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n! ~n"e "V2mn (n — o0)

EWVWSPEFRDEUAARDIETHSE. 2T a, ~ b, (n— o0) & lim, o(an/b,) =1 %
BT 5. L OEEIZIE
1 1
n! = n"e "\V2mn (1—1—@—1-0(?)) (n — o0)

DAL LTV BL 2D — N TR E TR >~ 046 I1ZB8$ 2 dubiBBR e BE» & Stirling
DRAARMN EH INd L E2HATS. TDRIIEE A R J1ET Stirling DARZEH
5. KEEIN DR IR L R,

2D — b OB LEONFREETIIBLEDFEBREROMIR Z1TH8D. 2D /) — NDRIKIFZF
AT D Gauss B AP, Y T EEAM, N— & EKEBAM, Fourier fi##r AfIZ72 25 Z &
EREEUTCEPN- ML RMMROFEEDTHS. BIDOHDOHITHED SO THiA U 72k
RE2MS ZEeNL VD THEIZERLUTARLW. FEARKZLHEHE UTH UG LN DR
WZ TS,

7% 0.1: Stirling DI K B FEFED Bl

’ n H n! ‘ A, =n"e /2mn (4% /n!) ‘ A (1+1/(12n))  (FR#/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 107 | 2.6451--- x 102 (0.28%) | 2.6525--- x 102 (3.7 x 10°)
100 || 9.3326--- x 10157 | 9.3248--- x 107 (0.08%) | 9.3326--- x 107 (3.4 x 1077)

F0.1Z2RENEDDDE XD, n"e V2 12X 3 nl OELOEEE, n =3 OBEBET
TTIZ 3% 2E>THEY, n=10 DEBETIX 1% 28]>T\5. X512 1/(12n) THIET
2 L AEITBINTNI KR, n=1 OBEMETT TIEMDRAEDN 0.1% FEE L AL/

X
”f” (1+i) — 0.9989--- ~ 1.
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I3 i R &,
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ZD & ST Stirling DARIFEROEMAX L UTHEREITEFZTH D2

1 AV<oHICEATBZHROBREENSD “EH”
HY DA IFIROMERERBREH B CEBINDIMEEN DO L TH D
G_x/TZ‘a_l

fOé,T(m> = F(Q)TQ
0 (z <0).

(x> 0),

2T ar>03AYnfizitdd /N7 A—R—Thd*. LTFHED-ZD a=n>0,
T=1DEEDH Y IPHDHERD 12D f(z) = foi(z) £H<:

e—zwn—l

[(n)

folz) = (x > 0).

HEREEHE f.(2) CTEBINDMHERLH % X, LHE S LIZT D, HERELH X, D
pn &R o2 XS n 127850

= C>O:1: x xzr(n+1):n
=B = [ ap@de = e <
B = [T o = SR — ok

o = BIX.] = i = .

WD RNTHEREI Y, = (X, — i) /00 = (X, —n)//n OFEFERHEIETNTNO0 & 112
BV, T ORERE B

eV (i + )
r(n)

\/ﬁfn(\/ﬁy +n) = \/ﬁ

23250, ZOMREERBTy=02b<L

—nnn—l nne—n\/ﬁ

Vifu(n) = v/n T(n) D(n+l)

2Gergd Nemes, New aymptotic expansion for the I'(2) function, 2007 (ZHEFEDIE 2 2B LA KD g
NHd. 722 21X Nemes DA

n! =

n
1 1 1 1 "
(n + P ——— ) ] 2mn =n"e "V2mn <1 + + + - >
n

1
— o) € 12n2 = 1440n4

WD TEFHRIEUARNTHS.

BAYBEIE s >0 1ICHUTI(s) = [T e ™" T LEHRIND. EHEOFFEIZEL->TI() =1 %,
WMAEFIZE T (s +1) =sI(s) ZREDDT, 0 LALDEE n iIZDOWT I(n+1)=n! £R5.

4o 1% shape parameter &, 7 1% scale parameter L IFENT WD 5 LW, H Y I DMHEDEY & HEkiEZ
NEN ar & ar? 127485,

SHERBE B f(x) ZROMERLE X 1T U T, MIFHERKED Elg(X)] = [ 9(x)f(z)de L ERX
N, SN p= E[X] LREFRIN, HEN 0% = E[(X — p)?] = B[X?] — p? LEHIND.

SRR X OMENEED f(o) DL %, WREB Y % YV = (X —a)/b LEDZ L, E[g(Y)] =
Jr9((x—a)/b)f(z)dx = [, g(y)bf(by +a)dy RDT,Y OMERIMELUL bf (by +a) 1285,
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L35, . n>0NEHEDLET(n+1)=n DT, 2NH n— oo T 1/V/21 IZKT S
Z & & Stirling D AR EALIEFEIZR D .

AV DHPEENEEZTZ LTS Z e &Y, FBREMZEHTEX5DT, R EO
A FEREEKEL () I U T, n— 00 DEE

[T (52 suerde = [T etwwari -+ may — jiﬂwigzdy

o(y) 2T IVEEE S(y) 1 OEMIT D Z L& > T (TROLMRBELHKID y 12 0 ZRA
T5ZrIitkoT),

e "n" 1t nleT"/n 1

Vih(m) =V = T 7 Ve

2133, ZOFEERIL Stirling DARD LKL % EIkT 5.

DA D “<EHY Dfeth CHERBERBOD y 12 0 2RAT D AT FITIEEREMIZE vy
THRHd. ZOX vy TE2MDD72OIIEPMBREEZ 7oy 7Ry 7 AL UCHAT
2D TIEE <, UG R EE ORI Z WL R 2 BERH D, TD X D KRG
DS DN TITIRDFi % BT W,

(n — o0)

2 AV HOREERBZRAWZRRINSDEH

ATET Tl A OB ER 2 R R 75w 7Ry 7 A& UTHWT Stirling DA% “EH”
U7z, UL, Z0 “EH IZIEGRBHNA T vy IThRH o7z, DX vy T2 MdD L 7-HIC
v, H DV S A S R 2 R B A 2 TRV BRI (TSR 25 FE L D ¥ Fourier Z84) D Fourier 22
WMTRRTDILICES>THPAIND Z L 2RI BENDH D.

Z DFITIEA >~ 5346 DOMERE B % FrtE R D Fourier £ TR DT AN E AW T,
EHZZ Stirling D AR ZGEHT 57,

2.1 Stirling DA DEERAR

H Y3 DHEREERE f,(z) = e a1 /T(n) (x > 0) ORPPERE (¥ Fourier Z5#1)
Fo(t) 1ZRD &S IZEHRINGS:

Fn 1) = itx - dr = —(1—it)x,.n—1 dr = )
(1) /0 e fo(x) dz _F(n) /0 e T s =L

ZIT, BHMNEOEFZ o [T LT

1 o 1
- / efattnfl dt -
['(n) Jo an

LB Zeflior. ZORAANIK Cauchy DFES EHLZ > TRE S,

THEHF L Z DFFIHE % https://www.math.kyoto-u.ac.jp/ nobuo/pdf/prob/stir.pdf & B THI> 7=.

SHERDMEWINT A—Z — n IZDODWTHEMN 2R D Z & L RMEEEN D 2D n BOFIZARDZ Z LiX
FETH 5.

9 Cauchy DR EHEZHEDLRS TERED. A% fla) £E/ELLL, f(1) =1 THrOHEFEA L
T f'(a) = —(n/a)f(a) L72DZEDRDLMNEDT, TORANELND. EOFEH o 12925 ZDAAE
t=z/a LWV EHMSIZE O TESITGEHINS.
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Fourier D g A L D10,

e In_l 1 o0 y 1 o0 e—itw
(x) = = — R ) dt = — [ ———dt 0).
fal@) I'(n) 2m J_ ‘ ) 2m /—oo (1 —at) =0

ZDRAI ZFRDOTU F XX Stirling DAXDFEHIZS L.
ZORANEY t=nu LE#RTDZILIZEST,
B nne—n\/ﬁ B \/ﬁ o0 pitn B 1 0 e—iu\/ﬁ
Vinm =T =50 [ a = i

Stirling DAR% T 2 720DI121E, 2 n — oo T 1/V2m IZPHT D Z & &2 REIE &
W, TDOIZHED BB OB O E2FHNK S
e—iu\/ﬁ

hgazmwﬁz—m%c—ga—mﬁi

:n(%—%+o<%)) —iu\/_:—%2+0(1).

UL7ZR>T,n—o00 D& X
e—iu\/ﬁ

—_——— e

(L iu/\/n)"

—u2/2‘
INE), n—so00DE X

ne™"/n 1 [ eTwP L [ e 1
n = - — = — e — d N —u /2 d _
Vifu(n) Tntl) 2 /_OO A—iu/ " o) Y=

ERDBIENDONDI!. REOEFESTTRIZIEDER a 12X LT
/ e dy = var

LB RNV 2T Stirling DM GEA X 7z,

2.2 FERIEINEAVIDHDEXRZERBDE UK

R TEBIL fo(2) = e 70" ! RFFOMERERE X, #HL XY, = (X, —n)/vn
DIFEFEFFIFTNTNO0 & 1 IZRD2DTH o7 (Fifliz R &). Y, OMEREEHREIL

eV (i )t et V(L) )

Vifa(Vny +n) = v/n T'(n) ~ I(n) 1+y/vn

YFourier O JKERA D FEHDBEIE (2 DWTIXE 5 fie ST &

Hpg Z3EBH U 72 1 U, 72 & Z21E Lebesgue DY EH % (i 21X & W,

22 AR 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.



2.3. Fourier KEEA % W R W GTE 7

2385, TLT,n—>00 DEE

1 -vny [ Y —nl 1 Y\
ou (7 (14 J5) ) =i (14 77) - v
2 2
y Y 1 Y
S - 1) = - _7 1
n(\/ﬁ 2n+0<n)> Vny 5 +o(1)
BOT, n—o00 TeVWl+y/y/n)" —e V2B X5 1+y//n—128%. )
AN, IRDIKAL T D Z & & Stirling DARNIXIFEIZ R S

e~ Vy=n( /n n)"t e~y /2
VALY 4 ) = v m

GROG Y, OERE IO EETE R A OMER B UK AU 5 Z & & Stirling
DRXIKFEHETH .

VRN DN THEREE LD £ IR D L~V T USRI E FE AN AL L T 2
& & Stirling ODARIFFRIUEIIZHD.

Y, @ﬁﬁlgﬁﬁ@ﬁﬁfﬁﬁgﬁfﬁﬁﬁ@%iﬁ WA IR 5 2 & DEEGEHIX
Vnf(n) OPEROFER & FRRICEATO L 512 5'”971/1«6.

\/ﬁ/oo e—it(\/ﬁy-ﬁ-n) 1 /oo » —zt\f

" = — —dt = — T

Vifaiy n) =0 | g =gy A= iujgny o
1 [ _ 2 1 2
— e "MW 2y = eV /2 n — 00).
2w oo V2T ( )

D% T, Cauchy DFEEHL L DB

/Oo eT e 2 gy = /oo e~ Wt W) /2=2/2 gy — ov/2 /Oo e 2 dy = e V2 2r

o) o0 —00

ERBI RV
2D &I, AV o4 DOMEREE R DRHERED Fourier #1112 £ 5 KR % 21K

MER B LB D E FIPORD L X)L TOHUMEREH 2 A Z I ORT Z LN TE, TORMRIE
Stirling DARX & [FAfEIZR > TS,

2.3 Fourier REAN A HWAWAEE
HUEHBOERELY ,
n!:F(n—l—l):/OO T dx.
0
MAZERE v=n+Vny=n(l+y/y/n) IZ&>T y IIEHT D L,

—n e—"\/‘/ (1 n %) dy.

BB % DR CTERBIHHING. 22 213, e~ D 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.




8 2. AV DAADOREREZ 72 RR 2 b DEH,

= — ha(y) =

v Y (v < —).
LB, o= [T haly)dy &85 loghy(y) D y =0 12T % Taylor EFIZL ST
log hn(y) = —y2/2+0(1) (n = 00) £82 ZENDMBDT, limy e hn(y) = e ¥/2 L7
5ZLhingd. X561

nl {e‘ﬁy(l +y/va)r (y > /n),
0

lim hn(y) dy = / e V2 dy
n—oo J_ oo
E\NDTED CHRONERE O H % 7S 2 BT ENEY, lim, oo ¢ = V21 BELND.
974 DH Stirling DA
n!
lim —
nooo pe—ny/2mm
BEOLNS. Z DOfE T H AL Fourier T OXIFRISBETIER LSR5,

2.4 BHEMNMNKEILHA 2RSHGEINERSGETEHELUTET R EEDOER

JRSZRAFVEE R DA D MERZRL n MOMERLE Xy, ..., X, (Z&2TY, = X7+ +
X2 CEBINIMRLLY, OMERSMEEHHE n DA 2TDH LTS

HHE n ORA 2 F0MMIE shape 28 a =n/2 Tscale B 7 =2 DAY I FAHIZZFEL.
FRZEHEE n DA 2 e A6 ORERE BB

e—y/2yn/2—1

fapa(y) = { T(n/2)202
0 (y £0).

(x> 0),

IZRY, ZTOFEERBIIENT N 0 & 2n 128D, TRDD,

00 efy/Zyn/271 ; ) ) e~ (@i++al)/2 ; ;
/0 Q(Q)W y—/n9($1+"'+xn)w Ty Ay,
CDFEEREZRTZO, AV mOEENEEY n=1 0862 REE+2TH5.
n =1 OBAEDEEAENIH Y ZHH & T(1)2) OBBZOEDTHS. EBE, 2> 0

Ta=y LEDEREZERTHILIZEST

00 ) e—w2/2 p ) oo e~ /2 y—1/2 p oo 6—y/2y1/2—1 p
/_Oog(x ) 7o 4= /0 g(y)m 5 y—/o g(y)W y.
BEDOFESTI(1/2) = 7 2fio /-

MEHFOMHFTIE, BHE n 2 KELTD L, 1 2B/AMIEEEN n THHED 2n O
EBRAEIZD > DIEM S ZEREKAOENT WD, TOHEFEIZH V< 5346 D iR E
BZDHLDTHD. TUT, BfliTmRULELDITIERML I N/ 7T >~ 340 O3 5 L AL
AEEAEETERR A& IR 5 LW S fE R & Stirling OAXIXFE (F U S OFER) 2D
Tho7 UEEZFEFLDDBLIRDEIIZHLERD I LR DOND:

Wy >0 T hy(y) S hily) = e V(1 +y) B,y S0 T ho(y) < e V2 BHALLTVS DT, Lebesgue O

ARG % 2B IRT ZEMNTE S, Lebesgue DICREH Z DR TE | |yl £ M T h, P—FRIN
RTDHILZHVWCRTIEETES,




2.5. DG E D LRI B9 S AMEHE A R 9

EHHE n QA1 2 Jeih % RTINS 0, 08 1ISIERYET 2 & & n — o0
T T DR LA EHE (R DORE R L BBUZIUR T % & W D #fiEHF
WHWTELHOENT WD HERIE Stirling DAXE[FETH 5.

T B IHMatF % L <H->TWB A, Stirling DARIEn — oo THA 2 T AEMIERS
MEDKZE LU I L E2EERLTWD EEo>TEL.

2.5 —IRODZEDHOBIREREICEYY B AL AR

— D35 D HUDRRBREHL I DWW T RIS O I RS 5

X1, Xo, X3, ... (FMINLTHEUWERS A Z2FHOWRLEHDFTHDLTEH. I5ITTH
SIS = B[X,] &8 0?2 = E[(X) — p)?) = B[Xi)2 — 2 2FD L NET .

Y, = (X144 X, —np)/Vno? LB LY, OFEFERRETNENO0 & 11285,
ZDEE n — oo DMERT Y, OMERSAITYE 0, 7380 1 OREHEE A GEE) 2R
R C) RS D &\ D DD HFMEREHTH 5.

FLIRDHRD D X, % (Xy —p)/o TEIMZLILIZTEH. ZOXDITESIHAT
EY, 3DV, 2L E X, OFHEFBETNTN 0 & 1IZRDDT, X OFf
ViR o(t) = Ble™] &&EL

2

wwzl—%+ow)

Y,=(X1+-+X,)/vn £BLLY, OFFLHEETNTNO0 L 1IZ48Y,Y, D
e BB DR IR D & S IZEHRE I NS

E[eitYn] _ HE[eith/\/ﬁ] = (
) — eV (n — o0).

Sl

k=1

W Z 12, Fourier D KEEAR K ) 1Y, ORERELEE f,(y) 1&

_i - —ity i !
R =5 [ e (5)
28D, 2 n — co TREEMEIERI AT D e % B

0o .2
i e~ et/2 gt — eV
21 J_ o V2T

RGBT

Bo(t/y/n)" BTHD A 5L Y, (2T 5 Fourier KiEARDERITFEIIC 452, WA THRVEEIC
R IR Y EOREE XS LIRS,

16 iE R EOMRMECRS.

VT ) R R T DI % 2 B BED DB



10 2. AV DAADOREREZ 72 RR 2 b DEH,

2.6 ZIESHmDHOIERREER

DL ETIIHER GO HY R ERTONGE] I22WTIFEAEMEHFL LS. =
DEITIEZ D EIZDOWT ZIH 0 2 Bl W T RMERIZEHIA S 5 18,
X, MMM D MHEREBD L ¥, g(X,,) OIAFHE I

o) =3 ot0) ()b

LEHIND. ZIT0<p<l g=1-pThHY, n FEOBKTHZ LU, (7) X_I

REE £bd
n n! Lo~ (n e
<k>zzaz;:zﬁ’ (x+y)::§:(k>“@ .

k=0
Elg(X,)] BN DOERTEL ZOIIETIVREE (TIVERE) §(x — a) de %5 BEH
H3:

n

B0 = [ a@h@de o) =3 () )ta o - b

R k=0
D& SIT, ZIEN AR DORERBEE I fo () 1ET IV EE(TIVEHE) 2 F>TERDIN
%25, BE ORI TR BB (&Y ERECIEHEE) 128> TUE S, FroiER
BEERBOPR 2 @E ORBOKRINKTERAD I LT TEIRIRD.

ZTD &S BEE T HERE E DL IR TR < IRHEREE g — Elg(X)] D
Wk %% 2 U Jn2.

BRI AR EATIE, OB ¢ 128T 3 Eg(X)] 25> OTRAL, H2RHNEHD
B g SBT3 Elg(X)] 28, TORMASEOHEN D —BOBEEE LS &
DRIENELIThN.

Z DHILFIDTERZEI X ORI ox(t) = E[e®™] 2> 2L THh 2. FriEEBUL
R ETHEIZHED 1 AT O —HREGER I 2 5!

lox(®)] = |Ble"¥]| < B [le"]] = B[1] = 1,

sup |ox(t + h) — ¢(t)| = sup ]E[e”x(e”h -] =FE [|eihX - 1]] — 0 (h—0).
teR teR

BEOD 0 NDOYURTIE Lebesgue DPUREM 2 FHWN 2. B g(x) Y

L[
= — () dt
ole) = 5= [ ety

ERDINTVWALTEY ZDOLX Bl LEADIEFR2XHTHILild>T

Elo(X)) = - / TawEe = o~ [ et

— 00 —00

BY A 77 OFHMHIET 20, BE Rl U AW,

TR R (T IV APE) 6(x — a) do 13EBEEEL f(2) 1ISRHUT, [ g(x)d(z —a)de = g(a) I2&>T
HINTWDBLERD.

0Z DRIDOPRIZFHINR & IFIEND.

272 2 (o) PABSERTHNEARSE §(t) TIOESIC g(z) 2RATES.



2.6. IHZAT D HUO R E B 11

ZORAREY, HEREHH Y, LHERER Y 1ZD20T, FEEBS oy, 2RIERE oy
ARG U TS, #7227 5 2A2IZE ENDERDBEE g(y) IR LT Elg(Y,)] &
Elg(Y)] IZHURT % Z L 2t d%. MBI EL R % &L —H D5 0 iR R E B
D& BRETEAMEINSD.

SER. MEREH Y, ORI oy, 2SI o IKE SR TOTE IR ¢ 258
B HERZ B RNER BT 72 > TRV BT T RERZB Y, IERHERZBUTIGR U A,
PERRE oy, DS T A 0 125 U T 2 20 5 1F, BEMERIK o % RO RERZ

“IHA A OFMEIRER 2 R T D . ZIHS AR DR R BUE
ox, (t) _ E[eitXn] _ Zeitk (Z)l)kqn—k

k=0
- n ; - % n
=D (k> (pe’)"q" " = (pe” +q)
k=0

BB, ZHMMEDVFE DEIEENTI p, =np & 02 =npqg THD. DX ITHEREE
Xn — Hn Xn —np

o \/npg)

DPALABETATN0 & 1 IR, T ORI
Yy, (t) — K [6itYn} - B [6—itnp/\/nT?qeitXn/\/nT;q]

_ e—itnp/\/nT)q(an(t/\/n—pq) — o itnp/\/1Pq (peit/\/qu + q)ﬂ
_ (pez‘tq/\/nTaq + qe—z‘tp/\/@)”

Y, =

L7252, X, OFERBOARNEREETIZ, X, —np = X, (p+q)—np = ¢X,, —p(n—X,,)
ZHWT, EEMIZ

Py, (t) = E [e] = E [eitaXn/Vipig=ite(n=Xu)//rpa)

_ Z pitak/\/pd ,—itp(n—k)/ /b (Z) pkqnfk

k=0
— i (Z) (peitq/\/nTvq)’“ (qe—itp/m)"*’“
k=0
— (peitQ/\/rpq + qefitp/\/m)n
LERETEZIEETES. ZhuC

; 2
peta/ i — pp . P4 QJFO( : )

\/npq 2 m

: 2
N L B NN G
1 Jnpqg  2n + ny/n

27 b ZIXH RGO RS

BREEEOIEHTIE, g(y) BABDEBTH 2 & 5 BZHFNFWGEITIORZ R U, TOMRE UT g(t) &
DIRNEED Y Z A (Bl 2 3H FER B DER) ICEENGEDORRE L.

24Bochner D EH.

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



12 3. Laplace D HEIZ & 2 EH,

o= (-5 20(it5))

—t2/2

AT DL

2T
lim ¢y, (t) =€
n—00

— 3, BHEIER AT S MR Y ORMEREUX

gOy(t) _ E[eitY] _ > ity e V2 dy — e_t2/2
0 V2m '

IN&Y, EWYRT T AZEZNSEE g(y) IZ2NT

lim Eg(Y,)] = Elg(Y)]

n—oo

LRBHILERED. TRDD

‘ n k . np n N B /OO €_y2/2
| e dy.
ngrolokz:;g ( \/n_pq> <k)p q 7009(.@) oy
gy) MaSySoDEZEMN 1IZRYD, TOITRVE X 0 IZRDIEBDLEITIE
X, — b —y?/2
limP(a§n—np§b>:/e dy.
n—oo \/n_pq a 27T
DA EDS ZIH A DORERZE X, OFUNMEREHTH S .

3 Laplace DAEICE 2EH

HiEfi E CTIZHIA U 7z Stirling O AR DFERRIFAREIIZ A > BRI (FT >~ 7946 Y Gauss
*fﬁj\ (IEM3A) TEBIND Z L Z2HWIEHAZ L FZEZ6NE. Gauss M I L DEML %
Laplace DHEEMESZ LN H 5.

3.1 HYIEHD Gauss BRICEL Biil%ZE> 72 EH

Y EBODIE%E Gauss B CHEELMT S Z £ 12 &> T Stirling DAXEZ/RT S.
log(e™®z") =nlogx —x & x =n T Taylor BT % &
(z—n)? (z—n) (z—n)!

1 —r=nl —_n— _
nlogx —x =nlogn —n on + 2 e +

BOT, n WREIZLE I =T(n+1) = [ e a"de W

00 _ 2 o]
/ exp (n logn —n — (@ 5 n) ) de = n”e‘"/ e~ (@) g0 — pre="\/27n
—00 n —0o0

EN)] AR EBGEHER a Sy S b TN 1 IZZDTRVEE 0 IR L.



3.1. HUEEOD Gauss B IZ L Dl % > 728 H 13

THEBPIND Z VDN D. PRI

—n

n! ~n"e "V2mn (n — 00).

Z DIELLDOREF % scilab THIK Z &I X > TE- A% Y 1 v X — D L1 VTR
ZEMTES. EROBAEZFEY 7 b scilab IZDWTIEXEED Y o — h 2 S UTARL .

PAEDFEHIE T Stirling DARF DK F ne ", v 2rn DETNTND g, () = log(e %a™) =
nlogz —x @ x =n IZHF S Taylor BEADEEIHE 2IROHIZHK L TS Z & 3D h
3. 3MOEIE [ yPev/ody =0 BOTHE LA

PAEDFiE%E PR UTH 1 fiEHD 1/(12n) FTEHELUTAL DY,

e, AT ARIE D &V B OBHRIZA R D@ Y

o) o) 71 2
/ e~ 22k gy = 2/ €7m2/2(x2)kd$ = 2/ <2t)k\/_
—o0 0 0

= 2k\/§/oo e~ Y2 dt = 2KV (K +1/2)
_oryalid 2(% 1)\/%=1-3---(2k—1)\/%.
e 2, 7 e 2 dy = s e~ /242 du = /2,
/oo 2t dy = 3v/2r, / e~ %28 dw = 15v/2m.

CREDAREFTHES.
3y EHORES FROBEA LR 212 n(1+2//n) ERATZ &

n!zF(n—l—l)z/ T dx
0

[o.¢] T n
= n"e"\/ﬁ/ e vne (1 + —> dx
_\/ﬁ \/ﬁ

1 n
n"e "\/n » emVne (1 + %) dx (n — 00).
WD B DN % ¢, () & EL &

¢n($)=n10g<1+%)—\/ﬁ$=—x—2+§—£+o<%) (n — 00).

Eﬁfﬁ@ o(1/n) OFIE n 2T 72BRIIn s 00 ETDE 2| 1 T O IT—FRPURT 5.
2] S 1 I BVT—RI

n 3 4

e (14 T\ e LA

e ( +\/ﬁ) e exp(g\/ﬁ 4n+0 -
— o T%/2 1+ZE_3_:E_4_|_1 $_3 2_|_0 l
- 3vn 4n 2 \3yn n

22 (| 3 zt n 8 n 1
=e ——4+—+0(—-)).
3v/n  4n  18n n

T3, Stirling DARDE 1 FIRIE E TOHERGEERH, U Vol. 31 (1979) No. 3, 262-263 Tl Wallis
DRRDKEEACIZ L > THE 1 MEHZGDS HEMEHINT VS, B 1 MIEEMN O Stirling ARD 5 U
WEEHIZ DWW T, S iE i, B A B4 5 Stirling O A XD YIERFER, 2% Vol. 36 (1984) No. 2,
175178 &\ SR D B . £E D SCHROfEF % L F TIESHIT U 7.


http://twilog.org/genkuroki/date-150709
http://twilog.org/genkuroki/search?word=scilab&ao=a
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/

14 3. Laplace D HEIZ & 2 EH,

o(1/n) DIHIZEEND n OFEBEFESD 1 OHOBREIE v ITOWTHEKBUIZ D Z
LITHEER L. FHEHEE e 20D —1 <2 <1 TOBMIMADZDT, LTHEMLT
BWEARIZL TP ELND:

1 n oo 4 6 1
Ve (140 ) gp~ / 2?2 (" T Y o~
/16 ( +\/ﬁ> x 7006 4n+18n T+ 2

:m—3m+15m+0(i>

4n 18n n?
=V2r 1+ L +0 1
N 12n n? '
W Z Iz
1 1
nl=n"e"V2rn |14+ —+0 | = (n — 00).
12n n?

INTHEIFMIEE 1/(12n) BE6N02% B 1FHEE 1/(12n) &, n BPRIBREE 0l O
n"e " 2mn IZ K BELDEAEE n BRKIREE n! OED 12n TDO1BEEIZRDZ L%
BERLTW5.

3.2 HUVEHHBOAVITEHMERWOEUTHEERE%2STEYT 2 5%

Laplace D i£Z & % Stirling DA RDFEA & ZD—MALIZES U Tl& Gergo Nemes, Asymp-
totic expansions for integrals, 2012, M. Sc. Thesis, 40 pages D3FE L. AR THHT 5 H
HEOFEIE Z DR XD Example 1.2.1 IZHD. TIIZEFEWTH D HiEEMH->TEH, Stirling
DARXDFHIEIE 1/(12n) 2ESITHEDE ZEMNTES.

RORAZMES L 2FEZX5: FED a>0(a=00 Z2EFL) ITHLT,

a 1 an F
/ e Ml dt = — e ¥ dy ~ L) (n — 00).
0 n® Jo ns

t=x/n EMAEREBEHRL . ZORKE MR,

oI’ T
1 (81) i (8% (52) 4
nst ns2

/ e (at Lt ) dt = (n — 00)
0

D& D BEFEDHREIZ R D, T g FHWT Stirling DARDORY DM IEIE 1/(12n) 25T
HALD.
f(z) =2 —log(l + z) (x > —1)

CRED, MR ERE y=n(l+z) LEH#ETLILIZEOT,

nl=In+1)= / e Yy dy
0

o0 o0
= / e "M (14 2)"ndr = n”“e‘”/ e (@) dg.

1 -1

WEROFEHEL ERIZLTELOND.


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

3.2. BB OD FT Y < e AW /BBl CRIEIE % 2183 5 1k 15

SIZENZ c>0&8 <05 8IiZ&oT

n' 00 1
— = / e @ dy +/ e D dg,
ntTte™"n 0 0

BLE flo) =t BULKIE f(—z) =t LR ERZERTEIIE, BODEMN ETHIL
EIIZBRDZESTHD.
JMIENWHRER I L 2 MR L KD, f(x) = 2 —log(1 + z) DEEHEUE

l_x
1+2 14z

flx)=1-

BDOTx>0T fllz)>0&8Y,-1<z<0T flr)<0&Bd. flx)ldax=0T
BAKME f(0) =0 2Kib, o > 0 THHFAKMNL, 2 < 0 THHFABPADTD. PRIz >0 &
1<z <0DTNTNT ¢t = f(z) IZHEE 2 =2(t) 2FD. 2 =2(t) DEFELSTD
DI Z D 72D,

=o'+ Bt + 3% 4.
£ BT

2 $3

t:f(x):x—log(l—l—x):%—§+%

WRALUT?, a, 8,7y 2 ROTAHLDS. EBRIZRATD &,

a2 0[3 62
t:—gﬁ%Qw+~§)ﬁﬁ+<a7+§"+fﬁ+agt%%~

A% R U T o, B,y Z3kdd &,

2
05:\/57 ﬁzga Y=

2135, §2D0b

2 2
x:\/§t1/2+§t+\1/—é;t3/2+---

LBELL fla) =t 2%%. x>0 THEIORREZTOEEHANDS. 2 <0 TIE /2 %
—t1/2 TEIMZ, fs Wz & —x CEAIMZALFREZHANVDS. 405

2 V2
— 1/2 = vV eu3/2
x =2t St 5t
EBELLE f(—2)=t B2 LEDETNTNDHEIZENT, BT

dz — @ $/2=1 4 gtlfl + \/_E
dt 2 3 12

PLED 2 DODBAET t OBEIROIEIZIE —1 208D S . HEfEHIEE S /-

B2 4L

2| < 1 12812 Taylor JBH log(1 + 2) = 2 — 22/2 + 23/3 — 2% /4 + - - 3R IC K < fHibNhD.



16 3. Laplace D HEIZ & 2 EH,

fla)=t EMALBEBEBRTLZLIZE>T, n—s00 DEE

/ e (@) dxz/ e_"t@ dt

> V2 2 V2
_ —nt [ V%, 1/2-1 | “,1-1 , V“4,3/2-1 .
/0 e (2 t +3t + 122& + dt
_VR0(1/2) 2r(1)  V2r(3/2)

- 2nl/2 3 T 12wz T

V22 Vo

T2 3 T T

LRD. BRI T(1/2) = 7, T(1) =1,1(3/2) = (1/2)T(1/2) = /7/2 Zffio72. £ 5 —
FOBEBIZDOWTE, f(—z) =t EHEPERH=ZEBRTLILIZL>THRIZLT, n —
DL x

T opl/z 3n ' 24n3/2
e85 . UED2ORLEDED L, n DBEELSD 1 DIENPTRTEFy IV, RN
Bohbd:

/1 Cnf(—a) Vor 2 Wor
€ dr =
0

nl 2w m+0(1)

nntle—n — pl/2 + 12n3/2 nb5/2

ZHUFIRD LD IZEHEZIEIND:

n! =n"e "V2mn 1+L+O 1 (n — 00).
12n n?

(n — 00).

INTH 1 OFIEH 1/(12n) $ Laplace D AIETRO 5N S Z LW 0M > /2. 82 DHIE
THMABE S FRRIC L TRkdD HND.
FER. LEOREIZENT “+...7 LEFEVAEHPIIOWTUIERELBETHD. TDOI L
FLA N DEH RS Z BAIEHh 5.

1 tk
141 + * +( ) +( ) 141
BDT
et T(1) TI(2 I'(k o etk gt
/ — ( ) o (2) —I—-”—l-(—l)kl%—l—(—l)k/
o 14t n n n 0 1+t
o 1 (k—1)! et dt
= 2 g (=) S _1k/ )
Syt pra i e) T

FOERTIEIZDOL BHOEFNSLEE “+...7 LG LU THRAZ. < EORIFELWY
ARZEN,

XAl L (E=1)!
_ -1 k—1
/0 1+t ;( ) nk

FEFEORKRTELONARTIEAY. ZERLIEAUIEEARIZKRER n LU TEI
RUBWPOETHD. “+---7 O I RN 2 FHkT 2 LRI D2D0TIEARL, “A
PEAI+RIARIE” 2 RKT 2 LRI L THENRIT XN TR, 0
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4 YEAR®D S L L Stirling DA
Stirling DARITIR & [FHETH %
logn! — (n+1/2)logn +n — logv2r  (n — o).
&Y, MOFNERNENND
logn! =nlogn —n + o(n) (n — 00).
ZIZToln)ldn TESHBIINn —s00 £TDHL 0ICNKRTIEZZERTD. ZNEID

HiCIIEARD 5 LW Stirling OARXEIERZ LI12T5. ZOARTHAUZLL T THH
B EDITHEWZEIHT A 2 N TX B0,

4.1 THERD S L\ Stirling OAXD 5 L LNEERA

BB f(0) 1220T f(k) £ 7 f@)de £ fk+1) BELLTVEOT,
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
/1 Fe)de S F)+ @)+ + fn) < / F(e)de + fn).
Nz f(r)=logz IZHEMATH L&

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

DT
nlogn —n+1<logn! S 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 THIDZ L HFRIZBD LD BEZERL TS,

O T O E RAUEDDS £ 512 o(n) DA IE Ologn) TH2 = L LAMTES. = 2T Oflogn)
X logn CTHEIS>ZBICERIZEDZEEZEKRLTWD.



18 4. XNEIRDZ U\ Stirling DA

4.2 KEAABEBEANDIGAHG

FHBI D 5 U Stirling DARE S &, an {85 bn [HHL2 M E DO (“IHG
B) OXEUL

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)

D WPRIZ

b

1 an 1/n—>1 S — (n — o0)
g 1, Ogbb(a—b)a—b n — 00).

G Ln _ i (an)! t/n _ a®
wheo \bn) T abee \n)l((a—b)n)l) T th(a — byt
9212 an AN S bn HED MAEDEDED n FtRD n — co TOMPRIF —HREG
BHORDDFHED (kn) % K THEEIHMAIZHEOND.
Z DOFER % MHZNFIROF T RD 1988 HEDEF D A Z R TS 2 AT E 5!

1/n
i (25) sk &,

n—oo mUn

TROL

Z DR O fE I
/(122 3 27
22/(111Y) 24 16’
AR E fE> 72 NI, 79 Stirling DARZ M S LAGIRIT DMEEE R, TOHIZE

BB OHPFNTEMITILD I L 2R L DL EDONS.

SFE. FORLAEZE LY,

on\ " 22
im (") = 2 =22
n—oo \ N 1111

ZHUFIRZFEERLUTWD (o(n) & n THID L n— oo T 0 IZPKRT D &®):

2
( n) = 92neo(n) (n — 00).

n

Wallis DRZ (5 8.4 Hi)

()= oo

X T OREEAIZIZ >TSS, [


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

4.3. XNERRD S L\ Stirling DA RNDWE

FR. RLRTIX 1968 FIZHRDOMEZ L TWd & D 7

lim %c/gnpn ki k.  (BAE 2

ZOMEEL IS MIIE A X1 Stirling DAXTH L. &Y —fRITIREZRED:

N1/n
im {0 o
n—00 ne

AN ALY e

((an)HV™ 1

log = —log(an)! — alogn
n

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

19

13V Stirling DARZ X IFERIIRE DR 2 @B OHMHN TR 2 £ 5 IZHHHE

ULCTARMEZLTWBDELEDNS.

4.3 XWEHIRDZ L W\ Stirling DA DU E
DUILRTDERERED. HIEK c WEILELT,

1
logn!:nlogn+§10gn—n+c+0(1) (n — 00).

DRTIRIORARZFH U & 55

[

B 4.1 BiCREBA U 726 8K D 5 U Stirling DA R E EDOARDE NI (1/2) logn DIH
CEBIH ¢ ZMFITMATHRLTWS L IATHD. TNOLDHEHT T A7 7IXIRD
@Y. [Mlogrdr = [zlogr —z]f =nlogn—n+1% k=1,2,3,...,n— 1 IINTLES
& [k—1/2,k+1/2] x [0,log k] DEFDIRM & KK [n—1/2,n] x [0,logn] DEHEDH
log(n — 1)! + (1/2)logn = logn! — (1/2)logn TELLT UL, BHARIZ (1/2)logn DI
bNd. ILI, TNLDORAWOHMEGLHE {(z,y) [1S2<n, 0=y <logz} D
EWEERES AT X, [[logrdr & RAMDOHMBDBAIDAEDN n — co TH D EH

WINGRT 5 Z enibnl), EBIHEBELND.
log o IXEFHEIHKE R D TIEDER oy, B %

k+1/2 1 1 k
ap = log x dx — = log k, Br = = logk — log x dx
k 2 2 k—1/2

CEDDIEMMNTESL. ZDLE,

n—1

1 n 1 "
logn!——logn—/ loga:dszlogk+—logn—/ log x dx
2 1 p 2 1

=—o1+Pr—as+ 3=+ Bt — a1+ Bn.

SUERL ¢ 8 log/2m TH 2 ZLIXEHMITH 2, Wallis DARZH XL ¢ =V2r THD I L E2RES.


http://d.hatena.ne.jp/gould2007/touch/20071127

20 5. fI&%: Fourier D KEE/A R

ZORKRFM n — oo TPRTDZ L EZRLUZW.

logz MEIZMTHDZ L XY, BH] oy, By, o, B, s, ... WHGHIEADT D Z LA3DNY
logz DEEEN © — 00 TOWXNKTZZ L&Y, ZOHEINX 0 IZNEKETZZ 2 E DO
5. WRIZEDRMRHMIE n — oo TWHTZ32. TOINHEE a L FEEZ, c=14+a 5L
E.n—so00D&ZE

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

c=log\2r ThdZ &% Wallis DARX (BES.4Hi) 2FHoTIHL £ 5. nl = nntl/2e eceol)
% Wallis DR

22 (nl)?
Ve =l G

WRAT D L,
22nn2n+16—2n€26 e

V= ,}1320 92nt1/2pntle=—2nege — /5"
WZIZ e =21 THD.

2T Wallis DR % 2K, M EAKD S U\ Stirling DARZHR TSI L I2L-> T,
HEH D Stirling DA n! ~ n"e "2mn BWEHEND T EDDNR-S 7.

5 {1$%: Fourier ® REZAT

B REE % 92 DE DIZARWAY, Fourier D KA DFEHOBIIE I DWW THAL £ 5.
BREL f(z) (XL TZ D Fourier 24t F(p) %

Fo) = [ e pa)ds

oo

CEDD. DL ZEB FIIOVWTHYAEMEZIEL TEL &, TS U 2 EY 2=
kT

f@) =5 [ e Fwa

WKL S 5. 23 7% Fourier D KEEANT & IS,

5.1 Gauss DHmDIHFE
a>0Thd&l,
fla) = e
LB X, F(p) 1&T D Fourier ZMiTH2Z 45, ZDL &

F(p) = / P e=?/20) gy — /207 og

[e.9]

320 LLEDEB TR I Nz 0 1R 2 EHMA T a, DED B A 350 (—1)F Loy BIGRT
5. (MU B & 125 A0



5.2. —DGHE 21
NEGIELND?. ZORNRT 2, a DENTNE p,a ! DNGERILTDEILIZEHST

/ e~ P eP?/ (207 dp — ¢72*/(20)\ /o411

oo

PEoND. LED2ODEREEDED &,

f@) =5 [ e Fw)dp
WELND. TRDL f(z) = e /20 (ZDWTIE Fourier D KEEA R L TV 5.
—fIZ f(z) IZDWT Fourier D KEEA XA L THIUR f(z) 2 ETBEIL TR LN
LEEL f(x— p) IZDWTH Fourier DKERAADNEZL TS T ENAGITRING. FE
BX, F(p) % f(x) O Fourier £#t& 3% &, f(x — p) O Fourier ZH#id
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oo 1
[(s) = / e "zt dx B(p,q) = / o1 —2)
0 0

WEOTHYIEHB T (s) ENXN—XEHE B(p,q) WEHRI D,

HWAFEDPIZE ST (s +1)=s(s) THDZLDDOMNY, T(1)=172480DT, 0 LD
BnllHLUTIn+1)=nl &5,

Gauss #6873 T 1 T(1/2) IZFF LW

00 ) 0o t71/2 0o
I = 2/ e dr = 2/ et dt = / e /2 at =1(1/2).
0 0 2 0

2OHDEST 2=Vt B/, ULB->T I(1/2)? = 1 % T L Gauss fE9 5
FAETERILIIRD.
NR—=ZEHBUTLL N D & 5 BEBORKRZFD:

/2 00 tp_l dt 1 00 d
B(p,q) = 2/ cos??7 19 sin?"t 9 do = / v _/ ? .
0 o (L4+tpte  pJo (14 ul/r)pte

r=cos?f =t/(1+1),t=u'/P LEBEMUZ. 3DOHD (BED)EXRD p=1/2 DEHE
DR B ¢ DA ORER B E DO LR TR I N, 2 DHDFROWME D HEBUL F
BHUZE 2 < XADFEAREBOH S H D . PUT T B IZ DWW TIEERbD AR,




7.5. DTGk 33

DA DORERBEHMO TR THEAIND. T(1/2) D Gauss DT & D KR ORI B
IFIERL 310 OMER B RO Z R TR X 4, Y Y ERER D E F# ORI x2 7

HOWERAHBOLRTHAIND. ZDOXDITH Y VEH L R— X EBUXEMRNIZ

I X N B HERD AR % BRT 2 72 DI IZ DB T R > T\ B (55 9 #i).
FRZRHIIDORREY B(1/2,1/2) =1 L2252 Wbnd. WIIZ, ELE

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

PRI NERSE T(1/2)? = B(1/2,1/2) = 7 L85 2 EWbMD. Lrni>T Gauss B
PORREIIA Y VM ER—REHBDOH N ZORBRAERT Z L ITREIND.

AV BEE L R— R D DN DORERAIT 1 BEOESF S & BMANET DD A%
@Ofﬁ%ﬁﬁf%é UFCTEDZ L2 fBICHIAL LS. & AITHLUT, 2,y BN A
EAIZTEIMEN 1 IZRY, THPND L JITEDN 0 124D o,y DEEE 1a(z,y) &F

(N SR

2DOHDES T y=2—x LEHFES L, 4 DHOES TESDIET 2 2L, 6 DHDSE
FC o=zt EEHBFSLUZ.

7.5 MDAE

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 fI8F: AV <EEK

FIAETH Y EHBUZOW TSR U 2. LR TIXE I TS T IR o724
VREHEBOMWEIZODOWTHIAL XD


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
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8.1 HYITEHHEEXEBOEARR
BTARITTRUZ D(1/2)? = B(1/2,1/2) = m IZIROBAZBARDORHEGETH .

™

I(s)I'(1—5)=DB(s,1—s) =

sin(rms)

ZORNIZEEBOFIHER DS, 1 DHDFAIER sinz & T(s) O R FER = H

o 2 . oo 2
sinz:zH<1—T§n2>, i.€. sin(rs) :SH(l—%>,

T
n=1 n=1
1 IR T S(S—Fl)(é’—l-ﬂ) _ s . S —s/n
['(s) B "1520 nlns —e H [(1 + ﬁ) ¢ }

=S HETHBY. 22T v I Euler 8
= 1 1_’_1+...+l_]
BT T2 n OB
Thd. IhoDAXERDD L,
1 B 1 ~s(—s) s ~s\] _ sin(ms)
TN —s) T(s)(—s)(=s) —s ll[(1+_n><1 ="

2 DOHDFIKIFIRDER D 2 EEEN 2 O TEHAETEZ L THS:

0 ts_l

dt.

mgru—sy:B@J—sy:/

o 1+t

0<s<1THhHDEREL,0<e<1<RIHUTCTEXZDMOBWOREEZ ¢ LEL:
F9 e b6 RETELTICHED, WICERTVH EOFSAEZFLETIERE R DM
EEKIEIEY T1ETS. TUT R 2125 ¢ F3TELoTSIHED. RBIEEZFH LD
Foizhb e §24% c OMEEEREFEY TLATS. 20L& [, 25 dz/(1+2) 1&
2Nz /(14 2) D z=—1 TOEEOD 2mi fHIZF L

/ZSl dZ . TS
= —2mie”™"’.
C 1+Z

e—0,R— 00 DREZEZDZLIZ& DT [0 de/(142) 1& [Tt dt/(1+ z) »
LZNHED 2™ fE9 ZE[WAFERIZEL W EE b5

s—1 d ) 00 f;s_l dt
/ < < _ (1 _ e27rzs)/ ]
C 1 + z 0 1 +1

ED2ODKERZIRT S LI2L-T

B(s,1—s) = /oo +5=1 dt _ —271'2'@77?8 _ 211 L T .
o 14+t 1—e?mis  emis —ems  gin(ws)
MUT()T(1 — 5) = 7/ sin(ns) ZHIZFEIH L THWT (72 & ZIXERMT 2 H LB HITRED), HY YK
BOMRREREID S sinz OEREREFHZELTLILETES.
4525 OMEIZFE R DR & KR D IZ 1T 2 & ™ fFI285.
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COMAE t=us B L& Ts™ [Tdu/(1+ut*) IZEFRTES. DZRIT, IR
DRAREB/ONAZZLITRD:

du  7s
1+ul/s  sin(ms)’

B(1+s,1—s):sB(s,1—s):/
0

CORAREZEHERTZILETEDZ. R>1Thde L, BRTFHEZFEMANS RETE-
G SHEA, IRITREFIEI D ISAHE 27ns 7ZIFREEL T Re®™ £ THA, TIMNOHFEMETE-
TR MEE C e E\ELE, [dz/(1+2Y%) B dz/(142Y5) D 2z =™ 2B 5 H
B —se™ D 2mi fHIZE L <, R — oo ORT [ dz/(1+ 2Y%) & [ du/(1+ ul/*)
LZNHED 2™ %5\ 28 DIZEL WS, P RIZ

/°° du —2mise™s 271s TS
0

1+ ul/s 1 — e2mis eTis _ p—mis Sil’l(’ﬂ'S).

ERDZHAEUERICHEREN L <EHDNDDIIBO R % 1 AT 2B BWEED
i fEIZRBINETHS.

BN L W ERB L AT Y Y BB OMTI DO T, mARE: TG (SIS
D5 HE (201-267TH) 25590 D, ERERKBGwD —Min7Z 1 Tl <, BARKZ2EREL
OMEDFHEUWEHEEDOTETHIZBXE>TWIDIFEBRZLES.

8.2 HIYVEHHBDERFEER
B f(s) (s > 0) IZAFD 3 D2DEMZTZ LTV LINET D!
o EAEME: f(s)>0 (s> 0),
o BHBEFA: f(s+1) =sf(s) (s >0),
o XIEMME: log f(s) I s >0 DRITMMRKBTHD.
Z D 3 DDEM 27§ BEUTIRD KR 2 KO-

f“*:ﬂwﬁﬁw@+¢¢f@+n) (s>0) (*)

K2 T(s) MED3DDEMEE T(1) =1 252 L T0d 2 &M b, Gauss DA

nlns

I(s) :nlggos(s—i-l)--~(s+n)
DAL L TEY, ED3DDEM%Z U TOSEEIL D(s) DRBIEIZRD Z bbb,
PAETHARAZZ EZFEHL L 5.
£, (x) DWRD 73 1773 H% 0> < ViRLUTHLND MR

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

n—00 nlns

1/ 13 2 % 2™ fEUTEREED, dz 13 2™ 51285,


http://www.amazon.co.jp/dp/4000051717
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MWEIZIRT 2 L 2RTD.
s(s+1)---(s+n)

nlns

S S S
() 3 (2
S<+1 *3 to)e

(1) e () et (14 D) ettt
1 2 n

141+ 4+L1—lognid n — co TEuler E# v IZPRT 2. WRIZ [[}_,(1+s/k)e*/*
Mn— oo CTPRT DI L2 REIXIV. 2 OERERIEHE (1+2)e — 1IFES 2 =0
TMNDFEREFFODT, (1+2)e? =1+0(2%) (2 = 0) &85, PRIT (1+5/k)e /* =
L+ O(s2/k?) (k — 00). T E ) MEEREE [0 (L +s/k)e™/F BT 2 Z & 3bnd. &
& :

: S(S+1)(S+n)_ s - S —s/n
e [ 2
EEAZIUOR T 8. AUDOMERED 1/T(s) IZFEL W& WD A% Weierstrass DA &
IR ENHD.

ZOMROM K% F(s) £&FES &,

n=

ns nln® nln
= gsF F(l) = =1.

F(S+1):nh—zgos—l—l%—ns(s%—l)---(s—i—n)
WAIZHEETH D (x) DRRX f(s) = f(1)F(s) (s >0) ZmdDITIF, 0<s<1DEF
£(s) = F(VF(s) L5852 2 RE+HTHB.

RIZ, f(s) OEMENMEENBUNMEZ VT, 2L EDEE n £ 0 < s < 1IZDWT, f(n+s)
DREXZ f(n—1),f(n), f(n+1) ZAHVTETFH»5FHIET 2 A5

(tﬂm )Sf@>§fm+@>g(fﬁiiﬂ>iﬂm 0<s<1) (#)

f(n—1) f(n)
ZRT D, —MRITNIT B g(s) X a<b<clZHUT
g(b) —g(a) _ g(c) —g(a) _ g(c) —g(b)
b—a ~ c¢c—a — c—b

/2L TCWBY, TNDEREST% g(s) = log f(s), (a,b,¢) = (n,n+s,n+1) IZHEHAT
%L,
log f(n +5) Z1081(1) < 00 () — log f(n + 1).
s

D% (0,0,0) = (n—Lnn+s) IKEATE L,

)< log f(n + s) —logf(n)'

log f(n) —log f(n —1 .

AT Jo IR HER DT, 1 +1/2+---+1/n—logn = f1"+1 dr/r —logn =log(n+1) —logn = 0
Th21/(n+1) = f:“ dr/r =log(n+1) —logn BDT, 1+1/2+ -+ 1/n —logn I3H 55D B
DT L. WDRITIERT 5.

BZOMRE 1/T(s) DEHLTDILETES. ZOHETHNERMNS 1/T(s) WEEZFH KT
EZRINTEY, T(s) DN s =0,-1,-2,... DAIIHD L EHWHIZRD.

B & I EBIICHL 2SS,
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PLED 2 DOAREREBILUET E f(n+s) QI (#) HBEONG.
Fln+s) ORI (#) 12 f OFEEREEAIL LS. f OBEERLY

f(}l(j;)l):m f(s4+n)=(s+n—1)---(s+1sf(s), f(n)=(n—-1)f1)
BEDBLUTOS. (#) DIENT n & nt 1 KESIHAD L,

f(0)nln® <

nsn!f<1)S(n+5)(n—1+s)~..8f<8)a 8(8+1)"'(3+n>

f(s).

(#) DA &Y

f()(n—1)n? n+s f()nln®

f(s)§5(5+1)...(5+n—1)  n s(s+1)---(s+n)

DbzFedd

f()nln? < £(s) n+s f()nln?
s(s+1)---(s+mn) = n s(s+1)---(s+n)

&Y, RUEDS L (x) BMELND.

K< 3 ’)0)%44: (EAEME, BB, BN M) 2/~ U TnWa 2 e 2R L &
5. EMEVEIRER (s) = [T e 2" Hda JZ U SN TH Y, BEERIH ORI E ST
BRI NS ﬂ;rf(lﬂl@%ﬂ‘\'é"t T g(s) =logl(s) £BLEE, ¢"(s) 20 &R

BiE+HTHS. £V ﬂxk(ﬁ@i’)ci %3%57@1 f(8) IZXUT g(s) =log f(s) &
BLE G'(s) 20 e BBDIELERTD:

A

b
f(s):/ St @) () g,

I T ¢(x),¢(x) IFEBUEEKBTH Y, s IZBT DB SLOWI WalgeZ e LT
<. (a,b) = (0,00), ¢(x) =logx, Y(z) = —x —logx DEF f(s)=T(s) £&d" . ZD
¥, g(s) =log f(s) LB L

"no__ df,:ff”_f/2

I T Usy I
ZIT f2—ff" <0 ZREIEED. f(s) DEFELY

F($)A2 +2f ()M + f"(s) = / " D (N2 4 20(@)A + §la)?) da

a

b
:/ eSO E@ (N 4 ()2 dx 2 0.
WP —ffS0 8RB RIZT(s) ERNBUNTHD.
;X’L’Ci]/’? B Gauss DAA & SERFERMEHEIEH I N Z I8 5.
50(a,b) = (0,1), ¥(z) = logz ¢(x) = tlog(l —x) D& X f(s) = B(s,t) £%4%. B(s, t) £ s D
EUTHEIMIZRS. WRIZ F(s) =T(s+t)B(s,t) & s OFEE UTHEBNMIZAS. F(s+1) = sF(s),

F(1) =T(t) DT F(s) =T'(s)['(t) THDZ LADBB. DX DA YT EOBEN I X 5T H Y
VB EN— A EROBRREZINTE I L ETES.
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i, DLETHALUZA Y YEBIZET 5 Gauss DARDIEIIE T Y YT DE D
T < EENBUN T A V< B & [\ U BiE X & i 2 38Uy U CRE I vz D T
Holz. A TERINZITVVEBUIET % Gauss DAXZLATRD & 512U TEENIZ
AT 28 ETE S, B n°B(s,n+1) IZDOWVWT,
n’I'(s)I'(n+1) n°n!
[(s+n+1)  s(s+1)---(s+n)

1 n t n
n’B(s,n+1) = ns/ 21— 2)"dr = / 51 <1 - —) dt
0 0 n

2DOHDFES T o=t/n &HWV WA, n—>00 DEE,

Sm n n [e'e)
n :1/ ﬁ—1<1—-f) dt—a!/ ttemtdt = T'(s).
s(s+1) - (s+n) 0 n 0

BBEDOATY TEJOFETHHT D ZLETED. 5l (#) & f(s) =T(s) DHBEITHEH
45L&, 0<s<1DEZ

n’B(s,n+1) =

ThD

I(s+n+1)~nT'(n+1) (n — 00).

AV EBOERBERL Y, TNIIMEED s >0 THILZL TS, DRI
n°n! ~ n'I(s)l'(n+1)

s(s+1)---(s+n) T(s+n+1)
D&, Y EBOIEME, BN, BEE R & 2R EA T 2 R, 582

WIZ AT > < U B % Gauss DARZ (bf;ﬁlofﬁﬁﬁﬁﬁﬁéﬁﬁ%) EY- IR A 1A
PLEICE S TIRORACRHINAZ Z LIZRD:

— I'(s) (n — 00).

lim n°B(s,n+ 1) =TI'(s).

n—o0

FEH:

nsn! I — s -1
T(s) = lim n°B(s,n+1) = li _ [(1 —) —S/"}
(s) 1im 7 (s,m+1) nl—{gos(erl)---(ern) 67857!_[1 +n e

ZZT v ldZEuler € TH5.

8.3 IEXEHIMDERERSEEHH

HYSEHBOMEREREROIGH & UT sinz OEERBRERZEAL LS. BoDIE
e FIWCEFIAI NG H VY & R— XD BER & HERT 2 AW CEEI I 1
B N\— KL ERHEB OB LY

P(S)T(1— 8) = Bls, 1~ 5) =

—J5, ATV B O MR RMER & V|

1 1 s 52
nmm—ﬁzwwﬂweﬁquO‘ﬁ)
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DAEZ KT D &,

_ " s , " 22
Sln(ﬂ'S):ﬂ'SH (1_$) : smz:zH (1_7T2n2) .
n=1 n=1
ZD&DIZ, sin(ms) = 7/(T(s)(—s)[(=s)) RDTHY ¥R MRFEREH 2 5 E5%

B DO FERRERBRAS R O N DTH S,
IEBXBE D R SRR B 2 B8R 9 720121, sin 2 OXIEIHIT cot 2 DI 73 U=

1 = 1 1
cotz:—+Z( + )
z A= \z—nm Z+nm

EEFEMNTEHOCTEEA L, AN TuUX V. FEU TS AREE THTER) D 235
Hz R &

PUR T, RN Tl <, Fourier f&ED Mm% {f > TIERKEE O MR G RH % 15
S5TEEHNALTE I 5%,

F9 2 OEE cos(tr) D —1 < < 7 TOMED Fourier MBI % KD, I 05
cot(mt) DI BIRFAPG L NG Z L % RT D5, ' D Fourier FREUE

o — i L e_mw itmd _ i elfinxeitx =7
21 J_, 2r it —n) |,
(=nemt =y (_Unsin(wt) 1
B 2mi(t — n) B T t—n
DT, e D Fourier MHEEFH X
N N
itr . 1: inx Sln(ﬂ-t) . (_1) e
= dim 3 e =l )
sin(7rt) (1 & emnr e
— - —1)"
T t * ;< ) (t -n t+ n)
sin(7t) (1 & 2tcos(nz)  2nsin(nz)
— - —1)”
T t+;< ) ( t2 — n? o t2 — n?
2% . P AT cos(tx) D Fourier SR
sin(rt) |1 & ., 2t cos(nx)
cos(tx) - [2 + ;(—1) 2

2R3, Lo T,

meot(tr) =

SHEHZEIH TS L.

S2PL R TIIBE R 5w U R\ A%, Fourier AR EDINHIZ DWW TIEES 5.5 fiz AT &

53x DMBEKEL cos(tx) D —nm <o < TOfEZJEH 2r T R 2KICHERE U TR 6 15 i A IHKEL f(2)
O Fourier fifi %z % 2 5. cos(tx) D 0 <z < 2r TOMEZ A 2r TIIRT 2D TIH RN LIZHEEE L.
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W00 ¢ — m COMBREING 2 LICk>T,

m cot(m?) __+Zt2—n2:_+z<t—n+t+n)
n—= n=1

21325, sin(nt) OFBBEA I 7 cot(nt) 125 LNDT,

Gl =S () = (T )

W% t=0M"bt=s FTCHENTD L,

log sin:srs) f: (k)g (1 - _> + log ( )) log H (1 — —)

n=1

Lo T, kAR 5B

e w1 (1)

n=1
sin OEMRFEREFAE Y YEHBOBBEBEFOAXNZEDTHES =
1/(T(s)I'(1 —s)) & sin(ws) 2HETDHI LIZEoT
r@wu—gzaigj

ZRtEd. TSI T(pT(q) =T(p+q)B(p,q) % 1 ZEOBET OEHEF T & B0 DIET
DA EHVTAEBIGIHTE 2 28 2 21E, ROAXREBLND:

1 oo ys—1 o
t*hdt 1 d
.L:B(S,l—S):/xs(l—l‘)l_sd,f:/ :—/ —'LL
sin(7s) 0 o L+t s)y L+ulls

INEDARFENN—DZIEMUTEINIMEFEILRIBFOLNDS LSITER->TVS.

8.4 Wallis DA
XD NI Wallis DR L FEIENT W S:
.22 (nl)? , 2n 22n
RGN o) R

Wallis DAXDMHHV & Z A G EROFGRPBEBOOMRTRDINT NS 25
THhd. Wallis DARITA VY EEUZET S Gauss DARIT s = 1/2 ZRATIEES

o0

1 2t
Scothz = —icot(—iz) &V, coth(rt) = —im cot(—mit) = n + Z ol

: o : - s?
%sinh 2z = isin(—iz) & ¥, sinh(ns) = 7s 1_[1 (1 + nz> .
n=
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Nbd:

nt/2n)

vr=T02) = I i - a2z

2ntipl/2p) . ontinl/2p| 2"n!

= lim = lim
n—oo1-3.--(2n+1) n—>oo1~3-~(2n+1)2-4~~(2n)
92n+1y, 1/2<n!> 22n(n!)2 2n1/2 22n(n!)2
= lim ————— = 1i = lim .
n—oo  (2n 4 1)! n—soo (2n)! 2n+4+1  n—oo (2n)ly/n

IROARAE Wallis DR L IEIXNTWS

2n - 2n T
Hl 2n—1)2n+1) 2

n=

ZORRIFMDAAXT s=1/2 LB IFTIFHFLNG:

sin(rs) = FT =5 1_5 _mH<1——).

1—SlIl< )—gl:[( ) Eﬁ(zn;i)(gz+l>

9 {F&k: BRRBHEERDMICDWVT

9.1 [FEHRSH
IR OMERBERTESR X NDMERD %Y 1, R o DB L IR

i el
o(2)dr = ————dx.
. V2mo?

¥ 0, K 1 DIER AT 2 AR E R 0 AT &IPS

BEMW MOLAHERER X, Y BNENTNEY ux, iy, D8R 0%, 02 OEBSHEIZ U720
5L E X 4Y XTI ux + py, D 0% + 02 OEBRDAGIZUHS.

9.2 AUIDHmENA2FE D

IR DOMEREE T E R I NDMER DA % shape a > 0, scale 7 > 0 DI I DEL
IS8
e—x/Txoz—l e—a}/T (ZE’/T)

for(@)dz = Wdl’ = W? (x > 0).

W = ar, DEIE ar? THY, a2 0 DL IHEHMEIE v = (0 — 1)7 1285,



42 9. Ik BE% BREERDAEIZDONT

BEM M BHEEREZH XY BENETN shape ax,ay, scale 7,7 DAY I AHIZ L7~
MHE X, X +Y & shape ax + ay, scale 7 DAV DAL D .

A4 2T (x* ) EH I DAEDORRBRIGETH D, §8D5, shape n/2, scale
20HVINAZEME n DAL 2T (* 240) LIER. A1 2 DMEIXEHE n (2
DWTHEMEZRD.

MR Xy, .., X, DPEEERAEIC LA ¥ Y = X2 4 - 4+ X2 IZHEHEE n
DAA 2RIAAEIIUDYD.

9.3 HB_FER—IYDHmEt D

IROMEREERBMTEBRINDMERDHZ/INTA = — ,8>0 2RDHE_FEIN—4X
4347 (Beta distribution of the second kind % U < & Beta prime distribution) & FE.S:

1 xafl

faﬂ(x) dr = Bla. B (112 dx (x > 0).

B> 1RLIEEHIE of/(B—1) 12RY, B> 2 BEIEHEIE (a(a+8-1))/((8-2)(8—1)?)
AT

BN — XD OMRBEEHEBUZ 2 =12/y (v > 0) ZRALT, HERDHE —00 <
t < oo IZHRERT % &, MERE ERBUIIRDIIZ KR 5:

f (t2> t dt B 1 t2a_1 dt
P\ /)7 Y B(a, B) (1 + 2 /7)tF

n>0INLUT, a=1/2, =n/2,y=n D& E, ZOMRELRBTERINDHMERD
MZHEHBEEn Dt 2AEES. 805, HHE n D t 7747 & ISR OMERE LB TRE
BINDMERDPHDI L THS:

t2 —(n+1)/2
Gt dt = e (1 + —> it

n

(y
(y
)

1 T((n+1)/2)
n/2B(1/2,n/2)  /nrl(n/2)"
HHEER n> 1206t 2mIEEE 0 252 BHEXN nS1 D& X t I FEE %R
2B\, HHEN n > 2 BoIE t DX n/(n—2) 258D, BHEZ R KIZT DK
[RT t DD pEIEZENZTN 0 & LIRS 2. HHEEXN n <2 851Xt 04HD
SEUFEERIZRS.
AT BHERER X,..., X, DENE Y u, 08 o DIEMAMHIZLIZ0D & &,

Cp =

1 n 1 n M—Iu
M= X, S? = (X — M)?, T =
n; n—l; S/v/n

EBLE, TIXEHHE -1 Dt SAHEIZLZND.
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ER. T LEOBEDE LT, E[S?] =0 725, S? EAREOEEFENT NS, IEHS
AOFEMEX Y, M ATV p, 58 02 /n OIEBDAAIZUZD3D . W X2 T IZHEBORER
58

M—p

o/Vn

ISR DI U 720YS . ETlRAZZ 8, OROD o 2HERER S TEIHZR D &
BEEHDMA TR, BHE -1 Dt MHIZULERD VWS 2L Thd. TR
B o2 DXOM->TWBGHEIZIE Z #FIHTE DD, o8B DLNR > THARWGAEIZIE Z
ZRATERW. TI TR o? ORDDITAHARIEL S? 2 AT 5 &, MERDMIZIER
DAENS TN t DAEIZES>TULEIDTH . ]

7 =

9.4 B—EBR—IDHE F 0%

ROMERBEEHB CEBRINDIMEDIHZ/NTA—L— a,>0 2FRDOHE XX
5347 (Beta distribution of the first kind € U <IZBIIN—Z 340) &S

fap(x)dr = M1 —2)f e (0<z<1).

B(a, f)

T 7 = af(a + B), HHIE (a8)/(a+B)2at B+1) 1KBY, a,f > 1 D& X HHfH
o= (a—1)/(a+8—2) 1R,

m,n >0 & U, B—HRX—Z M OMERFELHED © 12 me/(mx+n) (x> 0) ZRA
gL,

mx mn 1 mz  \* mz 7 dx
Jous (mern) (mx +n)? do = B(a, p) <mx+n> (1 a mm+n) T (z>0)

CEBING (1—ma/(mx+n)=0b/(mx+n) ZHVE). ZHEX a=m/2, =n/2 D
EZIRDOBITES:

(2)do = —— me N _ma \Tdr
Jm,n ~ B(m/2,n/2) \mz +n mr +n x '

COMEREEHRBMCERINDMERNS G2 /INT A=K —m,n D F 3HEEER. F 54
FEn>2DE IR n/(n—2) 128, n>4 DL IR (2n*°(m+n—2))/(m(n —
2)%(n —4)) 1285,

FOFHDEZELY, X WINTA—=R—m.n D F BHEIZUENED B 56X mX/(mX +n)
FINTA=8—m/2 n/2 DFE—FERX—ZDMIZUND.

ST B HERER Uy, Uy MENTNHEHME di, dy DAA 2FDAIZL WD & &,

Uy /dy
Us/dy

X =

E/8F A= —dy,dy D F HHIZLEDD . FTabb, XD XY (i=1,2) BFRT
M RHEREHTH Y, &2 D X IFFE 0, 8K 02 DEBRDHEIZ LN & X,

, 2/ 2
a-Llsvpp xo

- s3/03
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EBLE, X FNTA=F—d,dy D F BAHEIZUZDD.

—FENR— Z DT DMERBEEHIL fos(x)de O 12 2/(1+2) ZRALEEDIE, H
TR — R A6 DREREEEIL fo5(0) do (23T 5. X BICHE R — X DA OREREE
BEUZ 2 =12/n, a =1/2, B =n/2 %ﬁ)\bt%@ WSEHE n D t 570 OHERE BRI
WZRDZDTHo/2. TDIENOMERER T bfamﬁ* ndDtPMIUERD L E T2
NIA—=R—=1n D F BHEIZUEND, T2 ENITA=F—n 10D F 2HEIZULEZNRD
WO, TOEKT T DAIARERZRF FOEBEDN 1 DBED F D THD 2
EWOMBE. ZOZ LI TOEENLZEEIZE>TEHEND ONDG. F DA DOHEREE
BHBUIIRD & S IZEFHEIND:

B (m/n>m/2 xm/?—l
Iman(0) 4T = B 72) (L ma )z &
m=1%KRATDL,
—1/2
gin(x) dz = ! ! dz.

VnB(1/2,n/2) (14 z/n)C+1/2
X612 a=t2 ZMRALT, D% —co <t < oo (IR U 725 D DR R

1 dt
VvnB(1/2,n/2) (1 + t2/n)+1/2

2%, TR t A ORERBEEEEL §,(t) dt 1IZ—FT .

Gra ()t dt =

9.5 n— 1 RITHKELDO—#k52%H & Maxwell-Boltzmann Al (1)

iﬁﬂiiﬁf‘%’@fb%ﬁ/\?ﬁf‘%é&b R, =X+ + X2 Z™ = X,/R, £BX.
~@t%< Z", . Z80) o — 1 YOE A ERTE o — S T 8 2" o
i R 48 I AU

gn(2)dz = (1 = 2232 g, (—l1<z<1),

1
cn:/ (1-22)924> =B 17n—1 =2"?p n—17n—1
» 2 2 2 "9

225, AR, 2hERED.

n—2 UOCHALBRE S"2 = {(zg,...,2,) |25+ -+ 22 =1} OEMERZ d' &F
1 = \/m EEX, Ty, . Ty MO T Y n— 2 RoTHALERE _E D FEREDFHIZ
éf( G D & By D n— 2 ROUEREIOE R IE r™2 (2B DD T,

N (s

dry ANdxo A -+ ANdx, = " 2dey Adr' A dw'.

IO, WD r= a2 a2 KWEBERTD L = \/r2— a2, 0 )Or = r/r'
»T

)

dry Adxy A -~ ANdx, = r(r® — )(” D2 day Adr A dw'.

56 Z D 3k % i ZASEEHE IEBUE R 24 3 & KLEU» O BRI L — Bk 9 2 AL 51 5.
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BB o MO 2= /r ITEREHT D &
dry Adzg A -+ Ada, =111 = 22324z Adr A dw'
UZz> T, R OB PR HEREE EBE p(r) (2 LT,
1 o)
/ g(z)p(r)dzy -+ - dx,, = / g(2)(1 = 22) =972 dz/ " p(r) dr/ duw'.
n -1 0 Sn—2
BAD2DODOMP DK% ' LHFEL L,
1
Cpn = / (1—2H=3/2 4

1

cn 2O DHFIETHEALU LS. 1 DI 2 =12, de = t71/2dt)2 L BHEMT 5 )5k
Thd:

! 2 2 ! 1/2 2 I n—1
Cpn = 2/ (1—2H=32qy = / 121 -2 qt =B (—, ) :
0 0 27 2

2OHIZ (1-2)=(1+2)(1—2) LRBOML, 2=2t—1,dz =2dt EEBEWHRTDH
ETH5:

1
o / =32y =822 (1 — 1) (=922 4t = 2" 7*B (n S 1)
n > ’ ; .
0

INTRIAREIZENTRTRINE.
BIEEM & U T, V< EED duplication formula £F6NTWAH L 2ERLTHZ
5. (n—1)/2 ZAEEDEDER s ITEIMMATE ¢, D @Y ORRITHELL TN D:

/_1 (1= 22V dz = B1/2,5) = 221 B(s, 5).

1
N—L BT B E AT D &
L(1/2)T(s)  2%27'T(s)?

T(s+1/2) [(2s)
TRLL T(1/2) =7 £V,
['(2s) = \;% I'(s)['(s+1/2).

ZDOAAIE (Legendre’s) duplication formula & FEIEFVTUNS 5T,
Z{" et R DI

57Legendre’s duplication formula ISAEREDIEDIEEE n (2T 2 IRD Gauss’s multiplication theorem 12
—ifbIND:

nns—1/2

['(ns) = WF(S)F(S +1/n)l(s+2/n)---T(s+ (n—1)/n).

=& ZUX T(3s) = 33121 () (s + 1/3)['(s + 2/3) /(27).
NS IEEARENIZE —FER—=Z 3 HORRBIGETHS.
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Og2(2>d22%\/% (—1<Z<1) :F‘:[:/jo /\&1/2

— Z
z:wmeéﬁxﬁét,%w@wmgegwm)t#ﬁﬁﬁﬂ@é(%tU%)@
ZAZRENEHENE 1/2+0/m = 1/2+ (arcsinz) /7 (-1 < 2 < 1) 1285, HIEK
BRI TR DT Z ONMIFBIEZD M L IFIEN S ™.

. (@@:1@: (—1<2<1). 0, 415
o YGCHRT 10> B SO M8 L~ OSSR 5125 .

o gu(2)dz = z\/1 —22dz (-1=zZ21). S0, 2EK 1/4.
m
Z DRI HFADH L IFENDS Y.
z=—cosf ZRAT D&, sin’ if'éﬁj\?ﬁ sin?0df (0 <60 < ) 12725058

nZ40EX g.(2) 37T 7 BREMDOKEIZARS. EEZENE 0 THRIZA T TRY
L2 1/nl8%.

7" OE¥E 0 THD. X 51T B L Y EBOBGRE & U YV B DE
BEREY ¢, /cnia=(n—-1)/n= 1—1/n LRBIENDNDE. TOI L e[S L, 7™M

XYV TNERIRITDEE, F—Z NV THLHBL TV SIREDOHMOEI DR L E T T2
IREDIFE DR X ORI Z 51V 7248 R OMER /340 1358 24 ITHIEAL T 2 L ERLA IR < 2 EAF 5N
T3, ZAUTHEIESGER L XN TS, W EK A0 O MR % & KU i (OEA IR EREL AR, |
AFD 0 fBEIRNS K22, W2, WIERRIERNIEE H kU T 2 IR & &R L T 2 IR 0 22 B
X0 FHEICEESTICREI S ARBMHAAMNRNE NS 2L 2EKRL TS, FY U IIFERLIEIDOHE
ERBIICE S H > TWRIXTTHD. HADMART, BHHil 2D, AKIT /YT LDHNE.

6O Y 3 A 1 X AT FIRHLZ 5 1 D EA D DA EE B9 % Wigner O¥HRNCEDOND. N IRFESFRAT
ST % RO HERZS N M TR LB [T, e M/ 2d My, [, e M/ 2d My \ZHHIL T2 L ARE L
T VA NBFENTMTI] M OEEHEOHEES G E2EZD. TOLE, AT —)VEBIZ L > THEMN 1/4 124
B EDITHIRILT B &, TOMRMMIE N — oo THE 1/4 OEHDAMIPERT % &5 DAY Wigner D
FMHAITH B

A I B HOOBRE I B 1T B IR SE & U TE LN S B RERN A TH S, =& 21, Bl
B, &7l & T DI, SRR R (R IR, 2013.10) IS H 5.

CLERE - Tate FRICZDOED D HENELT D, (ki - Tate PR L X THEEUK LERI N2 BEEELE
R 7= RGP HIRR D FZEBALE p DOABRA ETOFELOMB2»S p+1 2510\ T 2,/p THI-THLNDE
ED A sin? MAMIZAR D] L0 D NED 1960 FRUTMNIZFHER I N FRTH D . B TIEEE IR
IINTVD 5LV, R=TORIEDFHEREIZ DN TOMERE (2008) DMEEIZE & E o MBI D D.

R RO E D & 512 TERE sin? P 2FA L 20 D0TIE, HiLsEi, Dedekind 7 B &
e sin2-F 4], 25 16 MIECFESL Y VAR Y D A HEHZAKY (2005) IZFEL. YK FE ZRKFEREE - L HR5E
BIANI LV 2a—X—THEATVWD I 2EREELIZE T H—TFT VT L2 ZIZDOWT A LUEK
DHZHEERP SO THETAN, EWVWD LBz, TNT, BHABER, &N - B2 EOE&P
XFEHEEBT DI LIRS -DTHD] LENTHD. TO [DUEKROHZEHE] ORMAERIZE ST
[ sin? PR BERI N~

SU((2) EDO—# 4 (Haar JIE) 2 5FE I NS SU(2) OILAFEARD M EODARI sin? FI/3AH1Z
K%, TOHBIIUTO®EY . A SU(2) DIEEIF —1 < tr(4)/2 <1 T—EICRKHM I bN5. (—ikiC
GLMD@jyﬂﬁbLm%ﬁﬁ®ﬁ®§“%i%@%%%ﬁﬁC?@b%lﬁﬁt ) TR
5NB.) Ae SU(2) T ()ﬁ%ﬁﬁ*ﬁé%@&SU:S%j@twﬁﬁ#ﬁm%tfS3#bR4
D 1 RTED B ANDFEIZ L TWD. TOZ D SU(2) LD —EDHMZT DB RRD 2 1
\ZFET B 000 iﬁﬁ}hf’?ﬁ? ?5( I sin? BAFHIZRD IR bND.

%%'hm%miFﬁ@ﬁ%i@ﬁﬁ%ﬁ%%t@“ﬁﬁﬂﬁﬂb%fﬁpgt’EbﬂéSUU

HAFOED 3 KoLk S3 = SU(2) ED—RRR AN SFFEEIND AMAIZLZN>TVWD] LWIFETHD
z&aﬁé.


http://www.math.is.tohoku.ac.jp/~obata/student/graduate/file/2013-Meijo-QP-Graph.pdf
http://www.math.is.tohoku.ac.jp/~obata/student/graduate/file/2013-Meijo-QP-Graph.pdf
http://www.math.ias.edu/~rtaylor/
http://www.math.ias.edu/~rtaylor/
http://www.kurims.kyoto-u.ac.jp/~gokun/R=T.html
http://www2.tsuda.ac.jp/suukeiken/math/suugakushi/sympo16/16_8nanba.pdf
http://www2.tsuda.ac.jp/suukeiken/math/suugakushi/sympo16/16_8nanba.pdf
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DR 1/n 1282 rrtEd:

1
n 1
Cnl/ 21— 220 = ¢ M e, — cnyo) =1 — 2

-1 Cn+1 n

IIT2IT1- (1—22) AT DGR ZT o2,
Y = Z0 R 0, 238 1 OREREBUTR Y | T OMERBEREIE

2\ (n—3)/2
In y‘ _dy = ! 1-— y— dy
\/ﬁ \/ﬁ \/ﬁ Cn n

IZHRB. n—o0DEX v=(n—1)/2 £BLL,

2\ (n=3)/2 2\ —3/2 2 n/2
2
(1 _ y_) _ (1 _ y_) (1 _ &) gy
n n n/2

2\/
Vien = V2 +1 22 B(y,v) ~ V2r 22 2T\ for

78502 ®POEFHHET Wallis DXLV

_D? _wle+1) _2(2\" 2yw
Blv,v) = T(2v) 2T(2v+1) v ( u) v 2%

YRBIEEMSES LENST, Y IE n— co OMIE CTEMEESRNEIZ U 258 fi
REBUZIRT %

iy g (L) =y oI

UEzEedd L, EH y OFFEERE g(y) I2DWT,

~ eV /2
Cnl/fs 719(%) dw, — /Rg(y) VT dy  (n— o00).

2T, VST ={(y1, .y yn) ERT |2+ +y2 =0 b IFERE /0 D on— 1 RSB
THY, C, IXTDERADORMAETHY | dw, IZZDORME EOHEERZTHD. ZDFERIT
YIFLIZ 1 Maxwell-Boltzmann Bl U T <HI6NTWD

9.6 n— 1 RTHKE LD & Maxwell-Boltzmann 8l (2)

BIEICIEERE /n D n — 1 IRGGCERTH ED—HD A D z; Bl O RMIERAERE E R 73
TN AT Ny -1 1 O

[FIBRDITIET, 4 /n O n — 1 IRGTERE LD —BRIAE D m IRTTER 3 22 AN DS
m RGO ERDAMIIPOR T S Z e ERED. LN TTOME 2 R ICHHH L TH <.

HIEiDFl 5% TD & £5 EHk<.

52 /nc, = fil(l — 2 /)24y RDT, FIED lim,eo(l — y2/n)=3/2 = ¢ V*/2 5% ED

limy, oo /R Cp = V21 ZELL I ETE. EBE, TO UV ES S,
B EOFEEWIZ/ZEDZLIZE ST, HIZ Wallis DARZHHT LI L TES.
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n—m— 1 RICRAERTE S = { (w1, @) | 22 q 4o+ 22 =1} OHRZER
Tdo EEI = /a2 + 1 CEE v, 0, DY 2 n—m— 1 0uH
ALERTH b D FEEE DRI B A WG 5 &

dzy A -+ ANdx, =" Yoy Ao Adxg, Adr' A dw'.

I, e r = a2+ a2l CEREWTDE, = \r2—ad— . — a2 D
or'/or =r/r'~1 ILODT,

dry A Ndx, = r(r? — )22 dgy A Adz, Adr A dw
BB (i=1,....m) 25 zy=x1/r (i=1,...,m) (IEEEWHT D &
drg A ANday =" 11— 22 — oo = 22D g A dr A du
U 7232 T, BROWFR AR TSR 2 LR p(r) (2 U T,
/g(zl,...,zm)p(r)dxl---datn

:ng)_l/ 9(z1y o zm)(L— 27 — - —Zﬁq)("*m*Q)/del---dzm. (%)
4422, <1

cﬁ,’;)_lz/ " p(r) dr/ duw'
0 Sn—m—1

THd. Lo LMMABELE LT m=00DHEA%2£25L " =1%%. Dz
&V, plr)=e"2)2m)?2 £ $BZIZE 5T, n— 1 RTCHEAERTE OHERHE

oo ) -1 2n/2ﬂ.n/2 27.(.71/2 n,ﬂ.n/2
_ n/2 n—1_-—r?/2 — — —
[, e=o (/ e ‘“”) 2T (nf2)  T(n/2)  T(n/2+ 1)
LRMAS NG (dw & n— | YOLHARE 57! DERER). WOARE o7

/ P lemm 2 gy = / e_t(2t)(8_2)/2 dt = 25/2_1F(3/2).
0 0

BAZEEE r2/2 =1t rdr =dt, r* tdr = r*2rdr LEBTHIELZDORRNBELNS. LA
E&D, [ pr) dr I EHIZ 0 — 1 IROTHEAIBRI O HMDOEHIZ R D L EbnD. L
723> T,

(y
(y
)

o) — fSnfl dw . (TL -1 ?kfﬁ%{ﬁf*ﬁmﬁﬁ)

" fmadw’ (= m — 1 FOCEATERE O ERT)
ymmﬁ&c DEMTEFERTDH 5.
A LT O &S IFE X h B0

o) — / (1= 22— 2y mm=/2 g g
224422 <1
— / t—l/Q Pty — = )2 g,
t;>0,> " ti<1
I'(1/2)"0((n —m)/2)
I'(n/2) ‘

Gy =m+2 DL X T = 7m/2 /T (m)2 + 1) 1F m WL EAERIKD RIS L.
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9.6.
2DOHDEST 2, = t; LEBEML, BEOFSTIRORRNZM o7 p; > 0 1ZH LT,
I .7
(1) (Prnt1) - / t’l’l_l---tfn’"_l(l by — e — )P A dty
L(pr+ -+ pmta) >0, t;<1
FE D FIERIE AT Y B E R—= A B OBRE o/ <FHKTHD. & LIFHLZ
B(pla"'7pm+1) t%< 217
B(p1,...,pmt1) = B(p1, -+, Pm—1, Pm + Prmt1) B(Dm, Pimns1) (B)
MIENLT D ZENE, IRRIETHIHT 226 TED. EE t, =1 —t; — - —tp_1)u
WZ&2Tt, 6 u IZEBEHmTZ L
B(p17 s 7pm7pm+1)
1
= / dtl tee dtm,1 / du
>0, S <1 -1
tfljl_l .. -tfnm_f_l(l by — e — by )PP Ly (] gy L
&) EORK (B) BT D Z LD Dnd.
AR (x) &V, R MVIERERZEE (27, 20 Ok EERIE
= cgﬁf)_l(l — 22— =22 g day,

(215 oy 2m) dzy - dzpy,

Thd.
&Y, o>0lHLT, v\, YY) = Ve (2

ZOT (Y™, ) 1 n = oo Tm IRITOERDEIZ LMD XY NIV Z 5K
T 2. F bbb,

! / ( )d
-~ = 9\y1, y Ym ) Qn,
Cn(\/ﬁ(f) VnoSn—1 '
1 1 <
/ng(yh---,ym)exp <—@Zy>

H—
(20-2>m/2
Un) ER™ [ yd + -+ 142 =no? } IFERE Vo D n— 11K

:.:.T, \/ﬁO’Snil = {(yl,
TERETH Y, Cp(vno) ETORMOKIEETH Y, dw, 1$TOEKM LOMBEERTDH
5. ZHIEPHERIZIE Maxwell-Boltzmann | & U T IS K OENTH Y, 28K o 13HExT

1 D Boltzmann EAS kT 7Z LRI ND.
Y b N TR Z L ITEER &
66" FISAIRA 0 THSL TR, n — oo O Tz A2 B E B AR IR 5.
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9.7 “IHAWMEBBN—IOH

0<p<l1&dd. n3FADBKTHDLTD. MEIHEEER B,, BWSTA—4—
n & p DTHJHIZUEND LIF

Pungm=<z)ﬁ1—m%k (k=0,1,2,....n)

MG 2 ThHDLEEDD. P RHIETNT N np & np(1 —p) IT2Y, ek
& EleiBrn = (peit + q)" L7825, ZHB/MHIFNT A =2 — n IZEAUCTHAESEZED.
ZAZHDMBEREHE L), p 2 —EDEE n 2KELTD L, (B, —np)//np(l — p) 13
HEER DA U 72D MEREH THHPII NG,

“HAMEE TR D AOBRIIPA T D@ Y .

D(s+1)=sl, () =s!/(t(s—t)) LHEIZLIZTD L

t

L (atp=n
B(o, ) (a—1)(B-1)! =(a+p 1)(

BODT, INT A= — a, >0 2R DE—FEN— & 7341 Ot 52 1% B #Ud

a+6—2)

a—1

a+ -2

L1 —p)ftd 1
a_1>p (I-p)f“dp (0<p<l)

hﬂ@@ﬁ#a+ﬂ—U(
YEIND. T af(a+8), M (0B)/(a+ B a+B+1)) LAY, a,8>1 D%
SEMEIZ p=(a—1)/(a+8-2) IZ25DTH>/.
WRIZa+B-2=na—1=k D& X FE—FN—X5HOMEREEHRHIL

n

s @)= ) ([0 pr 0 <p<)

ERY) EMEIE p=(k+1)/(n+2), 7BUX (k+ D(n—k+1))/((n+2)*(n+2)), &
B p = k/n 127225,

AEDFERN S, AWB & n BINEEL T £k BIS>7/2& & AW BICHOMERIZ/ST A —
B—=WNa=k+1,8=n—k+1DE—FR—ZSMHIZLZN>TNDEARRT L HF]A
Z e hmd0E,

9.8 PoissonHmEH Yo%

B R R Ny D38 A—& — \T > 0 @D Poisson 737462 L7203 &%

e—AT()\T>k
k!

MELTHIETHDEEDD. LRI EL HE NT 1245, T I3HIET 5 RFHE O
EBX%, N IFBRARHE O 2D ICENLRHEDEZ 5 RIBOMAHEZ ERL TS, R
BUL E[eitNar] = X1 ¥ 223 Poisson DM1E AT IZDOWTHEAEMNZFH>. Wz I

P(Nar = k) = (k=0,1,2,3,...)

67k ~np (n — oo, p I&—) X 5IE, n — oo THIMHE & BAUEIZ p ITIPER L, 4280E 0 1R 5.
68 SLA% R /0 A DF.
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DBIREFE ), AT 2 KEL T2 L, (Nap — AT /VAT IZEEEEH DA U258 il
ZHTEMINDS.
Poisson 7047 & 7 > X 3 A OBRIFLL T O 1) .
IROMEREERBMCTERINDMERD A% shapea =k +1>0,scale T =1/T DHYV
SR EESRDTH > 7z

e—AT()\T)k;
k!

SEIE N = (k+1))T, 28E (k+1)/T% (280 SSEEIE N = k/T 127259,

OIS, T BARMOBHITENRRERN k BEEZ > 248 51K, BALRFH D721
WCENRFERIE Z B EIEOEAMHE N OREEMEA shape a« =k + 1, scale 7 = 1/T OH YV
SPGB TNWD EART I EDNTDIZEEHNRZ ENh) .

Frsrar(A) dX = dx (A>0).

9.9 EXMLEFRAFEDARME A5
TR 2SR I2 DRI (T19) 2 WG X B2 NEEK E] | IR T 220 T3
o ElaX + BY]| = aE[X] + BE[Y] (§IB1E).
o [Z07R56IXE[f(X)] =0 (HFaME).
o E[1] =1 (Hit&fbsett).

ol INEITOWBEEZTINONZRDDIENE RS,

HesR S8 X DA (AHE) AEAET 5 213 B[|X]] < 0o 2% ZETHB. Z0
L& pux =FEX] 2 X OFIES U < FHIFHEE TR X OFEE px WMFET D L&,
(X — ux)? OFHMEE X OHEETY, 02 L FbU, MROTVSE 0y % B[R L 17
A DEEEERE ZERRICRD I ENDHY X 5.

LLE E[|X]"] <o BB X D r IRDE—AY SWEETDHLE WD, E[X"] &2 X D
riROE—AVHIEED. X D1IIRODE—AYVME X O py = E[X] THY, 2 RD
E—AYVRMIDWT E[X?]=0% +p% BODT 0% =E[X? - E[X]? £ %25,

MEREB X 1T U T px(t) = E[e™™] 2 X OFRPEREE PSR FrEEEUE ¢ 12DV T
—RRGER U2 S . RV BE U WHERZBUIMER D 2 R 2™ MERZH X, Y 2
A UMER DAz ROEE, X ~Y LELZLIZT 5.

XDriXUTFDE—AY MBI RTHET D L & FERE ox (1) (&t =0 T r B
SRR Y, oW (0) = E[XH (k=0,1,...,r) £ &3,

X &Y I HEEARO DR EROWRERTHD L 95, 2D F Cauchy-Schwarz
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