
Wide-Band Frequency Modulation 

• Spectral analysis of the wide-band FM wave

or 

where                                                       is called “complex envelope”.

Note that the complex envelope is a periodic function of time with a 
fundamental frequency       which means
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• Then we can rewrite

• Fourier series form
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• Define the new variable:

Then we can rewrite

• nth order Bessel function of the first kind and argument 

• Accordingly 
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• Then the FM wave can be written as

• Fourier transform

which shows that the spectrum consists of an infinite number of delta 
functions spaced at                         for  
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1. For	 different	 values	 of	 n

2. For	 small	 value	 of	 

6. The	 equality	 holds	 exactly	 for	 arbitrary	 

Properties of Single-Tone FM for Arbitrary Modulation 
Index �

Jn(�) = J�n(�), for n even

Jn(�) = �J�n(�), for n odd
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1. The spectrum of an FM wave contains a carrier component and and an infinite 
set of side frequencies located symmetrically on either side of the carrier at 
frequency separations of                           ...

2. The FM wave is effectively composed of a carrier and a single pair of side-
frequencies at                 .

3. The amplitude of the carrier component of an FM wave is dependent on the 
modulation index    . The average power of such as signal developed across a 1-
ohm resistor is also constant:

The average power of an FM wave may also be determined from 
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Case 1

[Ref: Haykin & Moher, Textbook]
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Superheterodyne Receiver 

One type of receiver that can provide the capability and performance required for the modern 

communication systems is the superheterodyne receiver. Superheterodyne receivers convert all incoming 

signals to a lower frequency, known as the intermediate frequency (IF), at which a single set of amplifiers 

and filters provides a fixed level of sensitivity and selectivity. Most of the gain and selectivity in a 

superheterodyne receiver are obtained in the IF amplifiers. The key circuit is the mixer, which acts as a 

simple amplitude modulator to produce sum and difference frequencies. The incoming signal is mixed with 

a local oscillator signal to obtain this conversion. The below figure shows a general block diagram of a 

superheterodyne receiver. 

 

 

Superheterodyne Receiver 

  RF Amplifiers: 

The antenna picks up the weak radio signal and feeds it to the RF amplifier, also called a low-noise amplifier 

(LNA). Because RF amplifiers provide some initial gain and selectivity, they are sometimes referred to as 

preselectors. Tuned circuits help select the desired signal or the frequency range in which the signal 

resides. The tuned circuits in fixed-tuned receivers can be given a very high Q, excellent selectivity can be 

obtained. For receivers that must be tuned over a broad range of frequencies, selectivity is mostly 

compromised. The tuned circuits must resonate over a wide frequency range. Therefore, the Q, 

bandwidth, and selectivity of the amplifier change with frequency. 

Mixers and Frequency Conversion: 

The output of the RF amplifier is applied to the input of the mixer. The mixer also receives an input from a 

local oscillator or frequency synthesizer. The mixer output is the input signal, the local oscillator signal, and 

the sum and difference frequencies of these signals. Usually, a tuned circuit at the output of the mixer 

selects the difference frequency, or intermediate frequency (IF). The sum frequency may also be selected 

as the IF in some applications. The mixer may be a diode, a balanced modulator, or a transistor. MOSFETs 

and hot carrier diodes are preferred as mixers because of their low-noise characteristics.  



The function performed by the mixer is called heterodyning. Mixers accept two inputs. The signal fs, which 

is to be translated to another frequency, is applied to one input, and the sine wave from a local oscillator 

fo is applied to the other input. The signal to be translated can be a simple sine wave or any complex 

modulated signal containing sidebands. Like an amplitude modulator, a mixer essentially performs a 

mathematical multiplication of its two input signals. The output of the mixer, therefore, consists of signals 

fo, fs , fs+fo and fs-fo . The filter takes the required combination of the signal frequency.  

The process is also termed as frequency translation or conversion, fs+fo  is up-conversion and fs-fo is termed 

as down-conversion 

 

The AM and FM specification for IF is given in the table below 

 

a) JFET Mixer: 

FETs make good mixers because they provide gain, have low noise, and offer a nearly perfect 

square-law response. The FET mixer is biased such that, it operates in the nonlinear portion of its 

range. The input signal is applied to the gate, and the local oscillator signal is coupled to the source. 

Again, the tuned circuit in the drain selects the difference frequency. The circuit diagram of a JFET 

mixer is given below. 



 

JFET Mixer 

Local Oscillators: 

The local oscillator is made tunable so that its frequency can be adjusted over a relatively wide range. As 

the local oscillator frequency is changed, the mixer translates a wide range of input frequencies to the 

fixed IF. There are no set rules for deciding which of these to choose. However, at lower frequencies, say, 

those less than about 100 MHz, the local oscillator frequency is traditionally higher than the incoming 

signal’s frequency, and at higher frequencies, those above 100 MHz, the local oscillator frequency is lower 

than the input signal frequency. 

 

IF Amplifiers 

The output of the mixer is an IF signal containing the same modulation that appeared on the input RF 

signal. This signal is amplified by one or more IF amplifier stages, and most of the receiver gain is obtained 

in these stages. Selectively tuned circuits provide fixed selectivity. Since the intermediate frequency is 

usually much lower than the input signal frequency, IF amplifiers are easier to design, and good selectivity 

is easier to obtain. 

Demodulators: 

The highly amplified IF signal is finally applied to the demodulator, or detector, which recovers the original 

modulating information. The demodulator may be a diode detector (for AM), a quadrature detector (for 

FM), or a product detector (for SSB). In modern digital superheterodyne radios, the IF signal is first digitized 

by an analog-to-digital converter (ADC) and then sent to a digital signal processor (DSP) where the 

demodulation is carried out by a programmed algorithm. The recovered signal in digital form is then 



converted back to analog by a digital-to-analog converter (DAC). The output of the demodulator or DAC is 

then usually fed to an audio amplifier with sufficient voltage and power gain to operate a speaker. 

 

AM and FM superheterodyne receiver block diagram is given below 

 

Block diagram of AM Receiver 

 

 

Block diagram of FM Receiver 

Automatic Gain Control: 

The output of a demodulator is usually the original modulating signal, the amplitude of which is directly 

proportional to the amplitude of the received signal. The recovered signal, which is usually ac, is rectified 

and filtered into a dc voltage by a circuit known as the automatic gain control (AGC) circuit. This dc voltage 

is fed back to the IF amplifiers, and sometimes the RF amplifier, to control receiver gain. AGC circuits help 

maintain a constant output voltage level over a wide range of RF input signal levels; they also help the 

receiver to function over a wide range so that strong signals do not produce performance-degrading 

distortion.  
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7b Carsons rule Transmission bandwidth = 2(frequency deviation + modulating frequency )  
                                       = 2(300+15) = 630kHz  
   Universal Curve method   
   Transmission bandwidth = 2nmaxfm = 50 x 15k = 750kHz.


