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• Explain the basic concept of angle modulation. 
• Distinguish between FM and PM. 

 
• Explain the basic concepts of digital data to 

analog signal conversion 
• Explain different aspects of ASK, FSK, PSK and 

QAM conversion techniques. 
• Explain bandwidth and power requirement.  

 



Angle Modulation 
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Angle Modulation: 
 
1. FM (Frequency 

Modulation 
 

2. PM (Phase 
Modulation) 
 

s(t) = Ac cos[2Πfct + φ(t)] 
 



Frequency Modulation 
• The modulating signal em(t) is used to vary the 

carrier frequency.  
 

• The change in frequency is proportional to the 
modulating voltage k.em(t), k is the constant 
known as frequency deviation constant, 
expressed in Hz/V. 
 

• The instantaneous frequency of the modulated 
signal is fi(t)= fc + k.em(t), where fc  is the carrier 
frequency. 
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Sinusoidal FM 
• For sinusoidal modulation 
  em(t)= Emcos2Πfmt 
 
Instantaneous frequency: 
 fi(t) = fc + k.em(t) = fc + k.Em cos2Πfmt  = fc + ∆f cos2Πfmt 
 
Modulated Signal: 
 s(t)=Ec cosθ(t) 
       = Ec cos(2Πfct + 2Π∆f    ʃ0tcos2Πfmt dt) 
       = Ec cos(2Πfct + (∆f/fm) sin2Πfmt) 
 
The modulation index, denoted by β, is given by       β=(∆f/fm) 
 
Or,  s(t)= Eccos(2Πfct + βsin2Πfmt) 
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Bandwidth 
• The modulated signal will contain frequency 

components  fc+ fm,   fc+ 2fm, and so on 
 

•   Carson’s Rule 
        BT=2(β+1)Bm 

      Where, β=∆f/B = nfAm /2ΠB 
        BT =2∆f+2B 

 
• FM requires greater bandwidth than AM 
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Cont… 

• Peak Deviation =∆f =(1/ 2Π)nfAm Hz 
 where Am  is the maximum value of m(t) 
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Power 
• As the amplitude remains constant, total 

average power is equal to the unmodulated 
carrier power. 
 

• Power =Ac
2/2 

 
• Although Am increases the bandwidth, it does 

not affect power. 
 

• Transmission power for FM is less at the expense 
of high bandwidth. 
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Phase Modulation 
• Representation of modulated signal 
     s(t)=Ac cos[wct+ᴓ(t)] 
 
• The angle wct+ᴓ(t) goes under modulation around the 

angle θ= wct 
 

• The signal is therefore an angular-velocity  modulated 
signal. 
 

• When the phase is directly proportional to the 
modulating signal, i.e, ᴓ(t)= npm(t), we call it phase 
modulation, where np is phase modulation index. 
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Relation Between FM and PM 
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The instantaneous frequency of the phase modulated signal  
 
s(t) = Eccos[wct+k’m(t)], Where k’ is constant. 



Cont… 
• Let m(t)  be derived as an integral of the modulated signal em(t),  
 so that, m(t)=k’’ ʃe(t),  
 
• then with k=k’k’’, we get, s(t)=Eccos(wct+k ʃe(t)), 

 
• The instantaneous angular frequency of s(t) is  
      2Πfi(t)=d/dt(2Π fct + k ʃe(t)) 
    or   
  fi(t)= fc + (1/2Π)ke(t) 
 
• The waveform is therefore modulated in frequency 

 
• In summary, these two together are referred to as angle 

modulation and modulated signals have similar characteristics.    
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Angle Modulation 
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PM 

Using Bessel’s trigonometric identities, we get 
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FM 
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Bandwidth 
• In the most general case, infinite bandwidth is 

required to transmit an FM or PM signal. As a 
practical matter, a very good rule of thumb, known 
as Carson’s rule is 
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         Modulation Technique 
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Digital Data-Analog Signal 
• Types of digital-to-analog modulation 

22-09-2017 Dr. Manas Khatua 17 



Amplitude Shift Keying (ASK) 
• The unmodulated  signal can be represented by 

 ec(t)=Eccos2Πfct 
 

• The modulated signal can be written as 
                   s(t)=kemcos2Πfct 
 
    s(t)=A1cos2Πfct     for  1 
    s(t)=A2cos2Πfct     for  0 
 
Special case: on off keying (OOK), A2 is 0 
• ASK is susceptible to sudden gain change. 
• OOK is used to transmit digital data over optical fibers. 
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Cont… 
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Frequency Spectrum of ASK Signal 
• If Bm  is the bandwidth of the binary signal,  
the bandwidth of the modulated signal is BT= S, where 
S   is the baud rate. 
 
 
 
 
 
 
 
 
In fact, B = (1+d)S where, d is due to modulation and 
filtering, lies between 0 and 1. 
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Frequency Shifting Keying 

• Frequency of the carrier is used to represent 0 
or 1. 

 s(t) = Acos2Πfc1t   for binary 1 
 s(t) = Acos2Πfc2t    for binary 0 

 
• It is much less susceptible to noise and gain 

change. 
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FSK 
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Frequency Spectrum of The FSK Signal 

• FSK may be consider as combination of two 
ASK spectra centered around  fc1 and fc2.   
 

• Bandwidth=   fc2 - fc1  + Nb         
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Phase Shifting Keying (PSK) 
• The phase of carrier is used to represent 0 or 1 
 s(t)=Acos(2Πfct + Π)  for binary 1 
 s(t)=Acos 2Πfct    for binary 0 

 
• 2-PSK 
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Example 
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Constellation Diagrams 
• A constellation diagram helps us to define the 

amplitude and phase of a signal when we are using two 
carriers, one in quadrature of the other. 
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The X-axis 
represents the in-
phase carrier and 
the Y-axis 
represents 
quadrature carrier. 



QPSK 
• For more efficient use of bandwidth Quadrature 

Phase Shift Keying (QPSK)      
s(t) 
=Acos(2∏fct )      for 00 
=Acos(2∏fct +90)    for 01 
=Acos(2∏fct +180)  for 10 
=Acos(2∏fct +270)  for 11  
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8-PSK 
• The idea can be extended to have 8-PSK. 
• The phase is shift by 450. 
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Quadrature Amplitude Modulation 
• Ability of equipment to distinguish small difference in 

phase limits the potential bit rate 
 

• By combining ASK and PSK it is possible to obtain 
higher data rate. 
 

• This combine technique is known as QAM 
(Quadrature Amplitude Modulation)  
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Cont… 
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Constellation Diagrams 
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Modem 

• Modem: Modulator + Demodulator 
 

• Converts digital signal into analog signal using 
ASK, FSK, PSK and QAM. 
 

• Important parameters 
– Transmission rate 
– Bandwidth (Baud rate)        
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Figure and slide materials are taken from the following sources: 
 
1. W. Stallings, (2010), Data and Computer Communications 
2. NPTL lecture on Data Communication, by Prof. A. K. Pal, IIT Kharagpur 
3. B. A. Forouzan, (2013), Data Communication and Networking 
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