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Table 3.1 Summary of useful trigonometric formulas.

sinfle + ) = sinacospf + cosasinf
“ N A sinfa—f) = sinacosf —cosasinf
Al P U2LIE I YP F2NNNE S 00) - cosacosssimasing
coslae — f/) = cosacosf+sinasinf
sinasinff = [cos(a — f)— cos(a+ B)]/2
cosacosff = [cos(a — )+ cos(a+ f)]/2
~ N sinacosf = [sin(a+ f)+ sin(a — f)]/2
A4 I NLJP Y T2 NN f f S N‘y\ cosasinff = [sin(a + f)— sin(e — f)]/2
sin 260 = 2sinfcosf
cos20 = cos’f —sin’@
sin’@ = (1-cos28)/2
cos2d = (14 cos28)/2
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Figure 3.3 Multiplying the point P = (1 + ;1) by another complex number. From left to
nght: PX(2+4+70)=2+72),PX(O0+1)=(=14+1),and Px (1 + ;1) = (0 +;2).
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Translating modulation to the carrier frequency, and back

Modulation m(t)
| | | |

Product m(t) x x.(t)

Product times unscaled carrier [m(t) x x(f)] xcosw_t
| | | |

0 2 4 6 8 10 12

Figure 3.4 Converting a lower-frequency signal m(t) up in frequency using multiplication
by a much higher signal x_(t), and back down again, also via multiplication. The final result
(lower panel) may be filtered to remove the high-frequency component, effectively leaving
just the envelope, which is essentially the original m(t) waveform.
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Waveforms combined for standard amplitude
modulation
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Standard amplitude modulation
A coswt +m(t)coswt
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AM modulated waveform AM Fequency spectrum
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Figure 3.8 AM modulation showing time waveforms (left) and corresponding frequency
spectra (right).



simpleAM.m

% time

N = 2*1024;
Tmax= 10 ;

dt = Tmax(N-1);
t = 0:dt:Tmax;
%carrier
Ac=2;

fc=4;

wc = 2*pi*fc;

XC = COSWcC*t ) ;
% modulation
Am=0.5;
fm=0.5;

wm = 2*pi*fm;
Xm= cosyvm*t ) ;
% AMgeneration
mu =AnYAc;
xam=Am*xm.*xc+Acxc ;
plot(t,xam);
xlabel'time s) ;
ylabel'amplitud€) ;

Chl Ch?2 Ch3 Ch4
e e AT

| [ Y

%frequency Frequency
df = (1/dt) ;

fam = abdfft (xam)) ;
fam=fam/N*2 ;

f = [0O:N1]/N*df ;

K = 100;

k =1:K;

maxfreq= (K/N)df ;
%plot to frequencymaxfrequsingbars
figure

bar(f(k)fam(k));

axif[ Omaxfreq0 41]) ;

grid('on’) ;

xlabe('frequencyHz);
ylabel('amplitud€);

|

Figure 3.9 AM signal bandwidth and its effect on adjacent channels.
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2~ Figure 3.11 AM demodulation via squaring and first-order filtering.
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- oA Figure 3.11 AM demodulation via squaring and first-order filtering.
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3.6.2 FM PM Analizi
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Frequency and phase modulation
Carrier

Modulating signal

\/\/

Frequency modulation

Phase modulation

Figure 3.22 Comparison of frequency modulation and phase modulation for a sinusoidal
modulation signal. The cosine modulating signal covers a range of amplitudes from positive
to negative. Note the phase difference between FM and PM.
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Figure 3.23 Comparison
of frequency modulation
and phase modulation for
a sawtooth modulation
signal. The sawtooth
(ramp) modulating signal
starts at zero and ramps up
to a maximum value, then
falls back to zero. Note the
gradual frequency increase
in FM, and the abrupt
phase change in PM.
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Relationship between frequency and phase modulation
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Figure 3.26 FM and PM modulation waveform comparison. In going from ramp to the step
(left to right), we differentiate the modulation; in going from right to left, we integrate the
modulation. Phase modulation of the ramp is identical to the frequency modulation of the
step waveform.



3.6.4 FM Spektrumu
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FM modulated waveform
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Figure 3.27 Frequency modulation showing time waveforms (left) and corresponding

frequency spectra (right).

A=108=1
1 |ﬁ

0.8
0.8
0.7
06
0.5
0.4
0.3
0.2
01

0

0.8
0.8
0.7
0.6
0.5
0.4
0.3
0.2
01

0.9
0.6
07
0.6
0.5
0.4
0.3
0.z
0.1

00 fo= 40 fm
T

FM Fequency spectrum

= 0.2y = 3.14 Ay, = 4.0 Aw = 12.57

A

Ll
1

2

—108=50f

3

=20 fr=02k =314 A, =

|I||
4 5 B

Frequency (Hz)

li...
T

FM frequency spectrum

g

9

10

2.0 Aw =628

1 ol 3

4 5 6 7

Frequency (Hz)

FM fequency spectrum

=]

10

=103 =05f=40 f, =02k =314 A, = 0.2 Aw — 0.63

4 B 3 7
Frequency (Hz)



Bessel functions J_(f)

Modulation index g

p o J; /; /3 4 J5 Is 4 Is Jg 10

0 1.00 — — — — — — — — — —

025 098 012 — — — — — — — — —

0.5 094 024 003 — — — — — — — —

1 077 044 012 002 — — — — — — —

1.5 051 056 023 006 001 — — — — — —

2 022 058 035 013 003 — — — — — —

24 000 052 043 020 006 002 — — — — —

25 =005 050 045 022 0.07 002 — — — — —

3 -026 034 049 031 013 004 001 — — — —

4 -040 -007 036 043 028 013 005 001 — — —

5 -018 -033 005 036 039 026 013 005 002 — —

6 015 -028 -024 011 036 036 025 013 006 002 —

7 030 00 =030 -017 016 035 034 023 013 006 0.02

8 017 023 -011 -029 -010 019 034 032 022 013 0.06

9 -009 024 015 -0.18 -026 =006 020 033 031 021 013
10 =025 004 026 006 -022 -023 -0.01 022 032 029 021
12 0.05 -022 -0.08 019 018 -007 -024 -0.17 005 023 030
15 -001 020 004 -0.19 -0.12 013 021 003 -017 =022 -0.09
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