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It is well known that if (#;) is a sequence of integers with the Hadamard

gap:
Bpsr/ 1, >0 >1 (B=1,2, cel),

then the sequence (cos#u.x), which is a subsequence of (cosux), is “almost
independent”. Then arises the problem: does any sequence of functions
contain an ‘“‘almost independent” subsequence? To treat this problem, the
definition of the “almost independence” is the key point. We give two
definitions of such concept.

1. Let (f.(2)) be a sequence of integrable functions defind in the interval
(0,1). If the sequence (f4(t)) is independent, then for any m and », and for
any interval (a,b) in (0,1),

f S (Bt = f fu(t)dt f Fud)dt (m+m)
b b b

Let (fx(¢)) be a sequence of positive integrable functions defined in (0, 1).
We define that (f,(t)) is quasi-independent in (0,1), if for any A (0 <A< 1)
and for any interval (e, b) in (0,1), there exists an integer N such that

bf SO st > h;,[ Fult)dt f folt)it

for any m,n = N, m % n.

Positive independent sequence is evidently quasi-independent. In the case
of uniformly bounded independent sequence, its sum with an adequate con-
stant is also quasi-independent. For example, (1 4 v.(2)), va(¢) being Rade-
macher function, is so.

For example, the sequence (1 + cos2z#n,t) is quasi-independent when
(m;) has the Hadamard gap. '

Hence our problem becomes: under what condition a sequence (fn(7))
contains a quasi-independent subsequence ? The solution is given in Theorem 2
in the following.

2. We prove the following ‘

THEOREM 1. If (fu(})) is a sequence of positive and wuniformly bounded
measurable functions such that

1 lirr; sup j fa(®) dt >0
b

for any interval (a,b) in (0,1), then there is a subsequence (f,, (t)) such that,



SOME TRIGONOMETRICAL SERIES VII 269

for any A (0 < A < 1) and for any interval (a,b) in (0,1), there exists an integer
N such that

b h b
(2) f min(fa,t), fu,(8))dt >N f faft)dt f Snx(®)dt

for any j, k= N.

Proor. Let M = f.(t) =0 for all #» and ¢, and let p be the left member
of (1) where we can replace lim sup by lim, since otherwise it is sufficient
to consider a suitable subsequence. We denote by /(g the minimum of y ()
and ¢(¢), and we put

Nn=0,9:=Forr— Forr NS, 95 =Fvea— Foez N (o N foe1),

ga =Soez — Loz N AU fosr U for2)

where » is taken such that
b

U
fﬂdt=f gidt = p)2.

a

If we suppose that
D
f (fiNf)dt<p Wi k<v+mn-1),

then we have
1] 0

b
fgldtz,uz,fgzdt>u/2~?,f g:dt > /2 —2p, .. ..

a a

Since Zgi(.t) < M, we get

i=1

' " 1
M>M(b—a)>f (Zg, dt:Zf g;‘dt>”,ll:/2-%"(ﬂ—1)?.
i=1a

If we take u/2p < n < u/2p + 1, then
2 . - ILZ :> ’LZ
Mz g5~ 4> ie P2 guroon 2 07 -
Hence there is a pair of » <i,E<n+ » — 1 such that
b

3) f i (1 f)dt = p2]10M,

a

and then there are infintely many pair of such ¢, j.
Now, considering the sequence of functions defined in the 7z-dimensional

1) Method of proof depends on the idea of J.Visser, On Poincaré’s recurrence
theorem, Bull. Amer. Math. Soc., 42(1936).
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unit cube:
fn(tl) 'fﬂ(t:!)‘ v -fn(tn)
in place of f,(¢), we can show that

| nfydz (ﬁlﬂ)’»

instead of (3), for infinitely many pair of 7, k. Thus, taking = sufficiently
large, we see that

b
(4) f (fi N fo)dt = N p*

for infinitely many pair of 7,k and for X', 1 >\ > 2.
We can further find a subsequence (fy,(f)) such that

]
® f (fia N fxp) dt =N u? for all p.
For, if otherwise, there is an integer p,, for any », such that

b
f (o NSfw)dt < Np? for all m=n + p,.

Let us put
m=1,m=m+ P, W= N+ Dy, -- -+,
then

b
f (fn‘ nfnk) < 7\.’[.62 for all i, k.

Thus contradicts (4), applied to (f (). Taus we have proved (5).
Hence we can see that the sequence (f,,(¢)) such that

o
6 lim j Sul®) dt = p
contains a subsequence (fy(2)) :uch that
b
) f (fes NS dt =N u? for all 4, ;.
By (6), (7) may be Wriatten as
D b U
| dunrpazaf rat [ rya

for sufficiently large 7 and ;.
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By the diagonal method we get the theorem.

3. THEOREM 2. If (fu(t)) is a sequence of functions positive and uniformly
bounded measurable such that there is a sequence (m.) of integers, satisfying

lim inf 7, (8) = u >0,
k-yoo

then the sequence contains a quasi-independent subsequence.
Proor. Since we can suppose u = 1, we have
f“;(t)f"j(t) 2 fm(t) ﬂ fn_,(_t)o
Hence Theorem 2 follows from Theorem 1.

4. We shall give the second (stronger) definition of quasi-independence.
Let (fa(2)) be a sequence of measurable functions defined in (0,1). We
define that (f,(¢)) is quasi-independent, if for any A (0 < A < 1) and for any
intervals (a, b) and (c,d) there exists an integer N such that
meas (2; a < fu(t) < b,c< fu(t) < d)
_ >Ameas (t; a< fu(t)< b) - meas (t; c < falt) < d)
for any m, n = N.
This definition is closely related to that of A-Renyi®. His definition
reads as follows: if for any intervals (a,b) and (c,d),
| meas ((;a< fn< b c<fn<d) f
I — 1| < 8,06n,
meas ({;a < fm< b) meas (t;¢c < fn < d)
where 3,8, < 0.
For example, (cosnx) is quasi-independent (in the second sense) when
My /1 => 0.
Then we have
THEOREM 3. Let (fu(t)) be a sequence of measurable functions such that

limesup meas (t;a < fa(t)< b) >0

for any interval (a,b). Then (f.(t)) contains a quasi-independent sequence (in
the second sence).

PrOOF. Let @,q,(t) be a characteristic function of the set (2;a < falt)
< b) and let Fyuos(t) = Puos(t), Fnt) = Pucat) (n=1,2,....).
Applying Theorem 1 to the sequence (F,(#)), we get the theorem.

We can easily see that, under the hypothesis of Theorem 3, (fa(¢)) con-
tains a quasi-independent sequence in the A.Renyi sense.
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2) A. Renyi, Journal de Mathématique pure et applique, 28(1949), 137-149.





