
CODE 
MAT 281

Advanced Linear Algebra CATEGORY L T P CREDIT 

B. Tech Minor (S3) 3 1 0 4 

Preamble:  This course introduces the concept of a vector space which is a unifying abstract 

frame work for studying linear operations involving diverse mathematical objects such as n-

tuples, polynomials, matrices and functions.  Students learn to operate within a vector and 

between vector spaces using the concepts of basis and linear transformations. The concept of 

inner product enables them to do approximations and orthogonal projects and with them solve 

various mathematical problems more efficiently.  

Prerequisite: A basic course in matrix algebra. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Identify many of familiar systems as vector spaces and operate with them using vector 

space tools such as basis and dimension. 

CO 2 Understand linear transformations and manipulate them using their matrix 

representations.  

CO 3 Understand the concept of real and complex inner product spaces and their applications in 
constructing approximations and orthogonal projections 

CO 4 Compute eigen values and eigen vectors and use them to diagonalize matrices and simplify 

representation of linear transformations 

CO 5 Apply the tools of vector spaces to decompose complex matrices into simpler components, find 
least square approximations, solution of systems of differential equations etc. 

Mapping of course outcomes with program outcomes 

PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 10 PO 11 PO 12 

CO 1 3 3 3 3 2 1 1 2 2 

CO 2 3 3 3 3 2 1 1 2 2 

CO 3 3 3 3 3 2 1 1 2 2 

CO 4 3 2 3 2 1 1 1 2 2 

CO 5 3 3 3 3 2 1 1 2 2 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester 

Examination 1 2 

Remember 5 5 10 

Understand 10 10 20 

Apply 10 10 20 

Analyse 10 10 20 

Evaluate 15 15 30 

Create 

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 

contain 10 questions with 2 questions from each module, having 3 marks for each question. 

Students should answer all questions. Part B contains 2 questions from each module of which 

student should answer any one. Each question can have maximum 2 sub-divisions and carry 

14 marks.  
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Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Show that the 𝑆1 = {(𝑥, 𝑦, 0) ∈ 𝑅3} is a subspace of 𝑅3 and 𝑆2 = {(𝑥, 𝑦, 𝑧) ∈ 𝑅3: 𝑥 + 𝑦 +

𝑧 = 2} is not a subspace of 𝑅3 

2. Let 𝑆1 and 𝑆2 be two subspaces of a finite dimensional vector space. Prove that 

𝑆1 ∩ 𝑆2 is also a subspace. Is 𝑆1 ∪ 𝑆2 s subspace. Justify your answer. 

3. Prove that the vectors {(1,1,2,4), (2, −1,5,2), (1, −1,−4,0), (2,1,1,6)} are linearly 

independent 

4.  Find the null space of 𝐴 = [
1 2 0 −1
2 6 −3 −3
3 10 −6 −5

] and verify the rank nullity 

theorem for  𝑚× 𝑛matrix in case of 𝐴 

 

Course Outcome 2 (CO2)  

1. Show that the transformation 𝑇; 𝑅2 → 𝑅3defined by 𝑇(𝑥, 𝑦) = (𝑥 − 𝑦, 𝑥 + 𝑦, 𝑦)  

     is a linear transformation. 

2. Determine the linear mapping 𝜑;𝑅2 → 𝑅3 which maps the basis (1,0,0), (0,1,0) 

and (0,0,1)to the vectors (1,1), (2,3)and(−1,2). Hence find the image of (1,2,0) 

3. Prove that the mapping 𝜑;𝑅3 → 𝑅3 defined by 𝑇(𝑥, 𝑦, 𝑧) = (𝑥 + 𝑦, 𝑦 + 𝑧,𝑧 + 𝑥) is  

         an isomorphism   

 

Course Outcome 3(CO3): 

1. Prove that the definition 𝑓(𝑢, 𝑣) = 𝑥1𝑦1 − 2𝑥1𝑦2 + 5𝑥2𝑦2for 𝑢 = (𝑥1, 𝑦1) and 𝑣 =

(𝑥2, 𝑦2)   is an inner product in 𝑅2. 

2. Prove the triangle inequality ‖𝑢 + 𝑣‖ ≤ ‖𝑢‖ + ‖𝑣‖ in any inner product space. 

3. Find an orthonormal basis corresponding to the basis  {1, 𝑡𝑐𝑜𝑠𝑡, 𝑠𝑖𝑛𝑡} of  the subspace 

of the vector space of continuous functions with the inner product defined by 

∫ 𝑓(𝑡)𝑔(𝑡)𝑑𝑡
𝜋

0
 using Gram Schimdt process . 

 

Course Outcome 4 (CO4):  

1. Consider the transformation 𝑇:𝑅2 → 𝑅2 defined by (𝑥, 𝑦) = (𝑥 − 𝑦, 2𝑥 − 𝑦) . Is T 

diagonalizable. Give reasons.  
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2. Use power method to find the dominant eigen value and corresponding eigen vector 

of  [
0 1 0
0 0 1
18 −1 −7

].                    

3. Prove that a square matrix A is invertible if and only if all of its eigen values are non-

zero. 

Course Outcome 5 (CO5):  

1. Find a singular value decomposition of [
1 −1
−1 1
2 −2

]  

2. Find the least square solution to the system of equations  

𝑥 + 2𝑦 + 𝑧 = 1, 3𝑥 − 𝑦 = 2, 2𝑥 + 𝑦 − 𝑧 = 2, 𝑥 + 2𝑦 + 2𝑧 = 1 

3. Solve the system of equations 2𝑥1 + 𝑥2 + 𝑥3 = 2 ,𝑥1 + 3𝑥2 + 2𝑥3 = 2, and 3𝑥1 + 𝑥2 +

2𝑥3 = 2  by LU decomposition method. 

 

 

 

 

Syllabus 

Module 1  

Vector Spaces, Subspaces -Definition and Examples. Linear independence of vectors, Linear 

span, Bases and dimension, Co-ordinate representation of vectors. Row space, Column space 

and null space of a matrix  

 

Module 2  

Linear transformations between vector spaces, matrix representation of linear transformation, 

change of basis, Properties of linear transformations, Range space and Kernel of Linear 

transformation,  Inverse transformations,  Rank Nullity theorem, isomorphism  
 

Module 3  

Inner Product: Real and complex inner product spaces, properties of inner product, length and 

distance, Cauchy-Schwarz inequality, Orthogonality ,  Orthonormal basis, Gram Schmidt 

orthogonalization process. Orthogonal projection. Orthogonal subspaces, orthogonal 

compliment and direct sum representation. 
 

Module 4 

 

Eigen values, eigenvectors and eigen spaces of linear transformation and matrices, Properties 

of eigen values and eigen vectors, Diagonalization of matrices, orthogonal diagonalization of 
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real symmetric matrices, representation of linear transformation by diagonal matrix, Power 

method for finding dominant eigen value, 

Module 5  

LU-decomposition of matrices, QR-decomposition, Singular value decomposition, Least 

squares solution of inconsistent linear systems, curve-fitting by least square method, solution 

of linear systems of differential equations by diagonalization 

Text Books 

1. Richard Bronson,  Gabriel B. Costa, Linear Algebra-an introduction, 2nd edition, 

Academic press, 2007 

2. Howard Anton, Chris Rorres,  Elementary linear algebra: Applications versio, 9th 

edition, Wiley 

References 

1. Gilbert Strang, Linear Algebra and It’s Applications, 4th edition, Cengage Learning, 

2006 

2. Seymour Lipschutz, Marc Lipson, Schaum’s outline of linear algebra, 3rd Ed., Mc 

Graw Hill Edn.2017 

3. David C Lay, Linear algebra and its applications,3rd edition, Pearson  

4. Stephen Boyd, Lieven Vandenberghe, Introduction to Applied Linear Algebra: 

Vectors,  Matrices,and Least Squares, Cambridge University Press, 2018 

5. W. Keith Nicholson, Linear Algebra with applications, 4th edition, McGraw-Hill, 

2002 

 

Assignments: 

Assignment should include specific problems highlighting the applications of the 

methods introduced in this course in science and engineering. 

 

 

 

Course Contents and Lecture Schedule  

No Topic No. of Lectures 

1 Vector spaces  (9 hours)  

1.1 Defining of vector spaces , example  2 

1.2 Subspaces  1 

1.3  Linear dependence, Basis , dimension 3 

1.4 Row space, column space, rank of a matrix 2 
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1.5 Co ordinate representation  1 

2 Linear Mapping (9 hours)  

2.1 General linear transformation, Matrix of transformation.   2 

2.2 Kernel and range of a linear mapping 1 

2.3 Properties of linear transformations, 2 

2.4 Rank Nullity theorem. 1 

2.5 Change of basis .  2 

2.6 Isomorphism  1 

3 Inner product spaces  (9 hours)  

3.1 Inner Product: Real and complex inner product spaces,  2 

3.2 Properties of inner product, length and distance 2 

3.3 Triangular inequality, Cauchy-Schwarz inequality 1 

3.4 Orthogonality, Orthogonal complement, Orthonormal bases,  1 

3.5 Gram Schmidt orthogonalization process, orthogonal projection 

 

2 

3.6 Direct sum representation 1 

4  Eigen values and Eigen vectors (9 hours)  

4.1 Eigen values and Eigen vectors of a linear transformation and matrix 2 

4.2 Properties of Eigen values and Eigen vectors 1 

4.3 Diagonalization., orthogonal diagonalization 4 

4.4 Power method 1 

4.5 Diagonalizable linear transformation 1 

5 Applications (9)   

5.1   LU decomposition, QR Decomposition 2 

5.2 Singular value decomposition 2 

5.3 Least square solution 2 

5.4 Curve fitting  1 

5.5 Solving systems of differential equations.  2 
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ECT281 ELECTRONIC CIRCUITS CATEGORY L T P CREDIT
Minor 3 1 0 4

Preamble: This course aims to develop the skill of the design of various analog circuits.

Prerequisite: EST130 Basics of Electrical and Electronics Engineering

Course Outcomes:  After the completion of the course the student will be able to

CO 1 Realize simple circuits using diodes, resistors and capacitors

CO 2 Design  amplifier and oscillator circuits 

CO 3 Design Power supplies, D/A and A/D convertors for various applications

CO4 Design and analyze circuits using operational amplifiers

Mapping of course outcomes with program outcomes

PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10

PO 
11

PO 12

CO 1 3 3 2
CO 2 3 3 2
CO 3 3 3 2
CO 4 3 3 2

Assessment Pattern

Bloom’s Category Continuous Assessment Tests End Semester Examination
1 2

Remember  K1 10 10 10
Understand  K2 20 20 20
Apply  K3 20 20 70
Analyse  K4
Evaluate
Create

Mark distribution

Total
Marks

CIE ESE ESE Duration

150 50 100 3 hours

Continuous Internal Evaluation Pattern: 

Attendance : 10 marks
Continuous Assessment Test (2 numbers) : 25 marks
Assignment/Quiz/Course project : 15 marks
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End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10
questions with 2 questions from each module, having 3 marks for each question. Students should
answer all questions. Part B contains 2 questions from each module of which student should answer
any one. Each question can have maximum 2 sub-divisions and carry 14 marks. 

Course Level Assessment Questions

 Course Outcome 1 (CO1): Realize simple circuits using diodes, resistors and capacitors. 

1. For the given specification design a differentiator and integrator circuit.

2. For the given input waveform and circuit, draw the output waveform and
transfer characteristics.

3. Explain the working of RC differentiator and integrator circuits and sketch the output
waveform for different time periods.

Course Outcome 2 (CO2): Design amplifier and oscillator circuits. 

1. For the given transistor biasing circuit, determine the resistor values, biasing currents
and voltages.

2. Explain the construction, principle of operation, and characteristics of MOSFETs.

3. Design a RC coupled amplifier for a given gain.

4. Design a Hartley oscillator to generate a given frequency.

Course Outcome 3 (CO3): Design Power supplies, D/A and A/D convertors for various 
applications.

1. Design a series voltage regulator.

2. For the regulator circuit, find the output voltage and current through the zener diode.

3. In a 10 bit DAC, for a given reference voltage, find the analog output for the given digital
input.

Course Outcome 4 (CO4): Design circuits using operational amplifiers for various 
applications

1. For the given difference amplifier, find the output voltage.

2. Derive the expression for frequency of oscillation of Wien bridge oscillator using
op-amp.

3. Realize a summing amplifier to obtain a given output voltage.
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SYLLABUS

Module 1: 
Wave shaping circuits:  Sinusoidal and non-sinusoidal wave shapes, Principle and working
of RC differentiating and integrating circuits, Clipping circuits - Positive, negative and biased
clipper.  Clamping circuits - Positive, negative and biased clamper. 

Transistor  biasing:  Introduction,  operating  point,  concept  of  load  line,  thermal  stability
(derivation not required), fixed bias, self bias, voltage divider bias.
Module 2: 
MOSFET-  Structure,  Enhancement  and  Depletion  types,  principle  of  operation  and
characteristics. 

Amplifiers: Classification of amplifiers, RC coupled amplifier – design and working, voltage
gain  and  frequency  response.  Multistage  amplifiers  -  effect  of  cascading  on  gain  and
bandwidth. 
Feedback in amplifiers - Effect of negative feedback on amplifiers. 
MOSFET Amplifier-  Circuit  diagram,  design  and working  of  common  source  MOSFET
amplifier. 

Module 3: 
Oscillators:  Classification,  criterion  for  oscillation,  Wien  bridge  oscillator,  Hartley  and
Crystal oscillator. (design equations and working of the circuits; analysis not required). 

Regulated  power  supplies:  Review  of  simple  zener  voltage  regulator,  series  voltage
regulator, 3 pin regulators-78XX and 79XX, DC to DC conversion, Circuit/block diagram
and working of SMPS. 

Module 4 : Operational amplifiers: Characteristics of op-amps(gain, bandwidth, slew rate,
CMRR, offset  voltage,  offset  current),  comparison of  ideal  and practical  op-amp(IC741),
applications of op-amps- scale changer, sign changer, adder/summing amplifier, subtractor,
integrator, differentiator, Comparator, Instrumentation amplifier. 

Module 5: 
Integrated circuits:   D/A and A/D convertors – important specifications,  Sample and hold
circuit, R-2R ladder type D/A convertors. 
Flash and sigma-delta type A/D convertors. 

Text Books
1. Robert Boylestad and L Nashelsky, Electronic Devices and Circuit Theory, Pearson,

2015.
2. Salivahanan S. and V. S. K. Bhaaskaran, Linear Integrated Circuits, Tata McGraw

Hill, 2008.

Reference Books
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1. David A Bell, Electronic Devices and Circuits, Oxford University Press, 2008.

2. Neamen D., Electronic Circuits, Analysis and Design, 3/e, TMH, 2007.

3. Millman J. and C. Halkias, Integrated Electronics, 2/e, McGraw-Hill, 2010.

4. Op-Amps and Linear Integrated Circuits, Ramakant A Gayakwad, PHI, 2000.

5. K.Gopakumar, Design and Analysis of Electronic Circuits, Phasor Books, Kollam, 2013

Course Contents and Lecture Schedule

No Topic No. of Lectures
1 Wave shaping circuits
1.1 Sinusoidal and non-sinusoidal wave shapes 1
1.2 Principle and working of RC differentiating and integrating circuits 2
1.3 Clipping circuits - Positive, negative and biased clipper 1
1.4 Clamping circuits - Positive, negative and biased clamper 1

Transistor biasing
1.5 Introduction, operating point, concept of load line 1

Thermal stability, fixed bias, self bias, voltage divider bias. 3

2 Field effect transistors
2.2 MOSFET- Structure, Enhancement and Depletion types, principle of 

operation and characteristics
2

Amplifiers
2.3 Classification of amplifiers, RC coupled amplifier - design and working 

voltage gain and frequency response
3

2.4 Multistage amplifiers - effect of cascading on gain and bandwidth 1
2.5 Feedback in amplifiers - Effect of negative feedback on amplifiers 1

MOSFET Amplifier- Circuit diagram, design and working of common 
source MOSFET amplifier

2

3 Oscillators
3.1 Classification, criterion for oscillation 1
3.2 Wien bridge oscillator, Hartley and Crystal oscillator 3

Regulated power supplies
3.3 simple zener voltage regulator, series voltage regulator line and load 

regulation
3

3.4 3 pin regulators-78XX and 79XX 1
3.5 DC to DC conversion, Circuit/block diagram and working of SMPS 1

4 Operational amplifiers
4.1 Differential amplifier 2
4.2 characteristics of op-amps(gain, bandwidth, slew rate, CMRR, offset 

voltage, offset current), comparison of ideal and practical op-amp(IC741)
2

4.3 applications of op-amps- scale changer, sign changer, adder/summing 
amplifier, subtractor, integrator, differentiator

3
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4.4 Comparator, Schmitt trigger, Linear sweep generator 3

5 Integrated circuits
5.1 D/A and A/D convertors – important specifications, Sample and hold circuit 1
5.2 R-2R ladder type D/A convertors 2
5.3 Flash and successive approximation type A/D convertors 2
5.4 Circuit diagram and working of Timer IC555, astable and monostable 

multivibrators using 555
3

Assignment: 

Atleast one assignment should be simulation of transistor amplifiers and op-amps on any circuit 
simulation software.

Model Question paper

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY

THIRD SEMESTER B.TECH DEGREE EXAMINATION, (Model Question Paper) 

Course Code: ECT281

Course Name: ELECTRONIC CIRCUITS

Max. Marks: 100 Duration: 3 Hours

PART A 

Answer ALL Questions. Each Carries 3 mark.

1 Design a clamper circuit to get the following transfer characteristics, assuming
voltage drop across the diode s 0.7V.

K3

2 Give the importance of biasing in transistors? Mention significance of operating
point.

K2

3 What is line regulation and load regulation in the context of a voltage regulator? 
Explain with equation for percentage of regulation:-

K2

4 Compare the features of FET with BJT:- K1

5 What is the effect of cascading in gain and bandwidth of amplifier? K1
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6 Discuss about simple zener shunt voltage regulator:- K1

7 Realize a circuit to obtain Vo= -2V1+3V2+4V3 using operational amplifier. Use
minimum value of resistance as 10KΩ.

K3

8 Design a monostable multivibrator using IC 555 timer for a pulse period of 1 ms. K3

9 Describe the working of a Flash type A/D Converter, with
example.

K2

10 Define: (1) Slew rate, (2) CMRR, (3) offset voltage and current:- K2

PART – B

Answer one question from each module; each question carries 14 marks.

Module - I 

11
a.

b.

Design a differentiator circuit for a square wave signal with Vpp=10 and frequency
10KHz:-

Consider a self-biasing circuit shown in figure below with Vcc=20V, Rc=1.5KΩ,
which is operated at Q-point (Vce=8V, Ic=4mA), If hFE=100, find R1, R2 and Re.
Assume VBE=0.7V.

     5

CO1
K3 

     9

CO2
K3

OR

12
a.

b.

Explain the working of an RC differentiator circuit for a square wave input with period 
T.Sketchits output waveform for RC ≫ T ,RC ≪ T and RC = T.

With reference to the following circuit, draw the load line and mark the Q point of a
Silicon  transistor  operating  in  CE  mode  based  on  the  following  data  (β=80,
Rs=47KΩ, RL=1KΩ, neglect ICBO)

 5
CO1
K3  

 5
CO2
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K3

c. Draw the output waveform and transfer characteristics of the given clipper circuit.      4
CO1
K3

Module - II

13
a.

 With  neat  sketches,  explain  the  construction,  principle  of  operation  and

characteristics of an N-channel enhancement MOSFET:-

     9
CO2
K2

b. Draw the circuit of an RC coupled amplifier and explain the function of each
element:-

     5
CO2
K2

OR

14
a.

b.

Draw the circuit of a common source amplifier using MOSFET. Derive the
expressions for voltage gain and input resistance:-

Sketch the frequency response of  an RC coupled amplifier and write the reasons for
gain reduction in both ends.

     9
CO2
K2

     5
CO2
K2

15
a.

Module - III 

Design a Hartley oscillator to generate a frequency of 150KHz.      5
CO2
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K3

b. Draw the circuit of a series voltage regulator. Explain its working when the input
voltage  as  well  as  load  current  varies.  Design  a  circuit  to  deliver  5V,  100mA
maximum load current:-

     9
CO3
K3

OR

16
a.

b. 

c.    

With  neat  diagram  and  relevant  equations  explain  the  working  of  wein  bridge

oscillator using BJT:-

Derive the expression for the frequency of oscillation of Wien bridge oscillator using 
BJT

For the circuit shown below, find the ouput voltage across RL and current through 
the zener diode:-

     7
CO2
K2

     4
CO2
K2

     3
CO3
K3

Module - IV

17
a.

b.  

With circuit, relevant equations and waveforms explain the working of a Schmit 
trigger using op-amp:-

The difference amplifier shown in the figure have R1=R2=5KΩ, RF=10KΩ, 
Rg=1KΩ. Calculate the output voltage.

   10
CO4
K2

     5
CO4
K3

OR

18
a.

With circuits and equations show that an op-amp can act as integrator, 
differentiator, adder and  subtractor.

     9
CO4
K2
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b. What do you mean by differential amplifier? With neat sketches, explain the
working of an open loop OP-AMP differential amplifier.

     5
CO4
K2

Module - V

19
a.

Explain the working of R-2R ladder type DAC. In a 10 bit DAC, reference voltage is

given as 15V. Find analog output for digital input of 1011011001.

   10
CO3
K3

b. With neat diagram explain the working of IC555 timer.      4
CO4
K3

OR

20
a.

A 4-bit R-2R ladder type DAC having R= 10 kΩ and VR= 10 V. Find its resolution and 
output voltage for an input 1101. 

     4
CO4
K3

b. Design an astable multivibrator using IC 555 timer for a frequency of 1KHz and a
duty cycle of 70%.Assume c=0.1μF.F.

     5
CO4
K3

c. Draw the circuit diagram of a simple sample and hold circuit and explain the
necessity of this circuit in A to D conversion.

     5
CO4
K2
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Simulation Assignments

The following simulations can be done in QUCS, KiCad or PSPICE.

1. Design and simulate RC coupled amplifer. Observe the input and output signals. Plot the
AC frequency response and understand the variation of gain at high frequencies. Observe the
effect of negative feedback by changing the capacitor across the emitter resistor.

2. Design and simulate Wien bridge oscillator for a frequency of 10 kHz. Run a transient simu-
lation and observe the output waveform.

3. Design and simulate series voltage regulator for output voltage VO = 10V and output cur-
rent IO = 100mA with and without short circuit protection and to test the line and load
regulations.

4. Design and implement differential amplifier and measure its CMRR. Plot its transfer charac-
teristics.

5. Design and simulate non-inverting amplifier for gain 5. Observe the input and output signals.
Run the ac simulation and observe the frequency response and 3− db bandwidth.

6. Design and simulate a 3 bit flash type ADC. Observe the output bit patterns and transfer
characteristics

7. Design and simulate R− 2R DAC ciruit.

8. Design and implement Schmitt trigger circuit for upper triggering point of +8V and a lower
triggering point of −4V using op-amps.
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ECT 283 ANALOG COMMUNICATION CATEGORY L T P CREDIT
Minor 3 1 0 4

Preamble: The course has two objectives: (1) to study two analog modulation schemes known as 
amplitude modulation and frequency modulation (2) to understand the implementations of transmitter 
and reciever systems used in AM and FM.

Prerequisite: NIL

Course Outcomes:  After the completion of the course the student will be able to

CO 1 Explain various components of a communication system
CO 2 Discuss various sources of noise, and its the effect in a communication system
CO 3 Explain amplitude modulation and its variants for a sinusoidal message
CO 4 Explain frequency modulation and its variants for a sinusoidal message
CO 5 List and compare various transmitter and receiver systems of AM and FM 

Mapping of course outcomes with program outcomes

PO 
1

PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10

PO 
11

PO 
12

CO 1 3 3
CO 2 3 3
CO 3 3 3
CO 4 3 3
CO 5 3 3
CO 6 3 3

Assessment Pattern

Bloom’s Category Continuous Assessment Tests End Semester Examination
1 2

Remember  K1 10 10 10
Understand  K2 20 20 20
Apply  K3 20 20 70
Analyse
Evaluate
Create

Mark distribution

Total
Marks

CIE ESE ESE Duration

150 50 100 3 hours

Continuous Internal Evaluation Pattern: 

Attendance : 10 marks
Continuous Assessment Test (2 numbers) : 25 marks
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Assignment/Quiz/Course project : 15 marks

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10
questions with 2 questions from each module, having 3 marks for each question. Students should
answer all questions. Part B contains 2 questions from each module of which student should answer
any one. Each question can have maximum 2 sub-divisions and carry 14 marks. 

Course Level Assessment Questions

 Course Outcome 1 (CO1): Explain various components of a communication system. 

1. What is the need of a modulator in a radio communcation system?

2. What are the various frequency bands used in radio communication

3. Why base band communication is infeasible for terrestrial air transmission?

Course Outcome 2 (CO2): Discuss various sources of noise, and its the effect in a 
communication system. 

1. What is thermal noise?

2. Describe the noise voltage generated across resistor?

3. Why is it that noise voltage can not be used as a source for power?

Course Outcome 3 (CO3): Explain amplitude modulation and its variants for a sinusoidal 
message.

1. Write down the equation for an AM wave for a sinusoidal message

2. What is the significance of modulation index?

3. Describe envelope detector

Course Outcome 4 (CO4): Explain frequency modulation and its variants for a sinusoidal 
message

4. How is practical bandwidth for an FM wave determined?

5. What are the value of frequency devaiation, bandwidth for a typical FM station?

6. What is PLL?

Course Outcome 5 (CO5): List and compare various transmitter and receiver systems of 
AM and FM 

1. Draw the block diagram of a super heterodyne receiver.

2. How is adjasecent channel rejection achieved in superhet? How is image rejection
achieved in a superhet?

3. Explain the working principle of one FM generator, and one FM demodulator.
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Syllabus

Module I

Introduction, Elements of communication systems, Examples of analog communication 
systems, Frequency bands, Need for modulation.

Noise in communication system, Definitions of Thermal noise (white noise), Various types of
noise -- Shot noise, Partition noise, Flicker noise, Burst noise, (No analysis required) Signal 
to noise ratio, Noise factor, Noise temperature, Narrow band noise.

Module II

Brief overview of signals and systems -- Signals, Classification of signals, Energy and power of 
signals, Basic signal  operations, Impulse function, Properties of impulse function, 
Convolution, LTI system, Fourier Transform, Basic properties, Using Fourier transform to 
study LTI system.

Module III

Amplitude modulation (AM), Double-side band suppressed carrier (DSB-SC) modulation  
Single sideband modulation (SSB) – spectrum, power, efficiency of all the three variants. 
(Study of only tone modulation in DSB-SC, AM, and SSB.) Amplitude-modulator 
implementations – switching modulator, balanced modulator. AM demodulators -- Coherent 
demodulator. Envelope detector.

Module IV

Frequency modulation – modulation index, frequency deviation, average power, spectrum of tone

modulated  FM.  Heuristics  for  bandwidth  of  FM.  Narrow  band  FM  and  wide-band  FM.  FM
generation:  Varactor  diode  modulator,  Armstrongs  method.  FM  demodulation  –  slope
detection, PLL demodulator. 

Module V
Superheterodyne reciever, Principle of Carrier synchronization using PLL, NTSC Television 
broadcasting.

Text Books

1. Kennedy, Davis, “Electronic Communication Systems,” 4th Edition, Tata McGraw Hill

2. Wayne Tomasi, “Electronic Communication Systems – Fundamentals through Advanced,”
5th edition, Pearson.

3. B. P. Lathi, Zhi Ding, Modern Digital and Analog Communication Systems, 4th edition,
Oxford University Press.
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Reference books

1. Leon W. Couch, Digital and Analog Communication Systems, 8th edition, Prentice
Hall.

Course Contents and Lecture Schedule 

No Topic No. of Lectures

I Introduction, Elements of communication systems, Examples of 
analog communication systems, Frequency bands, Need for 
modulation

3

Noise in communication system, Definitions of Thermal noise 
(white noise), Shot noise, Partition noise, Flicker noise, Burst 
noise, (No analysis required) Signal to noise ratio, Noise factor, 
Noise temperature, Narrow band noise.

5

II Brief Overview of Signals and Systems: Signals, Classification 
of signals, Energy and power of signals, Basic signal  operations, 

4

Impulse function, Properties of impulse function, Convolution, 2

Definition of Linear time-invariant system. Input-output relation 
of LTI system

2

Definition of Fourier Transforms, Some Properties of Fourier 
Transform – Linearity, Time-shift, Modulation theorem, Parsevals 
theorem. Using Fourier Transform to study LTI systems.

5

III Amplitude  modulation  (AM)  –  modulation  index,  spectrum,
power, efficiency. 

2

Double-side  band  suppressed  carrier  (DSB-SC)  modulation  –
spectrum, power, efficiency. 

1

Single sideband modulation (SSB) – spectrum, power, efficiency.
(Study of only tone modulation in DSB-SC, AM, and SSB.)

1

Amplitude-modulator  implementations  –  switching  modulator,
balanced modulator (at block diagram level). 

2

AM demodulators -- Coherent demodulator. Envelope detector. 3

IV Frequency modulation – modulation index, frequency deviation, average
power, spectrum of tone modulated FM

4

Heuristics for bandwidth of FM. Narrow band FM and wide-band FM. 1

FM generation:  Varactor  diode  modulator,  Armstrongs  method.
FM demodulation – slope detection, PLL demodulator. 

4
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V Receivers  for  AM/FM:  Super  heterodyne  receiver  (block
diagram), Adjacent channel selectivity, Image rejection, Double
conversion. 

3

Carrier Synchronization using PLL 1

NTSC  Television  broadcasting  using  AM,  FM  radio
broadcasting.

2

Sample Assignments

1. Using the message signal m(t)=t /1+t2. Determine and sketch the modulated wave for
amplitude modulation whose percentage of modulation equal the following values – 50%,
100%, 120%

2. A standard AM transmission sinusoidally modulated to a depth of 30% produces sideband
frequencies of 4.98MHz & 4.914 MHz. the amplitude of each sideband frequency is 75V.
Determine the amplitude and frequency of the carrier?

3. Write the typical frequency ranges for the following classification of EM spectrum:  MF,
HF,VHF and UHF.

4. List the basic functions of a radio transmitter and corresponding functions of the receiever?
5. Discuss the types causes and effects of various forms of noise at a receiver.
6. What are the different frequency components in SSB & DSBSC signals?
7. Describe the AM generation using diode as a nonlinear resistor.
8. Define the following terms in the context of FM --  Frequency deviation, frequency

sensitivity, instantaneous phase deviation.

9. The equation for FM wave is s(t)= 10 Cos (2π∗ 106t +5 sin(200 πt+10 sin (3000 πt ) )

Calculate frequency deviation, approximate transmission BW and power in the modulated
signal.
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APJ ABDUL KALAM TECHNOLOGICAL
UNIVERSITY

THIRD SEMESTER B.TECH. DEGREE EXAMINATION 

ECT 283: Analog Communication

Max. Marks: 60 Duration: 3
hours

PART A
Answer all questions. Each question carries 3 marks each.

1. Explain the need for modulation.

2. A receiver  connected  to  an antenna  whose resistance  is  50 ohm has  an  equivalent  noise
resistance  of  30  ohm  .calculate  receiver  noise  figure  in  decibels  &  its  equivalent  noise
temperature?

3. Plot the signal x(t)=u(t+1)+2u(t)-u(t-3)

4. State Parseval’s theorem for DTFT. What is its signifance?

5. Define amplitude modulation? Give the frequency spectrum for AM wave?

6. Derive the expression for total power of AM wave?

7. Explain the following terms  a)Modulation index   b)Instantaneous frequency deviation

8. Compare AM & FM systems.

9. What are the advantages that the super heterodyne receiver has over the receivers? Are there
any disadvantages?

10. Give the limitations of NTSC systems?

PART B

11. (a) Explain the following (i) Thermal noise (ii) Flicker noise (6 marks)
(b) Explain the elements of communication systems in detail? (8 marks)

OR
12. (a)  Define the signal  to  noise ratio  and noise  and noise  figure  of a receiver? How noise

temperature related to noise figure? (8 marks)
(b) List  the  basic  functions  of  a  radio transmitter  & the corresponding functions  of  the
receiver? (6 marks)

13. (a)  Distinguish between energy & power signals.  Give an example for each category? (6
marks)
(b) State and prove the linearity and time shifting property of Fourier Transform? (8 marks)

OR

14. (a) Check whether the systems are linear & stable. (i) y(t)=ex(t)  (ii) y[n]=x[n-1] (6 marks)

(b) Find convolution of signal x[n] = [1,-1, 1, 1] with itself?  (5 marks)
(c)Distinguish between causal & non causal systems with suitable examples? (3 marks)

OR
15. (a) Derive the expression of total power in SSB wave? (7 marks)
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(b) Describe the AM demodulation using envelope detector?   (7 marks)
OR

16. (a) Describe the DSB SC wave generation process using balanced modulation (9 marks)

(b) Give  the  spectrum  of  SSB  &  DSB  SC  waves?  Make  comparison  of  bandwidth
requirements.  (5 marks)

17. (a) Explain the direct method of generating FM signal using varactor diode?  (6 marks)
(b) Explain frequency modulation and it average power? (6 marks)

OR
18. (a) Explain with relevant mathematical expressions,  the demodulation of FM signal using

PLL? (10 marks)
(b) Give the spectrum of tone modulated FM? (4 marks)

19. (a) Explain the super heterodyne receiver with a detailed block diagram? (10 marks)
(b) Explain how the use of RF amplifier & improve the NR of a super heterodyne receiver? (4
marks)

OR
20. (a) Explain the TV broadcasting system using AM? (10 marks)

(b) What is image frequency, how does it arise? (4 marks)
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Simulation Assignments

The following simulations can be done in Python/SCILAB/MTLAB or LabVIEW.

Amplitude Modulation Schemes

• Create a sinusoidal carrier(xc(t)) and AF signal(xt) with the frequency of carrier being 10
times that of the AF signal.

• Compute the AM signal as mxc(t)x(t) + xc(t) for various values of the modulation index m
ranging from 0 to 1.

• Observe the power spectral density of this AM signal.

• mxc(t)x(t) is the DSB-SC signal. Observe this signal and its power spectral density.

• Load a speech signal in say in .wav format into a vector and use it in place of the AF signal
and repeat the above steps for a suitable carrier.

SSB Signal Generation

• Simulate an SSB transmitter and receiver using −π
2

shifters. This can be realized by the
Hilbert Transform function in Python, MATLAB etc.

• Test the system with single tone and speech signal.

• Add channel noise to the signal and test for the robustness against noise.

• Slightly offset the receiver carrier phase and observe the effect at the reception.

FM Signal Generation

• Create a sinusoidal carrier(xc(t)) and a single tone signal (x(t) ) with the frequency of carrier
being 50 times that of the message tone.

• Compute the FM signal with a modulation index of 5.

• Observe the power spectral density of this FM signal for spectral width of 10 times that tone
frequency.

AM Radio Receiver

• Procure a radio kit

• Assemble the kit by soldering all components and enjoy.

FM Radio Receiver

• Procure an FM radio kit

• Assemble the kit by soldering all components and enjoy.

Generation of Discrete Signals

• Generate the following discrete signals

– Impulse signal

– Pulse signal and

– Triangular signal
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ECT285 INTRODUCTION TO SIGNALS AND
SYSTEMS

CATEGORY L T P CREDIT
Minor 3 1 0 4

Preamble: This course aims to apply the concepts of  electrical signals and systems

Prerequisite: None
Course Outcomes:  After the completion of the course the student will be able to

CO 1 Define and classify continuous and discrete signals
CO 2 Explain and characterize  a system and LTI system
CO 3 Explain the spectrum of a signal
Mapping of course outcomes with program outcomes

PO 
1

PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10

PO 
11

PO 12

CO 1 3 3 2
CO 2 3 3 3 2
CO 3 3 3 3 2
Assessment Pattern
Bloom’s Category Continuous Assessment 

Tests
End Semester Examination

1 2
Remember 10 10 20
Understand 10 10 20
Apply 30 30 60
Analyse
Evaluate
Create
Continuous Internal Evaluation Pattern: 
Attendance : 10 marks
Continuous Assessment Test (2 numbers) : 25 marks
Assignment/Quiz/Course project : 15 marks

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10
questions with 2 questions from each module, having 3 marks for each question. Students should
answer all questions. Part B contains 2 questions from each module of which student should answer
any one. Each question can have maximum 2 sub-divisions and carry 14 marks. 

Course Level Assessment Questions
Course Outcome 1 (CO1): Definition and classification of signals
1. Define a signal. Classify them to energy and power signals.
2. Determine whether the signal x(t)=cos(3t)+sin(5t) is periodic. If so what is the period?
3. Compare the frequency range of continuous time and discrete signals.
Course Outcome 2 (CO2): Explain and characterize a system
1. Check whether the system y[n]=cos{x[n]}is a. Stable b. Causal c. time invariant d. linear
2. Derive the ouptut of a continuous time LTI system
3. Give the meaning of impulse response of LTI systems
Course Outcome 2 (CO3): Spectra of Signals
1. State and prove Parsevals theorem
2. State and prove the modulation property of Fourier transform
3. Find the continuous tiime Fourier transform a pulse of width w and amplitude unity and centred
about the origin.
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Syllabus 

Module 1 : Introduction to Continuous Time Signals

Definition of signal. Basic continous-time signals. Frequency and angular frequency of continous-

time signals . Basic operation on signals. Classification of continous-time signals:Periodic and Non-

periodic signals.Even and Odd signals,  Energy and power signals. Noise and Vibration signals. 

Module 2 : Discrete Time Signals

Basic discrete-time signals. Frequency and angular frequency of discrete-time signals.Classification

of  discrete-time  signals:Periodic  and  Non-periodic  signals.Even  and  Odd  signals,   Energy  and

power  signals.

Module 3: Systems

System  definition.  Continuous-time  and  discrete-time  systems.  Properties  –  Linearity,  Time

invariance, Causality, Invertibility,Stability. Representation of systems using impulse response.

Module 4: Linear time invariant systems

LTI system definition. Response of a continous-time LTI system and the Convolutional Integral.

Properties.  Response  of  a  discrete-time  LTI  system  and  the  Convolutional  Sum.  Properties.

Correlation of discrete-time signals

Module 5 : Frequency analysis of signals

Concept of frequency in continous-time and discrete-time signals. Fourier transform of continuous-

time  and  discrete-time  signals.  Parsevals  theorem.  Interpretation  of  Spectra.   Case  study  of  a

vibration signal.The sampling theorem.

Text Books
1. Simon Haykin, Barry Van Veen, Signals and systems, John Wiley
2. Hwei P.Hsu, Theory and problems of signals and systems, Schaum Outline Series, MGH.
3. Anders Brandt, Noise and Vibration Analysis,Wiley publication.
4. A Anand Kumar, Signals and systems, PHI learning
5. Sanjay Sharma, Signals and systems

Course Contents and Lecture Schedule

No Topic No. of Lectures
1 Introduction to Continuous Time Signals
1.1 Definition of signal, Basic continous-time signals. 3
1.2 Frequency and angular frequency of continous-time signals 1
1.3 Basic operation on signals 1
1.4 Classification of continous-time signals 3
1.5 Noise and Vibration signals 1

2 Discrete Time Signals
2.1 Basic discrete-time signals and its frequency 3
2.2 Classification of discrete-time signals 3
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3 Systems
3.1 System definition- CTS & DTS 1
3.2 Properties-Linearity, Time invariance 3
3.3 Causality, Invertibility, Stability 2
3.4 Representation of systems using impulse response 1
4 Linear time invariant systems
4.1 LTI system definition.Properties. 1
4.2 Response of a continuous-time LTI system and the Convolutional Integral 3
4.3 Response of a discrete-time LTI system and the Convolutional Sum 3
4.4 Correlation of discrete-time signals 2
5 Frequency analysis of signals
5.1 Concept of frequency in continuous-time and discrete-time signals 1
5.2 CTFT and spectra 3
5.3 DTFT and spectra 3
5.4 DFT 1
5.5 Parsevals theorem 1
5.6 Case study of a vibration signal 1
5.7 The sampling theorem 2
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Model Question Paper

A P J Abdul Kalam Technological University

Fourth Semester B Tech Degree Examination

ECT 285 Introduction to Signals and Systems

Time: 3 Hrs Max. Marks: 100

PART A
Answer All Questions

1 Differentiate between energy and power signal with example. (3) K2

2 Find the even and odd components of x(t) = ejt. (3) K2

3 Define discrete time signal and comment about its frequency
range.

(3) K2

4 Sketch the sequence x(n) = 2δ(n−3)−δ(n−1)+δ(n)+δ(n+2). (3) K2

5 State and explain BIBO condition for system. (3) K1

6 Distinguish between continuous time and discrete time systems. (3) K2

7 Derive a relationship between input and output for a discrete
LTI system

(3) K2

8 Compute the energy of the signal
x(n) = 0.8nu(n)

(3) K2

9 State and explain sampling theorem. (3) K2

10 Comment about the input output characteristics of continuous
time Fourier transform

(3) K2

PART B
Answer one question from each module. Each question carries 14 mark.

11(A) Determine whether or not the signal x(t) = cos t + sin
√

2t
is periodic. If periodic determine its fundemental period.

(7) K2

11(B) Define, sketch and list the properties of continuous time
impulse function

(7) K2

1
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OR

12(A) Determine whether the signal x(t) = e−2tu(t) is energy sig-
nal, power signal or neither.

(7) K2

12(B) Define unit step function and plot u(t+ 2)− u(t− 2). (7) K2

13(A) Given the sequence x(n) = {1, 2, 1, 1, 3},−1 ≤ n ≤ 3.
Sketch

• x(−n+ 2)

• x(n/2)

(8) K3

13(B) Show that any signal x(n) can be represented as the sum-
mation of an even and odd signal.

(6) K2

OR

14 Discuss briefly the basic discrete time signals. (14) K2

15(A) Explain linear and nonlinear systems. (6) K2

15(B) Apply the properties of system to check whether the follow-
ing systems are linear or nonlinear

• y(t) = tx(t)

• y(n) = x2(n)

(8) K3

OR

16(A) A sytem has an input-output relation given by y(n) =
T{x(n)} = nx(n). Determine whether the system is
a)Memoryless
b)Causal
c) Linear
d) Time invariant
e)Stable

(14) K3

2

ELECTRONICS AND COMMUNICATION ENGINEERING



17 The impulse response of a linear time invariant system is
h(n) = {1, 2, 1,−1},−1 ≤ n ≤ 2
Determine the response of the system for the input signal
x(n) = {1, 2, 3, 1}

(14) K3

OR

18 A system is formed by connecting two systems in cas-
cade. The impulse response of the system is given by
h1(t) and h2(t) respectively where h1(t) = e−2tu(t) and
h2(t) = 2e−tu(t)
a)Find overall impulse response h(t) of the system.
b) Determine the stability of the overall system

(14) K3

19(A) Find the Nyquist rate of x(t) = sin400πt+ cos500πt. (7) K2

19(B) State and prove modulation property of Fourier Transform (7) K2

OR

20(A) Find the CTFT of the signal x(t) = te−atu(t) (7) K2

20(B) State and prove Parsevals theorem (7) K2

3
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Simulation Assignments

The following simulation assignments can be done with Python/MATLAB/ SCILAB/OCTAVE

1. Generate the following discrete signals

• Impulse signal

• Pulse signal and

• Triangular signal

2. Write a function to compute the DTFT of a discrete energy signal. Test this function on a
few signals and plot their magnitude and phase spectra.

3. • Compute the linear convolution between the sequences x = [1, 3, 5, 3] with h = [2, 3, 5, 6].
Observe the stem plot of both signals and the convolution.

• Now let h = [1, 2, 1] and x = [2, 3, 5, 6, 7]. Compute the convolution between h and x.

• Flip the signal x by 180 ◦ so that it becomes [7, 6, 5, 3, 2]. Convolve it with h. Compare
the result with the previous result.

• Repeat the above two steps with h = [1, 2, 3, 2, 1] and
h = [1, 2, 3, 4, 5, 4, 3, 2, 1]

• Give your inference.

4. • Write a function to generate a unit pulse signal as a summation of shifted unit impulse
signals

• Write a function to generate a triangular signal as a convolution between two pulse
signals.

5. • Relaize a continuous time LTI system with system response

H(s) =
5(s+ 1)

(s+ 2)(s+ 3)

. One may use scipy.signal.lti package in Python.

• Make it into a discrete system (possibly with scipy.signal.cont2discrete)

• Observe the step response in both cases and compare.
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