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727 VD TR WD ? £ W0 DIFHARDEMITHA S, ZNCEZD2REDD L, ), FEHREK
SHEHBROEBAEG Ve &, BONKRO—E BRI N S (22T 5 Z I3
Fizw) VS HEOMMIEAMITREZTIERV., &R D,

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

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

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

(1) f(z) E3RZHEK, o FZERE T2, KAZIELTER A B, C,D % [ ¥ aTEbE,
f(x)=A(x —a)’ + B(x —a)* + C(xr —a) + D.
(2) HASNF3RZHENX 25 4 ax? + br + c WL T, y=2—a &5 EHEHRT
P tar’+br+ce=y+py+q (2ROHEDIRWV)
EWVWIOTBIZEET 51213, a ¥ 5 ENF XV (Cardano i),
(FEEZ p. 227)

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

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

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

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

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

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

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

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

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

&auﬁ:_qﬁx>a5:_§ = PH4prtq=0 ($HD5 I3

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

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

0.3.2 Bombelli

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

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

T = {’/2—1—\/—121—1—6/2—\/—121

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

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

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

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

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

52281258, BREERW2 EHBLNIELR2E L REHTDH 5,

0.3.4 Euler

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

EWVWOFHLBERA TR AL, MERUTTER L,

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

et 1 oif 0 _ it

cos = ——— sinf = :
2 21

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

0.3.5 Gauss

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

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

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

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

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

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

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

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

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

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

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

0.3.6 Cauchy

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

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

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

0.3.7 Abel, Jacobi

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

0.3.8 Weierstrass, Riemann

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

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

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

0.3.9 E=EFH¥

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

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

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

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

1 ERBOERCEOME

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

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

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

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

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

ZLT

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

THEEEED S,

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

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

F5F22 RCC Aaitd, HOFGHEZER» IR L2 ITHR 5,

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

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

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

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

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

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

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

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

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

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

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

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

2w =1

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

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

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

w = —1
x2+y2 I2+y2

TH b,
7. 2OZeZ2EID K,

HTTE e TEL,

) 1 T — 1y
+ 0 YeR) = — = .

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

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

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

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

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

f } ™
88 1.4 R2 13, Ik

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

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

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

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

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

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

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

3) (Vae K) (3d' € K) a+d =d +a=0g

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

(5) (Va,b,c € K) (ab)e = a(be)

(6) (g € K) Vae K) alxk=1ga=a

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

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

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

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

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

(3) (Va,b,c€ K) (a<bAb<c=a<c)

(4) (Va,b,c€ K) (a<b=a+c<b+c)

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

DD LD, —F. C BIEFRAETIER Y, =

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

BEBEPERTE200, FALSNDORD HIZOWTHHEICHEMN L TE L,

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

@'j) (a,b € R)

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

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

sinfl cosf

cos —sin9>
TH b,

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

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

fE Dublin IZTHE T %) 1&. NIV b > OMETEE (the skew field of Hamilton quaternions) &
WA 2 JER] A
H:={a+bi+cj+dk|a,bcdecR}

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

iz THTHZ (Zhh b ij = —ji=k, jk=—kj =i, ki=—ik=j 2%E»rN3), HD
Tt % T (a (Jilfazgr;lfoil) EIER,

H (&, AHAOMED S B (1)-(8) 1difi7=3 75, (9) Sk nizn, KT,
FERTHUR L M XN B

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

Gibbs % Heaviside 12 & 32X FIUENTICH > TR O SN 5 T, PAITEIKIE 3 KITHZEIC
bRAMHEIN TV, 9 TH 3R EMOEEEzR LD T 2difibh s,

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

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

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

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

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

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

& 1. BREUA C DRHESE (7)

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

1.4 EXRFM@

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

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

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

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

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

Dt E C 2EFRTE (EHRBCFEMHE, the complex plane) & % WA W XFM@E (the Gauss
plane), 7L >VFM@E (the Argand plane, FHIREDHEZB R Z KR L72d DIX an Argand
diagram) & L3,

R?* OEGEWT x fl, y B A HIZ, SR8 (the real axis), EE#H (the imaginary axis) &
/XO

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

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

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

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

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

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

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

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

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

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

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

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

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

TERTHEDH 22>0THHIREFRETSHL

2 _2+V22+4 2422 1442
4 4 2

T
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In 5

1 2 1 22 — 2
2z 2v/2v/2 + 2 2/2+2 2

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

z=x+yi ==

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

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

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

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

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

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

\/0_1\/0—22 vV C1C2
DI D LD,
Fl:ﬂ 14. C1,Co Z 0 tj‘% Z g‘\ 4/C1C2 = \/a\/C_Q 7Z7§B‘ZDEZOZ t%fj——\“ﬁ_o
Rz ARRTEBEENREZ I LRV TT I E R (),
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SRBEDEYE AT BEOFEB cITHL T, Vei=—ci EEBRLED BIZE V1=,
V=3=1+31). ZOHFBETE. TOBRIFHALRLVILIZT 3%,

RERTRALR VIEAFEH EWSEESIIEVEIT 3D
BRTZREALR VA CWSESIIED R LICEDLL,

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

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

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

FLVWZ IR THEE V2 2R 2 ZICHAT 2, 505 BIC—F/2T | By LTHE
MTHDE51CT %, (CBETHFIIETERN, Frizid PERE 1 OFER, Z IR
TR E R XE 2 D, )

HEHELTHI 12, FIZIERDZ BB TN, c D220HZFEHIBDIH, —FH% S
FVIL—ILTEAT, Zhz e &RTZEIZLT,

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

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

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

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

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

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

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

c DIFEFFRD £ TH2 ik, BEOGLEEHZIZ

{zE(C}ZQZC}:{C,—C}

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

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

V—DE ) — M ERENALTEL,

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

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

PEHALTOIRELANEERT. L5oTHDLRVWTHA D,

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

—b+ Vb — 4dac
z = )
2a

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

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

N
SERR  SERE D 2 KGRk Rk
B b? — dac

b 2
240 = — ) =
az"+bz+c=0«< Z+2a 12

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

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

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

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

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

THb,

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

(o) (]

RUSERR  (57k) 79

=a Z"—% 2%
b Vb? — 4dac b Vb? — 4dac
—alzt ot |2+ - T— ).
2a 2a 2a 2a
. —20+ Vb2 -4
WZIZ a2’ +bz+c=0< 2= 5 ac
a
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AR ZOMHERERED L 22 (ERBDOGER) Bbob D, HERMDHEITZD
FFEEHT 5, Taz? +bz+c2=0 OED o, B 2BIR, a2’ +brx+c=alz—a)(z— ). D
%J—.EEH¢:¥)7;OVCL\E)O |

1.6 HREEH

ERIRN

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

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

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

2|

= Z.

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

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

24z Z—7Z
FWZ 5L

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

(VzeC) (z=2z < z€R).

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

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

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

1.6.1 HEFEHBIERDIR

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

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

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

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

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

DI D LD,

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

1.7 $ExfE

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

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

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

APS)

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

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

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

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

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

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

LRED Z L ERE,

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

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

= [2] |w].

(BIFERR) REERONE 2z = |2)° ZRLTBVWEDT

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

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

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

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

faREHl

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

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

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

(&

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

= e"le™2,

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

ZHUIE4 Euler DR TH 5, FFiC

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

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

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

DD LD, n e N DHFEIX

z1tze+ o tzn 6Z1 zZ2 z

e e ...e”

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

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

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

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

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

ZHUIE%7 de Moivre DR TH %,

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

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

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

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

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

y 9
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9 24. FED e RITHLT

DD ILD Z & ZHERE Ko

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

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

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

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

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

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

cosz = ,
2 ’ 21

DD LD (b 3).

1.9 #&RAZEC

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

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

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

(ricosfy,risiny) = (rocosby, rasinfy) < (rp=ro A3k € Z) 0 — 0y = 2km).
M EZBERBICOWTEWVIRZ S, RDEXIITKDB, EFED 2 € CITHLT
(19) z=r(cosf+isind), r>0, OeR
279 r, 0 DFET %, ERIEREKZHWD &
(20) z=re, r>0 HeR

EHEIT B,

iz EEAE DR 2] = V22 + 2 TH O, 0 XEBMOIEDH 5 B -7AETH %,
OIX1DITEFE SRV, 2 #£0 DHEIX, 2r DBEBOEZRVWTEX 5,

0 D% z DIRA (an argument of 2) EFEL, argz ERT,

( MRADEFRII? ) LAl n, 023 2 DIRATHZLE, z2=re r=2[,0 eR %
7232 THB, )

(19) % (20) D K SZ. 2z ZZDHEIHME r IRA 0 ZHOWTERLLRXZ, 2 OB (the
polar form of z) &L,

(B3 212z oM X, 2z ZWERETRLRXOZeTH Y, ek I v &
WO R, HEANCIEIMEEREZ RO LRIV, VW52 THD, )

0 DEFNBZHFZE, 0<O<2r—-Tm<O<71DEIIZ, IEDI 2 OFFXE PRI,
O IF—BMNCIREZI NS, K -7 < 0 < 7 OHIFTEAS 0 %, 2 DIRADEMEL M,
Arg z TFRT,

Ri% 1.23 (Mathematica D Arg(z]) 2> P2 —X—TRADHEZ T 2, HEINT
W3 BB TEEZ IR T O E@ETH 2 (FIFHIF S W), Il 21X Mathematica 1213 Arg[] &
WS BB D B,

In[3l:= Arg[1]
Out[3]= O
In[4l:= Arg[I]
Out[4]= j

2
inisl:= Arg[=1]
Out[5]= 7t
Inf6l:= Arg[-1]

7T
Out[6]= - —
2

2: Mathematica @ Arg[] 12X % 1,14, —1, —i DfH

BOBDRAD (—7 THRL) 7 THEZLEHEELTEL LRV, =
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Bl 1.24 Arg(1+1i) = %, Arg (1 —i) = —Z, Arg (—1414) = ??TW, Arg (-1 —1i) = —?%. ]

Bl 1.25 2= -1 —i OMIER, Argz 2K X,

2] = V=12 + (-1 = V2.

R 01
ef = = = L + iz
2l V2 V2
Zi/z T TH 5, [0,21) THEIRZRD 0 = Zﬂ', (—m, 7] TEIRS 0= —zﬂ'. (TRTHEZ

St 2 4o (n € Z) LT BB, MEARIGEL 1 SBUIAFREEOT, TRTH

CRENITRN, )
ot LT

z = ﬁei%ﬂ,
z = \/56”'%

PRONS (EE6BMEXTHD, EEH2EZATHIEHTDHS), RADTEIZ —7<0<n

230D THINH
3T
Argz = —I.l

R 1.26 (TRAFDREAZLTHB L) (19 2 200 D55 MMERE L TRDIZRNE LB
SFNE, BAEWEED X (19) KB AP RWD LR\ (ZOHPHYITHS), &
WHORDBLTWD, RICKHENT 2 LI REREVEI 570, 2 EZ 05,

—1 4+ V3i OMERERD L) 2SI LT

2 > S > "/
—14+3i=2 (cos g + isin g) (FHEEDS cos, sin TE D | MUEATITZRW )

e, Tz=re? 2322 % 7 oM ERD X 1T LT
Z=r(cosf—isinf) (RIFHELVERED, WFENTIERN!)

EDEZDBNDHERENT, TRo7ekd) EBS5E A TLE, =

R 26. 1++/3i, 4, —1 OWFERERD X,

P27 c—re LFHLE, Z L % (F72L 2 £0 £ 3) O ERD, RAEL,

AR 1.27 (arctan TRAZRY) BFRK 2 =2 +iy (z,y € R) DfRMAIX, arctan (tan™!) %
FWTRT ZENTE D, L, ZLDTFRAMIH TV

)
arg z = arctan —
z

CWVWOH RIWEFEREDDLETH S, ZUE 7 OBEEOEZ BT 2551 ELVWIRT, A4

arg z = arctan y (mod 7)
T

DESCEINREDDTH B, TR L S1Z, A argz & “—H53” DEPLEILDT,
(mod 7) TEATITTH 3,
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tan~! DIFEMHE ((—7/2,7/2) NDMH) ZEKT 5 & LT,

([ tan1? (r >0 DHE)
x
tan~! % +7 (r<0,y>0DHA)
Argz =14 tan~! Y _on (x <0,y <0 DHFH)
- x
5 (=052 y>0)
\_g (=022 y<0)

DEDILD, TDEIIT, ¢ &y DIFSERTEHLED L TUET 2LEZ )N H5,

1.10 #EZXEHROEFOETR

FIZOWTIX, RZ PR EFRIBED SEATMEIR" L—I DR LD, TbbH 0, 2,
21 + 29, 20 IEFFHEH L CTHTIOEZ %3 (KIZ2HEMT 22 8),
2 oD OMEIL. EHICHBEROFICE DN S:

6291 i(01402)

r1 . 7“26192 = riree .

(7’1,7“2 > 0, 01,(92 cReITBHEE, 1Ty > 0, 91+92 ERTHA :t&:ﬁf%’io )
N5 2DODEER 2 = r1e, 2 = 1y DFEITOWT, XL ILDZ 0D 5,

(a) 21, 2o DHOHMEDREIZ 2120 DHOIHE (2120 = |21] |22])
(b) 21, 2o DIRADFNE 21290 DI
1 OMIPVWEEEZ L TEL, (b) DFEFEE
arg(z129) = arg z; + arg 2o

PEEXLBED (ERICEDEIICENTHETFRA D HEH), WA arg 131208k
LTEZZDIFTIERVDT, ELWVWEIEFEZRWV, EXb3 212k, Bl Z21E2r OEELE-
FEZZ2BDEE—HTIZLWVWIHNEEZTI2XELD 2, ARRIEH > T iU

(21) arg(z12) = arg z; +arg 2 (mod 2r)
Y RBT ek s, ARARK a=b (mod ¢) 1&
a=b (modc) < (Ine€Z)a—b=nc

CERIND, DFED (21) &

(3n € Z) arg(z12;) — (arg z; + arg zp) = 2nm
EWVWIEKTH %,
AR 1.28 (RAZ 2r OBHEOEVZER L TEZASZ L. BRTRENICHE > TWLWBIET)
ER OB C DHEREY 215150 o TWT MER argz = —arg2 1%, M2 2r O
BEDECEROT—HTE I 2ERLTWS, DL, RACOVWTOERE, ZOEKT

EZB)1 EVOBANHICA o7z, BT 21T, AKIZ = (mod 27) TRINRZZILTH 5,
YWS e ThHb,

BEFNIIEBEE LS L ZICEAXINS 2220, BEICRSTAHINS,
2RGSO BOF C, BT 104 BT | 8 C 708 |, TSBNO78-4-410-80356-7
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f 28. Fff Arg BHIE 21208 LTEE S, 22T
Arg (z120) = Arg z; + Arg 2
ETBENYFVMEBVWTH S, ZDZ e Z2lEID X,

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

ze" = (x4 yi) (cosf +isinf) = (xcosf — ysinf) + i (zsin b + y cos b)
THb, Tz fioEmEEZ > TWb Al

cost) —sinf) (x) [xzcosh—ysind
sinf  cos@ y]  \zsind+ycosd
RN 2 RW,

90° (= 3) HHET 21203, €2 =i ZHTIUIRVZ L2305 %,

>
o] *
- 2=ty ~ve'?
@ v w T
ﬁ 8 -
0 . \
= {74y =hE
argZ  awalto}
J .
2‘60‘!‘7"‘31 ::;-’l‘tﬁitﬂ'
b D3, (R
TFR" {1 Th
. , \ At
e—x-«\‘; o Frwed = o> o'? aﬁv‘e )
oY
. ba B2 L
)qus = e T (Q_—b \=e )

( keI ed )

_— Tare- @
T >3-

3 ZDS5H TikZ THIZEL

1.11 n EIR

HETHD, a2 ATHEZH T, EBbALITRAX—FTRET, sfEBEVL TXWT
20,
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2Ll FEoBERE n &, BEHR cITHLT, 2"=c 273 EZE - D2 % c D n TR
(an n-th root of ¢) EFEXR, n Z21F FITHEFRQindex NE U & 5 T AQHEFIR, RFR

2 =c EWVWIOTEDO X Z 2T BAIETN (binomial equation) &5 (FETEZHE R 2 EI
7200

DolE5 A

c D2FRLIE, c DFEARDOZIETH 2B, c DIFARDZ L% ¢ DILHHR (a cube root of
c) & HIER,

EEROnFRDOS B, n=2 D & (FHR) X PERTHEAL V/  (V OHEEIE
BEE) PHOTRT Z 2R ED (M 1.8). n >3 DL XX, n 22 DREDGE (n =2M)
EBROT, 20 X5R I (EROHFED ¢/ EHVTERT L) kR (29, 30 %
F&)o
fl 29. ce CO3FMRZ, c=a+bi,2=x+vyi (a,b,z,y € R) EBWT, #ILFFEK

(x4 i)’ = a+ bi
ZRNTRDZZeEZONE (FABRORKRDTOEMTH %), IR 20ERE X,

Bl 30. —fi%iC c D 4 FRIE c DFEHFIROFERE LTRDHN S (BREHL?) 2 ZHWT,
—1,i D 4FRZ T XTRD K,

Lo LR Z FHOIUE, FED n I LT, n BARIEZKRD X S5 ICEHHFICRD NS,

4 N
8 1.29 (0 THRVERKD n T’IR) n 2 2L EOBREE T2, c=pe? (p > 0,0 €R)
DR 2 n FRIZ

e GHER) (=01, ,n—1)

TH2 (bxo8 nflFET ), ZhoIFERFETHELATO, F1E o OHED n F
BRTH 3 (n>3 ODHE. NIRRT THIE IEn AT 2),

j

(p e =p,r>0ZHSEr (—EICHFET D) 2RI, )
BB 2 =re (r> 0,0 eR) EBL L, 2" =c EREFAETD %,

T,neznO — peup.

HADHAMEZZEZ D L " =p. WA r= /p. Thze LOHTBERICAATL L

ein@ :eigo.
TR EFMETH %2,
nf = ¢ (mod 27).

ERAY. 05!

(Fke€Z) nb—p=Fk- 2m.
W 21T )

Fkez) =24k

n n

WRIT ¢ D n TFELIZ
opeHRE) (ke Z).

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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—RUTEREDZ X 57205 k2% 18R 5T LIRAD 2r/n $OMWMUT, k23 n X
% LTSRS DT, kLT n THL I nh %, WAIZ k=0,1,...,n—1 72T
XTI NRTERLSC L, ZREEDRV, TRDDE 2" = c ORI

@m v = /pe ) (k=0,1,...,n—1)m

T 1O FIRTHEH, Tk w TRIFEND L, EREET, 3X05ER 22 =1

“”fz% CELDD, FOEBIWHST2HDTH 5,

DR 5

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

TH5B (b8 nlEETS) w=e% BLL. Wb (k=0,1,....n—1) £ET L
kﬁﬂj%éo

J

i 1.20 D ¢ = pe* D n FMUEX. ¢/pe/"wk (k=0,1,...,n—1) tEFE L T2 HK2,
SEBH @129 T, p=1,0=0 33720 TH%, m

Bl 1.31 2L EOEBRI n 1T L T, wi=e tBL L X
M =1= (2= D(z—w)(z —w’) - (z—w")
D DD, =
PUR. BARRRERED n F#IRE KD 20|12 NW L D0HIT 5,
B 1.32 (SiD3IFAR) c=8i DIFR 2 ZRDTALI, c=8"2TH3h5b,
2= V8T HE) (k=0,1,2).

ERAS/9X5)
z = Qei%, Zei%ﬂ, 215 = V3 + 1, —V3+ 1, —21.
NG 2z 23T, HPICc=8 &%, =

ORI TIHMREADEE -0, 3T EHEICHETE L2, 25 TRVWESDRTALS,

B 1.33 (3+4i DFAHIR) c =3+ 4i D2FIR (FHR) ZRDTAH LS, |¢] =32 +42=5.
c DIRFAIE 0 :=tan™' 5 (tan™! BFEEZRT L T2) LRI HVLILNTERY 33, 4,
520, KON EA=ZAFONATH D, AEOEIEIEHIC 2 DI TlERW),
W2 ¢ DFFR 2 1%

Z:\/gei(9/2+k27“) (k?:O,l)
= VBei?/2, _\/5ei®/2.
tand = 3, €2 = cos§ +ising TH 205, Hiko TR TIUIEIEZ KD 2 Z L IR D

P, RRHEITDH 2,
FFaE 1.8 DANIT K B &, A

= +(241)
MEHN5, Ebm:tmﬁimﬁ%m%é(1H)—4+M+i—3+@ﬁﬁ&29@ﬁﬁ
#HiPHIE, M 1.8 OWHEFH X D BIAVD, @ 1.8 DAPKIUOGE S DD 5,
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—1 D nFRERKDTALI,

Bl 1.34 (1, -1 D n FR) n KPS WVIGE
en=20r%E, 2=10MF T =ehm (k=0,1) THEDH =1, " = —1. HE

121 D n FtR,

2 —1=(z+1)(z—1).
F) = (h=0,1) THEDB, 5 =i, ¢F = —i. FE

2 1 o 05+

2 4+1=(2+14)(z —1).

en=30r%E, 2 =10MRZ T (k=012 THaPE, =1, 5 = 43
o = ~1iE gz
1 1
Pe1l=>z-1)(+z+1)=(2-1) <z—%\/§> (Z_TZ\@)'
3 _1 OffIk ci(5+kE) _ iEr THBIME. 65 — #37 T — 1, AFE — 1—;\/5'
S
P24Hl=(z+1)(2—2z+1)
N " 141
THADH 2 R ORI ;@.
en=4DrE, 2=10MT T = c*5 (k=0,1,2,3) THEM5, =1, % =1
e = —1, e = —i. ERE
A -1=(+ 17 1) = (z+i)(z =) (e + 1)(z = 1)
7: ~1 OffE (THE) = 55 THEp L, ¢ = W T = Sl G o ol
E 1—1
e'a —W
A= (22 i) —9).

22 =—i, 22 =1 2RI IR0

<\/§z>2 = <22 + 2z + 1) (z2 — V22 + 1)

z4+1:z4+2z2+1—222:(22+1)2—

23U, 220D 2 RAFBERDOBEE LT
—V2+iV2 V2+EiV2

2 2
D) THEHhS, =1, ¢ a4

e n=50DrE, 2> =10MF et (k=0,1,---,
%;_nem\f‘%@ofﬁﬁT ETH 2,
P—1=(z-1D+2+2+241)

THdHN
3 2 2 1 1
242+ 42+ 1=0&2 —I—z—|—1+—+—2:0
z oz

1\?2 1
slz+42) 424-=-1=0.
4 z
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X=z+4128E X’+X-1=0T, 2

—1++5

X —
2

IR %
e IR VIR B Sl
z 2 z 2
8

224+ (1—-V5)z+42=0 V 222+(1+V56)z+2=0.
ZHUIRE[FMETH %,

—(1=v5)£ivV10+2v5 —(14+5) +iv/10 - 2V5
4 ’ 4 ‘

us

—H = -1 @@M; dGHE) = 3 (k= 0,1, ,4) THEH . ef, %,
e =1, ¢'s, L IhnE / Bl TRBARETH %,

PHl=(+1)* =P+ —24+1)

TdHDH.

1 1
z4—z3+z2—z+1:0<:>22—z+1——+—2=O
z oz

() - (+)
Slz+-) —(z+-]—-1=0.
¥ ¥
X=z4+1tBt, X2-X-1=07T, Zhid

1++56

X =
2

YT B
1+45 1 1-+5

2 z 2

1
24— =
z
5
222 —(1+V5)z+2=0 VvV 22— (1-VBE)z+2=0.
ZHUIREFMETH %,

(1++/5) £ivV10 =25 (1 —+/5) £ivV10+2v5

= 4 ’ 4

en=060DrE, TNEBEICTIZLRDHBZDT. T IIZIFELZW,

en=TDLE, T =10Z *T (k=0,1,--- ,6) THZhD, =1, ¢7, 7,7,
PA S SR S | @ﬁﬁpcie(ﬁ““)—e”’“?”” (k=0,1,---, )fzbznbnfo e'ﬁ,

e, T 6T = —1, €T, e, . ZhBE (1, -1 RV, Vo RS
RELWZ EHHHNTWDS (£ 505 EEZ RN L 72Did Gauss “C?é%))
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en=80Dr%E, 8=10MZ T =e*t (k=0,1,---,7) TH>, RERMoTET
DBFHTHE L < 720 (BB,

—F 5 = —1 Offg £ (FHF) = (k=0,1,---,7). e/ % ™/t DFFARY L
kDB o LK B ZOBRMEBITH . B ko LA E < W

28+1:z8+2z4+1—224=(24-1—1)2—(\fz2>2:(24—}—\[22—% )(24—\622—}—1)
:<z4+2z2—|—1—(2—\@)z)(z + 222 +1—(2+\@)z2)

= ((z2—|—1)2— <\/mz> ) <z +1)2 mz)2>
:<22+Mz+1><2 \/:fz+1)<z+ +\fz+1>< mz-ﬁ-l)

(2k+1)7‘r

THB30 5
—\/2—\/_i\/2+\/_z \/z—fi\/Tz —\/2+\/_i\/2—\/_z
2 2
¢2+¢_i\/2—fz

2
IHLBIEEIEEDFRHTHAS, =

R 31. 1, -1 D6 F/BREZRD X,

AR 1.35 (—ROEZHRD n FRE 1 D n FTiR) ZDIHE (§1.11) ODEAIT, n 232 OETDH
BZHEERNT, —ROEFEK c D n BREIFEHOBFD ¢/ ZHVTERT Z 2idHkEz»
L7z,

2L c=10BARIOIEETEELT. EROHEHD /  ( ’)i D VIER TR
ZHOWTRT ZEDHRALZD T2 THS FELEROR#HEZ R X), A% R U7
WEIIZLTHRLY, =

R 1.36 (EZALDEARE AVNRICELBZER) U EOFHE, EZAFDOERE 2 28R
WX AEXKI L BRD D 5, Gauss 1F. EARE OV RRATIEn AEIMEXITE 27-2D121F, n D

n=2%xtHERZ 7 A~ —FEK F, O

DL TWDEZeBRETTTHS Z e ZitBAL (FAK (6], BIE [18]). n=17T=F, D%
ZIEMER R L (DD, IE1TABIZEARE 2 Y A TERIFIEET H 52, 1EXIFIEEZRR n
BINSWHERBRT Y n=3,4,5,6,8,10,12,15, 16,17, 20, - - -

Txlvw—FHL R BHTHBE IR TN~ F,=2"+1 DI TH3, Fy=3,
Fy =5 F, =17, F3 =257, F;, = 65537 l 3\ Nd 7 2 W~ =R TH 203, F5 IIFLTHRV
(F5 = 4294967297 = 641 x 6700417 & RIS (1€ - TR TIER W) Z & % Euler
DHEALRZ). =

R 1.37 (sin1°, cos 1° ZR&HT) EFRT. 30°, 45°, 60° D sin, cos ZFA, EHAFED
EXIS B TR A BIRET, 36°, 72° D sin, cos dRDZZ e hRH20d L, Thdik
Vo R TEREEKTWS, FAOAREMS &, 18°, 15° D sin, cos &/ THRETE
%o NEEEZMES £, 18° — 15° =3° D sin, cos b / THRHTE3,

2 1
o5 2L — G (—1 +VIT+ /34— 2ﬁ+2\/17+3\/ﬁ— V34 — 217 — 2\/34+2\/ﬁ> TH2 LD ()
BTRT L. 0.93247222940435580457 - - - ),
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FRTE 1° D sin, cos FEILEA3?2b LI/ TRIIIUE, TEOHAK n 12
LT n® @ sin, cos b/ THRIN?,

ZOREX, TAO=F7M#E LBFRPHD. Mawr K DI 2 &, 1° @ sin, cos &
Vo ORI Z ik,

TR A=Y= (Vx A —F FXY =R F 4= 7+ F——, 1380-1420, LS v
DBEEHE - RIEHE) X, 3XAHER sin3° = 30 — 42° ZEMEANICHEL 2212 & > T, sinl®
ZRDIz (HvY [19). =

1.12 C DIERE. wEHTIDINR

FETIE., ZTEBHRICEEETLADPRVTH A5, R2Z EFILTHS, e120E S, [BF
fEr) THEAZ I LIFES D, EREHOERL DD 2BEOHEOEEZTS LEE T 5,

2€CIZHMLT, z:=Rez,y:=Imz, z:= (r,y) £BL &, 2z € R% ¥ 2 = (z,y) € R?
WHLT, z:=a2+iy B, 2€C (DFEHWHEHTH D). ZOL =X

2l = Va2 +y? = |z
THb, ZhD5, 2MEDHERHIOVTHIIGELTWD Z 20 b, FHEE
2 =21+, Z =T+ (T, Y1, 72,92 € R),

z1 = (21,11), 22 = (T2,92)
i N W1
|21 — 22| = |21 — 22| .

C NOBHN DR, C DETHRE Z EFBE 7 2RO - #Eietix, C 2B 5 ihkEE
ZRMICERSINS DT, R BT 2 EHOXICIBHELNS Z &2k b, #2113 Bolzano-
Weierstrass DEM, Weierstrass D AMEEH 2 28 C TH LD LD,

{ntnen DERBIITH 2 13, FARE n 1ITH LT, BEK 2, PEF->TWVWHIL, &
Witz 22 Non— 2, cCOBEBRTHEZ LRV,

BRBON {2, } DEZBE c \TPORT % i3,

lim |z, — ¢/ =0
n—o0

DD ILDZ 2V, UL e-N FETH T,
(Ve >0)(INeN)(VneN:n>N) |z,—c¢|<e
DRDILDZ e ZEKT 5,
Zp, C %
Ty :=Rez,, y,:=Imz,, z,:=(zny.), a:=Rec, b:=Ime, c:=(a,b)

TEDDEZE

lim |z, —¢c| =0
n—oo

DO DZ L L[EMETH D

lim z, =a »2 limy,=05

n—oo n—oo
MDD e BEMETD 5,
[ lmz,=¢c < lmz,=c <& <lima:n:a/\ limyn:b). J
n—00 n—00 n—00 n—00
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1.13 SRR ORIE

M 32. 2= —V3—V3i IRHL T, (1) %, (2) z DB, (3) 25, (4) z DF¥TR, (5) Logz %
Kb &
(2) LAME a+bi HBWIE a HBWVIE i (a,b € R) WINDLDFITERYE, (p. 232)
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2 HEREHRCEOMmR. EIMY

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

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

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

(3) f: C—=C, f(2) =e* ("t = e"(cosy+isiny)) DEFA. f(2) = "t = e* (cosy + isiny)
£ D u(z,y) = e* cosy, v(z,y) = siny. m
B 33. LLFDE f: Q= CITNLT, f DEHE - B u, v Z3KD X,
(1) f(:) = (:€C) () [(2) = 5 (- €C\ (&Y () S(2) = 5 (% +e7) (€ T)
(B MER SRV, (3) TEIE f(2) = cosz TH B LAETHMD . ERLEETH S, )

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

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

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

(Vo € Q)(3e > 0) B(z;¢) C Q.

2.3 PR &Rt

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

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

ﬁﬁbjo:k%m5o:@:t%ggﬂazytﬁﬁo

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

WD VIOZ L RN,

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

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

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

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

2 —cl=lz—c|=(z—a)?+(y—07?

|ﬂ@—ﬂ=ﬂﬂ@—vﬁ=%W@w%-@AHM%w—BV

Thh
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THbd, ®ZIZ

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

s (2,y)—(a,b) (z,y)—(ab)

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

I HIZ
FAQTHER o F2QTHERE o u koot QTHERE

k72 g7z e, bEOIERBBERHBHTHEMIZILAER WV, EBEFRX 5,

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

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

2= cDEEMBEEFEOL &

lim (£(2) + g(2)) = lim f(2) + lim ()

z—C

I (/() = 9(2)) = lim () — lim ().

z—cC

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

f(z) I f) .

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

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

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

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

ZIEABE. AR OGO OWT S EEBOGEA L RAETH 3,
EROERFEZIER p(2) I LT p(z) TEDLNZHE f: C— C, f(2) =p(z) (2 € C)
X C 2R THBTH %, FEBE. EBEE f.(2) = ¢, HEEBR fa(z) = 2 DEHRTH 2 Z 21X
TGP BDT, F 24556, fOHEFEEIEBIEONS, @EE fOZeZHICp b F
LT EMBW,

R 34. f., fiq DHEHMEE -6 FEIC X DAEAE X,

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

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

W25f@%:§@{zecw#ﬂ}ﬁﬁﬁfﬁéol

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

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

z - z"
n=0

oAU e DEHBABTH L BT oD e Th %, m

2.4 W9

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

feth) =10

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

J

R 2.8 ( TEAL WS EE)

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

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

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

. 1 LT B
L R
h#£0

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

L FEEh) = f(2)

h—0 h h—0 h h—30

Thbb fl(z)=1. FZ f 12 C TEAITH %, =
Bl 35. f(2) =22 1& C CTIEEHIDD f/(2) =22 THE Z &t

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

N J
sEBA  RBEROLE LR TH 5, =

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

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

k=1 §=0

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

J

ZROHIZE N

EWVWHISHZEBITEN TEL 2R ETH %,

M 36. %2.11 ® (1) ZiFHE X,

f 37. GBI OMTIEZEAAE X,

[ 38. MBI DM (BI%L f OWREEL ! FEL. f 25 ¢ Ty f71 B f(c) T AIRE

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

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

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

Zii/z 3T ZEBRETITTH S,
N J

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

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

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

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

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

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

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

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

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

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

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

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

_ %.(uy(a,b)4—ivy(a,b))-

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

f(c—i_h]i_f(c)_(p_i_zq) -0

(F,¢ €R)  lim

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

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

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

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

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

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

22

r,yeR &35 %

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

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

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

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

B2 o BBDIERITR W Z & 2783 5 72912, Cauchy-Riemann AIERZF = v 73
5 EDENBBEDD B,

20



5l 2.16 fi(z) = Rez, folz) =Imz, f3(2) =7, fi(2) = 2|, f5(2) = Argz &, EFRBIET 2
RO ETHMATRETIX 72V (FRCIERITIE A W),

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

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

Uy Uy = vy = 0.

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

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

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

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

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

R 39.
(1) f:C—=C% f(z) =|2]> TEDDZ, [ ODWITAIRENEZ AN X,
(2) f:C—C% f(2)=¢" TEDS, fIEC TIERIT, fl(2)=¢ THBIL%Zrt,

2.5.2 IFRIBABHDEHBERE & 5158

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

FT R 1 EBOEBAE,»HEZ LD,

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

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

ZEBOGECHORAL XS5 % LT, #iEEOBERSBREIC R 5,

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

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

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

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

CWOHOHENS, ZOMEBETIIINEMSLHEETHS e 2HEBOERE L THEHL .
(2) MWFEPRAEGHTIX. () HAERFEESD Z L 2HEBOERL T 55, A THHHI
o Tk, () ERRHES TRV DEHERE FERGERDH 5, »
CDHWETIEIROEEEZZEDD I LICT 5,
%D B.1(p. 269)

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

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

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

SUERESEDERIE. IR B (p. 269) iz R X,
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M 40. XD L D, ad 2.20 ZEEHE Lo Q NOEED 2 5 a,b I LT, a ZHEA.
b ZHRE T2 CHHRDOHIFR ©: [0,1] > Q (DD 0(0) =a, p(1) =b) ZH o722 Z, u(p(t))
WBEBEBRTH 2 e 2T, (&I p. 235 12H 5, )

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

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

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

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

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

41, (LoFERICEHE WL TERERTIFIEDO DD L7/ DOFERR) f(z2) = €,
a=0,b=2m 522 %, f(b)— fla) = f'(c)(b—a) ZiilzT c FFLELRV & ZHED
» Ko

ROMEZ. BEGHDIFLALYDTFAMIH>TWVWBEHDTH S,

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

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

Q) S| EBBRS DI, [ AEAERIETS 5,

J

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

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

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

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

uuy —vuy =0, uu, +ovu, =0 (in Q)

ERAS SRS}



0

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

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

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

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

2.5.3 IERIEA% & FAMBIEL

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

N N
el 2.25 (ERIRMOEMEIZATMBARTHS) Q 13 C OES. f: Q — CEIEH
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Cauchy-Riemann /T3 v, = vy, uy, = —v, DIWHDILDODT

Uz + Uyy =

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

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

(#) > 52 =0

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

S2TEHIBEEL D SEER « BEER u, v 1Z. BT CP WTH 2P, ZOIZ L DIFHHIZ T - LB S 20VWE Hkz W,
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Au=0
EELIEDNZV (A DRDODIZVEEELZLHH 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
FAMBAR v D Z %2, uw OREIZTAFIBIEK (a conjugate harmonic function of u) & FER, 1EH
B D R RIZEARD IR TH B L \\WH T kil s,

f 42. v D% u OHBLFFFBIETD 2 & . v id v OREHFANBEHTH 20 50EF2 K. (&
& THAZFAMBIR 3R S0, ZRETLxD ?)

Q DT HIUE, TR v ZEDI L F. u ORBFMBIEIL (b LFEET 22 561F)
EREERNT—ENICEE %,

Ml 43. 2O L ZAAE Ko (N7 PV 2 ATZ NIZIE, HEldF TRID) v 2 u ZHWTER
~TERERD X,

R 2.26 (EHEBHEFARRZRTD) EEOEHIFBKOEHES»FMEKTH S, &
W AR, BOFEAED L = (B 5 40EL DT Z &3, RIEROHAEFRHRAER C» I hi:
T, B x o EEVHEY, 505 EEENITIR CHS R0 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 WEAHEE
[:Q—=C,c=a+ibeQ(a,beR) &TELZX, ZOEL - BHZzENZLEN u, v & L.
f= <Z> rBle. f1QR2THD, f = (uw uy> THHEINH,

Vg Uy

f@cfwﬁﬂﬁffﬂﬁszq@f”W%mfwﬁmﬁﬁf%w%:@ ﬁﬁ'

E HIZRADALD 3D,

(23) det f'(a,b) = | f'(c)]”.

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

M T30 FEDE)] 2ENTHo=DRTE, WODRIZHIERTEIRCR D pRBELRo/7=DT, BELEL), &
ERBICEZEINEDRLL 5,
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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
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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 OBRAZMZT Z 239053, @22 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
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D ¥ C O, f: D — C 23k, fITERBEKTRVwE T2 & XD (i), (i) X FAE
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(i) f1& D TIERIT® %,

(ii) D NOMWIES EBFEL T, fIE D\E T “FEf” Thb, (2L, 22T I#F
Al e, Rz oMo f Ik 2BIIERZRD. 2 0D b 2 ik IR
ZRTCE. Z2ORTAHEMAEZEZIADTAETHS, EVWIEKRTH S, )

J

AR 2. 2R K. =

ZOXETIE, (B2 OBBERDOTF A MR ZI LTVELII) Wde I f(2)£0
Zimi7z $IEHIBEEL f 2 FEABR (conformal mapping) LIFERZ 2 I1TF 5,

RDI-: 1 REH:
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Y q p Yy

. ARIO XS WIEAEZIEAICS OF (MEHid 2 k), —Mic 1 REH UL, FEDIERTE
ZATIAIC S D50, SOHEEREAFICS ©F, (TEKIOES: xy FHT (0,0), (1,0),
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2.5.6 HREEIZETO Cauchy-Riemann HTED

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

U(r,0) :==u(rcosf,rsinf), V(r,0):=v(rcosd,rsinf)
LB, TOLE,

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

Up = uz g + uyYp = uyr cos = —u,rsin @ + u,r cos

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
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Uy Vo
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2.6 MEZAORE
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LTWAUEHZ 50 5 B X RETTH 20 (ZNEF TR L0 BT ), &
DEE TR TH 2 = LA E D AL HIATE 2, ROMEREITTHE L,

f 44. f: C\ {0} > C % f(z) =loglz| (: € C\{0}) TED S, 7=7ZL. log: (0,+00) — R
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(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 WOTY, MR NFik
BrdELS (MREE IRNFRE 2HEVET), BRECIERZ D 5,
ERBOZROEFETICRT 2 B cREIN 3 (FRBUERHR2) BIfE. BIFE (an-
alytic) &\ 9,
2% NERI=f#HTH) TH2 Z BB THD S
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W), B EE o TR SADBBZEAL W,
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HRICOW T, D LRDDFEE TSI LIRDZDT, 3DHDLWAH, £ ¥ FrEDT D,
ﬁﬂtﬁ}:%z—c (22T 2 BEH ¢ % a, BEALNLER) OFE LTV 2K
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3ODHEERERMT 5,

1. (BHESTTHDo7) e, sinz, cosz, logx, (1+2)* RERY, @RAE - RETEEDH -

fméio&%ﬁ(i%““iﬁbwffiwéiomﬁﬁj) AE 2 A YD Taylor
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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 v,

<
STORATD () ICHEINOREELS (B WS HP#EYINZ? ), ThhAL D) BRATHEZTWRP 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 EHRBOINERH

(ROGEE, ZETIE c =0 DHBERIHEHZEL DDBRW2D LARWS, bz ¢ &7
2. BHNAPEHICHZTLES, )

iR 3.1 {an}nso ZEFEII ¢,20€ C T %, 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 5, )

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,.
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LTCHRINER S5, WO MERBEINZDT, c=0 DEFCHHTUI T TH 2] K BVWE-TEL,
SIFERR 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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% 3.2 {an}nso ZEREBIN. ¢,20 € C T 5, Zan(z —)" P 2=z THHMTI2%H
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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 %, )
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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 %,
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pozzroz 0 v,
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Ry —

ro<m < <Ry, Ri—1r= 5

NI AIRVASR
DURFERIC LT, B {r,}, {R.} 2MEB &,
o {r,} FHFAEMESITH D, {R,} IFHFHDBINITD %,
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o FED n T LT, MBI |2 — | <r, TPEHL. |z —c| > R, THIT %,

o EED n ITHMLTr, <Ry, Ry —1n =

X INEICE D, {r.} & {R,} FHEEOME p IZPERT 5,
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(i) DJBEW p=0, (ii) DHFEIC p=+00 £FT 5. BRI KD LS IT—DIZELDHH
3,

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 %o

e M
& 3.4 (INRFRE, IRA, INREHKE) FOEED p 2 FHRBOINRFER (the radius
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W5,

BB DOINFZED 0 TRV (IEOBEIE 00) ¥ &, ZOERBIPRERI TH S &
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f 45. EOBITIRNRT Z & (HRFLLEOICRSEM) Z2HEElE £
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iRl 3.7 (REULLFIEE, ratio test, d’Alembert D¥IEE) {a, o0 ZEELII. c€ C
3%, B an(z— )" KOWVWT, HBIEBPLEDTNTD n iHLT a, #0

n=0

THY
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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
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BOIFHMTZE2 I ERT,
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2> p £ F B0 || SR> pEiBb REMB, (p=—+00 DL XEFEZKLTHRVDOT,
R=EE2 y misiga, ) lim p THBME, AN eN) (YneN: n> N)

2 n—roo ’anJrl’

Qp, Ap+1
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Ap+1
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W 2T a,2" 1Z0 IR LR WD T, Zanz” IHMT %, =
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1 1
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o
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k=0

n

2k — (-1 n
B g ((271;! ¢

(=D
Z (2k)!

k=0

64
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|an+1| |l

BIRAX B BT, LEAIUSHESEL VL HZTBE5, HEVE Y (;) (S
=0

T(ZHIFELETH D PCREMD 2| < p TH 2 Z 2 IEHA). PEREED p LW
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EEOEERF {a,} 1T LT, limsup V/a,| IZFEET 2 DT, (25) IMEEDEHELDIX
FERERITLDRICHE > TVE (ZOEKTIX. AMORKTH ),
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T3 D03, FAUTIZD ZFEEOREANEICIR 2 DT, EHFETIIHAEZEKT 208 LK
W (FEEIZK- T, @ALZED, FBHLR» -0 T 3), fEIIEIEk A3 TE X THL

(25)
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BIEBIDIRE LT, o bR DDIIRDZRINEKHTHA 5,

( N
E#&E 3.13 (BHINDZHUGR (BMIER)) K 13 ThVWES, [ K - C {f,} T K%
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D2 I T LD D L2720 (T RISHEN T 200 B L 725 ),
—HRINRIFERINR & D HEBVERHETH B,
RS 2720 Tld, taxlo7z (7) 22k %,
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THE05

n—o0
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SEBH  f1d (G BRI & 72 B BIEE O—RRINCRMR TH 2 00 6) i TH 5 Z L ZHEL
< sup |fu(y) — f(y)] / dx
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y€la,b]

(fn( dx

b & ORI f, OEfEltED f ot 2 E < 22 BRI L) (B RPCRTIEA R, —HRIX
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GEBH EED x € [a,b]) WXL T

+ /am fr(t) dt
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g (FEBRIBSN O —RINFMRTH 2206, HHTH L I L IKFERT D&, f IO AHET
f'(w) = g(2).
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3.2.3 Weierstrass @ M-test

RIZHAIT T %5 Weierstrass D M-test (&, HERZRETH 24 (— IR ZFEH T 2355 DL
P ETHEONTWEZD TRV Bbh3),

a N
FEIE 3.20 (Weierstrass D M-test) Q 13Z¢TRWVWEE. {a,}nen & Q LOBEESA (%
ne€NIZHNLT, a,: Q— C), BH| {M,}nen &
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n=1
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n
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Z DHEBIZONWT
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ML D LD DT,
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m>n DEE. m&nzZ AVEZTbDHRD OB, Z1d
sm(2) = sn(2)] < [Sn(z) = Sm(2)| < [T5 — T
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z€Q) 2€Q
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W2 {a,r"} BERTH 2, Thbb, 25 M eRDPFHELT
(Vn e N)  Ja,r"| < M.
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F(2) =) an(z— o) OUHEREE p LT DL E, 1 D(c;p) TIEHIT,
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k=0
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K e { )

48 | D I+][=I=] =]

M4: R=1 K =48 DFED Qx LA |2| =R

(\f_ﬁ<o akzk:akﬁk "Cjéb\

fn<z) = Zakﬁk‘v fn<R) = Zak-

k=0

o= () <1

nio%‘ﬂn—ﬂwrﬂzi‘(%)n(l—%)‘Z%§K<oo.

RED & lim fo(R) = f(R) THZ5 5. {fa(R)},ey & Cauchy FITH2DT, RADK

JRVASEEN

2| < R TH3H 5.

Ed-

(30) lim sup|f,(R) — fu(R)| =0

n—++ajz>n

mneEN,m>n 35 %, ME3LML DS

fm(2) = fu(2) = Zakﬁk - Zakﬁk = Z apBy = Z sk (Be = Brr1) + SmbBm-
k=1 k=1

k=n+1 k=n+1

SBIEEDOER ¢ LT, T9KREW N W22, nom > N O |[fu(R) - fu(R)| < e WZIZ
igplfe(R) — fa(R)] <e.
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k n
RREU sp= Y o BV sp=Y aj— Y a;=fi(R) = fu(R) THZD S,
j=0 j=0

j=n+1

skl = |fe(R) = fu(R)] < sup |[fe(R) = fu(R)].

() = fa(2 <D Ikl 1Bk = Breal + |5l 1Bl

k=n+1

< S£1>1P | fe(R) — fu(R)] ( Z |8k — Brr1| + |Bm|)

k=n+1

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

lim fn(2) = f(2) TH2DT (ZHIBUTGEHEADOEH 2> THRWL, ZOTELH) S
{fa(2)},,cn 23 Cauchy FITH 225K T 5, L LTHRWV), ZOREXTm >0t LT

1f(2) = fu(2)| < (K + 1) Sup |fe(R) — fa(R)] .
2 IZDOWTD FRZHE - T

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

2€QK >n
(30) &b, BIEF {f.} & Qg T fIT—HRICRT %, =
R 3.46 (Stolz DEE) £ DT XA M T, Abel OEEIEEHIL,

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

rWwWHETEZLNTWS, DFD

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

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

RT3 E (AL

[1—z/Rl _ |R—-z] 2D see — b
/R~ R4 <2seca (BDI®: sec = cos)
DD LD (GEFIZENE T 2, i - /MR [25] D p. 91 IZE > T3, ) TRDE, K :=2seca
EBLE 2 Qg DD, DRI EDFEM3.45 ZHWAUR, (31) X T CICEEHTE 5, =

Bl 3.47 (BRAHBITLIV— -« ATy IHREBIZOWT)

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

st = (1) = T f()

z€[0,1)

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

4

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

RX 3.48 (Abel ZIFES WS A) Hid. Abel ZEL L TR BRI THE0WH L
Z, FEBRHA s TWREES DRFE. ®LE SV DIZBWADNZWE S KT 20
T, PLHNALTBL,

Niels Henrik Abel (1802-1829, / Vv = —) 1&. B DICRAERTUTOWTOEMEZTET L
7o (GEML3.23, i 3.41, £H 3.41), £hbllFhc

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

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

4 EZERERE L TONHREHR L EEH

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

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

ZOHNIHENINE BIEFFICERTH %,

Vi=g& . (7]‘)’”71 n (e} . o n — > (71)k - YL ¥
SR log(1+2) = nzz:l — (1+2)" = nz:% <n)z Jtan~lz = kzzo ST 122’“1. Z S FAREL DI

HRERIITNRT 1 TH 5,



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

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

n

Ths, THZ

[e.9]

1”—2 =Y =1 (2l < 1)

n=0 n=0

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

TL—

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

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

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

r——+0 T——

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

4.1.2 BHER v =2 ZfE<

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

y=logr <& xz=2¢".

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

asr=c"Ae? =",

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

55 2 nIshc, S hiéﬁﬁk@x—/——% BT 520300 b b5,
S0 TIZHE BB DX 0 ISR B RV Ao TVEDT, 240 55,
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z=e"<su=logrAv=40 (mod 27)
S u=logrA(GneZ)v==0+2nw
& (IneZ) w=logr+i(0+2nm).

Dol TEL,

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

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

eRIND, T

w = log |z| +iargz

LESIEHIHIKS,
\_

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

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

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

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

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

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

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

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

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

4.1.3 EBEZEBEW log: ODEHE

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

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

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

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

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

KA L

log z DGHL (branch) ¥ FEX,

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

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

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

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

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

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

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

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

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

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

y

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

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

FEBUIE D ZDOD T, Log WRIERITH B Z 0%, 2 = f(w) £ T 2L E,

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

dw

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

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

9%,

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

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

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

(34) —log z = é

DI AL,

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

(Vz € (0,00)) loga = Logx = log .

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

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

AW B,

STHRIR O E IR T —RICEEH L T wngy, BB ER B ERTH 205, 2.5.4 DiFim/=
THRBEBMNIEAITH 2 Z e DFEHTE %),
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/% = /a dr £V logly| = ax + C (C 3D EE). @RI |y| = et = e, B R
12y =Fee® = Cle®™. 72721 +e & O BV,

FHOMAIZ T TEZ 258 (5D 0 IR 2550MELEVTBIHE) ZhTHHEOR
Wi e, BBOER T THPERBEMS5EE. 2RDMEL NI e NE7A5 50 7?
Lok DEZTAD I 2ED D, REDWMITTERDIZETIE, ELREBEIEH M 72K
WX T RREROGEL VWS DEHDZETHROT, ZhEM5 X5l L5, =

AERAEDS (2B HIT—T 2)

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

~

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

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

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

ETotA
\éj\ Iz ## (branch cut) & PR, )

4.2 FEEH -~

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

FH a, b I LT, a Db FEa ITVOTHERINDE DI TIERL 72 (1) I FWVWLD?
ALV LA, >0 DHEEIR
(35) ab — ebloga
Yo T\, ZOBREEIEBICIRL T, BEBOEBE 2 2ERL LS,
Bl 57.a>0,bcRDEE, ab=cblose K DHITDZ & &R,

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

(36) p(z,0) == e (2 € C\ {0})

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

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

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

p(z,a) =e

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

p(z,0) = r*e = (re’)" = 2.

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

b) a cQ\Z DY %,

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

TR

L RED (BHIARETR). 2555 Y
p(Z,Oé) — ,r,aeiaee%ri% _ Taeiaﬁwnq (TL c Z), W = 627Ti/p
p e gPHWVIRTHEDT, n BZ ZHLE, ng % p TH-ZLRDIZIE 0,1, ...,
p—1DBFTXRTHEHNSEY, wld, 1, w,w?, ..., WP L ODEDEDEEY, 2
p(z,0) = r*e®wf (k=0,1,...,p—1).

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

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

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

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

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

J

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

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

96



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

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

/1 — (_1)1/2 — e%log(—l) — e%(?n-ﬁ-l)ﬂi — e(ﬂri’%)ﬂ'i — Z(_]_)n = 4.
GliE) a=1 2=-132%, z=1-e" w=e"2=¢"=-1TH20b,
V1= =137 . b =i (=1)" (k=0,1)

Wz Iz
V—1=+im

Bl 4.5 ZHIEHERVER SN, it ERDTALS, i OfERIE i=1-¢"2 TH205
, (T 1 _
logz—log]1|+z(§+2nﬁ) = (2n+§> mi (n€Z).

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

i — pilogi _ gir(2ntg)mi _ —(2n45)w (neZ)m

- CZETRGDoZeDELD ~N
(a) a € Z i, 22 F. ZhETHE-TELEB LR UEKRICK S,

(b) a € Q\ Z 51, a@%ﬁ/\*ﬁﬁj‘%a—p (peEN,geZ) T B, 22 pffi
B TH D, p HOEIERTFEHANDFERFOOMED p ENRTH 5,

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

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

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

61?6755& bﬂﬁl@a@ﬁth\ﬁg%kﬁié — I RAERETEZNL, BTRVWEES (B RAXZHKXPLITH7%
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BTHEMTH 2 LHIWCERT 5. LWVIERTGEH TR > T3S, MOFFENLREAHIER & [
BRIz, B OFEE OMITITIND KO ICEREZIERL TIT< s BMOREFRIZOWT, XTI
FTEELEDT, 0V IOWTEZTALD,

Wikipedia (%FERR) 12

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

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

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

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

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

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

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

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

(#,9)—(0,0 z—0 (@,y)—(0,0)
y=0 z=0

. 1 1 0 __ . 1 IRT v _

%723 DT, @BE( l)in%oo)f(x,y) EFEELR WV, WZIT, [ % (0,0) ZETHRE F Tl
Z,y—) b
BEE Y LTHRIR T 2 2 I TERL,
RIZHELEPOEZEBEBGR OGP O R TA K S, G a® = ebler x5 BFRAZ A
T, HEROHFAICE TEFEEZILRLEZD, a =0 DHARERL TCOWARVWI L EZFEELTE
ARETHA9, 0ldlog T > THIEMOFEF[THLDT, TZTTORHHITa=0 D5
BETIRTZ2ODPHE LN L IZHBETE 2 TH A,
(D UBRRICIR 253) 0l =1 WO A, BEGRONEN ST 28, AU~ © 1 TO
EB 1 TH2(I'(1)=1) 2o, BALKITEZ 2D L I3RAYZERT AT 5%,

AT DELBET 2 > 0 IS LT () = / et dt ERIN. 0> 1 BT ne NIIHLT
0

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

DWTHILT ZI2E, 0 =1 EERTIUIRV, F ¥ vBEBUIERBRCIR XN, 1 IERRATIER Y,
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Wikpedia DFEHET MMEHTETIE. CORBFLIELIERERL INE T LH M, KER
3 AHEIX. BBURALD 2 ODFEPRICZ - T0WBE EEZ LB,
DEDXSREEF I BFEEZRP-oTWVAE XX 00 = 1 1IREERE ] LWV EENE
CZIBDT, ZIETmALZANZ. 3IDVLEEICOEH->THRIW,

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

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

o

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

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

apx” +arz" M+ Fan 1z +a,

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

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

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

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

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

ERAR

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

BERT DL FIR BREZSERT S0HHZHAT 2 I NZVH, ERLBRZVLDDIZOVWTIE, REERL
BWHHHZHAT S 28 IEEAERVOT, TR TLE I, ZHRELANLTVRVERS,
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FERDE 22, Wikipedia IZEWTH 2 2k LIZIFED SRV, R BEIFRIEHELESRD
HELEWVWSHIFTTIRBEWVWDT, —~MOEDHFTH, EIIEVWTHEINTED XA, LW Z
Y CTH5, )

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

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

n FEARBErTLrE  (2") =na"!

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

=1 (zeR\{0)

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

OFERFRLIEINET

5HDIFESTH, LWV I ehk, SR N

fl 58. 0 <a<1ZHLIMEED a lZXHLT, limz, =0, lim y, =0, lim (z,)" = a %
n—oo

n—oo n—oo

725 KRB {x,}, {y.} DFIET B Z 2t
B IOV DRIAENLES I, Rk, IHZMEZRITIIUIRVWTL & 9,
il 59. ¢: (0,4+00) — (0,+00), ¥: (0,400) — (0,400) 3 tl_i}rfgg@(lf) =0, tl_i}rf()lb(lf) =0 %

VA MR- 1N

i P(t) —
Ay e =1

THENEIDEZ K
(FE T p. 23T 2D B, )

4.3 PFEBLI—ILE

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

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

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

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

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

(2) w:=e* BL &,

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

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

s @neZ) z=—ilog (Qi\@) +(1/2 + 2n).

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

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

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

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

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

N | =

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

arctanh z = tanh™' z := 1log :
2 1—=z
(—2 L BV S TAHESD ?KHT arcsinh IZR T %0 50)
fE- T, TEEEBIR. MBI, zhe / (Zhd log & exp T 2z =82 REBITh
o) BRELCFARNIERWL, EEZX N5,

64/ \/x(jxiﬁ—k = log ’x + V22 + k| EVWISRRDH DD, k>0 DE X arcsinh % ¥ 5, Mathemaitca
|3 ArcSinh[] 2o TEZ %, k BEDEER. FFEBAHLEGER. log(x+ Va2 +k) EEZX 5,
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& 60. ﬁﬁ%’fﬁ%z’)!?@ Ko

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

B 61. X EHEDPD K,

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

COEIDHEDHDIC

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

5 #RES
WEWEBHGHOERDAD ITH 2P, FHEMDL b Z5THo7 L1, Moy
DD HEL LB TH 5,

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

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

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

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

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

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

GHWETIE. [PHIEVWI WX ZOHBBROBODE T ICHN 2 DT, BRANCHEXEL £ 5.1 5, £V EK
DI EEIET,

66 THRfEy) BEHLR VIS D25 LW, To BRI TREINEZDIDT, —REDEHHSNT
WEWZESTH 2 (FAMIMBETHODZ ZIE o TET (58)). Ahlfors [27] IKHFWTH o 75 ?
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(R#: BAREIBD TEREGRHZE] ([6] ITIER) IZH 27, 1HD koL DH VALY L
ANDOFHDOGIHZFHATA LI, ZOHRD WWW ¥4 b (https://m-katsurada.sakura.
ne.jp/complex/) ICHETH %, MALEIIBTIRDIZR>TH S, 50FLEFE->TWS
DT, EEE7 ) —T3, )

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

6 LIXS < DFElE

1. ETHMETEER. flzHes

2. REE—F

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

5.1.2 BEDTDER

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

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

B8
(40) /C f(2) dz = / £ () &' (8) dt

TERAS

Kc®:t%ﬁﬁ%zW$o

v

RDIEDKRIETT & ENT T2 Do

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

(41) /f a2 = /fds—/f (1) dt.

N J
iz f=1 Dy &, oib/ﬁmxowmﬁtmé)

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

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

/ﬁF@)ﬁ:i/ﬂaKﬂ+wV@»ﬁ::/ﬂU@ﬁﬁ+i/ﬂV@)ﬁ

67 Tkl Y WH DIk, MEOKE - R, FREZOEWEA. EWVWIEKRTT,
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THPZERT S EZNERV, (ZHRFEBEBICMoRETEBIZHE > TH 5137,
P2 MESNHE Y 77—V =284 @ Fourier (REDEER Y, )

B B
ﬁﬁlﬁ?hﬂ}%@@@ﬁt?étg\/qﬂﬂﬁfa/uWﬂﬁ%%ﬁo
AR 5.3 (lHMVWER — BETRELFZEISIHVLDD) (LED t ITH LT ¢/(t) BERER
XNBZDI TR (TR BDT), (40) BALEREDES S, ? ¢ o, f] > Q DX

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

| 1o

J

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

%68)0 (40) 1
/Cf( = =3 [ Flo) ) d

j=1Yti-1

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

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

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

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

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

1<j<n

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

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

ZFHWT
zi=oltj), ¢ =e&)

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

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

THEIH15H,

> f(G)Az =~ Zf(so(é}))w (&) At

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

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

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

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

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

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

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

320 a e3m —60 —-1-1
{32 L -

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

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

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

itz 2= 7 X—=X—D” D TEZHILHZW,

l\z||—t

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

/1 dz—/‘f ——dt /wu+awﬂ41+%)ﬁ

:(1+2z‘)\/5/ |t] dt:(1+2i)\/5/1tdt:%_

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

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

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

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

n

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

tj—1 j=1

= F(p(tn)) = F (p(to)) = F(b) — F(a)m

COEHZRT, RDXSITEZE0D LR,

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

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

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

Filab] — R A 613

o[ rwa=t@ @en,

ﬁﬁDﬁO#%\F@y:/jﬁﬁﬁZBH@Mme®%%%ﬁT%%o

a

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

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

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

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

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

[t = G = M _mr. 2,

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

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

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

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

log z := logr + 6

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

(\z|b—t

Co:z=¢" (0cle2rm—¢])

B, T CIF Y N C iR

2—ei(2m—¢)

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

= (21 —¢e)i —ic = 2(m — €)i.

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

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

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

gljll:l

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

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

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

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

J

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

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

+1
bn+1 _ an—l—l

/Cf(z) dz =F(b) — F(a) =

n+1

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

z
2241

WKIREZIND L E > TRVLWAD LKW

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

6@%( L2 )K%Lm®f\ L

zZ+1 z—1 zZ—a

R, T REEEEEET 5,

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

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

108



5.2 HRICEAT 2HAEBOER

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

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

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

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

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

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

(t; TEFAMBAFRELOLFEELRZVD2S LARWY, EWS 2 THD, )

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

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

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

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

SEHEAN O BATEAR#RZ Jordan BAfR & MR, EE D Jordan HifR C 13 FHE % 2 D OmEEIZ
. FD5B0—IFER. MFRIFERE D, EE L 0HEBOEERD C* TH S (Jordan
HIREIE (EH E.10, p. 300) — fEADEHE LW Z ¥ THA). ARRHEEO 5 % Z OiifR2 T
Jordan FEIE & L,
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iR % 2.3 BT 5,

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

ZOR C ZHICEHS |z —c| =r TRT LD D5, HlZIX f(z2) dz 6i/ f(z)dz
|z—c|=r C
EWVWHEKRTHS, m
B 63. 2D ZxhED»D X,

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

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

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

1€ Al—i-z

6: IEFEDORAZIEDAEIZ—T %

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

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

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

Co

Cy

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

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

5.3 HREoOME

- ™
ﬁ%518a)[kﬂ@+m@mz:lj@yk+zﬁ@yu

(@Z}ﬂ@m:ALﬂ@m
[ smemy
4)/Cﬂ@dm:—lj@ﬁk

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

[Frwal= [ oo

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

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

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

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

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

(5) fEZOTHEMEL T2, »

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

/ NOICE / 7(2) |z m

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

f5il 5.21

Ci:z=¢" (§e0,n)),

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

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

Cj

Bl 64. C5: z=t+iv1—12 (te[-1,1]) &TBL X, f(z)dz & | f(z)dz DED
C5 C4
RIEE S0V B DD

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

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

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

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

n—oo

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

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

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

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

geCx

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

5.4 BF: R* TEETBHED (N7 MILER CDRER)

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

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

[

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

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

(Green OFEHL, Green DR RIN) C BHEMEAMFRTH D, H2HFEE D 2 A, C DA
EBETHZLT D, THOVIHAII, C DI D tEL B0, Zor &

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

MR Z RSB 2 MR

BBV (REEEZEZT)

/8DPd:v+Qdy=//D(Qx—Py)dxdy.

97 RN TIE. Green ORI, Gauss ODFEEERE., Stokes DEF L WS HELEMHNDH 2
B, 2B E—RELT, SHEOAR / do= [ wTERTZLHHKS (BAHSER->TLESH, 0

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

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

/g[dz]:/gds.
c c

6 Cauchy DEDEIE

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

6.1 IL®IC
Cauchy OFEDEHIZ, KiimO NI EHT

/f(z) dz=0
c
EWVWIHDTH5,

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

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

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

z|l=1 #

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

Lol () O B BHOECT, T 5O —(LHRETH 5,

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

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

DRI INY, EHOREEZSHLREOADPHEOHFICIIHEE NS (ZARDEHL 2RV, EEVELR
%)o 2 XARRDRDORNRE 2iE, MITNIIREZEZ SN2 ANEZVWEEA 500, HUTHEIOLNRVA
CBWhrrEbNd L H 2, TENEDORLI—A DEHE », ESUHEOT Y ) o3y T o7
FEH Y, BRAFIEAVICHENZTNE, ©57225, BEGHZ L 1E ) Cauchy OFEDEHE D2,
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RBW72A 55, Jordan HAREHD X 5 R KEE (?) 13D FE DV RWLY, C HHIT
BWEEBEZRDOWRIZLIEL, WS ey dH b,

v b B BIRD A 205 5,

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

C

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

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

6.2 ZAFOAICSESRRTDSRE

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

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

f(z) dz=0.
oA

K::T@A@\Eﬁ%AQ%%E@ﬁ%K#%?%%@ﬁT%&

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

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

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

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

Ao = Ag1 UAga UAgz U Agy.

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

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

" Jordan BFREHE DB WIEHDLH 2 L WO FEIMENEIC L2 2 1ddH %, il Z21E Brouwer ORH)fEH %
fioT 3 R—T W55k (Maehara [28], Brouwer OAHHREMDE L T2V 7 ZFHEH 250 L 6, ), FR&A
3 S BB F LD LAV THRT 2 2 5 iEHIEHA & 72w,
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4
M = z)dz| < z) dz|.
REEERES
D 4ODIE (2)dz| DS BbEKEEGZ 2 =M Ay THolk LT, £h%
0A0;
Al Zj:3< Z\
M <4 f(2)dz|.
0A;
W 21
f(z)dz| > %
N 4

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

>

f(z)dz 4%”

0An,

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

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

ORI Z g(2) B k.

f(z)dz

0Ap

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

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

7 DEFE lim JE = I f()ickoT,

zZ—C Zz — C

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

z—c 2 — C z—cC Zz — C

=0

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

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

max |g(z)| < eL,.

2€0A},

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

THHMH

M < eL?
M ET

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

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

) de| < ma 1) [l

0Ap

EWVWHIRERTH 0. LTI

(2) dz
oAy,

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

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

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

f(z) dz

OA},

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

WO FHINE SN B, 2O BRNIMBEIIZ M =0 DBELNTAVYFAL TN Y. SORAT
W72, f A2 [ ATRE S WO Z BIFEEFHHSR TV AR WD T, 2O D TR S % D13
Thb, 1EDAIREL WHIRED S

(Ve >0) M <el?

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

P00 ER LTV XS5, ERIBAEUIEITRRIM D AIRET S % 2 & LTI X 15— Cauchy OFF
DEFERI Y LT (ZhEffo 2 bfERmAICELTLE D),
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%D Cauchy DD NARDFHICH WS 72, REEZD LI Lzt L TH <,

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

FlE Q TEkE, 158 aeQ ZBRWTIEH

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

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

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

(i) a 25 A DB BTEMIT—IK

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

() (i) (i)

O_\\ v/
8 a M=AE A DY ZIZH 21 THEDTT (THR, HL, NEE)

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

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

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

(z) dz

f
oA

< [ @I < maxl s [ e < gm0

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

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

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

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

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

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

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

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

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

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

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

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

L&
o [ paean) - [ (52 )

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

=M ONERIHERIEIRTH 2 DT, ZOEHIEH KT

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

[ o airar s [ o N

119



fFIERITH 2226, Cauchy-Riemann OFERX u, = vy, uy = —v, BIEH LD, DRI

aAf(z)dz://AOdal:dy—l—i//AOdaeoly:O.

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

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

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

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

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

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

(iii) f 1% Q TIERITH %

TTIZ (i) = (i) 1 FHI o TV AP, ik (i) = (i) DY LD, FEHIZEEL < WD T,
ZDFTETIERS (fif 6.10),

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

C
Hb,] ZAULEE Morera DFEIR L MIEN 5,

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

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

CZEXTeReddL.

(i) & (ii) IFFEMET (iii) & DFEL

120



(iii) 1252 R LT (i) ZE L DA Cauchy DD EHTH S, LHZ L. FoE DT 5,

QD (RECTERZIIAT %) Bl T D 2 5513, (i) = (i) 23D 322 (EHE 6.12),
Z iU Cauchy OFEZEHD 1 DOFHRBRIETH 5 (72720, ZOHWBBCTiEHE ZHLA L T2
REFEISRIBD D 2 I DD B2 W0), W XIS

BEEmEgIc L TiE. (i), (i), (iii) IZFETH S

R 6.7 (NI MLEIRZEMBLIAIL) Eid. X7 MUEHTICD 2R MBS 25055 5™,
(1) 28 TRZ "G f DRT Vv v %BFD] , (i) A / f-dr =0, (iii) 25 rot f =0, £\
C
XD, (i) & (i) EEET. (1) (B0 (1) 205 (iii) 2598 205, WiE IR
DiL7=3, BEFGHEBR AW B ILT 2, CWVHDIEFRLTTH S, =
EN S

R 6.8 (ERBOHERIIEASH) BAREIBOEHHER [30] 1ld. ZOEHDZ L ZRD K S
EVWTHZ, (i) & (i) KHET2Z% pDICESAREE WS 22 I LTA LS - (F
%) TZDEKICEWT, BREOMERTIE, MOrREDELI D AEETH S, BT
NEHLHLE ) DB, HIRHBEEWEILEZTE FHo T NIEXZFHL Z L 2#o %
F). HERR EOFREDRLVERETRVWI EIEFFEL LS. =

R 6.9 RIITED f I LT (iii) = (ii) 2K DO SHIIE, Q FHERSTH 2, =

(i), (ii), (iii) DZD XS REARZIZ-> XD IV 20DH, ZOEBOHERERFTETDH %,

Tl (i) = (i) ZEEFAL & 5,
MEIER) &0 D FHEBIX. EFR 2.18(p. 52) TEALTH %,

i 6.10 ((FEDOXZHY C! B IRICASIEBROH 0 B S IXFEEEAHKZIFD) Q 1k C
DI F: O — C IGEEET. O NOEEOXA O SIS O 125 LT, /f )dz =0
MDD T2, T =, HHIEAIRAK F: Q - CHEEL T, F' = f.

ﬁEHﬁJ QO NDOEEDH o ZHS, Q DIEETH 200, FED 2 € QIIHLT, a Z24h
M. 2 ZRREE T2 QNORXRSINC C HoifR C, DMFET %,

F(z) = ; f(¢) d¢

LB, F(z) DfEIE C, DED FIZIF X570, EBE o ZIHR. 2 ZREE T2 QND2
IR O, O BB B L E, Ci=C,+ (—C) 2B L. C ZHEHRTH 20T, &6 (i) 75

0= [ 0 ¢ - /f ic— [ 10
DD LOPHTH 5,
CDF D fOFBEBTHSEILE2RT, EED 2 € QITRLT, 32 >0 D(z;¢) C Q.

WZIZ |h| <e ZMiTHEED R ITRHLT, 2000 2+ h ZADPOIT [2,2+ 1] 1T QIEZE
Nd, Coopy, ELTC, + 2,2+ h] ZERZEIZED,

F(z+h) - F(z) = /C o 0 /C podc= [ o

R MR OBEE. Z7a—R - 7y TINBZ5EM (1), (i) R, BEGHTIE (i), (i) 2578 —X -
7w TEINDEDEFRERDIES S ? Cauchy DFEDEHDE N ?
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/ ac = [ = b
[z,2+h]

THBhb, f(z)dC = f(z)h THBDT, h#£0 T 2L %
[z,24h]
F(z+h)—F(z) 1 B
) o= FO=reni
Wz Iz
\””’” “FE o< L[ 10 - el
h ‘h| [z,2+h]
S T cduax, 1£(¢) = f(2)] - |d¢| = (Jnax 1£(¢Q) = f(2)].

Xz THEHBETHS205, 2OHLF. h—= 0D X 0WRIRT 2, ©ZIT F'(2)=f(2). =

6.4 EXTHEE, BHEEE

Cauchy DR EID B 5 E 44 (B 6.12) ZRNT 5. LLFMAHD 570, BHET
R T T 2 RIIRVEEDN LA FELVZ 3R E5 2R E). FHICHV2 7
4T 4 7OV TIE, @tHERAS,

ZITR. BRELHFEOHNZIT I,

4 N
EF 6.11 (HER) Q2 R"DH20IE C" DY T 5, Q23 EERE (simply-connected)

TH3LE, QNOEEDOHMGAERMER (1§25 1 5T H 2 #fH) 1< Q NCEFEIICE
JETE2Z2%5 9,

AR = = (1) (L € [0, B]) P% Fla € QIT. QW TEBAINCEHTES L3, HoH
BLREEL F: (o, B] x [0,1] D (t,8) = F(t,s) € Q BIFEELT

B DILDZEE VI,
N /

a N
EIE 6.12 (BEGHEIHICH TS Cauchy DIRSTEE) Q13 C O THER,. f: Q — C
FIERL C 3 Q WOXpRY Ct fRPAfFR 375 & &,

/C f(z) dz =

N J
SEBE (5% E i (p. 289~) 2SRE L, ) m

il 6.13 HuEEELRMEHOM e LT, 2Z%M R, B B(a; R) = {x € R" | |z — a| < R}, “FH
W HMIEARIER (Jordan PHRIFR) A3PHEMEEL, 2 & FEMRZFRN . 3 Xtz T
1 HOMEE R\ {a} REDDH B, BRTIEHT 2 & 512, (huiisl, 2R S BdERi R T
H5s,
BEAS CTROWEBOF & LT, 2XTZEMTO 1 ROMEE R?\ {a} (BRFEHTOD 1K
DEA C\ {c} DAREMCHL), MERFER {2 € C| R < |z — | < Ry}, R3\ ¢ (L IXFM A
WHERRICO 72 1ERD), BWIRME (b —F X, torus) OWNH (K—FVRIOFHEE) REDH 5. =
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ZoflodicEn Ty, TER) w5 FEZHAL THL,

KE%GJ4@LE¥)Q@Nﬁb»%ﬁ@%%ﬁét?éo

(1) Q 254 (convex) TH 5 LIk, KDBWLDIDZ LE VI,
(Va e Q)(Vbe Q) [a,b] C Q.

(2) Q HEHE (star-shaped) TH 3 L1, KHEDILDZ &2V,
Fac Q(VbeQ) [a,b] C Q.

Hizczorx, Qi alZoWTERTHE VS,

BZESLHL, MW EEIIIICHI > TWAADBZNTH A,
it BTl

(

e

v

9: MhiEER, TRV AR A X —

BANZOWTRL BHBHAIC, RDOE5RDJDOBH 5, QPEHEORWMOKTH S T3,
HMEBERAREIAZ T 2012, 129D54 FEITTRED BGENERIT, 25 THRWESIZE
BICRW, DFED, HBHNCTA b 2BVt & RO TATATITHENEL L5 I1THK
251X, ZOHFE o & LTERDFEDMZEINE, WS Thb,

i 6.15 (MMESDH]) 2 C, M D(c;r), BAMER D(c;r), ZAE (WNHd 2 WIZNE e
EOED). IEZATE (N 2 WIENE e AoE0) 13 TH 5, =

Bl 6.16 (EREEDH) ZThWHES (&P C, B, BAME, =fAIEoNE. =AE
(NEBE H D&, EZABONELRE) ZEMTH 5, e FEROEES. HlZIXC 2
o Bl 72 B D BRu 72 E I
C\{zeC|=z<0},

BEMTHZ (U, DBbIETESRT%), 52 Q0:=C\{z€C|z2<-1Vvz>1} 3 EH
ThHs, ZLT (bBAA?) “BDIE” Y« ODNTEH BRITDH 5,

—77. C 2 BEAZRWMEE C\ {0} EERTERW(EZIZI74 PZ2EVWTSH, HAD
FAZIR B EMDEK D), »
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X 10: EQOFBIZERMER: 2 1 E80rLTXRTOEAPRZIEZDLH

&8 6.17 QI R /213 C 0BT, QA0 LT 5,
(1) Q 28513, Q BEETH 3,
(2) Q BEME S, Q IFHEETH B,

slEFA

(1) QPMERET 5. Q#D THEHDD a € QDBFAET S, FED b QITXHLT, QB
MTHBI Db, [a0,b] CQ W QIFEMTH S,

(2) QDVEBERET S, 5 a € QHPFELT, FEED be QITHLT [a,b) CQ TH 5,
Q NOEEDOHIHR C: 2 = ¢(t) (t € o, 8]) IR LT,

F(t,s) :=sa+ (1—3s)p(t) (te€a,p],se]0,1])

B, F(t,s) €la,p(t)] C Q. WZIT F: o, 8] x[0,1] = Q THB, THIZF IFHE
LTSN
Ft,0) =), Ft1l)=a (t€lnp]).

D% DI O IEEC R o ICETHTE 2,
B 65. FEMO=AHOME. BN ERTH 2 = & 20 & (A p. 237).

6.5 ERFEHICHITS Cauchy DIEHFEIE

T4 D HEE, FOEGEBICEIT 2 Cauchy OFEDEM (EH6.12) TH DA, ZITIEE
RN —Y a Y RFAT 5, ZAUIHLEFTIN OGS OFEHOERIC B 72 5, 512,
ZORICEZTWS, IEHIBSBOMWE 2N 2HmIC b AHE N5,
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s N
EiE 6.18 (BRWHICH TS Cauchy OBHEIE) Q& C 0 BRI (K ZIX=MED
PRI PSRRI ¥ DIV EIR). £ O — C RIERIY T2 2 %, | OFRMEATEE
53,

® 712 Q OFEE DR O B C 126 LT / £() dz = 0.
C
EAEHED pg € Q KHLT, p, q & ZHZAISE. KA T 2R L Rl O
iR S S / £(2) d= DIfiE. p & g DATEE S (M C OED HIZ X BTN,
C
f23Q TCEREWSIRER, acQ LT, f:Q— Cl3EH. Q\ {a} TEHL %
| DTHRLHEIRD 1.

/
GEHDOH 5T LE—E TR 2 L, ETTHEEEEZES, tWwWH e THs, EEK

DHED % / F(O)dt = f(o) R4 BHEESHTT 5 OHFERTH B, )

A QURERTHZHDH. DD ac QPFELT. FEED 2 € QI LT, [a,2] C QD3
KD iLo, I T

F(z) := f(z)dz ([a,20) & a ZER. 20 2R T DHR7)
[a,z0]
EBLIEIWED, F: Qo CHOHERTESLD, HIZ F=fPRHIDZZDIRNITRT,
QUEBHARETDH 200, EED 20 € QTN LT, HIIER ¢ HFEL T D(zp;¢) C Q.
WZIZ0< |h| <e ZilZTHEED hITHLT, 20+heQ. ZOL X

(42) (ddx+/ ﬂddz—/‘ F(z)dz =0
la,z0] [z0,20+h] la,z0+h]

MDD, 38 a, 2, 20 +h P—EMREICH ZEEOIEHRTH S, 35 a, 20, 20+ h
B, —EHRLICRVWEEE. Tho2HRET2=AF (Az2a88) 2 A t3dL. ACQ
(ZDZ & DREREFEICEE 2) 2D ILE. (e LTD) [a,20] + [20, 20 + h] — [a, 20 + ]
. ZAK A ORE TR TH 200 (MZXIETHEEEIHZ L, £ THRL
%ﬁ%%éﬁ\mfﬁmbf%)ﬁﬁﬁlmiof/,ﬂ@dwﬂlbfﬁ@%ﬁ (42) 23
oA
RDILDZ DB DH 5,
lob dd
F(zo+h) — F(z) = / f(z) d=.
[20,20+h]

(2226, il 6.10 DAEFHERICTH 5, —IBEVTEL, ) Thrs

h) — F(z) 1 1
h B f(20> N E /[zo,zg—i-h] f(Z) dz = E /[270,20+h] dz f(zo>

1
-2 /[ EICERCES

~
&
+

W2
F(zo+h) — F(z 1
(20 + 1) (@-—f@@ < — max |f(2) = f(z0)] |dz|
h ’hl z€[z0,20+h] [20,20+h]
= max |f(2)— f(20)]-
2€[20,20+h]

[z CTHHETHZ2025, h—- 0D EET 0 WKINET S, wXIZ

p Flao+h) = Fzo)
h—0 h

= f(20)-
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j_fd:b% F &j: 20 VCT’TL& T%T F,(Z()) f(Z()). |

M 66. FOFEBHOHICHEINT: a, 20, 20 + h ZITHRE T2 =AE A (ZAEI O EZNTVEY;
BLEZDL) D QICEEND Z L BAIAE X,

M 67. (HD f%afiam;auuﬁx YRV, ) £ Q- C ARSI, 2 € QITH
LT hs0 DY &2 (O d¢ — f(2) THB I & ERYE,

h [z,2+h]
(REZZ 01TEMT 2 & &, FPERIIICRT 2. WS BEGHICRS TRAHTEKRS
MmCHb, )

4 N
% 6.19 (ABBEHICKN T D Cauchy OFRAEE) D & C oM@, f: D —» C Xk
Hi* 322 %, D NOEREDOXSH C HREArKR C 1c LT

/ f(2) dz =
C
DI D 37D,

\}HiDT@ﬁT\DW®1ﬁ%%%E% EREZRFIHTH R UHGFRSK D LD, )

J

sEEA  FMRMEBII RIS TH 555, =

B 6.20 (1/2 DEFRIHEEIEL) (B 5 Log ZHI> TWBHIZTE) B f: C\ {0} = C, f(z) =
AR S (1 / G omi 207 h), FRQ = C\{z€C|=><0)

lz]=1 %
F. R 1TIRDWTERTHEDT, f %2 QICHIFR LB flo 13EEEIEL
d
Fo) = [ foa=[ %© eo
[1,2] n,: €

ZFRO (ARSI D FMHE Log 2 ICF LW — R, - =1 ToErZhZL—
KT oh5). . C 5O HOEEORSN C HREHEE 513 / f(2)dz = 0. m

ROFNZE THEETH S, BNE EERIEFHBEICD 22D, BpNCEHEHAT % Did—
tHETH 3,

Bl 6.21 (ﬁ DRRAICASES) a,ceC ¥ 2L %,

(43) / dz ) 2mi (le—=a|] <)
smeler 2 — @ 0  (le—a|>r).

NP RTASH
T, Ja—c >r DHBE. R:=

% yBELL. r<R<|a—c T. E5IT

1
z—a

i& D(c; R) TIFAI

R ZILEECERE (85 X 5 SRS, HEEITD B, Ko, BB —— AERVERIFAIT, i | o = -
EEIC TG LTI |2 — af = 0 ICHR B 55, dz :/ % 3% Cauchy DS
\

lz—c|=r # — @ z—a|=6 7 — @

R f(2) /C— d¢ % f=1 L THVS
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o |z —c| =7 3 D(c; R) NDOEARAR
DD 3D, FIEMEEICEIF % Cauchy OFESEBICE D,

dz
%;CTZ_G_O

DR, la—cl<r OBEZEZ S, BHRRTHER2EREIZR SN TNSDT, fERIEZNIZ
EG LRV, BREOTERRT, &ETlE. (Fifa), (J7iEb) ZHNT %,

(F7i% a) K11 D & 5 RHH#R C1y, Cra, Cor, Co, Ty, Ty ZFEAT %0 Oy + Cha, Cop + O 13
ENEN |z—c|=r,|z—a|=0 THED»H.

X 11: Y1D3AAE ANT - ODOMEOM Y LTHET

d d
(44) /i - —/ -
Cii+Cr2 7 — @ Co1+Cop # — @

Z T AUX R W,
CH — FQ — 021 — Fl Gi\

TEAE & 2 BRIEBA OFRFR T H 25 5.

dz
/ 0.
C11—Ta—Co—Ty # — @

SIEA2 & 2 BRIEHBN OFFRTH 25 5.

dz
/ 0.
Cia4T1—Cop4Ty # — @

/UJIJKZD & Fl, | J:O)ﬁ X v b ILEINT

/ dz _0
C11+C12—C21—Coz # — @

ZHUE (44) BRLTW0 3,
(73 b) (B8 [22) THlo 7o ) |z — ¢ =r ZHG2THEED 2 1L T,

012 + Fl — 022 + F2 Gi\

1 1 1 = (a—c
z—a (2—c)—(a—c) z—c 1— nzz—c”“'



—c la — |

ZAUIEHE T [ Ak = —| =<1 (z &RV !) THI05,

Weierstrass @ M-test & D \z—c] =r ET—HRIORT 270, W 2 ICIHERBIFETHA]
BET

o0

/zcl Z_“_Z/z o|=r z—cn+1dZ:Z<a—C> 20,0 = 27i.

n=0

(ERRMEDIE () OFCR 225, n = 0 OHEEREZ 0 THH, n = 0 DIHIX
(a—¢)2mi =27 TH B, )

(777 ) BERE (FLR [1]) &, Green DD HRDED Cauchy OFETEHZENTWB T,

D ¥ C O T. ZDEFUIHERMED H I3 H 6 WG & 77z Bl EA bR
Mo D, 0D IETHROEFICHEEE R 2 XS XmEROFLNTWS, f

ciE:DuaD%ﬁﬂﬁﬁLTE%tTék%\/ F(2) dz =0,

oD

1
o ED:={z€C|lz—al >4 |z—c <r} DEAWRZZLHEBTIEAT, DD

BSE O |z—cl=1r & Cy: |z—a| =0 DBELLRD, C, — Cy &, ETHAD
EFIZD ZRZMZZK5TVEDT

/ dz / dz / dz
0= — — N |
ap 2 — C lo—c|=r Z — G |z—al=5 # — @

M 68. (44) ZiRt, (RIZ—=IGEVWTH 503, H 2B 3, EBALRTI L, )

6.5.1 Rk: TIE6.18 ICELD / f(z)dz=0 ZEEEAT B Z2EZX %
C

(LIg s < THh)

FARRAR C 1Rt LT /f(z) dz = 0 R L720WEA. ETHEANA Lz i3 2
Cauchy DR ER (EFH 6.12) (HERITH 555, W CIEWF 2RI 0T, BEGA
BUTRF % Cauchy OFEDEH (EH6.18) TLRTAIE2EZXTAL D,

1@&9L%ﬁéﬂk£%%ﬂft\QW@%%@CW&W/CQ/fzdz:o%ﬁ%L

FNEE. O C O C O BT R O 2 Eo bR, /f()z—O#ﬁmT%éo

BRI, O b LTS ATG 0 MNERe PR ¥ o m i, (2 AU BT B ) AR
OMBIENDH DL, ZHUTELEZLT WV,

HEED RO 672K T, BAEEBNEE ST 25805 505, e Ao 2Dk ENR

LIS L,

O DEMTHZ22E. BB acQ DEFEHELT

(Vze ) Jfa,z]

6 DERFET. TR TIE Weierstrass D M-test 9. [—HEINEHZ SIXTEBIFESAIRETH 5] e BFHHLTY
b L wh, REIOEROFEIICHEIIC L 2 DT, B3 HT %,
77%53#14\ ZeZED L. Green DA EHWS 729, [1] TRIERIBEEOE R ITERK O#EHiE 2R E L Tw

A¥EN - DEFEBITERTDH 2006, MEIFET RN,

z —
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DD DI THIM, Bl a ZIBATAT, a 22H “BRIRW Q DEEZITRTERWED
DE QL LTEH, DL O CU BB / F(2) de = 0 BIREB. L3 DH 100D /T

C
Ho,

BlzZiE, Q=C\{0},a=1F2L%E, a2bRIRVAE (ADFEE) & Q 25 FTXTER
e, @ =C\(-00,0] &2, ZHUF (Log REDEFEL LTEDNZ) K<HONE
RISEIT®H %

FRRIC, D 5B ZFR W25 Q .= C\ D(¢; R) IZEHR TRV, (TED a € Q
WA LTy a ORALBWER D ZRS & BRI O 25 TZ %, EBRE. Lol |z—¢ =R
IHAR 2 AR D Z) ZEINT, 200 T EN S, MHOMICR 2D ZRINIR WV, (K%
HEL XS, )

HHWE, Q=C\{1,-1},a=0, T2 Z, aPbRALVEEZ Q2L ITNTERL &,
V=C\ ((—o0,—1JU[l,+0)) &% 3,

BIEGHTIE, IR R CTHR Iz “N L7 —A VR BOEES LI ULIRESE T 2™, c e C,
0 S Rl < RQ S +OO, qbl c R, qbg < ¢1 + 27 Zj—é Z%\ B(C;Rl,RQ,QSl,QbQ) %Wﬁfﬁ%
35,

(45) B(C; Rl,R2,¢1,¢2) = {C+7’€i9 | R <r <Ry /\¢1 <0< §Z52} .

INDRED LS BRIGEICER 250, BRIl TAL D,

4 N
2 6.22 (AEEDSHIMDE |2 — ¢ < RZEFRVEEROERM) ccC,R>0, Ap €
(0,7/2) 53 L %,

Q={ctre” [r>RA0E(p—Ap o+ Ap)}

R

BEATHZ, EBR=0DLZEp=1,R>0Dt &I p= oA LT L:=pe¥
EBTIX
(V2 eQ) [L,z] C .
ITRHDE QOEEDORIX L »6RZ 5%,
_ J

GEER  (THH) R> 0 DEEZEZ 5. L=pc? 2B |2 — | = R IZEHRZGI, L &%
M2 FGATAE O3, pcos® = R Ziii/cd, R 00 LIZHBZ d=Ap THH, ZD
% pcosAp=R. =

i 6.22 25, ROEHDBFLND,

N
I 6.23 (NITLI—AVBEREHOERM) c € C, 0 < R < Ry < +o00, Ap €

(0,7/2) €3 %0 cosAp > BHIX(DFED 0< Ap <cos™ ' L B HIF)
B(C;Rl,Rg,gp—Ag0,<p+Ag0):{c—i—'r’ew|R1<7’<R2/\6€(90—Ag0,<p+Ag0)}

ERESE T B 5, [HUE (9 527 —~ Y FARER) 3B b Rile s, 4
PR B

J
BB po= S Li=pe® £ %0 REXD Ri<p< Ry WA LeQTHDH, L25H
{re’ | Ri<rAbc(p—Ap,po+Ap)} BREES, m

BINY LY —AVFEHOMEE ZEDBIITTEoTVET,
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CE(C, 0< Rl <R2 < +00, ¢1 GR, ¢2 <¢1—|—27T c:;ﬁj‘LVCB = B(C;Rl,R2,¢1,¢2) &g
%, B 2 UHEETIERIZR fITLT

f(z)dz=0
OB

; O
% 6.24 (NI LY —ANVEEBEHORASDEFETENLGEKICDOWVWTO Cauchy RO EE

N—"

2R D AL,

N v
iR FVDMRO LB 2 ERR TY > T ARBONAY L7 —AVEEK B; (i = 1,--- ,n)
CEDEIT B & KDY LD,

. f(z)dz= ; - f(z) d=.

n BRI REFIUI, B = B(c; Ri, Ry, ¢4, ¢2,) 2D TR B(c; Ri—¢, Rote, pr—e, dote) (e
M$éﬁ£ﬁ%ﬁ%@ﬁﬁﬁt%@fﬁﬁ%ﬂ8ib/’f@ﬁkzow@ﬂ:/ f(z) dz =0.

0B; OB
|

6.6 TPHROEH, (1), BEREBEIHICH TS Cauchy DR TEIEDIEHD H
5y
IERIBAEL f DRRFEITEBWT, f AYERI R #iPH TR B 2 e I ETE L T b iy O fE
BFEDLRWD, 2 WS EMAK D 7D,
O

ASERIZRHEBC Oy 25 Gy 1o [2TMN 2 o, | f(2)de= | f(2)d=
Ca

C1

HLLEI L, RD2DODGEEDD B,

(a) BT DUER LA RUIZEZ I ([EE L), Bk o BRI IE I 72 $iPH TR0 8 2 5E e
ZIELTH, MODEIZED 5720,

(b) BB PAHFROLZ AR (BHA. BEEBKICE D). a7 BRI R 2 #iPH TR 2
FHNCEZ LT, MO OEIZED SR,

C, A Gy
f e [ 2 e /—\

7 " ;/ B

F,» ‘ @ £, J

| q '. /
e —— \\U/

12: f(x)dz= [ f(2)dz 13: ) dz= | f(2)dz
C1 Cy c, Cs

LA, EH61S ZHWTHSKOZENIEL (LT 3,

130



(b) % —HEIC3D 3 b, BEREERIC BT 3 Cauchy OB FH (28 6.12) 585N 2,
BOEREAEIRCIZ. P O R (2 = o(t) = ¢ (t € o, 8], STEIICIEEA 1 A v
5 2 0) ICEGHNC AT E . RIS BN 0 TH 25 5, SELVHINE. (15 E
% H X,

7 FRICHEITS Cauchy ODFED AT IEHIBEHOERNERH
G5 e
(2020 FEEEDH#EFE T, ZODLDEFEETo/2e THHIZT 4 — FNY 7 ITRETH B0,
DYLEBNS S, ZHBETHRORATA FEHAT RV, )

ZOfiidEWITh e, JERICERRIGTH %,

7.1 P®BICEHEITFS Cauchy OFBESTLAR

Eﬁ71(ﬂﬁt8”%(ﬁmﬁy®ﬁﬁﬁﬂ)MNLR>OKWLT\D;:D@R)K\
B QWX COMEAT. DCQZifilzl, f: Q- CIIERIE T2 &% {EFED 2€ D
WX LT,

1 f(©)
(46) 1O=55] %
N J
(R ZHICHL 22, )

BEE HRR (- =R Z C 2RTZLITT 5,

f/

9(C) = C—z

(2 (¢=2)
eBL e, g: Q- CldERT, Q\ {2} TEAITH 3,
TN EVIEDE ¢ ZHB &, D(;R+¢) CQ k725, MBI D(c; R+ ¢) (3 ERIHEIK
THH05, EREBICEIF % Cauchy OFEFTEHICE D,

Kﬁ@ﬁmzo

&—&:z d—czm'z
o= [ fra =1 [ o2 =2

(BEDOEFEFIX, #1621 ZHW, )EIDELT
L/ &(K:f(z).l

211 C{—z

Wz Iz
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7.2 IERIEBOERBMERFTEELE

CDET, ZOHED 1 ODKELAEEERT 5, Bob —RIEKRT % 7% 51 XEBIFE)
AlRE) 2= T\,

4 N
il 7.2 (—HRINR 9 BB 5IFIRFIRSDEIEE) C 13 C WX RS O fohift. {f.}
& C* EoEBI 5 5 EBHIT, O b fICRIGRT 272613

lim fn ) dz = / f(z) dz
n—oo C

N J
SR n — 00 D& X,

[ 5@z = [ 1@z < [ 10 = 110 < max £l = )] [ jael — 0m

BAEL f 23, ERBANOER DD 255 THENBIEMTZ 2 £ 2. f I3 (analytic) T
H BV, TR D Z & 2 BRI (analytic function) & RS,

AR 7.3 (BBIFRY. BT SESIHV) e VWS FHIE. 2RI ZIEFVWLEKT
HWshzah, MR e w S S, N TH 282 W DN, iRt (R TER
T2)ICEDEFIEM. CVWOIEKRTHWONLZL DD, n

e N
EIE 7.4 (ERIESUIIEERRY, ERIRRIIERBRARE) Q13 CoOMEET. /- Q- C
WZFIERL c€Q, R>0,D(¢;R)CQ & T bk X,

_ 1 f(©)
(47) Ay - % elr Wd( (n € Z, n 2 0)

SRR N

=> an(z=0)" (2 € D(c;R)).

N J
SfB D :=D(¢;R), C:=9D £BL (CEF T RX =X —fiff ( = c+ Re? (0 € [0,27]),
BWVWEZEDB C*={(eC||(—c =R} 2KT), EED z € D IZHL T, Cauchy O
N WAL

1 f(©)

271 |C—c|=R C —Z

f() = .

Z—C

=r THHEINDH,

r;:% YECL. 0<r<1T. LD (e IeHLT,

—C

1 1 1 1 1 =/z—c\"
<—z:(c—c>+<c—z>:<—c'1_z—c:c—c,;(c—c) |

2m/zc—c(z_:2) .

fliECr THRETHZ22H, M= ma>*<|f( Q)| BIFFET %,

M=)
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M, = %r” el =, ZM” IR S % DT, Weierstrass @ M-test 12 & D, #EidH

n=0
JA C* E—HRIORT %, W ZITIHEBIFE D23 KT,

Thbb _
f@):E;aMz—@@l

(47) OEADIEDNE. —H RIEFT 2 X570, 25 TR RVWI L KHEREL XS, 0%

D. c ZEDEZ, R>0, D(c;R) C Q Ziii/7z3 R IIEIFEET 205, a, DEZDDH D
WX RICEKLIEESE, 2D Z iE. ik

f™(e)

n!

Ay =

DD LD Z e HIAPIZE D 2B KD XS LTH a5 (ZOHREDEZ T DMETEEICR

%)o 0 <Ry <Ry, D(c;Ry) CQ E&THEE, HREDTEAED D={CcC|R <|(—¢| <Ry}
DT Z 0D 2HESTIERIIRZ 25,

. n! f(©) n! f(©) _
) /K—cRg (= c)"HdC =0

2mi 2w Jie—gery (C— )™

M 69. (x) ZiEDL D K,

% T Laurent JEBHOEE (FH 10.2) L MNTHB L TASDHIZE, ROFIZLTEIHR
Eholehd Lz, ERGEAT 22 BRI, ZITREMT4DHRE LTHL,

e N
%75 ceC,0<R< oo, f: D(e;R) — CHERIZZHIX HEBE {an},-, P —EH
ICHIEL T, f(2) = ) an(z— )" (2 € D(¢; R)) BRDIID, 7 0<r <R ZWMiZT

n=0

EBDr v, EEO 1> 01 LTa, = TG s o,

2mi |z—c|=r (Z - C)n+l
\_ )
BB Q:=D(¢R) Bk, [: Q> CIEFEAITHY, 0<r < R ZHli/THEED r 10

LT Dr)CQTHEDH, EEDneZ, n>0HLT
1 f(©)

ap = — ———d
2m [{—c|=r (C - C)n+l C
eBlk,
(48) f(z) =) an(z =" (2 € D(ei1)),
n=0

PLEOHERONEE D 513, {a,} 23 r ITHKEFET 2RMREMED D 2 & 5 1B bh 25, i {a,}
X r OO ALV (FETBOEE 2 LTI 2 2 TE 5 L, BEORBO—E
M (%R 3.25) ZHWTHRW), fEED r € (0,R) IZDWT (48) 2K D ILDODT

f(z)=> an(z—0c)" (2 € D(¢;;R))m
n=0
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[é’é 7.6 [ERIBEEUIMIEITH I rIRET D %, ]

SRR DCREREE DED 2 BE. DCRHONETAETH MO ARETH 25, =
[?n 7.7 ERBBDFIRRER e o7 513, RIZEAIBESTH 5, ]

SERA R f SN LT F = f 2fied FPFELEE T 5, FIZEAITH 200,
FRIEPE D PATRE T, FRC 2 MO RIRETH 205, f = F 31 EMOAIRE. $2bBIERITH
5, n

§6.3 TRD 3FKMZHIF. ()e(ii) ZAAL TH - 72,

(i) f A Q COFMBEIERD (IF: Q= Cst. F' = f)
m)Qm@&%@zﬁmcﬂm%@ﬁcuqug/j@yuZOﬁmbﬁo
C

(iii) f 1% Q TIERITH %
THE L ()=(iil) (ZODBRT.7) D3> LFFATE /2, ¥ 212 Morera DFEIR ((ii)= (iii)
YW S AE) BT E 7,

AR 7.8 ((47) DRZRA) B A7) 13 LT XS ICEZ 2 LRV d LARW,
Cauchy OFEZARICIEZ. BOIES FOMDZMEITHHT Z e BHK 2, 2F DEED
2€D, neNIIHLT

(49) fey =2 Q)4

21 Jigep (€= 2)

DD D, TDOHEEER Goursat DFEBLIERZ L 23H B,
IHHE, [ DcDEDDDRBEIEN f(2) =D an(z — o) DIFEEUE
n=0

e 1 f(<)

CHUT TR LZZAEFA &, RIDREF e WS T2 il b,
FEREER ORI TR I ANE, RARCVWEEL 200 LAWY

Cauchy OFED R %Z n BZ LT, 2=c ZRKAL T, n! TH-73X
VS ZezHoTHEL e, BvHLRLTLDR2D LAKRY, u

AR 7.9 (RBZHEEPTRTIZILRD 1 2OFREBIGAICOVWT) HREUCOWT, Mok
Be#itdsn, 2 00RRA 2/, MELZHESHENZ VD, BEOEMLISHE LT, #%h
3% Liouville O (EH9.18) & 2% AW/ RMF QAL (M 9.21) DD D 5.
R OB THEG DT, FHEICRBIHNE, ZITHNMT2ZL8EZA6N 5. o

Rk 7.10 (REBDIGEOENE vs EREIMIAIEE (EWVWERRIRTRS)) WAL L w
S BHIBEEBIIH L TOHVWSND, ZOLAEBMNES 72D T 2,

EREBUZOWT TTI=M0rTaE) 2 730D TH 205, EBEBITOWTIE, Ty
EWMITAIREDENC R ERIBEND D %, ZATIE, MHTHY & SR ATRED E DEWZ E S 72
557
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S ST S IERE M TTHETS 5 (NGRS IR M TR = ¥ I3 HET b
WD IO Z EDEBIHD B D),

Zoi, OF D TEREMS TR SIZIHT) XD 075 S ? E R No TH 5,
ROBIBEHTH S (M OF* 2 MZilkoTV3),

flz) = { - <$>O>'

ZDfIEREEKT C® T
f™0)=0 (neNuU{0})
BT (25 THB I L ERIAHT 20, IO x o LEHENE), L fI#E
M7 512, 0 DH 33E[ET
> £(n)
f(:v)zzf '(O)xnzzgxnzo

n.

ﬁﬁbﬁoﬁ\Zﬂ@w>0?f@%:€§>OT@%ZZK?@?50@imfﬁ%ﬁ%
TIERW,

ZZETIIHEBNBREETDH 205, LRI EBRRRLE WIDPMKTH S (H25NOBKE D
X b o AR,

Lopflid, C®HTH D, Taylor FELDPHALEDHRKTH D ZDH (0) 238 & DRI
FEEFELLRWY, WS HDTH B, C° HTH Y, Taylor fEDIRF1ED 0 TH 5
Boflr LT

o0

flz) = Z cos2™x

n!

n=1
BB B (N F— - 7F— [33]),

—f [34] (BN? DL TR RE?) LD Bl ap, ay, -5y, - ZFEoRLER
W5 Z2%E %, (—00,00) Tn C® KT, EDOLNI—HK a IZBWVWT

) =an (n=0,1,2,--; fOa) = f(a))

ZAHTT XOIREE f(x) ZIED ZEDTE S, (REAR. EREE, C fRERELD extension,
Bt (HARBUERIR), 5% 2% (1953), p. 91-92 @ 111 HicH %, )

X B2, ERBOZECERBIMOATEERZDIC, W22 2 2 AT TRW X S 2B
F1E 3 % (Kabaya(Imai)-Iri [35]), ®

7.3 BREBEROIRFRE

FAB DA O W T, e W72 /3K (ratio test (d’Alembert DATX) % Cauchy-
Hadamard O/3) Z @A L 72,

EREOIERIBIEE. ERIBUCE T 2EEDORDE D ICHEREERTE 2 Z 220 o7 (B
H74),

FTTRHN LA 2EH T 5123, BRBERORED EARNICE S ThiRn e v
W TEOBROMEEZTTIC LRI IR 5 & R,

—RHREM R B ENC, EHTEZ XS, HlZX

1

Q:=C\ {i, —i}, f(z)222+1 (z€Q), c¢=0.
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(%%6A\ﬂ@:§] 1)k SEABURRT, IR p =1 00 575, BARMIC N
k=
ﬁ@%bﬁmf\%wzt%%bf&iﬁ\tm5:tf%50)

0<R<1ZZTHEED RIZOWT, fiF D(0;R) TIEHIT, D(0;R) C Q 2D LD
DT, EH?? XD, 1 D(0;R) TEFEEMTZ 2, $4bb. 5 {a,}nso BFELT

(50) (Vz € D(0; R)) }:%

R O FIIZEHHEDL D BH. {a,}ns0 BEIZ R ICEHTIKEE S (#EHIELICKRED
an, = fM(0)/n! TZHUIHETD 3),
EED Re (0,1) IR LT, (50) 25D ILDODT, KRADLD LD,

(51) (Vz € D(0;1)) Zan

Z DEADFEIDIRNEE p 37255, D(0;1) TIRT 2D T, INHRFFEDERDL S
p>1DEF B0, FiZp=1THs, EBHANE FE |z-0=1DEIC f OFREA +i
WHEIDPOLTHAHED., THLALRE D,

p>1 ERELTFEEZEL, Zanz" IR D(0; p) TIERIT, HHIEDORE p > 1 2

n=0
5i€D0;p) THENDE, z—i DY EHBREZRBUICET %, R

o0

lim Zanz" e C.

z€D(0;1) n=0

EIAD 2 i DEE fz) = g — o0 K
lim f(z) =
ZGZI)Tg:l)

AU (51) ITFET %

DL o#EmIE— R TETROEIMIE NS,

FIE 7.11 (BRHEEROIGRERE) QX C OBES. - Q= CWIEAL ceQ, R>0
T D(;R)Cc Q. FHAE |z —c| = Rka@%ﬁﬁa(:Cmignﬂ@ﬁﬁﬁbﬁm\

YEIOER) BEAET B2, f D c IZBYZENFEHOIRERIEI R TH 3,

H O —OEHEMBNLTEL,

e ™
FIE 7.12 (BB EROIGRFEREZD2) QX C OBEET, f: Q- CIIXERL ccQ
5%,

D(cie) T f=F

kt%(t%\f@c@@b@%ﬂﬁ@%@ﬂﬁ¥ﬁp@amAK%Lbo J
B 21X g(2) = Lig(z) (ZEEXEEAE) &, 8HF [1, +o0) ZAEBHRE LT, C\[l,+00) T
FRHIYEFEXN D, 0 TOREMBERHZ

00
z

— (€ D(0;1)).




ZOFEMBOICRFERIZ 1 TH 200, % R>1DFELT. g & D(0;R) TIEAIE WS
ZrEHVERV(FOZ HEF EMNEBEREN SR T 00 5),

—FH. ZOEFRBUL D0;1) T—HINEKT 2D T, ¢id D0;1) IZHIRT 2L, (1 bEFDHT)
@ﬁf%%lt%%#éoﬂ@:£+1®ﬂﬁ¥%ﬁlfﬁézt%\i@?ﬂk%ﬁm
TRLUZED, FUGMIETZOERBMOIGREZEDS 1 Th 2 Z imtian,

Liy I229WT, Mathematica TR[#{L L TA B &

Plot3D[Re[PolyLog[2, x + y I1], {x, -2, 2}, {y, -2, 2}]

Plot3D[Im[PolyLog[2, x + y I1]1, {x, -2, 2}, {y, -2, 2}]

14: S5 15: BEER

B 7.13 (HREBOBRBBRRONFEE) /() = 20 (P().Q0) € Tl P(2) £ Q)

WFEWICR) &5 E, P(z) DIRTOW ay, as, ..., a, ZFRWVTZ Q= C\{ay,as,...,a,}
T fIZERINTERAITD 3,
—ﬁ\%jeﬂg,nm}mﬂbf\gnu@pﬁmfbéwf‘ﬁq%%ﬁwfﬁﬁm
YRR S 2 Z L IFHIRR W (o BWRTERT2EEZMES L. f OWTH %),
@zm\WGQmﬂLf\fwcwﬁbw%mﬁ@%®W%¥%m£@u%—dfﬁé
>j=sn

(RFD OFRHRETOHMICELYL), n

fl 7.14 (BEIE p. 81) FEEK

1
f(z) 1T 2

X R 2R TEBIINTH S, THhbDBE, Voo e RISHLUT, fid 2y TEIKERTE 3.

(Fr > 0)(FHantnz0)(Vx € (z0 — 1,70+ 7)) f2) = an(z — o)™

=0

3

L Lz =0 COREREBERH

f(x) :1—$2+x4_x6+ :Z(_l)nxQn
n=0
1

& 1< o < 1 CLAIRLAY EREEAT =y 78X T [(2) = 57 =
1 2525, D0:1) TEIEL, {-eC ||| > 1} TRERTZLh 6005, u
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ﬁ7&f@y:ﬁ+l%c=2®ibbf%ﬁﬁ@%bkk%@ﬂﬁ¥%%(%%K%Wﬁ@

FAE3IC) kod ko

5l 7.15 (Bernoulli BOBEAKDOUIGKRFERE) f(2) =

(ISR R A D 578 2 Fl o Tuiud, 0@f®%£7 BRI 2nmi (n € Z\{0}) & f D
LNDWTHZZeNT S0, f1& D0;2r) TIERITH 2056, 0 DJEH OENEVER
% t%ﬁbi<§m1%5 )

TR T FIXEEREL (C 2fFTIER) TH %,

DRk —1=0 < (In€Z)z=2nm
THEP5. f1& Do:=C\ | J{2nri} TEAMZRBREED 2,

nez

FED e CIlIXLT

SR )
y4 z

ez— :E —|—1:E —'
n*On' n*ln

THEMNPH, 240120 LT

6—1 > z

n=1

F 3 DEFELD IR FAEIE 0o TH B DT,

(0.9} Zn
B, BEB g PEE S, g(0)=1#4£0ITHFEETS L.
g(z)=0 & 2z#0Nef—=1=0 < (IneZ\{0}) z=2nm.
ZZT
D:=C\{2nmi|ne€Z, n#0}=DyU{0},

(z € D)

yBE, D CRIEANCRY, f OfRICKR S (0 THEHRTER),

KR 2| < 2 TIEAICTH 57226, 3{B,} s.t.

o

- B,
(52) f(Z)IZFZ (lz] < 2m).
n=0 '
VASSHN llf% 1f(2)| =00 THZHS, 2= +2mi TOMER (=0 DL X L FEC) BHYIE

RIBHILICEoT, IO KREVEROMBTIEANCZ 2 X 512k WV, @212 (52) @
INRAPRIE 21 TH 5,
DLEA, EH7.11 OFEAGIOFET. ZORIIRHKTD 5,

B, & Bernoullifi ¥ i3h., %< OEELISHAAD % (R Z k" D3\ tan & cot
k=1

o0

- 1
D ERNBUER. Zn DFI, Euler-Maclaurin D3, ete.)o

n=1

S (n+1)2n+1) ¢ n(n+ 1)\, . e e
P I (") mrontrmreay, Tk

—‘ﬂxﬂi Lt/\fﬁ) Bernoulh MEHNTESNS,
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BADOBIHZ FENTB L,
1 1 1 1
B0:17 312_57 B2:67 B3:O7 B4__% B5:O, BG:E’
D—EZ R ITEHELZKIIM SN TORW (D7D, ZOEMEDOPEH:E %, Cauchy-
Hadamard OEHZ - TRD 2 Z L IFHEL W), Bernoulli HOERDEFIFWL 20 H 2
B, ORI ZED S BbDO—DTH %,
~ TR (22 ) N

f(z) = ezz_ : Q¥ %, B, = fM(0) % Bernoulli 5 5 (0 1% f OFRFEATRERE
HTH5),
J
s Mathmematica T3 ™
f(z) 20 DEDHDIT 10 ROIEE T Taylor BAL TA%,
Series[z/(Exp[z]-1),{z,0,10}]
NS B, Db,

Hord, £b%ZD Mathematica I1Z1Z, Bernoulli #{, Bernoulli ZIHXZ51H 3 % B4
¥ BernoulliB[n], BernoulliB[n, x] BHEIN TV DT, EEITMEIDERGEIC
Taylor R $ % HEITR W,

Table[BernoulliB[n],{n,0,103}] )

f(z)+ g FEBIER DT, By, ZBRE, BEROHEHDOBRE By, 1 (n>2) 130 THBZ D
% (IEAIZRREEUZ 22 OFMENCEHTZ 5 Z L ITHFEE),

F13 Bernoulli MO ERIZITEARITRENID S, —I. LTERELLZDDVRX Y ¥y —72E

ZTWB . ZNLATHBZWDIE, f(2) DRDODIZ f(2)+ 2 ZHWEREEIELN

BHDT. 2552, B, FUH FOERLBEED. B :% Y H B, FYUIFALD Jacob

T s

Bernoulli (1655-1705) BIZERT (1642-1708) 1325 62 WA Z 5 TH % (Bernoulli 1

REMEEZ 5BETENLDTH 50, ZDEHEE By =1/2 DIPEEBRWV),
Zoficd, BEBERHLI»EZEZRVWED (ZNT By, & B, £FHEVWTARD), FEEEX

7eb. MDLZREDE VYD 5, L ZIFBERE (MR (1) 13, BEEFEHDIHE B,, D&

Bn
(53) _1_|_Z nl 2 Qn

WEoTERL TV, (—1)" P EWHSHBZ DT /272D, By, > 0DMDILD, m
R 71. 0 O TIEAIBEEEIE 22 OBRBUCERINS Z & 2rt,

R 7.16 (Bernoulli IDIGA) Bernoulli ZUd 4 REARNZMEEOMEZR T -0I1I2fibi
5, WL O2RNML &5,

8078 ETED XD ITHN LTze Mathematica ZH 5 5EICHEMNTH S S,
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cot, tan, coth 72 ¥ O FMEERH:

[e.9]

2 * Byy,
cot z = Z(—l) (2k)2 Z2k—1
k=0

00 B,
zcothz = = g¥nyn
nZ:O (2n)!

o (—1)"7122(22 — 1) By, -1
tan z = Z (2n)! z .

n=1

X 52n(92n
(BB DV Bernoulli HEERTH L. tanz = 2 <2(2n)
n=1

RO (B - Bernoulli DRK): ZORATIE B, =1/2 £ 55,

1)BQnZ2n—1 ttﬁéo )

nk+1-j

E:Z—EZ()]E:rj (n,k € N).

Y — X ¢ DIEDHEIT BT % BEBUE®":
0 1 22]6717.(.2’{
)= == “kTﬂyf&k(keNy

n=1

Euler-Maclaurin D3 f 23 [0,n] T CF ke 35 &

(/f )iz + & §j§- ~ 90 (0))

+ 2 /O " Bu) [ (2)der

7272 L Bi(z) 1. Bernoulli 2R (Bo . A LENT) By(z) ZEAH 1 THELEH D
Thb, MEEDTHELZD. EFS %m%ﬁffﬁ&?%k%®\§ﬁﬁébtbﬁﬁﬂ
B 1 FED 2 B ARNTELT 2 L SHEETH L. ERIFNEILTHoiThE,
FIEREIZAS ) A RBEVEDH NN TH 5,

Bernoulli B2 DWW TIE, Il « BRI - &F [37) DFEL V. m

~
fiRE 7.17 (cot, tan D 0 DFH DD Taylor ER) (52) T Bernoulli ¥ {B,} ZE®H %
L E,

[e.e]

(54) cmz——+§: 2%3%2k1<0<m<2m,
k=1
00 % (o2
(55) tanz = 3 (—1)¢12 <2(2k)}>£ﬁkz2k—1 (2] < 2m).
\ - y
EIEEH z z z
o) =i f =D

SUREH TS RBBGERR / — b1 [36] D §5.4 TRIZEBROER S D EUER) [z FH Wi,
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z e*/? 4 e7%/?

LB, g MEEETH B, (ERE GBS LT 0B 0TE 2 THZE g(2) =

2 ez/Q — e %/2
BELND, ) WZIT g DREREEHOFERDEDOFRBIZ0THD ., K
1
B1:—§, B2k+120 (k:1,2,)
N A5
o = BQk 2k
g(z) =1+ Z (2k)'z
k=1
¢ e 4 e Cerr 41 (14 2 o 21z
cotz =z 1— — = , = . = ,
< < < Zezz — ez Lz esz -1 tz 62@2 -1 Lz eZzz —-1
B > B
= g(2iz) —1+§: 2k22) —1+§:@4%?%ﬁ%£@
k=1 ’
tanz = cot z — 2cot 2z THAHD 5,
 [— B " B
t — _1 k:22k‘ 2k _2k—1 o 2 el _1 k:22k: 2k 2 2k—1
anz +;( 2 e 2 +;< 2 g ()

22k<22k B 1)8216 2k—1 -
(2k)!

(_1)192%%(1 . 22k)Z2k—1 _ Z(_l)k_l

e ©

B
Il

1
fl 72. zcothz @ z2=0 DFEDHDH D Taylor EZ KD X,

Bl 7.18 2 O DA X X

fla)=——7, 9(2) S TP

EENER C\ {1}, C\{1,2} CIEHICH2, f b g b |2| <1 CEHITHZD0. hi= f+g
b 2| < 1 CEHITH B, HiE hiE 2| < 2 ECERNCIRAAETSH 5. Z4UL g(2) OH
YT BUT R

1 n 1
z—1 z-2

R (h(z)zz—# DHBDT) B 5. w

9(z) = —

7.4 Cauchy DB RN (I 7.1) ZRABOERTIFAT S
(ZZWEEHLIA=Vardilichsd, ThelbE06ICH-T528, )

BEEBOTF A 2R TAS L, Cauchy DESARDFEHIZIZA LD DONDH 2 Z L H
Dhb, FAbZEREZDIZBWRIC S,

DRD X5 7% “EaBOZER” ZHWw55EHRZ 0,
O0<e<R—|c—a| ZWileTHEED e TXHLT (c—a|<RTH305 R—|c—a| >0T
HD).

(56) /z—c|R % dz = /|Z_a|6 zf(—Z)a dz

DD DZ e ZEL, DFD, HOHMEZ 2—c| =R 25 |z—a| =c CEETI2DITH 2,
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25358, z=a+ee? (0 e0,2n]) £BLL

3 RGP T A (O B S
/za| dz = — . do = / fla+ee)

2700 Jyglee 2 — @ 27 J, gett

CETES, e 02T 5L
1 2w 1 2w

fla+ee®)do — — f(a) dd = f(a).

% 2m J,
£I2% T3 EZITH N5, WwRIT
1 fz)

21 |z—c|=R zZ—aQ

dz = f(a).

(56) ZRT DT, ko) hnd s, RENRDOERTALS,

7.4.1 FEOEZET

DUNMICRRIAS 2 75k, WA STV D Z 22w,
% c—aDREALT S, c—a=|c—ale”® BEDILD,
Rop 2D Y T2 r OMEZ —RT 2 2 = p+re? (0 € [¢,0+27)) & C,, EFRT
D(a;e) CD(;R) &% &5 e>0% 1 OWM->TREIET 2 (FlZiXe:=(R |a—c|)/2)
ma+ee® B a+ (R—la—c)e? IZFoF CHEDMIR 2 =a+te" (t € [e,R—|a—(])
LRI,

INHDELEZ HWT

C:=Cr+L—-Cye—L

rBL (K16 2R X).
C Dl Ly HOHEBE T, #fETEZIIERITH 205

f(2)

cr—a

———dz=0

MDD, —FH. L & —LIZH>BANIFTHHELED DT,

f(2) f(2) f(z) f(2) f(2)
dz = dz — dz = dz — dz.
z z z /| z /|z . z

cZ—a Cop?— @ Co.?—0 s—c=R Z — @ Cal=e 2 —Q

/lZd_R%dz:L . %dz.

A UHPHITIE — 12 > T3 b = O C 1Z SIS Tl T, 7 / _

W Z 12

Z—a
0 THZDD, ToZDLRVELWVWYDH D, TOREWERLAAZRIZHN
1 27 ) 1 2 1 27
822D 7z o ‘/ f(a + ee') dﬁ—*/ fad&’ < — sup |f(a+ee” ’/ g =
27 Jo 27706[0%
sup |fla+ee”) — f(a)|. ZOHELE, f 7 a TEHETHZ LD, e 50D E 0 KIKT 2,

0e(0,27]
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X 16: GEFH1: 1 ADKE L, ZIE LT a DA D ZMA > TR %

7.4.2 BRAVWTHSEHELS

(T
Lo C RHSHIEIRT P o 7205, EQME § Bl G 2165

Cs = Ceprs+ Ls — Coes — Ls.

(8 & DEIFR C.ps, Ls, Coes DEFITEPRVH, K 17 Z RIUIM 72 EHEK 2 TH
A9, )

Z DR C5 IFHEMPEARTH D |
() 4. — 0

052—a

LB EIFHALR TV, ENMrH 608 FTHI LD

(2) dz=0
cZ—a
DREDTHAD, ZORIE, HHEHDIHAZ 7z ZHUIR WV,
D& ICHIFRDWMIRST R T 2 Z A R 2 fiEIEH 5, L WVWHIRDTEH, &5
AR 5DIEP, HREBAEEZHEL TV N RE (5D 2 FEENZ V) I > TITHEE L
Z572, BEMOHEOHMREIZRD Z 5 TRD5 1T %,

BELa Yy y MEEG K 2L o T, DD K T—HERTH 2 Zeh o, BOOIBRERTOES
ID7?
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B 17: GERA 2: AR 6 A< Z & CHMEARIC L T25 d -0 235 (BAL %)

743 S5FVPbhA

Ci, Cy ZMI8 DESITED B L, Y55 HRXAM CL o HAGFAIRTH D |
RAC R, RAC I,

Clz—a sz_a‘

DD DT EIFFH LW,
BIZIERD XD RFHATHE L TH 522D TIXRWES S ),

. (HBUZIRL B O b, O omvimonims s, L apsaieen s
w0 (j=1,2)

o (FTICEAL RIS B — e D TRk >) LG siEa b
Q\{a} BT, #EHICEHOEDHEBEZEID ., 20T C; 2% Rbfﬁﬁ%ﬁkﬁ
%%,

Z93 5Bk

flz) flz) fl2) -
/IZ—c:R Z = adz /|z_a|:5 z— adz B /01+Cz z— adz =0+0=0.

JCP N EW
\/ZC|=R Z = ad /|za|=€ z = ad '
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18: FFRA 3: 2 RDEZIEL T, 2 ODHHIREIES

7.4.4 Green DEBZEFES

Green OEM (ROFTHHAT 2) Z2ES5. UTDO XS LAHDEZ NS,
0<e<R-—|c—al ZHi7zTHEED  ITH LT,

D :=D(c;R)\ D(a;¢)

LB, DDEEFR ODIF. Z20OME |z—c¢ =R, |z —a| = 2B b, 0D ZIEDMAIXIZ
TR |z —a| = OIFIFERE WA E (KEHEID) T2,

Green DEH (HFEDH L WA 3 VIEBEIZRW, D Z20EIL T, 4 OFEEDHERH
WTH2EIITHKS, )ITLoT

0= Mdz.
oD % — a
i £(2) (2 £(2)
z z z
. mdz = /Z_C|R mdz — L_ala Edz
THHDH

fz) f(z)
/Z_C|:R o adz = A—m:e o adz.

ZORYFIFRMLBRERWD, Cauchy DFEST NN EZIEHT 2 R0 [/ O RE T
VDT, WP S fERE WHIIREETI2LEND D ZS5TH 5,
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BEGRD 7 A b o, B ERIPEDOREIC, MR RENES 1 Tk | ERIE ik
MEERL T, ZOMHEZHRHT2003H 5,

7.4.5 ZANXDXDHDEFRDHEA

O OERIE, TR BRI ZHIRICOVWTR 2581k, FRUZEHL 3R, 5
BEOHEEMLH 2581, o200 bA L LEFHIHZ T 2013, BHCEHLVWHOT
b5,

Z Di#EFE TIX. Cauchy DD AR ZFBRHEBUCIRET 2 Z I & o T, EAROEE 2 #
DRV CAEFH L7 (BB 7.1), ZDimiklk. Bf7% Ahlfors [27] (R, &fF [22], #27 [31])
ZRICTHERBLEDDTH 2, [ Otz IREE S, ERRMFNESICES R WT, B
PRAZFEIADSHIRTW3, £/, 295 U CREH L ABEBICB I 2T AR 2T, £
COBEBRAMERMIEIT S Z & iR L TEE /20,

BT, BRI HERE 2 Y O HEESH TR T, LT 2 DICFRD o7z, Z0EHENS
KU TEBTE LWL EZ 208 LRV, Cauchy DR EH « BN TlE. #150
REMEEZEZDZEEIARENTHD, ¥I0THLIrDOFETEORED Z LICHEMETS % D%kl
52k, BT 512, EOEERBETERIAENLRZIETHS, BN,

AR, BRMERICB T % a—> — DS EHIL. EEOIIREDHERD LT L HEE
FHHERTVEWIEKRTE THHVR T (UNKDOBNWF A4 7D X577, &) KL TWS,
Z DA R DR EBS LW e S,

ZiE VT, ERIBAB DT I RE 721X, Green DEH % FHW7z Cauchy DFETE
H B KGR fES Zeliks,

WA BEGHROTF A MDEZLIE, 20D ZEBNLRFHHTREDDTIZDDHNZ W, LarL,
WXFEFHL X9 2328, ol kdlho/zh T 2DIERD DTH S, BEGEGD
HMELPHY T IR THr6, BB D2 DL, EEORMRFAT2 22D
Hk2 XS RFHHE Liznwe BoT, ek h AR L TR, £5L., H2EEHE.
Fro THlBRPHRS X512k o7, FMRIFEFD 2 RICEINTNEZZETHY, B LTER
L7255 Ehd, ZORYHIE1IDODESHRPLDTTHEE (o) ETER, W
DT DZ D LW,

8 HB%: Green DTEE, BOHROEHR (2)
8.1 Green ODTEIE

Green OEH (Green DFETTAI) 1E. 2 KITLDONRY FIVIENTT, o & AR DOEER
THTHDEF R 5, HIEITIX. 2% W7z Cauchy DFEDEHE - B ARDEEHIZOWT
SN U7z, BRE (1) 320 THlHIRTWw3, Green DEHEH S Z L IZERELHE
ZHN5DT, ZOBIEZHHT 5,

Green OEM (Green DT ARN) I, LD HATREZEKL T, HROFXZT2E
<&

(57) A;Mmﬁwz/ﬁwf%@mw
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EWVWIBDTHE, 5D IZEBBEBOMIET B 2\ VIR T PV OFEFE Tt N 5,
ZZT DI R? OIET, 0D ZZDEFIC (MLNCHHAT 2 X 57%) TEDMZ) 227
HhAR T H 5,

R 8.1 (AMETES) 0D & D Ofx%k (HZERT) —T %, Bt PHIFfROM TR X
ﬁé HEARIZIn - TOMMET X, BEIFES (a contour integral) & PRI, 2D Z & Z5@iT %

ﬁﬁma%t%<p8#%60%ﬁim@PmiwmtfﬁWT%éol

Green DNRIE, IREDERDTEH LS TEINTOLARAN—Y a 0D 5, IEXFHVHH, T
By LTI — iz, MWEME S 22000, ZRFEHIZHEL < 22 b, 2
ERRL T2 LA REICR 2 00y, EFHY L TE KL 2D Eﬁimﬁfia:t; %, ¥
DLEFRTIZNEZEL ZATH D, ZZ T, 2D Green OEHZ AN

K/EEE 8.2 (%D —iREYA Green D) R? O D OHEEF X, BRMEDX7H Cl\
WIERIBAEARAR C1, ..., C DIBROEPHTIR o TWT, & C; (= 1,...,m) OHEITITIA
D IEFIWCDZREX5TKoTWVWELET 5, TOLE. D %am}béfﬁ ‘7Tt
DB P, Q 12Xt LT,

/ Pda:—i—Qdy—// . — P,)dxdy.
8D

N J
RERR Z ZIEBETRV 2R DFE2 D #io TV AERIEDIN, BIZIFZH [31], 5%
J7 [38] iCH B, m

19: fEER D O 0D 1 Cy + Cy 4+ C3 IZF LW

K}EEE 8.3 (MHFMEIHICH TS Green DLR) R? O D 1. (x #iAMIE 21T y iﬂ]ﬁﬁ\
I2) HEREIRTH D, Z DR 0D &, X0 O kR ¢ offickoTwT, C 0)@
THBIOEFIC D BRZBEIICHEoTWIET 5, ZOrE D 2a8Ub3HEST
C' HoBEE P, Q T LT,

/ Pd:E—I—Qdy—// . — P,)dx dy.
oD
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SEEA  LEHURHHE T, 2 < OMEED OBFREICH > TV 3 ( THERFEBL OERZE S Z5 W0
S5DERTREW), HlZIFHEM [39] (ZAEMETO#EFKR — ) 2R L, =

EF 8.3 Z Db DI FHEIFH RPN, il 2 1EHTHEH S 2 FERFEIR D 13 MERGER T 72
WODT, EHONEZMZE72 WV, L2L, Z2950WIED. D BHEMIC “THET 2" Z ¥
T, B/NEEDPEM 8.3 DIREZ-T LI TEZ I3 L RV 2w (HEREED
LA 2 0BT AUE THAENSHERMEI 272D, 4 D0 E5HUE 12 DD AN HERR
W ¥ 43), ZDXIRIGER. (57) DD LD,

IR, D 28 UH%EE LT O foFEEDOBE P, Q LT (57) B DIDX 57 D
%. Green DA D VDB E WS Z 21T 5,

8.2 Green DAKICE DI < Cauchy OFENDEIE, Cauchy DFED AT

a N
EIE 8.4 (Green DRADED IDMBEIHTD Cauchy DRAEE) D 13 C DT, R?
OB FA—FH L7z Z. Green ORRAMIWDVUOHEHTHZL T2, ZOLE. D %S
L& 2 FRETIERIZRBIR f ITH LT,

f(z)dz=0.

N v J

COEHIE, #MEDZE R HHIERE LT, M D OFRICR->T0wE D LeMRIZLT
WRWDT, BENCHHN L72ER 6.12 L R THOWD T TRARWD, 850biFThil, &
DEHMPEFNMER 2HESZ VDT, L%— b —IZMMATHEL LRV,
ABH f OFEER EElE 2 u, v £ B < &, Cauchy-Riemann TR u, = vy, u, = —v,
DD SLDODT

f(z) dz:/ (u+v) (dz +idy) :/ (u dx—vdy)+i/ (v dx + u dy)
oD

0 oD

oD D
= / (—vy — uy) d:cdy—i—i// (uy — vy) dx dy
D D

z//dedy—i-i//dedy:O.
D D

Bl “HHDFESIZOWT, 5P L#HHL LS, 9D 73, C NORITH C o hifk
z=¢(t) (t€(a,f]) &THE X,

€)= Rep(t), n(t) = TIme(t), lt) = (f(t))

B8
/ £ (o)) /(1) dt
B8
[ ute®) + iv o) €0 + i o) d
B B
/ (u (1)) €'(t) — v ((t)) 7/ (£)) dt + i / (0 ((6) €(8) + u (0 () 7' (8)) dit

:/aD(udx—vdy)—l—i/ (vdr+udy).m

oD

SR

f(z) dz
oD

84/ me+Q@=/y(QVJMMMy%MKétﬁﬂﬁﬁ6h&
aD; D;
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4 N
EIE 8.5 (Green DRHMEDILDMEIHTD Cauchy DFESAR) D i C DT, R?
DML FA—HH L7zt &, Green ORNRPWD VOBEKTHZL T2, ZOLE D 2E
td 5 AR E TIERIZRBIE £ 120 LT,

VaeD) fa)=— [ L& 4

L 27 Jop 2z —a )
SEER EED a € DXL T, T/NSRIEOE r ZELS &, D(a;r) C D DD,
0<e<r ZITEED e IZOWT, D, :=D\D(a;e) £BL 2, D. b Green DNHK
DILOWEIHE 725 (RYD727? 7).
OD.=0D—~C,C:|lz—a|l=c THsh»ro, EHI4IZE-T

I B G R U ()

= - = - —dz— — dz.
21 Jop, 2 —a 21 Jop 2 —a 20 J),g=e 2 — @
Wz 12
1 1
Life, L SG,,
21t Jop 2 —a 20 Jsig=e 2 — @
ZZT

1 f(Z) . a)l = i 2 a ei@ B ai 2
_/|z_a:5 dz — f( >‘_‘27T ; fla+¢ce”) df f()2/0 dg‘

271 zZ—a T

é%Aﬂ(ﬂa+aﬁ)—fm»de

= 27 6€[0,2n]

= max |f(a+ec”) — f(a)

<i max ‘f(a—l—aew)—f(a)‘/%d@
0

e—=0TBHMF0 RS %,
W ZIZ

1 (=) o _
i fopz—a dz= f(a)m

8.3 MDHRDER (2)

O OET (MR 5 ERIBEORFE . BB IE R 72 855 © phi 2 @i i £ L
T, WHEIDHEIZZEDSRV) IOV TIE, BEC6HiTHEN L (bokd, FHLWVLI kI
5% (BE) ELTH3),

Z 2T, W onfilEEMNT %,

8.3.1 BHIAFEDEZDEEHS

W&GH%Kﬁﬁ%Cw@y@%ﬁﬁﬁf@%—ii/ IC) b e 2 ciztic o
|z—c|=r

2 zZ—a
EEIE) 1M TIED B 2 EICE o Ty LUROBMS OMEERD & (O DBOMS 213 LR

TRDZ L),
dz dz A=
; =
> /IZ=1 2(z+2)? ) /z+3|=2 2(z+4) (3) /F 2(z +2)? T +1+0 ZHRAE TSI
FITEDJE)

&
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1 .
(1) ¢e=0,r=1,a=0, f(2) = (2—1——2)2 35 e, FBHEBICE % Cauchy DFEZNID

%M (a € D(c;r), 22 f 1% D(e;r) &L d 2HEE (D(0;1.5) &5 C\ {0,-2}) TIE
HIT® 2) MiilzZ b, WA

dz f(Z) . . 1 1 i
= 2 =2 — o g 1T
/zll (2 +2)2 /z—c|r c—a"” mif(a) = 2mi (042)2 T

(2) c=-3,r=2a=—4 f(Z):
% (a € D(c;r), 22 f & D(c;r
M7z N5, WRIZ

dz / f(2) . o1 %)
= —2dz=2mi- f(a) =2mi - — = ——.
/lz'f':ﬂ2 Z(’Z + 4) |z—c|=r Z—a ( ) —4 2

(3) WERISBIRL (Zi 7 e BT\ (0.2} TEAITH S, ZORIECHI T 127

2] =1 REBTEZ %, ©Z2IZ (1) DFRZHNT

/ dz _/ dz _7r_z'
r2(z+2? S z(z+22 0 2

SO DOEENTEL 2 DX IICGEHT %, Ridtasr e b 5, (KEWR
HD% 3DORT,

1. ETEHALHALEDIZ. BEREBNTIE. BREKREDED SRV & iR %
BEBFEZ TRV, WO EHEITTTRR, 2hzffioT, EAEOEZHEIEZ 57
DITIE. KD 4 DDERREZ BEDIZR W,

BIZIEE 1 RBOTE K, 1+i ZHOLE LT, FEP LI (1 EDKREL 1+ 02
DOFEEE 2 X DI E V) OFREEE (ZAUIER) O, 2EZF T, Q THERES BRI
IERITE (0, 2 13&FRWVWAL), ZL T, EAKOET oA LD T, & FHE C O
HEED C, 20 kEgEnET, TIhH, I 2 CL WCEEHZONE T,

HB2RBTHREIEIC -1+ FDLDOMHEEZE T, —1+i & 0, -2 L DFEEE V2 2o
T, H1ZREOE ZFEUFE 1.1 TRLK, EAFOREA T ok ik Ty & HE C
DI LEERD Cy ICEEZ 5NE T,

HIRIR (s & Cs), HBARR (T4 & Cy) THRM

2. % WK LT, I & C; WEHMERRGEEL (D; 5 2) 2FTO T, HERFEBR D Green ©
EHZ W,

[ s [ s [ =0 wrie [ g [ e

ETEHFENRDHDET, Green DEHBE AL TR oTWVDH LWV NIZiE, ZHET Y P
b LI,

3. HEOBLEDATIE NEHMER ] 2o D% T3 edZW, C\{0,-2} DHFT, IE
FHIE &GN HECER T 258 (AT M —ERMER) 21E2, ZOEKITE
HIC/ENE 32% (JRARICHD - THED 2K L — KI3), HE FE—Ef2HIUI. B9
BEBEHZONS, E WO EHIIRETIEEFHICH LAZT T, dHIELTVEEA
(EF /) — FOMBCIEDH B (E4DESTEE p. 296, EFEEA4)), ZHUED & - & HHUN
BT

L35, MBHEBICET S Cauchy DFEITARDSE
EELHBHES (D(—3;3) &2 C\ {0,-3}) TIEH)

— N |~
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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, 6, 1}]
0.5 it L2 E A
1.0
05
Out[85]=
10 0.5 0.5 110

~10f—

20: IE/GIEOR T 2 C (EGHNCEE S 5
8.3.2 BHEND Green BE (F%) OEHICHNZESROER

% 8.7 (Fourier A THABH) BUTER w(z,t) = up(z, t) DKM Uz, t) = e~
% Fourier 2% FIWVWTR® 251HICHbN 2, FEHICHELRZHITH 5,

heR &§5L &, . .
/ e~ @+ gy — ﬁ:/ e dz.

—00

(il R WIS B, h REPBLER {v+ih | x € R} IZIGHFET L LW, Fourier
fEtc. AU 27 2D Fouwrier ZH#ZitH T 2 L ZICRAMNHEI N2 A TH 2, )
SEEA f(z)=e % (z€C) &BL Y, fIZC TEAITH 3,

EED R > 0 1K LT,

FI,R = [—R,R], FZR = [R,R+Zh], F3’R = [—R+Zh,R+Zh], F4’R = [—R,—R—i‘ih],

I'r=T1r+Tor—1T3r—Tur

B, Ty XEAMEE C 2B 2R TH D, f1d C TEAITH 555, Cauchy OFES
EHIZX - T.,

(58) 0= A f(z)dz = (2)dz + (2)dz — f(z)dz — f(z)dz.

I'r L2 r I3k Tyr

Mirpldz=z(x€[-R,R]) ERNXTRA=—Z—(NFTELZDT, dz=dz &V

/Fl,R f(2)dz = /_Zf(m) dr = /_Z o i,
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ZOFEDIZOVWTIE, R— oo DX, J/r KICRT 2 Z e PHILNTWVWS:

R
(59) lim e dx = /T

R—o0 _R

[FERIC Tsp td z =2 +ih (1 € [-R,R]) £ XT X=X —(IJTELDT, dz=dr &

—-R

R R
f(z)dz = / flz+ih) dx = / e~ @+ .
s r R

Dorld z=R+ith (t €]0,1]) £8F7 X=X —{JIFTZ 2D TH,

1f(2)] = | = eRe(—z2) _ eRe(—(R+ith)2) _ o RMR o —RMh?
Wz Iz
|Gz < max 1@ [ Jdsl < 0 )
F27R Z FQR FZR
Wz Iz
(60) lim f(2)dz =
R—o0 Ir

[FERIC Ty t& 2= —R+ith (t€[0,1]) 27 X=X —JIITEZDT,

1£(2)] = || = eRe(fzz) _ eRe(f(fRJrith)Q) — o R2+t?h? < e—R2+h2’
/ﬁ f(2)dz <rmm\f \/‘ |dz| < e+ |p) .
W 21
(61) lim f(z)dz = 0.
R—o0 Tur
(58) 5
/ f(z)dz :/ f(z)dz+/ f(z)dz —/ f(z)dz
I'sr I'ir Fa r I4r

ThHEIH5H,

R )2 R 2

’/ e TN e — /1| = / e dr — /T + f(z)dz — f(z)dz
-R -R T Tur

+

R
§/ e_xzdx—ﬁ

R

f(2)dz| + f(z)dz

Iy r

(59), (60), (61) 226, R—o00 DEE, ANI 0 TR T 2 Z e nhrd, UErs

/ e~ (@Hih)® gy — NZ

oo

Lo r

8h >0 ThHiUuI z=R+iy (y €[0,h]) EFTHIRVITFIAE, h<0 DL ZEINEYRDT, z=R+ith &
Lf:o
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8.3.3 HBIE ([1]) HIRE 3.24

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,

fl 8.8 (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 (GERE 8.4) 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, EHIBEEO ENEERPGETH A 2T e RELHETH S, -
TET, 2Rz, Cauchy DEDEMD, $HEDH—MNBRITETHNATEZL
For—BE., VWO A, FNTEHRDEDHRNEBBENICHHET 5,

(i) (FERBURRZAMA L) ERIBBOMEE DR LWt

(i) TIAERACHH U Cauchy ORI ARZFIFA LT, MR ADH D O Laurent B

B (the Laurent expansion) Z& <, I FFESD ’ég ﬁi (residue) ZEFEL T, EETD
FFEANDOICHZ AT %,

9 1FHIBSHMDMEE
9.1 IFRIFA#OES DMK
ZIERICH LT, PREZOHEEEL VI O ERINTWS A, EHIEEECH L TH Fh

HWTA

WCHY T2 (—BRILICR>TWV5) BREZOMBE VI DDHH 5,

/ri% 9.1 (FRIEBOES, BRDOGE) ccC, f & c DEFHCERRBEKY T2,
(1) ¢ 23 f DEHE (zero) TH B LIE, f(c)=0 2T IrzWn,
(2) ¢ f DEHT, kENH

flo)=fle) == ") =0 2D fO(e)#0

ZimlzT e X k% f OB c OO (order) LR, £/, ¢l f D k IDFRT
HdEWVI, )

Bl 9.2 (a) f(z) =sinz T. mr (me€Z)F 1NUDEFELRTH S, EE.
f(mr) =sinmr =0, f'(mr)=cosmr=(—1)"#0

TH200, mrld f DINOBERTH S, H5WVIE Taylor FER

sinz = (—1)"sin(z — mn) ) Z — m)?"
n:O 2n—|—
ZHM LT,
sinz = (z — mm)g(z), = mz 2n—|—1 (z —mm)®™
n=0

EZEELT, g(mm) = (—1)" #0 ZiEDTH B,
(b) f(z) =cosz—1T. 2mr (m € Z) FZ 2/ DEHRTH 5, FFE.

f@2mm) =cos2mr —1=1—-1=0,
f'(z) =—=sinz, f'(2mn) = —sin2mr =0,

f"(z) = —cosz, f"(2mm) = —cos2mm =—1+#0
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THB006. 2mr (m € Z) F 2MDBRTH 5, H2WE, Taylor FERH

2n

cos z = cos(z — 2mm) = Z (_1)' (z — 2mm)

ZHRIFHL T,

cosz —1=(z—mn)g(z), g(z):= Z ((;71;7(2 — 2mr)2nD)

r#EL. g(2mr) — —% 40 ZREDTHHEL, =

-
m£93wum DEH) ccC, fiZc DB U TEAL keN 2T &, KD
miﬁummﬁfﬁéo

(i) U CTIERIZRBEE g DFEL T, f(2) = (2 — o)*g(2) (z € U) 2D g(c) # 0.

J
AR K BT AIRINAT (1) < (i) 23, EWVWODHARETH %, MUNTIE—5UCEENA

T%O
(i) = (i) DA, f 1X ¢ DEFHTIERIZD T, ¢ DEID T Taylor BTE %, 3K8bH

AR > 0, Han} s.t.

) S@ = s == 100 =0 5 ) 0

Zanz—c (|z — ¢| < R).
n=0
(n)
_‘)t?&@: Ay = fn'(c) T@%ﬁ)g\ ﬂiii b\ CLQZCll:"':ak_l:O, ak;éO. @%.@:

= Z an(z — )" = (z — ¢)* Zan(z —o)"F=(z =) Zan+k(z

N
(R
A

)= Y anslz — 0"

tBLE, ZhUI |z — ¢ < R TIERIZZEA% T,
f(z)=(z=0)9(2), g(c)=ar #0.

(i) = (ii) DI, f(2) = (2 — c)Fg(2), glc) # 0 T 5, h(z) == (z —)F B &,
2). 0<m < kX LT, Leibniz DEANC KD

m

1) =3 (7)),

r=0
r<k—1THIE L) (c)=0TH2IIFET2L, 0<m<k—1%5Fh)(c)=0
0<r<m)Thdzt. zhr W)=k »5,

m

=3 (1) 0 gm0 =0 0 <m<k-),
790) = () Mate) = Kg(e) # 0m
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(Z D Prop. DREIECEND UKD S, )
ZHADOHE, FRROGEISREBUEH & IFmNiETE» NS,

4 N
el 9.4 (K EROEMY) f(2) €Clz], ce C, ke N ¥ 22 & KD IFKMHIFMET
»H%,

(i) c & f(z) DIRT, EEEIZ L TH S,
(Thbb, f(2) % 1 RABORHEDMR LIz Z, (2 —c) 3B x5 ¥ k AEA
5 —k=10Ea, ERTERVDIED, EEE 1 RS 2L TBL)

(i) Jg(z) € Clz] s.t. f(2) = (2 — c)kg(z) 2D g(c) # 0.
) 0= )= = [V =0 2 S0 £

SR (REMCERBYETHZDT, ERIETHH I, ) n

(RO DEREETIZ, B WO SERF TV, b LIFERE VI SERMS
DONREETH > 72, WEOREEDOTIC [ERoTWB I 2RI DIFHEE T, EREER
FHfdmEo T3 L FMIE S, )

0 THRWEZIEAZ, B LT C 2ARTERTHD., MEFBRIEZ—EHT S (c D f(z) DIR
S f OFEH), FBc DEEE (HRORIZ 1 & 33) 1k, FS c o —KT %,

c OEFETIERIRBIE f 23 f(c) =0 Z{fi/T & E. RD2D0DWTUL—FADBEDILDZ
EINEGZTDB

(i) (Vn € NU{0}) f™M(c) =0. (ZDLE f 2 c DFEDD DEREIEFHOICRIT 012423
AL, HiX WA 0 RXFE LW EHIRABDO—HDOEHTH D5, )

(i) (k€N f(e) = f(c) == f"V(e) =0, fB(c) #0.

J

9.2 —HOTEIE

0 THRWZEKNIIEREOR (FR) ULrFilzRws, 0 TROWIERBERITEREOR R %
Fib82 (sinz 92D ZWEITH ), L L. ROIEFICEEREH ( FAPEMTR
FIFEFEINCE] L WIHNR) DD LD,

4 N
EIE 9.5 (—XDFEIHE (the identity theorem), —RIEHDEIE) D (& C OHEE (9
FRBEEE). f: D= C & g: D— CIIIERL c e D, EELBI| {2, ey E M

0 g =c

(i) Vn e NIZXW LT 2, € D 22D 2, # ¢ 22 f(zn) = g(2,)
ZiiZesedsL & D 2IAT f=y.

(B 21X D NOFRDRIERIBFRD BT f = g 23D 2o Tw0iud. =504 (), (i) 2k
K?@%ﬁﬂ@ﬁﬁ@%%#f%é@f\f:gﬁﬁbﬁoo)

J
SEER f—g B2 f EEWVWTEZD I LT, g=0 DEEIGEHAT IRV 03905,
DIIFEAETDH 255, (Je>0) D(c;e) C D. FH 7.4 XD, {an} a0 DFEEL T,

) =Y a(z =" (2 € D).
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EFTZOME D(c;e) Tf=0THBIL %R,
FIIEED n I LTa,=0Thb, EE dLEITRVEIRET S, Ine NU{0}
st.a, #0. ZDEI B n DB, PhOdD%E k BL &,

ap=a;=---=ar_1 =0, a;F#D0.

KR R
Zan z—c) z—ckZan+k z—c)" (z € D(ce)).
n=0

n=k

z) = Zan+k(z —)"1& 2z € D(c;e) TPIRL.
n=0
f(zn) 0

9(zn) = (zn — C)F = (Zn ~ c)k =0.

W Z 12
ap = g(c) = lim g(z,) = lim 0 =0.

CHEFETHZ, DAIEED n b:i(ﬂ‘n:iz U = o.nb;ooic:
f(z) =0 (z€D(ge)).
()
Dy:={z€D|(VvneNU{0})f™(2) =0}, Di:={z€D|@neNuU{0})f™()+#0}
v B e (AR OBAIE FWT)
DyUD, =D, DynD;=0.

) PEAGRETH B Z e s, Dy IZFEETH B Z L 3055,
—7, Dy bHEATD S, FEBE 20€ Dy £ T2 %, (3R> 0) (F{an}nenvgoy € CVV)
(Vz € D(z0;R)) f(z) = Zan(z — )" B TAW 2 € Dy kb, FED n IHLT a, =

I )(' )—01%575)6 f(z) =0 (2 € D(20; R)). 2D BEHIT D(20; R) C Do 3535 %6
Pﬁ)xk Dy I3BHEETDH %,

¥/ ce Dy THBEHNS, Dy 0.

DFCRI@mEIC XD, Di=0,Dy=D. ®ZIZ f=0inD. m

EFDRATHE o 7zamd 2 i T TH <,

i 9.6 (EFLRHAESITERS) D 13 C OEERMAESE. Dy & D, X C" OF%EA
TD0UD1 D, Dole —Q) i I N DO e D1 @L\?ﬂﬁ)ﬁ)%%{:}’c%%o

WE: ZOREETIE, —HROERE (o@D DB WHESICHEI L e & —7H8T
EEBICRDZIL) 2EDTITHEEEL OB Do, ﬁ?)%'bi@ ZeWhoTLE o7,

SOEPR 20 €Dy TR E, T DAEATHE DD, (30; >0) D(20;61) C D. £72 (3n € NU{0})
fM(z0) # 0. &= |[fM(z)] &BL e >0 THD, fO BHEFETHEH5, (35, > 0) (Vz €D :
|2 — 20| < 82) [f(2) = f™M(20)] < e. TDYEL[FM(2)] = [fM(20) — [ (20) + M (2)] = £ (20)] -
|f(M(20) = fM(2)| >e—e=0. WZRIT f(W(2) £0. > T z € Dy. §:=min{61,05} £BLEL, §>0 5D
D(z;6) C Dy. WZIZ Dy 3HEATH 5,
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{;/b\

\ Co
~N

X| 21: cq yiRy>) C1 Q\-:I:%L\ ?(ﬁ&\- D(] %Hjé &eZAh gO(to)
(p(to) bi Do, D1 O)Z% 6&:@ L/T %%Eiﬁib %o

D7 THEM IS FFEHER 2 TN (22 VWIHFEHD BN TARLIINY), ZHUIDH 512
FEFRZD2T 25 X DIE, BEEHRICRK 2 THEEE L HIM L7,

AER HEEZHWS, Do £ 05D D1 #£0 EIRELTHEEREL, ¢ € Dy, ¢ € Dy ZHL
%o Jp:[0,1] = Q, ©(0) = co, (1) = ¢ & 7% ZEHREE o DEN S,

Ip:={t€0,1] | ¢(t) € Do}, Ii:={t€[0,1]]p(t) € D1}
Bl
ILhul,=[0,1, IynL =0, 0€l,, 1e€lI.
Dy, Dy DEEA T, o DHEHTH 555, 36 >0, 30, > 0s.t. [0,0)) C Lo, [1 —61,1] C 1.
to ;= sup Iy

EBLEL0<ty<l ty & 0,1 &DEREE d:=min{ty,1 —ty} >0 TH 2,

to € In DG, Je1 € (0,d) st (to—e1,to+e1) Cly. THE tg=suply >tog+e ERD.
FIEDBEL %,

to € [ DHE. Jeg € (0,d) s.t. (tg — €2, to +e9) C I1. I EHEET DI Iy D BRI
DODNENCHZDEIFIETH %, =

% 9.7 (BEBUCH T 2) FRIBSIGEREBICE LR VIR D . 2 0B AZH WIS L
TW5, THbE ¢ WEBTHEWEABEBOES (f(o) =0 ZiliT) %513,

(Je > 0)(Vz€ DN D(c;e) \{c}) [f(z)#0.

SR WEEEEG S, SRESETS L.
(Ve > 0)(Fz € DN D(c;e) \ {c}) [f(z)=0.
S e NIZHLT. 0< |2 —d < % Flo) = 0 %H72F 2, € D BEUR 50 —F ORI B

f=0in D &IN5, THUIFTETH5, =
—HROEHOERRIGE L LT, ROMENKRLT %,

a N
% 9.8 f: C — C 2EHIT,
(VzeR) f(z)=0
Z 7z 378 B,
(V2€C) f(2)=0
DR D AL,
\_ J
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5 9.9 (REBZIEAICIEET 31H1F 1 DLHAEW) 2R T, WIFEBuCOVWT, M
S TIE b7z Taylor BE O Z FAWT, EHIBIBUCHGRE L 72, il 213

— (-1)" 2n
cosx = Z ((2713! " (z eR)

0o
- -1 2n
(%) cos z = nz% ((271;! 2" (2 € C).

398556, I[ERIZR f: C— C T, f(z)=cosz (z € R) ZHiZzTdDIX, FETEIRHIE—
HTHs, VA2 Y. cose DINRIC, EAIEZZERT 2R D, (¥) & 2D
F20, =

B 9.10 (BIHBARAEDRIE (REFETIFEDEWV ?)) I IXEELEL D E8ER]
(62) et =e"eY (x,y €R)
DD Do Z LB & LT,

et = ¢%e? (2w € C)

D DILDZEHRE D,

SHERPAE L MRIEBEIR 2 RIF T 2 LR 70 DIT KR 20T, LIEH S HREHE
Boe” 13 E(z), EIREEIEZ e tFENT 2 2 LITT 5, EREHEIFI R OILR
Thz, 2%

(Ve eR) E(z)=¢€"

MDD e 2R Tikan s 5%
TEDyecR ZEELT, A f:C—C*%
f(z) =E(z+y) - E(z)E(y) (2€C)

DB, B E BEHITHE5 5. f13C CEATHS, £/ =2 cRDE X, (62)
b
f(z)=f(zx) = E(x+y) — E(x)E(y) = "1 — e"e¥ = e"e¥ — "¢’ = 0.

W2 —BOEMIZED
(V2 C) f(z)=0.

ERAS9X5)
(63) (Vy € R)(Vz€C) E(z+vy)— E(2)E(y) = 0.
RMEED ze CZEELT, B g:C—C %

g(w) == E(z + w) — E(z) E(w) (w € C)
TEDD, ZD gl CTIERITHZ, £/, w=yecRDE X, (63) &D

g(w) =g(y) = E(z+y) — E(2)E(y) = 0.

STZ DR T, FED 2,y e RITH LT, E(x+yi) :=e”(cosy +isiny) LED, ZOHEF. EED
r € RIINLT E(x) =e® DD LD,
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W2 —BDOEHIT XD
(Vw e C) g(w)=0.

ERAY.PX5!
(VzeC)Vw e C) E(z+w)— E(2)E(w) =0.

W ZZHEEUERT E(2 + w) = E(2)E(w) DD, =
73, —ARKOIEEHZAEHE X,
M 74. Q=C\{zreR|2<0} T2 =

21 EQN2p€QNZ20€Q = Log(z122) = Log z1 + Log 23

DD ILDZ & BRt,

9.3 FHEDTER Y RAKERIE

e N
fied 9.11 (FHEEDMHE (the mean-value property)) Q & C OMFHET, f: Q - C
FIERL c€Q 2 F22 %, D(gr) CQ EHATEED r > 012X LT,

2
fle) = %/0 f(c+re) do.

K(Eiﬂ@i\ Mlz—c=rTD fDFHETHZZ LITHEER)

BEBA  Cauchy O ARZ 2 =c TH#HAHL T,
1

N 271 |C—c|=r C — C

dc.

(=c+re? (0€[0,2n]) ERNTRA=K—=DFT B L,

1 f©) jo . 1 [T fletre®) o sy 1 [T ;
_/ dC = —-Zreed0_2—\/0 f(C+T€9)d9..

270 Ji¢—emjer C— € -2 ret? T
R 9.12 (BEMTIT) FEREB u=u(x) = u(zy,...,2,) ITOWVWTIX,
u DPFEEOMEZR D < Au=0 (u IZFMBIE)

DI D LD (Gauss DERETFIGDEEES & 2 D),

IERIBEEL f DFEE - FEHE w, v (u(x,y) == Re f(z +iy), v(x,y) := Im f(x +iy)) ITDWTIE,
Au=Av=0DEDILDODT, FHFHMEKDFHEDEED &, IERIBIOFEEOEE %2
HLZEBHRETH %,

ROTAMEFEEITH Y F 2l & FFBIEIRD I DD, IFHEICEHTDH S, n

SBERMADAERDTF A M, H2EWVITHEH [40] © 3 & 5 Hik &2 SRE X,
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i 9.13 (RAERIE (the maximum principle, maximum-modulus theorem))
Q1 C DR, f: O CRIEHL 2 € Q,

(Ve Q) [f@I<IfG)l  (If(20)| & [f| DEABETH S, W5 ZL)

DI D ALDIR B IR,
(FC € C)(Vz € Q) f(z)=C.

k(EEUB@ﬁ@%@?ﬂEﬁi\ HBNRTRAMEZIAUS, £ ORBIIEITEREREKTH 5, )

SEBH M = |f(20)| £ B,
QUEBEAETHEH 5. (e >0) D(2p;6) CQ. pi=¢/2 £BL &, D(z;p) C Q.
0<r<pR2IEDriIRLT, FIHEOMNEED S

1

2 .
f(z0) = %/0 f (20 +1e™) db.

W Z 12 ) 2
1 " ; 1 i

M=l < o [ 17 Gotre®) o< 5 [ aran =
FRE AL, FERRTRTHESTHEY, F

1 2

; 1 2
o ), \f(z0+rea)\d9:%/0 M db.

|f(z0+re?)| < M T, 0 |f (20 +7re”)| BERTH 255,
[ (o +re®)[=M (Be0,2n]) ie  [f()=M (z—z|=r)

r DERED .
[f() =M (|z = 20| < p).
i 2.23 2260 f & D(zp;p) TERBIRICFEL W (3C € C) f = C on D(z;p).
—HDOEHID, Q2T f=C. =

AR 9.14 (RIMEICDOWVWT) EETRWVIERIBEE f 1T LT |f] ENAETHRAMEZ IS 72
WV, EWVS RN, |f| APETEMEOZ DD I LIdH Y 5 B (B R EOERERIE-
SADD), 2L DEBTRWIERIBIE f i LT, |f] BHNAT 0 TRVWER/IMEZ F7 7%
W XETHS (1/f 2BEZXDZTEDICHHETES), =

S5 0.15 (BNEROBABETE) FHEHICOWTIE. 21D FHEDEEART L (24
BOBEZEIBEROFIHED EROSEROEREIAUST CEITE ), 2hmd TEK
CRWIRIBIE u 13, PATRAR,. BMEZES RN, | AELNZ,

b b
89f < gon [a,b] Zﬁ%@/ f(z)dz < / g(@)de. LD, THIT f & g 25T, g € [a,b] f(x) < g(x0)
(V2 — STHFER) HHD 1ok 513, / f@) do < / o(z) do. FHEEIB Y. f v g AT

/f d:c—/ 2)de BHIE f=g.
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9.4 Liouville OFEIE

[;’i'% 9.16 (BEH) C 2ARTIERIZZBIE > B (an entire function) &\ 5, }

5 9.17 (BB DH) ZIHABIEL. FEEEIEK 2, =ABIEK cos 2, sin 2 I3 TH %, tanz,

Log 2, WFEBIETCIE RV, =

14 22

EIE 9.18 (Liouville DFEIE (VU J« ADEHE, Liouville’s theorem)) H 572 EEI%L
FERBERUCIR 5,

SRR f: C - C IXIFAIT. (3M €R) (V2 € C) [£(2)] < M DD 30 2 RET %,
ERDOER RISHL T, 53 {a,r}ie, BFHFELT,

oo

f(z) =) anrz" (2 € D(0;R)).

n=0

FHBEFORBO—BEDL S, {anr}ly & R IKELZWZ DD D, WA {a,}2,
DMEEL T
Z&n (z € C).

EEOBAE n TN LTa, =0 ZRZ5, EFED R > 01N L T, Cauchy DFEZTLKD 5

_ 1 f(Q)
" 5 fon

L 1) 1 /(O] 1
g—m/m:R@dc‘< 27r/< R|C|n+1| (<5 / Rn+1| d¢|.

/ |d¢| =27R T®H %h 5. Cauchy DFHER & MHIN 2 RXDOAELXEE S,
CI=R

ThHhd2H15H

an| =

M
64 nl < —.
(64 aul <

WZICR—>00&LlTa,=0(mneN). @I (V2€C) f(2) =ap. m

RECEOERKEMOIIAZE Z X5, ﬁﬁtbf ZIERD 2 = oo TOFHFEZFXRTE
o FBICE DD L, 2| DREWVE ZA TR, RERXDENZENTH 5,

4 N
i 9.19 (BEADELFTOEH) n € N, {q;}], € C', ay # 0, f(2) = apz" +

a2 a1zt a, ETBEE,
(Ve:0<e<1)(BReR)(Vz€C:|z| > R) (1—2¢e)|ag|z|" <|f(2)] < (1+¢)|aol|z|".

K2 (V2 €C: 2| > R) f(2) 0D ILD, /s LD n> 17261 lim |f(2)] =

|z| =00

N J
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FEER 240 & T B L X,

) _ g @ e al
apgz agz agz apgz
Vm e N iZxf LT Z—m—>0(|z|—>oo) TH506, i (];(2—1. W24
Z—00 0
o L
z=voe [a)| 2]
Zhmb, (Ve>0) GRER) (Vz €C: |2| > R)
QI 1‘ ce e 1-e< AL 4
|ao| |2| |ao| |2|

TEERINZTHROAFADSFE LN S,

%9.20 n N, {a;}7 (€ C" ag #0, f(2) =apz" + a2" "+ + a1z +a, £33
L&,

(M eR)EM € R)BReR)(Vz € C: 2| > R)  M|2|" < |f(2)| < M'|2|".

SR MR 919 B e =1/2 I L CHAT % &,
1 3
§|a0||2|" <|f(z)] < §Iao||2|" (Iz| = R).

M = |agl/2, M" := 3|ag|/2 £ BIFIZEV, =

i 9.21 (REZEDOEAKXTFIE (the fundamental theorem of algebra)) P(z) Z#E3H
FREBDZIHENXT, ZOXBnlZ 1 LEE T2 E, P(2) 32 —D20WZFD,

AEH%E — 25 2 TEB <,
SEBE (RAICHE > TV BFEH) HHEEEZHWS, (V2€C) P(2) #0 ERET 2, ZDk

x. () ::% ST 5. W 019 D, I [P(2)] =00 TBEMD,
(BRER)(W2€C:|2| > R) |P()| > 1.
Wz

[f(2) <1 (lz] = R).
—77 D(0;R) = {2 € C | |2| < R} 3 C OFHRHLETHD, |f| 3EHEETD 205,
Weierstrass D AMEEHIZ K o T, |f| ERANEZED :
(3M € B)(V= € DO:R) |f()] < M.

WZIZ (V2 € C) |f(2)] < max {1, M}. Liouville DEMD &, fIFEBEHRTH 2, ©ZIT P
HEBBARTH L0, I n OB 1 UETHB e FET2Y, =
BB (BRIFOAEDLEBIELTH S, ) BHIEEZHWS, (V2€C) P(z) #0 &RET

B, COLE f(2) = % BT 5 5,

OB L ag"+arz" 1+ +an12+a, (ag #0,n > 1) DEBTHIUL, apz" ' +a12" 2+ - +a,_1=0
TH2, 0 DRALWT (BAWVFEIDHE) ITXoT ap1=ap2="=a1 =ag=0DF5N, ag #0 X
FIET 5,
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fHifE 919 X b,
(3M > 0)3R* €R)(Vz € C:|z| > R*) |P(2)| > M|z|".

VR > R* IZ™ LT,

1 1
< .
M|z|* = MR

(©) (VzeC:lzl = R) [f(x)] <

|f| i& D(0; R) THRAMEZFOM, RAMEOFEEN S, 21U 2| = R TORKEL —KT %,
%ﬂmmDKiDK%ﬁTWKEﬂéo%%\M@ﬂé (:€C). R>oobFBE.
F(2)] = 0. WRIZ f(2)=0. CRRFETHS, m

MR™

REX 9.22 (AFTHETIE) FOFEHIZE. f(z) =01 LT, PREDH1IODMRE (a £BX)
DFET S e 2 FRLTOVWARFED, KBEM (ERFEEZHEATHHD D) ZHWS
. f(2) iF z—a TEIDYINS Z EDELN, KEBUZOWTORNEIZE D, f(2) & n @D
1 REEDFREIC I REND Z D30 b, DFED

Gla}is €€ f2) = (z—a)---(a—an).

{a;}i_ DIEEFEZANER ST, [—HEI) THEILZmTOEFHL <720,
B DHTOE SR E B VLI SIEbN S0 b LW, EIFFATELLT
D KD BEEED TR DRT T IIH o TV Z e 3D %,
PuTTEUA
H={a+bi+cj+dk|abcdeR}
IZBWTIZ,
2 — j2 — k2= 1

MDD WS ZeZhs, HARERX 22+1=013F +i, +j, +k 2V 6 HDEEHD, 2K
HREAD (D7 L b)) HER S 6 OB ZRODIEBEDR? 22+ 1 = (2 —1i)(2+1) THIUI,
2= BRALTO=(j—i)(j+1i) THE225, WILEEZXS LT (ZHUIHMETH 3
CEDOHEEENBIETE). j=i FE = —i DEPNZDTII RV ? ZHUIHHS A
BRLESREITNRE, CIHBEES>TWEDES S0 ?

LY MIRDZESIRILIFEVEDT, AR LTBELATEWL, =

9.5 Schwarz DA

(ZHUTA Y FL KD, 1R BZEHR e . FAERZHHAT S & 22UV, HH
36 ICEWCTHD T, )

10 Laurent B, RS, B

(FeZWETHEAR, FH2ODFEZ—Y LT, ROEDEEBRONEZHWTOERS L
TWVET, LIXHLK, e ZA0 o Twa e Ebh kT, )

ke TRREREL oM

o0

ZO an(z—c)" + Zl (ZG—_Z)"
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DIIZE T 3 8% Laurent f{E L FER, 2 DB L HITINH T 23 & &, ZD Laurent
HHEOIPR L, ZDFNI 2 DD DIITH 3 L BFT %, 220D E DV &b —TFD%
M3 5L XX, 2D Laurent FFUIFHHRT 5. L ERT %,
ZNENDOHDBIRT 2720 DFH%2EZ 5., »HMEREEETICEL, ZDAEETIEFHEE
TR ENTD D,
2

B ZE f(z) = CENEETE WO HEMBBE. C\{1,2} TIERITH D, 2 =1,2 Tl

ERINTOVARY, 1,21 ZRABRVWHTH S0, FHZZDR c=1,2 DEDHH T Laurent HEX
JE R

[e.9]

fE) = ml =+ 3

n=0

DR 2, ZHUID B ERT Taylor B (FAEUER) O—f(LTH D, A2 T L ITKILD,

10.1 Laurent EH

COHDONAZ—ETE D5 MEREFEETIERZRBIZNE Laurent B TE %, T, K
c DERANGERE D(c;e) \ {c} TIEAIZREAEE Laurent BT X %, )

FI#FEIE D(c; R) CIERIZR BRI BERBUREFILKE 2 & v 5 EH (€ 7.4) D H 5D — AL
TH 5%,

4 N
EE 10.1 (BAREH) ccC,0< Ry < Ry < +o0 X LT,

A(C; Rl,Rg) = {Z e C | R < ‘Z—C| < RQ}

EBE I ¢ 2HUDLE T 2R\ (annulus, annular domain, annular region) &
38
Ed

A(c; R, Ry) :={2€C| R <|z—¢| < Ry}

J
MR W BEIZZXZIDLLVDIE, 0< R < Ry < +oo DFELIEAS5, LarL,
Laurent S A DIK - FRZ S & =&, PCRHD & Z L [FFRIC Ry =0 % Ry = o0 DHFE
bEZDLDONEMTH 5,
Fik Ry =0 OEEDPHEET 5, ZHUIME D(c; Ry) 205 ¢ 2RV dDTH S, Thbb

£B<,
\_

A(c;0,Ry) = D(c; Ry) \ {c}.

FFIZ A(c;0, Ry) C D(c; Ry) TH 5,
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4 N
FIE 10.2 (FRMEE TIERGEAKIE Laurent BRAEES) c€ C, 0 < R < Ry < +o0.

FI3 A(G; Ry, Ry) TERSHTOWTEHIL T2 2% 55 {a,}nes € CF B—FEINIAE
LT,

(z =)

(65) ) =Y anz -+ Y (2 € A Ri, Ry))

DI RYASNR

EADFENE Ry <1y <71y < Ry BHiFZFEED v, I LT, Alc;ry,ro) T—HRIC
METR S 5,

(65) i)sﬁi Djot =, R <r < Ry %ﬁf:?{f%ﬁ@ r &:j{l‘b‘(\

_ b _fe)

(66) I = 5 A dz (n€Z)
DD ILD, (ZORIZTRZ L a, 1 Er IHKIELZ D720, RZED r € (Ry, Ry) Xt
LTHIRCIHEIZR 5, )

aIEE%&:h"B & fZ Q — C 2D, A(C; RhRg) C Q, D f|A(c;R1,R2) VEIER,
\ J

FEE LR TR (66) 13, D(c; R) TIERIZZBID Taylor BFADFREOKX R UEZ LT
5, MBEZ6NRV] EXT7 v T LRVE DI,

ZDEMDOHD T—HRICHTIR ] OFD DFEFIE. FHZEICOWTOEH 3.21 . XD
i RERRIEAT SRS, p. 265) 2 ofEoh 5,
a N N
R 10.3 (AOEHD “FHREC OIK) ) (Za_‘” —IZDWVT, XD 3DDVFhD 1

n=0

)
DRIHRBIT LT 5

(i) V2 € C\ {c} ML TIKRT %, Vr € (0,00) LT, {zeC||z—¢c| >R} T—
BRIZHEINR S %,

(ii) dp € (0,00) s.t. {z€ C ||z —¢| > p} TPIRL. D(c;p) THIT %, Vr € (p,00) IZ
LT, {z€C||z—c| >r} TRITHXIEHT 2,

(iii) Vz € C\ {c} & L THBT %,

i) DeEp=0, (i) DEE p=400 £FTDE. WTIhDHED
z—c|>p = WK, |[z—c<p = FHHL

EoIr>p 2l THEED r IZRLT, {zeC||z—c >r} THRICHNIET 5,
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SR, EED 2 € C\ {c} KM LT, g::i LB,

00 a 00
DI
n=1 n=1

1
—c/>R < < =
2= < 3.
1
_ R = _
p—cd=R & K=+

DD DZ s, (R=p&Lizh R=r 2 L7720 LT0) FEAFTDLOFERE DN - FHL
WIREZXN2DT, IXIEHATH %,

FIE10.2 OFEEA  BHNREIC OV TOEK (66) ZFEHT %, m ZEREOREE L 35, (65)
DM % (z — )™ TH|-T

(2 f(cz>m+1 - i an(z —¢)" ™1 (2 € A(¢; Ry, R)).

n=—0oo

(67)

Ry <r < Ry, ZHi7=$HERED r IR LT, (& 10.3 ERTOEESS) HAE |z — ¢ =r T

Laurent #if03—HRIR 3 2 DT, HHZ% W 2072 (67) —RRICET %, WRIZ,
TEHRIFE T DSARETH D |
1 f( o n m—1 _ = _
% |Z*C|: m n;oo 27TZ /; C| dZ B n:Z_OO an(snm N am.

s (65) Zi/zS {a,) O—EME (FETIUIZZ—2LD2RWV) &, (66) DFEZTD r I
woknwZ b nhsd

LUR. (65) 2723 {a,} DFETDIIEZRT, r,m0 & Ry <1 <1y < Ry &7z 31E
BOBE T 5, D= Ac;ry,m) B, [ D 2ETHES A(c Ry, Ry) TIERIT® %
MBI b,

(68) f@~i/fmx<mmmm»

21 Jop C — 2

MBE»pND (FlZIE, EH 85 ZHWTIAATE 5, 7. BREBICEIT 2 Cauchy DIESY
EMZ HWZEERA % §10.1.1 THAT %, )o

o 1 f(¢) 1 f(Q)
I:%/K c| T’QCTchy J:_%/ c| 7"1C_ZdC
LBl
IO [ L

21t Jop C — 2

I3 BT 2 IERIBIELD Taylor R & [F] LT,
- _ 1 f(©)
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JKODTM\K—d_w1®Z%g:z-—kéd<16%%#%(%&mﬁ®ﬁ®@ﬁ
D)
1 1 —1 1 > )" !
C—z_(C—c) (z—c)_z—c 1— & _Z (z =)
DIEPIND DT
1 (-
(69) J_27TZ | C‘ = (Z c)n f(C)dC

M:= max |[f(¢)| B |(—c=r &BIX

|¢—c|=r1
|—“‘C)nlf<c>‘g%( “ )

(z —c)" |z — ¢

DI D LD DT, Weierstrass M-test ﬁfiﬁﬂﬁf %“C\ (69) DANTHN BHENE FE | — ¢ =7
ET—RIORT %, W2 ICTHAIFE D ] EE

/= ZQm/

n=1 C—c|=r1

1 = a_,
"“ dc(z—c)" :; (z—o)"
FroHde

:Zan(z_c)” (r < |z —¢| <rg).

n=0
1,79 i?)\'ff%f:“c\%é Z 87536\ Z@ff&ﬁ(&i A(C, Rl,RQ) Tﬂyﬁ“ﬁ_éo |

Laurent JEFZ VR ESDOEDOD DS DIIREZT7F A M H 5D, T 2 TIIMERFEETIE
HIZ2 BRI L TER L TEB L. FICIEAIE D EFH D @ Laurent ER. BB EFRINS Z
227D, Laurent FERIX Taylor B —RILTH 2 Z 1T/ 5,

a R
EE 10.4 (AREHICH TS Laurent B, 2D FHDD Laurent BALEZ - BH)
ceC,0< R <Ry <+o0, f (=4 A(C; Rl,Rg) TERINTWVWTEHIE T3 & x|

o0

(*) f) =D ez =0+ 3 (e AW Ry Iy)

Zii7z 3 {a,} D—EHNFET 5,

ZD (%) & f D Alc; Ry, Ry) ICH1FT S Laurent (#iE) B & FE2,

FRCR =0DEE, fDOcDEDDD (c ICHITHB) Laurent ({%E) BR & b M,
I HI Z (za—;t:)” % Laurent (#%0) BB O EEB (FEHF. the principal part). a_; %

n=1

f DclZBIT28H (residue) &M, Res(f;c) TERT:

Res(f;¢) = a_;.

\f&ﬁ]ﬁ>0®% Ak, FEL. BB WO BEIEDR VY, ) )

MR ZoiEFRICHN S Laurent EBBHD 9EH|LL A, A FH DD Laurent EBFIT., £5T
W (R > 0TdH %) MHEREEICEIT S Laurent BHIE. HFEDBEH LRV, Z4Ud (IR
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BAT3) MRS DOFENREL RZ2BVWTH L0, DT F X M E2HA TV S NIIEED
WEPS LI (T F R MK o Tid. HEREBICE T % Laurent BFAZEFREL TWRWVWS
DHDH5),

AR 10.5 (MDWER) R =0 056% Te DMNIRERTH 256 LE-o TRV LR
HELES, c PEAIRTHA2580ADTWVWS, 25 L TEL e, HIZIE Tedd f DIERIE
ZOIEX Res(f;e) =01 EFATHENTDHS, =

BTBVWBWOGDSZ 2 TH 5D, Ei Laurent EBRNHR S Z L IXEETH 523, Laurent
EFEDOBAKERRNENZIR 5 Z e 3D F D20 (BRTHNT 2BEBB0rUI T TH LI eh
2\, LU, Laurent ER% BIRRNTKD 272D DF1EE WL OR8N T 555, BRI GIE
BEFELRV, WOIBEZREO2H LRV, ZNTHHEOVRLRVWDITTH %,

%3 Taylor BFDEGE D

f(z):Zan(z—c)”, ap, = (n=0,1,2,...)
n=0
DERDILGRTH 5 & 5 REHZAIIFE L 7R, Kz,

1 Q)
ap = 2 /|Cc:r (C . C)n+1 dC (7’L € Z)
EWVH NI a, D—EMEZRTDIKIL o720 (BEE). a, ZEBAEKINZKD 2 HINIZIEIHRIL
TRV DBV (BT ZEITRET 2D LIELIREEL W),

AT B DOFERT

o0

f) =) anlz—0)" (Ri<l|z—c| <R)
Zii7z 3 {a, ) BELAIUI. ZOD f D A(c; Ry, Ry) I2BF % Laurent JEFTH 5 (—EME
WK B), EWOIHEERAHT 2550 % 0,
E%®ﬁ@%ﬁfd\%ﬁﬁﬁﬁ%?é:tmiof\%@ﬂik@@j@n®%®ﬁ®
ARG TE T %, £hoid, Bl A33 TR XS5 ICEHBRBOMORNXEZRHE LD, Wr
%% Z % Z 2T Laurent fREEMDKE 2, 295 L TRDEHATITEITEDBIED Laurent
ERZFEERD S I T, f D Laurent BHME SN 5,

5 10.6 (zia ® Laurent BRH) a,ce C &35, f(z) = i D c DAY D Laurent &

BlZ. L RO LS I1TKRFE 3,

(1) c=a D ZE, flF A(c;0,400) = A(a;0,+00) TIERITH 206, f X c DEDHDHT
Laurent ERHR T, 240U f(2) DERRDLHAZDHDTH %, D% D

f2) = —— (2 € Ac;0, +00))

Z—aQ

DB fDcDEDDD (A0, +00) 12T %) Laurent JEFITH %, F7z Laurent EH D

E# (Y (Z“_";)n) THEH2, ¢ & fD1ROWT, B Res(fic) 1&1TH %,

n=1
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(2) c#a &$BE, ficDilith D(c;la—c|) TIERITH 205, fid c DEDD TR
JER (Taylor BRH) TZ %, ZHD f D c DFEDDH D (HERMER A(c; 0, |a —c|) IZBIT3)
Laurent B TH %,

I 1 1
z—a (2—c¢c)—(a—c) a—c 1_2=¢
a—-c
I = [(z—c\"
=—G_C§_:(a_c) (K & |(z =) /(a— )| < 1)
:-Z@_—C)L (z€ D(c;la—c|]) HBWVIE 2 € A(c;0, |a — ¢])).
~(a—c)"
Z DYE1E Laurent BHOEHERIX 0 TH D, BE Res(f;¢) =0. ¢ & f DIEHIKTH %,

B 10.7 (BB R E P BED Laurent BRZFEEH T Laurent BT 3)
1 11 1 1 1

IO = ey "2 2 22172 222

Y55, fI1E2C\{0,1,2} TIEHITH D, 0, 1, 2 BRI RETH S, [ %2 0 ZHDLET S
HERFEIE T Laurent B L TA XS,
f(z) BB IRTRT B &

1 1 1 1 1
2 2z z-—1 + 2 -2
B BT REDFRER DLSIEZ Laurent JEBH L T, ZNH 2 A UTEW,

(1) f & A(0;0,1) CIEAIT® 255, Z 2T Laurent BEHR 2T THS, 'f D 0B
% (DJAD D) Laurent B TH 3,
1

WFZNEHED Laurent JEFHDEZ LTS (fl10.6 D a = ¢ = 0 IZHY), 11 &

2_2@0®ﬁ%TE%&®T\O@ibbf%mﬁ@%&%é(%hﬁmeﬁ@%f
55),

11
; = ; (Z € A(Oa 07 +OO)>7
== ) (HORFE D(O;1))
1 11 1SN 2\ — 2"
2—2:_§j_iz_§zyé>:_2é“1(W%Q@Dmm)
2 " "~
TH2H05H
ERERD S ZM:;%( ya) ¥ty er (eABO)

k
Laurent BEIOEHIE &2 ©HD (2hn S~ o £ 0 KN T 2), 0 34T
2 z (z—c)"

n=1
ZDOHMENE 1, BEUZX Res(f;0) =a_y = %
2024 FEEIIREDETE® - D HZD T, BIFD (2), (3) D& 57K ¢ DIRIMIHELIA
DOMEREB T OB, FIRFEBICHEL 20,
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(2) f1F A(0;1,2) THIEAITH 206, 22T Laurent B TZ 51379,

1 11 I /1\" &1

_ . - = Z) = - A(0: 1 .

z—1 =z 1 1 ZZ(Z> Zz” (2 € A(0; 1, +00))

- — n=0 n=1
z
Wz Iz
11 1 > 11 X1
:§ S Zz_n__ 2n+1:_22n+2_§';_22_n (= € A(0;1,2)).

n=1 n=0 n=2

1 1 1 1= /2" < L
Samr i (3) XY Gednrio)

W Z AT
11 <1 1Kot 1 1Nl =2v2-1
= _ .- _ N (2 _-14+21]Z2
=5 w2 = (5 ) e
OOQn—Q_
=> = (z € A(0;2,400))

ZDY A0;2,00) IZBF S f O Laurent B TH 2, m

10.1.1  (68) DFEBRICDOWVT

(LIEs < THH, )
HFDRIC (68) BB D ODD, B3 EIIHHLTUILWY., L EbNDT, it
BHL TA %,

%Aaﬁmi\ Green OEFIZEET, (68) 2T 2D > TOYTH 2 LEETWE D7
HREE BEGREEE T AANICE o T Green DEHIZ L THHIME ZFE ARV (2D
:Jfﬁﬂkﬂ“ DREEZENT RV, 2D ZHHERB OHIHICA o TRV, 2505005 HH
brEbhs), UFTIE. #BEEEMNOD self-contained Z H$5 L. Green DEHIIEDFIZ,
JERLG.18 &\ B 6.23 Z2fH o 7zREHZ ST % .
£>0,D(a;e) C Alc;ry,m) £ T 5L &

(70) /| . IE /| . IE 4. - /| » A

ZIRE Do AIIFEBMEEIC BT B Cauchy DFED AT E D, 27if(a) ICFELWI &30
%o WZIT (68) BDID (2 % (,a % 2 ITEZIZ Z),
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a=c+pe?, p>0, R T 53,

Cii:z=mr1e" (0€[p,0+m)),
Cip: z=11" (0 €[p+m, o+ 2n]),
Cyr: 2 =19e" (0 € [p, 0 +7]),
Cyy: 2 =19e" (0 € [p+m,p+27]),
n:z=a+ee? 0¢€p o+,

Yorz=a+¢ee? O¢€p+m o+ 2],

Ly: z =t (t € [ry, 1)),

Ly: z=te" (t€[r,p—c¢]),
D,

Ly:z=te” (t€|p+e,m

I'y:=Cy — Ly —Ci1+ Ly — 1 + Ls,
Iy:=—L3—v —Ly—Cia+ L1 + Cy

T, ZERTDZE, EHELBEMRTH D, Ty + Iy IS 724870 T, 183 2188
(£Ly, £Ls, +L3) TSI PHTHEH L H > T 012725 DT,

[ O] e .
40y 2 — @ Co1—Cr1—y1—y2—Cia+Car Z — @
= / M dz — / / Z) dz
Co1+Cop # — @ Ci11+C1a # Y4y £ T Q
= / ﬁ dz — / Z) dz — /
|z—c|=ry # — @ |z—cl=r1 # — @ |z—al|=e

16 .y [ 1

r,2—a r, 2— @

BEohd. MUK
dz=0

ZIRT, TN TEUT

B fz) fz) fz) f(2)
0—/F1+F22_adz-/lz-d:mz_adz /|z—c|:r12_@dz /|Z_a|:EZ_adz

Mo, BIEHIZED (70) BMEo6N 5,

DUR, ol T 2. BOOMEEZEZ T, BPEMERICEENS L5 1) KEBTE
5%,

Ry, Ry XD, AE 2Ap LLFRDIEREDNY L7 —ANVFHEEBPER 722 K57 Ap > 0 53
EE D (EH6.23),

ey NERESIE, ZORAE o4+ 0 2T (HERD 2 = c+ tellvt) WS EKT
»%)o

¢Mﬁ#¢é&ﬂ7A7~«/ﬁﬁﬁ£%t/‘ZZJh_O#W040®T Ly, C;y ®

i

ERRCDB D o+ 1 2D (Ap M) Mo S 4T HHS ;(}k®{m*b6&m 2
I -

DEWEMEDIRET Z LT, MADOHEEZEZTIC, o+1 DL I2% p+5+482 KEZBZL
MNTE 3,
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Ly, Ly ODBIE. BRR 2 = c+te® (t > 0) DBICEEN DD, BB EER LT, FER
2 =c+te@H-5) (1> 0) DIFICEEND L SICTE S, bHAARKIC Oy ¥ 4 DTS
ZIET2 (O EFERELD, i DERERTEL LEMICHRZDT, ZLEHELD5), —
PLEE a 2T, EWVWH & TH5B,

25 LTS NRAR ) 13, ZDED B(e; Ry, Ro,p+6— 52,0+ 5+ 52) KEEN S,
ZOMHEBIZERTH % DT,

1(z) dz = / f(z) dz = 0.

r,2—a L Z—a

z —

ﬁ%mbf/’ﬂimzoﬁﬁ%f%&
1)

(E AR 72 AR, E6.23 S Z B L TL X ZIE, RIEKZBED 2 721 TR DO ETE M
FTE207/120 25 LTEETHALE K DIFHBIT, FHK 125 223 e A2
BT KEoTWD, EBbNE, REIZ Green DEM%Z i o7z Cauchy DHETA
REZEBDEIREIEA S0 )

10.2 iR =

COHONEZFHEICTe®» 2 e, NEAIRE, MRFREZERL, MIRREZFRER
RERFER A M, EMRREACTET 5, & c OBRILEGECIERIZRBEE f IS LT, cid f O
R R 723N R R R TH 5,
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E&E 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) ¢ 2% f ODREAEERE R (removable singularity) T®H % & 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 E2WVWD, 722D X, k% f O c DA (order) LI, c X f
DU k DIBTHZ VI,

(iii) ¢ A f @ (ML) EMRFE 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 DWEZEBE 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
EH 10.10 (B4 kIOME) ¢ c O HHEIN f OBA kOB TS5 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
J

z € A;0,e) £EL DIXEBIZRENCEINT D DIZ VDT, EEROWETIE. 0< |z2—¢|<e¢
WV AfERSFTEERA 2 2 220,

£ 10.11 (MIFESTHAWMIRSR) TED e > 01 LT, f 25 D(c;e) TUCRENREUC
ETERWE X, c 3 f ORESLIER,
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MR RFARERTH 20, INIRERATIRBRVWRERDIFET %, Bl N2FFRA

DEBLTOVEH (f(2) =

0) :()753\%511\5}{—3;0
sin(1/z) : )

F 7z, ZAMBAEL (multifunction, multi-valued function) DPIEFRE VWS Db H 5, ZHUIS

%o

BIZIE f(z) =Logz £ 328 %, 2=01F f ONEAIIERTH 5, m

AE 1012 (1) ZOMKRRADERIZ, BREFOTRLIIRL L, FREFTIE, TH251ED

(2)

(3)

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,
(728 THy L BERD) (i) OGS

lim f(2) = oo

z#c

DD ALD, FERE, PORFRIFIERIZ DT,

0o k
linlzan(z — )" = ay, Z B BN NS (z—=¢)
z—rC =0 (

(2= (z—o)f

v B, Eix

(a) ¢ 23 f DIREFTRERF R R < R lim f(z) DMEET %,

(b) ¢ B f O & lim f(2) = o0.

(c) e f OEMREA & EL%f(Z) EHEE L2 W (FBEIL. =00 THRW),

DD D (= I TRL, HFHEF <« DBFALILPHEETH D),

(a), (b) ® = DIFHHIFEHETH %, (3) D = DIEFHIZIEZ, P L% (EH?7(Riemann
DFREFTRERF R FUEH)) DRETH %, (ZHUXZ DMEORKEKICR S, TR,
< FZ—FIEEHTZ %, )

BEUREAL VWS FEIF. MIRES TRV HEDNS ((10.24), Z ZTHNMK
BRI, TN EMRRA) CRT8 A2 0nd Laky, »

£ 10.13 (a), (b), (c) . VWHLWBIFFICKR->TWVWRIEKHERELLD, Z25WVWIHIHEI

(a)= (A), (b)= (B),
AN (22, (A

(¢) = (C) BRDLTIE. ¥ (A)= (a), (B)= (b), (C) = (¢) BT K
) BRD VO LRET B E, L (a) TRIAE. (b) ThE (c) T

H2H. (b) 25iE (B), (¢) 5iE (C) Ty (A) THEILIXFET S, ®ZIT (a) KD
AS)E
EREEET. ERBD 2 XHBR ax2 +bx+c=0 2HBIRX D = b2 — dac 1220V,

(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 LOH, ZOIFHIC B F UEHENEZ 5, =
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10.3 Laurent BR. RS, ZEOH
10.3.1 IFAISICHEWT Taylor BRIE Laurent BRI TH 3
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k=1
DL E,
roomg A .
Q) _ g 4 b pym€C
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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 %, =

B 76. (BRI 1] p. 84) RO D Z N2 DM FF RSB 2 EEENI D,

2

COS z <
(1) 22sin z (z=0) () m (=1
B9 77. (1) f(2) = 22 123 LT 0138 5 W S BEOINTR R A D, (2) f(2) = —Z(lsii(jz 2

KﬂLT\OMEDD9@ﬁ®%¢ﬁEﬁ# (3)r>0DBEARITNELLTH, Al 0;7) 12
BT £ 0 LADTRNTOEEBIEZIS Z & &R,

182



10.4 R FDOMUHDFFHEDOIT

Bk, e 20 % Laurent B ZF\WTER L7z, Laurent ERZKD 2 DI LIX
LIXHRBE DT, o eEHBELYEEDLD B e HEMTHE, ZZTEEFNEERL X,
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g(z) = Z an(z —c)" = (z — ¢)? Zan(z —o)"? = (z—c)? Zan+2(z —o)" (|]z—¢| < R).

NS HZEFI VS AN B AV, HARNIZIEZ. 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 TIEAI® T 3, VB € CITH L TRHE D 3LD%,

e
[ (Ve >0) (Vr € (0,R)) (Fz € A(c;0,7)) |f(2) — B| <e. ]
5L HATHTEAUL, n—1,2,-- KHLT. 5:7":% P LTHWT. I boer sit.
(fmeN) 0<lm—c<= A |f(z)=fl<-=
n e < Zn -

In5

lim z, =¢, lim f(z,) = 0.

n—o0 n—oo

IR, EoFRZBEEPZHWTHEHAT %2, Z07OMD L2 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 D FHEAEL D LD DT, Riemann OEM (i 10.32) 12 & o T ¢ BREAJRELFFRAT
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

HRERTDHLLVIRERKT S, =

Pz oFRIF, THOMREFAMEE Fo TRV, D% D, -6 THEMALIDTH 2,
B HE (proof by contradiction, reductio ad absurdum)
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; N
EI 10.34 (FIIFEAD lim ICKBFH D) ¢ 2 f OINIFRREATHE 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 2 (Bl 213 Ahlfors [27] 12H %),

fnd 10.36 (Picard DKRTEE) c ¥ f DMV EMFELr T2 %, JeecC, (VU: c D
FRAGERS). Vo € C\ {e}, Iz € U sit. f(z) =v. — @A —DDRIMEZERZ, ¢ DEED
RAGEFFICHENWT, ZDEEZHS,

Z D Picard DEFUTOWTIE, — [41] ITEA BEIFEVTDH %,

10.6 &I FlF: Laurent HOUNRKEH

~
E& 10.37 (Laurent &) c € C, {a,}nez € CE ZHWT,

e e}

Z:; an(z—c)" + ; (ZCL—_Z)”

v REN B EBOERECE . ¢ ZF0E T % Laurent 52 I3,

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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MOANFREBM TIERIT, = — co @ & S HFLEARE. “BFERE TR TH S, T
DB, ceC,0<R< oo, BB f 2 {2 € C| R <[z —c|} TIEAIR S, I{an}, s t-

f(z) = ao+ —— + Z

(R < |z—cl).
z—c (z—c —(z—q)
N J
ZENZNOMDBNOR T 270 DM 2EZ 5. HHMEBEBTIOL L., ZDHERTIEFRL
THIEDBTD 5,
a N N
EIE 10.38 (Laurent fREDYNREEE, “URMAIR" DFE) Zan z—c)"

n=0 =1

WCDOWT, KD3IDDSHEDWNTNDH—DDE D D,

(i) 0 < 3R, < IR, < oo s.t. MIRFE A(c; Ry, Ry) TWER L. Z DB TIIFMT %,
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 Do

(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)” WOWTIE, 5% Ry € [0,00) U{oo} DEEL T, |2 —c| < Ry THRL.

n=1
|z —c| > Ry TIEIPRT %,

Ry < Ry THHUX., Laurent fK&EUE A(c; Ry, Ry) TPRL., ZDHNEE {z € C | |z — ] <
Ry or |z —c| > Ry} THET %,

Ry = Ry THAUI. Laurent #fZ {z € C | |z—c| # Ry} THMT %, {z€C||z—c| = R}
DEIEE ETRICRT 28203 D 503, B BREVEEGL VWS ZLHDHD S 5,

Ry > Ry, THIUX, Laurent &I C LDOWK2 8 ZATHNT 5, =
[ 78. LOEHD (i) DFEI. Ry, Ry & a, ZHWVWTERDE,

10.7 & F|F: Laurent B & BAHROBHE

(ZNDRHOHDF ? Hik72 Z e 20, BEAFVTH2ARKZHIZLRWESITE S,
R D —BMZER T 27D DFED X FITHYLRFFEEEEZ 5, )

IR R 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+z2)=—flc—2) = Z an((c—2)—c)

n=—0oo n=—oo n=—oo
e}

— Z (=1)"anz" (2 € A(0; Ry, Ry)).

n=—0oo

Laurent BB DR O —E M 5
(Yn€Z) a,=(-1)""a,.

ZhpS n WMEEZSE ap = —a, THEDH a,=0. T2D5 f D Laurent EFIIFTEX
DA I 6725,
FREIC. f 23 c ie oW TRk THIR

(VneZ) a,=(—1)"a,.

DS n BEEE S ap = —a, THEDH a, =0. T2HD5 f D Laurent FEFIIHEEX
DB I NS85, FIZ f D c ITBI 28I 0 TH5:

Res(f;¢) =a_; = 0.

11 BHEIE (residue theorem)

11.1 B EE

JoH FEEZ TEBUEM ) 3IEWITHELTH 20, RIEAABRAN—T a VDD B, KITHN
§ 2 DIE, ERRTHE S HETHIMERNT, GRS 7 DR TV (ERBMELTVEBDTH %),

EIE 11.1 (BEEE (the residue theorem)) D & C OF T, R? O A%
L7zt ¥ Green OEMDHALT 5 &5 2 (BlZIE. KANC CH kDB D 7S5 7T
To MBI, £ 7213 0D I3ERE DX ) O #iEAIEMEAfhER 2 572 %), C = 0D (i
TTARDETFIC D 2 R5ME) b5, QI1E C OFEET. DCQ &2k, {¢}Y,
& D NOMEERRZHT. f:Q\{c1,- ,en} > CIEIEAIE T2, ZDE =

N
/Cf(z) dz = 27riZRes(f; c;)

DAL D 3D,
\_
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COEHEYAX =T 5, BRI T RBLHYRR S, INETHTORLRED O
BHo5b5, BRI S D3, KIEZh T2 5, PRI Cauchy O AKX Z2EL DD
HELE

d
(71) la—c|<r = z

¥ 7z, Cauchy DT AR D

L fz) 1 f) 0N o (TR _

(72) % )z —a dz = 57 27i Res (Z —sa)= ll—rg(z a)Z .= ll—lgf(z) = f(a).

BHAHA. KHEERICBWVWT, INHDEFEADIRHICEATEIEZAVSDIF. BRHEICE>T

LEVWRAITH 205, THDRTVWTHAS S,

Canchy ORUYARETIRT 2 72 OB ¥ LT EEICHEL 72 2 & 0B 3 (a) / : (de 5
|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 DA ZBHEETEL) Goursat DRW: ne N & T5L X
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 o TH ZOREHIZERT 275507 85

THUIIFNRISRE LN L7255, ~ROGEICZDIHZEHA L EL DI, BAEL L

(FEFHI23HEBRALDBX T 7y I T5Z Ik o72),

PURTIZZheiZES S DTt T %,
SRR TN WVIEDE ¢ BELD & AEED jIZX LT D(cj;2e) C Q 5D D(cj;2¢) MIC
cr (k#7) EEFEhR0,

flE0<|z—¢j|<e TIERITH 2256, ¢; DA D T Laurent BT ZE 5:

05

o0 o 0
Glatue) fl2) =D alG—e) +) oy 0<lz—gl <o)

ZoEHE f; £BL:




ZHUE C\ {¢;} TIEAITH 3,

N
9(2) = [(2) = 3 _fi(2) (z€Q\{er, - en})
j=1
B g BIEIIT® 5, SHRMAED jITHLT, ¢ & g DFRAATRERESTH 5. HPE
ERD j LT

g9(z) = (f >
= Z a,’ () (z—c;)" Z fr(z
n=0 1<k<N

THIEE LI D(cje) TIORT 2HBECTHD. Y fulz) EC\{er, -+ ¢jm1, i on}

1<k<N
k#j

TIEHITS 5,
WZIZ g lE QTIEAIE LTRW, Green DEMIZHEH S Cauchy OFEDEH L D

0= [ = [ 1) dz—i/ fi(z) d

(Vje{l,--,N}) /ij( /Z e il<zfjij)ndz—a(3i/czfzcj.

(nt—1DrE, — 1 FEREEE DT, BB S SR 0 TH 5. )

(2 —¢j)"
Wz
N ) dZ N
dz = _j/ = ) /
/Cf(z) z Zl g s(fi¢)) o
aicox, [ T 0SB C R |z-o| - THERZ SRBOERDIUL. (HIZ

c?—¢

211 TH DD 5.

N
/ f(z)dz= 27riZRes(f;cj).l
c |

Rek 11.3 (BREEO—ML) XoH O kEARIR C DB [MHH 2 8 D OISt e —

BL., C ORI ENEDHZTH S, EWVWIFRMEDD LTI WGEICBINREI NS,
PHIIAR 2 2 WIZBHRIAREE C ¥, a € C\ C* LT, #RfED

1 dz

2mi cZ—a

n(C;a) :=

E. C IZB3 % a DIEEL (the index of a with respect to C). H2WiE a DD D C D[ElER
# (the winding number of C' around a) EFHIN 5, THFEBANCIE. C 2% a OFD 2]
B> TWE2ERITHT, HIR BIRETHL ZHRALNTV S,

C 7, BH&ES QLT 0 IZZREO—Z (homologous to zero) & i&.

(Va e C\ Q) n(C;a)=

DBRDIIDOZ 2 WS (HRAEDEREDHRZEISKRY — C X (D2EKRT) MEEORZHA
TWRW),
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Cauchy ODFERTEIE C OBEAR Q NORXZH CH kDA 70 C B, QIZOWT 0 IZhHE
D-ﬁ(ﬂ@ﬁmm®n%ﬁ6ﬁm)t?ét%LE%%ﬂwa+Ckﬂbf/j@ﬁh:Q
C

—RAESNI-BHEE QX C OB Tocy, -+, en E QNOHELR 2R f: Q\{c1, - ,en) —
CWEIEAL ClEQRNOHA 7T, QRELTORKER—IT, D¢ bELRVET
RN
1 N
— [ f(2) dz:Zn(C’,cj)Res(f;cj).
j=1

211 C

(RIFHEHE Lo =151, )

R 11.4 (BHREEOIBADMLA) LOFEAT, f @ Laurent D EHZFRWZEE ¢ %
EZDBEWVWITAT 4 7E HN [42] D BHFAT,
EH 84 ZRD B L,

N
= U (cjie) (>0 tm/hEw)

WOWTCHHAT R Z 8T, BRICHHT 2 Z e K325, AFHDHBIZ EH 4 Z WS Z
AT T2 o T2

LYy

X 22: R ¢; 23S 28088 T Z21E%

11.2 BHOHAEOLA
11.2.1 Laurent BRMKRFZE 51X

Laurent JEFD KX 2 D72 61X, ERIZ X o THBUIFEHITKRD 515 ({a,} DHFDLS ay
ZHD T,

wlLsf@y—%szC\gn)zﬁéo:@i%ﬁ%@%@ﬁfo>omxwémem

BHEZoTWT (ol =1, a, =0 (n #£0) 2T 38, f(z Zan (0 < |2] < 00))\

Res(f;0)=1. m
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WlLﬁf@):emrg(zEC\ﬂﬂ)kﬁéo

1 /1\" 1 11 11
=35 (3) =1+ i gagm

n=0

W Z1Z Res(f;0) = 1. Res(2f(2);0) = %, Res(2%f(2);0) =

1
3!
[230<|z—¢c < RTIERIT® 275613, &M 4.16 (FIRMEETIERIZZBIED Laurent &
F) 12X o T

=

_ 1 f©)
a, = 2_7'['7, el Wdc (n € Z, O<r< R)
TH2EH 56,
1
(©) Res(fie) =an =g JQEC ©<r<R)

(—c|=r

filC —1 BHD a_y HKEIE WS L. —1 FBHD (F(O))(C— )" ehTHIT) f HY
DIETIRZDEINHTH 5, £ 52HHIZ

gy — 21 (n=—1)
[ e { 0 (mez\{-1})
IZH %

f DIFRIR (ZDOmROEHET f PEAITH 2 L5 MDZ L), REMREREMAICBIZH
BiZ0TH3, 2 THRLENFRSATOREBDRIEICKR S,

5l 11.7 Res(f;c)=a_1 €35 Z, Res(3f(z) +cosz;c) ZRdD X,
(FRE) f— Res(f;c) 3MEITH 2, ThbBE KIS

Res(f + g;¢) = Res(f;¢) + Res(g; ¢),
Res(Af;¢) = ARes(f;¢) (72721 A e C)

DD IO (REDPHEHPTEZTHRL L), ®ZIZ
Res (3f(2) + cos z;¢) = 3Res(f; ¢) + Res(cos z;¢) = 3a_; + 0 = 3a_;.
ZZT @2 c DirfFTIEAIR HIE Res(p;c) =0 TH B Z e ZHWE, m

REK 11.8 (BULER Mathematica OFIRA) B f O RA ¢ DA D D Laurent &
FOD, —IE (FnlHE T 5) DR KD 5121E. SeriesCoefficient[f[z],{z,c,n}] &
5, PlZIE

[SeriesCoefficient [z/(Expl[z] - 1), {z, 0, n}] ]
¥¥aE. nz0ors PIOMUPE bognuyx 0 Las,

—77. BARW T n OMEIZXT LT, BEL f D c DEAD D n RDIEE TD Laurent ERI%Z K
» 5121, Series[f[z],{z,c,n}] & FTHIRV, Series[1/(z Sin[z]1),{z,0,10}] &F

bk
i+1+7_22+ 3124 n 12728 n 7328 n 1414477 10
226 360 15120 604800 = 3421440 = 653837184000

CWOHKERESS, =

+0(z'")
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L2 L. Laurent BEIZKD 2 Z 21T LI UIXEE LW, Laurent EEI%Z LR WT, EEEK
DONIGEDEL., ZOHEEYRARX—FT 25 e PEEIIRKR S,

il 11.9 EFEDFEDOL ZAT )
I = / cos?™ 0 db
0

ZRD I, LWSHENHTRZ N, Z2D7=0HI121F

Res <T, 0

BHOPIUIRWZ LTk d, ZHEM KD

EINCIR S (ij) 2

k=0
THHH1H
) 1 2n 2n 9
—(2 ;:H) = Z (;) 22—l (0 < |z] < 40).
k=0

k=norzommz Y can, chrs
(22 + 1) 2n
Res (W,O = n |

11.2.2 WEICHITZIBHDORDA

CDIETIX, ¢ D f DWTHBLHAEIT, Res(fic) B3R 2 HEEHFT 5,
ROEHIZ, BTHENTA2MELILI ICEENTLES DT, NI AETH 20, 77
PHRITL, BRARTVWOT, MV L7 TRTZRIZT S,

B 11.10 ¢ 2% f DEA 1 MO 513,

(73) Res(f;¢) = lim(z — ) f(2).

z—cC

(cH f DEAZ LMD E WS DX, ¢ f D 1OMD, /203 f OREATRERESTH %
ZrxEWVWI, )
BB ¢ f OF A 1o THIUE, IR >0, I{a, )2 st

f@:%MQﬂwﬂilm<pﬁRm.

(e f DINDOTHIUX ay £0. ¢ DY f ODFRERIRERIEATHIUL, a_; =0.)
(z—c) ZHFBL
(z—e)f(z) =a_1+ap(z—c)+a(z—ec)*+--- (0<|z—c|<R).
lim(z —¢)f(z) = a_1 = Res(f;c).m

z#c

z—cC
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1 1

11.11 - ) ERD S, __ Y sxae
il f(2) (f;i) ZRD XS, f(2) TG0 HB5D
5. i X f DO 1IOMTHS, @RI

A T 1
Res(f; s >_£1§(Z_Z)f(z>:?§fz+i_z+z‘zzi_2z’_ 2™

FERCEHET 2121, (ME 11.10 DRTH %) ROTEDORADPMERTH 2 5EPZ 0,
r R
S 11.12 () = 2B Py v ) 1% c DEETIERL ¢ 1& P(2) O 1 0%z S

P(z)’
W (Pe) =022 Plc) A0 2W0WH k) cld f DE4A 1O THH
(74) Res(f;c) = g/((cc))
N J

GSEBH c 3P D 1MDFERTH 205, dgs.t. gl c DEFBFETIERIDD P(2) = (2 —¢)g(2),
glc) #0. 2D L &,

Q) _ QR _ha) . QG

P(z)  (2—c)glz) z—¢c 9(2)

hid c DB TIEAITH 206, cld f DEA 1 UOWTHS (HLD Q(c) #0 THiUI 1
NOMTHH., Qc) =0 THIUIREARERIERTH %), amd 11.10 I X o T,

f(z) =

T i (2=00G) Q) Q)

(75) Res(f;c) = lz%rccl(z —o)f(z) = IZ%IC: W = ggi P(z)— P(c) P'(c)
z—c
72721 Plc) =0 ZHW\W/, =
Bl 11.13 f(z) = — (f;i) KD X,
A — 1 S YANI S
(%) f(2) = EESEE EEIEE THY, i ZHD 1 NOERTH D, DRI
, 1 1 1 1
Res(f;i) = ('24—_1)’z:i:4_i:'):4_i4‘:_.

5l 11.14 n € N, f(z)zznl—_l. M 2z = (w: —exp@ k=0,1,--- ,n—1) T, IXT

DR -1 DI NOFERTH S, WRIC ((WF)" =1 maza L)

1
(zn — 1)

z

nzm

w
= —.n
z=wk n

Res(f;w") =

z=wk

(n)
f @ Taylor &R f(2) Zanz—c “Can—f ()“CZféé L ZEL D EABRDAIE
T, ROEHE»IE LN 5,

W 11.15 ¢ DS f DE 4 k (O 51X,

. 1 N )
Resf:0) =i g () (=000,
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SEBR ¢ A% f OFE& kIOWTH 225, 3R> 0, 3Ha, )22, sit.

— Ak a-1
f(z)_(z—c)k+ +z—c

+ata(z—c)+--- (0<|z—c|] <R).
DREiHN- T
(Z - C)kf(z) = a_f + G—(k_1)(2 - c) + -+ a,l(z — c)'“’1 + ao(z — c)’C + a1(2 — c)’““ ..

a_y DEBIEHOBREBICHNS T, 2%h k-1 M T 3L,

C%)[@_ﬁfﬂd}:%_lef+%%@‘f%%%;fﬂm@—cf+”.

z—=c e LThoiipldz (k—1)! TEHIUIRWV, =
COFEAZ RS . @i 11.10 1. COEDRRDHETH 2 Z eI %,

5l 11.16

‘ﬂ@:(z—$%2+w
ETBHLE. 3 fFD2MUDMBTHBEH5,
1 d\" ’ 1)-1-1-

z—3 z—3

! 1 1 1 .
= 111m = = —.
=3 (z+1)2 (3+1)2 16

1

zsin z

fl 11.17 (B> EEABFLGDODEBLR>THD) f(2) =
HEI,

2=01% 2 fiOMT, 0 TD Laurent JEFIZ. B 2 IXFEHELDOHDKRDTT (F#% D) % #
HLT

3 5L %, Res(f;0) 2K

1 1 1 722
f(Z) 22—%244—%35—... Z2+6+36O+ ( <’Z|<7T/)

W Z.1Z Res(f;0) = 0.
HBHWIEaE 1115 ZEA LT

1 d\*! 1 z N sin 2z — 2 Cos z
R 0) = li “ 2. =i ( ) = lim ———.
es(f:0) (2—-1)! ) (dz) [z z sin z] 220 \sin 2 250 sin? z

ZDFFITONTIR,

> 5

1 1 2z
. - — o _1 k _2k+1 -z _Z .
sin z — 2 cos 2 ,;0 ((2k N (2k)!) (—1)%z 7 3t (z€C)

TH215, 0 3TTFDINDEETH 2, —/. 039 sin?2 D2MDOHFERTH 205

. slnz — zcosz
lim — s = 0.
z2—0 sm- z

Laurent Bf%Z ¥ 5o TKD 20, MREX Y S55H T2, E556351-o8FEXTLE
IH, FHiF fIXEBEEIE D 6. Laurent BFIC —1 ROIEITHR L, BEIZX 0 2725, =
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B 79. f 11X 0 < |z| < p TIEHIT,
f(=2)=[f(z) (0<]z] <p)

iz T35 X, Res(f;0)=0TH5sZ &%z,

ﬂllm(ﬁ@hﬁvotbwk#mubtoﬁ)M£sz:>%X@i

tan z

(FRE) 0 1% tan D 1 NIDBRTHE05, 01 DINDOMTH %, WZIZ

tan z 1 , d\* stan z 1. tan 2"
(22 2] 2 (2

tan z

DD ILDD, 01

tan z 1 . d\*! Jtanz 1 m
(76) Res (7,0) = mi_}o (d,z) |iZ A :| = g (tanz) ‘z:O

DD, B L TRELTHRWH, BREDHDBTLDRT VNS LT,

:ﬂﬁ%%ﬁﬁ@%*ﬁ%@%%ﬁbt@t#\WELKMELTM RD & 5 7% Laurent
B R BUERD 2 EREZME LTV L 2 A%EDERIZ. 013 wz®4u®ﬁt#
(76) DR D LD, L \WS DWEDotz, TALDOM IZRBENTE D, rw4u®mjf%%#
5 (76) KD LB, ZHb oD FHEMEE LR, ko,

DA ANOMTH 2005

fFO)=0, f(0)=1, f(0)=0, f"0)=2, fW0)=0, f0)=16

o 2 16
tanz =z + —2° + —2° + - (|z] < 7/2).
3! 5!
W 21T . L
an z
o 3z+152+ (0 < |z| < 7/2)

TH 255 Res (ti“z 0) = % T AUTHEDC %f@(()) WL ((76) IS ). m

W 11.19 c I f OFEA LMOWTH D, pldc DIEFETEAE T2, 2O Zcld fo
DE A 1 LOTHD

Res (fg;¢) = Res (f;¢) ¢(c).

SR 7 f ORA LIOWTH S 2 b b, c OILHECIEAVIE g HHFE LT, f(2) = L&)

Z — C
BRD S50 F(2)p(z) = ﬁ?ﬁlf@b BT g(2)o(2) 1& 2 = ¢ DIEFETIERITH 555,
go ¥ cZ@mAc 1 OME 35, WAIZHE 11.10 12X > T

Res (fp;c) =lim(z — ¢) f(2)p(2) = lim(z — ¢) f(2) - lim p(2) = Res(f;c)p(c)m

z—cC z—cC z—cC

Bl 11.20 (T.HHF) f(2) = mcotmz DML FEE T RTRKD X
(7711) (W 11.12 ZHW3) P(2) :==sinmz, Q(z2) :=mcosmz £ BL &, f(z) = i{('z) g
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HAEBHIZ P(2)=0& Ine€Zst. z=n. P(2)=Q(2) TH5, Q(n)=P(n) =mcosnr =
T(—=1D)"#0. WX nlX f D 1O THS, LT,

Q)
Res(f;n) = Pln) 1.
(5152 BHRE p. 88 — ZD 5 BHHDIAL) m
. B 1
B 11.21 (ZRIE pp. 88-89) f(2) = s y—

RiK 11.22 (c BBDIFEIC. B Res(f;¢) = a_y EIFTEHRL. a, ZKROB) ¢ f DEA
k ALOMT HAUI,

S S RS LS B < .
f(z)= o (z—c)’f—1+ +z_c+nzzoan(z o) (0<|z—c| <R)
EFITEN, (g BFTHRL) a, ZRKDZRABEONS,
‘ 1 d n+k i

) o =i e (%) le-orsa).
eV

(z—c)ff(2) =a_p + a—(h-1)(z2 — )+ a_g-9)(z — ) + - -

= Z an(z — )"t = p-r(z—0c)™ (0<|z—¢| <R)
n=—k m=0

Zogz) £BLE, g(2) & (2 =c FTHIRTZT) FFEANCIERIBAZTH D, Taylor EMD
m RDOEDREL ap,— 13

aw%:¢Mftﬂmhi(ﬁ>mﬁz—@W@ﬂ.

m/! =2 ml \ dz

z—cC

m—k%ZnBIFIEEWVL, =

11.2.3 #EHLD
Bz ROBEEBIFERLI-OD ?  AVREAICE EMRER WS O0RH o7, 2D
AE FC I T2 283 TERY, Bro#iLw, DFE D, FREFTRER R A L I
DWTRT, IRFFRTE . 20 RIICH 5,
RBRAFNT D

o ¢ f OFREKFIRERIERR or f 2% ¢ DEHFTIER] (¢ 8 f DIERIR) = Res(f;¢) =0

k—1
.cﬁ$f®%&kﬁMﬁﬁzﬁR%UwF:%j1ﬂggC%) [(z =) f(2)].
- Qo)

KRl a e LT, f = %, P(c) =0, P'(c) £ 0 72513, Res(f;c) = o)
e f DEmk 1ALOML, © 25 ¢ DI TIEAIZR 51X, Res(fp;c) = Res(f;c)p(c).

o ¢ f DEMREN = ZDX5RU~A FiEERV,
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HWIER 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, [RADEIEE (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,
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Wz Iz

Res (‘?;c) = —p.

FE) Gy
/cf(z) dz = 2mi(N — P)

PEED

DD ID, o

AR 11.24 (FEOAFOHEEK) (BRAKENTVWEZDT, RALRSHEESRLTWBEL
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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I 11.25 (Rouché DFEIE) D I C OFFEBMT. 205 0D FEREOHWIZR
D ORVESINC CHROBMEAMRTH 2 2 T2, D Od 2B CIERIRBEE f,9 12
XUT, |f(2)] > |g(2)] DD DR SIE. D NOFEROELE N(f +g) = N(f) i
7279,

B 11.26 |z| < 1 OEFETIERIZBEIE g 25, |2| =1 T |g(2)] < 1 Wiz |2| < 1 OHipH
2 2 =g(2) DEDIIE—DFET %, =

12 TERSHEAODBEHBOISH

12.1 1FLOHIC (CORMEZED LIF3ERLLEBRAICOVTOIEER)

b b Cauchy DERBEGHEZE 272 LKL, EEDOEZ, L3R5
FrfoTITAS LT 5D o7ES5THS, 25 LTHIGNLHMmIEHEIFHREL
WS HZBA T, REBTZ2ILIXKRoLDTHEH, —/ICIOHITHIATS L57% (H
FEHRICHED ) BT OFEEE. VW 2723 - DI BEGR OB E L IEHIVET, HOO
HERICAT DR 2AHDPIRNDPDF =y 7DD RWEEREZREL TIN5,

(R bBAA. ZHUIFEOHBEZEA S T 2MIc o THRVWREEE WS Z & T,
KREEBEARDR =% — T 2 b THEMEEE - I-HEPHEI N e b b, IOV IFEE 2
B3 2580, FANC TR Hr LTBlZE, )

TR Yy N TRENLBEZIZONWT, BRAXRLTVRAWIZHIAST 2 Z % Hig
L7z,

3% 12.1 (—IMEREDEE) ROBXUCAD TH 248 DEERHT) [15] © NELAE 1
RDKIZEDDH 5,

ZOARBHFET VR4 ¥ PRED Lte LT, ToRIZERET OFHEEd DD
7O EEI N, L BB OIGH Y WS HEHIZOWTTH 3,

LLEe Do ThDE, TOREITFERNCERMBIEZDBERIFITLD
RV ehbhrol, HBOEMZRME LT, ZOMWSRZTZ2MHL XS
ERoTH, HEDICHZ D THERINZ) BEREAERSHETH D, LrdE#ED
PRETIZNOPBTLHEEZDBALBIALNTVWARVWGENRZ VWD TH %,

FNEZ UDWVEABGHE DI EREB Lo o TR WE, ZO—MEEDSEICIZRWVICEIT 3, &
FBEOFEICL o DEh T Z 2T, BIAVWBEEGRDHEROEE K 2, »

£TAT, UMY BT 27 DZ L

/:f@ym

DFEZ L TWT, WOHOAIARETTH2, ZHIZOWTHLEEZLTEL,
ZZTHY EFAHITIE. B RIE f 13ETH B0, o XBENIEERTH 5 DT,

oo Ry
(78) / f(z) de = lim f(z) dx,

Ry ,RQ —00 R
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TEHBEND, (Thbb, EHREIOM 13

Ro
W5>®GRGRMWQER:R@2@G%ﬂHRJQER)’I— F(a) de
Ry

<€

Ziti7z T TH 5, ) XD M & i 2 IR TS 5 2 L 2V EE T,

00 R
(79) / f(z) de = I%im / f(z)dr (—MITIFIEL < RV
—o —00 J_R
TRV e ZHIRT 2 R0EDD 5, .
(25 Thuwe, 2&%’:0i$§%ﬁ§ﬁﬁbtb\/ T dr IZOWT, fEN 0 EWVWHIERI LB

—00
2

TLE5. we_%m:/

1 €1,e2—+0 1

—€1 2
1 de 2% 5, lim </ 1 dx +/ l dx) DEFR T, H 7
x x o T
. . -1 21 4 o e
TEL 720 D3IE LW, l—igo (/ - dx+/ - dx) LETE T2 L. log2 E WS EDHI S, )
€ —1 5

=T, BBIFMEDBED LOHER, (79) THEL TRV, Z0RDDEMAL LT,
RD20%FIEE DBREZIZLTUINIT R0,

(a) f DFERMET, FFEIEDLLEW (DRI 0 U ETHZ 0, £1E0012 0 BUR),
(FEODFEMT 2DIE, +oo R —00 IRZEWVSZET, ZHUI lim & LTIRZ 222
HXk2, )

(b) IRBED DR T 2 Z DD O LDRSLDTIETH D - 1256, RERNZDIZ, [LFE
MK T 5, 575D

| i@l <o

DD DG ETH B,

JIE 12.2 TEY FIF 2 EHEKOBDICOWTIE. EIFEFED IR T 2 2 & p3fl
B2 5728 (79) ZHWTWSE A, KATE 12.3 THD BT 2 EHEBEE < OFETITOW
T, —BITIAFRBENIHNTER L2 Wiz, (78) ZHWVWTW 5,

COHBR T, INERESOHREHHT 2#ETIIRVOT, 222 BKRT 2 HEIZE
2RV, BELT LW WZ e TH D,

12.2 HIEEHD R LoES /OO f(z) dz

PUR Clz] &, 2R z OBRRBZIHEADO 2R Z2E T, P(z) € Clz] I LT, P(z) DRI
% deg P(z) TR,
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- \
I 12.2 (BEEKOEHSHETORES) P(2),00) € [, f() — ? deg P(2) >

degQ(2)+2, (Vx €R) P(x) A0 &5 5 & &,

/OO f(z) dv = 2mi Z Res(f;c).

Imc>0

2T Y W fOMcD5B, Imc>0 il TdOTRTUTOWTOMERS Z &
Imec>0

ZEIRT %,
N

J

PUR ofEZ HAUX, FERIZ LT

/00 f(z) de = —2mi Z Res(f;c)

Im ¢<0
HREHCE B 20392 %. Eix ) Res(f;c) =0 AR DD (BECEHD & B
TRTOM ¢
TE3%),
SEFR RE XD
()  (MeR)ER ER)(VzeC: 5| > R) P()#£0 »2 |f(2)] < %

iﬁﬁibjoo il}%% P(Z) = aozn _I_alzni1 + - +an7 Qo 7& Oa Q(Z') = b()zm ‘l’blzmil + - +bma
b #0 &35 %, (i 91906005 K512)

- . aol | 30l \m
(3R™ € R)(Vz € C: |2| > R™) |p<z)|2\70||z|7 Q)] < !20\|Z|

DD ILDDT, P(z) #0. ¥72 R* := max{l, R*}, M := % B, |z > RITHRLT,

b
%Mm ~ 31bo

el oo

ol 1 _ M () ooaEms),

= aol 1217 J2f?

| |Z’mfn

F(z)] <

(%) &b, BDIHEHIERL T

00 R
/_OO f(z) dx = RETw/_Rf(x) dx.

oo Ry
(V: — MR [ LT, / fayde= dm [ ) de THBH, TS
—00 1,{t2—+00 Ry
R
cesmpiuE, Jm [ f()de ¥ LTHETE 5, )
—oo J_p
R > R* 27z ${EED RITHLT
I'r:z=2 (x€[-R,R)),
Cr:z=Re"® (0c]0,n]),
Yr:=Tr+Cg
LBl

/ Sy de= [ f(z) de,
—R I'r
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M M M
< [ 1@l < g5 [l = g nRr =T 50 (R +o0)

f(z) dz
Cr

BBUEHEIZ LD

/ f(2) dz = 2mi Z Res(f;c).

Imc>0
W 21
R
[ swar= [ fera= [ a6
-R I'r R Cr
= 2mi Z Res (f;c) — f(z) dz
Imc>0 Cr
— 2mi Z Res(f;¢) (R — 4o00).m
Imc>0
i 12.3

< d
1:/ = -
|

BROC, tan o (& OFBBBEFATOT, ZREMN Y
I = [tan_l x}iooo = g — (—g) =T.

—F. EE 122 25 XD L5 1TRkDHND,

P(z):=2241,Q(z) =1 B &, P(2),Q(z2) € Clz], deg P(z) =2 =deg Q(2)+2. z € R
DeEPlr)=22+1>0+1=1 &Y P(x) #0. c PHEETHEBEOM < Pc)=2+1=0
Sc=4i. TDIH Ime >0 Zili7zTdDIE c=i. EH12212k5T

I = 27i Res (%,z) :

Hif:z%@l{ﬁ@@“@%é#%
Res(f;1) = lim(z — i) f(2) = lim —— = ~
€S 32 —ZILT%Z 7 2_21224—2_22

HBH0E 06)
. i 1 1
Res(f;i) = ()~ 22 T %
Wz

1
I=2m -—=7m
T 22 e

REX 12.4 Mathematica 72 51X Integrate[1/(x"2+1) ,{x,-Infinity, Infinity}] & Uit
HTE5%, Maple 2 51F int (1/(x"2+1) ,x=-infinity..infinity) m
il 12.5
I /°° de _ m
et V2
) " " " . . - 1
W T THHEREBOIRMBEBIIHEREB O TR E L) T BFEAR, EE ]

+1
JFRRBAEZ RD B Z e K, ZREHWT [ 25E T3 2L AJEETH 205, FHEIEILI

HHEEITH 5,
P(z) =2 +1,Q(z) ;=1 £ BL &, EH12.2 DMK L0 (HERDOBRITEIET 2).
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\\Q i(E+k2E i 1—i —1+44i —1—i
Cﬁ)F@@@P(C):O@C=€(4+k4)(1{520,1,2,3)@6:%,%, RV

Ime>0 R30I, ¢ =2 ¢y = LZhnik = -1 izl PO 1LAIDOEST

HBNH 0 )
Y. . I
Res( ’CJ) Ple;) 4@ 4 T4

J

1 =27 (Res <%, cl> + Res <%, CQ))

o ( 1)( o) w2 T
=2mi-(—= ) (i +¢)=—— —==—.
1 1+ e SRRVNG,

IR 12.1 f AEEEOS /mﬂ)dx:%/mﬂ@dxﬁ#B‘¥ﬂﬁﬁﬁﬂlm)mﬁ
I RN D C ORI BT, -

EF12.2 5.

1‘2

4+ 522 +6

1 [ x?
=3 e ®
P(2) = 24452246, Q(2) =22 £ BL & deg P(2) =4 = deg Q(2)+2, (Vz € R) P(z) > 6 > 0
XD P(z) #£0.

1 L OB P) =06 (@ 2)(+3) =0 e = +v2£VE

5l 12.6 (Ahlfors [27] p. 173) I := /OO dr. BHETBEBUIHEBERTH 2026,
0

Ime >0 272D, ¢ =+2i,V3i. EH12.2 15

/ Q :1 2mi (Res (%ﬁz) + Res (%\/ﬁ@))

RIZEBZHRE T 2723 TH 5,

QW) 22 z VR V2
Res (f \/_’) TP (V2i) 4P 10| 4224 10|_5 -8+10 2
B ) oz VB V3B
Res(f’\@)_ P(V3i) 42 +10z|_ 5 42410|_5 12410 2
ThdH75H
I—m'-(\/__\/g)i—ﬂ\/g_\/g
B 2 B 2
’@%%MEL;;QEZ%%H%OI

BERADH (H5 < 158)
Bl 12.7 ne NI LT

*  dx T
I = o = — B
o Lt nsin —

2n
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FX 12.8 Mathematica Tl

[Integrate [1/(1+x~(2n)),{x,-Infinity,Infinity}, Assumptions->Element[n,Integers]&& n>0] ]

(1 + (eQi"”)_i) T cosec =
2n
B 12.9 n e N TH LT,

WXL T %iR$, FullSimplidy[] 3 2 LffiHick %, =

e dx (2n — 1)!!
I = —_— =7
/_oo T+ " 2o

Rk 12.10 (BALERTHRE) Mathematica T

[Integrate [1/(1+x°2) " (n+1), {x,-Infinity,Infinity}, Assumptions-> n>0] ]
i R
1
ﬁ[’ (TL + §>
I =
I'n+1)

EWVWIEDPIRSTHKS, ['(z)=al(x—1) Z#DIRLHWT,

(D) (D) (D) o= (-3) (-8) e

P 1) = = 220!
THHEDH
I Vo (2n—1D)/m/2"  w(2n — 1! .
B (2n)!1/2n o @2n)t
i 80. LN %2 KD &Ko
dx s
o _ e T
(1) ¥ a LT, —/ waa B
" _ dx e T
(2) A a XL T, T = / i ()
oo 128 _ _ v e T
(3) IESZ&CL &\-itl‘l/"c —/ (.1'2+CL2) (':" 2&3)
" _ dx e 2T
(4) IEE a 1TRL T, =/ o ab drv. (% %)
o ) _ ae T
(5) F¥ aiTxfLT, I = / e +a2 (5 T6a8)
v - B e, DV2T
(6) F¥k a I LT, I = / T ai)p +a4 - & )
_ e dx . 7(2n — 3)!!
oR % = — &
(7) IE%& a, gn\\ﬁ n ;CI‘L’C\ 1 /_OO (IQ—FCLQ)n. ( a2”—1(2n— 2>”)
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‘ , S .

(8) T4 a, BAR n XL, z:/ U R
—e Tt a na2r—1 sin2—

n

00 ZE2 —z+2 %) :L‘2
81. (1 ————dx (2 —d R (Ahlf 1
A @ /oox4+10x2+9 v (2) /0 (22 + a2)? T, ac (Ahlfors p. 173)

12.3 HIEEH < O R EOfFES /OO f(z)e"™ do (BIERAED Fourier

xiR)
R f zHHBERE 5 & {BHEIB e G AHEY
/OO f(z)e” dx

BEZ B, THUIISH EIEFICEER Fourier Z2#2, 1 Fourier 244
() f= o= [ fwertar (cem),
(F) i) = o= [ aleetas (@eR)
ZRDBZ EIHHTE 5,

ESc
(80) (Va € R) elaz = ¢ cos(ax) = Ree®, sin(az) = Im e™®

ZRVWHLTEI I,
; N
FIE 12.11 P(2),Q(2) € Cl2], f(2) = %, deg P(z) > deg Q(2)+1, (Vx € R) P(x) # 0,

P(2)
a>0t3BEE,

(81) /_OO f(x)e™® dx = 2mi Z Res (f(2)e";c) .

Im >0

ZZT ) B fOM(HBVE f(2)e DRI EoTHRALIL) c D55, Ime> 0
Imce>0

K%ﬁt?%@?dfﬁohf@ﬁ%@%iZ%%%?éo

v

AR 12,12 RGE deg P(2) > degQ(2) + 1 1%, EH 12.2 DKL D 550, deg P(2) >
degQ(2)+2 THBHEIFZ. a>0ITHLT (DFD a=0 b OKM) [LFMED DRI T H
52 HfHITRES L, O E LT, i8R g =Tr+Cr ZHRH L CAIATZ %, %7

lim f(2)e* dz =0
R—o0 Cr

DFFIA -
lim —/ e~ Rsinb g9 —
R—oo R 0

U DA, FIETRLEARICR S,
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WIRE XN, fiHTHS (0<e Bl <1 XD 0< /7T e~ ftsinlgy < 1 MEHNB),
Cf. / 9, / O bR, / ST I B (ORI L),
1

SFBA  EF 12.2 DI k Rk
M

[E)

(M eR)ER € R)(V2€C: || > R") P(:)£0 7o |f(2)] < —

AB>R &35k %,

Cap r:z=x (ve€[-A B,
Cap #:2=DB+iy (yecl0,A+ B]),
—Cyp r:2z=2+i(A+B) (vec[-A B]),
—Cyup rz=—A+iy (yel0,A+ B)),
Y48 =Cap v +Cap t+Cap ++Cap x
£B<L,
P ODFER cld |c| < R* Z{i7z 3T DT, Imc > 0 ZHi7z 5 DIXEAMIR 45 OHOREGF
mEicEEN S, FEE IO T, BREHICX-T

/ f(2)e"* dz = 2mi Z Res el )

Im >0

B
/CAILT f(2)e'" dz = /_A f(z)e"™ dx.

Capt Tl |2 = /B 42 > B THB 7 b,

i

FE < — <

M
|z B’

E
Re (iaz) = Re[ia(B + iy)] = —ay, |eiaz| — eReliaz) _ —ay

THE00 (|dz| = dy WWIEELT)

wnaz < wnaz < —ay < —ay — .
/c f(2)e** dz _/C | f(z)e™?| |dz] < 5 /0 e Ydy < 7] /0 e~ Ydy B
A,B, f

AB, H
Cup n Thy IREFACLT

Cap + T |2|=y2>+(A+B)2>A+BTHdh5H

M M

IO < a7 E

N
Re (iaz) = Relia(z + i(A+ B))] = —a(A+ B), [¢“*|=e Re(iaz) — g-a(4+B)
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THE05 (|dz| = do ITHFEELT)

/ f(2)e"* dz
CaB, t

Wz

= Aéi_rgroo (/WABf(z)emZ dz — /CAB Ef(z)em dz —/C f(2)e* dz —/C

A,B, E A,B, k&
= 27 E Res ez )

Im >0

' M B
< / ‘f(z)elaz‘ |dz‘ < A—/ e~ UATB) 10 — Ve~ UA+B)
A,B, k + B _A

f(z)e dz)

COREAERETT AL, a <0 DY EIE, (81) BBALLBEWZ 2005, a < 0 DFEIL.
KD DITRDD LD,
a N
% 12.13 P(2),Q(z2) € C[2], f(2) = Q) deg P(z) > degQ(z) + 1, (Vx € R) P(z) # 0,

P(z)’
a<0&3BEZ,

/ f(z)e"® do = —2mi Z Res el )

Im <0

\_ J
L. RI2132HS5 D TR, FFEOTIRICED., EH 122 WREZXETTWVWSETFR
F A2V, ZHUCOWTIE, IRl R X,

5l 12.14 o ZEK T =

(82) I= / — ———

|

a>0 DEGEZ. EH 1211 25

eiaz iaz
I =2mi R — 1| =2m
T hves (22+1,1) YwA 2%

a=0DEEF, EH 122056 (2W0WH XD Bl 12320 D)

—a

= Tre

z=1

1 1
I =2mi R ——t | =2m —
1 Res ($2+ 1,@) m 5

a<0DEX, % =¢iar _q> 0 I ZEELT, EH 1211256
o e—iax 6o e—iax ] e—iaz ) ] e—iaz
I:/m$2+1d$:/oox2+1d$:27TZReS(ZQ—H;Z):27TZ. P

DlEEZe®T (82) 2185,
2B, (82) DEFEEL

z=1

*cos(ax)
/_OO o] dr = me
HEOLND, =
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R 12.15 (Mathematica THEHE Y % £ FIZ) Mathematica TEHHET 2B, « OFEE
HZ 51203, HlzZR

Assuming[a>0, Integratel[Expl[I a x]/(x"2+1),{x,-Infinity,Infinity}}]
H BV

Integrate[Exp[I a x]/(x"2+1),{x,-Infinity,Infinity},Assumptions->a>0]
DESFTHUIRV, =

5l 12.16

]:/Oox;in:v dle.
o To+1 2e

HAET BB EERTH D L, sihne=Ime”® THEZZEHNH

]:—/ Lo dx:—/ Im e dx:—lm/ re dzx.
2 J_r2+1 2/ o x2+1 2 |

P(z):=22+1,Q(z) :=z,a:=1 &35 &, B8 DEMHEVHD LD, WZRIZ

1 , = 1 2
I = ) Im (27m' Res (221 16”;2’)) =Im (m’ . Z;Z Z:i) =3 Im (m’eZ ) = %.l

Bl 12.17 ¢ O o DEDHEDHEEDH IV LLTE I I,

e
1= — dx.
[

(BZ55) oo — o7 (BT B, EF
o 00 Ieiz
L= — 4
’ [m@uqfx
kDL,

Plz)=(z2+1)2%Q(z) =2 f =%, a=1 8,

deg P(z) =4>2+1=degQ(z) + 1.

TRTD z e RICHLT, Plx)=(2?4+1)*>1TH505 Px)#0. ¥/ a>0.

f OMIE P DERTH?, Ple)=0c2+1=0c==+i. ZD55 Imc>0%2AT
D c=1 RIFTH 5,

ER12.1112&D

- . 1 d\?>! , iz \/
I =2miRes(f(2)e'*;i) = 2mi - -1 £1Lri (E) [(z — 1)’ f(z)e"**] = 2mi £1iri ((zzj 1)2)
i€ (14 2z + 22) e (1—-2-1) et i
= 2mi - lzlir% TEE = 2mi - ¥ = 2mi - T =%
- T
AW =——.
© 2

(AlfE) & 12.136%%\5 r

I =—2mi Z Res (f(2)e™*;¢) = —2mi Res (f(z)e™"; —i) = —2mi lim

Im c<0
c ¥ f of
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GllfE) (Z25Wo5RDhTdd 5 e HHIKRDOVWEThE, BERTWT, HIREBROERICHTE

VC-IEIE\K‘\II—'L—[L?:_O )
0 yeiy
I=— [ Y
/ (w212

y=—1 EEBEHIT DL
29558, a>0DHEAEORAEMZ 2 (BPTLEFLTLRICRE Z DT> T ),

et* zet? i i
=2 R o) = —2miRes ([ —2C i) = (E) g
i Z es ( Z 1) ) i Res ((22 TP z) (26> o

Imc>0

&R Dfl

B 12.18 > 0

o

x sin ax T _ .«

[:/ dr = —e */V2sin —
0

i+ 1 2 V2
(FREED D 570 EHALEFE LS EFTHIRVWEE, ) m

1. UNoHEDZERD X,

(1) IF2 a, 0 123 LTy / DO dr (& ™)

(2) ¥ a, 0 ZH LT, / R (& Ty ao)e ™

(3) E# a, a ITX LT, / ;fiii & ﬂe\/;z/gﬁ ( f/_ + sin \/_))
@ Ela LT, 1o [T IO T, 0

o [T sen T

27
12.4 =ARBOEIEERDERES / r(cos @, sin 0)df
0
1 ZBOWEATHARL LI r(r,y) o &y OFH T2 %, /r(cos@,sin@) do

SR TR E 305, RO EIEA T DEENCR S 2 L HE, L URHCEES [0, 21]
LORSY (AR oW Tid, BEE W CHICE TS 2,
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-
e 12.19 (ZABBOBRERMORARES) r(v,y) Z 2,y DEHAL T2 L %,

2
(83a) / r(cosf,sinf) df = 2mi Z Res(f;c).
0 le|<1
72720 fiX
1 2241 22-1
(83b) f@y_ﬁr< 2 ’%z)

TEFRL. f(2) BEAIFIRE |2 = | Ricliefiine 32, 72 ) 3, f Offic

le]<1

S5, HAMEN 2| <1 BT 2DDIXRTIZOVWTOMEEKT %,

j

ETIX. 2O (83a), (83b) IEHMMERLTHHD TRV &,
z=¢e? (00,27

E WD BREEHAT,

SR =T g —itag xn g =

2 21 12

Y HRT, BAFHIRNOEEBOMOGTEICR 2 Z e BT 5, LUNOFZE BE 5 X D i,
BIDFEMIT A o = BRB VDS LI,

SIEBA

cosf =

2m
I::/ r(cosf,sin 6)df
0

X, z=¢? (0 e0,27]) LF B LT,

w:w%a¢w:@,

12
COS@ZM:1(2+1>222+1
2 2 z 2z
-g_eia—e_w_l 1\ 2-1
THYT Ty _Z(”fg"2u

THE0H.

2241 22 -1\ dz
/|zl " ( 2z ’ 21z ) 12 |z|=1 f(Z) -

BEEHIC X o T, ZOBDE 2| =1 NEBOMUICEIT 5 f OBEBOMTHETZ 2,
I =2mi Z Res(f;c).m

le]<1

AR 12.2 (AROFES[IRSEHS) LTI

0 -1

0 e e L4 1 " e — e~ z2—z
cosf = = sinf = =
2 2 ’ 21 21
CEWVWTWAD,
il L e=i0 L% ‘ ol _ =0, _%
cosf = = , sinf = : =
21 21



CEWTARSDRDIZEIATHS (TAMNIHELLEZA, i D DOBDFEENES LT
Do, dbs) LHL
1 z24+Z z2—%2
ﬂd"‘ﬁr< 2 2 )

TERLL [T FFRBRGEZROWT) ERIBBIC R S R0 T, HEBIEHZMES Z & 23 HKE
2%,

wlzm)r—/%—iﬁ——%*®i
' “Jo 5—4cosh °
(fRE) 2z =¢€" (0 € [0,27]) B &,
1 1 1
J_/;l z+z*'5*“”ﬂlu5z—2%+1 2/|1h%—&+2
5—4-
dz 1
=1 =127 Res
A|:1 (2z—-1)(2—2) I% ((22—1)2—2 )
1 1 , 1
- _QWRGS’((%—l)(z—Q)’é) =i (z"> - 1)(-2)
Tyl Ty T

S ke & (WM

VIREMIN, KTV Yy Vg CEHEZBEKRTH %),
(fRE) 2z =¢€" (0 € [0,2n]) B &,

7 _/ 1 dz B 1/ dz
H=1 g2 4 2 oy 2241 iz i 2|1 (R?4+1r?)z — Rr(22+ 1)
2z

27
W12ﬂ0<r<RZ?%Z§\L:/ d9
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

wEADA
5l 12.22 a >0 2T 2L =,

L/Q” db _ 2
o 1—2acosf+a? |a2—1|

Bl 1223 a>1 T 2L =,
/” do 0
= N |
o @+ cosé az —1
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Bl 12.24 0<e< 1 IZXHLT

/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

DIFORBEDZ 1%, #ER [43] pp. 80-81 R ED S - 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%ﬁhﬁﬁajﬂﬁjwolzé W+ﬁf%M%em<r<R> (6) (%

2 0
) 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\ﬁﬁyL—/ ;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

w0700 T8 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

2T
2RO K, (B a2_b2_02)
il 5. (Ahlfors [27] 173) /Tr/2 dz o] > 1 (% 7 sign a
) ! : — &5  |a g ——
) P o a-+sin’z’ Wata

12.5 HIEFHD R LOES (RE LICHBEDEHMD 1 (IOEHNH ZI5T)
(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 ™

FH 12.26 P(2),0() € C[2], f(=) = 2E) pia R FTE4 1 HO%E Lok

P(2)
5.

(1) deg P(z) > degQ(z)+2 & T 5 & &,

(84) p.v. /OO f(z) dv =2mi Z Res(f;c) + mi Z Res(f;c).

Im >0 Im c=0

(2) deg P(2) > degQ(z)+1 £F2L & fEED a>01THLT

(85) p.v. /OO f(z)e™ dx = 2mi Z Res (f(z)emz;c) + i Z Res (f(z)emz; c) '
e Imc>0 Imc=0

N J

219



SR (1) OBSGEEZ RS, EHILICH 2% ¢ <y < - <cy £F 50 D(cj;e) BEWVIIK
DOHHENEIIC e>0Z /S HS,
RZTHRELED, TXRTOMD 2| < RDOHFIZHD, —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
LRV, (2) ZOERMEERE (1)) T, BERD 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 9) KERART, ZOR) FIHEETIHERHET 22 250
HBDT (HDAFHEFETERY), —IOEHL TEBIRETH 5,

AR, KRR S 5 2 & DD /12T

R
(86) lim / f(z)e"™ dv = 2mi Z Res(f(z)e™; c)
oo )R Imc>0
ZRT WS FIEITR S,
deg P> degQ +2 EAREZM LTVWETF A MDD, 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(z) =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 (86) MDA

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 FEf Ricidzwn, 2asid
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, piaRe®| _ _RefiaRe®] _ —aRsing
THEIH5H,
iaz " 10 iaRe | | 0 M " —aRsin 0
f(2)e"** dz §/ | f(Re?)] |e |iRe ‘d9§—~R/e do
Cr 0 R 0
— M/ efaRsiHH do.
0
FiZ
(87) lim [ e @®sn0 gp =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)

 UCHEADE T3 %, (87) DWW T, URT3@EO OiFH%E 52 %, =
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(87) MEERA [1] Lebesgue 77 D Lebesgue OYNREE Z K- TV 372 513,

|€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 2IHZ /NS T 5,
3] Jordan DARF?

20 T
ing > — <fh<—
(88) sing > — (0< _2)

2RO . .
ME —Rsind < _2h0 DENN D DT
T

/2 ; /2 w/2
89) 0< / e fsinfap < / e 2R/ dp — [—%e*we/”] = Tl By < =
0 0

:O):_EQVC\\R—>+OO (\_)_j‘éo [ |

12.7 Laplace EHDETHRDEDTDEHEAE

(LIZS L THP &3 TE)
BEEL f:[0,00) = CITH LT, HEBREDRESEZELBL &

(90) PKﬁ::%AK?‘“f@)dt

THIZBEB F PEL %, 2O E, F % f O Laplace B LIEN, Lf(s) R L[f(1)](s) &
Y OFETERT:

(01) Lf(s) = LI (0)](s) = / T ety d

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

9 Jordan DFERIZ. y—sind ¥ y = 20 DFS 7R L 535 ). SENEHBE LD FEET B

77
%, LU, ZONREFERZ Lo SZIWCHATI20FHLVOT, HSATWS e, R ETHDLTEZ TR 5,
Jordan DAFEX L WS HIE. FHH [44] (p. 17) THI- 7=,

1< B BDON, BHER o I LT, (M € R) (Vo € [0,00)) |f(2)] < Meo™ B ID, LF5Z 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
bH g FHEAFESTH %, Fourier D KER/NK & D7

1 [
g(t) / eV F(x + iy)dy.

:% .

(2 BEBHNLTWBEZEIZER)ds=idy &P

1 00 1 T+100

F(t) = gHe (L ig)dy = — [ e*F(s) ds.

:% N

ERAY.PX5!
T+
(92) f(t) = lim = ' e F(s)ds.

y—+00 2m0 J oy

I E4 75 Laplace ZHD KERNKTH %,
FZowT, By REZBL . ZOEDIIHEBEH2HWTEIAETE % (257):

f(t) = ZRGS (e F(s);c).
(ThzESbT 212, EBbALREZBXRTEHEESRLELRDH L7255, S L EZ

L BB o7z Schiff [45] ICHWTH o723 NY, FHRAIE - X D FmARRRL, ¥ T
T2 50 TR ZIRAT (H2VIFHNTERT), RIILES 2 B IhY, vwou

53R )
AR AR>S
ot 1
o die e

EWVWISEARBRRKN (ZH—DTIFEACHDIED %) IZOWT, HUHOHEEZRDTHAL S,
FHix s OB LT, s=a ZHE—DMICFES, ZOMNEIE n THE05

tnfl
 (n—1)!
FWAHNT I LTz,

REX 12.28 Laplace ZHUIEHLS S H o720, IR HDNDE X DI o 7-DIXESN L
D o7z k5 TH 2 (Heaviside DIHBEFIEDIESLTHD XN TH 5 ?), APZEAD L Zid,
HE D KRFRWHONTORVHIR 2T Tz WEBRDRRITFHATV T F X MZ—Ib#-
TWihye, Mar#S5DEHLZES ) WO HIRERZII DD TH % (BRFIOFHE I
/2o 7z), BEERANIN (93) oA = DEHD, BEGIE THR -7 ZODE XL
CRBICBEELET, =

B 82. XORKHISNEARICOWT, FOFEEFRLT XD ITHEHRL TA K,

s : w
L [coswt] (s) = JORCE Llsinwt] (s) = 2 12

TZZH3 TIEER T5IEF L) C, FEIRBEPHETETVRY, 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

THEH S, (89) ZAWT

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 5%, FHERE.

i ei(aew) ; T i
f(z)dz = . jeel? df =i e'=e”) dp
0
C. o ¢&¢ 0

THDZDT, |ice”| = ITHEL T,

o0 n

¢
2
gﬂmaxz| = ii—i:w(ehl)%o (e —0).

I<I=

f(z)dz —im
Ce

z/ (ei(aeie)— ) dQ' <7Tmax‘e —1| = 7T max
0 I<l= ==

Wz Iz 12&1/06 f(z) dz = ir.
(%), (), (), (1) &b

T

[Psing , ,
2i de = | f(z)dz — f(z)dz = mi—0=mi (¢ —0, R— 0).
£ Ce I'r

B 6. flXcDiifBTIEHIE T2, Co: z=c+ee? (0 e[0,n]) T 5L X,
lim f(z)

e—+40 C. Z —C

dz = mif(c).

13 %;&nﬂﬂ - ®1§

AT E CTT. HARDE TROYERICifizk X412 BHER 2 BIBGER O NI KR fRE R 72, (il
DN EED L., BT L 2o, SRIGOFEHE 2, 1 ROBEHL L 7>, Riemann [H D 24Nz
O e h, aeikoTW0W3%, )

BEGRIIZ D%, EOWVWOIHEND I, F—TU—FEDHITTEL,

o FEMIRBERL. REABIEL. Riemann [
Gauss, Abel, Jacobi, Riemann, Weierstrass & KEFFZENE D A, Z D RERIZ 19
T FDHE L SIS,

o FFUREEEL
JOH LS EETH 505 (IRMIT RO IR Z R T DI T 2), HiahIRE CTHAE
THRAITHFFEEI LTV S

o ZTHEIEGH
XL
[ # (1901-1978) OMADEH/TD %,
(BRGRIZZERUC 1B LIGBICHEL < 725 LR TV B (W) 25, IR & 72 AP
TXRAMDHIRENTz, BIDONE2H5DoTHENL S, )

BZhHd L—FAOMED 7% 513, Cauchy OFD AR EIIBEEOEHT 2mi &S5 23 nh 505, Co i
FHEATH 5,

Pz TRIEGRZEH o722 0I5, BRHoTVRIETTIRI hBo L 2EbBVITNY (51D
Fhwhvri, HFIZOFOILRRELEbNL), RERRBIIRSATHE DT, i@z 25 I i3
%i’t}.’/l/o
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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

(ZZEWVWFEDL ZA, 2L AT TT, IICHEMEEEZHELTH->T, ZH5DHD
REEDPRDBEFLTHZDT, ZH0ERTREWV, )
BE 1. (ZZO0EXHEERMTH 5, )r+y =10, 2y = 40 OfRIX t2 — 10t +40 =0 D 2

104+ /102 —4-1-40 10 £/ —60 10 £ 2v/—15
Rt = v 5 = 5 = 5 =5++v—15. THbHH 5+ /15,
5—+v—15. m
RE 2.

(1) D= f(a), C = f(a), B= f"(a)/2, A= f®(a)/6. (ERETE 2 IRY. BT 5HIC
ZHUE f D a BT S Taylor B TH %, )

(2) f"(@)=0 &b 6a+2a=02ErN5DT, a= —g. u

FRE 3. MLV ORI TR 5 (ERR. ERFEo AGMEIEEI N DR /2 eh
H%), EMT 2,

RE 4. XP+Y3+ 22 - 3XYZ = (X+Y+2) (X2 +Y?+ 22 -YZ - ZX — XY) IZ@ERH
FOERFICH L Z D ZBVARTH 3 GEAT 2123, AUZEML T —HT5 2L
ZHEPDIUIRV), (ROMEML LIRS, ZHIEFTTATHZ, BROLDICE HIZH
BonreiED 2, )

w2 +ax+1=0DIRTH2 L DEKRTESR, o T

(X +wY + 0 2)(X +0?Y +wZ) = X> 4+ (WY +w’Z +w’Y +wZ)X + (WY + w’Z) (WY +wZ)
=X+ (w+A) Y+ D)X+ Y+ Z) + (wH+wHYZ
=X*-(Y+2)X+(Y*+2%)-YZ
= X4 Y?’ 4+ 22 -YZ-ZX - XYnm

FRZE 5. TIFEBDIFRICOVWTEE L TEL, FEOFEHITHL T, 2 =t /35
B s Z—BMFEL, ZhE Jt TRT (2l -oTWw3), —fikic
(©) Vit = V0V, V=t

DRILT 5, (BEBEDOD — AT RNV EDXIEN, t PEBD L Zid. t O 3FRIIE
T 20 —EHERL, Lo TVt EVWIRBL WD 2 LICEERIHEEE T, (V) DX
5 AR NI EZ 20, )

a, 8B

(#) o+ 5 =—q af=-

Wi
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7z SO Y = —a, Z =B Bl

x3+px+q:x3—3aﬁm—(a3+63) =2 - 3YZ+Y + 22 =2+ Y+ 2% - 32Y Z
=(x+Y +2)(z+wY +w?Z)(z+ Y +wZ).

WRIZ 2® +pr+q=01F

Y +2),—(wY +w’Z), — (WY +wZ)
= a+ B,wa + wB,wia + wph
R Z e HR B,

ZZTUT. (4) 27T o, B % (PR d 1) KD 52 e 2 BT 5,
a, BB (2) BT 003,

3
Q o'+ 5 =g, o't =~ (%)
DD, WRIT A=0a% B:= LB, (A+B=—q AB=—(2)° B3 H o0
T) A, B &
3
() o
D 2R
—qE1\/¢* + 5p° 2 3
-6
2 2 2 3
TH 5%,

9 q\? P\3 . q q\ 2 p\3
= n=—gy(5) +(5) =B ()
(h2) o= %7 ﬁ:\s/t_2
EBLLE INHERBFERTHD. o & f1F (8) 2T, EE

o +/63_t1+t2—

aff = Vitit; = \/ Q) ZffioTWV3).

LEZEEDBE. o, 8% (1), (o) TEDLLE, s=a+ 85 W—0)FEIRTH S, T

nbb I_¢__+¢______ J___¢ff__f_

(BD7DI2) o, B BFETH 572513, ) XAETH 2, Ll a, B HPHEERS
ci(mt<mwmﬁfmam ZDIo, %m#¢b@%k&%ol
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fRE 6.

(1) AIEDRED S 23 + pr + ¢ =0 DRI
3 4 q\% , (P\? | s
“\/‘5* (3) +(5) +\/—

D3DOTHH., WD 1 ONEHT, BD2ODEHTH S,

(2) SfF ()2 + (2’ =0 2D zor b, (1) IR LE 2 BRTH 2 Z L ZEBITH D B,
(D74 (2)° <0 DE = b, to BERUTR 2, BTHWT 2 & 510, EEOEHTH L

2 3

T, 3SEROEFEAET 2 (—EMIEE D 20), LT, ZOZ e 2BDTHEEED 5,
a%t DIFWR (D12) TH2LT5, ZDLE

w
(,4)2

_ —p/3
p= 5
e, 3R af=—-p/3 TH2H
—(2)? 3
Ozg—l—ﬁ?’:a?’—i—%:tl—%:---:—q. (B DIABDD R 0T DTELELT, )
1

(b) 2725 o, B BEFLNT-DT, BOFEMI LR T (KD HE) TEL. 23 +pr+q¢=0
DR
r=a+ Bwa+whwia+ wp

TH5, m
RE 7.
THHIHN1H

()62 0= 0 ()

x? + 12
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BRE 9. 142 =1242+2=2 TH225 1+ = (1+0)2)"" = (20)"° = 210,10 =
1024 - (—1) = —1024.

R 10. (YEfEH)
BBE 12. z=a+iy (r,yeR) &BLE, 22=—-11& 22—¢y*=-1 DD 22y =0 L[FMHAT
HEPS, v=0,y==x1l. ®ZIT z = i.

(BfE) 22 +1=(2+0)(z —1i) &D. 22=—1 DRIE 2 = £i.

(K& @ LOEDLBROADI VD, |
RE 13. z=a+iy (z,yeR) B, 22=ild 22—y =022 22y =1 LFAMETH
3, THERNT (x,y)zi(\%,\%). @i&:z:i<\/%+\/%>. n

BRE 14. 21 = /o, 20 = /o EBLEE 2l =01, 21 20,28 =9, 220 > 0. 2:= 2120 £ 5K
Ev 220,22 = (z12)? = 2723 = 1o THID DO, 2= /c16. DRI \Jo1/C3 = 2120 = 2 =

ci1C2. 1

ﬁgg 15. C1,Co < 0&ddE %\ ci1cg >0 THDEINH, £/ C1C2 =8 C1Co @E@yﬁ*ﬁﬁéézﬁ\
Vai/G = v/—cri /=i = —\/(—c1)(—c2) = —\/c163 & creo DEDFFIRTH %, BIRH
fiﬁ”t L“CCi\ Cl = C = -1 Xj—%) & %\ y/C1C2 = A/ (—1)2 = 1, \/a\/C_QI 1-1=—1.m

fRZE 16. Cu=zw OWER) 2 =2 +iy (z,y €R), w=u+iv (u,v ER) LT B & X

2w = (rx+iy)(u+iv) =au+x-iv+iy-u+t+iy-iv= (zu—yv)+i(xv+ yu),

zw=(x—iy)(u—w)=zu+x-(—iv) —iy-u—1iy-(—iv) = (zu —yv) — i(xv + yu)
THE2H0PH
zw = (zu — yv) —i(zv + yu) = Z w.

(ofw = = DFER) HE» 5

ThodH1H

RE 17. RO Z L IZEKRTEATWS,

fxy EHANDEEDERIE. H5 (a,8) € R2\ {(0,0)}, § e R ZHWT )
ar+Py+0=0
YREIND, FlW, AEED (o, 8) € R2\ {(0,0)}, d e R I LT
ar+Py+6=0
di zy FHNDOERZ LT, )

a=a+if (o, ER), z=x+iy (x,y eR),v:=20 LB L&

az 4+ az =az+ az =2Re(az) = 2Re(a+if)(x — iy)] = 2ax + 28y.
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Wz
az+az+~v=0 < oar+pPy+d=0.

T a#0< (o,8) #(0,0). m
FRE 18. ¢ D f(2) ® m BRTH 2720121

flo=rf(==f"De)=0 A [fO)#0
AR LD T L BB TH B, ThUE
f@=F)=-=fmD()=0 A [i(c)#0

EEETH D, f(z) DERBZHEATH 2 L WIRAFDH LT

f@=rf@=--=f""e=0 A f"@E#£0
YHEMETHZ, ZHUIED f(z) DmEBERTHZLWSIEHTHZ, =
FRE 19. HL%Z o, ¥EE r 2328, |z—c| =7

lz—cl=r <lz—c?=r?

S(z—c)(z—c)=1?

<:>z2—cZ—Ez+cE:r2

Szz—cz—cz+|c]P—r*=0.
B=lcP—r* B, f<]|c]* =

ﬁ@ﬂ 20. FHICEZ %: [ D—RDOGE. AP EEKRT 20, BHRETERINL TV
#%@%ﬁ%iﬁo)%%i’ﬁ& L7256 d. AE 2 € Z THROWRDZMT, —flithsE

Z%L<Ebﬁﬁmu

TR, EODONN—=TarThbB,

fH Dz, HBIEHEKE f eELZLITTS: f(2) =¢* (2 € 7).

MEDOR e = (") O " 13 f(nz) L RES, THEIERBIZ-> X OEET S, —
J. B (en)E. f(n)? ERET, a:= f(n) OBRIIMERSTEET 203, o IZ2RT
7259 D

—MRDEZE o DBEBFEIIBNCERL THE I 2BVHZS, w212, 3Ld 2€Z T
HX, BERIIWEET 5, £/, BLUTRLTH 2

e = ()" (neZ, zeC)

PEHATEZDT (n & 2z ZANEZ2 ), FRAPRILTE2Zd00 5
7 XX OB R TIE, BETROVEREB D ITH LT, a,b DERE o FERSINTOLRL,
WZIZ, 2 € Z THNUX o* FREFRTHD, e = (") WV I RUIZ D ZHERZR720,
BOFTT. — D acC\{0},be CIIMLT a® ZEFKT 2. ZHUI beZ TRWVIED
ZlTHZ, WRIZ (e")° D 2 € Z THRVWIRDZETH 2, —77 (HALPITEVWITHEHERL
TEL L) e = f(n2) 3—liTH 2, WRIT ™ = (") IFMD LTz, m
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INE]

BRE 28. BIZIE 21 =2 = €% T 2L, Argzy = Argzy = ETHDBN, 2120 = ei% = et
THE05, Arg(z122) = -3 (2 & (—m, 7], 2 € (—m, 7] ITHER), WRIZ

3
Arg(z + 29) = —g #+ g = Argz; + Arg zo.m

MRE 29. (HEfEH)

FRE 31. WWW IZB K PDF IEEDL W,
BRE 32. (MEROA, MREUERP, )
BV,

6 6

(2) z=+6e 1™
REE—BNTRL, 2=6ei™ L LTHEWV,

1
(5) Logz = §log6 - zm' H %X Log z = log v6 — zm'
EREICHTEIELLEZON D ADZ WD, HIRGABRTIE Logz = $log6+ 2mi LW HE
R T 5, =

2= (x4iy)® =2® + 322 iy + 3z - (i) + (iy)® = 2° — 3y® +i(32%y — )
TH225. ulz,y) =2 — 3zy?, v(z,y) = 322y — .

1 1 _ 1 2=y 1= 2iay

2+1  (r+iy)2+1 22 —y2+1+2zy (22— y2 + 1)? + da2y?
TH2H05

u(z,y) = v(w,y) =

(2 — y2 + 1) + da2y?’ (22 — 42 + 1) + da2y?’

1 , , 1 ) ) ) , 1 , ,
- (ezz + efzz) _ - (ez(achzy) + efz(x+zy)) _ = (efyem: + ey671x>
2 2 2
1
=3 (e ¥(cosz +isinx) + €¥ (cosx — isinz))
= COST +81nx

= cos x cosh y — ¢ sin x sinh y.
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fRE 39.
(1) (FiEL) f OFEL - Bz e u, v & T 5,
flz+iy) = |z + yil* = 2* + ¢
TH205H
u(z,y) =2* +y°, w(z,y) =0.
ol (ZHABETDHE206)R2 TCOHRTHZ, WRIZ () WIRRETD 5,
Cauchy-Riemann R Z WMz T0F v 7 L LI,
uz(x,y) =2z, uy(x,y) =2y, vi(z,y) =0, vy(z,y)=0.
(z,y) = (0,0) DE E, u, =0=10v, 2D u, =0=—v, DD IZDD T, Cauchy-Riemann
FREADED D, WRIZ flF 2=0 THWIAIRETDH %,

(z,y) e R*\{(0,0)} DEZE, 240 FREy#A0TH2, 240D EF u, vy, y#0
DEEF uy # —v,. WITNDEE S Cauchy-Riemann HERIIKD 72780, @ 2T
BEOD 2eC\ {0} IZBWT fIIMaAIRETIE AW,

(51£2)2€C,heC\{0} T2 =

flz+h)—f(z) |z+h?— 12> (z+h)(z+h)—2Z 2Z+zh+hz+hh—2Z

h h h h

+Z+ h.

=2z

= =

|h|=|n| THZDBH. h—0DEEZ4+h— 7z DRI

lim
h—0

fz+h) = f2) DR < lim zﬁ DR,
h h—0 h

hDERRSE h=hTHEH,E L =1 h PMERESIE = —-h THEH,E 2 =1,
W 712 Tim LRI LR,
h—0 h

(a) z #£ 0 THIIX Ilzin(l) UGy h])l — /) BICRLZ2WDT, fid 2 THITATRETIE R W,

(MzzO@Z%f@+2_f@:dr+OM—MDT%5#%\f@OTFﬁﬂ%T
H 5,

(ZDHE2Z. (W DPEBOGE. MEBROEELE X %K T) fi/ad Cauchy-Riemann
FERXD 1 0B HEITE NV, HEDRBVIIETIERVO2S, EHAZES, )

(2) (L) f(2) = e* DFEB u, B v 1X
u(z,y) = e"cosy, v(x,y)=e"siny.
EBICREZTCRTH 205 (8)MAAHETH 5, F/=
U, = e cosy, u, = —e*siny, v, =e"siny, v, = e®cosy
TH 575 Cauchy-Riemann FRERDE D LD, WRIZ f & C TIEAITH 5,
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TTIWWRLTH S K52, EHIBIEL ficxLT—/Hic
fla+yi) = us(2,y) + v, (2, y)
DR D SLD (f = uy + iv, = 2(uy + ivy) DIEFED)e BRI
f'(x +yi) = e’ cosy +ie* siny = f(x + yi).
ThbE f(2)=f(z)=¢. m

(7714 2) BHEIBEHBEIBUCOWTHFEEGEANIGEF L TH 2 DT, {EED 2 € C, h € C\ {0}
W LT

f(z+h)—f(z)_ez+h—ez_ezeh—ez_e el —1

h h h h
h = hgy+ihy (hy,hy €eR) 2BLE, h—>0DEE (hy, hy) — (0,0) TH S,
eh -1 1 . , R+l
. —1:E(eh“f(coshy+zsmhy)—1—(hz+@hy)): T
7L
R::eh”coshy—l—hx, ]::ehxsinhy—hy
EBWV,

R=¢"cosh, —e" 4+ e — (1 +h,) =e" (cosh, — 1) +e" — (1 + hy,).

el = O(hy), cosh,—1= O(hi), ehe — (1+h,) = O(’%i) ((ha, hy) — (0,0))
THHh5
R=0(2 1) ((heihy) = (0,0)).

Ed
I = e sin hy — sin hy +sinhy, — h, = (eh“” — 1) sin hy + sin hy, — h,,.
¢ —1=0(h,), sinh,=0(h,), sinh,—h,=O0(h)
THH0N5H
I =0(h;)O(hy) + O(hz) ((hg, hy) = (0,0)).
\hohy| < B3+ h2,  hi = |hy| (h3 + h2)
THH0N5
I=0(h2+h2).
W Z A2
el —1 ‘ O (h2 +h2)
—1l|=——=—ZL =0 (/h2+ 12 ((hg, hy) — (0,0)).
h 2+ D2 < y)
W Z A2 .
et —1
= b
Wz Az
llmf(z+h>_f(z> — 7.1 = ¢~
h—0 h

WRIC f 13 C TIERITH D, () = . (BRARDPEETH S, )
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FRE 40. p = <£1> 3% e GBI DOMDTELD, %u(go(t)) =u'(p(1))¢'(t) = (ug uy) <<p
2

(0 0) (iléii) — 0. WRIT u(p(t) FEBBETH 25 5. ua) = u(@(0)) = u(p(1)) = u(b).

W2 uw IZEBEBTH S, =
MRE 41.

fb)—fla)=e""-e"=1-1=0.
AW fl(2)=e*#0(2€C) THS05H

f'(e)(b—a) = e*(2mi — 0) = 2mie’
FEATR ce CITHLTH 0 IZHHZNDT

f) = fla) # f'(c)(b—a)m

BRE 42. —fRIZIEZZ S TRV, up = vy, uy = —0, DD Vo T0WEIEE U:i=0,Vi=u &
Bt

Up =0y, Uy=wvy, Vpo=1u, V,=u,
THE3H01H

Up=v,=~uy,=-V,, U=v,=u,=V,

TH506, U, VIZET % Cauchy-Riemann /TR
U = ‘/ya Uy =V
CIEBVIES, »

BRE 43. v &V D u, = v, =V, uy = —v, = =V, ZWieTROIE w = v -V &
w, =w, =0 ZH7ZTDT, wlFTERTDHS, 2B v W DEIEBTH S, (a,b) €
ZEET D & ERD (2,y) € QITHLT, (a,b) 2R, (z,y) ZRRE TS Q NOHES
DR AR C T LT

v(z,y) = v(a,b) + /c (vpdx + vydy) .

Cauchy-Riemann /JRERDIL D 7074 51

v(x,y) = v(a,b) + /C(—uyd:r; + uydr).m

FRE 44. (1[0 SWEENAIZES 7212, LIRS K RFIZIEABICLTBEE T, )
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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)
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BRABOTETVARRDNT 2 R2DD, EXZHFVTEL, )

e
T A3 (£ — HEROC LEFEICNS WS Bl 53D LERD ?)

(1) X ZfitHZ, A %2 X OEDEE. ae X 55, ad A DERER (an accumulation
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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
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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
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n—00
n=1
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Wz 12
3
|s — sn| < 5
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n=0
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N J
iEFA HIRZ .
= Z CLka
k=0
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BRI I THD, D 2= R TIWHT 2 WIRED» S, lim f.(R) = f(R) DI D 3D,
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z€la,00) a
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T, DD
/ x)| dx < oo, li_>m g(x) =0
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A

[F(R)g(R)| < M |g(R)| =0 (R — c0),
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HBNE DL—BRILL T, EED c € [a,00) IR LT,

/C o

) dxr| < sup

x€[c,00)
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ML BB ONLZS, LrbRD R Ems 5,
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- _% > (Z ; 1) =-> (z2;+11)n (K < (2 —1)/2| < 1 < z € D(1;2)).

n=0

f(z) =
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E|z—¢ >RTICRL., |z—¢]<RT

) |2 —c > R
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A9 arctan=tan"! D 0 DEHDHD Taylor EH

[:R =R, f(z) =arctanz (FMH) &5 5, f D0 DEADD Taylor R Z WAE 7 DRIGEKIS
JTRDTAL I,
%3 fM(0) (neN) ZRD LI,

By
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Leibniz O EHEHWT, W% n BT 35 &,

n

> (Z) A+ 2B (f(@)"H =0 (neN).
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k>3 LT (1+22)0 =0ThHd15
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I REESREEICOVTHL &
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(1) 12k)! (n D3EE 2k —1 DL ).
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n—1
_ (_1)k k n ; t2n
_22k+1x2 T ) /0 Tyt

k=0

—1<z<1%Z5iX

z g2n || $2n |z| |x|2n+1 1
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BNz DIFFRES LW (Abel OEFEEID BMHERITR S FTIHEAR),.
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AU BB TEE OFICA - TWRWA (MHZERGROARIC S ErR TRV L2
2\, DEfGE 2D JHATERS 2 S 1 350EAS ) 2 WS EHE O B AU EICHRIR T 5, Z
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EiT Qo ZBHEATHZ, EREFEED € Q IHLT, 2€ Q22 QIXHESTH L2056,
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a PEEOFERE T2, EEE 2 . 2z < 0 TREEERINLZVWIEZEVHZES,
MERER 2 LT 22 13,
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J
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HBEMD» S, /NS WVERD ¢, §, TORZFWERED RIIH LT,
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Co 1) 0

7272l 0=00Dt % (Re")* = R* 0 =2r D& X (Re¥)® RO‘ mei » BIRT (25T B M
BT [0, 2] L ooE#REREIRIC R D . BT DPCRBEZ T H 5 ),

2m ) ) ) 2w ) M
/ (Re™)® f(Re™) - iRe” d@' < Ra“/ | f(Re”)| do < R QWﬁ
0 0
2mM
=S 0 (R oo),

—C3 120 2 BHED IR
R
/ 2%f(2) dz z/ (te(Qw—é)i)af(te(Qw—é)i) L o2T=0)i gy
—C4 -

= e(2r—d)aip(2m—0)i /R tof (te>m ) gt = ¥reiem(Ita)d /R tf (te™%) dt.
§=0DEE, tele, R ITODWT—RRICt f(te™®) = tof(t) TH R0 5,
/C 2 f(2) dz — ™ /Rto‘f(t) dt
—Cy 1210 5 BRI
/C 2f(z) dz = /62W_5(€ei9)af(€ei9) —ice df — /O%(Seie)af(sew) ice® df (5 — 0).

U:L f=0DLE ()= =21 DL X (ec¥)* =¢ eQmi YART (£5F 5 L iE
ST BEENZ [0, 2] L@ﬁﬁ%ﬁaﬁu_ﬁ D, HEDOICRBEZZ D 5),

2w /

o ‘ , , M
/ (ee)* f(c€®) - ice™ d@‘ < 50‘“/ ‘f(se’g)‘ df < et .op—
0 0 €

=2tM'e* -0 (¢ —0).
¥, ) TI—=02LTHD, e—=0,R—00 LT,

/0 £ F(#) dt — 2 /Ooo (1) dt = 270 S Res(=2 f(2); o).

c#0

/0 T p(e) dt 1 fzm S Res(=*f(2);c)m

c#0
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kR4 LoitHERELERZE, § 20 DE =

/01 29f(2) dz — /ERtO‘f(t) dt,

R

/_C[ 2°f(2) dz — 62”‘”/ t*f(t) dt

b, Y553 LTRFEUHED [, R LFOBITH 22 rhrbb 3., HARVE
WV, 5IWTHHBHEHLEDLRWE ZIARIVTH S,
PIRDOFENRZ BN EET 3 L,

R
2mi Z Res (f(2)logz;c) = / f(2)logz dz = (1 — &*™) / f(z)dz + FIRIE.
c Ce,r 0
(TS C. g IZRITHEIK DHfEHL, )

> gt T
dr = — .
o l+4+=x sin o

Bl C.1 (2B TV oTNE, 0<a<l EIRETZ2DH7R7?)

<o xe 2mi z“ 2¢
dv=——— (R i) + R ;—i
/0 1122 x 1_627“”( es(1+2272>+ 68(1—1—22’ z))

27 (67rai/2 63#&1/2)

BlClo<a<lodrx,

1 — e2rai 21 21
T (eﬂai/Q _ eSTrai/Q) T
1— 627rozi T yiyes -
2 cos >

Z DHNZDOWTIE, Mathematica, Maple 3 C & @7 { FHRT % % (£ 24 Integrate[x~a/ (1+x72),
{x,0,Infinity}], integrate(x~a/(1+x~2) ,x =0..infinity) E AT %), =

m 7. (Ahlf 174
i (Ahlfors p.174) /0 2

C2 EEBMOLESLEOES / " ) da
0

TN T 2 0REE > TORVWALZ WV, ZLORIZHZ DX, [ rHEEHTHI L &
(ZAUIFRWRATH 270, BHHEPIILZ DL IRoTLE D).

/Ooof(ac) dxz%/_if(w) dx:%-Qm' Z Res(f;¢) = mi Z Res(f;c)

Imc>0 Imc>0
3200, RIFMEEAK TR WY fFILTdH, HEERCTHESZRD 2 Z L HEK 2,
FRICGEHOELOREE T2 L. 2 € (0,00) DFED

(108 2) ppn e omm = (108 2) Lpmmn e omm + 270
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20 I ER LTRSS
R
27i ZRes (f(z)logz;c) = / f(z)logz dz = —27m'/ f(z)dz + FIRIE.
C CE,R 0

(FETH C. g 1ZXTHEI K DAfEHL, )
4 N

S8 C.2 (HEEBOLERLOES) f(-) — %2 T P().0() e Cl,

deg P(z) > degQ(z) +2, Vz €[0,00) P(z) # 0 72513,

/Ooof(ar) dr=— Y Res(f(z)logzc).

c€C\[0,00)

7272 L log & Imlog € (0,27) TH 2 X 57277k 25, )
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: ).

ceC\[0,00)

§—> 0Dk, .
f(z)logzdz — / f(t)logt dt,

C1

R
— f(z)logzdz — / f(t) [log t + 2i] dt.
Cs e

WZIZI—0DE X, .
/ f(2)logz dz — —27rz'/ f(t) dt.
C1+C3 €

/20 —-00Dk %,

21
f(2)logz dz — / f(Re)(log R 4+ i0) - iRe™dp,
Co 0

2T 2T
/ f(Re)(log R + i6) - z’ReiadH’ < R(log R + 27) / | f(Re™)| db
0 0
M
< R(logR+2W)-ﬁ-2w—>O (R — o0).
[ Cy LoD D e 20D E 0 WRICRT A9 0 5%, ®DXIT

—2m’/ f(t) dt = 2mi Z Res(f(z)log z; c).
0 ceC\[0,00)
W% —2mi TH|- THER 2152, =
7 - 2B [49] pp. 160-163 121,

| s@ie= o [ etog-s ds == 3T Res(7() Log(—2)).

cl¥ f O
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CENTHS, 2T CIEEMOIEDED ZIED M X I HEMMEAMRE T, C BXUZDON
BB (ZEHh oo IEDH 7 DBhES) TIERIE 725 X 5 I1TH S,

DRDOIY T2 WBEWBEHH L2 THETD & 512 (7). FEfE (principal value) Log % T
W3 (ZOHRDOD Log(—2) DEIBRDLIALDOHLVWHDZRES Zi12kd — avBa—
R — 7 d S RHIER R D2 ? ),

FRZ T N THOHAIMR T H AR,

/0°° f(x) de =— Z Res (f(2); ¢) Log(—c).

clE f OfE

Bl C.3 1= /” W2 d 7 b BB B OTERICHETE 5 L, MECERE
0

2 +1

WL THHEBEBTH o oamd 122 25 Z L BHK 5 D3)

logz logz
I =— Z ReS(ZQ—H’C) ZRes<22+1 )

c€C\[0,00) c=1,—1

i, =i X 1D THZ0 5,

logz . ) . logz log 2 Ti/2 7
Res(z2+1”> e s Sl [ TS
logz . log z log z 3mi /2 3
R - - 1 fy = ——
es (22—1—1’ Z) zgr—lz(z—i_z)ZQ—i-l z—i|,__, =2 4
lob d
T 37 T
_[ — — —_— — _ —
<4 4> 2"
#l C.4

3 +1=0 @*E&i y = e7m'/3’67rz"65m'/3 TH 3D 5.

log z log z
I =— Z Res(zg+1;c>:— Z Res(zg—_{_l;c).

CGC\[0,00) C:eﬂ’i/3,e7ri’€57ri3

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 {BEE x (logx)" ﬁ/ z)(logx)" dx

(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 dl’+i7l’/ dx = 2mi Z Res(g(z) Log z; ¢).
0 0

Imc>0
Logz iZWbw 2 £fH, F74b5 Im(Logz) € (0,27).

* logx WloaHﬂ
g 2 R

Bl C.2 a>0WHLT, 1:/ dr =

o x2+a? 2a

< logw Y | Logz . - -
2/0 R da:'—i—'m/o md:c—%mRes(m’m):E<1Oga+§z>

XD, . 1
/ 0BT gy TR0
0 T2+ a? 2a
<] 1 —-1) ..
B C.3 0 >0 THLT. z:/ _logz _, _mlogaz ) e
o (22+a?) 4a?

< > 1 L
2/ L%d$+27f\/ ﬁda?:%riRes (%,m)
o (z%+a?) o (22+a?) (22 +a?)

d , Log z
= 2 7 <(z — za)Q—“>

(22+Z) 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

B C.5a>010f LT, 1:/ logz_ . _ m(loga—2m/V3) SR

o a%+4al 3ad

2
2mi Z Res() (2 loga — %gw + Zﬂ')

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, EHIIZ M [15] A DT h o7z,
a<b&TBExE,
d(z) —Log

-
X z=0a,b ZRIRE T 5, FEOWEDN L, (C\[a,b]"CIEHU“CZééo x € (a,b) &I 3L E,

) = —2m
z=x—1€

THb, fH[a,b D (CIZBF)BERE D CEAITHZ &, C % [a,b) ZIEDMAZIZH
2 D NORXHNCTE & 272 AEAfhR e 32 .

b P
[ r@ s = o= [ e mos =

AL— R TRoThb, fOEHEBEKT, [o,b]) LITELZRVWE T2, KOENZHE S 272
HifR O T, ZADFOHEED f OMEEZET. [0, 2B XS BROODEET %, x € [a, ]
WX LT,

fz)

27rz Cz—:c
THDE0 56,

/f dx—/ (2m 0% )dx:%/cf(z)q)(z) dz,
).:/a zd—xx:Lng:Z

CREAEA “REL” LTWL, fOMc 2R 5T CIHETDEIZZEDZIINY, B
ZENHERW, . TOREWEED R LT,

— Log

z=x+1ie

lim (Logz_a
z—0b

el

—b

flx) = o—

/ f(z Res (f(2)®(z);¢) + L f(2)®(2) d=.

cE(C\[a ] 2 Jjo\=r
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200 DEE, B(z) :Logi:z S0THBIE, f(2) _OG) (z = 00) THBZ L
B, R0 DL & F(2)®(2) dz = 0. @ ZIWZRDEH RS,
|z|=R
a N
EE C5 f(2)= ggg, P(z), Q(z) € C[z], deg P(z) > deg Q(2)+1, (Vx € [a,b]) P(x) # 0
ETHEE, ,
/ f(z) de = — Z Res (f(z) Logz;z;c) .
a c€C\[a,b] 2
\_ J
il C.6 1
dx
= /1 4+ 1
ZOHEIF O(2) = Logit; cWA+1=0DRTHZE X, clI f(2) = o D 1D
ThHh.,
1 c c®(c)
Res (1) = 8(e) Res(fi6) = B(e) gy | = 0le) g = 0le) g7 = =
THE05H
1 s
I =— N _HZZ_H N Res (f(2)®(2);¢) = ELog (1 + \/5) + ﬁ

C

V2 V2 V2 V2

(B0 & = 2 EAMY T N e h, BB L 5% AR EZ5, ) n

C.6 *Eoft BRERSD

5l C.7 (Fresnel (7L xIL) OFED) f(z) :=exp(—22/2) D C :=C, +Cy+ Cs, C; =T x,
Cy :=Tx a1ix, C3 :=Lsixo (X € (0,00)) IZIHo TOETEE RS Z LT,

/000 cos (x2) dr = /000 sin (xz) dr = %

TR,
(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.

107 Augustin-Jean Fresnel (1788-1827) D% % itk X417z Fresnel B C(z) = / cos (t*) dt, S(z) :=
0

/ sin (t2) dt D x— oo TOMERTH 3, Fresnel (XD EFHT O FH W=,
0
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Cildz=2(re0,X]) EXTX—=RXR—DIFTED0bH.
X 2
f(z) dz:/ e~ /? dx.
Cq 0

v/V2=t L BIT B Y, dr =2t THZDb,

XNVeoo o0
f(z)dz:/ e ! -\/§dt—>\/§/ e’
Cq 0 0

Cold z=X +iy (ye[0,X]) ¥R RA—R—STE 3,

ro] 3

2 XP -y 42Xy

5 = 5 , dz=1idy

THED D, .
f(z)dz = / e~ (XPVHRAXD/2 G gy
Co 0

)e—(X2—y2+2iXy)/2

=2 (X2 )= (X +9)(X —y) < —X(X —y) THE2b,

X s X
S/ﬁewxﬂvmyg/‘gxaww@/
0 0

0 X 5 <
= / e Xt/2 (—1)dt — / e X124 — {__ . e—Xt/2:|
X 0 X

0
2
=—x <6_X2/2 — 1) =0 (X — 00).

—C3l& 2= (1+i)t (t € [0, X]) TR =R —=DIFTE S, 22 = (1+i)%? = 2it?, dz = (1+1)dt
WKWHERLT

f(z) dz
Co

b X
f(z) dz = / ot (I1+4d)dt = (1+ z)/ (cos(t?) — isin (%)) dt.
—C3 0 0
MExedT,

(1+4) </0X cos(t?)dt — z‘/OX sin(tQ)dt) = ﬁ/OX/ﬁe‘tQ dt+/02 f(z) dz — \/g (X — 00).

WZNIEHAD ZODETD X — 0o D& = DOHMIR S 1FEIEL T,

%0 o0 1 1—i
/ cos(t?) dt — z/ sin(t?) dt = 2= Z\/E.
0 0 2

1+i\ 2 2
Kb, B E A - T

/00 CoS (t2) dt = /Oo sin (tz) dt = ﬁ.l
0 0
ffl C.8 Va e RITH LT,

2 _ .2
e T T2 — 7\ /7.

—00

FEHE, MEER 2L - T,

/ e cos(2az)dx = e~ /T, / e~ sin(2az)dz = 0.
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DL %R,
(FRE)a=0 D BRZRIAONTERTH 2 (WA FOHEBEICH >TVWD), [LFEME

BOHEZD S DIXHSITH S ( e / e dr < 00 THBH B, HHHT

ﬁ?é%a>O@%éiﬁ%?ﬁ@+ﬁfﬁéit%§gmﬁbéM<O@Z%\a@ﬁb
DIZ Ja] IZ2OWVWTEZIUIRWV),

f(z) = exp(—2?) £BLsa>0, X >0RNLT, O :=T_xx, Oy :=Txxyia, C3 :=
Cxtia—xtias Ca =T _xyia-x, C:=C1 +Cy+ C3+ Cy &BL, fIFEEET. O 1ZPAMMHR
THIh b,

—2r244
e r°+i2ax

Oz/f(z) dz= [t det [ feyde+ [ f&) de+ [ f2) de
C C1 Co Cs Cy

/f(z)dz— f)ydz+ | f(z)dz+ | f(z)d=.
—-C3 o} Cy Cy

Cildz=z2(re[-X,X]) ERXTAXA—R—DIFTEHDT,
X 2
f(2) dz:/ e " dx.
C1 -X
Cold z=X+iy (ye0,a]) €T RXA=R—=DIFTZE, —(X +1iy)? = —(X? —y?+ 2iXy)
ThHhIHN5H, .
f(2) dz:/ exp [—(X* — y* + 2iXy)] - i dy.
Cy 0

X>a 8RETS L. ye[0,a] ITXLT,

Re [-(X? -y +2iXy)]| = (X’ -y ) = (X + (X —y) < —X(X —y) < —X(X —a)

ThHhIHMbH,

a

S/ jexp [—(X? = y* + 2iXy)] | dy :/ e dy
0 0

f(z) dz
Ca

< / e XX gy — ge= X9 50 (X = o0).
0

FREIC LT,

f(z) dz
Cy

—O5 1z = +tia (v €[-X,X]) ERFA—X—BITET,

—0 (X — o0).

exp(—2°) = exp [—(z + ia)’] = exp [-2® + @® — 2aiz] = e e (cos(2az) — isin(2ax))

THDE056,
2 X 2 X 2
f(z) dz=e" (/ e " cos(2ax)dr — z/ e’ sin(2am)dm) :
—C3 —-X -X

DElzgsedse,

2 X 2 X 2 X 2
e? (/ e ” cos(2ax)dx—z’/ e ” sin(2ax)dm) :/ e’ dx—i—/ f(z)dz+ | f(2)dz

-X -X -X Ca Cy

— V1T (X — 00).
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W 21T .
/ e~ cos(2ax)dz = e~ /T

BB, COLRBETOEEZDODDIFHOS L TH D, EESEEL TR THEZ 5

/ e~ sin(2ax)dz = 0.

o0

HEHENNE—DIF DT, o
/ e e dy = ¢\ /7.

Bl C.9 n,meN, m<n LT,
00 m—1
R
0 1+am sin(mm/n)

FRZIE O D TH 505 (LN O T BB DID 7753 n WKIFL TWA DT, TREZE
HE2D3H LV, ENRICHDDD ., Z2LDTFAMIH - TWAHITH 5,

/OO de  « /OO / B
o l+a2 27 J, 1423 3vr 1+t

x4

o dx B s
/0 1—|—JIJ5‘_4h/2_\/§7
V2)m

2

/°° dv 47 o

o 1+ 5y/10-2v5 o 1+x6_3

/w dv  (V5+1)rm L/w dx (V6 +
0 0

1+ 210 10 1+ 22 1

B, HHEE r € (0,1) WXL T8,

< 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

ISHRR T THHILT 5, RTHIDHTIETRT,
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Cildz=z (x€[0,R]) L RTA—X—(FIFITEZ25,

R R xm—l
le(z)dz:/o f(x)dxz/o T dx

Co 1230 2 FFE D /
2n/n
f(z) dz = / f(Re™) -iRe™ df
Ca 0

TH2, HDIIER M, R* BEFEL T, [f(2)] < M/|z)* (|2| > R*) &\ 5 FHliRE D LD D
T. R> R 1L T,

27 /n A M 2 /n 20 M
0 _
g/o | f(Re )\-Rd@gﬁ-}%/o df = —— =0 (R — o).

f(z) d=
C1

—C31F 2 =tw? (t €[0,R]) £ T X=X —{JIFHKZ 5,

R R 2fm—lw2(m—1) R m—1
f(2) dz:/ f(tw?) - w? dt:/ —_— W’ dt:me/ dx
oA 0 o 1+ trwn o l+an

(1) WARALT,
(1—w*™) /R o de+ [ f(2)dz= —27m'£
o l+am o n

R—oo &35, FlEH 2 0 1TPCRY 2 DT, 5 1 HOMIRAHFE L T

o) m—1 m
(1— w2m)/ ’ dr = —2mi—
0 142 n

DD LD, W RIT

/°° xml —2miw™ w21 T
dx = = — = — i
o l+av n(l —w?)  nwm™—w™™) nsin(mr/n)

il C.10

q q q q % pa! T
r(fr(1-4)=p(%1-7)= .
(p) ( p) (p’l p) llé T+ 27"~ sin(rq/p)
BUIDESIESLR B(a,B) =)L (B)/T(a+p) & I'(1) =112k 3, ELREDFESIZ.,

Foflicksz, UF. BAFDOESEZRT,
T3 P =u WO E#HEHWT,

00 q—1 1 oo ,.q/p—1
(98) / v dr = —/ Y du.
o l4ar pJo 1+u

—J7. N— BB DERN

1
B(p.q) / (1= 2) de
0
CBWT, o =t/(1+1) LERERT 5

(99) B = [ (ltp—_ldt

+ t)pta
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PEH s, THhb

[e'e) qfl 1
/ ’ dx:—B<€,1—Q)
o l+a? P \P D

HEOLND (BEATOEFES DD D),
PZMEDRERIC X 5T, Vo e (0,1) iTxfLT

Ix)r(l—=x) = Sn(ro)’

fATHEREIC K o T C IR THALT %,

e~ ? O ez/k

(v 1& Euler DE)

z o 1+z/k
XD,
e~z VA o0 e?/k 0 ek 1 0
I')ria—z =-—
()I'(1=2) 22 Hl—l—z/kHl—z/k: 22H1 z/k
k=1 k=1 k=1
W 21T
. T 2T 2 = 2
sinmz = ————— = —72 1—(z/k)*) = -7z 1—(z/k)°) m
)T (—2) E( ) g( )
il C.11 _
I :/ logsin @ df = —m log 2.
0
> log(1 + z?%) 7r

dr (0 <a<?2) (&

9 9. (Ahlfors p. 174) / )
0

rlta asin(am/2)

D EHREBoEH

FAIOMENZ, BIEGRH Z LA DITRBEART]RE WV DI TRBRVDEZTNE, HloTWwd
AL ODT, BWHLICSWHIETDH %,

FHRBOMDRNATHBEL TW202 BRI DH 25, HBHTERI o7 (fc#K->T
WD 0Tzl ? ),

D.1 EREOINE — FREOEDREFRI

£, g B c DIEETIEAIT, flc) £0 DL &, F = % 1% c OB TIFRITH %, B
DEEX. f, g, F OENEEFE DR OENICEBRAIE S5,
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4 N

fidd D.1 (ERBOBDOE) —fic. 0 OEFICEHIT 2 NRFEREL

f(z)= Zanz”, g(z) = Z b,2", F(z)= Z Cp2"
n=0 n=0 n=0
LT, F(z) = % P SBIEN BB L E (IS £(0) £0 BIELTWOS).
bn - Zakcn—k:
b _

(100) co = a—z Cp = ’“—alo (n € N)

DD LD
\_ /

(100) % c, ITOWVWTOHBEREEZ S E, n=0,1,2,... DIHICEZIHETZ Z e ZHRL
X9,

G g(2) = f(2)F(2) TH 206, MK BUZ DWW TR D 2D

(Adog+ A1+ A+ ) (Bo+ Bi+ By + -+ ) = AgBo+ (Ao Bi+A1 Bo)+(Ag Ba+ A1 Bi+Aa By )+ - -

ERASPR5}

IHB g(z) = by EELVOT, FREEILEL T,
n=0
by = ayco,

by = apcy + aco,

by = apcy + arcq + asco,

b, = apc, + Z apCnr (n €N)

k=1
BELNZNE, E2rb
bn_zakcn—k
b by — by — arcy — -
CO:_O’ 01:1 CL1Co7 o = 2 — 1€ 612007 e ey = k=1 (nGN).I
ag ap ag ag
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D.2 Wronski DT

Wronski DA E WD DD 5 % 572 (https://math.stackexchange.com/questions/1264615/
inverse-rule-for-formal-power-series),

oo; = f: bt"
Z antn n=0
n=0

aq Qo 0 0 tee 0 0 0
a9 aq Qo 0 ce 0 0 0
as (05} aq Qo cee 0 0 O
=
(101) bn = "—r
0
Up—2 Qp-3 QAp4 Qn-5 -~ ap ag 0
p—1 Qp—2 QAp—3 Qp—gq4 -+ QA2 Q1 Q
ap  OGp—1 Qp—2 GQp-3 -+ dg a1 Q)

Henrici [50], Theorem 1.3 IZ# > TW5 &2 (BB, Henrici 2. 2 WKL),
TEARIIA Y FAVTT 7 RRATED L

M. H. Wronski, Introduction a la Philosophie des Mathematiques: Et Technie de
I’Algorithmie, Chez COURCIER, Imprimeur-Libraire pour les Matheooatiqtte, quai des
Augustins, n° 57, Paris, 1811

https://gallica.bnf.fr/ark:/12148/bpt6k6225961k

RIS HR Iz & ZICTARTA LD QIOR=JDARDE ZIZH > TWVWBEDRH ), “quai
des Augustins, n° 57, Paris” I&HRAEDEFR S LW (2 W5 Z 8 % ChatGPT IZHZATH H -
T. Google Map Tifi7bh L7z lEATVWET),

D.3 tan OBEHRBERDRVIOBIEZ KD B
f(2) :==cosz, g(z) :=sinz & C 2R TIERIT, f(2) =cosz #0 (Jz| <7/2) THEH b,

sinz  g(z)

Fle)imtanz= o2 =45
% 2] < g CTIFHITH D,
FO=Y 0 (<)
Y Taylor BHAHK 23T TH 5. _
FEBR, RKT7.16 THEN LI X 512,
Bernoulli % {B,} %. ezz_ - = ni_o% %z" TEDB L X,
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
i D.1 O (100) ZHOWTEHELTA L I,
cos, sin D 0 DFHH D Taylor FERH

_ - (_1)n 2n : _ = (_1)n 2n+1
cosz—z (2n)!z : 81nz—nzzo(2n+1)!z (z € C).

n=0

EEBERTE LTHW S, |2 < 7/2 Tl& cosz # 0 DI D ILDD T,

R SR TR TS U SO SOOI
tanz = — 0 120" 5040 .. 6 120" 5040 (2] < 7/2).
1—522+ﬂz4—%26+--- 1—522+ﬂz4—m26+---
HFIADE 1 DT 2 ZEROIEH D DR - 771, 2° OFAINTH 5 DT,
1—122+%z4—%26+~~ o o
e

2 24 720

Y REZETTHS (tanz EFEEL O THEEROEIRAZ L, ©2IC ta:z ICEFER D
BN, EWVWS e ThH5), w=22 £BL L,

1 1 1 1 1 1
2 3 2 3 2 3
(1= Z - — e ) = 1 — St — e —
(ap+ayw+asw+azw’+- - ) < 5 + 5 ¥ + ) 6w+ 720Y " E010” +

5
ag = 1,
ao . 1
2 +af1 — 67
Qo ay 1
24 2 77T 120
ag aq (05} . 1
720 24 2 TP 5040’
ErBEIC
ag = 1,
1 Qo 1
ag=-=-+-=7,
6 2 3
1 aq Qo . 2
7 120" 2 24 15
1 a9 aq Qo 17
as - = = o
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W Z 1
tanz:z+lz3+£z5+£z7+--- .
3 15 315
DFTIETH#EBASICE WS Fur oI v VEETTur 7 22 L T, R LTA%S,
L BWVEGED, FIETFIERfHREL DT EV AL —2a YDHEDH S, it BASIC
PRALZEAZ. UFOZ s 7ul s ADEBHEL B2 5TH S,

o it BASIC TlX. BEEGIENARETH 5, 53572012, Fu T LADHENNIT
“C OPTION ARITHMETIC RATIONAL ¥ EE7T %,

e cos, sin @ Taylor B ORENX. H@EIX#H{LXTEHET 2 D EIZ2, 3 BASIC
Wi FEREE T ~ . BEREFITRE T 2BEB FACTO PRI TV,
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e cotangent.bas

OPTION ARITHMETIC RATIONAL
DECLARE EXTERNAL SUB INverse
DECLARE EXTERNAL SUB conv
LET maxn=20
OPTION BASE O
DIM c(0 TO maxn),s(0 TO maxn),IS(0 TO maxn),cotangent(0 TO maxn)
FOR n=0 TO maxn

LET c(n)=0

LET s(n)=0
NEXT n
FOR j=0 TO maxn/2

LET c(2*j)=(-1)"j/fact(2%*j)

LET s(2*j)=(-1)"j/fact(2*j+1)
NEXT j
PRINT "z/sin(z)"
CALL INverse(s,IS,maxn)
CALL PRINTc(IS,maxn)
PRINT "z cos(z)/sin(z)"
CALL CONv(IS,c,cotangent,maxn)
CALL printc(cotangent,maxn)
END
REM - -
EXTERNAL SUB printc(a() ,maxn)
OPTION ARITHMETIC RATIONAL
FOR n=0 TO maxn

PRINT a(n)
NEXT n
END SUB
REM -
EXTERNAL SUB INverse(a(),b(),maxn)
OPTION ARITHMETIC RATIONAL
LET b(0)=1/a(0)
FOR n=1 TO maxn

LET s=0
FOR k=1 TO n
LET s=s+a(k)*b(n-k)
NEXT k
LET b(n)=-s/a(0)
NEXT n
END sub
REM -

EXTERNAL SUB conv(a(),b(),c() ,maxn)
OPTION ARITHMETIC RATIONAL
FOR n=0 TO maxn

LET s=0

FOR j=0 TO n

LET s=s+a(j)*b(n-j)

NEXT j

LET c(n)=s
next n
END sub
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N

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

E Cauchy OFBE7TEIE Bl
E.1l ®5—EiRDES
Cauchy DFEDEH X, HHLFI L.

~ Cauchy DFETE M

N

ERFHNOMR ¢ . ¢ o ke, ¢ ORTHEFHCIERIZBER f iTxf LT,

(Lf@ﬁk:Q

«3ﬁﬁ@%ﬁmf@%ﬁﬁﬁ&ﬁh@/ﬂ@pﬁ:m
C

a

W FIRTH 5,
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T C/ C/

23:/f(z)dz:0 24:/f(z)d27é073”6 25:/f(z)dz;£07b“6
c c c
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TN o HELAGRIE N,
e MOBOE (0o X HICHBEMLENEOND)

f DSIERIREFT O 23 Cy 1 TATBIERS ) o3, [ f2)dz= [ f(2)d=
C 1 C2

C. k _<,Cl
¥ o " / i N
( J [ O \J
\ AN 2 \ \_/__.___h_ a/
26: f(z)dz= / f(z) dz 27: f(z)dz= [ f(z)dz
C1 Cy C1 Co
C
r ol E"{‘

/‘;"“\, e
LY Ci = -"'___“—-..___/IJ
\\., "

28: JH: f(z)dz= [ f(z)dz+ | f(2)dz
Cq Co Cs

LIAN T WS Z e 2HFENCEREL XS 352, BEAMCHEH LW, RITHIWT
LEZBHALLICARZZ2Z22d, RTRESI T2 RYLODLBVANZVDTIERNSEA
3 D

BlzZiIasa—&Z— X E LS T3, TRAUIHG ) THEELIS T I3DIX
HHTHZ (ZNTE TR0 2ELIPREH LV, 20T TR, D UMM
m3e. ANETH—HREZTITIEHM KL 125,

X 29: #ifR C 13/ T DEEZHA TV S 2 ? HIBFIZH LW,

L) 2 5T 20, ZDRIREKIT—E D TIERWV. ZD7® Cauchy DFETEMIC
F, BEON=Ya v BH 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 (BEEEEICHTS Cauchy RS EE (FE6.12 Bi8)) Q 1 C MR
SRR, £ Q — CUZIERL. C 13 Q NOXAH O Rl 52 » =

] (Lf@yu:o )

BEJE LT, Bl (M) & o R ZER v (BIEGERLIMCS K SHITKRS)
2ODEBERMRTFERZ LITIZ D,

T HGEAT T H 2 LW D BRI 3 2203, E#EICIE TEAER 72 < 72 5 K 5 & f&E
EV (O vy EnwH e TH B,

E.2 AXDOHAEICDOWT
(ZZREDEIRPFEEDONEZRD Iz WVWS, BLIRD XS RFETT, )
—[1Z TCauchy DFEZER ) , Cauchy DFEZRI WwH iy, HidtakizN—Y 3

VDB,
2D XN T 20, AEZ ETRXD XS,

L EAIMEEEIC MBI RIRETH S 2 ) EERT S (EF 2.7).

2. H#47% Goursat-Pringsheim 12 K % T=AEOxfECIERIZEE 2. BIZH - THRED
T30 LWVWHEH (I 6.1) 2HRAX—=1F 5, RED ZOFEHIFHEN L TELIR
XTHAI,

3. BREHEIC BT 5 Cauchy OFEEM (EH 6.18) ZFEIHT 5, ZAUIKFr &k < (HBED
S h L, RN EORE ) AR T, BVt H %,

%2@\¥E#6¥ﬁﬁ%%mtﬁﬁm%ﬂﬁ®f\CWﬁecugoyﬁéwﬁﬁﬁ
e LT, S ERTE 3,

4. FABEBIC BT % Cauchy DRETARN (EH 7.1) 23T 5, 20 o IERIBIOEHR
BbAn et (€8 7.4) D3 %,
(2 ZETIIHTANICHEATWS, )

5. Green DNFUZFHED L Cauchy OFEDERE (EH 8.4) N T 5.

o HDHIZIZ, Green DARFITHKD K Cauchy DR EHIZ T TINTEEEE ST
FAMBEET %o (Green DRI —MMZIGECHEAT 2 DIFKE T, WMIEDT
DR TR EH A SRR WO 3 @72 D C) HAKNT Z DR D JTITE R L 7%
W, —ATENZEHTI2ODRIBVWEEZ S, (Green DO FEHMEZ
BHHIR 2 L. #IC Green DR TIEIRMERRDE D2 WD Z e ZHiAT %
Rz 5, )

o ZOHEBEDFHDED T TIE. Z 2 FTCTIERIBBUIEREM D AIRETH 3 Z & H3EF
HTETW20DT (EH 7.4 OffiHLR). BED C RTH 2 0 H M2 IRET
B NENE TN,
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o MIRFEIUC I % IEHIBEEDY Laurent ERIHISR 2 Z & %, Green DRFUTFHD <
Cauchy DFED EM % AW TREH T %,
(IR ER KD EH D D Laurent BHIZERE T4, BRIEBIZBIT 5 Cauchy O
FED EBZ W T FICAEHT X 223, ISH%Z# 2 % & FEREE OGS IZE
AL TEBE =WV, MEREBICET S Laurent JERIZ., FEENKZ WO T, ERMHE
BUZ3 21 2E F—=FY 2/l U2 BEDPAET %, Green DNFUTFHED < Cauchy
OFEEM 2 i Z IR T 5, )

6. FEDTEE DA DWW T EICHIAS %,

(a) HHARDLAM LR B X 31T, HIFRZ N CEBINICEE L b &, ffED O
EHIXZED S 70,

(b) PRz BRI CHEBIHNC AL L7z & & BED DIEIZZED 5720,

RS 5 e THHEEREBAN ORI S #RFETI1X 01 WS, Cauchy DFETEHD
BanErt 5, ZOEHOIIAEMSR ESICEb L, KX TIEFFHL WD T, MUF
WKHTR 2 EHDFIICIIE DN, HoTHEL L2 THRBELIEL,

ZD 5 Cauchy ODFEDANAR DI OWT, BHIRIK?? THALZZ X512, 7R3 01
RBREHFDICRERT S, BVWHEEZ L EPRELEE TS, 20 HHDIEHALD %,
THUEA X =YD CTRESIRY 7205, BB 0 B3 0 & 78 5 R TiIAD THifEIZ /2 5 T
% W BEERHZERH L 72,

HEGEHIZOWT, FESDE DI AN K H 20, 266 bHHETERDT
DT R, BERINCIE Laurent O EFBZHELD £ 2 &\ 5 FECUHE T 5,

MB Goursat-Pringsheim 12 X 2 EHEZFREHTDIX. BHOMANBEBRICEEINT
W BHEDTROD S LRV, BEGEHDZ < DFERZE 1T, Green DA 5 HFEL T,

f(2)dz=0 WS IED Cauchy ODFEDEMZEZ, Cauchy DED LA D. a € D ITxf
aD
LT fl@) = o ;Egn@%f%i@éﬁﬁﬁﬁ@%ﬁﬁ&éx5@%@?50ﬁ%@

oD % —

RENCEDN TV B EWES S, — T, BEABOERAREFED LS5 R5Eb AL
EZBE, OD RUITHEEZIDIEFITAAL X225 DT 5, AARVERDLTEL LTV,

E.3 IERIRSEOEGIRICE D RESD
(ZOHEBFRZETEEWY o ThHY + 52, 1D Tatlre 23, KIHE4 FTRAFy 753
DD, )
:mifﬁ@ﬁ/j@y&%%i%%@Jﬁ@cmzﬁmmcﬂmfaaauf%toL

C
P Ly I CTHIFROEFIIETE 2 S 72, KM O v 5 &b 2B 2 BN D 5, 1
%ﬁ%ﬁfﬁﬁ%f@%%ém\@ﬁ/}@y&wﬁ%%\ia&@ﬁ@ﬁoifm%f
C
X5, ZOZeZHAL K5,

ZOHEDHEE. FIZRL B BT, HlZE ot f =0 /T2 LG f o, E
RSB S BHED DOER (FEH [39) DfF8R B.2) kMU TH 3, FIOTEBLZ L ZE DI
Cwhd Livkwngy, —EEESTIEOERO T, YRR T 2 2 28D 5,

TR TR %, £ T IEHIEROERESBVEETH 25825
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E.3.1 EREMEHICH|T S ERRBEBOEGIIRICAD (LK) D
TAT 4 7 FRRREAE RS |

[ DEEHEE Q NTIERITH % & =, f I3EBEKEZFR D, T4hbb IF: Q — C st
F' =f.

EED a,b € QWML T, F(b) — F(a) DfEE F OFECFICEI SRV, FEBE F:Q — C,
Fo: Q> CH F =F,=f ZWidhold Gk) = Fz) — Fi(2) ( € Q) £BL L&,
G =F-F=f—f=0TH3»5.GEQTEBTHZDT, Fy(b)—Fi(b) = Fy(a)—Fi(a).
W21 (BIEL T) Fy(b) — Fy(a) = Fy(b) — Fi(a).

FIT fOCIWKRSIREES L(f;0) %

L(f;C):=F(@0)— F(a) (a,bld C DR EFER)

TEDS (F DD FIZ X o FTHUDEDIMEE S 2 DT well-defined TH 2),
C BRSO WOMIRTH 5 ¥ %, L(f:C) = / () d= BN ST D, EHEC DN
C
DXGHNC CHIRDBIFRTH 2 L &, F % [ OFEBEE LT

/ F(2)dz = F(b) — Fla) (a, b 13 C RS Y $H)
C

DR DO ZLIFRAHSNTVS, Thbb, RS L(f;C) & C DRI C )
THBYL EE (CRETEATER) %ﬁ%ﬁﬁ/ﬂz) dz b —3F 3 ( TR LIRRDIC X
C

HL),

E.3.2 —fROME/ICH|TSIERIBROESBRICES (k) RS

Q% C oBEA. f:Q— CIRERL O Q NOHIRT. 2= o) (t € [o, B]) ZE DS
FRX=Z—FF, O = {pt) |t € |a,p]} (WVD®DB C DF) T3,
QACDEEZEZEZS (A=C DHFAEIF. UTFD e Ze=00 & LTHAMKIKZS).
Fix
(102) €= zeciggeas) |lz—=C(| >0
DD D, TDeZ C* & o0 DR, — FITHBRFHTDH 5,
~ (102) FEADH 5T L N

C o Cxid. ary 7 MVEEG (CHOERHAELS) TH2 (a7 MES [, 8] Dl
B o 12X 2B THE050),

€= Zlencf* d(z), d(z):= Cle%fﬂ |z — (|

THOH, d: C* 5> RITEHETW=22 L ZAEDHEZERZDT, ar 7 vVEE C* ETIE
DE/MEZ D, FHDN TR e 1fthiiz 5720

e =mind(z) > 0.
zeC*

k(%iléb Q& a7y [47), B2 WIEHEH [51] offst H 2R X, )
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o WXESFARXM [o, 8] THEETH 205, —HEETH L, DRI

(30 > 0)(Vt,t' € [a, B] : [t =t < &) |o(t) — p(t)] <e.

Oé:t0<t1<"'<tm:5
BT HILAE A — {4}, % [, 8] O5H,

A= max (t; —t;-1)
ZaHE A O & FER (Rieamann F8677 D HEE),

Al < 0 ZlZTEEOTE A = {t;}", 22, £ED j € {0,1,...,m} ITHLT,
zi = (t;) B FREED je{l,... m} TRLT, #fR 2 = p(t) (¢t € [t;-1,8]) & C;
B CF = o([tj-1,t;]) CQ(zj56) CQTHD, fIFEIEHEIK D (z5;¢) TIERITHZ Z &
Mo, L(f;C;) BEKRERD, 22T

m

(103) L(f;:C) =) L(f;C))
j=1
YBE.LHC) B f D CITH D IEREED L IR,

(103) %3 well-defined TH 2 Z &, TROBDE A = {t;}7) DEDITITE 5 FIT (103) D
GADENEE 2 Z e ZRTIE. 2EIOED 6 X D/MIWEEDZENCH LT, s
NEBZBILWZEDAATE S, DEIZMILTH (103) OGEDHEIEZED SRV 5T
Hb,

C BTN CT /T H 25813,

/C f(2) dz = Z /C ) de= ;ﬁ(f; C,) = L(f:0)

f@é#a\zuxmm%@@ﬁ@%/j@ﬁ&@mﬁfﬁao
C

AE E.2 HE., HEEMOEEREE T2 I CHWARE P —E, MOFTREMEZRE L2
DT, BEDHEDTZ T 57-DDXTH O iR D F F CTIXFENET 5, ZD7HIZ, L
TIIARAE ) 2 B AR IO U THRER L 7228, FHIEROMEZ WS 2 W R FED B 5,

4 R

Co: z=po(t) (t €[, 8]), Ci: z=1(t) (t € [, ]) ¥ D NDOXI3H) C* #ephFR T, D AN
THWIHRE My 7851 G % C KA T 3R CH RO KRE U —FBHTF
£3 %, THhbHEFGREE O: [o,8] x [0,1] = D T

(a) B tela, Bl ZEELE Z (0,1 3 ur— O(t,u) FXTH C! #&
(b) Fuel0,1] ZEELLE Z [a,8] 2t O(t,u) IZXTH C* %

(c) @(-,0) = o
(d) ©(-,1) =¥
e) (Vue |0,1]) P(a,u) =P([,u
k()(6[])() (8,u) )

AEFFIEIE) 1] [32] pp. 154-155 IC#{»> T\, (A4 RAFAEDH 2 D72, =
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E.4 REME—FD Cauchy DFEDEIE

QZCHOMEEL T2, Q ND 2 0DPAMIR Co: 2 = po(t) (t € [a,f]), Ci: 2 = ¢1(t)
(t€la,p)) BBHBEE, Cy B C, I QNTEHRMICERAIRETH 2 & id, #HFER

F:lo, 8] x [0,1] = Q

<.
(104) F(a,u) =F(B,u) (ue€l0,1]),
(105) F(t,0) = ¢o(t), F(t,1)=wpi(t) (t€lapf])

WDV DObDBFET S Z2 VI,
(EED uw i LT F(-,u) XEARRT. F(-,0) =g, F(,1) =9 EWVWI 2 TH5, )
ZDEECyk CLidx QIELTHRERMEYZ (homotopic, FA YEElX homotop) TH %
BV, Oy~ Cp ERT, X Q NOBEFRICOWTORIEREIRTH %,

AR E3 L& TGy 1 O WAEME—FE] EHFONTWEDEDL, FAEME—FELWV
5 DIE. MAHZEMICHN LTS SETHD (MHZEM X, Y AT ME—FAETDH % i,
gof~idy, fog~idy ZHi/zT EOBRHEMESR [ X -V, ;Y - X DPEFEETHZ 2V
5). HRRDHFRICEREE TZ 2 2 WS DX, HRE M v 27 (homotopic, KA YEETIX 'K
& F—7") homotop) &\ 5., Iz I 7. BIUIE LDV OFTIEL, HAMFEL LRV
SHEIX, MrESZICLZETROEN, ZOBRICEEVWHRALIZE WS 227255 h,

4 N
EIE E.4 (Cauchy OBRAEE (REME—H)) Q& C OEST. f: Q— CIZIEAN
Co & C1 13 Q NOBAHRT, QIBELTEREINY 7T S, 2O E

f(z)dz= [ f(2)d=.
C() Cl
Rz Oy 2VERUFRR (C) DBD 1K) 72513,

f(z) dz=0.
Co

(E18A: Q TIERIZ f . Q B LU TERHIRICAE by ZRBAMKR Cp LT,
/ f(z)dz=0.)

Co
N )

(D 7= D EFEFRCOWTHH © MR C: 2= ot) (t € [o,B]) KRLT, 3 2 € C»TF
ELT, ot) =2 (t€a,f]) HRoTWVWEEE, C ZEHBHIREMESR, pla) =¢(B) TH 2
Mo, C AR TH 2, ot)=0TH2H15, ClE C HOTH D, EED fITHL

f\/f@ﬁkzoﬁﬁbﬁoo)

C

SEEA  (KICHiHT 2 b fifif, NTHEL LEHICRZI 2D, o TWVWE I EFEES Y I T
Hb, Rzd5FEH< L, )

Co, C) DT XA =R =T EZNZI 2 = po(t), 2 = ¢i(t) (t € [, B]) T 5o

Co=C, THDND, & 2EHEE O: [, 8] x [0,1] — Q HTEIEL T,

(Vu € [07 1]) @(a,u) = CID(B,U), (I)('7 O) = Y0, (I)('7 1) = 1.
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infil= phiO[t_] = {Cos[t], Sim[t]}
inz= phil[¢_] := {3Cos[t], 28in[t]}
in3= Pt _,; u ] = (1-u) phiO[¢] + uphil[t]

Inf5}= Manipulate [ParametricPlot[{phiO[t], F[t, u], phil[t]}, {t, 0, 2Pi},
PlotRange -+ {{-3, 3}, {-3, 3}}], {u, 0, 1}]

028 =D I+ [&]¥]

Outls]=

3L

30: P o(t) = (cost,sint) ZF5H ¢1(t) = (3cost,2sint) WZEHBAIITZETE

0o, o1 EEZTHARLTALD
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I:=l]a,f] x[0,1] £BL. FLEHAKM N BTEDS) ITMLT, t; == a+ %(ﬁ—a)
(i:O,l,”',N>, Uj ::%(j:0,1,~~,]\f), Ilj = [tifl,ti]X[Ujfl,Uj] (221,2,,]\[,
j=1,2,--- ,N) B,

(t,u) DRAF I OFZIEDQRZIC—HT 2L Z2D O(t,u) ZHIR C LER 2, T7bDB

O(a+ (8 — a)s,0) (s €10,1])
o(s) = P(B,5s—1) (s €[1,2])
(B —(B—a)(s—2),1) (s€2,3])
D(a,1—(s—3)) (s €[3,4])

TED ¢: 0,4 - Q BT X=X T 58T C T 5,
[, (tu) DPRAIE I; OFZIEQORZIC—HT 2L Z2D o(t,u) ZHIFR C;; L& Z 5,
ERAS PR
Dty + (t; — tic1)s, uj-1) (s €
(ti,ujo1 + (uj —uj1)(s — 1)) (s €
O(t; — (ti — tim1)(s — 2),uy) (s €
D(ti—1,uj — (uj —uj1)(s —3)) (s€
TEDTz ¢ij: [0,4] = Q BT A= —{JF T 2% C; £F %,

i

pij(s) =

DI D LD,

T IR OFFREAKRETHD, ©: 1 - QFHERTH 205, (1) 1 C OFFRHALET. Q
WZEEND, (1) & 00 L DiFlEiT e 558, >0 (EEOU)NIY =10, (1) \FHHEH
BE 0N FHESTH I 5, HHHIETH ).

®: [ — QFBEFETH 205, RiF—HEFETDH D, (36 > 0) (V(t,u), (o) |[(t,u) — ', u)] <
0) |®(t,u) — ®(t',u')| <e. NZTRdRELHBD L, [; DERFEN S KD/NEL K3, ZOL %
Cy; C O(1;;) C D(®(t,uj);e) C Q. D(®(t;,uy);e) IEFIRZDTEIFHEKTH D, f 132 T

EHITH 2005,
IRCLE
Ci]‘

!Lf@ﬁhz

Lot 2 =@(a,u) (ue[0,1]),I1: z2=0(B,u) (ue(0,1) T2, C=Co+I11-C,—Ty T
oM, FE Ty & T BRELTH 05

/Cf(z) dz = ; f(z) dz+ : f(z) dz— ; f(z) dz— A f(z)dz= ; f(z) dz— g f(z) dz

Wz

Wz f(z)dz= [ f(z2)dz. =
Co C1

Rk ES5 (lmZzHBEITIEWVICERE F—TLBIRICK 7 5187, BOBROER) RO
D75 C. FAMBR TR OVHERZE DS e dHIK 2, Q & C OEE. C) : 2 = ¢o(t)
(t € [a,0]), Cr : 2 = pi(t) (t € [a,8]) & Q NOHIT, BREERDBZENZH—ET
5. $bb

wola) = pi(a), wo(B) = v1(B)
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DEDILOE T B, HRBER F: [0, 8] x [0,1] - QT
F(t,0) = ¢o(t), F(t,1)=¢i(t) (t€[a,p]),

F(a,u) = SOO(O‘)v F(ﬂa“) = 900(6) (u € [07 1])
22T ODOPFET DL X, Cy & C IFFRE =7 (homotop, HHRETZATHE) & W\, F
Z Cy & C, DEIDKRE FE— (homotopy, ZIEER) MR, Zor =, Q CTIEAIREEK f
WX LT,
fe e = [ 5 ds
Co 1

DD ILD, — MR R 28 S 72T AU, FEIT % 0 50 BERCHS LE Rl 72 8 B Codige Y 1
AL THREATDEIZZED SRV, =

E.5 BEGHEEICE|TS Cauchy DRI EE

(AXHD 6.4 DFEZITHY T %, )
RIEHDEF T, PARARAY 1 i (B \HEBANC AT RTRE & W0 S S TR 203, 1
Bz

RAVRHIATUE, (EROMIG 1R (R SR LT

WO ERMELOLNEZTHA I,

BADEMIC THERE] Y WO LRTEDTF 22 2icT 3,

DR, 2AL—EL T, R* ® C" OMEBICET2HEL L TERT % (HEHNICEF L v
5D% C NI L TUL2ERL TWRWA, ZO—RILIZBEZICTIRHRZ v ES),

KE% E.6 (B&EE) Q 2 R"H25WE C" DM E 5. Q28EE (simply-connected)
TH2LiE, QNOEEDOAMIRDEBHIFUC Q N THBANCEE TE S22 E D, D
FD. AR Z 2 =0@t) telaf]) ETDEE. DHIERPEE F: [0, 8] x[0,1] 5 (£, 5) —
F(t,s) € Q T,

F(t,0) = o(t) (t€lo,f]),
Ft,1)=a (t€]a,p])

2723 b DOBFET 5,
N J

e ™
EIE E.7 (BEFEEHICH|TS Cauchy OFRATEIE) D X C O THEM,. f: D — C
FIERL, C 13 D NoBfifRe 52 & %,

lAf@ﬁk:O
N y

S EE E4 OB¥ETHD. HHHEATH 2, =

[%& E.8 D% C O THERE, f: D —» CIXERIE 32 & &, f 13FARBEE RO, J
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Bl E.9 (AXHICHEEVWTH - T, #EDIRLICEBITNY) HEA Lo LT, 2240
R™, BIEK B(a; R) = {x € R" | | — a| < R}, MBI, BERIGEENC, FE A O HEE dhifr
(Jordan PAMIER) DSPHOREIK, 3 XTZEHTO 1 HOMEE R\ {a} REVD 5.

HERECROWIEBOM & LTE, 2 X00ZEMTO 1 SOMEAR?\ {a} (BRFHTO 1 KD
MRS C\ {c} EAREMCHELT), R*\ ¢ (0 EHITANCHERICO N ERR), WBREONEE (F—
FTYROWEE) REHHL. -

f 87. (1) R" ™M TH 3 Z & &R, (2) BAER B(a; R) &MBETH 2 Z & 2R,
(3) MFEIZEEITH 5 Z L 2nt, (4) BRFEEAHERETH 5 2 & 2Rt

2%D
M E IR = ' = B = Bk

BEOL ZAI2H 5 128h ZFEH LS,

IR D DR OSME AT %, D %0lffi (contractible) W5, 3c € D, IF: D x
0,1] — D ##i, F(-,0) =idp, F(z,1) =c (x € D).
M 88. (1) EFHHEIIRIMETH 2 Z & 2Rt (2) AIfEAREEIZHERTH 2 2 L 2R,

EHINIE, QHEEEE 21, Q OHNICEAMBEI IS R 722 K 5 BREFEVDBFEL RV E
WH ZeThb,

EEOFMEAMROH OHEBUIHEMETH 5, ZAUIHLICEZ 203 LKW, 20
FEHATIERL, AAREHE K-> TV,

s N
EIE E.10 (Jordan BHIREIE) FHIA D Jordan BAMKR C 235 2 & =, HHtH-D Hiifhiz
IR G, L IFEFEE G, DFAEL T

RZ=G,UG,UC*, GiNGy=0, GiNC*=0, GynC*=0.

\kﬁb\ C* I3 CDBRET 2, THITC*1F Gy, Gy DHEEDHEATH %, y

Gi1 DZ 2% Jordan BAHhAR C THIEN 2 L W, Jordan THIRE MERZ 2 b H 5,
EBEDT7TF X MTIE. 2D Jordan HIFREHZERICLTRD X 5 e EH W=,

4 N
BRFENOXZH C! ko BAEAER ¢ . C PHOHEROM A Z 30 H 2HES L
TIERIZRBEEL £ ot LT

/ f(z)dz=0
C

DI D 3D,
\_ )
ZHUES TNV THRZRT WA, Jordan FIFRERL & W 5 KE B (EFR TREBH 3 % D3R ERY
HRI2 HEHE L WV) ZRET 208D 5 DT, Fulr (20 HACERFLIE) OBEGERD 7 F X T
R S hTw B,

1090 A id, Q NOEED 2 HEFIRIHR QWICEENZ L 2E S, T48bB (Vo,y € Q) (vt €0,1])
(1—-t)x+ty e

HOO BRI, QWNDH 2 1505 QNOERDORNREES 2205, Wz 5L, (Fae Q) (Vo Q)
(Vt €[0,1]) (1 —t)a+tx € Q.
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E.6 EEBE

(Cauchy DD EHD 5B, EDEDDD%E ED X SN T 20, E2 TR, £5
EIRLEHZS S DULHALTEL, )

Cauchy OFEDEHIE, DD EIIRDETIERGNE ZeBEDoZ5TH 5,

I .11 (EEOKAMIC O Sk BAMINE ¢ L. C oMb D oMt D 2 &t
(55) BEATENR fISH LT, / F(2) dz = 0.

C

HHIEAERA N O T O B2 T Z Y 1 FEHDRETIR 2 & L I3ARIN TV o7z, 191H
FLORE, ZIUIHS 72 Z 8 TRALVIEHZE S 5 Z e 2 eadikd s £ 51272 D, Camille
Jordan (1838-1922) DEANCZ D% AT Z 2 1ICh KA, ZDOEMIEIS TIE Jordan fh
REIE (Jordan curve theorem, Jordan PARHFREHE) &I TWVWS (WS EiHZ — [2]
THATRIER DD, ZIF5ED LTS, Wikipedia 12Xk % ¥ BINTERLL 72D,
Bolzano-Weierstrass O EMTHS 7 Bolzano TH 5 & D% ).

Jordan HIfERIZ. O MR 2 ZOFROMBEE 05 3BETERWVIEE., GEHT
L DIWRETDH %,

ZOEWHBIBGERD T F R P TlE, 20 HALD@RHD 5, R4 1T Jordan HIFEREOFIH % ik
3 &5 b, 5T Jordan MIFVEMZRHEL T2 7 F XA MIDHED KW,

(Rik: BIEGR T, HRRIEX I O DB DIZR>TH 9T, ZDHEIX Jordan HifR
EFD LEAVEICAEITEZ 5. WO ERDADB VLA, )

FNTREESITEhEWVS &, RED, RODZODRDHRH 5,
(1) fEHELRHR (ZAESCEAEORE & ), EHAREER (FSRERSC ERER) 2 ohd. £

NTHEIZEBT 5 Cauchy DFEZANRNZENTLE S, ERIFEHOMES Laurent EH.
BB OMmT T 2DEENT T TH 5, 2L BDEDP DU,
o FAMKR C D a DAY DEHLEL n(Cia) ZEA LT M Ra T A7k ((HR A
72) RS 5
e RE ME—JED Cauchy DETEHEZEANT 5

BREEIT I,
(2) Green DRITED K Cauchy DEDEMNH AKX — FF 5,

COHEDEFRD1o¥ LT, Green DEMIT. D DEFRD, BREEOH NI D SR
WHIHIBARIRR O TH 35 EICHRR L 2E TR TWVWE Z e BnEL, ZThzflis L
Cauchy O EMER LB ICREZ ZeBHIFoN 5,

—Ji. FATE LTRRDH DD T o5,

(a) D Green DNIUR. uy, uy, vy, v, DEHNEIIE S 2 DT, Cauchy O EH
DFGE. F73B8 f OEAMNEDERIC, BRI [ Ot Z &0 2 EHDH 51,
HUERIBOFEZIRE T 272 513, Z 0MEfitE b RIFHCIE T 2 DB HATH 5. L WVIHIERDEAED VS,
DYLINB0, ERIBEBOFEES « BH u, v OIREREKOERMED T <CI1cm 2574 < Th, Cauchy-Riemann 75

BADLS vy +uy & oup — vy FEDZEFNC 0WCHFELVWI EAENLNLDT, IAHBEBITERETHD.
Goursat-Bochner OEHIZ k- T

/ udx—vdy:—//(vx—l—uy)dxdy, / vd;v—}—udy:—//(ux—vy)d;vdy
oD D oD D

DD LD, L WIH RO b H B (—H [52])o
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(b) Green DRRDFINNZZNIZ D DFMD D%, TI2EDITINEL ko LIKE

LW, Green OARIBIMEDTES 272056 L E o T, SEHRMOARIAIZITF LT
LES7XFAMDHE0, MEETH2EbNS,
Z DRI DOWT, /N [53], S8 [32], 52 [38] 1A FEITHALL T3, [32] Tld.
Green DNREHEBIGEIR - T, EBbA AL, £4% HWTEEA L 7z Cauchy
DREDEMZ - TG Z EMA L TWwa 12, [38] 1Z. 1 OESLIMILIERHZER L.
PREEDOEEZH > TR EDOEWIED Green DN ZFEHL TW5, ZRUIHIF
HBHRZXEEZARWD, DEIREBYZFZARNCIE 5T, EEIZSE TR L ED
N5, (BRAIKN [31] TlE, BEEGERD S— F T > TV wnwd, —#&HY7%2 Green
DRRZFHALTH %, )

(c) HE¥RDY, T OBERZRTDIDRBONZ DT, FIZIERT > v VEMK LD F
L EiLmEENCk S,

BAZEZTRIZ, (1) 2 2 DEBELEBERLLZLD AT AL, RE—FD
5LIES I (1) e ED ., IERIBEBOERBURBATREEN RE /257D T, (2) DD
JF AL T, Green DARICH &I Cauchy DHEDANRDFHIHZ T %, Green DRI,
— 2B R LR FAUSEEIREE R TH 2 L. Z 5 W 5 RO LD 5807z Cauchy O
B EHETH->TdD, PRDOBIERET %,

EE S . PR EEEE W2 ED Cauchy DD RNREIEN Lz o72h, 2%
REDZNEI. 5 EZLLBDALHERROD SR>, (BHEEBIXRERERIEAZE DD
hF WL, Cauchy DFED AN EBCEIDAHD T - & b 3R 2 DIFIEF I TH %,
HE 7 Z e DZL REEETE NS, L WIREDT S, MIEHMOBELHETFEIAR
HokiuE, Z2hzllie 2B LHRZ I RLKDBLTVEDN, 5D ARV T4 VT, ) [H
HLER W72 Cauchy OFENZUCT DWW TIE, Ahlfors [27], —K8 [2], EifE [22], 218 [31], Hik
[54], B4 [55] 72 ¥ 03 B,

E.7 — [2] (1957) D VIE§4H 55|H

BAT—ERNLTHrH, BAOSETEZET I PRI OZT Y, BHENHEFICH
LTEZSWS 203 o6 K (fIPWRHOHFICKELREENBATHWEDLET), [B
B 2T2Z2RLTVET(TOVIDERAF Y TRET, F—KR—KhosXA4TANL
¥9) —K 2] 2D LEDDFIHEZ L72OTT2, WWW IZEL DIZRLSBRVWEES DT,
CITREHREFRA (ET2ICHDMI T ), 2] ZHREAFVHL VDT, Al hksZR0n
M7z, B o TWBDTED,

E8 FIyvIINREH

Dixon DFEHH & Z DR BEIZ-DWTIiE, Dixon [56], Loeb [57], [58] % H Xo
Olsen [59]
Gray [29]

M2 72 205, DRI 2 Y LTzt &, iAE 272 RIC, Green ONRTEIEZ T, FEHL L
IR HEICEOG AR D . B2 ORERDOERIZ T 2o Tilin e B L7z, Rt ZheRL It 2 g
UERVE WS 22720, Z5VISFEHZHEZ L TOVEALRELDHE DRV, [32] DikGRDOED TIIHES /2.
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F [BlEs#iZz{E> 7= Cauchy DRBEDTEIE, BHo AT, BHEIE

(LEHEF, H5FVWTT, ZOFHTE, mETRrY—HOSEEL iR foTwd
. bIPLEBALRLD LTI, YRS EE, HIZIEIE [H4] 2 BV, )

F1 FxaA>ea47I

R C1, Cy, ..., C ZIEIZOBRWT1IDOOHR C=C1+Co+ -+ C, DEHNZ L X,
(106) Lﬂ@M:CJ@Mm— ) ds+ - /f
DI D LD,

iR ORI SV Fizdh, R O+ Co+ -+ C,, X BIIFERIRE O A

C=a,Ci+aCy+ - +a,C, (a,a9, - ,a, €Z)
EEZ. INEFIAV LTS,
ZDF =AY CITHLT
c/f@ﬁk:al F(2) dz + ay f@ym+-~+a¢/ £(2) dz

THET?EERT %, icBOBHICKR 23 FEIZE TRV,

F A ORI Z-MERZR 5,

Fx A4 DIH T, HHTROME LTEEZBDEYALIILEER, F 24 VDY A 71T
H 27D, FHBROBEO LR KEOREERPEEEEZADTELVI EBAQVE+T
5%,

F.2 [OlE:#K

C NDOXZHNC CL HOBAIIFR C 2. a € C\C* 12X LT, C BT 3 a DB (H 2
X aDFEbLHD C DEEEE) n(C,a) %

1 dz
n(Ca) = omi cZ—a
TERT %,
i F.1 n(C,a) 13BETH 5, j

S C DRI RA—R—FoRE 2= o(t) (t € [0, ) ¥ T B

ﬁxﬂ::g/ ¢é§?cfh




e D (p(8) —a) = e "D (p(a) — a) = p(a) — a.

SFB) _ ©(B) — o
p(a) —a
o(a)=p(B) TH2EHh5, 0D =B =1 WZITn(C,a) €Z. m

MR, YA 7SR L TEGICHINRTE, 25 LTHEBEEZS,

F.3 [EEHZAVW Cauchy ODBLTEE, BHoAR

T T—HRDGE D Cauchy DFED N EIBNTIEAT 2 DT, RO BTN
FCh AP, HEEMIMENTHE 2 2HRT20%2T2DT, HZATHNS,

4 N
ﬁ%Fz(H%kﬁwécmmwofﬁ YK) £ X Q= D(¢;r) TIERIT, C1E Q ND
XA C OBl 22 &, ERD ac Q\ C* ITH LT,

f)

2mi Cz—a

n(C,a)f(a) =

k

\_
SEBA FIRICET % Cauchy OFEEBIC X D #ifiih0 1 K2R EERIZERD C 1
B2E 0 THs00

Je) —fla) ., 1 [ [f(z) 1 dz
2m/ z—a _% Cz—adz_f(a).%/cz—a

1G) 4~ fapn(C,a)m

27rz cZ—a

-
EEF.3 (1) COMESE QADTA 7L C 2, QIZELT 0 IZAEB -2 (homologous
to 0) &,
(Vae C\ Q) n(C,a)=

(Q ODFHEEDTRTORZ 0 [ZTFEEET 5, )

(2) C DREE QNOYA 70 C,Co LT, O & Cy 23 QIELTKRER—ZT
HBEF CL—CoyBQREALTOIRAER—=ITHEILZWVI,

J

CHQIELTOIRKAER=20S5D%, C~0 (mod Q) EFEL 2 2H 5,
(FREFE=ZHoTWVWBEAIR)C,L & Cy BHREIEY Z7RBIE O & Cu QAL TR
‘:EU*‘y"’G@z)o
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4 N
EI F.4 (Cauchy OFESFERE, B/HOLN (FEOP—hR)) C OES Q No¥ A 7L
CP. QREALTOREFER—EF5LE, (1), (2) 2D IO,

léfwww:

(2) f: Q= CHERIZRLIE, aeQ\C*ITRLT

(1) f:Q — C AERE 51,

N J
(1) 1d Q HDHA 21 C IR LTRDBHD D, W05 2L TH B,

waec\mn«mn%fé dz —0}$[Wf€0@ﬁlj@ﬁk—q.

zZ—a

(:hiTrCﬁf®i%ﬁﬂ®ﬁ%ﬂi&Hh@\/f@ﬁkzoﬁﬁbjOJZ%of%

C
e, TO P a ZHERVY 23 n(Ca) =0 205 BRI RXTRIATVWS, EFZ 5, )
#EBH  (John D. Dixon [56]) C' 2PAfM#R TS % & U TAEHHTHUI R W,

2, € QITH LT,

) - 10
g@&%{ e—¢ @79
£(2) (=)

EBLE K (CeQZEET ST, (Riemann ORREARERFRAEMICED) 2 — g(2,0)
W QTERITHD, glX QxQ THEHETH S (FB).
E:={acC\C"|n(C,a) =0}

rBle. FHAEAT. C\C* OIFFHRERKD Qo ZET,
CHQIRELTOIREFER—ZLWVIDIX.C\QCE2WH I ThHb, 22 C=QUE.
FZT

,/ g(= )¢ (=€)
C

(Lcil (> € E)

EBLe e QNERMLT, BEELTERSINTWT, FEHLZRWVDIDEIZZSDY) b 1
well-defined TH 2, FEfE. 2€ QNE 32 (n(C,2)=0TH205)

L R 5 P (S BN o (5
[a.0ac = [ HOTEac— [ Loac— pemic.s) = [ Sl

hix C TERINTWVWSEH, HIFEEBTHS, 2L T

lim A(z / f(¢ —=d(¢ = 0.
2Z—00 z%oo — 2z

h(z) :=

EN
f(C) ?el%x | f(0)]
’C—z _ggMC—d
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CFHECTES5DT, 2 — 00 D& E, max f(o'—>0.)
cecr | — 2z

WRIZ h IFERTH 255, Liouville DEFICE D, h I3 TH 2, BHL 2 =00 TO
WINR S 22026, h=0.
WZIZ 2 €Q\C*ITHLT

0- / o(z0dc = [ ¢ — (e 250
C

cC—=2
- T
1 f(Q)

21 Jo (— 2
—5 2eC\QDHEZF 2€ ETHEINH

d¢ =n(C,2)f(2).

t/f“%K:m@:oznwwﬁ@y
cC—z
71T (2) DIRILT B

RIZaeQ\C*&T2LE, 20 (2—a)f(2) I (2) DFREHVWE L&

1 J(O(C—a)
n(C,2) ((z —a)f(2)) = %/C?d@

z=a B, (1) PEIrNS, =

COREATIE. £3(2) BRICEEHLZA, H LD (1) ZRHIUL. MBEBOEGE & Rk

@:113

0= / w dz = ﬁdz — f(a)n(C,a)
c

crR—a

v LT (2) BEH,ND,

F.4 B¥E®E

FEFS5 Q& COEET, ¢, -+, ¢, FQAOHERERZR f:Q\ {1, ,en} = C
FIEAL ClE QNP A 7T, QIZEALTORKET =T, ED¢; dlHRNET
%L,

1 n
5 Cf(z) dz—;n(C,cj)Res(f,cj).

\_ J
IR fHiHTH 5, m

F.5 {EABRZG LS

[AEREZ W RWIERDS D 7 ClEk. BB oHT TR ol MEED) EWH FEED
JES 2 LT, (Fo/ L EERHTIEIMD LN 0) Y L& E2RET 2 HENEL, £
CTEHFDPREL TS, EWIHIDED S, EEDISHTIE, 1FAEDGE. FIE DBl
HIAR DI E R DR L 722 DT, EHHPKEREEICIZ > TWBEUDT 5,

B IZHELWZ 2 B/RTDIZ, MBEBOEEE. TEOHIR C 1A BN 0 THL Z e 2flv, 22
TIFEBZ —RIZT3RHDIC, OB QIELTOIWRRER—2 WO EHEREL 2,
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ZAUTH LT, FEREZ W20 D AT, o @B oM RONIcHN 5, FEE
AW 2l 2 D pifRIC O W TR SR TIUIR WO T, i iR 8% (2 LTI
DBEIZE 5120 TNDB) IFE A LHEHHR,

ZORDFEYDTHIo Tz 213, BEZERBUC EF S UM/, §50 1 e —BEL
723, b ZD. FAREFETHIHEEZRP-7-07, tR2<,

0IZHRER =7 WS RERY —DOHERD, BEREE WS BRNLRESTRIHETES 221
KOWDIX Artin TH S5 LWVWH, ZEREE 5 Lok,

Dixon DFFEHZ D 5D UL AW THATE 3 X512 LT, 20 & BRI BHEER o Az
BOGTENHEICHR 2 & 5 RS2 E X, AU > TWF 303 Lk,

G HBAEAORDDEDHE
HEROWHHBARDEL o TORVADBLS & 5 ROT, MEIHIL THL .,
R

23— 722 4+262 — 30
23 —5224+32+9

(107) f(z) =

ZHNCELD ET 5,
TTDZIER 23 — 722 4+ 262 — 30 ZARDZBIER 22 — 522+ 32 +9 TH 2 &, BRI
FREN L, —222+423: -39 THE0H

1 (2% — 522+ 32— —922 4 23; — —9222 423z —
(108) 1(z) = (2% =522 +32—9) + (—22% + 232 39):1+ 2%+ 232 39.
23 —522432+9 23 —5224+32+9
—22%2 4+ 232 — 39

ZOLT, f(z) 22HKX1 &, 3FOXRE < 7HOXETH 5 HHA
DFN I ET E 7=,
OB ERICFNET, —KROEEHK2, ZHEHAE, DTFOXE < TEOXETH 5 HHEHK
DN HETED Z N0 5,
—9222 49232 — 39

RiZ DR
X 23 —5224+32+9 E

23 —5224324+9

22— 522 4+324+9=(2+1)(z —3)?

D& I RZHEKXOBEOMICHET R TE 2 ((REFEOEATEHIC L - T, (EEOZHEAIZ
‘SRR 1 RZIEROBEORICHB DR TE S — o b ERHNRIETRD 2 Z N T
X5 DIE. FRMNOBETH 3),

I WS T, EREEHONERE D ZEE T 2581, EREZIEXOHF TR F3
LINENH B0, ERBE T, EREZHENRICR 208130, ERFREZHEA2ZHWS Z
EHR B DT, 1 RZEXDOBEDOITHRTE 5,

Wz

—222 4232 — 39
(z4+1)(z—3)2 "~

(109) F2) =1+

I CROEHMPE DD LITHERET %,
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/Eﬂ G.1 (FBPEVCELRRBOBTHNIEAETEDS) fi(x), folz) X o OD%IEEQ\
T, 0 TR, BVWRERTH 2013, EEDOZHEN r(z) X LT, H»25Z2HK g(2),
ga(x) DIFAEL T

r(z) _ g1(x) 1 g2(x)
fi(@) () filz)  fa(2)
DI D LD, FHTHEAT, BFOXE < 7RO THNI, GUDOBIHEIZOWTH Z

L 3725 K D72 gi(x), go(x) DIFIET B0

J

GERE S, d(2) Y fi(x), folz) DERARAHZEATH S & &
fi(@)hi(x) + fo(x)he(z) = d(x)
Zii7e T ZIER hy(2), ho(z) PMFET 2 (HiR Z e RO TRDZ Z2I12T3). fi(2), fa(z)
BHWIZHERTH 255, d(z) =1 LiEXRXDLDT,
fil@)fo(z)  folz)  fi()
MDD, TS5 ERMPIELWI EBEMIN DS,
DB, FEL . BIZIZEER [60] 1ICHl-TW5, =
ZOEHEHWS L,

—222—1—232—39: az+0b n C
(z—=3)2%(z+1) (z—3)22  z+1
Zit7e SR a, b, C BIFET B0 5d, ZOLE
(Q) (3A,B€C) az+b=A(x»—-3)+B
DD LD, W RIS

(110)

az+b A(z-3)+B A B

G232 (=32 -3 (z-3p
BT A, B OHET 3. () B VO LIZD LEZ IS DB, &) —Hc, G

Riz) = 2 00) = m— 1 KT o 2R

G-
TN LT, HEEHRK A, -, Ay DIFELT
Qz)=A1(z—)" "+ As(z — )"+ + Ay,
W 21T
R(z) = z{lc * (2 f2c)2 Tt (2 iln;)m

DD ILDZ &, ROEMHD HALHTE %,

T’ G.2 2 DZHERK f(z) CEEOE o THL T, 22K g(z) BIFEL T,

f(z) =g(z —a)
DI RYASN

BB y=x—a B, z=y+a. f(z)=f(y+a) BRDILDD, fly+a) 2y DZIH
RICRBZEEFHLNTHA S, 2% gy) B L

flx)=g(y) =g9(r —a)m
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Bl G.3 f(x)=2*+227+30+4,a=18F%, f(z) Z2—1 DZHATRTIKE y=2-1
EBEL r=y+1056

f(z) =a®+22° + 32+ 4
=y+1)*+20y+ 1) +3(y+1)+4
=y +3y  +3y+1+2° +4y+2+3y +3+4
=3 + 532 + 10y + 10
=(z—1)*+5(z - 1)+ 10(x — 1) + 10.

(BREL) f 2 2=1D%FH DT Taylor BT %, 3XZHEALDT fWD(2)=0TH3I2IZ
FETZE. AROFRIEZ 0 IXRDZeDB0h 5, ®ZIZ

1) = )+ F W -+ P E e
zhuz f(1) =1, f(1) =10, (1) =10, f"(1) =6 ZRAT 5 &

f@%:L+m@—1%%§@—if+g@—LP:@%&f+5@—1f+1%x—D+L

(lik2) 2 —1 THIZ Z e ZEDIEL T, HE D ZHAEITH D,
1 2 3 4

1 1 3 6
1 3 6 [10]
1 1 4
1 4 [10]
1 1

e o3+ 202 +3x+4= (- 13 +5@@—1)2+10(x — 1)+ 10 TH %, EFE,

2 +22° + 37+ 4 = (2* + 37+ 6)(x — 1) + 10,
2+ 32 +6=(x+4)(z—1)+ 10,
r+4=(x—-1)+5.
ZTh ez
?+32+6=((r—1)+5)(z—1)+10= (z — 1) +5(x — 1) + 10,
2 +20° +3r+4=(((zx—1)+5)(z—1)+10= [(x —1)* +5(x — 1) + 10] (x — 1) + 10
= (z— 1) +5(x — 1) +10(x — 1) + 10.
(BN, BRE2 BRNTH 5, ).
PLED

—222+232—-39 A n B n C
(z—3)2(z+1) 2-3 (2-32 z+1

iz T HEEBR A, B, C DFET DI BT h o7,
Wz

(111)

Alz=3)(z+ 1)+ B(z+1)+C(z —3)* = —222+232 -39 (2 €C\{-1,3}).
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2 XFEADMRE 3 M LFAELBRVDT, EED 2 € CIlTxfLT
(112) A(z=3)(z+ 1)+ B(z+ 1)+ C(2 — 3)* = —22* + 232 — 39
DI D LD,

(112) PEFERCKRZ L57K A, B, C ZRDZDIIMEHETH %, EPREE (2 =3, -1 21K
ALT, 2 ROEBZ L T) 13EB LT

A=2 B=3 (=4
W 212 ,
—22% 4+ 23z — 39 2 3 4
L S ) R Sl oy oy

H Z2ZEFENRA

BEEGRIZR VWAL XADD 7,
SHEBRFIGEATMR [1] DYURBVWATT, LI RORVWESIFEREZIANDD, &
DIRDWIEIAERICETERLTH S, BELOATT, —HICHEREITREL 25DV T
3 (Laurent ERDERD, FIODFEROGETHHIN TV ERE — FHEIEI S WVWHITH
BREESIREIATDEDL), HEAFVEGLAOFTHAREL LTRAMEEEZTW
e

RN —hEFR T 2D RVWEEVE T, Z50VWI5HIE. LLARELIZDL
BDES>TAZEREROVTL & 50 HEHPREREFE T > TR TICH > THL -
TAHT. HIDHARLEoLbDEHT I 2#D T,

DH o TR A2, Yl [32] ZHNLTEEET, . —D0fRZ. EEe
BT VT — FONEETIAD T—MMORIZIER L 722 WVWS DT, 2=— 7 RHAKXTT, &
RAL— AL ET T, FIOEICTOVRAWIHIES > TWVW5, EWOHHIRZRH £33, Green
DEH % # - T Cauchy DD EHZEL WS HEHTEILNLTOVE T, 2D Green DE
HoOBHBERIZEES L BngE 3, SHIEREICHM T, SIA T TR 2I1ZEED

NBZEPME T, ZORZ AL IF7Z68OFICWM T L TARILE2BHOLET,

TRETIEEBERNCAD £ 3 L EROBFEDOE (FEERE?) K55 e hsd
EWDHoTD T B Y - I ARG TERs [30] 13, MESAFHZEZEE L LTED
X200 DIEHEDRVOTTD, BAEGEHICE L IR AL L BnEd, BlcE-
THoTHETBML TS EIRANIE, ZOERRITH I —ER-—IZDL > TADL I ZHDZE
T, Bro¥Y MEHEMAE THBLEIILEZEZITWVWANAD, av 7 b OHERBICILDS
NTVWET, ZRZHATHEBEK S S (FEAIZ W WS BRRIEER 4 B2 R0 TH R0V,
Lol D EEDHATATRIIW,

DO ophozRc, FEDICKRZEH YR - A= F AL UTE. 2 T AR 11
[31] 28D %5, EHICHEGH. HEMFEWVIEDPA > TWRWL (Z UGS R L
TITh), ZEBROKREBICHZDTHREZ XN HTI D, HEBEGROHEFHICOWT, KIS
AELLAARTT, BEREE AW, —#KiY7% Cauchy DD EEBZFNTH D £,

H4Green OEMOFIIZ X ZORIERZD ., RAIC—RIIZIED Green OEHZH 5720 T 3E-HMHZ N
T, ZOARTIX, Cauchy OFEEHDOFHINHE D72 TED Green DEHIIH LT, HEFD A X —T DA
. ENRIEHEZ 52 TVWES,
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MRS L2 Wnws N, BIFE [43] #F = v 7 L TATREW, FHE/HEHORMED
5. HERMRE (REEAROMED» HEAL LS RS D) £T. BERMEEIHI-> TWT,
BRI DOV TVE T,

BIEGEHICDOWT, £\ Z e D Lo, FEENREHRZ KD TV EHEIE, HEFED
REZH > TWB TN - /MR [25], HEWEE [61] ZRZ2RB00d LOLEEA,

FAEGRDTRILICBE D - 7oA M BIBGER O FGE D BER IOV T, @A [6] AR RTAY TS
D, ENZHAT AL TZZ25] LESTH, BEERADHOLHRVHLD LNLEEA. il [5]
WAL DRTVWTT,

BHBIBUCDOWTIE, B I F— ol e £ & DR [62) BRVWAFIFELE BAVET,
MER [63]) 1 ZBRIIDDERER T XF A P LTEIDONE T, (—RHAF LIS o7 TITH
BUERLRZEDTT)e AHREMTH2 (5TE TV T - FXAL VIZEPATVWS) T
W [64] ZFDDH BV LOLERAN,

BIEGHD SIXHENR T L £ 5 0 Y (RS EBEE O HEIFH 2 CIRWEHAE RS £3), 15
FIBEE i > T AR ORI HRER 3 2 U » 4 - W [66] 1IZAIOHIHZX DHEATT, ¥
HEEOFEWFH (67 DHIHL . FFo TBWTHORWATT,

HSIDLAFITHRELIZVAIC

A [42] 1, TR CHIIZRwWTh e, D UEAZNE (s, 2482 Riemann
M., FAGEGR, BHER — Z5 2 ICITBEROERE) 22X LWEED OTHHLTH D £35,
IR [38] 1&. EAEEE (V —~ >, ERIEEE - BHEEBOFERE, X7 U A LVEtE, 18
MR - €2 2 7 —BE) 28 L CEEDIAALZER T DT 2A TS, RITEBEYINR D TED
WL DozDTTH, 2016 FFICHEL FFEXHEICA-TDTLELKIFIAFTEZZEDN
3 (KBICEDOLNESTY ),

AYDERL LAIC

ALZRDIZEMDOARZ $F 07 8 < B RERAPHKR T, EHE [68] ZFIH o7, T -
CUET I EEY I TRl 722D 5, ZORIFEEMEDL L o720, Wb 2 HEE R &
TREBEWEES D, FIFEOHFEDOL Y MR D ZES R IeRAAFNTH S, BHFAICED
DTV e E o7,

(BRI T2 205, TR T /MK [69], [70] RE BRI KSR TADHZ, FENTH WD
AREBEHREIMNIFICHE E5IXRD E0V0DEITY, )

EODFLWLWAEADS

FEAS [71) 3, ZRIB A LZZMR (1] LRI H5VDRY 2 — A TIH, fllld R T
fil, NEZETHZWV (DFD [1] EEARFWTENTHZ2L2 VWS 28 TT), [1] b [71] &
B D & DHATARILT TP, MWOMD BEDLED IS RADLET. BLWVWAD [1] e

TSENFEEREEI A Y PTABLTWR L, 7V v 7« XL VDI TEEEZTOEDTTA, fiHICIX
AFTERLBRoTVD XS TTR MDHEND 72007k, KL UTHUMANEED [65] 1E0WAHTL &
5, THhBIFAYTFY FHIREDTESTH AFARETT, FAXICEERUDLNATVIDBIEEELWVTT,
ER&ICHPNTOT, HBR=I8IEX 500 2R F5, SHEEMRNEEEARVord Lhzwirhy (HiE
b T, FERLURO DD LEPNBRETT), KEFAPRTT, Riemann HDRINRIGD & DAL 5, 7
ISz p PR DFE L WA R ATV TEES L0 e BnE g, FAdB 1o BEL-VWEEZT, 7F X b
PRLEOTTD, BRZOFVWTFZAMUATEEVTCLEVELE, do 2 FIHDRTVE RO T
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T, HELWHD [71] BZIUIE TR DIEMETT D00 S LKW E, [71] DIBEH
FITEBATERVDIED >0 (e 22 LTHRL W),

TV YR OB ERD S Y — X LTHIRE NI A XA & ¥ AVTF [12) X, &
HIENT OB O E & OBEA &2 L2 2 X5 IR E NIRRT, ZFEICKRD T,

ARG, B (73] (e B & o &R EIC S WHEF [74]) < SV UFIED
HHFRBATULRD (AN Y X — [75] FHREME THRCIREETZ U ). Falld. K [76], KR
(77), B [78] e, AAHIIRE N TWE T, KR [79] 1&. FR 3BT AYTEL {Fid b
P LILER A,

Whid 2 T2EMRICHD7=DIZEE 50D & ZA RT3 021200 TIiE, BHERETHH
FBews ) — XD [80], [81] BBEIWRD £ T, BWEHBOERDGLARRLITY v a3
AN A0 T INRU el b ar Ry MBI TW S DX
WERTZE BnEg,

wirld. WWW LICEEE — FOEIAA NI TOETE, ZOFREEFLLWVD
ORHDFT, B@FEOHEBFROHERDILEW - 72KRE [83], FHE [84] I EIKWVITBEITR ST
L9,

IED &S ICEABEERZ FZATED

MPDBEIKE 20D LAKVWDOT, 22T, B (FEH) DS W REFRATHRL
hENTEL,

T O TREBERICANI-DIX, B [30] DFFHICF v LY I LTV ETHE, TOXK
X ERAKBEARIOAEIT, 1HER, E3E5E 30 x 3 =907 D#EF T, WED. B
¥m. Fourier B DYIS T 2BBRONEL L Db DT, BEGHIHTONTR—
PRI HOT O TH 2D, BEHISFEHOLNTWELES, tATWTHHHEH >, ZZIZ
BVWTHr I r2x2bA BN TV, ZOBBETOBBGEROAHEIIZNA T E X
BH, FAUX A BANE L WL S AT B,

YW OIIT, EEMCE, HH [44] 2HRA TR L 72 (FHAEE TFE0KR ([85]) @
FHELTHEHATH D), ZNIFTFHDORBWAT, HAETHEZES L ZORVWFRE X
TRELIZADB WD T2, DN E o 7=D T, BEFIIT B BB e EH T, L
OB TROEEZ Lz, vtk s a 2ahriTnad DT, 2 L3I oFHRICEH
ATIT DIERITH - 7=,

BERNTHEEDNE L T, WER W KRR TREGRZER T L IZR o BRI, BREICHE S
N7z DHE 7L Ahlfors [27] TH o7z HFETH o /=D Taiesd % 2VDEL L7223 (£ 7255 R4
DORERDH T WD o 72, BIERARIZZRE D REEREI D DR L, SRS 2 A5 6% L
W, BEIDTH 2, ). dbdbBEORIIUITIITEREZEZRDLHL LR VDT, &
N ootz LL, BRICEST IHAREZIIENTHZ2DHN? | X778
Lo THTDIZ. HABORIZHRTHORDEE Lo KUET 5, ZORIEEAR [30] & HA
22, fTEDBDHEDBNTWRL T, PRDDEMITEBALEPNATVWSE LEI N, ZD
7. BERE ZAIEET 2 ETOR=—VENZL (FHOHEHD., StBEDPRVNCHIFEREED
U6- 505 2 e u2EL b, HEEOKY ¥ 5z 5 EIhy, i 82 (HRAHM) Ryid, T¥En®
WEATHZINY, ZOFOLADOF L5550 20570, BROHHFHL RoTW (BRELTWS)
L5 RMEHD 5,

HUHacd, 1 a~< 90T, EHORH LD 15 2EBRL TV DL WD “THTIv I - I Ur—R—" %
CTEHIGEA LT, EZED 30 BN TEREED. ZD DB DI HIBIOBR L TOANELE —fH oD
§;§§;§§§5ﬁﬁﬁ%%(ﬁ#6$$m1@H%K&%LT@O%@%%%H@\?NT®WE%%<:
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HEIZE BN TH S, Cauchy DFEDEHIED, WD THo72HWHZDNEIDH 50
%), TOREREEAICHTAYS Z 2 XSO HNITH Loz (BT 2IHICEDRV),
WI/NRITZ o 72050 b Lz,

BEGRE IR, SIET 7=y 7 0BBIERETH S, ZDDICEHH [44) XL e
WIZ Do Tze 2D ZHHBEIRICK D EETOMEEZRD 2 & W 5 EFDMBINT 2 fFa
MBZ LW, Ahlfors 22 13072 D R=IEZENT W B DD, HiF. ZOFOFHEME I
/NI [46] Z Wz, ZRUIEI WG9 0T, RETE A AR Z FITH - THANZRITGEA
FrafBELTnwah, RWEIRZE 72, LI EDHL > TAT, HEHSEDEZHTIER
WIIHE, KERZEDPES2ALHIMKIIBRHABRTHD, D TRVWATH D o7,
BRIEICZOWSI AN ZES o T0E E RVALE T E R,

Lo U, BEGROFZEDEHE ICIT VWD W 2EEHMENZ < | FHEMBEIXIZE AL RD -T2,
ZHFETHEDP oz, BRI ONTTV Y b2 RZ . Wb 2 HH4 B EHOFERARED I
ATWT, 25WIDEBENTIRITI o/l L IEH D R B 5, #ho0EH%H
BEmDSEE (B Z33E - /MR [25)) TEHLH LT, 22 icEHE W TH2EEHRERE L. Z DR
DRNDOFTHEHEDRL VWL S ICHEEMZIZEXIICTRETH o7, CHEDHDIEDD 5D,
YR Z S WS Z 3BV Koo, £H. BT DIIRATEH L T0biF7,

/R [25] 13 G R o TREZADELS T, ZOEETEEITVEESH, KFELL I A
Wb HEAAB2AL LTS, BIARERNINCE LD 5N T WV RERETHM (VWS X
DIZEEEFE) T, FEFICERRATH B, 72720, #lo TV AMERD SIEICHEN TV -
T, FUADXSIFEIRTIERY, 250D Z2IEEREHTH 5 ZUTERMD - Tw»
BROWEME. RGP0 TV o (BRAIIT <Y Y OFHEFE TR, [25) 1Z0 8 WA
EZOFHNTVWE— ZAUIHMNEZRIEZ JHEWAE T B & o EAYREER),

(2021/9/23 385 Amazon 2° 5 dTWFEDNHZ T, BIEIXEFHEIC R o T\ 3, 35 LAl
BIEXNTRWIZ & TEH 50, diWFHliZ HICHIER T 2 2 W05 DIZW 7R d Db, )

ZI5WVI DI THILARZEZ LTW\Wed, FHEZTTHHERIUIEMEZI NS DT, &
b & Z 3 i,

SIEEICH - THEGROMEDMETH - 72, 3FHOHER L 2 R OEE M &, WA
Riemann OFBHREME D, £/ Fr I -, HiFEEE 2L (BLRARLH > TWS i
BATZE 2T ?), BEREONBRICI - AR EROT s oTz, D ULBIRL T, AHE
[86] ZFEAED LD EL LWV, T ORFHIE N N — oM %] (+244K), Hn 7
Y HDICE o TEEROIENTATWT, BBGROMIC 0 REER X T otz
EOMELEND, (20255 AME: T [65] 2P LAZOEZRWH L, Brodidy
LWeEoT, EOREZLI R oTNE, o L EHBEICHATEIRNEE 57, )

KEBED NG MEfi R tad 2 Z 2122 D, @i [22] ZiiAhasd. HEIR [43], [87] Z WY
MRz RN T RFEBED AR TR, AL BEGR ORI TH 2 LI E U TV, B2 5
RDIEoT, BT D DIERZIES I PRI EE S,

EfE [22) IV R=IBOHFIZZ L ODNEDREIPNTVT, BEREKUDIT 2, mINIH
DOFHL Ve BN EH, —EMEE L /- EDHEROHEE L § 2 7 DIH DI Y 2 e A
o TLREDEL, EBEMNIRIZN TV EDREAFHFEPRV L, X DFHATOTELVWAT
ol

Mel [43], [87] ® BIBGRDIEE D7z DIZKRZEXNL o Tzo KEBED AGREE D & 8 Z
T, —HEDDFEPHRSE LHITT 5, LVHIDEHAWSA T4 7THDH, LTS L
B, AFMRE LTS THIEYITH 208 5 2EA SRV, RO h e LTIESTSH
WHT2EES,

&L L TOBEEZHABD T, KILHZIRODIIMTHHEZEL TAS, LWVWIEZ
FET 55X 07 SR D IH, FXHVPEHRWTRD2A 525, Flo TWIUIHESDT
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DOMESRRTZ B X TOHFEEMN SR NVT WS DIZEEERE L, 272, EENRNE
Ay aXHPALTHEARIDIZ, ArZ L DE > TWBARPIERTHEHIE WV, FIHENL
7zik - AR [25] 1EZE D WO THITH BRWARTH 5205, RET, i [61] 2HALTHEATEZ0D
ESEERL -2 RS,

I HFlF: +1 ©6FEIR, 8FEIR

TBFIT: £1 O 6 TR, STR) IAFRICIEED VI EIZLTVWE T,

SZ R

LAIES
(1] fPfRaER - EERBABAF, BIRESEAD AR, SEE (2003), F.3 eBook Tl https:
//elib.maruzen.co.jp/elib/html/BookDetail/Id/3000006063 T7 7 XA T& 3.

2] —HAME © BAGH AT, FEEAE (1957).

3] Klein, F.: 774 > 1 19 fd 0B, A7 AR (1995), K ES B8, EIL1EmE - )12
Z - AHEE - 55 K. Felix Klein, Vorlesungen iiber die Entwicklung der Mathematik
im 19. Jahrhundert I, Springer (1926) D F&ER.

[4] Smith, D. E.: A Source Book in Mathematics, Dover Publications (1959), https://
1a800307.us.archive.org/10/items/sourcebookinmath00smit/.

[5] MRV —~ N SERREGE — 1 ZREERRAT TR —, BIEEEA (2019/6/20).

(6] EIAREIR | AR RER, T AR (1946), 1996 4RiC T HEE 5% - BUdEss 18
AR & LTRANIS AT WS, F72 1995 G IS DEHEEESRH) 25A - 72,
WwE XL
(7] I @ B A OREHBEEGE : @AREIRAAEE B AR XD, R RERBUA Y
B}, no. 24, EERZEBEEBE (1986.11), TOHD D% "HAT LT B, INER
Efm TBEEOFOTT ) AlE)E (1987) IhEkE i RO FE — Gauss D
BHBIEGH — TdH 5,
8] A, RiZEA : BIE L 3l — sERECELE 6 07 P —F  IEREAA (2014/7/28).
30k
9] EEIE" ) —~ > & AREREEGH: PERCER OB ORGHETR, BE KRS (2016/11/23),
77=%—=/ DUV ALAZRT —FDOHERDFHM. 77—y vy Y NLOHEERY, &
FIZEZWD TOERPZ D o2, BMESAE R PRSIt LR 270 D 5 <
LA T NBEENZL. L THBEHEITR S,

[10] —ARM5 : EERB & WRECFH, FRALHAR (2010).

[11] fREVR  RPEICEZBALEBEZBZ LD — a—>—DEHPH R 50N — (B4 91H
NI BUAR A RIS A OTEEIR T ), #0818, Vol. 15, No. 1, pp. 46-53 (2010 4 3 H 26
H), http://mathsoc. jp/publication/tushin/1501/1501iitaka.pdf.

[12] JEE—EE @ NIV b > eI A - BOMSR - SO, WIRAL (2007).
[13] SZEPfCHE © POoTRL, ARALHIRR (2016/12/1).

314


https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000006063
https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000006063
https://ia800307.us.archive.org/10/items/sourcebookinmath00smit/
https://ia800307.us.archive.org/10/items/sourcebookinmath00smit/
http://mathsoc.jp/publication/tushin/1501/1501iitaka.pdf

[14] #RA St A BAFEEAMNGE « BEEEAREGEEE SUEAREL - M0 RB, https://drive.
google.com/file/d/1vU7BCIlarG_ZyUYkKAEvVLi1LH1ouOpULu/view (2021/6/15).

VEeDFEDLA
[15] — {5 : BB — BEUC X 2 D L BOFHE, H7HIRR (1979), 55 5 B BUER
77 D e - AR O i

[16] &5 BGm#ETE, ¥4 = > X4t (2021/4/25).

[17] /R BEBAERR © B Sl - FIoefEsl SRR, HE52HIRR (1979/7/16, 2016/2/25), AL#& eBook
WA>TW3B, BHIGRFZD¥41E https://elib.maruzen.co. jp/elib/html/Viewer/
1d/3000033529 THIE T Z %,

(18] BEFRN © A A DEGH 2@ <. IEZATFOERD SMHEIER] - BEm&iN, BEE
BB (2017/5/15).

(19] Va4 7 &= J. Jv vy BEORESR, IR (2005), L8 BE - =R BR,
RARET - BEHG - WAL - KA - ERRE— - JE—RD - FPEER fER. FEE.
Victor J. Katz, A History of Mathemaitcs, A: An Introdunction, Second Edition, Addison
Wesley Longman (1998).

[20] REHH#G S @ B AT, https://m-katsurada.sakura.ne.jp/lecture/kaiseki-2021/
kaiseki-2021.pdf (2014 4F~).

[21] FZIYER BRI AP 1, B KSR (1980), RE LW (LIZLITEEERN Wbt d), HL
# eBook Tld.https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000046843
T727%®ATE%. IO eBook £&dREXRZMITIEL.

22] ekl AESRIENT, REURSAHIIRS (1990), Sl FUERE S 1979 FICHiiRE Nz, haE
eBook TlX., https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000049441
T7 7 ATZE%.

054
[23] =L E BEEAM (&, F), GlEFE G4, G5, AIHEIE (1959/11/17, 1960/10/20), A&
eBook IZA -2 TWE T,
[24] EKE @ TEEEAMY ZHide, #5730k, Vol. 028, pp. 54-64 (2017).
25] SEIER, /MREAE | REEFEEEGH, 23EE (1959), i - DRIZIREE T, WFEIZZH
WHL xIEITVEA

MR BB, /NG, fh SR G B, KK,

[26] Graham, O., Knuth, R. L. and Patashnik, D. E.: Concrete Mathematics: A Foundation
for Computer Science, Addison-Wesley Professional (1994/2/28).

[27] Ahlfors, K.: Complex Analysis, McGraw Hill (1953), 375 §27 @R, EE MM, AR
(1982).

[28] Maehara, R.: The Jordan Curve Theorem Via the Brouwer Fixed Point Theorem, The
American Mathematical Monthly, Vol. 91, No. 10, pp. 641-643 (Dec., 1984), https:
//www.jstor.org/stable/23233697seq=1#metadata_info_tab_contents.

[29] Gray, J.: Goursat, Pringsheim, Walsh, and the Cauchy Integral Theorem, Mathematical
Intelligencer, Vol. 22 (4), pp. 60-77 (2000).

315


https://drive.google.com/file/d/1vU7BCI1arG_ZyUYkAEvLi1LH1ou0pULu/view
https://drive.google.com/file/d/1vU7BCI1arG_ZyUYkAEvLi1LH1ou0pULu/view
https://elib.maruzen.co.jp/elib/html/Viewer/Id/3000033529
https://elib.maruzen.co.jp/elib/html/Viewer/Id/3000033529
https://m-katsurada.sakura.ne.jp/lecture/kaiseki-2021/kaiseki-2021.pdf
https://m-katsurada.sakura.ne.jp/lecture/kaiseki-2021/kaiseki-2021.pdf
https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000046843
https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000049441
https://www.jstor.org/stable/2323369?seq=1#metadata_info_tab_contents
https://www.jstor.org/stable/2323369?seq=1#metadata_info_tab_contents

Twe
[30] EIARER : ATEEE CGTEE 3R, AiE)E (1961), https://linesegment.web.fc2.com/
books/mathematics/zouteikaisekigairon/ I PERTEMTINRR) DBARUIRKGE WD D
D¥F, ZAUIHRHIZT L. EARICIEZPDFICTHLTH H o T, MR TEIR
WS,

[31] FZIHDETR A AP 11, EURFAHIAR S (1985), 13 eBook Tl https://elib.maruzen.
co.jp/elib/html/BookDetail/Id/3000046844 T7 72 ATX 5.

2Vl

132] H8)IFE " ERBEEGH D EE, HAFERIL (2003/3/10, 2015/8/25).

33 ENAT—, G. Uy yF— BHERE L R, a2V rh—7=277—2HE (1997),
“Analysis by its History” OFHER. Wanner 13Tl [V —] o T\ =,

34] —ARME : MEMTERRE b, EEE (1962).

abaya, K. and Ir1, M.: Sum of umiformly distributed random variables and a family

35| Kab K. and Iri, M.: S f uniformly distributed d iabl d a famil
of nonanalytic C*°-functions, Japan Journal of Applied Mathematics, Vol. 4, pp. 1-22
(1987).

(36] FEHItHEE @ ot (ERRAEGR, [ERBEIEL R/ — M DHi X . https://m-katsurada.sakura.
ne. jp/complex2/zoku-complex-function.pdf (2015~).

[37) SRJIMES, FRILAIR, £ TBE | NV X —A e ¥ — X% W FE (2001).

38] AFIRRZ T | RN, 1 ZRUEATRERL EZ IR (1978), 2016 FI12H  FHEEEICA
o (77 LTIFREIZELY), FHHCZ2EEDERTD http://researchmap. jp/
joqplcgc9-1782088/ 1IZH %, DWIZ Kindle (LEN/=DTHEHZ KRR 2 Z 3R K-
725, BARDOEFKZID poor THD, XEICAZDIERIEDZ 22DIT, BEZ D
%577

[39] HEHMHE : Z2EBOMIERD Y 2 #F/ — b 55 236, https://m-katsurada.sakura.ne.
jp/lecture/tahensuu2/tahensuu2-p2.pdf (NZIERZ FILVEET) (2006~).

[40] FEEHItESE @ Mo s e 25 2 — + (IH NHMT I ), https://m-katsurada.sakura.
ne.jp/lecture/pde/pde2013.pdf (1997 F~).

[41] —MME © A AFTEPER, JEAREERE (1991).

[42] HRZEBR : fRtTREEL, ¥R (PR 1962, Fhk 1983).

[43] MEJREE " BIRGR AP — EREROM DY —, FRILHIR (1980).
[44] HHTE— © KEGH 58 2 i, SEEE (1965).

[45] Schiff, J. L.: The Laplace Transform: Theory and Applications, Undergraduate Texts in
Mathematics, Springer (1999/10/14).

[46] /NERE @ HBMNTEAM, HEF)E (1966).
A7) L. av vy @ v ay y VN1 RE - A, BREKE (1970).

[48] /NIEE © KEEE, FEEE (2010), 1966 F IR X iz b O DAL,

316


https://linesegment.web.fc2.com/books/mathematics/zouteikaisekigairon/
https://linesegment.web.fc2.com/books/mathematics/zouteikaisekigairon/
https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000046844
https://elib.maruzen.co.jp/elib/html/BookDetail/Id/3000046844
https://m-katsurada.sakura.ne.jp/complex2/zoku-complex-function.pdf
https://m-katsurada.sakura.ne.jp/complex2/zoku-complex-function.pdf
http://researchmap.jp/joqp1cgc9-1782088/
http://researchmap.jp/joqp1cgc9-1782088/
https://m-katsurada.sakura.ne.jp/lecture/tahensuu2/tahensuu2-p2.pdf
https://m-katsurada.sakura.ne.jp/lecture/tahensuu2/tahensuu2-p2.pdf
https://m-katsurada.sakura.ne.jp/lecture/pde/pde2013.pdf
https://m-katsurada.sakura.ne.jp/lecture/pde/pde2013.pdf

[52]
[53]

[54]
[55]

[56]

[57]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

ARIER, IR ER | EaRBIRGH, SGE S (2003).

Henrici, P.: Applied and Computational Complex Analysis Volume 1: Power Series Inte-
gration Conformal Mapping Location of Zero, Pure & Applied Mathematics, John Wiley
& Sons Inc (1977, 1988 (Paperback)).

FEHES C Z2EBOMOETE 1 %3/ — I, https://m-katsurada.sakura.ne. jp/
lecture/tahensuul-2013/tahensuul-2011.pdf (2011).

—IRfE TR T, EIERE (1963).
N L R, AR (1978).

I B3 © $ERBE%GH, HAFEE (2003).

Terd &

FRREE - ERBEEGRRFE, T AR (2016).

Dixon, J. D.: A Brief Proof of Cauchy’s Integral Theorem, The American Mathematical
Monthly, Vol. 29, No. 3, pp. 625-626 (1971).

Loeb, P. A.: A Note on Dixon’s Proof of Cauchy’s Integral Theorem, The American
Mathematical Monthly, Vol. 98, No. 3, pp. 242-244 (1991).

Loeb, P. A.: A Further Simplification of Cauchy’s Integral Theorem, The American
Mathematical Monthly, Vol. 100, No. 7, pp. 680-681 (1993).

Hanche-Olsen, H.: On Goursat’s Proof of Cauchy’s Integral Theorem, The American
Mathematical Monthly, Vol. 115, No. 7, pp. 648-52 (2008).

M R I 0 DZIH 7 — b, https://m-katsurada.sakura.ne.
jp/memo/polynomial.pdf, b &1 TEMEEE I OO DZIEKX ) — 1 https://
m-katsurada.sakura.ne. jp/lecture/kiso3/polynomial.pdf 257z, (2005/1/6~).

STIER - HZHEGH, HEE (1968).

AR © HEFIRES LIRS — By XOEO %S/, HATRIE (2019/9/25).
M © IR, ORI (2000/7/5 (FIRR), RUGHERT (2020/5/21)).

B AR, B (1936), FEE 1945 I, KTV v 7 FXA VI
BhrTWb, EEXKEAHOD http://dl.ndl.go.jp/info:ndljp/pid/1063357 &
(Fa~ Xvru— FA[fag), MMUBE L% http://yx4.1life.coocan. jp/books/
oldbooks.html dH2ITNE, IR TY DA EINLEHD H 5, BRAE VK https:
//linesegment .web.fc2.com/books/mathematics/daenkansuron/ % & %,

IDIBIAZS

TN =  BEEGE b, R, EHERE (1926, HhR 1966, POD AR 2015).

Py AR MR R 755 5 MR ORO 2 kEE kDT, OA
FEEmAL (2013).

FHUEA : FSFHBEEOAR, HAR mFL (1976, 2000).

317


https://m-katsurada.sakura.ne.jp/lecture/tahensuu1-2013/tahensuu1-2011.pdf
https://m-katsurada.sakura.ne.jp/lecture/tahensuu1-2013/tahensuu1-2011.pdf
https://m-katsurada.sakura.ne.jp/memo/polynomial.pdf
https://m-katsurada.sakura.ne.jp/memo/polynomial.pdf
https://m-katsurada.sakura.ne.jp/lecture/kiso3/polynomial.pdf
https://m-katsurada.sakura.ne.jp/lecture/kiso3/polynomial.pdf
http://dl.ndl.go.jp/info:ndljp/pid/1063357
http://yx4.life.coocan.jp/books/oldbooks.html
http://yx4.life.coocan.jp/books/oldbooks.html
https://linesegment.web.fc2.com/books/mathematics/daenkansuron/
https://linesegment.web.fc2.com/books/mathematics/daenkansuron/

[68] EEWE  HRE30#, HAEFE (1989).
[69] /IMRREE @ R FEA 1 28, ZFHER (2000/4/25).

[70] /IMRRAL - fo¢ AR iR 28488, E3ERE (2001/8/25), /NEDITHREZUD TNWE LS5 TH 5.
A3 eBook Tl https://elib.maruzen.co.jp/elib/html/Viewer/Id/3000077154 T
772 RAARETH .

OB T

(71] REASEIE L EREEAT, AGE R (2006/5/10).
[72] TUTR M. ZARA Y, 53T v AT EEMRN, BAFTRT (2009).

VEDFDLA

(73] —MME | ZSEBUET R GE, FEREE (1960).

(74) #EFE . EREBEGE, BEET A T 7V — (2), ARILHRR (1968).

[75] ~Vv ¥ R —ZERIERIRNT | ZEBIERBNTAAR, FRXE (1973), AT R
[76] FtkD) © ZABEIRGH, BEEDOPA Y 25, HATHIRR (2013).

[77) KUK © ZABAE RGN AR, S EIS (2018/6/13).

(78] BFIIERER © SERFENBAEGH — FHAE B 2MoEEEM — 5 2 ik, SIaEE
(2019/9/4).

[79] KIRMER © MR, Z AR BEEGR O dtak, BUREEEL (2014).
80] MEEFK 1 WK E L8R BER B WaREBIEGH 1, L& (2013).
81] MEERK @ BEURE L8R BER By WRBEGH 11, A& AR (2014).

82] SFINE— : HARKEE O 72 OBEEMER HETRUR, Sk E S (1983), FkiZWo 70
SR

83] REFIKE : BIEGH (HEMHT I OFEFRDZHD / — 1), http://akagi.ms.u-tokyo.ac.
jp/CAMPUS/ca.pdf, X3 AT server not found {272 D £ L7243, (2003~2008).

84] FAREASE] | EIRMT AR, 1978 FRICHURIEER AR CITb N R 2 4D/ — t 22 5
BAIL72dD/E% 5 T3, https://www.ms.u-tokyo.ac.jp/publication/documents/
saito-lectures.pdf TARBINTWVWE T, (20094 3 H).

[85] BHHITHF— I BOFHE — BFOEWILE, AEE (1986), 1938 FFICHIR S M7z,

86] AEEES - a7 OF — ffam & WMo R, BAG R (1968/7/1), B  $HERHIZ
Ao 7z (2023/12/11),

[87] HEFE ¢ FrEmETE, BURBEFL (1980, 2005), 2019/3/21 WZHIEEMAS AR S 4172

318


https://elib.maruzen.co.jp/elib/html/Viewer/Id/3000077154
http://akagi.ms.u-tokyo.ac.jp/CAMPUS/ca.pdf
http://akagi.ms.u-tokyo.ac.jp/CAMPUS/ca.pdf
https://www.ms.u-tokyo.ac.jp/publication/documents/saito-lectures.pdf
https://www.ms.u-tokyo.ac.jp/publication/documents/saito-lectures.pdf

& 35l

Abel’s continuity theorem, 87, 262
analytic, 59, 132

analytic function, 132
arcwise-connected, 52

argument principle, 203

Bernoulli £, 138

Cauchy product, 254
closed curve, 109
conformal mapping, 57
connected, 269

entire function, 162
field, 19

holomorphic, 46
homotopic, 296

Liouville’s theorem, 162
pathwise-connected, 52
quaternion, 20

region, 52
regular, 46

maximum principle, 161
maximum-modulus principle, 161
mean value property, 160

winding number, 195

Abel DIENZETEIE, 86, 259
Abel O HEEER, 87, 261, 262
7ILH VM, 21

5 (M), 174
i (BRD), 154
— BRI, 67
—fifiBE %k, 92
—HDEM, 156
—f 2 TEFREL, 84

n FiR, 36
FIERBEE, 165

Euler /23K, 14, 29

FAFIAE, 43
FASRE, 43
fEATREEL, 132
FEMTHY, 46, 59, 132
[AIHREL, 303
[mHEEL, 115, 195
Gauss [, 15
o ZFH, 21
AR, 19

PR, 247
HRUNCR, 67
Cardano 2, 12
REBBER A A D JREE, 159
SEf, 242

BRESEE 0 E R, 160
HALFAFIBEEL, 55
HIEREL, 26

R, 174

M, 32
JRFrIGERS, 269
REH, 21

B 17
JERERAL, 16
R, 17

X5rENZ C #), 109
X7z O B ERIER, 109
Goursat DT, 193
Grousat DEM, 134

Cauchy-Hadamard D/, 65

Cauchy @ F{EFE77, 219

Cauchy OFEDEH (ZAEOENCH 5 #/F857),
115

Cauchy DDA (F#FEEICHET %), 131

Cauchy O EM (FHBEBIIN T 5), 126

Cauchy OFEEM (BRUHEEICET 5), 125

Cauchy DOFHffizX, 162

Cauchy-Riemann O, 48

Cauchy 41|, 242

JRFE—RRIK, 73

JHRIREST, 68

cot @ Taylor R, 140

319



MM BRSNS, 174
AT R, 249
NIRRT, 174
sIGEAS, 52, 269

YA 7, 303
AR, 161
PRI, 21
=ARELX, 28

C et 109

C HRIERIHR, 109
PaITEL, 20

PUTTELIR, 20

FE6%%, 303

FEHl 21

FHE, 17

JE By, 147
A (BHD), 249

R (ERED), 249

IR, 62
IR, 62
IRFRES, 59, 62
FEME 7, 219

B, 168

ML, 17

NEFFR, 19

MR, 246
SRR, 244
PREFTRERF R A, 174
Jordan MR, 109
Jordan HHFRER, 109

Jordan HHARERE, 114, 301

Jordan DAEEF, 223
Jordan fEI, 109
MR, 174

BERK, 162
BAREL, 59
A 46
IETEREL, 245
1EHI 46
IERIBEEL, 10
1ERIERAR, 109
BRI, 174
IEDMAE, 109
P (Hhi#R D), 109

FEITIS, 103
MaOHIN R, 243
HMaRHIE, 27
FREEST, 103

% (HhARD), 109
&, 19

REBEFEDFREAFER, 14, 163

REBIEGR, 15
FEFMBEEGH, 15
ZAMBE%EL, 90, 92
B& kN O, 174

tan @ Taylor FERH, 140, 285

BARMARAR, 109
BAGHSE 122, 299

Fx 4,303
R ATRAEL, 82
AMFIBA%Y, 54

FEMER, 57

EAE, 56

HEREY, 46

FPRBEEL, 82

', 123

ARE, 28

de Moivre DT, 30
R -E77LONRR, 14

2 T, 36
Hamilton D /5iE, 18

o7 FIHE, 46
W FREL, 46

BRI, 10, 14, 43
BHEE, 16
BREIR, 18
BRE, 41
B, 15, 21
IHE, 93

PARMAR, 109
FEEOMHE, 160
PATL, 43

ETTR, 22

TR (RFHE), 59
Bessel BE%KL, 82

320



Bernoulli £, 138
Bernoulli 1D 5 H, 139
mf, 32

{mfH DR, 203

{m D FAHE, 32

R7 Y U, 217
2Rl 123

RE =T, 299
RE R —, 299
REFY Y 7,296

Xy a7 DEM, 57
Morera DEHE, 120, 134
BEL, 61

Laplace fEFZ, 54
Laplace 25461, 223
Laplace A 23, 54

Liouville D&, 162
SLJTHR, 36
B 168
FHI, 52

R, 36

Lebesgue OIHER, 223

B 154
S 157, 269
RTINS AT AT BE, 296

Laurent f%%X, 189
Laurent %%, 165
Laurent &R, 168

321



	0 なるべく短いイントロ
	0.1 参考書の探し方
	0.2 パラシュート降下 … この科目の目的は何か？
	0.3 複素数・複素関数論の歴史
	0.3.1 Cardano
	0.3.2 Bombelli
	0.3.3 de Moivre
	0.3.4 Euler
	0.3.5 Gauss
	0.3.6 Cauchy
	0.3.7 Abel, Jacobi
	0.3.8 Weierstrass, Riemann
	0.3.9 量子力学


	1 複素数の定義とその性質
	1.1 高校で習ったことを振り返る
	1.2 C のちゃんとした定義
	1.3 その他: 順序と距離
	1.4 複素平面
	1.5 平方根
	1.6 共役複素数
	1.6.1 実係数多項式の根

	1.7 絶対値
	1.8 複素指数関数の(前倒し)導入
	1.9 極形式
	1.10 複素数の演算の図示
	1.11 n 乗根
	1.12 C の距離、複素数列の収束
	1.13 確認用の問題

	2 複素関数とその極限、正則性
	2.1 複素関数の実部・虚部
	2.2 よく使う記号・言葉
	2.3 極限と連続性
	2.4 微分
	2.5 Cauchy-Riemann の方程式
	2.5.1 複素関数の微分可能の必要十分条件
	2.5.2 正則関数が定数関数となる場合
	2.5.3 正則関数と調和関数
	2.5.4 逆関数定理
	2.5.5 等角性
	2.5.6 極座標での Cauchy-Riemann 方程式

	2.6 確認用の問題

	3 冪級数
	3.0 イントロ
	3.1 冪級数の収束円
	3.2 関数列の一様収束
	3.2.1 定義と例
	3.2.2 一様収束のありがたみ
	3.2.3 WeierstrassのM-test

	3.3 冪級数の項別微分
	3.3.1 冪級数の項別微分定理 (Abel)
	3.3.2 冪級数展開とは Taylor 展開に他ならない
	3.3.3 有理関数の冪級数展開
	3.3.4 微分方程式の冪級数解法

	3.4 冪級数による初等関数の定義: ez, z, z, z, z
	3.5 冪級数の収束円周上の点での収束発散, Abelの級数変形法, Abelの連続性定理
	3.5.1 まずは例から
	3.5.2 Abelによる2つの定理


	4 複素関数としての対数関数と冪関数
	4.1 複素対数関数 z
	4.1.1  の Taylor 展開 (繰り返しになるのでスキップしても良い)
	4.1.2 方程式 ew=z を解く
	4.1.3 複素関数 z の定義

	4.2 冪関数 z
	4.3 初等関数ワールド

	5 線積分
	5.1 線積分の定義と例
	5.1.1 おはなし
	5.1.2 線積分の定義
	5.1.3 線積分の実例
	5.1.4 原始関数の存在する場合

	5.2 曲線に関する用語の定義
	5.3 線積分の性質
	5.4 参考: R2 で活躍する積分 (ベクトル解析との関係)

	6 Cauchy の積分定理
	6.1 はじめに
	6.2 三角形の周に沿う線積分の場合
	6.3 原始関数が存在  任意の閉曲線に沿う線積分が0
	6.4 星型領域, 単連結領域
	6.5 星型領域における Cauchy の積分定理
	6.5.1 余談: 定理6.18 によりCf(z)dz=0 を証明することを考える

	6.6 積分路の変形 (1), 単連結領域における Cauchy の積分定理の証明のあら筋

	7 円盤における Cauchy の積分公式と正則関数の冪級数展開可能性
	7.1 円盤における Cauchy の積分公式
	7.2 正則関数の冪級数展開可能性
	7.3 冪級数展開の収束半径
	7.4 Cauchyの積分公式(定理7.1) を積分路の変形で証明する
	7.4.1 往復の橋を渡す
	7.4.2 開いてから閉じる
	7.4.3 うまいやり方
	7.4.4 Greenの定理を使う
	7.4.5 本文のやり方の長所の説明


	8 参考: Green の定理, 積分路の変形 (2)
	8.1 Greenの定理
	8.2 Greenの公式に基づく Cauchy の積分定理, Cauchyの積分公式
	8.3 積分路の変形 (2)
	8.3.1 ある年度の講義の宿題から
	8.3.2 熱方程式のGreen関数 (熱核) の導出に現れる積分路の変形
	8.3.3 教科書 (神保道夫) 例題3.24


	今後の方針説明 (二つ目のイントロ)
	9 正則関数の性質
	9.1 正則関数の零点とその位数
	9.2 一致の定理
	9.3 平均値の定理と最大値原理
	9.4 Liouville の定理
	9.5 Schwarz の補題

	10 Laurent 展開, 孤立特異点, 留数
	10.1 Laurent展開
	10.1.1 (68) の証明について

	10.2 孤立特異点
	10.3 Laurent展開、孤立特異点、留数の例
	10.3.1 正則点において Taylor 展開は Laurent 展開である
	10.3.2 除去可能特異点
	10.3.3 極
	10.3.4 真性特異点

	10.4 極とその位数の特徴づけ
	10.5 孤立特異点の  による特徴付け, Riemannの除去可能特異点定理, Casorati-Weierstrassの定理
	10.6 おまけ: Laurent 級数の収束範囲
	10.7 おまけ: Laurent展開と関数の偶奇性

	11 留数定理 (residue theorem)
	11.1 留数定理
	11.2 留数の計算の仕方
	11.2.1 Laurent展開が求まるならば
	11.2.2 極における留数の求め方
	11.2.3 締めくくり

	11.3 偏角の原理

	12 定積分計算への留数の応用
	12.1 はじめに (この問題を取り上げる意義と広義積分についての注意)
	12.2 有理関数の R 上の積分 -f(x)dx
	12.3 有理関数 ei a x の R 上の積分 -f(x)ei a xdx (有理関数のFourier変換)
	12.4 三角関数の有理関数の周期積分 02 r(,)d
	12.5 有理関数の R 上の積分(実軸上に被積分関数の1位の極がある場合)
	12.6 おまけ: 定理12.11 の別証明
	12.6.1 広義積分が存在すること
	12.6.2 (86) の証明

	12.7 Laplace変換の逆変換の積分の留数計算
	12.8 その他

	13 関数論この後
	14 問の解答
	15 期末試験の準備
	15.1 日頃から
	15.2 試験が迫ってから
	15.3 (追試がある場合に) 追試前

	A 級数についての補足
	A.1 C の完備性
	A.2 級数の収束判定
	A.3 Cauchy-Hadamard の定理
	A.3.1 上極限と下極限
	A.3.2 正項級数に対する Cauchy-Hadamard の定理
	A.3.3 冪級数に対する Cauchy-Hadamard の定理
	A.3.4 [n]an の計算に便利な補題

	A.4 絶対収束に関する命題
	A.5 冪級数の項別微分可能性定理の別証明
	A.6 Abel の級数変形法
	A.7 級数の研究の歴史に関するメモ
	A.8 ``負冪級数''
	A.9 =-1 の 0 のまわりの Taylor 展開

	B 連結性
	C 定積分計算のガラクタ箱
	C.1 x 有理関数の積分 0xf(x)dx 
	C.2 有理関数の半直線上の積分 0f(x)dx
	C.3 偶関数(x)n の積分 0g(x)(x)ndx
	C.4 有理関数 (x)n の積分 0f(x)(x)ndx
	C.5 有理関数の有限区間の積分
	C.6 その他 有名な積分

	D 冪級数の逆数
	D.1 冪級数の割算 — 係数の間の関係式
	D.2 Wronskiの公式
	D.3  の冪級数展開の最初の数項を求める

	E Cauchy の積分定理 再説
	E.1 もう一度振り返る
	E.2 本文の内容について
	E.3 正則関数の連続曲線に沿う線積分
	E.3.1 星形領域における正則関数の連続曲線に沿う(拡張)線積分
	E.3.2 一般の開集合における正則関数の連続曲線に沿う(拡張)線積分

	E.4 ホモトピー形の Cauchy の積分定理
	E.5 単連結領域における Cauchy の積分定理
	E.6 楽屋裏
	E.7 一松 一松函数論入門 (1957) のVI章§4から引用
	E.8 チェックすべき論文

	F 回転数を使った Cauchy の積分定理, 積分公式, 留数定理
	F.1 チェインとサイクル
	F.2 回転数
	F.3 回転数を用いた Cauchy の積分定理, 積分公式
	F.4 留数定理
	F.5 個人的な感想

	G 有理式の部分分数分解
	H 参考書案内
	I おまけ: 1 の6乗根, 8乗根
	参考文献

