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Abstract. I, together with my friends, or alone formulated some open
problems in the last fifty years. Some of that problems are solved, some
others remained open. Here we shall present some new open problems.

1. Introduction

Notation.

(1) In the following let P, N, Z, Q, R and C denote the set of primes,
positive integers, integers, rational , real and complex numbers, respectively.

(2) We denote by A, A*, M, M* the set of all additive, completely ad-
ditive, complex-valued multiplicative, completely multiplicative functions, re-
spectively.

(3) w(n),(n),7(n),p(n),o(n) are typical arithmetical functions.

(4) p(n)= smallest prime divisor, P(n) = largest prime divisor of n.
(5) e(x) = €™ ®(xr)=Gaussian distribution function.

(6) m(z) =t{p < zlp e P}, m(x,k,0) =#H{p < zlp € P,p=~{ (mod k)}.

Key words and phrases: Additive function, multiplicative function, Gaussian distribution
function, distribution of primes, interval filling sequences, normal number.
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2. On a theorem of H. Daboussi

2.1. H. Daboussi [1] proved that if f € M, |f(n)| < 1, then

(2.1) S(x) == Z f(n)e(na) =o(x) as = — o0
n<z
holds for every irrational «.

I gave a simple proof for it [15] by using a variant of Turdn-Kubilius in-
equality, namely the following:

Let
7)1 :{p17"' 7pk} gp7 p1 < <Dpi Sl‘,
P
L= —  and wp,(n) = 1,
2%_ ()=
Jj= pln
peP1L
Then
2
(2.2) Z (wpl (n) — L) < cxL,
n<z

where ¢ is an absolute constant.

Hence, by using the Cauchy-Schwarz inequality, and that % > e(mpB) =0

as x — oo for every irrational 3, (2.1) follows.

By using this method we proved

Theorem 1. (J. M. De Koninck and 1. Kétai [8]) Let P; C P, ZpePl 5 = 00.
Let B be the set of those function f: N — U, where U := {z € C||z| < 1}, for
which

flpm) = f(p)f(m) if pe€ Py, (p,m)=1

Moreover, let a : N — U be a function for which

fz a(pin)a(pen) -0 as = — oo

n<x

for every p1 # p2, p1,p2 € P1.
Then

%Zf(n)a(n)—)O as x — o0.

n<zx
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By this method the theorem of Daboussi can be generalized in different
direction [15].

2.2. In [18] I considered the function

1
2.3 Ale,z) = ’ S XX,
( ) (Oé :E) 7T2($> plI’naj;eu ) 5 € aplpZ)
1p2 <
p1<p2

and proved that A(a,z) — 0 for almost all irrational o and formulated the
conjecture that it holds for every irrational . This is proved by G. Harman [9].

In a joint paper written with K.-H. Indlekofer [10] we studied the sum

Szl Yo, Xp) Z Yo, Xpe(am;p),
m;EMy
m;ip<x

where
My={mi <---<m}CN and Y,, X, eU.

We proved: Let my < 2%, 6, — 0, and that

t
ux::Z——M)o as xr — o0.

.
j=1""

Then

x
(2.4) . m)%feu S(x|a; Yoy, Xp) = o(1) z;ﬂ<m]) as T — 00
i=
for almost all .
We formulated the conjecture that (2.4) is true for every irrational «.
G. Harman disproved this conjecture, and proved my next conjecture:

Let

Ap(a,z) = () ‘ > Xpy Xpeelapr - pi)),
k(L) Ap€ p1-pr<T
where
() = Z 1
P1 PR ST
p1<--<pr

Then Ag(a,z) = 0 (z — oo) for every irrational a.

G. Harman proved my more strict conjecture.
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Theorem. (G. Harman) Let « be irrational, k > 3. Let

Ag(a,z) =

1 ‘ a
max X ) ~ XWBe(apy - pr)l.
() x$ ey b %;Qc Pr

Then
Ap(ayz) >0 as = — 0.

3. On some question in the probabilistic number theory

3.1. In a paper written with J.-M. De Koninck [6] we investigated the function
Ux(n), where it is the number of those prime divisors p of n, for which in the
interval (p,p%) there no exist prime divisor of n. Here 0 < A < 1.

We proved that, if € > 0 is am arbitrary fixed number, then

o
w(n)

lim ljj{n < zx:

T—00 I

—/\’>e}—>0

and that

. 1 Ur(p+1)
1 —_ <uzxz: ‘77)\‘
Zirr;oﬂ(x) {n_x p+1) >e}%0

Let fy(n) =Ux(n) — Aw(n). Our conjecture is the following.

Conjecture 1. We have that for every u € R

. { : fr(n)
eooz” U7 0 ¢(N)y/loglogn

c(N) is a suitable positive constant.

< u} = B(u),

The first step to prove it would be to prove that
- Z f3(n) = (14 0.(1))e(N) loglog .
n<w

Highly probable our conjecture is true for

lp+1) .
c(N\)y/loglog(p + 1)

We remark that Conjecture 1 is proved by A. Sofos in arxiv: 2106.00298v3
3.2. In [7] we investigated the following question.

Let a(n) = n(n+1) (n € N;n > 2). Let p; < py <--- < pi be the complete
list of the prime divisors of a(n). Let s, : {p1,--- ,px} — {0,1}.
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We write

sn(p;) = 0 if  pjn
"PITY 1 it

Then consider the binary sequence:

h(n) := sn(p1) - - sn(pk)-

We proved that
E=0,h(2)h(3)...
is a binary normal number.

To prove it we considered

0.

K(n|or...00) :=t{je{l,....k =L} | sp(pjsr) =0p, 7 =1,...
Here k = Q(n) + Q(n + 1).
We proved that, for every fixed d1,...,d,
.1 K(nldy...00) 1
lim —pfn <o o |[SOL00 L s )
m;ngoxﬁ{n_x 2loglogn 22 >6} 0
holds for every fixed ¢ > 0.
Conjecture 2. We have that
(A) = Z 2K (n|dy ... 0;) — 2loglogz)? = ¢(1 + 0,(1)) loglog

n<x
moreover that

2K (n|dy - - 0p) — 2loglog =
dg~/loglogn

(B) O(n) :=

is distributed according to the normal law. Here dy is a suitable positive con-

stant.
Let b(q) = (¢ —1)(¢+1) (g €P). Let
blq) =2%p1---pr, 2<p1 < <pg

and

. 0 if  pjlg—1
1 if pj|q+1.

Let
h(n) :==3,(p1) - - 5n(pk),
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K(q|61...60) :==t{sq(pjir) =6r, T7=1,...0},
F=0@) - Y 1.
)

29|b(q
By our method we can prove that
n=0,h(3)h(5)...h(q)...

is a binary normal number.

We can prove that

1 — 2loglogx\2
(3.1) iz Z (K(q|§1 < dy) — %) = o (z(loglogz)?) .
q<z
Conjecture 3. We guess that
1 — 2loglog x\ 2
© > (Rlalor--60) - =5755) = (1 + 0,(1)) logloga
g<w

with a suitable constant ¢ > 0, and that

1 K(q|dy...00) — 2808

Here dy is a suitable positive constant.

3.3. Let Rap={neNQn)=A2n+1)=DB}, k=A+ B. Let T4 p be
the set of those d1,--- , d;, € {0, 1}* sequences in which 0 occur exactly A-times
(and then 1 occur B-times).

Conjecture 4. Let ©1,02 € T4 B, 01 # Oz. Then, under the condition

max{|A — loglog x|, | B — loglog x|} < c¢y/loglog x,

we have

sup H{n<z|neRap,h(n) =0}

— 1’ —0 as x — oo.
01,.0:eRA 5 | H{n < | n€Ra B, I(n) =02}

3.4. Let uy(n) = Q(n) (mod ¢q),q € N,g > 2

Open problem. Let (2 <)¢; < g2 < --- be an infinite sequence of pairwise
coprime integers. How can we construct an infinite sequence of integers B =
={q1 < g2 < ---} such that

gj = 0; Ug, (al)uq]‘ (a2) ceey
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are gj-ary normal numbers for every j =1,2,---, and more over that
[517 q"ln]
Ty = (m=1,2...)
€k, ai']

is uniformly distributed in [0, 1]*.

I do not know how we can construct &1, &5 ... with these properties.

4. The distribution of prime numbers in short intervals and some
consequences

4.1. K. Ramachandra [26] proved that

h h
4.1 m(x+h)—7(z)= +0
(a.1) (@4h) = (o) = o +0 ()
if
(4.2) gt < h<a, € arbitrary constant.

His main observation was to use a complicated contour to estimate

(@ih)y —at ()
/o £s) ™

the so called modified Hooley—Huxley contour. The contour depends on the
estimation of N (o, T), that is the number of roots of {(s) in the domain Re s >
>0, |Ims| <T.

By this he improved an older results of Huxley, namely that (4.1) holds
under the condition

(4.3) /8 < h <
By using the method of Ramachandra I proved [19]:
Let ( it
~ (loglog =)™~ B
u(x) = m, R, =loglogx + c,+/loglog x

¢, — 00 appropriately slowly.

Theorem 2. Under the condition (4.1) we have

(4.4) Fbn € e, + () = K} = (1+ 0,(1)) ps(a)
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uniformly as 1 < k < R,. Consequently

—logl
w(n) —loglog -

1
(4.5) max  max ‘Eh{n €z, z+h] | N

u} - <I>(u)‘ -0
u€R punder (4.2)

as r — 0Q.

Repeating the procedure of Ramachandra one can obtain that

1 h h
4. - 0@ log” &
( 6) 77(-'174' th’a) W(l’,q7a) (p(q) log * O(logzx)

for every fixed ¢ > 3, and (a,q) = 1.
4.2. Let (2 <) A be a constant,

(logz)* <Y (=T(x)) < (loga)**.

Let
(4.7) S(X,)Y)={n< X [p(n)>Y},
(4.8) N(X,Y)=45(X,Y).

By using the classical sieve method, we obtain that

(4.9) N(X,Y) = (1 +0s(1) % S

The following remark quite obvious:

(4.10) #{n € S(X,Y) | u(n) = 0} < 1‘;?;

Let

(4.11) S(X,Y)={ne S(X,Y) | win) =k}

One can prove that

(4.12) Ne(X,Y) = 85:(X,Y) = (14 0.(1)) N (X, Y)pr (X, Y)

uniformly as 1 < k < R, (R, is defined earlier), where

(loglog z — loglog Y)k~1

(k—1)!logx

(4.13) Pr(X,Y) =
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Let

1
if pelV,X
fp)=4q logp A
0 if p¢g[Y,X]
Let f be additive. Let

(4.14) Zk: > fn).

n<z

neSL(X,Y)
We can prove that
CNk (X7 Y)
4.15 < —
( ) Zk log x

uniformly as k < R,.
Tt is clear that (4.15) is true for k = 1. Let k > 2. We have

1 X 1 X
DS DL gy (ﬂ)* 2 mgpN(pr>+

Y <p<szx Y <p<z
+ Z liNkfl (\/)?, Y)
Vr<p<z
Since N v
max 1w Y) O(1),
Va<u<e Nip(u,Y)
kER,
and

)
vaix plogp logY

therefore (4.15) is true.

4.3. Let ¢ > 3. Ay = {l1,--- ,€,(q)} be the set of reduced residue classes
(mod q).Let x(p) = a if p = £, (mod ¢). For some n, coprime to ¢, |u(n)] =1
let n=p1--pr, p1 < - < pr. Write £(n) = £(p1) - K(pr).
Let H4 be the set of words composed from {1,---,¢(n)}. For some a € H,
let A(«) be the length of «.
Let
Se(X,Y,a)={nec Sp(X,Y,a)| |un)=1k(n)=a}l

and
Nk(XaKa) = IjSk(XaKa)



142 I. Katai

Theorem 3. We have
(@) Ne(X, Y, ) = (1 + 0, (1)) Ne(X, V)
uniformly as o € Hq, M) =k, k < Ry. In the other words

N(X,Y,a) o .
su max —_— Y — as T 0.
e alen, |Nu(X,Y,B)
Ma)=X(B)=k

Proof. Let No =Y, F; = [Ny, Nes1], where Noyy = Ne+ N7 (6=0,....T
and T is defined by Ny < & < Npy;. (Note: we shall use (4.1) instead of (4 4)
(=

~— —

Let us consider those n € Si(X,Y,«) for which in every interval F,
=0,...,T) no more than one prime divisors of n exists.

Let s1 < ---<sp (£T), s={s1,...,8:) and M(s) be the set of those
n=mp...p for which p; € Fs,(j = 1,. ), and M(s, «) be the set of those
n for Wthh additionally k(n) = « hOldb.

Let M(s) = tM(s), M (s, ) = tM(s, «). Let

k
H oy Vi= H Ny, 41.
If there exists n € M(s) for which n < z, then U, < z, and if there some n > x

in M(s), then Vy > z. Let s€ Aif Vy; <z,and s € Bif Uy <z < V.
If n € J,eg M(s), then

k
H (14 N8 <a(1+ Y8k <

< wexp (2(10g log z)(log :c)_3/8‘4> <z+0 ( x )

log
and
—3/8 T
anjl;Il(l—NSjH) 2x_0(logw>’
Consequently
x
4.1 = .
(1.16) M=o (1)

Let now s be such a vector for which Us; < z. From (4.1) we obtain that

am LT (10 ()
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The product of the right hand side is bounded since R, /log Ny = O(1). Hence

1 T
4.18 M (s|a) <
(4.18) ; (sle) ¢(q)* logz
follows.
Let

G
v(s) = Z log Ny~
j=1 %

Then (4.17) can be rewrite as

(4.19) (@) Msla) = M(s)| <

Observe that

if n € M(s). From (4.14), (4.15) we obtain that

p(@)* 3 M(sla) = 3" M(s) = 0 3 1)) = O(W)

seA seA n<x

It remains to estimate the contribution of those n for which there are at
least two prime divisors in one of Fy (¢ = 0---,T). We can use the same
method to prove that contribution of these n is small. We omit the proof. B

5. On interval filling sequences

Assume that (0 <)\, tends to zero monotonically. Let L, = A1+ Lyt +
+ -+, Assume that Lo < co. Let

S({A)) = {x =Y e | en € {0, 1}}.

We say that {\,,} is an interval filling sequence if S({\,}) is an interval. Since
0,Lo € S({A\n}), therefore it means that S({\,}) = [0, Lo]. According to a
theorem of S. Kakeya [19] a sequence A, | 0 is an interval filling sequence if
and only if \,, < L,41 (n € Np).

We say that F' is an additive function with respect to the interval filling
sequence {\,}, if

F(z) = enF(\n)

n=1
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for every z € [0, Lo|, where z = Y | €, \,, is the regular expansion of z. The

regular expansion means that e = 1 iff z > A\; and in general

N—-1
ey =1 <— Zéj/\j+>\N§$.
j=1

We wrote some papers with Z. Dardczy and A. Jarai on such additive func-
tions several years ago ([1], [3], [4]).

The next question seems to be hard.

Let K = {0 = Ko, K1,...,K;} CC. Let W; (j =1,2,...) be a sequence of
complex numbers such that [W;| # 0 (j € N), furthermore that >3, [W;[ <
< oQ.

Let

oo
SUWHE) ={z = ¢;W,le, € K}.
j=1
Open problem: Give necessary and sufficient condition for S({W;}|K) to be
a connected domain the O of which is an interior point.

Let {\,} be an interval filling sequence, z; = e(0) = U +iV, 0< 6 < %

Let
K= {0, ]., 21, 1+ Zl}.

Then
SUWHE) = {u+valuv e SEAIH0,1)}

is a paralelogramma with endpoints (0, 0), (0, Lo), LoU, LoV'), (LoU + Lo, LoV').
Let us choose z; = w = 6(%),2’2 =w, K ={0,-1,1,w,—w,w,—w}. Then
S({A\n}|K) is a hexagon with the endpoints +Lg, +wLg, £@Lo.

This is very special case. More than ten years ago Prof. M. Laczkovich
proved my conjecture: Let £1 be a continuous curve connecting 0 and A, A # 0.
Let 05 be another curve connection 0 and B, B & (5. Then there exists an
interior point in {z1 + z2|z1 € {1, 22 € la}.

6. Mean values of g-multiplicative function over the set of primes

Let ¢ > 2,g € NJA, = {0,--- ,g — 1}. We say that g : Ny — C is a ¢-
multiplicative function if g(n) = Z?ZOg(ejqj), if n = Z?:o 6¢ (ej € Ay).
Let M, be the set of g-multiplicative functions, and Mgl) be those for which
additionally |g(m)| < 1 holds.
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Assume that g € Mgl), and

co g—1
(6.1) > (glag’) - 1)
j=0a=0
is convergent.
Let
(6.2) P(z):=Y g(p).
p<z
In [17] we proved that in this case
P
(6.3) M, = lim L&)
z—oo ()
exists, furthermore
M, =[] K;.
j=0
where
1 1
Ko=——= > g(a) and K; ==Y glag’) (j>1).
o) ot 7=

Consequently, if K; #0 (j € Ng), then M, # 0.

Conjecture 5. Let g € Mfll), Assume that (6.3) exists, and My # 0. Then
K; #0 (j €Ng) and (6.1) holds true.

Let g € M,S”,
(6.4) S(z|la) = Z g()e(al).

We would like to know under which condition holds

P(x)
(6.5) @) =0 (z— o0).
Conjecture 6. (6.5) holds if and only if
(6.6) S(i|r) —0 as x— o0

for every r € R.

In [17] we proved that (6.5) implies (6.6).
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Let Y (z) be monotonically increasing, Y (z) — oo, loigf) =0 as z —
— o0,
Ny ={n<z|pn)>Y,}, N(z)=iN,.
Let

if p>2,ptyq
Lp):=5 p—2 f
0 otherwise.

Let L be strongly multiplicative.
Let g € Mgl)

(6.7) U) =Y g(n).

In [19] we proved the following theorem.

Theorem 4. Under the above conditions, we have

(6.8) ‘U(f”)z Z\ (™D + S o

N(z)

where M is an integer satisfying

1 1 1
g et < ¢ <qai,

where ¢ is a positive constant, which may depend only on q, 0.(1) depends on
Y., D > 1 is an arbitrary integer.

U(x)
N(z)

If (6.6) holds, then —0 as x— oo.

7. On a functional equation with polynomials

In our paper written together with Z. Dordezy [4] we investigated the equa-
tion

(7.1) Q(S(2)) = cQ(x)Q(z + 1),

where S, @ are polynomials in C[z],degS = 2.

Let A:={f1, -, Bn} be the roots of Q. Q is a solution of (7.1) with some
S(z) = Az® + E, where AE # 0, if

(72) .A:{]._Blv71_571}:{5(51)7’5(577,)}
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We could determine the solutions of (7.2) if @ is a polynomial with real coeffi-
cients, or if () has a real root.

Open question. Let S(z) = Az? + E,AE # 0, and let A = {B1,--- ,Bn} be
a set of n complex numbers, satisfying the conditions

How can we characterize the set A?

Kovécs A. [25] proved an interesting partial result concerning this question.

Naturally, the solution of the equation
k
QS@) =c]]Q+2;), degS=k
j=1
seems to be much harder.
8. On some uniformly summable functions on the set of primes

In our paper [12] we investigated the sum
> L
(p+1)g(p+1)<z

where g is a positive multiplicative function with light condition on primes.

We mentioned that we are unable to give the asymptotic of

Z 1 or Z 1.

(p+1)7(p+1)<z (p+1)20(P+D <z

The problem is almost the same as to give the asymptotic of
Hp <z |wlp+1) =k}

logY
Let <Y(x) < z, oigg) —0 as Y(x) — oo. Let

SX,Y)={n<z|pn)>Y} and N(X,Y)=45(X,Y).
As we known,

e ' X

NXY) = (14 0.(1) 13

as X — oo.
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Highly probable by using the Selberg method we can determine the asymptotic
of
gH{n <a,p(n) >Y,wn+1) =k}

N(X,Y)
uniformly as 1 < k < R,, and hence we can give the asymptotic of

> 1.

(n+1)2¢ (D <y
neS(X,Y)

Let «, 8 be positive real numbers such that % ¢ Q. In joint papers written
with B. M. Phong ([20]-[24]) we formulated the following conjecture:

Conjecture 7. If f € M, f(n) € U, and there exists some C for which either

(a) £((Bn]) — Cf(lan] =0 as n— oo
. Ly o = C oo

then f(n) = n'"

We could prove this conjecture in the special case, when a = 1,3 = v/2.
Try to prove it for o = 1,3 = /3.
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