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Lecture Notes

Chapter 3 Amplitude Modulation

• Speech, music, some images and video are examples of analog signals

• Analog source: Intensity, bandwidth, dynamic range and nature of the signal

• Black and white TV: Intensity

• Color TV: Intensity, Red, Green, Blue (and also the audio component)

• Bandwidth: Telephone signal: 4kHz, Music: 20kHz, TV: 6MHz

• Still have signi�cant amount of analog transmission (e.g. radio and TV)

• Analog modulation: Information is impressed on a characteristic of an analog carrier
signal (amplitude, frequency, phase)

3.1 Introduction to Modulation

• Message Signal m(t), low pass (bandwidth W) and power type

• Power: Pm = limT→∞
1
T

∫ T/2

−T/2 |m(t)|2dt

• Carrier signal c(t) = Ac cos(2πfct+ φc)

1. Ac :

2. fc

3. φc

• Message signal can modulate the carrier signal in three ways

1.

2.



3.

• Objectives of modulation

1. Translate:

2. Antennas:

3. Multiplexing:

4. Bandwidth expansion:

3.2 Amplitude Modulation

m(t) is impressed on the amplitude of the carrier.

1. DSB-SC AM:

2. Conventional double-sideband AM

3. SSB AM:

4. VSB AM:

3.2.1 Double Sideband Suppressed Carrier AM

Mathematically, the simplest one

u(t) = m(t)c(t)

=

Spectrum of a modulated signal is important:

u(t) = m(t)c(t) = Acm(t) cos(2πfct+ φc)

U(f) = F [m(t)] ∗ F [Ac cos(2πfct+ φc)]

=

2



Figure 1: *
DSB-SC AM: Examples of message, carrier and modulation signal.

Upper and lower sidebands , each contain all the information.
Example 3.2.1: m(t) = a cos(2πfmt), fm � fc. Find u(t) and U(f) Solution:
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Figure 2: *
Magnitude and Phase Spectra of the modulated signal.

Example 3.2.2: m(t) = sinc(104t), fc = 1MHz. Find the bandwidth of the modulated
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signal Solution:

Power content of the DSB-SC Signal

Pu = lim
T→∞

1

T

∫ T/2

−T/2
u2(t)dt

=

=

=
A2

c

2
Pm

The last step follows from the fact that m2(t) is a slowly varying signal with respect to the
carrier.

Example 3.2.3: m(t) = a cos(2πfmt), fm � fc. Find power of u(t) and its sidebands
Solution:
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Demodulation of DSB-SC AM Signals

Assume no channel distortion and noise

r(t) = u(t)

=

r(t) cos(2πfct+ φ) =

=

yl(r) =

The need for phase coherent demodulation (φ = 0) is seen here.
Providing phase coherence: Adding a small pilot tone (frequency fc) at the transmitter

and �ltering it at the receiver in order to obtain the carrier with phase coherence (Disad-

vantage: 1) 2) ).
Another solution: Phase locked loop (Chapter 8)

Conventional Amplitude Modulation

Involves a large carrier component.

u(t) = Ac[1 +m(t)] cos(2πfct)

draw the modulated signal
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Figure 3: *
DSB-SC Demodulation

Figure 4: *
Use of a pilot tone for phase coherent demodulation for DSB-SC AM.

Condition: |m(t)| ≤ 1, the reason is:

Convenient expression m(t) = amn(t) = a m(t)
max |m(t)| . Here a : modulation index

u(t) =

Spectrum of Conventional AM Signals:

7



U(f) =

=

Figure 5: *
Spectrum of a Conventional AM Signal

Example 3.2.4: m(t) = cos(2πfmt), fm � fc. Find Conventional AM modulated u(t) .
Draw its magnitude spectrum.

Solution:
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Power content of Conventional AM Signals

Substitute m(t) with 1 +m(t) in DSB-SC AM.

Pu =
A2

c

2
Pm

Pm =

=

Pm =

Pu =

Assumption: m(t) has zero average Most of the power goes to the carrier. This is a power
ine�cient modulation method. But, the advantage is :

Example 3.2.5: m(t) = 3 cos(200πt) + sin(600πt), fm � fc. Carrier is c(t) = cos(2π105t).
Modulation index is a = 0.85 . Determine the power in the carrier component and the
sideband components.

Solution:
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Demodulation of Conventional DSB-AM Signals

Pozitive envelope: 1 + amn(t) > 0,∀t. Envelope detector does the following

• Rectify the received signal

• Low pass �lter and obtain d(t)

• Output d(t) = g1 + g2m(t) has a DC component, eliminate it by passing it through a
transformer.

There are few transmitters and billions of receivers. Therefore simplifying the receivers
is preferred.

Figure 6: *
Envelope Detection of a Conventional AM Signal

Single-sideband AM

• m(t): bandwidth W, DSB-SC: Bandwidth 2W
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• Using Hilbert transform: u(t) = Acm(t) cos(2πfct)∓ Acm̂(t) sin(2πfct)

• +: LSB ,

−: USB

• Hilbert transform impulse response: h(t) :

• Hilbert transform frequency response H(f) =


f > 0
f < 0
f = 0

• SSM-AM Block diagram is show below left. An alternative is shown at the right side

• Proof: + and − correspond to the LSB and USB, respectively
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Figure 7: *
SSB by using Hilbert Transform and by directly �ltering one of the sidebands

Example 3.2.6: m(t) = cos(2πfct), fm � fc. Determine the two possible SSB-AM signals
Solution:
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Demodulation of SSB-AM Signals

A phase coherent demodulator is needed (just like ).

r(t) cos(2πfct+ φ) = u(t) cos(2πfct+ φ)

=

yl(t) =

Two consequences of the phase error

1.

2.

Solution for phase coherence :

Advantage of SSB:
Note: We won't cover Vestigial Sideband AM

3.3 Implementation of Amplitude Modulators and Demod-

ulators

Power-Law Modulation: We use a nonlinear device such as a PN-diode (vo(t) = a1vi(t)+
a2v

2
i (t))
Input: vi(t) = m(t) + Ac cos(2πfct)
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Figure 8: *
Block diagram of a power law AM modulator

Output:

vo(t) = a1vi(t) + a2v
2
i (t)

=

=

=

u(t) =

What do we need for the last step?

The type of obtained AM Modulation?

Design parameters for the envelope detector:
Switching Modulation

Sum of message and carrier (where Ac � m(t)) is applied to the following diode circuit.
Mathematically, this is equivalent to the following
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Figure 9: *
Switching modulator and periodic switching signal

vo(t) = [m(t) + Ac cos(2πfct)]s(t)

s(t) =
1

2
+

2

π

∞∑
n=1

(−1)n−1

2n− 1
cos[2πfct(2n− 1)]

vo(t) =

=

u(t) 0

Balanced Modulation

DSB-SC AM signal can be obtained by using two conventional AM modulators.
Ring Modulation

Diodes are switched using the square wave with frequency of fc

vo(t) = [m(t)]c(t)

c(t) =
4

π

∞∑
n=1

(−1)n−1

2n− 1
cos[2πfct(2n− 1)]

u(t) =
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Figure 10: *
Block diagram of a balanced modulator

Figure 11: *
Ring modulator

The type of produced modulation :

Balanced and Ring modulators are also called as
as they multiply a signal with a carrier
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SSB requires two
Demodulation of Conventional AM: Envelope Detector

• On the positive half cycle

• On the negative half cycle

• So the output closely follows the message

• The capacitor shouldn't charge/discharge too fast

• The capacitor shouldn't charge/discharge too slow

• Circuit parameters are selected accordingly

Example 3.3.1: W = 5kHz, fc = 1MHz, determine range of RC values.
Solution:

Demodulation of DSB-SC AM Signals

Requires phase coherent demodulation, which is obtained by PLL.
Demodulation of SSB AM Signals

Requires phase coherent demodulation, which is obtained by a pilot carrier.

3.5 AM Radio Broadcasting

Most popular application of analog communication.

• Occupied frequencies :

• carrier frequencies:
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Figure 12: *
Envelope Detector and its output

Figure 13: *
Demodulators for DSB-SC and SSB AM Signals

• Each channel occupies :

• Approximate W:

• Most popular modulation scheme:

• Most popular receiver type:
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Figure 14: *
A super heterodyne receiver

• Heterodyning:

• Goal:

• Reason:

• AM Intermediate Frequency: fIF = 455kHz

• Local oscillator frequency: fLO = fc + fIF

• RF Ampli�er:

• Image Frequency: fIM = 2fc + fIF

• Why image frequency is harmful
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Problem 3.4 Suppose the signal x(t) = m(t) + cos(4πfct) is applied to a nonlinear
system whose output is y(t) = x(t) + 1.5x2(t)). Determine and sketch the spectrum of y(t)
when M(f) is as shown in below �gure and W ≤ fc.
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Figure 15: *
RF Ampli�er Eliminating the Image Frequency
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Figure 16: *
Problem 3.4

Problem 3.14: The output signal from an AM modulator is u(t) = 6 sin(2200πt) +
10 sin(3000πt) + 7 sin(1400πt)

1. Determine the modulating signal m(t) and the carrier c(t).

2. Determine the modulation index.

3. Determine the ratio of the power in the sidebands to the power in the carrier.
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