cg L Chu:(mg. A3:
Truyen va loc tin hi¢u

3.1 Hé théng LTI va bo loc

3.2 Su sai dang trong truyén thong tin

3.3 Su suy hao trong truyén thong tin va
Decibels

3.4 Truyén tuong tu bang goc
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Black box
Input Output

cg o s o 3.1 HE thong LTI

= Tuyén tinh if  x(t)=) a,x,(f) then y(f)= Z.::.r,.j(‘,[:n:;E (0]
= Bat bién 3C[x(t—1y )j =y(t—1y) |

* Pap ing xung h(t)= 3C[5(1)]

* Ham truyén H(f)=Flh(t)]= c]h(f)e‘”mdr

" Quan h¢ vao-ra h amplitude response: | H(f)|

y(t)= IC[x())= h(2) = x(t) = ]h(,{)x(f ~A)dA phase response: arg H(f)

Y(f)=H()X(f) x(1) = A, cos(2fyt +,)
| | (1) = A, cos(27fyt +9,)

X Y feb, ,r 2yt
(7) HeD f x(t)=Ae 4 = |H(j0 )‘Ax

f”:r;:;‘f
y(t)= H(f,)A.e ¢, =arg H( fy)+ ¢y
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g o
Q) Dap tng sin/cos

= He thong thyc: H(f) = H*(-f)

x(t) = Acos(a,t) = Acos(2z fit) < y(t) = A|H(f,)|cos[2z ft+ZH(f,) |

X(t) =D, + 3D, cosanf,t+¢) < y(t)=D,H(0)+ > D, |H(nf,)|cos[2znf t +g,+H(nf,)]

n=1

X(f)=Y c.5(f-nf) < Y(f)=> ¢,H(nf,)6(f —nf,)

N=—c0 N=-o00

= Cau hdi: viét biéu thuc cho tin hidu sin(.)?

Th.S. Nguyén Thanh Tuan 3
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g : :
cg Mat do pho cong suat

= Power Spectral Density (PSD)

.1
S,(F)=lim— X (f)

= Ham truyén dat cong suat: ti sO gitta mat do
pho cong suat cua ngo ra va ngo vao.

P,(T)

P.(1)

G,(f)= =|H(f)[

Th.S. Nguyén Thanh Tuan 4
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‘Bﬂg B0 loc

= BO loc thuc té ¢ dap ung xung h(t) 1a ham thuc nén ham
truyén H(f) ¢6 bién do doi xtmg chan va pha doi xtmg 18.

= Tan s6 cat (-3dB) va bang théng: mic dinh chi tan s6 duong.

lowpass highpass
.\ ///
g //
bandpass bandstop

AN AL

Th.S. Nguyén Thanh Tuan 5
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‘B‘g Vidu hé théng LTI va bo loc

x(t) - LTI System = y(t)
| !
X(f) H(f) Y(f)

A

X(f) H(f) Y(f)

A

10 —
A 10 -
1
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‘Bﬂg B0 loc thong thép (LPF) RC

1

— ¢t/m, t=0
W) ={m °

0, t<0

(b) Impulse Response
Gu(f)
3dB Point
Gi(f) = HUP = ——
) 1+ (f/f)?

0= ZaRC J it

(c) Power Transfer Function

Th.S. Nguyén Thanh Tuan 7
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”
<D

Mot s6 ham truyén hé thong

Time-Domain Operation

Transfer Function

Scalar multiplication

Differentiation

Integration

Time delay

CuuDuongThanCong.com

¥(t) = £Kx(t)
o= %ﬁ

=[x

¥(t) = x(t = t4)

Th.S. Nguyén Thanh Tuan

H(f) = *K
H(f) = jomf
i

) = a0

H(f) = et
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‘?% K&t néi hé théng

a) parallel, H\(f)X(f)
- Hi(f)
b) Cascade, and X(f) | ] % Y(f)=[H\(f)+ Hy( ) X(f)
c) feedback: X I
~ Hy(f)
Hy(f) X(f)
(a)
X(f) H(f) X(f) Y(f)y=H\(HH(f) X(f)
Hy\(f) - HB(f) —

(b)
X(f) + ~ Hy(f)
_'_{, :T —= H{(f) Y(f)= L+ B OH) X(f)
Hy( f)

2
Hy(F)Y(F)

(<) -

Th.S. Nguyén Thanh Tuin 9
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‘B’g Vi du két noi hé thong

y(2)

Delay

Zero-Order Hold

| |
—“ H(f)=1
X(f) L HB(lf ) T wp
' H(P) | _jemf |
=—g 27 fT

H(f) = Ho(f)H(f) = [H\(f) + Hy(f)JH3(f) = T sinc fTe /™7

Th.S. Nguyén Thanh Tuin _ 10
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¢ Hé thong LTI nguoc

LTI System »| Inverse LTl System
() h(t) y(t) () «(t)

W' (t) *h(t)=38(¢)
H'(f) -H(f)=1

Th.S. Nguyén Thanh Tuan _ 11
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Original Attenuated Amplified

Point 1 Transmission medium  pgint 2 Point 3

K J ﬂ ] Transmission K f ‘ ]

% hAANAD - medium N TTVYY)

Point 1 Point 2
Composite signal WWM Wm

sent

Components, Components,
in phase out of phase
Transmitted Noise Received

l

Point 1 Transmission medium Point 2

Th.S. Nguyén Thanh Tuan
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Composite signal

received

BK Anh huong cua kénh truyén
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‘Bﬂg 3.2 Méo dang

= Khong méo dang: y(1)=Kx(r—t,) + DC (mo rong)

= Meo tuyér‘l tinh: do hé thong t‘uyé’n tinh (thuong la
kénh truyén) - xét ham truyén (dap irng tan so)

. I\/Ié,O phi tuyén: do hé thong phi tuyén (thuong la cac
thiét bi & khoi phat va thu) - xét dac tinh vao ra

[Vo(t) [V, (t)

,,/ v,(t) / v,(t)

/

Linear / Nonlinear

Th.S. Nguyén Thanh Tuin | 13
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cg Kénh truAyén tu’yé'n tinh

(diéu kién khong méo dang)

= Tin hi€éu don tan: khong méo dang y(r)=Kx(t-1,)
» Tin hiéu da tan: H(f)= Ke /¥d

H(f)|=|K|  argH(f)=-2m,f+m180°

1.0 +
\H( ! \
- : i - Jf kHz
= Time delay : 0 3 0
0 l : 1'
1 arg
I,(f)= —s=<H(f) 1P
=7l -90° -+

Th.S. Nguyén Thanh Tuan 14
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‘Bﬂg B cin bang

* Chtrc nan g Channel Equalizer

I
= Nguyeén ly Hﬂcm 4-4] Heo( ) |_—_JE)
- |

= V1 tri
= V€ ham tI'U.Yén 10+

, ) H(f)
- Viét bidu thirc . AN

= Thichnghi> ="

—90° 4+

uoc luong kénh

Th.S. Nguyén Thanh Tuan 15
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BK Mc¢o phi tuyeén

Vo = Ko + Ky + Kvi 0= K] K zi(d VO)
n=0

= Méo hal:

v (t)= Asinat vy, (t)=V, +V,cos(@gt + ¢,) +V, c08(2w,t + 9, )+ V, cos(3w,t +94 )+ -

14 . /‘\ /( N °® ” 2
"= Mc¢o diéu ché noi: THD(%) = 2 100

1

v,(t)= A sinmt+ A, sine,t
K, (A sinot + Asnayt) = K, (AZsin? ot + 2A A, sino,tsinw,t + AZsin® o,t)

=K,A?sin’ ot + K,2A A, sinotsinw,t + K,AZ sin’ o,t
2K, A A, sin o tsino,t = K,A A, {cos|(o, - o, )t]- cos|(w, + @,)||

Th.S. Nguyén Thanh Tuan 16
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”
<D

K,v2 = K, (A sinot+ A, sin,t)’
=K, (A’sin’ ot +3A7A, sin’ ot sinw,t

+3A AZ sinw,tsin® o,t + A sin® ,t)

3K,AZA, sin’ ot sin o,t = % K,AZA, sin o,t(1-cos 2m,t)

- gKBAfAZ{sin ot - %[sin(Zco1 + o)t —sin(2w, - a)z)t]}

3K, A, Al sinw,tsin’® o,t

= g K?,A1A22 {Sin ot - %[Sin(zwz + a’l)t - sin(2a)2 - a)l)t]}

Th.S. Nguyén Thanh Tuan
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‘Bﬂg 3.3 Cong suat

= Pon vi cOng suat; W, mw, dBW, dBmw

P(dBW) =10-log,,(P[W]) P(dBmW) =10-log,,(P[mW])
Power P in Watts Power P in milliwatts  Power in dBW Power in dBm
100 watts 100,000 mW 20 dBW 50 dBm
10 W
1W
0.1W
0.01W
0.001 W
2 mW
5 mW
7 mW
0.5 mW
0.2 mW

Th.S. Nguyén Thanh Tuan 18
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’ , A ,
Q) Tinh todn cong suat

= Cong (tong) cdng suat: P = P1 + P2 (W, mW)
= Do loi cong suat: g = Pout / Pin (W, mW)
Jgs = 10.109,0(9)
= Suy hao céng suat: L = Pin / Pout (W, mW)
L4s = 10.10g,,(L)
= Quy udc: do loi > 1 (0dB) vasuy hao > 1 (0 dB)
— D6 1¢i 0.2 1an = Suy hao 5 lan

— Suy hao 0.2 1an = Suy hao 5 lan
— Suy hao -20 dB = Suy hao 20 dB

Th.S. Nguyén Thanh Tuan
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gy . ,
cg Tinh toan do lo1 cOng suat

= Pout,, =Piny, . g

= 10.log,,(Pout,,) = 10.log,,(Piny, . 9)

= 10.l0g,o(Pinyy) + 10.l0g,,(9)

= Poutygyy = PiNggy + 9gg

= Pout,,,=PIn_\ .0

= 10.log,4(Pout,,) = 10.10g,,(Pin_y - 9)

= 10.10g;4(Pingy) + 10.10g,4(0)
- Pout,gw = PINggmw + 94

Th.S. Nguyén Thanh Tuan 20
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g :
cg Tinh toan suy hao cong suat

= Pout,, = Piny, /L

= 10.log,,(Pout,,) = 10.log,,(Piny, / L)

= 10.log,,(Piny,) —10.10g,4(L)

- Pout g = PINgew — Ly

= Pout v =Pin_/L

= 10.log,y(Pout, ) = 10.10g,,(Piny / L)
= 10.log,,(Pin.y) — 10.10g4(L)

= Poutygmy = PiNggmw — Lag

Th.S. Nguyén Thanh Tuan 21
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‘% Vidul

S6 1an 1 ~ 1,259 2 3 10
dB 0 1 ~3 =477 10

L5n4 5 6 7 8 9 12 23 34 4@

19 4@

Lan

Th.S. Nguyén Thanh Tuan 22
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‘B’g Vidu?2

System -6 dBm |;|mw
(1) —>| +19dB [—>
2) 1W __|dBW

—> -2dB p—>| -4dB |—> +35dB [—>

(3) gdBm 40 mW

—>] -28dB p—> +12dB —>

W - 19 dBm
—>| -6dB [—> +32dB [—>

Th.S. Nguyén Thanh Tuan 23
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‘B’g Vidu3

2@ dBm

—> -19dB |—>

19 dBm T
- 6 dBW 1@
—>| -24dB —> 4B 1
mwW
—> +19dB —>
20 MW 1
—>] +14dB ——>| -12dB

Th.S. Nguyén Thanh Tuin 24
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Suy hao cap truyén

LdH — ﬂE’E

Transmission Medium Frequency Loss dB/km
Open-wire pair (0.3 cm diameter) 1 kHz 0.05
Twisted-wire pair (16 gange) 10 kHz 2
100 kHz 3
300 kHz 6
Coaxial cable (1 cm diameter) 100 kHz |
| MHz 2
3 MHz 4
Coaxial cable {15 cm diameter) 100 MHz 1.5
Rectangular waveguide (5 X 2.5 cm) 10 GHz 5
Helical waveguide (5 cm diameter) 100 GHz 1.5
Fiber-optic cable 3.6 ¥ 10Y Hz 2.5
2.4 ¥ 10" Hz 0.5
1.8 x 10" Hz 0.2

Th.S. Nguyén Thanh Tuan
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”
<D

Vidu4

Cho cap truyén c6 hé so suy hao 3dB/km.

1) Cap suy |
2) Cap suy |
3) Cap suy |
4) Cap suy .

1a0 may |
1a0 may |
120 may |

120 may |

5) Cap suy .

1a0 may |

an k
an kl
an k

an k

i truyén 1 km?

i truyén 2 km?

i truyén 3 km?

i truyén 10 km?

an k

i truyén 11 km?

6) Dé suy hao khong qua 100 lan thi truyén
duoc khoang cach bao nhicu?

Th.S. Nguyén Thanh Tuin | 26
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Vidu5

Cho 1 sgi cap truyén c6 suy hao 100 lan. Néu cat
doan cap thanh hai phan bang nhau thi modi doan

suy hao may lan, bi€t rang:

1) Cép c6 hé so suy hao 3dB/km.
2) Cap co6 hé s suy hao 2dB/km.
3) Cap c6 chiéu dai ban dau 3km.
4) Cap c6 chiéu dai ban dau 2km.

Th.S. Nguyén Thanh Tuan
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‘Bﬂg Vidub6

Cho 1 soi cap truyén co suy hao 100 lan.

1) Néu cat doan cap thanh hai phan c6 chiéu dai
gap doi nhau thi moi doan suy hao may lan?

2) Muon cat doan cap thanh hai phan cé suy hao
(theo sb 1an) gap doi nhau thi phai cat nhu thé
nao?

3) Muén cat doan cap thanh hai phan c¢é suy hao
(theo dB) gap doi nhau thi phai cat nhu thé
nao?

Th.S. Nguyén Thanh Tuan 28
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‘Bﬂg Suy hao trong khong gian ty do

F=P/(4r 1) F=P /(4 I

R J

Effective aperture
area of the
receiving antenna

_______________ Aﬂ' = Az/(4n)

Transmitting
isotropic
antenna

-------------------

——————

.........................

P

(o
"""" _PR U2 B c
) / >

Ly=924+ 20log,, fcy, + 20log,, /.. dB

Th.S. Nguyén Thanh Tuan 29
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‘B‘g Vidu7

= Tim cong suat Pout theo mW khi Pin = 3@ dBW, biét bo xur ly
trén v¢ tinh c6 ngo ra 1@ dBW? Tim d6 lgi cOng suét g,
theo dB cua bd xur ly?

8amp

8ru (20 dB) m 814(16 dB)

‘

SRrd

; ‘)‘z (‘4_#[{’ (51 dB)

8Tu
(55 dB)

ol
|

Th.S. Nguyén Thanh Tuin 30
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g . -
@ Tinh cong suat nhicu

= V4i hé thong bat ki: P, =S, = [|H(f)] G(f)df

OWQII SS mgnpass

G(f) %
i \_ //
bandpass bandstop

H -, LA B2z

" V&1 bo loc ly teong bang thong BW:

P —§ :jf,%df =%ZBW:N BW
nooT 2 2 °

Th.S. Nguyén Thanh Tuan 31
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-

cK 3.4 Truyén twong tu biang goc

= Xac dinh cac thanh phan co ban cia HTVT

" Vai tro b loc thu, loai bd loc va bang thong

* Tinh cong suat: tin hi€u va nhiéu

= Danh gi4 chat lugng: SNR, SNR 4 tai bo thu

— Dau vao: SNRg nhiéu tréng
— Dau cuoi: SNR, No/2
BW -\\ LPF Mg
x(t) ——» L v, > —>
Sy SH BW Sa
Bé loi phat Suy hao Loc théng thap
kénh truyén ly tuong

Th.S. Nguyén Thanh Tuan
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‘Bﬂg Vidu 8

= Parameter L is the transmission loss of the channel. The channel is also a
source of noise. We are given the following parameters of the system: (i)
The average noise level at the receiver is —119.5 dBm, and (ii) We must
maintain a signal-to-noise (SNR) ratio at the receiver to properly operate.

P (dBm) P, (dBm)

\/W\/

) Mobile
Transmitter .
/ . Receilver

L (dB)

1) Calculate the average signal strength in dBm at the receiving antenna so
that a 30 dB signal-to-noise (SNR) ratio is achieved.

2) If the propagation loss L is 100 dB, what is the minimum transmitter
power needed to still maintain the 30 dB SNR ratio?

Th.S. Nguyén Thanh Tuin 33
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‘B’g B0 lap lai

» Phan loai va chirc nang;:
— Khong tai tao (non-regenerative): khuéch dai va truyén lai
tin hi€u (ca nhicu) véi cong suat 16n hon.
— CO tai tao (regenerative): thu tin hiéu, loai bo nhiéu toi da
va truyen lai tin hiéu vdi cong suat 16n hon.

* Ly do str dung bo lap lai?

“'.\\\I
\}_j -

L
~__ <6 mi
—
-‘—\—\_\_\_\_\_\_\--\-

o

g

Transmitter Receiver

Th.S. Nguyén Thanh Tuan
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‘Bﬂg B0 lap la1 khong tai tao

= CAu tao: gém b0 loc thu va bo dd 1o1 cong Suat
vO1 he sO g cho trudec.

= Trong truong hop khong cho hé so g thi mic
dinh g eqter DU trir suy hao truoc do.

Th.S. Nguyén Thanh Tuan 35
https://fb.com/tailieudientucntt


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

‘Bﬂg Vidu9

Cho 1 tuyen cap dai 30km c6 hé so suy hao 3dB/km. Tinh suy

hao toan tuyén theo dB va so6 lan trong cac truong hop sau:

1) Khong dung bd lap lai.

2) Dung 1 b6 ldp lai dat & dau cuoi cap truyen. Tinh do loi cong
suat cua bo lap lai.

3) Dung 1 b6 lap lai dat & chinh giita cap truyen. Tinh d6 loi
cong suat cua bo lap lai.

4) Dung 2 bo lap lai dat cach déu nhau gitra cap truyén. Tinh do
lo1 cOng suat cua moi bo lap lai.

5) Lam lai cau 4) vai 3-4-5 (N) bo lap lai dat cach déu nhau

gifta cap truyen. Nhan Xét.
Cau hoi: bao nhiéu bo lip lai 1a t6i wu?
Th.S. Nguyén Thanh Tuin 36
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‘Bﬂg Vidu 10

= Gia str dudng truyén chia thanh m khoang dai bang
nhau, mdi khoang suy hao cong suat L,, va bd lip lai
c6 d0 loi cong suat L, trong moi trudng nhidu AWGN
véi mat do pho cong suat n/2 = dung m - 1 bo lap lai

[EJ 1S, )\ L[S,
N), m\LgW ) mL\LnW

» Do cai thién SNR ¢6 phu thudc cong suit phat, mat
do pho cong suat nhi€u, bang thong bo thu va luon
tang theo so b 1ap la1?

Th.S. Nguyén Thanh Tuan 37
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‘B’g Tém tit

» Xac dinh tin hi€u ngo ra cua hé théng LTI?

= Pic tinh cta kénh truyén tuyén tinh khong méo?

= Xac dinh ham truyén bo can bang?

= Do loi va suy hao cong suat theo dB?

= Tinh toan suy hao cong suat vdi kénh truyén c6 day
va khong day?

= Vai tro va dac tinh cua bd loc thu?

" Vai tro va dac tinh cua bd lap la1?

= Tinh toan cong suat nhiéu AWGN?

= Hé thong truyén tuong tu biang gbc?
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‘Bﬂg Bai tap 1

Cho hé thong tuyén tinh bat bién c6 ham truyén H(f)
nhu Hinh 1.

4 [H()| A argH(f)
--------- - ----1180°
|
I
I
i
: : 25
> . ; >
10 20 f(Hz) 25 0 E f (Hz)
|
|
. -180° | ___\
Hinh 1
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3 Bai tap 1 (tt)

Tinh cong suat cia tin hiéu ngd ra y(t) khi tin hiéu
ngo vao x(t) = 1 @cos20nt — 30s1n40mxt (t:s).

Xac dinh biéu thuc day du cua tin hiéu ngd vao x(t)
dé tin hiéu ngd ra y(t) = 20cos3@ant (t:s).

Tim diéu kién cua tin hiéu ngd vao x(t) dé tin hi¢u
ngd ra y(t) ciia hé thong trén khong méo dang, nghia
la y(t) = Kx(t —ty). Xac dinh gia tri cua K va t4 trong
trueong hop nay.

Xac dinh gia tri cua tin hiéu ngd vao x(t = 20ms) dé
tin hiéu ngd ra y(t) = 4sin31@t (t:5).

V& dap tmg bién do va pha ctia b can bang.
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https://fb.com/tailieudientucntt


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

‘Bﬂg Bai tap 2

Cho tin hiéu bang goc cO tan so 1on nhat 5KHz va cong suat
1@mW duoc truyén truc tiép qua day cap co chiéu dai
10km va hé so suy hao cong suat 2dB/km (tuyén tinh theo
dB).

a) Tinh céng suat tin hiéu tai dau cudi cap truyén theo dBW
trong truong hop c6 st dung 1 bo khuéch dai cong suat
¢ d6 loi 20dB va dit cach dau vao cap truyén 2km.

b) Lam lai cau a) trong truong hop bod khuéch dai cong suat
dat cach dau cudi cap truyén 2km.

¢) Lam lai cdu a) trong truong hop b khuéch dai cong suat
dit ngay chinh gitra cap truyén.
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‘Bﬂg Bai tap 2 (tt)

d) Tinh ti so cong suat tin hiéu trén nhiéu tai dau cudi may thu

(SIN)p theo dB trong truong hop mat do pho cong suat nhiéu
AWGN G (f) = Ny/2 = /2 = 10-'W/Hz va bd loc thu Iy
tuong.

Lam lai cau d) trong truong hop str dung thém 1 bo lap lai dat
ngay chinh gitta cap truyén (c6 clng do loi bu trir suy hao
trudc d6) va cling bi anh huéng bdi nhicu AWGN.

Lam lai cau d) trong truong hop sir dung thém 2 bo lap lai dat
cach déu nhau trén cap truyén (c6 cling do lgi bl trir suy hao
trudc do) va cling bi anh huéng boéi nhiéu AWGN.
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‘Bﬂg Bai tap 2 (tt)

9)

h)

J)

Tinh s6 bo 1dp lai toi vu dé ti so cong suat tin hiéu trén nhiéu
tai dau cudi may thu (S/N); 1a 16n nhat; biét rang cac bo lip
lai (cO clng do loi bu trir suy hao timg ching) cach déu nhau
trén duong truyén va nhiéu AWGN anh hudng nhu nhau vai
mdi b lip lai.

Lam lai cau g) khi cong suat phat ting gap doi.

Lam lai cau g) khi bang thong tin hiéu ting gap doi.

Lam lai cau g) khi chiéu dai cap truyén ting gap doi.
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‘B’g Bai tap 3

Cho hé thong tuyén tinh bat bién c6 ham truyén H(f) nhu Hinh 1.

A H(®) 4 argH()
2
Nl S . ] 180°
| | ’ 250
> L 7 >
2200 0| 200 f(Hz) 250 0 ; f (Hz)
A x3(1) i
10 Hinh 1 1800 . '
>
0 1 4 5 t (ms)

Goi y: hé s0 khai trién chudi Fourier phtic cta chudi xung chit nhat don
vi (40 rong t) tudn hoan (chu ky T,) co6 dang: c, = (t/ Ty)sinc(nfy1),
trong do sinc(x)=sin(mXx)/(mX).
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‘Bﬂg Bai tap 3 (tt)

a)
b)

C)

d)

Tim 1 bicu thire tin hiéu ngd vao x,(t) khi tin hiéu ngd ra cé
dang y,(t) = 1@sinl10mnt (t:s).

V& dang song cua tin hiéu ngo ra y,(t) khi tin hiéu ngd vao
X,(t) = sin?2@0nt (t:s).

Tinh cong suat cua tin hiéu ngd ra y,(t) khi tin hiéu ngd vao
X4(t) 1a chudi xung chir nhat tuan hoan c6 dang séng minh hoa
nhu Hinh 1.

Tim diéu kién cta tin hiéu ngd vao dé tin hiéu ngd ra khong
méo dang, nghia la y(t) = Kx(t-t,). Xac dinh gia tri cia K va
ty.

Viét biéu thirc ham truyén ctia bo can bang trong pham vi tan
sd [3@ + 300] Hz.
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‘B’g Bai tap 4

= Cho h¢ thong tuyén tinh bat bién c¢6 ham truyén H(f)
nhu Hinh 1.

4 H(®D| 4 argH(D
2
\/ N 180°
1 | |
i : l 250
1 L F 1 i F
200 0| 200 f (Hz) 250 0 : f(Hz)
A X4(D) ;
10 Hinh 1 -180° | ____ '
+ >
0 1 4 5 t (ms)
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‘J Bai tap 4 (tt)

Tim biéu thirc tin hiéu ngd vao x,(t) khi tin hiéu ngd
ra c6 dang y,(t) = 1@sin100xt (t:s).

V€ dang song cua tin hiéu ngo ra y,(t) khi tin hi¢u
ngod vao X,(t) = 10sin°1@0mnt (t:s).

Tinh gia tri cta tin hi€u ngd ra y,(t = 2ms) khi tin
hi€¢u ngd vao x5(t) = 20sin400nt — 1@cos500mtt (t:s).
Tinh cong suat cta tin hiéu ngd ra y,(t) khi tin hiéu
ngd vao X,(t) 1a chudi xung chit nhat tuan hoan cé
dang song minh hoa nhu Hinh 1.

V& dap ung bién do va pha cta bd can bang.
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”
<D

Cho céc tin hiéu tuong tu X, (t) = 1@c0s?2xt (t: s) va X,(t) = 6sin6mt +

Bai tap 5

1@cos7xnt + 8sin8xt (t:5) 1an luot di qua hé thong tuyén tinh bat bién c6 ham

truyén H(f) nhu Hinh 1.

4 HOD| 4 argH(f)
6
e N 180°

i 4
L L . | . .
8 5 30 3 5 8 f(Ho 40 ; f (Hz)

Hinh 1 -180° | .. :

a) Xac dinh biéu thire (theo thoi gian) cia tin hiéu ngd ra y, (t).

b) Tinh gia tri cua tin hi€u ngd ra y,(t = 0.125s).
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‘Bﬂg Bai tap 6

= Cho hé thong truyén cap voi tong suy hao L = 2@0dB c¢6 10
khoang 1dp lai chiéu dai bang nhau (ding 9 bo lip lai giong
nhau) va ti so tin hiéu trén nhiéu tai dau cudi (S/N), = 50dB.

a) Xac dinh ti so tin hiéu trén nhiéu tai dau cudi (S/N), theo dB

khi khong dung bo 1ap lai.

b) XA&c dinh ti s6 tin hiéu trén nhiéu tai dau cudi (S/N), theo dB

khi ding 99 bo lap lai.

c) Xac dinh s6 b lap lai toi thiéu dé dam bao ti s6 tin hiéu trén

nhiéu tai dau cudi (S/N)y > 30dB.

d) Xac dinh s6 b lap lai toi vu dé ti s6 tin hiéu trén nhiéu tai

dau cudi (S/N)p 16n nhat 0 thé.
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‘Bﬂg Baitap 7

* Cho b0 tao tin hi€u xung vudng bién do +1 V vo1 tai
1 Q3 va tan so co ban f; co thé diéu chinh trr 1 kHz
dén 50 MHz.

= Cho b0 loc thong dai 1y tudng véi tan sb trung tim
175 MHz va bang thong 30 MHz (£15 MHz).

a) Lua chon tan so f, d¢ khi ghép noi tiép bo tao tin

hiéu vo1 bo loc 6 trén thi tao ra tin hi€u don tan 180
MHz.

b) Tinh bién d6 cua tin hiéu don tan tao ra.
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‘Bﬂg Bai tap 8

y(t) = ax(t) + bx*(¢)
1) Timy(t) va Y(f) trong cac truong hop sau
a) x(t) = Acos(27 fmt)
b) X(f):{A 1f 1= fel < fm

0 elsewhere

2) Can gan thém thanh phan ndi tiép nao véi hé
thOong phi tuyén bac hai trén dé tao thanh hé
thong nhan do1 tan so?
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‘B‘g Baitap 9

0 Amplifier )(0)

Ideal BPF I

x(t) = b1 cos(2000007¢) + bs cos(2020007t)

y(t) = a1x(t) + asx3(t)

» Xac dinh tin hi€u ngo ra b loc thong dai 1y
tuong co tan so trung tam 100 kHz va bang
thong 10 kHz.

Th.S. Nguyén Thanh Tuan 52


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

1)
2)
3)
4)

‘J Bai tap 10

x(t) =cos(2mf1t) + asin(2x f1t)
= Xala)cos(2r f1t + X, (a))

Tim X,(a)

Tim Xp(a)

Tim cOng suat cua tin hi¢u x(t)

Tin hiéu x(t) ¢ tuan hoan khong? Néu co,
tim chu ki tuan hoan va khai trién Fourier.

Th.S. Nguyén Thanh Tuan 53
https://fb.com/tailieudientucntt


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

x(1) h(t)

y(1)

x(t) = A+ cos(2mf1t)

1

ht) =< VI

0 elsewhere

0<t<T,

" Tim tin hiéu ngo ra y(t).

Th.S. Nguyén Thanh Tuan
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¢ Bai tap 12

Jrae =30 0B Radio link Gr e = 30 dB
< - R
P=1W l,=110dB P, =7 dBm
P,=?W
Attenuation
of the fiber
0.5 dB/km >
P, 4 =0dBm Optical fiber link P, 4o = 7 dBM
< >
[=40 km

= Tinh cong suat?
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BK a1 1A
‘J =2cos(2x f,t)cos (67 fot) Bal tap 13

= Cho hé thong LTI c6 dap ung h (t) b aA(ij 1 bI1 (t__fj
xung h(t) va tin hiéu ngo vao
X(t) nhu biéu thirc va hinh vé.
1) Xé&c dinh c4c hang so a, b.
2) Xac dinh dap tng bién do
tan so cua hé thong.
3) Tinh c4c cong suat tin hiéu
ngd vao va tin hi¢u ngo ra.
4) Xac dinh va vé cac ham tu tuong quan cua tin hiéu ngd vao va
tin hiéu ngd ra, biét rang ham tu twong quan va pho bién do
binh phuong 14 cip bién doi Fourier.
i % R el

0 ,otherwise Th.S. Nguyén Thanh Tuan 0 ,otherwise 56
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‘Bﬂg Bai tap 14

= Cho hé thong phi tuyén y(t)=x(t)+0.01x*(t)
va tin hiéu ngd vao co pho

x(f)zzn( f —30)+2H( f +3oj

10 10

1) V& cac pho bién d6 cua tin hiéu ngd vao va ngd ra.

2) Tinh cac nang luong cua tin hiéu ngd vao va ngo ra.

3) Xac dinh va vé cac ham tu twong quan cua tin hiéu
ngd vao va tin hiéu ngd ra, biét rang ham tu tuong
guan va pho bién do binh phuong I cip bién doi
Fourier.
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‘% Baitap 15

Consw(er {l\e :,js{em sLo..an AQ[DM.TAQ Fowrier

transform of 18 mFuJS‘ana"( X(§) 1s givenas be low

X () >? w va o) ] > 4
Alos oot iCos (1 ool )
‘}XG) ;u,m A Ha($)
[ ' ' ‘ r—
:-i - Al > (- \ ~>
-10 -5 | s -50 ~Yo0 \ 4o 5o % -l0 o “ ¥
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”
<D

Bai tap 15 (tt)

0y (olewlal the enecgy of fle inpuc sigrod xct)
b‘) ch] Q'\o( cdraw fhe 5Fec‘.’rum of V5.

c-}F,,\d ant‘ (‘raw ”\7 jP(c‘lr.AM 05 W(:f‘)
dy Fiaed and draw fhe speciram 2F Y(5)
e-) (a{cJa‘/Q tha Qn?((jkts of Vi) and ug(f').

Remem ber: T[ wit) Cos ZW'}J] =

Th.S. Nguyén Thanh Tuan
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Bai tap 16

I e
1 1
L, |

Cable Repeater Cable Output
section amplifier section amplifier
Figure 3.3-2 Cable transmission system with a repeater amplifier.

3.3-1*

3.3-2

Let the repeater system in Fig. 3.3-2 have P,, = 0.5 W, a = 2 dB/km, and a total
path length of 50 km. Find the amplifier gains and the location of the repeater so that
P, = 50 mW and the signal power at the input to each amplifier equals 20uW.

Do Prob. 3.3-1 with P, = 100 mW and P,,, = 0.1 W.
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3.3-3

3.3-4

3.3-5

Baitap 17

A 400 km repeater system consists of m identical cable sections with = 0.4 dB/km

and m identical amplifiers with 30 dB maximum gain. Find the required number of
sections and the gain per amplifier so that P, = 50 mW when P, = 2W.

A 3000 km repeater system consists of m identical fiber-optic cable sections with
a = 0.5 dB/km and m identical amplifiers. Find the required number of sections and

the gain per amplifier so that P,,, = P;; = 5 mW and the input power to each ampli-
fier is at least 67 uW.

Do Prob. 3.3—4 with ¢ = 2.5 dB/km.
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BK Bai tap 18

Figure 3.3-4 Line-of-sight radio transmission.

= Gia sur tan s6 hoat dong 1a 1GHz.

3.3-8 The radio link in Fig. 3.3—4 is used to transmit a metropolitan TV signal to a rural
cable company 50 km away. Suppose a radio repeater with a total gain of g,
(including antennas and amplifier) is inserted in the middle of the path. Obtain the
condition on the value of g, so that P, is increased by 20 percent.
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‘Bﬂg Bai tap 19

34-1 Signals g;(r) = 10*rect (10%) and g,(t) = &(¢) are applied at the inputs of the ideal low-pass
filters Hy(w) = rect (@ /40, 000r) and H,(w) = rect (w/20, 0007) (Fig. P3.4-1). The outputs
y1(2) and y,(z) of these filters are multiplied to obtain the signal y(z) = y;(¢) y2 ().

(a) Sketch G () and G;(w).

_(h) Sketch H,(w) and H,(w).

(c) Sketch ¥; (@) and ¥>(w).

(d) Find the bandwidths of y; (¢), v2(¢), and y(z).

8 (1) y (1)

y(t)=y (t)y, (1)
-

g,(1) %, (1)

Figure P3.4-1
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‘% Bai tap 20

Consider a cell in a GSM cellular network operating at 900 MHz and a cell
in a DCS-1800 network operating at 1.8 GHz. The DCS-1800 base station
is installed in the same site as the GSM base station. Assume thar all system
parameters except frequency are equal and use the free-space loss formula.

What would be the radius of the DCS-1800 cell if the radius of the GSM cell
is 1 km?

A telecommunications network operator is aiming to update a GSM network
with DCS-1800 base stations. The cells of GSM (900 MHz) are designed for
a maximum transmission power of 1W. What should be the maximum
transmission power of DCS-1800 (1.8-GHz) base stations with the same cell
structure? Assume here a free-space environment and that the only difference
between systems is the frequency.
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”
<D

Cap bien do1 Fourier

Signal

M(1/7) = { .
(),

T
1| <5

otherwise

2W sinc(2Wr)

[
T
(), otherwise
W sinc?(Wt)

CuuDuongThanCong.com
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Fourier transform

sin(7f 1)

rsinc(ft) =1

()

r sinc?(f1)

(W)
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