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Abstract

The Vedas are the sacred and everlasting world rock of India’s firm spiritual foundation. Vedic mathematics
provides many one-line mental and super fast methods for several classes of problems. Development of mathematical
and astronomical science is one of the most glorious chapters of Indian science. A part of Kalpasutra i.e.Sulba
Sutra contains varied information about enumeration, arithmetical operation, fractions, irrational numbers etc. Vedic
Sulba Sutra might have been many but out of those 8 are found. Rishi Baudhayana had defined the relationship
among the sides of a right angled triangle. From this one can see that (diagonal)? = (base) 2+ (perpendicular)2. This
relationship gives important information about the right angled triangle in two dimensional spaces. Some Baudhayana
numbers are quoted in Baudhayana Sulba Sutram. This concept can be applied for generation of Baudhayana
numbers for N-dimensional space using m™ power. In this work, an attempt has been made to obtain the Baudhayana
numbers for N-dimensional space using code numbers. A formula has been given to obtain the Baudhayana numbers
for any dimensional space. Very interesting and fruitful results are obtained for.three, four, five and six dimensional

spaces.

INTRODUCTION

Vedas are the primary source of knowledge
as the sun is the primary source of light. It is most
ancient knowledge source on the earth that is first
level of knowledge.' It is also a complete knowledge
source having coverage about the origin of universe,

-its life cycle, existence of the creatures and their
evolution, nature and its cycle including civilization.?
The Vedas cover all fields of knowledge both material
and spiritual. The Vedas constitute the principal
source of ancient wisdom and the Upvedas and
Upanishads are an integral part of the Vedic texts.>S
In ancient India, our ancestors (Rishies) used a rope
to construct. altar of different size and shape. In
Sanskrit language, the rope is known as Rajju or
Sulba. Therefore, mathematics of drawings is called
Rajju Ganita, Sulba Ganita, Sulba Sastra, etc.5’ Now
aday; itis popular as geometry. Various Sulba Sutras
such as Baudhayana, Apastamba, Katyayana,
Manava, Maitrayana, Varah and Vadhula are available
in ancient Indian literature.®*'? Geometry is the one
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of the Basis of the mathematical science which is
exhausted in physical science.'*'¢ The Katyayana
Sulba Sutra belongs to the Shukla Yajurveda and the
remaining Sulba Sutras to Krsna Yajurveda. In this
work, we have given a new approach to Baudhayana
numbers for N dimensional space using Sutras and
Upsutras of Vedic Mathematics. Baudhayana
numbers are defined in Section 2. The generation of
Baudhayana numbers for N-dimensional space is
elaborated in section 3 using different conditions. The
results are discussed in concerned sub- sections.
Conclusion has been given in Section 4.

BAUDHAYANA NUMBER

In his sulba sutra, the great mathematician
Baudhayana has discussed about relationship among
sides of a right angled triangle. In forty eighth sloka
of first Chapter of Baudhayana Sulba Sutram:®

“Diirgha Caturasra akshanya rajjuh parsvamani
Triyakmani Ca yat prathagbhute kurutah tat
ubhayam karoti.” [48]
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The meaning of this verse is “The diagonal
of arectangle produces (area) which its length (bhuj)
and breadth (Koti) produces separately” i.e. the
square described on the diagonal of a rectangle has
an area equal to the sum of the areas of the squares
described on its two sides. The Bhaskaracharya had
explained in first sloka of second part of Lilavati:’

“Isto baahuryah syattatsyardhinyam disiitaro
baahuh Lyasre caturasre vaa saa Kotih  Kiirtitaa

tajnaih[1]
Tatkrityor doh
karnavargayorvivaraat Muulam Kotih kotishruti

Kratyorantaratpadam baahuh.” [2]

Yogpadam Karno

Its meaning is “The length of which a triangle
or a quadrilateral is to be constructed, is known as
abscissa or base (bahu or bhuj) the second side which
checks abscissa is called ordinate or perpendicular
(Koti). The line checking base and perpendicular is
name as  hypotenuse (Karna). The hypotenuse is
equal to square root of sum of squares of base and
perpendicular. The square root of difference of
squares of hypotenuse and base or perpendicularis
equal to perpendicular or base.

Aright angled Triangle is shown in Fig. (1).
A

90°-o

a

[_

B :

Figure 1

BC = Base or abscissa (bhuj)

AB = Ordinate or perpendicular (Koti)

AC = Hypotenuse (Karna)

From this verse

(Bhuj)* + (Koti)? = (Karna)?

or (Base)’ + (Perpendicular)? = (Hypotenuse)?
or BC?2 + AB*= A2
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The angle can also be defined in terms of
measured value of Sides of a right angled triangle.
When these values are written in a certain order, such
as, base, perpendicular and hypotenuse; this order is
called Baudhayana number'”'® which represents a
particular angle (a.).

Baudhayana numbers for angle o and 90° - o

Angle Baudhayana number
Base Perpendicular Hypotenuse
(R (h)

a 15 8 17

90°-a 8 15 17

It is clear from above notation that base and
perpendicular are interchanged for complementary
angle (90° - o). If a constant (x) multiplied to
Baudhayana number, it represents the same angle

(v} b p h
a xb Xp xh

The base and perpendicular are independent
variables while the hypotenuse is a dependent
variable.

GENERATION OF BAUDHAYANA NUMBER

A right angled triangle of sides of 15, 36 and
39 units is given in taittiriya sanhita. In 49" verse of
first chapter of Baudhayana sulba Sutram, the sides
(base and perpendicular) of right angled triangle are
quoted as below:

“Trik catus Kayoh dwadasik puncikayoh pancidasik
astikayoh sapitak caturvinskayoh dwadasik
panctrinsakayoh pancdasik sattrinsakayoh. " [49].

Itmeans 3,4; 12,5; 15,8; 7,24; 12.35:
and 15, 36; are the sides of a right angled triangle.

The hypotenuse depends upon base and
perpendicular therefore this is not quoted in this

verse. In Baudhayana numbers notation, these can
be written as
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Baudhayana number

Angle base Perpendicular Hypotenuse
a 3 4 5
B 12 5 13
Y 15 8 17
) £ 24 25
9 12 35 37
() 15 36 39

In Apastamba sulba Sutram, one gets
following Baudhayana numbers

Baudhayana number
Angle Base Perpendicular  Hypotenuse
a 15 36 39
B 12 16 20
Y 15 20 25
) 5 12 13
() 12 35 37

Bhaskaracharya had discussed several
methods of generation of Baudhayana numbers for
2 — dimensional space in second part of Lilavati. In
this work, an attempt has been for obtaining the
Baudhayana numbers for N- dimensional space.

m™ power method for Generation of Baudhayana
numbers for N- dimensional space when number
of variables is known

For obtaining the Baudhayana number for N-
dimensional space, one has to utilize the following
formula: N=1+p (n-p)

where N isnumber of dimensions for which
one has to evaluate the Baudhayana numbers. p is
number of minus signs. n isthe number of variables
with which one has to obtain the Baudhayana
numbers for N- dimensional space . One has to
remember that N-1 should be divisible by pand N, p
and n are natural numbers. With the help of this
formula, one can get the expressions for Baudhayana
numbers. The expressions are presented in Table 1
for 2 to 6 dimensional spaces. The Sutras “Sankalan-

vyavakalanabhyam, Urdhwatiryagbhyam” and
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Upsutras “Anurupyena” (meaning thereby “by
addition and subtraction, vertically and crosswise”
and “by ratio”) of Vedic mathematics are used. It is
clear from the Table that there is only one set of
variables with different number (1 and N-1) of minus
signs (p<N) for 2, 3, 4, and 6 dimensional spaces.
There are two sets of variables with different number
of minus signs (p<N) for 5, dimensional spaces. It is
also clear from the table that using number of minus
signs 1 or N-1, one can obtain the Baudhayana
numbers for N- dimensional space with n variables.
These Baudhayana numbers are perfect Baudhayana
numbers because all assign an integral value.

CONCLUSION

It is clear from the preceding sections that in
obtaining the ‘solution of problems based on
geometry; one has to solve various equations only
on the basis of the right angled triangle. Basics of
problem related with geometry mainly lies on the
Baudhayana numbers. One can solve various tedious
problems using the fundamentals of Baudhayana
numbers. One can see that cos? a. =1, where a is the
angle between diagonal and i™ axis of N-dimensional
space. Using mth Power Method Generation of
Baudhayana Numbers for N-dimensional Space are
given in Table 1.Result for Six Dimensional space
are Given in Tables 2-6.In Table 2, 22Sets for 2-
Dimensional space Baudhayana numbers are Given.
In table 3, 50 Sets for 3-Dimensional space
Baudhayana numbers are given. When Numbers of
variables is not perfect integer, one can obtain perfect
Baudhayana numbers. In Table 4, 71 sets of
Baudhayana numbers are given for 4-Dimensional
space. In Table 5, 96 sets of Baudhayana numbers
are presented for 5-Dimensional space. In table 6,
105 Sets of Baudhayana numbers are shown for 6-
Dimensional space.
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Table 1- Formula for Generation of Baudhayana Numbers for N- dlmensmnal space
Formula: = 1+p (n-p)
Where n=No. of Variables, p= No. of minus signs, N= No. of Dimensions, m=Power
SiNo. 'n p =N
Baudhayana Numbers
1 2izidisd LAaSA® Haa), > an
2 3123 ara+a”, 20a)", 2@a)™, 2 a"a™a"-a", 2aa)™’, 2aa), Ya"
3 44 13 4a™ +a™+aa”, 2aa)* 2(aa)"? 2aa)y", Zai- 8" -a"-a"a" 2sa) 2an)?,

200 T

4 545 124 5 a ™-a," +a," +a "+a ™,
2(a,a)™*, 2(a,a)™, Y a™a"a"-a"-an-
S 66 15 6

2(a,2)*,2(2,2)™, 2(a,2)™ , 2(a,)™,
2(a,a,)™*,2(aa)™, 2(a,a )™, 2(a,a)m,

at+a ata \Qka "t+a ¥-a.", 2(aa)™?, 2(aa)v, 2(aa)"™? 2(a,a )™, 2(aa

Yara™a™+a™-a 5200 8",
34 e

s)mll, z aimalm_ azm -a3m 5

a -a"-a”™ 2(aa)™?;2(aa)",2aa)" 2(aa)™, 2(aa)™? > a"

Table 2- Dimension (N) = 2, No. of minus sign (p) = 1, No. of Variables (n) =2

1 F 243 4% 7 34 72425 13
85

2 1.3.-435 8 7. 247 25 14
85

3 2:3..5 12 13 9 45 940 41

39 80 89

- k5 125 13 10 37 20 21 2916
97

5 35 815 17 11 2 5 21 20 2917
6 4 215 8°17 12 5751235 3718
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. 6. 3512137 19 6 .7 13, 84
277 452853 20 2.9 977536
15 5. 6. 11 60 61 21 58

1 8 63 16 65 22 4.9 265172
4 7 333 56 65

3 8 5548 73
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Table 3- Baudhayana numbers for 3-dimensional space (N=3,p=1,n=3)

|8 [ e b b b 14 1178 32 1 833 27 1 2 867 4 16 69 40 247 61 16 28 69
240122 1253 15 1'.2'9.742 2 "9 43 28 1'1°9. 81° 2. 18 8341 742 -29 56 28 69
319973 67 2387 16 34154 512:3:13 29 1 3989 6 18 91 42 456 45 40 48 77
453 153446217 17 316 :14 3usil8 23 11300 35911 73 54 6 9143 5:6 4:27 60 40,77
511 4871 14:9 18 61 3+ <1356 18231 131193042 [F 124416 29 44 283 69
12.97

510

910
64 11-7 4 49 19 12/\/10, 209 12 95¢ 32 43,4499 11 394 #1909 45 3 8259
12. 77
TolL8 BRI b 6ol ] 20 1051 500 550 U0 975533 DLEAUS 3T 165 D0H4S 46 8 3 57
24 89
8§31 1-7-6 6 11 21 135 336 1035 3445 213 40 16 4547 384 71 48 24 89
9.1 2:504°2 5715 22 315317 6- 30735 43512643417 24+12:49.:48 285 85@32 MW 93
1001 146 18 1619 23 1-2 6" 39:-4.:12,41--+36 :6: 3 2:23;36:24: 4949 S 2@WV43
80 93
Ll 24 19 4 8 21 24 117 49 2 1451 377 31-39 42 14 59 50 852
-35 80 32 93 ]
12712 316 22/ 370623 25 137 57 6 1459 3846 329 45R4 6%
13 1287 26 2 7 27 26 317 41 6 4259 396 3 4 -1 3649861
Table 4- Baudhayana numbers for 4-dimensional space (N =4, p=1, n=4)
1 T el B Y 25 143775972941 31%5% 754 49 8671 1148 56 8 75
2 12901 4.9:9 1.5 26 1.6 7.8:74:6 1.8.75 50 2517.71204 28 79
3 395 11 35116 27 271 6197 2"12 291 51 9573145632782
4 1'1'3 3 913310 28 62 11 -15126 621 52 9348 427367285
5 R S N A e 29 161137122 248 53 9258 6 18 4572 87

V5 1545

6 421 584411 30 16 11371222 28 54 13/95 -4/N5 77 30 26 -8 87
7 629001274 1 31 251123204 431 55 5211 -1920 10 1031
8 G144 4013 32 12353746 1039 56 5321 -1130201039
9 SEITIIE PSS 514 33 5N10 -4/4N105/410 18/Y1034 -4 5 1839 573456 34 12 15 18 43
10 155 1T 913 51 1 14 34 75 31 -7485 2042 58 7121 -43 14 28 1455
1" 1 1:23:13 24615 35 1145 4182 81043 59 5N2 72 32 2 32 35 30-10 57
12 B35 073 E5 08 36 41 54011 8 (40 8 43 60 7321 -354228 1463
13 56063 11w7 5E155418 37 1 1477 92 W ss 61 4567 47 20 24 28 63
14 1s4 1sls 17 8:22 19 38 2QR 7 508 28 55 62 7456 14 28 35 42 63
15 471 1 s88 '8 8119 39 12376146 1463 635 18/5 2 24/5 15 36 20 48 65
16 14152652041 2 6 21 401 811 65 16 2 2 67 64Y(37/2) 25N(2/37)45/N62 -5V(2/37) 44 50 45 -10 81
17 715125 711 26 41 42 312 3N2 42 9 12121625 65 3599 73 15:21 27 82
18 70 11 237 77 26 42 51401 -710401043 66 3489 76 12 24 27 85
191 1 3 4252 6 8 27431742 13¥(2417)23/434, /=3/N(2/17)28 26 23 -6 4567V(61/2)  45/N12216V(2/61) 30N(2/61) 24 45 32 60 85
20 34119246627 44 9257 -112304253 68 2 53%.9 83.10 16,1887
21 13142562827 45 8372 -124561663 69 4589 7720 32 36 93
22 43 11 -524 8 347 46 1.156..61.2.10.12.63 70 9458 1236457293
23 11 34 287 68 2N 47710 17/N10 15410 -4/910 4334 30-8 6371  7/¥2 9N2 4/N2 Y250 63 56-14 99
24 1125 22 4\l 48 V(29/2) 41/N5819V(2/29) - 3/N(2/29) 40 41 38-6 69
Table S- Baudhayana numbers for S-dimensional space (N=5,p=1,n=5)
1 2714l 372 WK 1.3 BB 1.2 568, 64:2 5 6 :8.65 .65 4.5:67:7 24495202428 865
2 11 T3 2R 225 94 14579 845 7 986 66 2455 67 161 8 110 12-14 65
3 4111 1" RgR225 35 14689 984 6 8 999 67 92375 31827 63:45 84
4 12224622219 . 36-2:4111...15164:-4 4-2368 3-745 925 575:21-15 27:6- 84
5 2022 11 3440 9 7. 37 11115227 2.2 2 '10:2969 79145 37637 283586
6 Bi3el it 16e 00T e AR 1] U8 S 35098 0. 61103770 5:7-9 1 .:4.,61.35.45.5(20.86
7 A3 Lslalac] 62:2 27 39 3.1 1 1.5 519 6.6 .6 30. 37 71 45791 702028 364 86
8 i el A S e et R L) KT 07 1 o LR IS [ ¥ 7/ 46792 7772428368 93
9 32521663 3.3 8 41 2.1 150 6,35 4.4 4 .12 4373 24679 8 8 12 14 18 93
10 2l 156 b 1S 85 42 L1711 7,512,222 145374 91468 189 36 54 72 99
19 - L LT le4i 90 ol =124:10- 243 12 .3 4.5, .53 476 .8 110:5575 89146 35728 324899
12-6:1.1. 1 1.-83 3:3.3.10 44 .11 12 8.692:.2 4 16 7176 68914 6348 54 6 24 99
13 0519354 | 246811145 2 1: 1118263 44 4 18.71-77 46891 83 24 32 36 4 99
14 .3:1.1.11 -566.66:13 46 367122712 14 2..4:.3378 S=3 i =il 221 1010 11051029
15 T 0-13 112 22613477579 13" 2371418 2 6 %9 $3111 -13 301010 10 37
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486 1 2 455 6 12 24 30 41806 2 1 1 1-29 24

4/38/N3 813 57 12 8

6:7.2.4.5

59237

12 55924 5 6 7 879 2024 28 32 95
S¢S 6.7.31.32

10°65°

W e O 00 00 N O OO0 L W W WU iN YW & =W O WN==/®uW=LWN~NW-

BN -

N RN W N = NN A W BB WM NRNNNWWOYONY = =00 =W =N -

-45 14 14 14 14 53

29 42 12 24 30 65

855 6 72440 30 35 10

59 45 10 15 35 84

2v3 373 4/N38/V3
9246712 18 36 54

7924644 63

16 99

6792 457 42 54

93

94

95

©O
D

[ T,

O me N o N = O\~ B OO0 W NN e s e e e e e e e e e

- N e e v

I = e = N = d 00 N O e L) e e R e e e e e o e e e e e e e e

DD e ey e

T il e, e e R S

LI NS T OGRS e 1

N = U = e e =

6
|
6
7
I
1
1
8
I
8
9
1
1
1
1
1
6
5
3
2

1
3
1
I
1

359 40

3 67 30

78456 46 56
6784559 42

56784 7030

4722261249
3136 6 6 6 6 49
4288442450
5522 24,14 57
4928444457
44 42 6 6 6 6 62

-36 42141414 14 62

67 22 2 21669
5948 66 66 77
TS 2422 6 16 17
8722241889
81364444289
76 54 6 6 6 6 94
-34 279999 47
5 12¢120196"6123
<1914 1477730
89 4 6810 1291
28 21

73 24
83 12

83 15

441601020304091

46:.3002 2V \2i6 23 23 AT 2213

12 12 12 43

171 E1 34031 1341449 45612 2520244 8418171111
8. 31114.5333121450.24561 378 10122 4182¥3 . 613
190 21 Y 17127111714 51 N32) A

65 :

2001 12 5057 9172 51652 81.2456 18 1640 48 6584

21 51112 -9 5 55101653 V3/2) V6 7467 J(@2/3) 7N(2/3)78 6 7 14 14 81
65

22 8 11T 1"-1544441754 91457 59 364563 886

23 N2 1N 2. 2V2 - 2D 18 124419 55V3/2) 346 4 V(@2/3)8 V(2/3) 8V(2/3)96 3 8 16
87 75923353563 1421 84

24 1°r 1165191 1962056573861 251416 122 35 88
63 36 16 32 32 87

25 1:b.1,3.3.:19 2.2:6:6 .21 57 56,1 2-4 =16 30 5: 1020 41 89
93

20 421171 96 X222 36781 AL 14162 53 90
93 :

27 S1 112 4 21 29204 823500455 12 317723 40 8 16:24 55 91
93

2B INEAND B 2 2223 2 4 423 603451 23724306

29000 10197 93110 7-0%.... 61 G20l 345 | 47 12 16 20 4 55
48 56 95

3011 118 330 1) %34 62 8125 29 48 6 12 30 65
35 42 95

31 12456 402 45 641 .63 5.6:8 1.2 40 30 40 5
24 30 95

32 23759 403 7591 64 25681 61 1012 162 65
40 20 95

Table 6- Baudhayana numbers for 6-dimensional space (N=6,p=1, n=6)

1 1 11 21E1'113 36 111225 17 1497 2 S8 Ty
2 4211!1 -21:1113 37 2843111 1691 1 1 S 72
3 2401111 4411116 38 . L1135 183G | & 19 73
4 s B ] ) 6111132 39 $30:k1 1 -6 1595 5 19 74
5 311111 23333317 40 11014 19 2 2. 28R 2k 75
6 1 P11 t3 6k L) 37 41 411411 -11 8 888821 76
7 331111 223331337 42 1111288 21 111 2622 71
8 22 E 33 $23113317 43 1128023 224446 23 78
9 234111 6341118 44 11292 ¢ 2402 226 25 79
10 122221 8222219 45 i@kl 1 1§ 2 1 5727 80
1" 222211 5444229 48 7 191 7Y 27 777727 81
12 k)1 2 7222249 47 111 @4 252244 827 82
13 2.0 16 1444449 48 Al 1134 272226829 83
14 2201 1915 224:1'1-59 49 TGl 111 -324 888829 84
15 8 2 5 475 -7422229 50 Jipa 22 7 2911 2:2:7 30 85
16 437111 -32488882 51 ¥229'14 2288441630 86
17 331111 29 33 34y 52 111137 301137 31 87
18 3322%1 596683 14 53 Y11 1r28 3311128306 88
19 33922.11 59663314 54 L1l E9 421111943 89
20 333111 69l 3 35 55 911111 -3899999 43 90
21 41122 ) -14488815 56 111139 46 11 1 3.9:47 91
22 L1133 Wl | T3 11 57 135678 913567892 92
23 261111 9 S! 19l 58 5220111 7101055518 93
24 6kl 11} -7 6 W3 3 2l 59 220 173 1588441223 94
25 1 1 T Hil1124 12 60 228114 1984441627 95
26 112233 131223314 61 422111 -5 16 16 8 8 8 27 96
27 111333 1411333015 62 311114 1166662429 97
28 Fr1115 M4T1I1F1515 63 111125 3122 2410 33 98
29 511111 105555515 684 251111 2520444433 89
30 221117 132111715 65 311115 20 6 6 6 6 30 38 100
31 112224 141222415 66 112225 3724441039 101
32 111 23% 151123416 67 2221 1'S 31 884420 39 102
33 L1123 15222461 68 1 L1116 NT2321241 103
34 211113 944441217 69 111226 4522441247 104
35 321111 -112666617 70 221116 3984442447 105
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83

14 28

24 9315 46
48 8 16 24 91
30 36 6 12 91
16 20 24 4 91
354051592
18 21 24 3 92
-17.20 10 10 10 10 33
-11 20 20 20 10 10 39
1-3112 12 12 12 12 4)
1-2524 24 12
1-23 36 12 12
1-22 24 24 24
1-41 28 14 14
1-5916 16 16 16 16 69
1 -51 48 16 16 16 16 77
1-73 36 18 18 18 18 89
519 48 24 36 12 60 91

12 12 47
12 12 49
12125
14 14 5

16 16 63
6 5/V65 V(2/3) 5V(2/3)42 6 5 10 10 45837 24 5 6 16 14 28 35 42

20

63

42

24

40

28

48

112
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