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Stirling DA & 1%
n! ~n"e "V2mn (n — o0)

EVWOBEROELUARDZ L THE. 2T a, ~b, (n— 00) & lim,o0(a,/by) =1 %
BkT D, 20/ — b TRETEIIZA 22T S HOMEREE ) 5 Stirling DR
AW B IND L EFIAT D, KEENDRE LRI LR,

Z D) — b DOBEDOAGREETIEBED BRI Z 74D . 2D — hDRKIFF:
BT D Gauss B3 AP, H Y VBN, XR—L2EHBAMIZZS Z L2 EBH L TEM
ML BHOFEEDOTHD.

1 AV HICEATH2HOBREEENISD “EH”
HY DA FIROMERBRER B CEBZINDEEN GO ETHD!:
e—x/Txa—l

far(x)=¢ D)7
0 (z <0).

($:> 0%

IZTar>0@3 o fizhdd /N A—2—Th5%. AFEHED-D a=n >0,
T=1DGEEDH VI NMHDHERD 12D f(x) = for(z) B

e—zmn—l

[(n)

Tk BN £ () CREBINDMREEE X, LB LIZT 5. HEREH X, DT
f &R 02 1ETTS 0 ITB B

fn(x) =

(x >0).

= Oom T I:F(n~|—1):n
= BIX) = [ afia)de = <5 =,
E[X?] = /0 2% f,(z) dv = F(&Zf) = (n+ 1)n,

o = BIX.] = i = .

LAY UL s >0 1 LTT(s) = [ e "2 Lo LEBRING. EEDFHIZL->TTI() =1 %,
WAL 2T (s +1)=sl(s) ZmELDT, 0 LEDEE n iIZDOWT T(n+1)=n! L4R5.

2 13 shape parameter &, 7 I3 scale parameter ¥ FEEN T3 5 LW,

SHERB LB f(x) ZRFOMERLE X 10U T, MIFHERRED Elg(X)] = [ 9(x)f(z)de EEES
A, SN = E[X] LEHEIN, DD 02 = B[(X — p)?| = E[X?] — p? LEHEIND.



D ZNHERZIL Y, = (X — fin)/0n = (X — 1)/ DFHIEHEIEZNEN O & 142
)| T OOk SR

Vnfo(Vny 4+n) =vn
250 ZOMWMRBEERBTy=02B<L
e—nnn—l nne—n\/ﬁ
BB . n>0NEBEOLET(n+1)=n BOT, 2NM n— oo T 1/V2r IZHKET S
Z & & Stirling DARDEALIEFMEIZ RS
HURDEPBFEEZHEZL TN &), FNVHREHZEHTESDT, R LD
A FEEREE p(2) 1L T, n—o00 D& F

VR (g + )
I'n

1f¢(ﬁk;)h@ﬂwzZﬁ@@hﬁhhmy+Mdy—f[Zﬂwig;dy

o(y) ZTIVEEE S(y) \OEMITR 2 L& >T (TROLMBES D y 120 ZARAT
22 812&-570),

ﬁmw—¢ﬁnm"mwn N
#7155, ZOFHRIZ Stirling DARD KL% EIKT 5.

PAED <BH” DERBEDATY TIERENIZT vy TDdh 5. ZOXF vy T2HEDS 72
OIZIFFOMREZ 75w 7Ry 7 AL UCTHHT 2D TIEZAR L, AR e B o R
B O 7ZZEBIC R 2 B ERH D, T DX D B FEHZ DWW TIXIRDHi 2 TR
AR

e "n™ 1t pleT/n 1

2 AUIDHORFERBEZAVWZRRINSDETR

HIET Tl OBRIRER % (R 72 7 Fw 7Ry 7 A& UTHWT Stirling DA% “EHY”
Uz, ULAL, T0 “EBE IR vy Thdb o7z TOF vy T2 D2 72012
13, F LRl B B A i 4 3 A e T M B (TR 2 B D ¥ Fourier Z8#1) O Fourier 28
HCRRTDILIZE S THHIND Z L 2 VT HENRDH B,

Z DHITIEA V< 7341 DWEFRFE LA 2 FEEE D Fourier 2 TR OTAXNZHNT,
BT Stirling D AR ZFEH T 50,

2.1 Stirling DA DEERA

H Y3 DOHEREERE f,(z) = e 2" /T(n) (x > 0) ORPPEBE (¥ Fourier Z5#1)
F,(t) 3RO &S IZFE I NG

o > itx o 1 /OO —(1—it)z,.n—1 o 1
F,.(t) /0 e fo(x) dz oo s e " dx A=
WHERZE X OMERZMGEHBD f(x) DL X, HEREHY 2Y = (X —a)/b LEDD L, E[g(Y)] =
Je9((x —a)/b) f(z)dx = [, g(y)bf(by + a) dy BODT, Y DHERDATEEIL bf (by + a) L85,
SEEH X Z DFEHE % https://www.math.kyoto-u.ac.jp/ nobuo/pdf/prob/stir.pdf % R THI> 7.
SHERDAGAIIT A — & — n AT DWCTHAEMNEAZFD 2 & LRI S 558D n ROWIZERD Z i
HETH .



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

4 2. NI DHOFERE Z AW ZRRMNS DOEH
ZIT, EHNEDEZEE o [T LT

1 e 1
_/ e—attn—l dt _ _n
I'(n) Jo o

B efliolz. ZDORAIE Cauchy DEDEH %> TRES".
Fourier D MEEAZ & V) 8,

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

ZORAANI ZFROHTU F 21X Stirling DAAXNDIEHIZS L\,
EORAXEY  t=nu LE#TEILIZEST,
B nne—n\/ﬁ B \/ﬁ 00 pitn B 1 ) e—iu\/’ﬁ
Vifu(n) = T(n+1) 27 ) . (1—it) dt = %/_m (1 —iu/y/n)" du.
Stirling DAR%Z T 2 720DI121E, ZHdSn — oo T 1/V2m IZPRT D Z L &2 REIE &
W, TR BB OO T 2N K 5!
e~ iuvn m

logm = —nlog (1 - %) — iuy/n

:n(%—§+o<%)) —z‘u\/_:—u;+o(1).

Lo T, n—ooDE X

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

ERDBIENVDND). mBDE ST RIZEDES o IZ/HLT
/ e dy = var

B RV 2T Stirling ODARDEEH X v 7z

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

8Fourier D KIEAAXDIEHOBIEIZ OWTIZEH 5 fiz ST L.

IBEEIZEERA L 72 1P i, 72 & X 1E Lebesgue DUNHEBE % i 2 (£ X .

0Z DARE 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.




2.2, ERUEI NI TT V< AT OHEFRFE LRI D 2% sUBUR 5

2.2 ERIEINTEAVITDHDEERZRERBDE UK

HERBEE L fo(r) = e o ZRIOMRENE X, £ELLL XY, = (X, —n)/Vn
DL REIFZNTNO0 & 1IZR2DTH -7 (Rifliz A &), Y, OMREEERRIL

R AL ) K e I O TRVAD

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

225, LT, n 00 DL X

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

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

Vnf.(Vny +n) =+n Tn) — o (n — 00).

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

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

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

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

D% T, Cauchy DFEDEHL L DU

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

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

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



6 3. HUYEED Gauss D IZ K 2L % > 72 &

2.3 —DFEDOHOBREEICET 5 KMIB LR

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

X1, X0, X3, .. (ZHWITHSLTEUWHERDM 2 R OMRLEHDINTHELTD. 56

WCENSIXFY p = B[X,] &0 02 = B[(Xy — p)?] = E[Xi)2 — p?2 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

ot)=1-— % + o(t?).

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 KA 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 e dt T

(PR 2.

3 HUITEHHEDGaussEBRICL D EUEFE>-EH

i Efi £ CTIZEIA U 7z Stirling O A X DFEHRIFARE I A > BRI (FT >~ 57347 Y Gauss
*fﬁ (IERE) THBIND Z & 2 AWZREHEZ L E X H5N5.
ZOHITIEH VB ODIEE Gauss B CEBELIY S Z &2 & > T Stirling DA%
mED.

2g(t/v/n)" AR D 12 Y, ICHT 2 Fourier [KEEARDSEILEEC 2385, TRATENGSAIC
FHEIZRY, WEDNKEZZE L I LIZRD.

B—fizld R EOMRREIZLRS.

M2 I R ER T O R E Z R 2 BERDH D.

15 Z D F51E1E Laplace D AIE L IFIENS Z & 033 5. Laplace D EIZ & B Stirling DANDEEH Y Z D
— AL IZBE U Tl& Gergd Nemes, Asymptotic expansions for integrals, 2012, M. Sc. Thesis, 40 pages D &
L,


https://www.cs.elte.hu/blobs/diplomamunkak/msc_mat/2012/nemes_gergo.pdf

gn(z) = log(e *a™) = nlogx —x & x =n T Taylor B9 2 &

(x—=n)  (@—nP (z-n)*

2n 3n2  4n?
&), n BRERLE I =T(n+1) fo e T dx N
OO (SL’ — n)2 n_-n - —(z—n)2/(2n) n_ —n
exp (nlogn —n — dx =n"e e dr =n"e "V2rn

2n

gn(z) =nlogn —n —

TEMIND Z Db, PRI
n! ~ n"e "V2mn (n — 00).

ZDELLOBET % scilab THi Z itk o>TE- AHiHE Y A v A —DEEn 7 TR
ZEMTEXS, EROBAEZIEY 7 b scilab IZDOWTIREEDY 1 — F 2 BB U TALW.

A EDFEAEE T Stirling DARF DR T ne™, /2mn DTNTNDN g,(x) = log(e %a") =

nlogx —x O x =n IZHBF S Taylor BEADERIHE 2IROIHIZHEL TS Z EhHn
5. 3MOEIE [ yPe v /ady =0 BOTHE LA

4 XERMRD S L L Stirling DA
Stirling DAXIFIRE FAETH 5
logn! — (n+1/2)logn +n — logV2r  (n — c0).

Ny g
logn! =nlogn —n+ o(n) (n — o0).

ZZToln)ldn TEHLLHEIIN —00 £TDE 0ICPKRIDIEZEKRTS. ZhelD
HiTIEF kR Stirling DRAREIERZ L1295, ZOXAXNTHIVUIA N THHT D LS
WZHIREHIZEE G 2 2 & MM TE 510

4.1 %Z L \WEEAA
BEIRANEEE f(2) 122oWT f(k) < [ fla)de € fk+ 1) PELL TS DT,

k

f(1) 2 0 &3 BB f(x) 12DV,
FA) + @) 4+ fln— 1) / f(x)de < F(1) + F2) -+ f(n).

Wz Iz
/1 f(a)de < F(1)+ F2) -+ f(n) < / Fe)de 4 fn).
IN% f(x)=logx \ZHEHAT DL

/ logzdx = [xlogz — x|} =nlogn —n+ 1, log1l +1log2+ ---+ logn = logn!
1

RN DR Z RAUX DD & 512 o(n) DFGE Ologn) TH2HZ L EHFEHTES. 2T O(logn)
% logn CES-RBIZERIZBEDZEEZERL TV,


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

8 4. NBIRDZ L Stirling DA

BDT
nlogn —n+1=<logn! S nlogx —n+ 1+ logn.
TRDLL
1 =logn! —nlogn+n =<1+ logn.
L7zh>T

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

ZZT O(logn) (& logn THID L HFRICED LD BELZFEKL THD.

4.2 RZEAFABEBEADIGEABI

FHEO 5 U Stirling OARE S &, an (85 bn [HHL2 Mo a bR (—IH G
) OREUL

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

= nlog bb(a——b)a4> + 0(”)
ERB. PRI
an L/n ab
log <bn> — log W (TL — OO)

RO

" an\ " _ i (an)! L/n _ a®
nboo \bn) " abee \(n)((a—b)n)!)  B(a— byt
Fg 212 an fHlD) 5 bn HELDHAEDOEDED n FTARD n — oo TOMRFRIE —IEFREGH
HORDFTHEED (kn)! & k¥ TEIMRZNIH/OND.
Z DOFER % ZNXIRDO T T RO 1988 FEDOHF D Nk Z R TR 2N TE 5!

1/n
hm(%aq &k &,

n—oo mUn

Z ORREROfE I
33/(112%) 3% 27
2/(1111) 28 16
AR % E> 72 N, £ Stirling DAREH S L RG IR BMEEH 2, TOHRITH
PEEEOBPNTEMIT D Z L 2R L DR LB bnb.
EBRE. R TRKTIX 1968 FICERDREE H L TWd &5 7

1méﬁ@#;%*@;. (A 261

n—oo


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

ZOMEE SN A XX Stitling DAXNTH D, LY —KIREZRED:
((an)H)!/m

hHI — = qa €
n—o00 na

v

BEB DI

((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).

5 f{J8%: Fourier D REAT
BRI % 92 D6 D IFARNAY, Fourier O KEZANDZEHOBEIKIZ DWW THIBAL & 5.
BRI f(x) (ZXF U CTE D Fourier 24 F(p) %

Fo) = [ o) ds

oo

1t

LD, T e FEH [ TN TEY B A RE L TE < &, T L 2l
-
1 e )
f() /‘eﬂmF@wm

:% N

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

51 GaussDHDHE

a>0ThdLL,
fla) = /e

EHEE, Fp) 3 TOW Fourier B TH L L 45, ZDEE

=

(p) = /OO e /(20) gy — €_p2/(2a_1)\/ 2am

[e.9]

PEGIBOLNDT. ZORKRT x,a DENTNE p,a !t DUGERITEHILIZEST

/ i 2 gy o= /(20)\f3g Ty

[e.e]

NELND. B ED2o0fRE2 58S &,

f(x) ]'/meimF@wm

:% N

"Cauchy DRI EB % 85 Jik, e'P* D Taylor R 2 A U CTHAIRY$ 2 ik, £ & 055 U
DHRERE WL TWD L 2D [IEREEBOHIETES IEHRARTH 5.



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

NEOLND. T0b f(m) — ¢=%%/(20) |29\ T L Fourier DRIEARDET LTS,

—#Z f(z) (22T Fourier D KEEA XA U TOIUE f(2) & FEITHBL TRLH
BEEL f(x — ) IZ2WTH Fourier DRIEARIIKT L TOD Z EMWEHITRIND. E
%, F(p) & f(x) O Fourier #1425 & f(x — p) O Fourier 211

| emrtapde= [~ e s ai = )

W22,
— e e F(p)dp = —— / e P E(p)dp = f(z — p).
21 J_ o 21 J_ o

BLEIZE ST, flz — p) = e @m0 12D\ T ¥ Fourier DKEEARDKLT 2 Z & A8
Loz

¥ Fourier Z#8 & O Fourier Z2#1OIIEME KV | f(x — p) = e~ =10 DIEOEED
FIEFNZ DWW T H Fourier DKEEARDLIZLL TS Z DML

5.2 —fRDIFE
a> 0128 U CEE pu(z) %

1 2
— —z*/(2a)
Pa() \/%6
EREDD. TN po(z) >0 & [T pux)de =1 ZHiZL TS, T U THIHIDORRIC
2T, po(z — p) & Fourier D KERA R Z il 72 L T\ 5.
BREL f(x) (ISR UTERE fo(n) Z po & DEAAATEIZE > THEL f.(x) ZEDSD:

fle) = [ " pula — )£ (y) dy.

—00

ZDEE fu(x) IZDWTIE Fourier DRFEARMNEALL TS, EEE, f,(2) D Fourier
L F,(p) £EL L,

R = [ empae= [ ([ empa =) st dy

[e.e] —00 [e.e]

DT

1 o0 ) [ee] 1 o0 . oo . ,
—ipT — o —1ipT ipT r !
el Fu(p) dp /_OO (27r /_ooe </_Ooe Pa(z" —y) dw) dp) f(y) dy

_ / " el — ) ) dy = fu(o).

oo

2 DHDESFT pu(z — p) IZD2WT Fourier DXEEARDRANLT S I L &2 fio/z. I HIT

—00

BALEDEE 13T D & S BFEIEHD MBI THRHOIND. Ud> T, Fourier D KEEARDIFHHD A
BHRIRIEINTR T LTS & ARESD.

19 f.(z) & Fourier D KEEA R L T po(x — p) DEA f(u) TOERBEHOERODT, 2k
FEAEHLENTHD.



52. —xDGE 11

BOT
F,(p) = / e W2 f(y) dy = e /2 F(p)

L8220 WA
1 [~ 1 [~

—ipx _ —ipx —ap?/2
o . e P*F,(p)dp 7 - e e F(p) dp.
U7zhoT
1 > —ipx _—ap? >
| e “’/2F(p)dp=/ pa(x — ) [(y) dy = fa(2).

HELE F(p) WA 72 61X, Lebesgue DINHEH K V) | /23012 DWW T

}}g&% /_ . e e~ 2F (p) dp = % /_ . e~ F(p) dp
MERDL. D, B f(2) TOWTHYBRMAZHRELZEE, a— 0 D& IHK f,(x)
DY) R ER T f(2) IPRT 2 Z L2 RmENIE, f(r) BED YR E T Fourier
DREEARZ -9 Z Db

1o AUE, [ ISARAO R o CHEE LAGET . H2 M > 0 BEELT |f(y)—f(2)] <
M@y eR 2D FEIZe>0%2Hd. HD 6> 02PFELTly—2/ =6 &
SUE |f(y) — f(2)] S /2 5B, B po OEEED, 0 > 0 2 FHAI<TEE
Jyapss Pal® —y)dy S e/(2M) L8222 B DD, BLEDREDE LT

fule) = fla)| = \ | nte =) - 1) dy\
< / " pale —y)If ) — f()| dy

[e.e]

ZHT limgo fo(z) = f(z) PRI N
HHIENT — IOV TIIIRDERIEE BT ITOHT 5.

FERFUE, SEMRMT M, EPEERE (1996), xii+324 H, & 3,800 .

SH XA E RIS SFIR S A D52 2E T Lebesgue FH 43X Fourier AT IZ DWW THIGR U 7=
BLONBNNIET ) TREHRETHY, BFEODEOR TR PRE 7V T R R0
TN EEZATRDIFEEZ S, EOHERFED 2016 4£5 A 3 HEERKUINFTH Y,
TV I TMHED DR EHEARUMNFIZAL RN LIFETEERBRILTHD.

207 NUF B AAAFED ¥ Fourier Z2#1H%5% Fourier Z#DFEIZEHE L W & DRIR ARG EIZT IR0,
pu(z) D a— 0 TORRT-DT T 7 %HIHE, po(z) #3 Dirac D7)V X (EEE) 12 R LTWD
EDIWTRZRDZIENS, INEIFLALHLNZELEE RS,


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

12 6. &k 77 245D Fourier £ #4

6 fI8k: HU A9%H D Fourier Z#2
t> 0128 UTIRONRDKNL LTS

co —a?/(21)
[ o »

ANADPENLLU TS Z & 2B HIETRED.

6.1 /\\\H*E_t%{i 2 jj_lf
A u=u(t,z) ZIRDEDIZEDD:
€_$2/(2t)
t = .
u(t, ) o
Z DB w=u(t,z) FRATGTHRADEARMBIZZ>TND:
up = %um, lim/ f(z)u(t,x)dz = f(0).

t—0 [
ZZT f(r) FERGHEGHBTHD. u=u(t,r) PEFRAZTH -4 Z L IXMRHD DF
ATRBIIRINDG. BEOMROFEHIFFEENIZE 52 HIDMDO Y IZENTHS.
WAIZ, Ut,p) = [T e Pult,z)de £BL &,

0 L[~ 0%t ) 1 D?e e p?
— —wprZ A\ T/ = — = ——
8tU(t p)= 2 /_ ‘ Ox? da 2 /_oo Ox? ult @) d 2 Ut.p)

2OHDESTHAED Z 2HfT8 27/, XI5

o0

: 1 —ipx _ ,—ip0 __
11_1;16U(t,p)—11_1>101/006 u(t,z)de =e 7 = 1.
L7=o>T
Ult.p) = e /2
ERDBIEDDONDE. INTRA (x) BRI N/

6.2 MHANE—DOEMDAEAZB/ALLTVWDIEZHED HE
MO EE2TOEEMS &,

— o —ipx — —ipx
—8pl/'(t,p) /_OO( ir)e PPu(t,x) doe = zt/_ e —&Cu(t,:v) dx

(e 9]

= —it/ <§em) u(t, r)de = —it/ (—ip)e P u(t, z) dx
—00 T —o0

2DOHDEST u, = —(x/t)u 2\, 3ODHOFESTHAED 2o/, T HIC
Ul(t,0) :/ u(t,z)de =1

LRB. INLEY Ull,p) =2 L BB IENDNE. ZOHHTHIUE ult, z) HEY
FRROEAFTH D = L 2 HbR TLN.
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6.3 IEHESTCTEtEIT2AHE

LLE t =1 DHAEDAR (x)

0 ) —x2/2 )
PRINEBEDBIE, o, p £TNTN 2/VE, \/—p’C%@’é‘é EIZEST—D > 01
BB AR (4) BFENE. DRICAR (x) &R T OIIBAR (rx) ZFEITAUEFHT

H5.
X 5T sin(pr) FAEBARDT [ e 2sin(pr)dr =0 LRD. DRI

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

RIS THS. LD cos(pr) 12T D Taylor-Maclaulin JEFE % A A U 72 (2 BT
NTDILIZE>TIDARERED.
Wefls, £9° [ e "2 dr BFRLU &S MORMICEST

/OO e—z2/21,2n dr = /OO (_e—x2/2>/x2n—1 dr

o0

= / e (22 do = (2n — 1)/ e 222 .
ZAZINIIZ n =10,1,2,... 1T LT
/ e dy = (2n —1)---5-3-1V2x (2 )' V2.
NS !

2DOHDESIXELD TR 2n---4-2=2"! Z2NFDILIZLE>TEHELNDS.
LETHEMUZEREZHNS L,

[e'e) oo e 2n
—z2/2 ( _ —x2/2 . n(pl‘)
e cos(px) dx / e (—1)"———dx
/_OO e HZ:O (2n)!
X . 2\n ) ) > 2 2\n )
:Z( ) / e ” /2332"d:v22—( r/2) Vor = e P2/,
(2n)! J_o ~ nl

6.4 Cauchy ODBEQTEEZFED AL

BEMF 2> T2 ANTHAIUTFE LU OVEBHIEBER N B S DO T, LD TIEKR
MEIZFHRE 29 5. Cauchy OB EHZH S L FEH p ITH LT

/OO e~ @Hip)?/2 gy — /OO e 2 dy = \/2r

—00

LRBDILERED. DRI

o0 o0

TR (k%) DRI NIz
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7 {8k GaussFEHDETE
IRDNADERE~ BEEHOMH: % i L & D
I:= /OO e dr = /7.

ZOARDEHAWE ZA (REHR L Z2) IXMHEAROGE A A X RS OME A E R
DFEFBIZZESTWB I THD. EBEOFHTIX

I? = // e~ @) gy dy=m
RQ

ERTILIIRD.

71 BEREBRICLZFE
x=rcosf, y=rsinf &MEEEHT S L

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

2 DHDE S CTHUBEIEZAHD Jacobian 23 r 1282 Z L &2 ffio7z. £ L IX
dx ANdy = (cos@dr —rsin@df) A (sinfdr + rcos@df) =rdr Ado
ZOT, K={(r,0)|r>0,050<2r} B &,

2 o)
F://eW%MMmF//eﬂmAw:/ w/e”mmw.
R2 K 0 0

7.2 Jacobian AL T ICT O EELHRICL 2ETE
y Mo 0l y=atanf IZX > THEDSEMELIT D L

) () 00 /2
I? = 4/ (/ e~ (@) dy) dx = 4/ (/ e 050 1 cog? 9d9> dx
0 0 0 0
2 ?cos?d 2 /2 | g’ cos® 6 o
4 e rcos“fdr | df =4 5 do
0 0 0 -

=0
/2
4/ lde = .
0 2

ZOFHBETIZ 1 BBDOEHBIED UL TR,

7.3 E—DEFEED2EY OBELRTEAVWEE

P = [fo0 @) drdy W 2 = @) QNIRD Y T 7 L FTH 2 = 0 1B E N
FOEEERDOLTWS. AUARREIEES - OWEHOMEME m(—logz) # 0< 2 <1 TH
UG RIZEFE LW, DRI

1
I? :/ m(—logz)dz = —7[zlog z — 2|5 = .
0
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7.4 AVIEHBER—IEHBOBEFREZAWEGE
s,p,q >0 (6 U IEELNIEDEHFZL s,p,q) 1T U T,

[e.e]

1
[(s) = e "zt dx B(p,q) = / 2P N1 —2) e
0 0

IEOTHYYEHE T (s) ERX—XEE B(p,q) PEZRIND®.

%ﬁﬁﬁ FOoTTI(s+1)=sI(s) THDILWDOMNY T'(1)=178DT, 0L D%
BnlZUTIn+1)=nl &85,

Gauss 7 T 11X T'(1/2) IZ5FE L

0 0 t71/2 o8}
I= 2/ e dx = 2/ e’ dt = / e 2 dt =T(1/2).
0 0 2 0

2DOHDEFEET o=t LBV, UAEDR>T I(1/2)? =7 %iEHT I NI Gauss B DY
AETEAZ LIRS,
NS HBUIILL T D & 5 BEBOFRRZEFD:

m/2 o p-lgp 1 [ d
Bm®=2/ mﬂ“@ﬁﬁ*&%:/ ____:_/ S
0 o (L+tyte  p fo (14 ul/r)pta

r=cos?f =t/(1+1), t =u'/P LEBEMUZ. 3DOHD (BRED)EXERD p=1/2 DEHE
DRI BN t 5348 OMER B E B DOFRRTHHAIN, 2 DHDOEROWREI KT F
A DERBEHBORRCTHEAIND. T(1/2) D Gauss FE2 T & 2 RRDHPEFE D B
T IERD AR OMER B LR D TR THAI N, 7 Y ERBOERZXDOBEREDBHEIE X2 7
HDOWREDHBORRTHEAIND. ZOXDICTH Y IEHBER—2EHBIT L <FHAIN
BHERDA % BRT 2 72 DIZIIBEDHEIZ R >T NS,
FHCRAIOFRREY B(1/2,1/2) =7 L7232 ehbnd. DRIZ, LY

I(p)l'(q) =T(p+ q)B(p;q)

PWRINZZRHIE T(1/2)2 = B(1/2,1/2) =7 £ 82 Z & Wb»nd. UZR->T Gauss B
FOFHEIEHN Y I E R—ZEBOHNEZOBEBRRERT L IIREIND.

AV L RX—ZEED DN OBMBRRIT 1 BEOEBR S L B ET DR D A%
ﬁoféﬁﬁﬂﬂﬁéf‘%é URTEDI L2 MHICHIAL LS. R AITHLUT, 2,y BN A
EAIZGTEIMEN 1IZHRY, TN D L FITEN 0 1274825 2,y DEEE 1a(2,y) &FE

2z E L SADREREZOMLFANH 5. LT TIRETERIZ OV TIZRbD RN
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2OHDERSTy=2—0 EEHBES U, 4 DHOES THEAODIEF 2 XML, 6 DHDE
5T o=zt LERFBES U
. T'(1/2)* = B(1/2,1/2) = 7 ZROEHBARDRHNBGETH %:

T

I'(s)I'(1—5)=DB(s,1—s) =

sin(rws)

ZORRITEEBOIEHERH D, 1 DHD AL sinz & T(s) ORFERER

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

n=1 T n=1
1 s(s+1)---(s+n) N st A
F(s) - nh_)Iglo nlns e H [(1 * E) € }

25 HikTH5D. 2T v X Euler EE

: 1 1 1
vy=lm (-+=-4+---+——logn
n

Thd. IN6DRANZEDD L,

F(S)le -5 _ F(s)(_i)r(_s) _ 3(_—88) H [(1 n %) <1 B %)} _ sinf:rs).

2 DHDGIRIXIRDEM D 2 ERFEN OV TRHAETLIZ L THD:

o] ts_l

dt.

F(S)F(l—s):B(s,l—s):/o o1
0<s<1THhHDEHEEL, 0<e<l< RIZFUTEZDROEN KK Z C EL:
F9 e 06 RETELTICHED., WICEZRVH EOFSAEFRLET IR R OMA
LA KEEERY T1ETS. TUT R M5 ¢ $TELTSICHED. RRBICERFEH EO
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Rz e 9254/ e OME E2KRFEEIVTLIATS. Z0&E [, 1dz/(1+2) &
2 dz/(14+2) D 2= —1 TOHEBOD 2mi FFHTZHEL N

/ Zs_l dZ . TS
= —2mie
c 1+z

e—=0,R—o00 DIREZEZD I LIZELT [ 2 dz/(1+2) & [Tt dt/(1+ 2) 2
LXTNEHHOD ¥ f52 Z2H[WAFERIZFLWI L DND:

s—1 d ) 0 ts_l dt
/ ? z _ (1 o e27rzs)/ ]
c 14z o 1+t

NED2ODKERZ KT S LI12L>T

B(s1 ) /°° 5= rdt  —2mie™ 271 T
5,1 —s) = = — = — — = )
’ o 1+t 1 —e2mis  emis —e=mis  gin(7s)

COFRE L= E B I EoT s [T du/(1+ull) ICEBTES. DRIT, WK
DAREBENFZ LT RS,

du TS

B(1+s,1—s)=sB(s,1-3)= N '
( —+ S, S) S (57 S) /0 1+ ul/s Siﬂ(ﬂ's)

CORARZEHERTIELETED. R>1Thde L, HEAFH LZ2FENAMS R ETE-
G AR, IRICIRGEHE D IS 21s 721 EERL T Re*™ ETHEA, TINLEMETES
TR MEEE C eE\EL L, [dz/(1+2Y%) & dz/(142Y5) D z =™ 2B 5 H
B —se™ D 2mi FFIZE L <, R — oo DIIRT [ dz/(1+ 2Y%) & [ du/(1 + uwl/*) 7»
LEXZNEHD ¥ [GFIW2EDIZFEL W PRI

/°° du  —2mise™ 2mis s

0

1+ ul/s 1 — e2mis emis _ p—mis Sin(ﬂ'S).

EED 2B UZERICHBREN L SEHOLDNDDIFMOEFE%Z 1 &S 20 BWEEHO
2mi fE iz Eéb‘bf%%

BHEMT L WIFHRE L T < BRI DWW T, moREE Tigilaml G En)
D5 E (201267 H) 2853905, EREEBGRDO—Mim72 1) TR <, BARKZREKE
DOMBEDOFELWEREEOTOTHIZBIEZ2TWBDIFERKZLES

7.5 MDAEE

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 TARL .

Bzs OEIFE RO % KIFEHEI D IZ 1 T2 & 2™ {51245,
s (% 2 & 2T fEUTERELEN, dz & 2™ fF12h 5.


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