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Abstract 

AM transmitters are used for telephone communications, radio broadcasting, and 

transmission of television images. AM transmitters are used in all radio frequency 

ranges. The method for obtaining amplitude modulation depends on the purpose, 

power, energy and quality characteristics of the transmitter. Amplitude modulation 

can be carried out in any of the amplifying stages of the transmitter, if, according to 

the law of the information signal, the modulation factor is changed. The energy and 

quality indicators of the transmitter depend on which of the supply voltages is 

changed during modulation. There are two main types of simple modulation: 

displacement Ed along the input circuit of the active element and the supply voltage 

of the collector circuit Ev (collector modulation). 

Combined modulation is used, in which several supply voltages change 

simultaneously. Shift modulation transmitters have a low efficiency, which prevents 

their use in broadcasting, professional communication systems. Such modulation is 

used in television, in the image channel, where the video signal has a wide bandwidth 

(up to 6 MHz). Such a signal is easier to obtain in a low power modulator inherent in 

offset modulation. In this case, the efficiency of the transmitter is low. The desired 

modulation quality with the highest possible efficiency is obtained with combined 

modulation, although this requires a more complex and powerful modulator. This 

article is devoted to the analysis of the main characteristics of the modulation process, 

for further designing a transmitter with a high efficiency. 
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INTRODUCTION 

Modulation is the process of changing one or more parameters of the carrier radio 

frequency wave in accordance with the change in the parameters of the transmitted 

signal. In the case of amplitude modulation, the variable parameter is the amplitude 

of the carrier harmonic oscillation. 
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At present, the main areas of application of amplitude modulation are: sound 

broadcasting in the LW, MW and HF bands, television broadcasting (image 

transmitters) in the meter and decimeter bands. For radio communications, AM is 

used in the ranges of 100-150 MHz (short range radio communications in aviation) 

[1]. 

The sound modulating signal is characterized by the bandwidth ( min - max) and 

intensity, and the signal power distribution in the audio frequency band - by the 

spectral density S(F). The spectrum of sound frequencies perceived by the human ear 

occupies the frequency band from 20 Hz to 20 kHz, but the spectral density of speech 

is very uneven (Fig. 1). The maximum sensitivity of the ear is near 1000 Hz, and the 

main energy of the voice is concentrated in a narrow band from 200 to 600 Hz [2]. 

 

 
Rice. 1. Spectrum of the speech signal 

To ensure intelligible perception of speech during radiotelephone communications, it 

is sufficient to pass modulating frequencies of 300 - 3400 Hz through the transmitter 

with an allowable unevenness in this band of (2 3) dB. To ensure high-quality 

radio transmission, a wider frequency band must be transmitted - up to 20 30 kHz 

[3]. The variance of the transmitted signal  2 
u, which characterizes its average 

power, is related to the spectral density by the relation 
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When designing transmitters, it is important to know how much the real modulating 

signal U(t) differs from its RMS value u. It depends on whether the transmitter will 

be “overloaded” by the signal and whether the nonlinear distortion of the signal in the 

transmitter will become unacceptably large or, conversely, the transmitter will be 

underused in terms of modulation depth. The difference between the real signal and 

u is estimated by the crest factor P [4,5]: 
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P=Umax u or P(dB)=20log(Umax u). 

For a speech signal, P =3,3(10,4 dB). 

When designing transmitters, the peak factor is usually taken at the level of 3.4 4. 

With amplitude modulation of the carrier by a signal of the form U (t)=U cos t 

the first harmonic of the anode current of the generator changes according to the law 

ia1 = Ia1T (1 + m cos t )cos 0t = 

= Ia1T cos 0t + (mIa1т 2)соs( 0+ )t+(mIa1т/2)соs( 0- )t. 

 

It follows from this expression that the AM oscillation spectrum contains three 

components: carrier frequency oscillation 0 with amplitude Ia1т and two side 

oscillations with frequencies ( 0 + ) and ( 0- ) with amplitude 1 2mIa1т. 

The timing diagram of the AM oscillation and its spectrum are shown in Fig.2. 

 
Fig.2. Timing Diagram and Spectrum of AM Signal 

 

The change in the current amplitude is characterized by the modulation factor 

m=Ia1  Ia1т.  

Maximum and minimum current amplitude value 

Ia1max = Ia1т (1 + m) 

Ia1min = Ia1т (1 - m) 

If the modulating voltage contains several harmonics, then the number of side 

harmonics in the spectrum will increase accordingly. 

AM transmitter power in carrier mode (silent mode) 

Р1т = 0,5 I2
а1т Re 

At the moment when the current amplitude passes through the maximum, the power 

Р1max = 0,5 I2
a1max Rэ = 0,5 I2

a1т (1 + m)2 Rэ = P1т (1 + m)2 

The maximum power for which the transmitter must be rated is at 

m = mmax = 1. 

P1max = P1т (1 + mmax ) 2 = 4P1т 
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2mmax 

With modulation, the power radiated by the antenna changes continuously. Power 

averaged over high frequency period 

P1P4 = 0,5 I2
a1т (1 + cos t) 2 Rэ = P1т ( 1 + mcos t)2  

The average value of the power over the period of the modulating signal is usually 

determined for the average modulation coefficients 
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The power during modulation increases compared to the power in the silent mode by 

0,5m2
av.Р1т due to the power of the two side frequencies Рside = 2 0,25 m2

av. Р1т. 

Therefore, in order to obtain a long communication range and improve the signal-to-

noise ratio at the reception point, it is necessary to increase the power of the side 

components, therefore, it is necessary to strive for a greater modulation depth [6]. AM 

transmitters are designed for mmax=1. If we assume that the peak is a factor Р = 3,5 4, 

and 

 

mср  
P 

, 

it turns out that mav.= 0,35 0,4. This means that the proportion of sidebands at AM 

is (1,5 2,2)% of Р1max and the rated power of electronic devices is used extremely 

inefficiently. 

There are several ways to obtain AM oscillations in tube and transistor oscillators. 

Usually modulation is carried out by changing the voltage at some electrode of the 

lamp or transistor [7,8]. 

The suitability of an oscillator for AM can be judged by its static modulation 

characteristics, i.e. dependences of Ia1, Iа0, P1, Р0,  etc. on any one constant voltage 

Еа, Ее1. There is no modulating audio frequency voltage. To identify non-linearity 

factors, dynamic modulation characteristics are taken, i.e. dependence of the 

amplitude modulation coefficient or other indicators of the magnitude and quality of 

modulation on the voltage amplitude of the modulating signal voltage U   (Fig. 3). 

Measurements are usually made at frequencies of 400 or 1000 Hz. Measurements of 

the modulation factor m or the coefficient of non-linear distortion (harmonic 

distortion) are made for both positive and negative half-cycles of the AM oscillation 

envelope. The coincidence of these dependences and their linearity indicate the 

symmetry of the modulation and small non-linear distortions. For broadcast 

transmitters with AM in the frequency band 100 4000 Hz and with a modulation 

depth m= 50%, the harmonic coefficient should not be more than 1%, and for m 90% 

- no more than 2%. 
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Fig. 3. Graphs of the dependence of the depth of modulation and coefficient and 

non-linear distortion on the magnitude of the modulating voltage 

The presence and magnitude of frequency distortion in the range of modulating 

frequencies min- max, is judged by the uneven amplitude-frequency characteristic 

(AFC) of the transmitter, which is built at a constant amplitude of the modulating 

voltage U  (Fig. 4). 

 

 
Rice. 4. Frequency response 

 

Amplitude modulation can be performed in any of the amplifier stages of the 

transmitter. The cascade in which the signal from the information source is converted 

into a radio signal is called a modulator. To ensure the operation of the modulator, as 

a rule, preliminary amplification of the modulating signal (for example, the signal 

from a microphone) is required. As a result, the block diagram of the transmitter with 

AM will take the form shown in Fig.5. 

 

 
 

Fig. 5. Structural diagram of the transmitter with AM 
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The frequency spectrum of the transmitter radiation at the operating frequency 

formed during the modulation process consists of the main and out-of-band radiation. 

The main radiation contains useful information and occupies the necessary frequency 

band sufficient to ensure the transmission of messages with the required speed and 

quality. Out-of-band is the emission of a transmitter at frequencies directly adjacent 

to the required frequency band. Out-of-band radiation interferes with communication 

systems operating at frequencies adjacent to the frequency band of this transmitter. 

Such radiations arise when the carrier oscillation of the transmitter is modulated with 

an excessively wide spectrum, due to higher harmonics that occur during 

amplification, over modulation, etc. 
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