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COURSE OUTCOMES :EC403 MICROWAVE AND RADAR ENGINEERING
	After Completing the course, the students should be able to :

	CO1
	Explain the concept of various microwave amplifiers like Klystron amplifiers and TWT and their principle of operation

	CO2
	Explain the concept of various microwave Oscillators like Reflex Klystron and Magnetron Oscillators and their principle of operation

	CO3
	Describe the measurement of various parameters like frequency, impedance and power

	CO4
	Classify the various microwave hybrid circuits like waveguide trees, couplers, rings, circulators and isolators and also formulate their S matrices.

	CO5
	Describe the solid state microwave devices like Microwave bipolar transistor, tunnel diodes and Gunn diodes.

	CO6
	Explain the basic concepts, types, working of radar and to introduce radar transmitters and receivers.


CO-PO/PSO MAPPING OF EC403 MICROWAVE AND RADAR ENGINEERING
	Course Outcomes
	Program Outcomes
	PSO

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

	CO1
	3
	3
	2
	
	
	
	
	
	
	
	
	3
	
	

	CO2
	3
	3
	2
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	CO3
	3
	2
	
	
	
	
	
	
	
	
	
	3
	
	

	CO4
	3
	3
	2
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	CO5
	3
	2
	
	
	
	
	
	
	
	
	
	3
	
	

	CO6
	3
	2
	
	
	
	
	
	
	
	
	
	3
	
	



Note:  1: Slight (Low)        2: Moderate (Medium)        3: Substantial (High)“-”no correlation


Mapping of Module content with CO

	Module
	Contents
	CO

	

I
	Microwaves: introduction, advantages, Cavity Resonators Rectangular and Circular wave guide resonators Derivation of resonance frequency of Rectangular cavity.
	CO1

	
	Microwave vacuum type amplifiers and sources: Klystron Amplifiers, Re-entrant cavities, Velocity modulation, Bunching (including analysis), Output power and beam
	CO1

	II
	Reflex Klystron Oscillators: Derivation of Power output, efficiency and admittance, Magnetron oscillators : Cylindrical magnetron, Cyclotron angular frequency, Power output and efficiency
	CO2

	
III
	Travelling Wave Tube: Slow wave structures, Helix TWT, Amplification process, Derivation of convection current, axial electric field, wave modes and gain,
	CO1

	
	Microwave measurements: Measurement of impedance, frequency and power
	CO3

	IV
	Microwave hybrid circuits: Scattering parameters, Waveguide tees- Magic tees, Hybrid rings, Corners, Bends, and Twists. Formulation of S-matrix, Directional couplers: Two hole directional couplers, S-matrix of a directional coupler, Circulators and isolators
	CO4

	V
	Solid state microwave devices: Microwave bipolar transistors, Physical structures, Power frequency limitations equivalent circuit, Principle of Tunnel diodes and tunnel , diode oscillators, Gunn diodes: Different modes, Principle of operation Gunn Diode Oscillators
	CO5

	VI
	The simple Radar equation, Pulse Radar, CW Radar, CW Radar with non-zero IF, Equation for Doppler frequency FM-CW Radar using sideband super heterodyne receiver, MTI Radar-Delay line canceller, MTI Radar with power amplifier & power oscillator, Non coherent MTI Radar, Pulse, Radar Transmitters: Radar Modulator-Block diagram, Radar receivers- noise figure, low noise front ends, Mixers, Radar Displays
	CO6









LESSION PLAN EXECUTION SAMPLE OF THE EC403 MICROWAVE AND RADAR ENGINEERING
[image: ]
	






[image: ]










[image: ]









[image: ]











[image: ]
[image: ]
[image: ]
image4.png
Plan/ Source on | Learnin
Period | Execu|  Date Topic materialto | €5 | pioonys Lover | Exccution | il
tion be referred Method
9 [E 12 Oct 2021 |Reflex Klystron Oscillators: Derivation CO2 [UNDERSTAND |Lecture
of Power output
10 P [50ct 2021 [efficiency and admittance Lecture
10 [E 12 Oct 2021 |efficiency and admittance CO2 [UNDERSTAND |Lecture
11 3 8 0ct 2021  [Magnetron oscillators : Cylindrical Lecture
magnetron
11 [E 16 Oct 2021 [Magnetron oscillators : Cylindrical CO2 [UNDERSTAND |Lecture
magnetron
7 B (902021 [Cyclotron angular frequency Tecture
12 [E 22 Oct 2021 [Cyclotron angular frequency CO2 [UNDERSTAND |Lecture
13 P 12 Oct 2021  [Power output and efficiency Lecture
13 [E 25 0ct 2021 [Power output and efficiency CO2 [UNDERSTAND |Lecture
Module 3
14 P 16 Oct 2021 [ Travelling Wave Tube: Slow wave Lecture
sructres
14 [E 26 Oct 2021 [Travelling Wave Tube: Slow wave CO1 [UNDERSTAND |Lecture
sructres
15 P 19 Oct 2021 [Helix TWT Lecture
15 [E 26 Oct 2021 [Helix TWT COT [UNDERSTAND |Lecture
16 P 19 Oct 2021 |Amplification process Lecture
16 [E 29 Oct 2021 [Amplification process CO1 [UNDERSTAND |Lecture
17 P 22 Oct 2021 [Derivation of convection current Lecture
17 [E 30 Oct 2021 [Derivation of convection current CO1 [UNDERSTAND |Lecture
18 P 23 0ct 2021 [axial electric field Lecture
18 [E [5 Nov 2021 [axial electric field CO1 [UNDERSTAND |Lecture
19 P 26 Oct 2021 [wave modes and gain Lecture
19 [E 6 Nov 2021  [wave modes and gain CO1 [UNDERSTAND |Lecture
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20 P 26 Oct 2021 |Microwave measurements: Lecture
[Measurement of impedance

20 [E 10 Nov 2021 [Microwave measurements: [CO3 [UNDERSTAND |[Lecture
[Measurement of impedance

7T P [200ct 2021 |frequency and power [Tecture

21 [E 12 Nov 2021 [frequency and power [CO3 [UNDERSTAND |[Lecture

Module 4

22 P 6 Nov 2021 [Microwave hybrid circuits: Scattering [Lecture
paramcters

22 [E 16 Nov 2021 [Microwave hybrid circuits: Scattering [CO3 [UNDERSTAND |[Lecture
paramcters

23 P [9Nov 2021 [Waveguide tees- Magic tees. Lecture

23 [E 16 Nov 2021 |Waveguide tees- Magic tees ICO3 APPLY Lecture

7T P [0NovZ02l [Mybrd rings Tecture

21 [E T8 Nov 2021 |Hybrid rings [COT [UNDERSTAND |Lecture

25 P 12 Nov 2021 [Corners, Lecture

25 [E 23 Nov 2021 |Corners [COT [UNDERSTAND |Lecture

26 P T3 Nov 2021 |Bends Lecture

26 [E 23 Nov 2021 |Bends [COT [UNDERSTAND |Lecture

2T P 16 Nov 2021 [and Twists. Formulation of S-matrix Lecture

2T [E 23 Nov 2021 [and Twists. Formulation of S-matrix [COT [UNDERSTAND |Lecture

28° P 16 Nov 2021 |Directional couplers: Two hole Lecture
directional couplers.

28° [E 23 Nov 2021 | Directional couplers: Two hole’ [COT [UNDERSTAND |Lecture
directional couplers.

29 P 19 Nov 2021 [S-matrix of a directional coupler Lecture

29 [E 23 Nov 2021 |S-matrix of a directional coupler’ [COT [UNDERSTAND |Lecture

30 P 20 Nov 2021 ulators and isolators Lecture

30 [E 25 Nov 2021 |Circulators and isolators [COT [UNDERSTAND |Lecture

Module 5
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tion be referred | V€O ethods Method
31 P 26 Nov 2021 [Solid state microwave devices: |Lecture
[Microwave bipolar transistors, Physical
sructures
31 [E 30 Nov 2021 [Solid state microwave devices: [CO5 [UNDERSTAND |Lecture
[Microwave bipolar transistors, Physical
sructures
€ [P [27 Nov 2021 |Power frequency Timmitations equivalent Tecture
32 [E 30 Nov 2021 [Power frequency limitations equivalent ICO5 [UNDERSTAND |Lecture’
33 P 30 Nov 2021 [Principle of Tunnel diodes and tunnel |Lecture
33 [E 2Dec 2021 |Principle of Tunnel diodes and tunnel ICO5 [UNDERSTAND |Lecture’
31 P 30 Nov 2021 |diode oscillators |Lecture
31 [E 2Dec 2021 |diode oscillators ICO5 [UNDERSTAND |Lecture’
35 P |3 Dec 2021 |Lecture
35 [E |9 Dec 2021 ICO5 [UNDERSTAND |Lecture’
36 P 4 Dec 2021 |Lecture
36 [E T4 Dec 2021 |Principle of operation Gunn Diode ICO5 [UNDERSTAND |Lecture’
|Oscillators
Module 6
37 P 10 Dec 2021 [Radar: The simple Radar equation, [Lecture
Pulse Radar
37 [E 14 Dec 2021 [Radar: The simple Radar equation, [CO6 [UNDERSTAND |Lecture
Pulse Radar
38 P 11 Dec 2021 [CW Radar, CW Radar with non zero IF [Lecture
38 [E 16 Dec 2021 [CW Radar, CW Radar with non zero IF [CO6 [UNDERSTAND |[Lecture
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Period | Execu|  Date Topic material 0 | S4¢ | Bloom's Level | AACe0n | Yolidation
tion be referred | V€O ethods Method
Eg i3 TADec 2021 |Equation Tor doppler Trequency TM-CW Tecture
Radar using sideband super heterodyne
|receiver MTI Radar-Delay line canceller
Eg [E |21 Dec 2021 |Equation for doppler frequency FM.CW. 3 UNDERSTAND [Lecture
Radar using sideband super heterodyne
Ireceiver, MTI Radar-Delay line
|canceller
40 P T4 Dec 2021 |MTI Radar with power amplifier & |Lecture
power oscillator
40 [E 21 Dec 2021 |MTT Radar with power amplifier & ICO6 [UNDERSTAND |Lecture’
power oscillator
4T P 17 Dec 2021 |Non coherent MTT Radar |Lecture
4T [E 23 Dec 2021 |Non coherent MTT Radar ICO6 [UNDERSTAND |Lecture’
12 P 18 Dec 2021 |Pulse |Lecture
12 [E 23 Dec 2021 |Pulse ICO6 [UNDERSTAND |Lecture’
43 P 21 Dec 2021 |Radar Transmitters: Radar |Lecture
[Modulator Block diagram
43 [E 4 Jan 2022 Radar Transmitters: Radar [CO6 [UNDERSTAND |Lecture
[Modulator Block diagram
44 P 21 Dec 2021 [Radar receivers- noise figure [Lecture
44 [E 4 Jan 2022 Radar receivers- noise figure [CO6 [UNDERSTAND |[Lecture
45 P 24 Dec 2021 [Lecture
45 [E [6 Jan 2022 [CO6 [UNDERSTAND |[Lecture
16 P 25 Dec 2021 [Lecture
16 [E 11 Jan 2022 [CO6 [UNDERSTAND |[Lecture
47 P 28 Dec 2021 [Radar Displays [Lecture
47 [E 11 Jan 2022 [Radar Displays [CO6 [UNDERSTAND |[Lecture
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Module | - £of¢ 5’(},’;;,7 gy | Planned Effoil dace) g_’(f"‘:‘{’,jf” date) | Actual Effort il date) % Coverage
1 8 5hrs 20min 8 5hrs 20mis 100.0
2 5 3hrs 20min’ 5 [3hrs 20: 100.0
3 8 5hrs 20min’ 8 5hrs 20min 100.0
4 9 6hrs Omin 9 [6hrs Omin 100.0
5 6 [4hrs Omin 6 [4hrs Omin 100.0
6 11 Thrs 20min’ 11 [7hrs 20min 100.0
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Plan/ Source | o Executon | Learning
Period | Execu|  Date Topic material (o Bloom's Level Validation
tion be referred | OUCOme Methods | \ettoa
(Module T
1 P 14 Sep 2021  [Microwaves: introduction Lecture
1 E 30 Sep 2021  [Microwaves: introduction CO1 [UNDERSTAND |[Lecture
2 P 14 Sep 2021 [advantages Lecture
2 E 30 Sep 2021 [advantages CO1 [UNDERSTAND |[Lecture
7 T T7Sep 2021 [Cavity Resonators Reciangular and Tecture
Circular wave guide resonaors-
Derivation of resonance frequency of
Rectangular cavity
3 E (5 Oct 2021 Cavity Resonators Rectangular and CO1 [UNDERSTAND |[Lecture
Circular wave guide resonators-
Derivation of resonance frequency of
Rectangular cavity
T B T8 Sep 2021 | Microwave vacuum type amplifiers and Tecture
lsources: Klystron Amplifiers
14 E (5 Oct 2021 Microwave vacuum type amplifiers and CO1 [UNDERSTAND |[Lecture
|sources: Klystron Amplifiers
5 P 21 Sep 2021  [Re-entrant cavities Lecture
5 E |7 Oct 2021 [Re-entrant cavities CO1 [UNDERSTAND |[Lecture
6 P 21 Sep 2021 [ Velocity modulation Lecture
6 E 11 Oct 2021 Vel ‘modulation’ CO1 [UNDERSTAND |[Lecture
7 T 24 Sep 2021 | Bunching (including analysis) Tecture
7 B T Oct 2021 |Bunching (including analysis) o1 UNDERSTAND |Lecture
i T 25 Sep 2021 | Output power and beam Tecture
8 E 11 Oct 2021 [Output power and beam CO1 [UNDERSTAND |[Lecture
[Module 2
9 P [5 Oct 2021 Reflex Klystron Oscillators: Derivation Lecture

Jof Power output
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