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What is communication
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Signals and Channels
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Modulation and Demodulation
Amplitude Modulation (AM)
Frequency Modulation (FM)
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Channel Noise Analysis

Basic elements of a communication system

Different Sources of a Communication system
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Radio Spectrum and Frequency bands

Notes

a- ratio frequency = 3KHz — 300GHz and none of the frequency

above 300GHz is classified as radio waves.

b- Sound velocity = 345 m/s .
¢- Human voice 20 — 4000 Hz
d- Audible rang 20 — 20 000 Hz
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l Frequency ” Band

|
[ 10 kHz o 30 kHz | Very Low Frequency (VLF) }
I 30 kHz o 300 kH= Low Frequency (LF) ]
1300 kHz to 3 MHz |Medium Frequency (MF) J
|3 MHz to 30 MHz [High Frequency (HF) |

30 MHz to 144 MHz
144 MHz to 174 MHz ‘ery High Frequency (VHF)
174 MHz to 328.6 MHz

3286 MHz to 450 MHz
450 MHz to 470 MHz
‘L——SQO 5'\ :in H :2 ggg ﬁ Ultra High Frequency (UHF)

960 MHz to 2.3 GHz
23 GHzto 29 GH=z

«J [\

|29 GHzt0 30 GHz ||Super High Frequency (SHF) |
[30 GHz and above 1[Extremely ngh Frequency (EHF)]

Y. Signals, messages and channels

T Channel RX —»
Input System Qutput
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Channel Model
e AWGN channel

Z(t)

Noise

Input x Output

Xit) - Yi(r)

e Linear channel

Z(t)

Noise

. Tnput 3 2 Output X
X(t) L -{ hit) l {1} i Y(t)

Duplex Transmission

e Simplex

— one-way transmission only, e.g.
broadcast systems

e Half-duplex

- two-way transmission, but the
common channel is alternately used
for transmission in opposite direction,
e.g. interphone systems installed on
taxies

e Full-duplex / A
- simultaneous two-way transmission, &
1= A
35
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e.g. public telephone systems




The channel (regardless of the type ) degrades the transmitted signal in a
number of ways :-

1-Attenuation: it is defined as a reduction of signal strength. (increase
with channel length).

2-Distortion: is waveform perturbation caused by imperfect response of
the system to the desired signal itself. Distortion may be corrected, or at
least reduced with the help of special filters called equalizers.
3-Interference: is contamination by extraneous signals from human
source, other transmitters, machinery, switching circuits, ......,

Filtering removes interference.

4-Noise: it is a random and undesirable signal from external and internal
causes.It is defined as the ratio of the signal power to the noise power:
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x(—t) = x(t) e
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x,(t) = ACos(wt + 60), x;(t) = ASin(wt + 0)

lx(t)| = fx; +x =4, <x(t)=wt+86
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complex-valued signal g(t) N

l9(t)]* = g(t)g"(t). E, = /1 |g(t)[Fdt.

If g(t) is real-valued then g(t) = g*(f). Thus,

lg(t)]* = g(t)g™(t) = g°(¢).
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Periodic Signals: The waveform g(t) is periodic with period Ty, if g(t) = g(t + kTp), for all £ and
k € Z (the set of all integers: 0, =1, £2,...).

Energy Signals: The waveform g(t) is an energy signal if ) < E, < oc.

Power Signals: The waveform g(t) is a power signal if 0 < P, < oo. Please note that a signal
cannot simultaneously be both an energy and a power signal.

Time Scaling: g(t) — g(at) with @ € R. If a > 1, then g(at) represents a time-compressed
(by a factor of a) version of g(t), whereas if & < 1, then g(at) represents a time-stretched
(by a factor of ) version of g(t):

Time Reversal: g(t) — g(—t) represents a mirror image of g(t) with respect to the vertical axis
t = (. Similarly, g(t, — t) with t; € R first takes the mirror image of g(¢) with respect to
the vertical axis and then shifts the resulting waveform by f; units.
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The unit impulse signal 4(¢) is defined as:
§(t) =0, ift £0; and [ §(t)dt = 1

o0

For an arbitrary function z(t) and constant K € R we have:

.[ﬁ[t}m(t]dt = x(0);
[ﬂi[t — tg)z(t)dt = z(ty), (the sifting property);
[ Ki(t)dt = K.

Convolution with the d-function:

Bt = to) * x(t) = / S(A = to)z(t — A)dA

unit rectangular pulse function
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y(£) = x(t) * h(t)

+ oo

y(t) = x(t) h(t) = f x(A)h(t — )dA
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Given a periodic waveform x,(¢) with period Tj

o b
x,(t) = Z D, &t ry(t) = ap + Z{ﬂ“ cos nwt + by, sin nwt ),

n=—nc n=1
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iy = =— Tu(t)dt,
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aﬂ=—[ zp(t) cosnwptdt, n=12,...
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b, ry(t)sinnwgtdt, n=12,...

Fourier Transform

X(f) = Fl=(t)]. z(t) = F " [z(t)],
_ ['x I[:i}{?—j?‘ﬂ'_ftdf‘. = [_ X{f)g—’?ﬂ'ﬂdf
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e
Xip(f) Xip(f)
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Bandwidth = B, Bandwidth = 2B,

the measurement of the 3-dB bandwidth for baseband signals.
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A distortionless system with input x(t) and y(#) satisfies the input-output relation:

y(t) = K z(t — 1), (3.56)
Y(f) = H(f)X(f),
Y(f) = Fly(t)].
= F[Kxz(t —to)],
= K Flx(t —to)].
= KX(f)e %,
H(f)= % = K 7t

Magnitude Phase

p HO arg[ H(f)]
K ‘>\I
- f




Figure 3.26: The RC-lowpass system.
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Helf) =13 2nf RC
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|Hre( f)| = W, and arg[H,.(f)] = —tan™ (2n fRC).
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Example 3.6: Let z(t) = Acosw,f + B cosw,t with

y(t)

y(t) = glz(t)] = =(t) + 227(2).

[;’l cosunt + Bccmuzt] + 2 [;’! cosunt + Bm};mzflg.
Acoswyt + B coswat + 242 cos® wit + 2B% cosw,t + 4AB coswt cosw,t,
Acoswt + Beoswyt + A2 + A% cos 2oyt + B? + B? cos 2wyt

+ 2AB cos(wy + wa)t + 2AB cos(wy, — wa)t.

If fi =4 kHz and f> = 3 kHz, the input and output spectra will be as shown: Observe that
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Parseval’s Theorem
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[ i dr = ,_—j_tl. |F()|” de>
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P =) = ﬁ]{h-‘{r” dt
. P = Zt |['n |1
Example:
If Cn=[1 3494 24+ 2 24 3+34 1], find P .an energy, the

instantaneous power.

Solution: P=T +(3 +4)+2* +1)+2’ +(2° +1")+(3 +4 )+ =66wat.
Energy=P.T T: period

P=v(t)/R
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P(a < X <b) = Fx(b) — Fx(a)

) yge a ol oo (PAF) Jlooiml S8 1) gnazs a0 Gt
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fX(x) =
f fe (Gdx =
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EX=X= fxfx(x)dx
my = fx” fx(x)dx
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  x  ( t ) = x  ( t +   T 0 )


    T 0


     x  ( − t ) = x  ( t )   x  ( − t ) = − x  ( t )


       x  r  ( t ) = A Cos  ( 𝜔 t + 𝜃 ) ,             x  i  ( t ) = A Sin  ( 𝜔 t + 𝜃 )    | x  ( t ) | =    x  r 2 +   x  i 2 =  | A | ,         ≺ x  ( t ) = 𝜔 t + 𝜃


  𝛿  ( t )


  y  ( t ) = x  ( t ) ∗ h  ( t )


  y  ( t ) = x  ( t ) ∗ h  ( t ) =   ∫  − ∞  + ∞  x  ( 𝜆 ) h  ( t − 𝜆 ) d 𝜆


  y  ( t ) = x  ( t ) ∗ h  ( t ) =   ∫  − ∞  + ∞  x  ( 𝜆 ) h  ( t − 𝜆 ) d 𝜆


  X


  P  ( X ≤ x ) =   F  X  ( x ) ,         0 ≤   F  X  ( x ) ≤ 1


  P  ( a < X ≤ b ) =   F  X  ( b ) −   F  X  ( a )


  P  ( a < X ≤ b ) =   F  X  ( b ) −   F  X  ( a )


    f  X  ( x ) =   d   F  X  ( x )  d x


       f  X  ( x ) ≥ 0     ∫  − ∞  + ∞    f  X  ( x ) d x = 1     ∫  a  b    f  X  ( x ) d x = P  ( a < X ≤ b )     F  X  ( x ) =   ∫  − ∞  x    f  X  ( 𝜆 ) d 𝜆


    f  X  ( x ) =  {     1  b − a              a < x < b   0                                o . w


    f  X  ( x ) =  1   2 𝜋 a   e  −      ( x − m ) 2  2   a 2             − ∞ < x < + ∞


    a 2


  N  (  m ,    a 2 )


  Q  ( k ) = P  ( X > k ) =   ∫  k ∞   1   2 𝜋   e  −     𝜆 2 2 d 𝜆


    a 2


  P  ( X > k ) = Q  (   k − m  a )


     E X =   X - =  ∫  x   f  X  ( x ) d x     m  X  n =  ∫    x  n   f  X  ( x ) d x


  V a r  ( X ) = E  (   X 2 ) −    ( E X ) 2

