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UNIT-VIII  PULSE MODULATION  1 

ANALOG COMMUNICATIONS 
      UNIT-V    PULSE MODULATION  
SAMPLING: The process of converting an analog signal into a discrete signal is known 
as sampling. 

Figure 8.1shows how this conversion can be done. As shown in the figure 8.1a switch 
position is controlled by the sampling signal. The sampling signal is a periodic train of 
pulses of unit amplitude and of period Ts. The time Ts is known as sampling time and 
during this time switch is closed so that sampled signal is equal to the input signal. 
During remaining time switch is open and no input signal appear at the output. 

SAMPLING THEOREM: The sampling theorem states that if the sampling rate in any 
pulse modulation system exceeds twice the maximum signal frequency, the original signal 
can be reconstructed in the receiver with minimal distortion. 

PULSE MODULATION: The process of changing any one of the characteristics of train of 
pulse in according to the amplitude of modulating signal at the time of sampling is called 
pulse modulation. This is classified as follows. 

PULSE MODULATION 

 

GENERATION OF PAM: The process of changing amplitude of the train of pulse in 
according to the amplitude of modulating signal at the time of sampling is called pulse  

Continuous 
Signal f (t) 

Fig 8.1: Sampling process 
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amplitude modulation. 
The figure 8.2a shows the block schematic of PAM generator. It consists of a low 

Pass filter, a multiplier and a pulse train generator. Initially, the modulating signal x (t) is 
passed through the low pass filter (LPF). The LPF removes all the frequency components 
which are higher than frequency fm. This is known as band limiting. The band limiting is 
necessary to avoid the aliasing effect in the sampling process. The pulse train generator 
generates a pulse train at a frequency fs, such that fs ≥ 2fm. Thus the Nyquist criterion is 
satisfied. The pulse sampling network does the shaping work to give flat tops. The figure 
8.2b, c, d and e show the waveforms related to the generation of PAM generator. 

DETECTION OF PAM: The original modulating signal can be detected from the natural 
PAM by passing naturally modulated PAM through a diode detector and a low pass filter. 
The diode detector detects the envelope of the PAM signal. The low pass filter with cut-off 
frequency equal to fm removes high frequency ripple and recovers the original modulating 
signal. This is illustrated in figure 8.3a. 

 The demodulated output shown in figure 8.3b is close to the original modulating signal. 

PAM signal 

Fig 8.2a: Detection of natural PAM Signal 

Demodulated 
Signal Low pass filter Diode detector 

Fig 8.2b: waveforms of PAM 
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Fig 8.2a: Generation of PAM Signal 
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In case of flat top PAM to reduce aperture effect, an equalizer is used. As shown in figure 
8.3c the receiver consists of low-pass reconstruction filter with cutoff frequency slightly 
higher than the maximum frequency of message signal. The equalizer compensates the 
aperture effect. It also compensates the attenuation by a low pas reconstruction filter. 

TRANSMISSION BANDWIDTH OF PAM SIGNAL 
The pulse duration 𝜏  is supposed to be very very small compared to time period Ts 

between the two samples. If the maximum frequency in the signal x (t) is W then by sampling 
theorem, fs should be higher than Nyquist rate i.e.  fs ≥  2W 

ଵ

୤ୱ
 ≤ 

ଵ

ଶௐ

Ts ≤ 
ଵ

ଶௐ
(since fs = 

ଵ

்௦
) 

We know that  𝜏 ≪ Ts  

Therefore  𝜏 ≪ Ts ≤ 
ଵ

ଶௐ
  ------ (1)

 If ON and OFF time of the pulse is same, then frequency of the PAM pulse becomes, 

f = 
ଵ

ఛାఛ
 = 

ଵ

ଶఛ
 ----- (2) 

Thus figure 8.4 shows that if ON and OFF times of PAM signal are same. Then 
maximum frequency of PAM signal is given by equation 2 i.e.,  

fmax= 
ଵ

 ଶఛ
 ---- (3) 

Therefore bandwidth required for transmission of PAM signal will be equal to maximum 
frequency fmax given by equation (3). This bandwidth gives adequate pulse resolution i.e., 

 BT ≥ fmax  

Therefore                                BT ≥ 
ଵ

 ଶఛ
 Since 𝜏 ≪ 

ଵ

ଶௐ

 BT ≥  
ଵ

ଶఛ
 ≫ W 

Transmission bandwidth of PAM signal: BT≫   W 

Fig 8.4: maximum frequency of PAM Signal 
τ τ 

Fig 8.3c: Detection of flat top PAM Signal 
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Fig 8.3b: waveforms of PAM detection 
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Thus the transmission bandwidth BT of PAM signal is very very large compared to 
highest frequency in the signal x(t). 

ADVANTAGES OF PAM: 
1. Generation and detection of PAM is simple

DISADVATAGES OF PAM: 
1. PAM is less immune to noise.
2. It requires larger transmission power.

CLASSIFICATION OF PAM BASED ON SIGNAL POLARITY 
The PAM signal can be classified according to signal polarity as Single polarity PAM and 

Double polarity PAM  
 The figure shows the single polarity PAM Here, a fixed d.c. level is added to the 
modulating signal x(t), such that the modulated output i.e. PAM signal is always positive. 

 In double polarity PAM signal, signal has positive as well as negative polarity. It is 
shown in figure 8.5b. 

GENERATION OF PWM: The process of changing the width of the train of pulse in 
according to the amplitude of modulating signal at the time of sampling is called pulse width 
modulation. Figure 8.6a shows monostable multivibrator circuit to generate pulse width 
modulated wave. 

Fig 8.5b: waveforms of double polarity PAM 
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Fig 8.5a: waveforms of single polarity PAM 
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The stable state for above circuit is achieved when T1 is OFF and T2 is ON. The 
positive going trigger pulse at B1 switches T1 ON. Because of this, the voltage at C1 falls as 
T1 now begins to draw the collector current. As a result, voltage at B2 also falls and T2 is 
switched OFF, C begins to charge up to the collector supply voltage (VCC) through resistor R. 
After a time determined by the supply voltage and the RC time constant of the charging 
network, the base of the T2 becomes sufficiently positive to switch T2 ON. The transistor T1 
is simultaneously switched OFF by regenerative action and stays OFF until the arrival of the 
next trigger pulse. To make T2 ON, the base of the T2 must be slightly more positive than the 
voltage across resistor RE. This voltage depends on the emitter current IE which is controlled 
by the signal voltage applied at the base of transistor T1. Therefore, the changing voltage 
necessary to turn OFF transistor T2 is decided by the signal voltage. If signal voltage is 
maximum, the voltage that capacitor should charge to turn ON T2 is also maximum. 
Therefore, at maximum signal voltage, capacitor has to charge to maximum voltage requiring 
maximum time to charge. This gives us maximum pulse width at maximum input signal 
voltage. At minimum signal voltages, capacitor has to charge for minimum voltage and we 
get minimum pulse width at the output. With this discussion, we can say that pulse width is 
controlled by the input signal voltage, and we get pulse width modulated waveform at the 
output. The waveforms of PWM are shown in figure 8.6b. 

Fig 8.6b: waveforms of PWM 
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Fig 8.6a: monostable multivibrator circuit to generate pulse width modulated wave. 
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DEMODULATION OF PWM SIGNAL: 
Figure 8.7a shows the block diagram of PWM detector. 

The received PWM signal is applied to the Schmitt trigger circuit. This Schmitt trigger circuit 
removes the noise in the PWM waveform. The regenerated PWM is then applied to the ramp 
generator and the synchronization pulse detector. The ramp generator produces ramps for the 
duration of pulses such that heights of ramps are proportional to the widths of PWM pulses. 
The maximum ramp voltage is retained till the next pulse. The synchronous pulse detector 
produces reference pulses with constant amplitude and pulse width. These pulses are delayed 
by specific amount of delay as shown in the figure 8.7b. The delayed reference pulses and the 
output of ramp generator are added with the help of adder. The output of adder is given to the 
level shifter. Here, negative offset shifts the waveform as shown in the figure 8.7b. Then the 
negative part of the waveform is clipped by rectifier. Finally, the output of rectifier is passed 
through low-pass filter to recover the modulating signal, as shown in the figure 8.7b. 

Fig 8.7b: waveforms of PWM demodulator 
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ADVANTAGES OF PWM: 
1. noise is less
2. Signal and noise separation is very easy
3. PWM communication does not require synchronization between transmitter and

receiver.
DISADVANTAGES OF PWM: 

1. It requires larger transmission power.
2. Large bandwidth is required for the PWM communication as compared to PAM.

GENERATION OF PPM: The process of changing the position of the train of pulse in 
according to the amplitude of modulating signal at the time of sampling is called pulse 
position modulation. Figure 8.8a shows the block diagram to generate pulse width modulated 
wave. 

Figure 8.8a shows the PPM generator. It consists of differentiator and a monostable 
multivibrator. The input to the differentiator is a PWM waveform. The differentiator 
generates positive and negative spikes corresponding to leading and trailing edges of the 
PWM waveform. Diode D1 is used to bypass the positive spikes. The negative spikes are used 
to trigger the monostable multivibrator. The monostable multivibrator then generates the 
pulses of same width and amplitude with reference to trigger to give pulse position modulated 
waveform, as shown in the figure 8.8b. 

DEMODULATION OF PPM: 
In pulse position de-modulation, it is required to convert the received pulses that vary in 

position into pulses that vary in length. The block diagram of PPM demodulator is shown in 
figure 8.9a. 

As shown in figure 8.9a, flip-flop circuit is set or turned ‘ON’ giving high output when 
the reference pulse arrives. This reference pulse is generated by reference pulse generator of 
the receiver with the synchronization signal from the transmitter. The flip-flop circuit is reset 
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or turned ‘OFF’ giving low output at the leading edge of the position modulated pulse. This 
repeats and we get PWM pulses at the output of the flip-flop.   

 The PWM pulses are then demodulated by PWM demodulator to get original 
modulating signal. The waveforms of PPM demodulation is shown in figure 8.9b. 

ADVANTAGES OF PPM: 
1. Noise is less.
2. Signal and noise separation is very easy.
3. Transmission power for each pulse is same.
DISADVANTAGES OF PPM:
1. Synchronization between transmitter and receiver is required.
2. Large bandwidth is required as compared to PAM.
PERFORMANCE COMPARISON OF VARIOUS PULSE ANALOG MODULATION METHODS: 

S.NO. PAM PWM PPM 
1 
2. Amplitude of the pulse

is proportional to the
amplitude of the
modulating signal.

Width of the pulse is 
proportional to 
amplitude of 
modulating signal. 

The relative position of 
the pulse is proportional 
to the amplitude of 
modulating signal. 

3 Bandwidth of the 
transmission channel 
depends on width of 
the pulse. 

Bandwidth of the 
transmission channel 
depends on rise time 
of the pulse. 

Bandwidth of the 
transmission channel 
depends on rising time 
of the pulse. 

4 The instantaneous 
power of the 
transmitter varies. 

The instantaneous 
power of the 
transmitter varies 

The instantaneous power 
of the transmitter 
remains constant. 

5 Noise interference is 
high.  

Noise, interference is 
minimum 

Noise, interference is 
minimum 

6 Similar to amplitude 
modulation 

similar to frequency 
modulation 

similar to phase 
modulation. 
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Fig 8.9b: Waveforms of PPM detection 
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SYNCHRONIZATION IN PULSE MODULATION: 
 Most pulse modulation systems require synchronization of the receiver to the 
transmitter. Generally start stop method of synchronization is used. We maintain 
synchronization on a per frame bases. This method involves transmitting some 
information in addition to the message bearing pulses, to serve as a time mark with in 
each frame interval so that certain gates in the receiver structure may be made to open and 
close at the appropriate instant of time. In some cases the necessary time mark is 
established by transmitting a distinctive marker per frame, where as in other cases it is 
established by omitting a pulse in that particular time slot. When markers are used, they 
must differ from the message bearing pulses in some recognizable fashion. 
 In PAM system the marker pulse may be identified by making its amplitude more 
than that of all possible message pulses as shown in figure 8.10a for a PAM system 
involving three independent message sources. Figure 8.10b shows the sampling times of 
the message sources and the times of synchronization or marker pulses. Such a marker 
can be located at the receiver by applying the received pulses to a slicer. With a slicing 
level that is just in excess of the maximum amplitude of the message pulses so that these 
pulses produce zero output. An ideal slicer has the property that its output is zero 
whenever the input exceeds this level as shown in figure 8.11. The pulses observed at the 
slicer output will thus be due to the markers only. 

 In PWM systems the marker may be identified by omitting a pulse as in figure 8.10c. 
One method of identifying such a marker in the receiver is to utilize the charging time of 
a simple resistor capacitor circuit to measure the duration of the intervals between PWM 
pulses. The time constant of the circuit is chosen so that, during a marker interval, the 
voltage across the capacitor rises to a value considerable higher than that during the 
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normal charging interval. Thus, by applying the output of the circuit to a slicer with an 
appropriate slicing level, the presence of a marker is detected. 
 In a PPM system, the marker pulse may be identified by making its duration several 
times longer than that of the message pulses, as shown in figure 8.10d. At the receiver, 
the marker pulses may be separated from the message pulses by using a procedure 
essentially similar to that described for the PWM system. In this case, the capacitor is 
charged during the time of occurrence of each pulse, and discharged during the 
intervening intervals. Accordingly, the voltage across the capacitor reaches its highest 
value during the presence of a marker pulse and the marker pulses are thereby separated 
from the message pulses. 

SPECTRA OF PDM AND PPM WAVES: 

The spectral analysis of a PDM or PPM wave is complicated. We present here only a 
qualitative description of the spectra of PDM and PPM waves. Let Ts denote the time 
separation between the leading edges of duration modulated pulses obtained by natural 
sampling, with the modulation superimposed on the trailing edges. Then assuming a 
sinusoidal modulating wave of frequency fm, we find that the spectrum of a naturally 
sampled PDM wave consists of the following components: 

1. A dc component equal to the average value of the pulses.
2. Sinusoidal components of frequencies equal to integer multiples of 1/Ts

corresponding to spectral lines at ± n/Ts, where n= 1, 2, 3… These sinusoidal
components as well as the dc component are by the un-modulated pulse train
which may be regarded as the carrier of the PDM wave.

3. A sinusoidal component to frequency fm and in phase with the modulating wave,
corresponding to spectral lines at ±fm.

4. Sinusoidal components of frequencies equal to (n/Ts) ± L fm, where n, L=1, 2, 3…
corresponding to pairs of side frequencies centered around each spectral line of
the un modulated pulse train, except the dc component. These components
represent the cross-modulation products between the sinusoidal modulation and
sampling frequencies.

The message signal may be recovered by passing the PDM wave through a low pass 
filter. However, the reconstruction is accomplished with a certain amount of distortion 
caused by the cross modulation products that fall in the signal band. The frequencies of 
the important in band distortion components are (1/Ts)-2fm, (1/Ts)-3fm, and so on. To 
prevent undue distortion of the reconstructed message signal, it is necessary to restrict the 
maximum excursion of the trailing edge of a duration-modulated pulse. The output of the 
low pass reconstruction filter contains not only the desired message wave, but also its 
harmonics. With natural sampling these harmonics are missing. As with natural sampling, 
the other in band distortion products of the form (1/Ts) - nfm are present. Thus we may 
expect a net deterioration of quality in the reconstructed message signal when the 
sampling is uniform instead of natural.  
 In the case of a PPM wave, each pulse has a very small duration compared with the 
sampling interval Ts, so that it may be approximated as an impulse. Then it turns out that 
the spectrum of a PPM wave obtained by natural sampling, and with a sinusoidal 
modulating wave, is similar in form to that of a PDM wave, except that it contains a 
component proportional to the derivative of the modulating wave rather than the 
modulating wave itself. Thus we may demodulate a PPM wave by passing it through a 
low pass filter and then integrating it to restore the wanted signal component to its 
original waveform. Greater signal amplitude with less distortion can be obtained at the 
receiver output. 
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COMPARISON OF SAMPLING TECHNIQUES OF PAM 

S.No. Natural sampling Flat top sampling 
1 It uses chopping principle of sampling It uses sample and hold circuit Principle 
2. This method is used practically This method is used practically. 
3. Sampling rate satisfies Nyquist criteria Sampling rate satisfies Nyquist criteria
4 Noise interference is minimum Noise interference is maximum. 

CROSS TALK: 
 The interference of the adjacent channels or overlapping of information between 
adjacent channels is called crosstalk. For faithful communication cross talk must be 
avoided. In TDM cross talk may occur due to insufficient transmission bandwidth to 
preserve the shape of the TDM pulses. In FDM the crosstalk may occur when frequency 
response of filter is not sharp enough. To eliminate or to reduce cross talk a guard band is 
provided between the adjacent channels. 

TIME DIVISION MULTIPLEXING: 
 In TDM, each intelligence signal to be transmitted (voice or telemetry data) is 
sampled sequentially and the resulting pulse code is used to modulate the carrier. The 
same carrier frequency is used to transmit different pulse sequentially, one after other. 
Each intelligence, to be transmitted, has been allotted a given time slot. Since only one 
signal modulates the carrier at any time, no added equipment and no increase in 
bandwidth is needed when multiplexing. The number of sequential channels that can be 
handled is limited by the time span required by any one channel pulse and the interval 
between samples. 
 Thus, in TDM, each signal occupies the entire bandwidth of the channel. However, 
each signal is transmitted for only a short period of time, as shown below.. 

Signal 
1 

Signal 
2 

Signal 
3 

Signal 
4 

Signal 
5 

Signal 
1 

Signal 
2 

Signal 
3 

Here five signals are time division multiplexed. Each signal is allowed to use the 
channel for a fixed interval of time, called time slot. The five signals use the channel 
sequentially one after other.   
 One transmission of each channel completes one cycle of operation, called a ‘frame.’ 
Once all the signals have been transmitted, the cycle repeats again and again, at a high 
rate of speed. 
 The concept of TDM is illustrated by the block diagram shown in figure 8.12. Each 
input message signal is first restricted in bandwidth by a low pass filter to remove the 
frequencies that are nonessential to an adequate signal representation.  The low pass filter 
outputs are then applied to a commutator. A commutator is a rotating switch which 
connects the output of each channel modulator to the communication channel input in 
turn. The commutator is realized with electronic switches since it has to rotate at high 
speed. The commutator remains at each contact for an interval of time, which is the time 
slot allotted for each channel. Following the commutation process, the multiplexed signal 
is applied to a pulse modulator, the purpose of which is to transform the multiplexed 
signal into a form suitable for transmission over the common channel.  

At the receiving end of the system, the received signal is applied to a pulse 
demodulator which performs the reverse operation of the pulse modulator. The narrow 
samples produced at the pulse demodulator output are distributed to the appropriate low 

Time 
Slot 

Time 
One Frame 
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pass reconstruction filters by means of a decommutator, which operates in synchronism 
with the commutator in the transmitter. This synchronization is essential for a satisfactory 
operation of the system.  

COMPARISON BETWEEN FDM AND TDM: 

S.No. FDM TDM 
1. Signal separation is in frequency domain Signal separation is in time domain. 
2 Circuit is more complex. Circuit is less complex 
3 Cross talk is more Cross talk is very less or nil. 
4 Performance is medium Performance is superior. 
5 This is less flexible. This is more flexible. 
6 This is suitable for analog signals. This is suitable for digital signals. 
7 This is used in radio telephone, satellite 

communication. 
This is used in digital telephone, 
satellite communication. 

8 Synchronization between transmitter and 
receiver is not required 

Synchronization between transmitter 
and receiver is required 

9 It requires modulators, filters and de- 
modulators 

It requires commutator at the 
transmitting end and de-commutator 
at the receiving end 

LPF 

Message 
input 1 

LPF 

Message 
input 2 

LPF 

Message 
input 3 

LPF 

Message 
input N 

Pulse 
Modulator  

Channel  
Pulse de- 

Modulator  

LPF  

LPF 

LPF 

LPF 

Message 
input 1 

Message 
input 2 

Message 
input 3 

Message 
input N 

Low pass filters Low pass filters 

Timing pulses Timing pulses 

Commutator 
De-commutator 

Fig 8.12: Block Diagram of TDM System 
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