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COURSE INFORMATION SHEET
	PROGRAMME:  B.Tech  Electrical and Electronics Engineering

	COURSE: MICROWAVE AND OPTICAL COMMUNICATIONS
	Semester :  VI                                        CREDITS: 3

	COURSE CODE: R20EC3201                           REGULATION: R20
	COURSE TYPE (CORE /ELECTIVE / BREADTH/ S&H): CORE

	COURSE AREA/DOMAIN: COMUNICATION
	PERIODS: 6 Per Week.


COURSE PRE-REQUISITES:

	C.CODE
	COURSE NAME
	DESCRIPTION
	SEM

	R20EC2205
	EMWTL
	Knowledge of  Signal propagation in free space and Maxwell equations
	IV


COURSE OUTCOMES:

	SNO
	Course Outcome Statement

	CO1
	Summarize the field components and analyse different modes in waveguide. [K2]


	CO2
	Interpret different microwave components and devices. [K2].

	CO3
	Experiment with microwave measurements through bench setup. [K3]

	CO4
	Classify different types of Optical fibers. [K4].

	CO5
	Categorize the optical sources, optical detectors and explain digital receiver [K4]



SYLLABUS:

	UNIT
	DETAILS

	I
	MICROWAVE TRANSMISSION LINES: Introduction, Microwave Spectrum and Bands, Applications of Microwaves. Rectangular Waveguides – TE/TM mode analysis, Expressions for Fields, Dominant and Degenerate Modes, Introduction to Circular wave guides, related problems 

	II
	MICROWAVE COMPONENTS & MICROWAVE TUBES: Waveguide Attenuators – Resistive Card and Rotary Vane types; Calculation of scattering matrix for E plane, H plane, Magic Tee and Directional Coupler; Ferrite Components – Gyrator, Isolator, Circulator. Classification of Microwave Tubes, Two Cavity Klystron – Structure, Velocity Modulation Equation, Applegate Diagram; Reflex Klystron – Structure, Applegate Diagram; Travelling Wave Tube – operation, Magnetron operation.

	III
	MICROWAVE SOLID STATE DEVICES & MEASUREMENTS: Gunn Diode – Principle, RWH Theory; IMPATT Diode, Description of Microwave Bench, Measurement of Attenuation, Frequency, VSWR using Microwave Bench and Power measurement using Bolometer Method.


	IV
	OVERVIEW OF OPTICAL FIBER COMMUNICATION: Historical development, the general system, advantages of optical fiber communications. Optical fiber wave guides- Introduction, Ray theory transmission, Total Internal Reflection, Acceptance angle, Numerical Aperture, Types of rays,  V-number, Mode coupling, Step Index fibers, Graded Index fibers, Single mode fibers- Cut off wavelength, Mode Field Diameter, Related problems.



	V
	OPTICAL SOURCES & OPTICAL DETECTORS: LEDs- structures, quantum efficiency, modulation; Laser diodes principle, modes, threshold conditions, external quantum efficiency, resonant frequencies, Reliability of LED&ILD. Photo Diodes- Principle, PIN and avalanche photo diodes; comparison of photo detectors, Temperature effect on avalanche gain, noise in photo detectors Optical receiver operation- Fundamental receiver operation, Digital signal transmission, error sources, Digital receiver, Probability of Error ,Optical system design - Point-to- point links- Component choice and considerations, Link power budget, Rise time budget with examples.



	TEXT BOOKS

	T
	BOOK TITLE/AUTHORS/PUBLISHER

	T1
	 Samuel Y. Liao, “Microwave Devices and Circuits”, PHI, 3rd Edition, 1994.

	T2
	Gerd Keiser, “Optical fiber communications “,3rd  ed.,MGH. (Units -IV to VI).

	REFERENCE BOOKS

	R
	BOOK TITLE/AUTHORS/PUBLISHER

	R1
	R.E. Collin, “Foundations for Microwave Engineering”, IEEE Press, John Wiley, 2 nd Edition, 2002.

	R2
	Herbert J. Reich, J.G. Skalnik, P.F. Ordung and H.L. Krauss, “Microwave Principles”, CBS Publishers and Distributors, New Delhi, 2004. 

	R3
	Djafar K. Mynbaev and Lowell L. Scheiner, “Fiber Optic Communication Technology”, Pearson Education Asia.

	R4
	M. Kulkarni, “Microwave and Radar Engineering ” ,  Umesh Publications, New Delhi. 3rd Edition.


TOPICS BEYOND SYLLABUS/ADVANCED TOPICS:
	SNO
	DESCRIPTION
	Associated PO & PSO

	1
	RF Components for Wireless Systems
	


WEB SOURCE REFERENCES:

	1
	https://ece.vt.edu/grad/courses/5104G

	2
	https://freevideolectures.com/subject/microwave 


DELIVERY/INSTRUCTIONAL METHODOLOGIES:

	☐Chalk & Talk
	☐ PPT
	☐Active Learning

	☐Web Resources
	☐ Students Seminars
	☐Case Study

	☐Blended Learning
	☐ Quiz
	☐Tutorials

	☐Project based learning
	☐NPTEL/MOOCS
	☐ Simulation

	☐Flipped Learning
	☐Industrial Visit
	☐Model Demonstration

	☐Brain storming
	☐Role Play
	☐Virtual Labs


MAPPING CO’S WITH PO’S

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12
	PSO1
	PSO2

	C2103.1
	3
	3
	2
	-
	-
	-
	-
	-
	-
	-
	-
	2
	1
	1

	C2103.2
	3
	3
	2
	-
	-
	-
	-
	-
	-
	-
	-
	2
	1
	1

	C2103.3
	2
	2
	3
	-
	-
	-
	-
	-
	-
	-
	-
	2
	1
	1

	C2103.4
	2
	2
	3
	-
	-
	-
	-
	-
	-
	-
	-
	2
	1
	1

	Average
	2.5
	2.5
	2.5
	-
	-
	-
	-
	-
	-
	-
	-
	2
	1
	1


`
MAPPING COURSE WITH POs & PSOs

	Course
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12
	PSO1
	PSO2

	C2103
	2.5
	2.5
	2.5
	-
	-
	-
	-
	-
	-
	-
	-
	2
	1
	1


	Course Outcome Assessment Methods
	Weightages
	Final

Course

Outcome

(100%)

	Direct

Assessment
	Cumulative Internal Examinations

(CIE)
	Descriptive Test
	30%
	90%
	

	
	
	Objective Test
	
	
	

	
	
	Assignment Test
	
	
	

	
	Semester End Examinations (SEE)
	70%
	
	

	Indirect Assessment
	Course End Survey
	10%
	


	Rubrics for overall attainment of course outcomes:

	If 50% of the students crossed 50% of the marks: Attainment Level 1

	If 60% of the students crossed 50% of the marks: Attainment Level 2

	If 70% of the students crossed 50% of the marks: Attainment Level 3


Note: Percentages mentioned in above rubrics can be slightly changed depending upon the complexity of your respected subject. 

Course Instructor               Course Coordinator
        Module Coordinator

    Head of the Department
ANNEXURE I:

(A) PROGRAM OUTCOMES (POs) Engineering Graduates will be able to: 

1. Engineering knowledge:  Apply the knowledge of mathematics, science, engineering fundamentals, and an engineering specialization to the solution of complex engineering problems. 

2. Problem  analysis:  Identify,  formulate,  review  research  literature,  and  analyze  complex engineering  problems reaching substantiated conclusions using first  principles  of  mathematics, 
natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and design  system  components  or  processes  that  meet  the  specified  needs  with  appropriate consideration  for  the  public  health  and  safety,  and  the  cultural,  societal,  and  environmental considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research methods including design of experiments, analysis and interpretation of data, and synthesis of the information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering and IT tools including prediction and modeling to complex engineering activities with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering solutions in  societal  and  environmental  contexts,  and  demonstrate  the  knowledge  of,  and  need  for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the engineering practice.
9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse teams, and in multidisciplinary settings.
10. Communication: Communicate effectively on complex engineering activities with the engineering community and with society at large, such as, being able to comprehend and write effective reports and design documentation, make effective presentations, and give and receive clear instructions. 

11. Project management and finance:  Demonstrate knowledge and understanding of the engineering and management principles and apply these to one’s own work, as a member and leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in independent and life-long learning in the broadest context of technological change. 

(B) PROGRAM SPECIFIC OUTCOMES (PSOs) : 

1.
Analyze and design analog and digital circuits for a given specification and function.

2.
Design a variety of electronic systems for applications including signal processing, communications, computer networks and control systems.

Cognitive levels as per Revised Blooms Taxonomy:
	Cognitive Domain
	LEVEL
	Key words

	Remember
	K1
	Defines, describes, identifies, knows, labels, lists, matches, names, outlines, recalls, recognizes, reproduces, selects, states.

	Understand
	K2
	Comprehends, converts, defends, distinguishes, estimates, explains, extends, generalizes, gives an example, infers, interprets, paraphrases, predicts, rewrites, summarizes, translates.

	Apply
	K3
	Applies, changes, computes, constructs, demonstrates, discovers, manipulates, modifies, operates, predicts, prepares, produces, relates, shows, solves, uses.

	Analyse
	K4
	Analyzes, breaks down, compares, contrasts, diagrams, deconstructs, differentiates, discriminates, distinguishes, identifies, illustrates, infers, outlines, relates, selects, separates.

	Evaluate
	K5
	Appraises, compares, concludes, contrasts, criticizes, critiques, defends, describes, discriminates, evaluates, explains, interprets, justifies, relates, summarizes, supports

	Create
	K6
	Categorizes, combines, compiles, composes, creates, devises, designs, explains, generates, modifies, organizes, plans, rearranges, reconstructs, relates, reorganizes, revises, rewrites, summarizes, tells, write


Unit wise Sample Assessment Questions
COURSE OUTCOMES: Students are able to
CO1: Understand the principles and characteristics of various microwave components. [K2]
CO2: Demonstrate the use of microwave bench for calculating power, attenuation, frequency

And VSWR. [K2].
CO3: Understand the basic concepts of fiber optics. [K2]
CO4: Understand the principles, structures and characteristics of light sources and detectors. [K2].
CO5: Categorize the Optical Sources, Optical Detectors and explain Digital Receiver [K4].
	S NO
	QUESTION
	KNOWLEDGE

LEVEL
	CO

	UNIT I

	1
	Classify the Microwave band based on the frequencies. 
	 K2
	CO1

	2
	Explain in detail about Microwave advantages.
	K2
	CO1

	3
	Solve wave equation in free space.
	K3
	CO1

	UNIT 2

	1
	Construct structure and explain the velocity modulation process in two cavity klystron amplifier.
	K3
	CO1

	2
	Calculate the scattering matrix of E-H plane tee junction.
	K3
	CO1

	3
	Solve the wave equation for a TM wave and obtain all the field components in a rectangularwave guide.
	K3
	CO1

	UNIT 3

	1
	Explain Gunn effect using two valley theory.
	K2
	CO3

	2
	 Explain the working of IMPATT diode.
	K2 
	CO2

	3
	Explain the method for measuring VSWR.
	K2
	CO2

	UNIT 4

	1
	What are the various elements of Optical communication system? Explain each            Element in brief?


	K1/K2
	CO4

	2
	Explain the Numerical aperture of step index fiber (SIF) by using Snell’s law.
	K2
	CO4

	3
	What are the advantages, applications and disadvantages of optical fiber?
	K1
	CO4


	UNIT 5

	1
	Write about Laser diode Modes and Threshold conditions.
	K2
	CO4

	2
	What are different error sources in optical detector also Explain p-i-n photo detector with neat sketch
	K1
	CO4

	3
	Explain quantum efficiency and power of a LED
	K2
	CO4


Model Question Paper-I
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III B. TECH. II SEMESTER REGULAR EXAMINATIONS

MODEL PAPER-I

MICROWAVE AND OPTICAL COMMUNICATIONS
(ELECTRONICS AND COMMUNICATION ENGINEERING)
Time: 3 Hours







Max Marks: 70

                                                                 UNIT-1
1.a) Why the TEM wave is not possible in rectangular waveguide? 



[7M]

b) A rectangular waveguide has the following characteristics: b=1.5cm, a=3.0cm, μg = 1 and _g=2.25 Calculate cutoff wavelength, frequency, Zo and attenuation constant at 3.0 GHz.                   [7M]
                                                          UNIT-II
2. a) What is meant by degenerative modes?  What are the different types of Directional couplers?     Explain the working of two hole directional coupler




[7M] 

         b) Derive the S-matrix of E plane Tee and also write its characteristics.                      [7M]






UNIT-III
3.  a) Explain the bunching process of reflex klystron and also derive the equation

       for efficiency?








[7M]

 b) Why multi cavities are used in Klystron amplifiers? 




[7M]
                                                  UNIT-IV
4. a) Give the block diagram of a digital optical communication system and

       Explain the function of each block.






[7M]

 b) Write about mode coupling and V number.





[7M]

                                               UNIT-V

5. a)  Explain LED structures with neat sketch.





            [7M]

    b) What are different error sources in optical detector? Explain.



[7M]
