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B®d 2. X OEECX

1 1
n! = n"e "\V2mn (1—1-@—1—0(?)) (n — o0)
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2 0.1: Stirling DA & 2 BEFEDELL

’ n H n! ‘ A, =n"e ™/ 2mn (R /n!) ‘ A (1+1/(12n))  (R#/n!) ‘
1 1 0.92--- (7.78%) 0.9989 - - - (0.10%)
3 6 5.836 (2.73%) 5.998 - (0.028%)
10 3628800 3598695.6 - - - (0.83%) 3628684.7 - - - (0.0032%)
30 || 2.6525---x 103 | 2.6451---x 103  (0.28%) | 2.6525--- x 1032 (3.7 x 1079)
100 || 9.3326- -+ x 10'°7 | 9.3248--- x 107 (0.08%) | 9.3326--- x 107 (3.4 x 1077)

F01Z2RNEDMD LT, ne V2 12& 2D nl OIEBOEAEE, n =3 DEET
TTIZ 3% 2H>THEY, n=10 DEETIZ 1% 2Y>TWd. I 512 1/(12n) THIET
% L BAFBIMIZNS KR, n=1 DEBTT TIHELOREN 01% BEILRS. 2
D & 51T Stirling DARIFEERDLELUARXNE UTHOTESFTH L.

1 AV HICETDIHOBREEENS D “EH”
TR L NFTIROMERBEEH M TCERINDIMERAGDZ & ThH D2

efx/r$a71

far(z) =4 Tla)me
0 (x £0).

T ar>0 NI EEIRDDEINT A—Z—TH33. LFEHEDZD a=n >0,
T=1DGEDH I RHDAERD 720D f(x) = fui(z) B

e—mxn—l

[(n)

MERB R [, (x) TEHEINDMHREHE X, LHESZLIZT D, HEREH X, DFH
[y &R 02 RS 0 1R B

fn(x) =

(x >0).

B B oox . mZF(n+1):n
= BIX) = [ af@) e = < =
E[X?) = /0 22 fo(z)do = F(;L(:;)z) = (n+ 1)n,

o = BIX.] = i = .

WD RNTHEREIL Y, = (X, — i) /00 = (X, —n)//n OFEFEREIETNTNO0 & 112
BV, T ORERE LB

e~ V) (g 4 n)nt

\/ﬁfn(\/ﬁy+n) = \/ﬁ n

PAHVSEBIE s > 01T UTI(s) = [ e "2 Hde LERIND. HEDOFFIZE-TI(1) =1 %,
WAL 2T (s +1)=sl(s) ZmELDT, 0 LEDEE n iIZDOWT T(n+1)=n! L4R5.

3 1% shape parameter &, 7 I3 scale parameter & FEENTW 2 5 LW,

HERE LA f(a) ZROMERLB X I U T, HIFFHENSEED Elg(X)] = [9(2)f(z)de LEHS
A, SN = E[X] LEHEIN, DD 02 = B[(X — p)?| = E[X?] — p? LEHEIND.




4 2. DA DRFERE % JHO 72 R b DE
2788, ZOMRFEEHRHT y=0 2B L

e "™t pleT"/n
Viha(m) = Ve = T

B85 . n>0NEHEDOLETn+1)=n BOT, 2NH n— oo T 1/V/21 IZINEKT S
Z & & Stirling DA XD EALIEFEMIZAR D .

HYIIPAENHERZHZLTWD I e &), HDBRER 2 @HTEL5DT, R LD
AR HERRE p(2) 1ITHLUT, n—o00 D&

[ () nwae= [T ewvanwivemay— [~ oS Za

o(y) 2T IVAEE S(y) \EMITD 2 LICE>T (TROLHMEREEHMD y 120 ZRA
THILIZEDT),

n

e "n" 1t pleT™/n 1
= —
I'(n) [(n+1) V21

2195, ZOFERIX Stirling DANAXD KA = EIKT 5.

PAED “EH” OiEith THERBEEEBD y 12 0 2MRAT D ATy FITIFGRENIZT vy
THRHd. ZOX Yy TEHEDDB7-OIIEFOMERERE 77y 7Ry 7 AL UTHAT
DT, FLMERER ORIV 2 W GEHICR D B EH L. TD XD KRG
DTFFHI DOV TIXIRDHI 2 TR LW

Vitfa(n) = Vi

2 AUIDHORFERB AW ZRRINSDETR

HiHiT iq:‘/ﬁ\@ﬁﬁﬁ@%@ﬂ@ TIw Ry 7 AL UTHWT Stirling DARZ & H”
U7z, UL, 20 B ISR vy TRd o7z, TOF vy 72D -0
1, ARV R R B A Vi R s B A e R M B (SR 5 AR DY Fourier 2 #) @ Fourier 22
WMCERTD LI THAHING Z L 2 BT REND D,

Z DHITIE AT V< 4345 DTl R 5 FE B8 % MR LD Fourier 21 TR DO T ANZ HWT,
BT Stirling DA % GEH Y 56,

2.1 Stirling DA DEERA
AV DA DMERBE LRI f,(2) = e 2" /T (n) (x > 0) ORPMERKEL (3% Fourier Z#1)
F.(t) FIRD LS ITEEINDT:

I3 _ itx _ —(1—it)x,.n—1 _ )
(1) /0 e fu(z) dz () /0 e " dx =L

5%? X OHERDPTEBD f(o) DEE, HEREBY 2Y = (X —a)/b LEDD L, E[g(Y)] =
Jr9((x —a)/b) f(z)dz = [, g(y)bf(by + a)dy BRDT, Y DHERDATEEIL bf (by + a) IZ8D.

613 Z DFEIHTE % https://www.math.kyoto-u.ac.jp/ nobuo/pdf/prob/stir.pdf % R THI> 7=.

THERDATHIST A= — n AZDWTHEERD 2 & LRHERED S 2 BBO n ROBICRD 2 Lid
FfETH 5.
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2.1. Stirling DX DFERA 5
ZIT, EHNEDEZEE o [T LT

1 [~ 1
— / et dt = —
I'(n) Jo o

B efliolz. ZDORAIE Cauchy DFEDEH % > TRE S8,
Fourier D KEEAZ & V2,

e,xxn71 1 00 y 1 00 e—itx
' (x) = S SR ) dt = — [ ———dt 0).
fal@) I'(n) o )€ ) 2m /—oo (1 —dt) =0

-
N

(S

YR X ZFROHTU F X 1E Stirling DAXDEEHIZS LW,
AREY  t=nu CE#TLHI LIZEOT,

B nne—n\/ﬁ B \/ﬁ 00 pitn B 1 ) e—iu\/’ﬁ
Vifu(n) = T(n+1) 27 ) . (1—it) dt = %/_m (1 —iu/y/n)" du.
Stirling DAR%Z FEHAT 5 720DI21E, 2D n — oo T 1/V2r IZPERT S Z L 2R3 IX &
V. T D7ZDIHERA T B DS OB 2 TR & D

e~V i

logm = —nlog (1 - %) — iuy/n

:n(%—§+o<%)) —z‘u\/_:—u;+o(1).

Lo T, n—ooDE X

e_w\/ﬁ N e_u2/2
(1 —iu/y/n)" '
INE), n—so00D&EF
ne™/n 1 [ eTwP L[ e 1
Vifu(n) T(ntl) 2n /_oo NG e Y= o

ERDBIENRDONDZY. REDEFEFSTMRIZIEDOFER o 1T LT
/ e dy = var

B IRV 2T Stirling OARDEEH X v 7z

8 Cauchy OB EHZ M DR THRES. A% fla) LEL L, f(1) =1 THOEHIBSITE S
T flla) = —(n/a)f(a) L7822 ZEPDONBEDT, TORRPBRLENDS. EOEK o 1262 DRI
t=x/a LW EBEDICES>TEBISGEHINS.

9Fourier D KILAARDIEHOBIEIZ OWTIZE 5 fiz ST L.

OpgZIZ3ERH U 72 13 U, 72 & Z21E Lebesgue DY EH % (i 21X & W,

NZDARE Gauss A DAR [T e dr = 7 T o = u/\Ja LENERELEBTNIEOND.
Gauss ADARIEUFOE S ICUTHHAING. £ll% [ bBLE P = [T [ @) drdy ThH
D, 12 1& 2= e @) D57 L 2 =0 THENZ DUNLEROFER] OHRE LIRS NS, T/
DET 0< 2z S 1IZBITLWHMIE —7log 2 TR D DT, TORMEIK fol(—wlogz) dz = —w[zlogz—z|{ =7
8%, WZAIZ T = /r. Gauss MO RRDOARGEBR L ZAIIHEARNHTRLZEZIATHY, LT
DEFRBHTHKDZ L ZATHD. UNLUEDOZEIINIDKEKETH 2 Z Wb hNIE, TDEI 2 TOW
HABEOIZRD ZENOMER © WHETRDIEHI DN, EAHRIZKDIDIE T TOE D% BEHEFHE
LZDTIEELS, P DL%3IELAEZNSGTHD.




6 2. NN DORMEREZ W ZRER»5DETY

2.2 ERIEINTEAVITDHDEERZRERBDE UK

HERB LB fo(x) = 722" RROMERERE X, L ELLF Y, = (X, —n)/Vn
DFEHEAREZNTN 0 L 1 IZRBDTh -7 (Wiliz R E). Y, ORERE &SI

R AL ) K e I O TRVAD

Vifa(Vny +n) = v/n T'(n) ~ I(n) L+y/vn

225, LT, n 00 DL X

v (1 B\ 2 AN
log(e (1+\/ﬁ)) nlog(1+\/ﬁ) Vny
2 2
(Y () vy L
(o)
BOT,n—o00TeVW(l4y/yn)" —e V2 ERY XLIZ14+y/yn—12R5.
AN, IRDIKAL T B Z & & Stirling DARNIXIFEIZR 5

e~V ny + n)n ! e~ v?/2

Vnf.(Vny +n) =+n Tn) — o (n — 00).

TG Y, OREREERKEEE ER 0 OMERZ BRI RIS 5 Z & & Stirling
DRARIKFETH .

H VAN DWW THERE LB D 5 RO L ARV T HUDMRBRE BEAE L U TS Z
& & Stirling ODARIFFRCEIIZHD.

Y,, ODHER 53 40 B A ASEHE TE R 0 AR D3R 25 BB S & RUPUR 97 6 2 & O EHEREERR IE
vnf(n) OPCEROGEH E FRRIZATO LS IZLTHELNG:

\/ﬁ /OO e—it(\/ﬁy-‘rn) 1 /oo p —ztf
n =— ——dt = — L
Vifu(v/ny +n) 2 J_o (1 —it)” 21 J_ (1 —iu/y/n)"
[~ _. 1
— e R dy = ——e V2 (n — 00).
2 J_ 2m

B DS T, Cauchy DFEEHL L YD 12

/OO e e/ gy = /OO e~ W) /2=07/2 gy — o=v?/2 /OO e du = e V2 2or
ERBIEEHANW.

ZDE DT, AV~ DA DOREREERE DRI D Fourier £24112 & 2 KRR % 2 1
e R LD 5N D L ARV T O BRI EI 2 AA IR T 2 W TE, TOREIT
Stirling DAX & [FfEIZZR>TWVWS.

LSRN % DR CTERBIHHI NG, 22 213, e~ O Taylor JEF % A U TS & F47
UCEHAITE . & UL, W82 f/(y) = —yf(y), f(0) =21 2L TSI enbEEMND (K
AN U T D 2 EEHARES TIEDA D). Cauchy ORI E R % 2 ISR w+ iy (u > 0) %
v>0 CEIMAZBEHMAEFENTLAOLAL LS ICRAZHEHENELNS.



2.3. DG E O LRI B9 D AMEH A R 7

2.3 —RRDIFGEDFOEREIRICEET B KRB A AR

— MDA D FFDRIREHLIZ DV T KM A DI HUC RS T 5

X1, X, X3, ... AZHW @ifébw%?ﬁﬁ&%O%fﬁﬁwﬂf%étﬁé.36
WCENSIXFY p = B[X,] &0 02 = B[(Xy — p)?] = E[Xi)2 — p?2 2FD L ET S,
Y, = (X;+ - +X;%MMﬁ§K£<K};@$%&ﬁﬁH%M%MOE1K@5.
ZDEE n— oo DIRT Y, DIERDAHEYT 0, 58 1 OFHEER AT GEYIR R
RC) IR T 2 &\ D OWHUMBIREH TH B .

LR DFHRD 2D X, 2 (Xy —p)/o TEIHMZLILIZTDH. ZOLSITEIHAT
Y, 3EDLLRN. 2L E X, OFEHESTEETNETN 0 L 1IZRDDT, X, OFF
M E o(t) = BleX] &EL

2

@@:1—%+dﬂ)

Yo = (X1 4+ X,)/v/n EBL LY, DEHEAREZAZN0 & 124D, Y, O
WM BB DRBIR 2R D & > T3 E I N D

W Z1Z, Fourier D KEEAX K D 12 Y, DR

t
= [ n)
280, ZAUE n — oo TEEMEIERL /) A DR T B A
l OO —ity —t2/2 e? /2
o] e dt T

(PR 2.

2.4 ZIESHDHOEREE

HIEICI3MER DA D NEY)ZFRTOPOR] ICDOWTIEEAEMEFM L BN/ 2
DEITIXZ D FUZ DWW T I & BT T RHEEIZHIE S 5 16,
X, DTN T DHERERD L ¥, g(X,) OYIFHEIX

Fan(e

Bo(t//n)™ A2 51 Y, (ZBT 2 Fourier KIEEARDREFRITHEIC R 245, A TRVEEIC
IR, JIEOIRAEZEZ D LIZRD.

M2l R EOMERAEIZRS.

g I3M ) R BR TONRE B R D BENRDH D,

1657 1 77 OBINTT 255, BB R H#HRIZL RV,



8 2. AV DAADOREREZ 72 RR 2 b DEH,

LEFEINDG. 2IT0<p<l,g=1-pThY, nFEDEKTHD LU, (}) T—H
Rz RDT:

n n! " /n

<k>::M01—kﬂ’ (x+yyf:;;<k>ﬂ@nk
Elg(X,)] 2B DEARTEL 2OIIE TNV ZEE (TN ZBE) §(x —a) de %8> BEH
H2
Bl = [ a@h@de. o) = () )ota o - b

k=0

SOk ST, OB f, () LTV R B (T A HIE) & o TERDI
B LB R DA, WHEORMCIES B (& D ERICIZIE) 2 55T LS. BoHEk
BB OISR % B DB O S SR TE 22 Z L IETERL RS,

2D & > BB IR HER T ER O & ST 2 < RHEILETE g — E[g(X)] O
I % % 2 AU L,

BRI BT, OB g 1S3 Elg(X)] 285 DTIREL, b2RUELO
BB g SBT3 Elg(X)] R, TORBIAEADIENS BOBEEE LS &
55 LM AFPIS.

Z DIBPIH TR X ORI ox (1) = B[] 24> 2 L TH5. R
R ECHIZHRHEA 1 BAF 0O — B s 2 %

lox ()] = |E[e"]| < E[le"]] = E[1] =1,
iﬁ@x@+@-¢@ﬂZ%EEW“MM—UﬂéEﬂﬂﬂ—lﬂ—%0(h%O)

BED 0 NOPERTIX Lebesgue DIHEH % WV 72, B g(z) 3

T[>
== B di
oa) =5 [ e

ERDINTVWALTEY. ZOLX Bl LHEADIEFR2XHTDHILi&>T
1> 1 [
Elg(X)] / G E[e™] dt = —

T or 2 J_

ZORREY, HEREBH Y, LHERE Y 1IZ2D0T, FEERET oy, PRSI oy
ICERIPER L TR, EE 7R 27 5 A2 E ENDEEDOEE g(y) 12 LT Elg(Y,)] &
ElgY)] ICINKT S Z & 2mE57. MBULMRLEE &G0 DG O bR E 2 i
oS B TENMIND.

ER. MERZHY, ORMEEE oy, M ¢ IZEMPEEL TOTHEPREDEE ¢ 23d
% HERABORHMERBUZ 28 > TRV A TSR AR Y, 1TMERZBUTIPER U 2. K
VERE oy, MERCHEBR I o 128 RPURT 22 51, FMERE o 2R DfERER
Y BEELUT, MERERS Y, PY IZHNEKRT D 2 EMMonTnd2 ]

TN (TIVARNE) 6(x — a) do FEFEE f(2) 12HUT, [ g(@)d(z —a)de = g(a) 12&>T
ERINTVWDEEZXD.

18Z DRIOIHIFTFINR & XN 5.

1972 213 g(x) BWEFEDEBTHITERDEE gt) TTDEDIT g(x) ERRTED.

2072 & 2 13H RGO RS

NEEOZEHTIX, g(y) PRAWFPEBTH D &5 BIFNHGOHEIPREZ R L, TOMERE LT g(t) 27&
DIRWEHBD Y 7 A (BIZIFE FERERBOES) IZEENHEORREEEL.

22Bochner D& H.

g(t)ex (1) dt.




2.4, TIESE O Hr U R e B 9
“IE A DO HROMRRE R 2 RE S . IHOAE DR EEUE

ox, (t) = Bl = ztk( )

—E:(> )" = (pe’t + q)"

AN BAADFIFE FEIEENTIV p, =np & 02 =npqg THD. DA ITHEREE
Xn_ﬂn _Xn_np

o0 \/npg)

DIFEHFEFFIFTNTNO0 & 128D, TORMEREUL

Y, =

oy, (t)=F [e”Y”} =F [e—itnp/\/rmeitXn/\/nTn;]

_ efitnp/\/W@Xn(t/\/n—pq> _ 67itnp/\/rpq <pezt/\/n7pq + q)n
_ (pe“Q/\/”T’q + qefz'tp/w?m)”

LR5%. X, ORMEEBOARZREETIC, X, —np = X, (p+q)—np = ¢Xn—p(n—X,,)
= HWT, EHEERIZ

Py, (t) = E [e] = E [eitaXn/vipig=ite(n=Xu)//rpa)
——ji:eﬁﬁﬂvﬁme“Mnvaﬁﬂl(Z)]ﬁqnk
::jiz (Z) (peitalVia)* (qe=ite/vima) "
::ZZ“W¢MW+1EMMWWQ"
LRI LB TES. Zhi

- 2
petta/VIPE = p 4 pq —Q—FO(—l )7

Vpqg  2n ny/n
gy _ o itpg_ pt? L
e T 2n+0 ~e
2RATDE
t? 1 "
(- 0fck)
DT
hrn oy, (t) = e /2
— 3, BEHEIER A9 DHERLE Y DRk BiBuE
00 6—y2/2

" :EeitY :/ eity d :eft2/2'
pr(t) = Ele™] = | e dy

Bzl p=q=1/2D1 % ¢y (t) = (cos(t/v/n))".




10 3. Laplace D HEIZ & 2 EH,

INEY #EYIR T T AZEENDEE g(y) ITDWT

lim Efg(Y,)] = E[g(Y)]

n—oo

LRDIELERED. TRDDL

. n k’ o np n L B /OO €_y2/2
| TP — dy.
nggokz:%g ( \/n_pq> (k)p q mg(y) 5 Y
gy) MaSySoDEZIEMN LITARY, TOTHRVE X 0 IZRDEBDLEITIE
X — b —y%/2
limP(a§n—np§b>:/e dy.
n—oo \/n_pq a 27T
PAEDSZIE A DRERZE X, OFUNMEREHTH 5.

3 Laplace DAEICK 528 H

i Efi £ TIZEIA U 7z Stirling O AR DFEHRIFARE I A > BRI (FT > < 5346 Y Gauss
*fﬁj\ (IEHDAE) TEMIND Z & 2 HWZIEHZ L EZEZ 615 . Gauss Bl L DM %
Laplace DHEEMESZ L 0RH S,

3.1 AVIEHHD GaussFEDICL BEUEFE>-EH

AV EE D% Gauss 3 CHEHELLEIT S Z £ 12 &> T Stirling DAREZRT D,
log(e™*z") =nlogez —x & v =n ’CTaylor)f%Ecﬁ@‘%t
(z—n)* (z—n) (z—n)!

nlogx —x =nlogn —n — o + T T I 4.

BOT, n WREZLE I =T(n+1)= [ e a"de H

00 _ 2 00
/ exp (nlogn—n— (x—n) ) dx:n”e_"/ e~ @M/ gy — pre"/2mn

e 2n

TEMIND Z Db, PRI

-n

nl ~n"e "V2mn (n — 00).

Z DIELIORRT % scilab THIK 22 IC &> THE - 22§ %Y 1 v X —Di 1 7 THS
ZEMTE S, RIOBUEFTEY 7 b scilab IZDWTIXEHDY 1 — M 2SR UTAL .

PAEDFEHIE T Stirling DARF DK T ne ", v2mn DENEND g, () = log(e ?a") =
nloge —x @ x =n IZH1) D Taylor BEDEHIHEL 2IXROIHIZHKE L TWE Z A3 0H
%. 3 MOEIE [ yPe v /ody =0 BOTHE LA,

)] AR EBGEHER a Sy S b TN 1 IZZDTRVEE 0 IR L.
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3.1. HUEEOD Gauss B IZ L Dl % > 728 H 11

PO HEE AR L TS 1T MIEED 1/(120) £ THAILTHE S,
Al 1 A ¥ A Y < B BRI T O3 Y

o) o) 71 2
/ e~ 22k gy = 2/ e_m2/2(x2)kdx = 2/ (2t)k\/_

—00 0 0

= 2’%/5/ e TRVt = 9FV/2T (k + 1/2)

1- 2k — 1
_gryalid 2( )ﬁ=1-3---(2k—1)\/2w.
7= Z13, ffooo e /2 dy = f_oooo e~ 22 dy = V2,

/ e 2yt dr = 3v/2r, / e~ /248 4o = 15v/27.

IN6DRAZLLFTHES.
AV REBOMREROMIER ¢ 12 n(l+x/yn) 2RATDE

n!:F(n—l—l):/ T dx
0
= n"e_"\/ﬁ/oo e-vne (1 + i)n dx
—Jn NLD
1 T n
n"e"\/ﬁ/ e Ve (1 + —) dx n — 00).
» Tn ( )

WD BB OIS () LB &

¢n($)=”10g<1+%)—\/ﬁxz—%2+3gjﬁ—%+o<%) (n — o).

D 0) o(1/n) DFIE n 2T 72BRIIn > 00 £TDE |2 1 T O IZ—FRPURTS.
WRIT |z £ 1ITBWT—HRIZ

—vie (14 x \" 2 23 x4+ 1
e — | =e — 4ol —
NG P 3\/_ 4n n
_6—952/2 1+:L‘_3_:E_4+1 $_3 2_|_0 l
B 3vn 4n 2 \3yn n
3 4 6
N A L 1
¢ <+3\/ﬁ w1 0\n))

o(1/n) DEHIZEEND n OFEEHFESD 1 OHOBEIE v IZDOWTHKEII RS Z
LITHEER L. FEHEE 20D —1 <2 <1 TOBMIMBADZDT, ETHMLT

M3, Stirling DARDE 1 FIRIE E TOYERGEER, 8% vol. 31 (1979) No. 3, 262263 Tl Wallis
DRRDIEEAN L > THE 1 fEHZ ML FENRHINT VD, 8 1 fHEHEAN X O Stirling AXRD 5 U
WEERRIZ DWW TR, iRiER, S 280584 % Stirling @Z\I\Qq‘ﬂ SHRER, 2% Vol. 36 (1984) No. 2,
175178 &\ SR D B . £E D SCHROfEF % L F TIESHIT U 7.


https://www.jstage.jst.go.jp/article/sugaku1947/31/3/31_3_262/_article/references/-char/ja/
https://www.jstage.jst.go.jp/article/sugaku1947/36/2/36_2_175/_article/references/-char/ja/
https://www.jstage.jst.go.jp/article/sugaku1947/36/2/36_2_175/_article/references/-char/ja/

12 3. Laplace D HEIZ & 2 EH,

BWEARIZE o TIRDES

o) e oo S ol
=21 — 3V 15\/%+0(i)

4dn 18n n?

_\/_<1+m+o< ))

n!:nne—”¢2_(1+i+o(1>) (n — ).

12n n?
CNTHEIFHIEE 1/(12n) PR 560722 5§ 1FHEE 1/(12n) &, n BPRIBREE 0l O
n"e " 2mn IZ K BIELDEEE n BRKIREE n! OED 12n DD 1EEIZRDZ I %
EELTW5.

Wz

3.2 AUVEHHZFE>THEEZFET 2HE

Laplace D52 & % Stirling DARDEEA & Z D —#ALIZEE U Tl Gergd Nemes, Asymp-
totic expansions for integrals, 2012, M. Sc. Thesis, 40 pages D &t LU\, AR CEBHT % 4
EOFRNE Z DR XD Example 1.2.1 12dH 2. TIIZENTH D FHiE%EMHi>TH, Stirling
DARDHIEIH 1/(12n) 2BEHIIH/D I LMNTES.

RORNARZMED L E2EZDL: EED a>0(a=00 Z2FL) IZHULT,

a 1 an F
/ e Ml dt = —/ e "2 tdr ~ L(s) (n — 00).
0 n® Jo ns

t=x/n EMAEHREEBHRL . ZORKEMHERIE,
alf(sl) i OZQF(SQ) i

nSl nSQ

/ efnt((lltSl*l + Oé2t5271 + .. ) dt = (n — OO)
0

D& D BEENHREIZ LD, g VT Stirling DA XD RH DM IEIE 1/(12n) 25T
AL,
B f(z) %

f(z) =2 —log(l + x) (x > —1)

CRED, MAZEEE y=n(l+z) LEHRTLIILIZLOT,
n!:F(n—l—l):/ e Yy dy
0

= / e "M (14 2)"ndr = n”“e‘"/ e @) qy.

1 -1

WD %Z 2>08 2< 0l 135 28I12&oT

n' 00 1
m = / e—nf(a:) dx -+ / e_”f(_z) dz.
n e 0 0

26 FIR DA IETHE [RIRRIC Fohd.



https://www.cs.elte.hu/blobs/diplomamunkak/msc_mat/2012/nemes_gergo.pdf
https://www.cs.elte.hu/blobs/diplomamunkak/msc_mat/2012/nemes_gergo.pdf
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LY flz)=t BULKIE f(—z) =t LMD EREEITINE, BODOR» LETHIIU
FRIZBRDZESTHD.
FEERIZENNHRER I L MR L & D . flz) = 2 —log(1 + 2) DEHEUL

N4 L

fla)=1-1> =112
BDOTx>0T fllz)>0&8Y, -1<zx<0T flz)<0&Bb. flx)ldx=0T
BAKAE f(0) =0 28KbH, o >0 THIEMNL, 2 <0 THFABDITL. WAIZ 2 >0 &
—1<z<0DTNTNT = f(z) BHWHE x=2(t) 2FD. v =2() ODFEFEITO
D EENZFNRD 72D,

x=at"? 4+ Bt 4 t32
BT

2 333

Xz X
t=fl@)=s—log(l+a) =2 - T+ 5
WARAUTY, a,8,y ZRKODTALD. FEBRIZRATD L,

062 043 ﬁ?
t:?t—l—(aﬁ+?)t3/2+<a7+?+a25+a4)t2+---

A% i U T o, B,y kDb &,

2
Oé:\/§, 6257 Y=

—_
SN N)

2185, §2D0b

2 \/§
_ 12 2, Ve
=2t +3t+ gt
LB f(z) = B3, x>0 TIERIDRREZDEEMND. 2 <0 Tl t'/? %

—t1/2 CEIHMA, if o % —x TEIWMALZZREHAVDS. 405

r=2t/? — gt—{— Qﬁ/? —

3 18
LKL f(—a)=t &RD. LEOTNTNDLHEIZENT, 8WT
d_gj = @ $1/2=1 ¢ gtl—l + £t3/2—1 + ...
dt 2 3 12

PAED 2 ODIGET t OEFIRDIEIZIE —1 50N H 5. NS /-,
flo) =t LD EWEEBRTEILIZEST,n > 00 DEXE

o o d
/ e @) dy = / e’"t—x dt

— /OO et (ﬁ /2 4 2tl—l + ﬁt:‘/?—l + - ) dt
0

2 3 12
V2I(1/2)  2I'(1)  V/2I'(3/2)
T oz T3 T g T

V22 Von

= o2 T3, Togen T

x| < 112812 Taylor JBH log(1 + 2) = 2 — 2%2/2 + 23 /3 — 2% /4 + - - IFIERIC K < fHibNhD.
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BB, mBIZT(1/2) = 7, T(1) =1, T(3/2) = (1/2)[(1/2) = /72 %ffi>72. £ 5 —
FOBEBIIDOWTH, f(—x) =t LEPEREZERTLEILIZL>THKIZLT, n— oo
DExE

onl/2  3n | 24n32
BB LED20% R UAEDED L, n ODBEFESD 1 DENTANTHF Y VL, XN
#ons:

/1 (g V2r 2 Ve
e dr =
0

nntle—n — pl/2 + 121,3/2 n5/2 (n — 00).

W Vo \ﬁ%+0<1)
ZHUIIRD EHIZEIEINSD:

1 1

' — n_—m - P

n! =n"e "V2mn (1+12n+0(n2>) (n — o00).

INTH 1 DOMIEHE 1/(12n) $ Laplace D HIETRO 5% Z A0 M > 7. 82 DFFIE

MBS FERIC L TRDODOEND.

AR DEDFHRIZBENT 4.7 EENEHDIIOWTREREPRETH L. TDI L

ZEATF DEHEHS 2 REON 5.
1

=1t (D) (-
T3 + +--+(—1) +(-1)

p t
1+t

DT

/°° et dt _ '@ I© P (_1)k_1@ N (_Uk/oo elmftdt

or 1! (k—1)! > etk dt
= 2 (=) S _1k’/ )
Syt pra ey T

EOBRTIEZOES BHIORFDSEE “+---7 LB LU TRE T < EORIFELY
BRI,

o0

e dt pq (k—1)!
[ e

FEFEOREKRTELWARTIEARY. BERLIFHELIFEARIZKEZR n IZHUTHI
RUBWMNOETHD. “4---7 OFRDIE “HERM” 2 HIKkT D MR LD0TIIAZL, “A
BRAI4+-RIARIE 2 FILT 2 LIRIRL TEPRITNIENT R, 0

4 WEIRD S L L Stirling DA
Stirling DARIFIX L FETH %:
logn! — (n+1/2)logn +n — logv2r  (n — c0).
INEY, IROFGOFERNENND:

logn! =nlogn —n+ o(n) (n — 00).
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ZZToln)ldn TEHLLHEII N —00 £TDE 0IXPNKRIDIEZEKRTS. ZhelD
HiCIEEARD S L L Stirling DRAREIERNZ L1295, ZOAXNTHIVUXLL N TR
T2 EDIHEMIHHT 2 Z RN TE B2,

4.1 SHERDH L\ Stirling OAXD 5 L WEEEA

BB f(2) 122VT f(k) £ 77 fa)de £ fk+1) PRILTVB DT,
f(1) 20 %73 BFBEMEE f(x) IZD0T,

f(1)+f(2)+---+f(n—1)é/1nf(x)d:c§f(1)+f(2)+-~-+f(n)-

Wz Iz
/1 f(@)de < F(1)+ F(2) -+ f(n) S / Fe)de + f(n).
Nz f(r)=logz IZHEMATH L&

/ logzdx = [xlogz — x|} =nlogn —n+ 1, logl+log2+ -+ logn = logn!
1

DT
nlogn —n+1<logn! < nlogx —n+ 1+ logn.
ERAY2)>
1 <logn! —nlogn+n =1+ logn.
L7ZR>T

logn! =nlogn —n+ O(logn) =nlogn —n + o(n) (n — 00).

Z 2T O(logn) & logn THID L HFRIZBDEIDBEZERL TN,

4.2 KEAABEBEANDIGAHG

HBUARD 55 U Stirling DAXZED & an @55 bn HELS MlAEOE O (ZIHK
) Ox

log (ZZ) = log(an)! — log(bn)! — log((a — b)n)!

= anloga + anlogn — an + o(n)
— bnlogb — bnlogn + bn + o(n)
— (a —b)nlog(a —b) — (a — b)nlogn + (a — b)n + o(n)

a

a
= nlogm + o(n).

BT O E RUEDDS £ 512 o(n) DEHIE Ologn) TH2 = L LAMWTES. = 2T Oflogn)
X logn CTHEIS>ZBICERIZEDZEEZEKRLTWD.
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LB5. PRI
b

log (4" 1/n—>10 S (n — o00)
&\ on & W(a — b)ev ‘

lim (cm> " = lim ( (an)! >1/” = @
n—oo \ bn n—oo \ (bn)!((a — b)n)! b(a — b)e—b’
FY 212 an lN S bn HED M AEDEDED n FRD n — oo TOMER IF —THREGER
BORDHFHED (kn) % kF TEEIMANZEOND.
Z OFERZ M ZNXIROE T RO 1988 DO F D AGAMEZBRETHS 2R TE 5!
1/n
lim (3nCn) / 73k K.

n—oo mUln

ERAN PR

Z DMFR DfE I
3/(1122) 38 27
2/(1111) 28 16
AR % E> 72 NI, £7 Stirling DARZ D L AZIfRITOMEEE 2, TOHICE

B OHIPINTEMRITID Z L 2R LD EBbhd.
FE. ETCRUAEZE LY,
1/n 2
im (M) = o
n—soo \ N 1111

ZHUFIRZEFEIR LU TS (o(n) & n TH->TE 0 IZIURT L H):
(271) = 92neo(n) (n — o0).

n

Wallis DA (58 8.4 #i)

2n 22n (n — 00)
n /TN oo
X ZDOREIZE>TWS, [

EE. HTKTIE 1968 FIZEMDOMEZH L TWE LD 72
1m;ﬁeﬁzé$@;. (5 AT 221

n—oo

ZOMBEE IS N2 5E 3 Zid Stitling DARTH S, kD) —RIZIRERED:

1\1/n
lim M = g% .
n—00 ne

BEBZLIX

((an))t" 1

log = —log(an)! — alogn
n

na
1
= —(anloga + anlogn — an + o(n)) — alogn
n
=aloga —a+o(1)
= log(a®e™) + o(1).

213 Y Stirling DARZ A XA G R S FER & SRBUZOHPAAN TR S & 5 IZFHH
UTARBBEIZILTWS D2 L Bbhd. N


https://www.google.co.jp/search?q=%E6%9D%B1%E5%B7%A5%E5%A4%A7%E5%85%A5%E8%A9%A6%E5%95%8F%E9%A1%8C+1988+%E6%95%B0%E5%AD%A6
http://d.hatena.ne.jp/gould2007/touch/20071127
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4.3 FBUHRD S L\ Stirling DARXOHE
BUTHT 2 EWERED. 52E ¢ BFAELT,

1
logn!:nlogn—|—§logn—n—|—c+0(1) (n — 00).

UTFTIEZORAXZIEHL L 5%,

B A1 B CREIA U 723 B D 5 U\ Stirling DA R & EORRDEN L (1/2) logn DIH
LEBIE ¢ AMIMATHRLUTWDEIATHD. TNODHEEMT T A 7 7 IHRD
@Y. [Mlogrde = [zloge —a]f =nlogn—n+1% k=1,2,3,...,n— 1 IINTIES
& [k —1/2,k+1/2] x [0,log k] DEEDIEM & KK [n—1/2,n] x [0,logn] DEHEDH
log(n — 1)! + (1/2)logn = logn! — (1/2)logn TEALT AU, BIRIZ (1/2)logn DEHTE
LNd. IHI, TNOLDORAKONESG LK {(z,y) |[1S2x<n, 0Sy<logz} D
EW 2 ERE S 2 UL, [[ogade & RITTBOHEMDIAIDED n — co TH D EH
WIS D Z &b, ERHEELND.

log z IZHFHEMKEBR D TIEDFEK oy, Br %

k}—l—l/Q 1 1 k
ozk:/ log x dx — = log k, Bk:—logk—/ log x dx
K 2 2 K

—-1/2

CEDDBIEMNWTED. ZDEF,

n—1
1 " 1 "
logn!——logn—/ log x dx = logk+—logn—/ log x dx
2 1 Z,“ 2 1

=—a1+ P —as+PBs— -+ B — ap_1 + By

ZORKRFM n — oo TPERT D Z L ZRU 2.

logz W EIZMTHDZ & &Y, BF ay, By, ao, B3, s, ... WHFAHADT 2 Z LD NY
logz DEEKEMN v — 0o TOIWINKTDEZ &Y, ZOHINL 0 IZPRT DI & E DN
5. PRIZEDERIIE n — co TYPURT D0, ZDINRLEER 0 EEX, c=14+a £BL
E.n—o00 D&

1 " 1
logn! = §logn—|—/ logzdx + a+ o(1) = nlogn + §logn—n—|—c—|—0(1).
1

c=log\2r THhdZ L% Wallis DARX (BES.4Hi) 2FHSTHHL £ 5. nl = nntl/2e eceoll)
% Wallis DR

) 22n(n!)2
Ve =l e

WIZRAT D L,
22nn2n+le—2n€20 e

V= T}EEO 92nt1/2pntle—2nee — /3’
WZIZ e =21 THD.
Z AT Wallis DAR % F 21X, SEERD 5 U Stirling DARZHE T2 Z LI12& - T,
HEH D Stirling DA n! ~ n"e™"2mn BWEHEND T EDDN-> 7.

2988 ¢ DS log/2r TH 2 ZLIXEHMITH 2, Wallis DARZH XL ¢ =2 THD I L E2RES.
300 LEDFEBTHER I N2 0 (IZDURT 2 AT a, DED D SARMIL > re , (—1)FLay, IFPCRT
. (MEINEHT D L IXBR S A0
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5 {J#%: Fourier D XE/AT

BB EE % % DB D IX WA, Fourier D RKERARDFEHIOBEIE IZ DWW TEIHIL & 5.
BREL f(2) (XL T2 D Fourier 24t F(p) %

o0

o) = [ e ds

EEDD. DL FHE fITOWTHEYREME2KEL TEL L, TG U 2 25
kT

[e.e]

f@) =5 [ @) dp

—00

WKL T 5. 2% Fourier D KEENAT & FES.

51 GaussDmDIFE

a>0ThdLL,
fla) = /e

EHEE, Fp) I3 TOW Fourier B TH D L 45, ZDEE

F(p) = /OO e qp = ¢ P/ /2ar

[e.9]

MEGIELND. ZOART T, a DFENTFNE P, a ! DNGERBTLH LIz oT
/OO e~PT o —p?/(2a71) dp = e~/ (20)\ /911

[e.9]

NELND. LD 2 O0fRE2 58S &,

f(x) ]/me”WF@wm

:% .

WELND. RO f(z) =e /0 ZDWWTIX Fourier D KEEARMKL L TN 3.

—f&IZ f(x) IZDWT Fourier D KEEA XML U TONIR f(z) 2 FTBEIL THLN
LI f(x — p) IZD2WTH Fourier D RIEAXMNHILL TWD T ENEGITRIND. E
5%, F(p) 2 f(x) O Fourier £# 95 &, f(x — p) DO Fourier 28441

/ ﬂ%u—mﬂ=/ P f(2f) da' = e F (p)

Ry,
T [ _. . 1 [ _
or | € T EWdp = oo /_ ) e P E(p)dp = f(x — p).

PLEIZE ST, flx — p) = e @ m*/20) 1220 TH Fourier DKEEARMKLT 2 Z & A8
DN~

¥ Fourier Z8#1 3 & U Fourier ZHDFEIEL Y | fla — p) = e @00 DL DD
FRIEFNZ DWTH Fourier D KEEARDRILL T Z L3057

S Cauchy OB REEE 5 /K, #* O Taylor EHI% AL TR 5 471k, 630 & 47005 U
DHERZHEZ U TS Z e 2D HER EHBDHGIETAS G ETETHS.

S2ZULE OB X T D & 5 BAIEF O “MfR” THRDOI NS, U5 T, Fourier D KIEARDFEIH DA
B DIEINTRT LTS EARESD.




52. —xDGE 19

5.2 —HRDIFE
a> 0 XX U THRE po(x) %

()= o=
palit) = 2ma
EREDD. TN po(x) >0 & [T pu(z)de =1 2HZLUTWD. T U THIHIORERIC
& 2T, po(z — p) 13 Fourier DKFEA R %Z 72 LT\ 5.

BE f(2) 12 U T fo(z) % po & DBHAREIC & > TEE f.(z) ZEDS:

e—%/(2a)

ful) = / " pale — ) f(y) dy.

—00

ZDOEE fu(x) IZDWTIE Fourier D RKFEARMNEGLL TWE 3, EEE, f,(2) D Fourier
ZF,(p) LESL,

r) = [ e e [~ ([T et par) st ay
DT

1 00 ) 0 1 o0 ) <,
—1ipT — o —ipx ipx /o /
el Fu(p) dp /_Oo (27r /_Ooe (/_Ooe Pa(z" —y) dfv) dp) f(y)dy

_ / " el — ) ) dy = (o).

oo

2 DHDEST pu(z — p) IZD2WT Fourier DXEEAAXDNKALT S I L &2 ffio/z. I HIT

DT
Fy(p) = / e f(y)dy = e *F(p)

—00

LRBM WA

1 [ . L[> 2
- —ipT - —ipz ,—ap®/2
o | e P*F,(p) dp o) e e F(p) dp.
U7zho>T
]- > —ipr —a, =
5| ¢ Te PI2F(p)dp = / pa(z —y) f(y) dy = folz).

ELH F(p) WA A 51X, Lebesgue DIPRER & V) | 23412 DWW T

1 [ ) 1 [~ _.
lim 2—/ e~ e 2P (p) dp = 7 /_OO e P*F(p) dp

— 00

33 f.(x) 1% Fourier D KELARAHNL L TS po(z — p) DEA f(p) TOERGDERDT, ZHUE
FLALHLENTHS.
34 2 NIF B AABFLDW Fourier Z A% Fourier ZMORIZE LW\ 2 & ORIRBGEHIZT EAR,
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MEZD. HEld, WE f(x) ICOWTHYBRFMFERELZEE 0 — 0 D& IE f,(v)
» ﬁtﬂ&,ﬁﬂ*fﬂf@( flz) TR 2 2 L2 menid, f(r) BEWHEY) 2K T Fourier
(D) /NN R A BB Y SYATSEER

e 2, fIFARPOR o THARZ LIRET D, HD M > 0 BFELT |f(y)— f(o)]
M(@yeR) &Bd FEIIZe>0%20d. HD 0 >0 PWFHELT|ly—a] <6 %4
S5 |fly) — flo)] £ /2 BB, BHE p, DEHZEY, a > 0 2+/NIL<TdHL
f‘y_w|>5pa(x—y) dy <e/(2M) 522 eE DML, LEDRNDE & T

¢ IIA

e |—\/ pula—y y>—f<x>>dy\
/_mpm— WIFw) - F@)]dy

9
/ pal® — )5 dy + pa(x —y) M dy
ly— ;E\<5 y—z|>8

A A

A

13
CLf =
5 T o &

INT limg g fo(x) = f(z) PRI N
L ITEMT ROV TIIIRDOBRIEEZETTHTD.

FERFE, SERRMT AT, EPEERE (1996), xii+324 E, & 3,800 M.

SH XA E RIS SFIR S A D% 2E T Lebesgue 43 X° Fourier AT IZ DWW THIGR U 7=
BLONBVNIET ) TREHRETHY, BFEODEOR TR PRE 7V T RHR0
TIEBONEHZATRDIFEEEZ S, EOHEREFED 2016 4£5 A 3 HEERZUINFTH Y,

TV ITHIED OV EARUNFIZAL BN LIFETERRBRILTHS.

5.3 Riemann-Lebesgue D EIE

flz) & R J:O)_‘Wfﬁ:l\ QB ThHBETDH. ZDEL X, TOD Fourier Z£# f(p) =
S e f(w) do (RIS Y [p| = 00 T O IZHURT %, Hi

oo

lim e P f(x)dr =

Ipl—00 J o

ZHiE Riemann-Lebesgue DEIR (V —v Y - WRX—=FDEH) LIFENT NS,

3pa(z) D a— 0 TORRT-DY T 7 %HIHE, po(z) 3 Dirac DTV X EE (FEEKE) 12 “NFR” LTWD

JIHZZDZ NG, TNHIFEALEHLNEZLEERS.

SR EOFHIKET [ |f(x)|de < co 2 THLDE R LOFMOHEE LTS, WHIKHEOERZ
HOEBWANFTLLTFDO LS ITEATE. EFEﬁ I=[a,b IZXHULT T ET1IZRY T DHTOIZRDEK
e 1, ELS. Bo ERME L 2BHI2&2T YN oy, ERINDHEBUIIBEBREB L TIEIND. B
&@i&@é(lﬁti%ﬂtlﬁ?%&ﬁ%bfbU ERICAZ NVERZ 2. BB [ = Y7 aily,,
I = o b], 0 < b OB f(0)do = 52, (0 ) EIEEYS SETES R E ()
& [ [fm(x) = fu(@)|dz — 0 (m,n — c0) Ziii/zd Lié:/u}:'&/\’CO) x € RIZDWT f(x) IFPKR
LTWa ERETS. (ﬁ'ﬁ%@ﬂiﬁf)‘%&ic‘:/vZ‘bﬁ:éﬁﬁ”ﬂﬁ’é‘é%ﬁﬁﬂ%ﬁﬂ%éZ2:%L:/Tﬁi'é.) ok
f(x) = lim, o0 fr(z) TEE f(zx) DEED (Wﬁﬁb&b\ BII23 f OMEIBMERICROTHL). ZDLE
| & fm(@)dz — [5 fu(z)de| £ [ | fm(@) — folz)|dz — 0 (m n — 00) BDT [p fulx)dr & n — oo TIL
KED. TOPREDMEE [, f(z)de &EL. \_UDJZDQT%I f(z) &Tﬁ/\Téﬁltﬂ}/\fCib\ IHIZED
L X |fR\fm(x)|dx—fR|fn(x)|dx|§fR|fm(x) fu(@)|dz — 0 (m,n — 00) THHDDT, fR|fn x)| dx
FHBROMIZPOR L, [ [f(x)|de < oo HHILL TS,



http://www.amazon.co.jp/dp/4000054449

5.4. Fourier Z 1D FIDULUR 21

F(p) DiERFENEIZ Lebesgue DIHEEIZ K> TRIND . EBE, |ehr—1]|f(2)] < 2|/ (2)]
THO |f(z)| XL DT

|f<x+h>—f<x>|g/R|eihw—1||f<x>|da:—>o (h—0).

INT f OEBHENRI N
Riemann-Lebesgue DB D FEF X AR 73 BEUBE BB ESI T L SEBLIND Z &b
EZEBIZELND. KH I =a,b ET1IZRY, TOHNT 0 ICRDIEHE 1; LEL L,

~ b ) —ipb __ ,—ipa
1(p) = / e gy =S "¢
a —ip
BOT, 1;(p) = 0 (|p| = 00). —MERDOATRSEBICET BFERIFINE Y LdtS.

5.4 Fourier Z#DERDFDINR

N>0&t95.
R DA B f O Fourier 254 f(p) = 7 e f(y)da 1T LT,

1

(@) =5 [Ty

% Fourier Z#tD N HoF LS. N #HOFNIIRD LS IZEEINDS:

(e = [~ (5 [ ennap) say

o] eiN(mfy) _ ee_“\’(l_y)
= d

[ SN )

S B (O

= [T ok )+ S ) dy
::%AWQMNwﬂx+wzf@—th

4 DOHDEFT y Zax+y ’C:ba?i)‘x sin(Ny)/y MERETHD Z & %2 ffio 7.

§ >0 ZERIZHS. y 20 T (flat+y) + flx—vy)/y FAMEITHS. DRI
Riemann-Lebesgue DEH X V) |

i Sin(Ny)f(ery)Jyrf(a*f—:t/)

N—oo 5

L7tS>T N AR sx(f)(z) #5 N — 0o TUGRTZ 2L &,
)
T Jo )

37Lebesgue DINHEHL L IZIRDFERD Z . THD. f, IXIFL ALK T 2 A EOHBHITHY ,
HLUBDPEBE ¢ 20T |ful S %{FEKT%@?J‘T?T'@"%&%, D [o fo(2)de & n— oo THURT .
ZOEIIIIEF M RDTELRD T {ffibhd.

dy = 0.
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M N — oo TPERT D Z LIXEMEIZRY, TNONPERT 2 L I TN O DIHIE—HT .
ML EOFER % Riemann O FFTEEIE & FEAN.
PLEDKSRZ f(x) = e /2 DBAITHAT S Z 212 & > T Dirichlet 9 (T4 1) 2
LEE) DAR
. Rginx
lim
R—o00 0 X
RAATES. flo) =e 2 2B, ZOLE HEoHTOHELY, f(p) = e P/2/2n
T

v
dr = =
Ty

lim sy (f)(z) i/Oo €imfA(p) dp = f(x).

N—oo - o2 —o

W Z 12, Riemann OFFATMEEH%Z o =0 OHBEIZHEHATD L, LED 6 > 0 1IZD2\WT

I 2e~v"/?
lim sy(f)(z) = lim —/ sin(Ny) ey dy:e_02/2 -1
0

N—oo N—oo 77

0 o 0 —y?

N vi/2 _ 1

lim /wdy+/ sin(Ny)e—dy S
N=oo \ Jo Yy 0 y 2

Fe A D%H DR DOMEPRIE Riemann-Lebesgue OFER L Y 0 1IZINKHT D, LR ->T

5 .
N
i / sin(Ny) 4 T
N—oo 0 Yy 2
Il y=a/N ERDPERELIHRITEH I LIZL-T,
N6§ _: R _:

T lim szdx: lim Smxdx.
2 N—oo 0 x R—o0 0 x

Z ® & 512 Dirichlet F87 D /A A& Riemann OFAMEEH & Riemann-Lebesgue D& &
e~**/2 O Fourier ZH#DEFE M 55515, Dirichlet O D AR THEAOZLEE © 2 Nz T

BTk oT .
lim / sin(N) dr = E
0 2

R—o0 €T

EWVIRANREND.
R EOAREDEE f & 2 e RIZHLT, 2 6 >0 BFEMELT
(fz+y)+ flz—y)/2 - f(z)
Y
MO<y<d CTHAMEDIZARDZSIEY, Fourier Z#D N HAFD x ([ZH1F 2 1MHEIE f(x)
PR %

Aim sy (f)(x) = f(2).
ZOHREFIETREREZZLZ2EDED LAGIZEINS. Riemann OfFFTHEERH LY | (T
HOS>0IZDOVWT, N 500 DL X

0 X xr —
&ﬂﬂujzilgmmeﬂ +”Zf( Y 4y + o1).

SSIGFRIT B Mo - EFE B 5.
397 M4ME Dini &G LN TV S.



5.5.  Fourier f&EX D43 FIDULUR 23

Dirichlet @D NADFEAHEL Y, N — 00 D& X

[ 1)
f(z) = lim 2/0 SIVY) b () :%/O sin(Ny)%dy—i—o(l).

N—oco T Yy
W Rz
0 i Xr — — X
(1)) = ) = 2 [ sin(ovy I HEZNEZTE) gy o)

ELE [(flz+y)+flz—y)/2— f(x)]/y P 0 <y < § THFESZ R 51X Riemann-Lebesgue
DFEHEY FHLIE N =00 TOIWPEHRTS., TNTRIRNEZ EARINA

Bl AIRED B f AN TR WERER HIE, T/NE 8 6> 01220V,
(fle+y)+ flx—y)/2—f(x)]/y lF0<y<d TAFRIZEZD.
U725 T limy oo sy (f)(2) = f(z) WEILT . N

Bll. ARSI f OMED R x 12T DL S DORR

fla=0)=lmf(z—e),  flz+0)=lmf(z+e)
PEEL, f(x) = (f(z+0)+ f(z—0))/2 THDERETD. ISHIT/M 2z ITBIFBELD
TRER

f’(x—()):?{%f(”?—g)_—gf(f’f—% f’(a:+0):li{%f(“5>;f<f”+0)

DIFAET D EMRNETD. ZDEE, FO/NIHR6>012O0T,
(flx+y)+ fle—y)/2—flx) 1 [f(x+y)—f(w+0) flx—y) — f(z —0)

Y 2
X 0<y<d THERITED. UEMR->T

) Y

flx+0)+ f(x—0)
2

lim sy(f)(z) = lim i/_Nei‘mj/c\(P) dp = f(z) =

N—oo N—oo 27T

LR%. [

5.5 Fourier fREDERDF D UK

R, fIEFR EOREM 2 2F D THY, 0S 2 < 2r TAIEASTH D LINET S.
ZD& ¥ f O Fourier R%¥ a,, (n € Z)

1 2 )
_ —iny
=5 € f(y)dy
EEEIND. EOEE N (T U T, k% f D Fourier kD N HoH & IES:
N
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N B FNIIRD D IZEEINS:

@) =5 [ ( > emw) () dy

| (27 iN+1)(e—y) _ p—iN(a—y)
T o 0 cilz—y) _ 1 fy)dy
1 [27 oiN+1/2)(z—y) _ o—i(N+1/2)(z—y)
~2r ), e i Wdy
1 [ sin((N +1/2)(z — 1))
T o /0 sin((z —y)/2) f(y) dy
1 [*™sin((N +1/2)y)
), sinfy/2)
1 [Tsin((N +1/2)y)
Ty sin(y/2)

= l/07r sin((N + 1/2)y)

™

flz+y)dy

(flx+y) + flr—y))dy

y/2 [ty +flz—y)
sin(y/2) y
5DOHDESTy 2 v+y CEIHZ sin(ax)/sin(Bz) BPMERBTHD Z L2/, X5
126 D H DS THAE D BB D AN 2 > /2.

limg ,o(t/sint) = 1 IZERETIUEX, FEH4fie o< HRIZUT, N EaHOIHIZ
B 2 HLDFERMEOEND Z DD,

Dirichlet F7 D RAD R D ITIRD AR Z fFD T AT T AR

1 [* sin((N +1/2)y)
2 0 sin(y/2)

T O IR B D JE HIVE & AR & )

1 [Tsin((N+1/2)y)
. /0 sn(yj2) Y

dy.

dy = sn(1)(0) = 1.

= 1.

sn(1)(0) =1 OFEANIFZIRDE Y :

N 1 o N
sv(1)(0) = ) %/0 e dy =3 G,0=1.
n=—N n=—N

e =1 DPSD e D0 N5 2r FTOMAMWHAD I L2/,
EDORXZMD &,

y/2 2f(x)

_l Tsin((N +1/2)y) . :l Wsin
o) = 1 [ STy ) = < [+ 12 2 ay
WZIZED sy(f)(z) DRREY

2 b2 (aty)+ I —9)/2— f@)
(@) = fla) = = [ s+ 172 2 : by

LA DRET DHERE D BELD sin(N + 1/2)y) DA DOETIE § < y < 7 THAEABHZDT
Riemann-Lebesgue DEM L Y 6 > 0 1T L T,

. i y/2 (flz+y +flx—y)/2— f()
Nh_I)IgO/(s sin((N +1/2)y) S (/2) y d

y=0.
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WZIZ, N =00 DL X,
(@) - f(z)
1
:3£$mm+umn

/0

y/2 (fla+y)+ flz—y))/2— f(z)
sin(y/2) y

dy + o(1).

WZAIZ0<y<d T
(fle+y) + flx—y))/2 - flz)
Yy
IR R HIE N = 0 T sy(f)(x) — fla) S0 1ZBER U, imyoe sy (f)(2) = fa) AR
VT B EWDNS. ZOGMEDEALT B OO BRSSO 548 L FRBET
H%.

6 {I&k: HU X9 D Fourier Z#A
t >0 UTIRONRDKN L TS

9] —z2/(2t)
. e 2
e P dr = e /2, *
/_Oo \ 27t ( )
CORNAMEIILTNWD Z L 2EBDHETRTD.

6.1 BARIXAEED HE
B w = u(t,z) BIRDE S IZED B

o—/(21)
t,z) = :
ult, 2) V2t
Z DB w=u(t,z) FRAGHRADOEARMIZL>TND:
1 o0
w= gl [ f@ulta)do = 5(0)

ZZT f(x) IERZHEGHBTHD. u=u(t,r) PEFHRAZHH T Z L IIMEHD DF
BCADITRING. BEFEDOMBEOFEIIFFEMIZE S2HOKDO D IZENTHD.
WAIZ, Ut,p) = [T e Pult,z)de £ BL &,

o0 ) 2 oo 92 —ipx 2
2U(t,p) = 1/ e‘ldex = 1/ i u(t,z)de = —%U(t,p).

ot 2 Ox? 2 0x?
2OHDESTHSED % 2078272, X HIZ

o0 —0o0

limU(t,p) = lim/ e Pyt ) de = e = 1.
t—0 t—0 oo

L7 > T
Ult,p) = e/

YR IEDNDIND. THTAR (x) BRI N,
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6.2 MHANE—DOEMDHAEAZB/ALLTVWDIEZHED HE
MO EE2TDOEEMS &,

%U(t,p) = /w(—ix)e_ipmu(t,m) dx =it /OO e_im%u(t,m) dx
= —it/ ((,%e_ipx) u(t,z)dx = —it/ (—ip)e P u(t, z) dx
= —tpU(t, p).

2DOHDEST u, = —(z/t)u 2H\, 3 DHDOHE S THAMA 2o/ IHI

U(t,()):/Oo u(t,z)dr =1

o0

ERZD.INHEYD Ult,p) =e W2 eR2ZZEWOME. ZOHHTHIUE u(t, z) HIE
HREADOEAMTHE Z L 2HOFTITTL.

6.3 IEBERP TR T2 HE
BLE t =1 OEADAR (¥)

/OO _ipx_e_I—Q/Q d -p°/2 (%)
e r=ce Kk
oo V2T

MRINEZERLIE x p%%ﬂ%ﬂzh[\[pT%@¢5 CIZE>T—Dt >0 12
32 RK (%) BMFHND. DRIZARK (%) 2R T 2DITIEAR (x) 2T NIE T
Hb.

X 5T sin(pr) FAEBMADT [ e 2sin(pr)dr =0 LRD. DA

/ e~ cos(px) dx = e /> 2

o0

RIS THS. LELD cos(pr) 12T D Taylor-Maclaulin B % fAA U 72 2 (2 BT
BT LIE2TIDARERTD.
el £ [ e 2 dr BFRELL S WARMICE ST

/ 6_$2/2£L‘2n dr = /OO (_e—x2/2>/x2n—1 dr

= / e R (22 do = (20 — 1)/ e~ 22 g
ZAZIRAIIZ n=10,1,2,... 12 LT

/OO e dy = (2n —1)---5-3- 127 = (2n )\/_7'(

21|

2DOHDESIXELD TR 2n---4-2=2" Z2NFDILIZLE>TEHELNDS.



6.4. Cauchy ORI EH % i 5 Ik 27

ETHMREL R VD &,

)2n

/ e~/ cos(pz) dx:/ ewz/QZ(—l)”(gCn)' dx

n=0
X 2\n oo x© 2 2\
=S O ™ etignan = 5 VR = i
2n)! J_o ~ nl

6.4 Cauchy ODBEQTEEZFED AL
BEM 2> TV ANTHAIUTFHE U VI BERNEES DT, LD TIEKR
MBI FHKE 295, Cauchy OB EMH 2D & EEH p ITH LT

/OO e~ @) /2 g0 — /OO e 2 dy = /2
—00

—00

LRBDILERED. DRI

(e} o0 —00

TR (k%) DRI Nz

7 {I8k: GaussFEHDETE
IRDNADEE < BEEBHOMH: 5% i L & D

[::/ e_xde:ﬁ.

ZOARDEAWE 25 (REHR L Z2) IXMEROGE AR Z RO OE A E R
DFFBIZZS>TWB I THD. EBEOFHTIX

I* = // e~ @) dy dy =
R2

ERT LIRS,

7.1 BE—OEFEED2EY ODBELRTEHVWEE

I = [[o e @) dudy I 2 = @) DNIRD Z S 7 L 2 = 0 1B E N
BOEERDL TN D, TOERBIZEY 2 OWIHOHEK m(—logz) 2 0< 2z <1 TH
DB LITEL>TERODLND. WA

1
I? :/ m(—logz)dz = —7[zlogz — 2§ = .
0

BTOHLZDOHENHRE[HTH 5.
40, = =@ +0) 12 = 22 402 LB L 2 =1(—logz) LB B.




28 7. I8k Gauss O DEHE

7.2 WERERICLDZEFHE
x=rcosf, y=rsinf &MEEET S L

2 00 —r? >
"= // e~ @) do dy = / d9/ e rdr =2m | = .
R? 0 0 -2 0

2 DHDE S CHBFEZELD Jacobian 2% r (2R Z &z fdio/-. £ L<IE

dz A dy = (cos@dr —rsin@df) A (sinf dr + rcosfdf) = rdr A db

BOT, K=1{(r0)|r>0 0<0<2r} &BLL,

2w o]
I? = // e~ @) gy A dy = // e rdr Adf = / d9/ e rdr = .
R2 K 0 0

7.3 Jacobian Z{EH T ICTOEZEZHRICL BEE
y Mo 0l y=atand IZLX > THEDERE LTS &

0o 0o s o 00 w/2 s
I2:4/ </ e(x“’)dy) da::4/ (/ e’ Cosexcos29d0> dx
0 0 0 0
w/2 (o) ) ) w/2 —x2cos? 0 =0
4/ (/ g cos 99500329(195) d9:4/ [6 > ] do
0 0 0 -

=0
7r/21
:4/ —df = .
0 2

3DOHDE S TR DIEF AL ZiTHR > 77,

74 HYIEHHER—SYEHBOEREBAWLEGE

ATE Tl Jacobian 23 TR 1 B DE S DEIFE 7 D A% FIWV T Gauss FE 57 % Gt
HEDHEEFRALZ. TN LD RFIKITE ST, T Y EHBE RX— R EHOBER
RNE 1 EBBOED DEBFS DAL FAWVTIEAT S Z &N TET, 2DBERANDRH] 725
HLUT Gauss DDA FHTZ 2L HTES. ZOHONEITHHIONED LT
HdLEZOND. HalF Tk fHbLN S MEREEERKDOFRITIE TV PN — XK
BEHZ DM OHWEDIEHBVPEDOND. 205, MEHFICHIED D 5 54 1 Gauss FED
DFED L UTH Y Y E X=X HIZDOWTEZATEWZ ADRRIENE N
LEEZLND.

5,p,¢ >0 (6 U IXFTEEHBIEDEZEE s,p,q) I LT,

oo

1
[(s) = e "zt dx B(p,q) = / P71 —2) e
0 0

TEOTHY VEE [(s) & R— R G B(p,q) BEHI B,
UIZ 72 < 3 ADRIEAEEDL DS 5. DK CIRMFTER > W TR A L.



74 HUEEE N—=ZHBOREGRE AV EHE 29

HAFREAMIZE ST (s +1)=s(s) THDZLDDOMNY, T(1)=17280DT, 0 A EDE
BnlZHLUTIn+1)=nl &85.
Gauss B2 T 11X T'(1/2) IZ5F L

o0 oo t_1/2 oo
I= 2/ e dx = 2/ et dt = / et ar =T(1/2).
0 0 2 0

2DOHDEST =Vt LBV, ULEB->T I(1/2)? = 1 % T XX Gauss 2 A
AR TELZ LIRS,
N—REBUILA N D & 5 BEBDFRR % K D!

/2 tp_l dt 1 du
2p—1 :2q—1
B(p, q) = 2/0 COS 0 sin 0do = /0 —(1 t)p Pl —/0 —(1 ul/p)p P

z=cos?0 =t/(1+1),t =u'/? LEBEHL-. 3DHD (RHED)ERD p=1/2 DEE
DIERLGT BB t DA OWERBEERBOFRRTHAI N, 2 DHDORROMER S HBIL F
DA OMEREEHMOFRRCTHAIND. T(1/2) D Gauss B 12 & % FRmR DR %L
IZIERE DRER B LRI OFRR THAI N, Y EBOEZEROWRE D BRI 2 &
HOWEAHBOXRTHAIND. ZOXDITH Y VEHRE R—ZHBUFEMNIZ & <
M I N2 HER DA % BT 2 72 DIZIIMEDHEIZ R > TV,

FRZRHIDORR LY B(1/2,1/2) =7 L7225 Wbnd. WRIZ, ELE

L(p)l'(q) =T(p+q)B(p,q)

PWRINZZRHIE T(1/2)2 = B(1/2,1/2) =7 £ 825 2 &Wb»nd. UZN->T Gauss B
ORI Y I E R—ZHBEDOHNZOBBRRNEZRT Z L IREIND.

AV L R—=Z D H N ORI 1 O BEHES L B NET DR ED A%
fioCAEHWEETH S, AN TETDO I & Z2fHBICHHL LS. & A ITHUT, 2,y 7' A
EAZTEIMEN 1ITRY, THPND L JITEN 0 128D o,y DB E 1a(2,y) &F
CzrizEpe,

2DOHDES TCy=2z—a LEBEHEED L, 4 DHOESTHADIET 2 55# L, 6 DHDF
5T o=zt LEBEMI U
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7.5 MDIEE

D FFIEIZ DWW TIE Hirokazu Iwasawa, Gaussian Integral Puzzles, The Mathematical
Intelligencer, Vol. 31, No. 3, 2009, pp. 38-41 & & U Steven R. Dunbar, Evaluation of the
Gaussian Density Integral, October 22, 2011 %2 U TAKL V.

8 fI&k: Y VEHE

ETAHTHY SEHBIZOWTHBIZMEH U -. LR TCIRZE I CIEaiTERno/-H
VEBOMWEIZOWTHHL LS.

8.1 HUVHHEEKHHOEFZR
ETABTRUZ T(1/2)2 = B(1/2,1/2) = 7 RO BEHL B R RO BB ETH 5.

T

I'(s)I'(1 —s)=B(s,1 —s) = Sn ()’

ZORNIZHEBOGIEYRH D, 1 DHDO K sinz & T'(s) OHERFERER

25 HIETHD2. 22T v 1% Euler €

n—o00 2

li 1+1—|— —l—l 1
=lm(-+=-4+--+——logn
g 1 0 g

Thd. INLDRAZ@EDD L,

1 B 1 _s(=s) 1 s _8\] _ sin(ms)
ML —s)  T(s)(=s)l(=s) ~ —s 11[<1+_n><1 ==
2 DOHDGIRIFRDERD & EEMNT 2 HNTERIZILTHS:

u@ra—sy:B@J—syzlmf:t

0<s<1THhHDEREL,0<e<1<RIHUTCEXZDROBORIEEZ C LEL:
F9 e MO R ETELTITHED, RICEBFH LOFEREZFLETDHE R OMA
ERKEFEHEID T1ETS. TUT RM5 ¢ FTE-T D, RBICEZ R EO
FRahbed2E e OMALZIEIRIY TIETS. 20 E [, 22 dz/(1+2) &
2 Vdz/(14+2) D z=—1 TOEED 2mi f5IZF L

/ Zs_l dZ . TS
= —2me
c 1+z

L)1 — 5) = 7/ sin(ns) ZBITFEA L TEWT (72 & ZIZERMT 2 6 2 BB ITRE D), HY YK
O ERURFN S sinz OERFEMEFMZEHTLZLETES.

dt.



http://folk.ntnu.no/oistes/Diverse/gaussian-integral-puzzle.pdf
http://folk.ntnu.no/oistes/Diverse/gaussian-integral-puzzle.pdf
http://www.math.unl.edu/~sdunbar1/ProbabilityTheory/Lessons/StirlingsFormula/GaussianDensity/gaussiandensity.pdf
http://www.math.unl.edu/~sdunbar1/ProbabilityTheory/Lessons/StirlingsFormula/GaussianDensity/gaussiandensity.pdf

8.2. MV~ DR R R 31

e—=0,R— 00 DIRZZRDZLIZEST [ 257 dz/(142) 1 [0t dt/(1+ 2) »
LTNEED 2 58 25 WFERIZFELWI L EDND:

s—1 d ] 00 ts—l dt
/ Z z —_ (1 o 627rzs)/ .
C 1 —|— < 0 ]_ +t

NED2ODKEREZ KT SZLI1I2L>T

B(s1 ) /°° t5ldt —2mie™s 271 T
’ o L1+t 1 —e?mis  emis —e=mis  gin(7ws)

COMBE t=us B EITE>Ts™ [Tdu/(1+u/*) IZEFRTES. DRIT, IR
DRAREFOLNIZILILRD:
du S

B(1+s,1—s)=sB(s,1—s) = N '
(1+ s, s) = sB(s, s) /0 14+ ul/s  sin(rs)

CDONAZERRTILETEDL. R>1Thde L, ERVPHEZFESANSG REFTE-
T HEA, IZIFEIEI D ISHIE 27s ZIFEHEL T Re?™ £ THA, TINOFUNETE >
TR MWE C &\, [Lde/(1+2°) i dz/(1+21%) D 2 =™ IZBITBH
B —se™s D 2mi FFIZFE L <, R — oo DIERT [ dz/(1+ %) & [ du/(1 + uwl/*)
LXZNEFD ¥ G [N ZEDIZFEL W DRI

/ *  du —2mise™ 2mis s
0

1+ ul/s 1 — e2mis emis _ p—mis Sin(’/TS).

EED ZHBEUERICHEREN I SEDLNSDIXBOFEFEZ 1 8T 202 EHD
2 IR MMETH B,

BN & FVF I L TV B OMFIN DWTIE, BB TR (G2
DHE 5 E (201267 H) 283 9HT L. HAKBGERD —ian /21 TlEa <, BRI R
OMBOFHELUWEREEZOTOETHIZBIEF>TWADIFEBEK L LES.

8.2 HYVIYHBDERFEIRREHA

B f(s) (s> 0) IZBAFD 3 DD%&M %~ LT WS LIRET 5:
o IEfEME: f(s) >0 (s> 0),

o MR f(s+1) =sf(s) (s> 0),

o KBTI log f(5) 1E s > 0 D FICMAERKTH 2.

Z D 3 DDFM2 i 72 T ISR D LR & D

Bzs OMEIFE RO % KIFEHEI D IZ 1 A$ 2 & 2™ 512485,
W5 1T 2 % 2™ fEUTEREED, dz 13 2™ fFIZ8 5.


http://www.amazon.co.jp/dp/4000051717

32 8. gk KV~

FRZT(s) WED3IDDFRME T(1) =1 2720 T2 Z N5, Gauss DA
. nln®
L(s) :nlggos(s—l—l)---(s—l—n)
PALUTHEY, ED3 DDA U TODEEUL T (s) DEBHZIZRD I LEDLMNS.
AETHARAZZ & Z2EFHL £ 5.
9, (%) DMRD D 75/ %2 0> < ViR U TH SN D IR

lim s(s+1)---(s+mn)

n—00 nlns

MWEAINRT S Z L 2RTD.

s(s+1)---(s+mn)
nlns

— i ST 5 gslogn

_8<1+1> <1+2) <1+n>e "

_ S\ s S -5 ... S\ -2 s(14i++2—logn)

O e e I

1+i+--4+L—lognid n— co TEuler € v IZPCERT 2. WRIZ [[;_ (1 +s/k)e*/*
M n — oo TPRT D Z L E2RTIEE. 2 OBEBLEAEE 1+ 2)e? -1 IZFEM2=0
T22MNDEREFHODT, (1+2)e? =1+0(22%) (2 = 0) &85, PRI (1+5/k)e sk =
14+ 0(s2/k?) (k — 00). A& Y MR T[22, (1+s/k)e /% BUHRT B Z & hbnd. F
&

n—00 n

: S<S+1)<S+n) s - S —s/n
lim e =¢7 sg [<1+ﬁ)e ]

WREAZIR T 540, AU DOMERFED 1/T(s) ICFELWE WS A% Weierstrass DA &
R ENdHD.
ZOMRDH % F(s) £EHELS &,

Ins |

n—oo s+ 14+ns(s+1)---(s+n) (n+1)!:
WAIZHEETDH D (x) DRRX f(s) = f(1)F(s) (s >0) Zmd2DITIF, 0<s<1 D& F
£(s) = FA)F(s) L5232 L & R EE+HTHD.

RIZ, f(s) OEMENMEENBUNMEZ VT, 2L EDEE n £ 0 < s < 1IZDWT, f(n+s)
DREI% f(n—1),f(n), f(n+1) ZHVT EF» 55T 5 A%FNX
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34 8. Ak AV EK
WRIT 2~ ff" <0 ZnBiE&0. f(s) DEHEEXY,

b
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