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Source: Sines in terse verse 
by Roddam Narasimha 

https://www.nature.com/articles/414851a3

See also Prof Phillips column: 

http://www.math.stonybrook.edu/~tony/whatsnew/
jun02/06-2002-media.html#sanscriti

India sth century AD)
Aryabhata (Indian astronomer,
l
U

wrote Aryabhatay
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y→ 4.361 → d.360.60M@✓I@W
radians zit zit

-
indegrees in minutes

360.60
~
3438

dangle -

y → d. IT 2T 'S IN 3.141
360. 60

in minutes in
nad.

On a circle of radiusR, the length of a circular arc of angle a Cinnadiam
) is kinda,

Rid

~ R d
'

360.60

Eyo. ..
if Linminutes

*he half chord of an angled is f- chord Ck) = R Sina

When dis small, sima is close to a //is 12=3438, the length of
the circular arc is close

To 3438.21g L
N L

360.60 ← in
minutes



Indian mathematicians used half
the chord of twice half -chord ofd

the angle . I chord (22)
Z \

Aryabhata wrote
"

jya
"

Isn
"ardha- jya

"

, half- chord) -
This wasphonetically translated to

" jiba" by

÷:÷÷÷÷÷÷÷÷÷÷÷:÷÷÷÷÷:÷÷rf-chord(za)
sin D= IT



Aryabhata Table of half- chords h
:

hnd

=
RSina

Fn us, sins is the ratio, hatches
"""l

Fn Indian mathematicians ,
it was the length of a segment, R . sing half dud . R . sina

. R 2

For small angles , ( expressed in minutes) R sina is approx R
, a (Note a in radium

180.60
is go.to -

d min )
Tf one wants to make Rsine close to a fn small Values of d, one needs R , 180.601T
Now

, Aryabalta wrote that 3.1416 is a good approximation of IT . R
= 18g.ie# = 3437

'

44
"

. ..

rounded up to 3438 .

She, - Sh = S, - tf (sit + Sn)

Sin (2x) = 1- 2 sink





worksheet 3

am



S, =D ,
⇐ dz

4=225'
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EBBE
HW Problem 1

Find each
of the

levels .
(Example :

O - number from
Verse . I

Find 1,2, 3,415



Three interpretations
of

①

②

③



Sn = R sin (na )
X = 225

"

h =L
,
2
,
. . .

24

R = 3438

dh = Sn - Sn - i n 32

- n
Ind)

R-S
'

nd
①

,

"

③
dz 5=225

②
dz = Si - I

5,

dz = S , - I
s, dnt , = dn - Sng (di- da)

dry , = S, - 5+52-1--0=1 n> 2
S
,

Kole di - da = 2 Rsina U - cord) )

Apparently , Aryabhata did not use his own needle ! It is conjectured
that he copied the Values , probably from Ptolemy .



HW Problem 2
-

si .- Rsinliai Prove that dm ,

= In
,

-

Tsin
' kN
,
no

dn=Sn- Sen- is

d.=L QE RD

-

Extra credit
with the notation HW problem 3, prove

that

dn - dnt , = Sf
,

( di - da)

Hint -
- 1dm,
I

,

so:÷÷:O. Iii:



HW Problem 3
--

why did Arya
bha use a circle

of radius 3438 ?





http://www.ams.org/publicoutreach/feature-column/fc-2013-05

Galileo
square
root

extraction

catboat 's
?! j

:÷:÷÷:÷ """

745+44%(2.745--1490)



555517 = 7452+492 → remainder

Erin 745 +9,92g



HW Problem,4 Compute MET

as Galileo .

Extra credit : Galileo approximated the value
of story by 745+4921490 '

Explain why this value ( 745+4,9%0) n
49274 ifI are good approximations.


