
 

 

( 24 )  Alternating current (A.C) 

 

     𝑒 = 𝐵. 𝑙. 𝑣    volt 

 E: induced  e.m.f  

B: magnetic flux density . 

L: effective length of conductor  

 

 

( 25) Sinusoidal waveform  

 

 

 

 

 

 

( 26)  sin wave equation 

  𝑣 = 𝑉𝑚 sin 𝜃                also       𝑖 = 𝐼𝑚 sin 𝜃 

𝑣 = 𝑉𝑚 sin𝑤𝑡  

  𝑣 = 𝑉𝑚 sin 2𝜋𝑓t 

   𝑣 = 𝑉𝑚 sin
2𝜋

𝑇
𝑡 

 

t 

𝑣 𝑡  

Vm 

𝑣 

Ө 

T 



 

  Where : 

 𝑣: instantaneous voltage in [volts] 

 𝑉𝑚 : maximum voltage in [volts]  

 𝜔: angular velocity in radian/seconds 

 T : periodic time in  [seconds] 

EX: Find T if the frequency f is 60HZ , 1000HZ 

1- 𝑇 =
1

𝑓
=

1

60
= 0.01667  𝑠 

2- 𝑇 =
1

𝑓
=

1

1000
= 0.001  𝑠 = 1𝑚𝑠 

 

 

Ex: find the frequency for the wave form shown.  

  𝑇 = 25 − 5 = 20 𝑚𝑠  

 𝑓 =
1

20×10−3
= 50 𝐻𝑍 

 

 

 

EX : find the angular velocity  𝛚 of a sine wave if the frequency is  

60 HZ . 

  𝜔 = 2𝜋𝑓 = 2𝜋 × 60 = 377 [ rad / sec ] 

 

EX :  if 𝛚 = 𝟓𝟎𝟎 [ rad / sec ] ,find ( f ) and ( T ). 

    𝜔 = 2𝜋𝑓 =
2𝜋

𝑇
              𝑇 =

2𝜋

𝜔
=

2𝜋  𝑟𝑎𝑑 

500  𝑟𝑎𝑑/𝑠𝑒𝑐 
=12.57 [ m sec ] 

   𝑓 =
1

𝑇
=

1

12.57×10−3
= 79.58 [𝐻𝑍] 

 

 

 

 

t 

0 5 15 25 



 

( 27)    Degrees and radians 

         1 radian = 57.3° 

 

 

 

 

 

EX:   90° =
𝜋

180
× 90 =

𝜋

2
   𝑟𝑎𝑑   

        30° =
𝜋

180
× 30 =

𝜋

6
   𝑟𝑎𝑑   

 

EX :    
𝜋

3
   𝑟𝑎𝑑  =

𝟏𝟖𝟎

𝝅
×

𝝅

𝟑
= 𝟔0° 

          3  
𝜋

2
   𝑟𝑎𝑑  =

𝟏𝟖𝟎

𝝅
× 𝟑

𝝅

𝟐
= 270° 

 

( 28 )  Relationship between frequency , speed and number of pole  

pair in an alternator . 

If an alternator has ( p ) pairs of pole and if the speed of rotation is ( n ) 

revolution per second ,then the frequency is:- 

𝑓 = 𝑝𝑛         cycle / second or (HZ ) 

 

 

EX: an alternator has 2 poles , find the speed if the frequency is to 

be  50 HZ. 

 

Solution: 

           𝑓 = 𝑝𝑛               𝑛 =
𝒇

𝒑
=  

𝟓𝟎

𝟏
= 𝟓𝟎       𝒓. 𝒑. 𝒔  

   or    𝑛 = 50 × 60 = 3000    𝑟. 𝑝.𝑚 

 

 

𝒓𝒆𝒅 =  
𝝅

𝟏𝟖𝟎
× 𝒅𝒆𝒈𝒓𝒆𝒆 

𝒅𝒆𝒈𝒓𝒆𝒆 =
𝟏𝟖𝟎

𝝅
× 𝒓𝒂𝒅 



 

( 29 )   phase shift 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         (i)  LEADS (V) by30°                     (i)  LEADS (V) by 130°              

or    (V)  LAGS    (i) by30°              or  (V)  LAGS     (i) by130° 

 

EX: for the waveform shown below, find:-  

 
 

1- Maximum current   

2- Frequency 

3- Instantaneous current  at  t= 0.003  second 

 

90 0 

180 

270 

360 

𝜑 

𝒗 = 𝑽𝒎 𝐬𝐢𝐧𝝎𝒕 𝒗 = 𝑽𝒎 𝐬𝐢𝐧 𝝎𝒕 − 𝝋  𝒗 = 𝑽𝒎 𝐬𝐢𝐧 𝝎𝒕 + 𝝋  

𝜑 

30° 

𝒗 = 𝑽𝒎 𝐬𝐢𝐧𝝎𝒕 

𝒊 = 𝑰𝒎 𝐬𝐢𝐧 𝝎𝒕 + 𝟑𝟎°  

90 

𝒗 = 𝑽𝒎 𝐬𝐢𝐧 𝝎𝒕 + 𝟒𝟎°  

𝒊 = 𝑰𝒎 𝐬𝐢𝐧 𝝎𝒕 + 𝟗𝟎°  

𝒊 = 𝟏𝟒𝟏. 𝟒 𝐬𝐢𝐧𝟑𝟕𝟕𝝎𝒕 



 

   Solution: 

1-               𝑖 = 𝐼𝑚 sin𝜔𝑡                               ∴    𝐼𝑚 = 141.4  𝐴 

     𝑖 = 141 sin 377𝑡                                𝜔 = 377     𝑟𝑎𝑑/𝑠𝑒𝑐 

2-    𝜔 = 2𝜋𝑓           𝑓 =
𝜔

2𝜋
=

377

2𝜋
= 60 𝐻𝑍   

3-     𝑇 =
1

𝑓
= 

1

60
= 0.066 𝑠𝑒𝑐𝑜𝑛𝑑   

4-      𝑖 = 𝐼𝑚 sin𝜔𝑡 

               = 141.4 sin 377 ∗ 0.003  

            𝑖 = 141.4 sin 1.131                       ( 𝜃° =
𝜃𝑟𝑎𝑑×180

𝜋
 ) 

  𝑖 = 141.4 sin 64.83 

      = 127.8   A 

 

( 30 )   Average value and Root Mean Square value. 

(i) For sinusoidal voltage or current waveforms the average value can be 

calculated be the equation below  

             𝑉𝑎𝑣. =
1

𝑇
∫ 𝑣 𝜃 𝑑𝜃
𝑇

0
 

                 𝐼𝑎𝑣. =
1

𝑇
∫ 𝑖 𝜃 𝑑𝜃
𝑇

0
 

  For complete sinusoidal waveform Average vale = 0, since the positive half 
equal the negative half of the waveform . 

EX:- the output of a full-wave rectifier is shown below derive an expression for 

the average value : 

Solution:                                                              

  𝑽𝒂𝒗 =
𝟏

𝑻
∫ 𝑽 𝜽 

𝑻

𝟎
𝒅𝜽  

 Ө ₂π π 

V(Ө) 

   



 

 

 𝑽𝒅𝒄 =
𝟏

𝝅
[∫ 𝑽 𝜽 

𝝅

𝟎
𝒅𝜽]  

          =
𝟏

𝝅
[∫ 𝑽𝒎

𝝅

𝟎
𝒔𝒊𝒏𝜽𝒅𝜽] 

          =
𝑽𝒎

𝝅
[∫ 𝒔𝒊𝒏𝜽

𝝅

𝟎
𝒅𝜽] 

          =
𝑽𝒎

𝝅
[−𝒄𝒐𝒔𝜽] 

         = −
𝑽𝒎

𝝅
[𝒄𝒐𝒔𝝅 − 𝒄𝒐𝒔 𝟎]  

          = −
𝑽𝒎

𝝅
[−𝟏 − 𝟏] =

𝑽𝒎

𝝅
∗ 𝟐 

          

(ii) The Root Mean Square value (R.M.S) can be calculate as shown 

                  𝑉 𝑅𝑀𝑆 = √
1

𝑇
∫ 𝑣2 𝜃 
𝑇

0
   

                   𝐼 𝑅𝑀𝑆 = √
1

𝑇
∫ 𝑖2 𝜃 
𝑇

0
 

   EX :-the output of a half-wave rectifier is shown below , derive an expression 

for the R.M.S  value. 

solution:  

          𝑰𝒓𝒎𝒔 = √
𝟏

𝑻
∫ 𝒊𝟐𝒅𝜽

𝑻

𝟎
                                       

          = [
𝟏

𝟐𝝅
∫ 𝑰𝒎

𝟐 𝒔𝒊𝒏𝜽𝟐 𝒅𝜽
𝝅

𝟎
]

𝟏

𝟐
 

          = [
𝑰𝒎

𝟐

𝟐𝝅
∫

𝟏−𝒄𝒐𝒔 𝟐𝜽

𝟐
𝒅𝜽

𝝅

𝟎
]

𝟏

𝟐
 

           = [
𝑰𝒎

𝟐

𝟐𝝅
∗

𝟏

𝟐
[𝜽 −

𝟏

𝟐
𝒔𝒊𝒏𝟐𝜽]]

𝟏

𝟐

 

           = [
𝑰𝒎

𝟐

𝟒𝝅
{ 𝝅 − 𝟎 −

𝟏

𝟐
 𝒔𝒊𝒏𝟐𝝅 − 𝒔𝒊𝒏𝟐 ∗ 𝟎 }]

𝟏

𝟐
 

          = [
𝑰𝒎

𝟐

𝟒𝝅
𝝅]

𝟏

𝟐
      

 

𝑽𝒂𝒗. = 𝟐
𝑽𝒎

𝝅
 

𝑰𝒓𝒎𝒔 =
𝑰𝒎
𝟐

 

 

Ө ₂π π 

i(Ө) 

  

𝒊 = 𝟏𝟒𝟏. 𝟒 𝐬𝐢𝐧𝟑𝟕𝟕𝝎𝒕 



 
 
 

( 31) Form factor (Kf)  and peak Factor (Ka) 

  𝐾𝑓 =
𝑅.𝑀.𝑆 𝑣𝑎𝑙𝑢

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒
 

   𝐾𝑎 =
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒

𝑅.𝑀.𝑆 𝑣𝑎𝑙𝑢
 

 EX : for the wave form shown below, if the frequency is 100 HZ, calculate :- 

1- Average Value 

2- R.M.S Value  

3- Form factor ( 𝐾𝑓  and peak factor     𝐾𝑎  

  

 𝑉𝑎𝑣 = 2
𝑉𝑚

𝜋
=

2×20

𝜋
= 12.73    𝑉 

  𝑉𝑟𝑚𝑠 =
𝑉𝑚

√2
=

20

√2
= 14.18      𝑉 

   𝐾𝑓 =
𝑉𝑟𝑚𝑠

𝑉𝑎𝑣.
= 

14.18

12.73
= 1.11 

   𝐾𝑎 =
𝑉𝑚𝑎𝑥

𝑉𝑟𝑚𝑠
= 

20

14.18
= 1.41 

 

  

 

 

 

 

 

 

 

𝜋 

20 V 

2𝜋 0 


