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Inserting this into (105), we arrive at

/I X 1 V A(w;0Q) 1 log# ^ / Y.n\-l + 0(l)
(log x) ~ Y, ^ 1

K ë ; £x n2Qw T log2x

Since qx(x\ 0) is a non-decreasing function of x, this implies (107) and

the proof is thereby completed.

Proofof Corollary 11. Put t (n,0): ï,dl„d">. When log, we have

that gv(n) t(n, 2nv). By lemma 30.2 of [14] we infer that, uniformly for
1 < I 0 I ^ exp]/logx,

£
1 HP,8)1_ J,

Icos^eiog^)! 2
logJ + 0(1)

P^X p P^X P 7C

This is proved by partial summation from a strong form of the prime

number theorem. Thus we obtain that we have uniformly for 1 < v < logx

Cv(x; log) (1 - 2/ log2x + O(l)

Inserting this into (105) with T logx and choosing optimally y
we obtain

/ 4\ Q(n)

A(n;f) < ^(n)(\og2n) 1-1 pp/

for all - oo. This implies the required result by a now standard device.

6. Metric results

In this last section, we investigate the problem of uniform distribution on
divisors from a further statistical point of view, regarding as random not only
the integer n but also the function /. Thus, we define a measure |x on the

set A of all real valued arithmetical function as the inverse image of the

Haar measure on the compact group (R/Z)N by the canonical mapping

/ </). in other words, & is characterised by the property that for all
finite families {Ej : 1 ^j^k} of measurable subsets of the torus R/Z
and for all integers ri\, n2,nk, we have

IX {/ e A: </(«,)> Ej (1 sjy < {[
j= i
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where X stands for the Lebesgue measure on R/Z. The only basic property
of ^ that we shall use is the orthogonality relation

Jf 1 if m — n,e(yf(n)-v/(m))dK/) '

n
A 0 if m n

If an arithmetic function behaves statistically, then one expects that the

Weyl sums

gv(n) :£
d I n

and hence the discrepancy A(«;/), will normally have size roughly ]/x{n).
The purpose of the next theorem is to establish that this is indeed the case.

Theorem 14. Let £(«)- oo. For jjl -almost all arithmetic functions

f, we have

(114) A(n; /) < £,(«) (log2 «)3 (x(n))1/2 pp/.

Moreover, the exponent ^ is sharp in this statement.

Proof. The upper bound follows from (24) with y 2, T (logx)2,
namely

1

v A (rvJY
\ogx F 2

(115)
1 log2x 1

+ L -Hv(x~,f),
(logx)3 ]/(logx) io<r v

with

ft"" ' -***"»
2/ k 1 + a

(o : 1/logx)
î i +

We have Hv(x; f) ^ 2h\{x\ f) + 2H\{x\ f) where the m-sum is

restricted to m ^ (log x)3 in h\ and to m > (log x)3 in //J. We note right
away the trivial estimate

H\(x\f) < l/logx log2x

which follows from (6) by partial summation. We deduce from this and (115)

that

(116) S(x\ f) < (log2x)3 + R(x\ f)
with log2x „ 1 tR(x>f):"7== I -//I(x;/).

1/ log X l^v^T V
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Expanding the square and integrating over / with respect to v we get

from (113) thatÎi 1

hUx- f)dix( f) Y Y <l/(logx)2.
A

vi ,J) ^U) tx 2+ ° m>kgx)3 4^)m2 + 2°

Hence

(log 2 x)2
i?(x;/)d|x(/) ^

(log x)5/2

Markov's inequality thus implies that

pif e A:R(2l;f) > 1} < l//2 (/= 1,2,...)

so it follows by the Borel-Cantelli theorem, that for |x-almost all / we have

R{2*\f)<\ (1= 1,2,...)

In view of (116), we see that the estimate S(2l; f) < (log 2/)3 holds

jji-almost surely in / and uniformly for / ^ 1. However, using the trivial
bound A(n; f) ^ x(«), we readily see that

S(x;f) - S(2!;f) < 1 (2^x<2/+1).
This yields that for jx -almost all / and uniformly in x ^ 3, we have

S(*;/M(log2x)3,
which in turn implies (114).

To show that the exponent \ is sharp, we simply use (109) with v 1

in the form

4ti2 I A(n;f)2dv(f) ^ 1 I gi (") |2djx(/) x(n)
Ja JA

where the equality follows from (113). This plainly implies that there is

no a < \ such that A(n; f) < T(n)appl for jx-almost all /: such a bound
is actually false as soon as i(n) is large enough.

The same quadratic mean approach that we used for Theorem 14 yields
metric results for more restricted classes of arithmetic functions. We quote
without proof the following theorem.

Theorem 15. The function d^>Qd is erd for almost all 0 > 1

and the function d^XQd is erd for all 0 > 1 and almost all X.
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More precisely, the corresponding discrepancies satisfy

(117) A(n;f) <x(n)U2 + 0^ pp/,
under the indicated hypotheses, and the exponent \ is sharp.

Theorems 14 and 15 together provide an optimal strengthening of
theorem 5 of Dupain, Hall & Tenenbaum [4].

REFERENCES

[1] Davenport, H. Multiplicative number theory, second edition. Springer,
New York, Heidelberg, Berlin, 1980.

[2] Davenport, H. and P. Erdös. On sequences of positive integers. Acta Arith. 2

(1937), 147-151.
[3] Davenport, H. and P. Erdös. On sequences of positive integers. J. Indian

Math. Soc. 15 (1951), 19-24.
[4] Dupain, Y., R. R. Hall and G. Tenenbaum. Sur l'équirépartition modulo 1 de

certaines fonctions de diviseurs. J. London Math. Soc. (2) 26 (1982),
397-411.

[5] Erdös, P. Some unconventional problems in number theory. Astérisque 61

(1979), 73-82.
[6] Erdös, P., R. R. Hall and G. Tenenbaum. On the densities of sets of

multiples. J. reine angew. Math. 454 (1994), 119-141.

[7] Graham, S.W. and G. Kolesnik. Van der Corput's method of exponential
sums. London Math. Soc. Lecture Notes 126, Cambridge University Press,
1991.

[8] Hall, R.R. Sums of imaginary powers of the divisors of integers. J. London
math. Soc. (2) 9 (1975), 571-580.

[9 ] The distribution of f(d) (mod 1). Acta Arith. 31 (1976), 91-97.

[10 ] A new definition of the density of an integer sequence. J. Austral. Math.
Soc. Ser. A 26 (1978), 487-500.

[11 ] The divisor density of integer sequences. J. London Math. Soc. (2) 24
(1981), 41-53.

[12 ] Sets of multiples and Behrend sequences. In: A tribute to Paul Erdös
(editors A. Baker, B. Bollobâs, A. Hajnal), Cambridge University Press,
1990, 249-258.

[13] Hall, R.R. and G. Tenenbaum. Les ensembles de multiples et la densité
divisorielle. J. Number Theory 22 (1986), 308-333.

[14] Hall, R.R. and G. Tenenbaum. Divisors. Cambridge University Press, 1988.

[15] Hall, R.R. and G. Tenenbaum. On Behrend sequences. Math. Proc. Camb.
Phil. Soc. 112 (1992), 467-482.

[16] Karatsuba, A.A. Estimates for trigonometric sums by Vinogradov's method
and some applications. Proc. Steklov Inst. Math. 112 (1971), 251-265.

[17] Kätai, I. The distribution of divisors (mod 1). Acta Math. Acad. Sei.

Hungar. 27 (1976), 149-152.

[18 ] Distribution mod 1 of additive functions on the set of divisors. Acta
Arith. 30 (1976), 209-212.


	6. Metric results

