(CH 4) Amplitude Modulation By Dr. Hikmat Al-Shamary & Dr. Tarig M. Salman

We define “modulation index” m as:

_ _f(t)min
= —AC

(4T

m < 1 for envelope detection, and modulation depth as:

D=mx100% | ...(4-8)

Ex4-2:
Find the modulation index and modulation depth if a carrier signal given by

8 cos 2 * 10°t is modulated by the signal shown below using AM/DSB-LC

technique. f(t)
Solution: A
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6
===0.75  f(t)pin=—-6VA.=8v

A. 8
D = m x 100%=75%

The modulated signal waveform may be plotted as shown below
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H.W:

a) Write the equation of the modulated wave in the previous example.

b) Sketch the waveform of modulated wave and write its equation if the
modulation type is AM/DSB- SC.

Single Tone Modulation:

The single tone signal is given by:

f(t) = A,,cosw,t

...(4-9)

It is an experimental signal commonly used in communication systems. It is

a simple signal, since it has only one frequency.

The modulation index and depth for single tone modulation would be:

m = —f (Omin _ Am
Ac Ac ... (4-10)
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D= Am 100%
A, ° .. (4-11)

The AM signal for tone modulation is given by:

Dy = [Ac + f(B)]coswct

= A.[1 + mcosw,,t]cosw,t For single tone

... (4-12)
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(4n=5) i = 4o (4n =5°)
Correct modulation Critical modulation Over modulation

From the previous figure, the modulation index could be obtained using:

Amax - Amin

Amax + Amin (4-3)

m =

Where:

Apmax = Ac+4,, and Amin = Ac — A
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The spectrum of single-tone AM modulation should be:
FIft)]

1
f(t) = A,cosw,t oA

> f

mAc mAC
Dy, (6) = Accosw t + TCOS(CUC — W)t + Tcos(wc + W)t

Danm (1)
A
1A
2 LSB USB
1 mA
L 1] CT
fefn -, fetfn 0 fefm  fo fetfn

H.\W:
A carrier signal given by 10 cos 10000 it volt is AM/DSB-LC modulated by

single-tone signal 4 cos 100 it volt.
1- Calculate the modulation index.
2- Sketch the spectrum of the modulated signal.

3- Calculate transmission bandwidth.

Sideband and Carrier Powers:

Dy =|Ascosw t i |f (t)cosw,t

-

Carrier Sidebands
(Pc)’Losses” (Ps)
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2 A?
P = ﬂ “Carrier Power” or | P.=— | if Acinvolts and R is given
c 2 2R
...... (4-14)
1= el LD
k= Ef () “Sideband Power” fA® = T), iF @17t
...(4-15)
1 _
Pr =P + P =_[AZ +f2(1)] ...(4-16)
n= % X 100% “efficiency of transmission”
t
2(t
7= % x 100% L (417)
fo(t) + Ag

For Single tone modulation

Dy = A [l + meoswpt]cosw,t

2
m?A2  m?A? =A_§ m2A? , P, =P (1 + ) ..(4-18)

Pt=

Ag+ + +
- 2
2 8 8 2 4

LI S

Pc Puss  PLss Pc Ps
(Losses)
2
n = E __m max. efficiency when m=1, ...(4-19)
P, m?+2
Nmax = 33.33%
B__2 ...(4-20)
P, m?+2
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Ex4-3:
A transmitter transmits an AM/DSB single tone-modulating signal given by
3 cos(2m103t) volt with a carrier signal given by 10 cos(2mw10°t) volt ,Find:

1- Modulation depth.

2- USB & LSB frequencies.

3- Amplitude of sideband frequencies.

4- Efficiency of Transmission.

Solution:
An=3V, A=10Vv
fn=10°% Hz, f.=10° Hz

1- D=f‘4—mx100%=%x100%=30%

c

2- USB frequency is f. + f;, = 10° + 10 = 1.001 MHz , LSB frequency is
fe — fin = 10° — 103 = 0.999 MHz

mA. _ 0.3x10
=

3- Amp. of USB & LSB is = 0.75 volt

2 2
4n="="—=—""_=43%
t

P,  m2+2  0.32+2

H.W:
Repeat the previous example assuming that the modulating signal is given by:

t—1, 0<t<2x%1073
f(t)={

0, 25103 <t<4x1073
Assume that the signal is band-limited to 1 kHz.
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Ex. 4-4.
Broadcast transmitter transmits AM/DSB-LC signal, with total average power of
50 kW and uses a modulation index of 0.707 for a sinusoidal message signal,
calculate:

1- carrier signal power (Pc)

2- Efficiency of transmission ().

3- Maximum carrier signal amplitude if the antenna is represented as a 50Q

resistance (Ac).

Solution:
1- =2
Py m=+2
p—_% p 50 kw = 40 k
= = - =
c T2 +2 tT 2407072 w W
2- 1 =2 % 100% = 22— x 100% = 20 %
Pt m2+2
42
3- =4t

Ac=/2*R P, =V2 %50  40kw
= 2kv

Generation of AM/DSB- L C Signal:

f(t) X »(= » Dpv (1)

kcos ot
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