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% Z)o ﬁ:ﬁ 2 %Ecko

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§.
5 3. &o nl. i Sl

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,

1. BLT 10, I T 40 /&2 28% KD & (Cardano DOFIE), HBEA

IRD 5 D>OREIX, 3XGERICET 20T, HERROSHOZEEIZOWTOMNE
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),
(FREE p. 242) RN

(ETiERZ2 X512, (p/3)% + (¢/2)* OFFSTHDOHRDGHIK S Z & 2R T 2, WMIiE
DIIFEIZEDHHEOMEMETH %, )
Bl 3.p,qg 2T E, LFDZ L 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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(3) XK 22 + pr + ¢ =0 B —20ERZFD (oD 2 RIIEETDH 2) 72DITI,
p ° q AN
(5) +(§) >0 PRETHTH 5,
FREAN
Ml 4. X3+Y3+ 23 -3XYZ=(X+Y+2)(X*+Y?*+22-YZ-ZX-XY)=(X+Y +
—1+/3i y

Z) (X +wY +w?2)(X +w?Y +wZ) PEFATH L e Z2mt, LREL w:= 5

35, MREA

R 5. p,qm@m( ) +(€) S0 BT E, 28 4 pr+q=0 OERERD X,

(&« \/—— + \/ \/—— — /3 =) — ZApEX Cardano OF|

EHTHBLE K%bu% EKA

Evh 3% r,a. R x=a+p &I

o’ + 0 =—q HD aﬁz—g = P4prt+q=0 (Thbb o3

MDD, o+ 32 = —q, a3 = — <§>3 2723 o, f BT,

B 6. (1) 5 TEBRUND 2 DDERZRD X,
(2)p & ¢ BD—ROBEEBOHZEIT, 22 +p2+q=0 DITXRTORZRD K, BEA

HE HBEHNELAILATVWEZETHI2INE, ISRV ADLDIZ) Ars Magna (1545
) 1ZH o> TV A KRR DED/NKIX, Cardano DB FTH % Ludovico Ferrari (H DA
b:bi? 77V EEFENTHoZONY, 57727V mObD L5, 1522-1565) I &
5. EFED ST 2 RIS RTRERDBEORREIRT Z 222250, BRI L Ah o7, 5
ERE 5 U EORBGERICE, @RETERLT ES%R) BORNKDBEELRVEWVWS Z
}:iﬁ\ Abel (Abel (7 —~)L, Niels Henrik Abel, 18024F 8 H5 H —~ 182944 H6 H, /L
7 = —® Frindée IZEFN, /7 = —O Froland 12T T %) 12X D 1826 FITAEAA X 41 (Ars

*
Magna 225 280 fFEHIDZENT 2 1272 %) D WO GEIEIRE %0 L 5 &1 Galois
(Evariste Galois, 1811 4E 10 H 25 H — 18324E5 A 31 H, 75 > Z2® Bourg La Reine 124 %
. 77V AD Paris IZTET 5) ICX DAL N (1832 4F),

0.3.2 Bombelli

Bombelli (7 7 7 )L« RNV | Rafael Bombelli, 1526 4£ A % 1) 7 @ Bologna 12 T4 F 41,
1572 A 2V 7D Rome IZTKT %) 13FF Algebra (1572 4F) OHT 3 XGEADETD
ezl L7z,
23 =15z + 4
YWV AR (ZudERAE R H1X, WBUEEEFWT 2 =4, 243 2f#lF %) 12 Cardano
DRAZEHT 2% L.

r= {24 VoI 4+ {2 - Vo121
PEoNLD, EEICHET 25 RBEMEEALLET, D 4 1CF LW, CFAL,

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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D%, ZLOANPEBERCTICNEILDO SKABRREMZ 5 LB Ln, #dRe
. HLEEKTAARETH 5 Z & F TRt I Nz,

(2016/9/21 F2: WEHZZETEE L TA T, Bombelli TOWTEERLTTH B KU T2,
DBz Lz, 2D LHARZBEDND 5, Wikipedia 12K % &, Klein [4], Smith [5] 231
77 LYRIZHN > TWB, Algebra D PDF 7 7 A AANDV 7 b H 5B, )

0.3.3 de Moivre

de Moivre (777 —24 + K - 7 7L, Abraham de Moivre, 1667 &£ 7 5 > A D Citry-le-
Francois 12 F4, 1754 FHEFE D London IZTHT 5) 1X, 1730 FFi

-1 —1n—2)(n—3
cosnr = cos" x — % sin? z cos" % x + nn 1)(3 3 )4(n ) sin*zcos" Mt x — -+
—1)(n—2
sinnx = nsinzcos™ ' x — n(n 1 2)<T; ) sin® x cos" P x4 - - -

EWVWIRNRKELER T, THUZVWDWE KR « E7TILDRI (de Moivre D)
(0.2) cosnf + isinnf = (cosf + isin )"

25272812558, BEBEHWS L RBELNRL LS Z e fEKHITH 5,

0.3.4 Euler

Euler 2§, Euler 2§, % Z 2300721 e FHNTz Euler (LA YL - F
A 2 —, Leonhard Euler, 1707 £ 2 £ A®D Basel 124 F ., 1783 EHER S 7 DY V7 b RT
NTNZIIZTET 5) 3. Euler DR EIFIIN 2
e = cosf +isind

WS HALBEGRRKE AR L, MMERICTER L 72,

FERBI U B R (ERLB O IR UL, AR BEREH 2 Z e 305,
e =cosh —ising 2B ETANBDT

0 1 o0 (i _ i

COS@ZT, sinf = 5

BERIEEEIEC O W THREQERIZREH S % & de Moivre DRI H LR E K 5,
BEMNFEBC OV TIEERA D D o 7223, Euler IZMEMTH 2 Z 2R L (ZHICD
WCIREE [6]) 2 R &),
Euler IZMMBEBUCOWTHBAEELRFEREZ LTV,

Bl Ry FULRWEZSS, tEULN2Dd LAERA, FEFEAR (0.2) Db DX, de Moivre
DEVZH DI > TR, DX TT,

14T jesez Euler, Liesez Euler, c’est notre maitre & tous. Laplace 3#EICE oo SN2 EELLEE, HiRT
5 Y. “Read Euler, read Euler, he is the master of us all” ¥ 72 % & 2,
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0.3.5 Gauss

Gauss (#'V &, Johann Carl Friedrich Gauss, 1777 44 A 30 H — 185542 H 23 H, BL K A
Y @ Brunswick IZEFE 4, B R A Y D Gottingen IZTET %) 13BZ O ROEHBEFET
HA5,

Gauss LUATS . REFOEAXTFIB KOV ANEWZ X 57201, Gauss 132 DEE %
aoak UCy AETETHR A RAEIRZ FER Uz, RANCRERZ 3R U7 ST, F2EBB T RAE
ZETOWRP oIl TRE DI EDEREOFEFBZ AL, 1 RE1T 2 ROEENT o fiF X
N5 0k 7&7‘]»’&?& S/t TH B, (REFOEAEHIZ, BHARTIE B EOEER
DEBRBZENT, PR —o0EBEHOREZFD (iR, BEEEZADT, x5F
n HOEZEBOREHFD, £ d) eFErN20, BERZEDRVWE, ZZFETHMHT
W0 o

ZDHEETIE. RBEZEOEAREH O, HREBAEGZ HWAEHZEN T 5 (BIEGERDEHE X
= —T 35 6 )o

Gauss &, EFE L TRHRR LR - b, HEHRESD @ﬁ&f@ Cauchy OfE7EH, EHI
FAR D FEAEEH AT REE R 2 R LFEF L TV T (FAK [7] © EEGaxie) (€0 WWW
P4 M) 2R K). 2oz 7VICERH L THE L 205 (hPﬂBﬂ%ﬂt, e AT RN, e
R ERXRY) 21T o7,

(Gauss OFFHBEIEGHICOWTIE, FIH [8] 25FE LW, )

FEXRTEIZ. Gauss FEE bMIIN 2, Gauss HEDFHR (1811 FFHH) K D HIZ Wessel
(V' = v, Caspar Wessel, 1797 4F), Argand (7 /L4 >, Jean-Robert Argand, 1806 %) 23
FHEELTWLREWVWIDBRIHALNATVS, (FFEDHFTIX, the Argand plane, an Argand
diagram £ WIH BEIEIARE 27 —-TH 53, )

Gauss [FEGERHICB VT D, Gauss DEEEL (a +bi (a,b € Z) DTEOKDO Z &) ZEA LT,

0.3.6 Cauchy

Cauchy (22— —, Augustin Louis Cauchy, 178948 H 21 H — 185745 H 23 H, 75~ X
D Paris IZAEF ., Sceaux IZTHET 5) &, ERFED D EXR. Cauchy DFEZEE. Cauchy
DFE7 I, Cauchy-Riemann ORI LY, ZOHMBTCHIEERI L DEL 2RE L,

Cauchy [ZERB D DM —HIRFRIEZHRT 2 BET, ZNoDRRICERELLE VWS 2
5 LW, Cauchy DWEBICE S W IR ZHF WOV TIE, WA - KM [9] 3BEI2R% 5,

0.3.7 Abel, Jacobi

Abel (7 —~V, Niels Henrik Abel, 180248 H5H — 18294 H 6 H, / V¥ = —® Frindoe
WWEEN, /Y 2 —O Froland IZTET %) ZEPBOMETHEXLTDHED (ZDiERT
HENHZHR), ¥aMBEEGREZ Jacobi (¥ 2 ¥, Carl Gustav Jacob Jacobi, 1804 4 12 A 10
H - 185142 A 18 H, BL F A ¥ @ Potsdam hiih KA YD Berlin \ICTHET %) Liids
% K DITHFE L7, FEMBIBUIEZRABE LTEE T2 Z e CERAMAK WO REDHS
D8 %, FEFIBIRGH & 2 Ui < REEIEGRIE. 19 HidFoiEr v EbhTns

FREFEEOHARGERYD 2 (7 —~UL [10], Y2 L [11]).

B zZE, 79 Y ZANEREZEORAREHD Z v % dAlembert DEHE E5 %5 TH 5, £/ Gauss DiFAA
B DHEIETIIFEA 2 1338D S0 e 2>, Gauss SN DFEZNDFEEAL T0iz e, ZOF0iEb s dH %
AT,
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0.3.8 Weierstrass, Riemann

Weierstrass (V4 L3 2 7 X Karl Theodor Wilhelm Weierstrass, 1815-1897, Bl K A
@ Ostenfelde IZEF M., Berlin I2THT %) [IFEHBEIEGH, FAEUC X 5 iz, REEIEK
DEERR ETEELREEDLD 5,

Riemann (V) —< >, Georg Friedrich Bernhard Riemann, 1826 49 H 17 H — 1866 % 7 H 20
H, 3L F 4 D Breselenz IZAEEH., 4 XV 7D Selasca IZTET 5) &, BRI KR ESR
B2 REFEETH Y, BABGRD7E TlX, Cauchy-Riemann DBARINZ T U 7-BARGERD %
fAI“ZHY G, Riemann M OBERORR E DFEED D 5 (F (6], [12] 23BE 1T/ 5), ZHLL
ARz H . Riemann BT ENEELREETH 5, HaRGm IR [13]) 3D 5,

BHBEGH, REBIEGROFEZICOWTIE, Hll F A 2EAKR DB ([7) B
HTHHD (DL e THI T2 F2E0), RERZE > TENZH AL T TEITLDIZ W
rBbih s, tBirRFHOFERSLMEIZ L 02 EHECKOEFEE (7 XA, HlZIX
[12)) &Pt 228D 5,

0.3.9 EFH%¥

FNE B ZBEEGR 2 A TEBERDGIETY 7AVRIEHEICE o120 2 OBEEDFR TRV
ZRioTWB BT 20720, H2EHRBYHYEILZ. RDXIHITE > T\,

(a) ENZFTHEREZIIANS Z 2R (BEGRIIENTIZH 225, B THHED
DT, BEREE RO 2 RRMED 0,

(b) BFHHAIZE D LTHERBDPBET, MHEEFE L LTRERRERIT AN 2215
VAN

EEICHRT 2 2, A (WBEZICELLRVDT) ZOBRREZS O L OFHEK - 5 R4
W, BEDLDIZEVTEBLIRETH S,

1 ERBOERCEOMEE

HWREOER. WAL EERVE, PR Pl n R, LW IR XX - NGRS 5,
(FEFROBANIICA-T2L) BEEEL DT 0BT Ve Bbi s h, ik /NG
#Hoo TV B —M [14] IFHRZEL Fid 200D LA,

1.1 BERTH--CxikhiR3
(—EEEYROFMIEOBERZEZEHICBVWT, 220z REZ S, )

BHRERIIERB L THD 71213 T (?) RO TE, BRBFEOBREICEbAL LIZER
DENTHZLIEFEFVIZ WV, TH, FTEZAZEEILHVWLTALI,

i? = —1 7258 (BB, the imaginary unit) i ZE AL, a+bi (a & bITFEE) F
28 % BFRE (a complex number) W9,

a+ 0i XHIZ a, 0+ bi WEHIZ bi, a+ 10 IXHIC a+d 2 EL 22T 5, 04+0i 10,0+ 14
Wi, 14+0i k1 EL Z2ITR S,

BZolh OXFEEZENERT, —K [14] ZFHAL L. BFN¥OZeHENTH o, —MEEDETIY
THEHZRBPMEDN S Z L IFEEL L EZTVB X575,
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ZLT

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

THEEZED 5,

DIEGEMEZR L7208, @ 223 52HA LTEHEAL, &9 T 2 PEALS -1 T
BEHZ L, LWL LTHET 2RV (FAUHERIEONS),

a+i0 & a £FEL & BERERAD IR0 0, TR—H) LTWwsZLilhd, ZDOD%E
BEFBE LTRLEDDIRDT 20, BEHE LTRELAED LT RDT 2D, MR
B CIZR 2 DT, FEIFETRV,

ZI9FBE RCC AhREd, BOHEHMZERPOIRLIZ 8ITR 5,
DLEDERBEETOERETDH 205, RO VWIIRT, ERLIEF VIV (FVTWVT
HRFFHDEN),

XHAL LIZERII, RETEZSZEIZT %,

Rk 1.1 (BBEMZRIES) BEEMSMHEEOETIE i e FELNLD, Bz @ &
FEXTVWDHTIE j e ErNLD T S, JIS (HATERM) Tld. FERZIZMRICLTI 5
Wit jeHELZLICESTWS (25 TH5),

RIRORKRTH LD, a7 IV EFFED Mathematica Tld, BEEHNZ I THRIT, ¥
72 MATLAB Tld i, j DB EHHEMEZRL, i ° j 2EBHE L THWTER Y
DY THGED 11 ° 1 BRI ERT, =

BEBDO2NKR%E C tFEL, C={a+bi|abeR}.

FRHTROVEBRD Z & ZEH (an imaginary number) &R, DF D EH X, a + bi
(a,bER, b#0) EHFEIF2HDZ RV,

a=00DrE, DO%D bi ZHEE (a purely imaginary number) EFERZ ED3H B, ZD
R CTIEMBER L VW BERIEDRVWI ITT %,

BEHOERL 2, w, ( BREDLFTRINZZEDPZ WV (CEF VY LFT, ¥—X%
7213y = =R e HT),

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

r=Rez, y=Imz.
(BHIE R YXFZHVT, Rz, Sz e FWERD, B3 EDEDNRLIRoTETVSS, )

R 1.2 (REB - BBERITNFEDGIE) » OEIL - BHIE, 2hehi e,y TRIHETH S
2. w OFEH - BEBIE. TP u, 0 TRLU, ¢ OEG - K, 2hzh ¢, n TRT

z=x+1y, w=u+iv, (=E+inm

522, 0=0+0 IIMBEHTH D, 2OBEHTERN, WS 22 IiZk? (EAMCIZEEE PEL KL
%)e a=072Db#0 OHETHEBEIER, LT 30ED D20 (BoEDO SRS 1 OBFRETIIZD &
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
E TELZRITHNDEEMHEIE TR THERTH 5,1 VI EHTIE, 0 PMERTHZ 2 Z2REL TV 3,

ISR, (REF) 13, 2505 A Y X FOFABEMNHREE A DD L EDEED S KFETHZRL Ko
7o kD TT, (BiR) 2505 2 b Ho T, FREDFADPFFEDOELRDOHRAEZTEHH LTV I LIZDWVT
. FABLET,
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1.3 2=1-20 D2 &, Rez=1,Imz=-2. RDELHIHEIT 5,
Re(1—2i)=1, Im(l—2)=-2m

IEDHAITTIE 0 = 0+ 04, /IEDHAITIX 1 =1+ 0i TH %,
BRI, 0 TRVWEEDHTHIEI RS, 2=2+iy #0 (v,y € R) I LT, (GRIEK
B3 2) WtERD IS, w D 2z OWILL X

2w =1

27TV, w=u+w (u,v €R) B &, (x+iy)(u+tiv) =11
zu—yv =1
20+ yu =0
EWVWSEN I XGEREFEETH 2, ZOHEROMIE
z Y

$2+y2’ U__a:2+y2
ThHhbd, WZIT 2 DWIT w IT—EINHEELT
T Yy

]
x2+y2 m2+y2

TH 3,
Bl 7. 2OZ %D L, BEAN

HTTE e TEL,

I z—uy
r+iy a2+ y?

flifs CI3nI#kic72 5, C O Z L 2 BERBUK LTS,

z+iy#0 (z,yeR) =

BEE 2, B n LT, 2" BFEBREFELC XY ERT 5,
M 8. i"(neZ) ZRDXk, MHEEAN
B 9. (1+4)2 2KkdDK, MHEEA

1.2 COBEHALLI-ESE

C ZEFRT D2HEIIGED 2 H 20, FADOBE#®HIX Hamilton DFETH 2 (kDWW
TN D TARRGERDS B L . BHfETH %),

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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Hamilton I2&3% C DEE R? = {(1,y) |2,y € R} IOV TIE, BRI FLOEHFL LT
BRCINERER L TH B0 (2hAMcd, 27— W, VLR EEERLTH D).
Z T RD KD ITRIEZTERT b,

(1.1) (a,b) - (¢,d) = (ac — bd,ad + bc).

4 . )
R 1.4 R2 1%, ik

(a,b) + (¢,d) = (a+¢,b+d)

o (11) TEFZREREICE T, AR &2, IMEDHENAITIE (0,0), FIEOHAITIX
(1,0) T, (z,y) # (0,0) DFIEIZEIT 2HTC (2, y) 7 1F

(way>1:< 2‘T 29 2_9 2)'

r*t+yxc+vy

\_ )
SEE AR NHEMBE OO Z L BHERT AT, =

B 10. 2oz Ertd, BEA

AR 1.5 (RORE, [EFAFEDORIE) ke FENERSINIES K 25, & (FIHME, field) %
23 eiE BURD (1)~(9) DD Z e 2 WS (MHEICOWTHHEHTH D, B RV T
TR OWTHHHTH . HEIERIZ 72 F),

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

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

(3) VaeK)(3d e K) a+d =d+a=0gk

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

((2) DD E, O F—BHICEFZ 22T a0 5%, (3) D 0 ZZD 0 DZ
T, T 1x KOWTHRAMTH 2, C TREIIMEDHAIIE O (JEHD 0 THH, F
EOBAITT 1 1TBHED 1 TH S, )

AHEERDOES Q, FHEROES R YA TH 2, Q & RIFAMMATH 5721 Tk
| NEFEOME (KTH D, 2IEFEETH D, HFREGRSADINE - FIELWILT 2) &
fio, $7%4&bDb

(1) (Va,be K) (a<bVvb<a) (EED2ITIXLIATEE)
(2) Va,be K) (a<bAb<a=a=0Db)

(3) (Va,b,ce K) (a<bAb<c=a<c)
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(4) (Va,b,ce K) (a<b=a+c<b+c)
(5) Va,be K) (0<aAN0<b=0<ab)
DD ILD, —77. CRIEFAETIZZR Y, =

A FILR Do 2B WEBEEEED 2D o T\ b, fliE [15] BHICA -7z, EEHDH
e B2 Lo D2EEICEATH HE S 2 WHBE T, Hamilton I X 2 ERBDEN SN
TWie, —3 22 %2BEHLET (*y FT7 272 AARE), AILERDOAEZRDOII S L
DRV (25 BIERDTHFOD T ),

BEBEZERT 27200, ZHLAORD FIZOWTHERITHEM L TE L,

TZRAVWTESR T2 > Tuwiud

a —b
(b a) (a,b € R)

DERELTCERERTDHIIEBHEKRS, 1 2 i1 T2D1E. ZNFN
1:(10>, J:<0-4>
0 1 1 0
T@bﬁ%ﬂ:ﬂzFlﬁ&bjOoitewmﬂmﬁé®ﬁdﬁﬁ%§ﬁﬁﬂ<mw ‘mﬂ>

sinfl  cosf

TH5%,

ZERABOHRKRBLLTES HEE2ZAT, BeA T 7 AR TWRIE, KD LS
EET DL UKD, ERBZHEAO2KRDOR TR Rz] 2. ZOMKA 77 L TH 5
(22 41) TEl> TE- 72RIRE R[z] /(22 +1) 2 LT C Z2ERT %, WAL T 7 M & BFER
BRIGAMATH 2, L WHEARNREENH LD T, C IR THZ Zehnh b, ZD
R HEEFIRRMOERMOEROE L AR DRVD, ZOHTHN L3205
DFHDS5H, —HFEMPZLBE (ZDDHLD) LWVWIDIFENTH S, LirL, BRPeA
T 7OV TEIERBHIUX, FOEVH L TATHL Y,

R#% 1.6 Hamilton (William Rowan Hamilton, 1805 4£ 7 A /L7 > K @ Dublin 124 £ 41, 1865
LIFAT S5 72w

£ Dublin I2 T3 %) 1, NI+ OETTEA(the skew field of Hamilton quaternions) &
SRS REITIE LN
H:={a+bi+cj+dk|a,bcdecR}

ERE LU (18434F), 22T, j, ki

PP= =k =ijk=-1
il THTHZ (Zhh b ij = —ji=k, jk=—kj =i, ki=—ik=j 2%E»rN3), HD
TC% T (a Oiuﬁazgr;li*o;) EIER,
H i, A#AOMED 55 (1)-(8) 17345, (9) 1dHE Z 0z, a#ETIidk <.
FERTHUR L MEX N B

VHAMFRDPREBICH > TWAFHFETH %, http://mathsoc. jp/publication/tushin/backnumber.
html
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H RO ZHERICOWTIE, THETOD XS RED B RS, RECEHEIIRL D 32727200,
FEEE 22 = —1 O £i LHNTHTFET B (2 = £, £k))s

Gibbs % Heaviside 12 & 32X FIUIENTICH > TR O SN 5 T, PAITEIKIE 3 KITHZEIC
bRAFHE ATV, 5 TH 3RTEMOME 2z R LD T 2701l fibhd,

PUTTEIC DWW TIE. I [16], SEF [17]) DEE LW,

(T2 LAt T RBEEE ) (18] L WO DIFEEICkR o), 7F—2aiflibh
% - T Hamilton e 5K L 30072, )m

1.3 EDfth: EF L EERE
FRERDES RIZ K TH BT THRL, EFMEZR > T2, ROMWEPERNTDH %,
(i) (Va,b,ceR)a>b=a+c>b+c
(ii)) (Va,b,c € R)a>b DD c>0= ac> bc

BEBITHLTE. ZOXS BWMEEZROIEFIZERTE RV LA LTV,
— /T 28 2, w DIEEE d(2,w) Z d(z,w) = |z —w| LEEMTEKS,

PaA (=152 FPHAE
O (AMKIZI2 %) | X (EFARICRS2W) | O (d(z,w) = |z — w|)

% 1. WEBUA C OREIE (7)

COEDICHHEZED S E, CIITHTH S I ZRTHEAT 2 (ZHIFET TR O
FRMECRICTH %), 2FEFEZMORE TBEEMEN ) C. R ZAHRDDOEFA T, Hifto
RNz, CHALLD, ERE=EEETH 2006) C BIEFAKRE WS & 2 A7
TERWV, ERATBLERW,

1.4 ERFM@E

(ZHUIZETIE. C R? 2FWVT, FHORZHIWT, 6L, KbV, HEDHEAL
LGRS ROV REWL, )

R ZEME AZED ((HER ) X520 R? 2 VFHE ARE5 ( TEEFHED) ) Z 23
LR K K FTo TV B33 TH 5,

RD7DER: FHE LI, FREMERZ T2 —2DEMR 0 &, O Z@Eh) EWERT
% 2 DODPEREE o« B, y WEED ., BUORXERDZ L, R2={(2,y)|r€R, yc R} ®
BB (a,b) I LT, o FEFED a, y FEAEM b TH B EEMNEEXEZ 22T, FHLEDSY
R? DEZD—W—ITLBE SN2, ZDL & R ZEIZEFEmEMERDTH - 7=,

(BAID T OFARERIM»N? L EZTABR L, Dk BIADBIE L IEE 2720
DD h B, BEENIZIX, R2 ZOHDEFHEERTIILICRDIESD, )

C={r+vyi|zeR, yeR} & R?* = {(z,y) |z e R, y e R} ORITIF. HARZEHGH
0: C—oR2% plx+yi) = (v,y) DFAETEDT, C dFHEAKRT LIRS,

Ot E C 2ERTE (HFRECFEM, the complex plane) & %W EH D XFEMH (the Gauss
plane), LA VFM®E (the Argand plane, FHIREDHEZB R Z KR L72d DIX an Argand
diagram) & PFE3,
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R? DGEW z 1, y Wi A EIZ, REH (the real axis), EEEH (the imaginary axis) &
3,

R 1.7 (ERFE vs. BRETF®E) PR > T, HROEROBZOHRIETIX, HE
) TR TEBECEFH] 2 WHEEERMS 22k >TWVWa,
—k [19] &, MERECFHE WS ) &L ET

il MEFFE WIS, ZOREIX, 2 0DEBH & n ONTREIND (F4
RILD) B OERICH DN S, ZOVHTOZIX, ERECFHEIX 1 %0t T8
RER TH5. XAlT272DICZDOARTIE TERECFH] W5 22T 5.

EEZ DT TV,

KA WEETIE “Komplexe Ebene”, “Komplexe Zahlenebene”, “Gauflsche Ebene”, “Gauflsche
Zahlenebene” 72 A S Z 5 TH 503 (Zahl X H 2 KT F A WVEETT), EFETIX “complex
plane” & “complex number plane” @ HFFIL, FEEIENCHTE 2 EW (B LI Google THAN
7256 1000f 1 { BWVWEEoTz)e ZORVWLHARDORZOHFDT X A bTld MERFH] %l
I DMVE, REPEDEZE DL TV DIEA S D,

(2024/9 385C) BT [20] @ p. 3 OIEIC. FEREEHOUGENIZE O 2L #H > T\ 5,
YIiF 22 NIZFHATAEL X Do B

1.5 FAHIE

ce CIMLT, 22=c Ziii’ed 2 € C & ¢ DFHIR (a square root of ¢) &ML,

ROEHITTRT X512, EREOERE c I LT, c DFHRBFEL. (TEKRTE - 7)
FEEHD \/ ZHOTRTZ KL,

[’n?i%E 1.8 (BERHMDFEFIR) FEOEZBIIFAREZE D, TROBEED ce CIiTxt L\
T, 2=c%ffileT 2€ COBFHET %0 c=0 DHEEZE—D 2=0DHA, c#0 DY
BB O Y 0obh, ZRALEHEWIMD - 15TH23, EEc=a+5i (a,FER) &
ERCR =]

i(ﬁ@%ﬁ“_—ﬁ) (8 #0)
(1L2) =9 4/a (B=0%55 a>0)
ty/—ai (B=02D a<0).
\_ J

(1.2) ofFBHENS \/ OFHE /a2 + R +a lFFAFEBTHE I 2ERLTEI ),
B (REDBAHDA) z=ao+yi (r,y eR) B, 22=clE (z+yi) =a+pi. Z
DD EFRREFR % Hei L T 72

(1.3) % — yQ =a, 2axy=/p

REX, ZOEBRITIERV, =
MR DD (1.2) 2HZ 2083, FHIRZERE T 2BENETL 6. ZOHE
(x+yi)=a+pi 2B 2L Z2EID 5,

Bl 1.9 2% =1+ &/ THRIBL 2 Z2RD &
(ff) z=x+1y (r,yeR) B &, 22 =22 —y* + 20yi THEIDH

P2=14+i & 2*—y*=1A20y=1
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1 .
2oy =1 &b, y=5 IhE 22 —y?=11TRALT
4t — 422 —1=0.

TtERTHEINE 22>0THDILIKEETDE
, 24V FA 2422 1442
xr° = = = .
4

4 2
W Z Iz
\/2\/§+2
xTr =
2
g2
1 2 1 22 — 2
y=-—==+ =4 YY" =
2z 2 2\/§+2 N2+ 2 2

72720 2,y ERIARDESIEIXRTCHIETH %, WZIZ
N <¢2\/2§+2 . \/2\/2_—22,> .

z=x+y =

R 1.10 (ESHIE - ESER) EERIE , EEBERE WO EENDH 5,
(axb)(ctd) (BEBER)

[
(a+b)(c+d),(a—Db)(c+d),(a+b)(c—d),(a—0b)(c—d)
DADZEEKRL TV,
(atb)(cFd) (HEEFIE)

o
(a+b)(c—d),(a—0b)(c+d)
D2DOZFERT LD, £2WVIRDTH 5, INIZDOEERZ, BRTEFA MR L TV
FWCHATz TRy, IRFLECH - T 5 TIV5DoTHREAETHDHL2DH? &\
5 DHXRUTTIE o Ty P THREKT % &, #HEFEAIX, double sign in same order & 7* double
sign correspond W95, WO AR TR D I 200, EHIH 400 2> TW3B L,
o TWBEANITHERADRZ Y, 5—A. BxroELW,
B DOHFERBTNCOWTIE, FITEERMC S

MR BAE SRER, BRI R A BB WIFURT SRR, B0 - Floeird, H
SLHRR (1979/7/16, HE#hR 2016/2/25) [21], https: //ellb.maruzen.co.Jp/ellb/
html/Viewer/Id/3000033529

DBMEHTZ > TR ITNE, Z3UTiE TEERIE (3#-> TWRW,

(% » FTIE. double sign correspond FEBSEELEDPEIAETVWAED LT, =22
(MATESIRBARAS?? 7)) thholb, ZheE@EE LT A MT, EBE) 2 8
1 eELIANBZW, HROHELELSH, 5] 7255, ) m

B 11. (1.3) 283, (VP =8 THBZLITHEEL LS, ) MBEA
R 12. —1 OFEHFBEERD L, BEA
B 13. i DFEHRERD X, BEA
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PERMEDOER (FEE) FHHOFEHRIIOWTIE, TERTRD Z L BEAEY, ceRIC
FLT 2 =c T 2 cRBEFETDIEDICIE, ¢c>0THLZeBREASTHH, *
DEE x>0 % T » GEADFEHR) &727210T, 2k e e RTEHHT 2, c=0
THIUX, ¢ DFEFRIZFZ 0 DAT, e=0. c>0THHIE, /c>0ThHH, c DFEFRIZ
Vel —\/cD2D EFED cp,c0 >0 1K LT

DI D 3D,
Bl 14. ¢, >0 2T B L&, ooy = /a1 /& DD IDZ LR, REAN

SRBEDEE ST ADFEH c 1T LT, o= —ci EEZELZD (BIZIX V-1 =1,
V=3 =310, ZO#EHETIE. COERIRA LRV LIgT 52,

RERTREATLR VIFAFH L WSESIEEVEITBH.
BRTEAR VA EWSESIZIED B LICEDLL,

B 15. BOFE c IS LT, e & o= /—ci TERLIGA, Jae = Jaya BD
NG END B I ERE, BREA

ERBAYGATIE Ve ZESERTID >0 DEEER. FRCH D DRRWIRD, e Wit
Bk, THETHED (FERBEELERD) ¢ DIEEDFEHIRER T OPEETH 52,

¢ D—IRDOERE (0 A EDEB TR ZRWERE) OLEITIE, e DEFIT. ZD L Z 1Ko
TWVWBRBEIZINC TRD 2 DO EETH 5, —RAIIRERITIRN,

FELWZ C I3 TR 2z 2 X2 L ZICHAT 2, D5 BIC—FRT | B LT
MTHZEIICT 5, (CEERTHEHFIIITERY, FAZHESFERE 1R, £2ITFH
HFE R R X 2 O, )

HEELTHI 1D fIZRIERDODZEDDIT NS, c D20H2FRDS B, — %5
FVWL—ILTEAT, £hZ Jc &RT I EITLT,

Veave =ae

ORI T % X D ITFHR RV FRERDS),
c>0 TRWERIZ e EWVWIRLEPHTEREZSL, ¥V EKL, BELZL TERLR
W, BARGEDD S,

(a) V¢ T c DFEFARDIEDRED—D% ((IHhDL—ILE2ZDE ZRDT) £T
(b) Ve TeDFHRDIBDEL HH2RT (556 TH20EEHLL—IIRD W)
(¢) Ve T c OFHIROMST RS

BIZIE V/=31FV3i 2B LAV L, —V3i b LARWVWL, £V3i DA ZIELTVWA 0%
LW, EEBNETH 5,

N ARICBEENREEH I LRV TT TR (%K),

2 0iiZ, BHROMEL X T, [V=1%iET) X5 2ARELIEDB VS,

2 [ESE] 2WVI DI, DRICESIE LIRSV, KEDBEIZZESIE, LI SVWDOEKTH 3,
NIy s IV IEEOGEE. 22D F o TVLNRVDT, 2z :=/|z[eA82)/2 v ED 2 Z e HE V&
STHDH. ZHIBFEFELIINNDFETH 5,
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R 1.11 (FARD 1 2 hniE. FAREEHDH D, ) BRE ¢, (1T LT, (D
DEFREBIE, ¢ DFEFIRIF £ TH 3,

C=c=>[V2eC)(FP=ce2==x()].

SEBH c=07251, c DFEARIZ 0TI RDT, (=0THDH, +( =0 1XFE»IC c DFES
WOFTRTTH 3,

c#0RBIX, c DFHIRIZ2O0H %, ZLT, ZDIED1ODB(THH, $51D0DF
HREZ - TH2, DI +C X c DFEHFRDOIRTTH %, m

c DFEFRD £ TH D id. BEORLEE2MHZIE

{zeC}zQZC}:{Q,—C}
D EIET 5,

KRR 20, HEROBE W SEIZ. SHALIHATIONENLEH LWL, BHHY 75
S—D#E/ — b EREALTEBL,

https://m-katsurada.sakura.ne. jp/literacy/set.pdf#page=8
51 3.16

2 XABROBWONKTIEZ / B £ 25T+ 2WIETHEHAZDT, YOER
ERHALTORALCAREZRT. L5 THRDRVWTHS 5,

- ~
% 1.12 (EREHO 2 RARXOIR) EEERD 2 KRR 022+ b2 +¢ =0 (a,b,c € C,
0+ 0) 1, WEROWIET 2 50WMERS, Zhbsik

—b+Vb? — 4dac
z = )
2a

ZZT Vb —dac iF ? — dac DFFBOERD 102K T T2 2205558, €55
ZIEATH, 2 ZALCL DZRT ZLITRD),

KD:JF—McZ?%k%\D#0&62OrD:0&%@1OC%@% )

SEBR RN 2 KRR L AR

b? — dac
4a2

b\ 2
a22+bz+c:0<:><z—|——) =
2a

. 2 b2 — 4 /52
<m> _ 2(1/0 VG@%%)%\ b2;4ac cj: b24—aééac @Iﬁﬁ*ﬁ*@%%o .;7%111 73))6

2a 4(1,
\/132—4ac<:> —bi\/62—4ac.
—_— &= )

b
a?+bz4+c=0s 24+ — =+

2a 2a 2a
L ORISR TH 20, B TR1LI2ZIHEHL TARZIWV, 0o e
b\> b —4dac b b2 — dac
2
p— — pr— —_— :t
az‘*+bz+c O@(z%—za) 12 <:>2—|—2a 12

v ULt BMORH = £ pppp#nr & (BETTA? ) EWI Yy a IR
7 —XF B ABZV, eI

/b2—4ac_ Vb? — 4dac . b2—4ac_ Vb? — 4dac
4a2 2a B

4a? 2a
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DELLENPTHEIN, a,b, c PEREBOLLWVIGEIC, 55 THI20%EE D DIXESN L HE
TH5,

= 3 2 b2_4 Py = =l 215 5
RISERR (ﬁ%ﬁ>:: BT 2, FHEREITS &

4a?
) 20\ b — dac
az"+bz+c=allx+— ) —
a 4a2
'( by C@T%%j
=al|llz4+—]| = | ———
2a 2a
b Vb?% — 4ac b Vb?% — 4ac
—alz+—+——)(2+———"——).
2a 2a 2a 2a
—2b £+ v/b? — 4dac

WZIZ a2 +bz+c=0< 2=

2a

AR COFEHIEERED L B (FRBOBEI) Bb o7 b DEn, BERDELEITZD
FEHHT S, Taz? +bz+cz2=0 DD o, B 201, a2 +br+c=alz—a)(z—0).] D
FEFRIZ®H 725 TV, =

1.6 HIZEEH

ER I IE

z=x+yi (v, y ER)IIXNLT, z—yi & 2 D HIZEERE (the complex conjugate of 2) &
U, 7 TR,

S 113 (TR BERETT) T3 37041 () L BN, (O FCT
5] EVWIHOEKRTHE e ( I{UELid F. BREDODKBERZZHCBE, 4H, UK
WEBSBITHWA REMOBRBETH S — T4 FXT4 7)) M8 DDYHEFICAS R -
=7z, THHE) = THE TREAT 2221k Z5TH5, =

FED 2,we CITH LT, URBWILT %,

HIRE B DR ZBITTOEBERTH 5,

zZ==z.

2ODEREDOM, 7, M, MOIKRERIIL, T2 HIERL DN, %, . lTH 2,
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f 16. ZhoZiErD L, BEAN
z=z+iy (t,y€R) T DX, Z=0x—iy THHDHP5H

24z z2—Z
(1.4) T=— Y=
Wiz 5k

z2+7Zz z2—Z
(1.5) Rez = 5 Im z = 5
i o hl ZX

(VzeC) (Z=2z <« z€eR).

(14) &b, 2 2 y ZH-TREZDDIZ, 2 £ 2 2HRIREZ W00 5,
M 17. BRVFHANOEEDOERI. % ac C\{0},yeR ZHWT
az+az+v=0
YREDZ I ERE, (BROM19 BRTAZIL, ) BEA

R 1.14 1 DOEFHOEE 2 1OV TOHERE, AREGPEERICRD ZeHZ WV (1
KR az +b=0 20X a2 +bz+c=0 ZBVHLTAXD), 2z DFEH - EBE 2, y
TEEMUZ TEZTH, (EHEIHT) 2005 (#HAER) k2205, 28 ROIH
MERD B> T, LWIERNITE 2, BREBITOVWTOHERDER (FERES)
ZRIDIIBRERLAS?
17 AR
Re(2az+7) =0

rETE, —RLTEBRICOWTOHERTH 20, FEMNIER 2, y IZOVWTD1OD
HFEXTH2, 522755, m

1.6.1 HEHBIERDIR

RDEE n =2 DHFEF, RBEE2 XGTERAOROREDRS TS nn20%°, n>3 DL
XS THIERWEA S D

ZAUIEREET, Tar® + b2 +cx+d =0 (a,b,¢,d 1EFE) 2 2 = a+if (o, B 1IZER)
ZIRCHRITCIX, 2=a—if DR THE2Z 2Rt WO TRAHBEINLMETH 3

115 neN, f(z) =ap"+a2" '+ +a, €R[z], ceC, flc)=0 T B E,
f@)=0. bbb EREZERADPD 2ERBERE T & ZOHKERBBIRT
b5 1o

BEBE a; DEBTHE00. aj=a; THEILIWXHEET S, EED 2 € CITHLT

f(z) =apz" + a1zt + -+ ap,_12 + a,
=0 a2 4+ T 2+ G
=0z +a "+ A 2+,
= apZ" + 2" 4 an1Z F an
=f @)

BESTLDRKICRDITNE, BHEEFEC L & GR1IFEEFI2XTEATZOFEEZ L LS &
LT, BRZMESTHE, [RAR, BORKDPLHSNT 280D EXDOWT, RICLEZEDRDH S,
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THZD5. flo)=f@). R flc)=07%51F f(@)=flc)=0=0TH%, =
FARBZTAR Db D ICERBEER f(2) = 43 (P(2),Q(2) € R[2]) TH. f(z) = [ (2)

DK D LD,
M 18. FOMBEITERE T TEERBLTHRDIID, DFD. ¢ f(2) D m BERZSIE, ¢ b
f(z) Dm BIRTHZ, ZOZZAAT X, (¢ f(2) Dm BRTHZ22 052 %2E5

RoTATETD, LWHIMETH S, AREDL 2RI EH 2133 T, Z2hzEuvi
BIUIRIRT 2133, ) BEAN

1.7 $ExiE

HELDHMEZEAL £ 5,
z=x+1y (r,y € R) I LT, 2 O#MHE (the absolute value of z, the modulus of z, the

magnitute of z) |z| &
2] = |z + iyl = va* + ¢

TEDD, THIR? OERE (z,y) DRZ (VL) TH b,
RiZF a5 (BHEFHEOMBHINTAS LRV,

(=2l =12, 2] = [2]

B

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

R 1.16 HFEOXEZ A TEHEL & 22, THHE) BRBEICR 57256, “absolute value” %
5 DRV, BRTHTEKS “the maximum modulus principle” @ & 512, modulus % FW
T-HEEDH % DT, modulus HHEMEZ LT Z L HHATEL DR,

magnitude £ W FEIIMETHEHIED, TKRE2Z) ETHIRIREHFETH 5, HizoW
TZOBENMEDNZGER. HHEZEKT 2, BEGRO 7 F X FTIEM (2o, Ei
Rz ZeD700) TH B3 RKDRARITIRDH, ¥ Ial—>ar Y7 +D MATLAB O
HAGE~ =2 7L Tld, EREITOWT (HEXHMEZEKRT %) magnitude ZfEHT 2 205 +
YTERFERE LTEKRO T HRWVEIAIZIR o TLE 2TV 53) DEEER D -7z, =

z

SHAAT 2= | 2B, 2 A0 DL X % = BcEEEIECENTH S L

Z )P
i, T3 2 BRDBICE. DENTIE 2 BT BO0. BBIEY ) LWELKS L = AA
HbH, m

B 19, WETHANOLEOME. B3 ceC, BeR, < [cf #AWVT
2Zz—cz—cz+ =0

ERED LB, BEA
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-
frRd 1.18 BRI DHOEITH U TRAED LD,
(i) 2] >0. F5 < 2=0.

(i) [+ w| < |2] + [w]. (EAHFER, OFRFRL L LIN5, )

(m)mm:pumm%tbf‘aﬁﬁﬁ)
N J
FEBE  a +bi € C OHeXHEIX. (a,0) ERZ DEX (JVA) THHZeh D, (i) & (ii) 1FK
O THREHT 2 BEDT2 0,

(iii) Z7R"9e z2=a+ib,w=c+id €T 2L &, zw=(ac—bd) + (ad + bc)i THEHH

|zw| = |(ac — bd) + (ad + bc)i|
= \/(ac — bd)? + (ad + bc)? = Va2c? + b2d? + a2d? + b2c® = +/(a® + b?) (¢ + d?)
= Va2 + Ve + 2

= [2] ]

(BIFERR) REERONE 22 = |2|* ZRLTBVWEDT
|zw]® = 20F0 = 2wZ W = 220w = |2|* |w|* = (|2| |w|)*.

ZOMAD /) EH-T |2w| = 2] |w]| =

1.8 #EXREHEHO FIRIL)EA

z=z+yi(r,y € R) ITHLT
(1.6) e =expz:=e"(cosy+isiny)

EBVWTHBERBEH exp: C - C ZERKT %, (?’ﬁf%%&ﬁl%ﬁﬁb\fﬁ% LIES2, 2D
BWEME LTHELNSGK (1.6) Z. ZITWREREARLTikmd . )

(1.6) DHEAD e &, FERR L L ToEBBIKTDH %,

2 MWEROGE., TH8DOB y=0(z=2) DHFEIE, cosy+isiny=1THE0bH, e = e’
D% D ERFEREI BT BB D IRIRIZ 72 o TV 5,

FaRaEH]

(17) eAltee — %1722
Zﬁ\ﬁijj—éo %B%‘\E\ 21 =T —i—yﬂ, Z9 = T + yg’l tlﬁ( 2:

ez1+z2 — exl-‘rﬂcQ (

cos(y1 + yo2) + isin(y; + y2))
= €™ [cos Yy cos Yo — siny; sinys + 4 (sin yy cos yo + cos y; sin ys)]

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

= e*le*,

et =e " = =1 THEHIH

(1.8) e #0, e*=—.



z BB DOEEEEZ LS, =i (0 cR) DL &

(1.9) e = cosf +isin6.
ZHUFEHIR Euler DRXTH %, K
(1.10) edi=i, eM=—1, e3i=—i ¢M=1 (Mz2HZ 9).
EJ
(1.11) cosf = Ree”, sinf =Ime”.
I 51
e ¥ =cosf —isinh
THEH0H
0 —if 0 _ —ib
(1.12) Cosﬁzi, sinf="_°
2 21
RDOFEMFERZMNT, 2O —fHIZEZTHE LRV,
) — . 1
(1.13) e’ =1, ew::e*wzzgﬁ.

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

(1.14) le?| = efte=.

FEAE D5 E DIERIER] o™ = (a”)! DERTEBEIANDIRRIC O W TR S 205, Kl
BEaEe LT
e =(e*)" (neZ,zeC)
DD IO, ne N DHER

z1t+22++2n

Zn

e =ele® ...

DPOAEATZ 223, (1.8) ZHWA . neZ DEEDEDILDZ 1D H 5,

AR 1.19 ((e®)" D n ZBHUCIRBIER) EBHDO L Zid, (e9) =™ (HDWVIED o & —fif
W2 a ZIEOBE LT (a”)! = a™) &\ D FEEGERIS o 7223, EREBUTH L TE. B3R
DRFELELERLTOVRVWIE DD T (Z4UL §§4.2 TEFRT B), 25050 EEZ 5
DRV, BTHD S L5112, BERBOFERIEROELFD (Zliz\VwD) HELD
b, KHRICZOD U THZ 2 DIIEBEBERDIGE T TH S, ZOHADNRNEIHT 2 Z 2 I3
FRTHAEERD TR > ThAR, &S TH%, )n

R 1.20 (e I e D 2 FTTIFRW?) BT, > 0,2 e RIIHLT, “a D xR a* D
ERIN, ZORAIRGEE LT, @ pbitic, 22T — D a ITL T o ZEET
LDTIEHL., & BEE L, ROENLD, Te D 2 F) LatAlzi kb, EBRIZZSFHDA
DEZWVH, I TODOE | PWERZNZDIT TIERVDT, Z3HLDITHEYITIERW,
EVWSHERDLD 5,

§§4.2 T, 0 THWEZEM a. BB D ITH LT, o ZERT 22, ZHREIEHEIIZMTH
D. a=e b=z ODEEIZ. o EZ 20 ¢ (ZHEoRIC ) AL DOTEEV. =
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F 20. (EFZEHOBEWHE) e = (e")” (n € Z, 2 € C) I ILO»? BEA
0eERDEZE, z=1i0 L LTRXANELN 2,
ein® = (¢)".
WA DL
(1.15) cosnf +isinnf = (cosf +isinf)".
ZHUFE$7 de Moivre DR TDH 5,
M 21. FEOER 2 TR L T, UFD (1)~(4) DD Z & &Rt
(1) e # 0, eiz =e* (2 EED n € Z ITHMLT, (e5)" = e (3) e = (4)
5] = eRes  BREEA

M 22. XD Z & &Rt
(1) EED 2 € CIINLT, ¢ =1« 3k € Z) z = 2kmi.

(2) HEED z,w e CIIHMLT, e =¢¥ & (Fk € Z) w =z + 2kmi.
fREN

B 23. =0,z 2 = & 21 31 5m o 37 or Dy X|Z ¥ DEZRD L, BREA

767473227 37 47 62" 92
B 24. FED O R ITHLT

. - 1 p
‘619|: ’ 619:6107 *2610

DD LD Z L wlfEadE ko BBEA
5l 1.21 cos50, sinbd %, cosf & sinf DZHRE L TRE (RLAFIE—ED TRV, Eh
M1 DORDFHZRW),
(F%)
cos 50 + isin 560 = ¥ = (ew)5 = (cos @ + isinf)’
=cos’ 0 +5cos’ 0 -isin® + 10cos® 0 - % sin® § 4+ 10 cos* @ - i sin® O + 5cos @ - i* sin® 6 + i° sin® 0
= cos” ) — 10 cos® fsin® 6 + 5 cos fsin® O + i (5 cos? @sin @ — 10 cos? sin® @ + sin® 6)
THEH0PH
cos 50 = cos’ § — 10 cos® #sin® @ + 5 cos A sin’ 6,

sin 50 = 5cos* Osinf — 10 cos? Hsin® @ + sin® 6.m
B 25. cos30, sin30 % cosb, sind DZHEAXDFICEE, BEA

Bl 1.22 cos® 0 % coskf, sinkf (k =1,2,3,4,5) 2 2o THRE (LoHloFD LS5 &
ZLTALD)
(%)
i0 —if\ °
COS5 9 _ (6 ‘i‘2€ ) _ 3_2 (6519 + 5647,96—19 + 1063206—219 + 1062196—329 + 567,96—419 + 6—519)
— ﬁ (6519 + 56310 + 10610 + 106—19 + 56—319 4 6—519)
1 1

=5 (2cosbf +2-5cos30 4+ 2-10cos ) = T (cos 50 + 5 cos 30 + 10 cosh) .

(cos® 0 @D Fourier BB Z KDL LITR-oTWV2, )=
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FIXE O~ FED e ClTXLT

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

COS 2 = , y
2 21

B D D (b T %),

1.9 #RAZEC

BEBOWIERICOWTHHL L5, (—STHHT 2 &) BEEE (BEFETO) ML
ZPHWTRRLAEATH %,
F 3 2 KITTHPERICOWTIRE L L 5, HEED (z,y) e R 1T LT

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

Wiz 3 r, 0 DFEET %,

r ¥ (z,y) EIRARE OHRE /22 + 42 TH D, 013 z BOIEDT 72 & KIKEHE D 12l - 72
AETH 2, 01X 1 DITFEE SRV, (1,y) # (0,0) DFEE, 2r DEBEDEEFRNT
EFE D, TRDD

(ricosfy,rsinfy) = (rocosby, rysinfy) < (1 =ry A (3k € Z) 6 — 0y = 2kn).
M EZERBICOWTE VIR, RDEIITKD, EED 2 € CITHLT
(1.17) z=r(cosf+isind), r>0, AeR
ZWIT v, 0 BT 5, ERIEBEBEHWS L
(1.18) z=re, r>0 6HcR

LdEFEIT 5,

rld 2z EERE DR 2| = 22+ 42 TH D, 0 BFEHMOEDTHD oMo 7AETH 5,
X1 DICEXELRNVD, 2 #£0 DHEIE. 2r DBEEOEZRVTEE %,

0 DZ % 2 DIRA (an argument of 2) EFELR, argz € ERTF,

( MRADERE? ) LilbNo, 023 DIRATHZLE, z2=re r=|2[,0 cR %
W7z ThHb, )

(1.17) % (1.18) DKL DIZ. z ZZ DHaIHE r RA 0 THVWTR LA EZ, 2 DBH (the
polar form of z) & PFESR,

(BT 212 2 ofER &, 2 ZWEBE TR LKz THD, TREAZRDLRI V] &
WO R FEANCIEIMEREZ RO LIV, L5 e THD, )

0 DEFENIHFAZ, 0<fh<2r—-m<0<71DESIZ, 18D 2r OFBHXENZRAUZ,
O IZ—BHNCHREZIND, FFIZ —1 < 0 < 7 OHIPFTIEAT 0 2. 2 DIRADEEL I,
Argz TR,

R 1.23 (Mathematica M Arg[z]) 2 a2 —X—TCRADHEZ T2 2, HEINT
W BB EMEZ IR T ORE@ETH 5 (FIFHIF S 72, Bl 21X Mathematica 121& Arg[] &
WO BB D 5,
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In[3l= Arg[l]
Out[3]= O
In[4]:= Arg[I]

Out[4]= —
inlsl= Arg[=1]
outsl=
Inlsl:= Arg[=1]
Out[6]= -
2: Mathematica @ Arg[1 12X 5 1,14, —1, —i OfH
BOHBDIRAD (—n TRHRL) mn THHZLIFHELTELERY, =
W124A@Uﬁﬁ)z%ﬁhﬁl—@z—%,Mgbl+@:§§JMM}1—@:——i.
Bl 1.25 » = —1 —i DM, Argz 2K X,
2] = V(=12 + (-1)2 = V2.

R 013 .
L
\/§z
o g o 3 RN
1" (—m, 7] TEIRZDL 0= 7 (TRTHEZ

em\%ﬁwmﬂmGZ)z%wéﬁ\@%ﬁm%ﬁm1o@n@mﬁﬁﬁ5@f\?&f%
CRENITR D, )
i oME e LT

€ = — =
2]

Zile T TH %, [0,27r) THEIRZS 0 =

Sl

z = ﬁei%,
z = \/ﬁe_i%r

PREOND (EE6BMEATHD, EEH2EXTHIEHMTH D), WADTIEIZ —7<0<n

i3 0 D THHNH
3T
Argz = —I.l

R 1.26 (TRFDERZLTHB L) (1.17) & (1.1 Db L MMER L LTl 3N &

ST, BENBED? SE (1.17) KR 72 AR R0Hhd LW (20 HUITH

Z). VIR LTS, RIZHENT 2 XD REEVDREI SRV, EEZX 2500,
M1+ 3i O ERD X WS REICH LT

—14+V3i=2 <cos 2; + 7 sin g) (DS cos, sin TE D | MUEATIZZR W )
e Tz=re? 252 % 7z OMERERD X ITHLT

Z=r(cosf—isinf) (PIEDIELVEFERZD, WA TEZN!)
L IERDIDERENT, (Hohd) tES5LYEATLE, o
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M 26. 1+/3i,4, —1 OMERERD K, BEA

ﬁzzz:m”tﬁété\Zké(tﬁbz#02?5)®@%ﬁ%*®\Eﬁ%ioﬁ@
ZEA

AR 1.27 (arctan TRAZRY) BFK 2 =2 +iy (z,y € R) DfRMAIX, arctan (tan™!) %
HOWTERT ZENTES, L, ZLDTFAMIH-TVD

_ Y
arg z = arctan -
x

VI FEEDPRETH 5, THE 7 OBEFOEZ N T 258 CIELWVAT, A
arg z = arctan% (mod 7)

DEIIELIREDDTH B, LTHBRZLESIZ, FA argz 1 “—JHD” DEDILERDT,
(mod ) TEATITTH 5,
“EFEME ((—7/2,7/2) NOfE) ZEKT 2 & LT,

([ tan—1 Y (x>0 DHFE)
T
tan"t L 4 7 (r <0,y >0 DHFA)
T
Argz={ tan'Z —or (r <0,y <0 DHH)
R
—g (=022 y<0)
\

DEDILD, TDEIIZ, ¢ &y DFSERTEHED L TUH T 20ENH5,

1.10 #EZXEHROEFEOETR

FNZDOWTIE, N7 ML OMEFRED “SEATIAE V=D, D LD, TROE 0, 2,
21+ 2o, 2 WFEFVHE ETETHAEE RS (KEEFEST 52 8),
2 ODMER O, BHEICHEROBICE D o5N3:

i@l 1(01 +92)

rie’t - rqe 92—7"re

(7"1,’/“220, 91,92611%2“3'5?:%\ 7"17“220, 91+92€R¢G@ZD?Z@:HE%O )
IDB 2DODERI 21 = r1e', 25 = rye'® DFEIZOWT, KB DZ BT h 5,

(a) 21, 2o DHEIHEDFEIL 2120 DHEIHE (|2120] = |21] |22])
(b) 21, 20 DIRADFNE 2129 DIRA
1 O VWEEEZLTEL, (b) DHEEE
arg(z12,) = arg z; + arg z

CEXARED (FERICZEDEIIICENTHS2TFRA b HEH), WA ag ld 1208
LTEZLDITRRVDOT, IELWVEIEE XAV, IEXET 5121d, Bl 2r ORHAGE
JERZZBDER—MHTZLEVISHNHE T 20END 5, GRACEZH > TR
(1.19) arg(z129) = argz; + argzo  (mod 27)

BEFARIBEERS £ ZICHAZINS 22 0H, BHEICR S TRAINS,
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ERBT D ek s, ARRX a=0 (mod ¢) &
a=b (modc¢) & (In€Z)a—b=nc
CERSIND, DFD (1.19) &
(In € Z) arg(z122) — (argz; + arg z2) = 2nmw
EWHEIRTH %,
AR 1.28 (A% 2r OBBEOEVEZEHLTEZXS I LIF. BRTREMICE->TWLSIZT)
ERRDEE C DHERIET 2o oD o TWT TERK argz = —argz 1F, Widd 2r DEE
BfEDBEVEROT—HT 2 2EKL TV, D&, RACOVWTOFERE, ZOEKT
EZ Do) EWVOFHANHEICA o, BT 51T, AKIE = (mod 27) TRINRZXZLTH S,
VWS TH5, =
B 28. Tl Arg o, 2R 120K LTEE S, £IT
Arg (z120) = Arg z; + Arg 2

EFTBZENYFVMENTDH S, TDOZZlErD K, BREN

FRCHEBVFH LD 2 ZEADOFDODIC 0 MERT 512, 2 12 2T UT Ve 2 = 2+yi
(r,yeR) &Fdk

ze® = (x + yi) (cos§ +isin@) = (v cos® — ysinf) + i (vsinh + ycos )

TH 5, 1181 % M o 7 [EHRZ H > T2 A
cos) —sind r\ (xcosf —ysind
sinf  cos# y]  \xsind+ycosh
ERHERS R,
90° (= 2) R 3 31Tid, €2 =i ZDTIUIRVWI e 05,

1.11 n EIR

BETHD, hiki TATHEZHE T, EHALTRAX—TRET, sIEBEV L TXWT
VAQA

2LLEDOBERE n &, HIEH cITHL T, 2" =c Z2HliTEER : D% c D n BIR
(an n-th root of ¢) EWMER, n 221 FTITHEFER, AFEHR

2" =c WO TBED X Z 2 IBAIETN (binomial equation) &5 (FETZHE R 2B
AQRY

DolE5 A

c D2EBLIX, c DFEFIRDOZETH 2, c DIFERDZ &% ¢ DILAIR (a cube root of
C) Z %_)D?,S:O

BEEROnFRDOS B, n=2 D & (FHR) & PERTHEAL V/  (V OFEEIE
BEE) PHOTRT Z e HRED (M 1.8). n >3 DL Zld. n 232 DEDGE (n =2M)
EHROT, 20 &5k (FROHBD ¢/ BHVWTERT L) KRRV (29, 30 %
H&)o

TEERBUERIH B C, BFHRR 104 B | ¥ C 708 \ ISBN978-4-410-80356-7
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yemy

Q/F""";¥=z{‘-b (:‘%
} R
o >

2~ xtip =re'Y

Vi
@ -2 ¢ o T
) N o
O =
12 (= {274y Hvh B
3 ) Qrs‘i— 'a.l'a'qu(""l
0 .
b o tal) m\tgiﬂ.
* 3, w3t
1TF% {1 Th
N , \ At
e')(.-t 9 o P = o> o'® a# e
B2 K

}extfh \-_ ek 2T te-b \:—. e
( &hedn.cd )

k3 (-

\4;.\&
- . 2are-W
T30

3. FDOS5H TikZ THIZEL
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M 29. ceCO3FRE, c=a+bi,z=2+yi (a,b,z,y € R) & BWVWT, B FEKX
(z +yi)® = a+ bi

ERNTRDZZEDEZONDE CEHARORDTDEMTH 2), ¥IRI21MEET L,
EN

M 30. —f%IC ¢ D 4 MU ¢ DFHFIRDFIRE LTRD NS (¥R ?) T 2HWT,
—1,i DAFWREITNTRD L, BEA

L2 LB Z oAU, EED n i LT, n FRIFRO L 5 ICHIIKRD 5N 5,

‘ N
i 1.29 (0 THEWERHBD n FTiB) n 2 2L EOBREE T2, c=pe (p>0,0 € R)
DR 2 n FRIZ
Spe R k=01, ,n—1)

TH2 (bxroE8 nflFET2), Zho3ERFETRLATD, F12 o OHED n F
Kﬁj\lﬁ“@@% (n >3 OBFE. MEITHRD THEIN L IEn AT 2),

J

(/pl&rm=p,r>0ZHLSTEr (—EIHET D) 2KT, )
SEBR 2z =1 (r > 0,0 cR) B, 2" =cIREFMETH %,

T,neznO — peup.

HADHEIHEZZZ B & 1" =p. WX r = /p. T LOTBENITRATS

6in9 — Giw.
TR EFMETH 2%,
nf = ¢ (mod 27).
ERAN PR
(Fke€Z) nb—p=Fk- 2m.
W 21T

@kez) 0= 4k "
n n

WZIZ ¢ D n FTFRIT
e GHRE) (k€ 7).

—RUTERED S L5720, kD 1R 2T 8ImAD 2r/n $OEMLT, k2 n X
LZYICICRZDT, L IWCEHLTE n TH2Z 200053, O k=0,1,....,n—1721FH
NETARTERLL, FALEHEED R, TR2DE 2" =c DFIX

(1.20) 2= /e G) (k=0,1,...,n—1)m
R 1 D FIRTH B, e w TERTBEND S, ERECET, 3 XHBR B8 =1

DR _1+\/§Z ZwELDL, ZOBBIIESTDDTH D,

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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-
3130 (1 DnER) n Z 2 L LOERKE T 5, 1 DHERZR 2 n FTRIX
et (k=0,1,-- ,n—1)

TH3 (bxr58 nAFET2) w=cn EBLE, W (k=0,1,...,n—1) KTt
Kz’ﬁ‘tljél%zao

J

i 1.20 D ¢ = pe® D n FMUX. ¢/pe/"wh (k=0,1,...,n—1) tEFE L T2 HIK2,
SEBA @129 T, p=1,0=0 327X TH%, =

B 1.31 2B EDEBRE n ITH LT, wi=en LB X
S =1=(-DE-w(z-w’) (2w
DD D, =
DR, BRI ERED n FAREZRD 202 0L 0hHIF 5,
B 1.32 (SiD3IFAR) c=8i DIFAR 2 ZRDTAL I, c=8"2ThH3hb,
2= R FHE) (k=0,1,2).

ERAS PR
z = 2€'s, QGi%, 2" = /3 + 1, —V3+ 1, —21.
NG 2z 23T, HPICc=8 %%, m
ZOFITIRADEE LD, 3EIRDFHHICGHETELD, T3 THRWEEDRTAL S,

B 1.33 (3+4i DFEHIR) c =3+4i D2FR(FIR) ZRKDTAHAL S, || =32 +42=5.
¢ DRAEZ 0 :=tan™' 3 (tan! BFEEZETE T D) LERTLHVILNTER (33D 3, 4,
5eWVd, KLHONEA=AFEONATD 3H., AEOBIEIHHIZR 2D TRV,
W2 ¢ DFEHTR 2 1&

¥ = \/gei(0/2+k:27") (k’ _ 07 1)
_ \/561'9/27 /B2,

tand = 3, €2 = cos & +ising TH 2025, HiR- CAHHETIUIEEZ KD 2 Z L SHIK 2
M, RPHETH 5,
S 1.8 ORIk B . I

z=2(2+1)

BELNZ, ELWZ I HICHERER 2 (24+4)2 =4 +4i +i% = 3+ 4d. f 1.29 D
HPAE, i 1.8 OBHEM K D DIV, i 1.8 DB DOGEDH 2 I ehnh b, m

Bl 1.34 (1, -1 D n T'IR) n HVPIWVHEEIC 1 DO n TR, -1 D n FREZRDTAH L S,
en=20t%, 22=10fIF T = (k=0,1) THEHS =1, ™ = —1. Fk
Z—1=(z2+1)(z-1).
2= —1 OfiE GHE) = 5 (5 =0,1) THED S, €3 =i, ¢F = —i. FE
2 +1=(2+14)(z—i).

39



en—=30DrE, 5 —1 DI T (k =0,1,2) TH2056, =1, ei% = —712“/5;
¢ = v s

z3_1:<2_1)<22+2+1>=<z—1)<Z__1+TN§> (%ﬁ)

(2k+l)7‘r

“fff

5= 1 ol (GHT) = ¢ THoBNG, ¢f = 8 o

ML
5

P24H1l=(z+1)(2—2z+1)
1iwr

THAEDH 2 DRI

n=4 0k %, f:1®%@a%%m%%w=QLz$f@é#6\&:Légza
e = -1, e’* = —q. FEE

A 1=+ DEP 1) =(z+i)(z—i)(z+1)(z—1).

27

A= 1 oftig (THT) =

T 1
e 7

(2k+1)7r

oiF — Lk %l i 1
b 4 = 4 =
THDHHNPH, 73 € e

1= (22 +0)(2% — ).
22 = —i, 22 =i BRI IRV
z4+1:z4+222+1—2z2:(z + ) (\/_z> :<z2—|—\/§z+1> (22—\/§z+1)
3R, 220D 2 XAEADIEE LT

—V2+iV2 V2+iV2
2 ’ 2 ’

n=50Dr%E, 5 =10DMIF *5 (k=0,1,---,4) TH2D b, =1, ¢35, ¢5, 5,
AE . el \/_ o CRIAREETH 5,

P —l=-D)E+2+22+2+1)
ThHDEH

4 3 2 2 1 1
24+ 22+24+241=0& 2 +z+1+—+—220
z oz

1\? 1
<:><z—|——) +z+--1=0.
z z

X=z+1tBE X+ X-1=0T, ZHiZ

—1++5
2

X =

IR B,
T e eV AR S Sl
z 2 z 2
5

222+ (1=V5)z+2=0 Vv 2224 (14+V5)z+2=0.
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CHUIREFETH 5,

—(1—=+5)+ivV104+2v5 —(14/5) £iv/10 — 2¢/5

c= A ’ A

k27‘r) (2k+1)1‘r - 37

—F. P = —1 offix ¢ = ¢ (k =0,1,--- ,4) THEHh 5, €5, s,
é?:—le?,%.ph6ﬁxf_%ﬁofﬁﬁ7 T%%o

PHl=>z+1)* -+ —2+1)
TH DM,
1 1
z4—z3+22—z~|—1:O@zz—z+1——+—2:O
z 0z
1\° 1
<:><z—|——) —(z+—>—1:().
z z

X=z4+1tBlt, X2-X-1=07T, ZhiZ

X_1i¢5
2
AR
R IV S B
z 2 z 2
yIRRS)
222 - (14V5)z+2=0 Vv 22— (1-V5)z+2=0.

CHEXREFETH %,

C(1+VB) +£iV/10-2V5 (1—V5)£ivV10+2V5

B 4 ’ 4 '

n=60DrE, THIBEICTAZLRHBIDT, T IITIFELZ,

n=T7T0Drx, ;7 =1 ORI *F (k 6) THBME, L =1,¢ 2 ,eiﬁ?ﬁ,
O e AT = 1 o 7). GG 01 ) Th e, o
T, T T = —1, €T, T, ¢ ZhBE (1, 1 BV, / EES LT

REBZNZEDBHSNTWS (£ 50\ Bl E —RHNCHIR L 72Did Gauss TH D)o

\jv

n=8 DX X, 8=10DMI T =e*T (k=0,1,---,7) TH >, REERFoTHT
DHFHTEEL < 72 (AR

—J5 28 = —1 DR (FHT) = o (k=0,1,---,7). /8 % ™4 DFFRE L
TRD B Z IFHR 2 03, %@T(ﬁ%ﬁ%ﬁ{iﬂfﬁé 75 Fo R OEIZ VY

Br1=84+20 41220 = (1 +1)% - (\f22>2:<z4+\fz2+ ><z4—\f2z2+1>
:(24—4—22:2—{—1—(2—\[2)22) (z + 222 +1—(2+\/§)z2>

- (@24_n2__( 2—-v§z>2> < 2+—v§z)2>
:<z2+m,z+1> <z2—mz+1><z+ +fz+1)< mz-Fl)
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TH2H15
V2 V2 VRV V2V VRV V2V V2 - VR

2 2 2
V24+v2 £V2-V2i
: .

IR LIEEIEEDFHTHAS, »

Ml 31. 1, -1 D6 EIBERD X, BEA

AR 1.35 (—ROEERD n FIBL 10 n FiB) ZOH (§1.11) ORAIT, n 232 OHTH
BHEEROT, —ROMHE c D n RIFROEHD {/ 2HVWTRT Z tididikiun
L kR 7z,

L2l c=10OBARIOI LY TEEST. RUOHEHD / (0%h VIFEFER)
EHWTRT ZEBHREDT2DITHS (FHLIERDORHE R L), £DU%ZIRR L%
WESIZLTHRLYY, =

Rk 1.36 (EZHTOEARLE ANRICEBZER) D EOFHE, EZABOEARE 2 28R
WX B1EXI BRI D 5, Gauss . EARE a2 %ATIEn AEMEKTE 2720121F. n D3

n=2"xtHELRZ 72N~ —FH F, O

DEZ L TVWDEZeBRBET I THZ e ZatHL (8K [7], BB 22)). n=1T=F, Ot
FIMERIEZ R L (0% D, E1TARBERERE 2 Y A TERIRIRETH 5%, {EXIATEER n
BINSWHERBRT Y n=3,4,5,6,8,10,12,15,16, 17,20, - - - .

Tl - d BERTHRII OB TN EF,=22"+1 DI TH5, F,=3,
Fi =5 F, =17, F3 =257, F;, = 65537 l 3\ Nd 7 2 W~ —FTH 20, F5 IIFLTHRV
(F5 = 4294967297 = 641 x 6700417 & REBIRERK 2 (€ > THRETIEZRW) 2 &% Euler
DBHELZ), =

REX 1.37 (sin1°, cos1° ZR&®T) EKT. 30°, 45°, 60° D sin, cos ZHAT, IEAHFED
ER D B HTRBZMET, 36° 72° @ sin, cos RO 3B 205 LKV, it
Vo RS TREHKR TV S, EADOAREMS &, 18°, 15° D sin, cos &/ TRHTE
%, IMEEBE[HS . 18° — 15° = 3° D sin, cos b \/_ TRHTE 3%,

FRTE 1° D sin, cos FEIEB3 2 LD/ TERIIhIUE, TEOEHAE » 12
xfLT n® D sin, cos b/ TRXN3,

ZOMEIX, TAO=%7M- tBFRPH D, Kimz KR DIk z . 1° D sin, cos %
Vo TRT 2R RV,

T H—s— (Px LY —F XX =Ry F 4= T+ H——, 1380-1420, AL %
DEFE - RFE) 13, 3T sin3° = 3 — 423 ZEEINCHEL Z 212X > T, sinl°
2RO (v [23]). m

29cos%r = 1—16 (—1+\/ﬁ+ \/34—2m+2\/17+3\/ﬁ— \/34—2\/ﬁ—2\/34+2\/ﬁ> THdEh (/M

Be£RT L. 0.93247222940435580457 - - - )o
303 REMADAI sin3x = 3sine — 4sinz ZF->TWBRTH 3,
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1.12 C DiEE. ®RBINDINR
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

|zl = V2?2 +y? = |z
TH3, b, 2ABOEHICOVWTEMNIELTWA Z L3, EE
21 =1+ 1y, 22=To+1iys (21,y1,%2,y2 € R),

z1 = (21,11), 2z2:= (T2,12)
E¥HEE
|21 — 22| = |21 — 22|

C NOEHNDIEIRe, C DI EEZERI L T 2 BB OMmIR - @ik, CicBir 2 i
PHBICERINSLDT, RZIZBI2EHDOXNSIBELNS Z 2125, HlZIX Bolzano-
Weierstrass DEF, Weierstrass DI AEEF 2 23 C THE D LD,

{zn}nen DERBIITH S 13, EHARE n 1T L T, BEH 2, PEF-o>TWVWEZL, &
Wiz 52 Non 2, cCOREBRTHALZ RV,

BRBON {2, DEZBE c \TPORT % i3,

lim |z, —¢[ =0
n—oo

DBIEDILDZ L2V D, ZHUL e-N FiETEHITIE,
(Ve >0) AN eN)(VneN:n>N) |z,—c<¢e
DD LD & BT 5,

Zp, C %
rn:=Rez,, yp:=Imz,, 2z,:=(xny.), a:=Rec, b:=Ime, c:=a,b)

TEDD L&

lim |z, —¢| =0
n—oo

DO DZ L LEMETH D

lim z, =a 22 limy,=05

n—oo n—oo
DO OZ e HEETH 5,
[ lmz,=¢c < lmz,=c < (limxn:a/\ limyn:b>. J
n—00 n—00 n—00 n—00

1.13 SRRDORE

ﬁgzz:—WLqﬂuﬁm;c(Uéwmz@@%ﬁxaf4®z®$ﬁmwwL%z%
Ko X,
(2) DIAME a+bi HEW0IE a DBV bi (a,b € R) WTIDDITRYE, (p. 247) fREA
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2 HEREHRCEOMmR. EIMY

(REHELREL ZAEDPWL Db D, )
QCCr2EHFER TS, HEPEOBEK f: Q - C DI L 2EZREH TN,

2.1 HEEEAHDOREER - 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(z) =e* (e*¥ = e%(cosy+isiny)) DEHA. f(2) = ¥ = e (cosy + isiny)
XD u(z,y) = e®cosy, v(z,y) = e"siny. w

Bl 33. LFD® f: Q= CITHUT, f DOFEHE - EEB u, v Z3RD X,

1 1 . 4
1) f(2) =22 (€ C) (2) f(z) = 577 eC\{F}) () flz) =5 (" +e™) (2€C)
(Y MIZARSIRWVD, (3) THIX f(2) = cosz THEZEDBRTHND, HRIEETDH

%, ) fREN

22 &<ESES5F
ceC,r>0IIHLT, c ZADLE T 2H¥E r OB D(c;r) ZRXATED 5:
D(e;r) ={z€C||z—¢| <71}
QCcCizxL T, Q DA (the closure of Q) Q ZXATED %:
Q:={2€C| (Ve >0) D(z;6) NQ# 0} .
QCcCr¥3r%, Q2 C DORES (an open subset of C) TH 3 &1
(Vz € Q)(Fe > 0) D(z;¢) C Q
MR OZ RN,
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~ R DGERFEC XS5 BbDHH T ~
a€R" r>0RNLT, Fb a, £ r OFIERIIAATER S NI

Bla;r) :={z eR" | |z —a| <r}.
QCR" LT, Q OFAARERXXTERI N
Q:={zeR"| (Ve > 0)B(z;e) NQ # 0} .
QCR"232LE QR OMEETDHD L. ROFMEMBRD DI ZRWVS:

(Vz € 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, 25cDLE F(z) Dy IIERT 2 213,
(Ve >0)(36>0)(V2€Q:|z—c| <8) |f(z) =] <e

ﬁﬁbjo:k%m5o:@:t%ggﬂazytﬁﬁo

(2) ceQ¥rT3, f8cTHBETHS LIZ
lim f(2) = f(c)

MEDVIOZ RN,

(3) [ QTHEHFBTHD LIF. Q DIEEDH 2 T fHAEBTHSE I L2V, )

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—0)7?

|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,

e ™
il 2.3 (EXBEHOM - EZ-B-BOWER) Qc C,ce Q. Q0 —-C,g:Q—-CD

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) BUAET O — b (FEH [24]) 12k, ERROGEOMmE (dE 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 (BREGEHOM - £ - B - BOESN) SR ER1EROM - 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,

M 34. f., fiu DEHENEE -6 A K DEFAE &, BBEA

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 LTVBEFH) — i 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 WR

e 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, ZOMEEHLEDOFTEDMHNIIEBEBO L X L FARICERT %,

QO DEEDR 2 LT, f2 2 THMAREETH S & =, f1F Q TIER (regular, F&AI

holomorphic) TH 3 &\ 5,

J

R 2.8 ( TEAL WS EE)

o 1 c TIEAIE WIS B WHETA2Ze0H %, 2 c 280D ZHES U (CQ)
DEELT, flo: U - CHERITHEZ L, LEHRIND, ZOHWBHRTIZZIOFWVS
EEDR,

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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ffl 2.9 f(z) =~ (EBEARK) 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 %, =
M 35. f(2) =22 & C TIEAIDD f(2) =22 TH B I Zmt, BEAN

-
B 2.10 QX C DHHEA. ceQ. f:Q=Ck g:Q—=Cldc THMPARETH IS
2. f+a f—g. fo 5 (77U g(0) £0 ¥ F5) b c THATRETH 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 36. R2.11 O (1) ZiFHE &, BBEA

[ 37. ABIBOMDELIEAE &, BEA

[ 38. WBAE DML (BEL f OWBEEL [~ DFAEL. f D3¢ T, [ D f(c) THATRE

o, (FY) (f0) = fic) PRD o) BT L, BBEA
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2.5 Cauchy-Riemann OFER
2.5.1 EEEBOMAIFTREROVETIEHE

4 A
EIE 2.12 (BREBD 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, EBOBALHTD 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)

1523 Bo8. fEBEH : 0OBFEBHTH - T, ZH 2, y OB TERVDT, f,, fy LWVWIFZHIE
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(2) = 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.

T Y
= — U, = —
/22 + 42 Y /22 + 12
(z,y) # (0,0) WIEET % &, Cauchy-Riemann FEAD Wz X NR W e300 5, D2
C\{0} DEEDH z T LT, fy 1 2 THITARETR W, iR, [ & C DEEDRTHIT
FR[EET D 5,
FRRIC LT, C\ {0} DIEEDET f; PMAATRETR W L2305, =

IERITIEZR VWA, MO TELBINEDFET S, EWVWI T —RXb DD,
Bl 2.17 f(2) = (2)° (2 € C) DMDATREMEICOWVTHNE S, 2,y eR T B L X
fle+yi)=(z+ z'y)2 = (v —yi)? = 2 — 22yi + (yi)* = 2° — y* — 2wy.

WZIZ f DEHR - EHB u, v X

u(z,y) =2°—y*, v(z,y) = —2zy

INBEFZBHABRKTH 2006 C*HKTHE, £LT
Uy = 22, Uy = =2y, Uy =—2y, v,=—2T.

[ DT RIRET & % 72 121d. Cauchy-Riemann /TR u, = vy, u, = —v, Ziii/z T T & 2348%
BroThsb, 2
20 = =2z, —2y =2y

THD, Rl o=y =0. ®ZIZ fIX 0 THMOATRET D 205, ZNLHND R TIEMOAIHET
W,

Mo VWERICRZTNE: TIEH 20w5 FHEIX, HES (L OEAERH) LOEEDA
THOPRETH 25681, ZOMEASTIERITH S, LW XS WFHIZTETHIDT, 2D
FIZIEAITIE RV, =

Rl 39.
(1) f:C—C% f(z2)= |z TEDB L=, f OWMHAREMEEZHRAN L,

(2) f:C—oC% f(z)=e* TED?, f1ZC TEHIT, f(2)=¢ TH3ZLERYE,
BREA

2.5.2 IFRIBAMHDEHBERE & 5158

(KAEDBIBGHD T F 2 MZ#H > T\ 2@ 2.23 2N T 2D0HMNTH 205, i 2.20 %
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,

/E% 2.18 (AESE, fBiE) Q C RY (HHWVWE 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 SR & 2 BRI (region) & PR, 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 DOEMVEE) (1) Wl EEREESD = L 2Ry
T2, 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, ZOEEBETIIINEMSLHEETH S 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. 287)

QN RCBHBZWEC OHEBTHIUR, Q NDEED 2K o, b1d Q ND C! O pFE TR
N5,

(TGEAE D ERDSMA TR, HFRICIE 772 D lE UAMRE L TWiRWDs, C ko i IZHY
DEEE, LWL THD, )
ISR GESIIHTE 3,

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

SEREEDERIE. R B (p. 287) Hiz K X,
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R 40. XA X D, M 2.20 ZiEFAE X, Q NOEED 2 58 a,b IZX LT, a ZER.
b ZHERET5CHRDOHIR ©: [0,1] = Q(DFD 0(0) =a, p(1) =b) ZE -T2 Z. u(p(t))
BEBBEBTH2 2T, (BEE D 250 12H5, ) BREAN

il 2.21 Q13 C o (IEELRFHES). 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 WVEETS 1T CERER) WD 0 72 O EREE Y v 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

41, (LoFERICEHE WL TERERTIFIEDO DD L7/ DOFERR) f(z2) = €,
a=0,b=2mi &35 Z, f(b)— fla) = f'(c)(b—a) Zifi7zF c FEELRNZ & ZHEDID
Ko BEEAN

ROMEZ. BEGHDIFLALYDTFAMIH>TWVWBEHDTH S,

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

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

Q) | EBBRS I, [ AEAERIETS 5,

J

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

(1) FEHDERBAR DG EZAAT 5, [ OFE. 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 DSEFRREOEED A 2 1S LT, 2 THORTEETRWE L3,
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 I3GBERNCIE 7 54 ¥ 7 TH 2035, lEHE 2 F 5 &, T Cauchy-Riemann
FREXOEEICREL22L DD E2DT, HATI ZTitAT 5,

( N
el 2.25 (IERIBSMOEMEIZATBARTHS) 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 (ZFAFBIEK (harmonic function) TH 3 W5, F7 (f) % Laplace F1g
I (Laplace equation) W9,
Laplace fEF% (Laplace operator, Laplacian)

SSTEHIBEEL DSEER « BEER u, v 1Z. T CP WTH 2P, ZOIZ L DIFHHIZ T - LB S 2VWE Hkzwn,
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PEALT, (1) %
Au=0
EELIEDNZV (A DRDODIZVEEELZLEHDH B,
FoEiE NERIBIROFE & BEISFMNBERTH 2 ) L2 Z e HkS, HRIFEED
FFIEEIZ. BFRNCIZ S 2 IERIBEB D FEIC 72 - TV 2 DT, ARG 2 2B o
BimThrdbE X 5,

R? OBERE Q TEFRSNAFMBEAEL w 120 LT, Cauchy-Riemann 12 (%) iz 7
B v D Z 2, u OREIGFAMBEE (a conjugate harmonic function of u) & FER, 1EH]
BAE D BT E O FBIHL TH 2 L VWS Z & iTik %,

R 42. v 25 u OREZFAMBEIETH 2 & =, w T v OREZFFANBEEATDH 2085 0B X L, (B
3 THARTAMBIR E BR S m0w, RETLx D ?) BEAN

Q DT HIUE, TR v ZEDI L F. u ORBFMBIEIE (b LFEET 22561
EREEZRNT—ENICEE %,
Ml 43. 2O L ZAAE Ko (N7 PV 2 ATZ NIZIE, HEldF TRID) v 2 u ZHWTER
RTRERD K, BEA

R 2.26 (EHEBHEFARRZRTD) EEOEHIFBKOEHES»FMEKTH S, &
W AR, BFEAED L = (B 5 40EL DT Z ¥, KEROHAEFRHRAE C» I hi:
T, B x o EEVHEY, 505 EEENIIR CHS R o7, Cauchy-Riemann /7
BRI LT TER0DD, v, v 28 C? fRTH 2 Z EIFFEDTRWVD, ¥, Cauchy-
Riemann SR Z DL TEB LD (RISHNMLE ff = f, = %fy EWIHEkamr L72). w,
v CEPHTH B Z e DAIRIEEDL R o7z (FD e ZORITEEF T o7 — B r ol
F72WV), EB 5 ZEAENGEHZES ZEIFERLTOWARL2700d LAKY, ZDAD
i, FEREEHECHEHFAI D 2BEEE > TV I REZAREITEST, HLWV, =

Cauchy-Riemann FTERICBBRMITEL . WHLEDERD D 25803H 5 130 E (2 XRITOHE
7% UIEERETRIR DL R T > v oL « RN E 22). 2 2 TR 2 L MFRKEKAEZDT, 22
TYID BT, BZ2ASILICTR (250 01k EHEREEY THHELE ),

2.5.4 WEAHEER
[:Q—=C,c=a+ibeQ(a,beR) &TELZX, ZOEL - BHZzENZLEN u, v & L.
f= <Z> rBle. f1QR2THD, f = (uw uy> THHEINH,

Vg Uy

J & e THOTATRET ['(c) = p+ig < f 13 (a.b) TROTATRET f/(a,b) = (z _pq>'

E HIZRADALD 3D,

(2.1) det f'(a,b) = [ f'(c)].

SN
det f'(a,b) =p-p—(=0)-a=p" + = |f' (O
3V - (Vu) = divgradu = Au TH 305,

335 T30 FED L) 2ENTHoDRTE, WODRIZHIERTEIRCR D pRBELRo/7=DT, BELEL?, &
ERBICEZEINEDRLL 5,
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N BRC
det f'(a,b) #0 <& f'(c) #0.
’h# 1205 . IERIBAE O WBEIBUE I, EEA 0@ 2RO U ZIUIEH L < 72
o FEBE f:Q > CHERIT, fdERr T2, Qo RIZCLRTH S, f'(c) £0
Z?ék<ﬁf@bhﬂ)ﬁﬁ P NFEREBNCE T 2 WK EHE D 5. f 1E fa,b) DT
SNEIBERET CF OR[N RN ER £ 2ED

(f-l)’<f<x,y>>=<f’<x,y>>1=p2iq2 (_pq Z) pi=up(a,b), qi= —uy(a,b).

D5 f B f(c) DT/ NS REEE TR ZZYEE ! 2Fb. 20 f~! & Cauchy-
Riemann DOBRFAZM/ZT 2 2390536, @212 f~HIXIEAITH 5,

- T, IERIBAE D EASUERARETH 2 L WS EH 74 ZEFH LT L £ 213, B HE
HTHBZ BT BDT, FAIBEBICOWTOWBEBOEHOIHANE T 7125,

2.5.5 FAMN
fllo)=p+ig£0 T3 ZE, flc) DIRAZO L THL

f'le) = p+ig = /p*+ g%,
N AT cosf) —sinf
f(c)_<q p)_ P <sin9 cos@>'
fle+h) = fle)= f(e)h
DFSBUR
f(e+h) = f(e)= f'(c)h
oAb, ZNEFNh & h %
o RIX% PP+ BLT
o A 0 OEELE L7

bDTH5B, LA Z EBHEKDS (%:%M: )o
IV VSN EW%ﬁﬁf()#OT%h@\ b2 2MIRORAZZEZ N WS HE
(FAMY) 2RO 0h D

Rk 2.27 EFMFHIZOVTIE, ROEHEPEHTH %,

36Cauchy-Riemann OBFERIE. ¥ 2 LATFIOR KD (1,1) BT L (2,2) KD) B L. (1,2) KITD —1

%ﬁ@J)ﬁﬁf%%\Kmﬁ%#fﬁéopliw(ﬁz;)@%®%#%ﬁtLTméo
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D3 C O, f: D — C 25k, fITERBEKTRVWE T2 & XD (i), (i) X FE
TdH 5,

(i) f & D CIFHITH 3,

(i) D NONIES E BFELT, fIE D\E T “$f4” Thb, (F272L. 22T %
1 2, HERE D OHIRD f Ik 2 BIIHFREZR D, 2 DD D B HifRHIH I HEAR

L ERTCE. ZORTAHABAZZADTALETHS., LWVWIEKRTH S, )
J

AR Z . 2R K, =

ZOXETE, (HeZOBBERDOTF A MR ZSI LTVELII) Wde I f(2)£0
Zimi7z 3 IEHIBEEL f 2 FEABR (conformal mapping) LIFERZ 2 I1TF 5,

RDI-: 1 REH:
2\ [p —q)\ (=
Y q p Y

. ARIO LS WIEAEZIEAICS OF (MEHid Zk), —Mic 1 REH UL, FEDIEARTE
ZATIAIC S D50, SOHEREAFICS ©F, (TEKIOES: xy FHT (0,0), (1,0),
(1,1), (0,1) ZTEHR & 3 21EHF. 2y FHET (0,0), (p,q), (p—q¢,p+q), (—q,p) ZTHRE T
LIEAEE#L, )

2.5.6 HREEIZETO Cauchy-Riemann 52D

(Z USRI D B B
Cauchy-Riemann AR EMEETRLTAL I,
R* OFARE Q TERS N u,v: Q@ = R I LT,

U(r,0) :==u(rcosf,rsinf), V(r,0):=uv(rcosd,rsinf)
LB, TDOLE,

Uy = U@y + UyYy = Uy cos O + u, sin b,

Up = U9 + uyYp = uyr cos = —u,rsin @ + u,r cos o

U\ cos sin @ Uy
Ug) \—rsin® rcos) \u,)
ZOTHDITANRIE r THED 5. r#£0 BROIZHITHIDFET %, £DL X
. -1 1
Up | _ cos'H sin 6 U, Y U, M= 0959 X sin 6 .
Uy —rsinf rcosf Uy Uy sinf - cosf
[FIRRIC
Uy Vo

o8

Thb, 38D



DD LD 5

(2.2) U=-Vy, Up=—rVs

ERMETH %,

2.6 MESAORE

v B % IETE, 2@;@: BB Tog 2| TH 5. LT BADPED OB L. - OHRe
REEFE L TOIURTZ S WS ERITEZ R WIZTTH 20 (ZNZT TR L2V B0
720 SOBMBETHBWTH L ZeREbALHIATE 2, XROMELZEBITTEL,

f 44. f: C\ {0} > C % f(z) =loglz| (: € C\{0}) TED S, 7=7ZL. log: (0,+00) — R
. MREDICHDOLNLZFEBEBTH S, flEVdE IATHITHRZWZ L 2R, BEAN

DN, WA TERVERBEEEB L LWV, &~ ANERSTHo TINS5 7 (ER)

”@Zmiﬁ\Z®%%T@\%—®ﬁ%ﬁ?—7tm5ﬁﬁ%&%%<5m\&fo&bﬁ@f\%lmio
T HTREZ W log 2| ZRBbHTOREBELVWEE ST
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3 Bk

(BifE. Cauchy-Hadamard OEBZFFH L7z ETHW2 X5 ICHEET Z & 2T+, )
c B {a, o ZEFBEYNIE T 5 =, BIBUEKEL

oo
g an(z —c)"

n=0

e ’E%E\Z@‘%%%&ﬁ (a power series) EFEE, TH) BF X WVOTH, MEE. NFik
BrdELS MREE RNFRE 2HEVET), BRECITERZ D 5,

ERBOSZ R OEFETICRT 2 B cREIN 3 (FRBUERHR2) BIfE. BIFE (an-
alytic) &\ 9,

2% NERI=f#HTH) TH2 Z BB THD S

ﬁﬁﬁf@f%ﬁﬁiﬁ&@f(yﬁf%ﬁ\ﬁ@%ﬁ\%ﬁ%ﬁ<%mbﬁﬁiﬁﬁﬁ&
W), B EE o TR SADBBZEAL W,

3.0 1>»+O
HRICOW T, D LRDDFEE TSI LIRDZDT, 3DHDLWAH, £ ¥ FrEDT D,
ﬁﬂtﬁ}:%z—c (22T 2 BEH ¢ % a, BEALNLER) OFE LTV 2K

Boz E:%T:L\jo
3ODHEERERMT 5,

1. (BHESTTEDoT) e, sinz, cosz, logx, (1+2)* RERY, @RAE - RETEEDH -

fméio&%ﬁ(i%““iﬁbwffiwéiomﬁﬁj) AE 2 A YD Taylor
JEBHTE % (f 2: x—a"oOibﬂﬁ?%%mﬁfﬁﬁémfx%@i

A &:L%T@K% Z\ ?’E?‘%Eﬁﬁv\—y a v (BREEGIR) OERPF/ NS,

2. TRTOFBE an(z— )" ITHLT, SORMH LI 23 DBH D, Tk c &

n=0
LEFBMHE D(c;p) T (7271 0< p< +00). ZONETHIUL, FEELMAET D
SHBI . TR HIK 2,

e}

(Zan z—c) ) Znan z—c) 1:Z(n+1)an+1(2—0)na

n=0
) b
/Zanz—c dz—Zan/z—c dz—zan[%k.

(22T C & D(c;p) NOEEDX AN S MR TH V. a, b lFENLZEN C DI
B, ERTHE, KIDPHE, )
>0 ThHse =, FEIICRERETH S L vI,

<
BOPALD () ICHENOREELS (B WS HPEYINZ? ), ThhAL D) BRATEZTWRP S,
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3. (BEEBEGRO TR (A DHE) O—2) TR TOIERIBEIIERBUERR K 2 (IR
T HRMILTRE D)o MRS 2 FHRIEXDINILEAITH 2525

A = BEATHY (B R DI CINHERIL TR E D)

EERD. DIV LFHLIELL, QO C OMEST. f: Q- COEAIE T2 L &,
(QDHEERDT) EED ce QIIXLT D(ce) CQ 7% e >0 DBMEET B, 5
3D 2EEBA {an oo BFIEL T

fe) =3 anz =) (2 € D(ce))
n=0
DD LD (BB NEEH),

BB S 72D12, ZiEEoEmO DB B WD, BEERN TR DR E L-0
T, C DFERMEIZOVWTOEmIIEM T 5, 3% A1 ZHELZDOT, BELE-VWAERZS
L RTRXW,

BELDPR DFFEFRICOWVWT D, WHEDETHITHICHEA TS IXT DT, T ERKS
o (JEk A2 ZHELZDT, BELEZVARZZLELZR TRV,

3.1 EHRBOIERH

(ROEE, ZETIE c =0 DHBERIHEHZEL DDBRWRD LARWY, bz ¢ &7
2. BHNAPEHICHZTLES, )

R 3.1 {an}ns0 ZEFEII ¢,20€ C T 5, Zan(z —o)" D 2=z TPRT 2%
n=0
HIEL |2 —¢| < |z — o] ZHi7zTHEED 2 € C 10 L THIXIR S %,

SIEEH lim an(z0— )" =0 TH 5, (—MIZ NIRRT 2K Zan DO— I 0 WZIPCRT 5:
n=1
lim a, = 0.1 DD IO 5N, )

n—oo

RANIERTH D1 25

(3M € R)(Yn € NU{0}) |an(z0 — )"| < M.

TorEb = M|EZ—S| ey
Z0 — C
z—cl|" z—cl|"
Y NU{0 (2 —=0)" = |lap, (20 — )" <M =b,.
(v € NU(O) Jan(z — '] = lan(zo — | 225 < | 22C

¥Ci=z2—¢,(pi=20—c B, rZanC” B¢ = C TPCRT 2 51E. [¢] < |Co] ZMi/z3HERED ¢ 12t
LTCHRINER S5, WO MERBEINZDT, c=0 DEFCHHTUI T TH 2] K BVWE-TEL,
OFRE 5= Zan, Sn ::Zak rBLLE, 5, > s THBID, sp_1— s DWDID, WZITn—>00 DX

n=1 k=1

n n—1
an:E ak—g ap = Sp — Sp—1 —> s—s =0.
k=1 k=1
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BN {b,} ERE (2 —¢) /(20 — )] <1 DFELHRETD 2 DTIRT 5:

= M
;bnzl—\z—

cl/ |20 — ¢’

W Z B DER (EH A5, p. 261, KIFETC LK RWIRD, T MERBOEH,) D
HZRNT 200D TH 2, ) 225 Y an(z—o)" BHMIERT 2. m
n=0

% 3.2 {an}nso ZEREIN. ¢,20 € C T 5, Zan(z —)" P 2=z THHMTI2%H
n=0
3. |z — ¢ > |20 — ¢ 27 THEED 2 1T L THNT %,

EIEHH ﬁ%ﬁ) 5 |_|Zl — C| < ‘22 — Cl DL %\ 29 'C”Xﬁi?‘ﬁ@i 21 "C“W?ﬁj‘éj 7373\6]\%7)57\773\\ z
DIMETH 3, =
4 N

EE 3.3 (BMBOWRFADETE) {a,}nz0 ZERMIN, c€ C L35, BRI an(z—

n=0

O A LT, ROWFHd— DRI T B,
(i) 2 = ¢ LULDIEED = TEFEGIITH L0,
(i) FEREOMEER » CEABIIINHT 5.

(iii) HBIEDE p DFIEL T, |2z —¢| < p BOIWFERBIINER L., |z — | > p BHIXE
WEUIFERT %,

J
SRR (R TIR. MZzfwTiiiT s ohrd LAk, TEbA 21T, XREHEINEICH
HIAAE T, ZHUIHEE — PR TTRE W) L Eo THBEIREEE %, )

A::{ZEC

EBL ce ATHHILWHEETS (2=c2RATE2En>1 1M LTa,(z—¢)"=0T
HEDPOLPRT 5)e KD IDIHERT T TE S,

D an(z— o) BICRT 2 }
n=0

(i) A={c}. bbb, c LADTRTOEIBHTHRINT 5,

(i) A=C. $&bHB., IRNTORZHTINKT %,

(iii) (i), (i) DWVWFTINTH 2R,

(i) DHEEEZ b,
(i) THRVWODT, Fz. € A\ {c} ro:=|ze—c| EBLEE, |2 — | <ro TRIRT 5,
(ii) TRWVWDT, 2 € C\ A Ry:=|zg—c|l £BLEZE, |z -] > Ry TIIFHEMT %,
0<ryg< Ry THb, DIK, :fj\ﬁi%ﬁ725o

R
pozzroz 0 v,

e c+pp € ATHNI |z—¢| < p THENINEKT 5, TDEE r:=py, By :=Ry £BKL,

e ctpp & ATHII |z—c| > p THEUIFHEMT %, TOLZE r =1y, R :=py £BL,
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EboD5ED MUK |2 — o <rp TPRL. |z —¢| > R, THRMT 2, ¥/

Ry—r
ro<m < <Ry, Ri—1r= 02 °

NI AIRVASR
DURFERIC LT, B {r,}, {R.} 2MEB &,
o {r,} FHFAEMESITH D, {R,} IFHFHDBINITD %,

o [ERD 0 ISHLT 1y < By By = 1010

o FED n T LT, MBI |2 — | <r, TPEHL. |z —c| > R, THIT %,

XEHENEICE D {r,} & {R,} 1ZILEOMR p 1ITPCRT 2,

p>1rog>0THEN0PH p>0.
FRAENT |2 — ] <p TPCRL. |z —c| >p THHT S, =

(i) DJBEW p=0, (ii) DHFEIC p=+00 £FT 5. BRI KD LS IT—DIZELDHH
m%o
53 p (0<p<+o0) B—EWICTFEL. |z — ] <p TUER. |z —¢|>p THEEHT 3,

WHE. M D(e;p)={2€C||z—c| <p} DFZE p ZEDETH 2D, p=0, p=—+o0 DI
BHHVSZXITT 5,
D(c;0) =0, D(c;00)=C
ERIRT B,

e N
EE 3.4 (INRFRE, IRA, INREHKE) FOEED p 2 FHRBOIRFER (the radius
of convergence), {z € C||z—c| < p} ZEMIMDINZEKM (the circle of convergence) &

B3,
BB OIREED 0 TR (IEOBEIF 00) & X, ZOEMEIINCRERETH %

LW,
N J

AR 3.5 ( IERFROEBEBZERK] EEDONES) URIERDOERIIMD? 3o T
BZONBWADZN, FICEWEEREIT TEOEHD tHEZDT, ZHOVWHHEIEE L
THEWZ WD LW, BEEND LW, —2oDFERT,

~

-

0<p<+o0 £iF p=+400 &F 5, p BERE Zan(z — )" DIFHAFETH B L3,

n=0

|z —c| < p mBlX Zan(z — )" WFRL, |2 — ¢ > p BB Zan(z—c)" EFHERT S

n=0 n=0

MDD Z L E WS,
\_ )

BWETEW-EHZRUOEDHEZITHRLY,
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Bl 3.6 (o L HBHLERE. FHEHK) c=0,a,=1 L) 2: EZ XS5, Th

IR 2 OFHAILT D 20 6. IOK - FERD BRI 25TETH 5, f“a“ 71 R B e 2] < 1
THIUINCR, |2| > 1 THIUIFHENT %, OWRAIIERFEREIT 1 TH 5,

(D7 T 212 DFi: |2| > 1 THIUIHKHT 2 Z Db, 2| > 1 THIUIHKT 5 Z
EEINDL (YD), WRIWCec=0,p=18 LT, lz—c| <pRBIWELCRL., |z—¢| > p
BB T 51 LW LA 5, ORI 1 BIRERTH S, )

W ZAICPERME D(0;1) ={z€C||z| <1} =

M 45. LOBITIAR Z & (BREFHAEOIUREN) 22 L. BEA
{an} BAHoTVB L &, 200D p 2FET2ARE 20N T 2. ROEHII,

XD F DI RWVD (ZNTHMBOBR THN 2 BN OZ S ZNHEAEETH %), 5
DODBEHELZ DT, BIZOFE3RZHDTH 3,

~
iRl 3.7 (REULLIEE, ratio test, d’Alembert D¥IEE) {a, o0 ZEELII. c€ C
3%, B an(z— )" KOWVWT, HBIEBPLEDTNTD n iHLT a, #0

n=0

THY

Kiﬁﬁﬁﬁ?‘ 27613, THRUFFEPILDIHAEIZF L W, y

(“d’Alembert” 1% & -+ T ¥ R—)L) il

ZZT MMEET 51 tid. MRAFET 2 (IRT %) 2, lim =400 &2, WS EK
Thb,

DD ST ULIE. ()|z—c <p DE XIIHEFE L IR LT, B EM % v T
WT2Zr%RL. (i) |z —c >p DL &, —IED 0 1TBIRL AW L 2R LT, ik
IHBT 5. LR 5. )

SR o — 0 OBAICIETAUS AL, Tim |0|La '| P LB |2 < p B HBITEL. 2] > p
n—=00 |Ap41
BOIFHMTZE2 I ERT,
2| <p &T 5, 2| <R<ptZsd RZH5, (p< 0 ZBIXR = 2l +p £BL, p=o0
BHOIE R:=|z+1 &BL, ) lim \c’za " p THZ215. (AN €N) (Vn e N: n > N)
n—=00 |(p41
o (chug || o L pmames),
Gni1 an R
ZDEMEENTT N 21O, m>0r2T3L
’aNerZNerl _ aNaN+1 ) ClN+2____ aN+m SN m < ‘aNz ‘ (M) _
aN  aN41 AN+m—1 R

EWHEZ A3 Yn> NIZH LT

’CL z”]<|a 5 ’<|Z|)H—N
n — R .
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R=EE2 y misiga, ) lim p THBME, AN eN) (YneN: n> N)
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n
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n
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o0

W

o
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!
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n
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T(ZHIFELETH D PCREMD 2| < p TH 2 Z 2 IEHA). PEREED p LW
RH 20085 D,

5.z 6 NI BB DRED S SRR 2 R 2 BEICIE, B2 ERTIER L 5§ 2 250
Hb, TNDRODEHTH 5,
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FHA|, ceC 35, %f&ﬁﬁZanz—c DIHFZEZE p &5 5, L:0,12%—00
+00

0
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1
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N o J
FERAD H &5 Clid, d’Alembert ERICTH 2, TRDB, |2 —c| < p D& TZFFHHE L I
BLT, BHREOEHEZHWTIRZ RS, |2 —c >p D& ZE, —MIED 0 1ZIFICR LR
WZ e R LT, RBUIHR T 5, damd %0 )

EEDOEERD {a,} IR LT, limsup V/|a,| BHEET 2 DT, (3.1) ZEEDERIDIN
FERERITLDRICHE > TVE (ZOEKTIX. AMORKTH ),

IRV DIiE, BHIO MR limsup ((F8% A.3.1(p. 264) ZHR) 2815 T 24
T3 D03, FAUTIZD ZFEEOREANEICIR 2 DT, EHFETIIHAEZEKT 208 LK
W (FEEIZK- T, @ALZED, FBHLR» -0 T 3), fEIIEIEk A3 TE X THL

(3.1)

il 3.10 Bl zX 22"2 =2+ 420 DRI BBBIERBTHD (n DFEHETH S
n=1

EEIZa, =1, Z2TRITNUL a, =0). PRFED 1 TH 2 Z 23D LEZNUITD 505,
RBULHEEOFEHE RN TH 5,

limsup {/|a,| =1

n—oo

ThHbHIZIETHh 5D T, Cauchy-Hadamard DA 21X, Wﬁﬂéﬁ:@i - =1r1%

2Yan| 30, ¥ 1 THD. 1 &b n (FHE) BERICKESSAFET Z2DT, sup V|ax| = 1.
k>n
limsupa, = lim supa, EWVWIRKX (B> TIERXTH Z) LD, limsup {/|a,| = lim_sup Va| =
n—00 N—=0 k>n
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lim 1=1.

n—oo
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—00

n
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3
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HEHT. 2 ODINKHERE O L TE LN ERE DI FERIZ. b LD 2ODERD
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ZDIETIX, C DR EEERRE T 2BBEELNRL T2, &) —KOEEITH
AL T B iemnZ 0N, BT 512 OEDEISEFBEGEHEUNMCHRCHTHES,
KRB DIERIM Y, TERIFE MBS 2 TE oWV TR, 8% (§§3.2.2) ZHEL TBWV =,

BIEBIDIRE LT, o bR DDIIRDZRINEKHTHA 5,

; N
E#E 3.13 (BHINDOZHAUGR (BMIGER)) K 13 ThVWES, [ K - C {f,} T K %

EFRIBE T2 EBBEREEBI (Fn 1L T fi: K-C WS 2k) 232, {f,}Df

2 K T (K ®ET, KIZBWT, K k) F2UR (converge pointwise) 35 & &,

(Voo € K) - lim fo(z0) = f(20)

J
ZOEFRICROBEZ T TRICE 2B LWws, FidZd F DRI W (BRICRS 5 2
EDOEFLMENDHEDIRN), ZITHRICRE WS BERZEAL L5,

(BAN DI IZIFFZERNC —FEEDO IR L 227 nps, BIBFIOIHRIZIZ B 4 IR E D 5,
BEGHTIX. —BRIGR e, 202D LIRR L 2R —HRINOR 2 W 5 b DHRITILD, )

MR DITOZ B2 WNWS,
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e N
EE 3.14 (—HRINR) K ZZTRVES, f: K = C, {fulnen & K ZEFBE T 5HER
BEREES T2, {fu} D fICK T (K DET, KIZBWT, K k) —&RIGRT 3 ik
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n—o0 zeK

DB DIDZZWVWS, N
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)

FED e K 1T LT
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BEBFH—HRINE T 54513 (R CHERREHKIC) EFRINERT 3
D I T U DD L2720 (T RISHEN T 200 B L 725 ),
—HRINRIFERINR & D BBV TH B,
RS 2720 Tld, taxlo7z (7) 22k %,
(a) fo DIITRNTEFBEAMTH o TH, MR fITEHREABTLRNW 23D 5,
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RIZ—RICET 3583, 20220350V, 2O 2IXKIE 3.2.2 TR, T I TlE
£33 (a), (b) DHIZRZ Z 21T %,

Z ORNIIEFIE D DERZIBRTH L, —fKIZ
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DB DIL->TWVWDEZ (lim & / DIEFERNZHATE D & Z). {fatnen & K ITBWTIERITE
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=77 o 1F FICRRIIGRIE LR, R
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DI D 3D,
fo ETNTHEGBIKTDH 5, [ I NEGEEETHZY. =
BRI 230 e, —HRINRE S, HARD D TERWEBSI0FEAZDHIFTEI 5, %

ETIODHDRHBRITZ2DE. AT DI RV APERMT 3RO TY, XOFIH VWL
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li_)rn falz) =0.
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Do TW=EDPEL LW, Thay 4 — OO T ICEIT D),

69



ZREIE &0,
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—7A.
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THDOBIHFIETIITER N, »

3.2.2 —RINERDHDOHT=H

R 3.17 (EHREYIO—HRINRIERITER) QCC, f: Q= C, {f.} 13 Q LOESRK
EEHREABI e T2, {f,} 23 Q E fIT —BRICRT 246013 i3 Q LERTH S,

S 1 c O LT B, (FEOEDK « (HLT. {fu} 38 Q F f1c—BIGRT 5 2 ¥ b
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DD LD, n— oo & L7t Z DRI

g (FEBRIBSN O —RINFMRTH 2206, HHTH L I L IKFERT D&, f IO AHET
f'(w) = g(2).

g FERTHE06, fIECTRTHS, =
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3.2.3 Weierstrass @ M-test

RIZHAIT T %5 Weierstrass D M-test (&, HEAZEHTH 247 (— IR ZFEH T 52355 DL
P ETHEONTWEZD TRV Bbh3),

a N
FEIE 3.20 (Weierstrass D M-test) Q 132 TRWVWEE. {a,}neny & Q LOBEEA (%
ne€NIZHNLT, a,: Q— C), BH| {M,}nen &
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SRR (EHEZ DD OPERE O EIIIAITY 2P, FEED BN O EE DD ANN—-Y 2 &~
Ty AWRLDTH S, BHRBOEH Ver. 2 LFWVALWVLHV, )

n
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k=1
B, FEDneN, zeQ,meNIZHLT
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N A RVASH
EE. n>m D xE
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Z DHEBIZONWT
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ML D LD DT,
180(2) = 8m(2)] < [Sn(2) = Sm(2)| < T — Tl -

m>n OFE, m & nE AL OPED OB, Ehb
[5m(2) = sn(2)] < [Sn(2) = Sm(2)| < 10 — Tl

EHEZEEDS (|by — bul = |—(by — b)) = |bn — b|)o (%) DIRE 726
BELD {T,} BIEHANZDT, Cauchy FITH 2, (x) 26, I {S.(2)}, {sn(2)} ®
Cauchy I TH 5 Z &5, C DFEEEICEI T, ZRHEFINHKT 2, 22T
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n—oo n—oo
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r
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D(c;p) NOEEDa Y7 MER (SDEEE. D(cp) TEENI2BRZHELEEDZ L)
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3.3 EREOIERMS
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4 ™
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ZaEBHL X 9,
e BIEEDIEDBE T 5, g(2) 1F |2| < R THONICGR T 2 T8,

> £
Ejkmwm*<§

k=N+1
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<
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(35) Te* ZERTDLDHITOVT, 5P LFELWVI EDHD I2WEER. &I [37),

K [38] ZHRZ LRV, =

f 56. (1) sinz =0 Z2f#lY, (2)sinz=2 2T ( [fER L) TERWV),

Z DEFECIE I NDIT TIE R WA, BT ER e FIELPRL R 2DT, f
4.7 %R K, BREA

R 57. cos(z + yi) = cosxsinhy — isinx coshy, sin(x + yi) = sinz coshy + i cosxsinhy TdH
5Zt%mt, (DDA T r,yeRELTAAE &, 2,y € C THMDILODOIITED) iR
ZEN

INHDOBBICONWTIE, DRI T —EEEE>TREWEAS,

MTRIINEEENERTH 2 D DIZOVWTIHRR S,

[e.e]

(1+zW::§:(z)%'(V]<1)

n=0

pasy (Z) AT X 5 —A 2 TR C B 5

Cﬁ_ afa—1(a@=2)-(a=n+1)

n n!

Bz BES Vitz=(1+2)"2 LT, ZHhICEDD RS, )

<_ )n 2n+1
" <1).
o7 (el <)

—_

tan™! 2z =

1[V]
—

n

log(1 +z) = Z (n_j?l

3

2 (2] < 1).
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IHHDREIZOVTIE, FRELMEDITFMRBBEOLNLEIZE ARV (2 2ITHF VLI
RHEDHTHEBDERZFFODT), T HICHIRSMEDD 5,
an~! 2, log(1 + 2) IZ2WTI, EEKDOHIPT
Todt

[T dt B
tan a:—/o PR log(1+z) = i1
THo7DT, MOZFET LI KD, ThdTr00he. LIEILBRFbZ,

tan z OEMBUEFADH TRAL VA, 2OV TIFRAT 5 (@E 7.17 Z R &Ko tan DE

HTOBOE., EMBOL F LA tanz = :”“ REZIEHAROT, YEREIZ W),

3.5 BHRBOUCRARELDORTOIRAERN, Abel DIRHMERE, Abel DE
Wit e
EEDOFERBUCOWTICRHNFEES % & WO e (EM 3.3) ZEEFA L7225, £ oML,
IR D(c;p) DBEFTHEHE {z€C |z —c| =p} LD 2z TOPCRFERUZOWTIX, ]
HFRL TRV, ZRUTDWVWTEEL LI, fimz —8 CatHT 2L “Ur—X + N « F—
R TH 5,

3.5.1 E93HIH5

[e's)
> "
n=0 n=1 n=1

[e's)

FTTICRZE S, Z TAZOWTIRINHCERIE 1 TH B0, FHARE L L CHiamas K
<. ibﬁb<Wd<1@ZTWﬁJ@\#5O%mm%pﬂz1i®?&f®ﬁf%ﬁﬁéo
Zn CONTh, ERHIAERS | TBE Y BDPBe A= g Byi= 5 LB

n=1

Y. l=1orx

o0

%,Zz— S AR R D 2T WBI L 7 B,

n2

z
)
77,2

"o
I

Al = = 5

7 ZB -3 L T B, DA ERRO R TET, 1~ 1O E Y A, -

n=1 n=1
oo

Z Ci%@iﬂy;ﬁ“ﬁ'% (@ % W&, Weierstrass @ M-test 25 &, BAFMME D(0;1) T—HkIC

ff@ﬁﬂiﬁﬁ?‘é 00 5)e FHT 2| =1 LOTXRTORTICRT 5,
z}—komfé INFCERDS 1 THAZ2IET 0052, 2 =1 DL X

n=1

z%:zl oo

TH5ZEIIRHALNTVS, 2=-1 Dk Zid,

13 —IRIEDHEHEDS 0 1R T 2R TH 206, WERT 2 (RIIFNE —log2 TH 3 ),

FIE, 2| =120 241 ZiliETEED 2 1THLTIOEFRBIIINKES 3, 20 Z & DIt
B ffi 2 2 @B E BN T 5
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3.5.2 Abellc&kd2DDFE

(8% A6 B HZZ k. )
SRR HE R OT (R D H35), WETIFERT 2220505 5%, Pklk
HAFHIE T T) L FoTBVT, HREHEREFLATLIZR, THARI WV, 2 W5 ATRENE

DI,

9. E5VIISHDD B2 ENTE
. Zz— |zl =1, 2 £ 1 Ziifi7e T 2 IZOWTIRT %,
n

n=1

o RDHH LI DI DFLHI

7T_1 1+1

4 3 5 '
1 1 1

log2 == — =4 =—....

8s=17573

5 5DEMHS Abel DIRBEREE VT, HBINAEZICHEHTE 2, ZAUIMAET DER
ITRTTEOBE| () N—>a v e EZ B Z RS (M «— B2 By [« M Y).

4 R
2 3.42 (Abel DIHRBERZE, BB KMATL, summation by parts) 5| {a,}nso,
{Bn}nso BDDEE, s, 1= Zak eBLl k.

k=0

n n—1
Z apfr = Spfn + Z sk (Bk — Br+1)
=0 =0

i R RVAON
\_

EEEH ag = So, A = Sk — Sk—1 (kZl) THBENH,
> B =508+ > (56— sk-1) B = s0Bo + > _ skBe— Y k1B
k=0 k=1 k=1 k=1

n n—1 n—1 n—1
= 5080+ > kB — > 5kBri1 = s0Po + (Z Sk + Snﬁn) - <5051 +> Skﬁkﬂ)
k=0 k=1

k=1 k=1

—_

n—

= Sp (/60 — 61) + Sk(ﬁk - Bk-‘rl) + snﬁn

1

B
Il

i
v

= 5Bk — Br+1) + spfpm
0

I HROEHMNESLN S,

=
Il

B8 3.43 {an bnzo EEAFDERIZERBEN, {Bn}nzo FHFHIED LT 0 1ITIHT 55K
FeFBLE > af, BIRT 5,

n=0

s, MBS TEBICAEAT 5 2 L AR S A, WRBEBDIIG D 513, IERIBIER D FIURER AR
MOWETS & ORI =832 LW EE Y, Abel OHEFRIEEIZE S D202 DR T,

38



GEEH s, = Zak tBLE, REDS (M € R) (Vn € N) |s,| < M. Abel OREETEEIZ
k=0
B )]

n—1

Z apBy = Z Sk (B — Brs1) + Snn-

k=0

G5 2 THIZDOWT, (8,8, < MB, - 0 (n — o0) THELH. n — o0 £FT 5L X,
Snfn — 0.
G5 1 HIZOW TR

n

|sk (Bk — Br+1)| < M (B — Brt1) M (B — Br1) = MBy — MBpyn — M By
=0

n—1
THEH 5, BHEOERED, n =00 DEE Y s (B — Bryr) BIRT 3,
k=0
WZIT n— o0 DEE D By BINKT 2, =
k=0

5l 3.44 Z ci |z =1, 2 # 1 27T 2 ITH L TINRT %, EBE. a, = 2", B, =
BL t%

S|
"

n

IR

k=1

) 2
|1 — z| |1 — z|

z2(1—2") <
1—2 |

THB05 {a,} OEAFIIERTH D {8, } FHFHRD LT 0IXICRT 5, WRIZ ) B, =

POEIEITES S
n=1
472 Abel OERGEEHZEEH ST 272012, il 3.42 20 L—EL X 5,
a o
W 3.45 B {an}uzo, {Batnzo BB L EMLED m € NITHLT, 5, = >
k=m
(n>m) £BL &,
n n—1
Z By = Spfn + Z Sk (Be — Bry1)
k=m k=m
DI D 3D,
N J

SIFA Ml 342 OFFFALFIMETH 5, =
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-
EIE 3.46 (Abel DEHMEFEIE (Abel’s continuity theorem)) FAKEL

B z=R(R>0)TPRLAET 2, ZOLE, AEED K > 11X LT,

1 —
2] < R, ﬂqc}

QKZ:{ZE(C 1—|Z|/R_

LB BB F(2) W Qi U{R} T—REINGR T 3, W 2 IR £ & Qx U {R} T
THb, i

lim f(z) = f(R).

I HIZ
lim f(z) = f(R).

z€[0,R)
z—R

N J
(Qx @ T R ZZFHUR, #il 21X Mathematica TR=1; Manipulate[ RegionPlot[ x~2 +
y°2 < R°2 && Abs[1 - (x + I y)/R]/(1 - Abs[x + I y]/R) <= K, {x, -2, 2}, {y, -2,
2}1, {K, 1, 10, 0.1}] £33, K ZR&FTHL )

2] <RDEZE, |1—2/R|>1—|2|/R>0Td5»5H %
KIZNLT, Q ZLEFAUATERT DL, Qx =0 TH 2,

>1. WA K<1Xk3

B 4: R=1, K =48 DHED Qi LHA |2| =R
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BBl K ZEEDOIEOEE T2, 2 % Qp OFEBEOEHZEY T3, FEO ne NIIHLT

ay, = a,R", B, := (%)n, ful(z) = iakzk
k=0

Eﬁ(o akzk:akﬁk VCZZ“D\

= B, fa(R) =D o
5=0

= (1) <1

- =2\ z |1 —z/R|
1=l =3 |(7) (-l = Topm s K <o
RE D & lim £,(R) = f(R) TH205, {fu(R)},cy & Cauchy FITH 2 DT, KDL
YRYASEIN

(3.6) lim sup |fy(R) — fu(R)| = 0.

n—-+00 I>n

mneEN m>n 35 x, fili345 256

Jm( Z gy — Z arBy = Z By = Z 5k (Br = Brs1) + SmbBm-

k=n+1 k=n+1

2| < R TH 225,

EY-

772U sy = Z a; ¥ BV sk_zaj Z%_ fa(R) THBD B,

j=n+1

skl = fe(R) — fu(R )Iésuplfe( ) — fu(R)].

>n

m

[fn(2) = Fal) <Y [sul 1Bk = Broa| + [5m] 1Bl

k=n+1

< sup |fe(R) — fu(R)] ( > 1Bk — Braal + |5m|)

k=n+1
< (K +1)sup |fe(R) — fu(R)].

lim fn(2) = f(2) TH2DT (ZHIBLEFAE ADEH Z > TH RV L. ZOTEADS
{f0(2)},en 75 Cauchy FITH 26T 2, L LTHRWV), ZOFREFEXTm 00 LT

12) = Rl < (K + D sup [ f(R) = fu(R].
2 IZOWTOERZE - T
sup [f(z) = fu(2)| < (K + 1)sup|fe(R) — fu(R)].

2€QK >n

(3.6) £ b, BEES {f,} X Qx T fFIT—HIURT %, =

SERDIER ¢ LT, +KRENN ZEHZ 2. nym > N 2513 |fu(R) — fu(R)] < & WX
sup |fe(R) — fu(R)| <e.
(>n

91



R 3.47 (Stolz DER) £ DT XX M T, Abel OHEfGMEEIIZ,
fa € (0,7/2) ZHi7zTHED o WX LT, |arg(z — R) — 7| < a Zifi/z L&D
b, 23 REFTHEEZ(ZDZ % IStolz DEKIZIHHi-o T2z RETB] EWVWI),
f(z) = f(R) DS D LD, |
WO BTHEZ R TWS, DFD
(3.7) lim f(z) = f(R).

larg(z—R)—7|<a
z—R

Fix. 2 BEE
{z€C||z—R| < Rcosa, |arg(z — R) — 7| < a}
WES 2% (KAL)
|11__é|//]2 = |]§__’;’ <2seca ((RDT=: sec = c_(ljs)
DR D LD GEIIEEME S 5, 3 /MR [39] D p. 91 ITEH-> T3, ), THRDOB, K 1= 2seca
EBLY z€ Qx PEDILD, WAIZEDEH3.46 ZHWIUX, (3.7) 1T CICFEHTE %,

|

f 3.48 (BRAHIZLIV— - SA4 7y IVREIZOWVWT)
oo 1 k

(3.5) fe) = oAk gz <)
k=0

EBL PORFERIF L LTS T0 5%, WA fid D(0;1) TIERITH 5.
B f(2) & 2 =1 CTIRT % DT (HoHEDEFAREA LT 01U 3 2 227222 5).

Abel O3 EH LD .

L= s == (1) = T f()

x€[0,1)
f(2) P z=2¢€(~1,1) DL EEEKD tan~ o ¥ —HT 2 Z LIFFFALR TV (Z 2 TIEER
HBHILITT D) tan R > RIGEBTH L Z 26, HHUOMRIZ tan™! = ZITF LV

Dl EoimikidENn 2 @R TH 2 (2L DEERFECGENEZ 2 DT, BEZ 2 FHIET5),

Z@%&%@bfm\ﬁﬁ%®ﬂ%ﬁwf£:1—é+~-@ﬁ%ﬁﬁ%&mbﬁfdm
W (5D A9 2R X)), DLFME»D22 L. —BIELICVERICR D BETH 5,
RiX 3.49 (Abel EIFESWVWSA) Hid, Abel FEL L TR RS RFI THI NS Z L
Z, FEBRI Ao TWREES DRF Y. TiLE SV DIZBWADNZWE S K0T 250
T, PLENMLTEL,

Niels Henrik Abel (18021829, / Vv = —) i&, FEREOPRFEFUC DWW T OEREZ M L
7o (FBH 3.23, filiH 3.42, B 3.42), Zhlhc

1 a D—OBERBTH2E2D (1 +2)* OER (—i% 2 THEH) DA
2. 5 R EOREAGERXDERE D PURI ¥ ZHR TR 20 2 & DFERH
3. FEMBIEGH

BREDHFERITo7, BDZDIF, BFAHAYICH BSHTREERLMEFTH S, (RRR
Bed#d, o 0ariz A8 L R ERER-MANS, BENZR I ENDEIRS KRENZ &
2w, 2L TW5, Abel ZRWHITH 2, \m
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4 EEREHE L TONHREARCFEH

Z DEITIE, SEEEBUEERBERUCHIGRE S 20, ZUEERD 1 DDfEICH LT, BB
BOMEDIIIGT 2 ZMEEHE 42, Z4Uud. FifiE Clcim U= 2IHARE. GBI, 55
. ZAREE. WERBEEICIZ R o > R TH %,

FE, BB w =2 (a € C\ Z). #=MBAEL WXUHAREIED 2RI & 72 203, 2 b
BB > TREINZ DT, ZNSEBOZAMIEIX. NEEIE D 2% 8 U CHEfgET
x 5%, (HfiT. W O2DOBEKIZ, D Taylor EROINFEENE R TIEHMA C 2Kk T
FiV, BRI S ERRD D, )

ZOHNIF NI NE D IFFICEHETDH 5,

4.1 ERFEHEIE log »
4.1.1 log M Taylor B (BDELICHZDTAFYFLTHRL)
log @ Taylor EHIZDOWT, HHEOAIZ X o> TWVW2 DL,

o0 o)

(1) log (1+z) = Z %x”“ = Z %x" (Jz| < 1)

Thb, T

o0

HI—Z =3 1 (2l < 1)

n=0 n=0

EHANCHED LIS DTH D, IO 6B EERBIT LT

e}

- (_1>n—1 n
(8) log(L42)=3 == —=" (k<)
CEBRTLZIENEZONDID, ZEOHFHAIFEE 1 OHIRONZ2DTIE, METERW,
HEdE log IZDOWT

xliglo logr =400  (2FD x—l>lnll+ log(1+ z) = 400)

THBHE, (1) 5 2 = —1 TEEREEZROOE. B2 ERCHAAROD, (b5 L AT
F BT TH B, TAURERELIHEET 3 7201 BRI - 72 b L B2 3.

4.1.2 AHER v =2 Z@E<

FRIELE LTD log 13, log: (0,00) > R THH, 8B R > 2 — e* DK TH - 72,
Thbb yeR, x e (0,00) IZXLT
y=logx <& x=2¢"
Z 2T, 1EBEABOFREE e L THBBEEZERT L2 2E R X5%, 20D ITIE.
ZEC\W}ﬁQi%ﬂkZ%m\ﬁﬁﬁz=é“%wﬁ0bf%<%%ﬁﬁéo

S8(1HH) log(1 + 2) Z

oo X 1\k
2" (14 2)% = Z (Z) 2" tan™l z = Z (=1) PRt (WoF £12~ (V)
n=0 k=0

FERIEF AT L THE,
59 = RISk, S k&éﬁﬁk@x—/——% BT 520300 b b5,
m?f@hﬁ%ﬁ@ﬁﬁOktgam_t# o TWBDT, 240 2T 3,
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w=u+i (u,v ER) EBL L, e =¢%” &R D., TOHAIWERITEND T, 2 Z il

A TRTONBREZSTH 5,
z=re® (r>00€cR)
£B<,
z=c" & re? = el
Sr=c"Nef =ev

(RD1D, BEHWV: re? = cve™” OMADHEMNEZINS Z 2 Tr = e HMEHN. Zh%x
re? = ete ICRALTHELT ¢ =™ 2155, )

z=e" S u=logrANv=40 (mod 27)
Su=logrAN(IneZ)v==0+2nrm
& (IneZ) w=logr+i(0+2nm).

Dol T THL,

4 N
EIE 4.1 (V=2 Z8<) EFED 2 e C\{0} BEX 6N/ Z, w IZBT 2R v =2
DIRFFEL. Zholdz OMERXE 2 =re” (r >0,0 eR) T2 L &,

w=1logr+i(0+2nm) (neZ)

LRIND, T

w = log |z| +iarg 2

LECIEHHIKS,
-

Bl 4.2 (o< DIBNLD) tAr7 2 DIEIIH L. EFRZ ¥ = 2 D RDTHA LS,

eV =0 DIFFELRY (ETHRol ee ™ = =" =1£02657005),

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

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

r>08FTBLE =0 DfRIE w=1logz +2nmi (n € Z). D% D 2nmi &< o223 X
Rw,

e¥ = —1 OfE w=1log| — 1| +iarg(—1) =0+ (2n — 1)7i = (2n — 1) 7 (n € Z).

e? = —2 OfRIF w=log| — 2| +iarg(—2) =log2 + (2n — 1)7i (n € Z).

eV =i OfFE w=logli| +iargi =0+ (2n+ 1/2)mi = (2n+ 1/2) 7 (n € Z).

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

4.1.3 EZEE log: DES

T, ZTNTIIEZEB logz ZEHIERLELBWR? LD v = 2 OffE RAUX, 2
WA argz ZEDERTDIDEIFZEALEFRLCTH B ZeBmh b,

(Z ZTIEEBD log TR Z DT, BBTRAIL TR, FEBEE L TOMNMBIBUITIER (K
HTIIH)., ERZMBEE L U TOMNMBEIBIIR, EYIRADMEEZHIRL T (Z20h Hik
%) —MiBEEUC L7z b DX E. FHC (0,27) OEIFICHIR L7z d i3kt (RETIZE M),
ZORDABRVEHEL TWE DI TIERL, BFEEREFTH S, 1F a—27I1FRII W
BbHBL. BHOMAED DD L, )
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(i) KRATLL e =2z 27T w TRNTZRT LWL TALI, 2FD

logz:=log|z| +iargz
=log|z|+i (0 +2n7) (n€Z).
EED 2z € C\ {0} ITH LT, logz WS RUIIMREOERLEZ R T Z £ 1Tk 5, log

FEFEORIRTIEER - R TIRR0WA, HERSMEIR I 2, ZhTH L, (EE
D z T 1 DDERZ T HIET ) EEDOREE (NS 2 ERT) —@REKE v,

—J7, WYL=V T, 2 DIRAZZE—DOEERZ LD, #EE  logz Z1E
A7z —flif8%k e LTER TSI e bR D, 25 Lt & Z2o—{fildz. ZHE%K

KA L

log z D73 (branch) & ML,

(i) TE 2 OFBHXE I ZEXN, HIZIE T =[0,27) [ = (—m, 7] &E, (—LT 3L,
acRELT, I =[a,a+21) ® I =(a,a+27].)

EE®D 2 e C\ {0} ITML T,
z=re? (r>00¢€l)
ERBr, 0 B—ERNICEES, 2D r, 0 ZHWT
log z := logr + i#

EED D,
log: C\ {0} = CTHYH, {HEE {u+iv|ueR, vel} TH2,

(a) FIZ [ = (—m,7] &L E, 2O log 2z ZXHEBDEBEE WX, Logz KT,
ER/YPX5

Logz:=logr+i0, 772L z=re? (r>0, -1 <0<7).

Log: C\ {0} = C TH» Y., fEEI{ut+iw|ueR, —m<v<7} THb,
Log \3MRA D FEME Arg ZFHWTHRE %:

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

Log ¥, BOEHEIK N ={:cC|2<0} LOFEREDEATHRERTH S, (v %
EEOADFERETHLE, 2 %2 TEF) 26 o ICAMIF2 L X ImLogz — 7, 2
Z N 5 2 13852 & ImLogz — —.

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

WoT z— 2 DEZE Logz 3R ZE= 720 )
(MO ETH 5, )
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~ Mathematica THTHA X ~

TurS Iy EHEOEFENBBIBIIFEEZFE T 2008 @ TH 5, Math-
ematica Tl Log[] THEBIR D FELIFHHETEZ %,
ImLogz DY F 713IRHEFEER D & 5 RI&KU,

Plot3D[Boole[x"2+y~2<4] Im[Loglx + I yl1]1, {x, -2, 2}, {y, -2, 2}]

(Boole[] FR L THREW, )
NURCT I 7% O0ERA TN LTAD ERTEDN S,
DWTIZ ReLogz D77 7 bHinTA LS, HiHNTIETE 272595 b
L IR ZAMEIXL log 2 1IZDW T, Imlogz D7 72 R L TA LI, )
LoL. BOFEEE 0 ZFRVEES C\{zeC |2 <0} IZHIRT2 &, EH] (H
IREHE) 1272 B,
CHURFEBEIEE Qi p ={w e C| -7 <Imw < 7} IZHIR L 7= F %

f: Q(—T(,ﬂ') — (Cu f(w) =e" (w € Q(—W,T())

DU TH 25 (BB TRV E/NSWEGITHIR T % 2 & THENZ L TFBIE
ZED. EWVWORKHDATH 2), BRBABUIIH LTS, WKM7, WRIEL

EFIIEDLDOD T, Log FIERITH 2 Z 3 mhd, 2 = f(w) 55 L X,

d_z =eV =2 THHINMH, d_w = 1 ERAS P25
dz z

dw

d 1
4.1 — L = —
DI D AT D,

o b HbHH 5 5,
(b) ZHDBRLIMELNZRDHEH, 2 DIFEAZ [0,2r) OHEPNGER (22 FHEHE
MERADWVWBZITH D), D2FD 2=7re?, r>0,0¢c[0,2r) & LT,
z:=logr + it

&35,

:C\{0} = C (E\BE) TH 520, EOFEK2AKR P ={:cC|2>0} k
DEEORTRNEHTH S, Lo L. EOEKL 0 ZFRVEEE C\{z e C| 2> 0}
WZHIRR S 5 & IR (HREKL) 12725,

CAUIFEEBIRZ Qo 2m) = {w € C |0 < Imw < 27} IZHIR L =B 4

g: Q(0,271') — Ca g(w) =e" (w € Q—7r,7r)

DY TH %, z2=gw) T 5 & X, ;l—Z:ew:z“C*%Z)#%\ le—w:l EIRAS

b‘% z z
d 1
DI D LD,

SRR O E BB T —RICEEIH L T Wiy, FEREEBUIER B ERTH 205, 2.5.4 DiFim/=
THRBEBMNIEAITH 2 Z e DFEHTE %),
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(ii)-(a) D Log ¥ (ii)-(b) @ log . FERAE L L TD log DIIRICZL o TWVWB, DFD
(Vz € (0,00)) loga = Logx = log .

(ZNLADIEED log IZDWTIE, ZORRIIED 22 L IFR 5720, )
K (7): (i)-(a) D Log & N TAEE, (ii)-(b) D log & P THREMFEL B &, Kb E
W U0 LRV, BRTZOPEGMEZMA LB 2172 o72D 5 5,

RiK 4.3 (B AREN dy/dx = ay ZBEL) a ZERE T2 =, BEMOER dy/de = ay
DIEIE y = Ce™ (CIHMERER) EWVIDIF, HillkZ e Z2he. ThERD X 5 1I2fE<
ADN 3,

/% = /a dr XD logly| = ax + C (C BHEDER). @RI |y| =0 =% WZ
12y = e = Cle®™. 72721 e % O Bz,

FEROMAZ T TEZ 2LEEE (D 0 1ICR25E5DMEEZBWTBIHE) ZhTdhiEbRk
Wirh e, BEOEZTTHPEERZME 5583 PRINE LI e 5E5 507
Lok DEZXTAD I ZED D, REDWMDTTERDIZETIE, ERREBHIE M0 /2K
WX T BRERDFEE VWS DEHDLZIETRHRDOT, 202> L51CL L5, =

AATEXEDD (2BBIET—UT ) N

DL E OGRS E AR D FEICBR & 720, 18 2 DEEDFHRME I = [a, a +27) H 2\
I=(a,a+2m] ZFAT, z=re? (r>0,0el)ITHLT

log z = logr + (0 + 2nm)

LED log b N %
N, = {rem | r > O}

EBWVWT C\ N IZHIRS 2 & IERIBIEITR D |
1
(log 2)" = =

FTTIZIRNT X 51z, —fflifBUZ L7z log ZXEEABD R EMERD, N DX S, #
=
NERL 2 T1OD0KEED T 2 22T & 2 iR HEIXLERPMD 2ER) &,

HFotA
IIEHR (branch cut) & S,
N J
FERIEL log 1IZDWTIA, log(z1w2) = log 21 + log 9, log (%) = alogx &\ S5 EMDK D L -
720 log IZDWTHRDEBDK D 3D,

CEBOTIDERL DI RKLRPEEZ TV Ed Doy

97



/ﬁiﬁ 4.4 (BIRZMMBIZL log DME) (1) 21,20 € C\ {0} T H L X

(4.3) log (z122) = log 21 + log 2.

IhzeimogsTtHE L
{fweCle”=2z2}={w+w|w €A, wy€ B},

VL
A;:{wleC|ew1:zl}, B::{wQE(C\eW:zQ}.

(2) zeC\{0} L F2L %

(4.4) log

IS

= —log z.
IhzfmoiiseHL L

{wE(C ewzé}:{—w\weA}, A={weCle’==z}.
N J
[ 58. i 4.4 ZALAE Ko BREAN

M 59. LTFORERIBLTLHMD TR, KlZE DT X,
log(2?) = 2log 2z, Log(z122) = Log 2 + Log 2, Log% = —Log z.

REA

FRBEIBUIZEN TV 2 ADZ WS, WEMBEBIC OV TR, TSR 513
TOWVSEIEDHRDIE TN, ZOHBEIIRDIOEL S5 ?HEL L 5.0 LT
EEED S,

M 60. 2 XGERZML Z 2T arcsinz = —ilog(z V1 — 22) LW REHELD, 2 € [-1,1]
DEFEIT sin DT> TWDB 2 e BRIMNHEPDTAH LS, )

EED ye[-1,1] LT

iy+/1—y2=e% —71/2<6<71/2

Ziilz S 0 DFETHI L Z2mE, £22DL E, RHWHILDZ L 2Rt
(1) sinf =y (@ZIT 6 =sin""y)
(2) —iLog(iy + /1 —y2) =0 (@ 21T —iLog(iy + /1 — 42) = sin"'y)
(3) 0<O<7/2DE&E Log(iy—/1—y?)=71—0,—7/2<0<0DE & Log(iy—+/1—y?) =

—m — 0.
(0 & £7— 0128 % sin DIEFF LV, —ilog(iy £ /1 —y2) @ — & £7 — 0 WTRIGL
TWBIRTH 5, )

FREAN
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4.2 HFEK
4.2.1 BEDEE
(Z DIETIIERBEE logz BN 2D, BITEHD XS ITBTXITZ2DEXI1E3, 57D
BEBRE IV EKRTHELATWE D [XREHAN-> T ODERDH 5, )
FHa, bITH LT, a Db IFZVODTHERINDI DT TR o7 ((—1)" I FNLD?
FLWVWIZEIFAERK). >0 DBEIX
(4.5) ab = eblose
Yo TWe, ZOBBREEZRBICHRL T, EEBOEBK »~ 2EHEL L5,
R 61. a>0,bcR DL X, o =cbloga DD L BRtE, BEA

INETERLTHE2DDXAIT 270, LIS 22 TS p(z,a) £EFELZ LTS
(p 3% (power) DFALFDDOH D),
aeCIiTHLT

(4.6) p(z,a) = e*8% (2 € C\{0})

B, logz BWEFEBTHD., =D ZEIIL DL L. ZMBBE T2 D
%o BIEDGE. plz, ) I ZUARMEETH 2, BREDHEIX p(2, ) IXZAHEEE 2D 5
20, —liBAOLEDH S FEL S BEIRTAR3),

z DWER 2 =re? (r>0,0 eR) ZHWVS &,

alogz _ ea(logr+i(9+2nﬂ')) (n c Z)

p(z,a) = e

DD BIE a e RDEZDAEZDZLIZT S, DL X alogr € R, a(f+2n7) €
RTH2, %7 elt” = (") = r* TH B DT,
p(z,a) = ree®fe?™ine (n € 7).
2T Y SV EZEID 5 2, HBAEDT L THNTAS,
(a) c EZDEE, na €L THEHH, 2™ =1. WZRIZ
aiad _ a_ a

p(z,a) = r*e = (re’)" = 2.

(2D a>0R0lF aflD - DFE, a <0256 —a @D 2 O 27> OFE %
KT, )

(b) a€eQ\Z DL &,

(4.7) a = peEN,qEZ,p>2,pk qlTAHWVIZER)

IR

LRED (B EER), 2552k

ng

0 o . )
fe! zaee Tt raezaﬂwnq (’I’L c Z), W = 627rz/p

plz,a) = e

p & gPHWVIRERTHEDT, n NZ ZHLE, ng %% p TH-ZLRIZIE 0,1, ...,
p—1DBFTRTHEHNE3, wld. 1, w,w?, ..., WP L DEDEDEEH, D2

p(z,a) = rewf (k=0,1,...,p—1).

1 .
COBEHE |zl =7 @ p FRETH 5, FHC o = BHIE. 2 D p FIRIZFL WV,

BHEE. p & qEEWVICETHE00, Bkl eZ) kp+lg=1. WIIWIEED m X LT, mkp+mlqg = m.
WZIZ (ml)g % p TEI-72RDIE m THZh 5, wmdi=um,
XS EDMET, n:=ml 2B L, w =™ = mhrym = ™,
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(c) o € C\Q % BIBER p(z, ) RIEREDMEEHO, (ZOHRARHE D HDRVES S
5. AEMIEEIET 2, )

~p(z,q) % X7~3 % Mathematica 712275 2 ~

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], {m, 1, 1000}]
. J
! q' 000000
[ ] [ ]
* s * :
1 1'-0
° °
-1.0p

5: p(1,1/8), p(1,v/2) (1 <n < 100 ® 100 1), p(1,v/2) (1 < n <1000 @ 1000 &)

SIE. D p(z,a) =5 DT WD R 2 L EL, Fhha=L neNDLE,
iﬂ/;t%)%<o *%0:%22@2301\/52%<o

Bl 4.5 (V-1 IFEH?) (1) =1 € & log(—1) = logl + i(m + 2nmw) = (2n + 1)mi
(n€Z) THE2MH,

/1 — (_1)1/2 — phlos(-1) _ 3@ntD)mi _ e(n+§)7ri = i(—1)" = +i.
GliE) a=12=-1F2%, z=1-e" w=e"2=¢"=-1TH20b,
Vol =22 =13er™ Wb =i (=1)F (k=0,1)

Wz
vV—1==+im

Bl 4.6 2RV EESIH, it ZRDTAHLI, i DWPRZT i=1-¢"2 THL2H
. T 1 ,
logi =log|1]| + i (E + 2n7r) = (2n+ 5) m (n€Z).
2T (a’ = ePlose 12 X 5 0)

- _ilogi

iP=e — ei~<2n+%)m’ — e—(2n+%)7r (n c Z)l
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m CZETREA Do ILDEED ~

(a)  €Z %51, 2 & ZRETH->TELILBLRALERICR S,

(b) a € Q\ Z %51, a OB EEFRR% a—% (peEN,qeZ) Bk, 22 & pffi
BETH . p HOEIIERFANOFAHOLOMED p ERRTH %,

(c) a e R\ Q 251X, 22 IFEREZMHBIETH %,
J

IR ETHEPIVETHL e MRS 5, 22 = e*lo8% ¥ logz = logr + (0 + 2nm)
(72720 z=re? ©32) 22X, RIIHELZHETDH 2, o 2B, FHEL. zaltT
B,

4.2.2 EBEBLTD 2

ZZTiE. BB 2 22 = explalogz) D5 H T, mbMHR 212 = /2 IZOWTHFNT
A5

ROBWREZE->EDIELVDT, sv.y/ CWVILBEEATSE, TED2cC\{0}
LT z=re? (r>0,0¢€0,2r)) MiZz3 r, 0 H—ERNCHELET 2, 2D r, 0 EHWT

sv.A/z = \/7_“6219/2

LB, LU Vr FIEEER r 1T T 2IFEDFEFIR (FERLV—M) &5, 2=012D
WX
sva/z= sv./0:=0

L, UFLIES L Zoids S.V.\/_ 25, AEY —7 <0 <7 &EXD%ZT(E (primary
value) LR ED3H 553, ZDORDOKEZ S ITEDOI LD T, T ZTIXEIHE (the secondary
value) LW EKZ ZHT, ZDiLFIT L7z,
—RATRL -115IC%H3 XT. 2z DFHRIE sviy/z & —svy/z THb, £ZT

f(2):= sv/z, g(z):=—sv./z

B, ghzh C LoBTH D, FH - DT 7 713RD L5122 5 (EFRBO C %
R? EFE—HLTW3),

X 6: Ref D778 Imf DII7
LIELIERD X 5 IZHBHE L5,
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7" Reg D77 7% Img DI F 7

z=re? DPEHEOED 2T 2 (WA S 27 12785) &, /re? O
ML, E2 —1 5127 %,

sv.y/ 1[0, 400) EWIIREBX R WVIR DEFICE(LT 505, T TH T 3 L ED
—1f52%5, AL TLES, VW5 ZeThb,
T2, fb g DEED 2z € (0,+00) THREHTH S, FEFE.

sl—lgrlof(x—{_w) =V sl—lglof(x_zg) =V 61_1)1209@4—25) =V El_1}r£1og(x—ze) =V

THHDH
el—l>r—ri-10f(x + ZE) 7& 51—1>I—ri-10f(x B iE), z—:l—i>r—ri-log($ + ZE) 7& el—i}—ri-log(l. B 26)
WZICfHgdr CRERTHS (bBAAYT 7ERIUI—EMATH 3),

2T He, (-D)fED (1) ETIRICRS Z e R ERLTEL,

##M2 Riemann® /O Riemann 2 W5 b DEMENT 5, (Riemann [l 4 72 A
BBICOWTERTE 320, 22 CRAHL / KOVWTHHTE, two e, )

INHoRD5I T3 e eMEPOBRICHIT2DIEFH LV, HIFWEI2 L

NKMOERFHZXF L TEH L., ZNEERBEEZ S Z 2T,
2ODEE f, g 1 OO E AT

ERFHZ 2BHEL T, KAILT Cy, C, &AHTZDT, A2 Q &35, BEITPD
Wi
C={(z1)]zeC}, Co={(22)]zeC}, Q:=CUC,

ETHUEEW, C, Cy i3, ZOBERIC1 22 LWIKHTE20D0FENONTWS TN
Y. CeRI—MMPTES (C;2(2,1)2€C,Cy3(2,2) = 2z € Cldr bITRHE,

(z,n) € QITHLT
[ m=y
”(’”'{g@ (n=2)

EBWVWT, F: Q- CRERT S, (2,1) ® (2,2) 2o T 2 £ FL 2 ZFFEIR

_ ) fz) (zeCy)
””’{gw (- €C)



75,

Re F': C1UC2 —>R, Im F': ClUCQ —RTH5, %ﬂ%\ﬂyﬁi@ﬁﬂﬁtﬁofhé7‘7
IH2MDD (M6 D28 M7 D2K) LEZLDNIEMETH 55, Ehzil@yICERTL
F52kIiZT5 (KB),

8 Ref & Reg D7 7%&BER%; Imf &lmg DT 7%ERD

CORSZRLAD L., BIPEIEEDLREWI L5 h 5,

o HIITAZ Y, BENTWT T IO T,
B 7% L, ALY ITN—TEEN TV ZARTRENNICORD -
TV, BRRBESTVWAEDTTHZI VI ZEDBEI o TVET, )

o LENTIIVRDLSTDBIFTNTWIE ZADFND T Z 712505 EIRIZHDITORDBS
91T o7,
(EloZro 7%/ &, ALUIREF, TA—EF7EE, (0,+00) DX ZATHFATVS
W, ZZDEZAT, FLYIDRHETN—, TA—DPLF L IIHIDEI LT, RL—
RIZORMB5, )
Ci, Co lENTIANFWZBHZDTIFRL . (0,400) DE AT, XDELIIZORIFTVD W
Sl b,

e C; D (0,4+00) & F¥FMH D5 EICHIT 25, Cy DR 2, (ZD#: Cy D (0, +00)
Z EPFED S Rictkid 26, C ieoRd 5%, )

o Cy @ (0,+00) % FFEES S FIcHI =5, C, IKOBHB, (ZDH: CL D (0,+00)
B AEED S L SICHRIIE S, Cy K05, )

BEDMHIT2HDEZ D X 5120721F % Z LIFRATRETH 24, HMIROMITIR, 1 —
NEZRODTHBFIFFFHEEZREZ 50, T =755 bW eXmdtia725 5 2
ZH5LkrE Q% 4/ O Riemann H (Riemann surface) & FES,

o O DAL A X —DF. 2D FHEDRERZZ L — L TORB > T\,
o/ MEDQ TE—HlOBEK F thoTWa,

) sviy/z (n=10Dt¥)
F((z,n)) = { —sv/zZ (n=20DL %),

(2D F 23 rEktEiEz . FREATH 5, )
Do ELBRHIALED, BETOEN_EHICK->TWVW?S (220H2) DT, EXRBOHZ 2HD
FHIZAL HFET. BRTOHEHE 1 DIZTER,
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4.2.3 FRik: ' Z2H<HT (BN CRLVER)

AR ATOT, 1003227 ) 2 WHEEDPRAH TR S, B (RFE) «® 1ITOVWT, beN
DEERIZE ATREIZR S5ROHS Z 5 TRVWIGEIE, BRTHEMTHS LOIERT 5.
WS HEATF TR o TV 5, MMOHIFN RIS & FERIC, BEEOFE OMITITHN S &
INTERZIRL TIT s BHOERIZOWT, FIFRBHIFAETEELZDT, 01220 T
EZATHAEI,

Wikipedia ($35hR) 1C

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

CWORELRDD, R<FLFEoTW3,
BYIDINT 7T 7EUATDE ST ->T W5,

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.

TR arBENT OB S5, HRT2e, BIRUTDOE S22 THS 5,

0D 03F (1°RREIND) IF. ARIWELZR RV T, &dEHERATHE
HiZ, 1 TH20, ZOREREZDZTFICLTEL, EWVWI3BDTT, WIhd
XARIZ &K > CTIESBRHEHADID D £3, KBFECHAGDODERFETIE, °=1Th
e, —RINCEBRINTVWE T, L2 LB ETE, ORI LIELIERER L
XNhET, av¥a—&X—DF a5 A5ThH, ZORIOLALZEDINGDLDH D
£,

Wikipedia DFEFICIE, TEX OAFEE & L THFEENTHEHZ D. Knuth (BFE»D
computer scientist) (&, 00 =1 EERIRZITH L2 HHL TWVWD L, BAHEHVEFE -
TV, ZOXEZBEEGHDOHEE — M TH 205, BFEDILHE VS bDEFHMAL TA
X9,

FFTEIMETOEEI OO K5, ZEBOMAENF2FRE =2, LLNOHNEBE L 720
b LA (BT TREA#T) C WO REBETHT 2 %W,

Q:={(z,y) eR?2 |2 >0Ay>0A(x,y) # (0,0)} T2 Z, f(x,y) =2Y ((z,y) €N) I
Ko TERS NBIE f 13,

lim  f(z,y) = lim f(z,0) = lim 2° = 1, lim f(z,y) =lim f(0,y) = lim 0Y =0
z—0 z—0 y—0 y—0

(z,y)—(0,0) (z,y)—(0,0)
y=0 =0

73 DT, @BE( l)in%oo)f(x,y) FREELRV, WRIZ, f % (0,0) ZBTRE E Tkt
‘r7y—> K
By UTIRR S 2 Z 21X TERW,

RICEHAZEPOERBERGHD G2 S R TA XS, S ab =ellee 25 BRAE
T, BEBOHFICE TEELZIELED. a=0 DBAFERLTVWEVWI L IZFELTE

BHHELA. bHD a DFEL WIS EKRICE S — X ZAERTENUL., BTRVWEES (B 2 XZHEK 175747
) ICHHARICHNRTX %,

104


https://en.wikipedia.org/wiki/Zero_to_the_power_of_zero

ARETHA9, 013 log T > THIEOFERKTHLDT, ZITORHAFTa=00DH
BETIRTZ2DO0H L W L IZHETEZ2TH S S,

(D UBiRRIC72 2 2%) 0l = 1 WS R, BAEGRONG» 6328, AU~ T O 1 TO
E2 1 TH2(I'(1)=1) 2o, HAZRKNITEAZ 2D L IENRIRIE T 23T 5%,

Wikpedia OFEHT N A TIE. ZOREILIELIERERE INE T L H I, RER
CTAHEE. BBUORLED20DEPIRIICZ o TWVWEEEZLNDE,
VEDXOREEF T BTEEZRL->TWVAE XX 00 =1 EZARERS ] LW EENE
CZS5KBDT, TZEFTimATLANE dIDLEITOEDH > THREW,

RO REE D 2, R 00=1 20 Z RT3, HIZIZMESTD
Taylor J& B

©_ n)(g
(4.5) f) =3 0 ay
2 IHEM

» s 32 (Yo

REDARDPEETE0, (48) TE n=02D2=a DL E, (49) Tl&. r=0HDa=0
DeE, FEr=nr2b=00 %, " 2EHETZ, ZNHDHAE. WIhd =1L
FRFRT % 2 LIk o TV 3 (25 L e EXAMIT LW,

REDIG TR ZHKX (H20VEZOMRIEH»S), LFHHAT 200 Lk, filz
1A » DZHEA LI,

apx" + a1z o apx + ay,

PSR LERDZ R ETH, SAREE Y BT

n

Zajx”_j

j=0
EREIND, j=n T BIEIZ a,2° THBED, THDa, ERT7ZDINT2°=1THHH
BEDH b, 1=0FBRATES2D12F 00 =1 TRIFIUI LS W,
REETIE, ZEHAIEARFOREARTH 206, REFEHAEDERFTIE, 0°=1 T
Hrr, RECEBRINTVWET, ] LDHIDIIHMTE 3,
(FAEDEEFAICOVWTIE, T 2 TIEFHATE R WD, Wikipedia (& D. Knuth 23HTF
72D T Graham-Knuth-Patashnik [40] Z &P TH <, )

EAZEH, FEORBAZHERELS,
0" % 1 EERT D0, RERLT22EXRICE 2,

o 2ZEBWEMOEBDMEL L TIXER LRV E WS ER0 5 (i BRIz
572N DT),

COMAE D DELFET 2 > 0 I LT () = / t" et dt PEFREN, 0 > 1 Eified n e NIIHLT

0
IF(n)=m-1)!THdILRABIHHATES, I1)=1TH2h5, I'n)=n-1)! LWIRS n=11
OWTHBIT BT, 00 =1 2ERTHIETRV, Fr~BEEIIEZBEBOCERE XA, 1 I3RES TR,

CTEHRT DL EL, REZIERTLI0EEZIATZ ALV, ERLAEVDDIZOWTIE, REEHRL
BOEHZFHHTZ2 Z 2T LAY RVOT, ZZEHINCRoTLESI D, ZoRELIALTVRNWEES,
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o LAHAL BIZR) Y i3 ROMTHNS 0F 2oV TiE, 0° =1 LEH
k
ER-E

—/TC, T 00 =1 EERLTHMWDRW (AT 25UTE o7 RW), 2¥ 1
(0,0) TAREHFEL 22205, FREEMR L COAUIMEIZE TRV T DL 5, HEAR
72 BRI ERE R D DB > THMDRWIES S, ab = ePloss 2 ZOoRN Sk
{2 FhE, FETZ2DITHRL, ZRUIMDR,

(fERD e 25, Wikipedia ICEWTH 2 Z & LIZIEEDL SRV, KB BT ILES S
HZEEWVWSHIFTTIEBRWVWDT, —MOADHFTH, EIICENTHA0TED LA, EWVWH 2
Y THb, )

BELL, ZLOBEEDPFELC LD BRERZ BT 2, MED OHFRET Taylor B D
APHTREZEE, (2-a)’=12TFT2205MDFEEXX ARINEZZNZ20( [FEoT,
ZIHAELC L EDZIIEAD, ZARDIIEMZ LESIANNEZS — EREFETIIZHERK
(&R) 2 T TELBRVALITER),

FOBNCRE - T, #68 ((4.8) TlE n, (49 TE r S n—r)) PEEMCENT 2D TR
W H, EWVWIEIHB RS H LKW, DFD 2¥ (y 1I3ER) TR, 2 (b I3ER. Z
ITEbL=0) ZZEZTVS, EWVWHZETHB, ZAUIDVWT, b5 —DRTFHFVTHEL L
(brolDIWn?)

n xARBLTLIE  (2") =na"!
CEVTHL2D0% LIFLIEHEKRTZTNE. n=1022=00DL ZIHLF 1-0°12K85D
T, LY 0V ZREEL TS, (") =n2" P 20O L L n=00DZTz#0
E35 ) EWVWO LR LEEIDLEICKR S, TOVHRERD & XX

=1 (zeR\{0)

72T
=1 (r€R)
ETBIMAy XV T B LEITNE, Whh, BT EORRMICD - & D, EHHNIRRT &

Ui&;f_fiibli?_ﬂi’ﬁ
5HDIEZEDTAH. EWVWIH DR, B & 1K
M 62. 0<a<1ZiZ3EED a lINLT, lim z, =0, hm Yo =0, lim (x,)"" = a %

n—o0

n—oo

72 & BB {n}, {yn} DIFET 2 Z 2 Z2mt, mEA

BTV DREIAEPLES FIY, B, ZNEMEZRITIIUIRVTL & 9,
B 63. p: (0,+00) — (0,4+00), ¥: (0, +00) — u»m@ﬁig%ﬂﬂzo%g%ww:oéﬁﬁ
T x|

P(t) —
Ay e =1

THEIDLEIDEZ K
(FE X p. 254 CH B, ) FREN

4.3 PFEABLT—ILE

= AR, WEIRREER 7 ¥, FeEBIE - W TR X N3 W2 \Whs, BITE TR
DWBEIHIT B 2 W E BB (BRI L LC) ER LI 8T, 205 HEBEOMEIED
BB - WTRT Z 223k 5,
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Bl 4.7 (1)sinz =0 2T, (2)sinz =2 2T,
(fR5) sinz = ¢ TH b,

(1)

21

12 —1iz

. —e , . ,
Slnz:0<:>T:0<:>6w:e ZZ<:>627’Z:1
(3

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

WZI sinz =0 DL 2 = nr (n € Z).
(2) w:=e* B L,

eiz_e—iz ) ) 1
sinz:2<:>T:2<:>e”—e’”:4i<:>w——:4i<:>w2—4iw—1:0
7

w
& w=2i% /207 +1 =2+ 3i = (24 V3)
& ([@nez) iz=log (24 V3) +i(r/2+2nm)
& @nez) »=—ilog(24V3) +a(1/2+2n)
WZIT sinz =2 DfRE z = (2n + 1/2)7 —ilog 2+ V3). m

ZoHE—RILLT, we CHEILNEZX, w=sinz % 2 IZO2VWTOHERE LTH
<&,
z = —ilog <iw:|: V1-— w2> :

BECHATE X912, =ABBDHFRBERNE, ERBIR 2 > TR T Z etk 5, iEo
T, =ABIRC R OB 2 (TR DRI T H 5 ) MR EE > TEEZ D
. BRI ANSNDETHS 5, atbflllZEM ST 205, LLFD X512k %,

arcsin z = sin~! z 1= —ilog (zz +v1-— 22) ,
arccos z = cos ' z := ilog (z¢iv1 — 22) = g + ilog (izj: V1-— 22> ,
1

arctan z = tan"' 2 := = (log(1 — iz) — log(1 +iz)) .

DO |

arcsinh z = sinh ™! 2z := log (z +Vz2 4 1) ,

arccosh z = cosh™ z := log (z + V22— 1) :

arctanh z = tanh ™! 2 := 1log Lt :.
2 1—=2
(B9 =2 BV TAESED ?FHZ arcsinh IZR S HTL 20 5%)
TE-> T, TERREAEL. FHREIRL. Zzhe / (T8d log & exp T 2z = 9822 RE B30

Yooy BEEL CHAAUZEV, EEZR BN,

S8 P AE 7 T /\/% = log‘er\/x?Jrk" EPWVWORRKDBBHEN, k>0 DL = arcsinh% L HRE D,
x

Mathemaitca (& ArcSinh[] 2o TEZX %, k BEOHZER. MBI NHLIGER, log(z + Va2 +k) LBZR

%o Z%L\T%f:@fffﬂk\ Bt @ Mathematica 1 \/% WOWTH —log(—z+V1+22) E&EZ
LI hol (—————= =2+ V22 + 1 KEBTD . —HT 22000 5), broeadhbiziwn

—z+ 1+ 2?2
ArcSinh[] ZbR L o7z Z LITEGIL 720,
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(4.10)

AR 4.8 (arcsin ICDOWTALFED) 2%
DfEL LTI

arcsin z = —i log (iz +V1-— z2>
AP S)

CEVWTHLI2ERZHICTAZDH S, sinw =2 BT w Z2ITXRTKDZ 2\ [EE

—ilog (zz —V1- z2)
DVETH D, (4.10) 1XEE > TW 3 (arcsin z DMAIDIE-> XD ERE T IR L TH 255
X, AZERL TOZ0RZOT, BHEW & IEWHTE RN,

2~ —iLog (zz +V1-— z2) CVAREE
X C\ ((—oo,—1JU[l,+oc0)) TIEHIRBEEEZR T (Fur7I v

N

ECTHEZINTWS

{7
e, {7
9: —iLog (iz + V1 — 22) OEEL - BED 7 Z 7 (|Rez| <6, |Im 2] < 5)

arcsin 13, ZOMEIMRHINTVWSE Z B0V, FE - BE D77 713K 9 DX 512785, ).
2 +— —iLog (zz —V1- 22) (v &EME)

B EOE 2T TARER LB E 25 (K10), ZAUIHEEEIE D EE Log ZEALEW

[ 10: —iLog (iz — V1 —2%) DFEFEDZ'F 7 (JRez| <6, [Imz| < 5)
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T. BH#% [0,27) OHFHIHED Z 22T 5 log Zffio/z

[0,27)

2z +— —i log (z’z—\/l—z2)

[0,27)

12 C\ ((—00, —1] U[1, +00)) TIEHIZEETH 5 (K 11).

5 -5

11: —i log (iz+ V1-— z2) DEH - D7 F 7 ([Rez| <6, [Imz] < 5)
)

[0,27

AV a2—R—DRIHTE 25512, arcsin DZ T 72 T IERWEETH Y., BEHD

$%, —iLlog (iz+ V1 —2%) ¥ —i log (z’z— V1 —z2) ME D DI B D% H 2 DIFHIHW,
[0,27)

12: EH (FAEOE b 2 AE L 3. BEE - Tss

X112 1,
fn(2) :=2nm —iLog (iz +V1-— 22) . gn(2) :=2nm — i log (iz —V1-— z2) (—-1<n<1)

[0,27)
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DFEH B D T 7 7 %Nz DTH 2, EMOFHLDZ 7 7ITEHL X5, FEAD. 1 &
DREVEROMZIEDME (KIFFHEID) 2F2 Z 22T %, —FHEOWEEDE T, (1, +00)
RS EICHEFZ2EHFVHEICI DD, (—oo,—1) & EDSTIZKIT 2 EREDHEIZS DD,
@+m)%?#6iﬁ&ﬁ%tfmﬁm5ob (=00, —1) & L2 & RIcHhkiT 2 L £EOMIC
50D (1, )%?#%Lk&ﬁétuﬂn¢@®ﬁ 5D0%, T LTEALICE->T
Wit %,

HWARIZZZR o TLE D29, T [41] D & §64 Il 1 12, Riemann [H % FH W7z arcsin D#iHA
Do TWVWD, FMIFEDE, ZI5WS DEFHA T, IEERE ZARBPEPIIGTE LD o7

IOLTI I 7hi3 2 L5127 5T, HTHERTZ 2 L5187 - T (HA DDA Riemann
HEBEZTOVWVDPR), FORELIZR 75D T 20, ZATH B TR L VLI DITIZ
[=QAVIVAQVAVSP |

i 64. KA ZHEDD &K
cosh(iz) = cosz, sinh(iz) = isinz.
FRE N

5 65. ﬁﬁ%ﬁ%ﬁ‘@ Ko

. ! o ]- / - 1 / o ]_
(arcsin z)" = — (arccos z) = — — (arctan z)’ = 1o
1 1 1
arcsinh z)’ = ., (arccosh z)" = , (arctanh z)’ = .
( ) V22 +1 ( ) 22 —1 ( ) 1—22

REA

4.4 ZEEAKOBELEBEEVDDAH: Joukovski ZHDERIE, vw? — 1, V1 — w?

[T ORERRT 5 ¥ LTSS TRE L 2. % 2 AREIE U Tl R 22
DEDH B, - OBFTIRERNE AT 2 BENRBIERVD, ok MBERLEVD
ZIEBRERLH L THREZDT, UF1o0fl%2E0THE L (#BRTHT I LRTERVEED
nz).

BN > T, —DODREZEAT S (ZZREITHEHIREEZRDOT, ZoHERMIDOr Z
A THAR 2125 TEWIT R W),
HEH 2% 2=re"? (r>0,0€ (—m,7]) ERLIZE X

p.v./zZ 1= ret??
Y55 (22T r ke OIFEDFEARERT — PEEDH-TVWSE L/ ).
pviz = |z|ei%

MDD, AV 2—X—TCHIFBOVHIRZHEI GG, TEEIZOEZHELT
<N d (BZ X Mathematica @ Sqrt[2] & p.v.y/z ’EJET)O SEFARDFEAE (principal value)
EIEATHRWERMNIE S 23, HFHEOFAEEFETIEZ I WS ZIE LTV,

69%rcsin DFIHDBE > TWBERBE LN RSP SR V- KERZ L DIX TR LES DD,
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KEZ A B, 4 RISHT. Joukovski Z5Ha b 3N 2 BI%L J DB+ 2,
1

ﬂd::§<z+é) (= € C\ {0})

MZEDERTH 5 (HHELEHEAKTH 20, WHERSCISHTERS), ZOHEKZRD
s,

YESTH JIFHFTIERZVDT, k2L, BYIESERE/NXVWESICHE X1
2T, ZOHPFHTOWEREEZEZ S ZITikb,

Dy ={ze€C||z| <1}, E :={z€C||z|>1}, Ci:={z€C||z|=1}
eBL e (ehenBAHONER, B O/, BALFE)

J(Dl \ {0}) = J(El) = C\ [—L 1]7 J(Cl> [—17 1]
DI D 3D,

%72 J1E D1 \{0}, By DENENTHHTH 2L 235025, T5L. Jpoo: D1\ {0} —
C\[-1,1], J|g: BE1 — C\ [-1,1] ZZNZNEHENTR 2 DT, FEBDEFET 3, BE%
W2 IGH D20,

(J]g) " ZESVIFETES2E. HER w=J(2) 2R TANITD 5.

w:J(z)<:>w:%<z+§) &2 2uwz+1=0&z=w+ V-1
W2 (J|g,) " (W) 1 wEt V=1 DEBELNTH S, Vuw? —1 T w?—1 OFFROM
FERT T, (Jg) () =w+vVu? —1 tZFBVTHRVI LIRS, EBICZS
FOTHEZLDZ W (E VI DRIH 4313250/ UV THEWTH S), HYRELERD
EHEIEES, EWnS 2/
L2 L, EBRIMEZAD 72 0WEEIEE S THUIRWEA 5 5 ? fihtED 1 KD RZFWVWG, &
VIO 1 ODETH BT, FI (HILTENT 529

(J|g,) M (w) =w+ pvivw+1pvvw—1
RS, il 21X Mathematica TEHAE T 2551

[ w+Sqrt [w+1]Sqrt [w-1] ]

LTI RW,
PR fEZ XS ICRZ 200 LW,

[ w+Sqrt [wxw-1] ]
YR eMES TR ST LI D, OFD
pvVuw?—1= pvv/w+1lpvyw—1 IFELL KRN
(DAL VIS LAKRVD) S0z 5 e
(Fw) pvNVwi—1%# pvw+1pvvw—1.

0 X 5T, z=w+Sqrt [wxw-1]; If[Abs[z]<1,z=w-Sqrt[wrw-1]]1 ¥ TAUIRW,
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p.V.\/_ EWVWIEBIIMERNT, BRAIZ (J|D1\{0}>71 IZ2OWTdh
(J\Dl\{o})_1 (w)=w— pvNVw+1pvvw—1

WSO ND,

0(z) = pvNw+1l pvvw—11& C\[-1,1] TI1MERLZEBTHZ, 2% ¢
Z. 2B V2 -1 ® C\ [-1,1] KBTI 2 1200908 TH2, FEERZEZ —pw) =
—pvvw+1pvyw—1 3 LHERITH 20, (—oo,—1]U[1,+oo) TEEK z — V22 -1
WEHELWVLDIE ¢ OFRDOT, KIEDOICHT ¢ HVWSHN S,

=, =t wni e VI—w? EWIHIRBREHTL 25, TAUTOWTIE
pv.Vl—w?= pvV/1l4+wpvvl—w

BR D D, ZAUIBIEE LTIE C\ ((—o0, —1] UL, +00)) T L MIERITH 3.

AEFIE X CEBE, avPa—X—20hNEBLA R 2IXTE 3,
- Mathematica 23X 272 5 (HEIE—RICLAT pvvVz2 —1# pvy/z+1pv/z—1) —

flz_]:=Sqrt[z"2-1]
glz_]:=Sqrt[z+1]Sqrt[z-1]

R=5

Plot3D[Re[f[x+I y1],{x,-R,R},{y,-R,R}]
Plot3D[Re[g[x+I y1]1,{x,-R,R},{y,-R,R}]
Plot3D[Im[f [x+I y]l],{x,-R,R},{y,-R,R}]
Plot3D[Im[g[x+I yl]1,{x,-R,R},{y,-R,R}]

13: pviV/22 —1 OFEES - BE DT Z 7 (FEHFEHT o(z) & 8ix?)

L— F OEENIEEIC) CHORITANTEL 2 2#Y 5,

COEDEDDIC

BEAEEEIE, B 2o bR oDPWVWREED T2 0NE D, BPRHPEEZSIZ, LKL T
bHATTEHI D, RFLTHETHHEERI EDRA DD -TL %,
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14: o(z) = pvivz+1pv/z—1 DEE - RED T Z 7 ([-1,1] ZBRIFIEXT Z 71318 5 0)

5 #FED
WIWIBBGRDERDOAD OTH 2™, EEHMOL EHZ5Tho72k 518, WMoy
DWW TH %,

(HHoEZ ba b eEs THAERKRDOAD MICERE, 2B AE—-RFZ2 LT3, 250
IKL, RENLTALTAZEDLS, )

BEEBEBOMBET ZEAT 2, MEIHEETDH 2HEHIX. 2D OWEEICHYS T 3
MPHTHD, EEHLITELD, HREEABIEHTD > THRBEBIFAET 2 L IZR S5
W FHEABIEN E S WO GEIFET 20, FHELRWVWERIZE I WS Z eI 550, 241
PHEST20ONZ D EREK DLTDH 5,

5.1 HREIDEZCH
5.1.1 $HIIHEL
WEWIERE D RS, CORDIZETIE. HEHEEI RN S, HlZ I3,

o ZOMFAIHIZBVW TR EELREHIZ, Cauchy DESEHTHEEEIONID, Z
AUIHHETICEET 2 EHITH 5,

o HLIZHANRT= X512, Zo#EFE T, NERIBIRBIIENRIEBTEETH 51 2 WH EHER
TP EELEED—DOTH 3, ZOEHOY Iy HET) L WIRBEEHTI W
. FOFEHIIEE KD 2o Thahs™,

o EETHBI O S D . S log 2 — / d—f%i@bf@ﬁ@’é% 5.
1

(R MAREIRD TEREGRRE ([7] 1CIER) IZH2B 1Hb 2o DAV ANHNy £IL
NOFRDFIHZHATHAE I, TD#HFED WWW ¥4 I (https://m-katsurada.sakura.

THETIE. MFPHIEV IV X ZOBERORLIENCN 2 DT, HANCHEE XL x50 &2, 2505 FK
DI EEFHT,

PURED ) 2HEORB VML H L5 LWV, ToLRICK-THAIALDDT, —fKICIF
HEDHOLNATVWRWVWESITHZ FAEIAMETHDDOE ZIIFE> TET (%)), Ahlfors [42] ZF
WTHoahi ?7MRLTALDL, v b DFLHF https://mathoverflow.net/questions/499587/
why-do-winding-numbers-replace-two-chains-in-the-proof-of-cauchys-theorem (ZZ &2 D %
D IRXERRD D - 7z,

IgE) v vS DIk, MEORR - R, 223Z0FWEA ELWSEKRTY,
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https://m-katsurada.sakura.ne.jp/complex/
https://m-katsurada.sakura.ne.jp/complex/
https://m-katsurada.sakura.ne.jp/complex/
https://m-katsurada.sakura.ne.jp/complex/
https://m-katsurada.sakura.ne.jp/complex/
https://mathoverflow.net/questions/499587/why-do-winding-numbers-replace-two-chains-in-the-proof-of-cauchys-theorem
https://mathoverflow.net/questions/499587/why-do-winding-numbers-replace-two-chains-in-the-proof-of-cauchys-theorem

ne.jp/complex/) ICHETH %, MALEIFIBTLRDITR>TH S, 50FLEFE->TWS
DT, HEIFHEZY —T, )

(ZAUIIEE ?) ClE R2ISIEWVWDT, BT W Db H 50, HRBEEGHTEZADHE
2725 Z 3T, DERDIIRETOHTH 2 (MHER DD % B TS OMHE L 725),

Zhp s LIS L Dkl

1. FTHESEER. HleHE3

2. REE—F

3. D OEARNLREE LR L LTS
LD 5, Cauchy ODFETEMOMERZ T2 LTk 5,

5.1.2 HROTDOEE

ZNTIE, BB ZERL IS, 2BED 22, BRLHES503FRDHDTH 5,
(REKZEHL 22, Brdok, tAm. MEEWVWHIFTELEZIAA, Brbot iRk
BEDFELTTHHEIEZL ZADS EED, )

~
E&E 5.1 (HRISESIRESD) QR CoOMES. f: Q — Cl3Ek. C: 2 = ¢(t) (t € [, 8])
X Q NORXZENC O ol 35, 2o =, g C 1Tiho7z f OFES (line
integral) Z XN TED %,

B8
(5.1) / £(2) dz = / £ (1) (1) dt

TERAS

\C@:t%ﬁﬁ%k@ﬁo

RDTG DRRE T & REITT2 B

4 N
EE 5.2 QWX COMER. f: Q- CIldER. C:2=0p() (t€ o, b]) 1T QNDXZH
WO ORI 5, DL &,

(5.2) /f wd(/ﬁk—/f t)| dt.

L y
iz f=1 0L %, oib/ﬁm&cw%ﬁt&%)

i, XoRNC C! R EDBEICOVWTIE, Flo TW2EABZW BT 20, §KT
EIHAHH‘;_%)O

F(t) = f (o) @) FEBBIEEC D 50 WD TIEERIEER OB Lo TR
Protzind LA, Ut) = Re F(t), V(1) := Im F(t) £ BWT,

/ﬂF@)ﬁ:i/ﬁ&ﬂﬂ+%V@Dﬁ::/ﬂU&ﬁﬁ+i/ﬁV@)ﬁ

THZZERT S EZNERV, (THEEBICEMICHoZETEHRBICHE > TW5IET,
Pz MESE e 77—V 22548 @ Fourier FREIDEEZ Y, )
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B B
B 66. F: [0, 8] — C 3y 35 & . /zwyﬂg/ﬁF@uwaﬁm BEA

AR 5.3 (HAVWER — BETRELFZEISIBVDD) FED L IINLT /() 29ER
ENZHIFTIEBN (TRM1 ZDT)o (5.1) ERKLREDIEAS? - [a,ﬁ] — QDX
TTHNCS C' WDHIFR 1. ¢ [, B] = QIFEFT, It} st a=to <ty <--- <t, =,
& I = [ty ] ICHIBR L7z ¢ = ¢|, & I; T O, CERING, BRI

[ s

J

FE R CERS NS (BHEDBIBUE [t t)] THFZROT, FOAHETH D ELHEE T

5™, (5.1) 1
/Cf( == [ e an

j=1 /ti-1

CEBRTDOVPHETHLEZAH0D LIVEV, L LESIZEBPERIN TV AN
D, NEHTH 2 &5 BHINEDTFHEEF L TEZ200EdE (18Y) woT, LoksicE
WTBW, BAORRETH 2 Z e 2lEID 2121, 2 2ITHE W LS RiFad DBl %, n

BE 5.1 (BPOEHEDRE) EBEH O Riemann FIOMR & L TER XN 2 DHEE

TH5: . .
[ 1@ aa= lim, > 1),

Arji=ay =i, &€ [rja,n], A= max (25 — ;).
1<j<n

ERBIR D HFRICIn S BFE D S FRIRRICERATRETDH 5,

IR 1, D165

A~
Azj =z —zj_1, (€ zi1z, |A|:= max |z — zj-1] -

(TTT 202 & 258 2y, 2 RIS LT 2MERT, FEZOWRLESRAY ZHHDFE
FY. EhthT 5, )
2, G R ESM B, KT A—R—DKE DS E|

a=to<ty<---<t,=p
B NX D HAEREDEA TR
5] [] 1, } (]:177n)

% T
zi = o(t;), G = w(&)

=T et =t; THDHRETRVWIEDDHD 55 (9(t)) # ¢y (t;) THDIEE, ol t; THMOARET
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 #REDDEA
Bl 54 f(z)=22(2€C),ClE o) =¢? (e0,x]) 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}), CiZ 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)=|z| (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 FRIRBEBOEFEET ZEE

e ™
FIE 5.7 (MESOEAEE (D&L545b0)) 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 ZFEBEBDTEAET A 1E. IREL LTEZ B3 ERDH B,
Z DFHRBEBOEFERNEICOWTIX, KEE2ITTHAT2 2 2Iick 3,

Cf. [a,b] Z R ORME T B L E, f:[a,b] » R 2EFZ S, fIRLTFIARBIEEFD, ¥
bbb AF st. F' = f. FEE,
TRE 53 D B A E

f:[a,b] — R 25HEfER 51X

& [ rwa=t@ e,

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,

AR 5.8 (R MILEBIFEDILE) Z0H7-D DHIFIZ. X7 MBI THRLTH S, EE
DRZ WA FIILT, fORTYI vV (VE =f 2T FOI L) PFET S LIE
EEEDO%Lﬁﬁ?h@‘/fmth@—FM)-

c
Bl 5.9 (RiaBSBE A LIRS OFE) H5.4 ZFEMBERHVTEHIRLTA LS. T4
bbb f(2) =22 C&z=¢" (0 €(0,n]) T 5. F(2) =% 1% f OFHBEBTH S (KB

Fl(z) = f(2) Ziii7=9 ) 72 C OMA. BREEBZENEN L -1 (=00 E 2=1,0=n
DL E z=—1) THEDPH

AT (1P -1 2
z=1 3

[roe-rom =3 -2

Wauu%%%&ﬁﬁﬁbﬁuw)ﬂazéwzeQ:C\mpzﬁéo:@f@ﬁ%%
ST Ls Vv, KBE. b LA F ATEET 372518, O 2 — ¢ (0 € [0,27]) 13 O
WD C! KEARFR (IERDHERD 2=1) THH05H

/C f(2) dz = [F())=) = F(1) — F(1) =0,

}:Céi)§?"60zﬁ7’:i5&1/f(z) dz=2mi #0 TH 2056, FEPEL S, ©ZIT f DR
C

REIRUIFFAE L 720,
COBETITOVWTIE, EH5.7 ZEMATERWI LITR 250, MIFD & 51T MR
BHT2ZeMRTES,
QO :=C\ [0, +00) B BB D7 HF logz &, 2z =7re? (r >0, 0 € (0,27m)) IZH LT

log z := logr + 0

EEDD, TDELE F(z):=logz (€ Q)& TIERITH D, F'(z) = % (z€eQ). DD
FiZfoQ ol fl, OFEBEBTH 2, 0<e < Zifi7zTHEED e ITHHL T,

C.:z=¢"Y (0€le,2m—¢])
LB, TDC AT QY ND C R TH B, EH57I12KoT
/ F(2)dz = [F) 0" =loge®) —loge*
: = (2 —e)i — ie = 2(m — €)i.
ZOMHED, ¢ — +0 DL ZDMFR 27 53, / f(z)dz =2mi IT—HFT 2, KEboLdHL
WV, = ¢
i 5.11 (=" oﬁﬁﬁgﬁz €L, f(2)=2"2TF 5, n=—1 DHEVLOFITHZ0, n#—-17T

%h@\F@y:;+1kﬁ<t\P%@:f@y@%%#%\

bn+1 - an+1

Lﬂ@M:F@—F@_

n—+1
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BADSEARIA R om0 L 5 2, HIC 5 2 L B RTH L,

o ZIERBHIE (n > 0 LAHTRRCOT) BT BB E o,

o BERREOITR O N C IS T BUAA R A H o,

O

z—a 2241

KIREINZ L E > TRWAD LRV

o HHEIT (KL SIX) log BHTEKS 7 —& (

am%( L >K%LV®T\ L

Z+1 z—1 zZ—a

R, /T RCBEREET 3.

o HiX TFEMBBABMZR OB OIIIEEAITH 2] ZeDRTHD S, 1E- TIERIBAE TR WY
r=Rez y=1Imz, |z|, Argz BREFFHEBEEZF 2720, =

Rk 5.12 (BEEREE) B 7OMEMEZ NI I50XREREZHAT 2 &, FAEED 77
A5G EE. EE 571X o T MEPIIEEICGGIHETETL 2V, ETOERICESVT
FHET 2 2 oMEICR SRV OT, FIEBDEE LR WEEZ T Z e %20, 2o
(z, |2| D& %) FRIBEBTROEREED 2 2235 20, BBGHRTEIRICE S5 W5 B
BAPHTEREZEIEDHEDZLLRVDOT, EDOLDORME) ITRDPETHS (D LE
HLRSFBITRS), =

5.2 HIRICBII ZRAEDOER

2 CIIBIET B OIAERE A 0 B 05, BUHE SRR R DLV, R54 RERYE
D LTHEER LD (bo b2l SADRERTA RIZADINENDH S ?), TREEZ
W (EF o T, BEHERIEFRE L TREZ2TTLE S, )
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4 N
EE5.13 QX COBEAT, C:z2=9() (t € [a,f8]) 1T Q NOHIFRE T3, (ZhUZ
o: [a, 8] = QL WS T EEKT 5, )

o B o DIE {p(t) |t € [, B]} D Z & ZHHHR C DIR (the image of C). & % \WIXHF
(the spur of C) ¥\ 5, LIFLIFELS C* TET,

o i C 23 C' MHHRTH D3 o B CLMTHBZ L. Tbb 1 BIHITAIRET,
BRI o HERTHE 'V,

o 8 C 25 OV MIEBIBIECTH S 13, o 23 CLTHD. (Ve [0, 8)) J(t) £0 %
ﬁf:j—zt%b\‘Bo

o i C HRDBIC C MMOBIRTDH 5 L3 [, 8] DB B 70E {t;}7 Ty & [tj-1, 1]
o ZHIR L @l 1) D3O RHIFRTH 2 D DBFET I 2V I,

(t; TR FRELPFELZVD2S LARY, EWVWS 2 TH5S, )

o B C BRBMIC C' MOERIMHETH S 13, 55 {1;)7, TH [, 1,4] IS ¢ &
FIR L7 @l 0 2O RERIESITH 5 b DHIFET 5 2 LBV S,

o MR C DEARBIR (closed curve) TH 2 L1F, BREBEDIEFELWVWZ L, TRDD
pla)=p(B) THHZ &V,

o R C S BESERRHR (a simple curve) & % \\& Jordan 3l (a Jordan arc) TH 3 & i,
—  (HRRDSEHEAR TR WIGE) o BERTHZ . bbb
(Vi1 € [, B]) (V2 € [, B])  t1 # ta = @(t1) # p(t2)
il RN,
— (HRRDEHEAR T H 2358) ¢ B [o,B8) THEITHZ Z b, ThbH
(Vi1 € [, B))(VE2 € [, B)) 11 # b2 = p(t1) # p(ta)
il IR0V,
(BB TEHBBERDORVWI ) THD, )

o HifliFAllHR C IEDEE O TDH 2 id. ETHHDLEMNT C D3P T Fadis
BHRZBZ ez,

(@%&%mﬁfﬁéﬁi%ﬁﬁ%ﬁ@t%@&&5@?\ﬁﬂdib&hf%%5oX/

EENO BAEAR#R 2 Jordan BRIE & FER, EE D Jordan HiFR C 1 FH% 2 D DFEBIC Y
. ZD5bD—IFAR, MTEIFERE LD, ¥5L0HEBOERS C* THS (Jordan
HISEIR (B E.10, p. 318) — FEHADHE LW Z ¥ THA), ARZERD N % Z O higs e
Jordan FEE & L5,

iR % 2,3 BT 5,

il 514 (BA) ceC,r>0,2F%, C:2=9(t)=c+re? (0 e0,2n]) €T D&, CZC*
WEAHRTH 2, S SICHMPAMMR T, EQAZETH S, C DBRIZ c 2D LT 2¥E r
DOHE {z€C||z—c|=r} TH %,
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ZOMIR C ZHICEE |2 —c|=r TRI DD 5, W'Jikf/ f(z)dz 631/ f(z)dz
|z—c|=r C

EWIHEKRTHS, m

M 67. 2OZ IO X, BEA

fl 5.15 (IEAFDRE) HiR C: 2 = o(t) (t €10,4]) &

TEDDZE, COBIX0,1,1+4,i ZIHEAL TEEAHEDETH S, C XX O HKIE
HIfh#RTH 2, X SICHHPART, EOMEXTH %, =

1 1€ A1+Z

15: IE/TEDJE Z IEDA &2 —JH T %

C! FDOERIHFRTIX, MR EDOR ST 0 TRWERER Y MUDTEE L. ZFDEBRRZ b L
DEGNCELT2DT, KL LTHELLTHD, RLTENS Z DR,
XHNC Cr fRoBifE 2 Z 2 2HAIX. 20 X5 BEAELITNER NS D TH 5,

a N
EE 5.16 (C ZHAESIICLE —C) MR C: 2 = p(t) (t € [o,f]) AL T, 2z = p(—t)

\(t € [-8,—«]) TEX2MIFRE, C ZMHEEICLLMFREIFR, —C TET, )

-

EFE 5.17 (BHIR O, Cy ZDBWVE O+ Cy) HIFR C1: 2 = ¢1(t) (¢ € [aq, B1]), Co: 2 =
gOz(t) (t S [Ozz,ﬁg]) T. 4 0)%‘%){—12_)_ Cg O)ﬁé)ﬁﬁﬁ%‘b‘f\ (901(51) = QOQ(CYQ)) ThHhsr LT 5,
Dk Z

pa(t — B1+g) (t € [Br, 51+ Ba— )

TEZE MR E, O 1T Cy ZORWIEHIRE L, C) + Cy TR,
(FRETIE, G0 ERLT VD, o RO 2HFZTRDEN, FHERNLE S

Ktm%iﬁmmf\:@%%T@CH4EZ%<:tm?50) )

(FHIFRITIZ > T, C) DIEED Cy DIBETRVWE I BGEEICD, O1+Cr BEZ D L5
BB, WhWwa THIfEH] WS dDTH I, ZOMERERITZDH#BETIIHTHAL RV,
ZOAITIERETAH )

oft) = { 0 (t € o, Bu])
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Cs

Ci

X 16: C; O = Cy DR HIX C + Cy DIENS

5.3 BRI OMNE

KF'FEIEEE)].S (1)/(f()+g dz—/f dz+/ g(2) dz. )

2) /Xf )dz = A /f
[ < /C ()] |dz).
5) /Cf(z)dz:—/cf(z)dz

(5) / A= [ @ [ g

z) dz

SR (1), (2) 1 ERICR > TEEROBMICE S HEE, B OBHIED 5953
(3) —HEHCERERIE F: [0, 8] — C I3 LT,

[Prual= [ e

B DD Z e RBDIUS. F(t) = f(p(t) ¢'(t) 1OV THEAI LT,

il < [Cireensola= [ 156 el

() z=(—t) (t€[-B,—a]) LT B L, dz=—@(—t)dt THBH 5,

—a -8B
/ S dz = / ) (-t = / Hl—t

s=—teBlE,  t=—aDEZTs=a,t=—L DX s=0,dt = —ds TDHBEHN1bD,

/_C f(z) dz = /j Flp(s)¢'(s) - (=1)ds = _/Cf(z) dz

(5) EHEZOTHEMN#EL T5, =

STE 5.10 ﬂﬁ%i‘%c:%@?%fﬁ%ﬁ%/ﬂz)\dz\ :/fds IZoWT b (1), (2) RREF 5.
C C
(3), (4) IOVWTEEHETOEEVPRLETH S, Bl

/ NOLEE / 7(2)|dz) m
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Ci:z=¢€" (0e]0,7]),

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

L35, HROBRIEIAZFEILFH {zeC||z|=1, Imz > 0}. FLAZBFRLCTHS (I
}ﬂiL%ﬁ@—Do¥H®ﬁ%ﬁi§éhkfﬁﬂbf\/f@ﬁkﬁﬁﬁ@@%ﬁ%ol

G

fl 68. C5: 2=t +iv1—t2 (te[-1,1]) &TBL X, f(z)dz & f(z) dz DD
Cs Cy
RIEES VS bDD,  BEA

e 5.20 I2& D, IR TR a 2R b 1A 571 % H e ZhDE LT, FEr D
MAE Lz EDREIC—E3 2 O ETORBEDH, BIRNIR A5 X =2 —f1F ¢ ZFaE
LIZWTHMEET 2 2 eBnh 5,

PAMIFR DG SR, M ZZEEL TOWRWESIE. IEDORETH 5 T 5ROV —A2DH 5,

(ZDAZ, HEOFIMCFEFELO T2, KT 220D %, Mhha - B kfaET
AUERWV) tWnWS Bwvwo i3, FBROSEIIRSZ Z i3, ZRTRICEKHIZDTD,
MEDME )] R T—F) CWHOBEEBMLEZDTE2DITHS, TNTI IR NLE
5, HERX T ZHIHCOVTIE, 5 ZLTLRVDT, #EF T X=X —(JF 2R T
ZDREHTH 2, WEeRolbR_"TX—X—fJ1F] LHEHIIANTEI S, )

ERI DL A TR 7 S I XIERIFE D ATRE ) DS D LD Z & 2@ L7223, BRI D
FREEIICOWT S D LD, RDOEH 2 FHRMBICES 21Tz s,

4 N
8 5.22 (—HRIGEA SIZIERFEDFHEE) Q 13 C DBHEAT. C 13 Q NORSHNIC C*
WD, {fotnen & C O O ECTHEZEED &7 2 BEBFIT, C* TR f 12—
RBIORS 2235, 2O &

7}1—{210 Cfn(z) dz = /Cf(z) dz.

N J
sEBA f & —RRIDCR S 2 E BB OMRTH 2 05, EHitTH 5o

Lh@@—Lﬂ@@

< /C Ful2) — £(2)] |d2]

ce

< max[£,(0) = £ | a1

/ |dz| & C DIMRTH S, —HRIREIE, n—> o0 DL X ?é%x\fn(g) — (O] = 0 ZEKT
c
5D T,

Lh@@%[ﬁ@@ (n— o0)m
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5.4 BF: R? TEETS|ED (N7 bILER C OBER)

MERS e N VRN ZBIE L7222 ANTIC. X7 PVETICHN 2B 2 Rnl L
T, ERBEBORED & OBRZHHL TAX S,

EVi-wa)
//Q f(z,y)dzdy,

J.1as

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

Q
Lf-dr:Lf-tds:Lde+Qdy.

Green DEH (Green DRI AI) C BHEMPAMMTH D, H2EREK D 2H A, C DA%
DIETH2LF 2, T5VIHAC, C DIt dD tELIeWBZNT, ZOL &

/8Df-dr://Drotfda:dy,

MR ZSRICE S 2 Mt

HBNI (RIEHEZZEZT)

/BDPdw—i-QdyZ//D(Qx—Py)dxdy.

7L
9 p
_ _ ox _ o
rotf-det(V f)—det (8% Q>_Qz P,

ERBUEBIRL f DR, ezt u,v & TH5LE, m

/Cf(z)dz:/O(u—l—iv)(derz'dy):/(uda:—vdy)—l—i/(vdx—i—udy).

c
/g[dz]:/gds.
c c

6 Cauchy OERDEE

INhs, ZOHEBRBPIKDELETDINRTIE. HDEKT Cauchy DEDEH L ZDIGH
(BHBZVEZNLHEINBHER) TH S,

BR7 VN TlE. Green OFEFHLIANZ, Gauss DFEBUEM, Stokes DEF Y WO EERTEHENH B0, %
NoE—IELT. HEOAR / do= [ wTEFZLHHKS BHFER->TLES D, CORKA
M oM
KDY Stokes DEMEMIND ), ZDUEPHT I, SOHEE D=M,C=0M =0D X535,
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6.1 (LI
Cauchy O EHIX, Fimo X T

/f(z) dz=0
c
EWVWIHDTH 5,

RENHETH 50, FBIEKD 3 DOTH 5,
(a) f SEHIBIRL, M7 HERNE C OFIRQ L LTH L,

(b) C1F Q WO, HHROLDX T C e LTHL,
DIEED 2D 03 0h, KAETE

(c) C @ TPy HPIZ Q DRTRHROVA (f PVERINTOVRWVA) DR,

(2) & (b) ZITERET. 2 (c) D& S mELEDPBI Z LI,

/ ﬁlﬂm#o(oioQZC\mLﬂa:;cm:aﬂﬂQQ%m

=1 2

%%V&?Z%#é«wow%ﬁkﬁwm\/f@ﬁhZOTM&m%

Ll () @ TS BHWENT, EHIZF 5D — (L EBETH 5,

C SME D & 5 iR T H U, BEEICH - T T 2R L CHREWLITR X
RV, ZITRVWEGEEIMY IR DD 5,

C DHALEAEAR (Jordan HifR) 72 51X, Jordan MHREIEICLD. C D% C* (KB LT
DOHR) 13 C DH2HHRE D OBEHRTHEZ e 005D T, ClE D ZHPEFE->TD
RBW2A 50, Jordan HIFREBED X5 B KEER (?) EZHFE DN RNWLT, C AHMT
BWGEHEROMRIILIZD, tW0WH bbb,

vy B, BRI 205 %,

() Q HEIZE -7 RO B AT R E R B, BTERT 5 THHR b3 &2
5, Q5 C QHEEHEETHIUL, Q TERIZEEDOREKE. QO NOEEDORX S CF
M%Eﬁcwcﬁbf\/f@ﬁk—oﬁﬁbjoolZmiﬁ@%%%f%éo

c

(ii) 1% DEAHHAR C 231 ODREFBEWVWHIEMFE S FLERLTHL O D5, FHIKR
DEDEY OEEEH L WOERZHES Z ik B,

ZORTIE. (1) O H2RHAT 2, B aroihzEO TV,

ORISR ZINY, EHOREEZSHLROVADPHOFIIIHEE NS (ZABRDEE LU 2RV, EEWVWELR
%)o 2 XAHRADMORRE 2iE, MIHIIREEZBEZSNZANEZVEL SR E, HUTHEZILNERVA
CeROeEbis k4 H %, MEKIFDONLX—A DEHE 2, EEUEDS ¥ ) OB T ) 07
T, BLFIEEWVICHEINZITIY, 57355, B#EGEHS 2 1& D Cauchy O EMH D72,

" Jordan BFREHE OB WIEHDLH 2 L WO FEIMENEIC L2 2 1ddH %, il 21E Brouwer O ARH)fEH %
fioT 3 R—T W55k (Maehara [43], Brouwer OAHHEMDE L T2V 7 ZFAEH 250 L 6, ), FR&A
23 EEBEGHZ E R ED LAV THIRET % 72 5 A 5 720,
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6.2 ZAFOAICSESRRTDBRE

=MIBD X 5 IR B NIE OB EIE. NEE 3D EBINCHH & 2 TR IR 5, K
DX, ZDREHE & BICIEHITHEHTH %,

a N
f&78 6.1 (Goursat, Pringsheim) Q13 C OFEE. f: Q - CEHL AT QND=HA
| 2 IR -

f(z) dz = 0.
oA

K::T@Ad\Eﬁ%AQ%%E@ﬁ%K#%?%%%%T@&

J
(BRBREHTH B0, ZOREEIZOWTIE Gray [44] ZH X, Goursat (Z v —) OEH L
FERADZ VA, ER [45] Tl& Pringsheim ¥ W5 &HEiTE HITTWRHEPRL 905, fiE
RAEFATH 205, T ZIATEE L ETIHFRIMITDE D 722 e B0 h 5, )

AEFICEDN S DIE. (a) ZATRDEICIR S FTE. 2El L TR/ N=MATEDEIZH 5 8
TOMTH 5. (b) M TEZ WS ZEd RN 1 REBTWL 5 THREER <EEL
TEZLWVWS 22 TH5. (¢) 1 REIBOBAHRITIA S FETE 0 (1 RBIE az + b 3 EARREEL
§22+bz BFON D), £V 3DDFERL XMEHEINETH 505, 216 DMAE DD T
Ho,

GERE (R NERZE TS % L 40 58O AR EIC R %, BiIHXSETBL Y, )

M = / f(2)dz| £€BL M=0ZmRL7EWV,
A
Ng:=A 5%, Ay DELDOHE RIS, 4 DO=ABITHEIIN S,
Ag = Ag1 UAga UAgg U Agy.

ONg; 1E. 00y WWEFEN BRI L. £ D TRWERT (Ml ZFRWT Ay ODNERNIZE TN 2597)
MBIRBEM, BEE, §=1,2,3,4 FTXTEEZ DL, 20BN, ZOOEHEWVICHA XK -
TWVW3DT (KPMLW), MEDZEITHE T2 X v YL L THATLE S 2 b,

(2) dz = (2) dz + (2) dz + (2) dz + f(z) d=.
9o 9201 9202 Gy 904
W 21T \
M = z)dz| < z) dz|.
aAOf() _; aAOjf()
HAD 4-DODIH (2)dz| DS BbERKEEGZ 5 =AE) Ay THolk LT, £h%
8A0j

A Bl L,

M <4 f(2)dz| .

oA,
Wz 12
f(z)dz| > %
N 4

IR, [ L C=AoE 2 HilT 5:
A:AoDAlDAQD"'

DL ELEED ne NIZXLT
M
f(z)dz E

0An,

>
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X RN D SR & D
(FeeC) (A, ={c}.

neN
ceEN=ACQTHBILICIEET 3,
1 REEIEU I AT R AR R R Ff o DT, DEAHFRICIR O BRETIX0TH 5, DRI

/ REC / NCE | d.

GHOHREDTERZ g(2) £BL k.
[ o < max o)l | el

/ 2] 1 OA, DUETH S, TAE L, LB L. A3 A LHMTHYD. n At 1 8%
[oJANS

f(2)dz

0Ap

5izm§éﬁh@%mméﬁa\%:é%ﬁmbﬁoo
#or o im L IO _ iy ot

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

z—c 2 — C zZ—C Z — C

THID5, FEOEDE c ITHLT. 2 §>0DBEFEHELT,

=0

|z—cl<d = Jg(z)] <elz—¢|.

ceEN, THHDT, THREREED n LT, A, C D(c;6) DD ILD, ZDXS7n
WXt LT

< —c|.
Inax |g(z)] < & max |z — |

“AFEOERZIEAREUTNTH 205

max |g(z)| < eL,.

2€0A},

W Z 1 )
M L
— < f(z) dz SgLn-ang—
4n oA, 4n

THBHNPH

M < eL?
MY kT

(Ve >0) 0< M <elL?
DREATZ 7z, WA M =0. m

AT 6.2 (LOEFADTIRDEE) HozaHiis 2 DI12, RIS DI

) de| < ma 1) [l

0An

EWVWIAFERTH 0. LTI

gﬁﬁxu:ﬁixé

(2) dz

oAz,
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LS FHE L IR f(2) 208 1IGEBIR f(c) + f1(c)(2 — ) BBV g(z) ZHWT

g(z) dz| < max gz/ dz
[, o) | < malote)l | o

EFTEDIIROZIKVIRTDH S (max |f] 1F/NE K 72WVD, max [g| 1ZDELRDB),
—77. BLY [ 2[FRET, 7 ASERETHIURX, Taylor DEBICL - T

f(z) dz

OA},

1
< Z " 2
max |g(2)] < 3 ‘gggéalf ()] Ly,
BEHNT,
1
2)dz| < = max |f"(2)| L3,
[ 1) | < 5 mas 171 2
B
. L?

PWHIHMIAE SN S, 2O RIIEEIC M =0 DELNTAYFALA B ITRYE., SOAT
WX f A3 2 [ ATRE S WO Z EIFEEFHHSR TV AR WD T, 20X D T TREAS % D13 EH
Thb, 1EMDAIEEL WHIRED S

(Ve >0) M <el?
YWV MR E S EoiimE, HIHTthH L, =
%D Cauchy DD ARDFHICHWS 725, IREEZD LI Li-mEbFEH L THE L,

-
% 6.3 (BRLXDOHDESfE) LOMEG1 DEMFT, fH Q TEHI WS 222 %,
fiF Q CTHEfE, 18 aeQ ZBRVWTIER]

rWwBHTH, | f(z)de =0 BRI,
OA

_ J
FEIE, Q THERET, 1 SEROWTERIZ WO HE, HIZZORTOWMIAIHET. Q 2K T
ERIE 2o CTLE S (BRADREFRERFFRAE VI DDIZH25), DF D, ZAUIMKE
HT 27-0DHE. LWVW5 22Tk b,

BEBR o g A BolX. LOEFHOE X TRV, a € A DHEEIR.

(i) a 2’ A OHBTHFIT—E

(ii) a 25 A DTEHKRTIERWL EICH 5
(iii) a 25 A OWERIZH 5
DWITNPICHEEINS,

BRURU0ER LTV K5, ERIBAEUIEITRRIM D RIRET S % 2 & LTI X 15— Cauchy OFF
SEMERILY LT (ZhEfio SEEMEICEDBTLED ),
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| (i) i (\‘\7 1
\ ’v/

17: a BEMH A OF Z12H 25 THRAMT (A, B 1, 1)

(i) DHE. A DIOEX I D/NIWVEEDIEEH c LT, KIDESIC A %23DOD=MA
e

TR T %, a Z@ERW=MAIE AL A TiE. FIZIRS BRETOEIZ 0 TH 20256,

» f(z)dz= f(z) dz+ f(z) dz+ f(z) dz = f(z) dz

A, AL DAY A,

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

f(z) dz
A

< / 1] < max o) / | lde] < dema 7))

e—>+0335Z Z“C/f dz = 0.

(ii), (iii) DHH Mo X oI=AF2nHIT5 L. E=MFT (i) PEHTE T, HFED
DEHN 0 TH 5 Z Zﬁ’%f))ﬁéo n

R 6.4 Cauchy DDA EEL 1212, FRHIEOLKE 2RO B EMEBL 7% A b
DBRLDH2H, LDOEDHDIEE 55 Ei [36] H3RA S LW (F21H [46] T [36] 3HIT 5N
TW3), m

i 6.1 © Z DA MRS 2 &, FIRIE, BE f 22AF  280HESTERIRZS

X, Yo DRI o 7 M8 f(2)dz=0TH2IENEZITHRTEZ 2 (RERLIX. £2H
[o)xe

BE=MAE A; ofcEITE, E=AF A; LT f(2) dz =0 D HILDZ D
oA,
5. / £(2) dz = 0 ZEARS),
Z L THEIZ. FER C OBOBZAFDOENC > TWil Th, C BHLEH Y C LT f 5
EFRINTERIL SR, / f(2)dz2=0 7252 DEEHTZ %5, 2T Wbw3 Cauchy O

C
R EMEDOTHIM, EBbALERMLL CEHT2DIEN LWV, ——EATITL
ZrITT 5,

R 6.5 ZHUIRDEFE, K¥2HFEDOMFA., BFRNEZ 2RO -0 0hEe, B
RELTZOEFEHEDOMBEERT SN2 0E S0, BohkU-L Wi LTWE, 12k
DHEEIT CEED 4 HE NS 7T AT), il 6 ADFER L7 (BUENHE LW Z Ik o
WT, 1EBICIRS Z 2 22 AL, BERD 51T 72) b WO GEEBVWTWT, BZd %5
WHOPIHIZRZ2DTIX, BEFNTWEDE, 292620V EDIT, BIICTFEE L TIRE
WKDFEATEDETE, BFID 1 a~T3 » HoDORFED R B2EEDH -7 LOHIES
= ZIREE, DEE D, B TR Z &,
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BEBEGROER L ZH L TV DEH, BEPRETLOEMOIHEZ LTW\W2, WA
B4 TR [45) TTPEEATH /20T, HOWRK L > TIEEE 722 [Hdh, Z
DEHDFEHIZRIEDEL W, Do e BRIV LU 7=,

ZOr &, EHEZRZI-2HED [ ZOFFHE R TM B R UL WIUE, BEERIT 25
ZBELZEADBRV] EWIEHRDOHESE Lz, 572076 NTAX Y MenIE#INT-D L%
720 (FREECTLEVET), 20 20HBRMIROI XS REHR L (EH. &K
BOFRPELE LTH, MU WP ZHTE I 2EZEZEIRLTRY, 20
ZeiZiE, BEMNE RS RWITRY),

Z D%, BEEDOH T, ZOEHOIFHNZRRZLES N, FlicZUuzy o 2 213k 7
WAL THWE S5 LWZ 30 o720T, HDOBREDHSIZELWVWEE S RIERWITIIY,
ETH, FLEIIWCELIZAD VD, WS TTHh, =

R 6.6 (Green DFEIEZRAWSRIGER) FIZERXLRAGEHADLH 5, ZHUIER T MOV
THHABRRD Green DEHE WS
-~ Green DEM ~

D I R? Ot TH D, Q13 D 2ETHES. f= (g) Q- REIFCHRET S

Cx
_ _ 9Q _opr
8Df-dr(—/aDde+Qdy>—//D(ax ay)dmdy.

\kﬁb 0D ¥, D OHEFEZIEDR ST/ SR TH 5,

=AEONERNIHERTEI TH 2 DT, Z OEMEH KT

/if (k—:/(u+ﬂﬁwx+mw) /‘mdx—v@0+iLA@dx+udw

// e — Uy dxdy—l—z// vy )dz dy.

[ FIERITSH 2226, Cauchy-Riemann DR u, = vy, uy = —v, DD LD, DRI

aAf(z)dz://AOdajdy—l—i//A()dacaly:O.

Z DEED LT 2120, ) Ok 2 RE T 2 ED D %, BNMREDBE L WD EIKT
. EHEE LTIEFEL 2525, Green OFEBICTHHERTWIUR, ZAFMANDZ  OfEE
12X LT Cauchy OFETEHEDT CIHINRTE %, ZAUIBHINTEK T 65 d0d LR,
FIIHERE (MR [2) X ZDFFAEZERA L TWA 5, RERHE S Green DEMOHHIZD
DFEELLRWV, ZOHHDB LIZHEDPNTVWEADS BT, NOBEIDIZ. i)l [47) TH 3
(Green DEHD TWRWRFHHADEH > TV 3),

FADOWAE DY DFfFR / — b (BEH [48]) T, Green OEHOFHHE LTH B, £ ZITITHERRE
BThwv, Kb —ROEBICHN T2 CGreen DEHDFIHLEHETH 5, m

6.3 [FRIBEAHNEFE « EEORABHRISESBMIEDD 0

Cauchy O EBDOAERmIZ.

BN C 1T S DB 0 /f
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WS o T3, T f DIFIRBI R R CIE) TV D LD, MDRERYDH 2 D25 55 ?
Q% COoOMHEE, f: Q- ClEkE T2 E LUIND3DDEFOBERICONWTIHNE 5,

(i) f 2 Q TORGEEA RS 3F: Q = Cst. F' =)
m)@W@&%@zﬁmcdm%@ﬁouxwm;/j@ykZOﬁmojo
C

(iii) f 1% Q TIERITH %

TTIZ (i) = (i) FHI o TV A2, X (i) = (i) DY LD, FEHIZEEL < WD T,
DT SBTHRRS (F1 6.10),

3 (i) = (i) TH B, ZHUF Cauchy OB EHZHWTELGNS NEAIL S, BRI
DFETHEIEELR K2 L WO EMTAZOHEBROEELERE) 6. F IZAETH I T
ZRZeD5DT, FHUC F 2RI AIRETH 228D b, f=F W TEZE06T
H2, FITlR7ZX 512 (1) & (i) ZEEZ DT, (i) = (i) BRH L2, ThbE QWD
&%@@ﬁ%Cﬂm%@ﬁc«xnw;/j@yuZOﬁ&oﬁoaa@\fmafEmf

C
H3,] ZAUXEE Morera DFEIR L MIEN 5,

(ZAUIBRICE > TH 2 Z 272 (iii) = (i) E—MRISEW D 1720, Z4Ux Q = C\ {0},

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

CZEXTeReddL.

(i) & (ii) IFFEMET (iii) & DFEL

(iil) D52 R LT (i) 28 L DO Cauchy DD EHTHS, LRI, Z-%D
3%,

Q2 (RIETERZ AT 2) BogfEEETH 2 551%. (i) = (i) 298 D 22 (EH 6.12),
Z AU Cauchy DD TEMD 1 DOF/RZRETH S (XL, CZOMKRTIEtHZZbA LT3
REFIISRIBDI D 2 DI D B2 W), W 21T

BB mEIIC L TiE. (i), (i), (iii) IXEETH S

R#K 6.7 (NI MILERZBLUTAID) FiE RXZ FABEITICS TR XIS 2503D 5%,
(i) 23 TRZ bASG f BSRT o2 V2RO, (i) B3 / f-dr=0,(iii) B rot f =0, WD
C

XD, (i) & (i) EEET, (1) (B30 (1) 205 (iii) 298 20, $E—BIcER
D723, FUEMEHCHAUIL D HIT S, LWVWIDEFALTHS, =

2% 6.8 (EEMOUREBAS ) EALIAORITER [15] 1Cld. COUD DL ERDE S
EVWTHS, (i) & (i) IKHEFT 2% DDICEDFREE WS 22 ItLTA LS - (F
W) [CORIKICENT, MEMOMRTIZ, BOrATHE S M A AEETH 5, BT
NREALPX | DB, HIRHZRBFVWEILEZTE (FHoTwa NIEXZHRT Z L 28D %
F). B Y ORMEDEN L FETARVC L IREELE S, -

™ / f(2) dz = F(A) — FOBA) = 0.

C
ONRT PRI DS G, 7R —R - 7 v FTINDEMED (i), (i) Boic, BEER T (i), (i) 27 r—X -
7w TEINDEDEFRERDIES S ? Cauchy DFEDEHDE N ?
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R 6.9 FIFEED fIHUT (i) = (i) ARD L% HE, Q FHEHTHZ. =
(i), (if), (i) DZD XS REREIZ-ED I ZDH, COBROBEERFETDH 2,

Tk (i) = (i) ZEEFAL & 5,
MR 205 B, EFE 2.18(p. 53) TEALTH %,

e 6.10 (EEOX7ZH C! HEARICSE S IED D 0 B 5 IXFEREEZRD) Q &3 C

@%ﬁ\ﬂQ—»Cd@ﬁf&?W@E%@Bﬁ%Cﬂm%ﬁﬁujmﬁbf\/f@ﬁhzo
C
DRDILDE T2, ZOr &, HHERBEK F: Q- CHEELT, F/=f.

A QO NOEEDH o ZHL%, Q ERETH 206, FEED 2 € QX LT, a 244
Ry 2 ZREE T2 Q AOXZHNC C fDIIFR C, D3ITFEETS %,

F(z) = /C £(0) dc

YBL, F(z) Offilx C, DED HIZiZ LS50, FEBR, a B, 2 2E2 T2 QHND 2
HIFR C., C! B2 &, C:=C,+ (—C) 2B, C IHMRTH 2 DT, %&MF (i) 25

0= / £(0) d¢ = / FOde— [ £ de
C C. Cl
MWD SO TH D,
ZDF D fOFEEBTHZL I ZRT, EED 2 € QITHLT, 3 >0 D(z;¢) C Q.

WZIT |h] <e Zi7zTHERED h LT, 2006 2 +h KADPIMRD (2,2 +h] 1F QITEE
N5, Coppy ELTC, 42,24+ h] ZEERZEITED,

F(z+h)— F(z) = / F(Q)dC — / jod= [ fodc.
C,+[z,2+h] C. [z,2+h]

il
| a1t —n
[z,2+h]
THBIb. F(2)dC = f(:)h THBDT, h#0 FT2L %
[z,2+h]
F(z+h) — F(z) 1 B
L Y LGRS
W Z Iz
h _
A By ILGRO
h |h| [z,2+h]
1
< e, Q=P [ el = ma 170 = )1

flE: CTHEHETHZD5, ZOHEHE. h—=0DEE 0 IKINKT 2, ©DXIT F'(2)=f(2). =
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6.4 ERITAE, BHEEmEL

Cauchy ODEDEHD D 254 HE (EH6.12) ZHANT %, LPFHB»0 5720, i#EFET
FEERAE BT T 2 RBII RV B2 (FHLWZ 28k E5 27 X)), W37
A7 4 7OV TIE, giHZRA S,

Z 2T BELHEOHENZITI.

f}.-f; 6.11 (BE) Q2 R"H50IX C OFEBE T 5, QHBERS (Simply—connected)\
THB L, QNOEEDMHHRDERERR (B2 1 5T D 2 HlifR) 12 Q N THBINICE
AR R =

B = = o(t) (t € [0, B)) A5 Ma € QT QWTEFENCEFTE 2 L3, b5
BB F: [a, B] % [0,1] 5 (t,5) = F(t,s) € Q DFFEL T

F(t,0) =p(t) (t€la,p]),
F(t,1)=a (t € o, B])

MDD Z L E WS,
_ J

4 N
EIE 6.12 (HERBBEHICE TS Cauchy DFBEREE) Q13 C OB CHERR. f: Q- C
FIERL, CF Q NORX5H C* REAffRE 372 & %,

/C f(z) dz =

NS J
SEBE (5% E i (p. 307~) 25RE L, ) m

Bl 6.13 HLEFELRFHOF E LT, £Z2HM R, B B(a;R) = {x € R" | |z — a| < R}, ‘FH
WD HFEARIAR (Jordan PARBKR) 23PHEe I, P22 & EMR 2 PR 72580, 3 ZoTZEH T D
1 HOMEA R\ {a} REDPDH 2, BTIAEHT 2 X 51T, (M, 2EAGHED BEkHIR T
b5,
%5@ E TRV OF . LT, 20TEMTO 1 mOMES R?\ {a} (EHEFHTO 1
HC\{c} DAEMNCEL), MERHEH {: € C| R < |z —c| < Ry}, R3\ ¢ (L1517
&:Mﬁ&:@zﬁf:rﬁﬁ), BRERME (~— 7 &, torus) ONHEE (F—FYEIOTHE) REDDH5. =

ZoflomicEnz Ty | TER) WS FEEZFHHLTEL,

~
E#E 6.14 (M, ) Q 3R7 MVEBOIIES L T 5,

(1) Q 25 (convex) TH B LlE. KBEDILDZ L ZWVI,
(Va e Q)(Vbe Q) [a,b] C Q.
(2) Q@ HEE (star-shaped) TH S &1, RBEDIIDOZ L ZWVI,

(Fa € QWb e Q) [a,b] C Q.

Hlizzorx, QX al2oWTERTHR VS, )

BZELHL, MW SEIIBIZHI > TWAARBZNTHA D,
BANCOWTREL HBFAIC. RDEIBDDBH 2, QBEHMEOHIMYKTH2 T3,
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T« Il A M

' v
X 18: (WHEEL TR WREBO MBI 4 X —

HE2EREZHZL T30, 12DIA4 FEITTRED BIGENERT, 25 THRWESIZE
BTV, 2F D, HAGFICIAL P eB0e E, HBOTATAETTIELEL X5 1Tk
270512, TOHHN%E a £ L TERDODSKHEDIH-ENE, LW\WH I Th?,

Bl 6.15 (LESDHI) 2V C, B D(c;r), BIF# D(c;r), ZAF (WD 2 WIdHER L
FO&ER). EZAE (WD 2 WENEE HoE6) 3 TH 5, =

#l 6.16 (BEESDH) =ThhwiES (2Fm C, MMk, PAFE, =AFoNE. =HF
(NEB D EDF). EZMEONERRY) BEMTH 2, FHEFEHROEES. HIZE C 2
o Bl 2 B D PR 72 9HIER

C\{zeC|z<0},

FERTHZ (LR, DEIBETESRT2), $/2Q0:=C\{zcC|z2<-1Vvz>1} 28
ThHhb, LT (DHBAA?) “BO Y« ONEHERTH %,

—77. C 2 BJERZRWMHEE C\ {0} XERTIER W (E¥ZI274 PZEVWTH, JHED
SATTR B EMDIHRS ), m

X 19: EOFBIZERFER: 2 1 HAPOTXRTOERRZ 205
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Rl 6.17 QX R® £/213 C OMET, Q#£0 &35,
(1) Q2R sR, QIRERTH 3,
(2) Q 2EAL 513, Q IFHEETH B,

:EFA
(1) QPMERET 5. Q#D THZHDD a € QDBFET S, FED be QIIXLT, Q2
MTHBI Db, [a,b] CQ W QIFEMTH S,
(2) QPR ERET 2, 2 ac QPFELT, EFED e QIHLT [0, 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])

EBLE. Plts) € lapt) CQ WRIT F:[0,f] x [0,1] - Q Th b, X512 F i
£,

Ft,0)=¢(t), F(t1)=a (t€xp]).
DF DR C 13EBANERHIR o ICEETZX %, =

M 69. FHANO=AEONE. FMEIMHEEHTSH 5 Z L ZitHE X (& p. 254), #
N

6.5 EEMEIFICHTS Cauchy DFEFEE

4 DHET, BOEEEBICEIT S Cauchy OFESEM (EH6.12) TH DA, ZITIEE
TR AN—Y a Y REEHT %, ZHEHERTEIROSE OFEHOERIZ S 2 5, S 51T,
ZORIZEEZ TV, ERIBEBOMHEZFAXZFEmCHAHE N5,

- N
EIE 6.18 (ERBEHICH TS Cauchy OFEHDTEIE) Q 1 C 0 24 (FlZIX=AFD
PRI PR ¥ DM BIR). 2 O — C BIFRIL 5 2 %, f ORUABIBAETE
¥ 3,

® 712 Q W OERED KA O SEAE C 12 LT / £(2) dz = 0.

i S ) / £() dz OIEIE. p ¥ g DATEE S (I C DI HICE BBV,

C
f23Q TCEAEWSIRER, acQ LT, f:Q— ClEEH. Q\ {a} TIEHL &%
\@T%ﬁb%%ﬁﬁbﬁoo

)
FEHOD ST L2~ T D L, MEDTHEEEEEES, W5 e THL, K

DEED % / F(O)dt = f(z) A% T B HEARTT 2 ODEATH S, )

SEBA QEREBITH 205, B ac QPFELT, [EED 2 € QI LT, [a,2] C QH
Kbiio, £ZT

F(z) := f(z)dz ([a,20) 1F a ZEAR. 20 ZRERE T 2897)

[a,zo]

EBLIERZED Fr Q5 CHERTEDN, FFF =fPROILDI e EZNTIRT,
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QUEBHESTDE06, FED 20 € QITHRLT, HBIEH ¢ BFFEL T D(z0;¢) C Q.
WZIZ0<|h] <e ZWMTERED RIIHLT, 20+heQ. TOLE

(6.1) (z) dz +/ f(z) dz — / f(z)dz=0
la,z0] [z0,20+h] la,z0+h]

DR DL D, 3K a, 20, 20+ h D—EREICH 255D ETH %, 35 a, 20, 20+ h
M, —EMLEICRVWEER, T2 HRET2=AF BA280) 2 Atds, ACQ
(2D Z & DFFFHIFFHEICEE2) BRO LB, (HERE LTD) [a, 20] + [20, 20 + b — [a, 20 + B
. A A OFZ—ET AR TH 200 (AIZZETHI2HBEDHL L. £ TRV
HGabdH N, WIHILTSH) #li#E 6.1 &ZJZO'C/ f(z)dz=0. WTHhOHED (6.1) B3
0A
DD Z 355,
W2
Flzo+ h) — F(z) = / £(2) d.
[20,20+h]

(Z 22 5%iE, Wl 6.10 DAL FAILTH %, —IbHFEVTEL, ) 2Ond

F(zo+ h) — F(20) 1 1
h - f<20) B E /[zo,zo—I—h] f(Z) dz = E /[zo,zo-f—h] dz f(Z(])

1
- /[ EICERCES

W 212
F(zo+h) — F(z 1
Got W= PG _pieg) < = max ()= Sl 2
h |h| z€[z0,20+H] [20,20+h]
= max |f(z)— f(z0)].
z€[z0,20+h]

[z CTHHETHE225, h—- 0D EET 0 WKINRT S, wXIZ
lim Flzo+h) = F(z) _ Fzo).

h—0 h

B 70. LOREFHOHICEINTZ a, 20, 20 + h ZTHRE T2 =M A (ZAEIORINTWSY
BHEZD) D QREFND e ZilHE &, BEA

B 71, (BHTZoTHEISH L3I LTH LEW, ) f: Q- C Az 513, = e Q Ik
LT hsoor s FO) dC— f(z) THBZ L oqt, BEA

h [z,2+h]
(R&EZ%Z 01OEMIT 2 & &, FIPERICIERT 5. 2V BEGHICRS TR TR
MCH D, )

a N
% 6.19 (MBBEICX IS Cauchy DFEHDEE) D 1 C OMMEHEEL f: D — CI3IE
Hle 323 E. D ANDOEREDXTH C kFAdh#R ¢ 12 LT

/f(z) dz =0
c
DD YLD

k(f & D THEFBT, D ND 1 [{ZFREIER, 2 REZ2550 THR Cidams M Lo, )

J

SEEA MRMEBUIERIEE TH 255, =
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1 6.20 (1/> DELEEH) (5 Log m%noﬂ\abcﬁm:) %K £: C\ {0} = C, f(2) =

— MR (R / T —oni £0%pB). KO :=C\{zeC|z<0)
|z|=1
. M1 IRDOWTERTHEZDT, f % QICHIRUZZBEE f|o 3RLAHEBIEL
d
Fo)= [ foa={[ % eo
[1,2] s ¢

BH (ZAURTIEEEI D B Log 2 125 L\ — HEIs Y. 2 — | TOMEMBZAZ—
BT Bh5). . C 50 NOEEDRN C RS 513 / f()dz=0. m

ROFNZE THEETH S, BND ERIEFHBEICD 223 D0, RUNCEHEHT % Did—
tEHETH 3,

1%6%4———®Hﬂkmo &) a,ccC 3B L&,

(6.2) / dz ) 27 (lc—a|l <r)
' pderz2—a | 0 (lc—a|>7).
DD YLD
. a—cl >r DHBAE. R::W B r<R<la—c| T, EHIT

1% D(c; R) TIFAI

z—a
o |z —c| =r 13 D(c; R) NOEARL#HR
DD LD, FBHEEBICE T %5 Cauchy ODFEDEHIZE D,

/ dz —0
|z—c|=r £c—a e

IR, la—c| <r ODGEZEZ 5, HRATHEZZERZRESNTHWE DT, FIEZUZ
EHBLL BV, BROGERZRT, BETIE. (Fika), (J7iEb) 2T 5,

(ﬁ(i a) . 20 O & 9 foCEIEE'f‘% 011, 012, 021, 022, Fl, | %T’Er]\jﬂé 011 + 012, 021 + 022 =
ENEN |z—c|=r,|z—a]l =0 THE2H) 56,

d d
(6.3) / : :/ :
Cii+Cip # — 0@ Co14Ca # — @

ZREH T UX R W,
011 — FQ — 021 — Fl =N

SIERNZ: & 2 BAHIRN O PHRIFR T H 2 52 5.

dz
/ 0.
C11—Ta—Co—Ty # — @

SRR ISREGEIE (5 X 5 AU, IHEEITS B, £, BB —

- HIERIZZEFANC. HI#R [z —c| =7
BRI LT L TR |2 — a] = 6 1K 5205, dz :/ 9 35w Canchy oM%Y
\

z—a i—al=5 Z—Q

|z—c|=r

R f(2) /C_(K%f_lkﬂbfﬁm

137



20: Y10 iAAZ AT OO OfM e LTERT

SIERNZ: B 2 BARNHIERN O PARIFR T H 2 5 5.

dz
/ 0.
Cia4T1—Coa4Ty # — @

/szIJK_ZD e Fl, I J:@ﬁ TF v b ILEINT

dz
/ — 0.
C11+C12—C21—Cop # — @

ZAUX (6.3) ZRLTWS,
(5L b) (EifE [36] THlo 720 ) |2 —c| =7 B2 TEED 2 LT,

Cia+ 11 — Cop + 'y 13

1 1 1 (a—c)"
z—a (2—c¢c)—(a—c) z—c 1——_Z (z —c)ntl’

—c la — ¢

SrES T (At = [T = G 1 ke nu ) THERE,

Weierstrass @ M-test & D |z—c| = r ET—RRINCRT 252, W 2 ICIHRBIFEST D3]
BET

o0

/z j=r 2 — @ _Z/Z e (2 — n+1dz:Z(a—C) 2710, = 2.

n=0

(ERMEDIE (7)) Ok 22, n = 0 OHEERE 0 THH., n = 0 DIHIZX
(a —¢)2mi =27 TH 5, )

(771 ) BRE (R [2]) (& Green OEMD S5 RDIED Cauchy DFEITEMZE N TV 5%,

D ¥ C OfE T, ZDEFUIHERMED B3 H & WG & 7z Bl R bR
572D 0D O#THMDLEMNT DR Z 5 (GHlE D DAL K5 Eholr

5ENTWS, 13 D= DUID ’Eé@ﬁﬂﬁi’éfbﬁﬂt?%t%\/ £(2) dz = 0.

oD

1
Z—Qa
827 DEPE T, I Tl Weierstrass @ M-test 0. [—HEIGRZ2 SIZTEBIES P HETH 2 ) 2 BZHAL TV

BNird LR nA, RETOEROFEICREIC R 2 DT, B3 HIT 5,
BHPNWZ R E S &, Green OFEMZH WS 20, [2] TIXIERIBEEOERICERB &2 KE L TW»

B, L OUBBIKEETS 5 b5, MR LA,

E D:={2€C||z—a|>0, |z—¢c| <r} ODFWUZZCHETIERIT, D D
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BHIUI Cr: |z —c=r & Cy: |z—al =0 DEDLBRD, C — Cy &, #ETHMAOD
EHNC D 2R BMEICKE>TVEHDT

/ dz / dz / dz
0= — — i |
op = — € |z—c|=r # — @ lz—a|=s # — @

B 72. (6.3) 2t (LIC—IBEWTH 20, [H 2 BEEE I M, EHbALRT I, ) f#
N

6.5.1 %%:EEGﬂHakb/f@ﬁhzo%ﬂ%?é:t%%ié
C

(LIEB THEA--HO I e EHE DEIDRV, )

%%ﬁcwﬁwjt/f@dzzo%%bkm%é\i?%ﬁbk%@%ﬁﬁﬁﬂ?é
Cauchy OFE7 EH (ii@%.m) BEFRITH 573, FHFR TS 2 IFIEEN VWO T, BRI
BITRF % Cauchy O EHE (EH6.18) TLRTHIE2EZITALD,

%ﬁ@iﬁ%éhkﬁ%%ﬁft\QW@%%ﬁcmﬂbf\éﬂ@m_o%ﬂ%L

kmt%\CWjYCQ%ﬁk?Eﬂﬁ%MYﬁEO#Mﬁ\/f@ﬂhzoﬁﬁﬁf%%o
B ECIE, O & LT TG o M M ¥ o (2 AT 5) H35
OMBIERDH B, THUTELEZRTU,

PRI LA 572 4 T b BRREMAEES 5 5aH5 65, ChERST 50BN
WY S Y EE LU,

O BERTHB L IE. BB ac O BEELT

(Vze ) fa,z]

BRD DI L TH B, JlC a BBATAT, a b b “BABW Q OAETNTHROED
@%fWZ?é\%LCWﬂW&@@/}@p&:Oﬁ%ﬁé\tmi@ﬁ1o®%bﬁf
C

Hb

FlziE, Q=C\{0},a=1t33LZ, a2bRIRVE (ADEH) % Q 25 TRTR
. VW =C\(-00,0] &%, ZAUX (Log REDEFEBE LTHELNDS) K<HALNE
BISHITH 5,

R, SFHiD S FAMBZBR W28 Q .= C\ D(¢; R) X2 TRV, [TED ac Q
WA LT, a 2B RZABVERD ZERS &, BRI O 23 T&F %, FBE L6l |z—¢ =R
WHAR 2K D 2) ZEINT, 200 T EN S, MOKICRZHDEZRINIRV, (K%
HELXS,)

HHWE Q=C\{1,-1},a=0,F2Z, aPbRIARVEEZ QL TNTERL &,
Q' =C\ ((—o0,—1]U1,4+00)) &%k 3,

BIEGH TR IS R CTHIRZ N A7 —A VR RO LIELIREST 3%, ¢ e C,
0< R <Ry <400, 01 ER, ¢y < ¢ +2m £ T 2L Z, B(c;Ri, Ry, h1, $2) BRI TER
T 5,

(6.4) B(c; Ry, Ry, ¢1,¢2) == {c+re” | Ry <r <Ry Ny <6 < ¢}

I ED XS BGEICEM LI 5, ML TAL I,
8L INY 17—~ VREEOEE BHFTBIETTE>TVET,
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s B
g 6.22 (AEIED SRR |2 — o] < RZERVIEIBOEERMY) ccC,R>0, Ap €
(0,7/2) LT B L &,

Q={ctre” [r>RA0E (p—Ap o+ Ap)}
R

Miﬂfﬁéo%@RzO@Z%Mp:LR>O@Z%Mp:&ﬁNOZLTL:pW
BT
(V2 eQ) [L,z] C .
ITRHLE QOEEDORIX L »6RZ 5,
_ J

GEER  (THH) R>0 DEEZEZ 5. L=pc” 2B |2 —c| = R ITEHRZGI, L &
R FGATAE 013, pcos® = R Ziii/cd, R 00 LIZHBZ d=Ap THH, ZD
% pcosAp=R. =

Ml 6.22 5. ROEHMPF LN,

e N
FIE 6.23 (NITLV—AVERBEHOEEM) c € C, 0 < R < Ry < +o0, Ap €

(0,7/2) €3 %0 cosAp > BHIX(DED 0< Ap <cos™ L L HIF)
B(C;Rl,Rz,go—Ag0,<p+Ag0):{c—i—'r’ew|R1<r<R2A6€(go—Agp,<p+Ag0)}

ERESE T B 5, [HE (9 527 —~ Y FARER) 3B L Rile s, 4
PR B)

J
R po= g Li=pe® £ %0 REXD Ri<p< Ry WAK LeQTHDH. L 25
{re’ | Ri<rAfc(p—Ap,p+Ap)} BREES, m

4 N
% 6.24 (NV LY —AYBEEBEHOATOIETENGERICDOWVWTD Cauchy iR EIE
cE C, 0 S Rl < R2 S —|—OO, ¢1 € R, ng < ¢1 + 27 &:S(ﬂ‘bwc B = B(C;Rl,R2,¢1,¢2) tj_
%, B #ETHEESTERZ fIiTxL T

f(z)dz=0
0B

DI D 3D,
N J
AEBE RO HNL %@ 5 B TY) o TOERDF NN L7 — AV B, (i = 1,- -+ ,n)
WZEREIT D =, KA D LD,

dz = dz.
an(Z) : 121 aBiﬂZ) :

n BT REFIUR B; = B(c; Ry, Ry, ¢14, $2,4) ZIE D Tz B(c; Ri—¢, Rote, g1—¢, date) (€
3 INETRIERY) DS EAITEIEIC T 2 DT, ERG6.18 kD / f(z) dz=0. @ic:/ f(z) dz =0.

0B; 0B
|
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6.6 TEPBOEH (1), BEEHEHICHT3 Cauchy ODEDEEDIIED H
5]
IERIBEEL f ORRFETICB W T, f 2IERIREF TR Z #Et IS EE LT HRET OfE
FEDSRWV, WS ERMAD D,
FE7 I D AT

[ DPIERIZEPT C) 25 Cy 1T TEEHIK S R HIE f(z)dz= [ f(z)dz.
Cl C'2

AFLLBI L. RD2DODGEDND 5,

(a) FEDEE DA & RITZE Z 30T ([EE L), HFE D B IE R A #E P CRE 9 1% % 33 AY IS
ZELTH, BOOMEIZED LR,

(b) BB PAHROG AR (IaR. BRBKUSET). BE 7y B IR 72 #PH CRE 0 s 2
BANCZEZ LT, M DMEIZED SR,

C, e _ G
. Ry — Ji # ¢l s T \
( 1‘ [ (O )
,,-/- C Il\'-\ T e
&f“_”“ ‘ R e®
21: f(z)dz= [ f(z)dz 22: f(z)dz= [ f(z)dz
e Co e Co

fE 255, ERL6.18 TERUEIC B\ T IERI L BIOMEIIB R E R DA TEE 2
ZHWTHEDBOEENIELLTE 5, (JFEICENZOTENRS L2 RWVCEIDET, )

(b) % —HEC3RD 3 b, BEREERIC ST 3 Cauchy ORI FH (28 6.12) 585N 2,
B AEIRCIZ. FIE O R (2 = o(t) = ¢ (t € [0, ], STPEIICIEEA 1 A
52 ) ICEGHNC AT S, RIS BN 0 TH 25 5, BELVHINE, (15 E
% H X,

7 FEICHEITS Cauchy ODFED AT IEHIBEBOERNERH
G5 e
(2020 EEDH#EFR T, ZODLDEFEETo/2e THHIZT 4 — KNy 7 ITRETH B0,
DULENS DD, ZHBEITHEBRORATA FEFHATRIV, )

OV ITh e, JFRICERRIIGTH %,
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7.1 HBICHTS Cauchy DEBEDAI

[Eﬁ71(ﬂmkﬁﬁé(hmmy®fﬁ ) ceC,R>01ZXLT, D:= D@R)Z\
B, QU COBEAT. DCcQ 2L, f: Q- CWEAl T2 % TED 2€ D
WAL T

1 f(Q)

(7.1) Q=53] =%

N\ J

(R ZHIHL 22, )

SEEA HHIR |C—c|=R % C b RTZLICT 5,

9(¢) = C—z2

f'(2) (€ =2)

eBL e, g: Q= CldERT, Q\ {z} TEAITH 2,
TN EVIEDE ¢ ZHLB &, D(;R+¢) CQ k725, MBI D(c; R+ ¢) (FERIHEIK
TH5056, BERHEBIZET % Cauchy OFEDEHIZE D,

[ 9ty ac=o
C
. f(€) f(2) d¢
/CC—ZC o C—z d¢ = f()/CCTZZQMf(Z)
(BHBO%EE, #6.21 ZHWE, )#HELT
1 ﬂOdC:ﬂ@.

21t Jo (— 2

7.2 1ERIEM O ERINERIEEME

CDHET, ZO#ED 1 ODDORELEELIZENT 5, Bor —HIUKS 2746 XHEAIED
AlRE] 22N T\,
-

~
el 7.2 (—HRINR 9 BB 5IFIRFIRSDEIEE) C 13 C WX RS O fhohift. {f.}
& C* EoEBI 5 7 5 BBAIT, O b fFICRRIGRT 272613

lim fn ) dz = / f(z) dz
n—oo C

SR n — 00 D& X,

w—/f )dz

BIEL f B, EFIBNO SR DD 205 CHRIEUEMTE 5 2 &, f (3B (analytic) T
HDHEWVI,

/ﬁh — 7 1de] < max | fu(z) - L/Md%@l
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AR 7.3 (BN, BITREROSEIHV) HIBBLMITMNTHh 25 o758 22
FVERE E 2 THEEWR WY, BIFEEE (analytic function) & W5 SEEIX, MHTHY72
B DIANC, T (R CTERT 2) XD EZ 2 O EKTHVWSAZ Z
MW, TEHIBEENE ( T—fli) 2 BNTRL TH) ~MEAITH 225, BHEBRIZZMOLE
BEZN] 22 NTHo72DT 3, n

4 N
EIE 7.4 (ERIBEHISHERE, ERIERISERBERMAIE) Q13 CoREST. f: Q- C

WIERL c€Q, R>0,D(c;R)CQ T 5L %,

(7.2) ay, = % o (Ci(%dg (ne€eZ,n>0)
rBL, N
f(2) =) an(z—0)" (2 € D(¢;R)).
\ " y,

SEB8 D :=D(c;R), C:= 9D £ BL (C 13 FX—X—fhif ¢ = ¢+ Re” (0 € [0,27]), &
B2WIZDHR C*={CeC||(—c =R} 2KT), (FED z € D IZH LT, Cauchy D&}
N WS

1 f(©)
S dc.
16 =50 | s
r= P emce, 0<r 1T EEO CeOHLT, |22 = r Taane,
1 1 1 1 1 K(z—c
<—z"@—c»+w—z>‘c—c'1_i:£"c—cgg(c—c>'
(—c -
Wz

flECr THETH 210, M= gé%yf(o\ DIFIET %o

‘ﬂg(gzyl<ﬁw.
(—c\(—c R

M

M, = Er" B E, ZM” IR S % DT, Weierstrass @ M-test 12 & b, #EIEM

n=0
JA C* E—HRINOR S %, W ZITIHBIFE D KT,

oSS L) B o)

ERAS PR} .
f(z) = Zan(z —c)"m

(7.2) OEADOFETE. —R RIHKIFET S X570, 25 TR RVWIEIKEEL LS, OF

D, c ZEDZEE, R>0, D(c;R) C Q %iii/=3 R IIEEIFET 205 a, DIEZDDHD
B RICEKBGITEEF D, ZOZ ki, FHiT




D D Z e D HIRPIC D BB KD XS IC LT3 (ZOEHEDE X THMETERICK

%) 0< Ry <Ry, D(c;Ry) CQETEHEE, HHETEBD D={CeC| R <|C(—c| <Ry}
DA ELH 2HEEGTIERIIRZ LD 5,

n! f©) n! f©)

2ri =i 5 ¢ = 0.
210 Jic—ej=r, (€ — )" 2 J\¢ oy (¢ — €)1

(%)

B 73. (x) ZHErD X, MBEAN

% C Laurent JEFDEM (EH 10.2) LAiRTHR L TAZ7HI2IE, ROFIZLTEHX
Ehotzrd L, EEEEHT 22 dHRED, ZZTREHT4DRE LTEL,

4 N
R75ccC0<R< oo, f: D(e; R) — C HIERIZZ S, ERBE {an}, s, B—EN
WAFEL T, f(2) = Zan(z —o)" (2 € D(¢;R)) DD D, 7 0<r <R %ifi/d

n=0
1

8D r by B0 n> 0 LTa, == [ IO gmp o,
2mi |z—c|=r (Z - C)

N J
BB Q:=D(¢R) Bk, [ Q= CRIERITHD, 0 <r < R 2l TERED r 1TXF
LT Dr)CQTHE0H, EFEDneZ,n>00LT

Y £(©)
" 2mi [¢—c|=r (C - C)nJrl dC
b SEQR N
(7.3) f(z) = Z an(z—c)" (2 € D(e;r)).

n=0

LU ORGRONER D 513, {a,} 251 \RIFT 2 AREMED B % & 5 1IiBb 525, FEid {a.)}
Fr QWD FICZE B0 (BOBMOLEREZ L TIEAT 2 2 TE 5 L, BB ORBO—FE
(% 3.25) ZHOWTHRW), fEED r € (0,R) IZDWT (7.3) B HIZDODT

f(z)=> an(z—0)" (2 € D(¢;;R))m

(?é 7.6 IERIBSRNATE T H YT AIRET H 5, ]

sEEA  INHREE DD 2 B, ORI OWE TAEI TR MO AIRETH 205, =
[% 7.7 BEBEBHSFIRERE RO o1, FREABERTH 5, ]

SEBH  EZJBHE F TN LT F = f 23 F OFELIZ T 5, FIXERITH 2056, &
FREI T RIRET, FHC 2B RIRETH 2006, f=F Z 1[I rlEE. $72bBIERITD
5, ®m

§6.3 TRD3KMZ DT, (I)e(ii) ZAEHL TH - 7,

(i) f 2 Q CORMBALZRD (IF: Q = Cst. F' = f)

(i) O MOEEORSH O I O 120, / F(2) dz = 0 B D 7
C
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(iii) f 1% Q TIERITH %

THE L% (1)=(il) (TR 7.7) 3% o LT E 2, W 21 Morera DEE ((il)= (iii)
EWVWINE) HALHATE 7,

AR 7.8 ((7.2) DEZRA) AR (72) 1. LFO LSRRI 2 LRV D LKW,

Cauchy O RICE, HOELS FOMD ZMEITH T Z e KRS, DX DERD
z€D,neNITHLT

n!
(74) f(”) (Z) = % en %d(

DD IO, TDHEHHE%Z Goursat DEIBLIMERZ 23D 5,
IHHE, [ DcDEDDDRBEIERN f(2) =D an(z— o) DEFEEUE

n=0

IO f(©)
" LA;d=fz(C )n+1d€'

n! 271 —c

AT TR LZZREA &, BRI e WS T il 5,
FEER DR HE T TR I AL, ALK WEREL 2008 LAWY

Cauchy OFED X% n B LT, 2=c ZRAL T, n! TH-73L
WS ZEeEHASTELE, BVHLLT VRS LAKY, =

AR 7.9 (RBERBRO TRTI3LR0 1 2OFRABISAICOWT) FREIOWT, Mtk
B, 2 00RRAE/ e, MEZHESHENZ VD, BREDHEMZISHE LT, i
¥ % Liouville DEH (FH9.23) ¥ 2% 7= REE O HAEE (M8 9.26) DI S 5.,
HRHEOBIATHCOT, HEIIRENHIUI, SITHATSEILIEAONS. o

REX 7.10 (REABDIZE DOENE vs EIROIHDFIEE BV RIRITTR D)) ATRIRZ W
SEEIEBBITH L T HVWLN S, ZOSLEFERBINEE 272D T 5,
BEBBICOWT RITI=MFTRE) & /72135 0 TH 305, FEREUTOWTIE. T
EWIFIREDRIC K E BN D B, ZATIE, FFTH & FERE B D ATREDO B DE NI E 5 72
597

KNI S 30 SR EI D ATRE T & 5 (ICRFENE DS IEIRFI# o mlRE 72 & 13 F2RI%K
THEDINDZEDBERIIADD05),

Zoi, o% b TEREIMIATRER SIXBHTH) 3D IO A S5 ?EZI1E No TH 5,
RDBIPEHTHZ (WHEITDT F A MTH ->TWD),

flx) = { - <x>0>'

ZDfIER KT C® T
fM0)=0 (neNu{o})
RS (25 THB L AT 2D, WMEDDD x - & LEHEEME), bLY [ 27
M7z 513, 0 0dH BEHET
f(x)zzf <)$nzz—x”:0

n!
n=0 n=0
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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 FELDUCHLENERTH D, 2D (0) 23d & DEIEL
fEELLRBRV, EWVWHIDTHEH, C° HKTHD., Taylor FELDUIHRFAEN 0 TH 5H
Bofe LT

> cos 2"x
fla) = Z !
n=1 :

BHB (N4 F— - TF— [49)),

—H [50] (BN? DL TRERE?) kD THF ap, a1, -, ap, - BEoLUEE
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 [51]), =

7.3 BREEROIRFRE

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, EHT4 XD, £ D(0; R) TEHMEHTE 3, hbb. 5 {a,}ns0 HEELT

(7.5) (Vz € D(0; R)) Z%n

R QWD HICZEBEND 205, {an}nzo BIRIE RICEHFIEE S BDIELICK M
an = fM(0)/n! TIHIIETH 2),

EED Re (0,1) XL T, (7.5) BEDILDDT, KHE D 31D,

(7.6) (V2 € D(0;1)) zpn
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Z DAL DFERFIL DI EAE p 31725 5, D(0;1) TYERT 2 DT, PERFEERDERD S
p>12EFEN, Rixp=1TH%, EEINE, FE |z -0 =1 DI f OFERME +i
BHEIZDPOETHZD, EBALRED,

p>1tﬁibf%ﬁ%§<oE)Wﬂmwﬁmlmmﬁfmﬁf\%@&@ﬁip>1#
n=0
5iecD0;p) THZHPD, 2 —i D EARBEREBICIRT %, R

oo
lim Zanz" e C.

2€D(0;1) n=0

LA 2= i DEE f(2) = z5

lim  f(z) =

ED(() 1)
UL (7.6) KFET %,
M Eo#FEmE—RItTETROEEMIEON S, (THE—BRESE S RVH, s
ERE S, )

FIE 7.11 (BRHEEROIGRERE) QX C OBES. - Q= CWIEHL ceQ, R>0
TD(R) CQ MA |z—c =R EIZ f OFEE 2 (L:TM1Mj()ﬁTTLﬁb\

EEIER) BEET 513, f@ckﬁﬁ%%mﬂﬁﬁ®ﬁﬁ¥&@Rf%%

b5 oMM LTEL,

e N
FIE 7.12 (BB EROIGREEZD2) QX C OFEET, f: Q— CIIXERL ceQ
¥ 35,

D(c;e) T f=F

L EBLEE f DAY DEFBEDITRFE pld sup A IZFE LW, )

P12 g(z) = Lig(z) (EREBIEL) 13, #E [1,+o0) ZRIE#EERE LT, C\[1,+00) T
FERIE BRSNS, 0 TORMBUERIZ

00
z

n=1

ZOFEMBOICRFERIZ 1 THE200, % R>1DFELT. g & D(0;R) TIEAlE WS
ARV (ZOZ BHRENBBEREN S L T 5),

—FH. ZOEHRBIE D0;1) T—HRINEKT 2D T, ¢i& D0;1) IZHIR T2 &, (1 bEDHT)
HEECTHDEZdahd, f(z) = PN 1 THEZ %, EHT.11IIEDSV
TRLD, R URTET I DESBOICREED 1 TH 2D Z B ImRERn,

Liy {Z29WT, Mathematica TRIf{L L TA B &

Plot3D[Re[PolyLogl[2, x + y I]], {x, -2, 2}, {y, -2, 2}]
Plot3D[Im[PolyLog[2, x + y I]], {x, -2, 2}, {y, -2, 2}]
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23: FEL 24: JEER

%7&”%@%&@%&&Eﬁwﬂﬁ¥ﬁ)ﬂw—%%%@@MWQGCMMW@ZQ@)

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 7.14 (HFE 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 74, [(s) = o & 0= 2 OFb D CHRAIEN LI ¥ & OIRERE (RICHREE

BE32) KD Kk, BEA

z

fl 7.15 (Bernoulli MDOBEBOYRIER) f(z2) = 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, ,
(7.7) f(z) = Z —T* (|z] < 2m).
n=0 ’
ﬁﬁ\jg_ @%qnfﬁéﬁa\z:i%wfwﬁ%@:0®t%tﬁﬁmyﬁ%mﬁ

FTHILICE-T IO REVEREOMBTEANCZ 2 X5 TR ER W, @212 (7.7) D
INHERIE 2 TH B,
DLEA, B 711 OHAGIOFET, ZORIIRKTDH 5,

B, 1& Bernoullifk £ 2N, %< OEEARIGHZH S (BIRA S 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
%E:k +{§%+1 E:ﬁ (n@;D) 7Y DORREMRCHRM, 2N

—‘ﬂxﬂi Lt/\fﬁ) Bernoulh MEHNTESNS,




- FREBEE (LLD) ~

f@yzei &, B, := fM(0) % Bernoulli (&5 (01X f OFREFRERFE
RTH5),

- J
~ Mathmematica Tild ~

f(z) 20 DFEDHDIZ 10 RDIAE T Taylor B L TH S,
Series([z/(Exp[z]-1),{z,0,10}]

DS B, Db b,
Hord, £bZH Mathematica 1Z1Z. Bernoulli #(, Bernoulli ZIHNXZ51H 3 2
# BernoulliB[n], BernoulliB[n, z] BHEINTWVWS DT, EFIHEDHERGEIC
Taylor JER S 2 EIEXR W,
Table[BernoulliB[n],{n,0,103}]
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f2) + g HEBBR DT, B, 2R E, FEKOEDE Byyy (n>2) 130 THZ LD
2 (FHIZMBAIAE -2 O BRI IRRIT = 3 2 L 2HER),
5213 Bernoulli O EFICIZEL RIED D 5, —b6. LTERLLDOIR XY v =72 E
ATUBH, HABUITHBIE VO, [() ORDDIC [(:) + 2 ERV ST N
5H5DT, £535L, B EFUDPLOERLERD, By——ZﬁéoﬁUV%w®Jm®
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HENZZZ2BETENCDOTH 20, ZOHEE B =1/2 DADEEVPRWV),
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72b. MDLZRREDOE VYD 5, b ZIFBERE (MR 2]) 13, BEFEEHDIHE B,, D&
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WEOTERL TV, (1) WS REEZDIT7D, By, > 0DID D, =
M 75. 0 OatE CIEAIRMERENZ 22 OFBEBICEMEINS Z 2t BEA

(7.8)

R 7.16 (Bernoulli IDIGA) Bernoulli ZUdth 4 REARNZ BB DM EZR T 7-0I12fibi
5, W ODFANL XD,
cot, tan, coth 72 ¥ DEAREERH:

- ;. 22F By,
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th — n 22n 2n,
Z CO z ngzo —<2n)' z

— (=1)"122"(2*" — 1) Boy _, 4
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n=1

X 92n(92n __
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FHRERMDRIX (B« Bernoulli DAR): TORRNTIE By =1/2 &3 %,
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£ — X B ¢ DIEDEEIT BT 2 BIEUES
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k
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=
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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 #4Z2oWTid, F)Il « PRI - & [53] 255E LV, =
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(7.10) tan z = Z(—U’HQ <2(2k)'1)32kz2k_1 (2| < 2n).
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tanz = cot z — 2cot 2z THBHD 5,
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R 76. zcothz ® 2 =0 DFEH DD Taylor EFIZRD X, EBEA

e
Il

1

Bl 7.18 2 DD . .
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RO
1 1
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Nhb, TNHZEEZDIFRVIIRICK 5,
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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/ fla+£e®) d9—>—/ f(a f(a).
0
YIBZEIEED TN BE, R
L /) dz = f(a).

2m Ji;—q=r 7 — @

(T.11) BRTEDIC, BRBRPDHSDHZ, RENRLDERTHLS,

27 27 2m
88D 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. HORIERHE ATV 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

rH< (K25 BRI,
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 DEFITEDPRVH, K26 & HAIUIM & 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
AR 5DIFY, BHREAEZHEL TV EHNRFAAE (FED 2 FENZ W) ITE o TITHE L
F957, HEMOHCHREICR D Z 5 TRDB51T 5,

dz =20

WA a Yy Y MEG K 2L o T, DD K T—HERTH 2 Zeh o, BOOIBRERTOES
ID7?
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25: GEFH1: 1 ARKDIG L, ZTEL T a DA D E[E-> TR

7.4.3 SFVWPDHAH
C1,Cy, ZXI2T D XD ICEDZ 2. EHHHX7H C o BHMEAIRRTH 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 26: FERA 2: AR 6 A Z & CHMEARICL T2 § -0 235 (FAL %)

7.4.4 Green DFEIBZFES

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, BHIDPS fERE WHIIREETE2LENDH D ZS5TH 5,
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X 27: GERA 3: 2 ADEZRTE L T, 2 O DEARREIES

BEGRO 7 % 2 1 OIciE, BMOEREOREIC, BT TR <. BRI O
PEERLT, COMHEERAT 50055 5.

7.4.5 ANDXDHFDRFADERA

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. B472 Ahlfors [42] (R, =i [36], 121 [46])
ERHCHBLLDOTH S, [ OEfHELEET. 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, BREBICB % a—2 — oS EHIX, EHOREDHRP LT  HE%
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,

EE BEGRD T F A MPDELIE, 20D ZEBINLRFHHATREDDUIZDDHNEZ W, LA L,

KL XS5 2328, B olk5Rko7DFT2DERYBDOTH S, BEGHD
3%%%:#'%’:3‘5 X2 HR-TH S, BEINZDOL DT, EOFRMR AT EZ D
Hk2 XS RFHHE Lizwe o T, sk h HEIRL TR, L5, H2EEEHES.
Fio THBRPHRS X510k o7z, FRIEEFD ZARCEIPNTVEZETH), HAHB LR
L72eWS5 EDd, ZORDHFIE1IDODESHZPRDTHIE (o) MIETER. &L
T DZ b LR,

8 BZE: Green DTEIE, BIERDER (2)
8.1 Green DFIE

Green OEH (Green DFEIDTAR) &, 2KITDRY FAENTT, b o & b EARWDEER
EFMTH2EE X5, BIfiTIE. 2% W Cauchy OFEDEH - O ANROFEHIZOWT
B U7, #BRE (2) 13Z2DH#THHEINTWVWS, Green DEMZHZ Z L ITARIELEE
ZoN5DT, ZOMIEZHHT 5,

Green DEM X, O DI TIREXERL T, HROFEXLZTFEEL &,

(8.1) /6Dde+Qdy—// »— Py)dxdy

EWVWIBDTH D, 5D XZBEHEBDMIED B 5 WVIEIRT MLV OFER Tt L 5,
ZZT DI R OWHEIMT, 0D ZZ2 DT (LLRICFHAT 2 X 57%) NEDMZ) 22037
iR CTH 5,

Rk 8.1 (AETES) 0D 13 D oz (H2EKRT) —JAT 5, BAlHRC. FlifRofMtRa
ﬂZ)EFHﬁk 1o CORMEIIE. BREIFES (a contour integral) & FHEH, 2D Z & 25T %

7:@&% rEL DD B, j{&i ETEX Tl \oint THRTZ 2, =

Green DEHIE, REDTAEE S TENTHARABRAN=T a VDD 5, REFTHTVHD, E
B LT XD — iz b, MWERE FX 200, ZRZFAIIZE L&D, ¥
fREZH < 35 LAENEHEICZR 2 00, EH e UTE—RIEMIMEL 72D 59V ERIZR 5,
EDUERIRT Z2NEZEIHTH S (REPRVEIRSRW), 2Tl 28D Green
DEBEFNT 5,

/EESZ(#&D—&ME(h%nGEE)R%mﬁﬁD®%%wEDV“bBKPﬁ@\
DX 53 C* FIERIEAIEAER C,, ..., O DBOEPHTIHR>TOT. K C; (1 =1,...,m)
DHEATHIADERNC D BRZZ2 X5 CH->T0WB T2 (GEED M), ZorE, D
Zald 2HEAET O RO P, Q ITR LT,

/ de—i—@dy—// » — P,) dzdy.
oD
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X 28: FEHIE D OEFR 0D 1 C, + Cy + C3 IZFEL W

SR 2 ZWEEBIRV. RDFESL2D Bo TV AERIIDRV, FIETIE. I [46],
AR [54], B [b5] ZHEEREL TH <, MEDDE — b THHHEH 48] THIMIAL TH 5,

fﬁﬁS3(ﬁﬁﬁﬁEBH%(ﬁ%n@Eﬁ)RﬁﬁﬁWLWi(x%ﬁﬁitdy%ﬁﬁ\
I2) HERREIRTH D, Z DI 0D &, X8 O kR C DB - TV T, C@@
THBIOERNC D BRZBZEIICHoTWbeT 5, ZOrE, D 2Ea8Ub3HEST
C' DB P, Q 1T LT,

/ Pd:E—I—Qdy—// . — P,)dx dy.
oD

N )
BEEH  HEEE T, 2 < OB OBERIFICHEH > TV 5 ( THERGEE OER/RZEDZ S50V
SDZETHIIWV), DWEL, HEH [48] (ZAUIRT MUV DGR/ — ) IKHEHEF L
(X725 o HW), =

B 8.3 Z Db DIXHEHHEF R, Il X ER TS 2 FERMEE D SHERER TR
WOT, EEOREZMZZR WV, LA, Z20VWIBED. D 2l “98l5%” 2k
T, B/MEBDEH 8.3 DINEZTEZT LT B Z2IFEL K RV 2% (HEREED
BEE 2 oW aEIF IR THATNCHEREL 2. 4 21 aEThuE 12 DD TANCHERR
T 2R 5). 2D XD RIGER. (8.1) 23D ILDY,

DIR, D 2E&CHEA LT C fOEEOBEE P, Q 1L T (8.1) BRHIIDX5% D
%, Green DFEHMNK D OB E NS Z 2 ITT 5,

Rk 8.4 (BRBEICK TS Green DFIR) HHEBEIZOVWTAXEZE L

// ! 4oy

L% (10 S 6 5 B _@ﬂa@ ARBEZTHEL LEW), 2T 9/07 i
o _1(o .9
9z 2\az oy

90/ Pdm+Qdy—// s — Py)dedy ZIMZ 2 & (8.1) HEohd,
oD
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CERINS, ZUE Wirtinger DM RE & FHIN 2, HH [52] Ok F EICEHAZFH 0
T8V =

8.2 Green DEEICED < Cauchy OEDEIE, Cauchy DFESD AT

4 N
EIE 8.5 (Green DFEEMNEDILDMEIHTD Cauchy DFESEE) D 13 C DT, R?
DOFIRE F—MH L7t Z. Green DEHMBED UOHEKTH 2L T2, ZOLE D %2E
b HBARE TIERIZRBIZL f 20 LT,

f(z) dz =
N 0 Y,
ZOEHIX, #FEDEEZ AR LT, il D OFEFICHR T3 D LM RIZLT
WWD T, BAENTHEN U72ER 6.12 L EERTHEWOD I TIE R WD, 550WbIFTh i, Z
DEBMREMHEZ 2H5EDZ VDT, L= MY —IZATEL EEW,
REBE f SR, EEl 2 E u, v £ B < &, Cauchy-Riemann &R v, = vy, uy, = —v,
DD SLDODT

an(z)dz—/ <“+W)(dﬂc+z’dy):/

oD

// e — Uy dxdy—i—z// (uy — vy) dx dy
D
://Oda:dy+z//0dxdy20.
D D

Pl ZHFHDOFESIZOWT, 5P LEHL X5, 9D 23, C NORX7ZH C kol
z=(t) (t€[a,B]) T DL E,

(uda:—vdy)—l—i/ (v dx +u dy)
oD

g(t) = Re ()O(t)v n(t) = Im gp(t% 4p<t) = <§(t)>

n(t)
eBlk,

g
= [ [l

/3
:/ ul(t)) +iv (s (1)) - (€(0) + i (8)) it

B B
- [ @O )+ [ @)D +ulpO) (o) d
:/aD(udx—vdy)+z/aD(vdx—|—udy).l

a N
EIE 8.6 (Green DFEIEMEDILDMEIHTD Cauchy DIRDAN) D & C O T, R?
OB FA—HH L7 &, Green OEHMIW D VOHERTHZL T2, ZOLE. D %2E
T d 2 FARE TIERIZBIE f 120 LT,

1,

(Vae D) fla)= 21 Jop 2 —a

159




BB EED a € DI LT, TO/NSRIEDE r ZEZ 2. D(a;r) C D DD,

0<e<r ZMALTEED e 1ZOWT, D.:=D\D(a;e) £BL k. D. b Green DEHDK

DO E 725 (ARYDTR7? ?),
OD.=0D—~C,C:|lz—a|l=c THs»r5, EHI5ITL->T

1 1 1
N (O R S A (C fe)
27 Jop. 2 — a 21t Jop 2 —a 2M0 J)g=e 2 — @
Wz 12
1
I IR O
21t Joap 2 —a 2m0 J )= 2 — @
ZZT

1 f(z) | i Lo
%ﬁ_aze Edz—f(a)) = ’%/0 f(a+€€ )d@—f(a)%/o de‘

2
_ %RA (fla+ee®) — f(a)) db
Si max |f(a + ce') ‘/ do

27 6€0,27]

=ﬁggﬂfa+€6) f(a)l.

e—=0TBHI0 RS %,
W ZIZ
1 f(2)

21 Jop 2 —a

dz= f(a)m

8.3 MOHRDER (2)

DL (HIACIn S IERIBSBORRIE 71X, BIEHS 1 B 75 8 P C il 2 53t NI 2 L
ThH, HHETOEIZZDLLRWV) IZOWTIE, BIC6fMTH AL (o b, FELWVWI LIX
8% (E) ITELTH 3),

Z ZTE W0 HIEENT 5,

8.3.1 BHBIFEDBEEDEENDS

IS8

z ('ﬂiﬁ% - &\-EI < D
211 zZ—a

W) 1M T35 C L ICk T MR OBEIS OfE R & (H55 MR 23 L7
TR,

(n% dz (m/’ dz (@K}r@—E(FMiuj%@ﬁtﬁéﬁ

Bl 8.7 FHCH 5 Cauchy ORIBAR f(a) = 1L/ f(2)
|2—c|=r

2= 2(2 +2)2 3=z 2(2 +4) 2(z +2)
JTEDJE)
(UC—QT—LG—Qf@%—Gfggt?%Z\H%ﬁﬁh % Canchy ORI ARD

%M (a € D(e;r), 22 f & D(e;r) BT HHHES (D(0;1.5) &2 C\ {0,-2}) TIE
HITH 3) Diifil-Z b, WA

/;14 _:Lq o= a? = mif(a) = 2mi =2mi - - = —.

z+2)2 Celer 2 — G (0 + 2)? 4 2
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55, FBEBUCELT 5 Cauchy OFEZANINDIE
EELHBHES (D(-3;3) &2 C\ {0,-3}) TIEH)

(2) c=-3,r=2a=—4 f(Z):
% (a € D(c;r), 22 f & D(c;r
DGT= N5, WZIZ

dz / f(2) , 1 i
— = ——dz =2mi- f(a) =21 - — = ——.
[z+3|=2 2(z+4) lomc|=r £ — @ fa) —4 2

(3) BRI B m 3. FR C\ {0, 2} TIEHITH 5. 2O TROHE T X

2| =1 XEBTE %, ORI (1) DFEIRZHWT

/ dz _/ dz _7r_i
ra(z+2? S z(z+22 0 2

COBTHOEENTEL 2 DX IICEHT %, Ridtasr e b 5, (KEWNR
D% 3 ORT,

1. WETZXHALIEALZZDIEX, BATEEBANTIE., R ERPIED LW S I %
BEFZ TRV, CWHTEHEITTR, IheffioT, EAFORAEZEMEIICEZ 37
DITIE. KD 4 DDEEREZ EEDIZR W,

BIZIEE 1 RBOTE DK, 1+ ZHOLE LT, FEP LI (1T EDKREL 1+ 02
DOFEEE 2 X DI/ E V) OFREEE (ZAUIER) O, 2EZF T, Q THERES BRI
IERITE (0, 2 13&FRWVWAL), ZL T, EAROET oA LS T, & FHE C O
HEED CL D W ICEENET, TIS, I 2 C, KEEHZONE T,
HWORBTHRFEIC —1+i FDOHEEZET, —141i & 0, —2 £ OFEHEET V2 20
T, BIREOE ZLFEIUFE 1.1 TRLK, EAEORE T OFLER Ty 1%, FHE C
DR IRy Cy B ERZ SN E T,

FIRMR (I3 & Cy), HAZRR (I'y & C)) THIAEL

2. F j LT, Iy & O MRS (D; 25 2) 2L DT, HEREEIRD Green ®
ERZ VT,

[ s [ = [ gaz=0 waie [ g [ s

— N |~

CIEFRDHNDFET, Green DEH L AL T oTWVWB WD NI, 27 VU 5
H LAWY,

3. HEOBLEDATIE NEHMER WS 0% T3 edZ2W, C\{0,-2} OHFT, IE
Ff e BN MECER T 256 (KT M —BREER) 21E2, ZOEMKITE L
HIC/ENE 328 (JRARICHD - THED 2K LU — KI3), HE b E—BEE2HIUL. B9
BErBEBXHZONS, EWI EHIERETIEEFEICH LAZT T, dHIELTVEEA
(FEFE/ — P OMBCEH 2 (E4DESTEE p. 314, EHEAL)), ZHIED & - & HHUR
B T2

8.3.2 BHEND Green BH (F%) OEHICHENZTESROER

5 8.8 (Fourier f#ti THBLHI) BTN w(z,t) = w2, ) DEARM U(x,t) = e i
% Fourier Z#i2 W TR 25tHICHEbN L, IFEICTEARHITD 5,
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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]

ingsi= Manipulate [ParametricPlot[{phi[t], hom[t, s], psi[t]}, {t, -Pi/4, TPi/4}],

{s, 0, 1}]
0.5 =1+ [RI¥][—
1.0
05f
Out[85]=
10 0.5 0.5 10

~10f—

29: IEVGIEOR T 2 C ([EAGHNCEE S 5

heR&TDLE, . i,
/ e~ @) gy — ﬁ:/ e~ dr.

(FHh R IR SO, h 2 FEPEER {v+ih |z € R} W5 BT L LW, Fourier
fEtrC. AU 7 D Fourier 225t HE T2 L ZICRFAHS N2 TH 5, )
SEBA f(z)=e " (z€C) &BL Y, fIZC CTEAITH 2,

TED R> 01T L T,

Tigi= [-RR], Top:=[R,R+ihl, Tani=|-R+ih,R+ih], Tig:=|-R,—R+ihl,
I'rp=T1r+Tor—Tsr—Tur
B, Iy BEAEE CITBI MR TH . f & C TIEAITH 555, Cauchy DFEIT
(8.2) 0= f(z)dz = (2)dz + (2)dz — f(z)dz — f(z)dz.
T'r

e Ta.r Tsr Tyr
pldz=z(x€[-R,R]) EXTRAXA=X—(FTEBDT, dz=dr &V
R R
f(z)d= :/ f(z) dx :/ e " du.
FLR —R —

R

ZOMEFIZOVTIE, R—> o0 DEE, T IWICRT 2 ZeH 6TV S:
R

(8.3) lim e dr = /7.

R—oo J_p
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[FRRIC Tsp td z =2 +ih (1 € [-R,R]) £ X=X —(IJTEBDT, dz=dr &
R

R
f(z)dz:/ f(z +ih) da::/ o~ (@+in? g
Tsr -R

-R

Tor & 2=R+ith (t€[0,1]) £XF X=X —{JIFTE2DTY,

1f(2)] = || = eBe(=2") = Re(-(BFith)?) _ (—RP+20> o —RP+h?
W 212
/ f(2)dz| < max |f(z) |dz| < e+ |p) .
FQ’R ZGFE,R F2,R
w2
(8.4) lim f(z)dz = 0.
R—o0 Tar

FERRIC Typ iE 2= —R+ith (t€[0,1]) €T X=X —{}IFTEXZDT,

Re(—(—R+ith)?) _ o R2H2h? o —R*+h?
- — )

)] = |e] = eRe(=) — ¢
f(z)dz| < max [f(z)] |dz] < e |
F47R ZEFZ,R F47R
W Z 12
(8.5) lim f(z)dz = 0.
R—o0 Tur
(8.2) 25
/ f(z)dz = f(z)dz + (2)dz — f(z)dz
T'sr T'ir e r Iy r
THdDNH,

B /_ e dr — /7 + (2)dz — f(z)dz

R R 2 r 1)
R 2
< / e " dr — /7| + f(z)dz| + f(z)dz|.
-R Iar T4r

(8.3), (8.4), (8.5) B, R— o0 D& E, HF 0 TN T 2 Z D05, ULEH 5

/ e~ (@Hih)® gy — NZ

Nh>0ThHtuI z=R+iy (y €[0,h]) EFTHERVITFIE, h<0 DL ZEINEYRDT, z=R+ith &
Lf:o
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8.3.3 HRIE ([2]) HIRE3.24

ROPNIBRIFITEH > T0WEHDTH 2 (P 3.24 1T, 2mi Z2HT 729 D), HHIZIA S
B, BRI TEHRELES T2 #H LW, ZoflTid, #fED B ERI 2 #iFH©
B2 AT 5 22T, 220 RS FETONZ/mE L TW\d, Zhud, BTHHAT
LEBEHZHNCEIRET 20128y XY ORETH 225, ULNOFEIEZZDONEZEID L
72 DITIZ o TWVW5B,

Bl 8.9 (RTH > LBEICESITNY) C ZF5M 2 =2cosf +isinf (0 € [0,27]) LT 5L =
]:/ 222 dz
CZ —1
R X,

BHETEIE Z f(2) e BE, BT BIRLTEL:
2z 2z 1 1

22—1:(z+1)(z—1)_z+1+z—1'

f(z) =

EE e 1T LT, z2=1+ee? (0€10,2n]) & Cic, 2=—1+ee? (0 €0,2n]) & C_,. &BL
o e /TR O, Cre, Coy BEWIIRDBHRW,
DL E
» I2 y2
D::{z:x—irzy'§+§<1/\\z—|—1]>5/\\z—1\>5}
rBL e, DIFHEET
OD=C—Cy.—C_y..

DX, -1 %28%FR0DT, fi3 D 280LdsHEETIEANTH S, WZIT Cauchy DFES
SEH (GEBE 8.5) 5.,

&:éDﬂ@dmzLj@ﬁh—[?ﬂ@dmi/mf@ﬁw

dz dz
dz = =04 2w = 2.
Cl,ef(Z)z /c Z+1+/01,52—1 + 2m v

l,e

1
(BB1IHIZ, C1. ¥ {z€C|Rez >0} IZE&FN, 1 3% ZTCIEAIT® % Z & 22 5. Cauchy
DHEPEMED 0 TH 5, H2HIFOEITH 5, )

[FAkkIZ LT
dz dz
dz = = 271 = 27i.
/C_l,af(z) z /6*_1,52+1+/c*_1,52_1 mi+ 0 = 2mi

I= /Cf(z) dz = o f(z)dz + /0175 f(z)dz = 4mim
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S 0AHEAE (Z2B0r > FO)

INFE T, EHIREEOENEERPGETH A 2T e RELHETH S, -
TET, 2Rz, Cauchy DEDEMD, $HEDH—MNBRITETHNATEZL
For—BE., VWO A, FNTEHRDEDHRNEBBENICHHET 5,

(i) CFRRBURRZMA L) ERIBEOME OFE L it

(i) FIISRACHEH L Cauchy ORSAREFMA LT, MR ADRE D D Laurent B

B (the Laurent expansion) Z& <, fAZFFEKD E‘E ﬁﬂl (residue) ZEFK L T, EETD
FHEADIHZ AT %,

9 IFRIBA#OME

TEOIFHIFEBDPETRERTE 2 23k 5 &, IFRIBEKO MO 2 REEDFEHTE % X
XD, ZOEIINENEETH S0, #HETIIRBBOHIK D & —HOBALrTE R
NH LNV, (25T 2L 60AELIE, BROBECIHYT 2NEERITEICLT, 22
TR ZBRSRNERDIES 50 ?)

9.1 FRREMOES L ZFDME
ZIENICH LT, PREZOHEEEL VI O ERINTWSH, EHIEEEICH L TH Zh

HWTA

WY T2 (—BLICRoT02) BREZOMBLE VS DD 5,

/iﬁgi(mmﬁﬁwgéggﬁwm&)mm;fmc@ﬁ%fmwﬁ%ﬁzféo
(1) ¢ 23 f DEHE (zero) TH B LIE. f(c) =0 2T iV,
(2) ¢ f DBEHT, kENH

fle)=fle) == fED(e) =0 22 fP(e) #0

iz & k% f OFM c DM (order) EIER, Tz, cld f Dk fIDTBHT
HBrwI,

J

51 9.2 (a) f(z) =sinz T. mr (M €Z) F1NUDERTH S, EFE.
f(mm) =sinmr =0, f'(mw)=cosmr=(—1)"#0

THZ05, mrlx f DINDEETH S, %5mmnmmﬁw%

sinz = (—1)™sin(z — mm) )" Z — m )2
n:0 2n+
ZHMMAL T,
sinz = (z — mm)g(z), = mz 2n+1 (z —mm)®™
n:[]

CEFLT, glmn) = (—1)" #0 ZHEDTH RV,
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(b) f(z) =cosz—1T, 2mr (m€Z) X 2 DERTH 5, FF

f(@2mm) =cos2mmr —1=1—-1=0,
f'(z) = —sinz, f'(2mm) = —sin2mr = 0,

f"(z) = —cosz, f"(2mm) = —cos2mm =—1+#0

THZP5. 2mr (m € Z) F 2MDBERTH 5, H5\Wi&, Taylor FER

cos z = cos(z — 2mm) = Z (—1).

ZHMA LT,

cosz —1=(z—mm)?g(2), g(z):= Z ((;711;7 (z — 2mm)*=D

n=1

r#E L. g(2mr) = —% L0 RREDTHHEV, =

~
HE 9.3 (kNIDBEEDEM) ccC, f 13 c OB U TEAL keN 2T 32 E, XD
25X EWVICHEIETH %,

(i) U TIERIZBIE g BEEL T, f(2) = (2 — o)Fg(2) (z € U) 2D g(c) £ 0.

i c)=f'(c)=--= fED()=0 o ®)(c) # 0.
k”f() f'(c) f5 (o) 2 f¥(e) # )

AR K BT BIRINAT (1) < (i) 23, EWVWODHARETH %, MUNTIE—5UCEEHA

j_éo
(i) = (1) DFEMH, f & ¢ DEFETIEAIZD T, ¢ DY T Taylor BATE %, T2bbH

AR > 0, Han} s.t.

f(z)=> anz—0" (|z—c| <R).

n=0

(n)
= L) e m e REED. gy a = =gy =0, ap £ 0. WA

n!

f(z) = Z an(z —c)" = (z — ¢)f Zan(z —o)"F=(z—c) Zan+k(z — o)™

(Y
(
A

9(x) ==Y aninl(z = )"
n=0
rBLy, X |z — ¢ < R TIERIZBI% T,
f(z) = (z=)g(2), glc) =ar #0.

(i) = (ii) DI, f(2) = (2 — )Fg(2), glc) # 0 T 5, h(z) == (z —)F B &,
f(z) =g(2)h(2). 0 <m < kX LT, Leibniz OIEANT X D

m

1) = 3 (O

r
r=0
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r<k—1THIE L) (c)=0THEILWERETDIE. 0<m<k—1%5Fh(c)=0
0<r<m)Thdzr. zhr W)=k »5,

(Z D Prop. DRI XEDD LMD S, )
ZHA DL AT, FRRO A KEE M & IFRETE»P NS,

4 N
el 9.4 (K ERDOEM) f(2) € Clzl,ce C, ke N ¥ 22 & RO IFKMHIFMET
b5,

(i) ¢ f(z) DIRT, HEHEIZ k TH 5,
(Thbb, f(2) % 1 RABORHESMR LIz Z, (2 —c) 135 x5 ¥ k @HA
5 — k=104, ERTERVDIEDS, EEE 1 R WS 22 LTBEL)

(i) 3g(=) € Cle] st f(2) = (= — O)*g(2) 2 gle) £ 0.
) S0 =0 == /4 =022 £ 0.

SR (REMCEREETHZ0T, ARIETHH5, ).

(FBOLOEFEEETIE, BERE VI SERMoTWEA, b dLFEMRE VS SHERMS
DHPEECTH -7z RBIHRHEHIIC THL-TWD I L) 28T DIIHET, BEREIFESR
FIB AR T D LRI S, )

0 THRVEZHENIZ, B e LT C2ARTEITH D, REFRF BT L (c D f(2) DR
Sced f OBER), T c OEEE (BIROKIX 1 £ 35) 3. FH c ol —%7 %,

c DEFETIERIRBEE f 28 f(o) =0 2T & X, RD2O00WTHHL—FHHBHDIDZ
EDEBIT DB

)

(i) (Vn e NU{0}) f™M(c) =0. (ZDLE f 2 c DFDD DEREIEHOICRIT 01243
AL, RXWd A 0IFELVW I EHERO—HOEETHH 5, )

(i) (3K € N) f(0) = f/(c) =+ = f*0(c) = 0, f¥(e) #0.

9.2 FERDEETOD f(2) =0 OFEDEL, ERIBHENHEERTHB L

ZOHETIE, 9.6 L EHISNHETH S, ZLDTFAMT, IHHMMRADFEM (E
#11.23), Rouché OJEH (L 11.26) DR & S5 Z BBV, fRA DI, Rouché DIE
A WRARTEEAT 212, 332913, M, Laurent R, EBEM AR YRI5, FD7-
B, TorRITRLBVWEIFATER L, LA L, Eid, 9.6 X /EM .8 ORI &S
. FTo b L L 2= (M 9.5) THRTH %,

DLEoEE. R T =7 LR [56] D §4.3.3 THHAZINTWEHDTH %,
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4 N
fir2 9.5 (ARICH T B EHERICN T 2RADEIE, Rouché DEME) ce C,e >0 &
T35,

(1)  fIIFAMEE D(cie) ZEa0d 2H%E Q TERINIERIBIET. FJE 0D(c;e) L
T OWRERLEVWET S, ZOLE Dier) NiZH 2 f DER (MNBODTZTERL
TERT) Oz n &35 L

1 f'(2)

9.1 —

( ) 271 |z—c|=¢ f(Z)

(n%Z. f @D D(c;e) ND (M ZADTEHZT) BEROMEMEFENR, N(f) eRTZ L

25 %, )

(2)  f & g ZBAME D(ce) B0 HZMEETERIT, 0D(ce) £ET |f(2)] > |9(2)]
MEDIDOE T2, ZDEE f+g & fD D(ce) MBI 2 (MEEADTHZ 72)

ZEOMBIE—BT 5: N(f+g) = N(f).
. Y,

(1), (2) kzheh, RADFM, Rouché DEMH L FHIN 2 EHOEERTH 5, (KBS
HAKIZAB TRV, &) —ROMHEBICOWTOFEHTH ., FADFEMIZ, ERIZ 13RS 7%
W, AEAIBEE (M FORIR) ITOWTOEMTH %, )

FIEEH
(1) ARED» S fIHMEFMNC0 TREBWI LICHERT %, f BEHTHIUI, U0 TER
<L (9) @M =0 & LTHRDID, N, fRERTLRVWEEEZEZ 5,

f D D(c;e) NOBRZ 21, -+, 2, £F 50 2, KB 2HEMBEHEZEZSZLIZL -
T, D51EHIEAE g: Q - C BFEL T

dz = n.

f2)=(z=2)(z—2) - (2-2)9(2) (2€0Q)

DEDILDZ e h b, B THROWIERIBIEDOFERIIMIZLL TWED 5, D(ce) D
EEEU T oz (=1, ,n) AN fOBRREEETROVDDODEFEHET S5, 2O U NT
g;é() 7373\&01[2.00

BOMMEEID U\ {21, -, 2.} TBWT

fllz) 1 1 q(2)
f(z)  z—2 +'”+z—zn+ g(z)
dz )
z; € D(c;e) THEINH, = 27i.
|z—c|=¢ Tz
£ % 3 U CIEBICH 525, Cauchy OFUMERE D f;((;) dz =0,
|z—c|=¢
MLE&D
n i
1 f’(z) B ——N— o
50 ) dz=14+---+14+0=n.nm
(2) AREELD. dD(c;e) T f#0, f+g#0. h(z)::% E<,
f(2) +9(2) ‘ ‘9(2)
h(z)— 1] = [RETIE)q | B2
=11 = | PO o)




THEPE h OFIE D(1;1) KaEh 5,
F 72 h DX

FU'+g)—f'(f+9) / ’ / / / /
s e (e I T I T

A e
Zhhs
R B (O R (G IS B B O )
N(f+9) = N(f) = /|_ )+ ()d 311 Sy 1)

1 h'(2)

- d
201 Jpu e H(z)

1 dw
o Jo w

ZZTTLIEC:iz=c+ee? & h THEL#MIw = h(c+ee?) (0 €[0,21]) TH 2, T
DRI D(1;1) NI aih%ﬁb)%\ FHZ T 1 C\ (—o00,0] NOBAMKRTH %, C\ (—00,0]
TlE. WA B@& D FIEREIEL Logw DFET 2 DT

N(f+g) = N(f)=0.

WZIZ N(f +g) = N(f). m

GZoM7 a TN LT, f(2)=a ZiilzTRz 2 f O a KEMSR, ZHUE f(z) —a DF
RTHb, ZOFERDNEZ, [ D a KOMBEWNR, f D DKND ((i#ZADTHAR) o
MO E WS DB FERICED %,

(MEEAD THZT2) o ROMEEE. RFMNCERTH 2. W0 BERERIK D LD,

Kan 5 9.6 (0« DF+EKD B I LT, 3 ROEEIT o SOEHEEL) Q & C @E'ﬁ;%\
BT, [: Q> CREBTRVIERBIEE T5, ceQ,aeC,neN, cld f(z) Dnfi
DaRTH2LT 5, TOLE, THNEBERED e > 01 LT, 56> 00FEL
T, EED B € D(a;0) I LT, 2 IZBF 55K

f(z)=p

E. D(ce) NIZH x5 & n HDRZED (DF DB EIADT B RO ZEZ=5 n
Ths. LVS L),

J

B 9.7 f(z) =1—cosz T, f(0)=1—-1=0, f/(0) =sin0=0, f/(0) =cos0=1#£0TH
205, 012 MNOBRTHS, (e=12L7T) T/hERI>0IHLT, |w <6 &l
THEED w TN LT f(2) =w Z{fi7zd 2 € D0;1) OAEIZ2TH 5, =

BEER e > 0 2P T UK. D(ce) C Q.
—IC @ RN LTV Z 0o TWEDT, BERHIFXSIC e /N Td L,
f D afiE Dce) g) FIT ¢ 2T Lo,
HiAR C % 2 =c+ce? (0 € [0,27]) TED S, C* LOEED 2 1T LT, 2 € D(ce),
24 cTHEDS f(2) #a. @RI

inf Ja— f(2)] = min |a — f(2)] > 0.
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DFD al f(C*) L DHERHIETH %, 6 > 0% ZOFEM X D/ CHLS &L D(a;6)Nf(CH) =
0.
FEED B € D(a;6) WX LT,

(V2 C") |f(z) —al >6 > [a— B =[(f(z) —a) = (f(2) = B)I.
WZICHIE 9.5 D (2) 1Tk D
N(f —a)=N(f-p).

ZHUZ f(2) D a KD (MNEZADT) L. f(2) D B RO (B ADT) EEDE LW
e RLTWS, =

EE 9.8 (EHTHVIEEHIBEIRIIAES ZHESICE Y. HEiBZEHICEY (RHDKEF))
[ DVERTIRWIERIBIE: 513, FIESEHESICE T, (WA ICHEHBUIEBICE S —
BZRET 5. EWV 960 )

B U ZBEA. ac f(U) 2328, 5 c DFELT, f(o)=a. i 95 D (2) 1Tk
D, TH/NZIWEED ¢ >0 WHNLT, D(ge) CU. £y 2 6> 0 BFEEL T, D(q;9)
NOEED B IR LT, 2 € D(ce), f(2) =8 Zifi7ed 2 DFEIET 5, FHZ B e f(U). T
HB D(a;6) C f(U). UL f(U) PHEETHZ 2 2EKT %,

—77. EHIBEIERETH 202 5. [ IFIERGER S ZiLERS RS ICE S, W2 I (I6E
FERBHES) X fICEX DHEBICEI NS, =

Z8 DEoRADFEE, Rouché DEME HWS “BIRGHIVAREER" XZE7Z0Nny. v
b & Z DOFNIERFFEBOFHIR D SBIT E TOMIUTZ D 3B, IR (BEGERTHR Ve
FFINDRAR YR —F?) OAEHO DR EHHNTE 2725507

f(2)=(z=0)"g(2), g(c) #0

Ziiti7z 5 IERIREEL g DFES 5 (BAUEMZ HWTEERITE %), /&% r>01TxfL
T. g(2) 0 (2 € D(¢;7)). D(e;r) T 3/g(z) @ UBIERIRSE h HMFEET %0 hlc)” = g(c)
THLED5. hic) #0. p(z) = (z—c)h(z) £BL L. f(z) =p(2)". P(c)=h(c) #0TDH DD
O, WEBEH LD, BEZLIE r Z/PSKHDET I K 5Tl plper) WK g1 %
o, v 2 8D nFB (R 1 DBRUIR W), w=¢¥/" 2 LT

f(z):ﬁﬁp(z)nzﬂﬁzxz)szj (]:()77771_1)4:}2:])_1(7(‘0]) (j:077n_1)

EHHZEID HWELWVWETZS, =

9.3 —HOTEIE

0 THRVWZHENIIAERMBEDOR (FR) Larliuwds, 0 TRWIERIBIBUIIERE O E [ %2
FiH18% (sinz 990D 5WHITH 2), LU, ROIFFICEHELER ( IFERANERE T
FIIEFRNTE Y WO NE) 23D 7D,
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-
FIE 9.9 (—ODEE (the identity theorem), —EIEHDEIE) D 1 C OmEEK (I
TR E). f: D —>C & g: D — CIZIERL ce D, 8RB {z,}nen F 51

0 Do m=c

(i) Vn e NIIX LT 2, € D 22D 2, # ¢ 22 f(zn) = g(2,)
i3 %, D 2RT f=y.

(B Z1E D NOFRIRIERIMARD ET f = g 23D 2o ThiuX, Z5&0F (i), (i) &z
K?@ﬁﬁﬂ@ﬁf@%%#f%%@f\f—g#ﬁbioo)

J
BB f—g BRI f EEVWTEZ B LT, g=0 DBHIGEHTIUIR W L2300 %,
D IIBHEETH 205, (3e>0) D(c;e) C D. B 7.4 XD, {a,}nso DIFEL T,

= Zan(z —o)" (2 € D(ge)).

FIZDOMEE D(c;e) Tf=0TH3ILERT,
FIIEEDO n 1IN LTa,=0TdH2, FE bLEZITRVWERET S L. Ine NU{0}
st.a, 0. ZOX2 n Db, hobD% k B k.

ap=a,=---=ar_1 =0, a;F#D0.
KRR
Zan (z—c)" z—ckZa,H_k )" (2 € D(c¢e)).
n=0

n=~k

z) = Zan+k(z —¢)"1& 2z € D(c;e) TPER L.
n=0
f(zn) _ 0

9(za) = (20— )F (zn — o) =0.

Wz
ap = g(c) = lim g(z,) = lim 0 =0.

n—o0 n—o0

CHNEFETH 2, WAWEED n iIZHLTa,=0. ®ZIZ
f(z) =0 (z€D(ge)).
(&)
Dy:={z€D|(VneNU{0})f™(2) =0}, Di:={zeD|(@neNuU{0})f™()+#0}
v 5L e (MEARHPEOER 2 FVT)
DyUD, =D, DynND,=1.

FO) PHEEEITH 2 L . D BEEETH B Z L B9 592,

NREP €D, ETBLEE, FT DIEATHE DD, (30; >0) D(20;61) C D. 72 (3n € NU{0})
F™ () # 0. e = [fM(z)] £BLE. >0 THD, f FHEFETHZ25. (35, > 0) (Vz €D :
2= 20| < 8a) [f1(2) = fM(20)| <& TOEEL[FM(2)| = |F™(20) — f(20) + FM(2)| > |F™(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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—75, Dy bREATH 2, EBE €Dy LT 5L E, (AR > 0) (Han hnengo) € CHVO)

(V2 € D(20; R)) f(2) = ) an(z — 2)". ¥ 252 2 € Dy &, EBED n IKHLT a, =
n=0
I ;SZO) =0TH505. f(2) =0 (2 € D(20; R)). TNDBEBI D(20; R) C Dy B33 D%,
W21 Dy IZHEETH 2,
%7 ce Dy TH25, Dy+#0.
PR CTRI@E910 ED, D=0, Dy=D. ®WXIZ f=0inD. m
EHDBH T - 7%z T T <,

i 9.10 (ERELRFESISER) D X C OIERZBES. Dy & D, X C* OBt
ABTDUD, =D, DyND =0 &35, Dy & D DOTNDLDEEETH 5,

MH: ZoRETE, —ROEREE (oD@ O WHESITHEI L e &, —/The s

30: co 2B o ICE DB, BRIRIT Dy 25 & 22 ¢(ty)
©(to) 1& Dy, D DEBESIBLTHFELEL 5,

HERITRD L) ZEDTIKEEE 208 D okd, fREMES ZiZRoTLE o7,
b7 THEMII KR 2 I NE (25 VWIHIEHDEVWTARZIINY), ZHUCH 512
EFEZ2T 25 XD BEEHICERE 2 08B WL 7.

%.[EEH ;I%ﬁfi(i%ﬁﬁlﬂéo Do 7&@ D D 7&@ Zﬂiibf%%%l—éﬁ< o Cp € Do, c € Dy %Hy
%o Jp:[0,1] = Q, p(0) = co, p(1) = ¢; &7 5EBEIE ¢ 2IHN B,

Ip:={t€[0,1] | p(t) € Do}, I :={t€[0,1]|¢(t) € D1}

rBlk
[OUIlz[O,l], [Oﬂllz(b, 06[0, 16]1.

Dy, Dy DSBEA T, o Y TH 205, 36 >0, 35, > 0s.t. [0,8] C I, [1 —d6,1] C L.
to :=sup Iy

EBLE, 0<ty<l. ty & 0,1 DX d:=min{ty, 1 —te} >0 TH 5,

to € Iy DFE. ey € (0,d) s.t. (tg—e1,to+e1) Cly. T2 tg=suply >tog+e; ERD,
FTIEPET 5,

to € I, DEFE. Tey € (0,d) s.t. (to —ea,tg +e2) C I I} EHFH D DN Iy D LR I
DHNEBIZHZDIFZFIETH 5, m
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% 9.11 (BB 5) EHIBIEUGEREIEICE L B VIR D, Z0FAIEHVIZINI L
TW3, THbE ¢ BWERTHRWERMBEBOES (f(c) =0 i/ F) 2513,

(e > 0)(Vz € DN D(ce)\ {c}) f(z) #£0.

AR HHEEEZHWS, MM AET S L.
(Ve > 0)(3z € DN D(c;e) \ {c}) f(z)=0.

%neNKﬂLT\0<bwﬂj<%f@@—0%ﬁtﬁwneDﬁmhéo*ﬁ@ﬁ@#%
f=0in D E»INE, ZNEIFETH2, =
—H OO RS L LT, KOGESHATT 5.

4 N
% 9.12 f: C — C »1EHIT,
(VzeR) f(z)=0
Zi7z 372 5.
(VzeC) f(z)=0
DI D 3D,
\_ J

Bl 9.13 (REFZEIEAICILRT 1A 1 DLHEV) Z0#EZRTIE, FIFEEICOWT, #
& TIF 57z Taylor ERHORZHWT, ERIBARICHER L 72, Bl 21X

— (=1)" 2n
cosa:zz(@ng!x (x € R)

05
- -1 2n
(%) Cos z = z:% ((271;! 2" (2 € C).

3

391206, [ERIZ f: C— C T, f(z) =cosz (z € R) Ziii/zTdDIF. FET 561
—RTHb, VIR DL, cosz DIRFRIZ, ERMEZZR T BIRD . (¥) &5 2 LHDER
BE7zwn, =

B 9.14 (BAHEAFRAEDFIE (RFETIIEHEWV?)) P2 IXEIE-EI B LR
(9.2) et =e"e! (1,y €R)
DD LD Z BRI e LT,
et =e*e"”  (2,w e C)
D DILDZEHIRE D,
SHERPAE L MRIEBEIR 2 RIA T 2 LR 70 DIT KR 20T, LIEH S HRIEHE
e 1 E(z), BRI e EEZ DT 5 22T %, ERIEHEIRIIFHEER DR

Thdb, DD
(Ve e R) E(z)=¢€"
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DD LD Z & 2B Titam 3 5%,
RO yeRZEELT, B f:C—>C %
f() = B(s +y) - B(:)E(y) (: €C)
TED S, B EIXEAITH 205, f1EC TERITHS, £/, 2= cRDEZE, (9.2)
A l))
f(z)=f(x) = E(x+y) — E(x)E(y) =" — e’ = e"e? — "e? = 0.
WZIZ—HDEMIZLD
(VzeC) f(z)=0.
ERAS P25
(9.3) (Vy e R)(Vze€C) E(z+y)— E(2)E(y) =0.
RIHEED e CZEELT, B g: C—>C %
g(w) = E(z4+w) — E(z)E(w) (weC)
TEDD, ZD gld C TIERITH S, £/2. w=yeR DL ZE, (9.3) &b
g(w) =g(y) = E(z+y) — E(2)E(y) = 0.
W2 —BDOEHITXD
(Vw € C) g(w) =0.
ERAS 225
(Vze C)(Vw € C) E(z+w)— E(z)E(w) = 0.
W ZZFEEGER] E(2 +w) = E(2)E(w) DS DIID, m

R 9.15 ( TBAMBEBRAEDERIE] CWVWSFE) WL O DIERIBE (H 2 WISFEHTBIEL) 23,
—HOEHPEHTE 5 &5 R2#MAT, ERIRIR TR NS & 5 REGRKXZ 7z L TV,
FKIZZNIERTHALT 5. WO EREZT S =, TEKBERAZEDOFREIC L > Ty LitH
THEIEDD DB,

FADEIPSHIZL T TWaDRITNE, RIGEET 2RIV, BL R
RADRFEEZTNS Z e ZHBIC L THRR LD, TEBBERAZEDFEM, JFEETHIET 5
REDDZDIEAI0:7? ) "R ELSTFoNZV, B LPLTRAVEHEK? E BB o7
DE o =D LRV (“Prinzip der Invarianz der Funktionsbeziehungen” &\ 5 R % O 7%
D, FERSEEED R DRV,

G472 Ahlfors D7 F X 2B FLLIZDT, ZRTHRRL TAKzE 25, the permanence
of functional relation &\ RIAH 2 EFT RO o7z, JRE T { T permanence D72, B
BEAR DB ?

“principle of permanence of functional relation”, “the law of permanence of functional re-
lations” 2 ¥ ORBID A v P THRA e TNDHRLTHZWVEIETE RN S 72h5

GDETAH FRBEVEITTRVWBDR, X< 705640, =

R 77. ZABRONIEEEZIHE &, BEA
B 78. Q=C\{zeR|z<0} T2 %

21 €EQN2g € QN2z120 € Q = Log(z129) = Log 21 + Log 29

DD DT e HTtE, BREA

BZOHWRTIE., FED 2,y e RITHL T, E(x+yi) :=e”(cosy +isiny) LED, ZOHEF. EED
r € RIINLT E(x) =e® DD LD,
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9.4 FIEDEIRE L RAERE

-
fiRd 9.16 (FHEDMHE (the mean-value property)) Q & C OWHET, f: Q - C
FIERL c€eQ 2322 %, D(gr) CQ EHATEED r > 012X LT,

2
fle) = %/0 f(c+re®)do.

K(Eiﬂ@i\ Mlz—c=rTD fDFHETHZZ LITHEER)

SEBA  Cauchy OFESTARZE 2 = ¢ THEAHL T,

_ 1 )
fle) = Q_M/C—CT ECK'

C=c+re? (0€[0,2n]) ERNTRA=K—=DFT 3L,

2 i 2
1 MO go o L [T Hetre) | ogg_ L / f(c+re) dom
0

2mi e |=r (—c omi 0 retd ™
RHK 9.17 (REFXTIY) EB v = u(@) = ulr,...,2,) 1ZOVTI,
u BPEEONE RS & Au=0 (v FFHFER)

DI D LD (Gauss DEREFIGDEEM & 2 D),

IERIBEEL f DFEER - BER u, v (u(x,y) := Re f(z +1iy), v(z,y) := Im f(z +iy)) ITD2WTIX,
Au=Av =02 ODT, FFMEKOEIEDONED &, ERIBEKOFEEEOEE %=
HLZLHAHETH B,

RO ARMEFHICHY T 2 i b BRI H D, IFFEICEETHS, n

8 9.18 (RAE[RIE (the maximum principle, maximum-modulus theorem))
Q1% C O, f: Q- CIEAL 2 €,

(V=€) [fEI<IfG)l  (fG0)] & |f| ORAIETH S, L5 k)

WD LD B
(FC € C)(Vz € Q) f(2)=C.

\(EEUB@%&@%@%@%% HBNRTRAEZIAUS, £ OBEBIIEITERREKTH 5, )

/

GEBH M = |f(20)| £BK,
QMRS TH 205, (3 >0) D(20;¢6) CQ. pi=¢/2 £BL &, D(z;p) C .
0<r<pZZR2EEDrIZRLT, FHEOHED S,

1

f(z0) = %/0 ' f (20 +1e”) db.

27 27
M:|f(20)|<i/ ’f(zo—i-rewﬂdé’gi/ M do = M.
0 21 Jo

- 27

URMA AERDTF A b, B2 WVIIHEEH [57] @ 3 & 5 Hik e SRE X,
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T e GAB—B L 7r 5, AFEZEITRTESTH B, K

1 2
2r Jo
}f(zo—l—rew)‘ <M T, 0~ ‘f z0+r6ie)‘ THERTHE0 5,

» _L/Qﬂ'
‘f(zo—i—re )‘d9_27r i M db.

|f (20 + e’ )}— € [0, 27]) ie. lf) =M (|z—2]|=r).

r DEEMED S
[f() =M (lz = 20| < p).
il 2.23 2260 f 1% D(z0;p) TEBBIBUCEFE LW (3C € C) f = C on D(zp;p).
—HOEHEID, Q2T f=C. n

AR 9.19 (RIMEICDWT) EETRWIEHIBEEL f i LT |f] BWARTRAEZES 2
W, WD Z RN, |f| BNETERMEOEZD DI LIEHD 5 % (Ba kR oIEHIBEE - <
EADD), 12720 FERTRWIERIBEE £ LT, |f| AT 0 ThRWRIMAZ 272
W) FETHZ (1)f 2BEZ DI TRBICHIHTE 2), =

R 9.20 GAMBBORAETEIE) FFBEBICOWTIE, &) FIEOEEAHILL (22
BoBE X EHIRBMOEIEO GO ER DI 2 BAUIT CEITE 3), 2hrs HEK
TRVFMBIEL v 13, NETHRKME, R/MEZES 20, 255605, =

9.5 Liouville DFEE  KHFOEKRTEIE DA

[E% 9.21 (BEH) C 2R TIERZBEEUZ BB (an entire function) &\ 5, j

Bl 9.22 (BEKDA) ZIHARIEL. FEREBIR e, =ABIRK cos z, sin 2z BB TH 2, tanz,
FEBETIIR, =

L
R

EIE 9.23 (Liouville DFEE (VT r ADEHE, Liouville’s theorem)) H572EEBIE
FERBERUCIR 5,

A f: C — CIIEHIT, 3M €R) (Vz € C) |f(2)| < M DD IO ARET %,
EEDIEE R ICH LT, % {anr}pz, DPFEL T,

= Zan,Rz" (z € D(0; R)).
n=0

FHBEFORBO—BEDL S, {anr}g & RIKELZWZ EDBTD 5, WA {a,}2,
DMFEL T
Zan (z € C).

b b
9 f < gon[a,b] Z.C‘)obf/ f(x) dx §/ g(z)de. BLH, THIT f & g HEHET, Jzg € [a,b] f(zo) < g(xo)

b b
(E’##5T§$%%)ﬁﬁbﬁ0&6@\/f@)@<:/g@)m.ﬁﬁ%m&z_fkgﬁﬁﬁf

L/f dx—/ 2)de BHIE f=g.

176



TEEOBARE n 1ML Ta, =0 %1% 5, [EED R > 010 LT, Cauchy DT NAD 5

1
7 omi Jn G
THE056
| ML) WGl L) M
oul =gz [ Foens| < g [ i = o [ g

/‘ dC| = 27R T#H 3,5, Cauchy DFHER L WHZH 2 KO FHEREE S,
IC|=R

M
9.4 nl < —.
(94) anl < 7

WA R—-008LTa,=0MneN). ®ZIZ (V2€C) f(2) =ap. m

RECZOEREHOIAEZE 2 X5, #lEr LT, ZHAD 2 - oo TOEHFHZHFHAXRTE

o BICF DD L, 2| DREWVE ZATIE, RERDENZELHTH 5,

"M+ ta,z4a, 8T BEE,

|z| =00

-

(Ve:0<e<1)(BReR)(Vz2€C:|z| >R) (1—2¢)|aoll|z|" <|f(2)] < (1+¢)|aol|2]"-

BHZ (V2 € C: 2] > R) f(2) £ 0 BHDITD, FFo LB n> 174513 lim [f(2)] = oo.

4 N
fE 9.24 (BEADEATOEH) n € N, {g;}/y € C', ag # 0, f(2) = apz" +

J

FEBA 2 A0 & T B X,

z a a
f():1+_1_|__2+..._|_ _
apz™ apz  agz apz"

Qn

Vm € N X LT zim =0 (]z] > 0) THSH5, lim Fe) _ 1. Wz

z—00 @p2™

e

oo fagl [2]"
b, (Ve>0) (GReR) (V2 eC: |z| > R)
/(=)

n—1‘<5, ie. 1—e< £(2)
|ao ||

= laol [2["
NRELARENOFERSEONS,

<l+e.

%9.25 neN, {a;}' € C"" ag #0, f(2) = apz" + a2" ' + -+ +ap 12+ a, £T5

L E,

(M eR)EM e R)FRER)(Vz € C: 2| > R)  M|2|" < |f(2)| < M'|2|".

SEBA MHREH 924 B e =1/2 I L CHAT % &,
1 n 3 n
Slaollz" < 1£(2)] < Flaollzl" (12 = R).
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M = |ag|/2, M" := 3|ac|/2 £ BIFIZEV, =

iR 9.26 (KBMFEDEAKXTFEIE (the fundamental theorem of algebra)) P(z) Z#H%
FRBOZHEAT, ZOXEBn 3 1 LE T2 %, P2) 340 —20RERD,

SR =052 TH L,
SR (B AICH o TV ) RV S, (V2 €C) P(2) £0 2{iET 2, 2Ok

x. f(2) ;:% ST 5. W02 XD I [P(2) =00 TBEHD,

(BReR)(Vze€C:|z| > R) |P(z)|>1.
Wz 12
If() <1 (2] = R).
—7 D(0;R) = {2 € C||2| < R} & C DFERMEETH D, |f| ZHFEBTH 205,
Weierstrass D AMEEHIZ KX o T, |f] BRANEZFD :
(3M € B)(¥z € D(O:R)) |f(=)] < M.

WZIZ (V2 € C) |f(2)] < max {1, M}. Liouville DEMD &, fIFEBEHTH2, ©ZIT P
LEHBIBTH 20, I n OXRBB 1 ULETHZZ e FET 2%, n

S (HREOHHED LBELTH 5, ) HHELRVS, (V2 eC) P(z) £0 2RET
Bo COLE ()= —— BT B 5,

P(z)
fifid 9.24 & D
(IM > 0)(FR* € R)(Vz € C: |z| > R*) |P(z)| > M|z|".

VR > R* IR LT,

1 1
< .
M|zl = MR

() (VzeC:lzl 2 R) [f(x)] <

|f] & D(0; R) TRAMEZEREOD, RAMEDFHN S, 24U |2| = R TORKHEYL —8T %,
%h@@%mibjﬁﬁfﬁi%héo%%\U@HS (:€C). R— o0 tFBL.
F(2)] = 0. WRIZ f(z)=0. ZARFETH . m

MR™

R 9.27 (MTHETIE) LOEHIE, f(2) =01 LT, PR D1ODM (o BKL)
DFET S e 2 FRLTOVDRTFRED, KBEM (ERERBZEATHHD D) ZHWS
Y. f(2) 1 z—a TEDYIN S Z L AE RN, TEUTOWTOIREICE D, f(2) & n @D
I RRBOBEICHRIND Z e D30 h b, OFD

(a;}jo € C) f(2) = (2 —u) -+ (a = an).

{a;}_ DIEEZ ANZR BT, T—HIN) THEILZRTDIFHL <70,
MDD EIDE SR I B EL B VLRI IICEDNE LD LAV, RIFATELLT
D KD REEMDB R BIRTTIIH > T2 Z e 23dh %,

BH L age"+arz" 1+ +an12+a, (ag #0,n > 1) EBTHIUL, 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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PUTCEA
H={a+bi+cj+dk|abcdeR}
IZBWTIE,
P=7=kK=-1

MDDV ZeEh s, AR 2 +1=01F +i, +j, £k 2V 6 lOfEF>, 22X
FHRERD (D7 2 D) HER 2 6 HOBERODIZREDN? 22+ 1= (2—1i)(2+1) THIUI.
2= ZRALTO=(j—i)(j+1i) THZ25, WILEEZZI LT (ZHNEXHBMETH 2
ZEPBMIEXNBIZT), j =1 F20F j = —i DEPRDZDTIERVD? ZHIZHS I
BOELESIETIRE, EIHAMEES>TWEDES 507

LY MIRDEIRIEIEEFEVLDT, ZJAXE LTEBELARIV, n

RBEEDHAEIHII A LGN D 5, L a RHEITARBHRE N TN S 25, £33 58] (v
FCAFHRE) 2R 5 2 BEIOT 5,

9.6 Schwarz D#fE
(THF, D2 IHEH B2 2OHIEHICatRLTz )

g 9.28 (Schwarz D) f: D; — C IZIERIT
(Vze D) |f(2)[ <1, f(0)=0

Zii7z 372 513,
(Vze D) |fR) <z, [f(0) <1

DD LD, EHIC

(%) (Fz1: 0 <[z <D [f(20)l = |al) Vv [F(0)] =1

i AIRVASYSIY =N

dee C:le|=1)(Vz e Dy z) = cz.
L (JceC:lef=1)(Vz€ D1) f(2) )

(LUFDEEATIX, 5 oD TRREMGEREA EFE VT I 74 Y7L TLE->TWED, f i
HAIMBCIERIZ 0T, 2O TENSERI IR T, 2hZ2zH0UX ¢ 1& D, TIER|IT
HBHZFITAN5, )

B (o) = @ 32— 0 RREFRESEA L T 50T, D, TERIY LTHW,

0<r<1%ZMEIEEDOEB »r IZXHLT, |g) DD0;7)={2€C||z| <r} BT ZHEK
3, FAMEEIC kT, (g ARMEETHH L 2 a»T) [ |2 = r FTEBENL
Wb, Tihbb

(B20 € C: |20l = 7) (V2 € C: |z[ <) |g(2)] < g(20)]-

W Z 1T 1
19(2)] < lg(z0)] = ’ﬁ(zjf' <!

i 1
VzeC:lz| <r) |g(2)] g;,
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N g WALY

(VzeDy) g(2)] <1
HEond (FHEEMIMEE), f TEL

(Vze Dy)  |f(2)] <2l
%7z ¢9(0) = li_r)r(l)g(z) = lig(l)%gm) =f(0) THBE25H,
1F/(0)] = [9(0)] < 1.
(%) DD IALOBZEREZ B, () 1&g TRT &,
3z e D1) g(z)[ =1

Thb, ZIUIFEE D, CIEHIBEEOMNE |g) ORKMENFET S, EWVWI L E2EKT
DT, AMEDFEHIZ L 5T, ¢ ZEHEETH %:

(Jee C)(Vz € D) g(z) =c.
WZIZ f(z) =cz (2 € Dy). né%x|g(z)| =1TH505 |c|=1TH%, =

R 9.29 (Hemann Schwarz &) Schwarz (Karl Hermann Amandus Schwarz, 1843/1/25—
1921/11/30) 1352 K OBERICARTER L TW5, KE@REITBETRZE WS ATRVLD P,
WHW S HERARICEST 2 DR R eidhng, ERZAL BHEEICKoT0S, tW»
FIKXLCTH 5, LTHI L7z Schwarz DFfELSMNC S, HETHH - T B Cauchy-Schwarz
DAEER (Cauchy-Schwarz inequality), Dirichlet D% K % 72D Schwarz DRAKE
(Schwarz alternating method), HEIfEDERDifkam CHHRHITD % Schwarz DFRLT (Schwarz
langern, Schwarz’s polyhedron), f@#7T DINEFRZHUZEE S % Schwarz OEM (f 23 C? #iz HIF
o’f = ’f )« ZAEHEBOBGBEEIZOWTO Schwarz-Christoffel mapping, Schwarz
Ox;0x;  Ox;0x;
DHFRDJFH (Schwarz reflection principle) 7R ERE, ¥ VI APHID 72 K>TL %, =

10 Laurent BRI, IifFE =, B

(W ELHEF, HIH2 00T 2~ —Y LT, RLOREERONEZHWTOERDS L
TVET, LIESHL, HnE 220K oTwad e Bbhxd, )

ke TREREL o

Z_; an(z — )" + Z; (ZG—_Z)N

DIFICE T 28 % Laurent L FER, 2 0D EN L HICINHE T 2 & &, D Laurent
HENIIR L, ZOFNE 2 ODWEDITH 2 L EFT 5, 2DDHEDD I &b —T 0%
T % e 21X, ZOD Laurent fREUIFHT 5. EEFKRT b,
FNENDOHDBPERT 270D %2EZ 5, HAHMREIBTIGR L. ZDAERTIEFERL
FTEZEBTD Db,
BIZIE f(2) = (2_1;2_2)2 r S HEERIE. C\ {1,2) TEAICH D, - =1,2 TR

EREINTVRV, 1,2 1 ZRBRVWETH 2D, EIZZDR c=1,2 DEH DT Laurent HKEX
=)

f0) = Lm0+ Y

K2, ZHUID BERT Taylor B (FAEER) O—f(LTH D, A 72T LITKILD,
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10.1 Laurent EH

COHOWNAELZ—STELH 5 TMERFERCIEAIZZEIENX Laurent BTZX %, KT, A
c DRRIVGERS D(c;e) \ {c} TIERIZBEIEUE Laurent BT % 5,

F#RFEIE D(c; R) CIERIZ2 BRI FEBUERTKR 2 £ v 5 E8 (B 74) D H 3 DO— AL
TH 5,

e ™
EFE 10.1 (ARMEH) cc C,0< Ry < Ry < +o0 I LT,

A(c; Ry, Ry) :=={2 € C| Ry < |z —¢| < Ry}

EBE. Iz ¢ 2HDE T A2ERMEI (annulus, annular domain, annular region) &
M3,
E

A(C;RDR?) = {Z cC | Rl < |Z—C| < Rz}

B,
N J
THER) EWVWIBEICSIDODLVDIE, 0< R < Ry < 400 DFEZITIEAS, UL,
Laurent fZEX DR « FEZT S & =1d, PORMAD & X 2 [ARRIZ R =0 ° Ry = +00 DIGH
BEZDLDODEMTH 5,
FIE R =0 DEEIHENT 5, ZAUIFE D(c; Ry) 226 ¢ ZBRW b DTH S, TRhDD

A(c; 0, Ry) = D(c; Ry) \ {c}.

FFIZ A(c;0, Ry) C D(c; Ry) TH 5,

~
EIE 10.2 (MARE\EE TERABEIL Laurent BRHFES) cc C,0< R, < Ry < +o0.

fIX A(c; Ry, Ry) TERINTOWTIERIE T2 %9 55 {a,}nez € CL D—EINIFTE
L.

(10.1) f(z) = ;an(z —on+ ; (Z“_‘”C)n (2 € A(c; R1, Ry))
DI D ALD,

Eﬂl@r{f&ﬁci Rl < < T < R2 %ﬁf:?{f%@ r1, T2 0:5{# LT\ Z(C, T'1,7°2) “@*1%03
AR S % 6

(10.1) DR D DL Z, Ry <r < Ry ZifilzTHEED r 1ITH LT,

1 f(2)

(10.2) U = 5 i (o™ dz (n€Z)
D DILD, (ZORLZTHBE a, 1T r WIKFELZ D7D, FIZED r € (Ry, Ry) IZXF
LCHRICEICR S, )

CEREICWVS &t f: Q= C 2Dy A(e Ri, Ry) CQ, 222 flaer,,ry) FIEAL
- J

R R TR (10.2) 1&. D(c¢; R) TIERIZZEEED Taylor BEFADHRBOX R CEEZ LT
Wb, BNV eX¥ 77y 7LV E SIS

COEHOHFD T—RICHoIR ) D7 DRERHIE,. BB O W TOEM3.21 2, XD
i GERNAERICES, p. 283) »oF 6N 5,
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4 N
R 10.3 (ADEHO TR ( “_Z)n IZOWT, KO3 DDV 1
DIZFHRTRILT % i

(i) V2 € C\ {c} WX LTIERT %, Vr e (0,00) LT, {z€C||z—c| >R} T—
BRIZHEINR 3 %,

(ii) 3p € (0,00) s.t. {z € C ||z —c¢| > p} TUWHL. D(c; p) THET %, Vr € (p,o0) I
MLT, {zeC||z—c| >r} T—HRICHNIEKS 5,

L (iii) Vz € C\ {c} R L THEHI 2,

i) DrE p=0, (i) DEZE p=400 £FT2L. WTIhDHED
z—c|>p = WK, |[z—c<p = FHL

o r>p 2l THEED r IZHLT, {zeC||z—c >r} T—HRICHNIET 5,
%@\E%®z66\&}mﬁbf\0:—%—ZB<Z\

Za ol

—c >R & <—
|z~ (=

oo

n=1

1
—c <R & > —
2= > =
p-d=R & -2

DD DZ s, (R=p&Lzb R=r 2 L7720 L) FEAFDLOFERE DN - FHL
WIREXN2DT, IXIEHATH %,

EHE 10.2 DFEEA EANZHREBUTOWTOEK (10.2) ZFEAT 2, m ZEEORBE L T 5,
(10.1) oWz (z — )™t THIo T

(10.3) (_W_Z% "L (2 € A(c; Ry, Ry)).
Ry <r < Ry ZHi7zTHEED r I LT, (M 10.3 EFiOFEEDL»S) HE |z — | =r ET
Laurent fED—HRINR S % DT, A7 ;mﬂ ZhF 7z (10.3) B —RRINKT %, W2

(z—¢)
2. JERIRE D DSR]RETH D |

o0

1 f(z -1
= T N - n m dz = n(snm = Um-
2mi (z—chrl Z 27m/z of=r : Z ¢ ¢

lz—c|=r n——oo
Ihpo (10.1) 27T {a,} O—BM (FETUILRZ—D2L27RW) &, (10.2) DD
r ik nZ b

DUR. (10.1) 265723 {a,} DREET DI EZRT, 1,19 2 Ry <1 <1y < Ry Zii72S
EEOBE T2, D= Alc;r,m) B, f 2 D 2B3LHES Al R, Ry) TIERITH
LT EDD,
(10.4) 6= 5= [ Lac ze i)

2me aDC—Z

182



HEIND (FIZIX, EH 8.6 THWTIEHATE %, 7. BRFEBICEBIT % Cauchy DFETY
EHE FWEERA % §10.1.1 THHT %, ).

WZIC 1 f(©) ! o
I .= % /IC—crz CTZ d<7 = _% /|C—c|7"1 C < dC

o L[ I©

2 Jop C— 2

ek

T
I 3BT 2 RIS D Taylor R & [F] U T,

= " 1 f(0)
I = W(z—O)" ay = — EECACYESNY/S
%;a@ o 2mi MﬂﬂAC—dwlg
(—c

Z—C

1

JIZOWTE, [(—¢/=r DL Z <1 TH220 (FLEBOMDIRA

&h)

T

(—2z ((—¢)—(2—0) z—c'l—%: ot (z —c)"

DENIN D DT

y = (="
(10.5) J = |<_c:m; g O

M= max |[f(O)| ¥BLE|C—c=r &&IZ

|[¢—cl=r1
|—(C - C)Mﬂo‘ M)

(z —c)" r \|z— ¢

DI D ILD DT, Weierstrass M-test 258 T Z T, (10.5) OfAIHEN 280, FIE | — ¢ =
r1 B CT—HINOR T %, W 2 ICIHRBIFE T AR RET

R © L&,
1Y e T T T S

(—c|=r1 n=1

TeHdH L

(o) . o0 ain
f@):g;%@—c)+g;@_ﬁw (r1 < |z —c| < ).
ri, e WEETHZ 206, ZOMEIE A(c; Ry, Ry) TP %, =
Laurent B Z IV RELAOEDODDBDIRE 7T XA b H 20, T 2 TEHFIRTETIE
HIZ2 BN L TER L THE L, FICERIE DO EH D D Laurent ERH, B EFRIND Z
2127, Laurent FERiX Taylor B —ILTH 2 Z 1T 5,
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/ R
EE 10.4 (AREIHICH TS Laurent B, SDFHLDD Laurent BALED - BH)
c€C,0< R <Ry <400, fli¥ A(c; R, Ry) TERINTWTEEHIE T2 & &,

o0

() F@ =Yz =+ (j_’;)n (= € Alc; Ry, Ry))

Zii7z 3 {a,} D—EHINFEET 5,
ZD (%) & f D A(c; Ry, Ry) ICH1F B Laurent (#&#) B & FE.3%
FRCR =0DEE, fDOcDEDDD (c ICHITHB) Laurent ({%E) BR & b,
B Z (ZCL—;Z)" % Laurent (#%0) BB O EEB (FEHF. the principal part). a_; %
n=1

[ DclZBT 288 (residue) &, Res(f;c) THT:

Res(f;¢) = a_;.

\(&%‘: R, >0 OHER, T B WS SEEEDRV, ) )

LITFZ R ICE NS Laurent BRI 9FIDL LD, HDFH DD Laurent BT, 25T
W (R > 0TdH %) FHEREBICEIT S Laurent BHIE, HEDBEH LRV, Z4UT (LITRI
BAT2) R RADFENIRLAZRZ2EVWTH 20, DT F A M Z2FA TV S NIZIFEED
B S LR (T F X MK o Tid. MERFEEICE T % Laurent BAZEFRL TWRWE
DHH5),

AR 10.5 (MHDWVWER) R =0 0%56% le PMNIRERTH 256 LE-oTRVI LR
FELES, c PERIETHIEEDIADTWS, 25 LTHBL e, HIZIE Tedd f OIERIA
251X Res(f;0) =0 EEATHENTHS, m

BRTBVWBWGDRS Z 2 TH 5D, FEiX Laurent EHNPHR S Z L IXEETH %73, Laurent
EFROBAKER NI 5 Z 8 3HF D0 (RTHNT 28BB7rUI T+ THL I eh
Z\), LU, Laurent JERZ BARNIKD 2 72D DFEZ WL ODHENT 205, “MERIZGIE
BFELRWV, WOIBEZEO2H LRV, ZNTHHEOVRLRVWDITITH %,

%3 Taylor EFOHE D

f™(c)

n!

)= an(z=0)" a,= (n=0,1,2,...)

DERDILRTH 5 & 5 AR RIIFE L 7R, Kz,

271 —C

1 MO o
by e L

YIS ARIE a, D—EBHEERT DKL o720 (ERE). a, & EARINITRKD 2 BINZIEBEAL
TN ENZ WV (EDZFE T 2D LIXLITEH L W),
LAH LA S DFET

f)= ) anlz—0)" (Ri<l|z—c| <Ry)

n=—oo

i’z 3 {a,} DELOIUI. ZHD f D A(c; Ry, Ry) W8T 5 Laurent B TH 5 (—EM
I2&2), EWHIHEERFAT HEEHZ N,
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1

EROEHBI [ 13, BOABAMRT 2 ick-T, BHAE R —— OFOHD

WSS TET %, 205l mAgnytiok%wﬁﬂ®ﬂ®\T%ﬂ%btb o
F 25 Z 2T Laurent BB KRE 2, 25 L TRDHD DB EDZIED Laurent
EZFEERD S I T, f D Laurent BHEIME SN 5,

fl 10.6 (lea ® Laurent BR) a,cc C &35, f(z) = i D c DAY D Laurent &
BE. UFD X 51TKR% %,

(1) c=a D&, flF A(¢;0,+0) = A(a;0,+00) TIERITH 206, fld c DEDHDDHT
Laurent JEBIHR T, 20Uk f(2) OEBRDLLZDO D TH S, 2%

f2) = —— (2 € Ae;0, +00))

Z—aQ

DB fDcDEDDD (A0, +00) IZBIF %) Laurent BRI TH %, F7z Laurent EH D
k

iﬂjg
n=1

(2) c£a &FBE, ficDilith D(c;la—c|) TIERITH 205, flid c DEDD TEKEK
JERH (Taylor JBBH) TZX 5, 2003 f D c DFEDLH D (IR A(c; 0, |a—¢|) 1281 3)
Laurent B TH %,

) THDHZ, cld fDOILOMIT, B Res(f;¢) 131 TH 3,

1 1 1 1
z—a (2—c¢c)—(a—c) a—c 1_2=¢
— L (2) mks - afa-al <1

n=

E:(Z‘@” (2 € D(ci|a—cl) BB 2 € Ale:0,]a— o).

- 0 C)n+1

Z D% EE Laurent BHED EHBIX 0 TH D BE Res(f;¢) =0. c & f DIEHIKTH %,
]

Bl 10.7 (FR DA ED Laurent BEFZFEEH T Laurent BT 3)

1 11 1 1 1

&= ey "2z =172 o9

Y35, fiC\{0,1,2} TIEHITH D, 0,1, 2 BINVIFRFEETHZ, f % 0 F2HDLE T3
Pﬂfﬁﬁﬁﬁf Laurent EBHLTALS,
f(z) ZE IR T B

1 1 1 +1 1
2 2z z—1 2 z—-2

B R DGR D IEZ Laurent BRI L T, Z06 2 MMAAUITEW,

Okt

(1) f % A(0;0,1) TIERITH 225, Z Z T Laurent BHHR 2133 TH%, [f D0 ITH
% (DD D) Laurent B TH %,

185



% WFZNEED Laurent JEFHDEZ LT3 (il 10.6 D a = ¢ = 0 IZHY), z—il &
! 5 0 DILFETIERIRDT, 0 Db h THEBBEMIEK S (£ Laurent EEHT

7 —

H%),

Dol (e A00,4))

zilz—lizz—gzn (PRFE D(0;1)),

Zig = —%. 1 _12 _ _%:OO (g)" - _nf%;Zl (ERFIE D(0;2)).
THEHD

:%é io ) iQn—H:;( 2n1+2>zn+%é (z € A(0;0,1)).

k
Laurent R D FHiZ L1 THDOH (Thh Z a;n’ a_p #0ICHNET2), 03T
2 z (z—c)"

n=1

%@ﬁﬁu1ﬁﬁwimﬂﬁmza4:%.

2024 FEEIIREDETE® - W HZD T, BIFD (2), (3) DX D%k ¢ DRRIMIHELIA
DO EREE T O REHIE, HIREBRICHE L 2w,

(2) fIFA@0;1,2) THEAITH 2026, £2ZTH Laurent BHITZ 51373,

1 1 1 — [ —
= 1—;Z(> Z (z € A(0; 1, +00)).
1— n=0 n:l

z
Wz Iz
11 1 2" N T Ry |
25 ;_ n 9 2n+1:_22n+2_§';_zz_n (= € A(0;1,2)).
=0 n=0 n=2

(3) f 1 A(0;2,00) THIERITH 256, £2ZTH Laurent BT Z 5,

1 1 1 T /2\" X 2n =, o1
PR I € D BP<U R SEL ST IUERED)
1— - n=0 n=0 n=1
VA
W Z1Z
11 jii LIt 1 1yl 22—
2 z = FAL 2 o\ 2 2] z = AL
°O2n—2
=Y = (z € A(0;2, +00))

D A(0;2,00) IZBIT 2 f D Laurent B TH 5, m
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10.1.1  (10.4) OFEAICDOWT

(LIES < THH, )
HEORIC (10.4) DR D LODH, 3h 5 XS HHLTIELWL., EFbN/-DT, it
BHL TA %,

B HIE. Green OEMIIEET, (104) ZAEHT 2DIZ5 5 TOITH I LELTVWEHD
7273, BEIIX, BEGRZFE T A5 AL 5T, Green DEHIIE THHMEITE ARV (£

DN T RN ZENT 0, 2D 2D MERIE OHEIHICA > TWRWL, Z50W50035 D
NHeEbid), LFTIE, #BERFRIENOD self-contained Z H¥5 L. Green OEHIIHEH T
I, EFG.18 b, ER6.23 2o 2RI 2 RS 5,

£>0,D(a;e) C Alc;ry,m) ET 5L &

(10.6) /| . IE g /| . IE 4 - /| » A

ZRE Do ANFFBHEEIC BT B Cauchy DFEDARIT XD 271if(a) WKFHELWI & 2300
%o WZIZ (10.4) DR DILD (2 & C a % 2 TEEHZ 2),
a=c+pe? p>0,peR T 5,

Ci:z=rie” (0€[p,o+m)),
Cip: z=11" (0 €[p+m, o+ 2n]),
Cor:z=mre" (0 €[p,0+)),
Car: 2 =1¢" (0 €[p+m, o+ 2n]),
n:z=a+ee? 0¢€p o+,

Yo:z=a+¢ee® O¢€p+m p+2n],
Li:z= tei(“‘””r)(t € [r1,7m2)),
Ly: z=te"” (t€r,p—¢

]

Ly: z=te¥ (t€[p+e,m

),
),

I'y:=Cy — Ly —Cyy + Ly — 71 + Lg,
I'y:=—Ls—v— Ly —Cia+ Ly + Cy

(£L,, £Lo, iLg) c_/av’)%* 7b>ﬂ75(éjbzﬁofo ktﬁ%@f

JECYY e .
40y 2 — @ Co1—Cr1—y1—y2—Cia+Car # — @
:/ _f(z) dz—/ / Z) dz
Co1+Cap = — @ Ci14+Ci2 # Y4y £ T Q
:/ ﬁdz—/ Z) dz — /
|z—c|=ry ? a |z—c|:7"1 —a |z—al|=¢

1Q) 4o [ 1@

r,2—a r, 2—a

BEoN L, IN
dz=0
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ERT, O TER

B fz) S fk) f(2)
0_/F1+F2Edz_/|z—c|r22_adz /|z—c|7“1’z_a’dz /|Z_a|52_adz

B, BIEIZED (10.6) BESN B,

DR, ol T 2, BOOMEEZZEZTIC, BPEMEHICEENS K572 T KA T
35 ERT,

Ry, Ry &0, A 2Ap LURDIEREDANY L7 —A~AVFHEEBPEM 25 K57 Ap > 0 53
EE D (EH6.23),

ey NERESIE, ZORAE o+ 0 T3 (HERD 2 = c+ tellvt) WS EKT
H3)o

FDADNNZTZNT L7 —N VR B T lkidz:oﬁ%EDﬁCWTG\LhCHO)

oB < — @

ERACHD o+ ESL (hp UT) WO aeTofy [ L0 omazbenu, 2

r,2—a
DA EBDIKRT Z 2T, BIOMELEZTIC, p+7 DL IP%E p+5+52 KERDZL
MTE D,

Ly, Ly ORI, BRR 2z = c+te™ (t > 0) DBRICEEN 20, BB EEE L T, FER
z=ctteH=5) (1 > 0) DIRICEEND LS TES, bBAAREC Oy &y OHSD
ZE$5 (Cy FFELELD, 7 DERZNTEHEL LEMHICR 20T, ZhidHZo0d), —
DB a Z#lI7, W58 TH5B,

25 LTSN R T 1. 2§D B(c; Ry, Ry o+ — 52,0+ 6 + 52) K& FEN B,
ZOHEBIZERTH 5 DT,

(@dw:/ G,

r,Z—a 1 Z—a

ac LT [ L% o pammcs 2.

r,2—a

(ENRY 72 A8 EH 6.23 S 2R L TL £ 213, RIIMZBkD 2 721 TR EEDOZETE LW
FCE2070, 25 LTEETHHLE S OIFHEAEIT, FHK BT o 2FiHF L Nz
BTGP KoTWD, EBbNE, REIZ Green DEH%Z i o7z Cauchy DFETN
REBDEIREXTZA 5D )

10.2 FfIIFES

COHONEZFHEICEe®» 2 e, NEAIRE, MVRRFZERL, NRREZBRER
AERFRL A, M, EMREACTET 5, K c OBRINIHTIEAIZRBEE f IS LT, cid f D
FRIRE 723N R R R TH 5,
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& 10.8 (MIIBERDSEE: REFRIFES, & EMEES) O 2 C @E’lﬁﬁ%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,¢))

—~ (2=
DD LD, D {a,} ZHWTINIRRAZUTD X 5132108 T %,
(i) ¢ % f DREAEERE R (removable singularity) TH % & 13,
(VneN) a_,=0
DD IO EWVS,
(ii) ¢ 2% f D& (pole) TH 3 & id.
(FkeN)a_, #0AN(VneN:n>k) a_,=0

DD DZ e EWVWD, 722D X, k% f O c DA (order) LI, c X f
DU k DIBTHZ VI,

(iii) ¢ 2 f @ (ML) EMFFE S (an essential singularity) T» 2 ¥ 13,

VEeN)(FneN:n>k) a,#0

MR DITOZ L E VWS,

J
OWTIZ TTEHISEY, TEA Ko WO SEDERLTBI I,
4 I
E&E 10.9 (EAIR) cc Q DWEZEEH f OEEAIRTH 2 21d, HBIED ¢ DFEL T,

D(c;e) 1¥ f OERBUICEEN., f X D(c;e) TIERIT® % (TRODBEED 2 € D(c;e)
KVG [ 3O ARETHB) 2 'V I, J

4 N
8 10.10 (B4 kIOME) ¢ € O HEEIN f OBA K HOETH 5 L1k, KOWFR
Z))%ﬁfcj_z Z%L\'Bo

o 1<K <k %iiZTKITWHLTchH fOK MNDOMTH2
o c 7 f DFRENRERFR S

o c 7% f OIEAI
/)

z € A;0,e) £EL DIXEBIZRENCEINT D DIZ VDT, EEROWETIE. 0< |z2—¢|<e¢
WV AfERSFTEERA 2 2 220,

£ 10.11 (MIFESTHAWMIRS) TED e > 01 LT, f 25 D(c;e) TUCRENREUC
ETERWE X, c 3 f ORESLIER,
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%ﬁ%ﬁﬁm%ﬁéf@éﬁimjﬁﬂﬁfw&mﬁﬁﬁ%ﬁﬁﬁéoMiw\%jﬁﬁﬁ
PEBELTVWSR (f(2): Smu/)ODZ 0 DZ 5V ),

i 7. &{ﬂﬁﬁagﬁl (multlfunctlon multl valued function) DR E WS DB H B, T h(zi 1=y

%o WJK&;I: f(z) = Log z E‘?‘Z)Z%\ z—O i f ONEDIERTH S, m

AR 1012 (1) COMVRRADERI. BREFEOERL IZRL S, BRETIE. (H2IED
e DEFELT, f 5 Alc;0,6) TIERITHZ 2] &RoTWT, ¢ f DIEAIETH %
e NIRFRAD SBRIF L T (IERIFIIFBREFTRERER E WS 282k d), Z
DHI=HiE. BRFORBIVEIRE Bbh b, ZOMWBRTIEZEIRICHES 2L,

(2) (¥ THE) MERD) (i) DGE

lim f(z) = o0

z—cC

z#c

DD LD, KR PERFREUIIERIZR O T,
0o k
. n _ a_n -~ a—f
£11>1(1:n§:0an(z—c) = ay, E " —oF — o0 (z—¢)

n=1

b, FHix

(a) ¢ 5 | OBREFAERS B L f(2) BT 5.

(b) ¢ 73 f OB & lim f(2) =

() %5 [ DIUERRA & lim f(=) BHEE LA (BHL. = oo THHEL),

DD D (= I TRL, HFHEF <« DBFALILPHEETH D),

(a), (b) D = DIEFHIXHHETH %, (3) D = DIFHHICIE, 2 L (Fii& 10.32(Riemann
DFREFTRERF R FUEH)) DRBETH %, (ZHUXZ DMEEORKEKICP 5, TR,
< IF—AFIGEHTE %, )

(3) EMRREA L VWS EHEIR. MNIRERATRWEEICHbNS (]10.24), I THAK
BRI, TN EMRRA) CRT8 A2 0nd Laky, »

%ylom()()()%\(x()()% WHW B DI > TWAZLICEEL XS,
Z5WVIHEI (A)= (a), (B)= (b), (C) = (c) BMD LTI, & (A)= (a), (B)= (b), (C)
()#?<k%# 2 (BIZIE (A) BEDIIOLRET B L, B L (a) TRIFHZ, (b)
E7203 (¢) TH M, (b) BHIE (B), (c) 251 (C) Ty (A) THEILICFET 2, WAIZ
(a) DS D ILD),
BT, ERBO 2 X5 aa® +br+c=0 2HHIR D = % — dac 1ITOWT,

(a) D>0& ZO2XAFERIT 2 DDOHEER 2 HERZFFO,
(b) D>0< ZD2XHBERNF 1 OOEMR (ZHFXER) 2Ho,
(¢) D< 0« Z02XAEAX 2 ODMEER 2 EERE LR,
DD ILOH, ORI HFE CmENH 2 %, =
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10.3 Laurent BR. RS, FEOH
10.3.1 IFAISICHEWT Taylor BRIE Laurent BRI TH 3

X 10.14 (Laurent BRIE Taylor BRD—ARILTH B) f 2% c Diif D(c; R) TIEHITH
%, 5 {a, >0 PFELT,

Zanz—c (z € D(¢; R))

n=0

¢ Taylor JER (FABUER) k2, 2O E, a,=0(neN) Bk,

=Y wle o+ Y o (FEAGOR)

MDD (A(c;0, R) C D(c; R) WCHEET %), 2% D, Taylor EFIZEEMIC Laurent R
TbH5 (2 € D(c R) % A(c 0,R) WWEXHZ 272072), ZDHAEIX. Laurent RO EH
WX 0T, fDcIZBI2HEED 0TH5,

(HFOEVWHZT 5 Z) Laurent BRI Taylor BEO—RILTHE2ELHFE X5, =

5] 10.15 (Taylor B Laurent B %3, IEAIR)
Z i (z€C)

THHDH, f(z) =€ D0 DEDD D Laurent FREER X
= % (2 € A(0;0, +00))

TdH5, m

10.3.2 [RETERESR
¢ f OREFTRERRETH D L&, HBEM e &, {an},oo PFELT

= Zan(z—c)” (0<|z—c| <o),
n=0

ZDEZE, 2€ D(ce) IZALT

FIHR T 2 DT, f & D(ce) TIERIT,
f(2)=f(2) (€ Alc0,e)).
Wz I
Fo) = { f2) (2 € Ale:0. +¢)
a (z=c¢)
THDILhNhb, DED, 2=c T f D% ay TH3 LS ITERZBIELY f 13 D(ce)
TIEHITH %,

MBREFIRE) & \WS BED= a7 Y A7 %,
BB, ag=1lim f(z) THDHILITHERET %, 7 Res(f;c) =0.

z#c
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sin z

5l 10.16 (FREFIEEIFESR, BREH) f(2) = (z€Q:=C\{0}). 01X f OAIFFET

TH s,

o0

1 1 “DF g~ (CDF
f(z):; sinz = Z%zk 22(2(k+>1)!zk (z € Q).

ZAUE f D 0128 S Laurent BEATH %, ZOEIRIZ 0. WZIT 01E f OFREFTRERFE
TdH b,

=1.

— (=DF o
lm /()= D g o

k=0 z=0
{ sin 2z (2 € C\ {0})
52k
Z 2k;+1 (z€C).

k:O
2O f & CTFRITH 2 (EFEDIRME D(0;+00) =C), m

Bl 10.17 (BREFTREFIRS)

) 241 (2#£0)
f(z)_{Q (z=0)

ETRLE0F f OINIRREFATHY (ER f 13 0< ]2 -0 < +oo TIERITH D, 2 =0
TREMAATRETR V). BRERIREREATD 5.
0 CTOME2 % 1 ITEH L 7B

~ ) Z2+1 (2#£0)

1Z0 ZEAEE TS (3RTD 2e CIIHLT f(2) =22 +1 THBILICHEE L), =

ZDEII, REMRBRELNTOMEEZZE LT, ZORDEAIRTH 5 X5 1CHkKS, 20
T eZWD 2 ATIHEDRZ W,

10.3.3 {&

%1&%(%@§§Iﬁmmmﬁﬁ)ﬂ@zzigQGQ:{KBDuﬂiﬁfﬁﬁfﬁéo
W2IT 313 f DINIRIRAT, ZhlSNC f OINIRER ISR L 720,
C\Q}dﬂ%ﬁﬁA@mﬁmﬂT@%of@3®ibwamﬁ@%@\ﬂ@—;%§§
BTHs, FERR
a1:=2, a,:=0 (neZ\{-1})

rBLlt

[e.e]

= anlz =3+ X T (5 € AB0, )

N RIRVASY SN
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:@memﬁﬁwi%mzégfﬁéo3@f@1ﬁ@@f@b\f@gmﬁﬁéﬁﬁ
X Res(f;3) =a_; = 2.

lim f(2) = 00 (llgzl))|f(z)| =400 EWVIH T L)m

z—3

fl 10.19 (ZDF F Laurent B €D 2) f(2) = ( 23)4 (€ Q:=C\{3}). fIXQTIE
Y

AItH 2, wRIT 313 f OINIFRIRAT, ZhSNT f ORISR L 720,
C\ {3} ZFIRFEI A(3;0, +00) TH 2, f D 3 DEDHD D Laurent EHIE, f(2) =

HETH5, EF

2
(z=3)!

a_4:=2, a,:=0 (neZ\{-4})
ek

[e.9]

f(z) = Zan(z -3)" + Z a_,;))n (z € A(3;0,+00))

= (2 -

n=0
DD LD B, )
Z @ Laurent FER D FEHRIZ 3 ThHb, 31X f DANDMTHY, f D 3ITBITBZHE

z —

BZE Res(f;3) =a_1 =0. RED llir%,f(z) =00. B

23 — 722 + 262 — 30

Li\ ;j-(@‘;: 5 &:ﬁ /\/\5!65(/\ 77_/6
23 —522432+4+9 AT oY R oT R

Bl 10.20 (FIERAEN) HEEE f(2) =
x5,

z3—722+26z—30_ 2 3 4

= =1 — .
U A sy g oy R i Sl P 1R

fIEC\{3,—-1} TIEHITH % (57 - B FIFZHEAXLRDT C 2KTIEAIT, 2 #3,-1 D&
ZRHE 0 THRWV),

3 -1 f OINIFRERTH %,

JIWHEHL XS, 3DED D Laurent FER & 1Z

o0

F =Y anz =3+ > e (0< ]z -3 <)

— (z—c)

DEELERTH 5,
25+ oo BT T3 OFD D O Lawent EROEE L T2,

2L DES 1 — Ziﬂ FEZ L5, CAUR D(3:4) CEHITHS (1= 3 & —1 D),
WZIZ3DED D ICERBERTE %,

4 - - (_1)n—1 n .
W 21T

n=1

IO f D3 DEDLDD Laurent B TH 3, WZIZ 3 & f D2MOMTH%, ZL T
Res(f;2) = 2.
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Z DR DG, Laurent BB % BAKNIR D7 K TH, WmHIDIRD 38U fRD BT R
ZTWBZEIHFEEL XD,
—13 f OINIRRETH S, —1 DFEDH D Laurent EBEIIRDLLTH, 1 MO TH %
Y arb, FEEE
2 3 4

fR=hE@+RE A& =1+ 5+ gm RO=-7

ERET e, f1 1 D(—1;4) TIEAITH 2026, —1 O D ICEREEMTZ 5. (3{d,})
filz) =) a(z+1)" (z € D(—1;4)). ®ZIZ

. / n —4 .
:;%%@+¢)+Z+l (z € A(—1;0,4))
MO IO, UL f D —1 DJFED D Laurent B TH 5, FHRIZE T4 THDI20H. —

& f OMT, ZDOMEUX 1. Res(f;—1) = —4. ({a,} ZEAKINTRKD 2B N p &I
TE. )m

5l 10.21 (—RDOBIEEAK) HHEIED Laurent B, I FFRAZHNK S,
P(2),Q(z2) € Clz], P(z) & Q(2) IZHEWIZER. P(z) # 0 £ 55, P(z) DHHELZ IRz
.., TNENOEEELE my,...,m,, P(z) ODREXFEEE ap T 5L,

k=1
DL E,
roomg A .
Q) _ g 4 b pym€C
P(z) o (2~ o)

WS FAZER D B R R B
A, 213 Q:=C\{a, - ,a,} TERHITHY, op EEL my MOMWTH B Z L H

P

ﬁ#éo%@m@ﬁuégwmwﬁfﬁé B, P(2) ¥ Q(2) BEVCR L RE Lk 6
T bLY P() ¥ Q) AU BLEOIGHEREA0%5 D13, (FRITAL) HAeTfErs
BAEDBND (B f(2) = Z &ilﬁ@ﬁuﬁ“ctcw[f%iT ERRSATH D),

1

| @

Bbp o, HHEHEHD ¢ @iib D @ Laurent EHZ KD 5121E. f(2) = G DricD
DD D Laurent EADKFIUIRW,
(1) m=1DHBEFLEHEIRLIZ LI
() ccaD¥ &, fl)= —— — 1 (0<|s—c| < +o00). CHELH c DEDD D

zZ—aQ z—C

Laurent B TH %,
(i) c£a DEZE, f(z) = i & D(c;la—c|) CTIERIT® 206, ¢ XIERIKTH D,
PREFIREIR A TH %,

[e.e]

fz) = —— = =3 "'_‘ZH (0< |z~ <|a— e

Z—a

n=

e DFEDHDHD Laurent BFHTH 5,
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(2) m>1 OEEF. m =1 DHED Laurent JEFHZ M7 TIUIKE %,

BIZIE, f(2) = ﬁ rys,

(i) c=1DCZE, cld fO2UDOMTHD. f(z)=
D fDecDFEDHHD Laurent B TH 5,

(ii) c=2 D E, fiF D(2;1) TIEAITH 255, cid f DIERIETH D, BREFTRER
BN TH 5,

_11)2 (0<|2— 1] < +00) HE

1 S n1
f<z>—(z_1)2——(z_1) S n(=1yi( — 2"
:Zn+1 "z=2)" (]z—2l<1).

D f D cDEDLDD Laurent BHTH 2 (|2 — 2| <1 THYILDZHIX, HR
0<|z—2] <1 THDHILD, )o

INT, EEOHHEE % Laurent BT 2 HER Do 72,

WRRIZI2 203, f(z) = (Z_11>2 D, A(2;1,+00) IZHBIF % Laurent B DHRDTAH LD,
1 1 1 1 I =/ -1\"
z—lz(z—2)+1:z—2'1 1 :z—QZ(z—Q)
T

= Z é;i);)n (1<]z—2] < +0)

n=1
TH5056

o0 ’Vl 1 o0

(n—1)(~1)"
; z—2n+1 —Z; o (<lm2<ioo)m

AEBIBLUIN OB DM DB Z DT & 5,

B 10.22 (=) = 227 13 C\ {0} = A(0:0, 400) TIEHITH B, sin ® 0 O Fb b DEFH
T )
sinz = (1" 22 (2 € 0)
2k + 1)!
k=0
iRy 5)

o0

sin z L (—1)F —1)*
(x)  flr)= = Z (=1) .zzk_l = Z —(2<k _il_)l)!z%_l + % (2 € A(0; 0, +00)).
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>- TR - THEEHZZ2ERVDLD, ) ZHD f D0 DFEDHDHD Laurent EFHTH 5,
SR

(—1)F e ol e
%H&ﬂ(nzandwﬁ®t%ok—3—2%<tkﬁmﬂfn_ﬂk—w

(
1 (n=-1)
0 (ZHnL)

c=0, a,=

EBLE (1) OFELRE Y az—0"+ ) —— OFELTVS
n=0 n=

—~ (2 =¢)

F72. 2O Laurent ER D EEIZ é THH, 01F f D1IDOM, Res(f;0)=1.m

10.3.4 EMES

] 10.23 (MMALEMFER) f(2) = exp Liro—c \ {0} = A(0;0, +oc0) TIEAITH %, W
ZIZ 0 fOINIRRNATH 5,

exp( = Z (" (C€Q)

THEDH
1 =11
f@ﬁmw;z%}mﬂ— Z}T— (0 < |2| < +00).
D f D0 DEDLDD Laurent B TH S (EFE a, =0 (n € N), a0 =1, a_, = %

meN) eF3e. f(2) }:%z+§:”m

;@meﬁ@ﬁ@IB@}j——ﬁf%D (0 THRWIEMHERED 2 DT) 013 f OB

##E%}ﬁf%%o if: Res(f, ].) - % - 1

lim f(z) DTEELARV S, BEHCEOHIRT b 5725
lim f(z) = lim €Y = +o0,

z—0 y—+o0
z>0

: T
ngg} f(x) yEI—nooe Om

M 79. (BELE 2] p. 85 ORIZUGE) LT D (1), (2), (3) ZAEHE K.

1
(1) Ya € C\ {0}, Ve > 0, 3z € A(0;0,¢) s.t. exp — =

1
(2) H{zntnen s.t. hm 2, =0 2D lim exp — = oo.

n—oo n

1
(3) H{zntnen s.t. hm 2 =022 lim exp — = 0.
n—oo n
FRE N
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Bl 10.24 FRIBERATHVEMISES)

fmZZOTi%éhfﬁmﬁ\%muﬂKQnézotﬁ%zmﬁbf%%%éhﬁmo:

1 > .
axﬂi{@U{Eﬂnez}mﬁﬁéﬁfmﬁiéﬂﬁmo0@f®%§ﬁ?%éﬁ\%i
FEATIER, SRS EM R L RN 5, .

#1025 acC L LT, f(2) = ia@eC\@ﬂ)t?%o

(i) c=aFbt. flX A(;;0,400) TIERIT, f D c DF DY D Laurent EHHIZ

f(z)= L (z € A(¢; 0, +00)).

Z—a

(i) c#£a &35, f1X D(cla—c|) TIEAITH 2D T, ¢ DFEH DT Taylor BETZ, %
N f D cDFEDDD Laurent JEFTH %, ZDFHEIIMATD Lo TH % D THIERK

Z az_—ccnﬂ (z € A(c;0,]a — ¢l)).
ESES
1 1 1 1 1 o (z—c\"
f(z):z—a:(z—c)—(a—c):_a—c'l_z_cz_a—cnz%(a—c)
a—-c -
ThHhdH1b, )
—Ji & A(e; la—¢|, +00) THIERIT® %, 2 € A(c;la—c|,+00) DEE.|z—c| > |a—¢|
T%%#E\L_:<1#&040®T FHAB OO LR T
B 1 1 1 1l fa—c\" & (a—o"
f(z)_(z—c)—(a—c)_z—c 1_a_c—z—c;<z—c> _nz_o(z—c)”“‘
z—c - -
ERAN PY5

)nfl

=3 ST (e Alaila - dooo)),

n=1

I f D Alc;la —c|,+00) IZBIF % Laurent EFATH %, =

f 80. (HAIE 2] p. 84) RO D Z N2 DM FFR IS BT 2 EEENI D,

2

COoS 2 ~
(1) 22sin z (z=0) () m (z=1) BEAN
5 81. (1) f(z) = COS 2 WHTL T, 013 5 WS FEHDANN R 5, (2) f(z) = %5322)

KﬂLT\OMEDD9@ﬁ®%¢ﬁEﬁ# (B)r >0 DBEARITNELTH, A 0;r) I
BOWT f1X 0 ADO TR TORZBHELE S Z & Rt BEA
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10.4 R ZFDOMUHDFFHEDIT

Bk, e 20 % Laurent B ZF\WTER L7z, Laurent ERZKD 2 DI LIX
LIXHRBE DT, o eEHBELYEEDLD B e HEMTHE, ZZTEEFNEERL X,

ROt %z, BRICHET 268 9.3 LHERLTAZ LRV, ZOMmED (i) = (i) DFEH
ZHRA2E, MDFEDHH D Laurent R Z KD 2 HEHIEX. Taylor ER%Z K 2 MEICFHAE I
52D anb. BRAEB S (L) EMRRADED D D Laurent EFIZOWTIE, BI7- &
57 Z kR W,

£ BF

~
fned 10.26 (BDYFHDITF) c€ C, r > 0, BRI f 1 D(¢;r) CIEAlL keN &35 ¢
. XD (i), (i) EEWICFEETH %,

(i) cli& f D k Lo

(ii) D(c;r) TIEAIZBE%L g DSFFLEL T,

f(z)= L2 (zeD(er), gle) £0.
- Y,
REEA (1) = (i) DA, ¢ DY f Dk fiofie 522, 5 {a, )., DMFELT

f(z) = Zan(z —o)"+ Z dn (z € A(;0,7)), a—p #0.

(z =)

a_ a_
f(z) = (Z_kc)k—|—~--—|—Z_lc—l—ao—l—al(z—c)+a2(z—c)2+--~

o0

. Z an(z — c)" "
= Z an(z— )" = n:k(z — o

n=—*k

00
Z a—k:-i—n('z - C)n
_ n=0

(= oF

g(z) == Za_k+n(z—c)" LB, Al 0,r) TIERT 2DT, FEiX D(c;r) TR L TER,

n=0

72 = 28 e A@or), gle)=a 20

(z =)

(11):(1) ®§IEHHO (11) 721&7\'2@—5 Z‘ D% {an}nzo ﬁ)ﬁﬁ LT

9(z) =Y au(z— 0" (=€ D(c;r)).

Zan(z —o) - -
f(z) = n:O(z_—c)k =Y an(z— )" = ani(z — )"

n=—k

-0
— Zan+k(z —o)" + Z don ~ (2 € A 0,1)).
n=0



ﬁ DIFEL = a4 = ag = g(c) #0.

WX clX f DENOMTH 2, =
AR 10.27 FLETETEL) @B 9.3 TRZEIIE, ¢ f Ok fDFEMLIE,

fz)=(=0"z) (z—c<R), glc)#0
T/ IERIEAE g: D(c; R) = C MEET A Z &, T/l 10.26 TRZEZX S, ¢ f D
k LML 13,

F0) =20 O<le-d <R, 90 #0

Ziwi7z TIERIBER g: D(¢; R) - C R ET 528, RSAERES, =
Laurent BBZ L2 < TH, WY 5, ZOMNENIAID, 705 e DREETH 5,

5l 10.28
(2 =3)%(z—4)°

J(2) = 23(z—=1)%(z — 2)
01X f D3O, 11X f D2MDM, 21& f D1IMDM, (ZHh2h g BAITH2H, T8
TBZE, )DOVTIZ, 3 fD2MDEME, 413 f D3NDOEHTH 5,
ZNTIX

(2 —2)(z =3 (2 —4)°
95 = 5L ST —g)

137 2 FRBBRRATRERRATDH 25, K

h(z) :== < ;32 521;24)

X 2 DIEHE D(22;1) TIEAITH 255,
(Hantnzo) h(z) =D an(z—2)" (2 €D(21)).
g(z) =h(z) (€ C\{2}) TH2H15

g(z) = Zan(z -2)" (z€ A(2;0,1)).

WZIT 213 g DRRAAIRERIRFTH 2, =

21029 Pk Qlxc DEMFBTIEAIT, cld P D kMDOER, Qc) #0 THBHIX,

Y ::% Dk ROTH 5.

SEEA ¢ P Dk MDFERTH S0 5. ¢ DA TIERIREE R FEL T, P(2) = (2 —

c)*R(2), R(c) #0. 2D & X, g(z) := %Eg LB e glF c DFTIERIT, g(c) = % # 0,

f(z) = (ngzi)k (c DB BBRINEEET) HRD LD, M 102612 E > Tl ¢l f D k [0
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Fﬂ keN ceC, fliZcDEFHTEHETZLE, ¢ fDEMOFERTHZ=0I1213, ¢
f @*ﬂﬁfi@é EDREATH D Z L R,

sinh 2

Bl 10.1 f(2) := s DIFRTOMME Z DA EZERD K,

(f%) Q(z) := sinhz, P(z) = sinz 1&& 12 C 2R TIERIZZBEIENTH % (sinhz = (expz —
exp(—z))/2, sinz = (exp(iz) — exp(—iz))/(2i) DB D TH 5 L. JFEEIZHBIF S Taylor EHOD
INHRAED 0o THB I ZHERLTHRWV), cc CHMTH 272D, Plc) =0TH5
CEDMETH D, sinc=0<Ine€Zst. c=nm Plc)=cosnr=(—1)"#0TH2H0 56,
c=nrtld PDINDOERTH %,

(i) n#£0 D ZE, Q(nm) = sinhnr # 0 (sinhnr > 0 IZHER) TH2H06. LD Cor. I
EoT. nr & f=Q/P D1{iOWTH 5,

(i) 01 P D1NDBERTHSH2 5, P, st. P iE 0 DD 536 (C T OK) TIEAIT,
P(z) = zPi(2), Pi(2) 20 (0 < |z| < 1). FAHRIC 01X Q D 1A LDBERTHZ0 5,
JQ1 s.t. Q1 13 0 DI (C T OK) TIEAIT, Q(2) = 2Q:1(2). TDEE, 0 DD SRS
WPE (0 < |zl < 1) T

foy = A Q) _ Qi)
P(z)  zPy(z) Pi(2)
ZOFAE |2| <1 TIERITH 205, 013 f ORERREEREATH S, ©WXIC01 f
DMTIZZ, =

10.5 FIIFESD lim ICK3FHHE(TF, Riemann DREMEEFIFE R EIR,
Casorati-Weierstrass O EIE

B FILEM 10.34 2 AE T, GEIERREI LIS 2003 LAV,

e R
8 10.30 (FREFTREBFERAOME) QX C OBES. - Q= C,ceCTHY, cld f
DREFRERIRSTH 2 =, XD (1), (2) D LD,

(1) lim /(=) GHRBEETD 5 (HROBRSTFET 5).

z—cC

(2) 3R € (0,00], 3f: D(c; R) — C EH s.t.

J(z)=J(z) (0<]z=c<R).
IThOLE, fldc ETIHTIEANIIRTE %,

J
GEER ¢ f DMV RATHE2Z 25, JR>0st. fIX0< |2 —c| < R TIERITH %,
Wz 12 Ha,} s.t.

o0

— Zan(z — )" + Z (Za_’;)n (0 <|z—c| < R).

e f DRREFTRERIRRTH 2 L WO IREDR S

VvneN a_,=0.
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Zanz—c (0<|z—¢c| <R).

n=0

GO 2z = c THIRT % (HIZX ap) T &ITEREL T,
=S az— 0 (e <R)
n=0

r5L ¥, fiD(¢;R) - Cld (ICRERELOT) ERITH D, BHZ 2 = c TEBETH 205,

lim f(z )ﬂggf( z) = f(c) =aom

z—cC z—cC

AR 10.1 ¢ f ORRAATRERFENTH S L &, FIWID %<, [ % D(e; R) Lo ERIZREIE
fICBEMHZTHEGRT A2 IEDE N, 20 fId,

N fz)  (0<]z=d <R)
f(z) = 1353 f(z) (z=¢)

z—cC

EREOTZ b HKRS, m

8 10.31 (BOMHE) QX C OFEA, 1 Q= C,ccCTHYH, ¢ f DWTHN
B liin f(z) = 0.

z—cC

SR A f OIIEATHZ 25, 3R >0, 3Ha,) st.

= Z an(z —c)"

MOMEE k&322, a 202D (VneNn>k)a,=0THE05,

o0

(0<|z—¢| <R).

[e%s) k
= n(z =) (0 <|z—c| < R).

AR &[RRI

hmg an(z —co)"

z—c n=0

(= 1c B, 2#c,2—>cDEE (— o0 Ty

z —

i 92412k b,

liinf(z) = qp + 00 = 00}
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@78 10.32 (Riemann DOREMTRERERRTIE) c X f DI ES L T2, HEIEK <
BEELT, {zeC|0<|z—c|<e} T fORERTHUI T f OBREAIRERRAT
%%oﬁmggﬂ@ﬁﬁ@%ﬁfﬁﬂﬁ\Mif@%iﬂ%%ﬂﬁ?%&

z—cC

SEBH  (Liouville D/ERE (EHH 9.23) DFEHE RLARTA 2 L HIEHV, ) f AR WS RE
o, AM eR st [f(2)| <M (0<|z—c¢|l <e).
f 23 A(c;0,e) TIEAIT® 3 Z 225, F{antnez st

f(z)= Zan(z —o)" + Z (za__Z)n (0<|z—c| <e).

TEDODNEZ, 0<r<e Z3EED r IZHLT
1 f(0)

= 5— o
210 Jic—ej=r (C — €)™t

dc.

f(©)

Wz 1z

1
|ms—/ :
21 Jic—ei=r 1(C = 0"

Bz, EED ne NIZHR LT,

M M M
|d¢] < / |d¢| = — 2 = .
[¢—el=r "

2rrntl

M
la_p| < —=Mr" (0<r<e).
/rwn

rl02T328Ta,=0neN). O fDcliBIsn—5 VEHOERIZ 0 THS
DT, ¢l f DREFRERERTH S, »

BUEE  (FERUIBENE 2 WS AT f A7 A(c;0,R) TIEAIT® 2 &5 %,

9(2) = { (()Z —c)*f(2) ES i Icz) — | < R)

£BL, gld0<|z—¢ <R TIERIT® %25,

g'(c) = lim 9(2) = 9(c) = lim (2= 0f'f() = 0 =lim(z —¢)f(z) =0

z—cC Zz — C z—cC zZ — C zZ—cC

THHHDPE (ZZT fPERTHEZeEHW). gld c THMPAIRET. MR |2 —c| < R
TIEHIT® 2, @ 2ICZDHPATIORS 2 BAABUCEMTZ 5.

Hantnso st. g(z) = Zan(z —o)" (l]z—c| <R).
n=0
g(c)=0,4(c)=0THBD5H. ag=a;=0. ®ZIZ

g(z) = Z an(z —c)" = (z — ¢)? Zan(z —o)"? = (z—c)? Zan+2(z —o)" (|]z—¢| < R).

NS HZEHI NS AN B AV, HARNIZIE. Riemann OEMOARERZ FHWZFFHHIX. Liouville OE
@ Cauchy #HiiZ WAL R LT, HHWEEL 207100, 25 TRVADBWE S LWV, ZOFEEICSH,
EBolHHEIXETSNZITINE -
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In 5

[e.9]

F(2) =) ana(z—=0)" (0<|z—¢|<R).

n=0

WZIZ clE f DBREFRERIELATH S, =
-

fiRd 10.33 (Casorati-Weierstrass, E4FERDMEE) Q 13 C oBES. f: Q — C,
ceCTHY, clI f DIVIEMFEGE T 5L X,

(V8 € C)Fzntnen) (v € N) 20 # A Tim 2, = c A lim f(20) = B).

(fifR B =00 THRWI LITR 2, ) )

COFEHOIEFIZEKR L TH 2 ADZ VA, DINICA 2 X5 I22Uz ¥ BRWIEIZBER W,
BEBA flX0<|z—c| < R TIEAIE T3, VB € CITH L TRHE D ILD%,

i
[ (Ve > 0) (Vr € (0,R)) (3z € A(c;0,7)) |f(2) — B] <e. ]
&L HATHTEAUL, n=1,2-- KHLT. 5:7":% P LTHWT. 3o boer sit.
(meN) 0<lm—c<= A |f(z)=fl<-=
n e < Zn -

In s

lim z, =¢, lim f(z,) = 0.
n—oo n—oo

IR, EoFRZBEEYZHWTHEAT %2, Z0OMD LR VWERET 5 L.
(Je > 0)(Fr > 0)(Vz € A(c;0,7)) |f(2) — 5] > e.

DL E,

(z € A(c;0,71))

EBLE (DR 0 IR LBRNWI EITHER). g 1ZBRINER A(c;0,r) TIERIT® %, WZIT ¢
& g DINIFFRFTD 205,

1
gl <L (e Ao
£V S FHEAEL D LD DT, Riemann OEM (M 10.32) 12 & o T ¢ BREAJRERFFRAT
Hbd, T72DB g & Ble;r) CIEAILBEBICHNRTE 2, EFED2D g(z) # 0 (2 € A(¢;0,1))

TdH b, Ba(2)
1 g(z) +1
pu— + pu—
fE =0+ 0 =4
THH00, clX f OREREFEAELIEIMTH S (c 28 g DFERTRIFIL c X f DR
ERJRERFERS, c 2V g D kOB ETHIR, cld f Dk NOM), AU ¢ D f OINIE

HRERTDHLLVIRERCKT S, =

BZoFRIZ, THOMREFAMEE T o TRV, D% D, -6 THEMALDIDTH 2,
9L (proof by contradiction, reductio ad absurdum)
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; N
EIE 10.34 (FIIFEAD lim ICKBFH D) ¢ 2 f DINIFREREATHE L &, LIFD
(1), (2), (3) DILD 3D,

(1) ¢ 23 f DIREFRERIERTH 2720121, 13361 f(z) HEBHEETD 5 Z & BRE+IT

TH s,
(2) ¢ 2 f DT D 2 72D, lzi;rérclf(z) =00 THDBIEDVRETITDH S,

z—c

(3) e f ODIIEMREATH 57201213 hyrénf(z) DEREETD %L 13;91 f(z) =0

z—cC z—cC

THRWI PR EA+TH S, )

SEEA  MEMEIZ ETRLZ3 o0 BREVRNEROWE, MotE, AMREROMN
H) T b, DHEICKE->TWRZers, TP ELINS, =

B 10.35 f(2) = exp (%) oW, 013 f DI EMHRATH 5, —MEHD D = — 0
DL ED f(2) ORRIZIFE LS,

lim f(z) = 0,
x—0

lim f(iy) = oc

y—0

DEITGEDFHITE-T, 0WZIHLZZD, oo WKW DT 5, m

5213, Casorati-Weierstrass DEH LD b o 25, RDOEHEDK D IO Z e BHISNT
W3, L2 LEHE 10.34 2185 7-®121%. Casorati-Weierstrass DEH T3 DT, RDIE
HOFERIZ A3 % (Bl 213 Ahlfors [42] 125 %),

fnd 10.36 (Picard DKREE) c ¥ f DIV EMFRELr T2 %, JeecC, (VU: c D
FRAGERS). Vo € C\ {e}, Iz € U sit. f(z) =v. — @A —DDRIMEZERZ, ¢ DEED
RAGEFFICHENWT, ZDEEZHS,

Z D Picard DEHITOWTIE, —HR 59] B A BFENENTDH 5,

10.6 &I FF: Laurent HOUNRKEH]

~
E& 10.37 (Laurent &) c € C, {a,}nez € CZ ZHWT,

e e}

Z:; an(z—c)" + ; (ZCL—_Z)”

v REN B EBOERECE . ¢ ZF0E T % Laurent 52 L3,

2ODIENE IR T B ¢ &, ZD Laurent FREUIIE L. ZDOHNZ 2 D DRI DI

THDEEERT b0 2ODHEBDDIH L b —FDHMT % & XX, ZD Laurent FEUE
\%E%ﬁl?“%\ CERT B,

J
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M OANEREETIERIT, 2 — 0o ® & A2, “BELE CEMAGETH S, 7
DB, ceC,0<R< oo, BB f 25 {2 € C| R < |z — |} TIEAIR S, I{an}, s t-

f(z) = ag+ —— + Z

z—c (z—c = (z—c)" (< ]z =)

- J
ZENZNOMDBNOR T 270 DM 2EZ 5. HHMEBEBTIOL L., ZDHERTIEFRL

TEIEDTD B,

a N N

EIE 10.38 (Laurent fFEMDUNREHE, “INRKAR" DIFE) Zan z—c)"

n=0 =1

WCDOWT, KD3IDDSHEDWNTNDH—DDE D D,

(i) 0 < 3R, < IR, < oo s.t. MIRFE A(c; R, Ry) TWER L. Z DB TIIFMT 3,
Ry <ri <mry < Ry %?ﬁfl?{?ﬁ%ﬁ@ 1,72 &:;FJ‘LVC\ Z(C; 7’1,7”2) TgﬁQZ%@jﬁ”y;E
ERRA

(ii) 0 <3R < ocost. M |z —c| = R DETHEVHBIES LTI L, ZOHESTIX
RS B,

(i) C k=2 & ZATHET %,

\fﬂ@%ﬁ@RltR%m>@%®@Rm#%%mﬁiéo )

B ) an(z— )" IKOWTE, $5 Ry € [0,00) U{oo} BFELT, |2 —c| < Ry TR

n=0

L. |z —c| > Ry TIIHHT 5,

Z (Za__z)n WOWTIE, 3% Ry € [0,00) U {oo} DEEL T, |2 — | < Ry THRL.

n=1
|z —¢| > Ry TIEIPRT %,

Ry < Ry THHUX, Laurent fK&EUE A(c; Ry, Ry) THRL., ZDHNEE {z € C | |2 — ] <
Ry or |z —c| > Ry} THET %,

Ry = Ry, THAUX, Laurent #id {z € C | |z2—c| # Ry} THMT %, {2 € C||z—c| = Ry}
DERTEE ETIRIR T 2 A[REMED D 203, BRTRADRESTL VWS 2L DHD 5 5,

Ry > Ry, THAUZX. Laurent th#d C FOW=2 2 ZATHERET S, =
M 82. LOEHD (1) DHZBEI. Ry, Ry & a, ZHVWTRDE, BEA

10.7 $ F|F: Laurent B & BAHROBHE

(ZNDRHOHDF ? Hik72 Z e 201, BAFVTH2ARKZHIZLRVWE S ITE S,
R D —BMZER T 27D DFED X FITHYLRFFEEEEZ 5, )

IR 2 Z v 13FEIC

(27 BE% D Laurent BEIIFBERDIEZ 102572 %, (HBBIELD Laurent JEBIXEEL
RDOIEIZF SR D RHCEEBIX0TH 5,

CEEOHT, RERFRIIETCRVTHA S, ZHEFEKEDZ ik, BEREIER (Taylor B
) \IZDWTHRILT %,
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FRIZDOWTHMZES Q ZERB2HOBE [ Q> C bbb 5 5, f2aHEKTDH
% 2.
f(=2)==f(z) (z€Q)
DD IDZ xRV, Fio f BMEREKTH % LI,
f(=2)=f(z) (2€9Q)
MDD L E VI,
Q23 C OMERFEE A0; Ry, Ry) TH Y. fHBIERITH 258, 5 {a,} DFELT

Z an ZEAORl,RQ))

n=—oo

[ EBEECT B UL

S e = S = —f(=2) = 3 an(—a)"
— i (=) a,2" (2 € A(0; Ry, Ry)).

Laurent B DR O—EMHH» 5
(Yn€Z) a,=(-1)""a,.

IS n BEEESE a, = —a, THEDS a, =0, T2D5 f D Laurent EHINIHFTERX
DA I 6725,
B f DMEBIECT HAUL

d a2 =f(2) = f(=2)= D an(=2)"= Y (=1)"anz" (2 € A(0; Ry, Ry)).

Laurent B DR O—E D 5
(VneZ) a,=(—1)"a,.

N6 n BEEL SR a, = —a, “C%%z’)l% a, =0. 372bH5 f D Laurent EFIIELBER
DEE TINS5, FZ fD01ITH BEIX0TH:

Res(f;0) =a_1 = 0.

M EoRERZ =ML L L5, c€e C,0< R <Ry <+00 LT, fiEQ=A(c;R,Ry) T
IERIZB# e 32, 2Dk %,

o fcICBILCHBIE (Vz2eC: Ry <|z| < Rs) flc+2)=—f(c—2).
o fH I THEBIME (V2 e C: R < |2| < Ry) fle+2) = flc— 2).

v 5,
5 {a,} € C% BEFELT

o0

f(z) = Z an(z—c)" (z € A(e; Ry, Ry))

n=—oo
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DI D LD,
f 2 ciZoWTHRBEKTHIUL

Z a,z" = Z an(c+z—0)"=flc+z)=—flc—2) = Z a,((c—2)—¢c)"
= > (~1)"ayz" (2 € A(0; Ry, Ry)).

Laurent B DR O —E M2 5
(Yn€Z) a,=(-1)""a,.

Zhns n WEEZSE ap = —a, THEDH a,=0. 25 f D Laurent EFIIFEX
DA I 6725,
[FREIC. f 23 c ieoW TRk TcHNR

(VneZ) a,=(—1)"a,.

IS n BEELESIR ay = —a, THIDPD a, =0. T805 f D Laurent ERINIHEX
DB I 542, FHZ f D c B38BT 0 TH 5:

Res(f;c) =a_y1 = 0.

11 BEFEIHE (residue theorem)

11.1 PFEER

SR FEE L TREECER | ZIERICEATH AN, HiFtar A= a v nidh b, KITHEN
T30, EBIE S A HOERIT, FEED 50 D 2TV (ERMMELTWEHDTH ),
-

FIE 11.1 (BEEE (the residue theorem)) D & C OF R T, R? O L AR
L7 ¥ & Green DEMBHILT 5 &35 (P2 KON CH R OBEED 75 7T %
NTAERREEEL. £721% 0D I3ERED X7 C R ERIEFEARFR2: 572 b . EIT /RO
ERNZ DDBRZ3), C:=0D BETAMDEMZ D ZR2ME) £BL, Q& C D%
BT, DCQZilied. {13 D NOMELRZHRT, f: Q\ {1, ,en} — CIEIE
Hlegsd, ZOrE

N
/ f(z) dz = 27riZRes(f; ci)

N AIRVASN
N
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COEHEYAX =T 5, BRI T RBLHYRR S, INETHTORLRED O
BHo5b5, BRI S D3, KIEZh T2 5, BRI Cauchy O AKX Z2EL DD
HELE

d
(11.1) la—cl <r = z

¥ 7z, Cauchy DT AR D

L [ flz) , 1 . f&) 0N o (R _

(11.2) 9 )z —a dz = 57 27i Res (z—a’a _ll—lg(z a)z—a = ll_I)rcllf(z) = f(a).

b HA. KREFRIZBWVWT, IhHDFROAICEREEZAWVSDIE. BRHEICE>T

LEVWRAITH 225, 7D TWVWTHA5,

Canchy ORISR IS 2 72 bOWH £ LT, HEMCHE L 72 2 £ OB 2 (a) / : (de 7
|z|=1

(b) / . 2 i, BEGEREMS LAY B (SAREAEN D, 1),
|z4-3|=2

Yy 2 "2

d g = -
X5l Cauchy @%ﬁ\ﬁﬁ“@@%ﬁ@#oﬁ: / Z2<z—j—2)2 VQd %)E*%ZVG% 5X51%5,
=1

|z

dz 1 1 !
———  — =271iRes [ ————:;0) = 2mili P — | =2mi
/;dﬁ@+zy m %(%@+ﬂﬂ’) “J%(Zﬁu+2y) S FEE

. =2 m
:27'('2'? = —7

B 11.2 (Goursat DRNZBHEETEL) Goursat DRH: ne N & T5L Z
n! f(2)

omi Jo (z — a)rtt

FBR (Goursat DARZHEEH 2o TREHAL TA L D)

fﬁﬂlzrlﬂ—~2wiRes<(—lle—— a)

27ri z—a)"tl’

=t () [ - o 2]

BECEHITIZ, L RAEHD D 5,

Z L DARIZRD & 5 iFEimIc & 2REHDE - T\ 5,

%oy DEDLYIHMZRNT, ¢ DEDDZESZWEDE [ Z21ED. £HIZOWT
Cauchy D& EH / f(z)dz=0 ZH#EHT 5,

I
I ZRD &5 sl 35,

dz = f"™(a).
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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> TH ZOREHIZERT 275507 &5

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\ {¢;) CIEHITH 3,
N
—ij(Z) (ZGQ\{CM"'?CN})

EBLE gBIEAITH %, SHIERED jITHLT, ¢ & g DBREFIRERERTD 5, FEBX
EE®D jiTHLT
9(2) = (f(2) = fi(2)) = D ful2)

1<k<N
k#j

o
_ (4) E
—E a)(z — )" fr(z
n=0

1<k<N
k#j

THIIH 1T D(cjie) TUCRT BEIECTHD. D ful2) BC\{er, -+ i, g, on}

1<k<N
k#j

TIEHIT® %,
WZIZ gl QTEAIE LTRW, Green OFEHIZHD { Cauchy OFEZEMH L D

0= [ a2 dz=/cf(z) dz—i/fxz) -
(i€l /f] /Z o ilj(ﬁjij)ndz:a@/oizq

( 7é -1D¢ % m Li}ﬁﬁABgﬁ%*Too)f Bﬁ%‘f‘%&\- ﬁféﬁ\&i 0 /63560 )
Wz 12 ’
al ) dz dz
_ j
(11.3) /Cf(z)dZ—;a_ /CZ_C] —ZResf cj /CZ—CJ“
aiox, [ T OMSBC R 2o o] —c THEMZONLOEEDIUL, fHIZ

c R — C

21 TH D06,
N
/ f(z)dz= 27riZRes(f;cj).l
c =

REX 11.3 (BEEEDO—ML) X0 C #EAER C oBns. [k 258 D o5t e —

L. C DRAIZEDVEDAETH L. EWVIFRAEDED LR WHBEII IR N5,
PAHMAR D 5 WIZBAHAREE C £, a € C\ C* IR LT, #HED

1 dz

2mi cZ—a

n(C;a) =

E. C IZB3 % a DIBE (the index of a with respect to C). H2WiE a DD D C D[ElER
# (the winding number of C around a) EMHIN 2, ZAIEBANIZ. C DY a DD %A
[ > TWE 2% RIHET, KF BDIBEETHL I ePRONTVS

C 23, FA%EE QIZBL T 0 IZZREQO—Z (homologous to zero) &I,

(Vae C\Q) n(C;a)=0
MDD ZE VD (C X Q OMEADTEEDORER SN — CEQ OFESD A EH
ATV,
REu—2) ofRbHIC TRERY—FfE] W52t ddh3,
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Cauchy ODFERTEE C OBER Q NORXZH CH kDA 70 C B, QIZOWT 0 IZHE
D-ﬁ(ﬂ@ﬁmm®n%ﬁ6ﬁm)t?ét%LE%%ﬂwa+Ckﬂbf/j@ﬁh:Q
C

IS NIEBREE Q13 C DR C.cr, -, o 1% Q NN B8 F2 O\er, - en} —
CWEIEAL ClEQRNOHA 7T, QRELTORKER—IT, D¢ bELRVET
SR <N
1 N
— [ f(2) dz:Zn(C’,cj)Res(f;cj).
j=1

211 C

(RIFHEHE Lo =151, )

R 11.4 (BREEOIHADMLS) LOFEAT, f @ Laurent EBHD EHZFRWZEE ¢ %
EZDBEWVWITAT 4 7iE HA [60] D BHHFAT,
TEM 85 ZF80 5 &\

N
= U (cjie) (>0 tm/hEw)

WOWTCHEHHAT 2 Z T, BRICEIHT 3 Z e k20, SFHHEFEZZEFE RS ZH WA Z
CATHSRAUTE T 7200 o 72,

LYy

4 31: FpEAl o; 2 XET 2O T 21E5

11.2 HFHHOHBDOMHLA
11.2.1 Laurent BREMKFZE 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 HAKEIE VS 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) BEEL 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,

fil 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 WWICHITZIEBEHDORDA

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 M OMZR 513,

(11.4) Res(f;c) = hyrén(z—c)f(z)

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
SE 1112 () = 2B Py v 0) 1% c DEETIERL ¢ 1& P(x) O 1 %A%z

P(z)’
W (Pe) =022 Plc) A0 2W0WH k) cld f DE4A 1O THH
(11.5) Res(f;c) = gg
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) =

) — i _ i (2=0QG) Q) Q)
(11.6) Res(f;c) = 15%1(2 —o)f(z) = IZZI%ITZ) - ng}z P(z)—P(e)  Pleo)
zZ—C
72721 Plc) =0 ZHW\W/, =
B 11.13 f(z) = — (f;i) KD X,
1
7 — S AN 2 15 -
(f&) f(z) RS CE ) THY,  ZTHD 1 MOELRTHS, DRI
, 1 1 1 1
Res(f;1) = ('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
DB -1 D1 NOERTH S, DRI ((wF)" =1 u.ﬂza L)
ey 1 __Z _
Res(f;w") = T -

(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> EEABLBDODEBLR>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 83. f & 0 < |z| < p TIEHIT,
f(=2)=[f(z) (0<]z] <p)

il Te 32L&, Res(f;0)=0THbIZLERE, BEEA

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\*"! Jtan z 1 "
(117) Res (7,0) = mi_}o (d,z) |iZ 24 :| = g (tanz) ‘z:O

DD, B L TRELTHRWH, BREDHDBTLDRT VNS LT,

:ﬂﬁ%%ﬁﬁ@%*ﬁ%@%%ﬁbt@t#\WELKMELTM RD & 5 7% Laurent
FERE % BOER D 3 AR EAELTWE L 2 A%E0ERIE. 013 wz®4u®ﬁt#
(11.7) YD ILD. WS DDBED o7z, T4 OM ] IXFEHEWTEA, %w4u®@11%%
25 (1L OB, b ODAPFHEERER, kol

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)

T%%#%Rw(%m(ozé.:hﬁ%#mgﬁ@mﬂﬁﬁﬂwurDKMﬁ%-

W 11.19 c X f OFEA LNOMWTH 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) = mcot mz DML FHEE TRTRKD X,
(7711) (W 11.12 ZHW3) P(2) :==sinmz, Q(z2) :=mcosmz £ BL &, f(z) = i{('z) g

216



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 (ZFIE pp. 88-89) f(2) = s y—

R 11.22 (c BEROIBEIC. B Res(fic) = a_y IFIFTHL, a, ZKRDB) ¢ f DE4
k ALORET AU,

__ @k O L @l NS e _
f(z)= o (z—c)’f—1+ +z_c+nzzoan(z o) (0<|z—c| <R)
EFEF DD, (ay BT TRL) a, ZRDEZRABELNS,
‘ 1 d n+k i
FERR.
(z—c)ff(2) =a_p + a_(p—1)(2 =€) + a—(p—2)(z — )4
= 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 ?  AVKREAICE EMRER WS O0RH o7, Z2DH
AE FC I T2 283 TERY, Bro#iLw, DFE D, FREFTRER R A L I
DWTRT, IRFFRTE . 20 RIICH 5,
RBRAFNI 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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HUWIER Mathematica OFJF Mathematica T,
e Residue [, { %, MR ] TR
o Series[\,{ 28, ISR, XE}] TZOXBETOR— T VEM (GREE)
e SeriesCoefficient [, { 2%, M KR, K&} TZOXEOu— 7 » EHADHRE

PRE S, IFIEME LT Infinity DM4EETZX %, 2B Apart [R] TH D EUER D H
K5

Residuelz/((z-2) (z-1)"3) ,{z,1}]
Series[z/((z-2)(z-1)"3),{z,1,10}]

11.3 RAODFEIE

BEEHOIGH Y LT, EEDFHENEHRTDH 20 (ZNERETTHHT ). ZHh Lo
D LT, [RADEIE (argument principle) ZFFN L TH L,

a R
FIE 11.23 (RADRIE (argument principle)) D & C OFFHE T, ZDHER oD
FARRE O BN D 5 R WX NS CHR OB TH 2 £ 5, D Db 2 HiEMH
THERITH 2B f 1T LT

f'z) o
/c B dz =2mi(N — P).
72720 fEC oFcERE N, fiE PR 255 (Y505 MBORETERL
THZ5),

EHAITRCERE T 28, P=0RDT, 4% 27iN.

sEEA WECEEIC LD

1 f'(z) (f’ >
— dz = Res | =;c ).
2mi Jo f(2) Zc: f
CCTEZM\7@?&T@@cﬁ0bf@ﬂ%%%?60
e f OMTHRL, FlfOEATHROVELIR, ¢l 7 DIFHIETH %,

¢ f DnfDOBEROBE. ZOEHETIERZREE g BFELT. f(2) = (2 — ¢)"g(2),
glc) #0 725 DT,

f'z) _nlz=c"lg(z)+(z—)"¢'(z) _ n L9
f(2) (2 —c)ng(2) z—c  g(z)

Res (J% c) =n.

it\cﬁf@pﬁ®@®%3\%@ﬁ%ﬁﬁ%ﬁ%ﬁgﬁﬁﬁbf\ﬂ@:;ﬂ@ v
725 DT,

218



Wz Iz

Res (‘?;c) = —p.

FE) Gy
/cf(z) dz = 2mi(N — P)

PEED

DD ID, o

AR 11.24 (FEOAFOHEEK) (BRAIKENTVWEZDT, RALRHEERLTWBEL
MBHEM, FHEHHZTIEIRVWTL xS, ) LOEEZREADFE L FERHHIZOWT, &
57 FAMIZ

1 ore, 1 g
27rz'/0 f(2) dz= 2mi Cdlogf(z) B 27T/Cdagf(z)

THE0H. LHEVWTDHo7,
d BEL DM EIR S 20 ZOMBETEHAL TWRWOTHBICHR T 2, C! kDB
o(z,y) IZO2WT
dp = p,dz + pydy

YERT B, HEBE fITOoVTIE, u, v BER - B LT
df = du+idv = (updy + uydy) + i(vedx + vydy)
EED D, dz=dr+idy 35 &, ERIEE f(2) oW TIE (1MMTRITY)
df = f'(z)dz
DD LD, FEEK. Cauchy-Riemann T u, = vy, uy, = —v, LD ILODT

f(2)dz = (ug + ivg) (de + idy) = (updr — vedy) + i(vedr + ugdy)
= (uzdzr + uydy) + i(vydx + vydy) = du + i dv.

TaY ] o
z
THH26 /
dlogj(z)::‘§§§;dz.
—77.

log f(z) = log |f(2)| +iarg f(2).
LD & 272 BEEL 0 122N T

% dp = 7{ (ppdr + p,dy) =0
c c

THsZezB0HEX
# diog| ()] =0
C

lob it
j{ dlog f(z) = zj[ darg f(z).m
c c
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AR 11.25 (FIEDBFIDHER version 2) — /. XD XS5 RFHHAZ L THLTFA bbb H o
7o (REMCRIL I 2> TW0W2eEZLNDIH, ZHHEDPIHIARMYEINA X —D %
DEE S DITTVEDT, ZHEINTRVWE ZA0H5 L),
HER C: 2 =o(t) (t€[a,B]) Z f TELLHE w=f(ot)) te[a,p) ZT T 5L
L f(z)dz ! d_w

omi Jo f(2) T 2mi Jr w
FARRAR C D8 a DR D OEERE n(C;a) ZHWVS & (F BICHAEE W), ZOMEE n(T,0)
TH%,
DF D EHINET 250 O D Z{a]EE > TW 32 (R arg f(p(t) OEINE xi & 2mi
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o R?241r?

B z/ dz B Z/ dz
~ Jyer Rrz2 = (R2+71%)z+Rr J2 (Rz—7)(rz = R)’

HMEGEHE %2 FHuwT
1 1 r
I=i- 27m;<1Res< Z—T)(T‘Z—R)7C)__27TReS<(RZ—T>(TZ—R)7E>
— or lim z—r/R :_27r 1 21

zr/R (Rz —1)(rz — R) E.r-r/R—R:RZ—ﬂ

HwEADA
Bl 12.22 a >0 T 2L =,

L/Q” db _ 2
o 1—2acosf+a? |a2—1|

Bl 1223 a>1 T 2L X,
/” do 0
= N |
o @+ cosé az —1
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Bl 1224 0<e<1IZXHLT

/2” df L
o (1+ecosh)?® (1—e2)*?

(Mathematica (&, Integrate[1/(1+e Cos[x])"2,{x,0,2Pi}, Assumptions->e>=0 && e<1]
TR L TIN5, ZHUE Kepler EBIO A BICHELEDTTDH 2, )m

DIFOMEDZ < 1%, I [62] pp. 80-81 2 ¥ 58 - 7z,

27 2
3. (1) B n ITHLT T :/ cos 0 df. (2) BB n T LTI :/ sin?" 6 df.
0 0

27 d@ N 27 de
(&ﬂﬁkmbmﬂbf\lzzz&%%w+y$&0 @(Lﬂﬁ)ﬁzé —
2
@M%ﬁhﬁﬂajﬂﬁjwolzé W+ﬁf%M%em<r<R> (6) (%

2 0
A 1 1 Re <R+7“e do

2w
= — —— |1df (0 < r < R). 7)1 =
21 Jo R—rele) ( ) ™ /0 (R? 4 12 — 2Rr cos )”

27
(0<r<R). @Mhﬁ\ﬁkyL—/ ;f%@g (a>b>0). (9) H&E m, FH r
0

R(r<R)IIXULT, I+iJ 23THEL I, J ZRD X,

2m cosmb 2m sin m#
I = dg, J= de.
/0 R2+ 12 —2Rrcosf ' /0 R2 + 12 —2Rrcosf

(10) ¥ a, BRI n LT, T+4iJ 2EEL 1, J 2RD X,

2w 2m
I = / e®% cos (asin® —nh)do, J= / e*“*?sin (a'sin 6 — nb) db.
0 0

w700 0TEL 0F 0F 0. 01 0T
(8) af”_bQ (9)1:%(%)7”,J:0 (10)1:22?n,J:0

Bl 4. a? >0+ Rii7z35  a, b, c ITNLT,

/27r dx
o a+bcosx+ csinx

27
D% K e
wknd & oo
il 5. (Ahlfors [42] 173) /Tf/2 dz o] > 1 (% 7 sign a
’ ' ) 3 1@ 5 —
i i o a-+sin’z’ W ta

12.5 HIEFHDO R LOES (RE LICHBEDEHD 1 (IOEHNH Z5T)
(R THIIC RO N E AR, COEPEKT 3 Z L0 5, )
S DX [a,8] ET O OB £ ICH LT, ERES

b f(x) Jr—  Tim (/c_sl f(x) 4 b f(2) dm)
T—c a0\ J,  x—c r—c
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E—RHCIETFIE LW (f(c) £ 0 THIUTRET 3)e L L

c—¢e b
lim (/ f(z) dr + (z) dx)
e=+0\J, x—c epe T —C

BIFEET %, ZOMIRER

&dx

r —cC

b
p-v.
a

&L, Cauchy DEfEFES (the Cauchy principal value) & FES,

Bl 12.25 a,.b>0 2§ 3L X,

b
Lo [
0 T
(IFERS B D3,
b d b
I, =p.v. — =log —.
e T a
eSS

—E1 bd . b
/ % +/ f = [log |z[]_;' + [log |:7c|]1;2 = loge; — loga + logb — loges = log . + logi—:

a 2

THE)b. 1,60 > +0 ELTBIORLARVD, ey =gy =2 2L Te— +0 ¥ FTHUIlog?

IR B, 21 I 1RITH L2, [Flogg .

f=% (P(2),Q(2) € Clz]) LT
(Vo €R) P(z) #0
EWVWHEHEERDT, TPIER ETHA 1 OBR LRV T5L %,
/Oo f@)de (727U deg P(2) > deg O(2) +2),
/ T f@)en dy (7275 U deg P(2) > deg Q(2) + 1)

WFEEDILFERE ST L U TCIFELRWD, FEEIFEL,. LOEM e 7z X 5 EFD K
YRVASR
4 ™

FHE 12.26 P(2),0() € C[2], f(=) = 2B) pIa R FTEA 1 HO%E Lok r

P(2)
5.

(1) deg P(z) > degQ(z)+2 & T 5 & &,

(12.7) 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 £F2L & fEED a>01THLT

(UB)pvp/wf@kmﬁmzﬁmiE:I@Nf@kmﬁﬂ+wi}:ImSU@%@i@-
o0 Imc>0 Im c=0

N J
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SR (1) OBSGEEZ RS, EHILICH 2% ¢ <y < - <cy £F 50 D(cj;e) BEWVIIK
DOHHENEIIC e>0Z /S HS,
RZTHRELED, TXRTOMD 2| < RDHFIZHD, —R<c¢;—¢, Oy +¢e < R %Ziiilz
ER R
N-1
Fep:=[-R,c—¢]+ Z[C]‘ +¢e,¢41 — €|+ [en + €, R],
j=1
—C.;:z=c;j+ec” (60,7,
Cr:z=Re” (0€]0,n]),

N
Ve,R ‘= FE,R + Z Ca,j + CR

j=1
2 & D bR (3H) Z2E®D %,
HBUEMIZ XD,
/ f(2) dz = 2mi Z Res(f;c).

Ye.R Imc>0
FEE
N
/ f(z) dz:/ f(z) dz—Z/ f(z) dz+ f(z) dz
Ye,R e r j=1 —Cs j Cr
ERRTE 2,
R— +oo ® &, 8% 3HIZ 0 TPORT 5,
e—=>+0 DL E,
c1—€ N-1 Cjt1—¢€ R
/ f(z) dz = / fz) dx + Z/ flz) do + / flz) dx
I'er -R j=1 Y¢ite CNy1tE
R
— p.v./ f(z) du.
~R
e—+0 DL E,
/ f(z) dz — miRes(f;¢;).
—Ce ;
W 21T

o N
p.v./ f(z) dx—m’ZRes(f;cj):%ri Z Res(f;c).
s =

Imc>0

BIHTIUIRD 2R EZG 5, =

]:/Oosinx dx:l/oo sin .
0 x 2/ =«

CHREBOLFEETE LTIRT 5 2 LICHERET %5, ZRUIEERDTE & —HT 5,

I =—-puv. il dxr = = p.v. Ime— dr = - Im ( p.v. c dx ) .
2 _ T 2 T 2 o T

oo —00 o0

] 12.27 (Dirichlet &43)
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B 12.26 (2) ZHWT
1 _ e’ 1 o T
1= §Im (mRes <7,O>) = i'Im(m-eO) =3

(E%u)/ :deﬁﬂﬁﬁémﬁﬁﬁfﬁéﬁ\/ i IR, EME L
FHELRG, (2) ZOERMEERE (2) T, HEMD L WS SHEEHFICHH L ToH
B, ERRIZR o Twaikimd LERUTH D, ZOFILBNTS EEFETIELIXLIRES T 5
DT, FEEDTHOWIHHZITo7%, )n

sin x

12.6 &FIF: TIE12.11 DORIEEA
(M2 WEEICR 2 DT, RETIIEHHTIRAEE o2V, )

EH 1211 %2, Cr+Tg EWVWOHOBEDTEEHCCIEHT 2 2 dHKk2, 2L OARTERHAIN
TWRHIETH 5D, BEIWETT2DIE. UNCRSZ X520 HBETH 5, (REIZE -
TRFERAHTDH 2 2B D) KERART, ZOR) FIHEET2HERHET 22 250
HBDT (HDAFHEFETERY), —IOEHL TEBIRETH 5,

AR, KRR S 5 2 & DD /12T

R
(12.9) lim / f(z)e"™ dv = 2mi Z Res(f(2)e"*; c)
oo )R Imc>0
ERT WS FIEICL S,
deg P> degQ +2 EREZM LTVWETF A+ b D2, ZDLEIIRFAED DA
52 D TiHmHHEICL 2,
JRBED DR T 5 2 L DREHZ SIE> TV AR H 2,

12.6.1 LEBEADVFEISIL

P(z), Q(z) € Rlz] ZIRE L TIEHT %, deg P(x) =n, m :=degQ(z) £BL &, P(x) =
apz"™ + -+ a, (ag #0), Q(z) = bpx™ + -+ + ap, (bg #0) EFF %, n>m+2 THIUIA
FHEATT AR T 2 (|P(2x)e™™| = |P(x)| Ty EH 12.2 DA & R CAEAD K 5 ). LU,
n=m+1&3 5, Ih(r),IM € Rs.t. Vo #0

F) = 2 (14w, (b)) < L

aox T

() bO ‘
/ e
— oo AT

DINHRY 2 Z ek, FREARICORL T, N okmz W Tiko o, —J5
/ b—oh(x)em dx

0o AT

JRFRAEH T

ﬁ%ﬂﬂﬁ?é:t%ﬁ%m%@%h%o@imﬁ%@%/.ﬂmﬁﬂmﬁﬁﬁb\

/_ Z f(2)ee® dx = /_ z f(2)ee® da.
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12.6.2 (12.9) MEEEA

X T, IM €R, 3R* € [1,00) s.t. f(2) DR P(2) DERIZ 2| < R ITEFAL,

R € [R*,00) WHMLT. Tg % 2=z (z € [-R,R]), Cr & z = Re” (0 € [0,7]) TED.
Yri=Tr+Cr &8, Pz) DFERIFZHATDH 220 0HRET. F# 2] < R* & FH
(W22 EHFFHEICH 5 S DIE. g ONEBICIFEET ). RE & D FEfl Ricidzwn, 2l
f(z)e" DM FETFBREFIRERRATH D ZN oADK TIE f(2)e IZIERAITH 5, £/
v \FHEAMEAMIRTH 22005, HEEHZHWT,

/ f(2)e"* dz = 2mi Z Res(f(z)e"*; c) = 2mi Z Res(f(2)e"; c).

c X vp DAER Ime>0

Crli¥z=Re? (0 €[0,7]) £XTRX—=R—=DFTE3, dz=1iRe? df T,

f(2)e"* dz = / f(Rew)ei“Rew -iRe™ df),
0

Cr

iaRe"” = iaR(cos@ + isinf) = —aRsinb + iaR cos b,

Re [mRew} — _aRsiné, plaRe'®| _ eRe[iaRew] — p—aRsin®
THHH0 5,
iaz " 0 iaRe | | . 0 M " —aRsin6
f(2)e"** dz §/ | f(Re?)] |e |iRe ‘d9§—~R/e do
Cr 0 R 0
— M/ efaRsiHH do.
0
Fik
(12.10) lim [ e im0 g =0

R—oo J
THb, Thzeildiud,
00 R
/ f(z)e™® dz = lim / f(z)e™ da :/ f(2)e"* dz
oo R—o0 _R g
— / f(z)emz dz — f(z)emz dz
YR Cr
= 2mi Z Res(f(2)e"*;¢c) — f(2)e* dz
Cr
— 270 Z Res(f(2)e"*;¢) (R — o0)

t LCREBHDE T 3 %, (12.10) 220V Tk, URT3@D DitHE 525, =
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(12.10) DFEBA [1] Lebesgue 877 @ Lebesgue DYREEZH - TV 572 513,

|€7aRsin9| <1, / 1do =7 < 0, lim efaRsinG _ 0 (9 S (0771')) =0 (a.e_)
0 R—o0 1 (0 = 077T)

THE2H56,

1 1 1
lim / e~ eRsind gg / lim e~ *fsn0qp = / 0db=0.
R—o0 0 0 R—o0 0

2] (-0 BTN T OV 2HEE, B2 ERTHERRAE) 0 < V6 < n/2 10 LT

™ w/2 ) /2
/ e—aRSin Gde — 2/ e—aRsinﬁdQ —9 / e—aRsinedg + / e—aRsinﬁdQ
0 0 0 1)

. /2 .
S 2 (5_|_ e—aRsmé/ d@) S 2(5+ ﬂ_e—aRsmé
)

DD DZ e, BN § ZHR/NEL Mo THEB1EHZ/PNSL LTEWTHLH, R%
REL L THAH 2HZ /NS T 5,
3] Jordan DARZE™

20
(12.11) sinf> = (0<6<
m

)

| N

2RO ..
ME —Rsind < _2h0 DENN D DT
™
/2 . w/2 T /2 T T
12.12 0 7RSln9d9 < / 72R9/7rd‘9 — [__ 72R9/7r:| - (1— —-R <
<></Oe =) ¢ 2R" o ~2r1Te)
:O):_EQVC\\ R — ‘I’OO (\_)_j‘éo [ |

12.7 Laplace EHDFETHRDEDTDEBHEAE

(LIZS L THP &3 TE)
B f:[0,00) = C TN LT, HE2EEDIREZEZEBL L

(12.13) F(s) = / T et di

THIZBEB F PEL 2, 2O E, F % f O Laplace Bt LIEN, Lf(s) R L[f(1)](s) &
Y OFETERT:

(12.14) LH(s) = LLFD)(s) = /OOO e F (1) dt.

s=z+iy, z,y € R 2 LT, g(t) == e ™ f(t)xpoo)(t) EBLE (x BREDEREEDD
5 D)

o0

F(s)=F(x+iy) = /00 e f(t)e Wit = / g(t)e 't

0 —00

101 Jordan DFRERIE. 5 = sind & y— 20 Dr5 7R L 553 . LM O M SR E T 5

77

%, LU, ZONREFERZ Lo SZIWCHATI20FHLVOT, HSATWS e, R ETHDLTEZ TR 5,
Jordan DAFEX L WS HIE. FHH [63] (p. 17) THI- 7=,

25 H2DD, HEEH o LT, (3M €R) (Vo €[0,00)) |f(z)] < Me*™® DR DID, T3 LT,
ZDEIF Res > a ZililzTHEED s € C I LT, F(s) ZERT 2T Z T 5,
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T, y OB L TR F(r +iy) A% g @ Fourier B¥THZ Z e ZRLTWVW5S, fIfE
BA—&Z— a, ff IZRENHEBEEIRET S &, BT 2 =Res > a THXTIGRT %, T4
HH g I FHENAFESTH %, Fourier D IR/ & D 103

[~ . ,
g@Zg;/ V' F (2 + iy)dy.
(2 BEBHNLTWBEZEIZER)ds=idy &P
ft) =g(t)e" = L TR (1 4 iy)dy = L o e F(s) ds.
21 J_ o 21 ) pino
ERAY. 225!
: 1 Ty ts
(12.15) f(t) = yngQ_m - e F(s)ds.

INDIE 72 Laplace ZHiD KEZ/NKTH %,
FiZowT, By REZBL . ZOEDNIHEBEHZHWTEIAETE % (£257):

f(t) = ZRGS (e"F(s);c).
(ThZESLT 312, EBbALREZERTZEHEESLELRDH L7255, it L EZ

Y DFICH o 7z Schiff [64] IZEHENTH o 72Fhy, FRE- X D FARNL Y, ¥ ITh
TR Z 2 TR ZHAT (B2 WIEHATTERATC), BILAES 2 2IEIFRE, WDk

BB )
7z 21X
tn—l ot B 1

EWVWISHEARBRRKN (ZH—DTIFEACHDIED %) IZOWT, HHOHEEZRDTHAL D,
HilE s OB LT, s=a ZHE—DWICEH, ZOMNEIE n THE2H05

S () ()t ) o

NI L 7z,

Rk 12.28 Laplace ZHIEH oD o h e, [ HDNE K5Ik o7DIZEN L
Dol k5 TH5 (Heaviside DIHBEFEDEHLTHD IR TH S ?), MBEAED & Zid,
HE D KRFERZWHON TR VHIRZZ T 2 WEBRDRRITFHATV T F R MZ—Ib# -
TWihye, Mar#S5DEHELZES ) WO HIRERZII DD TH % (BRFIOFHE I
2 o7e), HELRARX (12.16) oA ZOE N, HBEIECTHER o7t 2OMDE =
o ZHBRICBEELET, =

f 86. RORKHHNTARKITOWT, LOFREFUT LS ITHEHRL TA X,

S _ w
R L [sinwt] (s) = T

L [coswt] (s) =

REA

132 253317138 T51EF L) C, REFRREEMNHLETETVWRY, A —X— a W5 DI, —DH
DEFEICE NI 225 b BT 201, RERARZZIDHELE S WS EHZ2EE L TWDL DR,
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12.8 FOfth

(ROBIFEH, S %I F UL, 1D / RS0 g9 DFEILE B, B
15 O T2 OCHB LTH <o ) ’

Bl 12.29 (fl12.27 BE)

I:/oosinx da:zz.
0 x 2

(PR T 2 D3EAIRIE LR WA T Ofl & LT, a0 BREFDFNCED EiFoh s
EHZVHEDTH S, FATORENEOUIOMAT 2, 1 DM D 5355 D FAEE 7 O ULFE
DT ERT, ZRUIEBEOEBEHDIENENE 2A503H D, HBEMNTH 5, )

I.r:z=2x (z€lgR])),
Cr:z=Re” (0€]o,n]),
I''peciz=2 (v€[-R,—¢]),
C.:z=ce” (0 e]0,7]),

Ye,r =T+ Cr+T_pe+ (=C7)

B (MEHPENE ) &0 LA TEITH 255, f OB 1.» (0 137 DS B
2) 12 S EEE. Cauchy ORI EBEIC X T 0 Th 5,

0 0= [ fed= | geds [ pedes [ 1) s - /C f(2) dz.

Fix
(B) ég&>CRf@)dz:0.

T _iRe®

f(z) dz :/ eReie iRe® do = Z/ pifi(cos O+isin0) 10
CR 0 0

THEIDE, (12.12) BFVT

f(z) dz
Cr

< / ’eiR(COSQ+iSin9)‘ do = / efRsiHHde < 21 — Z 0.
0 0

2R R
. | | o
—& ew € e—zt e—z
/FR,Ef(Z) dz = /R ?dx —/R — (=1)dt = —/E ; dt
THHPMH.
R iz R _—it R _:
(2) (2) dz+/ f2)dz= [ & dx—/ ‘ dt:Qi/ T g,
I'er I'_Rr_¢ € x € 13 € x
FIx
(b) hm/ f(z)dz=im
e—0 C.
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TH 2™, EEE,

7w _i(eet?) ) LA
f(z)dz = / ‘ — -iee” df = z/ =) dp
0 0

c. eetl
TH2DT, |iee”| = ITHEELT,
f(2) dz —im| = z'/7r <ei(5€i9)— ) d@' <7rmax‘e —1|—7Tmax ic_n
c. 0 Cl= Cl=e |£= n!

<l
< 7 max — = e—l —0 (e —0).
< 7 max Zn, Z (e—0)

o1 tim [ 1) ds =i
(). (). ). () XD,

_[Psing , ,
2i de = [ f(2)dz — f(z)dz > mi—0=mi (¢—0,R— ).
&€ Ce I'r

i

M 6. flidcDETERME TS, Coo 2=c+ee? (e0,n]) FTDLE,
i f(2)

e—+0 C. Z — C

dz = mif(c).

13 Eﬂ&nﬂﬂu@'fé

HIHTE TT. HAROM LTROZER TR S 1 5 RN R BIRGH D N AR IE MR IR 72, (F
PNV EERFED L. R e 2. FROFEHE E 2. 1 RBEHE > Riemann [H D AN
WO P h, aroTn231%, )

BEGHIZZ DR, EO5WHIREELDH L. F—TV—FEDHITTEL,

o WEMIEIEL. AELEAEL. Riemann [H
Gauss, Abel, Jacobi, Riemann, Weierstrass & KEFHZEDE D #HA, Z DAERIZ 19 tH
FEFDHE Y HIEEN S,

o FFIREEEL
JCH LD BEETH 205 (IR IR OMNTiRZ RS OIS %), MERAYZHE THAE
THRMAIHIEI N TV S

o SN BIHGH
XL
B 2 (1901-1978) DIV EHTD %,
(BEGRIZZ A2 5 LBICHEL < 725 LIRU TV B (W) 25, iE4RE & 7 APAH
FE 2 MR E NI, BHEN2BDoTHEH LS, )

Wz s L—EofE7 72 513, Cauchy RN AR EIIEEERT 2mi WS e 0Hh 25, C. X
FHETH 5,

105K 2 TRIRGRZ B o728 WO 6, HARM-oTWVRIFTTITHL LrBoLledEdVI MY (5i13d
Fhwhvri, HFIZOFOILRRELEbNL), RERRBIIRSATHE DT, i@z 25 I i3
%i’t}.’/l/o

241



o ViR A
BRI EHICITZ % &5 ICHEBMES 2 LR S 2 8R%GH 2 LT, Laurent Schwartz
(1915-2002) DEEBEEL (distribution) 258 K LTW 225, {AREEER (1928-2023) DFBEKEL
(hyperfunction) b HHTH 5, EREERENT. BTEREKO “GFEDZE" & L CEBIK
ZIERT Do

14 REORE

(22 VWEDE ZA, 2LATATT, HICHEMERZHELTH->T. Z556DHD
fREEDPRDBEFLTHZ2DT, ZH0ERTREWV, )
BE 1. (ZZO0EXHFEERMTH 5, )r+y =10, 2y = 40 OfRIX t2 — 10t +40 =0 D 2

2_4.1. _ —
*Et:mi\/mQ 4-1 40210j:2\/ 60:10ﬂ:22\/ 15:5j:\/—_15. Tt;zb%5+\/—_15,
5—+v—15. m
MIEEANRD
RE 2.

(1) D= f(a),C = f'(a), B= f"(a)/2, A= fO(a)/6. (BINRETEZIINY, BT2
ZHUX f D a BT S Taylor BETH %, )

2) f"(@)=0 &b 6a+2a=02ErNEDT, a= —g. u
FRENES

BRE 3. @RLUVOMMED TR 2 (R ERZEOAMEICHEI N Dz /-2 e h

H3), EBT5, =m

ERENERE S

BRE 4. XP+Y3 4+ 23 - 3XYZ = (X+Y+2)( X2+ Y2+ 22 -YZ — ZX — XY) IZERH

FOBERFICEHSL Z 2 VWAKTH S FEHT 2123, AE2EML TELI—HTS L

ZHEDPDIUIRV), (ROMZMELTZT 7R, ThEZT TR THS, BODITE HITH

BoferitEd 5, )

whP+24+1=0DRTHZ I HERTES, oT

(X +wY + W 2) (X + Y 4+ wZ) = X2+ (WY + W Z + WY +w2)X + (WY + w?2) (WY 4+ wZ)
=X+ (w+A Y + DX +P Y+ 2+ (w+ DY Z
=X’ Y+ )X+ (Y*+2%)-YZ
=X’ +Y?’+2°-YZ-ZX - XYnm

FIRENR %

RE 5. TTFHEHO3IFRICOVTEE L TEL, FEDOFEITHLT, =t Zilil-3%E
Bos 3—BMFEEL, 2% Vt TRT(ZiZkh->,TW0W3), —ikiZ

(©) Vity = V0V, V=t

DALT %, (BEEDY A THRVIEDEILEN, t DEBDOL EiX, t D 3FRIIF
T 20 —BMERL, LED>T vVt 2VIEbM D R LICEE®RISHEEE T, (O) D&
5 RAFR] 7R NI Z A0, )
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a, B B
(#) o’ + 3 = —q, aﬁz—g
ZWi7ZTROIE Y = —a, Z:= - B L

P tpr+qg=a1"-3afr— (*+ ) =" -YZ+ YV + 22 =2+ Y+ Z° - 32V Z

= (@ +Y +2)(rv+wY +w?Z)(z+ Y +wZ).
WZIZ 23+ pr+q=01%
Y +2),—(wY +w’Z), — (WY + wZ)
= o+ B,wa + wB,wia + wph

YIRS Z e RS,

ZZTUR. () 27T o, f % (D EH 18) K3 2L 2 HECT 5,
a, B (1) BT

0) ot + =g, o= (5)
DD, WRIT A=a% B:= LB, (A+B=—q AB=—(2)° B H o0
T) A, B iZ
t2+qt—<§>3:0
D 2R
L —q =+ 271) \/—
TH?

(1) D+, a=-2-y(

(82) a:=t, B:=Vt
LELLE, CHOEEMTHD. o b 51k (1) kT, HE

oY +,83—t1+t2——

aff = Vitit; = \/ Q) ZffioTWV3).

DEEFeDdE. o, % (1), (o) TEDLEE, s=a+ 0 (ME—D)FERTH5, T

nbb x_\/__ﬂ/— \/___\/f

(BDFDIT) a, B BEETH 57 613, D) A TH 2, Ll a, 8 HHEER S
i3 (8) & () SAECES N, 2Dk, %m#”‘bkﬁf‘ﬁkﬁéo n

FIRENR %
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% 6.
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BRBENHEERZ 2D ZARNIELTOH W),

BT X ADLD D BEDFIIREICHTWATL x990 EWOIRERRLH D, Zh
WHALD, WS Db H B (MIrERATNZR),

EESHKR > THRWTIRE L &5, B HEZEEETICHle LTHLTH 550
AETHZ, RETH-T-ZZIFEAL LRV ZRMD &5 RHENZ . RBAZANIZ
Lo TRBERELIELLNL2S LRV, EBRALTWSDRTY, ERICR) %%
FolKEHL TV I DD XS BERNRNLEZ WV, IV LRERZR T IHBELEERS
ATZT E,

—OFRELTEL, HEERETICHNITHEL DR L5, FEPISERNTICEST
5 EED D,

15.2 EHEHIE-LTHS

FNIHIRGRBR DB LR » ZDFEIIN T2 2 2L TWT, 2tk Riu, MEzEREr#
Z TP TWE, —HBEARZLESTWEDREITE, E2dRENTHDIZ VAN
o FFRDE EI2H 2 NIIWFEHTBRDD D,

MZ2BEITREPUET 2123, D LAEECHEEEZEE T35 00T 0hd L
i, HARFABRE L 2O BRI DIFL AL IR, BEOHFIZHNS X512 T
HoT, ZOREDHTHRLEHE L THZObDTHS (BRI LUWHEL THES
fEoTWn3),

ERET DBEE HVWEEIX, FHORRICHTR2 2, BEGHROEEFIHY v X X — {1k
72 DHEICSEDLVWEEZTWADT, BITHERLTHRLLYL, ZOEEMICOVWTIE, %
EPIMEDLSKLTWED0 DTN Y, ZORMERETAAEMEZ TRTWS L5 4A
MNT DB, VI DITT, Falild, DI EIHFEL TS (FHREHFICLTWVWS X
5 T

15.3 (GERADHBIZEIC) BHA

BT T 250800 5, BGEM K AR RAEMICR - 1256, —FBEERZ 21X, Rl
BOBERERITL I TH S, FES->T, FHIRINCLLLT, HEZT2DIE LAV
Ny, FE»SV 7R M HIUR, ARERBDERZ AL THHAT LI IILTVWS, &
W, ¥ OMEIR- TH, ML THIAT 2REP BN WEE D B 2 (BHERHMEiOR DY D 1&
XA ML, THORBBA-72DF 5 L, ZREFRLBE LRI DOMD & IFIFER LD T),
ZI5WVIHHEIE. A=V TEHARN (Y OREPMERTH - 7205%) 23T REW,
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C OAFR D B, BERNZBEEGROMERO BRI L7200 e, B DM THERIZEY
5 ZEIFEHRE THEETVWH DT, HHHEIHEHRL LS5 T2, KLAEVWDIERCL
WE ZADD D,

EEI Y A AR () CHIET 2%, 25 TARVE ZARMRcEDbT I RICL
Too MERICENTH S ZLIE BAIREINE ZRDHEDXRWCLERSTHRVWER S, BFEew
SHMEZ S WS T EDBHBHIR YR T WV, ERBRILERECEF T 50T, EHOETR
. AR EZ T EHCAV 2BREIIRTD), ERECHATRETH 5 2 v
%)3‘%11\1070

—77. EENZBEBERAFID D LI - AT H 5. KIS BEED VL DN S 5 Z il L,

B2 EDREMRICDOWT

2EEFFLIAD TEEAENT ) ([24]) &, BFES N 2 MBRICRE D 2 FIHIZOW TS %
HERHTH %,

Co MERBBU 13, Z#ET 2540 THEERT) ZBIEL TW2 Z e ZhifEe LTWa,
TBEEMRNT ) THEAR I EIFERRLEDLDETH S S,

o KA - HAHOMEDIER & EAR M E, Bolzano-Weierstrass DEHH, I FICH R E
FHHEINEANIINR T 5,1 F,

o R, R* D5k,

o A, BIEGOERY RANGIEL, [HESRZCE TN EGIOMIRE BT E

ol Fo
o BIE (ZEHANRT MERIEZ BT) OMIR, D E R & AR E, Weierstrass
DI MEEHE,

o HITDEFR, TPAXH LB IIfE T AlAE, 1 5o

—J7TC BN ) T T E R o2 i3, ZOEROFTHAT 2 X5 1D TWS,

A HEICOVWToORERE

MRUEFENT ) Tl SEMEDEFR L. R D5EMTH 2 Z e BiEIAL 2L, H#LWwZ &
AT XD 5 =D T, FEDOIE - HEBUZOWTIE. HAEEEC MEZEBEK ofbci
S 22212 TW3,

WK S HIRVEIICEREZT 2D, ANEFrLR2 LHELOSbWAS LARWIhYE, 25 LTHL L,
TolEDEID YN THERIIRA TS, BEEOEMTIFIRL TV Z EITHIMIFEL W,
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A.1 C D5t

E&E A.1 (Cauchy %)) C (R, R, C* TS OK) NOEH {a,} 2. Cauchy F|TH 3 &3,
Ve>0) BN eN)(VneN:n>N)(VmeN:m>N) |a,—an| <e

MR DITOZ BN,

[ﬁiﬁ A.2 C (R, R C" TH OK) NOEEDIRSIE Cauchy 5 TH 5, j

A {a,) DY a ITINHT 22T %, c ZIEBEOERETEL X, /2> 0. [CROERD S,

(INeN) (VneN: n>N) |a, —a| < % WZIZn>N,m>N Zii7z3HEEDn,m e NIZ
X LT, .

5
|an—am|:|an—a+a—am|§|an—a|+|a—am|<§+§:a

Wz {a,} & Cauchy ¥ TH 2, m
FIZZOMEDOMWP D LD, 2D % IC (R, R CETH OK) IIRETHZ) W,
—RIAEE D Cauchy DK T 2 X 5 L HHBEEERIIFTR/TH S & Vo,

[Tiﬁ A3 R, C, R CHRSERTD 3, ]

SERR BEEEZERE LCCWER? &y CHIERY ERIUADT, ROV TR T IUIR W,

{z,} Z R* ® Cauchy 5§23, ZNHNCRFTZ2 L, SR 2 L MRMPFEET 2L
ERTONHETH 5,

{z,} PERTHZ T2 (HEREL T 5),

{z,} DEFRTH % DT, Bolzano-Weierstrass DEMIT K o T, PORFRFVINFEET 5, F
2B (Ja € RY) (Han, tren: {2,} DEBZHI) kh_glox”’“ =a.

e ZEEDOERE T 5, {2,} » Cauchy #ITH2056. (3N € N) (Vn € N: n > N)
(Vm € N: m > N)

|z, — x| < e.

k>N 23RO EeNIZHLT, ng > k>N THE325, (m D& A n, BIRA
T&T)

|Tp — Ty, | < €.

k—oco 35
|z, —al <e.
Z ILm T,=a THEZZRLTWVWS, ORI {z,} FIHINTH2, =

R 87. Cauchy I EHRTH 3 Z & 2mt, MBEA

B 88. R @ri%l {z,}, a,c € R, r > 0 2% lim x, = a, (Vn € N) |z, — c| <r /L TV

5%, la—cl <r BERHIDZ L ZRE,
(ffdn: BHNTHNX |v, —c| <1 E c—r <z, <c+r LRERDT, T#H {z,.}, {v.}
2B limz, =a, limy, =b, (Vn € N) z, <y, Zii7cT RO a < b EVIEHDIS

n—oo

c—r<a<c+r PRI M, FAIDHERZE S TIUIRVD, LVWHRETH S, ) BEA
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A2 HREBOUGRHIE
(B3P LT oEDFEAB LV, )

WGz o &, FANNET 2 Z e ZAATZRERLIXLIZAET %,

AR DEZRBBGERTIEZ. KD 2 oD EHE B H UL, 90% FEEIIUEAEETH 2, W&
WBREAMTWT, BA2 22D FEHICE LD TLES Z L HAEETIEH B, ZNTIf
NRTHEZZ 2T 3,

~
EHE A.4 (Weierstrass @ M-test (M HIEZX), AXHFDEE 3.20) K 2= TRWVWE
Br¥s, K TEHRIN: (EEMEZI ) BEE0ERK Z an(2) (z € K) 1T LT, X

D 25272 T {by Y nen DFET U, E:% ) 1E K T—HRICHE IR %,

n=1

(i) (VneN) (Vz € K) |an(2)] < by,

(i) Y by EIHT B
n=1

N /)
4 N

EE A5 (BRBOEE) HH ﬁ@ﬁﬁi}%kﬂbf RD 25MF %W F {bn ey 29

FFETIUR ) a, NS 3,

n=1

(i) (Vn € N) |a,| < b,.

(i) ) by EIHT B

n=1

-

)
DIETIE, EH AL ODAEHT 5, T3 EMHICHNS THHINE] WS EELERL

Pax
\Sv (v

EE A6 (HEXUIUR) Z |an| DICERT 5 & &, Zan FHEFHINRT B L 55,

RDOEPEANTD 5, FEHEEIEICHZI R THRVWY, COEMTHLIE2ED
EOWfH o TV B0 ZFH AN S & BV (Cauchy 4. ZEWEDPHARCRETZ209),

[ﬁ%Aﬂ(ﬁﬂWﬁMﬁﬂﬂi?é)@%ﬁ@ﬁﬁd\%ﬂﬂﬁ?é&%@ﬂ%?éo:}

SR ) an OGRS B 2 T B,

n n
=D Sai=) la
k=1 k=1

LB WEDPS {S,} FPRFITH 205, i A2 1Ko T Cauchy ¥ TH 3,
nmeN T 5, n>m DEEIZ
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n

D,

k=m+1

n n m

< Y0 ol =) larl =Y lal = S0 — S

k=m+1 k=1 k=1

Z%-Zak

— S| =

FIBRIZ n < m DFER |5, — S| < S — S BEHNZ DT, —RIC
’311 - 5m| S |Sn - Sm’
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1 2+3 4+ DD D,
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Hb, FIFMBIE log2 1885 Z DD 53,

MEOFIRIZBIEHDO KX XX X T /NZFUICRE WS Z 2T, REXDHIDFEIIRHIA
HDTEZRTV, BRBOEHIZZNDL DD BV HICEHATHS

H, ENBOEHDIEICE D05, BRBOEH T, EH AT O~ X572
DT, FtFHD FOEFHE BT W3

DSMPERS 5 Z e DR T E L 2 21872 %,

BRBOTEEDIRAE S, = 2]%|T._§y%t%< RED B {T,} FINFKINTH % 7

O, i A212&k-oT Cauchy W“C}')%)
nmeN T %, n>m DEEIZ

b1 e}
FRIC n<m DEFEX S, — S| < Ty — T, D ILDODT, —fRIC

1S — S| < | T — Ton] -
I B {8} 1& Cauchy FITH 255, EHA3 kD {S,} BIHFITH %, THDE D a,
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ERBOERE AV BT, GXONE Y a, IS LT, EYRRT 280D b, 2R

DB Z e DREITR B,
{b,} & LTI
by=Mr" (ZZT0<r<1)

<2

bn:ﬁ (::TCY>1)
BREMRLMEDN S, BRIDGEZATHE (FLAIE) OEHEED &V,

ﬁ@i@%%ofﬁ<b@nwm5#\zx%®ﬂﬁ%%7®mﬁotbm%

n=1

4 R
i A8 (BRAMN LICARBEEMRBIINRT B) {bnney DBEUTD 2 582725 72
S b, HICRT B,

n=1

(i) (Vn € N) b, > 0.

(i) (AM € R) (Vn € N) Zbk<M
N J
(M (1) BRDILD L &> b, FIEERE VS, BREEREEES T2 & |0, < b,

PN S RAEAD B DT, BBIINC (7) 2 () IR D 0, 7 TR (i) DB L 7 540
tm5:tmﬁéo)
SEBA &fF (1) &b, HHMT, = Zbk DYEZEH {T,} \FHIFFEMBIITH 3, Z1F (i)

& (T} R 05 2 L 2B L TO 30T, [ AR B IEEI IR T 5 ) &
WOEHIZE o T {T} BINRT 20 $4bB ) b, BICKT 5, m
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FEZEME X OBER [ CIERERR {vntney KHLT, VN €N

N
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o0
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DD ALD (T X Bessel DAFREMHIN L2 HHLAEXTHS), n

n daj

08z, REICEHE L 21 Blor 7 7% 0T, n > 2 51 nia < / —. Zhhn Zkia <
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/k dzx A 1
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A.3 Cauchy-Hadamard OEIE

(D LHETETI|RD DL 572, AT NRZANRIE, ETHETHHLIRRWY, BED TH
T, EARZLZIATEVTVARVDDHHE L, EVTEH20NE, oI -oXhHL
AR ZTEEZITVELEZAbH 5, )

A.3.1 LEi#RER & THER

(FMfRZfZ 2 X5k d e, R DEFICKR 22, K OFDENT, 2 ETER
D BDIEDE L, FEARE TARSPEMER A THEEE 20 RERZ 2IFEAIE L
TAEAT 2 2 WS ZOMBOTEHICK T2 WVWH 2L b DD, )

FHA {a,} LT, MR EMIIN S limsupa, € RU {+o00, —co}, MR & FHIN 3
liminf a, € RU {+00, —co} MWEFRI N5,

n—o0

{aptnen D EWZHERTH 256813, HEED n e NIZDOWT, {a | k> n} OFRZR LR

sup ar = sup{ay | k > n}
k>n

DEET 5, —fic
{arp | E>1}D{ap | k>2} D {ap |k >3} D---

ThHhIHbH,

SUp Gy, = SUp Gy, = SUp G, =
k>1 k>2 k>3

Srbb {supak} SRR CH D, 00 1285 T & bIFHIL.
neN

k>n

inf supay = lim supay € RU{—00}
neN p>n n=00 k>n
DEE T 5,
=77\ {antneny BECHRTRWESE, EED n e NIZHLUT {a | k> n} Z EICTER
TRWDT

sup ay = supf{ay | k > n} = +o0.
k>n

ZDE XX infsupay = +o00 €T B,

neN k>n
(FSEEBEM R = RU {4+00, —00} IZDWT, sup, inf, lim ZEHALERL TENE
THHD, 2RI x5, )
IOLTER?

inf supay = lim supay € RU{—o00, +00}
neN g>np N0 p>n

28 {a,} D LEMBBR (the limit superior of {a,}) M, limsupa, TET (limsup DD
DIZ lima, EVIRLEEZHVZZbH ),

n—oo
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mEED ~
(sup, inf, lim & LT oo, —00 ZFF T Z2IZLT) {a,} ZFERII T2 =

limsup a,, := lim supa, = inf supa,.
n—00 n—=0 k>np n2N g>n

o {a,} D LITHERTHRWRSIX limsup a, := +00.

n—oo

e {0} DPECHARBIE. (COLE {gf%} BEBR D T 5 EEIITH B)

limsupa, € RU {—o0}.

noo

FHZ {a,} DEFRESIE limsupa, € R TH B, {a,} B LEIZEHRTH D MITIFIE

n—oo

ERTHoTH limsupa, ER &RBZIEeHBHH S 5,

AR LT, {a,} OTFHER (the limit inferior of {a,}) liminfa, = lim a, ZERT 5 D5,

PR EIRT D (9o THBRSEEL D). o

4 N
i A0 {a,} FEBZHI. S I3FEHE T %, limsupa, = S DD ILD7=DITIE. XD

(a), (b) D VIO ¥ BRENHTH B,

(a) (Ve>0) (AN eN) (vneN:n>N)a, <S+¢

(b) (Ve>0) (YN €N) GneN: n>N)a,>S5 ¢
(bbb, FEOLEOH e KHLT. ap > S — ¢ 22T n BEREEET 5)

FEEH  (EM) limsupa, =S, T2DH

(Ve > 0)(IN eN)(VneN:n>N) S—5<li£fak<5+5
DD LD EARET b5
(a) e ZEROIEDOHE T D L. H2HEHRE N BEEL T,

(VneN:n>N) S—e<supa;<S+e.
k>n

D E

a, <supap < S+e WIIT a,<S +e.
k>n

(b) e ZIEMOEDM. N 2EHOERKE T 5. 55 N eNHFELT

(VneN:n>N) S—e<supa; < S+e.
k>n

n:=max{N,N'} £B&. n>N TH25»5H

S — e < sup ag.
k>n

WZIC, BB EeNDPFEELT
S—e<ag, k>n.

k>n>N TdHdhro, (b) BEDILD,
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(T731E) (a), (b) DD IO EARET 5, £ (a) £ {a,} FZLITERTHD, {Sup ak} [
k>n
FRIITDH 5,
e RTEDIEDEE T 5, (a) D, HZEARE N BFELT

supap < S +e.
E>N

D En>N Zil7ZITEEDn e NIZWNLT, supay < supap THEND, supa < S+e.
k>n k>N k>n
—F. (b) &b (N'=n & LTHEHLT)

supa, > S —e.
k>n

WZIZ lim supa, =S5. m

n—oo k>n

il A.11 FERE Z =04 2 4 2% 4 DI % Cauchy-Hadamard DA% FWL
n=0

TEZDEE,

0 = 1 (k:2:n %ﬁf:j—kGZZU ﬁsﬁﬁj—ét%)
Y 0 (2R

EWVIBHN {a,} \ZDWT limsup /|a,| ZHID 727 %,
. )1 (B =n 2T k€ L BIFET DL E)
Vlanl _{ 0 (Zhbh)

THE00, FED n iZDOWTsup V/|a,| =1. @RI

k>n

limsup a, = lim sup {/|a,| = lim 1 = 1.
n—oo

i
Nn—00 n—oo an

. 1
(W Z AT 1= 1)
M= BAMCRA S, -

n=1

{a,} DFEEH, S e R DA, lim a, =S LI,

n—oo

(Ve>0)(INeN)(VYneN:n>N) S—e<a,<S+¢

DEDIDOZ e THZHDT, LR e PlRIIMIRZ 55 < L& TH D, EMER & FsR
FLA L2 ZNBMWIRTH 5, EMEICIZROEIDRL D LD,

R A.12 T8 {a,} £ a € RU{+o0, —co} ML T,

lim a, =a < limsupa, = liminfa, = a.
n—oo n—oo n—oo

sEBA  (YEfR)
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BHN D TEER) LW BEZM> T0IUR, {a,} DEMIR o 21, {a,} DEERDSH
RRDOHD] THS, 5> THRV (WO FRIFLSHIZT %, iEHIZVOEL 2D
LB OWH - RBEEPEREFE LD T 2007, 2O X250 sup DFEIFEMAT
RAEE 722 ? B CHBIZ 572, [AIPENWLTWS? ?),

(MR (FRCEAEEOHERER) W FEX, WETOBERFEL LTI, dEDHEbI
BRABOTETVARRDNT 2 R2DD, EXZHFVTEL, )

-
EE AL3 (FHER — EEROCCZFRICHSZ VWS BRID S LEED ?)

(1) X ZfitHZ, A %2 X OEDEE. ae X 55, aBd A DERER (an accumulation
point) TH 3 i, a DEEDER U AL T, (U\{a}) NA#0 (U 2 a IHD
ADEEEGD) BEDIOZLEWVDS, a2’ ADIMIMRKRTH2LiE, a b A DEM
RTREL, 2D ae ATHDI RV,

(2) (EHEFNDOEMER) {a,} ZEEI). a € RU{+00,—00} T2 L&, a BEH| {an}nen
DEFER (a cluster point, an accumulation point) TH % & &, a DEEDER U 12
UL Ta, eU 723 n DEBREGFET 22220, )

EEDneNIZHMLTa,=a B EE, a3 {a,}ney DEERTDH 5, {an ey D
fEIR {a, | n € N} (ZHUINAHZERH R OETERETH 2) X {a} CFLWV. a1 {a} DEM
KTV, BIIOEHR LT REOEBRZERNLAZVE S EENLETH 2,

a DEEN {a,} DEERTH 572DI12E. D295 {an, tren DIFEIEL T klim ap, = a B
—00
JEDALDZ e BB+ TH 5,
1
%AJ4%:pﬂw+ﬁmeN)tﬁéooib
—1+1 1—|—1 —1—I—1 1—|—1 —1+1 1+1
Y 27 3’ 47 5’ 67
ERAS9X5)
0.3 25 47
27 3747 576
2k —2 2k+4+1 .
= 1 2 e 2B . - SI o
F=12 HMLT, 5, —5— 282
{a,} FCR Uz
: . 2k+1 . o —(28-2)
e = i o = b B = o =t
WZIZ —1 & 11F {a,} DEMERTH S5, ZHLIMNERED RV 2IiE “HL 2 2T
limsupa, =1, liminfa, = —1.
n—00 n—00

—ifb3 5 L. klim as & klim ag—1 DPCRT 272 51

limsupa, = max{ lim ag, lim agk_l} , liminf a,, = min { lim ag, lim a%_l} | |
n—00 k—o0 k—o0 n—r00 k—o0 k—ro0

109q,, ¥ {1,-1} ¥ DH#EZ, % 12 -1 UOEBOEL o 1L T, e =tmin{la—1],|la— (-1)|} B

o +<e BB NeNEZEIL, IRTOn>NITHLTa, BU:=(-1-¢g,-14+e)U(l—¢,14¢) K
SEND, a (U L OBEMEE o) 13 {0,) OERAICIER D HRL,
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Bl A.15 EHF {a,), (b)) £ beR B
lim b, = b > 0,

I (n DMEED & %)
"l 0 (nhFHEOLE)

Ziii7z 372613

limsup a,, = b.
n—oo

k

I RS g; 2 OUGREREERS L %, 1 ROBDEHE a, LT 5L
k=0

i = { oL (n 3ER)

0 (n FFE).

1
lim “n =0 ZaHiu,
limsup {/|a,| = \/ = 0.
n—oo

AL DI X 1 = +400. B

P{v
(Q
(1
fﬂﬂlﬂ

8 A.16 (1) liminfa, <limsupa,.

n—o0 n—00

(2) limsup(—a,) = —liminf a,, liminf(—a,) = — limsup a,,.
n—00 n—o0 n—0o0 n—00

(3) a, < b, THIUX limsupa, < limsup b, hm mf a, < liminf b,

n—00 n—o00 n—00

N /)

A.3.2 IEIBHEUICY T D Cauchy-Hadamard O EIE
4 . N
8 A.17 (IEIER#ICK T D Cauchy-Hadamard DFEIE) [EIHHEL Zan R T
n=1
A= limsup /a, £BL & & XD LD,

n—o0

(1) 0<A<1R5IE ) a, FIRT 3,

2 A>1(A\=00c DEEBEDT) B a, FFHHT 2,
n=1

N J

A=1DHHFEFT—A - NL « F—RATH 5, )

FlERH

(1) 0<A<1E T, A< pu<17%% puZEREICHSE, 3N €N) (Vne N n > N)
Y, <p. TDEE a, <p". N Z1DMEELT,

N (1<n<N-1)
" et (n>=N)
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rBe, IRTDO neNIZHLT a, <b, T,
00 N-1 N
M
zzjbn:: 2{:(@,+’IT:7;.
n=1 k=1
EFROERICE D D a, BICRT 2,
n=1

(2) A>1 2T 3, /a, > 1 &ilies n BRI SAFET 2. 2505 n LT
> 1 THBDE, lim a, =0 LIEREAEV WIIT ) a, BHEHMT 2. =

n—00
n=1

IEIERENC 0T 3 d’Alembert DEHE WS D H B,
a I

fid A.18 (IEIEREICK T D d’Alembert DFEIE) Zan WFIETEHREL T, a, # 0 %1
n=1
7z ed 5,
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DREIFRIEEFH LT, f 2 Taylor BRFIEETH 5 Z & Z/RT DI (BIRED 0 1R T 2 2
EERRTDIE) HFDEHETIERWY,

285



(%L%%mﬁ®@%%%ﬂbfmﬂﬁ

f@) =
Taylor /&R

=N ©u¢ﬂ}fmwm%ﬂ 5 WIKHBRTET, 2D 0 DFEDHTOD

[e.o]

}: Dz (2] < 1)

ZIHBIED L TR BN

) 22n+1 (’Z‘<1)

=
O
1l
[~
N [ —~
S
+ |~
[u—

# D(0;1) TIEHITH D, F(0) =0 27T LB 9h 5, T5¢
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f(z) = ZOZ(n_—:—)ZxMH (—l<z<1).

kjﬁb% f X0 DJE YT Taylor EFARIRETH 5,

\

J

AREIWCRED . WD OHKEET f 23 Taylor BHFIEETH 2 Z L ZIRZ 5, FIFELHEZ O

DY WS

3

~ 1 ()t 1 (=a?)t 1 (1)
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QoLJQl:Q, Qoﬂ91:®, GEQ().

EiT Qo ZBHEATHZ, EREFEED € Q IHLT, 2€ Q22 QIXHESTH L2056,
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TERT DI LIRDH ZHFEBOBIETIEZR T, (logz D&HMEIC K - T) ZAfi
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GEBA f(2)logz Zamd C.1 R CHEDEEICIH > THDS %, ¢, 6 B T0/hE LK. R+
RETFHUX

Z/C_f(z)logzdz:%i Z Res(f(2)log z: ).
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Bl C.3 1= /” W2 d 7 b BB B OTERICHETE 5 L, MECERE
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A=—-1THohb,

—zlog z

3

log z
T332

zZ=cC z=cC

Wz Iz
1
I = 3 (zlog 2| _oniss + 210g 2| _ni + 2108 2| _ smiss)
11 1-3i 5 2/3
L (R PR DU S L0 ) B g
3 2 3 2 3 9
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C.3 {ERE#E x (logz)" DFES /Oog(x)(log x)" dx
0

(HERDS N EL, )

Q={ze€C|Imz >0}, g ¥ Q OHIHEFICBVT, AREORZERCTIERL Sk
WHRE LIRS, Ve e R g(—2) = g(z) 2723, R— 00 DE X, 0 e [0,7] ITDOVWT—Fk
12, g(Re®)RlogR — 0. ZD& &

2/ g(x)logx dx—l—m/ g(x) de = 2mi Z Res(g(z) Log z; ¢).
0

0 Imc>0

Logz iZWbw 2 £fH, F74b5 Im(Logz) € (0,27).

o ] loga ..
B C2 a>02 LT, 1:/ 08T gy =980 gppm

0o T?+a? 2a
< logw Y | , Logz . - -
2/(; x2+a2 dl"i"lﬂ'/o‘ md$:2ﬂ'2ReS (mjla> = E <loga_|_§fl>

/°° log x J mloga
0

BN

22 4 a? 2a

log = dp — m(loga — 1)' e

ZN

Bl C.3 a>0 KL T, I:/oo<
0

22 + a?)” 4a?

< > 1 L
o (2% +a?) o (*+a?) (224 a?)

d L
= 27 7 <(z - ia)2i>

(22+Z2)2 z=1a
z41a U
—2Logz (1 —loga — —i)
- — = 2
(z +ia)? —2a3
Xh. m
* logx 2loga — 7/2) .,
WJ C.4 a>003§(ﬂLL’C\ [:/ % .’L":ﬂ-( & 37T/ )gé/T\\
0 T'+a 44/2a

2 / 2L de+in / dz = 2mi (Res | oo ae™/* ) + Res (=722 e/t
o rr+at 0o xt+at 24+ a? 24+ at

:...:L[(Qloga_gwrm]

Ehom

il C.5 a >0 ITH LT, 1:/ o8z dm:”(log“_f”/\/g). K,

o a%+4al 3a

2V 3
27i Z Res() = % (2 loga — %_7? + iw)

Imc>0
EIRBEDT??7 m
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i 8. (Ahlfors p. 174) / log @

dr (%: 0
o 1+ a2 @ )

C.4 BEBH x(logz)" OFES /OO f(z)(logx)" dx
0

(5 & EIHERADRE, )
BRERL L (IR & WA FRBIRL f ISR LT

/ f(z) (logx)" dx

0

ZRDD (n=0 DEFEH C.2),

2 HHlI log ZFE-TREINZDT, TDXRA I TH 5,

C.5 HBHEFAHOEREEOES

ZOHEDFHHIX, EH T [19] AT 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, ]
WXL,

fz)

27rz Cz—:c
THDE0 56,

/f dx—/ (2m 0% )dx:%/cf(z)q)(z) dz,
).:/a zd—xx:Lng:Z

CREAEA “RELT LTWL, fOMc 2R 5T CIHETDEIZZEDZIINY, B
ZENHERW, fiF. 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
e N
EHE 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, Cy =T x,
Cy :=Tx a1ix, C3 :=Lsixo (X € (0,00)) IZIHo TOETEE RS Z LT,

/000 cos (x2) dr = /000 sin (xz) dr = %

ZRE s,
(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.

13 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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il z=z2(e[0,X]) EXTRA—R—DITEBL5,

X 2
f(z) dz = / e~ /? dx.
Cq 0

v/V2=t L BIT B Y, dr =2t THZDb,

ro] 3

X/\/§ 5 00 )
f@@:/ e4w@ﬁ%ﬁ/e4ﬁ:
Cq 0 0

Cold z=X +iy (ye[0,X]) ¥R RA—R—STE 3,

2 X2_ 2 %X
—%:— y2+ ! y’ dz =1dy

THED D, .
f(z)dz = / e~ (XPVHRAXD/2 G gy
Co 0

—(X2—y?+2iXy)/2

=e X2 (X2 ) = (X +9)(X —y) < —X(X —y) THED B,

k
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 (X2

- X@ Q%O(X%m)

—C3l& 2= (1+i)t (t € [0, X]) TR =R —=DIFTE S, 22 = (1+i)%? = 2it?, dz = (1+1)dt
WKWIERLT

f(z) dz
Co

03f<z)dz:/o e’ -(1+i)dt:(1+i)/0 (cos(t?) — isin (%)) dt.

PEFxEeT,

(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,

/ cos(t?) dt — z/ sin(t?) dt = == Z\/E.
; ; 1+:V2 ™ 2 V2

Kk, iz - T

/000 Ccos (t2) dt = /Ooo sin (tz) dt = %.l

5l C.8 VYa e RIZH LT,

o0
2244 2
e T T2 — 7\ /7.

—00

Kb, B E R - T,
/ e cos(2az)dx = e~ /T, / e~ sin(2az)dz = 0.

o0 o)
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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, HHE r € (0,1) WXL TH,

< 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

AR TR THHILT 5, RTHIDHFIETRT,
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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)

5l 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
(C.1) / L dr=- / e
o l4ar pJo 1+u

—J7. N— BB DERN

1
B(p.q) / (1= 2) de
0
CBWT, o =t/(1+1) LERERT 5

(€2) 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 EREOIE — 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 (ERBOBDE) —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) = % LS BIEN BB L E (IS £(0) £0 BIELTOS).
bn - Zakcn—k:
b _

(D.1) co = a—z, Cp = k_alo (n € N)

DD LD
\_ /

(D.1) % ¢, ITOWTOHEREEZ DL E, n=0,1,2,... DIEICAEZIETZ Z e 2HRL
X9,

BEER  g(2) = f(2)F(2) TH 2056, HSPEHRENZDOWTHE D LD

(Ag+ A1+ Ay +-++)(Bo+ Bi+ By + -+ ) = AgBo+ (Ao Bi+A1 Bo)+ (Ao Ba+ A1 Bi+Aa By )+ - -

ERASPR5}

IHB g(z) =Y bpa" EELVOT, FREEILEL T,
n=0
bo = agco,

by = apcy + asco,

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

( 1)71 as (05} aq Qo s 0 0 0
Up—2 QAp-3 QAp—g Gp-5 -+ a1 Go 0

ap—1 Gp—2 0Ap-3 Adp—g -+ A2 41 Qo

ap  Ap—1 Qp—2 Gp-3 -~ Q2 A1 (1

Henrici [69], 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 OBEHRBERDORYVIOBIEZ 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. _
FEBR, RKT7.16 THEN LI X 512,
Bammnﬁ{&g%\ﬁi1=§:§%”6i®ét%\
e 3 U Bty g,
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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
HE D1 AKX (D1) THWTHELTAL S,
cos, sin D 0 DFHH D Taylor ERH

_ - (_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,

1 1 1 1 1 1
2= =t =2 ——2T+ ... 1— 224 —2— ——25 ...
fom > — 61 1210 5(1)40 .. 61 1210 5(1)40 (2] < 7/2).
1 — 224 4~ 64 ... 1= 224 — 4~ 64 ...
2 Tt Tt T 2 ot Tt T
FHIADHE 1 DRF 2 ZERWIZEH T D0E - 7T, 22 OERETH 2 DT,
1 1 1
1— =224 —2t——20 ...
6 120 5040 _ N
1 1 1 —Zan (%)
1— =224 —24— —264... n=0

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,
Qo . 1
2 +af1 — 67
Qo ay 1
24 2 77T 120
ag aq (05} . 1
720 24 2 TP 5040’
ErBEIC
ap = 1a
1 Qo 1
ag=-=-+-=7,
6 2 3
1 aq Qo . 2
7 120" 2 24 15
1 a9 aq Qo 17
as - — = -
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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 7u 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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-~ 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 /

E Cauchy OFESEE Bii (BEGEE/N—-3Y)

WBERTIX, FFEOHEE L, FEIHZERT 2 2 L D2\, HEEEEBIC B 2 Cauchy DR
EH (EMH6.12) OO LAt Z L & 5,
(ZoffioFEHIZ, EHE4 TH5, )

COFEMIE, HOOARIZIK, ILEoTWVAITNY, FAEHIZERINTVWS Z 2N, =
BbALIEAL XS5 &35, BN SADRMDBBEIIZRZ (L THHLVE WS DIFT
WBERVWDRETE), ZDDZDHEERTDH, AN (S#HR) THNAT 20N E. iEHIEER (f
BCET). 2 LTH 2,

HROEGHEE L WS OB F — T — R ThH3, [REIE—] LWHISE R XA pLICD
FJ o LKoY, > TEER ) 721027,

E.l H5—E#RDES
Cauchy DFEDEH EIE, HHLFI L.
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~ Cauchy ORIEH (EBAN— 2 >)
HWRTFHEAORMM C & C O ke, C oML TIERIZREIE f 126 LT,

/C f(z) dz =

(C FREEAC ] OBREB BT [ () dz=0)
C

N

WS FIRTH 5,

22 %0

N /

32:/Cf(z)dz:() 33:/Cf<z)dz¢07bne 34:/Cf(z)d27£0i)“6
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TN o HELAGRIE N,
R MOBOE (0o X HICHBEMLENEOND)

f DIERIZEPT C) 25 Cy 1T TEEHIKS ) 1251, f(z)dz= [ f(z)d=.
Cy

C1

C, A . Cy
t A~ , s e
f/ /{ r'f; %y Cqa \J
\ﬁ__ﬁ_/ Y §
35: f(z)dz= / f(z) dz 36: f(z)dz= [ f(z)dz
C1 Cy o) Cs
C
g E"{*

/‘;"“\, e
LY Ci = -"'___“—-..___/IJ
\\., "

37: L H: f(x)dz= | f(z)dz+ | f(2)dz
Cq Co Cs

IAMNTHT] bW Z e 2BFENCEREL XS 352, BEAMCHEH LW, RITHIWT
LEZBHALPICARZZ2Z22d, RTRESI T2 RYLODLBVANZVDTIERNSEA
3 D

BlzZiIasa— XX E LS T3, TRAUIHG) THEELIS T IDIX
HHTHZ (ZNTE TR0 2ELIPREH LV, 2020 TIE R, D UMM
mBe. ANETH—HREZTTIEHM KL 125,

X 38: HifR C 13HRANy TV DEZHA TN S ? HIBIZH LW,

L) 2 ST 20, ZDRIREKIT—E D TIERWV, ZD7 Cauchy DFETEMIC
F, BEON=Ta v 5,
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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 (BEEEEICHETS Cauchy DS 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 v 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 DEMIZHD L Cauchy DFEDERE (EH 8.5) 2N T 5.

o HDHIZIZ, Green OEMICH D K Cauchy DS EHIZ T TINTEEEES T
FAMSMET %, (Green OEMII—MARIGE AT 2 DITKRZE T, MED
DR TR EH A SRR WO 3 @72 D C) HAKNT Z DR D JTITE R L 7%
W, —ATENZHEHATI20HRIBRVEE RS, (Green DEHOH Y%
BHHIR 2 L. #IC Green OEHZ VI TIEIAMERRDE D2 WD Z e ZHiAT %
Rz 5, )

o ZOHEBEDFHDED T TIE. Z 2 FTCTIERIBBUIEREM D AIRETH 3 Z & H3EF
HTETW20DT (EH 7.4 OffifLR). B C RTH 2 0 HE&MEZIRET
B NENE TN,
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o MIRFEBUC I % IEHIBEEDY Laurent ERIHISR 2 Z & %, Green DEMITID
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., FEEN K VDT, ERHE
BUZ T 212 E F—=FY 2/l U2 BEDPAET %, Green DEHIZHD < 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,

Zn 5 Cauchy OFETRADAHIZOWT, BEZ §7.4 TEHAL 2 X 512, 98B 0 124
B RZFNIRZHT 2. BWHZRER S LT EENT 5, LWO TH AR D 5, Z
AUIA X — I DA CRE I RU72 03, BREDBARDS DB 0 72 5 RE TIAD THEFEIC R E Z &
ZHWFEHZ R L 7,

HEGEHIZOWT, FEADE DI/ AN K H 20, 266 bHHETERDT
DT R, BRI Laurent O EFBZHELD £ 2 &\ 5 FECUHE T 2,

MBE Goursat-Pringsheim 12 X 2 EHEZREHTOIX. BB ANBEBRICEEINT
W BHEDTROD S LRV, BEGEHDZ < DR ZE 1T, Green DT S 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 MHED DER (FEH [48) DfF8 B.2) kMU TH 3, FIOTEBLZ L ZE 0 DI
Cwhd Livkwngy, —EEESTIEOERO T, YRR T 2 2 28D 5,

TR TR %, £ T IEHIEROERESBVEETH 25825
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E.3.1 EREMEFICH|T S ERRBEBOEGIIRICAD (LK) &FEn
TAT 4 7 FRRREAE RS |

f PEFEE Q NTERITH S & &, f XREEKER D, $hbb IF: Q — C st.
F'=f.

EED a,b € QWML T, F(b) — F(a) DfEE F OFECFICEI SRV, FEBE F:Q — C,
Fo: Q5 CH F =F)=f Zlk3263 Giz) = F(z)— Fi(z) (€ Q) eBLEE,
G'=F~F=f-f=0T»23»5,GlEQTEHRTHZDT, Frb)—F(b) = Fy(a)—Fi(a).

FIT fOCIRSIREED L(f,C) %

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 —fRORBES|ICH|TSIERIBROESBRICES (k) RS

Q% COBEA. f:Q— CIZERL C & Q NOBIFRT. 2= ¢() (t € [0, 8]) ZZ DS
FRA=Z—HF, C = {pt) |t €[, B]} (WD®B C DEF) T3,
QACDEEZEZEZS (A=C DHFAEIF. UTFD e Ze=00 & LTHAMKIKZS).
FIZ
(E.1) €= zecig,lgfeasl |lz—¢| >0
DEDILD, TDeZ CF & 00 L DAL IR, — FIHEMARFHTD 3,
C OB C*iF. ary 7 MRS (CHNOERALE) TH 5 (a7 MEE [a, 8] D
B p 2K BB THENH),

€= Zlencf* d(z), d(z):= cle%fﬂ |z — (|

THOH., d: C* 5> RITEHETW=2 L ZAEDHEZIRZDT, ary 7 vVEE C* ETIE
DE/IMEE RO, ZHDRER ¢ 12tz & 72w

e =mind(z) > 0.
zeC*

K(%iléb U, Y2770 [66], B2 WIFEH [70] o8k H 2R X, )
J
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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

(E-2) L(f;C) =) L(f;C))
j=1
YBE.LHC) B f D CITH D IEREED L IR,

(E.2) %% well-defined TH 2 Z &, TROLDE A = {t;}7) DD ITITLSFIT(E2) D
FHOMENEE 2 Z e 2m3iid. HEDIES § X H/NIWERDZENCH LT, HEOM
NEEZDZEWXEDIATE 2, DEIZHD LTS (E2) OGHDEIZZEDLLZWA LT
Hb,

C BTN C | TH 2558513,

/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., HEEMOEEREEL T2 I CHWAERE MY —1E, MOFTREMEZIRE L w
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) )

AERFNEIE) 1] [47]) pp. 154-155 IC#{»> TW53, (A4 RAFAEDRH 2 H 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)) BDHBEE, CyH C, I QNTEHRMICERAIRETH 2 & id, #HFER

F:lo, 8] x [0,1] = Q

WDV DObDBFET S Z2 VI,
(EED uw i LT F(-,u) XEARRT. F(-,0) =g, F(,1) =9 EWVWI 2 TH5, )
ZDEECyk CLix QIELTHRERMEYZ (homotopic, KA YEElX homotop) TH %
BV, Oy~ Cp ERT, X Q NOBEFRICOWTORIEREIRTH %,

AR E3 L& TCy 1 O WWAEME—FE] EHFOVTWEDEDL, FAEME—FELWV
5 DIE. MAHZEMICHN LTS SETHD (MHZEM X, Y BAREME—FAETDH 3 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 TEBHIRICAE Yy ZREAMIKR Cp LT,
/ f(z)dz=0.)

Co
N )

(RO DEBIFRICOWTHBA © IR C: 2= o(t) (t € [a, B]) KXHLT, B3 2z € C HTF
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

SR (RICEAT % e ffifl, NTHEL HEMICHZ 22, o TWVWE I IFEEY Y I LT
Hb, ME>ELIfLZ 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.

314



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

39: F o(t) = (cost,sint) ZF5H ¢1(t) = (3cost,2sint) WZEHBAIICZETE

0o, o1 EEZTHARLTALD

315



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. N 2T RELHD L, I; 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 (lmZzHBEITIEWVICKRE F—TLMIRICK T 5187, BOBOER) 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 IR E =7 (homotop, HHRZETEATHE) & 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 BEGHEEICETS Cauchy DRI EE

(AXHD §6.4 DFEZITHY T 5, )
RIEHOEF T, PARARAY 1 A (B \HEBANIC AT TRE & W S S TR 03,
B

RAVRHIATUE, (EROMIIG 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"H5WE C" DM E 5. Q28EEE (simply-connected)
TH2LiE, QNOEEOAMIRDEBHIFNC Q N THBANCETE 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

4 N
T E.7 (BERBEEICEITS Cauchy OFRIEE (FH 6.12 B18§)) D 13 C O#EKT
BUEAS, f: D — CXIERL C & D NOFIRE 55 & %,

/Cf(z) dz =0.
N J

S EE E4 OB¥ETHY. HHEATH S, w

[;é E.8 D X C 0fE CHER, f: D — CIlXFAI T2 =, fI3FEABEEER-, ]
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Bl E.9 (AXHICHEEVWTH - T, #EDIRLICEBITNY) HEs o e LT, 2240
R™, BIEK B(a; R) = {& € R" | | — a| < R}, MBS, BERIGEENC, ~FH A o B fhifR
(Jordan PAHIER) PO, 3 KL= TO 1 KOMEE R\ {a} REVD 5.

HERECROWIEOM & LTiE, 2 X00ZEMTO 1 HOMEAR?\ {a} (BRFHETO 1 KD
MRS C\ {c} EAREMCHELT), R*\ ¢ (0 EHITANCHERICO N ERR), WBREONEE (F—
FTYROWEE) REHHL. -

f 91. (1) R IZMERCTH 5 Z & 2Rt (2) FEK B(a; R) 13MERTH % Z & 2Rt
(3) MBI ERTH 5 Z & ont, (4) BREEMSHERTH 2 2t 2nt, BEA

2%D
R 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 92. (1) BFEBIIFTHITH 5 2 2mnt, (2) AIMEREEIIEERTH 2 Z e 2mnt, i
EN

EHINE, QEERE 2. Q OFNCEARI I R 722 & S BIEEZEVDBFEL RV E
WH ZEeThb,

EE O HEMEAIR ORI FEE CTH 5, ZIUIHSLITEZ 200 LR WA, 21
FEHATIERL, BEABREHE > TV,

s )
EIE E.10 (Jordan BHIREIE) FHEIAND Jordan PR C 235 2 & =, H5tHD Bk 7z
IR G, L IFFSE G, P L T,

R*=GUG,UC*, GiNGy=0, G,NC*=10, GynC*=0.

Kf:?‘:“b\ C*iZCOBET S, THI2C*1E G, Gy DB DEFRTH 5, )

Gy D Z &% Jordan PAREHE C THE N 25 WU, Jordan S E PR Z L b D 5,
HOT7FZMTIE, 2D Jordan HfREHEZHRICLTRD & 5 ERHZ W,

~
HREHADX7H O ROBMEARhKR C 2. C PHOEBOM G280 d 5HEES
CIERIZR IR f T LT
/ f(z)dz=0
C

3D AL,
\_ J

ZHES Y IV TRZARTWVA, Jordan BIFREH &\ 5 KEH (R TAEIH 3 2 ORI
HlR2 S HE L) ZRET 24EDDH 2 DT, Filr (20 IR LIRE) OREGERDO 7 F X F T
EHT 5TV B,

150 A ld, Q WOEED 2 HEHIMRIH QWICEENI L %2E 5, T4HhbB (Vo,y € Q) (Vt €[0,1])
(1—-t)x+ty e

H6Q BRI, QWNDH 2 1505 QNOERDORPREES 2205, Wz 2L, (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 ZeBZEDoZ5TH 5,

EIE E.11 LEOX NS C Hs BMBHHRER ¢ . C oF$ER D O® D &1
(%%)%%ﬁfﬁ%ﬁfﬂﬁbf\/f@ﬁkza

C
([ f(z)dz=0 B HHEBELLTVAD LAKW, )

oD

BRPAIIROS O T H B P Z L&, GBI SR 2 & L i3BIR ST Wi o7z, 1911
FLDOARE, ZAUIAS 22 2 & TR L FEAZE T 2 2 L 2 a8 L5 X 51272 D, Camille
Jordan (1838-1922) D3R MNCZ DA Z AT Z L ITh KA. ZDEFIZS TIE Jordan B
#REHE (Jordan curve theorem, Jordan PAHIFRERE) LIHIN TV S (& WHEIHZ — [3]
THAEIEDBHD, RiIF5ED LTWERET, Wikipedia iIZ& 2 & RANCEREL 72D,
Bolzano-Weierstrass DEH THH 7R Bolzano TH 2 L% )o

Jordan MR, IS BEZ 2 ZDFROMEEZ 25 3BHETELVIEY, GEHT
B2DOWRETHD (RETDH-77),

ZDEVRBBGEHRD 7 F X F TR, 20 S DRHA S, R4 12 Jordan HifE H O H] 2
32 &5 b, ST Jordan HFUVEMZRHEL T2 7 F X MEH X D R,

(Rik: BIBGR T, HRRIZX 2N C DB DIZR>TH 19T ZDHAEIX Jordan HifR
FEFD LEIAEICAEEITE 5. WO ERDADB VLI AL, )

ENTRES T2 WVS . RED, RDZDODR Y iHH 5,
(1) Bz (ZAEPRTIEORE & H), R Z N (FAREES BREE) 225000, %

NTHEICE T 5 Cauchy DFETAXZENTLF 5, EHIBIEOMHER Laurent R,
HBOHE T T 2DIXZNTHITH S, ZhLlE, DEFDIUI,

o FAMIKR C D a DAY DEHEEL n(Cia) ZEA LT M Ra Y A7 (MAHKAR
7)) [z LS 5
o RE M —ED Cauchy DD EHEEANT S

RERITI,
(2) Green OEHIZHE-D L Cauchy DFEDTEMNH AKX —FTF 5,

COHEDEFRD12o¥ LT, CGreen DEMII., D OHEHRD, BREEOH NI D SR
WHHIEARIR O TH 2GR L 2FE TR SN TWE Z e %L, Thzfis
Cauchy QR EH S HERRIBICRE ZeBDIT 5N 5,

—Ji. EirE LTRERRDODDHADHIF 5N 5,

(a) D Green DEMUE, uy, uy, vy, v, DEGIEIIRE T 2 DT, Cauchy DFEEH
DIE. F-IXEE f OIEAIMEDEFRIC, BRI [ OEkiEE S0 2 081D 517,

HTBRBOFEZIRE T 272013, ZOEFGEDFRIRHICE T 2 D0 HATH 5. LI EARDEED VS,
DL Th 20, ERIBSBOER « B u, v OIREEBOEHMEN T e 574 T, Cauchy-Riemann /5
BEDS. vy +uy & oup — vy FEDIEFMC ORFELVWZ E2EINZOT, INLHBETERTHD.
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(b) Green OEFDFEANNZZNIZD DFMD D%, TI2EDITINEE x o LIKE

LW Green OEHIIMIESTHS 2272058 E > T, EBIIMOARIZAIZT LT
LESTXFAMDH LD, MEETHS Ebh s,
ZDOMBEIZDOWT, /IF [72], H8)1 [47), A7BE [B4] EFSITHL L TWwW b, [47] T,
Green OEMEHHERBIGEIR T, EHbALFAL. £4% HWTEEA L 7z Cauchy
DI EHE - TG Z BB L TWw 218, [54) 1%, 1 O EILERRR L.
RREEDBEEEFH > T—BMEDOEWED Green DEMAFFHL TW5, ZIUIHY
B EEFARVE, HIBREREEEATZNCE > TE, IEHICSE IR L ED
Nb, (BRAIHE [46) TE, BIBGHD S — FTIXfF > TOind, —f&17% Green
DEMZIAHALTH %, )

(c) HEFRDY, FEHIBOBERZRTDIDRBONZ DT, HIZIERT > v VEMKRLZD T
5 X2 LHENCR S,

BAEZRIZ, (1) & 2) DEBLEBERLRLIPLDAEZRAT LT L, AX— 1D
5LIES I (1) otz ED . IERIBIBOBEWRBURMAIREE RE D7D T, (2) DD
J7 % LT, Green OFEHICDH & DL Cauchy DFEDTARDFHIAE T 5, Green DEFIZ,
—RMEZBR LRI AUSFEHIAEETH 5 L, 2 5 W\ 5 flgiR O EH D 5 &7z Cauchy D
B EHETH->TdD, PRDDOBIERET %,

xS S . B EHEEE WO Cauchy O AREMN Lizh o 7205, Th%

BEDHZNEC. 5 ELBDALTERROD R0 o 7, (HHRBIXRKEHNEKITAZE D D
D3 WL, Cauchy DFED AL EBEH DA - D 1R 2 DIFIEFE TSI TDH %,
HEZZ e OZ L REHBUCEE SN S, LW EDT 2, BEBOMHLGEFERIHR
kiU, 2Rzl 3 2MEIHRE S RLADLTWED, DL IAHRYT 4 V7, ) [H
8% V72 Cauchy OFESANFUITDOWTIX, Ahlfors [42], —#2 [3], =& [36], F27H [46], NN
(73], ¥k [61] R EDID B

E.7 — [3] (1957) D VIE§4H 55|H

B —ERINLTHh S, BHIOSETEZET I PR LZOZT Y, BEAFEFICH
LTEZ50S 2% h 056K (MIpWRHOFICKELRFENBATHEDLET), [EB
) ZFB5ZLWRLTVET (ZOVIDIEFERAF Y Y TRHRLET, F—KR—K2rb6& A4 FATIL
£9) M [3] 26D LEDDFHZLIZDOTTH, WWW IZE L DIZRLZWVWEES DT,
CITCRAEFEEA (ET2RCHDANITT ), 3] ZBREAFLHL VDT, [k sRn
i, EBoTWEDTIh,

F [z E > Cauchy DFEHEE, BRI, BHEE

HIFRD (B2 HDEDO D D) [FHEE WS b D EH - T, Cauchy DFENEHDEI DM 4 75
ZEMIELFHTE S, WS Z % Emil Artin 23 H U7z (Artin [74], 1944 4F), HH%

Goursat-Bochner OEMIZ &k - T

/ udac—vdy:—//(vgg—l—uy)dgcdy7 / vd:v—&—udy:—//(ux—vy)d:vdy
oD D aD D

B DIID, LI H 2 (—K [71]).

H8281272 205, LIRS Z2HMS LTz &, B2 E X 72KIZ, Green ODEH CEME LT, (EHLEE
MIFEICEOG AR D RIXZDRERDEMIZ T 2o Tikinz B L7z, BGR T Zh LI 2T
HUTRVWE WS Z N, Z5WVIHIFEZHZ LTV EIRDZREDLDE DR, [47] OiFemDED T IIIMTIES 72,
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Ahlfors DRI [42] TRHAZINT, ZRUTDOVTWL DOhOFERBH D, ZhdE7 [42] D
LW E N, ZORBRFIICHIS TF R IR A=,

AMHEETHET 2 DIIRRINICHE L WEEZTWED, T ZTERANZE ZA RN LT
B,

(LFEH, 0L TA5H521FWVWTT, ZOHITIE, FEuY—HOFER MMz o
TWA2, $5DLEBALRD LTI, BYELRBER, BRI (73] ZH e BV, )

F1 FxAa>eHa1oI)
R C1, Co, ..., C, ZIBIZOBRWT 1 DO C=C,+Co+---+C, DMEFON D L& X,

(F.1) /f(z) dz = f(z)dz+ | f(z)dz+---+ f(z) dz
c C1 Ca Ch

DD LD,
iR oiF o nine 2i12dh, R C +Co+ - - -+ C,,, E S IIIEBBURE DM

C=aC1 4+ aCo+ -+ +a,C, (ay,a9, -+ ,a, €Z)

BEZ. INEFITA VSR,
TDFz AT CITHLT

/f(z)dz:a1 f()dz4as [ f(2) dz+---+an/ f(z) dz
c ol Co Cn

TP EERT %, ieBOBHICR 2 FEIXE TRV,

F x4 OERIE Z- Bz 5,

FxADHHT, AMROME LTREZ25DEHATIEER, Fo A VB4 7L T
H3=DITiE. BSHIROBEOREKEKEORERPEEEZADTEHELVI L E+T
H 5,

F.2 [ElE#

C NDOXZINC CHHRDBAMR C . a € C\C* TN LT, C BT % a DI (H2
XaDFEDLYD C OEIER) n(C,a) %
1 dz

F.2 = —
(F.2) n(Ca) 21 Jo 2z —a

TERT %,

(ZDEESIE. Ahlfors [56) 25FIWZL72b DM, Ta DEDH D C O LIERIAD WV
% (a DI THL C DI, WS k), ZITREBEOEDZM-> TERT 272D,
HIFRIEX TR C #lee LT 253, Bk 2 diiiffic oW Tz ERT 2580 H %, vH
ARG CL OBGE. ¥H 5 DERT HEEZ—ET 2205, HEE AR ZEHDIIILE -
TK %, HEFHHFRICOWTERL T 2B L TWaA7F X e LT, & [36], HF [60]
EHIFTEL, )

[ﬁ%FJn@Mﬂ@%ﬁf%%o ]
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Bl C DRTR—K—FFk 2= o) (t € [0, f]) & F Ba

pﬁy:/;%ggw

EBLLE, /

F(a) =0, me:ma@,zw):¢a@a
W2

é%(e_p“x¢%t)—-a))-G‘F“’(—f”(®>-(w(ﬂ-—cw-%e‘pu’-w%t)
=~ "OIF'(t) (p(t) —a) = &' (1)] = 0

Wz

e (p(B) — a) = e "W (p(a) — a) = p(a) —a
w21

oFB) — ©(B) — a'
pla) —a
p(a)=p(B) TH2Hh 5, 0D =B =1 ®WZITn(C,a)€Z. m

[EHREUE, YA 7R L TEZIINRTE, 25 LTHBBEENS,

F.3 [EEHOEXNLMEE

DUR. FEIT Ahlfors [56] @ §4.2.1 TEAMFRICES T 2 DR 12X %, (—H [3] B KRIK [56]
WZino 2@HT. Z2FIC L )

[BlHRE % W72 BB 2 BINCIER § 2120&, [BEREDS BARANTKR D 6172 < TR 570,
ZDF=DIEZZ S RHEEZ WL OENT %,
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-
el F.2 v 13 C NOXTH C #AEARIHR T, TR 2RI v o v EiThwvwe 35,

(1) n<_fy’a) = _n(’%a)'
(2) v BHOAFIZH D a 23 DHDHNERIZH %72 51 n(y,a) = 0.

(3) [a,b] Ny* = 0 THIUZX n(y,a) = n(y,b). =720 a, b IIMEEDOEFEET. [a,b] =
{1—ta+tb|tel0,1]} &F 5,

(4) v ZEDTz =, BAE a — n(y,a) 1 ((Af\fy* DEWTTEBTH 5, FFHIZ 00 AL
] (72721 DDIFFFKIT) TIE0TH %,

(5) z=c+re? (0 €[0,2n]) YT BILE, Ja—c|<r THIE n(y,a) =1, ]la—c| >r
THHUI n(y,a) =0.

(6) RRZ@EORVEAMR v LD 2/% 2, 20 £ 35, MEZE Y DAIZE LT 2205 2
if@%gﬁj\ﬂjﬂ%ﬁ% Y1, %2 el 5 21 ¥ T% Y2 &M< °

Imz; <O0AImzy >0,

¥ N (00,0 =0 A~y N[0, +00) =0
DD ILD 5 n(y,0) =1 TdH 5,

(7) BHBHER 71 & 9 A DNTHRE FE—RAETHIUL, a € C\ D ITNLT n(y,a) =

n(v2, a).
" D
g
(U—&K/‘:i/ﬁ#&
- Y
1

(2)

poio FHONETIERIT®H 22005, BEREBUCE T % Cauchy DFEDEHEZ2 HOIUIXR
W (FREERERDMFEAE S 2 DT, BAMERICIG 5 #REED I 0)s

@)C\hﬁ“&%hf\z:z¢(ﬂmﬂyﬁﬁéﬁ6\L%z:g&i@\h&yﬁﬁﬁf\%@
MR —— — L wauC
z—a z-—0>b

1 1
/y<z—a_z—b>dzzo'
W 24 n(y,a) = n(y,b).

(4) FHHNOEED 2 H a, b ZFEHNOFTNFTORS I LB TELDT, —DOHiD@mEL D
n(vy,a) = n(y,b) DD LD,
(BIRE) a > n(y,a) 23 (ERT = Z8H) EHiTH 5 Z LIZEDIIRE D, BEOMEL»H
5RWVHERREBIL, ERBOEHT DL TERTH %,
(5) I (2), BHX
1 dz I e L
n(y,c) = 2_m/|z—c:r2_c =55 e ~ire”df =1

Y (1) 12X B,
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m)ﬁcc\pﬁunf%éocw—mnyeéwﬁ%%ﬁL%zﬁﬁﬁﬁémf\

d
/ - = [Log 27> = Log 2, — Log 21.
2

7

—ﬁ\qécC\[+w)T@5 A DOHFZ (0,27) 13EAFZNEBIE D 7KL log 23,
C\M&ﬁﬁ%ﬁ%;@ﬁ%%ﬁ&&%o@xk

/ dz = [log 2|7, = log 21 — log 2.
72 <

d d 1
</ - / Z> = — (Log 2o — log 2o — Log z; + log 25) .
21 27

Imzy >0 THBED0H, Logz =logz. Imz; <0 THBH 5, Logz =logz — 2mi. ©®
ZAZ
1

n(C,0) = -

(0 —(—2mi)) = 1.

(7) METOMEICL S, =

(2) M@ TRL TS, BRI L 2, BUERSHEIBUCHR T % %,
6) D—ILEZEZ LS5, EMOEADE . IEDTERD DI L 72h, a%%HZ?6¥Lﬁ

Lag: z=a+1rr? (r€[0,+00)) (ZZT 0 I3FEER) OWMEEEZERZL L. —— @Eﬁ BE%L
PERLT, n(C,a) IZOWTORERNELN S,
HHAR v DSEMRINC G Z 5N TV AR GE, EH 6.18(2D 5 b0 MERIFEEICE W TIERIZREY

OB IR R DATEE 2 ) 2o T, v ZlHHERHIRICET S 2 2 & TR
ZRD 2 DHZ L DLETHENTH 5,

/EEF%(ﬁ@@@LmhnEﬁT@ihtﬁﬁ@ﬁﬁﬂ47ﬂ@@ﬁﬁ) Qd@®\
BT, 2D 00 13, BWICH@EE G O R WARMED X578 O AT R O
BIZFELL, B LTo oD o Ei, #EITHROEMZQ PRZS X512k oTnS
EHIZ QD) 32, 2D E QHNDIEEDE a 1T LT

\(F.B) n(08, a) = 1. )
GEER O (IBASR A“C%%)Z’Pfo FNET e >0 BB Y D(ae) Q. TDLE, D =
Q\D(a;e) T LT, —— ({i D TIERITH %, WX Erpe =0 DD ILDOD T, Green
DEHD 5

1
/ﬁ dz :2{/ 9 (hdy:2{K/Od$@f:0
op 2 — Q p0Zz—a D
/ dz / dz / dz / dz )
fry — — —27T'l
oD = — @ < a |z—al=e # — @ o< a
d
/ c = 2m1.
< —a
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ERAS P25 .
n(aQ,a) = 2—7” 2me=1.m

(Fid, B (B 11.1) OftADRRIC, FENCZDZ e 2ffioTW0W5, I C
. |lz—c¢l=c TEEXHZ N Z e 2F@DIUL )

ZOFEIR (F.3) IZ2VWTE, “HWVW/ V7 OFF X MDVHTIE. 2505 RN2RTRZ
1 OFWT, RO ZEE TAZICHEIATEZ %2, THEELTLES b LKW, LrL, 20D
i EHDAA L R UL NV OEEEEZER ST 2 &, 2 DIEIIEZI ANRE Y, (RRE
ZE DI LT, K255, H2EOERE TH WV IRED, FHKZDL2->TH
HOWIFEMD»D LRV, GEIICIZR 5720, )

FDFEHD & 512, Green DEMZH WA ONRELABWE Bbih s,

AR F.4 (Green OFEBZEDLRVERA) FIEEICOWTHIARNTWT, Ml [75] iIZ&k W,
Z 2T (R7H O f e ARGE L 7aw) syt 7 B PA i ic o W T [mlEnklz 28 L C.

[v: 0D — C % Jordan Hiffe 32 &, J = (0D) ODANMIDFEB T n(y,2) =1 %
72iEn(y,2) = -1 DEBLDPDVRILT 5. £z v DIMIDOTEIE L TIE n(y,2) =0
DALY %]

EWVWSTEMZIEHAL TH 5 (D IFHEMABEER. 2% 0 ZoXFED D(0;1)DZk), DT
ZRDdt. ZLOGAEICRKRERBLIRL LS (FIZIX., ZOBRHTL 2R7#%F.10), m

AE F.5 (BEHREDOEHWVWFEEZRD) BHIBRLICKR>THAL KL 2B LI
VNI L TH <,

R D BRI R AR D[RR 2 5 E T 2 DL < W2 2 32w, B 6.18 ZFIHTH
. IEE A DGEICHIRD OBEIIRDOENDETHA S, —FH., W 231t
BEoOMiRcH L) 322, BOKOEENEMRMIHEETERVI EBEL T, Z0HEE
HESEEDS BB, BBCEH (EF11.1) OFBICHIHT 2 DIE, £XICZEIWVWIIGAICHEY T
B2HIITH 3,

ZOEKRTIX, (T2 EHF.12 © X5 2) BEEHEOFBERONICHERRE & 2Tl
N0, JEHEFEORTWEES,

HEZVFEHE VWS DZRDH T, BAOPHBTRE 256002 (BEEM) 350D
FLH 300 LARV CENTTHENAL). =

BRI TROVEIREDOFIEDOHIE LT, AEERDDZ RO, MR [76] 12857 21l
ROEHRE DFHEIE. Jordan FHFREH DRI AW 2 DD EE R - b TH 5, (&
BEDHIMICEN S IR T, AEZIZ S VHHBUIFEL RO TH 20, b LEANDH o7
Y352, ZOMEEBIZZ SR 21ET T, Z0Hh5FEIEINE, LWIRA M=V —TdH
%o FAMCIZE THEHALIEL BNT, KUTA->TWVWD, ) SBRKE. ZIIWCEEMZ 2 FE,

F.4 [OE#ZzBAV: Cauchy DRBEDEE, Bz

TR T—RDGE D Cauchy DFET N2 BRTHEAT 2 DT, RO amEIXERENIER
BETH DD, BEREDMERNTH 2 2HBET 2052 2D T, DR THRRS,
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-
i F.6 (AEICEITS Cauchy DFRARR) f 13 Q:= D(c;r) TIERIT, C1Z Q AD
XHNC O M OBHRE T2 2 & {TED a € Q\ C* XL T,

fz)

n(C,a)f(a) = 5 i—a
\_ j
SEBH  FIRICEBIT % Cauchy OFfEZEMICE D, EgdD 1 AER=IERIZBEED C 12
R0 ’Ci’)%#
fz) fla) () 1 de
27rz z—a T omi cZ—a dz = fla) 27?2'/02—61

(”dz f(@n(Ca)m

T 2mi czZ—a

f
E&EF.7 (AL QICBLTEHEEO—Y) (1) C OBES Q NOH A 7L C 5, Q
WZBAL T 0 127REO—Z (homologous to 0) &I,

Vae C\ Q) n(C,a)=
(Q ODFEEDTRTORZ 0 BHZTEEET 5, )

(2) C OFEE Q NOHF A 7L C,Cy WL T, C) & Cy 23 QIZELTREO—Y T
»H5 Ui\ Cir—CoDBQIELTORARER—ITHEZEZ VI, ZHUZ

(Va e C\ Q) n(Ci,a) =n(Cy,a)

W52 THD,
%

KK F.8 ( TREO—Y1 I2VWT) ThRER—Z) WSbbhic, hERY—[FE] &
WHZedbdHd, [FER—F] LWVWIDIIFA VB THEZ2LD, m

CHRQELTORAET—ZLWVID%E, C~0 (mod Q) EL ZLhH 2,

a N
FiE F.9 (Cauchy OFERERE, BHOLWX (FEOP—hR)) C OES Q No¥ A 7L
CH, QIRBMLTOIEER=2T5LE, (1), (2) DD ILD,

‘Lf@ﬁk=

(2) f: Q= CAEARBIE, acQ\C* LT
1 [ f(2)
C, — dz.
n(C,a)f(a) = /C z

21 zZ—a
\ y
(1) 1. Q OFA 20 C I LTHBRD 1D, Y05 2L TH 5,
(Ya € C\ Q) n(C,a) déf'/ dz :o] N [(VfEO(Q))/f(z) dz:o].
C C

zZ—a

(1) f:Q — C HEAR I,

(:mifrcﬁf@ﬁ%ﬁﬂwﬁ%ﬁimwn@;/f@yuZOﬁ@bﬁOJzéof%
C
Fds. TO P a #BERG A n(C,a) =0 205 BEIARTEIN TS, L5253, )
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GEBA  (John D. Dixon [77]) C 23PAMIERTH % & L CAEFHTAUI R W,

2, € QITHLT, ) ©
f(z) = f(¢
9(z,¢) = { i=¢ FFY
f'(2) (2 =¢)
EBLEE K e QREET S Z I, (Riemann OFRERIAERFEAEHICED) 2 — g(2,()
X QTEHITH D, glX QxQ THETH S (FEB).

E:={acC\C"|n(C,a) =0}

LB, B IREEAT. C\C* OIEEREEEND Q) AT
CHQIZBELTOOIZTKRER—T2 0 DI, (C\Q CEEWHZeThsb, WZIZC=0QUE.

FZT

/C 9(2,Q)dC (2 € 9)

f(©)
d €E
[ cep
B eQNEIXMLT, BHELTERINTOVT, FHLRWVHIDEICRZDY) b iE
well-defined TH 2, EIE, 2€c QNE 2522 (n(C,2)=0ThH215)

[ HO- 1) £ [
otz = [T Eac— [ Hic semics) = [ ac

hix C TERERINTWVWSEH, HIZEEKTHS, 2L T

lim A(z / f(¢ —=d(¢ = 0.
Z—$00 z%oo — 2z

h(z) :=

EL R
£(O) E%%XU( Ol
’C—Z  min|¢ ¢
CFHETZ2DT, 2z — 0o DE X, max (O —0.)
cect | — 2z

WZIZ hIFARTH 256, Liouville DEBIZED, h IZFEKTH S, L 2 > 00 TO
WIS 228256, h=0.
WRIZT 2z Q\CHITHLT

0= [ szoic= [ Hac—nicase

i/ O e —nic,2)52).

21 Jo (— 2
—5H 2eC\QDHEF € ETHEH0H

- T

[ 294~y —0—mic st
cC—2

W ZIZ (2) DRILT 5o
RIZaeQ\C*T2LE, 20 (2—a)f(2) I (2) DFIREHVWE L

€)= f(e) = o [ =

327



z=aBLY, (1) BEph3, =
ZOREATIE ¥ (2) RICHEAL AN L (1) Z@iud, MBEROSE b Ak

0:119
/f )= Ve = [ L9 0. payn(ca)

CZ—CL

r LT (2) DN,

R F.10 (BRREQEHMEAME THEENEHICH TS Cauchy BHALR) 20 LY B
a0 AFIEFTIE. Jordan HIFUEB ZHEFR S 2 B DD R 723, T Jordan HIFERD
FEEA B BHHHIC T E 2 X 5122 272D T, Jordan HAREH 2 TEH L 728HH B AIEIC R o TW 5,
EEZTWS, flzHIFTAHLI,

Jordan HEREFOEERICOWT, 7 ¥ ZIZHIE [75] Tk, KOEEIEN STV 5,
Theorem 4.3.1 & Definition 4.3.2

HHEARMAR v OPHLEI D 1I2DOWT, n(y;2) =1 £R1E n(y;2) = —1. BIEDHE v 1F
EOME, BEDOLE v ZADME WS, C\ D ZBWTIE n(y;2) =0.

NS D B WERED X5 C1 BB Oy, -, C, 3B D, C, DL
C;(j=1-n—-1) BEFENTVELT S, C;(j=1,---,n) EITRTEDAE L LT,

CI:Cn—(Cl+"'+Cnfl)7
Cz)—l}

n(C;z)=0 (2€C\D)

MDD, WX D 280 COEEDHES U ICHLT, CIlEUIKKELTOOICRER—
ITTHbB, FOEHFINS

(F.4) ::{zeC\UC*

LB, TNDEBNCE C THENLFHRTD 5,
TN LEEDLS

110,

2m Jo 2 —a

=n(C,a)f(a) =1 f(a) = f(a),

ITROE C THENLHEBIZEIF % Cauchy DT LNADBE LN,
ZDERX, EMMREEGED 7 F A M TlE. Green OFEHEHWTEEHZI LS Z & HNZWN
B, (F4) DX CERL T, EHFICKDIAATEZ2DHITHS, m

SERE P9 OFFATIE. (2) ZEFHL T2 5 (1) 2EWTWa2, (1) ZEETHAT2 2D
TE 5%, HEIZRSD, (1) ZIREHLTEL,

W0 ZF LW Z 2 2R T DI, MBHEBOSGE . TEOMKR C IS5 0 TH S Z & 2ffiuv,
TIFEBZ —RIZT3RHDIC, OB QIELTOIWRRER—2 WO EHEREL 2,

(Y
(Y
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4 N
EI F.11 (REAQY—hR Cauchy OFRAEE) Q13 CoOMHEE, f: Q —» CIFIEAL C 2
QHRDHAZLT, QWNTOIRKRER—F (DEDEED a g QIHNLT n(C,a)=0) &
THEE

/ f(z2)dz=0
C
DI D 3D,
(C D f DEFBOMREGDOROR D 2 5720 (CBHHETDORZ PRV K5I,
/ f(z)dz=0.)
¢ Y,

ZOEMOERZNFEIHIZER ST 20, 2OoRbHIADALBLSND %,

Ahlfors [42] 1Z1&. ZOEH (p. 141, Theorem 15) DFEEAD# - TW 5, 27 [46] DER
71 BERINCZNUHE T2 DT H B0, ZDFEAIZ [42] KD TRV TH S (Fttrk X
BZHhoZHb D BED),

[42] 121X, “This proof follows a suggestion by A. F. Beardon” YN TW5, L& L.
[42] DBECHFRIC Beardon [EF#H > TWRW, AARZRDEDIZEDS S DHd LKW,
[42] D 3R L [AFEICH X 7z Beardon [78] ¥ WS TF A MBH 5, VWOLTITH B R
DHIUR, FALRTAHTW,

ZOHAD 7 A 74 7 (FHZIEFRR T > T, MTFEZED MBI (KB ?) 1oV T
. BN E L VREZZ <. Cauchy DFEDRNEDBMEZ 2, EW0WH Z A5 0) 13Y
IO TR ZRIREED B % D273,

[46] 12iE. Ta—>—DEFITOWTODZ K DFEHOHT, kD2 <, EHORED EWT
REFMEAPICLTVEHTRDTSNEZDIDD—DL WS TN TES. | 2V FEDH-
TW3,

EH F9 25 %0DT, amiIciX, Beardon OFEIIZLER NI T TH B0, [42] b X
DOIHHET, [46]) PEREL TVW2DIED o dRETADDH L, (bRrAIZ, EH F.9 OFEH
1%, Dixon @ 1971 FEDFH X [77] WHEDIWTWT, ZT5 5 DA Beardon DFEERH (1979 £ 7))
DHIPSHH 5, )

(R, 2w FEPHIL TV S, [42) ICHlo TV AR XX LTWwWa A, B
EDT7 XV A TEOMAZRAL TV & ZADBZVDIEIRERAL, BFOEZXZ 25D
D DRWIE T (AR 2S5 DT, A b I ZICEDEER->TL B2
TERW), EWHIHBDH 72D LT, VA T7A4R> T\, BATERICEREZRNEGS D
WBRWIZ ERAEAD, )

F.5 BBEEE

4 h
EIE F.12 (BEHZRAVSIEHERE) Q 13 C OFT. ¢, -+, ¢, & Q NOHER S
Me f:Q\{c, e = CWRIERAL ClE QANDH A 20T, QIZBALTOIRER—
T, Do dBOLRVET DL,

1
27

/Cf(z) dz = Zn(C, cj)Res(fi¢j).
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SRR o E . EE 111 OREFHE R T (p. 210)

/Cf(z) dz:iRes(f;cj)/Czd_ch.

dz

Z—Cj

C RO ER /
C

271

=n(C;¢;) ZRATIUIRV, =

F.6 {EARZL AR

AR W WIERD R D 75 Cld, EHoFT k) orfic MEED) t W5 FHELED
JE S8 LT, (Fo/ EERHTIEIMD LN 0) BN L& E2RET 2HENEL, £
CTEHPDPREL TS, EWIHIDD S, EEDISHTIE, 1Z A DA, FiE DBl
HIARDS B RO R 22 DT, EHPRKZREKICKR > TVWBEENT 5,

ZAUTH LT, FEREE W25 D /Tl RO RIS EM ORI N S, FEE
W 2 &2 ORI O W THERBUZ TR THUIR WO T, B B2 I5581% (2 L TRIK
DTFEEZE I 7o T0DB) 1T AEEHDRW,

ZORDFEDTHI- 7z X, BEZEEFIC EFSHULMAT 2, $20 ! & —BEL
7B (R). £dED. ZFARET 2T 2RBEIRDr-7DE, X<,

0IZHRER =7 WS RERY —DHERD, BEREE WS BARNRESTTRIHATE S 28I
KOV DIE, Emil Artin TH 2 5 LWAY (Artin [74]). ZIREF 5 LR,

Dixon DFEH%E B 5D LARWTHHTE 2 X 51 LT, i 5 BR 72 B [ElHizE
BOTENEHEICHFK 2 X 5 REHE2ETE. Ao TWF 30 Lk,

(ALXDIZHAR L CERE) B2 AR MR o &EI1X, EH 6.18 OFIH, Tt+ok
S LTE T, RITHEFRORHELT ORIED 72,

F.7 FxyIdNREHm

Dixon DFFH & Z D EIZDOWTIX, Dixon [77], Loeb [79], [80] % ” XK.
Olsen [81]
Gray [44]

G C OEEFZHEIOFHET

WAERNZ E BIICAN 2 OB ERD & B ofeh’, B HTHRSZ DT, F HLEEIZ LR
EWVTRV, D UKo oL LAHi e 55, FOWEICR S,

¥ 3R HLEAS & W S SR I VWHIZ 5,

D % C oM (#HFES) L5 2, D PHEEHTH S 3. D NOIEEDHIEY D
ND 1 8 a 20572 EBHR (V) =a (t€]0,1]) I D NTHE M —[FETHS Z & E2W
o (ZOEME a DD FIZELRVWI TS0 5, )

THUE. PARIRZ v:[0,1] - D 55 & &, HER ¢: [0,1] x [0,1] - d TULFOSMAF
Z7z b ONFET 5 2 EKT 5,

(1) @(t,0) =~(t) (¢ €[0,1]), ¢(t,1) = a (t € [0,1]).

(2) #(0,u) = ¢(1,u) (u € 0,1)).
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ROFEME Z DI, & [36) TH 3.6 ZIFELZDDTH %,

4 N
EIE G.1 (BERREOKHIIT) D %2 C Ol (ERHES) £ 75 L & LINOSEMF
BT RTHWZFAMETSH 5,

(a) D IFHERTTH %,
(b) D NDEEDHMIR v X DA TOIKRER—2"TH 3, (ie. a € C\D = n(y,a) =0)

(¢) D NDEEDHA 7L v DANTOIREKRER—7TH 3,
(d) D NDEEDVA 7 v &, D TERINIATEDIERIBEE f 1o LT / f(2)dz=0.
v

(e) D TERINIAAEDIERIEEE f 12 LT, f DFEWBEE F (37205 F' = f %2
72F) BEET B,
(f) f 23 D TIERIT, D TIRLTOWIER SRV SIE, D TIERIZEE$ ¢ T,
f(z) = expg(2)
i3T5 DOMREET S (log f(2) D DB LMERIRSHBFEET ),

(g) f 2% D TIEAIT, D THLTOIKIEASKRWASIE, D TIEAIZBIS h T,

BT OMEET S (VI(2) © D CBF 3 LHERG S ATEET 3).

(h) D XHAIFEE D(0;1) LFMETD %,
\_ /

sltFR

(a) = (b) —fRIC TREF—TRSEBRER—TH 3] (5P LTVRVWIES &, Bl
MRy & %D DANTHRENE—[ERDIE, 11 & » & DKATKRERY —FE, Tk
HOHBEED a e C\ D IZMNLT n(y,a) =n(y,a) BRDILD, ) THBH2HKDILD,

(b)=(c) EEDIA N v &y =y + -+, CPHMROMTER S, (REH”S ~; ~ 0
(mod Q). THROBEED a € C\ QWXL T n(y,a) =0. ®ZIZ

n(y,a) =n(y,a) + - +n(y,a) =0+---+0=0.
I72HH v ~0 (mod ).
(c)=(d) FEvY—hR Cauchy ODFEDEH (EH F.9) 12X %,

(d)=(e) (kL B2HEMTHZD, —IbHEL WX T 2, ) EED aec D #H5, D IIFHIKT
HEPH. FED 2 € DIIMNLT, a ZIER. 2 ZRRE TS D NOXTHY C #ithig
C. BT B, / FOC I C. DERCHIZESFTEE 5. (HBE ! BRAL & 5 i

C:

THBLE, C = O —C. 13 D NOBMITH 55 5. 5 (d) 12X D /f(odg:o.
C

v@zc:/ f(g)dg:/ FO)dC) WRIT, & 2 € D LT, F(2) ;:/ F(O)dC &
c. ol C.
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BLZRIZED, F:D - CHEED, ZOLE (KL D2mickD) F'(2) = f(2)
(Z - D) 7173\52 b joo
(€)= (f) f7 4 D CIEHICH 56 TE £ D f7 ORI P 27T 5. TTbB P D —
f'z) .
C IZIFRIT, F'(2) = L ZorE
I P =3
(f ~exp(—F)) = flexp(=F)+f-exp(—F)-(—=F) = f exp(—F)+f-exp(—F)- (——) =

THEhH. HDEERC BFEELT. f(2)exp(—F(2))=C (z € D). $72bb f(z) =
CexpF(z). IRE (fIFRLT 0 IZARLZRWV) XD C#0. @RI C =expC’ Zifi/zd
C' BFIET 2 (C':=LogC TRW), g:=F+C" Bk,

expg(z) = exp(F(2) + ") =expdexp F(z) = Cexp F(z) = f(2).

(D)= (g) LD [ —expg BililT g BEET B0 h(z) = exp 1 ( ) vsen.

h()? = exp (% - 2) — expg(s) = f(2).

(g)=(h) e D=C DHE. ¢(2) =
»H5,

e D+ C DA, Riemann OFEEM (DFEH) 12 X D BUERIER ¢: D — D(0;1)
DFET %, THUIFMEEBRTH 5,

(h)=(a) HAFHHENTH 55, BEETH S, hL A D bHEETH 5, =

AR G.2 (EBD 127 [46]) THREIL) 20 [46) TlE. S0 (b) i 3EEE [H—EE)
ERPON, H—EEREIEIN LT Riemann OBBREBZFAAL (Z2OHT (g) B DIIDZ &
ZEoTWS), fto T, E—Eig il EETtHh 2, Lidml TW0d, THUIEIEFLED
Y ZDREAZ B Z o TWD L F R %,

(simply connected DFRFEYL LT THUHRS ), [H—#fE) 235 5, Hdld[FE UERICHR S
2L, —DODTFRAMIELE LD ULHTRER WD, [46]) Tl MHGEEE) ©» TH—EE)
EENZTNAOEREZ LT (MG dHVWT), HEFETH S, iR TWE DR, )

(ZOHZFDLHIT 5. AT —[3] 2BZIL0hd Lk, [Z ZTHE
R L WS ZEDERTHS. (P a—>—oREpEHDFEHICIE, TLAD
XOERETHAT 2 /HPMERNTH %: “GIKQ PHE—EIETH 2 1%, QDEEDHMIRD B
FPQIBENBRVEEDR a TN LT, 2RI n([a)=0 R85 TH5. 7 ZOERHR
D RDEFEDOERLEFUTH S Z LI, MPICAHERAERNC SN D b 508, BGH

DifimrEDT, ZHHEGE LTHEER, V—< Y OEH{EM & —{fiTED &R (monodromy
theorem) & ZAEIHT UL, ZNoO0HHARICEL Z N TE S )

FOFEHEDIFHDH T MRiemann O EMGEBDFEHIC X D | 2 W5 DD LE LWEBHT (GE
It 2 H D 22 DT, AIPEAZIEE LR VWE F Y2 A THS), [46] D X 512, Riemann
DB ER R B —BEEIC OWTOFRE LTEBL AP, Ay FUFHTES (R3i1EL
BwF L), EHERZ 2 =3 THEMEEER TRATZADPRVWTL & 525

—J7TC, [36] D& DI, FAMEREZHEEZIRNTBELDBHEZIRLTLTLWEEZZDT, 22
THMELEXE, n

1+||kibii%¢(}%Dm1)ﬁﬂﬁ5@T
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R G.3 zofucd FEERSEFED 5,

(i) a2 D NOEEDRE T2 E, BEAR (D, a) DEAITTOAD B 5,
(j) C\ D I3HHETH 5,

(k) D NOEEOHFERIZEETSH 3,

(1) D NOEEDHAEAMKR T 1 LT, T ICHEN2ER RN QX D & Eh b,
(Jordan HIFREHIC X o T, Q DHEET 5 Z & HEFEEE L )

(m) Runge OZIEFGALUEHDIMILT %, THDB D TERSINLAEREOERIEKIX. DN
DIEED compact £H LT, ZHEAIT X > T—HIGEMEI N5,

(n) D EOARTILOBEZERIE D HEIZR 5,

PRLELBLDTHEN, () RESWRNEZ 3 ROT, (j) KOVTHNTHEI 5.
FiE, [42] TR £ () ko THEREZERLTV5, 22T, EHGIOWThp
DAL A (§) EOFEEZRLTEE V. [42] TR, §44 IKHZER 14D Z DT
WWHEXNRTW3,
Theorem 14, p. 139

A region (2 is simply connected if and only if n(y,a) = 0 for all cycles 7y in  and all points
a which do not belong to €.

DFED, () & EHG1DEM (c) LREEE WS 22 TH 5,
[42] DREAHIE. FACIZIRAID D D IZL 2o 72D T (KEE TR W), IR LT E - &
WTAD, m

EIE G.4 fHR Q2% () (C\Q 2HERKICR 2) 2320 OBE D4R, QW
DIEBDHA 7L QIBERWVEREDR alZN L Tn(y,a) =025 2 THb,

SRR (REM - ZZEESOERYERSZ) C\QAERELE TS, v B QNOEEDF A 2L
Y35, MES C\QIBEFBE2S, v OEDIHEBMD—DICEENS, 0o ZZDMES
CEENDD S, ZOMHEBIIIEFEFITR S, WX QDMEED (co THRYV) FRIIHLT
n(y,a) = 0.

(Tt HHEEHWS, QOMES (C\Q = (C\ Q) U{cc}) 2, BIETHRWVERET
%, T2, ZboRW2o0 (CO)HEGOM AUB THRENS, A, BOEHLh—]
X0 ZEBAH, b —HIIERTH 2, ADERTHHLL LD,

A Y BIIEEHEES > 0 240 (—RIC TRbowar <y MES (£ 0) LHEA (#0) o
BEZIE) ). 2FHEIC, WOEIN/V2 X D/NSWIESKRFE2HE 5,

B3 acADPEAEORLTHS X5 ITHTFEEN:E LTRW (A OEE o 2EEIC1D
BEE, ZOADEFEOHFNID 2 X512, BERLIIETZIT 5T ). IEABIZAZADT-H
EEDZ 2T L5, BB Q OBEFMIEREZ 00 tE LI LITT 5, 0Q DAIEIE, Q
DNERD 0Q ZI2 T HMFRTEDEIIDH B T 5,

TA TN
= ZGQj
j

EEZXD, TITHNZ A e @D Z2FOF (IE/TE) 2 TIChbb 8T 5 (v = Z 9Q;)s
QiNAZD
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40: Ahlfors @ Fig.4-9

a3 1 ODERE (DHER) IZTEENZ D5, n(y,a) = 1 FALHNLTH %, EFE.
a€Q; %% jBLIDREIHY, ZD jIZOWTIE n(dQ;,a) = 1. 1D j IZOWTIE, a ¢ Q;
THBH2H n(0Q;,a) =0. WZIZ

n(v,a) = n(0Qj,a) =1
J
(A 7T 2 DER L . EAEOROREERE Y, 2 0Dl LFEREEHAG LY
7RI THB, )
IHRYIE BEROLOBRWIEBHL (LRI, 1 DOEHEN AL BOWiHE
RbbZ2IiZkb, Ak BOKEEDS o LR D, 6§ OBRDHITFET ),
v—zan“CﬂFﬂv/Jal/ SavRETTLE, v IF A LHEES B, ERE

Atﬁ%% TDOHB3F (39) ITEFEND 2DODIESBICHBETH 2, ZoMFIIHAETDH
L6, ZDEy OBML 7-RINIXE E 720,

(£o72K ZOHHADBED TH Y, BHICHR>TLEIDHAT %, bey* NA MBS LIFE
L7328, bedQ; £72% j PFHET LD, b DET S Q; Dl (b BTHFTRIFIUI 1
D, b WEETHIUI2 D) ZHETZIEHE Quld. RED QuNA#£D(QL & ADELL
b b EBUND) EilizT, Y KBV b EEVEASBOMBI2 £34THE, B

Q;NAFD
EHETZIEABIIOWT, HOMEDHIIR S, Lo THFr L —ary2FET35
. MCIEEENRLS RS, T bgy. ZREIFETH S, )

ZFhWX v QIXEEND, (EBE vYNB=0 & v*NA=0 &b, v¥N(AUB)=0 T
HBhe. v cC\(AUB) =Q)

YIEQADH A ZALT, adQ nly,a)=1#0 ZH7=TDT, IRELCFET %, m

H JordanBifgEIBICOWTHL»ARD

D THEFEE - Y ) Cld, Jordan BIEEMZAAMET 205, HbRVWTiEmz HED
% Z I l7, Z4UE Ahlfors [56) FDTF A MDEXH IS5 DTH 2 REHLZWVW
PIEEDTICTER ),
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LrL. 5D LEETHEDS LTI, LTI EFEI20F3H LW, B CirBAZIEEL
TVWEWEHZH > TWEDREELEDPRN, EEXEEFYE L TEZDLILIIRD, Z
DAUEENTHASB,

EHE RANERL U CREAZ A 72 DX Bolzano TH % & D Z & 7253, HANTFHEFHIZAR
WL 7DiF, EHEUCHHTZ R X472 Camille Jordan (1838-1922) TH %, H DN FHIE [82]
D 3BITFEHI R SN T WS (1887 4F),

ZDRHIERERE WO EAD H o 72A, Jordan HIFREHE DAY 2 > ¥ 2 — & —IZHEGRE
XE 7z Hales [83], [84] (& H1IZ 2007 £F) I &k % ¥ Jordan DFEICARE W2 EEIZ % <. B
ROBEETTHELELBDOOLNLVICEZETIENTES, DI TH b,

(AY¥a—R—IZXZEHEDOMGED, 20D X7 A TIRIERFHSER X 172 (2005 4F), )

(GBEC: #H [85] OH T, Jordan BHFRERD 2 Y ¥ a2 — X —IZ X BFEFHICOWTE RSN T
W5, )

D BIEGRZ WD TH A (1970 FAEK) 12k, Jordan HHAREH OFEAZ FHE W=7 F X
MIFERBIZR O 225 (FIETI&, i - 57K [86], I [87], =2 —< > [88] &), BFIN
5Zrd%<, ERICHAZZ EIFRV, WO IRMIE o7, 4. RoARMIZEL TAE Z
A, 8 [89] ITH - Tz (MAHRMOARIKIZL AT > TWARVDT, Uz 505 DH
HBHOPIFHIS TN, [89] B T0Onitd 5 EWOIBERATH S, ),

Jordan HIHREMDFEH DR RIZE L R NIEDED T Z 5 TH %, 1984 FIZ Maehara [43] &
W I R HER I Nz, ZAUE, Tietze DILREM, Brouwer OAEIRUEMZ HW5 Z & T,
Moise [90] D7 F X + DFERAZ EERIL L2 b DZZ 5T, MXEERN 3 R=IY e H ko T
Wb,

(EARNCIE, ThzEH o T, (Tietze ORREBIIMAHZMEROMETE 572D T) EHD
AT — XY FEIFHI- TW3 Brouwer DB RUEMOFEHZ AL X 5 2 i2hhr R L7z
ZEehbHB, )

5 72 A2 Mathematical Review 128 - 7z [43] D L B 2 — (MathSci & v MZEH L THN
. Ay FTaed d) Tld, (AR OEREE Munkres [91] 1IZ# - T\ 2 FEIA (BEARERHE
Z2ME W 3) 1. FAREIC PRGNS D2 TP SR 2155, HEZEMOFA K Z
T van Kampen OFHE2HS 22 dTEx 3, eFEhLNIL TV,

ZDLY a—7 -0 2EFHE, A [43) OREFB X D BUEDEDH T, ZOHE NNy 7
79V FDEVEDEAS, LEoTWS, &Y 2 XEA LT 2 N2 o T,
91] DEEFHD T D72 L AR TVDD S LA,

GBRZ0: [91] 13HF o TWRWDEM, [R9] 2D o THD L. ZARICEHN LS DTIER
VWO, EWVWIRB L THRE, 250V TVRAVWARAFIFIZEIPNTVEIDIEZ, BWZ e T
ERCH

(GBEL1: B9 D 1B2EEH) 2H6 91 TEMBD o7z NDEHIZTLADRT VT F AT,
EARBE L W EHOMRE TEIAN=—L TS, KEDOY a L& O EH OFEE, 5
AN ZDEINCE > TWB. | 5 TLER!)

B o 7=, BIE [76] 1I21&. Brouwer OAEIRUEM %, K D EAL R $ O (8% H
Wioigam) CEX#Z ohs 2, £REIEDE LT, FEEIcOWT S R R (BEGH
WISH LR T W) BMELN2 ZeFmHEINTWS, T2/ T, dLrdde., BEGHRD A
V¥ 27253 Jordan HIAREMHZRHRICL7ZDDICTE LD TIX? 2 & X2,

UL, PLEZC, TERENKR->TVWS Z 2IZKDOW 2, Jordan HiffEH £y b T
XN B Z ¥ DZ W Schoenflies DEF [Jordan HHFREFHICIHRN 2 G FEE © IEE F i
. ERZNHEAHONER e A HOMNERICFEHETSH % | WL RBGEPZ WV, ZDE
HoffiEHRe LT, Nordan HFEHICHN 2 A FMEBIIFEMTH 2 ) 55N 5,
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Jordan HIFR DB LA FAEIEIX Jordan FEE L FEXN 223, 2D [Jordan fEIRIE HEAS ) 1
ZLDIHTYZDHEIO X S IfibhTnW5d, ZWDDH 5 & Riemann O BAGE 0D F i
WS Z i, Jordan EBUI B OWERIZFEIMETH 27203 T <. JEAIFETH %
DT B,

Schoenflies D EHDFHZFEAN HAIUIR VDD, —HiL, LT DHL. XRDDSFHf
TIEHTZX 2725950 ? HFE D HEERWIAY -

(1) Jordan B ONBIO TR Q) MIOFERE Q. T2 L, C\ Qi =7"UQ U{oc} =0
(FATX C TE X %) 13 NEMEAOHUROTHEN THS, ©2I1I, G4 XD,
Q; FHERETDH 5,

(Jordan FHIDS HLEAE TH 5 Z L 1X T THERTZ, )
(2) Riemann OBHEBIZ LD, Q; ZHAFE D(0; 1) IZE 3 IERIBE ¢ 23FET 5,

(3) Carathéodory DEHUZE D, p X Q; 25 D(0;1) NOFRMHERIHIET X %,
4) w=1/22ZZ5Z2I12&D. Q. {z€C||z|>1} LFAETH S Z LRE 5,

Wikipedia % 5% &, Carathéodory DEH % FH\W T, Schoenflies DEMZAHT 52 Z & b
TE%, EEVTHHINE, ZHWVHIZFoTVEIDHNR?

(1), (2), (3) THWZEHE, PABRLTENE SR 20 TR, e RmHET
BURRIZE BT, MWL RS BE 25, Ldl, PRHBEGHCE > TEETY
SHEEDZCDT, 2505 TR LKA BT, ZNoefioTT CIHMTE2, &
EEX3755,

Jordan HIAREHICE > T, b LitHADHIEE TE B A LD N6, BEGHDIRZFETHE
BT 2 Z 23D LW E (RN TR0 5 Z e b)), ilFR/ — FOff
BBz TtEZ S/,

(BEL2) HWVWBABGRD T X A M TH B3k [92] R 2 A, Jordan HIFEM &, Jordan 8
BARHEETH 2 Z L DT F 2 MERTWS & 572 ([92] OF TIEFEA L TWiw), Z
DD Y Carathéodory DRI (Jordan FILAN O BRSO SR EICHEM L TH -
T) IEWICFHEL K EWTH %, Schoenflies DEFELFEA TV B EHMRH > T, ZOWNHIE [C
% Jordan AR & 34U, C DERIIC DB LU HEERRETH S. ] ThHho7ze KN
ERFEIA RS TH B Z L BRD R, RICEWEEREIC L D ®F&IE Carathéodory D EH
o CREAT X %,

(GBFC 3) #9ME [93] TlE. 6.1 TC ND Jordan BHBIKR v TH N8 D ZHEETH
3.0 LD (1) OFRTHEAL TV, 2L TEDT <K, Carathéodory DEHEFEL 3t
L TW3, ED (1)-(4) EEARRHNALD X5 IWCBZ TR, ALiZo & L,

I BEAOIDDEIHE

AHAROED BIPRS00 TWIRWADB WS XS 72D T, EICHAL THE L,
A

23 — 722 + 262 — 30
23 —5224+32+9

(L.1) f(z) =

ZHNCED BT 5,
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DFDZIER 22 — 7224262 — 30 2RO ZIHER 22 — 522+ 32+9 THIB 2. BRI
FREFENL —22 4232 -39 THEDH
1- (2% —522+32—9)+ (—222 + 232 — 39) —222 4+ 232 — 39

1.2 = =1 '
(1.2) f(2) 23 52243240 +z3—5z2—|—3z+9

—222 49232 —39
23 —5224+32+9

ZOLT, fz) 22K 1 &, TTFORE < 7RO TH 5 HHA
DN RT Z 7=,
ZOFE R TCFIET, —oFHAN, ZHAE, TFOREE < TRHORETH 5 GHN
DINZHFRETE D ENTh 5,
—222 4232 -39

RIT — D ERHT
X 23 —5224324+9 E

22 =522 4+324+9=(2+1)(z - 3)?

DI I XRZHEAXOBEOMICHE T RTZ 2 ((REFOEATEHIC L - T, (EFEOZHEAIX
“JHRERNCIX 1 XRZHEKXOBEOICKE DR TE 2 — o b ERKINRIETRD 5 Z T
B0, ERROMETH ),

A WS T, EREEHKONERT 2R T 25813 EREZER O TR #S
ZREDD B H, WERBE TR, EREZENRICR 2 08372, BRFEEZEAEHWS Z
DMK D DT, 1 RZHEADHEDIITHET Z %,
w24
—22% 4+ 232 — 39
(z+1)(z—3)2 "

CZTRDEMPED VDI LITHFERET 5,

(1.3) fz)=1+

4 N
T 1.1 (98P EVNCRBEBOBEBTHNIEAETES) fi(v), folr) E o DZHEAT,
0 TR, AWRETH 01, EEDZHEA r(x) I LT, 2ZHKA g1(2), g2(2)
DEEL T

) el | e

h(@)fa(z)  file)  falx)
DI D LD, FHTFIAT, TFORE < TROXETHNR, HGHDOBRHIZONWTHZ
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