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ABSTRACT 

Amplitude modulation is a fiimple, efficient method for 

transmitting information. The original idea for creating a 

radio signal goes back to Jame's Clerk-Maxwell, an English 

physicist who theorized the exihence of electro-magnetic 

energy in 1873. Amplitude modulation operates on a specific 

frequency known as a carrier. This signal never changes in 

power. The operating power of a broadcasting station is the 

earner power. The radio signal is generated in the form of a 

sine wave. Figure below, left depicts its wavelength and 

amplitude characteristics. The number of wavelengths 

occurring m one second is the v~ave's frequency, measured 

i n cycles per second, or Hertz. 
" 

In communications, we often need to send information, 

referred to as signal, from one point to another. For 

example, the information can be voice, music or video, as in 

radio and television broadcasting. To achieve this, at the 

point of origin, the signal is multiplied by a sinusoidal 

waveform referred to as the carrier. This process is called 

modulation. At the point of reception, the signal is extracted 

from the modulated carrier, a process we call demodulation. 

The introduction of stereop711-ionic transmission to AM 

broadcasting has allowed it to become more competitive with 

FM stereo broadcasting. However, just as the AM stereo 

transmission process is very much different than that of FM 

stereo, so is the requirement for proper audio processing of 

AM stereo. Special processing requirements are needed m 

order to maximize both good monaural compatibility and 

high quality stereophonic transmission simultaneously. 

Digital transmission methods offer interesting advantages, 

especially in frequency ranges which, until today, have been 

used differently. 
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AM BROADCASTING 

CHAPTER I 

1.1 Introduction 
Amplitude Modulation isJ the Modulation in which the 

amplitude of a carrier wave is varied in accordance with some 

characteristic of the modulating signal. Amplitude 

modulation implies the modulation of a coherent earner wave 

by mixing it in a nonlinear device with the modulating signal 

to produce discrete upper and lower sidebands, which are the 

sum and difference frequencies of the carrier and signal. The 

envelope of the resultant modulated wave is an analog of the 

modulating signal. The instantaneous value of the resultant 

modulated wave is the vector sum of the corresponding 

instantaneous values of the carrier wave, upper sideband, 

and lower sideband. Recovery of the modulating signal may 

be by direct detection or by heterodyning. 

This thesis will be in six parts. The introduction part 

will follow with introduction to the modulation and 

demodulation in general. The second part will be about the 

theory of amplitude modulation. This will be followed by part 

three which is about modulation and demodulation. Part four 

will be about the application of AM. The chapter 5 will be 

about a proposal for digital transmission with AM band. The 

theses will end with conclusion. 

First lets be acquainted with AM. Am p.l i t.u d e Modulation 

(AM) is a broadcast system that seems to have been neglected 

over the past two decades. 

In recent years it has been tagged "Ancient Modulation," 

and criticized for being full of noise. Many critics have 

defined it as "low fidelity" when comparing it to FM, and 

there is some truth to that. 

Yet AM has a lot of things going for it. There are more 

than 4,700 AM radio stations in the United States. The 
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frequency band in which our AM service is located produces a 

significant groundwave that permits the transmission of 

reliable signals over a vast area with relatively little power 

compared to what m us t be supplied to an FM signal operating 

in the VHF band. The AM signal travels up and down over 

hills - obstacles that give VHF signals trouble. 

If a new form of digital radio is successful, the AM 

broadcaster, operating at a frequency with these attributes, 

has much in its favor. 

The medium-wave frequencies on which AM operates 

also reflect radio signals radiated skyward back to earth. This 

often causes interference at night. In the early days of 

broadcasting, the FCC, and the Federal Radio Commission 

before it, regulated night power and antenna design to limit 

interference. Night "skip" was something many people 

actually listened for, attempting to hear programs hundreds 

of miles away. Some still do, but with so many syndicated 

talk programs on the AM band at n ight , the listener often 

finds the same programming already available in his or her 

community. Sporting events still have people tuning in to 

distant stations at night. Clear-channel stations still provide 

the nighttime service, but it is far less important than it was 

a half-century ago. 

Radio broadcasting has changed drastically over the 

past few years. Individuals who entered this career just five 

or 10 years ago find it to be much different than the labor 

intensive business it once was. Management no longer has to 

make sure someone is at the studio and transmitter site to 

keep program continuity. Advancements in computer 

technology allow an operator to keep a radio station operating 

for days unattended. 

While this trend may limit careers for budding DJs and 

talk-show hosts, it does put more of demand on management. 
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Today's sophisticated broadcast systems require attention, 

and often they are neglected until the dreaded "dead-air" 

occurs. Usually, panic ensues, at which point managers 
. / 

usually start calling on anyone who has any knowledge of the 

system. 

Many stations are not prepared to substitute locally 

originated material. The announcers are not there, and 

neither is the programming, be it music or talk. The staff 

managing today's radio stations must know something about 

how the audio and radio transmission system operates. 

New studio and transmitter equipment using computer 

technology often is beyond the scope of the old "workbench 

repair" that took place in the past. Often, it is often not in 

the interest of the broadcaster to purchase the test 

equipment necessary to make these repairs; often it is not in 

management's interest to hire an engineer who understands 

all these concepts and to keep this person up to date by 

paying for training when necessary. Engineers don't like to 

hear that, but in this age it is true. It is easier to call the 

manufacturer and get advice than try to troubleshoot on your 

own. 

Normally a transmitter will run, unattended, for long 

periods of time without trouble. New components today have 

incredibly long lives. However, when no engineer is on site, 

management should inspect the transmitter and antenna site 

periodically. Management should check how the studio 

system is functioning as well. An individual need not have 

experience in electronics to detect problems. A person with a 

good ear and an ability to read meters correctly i s an 

important asset to make sure the station is running without 

problems. Such an employee may be able to detect problems 

before they become a serious threat to station operation. 
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CHAPTER II: THEORY OF AM 

Amplitude modulation is a simple, efficient method for 

transmitting informatibn. The original idea for creating a 

radio signal goes back to James Clerk-Maxwell, an English 

physicist who theorized the existence of electro-magnetic 

energy in 18 7 3. His theories were proven by Heinrich Hertz, 

who actually generated and received radio waves in his 

laboratory in 1888. Hertz did not follow up his work with any 

practical applications. 

The radio wave is the product of an electric current 

flowing through an unterminated wire or antenna. As the 

alternating current flows to the end of the wire and then 

back, a magnetic field is created perpendicular to the current 

flow. If the wire is spread apart as illustrated in Figure 2 .1, 

the magnetic field will radiate away from the transmission 

line. 

Figure:2.1 

,,,,~- - - -. ---· -·- ··- . ..•.... 
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The rnegnebc !me:: ot iorce rodit1le ow;;;< irorn L1e antenna al the spiXd of light 

Spreading the wires apart creates an antenna. The radio 

wave is moving away from the antenna at the speed of light. 

Originally this magnetic field would be intercepted by the 

receiver antenna, and through electro-magnetic induction, 

produce a small current that would actuate a relay creating a 

clicking sound. Morse Code was sent this way. 

But some people wanted to do more than just transmit 

code. One could say that the frequency that was transmitted 

with code was the carrier. To transmit voice, more than the 

carrier had to be sent. 
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with code was the carrier. To transmit voice, more than the 

carrier had to be sent. 

It was discovered that if audio signals were converted to 

electric current variations, through a microphone, these 

signals could be added to the radio frequency and decoded m 

a receiver. Initially these audio signals were capacitively or 

inductively coupled to the radio frequency. Pioneers like 

Reginald Fessenden and Lee DeForest demonstrated audio 

transmissions around the United States and Europe. 

However, it was another individual, more closely 

associated with FM, who improved amplitude modulation and 

made it practical for broadcasting. Edwin Howard Armstrong 

invented the principle of regeneration or oscillation. This 

allowed the alternator to be retired. The totally electronic 

transmitter was at hand. Armstrong also invented the 

superheterodyne receiver, making radio reception simple and 

reliable. 

2.1 Amplitude-modulated Transmitters 

Figure 2.2(a) below shows the block diagram of a typical 

AM transmitter. The carrier source is a crystal-con trolled 

oscillator at the carrier frequency or a submultiples of it. 

This is followed by a tuned buffer amplifier and a tuned 

driver, and if necessary frequency multiplication is provided 

in one or more of these stages. 

The modulator circuit. used is generally a class C power 

amplifier that is collector modulated as described in above 

Section. The audio signal is amplified by a chain of low-level 

audio amplifiers and a power amplifier. Since this amplifier is 

controlling the power being delivered to the final RF 

amplifier, it must have' a power driving capability that is 

one-half the maximum power the collector supply must 

deliver to the RF amplifier under 100% modulation 
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conditions. A transformer-coupled class B push-pull amplifier 

is usually used for this purpose. 

Low-power transmitters with output powers up to 1 kW 

or so may be transistorized, but as a rule the higher-power 

transmitters use vacuum tubes in the final amplifier stage, 

even though the low-level stages may be transistorized. In 

some cases where the reliability and high overall efficiency of 

the transistor are mandatory, higher powers can be obtained 

by using. several lower-power transistorized amplifiers in 

parallel. The system is complicated, and usually the vacuum 

tube version will do the same job at lower capital cost, 

Sometimes the modulation function is done in one of the 

low-level stages. This allows low-power modulation and audio 

amplifiers, but it complicates the RF final amplifier. Class C 

amplifiers cannot be used to amplify an already modulated 

(AM) carrier, because the transfer function of the class G 

amplifier is not linear. The result of using a class C amplifier 

would be an unacceptable distortion of the modulation 

envelope. A linear power amplifier, such as the push-pull 

class B amplifier, must be used to overcome this problem 

Figure 2.2(b). Unfortunately, the efficiency of this type of 

amplifier is lower than that of the comparable class C 

amplifier, resulting in more costly equipment. Larger tubes or 

transistors must be used that are capable of dissipating the 

additional heat generated. 

The output of the final amplifier is passed through an 

impedance matching network that includes the tank circuit of 

the final amplifier. The R of this circuit must be low enough 

so that all the sidebands of the signal are passed without 

amplitude/frequency distortion, but at the same time must 

present an appreciable attenuation at the second harmonic of 

the carrier frequency. The bandwidth required in most cases 

is a standard 3 dB at ±5 kHz around the carrier. For 
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amplitude-modulation broadcast transmitters, this response 

may be broadened so that the sidebands will be down less 

than 1 dB at 5 kHz where music programs are being 

broadcast and very low distortion levels are desired, or 

special sharp-cutoff filters may be used. Because of the high 

power levels present the output, this is not usually an 
attractive solution. 

Negative feedback is quite often used to reduce 

distortion in a class C modulator system. The feedback is 

accomplished in the manner shown in Fig. 2. 2 ( c), where a 

sample of the RF signal sent to the antenna is extracted and 
demodulated to produce the feedback signal. The 
demodulator is designed to be as linear in its response as 

possible and to feed back an audio signal that is proportional 

to the modulation envelope. The negative feedback loop 
functions to reduce the distortion in the modulation. 

Audio HM- Audio ••• , amplifier power 
input amplifier 

Crystal ~ Buffer ~ Driver ~ Modulator ~ Antenna 
Oscillator amplifier amplifier amplifier network 

-- 
(a) 

Matching 
network From 

Modulator 

(b) 
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Figure: 2.2 

Amplitude modulated transmitters: (a) transmitter with a 

modulated class C final power amplifier; (b) linear class 

B push-pull power amplifier used when modulation takes 

place in a low-level stage; (c) negative feedback applied to 
linearize a class C modulator. 

2.2. AM Receivers 

The general principles of the superheterodyne receiver 
are described in the following parts, and specific operating 
details of the AM envelope detector are also discussed in 
chapter IV. Most receivers in use today are assembled from 

discrete components, although there is a trend toward the 
use of integrated circuits for subsections in the receiver. 

Therefore, in this section, a very commonly encountered 

transistorized receiver will. be described, followed by the 
description of two integrated circuit-type receivers. 
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2.2.1 Discrete Component AM Receiver 

The circuit for a standard broadcast receiver using 

discrete components is shown in Fig. 2. 3. This is a 

superheterodyne receiver, transistor Ql functioning as both a 

mixer and an oscillator in what is known as an autodyne 

mixer. The oscillator feedback is through mutual inductive 

coupling from collector to emitter, the base of Q 1 being 

effectively grounded at the oscillator frequency. 

The AM signal is coupled into the base of Ql via coil Ll. 

Thus it is seen that Ql operates in grounded base mode for 

the oscillator while simultaneously operating in grounded 

emitter mode for the signal input. 

Tuned IF transformer Tl couples the IF output from Q 1 

to the first 1 F amplifier Q2. The output from Q2 is also 

tuned-transformer-coupled through T2 to the second IF 

amplifier Q3. The output from Q3, at IF, is tuned 

transformer-coupled to the envelope detector D2, which has 

an RC load consisting of a 0.01-q, F capacitor in parallel with 

a 25-kS2 potentiometer. This potentiometer is the manual 

gain control, the output from which is fed to the audio 

preamplifier Q4. The audio power output stage consists of the 

push-pull pair QS, Q6. 

Automatic gain control (AGC) is also obtained from the 

diode detector D2, the AGC filter network being the 15-kS2 

resistors and the 10-WF capacitor (Fig. 2.3). The AGC bias is 

fed to the Q2 base. 

Diode D 1 provides auxiliary AGC action. At low signal 

levels, D 1 is reverse biased, the circuit being arranged such 

that the collector of Ql is more positive than the colleetor of 

Q2. As the signal level increases, the normal AGC bias to Q2 

reduces Q2 collector current, resulting in an in- crease in Q2 

collector voltage. A point is reached where this forward biases 
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D 1, the conduction of D 1. then damping the Tl primary and 

so reducing the mixer gain. 

{;[NfRAt l;l,!,i(;Y@ICJXr. 
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Figure: 2.3 
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CHAPTER III: MODULATION AND DEMODULATION 

In communications, we often need to send information, 

referred to as signal, from Ol1;e point to another. For example, 

the information can be voice, music or video, as in radio and 

television broadcasting. To achieve this, at the point of 

origin, the signal is multiplied by a sinusoidal waveform 

referred to as the carrier. This process is called modulation. 

At the point of reception, the signal is extracted from the 

modulated carrier, a process we call demodulation. 

There are several types of modulation. Among them are, 

amplitude (AM), frequency (FM) and phase modulations. For 

the purpose of introducing you to this subject, we will choose 

amplitude modulation, which is conceptually simpler. 

3.1 Amplitude Modulation (AM): 
Let us denote our signal by x(t), which may be either 

periodic or non-periodic. We indicate the carrier by: c(1)=cos(w,t+¢,,) 

The modulated waveform will be: 

y(t) = x(t)c(t) = x(t)cos(w,t+q,,) 

This is re presented by figure 3. 1: 

g(t) = y(t)c(t) = x(t) cos2(w,t+¢i,) 

c(t) i 
x(t) y(t) __ ., __ @ •. Figure: 3. 1 

At the destination, the received signal, y(t)' lS again 

multiplied by the same carrier sinusoid with identical phase. 

c(t) i 
y(t) •• ® g(t) •• 

Figure: 3.2 

Using the trigonometric identity: 
cos-B = !-{1 + cos28) 

2 

we obtain: 
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g(t) = ~(t) + ~ X(t) COS(2W0 t+2~0) 

The function g(t) has two parts. The first is one half the 

signal we in tended to transmit. The second part is the 

product of this signal with a sinusoid having a frequency 

twice the carrier frequency. If the carrier frequency is much 

higher than any frequency contained in the signal, x(t), it is 

easy to separate these two pieces. This is achieved by passing 

g(t) through a low-pass filter, shown in block diagram of 

figure 3.3. 

LO'yy· poss 
Filter 

r:.( t) •• 
Figure: 3.3. 

The low-pass filter allows frequencies below a cut-off 

value pass through and blocks higher frequencies. A simple 

low-pass filter can be made from a resistor and a capacitor as 

shown in the following figure 3. 4. 
R 

lnpu~utput 
o o Figure 3 .4 

The capacitor has the property that it offer very little 

resistance to high frequency signals, essentially appearing as 

a short circuit to them so they do not pass through the filter. 

On the other hand, it appears as an open circuit to low 

frequency signals and allows them to pass through. 

If we define H(ro) as the ratio of the amplitude of the 

output sinusoid to the input sinusoid at frequency or, it is 

given by the following equation: 

H(w) = 
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where, 

Wo = RlC 

This is the critical frequency that divides the high and 

low frequency range for a particular low-pass. At this 

frequency, the amplitude of the output sinusoid reduces to 

0. 707 the value at zero frequency ( 1 in this case). The figure 

3.5 shows H(ro). 

H(w) Iii 

1. 000 1-t ---=-----t w O = RC 

-. _ 
0 to Figure: 3.5 

The curve H for an ideal low-pass filter that passes all 

frequencies bellow roo, without any reduction of their 

amplitude, and completely blocks all frequencies above this 

value. 

Example: In this example we choose the carrier as c(t) 

5cos(20t) and the signal as x(t) = cos(2t). 

Carrier Frequency 
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