lem 48 shows that the area of a circle will be in relation to the area of that circle’s
circumscribing squares as the number 64 is to the number 81 [11].

Vogel, however, sees an internal figure as a pseudo-octagon, not a circle, as illus-
trated in Figure 1(b) [22]. This is because Figure 2 is very different from the circles
drawn by Ahmes in Problems 41 and 50. According to Vogel’s claim, the area of
pseudo-octagon is 63 (see Fig. 1(b)). It corresponds to a square whose side is

√
63,

which is approximately
√
63 =

√
64− 1 ≈

√
64 = 8. Therefore, I argue that Egyp-

tians used the following approximate method:
√
N =

√
a2 − 1 ≈

√
a2 = a.

As a consequence, the ancient Egyptians approached the area of the circle stepwise
from its circumscribing square to a pseudo-octagon, and it seems that they used the
approximation

√
N =

√
a2 − 1 ≈

√
a2 = a in the process.

For a reference, around 500 BCE, Indian Salbasutras (literally “cord-rules”) sug-
gested a following rule [14]:

To find a circle equal in area to a given square, take an radius the line MQ in the
figure below, where RQ = 1

3
RP.
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To find a circle equal in area to a given square, take an radius the line MQ  in 

the figure below, where RQ ' #"
%
RP .
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Figure 3. Indians’ Squaring the Circle

This corresponds to an approximation of ! by "A)55.

2) Circumference of a circle 
 (1) Problem 10 of Moscow Mathematical Papyrus 
The Moscow Mathematical Papyrus (MMP) was written by scribes of the 
Middle Kingdom period (about 2119-1794 BCE). It was divided into 25 
problems by W. W. Struve [22] in 1930. There are differing interpretations 
regarding the intended meaning of some of terms that appear in Problem 10 of 
the MMP. According to Struve, the ancient Egyptians obtained the correct 
formula for the surface area of a hemispherically shaped object. In modern 
terminology, they compute

B ' +%9%,3 -+% 9%,3-+/*-+*-,

where * ' 6 #/
%  is the diameter [36] and +%9%,3-/ is the Egyptian value for !,6. 

Therefore, B ' #/
% !*/, which gives the following formula for the area of the 

sphere,
/B ' !*/ 

The sixth line of Problem 10 was completely missing. Peet proposed that this 
missing word was a cylindrical container and he then translated the first line   
be to a semicylinder. He translates lines 1, 2 and 3 as follows [22]:

1  Example of working out a <semicylinder>.

2  If they say to you, A <semicylinder of 6 #/
%  in diameter>

Figure 3. Indians’ Squaring the Circle

This corresponds to an approximation of π by 3.088.

2.2 Circumference of a circle

Problem 10 of Moscow Mathematical Papyrus

The Moscow Mathematical Papyrus (MMP) was written by scribes of the Middle King-
dom period (about 2119–1794 BCE). It was divided into 25 problems by W. W. Struve
[22] in 1930. There are differing interpretations regarding the intended meaning of
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some of terms that appear in Problem 10 of the MMP. According to Struve, the an-
cient Egyptians obtained the correct formula for the surface area of a hemispherically
shaped object. In modern terminology, they compute

A = (1− 1

9
)(1− 1

9
)(2d)(d)

where 4 1
2 is the diameter [36] and (1−1/9)2 is the Egyptian value for π/4. Therefore,

A = 1
2πd

2, which gives the following formula for the area of the sphere,

2A = πd2

The sixth line of Problem 10 was completely missing. Peet proposed that this miss-
ing word was a cylindrical container and he then translated the first line be to a semi-
cylinder. He translates lines 1, 2 and 3 as follows [22]:

1. Example of working out a <semicylinder>.
2. If they say to you, A <semicylinder of 4 1

2 in diameter>
3. by 4 1

2 in <height>, pray

Then the translation can be paraphrased as follows: the container is a basket or vessel
of cylindrical shape, cut in half, of diameter d = 4 1

2 and height h = 4 1
2 . This gives

the formula for the area of the semicylinder as:

A =
1

2
πdh

Recently, Cooper translated Problem 10 in MMP as a cylindrical shape problem [10].
Therefore, if Peet’s and Cooper’s conjectures are correct, then the ancient Egyptians
knew that the circumference of a circle was C = πd.

The Great Pyramid of Khufu

The pi-theory of the Great Pyramid of Khufu claims that the perimeter of the base
of the Great Pyramid equals the circumference of a circle with radius equal to the
height of the pyramid. Sir William Petrie was convinced that the ancient Egyptians
constructed the pyramid with a height-to-width-of-base ratio of seven to eleven [3,
11]. Using the most recent estimate of the base, Bartlett compares

4× 230.329

2π
≈ 146.632

with Lehner’s estimate of the height of 146.59m. From the pi-theory and Petrie’s con-
jecture, we obtain π = 22

7 [2, 3].
Ancient Egyptians set pi as 3 in the demotic mathematical text P.Cairo #36 [19] or

3.16 in Ahmes Papyrus No. 50 [9]. However, there is no recorded evidence that the
ancient Egyptians used pi as 3 1

7 . Neugebauer [27] claims that the pi-theory contra-
dicts flatly all sound knowledge obtained by archeology and Egyptological research
regarding the history and purpose of the pyramids. On the other hand, Cooper [11]
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proposes the survival of so few papyri as a partial answer, leading to our insight into
the full scope of ancient Egyptian technological understanding being woefully in-
complete. There may have been many papyri involving usage of the 22:7 relationship,
but none have survived.

Recently, Bartlett [2] discusses two primary opinions regarding the golden ratio
and squaring the circle in the geometric design of the Great Pyramid of Khufu based
on 20 sets of published data from 1840 to 2012. Based on the report of Sir William
Mathew Flanders Petrie, Beard [3] geometrically interprets the Great Pyramid con-
sidering the cross section and base using a golden rectangle, circle, ellipse, focus, and
pentagon.

Hambidge’s study of Greek art convinced him that the secret to the beauty of Greek
art was in the conscious utilization of dynamic symmetry. Hambidge [23] defined
dynamic rectangles as

√
2,

√
3,

√
5, (

√
5 + 1)/2 rectangles. In particular, (

√
5 + 1)/2

is called the extreme and mean ratio and it is the solution of Proposition 11 in Euclid’s
Book II [15]:

To cut a given straight line so that the rectangle contained by the whole and one
of the segments is equal to the square on the remaining segment.

Following Fowler [20], let ABCD be a unit square (Fig. 4) with bisector of one side
as M. Now rotating MA about M, we obtain a circular arc that cuts −−→

BC at a point
E. We draw the lines DF, CE and EF, as in Figure 4. The resulting rectangle ABEF
is called the golden rectangle or the rectangle of the whirling squares. It is easily checked
that AF/AD = AD/DF, AF = (

√
5 + 1)/2 and DF = (

√
5− 1)/2.
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Hambidge’s study of Greek art convinced him that the secret to the beauty of 
Greek art was in the conscious utilization of dynamic symmetry. Hambidge [23] 
defined dynamic rectangles as 8#/ , 8#" , 8#1 , +8#1F%-,/ rectangles. In particular,  
+8#1F%-,/ is called the extreme and mean ratio and it is the solution of 
Proposition 11 in Euclid’s Book II [15]:

  To cut a given straight line so that the rectangle contained by the whole 
and one of the segments is equal to the square on the remaining segment.

Following Fowler [20], let  ABCD be a unit square (Fig. 4 below) with bisector 
of one side as M .  Now rotating  MA  about M , we obtain a circular arc that 

cuts  #IBC  at a point E . We draw the lines DFLCE , and EF , as in Figure 4. The 
resulting rectangle ABEF  is called the golden rectangle or the rectangle of the 
whirling squares. It is easily checked that AF,AD ' AD,DF , AF ' +8#1 F%-,/ 
and DF '+8#1 9%-,/.
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Figure 4. Euclid’s Golden Rectangle

The length AFL +8#1 F%-,/,  is denoted by M. Thus M is the positive solution of 
N/ 9N9% '). Let O ' %,M and subsequently, O  equals  DF '+8#1 9%-,/  and 

satisfies N/ FN9% ' ). 
  Studies have assumed that the Great Pyramid of Khufu satisfies: 

(square of the vertical height) = (area of each of its triangular side). 
          

By the Great Pyramid theoretical dimensions [2] and pi-theory (the perimeter 
of the base of the Great Pyramid equals the circumference of a circle with 
radius equal to the height of the pyramid), the golden rectangle ABEF provides 
the height EG and the square base HI′ of the Great Pyramid such that 

Figure 4. Euclid’s Golden Rectangle

The length AF, (
√
5 + 1)/2 is denoted by ϕ. Thus ϕ is the positive solution of x2 −

x − 1 = 0. Let κ = 1/ϕ and subsequently, κ equals DF = (
√
5 − 1)/2 and satisfies

x2 + x− 1 = 0.
Studies have assumed that the Great Pyramid of Khufu satisfies:

(square of the vertical height) = (area of each of its triangular side).
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By the Great Pyramid theoretical dimensions [2] and pi-theory (the perimeter of the
base of the Great Pyramid equals the circumference of a circle with radius equal to
the height of the pyramid), the golden rectangle ABEF provides the height EG and
the square base HI′ of the Great Pyramid such that 4HH′ = 2πEG, 4(2k) = 2π

√
κ

or π = 4
√
κ (see Fig. 5) [8, 31]. I suggest the pi-theory as a dynamic symmetry as

follows:
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6HH ′ '/!EGL 6+/O-'/!8#O ,  or ! '68#O (see Fig. 5) ([8], [31]). I suggest the 
pi-theory as a dynamic symmetry as follows:

A

B M C

I’

C’E

Quarter 
of Face

Cross Section

H

D F D’
G

I

H’

S'%

Figure 5.  Dynamic Symmetry of the Great Pyramid of Khufu

3. Babylonians’ Pi : 3 or 3 1/8

Old Babylonians set pi as 3 or "#5
%  ([19], [16]). 

  Old Babylonians roughly computed the area of regular polygons in metric 
algebra. They called a regular polygon as a normalized regular polygon if the 
length of each side is equal to 60. In the clay tablet TMS 3, the Old 
Babylonians computed the area of normalized regular polygons, such as a 
hexagon, pentagon, and heptagon. The area of the regular polygon can be 
computed as the sum of the areas of T isosceles triangles as illustrated in 
Figure 6. In order to find the area of a symmetric triangle, they computed the 
side “;” (see Fig. 6, below) as an approximation of the radius of the 
circumscribed circle. The Old Babylonians used three circles with circumferences 
of 300, 360, and 420, but the ratio of circumference to diameter was always 
approximated as 3. Therefore, the Old Babylonians set the circumference & to 
be approximately equal to "×* , where *  is the diameter in the table of 
constants TMS 3. 

Figure 5. Dynamic Symmetry of the Great Pyramid of Khufu

3 Babylonians’ Pi: 3 or 31
8

Old Babylonians set pi as 3 or 3 1
8 [19, 16].

Old Babylonians roughly computed the area of regular polygons in metric alge-
bra. They called a regular polygon as a normalized regular polygon if the length of
each side is equal to 60. In the clay tablet TMS 3, the Old Babylonians computed the
area of normalized regular polygons, such as a hexagon, pentagon, and heptagon.
The area of the regular polygon can be computed as the sum of the areas of isosceles
triangles as illustrated in Figure 6. In order to find the area of a symmetric triangle,
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U'() U'()

;

U'()

;
;

circumference≒360
diameter≒120

circumference≒300
diameter≒100

circumference≒420
diameter≒140

Figure 6.  Normalized Regular Polygons

The Old Babylonians approximated 8#"  by $,6 in a normalized regular hexagon, 
and 8#%)  by %3,( in a normalized regular heptagon when calculating the height of 
the symmetric triangle in TMS 3. On the other hand, the Pythagorean triple (3, 
4, 5) is used in a normalized regular pentagon [18].
  A part of clay tablet TMS 2(rev.) was lost (see Fig. 7, below). However, the 
height of the isosceles triangle was presumed to have been recorded [18]. The 
circumference of the circumscribed circle was approximated as 210 and the 
diameter was 70. The Old Babylonian erased the circle after connecting with 
line segments. There is a trace of a circle erased in the upper left corner of 
Figure 7.

Figure 7. TMS 2(rev.), Louvre Museum (Photo: J. Park)

Figure 6. Normalized Regular Polygons

they computed the side“a”(see Fig. 6) the radius of the circumscribed circle. The Old



230 Controversial History of Pi in Ancient Egypt, Old Babylonia, and Ancient Greek Mathematics

Babylonians used three circles with circumferences of 300, 360, and 420, but the ra-
tio of circumference to diameter was always approximated as 3. Therefore, the Old
Babylonians set the circumference c to be approximately equal to 3 × d, where d is
the diameter in the table of constants TMS 3.

The Old Babylonians approximated
√
3 by 7/4 in a normalized regular hexagon,

and
√
10 by 19/6 in a normalized regular heptagon when calculating the height of

the symmetric triangle in TMS 3. On the other hand, the Pythagorean triple (3, 4, 5)
is used in a normalized regular pentagon [18].

A part of clay tablet TMS 2(rev.) was lost (see Fig. 7). However, the height of the
isosceles triangle was presumed to have been recorded [18]. The circumference of
the circumscribed circle was approximated as 210 and the diameter was 70. The Old
Babylonian erased the circle after connecting with line segments. There is a trace of
a circle erased in the upper left corner of Figure 7.
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  A part of clay tablet TMS 2(rev.) was lost (see Fig. 7, below). However, the 
height of the isosceles triangle was presumed to have been recorded [18]. The 
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Figure 7. TMS 2(rev.), Louvre Museum (Photo: J. Park)

The Old Babylonians dealt with metric algebra problems regarding a rectangle and
a triangle inscribed in a circle with a circumference of 180 or 60. For example, they
deal with rectangles in MS 3050. Right triangles and circles are used in BM 85194
##20-21. An equilateral triangle is used in MS 3051. In these problems, the Old Baby-
lonians, even in circles of different sizes, set the circumference c to be approximately
equal to 3× d, where d is the diameter. The Old Babylonians took the circumference
as the defining component of a circle. Thus, they gave two coefficients for the circle:
20/60 for the diameter and 5/60 for the area. In Old Babylonian mathematical texts,
it is always assumed that if a circle has the circumference c = 60, then the diameter
is d = (1/3)× c = 20 and the area is A = (5/60)× c2 = 300 [19].

Therefore, I argue that the Old Babylonians knew that the ratio of the circumfer-
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ence to diameter was a constant, approximately 3, regardless of the size of the circle.
They also knew that the area of a circle is proportional to the square of its diameters2).

On the other hand, the Old Babylonians knew that the perimeter of a hexagon is
exactly equal to three times the diameter of the circumscribed circle. Of course, they
also knew that the perimeter of a regular hexagon is less than the circumference of
the circumscribed circle. They approximated as:

(perimeter of the regular hexagon) ≈ (24/25)(circumference of the circle)

in a group of Old Babylonian clay tablets lifted at Susa [16]. Since 6s = 3d and
(6s)/c = 24/25, we have π/3 = 3d/c = 6s/c = 24/25, where s is the side of the
given regular hexagon. Therefore 3 1

8 is also an Old Babylonian counterpart of the
modern π.

4 Solomon’s Pi

In the history of pi, it is said that the biblical value is 3 [1]. In the Old Testament(I
Kings 7:23), we find following verse [35]:

Solomon made a molten sea, ten cubits from the one brim to the other, it was
round all about, and its height was five cubits; and a line of thirty cubits did
compass it round about.

The molten sea is round; it measures 30 cubits round about and 10 cubits from brim
to brim. Therefore

(circumference) = 3 times (diameter).

Thus the biblical value of π is 30/10 = 3. There are various interpretations of this.
For example, the standard numeric values of the Hebrew letters of“line”gives π ≈
333/106 [35]. According to I King 7:26, if we assume that the thickness of the molten
sea is about 4 inches, the approximate width of a man’s hand, we get π ≈ 3.14 [35].

P. Cairo is the oldest of all known Egyptian demotic mathematical texts, dated to
the Ptolemaic era in the 3rd c. BCE. It is contemporary with some of the Seleucid
mathematical cuneiform texts [17]. P. Cairo #36 deals with an equilateral triangle
inscribed in a circle. In P. Cairo #36, the circumference c is equal to 3 × d, where d

is the diameter, and the area A of a circle is equal to (5/60)× c2. These proportional
relations are essentially the same as in the Old Babylonian mathematics mentioned in
Section 3. The Book of Kings was edited by the ancient Jews as a religious work about
550 BCE [4]. In view of these circumstances, I argue that the Babylonian mathematics
influenced the description of the size of the molten sea in I Kings 7:23.

2) Euclid showed that the area of a circle is proportional to the square of the diameter: Proposition
XII-2 (Circles are to one another as the squares on the diameters.) [15].
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5 Plato’s Pi

The three classical Greek problems (doubling the cube, trisecting an angle, and
squaring the circle) were proved to be impossible using only an unmarked straight-
edge and compass in the 19th century. Euclid (330–275 BCE) used the method of
exhaustion to prove the theorem, already known to Hippocrates (470–410 BCE), that
the area of a circle is proportional to the square of the diameter in his Book XII-2 [15].
The Greek mathematicians, from Anaxagoras (499–428 BCE) to Euclid were more in-
terested in geometric aspects of circles such as squaring the circle [1]. Therefore, they
made no apparent improvements to the numeric value of pi.

According to Popper [33], Plato (427–348/47 BCE) knew a good empirical approx-
imation for pi; he is said to have given the estimate

√
2 +

√
3 ≈ 3.15. Plato knew

that there were more irrationalities than
√
2 and

√
3 (Theaetetus 147d/e); and he also

knew that by adding irrationals, other irrationals may be obtained. It seems a plausi-
ble hypothesis that Plato could construct a square or an equilateral triangle inscribed
in a circle (Timaeus, 53d/e; Meno, 86e–67b) [30]. Popper [33] proposes the following
geometric approximation of the area of a circle by a rectangle3) ACDB as illustrated
in Figure 9. In fact, Plato thought that all irrational numbers can be composed by
adding up (1) units; (2)

√
2; (3)

√
3; and multiples of these.

- 12 -

In fact, Plato thought that all irrational numbers can be composed by adding up 

(1) units; (2) 8#/ ; (3) 8#" ; and multiples of these.

V

V

V8#/

V

V

V

V8#"

V

V

Figure 8. Plato’s Elementary Square and Elementary Equilateral Triangle

V

V

V
V

V

VV V

V8#/ V8#"

V+8#/F8#"-

A

C

B

D

61W ()W
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This yields !V/ 'V/+8#/F8#"- or ! '8#/F8#" . According to Popper [33], it is 
probable that Plato used the arithmetic mean of the areas of the circumscribed 
hexagon and the inscribed octagon to make the area of a unit circle. That is 

! '+%,/-+BCXN;YZTFBZ&[;YZT- ' +%,/-+/8
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However, we do not know whether Plato perceived this irrational number as an 

approximate or real value of pi6).

5) Plato seems to know the similarity of rectangles described in Euclid's Book II-14 (To 
construct a square equal to a given rectilinear figure [15].)

6) The Greeks never adopted a special symbol to denote the constant pi. In Archimedes, 
Hero, Ptolemy and others it is described as “the ratio of the perimeter to the diameter of 

Figure 8. Plato’s Elementary Square and Elementary Equilateral Triangle

This yields πr2 = r2(
√
2+

√
3) or π =

√
2+

√
3. According to Popper [33], it is prob-

able that Plato used the arithmetic mean of the areas of the circumscribed hexagon
and the inscribed octagon to make the area of a unit circle. That is

π = (1/2)(Ahexagon +Aoctagon) = (1/2)(2
√
3 + 2

√
2) =

√
2 +

√
3

However, we do not know whether Plato perceived this irrational number as an ap-
proximate or real value of pi4).

3) Plato seems to know the similarity of rectangles described in Euclid’s Book II-14 (To construct a
square equal to a given rectilineal figure [15].)

4) The Greeks never adopted a special symbol to denote the constant pi. In Archimedes, Hero, Ptolemy
and others it is described as“the ratio of the perimeter to the diameter of the circle.”[25]. The symbol
π appears for the first time in a book by W. Oughterd (1575–1660).
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The Old Babylonians dealt with metric algebra problems regarding rectangles and
triangles inscribed in a circle as Plato’s elementary square and elementary equilat-
eral triangle. For example, they deal with a square and a circle in MS 3050 (obv). An
equilateral triangle is used in MS 3051. In particular, MS 3051 is related to Euclid’s
Proposition III-20 [19]. Moreover, these figures are related to the geomtery dialogue
used in Plato’s Meno [30].
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6. Archimedes’ Pi

In any circle, Archimedes (287-212 BCE) recognized that the ratio of the 
circumference to the diameter, and that of the area to the square of the radius 
are constant. Also, he knew that in each case the constant is the same. He 
approached the first numerical method in the mathematics of ! around 250 
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6 Archimedes’ Pi

In any circle, Archimedes (287–212 BCE) recognized that the ratio of the circum-
ference to the diameter, and that of the area to the square of the radius are constant.
Also, he knew that in each case the constant is the same. He approached the first nu-
merical method in the mathematics of around 250 BCE. He used the harmonic and
geometric means:
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+
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), p2N =
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in the third proposition of the Dimensio Circuli, where pN and PN denote half the
lengths of the perimeters of the inscribed and circumscribed regular N -gons of the
unit circle, respectively [32]. Applying the recurrence relation, Archimedes started
with a hexagon (N = 3), and then moved on to a 12-gon, and from there to a 24-gon,
a 48-gon and finally a 96-gon, which yielded

3
10

71
< p96 < π < P96 < 3

1

7

In each of four similar steps, he computed approximate values without trigonome-
try and without decimals. For example, in the first step, he computed the following
precise lower and upper bounds for

√
3 without explanation:

265

153
<

√
3 <

1351

780

His method has been examined by many scholars. Heath [24] says: ‘No puzzle has
exercised more fascination upon writers interested in the history of mathematics.’
Heath describes that his method was based on the formula

√
a2 −B ≈ a − 1

2
1
aB,

known from the Old Babylonian [21], while Knorr [25] proposes a side and diago-
nal number sequences for the approximations 265/153 <

√
3 < 1351/780 in Greek

mathematics:

(x1, y1) = (3, 5)

(xn+1, yn+1) = (5xn + 3yn, 9xn + 5yn)

based on the identity (9x+5y)2−3(5x+3y)2 = 2(3x2−y2). If n = 2, then the resultant
ratio is 52/30 = 26/15. From x2 = 15, y2 = 26 we have (135 + 130)/(75 + 78) =

265/153. From x3 = 153, y3 = 265 we have the resultant ratio (1377 + 1325)/(765 +

795) = 1351/780.
Archimedes is supposed to have spent some time in Alexandria. We offer the pos-

sibility that Archimedes knew of the procedure in Problem 48 of Ahmes Papyrus.
According to Vogel and Gillings [22], the ancient Egyptians started with a square
and then they moved on to an octagon. It is assumed that they used the approxi-
mate value

√
63 =

√
64− 1 ≈

√
64 = 8 during this process. Based on these claims,

Diop raises the following issues [13]:

In fact, Archimedes, in the latter book, in calculating the value of π = 3.14 did not
make any reference to the very close value of π = 3.16 found by the Egyptians
two thousand years before him. He did not suspect that an Egyptian papyrus
would accidentally reveal the truth to posterity.

Palter [28] dismisses Diop’s claim by stating that he did not understand Archimedes’
method.

Moscow Mathematical Papyrus Problem 14 and Ahmes Papyrus demonstrated a the-
oretical knowledge of the volume of a truncated pyramid. However, Archimedes
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maintained that the volumes of pyramids were first measured in the 4th century BCE
by Eudoxus(408–355 BCE) [6]. We may assume that Archimedes could make such
mistakes with or without knowing about the ancient Egyptians’ theory of π and the
pyramid.
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