5.2: Chuoi Fourier & Bai toan xac
i lap khong sin:

5.2.1 Chudi Fourier dang lugng giic.
5.2.2 Tinh déi xitng va chudi Fourier.
5.2.3 Chudi Fourier dang mi.

5.2.4 Pho tan so.

5.2.5 Giai tich xac l1ap khong sin.

5.2.6 Cong suit trong mach khong sin.
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+*Bai toan :

& ™
Electronic

Wattmeter *l 13.4 W |* Voltmeter | 1.41V|
OQAOQ oV DCV__ ACV

+ @

(t) MaCh Tai U(t) | COM V

e

| . XXX

Tac dong e(t) 1a tin hiéu tuan hoan khong sin.

= X4c dinh biéu thiic xdc lap u(t) ?

= X4c dinh chi s6 cac dung cu do ?
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5.2.1 Chuoi Fourier dang lugng giac

<+ Chudi Fourier dang lugng gidc ctia tin hiéu tuan hoan
khong sin f(t) thoa diéu kién Dirichlets (don diéu va bi chin
trén mét chu ky) cé dang:

f (@) =a,+ ) [a, cos(na,t) + b, sin(nwyt)] (1) Trigonometric series

n=1

Véi: n=12..
®, = 2n/T = tan s& c¢d ban

, A ~’ ° o A °
a,,a,, b, =cac hé so khai trién Fourier .

n’ >~ n
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, A . d o N .
i ** Cac hé so6 khai trién Fourier

¢ Tin hiéu co chu ky T (s)

¢ Tin hiéu co chu ky 27 (rad)

ay = %If(t)dt

a, = % I [ (¢)cos(nawy,t)dt
b = % I f(¢)sin(naw,t )dt

0= ] f@nd

0

a, = 1 T [ (wt)cos(nw,t)d(wt)
Q 0

bn—1

T

T [ (at) sin(naw,t)d(wt)

ECA.mochbi2Fourier Series 4
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i » Chuoi Fourier va hai (harmonic)

< Tu Phuong trinh (1), ta bi€n ddi :

f(f) = dO + Z Dn COS(I/ZCOOt + (Dn) (2) Cosine expansion
n=1

> Voi :
d, = thanh phan DC (trung binh).
D,cos(wyt + @) = Tp hai co ban.
\ o Vd —_— 2 2
D, cos(koyt + ¢,) = Tp hai tha k. - D, = \/a + b

ECA.mochbi2Fourier Series 5
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» Ung dung chudi Fourier

$ ~ A’ A v °* A A S A ° N ~

1. Y nghia xép chong : tin hi¢u tuan hoan khong sin la tong
cua tin hiéu DC va cac diéu hoa , ¢4 tan so 1a bdi so cua tan
s0 cd ban.

f(@)=TpDC + Zharn
n=1

s, °A A N A o », ~ N , ,
2. Tin hi€éu tuan hoan khong sin f(t) co thé tao ra tu cac tin
hiéu : tin hiéu DC va cdc tin hiéu diéu hoa , c6 tan so 1a boi
s6 cua tan so tin hiéu mudn tao.
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* Tao tin hiéu khong sin tu’ cac hai

Thinh phin DC

L1 cosim, i+, )

Hai thif o

O cosihapt+ep )

Téng hap tit 9 hii ddu tién
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5.2.2 Tinh do61 xiing cua ham va cac
A g o o A XN o o
i hé so khai trién chuoi Fourier.

~ vt A
a) Ham chén f(t) = f(-t) : |
yd oA A — r— —4 e
Tin hi€u nhan truc tung _ZI— _‘

lam truc doi xifng. — 1

T/2

a, = % ! f(t)dt

T/2

a =; ! £(t)cos(na,t)dt

b =0
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i b) Tinh d6i xing 1é :

Ham leé f(t) = - f(-t) : Tin hiéu
nhian goc toa do 1am tAm doi
xi'ng.

a, =0 X
a =0

e
b, =— ! £ (#)sin(nw,t)dt

ECA.mochbi2Fourier Series 9
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c)

<+ Ham déi xifng nifa séng :

ft)=-1(txT/2):

P61 xitng nua séng

v TPDC : a, =0
(a)
v Khinchan:|a, =b, =0 0-3 &
| Ty
° 72 ~— e e
v ' Khilé : — | 2 — 3_ 5
4 T/2 2 7
a, = T _[ f(¢)cos(nw,t)dt ©
° Examples of signals with half-wave symmetry
b= [ f@sin(na)dt
0

ECA.mochbu25urier Series
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d) Chan & doi xi¥ng nifa séng

even :bn:O,nzljz,... _Té' _%0 T or
. )
2
half-wavesymmetry=a, =; | f(t)cosnatdt  fornodd
00

a,=0 forneven

T —

N

[T
4 2

okl = o [V cos 2k + 1wyt dt — [V cos (2k + 1wt dt 2
0 T

T V cos (2k + 1wt dt

O h N

4

T/4

=— |d, :% j f(t)cos(nw,t)dt (n:odd)
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i e) Lé & doi xirng mi¥a song

odd= a, =0;

half - wave symmetry = b,

n=01,2,...
TO
4 2
—_[f(t)sin nao,tdt
1,
b, =0 for nodd

for n odd

> —

T/4

i j f(0)sin(nw,t)d:  (n:0dd)

ECA.mochbu25urier Series
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f)  Néu khong doi xing :

0 a
f;) Doi truc : 2
J P j —» Khong doi xung
Ty Ty ! >
2 al N
f0-3 A
1 T
* Dgi tin hiéu theo truc tung : thay e 2 >
doi Thanh phan DC cua tin hiéu. R =
i a

+* D01 tin hiéu theo truc hoanh : . 4|_,_|_

thay ddi géc pha cta cac hai.
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f,) Phan tich chan - 18

* Phan tich thanh cac T{ ~ _a_,l
thanh phan chian va 1é : . | SN B Sy
l)+ —1
fe(t): f( ) f( ) "III:.T fi-n
2 " -1 T T '
| '-,__H. - L-_____.--"I g L
_ f(t)_ f(_t) | (4 L} B :
fo (1) =
2 fenay - £, 1<, -y
\ , . p A o i f"'!x —ll
[Ham f(-t) xac dinh bang do thi ] A — 1
L , 1
(L5 ] el
0:0 Vﬁ ta C() . El.r. 'y I.J’A_EL Jr” (81— =13)
S
Ay = dge || Ay = Ape bn = bno n | (@) |
ECAmochbe2Faurier Series 14
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i 5.2.3 Chuoi Fourier dang mii

< Néu st dung cdc cong thic bién déi Euler vao phuong
trinh (1) , ta nhian dugc chudi Fourier dang s mii (dang s6

phic ) nhu sau : 0 |
f@)y=) Ce™™ (3)

n=—0

e
> Vit phie C,: (G, = | SO a
0

1T
> Va : Coz?jf(t)dt:aozdo
0

ECA.mochbu25urier Series 15
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i = Chuoi dang mii va chuoi lvgng gidc

<» Chubi dang mii quan hé véi cac dang khac :

—jb, _A +b2
]b u /- arctg( ] glgon

2

a

n

t+£C) 4
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i * Time Shifting :

“ It is easier to study the effect of time-shift with the
exponential series expansion .

«» Né&u ham f(t) bi lam tré di t,, ta cé :

f(l‘—t )— Z C jnoy (t—ty) Z (C —]na)oto) jnat

n=— Nn=—0o0

> Titc 12 ¢ mién tan s6 , géc pha hai thit n bi thay doi : no,t, .
t, = time shift for f(¢)
— nwyt, = phase shift for ¢,

ECA.mochbu25urier Series 17
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5.2.4 Pho tan sé (fre. spectrum)

~ A ~’ o A o X A ° Ve A ~ XN e °
**  Pho tan so : biéu dién do thi cac hé so chuoi Fourier.

A A A’ A , o A o N XN e °
a) Pho tan s6 mot phia biéu dién chudi Fourier dang :

f()=d,+ 3. D, cos(noyi+p,) (2)

Pho bién do : biéu dién D_theon.

Pho pha : bi¢u dién ¢ theon.

ECA.mochbu25urier Series
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b) Pho tan so hai phia

A A A . , o A o R Re )
<»  Pho tan so hai phia biéu dién chudi Fourier dang :

o= ce™ @3

N =—00

Phéo bién do : bi€u dién IC_| theo n . Phd bién do
nhin truc tung lam truc déi x&¥ng.

Pho pha : biéu dién ZC,_, theo n . Pho pha nhin gic
toa do 1am tam doi xing.

v’ Cd hai logi phd c6 cing théng tin

ECA.mochbu25urier Series 19
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NG

, o N ~ A 4 A A ,
** Xac dinh va vé pho tan so 2 phia

. X4c dinh chu ky , tan sé co ban.

. Xac dinh ham f(t) trong mot chu ky .

. Xac dinh C; dung tich phian hay trung binh di€n tich.

. Xdc dinh C_ biing cong thitc tich phan. Bi€u dién sé phifc
nay dudi dang s6 mii .

. V& IC, | theo sé hai ton tain : pho bién do .

. V& ZC, theo s6 hai ton tai n : phd pha.

ECA.mochbu25urier Series 20
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5.2.5 Truyén tin hiéu tuan hoan qua
mach tuyén tinh.

Bai toan: Cho mach : Mach
x(t) tuyén ———p»
Tim dap ung xac lap y(t) ? Tinhieu tinh yit)

tuan hoan

Phuong phap phén tich : X&p chong trong mién tan sé.

1. Tim chuéi Fourier cta x(t) :

x(t)=d,+ ZDn cos(na,t + @)
n=l

ECA.mochbu25urier Series 21
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= Xé&p chong trong mién tan so

2. TimY,:dap ung DC.

> Cé thé thay ® = 0 trong biéu thifc ham truyén dat tan
s0 H(jo) hay ti€n hanh bai toan gidi tich mach xac lap DC.

ECA.mochbu25urier Series 22
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= Xé&p chong trong mién tan so

3. Tim vecto phic cua hai:

> Thay o = nw, trong bi¢u e & Mach

thifc ham truyén dat tan so uyen
. Do V4 D t+

H(jo) hay giai tich mach (3 Preostotre,) H. —

phuc khi cho ® = no, . y(t) =

va
Y, + LY cos(not +y )

H(jhe,)

Y, = H(]na)O)Xn =Y Zy, @DHCDS(MDH%)

> D4ap @ng can tim c6 dang :

Y(O) =Y, + D Y, cos(nayt +y,)
n=I

ECA.mochbu25urier Series 23
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% Using Frequency Response for
i Harmonic Analysis (AC analysis) :

: |
= Circuit Elements: R |, C = R Jn(DOL

no,C

* Determine Frequency Response: H(jnw,) = I(jno,)/V(jno,) .

* From Fourier Series — V(jno,) — I(jno,) .

H(no,) =M((no,)Z0(hw,) & V(ino,)=V Ze,

=) [(nw,) =V Mho,)Le +0(ho,) =1 Ly

ECA.mochbu25urier Series 24
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“ Find Frequency Response H(jo) * :
Y(o)
X(o)

X(jo) — He) —— Yio) Hi®) =

i. Using the basic laws in the phasor domain .

iil. Assuming Y(jo) =1 — Find X(jo) — then calculate H(jo) .

ili. Determine the Transfer Function H(s) (See chapter 6) —
then replace s by jo .

(*): very important to Electronic Engineering .

ECA.mochbu25urier Series 25
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i 5.2.6 Cong suit ¢ mach khong sin.

< Cho mot nhanh cé ap , |4 =Upc+ ZUn cos(nayt + @, )
dong 1a tin hiéu khong sin : o

i(t)y=1,.+ Z [ cos(mwyt+ @, )
m=1

a) Cong suit tac dung P (W) :

T

1 — 1
P = Ju@i(dt| = P=Upclpc+3 - UL, 0080, ~@,)
n=l

0

P = P, + =P(hai)

ECA.mochbu25urier Series 26
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i b) Trihiéu dung cua tin hiéu:

%+ Cho tin hiéu khong sin cé khai trién chudi Fourier :
u@)=U,. + ZUn cos(naw,t + ¢, )
n=l1

¢ Tri hiéu dung (RMS value) :

_ 2 n
Uns = U3 +3 ]
n=l 2
< Trén phan t& mach: .

e~
+ u(t) - PL;PC =0

ECA.mochbu25urier Series
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i ¢) Cong suat phan khang Q (Var):

< Trén mét nhanh bat ky :

o0

Q= %Unln sin(p, —¢,) (Var)

n=I

< Trén phan ti mach:

(0
o—lll——o

Q =2 ;@D =) - (Var)
n=l

n=l

+ u(t)

o0

. —Z Fae =2 M@ OU; (Van
n=l

n=

//\

QR:O

ECA.mochbu25urier Series 28
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d) CongsuatSva T:
< Cong suit bifuki€n S (VA) : S=U Rm] RMS

< Cong suadt méo dang T (VA) : c6 mot so hai chi ton tai &
u(t) hay i(t), ma khi thay déi bién do cta ching , S thay déi
nhung P va Q khong doi. Ngudi ta dua ra khdi niém coéng

sudt méo dang.
T=\S-P -

ECA.mochbu25urier Series 29
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e) Caché so dac trung :

A A A )¢ P
< He s6 cong suét coso (p.f): [cosp=p.f = 5
) __ Fyms . RMS Value
HE} SO dang kf . kf o F, o Average Value
E peak Value
A A 30 = K —
He¢ ¢ dinh k : N Wi
A A’ 2 k — E(RMS)
Hé s6 meo dang: — %
RMS
e it = Dws
Hé so0 ham lugng hai tho n : [ K= T
RMS
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