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In his “lost notebook”, Ramanujan stated the following amazing

identity.

If
3 anx” = 14 53x + 9x2
po” T 1 -82x —82x2 4+ x8’
S box” = 2 - 26x — 12x2
DO” T 1 -82x — 82x2 + x8’
E:CX"_ 2 +8x — 10x2
DO” T 1 -82x — 82x2 1+ x3¥’

then

a-+bd=cd+(-1)"
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Introduction

Hirschhorn demonstrated that using the algebraic identity from
the “lost notebook”,

(X2 +7xy — 9y?)® + (2x2 — 4xy + 12y?)3
=(2x% +10y%)° + (x* — 9xy — y?)°,

Ramanujan could have proved his amazing identity.
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Introduction

Hirschhorn demonstrated that using the algebraic identity from
the “lost notebook”,

(X2 +7xy — 9y?)® + (2x2 — 4xy + 12y?)3
=(2x% +10y%)° + (x* — 9xy — y?)°,

Ramanujan could have proved his amazing identity.

Chen gave an algorithm to produce similar algebraic identities
and Ramanujan-like identities.
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Introduction

Hirschhorn demonstrated that using the algebraic identity from
the “lost notebook”,

(X2 +7xy — 9y?)® + (2x2 — 4xy + 12y?)3
=(2x% +10y%)° + (x* — 9xy — y?)°,

Ramanujan could have proved his amazing identity.

Chen gave an algorithm to produce similar algebraic identities
and Ramanujan-like identities.

Our goal is to use this procedure to find explicit algebraic
identities and Ramanujan-like identities.
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Introduction

For example, using the algebraic identity

(9x2 + 45xy — 135y?)% 4 (10x% — 20xy + 172y?)3
=(12x2 + 12xy + 138y2)3 + (x% — 83xy + y?)3,

we can prove the following Ramanujan-like identity.
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Ramanujan-like Identity

If

Zax 9+ 3609x — 135x2
n 1 — 6888x + 6888x2 — x3’
n>0
be 10— 1478x + 172x2

n 1 — 6888x + 6888x2 — x3’
n>0
Zcx 3 12+1146X+138x2
Z n 1 — 6888x + 6888x2 — x3’

then
a+b=cd+1.

Curtis Cooper University of Central Missouri

Identities in the Spirit of Ramanujan’s Amazing Identity



Third Power Algebraic Identity to Ramanujan-like Identity
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e Third Power Algebraic Identity to Ramanujan-like
Identity
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Third Power Algebraic Identity to Ramanujan-like Identity

The following theorem and proof were suggested by
Hirschhorn. The form of the identity was suggested by Chen.
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Third Power Algebraic Identity to Ramanujan-like Identity

The following theorem and proof were suggested by
Hirschhorn. The form of the identity was suggested by Chen.

Ramanujan-like Identity
Let

(rX® + s1xy + t1y?)° + (r2X® + Saxy + toy?)°
=(r3x® + s3xy + t3y%)% + (X — saxy — t1y?)?,

be an algebraic identity in variables x and y and fixed integers
for the r’s, s’s, and t’s.
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Ramanujan-like Identity

Then, if
r _ _ 2
n A (S1Sa+t —rly)x — tilax
Zanx _1—(82+t)X—(32t+t2 2 t3 3
n>0 4 Tl Tl + 17)X% + b x
Zb XN — ro+ (8284 + o — ratg)x — totax?
LT T (2 t)x — (Bl + )X 2]
Z oxn— 18t (8384 + t3 — r3ty) X — t3tyx?
LT T (82t ta)x — (St + X2+ £X°

then

&+ b3 =ci + (—1)*".
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Third Power Algebraic Identity to Ramanujan-like Identity

Proof. Let wy =0, wy = 1, and for n > 0,

Whi2 = S4Wni1 + Wh.
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Third Power Algebraic Identity to Ramanujan-like Identity

Proof. Let wy =0, wy = 1, and for n > 0,

Whi2 = S4Wni1 + Wh.

The generating function for the sequence {w,} is given by

w(x) = Z wpx" X

1 —S4X—t4X2.
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Third Power Algebraic Identity to Ramanujan-like Identity

Now, if x = wy. 1 and y = wp, then

2 2 2 2
X — S4Xy — lyy© = i1 — SaWni1Wp — lawy
2
= W1 — Wn(SaWny1 + tawp)

= Why 4 — WnWnio = (—1a)".
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Third Power Algebraic Identity to Ramanujan-like Identity

Now, if x = wy. 1 and y = wp, then

2 2 2 2
X — S4Xy — lyy© = i1 — SaWni1Wp — lawy
2
= W1 — Wn(SaWny1 + tawp)

= Why 4 — WnWnio = (—1a)".

The last equality can be proved by induction on n.
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Third Power Algebraic Identity to Ramanujan-like Identity

Now, let

2 2 2 2
an=nNX"+S1xXy +Hhy = nwp 4+ SiWpiWnp+ Hwy,
bn = raX? + Soxy + by? = W2, 1 + SaWni1Wn + W3,

Cn = 13X° + Sgxy + tgy® = f3W§+1 + S3Wp1 Wn + B33,
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Third Power Algebraic Identity to Ramanujan-like Identity

Now, let

2 2 2 2
an=nNX"+S1xXy +Hhy = nwp 4+ SiWpiWnp+ Hwy,
bn = raX? + Soxy + by? = W2, 1 + SaWni1Wn + W3,

Cn = 13X° + Sgxy + tgy® = f3W§+1 + S3Wp1 Wn + B33,

We can show that

a+b3=cd+(—ty)"
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Third Power Algebraic Identity to Ramanujan-like Identity

But, using generating function techniques, we can show that

2.n X — t4x?
m>0 1 —(sg+t)x — (sgla + t7)x2 + tx
Z w2 . x" = 1—tx
>0 i 1— (83 + ta)x — (S5ty + 2)x2 + £3x3’
DWW X" = 54X
>0 nWn 1— (83 + ta)x — (S5ty + 2)x2 + £3x3
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Hence,
n M+ (S1Sa+t —rty)x — tix?

Zanx _1—(32—|—t)X—(32t t2 X2 t 3
n>0 4 Tl T la + 5)X2 + ax
S bpx™ = r2 + (284 + b — rpla)X — bolax®

n - )
n>0 1—(S2+ t)x — (S2ts + t2)x2 + £3x3
Z cox" — r3+ (8384 + t3 — r3tg)x — t31'4X2

n o 9
n>0 1— (8§ + ta)x — (S5t + £2)x2 + £3x3

and the proof is complete.
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e Search for Third Power Algebraic Identities
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Search for Third Power Algebraic Identities

Procedure to Search for Third Power Algebraic Identities.
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Search for Third Power Algebraic Identities

Procedure to Search for Third Power Algebraic Identities.

1. Pick one particular set of integers ry, r», and r3 such that

Rird=r+1.
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Search for Third Power Algebraic Identities

Procedure to Search for Third Power Algebraic Identities.

1. Pick one particular set of integers ry, r», and r3 such that

Rird=r+1.

2. Select a collection of sets of integers t, b, f3, and t; such
that
B+=6-t.
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Search for Third Power Algebraic Identities

Procedure to Search for Third Power Algebraic Identities.

1. Pick one particular set of integers ry, r», and r3 such that

Rird=r+1.

2. Select a collection of sets of integers t, b, f3, and t; such
that
B+=6-t.

Also, select a range of integer values for s; and s, to
search.
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Search for Third Power Algebraic Identities

a. Foreach 4, b, 13, ls, S1, and sy, compute s3 and s, using
the equations

S112 + Spts + r2sit2 + risyt?
%= 2E+ 8 ’
3l T 13

Sy = r2ss — résy — rzsp.

Make sure these constants can be computed and that they
are integers.
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Search for Third Power Algebraic Identities

b. Check the following conditions.

3r 2 + 355t + 3rat5 + 353ty = 3r3t2 + 35513 + 312 — 3554y,
6risit + 313 4+ 6rnsshh + Sg = 6r383l3 + Sg + 684ty — SZ’,
3r2t; 4 31182 + 3r3ty 4 3rass = 3rit3 + 3rass — 3ty + 353
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Search for Third Power Algebraic Identities

b. Check the following conditions.

3r 2 + 355t + 3rat5 + 353ty = 3r3t2 + 35513 + 312 — 3554y,
6risit + 313 4+ 6rnsshh + Sg = 6r383lz + Sg + 684ty — SZ’,
3r2t; 4 31182 + 3r3ty 4 3rass = 3rit3 + 3rass — 3ty + 353

c. If all the above conditions are satisfied (every equation is
true), the resulting collection of r’s, s’s, and t's form an
algebraic identity.
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Search for Third Power Algebraic Identities

For Step 1, we first want ry, r> and r3 to be positive integers that
satisfy
R =rd+1.
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Search for Third Power Algebraic Identities

For Step 1, we first want ry, r> and r3 to be positive integers that
satisfy
R =rd+1.

For Ramanujan’s algebraic identity

13423 =2%41.
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Search for Third Power Algebraic Identities

For Step 1, we first want ry, r> and r3 to be positive integers that

satisfy
R =rd+1.

For Ramanujan’s algebraic identity
13423 =2%41.

Other trivial values of ry, o, and sarerp =1and rn =r3 =r,
where r is a positive integer.
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Search for Third Power Algebraic Identities

For Step 1, we first want ry, r> and r3 to be positive integers that
satisfy
R =rd+1.

For Ramanujan’s algebraic identity
13423 =2%41.

Other trivial values of ry, o, and sarerp =1and rn =r3 =r,
where r is a positive integer.

Other values of ry, 1>, and r3 (r1 < r» and r» # r3) can be found
in the following table.
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Search for Third Power Algebraic Identities

3, /3,3
e+ =ry+1.

rq ) r3

9 10 12
64 94 103
73 144 150
135 235 249
244 729 738
334 438 495
368 | 1537 | 1544
577 | 2304 | 2316
1010 | 1897 | 1988
1033 | 1738 | 1852
1126 | 5625 | 5640
1945 | 11664 | 11682
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Search for Third Power Algebraic Identities

For Step 2, we want integers #;, t, 13, and f; such that

B+8=06-t.

Curtis Cooper University of Central Missouri

f Ramanujan’s Amazing ldentity



Search for Third Power Algebraic Identities

For Step 2, we want integers #;, t, 13, and f; such that

B+6=16—18.

In the spirit of Ramanujan, we assume t; = +1. We also
wanted to find nontrivial £'s. Some values of the t’'s can be
found in the following table.
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B+8=10-t.

h | & | 6|4
42 9 [-10 -1
9 |12 [-10] -1
4210 | -9 | -1
10 [-12| -9 | -1
10| 9 |12 1

9 |10 [-12 [ 1
q0[ 12| 9 |1
12 [-10] 9 | 1
9 [ 12 [ 10 | 1
12 -9 |10 | 1

9 |10 | 12 | -1
10| 9 | 12 | -1
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Search for Third Power Algebraic Identities

B+8=10-t.

b | & | f3 | 1
103 | 64 | -94 | -1
64 | -103 | -94 | -1
103 | 94 | -64 | -1
94 | -103 | -64 | -1
94 | 64 | -103 | 1

-64 | -94 | -103 | 1
-94 | 103 | 64 | 1
103 | -94 | 64 | 1
-64 | 103 | 94 | 1
103 | -64 | 94 | 1

64 94 | 103 | -
94 64 | 103 | -
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Search for Third Power Algebraic Identities

Also, for step 2, we determined some range to search in for sq
and s,. For these we typically would try something like integers
between —1500 and 1500. The bounds on s; and s, vary
depending on the speed of the search.
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(r1x2 + s1xy + t1¥2)% + (rox? 4 soxy + by?)®
=(r3x® + s3xy + t3y2)% + (X2 — s4xy — tay?)3,
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(r1x2 + s1xy + t1¥2)% + (rox? 4 soxy + by?)®
=(r3x® + saxy + t3y?)% + (x* — sexy — tay?)°,

We found the following results. The constants in each row of
the following table satisfy the equation. We include the leading
coefficient of 1 in the last trinomial. Recall that the form of the
last trinomial is X2 — saxy — t4y2.
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Third

r, S1, 4 ro, So, b 3, S3, I3 1,84, Iy
1,556,-65601 2,-364,83802 2,-36,67402 1,756,1
1,61,-791 2,-40,1010 2,-4,812 1,83,-1
1,7,-9 2,-4,12 2,0,10 1,9,1
1,-25,135 2,-32,138 2,-36,172 1,91
1,-227,11161 2,-292,11468 2,-328,14258 1,83,-1
9,412,-11161 10,-180,14258 12,112,11468 1,756,1
9,-126,3753 10,236,-3230 12,96,2676 1,430,-1
9,45,-135 10,-20,172 12,12,138 1,83,-1
9,-169,791 10,-180,812 12,-220,1010 1,9,1
9,-1539,65601 10,-1640,67402 12,-2004,83802 1,83,-1
3753,-126,9 4528,200,-8 5262,84,6 1,430,-1
11161,3481,-791 | 11468,-1300,1010 | 14258,1292,812 | 1,6887,-
11161,412,-9 11468,-112,12 14258,180,10 1,756,1
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The third row is the algebraic identity discovered by
Ramanujan. This gives Ramanujan’s amazing identity.
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The third row is the algebraic identity discovered by
Ramanujan. This gives Ramanujan’s amazing identity.

The seventh row gives the algebraic identity

(9x% — 126xy + 3753y?)% + (10x? + 236xy — 3230y?)°
—(12x2 + 96Xy + 2676y2)® + (x2 — 430y + y2)2.

This produces the following Ramanujan-like identity.
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Third

Ramanujan-like Identity

If
Z X" — 9 — 54172x + 37532
"™ 71 - 184899x + 184899x2 — X3’
n>0
Z by — 10 + 98260x — 3230x2
" 71 -184899x + 184899x2 — X3’
n>0
Z o — 12 + 43968x + 2676x2
"7 T 1 _-184899x + 184899x2 — x3’
n>0
then

a+b=cd+1.
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e Fourth Power Algebraic Identity to Ramanujan-like
Identity
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Let

(X2 + s1xy + ty?)* 4+ (Mx® + spxy + by?)* + (nx® + saxy + ty?)*
=(mx? + saxy + tay?)* + (nx® + ssxy + tsy%)* + (X% — sexy — tey?)*,

be an algebraic identity in variables x and y and integer
constants m, n, sq, S, S3, S4, S5, Sa, 4, b, t3, b, t5, and ts.
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Then, if

Zaxn_ 1+ (8186 + t — lg)x — tisx?
n 1— (82 + tg)x — (Sats + 12)x2 + t3x°

Z box" — m+ (5286 + 2 — Mig)X — bolgx?
T (F+ t)x — (SBts + X2+ X%

n>0
S cox” = N+ (8386 + I — Ntg)X — t3t5x>

n B )
>0 1 — (82 + ts)x — (St + 12)x2 + t3x3

S dx” = m+ (S4Se + ty — Mig)Xx — talox?
T A 1 to)x — (Bt + )X+ X

n>0
3 enx” = N+ (8586 + t5 — Nitg) X — t5lex°
X" =
n>0 1 — (88 +te)x — (83t + 12)x2 + 13x3
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then
ar+ b+ ot =dt+ et + (—t5)*".
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Procedure to Search for Fourth Power Algebraic Identities.
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Procedure to Search for Fourth Power Algebraic Identities.

1. Pick one particular set of integers m and n.
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Procedure to Search for Fourth Power Algebraic Identities.

1. Pick one particular set of integers m and n.

2. Select a collection of sets of integers t, b, t3, l4, t5, and
fs = =1 such that

o+t =t+12+1.
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Procedure to Search for Fourth Power Algebraic Identities.

1. Pick one particular set of integers m and n.

2. Select a collection of sets of integers t, b, t3, l4, t5, and
fs = =1 such that

o+t =t+12+1.

Also, select a range of integer values for s1, Sy, S3, and s,
to search.
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a. Foreach i, b, 13, Uy, 5, 15, S1, So, S3, and S4, cOMpute ss
and sg using the equations

S8} + Sot + Sat3 — Saly — 5113 — MPsotd — NBsatd + MBSyt
e+

Sg = —S1 — M°Sp — N°S3 + M°S4 + N°ss.

Make sure these constants can be computed and that they
are integers.
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b. Check the following conditions.

483 + 6212 + 4mt3 + 6s5t5 + 4nt3 + 65515

= 4mt + B6S3tZ + 4ntd 4 6212 — 413 + 6S3HEE,

125112 + 4SSt + 12msyt2 + 4S5ty + 12ns3t5 + 4s3t3

= 12ms, 2 + 4s3ty + 12nsst2 + 4s3ts — 125512 + 4531,

612 + 1255t + s + 6m?t2 + 12msaty + s + 60tz + 12nsat; + s
= 6mPtZ + 12msity + s§ + 6nPte + 12nsits + sg + 612 — 125215 -
1251t + 483 + 12mPsotp + 4msy + 12nPs3t; + 4nss

= 12mPsuty + 4ms; + 12nPssts + 4nsd + 12s5t5 — 483,
4ty 4 682 + 4mPty + 6mPs5 + 4nty + 6n° S5

= 4mty + 6mPs? + 4n’ts + 6n°sE — 4t + 657
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c. If all the above conditions are satisfied (every equation is
true), the resulting collection of m, n, s’s, and t’s form an
algebraic identity.
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e+t + 5=t +td+1.

| b f3 ty fs
2| 31 | 47 | 14 | 49
2| 31 | 47 | 49 | 14
2| 35 | 47 | 19 | 50
2| 35 | 47 | 50 | 19
2 | 47 | 173 | 71 | 172
2| 47 (173 | 172 | 71
2| 148 | 191 | 56 | 206
2 | 148 | 191 | 206 | 56
3| 6 21 16 | 19
3| 6 21 19 | 16
3| 7 8 2 9
3| 7 8 9 2
3| 7 44 | 24 | 43
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Q Fourth Power Results
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(X2 + s1xy + ty?)* + (mxX® + soxy + by?)* + (nx® + saxy + ty?)*
=(mx2 + s4xy + t3y?)* + (nx® + ssxy + t5y?)* + (x® — sgxy — tsy?)*,
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(X2 + s1xy + ty?)* + (mxX® + soxy + by?)* + (nx® + saxy + ty?)*
=(mx2 + s4xy + t3y?)* + (nx® + ssxy + t5y?)* + (x® — sgxy — tsy?)*,

We found the following results. The constants in each row of
the following table satisfy the equation. Again, we include the
leading coefficient of 1 in the last trinomial. Recall that the form
of the last trinomial is x> — sgxy — tsy2.
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m=1andn=2

Introduction Third Power Algebraic Identity to Ramanujan-like Identity Search for Third Power Algebraic Identities

1, 51, K 1, 8, b 2, 83, I3 1,84, Is 2,85, 15 | 1,8g 5
1,-4,4 1,-6,9 | 2,-10,13 | 1,-7,11 | 2,-10,12 | 1,3,-1
1,-3,4 1.-89 | 211,13 | 1,-9,12 | 2,-11,11 1,2,1
1,-1,4 1,-2,9 2,-3,13 1,7,-12 | 2,-3,-11 | 1,10,-1
1,-4,5 1,-6,6 | 2,-10,11 1,-79 | 2,-10,10 | 1,3,-1
1,0,5 1,-2,6 2,-2,11 1,7,-9 2,-2,-10 1,9,1
1,-4,5 1,-5,6 2,-9,11 1,-7,10 2,-9,9 1,2,1
1,-56 | 1,-10,23 | 2,-15,29 | 1,-11,26 | 2,-15,27 | 1,4,1
1,-46 | 1,-1223 | 2,-16,29 | 1,-13,27 | 2,-16,26 1,31
1,0,6 1,-423 | 2,-429 | 1,11,-27 | 2,-4,-26 | 1,15,-1
1,-6,7 1,-7,14 | 2,-13,21 | 1,-9,18 | 2,-13,19 | 1,4,-1
1,-4,7 | 1,-12,14 | 2,-16,21 | 1,-13,19 | 2,-16,18 1,3,1
1,-4,7 1,0,14 2,-4,21 1,9,-19 | 2,-4,-18 | 1,13,-1
1,-7,8 1,-6,11 | 2,-13,19 | 1,-9,16 | 2,-13,17 | 1,4,-1
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Third




m=2andn=3

Introduction Third Power Algebraic Identity to Ramanujan-like Identity Search for Third Power Algebraic Identities

1, Si, K 2, So, b 3, S3, t3 2, Sy, Ig 3, S5, Is 1, S6, te
1,-1,7 2,-2,14 | 3,-3,21 | 2,10,-19 | 3,-6,-18 | 1,16,-1
1,-8,8 | 2,-10,11 | 3,-18,19 | 2,-14,16 | 3,-17,17 | 1,3,-1
1,0,8 2,-2,11 3,-2,19 | 2,10,-16 | 3,-5,-17 | 1,151
1,-7,8 | 2,-9,11 | 3,-16,19 | 2,-13,17 | 3,-15,16 | 1,2,1

1,-8,10 | 2,-12,19 | 3,-20,29 | 2,-16,26 | 3,-19,25 | 1,3,1

1,-4,10 | 2,0,19 3,-4,29 | 2,12,-26 | 3,-7,-25 | 1,19,-1

1,-3,11 2,0,16 3,-3,27 | 2,12,-23 | 3,-6,-24 | 1,18,1
1,0,11 2,-439 | 3,-4,50 | 2,16,-46 | 3,-9,-45 | 1,25,-1

1,-8,13 | 2,-10,13 | 3,-18,26 | 2,-14,22 | 3,-17,23 | 1,3,-1

1,4,-13 | 2,0,-13 | 3,4,-26 | 2,4,-22 | 3,3,-23 1,1,1

1,-1,14 | 2,-3,41 3,-4,55 | 2,17,-49 | 3,-9,-50 | 1,26,1

1,-8,15 | 2,-12,19 | 3,-20,34 | 2,-16,30 | 3,-19,29 | 1,3,1
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m=3andn=5

11 S, t‘l 3a S, t2 5a 53, t3 35 S4, t4 5a S5, t5 1a S6» t6
1,-2,21 | 3,-4,41 | 5,6,-71 | 3,6,-69 | 5,4,-49 | 1,22,-1
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The first row of the table for m = 1 and n = 2 gives the
algebraic identity

(X2 — 4xy + 4y?)* + (X% — 6xy + 9y2)* + (2x® — 10xy + 13y?)*
= (X2 — 7xy + 11y2)* + (2x% — 10xy + 12y2)* + (x® — 3xy + y?)*.
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The first row of the table for m = 1 and n = 2 gives the
algebraic identity

(X2 — 4xy + 4y?)* + (X% — 6xy + 9y2)* + (2x® — 10xy + 13y?)*
= (X2 — 7xy + 11y2)* + (2x% — 10xy + 12y2)* + (x® — 3xy + y?)*.

This produces the following Ramanujan-like identity.
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Zax O 1-T7x+4x2
n 1 —8x+8x2 — x3’
n>0

ben_ 1—8X+9X2
T 1 —8x +8x2 — x¥’

S o = 2 — 15x + 13x2
7T 1 -8x+8x2 — x8’

1 —9x + 11x2
n __
2 o = 1—8x+8x2 — x3’

n>0
ZeX . *16X+12X2

n _ 2 37
= 1 —8x+8xc —
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then
at b+t =dt+et +1.
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The row in the table for m = 3 and n = 5 gives the algebraic
identity

(X% — 2xy + 21y2)* + (3x% — 4xy + 41y?)* + (5x? + 6xy — 71y?)*
= (8x% + 6xy — 69y2)* + (5x2 + 4xy — 49y?)* + (x® — 22xy + y?)*.
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The row in the table for m = 3 and n = 5 gives the algebraic
identity

(X% — 2xy + 21y2)* + (3x% — 4xy + 41y?)* + (5x? + 6xy — 71y?)*
= (8x% + 6xy — 69y2)* + (5x2 + 4xy — 49y?)* + (x® — 22xy + y?)*.

This produces the following Ramanujan-like identity.
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If
Zax”— 1 —22x 4 21x?
~ "% 71— 483x + 483x2 — x3’
be,,_ 3 —44x 4 41x2
~ " T 1 -483x +483x2 — x3’
Zcx”— 5+ 66x + 71x2
n>0" 1 —483x +483x2 — x8’
" = 3+ 66x + 69x2
~ " T 1 - 483x + 483x2 — x8’
Zex”— 5+ 44x + 49x
e 771 —483x + 483x2 — x3’
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then
at b+t =dt+et +1.
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e Questions
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1. In the third power case, we were unable to find any
nontrivial algebraic identities withry =1and n=r =r
where r > 3 is an integer. We would like to know if any
algebraic identities exist and if so, what are they?
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1. In the third power case, we were unable to find any
nontrivial algebraic identities withry =1and n=r =r
where r > 3 is an integer. We would like to know if any
algebraic identities exist and if so, what are they?

2. We were unable to find any fourth power algebraic
identities of the form

(r1x2 + s1xy + ty2)* + (x? + soxy + by?)*
+ (rsx® + s3xy + t3y%)*
:(I’4X2 + SaXy + t4y2)4 + (X2 — S5XyY — t5y2)47

where the r’'s are positive integers and the s’s and t’s are
nontrivial. Do such identities exist?
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3. In the fourth power case, we found algebraic identities for
every pair we tried when m is a positive integer and
n=m+ 1. Is this always true? In addition, is there any
other algebraic identity where n # m + 1 other than the
one we found where m =3 and n = 57
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