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T6m tdt: Trong bai b4o nay, ching t6i sé vdn dung cac kién thizc vé sé phire dé gigi mét so bai
toan vé dong dién xoay chiéu, cac két qua cua bai bao sé 1a tai liéu hizu ich cho nhitng ngwoi quan
tam dén van dé nay. Ngodi ra, chiing téi ciing dé cdp dén mét sé bai toan vé mach dién R, L, C mdc
song song - ddy la dang badi todn khéng dwoc dé Cdp dén trong chirong trinh vt Iy trung hoc pho

thong.

Tirkhoa: So phire, dong dién xoay chiéu, mach dién mdc nai tiép, mach dién mdc song song

I. PAT VAN DE

Trong chuong trinh vat ly lop 12 trung
hoc pho thong (THPT) thi phan dong dién
xoay chiéu chiém mét ti trong trong dbi I6n
(gan bang 50% s tiét cua hoc ky 1) [1], khéng
nhitng vay, trong cac dé thi THPT Qudc gia
trong nhirg nim gin day thi phan dong dién
xoay chiéu thuong chiém ti 1& tr 20 dén 25%
(twong duong tir 6 dén 10 cau/tong s 40 cau)
[21[3][4][5]. Vi vay, day la mot trong nhirng
noi dung rit quan trong ma giéo vién (GV) va
hoc sinh (HS) quan tam rat nhiéu.

Khi giai nhitng bai toan vé phan nay thi
trong chwong trinh thuong dé cap dén hai
phuong phap: phuong phap luong giac,
phuwong phap hinh hoc (gian d6 Fresnel). Uu
diém cua cac phuong phap nay la: Ap dung
d6i voi nhirng bai toan don gian, dé tinh toan;
nhung han ché 1a: khé 4p dung ddi véi cac bai
todn phuac tap, HS phai ghi nhg, van dung
nhiéu kién thic lién mon, khé tinh toan bang
may tinh bo tii...

Trong chuong trinh dao tao cir nhan Su
pham Vat ly, hoc phan K thuat dién c6 dé cap
dén phuong phap s6 phirc dé giai mot sé bai
todn vé mach dién, nhung lai gigi han vé doan
mach méc song song. Hién nay, qua tim hiéu
cua ching t6i chua c6 mot tai liéu chinh théng
hoic mot bai bao dé cap dén van dé nay. Tha
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nhit, chuong "S6 phic" dugc phan phdi trong
chuong trinh dai s6 hoc ky 2 16p 12, trong khi
chuong "Dong dién xoay chiéu" dugc phan
phéi ¢ hoc 1 chwong trinh vat ly 16p 12. Thir
hai, ¢ &p dung phuong phép s6 phirc GV phai
nghién ctru lai kién thire, hudng dan HS tim
hiéu kién thac méi, ting thoi lrong mén
hoc...Chinh vi Iy do d6 nén cdac GV hiu nhu
khong &4p dung phuwong phap nay. Tuy nhién,
ching t6i nhan thiy phuwong phap sé phuc 1a
mot phuong phiap don gian va cho két qua cd
d6 chinh xac cao, dic biét 1a d6i voi nhirng
mach dién phac tap. Véi phuong phap nay
nguoi hoc s€ khdong phai phan tich mach dién
ma van giai dugc bai tap va viéc giai bai tap
tré nén don gian hon.

1. NOI DUNG

1. S6 phirc

Xét tap hop céc cap sb thuc (x,y) lay theo mot
thr tu xac dinh. Cap s thuc nay c6 thé coi
nhu mot vecto trong mat phing Descartes
vudng goc xOy. Mi cap sé thuc trén duoc goi
la mot s6 phirc va mat phang Descartes xOy
duoc goi & mat phing s phic. Nhu vay la
gitra tap hop cac sé phac (x,y) va tap hop cac
diém z cua mat phing xOy c6 sy lién hétap
hop cac diém z ¢ su lién hé mot doi mot, do
d6 ta c6 thé viét dang thic: z = (x,y)



Trong thanh phan cua sé phac z =
(x,y), xduoc goi la phan thuc, y duoc goi 1a
phan ao.

. {x: Rez
Ki hiéu:
y=Imz

-2, = (X, Y)V& Z,=(X,,Y,) dugc coi [ bing
nhau néu x, =Xy, =Y,
- Sb phac dang z = (x,0)nghia 1a s6 phuc c6
thanh phan 4o bang 0 dwgc coi nhu tring Voi
s6 thyc x va diém twong wng cua nd trén mat
phing xOy nam trén truc hoanh. Trén co s& d6
tryc hoanh ctia mat phing Descartes xOy con
goi la truc thuec.
- Sb phac dang z = (0, y) nghia 1a s6 phuc c6
thanh phan thyc bang 0, tng véi mot diém nao
d6 nam trén truc tung duoc goi I truc 4o.
- Hai s6 phac z,=(x,y) va z, =(x,—y) tng
Voi hai diém ddi ximg nhau ddi véi truc thuc
duoc goi 1a hai sé phirc lién hop. Ky hiéu:
(x,=y)=(x,y)
Cha y: Hai sé phic lién hop bing nhau khi
ching déu la sb thuec.

1.1. Dang dai s6 ciia s6 phic

MJibiéu thirc a + jb, trong dd a, b el
:j? = -1 dwoc goi 1a mot sd phirc (trong cac tai
liéu toan hoc ky hiéu la a + bi, d@é tranh nham
lan véi ky hiéu dong dién i nén trong bai bao
nay chung téi ky hiéu 1a j)

Ddi véi sb phac z=a + jb, ta ndia la
phan thie, b 1a phan 4o ciia z j 1a don vi 40

Ngoai ra, dang dai s6 con c6 thé dugc
biéu dién dudi dang:
Z=rcosQ+ jrsing
Trong d6: r = d¢ Ion (module) cua z; ¢ = pha
ban dau (acgumen) cua z
1.2. Dang mii ciia s6 phic

Vé hinh hoc, mot s6 phirc z duoc xac
dinh hoan toan bdi hai dai lugng la r va ¢.
Ching duoc goi a toa do cuc cua s6 phuc z.
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r=|

Q=argz

Cht y: Mddun cta s6 phirc dwgc xac dinh duy
nhit con acgumen duoc xac dinh sai khac mot
boi cua 2r.

Véi z=0, trong cac gia tri ctia acgumen, co
mot gia tri duy nhit nam gira — VA = ta goi
do la gia tri chinh va ki hiéu la argz:
—n<argz<m
Nhu vay
k=0;+1+2..)
Ta co: z=rcosp+ jrsing

Ki hiéu: {

agz =argz 2K =« (

Ap dung cong thirc Euler: e =cos¢+ jsing
S6 phtc z con dwoc viét dudi dang: z =r.e
hoiac z=z/¢

Ngoai ra, sé phac biéu dién cac dai
lwong hinh sin dwgc Ky hiéu bang chir in hoa,

c6 dau cham o trén: i=1e™; U=Uge" hay
i=1Zp,; U=UZo,
Vi du

Dong dién i=10~2sin( & 30 )° (A)

dwoc biéu dign bang sé phuc i =107 (A)
hay 1=10--30°(A)

1.3. Cac phép toan trén tdp hop so phic [Tr38,
6]

1.3.1. Phép cong, trir

Phép cong, trir hai s6 phirc duoc thuc
hién theo quy tic cong, trir da thic (coi j 1a
bién). Tac la: Khi thuc hién phép cong (tri)
c4c s6 phtic ta nén dua sd phic vé dang dai s6,
roi cong (trir) phan thuc vai phan thuc, phan
40 Vi phan 4o.

Xét hai
Z,=C+jd, ta co:

sé phic: z,=a+jb va
z,+z,=(@+c)+j(b+d)
z,-2,=(@—-c)+j(b—d)

1.3.2. Phép nhén, chia ‘
Khi phai nhan, chia ta nén dua vé dang

mii: Nhan (chia) hai s6 phtc véi nhau, ta nhan



(chia) module, con acgumen thi cong (trir) cho
nhau
Xét hai s6 phic: z, = Ae'™va z,=Be', ta
co:

z,Z, = (AB).g")

z

4 _(A) giere
z, \ B

Ta ciing c6 thé thuc hién phép nhan, chia hai
s6 phirc dudi dang dai s6 mot cach binh
thuong.

Xét hai s6 phac: z, =a+jbva z, =c+jd

Phép nhan:

2,2, =(a+ jb)(c+ jd) = (ac—bd) + j(bc+ad)
Phép chia: Ta nhan ca tor va mau véi sb lién
hop phuc cia mau sé

z, _(a+jb) (a+jb)(c—jd) _(ac+bd)+ j(bc—ad)

z, (c+jd) (c+jd)(c—jd) ¢ +d?

1.3.3. Nhan sé phirc v6i e**

Gia sir ta ¢ sb phuc: z= Ae*
Ta co: z=Ae*? e = Agllor)

Tac la khi nhan mot s phac véi e ta
quay véc to biéu dién sé phirc dy di mot goc o
nguwoc chiéu quy kim dong ho.

Khi nhan sé phirc véi e*ta quay véc
to biéu dién s phic 4y di mot goc o cing
chiéu kim dong hd.

1.3.4. Nhan sé phirc v6i +]j
Theo cong thirc Euler:

i

i I
e2=cos—+jsin—=]
2 2

-iz T .. T .
e ? :cos(——jﬂsm(——j:ﬂ
2 2

Nhu vay khi nhan mot s6 phic voi j ta
quay vécto biéu dién sé phirc d6 di mot goc g

nguoc chidu quay kim déng hd. Nguoc lai, khi
nhan vaoi (-j) ta quay véc to do di mot goc

(—gj cuing chiéu kim ddng hé.
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1.3.5. Biéu dién dao ham di
dt

Néu i=IV2sinot duge biu dién bing sb
phue |
Thi %: I\/Emcosoat = I\/icosin((ougj
Vay: %sé duoc bicu dién R jol
1.3.6. Biéu dién tich phan j idt
Néu i=IV2sinot duoc biéu didn bing sb
phuc |

t
Th J.idtz—\/ilcosm:\/ilsin[mt—ﬁj

0 ® ® 2

jo

13.7. Biéu dién cac dinh lugt Kirchhoff
(Ki€chdp) dudi dang phirc

-Dinh luat 1: Tirbidu thie ) i=0=>"i=0
- ’Din,h luat 2: Péi véi doan mach RLC mic
noi tiép, ta co:

t
Vay: [idt s& duoc bicu dién I
0

U=uUg+U, +U. =Ri+Lﬂ+1J'idt

dt C
Vidong dién va dién ap trén cac phan tr i cac
dai lrong sin cung tin s nén ta ¢6 thé biéu
dién dudi dang sb phirc:

U:Ri+jm|_i+;= R+j(mL—i) | =2Zi
JoC oC

Trong do:
2=R+j(a)L—ij=R+j(XL—XC) goi la
oC

tong trd phirc cua mach dién.
Vay ta co: ZU :ZE hay ZiZ:ZE
2. Céch lap so d6 mach dién phirc

Trong truong hop so do mach da cho
dang tec thoi phai tim so do phic twong
duong (dai s6 hoa so d6 mach) ta thuc hién
nhu sau:

- Bién tro R khi chuyén sang so d6 phirc dwgc
gitt nguyén.



- Pién cam L khi chuyén sang so d6 phac

duoc thay bang joL =jX |

- Pién dung C khi phiac hoéa dugc thay bing
1 .

jo)_C =X

- Suat dién dong e(t) khi chuyén sang so db

phire duc thay bang E

- Git nguyén ket cau cuaa mach.

3. Vidu

Vi du 1: D3t dién 4p u = 2204/2c0s(100xt)V

vao hai dau doan mach mac ndi tiép (Hinh 1)
. ) 10
gomdién tro R =100 Q, tudiéncod C= > F
T

S A A 1 -2 ,
va cudon cam thuan c6 L==H. Biéu thac
T

cuong do dong dién trong doan mach la:
R L i
i GO0 |——
A M N B
(Hinh 1)

A i= 2,2\/§cos(100nt+§JA
B. i= 2,2cos(100nt—%j A
C. i:2,2cos(100nt+§j A

D. i =2 22cos (1001tt - gj A

Hwéng din
Ta co0:

1

—
1007t - 10

72100+ j| 10072 -
T
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Hay Z=100— j100=100+2/—45° (Q)
Ap dung Binh luat Ohm:
U, 2204220°

| =—o__2oNEEY 990 /45°(A
° Z 10022-45° A)

Vay i =2 2008 Eoo tr +%j.Dép an C
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Vi du 2: Cho mach dién xoay chiéu gom ba
phan tr mac ndi tiép vGi nhau (Hinh 2), dién
tré thuin R=8(¢) Cuon day thuin cam co do

ty cam L=£(H) , mot tu dién c6 dien dung
7T

4
C:%(F). Pit vao hai dau doan mach mot
T

hieu dién thé xoay chiéu cd biéu thuc
u=34+/25in(20007t) (V)

R L ¢
i PO ——
A M N B

(Hinh 2)

1. Tim biéu thirc cuong d6 dong dién tac thoi
trong mach.
2. Viét biéu thirc hiéu dién thé tic thoi gitra
hai dau dién tro, hai dau cudn cam va hai dau
tu dién.
Hwéng dan
1. Theo bai ra ta cd: U,;=3420°(V)
X, =oL= 20007 = 25(Q)
80m
1 1
10
8n
Tong tré phac ciia doan mach:
Z,; =8+j(25—40)=8-j15=17/-62° (Q)
Dong dién hiéu dung phuic trong mach:
U, 3420
7 17£-62

Vay biéu thirc cudong do dong tac thoi trong
mach 1&: =22 sin(ZOOOnHi:—gj (A)

—40(Q)

2000t

=2,62°(A)

2. Ta co:

+ Hiéu dién thé hieu dung phtc gitra hai dau

dien trén U, =1,,R=2,62°8=16.62°(V)

Vay biéu thac hiéu dién thé tirc thoi giira hai

dau dién tro la:
. 6271

U, =16+/2 sin(2000mt-+ ) (V)

+ Hiéu dién thé hiéu dung phirc gitta hai dau

cuén cam:



U, =l ,g.(1X)=2-62.(j25)=50.,152° (V)
Vay biéu thac hi¢u dién thé tc thoi gira hai
dau cuon cam
1527

\Y
180 j( )
+ Hiéu dién thé hi¢u dung phuc giira hai dau tu
dién:
Ug=lg.(—jX.)=2262.(~j40) =802 — 28° (V)

uL=5oJ§sin(2ooont+

Vay biéu thac hi¢u dién thé tc thoi giira hai

dau ty dien & U, =80/2sin(2000mt —28°) (V)

Vi du 3: Cho mach dién nhu hinh v& (Hinh 3)

R =50(QY); L:E(H). Pat vao hai ddu mach
T

dién xoay chiéu u=220-£sin(100 (V). Biét

tu dién c6 thé thay doi. Tinh C dé hiéu dién thé

cung pha cuong do dong dién.
L

R C
A ] ey B
(Hinh 3)
Huéng din
Céch 1:
Theo bai ra ta co:
1 1

X, = oL =100m.= =100 () ; X.=—
i oC
Hiéu dién thé hiéu dung phuc giira hai dau
doan mach: U,,=220.0° (V)
Tong tré phic cua mach:

Z,s=R+j(X, —xc)=50+j(100—ij
oC

Cuong do dong dién hi¢u dung phtrc gitta hai
dau doan mach:
U 220.0°

_ _—AB

. 220.£0°
he=3 . 1. 50+j100—X,)
% 50+j(100- ) ] c
Q)]

Pé hiéu dién thé cung pha véi cudng do dong
dign thi ¢, =0 (vip,, =0)
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< j100-X.)=0

1
Xo=—
¢ C

—100-X. =0=>X.=100 Ma

-4
Co 1 _ 1 :10 B
oX. 100m.100 =
Khi d6 mach xay ra hién tugng cong huong.
Cach 2:
Theo

bai ra ta co:

X, :mL:lOOR-Ezloo (Q); XC:i
q om oC
bé hiéu dién thé cung pha vadi dong dién (xay
ra cong huong) thi: X =X, =100 ()
1
X =—
e

Ma

-4

C 1 _ 1 :lO G
oX. 100m.100 =

Vi du 4: Cho mot doan mach dién xoay chiéu

nhu hinh v& (Hinh 4) gdm cudn day co dién

tro r, 46 tv cam L mic ndi tiép voi mot dién

tror thuan R =20 (Q) . Biét hi¢u dien thé
gitta hai ddu doan mach va cuong do dong
dién  qua mach c6 biéu thuc:
u=80~/2cos (100nt +gj (V)
i=2+/2cos (1007:t + gj (A)
Tim gia tri cua rva L.
A R L.r B
s S 11111117 A——
(Hinh 4)

Hwdéng dan
Ta biéu dién cac dai lrong dudi dang sé phirc
Hiéu dién thé hiéu dung phirc giita 2 dau doan
80/2.£90°
2
Cuong do dong dién hi¢u dung phac trong
ach: | = 2Y2445°
J2

Tong tré phic trong mach a:

mach &: U,,= =80290° (V)

=2/45° (A)



>_U_80400° 0
| 2£45°

Mach da cho gom cudn diy cé dién tro trong r

va d6 tu cam L méic ndi tiép vai motdiéntro R

204/2 + j204/2 (Q)

nén ta co: Z=(R+n+joL
2
Tu (1) va (2) ta co:
R+r=202 r=20V2-R
o.L=202 |_=M
()]
=202 -20=8,28(Q)
=
L2
100n  5m

N7

Vay: r=8,28(Q); L=—2(H)
5n

Vi du 5: Cho mach dién xoay chiéu nhu hinh
V& (Hinh 5):

R L X
eI ]|
A M N B
(Hinh 5)

-4

Vi C:10 (F) va L:E(H). Néu dat vao
T T
hai dau mach dién 4p xoay chiéu

Upg =200/2.00100nt (V) thi cwong do dong

dién trong mach la i=42c0s(100nt) (A). X
la doan mach gdm hai trong ba phan tir (
R,.L,(thuan cam), C,) mac ndi tiép. Tim cac
phan tir ctia hop X va gid trj cua ching.

Huéng d?nNn ’

Ta bieu dién cac dai rong dudi dang so phuc:
200./2.e"
J2
2,00

N
2

X, =0L=1007-==200(Q2)
e

XC =%=ﬁ=100(§2)
O~ 100
T

U = =2002£0° (V)

=4,0°(A)
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Tong tré phic ciia doan mach AN:
Z = §(200-100)=j100 = 100./90°(Q2)
Hiéu dién thé hiéu dung phuc giira hai dau
AN:
U = 1Z,, = 4£0°.100.£90° = 400.£90° (V)
Xét doan mach AB ta c6: U,,=U, +U,,
= Uz =U,; — U, =200 20° —400.,90° =
= 200 - j400 =447,21/ —63,4° (V)
Tong tre phic ciia doan mach NB a:
= U, 200-j400
Lg=—=

| 4,0°
Tur biéu thic cta Z,, ta thiy X gom 2 phan

=50- 100 (Q)

tir | dién tré thudn R, =50 (Q) mic ndi tiép
voi mot tu dign voi jX . =J100 (Q)
1 10

:>L=1oo@co= - == (F)

oC, 10°r =«

Vay X gom hai phan tir 1a dién tro va tu dién

)

véi: R,=50 (Q)va C, =

Vidu 6:

Cho mach dién mic song song nhu hinh vé&
(Hinh 6). Biét U =220V, R; = 10Q, X; = 10
Q, R2:6Q,X2:8Q.

1. Tinh dong dién Iy, I> va I.

2. Viét biéu thirc tirc thdi is, b VA i

3. Tinh P, Q, S, cos ¢ toan mach?

: T

(Hinh 6)

Hwéng din
a. Tinh dong dién Iy, Io va |
Chon U = U£0° =220.0° (V)
Tong tro phirc nhanh 1:
Z =R, +jX,=10+ 10 =102£45°(Q))
Dong dién phirc nhanh 1:



=2 - 22090 115, 45 ()
Z, 102.,45°

1

ngng tré phtrc nhanh 2:

Z,=R, —jX,=6-j8 =10/-5310"(Q)
Dong dién phttc nhanh 2:

I, =2 - 200 5, 53100 (8) ()

Z, 10£-5310'

Dong dién tong;

I =i, +1,=2508,15°28' (A)
® |

2. Viet bieu thue tirc thoi iy, b VA i

Tu (1) ta c6: Dong dién tirc thoi qua nhanh 1:
i, =15,551/2 sin(wt —45°) (A)

Tt (2) ta c6: Dong dién tirc thoi qua nhanh 2:
i, = 224/2sin(wt +53°10) (A)

Tu (3) ta c6:Dong dién tirc thoi chay trong
mach chinh: i =25,08/2sin(wt +15°28") (A)
3. Tinh P, Q, S, cos ¢ toan mach

Ta c6 cong sudt phirc bing tich cia dién ap
phitc nhan v&i dong dién lién hop phic (vi
goc lech pha o=@, —¢;):
S=Ui=220,0°25,08/-15°28' =
=5518/-15°28'=5323— j1l454 =P+ jQ

Suy ra:

S=5518 (VA)

P = Re{S}= 5323 (W)
Q = Im{S} =-1454 (Var)

Tt cong thirc:

P = Ulcosp = cosep = P 5323

=———=0,965
Ul 220.25,08

Vidu 7:

Cho mach dién nhu hinh v& (Hinh 7). Biét

e, =50~/2sin( et +45 9(V) :

e, =502sin(at 135 (V) , R,=R,=8Q ,
1

R, =3125Q, oL = v 6Q2. Tinh dong dién
®

trong cac nhanh.

Ri RQ
L |:| R> C
1 €3 %
B
(Hinh 7)
Hwéng dan
A
fz I3 E
R Iz Rs
T
) U.g | H R, c
el €3
B
(Hinh 8)

Ap dung phuong phap dién ap hai nit, ta co:
Gia sir chiéu dong dién trong cac nhanh va va
dién ap hai nit U, nhu hinh v& (Hinh 8).
: EY EY +EY
Tacod: Uy = Z — = ElYle3\_(3

YY  Y+Y,+Y,

Trong do:
1 .
=——=(0,08-]0,06) (2
816 ( j0,06) (2)
1 :
=——-=(0,08+ j0,06) (22
S5~ (0.08+10.06) (@
1
=——=0,325(Q))
R, 3125

Thay s ta duoc: U, =(8,83— j8,83)V

Ap dung dinh luat Ohm ta tinh duoc cac dong
dién nhanh:

i — El __UAB

Il

Y, =

<
Il
| [N NN|| [N H'\“| -

Y

=(4,78+ jLL95)A =1, =5,16A
1
I, :%UAB:(—LQS—M,?S)A: I, =516A

2

s = UZAB =(2,83-j2,83) A= 1,=4A
3



Chu y: Bai toan ndy ciing c6 thé giai bang cac
cach sau: Dung gian d6 Fresnel, ap dung
phuong phap sb phirc, phwong phap dong dién
nhanh, phurong phap dong dién vong...dé gii.

I1l. KET LUAN

Nhu vay, bing viéc 4p dung phwong
phéap sé phuc dé giai cac bai toan vé dong dién
xoay chi¢u ching ti nhan thiy: phuong phap
nay khong chi &p dung dugc dbi v6i cac bai
toan don gian ma con hiéu qua ddi voi cac bai
toan phuc tap, bai todn v& mach dién mac song
song. Ngoai ra, viéc tinh toan ciing rat thuan
tién, HS chi can tinh toan giai tich bang may
tinh bo tli ma khéng can quan tim qua nhiéu
dén viéc phan tich mach ciing nhu van dung
céc kién thire lién quan dé giai.
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USING COMPLEX NUMBER METHOD TO SOLVE SOME
ALTERNATING CURRENT PROBLEMS

Nguyen Thanh Lam
Tay Bac University

Abstract: The article focuses on the use of complex numbers to solve some alternating current
problems. In addition, some matters on circuits R, L, C connected in parallel which are not
presented in the high school Physics program are also mentioned.
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