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AHOHNE - HIEHIE

@ 9 A30 HICERE 2 ZH L %5 (Oh-o Meiji ® MEZRBEEIHE ) oL KR—+h
ZRTTIW, fidHiIb 10 A 6 H 13:30).

o (H) HHRMK, EREBHBRIMGEET 2 L5 BBHVLTVET, b
L EZREBD A ZRIET 2 Nd, EEDRHIIRD LI L TTFE W,
KHEH DB T

3 WWW 34 b

W7 72 AL THEEDHFEL ZHiAL KR— M ElER L. B KIE 13:30
¥ TIZ Meiji X =L %25 T, katurada H- & meiji o ¥ ac &o
& jp FTRE-THFEW,

o ARLHIXEHDEEDMHZ TNEL Z AT, ZAUIKE F TEY]
LC, A 1 OEHIE 10 A 6 H 13:30 E TRD T T, (BENIZ N LA
RDBZMD LNFERA. FRHCHL S BWO T, BIHNPEL Ko TH ALK
PeEZTVET, )

o SHIE, #F/— b [1] ®§1.8, 1.9, 1.10 DNAEEHHT 2.
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http://nalab.mind.meiji.ac.jp/~mk/complex/

1.8 BRIEBEI D7 74 7HA

C DREFETIIZ K OOFEH e FRd 2 W TERT 5, faEIRIT OV T,
Z59%¢k

e =expz = Z %T (BT X 5 ER)

n=0

L%,
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1.8 BRIEBEI D7 74 7HA

C DREFETIIZ K OOFEH e FRd 2 W TERT 5, faEIRIT OV T,
Z59%¢k

oo n

e =expz = Z % (BT X 5 ER)
n=0
b, LaL, EBERIER DT, BERBROFIHICE-> TEAT S, #
THEABTERLTHRAULTH S Z L 2HEET %,
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1.8 BRIEBEI D7 74 7HA

C DREFETIIZ K OOFEH e FRd 2 W TERT 5, faEIRIT OV T,
Z59%¢k

oo n

e’ =expz:= Z % (R & 2 EHR)
n=0
7%, L L. 1EEEEUIER R 0T, B OFHICSE > TEAT 5, #
THEIMTERLTORLTH S I L Z2iERT 5.

EFR 3.1 (HEATEHEEE)

z=x+yi(x,y € R) ML T,

(1) e =expz:=e*(cosy +isiny).

TR E UTORMBI, AREHDELZITTNEDD LR VDHER
BOTHELLZITT %o
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1.8 BRIEBEI D7 74 7HA

C DREFETIIZ K OOFEH e FRd 2 W TERT 5, faEIRIT OV T,
Z59%¢k

oo n

e’ =expz:= Z % (R & 2 EHR)
n=0
7%, L L. 1EEEEUIER R 0T, B OFHICSE > TEAT 5, #
THEIMTERLTORLTH S I L Z2iERT 5.

EFR 3.1 (HEATEHEEE)

z=x+yi(x,y € R) ML T,

(1) e =expz:=e*(cosy +isiny).

TR E UTORMBI, AREHDELZITTNEDD LR VDHER
BOTHELLZITT %o

(M WIE) e FHL L TeD zFy LinAl{Rh, FBRICESIFALDTS
B, BEBOGEIC—HBD (FEEPBE TRV WS BER) OFRITELERL
TVWRWVDT, REEBLLV,

HBAR - [FEE 4 3 [ 2020 45 9 H 29 H 4/18



1.8 EARIEBEIK D7 74 78X
FHBIROIIRTH 5, THbS

(2) zeR= e =¢".
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1.8 BRIEBEI D7 74 7HA

FHBEABOINRTH 2, T72DH
(2) zeR= e =¢".

FRE, z=x+yi (x,y ER) IZDOWVWT, zeER& y=0. TDL X,
e = e*(cos0 + isin0) = ¥ = €.
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1.8 BRIEBEI D7 74 7HA

FHEREIRODIRTH 5, Tabb
(2) zeR= e =¢".
EE z=x+yi (x,y ER) ITDOWVWT, zeR& y=0 D& X,

e = e*(cos0 + isin0) = ¥ = €.

21+22 . pZlp22
(3) e ele?,
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1.8 BRIEBEI D7 74 7HA

SRR DIGRTH 5, T2bDH

(2) zeR= e =¢".

FRE, z=x+yi (x,y ER) IZDOWVWT, zeER& y=0. TDL X,

e = e*(cos0 + isin0) = ¥ = €.

(3) eAta — fig2

FEE (RO 0) B O HIEA ¢ AR OMFEEMIC LD
eat2 — Lativi)+0etiv2) — S0atx)+ilnity)

= €7 (cos(y1 + y2) + isin(y1 + y2))

= €™ (cos y; cos ya — sin yy sin ya + i (sin y; cos y» + cos y; sin y2)) ,
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1.8 BRIEBEI D7 74 7HA

SRR DIGRTH 5, T2bDH

(2) zeR= e =¢".

FRE, z=x+yi (x,y ER) IZDOWVWT, zeER& y=0. TDL X,

e = e*(cos0 + isin0) = ¥ = €.

(3) eAta — fig2

FEE (RO 0) B O HIEA ¢ AR OMFEEMIC LD
eat2 — Lativi)+0etiv2) — S0atx)+ilnity)

= €7 (cos(y1 + y2) + isin(y1 + y2))

= €™ (cos y; cos ya — sin yy sin ya + i (sin y; cos y» + cos y; sin y2)) ,

efe? = (" (cosys + isinyy)) (e (cosyr + isiny,))

= €™ e (cos y; cos y» — sin yy sin y» + i (€os yy sin y» + sin y; cos y»))
THDHPD eat? = gZle?,
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5/18



1.8 BRIEBEI D7 74 7HA

(4) (zeC) &€ #0, e?=—. (VEBEOEHALTLZOHD, )
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1.8 BRIEBEI D7 74 7HA

1

(4) (V2€C) €40, e?=". (VEECORRBLTLEOHD. )

T efe 7=ttt =0 =1£0RDT, e #0. HHELTe?=1
e? # 0 (FBHEEUL 0 IZASBWV) IZBAN L HETH 5,
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1.8 BRIEBEI D7 74 7HA

(4) (vzeQ)

e* #0,

1

—Z

e =

(V 2/ OBFAL TV 2208 D, )

E efe 2=t =P =1£0KDT, e2£0. HIDHLTe?=21.
e? # 0 (FBHEEUL 0 IZASBWV) IZBAN L HETH 5,

z PHIEBD E%2EZ 5, z=i0 (0ER) DEZE (x=0,y =0 TH205)

(5)

ei

0

=cosf +isinf

(Euler DR3X).

ZORENZRE | (IEEH & D IXHEREERID 77534572 L)
MRS 2 Z e 28D 5 (RDRX T4 K),
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1.8 BRIEBEI D7 74 7HA

(4) (VzeC) e £0, e—zzé. (V 2 E OEHFAL TV E08 D, )

T efe 7=t =0 =1£02DT, 2 #0. BIWELTe?=1.
e? # 0 (FBHEEUL 0 IZASBWV) IZBAN L HETH 5,

z PHIEBD E%2EZ 5, z=i0 (0ER) DEZE (x=0,y =0 TH205)
(5) e’ =cosf +isinf (Euler DAIX).

ZORENZRE | (IEEH & D IXHEREERID 77534572 L)
MRS 2 Z e 28D 5 (RDRX T4 K),

HE 3.2 (HEIEE)

e BB Y. IFLALKHIIC (5) o T, cos, sin TRIL TEHET 2 ADEED
2D OB H, ERIEBBEMTRIATE TV 2 HDIE. 2V TLoBER. HEEKE
HOFEFTHET A HDENTH 2, WOB cos, sin ICTHE L TWTIE. EHREHERUC

EHNAEEEBEDNTLESIDT. EbbhWnd e, TR ESRIERENOEF

TaltET2X500F2 228D 3,
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1.8 BRIEBEI D7 74 7HA

ZDRZ74 FORUZ (5) ZHWVTHED D, ORI () L X 5,

L . . 3. i .
(6) el =i, eT=-1 e =—j " =1
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1.8 BRIEBEI D7 74 7HA

ZDRZ74 FORUZ (5) ZHWVTHED D, ORI () L X 5,

™ . i 347 . i
(6) el =i, eT=-1 e =—j " =1

(7) cosf = Ree”, sind=TIme".
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1.8 BRIEBEI D7 74 7HA

ZDRZ74 FORUZ (5) ZHWVTHED D, ORI () L X 5,

(6) e%’. = i7 e"”. = _1’ e%ﬂ"' = —i7 e2ﬂ'i =1.
(7) cosf = Ree”, sind=TIme".

(5) ToODRDDIZ -0 2 KATHL

(8) e % =cosf —isiné.
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1.8 BRIEBEI D7 74 7HA

ZDRZ74 FORUZ (5) ZHWVTHED D, ORI () L X 5,

(6) e%’. = i7 e"”. = _1’ e%ﬂ"' = —i7 e2ﬂ'i =1.
(7) cosf = Ree”, sind=TIme".

(5) TODHRDLDIZ -0 ERATEL

8 e " = cosf — isiné.

el v e 0 IFHMM Fich D, FEENCEE L TR

(9) e =1, ﬁ:e_"‘g:%.
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1.8 BRIEBEI D7 74 7HA

(5) e =cosf +isinf ¥ (8) e ¥ =cosf —isinf %. cosd, sinf DHE TR
LT

el 4 e it )
(10) cosﬁ—#, S|n0—T

Liobw5HTRLEDOT, Z2055HN213T, RRICBIEZ S, LHEIET 5.
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1.8 BRIEBEI D7 74 7HA

(5) e =cosf +isind ¥ (8) e " =cosf —isin® %. cosf, sinf DI STFEI
LT

el 4 e it )
(10) cosﬁ—#, S|n0—T
Liobw5HTRLEDOT, Z2055HN213T, RRICBIEZ S, LHEIET 5.
HERHMEIZOWTIE, [e2] = |e¥eY| = |e¥|[e¥| =eX 1 =e TH2h 5

(11) |e?| = e = eftez.
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1.8 BRIEBEI D7 74 7HA

(12) (e?)"=e" (neZ, zeC).

FEE. n=0DHEE, Wb 1 THE05, KILT 5, ne N DFAEIZ
ezl+zz+---+z,, — ezl e22 . eZn

THD01b. 222:--~:z,,:zl®taé e =(e*)". n< 0D FX,

n=-m&3iL, e ="M= =(e?)"" = ()"

em  (e7)"
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1.8 BRIEBEI D7 74 7HA

(12) (e?)"=e" (neZ, zeC).

FEE. n=0DHEE, Wb 1 THE05, KILT 5, ne N DFAEIZ
ezl+zz+---+z,, — ezl eZz . eZn

THEIDPO, z1=2==2,=2 DX e =(?)". n< 0D XL,

nz __ 7mzii7 1 _ z\—m _ z\n
n=—-m?&3dk, e”=e —emz—(ez)m—(e) = (e%)". O

FHZOER ne ZITNLT ()" =M. Tbb
(13) (cosf +isin0)" = cosnf + isinnd (de Moivre DATX).

(RS RN = B D IR T L RNEEC . BRI 38 5 3E % L7 bl Tl
20 )
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1.8 BRIEBEI D7 74 7HA

(12) (e?)"=e" (neZ, zeC).

FEE. n=0DHEE, Wb 1 THE05, KILT 5, ne N DFAEIZ
ezl+zz+---+z,, — e21 eZz . eZn

THEIDPO, z1=2==2,=2 DX e =(?)". n< 0D XL,

nz __ 7mzii7 1 _ z\—m _ z\n
n=—-m?&3dk, e”=e —emz—(ez)m—(e) = (e%)". O

FHZOER ne ZITNLT ()" =M. Tbb

(13) (cosf +isin0)" = cosnf + isinnd (de Moivre DATX).
(FERNE=ABEBOIEER L IFNET, BROIFEES A% LD Tl
W0, )

T 3.3 (—I0H)

—MEDFE 2 WFEEEFRLTOAEY (LIES BT THS), K (2°)° = a* oBD
FEEGERNE — I D L0, (12) . ZOTBOREIERI 2 I3 AL SR VARV,

S ud
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1.9 MjEX  1.9.1 E5E
BEREEWERETR L2 2 2 2B (polar form) & k.3,
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1.9 M 191 EH

BEREEWERETR L2 2 2 2B (polar form) & k.3,
(x,y) ERZ 2T 5L &,

(3r>0)(30 €R) (x,y)=(rcosb,rsind).
r, 0% (x,y) OBEIFEE WS,
o r F—EHMITEFS: r=/x2+y2

00, r>00rE (WWRZBY (x,y)#(0,0) D& X) 21 DEHKEDOR
EAEROTEE S, r=0D2E, 0 1FATD LW,
0<f<2n® << TDEIZEHZDTdL (a<b<a+2r D3
Wi a<<a+2r), —BENICEE 5,

— M EREERE DT3B Z 2,
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1.9 M 191 EH

BEREEWERETR L2 2 2 2B (polar form) & k.3,
(x,y) ERZ 2T 5L &,

(3r>0)(30 €R) (x,y)=(rcosb,rsind).
r, 0% (x,y) OBEIFEE WS,
o r F—EHMITEFS: r=/x2+y2

00, r>00rE (WWRZBY (x,y)#(0,0) D& X) 21 DEHKEDOR
EAEROTEE S, r=0D2E, 0 1FATD LW,
0<f<2n® << TDEIZEHZDTdL (a<b<a+2r D3
Wi a<<a+2r), —BENICEE 5,

— D E3@EREDH-> T k.
zeCtdsk,
(14) (3r >0)(30 €R) z = r(cosh + isinf) = re”.

ZDR (z=r(cosh +isinf) HEWVEz=re) % z DBER L VWS, KDERL
BEZMES 2 (BRTHL WS, ZOHRDRBEHEZII VDL,
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zeCWHMLT. r>0,0ceR D z=re? ZiiLTVBEET S,
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zeCWHMLT. r>0,0ceR D z=re? ZiiLTVBEET S,
r:|z‘ T%%O
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zeCWHMLT. r>0,0ceR D z=re? ZiiLTVBEET S,
r:|z‘ T%%O

z£0 DL E, 013 2r DREEZRVWTEE %, 0 & z DIRA (an argument)
XU, argz ERT,

1DDEHBE LTEELRVDT, RRBEKRRE 25035 5,
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zeCWHMLT. r>0,0ceR D z=re? ZiiLTVBEET S,
r:|z‘ T@%O

z£0 DL E, 013 2r DREEZRVWTEE %, 0 & z DIRA (an argument)
XU, argz ERT,

1DDEHBE LTEELRVDT, RRBEKRRE 25035 5,

HiPHE —m<0<7m ERELZEE, HFE1IDICEFTE, 0% Argz 8 E X,
z DIRADESE (the principal argument) & X3,
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zeCWHMLT. r>0,0ceR D z=re? ZiiLTVBEET S,
r:|z‘ VC‘\%%O

z£0 DL E, 013 2r DREEZRVWTEE %, 0 & z DIRA (an argument)
XU, argz ERT,

1200FEBE LTEELRVDT, B ZA0DH 3,

HiPHE —m<0<7m ERELZEE, HFE1IDICEFTE, 0% Argz 8 E X,
z DIRADESE (the principal argument) & X3,

rn,rn > 0, 91,92 ER THBL =,
(15) ne' = ne” o n=rnAGkeZ)b) =0+ 2knr.

BE (FWVERT) 1E 61 =6, (mod 27) & HRE B,

< FHZ DA, > FETHIMEERM T n = n. ThERALTHDELT
el = et TN (kL) O — 0= k- 2m. L]

——= == = ~
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1.9.3 M & R A O H

UTD zz ofER . Argz; ZRDTHA K I,
21:1+\/§i, 22:—1+\ﬁi, 23:—1—\/§i, 23:1—\/§i.
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1.9.3 M & R A O H

f51] 3.4
YT zz ofifpe Argz ZRDTHE S,

21:1+\/§i, 22:—1+\ﬁi, 23:—1—\/§i, 23:1—\/§i.

2
YO jIzonTh, |z = 12+(\/§) =2.

B OH  thE
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1.9.3 M & R A O H

f51] 3.4
YT zz ofifpe Argz ZRDTHE S,

21:1+\/§i, 22:—1+\ﬁi, 23:—1—\/§i, 23:1—\/§i.

2
YO jIzonTh, |z = 12+(\/§) =2.

z21=2 (% + ?1) = 2e%i, Argz; = l
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1.9.3 M & R A O H

f51] 3.4
YT zz ofifpe Argz ZRDTHE S,

21:1+\/§i, 22:—1+\@i, 23:—1—\/§i, 23:1—\/§i.

2
YO jIzonTh, |z = 12+(\/§) =2.
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1.9.3 M & R A O H

FE 3.5 (MIREABEEwaL 7Y a vHhb)

—14+3i OfERIE? B2 1E—oTERV, KiE7 ™ b

2 T
—1+\/§i:2(cos37r+isin3>.

A e
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1.9.3 M & R A O H

FE 3.5 (MIREABEEwaL 7Y a vHhb)

—14+3i OfERIE? B2 1E—oTERV, KiE7 ™ b

2 T
—1+\/§i=2(cos37r+isin3>.

RE?IELVWERTHEH, 57 & § B—HLTWRLDATIN, HLEZ
202053t HObDEENTLES ZehH5
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1.9.3 M & R A O H

FE 3.5 (MIREABEEwaL 7Y a vHhb)

—14+3i OfERIE? B2 1E—oTERV, KiE7 ™ b

2 T
—1+\/§i=2(cos37r+isin3>.

RE?IELVWERTHEH, 57 & § B—HLTWRLDATIN, HLEZ
202053t HObDEENTLES ZehH5

z=re? L33 &z OMERIZ? z=re ?. ZHIT OK.
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1.9.3 M & R A O H

FE 3.5 (MIREABEEwaL 7Y a vHhb)

—14+3i OfERIE? B2 1E—oTERV, KiE7 ™ b

2 T
—1+\/§i=2(cos37r+isin3>.

RE?IELVWERTHEH, 57 & § B—HLTWRLDATIN, HLEZ
E020H5L, HIDbDEENTLED ZLHHS

z=re® Y33 &, zOMERIF? Z=re . ZHIZOK. LA L
Z =r(cosf — isinf)
FIE L WERZEPMER TRV, 1 F 2 — B0k,
WS 2 dHoT, MEAO=AEBAN—T a V3BT LS5, LFE-TET, |

B OH  thE HEFRBR - [ 5 3 [ 2020 4 9 A 29 H 13 /18



1.10 {EE DR (m] 22 R MR

FNFFEATIULIE L — v (R?2 ORZ PILEFET),
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1.10 {EE DR (m] 22 R MR

FNE AT L — v (R2 D2 PLEET),
MR e AR RV, B OMHEI MO EDOFE, ORI MR A D,

01
b)

zZ1 = rlei Zy = r2ei92 (I’l, rn > 0,91,92 c R)

i R

212y = ne'’ re® = (nr) (01102,

Z #’LZP V4 V4] @@ﬁﬁﬁfﬁ %) o

(16) |2122| = |21| |22|,
(17) arg(z12) = arg z; + arg z.

B2 RIZTERDBBE, arg B 1 D20 ERTOTIIARNWI LITHERT 5, Zhi
(18) arg(z1z;) = argz; +argz,  (mod 27)
D &S ITRIRTNE,
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ERRXDBX SV

BRI, EEIE. RO XS IWEBBOFFEL LTES Z BB,
abeZ, meNm>2v35LZ

a=b (mod m)def (3ke€Z) a— b= mk.

ZDrE, ak bl mEHEr LTAETH 2 (aand b are congruent modulo m,
a is congruent to b modulo m) &\ 5,

T2 a b% mTE-RLEDRDP—HTE, LWVWHILTH3S,
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ERRXDBX SV

ERIRF. HFEIZ. RO XS CBBOEHL LTES Z e B2,
aabeZ meN m>2&3d=%

a=b (mod m)(g' (3ke€Z) a— b= mk.

ZDrE, ak bl mEHEr LTAETH 2 (aand b are congruent modulo m,
a is congruent to b modulo m) &\ 5,

T2 a b% mTE-RLEDRDP—HTE, LWVWHILTH3S,
BRODOFETHRWVIGEDRAEDbN S, KEDIHLILERTH 5,
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ERRXDBX SV

ERIRF. HFEIZ. RO XS CBBOEHL LTES Z e B2,
aabeZ meN m>2&3d=%

a=b (mod m)(g' (3ke€Z) a— b= mk.

ZDrE, ak bl mEHEr LTAETH 2 (aand b are congruent modulo m,
a is congruent to b modulo m) &\ 5,

HIBI1Ca, b mTHoLLZORYP TS, LWVWHILTH%,
BHROFETRVWEES RIS, KOADTDIDERTH %,
Bz, BIDRT4 KD (18) ZKDEKRTH %,

3k €Z) arg(z1z2) — (argzy + arg z) = 2km.
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ERRXDBX SV

AFERE, B RO XS ICB-OFEL LTHS Zengun,
aabeZ meN m>2&3d=%
a=b (mod m)(g' (3ke€Z) a— b= mk.

ZDrE, ak bl mEHEr LTAETH 2 (aand b are congruent modulo m,
a is congruent to b modulo m) &\ 5,

HIBI1Ca, b mTHoLLZORYP TS, LWVWHILTH%,
BHROFETRVWEES RIS, KOADTDIDERTH %,
Bz, BIDRT4 KD (18) ZKDEKRTH %,

3k €Z) arg(z1z2) — (argzy + arg z) = 2km.

Bl z 1
Arg(z125) = Argzy + Arg 2

BE-o ZDEEVWTD S (—7 < Arg <7 IZHFEE), Zhd
Arg(z120) = Argzy + Argz,  (mod 27)
EIE LW,
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1.10 {EE DR (m] 22 R MR

JE D JE D el

FRZ e i3, HEVPECTHAZPLL T2MEDEEREZ TS
Z 2Tt b,

z=x+yi (x,yeR) &TEHLZ

ez = e"(x + yi) = (cosf + isin )(x + yi)
= xcosf — ysinf + (xsin 6 + y cos 0)i.

Cf. (1751% A\ 72 G14E)

cos@ —sinf\ (x\ [xcosf — ysinf
sinf  cosf y/]  A\xsinf+ ycosf
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BIE r0cR, z=re 322 %, z OMERERD X,

(2oWIRICEL . Do IHED XS ICBZ 508 LAzwiTh
LBl RFERZ e, )
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BRI HE2 2 D DIEEME

BIE r0cR, z=re 322 %, z OMERERD X,
(Z2WVHBIZEL &, Vo IMED LS ICEZ 208 LAKWITHR
e, B e RFERZ )
BRE r>0OBEE. z=re 1T z OMERTH 3,
r<0DHBEE r=(=r)-(=1)=(=r)e™, —r >0 IZFEEL T,
z=(=r)e ) 23 z DR TH 5, O
(2020/9/29 1 %) et &7\ L ER X M T,

z=re" = (—r)e™ . e = (—r)e/"*+™

THY., —r>0,0+7€RTHE3NE, z=(-r)e!T™ 2 z OFEAT
Hb, O
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(1] HEHhSE  EREEGR / — +, BREBERCoMRRH TERBEEU
DFfEFE/ — M. http://nalab.mind.meiji.ac.jp/~mk/lecture/
complex-function-2020/complex2020.pdf (2014~).
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