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Baseband, Bandpass, and Modulation

i B
e A has a spectral magnitude that is nonzero
for frequencies in the vicinity of the origin (i.e., f=0) and
negligible elsewhere.

e A has a spectral magnitude that is nonzero
for frequencies in some band concentrated about a frequency 7 =
+ 1, where £, » 0. The spectral magnitude is negligible elsewhere.
£ is called the

. IS the process of imparting the source information
onto a bandpass signal with a carrier frequency £ by the
introduction of amplitude or phase perturbations or both. This

bandpass signal is called the s(?), and the
baseband source signal is called the m( ).
Information
T g(1) s(t) [ Transmission | 7(¢) (1) (1)
0] sigt |FQf camer [MQ] Trammission 170) | comier | EO) signa |
processing circuits (channel) circuits processing

W k3
Transmitter Receiver
Lecture 7



Why Modulation is Used?

B Baseband communications is used in
B PSTN local loop
B PCM communications for instance between exchanges

B Using carrier to shape and shift the frequency
spectrum (eg CW techniques) enable modulation by
which several advantages are obtained

B different radio bands can be used for communications
B wireless communications
B multiplexing techniques become applicable

4 carrier
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Radio Spectrum

Frequency ) )

(Hertz) 10* 108 10 105 104 107 108 107 10 1o 102 108 0™ 109

| ELF | VF | VLF| LF | MF | HF | VHF | UHF | SHF | EHF |
I I |

< T T T ! >4 - I ! >4 - -
Power and telephone Radio Microwave Infrared Visible
Rotating generators Radios and televisions Radar Lasers light
Musical instruments Electronic tubes Microwave antennas Guided missiles
Voice microphones Integrated circuits Magnetrons Rangefinders
Cellular Telephony
< Twisted Pair P "
Optical
Fiber
| Coaxial Cable >
44— < pr4 >
AM Radio FM Radio| Terrestrial

and TV and Satellite
Transmission
I I I I I I I L | | I I I I

Wavelength 10 108 104 108 102 10! 10 10" 10 10¢ 1wt 10° 10°
in space

(meters)
ELF = Extremely low frequency MF = Medium frequency UHF = Ultrahigh frequency
VF = Voice frequency HF = High frequency SHE = Superhigh frequency
VLF = Very low frequency VHF = Very high frequency  EHF = Extremely high frequency

LF

= Low frequency
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United States Frequency Allocation
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Representation of a Physical
Bandpass.\Alaveform

B [-Q (in-phase-quadrature) description for bandpass signals
v(t) = Re{g(t)e'*'} = R(t) cos[m,t + O(t)] = X(t) cos m,t — y(t)sin w_t
g(t) =x(t)+ jy(t) =|g(t)e"*® = R(t)e’""
X(t) = Re{g(t)}=R(t) coso(t)
y(t) = Im{g(t)} = R(t)sin O(t)

v(t) :signal s(t), noise n(t), or signal plus noise r(t)
g(t) :complex envelope

X(t) :in - phase modulation associated with v(t)
y(t) : quadrature modulation associated with v(t)
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Complex Envelope Representation of
Bandpass _\Waveform

Proof

0 ) -1 ) o0 )
v(t)= > c.e" = > c e +co+ D c el
N=—c0 N=—c0 n=1

— Z C_ne_jna)ot + Z Cnejna)ot — Z (C_ne—jna)ot + Cnejna)ot)
-1 n=1 n=1

— i (C:e—jna)ot + Cnejna)ot)

n=1

=> 2Re{c,e""'}
n=1
=Re{2> ce"*'}
n=1

=Re{2) ce!" eI}

n=1

-Re{g(De’™)
(1) =23 c e
n=1
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The Phasor Description of
Bandpass.Signal

v(t) = Re{g(t)e'*'} = R(t) cos[a,t + O(t)]
g(t) = x(t)+ jy(t) =|g(t)e*“ = R(t)e’®
R(t) = |g(t) = X2 (®) + y2(t)

_ _tan2 YO
A(t) = Zg(t) = tan X(0)
R(t) :amplitude modulation (AM) on v(t)

6(t) : phasee modulation (PM) on v(t)

Ubp (t)
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Spectrum of a Bandpass Signal

If a bandpass waveform s represented by

v(t) = Re{g(t)e""}

then the spectrum of the bandpass waveformis
V(f)=3[G(f -f)+G (- —1,)]

and the PSD of the waveformis

P(f)=2[P,(f =)+ P (=f - )]

where G(f) = F[g(t)]and P, (f)1is the PSD of g(t).

Lecture 7
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Proof

m
Proof. v(t) = Re{g(t)e’*'} = 1[g(t)e’ + (g (t)e’ |']
w(t)e!™ &>W (f - f,)= F[g(t)e*']=G(f - f,)
W (t) oW (—f)= F(g(t)e’™ J1=G" (- - f.)
V(f)=F[t[g(t)e" +(g(t)ejw°t)*] =3[G(f - f)+G (- —f,)]
R, (7) =< Vv(t)v(t + 7) >=< Re{g(t)e''}Re{g(t + r)e'* "} >
Re{c,c,}=Re{(a, + jb)(a, + jb,)}=a,a, —bb,
Re{c,c,}=Re{(a, — jb)(a, + jb,)}=aa, +bb,
Re{c,}Re{c,}=aa, =3[Re{c,c,}+Re{c;c,}]
R,(r) =< i[Re{g(t)e'™'g(t +r)e' = }+Re{g" (t)e '“g(t + r)e'* "} >
=1 <Re{g(t)g(t+7r)e’**e'}>+1<Re{g (t)g(t+7)e'""}>
=1Re{< g(t)g(t+7r)e’** > e/ }+1iRe{< g"(1)g(t+7) > e’}
=iRe{< g (t)g(t+7)>e’ " }=1Re{R, (r)e'*'}
P,(f)=F[R, ()] =1 F[Re{R, (r)e' ™} =[P, (f — f)+ P, (- f - )]
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Bandpass Signal

Vi ()

\1 | s
) | L £ r
N —
I
(a)
ubp{r]
-
- dashed line
denotes envelope

(&)

Lecture 7



Evaluation of Power

1l

B Example 4-1 Amplitude-modulated signal
g(t) = A[l+m()] & G(T)=Alo(f)+M(T)]
s(t) = Re{g(t)e'*'} = Re{A [L+m(t)]e’ '} = A1+ m(t)]cos m_t
W(t) cos(@,t + ) <> L[e W (f — f,)+e W (f + f )] =
S(F)=3[Alo(f - f)+M(f =1f)]+A[S(F+f)+M(Ff+ f)]]
=2Afo(f=f)+M(f-f)+o(f+1)+M(f+f)]
P, =1<|g®) >=L<|AR+m@O)] >=1 A <[L+m®)] >
=1 A <[L+m()) >=L A> <1+2m(t) + m?(t) >
=L A[L+2<m(t) > +<m?(t) >] =L AZ[L+ < m*(t) >]

FAL+PR,]
' Jpower in m(t)

o

P. :power in sideband

2

2

Nl N

-+

.carrier power
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IM(f)]
1.0
* o f—
(a) Magnitude Spectrum of Modulation
IS()] Dl'screte -carner 1term
Weight = -;— A, with weight = > A,
p v/
Lower Upper
% . sideband sideband
k\\
~f = B “‘fc -fc+B fC—B fc+B
f

(b) Magnitude Spectrum of AM Signal
Figure 4-2 Spectrum of AM signal.
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Amplitude Modulation

H results when a dc bias is added to the
signal m(t) before the modulation process.

s(t) =[ A+m(t)] Al cos et = A [1+am, (t)]cos et

B m (1) is the message signal normalized such that the minimum
value of m_(t) is -1

B The parameter a is referred to as the
B s(t) is said to be 100% modulated if a = 1.

B The of AM signal is given by:

S(f)z%[&(f —f)+aM, (f - f)+5(f + f)+aM, (f + )]

Lecture 7
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Waveform and Spectrum of AM signal

m(t) T AcL«m(t)

A.cos .t
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Definition
i B
B The of the AM signal is

<s°(t) >=< A’[1+am_(t)]* cos’ w.t >
=1 A’ <1+2am (t)+m?(t) >

= A+ iAam(t)
) —_—— S /

discrete carrier gj C
DOWeT sideband power

B The Is the percentage of the total power
of the modulated signal that conveys information.

1 A24/2 2 2 2
_ 22A:a2<2rnn(t)2> «100% = 2 2<mn(2t)>
LA +2AA” <mi(t) > 1+a” <mi(t) >

x100%

B Max|[E] = 50%

Lecture 7
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Example

i
B The message signal is

| o<t

3
mit)={-2, L<i<h

3 3

0, oy

3

B The carrier IS c(t) =cos(2z f t)
Where fc = 250 Hz, tO = 0.15s, a = 0.85

B Calculate
B waveform and spectrum
B Power of modulated signal and modulation efficiency

Lecture 7
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Waveform and Spectrum
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Overmodulation

.
s(t) is said to be e
e )11 -
Example, (2) a=0.5, (0) a= < e
1,(c)a=1.5 “
Overmodulation results in K 03 (i) E o

spurious emissions by the
modulated carrier, and
distortion of the recovered
modulating signal.

Overmodulation is not
allowed by FCC.

FilllN
IH””II" |
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Envelope Detector

H

B The main advantage of AM is that, since a coherent
reference is not needed for demodulation as long as a
< 1, the demodulator becomes simple and inexpensive.

B In many applications, such as commercial broadcast,
AM is sufficient to justify its use.

N 'III ~
. _H . ! -___..‘h .."-.___‘_/,-':
[ L] |" |
1k ny Output, {1}
o R

Lecture 7 21



Ripple and Negative Peak Clipping

B In order for the envelope-detection process to operate properly,
the RC time constant of the demodulator, must be chosen

carefully.

- Input modulation
— (squarewave).

||\\|]T\\i|T\\|]'||\ |I|\\‘\ leﬁ\\ﬁ\ﬁ\\ﬁ\\\ﬂ Output from Envelope Detector
LTI o e LTI 2 e
II II II II II II II II II II | II II II II II II II II II II

NERRRREAR VAVAVRTAY LI A
LYYV Y Y Y T AM Wave.
IRIRIRIE BRI

I.I I.I IlI IlI I.I IlI IlI IlI I.I IlI

Negative Peak Clipping
AVAVANATAN AUNAAA [
| . _':"_--'-_-,_J_--._J L ___ e
| /
Ripple Ideal output

Lecture 7
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Homework

T
mIC4-1,4-9, 4-10, 5-2, 5-3, 5-5
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