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HRZLHOERRIEO B 2 EREA. Moy nlRERE KBz IERIBER & M3, IERIBEEK
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0.1 BEEDRLA
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BARRRADEME, 8k H (p. 304) Z R X,

0.2 NZ2a—rET - CORBOBNIGFED?
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0.3 EBRHY - EXBEHEHEOESE

0.3.1 Cardano

JEEL (EBTRWEZRE) 2R FHIDTES LDid2 XA TR <. 32Xk
RL T o7, Cardano (¥ =B ZE « HILX—/ Gerolamo Cardano, 1501 3 7 /I %
N, 1576 4Fu —<TET %) 13, FF Ars magna de Rebus Algebraicis (1545)7 (Z D& A b
ME MEKRZ2E ] DXIWCREINZZenH b)) OFT, 3RGER, 4 RGEXOME (@
DARIN) ZR LTz,

3XFFER 22 + pr 4+ ¢ = 01X LTS,

sl q @ sl q @  p
1 — /=2 42 Y O BRI
(1) v \/2+\/4+27+\/2 Vi a7

DR L 7229,
Fix, 3XGERNCDHPIREFZNZ HDONRD 35, SDHEIX

A= — (27¢° + 4p*) = —108 {(gf + <]3>3} (108 = 22 - 3%).

2 3
hzHwse, (1) FROES5F=2HZLNS:

U B S Sl S B BN e
N 2 108 2 108"

A HRHIRKOZICSED L, RDZ & T,
o A>0 = HER S 3ERERO,
e A=0«& HIRZFBE, POITXRTORIIEHTDH 5,
e A< 0 1D0FERE, 200FR (A WVICEZELK) 2o,
(ZOHEFEAKRZ, METZHWTAEZICHEHAT 2 Z 31k, M3 2R X, )

A<0DLER, (/-5 BIFAEDOEHTHZ, WRIZ, (1) D 2 132 ODFEMD 3 FRD
MTHEH16. EMTHS, WRIZ, (1) 3ERZE2EZ 2, KT A <0 DL ZiE, Thd
—DERTH 5,

MEIZ. A >0 (e ¢?/4+p*/27T<0) DHFETH D, EFRB3TTERX 22 +pr+¢=070
M 2 3FEM2FOH AL, Cardano DA (1) KEEDHNTLES, ZogHa%E. I'H
HITDHE ] (Casus irreducibilis) & FES,

Cardano @ Ars Magna 121&. A >0 &2 5% 3XGEACRXZEH T 2 H3EH > TV
D, 2OV RIEDND B Z iX Cardano 1XHAK > T b b, Cardano &, B4R
TELT10, 2 TA0CR2=208E? ) WS RZHL, 5+/-15 &FZRL TV
DIF (ED PDF 77 40D 67 R—=TYH), 2O zlERLTWS EEDbNS,
DBV FRIEZAH, TV LA TR BEAACEER L) EEX. LWSEHNd 5, FHE
HARTDIZE, ERO XS REWATH, FlCER7ERR T S —SHE IS AZED 2 0E YD 5.,
Dl ZifEbhd (Fbi/z?), ThEE X2 LT, BREEGHOERE Cauchy DS ARETRY
DA TIIRIIPGRNCED, X2 TERDOLDIESNTEZHTHEET 2 L5, tWVWIZeE2EoTW0abHIY
THb,

"http://www.filosofia.unimi.it/cardano/testi/operaomnia/vol_4_s_4.pdf

8az3 +br’ +cx+d =0 (a #0) BEASNI Z, fHHLALIET ¢* +py +¢=0 OO HFERICRET
x5, M2 2R X,

93 XIEAL (BEEZAD THR 2 )3 20 (1)) 8o, 1 ORFII, &IZ 2201, 2 XTEAZMRE
FIERES, EE 262X TRITORBHHETH 2, M6 2R
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5+ P B m. 1§.
s 3. &o n\. i SI

2§. m.m. 1§, quad. eft 4¢.

1: LT 10, 2213 T 40 725 2803 54 /15 (Ars Magna 22 5)

SKXABRRDIEEDHAEN R TH 20 VWOFEmBH 2 TN, ZRUIBVTEL (9
T AFRFEEIF e ARV, 3R BBUCEI T 2@ HZ RIS /NFER (HRR) L7
D Cardano TH B Z L IIENLTH 5,

BT TEFRED)2 XA T, R EOGEE R, EROH P TIIMIIELE LR WD,
R BEAT 2. BBOHFTIIMOIEET 21 LHiHEIh S, TNEKEE - ELWL
M, ENRTTEOIOIBHE VWS DDEEZ AT DIZ W (BRI A THRIZIL
727 VD TR WD ? £ W0 DIFHARDEMITHA S, ZNCEZD2REDD L, ), FEHREK
SHEHBROEBAEG Ve &, BONKRO—E BRI N S (22T 5 Z I3
Fizw) VS HEOMMIEAMITREZTIERV., &R D,

B 1. BLT 10, 23T 40 /42 28%K X (Cardano DIFE),

IRD 5 DOREX, 3XGERICET 20T, HERBROSHOZEEIZOWTOMNE
PEEH E D & < RV (BRI AUIE BB R W),

(FT2ROFEBEOIWCTL2DIMMHETH 2 Z L ZHEET %, )
3 2.

(1) f(z) E3RZHEK, o FZERE T2, KAZIELTER A B, C,D % [ ¥ aTEbE,
f(x)=A(x —a)’ + B(x —a)* + C(xr —a) + D.
(2) HASNF3RZHENX 25 4 ax? + br + c WL T, y=2—a &5 EHEHRT
P tar’+br+ce=y+py+q (2ROHEDIRWV)
EWVWIOTBIZEET 51213, a ¥ 5 ENF XV (Cardano i),
(FE&Z p. 221)

((p/3)® + (¢/2)? DFFESTROHRINHRK S Z & 2R T 51, MPTEDIZEIZE DH G E
OMEEETH 5, )
3. p g 2FEHEITILE, LD Z 2 ZERYE,

3 2
(USKﬁﬁﬁx@mm+q:0ﬁﬁﬁ&%3%@%%otwmm\@)+(@ < 0 AN
+5TH 3,

3 2
(m3%%&ﬁxﬂpﬁq=0ﬁ3£ﬁ%%ok®mm\@)+<9 <0 DREFHTH 5,

OR8] 6 (2) DIAMEIEREE TR %,
VA =-3-22[(p/3)> + (¢/2)?] & 2°+pz+q OHHIXTH 2,
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cﬂ3m§ﬁﬁx-Hm+q—o#kﬁ#owim%ﬁo0@@2mm@ﬁfﬁé)k®mm\
(g) +(g) >0 PRETHTH 5,

Bl 4. XB+Y3+ 28 -3XYZ=(X+Y+2)(X?+Y2+22-YZ—-7ZX - XY)=(X+Y +
-4+¢$t

)X +wY +0?2) (X +w?Y +wZ) pEFEXTHZ 2 2mtE, XL w:i= 5

T3,
RS9 5. p,qZ’Pé’é;&“C( ) +(2) S0 RWEETEE. P hprtq=0 OFERERD X,

(& z \/———l—\/ \/——— = =) — ZADINIIX Cardano DE

ERTHPEERDLES
EVh 3 v, 0,8 r=a+8 ZfHITE X

&auﬁ:_qﬁx>a5:_§ = PH4prtq=0 ($HD5 I3

MDD, o+ 3= —q, 3% = — <§>3 i3 o, f BT,

Fﬂe()ﬁ5f%muﬂ@2o®#@%ﬁ®;
(2)p & g D—BROBERBOHZEI. 22 +p2+q¢=0 DITXRTORERD K,

0.3.2 Bombelli

Bombelli (7 7 7 TV« RNV | Rafael Bombelli, 1526 4£ A % 1) 7 @ Bologna 12 T4 F 41,
157244 XY 7@ Rome I2TRT %) I3FH Algebra (1572 4F) OHFT 3G BEADOTETTD
e & aiH U7z,

23 = 152 + 4
YW AR (ZHUEERER H1E, RBEEEAWT 2 =4, -2+ /3 2f#lF %) 12 Cardano
DRRNEHEHT 2 L.

T = {’/2—1—\/—121—1—6/2—\/—121

PEHN 20, EEICET 2R EEAZEALL BT, Thn 4 1IZF LW, il ",
D%, ZLDOADPBEEE VT ICNEITD 3XGERZMET 5 L8 Ln, b it
T HLERTAAMRETH 2 2 & X TAtA S N7,
(mwmp1ﬁ WEHZETHE L TAT, Bombelli ZOWTIRERESTTH B KU, i
DMz Uiy & 5D LIARZBEDND %, Wikipedia I K % &, Klein [3], Smith [4] 251
77 I/‘/XGZ@ZPO’CL\%)O Algebra ® PDF 7 7 A A\DVY 7 b H 5, )

ReFnTH2Z257200e, ZOBEROVIHTIE. BHD 3 FBHRIMEI—RICHEELLVODOT, 4 1ZFL
WEWIET 5 Z iR AW, Mathematica T sd=Sqrt [-121]; x=(2+sd) "~ (1/3)+(2-5d)"(1/3) T 5 ¥
(Sqrt[-1211=11i TH D). x 1T 4 1T% %,
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0.3.3 de Moivre

de Moivre (7 77 —24 + K « €7 7/, Abraham de Moivre, 1667 &£ 7 Z > 2D Citry-le-
Francois {4 F 4, 1754 FH[E D London 1T T %) 1&. 1730 4FIC

—1 —1 -2 —
cosnr = cos" r — Msirﬁxcos”_%c + n(n=1(n—2)(n = 3) sinfzcos" Mt — -+
1-2 1-2-3-4
—1 -2
sinnz = nsinzcos™ 'z — n{n 7 2)(7; ) sin® xcos" B+ -

EWVWHIRAEE R, ZHUIVWDWSE R < EFTILORR (de Moivre DA
(2) cosnb + isinnf = (cosf + isin )"

52281258, BREERW2 EHBLNIELR2E L REHTDH 5,

0.3.4 Euler

Euler 2§, Euler 2§, % Z 2o 300721 e 5Nz Euler (LA YL - F
A 2 —, Leonhard Euler, 1707 £ 2 4 A®D Basel I F 4., 1783 EHRER S 7 DY 7 b RT
VTN ZIZTET 5) 1E. Euler DRAR L FIIN S
e = cosf +isind

EWVWOFHLBERA TR AL, MERUTTER L,

FER B R R (BRER OB IR TUL, AR BERED 2 Z 030D %,
e =cos —isinh LB LIETSANBEDT

et 1 oif 0 _ it

cos = ——— sinf = :
2 21

BERIEREIRNC O W THREQERIZ A % &, de Moivre AR H LR E K 5,
BENBEIRIC OV TEFRF DD - 7205, Euler IS TH 2 Z 2R L (ZHIZD
WIS [5) 2 R &),
Euler I3FEMBEEBICOWTHBABEELRFEREZ LTV,

0.3.5 Gauss

Gauss (#'7 &, Johann Carl Friedrich Gauss, 1777 %4 A 30 H — 185542 H 23 H, BL K A
Y @ Brunswick I F 4, FHF A4 YD Gottingen IZTHET %) 13BZ O ROFHBEFEET
HA 5,

Gauss ETSH . RBFEDEXRTFEIBIZKD OV AIFW X 5725315, Gauss 132 DEEMNZ
aoak UCy ATETH A LA Z R U7, BRANCEERZ FER L ST, F2ERB T RAE
2R TR oD, X1 U LEDEREOERKZENAX, 1 RE 21T 2 ROKBIT o FE
N2 DEIBNER07Z5TH 5, (REFOEAEHIZ, BFATE PRI EOoEER

Bafe iz d AvF Y LARWEET, UL 2d LOLERA, FEIFEHR (2) 2D DX, de Moivre D
BV DIEH - TVRY, DL T,

14 jesez Euler, Liesez Euler, c’est notre maitre & tous. Laplace 23T o 72 SN2 HHREE, TGRS
5. “Read Euler, read Euler, he is the master of us all” 72 % & 2

BEIZIE 77 Y ZANEREEEOFEAREHD Z ¥ % d’Alembert DEHE F5Z25THh 5, 72 Gauss DAEA

FEROEMETIFIA » ZFED S v e b, Gauss DANDHEZNFEFHL TWiz e, ZOFDiED 0L H S
AT,
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DERFHZIHERNIZ, P b —DODEFHOREFD (FiF. BEHEZADT, broY
n HOBEBBOREFFD, %)) eFEPNLD, HIEREEDRVE, TZEFTHRTE
20 )o

DR TIE. RBFEOEAEM D, EREAEGRZ WG ZET 5 (BAEGH D E# X
:—:1*—“6%5%

Gauss . ZEEE LTHRR LR o720, EHIEBRED DEFRSC. Cauchy OFEDEH, EAI
BAR D FEEEHAIREE R 2 R LFEF L TV T (FAK 6] @ TEEGaiE) (€D WWW
T A MER) 2R X)), 205 % 7MCTER LT & 25T (FSFBIEL, 8 Talgk, MeEErs
RO ERRY) 21778 57,

(Gauss OEHBIEGHICDOWTIX, FH [7] 25FE LV, )

FERTFMEIZ. Gauss FEE bMIIN 5, Gauss HHDFERK (1811 FFH) K D B SEiZ Wessel
(V' = v, Caspar Wessel, 1797 4F), Argand (7 /L4 >, Jean-Robert Argand, 1806 %) 23
HEELTWLEWVWIDBRIALNATVS, (FFEDHFTIX, the Argand plane, an Argand
diagram EWI DIFRE 27 —TH 3, )

Gauss lZBERICHBWTH, Gauss DL (a+ bi (a,b € Z) DIEOBDOZ L) ZEAL Tz,

0.3.6 Cauchy

Cauchy (27— —, Augustin Louis Cauchy, 178948 H 21 H — 185745 H23 H, 75 > X
D Paris IZAEF A, Sceaux I2TET 2) 13 ERIFESD OER. Cauchy DFEFEIEE. Cauchy
DFES L. Cauchy-Riemann DR ¥, ZOERTHEIEERI L DEZL BZHE LT,

Cauchy [ FERD DM—HRETRIEZER T 2 8BET, ZhLDfRICERELLE VWS 2

5 LW, Cauchy ZEBICE 5 WS ML EB VL2 OWTIE, M4 - B 8] 28814 3,

0.3.7 Abel, Jacobi

Abel (7 —~L, Niels Henrik Abel, 180248 A5 H —~ 18294E4 A6 H, / L'¥ = —® Frindde
WWEEN, /LY 2 —O Froland I2THE T %) I3EMBOMETHHEH/ATHHH (ZD#HFKRT
HENHEFLR), ¥EMABEEERE Jacobi (v 2 ¥, Carl Gustav Jacob Jacobi, 1804 4 12 A 10
H - 185142 A 18 H, B F 4 Y @ Potsdam IZAEF 4, FA YD Berlin I THET 3) LHiHT
% XD LT, MEMBEBIIERBER Y LTERIT 2 2 ToHREE WO AREDHS
D78 %, FEMBIEGE & 2 i < RBESBERIE. 19 HidBFZEoEL B EbIhTV 5,

0.3.8 Weierstrass, Riemann

Weierstrass (VA4 L)L 2 + 7 X, Karl Theodor Wilhelm Weierstrass, 1815-1897, ¥l F 4
@ Ostenfelde 12 F 4, Berlin I2 T3 %) [ IFEMBEIEGH, FAEUC X 2 iz, REEIEK
DOHERR ETEEREEDD 5,

Riemann (V) —<~ >, Georg Friedrich Bernhard Riemann, 1826 49 H 17 H — 1866 4 7 A 20
H, 3 KA Y D Breselenz IZAEFA., £ XY 7D Selasca IZTET %) &, B2 KReEEr
B2 RKEFEETHY, BAEGED 7E TlX, Cauchy-Riemann D BRI E TTIC U 7= B GH D%
A 2H GRS, Riemann HOMER ORI ¥ O¥ERED D 5 (=il [5]) BBEZITR D), ZHLSHC
. Riemann BA[FZNEELRFEMTDH 5,

fEFRERGE, RBEIEBGERDFZEIC OV TR, HHlE 5 X 2/AK DEMEERZ  ([6]) »F
BTHHD (FHOEeTHI 777550, REIZE > TENEGHALZ T TETLDITLW
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rEBbhd, xRFHOBERPRMESIZ L 02 EBECKOEE (B2 [9) e PfFdT 2 2
EEED 5,

0.3.9 E=EFH¥

B BIREEGR 222 A CTEBZEDHIETY 7AREREICE 5720 2 OEEEEDF TRV
RO TV BT 20770, H28REEYEE L. RDEHITE> T\,

(a) ZNIEVFTEHIBRZZIIANS Z LIFHRZ W (HIEBUIMEFTIED 2208, BTHHL
T, HIBBE VB8 MED W0,

(b) BFHFIIZE S LTHBERBDPBET, MHFEE L L TRERBERZ I ANI %215
QAN

BEIZHRT 2 &, A (WHEHACHELLRVOT) ZOERES U & OEK - S HRZ
W, BEDEDICEVWTBLRETH B,

1 ERBOERCEOME

BRBOER. WAL BRI, FHR BER n iR LW R XU EX—-FREEE T 5,
(BHFEFROBFAIN A7) BEELH T 2H0E TRV Bbdh, Bk /NG
#o TWD =R [10] [FHBRE S Fid 2028 LRV,

1.1 B TE-l-C%zirhiER3
(—EESELROTRROBRELESICBVT, ZZoTBEHEZS, )

BRBUIERB S THD - 7213F (?) ROEITE, BRBFEOHABFIIEZbA L LER
BENTHSELEEWIIWV, TH, TR ENZEZILVLTALD,

i? = —1 72 28 (BEESL the imaginary unit) i Z8A L. a+bi (a & bIFELK) &F
28 % BEE (a complex number) ¥ W19,

a+0i WXHIZ a, 04+ bi WEHIZ bi, a+ 1 1EHIZ a4+i &EFELZ8ICT 5, 04+0i 10,0+ 14
Fi, 14001 eFEL kTR,

ZLT

(a+bi)+ (c+di) = (a+c)+ (b+ d)i,
(a+bi) - (c+di) = (ac — bd) + (ad + bc)i

THEEEED S,

DI EGERR XS0, i 22 T22HEA LTEHEL, BT 2 »ENEZS -1 T
BEZZ, LWIOIAL—LTHETZ RV (AUHERIMESLNS),

a+i0 % a 2ELL e, ERERDIR OV, TF—H) LTWwWbZrilksd, —DODHE
BERBRE LTRLZDDIRDT 20, HEBE LTELEDDIIZDT2DL, MHRIE
FCIZ7 5 DT, FETETHRW,

F5F22 RCC Aaitd, HOFGHEZER» IR L2 ITHR 5,

BZolh OXFEEZENERT, —K [10] ZFHAL L. BFN¥OZeHENTH o, —MEEDETIY
TEEBPMEDLNZ L FEEL L EZTVWE X7,
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DLEDERBEETOERETDH 205, D VWIIRT, ERLIEF VIV (FVTnT
b KB DEN),
FHAL LLERIZ. KHATERSZLIZT 5,

Rk 1.1 (BBBEUZRIES) BEHEAMBMHEEEO XTI i cFrN 205, Bk i &
FELWIHTIE ] eEFErNLD T 5, JIS (HATERR) Tld. #HRZIIACLTi H5
Wi j eELZLICESTWS (25 THD),

RRDRRTH DD, 07 I V7 SiED Mathematica Tld. BEENZ I THRIT, £
72 MATLAB T3 i, j OB ERHHMEZR L, i ® j 2EBHBE LTHWTER 2 EE
HDYTHGED 11 R 15 FBEHMAERT, =

BEBO2EEZ C eEL, C={a+bi|a,beR}

FRHTROVEBED Z & ZEH (an imaginary number) &R, DF D EB X, a + bi
(a,bER,b#0) EHFEITZHDZEWVWI,

a=00Dt %, PEM (a purely imaginary number) EFERZ & 235 517, Z DFEFRTIIA
R WD BEEIIMEDRN T L ITT 5o

BEBOERL 2, w, ( BREDXFETREIND I LDZ WV (CFE—X, FhiFVz—&E
FLL)o

z=zx+iy (z,y € R) TN LT 2,y ZZNELN 2 DEER (the real part), BEEHP (the imaginary
part) PR, Rez, Imz T&T:

r=Rez, y=Imz.
(BRI FAYXXFZHAWT, Rz, Sz B VWD, REEHEVMEONLRI KR oTETNEE, )

R 1.2 (R8P - BBERINXFEDEBIE) » OEI - BIE, FhPh o,y TRIBETH S
P, w DI - FEE, FhPhou, v TRLU, ¢ OFEH - B, 2hzh ¢ n TR

z=x+1y, w=u-+iv, (=E-+inm
Bl132=1-2i DL E, Rez=11Imz=-2 RDESZdbEI 3,
Re(1—-2i) =1, Im(l—2i)=—-2m

IEDHAITTIZ 0 = 0+ 04, /IEDH[ITIX 1 =1+ 0i TH %,
BRI, 0 TRWVEREOHTEIE SRS, 2 =0 +iy #0 (zv,y € R) I LT, GRIEI
B3 2) WtERD IS, w D 2z OWILL X

2w =1

Zii7zT eV I, w=u+iv (u,v eR) B, (z+iy)(u+iv) =11

rxu—yv =1
v+ yu =0
522, 0=0+0 IIMBEHTH D, 2OBEHTERN, WS 22 IiZk? (EAMCIZEEE PEL KL
%) a=022Db#0 DHETHBER LR, LT 20ED D20 (FEDOEROEF I OHRETIEZO X
ICHIHINT VWS L 57, EBRICIE (RILZRVWOT?) b Tuwink 572, MEHY WS SEIHD
NZGEE. b=0 DFEHADT (DFD a=0 DI NE720T) MEREHATNVE X5 TH S, iz
1 TELZRITHNDEEMHEIE TR THERTH 5,1 VWO EHTIE, 0 PMERTHZ 2 Z2REL TV 5,
ISR, (REF) 13, 2505 A Y X FOHABEMNHREE A DD L EDEED S KFETHZRL Ko
7ok 5T, (BR) 2505 2 dHoT, FLDFAEDPFEFBEOHELKDHAZTZTEHH L TNS I LIZTDWNT
. FABLET,
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EWVWSHEN I XGEREFETH 2, ZDOHEROMIZ
z Y

$2+y2’ U__a:2+y2
THb, WRIT 2 DMIC w T—EANFEL T

w = —1
x2+y2 I2+y2

TH b,
7. 2OZeZ2EID K,

HTTE e TEL,

) 1 T — 1y
+ 0 YeR) = — = .

fER CXRI#RICR 2, C O Z & ZEREBE L TR,

BRE 2, B n LT, 2" EEREFIT &5 EF]T 5,
fl 8. i" (neZ) ZRd X,
M 9. (1+49)%° 2K X,

1.2 CDE»ALLEES
C ZERT D HFKNED 2 H 22, FAOBEDHIE Hamilton DHETH 2 (kDWW
DN O FIRHGR LB L . PAETH 5),

Hamilton &3 C DEHE R?2 = {(z,9) | 2,y € R} IZ2O2WVWTE, FRZ MLDESL LT
BECIEZERLTH 20 (ZhLANCH, ZA T —F5, NHE, /LR EEERLTH 50,
Z ZIWZHTZTRD XD ICRIERERT %,

(3) (a,b) - (c,d) = (ac — bd, ad + be).

f } ™
88 1.4 R2 13, Ik

(a,0) + (c,d) = (a+ ¢, b+ d)
. (3) TEFEIFREICL T, AJHA L2 %, IMEDHEATTIZ (0,0), RIEDHALITIE
(1,0) T, (z,y) # (0,0) DFIEICEAT 2H7C (2, y) " 1

-1 _ x -y
($7y) - <x2+y2’x2+y2>'
N J
AR A KD R DD Z e 2R T 57210, =

Yn BERBZSIE 2" En D 2 Off, 20 =1 (0° ZERLEVI L DB EH, BRI D an2" &Y, 2°
n=0

BPER : OB EZ 22 E1F, 2 =0 FTADT 0 =1 2T 200%M#), n VADEBOHEZ., 2 #0112
LT n= L
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B9 10. 2O Z & &R,

AR 1.5 (RO, IEFEDORIE) L WIENERSNLES K V. K (FIHRME, field) %
R eE. DURD (1)~(9) DD Z e 2 WS (MHEZDOWTHHHETH D, BLZRNT
FIEIZOWTHHREETH D EERIZ w72 F),

(1) (Va,b,ce K) (a+b)+c=a+(b+c)

(2) (0x e K) (Vae K) a+0x=0x+a=a

3) (Vae K) (3d' € K) a+d =d +a=0g

4) Va,beK) a+b=b+a

(5) (Va,b,c € K) (ab)e = a(be)

(6) (g € K) Vae K) alxk=1ga=a

(7) (Va € K\ {0x}) Ba" € K) aa"=d"a=1g

(8) (Va,b,c € K) (a+b)c=ac+bc, a(b+ c) = ab+ ac
(9) (Va,be K) ab=ba

((2) DD L &, 0k F—BINCEEZE DT T3, (3) D 0x lFZD 0 DIk
ZIT, ZTHIX 1 OWTHFEETH 2, C TRERINEDHNITE 0 1TEHD 0 THDhH., F
FEDOHNIT 1 (EFED 1 TH 53, )

AHBEROES Q, RBEROES R BAMATH 2, Q & RIFAMHYATH 5721 T
L NEFREONE (KTh b, 2IEFEETH D, HFBERMADINE - RIKLWILT 2) %
o, $7%4&bDb

(1) Va,be K) (a<bVb<a) (EE®D2ICIXLLBATHE)
(2) (Va,b € K) (a<bAb<a= a=D)

(3) (Va,b,c€ K) (a<bAb<c=a<c)

(4) (Va,b,c€ K) (a<b=a+c<b+c)

(5) (Va,be K) (0<aAn0<b=0< ab)

DD LD, —F. C BIEFRAETIER Y, =

SEFTR Do WBFEED 2D o TWizn, & [11] EICA -7, HBEH DA
RN 2 LoD EIZFATHLES EWVWHBE T, Hamilton 1T &2 ERDPENTIN
TWho — 322 2BEDOLET (v FT7 27 AAHE), FLERDOANZRDITSL
DRV (25 HIERDTHTD T ),

BEBEPERTE200, FALSNDORD HIZOWTHHEICHEMN L TE L,

VHAMFRDPREBICH > TWAFHFETH %, http://mathsoc. jp/publication/tushin/backnumber.
html
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TZRAVWTESR T2 > Twiud

@'j) (a,b € R)

DEARE L TCEZERTLIZILDHEKRS, 1 2 i BT E2DIE. ZhLFh
I::<1 O>, l]::<0 —1>
0 1 1 0

TH D FEDPIC J? = I DK DILD, FTe e ITHIBT 2 DI, [FlfRZ R 5175 <

sinfl cosf

cos —sin9>
TH b,

ZIEAROBRBE LTEERE BEE¥AT, B AT 7L EH > TWIUE, KD LI
ERT DKL, ERBEZEAOLEROR IR Rlz] 2. ZOMKA T 7L TH 5
(22 41) TEl> TE- 72 RIREE Rz] /(22 +1) 2 LT C 2ERT %, AL T 7ML BER
RIZTEYRTH 2, L WO ERNREHEDNH 2 DT, C IR THZ 2B 0h b, ZD
D HIEEEFLERIMOEEBOERDOHENL L S22 bRV, ZOHEHTHMA L3 DDR
DHDIH, —HBEMHZLDE (201D LD) LWVWIDIEIHERTH S, LrL, BeA
T 7OV TEIERDHIUE, FOERWHLTATAHLL,

R 1.6 Hamilton (William Rowan Hamilton, 1805 4E7 A /L' > K @ Dublin {24 41, 1865
LIFAT S 2w

fE Dublin IZTHET ) & NIV b Y OETTEUE (the skew field of Hamilton quaternions) &
WA 2 JER] A
H:={a+bi+cj+dk|a,bcdecR}

ZRE LU (18434F), 22T, j, k&
i =2 =k =ijk=—1

iz THTHZ (Zhh b ij = —ji=k, jk=—kj =i, ki=—ik=j 2%E»rN3), HD
TC%2 T (a Cilfaggr;li*o‘;l) EIER,

H (&, AHAOMED S B (1)-(8) 1difi7=3725, (9) Sz, AT,
FERATHUR L M XN B

H DO ZHERICOWTE, THETOD XS RED E RS, RECEBEIIRL D 3272720,
FRR. 22 = —1 0D £1 LAMNTHFET 5 (2 = £, £k))s

Gibbs % Heaviside 12 & 32X FIUIENTICH > TR O SN2 T, PAITEIKIE 3 KITH IS
bRAMHEIN TV, 9 TH 3R EMOEEEzR LD T 57difibh s,

YT OV T, I8 [12], 58 [13] DSFEL W,

(T2 LAt T RBEEE ) [14] WO DBFEEICR -T2 01), 7F—2aiflibi
% - T Hamilton 24 5K L 50072, )m

1.3 FOfth: IEFs L EhEk
FHERDES RIXIKTH 2720 THL, JBEF#EZR>T5, ROMEIFERWTH 5,

(i) Va,b,ceR)a>b=a+c>b+c
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(ii) (Va,b,ceR)a>bhDc>0= ac>bc

BEBIH LT, 20X BHEZEOIERFIEERTERVW I RIS NTWS,
—H T 28 2, w DR d(z,w) Z d(z,w) = |z —w| EERHK S,

P [ Bk
O (AIHAIC 72 2) | X (EFEHKIZ2 B 70) | O (d(z,w) = |2 — w))

& 1. BREUA C DRHESE (7)

COXSICHEHEEDSEE, CIITMTHE L 2R TIHEAT S (ZHUIET 2T RO
FARMECRICTH %), 2FEFEZMNORE TBEEMN ) C. R ZAHYRDDOEFA T, Hifto
RN Z T, CHHLD, GERE=EGETH 20 6) C BRIEFERE WS & 2 A 72T
T, ERATELERW,

1.4 EXRFM@

(ZHUIZETIE. C, R? 2F VT, FHORZHIWT, 6L, K bWV, HEDEAL
LLFEI RV RWL, )

R ZEME AZED ((HER ) X512 R 2 VPHE ARE 5 ( TEEFHED) ) 2 23
LR K K FTo TV B33 TH 5,

ROFDHEE: FHEIZ, FEEFERZLICTEZ—ODEM O 2, O ZEDAWVWERT
% 2 ODMEIEHN v B, y WHZHD, BORI 2RO, R2P={(z,y) |z €R, ye R} D
BEE (a,b) IR LUT, o PEIEED a, y BIED b TH R mENEXE2 2T, FH LELOKE
2 DEZD—H—WIEHRESND, ZDL =R ZEEREHRLIERDTH > 7=,

(RGID EH | OBFENERIIMP? L EZTAD L, TOimmEERPEBIE L IEE 20
NGB, BEEHNZIZX, R2 ZOB DR FEHEERTAILICRDIES D, )

= {z+vyi|zeR, yeR} &R = {(z,y) |r e R, y e R} ORITIE. HARZEHGH
0: C >R p(x+yi) = (z,y) PFETE2DT, C dbFHIEALRTIEIHKS,

ZOr % C ZERFE (EHRECEH, the complex plane) & 5 WIH T XFE (the Gauss
plane), 7L >VFEM®E (the Argand plane, FHIREDHEZB R Z KR L72d DX an Argand
diagram) & L3,

R?* OEGEW x fl, y B FFAZHIZ ., REh (the real axis), EE#H (the imaginary axis) &
,Xo

£ 1.7 (ERF@E vs. ERHTFME) FRICK > T, HADOEKOBIZOHFIETIX, EE
il T MEFERCOFHE) CWIREERES 221tk TWna,
—k [15] &, MEFREFHE WS &L kT

Tl TERTFHE) WO A, ZOEIE. 2 00BEER ¢ n O TRE SIS (54
RILD) EEDERICH b 5. ZOHTWAIR, ERECPHEIX 1 KT T8
REMR) THL. KHlT 272D ZORTIE HERBEFRD 205 Z2ild 5.

EWEZDOITTNS
KA WEETIZ “Komplexe Ebene”, “Komplexe Zahlenebene”, “Gauf3sche Ebene” “Gauflsche
Zahlenebene” 72 A S Z 5 TH 503 (Zahl X H 2K F A VEETT), EFETIX “complex
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plane” & “complex number plane” D HIRFIX, FEFEIANCHTE D EW (B LIC Google TN
725 10081 K BW\WiEoT2), ZOHWHLHARDKEZOEFD T F R Tl TR &M
I HDMVEN, REPEDEEDL STV DIEA D b,

(2024/9 3830) &F [16] @ p. 3 OMIEIC. FEREEHOUGENITEOb 2L H#H > T\ 5,
IFZ R NIEFATAEL XS, =

1.5 FAHIR
ceCITHLT, 22=cZhi/zd 2 € C %Z c DFHIR (a square root of c) & M5,

RDOEFNTRT & 512, EEOERM c LT, c DFITWROBFEEL. (PHERTE - 72)
FFEEHKD / EHWTRTZ kK2,

Kﬁ%ls(@%ﬁ@$ﬁm)E%@@%ﬁ@ﬁﬁﬁ%ﬁooT&b%ﬁﬁwcecmﬂb\
T, 2=c&flileT 2€COFHET %0 c=0DHEET7E—D 2=0DHA, c#0 DY
BlEB I8 0ohh, ZNHEHWIHMD - 115TH 2, EEc=a+Bi (o, ER) &
THE X

i(ﬁ“——ﬁﬁﬁﬁ—ﬁ) (8 #0)
(4) 7Y 2 (B=0 2D a>0)
+/—ai (=052 a<0).
\ J

(4) oFBEHENZ /) OFE a2+ B2 +a iZFAERTHE I EEFERLTEI I,
BEBR (REDPRAEHDA) z=a+yi (r,yeR) B, 22=cld(z+yi)’=a+pi. Z
DA D EEBREER % Lk U T 7R

(5) -y =a, 2zy=p

ZPEZ ZAZREIFIIRV, =
MR DO (4) 2HZ 2 023\, FHIRZFET 2 0ENETL LS. Z20HE
(x+yi)=a+pi 2B 28D 5,

Bl 1.9 22 =1+ 2 TERE 2 2RD X,
(f#) z=x+1y (r,yeR) B, 22=22 -y + 20yt THEDH

P2=14+i & 2*—y*=1A20y=1
1 .
2y =1 &b, y=5- Iz 22 —y* =1 1MRALT
4ot —42* — 1 =0.

TERTHEDH 22>0THHIREFRETSHL

2 _2+V22+4 2422 1442
4 4 2

T
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In 5

1 2 1 22 — 2
2z 2v/2v/2 + 2 2/2+2 2

U 2y #ETROERETANCAIECTSH S, W
<¢m6+2 V%@—2>
5 —+ 5 7] ..

z=x+yi ==

K% 110 (ESFIE - WSEE) (WEFAIE | (EEBEE LV SRS 5.
(a£b)ctd) (HEIHE)

S
(a+b)(c+d),(a—>b)(ct+d),(a+c)(c—d),(a—0b)(c—d)
D4DEERLTNT,
(a+b)(cFd) (HESRFIE)
&
(a+b)(c—d),(a—0b)(c+d)
D2OZFKT LM Z5VIRDOTH DS, ZOFHER, BRTHFEZMHEL TVWD LI
HZTz e, BRBFLZH S TV 5 250D THFETHHLDR? L5 D
MRUCHE o Ty NTHEKRT 5 &, EE[FAIEIZ. double sign in same order & %* double sign
correspond £\ S5, EWIHFHHPH TR 2300, EFD 400 thx o Tna L, f#io
TV ANCHEADZ WV, 5 —A. Bro LW,
B OBGERBICOVTIE, AR 5
/IR BAE BRER, SRR RCA BB AT SRR, Rt - Moefel,
SRR (1979/7/16, ¥Rk 2016/2/25) [17], https://elib.maruzen.co. jp/elib/
html/Viewer/Id/3000033529

DBWMFHITIZ o TV R ITFhE. 2R TEESREIE] 138> TWwisn,

(%> b Tl double sign correspond I FESEREZEDPEIAETVWADLT, T2—o-
(BRATEIRDALAD??27?) lhofeh, ThEeEEE LT ANT, HEG) &h 18
=1 EELANDBZV, EBOGEEIL, 5 7255, )n

B 11. (5) 2R, (/=8 THBHILIKERLES. )
M 12. —1 OFEFRZRD X,
13, i OFHIRERD X

PERMEDOER (BEE) FHHOFHRIIOWTIE, TERTRD Z L BEAEY, ceRIC
WML Tal=cZli/23 2 eRDPEFEETE-DE,. ¢c>0THLEIehRE+DTHD, #
DEE x>0 Zikd v FFADFEAR) 3772 12T, 21 Ve e RTENHRT 2, ¢c=0
THIUX, ¢ DFFIRIFZ 0 DAT, Je=0. c>0THIUE, /c>0ThHbH, ¢ DFFIRIZE
Ve & —/c D2D MEED c1,00 > 0 1AL T

\/0_1\/0—22 vV C1C2
DI D LD,
Fl:ﬂ 14. C1,Co Z 0 tj‘% Z g‘\ 4/C1C2 = \/a\/C_Q 7Z7§B‘ZDEZOZ t%fj——\“ﬁ_o
Rz ARRTEBEENREZ I LRV TT I E R (),
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https://elib.maruzen.co.jp/elib/html/Viewer/Id/3000033529
https://elib.maruzen.co.jp/elib/html/Viewer/Id/3000033529

SRBEDEYE AT BEOFEB cITHL T, Vei=—ci EEBRLED BIZE V1=,
V=3=1+31). ZOHFBETE. TOBRIFHALRLVILIZT 3%,

RERTRALR VIEAFEH EWSEESIIEVEIT 3D
BRTZREALR VA CWSESIIED R LICEDLL,

B 15. BDOEE c 1T LT, e & o= /—ci TERLZEGA. Jac = Ja/e DD
SRV ED D B B,

BERBEERTIE Ve ZESERTID >0 OHEE. FRCHODRWIRD, /e WS
X, TRETHED (FERBEELLRD) ¢ DIFEDFEHIRERTONEETH %2,

c B—EDEZHRE (0 A LDFETIFIRVEZTE) OHEIIE. Ve DERIX. 2Dk 2iZhko
TWVWAMBEIZICCTRO 2D E@ETH 5, —RIBRERITIRN,

FLVWZ IR THEE V2 2R 2 ZICHAT 2, 505 BIC—F/2T | By LTHE
MTH2E51CT %, (CEBIETHEFICITTERY, FUZE2 PERICNEESREZERXE
% DHEE, )

HEHELTHI 12, FIZIERDZ BB TN, c D20HZFEHIBDIH, —FH% S
FVIL—ILTEAT, Zhz e &RTZEIZLT,

ORI T % X D IR W FRERD D),
c> 0 TRVWEEIZ e EWIREDHTRESL, E50VIEKR,, FELRLSTUIRLR
o BLRARIGEND B,

(a) Ve T c DFHRDIBEDRED—D% (IHDNL—NZZDE ZROT) KT
(b) Ve T cDFEABDIBbDELE L0 %RT (5 5 TH 2 0EEHZL—MIIRDIZWD)
(¢) Ve T e DFHIROM G Z2RT

Bz V31X V3i b LRV, —V3i b LWL, £V/3 O A EIELTWE 0
LA, TESRETH S,

R 1.11 (FARD 1 2B9hniE. FHRLEH DD B, ) HEB ¢, T LT. (D
DEZET 51X, c DFEFIRIX +( TH 3,

C=c=>[VzeC)(FP=ce2==x()].

B c=0 7251 c DFEHRIF 0T RDT, (=0THH., £ =0 ZHEDPIC ¢ DFH
WOITXTTH 3,

cA£0 BB c DFARIE2OH2, ZL T, ZOHHED1OHB( THH, 35 1ODF
JtRIE -~ THB, WXIZ L E c DIEFRDOIRTTH S, =

c DIFEFFRD £ TH2 ik, BEOGLEEHZIZ

{zE(C}ZQZC}:{C,—C}

2z 0%, BHROMELHSZ T, [V=1%iET) X5 2ARIELIEDB VS,

2 [ESE] 2 WVI DI, DRICESIE LIRSV, KEDBEIZZESIE, LWL SVWDOEKTH 3,
NI r5 IV IEHEOEEE. TIDBF o TVHLNRVDT, V2 = /]z[e! 2822 L ED B ZEHEN KD
ThH 3D, ZHIBFEL IHOFETH 5,
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DEIIHIT B,
RRkICIR 203, TERXOBE WS BHEIR, ZBALHIAT 00BN EH LWV, BEEY 75

V—DE ) — M ERENALTEL,

https://m-katsurada.sakura.ne.jp/literacy/set.pdf#page=8

5 3.16
2 XABROMONKTE, / & £ Z2FoT L/ LWVWIETEHIAZDT, YOER

PEHALTOIRELANEERT. L5oTHDLRVWTHA D,

e
% 1.12 (EERKD 2 REEXOIR) WEFHD 2 058K 022+ bz +c =0 (a,b,c € C,
0 #0) F. HEROEEAT 2 > OME -, 21513

—b+ Vb — 4dac
z = )
2a

ZZT Vb —dac iF ? — dac DFFBOERD 122K T T2 2205558, €556

ZEATH, 2 FAILDDERT ZLITRDB),
D=0 —4ac 35X, D#0%52D D=07%561F12 (FER), y

N
SERR  SERE D 2 KGRk Rk
B b? — dac

b 2
240 = — ) =
az"+bz+c=0«< Z+2a 12

2 2 b2_4 2
(W) _ 4a2ac THome, Wil 3Vl pPHRTH S, F 111 H5
b Vb2 —4 b+ Vb2 -4
a22+bz+c:0©z+2—:i2—ac©z: 5 ac..
a a a

FORERRIZFEHETH 205, HA TR LR ZAHALTARIWV, Wi L
b\%2 b —dac b b? — 4ac
2 _ _ _
az +bz+00@(z+%> = i Sz %fi 1

L L72R. mROED = i—“‘é:f”c vhrevEq e, RETTIN?2 2WVWIHIYya3Ik
7)) —XF B ANDBZWN, fEDIC
b? — 4dac B _\/b2 — 4dac

10?2 — dac B Vb? — 4dac .
4a2 2a 4a2 2a

DEBLNTHDBH, a, b, c BFEBERSBNGEIZ, Eb6THE0%E 5 DIFEI & HEE

THb,

2 b —dac .. .. .
- = — WHERT %, FhHElelTo e
a 4a? 9
9 2b b*> — dac
az"+bz+c=al|llx+— ] — 5
a 4a

(o) (]

RUSERR  (57k) 79

=a Z"—% 2%
b Vb? — 4dac b Vb? — 4dac
—alzt ot |2+ - T— ).
2a 2a 2a 2a
. —20+ Vb2 -4
WZIZ a2’ +bz+c=0< 2= 5 ac
a
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AR ZOMHERERED L 22 (ERBDOGER) Bbob D, HERMDHEITZD
FFEEHT 5, Taz? +bz+c2=0 OED o, B 2BIR, a2’ +brx+c=alz—a)(z— ). D
AEFIC B 72 o T\ 5,

1.6 HREEH

ERIRN

z=x+yi(r,y ER)IINLT, v—yi & 2 OHIZERE (the complex conjugate of z) &
WU,z TR,

FREX 113 (M%) IFRIFETF) THE) oAk TR 2 FHuie, T (K ') s
5] EWOBKRTHZeD ( T{UZFLI HF. BREDODKBRZFZHCBE, FH, 1 UK
WESBRICHW A RKRBEOBIRIRETH L — V4 XFRT 4 7)o TH) DHHEFICASRD -
Jeiewd, THHE) % THEE ) CREAT IR o725 TH5, m

EED z,w e CITH LT, URPBWMILT %,
HIGE RO HBRERBUITTOEZRLT D 5,

2|

= Z.

2ODERBOM, 7=, . BOHRRERLI, 22 IRERE O, £ B BTH 5,

i 16. 25 ZHEDD X
z=z+iy (z,yeR) ETDLE Z=x—iy THE0H

24z Z—7Z
FWZ 5L

Z+z zZ—Z
(7) Rez = 5 Imz = 5
N WY I P =

(VzeC) (z=2z < z€R).

6) kD, z &y ZlioTREZDDIZ, 2 & 7 2HEXIIRE B2 0H 5,
M 17. ERFHNOEEDERI. % acC\{0},yeR ZHWT
az+az+v=0

YRED IR, (BROM19 bRTAZZL, )
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R 1.14 1 DOEFHOZEE 2 1OV TOHERE, AREGPLEERICRD ZEHRZ WV (1
RABER az+0=0,2XFBRX a2 +bz+c=0ZBOHLTALD), 2 DFEEL - BH 2, y
TEXUZTEZATH, (FE e EET) 200 GEAER) 122206, 2 #ifioHs
RZ2RDBMBICE > T, EWOIBRAETE 5, HIBFUIOWTOHEXDER (HRES)
ERIDIIHBEEAS?
17 oI
Re(2az+7) =0

rETLE, —RLTEBRIOWTOHBERTH 20, REMNCHER 2, y IZOVWTD1OD
HBERTHSE, 525755, n

1.6.1 HEFEHBIERDIR

RDMEIZ n =2 DHAEF. ERE2 ZTERXDORORADN LTS 0H 20, n=3 DL
XA FE TR AHEINIMETH 5%, Tax® +b2? +cx +d =0 (a,b,c,d 1TFEE) 5
r=a+18 (o, FFER) ZRICEFETE, z=a—if DMTHEZ 2Rt &d

W 115 neN, f(z) =ap"+a 2" 1+ +a, €ER[Z],ceC, fle)=0 T 5L X,
f(e)=0. 372bb 'EFRBZEADD 2E8FZ MR T2 %2, ZOHEERBHIRT
b5 o

SR a; BEBTHI0S, Gj=a; THZILIHFET S, FED 2 e CIIMLT

f(z)=apz"+ a1z '+ +a,_ 12+ a,
= 2" + a2 N4+ Ty iz + Oy
=" +m G 2t
=ayz" + 7"+ a1z +a,
=f(®)

THBM5. flo)=f@). WRIZ flo)=0%5Ef@) =flc)=0=0TdH%, m
KM ERORD DICERBEER f(2) = 2 (P(2),Q(2) € R[2]) TH. f(2) = [ ()

DI D LD,

f 18. LoOmBEIXEREEETERBLTEDIID, DFD, ¢ f(z) D m BIRAESIX ¢ d
f(2) DmERTH2, ZOZZitlAE X, (¢ 23 f(z) D m BIRTHE2 05 %S
RoTATRI D, LWHRHETH 2, EREDE FICRAEZIEH 2133 T, 2hz vt
BAUIMRR S 5137, )

1.7 $ExfE

BREEOMMEZEAL L5,
z=x+iy (r,y € R) WX LT, 2 O#ERE (the absolute value of z, the modulus of z, the

magnitute of z) |z| %
|z| = |z 4+ iy| = /a? + 2
TEDD, THIR? OERE (z,y) DEX (/VL)TH b,

BESLLKDRAKICZZTINE, HEFREE ko & 1 FEMHFIC 2 ERTZOFLZ LIS L LT,
BRZEo T, [RAR. BORKDPSHLNL R0 ERDOWT, BIZLEZ DD D,
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RiZTSah 5 (EERFEHLEOMHFNTASZ LRV,

APS)

DD LD, EBE 27 = (x4 yi)(z — yi) = 22 — y?i2 = 22 4+ y® = |2,

R 1.16 LFEEOXEZHDTHL & ZZ, THME) DSRBEIZR 5726, “absolute value” %
5 DRV, BTHTEKS “the maximum modulus principle” @ X 512, modulus % FW
72HEED D % DT, modulus 2HEIMEZ R T Z & HRZATEL DOBRL,

magnitude & W95 FEIFMEBCTHALH, [REX ] L THRIRNZIHFETH S, Fcow
TZOEENFEDONZGEIX. HXMEZEKRT 2, BEGHO 7 F X FTEM (2o, Ei
Rz D7) TH B0 RWIRDOBRICIL DD, ¥Ialb—2ary Y7 bD MATLAB @
HAGE~ =2 7L Tld, BREITOWT (HEXHEZEK S %) magnitude Z#EHT 2205 b
YTERFERE LTEKRO D ROV > TLE -2 TW5S) DEEEMRD -7z =

RK11T 2= 2 b, 2£0 DL E % = é - ﬁ B EEAETENTH B I
z

\G@&E%*@amu SRS TIZ Z I 20M. HBHIEY) LWERHES L o 50
HbH, m

B 19, METHNOEEOME. 55 ccC R, f < |2 #RAWT
2Z—cz—cz+ =0

LRED Z L ERE,

a N
8 1.18 HREEDHMaXHEIIN L TR D LD,
(i) || > 0. F5 < z=0.
(i) |z +w| < |2 + Jw|. (EAFRERX, AFRERXL L LITIEN 5, )
(iii) [zw| = 2] Jw|. (% |i|)
|w|
N )

SEEA a4 bi € C OHEHELIE. (a,0) e RZDREX (VL) THEZeD b, (i) & (ii) 1FK
D CEHEAS 5 E D72,
(ili) Z7R9o z2=a+ib,w=c+id £ T2 L ZE, z2w=(ac—bd) + (ad+ bc)i THE2H 5
|zw| = |(ac — bd) + (ad + be)i
= /(ac — bd)? + (ad + bc)? = Va2c + V2d? + a2d? + 22 = /(a2 + b2) (2 + d?)
= Va2 + Ve + &

= [2] |w].

(BIFERR) REERONE 2z = |2)° ZRLTBVWEDT

|zw]? = 2wzw = 2wz W = 220w = |2 |w|* = (|2| |w])?.
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1.8 HEXREHEHO (FEIL)EA
z=x+yi (r,y € R) I LT
(8) e =expz:=e"(cosy+isiny)

EBWTHREHEI R exp: C > C ZERT %5, (RTEMBZHOWTERLETY, 205
AREHE LTELNSZA 8) . ZZITWRHERLARLTHERT %, )

(8) DHEMD e* 1. FBE e L TOEMBEBTH %,

2 DFERDGE, T35 y=0 (2 =2) DHFEIE. cosy+isiny=1THIH0 b5, e* =e”.
D F D ESRIRE BRI SRR B DHRIC R o T\ 5,

faREHl

(9) ez1+z2 _ ez1622
MEALT %0 FEBE 21 =21 +y1d, 20 =20 +1pi EBEL &

A2 = ™2 (cos(yy 4 yo) + isin(yr + ya2))

= e"e" [cos Y1 cos Yo — siny; sinys + 4 (sin y; cos Yo + cos y; sin ys)]

(&

= e"e™ (cosyy +isiny;) (cosys + isinys)

= e"le™2,

et =" = =1 THE2HD5H
(10) e #0, e*=—.
z BB BDOGEEEZ LS, =i (0 cR) DL &
(11) e = cosf +isind.

ZHUIE4 Euler DR TH 5, FFiC

(12) ezt =i, e =-1, ez'=—i &"=1 (KEHIZ).
E
(13) cos = Ree, sinf =Ime™”.
S5
e % = cosf —isinh
THho2H156
- i _ —ib
(14) cosﬁzi, sinf="_°
2 21
RDZEMHFIHZ T, ZORE —HIZHZATEL LRV,
Z. — 1
(15) e’ =1, e?=e ezﬁ.

BRI OMEHEIC DWW TIX, [e?| = |e*] - |cosy + isiny| = e¥\/cos?y + sin®y = e* T
HENH

(16) e*| = efe”.
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ERIB DG DIEEIER] a™ = (a)! DEBIEEEABADILFRIZOWTIZRIRT 205, Kl
wEEY LT
e = ()" (neZ, zeC)

DD LD, n e N DHFEIX

z1tze+ o tzn 6Z1 zZ2 z

e e ...e”

DPOAEATZ 225, (10) ZHWVW2 2. n € Z DHEEBRD LD Z DT h 5,

AR 1.19 ((®)" @ n ZBHICIRZIER) FZEBOL 213, (7)) =™ (HEWVWIED o & —fi
12 a ZIEOEE LT (a®)! = a™) LW HEEGERIS o 7253, ERBEEITH LTk, BEK
DREFELFELERLTOVRVWIEDH->T (24U §§4.2 TERT S), 250 IH0KXEEZ 3
DRV, BTHD S LI, BEROBERIIEROMEERD (2t VWD) HEXH
D, KBICZDLUTHEZ 2 DIXBHERDBER I TH S, ZOHBEDRAREIHAT 2 Z 13K
FRTHARERD TR > ThAL, &S TH5, )n

X 1.20 (e Id e D 2z FTTIFRW?) BT, 0> 0,2 e RIHLT, “a D xR a® D
ERIN, ZORHIRGE L LT, e bz, 22Tk, — KD a ITH LT o* ZEET
DT, & BERL. ROEDLS, Te D 2 ) Liihil-L kb, EBRIZE ST A
HZWH, I TODE NERSINLZDITTIERVDT, Z5HmODIEYTldzzuwn,
EWVWHEAND B,

§84.2 T, 0 THRWHEZBEM o, BB L ITH LT, @ ZERT I, ZHIHEIIZMTH
D, a=e, b=z DHFEIT, a® I FT 2D e* (ZRUEDRUT—) T HDTIERV, =

fl 20. (HEEEHOEWRIE) e = (") (n € Z, z € C) IZM D ILDH?
feRDEZE, z=1if £ LTXRADEON S,
e = (e")".
Bz s
(17) cosnf + isinnf = (cos +isinf)".

ZHUIE%7 de Moivre DR TH %,

[ 21. EEOEF 2 1T LT, BIFD (1)~(4) DD ILD T & ZRE,

(1) e* #£0, 6% =e* (QFEEDOneZITHLT, (e2)"=e" (3)ez=¢e" (4)|e*| =ele?
FI:E 22. >7\'0) : t %/—T_\"E-o

(1) EED 2 € CIIM LT, =1« 3k € Z) z = 2kmi.

(2) FED 2,w e CIZMNLT, & =e* & (Ik € Z) w =z + 2kmi.

B9 23.0=0Z 2 = 2r 31 5n o 31 o DY X2 ¥ DIEERD &,

y 9
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9 24. FED e RITHLT

DD ILD Z & ZHERE Ko

5l 1.21 cosb0, sinbd %, cosf & sinf DZFHAE L THRE (RLFIE—@ED TRV, Eh
1 DEDIFUTRW),
()
cos 50 + isin 560 = ¥ = (ei(’)5 = (cos @ + isinf)’
= 08’0 +5cos? - isinf + 10cos® @ - i?sin® 0 + 10 cos? 0 - i sin® 0 + 5cosf - i sin? 6 + i° sin® 6
= c0s’ 0 — 10cos® @sin® 0 + 5 cosOsin® 0 + i (5 cos? fsinf — 10 cos® Osin® 6 + sin® 6)
THH2NH

cos 50 = cos® § — 10 cos® sin® 0 + 5 cos O sin 6,

sin 56 = Hcos* Osinf — 10 cos® O sin® 6 + sin® H.m
B 25. cos30, sin30 % cosd, sin) DZIHADFIZER Y,

Bl 1.22 cos® 0 % coskf, sinkf (k =1,2,3,4,5) 2 2o THRE (LoHloFD LS5
ZLTAELD)
(FE)

¢ 4 i\ ° 1 i 40 —if 0 —2i0 0 —3i0 0 —4i0 i0
cos® § = (T) =33 (e“r” + 5ete 4 1030720 4+ 10230 4 5eile=40 4 =5 )
1 . . . . . .
— @ (6529 4 56319 + 10619 + 106—19 + 56—329 + 6—519)
1 1
=3 (2coshf +2-5cos30 +2-10cosf) = 16 (cos 58 + 5cos 30 + 10 cosh) .
(cos® 0 @D Fourier IR Z KDL LITHR-TWVWD, )=
FIZE D, FED 2 e CITHNLT

eiz + e—iz eiz _ e—iz
I — Smz = ———— (Z € C)

cosz = ,
2 ’ 21

DD LD (b 3).

1.9 #&RAZEC

BEBOBERICOVWTHHL LS5, (—STHHT % &) EEEE (IR FEHTO) MEERE
ZHWTRRLERTH %,
¥ 3 2 XTTHERRIC DOWTIEE L L5, EED (z,y) e R IZH LT

(18) (x,y) =r(cosf,sind), r>0, #cR

Zi7z 5 r, 0 DFEET 5o
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r & (z,y) AL OFFERE /22 +y2 TH D, 013 2 BIOIEDERD 2 & IRgEt[E D 12l - 72
AETH 2, 013 1 DIIZEF SRV, (z,y) # (0,0) DHFER. 2r OBBHEDEZFRNT
EF b, Thbb

(rycosby,risinfy) = (rocosby,rosinty) < (ri=ro A3k € Z) 01 — 0y = 2km).
PR B OWTEWRZ 28, RDKI XKD, EED 2€ CITHLT
(19) z=r(cosf+isinf), r>0, H€R
79 r, 0 DFETS %, ERIEREKZHWS &
(20) z=re?, r>0 0ecR

EbHET D,

iz EERE DR 2] = 22+ y2 THD. 0 FEHMOIEDH TR/ 7AETDH 5,
O 1 DITEE SRV, 2 # 0 DHEIX, 2r ODBEBZEOEZRVWTER 5,

0 DZ % z ORA (an argument of 2) EFE, argz & EKT,

( MRADEFRI? ) Ll b, 023 DIRATHZLE, z2=re r=2[,0 eR %
7232 THB, )

(19) % (20) D LS, z ZZOHHME r LIRA 0 ZHWTERLZEKXZ, 2 OWERR (the
polar form of z) &3,

(BT 212 2 ofER &, 2 ZWEE TR LKz THD, TREAZRDLRI V] &
WS L. HENCIEIMEREZ RO LIV, EWVWH e THD, )

0 DEFENIEFZL, 0<O<2n R —7<0<71 DX, BN 2r OFBAXRICRIUZ.
O F—EMIIREZINS, FIZ —7 < 0 < 7 OHFIPFATEAT 0 2. 2 DIRADEE L ML,
Argz TRT,

ARk Mathematica @ Arglz] TAHETZ 2D, FfH Argz TH %,

W123A@Uﬁ%y—%Jhﬂl—@-—%ﬂ%ﬁ—LﬁD—%LA@@J—D-—?%l
il 1.24 2 = —1—i ODMWEK, Argz ZRD K,
2l = V(=12 + (-1)2 = V2.
R 01X
0 z 1 n 1 ;
o — L
2l V2 V2
Zi/z T TH 2, [0,21) TEILD 0 = Zﬂ', (—m, 7] TERRS 0 = —%77. (TRTRER
om

Mi-Z+%m0mﬂDZ%H5ﬁ\@%ﬁ@%ﬁ@lO%h@ﬁﬁEﬁé®f\?NT%
CBETRW, )
I oM LT
z = \/561%,
2 =27
PELNZ (50PN THD, EEH2EATHIEHTDHS), RADTHEIZ —m<0 <7
27z 0 D THEND

3T
A = ——,
g 2 1 [
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R 1.25 (TRMDEEZLTHB L) (19) & (20) DB 5N E L TRRDEZNE L B
STNE, BEMWEED 51X (19) KR 2ABRLHAS LAWY (ZDHPEYITH ), &
WD LTWS, RIHNT 2 LI RBREEVHEZ SRV, &S00

14 V3 oERZRD X1 2w R LT

2 S . N > F
—1+V3i=2 (cos g + i sin Z) (FAFEDS cos, sin TES | MERTIER W)

e, lo=re? b 5252 % 7z OB ERD L) ITHLT
Z=r(cosf—ising) (RIEHIELWERED, WA TIERN )

EDBEZBNDPRENT, WMoXZed) LS EATLE, n

R 26. 1++/3i, 4, —1 OWERERD X,

ﬁzzz=mwzﬁéz%\zzi(tﬁuz¢ozﬁé>@@%ﬁ%ﬁ@\m%ﬁ;o

AR 1.26 (arctan 'Cﬁﬁ’a‘:ﬁ?—) BER 2 =z + iy (z,y € R) DIRAIE. arctan (tan™') %
FOTERST N TEL, ZL, ZLDTFAMIEH-TVD

_ )
arg z = arctan =
T

EWVWIHOREERDDRETH S, UL 7 DEBIGEOEZEMA T 25 3I12IELWVWIRT, AHiX

arg z = arctan Yy (mod 7)
x

DEIREINREZDBDTH D, LTHRZKS I, FfA argz 1& “— A" DIEDINETL DT,
(mod T) TEIATITTH %,
nt DEE (-7 /2,7/2) NDE) ZEH®KT % & LT,

[ tan~! % (x>0 DHH)
tan_lg—i-ﬂ (r <0,y >0 DHA)
Argz =4 tan! % 21 (x <0,y <0 DHFA)
g (z =072 y>0)
\_g (z =07 y<0)

DEDILD, TDEIIZ, ¢ &y DFSERTEHED L TUHE T 28ENH 5,

1.10 #EZXEHROEHEORR

FNZOWTIE, X7 MLOMEEED SEAFIUEE" L— MDD, Thbb 0, 2,
2+ 20, 2 FEBEPE L CHATIRE 23 (REMEFHT 22 8),
2 o0MER DML, HHICHEROFICE D 5N S:

1601

re i(61 +92)

- r9e'%? = rirge

(Tl,’f‘g ZO, 01,02 eR Zj—%t§\ TlTQZO, 01+02 ERTHABZ Z&:?_‘II_JEE )
DB 2DODERI 21 = r1e) 25 = 1rye’® DFEIZOWT, RO NDZ W05,
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(2) 21, 20 DHEHEDFE 2120 DHIHE (|2120] = |21] |22])
(b) 21, 20 DIRADHNE 2120 DIRA
1 DRI WIEEE LTH L, (b) OEFEE
arg(z122) = arg z; + arg 2o

CEXIABRED (EBRICEDEIIICENTHETFRA D HEH), WA arg ld 1208
LTEEZ2DITTIERNDT, ELWVWEIEE 2RV, IEHbT 512i&. Hlz X 2r oS-
TJEZZ2DDER—MHIT 2L WVWINEETI2HEND 5, BRI EZH > T

(21) arg(z120) = argz; +argze  (mod 2m)
ERBT B enRD, RN a=0 (mod ) 1&
a=b (modc¢) < (In€Z)a—b=nc
CERIND, DFD (21) &
(In € Z) arg(z129) — (arg z; + arg z3) = 2nmw
EVIERTH %,

AE 1.27 (RA%Z 2r OBBEDEVZER L TEZISZ L. aRTRENICHE > TWBIET)
ER O C OHEEIET 25 E5HL o TWT TER argz = —argz &, Mldh 2r 0%
BIEOBENERNT T2 Z2EBKLTWS, L, RAICOVWTOERIE, ZOEKT
EZBD.1 EWVOBANHIZA o7z, BT 21T, AKIZ = (mod 27) TRINRZILTH 5,
EWVWHZETH%,

R 28. T Arg 2513, 72712008 LTEE 3, 22T
Arg (z129) = Arg z; + Arg 2

ETHENYyXVEENTH L, ZDI L ZEDID X,

FRCHEBVFH LD » ZEADOFEDODIC 0 MERT 512, 2 12 2T UT IV 2 = 2+yi
(r,yeR) T B

ze" = (z + yi) (cos§ + isin @) = (xcos@ — ysinf) + i (xsinh + ycos H)

TH b, [7H% o 7z[AE 2 H > TWw b N
cos@ —sinf\ (z\ [xcos —ysind
sinf)  cosf y]  \zsin®+ycosé
RS &R,

900° (= I) [MHEF % 1iE. 'F =i BAHUTENC EB9H 5.

PEFARIBEREHS & FICBASI L BBV, BRICRS SRIH SN2,
RS % O, KOFHIAR 104 KOt | % C 708 |, ISBNO78-4-410-80356-7
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1.11 n EIR

BHETHD, irie ZATHEE T, EHALTRAX—IXRET, FHEEWL XV
VAQA

2Ll FEoBERE n . BEHR cITHNLT, 2"=c 273 EZE - D2 % c D n FEIR
(an n-th root of ¢) &ML,

2" =c WO TEDO X Z 2IBAIET (binomial equation) &\ 5 (HETEHE R 2B
AQAY

holE5 A

c D2EBLIX, c DFEHFIROZETH %, c DIFERDZ &% ¢ DILAIR (a cube root of
C) Z%)vgo

BEBOnFROSE, n=2 DL & (FHR) . FERTEAL /  (V OFEHIIIE
BER) FRHWTRT Z 23R (M 1.8). n >3 DL EiX. n b2 DEDLE (n =2™m)
EHROT, 20 &5k (FROHFED ¢/ EHOTERT L) EHRZW (29, 30 %
&)

Bl 29. ceCD3FIRE, c=a+bi,z=2+yi (a,b,x,y € R) &BWVWT, iz HFERX

(x4 i)’ = a+ bi
ZRNTKDZ ZENEZOND (FHRDORDTTOELTH %), 5820 EEE X,

f 30. —fRIC ¢ D 4 I ¢ DFHFIRDOFIRE LTRD NS (¥R ?) T 2ZHWT,
—1,1 D4FRZFTRTKD X,

L2 ULEERZ oAU, EEDO n i LT, n FRIZRO L 5 ICHHICKRD 5N 5,

4 N
i 1.28 (0 THWERHBD n FTiB) n 2 2L EOBEREE T2, c=pe” (p>0,0 € R)
DR 2 n FRIZ

Ve GHER) (k=01 ,n—1)

TH2 (b2 nflFET ), Zhoi3ERFEHTHRARD, F1£5 p OHED n F
kﬁj\)ﬁf@ % (n >3 DFE. KD TS L Ik n AIERRIT 5),

J

(p e =p,r>0 2T r (—EIHFET D) 2RI, )
BEBR 2 =7re (r >0,0 eR) B L, 2" =cIREFETH %,

rneznO _ pezgo'

HADHMEZZEZ D L 1" =p. WA r= /p. Thze LOHTBERIRATL L

einﬁ — eigo‘
ZHUIREFET H %%,
nf = ¢ (mod 2m).
ERAS PR

(Fke€Z) nb—p=Fk- 2m.

BEERUTENTORVWE G2 DIIWES I, 2D ZF KD X IIWTEZTHAE S, cosnf+isinnb =
cosp +ising 6. cosnf = cosyp DD sinnb = sin p.
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Wz Iz

Gkez) 6=L4+k.
n n

WZIZ ¢ D n FTFEBIZ

o) (ke z).
—RUCTERED 2 X575, kA 18222 LIffAs 2n/n TOMMUT, k25 n #x
BETCCRESDT, kKL TAM n THE LD h b, WA k=0,1,...,n—1 7IFW
TR TERL L, $REEL RV, ThOE 2m = c O

(22) p= /) (k=0,1,...,n—1)m
1D FRTHED, e w TERTHEND 2, EFRBET, 3 XFER 22 =1
DIR 1?” weELDDL, ZOEBIIESTDDTH %,

4 N
2129 (1 DOnER) n 2 2 LELOBRBE TS, 1 DHER S n FRI

ek (k=0,1,--- ,n—1)

TH? (bx58 nFET2) w=cn EBLE, W (k=0,1,...,n—1) eEFTZL
K753‘tt'.§|%%.’>o

J

i 1.28 D ¢ = pe* D n FMUI, /pe/"wh (k=0,1,...,n—1) tEL T HIK2,
SEEA @iRH 128 T, p=1,0=0 233723 TH5%, m

B 1.30 2L EOEBRI n ITHLT, wi=e7 B E
M =1= (2= (z —w)(z —w’) - (z—w")
D DD, =
PUR. BARRRERED n FMRERD 20|12 WL O0H1T 5,
Bl 1.31 (SiDIFIR) c=8 DIFIR 2 ZRDTAHL S, c =82 ThH205,
2= RFHT) (k=0,1,2).

Tabb -
2 =2¢'6,2e" 6,25 = /3414, —/3+i,—2i.

ING 2 23T DL, WEPITc=8 L85, n

ZOBITIHREADE R 2, 3FEIRDHHICHHETELD, 25 TRVWEEBRTA LS,
B 1.32 (3+4i DFEHIR) c =3+4i D2FR(FIR) ZRKDTAHAL S, || =32 +42=5.
¢ DRAR 0 :=tan™' 3 (tan ' BEEZET LT D) LERTLHWILLTERN (3UD33, 4,
5eWnd, KLHLNEA=MAILOATD 35, AEOBUEHFEHICK 2 DI TIERWV), @
ZZ ¢ DR 2 1%

2= VB 0PHE) (= 0,1)
_ \/geie/2’ _\/geio/;
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tand = 3, €2 = cos & +ising TH 205, HiR-> CAHETIUIEIEEZ KD 2 Z L SHIK 2
. RRHEITH B,
FixamE 1.8 THHL7-Nic &k 2 &, AR

— +(2+1)

DESN B, i 1.28 OE AP, M 1.8 O L D &IV, /il 1.8 DT
DIGEDLDHEZI DT DB, B

Bl 1.33 (1, -1 D n TIR) n VNI WVEHEIC 1 DO n TR, -1 O n FRERDTAH LI,
en=20r%, 22=10E T =e* (k=0,1) THEDH =1, ™ = —1. HE
Z—1=(z2+1)(z—-1).
2= 1 O GHF) = T (k= 0,1) THED S, F =i, ¢F = —i. EE
2 +1=(2+14)(z —1i).

on—S@Z% Z —1@%’* (k_07172) VC%Z)Z))B‘ 6 _]' 6%: _l—gi\/g’
ez%:#. FER

P-1=0-1)EF+2+1)=(2-1) <z—_1+—i\/§> (z—ﬂ>.

2 2
Z = —1 @ﬁq:ci 6 (3+k27r) = <2k+1>ﬂ 1%575)6 l% — #7 623% = —17 615% — 1-;\/@
ESA
P24+1l=(z+1)(2—-2z+1)
N - 141v/3
THEUDE 2 ORI ?f.

.n_4®t%oz_1®M@éh—w%§@:QLz$f%6#6\&:La%:@
et = —1, e'T = —i. FEE

A—1=F+DEP-1)=(z+i)(z—i)(z+1)(z—-1).

(2k+1)7r

A= 1 ofplx dGET) = P cH e, eff =

7
6 I = —1_7'

7

1= (22 +0)(2 —).
22 = —i, 22 =i BfRIR IRV
A l=2r422241-22= (z2+1)2— (\/52)2— <z2+\/§z+1> (22—\/§z+1)
35U, 20D 2 RAERDIRE LT

—V2+iV2 V2+iV2
2 ’ 2 ’
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47 6

en=5DrE, 5=10DfF 5 (k=0,1,---,4) THEM b, ® =1, ¢35, ¢5, e's,
T Ihsik / R TERBABETH B,

P—1=(z-1D+2+2+241)

TdH 5N
4 3 2 2 ]' 1
24+ 24+24+24+41=0& 2 —l—z+1—|——+—2:0
z z
1\? 1
Slz+-) +2+-—-1=0.
4 4
X=z+; &8t X’+X-1=07T, hiZ

—1+45
=5

X

LR B
e IV B el
z 2 Z 2
A

222+ (1—V5)z2+2=0 Vv 222+ (1+V5)z+2=0.
CHEXREFETH %,

L —(1=+5) £ivV10+2V5 —(14+5) £iv/10 - 2V5

- 4 ’ 4

—J. 2° = —1 OfiRIZ c(FHRE) — pilighn (k= 0,1,---,4) TH205, €3, i
- 5T 9

¢F = 1,65, T, Zhnld / Bfio TERBATRETH 5,
PHl=>+)* =2+ —241)
TH D0,

1 1
z4—z3+22—z+120<:>22—z+1——+—2=O
z 0z

1\?2 1
S l|lz2+-)] —|z+=-)—-1=0.
ya z

X=z+1tBlE, X?-X-1=07T, 2

CRET B,

1
Z4+ - = V. z4+-=
z
VY5
222 —(1+V5)z+2=0 VvV 22— (1-VB)z+2=0.
IR FETH %,

(1++/5) £iV10 —2v5 (1 —+/5) £iv/ 10+ 25
4 ’ 4 ‘
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en=06DLE, CNIBEBEICTEZ2ZL0HDIDT, ZIIZIEELR N,

4n

k:aLm,mfééﬂa\e—le@eWyé

.n_7@z%oz_1®mue%
g%ﬁéaagp =1 O +%ﬂ:a@ﬂﬂ@_0J,n )T@%#% ¢
€T, 6T, T = —1, ei'7, e"ui, CIhBE (1, -1 ZBRWT). / &S

RELWZ EDBHOENT VWD (£ 50\ E%E AR L7z DIE Gauss 'C%Z))

Y

/\/‘\

\1\=l "E

ﬂ

en=80DrE, INBHEICTZILVHLZDT, ZIWRKIEEIPLV, =
R 31. 1, -1 D6 FBERD &,
R 32. 1, -1 O SFRERD &,

AR 1.34 (—ROERHBD n FIRE 1 D n FIR) ZDIH (§1.11) DWHIT, n 22 DFETDH
ZHEEROT, —ROEFEK c D n BREIEROBHED 2/ ZHOVTET Z 2iEHkizn
L b7z,

L2l c=1DHARIOZ IS TEELT. EROHEHD /  ( oi b Vv IEESEE)
EFHOWTRTI DKL D T 2D THZ FELZERORHKE R K)o 7% R U 7%
WEIIZLTHLY, =

R 1.35 (En ARDOEARLE AVNRICEBER) DLEOGEIE, ERE Y RRIZXBIEn
AEOIERI L BRI D 5, Gauss 1E. EARE TV RATIEn AEMERITE 3272121, n D3

= x HERZ 7 2 A~—FH F, O

DEZELTVWDEZeBRBEFTTTHZ e ZitHL (B 6], BB [18). n=17T=F, D%
FIEMER R L (DFE D, IE1THIBIZERE 2 VSR TERIFIRET H 5%, 1EXIATEEZ: n
EINSWHPLRT E n=3,4,5,6,8,10,12,15,16, 17, 20, -

7:wv—ﬁﬁtu\ﬁﬁf%5;927l»v~ﬂf’—?m+1® *TH3, Fy=3,
Fy =5 F, =17, F3 = 257, F, = 65537 l 3V D 7 2 W~ —FETH 503, F5 I3F TRV
(F5 = 4294967297 = 641 x 6700417 & R fREK S (1€ > TR TIER W) 2t % Euler
BHRLRZ). =

R 1.36 (sin1°, cos1° ZR&HT) ®EIKT. 30°, 45°, 60° D sin, cos ZF AT, IEAATED
ER D B TR ZRIET, 36°, 72° D sin, cos HRD7=T e BH 20 Lk, Thbid
Vo R TREHR TV, FADOAREMES v, 18° 15° @ sin, cos &/ THRHTE
%, MMFEMZMS L, 18° — 15° = 3° D sin, cos bROD BN 3,

ZNTIE 1° D sin, cos ZEHEAH?2 LI \/_ TR, FEOHAE n 12
LT n°® D sin, cos b \/_“C?Eéﬂé

ZOMEE. TAD=%%) cBEPHD. Mk K FDIBNB 2, 1° D sin, cos & /
TRT Z EIETHRER W,

Th e == (FXx =R FY—RoT 4=V T H—— 1380-1429, )L %
DEEHE - RIFEHE) X, 3XHER sin3° = 30 — 42° ZEMEMNICHREL 2212k > T, sinl®
ZRDTz (H v [19]). m

2 1
o5 2L — G (—1 +VIT+ /34— 2ﬁ+2\/17+3\/ﬁ— V34 — 217 — 2\/34+2\/ﬁ> TH2 LD ()
BTRT L. 0.93247222940435580457 - - - ),
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1.12 C ODOifEt. EZREHFTIDUNE

FETIE, ZZEEHRRERELRTPRRVWTH A5, R? ERILTH S, LZIE D, HF
fEtt) THEAL LS 2. EFREHOERDI D02 BREOHEOEBIZT S LEET %,

2€CITHLT, z:=Rez,y:=Imz, z:= (z,y) £BL &, z e R% #IT 2z = (2,y) € R?
WHLT, z2:=a+iy B, 2€C (DFEWHEHWTHB). 2O =X

2| = V22 +y? = |2]
Thd, s, 2EBOEHBICOVTHMNELTWE Z W gh s, FE
2 =1+ Y1, 2=+ iys (21,Y1,%2,y2 € R),

zy = (x1,51), 22 := (T2,2)
EIHEE
|21 — 22| = |21 — 22| .

C NOEFNDIEIR S, C O ERE %2 EFR L 3 2 BB OMIR - @ik, C icBi) 2 Hhk
ZHEHBIERIN L DT, R 1B 2 EHOMNEINE LN Z LIk 5, il 21F Bolzano-
Weierstrass DEH, Weierstrass DR KMEEM 72 23 C TH D LD,

{2n}nen DERBIITH S 21X, FEHARE n ITN LT, BFEK 2, PEF->TWVWEZL, &
Wiz 52 Non 2, ECOEBRTHE IRV,

BRI {2, DEFE c \TPORT 5 i3,

lim |z, —¢| =0
n—oo

DD ILDZ "WV I . THUR &N B TH TR
(Ve >0) AN eN)(VneN:n>N) |z,—c<e
DD DT RERT 5,

Zp, C %
zn:=Rez,, yn:=Imz,, z,:=(Tny.), a:=Rec, b:=Ime, c:=a,b)

TEDDEZ

lim |z, —¢c| =0
n—oo

DDA DZ L LFETH D

lim z, =a 722 limy,=05

n—oo n—oo
DO OZ L e HEETH 5,
[ lmz,=¢c < lmz,=c < (hmxn:a/\ limyn:b>. }
n—oo n—oo n—oo n—oo

1.13 HMESRADMRE

M 33. 2= —V3—V3i ITRLT, (1) % (2) z ofIEK, (3) 25, (4) 2 DFEAHIR, (5) Logz %
kKo Ko
(2) AME a+bi H20E a BBV bi (a,b € R) WD DFIZERE, (p. 226)
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2 HEREHRCEOMmR. EIMY

(REHELREL ZAEDPWL Db D, )
QCCr2EHFERE TS, HEPEOBEK f: Q - C DI L 2EZREH TN,

2.1 HREBHDOREER - EEP
BHEBE [ Q= C(QIE CoHNEE) vEZbEE LIFLIE
u(z,y) :=Re f(z+iy), v(z,y):=Im f(z+iy)
TEFLIFEEB v, v 2EZ 220D 5, UNTREHDLD, v & v ZEhZR f DHE
. BEREMERZ 12T 5,
u, v DEFHRIBUL
Q:={(z,y) eR? |z +1iy e Q}
TH2, Thbbuv: Q=R TH3, (Qr QW PHMFLLTE FAL” bOTHS L
EZTRVWEAS, H2WVWEC e R ERI—HLEEE, Q=0Q)
Bl 2.1 (1) f: C— C, f(2) = 22 DIFA. f(2) = (v+iy)? = 22—y +2izy £ D u(z,y) = 22—,
v(z,y) = 2zy.

1 1 1 T — 1y x
2) Q:=C\{0 Q- C = - DA, - = = =
( ) \{ }7f — ,f(Z) P =] P x+2y 5172—1-3/2 ‘J:D U(l’,y) x2+y2’
)
v('r?y) :_x2+y2'

(3) f: C—=C, f(2) =e* ("t = e"(cosy+isiny)) DEFA. f(2) = "t = e* (cosy + isiny)
£ D u(z,y) = e* cosy, v(z,y) = siny. m
Bl 34. LLFDEZ f: Q= CITNUT, f DFEHE - B u, v Z3KD Ko
(1) f(:) = (:€C) () [(2) = 5 (- €C\ (&Y () S(2) = 5 (% +e7) (€ T)
(B MER SRV, (3) TEIE f(2) = cosz TH B LAETHMD . ERLEETH S, )

2.2 KLKESES-EE
ceC,r>0INLT, c ZHbt T 2EFE r ORFE D(c;r) ZXXTED 5:
D(c;r) ={2€C||z—¢| <71}
QCCIMLT, Q DA (the closure of Q) Q XN TED %:
Q:={zeC| (Ve >0) D(z;6) NQ#0}.
QCcCedsrLx, Q5 C DORES (an open subset of C) TH 5 &1
(Vz € Q)(Fe >0) D(z;6) CQ

i A RVAS N AR P
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(R"®%§Kﬁbi5&%®ﬁ@okm ~
a €R™, r>0 LT, Hb a, FEr OBEKIIRK TER NI

Bla;r) :={z e R" | |z —a| <r}.
QCR" LT, Q OFAAERXTER SN
Q:={zcR"| (Ve > 0)B(z;e) NQ # 0} .
QCR"2322E QFR OMEATHD L. ROFMEMBED DI ZRWVS:

(Vo € Q)(3e > 0) B(z;¢) C Q.

2.3 PR &Rt

(Z BRI L2V, AT A4 FEMTHEZEEZVL B0, )
BERBADOICR (HR), H#RHIERBE R U & S IcER S, EIZFEH & EHOICR, #
wiltk & [FMET® %,

fi%zz(@%%&@@mtﬁﬁﬁ)Qchﬂ%+Ct760 h
(1) c€EQreC T2, 25cDEE f(z) D v I T 3 LI,
(Ve >0)(36>0)(V2€Q:|z—c| <8) |f(z) =] <e

ﬁﬁbjo:k%m5o:@:t%ggﬂazytﬁﬁo

(2) ceQrT3, f8cTHBETHS LIZ
lim f(2) = f(c)

WD VIOZ L RN,

(3) fQTHEHBETHLLIF, Q DEEDR 2 T f PEHTHEIEZWVI, )

utv%@bedﬁb»ﬁ%ﬁtbf%iétﬁm%@ﬁ%éoMTL@6<%h%f
rELL, Q- R2TH S,

c=a+ib(a,beR),y=a+if (o, €R), c= (Z),'y: (g),z: (Z:) EIHExE

)= floa = (42 _ [uley)
== (49) - (22)

2 —cl=lz—c|=(z—a)?+(y—07?

|ﬂ@—ﬂ=ﬂﬂ@—vﬁ=%W@w%-@AHM%w—BV

Thh
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THbd, ®ZIZ

limf(z)=v & limf(z)=v & lim wu(z,y)=a »D lim w(x,y) =p.
z—cC

s (2,y)—(a,b) (z,y)—(ab)

N g
[ cTHl < f2c Tl < utviﬁc:(Z)“Giiﬁ.

I HIZ
FAQTHER o F2QTHERE o u koot QTHERE

k72 g7z e, bEOIERBBERHBHTHEMIZILAER WV, EBEFRX 5,

ROurElE. FREBDO L = L RIMBICEEAT 2 2 e ks L. 22T FVEBIE f 12
DWTD LD (TR ) TREEA) 2o b3 E6N 5,

4 ™
il 2.3 (EXREHOM - EZ-B-BOWR) Qc C,ce Q. Q0 —-C,g:Q—-C»

2= cDEEMBEEFEOL &

lim (£(2) + g(2)) = lim f(2) + lim ()

z—C

I (/() = 9(2)) = lim () — lim ().

z—cC

lim (f(2)g(2)) = lim f(2) - lim g(z),

f(z) I f) .

ilifi a02) = Eglg(z) (772U g%g(z) #0293 3).

N J
SEER (TRt A) BUARET O — b (FEH [20]) 12k, EREROGEOMmE (i 3.7) &
BFEWTH D, ZOD &b amike HWGEH L FIRRIC L CRERIS 2 2 2 B Ik 2,

—7. MIET 2FE 2B EE X, ZEBEBOMIRICE T 2mBlmE T 2 Z & ik
%, BREZEEDGEWCHLEHLTEL, f=u +ivy, g =uy +ive, fg=1us+ivg €T 5&
X U3 = UiUg — V1V, U3 = UUs + V1t TH D ug, v3 1& up, usg, v1, va 22HH + 72 - FEZE -
THALTOHNTWVS ZEWKHEETHUUIRY, =

% 2.4 (BREGEBOM - £ - B - BOEGN) SR EREROM - 2 - B - 1 (72
LABHE 0 AR VWHAIIRELTER D) I3EKTDH 5,

ZIEABE. AR OGO OWT S EEBOGEA L RAETH 3,
EROERFEZIER p(2) I LT p(z) TEDLNZHE f: C— C, f(2) =p(z) (2 € C)
X C 2R THBTH %, FEBE. EBEE f.(2) = ¢, HEEBR fa(z) = 2 DEHRTH 2 Z 21X
TRAHZDT, R 24056, fOEFGEZEBIEONS, BHEIE fOZez2Hicp bF
LT EMBW,

B 35. f., fia DEREE -0 GRS & D AEHE X,

m@ﬁﬁi%ﬁﬁgﬁfﬁét§\oibﬂ@:%%%t@épgmwoquﬁﬁﬁjé
L&

Q:={zeC|p(z) #0}
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EBE f2)=7r(2) (2€Q) TEDR f: Q—=C %, r(z) TEDOLNIZEHEAKEMER, Z
NTERR Q 2THETH 5, FB p(2), q(2) 258D 5N 3 ZIERB p, ¢ 13 Q Tl
GTHD. p(2) £0(:€Q) THBILDb, f:]% PHETH B Z L BIH B,

W25f@%:§@{zecw#ﬂ}ﬁﬁﬁfﬁéol

) 2.6 (5B - DEFHM) (D LF 7> v 7 LTWBEFH) —KiC To: R — R 2%
HIX. R?23 (z,9) = o(z) ER PR (2,y) — o(y) € R EFTH 5,1 DD ILDODT,
filz,y) = €® fo(x,y) = cosy, fz(z,y) =siny &FTB&. fi, fo, f3: R? = RITEHTD 5,
f(z) = e* DFEER, BHITZNZN f1fo, fifs THEIDD, 1T C TEBTD 5,

%T NCRBEREIIICRH ONEF T AIRE) WO EHZMENT 5, Zhe

z - z"
n=0

oAU e DEHBABTH L BT oD e Th %, m

2.4 W9

a N
EH 2.7 (WMo aHEE, EA) DD, QX COEEL L, f: Q= C,ceQ 2T 5,
f7Hc CHOREETH % & id. kR

feth) =10

h—0 h
PIFET DI x2WVI, ZOLZXZOMRE f/(c) ERL. f D c ITBIT M FRE W
AT ¥, ZOMEEKLEDFEDMENFIIEBEBO L X L RRICERT %,
QO DEEDR 2 LT, f2 2 THMAREETH S & =, f1F Q TIER (regular, A
holomorphic) TH 3 &\ 5,

J

R 2.8 ( TEAL WS EE)

o 1 c TIEAIE WIS B WHETA2Ze0H %, 2 c 280D ZHES U (CQ)
PEELT, flp: U — CPERITHZ, LERIND, ZOHERTIZZDEVITIEMH
DI,

o [EAL EWHFELIZIZF UEMRZFIOFE L U TR (analytic) EWH D2H 3 (Z
AUITCA I B R DOEHE TR T 2 BRBICEMTE 2. EWHIEKRTH D, [ERIME L fE
WEDEETH 2 Z 2k, o RICKR > THOLIMHTE 222 TH D),

o JTAZ regular DFREEHIEHI, holomorphic DFREENEATH 25 (6 L), 1EH| & BAY
ZHARZ e, ERIZES OPHAGEDOTF A M LTIEETH 508 (277, Ao
W TBA 22N ? ) EWVIHIHBVSH o L b T %), #EETIE holomorphic
2D DOBEBETH 5 (regular 25 KRIIFEEZDHE D B FR0), ZORIBEER
HT5, =
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Bl 2.9 f(z) =~ (EBERK) 32 %, FED € CITHLT
f(z+h) = f(2) V=

. 1 LT B
L R
h#£0

Thbb f(z)=0. FfiZ f 13 C TIEAITH %,
f2)=2F5& fEED z2eCIIXLT

L FEEh) = f(2)

h—0 h h—0 h h—30

Thbb fl(z)=1. FZ f 12 C TEAITH %, =
Bl 36. f(z) =22 1& C TIEEHIDD f/(2) =22 THZ Izt

-
B 2.10 QX C DHEA, ceQ. f:Q=Ck g:Q—=Cldc THMPARETH IS
@\f+gf—gf%§(kﬁbﬁ@¢ot?%)%cf%ﬁﬂ%f%b

N J
sEBA  RBEROLE LR TH 5, =

-
%211 (1) EEOBARE LT LT, f(z) =2F & CTIERIT, f(2) = k2"
(2) EEOERFRBZIERDOED 2881: C LTIERIT %,

n ! n n—1
(Z akzk) = Z kapz"' = Z(j + 1Daj127.

k=1 §=0

(3) 0 THRWEEDOHERFRBAEMK r(2) = ]% (p(2),q(z) € Clz]) DEDZBEE r: Q =
{zeC|piz)#0} 3z r(z) e CIFIERITS %,

J

ZROHIZE N

EWVWHISHZEBITEN TEL 2R ETH %,

M 37. %2.11 ® (1) ZiFHE &,

fE 38. GBI OMITEZFEHE X,

[ 39. MBI OMDTER (BIEL f OWREEL ! MFEL. f 25 ¢ Ty f71 B f(c) T AIHE

ﬁ%@\UIquD:fiﬁﬁﬁbjO)%ﬁ%ﬁio
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2.5 Cauchy-Riemann OFER
2.5.1 EERBOMAFTREROVETIEHE

4 A
EIE 2.12 (BREHBD WA < 5B - BEHMOEIgEN D Cauchy-Riemann FER
QIXFCOMER. [ Q—>C,c=a+bicQ(a,beR) &T 5, fI c THIAIRETDH S
7eDIZE f OFEE u EEER v B (a,b) TWATATRETHD

(¥%) ugz(a,b) = vy(a,b), wuy(a,b) =—vy(a,b)

Zii/z 3T ZEBRETITTH S,
N J

(¥) % Cauchy-Riemann MOFFER (the Cauchy-Riemann equations, the Cauchy-Riemann
relations) & PES,

COFEBEINT 2. TOBREROES [f SEAE I uy = vy, uy = —v,) %
T CWWET B HEEMMALE S,

[ c=a+ib(a,beR) THITAREROIX, u & v X (a,b) TIRMITAIRETH D

(¥ /(€)= tafa,b) + i, B) = (1 (a,8) + vy (0, )

KZI)S‘& DD, FRTHEES - BE % L LT u,(a,b) = vy(a,b), uy(a,b) = —v,(a,b). J

() % ' = o = -f, EEABL S, EBOBALTD 52, BREMRICL 5 LT
Bint LR, )
SEBR [ 5 ¢ THATTREY I

iy _ e Sleth)— f(c)
fie) = Jim h
DPFET DL TH b, h=h,+ihy, (hy, h, € R) OB HiHZ XD 58 D IZHIR L7235
E2 5,
(a) h=h, (h, € R) (ERDMEZ I ZIS, THhbDE b, =0)
flc+hy) =u(a+ hy,b) +iv(a+ he, b) WHEET S &

6 = tim LT R) = 1) _ ) (ulatheb) +iv(a+ hab)) = (u(a,b) +iv(a,b))
};lezﬂg hm he—0 hz
~ lim (“(“ T hab) Zulab) | olat he,b) = vle, b))
hz—0 hx hx

= u,(a,b) +iv,(a,b).

(b) h=ih, (h, € R) (MEHRDELZFZH S, THbDB h, =0)

0522 BH8. [fEEH : OBFEBHTH - T, ZH 2, y OB TERVDT, f,, fy LWVIFZHIE
BTH B, Floy) = flo+y) EBOT. Fo+yi) = Fula,y) = %Fy(x,y) PENESED S,
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fle+ihy) =u(a,b+ hy,) +iv(a, b+ h,) ITFEET S L

(c) = lim fle+ zﬁy) —fle) _ 1 (ula,b+hy) +iv(a, b+ hy)) — (u(a,b) +iv(a,b))
e ihy 1 hy—0 hy
_ 1 lim <u(a, b+ hy) —u(a,b) N Z,v(a, b+ hy,) —v(a, b))
1 hy—0 hy hy

_ %.(uy(a,b)4—ivy(a,b))-

BLEA B
F(¢) = wa(a, b) + iva(a, b)
::-%[uy(a,b)4-¢vy<a,bn — uy(a,b) — iuy(a,b).
FEH - EEl A LEER LT
wa(a,B) = vy(a,b),  va(a,b) = —uy(a, b).m
FEOIH [ 25 ¢ THOTHETH 3 L i3

f(c—i_h]i_f(c)_(p_i_zq) -0

(F,¢ €R)  lim

MR D IO L R EKRT B,
h = hy +ihy (he hy €R) B ¥

(p+iq)h = (p + iq)(hy + ihy,) = (phy — qhy) + i(qgh, + phy),
flc+h)— f(c) =u(a+ hy, b+ hy) —u(a,b) +i(v(a+ hy, b+ hy) —v(a,b))

TH205
c+h)— f(c )
f( 2 ﬂ)_@+w>
_ | fleth) = fe) = (p+ig)h
Al
um+hmb+mg—umﬁy—@m—qm)+iwa+hmh+%)—dmw—%Ww+p%)
NGED V2R '
W 21
, u(a + hg, b+ hy) —u(a,b) — (phe — qhy,)
3 R 1 AdAEL ’ =
e THARE < GpgeR) o R 0
73])0 hm 'U(a/ + hzv b + hy) B 'U(CL, b) — (qh’z +phy) — 0
(ha;hy)—(0,0) z\/ h2 -+ hzz/

< (Ip,q € R) u & vl (a,b) TP AIRE
ux(a7 b) =D, uy(a, b) = —q, 'Uz(CL, b) = {q, Uy(aa b) =D
& u & viX (a,b) THWOAIHET
uz(a,b) =vy(a,b), uy(a,b) =—v,(a,b)m
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B 2.13 f(z) = 2% (z € C) BZEREMTH 505, C 2ATEATHS, z,ycR LT3
v

fx+yi) = (x+yi)® = 2®+ 32%yi 4+ 3z - (yi)? + (i) = 2° — 3zy® + 32y — )i
THBINH, f DELR u, BH v Ik
u(z,y) =2 —3ay®,  v(x,y) = 32’y — y.

lob d
uy = 3% — 3y2, uy, = —6xy, v, =0ry, v, = 322 — 3y2.
fi21Z Cauchy-Riemann 7R u, = vy, uy = —v, Zifi7z5, =
il 2.14 f(2) = 1 (2 € C\{0}) I3AHBIKTH 2006, EFRHC\ {0} £2RTEHITH %,

22

r,yeR &35 %

o+ yi) = 1 _ 1 _ 2 —y? — 2zyi :xz—y2—2xyi
(w+yi)® 2P —yH2nyi (a2 —y?) 4 (22y)” (@4 yP)

WX f OFEE - Bz 2R Zn u, 0 E T2 L E

@)= v(ey) =
u\r,yY) = ———> nW,Y)=—"3
(22 + y2)° (2 + y2)°
THEH0H
22(3y? — %) 2y(y? — 3x2?) 2y (32 — 1?) 22(3y? — 2?)
T = T, o .3 = T .3 Ve = —F——— Q3 = T 3 -
@+’ " (@) (@ +y2)° T (@)
fi21Z Cauchy-Riemann 5 u, = vy, uy = —v, Zifi7z5, =
w215ﬂ@:626 (- €C) 13 C RAETERTH 2, 1,y cR LT 2L %
L e p ey . .
flz+uyi)= 5 =5 (¢” (cosy + isiny) + e (cos(—y) + isin(—y)))
o et —e "’ . .
= 5 cosy +1 5 siny = coshx cosy + ¢sinh x siny.

WZIZ f OFE - e ZhZhou, v 8 T2LE
u(x,y) = coshxcosy, wv(r,y)=sinhxsiny
THo2H156
u, = sinhxzcosy, wu, = —coshxsiny, v, =coshwsiny, v, =sinhxcosy.
f 2212 Cauchy-Riemann X u, = vy, v, = —v, Zii7z9, =

B2 o BBDIERITR W Z & 2783 5 72912, Cauchy-Riemann AIERZF = v 73
5 EDENBBEDD B,
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5l 2.16 fi(z) = Rez, folz) =Imz, f3(2) =7, fi(2) = 2|, f5(2) = Argz &, EFRBIET 2
RO ETHMATRETIX 72V (FRCIERITIE A W),

BAID 3 DDBAEL f; (7 =1,2,3) IZDWTIE, EH - BEBE R? 2K T O~ iz o TH Al
HETH 50, R? DIEED KT Cauchy-Riemann R D /2B WZ e300 5, WZIZ
FERED 2 € CITXMLT, f; 1F 2z THOABRETIEZR W,

f1 DFEEL - BEZ u, v T B X, ulr,y) = V22 +y2, v(r,y) =0 TH 5, uld (0,0) T
EAFTRETR WD S, fy & 0 TIEMAATRETR WV, —71, R?\ {(0,0)} T u, v M9 AlHE
THDH

Uy Uy = vy = 0.

z Y
= — U, = —
/22 + 42 Y /22 + 12
(z,y) # (0,0) IZHFEET % &, Cauchy-Riemann FREAD - IR N DT 5, DRI
C\ {0} DERDR z ITHL T, fi & z THMIATRETR W, fiifm. f & C DEEDRTHMY
AA[RETH 5,
FREIC LT, C\ {0} DIEEDMT f; BMDAEETRNZ LD H %, =

IEAITCIE R WS, MO TZXBPNERTFET S, WO T —Rb D 5,
Bl 2.17 f(2) = (2)° (2 € C) OWMBATREMICT OV THANRE S5, 7,y cR & T2 L =
fle+yi) = (t+1iy)° = (¢ —yi)? = 2% — 2wyi + (yi)® = 2> — y* — 2y,
W2 f DEHR - B u, v 1
u(z,y) =2 —y*, w(z,y) = —2zy.
B EZHEHABEMTH 200 O HKTHB, 2L T
Up = 2T, w, =2y, vy=-2y, v,=—2u

[ W AIRET ® % 72 12id. Cauchy-Riemann X v, = vy, u, = —v, 273 2 L2340
ZtnThs, ZhiF
20 =2x, —-2y=2

THY, I rz=9y=0. WXIT fIT0 THPAIRETDH 20, ZHNLHND S TIIMAAIEET
AL AN

M WERICR LAY TIEHL 2w FHEIX, RS L 0HEERR) LOFEREDRA
T RRETH 2551, ZOESTIEHITH 3, WO XS IHSEETHLDT, 2D
fIZIEAITIE R, =

Rl 40.
(1) f:C—=C% f(z) =|2]> TEDDZ, [ ODWITAIRENEZ AN X,
(2) f:C—C% f(2)=¢" TEDS, fIEC TIERIT, fl(2)=¢ THBIL%Zrt,

2.5.2 IFRIBABHDEHBERE & 5158

(KAEDBIBGHD T F 2 MZ#H > T\ 2@ 2.23 2N T 2D0HMNTH 205, fiH2.20 %
TBUEENT ) CRFEATE TWARVLWD T, KEICRBEHIID LELDICHAT 20 LA
2w, TERS ) | MEEL X2 0RBBCHTRZ DT, BEICIERLRVWTHA S, )
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BANCR: f=07%613, [ ZEBEIBIZA 507

FT R 1 EBOEBAE,»HEZ LD,

TCR, f: T =R f=0%LTRol, fIEIEEEABLEEZE0?) LWVWOHDOE
& No TH2, I =R\{0} 25X, f(z)=1(x>0), f(z)=0(x<0) TEES fIXELH
BTROWH, ff=0 23,

I BPEXHETHR, =000 f 2EBEIBTH % Z & 28T 2 GERIEH X FEDE
HERHW3),

ZEBOGECHORAL XS5 % LT, #iEEOBERSBREIC R 5,

/Eﬁ 2.18 (AESE, fBiE) Q C RY (HSWVWE Q C C) HElERE (pathwise—connected,\
arcwise-connected) &%, Q NWOEED 2 KD Q NOHFRTHINS Z & 209,
(375, Q DIEED 25 a, b 1K LT, SRS 0: [0,1] —» Q Ty (0) = a, (1) = b
BT LODPEET L E, Q WIEETHZ L0, )
(KzHETSZ L, )
SIVELRS 72 B R & 2 SR (region) & FES, J

EFHFNZE, FHKE Q 29GEETH I 21 QOB 1 ODELLRIETHLZZLTH B,
R OB EE I DGEETH 27-2D121%. [ PXETH 2 Z e R BE+5TH 5,

£ 2.19 GEEOERICOVT 2 DOENVEE) (1) WEIE. EEREESD C L 2Ry
T3, Ll
o PHFEITL 5T, HREHEIEEE & D bRz < W,

e RER C DBHESDEAIZ. BETHAZ L eIEETH A Z LIXEETH 2D T, 8
HERIGEAE LRSS E ER L CTHEEANR ATV,

CWOHOHENS, ZOMEBETIIINEMSLHEETHS e 2HEBOERE L THEHL .
(2) MWFEPRAEGHTIX. () HAERFEESD Z L 2HEBOERL T 55, A THHHI
o Tk, () ERRHES TRV DEHERE FERGERDH 5, »
CDHWETIEIROEEEZZEDD I LICT 5,
%D B.1(p. 263)

QPR DHZWEC OMFEBTHIUR. Q NDEED 2K a, b1d Q ND O o pifR Tk
N5,

(TGEAS D ERDSMA TR, HFRICIE 772 Dt UMRE L TWiRWwDs, C ko Iz HY
DEES, LWL THD, )
I SR GEHIIHTE 3,

fRE 2.20 Q X R OFE. u: Q — R 2MDATEET, o/ =0 (uy, =0 (j = 1,2, ,n))
iz TR0, u IXEBITFE LW,

SUEREEDERIE. IR B (p. 263) Hiz K X,
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f 41. XD L D, a8 2.20 ZEEHE Lo Q NOEED 2 /& a,b I LT, a ZHEA.
b ZHRE T2 CHHRDOHIFR ©: [0,1] > Q (DD 0(0) =a, p(1) =b) ZH o722 Z, u(p(t))
WBEBERTH 2 e 2T, (&I p. 22912H 5, )

il 2.21 QX C o (IERLFHES). f: Q- CIEEHL (V2 € Q) f'(2) =0 23K
DALDOR B, fIRERERTH B,

SEBH f OFEH - BEZ u, v EFTBEE, f=0&D W =0, =0DWDIID, ER

0= (e + i) = wel,y) + iva(,y) = & (uy(2,9) + vy (2,9))

THEDPD uy =uy =v, =v, =0. A& 220 25, u & v ZFEHEAHTH 2056, [ DEK
B TH5, m

AR 2.22 (D WEETS 1T CERER) WD 0 72 O ERERE Y W S EEIE. 1 B OER—B DS
ETEEEDEHEE W TS %23, EREROGE X EEEDED LD L7220 DT,
FIFRICEER S 2 Z LI ARAJRETH %, ZEBOEBBOGEICIFIE IR, WO 22 TH
5, 1

M 42. (LoFERICEHE WL TERERTIFIEDO DD 770y DOFERR) f(z2) = €,
a=0,b=2m 522 %, f(b)— fla) = f'(c)(b—a) ZiilzT c FFLELRV & ZHED
» Ko

ROMEZ. BEGHDIFLALYDTFAMIH>TWVWBEHDTH S,

4 N
il 2.23 QX C O (ERRHES). f: Q— CIXIEAlE F 3,

(1) f DFHE7NIERRERBEL 2 013, f BEPEBERTH 5, FHIFEBUIES 721
ARERUE D 1ERIBE RN BBIRL L D7,

Q) S| EBBRS DI, [ AEAERIETS 5,

J

S Q= {(z,y) eR? |z +yicQ} B,

(1) FEHDERBAR DG EZAAT 5, [ OFEE. BEHEZZNZN u, v EFT DL E RED
5u=C (ER) TH3D5. uy =u, = 0in Q. Cauchy-Riemann OHFER (¥) 2D
MODT, vy = —uy = 0,0, = u, =0in Q THED5, v IFEHEKTH2, ©ZIC
f=u+iv=u DEHEBLTDH 3,

(2) |fl=C (CEER) tBL, C=0THHI f=0(inQ) TH225, fIFEKELT
HBHo LR C#02T 5, |ff=C*=u?+0> ZWHLT

2uuy + 2vv, =0, 2uu, +2vv, =0 (in Q).
Cauchy-Riemann FIERZAA LT (v DIREREBEZIHEL T)

uuy —vuy =0, uu, +ovu, =0 (in Q)

ERAS SRS}



0

TED (1,y) e QIXBVT, 24+ 2=C2>0ThH20b ()# (0 W ZIZATAIE
0 DSErN, FED

FETH2256 (b LIERITHIUL, S THZErLL T TCu=v=
Hinh3)

w+u2=0 (inQ).
ZAHD Uy =u, =0 (in Q). WA u ITERERTH 2, (1) &b fIIERBETH 2,

B 2.24 Rez, Im 2, |2|, Argz DSEFRBREOEED A 2 1S LT, 2 THORTEETRWE LI,
2,16 TRLTH 37, ERBNOEROMESTEATRANI 2IE, LOME223H557F
QI B, FEBE. FRIERTH 205, dLHIHERTEATHIUI, ZOMEBR T
BB 1ZTTHEIDN., TRV CIWIRB O3, B

2.5.3 IERIEA% & FAMBIEL

LUNIZIAR 2 & 8 I3GBRNCIE 7 54 ¥ 7 TH 20352, lEH 2 F 5 &, T Cauchy-Riemann
FREXOEEICREL22L DD E2DT, HATI ZTitAT 5,

N N
el 2.25 (ERIRMOEMEIZATMBARTHS) Q 13 C OES. f: Q — CEIEH
ZT%Z% f@%ng ):E'nBU,U&i

U (2, Y)FUyy (2, y) =0, vy, y)+vy(z,y) =0 ((z,y) € Q.= {(m,y) € R? ‘ T +iy € QF)

R VD
_

J

AEEA BT f 2 Q NOREEDRO T/ 1B CEMBUERMEIR 2 Z & HEEIATZ 2 (&

fi?ﬁl)o I(@)X_\-U vl C® f\&‘fjééo x_.\_.“C(zi %0) K%E @Tn%uﬁﬂj_é
Cauchy-Riemann /T3 v, = vy, uy, = —v, DIWHDILDODT

Uz + Uyy =

0u 00u_00v 0 ( 00\ _ O O _
oxdx  Oydy Oxdy Oy ox )  0xdy Oydr

BEBEDEFEENRDZODIF, v 2 C2/RTHZZ iz (v D2 FEREREEIRM D DI
WK BRW),
Vg + Uy = 0 WDV THFAKTH 5,
n BRI u(xy, ... 2,) D
" 0%

(#) > 52 =0

/o3 %, u (ZFAFMBIRK (harmonic function) TH 3 W5, F7 () % Laplace F1g
I (Laplace equation) W9,
Laplace fEF % (Laplace operator, Laplacian)

S2TEHIBEEL D SEER « BEER u, v 1Z. BT CP WTH 2P, ZOIZ L DIFHHIZ T - LB S 20VWE Hkz W,
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PMALT, () %

Au=0
EELIEDNZV (A DRDODIZVEEELZLELDH B,
FowEiid NERIBIK O EE & EERIGFRMBERTH 21 R 2 Z RS, RIEED
FHFIREENE. BANCIE D 2 IERIBE D FERIC 72 - T\ 3 DT, HERBEEGHIZ 2 2o FmE
BiThor b3 X5,
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BoD f(z) =cosz. =

Z OBIDMIr TN, EBBRBEIE M TENXL DT (2 W5 2 HIRE O TR LD TH
EE o THRV), BREE#ORVTO MBI Z KD, T DTTRIFERFRIK
DD TTRERDGEITSHES T ehttikz, REE B oM Z DTTETH I,
Z DY UTH LWBEIEL FEE) S EICEA I N, PRI Gauss (@R MH 77

z(1—2)y"+(y—(a+B+1)a)y —afy=0
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2y +ay + (2P —a®)y=0

D LT Bessel B8 J,(z) ZEHAL 7z,

3.4 BBICLZVFBEBDES: ¢, cosz, sinz, cosh z, sinh 2

ST, R W ER T 5 28T, ~RUSHR 2BBDMEZ 5, T 2 TRAIFR
B B8R LTEEREL LS,

o0 Zn
26 2 _ N
(26) e =expz nz% ol
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1f(2) = fu(2)| < (K + 1) Sup |fe(R) — fa(R)] .
2 IZDOWTD FRZHE - T

sup [f(2) = fu(2)| < (K + 1) sup[fe(R) — fu(R)].

2€QK >n
(30) &b, BIEF {f.} & Qg T fIT—HRICRT %, =
R 3.45 (Stolz DEE) £ DT XA M T, Abel OEHEIEEH I,

T € (0,7/2) Zii7z SHERD o I LT, |arg(z — R) — 7| < a Ziifi/z L&D
b,z REFTEHEEX(ZDOZ % Stolz DEEICI>T 2z — RETH] EWI),
f(z) = f(R) DS D 3D, |

rWwWHETEZLNTWS, DFD

(31) lim  f(=) = f(R).

Fix, 2z VBIE
{z€C||z—R| < Rcosa, |arg(z — R) — 7| < a}

RT3 E (AL

1—2/Rl _ |R—z] LTt sor — 1
/R~ R4 <2seca (BDI®: sec = cos)
DD LD (GEFIZENE T 2, i - /MR [25] D p. 91 IZE > T3, ) TRDE, K :=2seca
B 2€ Qg DD ILD, ©RICEOEM 344 ZHVIUR, (31) IFTCIWKEEATZ %, =

Bl 3.46 (BRBIL IV — - STy VERIZDOLT)

(52) f) = oAk gz <)
k=0
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B, PEPREL 305, ©ZIT £ D(0;1) TIERIT® 5.
FE f(2) 1& 2 =1 TUURT 2 DT (FEHED B LT 0 IR T 2 A= 005).
Abel OEGHEH L D

st = (1) = T f()

z€[0,1)

R, z=2¢e(-1,1) D& TFEFEED tan "tz =T 5 Z LIFFFALSR TV (Z ZTIEER
BT D) tan R 5> RITEHTH 2 26, GIUOMRIE tan™! = ZIZF LW

4

W EOFREIEN S L ERITH 5 (2 < OBREICFCRIENEL 20T, 2 5FHIHET5),
:@%E%@bfm\%ﬁﬁ@ﬂﬁﬁﬁf%:l—%+~~@ﬂ%ﬁﬁ%&mbﬁf@ﬁ
WA ([H5RD A9 R X), S LFMAED25 L, —RIELICVHERICRD BB TS, o

R 3.47 (Abel ZIFES WS A) Hid, Abel ZELK L TR BRI THE0WH L
Z, FEBRHA s TWREES DRFE. ®LE SV DIZBWADNZWE S KT 20
T, PLHNALTBL,

Niels Henrik Abel (1802-1829, / Vv = —) 1&. B DICRAERTUTOWTOEMEZTET L
7o (B 3.23, i 3.40, £ 3.40), EhbLlFhc

1. a D—OBERBTH2E2D (1 +2)* O (—i% 2 THEH) DAL
2. 5 U EDOREGERIERE DPYHI » AR TIXET 2 2 & DFERA
3. feMEaEGH

BREDHEZRITo7z, BODZDIF, BETAVIHRIETRIBARMAETH S, (K%
BB, o DARIZ AR L RZREBEMINT, B3R 2 ENOHEBMD KEWZ e’
2w, LTV, Abel ZRWHITH 2, \m

4 EZERERE L TONHREHR L EEH

Z DEITIE, XEEIECE EBEEBUHLRE T 203, ZHUIERD 1 DDfEICHN LT, &
BDMEDNTIET 2 ZMBEIE L 72 5, 4L, AiETE TICim L 7-2TENE. AR, 1550
B, A MR Z R oo 2RETH 3,

T, FEBEB w =2 (a € C\ Z). F=ABE WA D MR E k20, Zho
BB R > TREINE DT, 6B, NEBIE D Zifith %8 U CHfET
2%, (HfiT, W ODBEKIZ. ZD Taylor EOINFEENER TIEHEMD C 2KT
F0, EIRARTZ B HEHRNDH B, )

ZOHNIHENINE BIEFFICERTH %,

SRy | 0o © Nk
S3(1EH) log(1+2) = Z %z”, (1+2)" = Z <Z) 2" tan"lz = Z 2(k}|—)122k+1' IS FAIL DI
n=1 n=0 k=0

HRERIITNRT 1 TH 5,



4.1 fERFEHEIE log ~
4.1.1 log @ Taylor BB (DERLICEZDTAFYyFLTHRL)
log @ Taylor EFIZDOWT, HIEDOARIZK {#HoTWVWB DI,

) tog (142 =3 U et o5~ CU ) <)

n

Ths, THZ

[e.9]

1”—2 =Y =1 (2l < 1)

n=0 n=0

IE/DJUKﬁ L?L%)@T%%o phﬁ)gﬁﬂ&%@?ﬁféﬁcu LT

TL—

(h) log (1 Z 2" ([z] < 1)

n=0
CEBRTDAIEDNEZOLNDID, ZEOHFHAIFEE 1 OHIRONZDTIE, METERW,
HEdHE log IZDOWT

lim logz =400  (D%D 111111 log(1+ z) = 400)

r——+0 T——

THI00, () D 2= -1 TEEREZRLZZOVDIZ, H2EKRTHARRVDE, TH o HI2fT
J213T) THE, ZHIERZBITHER T 2 7D ICENBEHICEH 7205 3 F R %,

4.1.2 BHER v =2 ZfE<

FERE L LTD log 13, log: (0,00) = R TH D, 5B R > 2 — e* O TH - 7=,
ThbbyeR, xe (0,00) ITXLT

y=logr <& xz=2¢".

Z T, BB OWBEB e L THBBERZ ERT 5L EFR LD, TDLDITIE,
ze C\{0} 526N &P, HENX 2= & w IZTOWTHIBEDLD 5,
w=u+i (u,vER) EBL L, e¥ =¢%” £RD. TOHAFERITGEND T, 2 Z il
B TERITONREZSTH 5,
z=re” (r>0,0€cR)
B,
z=e" & ref =ete®

asr=c"Ae? =",

(RD7D, BEHW: re? = eve™ OMEOMMEZINS Z X Tr = e* 2§60, Thz
re? = e'e IWRALTHELT e = 2182, )

512 nbIshc, S hiéﬁﬁk@x—/——% BT 520300 b b5,
SO TIZHE BB DEIZ 0 ISR BBV Ao TVWEDT, 240 55,
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z=e"<su=logrAv=40 (mod 27)
S u=logrA(GneZ)v==0+2nw
& (IneZ) w=logr+i(0+2nm).

Dol TEL,

4 N
EIE 4.1 (V=2 Z8<) FED 2 e C\{0} BEZ NI Z, w IZBT 2R v =2
DIFFFIEL. ZNDld 2z OMERXZ 2 =re? (r > 0,0 eR) T3 L& X,

w=logr+i(0+2nm) (neZ)

eRIND, T

w = log |z| +iargz

LESIEHIHIKS,
\_

il 4.2 (o< DENLD) (AL 2 DEIIXT L. ERIZ ¥ = 2 DfEZRDTA LS,

e’ =0 DFRFFIELR WV (ETHRo% L eve ™ =" =" =14£00256d0D05),

e =1 OIF w=log 1| +iargl = 2nmi (n € Z).

eV =2 Ol w=1log|2| +iarg2 = log2 + 2n7i (n € Z).

r>08T2LE e =0 ORI w=logz +2nmi (n € Z). DF D 2nmi &< o D2FHUL
R,

eV = —1 OFRE w=log| — 1| +iarg(—1) =0+ (2n — )mi = (2n — 1) 7 (n € Z).

e = —2 DfRIF w=log| — 2| +iarg(—2) =log2 + (2n — 1) (n € Z).

e¥ =i OfEE w=logli| +iargi =0+ 2n+ 1/2)mi = 2n+ 1/2) 7 (n € Z).

e? = 21 DX w = log |2i| +iarg(2i) =log2+ 2n+1/2)7i (n €Z). m

4.1.3 EBEZEBEW log: ODEHE

T, ZTNTIIEZEB logz ZEHIERLEZLRVWD? LD v = 2 D% RAUX, 2 D
R argz ZEIERT DD EIFEALRUTHEZ N5,

(Z ZTIEEBD log TR Z DT, BTRAIL TR, FEBEE L TOMNBKBIBITIE (K
FETIEA). EEZMBEEE U TOMEBEIBUIIAR, EYIRADMEZHIFRL T (Zoh Gk
i x B%) —MiBEEUC L7z DX E. FHC (0,27) OEFICHIR L7z d i3kt (RETIEE M),
ZORDHADBRVEFELTWA DI TIE R, BEERFPTH S, t6F a—2I1FRI VW
BbdHsL., EOMAELDHDL, )

(i) KATE K e =2 Zifi/cd w TRNTERT LWL TALI, DD

log z : = log |2z| +iarg 2
=log|z| +i(0+2nm) (ne€Z).
EED 2 € C\ {0} X LT, logz WS RIIMREOERRIEZ R T Z L 1T 5, log

FEFEDOREIRTIEHEE - BERTIEZR WA, ERSMEIR I 2, L. ((ER
D z 121 DODEZIHFIGT %) E@EDREZ (ML X8 2 HKT) —MRE L Vo,
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—J7. WYL —V T, 2z DIRAZELE—OENERZLICE D, HRBEK logz #1E
Al —HiRE% e LTERT D Z e dHiks, 25 Lt &, 2oz, 2K

KA L

log z DGHL (branch) ¥ FEX,

(i) TE 2 OFBXE I 28RN, HIZIE T =[0,27) [ = (-7, 7] RE, (—LT 2L,
acR LT, I=a,a+21) % [ = (o, a+27].)
EED 2 € C\ {0} TR LT,

z=re? (r>00¢€l)
ERDBr, 0 B—ERNCEES, 2D r, 0 ZHWT
log z :=logr + i#

EED D,
log: C\ {0} = CTHD, I {ut+iv|ueR, vel} THd,

(a) FRC [ = (—m,m] & LTz &, 2D log » ZXBIRDEME M, Logz &RT,
TbbH

Logz:=logr+i0, 772L z=re? (r>0, -1 <0 <n).

Log: C\ {0} = CTH®b, fEHEZ{u+iv|ueR, —t<v<7} TH3,
Log IXRADFEME Arg ZHWTHRE 3:

Log z = log |z| + i Arg z.

Log . BDEHK2IK N ={2€C|2<0} LOEREDOETHERTH S, (v %
EEOEDFEK LTI E, 2% TLE) 26 2 W &EfMfiF5 8 E ImLogz — 7, 2
Z N 25 2 13N %2 Z ImLogz — —.

lim Logz =log|z|+im, lim Logz =log|z| —in.
Im z>0 Im 2<0

WoT z— 2 DEZE Logz 3R ZF 720, )
(MDBRETD 5, )
~ Mathematica THTHK S ™
TR7T IV EROEFENBBEIBIEEEFRET 200 E@ETH 5, Math-
ematica Tl Log[] THERIR D FEIFHHETZ 5,
Im Log z ®27'F 7 38R D & 5 BRIK T,
Plot3D[Boole[x"2+y~2<4] Im[Loglx + I yl]l, {x, -2, 2}, {y, -2, 2}]
(Boole[] %< THRWV, )
RURTT I 7O FRATHNLLTAS ERTFBTD 5,
DWTIZ RelLogz D77 7bH#inTAH LS, MHHNTHEBRTEZ 272595 D
IR Z MBI S log 2 1ICDWT, Imlogz D77 7 2B L TAH LS,

y

L L, BOFEEE 0 ZBRVWZES C\{zcC| 2 <0} IZHIFRT 2 &, 1EAI (4
IRERE) 12725,
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CHURFEBEIEE Q= {w e C| -7 <Imw < 7} IZHIR L 7= F%
f: Q(_ﬂ.m) — C, f(w) =e" (w S Q(_ﬂ-,ﬂ)>

DU TH 2 (BH TRV E/NSWESICHIR T 2 2 & THENZ L TFRIE
ZE2. LWVWORKDHDBETH ), ERBEBITH L TH, HRBOMY. WRIEK

FEBUIE D ZDOD TS, Log WXIERITH B Z 0%, 2 = f(w) £ T I E,

dz =V =2z THEIDNH. dw = 1 ERASPR5}
dz z

dw

d 1
(33) - Logz = ~
DD YLD,

o HHHD S 5,
INHRAfEDNLEZRD TN, = DIRMA%Z [0,2r) OHEPFIGER (Zhz FHE
MERANDBNWBZITH D), 2FD z=re? r>0,0 €0,21) ¥ LT,
z = logr + it

9%,

:C\ {0} —» C (BEDBIE) TH2H, EOEKEKR P:={zeC|2>0} L
DEEDORTHNEHTH 5, Lo L. EOEKL 0 ZFRVEEE C\{z e C| 2> 0}
ZHIRS % &0 BRI CYRERE) 12725,

CHURFERBEIRZE Qo ={w e C|0<Imw < 27} IZHIR L 5B

g: Q(0,271') _>Ca g(w) =e" (w GQ—ﬂ’,T()
DB CH B, = — g(w) LT B L %, %—ew—zfzf%#a ‘fl—f—% 57
bbb

(34) —log z = é

DI AL,

(ii)-(a) @ Log ¥ (ii)-(b) @ log &, FERAE L LTD log DIIRICZL o TWB, DFD

(Vz € (0,00)) loga = Logx = log .

(ZNLHNDIEED log IZDWTIE. ZOBHRDIAELD D L IEBR SRV, )
K (7): (i)-(a) D Log & N TAEE, (ii)-(b) D log & P THREHEL B &, Kb E
W BT D LRV, BRTZORNEGEZRA LA EZIT R 572D F 5,

RiX 4.3 (B AREN dy/dx = ay ZFEL) a ZERE T2 =, BEMOHER dy/de = ay
DIE y = Ce™ (CIHMERER) VI DIE, Hill ke Z2he, ThERD X 5 1I2fE<

AW B,

SEHREE O EFIIBRFF R TIE—RICEEIH L T Wi wngs, FEREBNER B ERTH 2005, 2.5.4 DiFim/=
THRBEBMNIEAITH 2 Z e DFEHTE %),
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/% = /a dr £V logly| = ax + C (C 3D EE). @RI |y| = et = e, B R
12y =Fee® = Cle®™. 72721 +e & O BV,

FHOMAIZ T TEZ 258 (5D 0 IR 2550MELEVTBIHE) ZhTHHEOR
Wi e, BBOERZTTHTERBZMS5EE. 2RDMELW e NE7A5 50 7?
Lok DEZTAD I 2ED D, REDWMITTERDIZETIE, ELREBEIEH M 72K
WX T RREROGEL VWS DEHDZETHROT, ZhEM5 X5l L5, =

AERAEDS (2B HIT—T 2)

DUE GRS E AR D FEICR & 720, 18 2 DEEOFHRME I = [a, o+ 27) H 2 Wik
I=(a,a+2m] ZEAT, z2=re? (r>0,0€l) LT

~

log z = logr + (0 + 2nm)
CEDzlog B, N %
N, = {rem | r > 0}
L BNT C\ N IS 5 & RIS D |

1
log z) = ~.
(log 2) .

TN X 512, — MBI L7z log ZREBEABD R EERD, N DX S, #
=
NERL ZET1IODO0EEBRD T 2 223 T & ZHIHR (HEIX PERCRD 2IER) 7.

ETotA
\éj\ Iz ## (branch cut) & PR, )

4.2 FEEH -~

(ZDETIFERBE logz BN 2, HIHEHDO XS ICBTRHT 2DEXIES, 572D
ENEIWVWIEBEKRTHEDLOA TV [XXHREHAN > T) OB ERD 5, )

FH a, b I LT, a Db FEa ITVOTHERINDE DI TIERL 72 (1) I FWVWLD?
ALV LA, >0 DHEEIR
(35) ab — ebloga
Yo T\, ZOBREEIEBICIRL T, BEBOEBE 2 2ERL LS,
Bl 58.a>0,bcRDEE, ab=cblose RE{HITDZ & &R,

INEFTERLTHE2DDXAIT 270, LIS 22 TS p(z,a) £ELZ LTS
(p 3% (power) DFHXFDDOH D),
aeCIlTHLT

(36) p(z,0) == e (2 € C\ {0})

eBL, logz ZEZRBEHTHD, =D EEIZHS L., 2K T2 dD
%, FIEDGER p(z, ) IZUAR—AREETH 5, BEDHEI p(z, o) X2 LD 5
20, —BE#OHEbH 5 GEL JIEXLIRITENS),

STEBOTDERL DI RLRPEEZ TV Ed Doy
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z DMER 2 =re? (r > 0,0 eR) ZHWS &,

alogz _ ea(logr+i(9+2n7")) (n c Z)

p(z,a) =e

fHEDTD. BIE a e RDEZDAEZDZLIZT S, DL X alogr € R, a(f+2n7) €
RTH2, %7 8" = (") = r* TH B DT,
p(z,a) = ree®fe?™ne (n € 7).
X IS WVWHEZELD 5 20 HEDT T L THRNTAS,
(a) c EZDEE, na €L THEHhH, 2™ =1. WZIZ
aiof _ @ a

p(z,0) = r*e = (re’)" = 2.

(2D 223, a>0%56 X aflD 2 D, a <0 R51E —a flD 2 OF 7 O %
K9, )

b) a cQ\Z DY %,

(37) a = (peEN,qEZ, p>2,pk qlFHWVICH)

TR

L RED (BHIARETR). 2555 Y
p(Z,Oé) — ,r,aeiaee%ri% _ Taeiaﬁwnq (TL c Z), W = 627Ti/p
p e gPHWVIRTHEDT, n BZ ZHLE, ng % p TH-ZLRDIZIE 0,1, ...,
p—1BFTRTHEHNS%E, wld, 1, w,w?, ..., WP L DEDEDEEY, DX
p(z,0) = r*e®wf (k=0,1,...,p—1).

1 N
ZHSEME |2l =r* D p FEPRTH 2, KT « = ZHIE 2 D p FBHITFEL W,

(c) a € C\Q RBIZER plz, o) ZEREDMEERS, (ZOBEEXDHEDEDRVESS 7
5. AIIZERT 3, )

-~ plz ) ZMX7R3 % Mathematica 7’1277 A N
plz_, alpha_, maxn_] := Module[{r, t, w},
r = Abs([z]; t = Arglz];
w = r-alpha*Exp[ alpha t];
Table[{Re[w Exp[I n alpha 2 Pil]], Im[w Exp[I n alpha 2 Pi]l}, {n, maxn}]]
g8=ListPlot[p[1,1/8,8], AspectRatio->Automatic, PlotStyle->{PointSize[0.03]}]
groot2a=ListPlot[p[1, Sqrt[2], 100], AspectRatio -> Automatic]

groot2b=ListPlot[p[1, Sqrt[2], 1000], AspectRatio -> Automatic]

Manipulate[
ListPlot[p[1, Sqrt[2], n], AspectRatio -> Automatic], {n, 1, 1000}]

J

GRIZ. D p(z,a) =82 DT WD 2L 2 LEL, Fhha=L neNDLZE,
W t%)%<o 4%017122@8%031\/5 Z%<o
SRR p & qUEEEWVICETH 200, Bk, L€ Z) kp+lg=1. WIIWIEED m X LT, mkp+mlg = m.

WZIZ (ml)g % p TEI-72RDIE m THZh 5, wmdi=um,
WXSEDFET, n:=ml BL L, w"l =l = =mkpym = ym,
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20
%

4: p(1,1/8), p(1,+/2) (1 < n <100 @ 100 1H), p(1,v/2) (1 <n < 1000 @ 1000 f)

Bl 4.4 (V-1 1EEHN?)  (=1) =1-¢e™ XD log(—1) = logl +i(r + 2n7) = (2n + 1)mi
(n€Z) TH2BHI5,

/1 — (_1>1/2 — phlos(-1) _ 3@ntDmi _ (ntg)mi _ i(—1)" = +i.

V—1=+im
Bl 4.5 ZI0HIERVWEEI R, @ ZROTA LI, i OMERITZ i=1-¢"2 THE05H

1
logi =log |1] + (g—l-er) = (2n+§> i (n€7Z).

W 2T (ab = ePlose 12 X 5 0)

i — pilosi _ gi(2ntg)mi _ —(2n45)w (neZ)m

~ CZETIZAMPo72ZDFELD ~
(a) a € Z 2B, 22 1F, ZNETH->TELHFT LR UCEKIZKR S,

(b) a € Q\ Z 51, a@%f’]“*ﬁi@j‘%a—p (peEN,geZ) T B, 22 pffi
BfcH . p HOEIFEFFHNOFERFOLDOMED p E0RTH 5,

\(C) a € R\ Q &oid. 2> I3ERZMHEALTH 2,

J
DR FTHEEPRETHL e RHET 2, 22 =82 ¥ logz = logr +i(0 + 2nm)
(72720 z2=re? 3 2) 22 BRIBMELRFHETDH 2, o 2B FHEEL zhlAc
2%,
(Vz =212 OFf% L7z e ISR IR T, MBI 52 & =&, fiBg%k, )

R 4.6 (0° ZH<SHT (RWVEE)) BFEEFATOLT, T0° 132 7 1 2 WS EEHRE &2 KTk
%, B (BFE) a® 12OV T, be N OBEAIKFL AR S RVDO, 25 TROVEAI,

60?6755& b@@a@ﬁth\igﬂiﬁkﬁié — I RAERETEZNL, BTRVWEES (B RAXZHKXPLITH7%

95



BTHEMTH 2 LHIWCERT 5. LWVIERTGEH TR > T3S, MOFFENLREAHIER & [
BRIz, B OFEE OMITITIND KO ICEREZIERL TIT< s BMOREFRIZOWT, XTI
FTEELEDT, 0V IOWTEZTALD,

Wikipedia (%FERR) 12

Zero to the power of zero
https://en.wikipedia.org/wiki/Zero_to_the_power_of_zero

PWIORENHD, BLFrEoTW3,
BIIDNZ 7T 73 TDEHITR->T WD,

Zero to the power of zero, denoted by 0°, is a mathematical expression with no
agreed-upon value. The most common possibilities are 1 or leaving the expression
undefined, with justifications existing for each, depending on context. In algebra
and combinatorics, the generally agreed upon value is 0° = 1, whereas in mathe-
matical analysis, the expression is sometimes left undefined. Computer programs
also have differing ways of handling this expression.

CNRB BB TedleB5, BRI 2. BIRUTDL S22 THS 5,

0D 0F (I° eRINB) X, AERINEERT-RVWENTT, &b EEZATRE
HiZ, 1 TH20, ZOREZRERDETFICLTEL, EWVWHIBHDTIT, WIhd
YR X > TIEYZREHZD D £3, REFHAGDERETIE, °=1TdH
e, —RINMCERINTVWET, L2 LEETE. 2ORFLIELIERER L
ENFET, avV¥a—&X—0D7FurI7ALTH, ZORIFALLIDIFLNGTHLH D
75,

Wikipedia DFEHEICIE, TEX ORFEHE &£ L THFENTH HHK D. Knuth (BFEHED»D
computer scientist) (&, 00 =1 EERIRZITH L2 HHL TWVWD L0, BAHEHVEFEDH-
TV, ZOXEZBEGHDOME — M TH 05, BFEDILE VS bDEFHMAL TAH
X9,

TP MBS OEED»OWBD K5, BEBOMAED E2FEIE Z, ULNOHNEE L 725
b LW (AT TECEENT) W ORETEET Z 2320,

Q:={(z,y) eR? |2 >0Ay>0A(z,y) # (0,0)} LT 2L X, f(r,y) =2 ((z,y) € Q) T
Ko TERINBIE [ 1,

(#,9)—(0,0 z—0 (@,y)—(0,0)
y=0 z=0

. 1 1 0 __ . 1 IRT v _

%723 DT, @BE( l)in%oo)f(x,y) EFEELR WV, WZIT, [ % (0,0) ZETHRE F Tl
Z,y—) b
BEE Y LTHRIR T 2 2 I TERL,
RIZHELEPOEZEBEBGR OGP O R TA K S, G a® = ebler x5 BFRAZ A
T, HEROHFAICE TEFEEZILRLEZD, a =0 DHARERL TCOWARVWI L EZFEELTE
ARETHA9, 0ldlog T > THIEMOFEF[THLDT, TZTTORHHITa=0 D5
BETIRTZ2ODPHE LN L IZHBETE 2 TH A,
(D UBRRICIR 253) 0l =1 WO A, BEGRONEN ST 28, AU~ © 1 TO
ER 1 TH2(I'(1)=1) 2o, BALKITEZ 2D L I3RAYZRERTHT 50,

CUMAE D DEBET 2 > 0 IS LT () = / et dt ERIN. 0> 1 BT ne NIIHLT
0

I'n)=Mn-1)! TH2ILIFBEHHATE S, I'1)=1TH206, I'h)=n-1)! VI A n=11

DWTHILT ZI2E, 0 =1 EERTIUIRV, F ¥ vBEBUIERBRCIR XN, 1 IERRATIER Y,
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https://en.wikipedia.org/wiki/Zero_to_the_power_of_zero

Wikpedia DFEHET MMEHTETIE. CORBFLIELIERERL INE T LH M, KER
3 AHEIX. BBURALD 2 0DFEPRMICZ - TVWBE EEZHNE%,
DEDXSREEF I BFEEZRP-oTWVAE XX 00 = 1 1IREERE ] LWV EENE
CZIBDT, ZIETmALZANZ. 3IDVLEEICOEH->THRIW,

AT EOHIZHRENEIDH 2, FIZ 00=1 2 WVWH Z LR fHoTWwWa, FHZIEMBESTD
Taylor J& B

) (g
(39) f) =3 gy
S IHEH
(39) (a+b)" = CDMWT

o

REDADHM TS0, (38) TE  n=02Dr=aDLZE, (39) TE. r=05»Da=0
DeE, FlEr=nr2b=00 %, " 2EHETZ, ZNHDOHAE. WIhd =1L
fRIRT 2 Z 21T o TV (£ LIRWEERXDL LRV,

REDIH TR ZHKX (H20VEZOMRIEH»S), LFHHAT 202 Lk, filz
1A » DZHER LI,

apx” +arz" M+ Fan 1z +a,

EWVWHEE LD Z e 2 X3, ZhUdE@E Y 2HWT
Zaj:c”_j
§=0

EREND, j=n T BIEIZ a,2° THBED, THDa, ERT7ZDITNT 2 =1THHH
B b, 1=0ERATESDITE 00 =1 TRINUIKE SR,

REA TR, ZHRAZEARTOEARTH 206, IBEFERHASOEEFTIE, °=1T
HBr, ~RNCERINTVET, ) LH2DFHFETE 2,

(FAE DA OVTIE, 2 2 TEFEHTER WA, Wikipedia 12 D. Knuth 23HT¥k
72 DT Graham-Knuth-Patashnik [26] Z ®HIFTH <, )

EAHZS, BHEOEREBRE S,
00 % 1 LERTZL. RERLT22IEURICEK 3,
o 2EMEBOBBOMEE LTUIER LRV E WSV HFED 5 (EFEEEENIC %
BIRNVDT),
o LAHAL (BIZR) Y i3 RoMTHNS 0F 2onTid, 0° =1 LEH
k

ERAR

— /7T, —HRIZ =1 EERBLTHMEDRV (KT EXUIE 72 RV, 2¥ 1
(0,0) THEKE L 72 203, ZAEREHMEL COAUIMEIZECRWIETEr S, HAR
HI 72 BRI BRI S DD H 5> THHEDRVIZA S, ab = ebloss L IO 5
BB ITNE, FETA2HDITHRL, 2RIV,

C2ERT DL FIE BREZSERT S0HHZHNAT 2 I NZVH, ERLBZLDDIZOVWTIE, REERL
BWHHHZHAT S 28 IEEAERVOT, TR TLE I, ZHRELANLTVRVERS,
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FERDE 22, Wikipedia IZEWTH 2 2k LIZIFED SRV, R BEIFRIEHELESRD
HELEWVWSHIFTTIRBEWVWDT, —~MOEDHFTH, EIIEVWTHEINTED XA, LW Z
Y CTH5, )

BEOHL, ZLOBEEDRLC LSO BERZLBEGT 5, MEDTOHERIET Taylor ED
APHTREZLE, (2-0a)’=12F2205WDEXE, AKINZZ N2V (125 T,
ZHAELLEDZIREA S, ZARDIIHEMSZ) LEIADPEZZ S — B TIEZEA
(BR) % 3 TEHLRVALITER),

FDHNER - T, 58 ((38) Tl n, (39 TlE r o n—r)) PHEHINCELT 2D TRV
5, CWIOBBHBHEKZ 2D LAV, DFD 2¥ (y 1IZEE) TR, 2° (0 ITEKR. 22Tl
b=0) ZEZTWVWS, LWVWHILTH3, ZHIZOVT, 5 2R FEVTHELLL (bxo
LLDOZW?)

n FEARBErTLrE  (2") =na"!

LENWTHEZ3DF LIZLIEHIRTAINE. n=10222=0D 22U 1-0°12725D
T, BLD 0O ZRERETEE, (") =na" ! LWVWIRIE (2B L n=00Dr XlE z+£0
Y35 bW LESOIREICKRS, 2OV RKEND L EIX

=1 (zeR\{0)

72T
=1 (r€R)
ETBIMAyFVTHLEITNE, WD, BITEORMICD - & b ERANIINRT &

OFERFRLIEINET

5HDIFESTH, LWV I ehk, SR N

fl 59. 0<a<1ZHLIEED alZXLT, limz, =0, lim y, =0, lim (z,)" = a %
n—oo

n—oo n—oo

725 KRB {x,}, {y.} DFIET B Z 2t
B IOV DRIAENLES I, Rk, IHZMEZRITIIUIRVWTL & 9,
il 60. ¢: (0,+00) — (0,+00), ¥: (0,400) — (0,400) 23 tl_i}rfgg@(lf) =0, tl_i}rf()lb(lf) =0 %

VA MR- 1N

i P(t) —
Ay e =1

THENEIDEZ K
(FE T p. 231 I2H B, )

4.3 PFEBLI—ILE

= AR, WEIRREEE 2 ¥, FEEBIE - W TR X N 3 W2 \Whs, BITE RIS
DWBEIHIT H 2 W BEEUE (HRBEE LT) ER LI 8T, 205 5B MBI
B - WTRT Z e 23k 5,

Bl 4.7 (1) sinz =0 Zf#lF,  (2) sinz =2 ZfiY,
1z e—zz

(%%ﬁmz:i—g——fﬁéo
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eiz_efiz ) ] )
sinz:O<:>T:O<:>e“:e_”<:>e2”:1
i

& (Ine€eZ) 2iz=logl+i(0+ 2nm)
& (IneZ) z=nm.

WZIZ sinz =0 DX 2z =nr (neZ).

(2) w:=e* BL &,

ez'z_e—iz ) ] 1
SiIlZZQ(:)T:2<$€ZZ—€_ZZ:4Z'<=>U)——=4i<:>w2—4iw—1:0
7

w
s w=2i+ (2i)2+1:2ii\/§i:<21\/§>6”/2
< (IneZ) iz=log (2 + \/§> +i(m/2 + 2nm)

s @neZ) z=—ilog (Qi\@) +(1/2 + 2n).

WZIT sinz =2 DL 2 = (2n+1/2)r —ilog (2£V3). =

ZOHE—ILL T, we CHEILNILE X, w=sinz % 2 IZTOVWTOHENRE LTHE
<&,
z = —ilog (z’w—l—\/l—w2>.

BRCZEATE & 90c, =ABECe iR BIRIE. eI e o TRT Z e ks, 1Eo
T, =ABBC R DT 2 (TR DRI TH %) M BEBE L > TEEZ D
3. HEBERBRIRIANLNLETHS 5, stilllZENT 20, LUFD L5125,

arcsin z = sin~! z 1= —ilog (@z +V1-— 22> )
arccos z = cos ' z 1= ilog <z —1v1—= z2> = g +1log (ZZ +v1-— 22> ,

arctan z = tan~ ' z := — (log(1 — i2) — log(1 +iz2)).

N | =

arcsinh z = sinh ™' z := log (Z + V22 4 1) ,
arccosh z = cosh™ 2z := log (z +Vz22— 1) ,

arctanh z = tanh™' z := 1log :
2 1—=z
(—2 L BV S TAHESD ?KHT arcsinh IZR T %0 5)
fE- T, TEEEBIR. MBI, zhe / (Zhd log & exp T 2z =82 REBITh
o) BRELCFARNIERWL, EEZX N5,

63/ \/x(jxiﬁ—k = log ’x + V22 + k| EVWISRRDH DD, k>0 DE X arcsinh % ¥ 5, Mathemaitca
|3 ArcSinh[] 2o TEZ %, k BEDEER. FFEBAHLEGER. log(x+ Va2 +k) EEZX 5,
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R 61. XX EHEDPD K,

cosh(iz) = cosz, sinh(iz) =isinz.

R 62. XX E2HME»ID K,

1 1 1
(arcsin z)’ = — (arccos z) = — — (arctan z) = L
-z -z Z
. / 1 / 1 i 1
(arcsinh z)” = , (arccoshz) = , (arctanh z) = :
22 +1 22 — 1— 22

COEIDHEDHDIC

BEOEEIE. B o LR oDPVWREED T 20N E D, BPRPEEZSIZ, LKL T
bOATEAID. FFLTHETHERERI DR A TP TL %,

5 #RES
WEWEBHGHOERDAD ITH 2%, FHEMDL b Z5THo7L D12, Moy
DD HEL LB TH 5,

(P oiE%z b a brEo TEBEROA D ICERE, ZhrHbAE—FZ EiF5. 250
S, RENZALAZDS, )

BEEBOMRED ZEAT 5, SEIDVEETH Z2HAIZ, 200 OMHEICHY 3
MOETHDL, FEEMEIZRLD, HREBIIEETH - THFLHRBEENFEEST % L IZR 5 7%
Vo JFEGEEBN Y S WO GEIWIFET 20, BELBWVWEGEIZE S WS Z eI 20, 20
PHRET 20N D HEERBEE oOLTH %,

5.1 HREIODEZRCH
5.1.1 &I3HL
WEWEIRED ZERN, ZORDIRFETIE., BORESLEN S, Bl 213,

o ZOMERHIZBVWTRDEELTEHIX, Cauchy DB EHTHEEZONED, Z
AUIHFRTICEET 2 EHTH 5,

o WL X 9512, Zoi#EE Tk, TERIBEIIENRUERRGETH 5] VI EHEZR
FTZeAEELHED—DOTH S, ZOTEHOYrZIZy FED) L WHEBITHTI RV
D FOFEIIEE M 2o Thahd%,

o WEMHEROS M D. BRI log 2 — / d—f%‘:‘fﬂﬁbf@ﬁﬁf% 5.
1

G TIE. TSHIRVWI WX ZOBBROBDER T ICHN 2 DT, BANCHEEXEL £ 5.1 5, £V EK
DI EEIET,

65 THRfEy) LR VIS H 25 LWV, To BRI TREINEZDIDT, —RICEDEHHSANT
WEWZESTH 2 (FAMIMBETHODZ ZIE o TET (58)). Ahlfors [27] IKHFWTH o 75 ?
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(R#: MAREIBD TEREGRHZE] ([6] ITIER) 1IZH B0, 1THL x o DHVANLRy L
ANDOFHDOGIHZFHATA LI, ZOHRD WWW ¥4 b (https://m-katsurada.sakura.
ne.jp/complex/) ICHETH %, MALEIIBTIRDIZR>TH S, 50FLEFE->TWS
DT, EEE7 ) —T3, )

(ZAUIIEE ?) CIlE R2ISIEWVWDT, BT W Db H 50, HRBEEGHTEADHE
27325 Z 3T, DERDIIRETOHTH 2 (MHERD D 2 BT DHE L 72 5),

6 LIXS < DFElE

1. ETHMETEER. flzHes

2. REE—F

3. D OHEARWLRIEE 2R & L TR 3
LD 5, Cauchy DFEITEMOMERZ TS5 LT 5,

5.1.2 BEDTDER

ZRTIR, BSOS EERLLS, 2EH 2, BES DIXROBDOTH 5,
(RIBREHL 2, Brhdor, i, AL VWS SHELBEZ AL, brsor [HhHY
WEPFALTHEE EADHE] LS5, )

; N
ER 5.1 (HIRISESRIRST) QX CoOREE. f: Q — Cl3EE. C : 2z = ¢(t) (t € [, B])
FQ NORXZHNZ Cr oM 5, 2o Z, fiift C 1Tiho7z f ORFES (line
integral) Z XN TED %,

B8
(40) /C f(2) dz = / £ () &' (8) dt

TERAS

Kc®:t%ﬁﬁ%zW$o

v

RDIEDKRIETT & ENT T2 Do

< ™
FE 5.2 Q13 C OBES, f:Q— ClHH. C: 2 =0 (tela b)) & Q NDOREH
2OV ORI Y T 5, ZOL E,

(41) /f a2 = /fds—/f (1) dt.

N J
iz f=1 Dy &, oib/ﬁmxowmﬁtmé)

HER. X2HNC C i Y DEEICOWTIE, Mo TV A2V IRT 22, 3BT
AT %,

F(t) == f (o) ¢ () \ZEBEEBEBTH 5, WD TIEEBUERBORES LrH TR
o T LW, Ut) :=ReF(t), V() :=Im F(t) £ BT,

/ﬁF@)ﬁ:i/ﬂaKﬂ+wV@»ﬁ::/ﬂU@ﬁﬁ+i/ﬂV@)ﬁ

66 Mgl ¥ WH DI, WEOKE - R, FREZDOEWEA. EWVWIEKRTT,
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THPZERT S EZNERV, (ZHRFEBEBICMoRETEBIZHE > TH 5137,
P2 MESNHE Y 77—V =284 @ Fourier (REDEER Y, )

B B
ﬁG&ﬁvmﬂ}%Cm@ﬁtTét%\/qﬂwmfa/UWNﬁ%%@o
AR 5.3 (lHMVWER — BETRELFZEISIHVLDD) (LED t ITH LT ¢/(t) BERER
XNBZDI TR (TR BDT), (40) BALEREDES S, ? ¢ o, f] > Q DX

TTHNT CF DR E 1. ¢ [, B] = QIEFT, Ht; ) st a=to <ty <--- <t, =f,
¢ & I = [t 4] WCHIBR L7 ;= |, & I; T CT &, CEFREIND, WA

| 1o

J

FRTE R CEFRSND (BRI [t t)] THFROT, FOWEETH D, EHEET

%67)0 (40) 1
/Cf( = =3 [ Flo) ) d

j=1Yti-1

CEBRTIONHETH DL EZ50d LAV, L#Lﬁ NIBEBDER I N T W57z
D, FEBETH 2 XS5 RENEDTFEEFLTEZ 2008 (1HY) 20T, Lo k5 1E
WTBW=, BOUEETH 2 e 2HEID 2 I1I2E. T 2B W XS RERPDEICR S,

BE 5.1 (BPOERDRE) EREBDOFEIT I Riemann FMIOMFRE L TER S N5 D3 E

ThHs:
b n
| rayde= i 3o 56)5
a ]_
Arji=x;—xj1, &€ [rj1,5],  [Al:= max (z; — ;).

1<j<n
HERBR D HIFRITIA 5 BT B FIRRICERATRETH %,

dz = li )AZ;.
Léﬂ@ Zﬂ%;;ﬂ@)%
~
Azj =z —zj_1, (€212, |A|l:= max |z; — zj_1].

1<j<n

(TTT 51z & 28 2, 2 BWEE T 2MEHRT, BRI OWRE-RAY 25507
FY. EHLD TS, )
2, (G BE I B D NI RX—=R—DXE D5 E|

a:t0<t1<---<tn:5
CENKRED ST EDEAT A
§ ety (G=1,...,n)

ZFHWT
zi=oltj), ¢ =e&)

=T, @3t =t; THOFRETRNIEDDD 5% (¢)(t;) # @)1 (t;) THEEE, @3 t; THIARET
B0, ZOHE. flet)e'(t) i t=t; ’Cﬁqxéﬂfhiﬁh\
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ETL2ODPHRTHAS, THL

f(&) =1 (&),
Az = o(t;) — @(tj—1) ~ ¢'(&) At
Atj = tj — tj—l

THEIH15H,

> f(G)Az =~ Zf(so(é}))w (&) At

Z DA EZE DB t — f(o(t))¢'(t) D Riemann IR 5 TWA DT, |A| := max (t;—

1<j<n
B
)%OKﬁﬁHtﬁ@Eﬂ@ﬁ@d/ﬂﬂﬂWd@ﬁKﬂéZZﬁﬁ%f%5o@i%

ﬂ@@ﬁu 19 KRFE D @aéﬁ#
H 5 —DD I OFRFED

[ sz = [ g as - i, 3 7(0)185.

(f =1 OHBER. Riemann FIFTHRORZ TR > TVWAH I LITHEE, ) m

5.1.3 #RE7DEA
Bl 54 f(z)=22(2€C),ClE o) =¢? (e0,r]) LT HL X

/ dz—/ fle d9—/ (ei9)2-iei0d6:i/ e dp
0 0

320 a e3m —60 —-1-1
{32 L -

2
3 3 3
(RiZZofE7E. FBEABZAHLTHAET 2208 TE 5, Ribk$ %, \m

il 5.5 f(2) = — (€ C\{0}), C & p(0) =€’ (0 c]0,2n]) T B X

2 1 ) 27
/f M_/j‘ w—/ 7¢ww:d"w:%u
o ¢ 0

itz 2= 7 X—=X—D” D TEZHILHZW,

l\z||—t

B 5.6 f(z)=|2| (z€C), Cix z=(1+2)t (te[0,1]) £F 3,

/1 dz—/‘f ——dt /wu+awﬂ41+%)ﬁ

:(1+2z‘)\/5/ |t] dt:(1+2i)\/5/1tdt:%_

FRIBDENTEL RS LI, dz = (1+2)dt 2FENWT, ZRERATEEIICHZIZD
BRWEAS, =
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5.1.4 [RIaEAHOEFET 35

e D
FIE 5.7 (MESOEAERE (D&L55H0)) Q5 C OBES. F: Q - C ZEHL C©
X Q NORSHNC CF FOMIERT, BA5ED o, AP b LT 5 L &,

| P d:= PRI = FO) - Fla)
N ¢ J
SR O 2= o(t) (L€ [0 8]) BT B0 o 55O ROBA.

B B d 7
| r@ = [ Feudoa- [ ZRew) a-Feolz
— F(4(9) - Flpla) = F) - Fla).
@ DA DX ITHNT CF DG EE. CTRTH 2 & 5 PKHEEIL T, FXETLEE
RCZeZLT

n

[ F@ =3 [ Pl o a3 ()~ F o)

tj—1 j=1

= F(p(tn)) = F (p(to)) = F(b) — F(a)m

COEHZRT, RDXSITEZE0D LR,

a7z, EEBOL 2RISRV ?
HEDNZRARREIR D o TVAUX ZNETERIU/E, LarL, OB 5.10 TRZ X 51T

BRBEL T, RO ET % LIRS W0,
W ZFIEBEBDTEAET A 1E. IREL LTEZ B3N ERDH B,
Z DFHRBEBOEFERNEICOWTIX, KEE2ITTHAT2 2 2Iick 3,

Cf. [a,b] Z R DXME T 2L &, f:[a,b] — R PEHZ 51, f 130T FBERERS, §
bbb AF st. F' = f. FEE,
W D FA E R

Filab] — R A 613

o[ rwa=t@ @en,

ﬁﬁDﬁO#%\F@y:/jﬁﬁﬁZBH@Mme®%%%ﬁT%%o

a

VAP SN
b b
/j@ﬁmzwwsz@—Fm) <?&b% /P%@@:F@—Fmo
HMBETOEAREHE MING, THHIXET 51T,

(SZREEL T, DARI) My EETIEHWICHEETH 2
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EWVWIHIZEEF-oTWVWD,
BRBETHIRCID S BED D EETH 2 AL, ( T2RIZ) TRERWITNE) M55 DHiE
HBYih52306Thb,

EE 5.8 NI MIUBIREDELE) Zodh7-b 0FEEE, X7 MBI THRELTTH S, ITE
DR M FITHLT, FORTYIY LV (VE=F 2ili7lcdT FOIL) BFET S LI

e, b LIFETIUL, / fodr—=F(b)— Fla). m
o

Bl 5.9 (R ZFIALIEBESOHE) Hl5.4 ZHBEBEZHWTEHRELTA LS, T4k
b f(z)=22Cldz=¢" (0 e0,n]) 55, F(z) := % & f OFGREKTH 5 (R
F'(2) = f(2) Zii7zF), 72 C OIGR. BREFENRZNL -1 (=00 E z=1,0=n7
DEE 2=-1)ThHdHIH

[t = G = M _mr. 2,

W5ﬂﬂﬁ%ﬁﬁﬁﬁﬁbﬁuﬂ)ﬂd—%ﬂzeQ&C\mﬁkTéo:@f@ﬁ%%
BOITEE LT, 1. & LS BRI F AT 27 51, Cr 2 = ¢ (0 € [0.2x]) 13 9
WD C! KEARER (IERDHEERD 2=1) THHD05H

[ 1) = = (P = ) = FO1) =0

t:%ﬁ?@ﬁ%tiim/j@ﬂh:%mf@ébg\%Eﬁ%u5o@imfwﬁ%%
C

BUITEE L2\,
COMETICOVWTIE, EHE57T ZEATERWI 2R S, DITD L 512 “Er”
WHS 2 Z N TE S,
Q:=C\ [0, +00) IZBF 2 MBEAD I logz . 2 =7re? (r > 0,0 € (0,27)) LT

log z := logr + 6

CEDD, TDEE F(2):=logz (2 € V) 1F QY TEAITH D, Fl(2)=— (2 € Q). DD
FliX foQ ~OFIR fl, DFEBEKTH 2, 0<e <7 ZMLTERED c 1ITHLT,

(\z|b—t

Co:z=¢" (0cle2rm—¢])

B, T CIF Y N C iR

2—ei(2m—¢)

/ f(z) dz = [F(2)|_. = log ¢'®™=) _loge®®
Ce

= (21 —¢e)i —ic = 2(m — €)i.

C@@@\5%+O®Z%®@@%mﬁ\/f@ﬂh:%nm—ﬁ?5®m%ok%%bmo
C
|
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ZDHDOHEFIL. FIEIOEFREEIMDFEITEL 2, RRHD D5V Ebh 505,
HHS %,

F(z) :=log 2z 3ZHREE T, B IZ@BD oLV, HEEKRT F'(2) = f(2) &
7=3

BAEL f DERIEZ D L/NZ VWD DICEZHZ 2 & FMEBIIFET 220 dH 5, B
ZE BRFHED S RO IEDHE T ZFRWVMHEE Q. =C\{: € C|z>0} T&

gljll:l

F(z)=logz=logr+i0 (z=re” A 0% (0,2r) DENCHL)

B f OFEGEBEBUCHE S, ZZT0<e<1IMLT, C.:z=p(0) =e? (0 € e,2m —¢])
L3de. C. DBII QO ITEENZDT

; f(z2)dz=F(p2m —¢€)) — F(p(e)) = (logl +i(2m —¢)) — (log1 + ic) = (2w — 2¢)i.

::fe%+0&?ét%ﬁﬁﬂ$?%o:nﬁ/}@w&w%bm®m5mfwéﬁ
C
Ké5b%%5bf%6ié:t%%%bfbé% »

J

Bl 5.11 (2" OFERD) n€Z, f(2) =2" £ 3%, n=—1 DFEDBLOHITHEH. n#—-1T
n+1

@m@\F@y:; rBLE. Fl2)=f(z) THEIPE.

+1
bn+1 _ an—l—l

/Cf(z) dz =F(b) — F(a) =

n+1

B R GRRAR e R0 8 5 oo, fEHHIC D15 Z & b RTE L,
o ZERBIBZ (n >0 LAHTHREVOT) BFEREEEE Ho,
o FEMMBUIIH O NER T3 3 FARRIE E o,

z
2241

WKIREZIND L E > TRVLWAD LKW

o HEEHT (EEEE 512) log DHTHS 7 — 2 (% v o aorboh

6@%( L2 )K%Lm®f\ L

zZ+1 z—1 zZ—a

R, T REEEEEET 5,

o R NFEMBEKZROLOIEAITH L) ZeHRTHD S, fito TIERIBKTZ L
r=Rez y=1Imz, |z|, Argz BREFFEHEBEEZHF 2720, =

R 5.12 (BEXEE) HEPOMEMEZ N T IIGORERELHHT 2 &, FaEED 7
MBIGEE. EH 5.7 ICK o T, FEDIIMEHICEITETETL 2V, T OERICESNT
FHHET 5 2 OB S 0D T, FEEBEBDFEE LR WL T Z 2 23%2 v, 2o
(z, |2| D& S57%) IERIBEE TR OB EED D Z 035 505, BEBGHTHEBICE S W BB
BAPH TR Z1EHENVZLBRVDT, HEDZDORME) IR ETHE (D LE
HRSFHBICRD), =

106



5.2 HRICEAT 2HAEBOER

Z ZIEEBH S 2 DICKERERFE DS 000 2 03, BHZ ERICY RZ2DI3H LWV, A 74 R R4
DLTHEERZED (ot SADME R4 FICEDIREND S ?), TREEZ T
W (EF o T, HHEEBIEIRE L CTRMZ2TTLE S, )

a N
EE5.13 QX COBFEST, C:z2=9() (t €[, f]) & Q NOEIFRE T3, (2
o: [, B] = QDEHLE VWD ZEZEKRT 5, )

o B o DIEH {p(t) |t € [, B]} D Z & ZHHHR C DI (the image of C). 3 2 \WIXHF
(the spur of C) £\ 5, LIXLIFEES C* TKT,

o HIHR C 25 C MRBHIRTH B LIE, o B C' WTH 2 2. Thbb 1 [HIA[RET.
HER o DERTHE IRV,

o Wi C 75 O BMERBHRTH 2 L1k, o 25 C WTHD. (Vi € [0, 8]) () £0 %
W3z 20w,

o R C BRXSIHIC O MRDBIRTDH 2 213, o, ] DD 20 {t;}7_, T & [tj1. 1]
Iz (2 %%”KEI./?—: QOl[tj717tj] 755\ Cl %‘&Eﬁ%ﬁf%% %)@iﬁﬁﬁj_é Ze %L\5o

(t; TEFAMBAFRELOLFEELRZVD2S LARWY, EWS 2 THD, )

o iR C DRSHIUC O MOERHIRTDH 2 L3, 5 {t;}_, TH [tj—1, 4] T 0 &
HIBR U7 ol 0y 28 CH FUERIHIFRTH 2 0 OBFET 2 2 82 5,

o IR C DRARAKR (closed curve) TH 2 LIF, MR EBEDIFLWVWI L, TiRDD
ola)=p(B) THBHILEWVD,

o R C S EHEHRER (2 simple curve) H % W& Jordan Il (a Jordan arc) TH 3 & 1%,
— (R BAMIR TR WEE) ¢ PEFTH L. ThDB
(Vi1 € [, B)(VEs € [, B])  t1 # ta = p(t1) # ¢(t2)
/eI RV,
— (HhERDEAMIAR T H 2358) o 2 [o, B) THHTH S 2, ThbDDH
(Vi1 € [a, 8))(VEz € [, B)) 11 # b2 = @(t1) # p(t2)
il IRV,
(BB THTEBERZDLRWZ ] TH D, )

o HAMMPAHNAR C DIEDQRZT O TD 2 2 1F. ETHAOLEFIC C HFHTLH FAH
PRZBZEE2WVI,
(B S WA THEH, LGSO 2DANS DT, BiLIZELRVTHS 5, )

SEHEAN O BATEAR#RZ Jordan BAfR & MR, EE D Jordan HifR C 13 FHE % 2 D OmEEIZ
. FD5B0—IFER. MFRIFERE D, EE L 0HEBOEERD C* TH S (Jordan
HIREIR (EH E.10, p. 294) — FEADEHE LW Z ¥ THA). AR % Z OiifR2F T
Jordan FEIE & L,
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iR % 2.3 BT 5,

B 5.14 (BA) cecC,r>02F%, C:z=9(t)=c+re? (0 €[0,2n]) €T 2&., ClZC!
WIERIHARTH 5, X HICHHMPEAMAR T, EDMZXTH S, C DI c ZHD e T 2FE r
DOHE {zeC||z—c|=r} TH 2%,

ZOR C ZHICEHS |z —c| =r TRT LD D5, HlZIX f(z2) dz 6i/ f(z)dz
|z—c|=r C
EWVWHEKRTHS, m
B 64. DT ZhEH»D K,

il 5.15 (IEAFDRE) HfR C: 2 = ¢(t) (t €10,4]) &

t (t €[0,1])
B ) 1+ -1) (te1,2])
2= ell)= 14+i—(t—2) (t€]2,3))
i —i(t—3) (t € [3,4])
TEDDE, COBT0,1,1+4,i ZIHEE TIEAOETH %, C IXXZTHNC C* HUIE

QIR TH 2, O ICHMARFR T, EQMETH L, =

1€ Al—i-z

5. IETEDORAZIEDA T %

C! FOERIMHHERTIX, MR FDORIET 0 THRWERRR Y MLDTEE L. ZFOEERTZ b L
DEGNCELTE2DT, KL LTHELLTHD, RLTEDNE Z DRV,
XHNC Cr fROBIfR 2 Z 2 2HHIX. 2D XD BEZAELCITNEREZINS 2O TH 5,

EE 5.16 (C ZBAIICL —C) HIER C: 2 = o(t) (t € [0, 8]) KHLT. 2 = o(—t)
(t e[, —a)) TEZ2HEE, C BWFEICLEMRE Y, —C TR,
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4 N
E% 5.17 (Hﬁ 01, 02 7&’37’33\»\75 01 +CQ) Hﬂ%ﬁ 012 Zz = gOl(t) (t < [Oél,ﬁl]), OQI z =
©a(t) (t € [az, B2]) Ty C1 DERE Cy DIRRDBEFELW (01(61) = pa(an)) TH 2 LT 5,
Dt =

(,O(t) = 901<t> (t € [0517/61])
ot — Br +a2) (t € [P, b1+ P2 — as))
TEF L 2MHEZE. CL T Cy ZORWEHFRE ML, C, + O, TERT,
(BEREEFETIE, G0 ERL TS, o dRMHDH 2EFZ /RO, HHENRKRES
KZ&i%iﬁb\O)’C\ COMRTIZ O +C, £ELZEITT S, ) J

Co

Cy

6: Cl O);‘%g)f—\r'\ = CQ @;lél\){_?\jz fo@i Cl + CQ Z’)S'ﬂzhé

(IR - T, O DD Cy DI TRWE I RIGEICDH, C1+Cr, BEZ S5 X511
5, WhWwd THIIREH] W5 DTH DD, ZORELERITZ DR TIXFHL W,
COBIFIESRE A )

5.3 HREoOME

- ™
ﬁ%518a)[kﬂ@+m@mz:lj@yk+zﬁ@yu

(@Z}ﬂ@m:ALﬂ@m
[ smemy
4)/Cﬂ@dm:—lj@ﬁk

(5) / f(z) dz = f(z) dz + f(z) dz
C14Co C C2
N )
AEER (1), (2) &, EFIIRE > TEEHROBETICEZERX. Y oEE» 59
(3) —RNZ BB F - 0, 8] — C 126 LT,

[Frwal= [ oo

MDD Z e BZEBDIUL, F(t) = f(o(t)) @' (t) IZOWTHEH LT,

mﬂs/um@WWﬁzﬁwmuw
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z) dz




(4) z2=p(—t) (t€[-B,—a]) EF B L, dz=—¢/(—t)dt THEDB,

—a B
/_ RO / CCOREEIE / F(—6) g (—t) dt.

s=—1t2BLY. t=—aDEs=q,t=-—PBBDLEs=4,dt=—ds THIHIHND,

/_Cf(z) dZ:/(ffOO(S))go'(s).(_1)d82 _/Cf(z) i

(5) fEZOTHEMEL T2, »

SR 5.1 BT 2 5 /i(\m\L/fwk.mf%()()@ﬁﬁﬁéo
(3), (4) WOV TEFETOFEENIRLETH 5, HlZIR

/ NOICE / 7(2) |z m

[ﬁ%520ﬁﬁ£Wi%ﬁCHDm§% PRIV X — R — TR S T, ]

f5il 5.21

Ci:z=¢" (§e0,n)),

Cy: z=¢" (te]0,1]),
Cs:z=e™  (tel0,1]),
Cy:z=—t+ivVI—12 (te[-1,1))

L35, HROBRIAZFEILFH {zeC||z|=1, Imz > 0}. FLAZBFECTHS (I
;miL%ﬁu_no¥m@ﬁ%fﬁ%émtfmﬁuf\/f<yku# B2 5,

Cj

M 65. C5: z=t+iv1—12 (te[-1,1]) T DL &, f(z)dz & | f(z)dz DREIODE
C5 C4
RISV D,

find 520 12 & D, BRI TRl a 225 R D G\_F'fli)35rff‘7? IR Hezhbe LT, ¥FEro
FE L2 EDr X IC—E 3 280881 O L TOREDD, BRI ST X =2 —F1) ¢ ZI5E
LBWTHMEET 5 Z D005,

FARAR DG EIX, MEZIEEL TOWRWEEIE, EDREXTH S THHBERONL—LNDH 5,

(ZDF, DEDEMNCHEFELS T2, KT 22 eddd, AR - REZIEET
TRV cws Huvoxid, PAMROEEIRNS Z itk s, ZRTRICKEIZDITRD,
MEDHZ] R =) CWOSFEZEMLEDT2DITHE, ZRTLSIR RN E
S5, HERX T 2HIfICOWTIE. 5 LATHLRVD T, fmld 7 X —& —HiF Z2HE& 5
ZDIMITHZ, WX okb T X =2 —ff1F) LHEHIZANLTEI S, )

KEFR DG AN T—hRIDCR s S I XIERIRE T AT RE) DSRRD 32D Z & 2Rl L7208, R D
FRFEICOWT S D LD, ROEH 2 FHRIMBICHES L iTix s,
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4 N
fhRd 5.22 (—HRIKR % SIFIERESDAEE) Q 13 C OBHEAT. C 1k Q WO Ct
WD {fr}nen & C D% O LTl B & 72 2 BIESIT, C* TR f 12—
RIRT 2235, O ZE

n—oo

N J
sEBA  f . —RRINKR S 2 EGRI B OMIR TH 2225, HHTH 5,

/Cfn(z) dZ_/Cf(Z) dz

lim Cfn(z) dz = /Cf(z) dz.

< /C Ful2) — £(2)] |d2]
< max | fa(€) — £(O) /C dz].

geCx

/ |dz| 13 C DIMRETH S, —HRIREIE, n— o0 DE X ?é%}f‘f”(o — (O] = 0 ZEEKT
Z)COD’C\
/ fn(2) dz — / f(z)dz (n—o0)m
c c

5.4 BF: R* TEETBHED (N7 MILER CDRER)

MERS R VRN ZBIE L7224 IS. X7 PVETICHN 2o 2 Bnl L
T, EXBEB O L OBGREHALTAH L S,

Y
/ /Q f(z,y)dudy,

[

f= <P>, C DHEAFERERZ bt 1T LT

Q
Lf'dr:/(jf-tdSZLde+Qdy.

(Green OFEHL, Green DR RIN) C BHEMEAMFRTH D, H2HFEE D 2 A, C DA
EBETHELT D, THOVIHAII, C DI D tELZenB0E, Zor &

f-d'r:// rot f dx dy,
oD D

MR Z RSB 2 MR

BBV (REEEZEZT)

/8DPd:v+Qdy=//D(Qx—Py)dxdy.

68 R 7 MM TIX. Green ORI, Gauss DFEEERE., Stokes DEF L WS HELEMHNDH 2
B, 2B E—RELT, SHEOAR / do= [ wTERTZLHHKS (BAHSER->TLESH, 0

M oM
INFBEEDY Stokes DEH L FHIN D), ZDVHENLT DL, SOHEE D =M,C =0M = 0D X673 %,
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7272 L
L P
rot f = det (v f) — det (Z% Q) Q.- P,
HEEBUERRE f OFEER. Bzt u, v & T5HE X,

Lf(z)dz:/c(u+iu)(dx+idy):/<udx—vdy>+¢/c(udx+udy>.

/g[dz]:/gds.
c c

6 Cauchy DEDEIE

IS, ZOHEBRIKDDLETDIRTIE. H2EKT Cauchy DEDEH L ZDILH
(H2BWVIFENDSEPNBHER) TH S,

6.1 IL®IC
Cauchy OFEDEHIZ, HifmDNIEHET

/f(z) dz=0
c
EWVWIHDTH5,

BOEDHET D 553, HilIZRXD3DOTH D,
(a) fIFIERIBEE, M DO-DERIIT C O Q ¥ LTBL,
(b) C & Q WO, FEHDOZDHXTINC C e LTHL,
DLEE D D30, ROEFE
(c) C @ TPTe) HPAIC Q DRTRHROVE (f PVERBINTOVRVE) DRV,

(a) & (b) ZITRERRT. 7 (c) D& S REMPBIER Z LI,

/| © _oriz0 (0EH Q=C\ {0} f(z)—é,C’:Z—ew (0 € [0,27]))

z|l=1 #

EEVWHT LD ((a), (b) BT 02, /f(z) dz = 0 TIEHRW),

Lol () O B BHOECT, T 5O —(LHRETH 5,

C 2HE D & 5 7z fE R cH UL, EBICHE - T THT) ZHRLTHEEVITEZ X
BWH, D TRWGERMWIRZ L H 5,

C DHAUEAEAR (Jordan HifR) 72 51X, Jordan MHREIEICLD. C DR C* (KB LT
DA X C OHZ2ERER D OBRATHE22 e300 5DT, ClE D ZELEE->TH

ORFKICRZTNE, EEOREELZEDROCADPHOFIIIIEEN S (ZARDEH L 2RV, 2 VLR
%)o 2 XARRDRDORNRE 2iE, MITNIIREZEZ SN2 ANEZVWEEA 500, HUTHEIOLNRVA
CBWhrrEbNd L H 2, TENEDORLI—A DEHE », ESUHEOT Y ) o3y T o7
FEH Y, BRAFIEAVICHENZTNE, ©57225, BEGHZ L 1E ) Cauchy OFEDEHE D2,
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RBW72A 55, Jordan HIAREHD X 5 R KEE (?) 13D FE D HFWL WL, ¢ HHIT
BWEEBEZRDOWRIZLIEL, WS ey dH b,

v b B BIRD A 205 5,

() Q HEIZE 57 ROBEATE I EEL B, BTERTH B L5 &2
5, Q3 C QEEHEARTHIUL. O TIEAREROBEY . O NOEEORK 5 O
W%Eﬁcwcﬁbf\/f@ﬁ&:OﬁﬂbﬁomlKmiﬁﬁ%ﬂ%f%éo

C

(ii) 1% OB C 251 DDMEPT L WS &% S £ CERLTHDE Db 2. B
DEDE D OEERR L VS AR 2 212k 5.

COMWETIE. (1) DROHEHRHT %, B ErolzED TV L,

6.2 ZAFOAICSESRRTDSRE

=AIED X5 IR NIE OB EIE. NEE 3D EBRNCHH & 2 TR IR 5, X
DffiEIZ. ZODEHE & HIZIEHITHHBTD 5,

4 N
i 6.1 (Goursat, Pringsheim) Q 13 C OB&ES. f: Q — C EHL A X Q ND=#
Bedse i,

f(z) dz=0.
oA

K::T@A@\Eﬁ%AQ%%E@ﬁ%K#%?%%@ﬁT%&

J
(BAREHTH 20, ZDORELIZOWTIE Gray [29] ZH X, Goursat (ZA¥—) OEH &
FERADIZ WA, @K [30] Tl Pringsheim & W5 T2 HIF TV EHENRL 57025, iR
RAEHTH 205, T ZIATEEL S THRMITE D -2 e 00 %, )

AEFICfEDN D DIE. (a) ZMATBORENZIB S HEDIE. DEIL THERZ/N=MATE DN 5 18
TOMTHS, (b) A TEZ WS Zid, FANCIE 1 REB TV 5 THRER Il
TEZLWVWS 22 TH5. (¢) 1 REIBOBARFRICTIR S FETE 0 (1 RBIE az + b 3 FARREEL
§22+bz BFOD D), £\ 3DDFERL XMEHEINETH 505, 216 DMAGH DT
bH5,

SEBE (R NEFRETIEAT % & 40 2EORRABEIC KL 2, RiHXCETELL I, )

M = f(z)dz| £BL M=0ZmRL7ZW,
oA
Ng:=A T B, Ay DEUOHRZEFIE, 4 DO=AICTE N5,

Ao = Ag1 UAga UAgz U Agy.

O0g; 1F. 0Ny WWEENDMIT L. Z 5 TRV (M % FRWT Ay DNENICE TN 281577)
MOIRBM, BEE j=1,2,3,4 TXRTEEZ L, 20BN, ZASIEEWVICHRZIZR -
TWVWBDT (KPLWV), MESZAET22 3 v VAL L THATLE I 2 b,

(2) dz = (2) dz + (2) dz + (2) dz + f(z) d=.
0N OAo1 0Ao2 0Ap3 0Apa

70 Jordan BHFREH OB WIEHDLH 2 L WO FEIMENEIC L2 2 1ddH %, il 21E Brouwer OARH)fiEH %
fioT 3 R—T W55k (Maehara [28], Brouwer OAHHREMDE L T2V 7 ZFHEH 250 L 6, ), FR&A
3 S BB F LD LAV THRT 2 2 5 iEHIEHA & 72w,

113



4
M = z)dz| < z) dz|.
REEERES
D 4ODIE (2)dz| DS BbEKEEGZ 2 =M Ay THolk LT, £h%
0A0;
Al Zj:3< Z\
M <4 f(2)dz|.
0A;
W 21
f(z)dz| > %
N 4

DUR, [ERRIC L CEAFROE 2Kl 5:
A:AoDAlDAQD"'
DL EMLED ne NIZXLT

>

f(z)dz 4%”

0An,

X R/ NE D JEFHIC & b
(FeeC) (Aw={c}.

neN
cENg=ACOQTHAERILITHFEET 3,
1 RIS RIRR R R Fr o DT, ORISR OB 0 TH S, DRI
(2)dz = / () - Jdz.
OA, 0N,

ORI Z g(2) B k.

f(z)dz

0Ap

/ 9(2) d=| < max |g(2)] / dz.
oA, zEOA}, oA,

/ 2| 1% OA, DIMETH 5, 2MF L, LB L. A 1 A LHEBTHD. n A1z
OA,
5azm§éﬁh9%mm5#6\%:é%ﬁmbﬁoo

7 DEFE lim JE = I f()ickoT,

zZ—C Zz — C

lim 9z) = lim f(z) = (f(e) + f'(c)(z — ¢))

z—c 2 — C z—cC Zz — C

=0

TH500, EEDOIEDH c ITHLT, 2% 6> 0 HBFELT,
lz—cl<d = |g(2)| <elz—(|.

c€N, THHDT, TTAREREED n LT, A, CD(c;0) BRDILD, ZDXD7%n
WXt LT
< _
g%wkﬂ_ggﬁk cl.
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“AFOERIFARLNTITH 25

max |g(z)| < eL,.

2€0A},

Wz Iz )
M L
— < f(z) dz §5Ln-Ln:€—
4n oA, 4n

THHMH

M < eL?
M ET

(Ve>0) 0< M <elL?
DAEFH T &7z, WZIZ M =0.m

AE 6.2 (LOEFADIXRDEE) o ZiHiis 2Dz, BLfES DI

) de| < ma 1) [l

0Ap

EWVWHIRERTH 0. LTI

(2) dz
oAy,

< EHOx L, = SR x
EWVOFHEI L 2 7RV, f(2) 205 1 TGERIER f(e) + f(e)(z — ¢) ZBRWTz g(2) ZHWT

g(z) dz| < max gz/ dz
[, o] < masclote | e

EFTHDIFKOFICSWVWLRTH S (max | f] 1F/PE L RWVD, max|g] 1ZNEL7&B),
—7. dLD f 20O RIRET. f7 2NEKE THIUL, Taylor DEHIC K - T

f(z) dz

OA},

1
< Z " 2
nax 9(2)l = 5 ‘gggélf ()] Ly,
NELNT,
1
2)dz| < = max |f"(2)| L3,
[ 1G] < 5 mas 17
B
" L?

WO FHINE SN B, 2O BRNIMBEIIZ M =0 DBELNTAVYFAL TN Y. SORAT
T f A 2 [ ATRE S WO Z BIFEEFHHSR TV AR WD T, 20X D TR S % D13
Thb, 1EDAIREL WHIRED S

(Ve >0) M <el?

W) il E < Lo iR, Rl TH L, =

MU0 ER LTV K5, ERIBAEUIEITRRIM D RIRET S % 2 & LTI X 15— Cauchy OFF
DEFERI Y LT (ZhEffo 2 bfERmAICELTLE D),
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%D Cauchy DD NARDFHICH WS 72, REEZD LI Lzt L TH <,

4 N
% 6.3 (BRLRNDOHDESfE) LOMEG1 DEMFT, fHQ TEHI WS 22 A%,

FlE Q TEkE, 158 aeQ ZBRWTIEH

r@BHTH, | f(z)de =0 DHD D,
OA

- Y,
ERRZE, Q THEFT, 1 SEZROWTEAI WO HE, RZZ20RTHMIAIEET. Q 28T
FERIE 2o TLES (BRABADBREMRERRREA L WS bDIIH25), OF D, ZAUIMFEE
BT 27-DDHE. £WVWH I LiTikb,

B o ¢ A BoiX. EOIEHHDOEEF TRV, a € A DHEIX.

(i) a 25 A DB BTEMIT—IK

(ii) a 28 A DTHEHF[ATIEFRWL EIZH 2
(iii) a 23 A OWHERIZH 2
DWINICHEHIN S,

() (i) (i)

O_\\ v/
T a B=AE A DY ZIZHEHNTHEDT (THR, L, NEE)

(i) DHBE. A DHIOEZIID/NIWEEDER c I LT, KDXSIZ A %23D0D=f
WHEIT 2, a ZBFERVEAEAL A TlE, B S BETOMEIZ 0 TH 5056,

/ f(z) dz:/ f(z) dz+ f(z) dz+ f(2) dz:/ f(z) d=.
oA 0. DAL BN 0.

W2 (OA, DEDEIN 4e LR TH S Z ITIEEL Q)

(z) dz

f
oA

< [ @I < maxl s [ e < gm0

e — +0 ZT%CK"C“/ f(z)dz=0.
O0A
(i), (iii) DHE D, KD XS X=AEZ20EIT 2 . F=ALT (i) BEHTE T, HED
DIED 0 TH2Z e EIPND, =

REX 6.4 Cauchy DD NXEZEL 72012, EHIHDOREEZED B EHEBL 7FA b
DBRLDH 2D, LOBDBHDIEE 5o & [22] HIEAS LW (F2# [31] T [22] DT 51
TWV3), =
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i 6.1 & ZDREAHZEES 2 & Bz, BER f 2 A S 28 0REATEARS

13, Yo ORI - 7B / F(2) dz = 0 THS 2 L WERICEMET S 5 (Reh 513, S
O¥¢

M= A, ORICHHITE, K= A, IS8 LT / () dz = 0 DSRD T Z ¥ A
oA

5. / £() dz = 0 ZEAR ),
2 U5, Bl ¢ OBASAHOIEIC R > TV Th, C HEBHERAY ¢ LT f 2
ERENTERS 512, /f(z) C 0 LR EHEHTE B, CAANHWS Cauchy O

c
HOEMEDTH 50, EbALERMULL TAEAT 2 DREAN CH#H LV, —F—EATITL
bl N S

R 6.5 ZHUIRDEFE, K¥F 2L, BFRNSEZ 2RO D20 0hE, BA
RELTZOZEZEHEDOMEETT SNZ20E S0, BohkU-L Wi LTWE, 12k
DEEE (EEDP 45 WNWD T T AT), ik 6 ADHEER L7 (BUERHE LW Z 21K
WT, TEFEBICIRS Z 2 22 AN, BRI HRTF ) L WSFEEBVTWT, BAH %S
RABPIHICKEZ2DTIE, eBZNTWEDE, ZI3R5RVEIIC, BIICTEZ L THRE
WKDZEATEDEZTE, BAID1a~T3 » HOHEDR R RIZEBEELDH 720, LOHIIS
= 7R, MOBRE D, FEAPHTRERDZ &,

BHREBAFGROBR L ZHE L TV DD, BEPRZETLOEMOIAZ LT\, N
a7 TR [30] TPEBEATH-72DT, BRI > TUIEEE 720, Thd, Z
DEMDIFHIZRIEDEL WV, b o 8EEEFIT 2V KU T2,

D E, FHERZTZED [Z0FIRZ RTHHETRVWIUL, BFEEHRIT D 2%
ZBELEABRV] EWIBEKRDOKEEL Lz, 57076 NT XXV b ianizb L%
570 (BREZECTLEVES), 20r ZOEDRMAIbI XS BEN L (EdH. &
HOERPEZ L LTS, MrZEUCLNDPEAZHT2 e 2EZBEIRITRL, W0
Z2iZiE. mEMCE R S BWIThY),

Z D%, BFEOHF T, ZOEHOAANZEIZ E ES N, FICZNUIED Z 2T TR
WAL TTAWE S5 LW 80 o72DT, HOEEDHESIZIELWVWEEIXUIHRWVWITINE,
TH, FILIIWCERLEZADBVE, WS 22 TFh, n

R 6.6 (Green DEBEZRAWBRIEERR) EIZAEXRRIEEHADL D 5, 2RI MV
THHZRZRD Green OEHZFHWS
e Green O EH ™

D 3 R? ORI CTH D, QI1F D ZETHES. f= (g) Q- REE O ke T S

L&
o [ paean) - [ (52 )

\7:7?1/ 0D 1%, D OBEFELEDM /- 2R TH 5,

=M ONERIHERIEIRTH 2 DT, ZOEHIEH KT

8Af@w&:iésu+moux+uw) /)mdx—vmﬁ+i/ (v dz + u dy)

[ o airar s [ o N
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fFIERITH 2226, Cauchy-Riemann OFERX u, = vy, uy = —v, BIEH LD, DRI

aAf(z)dz://AOdal:dy—l—i//AOdaeoly:O.

Z DFHED AL T 512id. [ OEfiE 2 IRE T 2 BEDD 5, BNMUEILE L WS BERT
. EHEE LTI 2525, Green OFEBICTHERTWIUR, ZAFMANDZ  OFEE
12X LT Cauchy OFETEHDT CIHINRTE %, ZAUIBHINTEK T 65N d0d Lt w,
FITBRE (MR (1)) B ZOREHERHA L TV, RERHAS CGreen DEMOFIAIED %
DEELLRV, ZOHHDS LIZELPNLTVWEIAD S E T, ROBEIDIX. I [32] TH
(Green DEHD TWRWRFHHANEH > TV 5),

Green DEFUTDOWTIE, FIZIZF [31] @ VI3 AFEL W, £ ZICIEMERRGEI T 2w,
XD —RDEHICH TS Green DEHDEH > T W5, n

6.3 RIREHHEFE < EEOHBRICSE S BRB/ADH0
Cauchy D7 E M DRI

BRGSO 1SS [ OREI A 0: / F(2)dz =0
C

ENI TS o 72 T f DIFIGBIR 2 Tl TR SL0, MDREfRDID 2 DTES 520 ?
Q% COoOMHEE, f: Q- ClERE T2 E LUIFD3DDEFDBERITONWTIHNE 5,

(i) f 2 Q COFMBALZRD (IF: Q = Cs.t. F' = f)
(i) O FOEEDR A O RS C 12T, / F(2) dz = 0 B D 370
C

(iii) f 1% Q TIERITH %

TTIZ (i) = (i) FHI o TV B P72, X (i) = (i) DY LD, FEHIZEEL < WD T,
ZDFTETIERS (fif 6.10),

FiE (1) = (i) TH 2, ZHUE Cauchy DD EHZHNTHESNS TEAIZLHIX &R
DFETEIEELN KRS C WO EMTAZOHBROEELERE) 226, F IZAETH I T
X2 BEDT, FHICT F 2RO ARETH 2 2o, f=F WA TESLNHT
H2, IR E 512 (1) & (i) ZEEZO T, (i) = (i) DR YLD, THRbS QWD
(DR ORI C 1200 T, [ () dz =0 BIRD T2RBIE, [ 13 Q TEAIT

C
Hb,] ZAULEE Morera DFEIR L MIEN 5,

(ZAUIBRICE > TH 3 Z 272 (iii) = (i) E—MRISEW D Tz, Z4Ux Q = C\ {0},

£(2) :% LS Bl B4 B (BDTD: /f(z) dz = 2mi £ 0
C

CZEXTeReddL.

(i) & (ii) IFFEMET (iii) & DFEL
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(iii) 1252 R LT (i) ZE L DA Cauchy DD EHTH S, LHZ L. FoE DT 5,

QD (RECTERZIIAT %) Bl T D 2 5513, (i) = (i) 23D 322 (EHE 6.12),
Z iU Cauchy OFEZEHD 1 DOFHRBRIETH 5 (72720, ZOHWBBCTiEHE ZHLA L T2
REFEISRIBD D 2 I DD B2 W0), W XIS

BEEmEgIc L TiE. (i), (i), (iii) IZFETH S

R 6.7 (NI MLEIRZEMBLIAIL) Eid. X7 MUENTICD 2R MBS 25055 57,
(1) 28 TRZ VG f DRT V> v L %EFFD] | (i) 7b§/f-dr =0, (iii) S rot £ =0, LW D
C
XD, (i) & (i) EEET. (1) (B0 (1) 205 (iii) 2598 205, WiE IR
DiL7=3, BEFGHEBR AW B ILT 2, CWVHDIEFRLTTH S, =
F 55

R 6.8 (ERBOHERIIEASH) BAREIBOEHHER [30] 1ld. ZOEHDZ L ZRD K S
EVWTHZ, (i) & (i) KHET2Z% pDICESAREE WS 22 I LTA LS - (F
%) TZDEKICEWT, BREOMERTIE, MOrREDELI D AEETH S, BT
NEHLHLE ) DB, HIRHBEEWEILEZTE FHo T NIEXZFHL Z L 2#o %
T). FEER EOFMHDPBRVEFRIE TRV IFEREL LS, =

R 6.9 RIITED f I LT (iii) = (ii) 2K DO SHIIE, Q FHERSTH 2, =

(i), (ii), (iii) DZD XS REARZIZ-> XD IV 20DH, ZOEBOHERERFTETDH %,

Tl (i) = (i) ZEEFAL & 5,
MEIER) &0 5 FHEBIX. EFR 2.18(p. 50) TEALTH %,

i 6.10 ((FEDOXZHY C! B IRICASIEBROH 0 B S IXFEEEAHKZIFD) Q 1k C
DI F: O — C IGEEET. O NOEEOXA O SIS O 125 LT, /f )dz =0
MDD T2, T =, HHIEAIRAK F: Q - CHEEL T, F' = f.

ﬁEHﬁJ QO NDOEEDH o ZHS, Q DIEETH 200, FED 2 € QIIHLT, a Z24h
M. 2 ZRREE T2 QNORXRSINC C HoifR C, DMFET %,

F(z) = ; f(¢) d¢

LB, F(z) DfEIE C, DED FIZIF X570, EBE o ZIHR. 2 ZREE T2 QND2
IR O, O BB B L E, Ci=C,+ (—C) 2B L. C ZHEHRTH 20T, &6 (i) 75

0= [ 0 ¢ - /f ic— [ 10
DD LOPHTH 5,
CDF D fOFBEBTHSEILE2RT, EED 2 € QITRLT, 32 >0 D(z;¢) C Q.

WZIZ |h| <e ZMiTHEED R ITRHLT, 2000 2+ h ZADPOIT [2,2+ 1] 1T QIEZE
Nd, Coopy, ELTC, + 2,2+ h] ZERZEIZED,

F(z+h) - F(z) = /C o 0 /C podc= [ o

BRI MR OBEE, 70— - 7 v TIN50 (1), (ii) R, BEGETIE (i), (i) 25778 —X -
7w TEINDEDEFRERDIES S ? Cauchy DFEDEHDE N ?
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/ ac = [ = b
[z,2+h]

THBhb, f(z)dC = f(z)h THBDT, h#£0 T 2L %
[z,24h]
F(z+h)—F(z) 1 B
) o= FO=reni
Wz Iz
\””’” “FE o< L[ 10 - el
h ‘h| [z,2+h]
S T cduax, 1£(¢) = f(2)] - |d¢| = (Jnax 1£(¢Q) = f(2)].

Xz THEHBETHS205, 2OHLF. h—= 0D X 0WRIRT 2, ©ZIT F'(2)=f(2). =

6.4 EXTHEE, BHEEE

Cauchy DR EID B 5 E 44 (B 6.12) ZRNT 5. LLFMAHD 570, BHET
R T T 2 RIIRVEEDN LA FELVZ 3R E5 2R E). FHICHV2 7
4T 4 7OV TIE, @tHERAS,

ZITR. BRELHFEOHNZIT I,

4 N
EF 6.11 (HER) Q2 R"DH20IE C" DY T 5, Q23 EERE (simply-connected)

TH3LE, QNOEEDOHMGAERMER (1§25 1 5T H 2 #fH) 1< Q NCEFEIICE
JETE2Z2%5 9,

AR = = (1) (L € [0, B]) P% Fla € QIT. QW TEBAINCEHTES L3, HoH
BLREEL F: (o, B] x [0,1] D (t,8) = F(t,s) € Q BIFEELT

B DILDZEE VI,
N /

a N
EIE 6.12 (BEGHEIHICH TS Cauchy DIRSTEE) Q13 C O THER,. f: Q — C
FIERL C 3 Q WOXpRY Ct fRPAfFR 375 & &,

/C f(z) dz =

N J
SEBE (5% E i (p. 283~) 25L&, )=

il 6.13 HuEEELRMEHOM e LT, 2Z%M R, B B(a; R) = {x € R" | |z — a| < R}, “FH
W HMIEARIER (Jordan PHRIFR) A3PHEMEEL, 2 & FEMRZFRN . 3 Xtz T
1 HOMEE R\ {a} REDDH B, BRTIEHT 2 & 512, (huiisl, 2R S BdERi R T
H5s,
BEAS CTROWEBOF & LT, 2XTZEMTO 1 ROMEE R?\ {a} (BRFEHTOD 1K
DEA C\ {c} DAREMCHL), MERFER {2 € C| R < |z — | < Ry}, R3\ ¢ (L IXFM A
WHERRICO 72 1ERD), BWIRME (b —F X, torus) OWNH (K—FVRIOFHEE) REDH 5. =
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ZoflodicEn Ty, TER) w5 FEZHAL THL,

KE%GJ4@LE¥)Q@Nﬁb»%ﬁ@%%ﬁét?éo

(1) Q 254 (convex) TH 5 LIk, KDBWLDIDZ LE VI,
(Va e Q)(Vbe Q) [a,b] C Q.

(2) Q HEHE (star-shaped) TH 3 L1, KHEDILDZ &2V,
Fac Q(VbeQ) [a,b] C Q.

Hizczorx, Qi alZoWTERTHE VS,

BZESLHL, MW EEIIIICHI > TWAADBZNTH A,
it BTl

(

e

v

8: MhiHIER, TR WD AR A X —

BANZOWTRL BHBHAIC, RDOE5RDJDOBH 5, QPEHEORWMOKTH S T3,
HMEBERAREIAZ T 2012, 129D54 FEITTRED BGENERIT, 25 THRWESIZE
BICRW, DFED, HBHNCTA b 2BVt & RO TATATITHENEL L5 I1THK
251X, ZOHFE o & LTERDFEDMZEINE, WS Thb,

i 6.15 (MMESDH]) 2 C, M D(c;r), BAMER D(c;r), ZAE (WNHd 2 WIZNE e
EOED). IEZATE (N 2 WIENE e AoE0) 13 TH 5, =

Bl 6.16 (EREEDH) ZThWHES (&P C, B, BAME, =fAIEoNE. =AE
(NEBE H D&, EZABONELRE) ZEMTH 5, e FEROEES. HlZIXC 2
o Bl 72 B D BRu 72 E I
C\{zeC|=z<0},

BEMTHZ (U, DBbIETESRT%), 52 Q0:=C\{z€C|z2<-1Vvz>1} 3 EH
ThHs, ZLT (bBAA?) “BDIE” Y« ODNTEH BRITDH 5,

—77. C 2 BEAZRWMEE C\ {0} EERTERW(EZIZI74 PZ2EVWTSH, HAD
FAZIR B EMDEK D), »
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X 9: EQORIZEREE: 2 1806 ITXRTOEPRZI N5

&8 6.17 QI R /213 C 0BT, QA0 LT 5,
(1) Q 28513, Q BEETH 3,
(2) Q BEME S, Q IFHEETH B,

slEFA

(1) QPMERET 5. Q#D THEHDD a € QDBFAET S, FED b QITXHLT, QB
MTHBI Db, [a0,b] CQ W QIFEMTH S,

(2) QDVEBERET S, 5 a € QHPFELT, FEED be QITHLT [a,b) CQ TH 5,
Q NOEEDOHIHR C: 2 = ¢(t) (t € o, 8]) IR LT,

F(t,s) :=sa+ (1—3s)p(t) (te€a,p],se]0,1])

B, F(t,s) €la,p(t)] C Q. WZIT F: o, 8] x[0,1] = Q THB, THIZF IFHE
LTSN
Ft,0) =), Ft1l)=a (t€lnp]).

D% D R O 1ZEB AN ER R o ITETFTE S, =
M 66. FEHANO=MEONHL, BFBIINEE TS 5 Z & ZitHE & (& 1T p. 231).

6.5 ERFEHICHITS Cauchy DIEHFEIE

T4 D HEE, FOEGEBICEIT 2 Cauchy OFEDEM (EH6.12) TH DA, ZITIEE
RN —Y a Y RFAT 5, ZAUIHLEFTIN OGS OFEHOERIC B 72 5, 512,
ZORICEZTWS, IEHIBSBOMWE 2N 2HmIC b AHE N5,
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s N
EiE 6.18 (BRWHICH TS Cauchy OBHEIE) Q& C 0 BRI (K ZIX=MED
PRI PSRRI ¥ DIV EIR). £ O — C RIERIY T2 2 %, | OFRMEATEE
53,

® 712 Q OFEE DR O B C 126 LT / £() dz = 0.
C
EAEHED pg € Q KHLT, p, q & ZHZAISE. KA T 2R L Rl O
iR S S / £(2) d= DIfiE. p & g DATEE S (M C OED HIZ X BTN,
C
f23Q TCEREWSIRER, acQ LT, f:Q— Cl3EH. Q\ {a} TEHL %
| DTHRLHEIRD 1.

/
GEHDOH 5T LE—E TR 2 L, ETTHEEEEZES, tWwWH e THs, EEK

DHED % / F(O)dt = f(o) R4 BHEESHTT 5 OHFERTH B, )

A QURERTHZHDH. DD ac QPFELT. FEED 2 € QI LT, [a,2] C QD3
KD iLo, I T

F(z) := f(z)dz ([a,20) & a ZER. 20 2R T DHR7)
[a,z0]
EBLIEIWED, F: Qo CHOHERTESLD, HIZ F=fPRHIDZZDIRNITRT,
QUEBHARETDH 200, EED 20 € QTN LT, HIIER ¢ HFEL T D(zp;¢) C Q.
WZIZ0< |h| <e ZilZTHEED hITHLT, 20+heQ. ZOL X

(42) (ddx+/ ﬂddz—/‘ F(z)dz =0
la,z0] [z0,20+h] la,z0+h]

MDD, 38 a, 2, 20 +h P—EMREICH ZEEOIEHRTH S, 35 a, 20, 20+ h
B, —EHRLICRVWEEE. Tho2HRET2=AF (Az2a88) 2 A t3dL. ACQ
(ZDZ & DREREFEICEE 2) 2D ILE. (e LTD) [a,20] + [20, 20 + h] — [a, 20 + ]
. ZAK A ORE TR TH 200 (MZXIETHEEEIHZ L, £ THRL
%ﬁ%%éﬁ\mfﬁmbf%)ﬁﬁﬁlmiof/,ﬂ@dwﬂlbfﬁ@%ﬁ (42) 23
oA
RDILDZ DB DH 5,
lob dd
F(zo+h) — F(z) = / f(z) d=.
[20,20+h]

(2226, il 6.10 DAEFHERICTH 5, —IBEVTEL, ) Thrs

h) — F(z) 1 1
h B f(20> N E /[zo,zg—i-h] f(Z) dz = E /[270,20+h] dz f(zo>

1
-2 /[ EICERCES

~
&
+

W2
F(zo+h) — F(z 1
(20 + 1) (@-—f@@ < — max |f(2) = f(z0)] |dz|
h ’hl z€[z0,20+h] [20,20+h]
= max |f(2)— f(20)]-
2€[20,20+h]

[z CTHHETHZ2025, h—- 0D EET 0 WKINET S, wXIZ

p Flao+h) = Fzo)
h—0 h

= f(20)-
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j_fd:b% F &j: 20 VCT’TL& T%T F,(Z()) f(Z()). |

M 67. LOREBHOHICHNT: a, 20, 20 + h ZTHRE T2 =AF A (ZAEIOEZNTVWEY;
BLEZDL) D QICEEND Z L BAIAE X,

S 68. (% f%afiam;auuﬁx YRV, ) £ Q- C ARSI, 2 € QITH
LT hs0 DY &2 (O d¢ — f(2) THB I & ERYE,

h [z,2+h]
(REZZ 01TEMT 2 & &, FPERIIICRT 2. WS BEGHICRS TRAHTEKRS
MmCHb, )

4 N
% 6.19 (ABBEHICKN T D Cauchy OFRAEE) D & C oM@, f: D —» C Xk
Hi* 322 %, D NOEREDOXSH C HREArKR C 1c LT

/ f(2) dz =
C
DI D 37D,

\}HiDT@ﬁT\DW®1ﬁ%%%E% EREZRFIHTH R UHGFRSK D LD, )

J

sEEA  FMRMEBII RIS TH 555, =

B 6.20 (1/2 DEFRIHEEIEL) (B 5 Log ZHI> TWBHIZTE) B f: C\ {0} = C, f(z) =
AR S (1 / G omi 207 h), FRQ = C\{z€C|=><0)

lz]=1 %
F. R 1TIRDWTERTHEDT, f %2 QICHIFR LB flo 13EEEIEL
d
Fo) = [ foa=[ %© eo
[1,2] n,: €

ZFRO (ARSI D FMHE Log 2 ICF LW — R, - =1 ToErZhZL—
KT oh5). . C 5O HOEEORSN C HREHEE 513 / f(2)dz = 0. m

ROFNZE THEETH S, BNZ EERIEFHBEICD 22D 0, BpNCEHEHAT %2 Did—
tHETH 3,

Bl 6.21 (ﬁ DRRAICASES) a,ceC ¥ 2L %,

(43) / dz ) 2mi (le—=a|] <)
smeler 2 — @ 0  (le—a|>r).

NP RTASH
T, Ja—c >r DHBE. R:=

% yBELL. r<R<|a—c T. E5IT

1
z—a

i& D(c; R) TIFAI

PR ISEBCERE (85 X 5 S, HEEITD B, Ko, BB —— AERVRRIFAIC, i |- — o = -
EEIC TG LTI |2 — af = 0 ICHR B 55, dz :/ % 3% Cauchy DS
\

lz—c|=r # — @ z—a|=6 7 — @

R f(2) /C— d¢ % f=1 L THVS

124



o |z —c| =7 3 D(c; R) NDOEARAR
DD 3D, FIEMEEICEIF % Cauchy OFESEBICE D,

dz
%;CTZ_G_O

DR, la—cl<r OBEZEZ S, BHRRTHER2EREIZR SN TNSDT, fERIEZNIZ
EG LRV, BREOTERRT, &ETlE. (Fifa), (J7iEb) ZHNT %,

(F71% a) 10 O & 5 Zfhi#R Chi, Chay Co1, Cop, Ty, Ty ZIBEAT 2, Oy + Cha, Cop + Cop &
ENEN |z—c|=r,|z—a|=0 THED»H.

X 10: V1 D3AAE ANT - ODMEOM Y LTHET

d d
(44) /i - —/ -
Cii+Cr2 7 — @ Co1+Cop # — @

Z T AUX R W,
CH — FQ — 021 — Fl Gi\

TEAE & 2 BRIEBA OFRFR T H 25 5.

dz
/ 0.
C11—Ta—Co—Ty # — @

SIEA2 & 2 BRIEHBN OFFRTH 25 5.

dz
/ 0.
Cia4T1—Cop4Ty # — @

/UJIJKZD & Fl, | J:O)ﬁ X v b ILEINT

/ dz _0
C11+C12—C21—Coz # — @

ZHUE (44) BRLTW0 3,
(73 b) (B8 [22) THlo 7o ) |z — ¢ =r ZHG2THEED 2 1L T,

012 + Fl — 022 + F2 Gi\

1 1 1 = (a—c
z—a (2—c)—(a—c) z—c 1— nzz—c”“'



—c la — |

ZAUIEHE T [ Ak = —| =<1 (z &RV !) THI05,

Weierstrass @ M-test & D \z—c] =r ET—RRIORT 27, W2 IZIHEBIFET D]
BET

o0

/zcl Z_“_Z/z o|=r z—cn+1dZ:Z<a—C> 20,0 = 27i.

n=0

(ERRMEDIE () OFCR 225, n = 0 OHEEREZ 0 THH, n = 0 DIHIX
(a—¢)2mi =27 TH B, )

(777 ) BERE (FR [1]) &, Green DD HRDED Cauchy DFETEHZENT WSS,

D ¥ C O T. ZDEFUIHERMED H I3 H 6 WG & 77z Bl EA bR
Mo D, 0D IETHROEFICHEEE R 2 XS XmEROFLNTWS, f

ciE:DuaD%ﬁﬂﬁﬁLTE%tTék%\/ F(2) dz =0,

oD

1
o ED:={z€C|lz—al >4 |z—c <r} DEAWRZZLHEBTIEAT, DD

BSE O |z—cl=1r & Cy: |z—a| =0 DBELLRD, C, — Cy &, ETHAD
EFIZD ZRZMZZK5TVEDT

/ dz / dz / dz
0= — — N |
ap 2 — C lo—c|=r Z — G |z—al=5 # — @

[ 69. (44) ZiRt, (RIZ—IGEVWTH 503, D2 B 3, EBALRTI L, )

6.5.1 Rk: TIE6.18 ICELD / f(z)dz=0 ZEEEAT B Z2EZX %
C

(LIg s < THh)

FARRAR C 1Rt LT /f(z) dz = 0 R L720WEA. ETHEANA Lz i3 2
Cauchy DR ER (EFH 6.12) (HERITH 555, W CIEWF 2RI 0T, BEGA
BUTRF % Cauchy OFEDEH (EH6.18) TLRTAIE2EZXTAL D,

1@&9L%ﬁéﬂk£%%ﬂft\QW@%%@CW&W/CQ/fzdz:o%ﬁ%L

FNEE. O C O C O BT R O 2 Eo bR, /f()z—O#ﬁmT%éo

BRI, O b LTS ATG 0 MNERe PR ¥ o m i, (2 AU BT B ) AR
OMBIENDH DL, ZHUTELEZLT WV,

HEED RO 672K T, BAEEBNEE ST 25805 505, e Ao 2Dk ENR

LIS L,

O DEMTHZ22E. BB acQ DEFEHELT

(Vze ) Jfa,z]

S DERFET, IR TIE Weierstrass D M-test 0. [—HEINEZ SIXTEBIFESARETH 5] Z e BHBALTY
b L wh, REIOEROFEIICHEIIC L 2 DT, B3 HT %,
76%53#14\ ZeZED L. Green DA EHWS 729, [1] TRIERIBEEOE R ITERK O#EHiE 2R E L Tw

A¥EN - DEFEBITERTDH 2006, MEIFET RN,

z —
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DD DI THIM, Bl a ZIBATAT, a 22H “BRIRW Q DEEZITRTERWED
DE QL LTEH, DL O CU BB / F(2) de = 0 BIREB. L3 DH 100D /T

C
Ho,

BlzZiE, Q=C\{0},a=1F2L%E, a2bRIRVAE (ADFEE) & Q 25 FTXTER
e, @ =C\(-00,0] &2, ZHUF (Log REDEFEL LTEDNZ) K<HONE
RISEIT®H %

FRRIC, D 5B ZFR W25 Q .= C\ D(¢; R) IZEHR TRV, (TED a € Q
WA LTy a ORALBWER D ZRS & BRI O 25 TZ %, EBRE. Lol |z—¢ =R
IHAR 2 AR D Z) ZEINT, 200 T EN S, MHOMICR 2D ZRINIR WV, (K%
HEL XS, )

HHWE, Q=C\{1,-1},a=0, T2 Z, aPbRALVEEZ Q2L ITNTERL &,
V=C\ ((—o0,—1JU[l,+0)) &% 3,

BIEGHTIE, IR R CTHR Iz “NT L7 —A VR BOFEES LIELIRESE T2, c e C,
0 S Rl < RQ S +OO, qbl c R, qbg < ¢1 + 27 Zj—é Z%\ B(C;Rl,RQ,QSl,QbQ) %Wﬁfﬁ%
35,

(45) B(C; Rl,R2,¢1,¢2) = {C+7’€i9 | R <r <Ry /\¢1 <0< §Z52} .

INDRED LS BRIGEICER 250, BRIl TAL D,

4 N
2 6.22 (AEEDSHIMDE |2 — ¢ < RZEFRVEEROERM) ccC,R>0, Ap €
(0,7/2) 53 L %,

Q={ctre” [r>RA0E(p—Ap o+ Ap)}

R

BEATHZ, EBR=0DLZEp=1,R>0Dt &I p= oA LT L:=pe¥
EBTIX
(V2 eQ) [L,z] C .
ITRHDE QOEEDORIX L »6RZ 5%,
_ J

GEER  (THH) R> 0 DEEZEZ 5. L=pc? 2B |2 — | = R IZEHRZGI, L &%
M2 FGATAE O3, pcos® = R Ziii/cd, R 00 LIZHBZ d=Ap THH, ZD
% pcosAp=R. =

i 6.22 25, ROEHDBFLND,

N
I 6.23 (NITLI—AVBEREHOERM) c € C, 0 < R < Ry < +o00, Ap €

(0,7/2) €3 %0 cosAp > BHIX(DFED 0< Ap <cos™ ' L B HIF)
B(C;Rl,Rg,gp—Ag0,<p+Ag0):{c—i—'r’ew|R1<7’<R2/\6€(90—Ag0,<p+Ag0)}

ERESE T B 5, [HUE (9 527 —~ Y FARER) 3B b Rile s, 4
PR B

J
BB po= S Li=pe® £ %0 REXD Ri<p< Ry WA LeQTHDH, L25H
{re’ | Ri<rAbc(p—Ap,po+Ap)} BREES, m

TINY LY —A~NYFEHOMEE ZEDBIITITEoTVET,
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CE(C, 0< Rl <R2 < +00, ¢1 GR, ¢2 <¢1—|—27T c:;ﬁj‘LVCB = B(C;Rl,R2,¢1,¢2) &g
%, B 2 UHEETIERIZR fITLT

f(z)dz=0
OB

; O
% 6.24 (NI LY —ANVEEBEHORASDEFETENLGEKICDOWVWTO Cauchy RO EE

N—"

2R D AL,

N v
iR FVDMRO LB 2 ERR TY > T ARBONAY L7 —AVEEK B; (i = 1,--- ,n)
CEDEIT B & KDY LD,

. f(z)dz= ; - f(z) d=.

n BRI REFIUI, B = B(c; Ri, Ry, ¢4, ¢2,) 2D TR B(c; Ri—¢, Rote, pr—e, dote) (e
M$éﬁ£ﬁ%ﬁ%@ﬁﬁﬁt%@fﬁﬁ%ﬂ8ib/’f@ﬁkzow@ﬂ:/ f(z) dz =0.

0B; OB
|

6.6 TPHROEH, (1), BEREBEIHICH TS Cauchy DR TEIEDIEHD H
5y
IERIBAEL f DRRFEITEBWT, f AYERI R #iPH TR B 2 e I ETE L T b iy O fE
BFEDLRWD, 2 WS EMAK D 7D,
O

ASERIZRHEBC Oy 25 Gy 1o [2TMN 2 o, | f(2)de= | f(2)d=
Ca

C1

HLLEI L, RD2DODGEEDD B,

(a) BT DUER LA RUIZEZ I ([EE L), Bk o BRI IE I 72 $iPH TR0 8 2 5E e
ZIELTH, MODEIZED 5720,

(b) BB PAHFROLZ AR (BHA. BEEBKICE D). a7 BRI R 2 #iPH TR 2
FHNCEZ LT, MO OEIZED SR,

C, A Gy
f e [ 2 e /—\

7 " ;/ B

F,» ‘ @ £, J

| q '. /
e —— \\U/

11: f(x)dz= [ f(2)dz 19: ) dz= | f(2)dz
C1 Cy c, Cs

LA, EH61S ZHWTHSKOZENIEL (LT 3,
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(b) % —HEIC3D 3 b, BEREERIC BT 3 Cauchy OB FH (28 6.12) 585N 2,
BOEREAEIRCIZ. P O R (2 = o(t) = ¢ (t € o, 8], STEIICIEEA 1 A v
5 2 0) ICEGHNC AT E . RIS BN 0 TH 25 5, SELVHINE. (15 E
% H X,

7 FRICHEITS Cauchy ODFED AT IEHIBEHOERNERH
G5 e
(2020 FEEEDH#EFE T, ZODLDEFEETo/2e THHIZT 4 — FNY 7 ITRETH B0,
DYLEBNS S, ZHBETHRORATA FEHAT RV, )

ZOfiidEWITh e, JERICERRIGTH %,

7.1 P®BICEHEITFS Cauchy OFBESTLAR

Eﬁ71(ﬂﬁt8”%(ﬁmﬁy®ﬁﬁﬁﬂ)MNLR>OKWLT\D;:D@R)K\
B QWX COMEAT. DCQZifilzl, f: Q- CIIERIE T2 &% {EFED 2€ D
WX LT,

1 f(©)
(46) 1O=55] %
N J
(R ZHICHL 22, )

BEE HRR (- =R Z C 2RTZLITT 5,

f/

9(C) = C—z

(2 (¢=2)
eBL e, g: Q- CldERT, Q\ {2} TEAITH 3,
TN EVIEDE ¢ ZHB &, D(;R+¢) CQ k725, MBI D(c; R+ ¢) (3 ERIHEIK
THH05, EREBICEIF % Cauchy OFEFTEHICE D,

Kﬁ@ﬁmzo

&—&:z d—czm'z
o= [ fra =1 [ o2 =2

(BEDOEFEFIX, #1621 ZHW, )EIDELT
L/ &(K:f(z).l

211 C{—z

Wz Iz
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7.2 1ERIEMOERNERIEEME

CDET, ZOHED 1 ODKELAEEERT 5, Bob —RIEKRT % 7% 51 XEBIFE)
AlRE) 2= T\,
-

~
il 7.2 (—HRINR 9 BB 5IFIRFIRSDEIEE) C 13 C WX RS O fohift. {f.}
& C* EoEBI 5 5 EBHIT, O b fICRIGRT 272613

lgm fn dz:/f(z) dz
N i J
SEFA n— o0 D& E,

w—/f )dz

BE f S, ERBANDOEZR DD 505 CHERMEEMTE 5 & %, [ IZBAH (analytic) T
H5 eV, RN LB D T & % #FBIEK (analytic function) &PEER,

/ﬁh — 7 1de] < max | fu(z) - L/Md%@l

AR 7.3 (BB, BIREHROSEIHV) BT VI FEIE, DI ZIZEWLEKT
Huwohads, B e W FIEIZ, MBI TH 2888 v o DISNC, st (IR TER
TB)ICEDEZHHH. LVIERTHVLAZ I b D%, =

4 N
EIE 7.4 (ERIBEHKISHEE, ERIERISERBRERMAE) QI3 CoREST. f: Q- C

FIERL, c€Q, R>0,D(c;R)CQ &35k X,

S N9
(47> QAp = 270 C—e|=R (C . C)n—i-l d<

SRR

Zanz—c (z € D(¢; R)).
n=0

N /)
RDGIZLTBIHEE D o707 TQIEC OBEST. f: Q= CIIEHL ce Q,0< R < o0,
D(¢;R) CQDWDIDET D, TDLE, 0<r <R ZHMLIERED r IZHLT

1 f(©)

0 " g C o

LB, N
— Zan(z —co)" (2€ D(gR))

DD D. ) — REFEIE S TI0EZ LD,
B D :=D(¢;R), C:=0D £BL (CFNT X=X —fhift ( = c+ Re? (0 € [0,27]), B
BWVWEZEDBR C*={(eC||(—c =R} Z2KT), EED 2z € D IZX LT, Cauchy O
N WIS

1 f(Q)

f(z) =5

270 Jic—o=r C — 7

dc.
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r=Ed s 0gr<it B0 cec LT, |2 —r Tha b,
1 1 1 1 1 = /z—c\"
C—z_(C—C)+(C—Z)_C—c'1_ﬂ_C—c;(C—C> '
(—c -
Wz

fldCr THETHEI0E, M= 22%)5‘f(C)‘ DIFEET %

e

r".

- R

M, = %r" B, ZMn IR 3 % DT, Weierstrass @ M-test 12 & D, M

n=0
JA C* E—HRIIOR T %, W ZITIHBIFE D KT,

0= [ (=) =X G [ gm) e
ERAY.PX5! N
f(z) = ;% an(z—c)".m

(47) DELDOENI. —H RIKFT 2 X570, 25 TR RV EREL LS, OF

D. c BEDEEZ. R>0, D(c;R) C Q Zifi7z5 R IIWEIHEET 205 a, DEZDHD
X RICELTEE R, 2D Z kiF, FHik

DD DZEDROTDED, RDEICLTH D5 (ZOREDEZTTBIRTHEEITR

%)o 0 <Ry <Ry, D(c;Ry) CQ ETHEE, HFEADBIED D={CeC|R <|(—c| <Ry}
DEZ LD 2HEATIEAIRZ &5,
n! f(©) P f(©)

2mi ~omi Sl d¢ = 0.
2m |¢—c|=R2 (¢ —c)ntt 211 C—c|=R; (¢ — c)ntl

(*)

& 70. (*) %%75)55 Ko

[?FE 7.5 1IERIBRNATE T H M IRET H 2, ]

SEEA  NREHREE D ED 2 BRI, TORHOWE TMEITH MR TH 2025, =
[% 7.6 ERBBDFIRRER e R0 72 513, RIZEAIBEETH 5, J

SEEA  HEEBIE fICHLT F = f 26723 F EELI-E T 5, FIZIFEAITH 205, &
RO AIRE T, FHC 2D AIRETH 2006, f = F/ I3 1AM AIRE. 372 bBIERITH
5, H

§6.3 TRD IEMZHIF. (1)=(il) ZAAL TH o 7,
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(i) f 2 Q TORGHBAERS 3F: Q = Cst. F' = f)
(i) © NOEEORSH O SIS O 120, / £(2) dz = 0 B D 7
C

(iii) f & Q TIERITH %

THE L (I)=(il) (TR 7.6) 3o LT E 2, W 21T Morera DFEE ((il)= (iii)
EWVWSNE) HEET & 7z,
AR 7.7 (47) ORZRA) 2R A1) 1E. LT XSIEZ 2 R0 d LRV,

Cauchy DD AITIE, BAELE FOMD ZMEITH T Z LK S, DFHHEED
2€D, neNIIHNLT

(49) Fz) = SOy

210 Jie—gep (¢ — 2)n !

DD ID, TDOHEHE%Z Goursat DEBLIERZ 23D 5,
IHHE, fDcDEDDDREBEIERN f(2) =D an(z— o) DFREUE

n=0

fMe) 1 f(Q)
L= - AV
‘ !/L—d—J%(C e

nl 2w —c)

THUF TR LZZAE &, BRI e WS T2 il b,
FEREER ORI TR I ANE, RARCVWEEL 200 LAWY

Cauchy DD LRAZ n FI LT, 2 =c ZRAL T, n! TH - 7K

WS ZeRMoTEe, BEVHLRTLAS LKL, =

Rk 7.8 (REBDIZS DR vs EREIMSIEIEE (BVWEHRFETRS)) MBI WD
SEIEBERBICHLTOHVWLN S, ZOHEEBITNEE 27D 5,

BRBECOWT TRTE=M5 TR Z 730D Th 208, EREBUTOWTIE, T
WA RTREDRNC K Z /B VDD 5, ZH TR, EHTH & REIM D ATRED R DE W ¥ S 72
55 7?

F AT S IR Y ) AT REC H 5 (PRERED IR [0 70 Al RE7e & L IXERIELT D
JEDALD Z E BB 5),

Zoii, D% b TEREIM ) ATRER HIZFETHY ) 3D L0725 502 ? & Z21d No TH 5,
ROVIBEHTH D (WHETDT F X M- TWVWD),

{é (x> 0)

®

ZDfiE R 2R T O® T

f™0)=0 (neNuU{0})
il T (25 THB L ZAMAT 501, MBHOB x o & LIHERE), dLb [ 27
72 51E,. 0 OH 2 HET

n=0 : n=0

132



DD IO, THUE 2> 0T flz) =€ 2 >0 THBILRFIET 5, WRIC £ RN
TRV,

I ZETIHEBNZEETH 20, UTETBERRRE VI DHERTH S (D2 ANDEIEKL D
EH o HER),

Loflix, C°HTH D, Taylor FELDUCRLENERERTH D, 2D (0) 23b & DEIEL
fEELLRBRV, EWVWHIDTHEH, C° HKTHD., Taylor FELDUIHRFAEN 0 TH 5H
Bofe LT

> cos 2"x
fla) = Z !
n=1 :

BBH3 (N T— - 7F— [33)).

—R [34] (B2 DL TR RE?) Ik THF ap, a1, -, ap, - BES LR
5258 %, (—00,00) Ty C* T, EDONT—R a ITBWVT

fP%a) =a, (n=0,1,2,--; fO(a) = f(a))

AT XOBREE f(x) ZIFB 2D TE 5,0 GEHIEZ. AREE O~ REKED extension,
B (HABEERMR), 5 525 (1953), p. 91-92 O L filcH %, )

X512, EFEBROL S CERRIMOTRERDIZ, W25 & 2 A TR TRV X S 2D
f#1E 3 % (Kabaya(Imai)-Iri [35]), m

7.3 BREBEROIRFRE

FEL DRI DWW TR, ¥ FHW72A3K (ratio test (d’Alembert DZ33X) X Cauchy-
Hadamard O/~3) Z &AL 72,

EEOIEHIBIEE., ERBICE T 2EEDO RO D ICHENERTZ 2 220 o7 (E
H74),

TTIRAAN L2 T 21213, FEUERORBDEARNIZF o Tunin e v
W TEOBBDIEE 20 LR 0 R 2 & R,

—fRAVLEB M T SRS, FHITEZ LS, Bl

Q:=C\ {i,—i}. f@):Z;¥1 (€9), c=0.

[e.9]

(%%5h‘ﬂ@:§] 1)F22% DRBURBT. DR p = 1 &3k 245, BARRICRR

k=
ﬁ@ﬁb&mf\%®lt%ﬁbféi5\Zm5:tf®50)

0<R<1%ZMZIEED RIZOWT, f & D(0;R) TIEAIT, D(0;R) C Q 25 D LD
DT, EH?? £ D, f1Z D(0;R) TEMBEMTE 2, $4bb. 5 {a,}ns0 HHFELT

(50) (Vz € D(0; R)) }:%

R QWD FIEEHHEDLD 25, {a,}ns0 BRIE R ICXSFTICEE S (BEDIRLICKR DD
an = fM(0)/n! TZHIIETH 3),

EED Re (0,1) XL T, (50) DD ILDD T, KA D LD,

(51) (Vz € D(0;1)) Zan
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Z DFEADFEFIDIH AR p 37255, D(0;1) TPERT 2D T, INRPERDERD S
p>1DEF BN, Fidp=1THs, EBINE FE |z-0=1 D EIC f OFRES +i
BHEIZDPOETHZD, EBALRED,

p>1tﬁibf%ﬁ%§<oE)Wﬂmwﬁmlmmﬁfmﬁf\%@&@ﬁip>1#
n=0
5iecD0;p) THZHPD, 2 —i D EARBEREBICIRT %, R

[e.9]

lim g apz" € C.
zZ—r1
z€D(0;1) n=0

ETAM 2 =i DEE f(2) = 55 — 00, KR

2241

lim f(2) = 0.
26275;1)
ZAUE (51) WCFIET %,
PLEoiEEmE— R T E TROEHBIB[ SN S,

TR 7.9 (ERBERONRFER) QX C oBEA, f: Q= CIEERL ceQ, R>0T
D(c;R) C Q. FHE |z —c| =R LT f OFFRA 20 (2 Z Tl lim f(z) DFELRW, &

SOEK) BEETIROIE. f D c BT 2FRBEMOICRYZRIE R TH 5,

b5 =DM L TEL,

e R
EIE 7.10 (BRHEROIGRFERZD2) QX C OFEET, f: Q— CIXIERL ccQ
&35,

. > H e §
A:{Rewﬁﬁ»|Lmﬂw(ﬁw&%ﬁFtaewiﬂﬁﬁﬁbf\}

D(c;e) T f=F

KZ£< CE. f DDA D OEREEROICEEE pldsup A IZFEL W, )

B Z X g(2) = Lig(2) (ZEXEBIEL) 13, 8E [1, +o0) ZIE#EHr e LT, C\[l,400) T
FHIEEREI NS, 0 TORMBURIK

9(z) = 3 (z € D(0;1)).

n=1
CDFENBDICRFREIZ 1 TH 205, 5 R>1DPFEL T, ¢gix D(0;R) TIERIE WS
ZEH NV (ZOZ e BHZZEMNBEREN SR T2 5),

—H. ZOEFRBUE D0;1) T—HINEKT 2D T, ¢i& D0;1) ZHIR T2 &, (1 bEDHT)
@ﬁf%%:t%ﬁ#%oﬂ@:%+1®ﬂﬁ¥ﬁﬁlﬁﬁézk%\ﬁ@?QK%me
RUTD, [ CHET Z OB DOPERFED 1 THZ Z 2 IIRER,

Liy I2DWT, Mathematica TRIf{L L TA B &

Plot3D[Re[PolyLog[2, x + y I1], {x, -2, 2}, {y, -2, 2}]
Plot3D[Im[PolyLogl[2, x + y I1], {x, -2, 2}, {y, -2, 2}]
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13: 52 14: BB

1wzn(ﬁﬁ%&@%ﬂ&@ﬁ@wi¥&yma—%%%wuwm@eCMJ%ﬂZQ@)

WEHWZER) T2 %, P(2) DITRTOWR ay, ay, ..., a, ZBRVTz Q:=C\{ay,as,...,a,}
T fIRIERINTERITH %,
—F. & je{l,2,--- ,n}ITRLT, lim 1f(z)| =00 THZDT, z=aq; ZE&HTIEANZ

JLET 2 Z 2IdHRR W (o BB TERTL2EEZME L. f OWMTH ),
WZIT, Ve e QIHLT, f Dec Db BEHFREERDOIGHERIZ min |a; —c] TH2
SJsn

(B D OFEE TOBBCE L), o

5l 7.12 (HFZE p. 81) EEIEK ,
f(x) = 152

X R 2R TEBNITH S, THhbHB, Voo e RISHLUT, f1d zg TEIERTE %:

(Fr > 0)(FHantnz0) (V2 € (0 — 1,70+ 7)) f(2) =D an(z — o)™

L L =0 TORMEERH

flxy=1—2 42" -0 ... = Z(—l)"x%
n=0
d—l<x<:1?L#Wﬁbﬁm(@mﬁ%§%1y7€bo%ﬂdf@%:;%iz
L 275370, D0:1) TRIGHL. {eC||z|> 1} TRRERT 2L ho0hs. =
B 7L (s) = oo B o= 2 OFD D CHRAIEN LI b & OIRERE (KIRCHREE

FAE3I2) K X,

z

Il 7.13 (Bernoulli MDOBEBDOYRIER) f(z) = P LB,

(SRRSO ZH - T0iUR, 01 f OFREFTRERIE A, 2nmi (n € Z\ {0}) & f D
IO THZZ TS, f i D0;2n) TIERITH 205, 0 DR D OFENEERH
v HELICHHRTE S, )

3R S FIRERREEL (C 2R TIERI) Td 5,

DRk —1=0 < (In€Z)z=2nm
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THEP5. f1& Do:=C\ | J{2nri} TEARBREED 2.

nel
EED 2 CITMNLT
. B 2" B z
n=0 n=1
ThHhdPo, 24011 LT
e — 1 B Zn—l B i o
z N n=1 TL' n=0 (TL + 1)

FILDEFIL DK FARIE 0o TH B DT,

:Z(n—l—l)'

n=0

(z €C)

cBe, BEM g DPEFE S, g(0)=1#£01CHEETS L.

g(2) =0 & z#£0ANef—-1=0 & (IneZ\{0}) z=2nm.

D:=C\{2nmi|ne€Z, n#0}=DyU{0},
. 1
= — eD
fo)= == (e D)
yBE, D CRIEANCRY, f OfRICKR S (0 THEHRTER),
FRiZ 2| < 2 TIEAICTH 57226, 3{B,} s.t.

- > B, ,
(52) f(Z):ZFZ (2] < 2m).
n=0 ’
ﬁﬁ\jg_ @%qnfﬁéﬁa\z:i%wfwﬁ%@:0®t%tﬁﬁmyﬁ%mﬁ

FITDILICEoT, IDOREVEROMETIEANCAR 2 X 5 ik wvw, WwzIT (52) O
INHERRIE 2 TH B,
DLEA, B 7.9 OFHABIDFET. ZORIIRHKTD %,

B, 1& Bernoullifk ¥ N, %< OEEARIGHZH S (BIRA Y K DA™, tan & cot
k=1

o0

= T 1
D EE LGN Z % DF, Euler-Maclaurin DR, ete.)o

%*ﬂ@ﬁlﬁ%%b\fﬁ%

1 1 1 1
BD:]‘7 Bl:_§7 B2:67 33207 B4—_% B5:O, 36257
B, O—fBIEE R TEHELRITH SN TRV (2D, ZOREMEOIHEE%E, Cauchy-
Hadamard OEMZH > TKD 2 Z & IFH L W), Bernoulli BIOERDLEF TV O0H 3

P, LOFRIZZDIHbD—DOTH %,
n 2
mi:k AH§%+1 ZMB ijlv 7Y DORREMRCHRM, 2N

—‘ﬂxﬂi Lt/\fﬁ) Bernoulh MEHNTESNS,




(%E%EKE%'% (Ft) ~

f(z) = - Z_ &, B, := f(0) % Bernoulli &5 (0 1% f DFRERRERFE
RTH5),
. J
~ Mathmematica Tl ~

f(z) 20 DFEDDIZ 10 RDIHE T Taylor BFAL THA 5,
Series([z/(Exp[z]-1),{z,0,10}]

IS B, Db,
Ho¥d, £HZDH Mathematica 1Z1&. Bernoulli 2, Bernoulli ZIHNXZ51H 3 2
U BernoulliB[n], BernoulliB[n, z] DHEINTWVWE DT, EFFRIMENLELRIGEIC

Taylor B $ % IRV,

Table[BernoulliB[n],{n,0,103}] )

ﬂd+g@%%ﬁ&®fxBpﬂ%%\ﬁﬁ%@@@%ﬁBMJmZQHiOTﬁéitﬁ
% (IERIIZ2EBIRIT 22 OREMRBUCEATE 2 2 L ITIHER),

5213 Bernoulli BIOEFIIIEL RIRED D 5, —Ib. LTERLIZDDBRAY vy =72 %

ZTWBHT, %hﬁﬂf%?%%m@d4ﬂ)®ﬁbbmﬂ@+z%ﬁbk%émﬁ6ﬂ

2HDT, 25F2k, B FUDPLEOEREERD, By——ZﬁéoﬁU9%w®J%®

Ty

Bernoulli (1655-1705) S BH=EH (1642-1708) 32T H 6 ZHW/A % 5 TH % (Bernoulli HE%

HENZZZ2BETENDOTHE0, ZOHEE B =1/2 DADEEVBRWV),
ZoMcd, HEFEHLLEZRVED (ZNT By, % B, £ HEWVWTALD), FFEEEZ

b, MDLZRREDOE VYD 5, b ZIFBERE (MR 1)) 13, BEFEEHDIHE B,, D&

_1+Z nlen 2n

WEoTERLTWVWS, (1) EWHSREEZDIT7D, By, >0 DD D, =

(53)

B 72. 0 O ETIERIZRBREEIX 22 OERBICERINS Z & Z2Rt,

R 7.14 (Bernoulli IDIGA) Bernoulli ZUdth 4 REARNZBEBEOMEZR T -0I1I2fibi
5, W ODFANL XD,
cot, tan, coth 72 ¥ DEAREERH:

=, w2*B
cotz:Z(—l) 2k k1

— (2k:)
Ban n 2
zcothz = ——— 2"
; (2n)!
— (—1)"122(2*" — 1)Bay 5,
tan z = Z (2n)! z .
n=1

e 22n(22n - 1)

BQ” 2n—1
(2”)' z (\_)_7;%0 )

(BEZFEDTET Bernoulli B2 ERT S &, tanz =

n=1

OERS ETED LI Lz, Mathematica 2S5 ENTH A S,
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FHRERMDRIX (B« Bernoulli DAR): TORRNTIE By =1/2 &3 %,
nk+1-J

E:Z—E:(>JE:T:;(mkGM.

£ — & B ¢ DIEDEEIC BT 5 BEE(ES
oo 1 22k—1 2k
C(2k) =) = <—1>’f+1(2—k;232k (k €N).
n=1 '

Euler-Maclaurin O3 f 23 [0,n] T CF e 35 &

k

/ Fla)de + 3 (Fn) = FO) + 3222 (F5-(n) — f5-5(0)

=

+ k)' /0 " Bee) [ (2)der

72721 Bi(x) 1%, Bernoulli ZIHR (B- &, N LENE) Be(x) 2 A 1 THIRLZZ 8 D
THb, MEZBEDTIHMELZZD., EFRTZBEARTEMT % & 20dE iz L7zb (]
B 1 FED 2 B AN TELT 2 L SHEETH L. ERIFNEILTHo TNy,
FRRERES S ) tar RECEDH 2N TH 3,

Bernoulli 42 oWTid, Fi)Il « PRI - & [37] 255E LV =

a N
fiRd 7.15 (cot, tan D 0 DFH DD Taylor ER) (52) T Bernoulli ¥ {B,} ZE®H %
L E,

(54) cotz = — + Z 22k B2k 20 < 2] < 27),
=1
o0 2k 92k
(55) tan z = Z(—U’HQ <2(2k)'1)32kz2k_1 (2| < 2n).
g o D
EEEH z z z
9(z) =5+ fGE) =5+

Py 6z/2_|_6—z/2

LB, g HEERTH D, (FEES LT - DTE 2 THB L g(2) =

/2 _ o—z/2
BESNG, ) WRIC g DFEBRBEMOTHROHEDFZBUZ0TH D, K 2 e /
Blz—%, Boxi1=0 (k=1,2,---).
Inro .
= 2
zcotz =z - zez.z—i_e_lz—izezljz—i_l—iz( + — )—iz+ .2”
ez — ez e? — 1 e — 1 e?z — 1

: — B : - B
=g (222) =1+ Z (221;' (222)% =1+ ( 1) ko2k (2;1; 52k
k=1 ' k=1

SOREH TISFHERBEBGER , — b [36] D §5.4 TRIEEBROER S D EUER) iz FH W,
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tanz = cot z — 2cot 2z THBHD 5,

> B - B
k 2k 2k 2k71 ko2k P2k 2k—1
E -2 — E —1)"2°"——(2
+ (22 + ( ) (%)!( ,z) )

=1

| —

tan z =

2%(2% — 1)BZk 2k—1 -
(2k)!

F18N

2k Bk 2k\ 2k—1 k—1
(g =2 = 3 )

k=1

e
Il

1

B 73. zcothz @ 2 =0 DFEHH D Taylor EBIZKD K,

Bl 7.16 2 DD . .
f(2) = 9(z) = GoD_2)

z—1
FEhZEh C\ {1}, C\{1,2} TIEHITH 2, f b g d |2|] <1 CTIEHITH 206, h:=f+yg
b |z| <1 TIERIT® 223, FEid h 13 |2| < 2 £ CIERNCHLRATRETH 5, Z4UT g(2) DOFB
RO
1 1
z—1 * z—2

9(z) = —

%Em@u&gzz——# BHBDT) 0B, ®

7.4 Cauchy DS RN (FHE7.1) ZHEDEOER TIEAT %
(ZZWEEFHLIAN=Yardhlichd, ZheIlbolliHoTbZk, )

EREBD T XX P 2R THS &, Cauchy DR AXDIMIZEAL LD D0H % Z L

Nhb, TNHZEEZDIFRVIIRICK 5,

PIFD X957 “HEROZER ZHw 23320,

0<e<R—|c—al ZHWiTHEED c ITMNLT (c—a| < RTH3H»H R—|c—a|>0T
bH3).

(56) /Z_C'R % dz = /|z—a|s zf(—Z)a dz

MDD ZEL, DFED, BAKRE |[c—c|=R D5 |z—a| =c REFT 2D TH 5,
2935k, z=a+ee? (0e0,2n]) B L

1 f(2) 1 T fla+ee®) 1 o i0
% ‘Z_a|:€Z—adZ—% ; T ce d@—% . f((l+€€ )d@
CEETES, e 20T 5L
1 2T
g/fWHeM%—/f f(a).
0
YIB I EIXEDTH B, WRIT
L /) dz = f(a).

2m Ji;—q=r 7 — @

(56) ZRT =D, BARRDIDH L, REWNRDOERTALD,

27 27 2m
8L D 7= . ‘/ f(a + ee') 9——/ fla d9’ < S sup |f(a+ee®) ]/ e =
2T pe0,27]
sup |f(a+ ee” (a)|. COHERZ, [ 23 a THEETHDE I, e —0 DL E 0 IIERT 5,

0e(0,27]
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7.4.1 FEOEZEY

PURIZEAS 2 7K. HORIERH STV S Z 220,
d%c—aDEALT S, c—a=|c—ale”® BEDILD,
Rp 3 5¥%E r OMEZ AT 288z = p+re (0 € [0, 0+27]) 2 C,, KT,
D(a;e) CD(;R) &5 &5 e>0% 1 DOWM-oTREIET 2 (B2 e:=(R |a—c|)/2)
Hatee? B a+ (R—|a—c|)e? CEoFT SHEDHIR 2 =a+te® (t€[e,R—|a—|)
L &7,

IhoDaEEHWT

C=Cog+L—Co—L

< (K15 2RI,
C O by O TR, BRSBEEITHTH 205

f(2)

— 2 dz=0
CZ—CL
DD D, —H. L ¥ —LIZHES5ETITHBHELE D DT,
ACPRRY N VR CVy i v -
cZ—a Cor?—0 Coe 2 — 0 lo—c|=R ¥ — G lo—a|=e 2 — @

W Z Iz

/|zc| szgzzldz:/lz o Eszzldz.

DUMHEIE— RIZoTA DS 2, ZOHIE C [ ZEMEAHIR T3 W T, 2 Z_ad_
0 THE2DD, ToEDLRVWESLWED D, ZDREHRELZFEHZ XIHEN

7.4.2 BAWVWTHSEHELS

(L)
Lo CIZHMEARMR TR D o 7225, IEOME § W #hiR C; 21E5:

Cs : =Ceprs+ Ls — Coes — Ls.
(& DEIFR C.ps, Ls, Coes DERITEDPRVH, K16 Z RAIUIM & 22 HGEHK 2 TH
59, )
Z DHIAR Cs IXHAEARIARTH D |

C(;Z_a
LRBZZEWEHHLRT V., FOANS 02T B52 82K
f(z)
CZ—CL
DREZTHAD, ZORIX BHEDIEHZ 72 EUX RV,
DX ICHIFROMRIS TR T AR A HEAMMEZD 2. LWVO KD TIN, &H
AR5 DIF, BHREAEZHE L TV ENRFAE (FED 2 FENZ V) ITL o TITHE L
F957, HEMOHCHREICR D Z 5 TRDB51T 5,

dz =20

M ay y MEG K 2L o T, HEZBED K T—HERTH 2 Zeh o, BOOIBRERTOES
ID7?
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15: GEAA 1: 1RO L. L T a QD Z[E > TR

7.4.3 SFVWPDHAH
C,Cy ZRI1IT D XD ICED D 2. B 5B XM C o BHMEARITETH D .

ﬁal,z:O ﬁdz:O

Clz—a CQZ—CL

DD LD Z FFHA LR T 0,
PIZAERD & 5 HEHBHTRE L TS 5 X 2 DTIERWES S D%

.« (EECHA BB €, Hib, O omuimoninc s, LU pmsaieemm
3V (G =1,2),

o (FTIEATEI AR S B — M D CAEINC 2 5) % JIE B S50
Q\{a} BVT, #EHICEROETHEIMEZED . ZOHT C; ZEF L TEBHIFICH
K%,

Z93 5L

IO S (C R B (C PR
/|Z—C—Rz_adz /|z—a|_gZ_CLdZ /Cvl+02z—adz 0+0 :

/zC|=R %dz B /|Za|:g %dz.
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4 16: FERA 2: AR 6 A< Z & CHMEARICLT25 d -0 235 (FAL %)

7.4.4 Green DTFEIBZFES

Green OEM (ROHTHAT 2) 25, LT X5 RiHADEZ NS,
0<e<R-—|c—al Zif/THEED e ITHLT,

D :=D(¢;R)\ D(a;¢)
LB, DO D F. ZODHE |z —c| =R, |z —al = 675, 0D ZIEDAXIZ
TBHITUE. |z —a| = DFITEHE LA EF (KEHEID) 1ITHS,
Green DEH (HEDH L WA= 3 VIEBEIZRW, D 208U T, 4 OFEEDHERRH
WTH2EIITHKS, )ITLoT

0= () 4.
op = — a
i £2) () £(2)
z z z
e — adz = /Zd:R o adz — /za|:s o adz
THEDE

G, _ [ G,
/ZC|=R Z = ad B /|za|=€ z — ad '

ZORYFIFRMLBRERWD, Cauchy DFEST NN EZIEHT 2 R0 [/ O RE T
VDT, WP S fERE WHIIREETI2LEND D ZS5TH 5,
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X 17: GEFA 3: 2 ADEZRTE L T, 2 O DEAMREIES

BEGRO 7 % 2 1 OCiE, BMOEREOREIC, BT T% < . BRI O
PEERLT, COMHEERAT 50055 5.

7.4.5 ANDXDHHFDORFADERA

IR OERIE, TRICEERWNRHIRICOVWTR2581%, ZHUIEHL (3R WVw, H 5
BEOEEMELH 255G, To0Z D2 bAL LEHAZT 201 B CHELVWH DT
%%O

ZDi#EFETIX. Cauchy DS AR EZMBEBICIRET 2 Z Itk > T, MOKOLE &l
DRVHEERTREIA L 72 (EH 7.1), 2 Oimikld. B47% Ahlfors [27] (. @i [22], 21 [31])
ERHCHBLLDOTH S, [ OEfHELIEET. FR&EAFNEBICES RWT, B
PRAREEHDS R T WS, F72. 25 U CREA LM B 2 A /R 2T, £
COEBERFERNPETZ L AL TBE20,

BT, BRI HER R O HEESHTRT, LS 2 DICFMD» o7z, ZHEHENS
KU THBTERWAEEZ 208 LAV WA, Cauchy DR EH « BN TIE. B0
REMEEZDZLIWIARENTHD, EZ0THL2DOETEDORD Z ICEHT % 0 %k}
52 EIdHRZ VW, BT 512, FOEERIRETERIAENRZIETHS, tEZOLND,

TARNCIE, BREBICBY % a—2 — oS EHIX, EHOREDHRS LI  HE%x
FBHERTVEVWIEKRTETHHVRL T (UhKOBNF AL 7D L 57, &) RETWS,
Z DA HR DR ERBSL LW e e S,
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ZZE FHWT, IERIBEE DM EDRE 72121X. Green DEMZ H W7z Cauchy DFEDE
M- oAb SRz fliS Z k5,

@B BEGHRDOTF XA PDELIE, 20D ZEBNLRFHHTREDDUIZDDHNZ W, LAL,

SFEHL £S5 3282, hrbhro/kdlo/720FT5DIFERHY bDTH 2, BEGHD
ﬁ%%ﬁé?%ijk&of@% BEHINZH b h T3, REORMAR AT 22D
k2 X RFHE Licwe o T, ia ke h A2 L TR, oL, H2EERHESR
Fro THBIHRS K512 o T, FRITEFNDHIZRITEINTVLZETHD, HADW LR
L7285 EDH, ZORDHFIFLIDDESHARRD T TH2E (Rok) MBETEL, LW
DT DZ D LW,

8 BE: Green DTEIE, MHHDER (2)
8.1 Green DTEIE

Green DEM (Green DFED ) 1F. 2KITTDXRY FMIVIEITT, b o & S EARW L OEER
EMTH2EEZ 5, BIfITIE. 2% W Cauchy OFEDEH - S AR OFFHIZOWT
Sk U7z, #ZRE ([1]) 320 THHEINTWS, Green DEHZHIZ Z L I3ERIEEE
ZHN5DT, TOBIEZFHHT 5,

Green DEF (Green DFEDARN) i, O HATRELZEHBL T, MROFXLZT2H
<&

(57) /8Dde+Qdy—// +— P,))dxdy

EWVSHDTH D, 525 B3ZEMBDOMWIET D 5 VWIERT MV OFEFR T XN 5,
22T DIER? OWHEMT, D BZZ2DHEFUC (UNCHAT 2 X 57%) NEDMmZ) 207
HI#RTH 2,

R 8.1 (AETES) 0D & D 0% (H2EWT) —ET %, FAfhiRe. PRI TRX
h%ﬂjﬂﬁk 1o TORMEIIE. BEIFES (a contour integral) &I, 2D Z & 25T %

7’:@03% eELZeH B, j{((i ETEX Tl \oint THHRTZ 2%, =

Green DRI, IREDE D EE DT HEIDPTEARBRN=I a3 hH 5, IREFFFTVHED, E
HE LX) — Bz, muwWeEHEr 22000, 220 EE L < &b, #Iik
FExGRL T 5 eI fERIcR 2 00, EHE UTIE—®RMENERLSZD 5‘514\%@0:72 5, &
DUAZFEIRT EZNEZIELZATH D, ZZTIE, 28ED Green OEHZ AN

(32 8.2 (B0 —MEN% Green DAR) B2 OH D ORI, HREOKSHG !
SERBARAHR O, ..., Oy DIBROBHHCR 5> TWT, & C, (j = 1,...,m) DHEFTHIA
D TEF) kD%’:E%J:OkZﬁo’CL\é}:TZ)O ZDEE, D’EE’:U@%’)F’EJ &7T Ct
WDREEL P, Q 1T L T,

/ Pd:r—i—Qdy—// . — Py)dx dy.
8D

N )
BEER  Z ZIZEFE TRV, 2R D FRDDN D #lo TV EARIEIDLR W, FIZIE [31], 55
J& [38] iCH B, m
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18: I D DS 0D 1% Cy + Cy + C3 IZFHE LW

EIE 8.3 (HHEMEIHICH TS Green DRT) R? OFI D &, (z BHAME723 y $EH7:7FLJ\
cp) AR TH D, ZDESR 0D 13, XK C* #kith#t C OBz oTWT, C Ot

FTABDEFIC D BRI ZEIICKR->TVWEET3, ZOLE, D2E0LHIMEAT
01 W DBEEL P, Q \Zx LT,

/ de—l—Qdy—// . — Py)dx dy.
oD

_ J
SERE  LEEME T, 2 OMBES OBRIFEICEH - TV B ( THEREEY 0ERREDZI WV
SDERTREIWV), FIZIEHER [39] (ZAUIBESO#ER — ) 2R X, =

EH 8.3 Z Db DI FHEIFH LR, Bl 21X TR S 2 BRI D IIMERAEIR T
WOT, EHOREERT X2V, LHrL, ZO5VWI585d, D Z@E4 I “9El35” ¢
T F/NEERDERE 8.3 DIREZRT/ZT LD T 5 Z 3L Bz 2232w (FERFED

FlE 20T THATENSHEGRERL 27, 4012083 12 DD H RIS HERR
nﬁiﬁu £725%)e ZD XD BGER. (57) DK D LD,

IR, D 28 THES LT O foEEOBEB P, Q it LT (57) 2D iD2& 5% D
%. Green DN D ILOFHIBE WS Z 21T 5,

8.2 Green DA ICE DI < Cauchy DFESDEIE, Cauchy DFEI L

a N
EIE 8.4 (Green DA D IIDMEIH TD Cauchy DELEIE) D 13 C DHEE T, R?
DOFIHE F—MH L7 & =, Green ORADED VOHEHTH 2L T2, ZOLE D %2E
L d HBRE TIERIZRBIZL f 120 LT,

f(z)dz=0.
\ i Y,

83/ Pdm+Qdy—// s — Py)dady ZINZ 2 & (57) BF5N5,
oD
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ZOEMIF, #EDZEZ M LT, B D OBEFICR>TW0WE 5D LHINRICLT
WRWDT, MENTHEMA UZER 6.12 L EERTEOWDIT TRV, 550biFTtd i, Z
DEFMERHEZ 2H5EDHZL VDT, LA— b =12 TEL LEWL,

AERR f OFEER, EEE ZN N u, v £ B &, Cauchy-Riemann HERK u, = vy, u, = —v,
D RVASIONG

an(z)dz:/aD(u%—w)(dxjtzdy) /(udx—vdy)+i/ (v dx +u dy)

oD

://D(_ d:cdy+2// ) d dy
://D()dxdy—i—i//Ddedy:O.

B “HHDOFEZIZOWT, 3D LHHL LS5, 0D 25, C NDX7pH) CT DR
z=(t) (t€[a,B]) T DL E,

() :=Rep(t), nt):=Imep(t), @t):= (f(ﬂ)

SRR

:/jf
:/ﬁu (p(8)) + v ((t)) - (€(t) + inf (1)) dt
|

B

B
— v (p(t)) '(t))dtJri/ (v ((2) §'(t) + u () 7' (t)) dt
:/BD(udx—vdy)+i/8D(vdx—|—udy).l

4 N
EIE 8.5 (Green DRHMEDILDMEIHTD Cauchy DFRFARN) D & C DT, R?
DML FA—FH L7t &, Green ORRMWD VOEHKTHZL T2, ZOLE D 2E
T d 5 FARE TIERIZRBIE f 120 LT,

(Va € D) f(a)—% 8D%d

N )
SEBA fEED a € DL T, +4 /J\é RIEOE r ZELB 2. D(a;r) C D B D LD,
0<e<r ZTEED e IZOWT, D, :=D\D(a;e) £BL 2, D. b Green DNHHK
DT ORI BB (AMMT? 2 ),
OD.=0D—-C,C:|lz—a|=c TH05, EH84IZLoT
1 f(z) 1 f(z) 1 f(z)

0= dz = — dz — — dz.
omi Jop, 2 —a " 2mi Jypz—a ' 2mi -

|z—a|=¢

e, L 1 .
|z—al

21t Jop 2 —a 20 J,_gee £ — @
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(Y
(v
)

b FE) g
L%E dz — f(a)

211 zZ—a

1 2 0 1 27
= ‘%/0 fla+ce )d@—f(a)%/o dG‘
1

o

<1 max ]f(a—l—eew)—f(a)‘/o%dé
E

Aﬂ(ﬂa+aﬁ)—fm»d9

27 6€[0,2n)
“£E§Jﬂ@+5€) f(a)

e—= 08 TREAMI0INFHET 3,
Wz A2

L (2) dz = f(a)m

21t Joap 2 —a

8.3 MIHRDER (2)

O OE (MR S ERIBE O . BB IE R 72 855 © phi 2 @i 1 £ L
Td, METOMIEIZEDSRV) 12V TIE, BRC6HiTdENZ (o b, FFLWVWILIX
5% (BE) ELTH3),

Z 2T, WL onfilEEMNS %,

8.3.1 HAAFEDBEEDEENDS

271 z—a
S 1 TIED D 2 LISk o T, MU RORMBI 02 RD X (A HE LI LB
TRB L),
dz dz dz
! 2 3 /— MX +1+ ZTHAE T5IE
( ) /|v21 Z(Z+2>2 ( ) /Z—|—3|2 Z(Z+4) ( ) r Z(Z+2)2 (
T DJE)

5l 8.6 M#EIZHE T % Cauchy DFEITLNIK f(a) = L/ /() dz (REZ ZZIZELD
|z—c|=r

(1) ce=0,r=1,a=0, f(2) = ﬁ 55 e, MBHEEICET 2 Cauchy DDA D
%M (a € D(e;r), 22 f & D(e;r) BT HHHES (D(0;1.5) &2 C\ {0,-2}) TIE

HITH 3) Hilil- &N 5, ©ZIT

az f(2) ; ' 1 1 m
/;142+®2 /;drz_az mif(a) = 2mi O0+r22 1772

1 .
(2) c=-3,r=2,a=—4, f(z) = - &35, MBHEHEIZE} S Cauchy DFEZTLKXDSE

2
t (a € D(c;r), 22D f & D(c;r) &L HBEE (D(-3;3) &2 C\ {0,-3}) TIEH])
D7 S Nd, DRI

d 1 )
‘/ z _:/ -igldz:Zwi,ﬂa):2n¢u__::_fﬂ
|z+3|=2 Z(Z + 4) lz—c|l=r # — @ —4 2

147



(3) WIS m 3. FR C\ {0, -2} TIEHITH 5. 2O TRAE T X

2| =1 XEFTES, WX (1) DFEREHWT

/ dz _/ dz _7r_i
ra(z+2)?2 Joaz(z+22 0 27

COEDEBOEENTEL 2D LIIICHIAT %, HiZBLALLD DD 5, RENKR
D% 3DORT,

1. METEDBALIAL-DI, BAEBANTIE, SRR KREREDL S Wi 5 1R %
BEXEZ TRV, LWHEMEIITTR, 2hzflioT, ESFFEOEZMENIEZ 37
DITIE. RD 4 DODEERZEEDIZR W,

B Z X 1 RBOERE, 1+7 ZHDLE LT, PEF 11 (1 EDKEL 1+i2 0L
DEEE V2 & DIZ/hE W) OFRER (ZAUIER) Q, 2EZ X T, Q THRESBEEIZ
IERITT (0, 2 3B FERWVWAL), ZL T, EATROET oA LSS T, & FHE C O
GEED CL O IEENET, TIH,. I 2 C, KEEZHIONET,

HBOoORBTHREIC -1+ FDLDOMZEZE T, -1+ 2 0, -2 L DT V2 2D
T, HBIREO X FUFE 1.1 TRLRK, EAFORE T OFE EER7T Ty &, FHE C
D FERG Cy ICEEHBZ O5NE T,

FIRM (I3 & C3), HARRE (I'y & C)) THIAEL

2. % JIIRLT, Ty & C; IZMEREIR (D; £ T 3) 2L O T, HERFEIKD Green @
EFE AWT,

/ij(z)dz—/cjf(z)dz: on, f(z)dz=0 ®WZIZ /ij(z)dzz/cjf(z)dz

CIEFERDHNDFET, Green DEH L AL T oTWVWB WD NI, 27V 5
H LAWY,

3. HHOEOATIE BEEME) 2 VW50% T2 ZehEW0, C\{0,-2} DHFT, IE
FTE % AN HAIC AR S 2 548 (KT PE—EHREER) 2152, ZOEHKITE
IFICENE 328 (JRAICHAD o THED 2 & C— KI3), K E b E—E&1 DI, B
BEEEHZONE, LW EHIIRETEBREICHLZZT T, SEHIE LTV ERA
(&R — POMRICEDH 2 (E4DESEL p. 290, EHEA)), ZHUEH & o & BEHUN
WEED T

8.3.2 BEHEND Green BE (Fx) OEHICHNZTESROER

5l 8.7 (Fourier fEIR THERLH) BIGER wi(r,t) = up(z,t) DEARMGE U(x,t) =
% Fourier Z4% W TRk 21 EIcHbN 3, IEFEICHELRHITH %,

heR EITDLE, . .
/ e~ @Hin) gy — ﬁ—/ e dz.

(528l R i 5D, h ZIEPEER {x+ih | 2 € R} IR T EFE LW, Fourier
fRHTC. AU > 7 D Fourier % H T 2 ¢ ZICRAHESNE2ATH 3, )
SEBA f(z)=e " (z€C) B, fIZC TEATH 3,
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ingz:= phi[th_] := {Cos[th], Sin[th]}
ngsj= psi[th_] :=Which[th <Pi/4, {1, Tan[th]}, th<3Pi/4, {Cot[th], 1}, th<5Pi/4,

{-1, -Tan[th]}, True, {-Cot[th], -1}]

ing4= hom[t_, s_] 1= (1-s) psi[t] +sphi[t]

ings)= Manipulate[ParametricPlot[{phi[t], hom[t, s], psi[t]}, {t, -Pi/4, 7TPi/4}],

{s, 0, 1}]

out[ss]=

=10}

19: IEAGIEDE T 2 A C IEBRNCEL S 2

{EED R > 0 1ITHL T,
FLR = [-R, R], FQVR = [R,R—f—lh], F37R = [—R—f—lh,R—l—’Lh], F47R = [—R,—R—I—Zh],

F'r=T1r+Tor—1T3r—T4r

B, Ty XEMMEE C 2B 2R TH D, f1d C TIEAITH 555, Cauchy OFES
EHIZX - T.,

(58) 0= /FR f(z)dz = /FLR f(z)dz + /Fm f(z)dz — /F&R f(z)dz — /FM f(z)dz.

Meplidz=2(x€[-R,R|) £XFX—=X—([IFJTEZDT, dze=dx &V

/Fl,R f(z)dz = /_};f(g;) de — /_I; 7 d.

ZOFENITOVTIE, R— oo DX, /7 KICRT 22 ePHLNTWVWS:
R

(59) lim e dr = /7.
R—o0 _R

[FERIC Tsp td z =2 +ih (1 € [-R,R]) T RX=R—(IJTELDT, dz=dr &

R

R
f(z)dz = / f(x +ih) dz = / o~ (@tih)® g
T3 r —-R R
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Dopld z=R+ith (t€]0,1]) £8F7 X=X —{JIFTE 2D T

1F(z)| = 7| = eRe(—27) — Re(—(Rith)?) _ —R+£207 o —R+h?
lopdie
/FQ’R f(2)dz| < max |f |/ Idz| < o RN A
W 2
(60) lim [ f(z)dz =

R—o0 I

[FRRIC Ty 1& 2= —R+ith (t €[0,1]) £XF X=X —{JIFTEXZDT,

1f(2)] = || = Re(=2) = Re(—(-R+ith)?) _ —R+207 ¢ R
f(2)dz| < max |f(z)] ldz| < e B+ ||
F4,R ZGF;R 1_‘47R
lopdie
(61) lim f(z)dz=0.
R—o0 Tyn
(58) 5
/ f(Z)dZ = f(z)dz + f(Z)dZ _ f(Z)dZ
T3 r I'ir Ty g Tun
THE056

-1/ z ez — 7+ /F RCCS /F g
< /Rerd:c—\ﬁ_T +
“R

(59), (60), (61) 2B, R— 00 DEE, BT 0 WTIRT B emnd, UbErs

f(z)dz| +

/ e~ @t gy = /7w

8.3.3 HBIE ([1]) HIRE 3.24

ROFNIBRZFICH > TVWEdDTH S (BIfE 3.24 12, 2mi B2 D). FEFITIH S ##
X, iﬁkioffﬁbiﬁtﬁétﬁbhﬁ\9®WT@ WEAE S BERS IE RN 22 i P T
A EEET 5 Z 2T, 2200MENCH S BETORICRE L TWb, ZHuk, BTHAT
6”&%@%%mfﬁ%?%@kt/&v®m\1%5#\M?®J%ﬁ%®W§%%WDL
72H DI o> TW\WB,

81h >0 THHUF 2 = R+iy (y € [0,h]) EFTHERVWITFIAE, h<0 DL ZIENEYRDT, z2=R+ith &
Lf:o

150



fl 8.8 (RTH o LBEICESITNY) C ZF5M 2 =2cosf +isinf (0 € [0,27]) LT 5L =

ZRD XK,
BHETEAEZ f(2) e BE, BT BIRLTHL:
2z 2z 1 1

f(z):zQ—lz(z+1)(z—1)_z+1+z—1'

ER e LT, z2=1+¢ee? (0 €0,2n]) & Cyc, 2= —1+ee? (0 €[0,2n]) 2 C_;. £BL
o e /TR C, Cre, Cor BEWIIRD B R,
ZDLE

2?2
D::{z:x—i—iy'§+§<1/\\Z+1!>8/\\Z—1\>5}

rBL e, DIFHEET
0D =C—Cy.—C_y..

DIX1, -1 %28FRVOT, fIZD2E&0HIHESTIEAITH S, W 212 Cauchy DFED
SEH (GEBE 8.4) H 5,

Oz/an(z) dz:/cf(z) dz—/lﬁf(z) dz—/mf(z) dz.

dz dz
dz = =04 21 = 2ms.
Cl,ef(Z)z /c Z+1+/01,52—1 + 2me )

l,e

1
(11X, C1. ¥ {z€C|Rez >0} IZE&FN, 1 3% ZTCIEAIT® % Z & 225, Cauchy
DHEPEHELD 0 TH S, H2HIFOESTH 5, )

[FkkIC LT
dz dz
dz = = 271 = 27i.
/C_l,af(z) 2z /c*_l,gz+1+/c*_1,52_1 wi+ 0 = 2mi

I= /Cf(z) dz = .. f(z)dz + /clyg f(z)dz = 4mim
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S#0AHEAE (Z2B0r > FO)

INFE T, EHIBEEO ENEERPGETH A 2T e RELHETH S, -
TET, 2Rz, Cauchy DEDEMD, $HEDH—MNBRITETHNATEZL
For—BE., VWO A, FNTEHRDEDHRNEBBENICHHET 5,

(i) (FERBURRZAMA L) ERIBBOMEE DR LWt

(i) TIAERACHH U Cauchy ORI ARZFIFA LT, MR ADH D O Laurent B

B (the Laurent expansion) Z& <, I FFESD ’ég ﬁi (residue) ZEFEL T, EETD
FFEANDOICHZ AT %,

9 1FHIBSHMDMEE
9.1 IFRIFA#OES DMK
ZIERICH LT, PREZOHEEEL VI O ERINTWS A, EHIEEECH L TH Fh

HWTA

WCHY T2 (—BRILICR>TWV5) BREZOMBE VI DDHH 5,

/ri% 9.1 (FRIEBOES, BRDOGE) ccC, f & c DEFHCERRBEKY T2,
(1) ¢ 23 f DEHE (zero) TH B LIE, f(c)=0 2T IrzWn,
(2) ¢ f DEHT, kENH

flo)=fle) == ") =0 2D fO(e)#0

ZimlzT e X k% f OB c OO (order) LR, £/, ¢l f D k IDFRT
HdEWVI, )

Bl 9.2 (a) f(z) =sinz T. mr (me€Z)F 1NUDEFELRTH S, EE.
f(mr) =sinmr =0, f'(mr)=cosmr=(—1)"#0

TH200, mrld f DINOBERTH S, H5WVIE Taylor FER

sinz = (—1)"sin(z — mn) ) Z — m)?"
n:O 2n—|—
ZHM LT,
sinz = (z — mm)g(z), = mz 2n—|—1 (z —mm)®™
n=0

EZEELT, g(mm) = (—1)" #0 ZiEDTH B,
(b) f(z) =cosz—1T. 2mr (m € Z) FZ 2/ DEHRTH 5, FFE.

f@2mm) =cos2mr —1=1—-1=0,
f'(z) =—=sinz, f'(2mn) = —sin2mr =0,

f"(z) = —cosz, f"(2mm) = —cos2mm =—1+#0
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THB006. 2mr (m € Z) F 2MDBRTH 5, H2WE, Taylor FERH

2n

cos z = cos(z — 2mm) = Z (_1)' (z — 2mm)

ZHRIFHL T,

cosz —1=(z—mn)g(z), g(z):= Z ((;71;7(2 — 2mr)2nD)

r#EL. g(2mr) — —% 40 ZREDTHHEL, =

-
m£93wum DEH) ccC, fiZc DB U TEAL keN 2T &, KD
miﬁummﬁfﬁéo

(i) U CTIERIZRBEE g DFEL T, f(2) = (2 — o)*g(2) (z € U) 2D g(c) # 0.

J
AR K BT AIRINAT (1) < (i) 23, EWVWODHARETH %, MUNTIE—5UCEENA

T%O
(i) = (i) DA, f 1X ¢ DEFHTIERIZD T, ¢ DEID T Taylor BTE %, 3K8bH

AR > 0, Han} s.t.

) S@ = s == 100 =0 5 ) 0

Zanz—c (|z — ¢| < R).
n=0
(n)
_‘)t?&@: Ay = fn'(c) T@%ﬁ)g\ ﬂiii b\ CLQZCll:"':ak_l:O, ak;éO. @%.@:

= Z an(z — )" = (z — ¢)* Zan(z —o)"F=(z =) Zan+k(z

N
(R
A

)= Y anslz — 0"

tBLE, ZhUI |z — ¢ < R TIERIZZEA% T,
f(z)=(z=0)9(2), g(c)=ar #0.

(i) = (ii) DI, f(2) = (2 — c)Fg(2), glc) # 0 T 5, h(z) == (z —)F B &,
2). 0<m < kX LT, Leibniz DEANC KD

m

1) =3 (7)),

r=0
r<k—1THIE L) (c)=0TH2IIFET2L, 0<m<k—1%5Fh)(c)=0
0<r<m)Thdzt. zhr W)=k »5,

m

=3 (1) 0 gm0 =0 0 <m<k-),
790) = () Mate) = Kg(e) # 0m
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(Z D Prop. DREIECEND UKD S, )
ZHADOHE, FRROGEISREBUEH & IFmNiETE» NS,

4 N
el 9.4 (K EROEMY) f(2) €Clz], ce C, ke N ¥ 22 & KD IFKMHIFMET
»H%,

(i) c & f(z) DIRT, EEEIZ L TH S,
(Thbb, f(2) % 1 RABORHEDMR LIz Z, (2 —c) 3B x5 ¥ k AEA
5 —k=10Ea, ERTERVDIED, EEE 1 RS 2L TBL)

(i) Jg(z) € Clz] s.t. f(2) = (2 — c)kg(z) 2D g(c) # 0.
) 0= )= = [V =0 2 S0 £

SR (REMCERBYETHZDT, ERIETHH I, ) n

(RO DEREETIZ, B WO SERF TV, b LIFERE VI SERMS
DONREETH > 72, WEOREEDOTIC [ERoTWB I 2RI DIFHEE T, EREER
FHfdmEo T3 L FMIE S, )

0 THRWEZIEAZ, B LT C 2ARTERTHD., MEFBRIEZ—EHT S (c D f(z) DIR
S f OFEH), FBc DEEE (HRORIZ 1 & 33) 1k, FS c o —KT %,

c OEFETIERIRBIE f 23 f(c) =0 Z{fi/T & E. RD2D0DWTUL—FADBEDILDZ
EINEGZTDB

(i) (Vn € NU{0}) f™M(c) =0. (ZDLE f 2 c DFEDD DEREIEFHOICRIT 012423
AL, HiX WA 0 RXFE LW EHIRABDO—HDOEHTH D5, )

(i) (k€N f(e) = f(c) == f"V(e) =0, fB(c) #0.

J

9.2 —HOTEIE

0 THRWZEKNIIEREOR (FR) ULrFilzRws, 0 TROWIERBERITEREOR R %
Fib82 (sinz 92D ZWEITH ), L L. ROIEFICEEREH ( FAPEMTR
FIFEFEINCE] L WIHNR) DD LD,

4 N
EIE 9.5 (—XDFEIHE (the identity theorem), —RIEHDEIE) D (& C OHEE (9
FRBEEE). f: D= C & g: D— CIIIERL c e D, EELBI| {2, ey E M

0 g =c

(i) Vn e NIZXW LT 2, € D 22D 2, # ¢ 22 f(zn) = g(2,)
ZiiZesedsL & D 2IAT f=y.

(B 21X D NOFRDRIERIBFRD BT f = g 23D 2o Tw0iud. =504 (), (i) 2k
K?@%ﬁﬂ@ﬁﬁ@%%#f%é@f\f:gﬁﬁbﬁoo)

J
SEER f—g B2 f EEWVWTEZD I LT, g=0 DEEIGEHAT IRV 03905,
DIIFEAETDH 255, (Je>0) D(c;e) C D. FH 7.4 XD, {an} a0 DFEEL T,

) =Y a(z =" (2 € D).
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EFTZOME D(c;e) Tf=0THBIL %R,
FIIEED n I LTa,=0Thb, EE dLEITRVEIRET S, Ine NU{0}
st.a, #0. ZDEI B n DB, PhOdD%E k BL &,

ap=a;=---=ar_1 =0, a;F#D0.

KR R
Zan z—c) z—ckZan+k z—c)" (z € D(ce)).
n=0

n=k

z) = Zan+k(z —)"1& 2z € D(c;e) TPIRL.
n=0
f(zn) 0

9(zn) = (zn — C)F = (Zn ~ c)k =0.

W Z 12
ap = g(c) = lim g(z,) = lim 0 =0.

CHEFETHZ, DAIEED n b:i(ﬂ‘n:iz U = o.nb;ooic:
f(z) =0 (z€D(ge)).
()
Dy:={z€D|(VvneNU{0})f™(2) =0}, Di:={z€D|@neNuU{0})f™()+#0}
v B e (AR OBAIE FWT)
DyUD, =D, DynD;=0.

) 2EAGRATH B Z e B, Dy IZFEETH 2 Z e 055,
—7, Dy bHEATD S, FEBE 20€ Dy £ T2 %, (3R> 0) (F{an}nenvgoy € CVV)
(Vz € D(z0;R)) f(z) = Zan(z — )" B TAW 2 € Dy kb, FED n IHLT a, =

I )(' )—01%575)6 f(z) =0 (2 € D(20; R)). 2D BEHIT D(20; R) C Do 3535 %6
Pﬁ)xk Dy I3BHEETDH %,

¥/ ce Dy THBEHNS, Dy 0.

DFCRI@mEIC XD, Di=0,Dy=D. ®ZIZ f=0inD. m

EFDRATHE o 7zamd 2 i T TH <,

i 9.6 (EFLRHAESITERS) D 13 C OEERMAESE. Dy & D, X C" OF%EA
TD0UD1 D, Dole —Q) i I N DO e D1 @L\?ﬂﬁ)ﬁ)%%{:}’c%%o

WE: ZOREETIE, —HROERE (o@D DB WHESICHEI L e & —7H8T
EEBICRDZIL) 2EDTITHEEEL OB Do, ﬁ?)%'bi@ ZeWhoTLE o7,

SEE peD, ¥THLE, T DIBMHEATHZZ D5, (36, > 0) D(20;01) € D. £/ (3n € NU{0})
fM(z0) # 0. &= |[fM(z)] &BL e >0 THD, fO BHEFETHEH5, (35, > 0) (Vz €D :
|2 — 20| < 82) [f(2) = f™M(20)] < e. TDYEL[FM(2)] = [fM(20) — [ (20) + M (2)] = £ (20)] -
|f(M(20) = fM(2)| >e—e=0. WZRIT f(W(2) £0. > T z € Dy. §:=min{61,05} £BLEL, §>0 5D
D(z;6) C Dy. WZIZ Dy 3HEATH 5,
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{;/b\

\ Co
~N

X 20: Co ne C1 Q\-:I:%L\ ?(ﬁ&\- D(] %Hjé A gO(to)
(p(to) bi Do, D1 O)Z% 6&:@ L/T %%Eiﬁib %o

D7 THEM IS FFEHER 2 TN (22 VWIHFEHD BN TARLIINY), ZHUIDH 512
FEFRZD2T 25 X DIE, BEEHRICRK 2 THEEE L HIM L7,

AER HEEZHWS, Do £ 05D D1 #£0 EIRELTHEEREL, ¢ € Dy, ¢ € Dy ZHL
%o Jp:[0,1] = Q, ©(0) = co, (1) = ¢ & 7% ZEHREE o DEN S,

Ip:={t€0,1] | ¢(t) € Do}, Ii:={t€[0,1]]p(t) € D1}
Bl
ILhul,=[0,1, IynL =0, 0€l,, 1e€lI.
Dy, Dy DEEA T, o DHEHTH 555, 36 >0, 30, > 0s.t. [0,0)) C Lo, [1 —61,1] C 1.
to ;= sup Iy

EBLEL0<ty<l ty & 0,1 &DEREE d:=min{ty,1 —ty} >0 TH 2,

to € In DG, Je1 € (0,d) st (to—e1,to+e1) Cly. THE tg=suply >tog+e ERD.
FIEDBEL %,

to € [ DHE. Jeg € (0,d) s.t. (tg — €2, to +e9) C I1. I EHEET DI Iy D BRI
DODNENCHZDEIFIETH %, =

% 9.7 (BEBUCH T 2) FRIBSIGEREBICE LR VIR D . 2 0B AZH WIS L
TW5, THbE ¢ WEBTHEWEABEBOES (f(o) =0 ZiliT) %513,

(Je > 0)(Vz€ DN D(c;e) \{c}) [f(z)#0.

SR WEEEEG S, SRESETS L.
(Ve > 0)(Fz € DN D(c;e) \ {c}) [f(z)=0.
S e NIZHLT. 0< |2 —d < % Flo) = 0 %H72F 2, € D BEUR 50 —F ORI B

f=0in D &IN5, THUIFTETH5, =
—HROEHOERRIGE L LT, ROMENKRLT %,

a N
% 9.8 f: C — C 2EHIT,
(VzeR) f(z)=0
Z 7z 378 B,
(V2€C) f(2)=0
DR D AL,
\_ J
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5 9.9 (REBZIEAICIEET 31H1F 1 DLHAEW) 2R T, WIFEBuCOVWT, M
S TIE b7z Taylor BE O Z FAWT, EHIBIBUCHGRE L 72, il 213

— (-1)" 2n
cosx = Z ((2713! " (z eR)

0o
- -1 2n
(%) cos z = nz% ((271;! 2" (2 € C).

398556, I[ERIZR f: C— C T, f(z)=cosz (z € R) ZHiZzTdDIX, FETEIRHIE—
HTHs, VA2 Y. cose DINRIC, EAIEZZERT 2R D, (¥) & 2D
F20, =

B 9.10 (BIHBARAEDRIE (REFETIFEDEWV ?)) I IXEELEL D E8ER]
(62) et =e"eY (x,y €R)
DD Do Z LB & LT,

et = ¢%e? (2w € C)

D DILDZEHRE D,

SHERPAE L MRIEBEIR 2 RIF T 2 LR 70 DIT KR 20T, LIEH S HREHE
Boe” 13 E(z), EIREEIEZ e tFENT 2 2 LITT 5, EREHEIFI R OILR
Thz, 2%

(Ve eR) E(z)=¢€"

MDD Z & =D Tikam 3 5%
TEDyecR ZEELT, A f:C—C*%
f(z) =E(z+y) - E(z)E(y) (2€C)

DB, B E BEHITHE5 5. f13C CEATHS, £/ =2 cRDE X, (62)
b
f(z)=f(zx) = E(x+y) — E(x)E(y) = "1 — e"e¥ = e"e¥ — "¢’ = 0.

W2 —BOEMIZED
(V2 C) f(z)=0.

ERAS9X5)
(63) (Vy € R)(Vz€C) E(z+vy)— E(2)E(y) = 0.
RMEED ze CZEELT, B g:C—C %

g(w) == E(z + w) — E(z) E(w) (w € C)
TEDD, ZD gl CTIERITHZ, £/, w=yecRDE X, (63) &D

g(w) =g(y) = E(z+y) — E(2)E(y) = 0.

86Z DFHF T, FED 2,y e RITH LT, E(x+yi) :=e”(cosy +isiny) LED, ZOHEF. EED
r € RIINLT E(x) =e® DD LD,
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W2 —BDOEHIT XD
(Vw e C) g(w)=0.

ERAY.PX5!
(VzeC)Vw e C) E(z+w)— E(2)E(w) =0.

W ZZHEEUERT E(2 + w) = E(2)E(w) DD, =
74, —ARBOIEEHEZAEHE X,
M 75. Q=C\{reR|2<0} T2 =

21 EQN2p€QNZ20€Q = Log(z122) = Log z1 + Log 23

DD ILDZ & BRt,

9.3 FHEDTER Y RAKERIE

e N
fied 9.11 (FHEEDMHE (the mean-value property)) Q & C OMFHET, f: Q - C
FIERL c€Q 2 F22 %, D(gr) CQ EHATEED r > 012X LT,

2
fle) = %/0 f(c+re) do.

K(Eiﬂ@i\ Mlz—c=rTD fDFHETHZZ LITHEER)

BEBA  Cauchy O ARZ 2 =c TH#HAHL T,
1

N 271 |C—c|=r C — C

dc.

(=c+re? (0€[0,2n]) ERNTRA=K—=DFT B L,

1 f©) jo . 1 [T fletre®) o sy 1 [T ;
_/ dC = —-Zreed0_2—\/0 f(C+T€9)d9..

270 Ji¢—emjer C— € -2 ret? T
R 9.12 (BEMTIT) FEREB u=u(x) = u(zy,...,2,) ITOWVWTIX,
u DPFEEOMEZR D < Au=0 (u IZFMBIE)

DI D LD (Gauss DERETFIGDEEY & 2 D),

IERIBEEL f DFEE - FEHE w, v (u(x,y) == Re f(z +iy), v(x,y) := Im f(x +iy)) ITDWTIE,
Au=Av=0DEDILDODT, FHFHMEKDFHEDEED &, IERIBIOFEEOEE %2
HLZEBHRETH %,

ROTAMEFEEITH Y F 2l & FFBIEIRD I DD, IFHEICEHTDH S, n

SURM A ARERDTF A b, B2 WVITHEH [40] © 3 F 5 Hik &2 SRE X,
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i 9.13 (RAERIE (the maximum principle, maximum-modulus theorem))
Q1 C DR, f: O CRIEHL 2 € Q,

(Ve Q) [f@I<IfG)l  (If(20)| & [f| DEABETH S, W5 ZL)

DI D ALDIR B IR,
(FC € C)(Vz € Q) f(z)=C.

k(EEUB@ﬁ@%@?ﬂEﬁi\ HBNRTRAMEZIAUS, £ ORBIIEITEREREKTH 5, )

SEBH M = |f(20)| £ B,
QUEBEAETHEH 5. (e >0) D(2p;6) CQ. pi=¢/2 £BL &, D(z;p) C Q.
0<r<pR2IEDriIRLT, FIHEOMNEED S

1

2 .
f(z0) = %/0 f (20 +1e™) db.

W Z 12 ) 2
1 " ; 1 i

M=l < o [ 17 Gotre®) o< 5 [ aran =
FRE ARk, FERRTARTHEETH LS, F

1 2

; 1 2
o ), \f(z0+rea)\d9:%/0 M db.

|f(z0+re?)| < M T, 0 |f (20 +7re”)| BERTH 255,
[ (o +re®)[=M (Be0,2n]) ie  [f()=M (z—z|=r)

r DERED .
[f() =M (|z = 20| < p).
i 2.23 2260 f & D(zp;p) TERBIRICFEL W (3C € C) f = C on D(z;p).
—HDOEHID, Q2T f=C. =

AR 9.14 (RIMEICDOWVWT) EETRWVIERIBEE f 1T LT |f] ENAETHRAMEZ IS 72
WV, EWVS RN, |f| APETEMEOZ DD I LIdH Y 5 B (B R EOERERIE-
SADD), 2L DEBTRWIERIBIE f i LT, |f] BHNAT 0 TRVWER/IMEZ F7 7%
W XETHS (1/f 2BEZXDZTEDICHHETES), =

S5 0.15 (BNEROBABETE) FHEHICOWTIE. 21D FHEDEEART L (24
BOBEZEIBEROFIHED EROSEROEREIAUST CEITE ), 2hmd TEK
CRWIRIBIE u 13, PATRAR,. BMEZES RN, | AELNZ,

b b
88 f < gon [a,b] Zﬁ%@/ f(z)dz < / g(@)de. LD, THIT f & g 25T, g € [a,b] f(x) < g(x0)
(V2 — STHFER) HHD 1ok 513, / f@) do < / o(z) do. FHEEIB Y. f v g AT

/f d:c—/ 2)de BHIE f=g.
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9.4 Liouville OFEIE

[;’i'% 9.16 (BEH) C 2ARTIERIZZBIE > B (an entire function) &\ 5, }

5 9.17 (BB DH) ZIHABIEL. FEEEIEK 2, =ABIEK cos 2, sin 2 I3 TH %, tanz,

Log 2, WFEBIETCIE RV, =

14 22

EIE 9.18 (Liouville DFEIE (VU J« ADEHE, Liouville’s theorem)) H 572 EEI%L
FERBERUCIR 5,

SRR f: C - C IXIFAIT. (3M €R) (V2 € C) [£(2)] < M DD 30 2 RET %,
ERDOER RISHL T, 53 {a,r}ie, BFHFELT,

oo

f(z) =) anrz" (2 € D(0;R)).

n=0

FHBEFORBO—BEDL S, {anr}ly & R IKELZWZ DD D, WA {a,}2,
DMEEL T
Z&n (z € C).

Vn e NIZWHLTa,=0%nRZ9, VR>0IZHNLT, Cauchy DFEZTLRD S

_ 1 f(Q)
" 5 fon

L 1) 1 /(O] 1
g—m/m:R@dc‘< 27r/< R|C|n+1| (<5 / Rn+1| d¢|.

/ |d¢| =27R T®H %h 5. Cauchy DFHER & MHIN 2 RXDOAELXEE S,
CI=R

ThHEIHN5H,

an| =

M
64 nl < —.
(64 aul <

WZICR—>00&LlTa,=0(mneN). @I (V2€C) f(2) =ap. m

RECEOERKEMOIIAZE Z X5, ﬁﬁtbf ZIERD 2 = oo TOFHFEZFXRTE
o FBICE DD L, 2| DREWVE ZA TR, RERXDENZENTH 5,

4 N
i 9.19 (BEADELFTOEH) n € N, {q;}], € C', ay # 0, f(2) = apz" +

a2 a1zt a, ETBEE,
(Ve:0<e<1)(BReR)(Vz€C:|z| > R) (1—2¢e)|ag|z|" <|f(2)] < (1+¢)|aol|z|".

K2 (V2 €C: 2| > R) f(2) 0D ILD, /s LD n> 17261 lim |f(2)] =

|z| =00

N J
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FEER 240 & T B L X,

) _ g @ e al
apgz agz agz apgz
Vm e N iZxf LT Z—m—>0(|z|—>oo) TH506, i (];(2—1. W24
Z—00 0
o L
z=voe [a)| 2]
Zhmb, (Ve>0) GRER) (Vz €C: |2| > R)
QI 1‘ ce e 1-e< AL 4
|ao| |2| |ao| |2|

TEERINZTHROAFADSFE LN S,

%9.20 n N, {a;}7 (€ C" ag #0, f(2) =apz" + a2" "+ + a1z +a, £33
L&,

(M eR)EM € R)BReR)(Vz € C: 2| > R)  M|2|" < |f(2)| < M'|2|".

SR MR 919 B e =1/2 I L CHAT % &,
1 3
§|a0||2|" <|f(z)] < §Iao||2|" (Iz| = R).

M = |agl/2, M" := 3|ag|/2 £ BIFIZEV, =

i 9.21 (REZEDOEAKXTFIE (the fundamental theorem of algebra)) P(z) Z#E3H
FREBDZIHENXT, ZOXBnlZ 1 LEE T2 E, P(2) 32 —D20WZFD,

AEH%E — 25 2 TEB <,
SEBE (RAICHE > TV BFEH) HHEEEZHWS, (V2€C) P(2) #0 ERET 2, ZDk

x. () ::% ST 5. W 019 D, I [P(2)] =00 TBEMD,
(BRER)(W2€C:|2| > R) |P()| > 1.
Wz

[f(2) <1 (lz] = R).
—77 D(0;R) = {2 € C | |2| < R} 3 C OFHRHLETHD, |f| 3EHEETD 205,
Weierstrass D AMEEHIZ K o T, |f| ERANEZED :
(3M € B)(V= € DO:R) |f()] < M.

WZIZ (V2 € C) |f(2)] < max {1, M}. Liouville DEMD &, fIFEBEHRTH 2, ©ZIT P
HEBBARTH L0, I n OB 1 UETHB I e FET2Y, =
BB (BRIFOAEDLEBIELTH S, ) BHIEEZHWS, (V2€C) P(z) #0 &RET

B, COLE f(2) = % BT 5 5,

89H Lagz" +a12z" 1+ +an_1z2+a, (ag #0,n > 1) DEBTHIUL, apz" ' +a12" 2+ +a,_1=0
TH2, 0 DRALWT (BAWVFEIDHE) ITXoT ap1=ap2="=a1 =ag=0DF5N, ag #0 X
FIET 5,
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fHifE 919 X b,
(3M > 0)3R* €R)(Vz € C:|z| > R*) |P(2)| > M|z|".

VR > R* IZ™ LT,

1 1
< .
M|z|* = MR

(©) (VzeC:lzl = R) [f(x)] <

|f| i& D(0; R) THRAMEZFOM, RAMEOFEEN S, 21U 2| = R TORKEL —KT %,
%ﬂmmDKiDK%ﬁTWKEﬂéo%%\M@ﬂé (:€C). R>oobFBE.
F(2)] = 0. WRIZ f(2)=0. CRRFETHS, m

MR™

REX 9.22 (AFTHETIE) FOFEHIZE. f(z) =01 LT, PREDH1IODMRE (a £BX)
DFET S e 2 FRLTOVWARFED, KBEM (ERFEEZHEATHHD D) ZHWS
. f(2) iF z—a TEIDYINS Z EDELN, KEBUZOWTORNEIZE D, f(2) & n @D
1 REEDFREIC I REND Z D30 b, DFED

Gla}is €€ f2) = (z—a)---(a—an).

{a;}i_ DIEEFEZANER ST, [—HEI) THEILZmTOEFHL <720,
B DHTOE SR E B VLI SIEbN S0 b LW, EIFFATELLT
D KD BEEED TR DRT T IIH o TV Z e 3D %,
PuTTEUA
H={a+bi+cj+dk|abcdeR}
IZBWTIZ,
2 — j2 — k2= 1

MDD WS ZeZhs, HARERX 22+1=013F +i, +j, +k 2V 6 HDEEHD, 2K
HREAD (D7 L b)) HER S 6 OB ZRODIEBEDR? 22+ 1 = (2 —1i)(2+1) THIUI,
2= BRALTO=(j—i)(j+1i) THE225, WILEEZXS LT (ZHUIHMETH 3
CEDOHEEENBIETE). j=i FE = —i DEPNZDTII RV ? ZHUIHHS A
BRLESREITNRE, CIHBEES>TWEDES S0 ?

LY MIRDZESIRILIFEVEDT, AR LTBELATEWL, =

9.5 Schwarz DA

(ZHUTA Y FL KD, 1R BZEHR e . FAERZHHAT S & 22UV, HH
36 ICEWCTHD T, )

10 Laurent B, RS, B

(FeZWETHEAR, FH2ODFEZ—Y LT, ROEDEEBRONEZHWTOERS L
TWVET, LIXHLK, e ZA0 o Twa e Ebh kT, )

ke TRREREL oM

o0

ZO an(z—c)" + Zl (ZG—_Z)"
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DIIZE T 3 8% Laurent f{E L FER, 2 DB L HITINH T 23 & &, ZD Laurent
HHEOIPR L, ZDFNI 2 DD DIITH 3 L BFT %, 220D E DV &b —TFD%
M3 5L XX, 2D Laurent FFUIFHHRT 5. L ERT %,
ZNENDOHDBIRT 2720 DFH%2EZ 5., »HMEREEETICEL, ZDAEETIEFHEE
TR ENTD D,
2

Wi@f@ﬁ:@_D@_QQtm5ﬁ@%ﬁ@\C\HQ}TEQT%D\ZZLQTM

ERINTOVARY, 1,21 ZRABRVWHTH S0, FHZZDR c=1,2 DEDHH T Laurent HEX
JE R

[e.9]

fE) = ml =+ 3

n=0

DR 2, ZHUID B ERT Taylor B (FAEUER) O—f(LTH D, A2 T L ITKILD,

10.1 Laurent EH

COHDONAZ—ETE D5 MEREFEETIERZRBIZNE Laurent B TE %, T, K
c DERANGERE D(c;e) \ {c} TIEAIZREAEE Laurent BT X %, )

4 M
EE 10.1 (FAREH) ccC,0< Ry < Ry < +oo ITH LT,

A(c; Ry, Ry) :=={2 € C| Ry < |z —¢| < Ry}

EBE, I ¢ 2HDE T A2EIRMEE (annulus, annular domain, annular region) &
M3,
s

A(c;ry,re) ={2€C|r <|z—c| <ro}

r B,
N )
MR LW BEICSZIDLVDIE, 0 < R < Ry < 400 DFELEITEAS, L L.
Laurent fEL DK - FEE 2/ S & =13, RO L = 2[HEEEIC R =0 X Ry = 400 DGHE
BEZDLDONEMNTH %,
FIE R =0 DEEIHENT 5, ZAUIFE D(c; Ry) 226 ¢ ZBRW b DTH S, TRhDH

A(c;0,Ry) = D(c; Ro) \ {c}.

FHZ A(c;0,Ry) C D(c; Ry) TH %,

&R D(c; R) TIERIZRBARNIFEAEERA IR 7253, FIRMEIR A(c; Ry, Ry) TIERIZREIEL
¥ Laurent fREVEFHIR 5,
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4 N
FIE 10.2 (FRMEE TIERGEAKIE Laurent BRAEES) c€ C, 0 < R < Ry < +o0.

FI3 A(G; Ry, Ry) TERSHTOWTEHIL T2 2% 55 {a,}nes € CF B—FEINIAE
LT,

(z =)

(65) ) =Y anz -+ Y (2 € A Ri, Ry))

DI RYASNR

EADFENE Ry <1y <71y < Ry BHiFZFEED v, I LT, Alc;ry,ro) T—HRIC
MR S %

(65) i)sﬁi Djot =, Ry <r <R, %ﬁf:?{f%ﬁ@ r @:;ﬁl‘bfx

b f(z)

(66) I = 5 o —(Z mpT dz (n€Z)
DD LD, (ZORLZTHRZ L a, Fr WKEFELZ DD, BZED r € (Ry, Ry) X
LTHIRCIHEIZR 5, )

GEREICW S & f:Q—=C D, A(¢;R1,Re) C Q, 2D f|A(c;R1,R2) WFIERI,
_ J

FRECE R TN (66) 3. D(c¢; R) TIERIZEIED Taylor EBOHHMOK EFTCEEZ L TW
5, IRZBNZN] EXT 7y LREVE DI,

CDEMDOHD T—HRICHTCR ] DOFD DREAIE. BHZEICOWTOEH 321 &, XD
i (FEREAERICIEN S, p. 259) BI85 5,
e N

W 10.3 (BOERO “BRH OIER) Y (Z“_f;)n IZOWT, KD 3DDVTh» 1
n=0
DIV RILT b,

(i) V2 € C\ {c} WML TIRT %, VR* € (0,00) IZNLT, {zr€C||z—¢c| >R} T
— BRI S %,

(ii) IR € (0,00) s.t. {z€C ||z —c| > R} TPERL. D(c; R) THMT %, VR* € (R, 0)
WH LT, {z€C||z—c| > R} T—RRICHIMRT 2,

(iii) Vz € C\ {c} I L THEKT 3,
\_ J

FIE10.2 DFEEA  HmHNREUC DOV TOEK (66) ZFEHT %, m ZEREOREE L 35, (65)
DOMid% (z — )™ TH|-T

Z;%%%%?T:: 53 an(z = )" (2 € Al Ry, Ry)).

n=—oo

(67)

Ry <r < Ry, ZWil=3EED r 1T LT, (M 103 BERTOTEEL2S) A |z — ¢ =r ET

Laurent §0i—HRAT 5 DT, B —— Zmide (67) b—HIGRT 5, WZIC,
SRS HAHETH D |

(z — o)mtt
1 f(2) 1 o o0
= Y — _ el g, s
21 /|Zc|:r (Z— c)m-‘rl < n:Z_OO 270 /|zc|:r a’n(z C) zZ Z AnOnm Ay,

n=—oo
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s (65) Zi/zS {a,) O—EME (FETIUIZ—D2LD2RWV) &, (66) DFEZD r I
oWz b nhd

LUR. (65) {723 {a,} DFETEIIEZRT, 1,10 & Ry <1 <1y < Ry 27z 31E
HOBE T2, D:=Ac;r,m) £BL Y, [ D 2EUHES A(c Ry, Ry) TIERHITH %
MO,

(69) 16 =50 [ Lac ey

21 Jop C — 2

NS (B2, EH 85 ZHWTAEATE 2, %7, ERFEHICHIT 2 Cauchy DR
EHEFHWZFEH % §10.1.1 THIAT %, ).

D71 | /) . )
1= % /l;_C’V‘Q E dc, Ji= _% /IC—C|7“1 ¢~z .

fey = = [ LD ey

211 Jop C— 2

Bk

I3 EB T 2 RIS D Taylor R & [F] U T,

= n 1 f($)
I = Wz=O)", a, = — — L.
E;G(z o 270 Jic—ojmry (¢ — 2)" " ‘

JKO“T@~K—d=TﬂDK%E:E::pﬁd<1f%5# (E U OO AT
)
1 . 1 B -1 1 B OO(C_C)nl
g_z_(C—C)—(Z—C)_z—c'l_%__;w
MEPND DT
1 o0 _oan—1
(69) J=5= S = reyac.

211 Ji¢—ej=r, = (2 —¢)

M:= max |f(Q) &BLE|(—c=r &olX

|¢—c|=r1
|£1£¥ds%<lLy

(z =) |2 — ¢l

DK D SO DT, Weierstrass M-test 2355 T = T, (69) DA B0 FE | — ¢ =
ET—RRINR T %, W2 ICIERIFET DS RIRET

=1 £(¢) I
J = Z 278 / C—ecl=r (C_C)_n+1 dg(z_c)n o Z (Z—C)n

n=1 n=1

TeHdH L

(r1 < |z —c| <r9).

= Z an(z —co)"

ri,re PERTHD I b, ZORENX A(e; Ry, Ry) TIRT %, =
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(Za_’;)n IZOWT, KD 3ODS B, Yhh 1D (1) B Do,
(i) FED 2 € C\ {c} N LTIEF 2,
(ii) % R € (0,400) DIFELT, |z —c| > RZBFPH, |2z — | < R R OIXFHMT %,
(iii) FEED 2 € C\ {c} IR L THIT %,
i) DeER=0,(1li) D& E R=+0c0 £T 5. WITNDHED
lz—¢c/>R = WK, |z—c <R = Hi
B r> R EMEZTERED r LT, {#€C||z—c >r} TRRICHMERT 3,
SR D 2 € C\ o} HLT, ¢ = ZL LB,

—C

=104 1RO Z
n=1

0 a 0
SRS S
n=1 n=1

lz—c|>r < |[(|<-

lz—c<r < |[(|>-,

e el

fmd=r & fl=1
MDD Z e o, FEHFDDOFERBDOICK - HEUCmESNL DT, IZFEHATH 2, =

Laurent B Z IV FRREADEDD DS DR T7F A M b H 5D, T 2 TIXHIREKTIE
HIZ2 BABUCH L TERE L TB L, FRCEAIED FH D D Laurent R, B EREIND Z
2127 D, Laurent ERIX Taylor BDO—ILTH 2 Z LIk 5,

a R
E& 10.5 (AREIHICH TS Laurent B, SDFHDD Laurent BRAL EZ - BH)
C E (C, 0< R <Ry < +00, f =% A(C; Rl,R2> ’C'I‘:E%é Z"L“CL\“CEEUZT% =1

(%) f(z) = ;an(z —on ; (ZG—;Z)" (2 € A(c; Ry, Ry))
Zi7z 3 {a,} D—EINFETET 5,
ZD (x) Z f D A(c; Ry, Ry) ICHTS Laurent (#kE) BRI & X,
FRCR=0DEE, fDcDEDDD (c ICHITHB) Laurent (F%EH) BRA - X,
X BT Z (a—”n % Laurent (%) B O EER (FZHF. the principal part), a_; %

— z—c)

[ DB 28 (residue) &ML, Res(f;c) TRT:

Res(f;¢) = a_;.

(FEE: Ry >0 DFEE. EM HEE WS FEEIMEDRV, ) J

DI Z iR ICHN % Laurent EFAD 9HILL LA, KO EH D D Laurent BT, 25T
2V (Ry > 0TdH %) MERMEEICET S Laurent BHIZ, HEDEH LRV, ZTHUX (LRI
BAT3) MVFRRADEIRLRZEVWTH L, DT F R MEFRATY S NIFEEDL
WERS LR (T F R MK o Tid, MEREBICE T % Laurent BAZEFREL TRV
DHHB),
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AR 10.6 (MDWVWER) R =0 0%56% le PMNIRERTH 256 LE-o TRV LR
FELES, c PERIETHIEEDIADTWS, 25 LTHL e, HIZIE Tedd f OIEAIA
251X Res(f;e0) =0 EEATEFNTHS, m

BRTBVWBWEDS Z 2 TH 5D, FEiX Laurent EHNPHR 2 Z L IXEETH 523, Laurent
B O EBRIEDRNEN/22 Z 8 3HED RV (BTN T 2EEDL 02U T THLZ eh
%), LUR. Laurent B % BARHNIKD 2 72D DF7EZ WL OHAHENT 205, BRI HGE
EEFELRV, WOIBEZEO2H LRV, ZNTHHEOVRLRVWDITITH %,

%3 Taylor EBHDEGEED

0 (¢
f(z):Zan(z—c)", an:f () (n=0,1,2,...)

n!
DEZEDIRTH 5 X 5 BB ARIIFEE LRV, T,
i 10
y = — — > ez
‘ /|< (o (e

- 2mi —c
YWV NRUE, a, D—EWERT DK - 720 (BE), a, & EARINKD 2 HINZIEAL
TN e 2N (BT 2B T 20 LIXLIRE L W),
LS PDFET

o0

fR) =Y az—c)" (Ri<l|z—c| <Ry)
Zii7z S {a,} BELNIUI. O f D A(c; Ry, Ry) 2B % Laurent JEFTH 5 (—EME
Lk 3)., LW HERAFT 2 HANZ,

(EEOHBIH [ &, WHTHOIRT 5T LI k0T, SMRE —
EREETEIT 2, 20niE, Bl A33 TRZ XS CHFIBHOMORRNEFH LD, My
& Z 5 Z T Laurent #BUERDKE 5, 25 L TRKRDLERDT TR EDKIHD Laurent
R ZTFERD S Z & T, f @D Laurent EFHE LN 5,

DIEDIED

i 10.7 (i ® Laurent EBR) f(z) = i ® Laurent B TD X 51TKF %,

(1) f1F A(a;0,00) TIERITH 20256, fld a DEH DT Laurent BHHET, ZHUI f(2)
DERARDLGLZDHDTH 2, DFD
1

f(z):z—a (0 <|z—a|] <o0)

DfDaDEDYD (A(a;0,00) IZBIF %) Laurent B TDH %,

(2) c£a tFBE, fldcDiifs D(c;la—c|) TIEAITH 20256, fldc DFEDH D T Taylor
BHTZ 20, 200 f O cDEb DO (FEREE A0, |a — ¢|) 1B %) Laurent &
FATH %,

1 1 1 1
z—a (z2—c¢)—(a—c) _a—c.l_z_c
a—-c

:_aicg (Z‘C)n KR & |(z — ¢)/(a — )| < 1)

a—C

:_Zﬂ (0<|z—¢ <|a—¢]).

— (CL o C)'rl—i—l
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f 10.8 (BB A E7BED Laurent BiZFEEH T Laurent BT 3)

1 1 1 1

1 1
f(z>:z(z—1)(z—2)25.2_2—1—1_5'2—2

35, fIEC\{0,1,2} TIEAITH 3, f Z 0 A& T 2 HEREET Laurent B LT
H KD,

(1) f 1 A(0;0,1) TIEAIT®H 3225, % ZT Laurent EHHIK 2133 TH 5,

1 1
- = - 0< <
S =~ (0<lal<o00)

n=0
1 1 1 NG n
22 2 Z:_§Z<§) :_Zznﬂ (I <2)
2 n=0 n=
THH05
1 < = 1y, 11
D=5 1+ -5 Y=Y (1o 51 O<ld<D)
=0 n=0
(2) f1% A(0;1,2) THIERITH 5025, £ T® Laurent BFATEZ %,
1 1 1 =1
1—— =0 n=1
y4
W Z AT
I 1 1k =" v 11 X1
5 S e gy 2w (I<ld<2)
n=1 n=0 n=0 n=2

(3) f 1% A(0;2,00) THIEAITH 5025, £ T® Laurent BFATZ %,

1 1 1 > on o0 on—1
—5 = 2 ;Z Zan:Z pon (2 < 2] < o0).
- =0 n=0 n=1
VA

W Z1Z

11 <1 1ot 1 2n2 X on=2 _ ]
6 =gty = (5-1+5 +Z =2 T <<

n=1 n=1 n=2

Dy A(0;2,00) IZBIT S f D Laurent B TH 5, m

10.1.1  (68) DFEBRICDOWVT

(Ligs < THH, )
HERDEIT (68) BRED LoD, Hh 3 EICHHLTELWY, tEbh7zDT, #
HHL TA %,
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Mﬁ%ﬁ\&%n®iﬁﬁﬁgf\@&%ﬁ%?%@miofoﬁféétﬂbfmé®ﬁ
HEE BEGREEE T AANICE o Tl Green DEHIZ L THHME IZFE ARV (2D
uﬁﬁﬂ¢\-+ DREEZENT RV, 2D ZHHMERIB OHEIHICA o TWRWL, 25050085 HH
briEbhd), UTFTIE HEBREIENOD self-contained ZHf§ L. Green DEHIIMEHFIT,
SEHL6.18 &\ B 6.23 & i o A 2 @S 5,
>0, D(a;e) C Alc;r,mg) £ T B2 &

(70) /|z—c|7"2 j(_z)a dz — /|Z_C|le zf(—Z)a dz = /|z—a6 ngz)a dz

ZIRE Do AP MEEIC BT 5 Cauchy DFET AT LD, 27if(a) ITFELWI &30
%o WZIT (68) DD (2 % (,a % 2 ITEZIZ Z),
a=c+pe¥ p>0,peR T3,

0

Ci:z=re” (0€p,p+]),
Cip: z=11e" (0 €[p+m, o+ 2n]),
Cor: z=12¢" (0 €[, + 7)),
Car: 2 =1¢" (0 €[p+m, o+ 2n]),
Nniz=a+ee? 0¢lp o+,

’}/QZZ:CL—F(“:@ZB 96[(,0+7T,S0+27T]7
Li:z= tei(‘””)(t € [r,72]),
Ly: z=te"” (t€r,p—¢

]

),
),

Ly:z=te"” (t€|p+e,r

I'y:=Cy — Ly —Cy1 + Ly — 71 + Ls,
I'y:=—Ls—v — Ly —Cia+ L1 + Cy

E T, Ty ZERT D2, EHHHHMIRTH D, T + Ty ITIH o K HED T, 1E1E T 2488
(£L1, £Lo, £L3) KRS DHFTHHL H-T0IZRZ DT,

[ O] e .
4Ty 2 — @ Co1—C11—71—72—Cr2+Ca2 # — @
= / M dz — / / 2) dz
Co1+Cop = — @ Ci14+Ci2 # Y4y 2 T A
= / ﬁ dz — / Z) dz —
|z—c|=r2 c—a |z—c|:r1 —a

FIO R B (C

r,2—a r, 2—a

\

|z—al|=e

HEHN 5, LUK

ERT, A TENR

B fz) f(2) f(2) f(2)
0—/F1+F2Z_adz—/|z_6|TQZ_adz—/|Z_C|le_adz—/|2_a|sz_ad2

Mo, BIHIZKD (70) 2ME 5015,
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DUR., Bl T, 2. EOOMEEZEZ T, BPEMERICEENS L5 T KA T
5 Z RN,

Ri, Ry £V, AE 200 LURDIEEDNT L7 —A~AVFHEBPER 7225 X 57 Ap > 0 5
EFE D (EM6.23),

cB oy NERESIE, ZORAE o4+ T3 (HERD 2 = c+ el xS EKT
55

LN E T s —~ R BT [ T as = 0 mk D SrodT. Ly Oy 0

9B 7 — @

EHERDB S o+ 1 2OL (Ap UT) Bz cbmy [ L9 0 ofazbenu, 2

r, 2 —a
DEWEEDIRET Z LT, MADHEZEZTIC. o+1 DL ID% p+0+ 22 KEZDHI Y
BTE3B,

Ly, Ly DIZ. EH 2 = c+te™ (t > 0) DBRICEZN 2D, HEOKEEL LT, FiER
2= c+te@H=5) (1> 0) DIRICAEND XSICTE S, bHAARMIC Oy &y OES D
ZHT 5 (On EEELD, 1 OB ERTEL L EHICRZ2DT, ZEHELDB), —
D EiZ a 28T, 20522 TH S,

25 LT BN MR T 1. Z D8 B(c; Ry, Ry o+ — 52,0+ 0 + 52) W& FEN 5,
ZOHEBIZERTH DT,

f(2) f(2)

—dz = ~——dz = 0.

i< [ L9 g — o prmcE 2.
FQZ—a
(B 72 AR, EHE??7 X 2B L T L 213, BRIEKZE D 2 720 THES B DL A3 HHE
TEL200, 29 LTCESETHAZE L DWEEAITC, £HFK ED - 5L NI2h 7
DR DIcl{hoTW3, tEbh 3, )

10.2 iR =

COHONEZFHEICTe» 2 e, NEAIRE, MVRFREZERL, MNIRREZFRER
RERPEL AR, M, EMRRACHET 5, A c ORRINEGECIERIRBEE f IS LT, ¢l f O
FRR R 723N R R R TH 5,
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& 109 (MIIBERDOSEE: REFRISES, & EMEES) O 2 C O)Fﬁ%é\\
[:Q—=C,ceCtd%, c» fOMIFESR (an isolated singularity) TH 2 &
F. HBEDE ¢ BEEL T, f1F A(c;0,¢e) TIERITH D (0% D Ac;0,e) C Q 22D
A(c;0,e) DERT fIEMITAIEE). D(c;e) TIFIERITR W (f I ¢ TERINLTWVARWL
My flE e TERINTOVWTD, ¢c THMPATRETRWV) %25 5,

D&, H5 {a,} € CE PF—EINFEL T,

[e.o]

=Y az ="+ Y~ (2 € A0,¢))

— (z—c)

DD LD, D {a,} ZHWTINIRRAZUTD X 5132108 T %,
(i) ¢ f OREAERER (removable singularity) TH % & 13,
(VneN) a_,=0
DD IO EWVS,
(ii) ¢ 2% f D& (pole) TH 5 ki3,
(FkeN)a_, #0AN(VneN:n>k) a_,=0

DBRDIIDZeRVD, E/IDEE, k% f O c D (order) L, c X f
D k DBTH 2 WV,

(iii) ¢ A f @ (ML) EMRFE S (an essential singularity) T» 2 ¥ 13,

VEeN)(FneN:n>k) a,#0

MEHIIOZ R VD,
\_ )

OWVWTIZ TIEHE ) P WO EBERERLTEBE IS,

D(c;e) 1X f OERBUICEEN. f X D(c;e) TIERIT® % (TRODBEED 2 € D(c;e)
T fIMIAIEETH 2) 2 ZWVI,

z € A(;0,e) &F L DIRHEFIZRENCEID D DIZ VDT, EEROWETIE. 0< |z2—¢|<e¢
WS AMERSGHTEEHZ 2 Z 2320,

R 10.11 (MUIUBFESTHEVEER) EED ¢ > 01T LT, f 23 D(c;e) TICRRERENS
ERTERVWE E, cld f OFRALER,

MVREAIGERTD 20, INRRATRRWRERDFET 2, IR INIFRA
ﬁ%ﬁbfméﬁ(ﬂ@:}muﬂ)@z:Oﬁ%5m5ﬁ%

F 7z, ZAMEAEL (multifunction, multi-valued function) D PR E VWS Db H 5, AU
5T, AREGTIE R ST IR R, BB IR R (transcendental branch point) @ 3 D27 FHE 1
%0 f(z)=Logz £FBLZE, 2=01F f ONBIAIERTH %, =

AR 10.12 (1) ZOMVRERDOERII, BREDERL IR S, HRFETIE TH5IED
e DFELT, f 2 A(c0,e) TIERITHZ 281 ERoTWT, ¢’ f DIEAIRTH %
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Yia . MNIRFRAD SR L Ty (IEAIRIZBREARTRERF R R WS T2t d), &
DH7= i, BRFOMEI VIR BN s, ZOMEBETIIZRIRICNES ZiTl,

(2) (¥ ThR) FERD) (i) O%HE

lim f(2) = o0

z—cC

z#c

D WRVASHEES" NIIE & 2 ¢ (ENIRL] AN OO
0o k
. n __ a_p -~ a—f
£1_>rrén2:0an(z—c) = ay, Z(z—c)" o — o0 (z2—=0)

n=1

v7%, FiE

(a) ¢ % f OIREFTHERFIA & W lin /(=) DIFIET B

(b) ¢ B3 f O & lim f(2) =

(¢) ¢ 7% f DEMEERA o lim f(2) EREELZWV (EBL. =00 THRWL),

B D IO (= FFTHRL, WhE « S22 LHEETH ),

(a), (b) ® = DFEHFHHETH 5, (3) D = DFEAAIIZIZ, D L% (EBE?7?(Riemann
DFREFTRER R REM)) BN ETH 5, (ZNUE T DFERDORIERICR D, TR,
< FZ—FIWFEEHTZ %, )

(3) EMRREA L VWI EEIR. MNIRERATRWEE I bR S (]10.24), 2 THAK
BEMRE AL TN EMRRA) R 8AR7200d LKy, u

£ 10.13 (a), (b), (c) . VWOWBR PR > TWVWR I EKKHERLELD, Z25WVWIHHEI
(a)= (A), (D)= (B), (c) = (C) YL TIE # (A)= (a), (B)= (b), (C) = (c) BT K
iz (B2, (A) BRDIIOERET S E, B L (a) TRIFNE. (b) £721F (¢) T
HBM, (b) 2513 (B), (¢) B5IE (C) Ty (A) THEILIFET 3, WAIT (a) ALY
D)o

BREET, RO 2 XN ax? + b+ c=0 2HHIR D = b — dac \ITOWT,

(a) D>0< 202X 2 DOMHEL 2 EHRE RO,
(b) D>0e ZD2XHERNF 1 OOEM (ZHFXER) 2Ho,
(¢c) D< 0« Z02XAERX 2 DDMHER 2 EEE L RO,
MDD, Z OISR UmESHEZ 5, =

10.3 Laurent B, MIFER. BEOH
10.3.1 IEBISmICHEWT Taylor BRIE Laurent BRI TH 3

AE 10.14 (Laurent ERIX Taylor BED—ARILTH D) f 25 c DiEf5 D(c; R) TIEAITS
E) t %\ %5 {an}nzo i)i\ﬁﬁ LT\

=> an(z—0)" (2 € D(;;R))
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¢ Taylor JER (FEHEVERM) k2, 2D %, a_,=0(neN) B L,

[e.9]

— Zan(z —c)" + Z (ZG_ZW (2 € A(¢ 0, R))

DD LD (A(c; 0, R) C D(c; R) ICHERET %)o 2F D, Taylor FERIIEHEMIC Laurent B
TbH5 (2 € D(;R) & Al;0,R) ICHEEMZ 272037), Z0HAEE, Laurent FEHID TH
Z0T. fDciZBIF2EED 0TH3,

(BDFEWNST%Z S % &) Laurent EHHIE Taylor BHO—BILTHZLEX 2, =

5 10.15 (Taylor BRI Laurent BRI %3, IEAIR)
Z Z—T (2 €C)
n!
n=0

THH06. f(z) =€ D0 DFEDD D Laurent MREERHIZ

Zn' (z € A(0;0,400))

n=0

| N

TdH5, m

10.3.2 [RETEERER
¢ f OREFTRERRETHD L&, HBEM e &\ {an},o0 PFELT

o
Zanz—c (0<|z—c| <o),

n=0

ZDEZE, 2€ D(ce) IZLT

IR T 3 DT, [l D(c;e) TIEHIT,

f(z)=[(z) (2 € A(c0,¢)).

o) = { ) (< A0 1)

THEIEDDHD, DFED, 2=cT f D% ap TH D ESTEBRELMBIELT f1d. D(ce)
TIEAIT® %,

BREFIAE) L WO BED =27 Y ANTH 5,

BB, ag=1lim f(z) THDHILITHERET %, 7 Res(f;c) =0.

z#c

sin z

Bl 10.16 (FRERTEENES, BRAH) f(2) =
TH 5,

(€ Q:=C\{0}). 01& f OIIFFE S

L s (D o (-
f(z)_;-smz—;kzo (2k+1)!22k+1_;(2k+1)!22k (z € Q).
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ZHUE f D 0IZBIF S Laurent BFATH 5, ZOEHRIF 0. WZIT 01F f OFREFTRERFE A
TH5,

o0

iy 9 -1
k=0 2=0
{ sin z Z c (C \ {0}>
Z Qk: 0 (z € C).
k’:O +

2O fiF C TEAITH 3 (BHFEEDIEE D(0;+00) =C), ®
i 10.17 (FREFTEENER)

f(z):{ ;2+1 (=#0)

L35 E 0F f OMNIRREATHD (ER f 13 0< |z -0 <400 TIERITH D, 2=0
TIIWAATRE TRV, BRERERREATDH %,
0 COME2 % 1 ICZAH L =B

1Z0 IR E T2 (FRTD 2 CIIHMLT f(z)=224+1TH2 I LIIHEEE L), =

ZDEST, BEMBERRSATOMEEZEL T, ZOADFAIETHZ EOICHKS, 20D
e ERMD AT I GENZ W,

10.3.3 #&

5l 10.18 (ZD F F Laurent EBM) f(z) = 33 (z€Q:=C\{3}). f & Q TIEHITH %,
WZIZ 31F f DINZRFEKA T, ZALUNS f OINIR R FIEFE LRV,
C\ {3} I FFIRTIH A(3;0,400) TH S, f D3 DEDOD Laurent B, f(z) = % H
HBTHb, E,
a1:=2, a,:=0 (neZ\{-1})

rBlk

— Y az-3r+ Y (z“_"é)n (2 € A(3;0, +00))

n=0

DR RYASY NN )

:@men£%®i%uzjgfﬁéo3@f®1ﬁ@@@@0\f@3K£H%%ﬁ
X Res(f;3) =a_; = 2.

lim f(z) = o0 (lig:l))|f(z)|:+oo Vo5 Z)m

z—3
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B 10.19 (ZD% % Laurent BB 20 2) f(2) — % (:€Q:=C\{3)). f12 QCF

HITH 2, @Z2IT 313 f OIMNVFREAT, 20 LA0NT f OIRFRSIZFEL RV,

C\ {3} 13FIRAEL (30, +00) TH. [ O3 D% Lauent RIS, f(2) = _23)4

g%?%éo %B%\%\
a_y =2, a,:=0 (neZ\{-4})
rB
n A—n .
FE) =2 anle =30+ ) g (€ ABD+o0)

N DR RYASY IS )

Z @ Laurent FERIDFHEIX 7 THb, 313 f DALOWMTHD, f D3 ITBITLH

L

BE Res(f;3) =a_y =0. IED li_rgf(z) =00. N

" 37224262 — o "
Al 10.20 (SIRBER) HEBIE [(-) = _7§Zj+ 2;30 . KD & 5 HH B T
x5,

f(z):zg—722—|—262—30:1+ 2 n 3 _ 4
28 —5224+32+9 2—3 (2—-3)2 241
fIEC\{3,—-1} TEEAITH % (57 -  FIIZEAXLZDT C 2KTIEAIT, 2#3,-1 D&
2RI 0 TRV,
3¢ -1 f DINIRERRNTH %,
SIHEHL LS. 3DEAD D Laurent FERA & 1&

[e.9]

FE =Y anz =3+ T (0< ]z -3 <)

— (z — )"

n=0

DR LERTH S,
zl—s + ﬁ X3 TIC3DEDLDH D Laurent EBRHOEE L TW5,

Zh S DEG 1~ % ZEZED, THUT D(3;4) TIEAITH 5 (4 =3 & —1 DiFEHE),
WZIZ3DED D ICERIERTE 3,

- ZLH _ nzl (_ZZ_ (:—3)" (=€ D(3:4)).

W Z 1
F =3V ey 28 g < dhe 2 e A3:0.4)
z —n:1 TG P R P z e z :0,4)).
AN D3 DEDYD Laurent B TH B, WRIZ 3 f O2MOMTHS, 2LT
Res(f;2) = 2.

Z DEAZ DL, Laurent B Z BARINIKR D2 T, RAIDED 73 B3R DERFE TR
ATVWEZEIEREL XS,

1% f DR RETH S, —1 DJAD D Laurent EFINIKD L TH, 1 MO TH 3
ER b, FEEE

FE) = )+ fa=), filz) =14+ —— 3 4



YORT B Y. fi 1k D(—1;4) TIERIT® 2556, —1 O D ICEHRIERTE 3: (3{d,})
filz) =) d(z+1)" (z € D(-1;4)). ®ZIZ

o (e A-10.4)

—4

MDD, 2T f D —1 DD D Laurent B TH 5, TH b, —1

z
1 f OMT. ZOAMENZE 1. Res(f; —1) = —4. ({a,} ZEKHNTRD 2 BED72NZ p LI
e, )m

5l 10.21 (—ROBIEEAK) HFHEIED Laurent JER. I FFRAZHNRE S,
P(2),Q(z) € Clz], P(z) & Q(2) ZEWIZE, P(2) # 0 £33, P(z) DHEZ 2%z
ar, ..., 0, , TUENDOEEEZE my,...,m,, P(z) ODEREXFRERZ a0y T DL,

k=1
NEDRE-N
roomg A .
Q) _ g 4 b pym€C
P(z) o (2~ o)

WS TRIZHE I BT R R B 6
o, &iQ:C\@m~wm}TE%T%mcmm%&n%ﬁ®@fﬁéltﬁ

| @

%#50%@@@ﬁu§§@Ew£f%5 B, P(2) ¥ Q(2) BEVCELRE Lm b
T BLY P £ QL) AR ML SSIIRE RO S8, (ENATAL) BATiEH

FEHBND (il f(z) = ERSTARVREARERS RS TH 2),
Db o, FHERD ¢ @ib D @ Laurent EHZKD 2121F. f(2) = E _la)m D c D
FH D D Laurent ERIAK FIUXE W,
(1) m=1DHBEFLEIRLIZ LI
@c:a®2%\ﬂ@zziazzicm<p—d<+m):ﬁﬁ%ﬁa@ibb@
Laurent BB T» %,
ﬁﬂc#a@h%(ﬂ)—;éa@D@mwwDTE%T%é#6\cME%ﬁf%D\
FPREFHETS R TH %,
1 = —
) === =7 Z_ e (0<lz—d<la—d)

n=

e DFEDHDH D Laurent EFHTH 5,

(2) m>1DHEE. m=1DFED Laurent BHZM D TIUIKE %,
SN 1
WJK@i\ f(Z):m Zj_%o
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(i) c=1DE, clI fO2MNDMWMTHD, f(z) =
D fDecDEDHODD Laurent B TH 5,

(i) c=2 D& E, fiZ D(2;1) TIEAITH 205, cid f DIEAIETH D, BREFTRER
RETH 5,

(2_11)2 (0 < |z — 1] < +o0) HE

f(Z)Z(Z_ll)Qz—(Z_1> in "z —2)"!

n=1
S

m+D(=1)"(z—2)" (]z—2| <1).

IO f D cDFEDLYD Laurent EFATH % (]2 — 2| <1 THD IO SR, HRK
0<|z—2|<1THDIID, )o

INT, EEOEHBEE Laurent BT 2 HER D> 72,

PRRIZI2 205, f(2) = (z——11)2 D, A(2;1,+00) IZHBIF % Laurent B DHRDTAH LD,
1 1 1 - ( )”
z—1 (z—=2)+1 z2-2 14 1 QHZ:O z2—2
z—2
B o (_1)n71 B
_2(2_ (1< |z—2| < +o0)

n=1

THE05

= (—n) (=)' K (n—1)(-1)"
Tl g — 2 gy (k<o)
BN OBEBOmOH E BT XL 5,

sin z

il 10.22 f(z) =

& C\ {0} = A(0;0,+00) TIEAIT® %, sin D 0 DEbH H DEKRIK

JEERH o
sinz = (1" 22 (2 € 0)
—~ (2k +1)!
05
_sinz — (=DF 2%k—1 _ — (DF .
(x)  f(z)= = —§(2k+1)!z _;(Qk:—l—l)!z + - (z € A(0;0,+00)).

(> TR - THEZMRAZ2LRLAD, ) T f D0 DFDD D Laurent EBFTH %,
eSS

_1\k
(=1) (n>0,n BHHDOLE, k=" eBL kL IFBETn=2k—1)

(
1 (n=-1)
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DEZELTWS
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LB (1) OHELR DY anz—0"+ > G
n=0 n=1

%72, Z® Laurent B D FHIZ é THH, 0% f D1ILLOM, Res(f;0)=1. m

10.3.4 EMEFES

] 10.23 (MILEMHER) f(2) = oxp — 0:]: Q:=C\ {0} = A(0;0,+00) CTIERITH %, W
ZIWZ 01X f O RESTH %,

exp( = Z (" (C€Q)

THHD2H
1 oo
f(Z) = eXp; = né_o n' Zn = E_ O < |Z‘ < +OO)

1

D f D0 DEDLDOD Laurent JEFTH 2 (FEFE. a, =0(neN),aq=1,a_, = ]

meN) eF3e. f(2) Zanz +Zl/”'

n=0

O Laurent JEH® :H01& Z li THY. (0 THRWEAERIED 5 0T) 013 f Ot
#%E%}ﬁf%%o if: Res(f, ].) — % — 1
lim f(z) DEELARV S, BAHCEOHIT b 575
lim f(z) = lim €Y = +o0,

xz—0 y——+00
z>0

lim f(z) = lim e’ =0m
SR

[ 76. (BFLE (1] p. 85 ORIZUGE) LT D (1), (2), (3) ZAEHE K.

1
(1) Ya € C\ {0}, Ve > 0, 3z € A(0;0,¢) s.t. exp — =

(2) FH{zn}tnen st hm zp =0 2D lim exp — = oc.

n—oo ZTL

1
(3) I zntnen st hm 2, =0 22D lim exp — = 0.

n—00 Zn

Bl 10.24 (FRIBERATHVENISES)

flz=0 TERIN TRV, 2SN sin% =023 IR L THERSINZ N, 2

@jﬁ&{mu{%ﬂnez}mﬁiéﬁfuiﬁémmmo0@f®%£ﬁ?%%ﬁ\%j
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(i) c=at&Fb&. flX A(;;0,400) TIERIT, f D c DF DY D Laurent EHHIZ

f(z) = L (z € A(¢; 0, +00)).

Z—a

(ii) c#£a &35, fi& D(c;la—c|) TIEAITHZ DT, ¢ DEH D T Taylor B TZ, %
N f D cDFEDDOD Laurent BETH %, ZOIEIFILATD R - TH 25 DTHIERK

FEL L .
Fe) ==X e (A0 Ja )
E
1 1 1 1 1 o (z—c\"
f(z):z—a:(z—c)—(a—c):_a—c 1_2_0__a—cz;(a—c>
a—-c "
THE0 5, )

— . [ A(c; la—c|, +00) THIERITH 2, 2z € A(c;la—c|,+o0) DE E, |z—c| > |a—C]|

THEHE, T LMD LOOT, FURKOMOARERNT
B 1 1 1 1l o fa—c\" & (a—o)n
f(z)_(z—c)—(a—c)_z—c 1_G_C_z—cn22(z—c> _nz;(z—c)"ﬂ'
z—c B N
ERASPR5)

i =S (Al +oo))

n=1

I f D Alc;la —c|,+00) IZBIF % Laurent EFATH %, =

f 77. (BEE (1] p. 84) RO D 22 O RE R A BT 2 FEERII D,

2

COoS 2
. _cosz o, SN gt e _ sin(z?)
B 78. (1) f(z) = . WAL T, 013 20O BEOMNRIRED. (2) f(2) 0 —cosa)

WHRLT, 0 S WOREEOINVRRLD. (3) r > 0 DBEARIT/PES LTS, A(g0;r) 1
BWT 1320 LADITRTOEBHMEZI S & L 2R,

10.4 R FDUHMDFFEDIT

&3, e FDME%E Laurent R %Z FAWTETR L7223, Laurent BB Z KD 2 DI1xLIX
UIXHEEI DT, b o LR HEERD 5 L EMTHE, ZZTEZEhEZBRLES,

ROMEE, BRICHET2ME 9.3 LHBLTAZ LRV, ZOMED (i) = (1) DFFA
R, MOEDHD D Laurent R %KD 2 I, Taylor ER %K 2 HEICIFAE S 1
22005, BBRRHBES (L) EMRREADED D D Laurent EBRICOWTIE, M7z &
572 Z LAF RV,

179



~
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XD (i), (i) FEWICFEETS %,

(i) c & f @ k DL
(ii) c 22T d 2HES U TIERIZZEE g BEEL T,

f) = 2 Gevnie), oo 40

N

&t (i) &, ROESEMSF (U 20 LERWZIC L) LRETH % i3 mpI eIy
ARRAR

\_

(i7) (3R > 0) (3g: D(c; R) — C 1ERN) f(2) = (ZQEZZ)/% (0< |z —c| < R) 22 g(c) #0.

(i6)" (3g: QU {c} — C IEA) f(z) = (zgfzi)k (z € Q\{c}) 72D g(c) £0.
(ZHZ (2= )Ff(2) ¥ c ZBREFIRERIRA L T2, LWIOIADBRVARS, )

SEB ¢ D f DIMREREWS 2206, ¢ DEDHD T Laurent JEFTE %, ThDH
AR € (0, 00|, IH{an}tnez s-t.

o0
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(i) = (ii) DFEH, ¢ 25 f D k (DM 5 1F,
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= a_k o a_l - _— 2 DY J—
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THDH0H,
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ZT
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n=0
8L k. gl& D(c; R) TIERIT,
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(ii)==(i) DA, (ii) ZIRET 2 L. IR >0, 3g: D(c; R) — C s.t. g WXIEHIT,

10 =2 0<l-d<R, g0 #0
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k AL e 13,

F) =2 o<l <R). g0 #0

Zhi7z TR g: D(c; R) = COFET A2 &, BLAERE S, =
Laurent R %Z L2 < TH, M ¥ 50, ZONEIIMD, 505 I EPEETDH 5,

5 10.28 ( )2( s
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01X f D3O, 11 f D2MDM, 21& f D1IMDOM, (2 2h g BAITH2H, T8
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13?2 I3RIFRETREFNRATDH 5, FHEE
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X 2 DEFE D(22;1) TIERITH 2005,
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21029 Pk Qlxc DEFHTIEAIT, cld P D kDER, Qc) #0 TH2HIX,

Y ::% Dk ROTH 5.

SEBR c P D ENDBEEATH205, c DB CTIERILZER R FHEL T, P(2) = (2 —
OR(:), R £0. ZOLE g2) = DD LB ¥ gl e DIEHFTERIT, glc) = 20 £0,

f(2) = 2 (c OB BBRIBELHT) A

HbH, m

R(z)
(DL, iR 10.26 12X 5Ty ¢l f D k fiOMT

Bl keN ceC, fldcDrfETCEAE T2 X, ¢ f DEMNOELATHE2DHICIE. ¢
ﬁf%@@f@5:2ﬁﬁg+ﬁf%512%ﬁﬁo

smh z

Bl 10.1 f(2) := DIFTNTOME ZDREE KD Ko

(%) Q(z) = smhz P( ) i=sinz {F& BT C 2R TERIZEHTH % (sinhz = (expz —
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P(z) = 2P(2), Pi(2) 20 (0 < |2| < 1). FARRIC 01X Q D 1AL LEDBERTH 205,
Q1 s.t. Q11X 0 DILE (C TOK) TIERAIT, Q(2) = 2Q.1(2). ZTDEE, 0 DD SR
BPE (0< |zl <1) T

fo) = Q&) _2ie) _ Qi)
P(z)  zPy(z) Pi(2)
COFAE |2| <1 TIERITH 205, 01F f ORERREREEATH S, WZXIC 01 f
DMTIX2WV, =

10.5 MARFERSD lim (& 28T, Riemann OFREGIFESTEIE,
Casorati-Weierstrass O EIE

~
R 10.30 RETHHEROME) QX CoMEA. f: Q= C,ceCTHD, cld f
DEREFTRERIRATH S L Z. KD (1), (2) DD LD,

(1) lim /(=) WHRBEETD 5 (HROBRSTFET 5).

z—cC

(2) 3R € (0,00], 3f: D(c; R) — C EH s.t.

f(z)=fz) (0<|]z=¢ <R).
Frbb, fldc £ TIHDTEIHIETE 5,
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SEER ¢ f OIRIRATHZ 25, JR>0st. flX0<|z—c| < R TIEAITH 5,
W 212 IH{a,} s.t.
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n=0 =

e f ORREAIEFERTH L L VIRED»S
YneN a_, =0.
Wz N
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GHOHENE 2 = c THPCRT 5 ({ i ap) TEWRERELT,
=> an(z=0)" (z—c <R)
n=0

r3L e, f: D(¢;R) = ClE (WREMEZOT) FRITH D, BT 2 = c TEBETH 205,
lim f(z) = lim f(2) = f(c) = aom

z#c z#c

z—cC z—cC

AR 101 ¢ f ORRAATRERNRNTH 2 L E FHCKTD %< f % D(¢ R) EOIERIZRBI%K
fICEERI THRATIZENZ N, 20D fIE,

~ f(z) (0<]z—cl<R)

f(z) = lim f(z) (2= o)

z—cC

CREOT 5 bHKS, =

nAnEE 10.31 (#u’ﬁwri’ﬁ) QWX COBES. Q> C,ceCTHY, ¢ fOMThHh
. lim f(2) =
zF#c

z—cC

REBH e D f DINIRRETH 205, IR > 0, Ha,} s.t.

=% az—a+Y (Za_";)n (0 < |z — ¢ < R).

MONEZ kedTd, a 202D NVneNn>k)a,=0THdH)56,

=Y az =" +Y e (0<|z—c| < R).

n=0 n=1 (Z o C)n
Al & ARk
121751;1 Z an(z — )" =ap
z—c n=0

(:i B, 2#4c,2—>cDEE (— o0 Ty

ZZ_C Za nG"
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ME 9.19 12Xk b,

lim a_p,(" = oc.

h;rénf( z) =ag+ 0o =oo.m

z—c

fi28 10.32 (Riemann DMREFEEIHERTEE) c 13 f OINIFKER L T2, HDIEH e
PEELT, {zeCl0<|z—c|<e} T fORERTHNUI. c & f DFREAIRERFEAT
Hb, KT lim f(z) WEREETHR, cld f DREREERIERTH %,

z—c

BEAA  (Liouville OEHM (EH 9.18) DFFAH L RELARTA S L HIHW, ) f EF & W HRE
25, IM eRst. |f(2)| <M (0<|z—c| <e).
f 23 A(c;0,e) CTIERIT®H 5 Z &h 5, El{an}nez s.t.

flz) = Zan (z =)

(0<|z—c| <e).

n=0
E%@né%O<r<e%ﬁkTEE@rKﬁbf
1 f(¢)
a, = — BTV,
2m1 |—c|=r (C - C)n+1 C
W ZIZ
1 f(Q) M / _ M _M
ol < 50 [ | |11 € o [ 1= 2=
Bz, EED ne NIZR LT,
|a_n|<r%n—Mr 0<r<e).

ri0&3%52¢Ta,=0nNeN). ®IIZ fDclBIF2u—7 VEMDELRF O TH S
DT, cld f ORAFARERNERTDH S, =
BIEE  (AFERFENTZ 2 WD AT f 25 A(;0,R) TIERITH % &5 %,

g(z) == { (()z —¢)2f(2) Eg : Z —¢c| <R)

£BL, gld0<|z—¢ <R TIERIT® %25,

g'(c) =lim 9(2) = 9le) = lim (2= 9"f(x) -0 =lim(z —¢)f(z) =0

z—cC zZ—C zZ—c zZ—C z—c

THENE (ZZT fRERTHZZEHWE), gl&c THMOARET, KR |z —c| < R
TIEHIT® 5, W22 DHEHIPHCTICR S 2 BAEUCEMTZ 5.

Hanknzo st g(z) =) an(z—¢)" (lz—c <R).

WS HZH5 NS AN B AV, HARNZIEZ. Riemann OEHOARERZ FHWZFFHHIX. Liouville OE
@ Cauchy #HiiZ WAL R LT, HHWEEL 207100, 25 TRVADBWE S LWV, ZOFEEICSH,
EBolHHEIXETSNZITINE -
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gc)=0,9(c) =0 THBD5, ag=a, =0. ®ZIT

= Z an(z — )" = (z — ¢)? Zan(z — )" ?=(z—c)? Zan+2(z —o)" (lz—¢ <R).

INnro .
z) = Zan+2(z —o)" (0<]z—¢| <R).

WZIZ clE f DBREEERIESTH S, =

4 N
a8 10.33 (Casorati-Weierstrass, EMFESOMEHE) O 13 C oBESE. f: Q- C,

ceCTHY, clid f DIV EMRERE T5E X,

(VB € C)(Hzn}nen) ((Vn eEN)z, #£cA hm zn =c A lim f(z,) = 6) :

n—oo

J
ZDOEBOFIHIZE L TH 2 A2 W0, UM 2 L5 I ZRIFERWVAFIFIZHER WV,
GEBA flX0<|z—c < RTIEHIE 35, VB € CITR L TRDALD LD,

\(%ﬁ% B=00 THRWVWIXIZH 5, )

F5k
[ (Ve > 0) (Vr € (0,R)) (3z € A(¢;0,7)) |f(2) — B| < e. ]
HLINDREATEAUE, n=1,2,--- ITXLT, e=r= % ELTHWT., FH{z,tnen st

1 1
(Vn € N) O<\zn—c|<ﬁ A ]f(zn)—ﬁ|<ﬁ

In5
ILm Zn = €, li_>m f(zn) = B.
PUR, EoFRZHHE?ZHWTHEAT 2, ZOLDMD LR WERET S &,
(Je > 0)(Ir > 0)(Vz € A(c;0,7)) |f(2) —B] > e.

DL E,

(z € A(¢;0,1))

LH Y (DEA 0 1SRRI LICHER). ¢ BRI A(c0,r) TERITH 3, ©AIC o
& g OUNTHEATH 3D,

9(2)| < = (2 € A(;0,7))

m | =

W09 FHiiAI A D SO DT, Riemann OEM (i 10.32) 12X o T, ¢ [FPREFTRERFI R AT
Hb, THE glF B(c;r) TIERIZBEBUCHNRTZ 5, EEDNDS g(2) #0 (2 € A(c;0,7))

Thb,
_ Bg(z) +1

NzopFRkiE, EHOMHEFAMEE S> TRV, DFED, -6 THEXZ/bDTH S,
2L (proof by contradiction, reductio ad absurdum)
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(3) ¢ f DI EMREFRTH 2 72D1213, lzigel f(z) DERMEETSH 2L, lzii? f(z) =0

z—cC z—cC

THRWI PR E+TH 5, )

sEFA REMII ETRLAE 3 oo (FRAAJRER RS OMH, MoMH, EMRFRLOMN
H) TOh b, 7o T0wWaZ e, ol E» N5, =

5l 10.35 f(z) :=exp (—%) WZOWT, 01F f DIV EMRRLATH 2, —Kawmdr o 2 — 0
DEED f(z) DMFRIIFEL RV, EE

lim f(z) = 0,
z—0
lim f(iy) = o
y—0

DETGEDFHFITE-T, 0WIHRLZZD, o0 IHEMWEDT S, m

%X, Casorati-Weierstrass DFEFH LD b dH o 2. XOEHEHI D L DOZ e HI SN T
W3, L2LEH 10.34 2155 791213, Casorati-Weierstrass DETH 3R DT, XDIE
B ORI EIE T 2 (Bl 213 Ahlfors [27] 125 %),

g 10.36 (Picard OKEIE) c I f OMVEMRERLE T2 Z, JecC, (VU: c D
FROMERS). Vo € C\{e}, Iz € U st. f(z)=v. — @A —DDRIMEZFRE., c DERED
ERAMGEFFICBWT, ZDEEZE S,

Z D Picard DEHITOWTIE, —H [41] A BELEFENTDH 5,
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10.6 & F(F: Laurent HBIDUKREEE]

~
EE 10.37 (Laurent #&#) c € C, {a,}nez € CZ ZHWT,

00
a_

Zoan(z —o)" + Zl e —r;)"

v RXN B EBOEREE. ¢ T r T3 Laurent $3 Y .3,
2ODMEDE BIZINRT A ¢ =, ZFOD Laurent fBUIINE L. ZORNX 2 2D E D

THDBEEFRT D, 20DWEDD1 &b —DFERMT 5 & =, ZD Laurent fHEZ

RT3, LERT D, y

MOANEREITIERIT, 2 — co O & 2 HRZEEZ. “BRERE CEMARETH 2, F
DB, c€C,0<R<oo, BB f 2 {2 € C| R <[z —c|} TIEAIR SR, F{an},, st

f(Z)_ao+Za:10+(Z_c ZOZ_C (R <|z—cl).
_ = Y,
ZNZFNONDBPERT 270 D%M%2EZ 5. HAHMBREMTICE L., Z DA TIIFER
TBEZEDRTND,
4 N

FIE 10.38 (Laurent #EDINREEHE, “URHE" D) Zan z—c)" Z
=1

WDOWT, KD3DDSHEDWTND—DD D,

(1) 0 S E'Rl < HRQ S oo s.t. FEJ}%%E\E& A(C; Rl,Rz) VC”X% L\ %@&*%B‘/G&i%\é%&j_éo
Ry <1y <71y < Ry BHiT=TIERED ri, e LT, Ale;ry,ry) T—HREICHEIR

‘—3-%)0

(i) 0 < IR < cost. M |z —c| = R DETHROVEDPEAS LTI L., ZOMEATIX
FEHLT %o

(iii) C EW/=2 & ZATHRMT %,

D RIF—EINZEE %, )

(i) DJBED Ry ¥ R,, (i) DHFE

N
sIEEA Zan(z — )" IZDOWTIE, 5% Ry €[0,00) U{oo} DFEEL T, |z — | < Ry TPCK

n=0
L. |z —c| > Ry TIEFRT 5,
3 (Z“_—Z)n IKOWTE. 5 Ry € [0,00) U{oo} BEEL T,
n=1
|z —c| > Ry TEIHKT 5,
R, < Ry THAUZ. Laurent FFUE A(c; Ry, Ry) TICRL, ZOAE {z € C| |z —¢| <
Ry or |z —c| > Ry} THET %,
Ry = Ry THAUX, Laurent Hi {» € C | |z c| # Ry} THENT %, {2 €C||z—¢| = Ry}
RS ECIRNR T 2 AR H 205, HIDEEDEESEL VI ZdDHD 5 5,
R, > Ry, THAUX. Laurent fifx C J:ODL\?’:%) CIATHNT S, m

|z — ¢ < Ry THHLL.
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M 79. LOEHD (1) DHBEI. Ry, Ry % a, ZAWVWTERDE,

10.7 Laurent B BEHMOBEIE
(ZNBRHEOHDE? H R Z e 20 h e, ENFVTHL2ARTHICLBRWESIZEAS,

REDO—EMZHHAT 527-DDFHED X FMHEYRFFEEEEZ 5, )
PIRICHAR 2 Z 13 F 5w

[ZFBEEL D Laurent EEIIFBRDIE 132 5725, HEIELD Laurent FEBAIXEEL
RDIATZF 572 D FHTHEBUX0TH %, |
CFEEDT, REBRBRIIECRVTHAH, ZhEeFBRDZ LIk, BREER (Taylor &
F) IZDOWTHRILT %,
JRAIZOWTHIRES Q ZERBER OB - Q- ChrH3L 35, fBAHEMTH
RN
f(=2)=—=f(2) (r€9Q)
MDD Z R WS, Tz f DHEEEETH 5 213,
f(=2)=f(z) (2€9Q)
VA R AR
Q25 C OB A0; Ry, Ry) THY., fHBIEAITH 258, 5 {a,} DFELT

oo

fz)= ) an2" (2 € A(0; Ry, Ry)).
f DEEE T H R o
S at = f(E) = —f) = 3 a2
_ i (1) a2 (2 € A(0: Ry, Ra)).

Laurent B DR O—E M2 5
(Yn€Z) a,=(-1)""a,.
Zhns n PEELSE a, = —a, THEDPD a, =0, T7205 f D Laurent EFIIFEX

DIFZ I 57525,
R f HMERIET H AU

o o0 e}

d a2 =f(2) = f(=2)= D an(—2)"= Y (=1)"anz" (2 € A(0; Ry, Ry)).

n=—0oo n=—oo n=—0oo

Laurent BB DR O—E M2 5
(VneZ) a,=(—1)"a,.

IS n BEELESIR ay = —a, THEIDD a, =0. 37205 f D Laurent FEHINIHEX
DI SR5, FHZT f D 0ICBIT2EEI 0 TH 5:

Res(f;0) =a_1 = 0.
D EDFIRZ—BIEL LS, ceC,0< R <Ry <+00 &LT, fiZQ=A(c;R,Ry) T
IR 35, 2Dk %,
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o [ %I CABIR (V2 e C: Ry <|z| < Rg) flc+2)=—f(c—2).

def.

o [ cITBLTHEAKS (V2€C: R <|z| < Ry) flc+2)= f(c—=z).

rED 5,
5% {a,)} € C% BEFELT

)= Y anlz—of (= € Ale; o, By)
DK D LD,
f B cizonTHBEHETHIUL
S 0= 3 etz = flet )= —fle-)= 3 ale—2) - "
::fj@nwmﬂn(zemmRbm».

Laurent JEBH DR O —E M2 5
(Yn€Z) a,=(-1)""a,.

Zhpo n WMEEZSE a, = —a, THEDH a,=0. T2HD5 f D Laurent EFIIFEX
DA I 6725,
[FREIC. f 23 c ieoW TRk THIR

(VneZ) a,=(—1)"a,.

DS n BEEE S ap = —a, THEDD a,=0. T2HD5 f D Laurent FEFIIHEECX
DR TS5, FHZ f O clTBIF28ET 0 TH 3!

Res(f;c) =a_y = 0.

11 BEFEIHE (residue theorem)

11.1 BEEIE

JEH FEEZ TEBUEM ) 3IEHICERTH 20, RBBALABAN=Ta DD 5, KITHN
52 DIE EBICHE S 5E T MERT, GEHS 7 DR T W (ERBMELTNEBDTH D),

EIE 11.1 (BHEE (the residue theorem)) D & C OFFHEE T, R* OB E A%
L7z & Green OEFDHALT 5 &5 2 (B2, KOANC CHkDBBD 75 7 THEh
ToMERR TR, £ 721% 0D I3HREDX ) O #abERIBEMEAfh#R 572 %), C :=0D (&
fTAMDEFIC D 2H2AE) B, Q& COREET, DcQ zililz3. {¢},
& D NOMHERZET, f:Q\{c1, - ,en} > CIUIIEAIE T35, ZOE X

N
/ f(z) dz = 27riZRes(f; cj)
c =

A BRTASR
\_
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8P,

/AR SN

5,

}"'\\ "
)
-

C

4

g

ol
COEHEYAZ—F5, BEGIE THRBLIBL RS, TNETHTREBTDE

HDS55, BRI S DE, KIEZhTHD 5, Hl 21X Cauchy DFESZ AKX EZEL 7DD
HELRHET

d 1
(71) la—cl<r = S Res( ;a) = 2mi.
z—a

|z—c|=r Z—a

%7z, Cauchy DEZARD
(72) 1 f(z) dz = L - 271 Res ( f(z) ;a) = lim(z — a) /(z)

2mi Joz —a 2mi z—a

= lim f(2) = f(a).

z—a zZ—a z—a

bHAA. KERIIBWT, IS5 DEROIEFRICEHEEZHVS DI, BRREICHE>T
LEWRBITHZH, 0hReTWVWTHA,

(mmwmﬁﬁﬁﬁ%@%?5t®@ﬁ?tUQE%K&%L&:&@%%%ﬁwf/ Z@ng
|z|=1
@X/ v, SREERES LMK S (BREThER T 1),
ot3=2 2(2 +4)
é%KCw&y@ﬁﬁﬁﬁfﬁ%U&#ok/ﬂ ;éﬁgﬁma%%ﬁfgéiﬁmﬁéo
|z|=1
dz 1 N o, 1 R
[;dﬁ@+zy_QMR%(ﬁ@+2yﬁ)_2m3%<2ﬁ@+ay)‘2m<z+2320
g 2T
= 4Tl 23 = 2
B 11.2 (Goursat DRNZBHEETEL) Goursat DRH: ne N T2 L X
n! f(2)

dz = f™(a).

2mi Jo (z— )t

FEE (Goursat DAz BBUEH 2> TAEAHL TA KL D)
Feill = 271_' - 2mi Res <L a)

i (z —a)rtl’

=t () [ - o 2]

BECEHIZIE, A RIIALD 5,

Z < OARIZRD & 5 I2#amic & LD E - T\ 5,

& DEDODICHIMZINT, ¢; DEDD ZESLRVESK [T Z1ED. 2HIZDOWT
Cauchy DFE5 &M / f(2)dz=0 ZHEHAT %,

[R5 RURYE T 5.
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5% \
\
!
LY 1:: ;
%, ] v IIIIIl
s =
I OHNEBIZ X1Z WD T
/f(z) dz=0.
r
I D& = MRS ENCHET 5.
N
cl—/ dz — / dz = 0.
[reras= [ s Y R CL

FETZ XYL TADT

/f )dz— Y /;m4f@yh:0

U/f dz-}j/;m4 (&—QME:mﬁfg

(XPRDFFIE Laurent BHDBREIZOWTORKT, n=-1 DHEETHV, )
CORHIZEI E DD R T VA, N HIREL B o TH ZOREHIZERT 275507 85

THUIIFNRISRE LN L7255, ~ROGEICZDIHZEHA L EL DI, BAEL L

(FEFHI23HEBRALDBX T 7y I T5Z Ik o72),

PURTIZZheiZES S DTt T %,
SRR TN WVIEDE ¢ BELD & AEED jIZX LT D(cj;2e) C Q 5D D(cj;2¢) MIC
cr (k#7) EEFEhR0,

flE0<|z—¢j|<e TIERITH 2256, ¢; DA D T Laurent BT ZE 5:

05

o0 o 0
Glatue) fl2) =D alG—e) +) oy 0<lz—gl <o)

ZoEHE f; £BL:




ZHUE C\ {¢;} TIEAITH 3,

N
9(2) = [(2) = 3 _fi(2) (z€Q\{er, - en})
j=1
B g BIEIIT® 5, SHRMAED jITHLT, ¢ & g DFRAATRERESTH 5. HPE
ERD j LT

g9(z) = (f >
= Z a,’ () (z—c;)" Z fr(z
n=0 1<k<N

THIEE LI D(cje) TIORT 2HBECTHD. Y fulz) EC\{er, -+ ¢jm1, i on}

1<k<N
k#j

TIEHITS 5,
WZIZ g lE QTIEAIE LTRW, Green DEMIZHEH S Cauchy OFEDEH L D

0= [ = [ 1) dz—i/ fi(z) d

(Vje{l,--,N}) /ij( /Z e il<zfjij)ndz—a(3i/czfzcj.

(nt—1DrE, — 1 FEREEE DT, BB S SR 0 TH 5. )

(2 —¢j)"
Wz
N ) dZ N
dz = _j/ = ) /
/Cf(z) z Zl g s(fi¢)) o
aicox, [ T 0SB C R |z-o| - THERZ SRBOERDIUL. (HIZ

c?—¢

211 TH DD 5.

N
/ f(z)dz= 27riZRes(f;cj).l
c |

Rek 11.3 (BREEO—ML) XoH O kEARIR C DB [MHH 2 8 D OISt e —

BL., C ORI ENEDHZTH S, EWVWIFRMEDD LTI WGEICBINREI NS,
PHIIAR 2 2 WIZBHRIAREE C ¥, a € C\ C* LT, #RfED

1 dz

2mi cZ—a

n(C;a) :=

E. C IZB3 % a DIEEL (the index of a with respect to C). H2WiE a DD D C D[ElER
# (the winding number of C' around a) &IN5, ZAUIEBANIEZ. C 25 a OFD Zf
B> TWE2ERITHT, HIR BIRETHL ZHRALNTV S,

C 7, BH&ES QLT 0 IZZREO—Z (homologous to zero) & i&.

(Va e C\ Q) n(C;a)=

DBRDIIDOZ 2 WS (HRAEDEREDHRZEISKRY — C X (D2EKRT) MEEORZHA
TWRW),
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Cauchy ODFERTEIE C OBEAR Q NORXZH CH kDA 70 C B, QIZOWT 0 IZhHE
D-ﬁ(ﬂ@ﬁmm®n%ﬁ6ﬁm)t?ét%LE%%ﬂwa+Ckﬂbf/j@ﬁh:Q
C

—RAESNI-BHEE QX C OB Tocy, -+, en E QNOHELR 2R f: Q\{c1, - ,en) —
CWEIEAL ClEQRNOHA 7T, QRELTORKER—IT, D¢ bELRVET
RN
1 N
— [ f(2) dz:Zn(C’,cj)Res(f;cj).
j=1

211 C

(RIFHEHE Lo =151, )

R 11.4 (BHREEOIBADMLA) LOFEAT, f @ Laurent D EHZFRWZEE ¢ %
EZDBEWVWITAT 4 7E HN [42] D BHFAT,
EH 84 ZRD B L,

N
= U (cjie) (>0 tm/hEw)

WOWTCHHAT R Z 8T, BRICHHT 2 Z e K325, AFHDHBIZ EH 4 Z WS Z
AT T2 o T2

LYy

X 21: R ¢; 23S 28088 T Z21E%

11.2 BHOHAEOLA
11.2.1 Laurent BRMKRFZE 51X

Laurent JEFD KX 2 D72 61X, ERIZ X o THBUIFEHITKRD 515 ({a,} DHFDLS ay
ZHD T,

wlLsf@y—%szC\gn)zﬁéo:@i%ﬁ%@%@ﬁfo>omxwémem

BHEZoTWT (ol =1, a, =0 (n #£0) 2T 38, f(z Zan (0 < |2] < 00))\

Res(f;0)=1. m
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WlLﬁf@):emrg(zEC\ﬂﬂ)kﬁéo

1 /1\" 1 11 11
=35 (3) =1+ i gagm

n=0

W Z1Z Res(f;0) = 1. Res(2f(2);0) = %, Res(2%f(2);0) =

1
3!
[230<|z—¢c < RTIERIT® 275613, &M 4.16 (FIRMEETIERIZZBIED Laurent &
F) 12X o T

=

_ 1 f©)
a, = 2_7'['7, el Wdc (n € Z, O<r< R)
TH2EH 56,
1
(©) Res(fie) =an =g JQEC ©<r<R)

(—c|=r

filC —1 BHD a_y HKEIE WS L. —1 FBHD (F(O))(C— )" ehTHIT) f HY
DIETIRZDEINHTH 5, £ 52HHIZ

gy — 21 (n=—1)
[ e { 0 (mez\{-1})
IZH %

f DIFRIR (ZDOmROEHET f PEAITH 2 L5 MDZ L), REMREREMAICBIZH
BiZ0TH3, 2 THRLENFRSATOREBDRIEICKR S,

5l 11.7 Res(f;c)=a_1 €35 Z, Res(3f(z) +cosz;c) ZRdD X,
(FRE) f— Res(f;c) 3MEITH 2, ThbBE KIS

Res(f + g;¢) = Res(f;¢) + Res(g; ¢),
Res(Af;¢) = ARes(f;¢) (72721 A e C)

DD IO (REDPHEHPTEZTHRL L), ®ZIZ
Res (3f(2) + cos z;¢) = 3Res(f; ¢) + Res(cos z;¢) = 3a_; + 0 = 3a_;.
ZZT @2 c DirfFTIEAIR HIE Res(p;c) =0 TH B Z e ZHWE, m

REK 11.8 (BULER Mathematica OFIRA) B f O RA ¢ DA D D Laurent &
FOD, —IE (FnlHE T 5) DR KD 5121E. SeriesCoefficient[f[z],{z,c,n}] &
5, PlZIE

[SeriesCoefficient [z/(Expl[z] - 1), {z, 0, n}] ]
¥¥aE. nz0ors PIOMUPE bognuyx 0 Las,

—77. BARW T n OMEIZXT LT, BEL f D c DEAD D n RDIEE TD Laurent ERI%Z K
» 5121, Series[f[z],{z,c,n}] & FTHIRV, Series[1/(z Sin[z]1),{z,0,10}] &F

bk
i+1+7_22+ 3124 n 12728 n 7328 n 1414477 10
226 360 15120 604800 = 3421440 = 653837184000

CWOHKERESS, =

+0(z'")
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L2 L. Laurent BEIZKD 2 Z 21T LI UIXEE LW, Laurent EEI%Z LR WT, EEEK
DONIGEDEL., ZOHEEYRARX—FT 25 e PEEIIRKR S,

il 11.9 EFEDFEDOL ZAT )
I = / cos?™ 0 db
0

ZRD I, LWSHENHTRZ N, Z2D7=0HI121F

Res <T, 0

BHOPIUIRWZ LTk d, ZHEM KD

EINCIR S (ij) 2

k=0
THHH1H
) 1 2n 2n 9
—(2 ;:H) = Z (;) 22—l (0 < |z] < 40).
k=0

k=norzommz Y can, chrs
(22 + 1) 2n
Res (W,O = n |

11.2.2 WEICHITZIBHDORDA

CDIETIX, ¢ D f DWTHBLHAEIT, Res(fic) B3R 2 HEEHFT 5,
ROEHIZ, BTHENTA2MELILI ICEENTLES DT, NI AETH 20, 77
PHRITL, BRARTVWOT, MV L7 TRTZRIZT S,

B 11.10 ¢ 2% f DEA 1 MO 513,

(73) Res(f;¢) = lim(z — ) f(2).

z—cC

(cH f DEAZ LMD E WS DX, ¢ f D 1OMD, /203 f OREATRERESTH %
ZrxEWVWI, )
BB ¢ f OF A 1o THIUE, IR >0, I{a, )2 st

f@:%MQﬂwﬂilm<pﬁRm.

(e f DINDOTHIUX ay £0. ¢ DY f ODFRERIRERIEATHIUL, a_; =0.)
(z—c) ZHFBL
(z—e)f(z) =a_1+ap(z—c)+a(z—ec)*+--- (0<|z—c|<R).
lim(z —¢)f(z) = a_1 = Res(f;c).m

z#c

z—cC
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1 1

11.11 - ) ERD S, __ Y sxae
il f(2) (f;i) ZRD XS, f(2) TG0 HB5D
5. i X f DO 1IOMTHS, @RI

A T 1
Res(f; s >_£1§(Z_Z)f(z>:?§fz+i_z+z‘zzi_2z’_ 2™

FERCEHET 2121, (ME 11.10 DRTH %) ROTEDORADPMERTH 2 5EPZ 0,
r R
S 11.12 () = 2B Py v ) 1% c DEETIERL ¢ 1& P(2) O 1 0%z S

P(z)’
W (Pe) =022 Plc) A0 2W0WH k) cld f DE4A 1O THH
(74) Res(f;c) = g/((cc))
N J

GSEBH c 3P D 1MDFERTH 205, dgs.t. gl c DEFBFETIERIDD P(2) = (2 —¢)g(2),
glc) #0. 2D L &,

Q) _ QR _ha) . QG

P(z)  (2—c)glz) z—¢c 9(2)

hid c DB TIEAITH 206, cld f DEA 1 UOWTHS (HLD Q(c) #0 THiUI 1
NOMTHH., Qc) =0 THIUIREARERIERTH %), amd 11.10 I X o T,

f(z) =

T i (2=00G) Q) Q)

(75) Res(f;c) = lz%rccl(z —o)f(z) = IZ%IC: W = ggi P(z)— P(c) P'(c)
z—c
72721 Plc) =0 ZHW\W/, =
Bl 11.13 f(z) = — (f;i) KD X,
A — 1 S YANI S
(%) f(2) = EESEE EEIEE THY, i ZHD 1 NOERTH D, DRI
, 1 1 1 1
Res(f;i) = ('24—_1)’z:i:4_i:'):4_i4‘:_.

5l 11.14 n € N, f(z)zznl—_l. M 2z = (w: —exp@ k=0,1,--- ,n—1) T, IXT

DR -1 DI NOFERTH S, WRIC ((WF)" =1 maza L)

1
(zn — 1)

z

nzm

w
= —.n
z=wk n

Res(f;w") =

z=wk

(n)
f @ Taylor &R f(2) Zanz—c “Can—f ()“CZféé L ZEL D EABRDAIE
T, ROEHE»IE LN 5,

W 11.15 ¢ DS f DE 4 k (O 51X,

. 1 N )
Resf:0) =i g () (=000,
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SEBR ¢ A% f OFE& kIOWTH 225, 3R> 0, 3Ha, )22, sit.

— Ak a-1
f(z)_(z—c)k+ +z—c

+ata(z—c)+--- (0<|z—c|] <R).
DREiHN- T
(Z - C)kf(z) = a_f + G—(k_1)(2 - c) + -+ a,l(z — c)'“’1 + ao(z — c)’C + a1(2 — c)’““ ..

a_y DEBIEHOBREBICHNS T, 2%h k-1 M T 3L,

C%)[@_ﬁfﬂd}:%_lef+%%@‘f%%%;fﬂm@—cf+”.

z—=c e LThoiipldz (k—1)! TEHIUIRWV, =
COFEAZ RS . @i 11.10 1. COEDRRDHETH 2 Z eI %,

5l 11.16

‘ﬂ@:(z—$%2+w
ETBHLE. 3 fFD2MUDMBTHBEH5,
1 d\" ’ 1)-1-1-

z—3 z—3

! 1 1 1 .
= 111m = = —.
=3 (z+1)2 (3+1)2 16

1

zsin z

fl 11.17 (B> EEABFLGDODEBLR>THD) f(2) =
HEI,

2=01% 2 fiOMT, 0 TD Laurent JEFIZ. B 2 IXFEHELDOHDKRDTT (F#% D) % #
HLT

3 5L %, Res(f;0) 2K

1 1 1 722
f(Z) 22—%244—%35—... Z2+6+36O+ ( <’Z|<7T/)

W Z.1Z Res(f;0) = 0.
HBHWIEaE 1115 ZEA LT

1 d\*! 1 z N sin 2z — 2 Cos z
R 0) = li “ 2. =i ( ) = lim ———.
es(f:0) (2—-1)! ) (dz) [z z sin z] 220 \sin 2 250 sin? z

ZDFFITONTIR,

> 5

1 1 2z
. - — o _1 k _2k+1 -z _Z .
sin z — 2 cos 2 ,;0 ((2k N (2k)!) (—1)%z 7 3t (z€C)

TH215, 0 3TTFDINDEETH 2, —/. 039 sin?2 D2MDOHFERTH 205

. slnz — zcosz
lim — s = 0.
z2—0 sm- z

Laurent Bf%Z ¥ 5o TKD 20, MREX Y S55H T2, E556351-o8FEXTLE
IH, FHiF fIXEBEEIE D 6. Laurent BFIC —1 ROIEITHR L, BEIZX 0 2725, =
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f 80. f & 0 < |z| < p TIEHIT,
f(=2)=[f(z) (0<]z] <p)

iz T35 X, Res(f;0)=0TH5sZ &%z,

ﬂllm(ﬁ@hﬁvotbwk#mubtoﬁ)M£sz:>%X@i

tan z

(FRE) 0 1% tan D 1 NIDBRTHE05, 01 DINDOMTH %, WZIZ

tan z 1 , d\* stan z 1. tan 2"
(22 2] 2 (2

tan z

DD ILDD, 01

tan z 1 . d\*! Jtanz 1 m
(76) Res (7,0) = mi_}o (d,z) |iZ A :| = g (tanz) ‘z:O

DD, B L TRELTHRWH, BREDHDBTLDRT VNS LT,

:ﬂﬁ%%ﬁﬁ@%*ﬁ%@%%ﬁbt@t#\WELKMELTM RD & 5 7% Laurent
B R BUERD 2 EREZME LTV L 2 A%EDERIZ. 013 wz®4u®ﬁt#
(76) DR D LD, L \WS DWEDotz, TALDOM IZRBENTE D, rw4u®mjf%%#
5 (76) KD LB, ZHb oD FHEMEE LR, ko,

DA ANOMTH 2005

fFO)=0, f(0)=1, f(0)=0, f"0)=2, fW0)=0, f0)=16

o 2 16
tanz =z + —2° + —2° + - (|z] < 7/2).
3! 5!
W 21T . L
an z
o 3z+152+ (0 < |z| < 7/2)

TH 255 Res (ti“z 0) = % T AUTHEDC %f@(()) WL ((76) IS ). m

W 11.19 c I f OFEA LMOWTH D, pldc DIEFETEAE T2, 2O Zcld fo
DE A 1 LOTHD

Res (fg;¢) = Res (f;¢) ¢(c).

SR 7 f ORA LIOWTH S 2 b b, c OILHECIEAVIE g HHFE LT, f(2) = L&)

Z — C
BRD S50 F(2)p(z) = ﬁ?ﬁlf@b BT g(2)o(2) 1& 2 = ¢ DIEFETIERITH 555,
go ¥ cZ@mAc 1 OME 35, WAIZHE 11.10 12X > T

Res (fp;c) =lim(z — ¢) f(2)p(2) = lim(z — ¢) f(2) - lim p(2) = Res(f;c)p(c)m

z—cC z—cC z—cC

Bl 11.20 (T.HHF) f(2) = mcotmz DML FEE T RTRKD X
(7711) (W 11.12 ZHW3) P(2) :==sinmz, Q(z2) :=mcosmz £ BL &, f(z) = i{('z) g
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HAEBHIZ P(2)=0& Ine€Zst. z=n. P(2)=Q(2) TH5, Q(n)=P(n) =mcosnr =
T(—=1D)"#0. WX nlX f D 1O THS, LT,

Q)
Res(f;n) = Pln) 1.
(5152 BHRE p. 88 — ZD 5 BHHDIAL) m
. B 1
B 11.21 (ZRIE pp. 88-89) f(2) = s y—

RiK 11.22 (c BBDIFEIC. B Res(f;¢) = a_y EIFTEHRL. a, ZKROB) ¢ f DEA
k ALOMT HAUI,

S S RS LS B < .
f(z)= o (z—c)’f—1+ +z_c+nzzoan(z o) (0<|z—c| <R)
EFITEN, (g BFTHRL) a, ZRKDZRABEONS,
‘ 1 d n+k i

) o =i e (%) le-orsa).
eV

(z—c)ff(2) =a_p + a—(h-1)(z2 — )+ a_g-9)(z — ) + - -

= Z an(z — )"t = p-r(z—0c)™ (0<|z—¢| <R)
n=—k m=0

Zogz) £BLE, g(2) & (2 =c FTHIRTZT) FFEANCIERIBAZTH D, Taylor EMD
m RDOEDREL ap,— 13

aw%:¢Mftﬂmhi(ﬁ>mﬁz—@W@ﬂ.

m/! =2 ml \ dz

z—cC

m—k%ZnBIFIEEWVL, =

11.2.3 #EHLD
Bz ROBEEBIFERLI-OD ?  AVREAICE EMRER WS O0RH o7, 2D
AE FC I T2 283 TERY, Bro#iLw, DFE D, FREFTRER R A L I
DWTRT, IRFFRTE . 20 RIICH 5,
RBRAFNT D

o ¢ f OFREKFIRERIERR or f 2% ¢ DEHFTIER] (¢ 8 f DIERIR) = Res(f;¢) =0

k—1
.cﬁ$f®%&kﬁMﬁﬁzﬁR%UwF:%j1ﬂggC%) [(z =) f(2)].
- Qo)

KRl a e LT, f = %, P(c) =0, P'(c) £ 0 72513, Res(f;c) = o)
e f DEmk 1ALOML, © 25 ¢ DI TIEAIZR 51X, Res(fp;c) = Res(f;c)p(c).

o ¢ f DEMREN = ZDX5RU~A FiEERV,
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#H0IEHR Mathematica OFJA  Mathematica T,
e Residue[I\, { Z#, IR 1] THE
o Series[R,{ 2%, MR A, ZH Y] TEOXBETOu—F VIEM (ARREE)
e SeriesCoefficient [, { 2%, M FiHRA, K&} TZOXE D0 —F » EHADHRE

PKRE S, IFIEME LT Infinity DEETZX %, 728 Apart [R] THD 0 &R H
K5

Residue[z/((z-2) (z-1)"3),{z,1}]
Series[z/((z-2)(z-1)"3),{z,1,10}]

12 TRSHEADOBEHROISH

12.1 1FLOHIC (COREZED LIFR3BERLLEBRADICOVTOIEER)

b b Cauchy DERBEGHEZ®E 272 LKL, EED O EZ, L2732
FEEfoTTAD LI T 2D oZE5THS, 5 LTHIGNLHmIZEETFIRE L
WO HRZEZ T, RKERTLILRXRoTDTHEH, —/TCIOHITHATSL X574 (B
FEHREICHED ) BT OFEEER. VW 2723 72D BEGR O BRE L IEHIVET, HOO
HERICAT DR 2HDPIRNDPDF =y 7DD RWEEREZRL TIN5,

(R bBAA, ZHIFAEOHBEZFHA S T 2MlIc > THRVEEE WS Z & T,
KEEBEARDR =% —F 2 b TREMEE - I-HEPHEI N e b b, FHOWVIFEE 2
B3 2580, FRNC TR Hr L TBlZE, )

TR Yy N TRENLBEZIZONWT, BRAXRLTVRAWIZHIAST 2 Z % Hig
L7

R 12.1 (—EREDEE) LOBXKUTAD TH 32— HEEIENT) [15] © NEL2E] I
RDLIED WD %,

ZOKEEET VR4 Y FED L LT, TERIER—S OFF B o o
EHIRBE Rk, ¥ CHERITO L 03 HIOWTTH 5.

2L Do ThdE, ZOiGEITFEHEINEZMBRT Y OBERF IR D »
PN eBbhrolz, BEROEEEZMME LT, ZOFWSEEIIEMHL XS
CEoTH, HEVIDHZL O NER) RS BETH D, Lrd @D
BRETREZNOPMNTLIZBEALBIZIOLNTVWRVWEENZVDTH S,

HNEZ UDWBEBGR OB L DvF o TRV, ZO—MIEEDFHEITIZRWIZEHIT 5, E
MOFRICC o K DD HE Z & T, IBRWVBEIEGR O HERDOEE LK S, u

£ZAT, UMY BT 2R D2

[Zf@ym

DIEZE L TWT, WHOBWAILRRESTH B, ZHUIZOVWTHLEEZLTBEL,
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Z ZTHY EIFBHITCIX. #iRESBER £ 13EETH B0, O XBENIEERTH 5 DT,

Ri,Ro—00 | _

o0 Ry
(78) /_ f(z) de = lim . f(z) dx,

TERINS, (TbH, LEMEDOME 1%

R>
(V€>O)(3R€R)(VR1 eR: Ry ZR)(VRQGRRQZR) ‘]— (ZE) dx
—R;

<é€

/e TH 5, ) XD M & Bim 2 HONZICHRRIT S 2 2 L 2 EE T,

) R
(79) / f(x) dx = Jim / flz)de (—HRITIFIEL < 20R)
oo —oo J_p
TRV L Z2HRET 20D 5, .

(25 THRNE. ARMIHSHIEE LA / v de DT, A 0 L WS BRI L B

—00

2

TLES, {LN:%E&:/

1 xr 51752_>+0 1 x

1 . e 21 . .
—dz DHBb, lim </ —dx +/ - dx) DEFR T, B HF
€9 x

—€ 2
EL72WV] DIELWAL lim (/ 1(Jlsc+/ id:c) CLETE T2 L. log2 EWHEDH S, )

e——+0 1 X

— T, DAEFMEDRDIOHEIF. (79) THELTHHMDR WV, Z0RDDEMAL LT,
RD2O%EIFL DRI TUIVIT R,

(a) f BEBIET. FEVPEDLSLRW (DRI O ETH S0, £iE2012 0 BAN),
(FEDDFEET 2 DIE. 400 —00 ICRZEWVWS Z LT, ZHF lim ¥ LTIZ 222
k2, )

(b) INFBELTDBPERT 2 Z e 03D 60 UDM O DHIETH 1o 756G, REWRDIX, JLAFE
T HHEMINKR T 5, F72bb

INCIE

DD DG ETH B,

JOE 12.2 THY FIF 2 AR OB DICOWTIE. FIFEFE DN T 2 2 L A3l
BIZ 5729 (79) ZFHWTWS D, R4AIH 12.3 THD B2 GHEEIE xe* OFEZITOW
T, —RICEEFEETISHENDER L 72wz, (78) Z HWTW 5,

ORI, IRFEET O EHHT 2B TIERVOT, £ 2 EM2 GBRT 2 REIEE
RO, MELTHLWVWWZ e TH S,

12.2 BEFEHO R LOBES /OO f(z) dz

DUR Clz] &, 2 » OERFHZHEAO 2K ZER T, P(2) € Clz] KM LT, P(z) DR
% deg P(2) T&T,
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- \
I 12.2 (BEEKOEHSHETORES) P(2),00) € [, f() — ? deg P(2) >

degQ(2)+2, (Vx €R) P(x) A0 &5 5 & &,

/OO f(z) dv = 2mi Z Res(f;c).

Imc>0

2T Y W fOMcD5B, Imc>0 il TdOTRTUTOWTOMERS Z &
Imec>0

ZEIRT %,
N

J

PUR ofEZ HAUX, FERIZ LT

/00 f(z) de = —2mi Z Res(f;c)

Im ¢<0
HREHCE B 20392 %. Eix ) Res(f;c) =0 AR DD (BECEHD & B
TRTOM ¢
TE3%),
SEFR RE XD
()  (MeR)ER ER)(VzeC: 5| > R) P()#£0 »2 |f(2)] < %

iﬁﬁibjoo il}%% P(Z) = aozn _I_alzni1 + - +an7 Qo 7& Oa Q(Z') = b()zm ‘l’blzmil + - +bma
b #0 &35 %, (i 91906005 K512)

- . aol | 30l \m
(3R™ € R)(Vz € C: |2| > R™) |p<z)|2\70||z|7 Q)] < !20\|Z|

DD ILDDT, P(z) #0. ¥72 R* := max{l, R*}, M := % B, |z > RITHRLT,

b
%Mm ~ 31bo

el oo

ol 1 _ M () ooaEms),

= aol 1217 J2f?

| |Z’mfn

F(z)] <

(%) &b, BDIHEHIERL T

00 R
/_OO f(z) dx = RETw/_Rf(x) dx.

oo Ry
(V: — MR [ LT, / fayde= dm [ ) de THBH, TS
—00 1,{t2—+00 Ry
R
cesmpiuE, Jm [ f()de ¥ LTHETE 5, )
—oo J_p
R > R* 27z ${EED RITHLT
I'r:z=2 (x€[-R,R)),
Cr:z=Re"® (0c]0,n]),
Yr:=Tr+Cg
LBl

/ Sy de= [ f(z) de,
—R I'r
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M M M
< [ 1@l < g5 [l = g nRr =T 50 (R +o0)

f(z) dz
Cr

BBUEHEIZ LD

/ f(2) dz = 2mi Z Res(f;c).

Imc>0
W 21
R
[ swar= [ fera= [ a6
-R I'r R Cr
= 2mi Z Res (f;c) — f(z) dz
Imc>0 Cr
— 2mi Z Res(f;¢) (R — 4o00).m
Imc>0
i 12.3

< d
1:/ = -
|

BROC, tan o (& OFBBBEFATOT, ZREMN Y
I = [tan_l x}iooo = g — (—g) =T.

—F. EE 122 25 XD L5 1TRkDHND,

P(z):=2241,Q(z) =1 B &, P(2),Q(z2) € Clz], deg P(z) =2 =deg Q(2)+2. z € R
DeEPlr)=22+1>0+1=1 &Y P(x) #0. c PHEETHEBEOM < Pc)=2+1=0
Sc=4i. TDIH Ime >0 Zili7zTdDIE c=i. EH12212k5T

I = 27i Res (%,z) :

Hif:z%@l{ﬁ@@“@%é#%
Res(f;1) = lim(z — i) f(2) = lim —— = ~
€S 32 —ZILT%Z 7 2_21224—2_22

HBH0E 06)
. i 1 1
Res(f;i) = ()~ 22 T %
Wz

1
I=2m -—=7m
T 22 e

REX 12.4 Mathematica 72 51X Integrate[1/(x"2+1) ,{x,-Infinity, Infinity}] & Uit
HTE5%, Maple 2 51F int (1/(x"2+1) ,x=-infinity..infinity) m
il 12.5
I /°° de _ m
et V2
) " " " . . - 1
W T THHEREBOIRMBEBIIHEREB O TR E L) T BFEAR, EE ]

+1
JFRRBAEZ RD B Z e K, ZREHWT [ 25E T3 2L AJEETH 205, FHEIEILI

HHEEITH 5,
P(z) =2 +1,Q(z) ;=1 £ BL &, EH12.2 DMK L0 (HERDOBRITEIET 2).
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\\Q i(E+k2E i 1—i —1+44i —1—i
Cﬁ)F@@@P(C):O@C=€(4+k4)(1{520,1,2,3)@6:%,%, RV

Ime>0 R30I, ¢ =2 ¢y = LZhnik = -1 izl PO 1LAIDOEST

HBNH 0 )
Y. . I
Res( ’CJ) Ple;) 4@ 4 T4

J

1 =27 (Res <%, cl> + Res <%, CQ))

o ( 1)( o) w2 T
=2mi-(—= ) (i +¢)=—— —==—.
1 1+ e SRRVNG,

IR 12.1 f AEEEOS /mﬂ)dx:%/mﬂ@dxﬁ#B‘¥ﬂﬁﬁﬁﬂlm)mﬁ
I RN D C ORI BT, -

EF12.2 5.

1‘2

4+ 522 +6

1 [ x?
=3 e ®
P(2) = 24452246, Q(2) =22 £ BL & deg P(2) =4 = deg Q(2)+2, (Vz € R) P(z) > 6 > 0
XD P(z) #£0.

1 L OB P) =06 (@ 2)(+3) =0 e = +v2£VE

5l 12.6 (Ahlfors [27] p. 173) I := /OO dr. BHETBEBUIHEBERTH 2026,
0

Ime >0 272D, ¢ =+2i,V3i. EH12.2 15

/ Q :1 2mi (Res (%ﬁz) + Res (%\/ﬁ@))

RIZEBZHRE T 2723 TH 5,

QW) 22 z VR V2
Res (f \/_’) TP (V2i) 4P 10| 4224 10|_5 -8+10 2
B ) oz VB V3B
Res(f’\@)_ P(V3i) 42 +10z|_ 5 42410|_5 12410 2
ThdH75H
I—m'-(\/__\/g)i—ﬂ\/g_\/g
B 2 B 2
’@%%MEL;;QEZ%%H%OI

BERADH (H5 < 158)
Bl 12.7 ne NI LT

*  dx T
I = o = — B
o Lt nsin —

2n
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FX 12.8 Mathematica Tl

[Integrate [1/(1+x~(2n)),{x,-Infinity,Infinity}, Assumptions->Element[n,Integers]&& n>0] ]

(1 + (eQi"”)_i) T cosec =
2n
B 12.9 n e N TH LT,

WXL T %iR$, FullSimplidy[] 3 2 LffiHick %, =

e dx (2n — 1)!!
I = —_— =7
/_oo T+ " 2o

Rk 12.10 (BALERTHRE) Mathematica T

[Integrate [1/(1+x°2) " (n+1), {x,-Infinity,Infinity}, Assumptions-> n>0] ]
i R
1
ﬁ[’ (TL + §>
I =
I'n+1)

EWVWIEDPIRSTHKS, ['(z)=al(x—1) Z#DIRLHWT,

(D) (D) (D) o= (-3) (-8) e

P 1) = = 220!
THHEDH
I Vo (2n—1D)/m/2"  w(2n — 1! .
B (2n)!1/2n o @2n)t
i 81. LANDRET %KD &Ko
dx s
o _ e T
(1) ¥ a LT, —/ waa B
" _ dx e T
(2) A a XL T, T = / i ()
oo 128 _ _ v e T
(3) IESZ&CL &\-itl‘l/"c —/ (.1'2+CL2) (':" 2&3)
" _ dx e 2T
(4) IEE a 1TRL T, =/ o ab drv. (% %)
o ) _ ae T
(5) F¥ aiTxfLT, I = / e +a2 (5 T6a8)
v - B e, DV2T
(6) F¥k a I LT, I = / T ai)p +a4 - & )
_ e dx . 7(2n — 3)!!
oR % = — &
(7) IE%& a, gn\\ﬁ n ;CI‘L’C\ 1 /_OO (IQ—FCLQ)n. ( a2”—1(2n— 2>”)
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‘ , S .

(8) T4 a, BAR n XL, z:/ U R
—e Tt a na2r—1 sin2—

n

00 ZE2 —z+2 %) :L‘2
82. (1 ————dx (2 —d R (Ahlf 1
A @ /oox4+10x2+9 v (2) /0 (22 + a2)? T, ac (Ahlfors p. 173)

12.3 HIEEH < O R EOfFES /OO f(z)e"™ do (BIERAED Fourier

xiR)
R f zHHBERE 5 & {BHEIB e G AHEY
/OO f(z)e” dx

BEZ B, THUIISH EIEFICEER Fourier Z2#2, 1 Fourier 244
() f= o= [ fwertar (cem),
(F) i) = o= [ aleetas (@eR)
ZRDBZ EIHHTE 5,

ESc
(80) (Va € R) elaz = ¢ cos(ax) = Ree®, sin(az) = Im e™®

ZRVWHLTEI I,
; N
FIE 12.11 P(2),Q(2) € Cl2], f(2) = %, deg P(z) > deg Q(2)+1, (Vx € R) P(x) # 0,

P(2)
a>0t3BEE,

(81) /_OO f(x)e™® dx = 2mi Z Res (f(2)e";c) .

Im >0

ZZT ) B fOM(HBVE f(2)e DRI EoTHRALIL) c D55, Ime> 0
Imce>0

K%ﬁt?%@?dfﬁohf@ﬁ%@%iZ%%%?éo

v

AR 12,12 RGE deg P(2) > degQ(2) + 1 1%, EH 12.2 DKL D 550, deg P(2) >
degQ(2)+2 THBHEIFZ. a>0ITHLT (DFD a=0 b OK®) [LFMED DT H
52 HfHITRES L, O E LT, i8R g =Tr+Cr ZHRH L CAIATZ %, %7

lim f(2)e* dz =0
R—o0 Cr

DFFIA -
lim —/ e~ Rsinb g9 —
R—oo R 0

Bz DHFER. FIETRLEARICR S,
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WIRE XN, fiHTHS (0<e Bl <1 XD 0< /7T e~ ftsinlgy < 1 MEHNB),
Cf. / 9, / O bR, / ST I B (ORI L),
1

SFBA  EF 12.2 DI k Rk
M

[E)

(M eR)ER € R)(V2€C: || > R") P(:)£0 7o |f(2)] < —

AB>R &35k %,

Cap r:z=x (ve€[-A B,
Cap #:2=DB+iy (yecl0,A+ B]),
—Cyp r:2z=2+i(A+B) (vec[-A B]),
—Cyup rz=—A+iy (yel0,A+ B)),
Y48 =Cap v +Cap t+Cap ++Cap x
£B<L,
P ODFER cld |c| < R* Z{i7z 3T DT, Imc > 0 ZHi7z 5 DIXEAMIR 45 OHOREGF
mEicEEN S, FEE IO T, BREHICX-T

/ f(2)e"* dz = 2mi Z Res el )

Im >0

B
/CAILT f(2)e'" dz = /_A f(z)e"™ dx.

Capt Tl |2 = /B 42 > B THB 7 b,

i

FE < — <

M
|z B’

E
Re (iaz) = Re[ia(B + iy)] = —ay, |eiaz| — eReliaz) _ —ay

THE00 (|dz| = dy WWIEELT)

wnaz < wnaz < —ay < —ay — .
/c f(2)e** dz _/C | f(z)e™?| |dz] < 5 /0 e Ydy < 7] /0 e~ Ydy B
A,B, f

AB, H
Cup n Thy IREFACLT

Cap + T |2|=y2>+(A+B)2>A+BTHdh5H

M M

IO < a7 E

N
Re (iaz) = Relia(z + i(A+ B))] = —a(A+ B), [¢“*|=e Re(iaz) — g-a(4+B)
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THE05 (|dz| = do ITHFEELT)

/ f(2)e"* dz
CaB, t

Wz

= Aéi_rgroo (/WABf(z)emZ dz — /CAB Ef(z)em dz —/C f(2)e* dz —/C

A,B, E A,B, k&
= 27 E Res ez )

Im >0

' M B
< / ‘f(z)elaz‘ |dz‘ < A—/ e~ UATB) 10 — Ve~ UA+B)
A,B, k + B _A

f(z)e dz)

COREAERETT AL, a <0 DY EIE, (81) BBALLBEWZ 2005, a < 0 DFEIL.
KD DITRDD LD,
a N
% 12.13 P(2),Q(z2) € C[2], f(2) = Q) deg P(z) > degQ(z) + 1, (Vx € R) P(z) # 0,

P(z)’
a<0&3BEZ,

/ f(z)e"® do = —2mi Z Res el )

Im <0

\_ J
L. RI2132HS5 D TR, FFEOTIRICED., EH 122 WREZXETTWVWSETFR
F A2V, ZHUCOWTIE, IRl R X,

5l 12.14 o ZEK T =

(82) I= / — ———

|

a>0 DEGEZ. EH 1211 25

eiaz iaz
I =2mi R — 1| =2m
T hves (22+1,1) YwA 2%

a=0DEEF, EH 122056 (2W0WH XD Bl 12320 D)

—a

= Tre

z=1

1 1
I =2mi R ——t | =2m —
1 Res ($2+ 1,@) m 5

a<0DEX, % =¢iar _q> 0 I ZEELT, EH 1211256
o e—iax 6o e—iax ] e—iaz ) ] e—iaz
I:/m$2+1d$:/oox2+1d$:27TZReS(ZQ—H;Z):27TZ. P

DlEEZe®T (82) 2185,
2B, (82) DEFEEL

z=1

*cos(ax)
/_OO o] dr = me
HEOLND, =
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R 12.15 (Mathematica THEHE Y % £ FIZ) Mathematica TEHHET 2B, « OFEE
HZ 51203, HlzZR

Assuming[a>0, Integrate[Exp[I a x]/(x"2+1),{x,-Infinity,Infinity}}]
HBH0Z

Integrate[Exp[I a x]/(x"2+1),{x,-Infinity,Infinity},Assumptions->a>0]
DESITTHERV, =

5l 12.16

X rsinz T
I = dr = —.
/0 211 %

BRE TR EBEBTH B b, sine =Ime® THDZ 20D

]:—/ Lo dx:—/ Im e da::—Im/ re dzx.
2 ) cx?+1 2 ) o 22+1 2 Lo+ 1

P(z)=2241,Q(2) :==z,a:=1 3 5,, EHI DFMEHMD LD, WZIT
[ = im(2rir * i) =t (i 2 _ b ( 'Z’Q>—1-
— 2 m T hes 22 + 16 32 = 1m | m? 22 ' = 2 m | mie = 26.

HEADA
Bl 12.17 a >0

4+ 1
(GRHDD > 72, 25 AL B & TIIAES, ) u

> rsin ax T o
I :/ dr = Ze=/V2gin —.
0 2 V2

1. UToEDZRD K,

—ax

(1) T a, o 1K LT, I:/dem (g TS

oo X2+ a? a
(2) E¥ a, a LT, T = /Z % ar. (& U +22§)6m)
(3) IE# a, a IZXLT, I = /_Z % de. (&: %Z;ﬁ (COSCL—\/O% + sin %))
(4) IE# a, « ITHLT, [ = /_Z % v (& #Sin a—\%)
R 2. /OOO;SI—E; dr (a€R) (& ”e;l
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2
124 SABROEEEROEEES / r(cos 0, sin 8)d0
0

EROWIET THAT LI, r(v,y) Z 2o &y DFHAETI L = /r(cosG,sin@) o

d@%%ﬁ?*i%ﬁ\%%@ﬁﬁ@#&bﬁ@ﬁﬁé:kﬁ%moL#L%K%Eﬁmﬁﬂ
Loy (ARRSD) owTIE, BEE AW Tl ICHETE 3,

~
iR 12.18 (ZABBOREEBOBAMRERS) r(v,y) & o,y OFHEAL T L =,

2w
(83a) / r(cosf,sinf) df = 2mi Z Res(f;c).
0 le]<1
272U f I
1 22+1 22-1
(83b) fe)=gr ( 22 2iz )

TEKL. f(2) BEAIFIE |2 = | Ricliefiline 32, 7 ) 3, f Oflic

le]<1

55, HAMEN 2| < 1 ITJET2DDTARTUIOVWTOMEZEKT 5,

J

ETIZ. 2O (83a), (83b) IIMMERL T 2D TRV &,
z=¢e" (0€l0,2n])

D ZERZAR T,

—1
2o VE g xn ap= E
21 1z

1
cosf = %/Z, sinf =

EHRT, BAFRNOBEOMOF BRI 2 Z e 2@ #i3 2. UTOEAZ ¥ 5 X i3,
BIDF M A 2 7T R WA D LR,
FIERA ,
I::/ r(cos,sind)df
0

. z=¢? (0 €0,27]) £F 52 LT,

, dz

dz = ie®ds, do =

1z
e_ei9+e—“’_1 L1 241
TE Ty TP L) T T
, L L | 1 22—-1

sin=—=—|z2——- | = —
21 21 z 21z

THE0 56,

2241 22—-1)\ dz
[ - —_— = d
/|zl " ( 2z 7 20z ) 12 |z|=1 f(Z) :

BEEMICE o T, ZOEDE 2| =1 NEBOMUCEIT 5 f OBEBOMTHETZ 2,

I=2mi ) Res(f;c

le]<1
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ST 12.2 (RRORSJUEN5) Tl

e 4 e 54 271 . e —e 0y 71
cosf = = , sinf = ; = ,
2 2 21 21
EEWVWTWS D,
il L e=i0 L% . ol _ =it L _ %
cosf = = , sinf = , = ,
2 2 21 21

LEWTAEL BRI IATHS (FAMHELEL 22, 2RD OO ENZS LT
ZEeHBoT. Sbs) LAL

2

TERLR 13 (FHRESEERVC) ERIRRICZ 50T, BEEHEZMS Z 2 25Hk
%725, =

) 12.19 1-—/2Wd—9 R &
' " Jo 5—4cosf °
(FRE) 2=¢" (0 €]0,1]) &BL k.
1 1 1
J:/|Z|:15_4.Z+Zl Z_ZdZ:_/| 152’—2 ZQ—F]_ /|| 1222—5Z—|—2
2
—i/ dz —i~2m'ZRes( )
=1 (22 = 1)(2 = 2) et (22‘—1 )(z—2)
1 1 . 1
:—2WR€S(<22_1>(2_2>,§) :—27Til_r>% (z——) 22— 1) (=2
= -2 ! —2—7TI
Ty T 3
27 d@
B 1220 0<r<RYFBLE, z::/ S R & (MR
R? + 12 — 2Rr cos

0
YIRKREIEIN, KTy v Vi CEBERZBEKTH 3),
(fRE) 2 =€ (0 € [0,2n]) EBL &,

]_/ 1 d_z_l/ dz
=1 R2—|—7‘2—2R7"22+1 iz i e (R?+712)2 — Rr(22 + 1)

2z

/ dz / dz
=1 =1 .
o= Brz? — (R?2 +12)z + Rr s=1 (Rz —7)(rz — R)

MECER % FWT
1 1 T
—i-2 R ) =—27R L
= m% es< Rz—r)(rz—R)’C) T es((Rz—r)(rz—R)’R)
— o lim z—r/R _ 2 1 27

Z%T/R(RZ—T)(TZ—R) _E.T.T/R_R:RQ_TQ'.
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BEROH
Bl 12.21 a >0 T B & %=,

/2” dé _
o 1—2acosO+a2 |a2—1|

Bl 12.22 a>1 T 2L %=,
/7r do T
= R |
o a4+ cosb a2 —1

Bl 12.23 0<e< 1 XL T

/27r dé B 2m
o (1+ecosh)® (1—e2)¥?

(Mathematica (&, Integrate[1/(1+e Cos[x])"2,{x,0,2Pi}, Assumptions->e>0 && e<1]
TR LTINS, ZHUT Kepler EEFDEIADETHICHELEITTH 5, ) m

DIFOREDZ 1%, #EFR [43] pp. 80-81 R ED S - 7z,

2w 2w
3. (1) BAB niTRLT. I = / cos® 0 df. (2) BB n ML T. [ = / sin?" 6 df.
0 0

" 2 do . I df
) EM 0 b HLT, T = [ oo ) @R 1= [
2
(5) (S, Ak, k. AK) T = /0 s fimos S0 <r <R ()R

df
R? + 12 — 2Rr cosf)?

(a>b>0). (9) BARE m, E£ r,

R 1 R+ re® e
27 de

R(r<R)IZXLT, I+iJ ZFIHEL I, J ZRD X,

2 cos mb 2 sin mé
/0 R?+1r2 —2Rrcos ' / /0 R2? + 12— 2Rr cosf

(10) ¥ a, B n LT, [ +4J 2EEL I, J 2RD X,

2 2
I = / e®% cos (asin® —nh)do, J= / % sin (asin ) — nb) db.
0 0

mE () Lo O nok O 0F Opts 01 0 a—ay
& O =@ (5) /=0 001="F =0

Bl 4. a? >0+ kii7z35 a, b, c ITNLT,

/Qﬂ dx
o a-+bcosx+ csinx

§ oy 2
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/2 dx T sign a
3 5. : @ e, TSIBN A
Rl 5. (Ahlfors [27], p. 173) /0 g la| > 1 ( 2\/m)
12.5 FEEAHD R LORES (R#MLICHBEIERD 1 {LOENH 315T)
(EECTIREICREDVRVWEEE. COHZEKT L Ze0D 5, )
Fl EOXM [a,b] LT CT #ROBEEL fITH LT LA

REACOIF R (L&mf@)@w-b fw)mﬁ

o T—C e1,62—40 x—c ctes

F—MBRICIFFETE LRV (f(c) # 0 THIUIFHEET 5), L L
c—¢ b
lim (/ M dx + M d:p)

e—+0 rT—c ere T —C

" f(x)
p.V./a w—cdm

¥ & L. Cauchy DIBFES (the Cauchy principal value) & FE3,

BIFEET %, ZOMEEE

Bl 12.24 a,.b>0 ¥ 3L X,

b
[1 - d—x
N
EFEELT B D5,
b dx b
I, =p.v. — = log —
—a T
FERR

et d bd . b
/ ?I +/ % = [log |z]]_* + [log ]x|]g2 = loge; — loga + logb — log ey = log o + logi—:

a 2

THEHH, e1,60 = +0 ELTHBIERLRVA, gy =gy =¢ &L Te— +0 UL log?

RS 20 RIS I IR LW, ]Flogg -

=2 (P(2),Q(2) € Cl2)) Iext LT
(Vo €R) P(z) 0
PWHEEEEDT, TPIER ETEA 1 NOBLLIRRV] T3 %,
/wﬂ@dx(kﬁbmgﬂdzd%Q@HQL
/mfukmdx(kﬁbmgﬂdzd%Q@HJ)

WFEBEDILFERE D L U TIFELRWD, FEEIFEL, LOEM ez X 5 REFD K
YRVASR
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-

N
FI 12.25 P(2),Q(2) € C[2], f(2) = ?)8 PR FETHEA 1 MOBESLPHEROE
j—éo

(1) deg P(z) > degQ(z)+2 &35 & &,

(84) p.v. /OO f(z) dv = 2mi Z Res(f;c) + mi Z Res(f;c).

Im >0 Im c=0

(2) deg P(2) > degQ(z)+1 £T2L & fEED a>01THLT

(85) p.v. /_OO f(z)e™ dx = 2mi Z Res (f(2)e"*;¢) + mi Z Res (f(2)e'"%;c) .

K Ime>0 Im c=0

J
SRR (1) OBSEEZR RS, EHEICHZME ¢ <cp < <cy T 50 Dlcj;e) BDEWVIIK
OOLRBNEIIC e>0 2T/ <H5,

RZTHRELWMD, IXNTOMD 2| < RDOHIZHH, —R<c;—¢, Oy +e < R Ziii/z
TET 5,

Fop:=[-Rc—¢]+ Z[Cj +e,¢i41 — €]+ [en + €, R,

—C.;z=¢ +ee” (0 €]0,n)),
Cr:z=Re? (0e0,n]),

N
Ye,R ‘= Fs,R + Z Os,j + CR

=1

2 & DR (3H) ZED B,

HECEHIC & D
/ f(z) dz = 2mi Z Res(f;c).
Ye.R Imc>0
FEliZ

/%’R F(2) dz = - F(2) dz — i/

i=17~

F)dz+ [ f(z) dz
Ce 5 Cr

CfRTE S,
R— 400 D &, A% 3IEIX0IWCINET 5,
e — 40 DL x|

c1—¢€ N-1 Cj41—¢€
. (z) dz = /R f(x) de + ; /cj+s f(x) dx + [j+1+5 f(x) dx
R
V. dx.
— p.v /Rf(a:) x

e—=>+0 DL E,
/ f(z) dz — miRes(f;c;).
e

€,J
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o N
p.v./_ f(x) da:—mZRes(f;cj):%Ti Z Res(f;¢).

Imc>0

BIETIIRD 2551 %2152, =
5l 12.26 (Dirichlet &43)

I:/Oosinx dle/oo sinx .
0 x 2 )«

CHIFEEDLEFE T LTINKET A IR T2, ZRUIFEERED e —T 3,

I =— p.v./ Tl == p.V./ Im < dz =~ Im p.v./ C dr).
2 o T 2 o €T 2 o T

EH12.25 (2) ZHWT
1 , eiz' 1 N
I = élm (mRes <_z ,O)) = §-Im(m-e ) =3

(@%a)/ :rdxwﬂﬁﬁémﬁéﬁfﬁéﬁ\/ o IR T, EMES LA
(L0, (2) C OERASIZHERE (1)) T, EERS L5 SEEEbTICHH L TH
Bh5, ERICR > TV AR L L AL THD. ZOBILBNC S FERSIE LIE LIZEST 5
DT, FEMPZEHOWIHHEZ T, )n

> sinx

12.6 & FIF: TIE12.11 OFIEEA
(M WVEEICR 2 DT, RETIIERHIHTIREE 2RV, )

EF 1211 %2, Cr+Tr CWVWOBEPEEHWTIHHT 2 2 k2, ZLOARTHRAIN
TWAHIETH 2D, BEEIZRITT2DE, UTICRZ X5 IC0RHETH S, (FREICTE -
TRFRAETH 2 LB SD) KEBRART, ZORH HICHEET2MEEZHET 2 250
HBDT (DAEHEFRTERY), —JOEIH L TEIXRETH 5,

AERE. IRFRED DR T 5 Z & 2D D 7% T

R
(86) lim / f(z)e"™™ dv = 2mi Z Res(f(z)e™; c)
oo )k Imc>0
2RSS FIHIZK 5,
deg P > degQ+2 EfREZES LTI TFRAMbDH D, ZDHEIILFRED DGR
52 D TiHamHHHICL 2,
JRFHEDDIUCR T 2 Z & DA Z SIEo T2 KRS H 5,

12.6.1 LERDHPEEITIL

P(z), Q(z) € Rlz] ZIRE L TIEHAT %, deg P(z) =n, m :=degQ(z) £BL &, P(x) =
apx™ + -+ a, (ag #0), Q(x) = box™ + -+ ay, (bp #0) EFIF 5, n>m+2 THIIIA
FHETT AR T 2 (|P(2x)e'™| = |P(x)| Ty EH 12.2 DA & [ CAEAD K %), LU,
n=m+1 &35, 3h(z),IM e Rs.t. Vo #0

fl@) = (14 (o), b)) <
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IR .
/ 0 pioz o
— oo 0T

DK 2 T ek, FREARICOEL T, N Omz W Tikd 5N, —J5
/ b—oh(x)eiax dx

0o AT

BT 3 L SEHIMD SNB, OLHBD [ flo)e™ do HHEL,
] ) R .
/ f(x)emac dx :/ f(l,)ezaa: dz.
— 00 R

12.6.2 (86) MDIEEA

ET, IM € R, AR* € [1,00) s.t. f(2) DB P(2) DFERIZ |2] < R* IZ&F N,

()] < % (2] > R*).

R e [R,o0) KHNLT,. g &% 2=2 (z € [-R,R]), Cr & 2 = R (0 € [0,7]) TED.
Yri=Tr+Cr 8L, Pz) ODFRIFZHEHATDH 220 5ARMET, A% 2| < R ITEEH
(W 2T FAEFHEICH 2 B DIE. yp DNERNCFET %), RE & D 5 Ficidzwy, 2hsid
f(z)e" DMFETFREFIRERRATH D ZO6ADKTIE f(2)e IZIERAITH 5, £/
e GFHEAPABRTH 206, BEEHZHWT,

/ f(2)e"™ dz = 2ri Z Res(f(2)e'*; c) = 2mi Z Res(f(2)e"*; ).

c X vp DAER Im >0

Crlx z2=Re? (0 €[0,7]) EXF A=K =D TE %, dz=1iRe" df T,

f(2)e" dz = / F(Re®)e e iR df,
Cr 0

iaRe” = iaR(cos@ + isinf) = —aRsin b + iaR cos o),

Re [iaReie} — —aRsin 97 eiaRew — eRe[iaRew] — e—aRsinB
THE056,
iaz " 0 iaRe | |- i0 M " —aRsin@
f(2)e'** dz §/ | f(Re )|e |iRe ‘d@g—-R/e do
Cr 0 R 0
— M/ e—aRsinG do.
0
ESEN
(87) lim [ e 0 gy =0

R—o0 0
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ThHs, Ihziddtud,

R—oo

9] R
r)e” dr = lim r)e " dy = 2)e"* dz
| s | @ [ 1)
= / f(2)e" ™ dz — f(2)e"* dz
YR Cr
= 27 Z Res(f(z)e"**:c) — f(2)e'* dz
Cr

Im >0

— 2mi Z Res(f(2)e"*;¢) (R — o0)

Imc>0

v LA T 5 %0 (87) 18DV TiE. M RT3 @D 0% 52 2%, m

(87) MEERA [1] Lebesgue 877 D Lebesgue OYNREE Z A - TV 372 513,

|6—aRsin9| <1, / 1d =7 < 0, lim e—aRsinG _ 0 (9 S (0777)) =0 (a‘e_)
0 R—00 1 (6=0,m)

ThHhIHbH,

1 1 1
lim / e~ aRsing gg — / lim e *fsinfqp — / 0df =0.
R—o0 0 0 R—o0 0

2] (-0 BTN TV 2HEE, B2 ERTHERLRAE) 0 < V6 < 1/2 1 LT

™ . /2 ) 4 . m/2 )
/ efaRsm Hde -9 / efaRsmGde —9 / efaRsm Gde 4 / efaRsmGde
0 0 0 1)

. /2 .
S ) ((5+ 6ou’%smé/ de) S 2(5+ ﬂ_efaRsm&
6

DD DI s, BINC § BT/ NS Lo THIAF 1HE/NILL LTBWTHhS, R %
KREL L THUFE 2E/NSL T 5,
3] Jordan DARFX

(88) smezgg(ogegg)

™

2 .
Be —Reing < — 2 psmpnz o

s
w/2 ) w/2 /2
(89) 0 < / e—RsmﬁdO < / 6—2R0/7rd9 — [_16—2R0/7r] — l(l . e—R) <
0 0
:O)ﬁf R — +00 Z jﬂéo ||

12.7 Laplace EHDFETHRDIREDT DEHEAE
(LIZ5 < THR L 15 FE)

9 Jordan DAERIE, y =sinf & y= % D7I 7% 05, MM EOEZEERETD

77
5o LDL, ZORERE L > ZWCHATIORELVWDT, HSATWS 2, ik THHTE I IR D,
Jordan DAFEX L WS Hid. FHH [44] (p. 17) THI- 7=,
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BA%L f:[0,00) > CIZX LT, HE2REDREPEBL &
90 F(s) = “SUE(E) dt
(90) (s) / e f(1)

THHZBK F 2EE 2, 2O E, F % [ @ Laplace &t &N Lf(s) X L[f(1)](s) &
EDRLETRT:

(91) Lf(s) = LUFD)(s) == / et f(t) dt
s=z+iy, v,y € R LT, g(t) == e ™ f(t)xpo0)(t) EBLE (x FREDERBEE DD
D)

[e.o]

F(s)=F(z+iy) = /000 e f(t)e Vidt = / g(t)e ¥dt.

—00

ZHU, y DR L TR F(x+iy) 2% g @ Fourier Z#TH 2 Z L R L TW5, f 1345
BA—&Z— a, [ IZRDENCHEBEEIRE ST S &, BT 2 =Res > a THXTIGRT %, T4
HE g 1IHENAFES TH %, Fourier D KERNTN K D%

1

%/_ eV F (2 + iy)dy.

(2 BEBHNLTWBEZEIZER)ds=idy &P

g(t) =

1 00 1 r+100

_ xt (:B—Hy)t ts
ft)=g(t)e o | F(x +iy)dy = i) e F(s) ds.
ERAY. 05!
2 li L BF(s)d
92 sy = m s [ s

r—1y
ZNE#7L Laplace 2D KER/NRKTH %,
FIiZoWT, @Y REZB . ZOEDIIEBEEHZHNWTEIAETEZ % (£257%):

= Z Res (e F(s); c

(ZNZEET 2101, THBALIREZBXRZEHEZHEIRDEDH L7255, GEHL L 22
& DY Schiff [45] IZHEWTH 2 ITNE, FRP T o XD FARNL Y, ETHTREZD2ITT
R ZRAT, ML ZZIZEBELTNE, 0WDIZRERH )
VAR A%
tn—l " 1
(93) £ {ﬁe t} (8) =

n—1)! (s —a)"

EWVWHIHHRBRRK (ZN—DTIFLALTHDED %) 1I220WT, GHOHEHZRDTAHAX I,
HilE s OB e LT, s=a ZHE—DMUICEH, ZOMNET n TH2056

e () () -t () [

IR R L 7z

%i<%%®ﬁ\%5%§amﬁbf\GMGR)WHJQmDU@MﬁM&wﬁWDjO\t?éitf\
BlE Res > a Zifi/eTHEED s € CIIf LT, F(s) ZERT 2D E T %,
96’ IHAZTIEEE 5IZFEL) T, ZEFREEPHILTETOVRY, 8 —K— a W5 DIE. —OHl
DHEICE NI 725 L BT 200 e, REARZZOHAY SV EHEMELTVZD0R,
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R 12.27 Laplace ZHUIE S Do H o700y, KON S X 5127 > 7=DIXES & &
ok S TH5 (Heaviside DIHBEFEDIEHLTHRD IR TH S ?), MDBEAED & Zid,
HEDREBIZPODOATORVHIREZ T2, HFEBDORNRIIFHATVT F R MZ—IRHE -
TWwiidhye, Marf5 0L 251 nwd Eﬂ%{%%b‘t bDTH 5 (BRBIOHE D
72 o 72, EERNGK (93) DA & DEHH, FTETHR Ao T TORDE =T
CHEBICBEELE S, =

f 83. RORKHHNTARITOWT, LOFTREFUT LS ITHEHRL TA X,

s : w
L [coswt] (s) = T L[sinwt] (s) = 212

12.8 FOfth

(ROBIFA, D% I F UL, 1D / RS0 g9 DFEILE B, B
5 O T2 O CHB LTH <o ) ’

[
0 T 2

(N3 2 HEINEIE LR WARE S Ol 2 LT, WMETOBREZEDOFNCED EiFsh s Z
EHZWENTH D, RETOREEDONIE DM TTH, 1M ORRD D 355 D FERE T O UL
DA R, ZAUEEEOEBEHOEHIEWE 2A0H D, HEMNTH 5, )

Bl 12.28 (Bl 12.26 BE)

I.r:z=2z (z€lgR]),

Cr:z=Re? (0e0,n]),

' gpeciz=x (v€[-R,—¢]),

C.:z=¢ec” (he|0,7]),

Yer = lep+Cr+ T g+ (=C)
EBL (MEfirzwne), f1Z0ATIEAITH 206, f OB 1.z (0 1ZZDIMINCH
%) 2 #ETI1E. Cauchy OEDEHIC L -5 T 0 TH 5,

6 0=[ fx)de= / f(2) dz + / fea+ [ fGas= | g a:

Ye,R

Fi
(B) AE&>CRf@)dz:O.
EEN

m _iRe'? -
f(Z) dz = / € = ,l’ReiB do = Z/ eiR(cosGJrisin@)de
0 Re? 0

THEHE, (89) ZAHVT

f(z) d =

< / ‘eiR(cosﬁ—‘risinﬁ)‘ Ao = / —Rsm@de < 2_ — Z - 0.
0 0 R
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—J3

—c piz e it R it
z)dz = —dx:/ -—1dt:—/ dt
/F_R_Ef() | Sa= [ e =
THDHDIH

R iz R _—it R _:
() / f(z dz—l—/ f)de= | “ da —/ ° dt= Qi/ T g,
ER r_ R,—¢ £ x £ t £ T

(b) lim [ f(2)dz="in

e—0 C.

7 i(ee'?) ) T
f( )dz_/ — ~i€ewd6—i/ e'e<”) qp
0 0

cet?

Th 57, FERE.

THBDT, w\zeLEE\L’C\
z2)dz —im| = <ei(sew)— ) dQ' < rmax |e* — 1| = Tmax C_n
) cl=e = 1] Icl=< Zlnl
11" — "
< mmax —=7(e=1)—=0 (g—0).
_WZ =rd =120 620
W 212 161?0&/ f(z
(%), (
. Rging . )
2i dx = f( Ydz — f(z)dz > mi—0=mi (¢—0,R— ).
5 x I'r
Wz

B 6. fldcDirf5TIERIE T2, Co z=c+ee? (W e[0,n]) T 5L X,
lim f( )

e—+0 C. Z—C

dz = mif(c).

13 %;&nﬂﬂuo)’fé

Hiffi £ TT. HARDOHM T ROFR Ttz SN 2 5 ERN 2 BIEGER O WA KRR K 72, (f
DN EED L., BT 2, SRGROFEHE 2, 1 ROBEHL Y 7>, Riemann [H D 24Nz
ROPNe ., @AKo TWDE%S, )

BIEGRIZ Z D, EWVIHELD LD, F—U—Fz2dIFTHL,

Tznhd L—E DD 7 512, Cauchy OBEA AR EIEEBEMT 210 205 2 5h 50, C. &
FHETH B,

Big s, TREGHEE -7 W0WI RS, YRH->TVRETTTR) hBoLe b0 aThy, ¥R
FIEBUIR SN TWE DT, HER 5 Z IdHkRER A,
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o TEFIEIEL. AEEAEL. Riemann [H
Gauss, Abel, Jacobi, Riemann, Weierstrass & KEFHZDI D #HA, Z DAERIZ 19 tH
FOEFDIHE Y HIEIN S,

o FEFRBEEL
JOH LS EETDH 25 (R TR DB EZ R 3 O $ %), BRI E TR
THEAHIFESN TV S,
o ZZRIBIRGH
lﬁgfkﬁL (1901-1978) DRV EHTD %,
o ERE IR
WMAEDTDHEHIITZ S &5 ICEABE R 28R 3 2 BE%GR & L T, Laurent Schwartz
(1915-2002) DEERIEL (distribution) A3 K LTV 253, R (1928-2023) DEEKEL
(hyperfunction) HHTH %, BRI, BB O “GFED A" L L CEEaK
ZERT B,

14 [BOMRE

(ZZEWVWEDE 23, 2L AFF+HTT, IICHEMHEEEARLTH- T, ZH55DHD
REEDPRDBEFLTHZ2DT, ZH0ERTREWV, )
BE 1. (ZZ0EZXHEERMTH 5, )r+y=10, 2y = 40 OfFRIX t2 — 10t +40 =0 D 2

10++/102—-4-1-4 10 £ v — 10 £2v/—1
Bt= 0 \/02 O: 0 5 60: 0 5 5:5i\/—15. $ibb 54+ /15,
5—+v—15. m
RE 2.

(1) D= f(a), C = f'(a), B= f"(a)/2, A= fO(a)/6. (BICETE 23N, BT 31
ZHUE f D alZBIF S Taylor B TH %, )

(mf%®:0i06a+m:0ﬁ§#ﬂé®f\a:—%l

FRE 3. BRLNLVOMED TR 2 (FE. ERFOARBEICHEI N 02 /i e
H5) EET2, =m

BRE 4. X3+ Y34+ 22 -3XYZ=(X+Y+2)(X?+Y2+22-YZ - 7ZX — XY) IZERE
FOHERFICEHSL Z e 2 VWARTH S FEHT 2123, A2 EML TELI—HTE L
ZHEPDIUIR), (ROMZELZTRLIE. IARTTHRTH S, BRDDITE HITH
Btz iED 5, )
W2 +2+1=0DIRTHSZLIHEKTHESR, EoT
(X +wY + 0 2)(X +0?Y +wZ) = X2+ (WY +w’Z +w’Y +wZ)X + (WY + w’Z) (WY +wZ)
=X+ (w+w) Y +20) X+ Y+ 2%+ (w+w’)YZ
=X*-(Y+2)X+(Y*+2%)-YZ
=X’ +Y*+ 22 -YZ-ZX - XYVm
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RE 5. TITEBDIFRICOVWTEE L TEL, FEOELEITH LT, 3=t Ziu/z3%E
B s Z—BMFEEL, Zh%E VI TRT (2T Ww3), —fikic

(©) Vit = V06, VP =t

DALT %, (BEEDY A THRVIEDEIEN, t BEBDO L EiX. t D 3FRIIF
T 20 —BMHERL, LED>T vVt 2VIRE MY R LICEE®RISHEEE T, (O) D&
5 AR NI Z A0, )

o,

(#) @+ =—q af= —g
iz Y = —a, Z =B B

x3+px+q:x3—3aﬁx—(a3+53) =2} —3YZ+ Y3+ P =3 Y3+ 2% - 32YZ
=(x+Y +2)(z+wY +w?Z)(z+ Y +wZ).

WRIZ 2% +pr+q=01F

Y +2),—(wY +w’Z), — (WY +wZ)
= o+ B,wa + wB,wia + wph
LIRS,

LU (8) 2729 o, 6 &2 (D72 b 1) KD 2 Z e ZHEEICT 5,
S (8) &7z R 53

t&rﬁﬁ

3
() o'+ 5 =g, o't =~ (%)
MDD, @RI A:=a3 B:=p3 Bk, (A+B=—q, AB:—(§)3 i A RYASIY

T) A, B 1%
t2+qt—<§>320

—q £ 4/¢*+ 5P > 3
I
R N O GRS W OO}

(h2) Q= %7 ﬁ:\s/t_2
LBCLE, CHBEEMTHD. o b fIE (1) i, T

D 2R

QP+ B =t ty=—

aff = Vtity = \/ - ((Q) BESTVS).
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WEND 1 DRI T ILT %,
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re? (r>0,0€ (0,2m)) 3B L X, 2% =r% |2 =|z|~
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Cy 1Zia S MRAET I,

2m—0 2
/ 2°f(z) dz = / (Re)*f(Re) - iRe™ df — / (Re™)*f(Re™) -iRe® d§ (5 — 0).
Co 1) 0

7272l 0=00Dt % (Re")* = R* 0 =2r D& X (Re¥)® RO‘ mei » BIRT (25T B M
BT [0, 2] L ooE#REREIRIC R D . BT DPCRBEZ T H 5 ),

2m ) ) ) 2w ) M
/ (Re™)® f(Re™) - iRe” d@' < Ra“/ | f(Re”)| do < R QWﬁ
0 0
2mM
=S 0 (R oo),

—C3 120 2 BHED IR
R
/ 2%f(2) dz z/ (te(Qw—é)i)af(te(Qw—é)i) L o2T=0)i gy
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kR4 LoitHERELERZE, § 20 DE =

/01 29f(2) dz — /ERtO‘f(t) dt,

R
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§—> 0Dk, .
f(z)logzdz — / f(t)logt dt,

C1

R
— f(z)logzdz — / f(t) [log t + 2i] dt.
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W3 (ZOHRDOD Log(—2) DEIBRDLIALDOHLVWHDZRES Zi12kd — avBa—
R — 7 d S RHIER R D2 ? ),

FRZ T N THOHAIMR T H AR,

/0°° f(x) de =— Z Res (f(2); ¢) Log(—c).

clE f OfE
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0 0

Imc>0
Logz iZWbw 2 £fH, F74b5 Im(Logz) € (0,27).

* logx WloaHﬂ
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ZOHEDFHHIX, EHIIZ M [15] A DT h o7z,
a<b&TBExE,
d(z) —Log

-
X z=0a,b ZRIRE T 5, FEOWEDN L, (C\[a,b]"CIEHU“CZééo x € (a,b) &I 3L E,

) = —2m
z=x—1€

THb, fH[a,b D (CIZBF)BERE D CEAITHZ &, C % [a,b) ZIEDMAZIZH
2 D NORXHNCTE & 272 AEAfhR e 32 .

b P
[ r@ s = o= [ e mos =

AL— R TRoThb, fOEHEBEKT, [o,b]) LITELZRVWE T2, KOENZHE S 272
HifR O T, ZADFOHEED f OMEEZET. [0, 2B XS BROODEET %, x € [a, ]
WX LT,

fz)

27rz Cz—:c
THDE0 56,

/f dx—/ (2m 0% )dx:%/cf(z)q)(z) dz,
).:/a zd—xx:Lng:Z

CREAEA “REL” LTWL, fOMc 2R 5T CIHETDEIZZEDZIINY, B
ZENHERW, . TOREWEED R LT,

— Log

z=x+1ie

lim (Logz_a
z—0b

el

—b

flx) = o—

/ f(z Res (f(2)®(z);¢) + L f(2)®(2) d=.

cE(C\[a ] 2 Jjo\=r
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200 DEE, B(z) :Logi:z S0THBIE, f(2) _OG) (z = 00) THBZ L
B, R0 DL & F(2)®(2) dz = 0. @ ZIWZRDEH RS,
|z|=R
a N
EE C5 f(2)= ggg, P(z), Q(z) € C[z], deg P(z) > deg Q(2)+1, (Vx € [a,b]) P(x) # 0
ETHEE, ,
/ f(z) de = — Z Res (f(z) Logz;z;c) .
a c€C\[a,b] 2
\_ J
il C.6 1
dx
= /1 4+ 1
ZOHEIF O(2) = Logit; cWA+1=0DRTHZE X, clI f(2) = o D 1D
ThHh.,
1 c c®(c)
Res (1) = 8(e) Res(fi6) = B(e) gy | = 0le) g = 0le) g7 = =
THE05H
1 s
I =— N _HZZ_H N Res (f(2)®(2);¢) = ELog (1 + \/5) + ﬁ

C

V2 V2 V2 V2

(B0 & = 2 EAMY T N e h, BB L 5% AR EZ5, ) n

C.6 *Eoft BRERSD

5l C.7 (Fresnel (7L xIL) OFED) f(z) :=exp(—22/2) D C :=C, +Cy+ Cs, C; =T x,
Cy :=Tx a1ix, C3 :=Lsixo (X € (0,00)) IZIHo TOETEE RS Z LT,

/000 cos (x2) dr = /000 sin (xz) dr = %

T
(f) fIIEBIRTH 206, BRI C IR S BEDIE 0 TH 5,

Oz/cf(z) dz = . f(z)dz+ CQf(z) dz+/03f(z) dz.

_Csf(z) dz:/c1 dz+/02 dz.

106 Augustin-Jean Fresnel (1788-1827) D% % it X 417z Fresnel 7 C(z) = / cos (t*) dt, S(z) :=
0

/ sin (t2) dt D x— oo TOMERTH 3, Fresnel (XD EFHT O FH W=,
0
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Cildz=2(re0,X]) EXTX—=RXR—DIFTED0bH.
X 2
f(z) dz:/ e~ /? dx.
Cq 0

v/V2=t L BIT B Y, dr =2t THZDb,

XNVeoo o0
f(z)dz:/ e ! -\/§dt—>\/§/ e’
Cq 0 0

Cold z=X +iy (ye[0,X]) ¥R RA—R—STE 3,

ro] 3

2 XP -y 42Xy

5 = 5 , dz=1idy

THED D, .
f(z)dz = / e~ (XPVHRAXD/2 G gy
Co 0

)e—(X2—y2+2iXy)/2

=2 (X2 )= (X +9)(X —y) < —X(X —y) THE2b,

X s X
S/ﬁewxﬂvmyg/‘gxaww@/
0 0

0 X 5 <
= / e Xt/2 (—1)dt — / e X124 — {__ . e—Xt/2:|
X 0 X

0
2
=—x <6_X2/2 — 1) =0 (X — 00).

—C3l& 2= (1+i)t (t € [0, X]) TR =R —=DIFTE S, 22 = (1+i)%? = 2it?, dz = (1+1)dt
WKWHERLT

f(z) dz
Co

b X
f(z) dz = / ot (I1+4d)dt = (1+ z)/ (cos(t?) — isin (%)) dt.
—C3 0 0
MExedT,

(1+4) </0X cos(t?)dt — z‘/OX sin(tQ)dt) = ﬁ/OX/ﬁe‘tQ dt+/02 f(z) dz — \/g (X — 00).

WZNIEHAD ZODETD X — 0o D& = DOHMIR S 1FEIEL T,

%0 o0 1 1—i
/ cos(t?) dt — z/ sin(t?) dt = 2= Z\/E.
0 0 2

1+i\ 2 2
Kb, B E A - T

/00 CoS (t2) dt = /Oo sin (tz) dt = ﬁ.l
0 0
ffl C.8 Va e RITH LT,

2 _ .2
e T T2 — 7\ /7.

—00

FEHE, MEER 2L - T,

/ e cos(2az)dx = e~ /T, / e~ sin(2az)dz = 0.
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DL %R,
(FRE)a=0 D BRZRIAONTERTH 2 (WA FOHEBEICH >TVWD), [LFEME

BOHEZD S DIXHSITH S ( e / e dr < 00 THBH B, HHHT

ﬁ?é%a>O@%éiﬁ%?ﬁ@+ﬁfﬁéit%§gmﬁbéM<O@Z%\a@ﬁb
DIZ Ja] IZ2OWVWTEZIUIRWV),

f(z) = exp(—2?) £BLsa>0, X >0RNLT, O :=T_xx, Oy :=Txxyia, C3 :=
Cxtia—xtias Ca =T _xyia-x, C:=C1 +Cy+ C3+ Cy &BL, fIFEEET. O 1ZPAMMHR
THIh b,

—2r244
e r°+i2ax

Oz/f(z) dz= [t det [ feyde+ [ f&) de+ [ f2) de
C C1 Co Cs Cy

/f(z)dz— f)ydz+ | f(z)dz+ | f(z)d=.
—-C3 o} Cy Cy

Cildz=z2(re[-X,X]) ERXTAXA—R—DIFTEHDT,
X 2
f(2) dz:/ e " dx.
C1 -X
Cold z=X+iy (ye0,a]) €T RXA=R—=DIFTZE, —(X +1iy)? = —(X? —y?+ 2iXy)
ThHhIHN5H, .
f(2) dz:/ exp [—(X* — y* + 2iXy)] - i dy.
Cy 0

X>a 8RETS L. ye[0,a] ITXLT,

Re [-(X? -y +2iXy)]| = (X’ -y ) = (X + (X —y) < —X(X —y) < —X(X —a)

ThHhIHMbH,

a

S/ jexp [—(X? = y* + 2iXy)] | dy :/ e dy
0 0

f(z) dz
Ca

< / e XX gy — ge= X9 50 (X = o0).
0

FREIC LT,

f(z) dz
Cy

—O5 1z = +tia (v €[-X,X]) ERFA—X—BITET,

—0 (X — o0).

exp(—2°) = exp [—(z + ia)’] = exp [-2® + @® — 2aiz] = e e (cos(2az) — isin(2ax))

THDE056,
2 X 2 X 2
f(z) dz=e" (/ e " cos(2ax)dr — z/ e’ sin(2am)dm) :
—C3 —-X -X

DElzgsedse,

2 X 2 X 2 X 2
e? (/ e ” cos(2ax)dx—z’/ e ” sin(2ax)dm) :/ e’ dx—i—/ f(z)dz+ | f(2)dz

-X -X -X Ca Cy

— V1T (X — 00).
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W 21T .
/ e~ cos(2ax)dz = e~ /T

BB, COLRBETOEEZDODDIFHOS L TH D, EESEEL TR THEZ 5

/ e~ sin(2ax)dz = 0.

o0

HEHENNE—DIF DT, o
/ e e dy = ¢\ /7.

Bl C.9 n,meN, m<n LT,
00 m—1
R
0 1+am sin(mm/n)

FRZIE O D TH 505 (LN O T BB DID 7753 n WKIFL TWA DT, TREZE
HE2D3H LV, ENRICHDDD ., Z2LDTFAMIH - TWAHITH 5,

/OO de  « /OO / B
o l+a2 27 J, 1423 3vr 1+t

x4

o dx B s
/0 1—|—JIJ5‘_4h/2_\/§7
V2)m

2

/°° dv 47 o

o 1+ 5y/10-2v5 o 1+x6_3

/w dv  (V5+1)rm L/w dx (V6 +
0 0

1+ 210 10 1+ 22 1

B, HHEE r € (0,1) 0L T,

< T
/ dr = —
o 14z sin(rm)

ZAAAT 2 DICHBRAHATES (r=m/n E LT, 2"=u EWVWSEEFETZT5),

m—1
() ()= B Shu, exp 2R 0 1) B LTS,

ZNLIADOHEFTIXIERITH %, w = exp % e, fomE W (k=0,1,...,n—1)
LREDZ, W =1, W =1 DY LD,
R € (1,00) 1T LT,

Ol = F()’R, CQ Z = R@ze (0 € [0, 27?/71]), 03 = FRw2’0, C .= 01 + CQ + 03

By, CIIHMERT (Co DS Rw? TH B Z LICHERE), 20 EIC f ofidizl. N
HCH D f OWE w T TH D, BECHEDS

(%) f(z)dz+ [ f(z)dz+ | f(2)dz=2miRes(f;w).
4 Cs Cs

FT wlid fDOIUDMTH B 56,

m—1

z z

(1+ z”) o n

Res(f;w) =

TLZn_l

Z=Ww

WTHBB TR THHILT 5, RTHDHFIETRT,
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Cildz=z (x€[0,R]) L RTA—X—(FIFITEZ25,

R R xm—l
le(z)dz:/o f(x)dxz/o T dx

Co 1230 2 FFE D /
2n/n
f(z) dz = / f(Re™) -iRe™ df
Ca 0

TH2, HDIIER M, R* BEFEL T, [f(2)] < M/|z)* (|2| > R*) &\ 5 FHliRE D LD D
T. R> R 1L T,

27 /n A M 2 /n 20 M
0 _
g/o | f(Re )\-Rd@gﬁ-}%/o df = —— =0 (R — o).

f(z) d=
C1

—C31F 2 =tw? (t €[0,R]) £ T X=X —{JIFHKZ 5,

R R 2fm—lw2(m—1) R m—1
f(2) dz:/ f(tw?) - w? dt:/ —_— W’ dt:me/ dx
oA 0 o 1+ trwn o l+an

(1) WARALT,
(1—w*™) /R o de+ [ f(2)dz= —27m'£
o l+am o n

R—oo &35, FlEH 2 0 1TPCRY 2 DT, 5 1 HOMIRAHFE L T

o) m—1 m
(1— w2m)/ ’ dr = —2mi—
0 142 n

DD LD, W RIT

/°° xml —2miw™ w21 T
dx = = — = — i
o l+av n(l —w?)  nwm™—w™™) nsin(mr/n)

il C.10

q q q q % pa! T
r(fr(1-4)=p(%1-7)= .
(p) ( p) (p’l p) llé T+ 27"~ sin(rq/p)
BUIDESIESLR B(a,B) =)L (B)/T(a+p) & I'(1) =112k 3, ELREDFESIZ.,

Foflicksz, UF. BAFDOESEZRT,
T3 P =u WO E#HEHWT,

00 q—1 1 oo ,.q/p—1
(98) / v dr = —/ Y du.
o l4ar pJo 1+u

—J7. N— BB DERN

1
B(p.q) / (1= 2) de
0
CBWT, o =t/(1+1) LERERT 5

(99) B = [ (ltp—_ldt

+ t)pta
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PEH s, THhb

[e'e) qfl 1
/ ’ dx:—B<€,1—Q)
o l+a? P \P D

HEOLND (BEATOEFES DD D),
PZMEDRERIC X 5T, Vo e (0,1) iTxfLT

Ix)r(l—=x) = Sn(ro)’

fATHEREIC K o T C IR THALT %,

e~ ? O ez/k

(v 1& Euler DE)

z o 1+z/k
XD,
e~z VA o0 e?/k 0 ek 1 0
I')ria—z =-—
()I'(1=2) 22 Hl—l—z/kHl—z/k: 22H1 z/k
k=1 k=1 k=1
W 21T
. T 2T 2 = 2
sinmz = ————— = —72 1—(z/k)*) = -7z 1—(z/k)°) m
)T (—2) E( ) g( )
il C.11 _
I :/ logsin @ df = —m log 2.
0
> log(1 + z?%) 7r

dr (0 <a<?2) (&

9 9. (Ahlfors p. 174) / )
0

rlta asin(am/2)

D EHREBoEH

FAIOMENZ, BIEGRH Z LA DITRBEART]RE WV DI TRBRVDEZTNE, HloTWwd
AL ODT, BWHLICSWHIETDH %,

FHRBOMDRNATHBEL TW202 BRI DH 25, HBHTERI o7 (fc#K->T
WD 0Tzl ? ),

D.1 EREOINE — FREOEDREFRI

£, g B c DIEETIEAIT, flc) £0 DL &, F = % 1% c OB TIFRITH %, B
DEEX. f, g, F OENEEFE DR OENICEBRAIE S5,
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4 N

fidd D.1 (ERBOBDOE) —fic. 0 OEFICEHIT 2 NRFEREL

f(z)= Zanz”, g(z) = Z b,2", F(z)= Z Cp2"
n=0 n=0 n=0
LT, F(z) = % P SBIEN BB L E (IS £(0) £0 BIELTWOS).
bn - Zakcn—k:
b _

(100) co = a—z Cp = ’“—alo (n € N)

DD LD
\_ /

(100) % c, ITOWVWTOHBEREEZ S E, n=0,1,2,... DIHICEZIHETZ Z e ZHRL
X9,

G g(2) = f(2)F(2) TH 206, MK BUZ DWW TR D 2D

(Adog+ A1+ A+ ) (Bo+ Bi+ By + -+ ) = AgBo+ (Ao Bi+A1 Bo)+(Ag Ba+ A1 Bi+Aa By )+ - -

ERASPR5}

IHB g(z) = by EELVOT, FREEILEL T,
n=0
by = ayco,

by = apcy + aco,

by = apcy + arcq + asco,

b, = apc, + Z apCnr (n €N)

k=1
BELNZNE, E2rb
bn_zakcn—k
b by — by — arcy — -
CO:_O’ 01:1 CL1Co7 o = 2 — 1€ 612007 e ey = k=1 (nGN).I
ag ap ag ag
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D.2 Wronski DT

Wronski DA E WD DD 5 % 572 (https://math.stackexchange.com/questions/1264615/
inverse-rule-for-formal-power-series),

oo; = f: bt"
Z antn n=0
n=0

aq Qo 0 0 tee 0 0 0
a9 aq Qo 0 ce 0 0 0
as (05} aq Qo cee 0 0 O
=
(101) bn = "—r
0
Up—2 Qp-3 QAp4 Qn-5 -~ ap ag 0
p—1 Qp—2 QAp—3 Qp—gq4 -+ QA2 Q1 Q
ap  OGp—1 Qp—2 GQp-3 -+ dg a1 Q)

Henrici [50], Theorem 1.3 IZ# > TW5 &2 (BB, Henrici 2. 2 WKL),
TEARIIA Y FAVTT 7 RRATED L

M. H. Wronski, Introduction a la Philosophie des Mathematiques: Et Technie de
I’Algorithmie, Chez COURCIER, Imprimeur-Libraire pour les Matheooatiqtte, quai des
Augustins, n° 57, Paris, 1811

https://gallica.bnf.fr/ark:/12148/bpt6k6225961k

RIS HR Iz & ZICTARTA LD QIOR=JDARDE ZIZH > TWVWBEDRH ), “quai
des Augustins, n° 57, Paris” I&HRAEDEFR S LW (2 W5 Z 8 % ChatGPT IZHZATH H -
T. Google Map Tifi7bh L7z lEATVWET),

D.3 tan OBEHRBERDRVIOBIEZ KD B
f(2) :==cosz, g(z) :=sinz & C 2R TIERIT, f(2) =cosz #0 (Jz| <7/2) THEH b,

sinz  g(z)

Fle)imtanz= o2 =45
% 2] < g CTIFHITH D,
FO=Y 0 (<)
Y Taylor BHAHK 23T TH 5. _
FER. R T.14 THALIZ K S0,
Bernoulli % {B,} %. ezz_ - = ni_o% %z" TEDB L X,
e 3 U Bty g,

279


https://math.stackexchange.com/questions/1264615/inverse-rule-for-formal-power-series
https://math.stackexchange.com/questions/1264615/inverse-rule-for-formal-power-series
https://gallica.bnf.fr/ark:/12148/bpt6k6225961k

L2 L. Taylor BB DA DEIHE

tanz:z+lz3+£z5+£z7+---
3 15 315
Z3RKD 372037 H1F, Bernoulli 8% W 2 REZ 7RV, FANTRFIUR, f 27 LT f™(0)
(n=0,1,2,--+) ZRDTWIHIRWAH, ZHREFREIHEET, TIATEFEE S, 2 2T
i D.1 O (100) ZHOWTEHELTA L I,
cos, sin D 0 DFHH D Taylor FERH

_ - (_1)n 2n : _ = (_1)n 2n+1
cosz—z (2n)!z : 81nz—nzzo(2n+1)!z (z € C).

n=0

EEBERTE LTHW S, |2 < 7/2 Tl& cosz # 0 DI D ILDD T,

R SR TR TS U SO SOOI
tanz = — 0 120" 5040 .. 6 120" 5040 (2] < 7/2).
1—522+ﬂz4—%26+--- 1—522+ﬂz4—m26+---
HFIADE 1 DT 2 ZEROIEH D DR - 771, 2° OFAINTH 5 DT,
1—122+%z4—%26+~~ o o
e

2 24 720

Y REZETTHS (tanz EFEEL O THEEROEIRAZ L, ©2IC ta:z ICEFER D
BN, EWVWS e ThH5), w=22 £BL L,

1 1 1 1 1 1
2 3 2 3 2 3
(1= Z - — e ) = 1 — St — e —
(ap+ayw+asw+azw’+- - ) < 5 + 5 ¥ + ) 6w+ 720Y " E010” +

5
ag = 1,
ao . 1
2 +af1 — 67
Qo ay 1
24 2 77T 120
ag aq (05} . 1
720 24 2 TP 5040’
ErBEIC
ag = 1,
1 Qo 1
ag=-=-+-=7,
6 2 3
1 aq Qo . 2
7 120" 2 24 15
1 a9 aq Qo 17
as - = = o
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W Z 1
tanz:z+lz3+£z5+£z7+--- .
3 15 315
DFTIETH#EBASICE WS Fur oI v VEETTur 7 22 L T, R LTA%S,
L BWVEGED, FIETFIERfHREL DT EV AL —2a YDHEDH S, it BASIC
PRALZEAZ. UFOZ s 7ul s ADEBHEL B2 5TH S,

o it BASIC TlX. BEEGIENARETH 5, 53572012, Fu T LADHENNIT
“C OPTION ARITHMETIC RATIONAL ¥ EE7T %,

e cos, sin @ Taylor B ORENX. H@EIX#H{LXTEHET 2 D EIZ2, 3 BASIC
Wi FEREE T ~ . BEREFITRE T 2BEB FACTO PRI TV,
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e cotangent.bas

OPTION ARITHMETIC RATIONAL
DECLARE EXTERNAL SUB INverse
DECLARE EXTERNAL SUB conv
LET maxn=20
OPTION BASE O
DIM c(0 TO maxn),s(0 TO maxn),IS(0 TO maxn),cotangent(0 TO maxn)
FOR n=0 TO maxn

LET c(n)=0

LET s(n)=0
NEXT n
FOR j=0 TO maxn/2

LET c(2*j)=(-1)"j/fact(2%*j)

LET s(2*j)=(-1)"j/fact(2*j+1)
NEXT j
PRINT "z/sin(z)"
CALL INverse(s,IS,maxn)
CALL PRINTc(IS,maxn)
PRINT "z cos(z)/sin(z)"
CALL CONv(IS,c,cotangent,maxn)
CALL printc(cotangent,maxn)
END
REM - -
EXTERNAL SUB printc(a() ,maxn)
OPTION ARITHMETIC RATIONAL
FOR n=0 TO maxn

PRINT a(n)
NEXT n
END SUB
REM -
EXTERNAL SUB INverse(a(),b(),maxn)
OPTION ARITHMETIC RATIONAL
LET b(0)=1/a(0)
FOR n=1 TO maxn

LET s=0
FOR k=1 TO n
LET s=s+a(k)*b(n-k)
NEXT k
LET b(n)=-s/a(0)
NEXT n
END sub
REM -

EXTERNAL SUB conv(a(),b(),c() ,maxn)
OPTION ARITHMETIC RATIONAL
FOR n=0 TO maxn

LET s=0

FOR j=0 TO n

LET s=s+a(j)*b(n-j)

NEXT j

LET c(n)=s
next n
END sub
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OPTION ARITHMETIC RATIONAL
LET maxn=40
DIM a(0 TO maxn+1),b(0 TO maxn)
REM sin(z) O~ ra—1V VEE
FOR n=0 TO maxn+1

LET a(n)=0
NEXT n
FOR j=0 TO maxn/2

LET a(2%j+1)=(-1)"j/fact(2*j+1)
NEXT j
REM f(z)=sin(z)/z D~ vu—1) VJEH
FOR j=1 TO maxn+1

LET a(j-1)=a(j)
NEXT j
REM 1/f(z) OD~Z7 1 —1) R
LET b(0)=1/a(0)
FOR n=1 TO maxn

LET s=0

FOR k=1 TO n

LET s=s+a(k)*b(n-k)

NEXT k

LET b(n)=-s/a(0)
NEXT n
FOR n=0 TO maxn

PRINT b(n)
NEXT n
END

N

D.4 Bernoulli#iz B tan OERERH
NV R — A BUZOWTIE, Bl 7.13(p. 135) THASM L7z

(HEfRH)
E Cauchy OFBE7DTEIE Bl

E1l b®5—EkRDiES
Cauchy OFEDEH L IZ. HHLED &,

-~ Cauchy DD EH
BRVFHEHNORAMIR C &, C o Ly, C OMTHEFHTIERIZZBEE f 1T LT,

(Lf@ﬁ&:O

(cﬁﬁﬁﬁﬁmf@%ﬁﬁﬁ@ﬁhﬁ/}@ﬁk:m
C

N

WS FRTH 5,
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T C/ C/

22:/f(z)dz:0 23:/f(z)d27é073”6 24:/f(z)dz;£07b“6
c c c
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TN o HELAGRIE N,
e MOBOE (0o X HICHBEMLENEOND)

f DSIERIREFT O 23 Cy 1 TATBIERS ) o3, [ f2)dz= [ f(2)d=
C 1 C2

C. k _<,Cl
¥ o " / i N
( J [ O \J
\ AN 2 \ \_/__.___h_ a/
25: f(z)dz= / f(z) dz 26: f(z)dz= [ f(z)dz
C1 Cy C1 Co
C
r ol E"{‘

/‘;"“\, e
LY Ci = -"'___“—-..___/IJ
\\., "

27: JH: f(z)dz= [ f(z)dz+ | f(2)dz
Cq Co Cs

LIAN T WS Z e 2HFENCEREL XS 352, BEAMCHEH LW, RITHIWT
LEZBHALLICARZZ2Z22d, RTRESI T2 RYLODLBVANZVDTIERNSEA
3 D

BlzZiIasa—&Z— X E LS T3, TRAUIHG ) THEELIS T I3DIX
HHTHZ (ZNTE TR0 2ELIPREH LV, 20T TR, D UMM
m3e. ANETH—HREZTITIEHM KL 125,

X 28: HifR C 13HRANy TV DEZHA TN S ? HIEIZH LW,

L) 2 5T 20, ZDRIREKIT—E D TIERWV. ZD7® Cauchy DFETEMIC
F, BEON=Ya v BH 5,



COHITIIAN (5i#H3R) O TR DIRL 7. BUEFTEBICH T 2 Cauchy DRETEFH D
HILREAZAT S, ZhE%RL, HOMADAD T &) T2 L Bbh s,

e ™
T B.1 (BEEEEICHTS Cauchy RS EE (FE6.12 Bi8)) Q 1 C MR
SRR, £ Q — CUZIERL. C 13 Q NOXAH O Rl 52 » =

] (Lf@yu:o )

BEJE LT, Bl (M) & o R ZER v (BIEGERLIMCS K SHITKRS)
2ODEBERMRTFERZ LITIZ D,

T HGEAT T H 2 LW D BRI 3 2203, E#EICIE TEAER 72 < 72 5 K 5 & f&E
EV (O vy EnwH e TH B,

E.2 AXDOHAEICDOWT
(ZZREDEIRPFEEDONEZRD Iz WVWS, BLIRD XS RFETT, )
—[1Z TCauchy DFEZER ) , Cauchy DFEZRI WwH iy, HidtakizN—Y 3

VDB,
2D XN T 20, AEZ ETRXD XS,

L EAIMEEEIC MBI RIRETH S 2 ) EERT S (EF 2.7).

2. H#47% Goursat-Pringsheim 12 K % T=AEOxfECIERIZEE 2. BIZH - THRED
T30 LWVWHEH (I 6.1) 2HRAX—=1F 5, RED ZOFEHIFHEN L TELIR
XTHAI,

3. BREHEIC BT 5 Cauchy OFEEM (EH 6.18) ZFEIHT 5, ZAUIKFr &k < (HBED
S h L, RN EORE ) AR T, BVt H %,

%2@\¥E#6¥ﬁﬁ%%mtﬁﬁm%ﬂﬁ®f\CWﬁecugoyﬁéwﬁﬁﬁ
e LT, S ERTE 3,

4. FABEBIC BT % Cauchy DRETARN (EH 7.1) 23T 5, 20 o IERIBIOEHR
BbAn et (€8 7.4) D3 %,
(2 ZETIIHTANICHEATWS, )

5. Green DNFUZFHED L Cauchy OFEDERE (EH 8.4) N T 5.

o HDHIZIZ, Green DARFITHKD K Cauchy DR EHIZ T TINTEEEE ST
FAMBEET %o (Green DRI —MMZIGECHEAT 2 DIFKE T, WMIEDT
DR TR EH A SRR WO 3 @72 D C) HAKNT Z DR D JTITE R L 7%
W, —ATENZEHTI2ODRIBVWEEZ S, (Green DO FEHMEZ
BHHIR 2 L. #IC Green DR TIEIRMERRDE D2 WD Z e ZHiAT %
Rz 5, )

o ZOHEBEDFHDED T TIE. Z 2 FTCTIERIBBUIEREM D AIRETH 3 Z & H3EF
HTETW20DT (EH 7.4 OffiHLR). BED C RTH 2 0 H M2 IRET
B NENE TN,
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o MIRFEIUC I % IEHIBEEDY Laurent ERIHISR 2 Z & %, Green DRFUTFHD <
Cauchy DFED EM % AW TREH T %,
(IR ER KD EH D D Laurent BHIZERE T4, BRIEBIZBIT 5 Cauchy O
FED EBZ W T FICAEHT X 223, ISH%Z# 2 % & FEREE OGS IZE
AL TEBE =WV, MEREBICET S Laurent JERIZ., FEENKZ WO T, ERMHE
BUZ3 21 2E F—=FY 2/l U2 BEDPAET %, Green DNFUTFHED < Cauchy
OFEEM 2 i Z IR T 5, )

6. FEDTEE DA DWW T EICHIAS %,

(a) HHARDLAM LR B X 31T, HIFRZ N CEBINICEE L b &, ffED O
EHIXZED S 70,

(b) PRz BRI CHEBIHNC AL L7z & & BED DIEIZZED 5720,

RS 5 e THHEEREBAN ORI S #RFETI1X 01 WS, Cauchy DFETEHD
BanErt 5, ZOEHOIIAEMSR ESICEb L, KX TIEFFHL WD T, MUF
WKHTR 2 EHDFIICIIE DN, HoTHEL L2 THRBELIEL,

ZD 5 Cauchy ODFEDANAR DI OWT, BHIRIK?? THALZZ X512, 7R3 01
RBREHFDICRERT S, BVWHEEZ L EPRELEE TS, 20 HHDIEHALD %,
THUEA X =YD CTRESIRY 7205, BB 0 B3 0 & 78 5 R TiIAD THifEIZ /2 5 T
% W BEERHZERH L 72,

HEGEHIZOWT, FESDE DI AN K H 20, 266 bHHETERDT
DT R, BERINCIE Laurent O EFBZHELD £ 2 &\ 5 FECUHE T 5,

MB Goursat-Pringsheim 12 X 2 EHEZFREHTDIX. BHOMANBEBRICEEINT
W BHEDTROD S LRV, BEGEHDZ < DFERZE 1T, Green DA 5 HFEL T,

f(2)dz=0 WS IED Cauchy ODFEDEMZEZ, Cauchy DED LA D. a € D ITxf
aD
LT fl@) = o ;Egn@%f%i@éﬁﬁﬁﬁ@%ﬁﬁ&éx5@%@?50ﬁ%@

oD % —

RENCEDN TV B EWES S, — T, BEABOERAREFED LS5 R5Eb AL
EZBE, OD RUITHEEZIDIEFITAAL X225 DT 5, AARVERDLTEL LTV,

E.3 IERIRSEOEGIRICE D RESD
(ZOHEBFRZETEEWY o ThHY + 52, 1D Tatlre 23, KIHE4 FTRAFy 753
DD, )
:mifﬁ@ﬁ/j@y&%%i%%@Jﬁ@cmzﬁmmcﬂmfaaauf%toL

C
P Ly I CTHIFROEFIIETE 2 S 72, KM O v 5 &b 2B 2 BN D 5, 1
%ﬁ%ﬁfﬁﬁ%f@%%ém\@ﬁ/}@y&wﬁ%%\ia&@ﬁ@ﬁoifm%f
C
X5, ZOZeZHAL K5,

ZOHEDHEE. FIZRL B BT, HlZE ot f =0 /T2 LG f o, E
RSB S BHED DOER (FEH [39) DfF8R B.2) kMU TH 3, FIOTEBLZ L ZE DI
Cwhd Livkwngy, —EEESTIEOERO T, YRR T 2 2 28D 5,

TR TR %, £ T IEHIEROERESBVEETH 25825
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E.3.1 EREMEHICH|T S ERRBEBOEGIIRICAD (LK) D
TAT 4 7 FRRREAE RS |

[ DEEHEE Q NTIERITH % & =, f I3EBEKEZFR D, T4hbb IF: Q — C st
F' =f.

EED a,b € QWML T, F(b) — F(a) DfEE F OFECFICEI SRV, FEBE F:Q — C,
Fo: Q> CH F =F,=f ZWidhold Gk) = Fz) — Fi(2) ( € Q) £BL L&,
G =F-F=f—f=0TH3»5.GEQTEBTHZDT, Fy(b)—Fi(b) = Fy(a)—Fi(a).
W21 (BIEL T) Fy(b) — Fy(a) = Fy(b) — Fi(a).

FIT fOCIWKRSIREES L(f;0) %

L(f;C):=F(@0)— F(a) (a,bld C DR EFER)

TEDS (F DD FIZ X o FTHUDEDIMEE S 2 DT well-defined TH 2),
C BRSO WOMIRTH 5 ¥ %, L(f:C) = / () d= BN ST D, EHEC DN
C
DXGHNC CHIRDBIFRTH 2 L &, F % [ OFEBEE LT

/ F(2)dz = F(b) — Fla) (a, b 13 C RS Y $H)
C

DR DO ZLIFRAHSNTVS, Thbb, RS L(f;C) & C DRI C )
THBYL EE (CRETEATER) %ﬁ%ﬁﬁ/ﬂz) dz b —3F 3 ( TR LIRRDIC X
C

HL),

E.3.2 —fROME/ICH|TSIERIBROESBRICES (k) RS

Q% C oBEA. f:Q— CIRERL O Q NOHIRT. 2= o) (t € [o, B]) ZE DS
FRX=Z—FF, O = {pt) |t € |a,p]} (WVD®DB C DF) T3,
QACDEEZEZEZS (A=C DHFAEIF. UTFD e Ze=00 & LTHAMKIKZS).
Fix
(102) €= zeciggeas) |lz—=C(| >0
DD D, TDeZ C* & o0 DR, — FITHBRFHTDH 5,
~ (102) FEADH 5T L N

C o Cxid. ary 7 MVEEG (CHOERHAELS) TH2 (a7 MES [, 8] Dl
B o 12X 2B THE050),

€= Zlencf* d(z), d(z):= Cle%fﬂ |z — (|

THOH, d: C* 5> RITEHETW=22 L ZAEDHEZERZDT, ar 7 vVEE C* ETIE
DE/MEZ D, FHDN TR e 1fthiiz 5720

e =mind(z) > 0.
zeC*

k(%iléb Q& a7y [47), B2 WIEHEH [51] offst H 2R X, )
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o WXESFARXM [o, 8] THEETH 205, —HEETH L, DRI

(30 > 0)(Vt,t' € [a, B] : [t =t < &) |o(t) — p(t)] <e.

Oé:t0<t1<"'<tm:5
BT HILAE A — {4}, % [, 8] O5H,

A= max (t; —t;-1)
ZaHE A O & FER (Rieamann F8677 D HEE),

Al < 0 ZlZTEEOTE A = {t;}", 22, £ED j € {0,1,...,m} ITHLT,
zi = (t;) B FREED je{l,... m} TRLT, #fR 2 = p(t) (¢t € [t;-1,8]) & C;
B CF = o([tj-1,t;]) CQ(zj56) CQTHD, fIFEIEHEIK D (z5;¢) TIERITHZ Z &
Mo, L(f;C;) BEKRERD, 22T

m

(103) L(f;:C) =) L(f;C))
j=1
YBE.LHC) B f D CITH D IEREED L IR,

(103) %3 well-defined TH 2 Z &, TROBDE A = {t;}7) DEDITITE 5 FIT (103) D
GADENEE 2 Z e ZRTIE. 2EIOED 6 X D/MIWEEDZENCH LT, s
NEBZBILWZEDAATE S, DEIZMILTH (103) OGEDHEIEZED SRV 5T
Hb,

C BTN CT /T H 25813,

/C f(2) dz = Z /C ) de= ;ﬁ(f; C,) = L(f:0)

f@é#a\zuxmm%@@ﬁ@%/j@ﬁ&@mﬁfﬁao
C

AE E.2 HE., HEEMOEEREE T2 I CHWARE P —E, MOFTREMEZRE L2
DT, BEDHEDTZ T 57-DDXTH O iR D F F CTIXFENET 5, ZD7HIZ, L
TIIARAE ) 2 B AR IO U THRER L 7228, FHIEROMEZ WS 2 W R FED B 5,

4 R

Co: z=po(t) (t €[, 8]), Ci: z=1(t) (t € [, ]) ¥ D NDOXI3H) C* #ephFR T, D AN
THWIHRE My 7851 G % C KA T 3R CH RO KRE U —FBHTF
£3 %, THhbHEFGREE O: [o,8] x [0,1] = D T

(a) B tela, Bl ZEELE Z (0,1 3 ur— O(t,u) FXTH C! #&
(b) Fuel0,1] ZEELLE Z [a,8] 2t O(t,u) IZXTH C* %

(c) @(-,0) = o
(d) ©(-,1) =¥
e) (Vue |0,1]) P(a,u) =P([,u
k()(6[])() (8,u) )

AEFFIEIE) 1] [32] pp. 154-155 IC#{»> T\, (A4 RAFAEDH 2 D72, =
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E.4 REME—FD Cauchy DFEDEIE

QZCHOMEEL T2, Q ND 2 0DPAMIR Co: 2 = po(t) (t € [a,f]), Ci: 2 = ¢1(t)
(t€la,p)) BBHBEE, Cy B C, I QNTEHRMICERAIRETH 2 & id, #HFER

F:lo, 8] x [0,1] = Q

<.
(104) F(a,u) =F(B,u) (ue€l0,1]),
(105) F(t,0) = ¢o(t), F(t,1)=wpi(t) (t€lapf])

WDV DObDBFET S Z2 VI,
(EED uw i LT F(-,u) XEARRT. F(-,0) =g, F(,1) =9 EWVWI 2 TH5, )
ZDEECyk CLidx QIELTHRERMEYZ (homotopic, FA YEElX homotop) TH %
BV, Oy~ Cp ERT, X Q NOBEFRICOWTORIEREIRTH %,

AR E3 L& TGy 1 O WAEME—FE] EHFONTWEDEDL, FAEME—FELWV
5 DIE. MAHZEMICHN LTS SETHD (MHZEM X, Y AT ME—FAETDH % i,
gof~idy, fog~idy ZHi/zT EOBRHEMESR [ X -V, ;Y - X DPEFEETHZ 2V
5). HRRDHFRICEREE TZ 2 2 WS DX, HRE M v 27 (homotopic, KA YEETIX 'K
& F—7") homotop) &\ 5., Iz I 7. BIUIE LDV OFTIEL, HAMFEL LRV
SHEIX, MrESZICLZETROEN, ZOBRICEEVWHRALIZE WS 227255 h,

4 N
EIE E.4 (Cauchy OBRAEE (REME—H)) Q& C OEST. f: Q— CIZIEAN
Co & C1 13 Q NOBAHRT, QIBELTEREINY 7T S, 2O E

f(z)dz= [ f(2)d=.
C() Cl
Rz Oy 2VERUFRR (C) DBD 1K) 72513,

f(z) dz=0.
Co

(E18A: Q TIERIZ f . Q B LU TERHIRICAE by ZRBAMKR Cp LT,
/ f(z)dz=0.)

Co
N )

(D 7= D EFEFRCOWTHH © MR C: 2= ot) (t € [o,B]) KRLT, 3 2 € C»TF
ELT, ot) =2 (t€a,f]) HRoTWVWEEE, C ZEHBHIREMESR, pla) =¢(B) TH 2
Mo, C AR TH 2, ot)=0TH2H15, ClE C HOTH D, EED fITHL

f\/f@ﬁkzoﬁﬁbﬁoo)

C

SEEA  (KICHiHT 2 b fifif, NTHEL LEHICRZI 2D, o TWVWE I EFEES Y I T
Hb, Rzd5FEH< L, )

Co, C) DT XA =R =T EZNZI 2 = po(t), 2 = ¢i(t) (t € [, B]) T 5o

Co=C, THDND, & 2EHEE O: [, 8] x [0,1] — Q HTEIEL T,

(Vu € [07 1]) @(a,u) = CID(B,U), (I)('7 O) = Y0, (I)('7 1) = 1.
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infil= phiO[t_] = {Cos[t], Sim[t]}
inz= phil[¢_] := {3Cos[t], 28in[t]}
in3= Pt _,; u ] = (1-u) phiO[¢] + uphil[t]

Inf5}= Manipulate [ParametricPlot[{phiO[t], F[t, u], phil[t]}, {t, 0, 2Pi},
PlotRange -+ {{-3, 3}, {-3, 3}}], {u, 0, 1}]

028 =D I+ [&]¥]

Outls]=

3L

29: M @o(t) = (cost,sint) ZF&H p1(t) = (3cost,2sint) WZEFBHNTZTE

0o, o1 EEZTHARLTALD
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I:=l]a,f] x[0,1] £BL. FLEHAKM N BTEDS) ITMLT, t; == a+ %(ﬁ—a)
(i:O,l,”',N>, Uj ::%(j:0,1,~~,]\f), Ilj = [tifl,ti]X[Ujfl,Uj] (221,2,,]\[,
j=1,2,--- ,N) B,

(t,u) DRAF I OFZIEDQRZIC—HT 2L Z2D O(t,u) ZHIR C LER 2, T7bDB

O(a+ (8 — a)s,0) (s €10,1])
o(s) = P(B,5s—1) (s €[1,2])
(B —(B—a)(s—2),1) (s€2,3])
D(a,1—(s—3)) (s €[3,4])

TED ¢: 0,4 - Q BT X=X T 58T C T 5,
[, (tu) DPRAIE I; OFZIEQORZIC—HT 2L Z2D o(t,u) ZHIFR C;; L& Z 5,
ERAS PR
Dty + (t; — tic1)s, uj-1) (s €
(ti,ujo1 + (uj —uj1)(s — 1)) (s €
O(t; — (ti — tim1)(s — 2),uy) (s €
D(ti—1,uj — (uj —uj1)(s —3)) (s€
TEDTz ¢ij: [0,4] = Q BT A= —{JF T 2% C; £F %,

i

pij(s) =

DI D LD,

T IR OFFREAKRETHD, ©: 1 - QFHERTH 205, (1) 1 C OFFRHALET. Q
WZEEND, (1) & 00 L DiFlEiT e 558, >0 (EEOU)NIY =10, (1) \FHHEH
BE 0N FHESTH I 5, HHHIETH ).

®: [ — QFBEFETH 205, RiF—HEFETDH D, (36 > 0) (V(t,u), (o) |[(t,u) — ', u)] <
0) |®(t,u) — ®(t',u')| <e. NZTRdRELHBD L, [; DERFEN S KD/NEL K3, ZOL %
Cy; C O(1;;) C D(®(t,uj);e) C Q. D(®(t;,uy);e) IEFIRZDTEIFHEKTH D, f 132 T

EHITH 2005,
IRCLE
Ci]‘

!Lf@ﬁhz

Lot 2 =@(a,u) (ue[0,1]),I1: z2=0(B,u) (ue(0,1) T2, C=Co+I11-C,—Ty T
oM, FE Ty & T BRELTH 05

/Cf(z) dz = ; f(z) dz+ : f(z) dz— ; f(z) dz— A f(z)dz= ; f(z) dz— g f(z) dz

Wz

Wz f(z)dz= [ f(z2)dz. =
Co C1

Rk ES5 (lmZzHBEITIEWVICERE F—TLBIRICK 7 5187, BOBROER) RO
D75 C. FAMBR TR OVHERZE DS e dHIK 2, Q & C OEE. C) : 2 = ¢o(t)
(t € [a,0]), Cr : 2 = pi(t) (t € [a,8]) & Q NOHIT, BREERDBZENZH—ET
5. $bb

wola) = pi(a), wo(B) = v1(B)
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DEDILOE T B, HRBER F: [0, 8] x [0,1] - QT
F(t,0) = ¢o(t), F(t,1)=¢i(t) (t€[a,p]),

F(a,u) = SOO(O‘)v F(ﬂa“) = 900(6) (u € [07 1])
22T ODOPFET DL X, Cy & C IFFRE =7 (homotop, HHRETZATHE) & W\, F
Z Cy & C, DEIDKRE FE— (homotopy, ZIEER) MR, Zor =, Q CTIEAIREEK f
WX LT,
fe e = [ 5 ds
Co 1

DD ILD, — MR R 28 S 72T AU, FEIT % 0 50 BERCHS LE Rl 72 8 B Codige Y 1
AL THREATDEIZZED SRV, =

E.5 BEGHEEICE|TS Cauchy DRI EE

(AXHD 6.4 DFEZITHY T %, )
RIEHDEF T, PARARAY 1 i (B \HEBANC AT RTRE & W0 S S TR 203, 1
Bz

RAVRHIATUE, (EROMIG 1R (R SR LT

WO ERMELOLNEZTHA I,

BADEMIC THERE] Y WO LRTEDTF 22 2icT 3,

DR, 2AL—EL T, R* ® C" OMEBICET2HEL L TERT % (HEHNICEF L v
5D% C NI L TUL2ERL TWRWA, ZO—RILIZBEZICTIRHRZ v ES),

KE% E.6 (B&EE) Q 2 R"H25WE C" DM E 5. Q28EE (simply-connected)
TH2LiE, QNOEEDOAMIRDEBHIFUC Q N THBANCEE TE S22 E D, D
FD. AR Z 2 =0@t) telaf]) ETDEE. DHIERPEE F: [0, 8] x[0,1] 5 (£, 5) —
F(t,s) € Q T,

F(t,0) = o(t) (t€lo,f]),
Ft,1)=a (t€]a,p])

2723 b DOBFET 5,
N J

e ™
EIE E.7 (BEFEEHICH|TS Cauchy OFRATEIE) D X C O THEM,. f: D — C
FIERL, C 13 D NoBfifRe 52 & %,

lAf@ﬁk:O
N y

S EE E4 OB¥ETHD. HHHEATH 2, =

[%& E.8 D% C O THERE, f: D —» CIXERIE 32 & &, f 13FARBEE RO, J
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Bl E.9 (AXHICHEEVWTH - T, #EDIRLICEBITNY) HEA Lo LT, 2240
R™, BIEK B(a; R) = {& € R" | | — a| < R}, MBS, BERIGEES, V5 A o HEAEdhifr
(Jordan PAMIER) DSPHOREIK, 3 XTZEHTO 1 HOMEE R\ {a} REVD 5.

HERECROWIEBOM & LTE, 2 X00ZEMTO 1 SOMEAR?\ {a} (BRFHTO 1 KD
MRS C\ {c} EAREMCHELT), R*\ ¢ (0 EHITANCHERICO N ERR), WBREONEE (F—
FTYROWEE) REHHL. -

f 88. (1) R" &M TH 3 Z & &R, (2) BAER B(a; R) &MBETH 2 Z & 2R,
(3) MFEIZEEITH 5 Z L 2nt, (4) BRFEEAHERETH 5 2 & 2Rt

2%D
M E IR = ' = B = Bk

BEOL ZAI2H 5 128h ZFEH LS,

IR D DR OSME AT %, D %0lffi (contractible) W5, 3c € D, IF: D x
0,1] — D ##i, F(-,0) =idp, F(z,1) =c (x € D).
M 89. (1) BEFHHIIRIMECTH 2 Z £ 2Rt (2) AR BEEIZHERTH 2 2 & 2R,

EHINIE, QHEEEE 21, Q OHNICEAMBEI IS R 722 K 5 BREFEVDBFEL RV E
WH ZeThb,

EEOFMEAMROH OHEBUIHEMETH 5, ZAUIHLICEZ 203 LKW, 20
FEHATIERL, AAREHE K-> TV,

s N
EIE E.10 (Jordan BHIREIE) FHIA D Jordan BAMKR C 235 2 & =, HHtH-D Hiifhiz
IR G, L IFEFEE G, DFAEL T

RZ=G,UG,UC*, GiNGy=0, GiNC*=0, GynC*=0.

\kﬁb\ C* I3 CDBRET 2, THITC*1F Gy, Gy DHEEDHEATH %, y

Gi1 DZ 2% Jordan BAHhAR C THIEN 2 L W, Jordan THIRE MERZ 2 b H 5,
EBEDT7TF X MTIE. 2D Jordan HIFREHZERICLTRD X 5 e EH W=,

4 N
BRFENOXZH C! ko BAEAER ¢ . C PHOHEROM A Z 30 H 2HES L
TIERIZRBEEL £ ot LT

/ f(z)dz=0
C

DI D 3D,
\_ )
ZHUES TNV THRZRT WA, Jordan FIFRERL & W 5 KE B (EFR TREBH 3 % D3R ERY
HRI2 HEHE L WV) ZRET 208D 5 DT, Fulr (20 HACERFLIE) OBEGERD 7 F X T
R S hTw B,

1080 A id, Q NOEED 2 HEFIRIHR QWICEENZ L 2E S, T8bB (Vr,y € Q) (vt €0,1])
(1—-t)x+ty e

1090 PEM L, QWNDOH 2 15056 QNOERDORPREES 2205, Wz 5L, (Fae Q) (Vo Q)
(Vt €[0,1]) (1 —t)a+tx € Q.
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E.6 EEBE

(Cauchy DD EHD 5B, EDEDDD%E ED X SN T 20, E2 TR, £5
EIRLEHZS S DULHALTEL, )

Cauchy OFEDEHIE, DD EIIRDETIERGNE ZeBEDoZ5TH 5,

I .11 (EEOKAMIC O Sk BAMINE ¢ L. C oMb D oMt D 2 &t
(55) BEATENR fISH LT, / F(2) dz = 0.

C

HHIEAERA N O T O B2 T Z Y 1 FEHDRETIR 2 & L I3ARIN TV o7z, 191H
FLORE, ZIUIHS 72 Z 8 TRALVIEHZE S 5 Z e 2 eadikd s £ 51272 D, Camille
Jordan (1838-1922) DEANCZ D% AT Z 2 1ICh KA, ZDOEMIEIS TIE Jordan fh
REIE (Jordan curve theorem, Jordan PARHFREHE) &I TWVWS (WS EiHZ — [2]
THATRIER DD, ZIF5ED LTS, Wikipedia 12Xk % ¥ BINTERLL 72D,
Bolzano-Weierstrass O EMTHS 7 Bolzano TH 5 & D% ).

Jordan HIfERIZ. O MR 2 ZOFROMBEE 05 3BETERWVIEE., GEHT
L DIWRETDH %,

ZOEWHBIBGERD T F R P TlE, 20 HALD@RHD 5, R4 1T Jordan HIFEREOFIH % ik
3 &5 b, 5T Jordan MIFVEMZRHEL T2 7 F XA MIDHED KW,

(Rik: BIEGR T, HRRIEX I O DB DIZR>TH 9T, ZDHEIX Jordan HifR
EFD LEAVEICAEITEZ 5. WO ERDADB VLA, )

FNTREESITEhEWVS &, RED, RODZODRDHRH 5,
(1) fEHELRHR (ZAESCEAEORE & ), EHAREER (FSRERSC ERER) 2 ohd. £

NTHEIZEBT 5 Cauchy DFEZANRNZENTLE S, ERIFEHOMES Laurent EH.
BB OMmT T 2DEENT T TH 5, 2L BDEDP DU,
o FAMKR C D a DAY DEHLEL n(Cia) ZEA LT M Ra T A7k ((HR A
72) RS 5
e RE ME—JED Cauchy DETEHEZEANT 5

BREEIT I,
(2) Green DRITED K Cauchy DEDEMNH AKX — FF 5,

COHEDEFRD1o¥ LT, Green DEMIT. D DEFRD, BREEOH NI D SR
WHIHIBARIRR O TH 35 EICHRR L 2E TR TWVWE Z e BnEL, ZThzflis L
Cauchy O EMER LB ICREZ ZeBHIFoN 5,

—Ji. FATE LTRRDH DD T o5,

(a) D Green DNIUR. uy, uy, vy, v, DEHNEIIE S 2 DT, Cauchy O EH
DFGE. F73B8 f OEAINEDERIC, BRI [ Ol Z &0 2 EH D 510,
HOERIBDIFIEZIE T 272 513, Z Ottt bRIFHCIRE T 2 DB HATH 5. L WVIHIERDEAEDB VS,
DYLINB0, ERIBEBOFEES « BH u, v OIREREKOERMED T <CI1cm 2574 < Th, Cauchy-Riemann 75

BADLS vy +uy & oup — vy FEDZEFNC 0WCHFELVWI EAENLNLDT, IAHBEBITERETHD.
Goursat-Bochner OEHIZ k- T

/ udx—vdy:—//(vx—l—uy)dxdy, / vd;v—}—udy:—//(ux—vy)d;vdy
oD D oD D

DD LD, L WIH RO b H B (—H [52])o
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(b) Green DRRDFINNZZNIZ D DFMD D%, TI2EDITINEL ko LIKE

LW, Green OARIBIMEDTES 272056 L E o T, SEHRMOARIAIZITF LT
LES7XFAMDHE0, MEETH2EbNS,
Z DRI DOWT, /N [53], S8 [32], 52 [38] 1A FEITHALL T3, [32] Tld.
Green DNREHEBIGEIR - T, EBbA AL, £4% HWTEEA L 7z Cauchy
DRFEDEMZ - TG Z EM L Twa U, [38] 13, 1 OESLIILIERHZER L.
PREEDOEEZH > TR EDOEWIED Green DN ZFEHL TW5, ZRUIHIF
HBHRZXEEZARWD, DEIREBYZFZARNCIE 5T, EEIZSE TR L ED
N5, (BRAIKN [31] TlE, BEEGERD S— F T > TV wnwd, —#&HY7%2 Green
DRRZFHALTH %, )

(c) HE¥RDY, T OBERZRTDIDRBONZ DT, FIZIERT > v VEMK LD F
L EiLmEENCk S,

BAZEZTRIZ, (1) 2 2 DEBELEBERLLZLD AT AL, RE—FD
5LIES I (1) e ED ., IERIBEBOERBURBATREEN RE /257D T, (2) DD
JF AL T, Green DARICH &I Cauchy DHEDANRDFHIHZ T %, Green DRI,
— 2B R LR FAUSEEIREE R TH 2 L. Z 5 W 5 RO LD 5807z Cauchy O
B EHETH->TdD, PRDOBIERET %,

EE S . PR EEEE W2 ED Cauchy DD RNREIEN Lz o72h, 2%
REDZNEI. 5 EZLLBDALHERROD SR>, (BHEEBIXRERERIEAZE DD
hF WL, Cauchy DFED AN EBCEIDAHD T - & b 3R 2 DIFIEF I TH %,
HE 7 Z e DZL REEETE NS, L WIREDT S, MIEHMOBELHETFEIAR
HokiuE, Z2hzllie 2B LHRZ I RLKDBLTVEDN, 5D ARV T4 VT, ) [H
HLER W72 Cauchy OFENZUCT DWW TIE, Ahlfors [27], —K8 [2], EifE [22], 218 [31], Hik
[54], B4 [55] 72 ¥ 03 B,

E.7 — [2] (1957) D VIE§4H 55|H

BAT—ERNLTHrH, BAOSETEZET I PRI OZT Y, BHENHEFICH
LTEZSWS 203 o6 K (fIPWRHOHFICKELREENBATHWEDLET), [B
B 2T2Z2RLTVET(TOVIDERAF Y TRET, F—KR—KhosXA4TANL
¥9) —K 2] 2D LEDDFIHEZ L72OTT2, WWW IZEL DIZRLSBRVWEES DT,
CITREHREFRA (ET2ICHDMI T ), 2] ZHREAFVHL VDT, Al hksZR0n
M7z, B o TWBDTED,

E8 FIyvIINREH

Dixon DFEHH & Z DR BEIZ-DWTIiE, Dixon [56], Loeb [57], [58] % H Xo
Olsen [59]
Gray [29]

HISECi 205, DTS 2N LTz &, ixE 272 RIC, Green ONRTEIEZ T, FEHLLLE
IR HEICEOG AR D . B2 ORERDOERIZ T 2o Tilin e B L7z, Rt ZheRL It 2 g
UERVE WS 22720, Z5VISFEHZHEZ L TOVEALRELDHE DRV, [32] DikGRDOED TIIHES /2.
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F [BlEs#iZz{E> 7= Cauchy DRBEDTEIE, BHo AT, BHEIE

(LEHEF, H5FVWTT, ZOFHTE, mETRrY—HOSEEL iR foTwd
. bIPLEBALRLD LTI, YRS EE, HIZIEIE [H4] 2 BV, )

F1 FxaA>ea47I

R C1, Cy, ..., C ZIEIZOBRWT1IDOOHR C=C1+Co+ -+ C, DEHNZ L X,
(106) Lﬂ@M:CJ@Mm— ) ds+ - /f
DI D LD,

iR ORI SV Fizdh, R O+ Co+ -+ C,, X BIIFERIRE O A

C=a,Ci+aCy+ - +a,C, (a,a9, - ,a, €Z)
EEZ. INEFIAV LTS,
ZDF =AY CITHLT
c/f@ﬁk:al F(2) dz + ay f@ym+-~+a¢/ £(2) dz

THET?EERT %, icBOBHICKR 23 FEIZE TRV,

F A ORI Z-MERZR 5,

Fx A4 DIH T, HHTROME LTEEZBDEYALIILEER, F 24 VDY A 71T
H 27D, FHBROBEO LR KEOREERPEEEEZADTELVI EBAQVE+T
5%,

F.2 [OlE:#K

C NDOXZHNC CL HOBAIIFR C 2. a € C\C* 12X LT, C BT 3 a DB (H 2
X aDFEbLHD C DEEEE) n(C,a) %

1 dz
n(Ca) = omi cZ—a
TERT %,
i F.1 n(C,a) 13BETH 5, j

S C DRI RA—R—FoRE 2= o(t) (t € [0, ) ¥ T B

ﬁxﬂ::g/ ¢é§?cfh




e D (p(8) —a) = e "D (p(a) — a) = p(a) — a.

SFB) _ ©(B) — o
p(a) —a
o(a)=p(B) TH2EHh5, 0D =B =1 WZITn(C,a) €Z. m

MR, YA 7SR L TEGICHINRTE, 25 LTHEBEEZS,

F.3 [EEHZAVW Cauchy ODBLTEE, BHoAR

T T—HRDGE D Cauchy DFED N EIBNTIEAT 2 DT, RO BTN
FCh AP, HEEMIMENTHE 2 2HRT20%2T2DT, HZATHNS,

4 N
ﬁ%Fz(H%kﬁwécmmwofﬁ YK) £ X Q= D(¢;r) TIERIT, C1E Q ND
XA C OBl 22 &, ERD ac Q\ C* ITH LT,

f)

2mi Cz—a

n(C,a)f(a) =

k

\_
SEBA FIRICET % Cauchy OFEEBIC X D #ifiih0 1 K2R EERIZERD C 1
B2E 0 THs00

Je) —fla) ., 1 [ [f(z) 1 dz
2m/ z—a _% Cz—adz_f(a).%/cz—a

1G) 4~ fapn(C,a)m

27rz cZ—a

-
EEF.3 (1) COMESE QADTA 7L C 2, QIZELT 0 IZAEB -2 (homologous
to 0) &,
(Vae C\ Q) n(C,a)=

(Q ODFHEEDTRTORZ 0 [ZTFEEET 5, )

(2) C DREE QNOYA 70 C,Co LT, O & Cy 23 QIELTKRER—ZT
HBEF CL—CoyBQREALTOIRAER—=ITHEILZWVI,

J

CHQIELTOIRKAER=20S5D%, C~0 (mod Q) EFEL 2 2H 5,
(FREFE=ZHoTWVWBEAIR)C,L & Cy BHREIEY Z7RBIE O & Cu QAL TR
‘:EU*‘y"’G@z)o
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4 N
EI F.4 (Cauchy OFESFERE, B/HOLN (FEOP—hR)) C OES Q No¥ A 7L
CP. QREALTOREFER—EF5LE, (1), (2) 2D IO,

léfwww:

(2) f: Q= CHERIZRLIE, aeQ\C*ITRLT

(1) f:Q — C AERE 51,

N J
(1) 1d Q HDHA 21 C IR LTRDBHD D, W05 2L TH B,

waec\mn«mn%fé dz —0}$[Wf€0@ﬁlj@ﬁk—q.

zZ—a

(:hiTrCﬁf®i%ﬁﬂ®ﬁ%ﬂi&Hh@\/f@ﬁkzoﬁﬁbjOJZ%of%

C
e, TO P a ZHERVY 23 n(Ca) =0 205 BRI RXTRIATVWS, EFZ 5, )
#EBH  (John D. Dixon [56]) C' 2PAfM#R TS % & U TAEHHTHUI R W,

2, € QITH LT,

) - 10
g@&%{ e—¢ @79
£(2) (=)

EBLE K (CeQZEET ST, (Riemann ORREARERFRAEMICED) 2 — g(2,0)
W QTERITHD, glX QxQ THEHETH S (FB).
E:={acC\C"|n(C,a) =0}

rBle. FHAEAT. C\C* OIFFHRERKD Qo ZET,
CHQIRELTOIREFER—ZLWVIDIX.C\QCE2WH I ThHb, 22 C=QUE.
FZT

,/ g(= )¢ (=€)
C

(Lcil (> € E)

EBLe e QNERMLT, BEELTERSINTWT, FEHLZRWVDIDEIZZSDY) b 1
well-defined TH 2, FEfE. 2€ QNE 32 (n(C,2)=0TH205)

L R 5 P (S BN o (5
[a.0ac = [ HOTEac— [ Loac— pemic.s) = [ Sl

hix C TERINTWVWSEH, HIFEEBTHS, 2L T

lim A(z / f(¢ —=d(¢ = 0.
2Z—00 z%oo — 2z

h(z) :=

EN
f(C) ?el%x | f(0)]
’C—z _ggMC—d
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CFHECTES5DT, 2 — 00 D& E, max f(o'—>0.)
cecr | — 2z

WRIZ h IFERTH 255, Liouville DEFICE D, h I3 TH 2, BHL 2 =00 TO
WINR S 22026, h=0.
WZIZ 2 €Q\C*ITHLT

0- / o(z0dc = [ ¢ — (e 250
C

cC—=2
- T
1 f(Q)

21 Jo (— 2
—5 2eC\QDHEZF 2€ ETHEINH

d¢ =n(C,2)f(2).

t/f“%K:m@:oznwwﬁ@y
cC—z
71T (2) DIRILT B

RIZaeQ\C*&T2LE, 20 (2—a)f(2) I (2) DFREHVWE L&

1 J(O(C—a)
n(C,2) ((z —a)f(2)) = %/C?d@

z=a B, (1) PEIrNS, =

COREATIE. £3(2) BRICEEHLZA, H LD (1) ZRHIUL. MBEBOEGE & Rk

@:112

0= / w dz = ﬁdz — f(a)n(C,a)
c

crR—a

v LT (2) BEH,ND,

F.4 B¥E®E

FEFS5 Q& COEET, ¢, -+, ¢, FQAOHERERZR f:Q\ {1, ,en} = C
FIEAL ClE QNP A 7T, QIZEALTORKET =T, ED¢; dlHRNET
%L,

1 n
5 Cf(z) dz—;n(C,cj)Res(f,cj).

\_ J
IR fHiHTH 5, m

F.5 {EABRZG LS

[AEREZ W RWIERDS D 7 ClEk. BB oHT TR ol MEED) EWH FEED
JES 2 LT, (Fo/ L EERHTIEIMD LN 0) Y L& E2RET 2 HENEL, £
CTEHFDPREL TS, EWIHIDED S, EEDISHTIE, 1FAEDGE. FIE DBl
HIAR DI E R DR L 722 DT, EHHPKEREEICIZ > TWBEUDT 5,

H20 2L W2 2 BRT OIS, MBEBOEE T, TEOHIR C AN 0 THL Z e 2lv, 22
TIFEBZ —RIZT3RHDIC, OB QIELTOIWRRER—2 WO EHEREL 2,
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ZAUTH LT, FEREZ W20 D AT, o @B oM RONIcHN 5, FEE
AW 2l 2 D pifRIC O W TR SR TIUIR WO T, i iR 8% (2 LTI
DBEIZE 5120 TNDB) IFE A LHEHHR,

ZORDFEYDTHIo Tz 213, BEZERBUC EF S UM/, §50 1 e —BEL
723, b ZD. FAREFETHIHEEZRP-7-07, tR2<,

0IZHRER =7 WS RERY —DOHERD, BEREE WS BRNLRESTRIHETES 221
KOWDIX Artin TH S5 LWVWH, ZEREE 5 Lok,

Dixon DFFEHZ D 5D UL AW THATE 3 X512 LT, 20 & BRI BHEER o Az
BOGTENHEICHR 2 & 5 RS2 E X, AU > TWF 303 Lk,

G HBAEAORDDEDHE
HEROWHHBARDEL o TORVADBLS & 5 ROT, MEIHIL THL .,
R

23— 722 4+262 — 30
23 —5224+32+9

(107) f(z) =

ZHNCELD ET 5,
TTDZIER 23 — 722 4+ 262 — 30 ZARDZBIER 22 — 522+ 32 +9 TH 2 &, BRI
FREN L, —222+423: -39 THE0H

1 (2% — 522+ 32— —922 4 23; — —9222 423z —
(108) 1(z) = (2% =522 +32—9) + (—22% + 232 39):1+ 2%+ 232 39.
23 —522432+9 23 —5224+32+9
—22%2 4+ 232 — 39

ZOLT, f(z) 22HKX1 &, 3FOXRE < 7HOXETH 5 HHA
DFN I ET E 7=,
OB ERICFNET, —KROEEHK2, ZHEHAE, DTFOXE < TEOXETH 5 HHEHK
DN HETED Z N0 5,
—9222 49232 — 39

RiZ DR
X 23 —5224+32+9 E

23 —5224324+9

22— 522 4+324+9=(2+1)(z —3)?

D& I RZHEKXOBEOMICHET R TE 2 ((REFEOEATEHIC L - T, (EEOZHEAIZ
‘SRR 1 RZIEROBEORICHB DR TE S — o b ERHNRIETRD 2 Z N T
X5 DIE. FRMNOBETH 3),

I WS T, EREEHONERE D ZEE T 2581, EREZIEXOHF TR F3
LINENH B0, ERBE T, EREZHENRICR 208130, ERFREZHEA2ZHWS Z
EHR B DT, 1 RZEXDOBEDOITHRTE 5,

Wz

—222 4232 — 39
(z4+1)(z—3)2 "~

(109) F2) =1+

I CROEHMPE DD LITHERET %,
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/Eﬂ G.1 (FBPEVCELRRBOBTHNIEAETEDS) fi(x), folz) X o OD%IEEQ\
T, 0 TR, BVWRERTH 2013, EEDOZHEN r(z) X LT, H»25Z2HK g(2),
ga(x) DIFAEL T

r(z) _ g1(x) 1 g2(x)
fi(@) () filz)  fa(2)
DI D LD, FHTHEAT, BFOXE < 7RO THNI, GUDOBIHEIZOWTH Z

L 3725 K D72 gi(x), go(x) DIFIET B0

J

GERE S, d(2) Y fi(x), folz) DERARAHZEATH S & &
fi(@)hi(x) + fo(x)he(z) = d(x)
Zii7e T ZIER hy(2), ho(z) PMFET 2 (HiR Z e RO TRDZ Z2I12T3). fi(2), fa(z)
BHWIZHERTH 255, d(z) =1 LiEXRXDLDT,
fil@)fo(z)  folz)  fi()
MDD, TS5 ERMPIELWI EBEMIN DS,
DB, FEL . BIZIZEER [60] 1ICHl-TW5, =
ZOEHEHWS L,

—222—1—232—39: az+0b n C
(z—=3)2%(z+1) (z—3)22  z+1
Zit7e SR a, b, C BIFET B0 5d, ZOLE
(Q) (3A,B€C) az+b=A(x»—-3)+B
DD LD, W RIS

(110)

az+b A(z-3)+B A B

G232 (=32 -3 (z-3p
BT A, B OHET 3. () B VO LIZD LEZ IS DB, &) —Hc, G

Riz) = 2 00) = m— 1 KT o 2R

G-
TN LT, HEEHRK A, -, Ay DIFELT
Qz)=A1(z—)" "+ As(z — )"+ + Ay,
W 21T
R(z) = z{lc * (2 f2c)2 Tt (2 iln;)m

DD ILDZ &, ROEMHD HALHTE %,

T’ G.2 2 DZHERK f(z) CEEOE o THL T, 22K g(z) BIFEL T,

f(z) =g(z —a)
DI RYASN

BB y=x—a B, z=y+a. f(z)=f(y+a) BRDILDD, fly+a) 2y DZIH
RICRBZEEFHLNTHA S, 2% gy) B L

flx)=g(y) =g9(r —a)m
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Bl G.3 f(x)=2*+227+30+4,a=18F%, f(z) Z2—1 DZHATRTIKE y=2-1
EBEL r=y+1056

f(z) =a®+22° + 32+ 4
=y+1)*+20y+ 1) +3(y+1)+4
=y +3y  +3y+1+2° +4y+2+3y +3+4
=3 + 532 + 10y + 10
=(z—1)*+5(z - 1)+ 10(x — 1) + 10.

(BREL) f 2 2=1D%FH DT Taylor BT %, 3XZHEALDT fWD(2)=0TH3I2IZ
FETZE. AROFRIEZ 0 IXRDZeDB0h 5, ®ZIZ

1) = )+ F W -+ P E e
zhuz f(1) =1, f(1) =10, (1) =10, f"(1) =6 ZRAT 5 &

f@%:L+m@—1%%§@—if+g@—LP:@%&f+5@—1f+1%x—D+L

(lik2) 2 —1 THIZ Z e ZEDIEL T, HE D ZHAEITH D,
1 2 3 4

1 1 3 6
1 3 6 [10]
1 1 4
1 4 [10]
1 1

e o3+ 202 +3x+4= (- 13 +5@@—1)2+10(x — 1)+ 10 TH %, EFE,

2 +22° + 37+ 4 = (2* + 37+ 6)(x — 1) + 10,
2+ 32 +6=(x+4)(z—1)+ 10,
r+4=(x—-1)+5.
ZTh ez
?+32+6=((r—1)+5)(z—1)+10= (z — 1) +5(x — 1) + 10,
2 +20° +3r+4=(((zx—1)+5)(z—1)+10= [(x —1)* +5(x — 1) + 10] (x — 1) + 10
= (z— 1) +5(x — 1) +10(x — 1) + 10.
(BN, BRE2 BRNTH 5, ).
PLED

—222+232—-39 A n B n C
(z—3)2(z+1) 2-3 (2-32 z+1

iz T HEEBR A, B, C DFET DI BT h o7,
Wz

(111)

Alz=3)(z+ 1)+ B(z+1)+C(z —3)* = —222+232 -39 (2 €C\{-1,3}).
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2 XFEADMRE 3 M LFAELBRVDT, EED 2 € CIlTxfLT
(112) A(z=3)(z+ 1)+ B(z+ 1)+ C(2 — 3)* = —22* + 232 — 39
DI D LD,

(112) PEFERCKRZ L57K A, B, C ZRDZDIIMEHETH %, EPREE (2 =3, -1 21K
ALT, 2 ROEBZ L T) 13EB LT

A=2 B=3 (=4
W 212 ,
—22% 4+ 23z — 39 2 3 4
L S ) R Sl oy oy

H Z2ZEFENRA

BEEGRIZR VWAL XADD 7,
SHEBRFIGEATMR [1] DYURBVWATT, LI RORVWESIFEREZIANDD, &
DIRDWIEIAERICETERLTH S, BELOATT, —HICHEREITREL 25DV T
3 (Laurent ERDERD, FIODFEROGETHHIN TV ERE — FHEIEI S WVWHITH
BREESIREIATDEDL), HEAFVEGLAOFTHAREL LTRAMEEEZTW
e

RN —hEFR T 2D RVWEEVE T, Z50VWI5HIE. LLARELIZDL
BDES>TAZEREROVTL & 50 HEHPREREFE T > TR TICH > THL -
TAHT. HIDHARLEoLbDEHT I 2#D T,

DH o TR A2, Yl [32] ZHNLTEEET, . —D0fRZ. EEe
BT VT — FONEETIAD T—MMORIZIER L 722 WVWS DT, 2=— 7 RHAKXTT, &
RAL— AL ET T, FIOEICTOVRAWIHIES > TWVW5, EWOHHIRZRH £33, Green
DEH % # - T Cauchy DD EHZEL WS HEHTEILNLTOVE T, 2D Green DE
HoOBHBERIREES L BnE 318, SHSIEREICHM T, SIATWTR2IZEED

NBZEPME T, ZORZ AL IF7Z68OFICWM T L TARILE2BHOLET,

TRETIEEBERNCAD £ 3 L EROBFEDOE (FEERE?) K55 e hsd
EWDHoTD T B Y - I ARG TERs [30] 13, MESAFHZEZEE L LTED
X200 DIEHEDRVOTTD, BAEGEHICE L IR AL L BnEd, BlcE-
THoTHETBML TS EIRANIE, ZOERRITH I —ER-—IZDL > TADL I ZHDZE
T, Bro¥Y MEHEMAE THBLEIILEZEZITWVWANAD, av 7 b OHERBICILDS
NTVWET, ZRZHATHEBEK S S (FEAIZ W WS BRRIEER 4 B2 R0 TH R0V,
Lol D EEDHATATRIIW,

DO ophozRc, FEDICKRZEH YR - A= F AL UTE. 2 T AR 11
[31] 28D %5, EHICHEGH. HEMFEWVIEDPA > TWRWL (Z UGS R L
TITh), ZEBROKREBICHZDTHREZ XN HTI D, HEBEGROHEFHICOWT, KIS
AELLAARTT, BEREE AW, —#KiY7% Cauchy DD EEBZFNTH D £,

H3Green OEMOFIIX X ZORIERZD., RAIC—RIIZIED Green OEHZH 5720 T 3EHZ N
T, ZOARTIX, Cauchy OFEEHDOFHINHE D72 TED Green DEHIIH LT, HEFD A X —T DA
. ENRIEHEZ 52 TVWES,
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MRS L2 Wnws N, BIFE [43] #F = v 7 L TATREW, FHE/HEHORMED
5. HERMRE (REEAROMED» HEAL LS RS D) £T. BERMEEIHI-> TWT,
BRI DOV TVE T,

BIEGEHICDOWT, £\ Z e D Lo, FEENREHRZ KD TV EHEIE, HEFED
REZH > TWB TN - /MR [25], HEWEE [61] ZRZ2RB00d LLEEA,

BIRGR D RILIZBE D o 7 BIEGR O FEZDFEHICDOWTIE, &K (6] DB/ RHAYTT
D ENZHAT MANTZES ) bBoThH, REBRLA DRV LAEEA, &l 5]
DD RFTVTT,

MR 2R, BUEt I F—0iifE ¥ & oK [62] 2RVWAFIEZ  BuE g,
HEkt [63] 1IZBRERTFZAPTETD, 2RDAFLEVODBEIIRTY, AALHMTH 2
(B TIE TV w7 « BXAL VICEPOLTVWS) T [64] 2O RWVHD LALERAN,

BE%GRD DB T L E 5 Fh e, MR o T AR o MBI 210 » & -
K3 [66] ZRIOHEBH S DH AR TT, MHAEZEOENLTH [67] BEHEHWVWTT,

HIDLAEETHELIZVAIC

A [42) 13, T 2R THIL 2w he D UEAZNE (Ftriibi. 482 Riemann
M., FAGHG, BHER — Z3 2 1ICHITBEROERE) 22X LWEED OTHHLTH D 75,
IR [38]) 1k, EAEEE (V —~ >, EHIEAE - BHEBOFERNE, X7 A LVEtE, 18
MR - €2 2 7 —BE) 2EME L TEEDIAALZER T DT 2ATT, RITIEBEYINR D TED
W D o7eDTTH, 2016 FFICH K FHAENHEICA->7DTLIELKIIAFTES BN
3 (KBICEDOLNESTY ),

RAHIDERL LAIS

ALRD ICAMOARZ Z 07D < BB RGSHKR T, EHE [68] ZFIllo7, T
CUETI AV I TH- 222D 5, ZORIEEMEDL L o720, Wb 2 R ER &
TREBEWEES D, FIFEOHMOL Y MR D ZES R I ePELAFNTH S, BHFHAICED
DTIERVLEE 72,

(BRI T2 205, TUAE D T /MK [69], [70] RE BRI KSR TADH B, FENIT I WD
AREBEHREIMNIFICHES 51K E0V0DEIT Y, )

EODFLWLWAEADS

A [71] 3, ZRBICERA LR (1] 2R H50DRY 2 — 4TI, feliIfEHiEZ CH
g, NI THZW(DED [1] BEARWTEVTHZEWVWI LT, [1] b [71] &
BB LD & DHATARIETT D, MPOWMD BEHLED IS REDLET, BLWAD [1] B
T, HELWHD [71] BZUIE TR DIEMETT D00 S LR WITRE, [71] DIBAEHT
FITEATERVDIED > 720V (e 22 LTHRL W),

TV YR Y OFNHHERD Y — X LTHIREN A XA & ¥ AT [12) X, &
HIENT OB OMDE & OBEA &2 2 2 X5 IR E NIRRT, ZFEITKRD £T,

MENEENEHEI 2 Y FTRABELTWAL, X7 U w7« FXAL VDR TELEZTHWIDTTH, i
BAFTERL B> TWS &S TTR, MDREND 700k, L LTRUMALLED [65] D R&IZWAH
MTLED, 2BEBIAYFTvY FHRT, 5 TH AFARETT,

305



ZARBRGR X, HiEZ— (73] (2B & o &R E T WHEF [74]) < BV LFIED
HHFBATULRD (N Y X — [75] FHREKE THIBGREETS L), il bk [76], KiR
(77), B [78] e A HIIRE N TWE T, KR [79] 1F. FER3EFEZHAYTEL {Fid b
2H LNEH A

WHW 3 TENRIGHDTZDIZIZE S WS & 2ARMRT 201200 TE, HEKFETEH
Fews ) — X0 [80], [81] BBEIWRD £ T, BEHBOERDGLARRLITY v a3
AN B A3 FEINN, AR PRI MZEBINTWS D155
WEFTZE BVE T,

wirliE. WWW LICEEE — FOEIAA NI TOVETE, ZOFREEFL LWVD
ORHD FT, BFEOHEBGROHERDILEW - 72 KE [83], FHE [84] I IKWVITBEITR ST
L9,

IED &K S ICEAEERZE FATD

MIPDBEICKEZ0H LAKVDT, 22T, B (EH) 2250 REFHATHRL
hENTEL,

T O TRBERICANI-DIE, B [30] DBFHICF ¥ LI LTV ETHE, TOK
3 b ERABFAR AT, 1M, E3E5EE 30 x 3 =907 DT T, WED. B
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