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        I = C ௗ
ௗ௧

ሺ ௠ܸ sin  ሻݐ߱

        I = ߱ C ௠ܸ cos  ݐ߱

       I = ߱ C ௠ܸ sinሺ90 ൅  ሻݐ߱

        I = ߱ C ௠ܸ sinሺ ݐ߱ ൅ 90ሻ 

        I = ߱ C ௠ܸ sin  [j] ݐ߱

ܫ         ҧ = j ߱ܿ തܸ    

Therefore, തܸ  = ூҧ

୨௑೎
 = - jܺ௖ܫ ҧ    (where ܺ௖ = ଵ

ఠ௖
 ) 

Where ܺ௖ = capacitive reactance 

Phasor diagram: 

                                  

    Power factor = cos cos = ׎ 90 = 0 

• If a sinusoidal voltage is given to a capacitor, sinusoidal current flows through it. 
• Current leads the voltage by 90 degree in a pure capacitor. 
• Capacitor creates a phase shift in voltage and current. 
• A pure capacitor never absorbs the power, so average power is zero but it continuously 

stores and releases electrical energy in its electrostatic form from and back to the AC 
system. 

                                                             P (t) = V (t) * I (t) 

                                                                     = ௏೘ ூ೘
ଶ

 sin  ݐ2߱

                  Energy stored, w = ׬ ௏೘ ூ೘
ଶ

 sin ݐ2߱
ഏ
మఠ

଴  = ௏೘ ூ೘
ଶఠ

 = ଵ
ଶ

ܥ ௠ܸ
ଶ 

• A capacitor is a passive leading element in AC. 

Impedance:  
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 The impedance of a branch or circuit element or complete network is defined as the ratio 
of voltage function to current function. With sinusoidal voltage and current the Z will have 
magnitude and angle. 

                  Impedance, Z = ௏௢௟௧௔௚௘ ௙௨௡௖௧௜௢௡
௖௨௥௥௘௡௧ ௙௨௡௖௧௜௢௡

 = ௏೘
ூ೘

 = ௏ೝ೘ೞ
ூೝ೘ೞ

 ohms 

Admittance:  

 The reciprocal of impedance is called as admittance, and is denoted by Y. The unit of Y 
is mho or seimens. 

                          Y = ௖௨௥௥௘௡௧ ௙௨௡௖௧௜௢௡
௩௢௟௧௔௚௘ ௙௨௡௖௧௜௢௡

 = ூ೘
௏೘

 = ூೝ೘ೞ
௏ೝ೘ೞ

 mho 

Phase Angle:  

 If voltage and current both are sinusoidal functions of time, the phase difference is called 
as phase angle. The phase angle never exceedsേ90. The phase angle is the angle of phasor 
current with phasor voltage is taken as the account. 

Impedance form table: 

Element v-i relation V across element 
For i=ܫ௠ sin  ݐ߱

Phase angle Impedance 

R V= ir  Rܫ௠ sin  R             0 ݐ߱
L V = Lௗ௜

ௗ௧
௠ sinሺܫܮ߱  ݐ߱ ൅ 90ሻ

 
90 (lagging)            ߱L 

C  
V= ଵ

஼
׬   ݐ݀ ݅

௠ܫ

ܥ߱ sinሺ ݐ߱ െ 90ሻ 90 (leading) 1
߱ܿ 

 

Admittance form table: 

element v-i relation I across element 
For v= ௠ܸ sin  ݐ߱

Phase angle Admittance 

R I = Gv ௠ܸ

ܴ sin 1 0 ݐ߱
ܴ 

L I = ଵ
௅
׬  ௠ܸ ݐ݀ ݒ

ܮ߱ sinሺ ݐ߱ െ 90ሻ 90 (lagging) 1
 ܮ߱

C I = Cௗ௩
ௗ௧

 ߱ܿ ௠ܸ sinሺ ݐ߱ ൅ 90ሻ
 

90 (leading)             ߱C 

 

 

Series RL circuit:   
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  Applying KVL,   

      -V + IR + jIܺ௅ = 0 

        V = I [R + jܺ௅ ] = IZ   where Z = R + jܺ௅ in ohms 

Impedance triangle: 

    |Z| = ඥܴଶ ൅ ܺ௅
ଶ 

Impedance angle from triangular circuit, ׎ ൌ tanିଵ ఠ௅
ோ

 

          Z = R + jܺ௅  ܫଶ Z = ܫଶR + jܺ௅ܫଶ  

                                   V*I = ܫଶR + jܺ௅ܫଶ  S = P + jܳ௅ 

Where S is apparent power or total power, P is active or real power measured in watts and ܳ௅ is 
Reactive power measured in VAR. 

Power triangle:  

                                   |S| = ටܲଶ ൅ ܳ௅
ଶ and ׎ ൌ tanିଵ ொಽ

௉
 

                                cos ௉ = ׎
ௌ
  P = Scos VIcos = ׎   watts ׎

                                sin ொಽ = ׎
ௌ

  ܳ௅ = Ssin VIsin = ׎  VAR ׎

 

 

Phasor diagram: 
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Case2: if ܺ௅ ൏ ܺ஼   ܫ௅ ൐    ஼ܫ

    

Case3: if ܺ௅ ൌ ܺ஼   ܫ௅ ൌ                ஼ܫ

 

Concept of power and power factor: 

 In a DC system, power is given by the product of voltage and current and is measured in 
watts. In the AC system, since the voltage and current are the functions of time. So, the product 
of voltage and current at any instant is called the instantaneous power. 

               Power, P (t) = V (t) * I (t) 

Bu we will take average power = ଵ
் ׬ v ሺtሻ כ   i ሺtሻdt்

଴   -------- (1) 
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   Let us consider a general ac circuit, in which current may lead or lag the voltage by an angle ׎ 

                         v (t) = ௠ܸ sin  ݐ߱

                          i (t) = ܫ௠ sinሺ߱ݐ േ׎ሻ 

                          p (t) = v (t) * i (t)  

                                  = ௠ܸ sin ݐ߱ ௠ܫ sinሺ߱ݐ േ׎ሻ 

                                   = ଵ
ଶ
 (2 ௠ܸ sin ݐ߱ ௠ܫ sinሺ߱ݐ േ׎ሻ) ------------ (2)  

According to trigonometric formula (2) can be written as, 

                p (t) = ௏೘ூ೘
ଶ

 cos ௏೘ூ೘ - ׎
ଶ

 (cos cos ׎ േ ௏೘ூ೘ (ݐ2߱
ଶ

ሺsin ݐ2߱ ௠ܫ sin  ሻ ---- (3)׎

 

From equation (3) if we plot a graph, considering first two terms it is always positive and 
represents the real power. 

   The average value of first two terms is, P =௏೘ூ೘
ଶ

 cos ׎ ൌ VIcos  (4) --------- ׎

Equation (4) is known as real power or active power and it is expressed in watts. 

From equation (3) if we plot a graph, if we consider next two it is sinusoidal variation and 
represents the oscillating part of energy between the source and reactive elements and this 
contributes for reactive power Q. This is measured in reactive volt amperes (VAR). 

      Reactive power = ௏೘ூ೘
ଶ

sin VIsin = ׎  (5) -------- ׎

Different types power and definitions: 

Active power:  

            The active power or real power in an AC circuit is given by the product of voltage and 
current and cosine of the phase angle. It is always positive. 

                                                      P = VIcos  watts ׎
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                           = ௏
మோ

௓మ   ଶ Rܫ = 

  Reactive power, Q = VIsin   ଶ Xܫ = ׎

  Apparent power, S = VI = ܫଶ Z 

Power factor:   

 It is defined as the cosine of the phase angle׎. It is also the ratio of real power to 
apparent power. 

                         Power factor = cos ோ௘௔௟ ௉௢௪௘௥ = ׎
஺௣௣௔௥௘௡௧ ௉௢௪௘௥

 

      Depending on whether the current lags or leads the voltage the power factor is also taken as 
lagging or leading power factor. 

The factor sin  .is called the reactive power ׎

   The phase angle ׎ i.e. phase difference between V and I, is same as the impedance angle (ߠ). 
This can be depicted from the impedance triangle as shown in fig below: 

                          

                                 Z = √ܴଶ ൅ ܺଶ 

                             cos ோ = ߠ
௓
 sin ௑ = ߠ

௓
 

                   Power factor = cos ோ = ߠ
௓
 = ௉

ௌ
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