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Polynomials dividing infinitely many
quadrinomials or quintinomials

by

L. Haipu (Debrecen) and R. TIIDEMAN (Leiden)

1. Introduction. In this paper we give necessary and sufficient condi-
tions for polynomials in Q[z] having only simple roots to divide infinitely
many standard quadrinomials or quintinomials over Q.

Let K be any field of characteristic zero. A polynomial P € K{[z]| which
is of the form

k
P(x) = Zaixm" withmi; >...>mp_1 >mr=0and a; =1
i=1

is called a standard k-nomial. For a standard k-nomial P which is not a
standard (k—1)-nomial, we call (mq, ..., my) the exponent k-tuple of P. Put

PRy = {P € Q[z] : 3Q € Q[z] and r € Z with deg(Q) < k
and r > 1 such that P(z)|Q(z") over Q}.

Two algebraic numbers 31, 2 are called equivalent if for some root of unity
e we have (1€ = [35. For a polynomial P € Q[z] having only simple roots we
have P € PRy, if and only if the roots of P belong to the union of at most
k —1 equivalence classes (cf. [6, Proposition 2.1]). We will use this assertion
throughout the paper without any further reference.

In 1965 Posner and Rumsey noted (see [4, pp. 339 and 348]) that P €
PRy, implies that P divides infinitely many standard k-nomials over Q. They
proposed the converse as a conjecture, that is, if a polynomial P € Q[z]
divides infinitely many standard k-nomials over QQ, then P € PRj. For
k = 2 the conjecture is obvious.
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At this point we mention that the restriction to standard k-nomials is
only for convenience. We may replace every standard k-nomial by some
constant multiple of it and the theorems would still be valid.

In [2] Gy6ry and Schinzel proved the conjecture in a quantitative form
for k = 3. They gave an explicit expression C; such that if P divides more
than C7 standard trinomials over Q, then P € PR3. Here (' is a number
depending on the degree of P and some other parameters. Later, Schlickewei
and Viola [5] presented a value of C; which depends only on the degree of P.

On the other hand, Gyéry and Schinzel [2] disproved the conjecture for
every k > 4 by giving counterexamples. For every k > 2 they provided a
polynomial P € Q[z] that divides infinitely many standard quadrinomials
over QQ, but P ¢ PRy. In fact the quadrinomials have a zero constant term
and have therefore only three non-zero terms. The problem is more diffi-
cult for polynomials with non-zero constant terms. For every k > 2 Gyéry
and Schinzel [2] also gave a P ¢ PRy which divides infinitely many stan-
dard quintinomials over Q with non-zero constant terms. They proposed
the following problem instead of the disproved conjecture of Posner and
Rumsey.

Let k be an integer with k£ > 4. Is it true that a polynomial P € Q[z]
with P(0) # 0 divides infinitely many standard k-nomials with non-zero
constant terms if and only if either P € PRy, or P divides a standard
[(k + 1)/2]-nomial?

For k > 6 Hajdu [3] gave a negative answer to this question, provid-
ing other kinds of counterexamples. He proposed to modify the problem of
Gyory and Schinzel as follows.

Let k be an integer with k > 4. Is it true that a polynomial P € Q[z] with
P(0) # 0 divides infinitely many standard k-nomials with non-zero constant
terms if and only if either P € PRy, or P divides a standard (k — 2)-nomial
which divides infinitely many standard k-nomials over Q7

Recently Schlickewei and Viola [6] described a so-called “proper” family
Fi of standard k-nomials such that if a polynomial P having only simple
roots divides more than Cy(k) elements of Fj, then P € PRy, (cf. Lemma 2).

In this paper we give necessary and sufficient conditions for a polyno-
mial P € Q[z] having only simple roots to divide infinitely many standard
quadrinomials or standard quintinomials over Q. Moreover, we present a
polynomial which yields negative answers to the questions of Gyéry and
Schinzel and of Hajdu for k = 5.

THEOREM 1. A polynomial P € Q[z] with only simple roots and with
P(0) # 0 divides infinitely many standard quadrinomials with non-zero con-
stant terms over Q if and only if either P € PRy, or P divides over Q two
different standard quadrinomials with the same exponent quadruple.
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REMARK. We note that the tools in the proof of Theorem 1 can be used
to derive the following effective version:

For every positive integer d there exists an explicitly computable constant
C(d), depending only on d, such that a polynomial P € Q[z] of degree d
with only simple roots and with P(0) # 0 divides more than C(d) standard
quadrinomials with non-zero constant terms over Q if and only if either
P € PRy, or P divides over Q two different standard quadrinomials with
the same exponent quadruple.

THEOREM 2. A polynomial P € Q[z] with only simple roots and with
P(0) # 0 divides infinitely many standard quintinomials with non-zero con-
stant terms over Q if and only if one of the following conditions holds:

(1) P € PR,
(ii) P divides over Q two different standard quintinomials with the same
exponent quintuple,
(iii) there exist integers My, Mo, M3, My such that P divides over Q
infinitely many standard quintinomials Qas of the form

Qur(x) = a2 papa= M g by ™Mot g MM o dy,
with M € N and ayg, by, ey, dpyr € Q.

REMARK 1. The condition that the constant terms are non-zero involves
no serious restriction. Let k be an integer with £ > 2, P € Q[z] with
P(0) = 0 be a polynomial and write P(z) = 2'Q(x) with ¢t > 1 and Q(0) # 0.
Then P divides infinitely many standard k-nomials over Q if and only if )
divides a standard (k — 1)-nomial over Q. On the other hand, a polynomial
P € Q[z] with P(0) # 0 divides over Q infinitely many standard k-nomials
with constant term zero if and only if P divides a standard (k — 1)-nomial
over Q. The proofs of these statements are trivial.

REMARK 2. We conjecture that in Theorem 1 the second condition im-
plies the first, i.e. if some polynomial P € Q[z] divides over Q two dif-
ferent standard quadrinomials with the same exponent quadruple, then
P € PR4. However, the similar condition (ii) in Theorem 2 does not im-
ply that P € PRjs. This follows from the following proposition. The fact
that P does not divide any standard trinomial over Q yields a negative
answer to the questions of Gy6ry and Schinzel [2] and of Hajdu [3].

PROPOSITION. The polynomial P(x) = 2° — 8x% — 16z + 16 divides in-
finitely many standard quintinomials over Q with the same exponent quin-
tuple, but P & PRs and P does not divide any standard trinomial over Q.

REMARK 3. We do not know any example of a polynomial P which sat-
isfies condition (iii) of Theorem 2 without satisfying (i) or (ii). It is therefore
not excluded that Theorem 2 is also valid if (iii) is omitted. It is even possible
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that for any k& > 5 a polynomial P € Q[z] with P(0) # 0 divides infinitely
many standard k-nomials with non-zero constant terms over Q if and only if
either P € PRy or P divides over QQ two standard k-nomials with the same
exponent k-tuple.

2. Two basic lemmas. To prove Theorem 1 we need the following
two lemmas, which play important roles also in the proof of Theorem 2. To
formulate the first lemma, we need some preliminaries.

Let K be an algebraic number field and «a;; € K* for 1 <i <m, 1 <
j < n, where m,n are positive integers. Moreover, let a;, € K (1 < i < m).
Fori = 1,...,m and z € Z" with x = (x1,...,zy) briefly write o;* =

1 Ty . .
a;f ..o . Consider the equation

(1) Zai%£:0 inzeZ".
i=1

Let P be a partition of the set A = {1,...,m}, and consider the system of
equations

(1.P) Za&ﬂzo (AeP) inzeZ”,

i€
which is a refinement of (1). Let S(P) denote the set of those solutions of
(1.P) which are not solutions of any (1.Q), where Q is a proper refinement

of P. Set iy 8 19 if i1 and 79 are in the same class of P, and put
GP)={zeZ": %5 = %é for any 41,42 with 7 z in}.

LEMMA 1. With the above notation, there exists an explicitly computable
constant C(m,n), depending only on m and n, such that if P is any partition
of A with

IS(P)| = C(m,n),
then there are different solutions z' and 2" of (1.P) such that 2’ — 2" €

G(P).

Proof. By induction, the statement is a simple consequence of Theo-
rem 1.1 of [1]. m

LEMMA 2. Let P € Q[z] be a polynomial with only simple roots and
let A be a set of standard k-nomials having the following property: for
any two standard k-nomials in A with exponent k-tuples (mq,...,my) and
(m},...,m}), respectively, and for any ji,j2,J3 € {1,...,k} with j1 < jo <
J3 the ordered pairs

/ !/

(mjl = Mg, Myjy — mj3) and <mj1 B mj3’m;2 B m;3)

are distinct. If |A| > 2exp((6k!)3k!) and P divides all the k-nomials in A,
then P € PRy.
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Proof. The statement is a reformulation of the main result of Schlickewei
and Viola [6]. m

3. The quadrinomial case

Proof of Theorem 1. If for some P € Q[z] we have P € PRy, then P
divides infinitely many standard quadrinomials over Q (see [4, pp. 339 and
348]). Moreover, if P divides two standard quadrinomials @1 and @3 having
the same exponent quadruple, then P divides all the standard quadrinomials

of the form
a b

a+bQ1+a—|—b

for every pair (a,b) of positive rationals. Thus the “if” part of the theorem
is proved.

Suppose that P divides infinitely many standard quadrinomials with
non-zero constant terms over Q, and let A be an infinite set of such stan-
dard quadrinomials. If there are infinitely many trinomials in A, then the
statement of the theorem is a simple consequence of the Theorem of [5].
Hence we may assume that there are no trinomials in A. Moreover, in view
of the second condition of the theorem, we may suppose that the exponent
quadruples of the quadrinomials in A are all distinct. Furthermore, omit-
ting some elements of A if necessary, we may also assume that the exponent
quadruples of all the polynomials in A are of the form

(X,MQ,Mg,O) or (Ml + X, My + X, Mjy +X,O),

Q2

where M7, My and Mj are fixed integers. To verify this, first observe that
for every m, there are only finitely many ) € A of degree m, since the
exponent quadruples of the quadrinomials in A are distinct. Thus we may
assume, discarding some elements of A if necessary, that there are no two
polynomials in A of the same degree. If P € PRy, then the theorem holds.
Otherwise let B be a maximal subset of A such that for any Q,Q* in B
with exponent quadruples (m1, ma, ms,0) and (m7, mj, mj3,0), respectively,
we have

(mg,m3) # (m3,m3) and (m; —mg,mg —m3) # (M) —m3,my —m3).

Using Lemma 2 we obtain |B| < 2exp(1447%). Then by the box principle
we infer that for some Qo € B, with exponent quadruple (M, Ms, M3,0)
say, there are infinitely many polynomials R in A such that their exponent
quadruples (mq, ma, ms,0) satisfy

(mg,mg) = (Mg,Mg) or (m1 —mg3,my — ’I’)’Lg) = (M1 — Mg,MQ — Mg),

and our claim follows.
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Assume first that infinitely many Q € A have exponent quadruples of
the form (X, Ms, M3,0) with My, Mj fixed. Omit every polynomial from A
which does not have this property.

We may suppose that P has four pairwise non-equivalent roots as, as,
ag, ay under the relation introduced in the previous chapter, since otherwise
we immediately obtain P € PR4. As P divides all the standard quadrino-
mials in A over Q, the equation

af oy of  of

a% aé\b aéwg ai\/b 0

aiwi‘ aé\/[?’ aé‘h aiw?’ -
1 1 1 1

has infinitely many solutions in integers X with X > Ms. By letting

M. M. M-

a; 2 o2 o 2

1 12 13

R — Ms Ms M3
DZl’Lng - Oéil Cliz 011»3
1 1 1

for all {i1,i2,i3} with 1 < iy < i < i3 < 4, the previous equation can be
rewritten as

(2) Dazsayr — Diggas + D124a§( — Digzaf = 0.

Suppose that in (2) at least one of the subdeterminants D;,;,:, does not
vanish. Note that as the a;’s are non-zero, at least two such determinants do
not vanish in this case. Choose a partition P of the left hand side of (2) into
subsums which vanish for infinitely many X (belonging to the Q’s in A),
but have proper vanishing subsums only in finitely many instances. Omit
all the @Q’s from A for which these subsums either do not vanish, or have
proper vanishing subsums. Observe that we still have |A| = co. Applying
Lemma 1 to the partition P, we find that for some non-zero integer z; and
some indices 41,12 with 1 < iy <19 <4,

21 _ o ”1
=

&y i2)

which contradicts the non-equivalence of «;, and «;,. This shows that all
the determinants D; ;,:, in (2) must vanish.
However, this yields that for some polynomials

Fj(z) = 2™ taja™ + b, (j=1,2,3,4)
with a;,b; € K, (a;,b;) # (0,0) we have
Fyla;) =0 fori,je{1,2,3,4}, i # j,

where K is the splitting field of P. Observe that if F; # Fj, for some j, j/,
then there exist two «;’s which are roots of the same binomial F;(z)—F}j (x),
whence their ratio is a root of unity. This contradiction implies that F; =
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Fy = F3 = Fy, whence aq, as, as, ay are roots of F. Note that F; is deter-
mined by Ds34, which does not contain aq. If we take any other quadruple
of pairwise non-equivalent «;’s, the whole argument given above remains
valid. We deduce by induction that every quadruple of non-equivalent «a;’s
yield the same trinomial F;. Hence, as P has only simple roots, we may
conclude that P(z) | Fy(z) over K. Suppose now that o(F;) # Fy for some
automorphism o of K. As clearly o(P) = P, this implies P |o(F}) whence

P|(Fy —o(Fy))

over K. However, the last polynomial is a binomial, and we deduce that the
ratio of each pair of roots of P is a root of unity, which is a contradiction.
Hence we may assume that o(F}) = F} for all the automorphisms of K. This
immediately implies that F; € Q[z]. If we observe that for any @ € A the
polynomial @) + F} is a standard quadrinomial having the same exponent
quadruple as @, and that P |Q + F}, the theorem follows in this case.

Assume now that infinitely many Q € A have exponent quadruples of
the form (M; + X, My + X, M3 + X,0) with My, My, Mj fixed. This means
that the polynomial P divides standard quadrinomials of the shape

aMAX oMt X pp Mt X 4oy with ex #£0

for infinitely many X > 0. This is equivalent to saying that the polyno-
mial P*(z) = 29°8(P) P(1/x) divides standard quadrinomials of the form
aMFX 4 (b Jex)eMi=Ms 4 (ax /ex)zMi=M2 4 1/cx for infinitely many
X with M; + X > M; — Ms. However, for such polynomials P* the the-
orem has already been proved. Hence either P* € PRy or P* divides two
different standard quadrinomials having the same exponent quadruple
(m1,ma,ms,0). In the former case we infer that also P € PRy, since the
non-zero algebraic numbers a1, aso, a3, g are pairwise non-equivalent if and
only if 1/a1,1/ag,1/as,1/ay are pairwise non-equivalent. In the latter case
we obtain that P divides two different standard quadrinomials with the same
exponent quadruple (my,m; —ms, my —mao,0) over Q. m

4. The quintinomial case

LEMMA 3. Let p and q be integers with p # 0, ¢ # 0 and p # —q, and

IT the set of the different permutations of (p,q,0,0,0). Let (i1,1i2,13,14,15)
be any permutation of (1,2,3,4,5), and put

Sl - {(7:17Z.27Z.3)7 (i17i27i4)7 (i17i37 i4)7 <i27i37 i4)}7

So = {(i1,12,13), (41,12, 14), (i1, 42, 5), (43,14, 75)},

Sz = {(i1,12,13), (i1, 42, 14), (11,43, 75) }.
Let S be any (possibly empty) subset of one of the sets S; (i = 1,2,3), and
let IT* be the set of those different permutations of (p,q,0,0,0) in which

2 (
S (
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the indez-triplets of the places of the 0’s belong to S. Put T = II \ IT*, and
let Ty, ..., T; be any partition of T with |T;| > 2 (1 < i < t). Let H be
the subspace of Q° generated by the set of quintuples Ul;:l Uu’veTi{u — v}
over Q. Then H contains a quintuple having exactly two non-zero entries.

Proof. Note that if the statement is true for some choice of (iy,is,13,
i4,15), then it is clearly true for the other permutations of (1,2,3,4,5).
Throughout the proof, we call a quintuple nice if it has exactly two non-zero
entries. We split the proof of the lemma into several parts.

Assume that p = q. Clearly, without loss of generality we may suppose
that p = ¢ = 1. If two elements from T are in some T; with one 1 at the same
place, then we are done. Since there are only five entries, we are also done if
|T;| > 3 for some i. So |T;| = 2 for every i and |T'| cannot be odd. By sym-
metry we may assume that 77 = {(1,1,0,0,0),(0,0,1,1,0)} with difference
vector v; = (1,1, —1,—1,0). If there is another class with elements having
0’s at the last entry, then we may assume without loss of generality that
T, ={(1,0,1,0,0),(0,1,0,1,0)} with difference vector vo = (1,—1,1,—1,0)
and then vy + vy = (2,0,0,—2,0) is a nice quintuple in H. Otherwise we
can permute the entries in such a way that T» = {(1,0,0,0,1),(0,1,1,0,0)}
with difference vector vo = (1,—1,—1,0,1). Since |S| < 4, we know that
there is a third class T3. There are only five possible additional classes,
yielding the difference vectors vs = (1,—-1,1,0,—1), vy = (1,0,1,—-1,—1),
vs = (1,-1,0,1,-1), v = (1,0,-1,1,-1), v; = (0,1,—1,1,—1), respec-
tively. In the first case vs 4+ v3 is nice, and in the fourth case 2v; — vy — vg
is nice. In the remaining three cases the places of the 0’s do not belong to
S1 or S3. We conclude that |S| < 3, |T'| > 7 and there should be a fourth
pair. However, the quintuples v; — 3vy — 2v4 + 4vs, 3v1 — v2 — 2v4 — 4v7 and
v1 + vg — 2v5 — 2v7 are all nice. This proves the lemma in the case of p = q.

Suppose now that p # ¢ and that the subspace H does not contain any
nice quintuple. Clearly, we may assume that p > |¢| and ged(p,q) = 1.
Observe that for any (z1,z2, 23, 24,25) € H we have

(3) r1+ x2+ a3+ 24 + 25 =0.

If the dimension of H is 4, then starting from a basis of H over Q, by
Gaussian elimination we can obtain a nice vector in H. Thus we may suppose
that another linear relation is also valid for the elements of H, i.e.

(4) AT+ A2xo + A3w3 + Agwg + As5 = 0

holds for every (x1,x2,x3,24,25) € H, where \; € Q (i = 1,...,5), and
these coefficients are not all equal. Plainly, we may assume that \; € Z
(¢=1,...,5) and gcd(A1, A2, A3, Ag, A5) = 1, moreover, that max |A; — A;| is
minimal among all such coefficient quintuples. Put

I= {Z € {172737475} ‘Y ?é 0 for some (y17y27y3ay4ay5) € T}
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Let now Y = (y1,v2,Y3,Y4,Y5) and Z = (z1, 22, 23, 24, 25) be two quin-
tuples from the same class of 7', and suppose that y; = z; = ¢. If i = j,
then Y — Z is a nice quintuple in H. If i # j, then from Y — Z € H by
ged(p, g) = 1 we have \; = A\; mod p. Now if all the A\; with ¢ € I belong to
the same residue class r mod p, then by the relations (3) and (4) we deduce

that

Z()\l — ’I“):Ei =0

icl
is valid for every (x1,x2,x3,24,25) € H. However, after dividing by the
ged of the coefficients (which is > p), we get a coefficient quintuple
(A1, AS, A5, Ay, AL), for which (4) is valid and

max [\; — X < max|\; — A,

which is a contradiction. Thus the set I splits over two classes I; and I
with |Iz| > |I1| > 2, such that if i,j € Ij, then \; = A\; mod p (k = 1,2).
Moreover, using (3) if necessary, we may assume that A; = 0 mod p for every
1€ Is.

Suppose that |I| < 4. Then S = S; for some permutation (i1, 2,3, 1%4,i5)
of (1,2, 3,4,5). Without loss of generality we may assume that (i1, 2, i3, 14, i5)
=(1,2,3,4,5) and
(5) A =X # A3 =) =0mod p.

Observe that in this case |T'| = 12. It is also clear that every class T; has
two elements. Without loss of generality we may assume

Tl = {(Q7p7 07 07 O)a (07 q,DP, Oa 0)}
If

T2 = {((L Oap) 07 O)a (pa q, 07 07 0)}7
then we have a class

T3 = {(CL 07 O7p7 0)7 (07 q, 07p7 0)}7
and we get the nice vector

(q7 —q, 07 07 0) = (Q7 07 O7p7 O) - (07 q, 07p7 O)
in H. Thus we may suppose that
T2 = {(Qa Oapv 07 0)’ (Oa q, 07p7 O)} and T3 = {(q7 07 07p7 O)a (p7 q, 07 07 O)}
Applying (4) for the difference of the vectors in T5, we get
A1q — A2q + Azp — Aap = 0.

By (5) and ged(p,q) = 1 this implies \; = Ay mod p?. On the other hand,
for the difference of the vectors in T3, (4) yields

Mg+ X2(p—q) — Asp = 0.
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With the use of A = Ay mod p? and (5), this gives Aa = 0 mod p, which is
a contradiction.
So we may assume that |I| =5 and

(6) M =X ZA3=) = )X5 =0mod p.

Clearly,

IT| = #1 + #2 + #3 + #a + #s,
where #, denotes the number of quintuples in T" with ¢ at the ith position
(i=1,...,5). As we consider quintuples, plainly #, < 4. Moreover, observe
that 4 — #; equals the number of triplets in .S in which 7 does not occur.

By (6), #1 = #2. We claim that #,+#2 < 4. To prove this, suppose that
there are two classes T} and T», in which the places of the ¢ belong to {1, 2},
in 71 a p occurs at a position from {1, 2}, and the other p’s in Ty and T» are
at positions from {3,4,5}. Applying (4) for the difference of the quintuples
in T, and using ged(p,q) = 1 and (6), we obtain A; = Ay mod p?. If we now
apply (4) for the difference of the vectors in 77, by ged(p,q) = 1 and (6)
the previous congruence yields A\; = A2 = 0 mod p, which is a contradiction.
Thus, if #1 + #2 > 6, then without loss of generality we may assume that
three classes are given by

Ty ={(4,0,p,0,0),(0,4,0,p,0)}, T2 ={(q,0,0,p,0),(0,4,0,0,p)},

T3 = {(q7 07 07 0,p), (07 q,D, 07 0)}
However, now the sum of the three difference vectors provided by T4, 75,15
gives a nice quintuple in H. This proves #; + #2 < 4. Hence |T'| < 16 and
|S] > 2.

Suppose that |T'| = 16. Then #3 + #4 + #5 = 12. This implies #; = 4
for i = 3,4,5, whence i € s for every triplet s € S (i = 3,4,5). However, as
|S| > 1, this is impossible. Thus |T'| < 14 and |S| > 3.

Suppose |T| = 14. As we just proved that #3 + #4+ #5 = 12 is impossi-
ble, we must have #3 + #4 + #5 = 10. This implies that in the triplets of .5,
3,4,5 altogether are missing exactly twice. Thus without loss of generality
we may assume that S is given by one of the sets

{(3,4,5),(1,3,5),(2,3,5)}, {(3,4,5),(1,3,5),(1,4,5)},
{(3,4,5),(1,3,5),(2,4,5)}.
In the first case the quintuples with ¢ at places 1 or 2 are given by
(¢,0,p,0,0),  (¢,0,0,0,p),  (0,¢,p,0,0), (0,4,0,0,p).
It is easy to check that no matter how we distribute these vectors into two

classes 17 and T5, we get a nice quintuple in H.
In the second case the quintuples with ¢ at the places 1 or 2 are given by

(¢,0,p,0,0), (¢,0,0,p,0), (g,0,0,0,p), (0,4,0,0,p),
and one of the difference vectors is nice.
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The third case is somewhat more complicated. In fact now we have S =
S3 with (i1,12,13,14,75) = (5,3,4,2,1). Observe that two classes must be
given by

T, = {(q7 0,0, p, O)a (07 q,0, Ovp)}a T; = {(Q7 0,0, O’p)a (Oa q,p,0, O)}

Thus the quintuple
1
;[(Q7 07 Oapv 0) - (07 q, 05 Oap) + (07 q,D, O’ 0) - (q’ Oa Oa Oap)] = (07 07 17 17 _2)

is in H. Further, consider the classes T3 and Ty that contain the quintuples
(0,0,p,0,q) and (0,0,0,p, q), respectively. If one of the vectors

(p70707O?Q)7 (Oﬂp’O7O7Q)

belongs to T3 or T4, then we get a nice difference vector. If any of the
quintuples

(0,0,¢,p,0), (0,0,¢,0,p), (0,0,p,q,0), (0,0,0,q,p)

of T is either in T3 or Ty, then with the help of (0,0,1,1,—2) € H and
p > |q| we again obtain a nice vector in H. So we have either

T3 = {(0707])7 07 Q)7 (pr, Q7O70)} and T4 = {(070707p7 q)7 (p7 07 O7Q70)}7

or

T3 = {(0,0,p, 0, Q)’ (p,0,0,q,O)} and Ty = {(anaoapa Q)a (Ovpquovo)}'

In the first case T7 and T, yield a vector (2¢q,—2q,—p,p,0) € H, and Tj
and Ty a vector (p,—p,p — ¢,q — p,0) € H. A linear combination of these
quintuples is given by the nice vector

(0,0,p* + 2pg — 2¢%, —p* — 2pq + 2¢°,0) € H.

In the second case we obtain a nice quintuple in H in a similar way. Thus
|T| <12 and |S| > 4.

We conclude that |T'| = 12 and |S| = 4. Since S = 57 is already excluded,
we have S = Sy for some permutation (iy,1i9,13,44,75) of (1,2,3,4,5). By
#1+ #2 < 4, we find 1,2 € {i3,iq4,i5}. Because of symmetry we may
assume without loss of generality that (iy,1i9,3,14,15) = (4,5,1,2,3). Hence
the quintuples with ¢ at the places 1 or 2 are given by

(¢,0,0,p,0), (¢,0,0,0,p), (0,4,0,p,0), (0,q,0,0,p).
It is easy to check that no matter how we distribute these vectors into two

classes, we get a nice quintuple in H. m

In the proof of the following statement we need some concepts of graph
theory. In what follows, V' will denote a graph, and sometimes also the set
of vertices of this graph. If V' is a set of vertices of V, the restriction of V'
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to V’ means the graph with vertices in V’ and with those edges of V for
which there is a corresponding edge in V.

LEMMA 4. Let P € Q[z] with P(0) # 0 be a polynomial having only
simple roots and assume that among these roots there are at least five which
are pairwise non-equivalent. Suppose that P divides over Q infinitely many
standard quintinomials with distinct exponent quintuples and non-zero con-
stant terms, and let A be an infinite set of such standard quintinomials.
Furthermore, suppose that for the exponent quintuples (my,ma, ms, my,0)
and (m},mb,mb,m},0) of any pair Q1,Q2 € A we have

my #my,  ma 7 my,
and either
(i) (mg,mq) = (m3,m}),
or /
(ii) mo —mbh = mg — mf = my —mj, % ¢ {1,2}.
Put (r1,72) = (mg,my) and (r1,r2) = (mg — my,ms — my) in case (i)

and (ii), respectively. Define the graph V in the following way. Let the
vertices of 'V be the non-ordered triplets {a,,ai,, i} of pairwise non-
equivalent roots of P for which the determinant

T1 1 T1

o oy
T2 2 T2

ot gl
1 1 1

vanishes. Connect two vertices v1 and vy by an edge if and only if |vy Nvs]
= 2. Then the graph V is connected and for every root a of P there exists
av €V such that o € v.

Proof. Observe that to prove the statement, it is sufficient to verify that
under the assumptions of the lemma the following three conditions hold:

(a) for any set of pairwise non-equivalent roots L = {1, s, a3, oy, a5}
of P the subgraph V;, of V whose vertices are the triplets of V with entries
from L has the property that for every ¢ with 1 < ¢ < 5 there exists av € V,
such that o; € v,

(b) the above-defined subgraphs V}, are all connected,

(c) if both sets L = {a1,a0,as,a4,5} and M = {af, a2, a3, 04,5}
consist of pairwise non-equivalent roots of P, then the restriction of V' to
Vi, U V), is connected.

Indeed, (a) implies that for every root a of P there is some v € V' such
that « € v, while (b) and (c¢) together yield that V' is connected.
Moreover, (c) can be replaced by the condition
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(¢’) for any set of pairwise non-equivalent roots L = {1, s, a3, oy, a5}
of P the corresponding subgraph V7, satisfies

VL 7& {{ai1 ) Xig 011‘3}, {ail ) Qig) ai4}v {ail ) Qigs ais}}
for any permutation (i1, 9, 13,14,175) of (1,2,3,4,5).

To prove this, assume that (a), (b) and (c¢’) are true for both L =
{a1, as, a3, a4, a5} and M = {a7, az, a3, oy, a5} consisting of pairwise non-
equivalent roots of P, but (c) does not hold. Suppose that there is a v € V),
of the form v = {a,, a;,, a;, } with 2 < j; < jo < j3 <5. Then v € V7, and
(c) holds. Thus to avoid (c),

Vi C U {{OzT,an,Oéj?)}}

(42,73)
2<j2<j3<5

and by symmetry,

VL € U {{051,043‘2,04]'3}}

(J2,43)
2<j2<3<5

must be valid. To preserve (a) and (b) but avoid (c), here

Vi = {{O‘Tv ajwajs}’ {O‘; Qjys 06]‘5}, {O‘Tv Ay ajs}}

together with

Vi = {{Oq, Qs s aj4}v {O‘h Qj, 04]’5}; {041, Qjz aj4}}
should hold, where {j2, j3, j1, j5} = {2,3,4,5}. However, in this case we find
that (c¢’) is not valid for Vi, by choosing

(i1, 42,13, %4,15) = (1, 3, Ja, Js, J2)-
This shows that (a), (b) and (c¢’) together imply (c).

We prove the lemma under the assumption (i) first. Put (M3, My) =
(ms3,my4). Assume that one of the conditions (a), (b) or (¢’) does not hold,
and fix a set L = {ay, ag, as, g, a5} of pairwise non-equivalent roots of P
such that this happens also for this set. For all {i1,i2,i3} with 1 <i; < ip <

13 < 5 put
Ms Ms M

Oéil aiQ aig

L. —_— M4 M4 M4
D’Lllz’bg - Oéil Oéi2 Oéis
1 1 1

Suppose first that (a) is not valid, that is, for some i with 1 < i < 5
and for every element v of the corresponding subgraph Vi of V, we have
o; € v. Without loss of generality we may assume that here ¢ = 5. By our
assumptions we have

VL C {{ala Q2, 0(3}, {Oél, Q, 044}, {ala as, 0(4}, {042, Qas, 044}}.
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Let I be the set of the index-triplets of the vanishing determinants D
We clearly have

119213 *

IC{{1,2,3},{1,2,4},{1,3,4},{2,3,4}}.

At this point we split our proof into two parts.
1) Suppose that we also have

mi1 — mg # my —mb
for every pair Q1,Q2 in A, up to finitely many exceptions. Note that we
may also assume that

my +my # my +msy
for all @Q1,Q2 € A. Indeed, for every N € N there can be at most finitely
many )1 € A with mq +ms = N, otherwise there would be infinitely many
polynomials in A with the same exponent quintuple.

The fact that P divides all the standard quintinomials in A means that
the equation

1 1 1 1 1

has infinitely many solutions in integers My, My with M; > My > Ms, for
any fixed set {aq, aa, ag, g, as} of pairwise non-equivalent roots of P. The
equation can be rewritten as

Z (—1)i1+i2+1 Sgn(ig — i1>Di3i4i5aM1 C!M2 = 0.

11 ig
{i1,92,13,14,i5 }={1,2,3,4,5}
13 <14 <15

Let

(7) Y (—1)" 2+ sgn(iy — iy) Dygigig a2 = 0
(i1 i0,i3,04,05 }={1,2,3,4,5}
13<t4<i5

be the equation obtained by removing the terms with D;,;,;, = 0. Choose
a system P of subsums of the left hand side of (7) such that each sub-
sum in P vanishes for infinitely many exponent quintuples corresponding to
the polynomials in A simultaneously, but all the proper subsums of these
subsums do not vanish. Remove all other polynomials from A. Clearly,
we still have |A| = co. Applying Lemma 1 to the partition P, we obtain
G(P) # {0}. Hence for some z = (z1, 22) € Z? with (21, 22) # (0,0) and for
all (i1,12), (j1,j2) we see that if aMlaf\f"’ and o taj)? occur in the same

1 J2
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class of P, then

21 22 Rl R2
Qi Gy = Q5 Q-

Thus we obtain a lot of multiplicative relations among the «;’s, and to get
a contradiction it suffices to prove that these relations imply that the ratio
of two such roots is a root of unity. Put p = z; and ¢ = 25, and observe that
by our assumptions

/ / / / / /
my #my, moFm, mp—maFmy—ms and my +my # mi + ms,

as (21, z2) comes from the difference of two distinct solutions (M7, M3) and
(M7, Mj) of (7), we may suppose that

p#0, q#0, p#q and p# —q.

We apply Lemma 3 with S = S; to the partition P = {T1,...,T};} corre-
sponding to our vanishing subsums in (7). Note that the inequality p # ¢
implies that |IT| = 20. We deduce that from our multiplicative relations it is
possible to derive a relation in which exactly two roots are involved, and we
may assume that their exponents are integers. Moreover as the sum of the
entries of every vector in H (defined in Lemma 3) is zero, in this relation the
sum of the two non-zero exponents equals 0. Hence the ratio of the two roots
is a root of unity. This contradiction shows that (a) must hold in case 1).
2) Suppose that for infinitely many polynomials in A we have

my — me =mj —mb.

Remove all the other standard quintinomials from A. For the remaining
polynomials in A put (M3, My) = (mg, my) and M = m; —mg, and observe
that the equation

ai\/fz-f-M aé\/fz-‘rM aéWz-I—M ai\/fz-f—M aé\/fz-‘rM
aiwz aéwz aéwz aiwz aéwz
aiw?’ aé% aéw?’ aiw?’ aé\/13 =0
aiw“ aéw‘* aéw“ ozflw“ aéw‘*
1 1 1 1 1

has infinitely many solutions in integers Ms with Ms > Ms. The equation
can be rewritten as

i1+ia+l, M M M
Z (_1)11+12+ (ail - &y, )Di3i4i5 (ailaiQ) ?=0.
{i1,%2,13,44,i5}={1,2,3,4,5}
11<1t2,13<i4<15
Observe that for any 1 <i; < iy < 5, the non-equivalence of «;, and o,
implies that
M M
a; —ag, #0.
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Let

X .
(8) > (1) T2 M — ) Diyiyiy (0, 0,) M = 0
{i1,i2,i3,04,05 }={1,2,3,4,5}
11 <i2,13<ig<is

be the equality obtained after removing the terms with D;,;,;. = 0. Choose
a system P of subsums of the left hand side of (8) such that each sub-
sum in P vanishes for infinitely many exponent quintuples corresponding to
the polynomials in A simultaneously, but all the proper subsums of these
subsums do not vanish. Remove all the other polynomials from A. Clearly,
we still have |A| = oco. Applying Lemma 1 to the partition P, we obtain
G(P) # {0}. Hence for some z; € Z with z; # 0 and for all (i1, 2), (j1,J2).

Mo

. : . M .
if the terms involving (o, a;,)" ~ and (o, e,)" > occur in the same class

of P, then
(ai1 aiQ)ZI = (ajlan)ZI‘

We again use Lemma 3 with S; to get a contradiction in this case. Put
p = q = z1, and observe that by our assumptions

m1 #m} and may # m),

as z1 is the difference of two distinct solutions My and M of (8), we may
suppose that

p#0 and ¢q#0.

We apply Lemma 3 to the partition P = {7171, ...,T}} corresponding to our
vanishing subsums in (8). Note that by p = ¢ we now have |[II| = 10 in
Lemma 3. Just as in part 1) of the proof, we see that the ratio of two of the
above «;’s is a root of unity. This contradiction yields that (a) must hold
also in case 2).

Suppose now that (a) is valid but (b) is not. Hence some subgraph Vi,
of V' is disconnected. By an analysis of the possibilities we see that without
loss of generality we may assume that

VL g {{ala a2, a3}’ {al) a9, 0[4}, {alv Qg, 065}, {a37044, 015}}

Thus for the set I of the index-triplets of the vanishing determinants D
we obtain

131415

IC{{1,2,3},{1,2,4},{1,2,5},{3,4,5}}.

Now we can repeat the whole argument above, and by the help of Lemmas 1
and 3 with § = S5, we get a contradiction also in this case.

Suppose now that (a) and (b) are valid but (c¢’) is not, i.e. some subgraph
Vi of V is of that special form. Without loss of generality we may assume
that

Vi C {{051, a2, 043}, {ala 042,044}, {0517 ag, a5}}'
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Thus for the set I of the index-triplets of the vanishing determinants D
we obtain

1314175

IC{{1,2,3},{1,2,4},{1,3,5}}.

We can repeat the whole process again, this time with case S3 of Lemma 3,
and arrive at a contradiction. The proof of the lemma is now complete in
the case of (i).

Suppose now that (ii) holds. Choose any @) € A with exponent quintuple
(my, ma, ms3, myg,0) and put (Msy, M3, My) = (m2, m3, my4). The fact that P
divides all the standard quintinomials in A means that the equation

M1 M1 M1 Ml Ml
51 Qy a3 Qy ]
ai\/b—l-M aé\/12+M aé\42+M ai\/b-i—M aé\/12+M
ai\/[:s-i-M Msz+M aM3+M (Jéi\/[3+M Oéé\/13+M =0
Ozi\/[4+M aé\/fr‘rM aé\h-f—M Oéi\/[4+M aé\/f4+M
1 1 1 1 1

for any fixed set {1, a9, a3, aq, a5} of pairwise non-equivalent roots of P
has infinitely many solutions in integers M7, M with M; > M. If we put
My My  Ms

Oéil Oéig OZ,L-S

L Ms Ms Ms
D1174213 - a’il aig aig
M M. M.

a; 1 oM Ma

1 ] 13

for all {i1,i9,i3} with 1 < iy < i < iz < 5, the previous equation can be
rewritten as

Z (_1)“+12 Sgn(ZQ - Zl)l)i;ﬂlﬂ's ai\l/ll (041'3 ai4ai5) =0,

{i1,92,13,14,15 }={1,2,3,4,5}
i3<ig<is

hence after dividing by (a1a2a3a4a5)M and omitting the terms with D;,;, ..
=0, as
(9) > (—1)" = son(iy — i1) Dygigiger Ma M = 0.

2
{i1,92,3,94,95 }=11,2,3,4,5}
13<i4 <15

If @1,Q2 are any two polynomials in A with exponent quintuples (M,
My + M, Mz + M, My + M,0) and (M{, My + M', M3 + M’ , M, + M’,0),
respectively, then any of the equalities
My-M=M -M, -M=-M,
(My — M) — (Mj — M') = £(-M — (-M"))
would contradict our assumptions concerning these exponent quintuples.
Now we can apply the whole process used to prove the lemma in case 1) of
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(i) to (9). By the help of Lemmas 1 and 3, our result also follows in this
case. Note that by the impossibility of the previous equations we have

p#0, q#0, p#=Eq,

whence [IT]| = 20 in Lemma 3 in this case. m

It will be convenient to deal with a special case of Theorem 2 in the
following lemma separately.

LEMMA 5. Using the notation of Theorem 2, let A be an infinite set of
standard quintinomials divisible by P over Q. Suppose that all the polyno-
mials in A have exponent quintuples of the form (mq, Ma, M3, My, 0) with
the same fized My, M3, My. Then either condition (i) or (ii) of Theorem 2
is valid for P.

Proof. Write X = m1, and observe that as P divides the standard quinti-
nomials in A over Q, the equation

af ey a3 ay  af
oz{\/[2 aéwg aéwZ ai% aéwg
sl aé% ol ozéw3 =0
aiw“ adls bl ai\/l“ aévu

1 1 1 1 1

has infinitely many solutions in integers X with X > Ms. If we put

MQ M2 M2 M2

i1 ia iz Qg
M3 Ms Ms aM3
Di1i2i3i4 - " 2 '3 4
M, M, M, O[M4
11 12 13 14

1 1 1 1

for all {iy,1i2,13,14} with 1 < iy < iy < i3 < ig4 < 5, the previous equation
can be rewritten as

(10) D234504{( - D1345a§ + D1245a3X — D1235af + D1234a§( =0.

Suppose that in (10) at least one of the subdeterminants D, ;,i4:, does
not vanish. Note that as the «;’s are non-zero, at least two such determinants
do not vanish in this case. Choose a partition P of the left hand side of (10)
into subsums which vanish for infinitely many X (belonging to the @’sin A),
but have proper vanishing subsums only in finitely many instances. Omit
all the Q’s from A for which these subsums either do not vanish, or have
proper vanishing subsums. Observe that we still have |A| = co. Applying
Lemma 1 to the partition P, we immediately obtain G(P) # {0}. Hence for
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some non-zero integer z; and indices i1,75 with 1 <47 <1y < 5 we have

il = aj],
which contradicts the non-equivalence of «;, and «;,. This shows that all
the determinants D, ;,i,;, must vanish in (10).

Hence for some polynomials
Fj(x) = 2™ +aja? +bja™Ms 4 ¢ (=1,2,3,4,5)
with a;,b;,¢; € K and (a;,b;,¢;) # (0,0,0) we have
Fi(a;) =0 fori,je{1,2,3,4,5}, i #j.

Observe that if for some j and j’ we have F; # F}/, then there exist three a;’s
such that they are roots of the distinct standard quadrinomials F); and Fj/,
both having exponent quadruple (M, M3, My, 0). Without loss of generality
we may assume that these a;’s are aq,as,a3 and j = 4, j/ = 5. Further,
we may assume that ay # a5, otherwise aq, as, a3 would be roots of the
same binomial Fy — F5, whence all their ratios would be roots of unity. So
a1, o, ag are also roots of the standard trinomial

(Fu(z) — F5(x)).

Recalling that, for infinitely many positive integers m1, P divides some stan-
dard quintinomial @,,, (z) having exponent quintuple (mq, Ma, M3, My, 0),
we find that the polynomial

F6(;L') =

ay — as

Py(z) = (x —aq)(z — ao)(x — a3)
divides over K infinitely many standard trinomials of the form
le (ZL’) — 01F4(33‘) — CQFG(ZE),

where C7 and C5 are appropriately chosen numbers from K. Now by The-
orem 1 of [2], for some positive integer r and some polynomial R € K|z] of
degree at most two, Py divides R(z") over K. (We note that this assertion
is proved only for K = Q in [2], but as mentioned by the authors, this more
general statement is also valid.) Hence for some 1 < i < is < 3 the ratio
a;, /o, is a root of unity. However, this contradicts the non-equivalence of
these roots. Thus we obtain

Fj:Fj’7 jaj/€{172737475}'

However, if we take any other system of non-equivalent «;’s, the whole
argument given above remains valid. Hence, as P has only simple roots,
we may conclude that P| Fy over K.

Suppose now that o(F}) # F; for some automorphism o of K. As clearly
o(P) = P, this implies P |o(F}), whence

P(x) | (Fi(z) — o(Fi(2))) =: coFo(x)
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over K, where ¢ is the leading coefficient of the polynomial F; — o(F}).
Observe that Fy(z) is a standard trinomial with exponent triple (M3, My, 0)
and with coefficients from K. Thus if Fjy ¢ Q[x], then repeating the previous
argument with Fj in place of F}, we deduce that P divides a binomial over K.
This would yield that the ratio of each pair of roots of P is a root of unity,
which is a contradiction. Hence we may assume that either o(Fy) = Fy for
all the automorphisms of K, whence F} € Q[z], or Fy(z) € Q[z]. Hence we
have

P’Fl or P|F0
over Q. In the first case put G = F}, otherwise let G = Fj. By the fact that

for any @ € A the polynomial @) + G is a standard quintinomial having the
same exponent quintuple as @, and clearly P |Q + G, the lemma follows. m

Proof of Theorem 2. The “if” part of the theorem can be proved by the
same argument as in the case of Theorem 1.

To prove the “only if” part, suppose that P divides infinitely many
standard quintinomials with non-zero constant terms over Q. Let A be an
infinite set of such standard quintinomials. If there are infinitely many stan-
dard quadrinomials in A, then our statement is an immediate consequence
of Theorem 1. Hence we may assume that there are no standard quadrino-
mials in A. Moreover, we may suppose that the exponent quintuples of the
standard quintinomials in A are all distinct, otherwise the theorem follows.
Finally, we may also assume that one of the three statements

(mg,my) = (mh,m}) for all Q1,Q2 € A,

(ma —myg,m3 —my) = (my —mjy,ms —mjy) forall Q,Q2 € A,

(m1 —mg,ma —mg) = (m} —ms, my, —m3) forall Q,Q2 € A
holds, where (mq, ma,ms, my,0) and (mf,mh, mb, m},0) are the exponent
quintuples of @)1 and @2, respectively. Indeed, otherwise by a similar argu-
ment as in the case of quadrinomials, using Lemma 2 we would get P € PR,
which would prove the theorem. Denote the splitting field of the polynomial
P by K.

(A) Assume that for any @1, Q2 € A with exponent quintuples (mq, mo,
ms,myq,0) and (m}, mb, ms, m/,0), respectively, we have

(mg, myq) = (méamil)

Put (M3, My) = (ms, m4). We may assume that the roots of P belong to at
least five equivalence classes, otherwise we immediately have P € PRs.

We will use Lemma 4 to derive the theorem in this case. Suppose first
that there are infinitely many polynomials in A with the same exponent m1
or the same exponent ms.
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In the former case P divides infinitely many standard quintinomials of
the same degree, hence divides two such polynomials with the same exponent
quintuple.

In the latter case P divides infinitely many standard quintinomials hav-
ing exponent quintuples of the form (mq, My, M3, My,0), with the same
fixed My, M3, My. Hence Lemma 5 implies the theorem in this case.

So there is an infinite subset of A, which we will still call A in what fol-
lows, such that for all the polynomials @1, Q2 € A with exponent quintuples
(m1,ma, ms3,my,0) and (m}, mh, ms, m/,0), respectively, we have

my #my and mo # m).

Observe that now all the assumptions of Lemma 4(i) are satisfied. We note
that the determinant

M3 M3 M3
i Q;,"
M,y My My
v %y, Oy
1 1 1

vanishes if and only if «;,, a;,, @;, are the roots of some standard trinomial
having coefficients from K, and with exponent triple (M3, My, 0). Since the
three corresponding roots of P are pairwise non-equivalent, none of these
trinomials is a binomial. We claim that all these standard trinomials co-
incide. Suppose to the contrary that for some triplets {«;,, a;,,a;,} and
{aj,,a;,,j,} consisting of pairwise non-equivalent roots of P, the corre-
sponding standard trinomials are different. By Lemma 4 we deduce that
the corresponding graph V is connected, whence there exist two triplets
{ad,,af,,ap ) and {a} ,aj,, ) } such that they are neighbours in V, and
the standard trinomials corresponding to them, say Fy and Fb, respectively,
are different. However, then by the definition of V,

Hag,, a5y, 05,3 N {04‘170‘;'270‘;‘3}‘ =2.

Thus P has two non-equivalent roots, which are also roots of the binomial
F1 — F5, but this is a contradiction. It shows that all these standard trino-
mials coincide. As every root of P is contained in some vertex of V and P
has only simple roots, we see that P divides a standard trinomial F' € K[z]
over K. Suppose that the coeflicients of F' are not rational. Then there exists
an automorphism o of K such that o(F) # F. This together with o(P) = P
yields P | (F — o(F')), whence the roots of P are roots of a binomial. How-
ever, this contradicts our assumption that the roots of P belong to at least
five equivalence classes. Thus F' € Q[z]. Finally, observe that any standard
trinomial having rational coefficients divides over Q infinitely many stan-
dard quintinomials with the same exponent quintuple. In fact the trinomial
™ + a12™ + ag divides the quintinomial (™ + a;2™ 4 ag)(z™ + b) for
every b € Q. Thus the proof of the theorem is complete in case (A).
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(B) Omitting all the other polynomials, now suppose that for any @1, Q2
with exponent quintuples (mq, ma, ms, mg,0) and (mf, mb, mfs, mj,0), re-
spectively, in the infinite set A we have

(M2 —ma, m3 —maq) = (my — miy, ms —my).
Observe that under the assumption
/ / mi — Mma
m my, m my, and ——— 1,2
1 7& 1 2 7& 2 mll _ m/2 ¢ { }
we can use Lemma 4 again, and by repeating the argument given in case (A),
the theorem follows also in this case (B). So assume that in the case of any
()1 and Q5 as above, we also have
/
miy —m
mi=m}, my=m, or — 1 Le{1,2}.
By applying the box principle we may assume that all elements of A satisfy
the same relation.

In the case of m; = m) we deduce that P divides infinitely many stan-
dard trinomials of the same degree, whence P divides two such polynomials
having the same exponent quintuple, and the theorem follows.

If my = mj, then also ms = m4 and m4 = m/, and by Lemma 5 we are
done.

If m; —m) = 2(mg — m}), then for some integers M;, My, M3, My the
exponent quintuples of ()1 and ()2 are of the forms

(M + 2M, My + M, M3 + M, My + M, 0)

and
(My +2M', My + M', M3 + M', My + M’,0)
with some integers M and M’ respectively. This implies condition (iii), and
the theorem follows.
Suppose that
m1 —mo = mj —mj.
This means that also m; —ms = m} —mj and my —m4 = m} —m/;, whence
P divides over Q infinitely many standard trinomials of the form
Qu(w) = ™Mt 4 qppaMtM g MstM oy o pMat My g,
where dy; # 0, M is a positive integer and My, My, M3, My are fixed integers
with My > My > M3z > My > 0. Put P*(x) = z9°¢(") P(1/z). Observe that
P* divides all the standard quintinomials

:CM1+M + ( Ml—M4

+ (bM/dM)alefMS + (CLM/dM)$M17M2 + 1/dM

CM/dM).T
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over Q. However, for such polynomials P* we already proved the statement
in Lemma 5, so we infer that either P* € PRs, or P* divides two quintino-
mials with the same exponent quintuple. Now just as at the end of the proof
of Theorem 1, we conclude that the same is true also for P, which verifies
our statement in case (B).

(C) Finally suppose that after omitting all the other polynomials, for
any @1, Q2 with exponent quintuples (my, ma, mg, myg,0) and (m/, mb, mj,
m/,0), respectively, in some infinite set A we have

(m1 —m3, mg —m3) = (M) —my, my —m3).

Put P* = z9°8(P)P(1/2) and write the polynomials Q; € A (i € N) in the
form

(D D) @ (D
Qi(z)=2™ +ax™ +ba™ +ca™ +d;.

Note that d; # 0 for all Q;, and put P*(x) = 29°¢(") P(1/x). Observe that
P* divides all the standard quintinomials

2™+ (crfd) ™ ™ 4 (b /d)a™ ™ 4 (a/d)a™ ™ 4+ 1/d;

over Q. However, for such polynomials P* we already proved the theorem
in part (A). So we infer that either P* € PRs, or P* divides two quintino-
mials with the same exponent quintuple. Just as at the end of the proof of
Theorem 1, we conclude that the same is true also for P, which verifies our
statement in case (C). m

5. The necessity of condition (ii)

Proof of the Proposition. Let P(x) = 2% — 822 — 16z + 16. Observe that
the degree of P is prime, that P is irreducible over Q and that P has two
roots of different absolute values. By Lemma 2 of [3] these properties imply
that P ¢ PRs.

To prove that P does not divide any trinomial over (Q, consider the roots
a; = —0.6128676243 ... + ¢ - 2.209220116.. . .,
ag = —1.799759775..., a3 = 0.7400417854 ...
of P. Suppose that P divides a standard trinomial over Q having exponent
triple (m1, m2,0). Then m; > 6 and the determinant
al™ ayt ooyt
al”? ay? ag?
1 1 1

must vanish. After dividing by o7"*a45'?, we obtain
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ma mo mi1—m2 ma
[o%) a3 (6%) a3
aq %) aq %)
asg " a3 " (€3] e —0
aq 85) aq o

However, if we observe that max(msg, m; — ms) > 3, a simple calculation
shows that

m m mi1—m m m m mi1—m
a2 1 ag 2 a2 1 2 ag 1 1 2 1 2

Qg

as as

aq

1-— > 0.

g Q2 aq ] Q2

This contradiction yields that P cannot divide any standard trinomial over Q.
Finally, one can readily verify that P divides Q = x'2 —332822 — 3072z +
4096, hence Q + aP for alla € Q. m
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