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- ,
cg Quy uoc

= Tin hiéu va hé thong thuc c6 pho do6i xtng (lién hiép
phirc) nén thuong chi dé cap phia tan so duong.
— Pho bién d06: ddi xtmg chan (qua truc tung)
— Pho pha: doi xing 1& (qua goc toa do)
= Tin hiéu chuan hoa x(t)
— Binh nghia 1: [x(t)| <1 (=2 P, =S, = <x?(t)> < 1)
— DPinh nghia 2: max {[x(t)|} =1 (=2 P, < 1)
— Pinh nghia 3: max {x(t)} = 1 va min{x(t)} =-1 (=2 P, <1)
— Dinhnghia4: P, =1
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‘Bﬂg Tin hiéu bang goc

» Bang thong gid1 han trong pham vi [-W + W].
— Fmax = W X5

~Fmin=0 o X(\ﬂ7\/\
X(f)=0 for ‘f\}W f

w0, W

= Quy udc: trong truong hop pho vach, khi tinh
bang thong thuong xem nhu tin hiéu thong tin
trudce diéu ché co dang bang goc (Fmin = 0).
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= Fmin >>0

= Tan so giita (trung tdm): w,=2nf,

4.1 Tin hi€u bang dai
(mién tan so)

V(I

Vgl )
arg Vi,(f)
]
|
—N\pr— N\ —]
0 f-W
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Tin hi¢u bang dai

HC

cg (mién thoi gian)

Puong bao: A(t) >0 UT(‘) |

Pha (I)(t) ’ /“r, ) ‘l/fc -.l,‘.--_-— . “/A(t)
Tin hi¢u cung pha: vi(t) .'_/V i e
Tin higu vuong pha: v(t)

Upp(t) = A(2) cos [w.t + ¢(t)] = vi(t) cos w.t — v,(t) sin w.t

v1) 2 A(t) cos o(1) Uglt) = A(r) sin (1)
V(1)
UI(I]
A1), d(t), Vi(t), v4(t) 1a céc tin hiéu bang goc

At) = '\/Eﬁ:] + v(r) ¢(t) = arctan
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+ O—Ay o+
: L} {:% Vo
O —

= Tan s6 cong huong f,
= Tan so cat f, f
= Bang thong B
= Hé s6 pham chat Q

u

B=fi—fi="
10 < O < 100,

B¢ loc thu phat thong dai

(cong huwdéng)

1.0+

H( )

arg FI(f)

B
001 <—<0.l
J

c
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cg Tinh chat dieu che cua pho

X(t).exp(j2rnFyt) €2 X(F-Fy)
X(t).2.cos(2nF,t) €=2> X(F + Fy) + X(F-F)
X(t).2.sin(2nF,t) €2 —).X(F + Fy) + J.X(F-Fp)

= V& pho cua c4c tin hiéu sau:
1) x(t)=1

2) X(t) = 2.cos(4nt)

3) X(t) = 4.cos(4nt).cos(6mt)
4) x(t) = 4.cos?(4nt)
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‘Bﬂg Vidul

= Cho tin hiéu thuc bang goc c¢6 bang thong 4 Hz
va kénh truyén co bang thong [10 + 20] Hz.
1) Trinh bay giai phap k§ thuat & khoi phat dé
truyén tin hiéu.
2) Trinh bay giai phap k¥ thuat & khoi thu dé
nhan duoc tin hiéu ban dau.
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‘Bﬂg Piéu ché tuong tu

= Tin hiéu can diéu ché: m(t) tuong tu bang géc
— Pon tan
— Pa tan
— Bat ki

= Song mang: A..cos(2n.F.t + ¢,)
— Pé don gian (nhung van khong mat tinh tong

quat): ¢.=0

= Tin hiéu sau diéu ché: .cos(2m.f(t).t + d(1))

= .c0s(0(1))

Th.S. Nguyén Thanh Tuan 9
https://fb.com/tailieudientucntt


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

-

cg Yeéu cau voi moi loai dieu che

= Khai niém, dinh nghia, thong so6
= Biéu thirc va dang song

= Pho va bang thong

= CONg suat (trung binh va dinh)
= Giai diéu ché

= So d6 khoi (nguyén 13)

= Nhiéu

Th.S. Nguyén Thanh Tuan 10
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‘B’g 4.2 Piéu ché DSB

= Biéu thirc: x,.(7) = A.x(t)cos w,t

Dang song

Phé:  X.(N)=5AX(~f) f>0

Bang thong: B,=2W
Cong suat (trung binh): S7 =2P,

Cong suat duong bao dinh: A2,

Th.S. Nguyén Thanh Tuan

11


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

‘B‘g Vidu?2

Cho tin hiéu thong tin x(t) = 0.5cos(6xt) diéu ché DSB
voi song mang 10cos(30mt).

1) Viét biéu thirc ctia tin hiéu sau diéu ché DSB.

2) V& dang s6ng cua tin hiéu sau diéu ché DSB.

3) V& pho bién d6 cta tin hiéu sau diéu ché DSB.

4) Tinh bang thdng cua tin hiéu sau diéu ché DSB.

5) Tinh cng suat cta tin hiéu sau diéu ché DSB.

6) Tinh cng suat dinh cua tin hiéu sau diéu ché DSB.
7) Tinh hiéu suat céng suat.
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‘Bﬂg Viduy 3

Cho tin hiéu thong tin x(t) = 0.5cos(6xt) diéu ché DSB
véi song mang 10sin(30mt).

1) Viét biéu thirc ctia tin hiéu sau diéu ché DSB.

2) V& dang s6ng cua tin hiéu sau diéu ché DSB.

3) V& pho bién d6 cta tin hiéu sau diéu ché DSB.

4) Tinh bang thdng cua tin hiéu sau diéu ché DSB.

5) Tinh cng suat cta tin hiéu sau diéu ché DSB.

6) Tinh cng suat dinh cua tin hiéu sau diéu ché DSB.
7) Tinh hiéu suat céng suat.
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‘B‘g Vidu4

Cho tin hiéu thdng tin x(t) = 0.5cos(6xt) + 0.5 diéu ché
DSB vad1 song mang 10cos(30rt).

1) Viét biéu thirc ctia tin hiéu sau diéu ché DSB.

2) V& dang s6ng cua tin hiéu sau diéu ché DSB.

3) V& pho bién d6 cta tin hiéu sau diéu ché DSB.

4) Tinh bang thdng cua tin hiéu sau diéu ché DSB.

5) Tinh cng suat cta tin hiéu sau diéu ché DSB.

6) Tinh cng suat dinh cua tin hiéu sau diéu ché DSB.
7) Tinh hiéu suat céng suat.
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‘Bﬂg Vidu5

Cho tin hi¢u thong tin x(t) = 0.5cos(6xt) + 0.5c0s(8nt)
diéu ché DSB vé1 song mang 10cos(30xrt).

1) Viét biéu thirc ctia tin hiéu sau diéu ché DSB.

2) V& dang s6ng cua tin hiéu sau diéu ché DSB.

3) V& pho bién d6 cta tin hiéu sau diéu ché DSB.

4) Tinh bang thdng cua tin hiéu sau diéu ché DSB.

5) Tinh cng suat cta tin hiéu sau diéu ché DSB.

6) Tinh cng suat dinh cua tin hiéu sau diéu ché DSB.
7) Tinh hiéu suat céng suat.

Th.S. Nguyén Thanh Tuan 15
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BJ Bién trén va bién dudi

m(t) m(t)cos(2x f_t) M(f)
(modulating signal) (modulated signal) 2
Modulator

cos(2zf.t)

. m(t)cos(2z fct)

o use /P\LsB | LSB : ’USB

Wi~ TAJT & 7
2B

—

Double-sideband
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‘% Vidub6

Draw the phasor diagram for tone-modulated DSB with A,, = 1. Then find A(r) and
¢(t) when the amplitude of the lower sideband is cut in half.

wet A2
A, i A, ! 3A, ;
U, = —CO0S w —CosSw, ! =—7COosw
e Y8 AN
Uy = Esmm_,,: o ?sm ot = 1—5111 w, I
= '\/ 3 2 | ' - S AC ‘\/ 2 e 2
A(t) = V(5A.cos wy,t)” + (3 A, sin w,t)* = o 0 cos® wy,t + sin’ w,t

A A
=—45\/8coszw,,,t + 1 =;5\/5 + 4 cos 2w, !

&0 = s A/dsinw,t ; (tan w,,,t)
i = 3A./4 cos w,t R 3
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CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

CJ 4.3 Diéu ché SSB

= A A | 1 5
Thong s6: U hay L O Bl DSB Sideband ‘ _—
= Bicu thuc Banggéc, |  Loc thong di
bang thong W bang thong W
COSs @ !
= Dang song
» Pho x(t) = A4,, cosw,,t

A A A
» Bangthong Bry=W  x()=—"7" CGS(W tw, )

= COngsuat S,=P,=1AS
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Vidu7

Cho tin hiéu thong tin x(t) = 0.5sin(8xt) diéu ché USSB
voi song mang 10cos(30mt).

1) Viét biéu thirc ctia tin hiéu sau diéu ché USSB.

2) V& dang s6ng cua tin hiéu sau diéu ché USSB.

3) Vé pho bién d6 cua tin hiéu sau diéu ché USSB.

4) -
5)
6)

N
N
1N

7)

1IN

N bang théng cua tin hiéu sau diéu ché USSB.
h cOng suat cta tin hiéu sau diéu ché USSB.
h cOng suat dinh cua tin hiéu sau diéu ché USSB.

N hiéu suat céng suat.

Th.S. Nguyén Thanh Tuan 19
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‘Bﬂg Vidu 8

Cho tin hi€u thong tin x(t) = 0.5cos(6mt) — 0.5s1n(87t)
diéu ché USSB v4i1 song mang 10cos(307t).

1) Viét biéu thtrc cta tin hiéu sau diéu ché USSB.

2) V& dang song cua tin hiéu sau diéu ché USSB.

3) V& phd bién d6 cua tin hiéu sau diéu ché USSB.

4) Tinh bing théng cia tin hiéu sau diéu ché USSB.

5) Tinh cong suat cua tin hiéu sau diéu ché USSB.

6) Tinh cong suat dinh cua tin hiéu sau diéu ché USSB.

7) Tinh hi€u suat cong suat.
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Vidu9

Cho tin hi¢u thong tin x(t) = 0.5cos(6xt) — 0.5sIn(8mt)
diéu ché LSSB va4i song mang 10cos(307t).

1) Viét biéu thirc ctia tin hiéu sau diéu ché LSSB.

2) Vé dang s6ng cua tin hiéu sau diéu ché LSSB.

3) Vé pho bién do cua tin hiéu sau diéu ché LSSB.

4) -
5)
6)

N
N
1N

7)

1IN

h bang théng cua tin hiéu sau diéu ché LSSB.
h cOng suat caa tin hiéu sau diéu ché LSSB.
h cOng suat dinh cua tin hiéu sau diéu ché LSSB.

N hiéu suat céng suat.
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Vidu 10

Cho tin hiéu thuc co phé bi€n d0 hinh tam giac doi xung

tu [-4 4] KHz.
1) Piéu ché:

2) Piéuché:

V& pho bién do trong cac truong hop sau:
LSSB v(1 song mang 10KHz.
LSSB v(1 song mang SKHz.

3) Diéu ché!
5KHz.

hai lan lién tiép LSSB véi song mang

4) Piéu ché LSSB véi song mang 4KHz.
5) Diéu ché LSSB véi song mang 3KHz.

| LSB ‘ USB
Th.S. Nguyén Thanh Tuin B 22
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Vidu 11

Cho tin hiéu thuc co phé bi€n d0 hinh tam giac doi xung
tu [-4 4]KHz. V& pho bién d0 trong cac truong hop sau:
1) Diéu ché USSB, sau d6 lay két qua diéu ché LSSB

vO1 cung song mang SK.
2) Diéu ché LSSB, sau do

z.
ay két qua diéu ché USSB

vO1 cung song mang SK

Hz.

3) biéu ché LSSB vdi song mang SKHz, sau d6 1ay két
qua diéu che USSB va1 song mang 10KHz.

4) Piéu ché USSB véi song mang 10KHz, sau do lay
két qua di€u ché LSSB v&1 song mang SKHz.

Th.S. Nguyén Thanh Tuan 23
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”
<D

2cos(2nft)

|

u(r)

m(t) —

High-pass
filter

Scrambler
2cos|2xa(f+1i)t]
. Lovy-pass Y )
v(1) p(1) filter

* The high-pass and low-pass filters have the same cutoff
frequency at f, (assume that f. > f,)

M(f)

AN

Th.S. Nguyén Thanh Tuan
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Scrambler (2)

fe v fe

AL

Jefo  Seifa Setfo St fefo foofo fetfo fotfo

Vi)
I fe
Seofs  fefa fetfa fetfs
| Fm 1
A ' i 5
fof; fo+1 Rg} fo-1 fe+f
f I f

fo+fa 0 fofa
Th.S. Nguyén Thanh Tuan
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”
<D

o

5

\

[

Setfa

fotfo Jedf

Pk

Jefa Jetfa fetfo

Vi)

Scrambler (3)

fotfe O fife

“fefo

fe +fa

CuuDuongThanCong.com

~fu +fa

Th.S. Nguyén Thanh Tuan
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@ Bien doi Hilbert
—j for >0 |
H{,r(f}:_fsgnf:‘ h{l}(:}=_
+j for f<0 il
H. (0
j -90° Phase-shift for =0

" 90° Phase-shift for /<0
‘ H, {f}‘ =1 for all frequencies

o 1 Tex(A)
x(r)=x(#)*h,(f) = T -[r—idi x(t)= Acos(@w t + &)

=l

Fli(0]=(=jsen NHX(f) (1) = Asin(@,t + ¢)

Th.S. Nguyén Thanh Tuin _ 27
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X
USS5B
. f
- £ 0 fos, o+ W
(b) — W =
X0
r\ LS5B j\]
- N 0 LW R d
W

‘_4 - a
?{I{;] cosa t F x(f)sin mfe‘]

Th.S. Nguyén Thanh Tuan
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a N r
cg x,=0+x0 4.4 Diéu ché VSB

#

« Thongsd: B>0  x()=j2 [H,(NX(/)e"df

n Biéu thirc x,_(f}=%{x[r}msmf—xq{f}sinm,_f)

Hel £ H(f)

" Dang song .

= Pho ”ﬁN\ﬁ

" Bang thong -

; B << , N B=W
= Cong suat §A4:S, £Sp <3 A4S,
(SSB)  (DSB)

Th.S. Nguyén Thanh Tuan 29
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‘B’g 4.5 Diéu ché AM

Biéu thuc: x ()= A (1+ ux(t))cosw (0

Thong so6: chi s6 diéu ché pu> 0

Dang song
— Qua diéu ché: duong bao sau diéu

ché bi méo dang so v&i tin hiéu goc.  #<!

Phase reversal

Bang thong B,=2W >0 [N/

Cong sudt S, =1 A (1+ xS )

{e)

Th.S. Nguyén Thanh Tuin 30
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‘B‘g Vidu 12

Cho tin hiéu thdng tin x(t) = 0.5cos(6xt) diéu ché AM
80% va1 song mang 10cos(307t).

1) Viét biéu thirc cua tin hiéu sau diéu ché AM.

2) Vé dang song cua tin hiéu sau diéu ché AM.

3) Vé pho bién d6 cua tin hiéu sau diéu ché AM.

4) Tinh bang thdng cua tin hiéu sau diéu ché AM.

5) Tinh céng suat cta tin hiéu sau diéu ché AM.

6) Tinh cong suat dinh cua tin hiéu sau diéu ché AM.
7) Tinh hiéu suat céng suat.

Th.S. Nguyén Thanh Tuan 31
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‘B‘g Vidu 13

Cho tin hi€u thong tin x(t) = 0.5cos(6mt) + 0.5sin(8mrt)
dieu che AM 80% v61 song mang 10cos(30mt).

1) Viét biéu thtrc cia tin hiéu sau diéu ché AM.
2) V& dang song cua tin hiéu sau diéu ché AM.

3) V& phd bién d6 cua tin hiéu sau diéu ché AM.
4) Tinh bing thong cta tin hiéu sau diéu ché AM.
5) Tinh cong suat cta tin hiéu sau diéu ché AM.

6) Tinh cong suat dinh cua tin hi¢u sau di€u ché AM.

7) Tinh hi€u suat cong suat.

Th.S. Nguyén Thanh Tuan 32
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‘B‘g Vidu 14

Cho tin hiéu thdng tin x(t) = 0.5cos(6xt) + 0.5 diéu ché
AM 80% véi song mang 10cos(30mt).

1) Viét biéu thirc cua tin hiéu sau diéu ché AM.

2) Vé dang song cua tin hiéu sau diéu ché AM.

3) Vé pho bién d6 cua tin hiéu sau diéu ché AM.

4) Tinh bang thdng cua tin hiéu sau diéu ché AM.

5) Tinh céng suat cta tin hiéu sau diéu ché AM.

6) Tinh cong suat dinh cua tin hiéu sau diéu ché AM.
7) Tinh hiéu suat céng suat.

Th.S. Nguyén Thanh Tuan 33
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‘% Vidu 15

Suppose a voice signal has |x(t)| ..x = 1 and S, = 1/5. Calculate the values of S
and A%, needed to get P, = 10 W for DSB and for AM with u = 1.

P,
DSB: S; = 2P, = 20 W, A%, =200 W
. s /4
P
AM: P, = - ;“S 100 W = S, = P, + 2P, = 120 W and
K75,
Frb
Al = = 800 W
= 5/16

Th.S. Nguyén Thanh Tuin 34
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CJ Panh gia diéu ché AM

XN
Carrier
Lower Upper
Z \/k sideband sideband
1 - f
_fr ‘\“‘ fc— W . f'_+ W

xh £ £

S =P +2P, =1 4° +2[£S,P.J

= Lang phi cong suat
" Lang phi bang thong

Th.S. Nguyén Thanh Tuin 35
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‘% Vidu 16

Let the modulating signal be a square wave that switches periodically between
x(t) = +1 and x(t) = —1. Sketch x(t) when the modulation is AM with u. = 0.5,
AM with . = 1, and DSB. Indicate the envelopes by dashed lines.

DSB

Th.S. Nguyén Thanh Tuin 36
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CJ 4.6 Giai diéu ché

= Pong bd (nhat quan): d,~d, (gia st kénh
truyén khong gay tré)
= Khong dong bo: khong can khoi phuc song

mang
m(t) 0 h m (1)
——| Modulator » Channel > l\igdlelfeelgcr —
I H
A _cos(2mf t+¢,) A _cos(2nf t+d,)
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Tach song dwong bao
¢ (khong dong bo)

| J\Mnnnll l | pln[l!\;\nm[m ,

T UUUVUVVV
LY
1 T ¢ _:H i
— R’% ”jc’ 5 N | um.hnilh'u'd"'m oy
(a

‘0w
Wk —— K f
Rlcl c /\ r
{b)
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‘% Tach song duong bao (2)

' ' | | | Input modulation
| | | | — (squarewave).
|

O Cutput from Envelope Detector

Negatnve Peak Chipping

NN AN A l'“\'”‘if\'\?“'\;' X [ ;
! \ \ﬁHL_J /\4@

Ripp]_e Ideal output

Only works when |u,, m(t)| < 1

Th.S. Nguyén Thanh Tuan 39
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‘Bﬂg Tach song dong, b
(tich)
= Pong bo tan s6 va pha cua séng mang.

]

Y | LPF |
e ¥l
x A1) b= W | ol

SYNe
memmeemmemmm U AL g COS @t

x.(t)= {I{’L_ +K, x(1) fcos @t - K, x, (f)sinw,t

§0) =3, (04, 000, = 2 {K, + K,x(0)
+(Kt +Kﬁ,x(;])cﬂ52mﬁf—ﬁﬁxq (1)sin 2,1 }
yo0)=K, (K, +K,x(0)
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‘B‘g Vidul7

A frequency-translated baseband signal (frequency shifted by
f.), denoted by m(t), is v(t) = m(t)-cos(2x f.t). We can recover
m(t) by multiplying v(t) by a local oscillator signal given by
cos(2n f .t + 6). You are asked to investigate the effect of the
offset in phase angle 4.

1) The modulation product of v(t) and cos(w.t + 6) Is passed

2)

3)

through a low-pass filter rejecting the double-frequency term.
After filtering, what is the signal output?

Next, using the result from part (a) above, what is the output
of the filter when & is equal to /2 radians?

How much phase shift & can be tolerated for a decrease no
greater than 10% of the magnitude at the output of the filter?

Th.S. Nguyén Thanh Tuan 41
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Pho cac loa1 diéu ché bién do

Baseband spectrum

T Conventional AM (aka Full AM)
>

f
Double-Sideband-Suppressed Carrier (DSB-SC)
>
f
»  Single-Sideband /Upper Sideband SSB/USB
f
Single-Sideband /Lower Sideband SSB/LSB
>
f

Th.S. Nguyén Thanh Tuan
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= Viét biéu
thtc
S;(1),
S, (1), s(t).

= Cho biét
loai diéu
ché cua
tin hiéu

s(t).

Bo diéu ché can bang

AM 5,0
miz) =3 modulator
A.cos (2nf.0 +
Oscillator =(f
A,c0s (2u/.0) )
Y
A“ SE{I}
=mle) == - odulator

Th.S. Nguyén Thanh Tuan 43
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Bo diéu ché phi tuyén

» Thanh phan phi tuyén (NL): y(t) = ax(t) + bz?(t)

m(r)

Cos 1

xy(r)

NL

yi(r)

NL

+
z(1r) BPF
<z> " = O, ot

4bm(r) cos w1

Th.S. Nguyén Thanh Tuan 44
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@ Bo diéu ché chuyén mach
& (switching)

= Nhan tin hiéu thong tin m(t) véi tin hiéu tuan hoan bat ki w(t).

27 font
§ D, e /

n=——0oC
m(t)w( E Dpm(t)e?*™ et
n=—0oC

= Tin hiéu m(t).w(t) c6 pho M(f) dich + k.f,

= Str dung bd loc thong dai dé thu dugce tin hiéu sau diéu ché
twong Ung.

= Thanh pl}ﬁn chuyén mach (khéa): diode chinh luu = tao tin
hi€u chudi xung vudng

Th.S. Nguyén Thanh Tuin 45
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‘Bﬂg Bo diéu ché chuyén mach (2)

m(t) M(f)
/\ -~

\/ —> (l) f_’

w(t) O

1 1 1 5 ¢,
T n

Bandpass
filter

Th.S. Nguyén Thanh Tuin 46
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Bo diéu ché vong

g
‘J (ring)

a (
o— o
» Bandpass
mi(r) v, filter km(r) cos w,t
N ; d 2
/\F””i
\_/’_ ¢A\J-
foo
A Ccos w1
woll)
_IH}HP&H{%%U[H}H_:—» » Tao tin hi€u chinh luu toan ki v;(t): tuong duong
o k) nhén vai chuoi Xxung vudng ludng cuc tuan hoan
Wo(t)
[—>
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”
<D

= |01 va LO2 khac nhau.

[ LPF1 |
’@_‘ B = W2
+—O

f=fcx Wi

Th.S. Nguyén Thanh Tuan
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‘Bﬂg Weaver SSB (2)

v (1) | HOPPasS vs (1) >® v (1)
1
0 — 5 BHz
A 2 A
vy (1) Oscillator Oscillator v (1)
_ 1 1
fo = 3 B fo =L T B £
s(t)
Modulation 90° 00° b SSB
input B B output
phase phase
shift shift
v, (1) vg (£)
Low-pass
vy (1) Eitar Vg (1) v (1)
0 — 4 BHz

Th.S. Nguyén Thanh Tuin 49
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‘B’g Pinh nghia khac véi diéu ché AM

, o A A A ’ Amplitude 50% Modulation
* Tin hi€u khong chuan hoa. T | T (T 1 T
\ ’l‘{ U \ b .l'l -
o A * A A A I T AT
= Chi s0 diéu ché phu thudc: il g"" ikt ,'1 AT
R 1
— Tin hiéu AL | e | L
_ S(’)ng mang i 100% Modulation ™ "
11N (M A T
[ ‘ ’ ﬂ‘ | " L “| | \ . l'l | h .
<|"1- ‘ \ ‘.z;'u‘-'!. } ‘ " 1l\l " ‘ .“.,. it l‘ } II.'*..»“,‘
— | | ' ' ‘ ‘ \ ' \ J‘ i \ | y \
yh=[1+mm)] Acos2zfcty 0 0
Ammpliied 150% Modulation
M l ! ] | ’ { | | [
HU=— ,.‘||'\ || " \|" '\’\‘
A sttt il I
—0.5H tHH 3 é...}." H ] L
‘H ' [ '\ | \ | ‘ | ¥ \ I ¢
‘l"' NI,U "lu “t
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BK Dinh nghia khac (2)

W DSB-AM modulator
———» [
Um = VnCOSwpt k

vo(t) = v, + k.v..v, = V.cosw.t + kV,,cosw,,t.cosw,t

‘ vo(t) = V(1 + kv, (t))cosw, t

v, = V.cosw,t

In fact, the message signal is not only the sinusoidal wave, sov,, should be presented by an
arbitrary function -1 <e(t) <1 :
Um ()

= V..e(t) with el =1
ll'm(t)lma.x :

l"m(t) — Il'm(t)lmax‘ X

Thus, vo(t) =V.[1+m.e(t)lcosw, with m =k.V, isthemodulationindex

Th.S. Nguyén Thanh Tuan 51
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A 4.7 Poi tan (b tron)
‘J Converter/Mixer

= Nguyén 1y hoat dOng
. SO’ d6 khél Mixer

Filter -

» Tinh chat

v o(t) = Agcos (wy?)

* Phan loa1

Local
A A o cillator
* Tan sO anh o
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?

‘@J Phan loai bo d6i tan

m(r) cos w.t x(1) Bandpass m(t) cos w;1

> —3 filter >
tuned to w,;

2 cos (w, = w;)t
Super-heterodyning: wWmix = We + wr.

Sub-heterodyning: wmix = we — wr.

/ X .y 5
/ \ / \
V4 N \ | 4 ‘ l \

0 w; 2w, — w; 2w 2w, '+w,

Th.S. Nguyén Thanh Tuin 53
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anh

o>
()

gy
cg Tan s

» Tan so khac vo1 tan s6 ban dau ¢ ngo vao bo
do1 tan nhung la1 cho cung két qua tan s6 ¢
ngo ra bo doi tan.

Desired Image

Band yd

——>®—> LPF
B

=2

Th.S. Nguyén Thanh Tuin 54


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

Tuned circuit

- Vol Vi
20-MHz
station
22-MHz Bqth
undesired stations
station at | MHz

20 MHz T £
22 MHz
Tuned circuit - V/V,
1530 kHz
—V 620kHz 1} f
1530 kHz
Th.S. Nguyén Thanh Tuan 55
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» Loai bo tan s6 anh
&2 (B6 thu Hartley)

" @, () =A-cos2T frp?) + B-coS(2T f1p 1)

R T
f c
RE sin ot i
In pUt cos@® LO t Output

N

A . A .
@A(f)z—%mn((mﬁ—mm)t]+f5|n((mm—mfm)t)

A A

Pg(t) = %ms((fﬂm —&}RF)I')-I-%CDS((fQLD _mr'm}t)
Age A

0. (t) = Tcns((mﬁF —ﬂ-‘m)f)—TCUS((ﬂ?m —mf.m}t)

Th.S. Nguyén Thanh Tuan
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S7

Desired
& Channel

r

Th.S. Nguyén Thanh Tuan

~

L
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B6 nhan tan
(Frequency Multiplier)

Frequency multiplier

—_——————— — — — — — — — — — — — — — — ——— — ——————y

vout(t )

device filter

|
|
Nonlinear Bandpass l
|
|
|

Vin(t) = R(t) cos(aw_t + 6(t))
v, (t) = K v'in(t)
= K R"(t)cos" (m,t + O(t))
v, (t) = CR"(t) cos(na,t + nO(t)) +
Other Terms
v, (t) = CR"(t) cos(nw_ t + no(t))
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~ S
@ B0 thu trong di€u ché tuong tu

= COng hué’ng tan s6 song mang: lua chon tin
hiéu muodn thu.

* Loc thong dai: phan bi¢t tin hi¢u muon thu tr
nhirng tin hi€u thu dugc khac cung vo1 no.

= Khuéch dai: bu trir suy hao kénh truyén.

= Gia1 dieu ché

Th.S. Nguyén Thanh Tuan 59
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&
= 2 bién

x.(t) = A, cos 2m( f, + fi)t (upper sideband)

+ A/ cos 27( f. — fo)t (lower sideband) x(t) =

Bo thu doi tan truc tiép (1)

(homodyne)

14,-7& cos 2 fit + -éz-‘?— COS 275t

P

_—b-

cos 2 f,t

LO

Th.S. Nguyén Thanh Tuan
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Bo thu doi tan truc tiép (2)

o
&2 (homodyne)

—k= c0s 27 fit

- A 2
[
1 bién 4
+— cos 2mfar
cos 2 fur
x () = A, cos 2w ( f. + filt - C)
I:f:ppre:r sif:h:hand} : LO

T x{szﬂcmﬁzwflf
‘ : -00° | :
_J A

+Alcos 2w f. - foi
(lower sideband) sin 2 f.t

d
;

—50°

=

cos 2 fit

S
Ly Y

- cos 2mfat
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Bﬂ Bo thu doi tan trung gian
& (superheterodyne)

x5 Antenna

=\ -

By < Bpr < 2fiF

M/ f-: bixer fﬂr — Baseband
Other
signals b e b Demod ’——D— i

I,a’ LO

1 s
b i = & £

B

_ | i “| e S o
g ST B ~_ & - l‘f”“':”’
% "'\._‘ :@L rII I'I

fo = fro-fir fro fi = fo +fie fie
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‘Bﬂg Vo tuyén quang ba AM/FM

AM FM
Carrier frequency 540-1600 kHz 88.1-107.9 MHz
Carrier spacing 10 kHz 200 kHz
Intermediate frequency 455 kHz 10.7 MHz
IF bandwidth 6—-10 kHz 200-250 kHz
Audio bandwidth 3-5 kHz 15 kHz

00 102 104 106 108 Mz

lllllllllllll (AU ERAL BETURANEN NESARRES NIREURY)

000 200 MO0 1600

= Tim soO dai1 to1 da?

* Tim tan s6 dao dong no1?

* Tim pham v1 tan s6 anh?

Th.S. Nguyén Thanh Tuin 63
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BK Vidu 18

Mixer output

_ components
AM signal B T
454 kHz
999 kHz 455 kHz 454 kHz
1000 kHz 456 kHz 455 kHz
1001 kHz 456 kHz
999 kHz
1000 kHz
1000-kHz 1001 kHz
tuned 1455 kHz 455-kHz
circuit tuned
2454 kHz circuit
2455 kHz
2456 kHz

Th.S. Nguyén Thanh Tuan 64
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__r___’

Vio(f)l
[|Vin(f)]

()l

-
—
—

Image attenuation

o E NSRS S - ————

—-1,760

-1,305

-850

‘fcz

850  fio =1305 finue = 1,760 kHz

455 kHz | 455kHz

910 kHz

Th.S. Nguyén Thanh Tuan
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’ s
cg B0 thu do1 tan hai 1an

st 2nd

Te mixer mixer ,
RF e b ®—~ Demod {-—~

LO- 1 é L0-2

= |F-1: loai tan s6 anh 16n
= |F-2: dé thiét ké bo loc loai bo tin hiéu kénh ké

o o e B 5 i e
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30 MHz

Th.S. Nguyén Thanh Tuan

Vidu 19

To
detector
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BK Vi du 20

Antenna

Gp=3dB Gp=24dB

8 LV into
50 Q 1.28 pW
-89 dBm

-2 dBm —4 dBm

+30 dBm
1'W 8-€2 output
speaker

Gp =26 dB Gp=-2dB Gp =34 dB

Th.S. Nguyén Thanh Tuan
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BK B0 phat dap v¢€ tinh

6 GHz I 4 GHz

2 GHz

~1-1-7 ) o T

4 GHz | 6 GHz
%} 6 GHz

=
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BK
TP.HCM
_\
m(t)-cos(w.t) 2(t) Ba '}d pass m(t)-cos(w,t)
- >—-o filter -
tuned to
Input frequency f, s Output frequency f,
2-cos((w. Taw,)t
(( I) ) (a)
Y w=2rf
o /\\ I/’ \\ //' \
d ": A S| " 1‘\‘(.0—»
0 w; 2w, — wy 2w 2w, Tw;

(b)

Note: Super-heterodyning: @, + @, ; Sub-heterodyning: w, - o,

Th.S. Nguyén Thanh Tuan
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‘Bﬂg Cac thuat ngtr

= AM/AM-LC/DSB-AM

= DSB/DSB-SC/DSB-AM-SC
= SSB/SSB-AM

= USSB/USB

= | SSB/LSB

Th.S. Nguyén Thanh Tuan 71
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‘B’g Tém tit

= Pic tinh va phan loai diéu ché song mang lién tuc tuyén tinh?

= Thong so bleu thirc, dang song, pho, bing thong, cong suat va
so d6 dleu ché/giai dleu ché?

= MOoi quan hé giira cac loai diéu ché?

= So sanh vu nhuoc diém cia mdi loai diéu ché?

= Ung dung cua mdi loai diéu ché?

= Bién do6i Hilbert dung trong SSB?

= Nguyén 1y hoat dong, tinh chat va tmg dung ctia bo doi tan?

= Tan s6 anh va cach khac phuc?

= Su giéng nhau va khac nhau gitta doi tan va diéu che?

= Su glong nhau va khac nhau gitra cac bo loc trong dleu ché
SSB, giai diéu ché dong b, doi tan va loc thu cao tan?

Th.S. Nguyén Thanh Tuan 72
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Bai tap 1

= Cho tin hiéu sau diéu ché co pho bién do (tan so6
duong) |Y(F)| = 8(F — 11@) + 58(F — 13@) + &(F —
15@) (F:KHz). X4c dinh 1 biéu thirc thich hop cua
tin hiéu can diéu ché (théa diéu kién chuan hoa) va
song mang trong cac truong hop sau:

a) Diéu c
b) Diéu cl
¢) Diéuc

he
he

hE

d) Diéu c

hE

nien do AM.
nai bién triét song mang DSB.
pién trén USSB.

nien dudi LSSB.

Th.S. Nguyén Thanh Tuan

73


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

‘Bﬂg Bai tap 2

= Cho pho bién d6 (tan s6 duong) cua tin hiéu
sau diéu ché c6 dang | X (F)| = 108(F — 48) +
9@o(F —50) + 100(F — 52) (F:Hz). Xac dinh
1 loai diéu ché twong tu kém thong so thich
hop cung biéu thirc cua song mang (cO bi€n do
va tan so cang nho cang tot) va tin hi€u thong
tin chuan hoa can diéu ché.

Th.S. Nguyén Thanh Tuan 74
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‘Bﬂg Bai tap 3

= Cho tin hiéu don tan can diéu ché x(t) = 0.8cos4xt (t:ms) va
song mang 10sin2@mt (t:ms).

a)  Tin hiéu x(t) dugc diéu ché bién do (AM) véi chi so diéu ché
w=0.5. V& dang song cua tin hiéu sau diéu ché.

b) Tin hiéu x(t) dugc diéu ché hai bién triét song mang (DSB).
Tinh cong suat cta tin hiéu sau diéu ché.

¢) Tin hiéu x(t) dugc diéu ché bién trén (USSB). Viét biéu thic
(theo thoi gian) ctia tin hiéu sau diéu ché.

d) Thiét ké 1 so do6 nguyén ly thuc hién diéu ché DSB tir c4c bd
diéu ché AM (chi s6 diéu ché P, bd tao S6NY mang nam trong
bd dicu ché), bo khuéch dai va bd cong.
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CJ Bai tap 4

= Cho séng mang c6 biéu thirc 10cosl@nt (t:ms).

a)

b)

Cho tin hiéu x(t) = cos2mt (t:ms) dugc diéu ché bién do (AM) 80%
roi dua qua kénh truyén cé suy hao toan tuyén la 20dB. Tinh ti so
cong suat tin hiéu trén nhiéu tai ngd vao bo loc thu 1y tudng, gia sir
nhiéu trén kénh truyén duoc mo hinh nhu AWGN v61 ham mat do
pho cong suat hai phia G, (f) = N,/2 =10"1°W/Hz.

Cho tin hiéu x(t) = sin?2nt (t:ms) duoc diéu ché hai bién triét song
mang (DSB). V& dang song va v& pho bién do (tan s6 duong) ctia
tin hiéu sau diéu ché.

Cho tin hiéu x(t) = 0.5cos2xt + 0.5sin2xt (t:ms) dugc diéu ché bién
duéi (LSSB). Xac dinh biéu thire (theo thdi gian) va tinh cong suat
clia tin hiéu sau diéu ché.

Th.S. Nguyén Thanh Tuin 76
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‘Bﬂg Baitap 5

= Cho hé thong thu v0 tuyén quang ba d6i tan AM c6 cac thong
sO sau: tan so song mang f, ciia mdi dai AM thay doi tir
540KHz dén 1600KHz véi khoang céch gitra hai séng mang
lién tiép 1a 10KHz.

a) Trong trudng hop tan so trung tan f,- = 455KHz va tan s6 bd
dao dong noi f, 5 > f,, Xac dinh pham vi thay ddi cua tan s6 bo
dao dong ndi F| , dé co thé thu toi da cac dai AM va xac dinh
pham Vi anh hudng cia tan so anh.

b) Tim dicu kién cua tan so trung tan f,- d¢ pham vi tan so6 anh
nam nNgoai toan bo bing tan AM.
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Bai tap 6
Tin hiéu bang gdc m(t) c6 bang thong W << {c.
m(t)cos(2x f_t) E(f) % m‘(t)
- »{ Low-pass filter fp
cos(2x f-t)
Carrier

1) Vép

2) Tim |

10 bi1én dO cua tin hi¢u e(t).

pang thong cua bo LPF.

3) Cho|

hiét (g dung ctia hé thong trén.
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‘Bﬂg Baitap 7

1)
2)

3)
4)

5)

m(l) km(f) cos w,t
Filter >

L'm'z' W.f B U B

Describe the filter you would need to generate an output of km(t)-cos(a,t
+ &), where m(t) is a signal band-limited to B Hertz and k is a constant.

Determine the signal spectra at nodes labeled “b” and ““c,” and indicate
the frequency bands occupied by at the spectra at both nodes.

What is the minimum usable value of @, possible?

Would this modulator scheme work if the carrier output were changed to
sin3(aw,t ) instead? Explain clearly the reason for your answer.

Will the same modulator scheme work if the carrier generator output were
cos"(aw.t ), for any integer n > 2, instead? If yes, why does it?
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Bai tap 8

» The system shown below is used for scrambling audio signals
(although 1t 1s not a very sophisticated scrambler). The output

(%) 1s the scrambled version of the input m(¢).

M(f)

y(r)

m(1) Low-pass
— filter
0-15 kHz
~ 15 kHz 15 kHz T
f kHz

2 cos 30,0007

1) Sketch the spectrum of the scrambled output signal y(¢) on

the graph below.

2) Suggest a method for descrambling y(#) to recover m(¢).
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‘Bﬂg Baitap 9

A conventional AM signal of the form
Pan (1) = A[L+ km(t)] - cos(27f.t)

Is applied to the system shown below. Assuming |m(t)| < 1 for all
time t, that m(t) is band limited to within the range -B < f <B,
and the carrier frequency is f. > 2B. Prove that m(t) can be
extracted from the system’s output.

Input Output
LPF Square-
—> —> > —
et (BW =B5B) rooter
Ot)
2
() \i
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Bai tap 10

4.2-1 Let x(t) = cos 27f,,t u(t) with f,, << f.. Sketch x(t) and indicate the envelope
when the modulation is AM with © < 1, AM with u > 1, and DSB. Identify loca-
tions where any phase reversals occur.

4.2-2

Do Prob. 4.2-1 with x(t) = 0.5u(t) — 1.5u(t — T) with T =>> 1/f..
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BK Bai tap 11

v o~

4.2-3* If x(t) = cos 2007, find By and S for the AM modulated signal assuming A, = 10
and u = 0.6. Repeat for DSB transmission.

4.2-4 The signal x(f) = sinc? 40z is to be transmitted using AM with u < 1. Sketch the

double-sided spectrum of x(¢) and find B.
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BK Bai tap 12

4.2-5

Calculate the transmitted power of an AM wave with 100 percent tone modulation
and peak envelope power 32 kW.

4.2-6 Consider a radio transmitter rated for 4 kW peak envelope power. Find the maxi-
mum allowable value of u for AM with tone modulation and Sy = 1 kW.
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4.2-7

Bai tap 13

The multitone modulating signal x(t) = 3K(cos 877t + 2 cos 2047¢) is input to an
AM transmitter with i = 1 and f, = 1000. Find K so that x(¢) is properly normal-

ized, draw the positive-frequency line spectrum of the modulated wave, and calcu-
late the upper bound on 2P,,/S+.
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‘@J Bai tap 14

4,2-9* The signal x(t) = 4 sin 7 is transmitted by DSB. What range of carrier frequencies
can be used?

4.2-10  The signal in Prob. 4.2-9 is transmitted by AM with g = 1. Draw the phasor dia-
gram. What is the minimum amplitude of the carrier such that phase reversals don’t
occur?

4.2-11 The signal x(t) = cos 2740t + 5 cos 2790t is transmitted using DSB. Sketch the
positive-frequency line spectrum and the phasor diagram.

U.UI<B—T{U.1

Je

Th.S. Nguyén Thanh Tuin 86

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

‘% Baitap 15

4.3~ The signal x(t) =  cos 270t + 1 cos 27r120r is input to the square-law modulator
system given in Fig. 4.3-3a (p. 160) with a carrier frequency of 10 kHz. Assume
Vo = @1Us + ay0%. (a) Give the center frequency and bandwidth of the filter such

that this system will produce a standard AM signal. (b) Determine values of a, and
a,suchthat A, = 10and u =

MNonlinear
element

x(f) Filter |e—e
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BK Bai tap 16

4.3-2* A modulation system with nonlinear elements produces the signal x.(1) =
aK*(v(t) + A cos wt)® — b(v(t) — A cos wz)>. If the carrier has frequency f, and
v(r) = x(t), show that an appropriate choice of K produces DSB modulation with-
out filtering. Draw a block diagram of the modulation system.

4.3-3 Find K and v(¢) so that the modulation system from Prob. 4.3-2 produces AM with-
out filtering. Draw a block diagram of the modulation system.
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BK Baitap 17

4.3-6 Find the output signal in Fig. 4.3-5 (p. 161) when the AM modulators are unbal-
anced, so that one nonlinear element has v, = a,v,, + a,v>, + as;v;, while the
other has vy, = by, + bl + by,

A [1+"2x()] coswt

s xlf AM
2x(0 mod
Ao COS Wt +
@— (DA, cOs wt
-t
Y x(f) ———r “"I:;
- A_[1 - Yax()] cosws
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4.4-5

4.4-6

Bai tap 18

The system in Fig. 4.4-5 produces USSB with f. = f; + f, when the lower cutoff
frequency of the first BPF equals f; and the lower cutoff frequency of the second
BPF equals f,. Demonstrate the system’s operation by taking X(f) as in Fig. 4.4-4a
and sketching spectra at appropriate points. How should the system be modified to
produce LSSB?

Suppose the system in Fig. 4.4-5 is designed for USSB as described in Prob. 4.4-5.
Let x(f) be a typical voice signal, so X(f) has negligible content outside
200 < |f| < 3200 Hz. Sketch the spectra at appropriate points to find the maxi-

mum permitted value of f. when the transition regions of the BPFs must satisfy
2B = 0.01f,,.

| | x.(0)
BPF-2 —a=

x(1)

f
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BK Bai tap 19

4.4-7° The signal x(t) = cos 2m100f + 3 cos 27200¢ + 2 cos 27400t is input to an
LSSB amplitude modulation system with a carrier frequency of 10 kHz. Sketch the

double-sided spectrum of the transmitted signal. Find the transmitted power S and
bandwidth Bj.

4.4-8 Draw the block diagram of a system that would generate the LSSB signal in Prob.

4.4-7, giving exact values for filter cutoff frequencies and oscillators. Make sure
your filters meet the fractional bandwidth rule.
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BK Bai tap 20

4.5-1 Given a bandpass amplifier centered at 66 MHz, design a television transponder that
receives a signal on Channel 11 (199.25 MHz) and transmits it on Channel 4 (67.25
MHz). Use only one oscillator.
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4.5-6

Bai tap 21

The signal x(t) = 2 cos 41t is transmitted by DSB. Sketch the output signal if
envelope detection is used for demodulation.
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Bai tap 22

7.1-13  Consider a superhet that receives signals in the 7.0 to 8.0 MHz range with fi, = f, +
[ and fip = 455 kHz. The receiver’s RF amplifier has a passband of 2 MHz, and its
[F-BPF is nearly ideal and bas a bandwidth of 3 kHz, Design a frequency converter
that has a fixed LO frequency that will enable the reception of 50.0- to 51.0-MHz
signals. Assume the converter’s RF amplifier is relatively wideband. (a) If the
incoming frequency is supposed to be f, = 50 MHz, what other spurious frequencies
will this receiver respond to? (b) Describe how to minimize these spurious
TeSpOnses.

7.1-14* What is the image rejection performance of a single conversion superhet receiver

that receives signals in the 50--54 MHz range, fi» > f.. and has an RF amplifier

that includes a fixed frequency RLC-BPF with B = 4 MHz with (a) f; = 20 MHz,
(b) fir = 100 MH2?
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