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Stirling DA & &

nl ~n"e "

EWVSBEROELBARDIETHS. ZIZT a, ~b, (n— o) & lim, e0(an/b,) =1 %
BIET 5. XY

n!:nne-n\/z_(1+i+o(1)) (n — o)

12 n?

2n (n — o0)

MEANL LTS 2D — N TIRE TN H > < 54612 2 MBI B & Stirling
DRARMN EH INd L 2T, TDRIIEEA R J1ET Stirling D AR ZEH
5. FEBED DR B mIE LR,

2D — N OB LD FREETIIBLED HBRGROMIR Z1T8D. 2D /) — NDEIKIFZF
AT D Gauss B AP, Y T EEAM, N— & KA, Fourier fi##r AfIZ72 25 Z &
EREEUTCTEPN- ML RMHMHROFEEDTHS. BIDOHDOHITHED O CTHilA L 72k
RE2MS ZENL VD THEITFERLUTARLW., FEARKZ AL UTH UG UMD

295,
% 0.1: Stirling DRI K D FEFEDIF L
’ n H n! ‘ A, =n"e ™/ 2mn (4% /n!) ‘ A (1+1/(12n))  (FR#/n!)
1 1 0.02--- (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 10  (0.28%) | 2.6525--- x 102 (3.7 x 10°9)
100 || 9.3326--- x 10'°7 | 9.3248 --- x 107 (0.08%) | 9.3326--- x 1057 (3.4 x 1077)

F£0.1Z2ENEDND LD, ne V2 IZ& D n! OELDEZEIX, n = 3 DT
TTIZ 3% 28> THEY , n=10 DEETIE 1% %tﬂofb\é I 512 1/(12n) THIET

B EHAIFBIFNTNI KR n=1 DOBEETT TITEMDIRAEDN 0.1% FEE L AHM I/
TN

NG 1
T (Hﬁ) — 0.9989 - ~ 1.

Z D& 51T Stirling DARIFERDEL AR L UTHERITERZTH S

e

B3 HiE R K.
2G(I"() Nemes, New aymptotic expansion for the I'(z) function, 2007 IZFETEDER % BE LA D LR
NHd. 72& 21X Nemes DR

1 1" 1 1 n
- 29 = n"e "/ 1 4.
<n+12n_10n1+m> e] ™m=mn"e Trn( +12n2+1440n4+ >

(SO TEFEURAATH 5.

n! =
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4 1. HYIOAIZET L 0MEREHED 5 D “EH?

1 AVILMICET ZHOBREEENSD “EH”
KU EINTIRDMERBE R TCERZINDIMWERNGDOI L THB:

e—z/Tma—l

fa;r(x) = F(Oé)TO‘
0 (x <0).

ZZTa,r>0 3N UYREEIRDDINTA—Z—THd* LFEEDZD a=n >0,
T=1DGEDH U IRHDAERD DI f(x) = fui(z) £HL:

efxxnfl

fu(z) = ) (x > 0).

TERE LI f,(z) CEBINDMERELHZ X, LEZLIZTD. MEREH X, DV
pn £ o2 WEH S n 127855

= ) = [ o) o =25 <
E[X?] = /000 22 f(x) dr = F(;L(Zf) = (n+ 1)n,

o = BIX.] = i = .

n

AR Y, = (X — i) [0n = (X — 0) /7 OEENBIZZNENO & 112
BY) | T ORERE LTI

e~ V) (g 4 n)n
['(n)

\/ﬁfn(\/ﬁy + n) = \/ﬁ

127250, ZOMREERKT y=0 LBk

e "™t pleT™\/n
Vi) = VR = T

B85 . n>0NEHDOLET(n+1)=n BOT, 2NH n— oo T 1/V21 IZNEKHT S
Z & & Stirling DA XD EALIEFMIZAR D .

HYIPAENHERZRH 2L TVWD I &), HDBIRER 2 HHTES5DT, R £EO
A S B L cp( ) J(]Lb’C,n—M)oO)é:i’f

—y?/2

| ("”}”) hoyde = [ otV Wiy may— [~ oS —dy

BAYBEIL 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? 1285,

SHEREEEL f(v) 2RDOMERLE X 1T U T, HIRHEP KA Eg (X)) = [g(x)f(x)de LEEX
n, ﬂﬁi’aﬁi‘M:E[ | LREHEIN, DN 02 = E[(X — p)?] = B[X?] — u? }:.Eéé*?mé

Eﬁ ER X OHERATTED f(z) DL X, RERY % Y = (X — a)/b tmdb%n‘: Elg(v)] =
Je9((x—a)/b) f(z)dx = [, g(y)bf(by + a)dy QOD’C Y OWMERDAMEHBUL bf (by + a) 73\%)




o(y) ZTIVREE S(y) \EMITD 2 LI2&>T (TROLMREEHMD y 120 ZRA
T35 LIitkoT),

et nlteTmy/n 1
#1585 . ZOFEHRI Stirling DARD KL% EIKT 5.

DL ED “<EHY Ot CHERBEBEERBO y 120 Z2RAT D AT FITIFRERIZF vy
THRHD. ZOXYy T2EDL-OIIFHOMmECHZ2 75w 2Ry 72 22 UTCHHAT
DT <, FUMRIREH ORI E FW 2RISR 2 BN H D . T D K 5 RFEH
DFHENI DN TIFIROHI % HTH U,

2 AU HORERBZRAWZRRINSDEH

RO Tl AUMBRRE B % HRIZR 75y 7Ry 7 AL UTHWT Stirling DA% “EH”
UZz. UL, 20 “GH [ZIEmEN AR X vy TRH o7, TOX vy T2 MDD 72D
1, ALV B B A i 4 B B BB e TR MR B (T R 5 B B OD 3 Fourier Z8#1) O Fourier 28
CRRTDII LIS TIHHING Z 2B OHETHELH D,

Z DHEITIEA >~ A0 DR 5 E BE %& RPE D Fourier 21 TR DT AXZ HNT,
EEIZ Stirling DARZ T 37

2.1 Stirling D2 DEEFA

N <A DRERBE LI f,(2) = e 2" H/T(n) (z > 0) OFRPEBREL (33 Fourier 2 )
Fo(t) 3RO E S IR I NG

F(t :/ et f () dr = —/ e~ =)z gn=1 g, — —.
=), ROy, =
ZIT, BEHMNEOEFZL o [T LT
1 = —atyn—1 _ i

o) /o e” Mt dt = o

ERBZ Moz, ZTDORAIE Cauchy DFEDEH % > TRESY.
Fourier D EEAZ K Y 10,
G,xxnfl 1 00 it 1 00 e—it:p
fu(z) = Ty an . e TE,(t) dt = | T dt (x > 0).

ZOAAT ZFRDTU F A Stirling DRAXDFEHIZS L.

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

SHERDMWIINT A =R — n IZDOWTHEM 2R D Z & L RMEEENH 2D n ROFIZARDZ Z LT
FHETH .

9 Cauchy OB EHZMHHLR TERED. EillE fla) £EL L, f(1) =1 THOHWABEAITE -
T f'(a) = —(n/a)f(a) L72DZEDRDLMNEZDT, TORANMELND. EOFEEH o 1Zx9 2 ZDaAE
t=a/a LWV EBBDIZE > TAZIGEING.

WFourier O KER/A R DFEH DI DWW TILE 5 fid SHEE &,



https://www.math.kyoto-u.ac.jp/~nobuo/pdf/prob/stir.pdf

6 2. N DOFEREZE W 7ZRREN 6 DET

ZOAREY t = Jou LBEWRTEILIZEST,

B nne—n\/ﬁ B \/ﬁ 00 pitn B 1 oo e—iu\/’ﬁ
REE TR TR I e

Stirling DAR%E FEHI T 2 720D121E, Z0M n — oo T 1/2r KT Z Z L 2 REIX &
V. ZD7O IR OB O T EHHNE D

lo ﬂ——nlo 1_i_u —duy/n
T R WY
2 1 2
= (%—;—n 0<ﬁ))—iu n=——+o(1).
U7ZR>T,n—so00 D& X
e—iu\/ﬁ _>€7u2/2
(1 —du/v/n)" '
INE),n—so00 DX
ne™/n 1 [®  eTwP L[ e 1
gy ety L e L [T g, o L
Vi fn(n) T(n+1) %r/;oﬂ——W/¢ﬁW RS Y= o

ERDBIENDONDY. REDEFEFSTHRIZIEDFEE o 1T LT
/ e v gy = var

BB I ErHAWEE TR T Stirling DA EEH I vz

2.2 FERIEINLEAVITOHDEXRZFERBDE UK

MR B [, (r) = e "2 & FOMREME X, LELE Y, = (X, —n)/V
DFHIE PEIZZNEN 0 & 1 2B 2D THo 7 (Hifliz &), Y, OHREERKIZ

B N R R R R TN DG
W22%. LT, n 00 DL X

mg(eﬂ”y(1+~§%)n)::nmg(1+~§%)-—v%y

2 2

y oy 1 Yy
=n|l-—=-——+o(=)) - =" to(1
(e (3) v

Hpg2 Z3EBH U 72 1 U, 72 & Z21E Lebesgue DR EH % (i 21X LW,

22 AR Gauss A DAR [T e dr = T Tz =u/ya LEHPEREEHBTNIEOND.
Gauss ADARIEUFOE S ICUTHHAING. £ll% [ bBLE P = [T [ @) drdy ThH
D, 121 2= e ) D57 L 2 =0 THENZ UNIROMER] OEREZ LRI NG, D/
DET 0< 2z S 1IZBITLWHMIE —7log 2 TR D DT, TORMEIK fol(—wlogz) dz = —w[zlogz—z|{ =7
1285, WZIZ T = /7. Gauss BADAARDAERE R L ZARMHBARNHTRZLZIATHY, ULrEZT
DEFRBHTHKDZ L ZATHD. UNLUEDOZEIINIDKEKETH 2 Z Wb hNIE, TDEI 2 TOW
HAHBEORIC R D Z e HHER 7 BNHTRIHEHIO? D, FHBIZRZDIE T TOH D% EEHHE
LZDTIEELS, P DL%3IELAEZNSGTHD.




2.3. Fourier KEEA % W R W GTE 7

BOT,n—o00TeVW(l4y/yn)" —e V2R X5IZ14+y/yn—12R5.
ZAT, IIRHEAL S 5 Z & & Stirling OARUIXFMEIZ R S

efﬁyfn(\/ﬁy_’_n)nfl R e,y2/2
I'(n) V21

TRDOB Y, DOREREEKEEE [E R0 A6 ORERZ RIS RUINRT 5 Z & & Stirling
DRXIZFMTHD.

H VAN DWW THERE D RN D L ROV T HUDMRERE BEAE L U TS Z
& & Stirling DANFFRUEIIZHS.

Y,, ODHER 53 A0 B AU HEHE TE R 0 AR O RER B S BB & RN 9 6 2 & O EEERGERT IE
Vnf(n) OPCROGEH L FARRICEATFTO LS I U TRLNS:

\/ﬁfn(\/ﬁy + n) = \/ﬁ

\/— e~ it(vny+n) p 1 00 wy €V e~ itvn
" - t: _ —u
Via(Viy +n) = / (1 — )" 27?/_ (1—@u/\/_)
1 [~ 2 1 2
— — e MW 2 dy = e v /? n — 00).
21 J_ o 2 ( )

RBEDES T, Cauchy DFEEHL L D 1B

/OO e~y /2 gy — /OO e~ (W) /2=2/2 gy, o=v*/2 /00 eV 2 dy = e_yg/Q\/ 2w

o0 —00

ERBIE RN

ZDE DI, AV~ A6 DR E RO RHEBRE D Fourier Z2#112 & 2 KRR % 2 1F
MR LD IPERD L ROV TOHMEIRE 2 A Z 1 TRT Z N TE, TOFRERIE
Stirling DAR & [FfEIZAE > TS,

2.3 Fourier REEAIN = FAWR WAL
Y HBOERIY,

n!:F(n+1):/ T dx.
0

MAZEEZ v=n+ny=n(l+y//n) IZ&>T y IZEHT D &,

n‘—ne”\/_/ (1—1—%) dy.
Wz
Lol h():{e—ﬁmw/m" (v> Vi),
"Twenyn " 0 (v < —vi).

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,

LB, ¢ = [T haly)dy &85 loghy(y) D y =012 % Taylor EFIIZL ST
10g hn(y) = —12/2+0(1) (n — 00) £B 2 ZEMNDMDDT, limy, o0 ha(y) = e V2 LR
2280 bhb. X5

o0

lim hn(y) dy:/ e V2 dy

n—oo J_ o

WO RS LR DNER DR #aE RS Z AT IR, lim, ¢ = V21 BELND.

92 HbH Stirling DA X
|
lim S L 1

n—o0 n”e—”\/ﬁ
WNEOLND. ZDOFETHNIE Fourier T ORI HBETIZR LR DS.

2.4 BHEMNMNKEILHA 2RLHGINERSGETEHELUTETSZZEEDOEKR

BT AEE I AT 2 WERZE M n HORERER X, X, DL T Y, = X+ +
X2 CREBINIMERLEY, ORI HHE n OhA 2F2%] LTS,

HHE n ORA 204 shape 28 a =n/2 Tscale 2’7 =2 DAV I FAHIZZFEL.
FRZEHEE n DA 2 e A ORERE BB

e—y/2yn/2_1 ;

T(n/Non/2 >
Fryoa(y) = { T(n/2)2/2 (x> 0),

0 (y<0).

IZRY, FOEE AT EN TN D & 20 128D, TRDD,
0o e~/ 2yn/2-1 , ) e~ @i+ +a3)/2
/O Q(Q)Wdyz /ng(xl+“‘+%)Wdﬂf1md%.
COFEEERTZOIIE, AVIRHEOHLEEEID, n =1 OBE2RBE+ATHD.
n =1 DHBEDOFFEIIARENIZH Y AFES & T(1/2) ODBBRZOEDTHS. LB, 2 >0
Tao=y LMPEREBEHRITDHILIZELLT

00 ) 67x2/2 00 e~ Y/2 y71/2 00 e y/2y1/271
/_OOQ(I ) Nor: d$:2/0 g(y)m 5 dy:/o Q(Q)Wdy-
BBEOEFESTI(1/2) = /1 2flio/.

Mt ZOMARTIE, BHE n 2 KEL<TD L, 1 2F/AMHIEEETD n THED 2n D
ERAAEIZP > VIEMN S ZENESHOENT WS, TOHEIXHN V<5346 O MR &
HZDEDTHD. TLUT, BIEI TR U & D ITIESMLI Nz HT >~ 5370 DR R 28 1 A
DSPEEHE IE R A 2 AR T 2 &0 D KSR & Stirling DA RIKFE ([ UEE X OFER) 20D
THo72 UEZFLDDIERDESIZEFTRAD I LN ONS:

EHIEE n DA 23R40 % AW TS 0, 788 LIZIERET 2 & &, n — 0
T T DR LS EEAE E A0 A0 ORER L BUTIPUER S % &0 S Hiah
WHBWTELHOENT VB FERIE Stirling DAXNE[FETH 5.
T 518t F % L <H->TWD A, Stirling DARIEn — oo THA 2 T AEMIERS
FITEDS I EALZE2EKRL TV E/->TLW,
Uy >0 T ho(y) Shily) =e V(1 +y) #, y S0 T hy(y) < e ¥ /2 B L TWB DT, Lebesgue D

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

2.5 —RRDIFGEDFOEREIRICEE T B KB A AR

— % D5 O HUDMB PR E FRIZ DWW T RMEHEIZ D O B RS9 S

X1, Xo, X3, .. (M THEUWERS A 2R OWRLBDIN THDHLTLH. IHIZTH

SIS = B[X,] 08 02 = E[(X) — p)?] = E[Xy)2 — p? 2FD L ET S.

Y, = (X1 4+ X, —np)/Vno? B LY, DFEEFEARITNTNO0 & 11285,
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 212, 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.

2.6 ZIE2HDHOMERREE

PAETIFMER D AHD TEYIZZERTOPER] (IZOWTEREAEMEHRHALZNo 7. Z
DEITIHT D U DT ZIH % BN I CRHEEIZ BT 2 15
X, DTN T DHERERD L ¥, g(X,) OYIFHEIX

Fan(e

Bt/ /n)™ HARES 72513 Y, (ZBT 2 Fourier KEEARDREFITHEI R 245, A TRVEEIC
IR, JIEOIRAEZEZ D LIZRD.

16 —f 1213 R EOMERHAEIZARS.

VTR I R BR TON R E B R D BENDH D,

B7 1 F7 OBMITT 205, BERE#RIZ LRV,



10 2. AV DAADOREREZ 72 RR 2 b DEH,

LEHRING. 2ITO0<p<l,g=1-p THY,n FEDBKTHD LU, (}) 1T —H
R % RKDT:

n n! " /n
<k>::M01—kﬂ’ (x+yyf:;;<k>ﬂ@nk
Elg(X,)] 2B ORRTEH < ZDIZd TV A BB (TN X HE) 6(x — a) do & D BEAS
HBY.
Bl = [ a@h@de. o) = () )ota o - b
k=0
COES T, “HATEOWAREETLL [,(2) EF XL (FV2ME) &> TEDIN
B L A DN, EHOBRTRA < BB (& D EHICEHE) C8>TUES . FHCik
BB DA & B OB S SINKTH R D Z LB TIRL A,
20 &> BB SRR BT O A SR TIE B <, IR g — Elg(X)] @
SR e % 2 AUE
HUKI R AR, OB g K5 Blg(X)] &5 OTRAL, b2RINRLO
B g BT B Blg(X)] 20, T ORI ASAOMEND ROBEEHE LV &
>R LNELITONG.
2 DUHBIATERZH X ORHEBE ox (1) — EleY] 2805 2 2 Th o, Frlkpiss
R ETHICHAHINS 1 DL T O— Bl 4 5:

lox ()] = |E[e"]| < E[le"]] = E[1] =1,
Sup [ipx (¢ + h) = o(t)] = sup Bl (" =D = Efle"* —1]] — 0 (h—0).

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

L[~ .
=— G(t) dt
oa) =5 [ e

—0o0

ERDINTVWALTEY ZOLX Bl LEADIEFR2XHMTDHILi&>T

Blo()) = 5- [ T B d = = [ Gtex(t) .

T or 2 J_

ZORREY, HEREBH Y, LHERE Y 1IZ2D0T, FEERET oy, PRSI oy
ICERIPER L TR, EE 7R 27 5 A28 ENDEEDEE g(y) 12 LT Elg(Y,)] &
ElgY)] ICINKT S Z L 2mE2%. MBULMRLEE G0 DG O bR E 2 i
oS B TENMIND.

ER. HEREE Y, OREERE oy, DI o IZESIPERU T TEIREDEE ¢ 23
B HERE ORI R > TR WIS A IZIIHERER Y, ISHEREEUZIR L 2. R
PEBRE oy, DFE ATHATRBRE o IZ8RIDURT 2 2 51, R ¢ &R DERALK
Y WEE LT, BEREEI Y, DY 28RS Z M5 nT 52, B

5L KB (TN WE) §(a — a) do FHGEEEL f(2z) 1SHUT, [, 9(2)d(z —a)dz = g(a) IE>T
ERINTVWDEEZXD.

0 Z DRIDOIKIZTHUNR & FFIEND.

72 21 g(z) DRBDEETHNEZFDEE g(t) TIDEDIZ g(x) ERRTED.

27 Z 3 T AR DS

BEBEDFEHTIE, g(y) PRAFDEETH 2 £ 5 BRBNGWGEITPERZ R L, TOMRE UT g(t) &
DIEWVEED 7 Z A (B Z 136 FHER RO ER) IZE& EFN 550K R 2 EL<.

24Bochner D& H.




2.6.  TIHZIAH D HL i PR E B 11
I AT DO TDRIRER 2R T 5. IHD AR ORI

ox, (t) = Bl = ztk( )

—Z(> )" = (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)”

L8520 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)
_ i itk T ity )/ 7T (Z) Sk
— i (Z) (peitalVia)* (qe=ite/vima) "
- ’E;Zitq/\/rm + qeiw/ vy
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

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




12 3. Laplace D HEIZ & 2 EH,

INEY, #EYR T T AZEENDEHE 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,

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


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

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

PO SEE AR L TS 1T HIESD 1/(120) £ CTHAILTHE 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

2T —fME, Stirling DARDE 1 FIRIE E TOYERGER, 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/

14 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) BEH6N2% B 1FHEE 1/(12n) &, n BPRIREE 0l O
n"e " 2mn IZ K BIELDEEE n BRKIREE n! OED 12n DD 1EEIZRDZ I %
EELTW5.

Wz

3.2 HUVEHHOAVITEHHMERWOEUTHEERE%2STEYT 2 45%

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

28 EIR 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

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

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
WARAUT?, a,8,y ZRKOTALD. 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

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



16 4. XNEIRDZ U\ Stirling DA

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).



4.1. XNERRDZ L\ Stirling DARD 5 UVEERA 17

ZITo(n) &0 THISABIZ 0 — 00 ETBE 0 ITPURT 2 RERKT . ShEZD
HiCIIEAMRD S L\ Stirling AR EIERNZ L1295, ZOARTH AU T THH
TBEDICHEMICHIHT 2 2 L W TX 530,

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).

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

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

ZHEIRZZERL TS (o(n) tdn THDE n— oo T O IZPERT L &):
(271) = 92neo(m) (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).

UTFTIERZORAXZIEHL £ 53

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 — oo TPURT D32, TDINRLEER 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

IZRAT D &,

22nn2n+1 e—2n€20 c

V7 = lim ==

n-roo 2201220+l e=2nce /5

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.

SUERL ¢ 8 log/2n TH 2 ZLIXEHMITH 2, Wallis DARZH XL ¢ =2 THD I L Z2RES.
320 UL EDOFEBTHER I N2 0 1IZDURT 2 AT a, HED D SARMIL > re  (—1)FLay, 1FPCRT
. (MEINEHT D L IXBR S A0



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

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]

MEGIGEENDS. ZORKRT 2, a DENTNE p, o DIGERBTEILIZEST
/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)

2B,
1 R 1 R
or | € T EWdp = oo /_ ) e E(p)dp = f(x — ).

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

¥ Fourier Z8#1 3 & U Fourier ZHDFEIEL Y | fla — p) = e @00 DL DD
FIEFINZ DWW T H Fourier D KEEA XML L TS Z L3 hh 53

33Cauchy OFEDEH % 5 15k, e D Taylor B % A AU TIEHBITES $ 2 /5%, 230 & AU HE UM
NHBEREHZLUTWDE L 25 AIEREEBOHETRBIHETRETHS.

ML EDEE X TD LD BEEMNO “9BR” TERHOIND. L7z -5 T, Fourier DKEEARDIFIH DA
BHRERFIEINTHRTLULTWD EARES.




52. —xDGE 21

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

ZDEE fu(x) IZDWTIE Fourier D RKFEARMNENLL TWE %, 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
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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

UD()I(1 — 5) = 7/ sin(ms) ZBITFEA L TEWT (72 & ZISERMT %2 6 2 BB IR 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
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e—=0,R— 00 DIRZZRDZLIZEST [ 257 dz/(142) 1 [0t dt/(1+ 2) »
LTNHBD 2 £5Y Z2E[WFERIZELNI EEDND:

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/*)
LXZNEGD ¥ fEE [N ZEDIZFEL WO 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

25 OEIFE RO % KIFEHEI D 12 1 T2 & 2™ {51245,
W1/ 13 2 % 2™ fEUTEREED, dz 13 2™ 51285,


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

WXEAZIR T 548, AU DOMERFED 1/T(s) IZFELWE WD 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

( f(n) ) ) < Fin +S>§(M>s [ O<s<1) &)

1.

=sF(s), F(1)=

fln=1) f(n)
ERTD. MR TICMAER g(s) 1 a<b<cltLT
g(b) —g(a) _ g(c) —g(a) _ g(c) —g(b)
b—a ~— c¢c—a — c¢c—b

AT o IF IR DT, 1+ 1/24 -+ 1/n—logn = f1n+1 dx/x —logn =log(n+1) —logn = 0
Th21/(n+1) < f:“ dr/x =log(n+1) —logn BDT, 1+1/2+ -+ 1/n —logn 136 50D HEI{H
DgL. DAITPIRT 5.

BZORE 1/T(s) DEHLTZILETED. ZOHETHNERMNS 1/T(s) WERFEH KT
EBRINTEY, I(s) DA s=0,-1,-2,... DAILH DI LELEHHIIRD.
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ZhizLTWBY. ZTNDENYS%E g(s) = log f(s), (a,b,¢) = (n,n+s,n+ 1) ([ZEHT
5L,

log f{n + Si —log /() <log f(n) —log f(n+1).
G¥n% (a,b,c) =(n—1,n,n+s) IHEHTD L,

log f(n) — log f(n — 1) £ BSE Zlo8 J)

PLED 2 DO REREBIUET L f(n+ s) DI (#) BEHNB.
fln+s) OFAG (#£) 12 f OEBERZEAL &S, [ OFBERLY

f(;l(;li-)l):n, f(s+n)=(s+n—1)---(s+1)sf(s), f(n)=(n—-1If(1)
BREWRLLTOS. (#) DIENT 0 & n+ 1 ICHIRAD L,

f(0)nln® <

n*nlf(1) £ (n+s)(n—1+s)--sf(s), s(s+1)--(s+n)

f(s).

(#) DEFT LY

f(s) < f()(n—1)n° _n+s f()nln®
Ts(s+ 1) (s+n—1) n o s(s+1)---(s+n)
DUEzdehd
f()nln® < fs) < n+s f()nln®
s(s+1)---(s+mn) — = n s(s+1)---(s+n)

&Y, RUEDS T (x) PMELND.

Y A3 ’D@xﬁ: (IEAEME, BEEER, BUMME) 272 U CTnWed 2 e 2RI L &
5. EMEMEIRERE [(s) = [T e 2" tda JZ‘) HONTH Y, BEERF ORI LT
BRI I NS ﬂéﬂllﬂlﬁ’i’m?}"ﬁ g(s) =logl'(s) B EE, ¢"(s) 2 0 ZiR
TIE+ATHD. LY *iﬁ&“&:‘(ﬁ(@iﬁk'ﬁi%i‘%é NI f(s) IZRLT g(s) =log f(s) &
BLL g'(s) 20 &RDILERTD:

b
f(s):/ 5@ @) o

ZIT ¢(x),v(x) IFELBMEEETH Y, s IZET DML SLOWD DT L E L T
<. (a,b) = (0,00), ¢(z) =logz, P(x) = —x —logax DEEF f(s)=T(s) £&20. ZD
L, g(s) =log f(s) LB L

" df/ ffll_f/2
T Zasf - 2

WO % /I IXEBICHS 2 EAS.

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 N—ZEBOBFBRAZIEITLEI LB TES.
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WRIT 2~ ff" <0 ZnBiE&0. f(s) DEHEEXY,

b
F(S)A2 4 2F ()M + f"(s) = / @) (X2 4 26(2) A + p(2)?) da

a

b
= / @@ (X 1 ()2 dx 2 0.
WRIZ f2—ffr<08R2. FIZT(s) ERBNTHD.

ZNTH VYD Gauss DN & EEFERMEFMAOIFHINAZZ LI585,

fid. LETHIALZA Y BB T 5 Gauss DRAXDIEIII ATV YT DE D
TlEa <, EENEBNTH Y B A U RS A & 72 9 38U U CREH I 2D T
Holz. MO TERINZA YV VEHBUIET S Gauss DARZ LT D L 512U THEEMIZ
FEAT R 2B TED. B n®B(s,n+1) IZDWVT,

n*I'(s)['(n + 1) n®n!

wBn ) = T T 6D )

1 n t n
n’B(s,n+1) = ns/ N1 — 2)"dr = / 5! (1 - —> dt
0 0 n

2DOHDES T z=t/n LHEVZ PRI, n—o00 DEE,

n°n! "o t\" *
—= s ]_ _ s — F .
STl GEn) /0 t ( n) dt—>/0 et dt (s)

BEDATY TEPDOFIETHEHT I ETED. JHli (#) & f(s) =T(s) DFEITHE
45L&, 0<s<1DEZ

ThD

I(s+n+1)~nT'(n+1) (n — o0).

AV IBEOERBEALY, TNIMERED s >0 THIZLLTWS. WA

n°n! - n°I(s)I'(n+1)
s(s+1)---(s+n) T(s+n+1)
D&, AV BB EMEE, BN, BERI X DR D 2 R,

P
I H Y BB T % Gauss DARE (L7724 > THERERERMS) 52 22135 L.
UEIZEO>TROAAREGEHI NS Z LIZRD:

— I'(s) (n — o0).

lim n*B(s,n+1) =1I'(s).

n—oo
F &
T(s) = 1i B(s,n+1) = li n°n! 1 5 [<1+ 3) S/n}—l
s) = lim n°B(s,n = lim = —le )
n—co ’ n—oo §(s+1)---(s+n) erss vt n

ZZ7T v & Euler ETHD.
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8.3 IEXEHIMDERFEEREHH

HY B O MR EREFOIGH & U T sinz OMERBEEMZIEHL LS. BHOODIHE
FaHiE FHWTCHFIAXI NG AV YR & RX— X EBOBER & EEM 2 O CEFI X 1
B NR— 2 & EREEKEOBERE Y

I'(s)I'(1 —s)=B(s,1 —5) = —

—J3, AV O MR & Y

1 1 ad 52
Fo )~ T s — 11 (1 - n_) |
PAE% iR d 5 &,

00 2
sin(ms —’/TSH(l——), sinz:zH(l— §2)
m™n

n=1

ZD&D1IZ, sin(ws) = 1/(D(s)(—s)T(—s)) RO TH Y ¥ BB HERFTREH 2 5 Ei%
BB OO ERREEANESNDIDTHD.
ERKEE O MR TR R 2 R /20121, sin 2z ORI cot = DI 23 BUER

 [— 1 1
cotz:—+z< + )
z = \z—nm zZ+nm

= R 2 O TEER U, ERHNCE S T U &0, U EEAREE TETBER) o 235
HZRX.

PAR T, EEMENTTld7A <, Fourier S ZD B GR % i > TIESKERE D R FEFE R % 15
5 kMMM L THE I D™

9 r OB cos(tr) D —7 < 2 < 7 TOMED Fourier FBUEH % KD, £ »n b
cot(mt) DR T EEBNEH NS Z & Z/RT D, ¢ D Fourier FREIE

1 T ) y 1 efinxeit:c =7
" — —1nx 1T d —
= o r ‘ 27 [z(t —n) L_ﬂ
C(=nermt =ity (_Unsin(wt) 1
B 2mi(t — n) B T t—mn
BT, e D Fourier MEUEBHIX
N N
] t) . (_1)n€znx
wr 1 mr __ SlIl( 1
= Jim, 2, on D D s
sin(rt) [1 & g eTine
— - —1)"
T t+z< ) (t—n+t+n)
L n=1
sin(rt) |1 2tcos(nz)  2nsin(nz)
— - —1)"
T t+§¥ )(ﬂ—ﬁ e e
SLEHZREI 9 IES 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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2785, WP AT cos(tr) D Fourier FEUR B I

sin(mt) |1 ., 2t cos(nx)
COS(tSL') = - ; + ;(—1) W
W85, ULZR->T,
Comeos(mt) 1 o ., 2t cos(nx)
™ cot(t) = sin(wt) — t * Z( Y t2 —n?

WD « — 7 COMEZING Z &2k >,

1 2 ) R — 1
o) =3+ 5= 3 (i)

n=1 n=1

=132 sin(nt) OB 7 cot(nt) IZFELWWDT,

Z%kggigﬂzzgz(?%ﬁ t+n) §:<iile 11£;n)'

Mid% t=0M"bt=s5 ECHLTD L,

log sin;;TS) i <log (1 — —) + log (1 + )) log H (1 _ _)

n=1

U o T, IRBEHENE

smws_wﬂj(y——>.

sin OEMRFEREMAE VY vEHBOBEEFEFOAXNZEOTHES il
1/(T(s)I(1 — s)) & sin(ms) 2T DI LIZ&>T
T(s)[(1—s) = Sm?—m)

RS LI T(pI(q) =T(p+q)B(p,q) & 1 ZBORES D EHFE D & 57 DOIET
DA EHOTEDIZHHTED Z e 221X, IROAREELNS:

1 00 45—1 00
t=tdt 1 d
fl__:B@J_S%:/ fg_xyﬂdx:/m =—/1——£—<
sin(ms) 0 o 1+t s), 1+ul/s

INHDRARFEENN—DZEHTEINIIXMEFEILRIBOEND LDITB->TVD.

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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8.4 Wallis DAL
RDOARAIE Wallis DR L IEIENT WS

.22 (nl)? _ 2n 22n

G TV e (n) v
Wallis D RARDHEEHWVE Z A XM EZEOFEHRPNEBOHOMBRTEOINT VWL LI A
Tdhd. Wallis DRARIEAT Y Y EHEIZBET S Gauss DARAIT s = 1/2 2RATHIEES
Nb:

V7 =T(1/2) = li n' !
™= = 1l1m
/2 = a1 a2 )
2ntinl/2p) ontlnl/2p) 2""n!
n—sool-3--+(2n+1) noc1-3---(2n+1)2-4---(2n)
22n+1n1/2<n!)2 22n(n|)2 2n1/2 22n(n|)2
= lim ——————— = lim = lim ————.
n—oo  (2n+1)! nsoo (2n)! 2n4+1  n-oo (2n)/n

RDORARE Wallis DR L FEIENT W S:

==
KPR,

()= 0 a) e

9 fIgk: BRABERDHICDOWVT

9.1 IERDLH
IROTERBETTER I NDMEEDH % FH pu, HE o DIEBH A & FEN:

i e
() dr = ————dx.
o V2mo?

¥ 0, D EL 1 DIER AT & FFHEE R A1 & ISR

BEME MBI X, Y 2TNENT i, iy, D 0%, 0} DRI Lrens
5%, X Y 1BV iy + py, DK 0% + 0F DEBISAI L7005,
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9.2 AUIDHmENA2E D

IRDOWERZE LR CERE INDMERSHH % shape a > 0, scale 7 > 0 DAV YL

58
efm/‘rl.afl

) e
for (@) dv = (o) d N T

EE = ar, #EE am® THY, 020 D& EEMEIF 2= (o — 1)1 IZHRD.

(x > 0).

BAEM MNIABHERE XY DENTN shape ax, oy, scale 7,7 DAV X 3AEIZU -
M E X, X +Y & shape ax + ay, scale 7 DA VYDA U0 D .

HA 2FHH (2 AR IF AV IR HOFN R GETHD. 7205, shape n/2, scale
20NV EHEE n DAL 2F540 (P 240) IS, A 2 R/OMISEHHE n (2
DWTHAMZFD.

MR X, X, PEEERARIC LA E XY = X2 -+ X2 [ZEBHE n
DA 2FHAIZUZMND.

9.3 FE_ER—IYNDHE t D

IRDMERBEEHBMCEBINDMERDPAEEZINT A=K — , >0 ZFFDOHE _FHAN—4
434 (Beta distribution of the second kind ¥ U < (& Beta prime distribution) & M3
~ 1 ‘rafl
fap(z)de = Bla ) (12 dx (x > 0).
B>126IFEEE a/(B—-1) I8, 8> 2 ZR5IEFHIE (a(a+8-1))/((B-2)(B—1)?)
2785,
BN — DA OMEREERBUZ 2 =12/ (v > 0) ZRALT, XD E —c0 <
t < oo IZHERT B &, MERBEEHBUIIRDIE L8 5:

j (t2> tdt— 1 2ol "
P\ )~ veB(a, B) (1 +12/vy)ets
n>0HUT, a=1/2, f=n/2, y=n DL E, ZOHKELRBCERINDHEED

HEHHBEE n Ot PAELER. 205, HHE n O t 946 L IXIROMEREEHKETRE
BEINDWHERDEDZ L THD:

t2 —(n+1)/2
m@wz%@+—) it
n

(
(
)

B 1 ~_T((n+1)/2)

- nl2B(1/2,n/2)  /narl(n/2)

HEEN n > 1 2561t 2EIXEH 0 282, HHE®N n <1 D& X t oMmIXEE % R
0. BHEEN n > 2 25Xt SAEIEDE n/(n—2) 28D, BlEE % ERKXICT S0
[RC t DD pEIEZENZTN 0 & LIRS 2. HEHEX n <2 251Xt 046D
SHUSERKIZRS.

Cn
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n

1 , B
n—1;(X’“_M>’ I'= S/\/n

EBLE, TIFHHE n—1 Dt BHEIZLEZDD.

EFR. TS EDBREDE & T, B[S? =0? L85, S? IR EMEEZNT WS, EHD
MAOFAENEX Y, M XV p, 58K 02 /n OIEBDAHEIZ UMD, WD 2T T IZHEBIOMER

ST BRMERER X, ..., X, DNENE XY p, 78 02 DIEMASHEIZL 0D L &,
M —p

1 n
M:— E Xk7 52:
n
k=1

M —p

o/vn

FEHETE D ARIZ U720 D . ETRRAEZZ 8iE, DRD o 2HERER S CEIHMZ D L
BEEEMDMATEES, BHE n—1 Dt 7HICLARD LS 28 ThHS. T TITRS
B o2 DOPR>TVBEEIZIE Z 2FHTE D0, BOEBDI> T RWEEIZIE Z
ZRHTERW. TITHAER 0?2 ORD Y ITHRESER S? 2T 5 &, MR I EM
DIEME TN t DAHIZBEOTLEIDTH 5. ]

7 —

9.4 B—EBR—IDHE F 0%

ROMERBEEHB CEBZINDIMEDIHZ/NTA =L — a,>0 2FRDOHE—FER—XK
5347 (Beta distribution of the first kind € U <IZBIIN—Z 4) & IS

fap(z) dr = 1 -2)ldr  (0<a<1).

B(a, B)

THIE o = of(a+ 8), HBUIE (aB)/((a+ B)2(a+B+1) 1B, a, 8> 1 D& XFIAE
Xr=(a-1)/(a+p—-2) IIHD.

m,n >0 & U, B—FR—=X M OMEREZEBD « 12 ma/(ma+n) (x> 0) ZRA
ERCR

mx mn 1 mzr \" mz \’ dz
Jas (mx—i—n) (max + n)? do = B(a, B) <mx+n> <1_ mx—l—n) T (z>0)
CHEBIND (1 —ma/(mz+n)=0b/(mz+n) ZHVE). ZHE a=m/2, =n/2 D
EIRDIGIZES:

(2) d = 1 mz \™? [ _mz "2 (> 0)
Imn ¥ x—B(m/Q,n/Q) mz +n mz +n x v '

COMERBEEHBMTCEBINDIMERIME/INTA—F— m,n D F PHEER. F 546
En>2DEEFEEN n/(n—2) T8, n>4 DL EHEN 2n2°(m +n—2))/(m(n —
2)2(n —4)) 1248 5%.

FRHDEHZRIY, X WNTA—=Z—mn D F RHEIZLEZRDBHIE, mX/(mX +n)
FNTA=E—m/[2,n/2 DE—FEN—=Z ML,

ST BRERZER Uy, Uy BENTNEHHE di, dy DA 2FDMGIZLEDND & &,

_ Uh/dy
Us/ds
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1385 A—=%—dy,dy D F HAEIZUEDS. TabL, X{V . XY (i =1,2) FRT
WS RTERERTH Y, #2D X) 1ZT 0, DB 0? DEBRAEII LD & &,

2 _ (9)\2 _ 3%/0%
to g XN X =0
EBELE, X WFNRTA—=R—dy, dy D F HAEIZLEDND.
BN — X D DMER B LRI fop(x)de Dzl z/(1+2) ZRALEZBDIF, B
AR — B2 A DOFER BRI fop(0) do 12—B0T 5. X HITHE A — X 5AE O R B
BREUZ 2 =t*/n, a=1/2, =n/2 ZRAULEDIZEHE n O t 7340 D35 K
WZRBZDTHo/7. ZOIENOMRER T PEHHE n Dt DHEIZULEZBS & &, T2 1%
INTGA—=R—1n D F BHEIZUENPD, T2 F/NF A= —n 1D F ZMHEIZUEZDRD
ZEWoMD. ZOERT T DEIFAERIZ S HOERBEN 1 DEED F 3 TH5 2
EMOMDE. ZOZLIIUTNOERNZREEIZE>TEMHEND OGNS, F 3 4ADIEREE
BEBUSIRD LD IZTHEZIEIND:

B (m/n>m/2 Lm/2-1
m=1%2fRA9ddL,
—-1/2
1 T d

gl,n($)d$:\/ﬁB<1/2,n/2) (1+x/n)(n+1)/2 .
XD =1 BRALT, D% —oo0 <t < oo IZHRIE U 72 % O DTSR % [ B MU

1 dt
VvV B(1/2,n/2) (1 +t2/n)+/2

285, TNt AR OMERE LI g, (1) dt IZ—3T 5.

Gra ()t dt =

9.5 n— 1 RITEELD—kD%H & Maxwell-Boltzmann 8 (1)

X, EIM R M ERAETHDE U, R, = VX2 + -+ X2, 2V = X, /R, £ 5.
e E (ZM, 25 o — 1 RCEALERTE LD —BES AT 550 R 2™
i 25 R A

gn(2)dz = ;1 (1 — 22 =3/2 g (—1<z<1),

1
Cn:/(l_ZQ)(n—s)/zdzzB 177”0—1 _on—2p n—17n—1
1 2 2 2 2

225, LR, 2hERED.

n — 2 POCBALBRE S"? = {(zg,...,2,) |25+ + 22 =1} OEHMERZ d' &F
T = ri 4 a2 EEE T, x, D 7 & n— 2 ROGEALERTAT E D REERE DAL
RS B & B ) D on— 2 ROGEREI DR IE 2 (4 S DT,

R ke

dry Ndxo A -+ ANdx, = " 2dey A dr' A dw'.
56 Z D ik % i 2 \XREHE FRUE DA 2 5L S BRI E— RO AT 2 ELBE 6D,
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XU, 7 WD r=\/aF - a2 WEBEMTD L, o = /12—, 0r'/Or =7r/r" &
DT

)

dzy Adzg A -+ A da, = r(r* — 22) "2 day Adr A du
BB 2y D 2 =x/r ITEBEHRT L &
dry Adzy A - Adx, =" N1 — 22)(”_3)/2 dz Ndr Adw'.

U723 > T, R EDBRIFRZRMEREE I p(r) (U T,

/n g(2)p(r)dzy - - dx, = /1 g(2)(1 — Zﬂ)(n—3)/2 dz /OOO P (r) dT/S g

1 n—2

BAD2OOMIDREE ¢, LFE L,

1
Cp = / (1— 2232 g,

1

cn 2V DFIETHEAL LS. 1 DHIE 2 =tV2, de = 712 dt)2 L EBEHRT 2 Hik

Thd:
1 1 1 _1
cn:2/ (1 — 2232 dz:/ t7V21 )32 gt = B (—,n )
0 0 20 2

2OHIZ (1-2)=(1+2)(1—2) LRBOMHL, 2=2t—1,dz =2dt EEBEWHRTDH
ETHS:

1
- / 2(n—3)/2t(n—3)/22(n—3)/2(1 _ t)(n—3)/22 di — 9"2B (n -1 n— 1)
" 2 72 )
0

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

/_l (1—2*)¥"1dz = B(1/2,5) = 2% B(s, s).

1
NR— BB H VB ERATD &
D(1/2)0(s)  2%7'T(s)?

['(s+1/2) I'(2s)
THhDH I(1/2) =7 &Y,

2s—1

NZs
ZDRAIF (Legendre’s) duplication formula & IEEN TN,
Z™ O Rl R R D MBS

5TLegendre’s duplication formula IF/EREDIEDEEE n (269 KD Gauss’s multiplication theorem 2
—ifbIND:

['(2s) =

(s)[(s + 1/2).

ns—1/2

T(ns) = oo s D(s)T(s + 1/m)0(s +2/n) - T(s + (n = 1) /n),

(2m) D

=& 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

[FIBRDSTIET, 4 /n O n — 1 IRGTERE LD —BRIAE D m IRTTER D 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
O)Z:%ﬁck L), EH(X - ILL)()(Y — ,LLy)] é OxO0y 2:7;%)@-(, oxy = E[(X — ,uX)(Y — [Ly)]

9% v AT (T — 00, A 3—5E) BDHIE T — oo TV & BHIMRIE M IR L, H80E 0 1T 3.

O zEf] (Q, F, p) EOFRIEE X 2 HEREB LTSN, RO EE X 2 [, X(2) p(de) ZXHIEIED
P e IR PO B ] & RDT.

TUEsRZE I & SR 220 (Q, F,p) EOEBMEATHEHE X Q >R DI & THS. R D Borel EinHES
AT UT px(A) = p(X71(A) LEDDZLIZE>T, R EOMRAE nx WEXD. px & HEREH
X OWERDHEER., £ LE ux M Lebesgue MIEDHE f(z) L RRIND L X, f(x) ZHEREH X
DOERBEERBE IR, R EOFHIBKE g(z) IZHUT X & g DGEHKZE g(X) &EFEL. g(X) BHERLRU
2%, glx) WAEFEBBEED & ¥, g(X) OHIFFHEIX Elg(X)] = [pg9(z) px(dz) EEDINDG. X D%
BERE f(x) DFAET D85 Elg(X)] = [ 9(2) f(z) dx.
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M well-defined (280 | |E[(X — px)(Y — py)]| S oxoy £%8%. oxy & X & Y D5
BEIESR. pxy = oxy/(oxoy) # X &Y OMBEBRE L IER. tHERBOMTEIZ 1 IF
225,

HAOBUTRIERELTD TR MIVONEE] (206 U, FHEBERENE TR MILDHWZD
AL 0 L ELEEID cosh] IZHIELTWD. MEREH X 2 FHE0N 01225 L5121
EATBEI L2 X — ux 1EANT FVOBEUITH Y, E(X — px)(Y — py)] SNFEDEELL
Wicdhd L rB T INE IBREFETEALZ ERNTARNTRITLD.

WERER - X, DN THD LIX, iy, ... 0, DEWIZRZS L X,

Elfi(Xi,) - [o(Xi,)] = E[fi(Xi,)] - E[f(Xi,)]

WAL 2 ZETHD (fy, 2BIFARBEGKEK). X &Y AWHIALIE X &Y Oy
B FHBAEREUIE 0 128 203, BIZRAZ L AW,

Dy 3N TA =8 —a >0 2FROMEREHTHDL L, X ~D,, Y ~Ds THY, X,Y
I THDETD. ZOLE ELE X +Y ~ Doy WRLT D & X, D, ORI
FEAEEERDOEED.

WERZR Xy, .. X, DHNLTHDEE, oxihix, = [[1opox, BHOLT . DRI,
Op, = ¢* WHLT DI L &, D, DHERDHITHENEZFRODZ LIXFAMETH .
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