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21 = 2,22 =4, 2% =8, 2 = 16, 25 = 32, 26 = 64, 27 = 128, 28 = 256, 2° = 512, 210 = 1024,
211 = 2048, 212 = 4096, 213 = 8192, ...
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logjo(k+1) — logjok, k=1,2,...,9,
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X ZEEREZERME L, Bx 13 X ORVAVERIK, p i (X,Bx) LOMRREL L, T: X - X, BHiEER,
2EZD.
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(1) (Birkhoff Ergodic Theorem )
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ERBFEBITRD Z L pdbnBb.
logoa(a=23,...,9) ERKTHEDT, LD Weyl OWREINEA TE, ETHTOBRFOHBSHE
BRTEEICB L T, KBV IO Libnd :
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a=2,3,4,5,6,8,9 DB IIHABEROKERIL, LEDOTFRIZKB 72D THS. flxid, a=2 22
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®&1. a=2 D%, n' 1T 100,000 BEAL.

n’ 1 2 3 4 5 6 7 8 9

X2 0.0017 | 0.0010 | 0.0004 | 0.0013 | 0.0017 | 0.0003 | 0.0005 | 0.0007 | 0.0005

10 20 30 40 50 60 70 80 90 100
0.0002 | 0.0003 | 0.0007 | 0.0002 | 0.0001 | 0.0001 | 0.0002 | 0.0001 | 0.0002 | 0.0003

ERORIZIFWE TRV, EEOHE X n 128 LT 1,000 BALTIToTW5., ZOHEKRENS, BHE
E8IZXLT n BMBEDTRKEVDT, n # 10,000 BE T TIC+HBRAMAISESNVTNSE EEXTE
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V. E7z, n= 100,000 P ETIZBRST L BRAAOREIIED T/REW, LW 3T Eaibns. —F,
a=T7 DHERITHERIZELD 0 =2,3,4,5,6,8,9 REDBALALNCRARY, UFD L 2ot

F2. a="7DHE, n' X 100,000 BfL.

n’ 1 2 3 4 5 6 7 8 9

X3 4.3383 | 6.9158 | 11.3697 | 16.8227 | 22.5452 | 28.4779 | 34.5438 | 40.6478 | 43.4946

10 20 30 40 50 60 70 80 90 100
46.4432 | 10.1113 | 4.5709 | 14.3735 | 0.0687 | 8.9961 | 2.2461 | 2.4188 | 5.9951 | 0.1107

BB, R2TEIHLRVA, n & 1,000 B THPLLEBEOHBERERTIZ, X3 DEORKIER n =
1,165,000 T x2 = 52.6637, TH Y, n = 2455000, 2456000 T x2 = 0.0000 & 2 o7=. & 5T, n = 3744000
Tt x2 = 17.1317, n = 4912000,4913000 Tl x2 = 0.0000, 72 & &, % 1,100,000 FBED [FEH) THK
LWL EBVIBLTVWBZ La3bhrorz.

I TEHELR2FIRGRNI i, ZOHBRERITR LT IETMFTORFOHBBERES log,o(k+1)—logo k
ICHBERNCIES< ] v D, Weyl OBEIZR T HDTiXRWD, LWHZ L THS. LERDEETIT n 23,
HHEE 8 IZXHLT, BOTRKERETHEDOT 2 REILTLRSADENERESRETVE, 1)
RICEETIALERH B,

ZDEIIT,
e 1,000,000 BEDHED TRVWHERTHX - B 2&ViET.
o x2 DIEH 50 W% 3,

EWHEBIIHOLNTIXWV WL S THY, BOTRTRERER LWL D, ZOHERIIHT 5 EIGROTLA
BWEFELNATWRWE D THY, SEOMERETHS.
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It is well-known that the leading digits of powers a™, a > 1 is a natural number, are distributed over
from 1 to 9, the asymptotic distribution is given as follows:

the leading digit equals to k = 1,2,...,9 with probability log;o(k +1) — log;o k-

This is derived from the ergodic theorems, especially from Weyl’s theorem on irrational rotations on
the unit circle S, applied to log,q a. Since the irrational rotation with log; a is not mizing but merely
ergodic, the empirical distributions of leading digits are expected to converge rather rapidly to the above
asymptotic distribution.

We have checked the convergence of empirical distributions, using chi square test, up ton = 10, 000, 000
and for @ = 2,3,...,9. For all a, other than 7, the empirical distributions converge very quickly to the
theoretic distribution, however, in case of a = 7, we observed very strange phenomena:

when n = 1,165,000, the value of chi square test equals to a huge value, 52.6637. When n = 2455000,
2456000, the value of chi square test decrease down to extraordinally small value, 0.0000. Values of the
chi square test again go up to a maximal value 17.1317, when n = 3744000. After that, the chi square
values converge to 0, with waving up and down in a period of about 1,100,000.

The theoretical explanations to the above phenomena is unknown and an open problem.
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