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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
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THE SANSKRIT ALPHABET

W&IWT SANSKRTA-VARNA-MALA

vowels (svara)

simple - short & long:

AaA AT A

guttural

diphthongs - long

UE i’Al

class — location

gutturals - throat

palatals - middle
of mouth

cerebrals ~ roof
of mouth

dentals — teeth

labials - lips

special conjunct consonants

S ér Ju Fo FRrR FR

palatal labeal cerebral (retroflex)
- anusvdra visarga
Ao 3 '
. . -
o Aav | A am MAu|FL F L
dental

consonants (vyanjana)
mutes or stops (sparsha)

hard (non-voiced) soft (voiced)

simple aspirate simple aspirate nasal
% KA U KHA MTGA T GHA T NA
T A © CHA STija WiHA A NA
CTA OTHA DA @ DHA Ul NA
dT1a ¥4 THA G DA ¥ pHA A NA
Tpra ™ pPHA A Ba UBHA H ma

semi-vowels (antastha) — soft

¥ RA ™ LA

cerebral dental

d va

labio-dental

T vAa

palatal

sibilants - hard & pure aspirate - soft (iishman)

A SA ¥ sA H sa

palatal cerebral dental

A TRA

@ HA

guttural

&l KSA T INA



makhi-bhakhi-phakhi-dhakhi-nakhi-fiakhi-nakhi-hasjha-skaki-kisga-Sghaki-kighva,
ghlaki-kigra-hakya-dhaki-kica-sga-jhasa-nva-kla-pta-pha-cha-kalardhajyah.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
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Word from verse

khi=kha x i=200
khi=kha x i=200

khi=kha x i=200
khi=kha x i=200

khi=kha x i=200
ha=100

ki=100

ki=100

ki=100
ki=100

ha=100
dha=19

sa=90g
"sa=70
"na=5
ka=1
pa=21

cha=7

ma=25

bha=24

dha=19

.na=15

"na=5
sa=90
sa=90
.sa=80

va=60
gha=4

ya=30
ki=ka x i=100

a=3
jha=9
va=60
la=50
ta=16

jha=9
ka=1
ga=3

gha=4
la=50

ka=1

Number
from verse

224

219
215

191

131

119

79

51
37

(oot kehee § 3

Classified
consonants
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Unclassified
consonants

1

Vowels

100

10072
10073
100”4
10075
10076
10077
10078

30
40
50
60
70
80
90
00



Word from verse Number
from verse

225
224
222
219
215
210
205
199
191
183
174
164
154
143
131
119
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makhi-bhakhi-phakhi-dhakhi-nakhi-fiakhi-nakhi-hasjha-skaki-kisga-Sghaki-kighva,
ghlaki-kigra-hakya-dhaki-kica-sga-jhasa-nva-kla-pta-pha-cha-kalardhajyah.
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Stanza I, 10. The twenty-four sine [differ-
ences| reckoned in minutes of arc are 225,
224, 222, 219, 215, 210, 205, 199, 191, 183,
174, 1p4, 154, 143, 131, 119, 106, 93, 79,

v 65, 51\37, 22, 7.
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Find 12,34 ,6

(Mords from verse

225
224
222
219
215
210
205
199
191
183
174
164
154
143
131
119

675

1125
1350
1575
1800
2025
2250
2475
2700
2925
3150
3375

3825
4050
4275

4725
4950
5175

671

1105
1315
1520
1719
1910

2267
2431

2728

2978

3177

3256

3321

3372

3431

0.00000
0.06545
0.13060
0.19517
0.25887
0.32141
0.38249
0.44212
0.50000
0.55556
0.60878
0.65939
0.70710
0.75189
0.79348
0.83159
0.86620
0.89703
0.92408
0.94706
0.96597
0.98080
0.99156
0.99796
1.00000

0.00000
0.06540
0.13053
0.19509
0.25882
0.32144
0.38268
0.44229
0.50000
0.55557
0.60876
0.65935
0.70711
0.75184
0.79335
0.83147
0.86603
0.89687
0.92388
0.94693
0.96593
0.98079
0.99144
0.99786
1.00000

0.0000000
-0.0000419
-0.0000730
-0.0000813
-0.0000524

0.0000317

0.0001936

0.0001712

0.0000000

0.0000147
-0.0000227
-0.0000492

0.0000096
-0.0000508
-0.0001312
-0.0001185
-0.0001759
-0.0001604
-0.0002042
-0.0001321
-0.0000428
-0.0000175
-0.0001200
-0.0001050

0.0000000
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Philosophy is written in that great book which ever lies
before our eyes — I mean the universe — but we cannot
understand it if we do not first learn the language and grasp
the symbols, in which it is written.

This book is written in the
mathematical language, and the
symbols are triangles, circles
and other geometrical figures,
without whose help it is
impossible to comprehend a
single word of it; without which
one wanders in vain through a

dark labyrinth.
Galileo Galilel
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FEATU RE CO LUMN Monthly essays on mathematical topics

Galileo's Arithmetic

The manuscripts allow us very unusual, if not unique, access to the private calculations of a great scientist; it is as if we could look

over his shoulder and watch him at work...

[=7 Mailto afriend gy Print this article
Tony Phillips
Stony Brook University &=
Email Tony Phillips ¥

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

Multiplication and square root extraction. This next excerpt from f.70r shows the multiplication 1111L x 500 and the
extraction of the square root of that product. The multiplication is done as above, with 500 x 35 reduced to 50 X = and
approximated as 17, giving 555517 as the product.

The square root algorithm shows a fundamental improvement of the a danda-like method explained by Cataneo (and by
Fibonacci and Pacioli before him). The earlier authors understood that the odd and even-placed digits of the radicand had
to be treated differently, and that each pair of radicand digits contributes a single digit to the root. Nevertheless in the
operation the radicand digits were brought ("given") down one by one. This resulted in a convoluted explanation like those
shown above in italics in Cataneo's root extraction. To analyze the difference anachronistically, let us look at the spot in
Cataneo's operation where he has just brought down the 5. At that moment the current root is 23, and the next digit of the
radicand is 6. Cataneo has Now you need to find a number which multiplied by the double of the root you have found, i.e.
the double of 23 which is 46, that product can be subtracted from 185 and from the remainder joined with the 6, the next
digit of 54756, can be subtracted the product of that number [with itself] with remainder not larger than the double of the
root you will have found. Suppose we call "that number" z. Cataneo's sentence translates to the three inequalities

0 <185 — 46z
0 < ((185 — 46z) - 10 + 6) — z*
((185 — 46z) - 10 4 6) — 22 < 2- (230 + )
which must all be satisfied by z. But if the 5 and the 6 are brought down together the problem simplifies to
0 < 1856 — (460 + =)z

z is the largest such number.

I don't know if Galileo was taught this improvement or figured it out himself.
It appears, slightly mangled, in the work of Georg von Peuerbach (1423-
1461). In Galileo's operation the digits are brought down two by two to form
a new partial radicand, and the next digit of the root will be the largest
single digit which, when appended to double the current root, and then
used to multiply that adjunction, is smaller than that partial radicand. This

is the way square root extraction was still taught in elementary school 1 -
halfway through the 20th century. Galileo continues the condensed | (( f /1
\ . e . RS o IP
notation from long division (multiplications and subtractions preformed ; 6. ﬁ‘/
mentally, and only essential digits recorded) resulting in a galera-like It )J—’
picture. If the operation is written as below with the digits suppressed by S
3

Galileo reinserted small, it could have been the work of a 20th-century = rf ! f 0 0
schoolchild. The schoolchild might have continued the calculation by
inserting a decimal point and bringing down pairs of zeros to get I’—/
745.33012...; Galileo uses the "remainder over twice the root" fractional ’F—L ,f},ff})/‘ ?’7 @

L 2
approximation: 7o+ which in decimals would be .330201.. /:7_‘3_9

(aAhY= @ 4 ¥ + Lab R P ‘f% o
355 1T i e Ll
K « 7 4 9 " Reprt?ductlon' forbidden in any medium. See
(7x 2 %10 44 x| 6 5 2,745 copyright notice above.
™ 1 4 4w —L o5 7 g

(74%2 x10+5) %5 T —
1 4 8 5x5s — & 7 4 2 5
4 9 2

ufe
7‘15 + "'\%’{6 (7__ 745 -_U-l%\




1 - )

(7x2xlo *“\x'{
7'1 1 4 4 x4 —

()}
o | Ot =g
()}
o
—

L

(742 <10+ 5 ) %5
1 4 8 5x5 —

N g9 o

=l ke Ol o
—
\]

§5R517 = 745 4 422 > Temand,

454517 ~ 745 412

9
1490

492

7 1490

2 «745




HW Problem '\ Coh\pv"e U4rs79
ano Galileo.

Extra crnedit: Qaliles approximated +he valve

% 555517 vy 1154 ?qqq?é .

Explain why this value (‘lqs,."““' \ 6
490

NS ——— AT o qood approXimationd



