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Unit – I: Microwave Transmission Lines-I and Rectangular Guides 

 

Important Points / Definitions:  

 Electromagnetic  waves are oscillations that propagate through free space with a 

velocity of light 

 The electric and magnetic fields vary with time and are governed by Maxwell‟s  

equation. 

 The transmission line theory is strictly applicable to those conductors which have go 

and return path i.e. those which can support a TEM waves. 

 Microwaves are electromagnetic waves whose frequencies range from 1GHz to 1000 

GHz. 

 Microwaves propagate through various microwave circuits, components and devices 

that acts as section of microwave transmission lines. These devices are known as 

waveguides. 

 The coaxial transmission line is the most widely used for high frequency applications. 

 The dominant mode in a coaxial line is the TEM mode although higher modes do 

exist at high frequencies. 

 The mode having the highest cut off wavelength is known as dominant mode of the 

waveguide and all other modes are called higher mode. 

 The lowest order higher order modes in coaxial cables are TE11 and TM01. 

 Dominant mode transmission is almost always low-loss and distortion less 

transmission. 

 Strip lines are modifications over two wire transmission line and coaxial line. 

 A hollow metallic tube of uniform cross section for transmitting electromagnetic 

waves by successive reflections form the inner walls of the tubes is called a 

waveguide.  

 The parallel strip line is similar to a two conductor transmission line because it 

consists of two perfect conductors with dielectric in between. 

 A rectangular wave guide is a hollow metallic tube with a rectangular cross section. 

 Micro strip lines is an unsymmetrical strip lines, i.e., nothing but a parallel plate 

transmission line having dielectric substrate.  

 Group Velocity (Vg) is defined as the rate at which the wave propagates through the 

waveguide. 

 Vg= dω/dβ 



 Phase Velocity (Vp) is defined as the rate at which the wave changes its phase in 

terms of the guide wavelength. 

 Vp= ω/β 

 

Questions 

1. Examine the TE mode field pattern in rectangular waveguide 

2. What is meant by the dominant mode of a waveguide. Explain it for TE mode?  

3. Determine the cu-off frequency of the dominant mode for an air filled rectangular 

waveguide when b=2cm  and a=4cm 

4. Explain in detail about microstrip lines and derive the expression for characteristic 

impedance of micro strip lines. 

5. Discuss in detail about the various losses in microstrip lines.  

6. Determine the group velocity and phase velocity for a dominant mode propagating 

through a waveguide of breadth=10cms at frequency 2.5GHz. 

7. Define the quality factor of a resonator. 

8. Obtain relation between phase velocity and group velocity? 

9. Describe dominant and degenerate modes? 

10. Illustrate the significance of dominant modes? Indicate the dominant mode in 

rectangular wave guides and calculate fc for the same. 

 

Fill in the blanks / choose the Best: 

1. One of the Maxwell„s curl equation that is satisfied inside a coaxial line is: 

            a. ∇×E =-jωµ (vector H) 

            b. ∇×E =-jωμ(vector E) 

            c. ∇×H=-jωμ(vector H) 

            d. ∇×H=jωμ(vector H) 

2. The wave impedance of air for a wave propagating in it is: 

a. 377 Ω 

b. 345 Ω 

c. Insufficient data 

d. None of the mentioned 

3. Wave impedance of a wave travelling in a medium of a relative permittivity 2 and 

permeability 4 is 

a. 188.5 Ω 

b. 200 Ω 

c. 300 Ω 

d. None of the mentioned 

4. For a parallel plate transmission line, if w= 12 mm and the distance between the 

plates is 2 mm, then the inductance of the transmission line is: 

            a. 0.2 µH 

b. 0.1 µH 

c. 0.3 µH 

d. 0.4 µH 

5. Expression for capacitance of a two wire transmission line is 

             a. ∈’*π/cosh-1
(D/2a) 

             b. μ/π*cosh
-1

(D/2a) 

             c. 2π∈/ln(D/2a) 

             d. ∈”*πω/cosh
-1

(D/2a) 

6. If the distance between the 2 wires in a 2 wire transmission line is 10 mm and the 

radii 2 mm, then the inductance of the transmission line is: 



            a. 0.62 µH 
            b. 1 µH 

            c. 2 µH 

            d. None of the mentioned 

7.  For a parallel plate transmission line, if the complex part of permittivity is 2.5, if the 

width is 100 mm and the distance between the plates is 10 mm, then the conductance 

of the transmission line is: 

            a. 25 Ʊ 

            b. 30 Ʊ 

            c. 45 Ʊ 

            d. None of the mentioned 

 

8. For a parallel plate transmission line, if the series resistance is 10 mΩ/m, and the 

width is 100 mm, then the resistance of the transmission line is: 

            a. 0.2 Ω 
            b. 1 Ω 

            c. 2 Ω 

            d. 5 Ω 

9. In which of the following application does microwaves.  

a. Tele communications  

b. RADARS  

c. Radio Astronomy  

d. All the above  

10. Which of the following is the dominant mode TM in wave guide 

a. TM12 

b. TM21 

c. TM11  

d. TM22  

11. Ku band range _______GHz  

a. 5 to 8  

b. 12.5 to 18.0  

c. 11 to 14 

d. None 

12. Dominant mode of rectangular wave guide  

a. TE11  

b. TE01  

c. TE10  

d. None 

 

 

Unit – II: Cavity resonators and Waveguide Components and Applications 

 

Important Points / Definitions:  

 When one end of the waveguide is terminated in a shorting plate there will be 

reflections and hence standing waves .When another shorting plate  is kept at a 

distance of a multiple of ʎg/2 then the hollow space so formed can support a signal 

which bounces back and forth between the two shorting plates. This results in 

resonance  and hence the hollow space is called cavity and the resonator as the cavity 

resonator. 



 Cavity resonators can be used as tuned circuits, in UHF tubes, Klystron amplifiers, 

Cavity magnetron, in duplexers of radar systems and as cavity wave meters in 

measurement of frequency . 

 An electromagnetic field can exist in the lossless cavity only when the excitation 

frequency is exactly equal to the resonant frequency(f0). 

 The quality factor (Q) of any resonant or anti resonant circuit is a measure of 

frequency selectivity.  Q=ω0W/P 

 A cavity resonator in which the metallic boundaries will extend into the interior of the 

cavity are called “re-entrant cavities” 

 There are several ways to coupling of cavities like  

 Loop coupling. 2. Iris/ Aperture coupling.  

 All microwave components must be manufactured with following feature: low 

standing wave ratio, low attenuation, low insertion loss etc. 

 Directional couplers can be designed to measure incident or reflected power, SWR 

values, provide a signal path to a receiver etc. 

 In common form, the directional coupler is a four port waveguide junction consisting 

of a primary main waveguide or secondary auxiliary waveguide. 

 Two hole directional coupler consists two guides the main and the auxiliary with two 

tiny holes common between them at  distance of ʎg/4, where ʎg is the guide 

wavelength 

 Gyrator, Isolator and Circulator are microwave devices which make use of Faraday 

rotation. 

 The S-parameters are represented in a matrix from which is known as s-matrix. 

 The elements of s-matrix are called scattering coefficients or scattering parameters . 

 Microwave T-junction is an intersection of three waveguides in the form of English 

alphabet “T”. 

 Attenuators are commonly used for measuring power gain or loss in dBs, for 

providing isolation between instruments, for reducing the power input to a particular 

stage to prevent overloading. 

 Waveguide bends, corners and twists are useful in changing the direction of the guide 

by a desired angle. 

 

Questions 

1. Calculate the coupling factor of the directional coupler when incident power is 

600mW and power in the auxiliary wave guide is 350μW. 

2. Draw the diagram of the four port circulator using magic tee and explain with 

scattering matrix. 

3. Calculate the attenuation of a rotary Vane attenuator if the angle of rotation is 34 

degrees. 

4. what are ferrites and give their properties. 

5. Define the S-Parameters and its properties. 

6. write the expression for the angle that yields maximum directivity in a Bethe-hole 

coupler. 

7. Explain the Isolator and Gyrator with scattering matrix. 

8. Derive expressions of TE mode in rectangular cavity resonator. 

9. Explain the operation of directional coupler.  

 

Fill in the blanks / choose the Best: 

1. For transferring energy efficiently between the wave guide used  



a. Coupling probes  

b. Coupling loops  

c. Both A & B  

d. None  

2. For obtaining TE 10 mode the coupling probe is placed shorted end opf wave guide  

a. λg 

b. λg/4  

c. λg/2  

d. λg/8  

3. The coupling probe is placed at the center of the broad electric field  

a. Maximum 

b. Minimum  

c. Zero  

d. None  

4. Wave guide irises are also called as 

a. windows  

b. apertures  

c. both A and B  

d. none  

5. The inductive is placed in a position where the magnetic field is relatively  

a. Strong, Weak  

b. Weak, Strong  

c. Strong, Strong  

d. Weak ,Weak 

6. The capacitive irises is placed in a position where the electric field is  

a. Strong  

b. Weak  

c. Zero  

d. None  

7. When tuning post is inserted to a depth of λg/4 in a wave guide  

a. Parallel resonance circuit  

b. Series resonance circuit  

c. A & B  

d. None  

8. When the tuning post is placed at a depth greater than λg/4 it acts as  

a. Resistively  

b. Inductively  

c. Capacitively 

d. None  

9. For which of the following purpose attenuators are used 

a. Measuring power gain or loss in dB     

b. To provide isolation   

c. To reduce power input to a particular stage to prevent over  

d. All the above  

10. Which of the following are the types of attenuators 

a. Fixed type  

b. Variable type  

c. Both A & B  

d. None  

 



 

Unit – III: Microwave Tubes and Helix TWTS 

 

Important Points / Definitions:  

 Microwave tubes provide higher output powers. 

 Microwave transistors have lesser noise, better reliability with reduced output power 

levels. 

 Conventional devices cannot be used for frequencies because of the following effects- 

inter electrode capacitance effect, lead inductance effect, transit time effect, gain 

bandwidth limitation and radiation losses. 

 As frequency increases, the reactance decreases and the output voltage decreases due 

to shunting effect. It is know as inter electodecapacitance(IEC) effect. 

 As frequency increases, the reactance XL=2πfL increases and hence the voltages 

appearing at the active electrodes are less than the voltages at the base pins. 

 Transit time is the time taken for the electron to travel from cathode to anode. 

 Acorn tubes are corn sized UHF tubes capable of handling frequencies upto 12 MHz. 

 Klystron is a vacuum tube that can be used either as a generator or as an amplifier of 

power at microwave frequencies. 

 Klystron was invented by Russel H. Varian at Stanford University in 1939 in 

association with his bother S.P. Varian. 

 Klystron tube is based on velocity modulation. 

 Multicavity Klystron use more than two cavities with more bunching, voltage 

amplification and power gain. 

 Reflex Klystron is a single cavity variable frequency microwave generator of low 

power and low efficiency. 

 The Travelling wave tube (TWT) makes use of distributed interaction between an 

electron beam and a travelling wave. 

 In TWT, the RF signal propagates through the turns of the helix. 

 The tubes in which electric and magnetic field are perpendicular to each other are 

known as cross filed tubes. Ex: Magnetron tube. 

 

 

Questions 

1. Illustrate the limitations of conventional tubes at microwave frequencies. 

2. Explain the two cavity klystron amplifier and its applications 

3. Distinguish between O-type and M- type tubes. 

4. Explain the Reflex Klystron structure- velocity modulated using Applegate diagram. 

5. Explain the TWT using Slow wave structure. 

6. Mention the condition for obtaining the power output in reflex klystron. 

7. Explain the applications of reflex klystron. 

 

Fill in the blanks / choose the Best: 

1. Relationship between phase velocity and Group velocity is 

a. Vp Vg = C
2
 

b. Vp /Vg = C
2
 

c. Vp C
2
 = Vg 

d. None 

2. Reflex klystron is a ______  

a. Amplifier  



b. Oscillator  

c. Attenuator  

d. Filter 

3. On which of the following principle does Klystron operates  

a. Amplitude Modulation  

b. Frequency Modulation  

c. Pulse Modulation  

d. Velocity Modulation 

4. In multicavity klystron additional cavities are inserted between buncher& catcher 

cavities to achieve  

a. Higher Gain  

b. Higher Efficiency  

c. Higher Frequency  

d. Higher Bandwidth 

5. Which of the following is one of the mode in Reflex Klystron  

a. Give same frequency but different transit time  

b. Are caused by spurious frequency modulation  

c. Are just for theoretical consideration  

d. Result from excessive transit time across resonator gap 

6. A space between two cavities in two cavity klystron is _______  

a. Drift space  

b. Free space  

c. Running space  

d. Normal space 

7. Which of the following is used for amplification of microwave energy 

a. Travelling wave tube  

b. Magnetron  

c. Reflex klystron  

d. Gunn diode 

8. A major disadvantage of klystron amplifier is: 

a. Low power gain 

b. Low bandwidth 

c. High source power 

d. Design complexity 

9. Klystron amplifiers have high noise output as compared to crossed field amplifiers. 

a. True 

b. False 

10. The TWT ……. than multicavity klystron  

a. has a greater bandwidth  

b. is more efficient  

c. has a higher number of modes  

d. produces a higher output power  

11. In a TWT glass tube aquadag is used to  

a. help focusing  

b. provide attenuation  

c. improve bunching  

d. increase gain  

12. Strapping is used in magnetron to  

a. prevent mode jumping  

b. ensure bunching  



c. improve the phase focussing effect  

d. prevent cathode back heating  

 

13. Reflex klystron is known as ____________(Sutton tube). 

14. The first major improvement was the split-anode magnetron, also known as a 

_______(negative-resistance magnetron). 

15. TWTAs are commonly used as amplifiers in__________(satellite transponders). 

16. The TWT, known collectively as _____________ (velocity-modulated tubes). 

 

 

Unit – IV: M-Type Tubes and Microwave Solid State Devices 

 

Important Points / Definitions: 

 M-type microwave tubes are cross field tubes in which the electric and magnetic 

fields are perpendicular to each other. 

 The magnetron was invented by Hull in 1921 and an improved high power magnetron 

was developed by Randall and Boot around 1939. 

 Magnetrons provide microwave oscillations of very high peak power. 

 Negative resistance Magnetrons make use of negative resistance between two anode 

segments but have low efficiency and are useful only at low frequencies. 

 Cyclotron frequency Magnetrons depend upon synchronism between an alternating 

component of electric and periodic oscillation of electrons in a direction parallel to his 

field. These are useful only for frequencies greater than 100MHz. 

 Cavity magnetrons depend upon the interaction of electrons with a rotating electro-

magnetic field of constant angular velocity. 

 Varactor diode is a semiconductor device in which the junction capacitance can be 

varied as a function of reverse voltage. 

 TED‟s are bulk devices having no junction, or gates as compared to microwave 

transistors which operate with either junction or gates. 

 TED‟s operate with ho electrons whose energy is very much greater than the thermal 

energy. 

 Gunn effect diodes are named after J. B. Gunn, who discovered periodic fluctuations 

of current passing through the n-type GaAs specimen when the applied voltage 

exceeded a certain critical value. 

 Gunn effect can be explained on the basis of two valley theory of Ridley Watkins- 

Hilsum (RWH) theory  or the transferred electron mechanism. 

 Gunn diode finds its application in radar transmitters, broadband linear amplifier, low 

and medium power oscillator, etc. 

 IMPATT, TRAPATT and BARITT diodes are Avalanche transit time devices 

 The drawback of IMPATT diode is that it is very noisy because of avalanche 

multiplication. 

 IMPATT diodes are used as microwave oscillators. 

 TRAPATT diode is derived from IMPATT diode and is closely related to it. 

 BARITT diode is less noisy than IMPATT diode. 

 

 

Questions 

1. Explain in brief the Magnetrons in 8 cavity cylindrical travelling wave tube? 

https://en.wikipedia.org/wiki/Satellite
https://en.wikipedia.org/wiki/Transponders


2. Illustrate Hartree condition in Magnetron? Derive the equation for Hartree voltage of  

it. 

3. Draw the characteristics of Gunndiode and explain how negative region is obtained in 

it? 

4. Explain how Gunn diode is used as an oscillator? Explain with the help of circuit 

diagram. 

5.  Explain about ATT devices with its example of TRAPATT diode? 

6. Explain the principle of working of IMPATT diode with suitable structure and 

characteristics. 

7. Explain how cross field is used to generate oscillations in Magnetron? 

8. Draw the different types of slow wave structures. Why slow wave structures are used 

in TWT. 

9. Explain with some examples about  transferred electron devices. 

 

Fill in the blanks / choose the Best: 

1. Magnetron is an _______  

a. Amplifier  

b. Oscillator  

c. Phase shifter  

d. Both phase shifter & amplifier 

2. Traveling Wave Tube is __________  

a. Oscillator  

b. Tuned Amplifier  

c. Wide Band Amplifier  

d. Both Amplifier & Oscillator 

3. Which of the following is the biggest advantage of the TRAPATT diode over 

IMPATT diode 

a. Low Noise  

b. High efficiency  

c. Ability to operate at high frequencies  

d. Lesser sensitivity to harmonics 

4. In π mode operation of magnetron, the spokes due to phase focusing effect rotate at an 

angular velocity corresponding to ________  

a. One pole / cycle  

b. Two poles / cycle  

c. Four poles / cycle  

d. Six poles / cycle 

5. Travelling wave parametric amplifiers are used to _______  

a. Provide a greater gain  

b. Reduce the number of Varactor diodes required  

c. Avoid the need for cooling  

d. Provide a greater bandwidth 

6. Which of the following is the major advantage of Travelling wave tube over Klystron  

a. Higher gain  

b. Higher frequency  

c. Higher Output  

d. Higher bandwidth 

7. The mode of operation in which the Gunn diode is not stable is: 

a. Gunn oscillation mode 

b. limited space charge accumulation mode 



c. stable amplification mode 

d. bias circuit oscillation mode 

8. The frequency of oscillation in Gunn diode is given by: 

a. vdom/ Leff 

b. Leff/ Vdom 

c. Leff/ WVdom 

d. none of the mentioned 

9. In a Gunn diode oscillator, the electron drift velocity was found to be 107 cm/second 

and the effective length is 20 microns, then the intrinsic frequency is: 

a. 5 GHz 

b. 6 GHz 

c. 4 GHz 

d. 2 GHz 

10. When a reverse bias voltage exceeding the breakdown voltage is applied to an 

IMPATT diode, it results in: 

a. avalanche multiplication 

b. break down of depletion region 

c. high reverse saturation current 

d. none of the mentioned 

11. To prevent an IMPATT diode from burning, a constant bias source is used to maintain 

_______ at safe limit. 

a. average current 

b. average voltage 

c. average bias voltage 

d. average resistance 

12. In a _________ oscillator, the RF wave travels along the helix from the collector 

towards the electron gun. 

a. Interaction oscillator 

b. Backward wave oscillator 

c. Magnetrons 

d. None of the mentioned 

13. Magnetrons are microwave devices that offer very high efficiencies of about 80%. 

a. True 

b. False 

 

14. Which of the following type of Magnetron makes between two anode segments 

a. Cyclotron frequency  

b. Travelling Wave  

c. Split Anode  

d. None  

15. Which of the following Magnetron gives high frequency 

a. Cyclotron frequency Magnetron  

b. Travelling Wave Magnetron  

c. Split Anode Magnetron  

d. Negative resistance type  

16. For very low power oscillators, the diode suited is : 

a. Gunn  

b. Avalanche  

c. Tunnel  

d. IMPATT  



Unit – V: Microwave Measurements 

 

Important Points / Definitions:  

 It is more convenient to measure power at microwave frequencies rather than 

measuring voltage and current at microwave frequencies. 

 Following parameters can be conveniently measured at microwave frequencies- 

frequency, power, attenuation , VSWR, phase, impedance, insertion loss, noise factor, 

etc. 

 The tunable detector is an instrument which is used to detect the low frequency square 

wave modulated microwave signal. 

 A microwave power meter consists of a power sensor that converts microwave power 

into heat energy. 

 A thermocouple power sensor can also be used to measure microwave power. 

 Spectrum analyser is a frequency domain instrument which gives a display of the 

frequency spectrum of the input signal. 

 Network analyser is used to measure both amplitude and phase of a microwave signal 

over a wide frequency range in a small time. 

 It is possible to measure S-parameters using network analyser for a two port network. 

 Attenuation is the ratio of input power to output power and is expressed in decibels. 

 Impedance at microwave frequencies can be measured using any of the following 

three methods- magic-T, slotted line and reflectometer. 

 Insertion loss is the sum of power reflected by the device due to mismatch and the 

power attenuated. 

 Noise factor is defined as the ratio of actual output noise power of the device to the 

noise power that  would be available if the device were perfect without itself 

contributing any noise. 

 Methods of measuring Q of cavity resonator: transmission method, impedance 

measurement and transient decay or decrement method. 

 The ratio of maximum to minimum voltage gives the VSWR 

 Bolometer is a simple temperature sensitive device whose resistance varies with 

temperature. 

 Barretters have positive temperature coefficient and their resistance increases with an 

increase in temperature . 

 Thermistors havenegative temperature coefficient and their resistance decreases with 

an increase in temperature 

 

Questions 

1. Illustrate different methods of measurement of microwave frequency? 

2. Explain the method of measurement of impedance at microwave frequencies with 

suitable block diagram 

3. Explain the method of measurement of low and high VSWR with neat diagrams. 

4. Illustrate a bolometer and How it is used for microwave measurement. 

5. Why isolator is used in microwave bench set up with diagram. 

6. Explain the block diagram of microwave bench. 

7. Explain about insertion losses in microwave setup. 

8. Elaborate noise factors in microwave bench. 

 

Fill in the blanks / choose the Best: 

1. Most of the power measuring microwave devices measure 



a. Average power  

b. Peak power  

c. Instantaneous power  

d. None of these 

2. In Microwave power measurements using bolometer, the principle of working is the 

variation of  

a. Inductance with absorption of power  

b. Resistance with absorption of power  

c. Capacitance with absorption of power  

d. Cavity dimensions with heat generated by the power 

3. In Microwave communication links, The rain drop attenuation experienced is mainly 

due to  

a. Absorption of microwave energy by water vapour  

b. Resonance absorption of atomic vibration in water molecules  

c. Scattering of microwaves by collection of water drops  

d. Refraction of microwaves through liquid drop lenses formed by rain 

4. At low frequency the circuits make use of what type  

a. Lumped  

b. Distributed  

c. Placed in parallel  

d. None  

5. Which of the following is the precaution to be taken for microwave bench  

a. Coupling error s must be avoided  

b. Errors due to frequency instability must be avoided  

c. Cooling fans must be placed properly  

d. All the above  

6. Which of the following technique is used for power measure 

a. calorimetric technique 

b. bolometer technique  

c. Calorimetric watt meter  

d. All of the above  

7. Which of the following devices come under bolometer 

a. Barrettes  

b. Thermistor  

c. A&B  

d. None  

8. Barrettes have ----- temperature coefficient and their resistance --- with temperature 

a. Positive, increases  

b. Positive, decreases 

c. Negative, increases 

d. Negative, decreases  

9. A bolo meter is a --- device 

a. Inverse square law  

b. square law  

c. linear law  

d. none  

10. Bolo meter produces a current which is proportional to  

a. Power  

b. Power 2  

c. Voltage  



d. Inverse of voltage  

11. The measurement of attenuation can be done by using methods  

a. Power ratio method  

b. RF substitution method  

c. A & B  

d. None  

12. The main drawback of power ratio method of attenuation what characteristics of 

power measured? 

a. Non linear  

b. Linear  

c. Constant  

d. None  

 
 


