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Chapter 2

Signal energy
Eg =] _,lg®)?dt

Signal power

1 12
Pg = }%?I_T/Zlg(t)lzdt

Signal decomposition

e(t) = g(t) — cx(t)
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g(t) = c- x(t)

Signal correlation

1 o
p= mf_wg(t)x(t)dt

Signal correlation (General/Complex)

1 .
P=\/mf_oog(t)x (D)dt

Cross correlation
Pr9(0) = [_oz(®)g"(t —D)dt = [_ z(t + 1)g" (t)dt

Auto correlation

Yy(7) = ffooog(t)g(t + 7)dt g(®)
2] 1 -t 1-T
g(t)
Yg(0) = J ggt—1)dt 1
%] 1 T T+1




Chapter 3 (1/2)

Parseval’s Theorem
The energy E; of a signal g(t) can be obtained from the time domain OR the frequency domain.

E, = f_mlG(f)Izdf

ESD (Energy Spectral density)
Wy(f) = 1G(NI?

Ey = [ W,(Hdf
lpg(T) o lPg(f)

PSD Power spectral density
G 2 LY
S,(f) = tim 1TV g;(f)

T—oco T—oco

P, = [ S,(Hdf =2f, Sy(f) df

Time autocorrelation R(7)

T/2 -
Ry(7) = lim j gt)g(t —7t)dt = lim IPL()
T—o0 -T/2 T—o

Ry(1) = Ry(—7)

Rg() < S4(f)

Power is the “mean square” value
— T/2 E,r
Py = g%(t) = lim — g%(t) = lim -~
T—oo -T/2 T—oo




Chapter 3 (2/2)

Input and output PSD and ESD

x(t) w@
Y(f)=H{) X()
Y(OI? = IHOPIX(OI?

)’fja’.é)

Output ESD
Wy (f) = [H(OI? - P ()
Output PSD

Sy(f) = [H(I2 - S:(f)
By = [ 2,8, (0df =2[,S,(F) df

PSD of modulated signals
For a power signal g(t) modulated by a cosine wave with frequency f;, where f, = B, that is
¢ (t) = g(¢) cos(2mfyt),

the PSD and power are

1
Se(f) = Z[Sg(f + fo) + Sg(f —fo)]

1
Py =51

Pre-computed PSDs
g(t) = C - cosmufyt + 0y)

Ry(7) = %zcos(anOT)
So(F) =S [8(f ~ fo) + 6(F + )]




Useful functions - Sinc

pegwa/ Sine
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Normalized Sinc
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Chapter 4

DSB-SC modulated signal
$psp-sc(t) = m(t) cos(2nf.t)

Posa-sc(f) = 3 M(f + ) + M~ £)]

AM modulated signal
$am(t) = [A +m(t)] cos(2mfct)
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Pam(f) = SIMU + [+ M = fIl+ 5 [8(f + f) +8(f = fo)l
Modulation index (AM)
My
Sy

A+mp {J%

—

e

Carrier and Sideband power

AZ
=7

1 e 1 . T/2 X
h=gr =g g

Protar = Pe + Ps

Power efficiency

}7_

_ useful power P

total power  P. + P,

Time domain representation of SSB signals
¢USB (t) = m(t) COS(th) —mpy (t) Sin(wct)

¢rsp(t) = m(t) cos(w,t) + my(t) sin(w,t)
¢ssp(t) = m(t) cos(w,t) + my(t) sin(w,t)

Demodulation

Pssp(t) - 2 cos(w,t) = m(t) + [m(t) cos(Rw,t) F my (t) sin(2w,t)]




Fourier Series expansions

Square wave

4A 1 1 1
x(t) = ?(cos(wgt) - §cos(3w0t) +§cos(5w0t) — 7 cos (7Twot) + )

—A
T,
Positive square wave A 4
A 24/ 1 1 1
x(t) =E+?<sm w0t+§sm 3w0t+§sm 5w0t+7sm 7a)0t+-~) _I .




Chapter 5 (1/2)

General Form of an Angle-modulated signal
$em(t) = Acos[0(D)]

Key Attributes
A = amplitude of the angle-modulated signal

. wc
w, = carrier frequency { fo = ——

0(t) = time-varying angle

B = bandwidth of modulating signal m(t)

m,, = amplitude or “peak value” of m(t)

Bgy = bandwidth of the angle-modulated signal
k, = phase sensitivity

ks = frequency sensitivity

. Aw
Aw = frequency deviation (A f = ;)
A¢ = phase deviation
Other attributes

w;(t) = ig(t) Instantaneous frequency (fl- = ;"—7;)

dt

A? Power of an angle-modulated signal

Pavg = 7

FM-modulated signal

¢y (t) = Acos [27cht + ks f_too m(a)da]
ky

fi) = fe +5-m(t)

myp
Af = kfﬁ

PM-modulated signal
Ppy(t) =4 cos[anCt + kpm(t)]

kp )
fi(t) = fo + Em(t)
Bpy = 2(Af + B)

[m(t)max - m(t)min]
2-2m

Af =k,




Chapter 5 (2/2)

Bandwidth of m(t) signal

Case 1: Sinusoid Case 2: Generic analog signal

m(t) = mpcos(2m-fmt) m(t) = cos(2m-fmt)+ ... +cos(2m-nfmt) + ...

AL
BV, A

=nfm where n is usually given
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Chapter 6

Nyquist Rate and Interval
Ry = 2B




