‘Bﬂg Chuong 2: Tin hiéu va pho

2.1 Tin hiéu.

2.2 Khai trién (chudi) Fourier va pho vach.
2.3 Bién do6i Fourier va pho lién tuc.

2.4 Tich chap va tuong quan.

2.5 Xac suat va nhiéu
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CJ 2.1 Tin hiéu

" Biéu thuc

* Dang song

" (G1a tr1 trung binh

= Cong suat/Ning luong

= Pho

= Mat d6 pho cong suat/nang luong
* Bang thong
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‘Bﬂg Phan loai1 tin hicu

1. Xac dinh hodc ngau nhién

Tuwong tu (lién tuc) hodc s6 (roi rac)
Thuc hoac phirc

Pon cuc hoac ludng cuc

Tho1 gian hiru han hoac thot gian vo han

Tuan hoan hoic khong tuan hoan x(t) = x(t+T,)

S L o S

Ning lugng hoic cong suat
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cg Tin hi€u xac dinh va ngau nhién

Deterministic Random (Stochastic)

Non-
Periodic Aperiodic Stationa .
pe A stationary
Sinusaidal, Transient, ECG waveform, MNoise in Language,
Triangular, Unit pulse Temperature record Electronic Music,
Rectangular response Clreuits et

et | e o Py e
I
| |
. |
Mathematical Often can Roughly White Gaussian Voice
representation calculate the approXimate MNoize waveform
possible waveform mathematically . vy

v
Mot mathematically calculable
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gy Tin hi€u lién tuc (twrong tu)
va ro1 rac (s0)

Analog & continuous Digital & continuous
d
» f
010011011100110110
.|I|| II E‘ —
Analog & discrete Digital & discrete
Ii' 1
___________ ALYy
K i _ t,

| 7 010011011100110110
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”
<D

Tin hi€u tuong tu va so

Analog Signals

Digital Signals

(1) A parameter of the signal
represents a physical parameter

(2) Parameter is time-varying

(3) Parameter takes on any value
within a defined range (said to be

(1) Represents a sequence of
numbers or states

(2) Numbers can change in discrete
time (said to be time-varying)

(3) Numbers restricted a finite set of

gontinuous) discrete values
Analog signal -
Typical
Waveforms: wavefarms
. . . as commonly
Digital signal drawn in texte
| ] |

All signal waveforms are analog — the difference is what they represent!
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”
<D

= Pinh nghia: ton tai T # 0 sao cho x(t) = x(t + T) Vt

Tin hiéu tuan hoan

* Chu ki tudn hoan: T nho nhat

= Tan sO tuan hoan

— Hz: F=1/T
— Rad/s: Q=2xnF (w =2nt)

\\y Asin (wt+ ¢

CuuDuongThanCong.com

S quare
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x(t) =x(t+Ty) vVt and for some T #0

T = min(|Ty|)
x(t) = cos(2n ft)  To= —— L
- & C fm B fm

= Thyc t&: mo hinh tuan hoan ap dung cho tin
hi€u xap xi dac tinh tuan hoan theo dinh nghia.
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‘Bﬂg Xac dinh chu ki tuan hoan?

1) A.cos(2nFt+d)

2) A.cos?’(2nFt+o)

3) A.cos(B.cos(2nFt+())

4) A.cos(B.sin(2nFt+¢))

5) A.cos(2nFt+¢). B.sin(2nFt+¢)

6) A.cos(2nFt+¢,). B.cos(2nFt+¢,)
7) A.cos(2nF t+¢). B.cos(2nF,t+¢)
8) A.cos(2nF t+¢) + B.cos(2nF,t+¢)
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‘Bﬂg Cong thure Euler

» Thuc té: tat ca tin hiéu 214 tr1 thuec.

= Toan hoc: tin hiéu co thé gia tri phtc.

e = cosf * jsin 6

cos 8= e’ +2€_j0 = Re[efg]
sin = e’ ;je_jg = Im[ejé’]
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‘B’g Tin hi¢u thuc va phtrc

2(8) = x(t) + jy(t) = a(t)e’ "
a(t) = 1z(t)] = \/xQ(t) y2(t)
0(t) = arg(a(t)) = tan 1 (5(0), 5(6)) [0, 21
2*(t) = x(t) — jy(t) = alt)e 7V

2(8)|% = a()? = 2(t)2*(t) = x%(¢) + y2(t)
MNlz(t)] = x(¢) = a(t) cos(6(t)) = %[z(t) + 2" (¢)]
Jlz(t)] = y(t) = a(t) sin(6A(t)) = 2—§[z(t) — 2*(t)]

Th.S. Nguyén Thanh Tuan 11
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1) A.cos(2nFt+d)

2) A.cos(B.cos(2nFt+¢))
0(Jd).cos(2rFt)

3) A.ex
4) A.ex
5) A.ex
6) A.ex
7) A.ex
8) A.ex

0{J(2m
0{j(2n
0{j(2n
0{j(2n

0{j(2n

—t+
—t+
—t+
—t+

-1+

Xac dinh tin hi¢u
thuc hay phu:c (20)?

)}

)} + Aexp{-)(2nFt + ¢)}
)} - Aexp{-](2nFt + ¢)}
)} + Aexp{j(2nFt - )}

)} - Aexp{j(2nFt- ¢)}
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‘B‘g Vidul (teR)

Kiém tra tin hiéu thwe va tuan hoan hay khong?

1) cos(nt/3) 7) cos(t/3) + cos(t/4)

2) cos(t/3) 8) cos(t/3) + cos(mt/3)

3) exp(jrt/3) 9) exp(jrt/3) + exp(jrt/4)
4) exp(jt/3) 10)exp(Jnt/3) + exp(-jrt/3)
5) exp(-t/3) 11)exp(jt/3) + exp(jt/4)

6) cos(mt/3) + cos(nt/4) 12)exp(jt/3) + exp(-jt/3)

Th.S. Nguyén Thanh Tuan 13
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‘B‘g Vidu 2 (neZ)

Kiém tra tin hiéu thwe va tuan hoan hay khong?

1) cos(mn/3) 7) cos(n/3) + cos(n/4)

2) cos(n/3) 8) cos(n/3) + cos(mtn/3)

3) exp(jrn/3) 9) exp(jmn/3) + exp(jnn/4)
4) exp(jn/3) 10)exp(jnn/3) + exp(-jmn/3)
5) exp(-n/3) 11) exp(jn/3) + exp(jn/4)

6) cos(nn/3) + cos(wn/4) 12)exp(jn/3) + exp(-jn/3)

Th.S. Nguyén Thanh Tuan 14
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@ Ham xung chtr nhat va tam giac

vvvvvvvvvvvvvvvvvvvvvvv

“* Rectangular (rect)

0 if|t|>L |

rect(t) =II(t) = ¢ 5 if |[t| = 3 |
Loifftl<g b

“ Triangular (tri) 1

> Pho bién (mic dinh):

tri(t) = A(t) = rect(t/2).(1 - [t])
» Ngoai l¢:

tri(t) = A(t) = rect(t).(L - [t] 1 050 05 1

Th.S. Nguyén Thanh Tuin | 15
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gy .
cg Ham siInc

T T T T | T T T T T

< Cardinal sine (sinc) ST T
odt sin(r)
2 . Sin ( I) 061 _H sin(xx) |
» Unnormalized: sinc(zx) = : |
T 0.4} ]
. _ sin(wx) 0 W" “'{W
» Normalized: sinc(z)= —— . V\J Uv
T -0.2f I 1 ! i [ 1 i g
(mi:ic dinh) 20 15 10 5 0 5 10 15 20
i sinc A
SINCx
.V"—'\'.\___//\ A
5 - 3 AN -1 O
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g ,
cg Ham budc va ham dau

u(t)
[ BE0 1
mi =1ty #=40 L
I
0 , t<0 | -
<+ Ham dau y@l
—1 ifz <0, ! S
sgn(z) :=¢ 0 ifz=0, ’
1 ifxz > 0. —
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‘B’ Ham Dirac delta

= Khong ton tai trong thuc té, chi mang ¥ nghia toan
hoc.

enle) L Ad(t-t))
|~ s(xax=1 )
o, X=0
5(X):{O, xz0 |
s 0 )
_Z f(z)dé(x)dx = f(0) /_i f()d(t = T)dt = f(T).
oax) = i(}T &' (t) = u(t)
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@ V¢ dang song co ban

1) A.cos(2nFt+¢) + B

2) A.sinc(t/t)

3) AITI{(t—ty)/t}

4) AZ LTI{(t— kT —t,)/t}}
5) A. A{(t—ty)/t}

6) AX {A{(t—KkT —ty))/t}}
7) T {AB( - 1)}

Th.S. Nguyén Thanh Tuin
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- : L aAe 1
¢ Mot sO phép bién doi tin hi¢u

O(r) = g(21)

7 0 P =

Th.S. Nguyén Thanh Tuan 20
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‘Bﬂg (1a tr1 trung binh

= Ky hiéu: <v(t)>, U, m,, Vpe, E{v(1)}, ...
= Tin hiéu khong tuan hoan

7/2

1
- Thoi gian vohan  {v0)=lim— [v(oydr
et T2
— Thoi gian hitu han — [ v(t)dt
, . A A \ 1
* Tin hiéu tuan hoan - [v(e)ar

0 7,

Th.S. Nguyén Thanh Tuan 21
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‘Bﬂg Y nghia cia gid tri trung binh

= Con go1 la gia tr1 ki vong hay mirc DC: gia tr1
trung tam cua tin hi€u.

5v wave o 5v wave N
Mean value
ov ov

wave

5V -

Mean value

ov

REed Area = Elue Aresa
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~ ! oA
@ Nang luong va cong suat

= Po “strc khoe” cua tin hicu
— DO 16n cua gia tri
— Thoi gian ton tai cia gia tri
T/2 5 o0 5
* Nang lugng 2. = lim ()| 2dt = / ()| 2dt
T2 J—o0
»Tin hi¢u nang lugng: 0 < E, < o0

A A T/2
» COngsuat P = im ?/mlm(t)lzdt = T—lofTOIx(t)Izdt

> Tin hiéu cong suat: 0 < P, < oo

Th.S. Nguyén Thanh Tuin 23
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- .
cg Don vi

T, /2

E, = lim x(2)|dt
T,,— o0 _T. /2

1 T, /2
P, = lim — / x(¢)|2dt

* Tin hi€u: dong (A) hoac ap (V)
= Ning lugng (J) va cong suat (W): xem nhu
ung vo1 tro khang chuan 1Q

Th.S. Nguyén Thanh Tuin
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Vi du tinh nang luong

1
— 0=<t=<T1,
0 elsewhere
in(2r W
x(t) =2W sin(27 W) = 2Wsinc(2Wt) E, =2W
2n Wt

Th.S. Nguyén Thanh Tuan 25
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" Tin hi€u cosine (AC)

x(t) = cos(2n f.t)

lim —

Vi du tinh cong suat

cos?(27 fot)dt
1 1 1
(g -+ § COS(4J’I’fct)) dt = 5

Th.S. Nguyén Thanh Tuan 26
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Vi du tinh cong suat

= Tin hiéu dung trong hé thong radar hoic sonar

don gian c6 dang song:
A

x(1)
1
T T +;
1 Tn/2 T
P, = lim — 2 = —
x Tlinoo T /Tm/2 x(2)|°dt = / T
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‘Bﬂg Cau ho1?

= Tin hiéu cong suat c6 ning luong thé nao?
= Tin hiéu ning luong co cong suat thé nao?
= Tin hiéu khong tuan hoan 1a tin hiéu ning lugng hay cong
suat?
— Tho1t gian hru han
— Thoit gian vo han
= Tin hiéu tuan hoan 1a tin hiéu ning lugng hay cong suat?
= (06 ton tai tin hiéu khong phai 1a tin hiéu ning lugng ciing
khong phai 1 tin hiéu cong suat (E, = oo, P, = ©0) hay khong?
Cho vi du minh hoa?

Th.S. Nguyén Thanh Tuin 28
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”
<D

Tinh gia tri trung binh va niing lwong/cong suit:

1)
2)
3)
4)
)
6)
/)
8)
9)

1@

1@.cos(10mxt)

1@.cos(10nt) - 1@
1@.c0s?(10mt)

1@.c0s3(10mt)

1@.cos(10xnt) — 1@.sin(10nt)
2@.cos(10mxt) + 1@.sin(10mt)
1@.cos(10xrt) + 2@.sin(20mt)
1@.cos(15nt) + 2@.sin(20mt)

10) 1@.cos(15t) + 2@.sin(20xt)
11) u(t) —u(t-1@)

12) sign(t).{u(t+ 1@) —u(t—1@)}

Th.S. Nguyén Thanh Tuin
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@ Tinh cong suat ¢ mién thoi gian?

= A

= A.cos(2nFt+¢)

= A.cos(2nFt+¢) + B

= A.cos?(2nFt+¢)

= A.cos(2m
= A.cos(2m
= A.cos(2m
= A.cos(2m

- t+0,) = B.cos(2nF t+¢,)
-t+¢,) = B.cos(2nFt+d,)
—t+¢,) = A.cos(2nFt+¢,)

~t+¢) £ A.Sin(2nFt+¢)

Th.S. Nguyén Thanh Tuan 30
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‘B’g Van dé 1

= Cho tin hi€u x(t) = A,

1)
2)

3)

4)

V¢ dang song.

Tl‘J;’ dang song c6 thé dé dang xac dinh chinh x4c
bi€u thirc hay khong?

Tir dang séng co thé dé dang xac dinh gia tri trung
binh hay khong?

Tu dang, song co thé dé dang xac dinh ning luong/
cong suat hay khong?

Th.S. Nguyén Thanh Tuan 31
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‘Bﬂg Van dé 2

* Cho tin hi¢u x(t) = A,.cos(2nFt+d,)

1) V& dang song.

2) TI‘J;’ dang song c6 thé dé dang xac dinh chinh x4c
bi€u thirc hay khong?

3) Tu dang song co thé dé dang xac dinh gia tri trung
binh hay khong?

4) Tu dang, song co thé dé dang xac dinh ning luong/
cong suat hay khong?

Th.S. Nguyén Thanh Tuan 32
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‘Bﬂg Van dé 3

* Cho tin hi¢u x(t) = A, + A,.cos(2nF t+¢,)

1) V& dang song.

2) TI‘J;’ dang song c6 thé dé dang xac dinh chinh x4c
bi€u thirc hay khong?

3) Tu dang song co thé dé dang xac dinh gia tri trung
binh hay khong?

4) Tu dang, song co thé dé dang xac dinh ning luong/
cong suat hay khong?

Th.S. Nguyén Thanh Tuan 33
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‘B’g Van dé 4

= Cho tin hi€u x(t) = Ay + Aj.cos(2nFt+,) + A,.cos(2nF,t+¢,)

1) VE€ dang song.

2) Tir dang song c6 thé dé dang xac dinh chinh xac biéu thirc
hay khong?

3) Tu dang song co thé dé dang xac dinh gia tri trung binh hay
khong?

4) Tu dang song co thé dé dang xac dinh ning lugng/ cong suat
hay khong?

5) Gia su biét trudc bicu thirc tong quét, c6 thé dé dang xac dinh
cac thong so cua bi€u thirc hay khong?

Th.S. Nguyén Thanh Tuin 34
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Pho vach 1 phia

= Pho vach 1 phia chtra thong tin tan so (duong),
bién d6 (duong) va pha cua tin hiéu thuwc X(t).
X(t) = A.cos(m,t+¢)
A>0 @, =2nf,>0

Phase

Amplitude

0 Jo

= Tuyén tinh (xép chong)

Th.S. Nguyén Thanh Tuin 35
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‘B’& Vi du pho vach 1 phia

w(t)="7-10cos(40 —60°)+ 4sin120
w(t)="Tcos2zm0¢t+10cos(2720¢1+120°)+ 4 cos(2760¢r —90°)

10

Q
=2 |7
&
w(t) < 4
J |
60

0 20
10+ /
N\ o 120°

31
Phase
i

60

—90°

Th.S. Nguyén Thanh Tuin 36
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‘B’& Pho vach 2 phia (pho phirc)

= Pho vach 2 phia chtra thong tin tan so thuc (c6 thé
am/duong) va gia tri cua tin hiéu phire X(t).
X(t) = A.exp(J.oyt) = A.exp(].2nrf,t)
— Pho bién do: |A|
— Pho pha: argA
= Tuyén tinh (xép chong)
A .. . A ...
Acos(wyt + @) = Eememot +5€ 190!

Th.S. Nguyén Thanh Tuan 37
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‘Bﬂg Vi du pho vach 2 phia

w(t)="Tcos2zm0¢t+10cos(2720¢+120°)+ 4 cos(2760r —90°)

;
5 5
2 J | 2
| -
~ 60 20 0 20 50

| L
—90°

-120°
= So sanh vé&i pho vach 1 phia? Méi lién hé qua lai?

Th.S. Nguyén Thanh Tuin 38
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<D Dac trung tin hi¢u mién tan so

1. Pho:
O  Tan so6 (f) va tan so goc (0=2rf)
Q Phol phia [0 ) va pho 2 phia (-0 o)
Q Khai trién Fourier va bién déi Fourier
Q Pho bién d6 va pho pha
O Mat d pho ning lwong (cong suat)
2. Bang thong
(d Hiru han/v6 han
O Thong thap / thong cao / thong dai / chan dai
0 Bing goc (dii nén) / biing dai (dai thong)
O Tanso DC (bing 0) / AC (khac 0)
3. Gia tri trung binh (DC): wng véi tan so bang 0
4. Ning lwong (cong suit)

Th.S. Nguyén Thanh Tuin
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‘”J Van dé 1 (pho)

= Cho tin hi€u x(t) = A,

1) V& pho, pho bién dd va pho pha (2 phia).

2) Tu pho c6 thé dé dang xac dinh chinh xac biéu thirc
hay khong?

3) Tu pho co thé dé dang xac dinh gia tri trung binh
hay khong?

4) Tl‘l’, pho c6 thé dé dang xac dinh ning lugng/ cong
suat hay khong?

Th.S. Nguyén Thanh Tuan 40
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‘”J Van dé 2 (pho)

" Cho tin hi€u x(t) = A.cos(2nF,t+¢,)

1) V& pho, pho bién d6 va pho pha (2 phia).

2) Tir pho c6 thé dé dang xac dinh chinh xac biéu thuc
hay khong?

3) Tu pho co thé dé dang xac dinh gia tri trung binh
hay khong?

4) Tir pho c6 thé dé dang xac dinh ning lugng/ cong
suat hay khong?

Th.S. Nguyén Thanh Tuan 41
https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

‘”J Van dé 3 (pho)

* Cho tin hi¢u x(t) = A, + A,.cos(2nF t+¢,)

1) V& pho, pho bién dd va pho pha (2 phia).

2) Tu pho c6 thé dé dang xac dinh chinh xac biéu thirc
hay khong?

3) Tu pho co thé dé dang xac dinh gia tri trung binh
hay khong?

4) Tl‘l’, pho c6 thé dé dang xac dinh ning lugng/ cong
suat hay khong?
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‘”J Van dé 4 (pho)

* Cho tin hi€u x(t) = A, + A.cos(2nFt+¢,) + A,.cos(2nF,t+¢,)

Y
2)

3)
4)

V& pho, pho bién do va pho pha (2 phia).

Ttr pho c6 thé dé dang xac dinh chinh xac biéu thtc hay
khong?

Tir pho ¢ thé dé dang xac dinh gia tri trung binh hay khong?

Ttr pho c6 thé dé dang xac dinh ning luong/ cong suat hay
khong?
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= A.cos(2nFt+¢)

V& pho 2 phia?
(pho bien d0 va pho pha)

= A.cos(2nFt+¢) + B

= A.cos?(2nFt+¢)

= A.cos(2m
= A.cos(2m
= A.cos(2m
= A.cos(2m

- t+0,) = B.cos(2nF t+¢,)
-t+¢,) = B.cos(2nFt+d,)
—t+¢,) = A.cos(2nFt+¢,)

~t+¢) £ A.SIn(2nFt+¢)
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‘B’& Biéu d6 pha 1 phia

= Bicu d6 pha (phasor) 1 phia chtra thong tin bién d6
(duong) va pha cua tin hi€u thuc x(t) dudi1 dang vec-
to quay theo tan so (duong).

x(t) = A.cos(m,t+¢) = Re{F.exp(j.o,t)}

* Phasor F = A.exp(j¢)
= Tuyén tinh (Xép chéng):
cong so phirc (khi ciing tan so)

\fo

Imaginary axis
>

A

\G)Or + (.b

Real axis A cos (wgt + @)
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‘B’& Biéu d6 pha 2 phia

= Biéu do pha (phasor) 2 phia chira thong tin bién d6 (duong) va
pha cua tin hi¢u x(t) = A.exp{].(o,t+d)} = A.exp{).(2nf t+¢)}
dudi dang vec-to quay theo tan sb6 (am/duong).

= Tuyén tinh (xép chong): cdng vec-to (khi cung toc dd quay).

Imaginary Amplitude
axs \fo AR AR
A2 l ]
s f
~fo 0 fo
X \ ol + ¢ S Real
o axis h
Al / gt + & | Phase 5
A/2 ///’ A cos (Cl)of + ¢) __fo J f
s 1 ’ &
0
-¢
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‘Bﬂg 2.2 Khai trién Fourier

= Dung cho tin hiéu tuan hoan
= Cé nhiéu dang thuc hién
— Dang lugng giac

— Dang ham mt

f(t), period T = ii Form Coefficients
o
¥e's! - dnw,t . : 1 o dnwat
Zn:_c@ E,, eInwo Exponent.la.l F, = = fT _f(ﬂ(_ anwot Jy
oo . . . an, = F, + F_,
5+ Z;’:’:l (g COS (Nwet) 4 by, sin (nw,t) Trigonometric " " n

hn — ,'}I {Fn — F—n]

Cp = 2 |-Fn|

Z + Z?:l Cn COS (Nwol + B) Compact for real f(t) o — /F.
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‘Bﬂg Khai trién Fourier dang luong giac

= | etdenote 27, a periodic signal, where the subscript
T, denotes the duration of periodicity.

3TO“} = ag+2 Z [a cos(2mtnf,r) + b sin(2xnf,)]

n=1

* The fundamental frequency is fo = i

Iy
| l_?'ﬂf: | To/2
ag = = gy 1) df a, = — gr (thcos(2nnf ) dr,
Y Tyl gy 07T " Tolry o !
n=12..
| T2
b, = ﬁ} _TﬂﬂgTﬂti",]sellﬂﬂ?tnfﬂf}{;lr,
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g o .
cg Khai trien Fourier dang ham mu

x(t) = Z Xp €XP [JZ;nt] = Z Xn explj 2 fr nt]

n=—0oo n=—0o

T
Xy = Ti/ x(t) expl—j2n fr nt]dt
0

= x,: complex numbers

" A periodic signal, x(t), with period T can be
decomposed 1nto a weighted sum of complex
sinusoids with frequencies that are an integer multiple
of the fundamental frequency (f; = 1/T).
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‘Bﬂg Pho vach

= All frequencies are integer multiples (or harmonics) of the
fundamental frequency f,

= The DC component c, equals the average value of the signal.

= If the signal is real, then Hermitian symmetry
‘C—n‘ = ‘Cn‘
argc_, = —argc,

which means that the amplitude spectrum has even symmetry
and the phase spectrum has odd symmetry
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‘BﬂgVI du khai trién Fourier (pho vach)

x(t) = cos(2m fut) = %exp[jZJrfmt] - %exp[—j 277 fimt]

1
fr = fm X =%1= 3, xn=0 for all other n
x(t) = exp(j 27 fimt)
fr = fm x1 =1, xp, =0  for all other n
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‘Bﬂg Chuoi xung chit nhat

A 1 rex 2t J
i .?C(f) Xn = T . P J T
B 1 exp( jTQ_'Jrnt)
o —727n
T _JT_ 0 -
T | T T+71
B 11— exp( —J%rrnr)
= = %E_n
T [ ,er:} sin(%*) T [ ,JTR‘E} , (nr)
T P | Tp | Tam Tp PTy T
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‘B’& Chudi xung chir nhat (2)

v(t)
A
*r + r
T T
| T2 |2
c, =— J. v(t)e Tt = — J. Ae *7N gt
TO ~Ty /2 0 —7/2

B A (e_f’”?fOT —ejm”’f”) _ Asmmft At

=— = = ——sincnf,T
= J2mf, T, I, mf, T
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‘Bﬂg Chuoi xung chit nhat (3)

= Below figures are amplitude and phase spectra in the case where t/ T, =
1/4. The function sinc ft can be recognized from the envelope of the
amplitude spectrum. The amplitude of the DC component is c,= At / T,,.

le(nf)l
//W\\\ AfO’r
/
i A fyrlsinc fr
/ \
/
—~ P N f 0f2f441 I\::III\|’IIJE|'f
LR L2 s
arg [c(fp)]
180° -

~180° -
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u h ut
1 1 1
VA A /o
0 0 - 0 -
44 \/ 44 \/ 1 3 \/
|||||=" |||||!4=" T |'-"ﬂ|||!|||||'-"
a 5 t 0 5 t i 5 0 5 f
ul Th) ut vl
1 1 1 1
Ia ] 3 17
AR T
A A A
T T T - T T T T T L T T T T a T | =
0 5 t 0 5 t 0 5 t 0 5 f
ul ul ul ul
1 1 1 .
1 . 15
R v v van v v S I 0 .
A A 1 \./\/\/ 1
T L T T T T T T T T T T T T ﬂ =
0 5 t 0 5 t 0 5 t 0 & f
Thi ut u Th
1 1 1 1
1 1 1{ 1
0 PAAAAAAA 0 RO g g0 1
1 . -1 \/WJ .
| - ————* ——7——= 0 o
0 i t 1] 5 t 0 5 t 0 & f
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BK

TP.HCM

Chuoi xung chit nhat (5)

£(t) == [sin(xt)+ 3 sin(3xt) + L sin(5t) + L sin(7t) + -]

1 o B
/’ k=1
0« \\\ / \\R Fundamental only
| N N
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
1 e T Ty e Ty
lll." ' .". I""ll |.{ - 5 |
of 1 Five terms
\ / \ /
_1 [ I 1 I" x — — I .ll | | 1 I" o — il | .I-I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.8 1.8 2
e I ray y: I £
f I| |I I| - K =11
ol Eleven terms
=1k 3 M :g—-':i-‘=--"--=---q--ﬂ-=-'=\~—_.: M X —I'Il——‘=|-=-"'-=---q-"-=-‘='-ni,
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
1 e
K =49
ok Forty-nine terms
-1k L L a 1 I 4 ] L s L I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 f—
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- .
cg Dac tinh chud1 xung chir nhat

* PO rOng xung va bang thong ti 1¢ nghich.

= P) rong xung va cong suat ti 1¢ thuan.

= Néu chu ki tuan hoéu} 13 boi s6 ‘cﬁa‘ do l:éng
xung thi s€ c6 mot so6 thanh phan tan so (hai)
trict ticu.

= Can vo s thénNh phﬁn tan s6 dé tao ra tin hiéu
dang song chuo1i xung chir nhat.

Th.S. Nguyén Thanh Tuan S7
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‘Bﬂ& | A KPal‘trlenfourl‘er
cua moOt sO ham tuan hoan

Triangular WAVE
1
IA ; A - 8 = 1
i ] r ¥ £ —
_1|._y ﬂ"gu an gy o e 1k

M Rn:langula:r sawiooth wave,
b---
- ? = 1
E =iyt ;sin nx

e ToraS

1 Square wave:
T S e
W Absolule value sine wave:

Lh-

.:|| r ir x i_%hgl 4,“.’_1':“”’“

1% Hall sine wave:

ﬂ| » E‘I:’-\ T 1;+%sinx—§l§;l4ﬂ—‘1:—lmlrlx

Th.S. Nguyén Thanh Tuin
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cg Mat d6 pho cong suat (PSD)

The power spectral density (PSD) function G,(f ) of the periodic
signal x(t) is a real, even, and nonnegative function of frequency

that gives the distribution of the power of x({) in the frequency
domain.

= PSD is represented as:

G, (£)= S|C,P5(f —nfy)

* Whereas the average puwer of a periodic signal x(t) is
represented as: Ty/2

= j x2(t)dt = Z|c 2

= Using PSD, the average nurmallzed power of a real valued
signal is represented as:

- T G_(DHdf =2TGx(f)df
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”
<D

Tinh chat khai trién Fourier

Condition:

Property:

Constant f«

K f(t) < K F,

fit) < F,, g(t) < G, ...

f)+gt)+... < F,+G, +...

Delay ¢,

f (f — to) < Fnﬁ_jnwoto

Continuous f(t) % — gnw, F,
Real f(t) F_,=F:
f(=t) = [f(t) f(t) =% 4+ .- a,cos (nw,t)
f(=t)=—Ff(1t) f(t)=>2"", b, sin (nw,t)

: ) 0O 2
P=4 [ lf@Fdt =30 |F
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@ Tinh cong suat 6 mién tan s6?

"= A
" A.cos(2mFt+c

)

" A.cos(2mFt+c

= A.cos’(2nFt+d)

)+ B

" A.cos(2nF t+0,) £ B.cos(2nF,t+¢,)

" A.cos(2mFt+c
" A.cos(2mFt+c

;) = B.cos(2nFt+¢,)
;) £ A.cos(2nFt+o,)

" A.cos(2mFt+c

) £ A.sin(2nFt+¢)
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‘Bﬂg 2.3 Bién doi Fourier

= Dung cho tin hiéu khong tuan hoan

v ()= F[vo] = [voe

—00

v =F'[r(N]= [V (e "ds

= Néu v(t) gia tri thuc thi V(-f) = V*(f)

V(=Hl=V(f) argV(—f)=—argV(f)

Th.S. Nguyén Thanh Tuin
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‘a Mat do phé nang luong (ESD)

= Energy spectral density describes the signal energy per unit
bandwidth measured in joules/hertz.

* Represented as y,(f), the squared magnitude spectrum
v (=X O
= According to Parseval’'s theorem, the energy of x(1):
E, = sz(t) dt = T|X(t‘_)|2 df
= Therefore: = QO -
E, = [ v, (Ddf

= The Energy spectral density is symmetrical in frequency about
origin and total energy of the signal x(t) can be expressed as:

E, =2[y,(0 df
0
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g Y .
cg Vi du bién do1 Fourier

=4t 0=t=Tp E /ﬂ)l (t)2dt =T
X — x = X =
0 elsewhere 0 F
LI exp[—j2n ft] T
X(f) = / e Ity — , = Ty expljnfT,lsinc( fTp)
0 —j2nf 0
in(27 W
x(t) = 2W sz( ’;Vt Y _ oWsinc(2W?)
T
1 <W v
X(f) = { 71 = Ex:/ X (f)|2df = 2W
0 elsewhere W
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‘Bﬂg Xung chtr nhat

(

HN=ATI(t/ I1(z/ 4 |t|<7/2
| = . = <
=410/ ) D=0 1>
/2 | AT
V(f)=|Ae " di =—sinzfr = Azsinc [
—7/2 700[

= Nang luong E = A°t

= Nang lugng tip trung trong dai tan |f| < 1/t
1/7 1/t

j ‘V(f )‘Qdf = j(/l’»’)zsinc2 frdf =0.94°t

—1/7 —1/7
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Xung chtr nhat (2)

CuuDuongThanCong.com

V(A

AT

’ f

=1/r 0 /7 2/r 3T 4/t
arg V(f)
180° +
f
=1/r 1/ 21T 3T 4/
—180° -
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volts

seconds

(S TR
L]
b|-4

Xung chtr nhat (3)

valts*/Hz
A

volts/Hz
r
AT

sinc(w f1) shape

90%
of power

—_——— e —-

93%
of power

s i ]

95%
of power

= Tin hiéu thoi gian hep thi pho rong.

CuuDuongThanCong.com
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= V& pho cua céc tin hiéu sau

1) x,(t) = A,cos(2rF,t)

2) X,(t) = A,cos(2F,t)

3) Xs(t) = A cos(2nF t) + A,cos(2F,t)

Th.S. Nguyén Thanh Tuin
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’ Y L
cg Bién do1 Fourier tOng quat

= Tin hiéu khong tuan hoan: bién doi Fourier
(pho lién tuc)

= Tin hiéu tuan hoan: khai trién Fourier (pho
vach ro1 rac)

= Bién d6i Fourier tong quat: thay thé pho vach
bang ham Dirac delta (lién tuc)

V(f) — iﬂ’?(‘szmm—” V(f) _ if,ﬁ(f_”ﬁa)

H:—m }==—0a

Th.S. Nguyén Thanh Tuan 69
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‘Bﬂg Bién doi Fourier tong quat (2)

S(f — fl):/ explj2n f1t] expl—j2n ftldt

jo —j¢
deos@+9) o A& 1)+ A& )
l%g}tﬁ l%eﬂ'
N 0 A
A & AXS) AXt) < 4
4’ & A&f- 1) A&t—t;) & Ae /™
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A ~ Tanso f(Hz)
&2 va tan s6 goc w (rad/s)

oo

X(f) = /x(t)e_jz””dt = F {x(2)}

—0

x(8) = / X(F)el 2t df — F-UX ()

X(w) = /x(t)e_ﬁ”tdt x(t) = % /X(w)eﬁ”tdw

" MOt sO dinh nghia bién do1 Fourier dua trén tan s6 f (Hz)
hoac w (rad/s) va co thé khac nhau h¢ so ti 1¢! Do d6 can
luu vy khi xac dinh bién do hoac cong suat/nang luong.
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‘B’g Cap bién doi Fourier

Time Function, x(¢) Transform, X (f) Transform, X (o)
x(s)—{l CTp/Est=Tp/E o s L) 7 ST/
0 elsewhere P P
exp(—at 0<t
x(t) = { 0 i elsiwhere_ ﬁ ﬁ”lJf“
x(t) = A As(f) 2 AS(w)
x(2) = Aei@0t — Api2nfot As(f — fo) 21 As(w — wp)
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”
<D

Tinh chat bién do1 Fourier

Operation Time Function, x(¢) Transform, X (f) Transform, X (w)
Reversal x(—t) X(=f) X(—w)
Symmetry X(t) x(—=f) 2rx(—w)
Scaling x(at) =X (L) =X (2)
Time Delay x(t —tg) X(f)e—i27lto X(w)e—ieto
Time Differentiation %x(t) (J2rf)"X(f) (Jw)"X(w)

Energy

Frequency Translation

Convolution

Multiplication

o0

o0
Ex= [ |x(¢)*dt
—c0

Ex= [ IX(f)?dt

o0
E: =5 [ |X(0)|?dt
—00

x(t)ed2fet — x(t)el @t X(f —f) X(w— w,.)
x(t) x h(t) X(fYH(f) X(w)H(w)
x(t)y(t) X(f)=Y(f) =X () *Y (w)

Th.S. Nguyén Thanh Tuin

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

73


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

‘B‘g Thiét bi do thuc té

* Chi thu nhan tin hi¢u trong khoang thot gian
hiru han (T,)

1 [Tn/2
Tm _Tm/2

T /9 |
Xr (f) = / x(t)e 27Tty
T, /2

1

T X1, ()]
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‘Bﬂg Bang thong

» Trong truong hp’p tin ‘hiéu, thuc, do pho doi
xung nén chi d€ cap tan so6 duong.

* Bang thong 1 phia va 2 phia

= Bing gbc va biang dai

* Bang thong htru han va v6 han
— Bing thong tuyét doi

— Bing thong null-to-null (qua diém 0)

— Bing thong -3dB (ntra cong suat)

Th.S. Nguyén Thanh Tuan 75
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‘Bﬂg Mot so quy udc bang thong

= Néu pho tin hiéu (phia duong) chi ¢6 1 vach tan s6 W
— Fmax =W
— Fmin=0
— Bang thong 1 phia BW,=[0 + W] =W
— Bang thong 2 phia BW,=[-W + W] = 2W

= Néu pho tin hiéu (phia duong) ¢ nhiéu hon 1 vach
tan so
— Bang thong 1 phia BW,=[Fmin + Fmax] = Fmax — Fmin

— Bang thong 2 phia BW,=[-Fmax + -Fmin] va [Fmin +
Fmax] = 2(Fmax — Fmin)

Th.S. Nguyén Thanh Tuin 76


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

‘B’& Bang thong tin hi€u

= Tin hiéu bang goc (baseband): Fmin = 0 (=)

— Thoait AX () o

— Am thanh AAA/

— Truyén hinh k\ /AN
— Y sinh < AL

* Tin hi€u bang dai (bandpass): me #= 0 (>>)
s(Ht Bandpass Signal \ B

~3dB
>
:( B

| . [ | £

0" f-B/2 fs f+B/2 f i fo fy

Th.S. Nguyén Thanh Tuin 77
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‘Bﬂg Cau ho1?

= Tin hiéu twong tu c6 phod thé nao?
— Tuan hoan
— Khong tuan hoan
= Tin hiéu thoi gian hitu han c6 bang thong thé nao?
= Tin hiéu bang thong hitu han c6 thoi gian thé nao?
* Tin hi€u am thanh (thoai, nhac), truyén hinh
(den/trang, mau), ... c6 phd thé nao?
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Bing thong tuyét doi

A [5(f)]

= f

- absolute BW is oo —
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‘B‘g Bang thong null-to-null

A 1S(F)

peak value of 5(f)

-
null-to-null

Th.S. Nguyén Thanh Tuin _ 80


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

‘B’g Bing thong ntra cong suat (-3dB)
A [B(F)]

peak value = P
value = P/2 i value = P/2

[ A o f
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‘B’g 2.4 Tich chap va twong quan

o0

» Tich chap y(t) =x(2) x h(t) = / x(L)h(t — 1)d A

Y(f)=Fyt)y =H(f)X(f)

o0

= Tu trong quan  V.(r) = / x(t)x*(t — ©)dt

o0

2. Vi(z) = Vi(—1)
3. [Vx(7)] < V(0)

Th.S. Nguyén Thanh Tuan 82
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‘Bﬂg Vi du tich chap va towong quan

Convolution Cross-correlation Autocorrelation

Th.S. Nguyén Thanh Tuan 83
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Vx('f)

Vi du tu twrong quan

1 0<t<T,
x(t) =
0 elsewhere

7]
_ Tp (l_ﬁ) |T|5Tp

0 elsewhere

Th.S. Nguyén Thanh Tuin
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‘Bﬂg Tinh chat tich chap

hit) = f(t) = f(t) * h(1)
F(t) x (g(t) + h(t)) = f(t) * g(t) + f(1) * Alt)
F(t) * (g(t) x h(t)) = (f(2) * g(t)) * h(t)
h(t) = f(t) = y(t) = h(t —to) * f(t) = h(t) * f(t —tg) = y(t —to)
( ) = f(t) = h(t) * (5 f() = Zy(®)
(—

t) = y(—t)

If h(t) =0 for t < fh, and f(t) =0 for t <t
then y(t) = h(t) x f(.)_llforf{;fy—fh—}—f .

If A(t) =0 for t > t., and f(t) =0for t >t ¢
then y(t) = h(t) * f(t) =0 for t > toy, =tepn + tes-

h(t)+ () = y(t) = Ty = T + 1
where T}, T, and 1), denote the widths of i(t), f(¢), and y(?).
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g , -
cg 2.5 Xac suat va nhicéu

= Xac suat va ham mat do xac suat (pdf)
— Péu (uniform)

— Chuan (normal, Gaussian)

o]

* (514 tr1 trung binh (mean, average) m, = j‘xz?x(x,)dx

» Gi4 tri trung binh binh phuong (mean square)

= P¢ 1éch chuan (standard deviation) va phuong sai
(variance) 0% = E[(X=my)*]

= Tin hiéu ngau nhién doc 1ap > xép chong phuong sai
-> tuong tu cong suat (xoay chiéu)
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g . ,
cg Khai ni€ém xac suat

=  Xac suat P cia bién c6 E ndo do, ky hiéu P(E) duogc xac dinh trong khong
gian mau Q gom moi bién ¢ so cap (elementary event) sao cho P phai thoa
min céc tién dé xac suat Kolmogorov.

1) V&imoi bién ¢O E, P(E) > 0. Xac suat ciia mot bién cb 1a mét sb thuc
khong am.

2)  P(Q)=1. Xac suat mot bién cb so cap nao do6 trong tip mau sé xay ra 1a 1.
Cu thé hon, khong c6 bién cd so cip ndo nam ngoai tap mau.

3) Mot chudi dém duoc bat ky gom céac bién cb doi mot khong giao nhau
(El, E2, ...} thda man P(E1UE2U...)=P(E1)+ P(E1)+.... X4c suat cua
mot tap bién cd 1a hop cua cac tip con khong giao nhau bang tong cac
x4c sudt cua cac tap con do.
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g L
cg Ham xac suat (lién tuc)

Ham phan phéi tich liiy (cumulative distribution function, con
goi 1a ham phan phoi xac suat -probability distribution
function): F,(x)=P(X < x)

— 0<Fy(X) £1, Fy(-¢)=0, Fy(x)=1

— P(Xy < X £X,) = Fy(Xy) — Fy(Xy) voi x; < X,
Ham mat do xac suat (probability density function):
Py (X)=dF(x)/dx > 0

X2

f px(x)dx =1 /pX(X) dx = P(x; < X < xp)

Luuy 1: py(X) # P(X=X) vi P(X=x)=0 ¥X
Luu y 2: py(x) co thé 16m hon 1.
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”
<D

my = E{X}= | x py(x)dx
—% DC

- value
E{X’}= [ ¥ py(x)dx :
. Total
power
var(X) = E{(X —m,)"} "

= T (x—mx)sz(x)dx

var(X) = E{X*} - E{X}*

power

Cac moments

The first moment of a
probability distribution of a
random variable X is called
mean value m,, or expected
value of a random variable X

The second moment of a
probability distribution is the
mean-square value of X

Central moments are the
moments of the difference
between X and m, and the
second central moment is the
variance of X

Variance is equal to the
difference between the mean-
s?uare value and the square
of the mean
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‘B’g Vidu4

* Tim gia tr1 trung binh va phuong sai cua tin
hiéu ngau nhién c6 phan bd déu trong doan

[a b]?

= Tx p(x) dx

— D

-
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‘Bﬂg Dinh ly g161 han trung tam

Theo dinh Iy trén cho du bién ngau nhién X (ky vong u
va do 1éch chuan o) c6 bat it phan phdi nao thi khi n
kha 1on trung binh cong ciia n bién ngau nhién doc 1ap
c6 cling phan phdi xac suat véi X (ky hiéu 12 X,,) s& co
phan phdi chuan (Gaussian) voi ky vong bang u va do
léch chuan bang \%

Néu chuan hod bién ngau nhién X,, ta thu duogc bién
?:1(Xi—ll) — Xn—H
ovn o
chuan tac véi ky vong bang 0 va d6 1éch chuan bang 1.

ngau nhién Z,, = v/n ¢6 phan phoi

Th.S. Nguyén Thanh Tuan 91
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”
<D

Nhiéu Gaussian

= Phan bo chuan (Normal) hay Gaussian c6 ham mat d6

2
1 e—(x—m) /207

pX(x): W

—oo X <o

trong d6 m va ¢ 1a gia tri trung binh va phuong sai.

* Luuy ky hi€u
— N(m, ¢2): pho bién
— N(m, o)

Th.S. Nguyén Thanh Tuin
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) Phan phoi Gaussian (0, 62)

02| px(x) = [1/(c/2m)]e /2%

Probability density, py(x)

| | 1 l | |
-4 -3¢ -26 -lo 0 +16 +2¢ +30 Ho A
|

| | |1 ! IR R l
0.005 0.

L i
1 1 251020 50 8090959899 99.9 99.995
CD (%) = P (X < x) X 100%
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& Q(K)

P {x) I _i2n

= o

k>3

I-.- o

m + ko

PX > m+ ko) = PX=m — ko) = Q(k)

I!I-'.'ll."r LI -"".'.'-'I .
i - W W e e el g il B o W —
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‘B’g Nhiéu trang

= Ham mat do pho ctia nhiéu trang (white) co
dang hang s6 N/2 (W/Hz).
* Vi du: nhiéu nhiét
2G\(f)=n=kT,.

G(f) R(7)
No 23
b 5 k = Boltzmann constant = 1.37x10™" (J/deg)
T = Temperature is Kelvins (K)/
Ng
2
0 / 0
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‘B’g Nhiéu cong

Additive noise

Received G.(f) Destination

siognal |
© r yD(t) =

xRu)._____.(::y____q. Linear | _ 5 () + np (o)
recelver

y%zx%+n%=SD+Nb
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y oy
cg Tom tat

= Phan loai tin hiéu mién thoi gian?
= V¢ dang song?
» Khai trién va bién d6i Fourier thuan nguoc?
= V& pho, pho bién do va pho pha tin hiéu?
= Céc tinh chat co ban cta pho tin hiéu?
= Tinh doi ngau thoi gian-tan s6?
= Phan loai tin hiéu mién tan s6?
= (Cach tinh bang thong?
= Cach tinh gia trj trung binh ¢ mién thdi gian va mién tan s6?
= Cach tinh cong suat/ning luong & mién thoi gian va mién tan s6?
» Pic tinh nhiéu AWGN?
= Cach tinh cong suat nhiéu dua trén phan bo xac suat?
Th.S. Nguyén Thanh Tuan 98
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¢ V¢ dang séng cua tin hi¢u trong cac truong hop sau:

1)
2)
3)
4)
0)
6)
/)
8)
9)
10)
11)
12)

X(t) = 1@sin(t) (t:s)

X(t) = 1@sin(wt) (t:s)

X(t) = 4sin(1@mt) (t:s)

X(t) = 4cos(1@mt) (t:s)

X(t) =1+ 1@cos(4xt) (t:s)

X(t) =1 + 4cos(1@mt) (t:s)

X(t) = 4cos(2nt) + 1@cos(4nt) (t:s)
X(t) = 4sin?(1@mntt) (t:s)

X(t) = 4sinc(1@t) (t:s)

X(t) = 4IT{(t - 3)/1@}

X(t) = Z, {4IT{(t— 20k — 3)/1@}}
X(t)=45(t-1@) - 1@5(t + 4)

Th.S. Nguyén Thanh Tuin
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‘Bﬂg Bai tap 2

= Tim va vé phé bién do cua cac tin hiu sau:
1) -1

2) 10cos(l@mt)

3) 10sin(1@mt)

4) 10cos(1l@mnt)— 10

5) 10— 10sin(1@mnt)

6) 10cos(l@mt)— 10sin(1(@mnt)

7)  10cos(1@mrt) — 20sin(1@mnt)

8) 10cos(l@mnt) — 10sin(2@mnt)

9) 10cos(1@mrt) — 20sin(2@mnt)

10) 10cos(1@mt) + 20cos(1@mnt + w/3)
11) 10cos(1@mt) + 20cos(1@nt — m/3)
12) 10cos(1@mt) + 20sin(1@nt — 1w/3)
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”
<D

= Tim va vé pho bién dd cua cac tin hi¢u sau:

1)
2)
3)
4)
°)
6)
/)
8)
9)

10cos(1@mt).cos(100mt)

10cos(1@mt).sin(100mxt)

10sin(1@mt).cos(100mnt)

10sin(1@mt).sin(100mxt)

10cos(1@mt).cos(100xt) + 10sin(1@mt).sin(100mrt)
10cos(1@mntt).cos(100xt) — 10sin(1@mt).sin(100xt)
{2cos(1@mnt) + 4cos(20xt) }.cos(100mrt)

{1 - cos?(1@mnt)}.cos(100mt)
cos(1@mt).cos(20xt).cos(100xt)

10) {1 + 2cos(1@mnt)}.cos(100xt)
11) {10 + 2cos(1@mnt)}.cos(100xt)
12) {10 + 2cos(1@mnt) — 4cos(20xt)}.cos(100xt)

Th.S. Nguyén Thanh Tuin
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‘B’g Bai tap 4

= Tim, v& pho bién d6 va xac dinh bing thong cia cac tin hiéu sau:
1) IIt)-1@

2) IIt-1@)

3) TI(l@t)

4) TI(t/1@)

5) TIG3t-1@)

6) II(t/'l1w-2)

7) I((t-2)1@)

§) H((t-1@)/2)

9) TI((3t-2)/1@)

10) T1(t).10.cos(1@mnt)

11) {1 +TI(t)}.10.cos(1@mnt)

12) {1 +1I(t—2)}.10.cos(1(@mnt)
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‘B’g Baitap 5

= Cho tin hiéu thyc x(t) c6 bang thong [0 W]. Tim bang thong cua cac tin
hiu sau:

1) y@®=x(t)-2

2) y(t)=x(t-2)

3) y)=x(t-2)+2

4) y(t) = 2x(1)

5) y(t)=x(21)

6) y(t) =xx(t)

7)) y(t) = x(-1)

8) y(t) =x(t) + x(-t)

9)  y(t) = x(t).x(-1)

10) y(t) = x(t) * x(-t) (tich chap)
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Baitap 6

= Cho tin hiéu thyc x(t) c6 bang thong [0 W] (rad/s). Tim bang thong cua cac

1)
2)
3)
4)
5)
6)
7)
§)
9)

tin hiéu sau:
y(t) = x(t).cos(Wt)
y(t) = x(t).sin(Wt)
y(t) = x(t).cos(10Wt)
y(t) = x(t).cos(Wt) + x(t).sin(Wt)
y(t) = x(t).cos(Wt) — x(t).sin(Wt)
y(t) = {1 + x(t)}.cos(Wt)
y(t) = {1 — x(t)}.cos(Wt)
y(t) = {1 + 2x(t)}.cos(Wt)
y(t) = x(t) + cos(Wt)

10) y(t) = x(t) * cos(Wt)

Th.S. Nguyén Thanh Tuin

104


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Baitap 7

= Cho tin hiéu thyc x(t) c6 bang thong [0 W] (Hz). Tim bang thong cua cac

1)
2)
3)
4)
3)
6)
/)
8)
9)

tin hiéu sau:
y(t) = dx(t)/dt
Y (1) = x(t).5(t)
y(t) = X().I1(t)
y(t) = x(t).IT(WHt)
y(t) = X(1).I1(2W1)
y(t) = x(0).I1(Wt/2)
y(t) = x(t) * TI(Y)
y(t) = x(t) * TI(W1)
y(t) = x(t) * TI(2Wt)

10) y(t) = x(t) * TI(Wt/2)

Th.S. Nguyén Thanh Tuin
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Bai tap 8

" Cho céc tin hi€u thuc x,(t) va x,(t) co bang thong [0 W] (Hz). Tim bang

1)
2)
3)
4)
5)
6)
7)
§)
9)

thong cua cac tin hi¢u sau:
y(t) = x,(t) + x,(t)
y(t) = x,(t) — X,(t)
y(1) = x,()-X5(1)
y(t) = x,(t) * x,(t)
y(t) = £,(6) + (1)} .cos(W)
y(t) = x,(t) + X,(t).cos(Wt)
y(t) = x,(t) + x,(t).cos(10Wt)
y(t) = x,(t).cos(Wt) + x,(t).sin(Wt)
y(t) = x,(t).cos(10Wt) + x,(t).sin(10Wt)

10) y(t) = x,(t).cos(Wt).cos(10Wt)

Th.S. Nguyén Thanh Tuin
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‘Bﬂg Baitap 9

= V¢ dang song, tim chu ki tuan hoan va khai
trién Fourier

(a) x(t) = 2c0s(2007¢t) + 5s1n(4007t)
(b) x(¢) = 2c0s(2007¢) + 5s1in(3007¢)
(¢) x(t) = 2cos(1507t) + 5s1n(2507¢)
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‘Bﬂg Bai tap 10

x1(t) = m(t) cos(2r f.t) xo(t) = m(t)sin(2r f,.t)
1) Rut gon

(a) y1(¢) = x1(¢) cos(2m f.t)

(b) yo(t) = x1(¢) sin(27 f )

(c) y3(t) = xo(t) cos(2n f.t)
(d) y4(t) = xo(t) sin(2 f.t)

2) Chi ra cach kho1 phuc tin hieu m(t) c6 bang thong
rat nho hon £, tur tin hiéu x,(t) hodc x,(t).
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1)~
2)
3) T

'im X(f)
im E,

4) T

'im Y(f)

() — 23 sin(27147t)

2m 147t

Im y(t) = dx(t)/dt

Th.S. Nguyén Thanh Tuin
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CJ Bai tap 12

x(t) = = i D os(107(2k + 100
= — T
e 2k +1

= V& dang song x(t) trong 1 chu ki tuan hoan.
= Tim cong suat P,

= Tim bing thong 98% cong suat.
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Bai tap 13

0.01

I
-200 200f

Tim nang luong E,

Tim
Tim

Tim

bang tl

bang tl

hong 98% nang luong
hong 3dB

bang tl

nong 40dB
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”
<D

" VEp

" Tim
" Tim

" Tim

bang tl

bang tl

pang t|

" Tim

bang tl

Bai tap 14

n0 vach.

nong 3dB
nong 40dB

0ng 98% cong suat

10ng 99% cong suat

Th.S. Nguyén Thanh Tuin
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‘B’g Bai tap 15

RN

-1.0 -0.5 0.5 1.0
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‘Bﬂg Bai tap 16

= Tinh céac gia tri sau: Cau | Giatri
Q(0)
Q(0.5@)
Q1.1@)
Q(1.9@)
QC.@)
Q4.@)
Q5.Q@)
QA-1.1@)
9) Q(-1.9@)
10) Q(-3.@)

Th.S. Nguyén Thanh Tuin 114
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Baitap 1/

= Tim céc gia trj A thoa diéu kién sau:

1) Q(A)=0.3@

2) Q(A)=0.7@

3) Q(A)=103

4) Q(A)=3.@x103
5) Q(A)=7.@x10/
6) Q(A)>3.@%

7) Q(A)<7.@%

Th.S. Nguyén Thanh Tuin 115
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‘Bﬂg Bai tap 18

= Cho bién ngau nhién X phéan bo Gauss (0, 1), tinh céc xac
suat sau:

1) Pr(X>0.5@)

2) Pr(X>-0.5@)

3) PriX<1.@)

4) Pr(X<-1.@)

5) Pr(-0.5@ < X< 0.5@)

6) Pr(0.5@<X<1.@)

7) Pr(-05@ <X<1.@)

8) Pr(-1.@ < X<-0.5@)

9) Pr(-1.@ < X<0.5@)

10) Pr(-1.@ < X< 1.@)

Th.S. Nguyén Thanh Tuin 116
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‘Bﬂg Bai tap 19

= Cho bién ngau nhién X phéan bo Gauss (1, 4), tinh céc xac
suat sau:

1) Pr(X>0.5@)

2) Pr(X>-0.5@)

3) PriX<1.@)

4) Pr(X<-1.@)

5 Pr(-0.5@ < X<0.5@)

6) Pr(0.5@<X<1.@)

7) Pr(-05@ <X<1.@)

8) Pr(-1.@ < X<-0.5@)

9) Pr(-1.@ < X<0.5@)

10) Pr(-1.@ < X< 1.@)

Th.S. Nguyén Thanh Tuin 117
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Bai tap 20

[t (1) has the Fourier transform

) for the following waveforms:

w2t + 2).
e Mt — 1).
dw(t)

dr
w(l —1).

el
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‘Bﬂg Bai tap 21

2.3-4 Sketch v(¢) and find V(f) for

o(t) =AI'I<t —TT/2> + Bl'I(t —;T/z)

2.3-5 Sketch v(¢#) and find V(f) for

t — 2T t — 2T
= -
v(t) AI’I( a7 ) BH( T )

Th.S. Nguyén Thanh Tuin | 119
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‘B‘g Bai tap 22

2.1-1 Find the energies of the signals shown in Fig. P2.1-1. Comment on the effect on energy ‘nf sig_n
change, time shifting or doubling of the signal. What is the effect on the energy if the signal is
multiplied by k? _

IV\ sin ¢ (a) lr —sint (i:'} s
[\ N
f—» -;—‘lr

(d)
o1 r—h\/ﬁ
1r sin ¢ /'\ (c)

Figure P2.1-1

Th.S. Nguyén Thanh Tuin 120
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Bai tap 23

2.1-2 (a)Find E, and E,, the energies of the signals x(¢) and v(z) shown in Fig. P2.1-2a. Sketch the
signals x(f) + y(t) and x(¢) — y(r) and show that the energies of either of these two signals
are equal to E, + E,. Repeat the procedure for the signal pair of Fig. P2.1-2b.

(b) Repeat the procedure for the _sig;nal pair of Fig. P2.1-2c. Are the energies of the signals
x(1) + y(r) and x(t) — v(t) identical in this case?

x(r) y
1
0 2 t—
x(t)
1
s
0
L] =
x(r)
1
i
0| /4
|_._ i
Figure P2,1-2

CuuDuongThanCong.com

yit)
1
2
1] 1 —
-1 | I—
(a)
yit)
1
R
0 n t—»
(b) |
vt}
1
{c) 0 R t—»
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‘B‘g Bai tap 24

2.1-8 Determine the power and the rms value for each of the following signals:

T T . T
- — 150t + —
(a) 10 CDS(I'[][]I + 3) (b) 10 cos (l{lﬂr + 3) + 16 sm( + 5)
(¢) (10+ 2 sin3¢#) cos 10z (d) 10 cos 5t cos 10¢
(e) 10 sin 5t cos 10t ) e’ coswyt

Th.S. Nguyén Thanh Tuin 122
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‘B. Bai tap 25

Determine whether each of the following signals 1s an energv signal or a power signal, and eval-
uate the normalized energy or power. as appropriate:

(a) w(t) = {/Ty).

(by w(t) = IL(t/Ty) cos wyt.

(c) w(t) = cos? wyt.

Th.S. Nguyén Thanh Tuin 123
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‘B‘g Bai tap 26

2-2 A function generator produces the periodic voltage wavetform shown in Fig. P2-2.

v(i)

Figure P2-2
{a) Find the value for the dc voltage.
{h) Find the value for the rms voltage.
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) Constder the waveform w(f) shown below.

Bai tap 27

a) Find the Fourier transform ).
b) Plot clearly W(f) for 0 < f €2 Hz.

¢) Whatis the first null bandwidth B,y of W().

Th.S. Nguyén Thanh Tuan
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cg Bai tap 28
) The transfer function of an ideal high-pass filter is given in terms of the rectangular function I as;

g

) Plotthe magnitde and phase responses |H (f ﬂ and ZH())

b) Obtain the impulse response h(1).
¢) Clearly plot hi) for 0< 1 S 0.6 sacond.
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@ Bai tap 29

Find expressions for the complex Fourier series coefficients that represent the waveform shown
in Fig. P2-51.

1.0}

-1.0 I
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2.4-1 Simplify the following expressions:

sin
(a) (12-1-2) 3(r)

(©) [e"cos (3t —60°)]5()

(1
\ jo+2

(e )3(w+3)

Th.S. Nguyén Thanh Tuin

CuuDuongThanCong.com

-."(d) | [sin (-2

Bai tap 30

C») (j”+2)6(w)

w? +9

A ]3(:— 1)

® (sm k“’) 5()
| ®

128
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‘Bﬂg Bai tap 31

2.4-2 Evaluate the following integrals:

(a)f_: g(r)o(t —t)dr (b) f_: 3(t)g(t —1)dr
(© _: 5(t)e ™ dt | @) :3(; — 2)sin 7z dr
() f_ : 8(t +3)e™" dt () :(z3 +4)8(1 — 1) dr
| ©) _i _: e — N3G = f) dt (h) f_ :e{x—u cos g-(x _ 5)8(x — 3) dx
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BK Bai tap 32

1. Fourier series off(x) = {_k ll[ 01r<§x<<no and f(x + 2m) = f(x)

sin 3x sin 5x sin7x
e B
5 7
: sin 3x sin Sx
b) —(smx+ +)
T 5
2k X sin 2x sin 3x
c) —(smx+ F : )
T 2 3
k (sin2x sin 4x sin 6x
d) —( + + + e )
T 2 4 6

2. Fourier series of periodic function f(x) = 3x%, (-1<x<1)

1 COS 27X cos 31TX cos4dmnx
a) 1——(cos7tx— + e +)
4 9 16
cos4dmx cOos 9mx cos 16mx
b) 2——(c032nx— + = )
4 9 16
cos 21mTX CcOS 3TX cos4dmx
c) 1——= (c + = +)
T2 3 4
4 cos 2nx COSs 3TX cos4dmx
d) 2—7r (cosn + 5 2 )

Th.S. Nguyén Thanh Tuin 130
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‘Bﬂg Bai tap 33

3. Fourier series of periodic function f(x) = |sin x|,

a) %—%Z‘f (1/(3712 N 1)) cos 3nx

1

b) ;_%2?( /(an2 - 1)) G
) Ti_%zgo (1/(4712 B 1))COSZTDC

2

d) = ;ango (1/(12712 B 1)) cos 4nx

Th.S. Nguyén Thanh Tuén - 131


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

. Al
4. Fourier transform of f(x) = x%2e™4*",

a) i? 1_\/29(_1_“:2) (w—z -

8
b) izge(_ﬁ”z) (= -
c) izl—‘:e(_Ta;z) (sz—
2 5
d) izﬁe(T) (“’__
16 4

5. Inverse Fourier transform of

a) i(e—i2x9—3|x|)
4

b) i(e—i3xe—4lxl)
2

C) 1_16(e—i2xe—4|xl)

d) %(e—i3xe—4|x|)

CuuDuongThanCong.com

w?+6w+25
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