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This paper does a comparative study of the efforts . 94 9008/ 244

made by Bodhayana of vedic age and Srinivasa Ramanujan . 30 3635 587"
of ninteenth century towards the constructional solutions
of one of the unsolved problems of antiquity namely
'squaring a circle and v‘i.I;e versa'. It also throws some light
on the weaknesses of these constructions, consequent of
which a new flexible method is suggested.

History :

A look into the history of Indian Mathematics reveals that, in the days of vedic
civilization, Indians felt that it was necessary to perform sacrificial rites to please gods
and have boons from them. For this they needed different, specific shapes of altars or
‘Vedis' of definite areas so as to make their offerings acceptable to gods. Especially
- when they had to construct an altar called 'GARHAPATYA' altar, some opined that it
should be of square shape while some others asserted that it must have circular shape.
Consequently there arose the need for circling a square and vice versa, since in both
the cases the area is to remain unaltered. Thus the impossible problem (by virtue of its
involvement with the Transcendental Number, Tt ) squaring a circle and vice versa is as
old as the Vedas, the repositories of knowledge.

Before proceeding to the objective of this article, | intend to, let us have a glance
atthe different modes of contributions of prominent Mathematicians, BODHAYANA , the
author of the oldest SULVASUTRA" — of vedic age and SRINIVASA RAMANUJAN, the
world renowned Indian Mathematician of nineteenth century, JAKCB DE GELDER (18489)

towards the solution of the problem squaring a circle and vice versa upto the nearest
accuracy.

BODHAYANA'S METHOD OF CONSTRUCTION FOR CIRCLING A SQUARE




Construction :

Let ABCD be a square with center O.

Turn OD till it assumes the position of OE perpendicular to DC, cutting DC in G.
Take GF equal to 1 GE.

L With OF as rédius. describe a circle which will be equal in area to the square
ABCD.

On calculation we get n =3.088 =
(For proof see Appendix — 1)
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BODHAYANA’S CONSTRUCTION FOR SQUARING A CIRGLE

Divide the diameter into eight equal p_arts, and again one of these parts into twenty-
nine parts; of these twenty-nine parts and the sixth part of the one left partg less, with the

eighth part of the sixth part. [Inthis case also 7w equals to 3.088. For proof see Appendix
— 11 '

Since this construction becomes more clumsy, it is not depicted here.

This value is Just better than the value contained in The Mahabaratha and the
Holy Bible. (for the relevent versess see appendix |V)

Remark :

From these two constructions, it can be assertained that Bodhayana might have
adopted different modes of constructions. for the same value of r, because either of
these two constructions provide iota of possibility for reversal i.e., squaring a circle from
circling a square or vice versa.

JAKOB DE GELDER's Construction Of T

In 1849, Jakob de Gelder gave an intersting construction for Tt using the convergent

355/113 This construction runs as follows.
FIG 2.

Let © be the centre of a circle with radious OC = 1. Let AB be a diameterg perpendicular

to OC. Let OD = 7/8 and AF=1/2 : Draw FE parallel to CO and FG parallel to DE. This AG
becomes equal te 16/113. Then 3.0C+AG becomes equal to 3.1+16/113 = 355/113.(For
poof see Appendix Il )

Using this method we can construct a square equal in area to the given circle. The method
goes as follows.
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/ Yo
4 ik

.

z

I
T
=

1. Take the circle to be coverted into a square of equal area and proceed with the above
method for the line segment equéling to 16/113

2. Extend BA to H such that AH =4 CO

3. Draw a semi circle on HG.

4. Locate J ontj(G such that HJ = CO and draw KJ perpendicular to HG.

5. Construct the square JKLM.’ : '

Now the area of, JKLM = Area of the circle with centre O.

JKZ = HJ.JG

JK? = JG.HJ? ( since HJ = 1)

LIK =g

Remark

Though this method is simple it doesn't provide scope to trace back the circle. Also larger
the circle we have to covert into square, HG (Fig 3) becomes more and more larger. (It

might be the reason, for Srinivasa Ramanujan chose another brilliant method of construc-
tion accommodating the entire process in the same circle considered for the conversion

into a squarely Wi/ Hr Same ua.&,c_/-’,n, 7o, 3550 )
SRINIVASA RAMANUJAN’S METHOD OF SQUARING A CIRCLE :

Ramanujan’'s mode of solution for the problem, displaying his unmatchable
ingenuity, goes as follows :

FIG. 4




Construction :

1. Let O be the center and PR any diameter of the given circle.
2. Bisect OP atH and trisect OR at T (2: 1)

3. Draw TQ p‘erpéndiculér'to OP.

4. Draw RS =TQ

5.  Join PS.

6. Draw OM and TN parallel to RS.

7. Draw PK = PM, and PL = MN-and perpendicular to OP.
8. JoinRL, RK and KL.

9. Cutoff RC = RH.

10. Draw CD parallel to KL.

Now RD2 = (*) O.

RD? 355

[On calculation & = orRZ = 113 For proof see Appendix — V]

- Ramanujan, it seems, did not try the reversal, i.e., circling a square.

From these solutions given by Bodhayana, Jakob de Galder and Srinivasa
Ramanujan, we can conclude that :

In order to azarriv'e at different values for the transcendental number nt through the

~ equation X =, where x is the side of the square and r, the radius of the circle,
Bodhaya'n’é, Srinivasa Ramanujan and Jakob de Galder adopted different modes
of constructions. ‘

Q.No.1 Can’twe have a fixed single method for obtaining any plausible value
form ?

2.  Another noteworthy point is that their non-reversible nature, i.e., tracing back the

circle from the square or vice versa, seems to be far from practicability.

Q.No.2 Can’t we have a method which can provide a feasibility for reversal ?

In this background, | suggest a single fixed method fusing the answers for the
above self-posed potent questions- Q.NO.1 and Q.No.2 —which are the objectives
of this article, namely. 2

)

1. Obtaining any nearest value for & through, :—2 =7, X being the side of the square
‘and'r, the radius of the circle.

2. Providing the nature of reversibility in construction.



CONSTRUCTION FOR SQUARING A CIRCLE :

FIG. 5

Construction :

1.  Using Pythagorean principle construct two line segments A g of length /355 units

[AB =./AB +B,B,+B,B* = 15°+11°+3? = J3s5 ]andg"{:‘ of length /113 units

[Ac =/AC+e,C = JB+T =

J113 ] making any convenient angle.
2. Draw any arbitrary angle divider ,&_x}of ZBAC.,
Cut off P and Q on z¢ and Ap respectively with any convenient length such that

AP = AQ and each less than AC.
—>

4. Locate Jon AX such that AJ equals to the radius of the circle whose area is to be
made equal to the area of a square. il
Join CJ and draw PL parallel to CJ cutting A_fat 1
Join LQ and draw BK parallel to LQ cutting AX at K.
Now AK becomes the side of the square KASI whose area equals to the area of the
given circle'with J as center and JA as radius.
Proof : Since PL || CJ,
AAPL~AACJ
_, AC_ A1
AP AL
e . |
AP L
p
= AR=13 S5 L (1)



Similarly,

- BK || QL,
A AQL~ A ABK
_{k_g i, AK
AQ T AL
V355 AK
— N ol o
AQ AL
Al?
= AKZ2=355 GRS e (2)

= On dividing (2) by (1) we get.

AK? i ALY I ap2
AJ2 ©AQ? fﬁ]'}‘?'_ Al
AK? 355 ot e B
SN 113 ( - by construction AP? = AQ?)
355
e 5o u k2
Py
= ré [cr=AJ] - (Q.E.D)

Then, what about CIRCLING A SQUARE ?

SEE FIG NO.5

Construction : x

1. Just follow the steps from step (1) to step (3) of the abave construction for squaring
a circle. '

2. Locate Kon A_§ such that AK equals to the side of the given square KASI| whose
area is to be made equal to the area of a circle.

3. Join KB and draw QL Parallel to KB cut'tingﬁ()' at L.
Join LP and draw CJ parallel to LP cutting Ax at J.

5. Describe a circle with J as center and JA as radius.

Now the area of the circle equals to the given circle KASI.

It is evident that previous proof holds good for this construction also.

: 355 '
Here | chose the value for T as P which was given by VIRASENA (Indian)

of 480 AD, and TSU — CHANG — CHI (Chinese) because the value, in the words of

. ’ / ,
Srinivasa Ramanujan, appreciably narrows down the difference between the area of the

. ! .
circle and square to 10.000 Square inch, if the area of the circle is 14 square miles.:




As Pythagorean principle provides a simple way to construct any number of
the form ./x, X € N, we can construct the line segments AB=./; and AC= Jp,a,b e

N, thereby get the nearest plausible rational form for t as % like % g %%

103993 104348 (from continued fractions, Lambert 1770)
33102 33215

Here, it is not uncommon o hear someone saying that larger the numbers 'a' and

'b' of the rational % representing the desired approximate value of i, one has to con-

struct moreﬁn_gamore lines to arrive at the line segments representing ./; and ./, . But

according to %’T of 17th century Mathematician “Every positive integer is a sum of
1, 2, 3, or 4 squares only”(also called as Four Square Theorem), and he proved it. So
for any rational representation of © we need to construct at the most 4 line segments!
Therefore using the Pythagorean principle the difficulty in construction of the line seg-

ments representing the numbers involved in the plausible rational form of 7t is nullified.

Another interesting aspect is, that this method of circling a square can be extended
to construct a circle equaling the area of any given convex polygon of n sides. It is
evident if we have a glance at the Fig No. 6.

FIG. 6



Polygon ABCDE

Fig No.1

Proof :

A AED + A ADC +AABC

A AED + A ADC + AAGC [AABC = A AGC]
A AED+ A AGD [AAGC+AADC= AAGD]
A AED+ A APD [-AAGD = A APD]

A APE [*AAPD + A ADE = A APE]

1

E.AP.EF

PQ.QS
O OPQS
o OVUT
Ob!

The circle with I as centre and QI as radius!
APPENDIX -1

[“EF =QS]

Let a be the side of the square.

1
oD = 2 the diagonal of the square.

]

I

a3

a
= & 2l
e 2 _e-v»y (1)

2
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Now nj' = 32 gives
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s [Bx238
12 x 34.

_ 514089

T 166464
3.088

APPENDIX — 1l

Proof :

If 'a’ be the side of the square and' 'd' be the diameter of the circle.:

_ 1 1 1
= ”d[ ~ g tess Bzos T 8.29.6.8]
2

Here again f{:— = a? gives
2 d 8 829 8.296 8.296.8
_ 9785
5568
_ 95746225
o ¥ ¥ S100%624
= 3.088
APPENDIX - 1l
For Fig No. 2
49 113

- 2 Al '_2__
AD = A0 +0OD =1+ & 4
In the A DAO, FE || DO
AE _ AF
A0 AD

, AR . Va 16
= —X AO =——% —X1=
0 BEE oK ARG 113/64 113

Similarly in-A AED, FG || DE

AG _ AF
AE~ AD
_ AP 3 o 16 16
=BG PR AR It TR
16
AG 113
APPENDIX - IV
Proof :

Let'd’ and r are the diameter and radius of the circle respectively.

= — g2
d Gd

oy | wo
[ =3
s e
(¥5]

RS2 = TQ2 = PTTR =
So PS? = PR? — RS2



5 31
=d2. — 42 = =_ 42
36 9 36 ¢

Sincein A PSR, MO || SR

PM _ PO
PS PR

e |: P0=-2—F-'R:|

1
2= = 2
PM 3 PS

I
o
()% ]
o
]

355
.
324 d

Now RK2 = RP2 — pPK2

= d? - PM2
31
= 42 . — f2
o - T
113
= s o
144 d

Now A RCD ~ A RKL
RD _RL
RC RK
RI2
Hence RD? = = RC2

355 144 9 2
= —x.—x—d
324 113 16

355 g2
— N ——
113 7 4

355
2=_
" 113

= nr2

1©



APPENDIX IV

The relevant verses (about ) are found in the sixth Parva, called Bhismaparva, of the

Mahabharata. The lines are
afouesT Tgras @mE: gEa 97
T ggarior faeredT gremmeg § oven
gfwge uzfawfzgasds w9
aftzsrg. wreew gat: STOTETErET 1€ g1
WAAHTEY HEWMO  TISEARIRKI Fa
facasiur Fedves aafeuty FOEET |
gFafEdgrg s THHEEAA 120
ey wgafr @ owrw g
fawostror aat wammoee fawg  wwg uvin
HERAEATAR  UrAlAgEHEA | |E" |

These may be translated thus:

'O Great King! It is heard that the Rabu Graha is parimandala (round on all sides), and its
diameter is twelve thousand yojanas. (40)

O Sinless King, in circumference, it is thirty six (thousand yojanas), and its thickness is
said to be sixty hundred (yojanas) by experts in Puranas. (41)

O King, the Moon is described to be eleven thousand (yojanas) in diameter. O
kurusrestha, the peripheral circle thereto is thirty three (thousand yojanas). O Great Soul,
the Moon is fifty nine (hundred yojanas) in thickness. (42)

O Kurunandana, the Sun in eight thousand plus another two (thousand yojanas) in diam-
eter. O King, the peripheral circle therefrom is equal to thirty (thousand yojanas). (43)

O Sinless King, it is fifty eight hundred (yojanas) in thickness.

The dimensions described above may be tabulated as follows (all figures are in yojanas):

Rahu 12000 36000 6000
Moon 11000 33000 5800
Sun 10000 30000 5800
Thus the C/D in all the three cases is 3 which, therefore, is the (approxi-
mate) value of = used without any doubt. .

The same value can be drawn from the verses in The Bible (I Kings 7:23).
The verses runs as follows:

‘There He made the sea of cast bronze, ten cubits from one brim to the other; it was conlg_fatefy round,
it's height was five cubits and a line of thirty cubits measured its circumference.’
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