
QUESTION BANK 
MULTIPLE CHOICE QUESTIONS 

 

UNIT-1 

 

1. A semiconductor is formed by ……… bonds. 

A. Covalent 

B. Electrovalent 

C. Co-ordinate 

D. None of the above 

ANS:-  A 

 

2. A semiconductor has ………… temperature coefficient of resistance. 

Positive 

Zero 

Negative 

None of the above 

ANS:- C 

 

3. The most commonly used semiconductor is ……….. 

Germanium 

Silicon 

Carbon 

Sulphur 

ANS:- B 

 

4. A semiconductor has generally ……………… valence electrons. 

2 

3 

6 

4 

ANS:- D 

 

5. The resistivity of a pure silicon is about …………… 

100 O cm 

6000 O cm 

3 x 105 O m 

6 x 10-8 O cm 

ANS:- B 

 

6. In a semiconductor, current conduction is due to …….. 

Only holes 

Only free electrons 

Holes and free electrons 

None of the above 

ANS:- C 

7. The static V-I curve for the SCR is plotted for 
a) Ia (anode current) vs Ig (gate current), Va (anode – cathode voltage) as a parameter 

b) Ia vs Va with Ig as a parameter 

c) Va vs Ig with Ia as a parameter 

d) Ig vs Vg with Ia as a parameter 
Answer: b 

 



8. The static V-I curve for the SCR is plotted for 
a) Ia (anode current) vs Ig (gate current), Va (anode – cathode voltage) as a parameter 

b) Ia vs Va with Ig as a parameter 

c) Va vs Ig with Ia as a parameter 

d) Ig vs Vg with Ia as a parameter 

Answer: b 

9. The two transistor model of the SCR can obtained by 

a) bisecting the SCR vertically 

b) bisecting the SCR horizontally 

c) bisecting the SCRs top two & bottom two layers 
d) bisecting the SCRs middle two layers 

Answer: d 

10. The di/dt rating of an SCR is specified for its 
(a) Decaying anode current 

(b) Decaying gate current 

(c) Rising gate current 

(d) Rising anode current 

Answer: D 

 
11. A forward voltage can be applied to an SCR after its 

(a) Anode current reduces to zero 

(b) Gate recovery time 

(c) Reverse recovery time 

(d) Anode voltage reduces to zero 
 

Answer: B 

 
SHORT QUESTIONS 
 

1. What is the two transistor model of SCRs? 

2. What is a forced commutation? What are the advantages of forced commutation for AC-DC 

      converters? 
3. List out at least two merits of IGBT over MOSFET.   

4. Why trains of narrow gate pulses are required to turn on a thyristor? And why thyristor is called as 

      a semi controlled device? 
5. Sketch static V-I characteristics of IGBT and mark the region in which the device is  

 operated as a switch.  

6. Define the ratings of SCR (i) Average ON state current (ii) Forward break over voltage. 
7. What losses occur in a thyristors during working conditions? 

8. What is the difference between power diode and signal diode? 

9. Define Latching and Holding currents. 

10. What is the importance of line commutation? 

11. How the SCR is protected from high di/dt and dv/dt values? 

12. How the line commutation is happens in a half wave controlled rectifier? 

13. What are the conditions under which a transistor operates as a switch? 
14. How the secondary breakdown occurs in Power BJT? Show it on I-V characteristics 

      of Power BJT. 

 

10 MARK QUESTION 
 
1. Draw and explain the necessity of static and dynamic equalizing circuit for series connected SCRs? 

Derive relations used for determining the values of shunt resistor R and capacitor C in this circuit.  

2. What will happen if one of the SCR has large delay time in parallel SCRs? Explain the convenient 

method of triggering parallel connected SCRs.  

3. Draw and explain the simultaneous triggering circuit of series connected SCRs. 



4. Discuss the need for parallel connections of SCRs with necessary diagrams.  
5. Discuss various protections circuits of a thyristor. 

6. A thyristor is triggered by a train of pulses of frequency 1 KHZ and of duty cycle 0.4. Calculate the 

pulse width if average power dissipation is 5 W. Estimate the maximum allowable gate power loss.  

7. With neat circuit diagram explain how UJT firing circuit will generate pulse for an SCR. 

8. Explain the two-transistor analogy of SCR.   
9. What are problems encountered when SCRs are operated in (i) series (ii) parallel. Derive an expression 

to find the value of resistance to be connected across each thyristor for voltage balancing.  
10. Design RC firing circuit with following specifications: 

AC input voltage: 115 V  Thyistor ratings: Vg(min) : 2.5 V , Vg(max) : 5V,  Ig(min) : 1 mA ,              

Ig(max) : 5 mA, Load: 15 ohms resistance 

11. Explain the operation of IGBT with VI and switching characteristics.  

12. Give the constructional details of SCR with the help of schematic diagram and circuit symbol.  

13. Describe the different modes of operation of a thyristor with the help of its V-I characteristics.  

14. Two thyristors having a difference of 4mA in latching current are connected in series  in the circuit. 

Voltages across the devices are 450V and 300V. Calculate the required equalizing resistance and 

capacitance, if the permissible difference in blocking voltage is 10V and the difference in the recovery 
charge is 5μC. 

15. Draw the switching characteristics of SCR and explain. 

16. Draw output and transfer characteristics of MOSFET and explain the terms 

i. pinch off voltage (ii) threshold voltage and (iii) trans-conductance. 
17. What is a MOSFET? Explain its V-I characteristics briefly. Also write its advantages 

over other switches. 

18. Briefly explain the V-I characteristics of an IGBT.  
19. Describe the turn-on methods of SCR. 
20. Explain the dynamic characteristics of power IGBT.  

21. What is the importance of snubber circuit in protection of SCR? 

 
 

UNIT-2 

SHORT QUESTIONS 

 
1. What are the advantages of Freewheeling diode? 

2. What is meant by overlapping period in phase controlled converters? 

3. What is the effect of connecting freewheeling diode across R-L load in controlled rectifiers?  

4. Write down general expression for average voltage of p- pulse fully controlled rectifier 

5. Draw average output voltage versus triggering angle characteristics of a single phase semi-converter for 

R-load.  

6. How power flow can be controlled in a single phase fully controlled converter between source and load 

for R load and RL load? 

7. What is meant by input power factor in controlled rectifier? 

8. What is symmetric-angle control of converters? [2]  

9. Does the input power factor of converters depend on the load power factor? 

10. What are the applications of dual converters? 

 

10 MARKS 

 

11. Explain the operation of single phase fully controlled converter with RL load. Derive the output voltage 

and current expressions for firing angle of 45 degrees. 

12. A single phase fully rectifier is used to supply power to load having impedance 200 ohms and 150 mH, 

from 230V, 50Hz, ac supply at a firing angle of 90 degrees. Calculate  

 Average values of output voltage and current  

 RMS values of output voltage and current.  

13. Explain the operation of three phase bridge type full converter with RL – load with neat waveforms. 



14. Explain the operation of single phase half controlled bridge rectifier with R-L-E load. Derive the 

expression for (i) Average output voltage (ii) RMS value of output voltage. 

15. A fully controlled rectifier is used to charge a 115 V battery. The battery is already charged to 60 V. The 

source voltage of bridge is 230 V at 50 Hz. Find the range of firing angle possible.  

16. Draw the output voltage waveform of 3-phase fully controlled rectifier for a firing angle of 60 degrees. 

Indicate firing sequence. Also derive expression for output voltage.  

17. A 3-phase fully controlled bridge rectifier is operating from a 400V, 50 Hz supply. The load is highly 

inductive and current constant and continuous. Find the load voltage at firing angle of 45 deg. 

18. A three phase half wave SCR converter delivers constant load current of 20A over the firing angle range 

of 0 to 60 deg. At these two firing angles, compute the power delivered to load for an ac input voltage of 

300V from a delta star transformer.  

19. Derive the expression for the RMS load voltage of six pulse converter with R load . 

20. In a single phase midpoint converter turns ratio from primary to each secondary is 2. The source 

voltage is 230V, 50 Hz. For a resistive load of 5Ω, calculate the maximum value of average output 

voltage and load current and the corresponding firing and conduction angles. 

21. Describe with neat circuit diagram and associated waveforms, operation of a 1- Ф half wave controlled 

converter with Inductive load.  

22. A 1- phase full bridge converter using four SCRs feeds power to RLE load with R=10 Ω, L = 100mH, and 

E = 100V. The ac source voltage is 230 V at 50Hz. Assuming continuous conduction; determine the 

average value of load current for firing delay angle 450.  

23. A 1- phase semi-converter delivers power to RL load with R= 5 Ω, L = 10 mH. The a.c. supply voltage is 

230 V, 50 Hz. For the continuous conduction, find the average value of output voltage and current for 

the firing angle of 450.  

24. Explain the operation of 3- phase half-wave converter for resistive load with necessary waveform and 

circuit diagram. 

25. A single phase semi converter delivers to RLE load with R=5Ω, L =10mH and E =80V. The source 

voltage is 230V, 50Hz. For continuous conduction, Find the average value of output current for firing 

angle α=50.  

 

UNIT-3 

SHORT QUESTIONS 

 

1. Draw the equivalent circuit of a cyclo-conveter.  

2. What are advantages and disadvantages of cyclo-converter as compared to ac voltage controllers? 

3. What are the two types of cyclo-converters?  

4. What is meant by step-up and step-down cyclo converters and what are the applications 

of cyclo converter. 

5. What are the steps involved in determining the output voltage waveforms of three phase bidirectional 

controllers? [ 

6. What are the advantages and disadvantages of cycloconverters? 

7. What is an AC voltage controller? 

8. What kind of commutation is required for step-up cyclo-converter?  

9. What is the difference single phase ac voltage controller and single phase cyclo-converter. 

10. Draw the basic structure of TRIAC and its circuit symbol.  

11. Define AC voltage controller. 

 

10 MARKS 

12. Distinguish between an ac voltage controller and a cyclo-conveter with respect to operation and control 

aspects.  

13. Derive an expression for rms value of output voltage of single phase bridge type ac voltage controller.  



14. Draw the circuit of single phase voltage controller with antiparallel connection of two thyristors and an 

R-L load. Explain its working. Sketch load voltage and load current waveforms. Derive an expression for 

output voltage. 

15. What is an Ac voltage controller? List some of its industrial applications. Enumerate its merits and 

demerits.  

16. A single-phase voltage controller has input voltage of 230 V, 50 Hz and a load of R=15 Ω. For 6 cycles on 

and 4 cycles off, determine r.m.s output voltage, b) input pf c) average and r.m.s thyristor currents. 

17. Draw and explain the control circuit block diagram for a cycloconverter with non-circulating current 

mode.  

18. A three phase resistive load is to be controlled by three Triacs from a 415V supply. If the load is 15 kW, 

determine the required ratings of Triacs. If thyristors were used instead of Triacs, determine their rating.  

19. Describe the control scheme for a cycloconverter using voltage sensing principle of converter group 

selection. Also, draw and discuss the various voltage waveforms of a control scheme.  

20. A single phase half wave AC voltage controller, using one SCR in antiparallel with a diode. Feeds 

1kW,230V heater. Find the load power for a firing angle of (i) 00 (ii) 1800 (iii) 700. 

21. Explain the operation of a single phase mid-point step up cyclo converter with the help of circuit 

diagram and waveforms. 

22. A single phase voltage controller with resistive load has the following data: supply 

mains: 230V, 50 Hz, R = 5Ω. Calculate the firing angle at which the greatest forward or 

reverse voltage is applied to either of the thyristors and the magnitude of these voltages 

23. Explain the operation of a single phase bridge type step down cyclo converter with the help of circuit 

diagram and waveforms 

24. Describe the operation of a single phase AC voltage controller with a neat circuit diagram and output 

wave forms with respect to source voltage waveforms at α = 600 for R-load. 

25. A single phase voltage controller has input voltage of 230 V, 50 Hz and a load of R = 15 Ω. For 6 cycles 

on and 4 cycles off, determine. (i) rms output voltage (ii) input pF and (iii) average and rms thyristors 

currents. 

26. Describe the working principle of 1-phase to 1-phase step-down midpoint type cyclo-converter with 

associated waveforms for R load 

27. A 1-phase a.c voltage controller has a resistive load of R = 5 Ω and the input voltage is Vs = 208 V, 60 

Hz. If the desired output is PO = 2 kW, Compute i) delay angle, α and ii) input power factor, PF. 

28. Explain the various modes of operation of TRIAC with the help of equivalent circuits and relevant 

waveforms. 

29. Describe the operating principle of single-phase to single-phase step-up cycloconverter with the help of 

mid-point and bridge type configuration. Illustrate your answer with appropriate circuit and waveforms. 

30. A single phase half wave AC voltage controller has a resistive load of R = 40 ohms and the input voltage 

is Vs = 230V, 50Hz. The Delay angle of thyristor is 50 degrees. Determine  

 The rms value of output voltage V0, 

 The input power factor, 

 The average input current.  

31. A single phase voltage controller with RL load has the following data: 

Supply mains: 230V, 50 Hz, Z = (3+j4) Ω. Calculate the control range of firing angles and the maximum 

value of RMS load current. 

 

UNIT-4 

SHORT QUESTIONS 

 

1. Write few applications of choppers.  

2. What is meant by Time Ratio Control?  

3. Draw the output voltage waveform of single phase AC chopper.  



4. A Class B turn-off circuit commutates an SCR. The load current is constant at 10Amps. Dimension the 

commutating components L and C. The supply voltage is 100V dc. Turn off time spec of SCR is 20 

micro sec. 

5. What are the advantages and disadvantages of a boost converter?   

6. What is the discontinuous mode of operation of a regulator?  

7. List out the disadvantages of Frequency modulation control of dc-dc converter. 

8. What is an AC chopper?  

9. What are the different kinds of power losses in Choppers?  

10. What is meant by Duty cycle?  

11. Write down the expressions for average output voltage for step down chopper and step up chopper. 

 

10 MARKS 

 

12. Draw the circuit of class-B commutation circuit. Explain how thyristor is commutated in class-B 

chopper. What are disadvantages of this commutation circuit?  

13. A class-A chopper circuit has a load resistance of 100 ohms, capacitance of 10 micro farads and 

inductance of 10 mH. Find the time for which thyristor will remain in ON state. What will be the turn 

ON time if the load resistance is decreased to 25 ohms.  

 

14. Derive expressions for minimum and maximum values of load current in a step down chopper with R-L-

E load.  

15. A step-up chopper has a source of 250 V (dc) in series with inductance of 0.1 H. If the semiconductor 

switch is operated with different values of duty ratio, plot output voltage vs duty ratio. 

16. What is time ratio control in dc choppers? Explain the use of TRC for controlling the output voltage in 

choppers.  

17. A step-up chopper has input voltage of 220V and output voltage of 660V. If the conducting time of 

thyristor-chopper is 100μs, compute the pulse width of output voltage. In case the output-voltage pulse 

width is halved for constant frequency operation, find the average value of new output voltage?  

18. Describe the Morgan chopper with associated voltage and current waveforms.  

19. Enumerate the merits of Morgan chopper compared to Jones chopper. 

20. Explain the operation of a step down chopper with RLE load. Derive the necessary output voltage and 

current expressions.  

21. A step-down chopper is fed from a 220 V DC source to deliver a load voltage of 100 V. If the non-

conduction time of transistor is 100μs. The required pulse width would be?  

22. Write short notes on i) Jones chopper and ii) current limit control of dc-dc converter. 

23. With the circuit diagram and output voltage waveforms, explain the working of Jones chopper.  

24. A dc on-off chopper operating at 1 kHz and duty cycle of 10% is supplied from a 200V source. If the load 

inductance is 10mH and resistance 10Ω. Compute the maximum and minimum circuit in the load.  

 

25. Draw a schematic diagram of a single phase ac chopper and discuss in brief with output voltage and 

current waveforms.  

26. Explain in brief how average voltage across the load is made more than dc supply voltage using chopper. 

Derive the expression for the average voltage. 

27. Explain in detail about the time ratio control. 

28. A step down chopper is fed from 200V DC and its duty cycle is 0.6. Calculate the RMS value of output 

voltages for fundamental and third harmonic components.  

29. Derive the expression for the output voltage of step up chopper. 

30. A chopper fed from a 200V DC source, is working at a frequency of 50 Hz and is connected to an RL load 

of R = 4Ω and L = 30 mH. Determine the value of duty cycle at which the minimum load current will be 

(i) 5 A (ii) 10 A 



31. What is chopper and how they are classified. Explain the working of A.C chopper. 

32. A dc chopper is supplying a resistive load. If the input and output voltages are 200V and 120V and the 

chopping frequency is 800Hz, find the periods of conduction and blocking in each cycle. 

33. Enumerate the merits of Morgan chopper compared to Jones chopper.  

34. Describe the Morgan chopper with associated voltage and current waveforms.  

 

UNIT-5 

SHORT QUESTIONS 

 

1. Write the application of inverter.  

2. Draw the circuit diagram of parallel inverter. 

3. What assumptions are considered for the operation of inverters?  

4. Classify inverters according to connections. 

5. What type of commutation is used in basic series inverter? How frequency of output can be controlled in 

series inverter?   

6. How can a PWM control signal be obtained using a carrier wave and reference wave with the help of 

diagram? 

7. What do you mean by Harmonics? 

8. How quality of an inverter output voltage can be measured? 

9. What is sinusoidal PWM technique? 

10. What are the applications of parallel inverter? 

11. What are the advantages of parallel resonant inverters?  

12. What are the effects of eliminating lower order harmonics? 

 

10 MARKS 

 

13. Explain the operation of single pulse modulation of inverter with neat diagram.  

14. Draw and explain the operation of three-phase series-inverter circuit. 

15. Explain in detail about 180 deg Conduction Mode of 3 – Ø Voltage Source Inverters.  

16. Explain the operation of single phase bridge inverter with the help of load voltage and load current 

waveforms for R-L Load.  

17. A 3-phase bridge inverter is fed from a dc source of 200 V. If the load is star connected of 10 ohms / 

phase, determine rms value of load current and required current rating of thyristors.  

18. Discuss various voltage control techniques employed in inverter circuits. 

19. Describe the operation of 3-phase bridge inverter circuit diagram with resistive load in 120deg 

conduction mode  

20. A 3-phase bridge inverter is fed from a d.c. source of 200 V. If the load is star-connected of 10 Ω /phase 

resistance, Estimate the RMS load current, the required RMS current rating of the thyristors and the 

load power for i) 120 deg firing and ii) 180 deg firing.   

21. The square-wave inverter of 1-phase full bridge type has Vdc = 125 V, an output frequency of 60 Hz, and 

a resistive load of 12.5 Ω. Sketch the currents in the load, each switch, and the source, and determine 

the average and rms values of each.  

22. With the help of neat circuit diagram and associated waveforms, explain operation of 1-phase full bridge 

voltage source inverter with RL load. 

23. Draw the circuit diagram of a single phase half bridge inverter and explain its operation. 

24. A three phase bridge inverter delivers power to a resistive load from a 400V DC source. 

25. For a star connected load of 8Ω per phase, determine RMS value of load current and RMS value of 

thyristor current for 120 deg conduction mode of operation.  

26. Explain the 180 deg conduction mode of operation of three phase inverters with necessary circuit 

diagram and waveforms. 



27. A single phase bridge inverter is fed from a 200 DC. In the output voltage wave, only fundamental 

component of voltage is considered. Determine the RMS current ratings of an SCR and a diode of the 

bridge for a resistive load of R = 5Ω. 

28. Explain the single phase PWM, transformer connection, multiple commutation and filter methods used 

for reduction of harmonics in inverter output.  

29. Draw and explain the operation of the time sharing inverter circuit. Also draw the related voltage and 

current waveforms.  

30. A single phase half bridge inverter may be connected to a load consisting of (i)R (ii)RL and RLC over 

damped (iii) RLC under damped. For all these loads, draw the load voltage and load current waveforms 

under steady state operating conditions. Also, indicate the conduction of the various elements of the 

inverter circuit.  

31. Give the detailed design aspects of series inverter. 

32. Discuss the following: a) Single pulse Modulation b) SPWM Technique 
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ASSIGNMENT 1 QUESTIONS 

 

1. Explain the construction, working, V-I characteristics and switching characteristics of SCR. Also 

derive the two transistor model of SCR. 

2. Explain the construction, working, V-I characteristics and switching characteristics of MOSFET. 

3. Explain the operation 1φ fully controlled converter RL Load with Rectification and inversion 

mode. Also derive the performance. 

4. Explain the operation of three phase bridge type full converter with RLE– load with neat 

waveforms. 

5. Draw the circuit of single phase voltage controller with antiparallel connection of two thyristors 

and an R-L load. Explain its working. Sketch load voltage and load current waveforms. Derive an 

expression for output voltage. 
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ASSIGNMENT 2 QUESTIONS 

 

 

1. Describe the operating principle of single-phase to single-phase step-up cyclo-converter with 

the help of mid-point and bridge type configuration. Illustrate your answer with appropriate 

circuit and waveforms. 

2. With neat circuit and waveform, Derive expressions for minimum and maximum values of load 

current in a step down chopper with R-L-E load.  

3. Describe the Morgan chopper with associated voltage and current waveforms.  

4. With the help of neat circuit diagram and associated waveforms, explain operation of                 

1-phase half bridge and full bridge voltage source inverter with R and RL load respectively. 

5. Draw and explain the operation of series-inverter circuit. 

 

 



  

DEPARTMENT OF EEE 
III-B.TECH II SEMESTER – I MID EXAMINATION 

SET - A 

SUBJECT: POWER ELECTRONICS                                  DATE:  18/02/2019 

MAX. MARKS: 10                                                                                              TIME: 02:30-04:00 PM 

ANSWER ANY TWO QUESTIONS                                   2*5=10M 

1. Plot the I-V characteristics and turn-on and turn-off characteristics of SCR. 

2. Explain the operation of IGBT with VI and switching characteristics.  

3. Explain the operation of single phase half controlled bridge rectifier with R-L-E load. Derive the 
expression for (i) Average output voltage (ii) RMS value of output voltage. 

4. Explain the operation of three phase full bridge converter with RLE – load with neat waveforms. 

5. Derive an expression for rms value of output voltage of single phase bridge type ac voltage controller. 

 

  

 

 
DEPARTMENT OF EEE 

III-B.TECH I SEMESTER – I MID EXAMINATION 

SET - B 

SUBJECT: POWER ELECTRONICS                                  DATE:  18/02/2019 

MAX. MARKS: 10                                                                                            TIME: 02:30-04:00 PM 

ANSWER ANY TWO QUESTIONS                                   2*5=10M 
1. Describe the different turn-on methods of SCR. 

2. What is a MOSFET? Explain its V-I characteristics briefly. Also write its advantages over other 

switches. 

3. Explain the operation of single phase fully controlled converter with RL load. Derive the output 

voltage and current expressions for firing angle of 45 degrees. 
4. A single phase semi converter delivers to RLE load with R=5Ω, L=10mh, E=80V. the source voltage is 

230V, 50HZ for continuous conduction, find the average value of average output voltage, average 

output current, rms output current, rms output voltage, displacement factor, form factor, ripple 

factor, rectification efficiency, active power and reactive power. 

5. Draw the circuit of single phase voltage controller with anti-parallel connection of two thyristors and 

an R-L load. Explain its working. Sketch load voltage and load current waveforms. Derive an 
expression for output voltage. 

 

 

 

 

 



  

DEPARTMENT OF EEE 

III-B.TECH II SEMESTER – II MID EXAMINATION 

SET - A 

SUBJECT: POWER ELECTRONICS                                                  DATE:  22/04/2019 

MAX. MARKS: 10                                                                                                                     TIME: 02:30-04:00 PM 

ANSWER ANY TWO QUESTIONS                                   2*5=10M 

1. Explain with relevant waveform, the use of TRC and CLC for controlling the output voltage 

in choppers. 

2. A simple DC chopper is operating at a frequency of 2KHZ from a 96V DC source to supply a 

load resistance of 8Ω. The load time constant is 6ms. If average load voltage is 57.6V, find 

(i) ON time (ii) RMS load voltage (iii) Average load current (iv) Inductance                   (v) 

Minimum and Maximum value of load current 

3. Explain the 180 deg conduction mode of operation of three phase inverters with necessary circuit 

diagram and waveforms. 

4. Draw and explain the operation of parallel-inverter circuit. 

 

 
DEPARTMENT OF EEE 

III-B.TECH I SEMESTER – II MID EXAMINATION 

SET - B 

SUBJECT: POWER ELECTRONICS                                                  DATE:  22/04/2019 

MAX. MARKS: 10                                                                                                                     TIME: 02:30-04:00 PM 

ANSWER ANY TWO QUESTIONS                                   2*5=10M 

 
1. Describe the working principle of 1-phase to 1-phase step-down midpoint type cyclo-converter with 

associated waveforms for R load 

2. Explain the operation of a step down chopper with RLE load. Derive the necessary output 

voltage and current expressions.  

3. With the circuit diagram and output voltage waveforms, explain the working of Jones 

chopper.  

4. Discuss the pulse width modulation in detail with necessary waveforms. 
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