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Abstract: Cubes that sum up to another cube have been determined in this research paper. There is no upper limit on the
number of adding cubes in integer form, however, lower limit is four in view of Fermat Last theorem. Concept behind the cubes
which add up to give another cube, is that these cubes can always be represented by a cubic equation say in variable x and this
is then transformed to linear equation by equating coefficient of x square to zero and also after self-cancellation of terms
containing x cube. Self-cancellation of x cube terms is feasible only if total number of cubes is even. Since number of terms is
not necessarily even, therefore, a formula has been devised for determining equation that helps cancellation of x cube terms.
This equation called seed or empirical equation then populates cubes in integer form. Not limiting to determining such cubes,
parametrisation that leads to results, has been determined. Research papers starts with basic mathematics and ends up in
sophisticated results. Hence, unlike other papers, it is considered easily comprehensible to scholars and students alike.
Keywords: integers, rational quantity, cubic equation, linear, taxicab and cab taxi numbers, diophantine

1. INTRODUCTION
A rational and real quantity say n can always be expressed as
n=ax+A (M
where 3, x and A are rational and real quantities which can be assigned infinite rational real values to satisfy n = a.x + A.
Forexample, nsay 5 can be expressedas5=2.(2) +1=1.(2)+3=10-5.(1) = % 3)+ % =— {% (-4) - g} like
wise.
Lemma 1: A rational and real quantity n can always be expressed asn = a.x + A where a,x and A are rational quantities.
If ais fixed, even then x and A can have infinite rational real values that satisfy above said equation. If a and x are fixed then
A also gets fixed at one and only one value.
If rational quantities X, Y, Z and W satisfy relation X3 + Y3 + X3 = W3, then using lemma 1, the relation can be written
as a3.x3 + (ag.x + Ay)3 + (A; —a,.x)% = (a;.x + A,)3where aj,a,,A,, Azand A, are real rational values
assigned by us. For solving this cubic equation, X, Y, Z and W are written using lemma 1, so that terms containing x3 may
cancel each each other. After expansion, a3.x3 + (az.x + A)3 + (A3 — a,.x)% = (a;.x + A,)3is reduced to a
quadratic equation written below
2 (.2 2 .2 2 2 _ 2y _ Ai-A3-A3
x“.(a5.A, + a5.A3 —aj.Ay) +x.(a5.A5 —a,.A5 —a,.Ay) = e

2)

and has roots,

Ap.+ad.Az-aZ.Ay)(A3-A3-A3)

: (3)

2

2
a;.A2+a,.A%—a, A2+ J(alAﬁ+a2.A§—a2.A§) +a (22
2.(3%.A2 +a%.A3 —a%.A4)

X =

For roots to be real and rational, quantity under square root must be a whole square and that requires careful selection of
aq,a,,A,, Azand A,. Itis cumbersome to have those particular values of a;, a5, A,, Az and A,4. To obviate this
difficulty, coefficient of x2 is made zero to make it a linear equation. That is (a%. A, + a3.A; — a3.A,) = 0.

2
Or A, = Z—; (A, + A3) (4)
1
That makes
_ A3+A3-A3
X= 3.{;1-Aﬁ+az-(A§—A%)}. , ©)
as(A3+A3-A3) az.(A3+A3-A)
Therefore {3.(a1.Aﬁ+a2.A§—a2.A%). 3.(a;.A%+a,.A%-a,.A%). + A,

_ ay(A3+A}-ad) }3 _ { a; (A3 +A3-A3) }3
+ {A3 3.(a;.A2+a,.A2-a,.A2).)  (3.(ar.AZ+a,.A%-a,.A2). + A, (6)
2. THEORY AND CONCEPT

2
Lemma 2: a3.x3 + (ay.x + Az)3 + (A3 — a,.x)3 always equals to (a;.x + A,)3 when A, = Z—j (A, +A3),x =
1

A3+A3-A3
3.{a1.Aj+a,.(A5-A%)}.

andaj,a,, A,, As, A, arereal and rational quantities.
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On assigning different values to a;,a,, A,, Az and A, and also Ay, satisfying equation (4), different sets of numbers

like those of Taxicab and Cab taxi are generated after normalisation. Here normalisation means multiplying each term
with least common multiplier LCM so as to make these integers. Some of these numbers satisfying equation (4) are given

in Table 1 and Table 2.

Table 1. Numbers Satisfying Taxicab Relation
Normalised

Normalised

X3 +Y3 w3 — 73
1 2 |1 3 5/2 11/8 207/16 4143 4 2553 4363 4+ 1673
2 2 |1 11/4 5/2 21/16 2221/416 44423 4 33653 11813 + 49883
3 2 |1 3 11/4 23/16 887/160 17743 + 13673 4473 4+ 20043
4 1T -2 3 -4 -4 9/2 93 + 103 123 +13
5 2 |1 11/5 9/5 1 129/10 2583 4+ 1513 1113 + 2683
6 2 |1 21/10 19/10 1 21/5 843 + 633 233 + 943
7 2 |1 41/20 39/20 1 501/160 10023 + 8293 1893 + 11623
8 2 |1 51/25 49/25 1 149/50 2983 + 2513 513 + 3483
9 2 |1 43/20 37/20 1 509/80 10183 + 6813 3613 + 10983
10 2 |1 17/8 15/8 1 81/16 1623 + 1153 513 + 1783
1 2 1 33/16 31/16 1 107/32 2143 + 1733 453 4+ 2463
12 2 |1 81/40 79/40 1 667/240 13342 + 11533 1933 + 15743
13 2 |1 101/50 99/50 1 1563/575 62523 + 54493 8493 4 74023
4 | 2 |1 65/32 63/32 1 183/64 3663 + 3133 573 + 4303
15 2 1 129/64 127/64 1 1707/640 34143 + 29973 4373 + 40543

Table 2. Numbers Satisfying Cab-taxi Relation

Unnormalise Normalised Normalised
dx X3 +Y3 w3 — 73

1 1 2 3 1 16 1133 + 1663 2463 — 2073
2 1 2 3 ) 4 53 + 43 63 — 33
3 1 2 3 -4 -4 3/10 33 + 36° 463 — 373
4 1 2 3 -5 -8 23/16 233 4 943 1263 — 1053
5 1 2 3 -1 8 -27/8 273 + 303 463 — 373
6 1 2 3 -1/2 10 -173/44 1733 + 2143 3243 — 2673
7 1 2 3 -6 -12 57/22 57° + 1803 2463 — 2073
8 1 -2 3 1 16 -339/68 —3393 4 8823 6103 + 7493
9 1 -2 3 -2 4 -15/26 153 4+ 823 1083 — 893
10 1 -2 3 5 -8 69/16 69°% + 583 903 — 593
11 1 -2 3 -1 8 -81/40 —813 + 2823 2393 + 2023
12 1 -2 3 12 10 -519/188 —529% + 16023 11323 4+ 13613
13 1 -2 3 2 -4 15/26 1083 — 153 893 + 823
14 -1 ) ) 4 8 19/11 193 + 603 823 — 693
15 1 3 1 -2 9 361/135 3613 + 12183 13533 — 8543

— Algebraic sum of cubes that equals another cube in integer form when number of terms are even

While generating numbers of the like of Taxicab and Cab taxi, only four terms were considered, now formulae for
generating sum of cubes that equals another cube when number of terms are more than four will be considered. In the
first instance, number of terms say n which is even will be considered. Let us say X3 + X3 + X3 + X3 + X3 = X2 where
X4, X5, X3, ... Xg all are integers positive or negative. Using lemma 1, let X; = a;.x+ Ay, X; = az.x+A,, X3 = A; —

dy. X,
quantities. Then

X4 = a4.X + A4_, XS = A5 - 34.X, X6 = al.X + A6 Where Al' A2, A3, A4_,A5, A6' al, az, 34 are r€a| aﬂd rathI’]a'

(@ x+ A3+ (A x+ A3 + (A; —a,.x)3 + (A x + A3 + (Ag — a,.x)3 = (ag. x + Ag)3.

On expanding,

3.x%(a%.A; +a3.A, + a%.A; + a3 A, +aZ. A —a2.Ag) +3.x(a;. A2 +a,.A%2 —a,.A% +a,. A% —a,.AZ —a;.A2)
=A3 — (AT + A3 + A3 + A5 +AY).
For making coefficient of x2 equal to zero,

Then

a5.x)% = (a;.x + Ag)3
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3.X2{a%.A1 + a%. (AZ + A3) + 3421_. (A4 + A5) + aé. (A6 + A7) - a%.Ag}
+ 3.x{a;. A2 + a,. (A% — A%) + a,. (A% — A2) + ag. (A2 — A2) —a,. A%}
=A}— (A3 +A3+A3+A5+A%+ A2+ A3).
and Aw = A. + {a3.(A2+As)+al (As+As)}+ag(As+Ay) A-(AF+AS+A3+AT+AZ+AS +A3)
8 af ’ 3{a;.(A1-AF)+az(AF-AF)+a,.(Af-A%)+as (A2 -A7)}
Generalisingitforevenn, (a;.x + A1) + (a,. x + A,)3 + (A3 —a,. %)% + (A x + Ay)® + (As —a,.x)3 + -+ (Ap_; —
a,_5.x)% = (a;.x+A,)3 then

An=A1+

{a3.(Az+A3)+a] (A4 +As)}+ag(Ag+A7)+-af _».(An_p +An—1)
ai
g = Ad-(A3+A3+A3++A3_ )
3.{a1.(A2-A2)+a,(A%-AZ)+ +an_o.(AZ_,—A%_;)}
. A3 — (A3 + A3+ A3+ +A3) 3
3.{a,. (A2 — A2) +a,(1A3 — A2) + -+ a,_,. (A2, — A2_))}

, ©)

and

+A

ila, A3 — (A3 + A3+ A3+ +A3_) A r
“%'3.{a;. (A2 — A2) +a,(A2 — A%) + - +ap_, (A2, —A2_))}  °
] 3.{a;. (A7 —AZ) + a,(AZ — A%2) + -+ a,_,. (A2, — A2_))} ,
3 3 3 3.4 ... 3
+ [Ap-1 — an—2-3 (a,. (AZ _Alz; T ;(AAEA—}Z_ ézA—}z_)Aj_ + +:An_z)Az A2 )}] =
. 1 1 n 2 2 3 n—-2+ n-2 n-1

Ad-(A3+A3+A3++A3_)) 3
ajz. 2_ A2 2_A2)\4... 2 _ A2 +An (H)
3{a;1.(Af-Af)+az(A3-A%)++an_.(AR_,-A]_1)}
On the basis of the above said formula, for some even values of n, equations of sum of cubes those equal an another cube
are given in the Table 3.

Table 3. Sum of cubes that equals an another cube

Value of . :
r?uurit?ernocf)r Values of a's And A's Unnormalised Normalised Sum Of Cubes
rerme Value Of x X+X3+X3+-+X3_,=X3
¢ A=14,= _1'A3_=3 i.A4_=14—§.A_5 La 2717 —20693 — 60823 + 67303 — 94973
- ’ 6 - ) 1 - 4 2 - 3 = 3
—oa =3 648 +100953% = 6535
A1 = 1,A2 = _1,A3 = 2,A4 = _Z,As
= 3’A6 3 3 3 3
1729643 + 327873 + 22605° — 51998
=3 A, = 29393
8 1§'A7 4 A + 1073903 — 1367833
=St =4 =3, 55392 +192175°% = 2214323
=2,a6 = 1.
A= o= =LA 22 A =24 48710° + 15613% — 26383 — 45093
— 9,14¢g 3 3
+17484° — 24631
10 =T3A =R 7147 + 376063
= —4,A0 = 5,A10 = =, 12975 — 4475334577283
— 3
=5,a, =4,a, = 3,34 = 64280
Ay =1A,=-1A; =2,A, = —2,A,
=3,A,
IO ~1218% + 1103 + 334% — 573 + 5013
5 =—4,Aq = 5,Aq9 ; 277 — 2243 + 6683
=—5Au =6A; =7, 444 — 391348353
_ 3 3 _— _ 3
2y = —6,a, = 2,a, 5583+1002% = —108
= 3,36 = 4’,38 = 5,310
=6
Ay =0A, =—1A; =2,A, = —2,As
= 3, A6
=34, =4 A —1233 + 243 + 343 + 73 + 513 — 103 + 683
= ~hA=5A 41 —27°+85% — 443
14 =—5,A1; = 6,A; p 3 3 3
+1023+4213 — 79
=—6,A;3=5A; =1, 58 = —653
= _3,32 = 2,34 = 3,36
= 4, dg = 5, dip9 = 6,312
=9.
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Ay =0,A, =-1,A; =2,A, = —2,A;s
=3,A6
=-3,A; = 4,Ag
=—4,Aq =5,A;, —693 + 143 + 183 + 53 + 273 — 43 + 363
6 =—5A;; =6,A;, 23 —133+445°% — 223
=—6,A13=7A1 32 +54°-313 4+ 63% + 293
=—7, Ais=6A15=2, —-61% =53
=-3,a, = 2,8, = 3,34
=4,ag = 5,29 = 6,a;,
=7a;4 =11
Ay =0,A; =—1,A3 =2,A, = —2,A;s
=3,A6
_ :1'27 _ ‘5"28 —1% — 6323 + 1262% — 1263° + 18933
o E A =6 A — 1894 4 25243
Al A" 1 — 2525343155% — 31563
18 Iy -3 +3786%-3787° + 4417°
__g A1715= 7 A =7 — 4418° + 5048°
’ ' ’ —5054% + 44243
=1,a;, =2,a4 = 3,34 — 244093
=4,ag =5,a;0 = 6,2, =44
=7,a14 =8,
a6 = 14.
Ay =0,A, =-1,A; =2,A, = —2,As
=3,Aq
=-3,A; = 4,Ag
= —4,A9 =5,A
_ :2’ 211 _ ?'212 —-8% — 3% +14% — 10° + 21% — 17° + 283
7 A —8A —24°+35% - 313
20 B A AL T +423-383 +49% — 453
—_q A19'=188 + 562 - 5233 + 633 — 353
Ay=7,  a +24° =69
=-—2,a, = 2,3, = 3,34
=4,ag = 5,a;9 = 6,a;,
=7,a14 =28,
a1 = 9,214 = 16.

— Algebraic sum of cubes that equals another cube in integer form when number of terms are even or odd
It is not always the case that 'n" is even, it may be odd also. To take care of that a method has been devised whereby an
empirical equation is found and that equation is then utilised to further find sum of cubes that equals another cube.
Lemma 3: If m is a positive integer such that n — 1 lies between (m — 1)3 and m3 then (m + p)3 — (n — 1) can
always equal x,.(7) 4 X3.(26) + X4.(63) + -+ + x.. (k3 — 1) where X, X3,... Xy and p are positive integers
(including zero) such that (x; + X3 + X, + -+ x) < (n — 1).
Lemma 4: If m is an integer such that n — 1 lies between (m — 1)3and m3 and (m+p)> —(n—1) =x,.(7) +
X3.(26) + X4.(63) + - +xp. (k3 — Dthen (m + p)? = x4. (12) + X5. (22) + X3. (3%) + X4. (4%) + -+ + Xy (k?) where
X1 X, X3, ... X and p are positive integers (including zero) such that (x, + X3 + X4 + -+ %) < (n — 1) and
(X +%x, +x3++x)=(n-1)
Proof: It is obvious from lemma 3 and 4 that sum of cubes may have terms that repeat but final equation generated from
it, will have terms differing from one another unless our requirement demands otherwise. Let there be all unit cubes, then
13+ 13+13%..upton—1terms =n—1
We will find positive integer ‘m’ so that (n — 1) lies between (m — 1)3 and m3. Thatis (n — 1) > (m — 1)® and (n —
1) < m3. Value of m can thus always be determined and with that determination, value of m3 — (n — 1) which is
always positive integer since m and n are both positive and integers, can always be found. For generalised form, we take
(m + p)3 — (n — 1) where pis any positive integer 0, 1,2, 3.....50 on. Obviously, (m + p)3 — (n — 1) will again be

positive integer. Putting (m + p)3 — (n — 1) in identity (12), we get

(m+p)®—(13+13+13%.upton—1terms) = (m+p)> —(n—1) (1
let(m+p)>—(—1) = x,.(7) +x3.(26) + x,4.(63) + - x. (k3 = 1) (1
wherex, X3, Xy, ... Xy are positive integersincluding O such that (x, + X3 + x4 + - + X)) < (n — 1).Equation (14)

(12)

3
4
4

)
)

is always achievable by increasing value of p from 0 to 1to 2 to 3 so on till it is satisfied. That proves lemma 3. On putting

the value of (m + p)3 — (n — 1) from equation (14) into equation (13),

(m+p)® — (13 + 13 + 13..upton — 1 terms) = x,. (7) + X3. (26) + x4. (63) + - x3.. (k3 — 1).
On rearranging,
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(m+p)? = (x1). (1%) +%5. (2°) + (X3). (3%) + (x4)- (4°) + -+ (x1). (k?) (15)
where x; = {(n — 1) — (x5 + X3 + X4 + -+ + x)} and can have any integer value including 0. That makes
X+ Xy +X3+Xg+ o+ X =n—1 (15/1)

Derivations of equations (15) and (15/1) prove lemma 4. On splitting up, equation (15) can be written as
(m+p)% =13+ 13 + 13 + .- repeated x, times | +
(23 + 23 + 23 + ---repeated x, times) +

(3% + 3% + 33 + ---repeated x5 times) + -

+ (k3 + k3 + k3 + --- repeated xy times) (16)
Left hand side of equation (16) has a perfect cube (m + p)3 and right hand side has sum of cubes of (n — 1) terms,
therefore, total number of terms are n and it fulfils all essential ingredients to be sum of cubes equalling another cube
when number of terms is n. Given below in Table 4 are some of such seed equations where n varies from 4 to 103, We
have given a single seed equation for different n although there can be infinite number of such equations as the value of

pis increased.
Table 4. Seed Equations For Different Value Of Integers ‘n’.

n m+p (m+p)3 = x;. (13) + x,.(2%) + %3.(33) + - x. (K3)
3 According to Fermat's last theorem, a® can never be equal to b® + c3for integer value of a, b and c.
4 2+ 4 6= 1.3 +1.(4® +1.(5%)

5 2+5 73 =2.(1>)+1.(5%) + 1.(6%)

6 242 43=2.(13+1.02%+2@3%

7 2+1 33 =3.(13)+3.(2%

8 244 63=2.(1)+1.023+3.33)+1(3

10 3+5 83 = 2.(13) +3.(23) +2.(3%) + 2.(6%)

11 3+1 43 =513 +4.(2% +1.(3%)

12 3+2 53=4.(13)+5.23+1.(3%) + 1.(4%)

13 3+1 43 =10.(13) + 2.(3%®)

14 3+0 33 = 11.(13) + 2.(23)

15 3+2 53=9.(13)+1.(23) + 4.(3%)

20 3+2 53 =12.(13) + 4.(23) + 3.(33)

30 440 43 =24.(13) +5.(2%)

50 442 63 = 44.(13) + 4.(3%) + 1. (4%)

100 54+0 53 =98.(1%) + 1.(3%)

500 8+1 93 = 493, (13) 4 4.(33) + 2.(43)
1000 | 10+1 113 = 989.(1%) + 4. (2%) +2.(33) + 4.(4®)

— A populating equation of sum of cubes equalling another cube from seed equation
Lemma 6: When integer n >3, m is a positive integer such that n—1 lies between (m — 1)3 and m3, p,
X1,Xp,X3 ... Xk are positive integers,
{(all, 312,313, ...alxl), (321, 322, 323, ...azxz), (331, a32, a33, ...a3X3) ...(akl, akz, ak3, ...aka)} are real
rational quantities assigned and (m + p)® = x4. (13) + x,. (23) + x3. (3%) + x4. (43) + - + xi.. (k*) then
{(x+a;1)° + (x+a;5)° + (x+a3) + ...upto (x + a1x1) }+
3
{(Z.X +a1)% + (2x+a)% + (2.x+azs) + - upto (2.x + ag,) } +
{(3.x +a3)% + (3.x+az)® + (3.x+az3)*+ ..upto (3.x+ a3x3)3 } +
3
{(k.x +ag)® + (kx+ag)d+ (kx+ag)d+ ..upto (kx+ akxk) } ={(m+ p).x+a}?
and after normalisation gives integer values of cubes provided ‘a’ has value equal to
{(all“'alz+313+"'+alxl)+22.(321+322+az3+"'+32X2)+32.(a31+a32+a33+"'+a3x3)+"'+k2.(ak1+ak2+ak3+"'+akxk)}
(m+p)?

and x has value equal to
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
[a —{(a11+a12+a13+-~-+a1X1)+(a21+a22+a23+-~-+a2X2)+(a31+a32+a33+---+a3x3)+---+(ak1+ak2+ak3+---akxk)}]

3.{(a%1+a§2+a§3+--~a§xl)+2.(a§1+a%2+a§3+---a%X2)+3.(a§1+a§2+a§3+-~-a%XS)+---+k.(alz(1+a]2(2+a12<3+--~alz<xk)—(m+p).a2}
Proof: To utilise seed equation of sum of cubes that equals another cube given by equation (16), using lemma 1, we will
write the terms
x1(13)i.e (13 + 13 + 13 + --- repeated x, times) as
{(x +a;)}+®+a)d+&+a)d+ - +(x + a1x1) 3},
X5. (23) i.e. (2% + 23 + 23 + --- repeated x, times) as
{(Z.X +a5)° + (2.x+a.)% + (2.x+a53)° + - +(2.x + ayy,) 3},
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x3.(3%)ie. (3% + 3% + 33 + ---repeated x5 times) as
{(3.x +a3)% + (B.x+as)? + B.x+as3)® + - +(3.x+az,) 3},
X (k%) ie. (k3 + k3 + k3 + -+ repeated x,times) as
{(k.x +ap)® + (kx+ag)® + (kx+agg)d+ - +(kx+ akxk) 3},
and term (m + p)3 as single term {(m + p).x + a}3. Then
{(x +a;1)% + (x+a2)° + (x+a)® + - H(x+agy,) 3} + {(z.x +a,)° + (2.x+a)  + 2.x+a)° + -+
(2.x+ ay,) 3} + {(3.x +a3)° + B.x+az)?+ (B.x+az3)* + -+ (3.x+az,) 3} 4+t {(k.x +a)®+
kex+a)’+kx+ag)d+-+ (k.x + akxk) 3} ={(m+p).x+a}? (17)
On expanding and arranging, coefficients of x3 will cancel as (m + p)3 = x;. (13) + x,. (2%) + x3. (3%) + x,4. (4%) +
-+ + % (k) and we will be left with equation,
3.x%{(a11 + arp + Ay + - +any, ) + 2% (az; + Ay, +ay3 + - +agy, ) + 3% (azy +azy +azz + o +agy, ) + o
+ K2 (A + ag, + ags + - gy )}
+3.x.{(a%; + a2, +a; + - +a§xl) +2.(ad  +ad, +ads + +a§X2)
+3.(a3; +af; + a3 + - +ady, ) + -+ k(af, +af, +afs +af )} +
{(@} +ad, +ads + - +ad, )+ (a3, +ad, +ads + - +ady, )+ (ady +ad, +ads + - +ad, )+ +
(aby +ai, +ajs + - afy, )} = 3.x%. (m + p)%.a+ 3.x.(m + p).a* + a°
This is a quadratic equation in x and has two roots. To obviate the possibility of irrational roots of this quadratic equation,
it is reduced to linear equation by equating coefficient of x2 to zero. That is
{(a11 + a2 +ags + - +ag, ) + 2% (ag; +agy +ay3 + - +agy,) + 3% (a31 + azy + azz + - +azy,)
+ o+ k% (g +agy +ags + - Fag )} = (m+p)ia
Or ‘@’ on right hand side must be equal to
{(all+alz+al3+---+alxl)+22.(321+azz+az3+---+aZXZ)+32.(a31+a32+333+--~+agx3)+~--+k2.(ak1+ak2+ak3+~--+akxk)}

(m+p)2 (18)

Then x equals
[a3—{(a§1+a§2+a§3+-~-+aixl)+(a§1+a§2+a§3+-~-+a§X2)+(a§1+a§2+a§3+~-~+a§x3)+---+(ai1+a§2+a1§3+---al3<xk)}] 19
3.{(a§1+a§2+a%3+---a§xl)+2.(a§1+a%2+a%3+---a%xz)+3.(a§1+a§2+a§3+-~-a§x3)+---+k.(a12(1+ai2+a12(3+--~alz(xk)—(m+p).a2}\
Where{(all,alz,am, ---a1x1); (321;322;323» ---32x2)r (331» dzz, 433, "'a3X3) (akpakz; aks, "-akxk)}r are
real rational quantities assigned by us, values of m and p are known from seed equation and value of ‘a’ is found by using
equation (18). When x is determined according to equation (19),values of cubes are given after normalisation of equation
(17) by multiplying with LCM. Itis stated that ayy, denotes xth term of k3, thatis k3 is repeatedly added x times and
gy 1S 1S Xy th term.

To illustrate the formulae (19) so derived, an example is given for finding values of cubes when n = 4. That means n —

1 1 1
1 = 3 and 33 must lie between (m — 1) and m. Or positive integer m must lie between (35 + 1) and 3s. Since 21is

1 1
the integer that lies between (35 + 1) and 33, therefore, m = 2. Now (m+p)3  —(n—1) whenp=0ie23 -3 =

5, is not expressible as x,. (7) + x3. (26) + x4. (63) + -+ x. (k3 — 1), therefore trying for p = 2, or 3 so on, it is found
thatatp=4, (m+p)* —(n—1)=63 —3 = 213 = 1.(26) + 1.(63) + 1. (125). Or63 = 33 + 43 + 53,

1\3
2 42,22 =) —(1-1+1)
Leta31=1,a41=—1,351=1thena=¥=l,x= {(2) } 7 =—iaﬂd
6 2 3{3.12+4-.(—1)2+5.12—6.(%) } 36
(B.x+a3)3+ (4.x+a,)3+(5.x+asy)3 =(6.x+a)d
On putting the values of azy =1,a4; = —1,a5; = —1,a= %,x = —%, and after normalising, 33% — 403 +
313 =123

Based on seed equation, 63 = 1.(33) + 1. (43) + 1. (53), a number of equations, from
(B.x+az)3+ (4.x+ay)?+(5.x+ag;)? =(6.x+a)3
32.a3,+4%.a,,+5%.a5;

" where

can be obtained by assigning values to agq, 41, g1 in such a way thata =

3 3 3 3
a” —azp —az; —Aagg

*73 (3.a%; + 4.a5, +5.a%, — 6.a2)
Equations those are of the form X3 + Y3 = W3 + Z3 that is like Taxicab Numbers are given in Table 5 and those of the
form X3 + Y3 = W3 — Z3 that is like Cab Taxi Number are given in Table 6.
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Table 5. Sum of cubes of the form Taxicab Numberie. X3 + Y3 = W3 4+ Z3

Calculat

Calculated X’

Normalised

(B.x+az)3+@.x+a)+(G.x+as)? =(6.x+a)3

1 1 -1 1 1/2 -1/36 333 —40% +313 =123

2 1 -1 -1 -8/9 31/2268 23613 — 21443 — 21133 = —18303
3 -1 -1 -1 -25/18 1871/7452 —18423 + 323 + 19033 = 8763

4 1 -2 2 3/4 -37/6840 67283 — 138283 + 134953 = 49083
5 2 1 -1 1/4 -511/3960 63873 + 1916° — 65153 = 20763
6 -3 1 -1 -1 13/45 —96% 4+ 973 + 20% = 333

7 3 1 -2 1/2 -225/828 1839% — 323 - 1903 = —876°

8 3 2 2 -5/4 1603/109296 —260793 + 270043 — 125773 = —32523
9 -4 1 -4 -10/3 347/756 —19833 + 21443 — 12893 = —4383
10 | 4| -1 4 4/3 1/108 —429% — 1043 + 4373 = 1503

11 -5 -1 1 -1 62/117 —399% + 1313 + 4273 = 2553

12 5 -3 3 2 -13/44 1813 — 1843 + 673 = 103

13 | -7 1 -1 -2 335/396 —17673 + 17363 + 12793 = 12183
14 | -7 | -1 1 -3/2 143/180 —8313% 4 3923 + 8953 = 5883

Table 6. Sum of cubes of the form Cab taxi Numberie. X3 + Y3 = W3 — 73

Calculat

)

Calculated X’

Normalised

(3.x+a3)3+ (4.x+ay)%+(5.x+ag;)?=(6.x+a)

1 1 1 -1 0 -1/36 333 + 323 —413 = -63

2 -1 2|2 1/4 65/7416 —72213 — 145723 + 151573 = 22443
3 2 -1 1 3/4 -485/3384 53133 — 53243 4+ 9593 = —3723

4 3 2 | -2 1/4 -1727/12024 308913 + 17140% — 326833 = —7356°
5 -4 -1 4 4/3 1/108 —4293 — 1043 + 4373 = 1503

6 -5 33 -1/2 111/412 —17273 — 7923 4+ 17913 = 4603

7 4 9 0 5 -334/333 330°% + 1661° — 1670% = —3393

8 16 9 0 8 -4313/2124 210453 + 18643 — 215653 = —8886°
9 12 9 0 7 -151/99 7353 + 2873-755% = —2133

10 6 9 0 11/2 -6229/6012 173853 + 291923 — 311453 = —43083

In the same way, using corresponding seed equation from Table 4 and also equations (18) and (19), values of ‘a’ and X’
can be found out. Putting values of ‘a"and X’ so obtained in equation (17) and thereafter, multiplying with LCM, sum of
cubes of n terms that equals another cube in integer form is obtained. Sums of such cubes for different values of n are

givenin Table 7.

Table 7. Sum of cubes that equals another cube for varying ‘'n.

S. No. of seed
equation as Normalised X3 + X3 + X3 + - X3_, =
R Values Of ay; i 2,003 =1l
given in Xn
Table4
4 azs = 8,341 = 1,a5; = —4. -1/3 -866/1593 101463 — 18713 — 107023 = —57273
_ _ _ —_ _ 3 _ 3 _ 3 3
; an=law=-Lan=23a | 55 | jo3ogne | 306177 - 258317 — 444837 + 42587
=1. = 8687
6 = Lap =—1ay = 43, 1 712 53 — 193 + 343 — 93 —33% = —163
=1la3;, = -1
a;; =lLap =—lajz= 2,ay 3 _ 413 3 _q93 _ 3 3
7 = —2,a,, By 19/60 79 41° + 139 82 ; 142° + 38
= —63
= —3,a,3 =0.
=B = b = 2an 2153% — 1483% + 18823 + 2823
8 s 12 | 2711212 32373 — 8133
0. — 13553 = —1020°
=0, dgq = 0.
a;; =Lagp =—lay = 4ay
=5,a,3 3453 — 6793 + 17143 + 22263 — 8463
=—1,as, ) + 15473 — 25493
10 o 12 167/512 ol
= —4,4, = ~1080°
=186, =—1
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ajp = Lag, =—la;3 = 2,a;,
= _2, dis
= 3, die
=-3,a17
= 4’, dig = _4', dqg
= 0, dzq = 0, dzq
= 1, dzp = 2, ds3
= _3, dzyq = 0.

117

183 — 163 + 353 — 333 + 523 — 503
+693 —673 +13 +23
+ 203 + 373 — 483
+33 =753

20

a;3 =lLap =—-Lapz = 2,a;
= —2, dis
= 3,346
=-3,ay7
=4,a;3 = —4,a49
=5,a119
= —5,a111
6,312 0
—6,a,1

3/122

1253 — 1193 + 2473 — 2413 + 3693
—363% + 4913 — 4853
+613% — 6073 + 7353
—729% +128% — 1163
+ 2503 — 2383+ 1313

1,a,,

—1,a,3

2,84

= —2,331
=1,a3, = 2,a33
= —3'

+253% - 3573 = 153

To demonstrate veracity of formula (17), (18) and (19) for higher n, some sum of cubes that equals another cube are given
in Table 8. Again it is stated, a seed equation corresponding to the value of 'n"is chosen from Table 4, values are assigned

to relevant

{(311' dip,di3, - alxl)' (321: a2,a23, - asz)' (331' dzp, dzz, .- 33X3) (akl' gy, A3, - akxk)]r
value of ‘a’ is computed from equation (18), value of x from equation (19). Putting these values in equation (17) and
multiplying these with LCM give the sum of cubes equal to another cube in integer form.

Table 8. Sum of cubes that equals another cube when 'n" equals 50 and 100

n Number Of Terms = 50
a;; = Lapy = —laj;z = 2,814 = —2,a55 = 3,83 = —3,817 = 4,213 = —4, 259 = 5,815 = —5,a113
=6,a112 = —=6,a133 = 7,8114 = —7,a115 = 8,136 = —8,a117 = 9,a118 = =9, 2119
=10,a159 = —10,a12; = 11,812, = 11,8553 = 12,8554 = —12,3555 = 13,2536
=—13,a157 = 14,2123 = —14,a539 = 15,2130 = —15,8131 = 16,3135 = —16,a;33
=17,a134 = —17,a135 = 18,a13¢ = —18,a137 = 19,2138 = —19,a139 = 20,3149
= —20,a141 = 21,14y = —21,a443 = 22,2144 = —22,a31 = 1,83, = 2,a33 = 3,33,
= —6,a41 = 0.
a 0
X 1/129
Normalised 1303 — 1283 + 2593 — 2573 + 3883 — 3863 + 5173 — 5153 + 6463 — 6443 + 7753 — 7733 + 9043 — 9023
X3+ X3+ +1033% — 10313+ 11623 — 11603 + 12913 — 12893 + 14203 — 14183 + 15493
Xg + — 15473 + 1678% — 16763 + 18073 — 18053 + 1936% — 19343 + 20653 — 20633
X3 . = + 21943 — 21923+ 23233 — 23213 — 24523 — 24503 + 25813 — 25793 + 27103
§§1 —2708% + 28393 — 28373 + 1323 + 2613 + 3903 — 7713 + 43 = 63
n
n Number Of Terms = 100
a ayy =lap =—-la;z= 2,a;,=—2a5 =3,a1;6 = —3,817 = 4,815 = —4,819 = 5,311 = =5, 8113
=6,a112 = —6,3113 = 7,8114 = —7,a115 = 8,a116 = —8,8117 = 9,8118 = =9 a119
=10,a1590 = —10,a121 = 11,215, = —11,a453 = 12,2154, = —12,a1,5 = 13,a15¢
= —13,a;137 = 14,8138 = —14,8159 = 15,2130 = —15,a33; = 16,253, = —16,2;33
=17,a134 = —17,a135 = 18,2136 = —18,a137 = 19,3533 = —19,a139 = 20,214
= —20,a141 = 21,a14p = —21,8143 = 22,8144 = —22,2145 = 23,814 = —23,2147
= 24,2148 = —24,a149 = 25,8150 = —25,a151 = 26,215, = —26,a553 = 27,8554
= —27,a355 = 28,8356 = —28,8157 = 0,a158 = 50,159 = 30,2160 = =30, 2161
=3l,a15; = —31,a143 = 32,2164 = —32,2165 = 33,2166 = —33,3167 = 34,263
= —34,a169 = 35,2170 = 35,8171 = 36,837, = —36,3173 = 37,2174 = —37,28;175
= 38,2176 = —38,a177 = 39,3178 = —39,a179 = 40,2180 = —40,a181 = 0,314
=50,a183 = 42,8184 = —42,2185 = 43,8186 = —43, 8187 = 44,2185 = —44, 2189
= 45,3199 = —45,a191 = 46,819 = —46,3193 = 47,8194 = —47, 2195 = 48,2196
= —48,a197 = 49,2195 = —49,a231 = 0.
a 2
X -62/119
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Normalised 573 — 1813 4+ 1763 — 3003 + 2953 — 4193 + 4143 — 5383 + 5333 — 6573 + 6523 — 7763 + 7713 — 8953

X3 +X3+ + 8903 — 10143+ 1009% — 11333 + 11283 — 12523 + 12473 — 13713 + 1366°
X3 + —1490% + 14853 — 16093 + 16043 — 17283 + 17233 — 1847° + 18423 — 1966°
X3 = +1961% — 20853+ 2080% — 22043 + 21993 — 23233 + 23183 — 24423 + 24373

n-1 =

— 25613 4+ 25563 — 26803 + 26753 — 27993 + 27943 — 29183 + 29133 — 30373

+ 30323 — 31563 4+ 31513 — 32753 + 32703 — 33943 + 33893 — 35133 4 35083

— 36323 + 36273 — 37513 4+ 37463 — 38703 + 38653 — 398934 39843 — 41083

+ 41033 — 42273 + 42223 — 43463 + 43413 — 44653 + 44603 — 45843 + 45793

— 47033 4+ 46983 — 48223 — 623 + 58883 + 49363 — 50603+ 50553 — 51793 + 51743
— 52983 4+ 52933 — 54173 4 54123 — 55363 + 55313 — 56553 4+ 56503 — 57743

+ 57693 — 58933 — 1863 = —723

— Parametrisation for determining cubes that sums up to another cube

Parameterisation for determining cubes that sums up to another cube has already been given by equations (4), (5), (6), (9),
(10), (11), (17), (18) and (19). However these are again taken up for convenience. When number of terms n are four,
equation of parametrisation is

a3 +A3-4) ) 2, (A + A3 — A)) L)
3.(a;. A% +a,.A2 —a,.A%). 3.(a;. A2 +a,.A% —a,.A2).  ?
3 3
a,(A3 + A3 — A}) ai (A3 + A3 — A})
+14As — 2 2 2 = 2 2 oy T As
3.(a;. A7 +a,.A5 — a;.A3). 3.(a;. A% +a,. A5 — a,. A3).

A3+A3-AS
3{a;.A%+a,.(A2-A2)}.

2
where A, = z—;.(Az +A3z) and x =
1

1-g° _ _ (B+1)
3a;1.(B*-B) 3.a1.8

— On putting A; = 0 anda, = a;.Bthen Ay, = A,.f%2 and x = . On simplification of

equation (6),
[—A+BHP+[B.2-pHP +[B.-(1+B°F =[(2.8° - DJ? (20)
AtB =2, —93%—123%+ 183 = 153.0ndividing by common factor 33, —33 — 43 + 63 = 53,
AtB=-2, 73 —-20%+143 =-173
AB=3, —843+533 4283 = —753
— OnputtingA, + A3 = 2.y,A, — A3 = 2.7,a; = a, a, = a.f.Thatmakes A, = 2.y.B? On simplifying,
we obtain parametrisation with three variables y, zand 8 as given below.
[{y2(1 —4.8°%) + 3.z2}] + [B.{y?(1 — 4.B® + 6.B3) + 6.y.z. (B3 — 1) — 3.2%}]®
+ [B.{y% (6.83 —1+4.8% —6.y.z( B3+ 1) + 3.22}]3

=[{y%. (1 +8.B%) — 12.B%.y.z + 3.2%}]3 (21)
Aty=1,z=2,8=2, —2433 — 2703 + 4143 = 3333
Aty=-1,z=2,B=—-2, —2433—606°+ 8463 = 7173
Aty=3,z=2,8=2,  —2283%—32463 + 48303 = 40533

— On putting z=0in equation (21), we obtain parametrisation with one variable f3,

2 3 2 3
[(1 - 4.8)]3 + [—3.{(2. B -3) - 173}] + [3. {(2 B +3) - ?}] = [(1+8.B%)]3 (22)
Aty B =2, —2553 — 4143 + 6063 = 5133
Aty B =3, —29153 — 82593 + 92313 = 58333
Aty B =3/2, —14263 — 11673 + 31113 = 29483
— On putting % = s in equation (21), we obtain parametrisation with two variables s and f3,
<N 3
[{s. (1—4.85) + g}] + [s .{s. (1—4.85+6.p%) +6.(B° — 1) — g}]
3 3
+ [B- {s. (6.B% —1+4.B5) — 6(B*+ 1) + S}] - [{s (1+8.85) — 12.8° + g}] (23)

Ats=3,B=2, —764%—1160°+ 17123 = 14443
Ats=3,B = -2, —764% + 19283 — 1328 = 1636°

4077\3 10134\3  [6966)3 85953
ms=4p=-2, - () + (%) - (%) =(F)
or—40773 + 101343 — 69663 = 85953
— On putting s = 3, we obtain parametrisation with one variable 3,

[ f@ - vE +0+2] + o fe -0 -3 + [3.3{(33 =) _%}]

[efe -2 45_8}]3 (24

3
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AtB =2, —1913 — 2903 + 4283 = 3613
AtB = -2, —1913 + 4823 + 3323 = 4093
AtB = -3, —21863 + 7050% — 63123 = 44563

— On putting s = [, we obtain parametrisation again with one variable 3,
[{B?.(1—4.8%) +3}]° + [B.{B>. (1 — 4.B° + 6.B°) + 6.B.(B> — 1) — 3}]°
+[B.{B% (6.8 —1+4.B%) —6.8.(B>+1) +3}]°

3
- [{32. (1+8.8%) — % (1+8.8% +;}] (25)
AtB =2, —10173 — 14943 + 22143 = 18633
AtB =3, —262323 — 729363 + 815763 = 515283
Atp =4, —262125% — 10179003 + 10668603 = 5212353
» Parametrisation Using Seed Equations
Using seed equation given in Table 4 at at n = 4 that is 33 + 43 + 53 = 63 which can be written
(B.x+az)3+ (4.x+ay)?+(5.x+ag)?® =(6.x+a)3

32.a3,+4%.a,4,+5%.a5, a-a3;-a3;—al;

where a = andx =

62 3.(3.a3;+4.a%,+5.a%,-6.a2)
Assumi = 0,a4 = A, as; = B.A then a = 22 ABS” 5 itting these values in ab tion and aft
ssuming ag; = 0,241 = A, ag; = B. ena= .z On putting these values in above equation and after

simplification, we get parametrisation,
[-93093. 3% + 90000. % + 57600.3 — 127680]3 + [—124124. 33 + 414840. % — 441600.B + 223744]3
+ [139685. 3% — 368400. 32 + 489984. 3 — 212800]3

= [18564. B3 — 48960. 82 + 158400. 8 — 80256]3 (26)
AtB =0, —1276803 + 2237443 — 2128003 = —80256°
and dividing by common factor 12163,  —1053 + 1843 — 1753 = 663
AtB =1, —731733% + 728603 + 484693 = 477483
At = -1, —21873 + 12043083 — 12108693 = —306180°3
and dividing by common factor 7293,  —33 4+ 16523 — 16613 = —4203
AtB=1/2, —704133% + 7291083 — 3395793 = —878043
and dividing by common factor 273, —260793 + 270043 — 125773 = —32523
AtB=-1/2, —9787473 + 45101563 — 45388213 = —13921323
and dividing by common factor 73, —1398213 + 6443083 — 6484033 = —1988763

In this way, there can be infinite parametrisation depending upon assignment of values by us.
» Parametrisation when number of terms are five
For obtaining parametrisation when number of terms are five, that is n = 5, we will have to use corresponding seed
equation 13 + 13 4+ 53 4+ 63 = 73 from Table 4. This seed equation will populate

(I.x+a;1)3+(L.x+a;5.x)3+(G.x+ag)3+ (6.x+ag) = (7.x+a)3
1%.a;1+1%.2,,+5%.a5, +6%.A.8 and x = a®—(a3; +a3,+ad;+ad;)

72 3.(1.a2,+1a%,+5.a%, +6.a2,-7.a%)

leta;; =0, a2 = A, ag; =0, ag; = A.fB, then

where a =

1,62\ 3
(—72+ﬁ.—72) —(1+B )
. 2]. Putting values of ‘a’,x, a;; = 0,

1+6.|32—7.(712+B.§—2
16>\’

12.a;4.41%.21,+5%.a5, +62.A. 1 62
- Eantttagtan 68 _p (1468 50452 p,
72 72 72 3

as; = 0, ag; = ajp,.Binabove populated equation, we get

1 6 \° 1 o6\ 1 62\’
<ﬁ+ﬁ.ﬁ) -(1+p») <ﬁ+ﬁ8> _21'(ﬁ+ﬁ'8> —-p3+18.8%+2.

1 6\ 16\
{6.<ﬁ+ﬁ8> —21.B.<ﬁ+ﬁ.ﬁ> +12-B3+3-B—6}

3

[{—14. (Z+5. )3 +3.(5+5.8).(1+ 6.8~ 7.3 - 7}] (27)
Atx=2, —6698243 + 26703103 — 3349120° + 26613243 = 2873503
dividing by common factor, —3349123 + 13351553 — 1674560% + 13306623 = 1436753.
Atx=-2, —4656323 + 41021183 — 2328160°% + 44791803 = —20097703
dividing by common factor, —2328163 + 20510593 — 11640803 + 22395903 = 10048853.
Atx=0, —117648% + 234270% — 5882403 — 705883 = —8163543
dividing by common factor, —30963 + 61653 — 154803 — 185763 = —214833

3 3
+ +

3
+
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» Generalised Form when n is even integer
(@ x+A)D3+ (@ x+ A3+ (A3 —a.x)3 + (@ x+ A3+ (As —ax)3 + 4+ (Ap_; —ap_p.x)% =
(a;.x+A,)3 (28)
{af.(A2+A3)+a},(A4+As)}+aZ(Ag+A7)+-af_5.(An—p +An_1)
aZ
A3—(A34AZ+AT 4 tAD )
3.{a;.(A2-A2)+a,(A%-A2)++an_».(AZ_,-AZ_,)}
» Generalised Form when n is odd integer
As explained in paragraphs 2.2 and 2.2a,

{x+a;)% + (x+a,)° + (x+a;3) + ..upto (x+ay,) } +
{(Z.X +a31)% + (2.x+a,)% + (2.x+ay3) +--upto (2.x + a2X2)3 } +
{(3.x +a3)% + (3.x+az)® + (3.x+az3)*+ ..upto (3.x+ a3x3)3 } +
{(k.x +a)® + (kx+ag)d+ (kx+ag)d+ ..upto (kx+ akxk)3 ] ={(m+p).x+a}® (29)
where ‘a’ has value equal to
{(a11+a12+a13+---+a1x1)+22.(a21+a22+a23+--~+a2xZ)+32.(a31+a32+a33+---+a3x3)+--~+k2.(ak1+ak2+ak3+--~+akxk)}
(m+p)?

where A, = A; +

and x =

and x has value equal to
[a3—{(a§1+a§2+a§3+--~+a§xl)+(a§1+a§2+a§3+---+a§X2)+(a§1+a§2+a§3+---+a§X3)+--~+(al3(1+af‘<2+ai3+-'-aixk)}]

3.{(3%1+a§2+a§3+---a§X1)+2.(a§1+a§2+a§3+--»a§X2)+3.(a§1+a§2+a§3+«--a§x3)+--»+k.(aﬁ1+a12{2+aﬁ3+~«aﬁxk)—(m+p).a2}
and {(a11,a12 213, - alxl), (221,222,353, - azXZ), (as1, asz, ass, ...a3x3) w(aK1 Az, gy aka)}, are real rational
quantities assigned by us.
3. RESULTS AND CONCLUSIONS
Sum of (n — 1) cubes (each of different integer values) that equals another cube i.e. X3 + X3 + X3 + - X3_; = X3 can
be expressed as
(. x+A)%+ (@ x+ A2+ (A3 —a,.x)° + (. X+ A + (As —ag. )3+ + (Ap_q —ap_p.%)3
= (a;.x+ Ay
When n is an even integer the terms containing x° cancel each other and we are left with a quadratic equation.
Coefficient of x? is then equated to zero and it reduces the quadratic into a linear equation. In this way, a cubic reduced
to a linear equation gives straight way the value of x as mentioned below
: AL — (A3 +AS+AT+ - +AS )
3.{a;. (A2 — A2) +a,(A3 — A3) + - +a,_,. (A2, — A%_))}
{a3. (A, + A3) +af, (A, + Ag)} + aZ(Ag + Ay) + - af 5. (A, +Ay_1)
af
and once xand A, are known, a,,ay, ag,..ap—_2, a1,A1, Ay, Az, ... Ay_1 have real and rational values assigned by us,
therefore, values of (a;.x+ Ay), (a.x+ A,), (A3 —a,.x) ... (Ap_1 —ap_2.x%),(a1.x + Ap) can be computed
and after multiplication with LCM, sum of cubes that equals another cube in integer form can be found. In nutshell, it
can be stated that sum of cubes equalling another cube when its terms n are even and n = 4, can be written as a cubic
equation which can be reduced to a linear equation by self cancellation of cubic terms and after equating coefficient of
x2 term to zero, gives value of x and hence values of cubes.
Above method is applicable when number of terms are even and since number of terms can not always be even, therefore,
this method is not applicable to odd 'n” and another method is devised whereby a seed or empirical equation of sum of
(n — 1) cubes that equals another cube is formulated
(m+p)% = x;.(13) +x,.(2%) + x3.(33) + -+ x,.. (k3)
where x; = {(n — 1) — (x5 + X3 + X4 + --- + x3 )} and can have any integer value including 0. And n is number of terms,
mis an integer such thatn — 1 lies between (m — 1)3 andm3, (x, +x3 + x4 + -+ x,) < (n — 1), pis any positive
integer including zero and x5 , X3 , ... Xy are positive integers including zero. Above said equation can be written as
(m+p)® =13+ 13 + 13 + ---repeated x, times ] + (23 + 23 + 23 + --- repeated x, times) +
(3% + 3% + 33 + ---repeated x5 times) + --- + (k® + k3 + k3 + --- repeated x; times)
Then {x+a;)%+ (x+a;,)° + (x+a;3) + ..upto (x+ay,, ) } +
{(Z.X +a31)% + (2.x+a,)° + (2.x+ay3) +--upto (2.x + a2X2)3 } +

{(3.X +a31)%+ (3.x+as)?+ (B.x+as)d+ ..upto (3.x+ a3x3)3 } +

{(k.x +ag)® + (kx+a)d+ (kx+agg)d+ ..upto (kx+ akxk)3 } ={(m+p).x+a}?
and after normalisation gives integer value of sum of cubes equal to another cube provided ‘a’ has value equal to

3

X

where A, = A, +
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{(all“'alz+al3+"'+alxl)+22.(321+azz+az3+"'+32X2)+32.(a31+a32+a33+"'+a3x3)+"'+k2.(ak1+ak2+ak3+"'+akxk)}
(m+p)?

and x has value equal to
! [33 _{ (a3, +af, +ads + - +ajy, ) + (a3, + a3, +a3; + - +aly) }]
+(ad, +ad, +ad; + - +ad, )+ -+ (af, +ag, Fags +agy,)
3 {(3%1 +af, +af; + "'\'ﬁxl) +2. (agl +aj, +aj; + "'a%xz) +3. (agl +aj, +aj; + "'a§x3)}
+--+k(af, +af, +af; +-af, ) — (m +p).a?

where {(311. a12,313, - a1x1). (a21, ayy,a33, . azXz), (a31, agy, A3z, .. a3x3) (akl, Ay, Akz, - aka)},

real rational quantities assigned by us, values of m and p are known from seed equation and value of ‘a’ is found by using

equation (18). When x is determined according to equation (19), values of cubes are known after normalisation of equation

(17) by multiplying with LCM. In nutshell, a seed equation is first determined and then that seed equation inherently

develops a quadratic equation that is reduced to a linear equation by equating coefficient of x2 to zero. Once x and ‘a’are

determined, sum of cubes that equals another cube can be found after multiplying the terms with LCM.
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