Gidi thiéu vé cau tric dai so 1
Khi xem xét v& cic ph§n td cha tip hogp trong thuc t&, ta nhan théy ring ludn cé tac dong qua lai giita céc pFl‘é\n
tir d€ tao ra cic phan ti khic. Qua d6 hinh thanh trong chiing ta tu duy vé& cic "phép toan" trén tap hop. Khi
cac phép todn ma "dh t&t" thi cac tap hop duoc trang bi phép toan s& goi 13 cac cAu tric dai sb nhu nhém, vanh,
trudng,...

Muc tiéu

- Kién thic: Sinh vién hiu dugc cac ciu tric dai sb, nhin nhan céc cAu tric dai sb trong céc kién thic d3
biét va m6i trudng xung quanh, xdy dung trudng so phiic.

- Ki ndng: Thao tdc xem xét céc tinh chat clia phép todn hai ngdi, kiém tra cic ciu tric va xem xét cic van
dé trén trudng sb phiic.

Nbi dung bao gom:

4.1 Phép toan hai ngbi
4.2 Nhém

4.3 Vanh

4.4 Trudng

4.5 Trudng sb phiic
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4.1. Phép toan hai ngoi ol

Cho X 13 mét tap khic rBng. Mt phép todn hai ngdi trén tap X, ky hidu 13 %, 13 mét quy tic bién d&i méi phan
tl (x,y) € X? thanh phan tl 2z € X sao cho z = x % y. Néi cach khéc, phép toan * 13 mdt anh xa:

x: X2 5 X

(,y) »x*y
Xét mét sb vi du sau day:

© Xét tap sb tu nhién N, sb nguyén Z, sb hitu ty Q, sb thuc R, khi d6 cic phép toan + hodc phép tosn .
théng thudng la cic phép todn hai ngdi trén cac tap dé;

@ Phép chia théng thudng khéng phai 13 phép toan hai ngdi trén tap sb tu nhién N, sb nguyén Z, sb hitu ty Q,
sO thuc R, vi khéng ton tai phép chia cho s6 0;

© Xét tap hop R, ta dinh nghia phép todn z xy = zy + 2 + ¥.

@ Cho trudc tap hop X, ta xét P(X) = A|A C X. Trén P(X) thi cdc phép todn giao cic tap hgp, hop cic
tap hgp, hiéu cac tip hgp la cic phép todn hai ngdi.

@ Tip A 13 tap tht ca cdc ménh d&. Khi d6, phép hdi A, phép tuyén V, phép kéo theo —, phép can va di
I3 cdc phép todn hai ngdi trén tip A;

@ Cau hdi: Phép trir trén tap cac sb tu nhién N c6 phai 13 mét phép toan hai ngdi hay khéng?
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4.1. Tinh chét cta phép toan hai ngbi 1

Cho tap X cung phép toan hai ngbi *.
@ Phép todn * c6 tinh chit két hop khi:

(axb)xc=ax(bx*c) ding véi moi a,b,c € X
@ Phép todn x cé tinh cht giao hoan khi:
axb=bxa ding véi moi a,b € X
© Phin tir e € X dugc goi |3 phan tir trung hda cha phép toan * néu:

axe=exa=a diang véi moi a € X

@ Khi e 12 phan tir trung hoa clia phép todn * va & € X, khi d6 phan ti 2’ théa man z.2’ = 'z = e duoc
goi la phan tr d6i xiing cla x.

© Trong mét sb tinh hubng, cic phan ti trung hoa ddi khi con dugc goi |3 phan tir khéng, phan ti don vi, va
tuong (ng phan t d6i xiing con dugc goi la phan td doi, phan ti nghich dao.
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4.1. Vi du minh hoa tinh chit cta phép toan hai ngbi 1

sam

Mét sb vi du

@ Céc tap sb quen thudce (N, %), (Z, %), (Q, %), (R,*), & dé * cb thé 13 phép toan + hodc phép toan . théng
thudng c6 tinh chit két hop, tinh chit giao hoan, phan tir trung hda d&i véi phép cong 13 sb 0, phan tir
trung hda dbi véi phép nhan 13 sb 1;

@ Trén tip (Z), phép trir khdng ¢ tinh chit k&t hop, khéng c6 tinh cht giao hodn, khéng cé phan ti trung
hoa.

© Cau hdi: Trén tap hop R, phép toén = *y = zy + x + y 6 nhiing tinh chit gi?
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4.2. NHOM a

sam
Ct\o té}p X khac rBng véi phép toan *, khi d6 dai sb hai ngdi (X, *) 1ap thanh mét nhém néu né thda man ba
tién dé sau:
@ Tinh chit két hop: (a *b) xc = a * (b*c¢), diing véi moi a,b,c € X;
@ Tbn tai phin ti trung hda e € X sao cho a* e = e * a = a, diing véi moi a € X;
© V6i mdi a € X, ludn tdn tai phan tir dbi ©' € X saocho xxz' =2’ xx =e.

Nhém X dugc goi |a nhém giao hodn hoic nhém Abel nduaxb="bxa, ddng véi moi a,b € X.
Mot so vi du:

@ Tap cac sb ty nhién N véi phép cong théng thudng khéng phai 13 mét nhém vi khéng ton tai phan tr dbi;
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4.2. NHOM |

sam

Cho tap X khac rBng véi phép toan *, khi dé dai sb hai ngdi (X, %) 1ap thanh mdt nhém néu né théa
tién dé sau:

man ba
@ Tinh chit két hop: (a *b) xc = a * (b*c¢), diing véi moi a,b,c € X;

Q Ton tai pha“;n tl trung hoa e € X sao cho a*xe = e*a = a, ding véi moi a € X

© V6i mdi a € X, ludn tdn tai phan tir dbi ©' € X saocho xxz' =2’ xx =e.

Nhém X dugc goi la nhém giao hodn hodc nhém Abel nduaxb="bxa, ding véi moi a,b € X.
MGt so vi du:

@ Tap cac sb ty nhién N véi phép cong théng thudng khéng phai 13 mét nhém vi khéng ton tai phan tr dbi;
@ Tap cac sb nguyén Z, tap sb hitu ty Q, tép sb thuc R véi phép cong + théng thudng 1a mét nhém giao hoan.
Nhan xét: Cho (X, *) 13 mét nhém, khi dé:

@ Phan ti trung hoda trong mdt nhém 13 duy nhit, vi ndu e va €’ 13 hai phin ti trung hda clia X thi
/ / ’
e =ecxe=cxe =¢

@ Trong mdt nhém, mdi phan ti chi tdn tai duy nhit mét phan tir dbi chia né.
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4.3. VANH a

Cho tap X khac rBng, trén X trang bj hai phép todn + va .. Khi dé (X, +,.) 1ap thanh mét vanh néu né théa
man céc tién dé sau:
@ (X,+) 12 mét nhém Abel;
@ (a.b).c = a.(b.c), ding véi moi a,b,c € X;
© Phép todn . phan phdi vé hai phia déi véi phép todn +, nghia I3
a.(b+c)=ab+a.c
(b+c)a=ba+ca
ddng véi moi a,b,c € X

@ Phan ti trung hoa dbi véi phép toin ” + 7 thudng ky hidu 13 0, goi |3 phin t trung hda clia vanh. Phan tir
trung hoa dbi véi phfép toan ”.”, thudng ky hiéu 13 1, va goi |13 phan td don vi clia vanh (dé phan biét véi
phan ti trung hda ddi véi phép +);

@ N&u phép toan 7.7 clia vanh cé tinh chit giao hoan thi goi 13 vanh giao hoan;

© N&u phép toan 7.7 clia vanh cé don vi thi goi 13 vanh c¢6 don vi.

M6t sb vi du:

© Tip sb nguyén Z, tap sb hitu ty Q, tap sb thuc R vdi cic phép cdng va phép nhan théng thudng 13 mét
vanh giao hodn c6 don vi, & dé phan tl trung hoa 13 s& 0 va phan ti don vi |3 sb 1;

@ Tap N véi phép todn cdng va phép todn nhan théong thudng khéng phai 13 mét vanh.
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4.4. TRUONG o

Cho tap X khac rBng, trén dé xac dinh hai phép todn ” +7” va 7.”. Khi dé (X, +,.) 1a mét trudng néu:
© (X,+,.) 1a mdt vanh giao hoan c6 don vi 1 dbi véi phép toén ”.7;
@ Véi moi a € X sao cho a # 0, (3 d6 0 13 phan ti trung hoda clia phép todn ” 4 7), ludn ton tai phan ti
nghich d3o cla a, ky hiéu a~ "', sao cho

1

aa—1=a .a=1

Mbt sb vi du:
Q T s6 hitu ty Q, tap sb thuc R véi phép todn cong va phép todn nhan théng thudng 1a mét trudng véi
phan ti trung hoa cha phép cong 1a s6 0, phan td don vi cia phép nhan I3 s6 1.
Q Tipsh nguyén Z véi phép todn cdng va phép todn nhan théong thudng khéng phai 13 mét trudng.
© Cau héi: Tap P(X) véi cic phép todn N,U cb phai 13 mdt trudng khéng? Vi sao?
@ Cau bdi: Tap Z5 = {0,1,2,3,4} véi cac phép todn cdng, nhan modulo 5 cé phai 13 mét trudng khéng?
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4.5. XAY DUNG TRUONG SO PHUC o1
Cho tap sb thuc R. X3y dung tap C = R* = {(a;b)|a € R,b € R}. Xét hai phan tir bt ky
x = (a;b), y = (c d) € C. Khi dé quan hé bing nhau z =y trén C néu a = c vd b = d. Trén C dinh nghia phép
todn cdng ” + 7 va phép todn ”.” (ky hiéu z.y = xy) nhu sau:
z+y=(a+cb+d)
zy = (ac — bd; ad + bc)
(z+y)+z=z+ (y+ 2), véi moi z,y, 2z € C;
Phan tir trung hoa 0* = (0;0) € C théa man z + 0" = 0" + z = z, véi moi z € C;
Vi moi phan tir 2 = (a;b), lubn tén tai phan ti dbi 2’ = (—a; —b) théa man = + 2’ = 0%;
r+y=y+z véi moi z,y € C;
(zy)z = z(yz), véi moi z,y, z € C;
(r+y)z=x2z+yzvaz(y+z) =zy+ xz, véi moi z,y,z € C,
Phan ti&r don vi 1* = (1,0) clia phép todn nhan c6 tinh chit z1* = 1*z = z, véi moi = € C;
Q zy = yz, véi moi z,y € C;
Q Véi z = (a;b) # 0" = (0;0), tdn tai phan ti nghich ddo = = (

zr =27t = 1x.

a2+b2’ a2+b2) € C théa man

Do vay C cling phép todn ” + ” vi phép todn ”.” 1 mét trudng, ducc goi |13 trudng sb phiic.
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4.5. XAY DUNG TRUGNG SO PHUC o

Xét tap R* = {(z,0)|x € R}. Tap R* C C va R* ciing 1a mét trudng. Xay dung 4nh xa
f:R—R"

z +— (z,0)

D& dang kiém tra duoc 4nh xa f 13 song 4nh. Do vay c6 quan hé 1 — 1 giifa trudng sb thuc R va trudng R*, hay
tap sb thuc R 13 tap con chia tap sb phiic C. Khi d6 sb phiic (z;0) tuong tng 13 sb thuc z; s6 0* = (0;0) chinh I3
sb thuc 0 va sb 1* = (1;0) chinh I3 sb thuc 1.

Dit i = (0;1), khi d6 m&i sb phiic z = (a;b) c6 thé biu din dudi dang

z = (a;b) = (a;0) + (0;b) = a(1;0) + (b;0)(0;1) = a + bi

a dudc goi 13 phan thuc clia sb phic z, ky hiéu 13 Rez; con b dugc goi 13 phan do chia sb phiic z ky hiéu 13 Tmz.
S& phic viét dusi dang z = a + bi dugc goi 13 dang chinh tic cla sb phic z.
Luu y:

© Cho hai %) phic z1, 22 € C, khi d6 21 = 22 ndu Rezi = Rezo va Imz; = Imzo;
Q * = (0;1)(0;1) = (~1;0) = —1.
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4.5. BIEU DIEN HINH HOC VA DANG LUGNG GIAC CUA SO PHUC
(& |

Trén mit phing toa d6 Ozy, mdi sb phiic z = a + bi s& dugc bidu didn bsi mét diém M (a;b), nghia 13 mdi diém
trén mit phing s& bidu dién mét sb phic tuong ting trong trudng sb phic. M3t phing nay ducc goi 1a mat phing

phic. D6 dai cha véc ta OM dugc goi l1a mé dun cha sb phiic z, ky hiéu 13 |z|.
—
|OM| = |z| = Va?+ b2 =1

Géc p tao bdi véc to OM va truc Oz dugc xac dinh bdi

a b

COSQpY = m va singp = m

dugc goi la argument cita sb phtic z, dugc ky hiéu la Argz.
Vi cac ky hiéu bén trén, sb phic z c¢6 thé biéu didn dudi dang
z =r(cosp + ising)

dudc goi 13 dang luong gidc cha sb phic z.
Vi du: Dang luong gidc clia mét sb sb phic:
Q 21 =1+ V3i=2(cos(§) +isin(3));
Q 22 =8—8i=8v2(cos(—%) + isin(—Z));
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4.5. CAC PHEP TOAN CUA SO PHUC
Cho hai sb phiic dusi dang chinh tic z1 = a1 + b1 v z2 = ag + bai.

@ Phép cong, phép trir

zito = (a1 £ a2) + (b1 £ b2)i.
@ Phép nhan
21.22 = (a1a2 — blbz) + (a1b2 —+ azbl)’i.
Dac biét:
21.21 = |,21|2 =a2 +b3.
© Phép chia
21 _ 72 (a1az + bib2) + (—a1bz2 + a2b1)i

= = z2 75 0;
—_ b b
Zo  29Z3 a3 + b2

Céac phép toan trén sb phitc dang lugng giac
Cho hai sb phiic dusi dang lugng gidc z1 = r1(cosp1 + ising1) va z2 = r2(cosps + isings).
@ Phép nhan
z1.22 = r1.12(cos(p1 + p2) + isin(v1 + p2));
@ Phép chia

zZ1 T1

= — (cos(p1 — p2) +isin(p1 — ¢2)) 22 # 0;

z2 T2
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4.5. SO PHUC LIEN HOP

ol

SAMI

Cho sb phic z = a + bi. S& phic lién hop cta sb phiic z, ky hiéu 13 Z = a — bi. o] dang luong gidc, sb phiic lién
hop cla so phiic z = r(cosp + ising) 1a so phic z = r(cosp — ising)

Mbét sb hé thiic cla sb phc lién hop

@ Cho z1, 22 13 céc so phic.

@ Cho sb phiic z = a + bi

(HUST)

z1tz2=721+722

zz=d>+b" = |z
1_z
z |z
12| = 2|
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