GIAI TICH PHUC

Thoi lwong va muc tieu mon hoc
o1 lwong:

30 tiet = 20 tiét ly thuyét + 10 tiét bai tap




Muc tiéu:

®» Nam vitng cic kién thiic trong yéu vé giai tich phtec.
» Van dung thanh thao cach tinh tich phan ctia ham bién phtrc.
» Ung dung cac phép bién doi dé giai phuong trinh vi phan.




Kién thirc can thiét:

®»Dai cuong vé so phitc (Toan Pai S6 Al).
® (5141 tich thuec.




Tai liéu tham khao:

= Complex Analysis — Terence Tao.

= Phuong Phap Toan Cho Vat Ly (tap II) Lé Van Truc,
Nguyén Vin Thoa, NXB Pai Hoc Quoc Gia Ha Noi.

Ham phtc va tng dung — Neuyén Kim Dinh.




LiEn hé:

»Nguyén Thi Huyén Nga - Bo mon Vat ly Ly thuyét
= \ail: nthnga@hcmus.edu.vn
Dién thoai: 0944. 999.306



mailto:nthnga@hcmus.edu.vn

Noi dung chinh:

®» Chuong |: SO phitc va Mit Phang Phure - 3 tiét Iy thuyét (1 buoi)

» Chuong Il: Ham Bién Phuc - 3 tiét Iy thuyét (1 budi)

» Chuong I1]: Cac Ham Phtic Co Ban - 3 tiét ly thuyét (1 budi) + 3 tiét bai tap (1 budi)

IV: Tich Phan Phtec - 6 tiét Iy thuyét (2 budi) + 3 tiét BT (1 budi)

®» Chugng V: Thuyét Thiang So - 6 tiét Iy thuyét (2 buoi) + 3 tiét BT (1 buoi)

» Cliwong VI: Cac Phép Bién Doi Tich Phan — 6 tiét Iy thuyét (2 budi) + 6 tiét BT (2 buoi )




- S6 Phirc va Mt Phiang Phirc

= S6 phirc va cac dang biéu dién so phirc

= M:it phiang phirc

= Cac phep toan

= Tap con trong mit phiang phirc



N

I. 1. SO phirc:

» Tap $O nguyén duong (sé tunhien) N:0,1,2,3 .eeeeeeeeen.

»20+x=12> x = —8. Tap N duoc md rong thanh tap sO NQuyén Z ,
bao gom cac so6 nguyénam: ...,—3,—-2,—1,0,1,2,3, ...

= g4 :g . Tap Z duoc mo rong thanh tap so hiru ti Q, bao gom

2% =2 = x = 2. Tap Q dugc mé rong thanh tap s6 thuc IR, bao
gom cac so VO ti (nghia la cac so khong nguyén va khong thé duoc biéu
dién dudi dang mot ti sO gitra hai s6 nguyén)

2=-1 = x = 4. Tap R dugc mo rong thanh tap s6 phuc C.



a/ Dang Decartes ciia so phirc:

» Trong hé d6 Decartes, mdi s6 phitc z ¢6 thé duoc viét dudi dang:
z=a+1b,

trong do:

®» 4 duoge goi la phan thuc (real part) ctia so phic z. Ky hiéu: @ = Re (3).

oc goi 1a phan ao (imaginary part) cta so phuc z. Ky hiéu: b = Im (2).

» /i dugc goi la don vi ao. Tinh chat: i% = —1.

Dang z = a + ib duoc goi la dang Decartes cua sO phutc. Trong dang nay, do 1on
(modun [modulus], gia tri tuyét doi) cua so phirc z dugc dinh nghia la:

17| = v/ a2 + b2




1 Dang mi cua so phic:

® [rong h¢ toa do cuc, SO phtrc ¢0 dang mii:

z =re'f

r = |z| € R*: modulus cua z

= 9 = arg( z) € R: argument ( pha [phase]) cua z.



0 Moi lién hé giita dang Decartes va dang mii

= Mo6i lién hé nay dugc xac dinh bai cong thic Euler :
e = cosf + isinf (1)

® Cho trude so phic & dang mi, ta tim dugc so phic ¢ dang
Decartes :

i6—

Z =7re r cosf + 4rsin@, (2)

0 sanh biéu thirc nay véi z = a + ib, ta co:
a = rcoso, 3)
b= rsiné @



0 Moi lién hé giira dang Decartes va dang mii :

» Nguoc lai, néu cho trude so phitc & dang Decartes:
z=a-+1b,

® ta tim dugc so phuc dudi dang ham mii: z = 7e*?

=T (3) va (4) taco r=|z|=va?2+b2 ©

b oo z=a+ib tan@ — 2 (6)
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Vi dy: Cho = 1 + 4 . Hay biéu dién z dudi dang mil.




Tt (5), ta co:

r=lzl=v12+12 =2
z=reY voiir = VaZ+ b2 = \/12+12=\/7
tan9=§=1 = 9=(%+k2n)

ay: z = V2 UG o g = arg(z) = % + k2 ,k=0;1,2 ...

1 gia tri cua 8 goi la mot argument cua z




dArgument chuan:

= Arg(z) = 7 Vi—m <~ < m:lagi tri chinh cta 3,

1 ki hiéu Arg(z); 1a gid tri duy nhatcaa@ saocho: —nm <6 <m
=> Argument chuan

d Vay: arg(z) = Arg(z) + 2kn

T (6), taco:
a I3
tan 6 SIS 1 = 0= (Z+k27r)
Vay - 5 = retif = 7 gHGHk2m)

A Luu ¥ quan trong: C6 vo s6 kha niang chon argument 8 cho mdt s6 phtc.

Nguoi ta quy ude chon 0 € (—, +7] 1am argument chuan, ky hiéu 1a Arg(z).




1.2. Miit phiing phire (méit phing Argand):

Decartes vuong goc voi n

» Mait phang phirc (nhitng tén goi khac: mat phang Argand, mat
phang z) la mat phang duoc xac dinh boi hal truc toa do

au.

= Truc x 14 truc thuc, biéu ¢

1€n phan thuc cua so phuece z.

ruc Y la truc 40, biéu dién phan ao ciia s6 phuc 2.
®V§i moi sO phicc 7 = a + 4b, ta lién két mot vecto z co:

goc tai O va ngon 0 toa do (a, b)



Ta s& v& s6 phuc z 1a diém z hay vecto z

= |z| = Va2 + b? : 1a chiéu dai vecto Z




|.2. Céch sir dung mit phiang phire:

» Mo1 li€n hé gitra 2 cach biéu dién:

a=rcosf; b=rsinf
b

r =+a? +b2; tan@ i

= z2=171 (cosf + 4sinf)

0 Néu z = 0 = toa do r khong xac dinh
Trong d6, r [a mot s6 dwong va bang chiéu dai cla vecto z titc r = |3
6 = (Z; ox)

e 0 >0Khizelll
o O<O0Khizelll,lV



0 Chay 1: Cac Argument chuan dic biét:

z=¢e"Y =1= Arg(z) = 0 tirc =0

z=eY =—-1=Arg(z) =ntlhc O=m

6 T

=i:>Arg(Z)=§t1'rc ==

z =e'!

z=e"Y = —i > Arg(2) =—§ tirc 6 =_§



AChG Y 2: Néu z = e ndm trén vong tron tim O béan kinh .

= Khi 8 tang 1én, z chay quanh vong tron ngugc chiéu
kim dong ho = chiéu duong cua z
= Khi 6 ting tir 0 1én 2 thi z trd vé diém cil.

= Neu Z1 = Tlelel; Ly = 7”26“92.

—Pé z; = z, khi va chi khi:
ry=r,va 6;= 0, +2km

hay 7, = rett = ypl(0+k2m)




(
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Vidul: TimArg(z) khi z = -1 —i.

Viét z = re'? ?




1.3. Cac phép toan dai so trén so phirc:

®» Phep cOong/tru, nhan, chia trén C tuan theo cac luat dai so thong thudng véi luu V:
= —1.

® Ph¢p cOng/tru:
(a+ib)+(c+di)=(a+c)+ (b+d)i
® Phép nhan:
(a + bi)(c +di) = (ac — bd) + (ad — bc)i

= Phep chia:

a+bi ac+bd bc—ad,

= + l
c+di c?+d? c?+d?

Chu y: phép chia cho 0 khong xac dinh (vi khong dugc dinh
nghia).




 Lay thtra n:
— .. ,inb

z=ret? = 7" ="

Vori: em% = cosnf + isin nb




Vidu 3: Tinh z = (=) (=)

2—3i 1+i
Ta co:
(1 1\ 1 1 54i 5+i
s 3, /\1 i) T 5_i{ 5_i5pi s
5+ S+i 5 i
7 = — =

"~ 52—(-1) 26 26 26




] Liiy thira va can so:

= Vidu4: Tinh (14 )20
Giai: Ta viét z = 1 + i dudi dang mil:

X JIA
= \/E;tanez;:l:» 9=Z+k2n

: T
o0 — ﬁel(4+k2n)

1d0:
(14 )20 = (\/— ( +k2n))20 _ (ﬁ)zo o 5T +ik40T

= 20(cosm + isinm) = 210" = —1024
Ham f(z) = (1 + 4)?°=-1024 la don tri



1
Vidu5: Tinhz=(1+ )2

Glai: z= (1 + /1,)2 — (\/_ ( +k2n)) - 2461(—+kﬂ)

m 70= 243 8 (WO' — O) hoéc
1 omi
z1 = 24e 8 (z1=—-25;k=1)

— Cac gia tr1 n=2; n=3 thi gia tr1 dugc lap la1
= datri (co 2 glatri zp& z1)
=> V¢ hinh



Vi dy 2: Tinh (1 + )3

1

f(2) = (1 + 4)s = (VZelG2m)) = 25eiGets)
k =0,1:2:3

=> f(z) c0 4 gia tri => f(z) da tri.

Vé hinh:




e Tong quat: Can bac n cua mot so phirc khac 0 cé
diung n gi4 tr1.

That vay, xet z = rel®:

_n i¢+k2n. —0-1.9. .
w, =4+re n ;k=0;1;2;...;,n—1

= n giatri
=Tat ca cin bac n clia z déu nam trén dudng tron tam
O, ban kinh r = /r va phan bo cach déu nhau 1 géc 1a
2TC

7, -
; bat dau tu —
n n




d Cac phép toan tren modulus:

zw| = |z]|. |w|
iz
wl lw|
z" = |z["
» B3t dang thdc tam giac
Iz +w| < |z| + |w|
»Tong quat:
|Iz] — wl| < |z £ w| < |z| + |w|




* \ecto Hi¢u (z; — z,) duoc bi€u dién bang mdt vecto co goc z, va
Ngon z,

" Tuong tu: vé vecto téng (z,+ Z,)

= C/m: bat dang thirc tam giéc.




 Lién hiép phirc:

® [ién hiép phiwrc cua s6 phitc z = x + iy 1a mot s6 phirc duoc ki
hiéu la z hoac z* va duogc dinh nghia:
Zz=Z"=x—1y

»Ung véi 1 s6 phitc z = x + iy => z*=x — iy

> V¢ hinh



 Dudi dang mii:

rel® =re~¢ (12)

(z + wel®)(w — ize~1®) = (Z + we ') (W + ize'?)




0 Mot so hé thirc quan trong:

» Goi z vaw la cac so phtrc. Ta c6 cac hé thuc:
zZ = |z|? (14)
eZeV = eZtW (15)
0O Hay ching minh hai hé thtrc trén bang cach viét so
phy'c dud1 dang mi.
 /Chirng minh:
(14) = zz = re‘e(re ‘9) = r? = |z|* (dpcm)




0 1.4. TAp con trong mit phiang phic:

= Ving 1an cén: cho z, 1a mot diem thude s6 phic C, tap V
gom cac phan tu:
z: |z — zy| < &,

d6 € € R*,duoc goi 1a ving 1an can cia diém z,.

idu: {z:|z — 2| < 1},{z: |z| < 8} lan luot 1an can cua céc
diém Zy — 2, 0.

= z € dwongtrongcotamzyvaR < ¢
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e Phan trong (interior): Cho S 1a mot tap con
trong C. Piém z, duoc goi la thudoc “phan
trong” cua S khi va chi khi:

Ve>0,{z:|lz—2zy| <e}cS

e TAp mé - Tap dong: Néu moi diém z trong tap
S déu tap S, khi d6 S dugc goi
la tap mé. Nguoc lai, S la tap dong.






