<*Ham tuan hoan
fM)=f(t+n J  * T:chuky coban

“*Trong mach xac lap chu ky cac dap wng va Kich
thich la co cung chu ky

“*Phan loai & cach phan tich

Mach tuan hoan sin: — anh phtrc

Mach tuan hoan khéng sin: — khai trién Fourier — xép
chong trong mién t
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<*Ham tuan hoan
fM)=f(t+n J  * T:chuky coban

<+ Khai trién Fourier lwgng giac

f(t) = % + > [a, cos(ne,t) +b, sin(ne,t)]
n=1

27T
C()O :?

N, - hoa tan, song hai.
a, ,a,, b, : cac hing so.

: tan sO co ban.
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< Khai trién Fourier lwgng giac

+00

f(t) = % + > [a, cos(ne,t) +b, sin(ne,t)]

n=1

T/2

—T/2
T/2

—T/2
T/2

—T/2

=< j f (t)dt
=— j f (t) cos(na,t)dt

=< j f (t)sin(na,t)dt

Ham s6 chan :
f(t)=1(-t)>b =0

Ham s6 1é :
f(t)=—1f(-t)>a,=a, =0
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5.8.1 Khai tr
<*Ham sbé chin

f(t)= f(-t)>b, =0

=400

f(t)——O + " a, cos(nawgt)

n=1

T/2

——j f (t)dt

T/2

— j f (t) cos(na,t)dt




I8 Khai trién Fourier y
“*Ham so Ié

f(t)=—f(—t) >a, —a =0 \ /\ /.
\V4

f(t)= ibn sin(naw,t)

T/2 — —

4 .
b, = ! f (t)sin(na,t)dt

Bai giang Giai tich Mach 2015 5
—
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“*Ham ban song

f(t):—f(tJ_rI)

f(t) = Z [a, cos(nayt) +b, sin(ne,t)]

N= 2k+1

T/2

— j f(t)cos(n,t)dt  (n =2k +1)

T/2

- j f (t)sin(nogt)dt  (n =2k +1)
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O:OSc’)ng vuong A‘fl
f,(t) ham I¢ > AA
f (1) = —sin(na,t
72 7 I (0 ;nn (Noyt)
n=2k+1
-A
§ T2 T/2
4A (—Cos(naw,t
——jAsm(na)ot)dt_ (~cos(next))
T Nw, )

_ 2A(—cos(nz)+1) _4A

17 N7z n=2k+1
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&l trien Fourier c
“*Song tam giac
f,(t) ham I¢é

b :irf(ﬂtjsin(na)ot)dt+T(#(t—%)jsin(na)ot)dt}

T 0 T T/4
( _ T/4 )
{—t cos(na,t) N sm(na)ot)}
16A N, (n,)* |,
T2 . 2 (
N { (t—1)cos(nagt) sm(na)ot)}
N, (ne,)* |,
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“*Song tam giac

2l trién Fourier

+00 8A
f () =
=3
n=2k+1

=SIn(%r) sin(Na,t)

{—Ilcos(“;)

+sin(”2”)} N

(N, )*

<
+Fu:os(”;f)
\

~ sin(nx) —sin(ng)}

(N, )*

8A
N7

7SIN(%)

J
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“*S0Nng rang cua

f(t) ham 1

T/2

8A| —tcos(na,t)

— —2A _
_4 j (—tjsm(na)ot)dt f,(t) =nz_:—cos(n7r)sm(na)ot)

= 2
T N,

8A| —+-cos(nr)

2
T N,

~ nrx
n Nt —T/2
St ( 0)02)
(na)O) o
+S|n(n7z2) =—_2Acos(n7z)
ey | nz




Afl +00 4A -
f(t)= Y —sin(nat
— A 1( ) ; . ( ! )
n=2k+1
TR T/2 > . |
A f,(t) = (Sln(a)ot) + SllE ) + Slﬂ(za)ot) N j
Af2
Ay | = S 8A TaVALAYY
\ -T/4 T/ / ‘ fz (t) = ; n27z2 Sln(T)SIn(na)ot)
-T/2 T/4 \/T » =
A f(f) = (sm( t)_sm(32a)0t) N Sln(52w0t) _j
3 5
ps & —2A |
A f3(t) = Z—Cos(nn)sm(na)ot)
/ 1 N7
T2 /2| T _ _
f,(t) = Z—A(sin(a)ot) _sinay) | sinGaoy) ‘j
_A 72_ 2 3




ee.l Khail trien k
< Khai trién Fourier dang song hai

Dang song hai cosin | f (t) =C, + » C, cos(ne,t + )
=1

Dang song haisin | f(t) =C, + ZCn sin(na,t + B.)
n=1

a
Co == . C,=ya’+h]
Cac hé s6 khai trién
bn . an
o, =-arctg— ,; [, =arctg—
a b

n n
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< Khai trién Fourier dang mii phirc | f (t) = i [')n o inoyt

Cac hé so khai trién phurc

Quan hé véi cac hé
sb ciia khai trién
leong giac va khai
trién hai

N=—00

== j f (t)e "idt

-V
Do=C, =
2
[.)n =a”_Jb” _& Za,
2 2

*

D=t G _p
2 2
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“*Pho tan so La biéu dién d6 thi cac hé sé chudi Fourier.
a) Pho tan sé mét phia biéu dién chuoi Fourier dang -

f(t)=C,+ > C,cos(nagt+,)
n=1

f(t)=C,+ > C,sin(nayt+ 3,
n=1

Pho bién @0 : biéu dién C,, theo n .
Pho pha : biéu dién o, , B, theon .
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“*Pho tan so La biéu dién d6 thi cac hé sé chudi Fourier.
b) Phé tan so hai phia biéu dien chuoi Fourier dang :

f (t) — Z Dn ejna)ot
>Pho bién do : biéu dién |D,| theon .
Pho bién d6 nhan truc tung lam truc doi xtng.
»>Pho pha : biéu dién ~D, theon.
Ph6 pha nhan goc toa do lam tam do61 xung.

v" Cd hai logi phé c6 cuing thong tin
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Khal trién luong giac
+00 4A ] -
f(ty= > ——sin(nat) o™t
n=1 Nzt _A
(n=2k+1)
" - =R y o . 2A jﬂ(()t
Va khai trién phuc f(t)= Z —]—e"
" 2A/TC nZZT(OO Nt
u — - =2k+1
Pho bién do ¥ 4 4 )
2A/37
e 2RI ot
________ S I R S -
4‘"."?_;_ L o [ 4 | o "."}_:_? -
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EEeeS lruyen tin hiéu tuan hoan qua mach tuyén tinis

Bai toan: Cho mach :

Tim dap ung xac lap y(t) ?

Mach
@) xit) tuyén ———p
Tin hiéu tinh yit)

tudn hoan

Phwong phap phan tich : Xép chdong trong mién tan so.
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RS lruyen tin hiéu tuan hoan qua mach tuyén tinis

«»Xép chong trong mién tan so

Tim chudi Fourier cta x(t) :
X(t) = X, + ) X, cos(Nat +¢,)
n=1

TimY,: dap ung DC.

Co6 thé thay o = 0 trong biéu thirc ham truyén dat tan so
H(Jw) hay tién hanh bal toan giai tich mach xac lap DC.
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S Truyen tin hiéu tuan hoan qua mach tuyén

Tl

«»Xép chong trong mién tan so

Tim vecto phtrc cua hai:

Thay ® = nw, trong (DX tuyén
bicu thire ham truyen dat (M) x cos(mt+gp) | tinh
tan s6 H(jo) , hay giai
tich mach phic khi cho

® = N, .

Y =H(jnw,). X, =Y L

Pép tng can tim
co dang :

Hoc y(t)

&
épxn cos(Neyt +¢,) | H(ineo)

y(t) =Y, + > Y, cos(nayt +v,)
n=1
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.4 Cong suat tron - <hong §

Y == =

(J9

“* Cho mot nhanh co ap , dong la tin hiéu khong sin
u(t) =U,. + ZUn cos(Naw,t + @)

i(t) =1, + Z | cos(maw,t + @, )

a) Cong sudr tac dung P [W] :

1 1
P:?J‘U(t)l(t)dt |:> P:UDCIDC +Z§Un|ncos(¢un_(o|n)
0 n=1

P = Py + ZP(hai)
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.4 Cong suat trong mach khong sir

RV == = e

—_— > —

0) Trihiéu dung cua tin hiéu (RMS) :

< Cho tin hiéu khong sin c6 khai trién chudi Fourier :

u(t) =Upe + > U, cos(nat + ¢, )
n=1

«» Tri hiéu dung (RMS value) : Uy \/ U [2>C T ZU 2

< Trén phan tir mach:

(1 Py = RIZ, =22
+ U(t) _ PL’ PC — O
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o4 Cong suat trong mach khong §

¢) Cong suat phan khang Q [Var] :

<+ Trén mot nhanh bat k¥ :

0

Q = Z% UnIn Sin(@Un _(oln) [Var]

n=1

< Trén phan tir mach: s 1 N1 U2
|(t) /' nZ:;E NgL)l; =n§5n§ [Var]
+ u(t) - x ch_g%m'ﬁ@ :_gzl(na)oC)Uﬁ [Var]
Q. =0
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congsuar SvaT [VA]
<% COng suit biéu kién S [VA] S =Ugyslrws

S=[lU.. +£ZU$ 12, +12 |12
2n=1 2n=1

<% COng suat méo dang T [VA] : c6 mot sb hai chi ton
tai & u(t) hay i(t), ma khi thay doi bién do cta ching , S
thay do6i nhung P va Q khéng doi. Nguoi ta dua ra khai
niém cong suat méo dang.

T :\/Sz_Pz_Qz




e) Cac hé so dic trung

A A A A " P
“* H¢ s0 cong suat cos (p.f):|COS @ = pf — 3
, F RMS Value
2o LIA A : — RMS __
« H¢ so dang: kf R Average Value
) F Peak Value
. n Z ) . - max ___
* H¢ s6 dinh k- kp Fous  RMS Value
, k — F (rRMms)
“* H¢ s6 méo dang:  Frms
® AA \ A 1 ¢ k — Fn(RMS)
% Hé s6 ham luong hai th n : N7 Foye




BBien doi Fourier &Mach kh yng chu K¥

<+ Bién do6i Fourier
Bién d6i Fourier cho tin hiéu khong tuan hoan f(t) : 1a
MOt cong cu toan ¢6 pham vi ap dung rat 16n trong cac
bai toan ky thuat , né duoc dinh nghia 1a mot cap bién
do1 thuan — nguoc nhu sau :

F(w) = j f (t).e dt
va . 1_0000

ft)=— | F(w)e”dw

O j (@)

Dé cd bién doi Fourier, tin hiéu f(t) ciing phai thoa man
diéu kién Dirichlets.



B Bién doi Foueier &Ma ong chu Ky
-/ .I\ ? \ Aft
“*Pic diéem caa ham F(o) . 0
F(w) = ‘F(a))‘ el .
_z z t
2 \ /4 2 2
Phé tan s : F@

>  Pho bién do:
biéu dién |F(jo)| theo w .
>  Phépha:

F(w) =7sinc(4r)

biéu dién ¢(w) theo ® . T4

Pho bién dé va phé pha ciia tin
Niéu khong tuan hoan la cac
nam lién tuc theo w .

\F(a))\z‘rsin c(4F)

@S G— o

H{F (@)

S T s T A vmvﬁ\vﬂv .......................... >
—w, -0 | o o, ®
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< CAac tinh chat cta bién d6i Fourier

Vi F(w) = P(o) + jQ(o) thi P(®) la ham chan theo
tan s6 ® va Q(m) 12 ham I¢ theo tan sb o.

=Tuyén tinh (Linearity) :

a.f (t)+b.f,(t) © aF(w)+b.F (o)

=Neén tin hi¢u (Time scaling):

f(at)al.F[gj

a a
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< CAac tinh chat cta bién d6i Fourier

=Tré tin hiéu (Time shifting)
f(t-t,) < F(w)e
=Diéu ché (Modulation):

e/ f (1) & F(o-w,)

=Dao ham trong mién thoi gian

=Tich phan trong mién thoi gian )
jf(r)df@ji.F(a))m.F(o Jw) FO=]fod
) —0

—00
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e ) = . : ) »
JO- _._./U\._,__ s Ny = _‘ ey e B _m-_ — _177___ _“__—»/——-;_i O = e _\_\/‘/

< Ca4c tinh chat ciia bién d6i Fourier
=Tich chap trong mién thoi gian:
L)* ) = | f,(0).f,t-7)dr = F(0).F (@)

—Q0

*Dinh 1y Parseval (Parseval’s Theorem):cho ta mot sy lién
hé glu:a nang luong ¢ mién thot gian va nang lugng trong
mién tan so.

j fz(t)dt:iﬂF(a))fda)



“*Bién doi Fourier cia cac ham thong dung

Ham goéc Anh Fourier

1(t) L S (w)

Joo
o(t) 1
1 (nguon DC) 218(w)
et 1(t) 1_

a+ jo
sgn(t) i

jeo




BE: ------ = - -\1}/
«»Bién d6i Fourier ciia cAc ham thong dung
Ham goc Anh Fourier
Ham AC : cos(m,t) 7[5(0—w,) + 5 (@ + w,)]
Ham AC : sin(m,t) —jz[5(0-m,) - 5(@+ay)]
Ham qua do AC : . jo
cos(a,t).1(t) ZLol@=@0) ro(@r )]+ 2 _ o
Ham qua do AC : T o
. 0
sin(e,t).1(t) g CCRERTICREY) ko
Ham mii hai phia 20
e M o’ 4+ @’
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“*Phan tich mach ¢6 kich thich khong chu ky

Truyén tin hiéu qua mach x(t)—s| Machdien | vy
tuyén tinh: tuyen tinh
=Chuyén sang mién ®

=Tinh Y(jo) = K(jo).X(jo) Bién doi | Fourier

=Bién do6i nguoc tim y(t).

i > - Y
Luru ¥ 2 khong c6 khai nigm  (©) K(w) = Y(®)
dieu kién dau nhw Khi tinh
trong mién thoi gian !




Vi du 20 0 ?“F

Tim dap urng xac lap u(t) khi |
e(t) = 10c0s(2t) V e HY  102u()
Giai | _
Ham truyén mach & mién tan so
2
K(Jo) =

Q
30° - jdo -4
Anh Fourier caa tac dong :  E(0)=107([6(0-2)+5(w+2)]

1070° [5 (00— 2) + 5 (w0 + 2) ]

Tin hiéuramiéntan s6:  U(w) = _
30° - j4o -4




309 BEA__ ARAL B L A A%/8 220 LGS W28 ENEANY ; — - = e --\\/
10770° [6(w—2) + S (@ + 2)
U(w) = [ 2 _ ]
3w® - J4dw -4

Tim ham QOA,C Sut)y=7" {U (a))} = ZL T U(w)e'”dw
T —00

Luuyla: [ o0-)edo=e
5(22) " 5(_22) ot 20 . 20 .
u(t) = —el" + —e" u(t) = e 4 ———e
) 32)-j8-4  3(2)+je-4 X 8(1-1) 8L+ 1)
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“*Vidu

3 r AA : 1H
Tim dap ting qua dog u(t) khi *
e(t) = 5e21(t) V ey 100 3 u®
Glai
Ham truyén mach & mién tan so :
. R 10
K(Jo) = ~ P :
+ JoL 10+ Jw
Anh Fourier Cua tac dong E(w) = 5_
Tin hiéu ra mién tan s6 : 2+ Jo
50 1 1
U =K E(w) = _
(@)=K{jo)El) 8\2+ o 10+ ja)j

Vay : u(t)=6,25(e —e™*).1(t)V
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