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Solve & draw as much as you can (questions in two pages) 

 

Question (1)                                 [12] Points 

      a- Explain in details the power and energy losses in a real semi-conductor switch? 

b-Explain in details a single phase bridge inverter?  

c-Define harmonic factor and total harmonic distortion? 

d-Explain in details two methods of PWM? 

 

Question (2)                                 [12] Points 

a-  Explain in details a dc-dc chopper?  

b- A dc-dc chopper class A has a resistive load of 10Ω and the input dc voltage Vs=220V. 

The switch voltage drop is 2V and the chopping frequency is 1 Khz, if the duty cycle is 

50% Determine (i) the average output voltage (ii) the rms output voltage (iii) the output   

power ? 

 

Question (3)                                 [12] Points 

a- Explain in details a single phase AC/AC voltage controller?  

b- A single-phase full wave ac voltage controller has a resistive load of 10Ω and supply 

voltage of 120V, 60Hz. The delay angles of the two thyristors are equal to 90
o
. (i) Draw the 

power circuit and its associated voltage and current waveforms. (ii) Determine the rms 

values of output voltage and current, (iii) the average value of the thyristor current? 
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Question (4)                                 [12] Points 

a- Explain in details a single phase transformer tap-changer?  

b- A single phase transformer tap-changer has a primary voltage of 240V, 60Hz. The 

secondary voltages are V1=120V and V2=120V. If the load resistance is 10Ω and firing 

angles of thyristors T1 and T2 are 98
o
 and π+ 98

o 
respectively. Determine (i) the load 

voltage, (ii) the rms current of the four thyristors (iii) the rms current of the secondary 

windings? 

Question (5)                                 [12] Points 

      a- Explain in details a three phase bridge inverter?  

b- Design a three-phase PWM inverter that drives a 30hp, variable speed, 3-phase, 12-pole, 

460V, 60Hz induction motor. The DC supply is 300V and ma=0.8 and mf=15.  Draw a 

block diagram of the system and use the following table to calculate the fundamental 

frequency line to line voltage and some dominant harmonics of line to line voltages. 

 ma 

h 0.2 0.4 0.6 0.8 1 

1 0.122 0.245 0.367 0.490 0.612 

mf ±2 0.010 0.037 0.080 0.135 0.195 

2mf ±1 0.116 0.20 0.227 0.192 0.111 

3mf ±2 0.027 0.085 0.124 0.108 0.038 

 

 

 

 

 

 

 

 

 

 



Answer 

 

Question (1)                                 [12] Points 

a- Explain in details the power and energy losses in a real semi-conductor switch? 

 



  



 



 



 

 

b-Explain in details a single phase bridge inverter?  



 

 

c-Define harmonic factor and total harmonic distortion? 

Harmonic factor HF is the measure of the individual harmonics contribution+ the rms value 

of the fundamental component as rms values or the ratio of the rms values of the output 

voltage( individual harmonics+fundamental)= ∑Vn  to the rms value of the fundamental 

component V1 

 𝐻𝐹 =  
𝑉𝑛  

2−𝑉1  
2

𝑉1  
2 = ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝑓,    𝐻𝐹𝑛 =

𝑉𝑛  
 

𝑉1  
 = ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑡ℎ ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐   

 Total harmonic distortion factor THD is the measure of the individual harmonics (closeness 

in shape between a waveform and its fundamental) only contribution as rms values or the 

ratio of the rms values of the output voltage harmonics ( individual harmonics )= ∑Vn  to the 

rms value of the fundamental component V1 

 𝑇𝐻𝐹 =
1

𝑉1
( 𝑉𝑛

2)^0.5𝑛=𝛼
𝑛=2,3,..       

  

 



d-Explain in details two methods of PWM? 

 

 

 

 



 



 

 

 

Question (2)                                 [12] Points 



a- Explain in details a dc-dc chopper? 



 

 



  
b-A dc-dc chopper class A has a resistive load of 10Ω and the input dc voltage Vs=220V. 

The switch voltage drop is 2V and the chopping frequency is 1 Khz, if the duty cycle is 50% 

Determine (i) the average output voltage (ii) the rms output voltage (iii) the output   power ? 

          Vo=0.5*220=110V, Vrms=(0.5
)^0.5

*220=155.6V,Po=0.5*220*220*/10=2420W 

Question (3)                                 [12] Points 

a-Explain in details a single phase AC/AC voltage controller?  



   
b-A single-phase full wave ac voltage controller has a resistive load of 10Ω and supply 

voltage of 120V, 60Hz. The delay angles of the two thyristors are equal to 90
o
. (i) Draw the 

power circuit and its associated voltage and current waveforms. (ii) Determine the rms 

values of output voltage and current, (iii) the average value of the thyristor current? 

Vo=120[(1/pi)(pi-90+(sin2*90)/2))]^0.5=84.85V, 

Io=Vo/R=84.85/10=8.485A,Ith=[(1+cos90)120*2
^0.5

]/2pi*10=2.7A 
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Question (4)                                 [12] Points 

a-Explain in details a single phase transformer tap-changer?  



 

 



 

b-A single phase transformer tap-changer has a primary voltage of 240V, 60Hz. The 

secondary voltages are V1=120V and V2=120V. If the load resistance is 10Ω and firing 

angles of thyristors T1 and T2 are 98
o
 and π+ 98

o 
respectively. Determine (i) the load 

voltage, (ii) the rms current of the four thyristors (iii) the rms current of the secondary 

windings? 

Vo=[(V1
2/pi)(α-(sin2α)/2]+((V1+V2)

2
/pi)(pi-α+(sin2α)/2)]

0.5
=180V  

 IR1(T1,T2)=((V1+V2)/(1.414R))[(1/pi)(pi-α+(sin2α)/2)]
0.5

=10.9A  

IR3(T3,T4)=(V1)/(1.414R))[(1/pi)(α-(sin2α)/2)]
0.5

=6.5A 

Isec.1(T1,T2)=1.414IR1=15.4A 

Isec.2(T1,T2,T3,T4)= [(1.414IR1)
2
+(1.414IR3)

2 
]

0.5
=17.94A  

 

Question (5)                                 [12] Points 

a- Explain in details a three phase bridge inverter? 



 



 

  

c- Design a three-phase PWM inverter that drives a 30hp, variable speed, 3-phase, 12-pole, 

460V, 60Hz induction motor. The DC supply is 300V and ma=0.8 and mf=15.  Draw a 

block diagram of the system and use the following table to calculate the fundamental 

frequency line to line voltage and some dominant harmonics of line to line voltages. 

 ma 

h 0.2 0.4 0.6 0.8 1 

1 0.122 0.245 0.367 0.490 0.612 

mf ±2 0.010 0.037 0.080 0.135 0.195 



2mf ±1 0.116 0.20 0.227 0.192 0.111 

3mf ±2 0.027 0.085 0.124 0.108 0.038 

 

V1=0.612*ma*Vs=0.612*300*0.49=90V 

V13,17=0.612*ma*Vs=0.612*300*0.135=32.4V 

V29,31=0.612*ma*Vs=0.612*300*0.192=46.1V 

V43,47=0.612*ma*Vs=0.612*300*0.108=25.9V 

 

 

 

 

 

 

 

 

 

 

 


