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Course Objectives  

• To study different analogue and digital  modulation techniques 

• To understand various noise and its characteristics 

• To understand baseband modulation technique. 

 

Course Outcomes:  

At the end of this course students will demonstrate the ability to 

• Analyze and tabulate different analog modulation schemes in terms of 

efficiency and 

bandwidth. 

• Analyze the behavior of a communication system in the presence of noise. 

• Analyze different digital modulation schemes and compute the bit error 

performance 

• Investigate pulsed modulation system and analyze the system performance. 

• Gain knowledge on base band pulse transmission concepts  

• Understand the pass band modulation concepts 
 

UNIT I ANALOG MODUL ATION SYSTEMS 

Review of signals and systems, Frequency domain representation of signals, 

Principles of 

Amplitude Modulation Systems- DSB, SSB and VSB modulations. Angle 

Modulation, 

Representation of FM and PM signals, Spectral characteristics of angle modulated 

signals. 

 

UNIT II  NOISE CHARACTERIZATION    

Review of probability and random process. Gaussian and white noise characteristics, 

Noise in 

amplitude modulation systems, Noise in Frequency modulation systems. Pre-

emphasis and De 

emphasis, Threshold effect in angle modulation. 

 

UNIT III DIGITAL MODUL ATION SYSTEMS 

Pulse modulation. Sampling process. Pulse Amplitude and Pulse code modulation  

(PCM), Differential pulse code modulation. Delta modulation, Noise considerations in 

PCM, Time Division multiplexing, Digital Multiplexers. 

 



 

UNIT IV BASE BAND PULSE TRANSMISSION 

Elements of Detection Theory, Optimum detection of signals in noise, Coherent 

communication with waveforms- Probability of Error evaluations. Base band Pulse 

Transmission- Inter symbol 

Interference and Nyquist criterion. 

 

UNIT V PASS BAND DIGITAL MODULATION 

Phase Shift Keying, Frequency Shift Keying, Quadrature Amplitude Modulation, 

Continuous Phase Modulation and Minimum Shift Keying. Digital Modulation 

tradeoffs. Optimum demodulation of digital signals over band-limited channels 

Maximum likelihood sequence detection (Viterbi receiver). Equalization Techniques. 

Synchronization and Carrier Recovery for Digital modulation. 

 

Suggested Readings 

1. Haykin S., "Communications Systems", John Wiley and Sons, 2001. 

2. Proakis J. G. and Salehi M., "Communication Systems Engineering", Pearson 

Education, 

2002. 

3. Taub H. and Schilling D.L., "Principles of Communication Systems”, Tata 

McGraw Hill, 

2001. 

4. Wozencraft J. M. and Jacobs I. M., ``Principles of Communication 

Engineering'',John Wiley,1965. 

5. Barry J. R., Lee E. A. and Messerschmitt D. G., ``Digital Communication'', 

Kluwer 

Academic Publishers, 2004. 

6. Proakis J.G., ``Digital Communications'', 4th Edition, McGraw Hill, 2000. 
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S.No Description of Portion to be Covered 
No. of 

Hours 
Referred Books / Websites 

UNIT I ANALOG MODUL ATION SYSTEMS 

1 Review of signals and systems 1 T1 Page No 62 to 72 

2 Frequency domain representation of signals 2 T1 Page No 185 to 186 

3 
Principles of Amplitude Modulation 

Systems- DSB, SSB and VSB modulations. 
2 T1 Page No 193 to 195 

4 Angle Modulation 1 T1 Page No 193 to 195 

5 Representation of FM and PM signals 2 T1 Page No 201 to 204 

6 
Spectral characteristics of angle modulated 

signals 
1 T1 Page No 211 to 212 

UNIT II DIGITAL MODULATION SYSTEMS 

7 Review of probability and random process 1 T2 Page No 242 to 244 

8 Gaussian and white noise characteristics 1 T2 Page No 251 to 253 

9 Noise in amplitude modulation systems  2 T2 Page No 265 to 268 

10 Noise in Frequency modulation systems. 2 T2 Page No 269 to 271 

11 Pre-emphasis and De-emphasis 2 T2 Page No 281 to 283 

12 Threshold effect in angle modulation 1 T2 Page No 291 to 294 

UNIT III DIGITAL MODUL ATION SYSTEMS 

16 
Pulse modulation and Sampling process  

 
1 T1 Page No 201 to 209 

17 
Pulse Amplitude and Pulse code 

modulation 
2 T1 Page No 209 to 210 

18 Differential pulse code modulation. 2 T1 Page No 217 to 218 

19 Delta modulation 1 T1 Page No 227 to 229 

20 Noise considerations in PCM 1 T1 Page No 218 to 223 

21 
Time Division multiplexing, Digital 

Multiplexers 
2 T1 Page No 267 to 275 

UNIT IV BASE BAND PULSE TRANSMISSION 

24 Elements of Detection Theory  1 R4 Page No 119 to 122 

25 Optimum detection of signals in noise 2 T1 Page No 248 to 253  

26 
Coherent communication with waveforms- 

Probability of Error evaluations 
2 T1 Page No 253 to 258  

27 
 Base band Pulse Transmission- Inter 

symbol Interference  
3 T1 Page No 259 to 261 

28 Nyquist criterion 1 T1 Page No 261 to 267 

UNIT V PASS BAND DIGITAL MODULATION 

31 
Phase Shift Keying and Frequency Shift 

Keying   
2 R4 Page No 220 to 229 

32 Quadrature Amplitude Modulation, 2 R4 Page No 229 to 236 



Continuous Phase Modulation  

33 
Minimum Shift Keying Digital Modulation 

tradeoffs. 
2 T1 Page No 490 to 493 

34 

Maximum likelihood sequence detection 

(Viterbi receiver) and Equalization 

Techniques. 

2 R4 Page No 119 to 122 

35 
Synchronization and Carrier Recovery for 

Digital modulation. 
1 T1 Page No 462 to 467  

Total 45 Hours 
 

TEXT BOOKS 

S.No. Author(s) Name Title of the Book Publisher 
Year of 

Publication 

1 Simon Haykins Communication Systems John Wiley PHI, New Delhi 2001 

2 Taub & Schiling Principle of Digital Communication Tata Mc Graw-Hill, New Delhi 2003 

 

REFERENCE BOOKS 

S.No. Author(s) Name Title of the Book Publisher 
Year of 

Publication 

1 
Sam K 

Shanmugam 
Analog & Digital Communication 

John Wiley Publication, New 

Delhi 
2007 

2 John G Proakis Digital Communication Mc Graw Hill, Inc, 5th Edition 2008 

3 
Singh R P & 

Sapre S D 

Communication Systems : Analog & 

Digital 
Tata Mc Graw Hill, 5th Reprint 2000 

4 Bernard Sklar 
Digital Communication - 

Fundamentals and Applications 

Prentice Hall P T R, Upper Saddle 

River, New Jersey 07458 
2001 
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UNIT I SAMPLING AND QUANTIZATION 

Sampling  Process  –  Aliasing  –   Instantaneous  sampling  –  Natural  Sampling  –  Flat  Sampling  – 

Quantization of signals –  sampling and  quantizing effects –  channel effects –  SNR for quantization 

pulses – data formatting techniques – Time division multiplexing. 

 

SAMPLING  PROCESS 

    A message signal  may originate from a digital or analog source.  If the message signal is analog in nature, then it 

has to be converted into digital form before it  can transmitted by digital means.   The process by which the 

continuous-time signal is converted into a discrete– time signal is called  Sampling. Sampling operation is 

performed in accordance with the sampling theorem. 
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Data Formatting Techniques 

Encoding is the process of converting the data or a given sequence of characters, 

symbols, alphabets etc., into a specified format, for the secured transmission of 

data. Decoding is the reverse process of encoding which is to extract the information from the 

converted format. 

 

Data Encoding 

Encoding is the process of using various patterns of voltage or current levels to 

represent 1s and 0s of the digital signals on the transmission link. The common types of line 

encoding are Unipolar, Polar, Bipolar, and Manchester. 
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Encoding Techniques 

The data encoding technique is divided into the following types, depending upon the type of 

data conversion. 

 

 Analog data to Analog signals − The modulation techniques such as Amplitude 

Modulation, Frequency Modulation and Phase Modulation of analog signals, fall under 

this category. 

 Analog data to Digital signals − This process can be termed as digitization, which is 

done by Pulse Code Modulation (PCM). Hence, it is nothing but digital modulation. As 

we have already discussed, sampling and quantization are the important factors in this. 

Delta Modulation gives a better output than PCM. 

 Digital data to Analog signals − The modulation techniques such as Amplitude Shift 

Keying (ASK), Frequency Shift Keying (FSK), Phase Shift Keying (PSK), etc., fall 

under this category. These will be discussed in subsequent chapters. 

 Digital data to Digital signals − These are in this section. There are several ways to map 

digital data to digital signals. Some of them are − 

 

Non Return to Zero (NRZ) 

NRZ Codes has 1 for High voltage level and 0 for Low voltage level. The main behavior of 

NRZ codes is that the voltage level remains constant during bit interval. The end or start of a 

bit will not be indicated and it will maintain the same voltage state, if the value of the previous 

bit and the value of the present bit are same. 

The following figure explains the concept of NRZ coding. 

 

 

 

 

 

 

If the above example is considered, as there is a long sequence of constant voltage level and 

the clock synchronization may be lost due to the absence of bit interval, it becomes difficult for 

the receiver to differentiate between 0 and 1. 
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There are two variations in NRZ namely − 

 

NRZ - L (NRZ – LEVEL) 

There is a change in the polarity of the signal, only when the incoming signal changes from 1 

to 0 or from 0 to 1. It is the same as NRZ, however, the first bit of the input signal should have 

a change of polarity. 

 

NRZ - I (NRZ – INVERTED) 

If a 1 occurs at the incoming signal, then there occurs a transition at the beginning of the bit 

interval. For a 0 at the incoming signal, there is no transition at the beginning of the bit 

interval. 

NRZ codes has a disadvantage that the synchronization of the transmitter clock with the 

receiver clock gets completely disturbed, when there is a string of 1s and 0s. Hence, a separate 

clock line needs to be provided. 

Bi-phase Encoding 

The signal level is checked twice for every bit time, both initially and in the middle. Hence, the 

clock rate is double the data transfer rate and thus the modulation rate is also doubled. The 

clock is taken from the signal itself. The bandwidth required for this coding is greater. 

There are two types of Bi-phase Encoding. 

 Bi-phase Manchester 

 Differential Manchester 

 

Bi-phase Manchester 

In this type of coding, the transition is done at the middle of the bit-interval. The transition for 

the resultant pulse is from High to Low in the middle of the interval, for the input bit 1. While 

the transition is from Low to High for the input bit 0. 
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Differential Manchester 

In this type of coding, there always occurs a transition in the middle of the bit interval. If there 

occurs a transition at the beginning of the bit interval, then the input bit is 0. If no transition 

occurs at the beginning of the bit interval, then the input bit is 1. 

The following figure illustrates the waveforms of NRZ-L, NRZ-I, Bi-phase Manchester and 

Differential Manchester coding for different digital inputs. 

 

 

 

 

  

 

 

Block Coding 

Among the types of block coding, the famous ones are 4B/5B encoding and 8B/6T encoding. 

The number of bits are processed in different manners, in both of these processes. 

 

4B/5B Encoding 

In Manchester encoding, to send the data, the clocks with double speed is required rather than 

NRZ coding. Here, as the name implies, 4 bits of code is mapped with 5 bits, with a minimum 

number of 1 bits in the group. 

The clock synchronization problem in NRZ-I encoding is avoided by assigning an equivalent 

word of 5 bits in the place of each block of 4 consecutive bits. These 5-bit words are 

predetermined in a dictionary. 

The basic idea of selecting a 5-bit code is that, it should have one leading 0 and it should 

have no more than two trailing 0s. Hence, these words are chosen such that two transactions 

take place per block of bits. 

 

8B/6T Encoding 

We have used two voltage levels to send a single bit over a single signal. But if we use more 

than 3 voltage levels, we can send more bits per signal. 
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Time Division Multiplexing 

 

1. TDM is the digital multiplexing technique. 

2. In TDM, the channel/link is not divided on the basis of frequency but on the basis of time. 

3. Total time available in the channel is divided between several users. 

4. Each user is allotted a particular a time interval called time slot or time slice during which 

the data is transmitted by that user. 

5. Thus each sending device takes control of entire bandwidth of the channel for fixed 

amount of time.  

 

6. In TDM the data rate capacity of the transmission medium should be greater than the data 

rate required by sending or receiving devices. 

7. In TDM all the signals to be transmitted are not transmitted simultaneously. Instead, they 

are transmitted one-by-one. 

8. Thus each signal will be transmitted for a very short time. One cycle or frame is said to be 

complete when all the signals are transmitted once on the transmission channel. 

9.  The TDM system can be used to multiplex analog or digital signals, however it is more 

suitable for the digital signal multiplexing. 

10. The TDM signal in the form of frames is transmitted on the common communication 

medium. 

 

 

 

 

 

 

 

 

 

 Types of TDM  

1. Synchronous TDM 

2. Asynchronous TDM 

Synchronous TDM (STDM) 

1. In synchronous TDM, each device is given same time slot to transmit the data over the link, 

irrespective of the fact that the device has any data to transmit or not. Hence the name 

Synchronous TDM. Synchronous TDM requires that the total speed of various input lines 

should not exceed the capacity of path. 

http://ecomputernotes.com/computernetworkingnotes/network-technologies/time-division-multiplexing
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2. Each device places its data onto the link when its time slot arrives i.e. each device is given 

the possession of line turn by turn. 

3. If any device does not have data to send then its time slot remains empty. 

4. The various time slots are organized into frames and each frame consists of one or more time 

slots dedicated to each sending device. 

5. If there are n sending devices, there will be n slots in frame i.e. one slot for each device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6. As show in fig, there are 3 input devices, so there are 3 slots in each frame. 

Multiplexing Process in STDM  

1. In STDM every device is given the opportunity to transmit a specific amount of data onto the 

link. 

2. Each device gets its turn in fixed order and for fixed amount of time. This process is known 

as interleaving. 

3. We can say that the operation of STDM is similar to that of a fast interleaved switch. The 

switch opens in front of a device; the device gets a chance to place the data onto the link. 

4. Such an interleaving may be done on the basis of a hit, a byte or by any other data unit. 

5. In STDM, the interleaved units are of same size i.e. if one device sends a byte, other will also 

send a byte and so on. 

6. As shown in the fig. interleaving is done by a character (one byte). Each frame consists of 

four slots as there are four input devices. The slots of some devices go empty if they do not 

have any data to send. 

7. At the receiver, demultiplexer decomposes each frame by extracting each character in turn. 

As a character is removed from frame, it is passed to the appropriate receiving device. 
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Disadvantages of Synchronous TDM 

1. The channel capacity cannot be fully utilized. Some of the slots go empty in certain frames. 

As shown in fig only first two frames are completely filled. The last three frames have 6 empty 

slot. It means out of 20 slots in all, 6 slots are empty. This wastes the l/4th capacity of links. 

2. The capacity of single communication line that is used to carry the various transmission 

should be greater than the total speed of input lines. 

Asynchronous TDM 

1. It is also known as statistical time division multiplexing. 

2. Asynchronous TDM is called so because is this type of multiplexing, time slots are not 

fixed i.e. the slots are flexible. 

3. Here, the total speed of input lines can be greater than the capacity of the path. 

4. In synchronous TDM, if we have n input lines then there are n slots in one frame. But in 

asynchronous it is not so. 

5. In asynchronous TDM, if we have n input lines then the frame contains not more 

than m slots, with m less than n (m < n). 

6. In asynchronous TDM, the number of time slots in a frame is based on a statistical analysis of 

number of input lines. 

7. In this system slots are not predefined, the slots are allocated to any of the device that has 

data to send. 
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8. The multiplexer scans the various input lines, accepts the data from the lines that have data to 

send, fills the frame and then sends the frame across the link. 

9. If there are not enough data to fill all the slots in a frame, then the frames are transmitted 

partially filled. 

10. Asynchronous Time Division Multiplexing is depicted in fig. Here we have five input lines 

and three slots per frame. 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. In Case 1, only three out of five input lines place data onto the link i.e. number of input lines 

and number of slots per frame are same. 

12. In Case 2, four out of five input lines are active. Here number of input line is one more than 

the number of slots per frame. 

13. In Case 3, all five input lines are active. 

In all these cases, multiplexer scans the various lines in order and fills the frames and transmits 

them across the channel. 

The distribution of various slots in the frames is not symmetrical. In case 2, device 1 occupies 

first slot in first frame, second slot in second frame and third slot in third frame. 
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Advantages of TDM : 

 1. Full available channel bandwidth can be utilized for each channel. 

2. lntermodulation distortion is absent. 

3. TDM circuitry is not very complex. 

4. The problem of crosstalk is not severe. 

 

Disadvantages of TDM : 

1. Synchronization is essential for proper operation. 

2. Due to slow narrowband fading, all the TDM channels may get wiped out. 
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UNIT II-DIGITAL MODULATION SYSTEMS 

PCM Systems – Noise Considerations in PCM system – Overall Signal-to- noise ratio for PCM system – Threshold 

effect – Channel Capacity – Virtues, Limitations & Modification of PCM system – PCM Signal  Multiplexing –  

Differential  PCM  –  Delta  Modulation  –  Noise  Considerations in  Delta Modulation – SNR Calculations – 

Comparison of PCM, DPCM & DM. 
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UNIT III BASE BAND PULSE TRANSMISSION 

Maximum likelihood receiver structure – Matched filter receiver –  Probability error of the Matched filter  –   Inter symbol  
interference  –   Nyquist  criterion  for  distortion less  baseband  transmission  – Correlative coding – Eye pattern. 
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Eye Pattern 

An effective way to study the effects of ISI is the Eye Pattern. The name Eye Pattern was given from its 

resemblance to the human eye for binary waves. The interior region of the eye pattern is called the eye 

opening. The following figure shows the image of an eye-pattern. 

 

 

Jitter is the short-term variation of the instant of digital signal, from its ideal position, which may lead to 

data errors. 

When the effect of ISI increases, traces from the upper portion to the lower portion of the eye opening 

increases and the eye gets completely closed, if ISI is very high. 

An eye pattern provides the following information about a particular system. 

 Actual eye patterns are used to estimate the bit error rate and the signal-to-noise ratio. 

 The width of the eye opening defines the time interval over which the received wave can be 

sampled without error from ISI. 

 The instant of time when the eye opening is wide, will be the preferred time for sampling. 

 The rate of the closure of the eye, according to the sampling time, determines how sensitive the 

system is to the timing error. 

 The height of the eye opening, at a specified sampling time, defines the margin over noise. 

Hence, the interpretation of eye pattern is an important consideration. 
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UNIT IV-PASS BAND DATA TRANSMISSION 

Pass  Band  Transmission Model  –  Generation,  Detection,  Signal  Space Diagram, Probability of Error 

for BFSK, BPSK, QPSK, DPSK, and Schemes– Comparison. 
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UNIT    V M-ARY   SIGNALING   AND    INTRODUCTION   TO    SPREAD    SPECTRUM TECHNIQUES 

M-ary signaling, vectoral view of MPSK and MFSK signaling, symbol error performance of M-ary systems  – 

Introduction  –   Discrete   Sequence  Spread Spectrum technique – Use of Spread Spectrum with  CDMA-Ranging  

Using  Discrete  Sequence  Spread  Spectrum  –   Frequency  Hopping  Spread Spectrum – Generation & 

Characteristics of PN Sequence. 
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Generation and Characteristics of PN Sequences  

A piece of hardware used to generate the PN sequences. It is mainly formed of a 

shift register made up of D flip-flops, with some selected outputs of the flip-flops 

connected to a parity generator. The parity generator is constructed of an array of 

exclusive-OR gates and it generates a logic 0 output when the input has an even number of 

0's, and generates 1 when the input has an odd number of 1's.  
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The code generated depends on the number N of the flip-flops and on the selection of 

which flip-flop outputs are connected to the parity generator. At the beginning, all the Q's 

take specific pattern of logic values. Then, with each clock pulse these values are shifted 

and in general, the output of the parity generator will change. Since such hardware is 

fixed, the sequence is not truly random, i.e. it is deterministic. Also at some particular 

state, the sequence will start to repeat itself. In order to make that PN sequence almost 

random, a large number of flip-flops is used (today MOS large-scale integration may have 

2000 flip-flops on a single chip), hence the sequence length will be large enough to consider 

the sequence as a random one. In fact, the maximum sequence length is L=2N-1. Note that 

the all-0's-state has been excluded because if the register shall ever arrive at such a state, 

it will remain in it permanently. The above maximal sequence length (L) can be attained 

for every (N) using certain flip-flop outputs as inputs for the parity generator. For 

example, at N=15, the sequence length can be made maximum, i.e. L = 215-1 = 32767, if the 

outputs of the flip-flops number 13 and 14 are used as inputs for the parity generator. It is 

worth noting that PN sequences are available at both outputs of any flip-flop. Yet, they 

are not independent, i.e. one can be derived from the other by a simple time shift or by 

complementing the bits or both. However, there are logic designs that produce sequences 

with small correlation to one another. The number of such independent sequences has the 

upper bound S given by S < (L-1)/N. Note that these independent sequences can be divided 

into two groups, one has sequences that are the mirror images of those in the other. 

Mirror image sequences have the same bit sequence when one is read forward and the 

other is read backward in time.  

 

iii. Autocorrelation of a PN sequence  

The autocorrelation function Rd(t) of a truly random sequence d(t) with bit duration Tb is 

definedas  

 

Rd(t) = E{d(t) d(T+t)} = Integral d(t)d(T+t) dT  

And has the form shown in the figure below when d(t) = ± 1 volt  

 

The autocorrelation function Rd(t) of a PN sequence is RPN(t) = E{g(t) g(t + t)} Where g(t) 

assumes the values ± 1 volt. As might be expected RPN(0) = 1. Rpn(t) for t = nTc, where n is 

an integer and Tc is the chip duration.  

 

RPN(t = nTc) = E{g(t)g(t + nTc)} = E{ -g(t+kTc)} 

 

Now g(t + kTc) is a PN sequence and , in the course of L chips there is one more 1 than 0. 

Hence the average value of -g(t + kTc) is -1/L. Finally,since the sequence has a period 
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LTc so too has RPN(t).  

From the above, we deduce that an SS signal modulated with a PN sequence can only be 

demodulated by the exact PN sequence (t = exactly zero). For any other value of t, Rd(t) 

will equal zero i.e. the energy of the received signal equals zero ( no signal is received).  

 

 



Questions

A circuit that generates the upper and lower sidebands but no carrier is called a

A major benefit of SSB is

An AM signal without a carrier is called

An AM signal without a carrier is called a ------------------ signal.

An amplitude modulator performs the mathematical operation of

Distortion of the modulating signal produces harmonics which cause an 

increase in the Signal

For a 100% modulation, the value of modulation index is

For a square law device,

For ideal AM,

In DSB-FC AM signal,  greatest power is consumed by

In SSB, no signal is transmitted when



In SSB, which sideband is the best to use?

Indicate the false statement regarding the advantages of SSB over DSB-SC

Information in the AM signal is conveyed in the

Lower sideband (LSB) contain frequencies from

Modulation causes the information signal to be __________ to a higher 

frequency for more efficient transmission.

Over modulation occurs when

Recovering information from a carrier is known as

Square law modulator is used to generate ---------

The acronym SSB-SC means

The balanced modulator eliminates which of the following from its output?

The bandwidth required to transmit DSBSC wave is



The circuit that recovers the original modulating information from an AM 

signal is known as a

The degree or depth of modulation expressed as a percentage is computed using 

the Expression

The most widely used amplitude demodulator is called a

The new signals produced by modulation are called

The outline of the peaks of a carrier has the shape of the modulating signal and 

is called the

The purpose of a ----------- is to recover the original modulating signal from an 

AM wave.

The Vmax is a phasor addition of

To retain all the information,Two sidebands to be transmitted,Carrier to be 

transmitted

Upper sideband (USB) contain frequencies from

Vestigial Sideband modulation is normally used for

What is the minimum AM signal needed to transmit information?



Which of the following is not another name for modulation index?

Which of the following is not major communications medium?

Which of the following is not true about AM?

Which of the following is the most correct?

Which of the followings is not a source of noise?

Which one of the following cannot be used to remove the unwanted sideband in 

SSB.

Which one of the following is non linear device?



opt1 opt2 opt3 opt4

amplitude modulator diode detector class C amplifier balanced modulator

higher power can be put 

into the sideband

greater power consumption More carrier power double the sideband 

power

SSB. Vestigial sideband. FM signal DSB.

double sideband with 

carrier(DSB-FC)

single sideband (SS) double sideband 

with no 

carrier(DSB-SC)

single sideband with  

no  carrier(SSB)

Addition Subtraction Multiplication Division

carrier power bandwidth sideband power envelope voltage

1 0 <1 >1

output current is 

proportional to input 

voltage 

output current is proportional 

to square of  input voltage 

output voltage is 

proportional to 

input current 

output voltage is 

proportional to 

square of input 

current
m = 0 m = 1 m < 1 m > 1

carrier upper side band lower sideband none of the above

the information signal is 

present

the information signal is 

absent

the carrier signal is 

present

the carrier signal is 

not present



upper lower neither either upper or 

lower

more channel space is 

available.

more carrier power signal is more noise 

resistant

less power is 

consumed

Carrier only. sidebands only. carrier and USB. carrier and LSB.

fc-fm  to  fc fc  to fc +fm fc  to fc +2fm fc-2fm to fc

Translated. Multiplexed. Multiplied. Duplexed.

Vc > Vm Vc < Vm Vc = Vm None of the above

Demultiplexing. Modulation. Detection. Carrier recovery.

DSB-FC wave VSB wave SSB wave none of the above

single sideband with carrier single sideband with 

suppressed carrier

double sideband 

with no carrier

double sideband 

with carrier

upper sideband carrier lower sideband both sidebands

equal to carrier frequency twice the maximum 

modulating signal frequency

equal to  the 

maximum 

modulating signal 

frequency

twice the carrier 

frequency



modulator demodulator mixer crystal set

2 Vm. 100 / Vm. m / 100. 100 % * m.

variable resistor rectifier diode detector adder

Spurious emissions Harmonics Intermodulation 

products

Side bands.

Trace. Wave shape. Envelope. Carrier variation.

Demodulator Modulator rectifier adder

Vc+Vlsb+Vusb Vc-Vlsb-Vusb -Vc-Vlsb-Vusb -Vc+Vlsb+Vusb

both A & B only A only B neither A nor B

fc-fm  to  fc fc  to fc +fm fc  to fc +2fm fc-2fm to fc

HF point-to-point 

communication

monaural broadcasting TV broadcasting stereo broadcasting

Carrier plus sidebands. Carrier only. One sideband. Both sidebands.



Modulation reciprocal. Modulation factor. Degree of 

modulation.

Modulation Co-

efficient.

Free space. Water. Wires. Fiber-optic cable.

The carrier amplitude 

varies.

The carrier frequency 

remains constant.

The carrier 

frequency changes.

The information 

signal amplitude 

changes the carrier 

amplitude.
Vm should be greater than 

Vc.

Vc should be greater than 

Vm.

Vm must be equal 

to or less than Vc.

Vc must always be 

equal to Vm.

Another communications 

signal.

Atmospheric effects. Manufactured 

electronic 

components.

Noise from 

industry.

filter system phase shift method third method balanced modulator

multiplexer modulator diode rectifier



opt5 opt6 Answer

balanced modulator

higher power can be put 

into the sideband

DSB.

double sideband with no 

carrier(DSB-SC)

Multiplication

bandwidth

1

output current is 

proportional to square of  

input voltage 

m = 1

carrier

the information signal is 

absent



either upper or lower

more carrier power

sidebands only.

fc-fm  to  fc

Translated.

Vc < Vm

Detection.

DSB-FC wave

single sideband with 

suppressed carrier

carrier

twice the maximum 

modulating signal 

frequency



demodulator

100 % * m.

diode detector

Side bands.

Envelope.

Demodulator

Vc+Vlsb+Vusb

neither A nor B

fc  to fc +fm

TV broadcasting

One sideband.



Modulation reciprocal.

Water.

The carrier frequency 

changes.

Vc should be greater than 

Vm.

Another communications 

signal.

balanced modulator

diode



Questions

A PLL frequency demodulator automatically compensate for 

changes in ---------

A PLL frequency demodulator requires

A varying phase shift produces a 

An FM signal produces more -------- than an AM signal.

Assertion: An FM signal produces more sidebands than an AM

signal.Reason:

Balanced slope detector consists of ----------- single ended slope 

detectors.

Both FM and PM are types of  _________ modulation.

Carson’s rule is used to calculate

For a narrowband FM, the modulation index is 

For a wideband FM, the modulation index is 

mfVK  )cos(cos tmtV mfcc  + mmf VKm 1=



Foster Seeley discriminator can also be called as 

If the amplitude of the modulating signal decreases the carrier

deviation

In balanced slope detector, two single ended slope detectors are 

connected in 

In direct method of  FM generation, --------- is varied in accordance 

with baseband signal

In FM , the total transmitted power 

In FM, as the modulating signal amplitude goes positive, the carrier

frequency -------

In FM, the required bandwidth -------

In PM, carrier frequency deviation is not proportional to 

Indicate which one of the following is not an advantage of FM over 

AM

Pre emphasis is used to boosting

The amount of frequency shift during modulation is called the



The amount of frequency shift in FM is directly proportional to the --

--------

The amplitudes of the sidebands in an FM signal are dependent upon 

a mathematical Process

The area of coverage of FM system is --------- than AM system.

The FM produced by PM is called

The general name given to both FM and PM is -------------

modulation.

The indirect method of FM generation needs 

The low index FM are known as 

The main advantage of FM over AM is its immunity from

The number of sidebands in FM is

The phenomenon  of a strong FM signal dominating a weaker signal 

on a common frequency  is referred to as the 

The primary disadvantage of FM is its 



The rate at which frequency variation takes place in FM is equal to 

the 

The ratio detector is more immune to 

The sidebands of FM signals are separated from the carrier by

Voltage versus frequency response curve of   Foster Seeley 

discriminator is called as 

What is the bandwidth of a FM signal for a 70 KHz carrier has a 

frequency deviation of 4 KHz with a 1000 Hz signal.

Which of the following is not a major benefit of FM over AM

Which one of the following has good noise immunity?

Which one of the following is not present in the PLL demodulator?



opt1 opt2 opt3

load carrier frequency carrier amplitude

no transformer no tuned circuit no coupling

amplitude deviation frequency deviation modulation index.

noise attenuation sidebands

The amplitude of the carrier signal is high. The frequency of the

carrier signal is high.

The frequency of

modulated signal is

high.

three two one

Amplitude. Phase. Analog.

Maximum deviation Modulation Index Deviation sensitivity

less than unity exceed unity equal to unity

less than unity exceed unity equal to unity

mfVK mfVK cfVK cf VK )cos(cos tmtV mfcc  +  )cos(cos tmtV cfmc  +  )cos(cos tmtV mfcm  +mmf VKm 1= mmf VKm 1= ccf VKm 1= c cf VKm 1=



balanced slope detector ratio detector slope detector

Increases. Decreases. Remains constant.

series cascade parallel

carrier frequency carrier amplitude carrier phase

remains constant increases with depth of 

modulation

decreases with depth of 

modulation

increases decreases remains constant

remains constant increases with depth of 

modulation

decreases with depth of 

modulation

Modulating signal amplitude. Carrier Amplitude and

frequency.

Modulating signal

frequency.

better noise immunity lower bandwidth better transmission 

efficiency

low frequencies medium frequencies high frequencies

amplitude phase. deviation.

 )cos(cos tmtV cfmm  +



amplitude of the carrier signal amplitude of the

modulating signal

frequency of the carrier

signal

Taylor’s series Fourier series Bernaulis series

larger smaller same

Direct FM. Indirect FM. Direct AM.

frequency amplitude angle

amplitude modulator frequency modulator differentiator

Broad Band Narrow band Low band

noise atmospheric condition attenuation

Small Large Zero

3 infinite finite

blot out quieting factor domination syndrome



Higher cost and complexity. Excessive use of 

spectrum space.

Nose susceptibility.

carrier amplitude carrier frequency modulating signal 

amplitude

frequency variation in input signal phase variation in input 

signal

amplitude variation in 

input signal

more linear than that of slope detector more non-linear than 

that of slope detector

more linear than that of 

ratio detector

B-curve S-curve D-curve

At a maximum. At a minimum. Zero.

Greater Efficiency. Noise Immunity. Capture Effect.

AM PM FM



opt4 opt5 opt6 Answer

modulating 

frequency

carrier frequency

no buffer no tuned circuit

capture effect. frequency 

deviation

amplification sidebands

The amplitude of the

modulating signal is

high.

The frequency of

modulated signal

is high.

more than two two

Angle. Angle.

Bandwidth Bandwidth

zero less than unity

zero exceed unity

cf VK )cos(cos tmtV cfmc  +  )cos(cos tmtV mfcm  +ccf VKm 1= c cf VKm 1=



phase shift 

discriminator

phase shift 

discriminator

Goes to Zero. Increases.

mixed configuration parallel

modulating signal 

amplitude

carrier frequency

increases linearly 

with depth of 

modulation

remains constant

linearily increases increases

increases linearly 

with depth of 

modulation

increases with 

depth of 

modulation

modulator phase

shift.

Modulating 

signal frequency.

less modulating 

power

lower bandwidth

radio frequencies high frequencies

angle. deviation.

 )cos(cos tmtV cfmm  +



frequency of the

modulating signal

amplitude of the

modulating 

signal

Bessel’s function Bessel’s function

much larger smaller

Indirect PM. Indirect FM.

phase angle

phase modulator phase modulator

Medium band Narrow band

weather condition noise

Infinite Small

2 infinite

capture effect capture effect



Lower Efficiency. Excessive use of 

spectrum space.

modulating 

frequency

modulating 

frequency

atmospheric 

condition

amplitude 

variation in input 

signal

more non-linear than 

that of ratio detector

more linear than 

that of slope 

detector

U-curve S-curve

Infinity. At a maximum.

Lower complexity 

and cost.

Lower 

complexity and 

cost.

None of the above FM



Questions opt1

Noise from the sun and stars is called Extraterrestrial noise

Atmospheric noise comes mainly from star

The main source of internal noise is ----- fluorescent light

The S/N ratio is usually expressed in watts

For best reception, the S/N ratio should be low

Increasing the temperature of a component causes 

its noise power to

remains constant

Another name for thermal noise is A Johnson 

noiseB.White noise

both A & B

Narrowing the bandwidth of a circuit causes the 

noise level to

remains constant

The noise voltage produced across a 75 ohm input 

resistance at atemperature of  25oC with a banwidth 

of 1.5 MHz is --------

1 microvolt

Two types of noise produced by tubes or transistors 

are

shot noise & transit time 

noise



The receiver amplifies only signalB. only noise both A & B

Noise temperature in degrees Kelvin is used to 

express the noise in a system at --------- frequencies.

low

The noise figure of an amplifier is 2.6. The noise 

temperature is

564 K

The noise is more of a problem at -------- 

frequencies.

audio

The stages of a receiver that contribute the most 

noise are the

RF amplifier & mixer

Which one of the following doesn’t come under 

external noise?

industrial noise

Which one of the following doesn’t come under 

internal noise?

shot noise

Which circuit contributes most to the noise in a 

receiver?

IF amplifier

Noise can be reduced by widening the bandwidth

Atmospheric noise becomes less severe  at 

frequencies

above 30 MHz.

One of the following types of noise becomes of 

great importance   at   high frequencies. It is the

shot noise



The value of a resistor creating thermal noise is 

doubled. The noise power generated is therefore

halved

Indicate the noise whose source is in a category 

different from that of the other three.

solar noise

Indicate the false statement. The square of the 

thermal noise voltage generated by a resistor is 

proportional to

its resistance

Indicate the false statement. The square of the shot 

noise current is  proportional to

its resistance

The noise figure is defined as the ratio of output S/N to  input S/N

The ideal value of noise figure is 0

In a practical receiver, the the value of noise figure 

is

0

In a receiver, the output S/N will be --------- the 

input S/N

equal to

The equivalent noise temperature is given by To(F+1)

A receiver connected to an antenna whose 

resistance is  50 ohm has an equivalent noise 

resistance of 30 ohm. The receiver’s noise figure in 

db is

1.6

The available thermal noise power is 4RkTB



The noise voltage of the equivalent series resistance 

is square root of

En1+En2+En3+….

The noise current  of the equivalent parallel 

resistance is square root of

I n1+In2+In3+….

The shot noise  of a component, with a direct 

current of 1mA flowing across a semiconductor 

junction , given that the effective noise bandwidth 

of 1MHz is

18 nA

Flicker or 1/f noise appears below the frequencies of 

few hertz

Noise  figure is a ----------- expressed in decibels. noise temperature

---------- formula is used for the calculation of noise 

temperature.

Friss’s

Excess noise ratio(ENR)  is defined as the ratio of Tc-Th to Tc

The power ratio termed Y factor is Y=Ph/Pc



opt2 opt3 opt4 opt5

Atmospheric noise Thermal noise Shot noise

sun lightning space

thermal agitation automobiles lightning

HP volts decibels

moderate high very low

decreases increases exponentially increases

only A only B neither A nor B           

decreases increases exponentially increases

1.56 microvolt 1.46 microvolt 1.36 microvolt

shot noise & thermal 

noise

thermal noise & 

transit time noise

internal & external noise



only A only B neither A nor B           

medium microwave audio

645 K 464 K 428K

low medium high

IF amplifier & mixer RF amplifier & IF 

amplifier

detector & audio amplifier

atmospheric noise space noise thermal noise

transit time noise space noise thermal noise

demodulator AF amplifier mixer

narrowing the 

bandwidth

increasing the 

temperature

increasing the transistor current 

level

below 30MHz above 1GHz below 1GHz

random noise impulse noise transit time noise



quadrupled doubled unchanged

cosmic noise atmospheric noise galactic noise

its temperature Boltzmann’s constant the bandwidth over which it is 

measured

direct diode current 

temperature

charge of the electron the bandwidth

input S/N to output S/N signal power to noise 

power

noise power to signal power

greater than 1 1 less than 1

less than 1 1 greater than 1

less than greater than much less than

 Te(F+1)  To(F-1) To(1-F)

6.1 4.02 2.04

RkTB 4kTB kTB



En12+En22+En32+…. En12 En22 En32…. En1 En2 En3….

I n12+I n22+I n32+…. I n1 n2I n3…. I n12 I n22 I n32….

9nA 36 nA 18mA

above the frequencies 

of few kilohertz

below the frequencies 

of few kilohertz

above  the frequencies of few 

hertz           

equivalent noise 

temperature

noise bandwidth noise factor  

Willie’s Taylor’s Legrange’s

 Th-Tc to Tc  Th- Tc to Th  Tc -Th to Th

Y=Pc/Ph Y= Th/Tc Y=Tc/Th



opt6 Answer

Extraterr

estrial 

noise

lightning

thermal 

agitation

decibels

high

increases

both A 

& B

decreases

1.36 

microvolt

shot 

noise & 

transit 

time 



both A 

& B

microwa

ve

464 K

high

high

thermal 

noise

space 

noise

mixer

narrowin

g the 

bandwidt

h
above 30 

MHz.

random 

noise



doubled

atmosphe

ric noise

Boltzman

n’s 

constant

its 

resistanc

e

input 

S/N to 

output 

S/N
1

greater 

than 1

less than

 To(F-1)

2.04

kTB



En12+En

22+En32

+….

I n12+I 

n22+I 

n32+….

18 nA

below 

the 

frequenci

es of 
noise 

factor  

Friss’s

 Th-Tc 

to Tc

Y=Ph/Pc



Questions opt1

In a receiver, the output S/N will be --------- the 

input S/N

equal to

The equivalent noise temperature is given by To(F+1)

A receiver connected to an antenna whose resistance 

is  50 ohm has an equivalent noise resistance of 30 

ohm. The receiver’s noise figure in db is

1.6

The available thermal noise power is 4RkTB

The noise voltage of the equivalent series resistance 

is square root of

En1+En2+En3+….

The noise current  of the equivalent parallel 

resistance is square root of

I n1+In2+In3+….

The shot noise  of a component, with a direct current 

of 1mA flowing across a semiconductor junction , 

given that the effective noise bandwidth of 1MHz is

18 nA

Flicker or 1/f noise appears below the frequencies of 

few hertz

Noise  figure is a ----------- expressed in decibels. noise temperature

---------- formula is used for the calculation of noise 

temperature.

Friss’s



Excess noise ratio(ENR)  is defined as the ratio of Tc-Th to Tc

The power ratio termed Y factor is Y=Ph/Pc

The relationship between ENR and noise factor is  F= Y/(ENR-1)

The overall noise figure of a three stage cascaded 

amplifier, each stage having a power gain of 10db 

and a noise figure of 6db is

3.44

DSB-SC system contains ---------- power in 

sidebands.

2/3

For AM, the detector noise output voltage is A 

Independent of the noise frequency .B. Same at all 

frequencies

both A & B

Noise power for AM follows ---------- distribution. triangular

For FM system, the noise output power is 

proportional to

input noise voltage

In AM system, the post detection signal to noise 

power ratio is ---------- greater than the pre detection 

signal to noise power ratio.

2 times

In receiver system, input SNR and output SNR are 

measured at

mixer

For SSB system, the signal to noise power ratios at 

the input of the demodulator   is--------- the output 

of the demodulator.

less than that in



The bandwidth of the filter in SSB-SC  will be -------

-- that of the filter in  DSB-SC.

equal to

From the point of noise improvement, the 

performance of SSB is ---------  that of DSB.

identical to

For a given signal power at the input, the ------- at 

the output is identical for DSB and SSB.

noise to signal ratio

As the bandwidth increases in FM system, the input 

noise also increases and the point called -------- is 

reached.

threshold

The threshold effect is more pronounced in ------- 

system.

AM

The condition at which the noise is  not 

distinguishable from signal is called

capture effect

The pre emphasis  circuit  boosts --------- at the 

transmitter.

low frequencies

The de emphasis compensate --------- at the receiver. low frequencies

The pre emphasis and de emphasis are applied in ----

--------- system for improvement of SNR.

AM



opt2 opt3 opt4

less than greater than much less than

 Te(F+1)  To(F-1) To(1-F)

6.1 4.02 2.04

RkTB 4kTB kTB

En12+En22+En32+…. En12 En22 En32…. En1 En2 En3….

I n12+I n22+I n32+…. I n1 n2I n3…. I n12 I n22 I n32….

9nA 36 nA 18mA

above the frequencies of 

few kilohertz

below the frequencies 

of few kilohertz

above  the frequencies of few 

hertz           

equivalent noise 

temperature

noise bandwidth noise factor  

Willie’s Taylor’s Legrange’s



 Th-Tc to Tc  Th- Tc to Th  Tc -Th to Th

Y=Pc/Ph Y= Th/Tc Y=Tc/Th

 F= Y/(ENR+1)  ENR =(Y-1)/F  f= ENR/(Y-!)

4.33 3.43 3.23

1/3 entire  ½  

only A only B neither A nor B                 

square circular rectangular

frequency deviation bandwidth noise temperature

3 times 4 times 5 times

IF amplifier demodulator audio amplifier

greater than that in identical to twice that in  



half twice thrice

better than worst than excellent than  

threshold voltage signal to noise ratio capture effect          

capture breakdown avalanche

DSB-SC SSB-SC FM

threshold effect null effect avalanche effect

medium frequencies high frequencies radio frequencies.

medium frequencies high frequencies radio frequencies.

DSB-SC SSB-SC FM



opt5 opt6 Answer

less than

 To(F-1)

2.04

kTB

En12+En22+En32+

….

I n12+I n22+I 

n32+….

18 nA

below the frequencies 

of few kilohertz

noise factor  

Friss’s



 Th-Tc to Tc

Y=Ph/Pc

 f= ENR/(Y-!)

4.33

entire

both A & B

rectangular

frequency deviation

2 times

demodulator

identical to



half

identical to

signal to noise ratio

threshold

FM

threshold effect

high frequencies

high frequencies

FM



Questions opt1

A sampled signal is Analog signal

Attenuation is more in analog communication

Band pass signal is modulated signal

Bandwidth required for transmission of non sinusoidal signal is greater  than that of 

sinusoidal  signal

Base band communication needs unguided media

Base band communication suitable for long distance 

communication

Base band communication suitable for short distance 

communication

Base band signal is modulated signal

Baud rate is defined as number of symbols 

transmitted in one 

second

Bit rate is directly proportional to 

baud rate



Bit rate is defined as number of symbols 

transmitted in one sec

Communication channel is the medium used for transfer of 

signal

Electrical signal is converted into voice signal by loud speaker

For a good communication system, signal to noise ratio should be low

Frequency band used for TV transmission is VHF & SHF

In a communication system, noise is most likely to affect the 

signal

at the transmitter

Increasing the number of voltage levels for transmission decrease the capacity

Indicate the false statement. Modulation is used to reduce the bandwidth 

used

Indicate the noise whose source is in a category different from 

that of the other

Solar noise

Interference is more in analog communication because the signal is in digital 

form

Maximum number of bits transmitted in one sec is Capacity



Modem is used to multiplex  the signal

Nyquist formula relating bandwidth and capacity is C = 2B log (2M)

Optical fiber carries gamma ray

Pass band communication suitable for long distance 

communication

Pass band communication suitable for short distance 

communication

Radio communication use coaxial cable

Shannon’s capacity theorem is C= 2B log (1+SNR)

Signal to noise ratio is ratio of noise power to 

signal power

Signals that travel through free space for long distance are electromagnetic waves

The frequencies above 1 GHz are called Radiowaves

The frequency range from 300-3400Hz is voice frequency range



The radio frequency range starts at 1MHz

The wave used for medical application is optical waves

Voice signal is converted into electrical signal by loud speaker

Which one of the following is not an information source? sound

Which one of the following is not in the communication system transmitter

Which one of the following is not present in the analog 

modulation process

receiver



opt2 opt3 opt4 opt5

Digital signal Discrete signal Continuous signal

digital 

communication

both analog and 

digital 

communication

none of the above

encoded signal decoded signal original signal

less than that of 

sinusoidal signal

same as that of 

sinusoidal signal

none of the above

modulator demodulator guided media

short distance 

communication

broad band 

communication

narrow band 

communication

Long distance 

communication

both long & short 

distance 

communication

none of the above

encoded signal decoded signal original signal

number of bits 

transmitted in one 

second

number of symbols 

transmitted in one 

minute

number of bits 

transmitted in one 

minute

inversely 

proportional to baud 

rate

directly proportional 

to bit interval

inversely  proportional 

to bit interval



number of bits 

transmitted in one 

sec

number of symbols 

transmitted in one 

minute

number of bits 

transmitted in one 

minute

used for encoding used for receiving 

signal

used for transmitting 

signal

modulator demodulator microphone

very low high moderate

VHF & UHF UHF& SHF UHF & EHF

in the channel in the information 

source

at the destination

decrease the signal to 

noise ratio

increase  the capacity increase the signal to 

noise ratio

separate differing 

transmissions

for long distance 

communication

allow the use of 

parabolic antenna

Cosmic noise atmospherics noise Galactic noise

the signal is in 

analog form

both signal and noise 

are in analog form

noise is in analog 

form

bit rate baud rate bit interval



modulate the signal demodulate the 

signal

both modulate and 

demodulate the signal

C = B log (M) C = B log (2M) C = 2B log (M)

infrared wave electromagnetic 

wave

light wave

short distance 

communication

broad band 

communication

narrow band 

communication

Long distance 

communication

both long & short 

distance 

communication

none of the above

free space optical fiber microwave links

C= B log (1+SNR) C= B log (3+SNR) C= B log (2+SNR)

ratio of noise power 

to modulated signal 

power

ratio of signal power 

to noise  power

ratio of signal voltage 

to noise voltage

baseband signals sinusoidal signals non sinusoidal signals

microwaves opticalwaves gammarays

audio frequency 

range

radio frequency 

range

microwave frequency 

range



100MHz 200MHz 300MHz

radio waves microwaves x-rays

modulator demodulator microphone

video samples audio

receiver channel rectifier

channel encoder modulator demodulator



opt6 Answer

Discrete signal

digital communication

modulated signal

greater  than that of 

sinusoidal  signal

guided media

short distance 

communication

short distance 

communication

original signal

number of symbols 

transmitted in one second

inversely  proportional to 

bit interval



number of bits 

transmitted in one sec

used for transfer of signal

loud speaker

high

VHF & UHF

in the channel

increase  the capacity

for long distance 

communication

atmospherics noise

both signal and noise are 

in analog form

Capacity



both modulate and 

demodulate the signal

C = 2B log (M)

light wave

long distance 

communication

Long distance 

communication

free space

C= B log (1+SNR)

ratio of signal power to 

noise  power

electromagnetic waves

microwaves

voice frequency range



200MHz

x-rays

microphone

samples

rectifier

channel encoder
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