Single Tone Modulation

Case (i): A, /A< 1

A(t) amplitude function

E(t) envelope function V‘V : e §
I

E(r)y=A(t)=[A, + A, cos w,t] >0 such that E(?) ~ m(t) = <l

perfectly suitable to use an envelope detector

Case (ii): A,./A. =1

_______________________________ A1nax= Ac =+ Am

A(t) amplitude function

E(t) envelope function U h U v U U VV VU V U ) Avsa— As— Ay =10

E(t)=A()=[A. + A,cos w,t]=>0 such that E(?) ~m(t) w=p =1

121
borderline case for using an envelope detector

EEE313 Communication Systems |




Single Tone Modulation

Case (iii): An/Ac>1

Amax= Ac + Am

A(t) amplitude function

E(t) envelope function Apin = Ac — A <0

E(f)y=|A,+A,cosw,t |#A(f) suchthat E(t) X m(t) == u>1

overmodulation: cannot use an envelope detector

When A, < A, hence p > 1 (overmodulation). In this case, the option of envelope detection is no longer viable. We then need
to use synchronous demodulation. Note that synchronous demodulation can be used for any value of u . The envelope
detector, which is considerably simpler and less expensive than the synchronous detector, can be used only for y <1
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Single Tone Modulation

We can determine the spectrum of the AM S|gnal using the frequency shifting/ modulation property.

Let =(t) = [ A. + A,, cosw,,t]| such that

pam(t) = [AC + A,, cos wmt] cosw.t = x(t) cosw,t
L /

-~
x(?)
with
X(f) = Ac8(F) + S22 [5(F = fn) +8(F + )]
Therefore

[ X(f—fo)+ X(f+ fe) ]

Do =

Panm(f) =

Putting everything together we have

Ba(f) = 52 [0 — £+ 807 + 1)

+%{(ﬁ4ﬁ+mn+ﬂﬁwﬁ—mn]
— [0(f + (fe = fm)) +6(f + (fe + fm)) ]
anlf) Y
_____________________ 7S
N

o i

—fe— fm —~Je —fe+ fm 0 g A Je Fo T EEE313 Communication Systems |



Single Tone Modulation

Alternatively, we can first expand @, (?) using trigonometric identities:

wam(t) = A.cosw.t + A,,, cosw,,tcosw.t,

. . A
—| A, cos w.tH - cos(we + wm ) tH H cos(we — wm )t

DPam(f) Ap)2 oo
Y —————— I """"""" A m;/4 ““““““““““ I —————— T
f } f = f
_fc_f “ _fc+fm 0 fc_fm “ fc_|_fm

Example: Sketch @am(t) for modulation indices of g = 0.5 and u = 1, when m(t) = B cosw,t.

Solution: !
Figure shows the modulated signals corresponding to ¢ = 0.5 and & = 1, respectively.

hi =
In this case m;=B —— ]

B 1 + COs @l

F=EC

/. A JAe
Al ¥
() = Beosnt = g coso [t

Therefore,

1 + ﬂ.j Cis ﬂ.'!,,,f = "'-':!"‘ Py
BT 3 f [ .‘qc

I
A

L
s %
-

=

o+
o

@am(l) = [fq{: +m(t)]coswet = AC [1+ pt coswy,t] cosw,r 124 EEE313 Communication Systems |



Sideband and Carrier Power

The advantage of envelope detection in AM has its price. In AM, the carrier term does not carry any information, and hence, the
carrier power 1s wasted

Consider the AM signal @,(7) modulating signal generated by the baseband
message/modulating signal m(f) bandlimited to B, -Hz.

pam(t) = Accoswet +m(t) cosw,t

B il W
carrier sidebands

Objective:
« Compute the power of the AM signal P,, and
« Express it in terms of the carrier power P. and the sideband power P;

pam(t) = A cosw.t +m(t) coswet

. il .’
carrier sidebands

—

/ Remember !

The average power of x(r) = A cos(w,r + 8)

P, o A2 cos? w.t it 2A.m(t) cos? w.t + m?(t) cos? w.t

l' Tn b wﬂ zﬂ'flllo 2 3
P-}:fu [x(r)] d‘-ﬁfu A’ cos*(wyt + 8) dt

l A :""u

A2 cos2 w.t = A%/2 2

5
-

w /g ] A
fz f""ill + cos( 2wyt + 208)) dr = =
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Sideband and Carrier Power

pam(t) = Ac cosw.t + m(t) cosw,t pam(t) = A cos Wc?;Jrfn(t) cosw,t
ca;:ier Side?;nds carrier sidegra-mds
V \\A
P, = A2 cos? wet +2A:m(t) cos? wet - m?2(t) cos? wet P, = A2 cos? w,t + 2A,m(t) cos? w.t -Hm?(t) cos? w,t

because: fc > B,

because: fc > By, and m(t) =0

m?(t) cos? wet = m2(t) cos? wet = m2(t)/2

v

2A. m(t) cos? wet = 2A. m(t) cos? wet =0
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Sideband and Carrier Power

PAM (t) = Ac Ccos w.t + m(t) cos wt
carrier sidebands

o S

A2 cos? w tH 2A.m(t) cos? w.t 4 m?2(t) cos? w,t

L / Define power efficiency:

AZ/2 [+ 0 + |m2(8)/2

total power P, P+ P,

l l useful power P e
’[? —,
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Example (single-tone modulation):

* Modulating signal: m(f) = 4,,cos w,,t,

» Carrier: c¢(t)=A4,cos ot with  fc> f,,
« Modulation index: = An/Ac

» Sideband Power:

mi() 1AL, pRA?

P, = _ —
2 2 2 4
Carrier Power:
A2
P.===
2
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Sideband and Carrier Power

p M) poA
;o 2 4
| o I
i E (+ y (2| [()
! ‘i""i """""""" AC/2 “"'"L“""_?‘I""“ ?

P,
—>
------------- »[(F ()
swmeem T Al B rsssunsommimose i > ( )2
[ """" [ ———————————— A4 -memmeemeee ‘ """" N
t + t } + + + > f
_fc_fm _fc _fc+fm 0 fc_fm fc fc+fm



Sideband and Carrier Power

Example: One input of a conventional AM modulator is a 500 KHz carrier with amplitude of 20 Vp.
The second input is a 10 KHz modulating signal that is of sufficient amplitude to cause a
change in the output wave of +7.5Vp. Express the modulated wave and draw its
spectrum. Determine (i) The USB and LSB frequencies, (i) Peak amplitude of the
modulated carrier and the upper and lower side frequency voltages, (ii) Modulation
coefficient and percent modulation.

Solution: Given that 4. =20 Vp, f. =500X103 Hz, 4, =75V, and f;, =10X103 Hz

Then u = ’:( = 72—‘5 =0.375

From the standard AM equation, ean(t) = Accoswet + A coswt cos wet,

Tl

2

=|A.cosw.tH cos(we + wm JtH - CoS(We — W )t

.uAc

L,DAM(t) = Accos2x fot + ——cos2m(fe — fm )t + —— ‘UAC cos 2z ( fe + fm )t , we obtain

wam(t) =20cos 2::500)(103: +3.75¢cos (2;r510X103)t +3.75¢cos (27490X103)t

(i) The LSB frequency = 490 KHz, and the USB frequency = 510 KHz
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Sideband and Carrier Power

(i) Time domain:
The modulated carrier magnitude = 20 Vp.

The modulated LSB magnitude = The modulated USB magnitude = 3.75 Vp.
Frequency domain:

The frequency domain representation of the modulated signal is given by

@au(f) =10[ 5(f —500X10%)+ 5(f +500X10%) |+
1.875[ 6(f ~490X10°) + (/ +490X10%) [ + Qamlf) Aef2 comemeeeeeeemne. ,

1.875[6(f—510X103)+5(f+510x103)] TI ------------- Amf4 ---eeeeeeeeee T T

The spectral magnitude of the modulated carrier = 10 Vp.

' & 7
The spectral magnitude of the modulated LSB = 1.875 Vp _f. I
: _fn‘.' - fm f{ _f{ g fm U fc fm f( f( e fm
The spectral magnitude of the modulated USB = 1.875 Vp.
A
Pam(f) = 5 |8(F = Je) =+ o(F + 1) |
A 18
(i) The Modulation index = u=-—"=—-=0.375, A,
20 +— (0(f = (fet+ fm) +0(F = (fe— fm)) ]
The percent modulation = 37.5 % A
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Sideband and Carrier Power

Power efficiency:

I prAz /4 _ p?
- P.+ P, A%2/2+4 u2A2/4 2+ pu?

n

Given the power efficiency:

_ P prAla
- P.+P,  A%2/24pu2A2/4 24 2

i

w===> To use an envelope detector we must have x <1

wwss Maximum power efficiency at # =1

1
lhmax = 573 1 =

Mmax = 33%
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Sideband and Carrier Power

Example: Determine n and the percentage of the total power carried by the sidebands of the AM wave for tone modulation when (a) ¢ =0.5 and (b) u =0.3.

ion: — ¢ 0.5)°
Solution: - For . = 0.5, n= K IOO% —(—-)— [00% = 11.11% Hence, only about 11% of the total power is in the sidebands
2+ u? 2 +(0.5)?
For it = 0.3, = 5._\2(_‘())7)_ 100% = 4.3% Hence, only 4.3% of the total power is the useful power (power in sidebands).

Example : Find the power content of the DSB-SC wave with single tone message and find the power efficiency

Solution
©psp-sc (t) =m(t) c(t) = Ay, cos(27mf,,t)A. cos (anct) A CcoS (Zn(fc + fm)t T Anle coSs (27T(fc_fm)t]

2 2 2
A A
P —( 2 C) _Ac Ay and same for P; g5 = Ac An (D)
4242 D\,
Prosat = Pusp + Prgp=tc— 51
Total = usB + Lsp=— (2] [0
4 e . 4 s
.. P P ., i i
Power Efficiency ) = Useful Power _ Pusp _ Prsp S_— I A /4 e _— :
Total Power Pty Protal T I I I
+ T + + + + + > f
A 2 2 2 2 _fc_fm _'fc _fc+f7n O fc_fm fc fc+fm

= A s A Am = 509
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Amplitude Modulation: Single Sideband (SSB)

[0 A scheme in which only one sideband is transmitted is known as single-sideband . (SSB) transmission, which requires
only one-half the bandwidth of the DSB signal. i.e. we send either the upper sideband or the lower sideband of a DSB-SC
signal.

Why SSB Modulation?

The basic AM has a carrier which does not carry information—Inefficient power usage

The basic AM has two sidebands contain the same information—Additional loss of power

DSBSC has two sidebands, containing the same information—Loss of power

Standard AM and DSB-SC amplitude modulation techniques are wasteful of bandwidth because they both require
transmission bandwidths of 2B, Hz where B,,, is the bandwidth of the baseband modulating signal m(t).

Therefore, the basic AM and DSBSC are bandwidth and power inefficient while SSB is bandwidth and power efficient.

Modulation of SSB is similar to DSBSC. Only change the settings of the BPF (center frequency, bandwidth).
Demodulation: similar to DSBSC (coherent or synchronous detection)

OO 0O 0000
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Generation of SSB Signals

Two methods are commonly used to generate SSB signals. The first method uses sharp cut-off filters to eliminate the
undesired sideband, and the second method uses phase-shifting modulator to achieve the same goal.

Selective Filtering Method

This is the most commonly used method of generating SSB signals. In this method, a DSBSC signal is passed through a sharp
cutoff filter to eliminate the undesired sideband. Such an
operation requires an ideal filter, which is unrealizable. It can, however, be realized closely if

there is some separation between the passband and the stopband.
SSB Modulator

Two step process:
I. Generate a DSB-SC signal; m(t) »(x)—>| BFF > ossp. (1)
ii. Filter out one of the sidebands using a BPF

Fortunately, the voice signal provides this condition, because its spectrum shows little
power content at the origin . In addition, tests have shown that for speech signals, frequency components below 300 Hz are
not important. In other words, we may suppress all speech components below 300 Hz without affecting the intelligibility
appreciably.
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Generation of SSB-Modulated Signal
Phase-Shifting Modulator : SSB modulation uses two product modulators as shown below

DSBSC g1

——&

90 90
ve— C(t)*

m(t)*
S2(t)*
DSBSC
o m(t) = A, cos(wy,t)
m(t)" = A, sin(w,t) — (Hilbert Transform)
o C(1) = Aycos (o)
- C(t)" = A.sin(w,t) — (Hilbert Transform)
Solving for S, S, and S5, we obtain:
o Si(1) = ALAy cos(wmt) cos(m,t)

o S5(t) =AA,sin(w,t)sin(w.1)

S3(I) =38 (l‘) — SQ(E)

= AcAp cos(pt) cos(mct) — AcAy sin(mp,t) sin(w,?)

+
— C(t) l S3 = AcA; cos(w¢ + oy )t

Using the following formula:

cosA cosB = 1/2cos(A + B) + 1/2cos(A — B)
sinA sinB =1/2cos(A — B) — 1/2cos(A + B)

Solving for S, we get:
S3 = AcAm cos(w. + wp)t

Time domain signal for SSB

pssB, (t) = m(t) cosw.t — mp(t) sinw,t

pssp_ (t) = m(t) coswet + my (t) sinw,t

Frequency domain

Pssp, (f) = My (f — fe) + M_(f + fc)

Pssp_(f) = M_(f — fo) + My (f + fe)
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