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6. Phan tich pho tin hiéu

6.1 Pho cua tin hiéu nang lwong
6.2 Pho cua tin hiéu cong suat

6.3 Mat dé phé nang lwong, mat dé pho cong suat
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6.1 Pho cua tin hiéu nang lwong

6.1.1 Dinh nghia
6.1.2 Cac tinh chat C}]a pho
6.1.3 Phé ciia mét so tin hiéu thwong gap
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6.1.1 Dinh nghia

Phé cla tin hiéu nang lwong dwoc xac dinh béi bién doi
thuan Fourier. Bién doi Fourier la mot cong cu téan duoc
dinh nghia la mo6t cap bién doi thuan — ngwoc nhuw sau:

o]
Ho)

X ()T F x(t) = Jx(t).e_’ dt

— 0

1 .
tX (9) :—IX(w).e’tda)
272'

x(t) = F

X(t) vax (?) goi la cap bién dbéi Fourier

Ky hiéu x(t) € X (?)
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* Pac diém x @)

X () trong trwdng hop tdng quat 1a mot ham phire

X (@)= |x(@))e”" =p @ g @

X (@), @ P © Q ® ¢bténgoi twong &ng & phd bién do
phd pha, phd thuc, phd ao.

‘X(a))‘:\/PZ ® +Q2 ®
Q ©
p o

P(®) = arctg
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6.1.2 Cac tinh chat caa pho

1. Néu x(t) 1a tin hiéu thwe thi P(0),|X(®)| 12 ham chan
theo o, Q(w),p(®) Ia ham lé theo ®

2. x(t) € X ()
(T X (T9)
X (1) X (T?)
X (CH) X (?)
3. Tinh chat tuyén tinh

a.x(t) Tbh.y(t) < a. X (?) by (?)
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6.1.2 Cac tinh chat caa pho

4. Tinh chat doi xing
x(t) < X (%)
X (t) € 2% x —@
5. Tinh chat déng dang
t

x(—) <7 ‘a‘x a®

6. Tinh chat dich chuyén trong mién thdi gian

x(t—t,)) <> X “ e
.

x(tTt,)< X @ e

0
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6.1.2 Cac tinh chat cta pho (tt)

7. Tinh chat dich chuyén trong mién tan so (diéu ché)

It <> W — @
X(t)e X 0

BRI Y @ + o
x(t)e X 0

1
x(t)cos® t <> = x @ -o X a)+a)0]
2

1
O IR O — O
X(t)sin @t [X

- - X a)+a)0]
2 ]

0
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6.1.2 Cac tinh chat cta pho (tt)

8. Vi phan trong mién tan so

" d"X (¢
T otx@) ) n=1,273..
s dX (@)
n=1:tx(t) < |
da)
d’X (@
nT 2t x(t) < T =)
4o

9. Vi phan trong mién théi gian
d"x(t)
dt’

< (I?) X (?)
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6.1.2 Cac tinh chat cta pho (tt)

10. Tich phan trong mién thdi gian

J T rzL @
x(*)d X (%)
e j@

11. Tich chap trong mién thoi gian
x(t) Fy(t) < X (?)Y (¥)

12. Tich chap trong mién tan so

x(t).y(t) <7 — X (?)TY ()
272'
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6.1.2 Cac tinh chat cta pho (tt)

13. Pho cia ham twong quan va tw twong quan
Theo dinh nghia ta cé

? ()= Txy (- Tt = x@*y (1)

FLe. ()= x @)y (@)

Poi v&i ham tw twong quan x(t) = y(t)

F (DX(T) =‘x (0))‘2=¢(a)) ~ mat dd phd nang lwong
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6.1.2 Cac tinh chat cta pho (tt)

14. Dinh ly Parseval

oo

Ix(t)y*(t)dt = Lﬂ | x ()Y (©)d @
B 27

KhiX(t):y(t) J.‘X(t)‘zdtzi.[‘x (@)‘zd@ — E
w 2%

bl Parseval cho ta mot sw lién hé glwa nang Iu’o’ng dwoc
xac dinh trong mién thoi gian va mién tan so
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6.1.3 Pho mét so tin hiéu thwdng gap

® x(t)=e “it) (¥>0) 1 Xt
_ 1
X(a)) a+ja) {
Sl 1 o ]
‘X ‘_ ¢ ©® =~tan 1
\/a2+a)2 a
. X(@)
vl
—a 1 - 0
e 'Ut) | \ @
a+jo @) _g_’
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6.1.3 Pho mét so tin hiéu thwéng gap (tt)

_2¢

a2+ @?2

2A

—| X(w)

N

a2+ @:?2

>
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6.1.3 Pho mét so tin hiéu thwéng gap (tt)

o

-
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6.1.3 Pho mét so tin hiéu thwéng gap (tt)

Ap dung tinh chat doi xtng ta co:
[+

11 t— © TSa oT
)T

([ o
20 590 t © 2”HL
0 0 >

N—

L

a)n‘x (@)
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6.1.3 Pho mét so tin hiéu thwéng gap (tt)

7
w0
[0
! Tar 3 2 | 27 ar 4r
T T T T T T

Ap dung tinh chét phé ctia ham tw twong quan ta co:

x(t):H [Tt]e TSa

(7))
® =1+ A}
Y

(0
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6.1.3 Pho mét so tin hiéu thwéng gap (tt)

© x(t)=sa

A A
(L] ZX (@)
4
t
>
3w 2r 7 | 7 2z 3% —20 20
w, w, O @y w, Do 0 0
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6.1.3 Pho mét so tin hiéu thwéng gap (tt)

® X(t)~ g 101277

L | X(t) a2z| X(w)

N DN

>
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6. Phan tich pho tin hiéu

6.1 Pho cua tin hiéu nang lwong
6.2 Pho cua tin hiéu cong suat

6.3 Mat dé phé nang lwong, mat dé pho cong suat
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6.2 Pho cua tin hiéu céng suat

6.2.1 Pho cua tin hiéu cong suat khéng tuan hoan

6.2.2 Pho cua tin hiéu tuan hoan
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6.2.1 Pho cua tin hiéu céng suat khdong tuan
hoan

Céc tin hiéu cong suat khong c6 pho Fourier thong thwong. Dé
tim pho cua tin hiéu cong suat khéng tuan hoéan, ta cé thé bieu
dién né b&i gi¢i han cia mét day tin hiéu nang lwong.

Tin hiéu CS x(t) dwoc biéu dién qua day tin hiéu nang lwong sau:

x(t) = lim x, (1)

X0
MGi phan tlrx, (t) c6 pho Fourier X.(?)~ F [x. t ]
Néu ton tai gi¢i han caa day phd x , (@) thita sé cé pho cua
tin hiéu x(t):

X (?)=1lim X,(®) — Pho Fourier gi&i han

ngThanCong.com https://fb.com/tailieudientucntt
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a. Tin hiéu cdng suat khéng tuan hoan (tt)

P x(1)79 A5 t AN o

t g t <1
> QL
Chon day ham gan dung cta §(t) 1a ddy ham Gausse

.
= fim | e I

ol prar

Céac phan t& cta day co6 anh Fourier la:

o ¢

1 e_t2/20‘2 < e—“zwz/z
4/272'&2
Phocuasd(t): « o =, ¢ ““72 =4

O(—)O

ongThanCong.com https://fb.com/tailieudientucntt
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a. Tin hiéu cdng suat khéng tuan hoan (tt)

® x@)=1 Ax t X w
p X A s t (0
(tinh chat doi xteng) > | >
JX(0)
l X @)
0
® x(t)=Sgn(t) 5 { [
Sgn(t)< =
14 gn(t) o | @
X t = lim sgn(t)e_a|t|
X, @ = J “1e%e Mttt 1e e “dt - J
. az+ o?

(0 ) o
x @ :LiLnO%La22+Ja)2J}:i

j a
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a. Tin hiéu cdng suat khéng tuan hoan (tt)

® —
(1)~ Lt) o8 o + 1
1‘ X(t) 1(t) jo T X ()
11 — I\
1t = —7" —sgn(t) E | @
2 2 0
’, A > > . ”, A ”, 1
ap dung két qua cua hai vi du trén ta c6: X © =70 +_w
1F ) 1 S J1 |
X @ < Lo o-0 + +70 0w+ + |
cos® tit)s" — R |
0 2{ 0 J(a) a)o) 0 J(a)+wo)J
cos? 1) L0 o-—0 +76 o+ i
0" 0 O @m2—@
2 2 :
® sin® ()< Tso-0 -5 o+o + Yo
’ 2 Y ° wz-o

0

(4p dung dinh ly diéu ché cho tin hiéu 1(t)
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6.2.2 Pho cua tin hiéu tuan hoan

Pé tim phd cla tin hiéu tuan hoan ta biéu dién chiung duoi
dang chudi Fourier. o )
Tin hiéu TH x(t) dwoc biéu dién thanh chudi Fourier phtrc sau:
T
t Harm Z—,n =0:*f1:%*2...
n

X(1) = 22 X el

n=-_%®

T

1
X = —fx(t)e Mot

T 0
Ta c6: gt & 75 (@ — po

0

Phé Fourier gi®i han cda tin hiéu tuan hoan

X @ :2722 xn5(a)—na)o) (1)

=—00

n
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

% Cac tin hiéu tuan hoan dac biét:
03y = 0]
x(t) — cos™ t

X(a))=7r5 a)—a)o + 710 a)+a)o

®  x(t) = sin @t

X(G))Z—jﬂ'5 a)—a)o +j7r5 ®» + @

® xi)y=e'

X(a))=27r5 o — O

0
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

< Vi du 1: Pho cua diy xung vuéng goc don cwc

A ZEAEA‘XG)‘
AX(t) T =57 T/>\
/
! Wmﬂ%\ NZ ZHTVTWMW\,
T iRkl T T AT T
Ta c6 hé so khai triéen Fourier
T/2 T2
1 o A e _ AT n® ?
X = — J x(t)e " dt T — [ e motgr=2gq s
T _ T _. T 2
T1/2 /2
z T TT T
Xa)zzﬂZA_San 0 © — o 03:2_
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

< Vi du 2: Pho ctia phan bé lwoc

Lyt @
AT P
N N N A-T
I O
— — — = — — — — >
2T -T lo T 217 37T 2w, —w, '0 @ 20,
T/2
1 — o 1
x == ] 0 ¢ e M=
I /2 T
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

** Nhan xét:
Goi x.(t) = x()II(t/T) 1a phan trung tdm cada tin hiéu tuan
héan x(t). THTH x(t) sé dwoc biéu dién béi tich chap cua
x-(t) va phan bo lwoc. o

t

X(1) T x, ()7 TillltT—J

Vé&i x-(t) 1a THNL th&i han hivu han (-T/2,T/2) sé c6 pho
Fourier la  X{(®) = F[x(t)]

; 1 () 5
va _|||L_J<—> 272'2 s ) a)—na)
T \T T

0
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

Theo tinh chat vé pho cua tich chap ta cé:

1 () o1
Xt *—|||L—J<+ X @ LI @~ po
T T e T
Hay
~ X_ n®
XG):zﬂ'Z T 05a)—na)o (2)
N T
T (1), (2) — N
X — T 0
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

3.

¢ Tinhchat:  x(1) < X y(t) <7 Y,
t
L|x, =[x, 4. x(2) < Jalx, iacR(-0)
a
(pn:—gﬂ_n 5 X(t—to)(—) Xne in?t,
2. —y O
x(t X _ in
1) 6. x(t)e " < x
x (t) < X
* 7 <x(")yt_T ><_) XY
x (1) X,

uongThanCong.com
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6.2.2 Pho cua tin hiéu tuan hoan (tt)

[ )
8. xtyt<—>%tz XYiJF

9. <x(")y* t — °* ><_> XnYn*
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6.3 Mat d pho néng lwgng — Mat do pho
cong suat

6.3.1 Mat doé pho nang lwong
6.3.2 Mat do pho cong suat
a. Tin hiéu céng suat khéng tuan héan

b. Tin hiéu tuan héan
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6.3.1 Mat dé pho nang lwong

Mat d6 pho nang lwong cua tin hiéu nang lwong la dai

lwong b o Z‘X o 2

2

Theo tinh chét cia phé(tc 13) taco: ¢ 7 < |x @

Nhw vay (1) va ¢(w) la cap bién doi Fourier

¢m=_[qp T o 17797

V&i tin hiéu thwe, HTTQ chan, do dé mat dd phd nang
lwong ciing 1a ham chan theo o.

ongThanCong.com https://fb.com/tailieudientucntt
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6.3.1 Mat dé pho nang lwong (tt)

Khi thay Tt =0vao HTTQ ta co:

1 [ o yo=g — NanglwgngcuaTH dwoc xac

» 0o = \ A .
27 " dinh trong mién tan so

X

Nhw vay nang lwong ciia TH c6 thé dwoc xac dinh theo 3 cach
sau:

(1) Tinh truc tiép tir tich phan binh phwong tin hiéu E, = [x2].
(2) Tinh tr ham tw twong quan E, = ¢(0).

(3) Tinh tir mat do pho nang lwong

1 1|
E Z—W @ d”Z;W ® " (khi ¢ chin)

X
7T
2% _, .

ngThanCong.com https://fb.com/tailieudientucntt
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6.3.1 Mat dé pho nang lwong (tt)

Nang lwong mét dai tan Ao = 0,- ®,

—w ®
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6.3.1 Mat dé pho nang lwong (tt)

Vi du: Tim mat dd pho nang lwong va nang lwong cua tin
hieu x(t) = e*1(t) (a>0)

Taco: y o = 1 = ¢ o = 1
a+jco o’ + o2
_ _1 - |T
¢Z'_Fl|:¢a)]— eH:>E:1
2¢ X
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6.3.1 Mat dé pho nang lwong (tt)

Mat dé pho nang lwong twong ho:

¢ o =|:[¢Xy r | = fcoxy T g 17T yT

Xy

p T =|:1[¢Xy o ]zziﬂj'qéxy 0 o7y o
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6.3 Mat d pho néng lwgng — Mat do pho
cong suat

6.3.1 Mat do pho nang lwong
6.3.2 M4t dé phé céng suét
a. Tin hiéu cdng suat khéng tuan hoan

b. Tin hiéu tuan héan
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6.3.2 Mat do pho cong suat ‘
a. Tin hiéu cong suat khong tuan hoan

Ta c6 HTTQ cua THCS x(t):
1

vt :Iim—.[xtx t — 7 dt
T>*T

Pho Fourier gi®i han

T /2
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a. Tin hiéu céng suat khéng tuan héan

Nhw vay HTTQ va mat do pho CS la cap bién doi Fourier
gi®l han 0T O o

¢ o
va oo = |im —
T 7® T

trong d6 ¢ (») 1a mat dd phé nang lwong cua tin hiéu
X-(t) = X(OII(t/T) tre x(t) dwoc xét trong khéang théi
gian T
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a. Tin hiéu céng suat khéng tuan héan

< Céng suat caa TH
Tin hiéu x.(t) cé nang lwong :

T /2 1
e, - ]| dtZ—Wdew
27Z'

T /2 -

Cdng suat cua x(t) dwoc xac dinh theo biéu thiorc sau:

T /2

P = lim 2] ‘x(t)rdt = lim ——W O g
T_NOTOO—T/Z T 27[ -
— 1 _[I|m—¢ a)da):__[l// 0 qo
277 LT T 27
> p :ij.l// O 4o
X 272' B

ongThanCong.com
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a. Tin hiéu céng suat khéng tuan héan

Nhw vay CS cua tin hiéu c6 thé dwoc xac dinh theo cac cach
sau:

(1) Tinh trwc tiep tur tri trung binh binh phwong tin hiéu P, =
<X2>,

(2) Tinh tr ham tw twong quan P,= y(0).

(3) Tinh tir mat do pho céng suat

1 1 )
p=—— Jw wdw=;fw © 49 (khiy chin)
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b. Tin hiéu tuan héoéan

Mat d6 pho cong suat ctia THTH la pho cia HTTQ

Theo tinh chat cta pho ta cé:

/4 T < | X 2

X

n

Nhw vay, mat do pho céng suat ctia THTH:

0 0

) O - [O ZZﬂan5 O - no

n=—%®

" 14 hé sé khai trién Fourier caa HTTQ
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b. Tin hiéu tuan héan (tt)

Cong suat dwoc xac dinh tir mat dé phé coéng suat :

2_[5 O — [0 da):Z‘X

— o n

p = — Jv o go=2X X
27 e
I:)X: Z wn

n

V&i tin hiéu thwe, pho bién do 1a ham chan, do do

I:)XZWO—'_ZZ:Wn

n~1
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