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1. Introduction. The Greek mathematician Diophantus of Alexandria

noted that the numbers L, 33 68 apd %55 have the property that the

Y Y
product of any two of thelrfl Wll?enlfncreased by 1 is a square of a rational
number.

Let n be an integer. We say the set of natural numbers {ay, ..., a,,} has
the property of Diophantus of order n, in brief D(n), if for alli,j =1,...,m,
i # j, the following holds: a;a; +n = bgj, where b;; is an integer. The first
set of four natural numbers with property D(1) was found by the French
mathematician Pierre de Fermat (1601-1665). That set is {1, 3, 8,120}. Dav-
enport and Baker [3] show that one cannot add a fifth integer r to that set
and maintain the same property unless »r = 0. For the rational number
r= 87222468401 the product of any two different members of that set increased
by 1 is the square of a rational number (see [1]).

In this paper we consider some problems of existence of sets of four
natural numbers with property D(n), for any integer n. We prove that, for
all e € Z, there exist an infinite number of sets of four natural numbers with
property D(e?). Indeed, we show how a set {a, b} with property D(e?) can
be extended to a set {a, b, ¢, d} with the same property, if ab is not a perfect
square. That construction is applied to the identities

(k—e)(k+e)+e? =k,
FZnF2n+2m+F51:F22n+ma

and some formulas are obtained for sets of four numbers with the property
of Diophantus. The general case is also considered: sets with property D(n)
when n need not be a perfect square. The main results are:

If n is an integer of the form n = 4k + 2, k € Z, then there does not exist
a set of four natural numbers with property D(n).

If n is an integer which is not of the form 4k+2 and n ¢ S={3,5, 8,12, 20,
—1,—3,—4} then there exists at least one set of four natural numbers with

property D(n).
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2. Sets of four numbers with property D(e?). Let a,b € N, a < b,
such that the set {a, b} has property D(e?), i.e. ab+e? = k2, k € N. Now we
want to find a natural number  such that {a, b, z} also has property D(e?).
Thus, the following must hold:

(1) ax +e? =y,  br+e=27.

This implies

(2) by? —az® = e*(b—a).

It is obvious that one solution of this Diophantine equation is y = e, z =€
and it is easy to verify that y = k £ a, z = k £ b are also solutions
of (2).

Now assume that ab is not a perfect square. Consider the Pellian equation
5% — abT? = 1. Under the above assumption it has an infinite number of
solutions in natural numbers. Let s and ¢ be the least solutions of that
equation in natural numbers. (You can see how to find the minimal solution
of §?2 —pT? =11in [2].)

Let us now define two double sequences y,, », and 2 m, n,m € Z, as
follows:

Yo,0 =€, 200=2¢€, Yi1,0= k+ a, z1,0= k+ b,

y10=k—a, z10=k-0,

2k 2k
Yn+1,0 = ;yn,o —Yn—1,0, Rn+1,0 = ?Zn,(] — Zn-10, NEZ,

Yn,1 = SYn,0 + atzn,Oa Zn,1 = btyn,O + S$Zn,0, nc Z7

Yn,m+1 = 23yn,m —Yn,m—-1, Znm+l = 2szn,m — Zn,m—1, N,M €.

THEOREM 1.
byi,m - azfl’m =e?(b—a), foraln,m¢cZ.
LEMMA 1.
(3) byi,o - az?z,o = 62(5 —a),
(4) bYn 0Yn—1,0 — 4Zn,02n—1,0 = €k(b—a), foralln e Z.

Proof. We prove the lemma by induction. Let n > 0. For n = 0 and
n = 1 relation (3) is obviously valid. If n = 0 is substituted in (4), we
obtain

byo,0Y0,—1 — a20,020,—1 = be(k — a) — ae(k — b) = ek(b —a),
and if n = 1,
byl,oyop — CLZL()ZU,O = bE(k’ + (I) — (I@(k‘ + b) = ek(b — CL) .

Assume that the assertion of the lemma is valid for all integers n, 0 <n<m,
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m > 2. Now we get

bYm,0Ym—1,0 = GZm,0%m—1,0

2k 2k
= bYm—1,0 ~ Ym=1,0 = Ym-20 | = 0Zm-1,0| —~Zm-1,0 = Fm-2,0

2k
= ?(byrzn—l,() —azp,_10) = (Wm—1,09m—2,0 = 0Zm—1,0%m—2,0)
2k; 2 .
= —e“(b—a)—ek(b—a)=ek(b—a) (by assumption).
e
Also
by?n,(] - a%,o
(Qk: )2 <2k )2
=b —Ym—-1,0 — Ym—2,0 —a|\ —2Zm—-1,0 — Zm—2,0
e e
4k* 2 2 2
= eT(bym—l,O —azy,_10)+ (0Ym_20 — a2y,_20)
4k

- ?(bym—l,oym—Q,O - azm—1,02m—2,0)
=4k*(b—a) + e*(b—a) — 4k*(b—a) = e*(b—a)  (by assumption).

The assertion is thus proved for n > 0. For n < 0, the proof is completely
analogous. =

LEMMA 2. Forn € Z and m € NU {0},
Yn,m+1 = SYn,m + atzn,m; Zn,m+1 = btyn,m + SZn,m -

Proof. We proceed by induction on m. For m = 0, the assertion is
a consequence of the definition of y, 1 and z, ;. Let n be a fixed integer.
Assume that the assertion is valid for some m € NU {0}. Then

2
Yn,m+2 = 23yn,m+1 — Yn,m = SYn,m+1 + S Yn,m + aStzn,m — Yn,m
2
= SYn,m+1 + abt Yn,m + aSthm = SYn,m+1 T aSth,m+1 .
Similarly
Zn,m+2 = SZn,m+1 + btyn,erl .

Proof of Theorem 1. Let n be a fixed integer. We prove the theorem
by induction on m, first for m > 0. For m = 0 the assertion follows from
Lemma 1. Assume that the hypothesis of Theorem 1 is true for some m > 0.
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Then, by Lemma 2,

byi’m+1 — cL:<7121’m_~_1 = b(SYn,m + atzn,m)2 — a(btyn,m + szn7m)2
= 52(by721,m - az?z,m) - abt2(by'r21,m - CLZi’m)
= (52 — abtz)(byiym — azim) = 62(b —a).
So, the theorem is proved in case m > 0. The proof in case m < 0 is anal-
ogous. We use the relations
Yn,m—1 = SYn,m — atzn,mv Zn,m—1 = SZn,m — btyn,mv
which easily follow from Lemma 2. m
By Theorem 1, the numbers ., = (y5,, — €°)/a satisfy (1) for all
n,m € 2.

THEOREM 2.

Y Y +ek\?
T Tos1m + € = ( ntlmon,m ) ,  foralnmelZ.
a

LEMMA 3. For every integer m the following hold:
y(2)7m —Yi,mY-1,m = a2 + 62 - k2 ;
290,mYo,m—1 — Y—1,mY1,m-1 — Y1,mY-1,m-1 = 2s(a® + e* — k?).

Proof. We proceed by induction for m > 0. The proof for m < 0 is
analogous. For m = 0 we get

yg,o —y10y—10=2¢>— (k+a)(k —a) =a®>+¢e* — k*
and

2Y0,0%0,—-1 — Y—1,0Y1,-1 — Y1,0Y—1,-1
= 2e(se — ate) — (k — a)[s(k + a) — at(k + b)]

— (k+a)[s(k —a) — at(k — b)]
= 2se? — 2ate? — sk* + sa® + atk® + abtk — a*tk — a*bt
— sk® + sa® + atk® — abtk + a®tk — a”bt
= 2s(e? — k? + a*) + 2at(k* — e* — ab)
=2s(a® +¢e* — k%),
and for m =1,

93,1 —Y1,1Y-11
= (se + ate)? — [s(k + a) — at(k + b)][s(k — a) + at(k — b)]
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= s%e? + 2aste® + a’*t?e? — s?k? + s%a® — a*t*k* — 2astk® + 2abst

= 2ast(e? — k* + ab) + (s* + a*t?)(e? — k?) + s%a® + a*t*b?

= s%a® + a®t*b? — s%ab — a®bt? = (a® — ab)(s* — abt?)

=a®+e? — k.

Now assume that the assertion of the lemma is true for all nonnegative
integers which are less than or equal to m. Then

2Y0,m+1Y0,m — Y=1,m+1Y1,m — Y1,m+1Y—1,m
= 2Y0.m(25Y0,m — Yo,m—1) — Y1,m(2SY—1,m — Y—1,m—1)
—Y-1,m(28Y1,m — Y1.m—-1)
= 45(3/(2),m — Y1,mY—1,m)
— (2Y0,mY0,m—1 — Y1,mY=1,m—1 — Y=1,mY1,m—1)
= 4s(a® + % — k%) — 2s(a® + e? — k?)
= 25(a® 4+ * — k?).
Also,
?Jg,m+1 — Y1,m+1Y—1,m+1
= (25Y0,m — Yo,m—1)" — (25Y1,m — Y1,m—1)(25Y—1,m — Y—1,m—1)
= 432(9(2),771 — Y1,mY—1,m) + (y(2),m—l — Y1, m—1Y—1,m—1)
— 25(2Y0,mY0,m—1 — Y1,mY—1,m—1 — Y1,m—1Y—1,m)
= (a® 4 e* — k?)(4s® — 25 - 25+ 1)
=a®+e? — k?,
which completes the proof. m

Proof of Theorem 2. By definition it follows by induction that

2k
Yntlm = ?ymm — Yn—1,m> forn,m € Z.

Since
2 2
Yn+1,m — YnmYn+2,m — (yn,m - yn—l,myn—‘rl,m)

= Yn+1,m (ynJrl,m + ynfl,m) - yn,m(ynJrQ,m + yn,m)

2k 2k
= ?yn+1,myn,m - ?yn,mynJer =0,
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we get
Ynitm — YnmUnt2.m = Yom — YrmY—1m = a° + € =k,
for n,m € Z. Therefore
TnmTnitm + € = (U7 — €)Yni1m — €%) + a®e?]/a?
= U2 mYnitm — CYnm — EYnirm + € (a” + )] /a
= [V Yritm — €Yo — € Yni1m
+ (Y21 — YnmYni2,m + k2)]/a?
= U7 mYritm — € Ynim Unom + Ynyom) + €2K%] /a?
= (U2 mYni1m — 26kYnmYni1.m + €°K?) /a?

2
_ (yn,mynJrl,m - 6]{5) .
a

2

Now we consider the problem of existence of natural numbers in the
sequence Z, ,,. We have

ya - € Y —€
(6)  Tnmgr = g = T = S
a a
= [(8Yn,m + atzn,m)2 - y?z,m]/a
= [(s* = Dy i + 208ty mzn,m + a’t?27 ] /a
= bt2yi7m + 25tYn,m2n,m + athim .
Since y; m, and z; p,, for i = —1,0, 1, are integers by definition and x_, 9 =

a+b—2k€Z,x00=0€Z, x10=0a+b+ 2k € Z, we conclude from (5)
that x_1 , To,m and x1 ,, are integers for all m € Z. Furthermore,

(6) Tn,m+3 — Tn,m

1
= 5(yn,m+3 + yn,m)(yn,m+3 - yn,m)

1
= 5(23 — D Wn,m+2 + Ynm+1) (28 + 1) (Yn,ma2 — Ynma1)

= (452 - 1)($n,m+2 - $n,m+1) .

Since yo,1 = e(s+at) > eand yo,—1 = e(s—at) > e, we see that xp; > 0 and
x0,—1 > 0. From this fact, relation (6) and s > 2, we deduce by induction that
To.mi1 > (482 — 3)wo 4 for m > 0, and zgm—1 > (45% — 3)z0,4m for m < 0.
Therefore zp,, > 0 for m # 0. Likewise, using the inequalities tk > s,
(a+0b)t > 2s, and s(k + a) > at(k +b), we obtain z_1 , > 0 for m & {0,1}
and z1,, > 0 for m # —1. Hence, it follows from Theorem 2 that the sets
{aa b7x1,ma xO,m}7 m € Z \ {Oa 1}7 and {a7 ba xO,m7x—1,m}7 m € Z \ {_L 0}7
have property D(e?).
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Remark 1. Let s’ and ¢’ be the least solutions of the equation S? —
abT? = 4 in natural numbers. If we define

/ /
y'n,,O = yn,U, Zn’O — Zn,(] )
/ / / / / /
Yn = (8'Yno +at'zn0)/2, 2z 1 = (0t'Yno+5'2n0)/2,
/ o / / 1 /
yn,erl =SYn,m — yn,mflv Znm+1 — S zn,m ~ Znm—1>
then the assertions of Theorems 1 and 2 hold for the sequences ;, .., 21, -
If t' is even, the sequences ¥, ,,,, 2y, ,,, are identical t0 ¥y m, Zn,m- Otherwise,
these modified sequences give us some solutions which cannot be obtained
by means of Y, m, Zn,m-

Remark 2. If ab is a perfect square then there exist natural numbers
p, q,r such that a = pg?, b = pr2. So, equation (2) can be represented in the
form

(qv)* — (rz)* = €*(¢® —1?) .

It is obvious that this equation has at most a finite number of integer solu-
tions, which means that there exist only finitely many sets {a,b, ¢, d} with
property D(e?). For some values of a, b and e (e.g. a = 2, b =8, e = 3) that
set does not exist at all, unless we allow 0 to be a member of the set.

EXAMPLE 1.

1-7+43% =42,
In this case, _2.m,2Z—1,m,T0,m,Z1,m € Z and the following sets have prop-
erty D(9):
{1,7,40,216}, {1,7,216,1080},
{1,7,1080,5320}, {1,7,11440,56160},
EXAMPLE 2.
1-13 462 =172,
Also, £_2.m,T—1,m,T0,m,T1,m € Z and the least solution obtained by our
construction is {1, 13, 2534428, 79188560}. The least solution of the equation
S? —13T?% = 1is 6492 — 13 - 180% = 1. If Remark 1 and the equality 112 —
13 - 32 = 4 are used, then we get some other sets with property D(36), e.g.
{1,13,160,540}, {1,13,540,1728},
{1,13,1728,5440}, {1,13,21280, 66528},

3. Cases e = 1 and e = 2. If e = 1 then all the z,, ,, are integers.

Indeed, 2o =0€ Z, z190=a+b+2k€Z, x_190=a+b—2k € Z and

Try30 = (4k% — 1)(Tnt2,0 — Tni1,0) + Tno

(see the proof of relation (6)). Hence, z,, o € Z for all n € Z. In fact, z, 0 € N
for n € Z \ {0,—1}. Note that in this case s = k and ¢t = 1. The relation
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Tn,m = Tntm,0, N, M € Z, which is easy to prove by induction, implies that
Tn,m € Z for all n,m € Z.
EXAMPLE 3.
1-34+1% =22,
We have a = 1,0 =3,k =2; 290 =0, 210 =8, 10 = 0 and 2,430 =
15((13714_270 — $n+1,0) + I'n’(). ThllS, 1’2’0 = 120, 2?3,0 = 1680, 1'4’0 = 23408, .

Hence, the sets {1,3,8,120}, {1,3,120,1680} and {1, 3, 1680, 23408} have
property D(1).

If e = 2 then all the x,, ,, are also integers. This follows from the relation

Tn43,0 = (K° = 1)(Zn42,0 — Tn41,0) + Tno -

We are also able to obtain ¥, ,, = Yn+m,0 by applying the construction
from Remark 1. Consequently, we see that the use of double sequences was
unnecessary in the cases e =1 and e = 2.

EXAMPLE 4.
1-5422 =232,

By the above construction, we obtain the following sequence of sets with
property D(4):

{1,5,12,96}, {1,5,96,672}, {1,5,672,4620},

4. Connection with polynomials and with Fibonacci numbers.
We will now apply our construction to the identity

(k—e)(k+e)+e? =k>.
Wehavea =k —e,b=k+e; 200 =0,2_10=0, 1,0 = 4k.
For e = 1 we obtain a sequence of solutions:

{k—1,k+1,4k, 16k> -4k}, {k—1,k+1,16k> -4k, 64k —48Kk> + 8k},

Jones (in [6]) showed that there is no set of five polynomials with the above
property. But there are some other sets of four polynomials with property
D(1), e.g. {k+ 1,4k + 8,9k + 15,144k + 672k? + 1036k + 528}.

For e = 2 we also obtain a sequence of solutions:

{k—2,k+2,4k,4k® — 4k}, {k—2,k+2,4k> — 4k, 4k> — 12k + 8k},
Moreover, {k — 4,k + 4,4k, k3 — 4k} has property D(16) for all k > 5.

Consider now the Fibonacci numbers F,, i.e. Fy =1, Fb =1, Fj,4o =
F,+1+ F,, n € N. The following relation is valid:

2 2
F2nF2n+2m + Fm = F2n+m
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(see [8], p. 28). By applying our construction to this identity, we get e = F,,,,
a = Fop, b= Foniom, k= Fonim. By taking m = 1,2,3,4,6 and using the
properties of Fibonacci and Lucas numbers (L,, = F,,_1 + F,,11), we obtain

THEOREM 3. For all natural numbers n, the sets {Fay, Fonta, Fonia,
A 1 Fonyolonys}t and {Fon, Fonia,5Fony0,4Lon1Foniolonys} have
property D(1), the sets {Fay, Fonte,4Fon12,4F0n11Fon3Fonqa} and
{Fon, Fonye,4Fonia,4Fon2Fon 3Fon1 5} have property D(4), the set
{an, F2n+87 9F2n+4, 4F2n+2F2n+4F2n+6} has property D(g) and {an,
Foni12,16F5, 16, Foni3Foni6Fonio} has property D(64).

The assertions of Theorem 3 can also be proved directly, e.g.
F2n+4 . 4F2n+1F2n+2F2n+3 + 1= <2F2n+2F2n+3 + 1>2
or

5Fon+2 - 4Lont1 FonyoLonys + 1 = (10F;5, 5 — 1)?
(see [4]).

5. General case. Consider now the problem of existence of sets of four
natural numbers with property D(n) in the general case, i.e. in the case
where n need not be a perfect square.

First we prove

THEOREM 4. If n is an integer of the form n = 4k + 2, k € Z, then there
is no set of four natural numbers with property D(n).

Proof. Let n =4k +2, k € Z, and suppose that {a;, as,a3,a4}, a; € N,
has property D(n). This means that a;a; + (4k+2) = b7, for i,j = 1,2,3,4,
i # j, bij € Z. Observe that the square of an integer is 0 or 1 (mod 4). This
implies that a;a; = 2 or 3 (mod 4). This, first of all, means that none of
the a; is divisible by 4. Hence, for some two of them, say as; and a;, we have
as = a; (mod 4) so that asa; = a7 (mod 4). This leads to a contradiction
because the left side of this congruence is 2 or 3 (mod 4) while the right
sideisOor 1. m

What can we get if n # 4k + 27 It is known that every integer which is
not of the form 4k + 2 can be represented as the difference of two squares.
Hence, n = k? — a®. Now, the four numbers a, a, 2a + 2k, 5a + 4k have the
property that the product of any two of them increased by n is a perfect
square. In fact,

a- = k?
a(2a + Qk) +n (a + k)2,
a(5a + 4k) +n = (2a + k)?,
(2a + 2k)(5a + 4k) +n = (3a + 3k)*.

+
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The numbers a, a, (s> +1)a + 2sk, (s> +2s+2)a + 2(s + 1)k have the same
property for every integer s. Note that in any of these quadruples we have
two equal numbers, so they are not solutions of our problem.

There remains the following question: for which integers n do there exist
four distinct natural numbers such that the product of any two of them
increased by n gives the square of an integer? Until now, we proved that
there are an infinite number of solutions when n is a perfect square and that
no solution exists in the case that n = 4k + 2, k € Z. If n is not of the form
4k + 2, then necessarily n can be represented in one of the forms

Ak +3, 8k+1, 8k +5, 8k, 16k +4, 16k + 12.

For all of these cases, we will give formulas for a set of four numbers which
has the property of Diophantus:

(7) n=4k+3: {1,9k*4+8k+1,9k*+14k+6, 36k> +44k+13},

(8) n=28k+1: {4,9k* -5k 9k*+7k+2,36k*+4k},

(9) n=8k+5: {2,18k*+14k+2,18k*+26k+10, 72k* +80k+22},
(10) n=8k: {1,9k% -8k, 9k? —2k+1, 36k — 20k +1},

(11) n=16k+4: {4,9k*>—4k—1,9k>+8k+3, 36k>+8k},

(12) n = 16k+12: {2, 18k*+16k+2, 18k>+28k+12, 72k> +88k+26}.

Our problem is almost completely solved by these formulas. The solution
is incomplete because from (7)-(12) we can get sets with nonpositive or
equal members for small values of k. More precisely, this happens for k = 0,
k= —1in (7), (9) and (12), for k =0, k = 1, k = —1 in (8) and (11),
and for £k =0, k = 1 in (10). In this way, there still remain 14 values of n
for which we do not know whether a solution exists (a set of four natural
numbers with property D(n)). However, among these numbers there are 0,
1, 4 and 9 for which we gave an affirmative answer to our question earlier.
Moreover, the set {1,8,11,16} has property D(—7) and {1, 12,28,76} has
property D(—12). Consequently, we have proved

THEOREM 5. If an integer n does not have the form 4k+2 andn & S =
{3,5,8,12,20,—1, -3, —4} then there exists a set of four natural numbers
with property D(n).

If n € S then the question of existence of a set with the given property

is still unanswered.

Remark 3. Note that the set in (12) is obtained from the set in (7)
by multiplication by 2. We will show that every set of four numbers with
property D(16k + 12) can be obtained from some set of four numbers with
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property D(4k+ 3) by multiplying its members by 2. It is sufficient to prove
that if {a1,as,as,as4} has property D(16k + 12) then all the a; are even.
Suppose that a; is odd. It is easy to see that the square of an integer is 0, 1,
4or9 (mod 16). Therefore, a;a; = 4,5,8 or 13 (mod 16), for ¢,j = 1,2, 3,4,
i # j. This implies that if some a;, ¢ = 2,3,4, is even then it is divisible
by 4. Since a;a; cannot be divisible by 16, we conclude that there must be
at most one even number, i.e. at least three odd numbers, among the a;,
1=1,2,3,4. Let a1, as, ag be odd. We have

ajaz =5 (mod 8), ajaz =5 (mod 8), agzaz=>5 (mod 8).
By multiplying these congruences, we obtain
(araza3)? = 5% =125 =5 (mod 8),
which is impossible, since the square of an integer is 0, 1 or 4 (mod 8).

Formulas (7)—(12) are consequences of two more general formulas: the
set

(13)  {m, (3k + 1)?m + 2k, (3k + 2)%m + 2k + 2,9(2k + 1)*m + 8k + 4}
has property D(2(2k + 1)m + 1), and
(14)  {4m, 3k — 1)*m +k — 1, (3k + 1)*m + k + 1, 36k*m + 4k}

has property D(8km + 1).
Similarly, since

(15) {m, k*m — 2k — 2, (k + 1)?m — 2k, (2k + 1)?>m — 8k — 4}
has property D(2(2k + 1)m + 1) and
(16) {4m, (k — 1)°>m — k — 3, (k + 1)*>m + k + 3,4k*m + 4k}

has property D(8km +9), we obtain the following sets with the property of
Diophantus:

(17) n=4k+3: {1,k* — 2k — 2,k* +1,4k* — 4k — 3},

(18) n=8k+1: {4,k* — 3k, k® + k + 2,4k* — 4k},

(19) n==8k+5: {2,2k% — 2k — 2,2k* + 2k + 2,8k* — 2},
(20) n=8k: {1,k* — 6k +1,k* — 4k + 4,4k* — 20k + 9},
(21) n=16k+4:  {4,k* —4k —1,k* + 3,4k> — 8k},

(22) n=16k-+12: {2,2k> — 4k — 4,2k*> 4+ 2,8k> — 8k — 6} .

It is obvious that for many integers n there exist more than one set with
property D(n). Indeed, formulas (7)-(12) and (17)-(22) together with the
fact that {2,7,19,35}, {1,8,19,208}, {12, 76,150,440} and {1,24,41, 129}
have properties D(11), D(17), D(33) and D(40) respectively, yield
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THEOREM 6. If an integer n is not of the form 4k+2 andn & SUT', where
T = {7,13,15,21,24,28,32,48,52,60,84, —7, —12, —15} then there exist at
least two different sets of four natural numbers with property D(n).

6. Some other formulas for sets with the property of Diophan-
tus. If we take some concrete values for m or k in (13)—(16) we obtain for-
mulas for sets with property D(n), where n is a member of one arithmetic
progression. In the first case, one member of the set is constant and the
other three are polynomials of degree two. In the second case, all members
of the set are polynomials of degree one.

For example (m = 5 in (15) and k = 2 in (14)): the set {5,5k? — 2k —
2,5k% + 8k + 5,20k% + 12k + 1} has property D(20k + 11) and {4m, 25m +
1,49m + 3, 144m + 8} has property D(16m + 1).

More formulas of this type can also be obtained by using the fact that
the set

(23) {m, k*m + 2k — 2, (k +1)*m + 2k + 4, (2k + 1)*m + 8k + 4}
has property D(2(2k + 1) +9).

There are also formulas for sets of four polynomials of degree one which
are not consequences of (13)—(16) and (23). For example:

n=16k+9: {k, 16k + 8,25k + 14,36k + 20},

n=10k+9: {k,9k + 8,16k + 14,25k + 20},

n=14k+11: {4k + 2,9k 4+ 7,25k + 19,49k + 35},

n=22k+5: {9+ 2,16k + 2,49k + 10, 121k + 22},

n =34k +19: {9k + 5,49k + 25,100k + 54, 289k + 153} .
For more formulas see [5].

The question is which arithmetic progression ak + b allows formulas of
this type. Assume {a;k+b; : i = 1,2, 3,4} has property D(ak +b). Without
losing generality, we can suppose that ged(aq,as,as,aq,a) = 1 (otherwise
we put m = kd, where ged(as, ag,as,aq,a) = d). We will also suppose that
ged(a,b) = 1. Now we will prove that a is even and b is a quadratic residue
modulo a.

Suppose that a is odd. From

(aik + bl)(a]k + bJ) + ak + b= (Cijk + dij)2

it follows that a;b; + b;a; = 1 (mod 2), i,j = 1,2,3,4, i # j. This implies
that at most one a; is even. So we can suppose that ai, as, ag are odd.
Hence,

by +b2=1 (mod 2), by+b3=1 (mod2), b3+b; =1 (mod?2)
and 2(by + by + b3) = 3 (mod 2). Contradiction.
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Let j € {1,2,3,4}. The set {aja;k + a;b; : ¢ = 1,2,3,4} has property
D(a5ak+a3b) and so {a;k+a;b; : i = 1,2,3,4} has property D(a;jak+a3b).
For k = —b; we obtain

?, l‘jEZ.

Let a = 2%pT'ps?...p%. For m € {1,...,s} there exists n € {1,2,3,4}
such that ged(pom,, an) = 1. Now we have a2b = 22 (mod p,,) and (%) =1
(Legendre’s symbol). If « > 2 then there exists ¢ € {1,2, 3,4} such that a; is
odd. This implies that b =1 (mod 4). If & > 3 that implies b=1 (mod 8).

Hence, we conclude (see [9], p. 94) that b is a quadratic residue modulo a.

—(ijja + (l?b =T
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