cg Chu'O’n’g 5: Piéu Cl:é g0C
song mang lien tuc

5.1 Piéu ché tan s6 (FM) va diéu ché pha (PM)

5.2 Bang thong truyén FM/PM

5.3 Giai diéu ché FM/PM

5.4 So d6 diéu ché/giai diéu ché
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‘B’g 5.1 Piéu ché FM & PM

= Thong s6 fy <<, 0< ¢, <180°
= Bicu thirc
* Dang song
= Pho
" Bang thong
— Bang rong
— Bang hep
= Cong suat
= Anh hudng cua loc tuyén tinh
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‘Bﬂg Piéu ché goc

x (1)=A coslwt+@(t))=A cos® ()= A [{elﬂ*’ﬂ “]J

= GOc tuc tho1:  ©O.(1)

LA A NTUREPPR = X () BRI 1 ()
Tan so tac thot: f()= b =f + -
» Pha tirc thoi: - @(f) 1) = iU,

dt
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‘?3 Biéu thirc FM/PM

Instantaneous phase Instantaneous frequency

PM Bpx(0) £+ 220
27
FM 27, [x(A)dA o+ fax (o)

i

x (1)= A cos(@+ ¢, x(1)) x,(f)=A, m{n{f F2af, ]‘x{i]dﬂ,}

=
)
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Maodulating
signal

Dang song FM/PM

/‘“\/"x

%ﬁ%ﬂ#%w%

SR ATk
AR TN
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‘B’g Pho FM/PM don tan

A sina t PM
x(t)= |
A cos@ t FM

) " @.-1“1#:' PM
o) = fsinw, t, with f= Af EM

x ()= A coslwt +¢(1))=x,(f)cosw,r — x, (f)sinw 1

= A

_
e

cos( fsine t)cosm t —sin( Fsin@_ t)sinm

1 l

Periodic functions
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‘Bﬂg Bié}l th,I’l’C (Elang cO j[ilé Vé,(ph?))
cua tin hi¢u sau di€u ché goc

cos (Bsinw,t) = Jo(3) + i 2 J,(B)cos nw,t

rneven

sin(B sin w,,t) = i 2 J.(B) sin nw,t

r odd

x () = i,qun[ﬁ]f::}ﬂ{ﬂq. +f‘i'ﬂ{”)f

= Két qua trén khong doi cho pho bién do trong truong
hop thay do1 pha cua sdbng mang va tin hiéu thong tin
(vo1 diéu kién pho khong trung 1ap).
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‘Bﬂg D6 thi ham Bessel loai 1

T B jﬂ(ﬁ} = E‘LJ Ej[ﬁ sin A—nA) A\

| —ar
k

I

I 32) (D) 3,2) I42) I(5) 3y(5) I (5) J4(0.5)

1 J By = (1), (F)
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G2

Bang ham Bessel loai 1

(sai sO 1%)

Jo10.1)

.05}

n J.(0.2) J(1.0)  J20) 0500 J,(10) n
0 1.00) 0.99 0.94 077 0,22 —0.13 —(L25 0
1 0.05 0.10 0.24 (.44 0.58 —(.33 0.04 |
2 0.03 0.11 0,35 0.05 025 2
3 0.02 0.13 0.36 (.06 3
4 0.03 039 —.22 4
3 0.26 —0.23 3
& 0.13 =101 &
7 0.05 D22 7
8 0.02 0.32 8
9 0.29 e

10 0.21 10

11 0.12 11

134 (L0G 1d

13 0.03 13

14 .01 14
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Vidul

Consider tone-modulated FM with A_ = 100,A,.f, = 8kHz, and f,, = 4 kHz.
Draw the line spectrum for f, = 30 kHz and for f, = 11kHz.

B = 8kHz/4kHz = 2
f. = 30 kHz

f. = 11kHz

Note “folded” terms at
11 - 12| = 1 kHz
|11 — 16| = 5kHz

CuuDuongThanCong.com

58 x 0.5
35
35 X | 5
3
3 | 26 | | L fkHz
14 | 30 34 46
~13
-58
58 x 0.5
35 - 35
3 I 13 3
1 I L’ I | | 1 fKHz
=T | 11 15 27
-58
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FM or PM with f_ fixed FM with 4_f, fixed
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‘B’g Pho FM/PM da tan

x(t) = A cosat + A, cosa,t

Sx(0=4Y Y J,(B)].(B,)cos(@, +nem, +mo,)

H==—032 l=—8a

A f
“ FM g =2
-,

]

——alpla :
JF-:_'EfE .f::‘fl f-:
fo=f fo+ fi
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‘B’g 5.2 Bang thong FM/PM

= Khi A, codinhvaf, codinh
— Truong hop P ¢6 trong bang tra (sai so €)

0.0 <e<0.1 Jfpyze J,. (B <e

~ Trudng hgp B khong co trong bang tra > uée luong B =2 M( ) 1,
» Tiéu chuan Carson: B=2.(1 + B).f,
= Khi A thay doi [0+ 1] va f_ thay d6i [0 + W] = tinh bing
thdng toi da theo tiéu chuan Carson
- FM (f,=Wva A, =1) 2 Bym=2-(f,, + f,)=2.(1 + D).f
v6i ti s6 di tan D = f,/W
- PM (Am = 1) > BPMmax:Z-(l + (I)A)-fm
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Carrier signal A cos(@.-t)
Carrier frequency w- =2rxf.
Modulating wave m(t) A, cos(m,t) A single tone frequency
Modulating frequency w, =2xf,_  (radians/sec)
Deviation sensitivity k.
Deviation Af =k A
A
Modulation Index p= —f

fo

Instantaneous frequency f, = f- +k A, cos(w,t) = f- + Af cos(w, t)

Remember @ (1) = A [cos(mct +k; { I m(a)da Jﬂ , generally

-

k.A
Modulated wave @y () = A {Cos(mcf +-L = sin(mmtjﬂ

i

or @rps (1) = A [cos{mcf +f sin(mmt))]

Th.S. Nguyén Thanh Tuin
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‘Bﬂg Vidu?2
Prri(t) = 10| cos(277(10°)t +8sin(27(10°)1)) |

Determine
a) the carrier frequency f,

b) the modulation index
c) the peak frequency deviation Af
d) the bandwidth of ¢,,, ()
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‘% FM thuong mai

Commercial FM broadcast stations in the United States are limited to a maximum
frequency deviation of 75 kHz, and modulating frequencies typically cover 30 Hz to
15 kHz. Letting W = 15 kHz, the deviation ratio is D = 75 kHz/15 kHz = 5 and Eq.
(6) yields By = 2(5 + 2) X 15 kHz = 210 kHz. High-quality FM radios have band-
widths of at least 200 kHz. Carson’s rule in Eq. (5) underestimates the bandwidth,
giving By = 180 kHz.

If a single modulating tone has A,, = 1 and f,, = 15 kHz, then 8 = 5, M(8) = 7,
and Eq. (1) shows that B = 210 kHz. A lower-frequency tone, say 3 kHz, would
result in a larger modulation index (8 = 25), a greater number of significant sideband
pairs (M = 27), but a smaller bandwidth since B = 2 X 27 X 3 kHz = 162 kHz.

Th.S. Nguyén Thanh Tuan 16
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CJ 5.3 Giai diéu ché FM/PM

= Tach song pha: cho ra thanh phan chénh
1&ch pha tirc thoi gitra tin hiéu ngo vao va
tin hiéu séng mang.

= Tach song tan so: cho ra dao ham cua

thanh phan chénh Iéch pha tirc tho1 gitra
tin hiéu ng0 vao va tin hiéu sdbng mang.

= Péu 14 céc tach song dong bd (can dong
bd séng mang diéu ché)

Th.S. Nguyén Thanh Tuan 17
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v, (1)

Cac loa1 tach song

synchronous detector

A (1) —A  envelopedetector
J f —
¥(1) @ (1) phase detector
l :
— g (F) frequency detector
27
x|t} is input to an ideal | Detector output proportional to
1) | Coherent detector x ()
i} | Envelope detector Alt]
iii} | Phase detector olt)
iv) | Frequency detector 21_1 djEt}
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Bang hep

o~
e FM/PM

= Narrow band: £ << 1 and thus (from Taylor
expansion):

x. ()= A, x (t)= A coswt— A fsinw, tsin@t
= A A
¥oy (1) = 4.9(1) = A cosmt— v cos(w. —w )t + "Tﬁcos(a)c +w )
AC
AB
fc - fm g
0—V T J+ f
Acﬁ fC f;‘: f;n
~ 72
(a) (b)
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‘B’g Méo tuyéen tinh FM/PM

= Méo bién do tuyén tinh: xuat hién thanh phan
AM - dung b0 gi61 han (limiter)

H(f)
y.(t) = A(t)cos|@, (1 —t,) + o(t — )] lH{fi//?
Ky y
Hluﬂ :
s A{K” +Txif_f']} o T f

= Méo pha phi tuyén: anh hudng!
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‘B’g 5.5 So do diéu ché/giai diéu ché

= Diéu ché truc tiép/ gian tiép

! H(s)=1/s | :
I n(a)da
m(t) ! ! Phase | e (1)
| j Modulator | |
! |
ANy I
Frequency Modulator
r'------"-------'-------'-'I
: H(s) =s . I
. |
m(t) | d mt) .| Frequency | | Peni (1)
At Modulator | |
I
I

____________________________

Phase Modulator
* DPicu ché bang hep/ bang rong

Th.S. Nguyén Thanh Tuin
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Di¢u ch¢ NBPM
(d0 nhay pha nho)

bax(t) —(x)
4

D=0

—ﬂc SIN (.t

L 4007

A.cos w,!

x(t) = A,cos w.t —

AP ax(t) sin w, t
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-~ Dicu che NBPM
&2 (d0 nhay pha 16n)

Comparator
x(£) + - |
- P~ -
_J' o BPF x (D)
2f.

NN /)

A YNNI

J
= 10

Comparator
Flip-flop  — ‘ I ! |
output I
¢>0 — p— —|— =0 — — ¢<0
1f, 1f,
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@ Dicéu ch¢ WBFM
‘J (g1an tiep)

Narrowband frequency modulator

) —f S hase RO | i 22 powes 20
1| I X n AT
é feq L) =nfi(1)
= nf, +ng,
fO=f +2xt)  FO=nf0) =nf +nLx(t)
- 2T | 27T
Ja
s _ 51y f., =200 kHz £, =75 kHz

27T
=>n="T3kKHz/ . =5000 nf, =1000 MHz = f;, =900 MHz
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‘B’g Tém tit

= Pic tinh va phan loai diéu ché goc?
= Thong so, biéu thire, dang song, pho bang

thong, cong suat, SNR va so do diéu ché/giai
diéu ché?

= Mbi quan hé giira cac loai diéu ché?

= S0 sanh wu nhugc diém cia moi loai diéu ché?
= Ung dung ctia mdi loai diéu ché?

= Ham Bessel loai 1 dung trong FM/PM?
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‘Bﬂg Bai tap 1

= Cho tin hiéu don tan can diéu ché x(t) = 0.8cos4mt (t:ms) va song
mang 10sin207t (t:ms).

a) Tin hiéu x(t) duoc diéu ché tan s6 (FM) voi @6 di tan f, = 2.5KHz.
V& pho bién do (tan s6 duong) cta tin hiéu sau diéu ché.

b) Tin hiéu x(t) dugc dicu ché pha (PM) véi do di pha ¢, = 2.5rad.
X4c dinh biang thdng cia tin hiéu sau diéu ché.

¢) Thiétké 1 so d6 nguyén ly ciia bo diéu ché FM véi do di tan f, tur
c4c bo diéu ché PM (d6 di pha ¢,), bd tao song mang, b tich
phan/vi phan, bo khuéch dai va bo cong.

d) Thiét ké 1 so d6 nguyén ly cta bo giai diéu ché FM tir cac bo giai
diéu ché PM, bo tich phan/vi phan, bo khuéch dai va bo cong.
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‘Bﬂg Bai tap 2

= Cho s6ng mang c6 biéu thtrc 10cos10mt (t:ms).

a) Cho tin hiéu sau dicu ché tan s6 Xqy,(t) = 10cos(10mt + 2sinmt)
(t:ms) voi do di tan f,= 2KHz. Xac dinh bang thong cua tin
hi€u sau di¢u cheé va tinh cong suat cua tin hiéu thong tin can
dieu cheé.

b) Cho tin hiéu x(t) = 0.5sin2xt (t:ms) duogc diéu ché pha (PM)
véi do di pha ¢,=90°. V& dang song va udc lugng bang
thong truyén theo tiéu chuan Carson cua tin hiéu sau dicu cheé.
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Bai tap 3

= V& dang song dicu ché FM va PM cho tin hiéu

Sau.

PM

FM

A

m(t)
/I/I/I/ >
i i | t
A
o
t
A
.
t

Th.S. Nguyén Thanh Tuin
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BK Bai tap 4

3.1-1 Sketch and label ¢(r) and f(r) for PM and FM when x(¢) = AA(z/7). Take

¢( — oo) = 0in the FM case.
3.1-2 Do Prob. 5.1-1 with x(t) = Acos(wt/7)I1(t/27).

4At

5.1-3 Do Prob. 5.1-1 with x(1) = g fort > 4.

Il

Th.S. Nguyén Thanh Tuan
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5.1-4*

Bai tap 5

-A frequency-sweep generator produces a sinusoidal output whose instantaneous fre-
quency increases linearly from fy attr = Otofatr =T . Write 8 (¢t) for0 =t = T.

Th.S. Nguyén Thanh Tuin 30

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


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

BK Bai tap 6

5.1-8

Tone modulation is applied simultaneously to a frequency modulator and a phase
modulator and the two output spectra are identical. Describe how these two spectra
will change when: (a) the tone amplitude is increased or decreased; () the tone fre-

quency is increased or decreased; (c) the tone amplitude and frequency are increased
or decreased in the same proportion.
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BK Bai tap 7

5.1-9 Consider a tone-modulated FM or PM wave with f,, = 10kHz, 8 = 2.0, A, = 100,

and f. = 30 kHz. (a) Write an expression for f(¢). (b) Draw the line spectrum and
show therefrom that Sy < A?/2.

5.1-10* Do Prob. 5.1-9 with £, = 20 kHz and f, = 40 kHz, in which case S; > A%/2.

Th.S. Nguyén Thanh Tuan 32
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5.1-11

5.1-12

Bai tap &

Construct phasor diagrams for tone-modulated FM with A, = 10 and 8 = 0.5 when
w,t = 0, /4, and 7/2. Calculate A and ¢ from each diagram and compare with the
theoretical values.

Do Prob. 5.1-11 with 8 = 1.0,

Th.S. Nguyén Thanh Tuin 33
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BK Bai tap 9

5.1-13 A tone-modulated FM signal with 8 = 1.0 and f,, = 100 Hz is applied to an ideal
BPF with B = 250 Hz centered at f, = 500. Draw the line spectrum, phasor dia-
gram, and envelope of the output signal.

5.1-14 Do Prob. 5.1-13 with 8 = 5.0.
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BK Bai tap 10

5.2-1 A message has W = 15 kHz. Estimate the FM transmission bandwidth for fy = 0.1,
0.5, 1, 5, 10, 50, 100, and 500 kHz.

5.2-2 Do Prob. 5.2-1 with W = 5 kHz.
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BK Baitap 11

5.2-7 An FM system with f, = 30 kHz has been designed for W = 10 kHz. Approxi-
mately what percentage of By is occupied when the modulating signal is a unit-
amplitude tone at f, = 0.1, 1.0, or 5.0 kHz? Repeat your galculations for a PM

system with ¢, = 3 rad.
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BK Bai tap 12

5.3-6 Design a wireless stereo speaker system using indirect FM. Assuming W = 15 kHz,
D =5, f, = 500 kHz, f, = 915 MHz, and ¢,/27T < 20, determine the number
of triplers needed in your multiplier stage, and find the value of f; 5 needed to design
your system.

Th.S. Nguyén Thanh Tuin 37

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


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

‘% Bai tap 13

5.3-7 The audio portion of a television transmitter is an indirect FM system having
W = 10kHz, D = 2.5, and f. = 4.5 MHz. Devise a block diagram of this system
with ¢,/27nT < 20 Hz and f. = 200 kHz. Use the shortest possible multiplier

chain consisting of frequency triplers and doublers, and locate the down-converter
such that no frequency exceeds 100 MHz.
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5.3-8

Bai tap 14

A signal with W = 4 kHz is transmitted using indirect FM with f. = 1 MHz and
fa = 12 kHz. If ¢,/27T < 100 and f,, = 10 kHz, how many doublers will be
needed to achieve the desired output parameters? Draw the block diagram of the
system indicating the value and location of the local oscillator such that no fre-
quency exceeds 10 MHz.
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5.4-4

Baitap 15

You are talking on your cordless phone, which uses amplitude modulation, when
someone turns on a motorized appliance, causing static on the phone. You switch to
your new FM cordless phone, and the call is clear. Explain.
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