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Learning Objectives 
After studying this chapter the learner should be able to
1. Understand the linear modulation and types of linear modulation
2. Analyze waveforms for different modulation scheme both in time domain and frequency domain.
3. Analyze the generation of modulated signals and recovery of message signals mathematically. 
4. Calculate the transmission power and efficiency of DSB-C modulation Scheme 
5. Design a AM Transmitter and Receiver





I. DOUBLE SIDE-BAND SUPPRESSED CARRIER (DSB-SC)
[image: ](a) Waveform Generation and Analysis
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To obtain DSB-SC  we multiply the message signal m(t) with carrier signal c(t).
m(t)= message signal 
[image: ]c(t)= carrier signal with high frequency (ex: cos ωc t)







	 cos ωc t





Points to be noted for theory
This type of amplitude modulation is characterized by the fact that the amplitude A of the carrier signal is varied in proportion to the message signal m(t).
How to understand this concept of “amplitude A of the carrier signal is varied in proportion to the message signal m(t)”?
The answer as follows:
· From the diagram we understand that carrier signal has much higher frequency than the message signal. So that means the duration of 1 cycle of carrier signal is smaller than the duration of 1 cycle of message signal.
· Hence  for 1 cycle of carrier signal c(t) ;the message signal m(t) practically remains constant since the variation of c(t) is too fast for m(t) to vary significantly.
· Therefore as m(t) changes over from its one duration of cycle; the carrier signal will have different amplitudes. Hence the modulated signal will have an amplitude of  A*m(t) (in this case consider ‘A’ as  the amplitude of carrier signal)
· Observe thar the amplitude is largest at point ‘a’ , smallest at point ‘b’and zero amplitude at zero crossings.When m(t) crosses over the zero line the enevelope of the modulated signal experience phase reversal.
(b)Spectrum Analysis 
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Now to obtain the modulated signal X(t)
X(t)	= m(t)*c(t)
	= Am Ac  cos ωm t cos ωc t
	= 
	=
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The process of modulation /mixing/heterodyning results in the following 
· Shifts the spectrum of m(t) to the left and right by  .
· If the bandwidth of m(t) is B Hz then bandwidth of X(t) is 2B Hz
· Spectrum of X(t) has 2 parts :a portion that lies above  also known as UPPERSIDE BAND (USB) 	and a portion that lies below - ,also known as LOWERSIDE BAND (LSB).
· Hence this is a modulation scheme with double side-bands. Also  observe that there is no spectral components for the carrier frequency. For  this reason it is called Double Side-Band Suppressed Carrier (DSB-SC) modulation



(c) Demodulation of DSB-SC
· The process of recovering the signal from the modulated signal is known as demodulation or detection.
· DSB-SC signal can be  detected by coherent receiver also known as synchronous detection.For
·  (
Low pass filter
)[image: ]Suppressed carrier scheme ,the demodulator must generate a carrier which has a frequency and phase similar to the carrier at the transmitting side.For this a sophisticated receiver has to be designed which is complex and costly.
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[image: ]Therefore the Fourier transform of the signal 
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· In the above equation the I term contains the message signal {low frequency component} and the II term contains message signal and carrier signal {high frequency component}
· If v(t) is passed through a LPF of cut –off frequency ωm ; the I term will pass and II term will be rejected. Thus we detect the message signal successfully. 


II. DOUBLE SIDE BAND WITH CARRIER (DSB-C)
Equation Of AM
For DSB-C also known as AM, the message signal is given a DC shift of  ‘A’ volts,so that it is possible to transmit the carrier also.
	X(t)	= m(t) * c(t)
	XAM(t)	=(A +m(t))* c(t)
			= (A +m (t))* CosWct
			= m (t). CosWct + A .CosWct
 (
½ [ M ( W + W
c 
 ) + M (W - W
c 
)] + π
 A
 [δ ( W + W
c
) + δ ( W - W
c
) ]
)Taking  Fourier Transform
XAM(F) 		

(a)Wave form Analysis
In AM, the modulating signal (the message signal) m(t) is 'impressed'  or’ embedded ‘on to the amplitude of the carrier .This type of modulation scheme is used in radio broadcasting.
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(b)Modulation Index
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)It is defined as the depth of modulation represented by μ or M.I
M.I	=	 
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)

Also 
 (
0   <   M.I   < 1
)

Note : 1. Envelope of AM has information about m(t) only if the AM signal i.e. (A +m (t))* CosWct satisfies the condition  A + m(t) > 0
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To understand the spectrum of AM study the following problem.
#)Consider m(t)=CosWmt  and determine the spectrum of XAM(t) 
(Note: if m(t) = CosWmt then it is called as tone modulation)
 (
Second term
) (
First term
)
Solution :
			XAM(t)= m (t). CosWct + A .CosWct
Taking the first term,
m (t). CosWct		=	CosWmt  . CosWct
			=	½  * [ Cos ( Wc  +  Wm )t  +  Cos ( Wc  -  Wm )t  ]
Taking  Fourier Transform
F [  m (t). CosWct]	=	F[     ½  * { Cos ( Wc  +  Wm )t  +  Cos ( Wc  -  Wm )t  }    ]
			
 * [   δ(W- ( Wc  +  Wm )  +  δ(W  +  ( Wc  +  Wm )  +  δ(W- ( Wc  -  Wm )  +  δ(W +  ( Wc  +  Wm ) ]

Next taking the second term and applying the Fourier transform
F [  A .CosWct  ]		= 	 .  A  [  δ ( W -  Wc )  + δ ( W +  Wc )  ]
Now taking  Fourier Transform
F [  XAM(t) ] = F  [ m (t). CosWct ] + F [  A .CosWct  ]  
Combining the first term and second term 
XAM(W)	=
  * [   δ(W- ( Wc  +  Wm ))  +  δ(W  +  ( Wc  +  Wm ))  +  δ(W- ( Wc  -  Wm ))  +  δ(W +  ( Wc  +  Wm )) ] +  .  A  [  δ ( W -  Wc )  + δ ( W +  Wc )  ]

(d)Generation of AM waves
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From The above diagram analysis how AM is generated
CIRCUIT DESCRIPTION:
The circuit of A.M Transmitter is based on a Transistorized circuit. The transistor is used for mixer and oscillation purpose. A medium wave antenna coil and capacitor C3 form the oscillation frequency.	A built in condenser Microphone is provided. Other component are used to couple the microphone and bias the Transistor.
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(f) Sideband and carrier power
From previous equations
XAM(t)	=	A   .  [ 1 +  .CosWmt  ] Cos Wc t
	=	A  .  CosWct  +   . A . Cos Wc t . Cos Wm t
	=	A  .  CosWct   +  [ cos (Wc + Wm) t  + cos (Wc - Wm) t ]
The average power in each component of the signal is given by the square of the RMS value of the components concerned.
Efficiency      η =	 = 
Therefore 	
		Pc 	=	         
			=	   
		Ps 	=	         +             
		Ps	=	
Therefore 	η	 =	 
		η 	=	
Maximum efficiency occurs at  
Therefore   		 =	 ;   =	
So for tone modulation under best condition only one – third of the transmitted power is used for carrying message
III .SINGLE SIDE BAND MODULATION (SSB)
In conventional DSB-C and DSB-SC the  bandwidth and power is used more during the transmission. In both methods USB and LSB are transmitted which results the transmission bandwidth to be twice the message bandwidth.
Therefore as concerned with transmission of information only one sideband is required and other can be suppressed at the transmitter. So such type of modulation in which only one sideband is transmitted is called as Single Side Band Modulation (SSB)
VESTIGIAL SIDE BAND (VSB)
VSB is an intermediate technique between DSB and SSB. It has advantage of both DSB and SSB but avoids their disadvantage at small cost.
In VSB instead of rejecting one sideband completely as in SSB ,a gradual cut-off of one sideband is accepted.
References 
1. Modern Communication systems by  B.P. Lathi
2. Analog communication Systems  by Sanjay Sharma.
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