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Voltage (V) = V0 sin Z t 
Current (i) = i0 sin (Z t ʦ I ) 

Phase difference = 0 ʦ (ʦ I) = + I 
i.e. voltage is leading by an angle (+ I) w.r.t. 

current 

V i 

I t 

Voltage (V) = V0 sin Z t 
Current (i) = i0 sin (Z t + I ) 

Phase difference = 0 ʦ (+ I) = ʦ I 
i.e. voltage is leading by an angle (ʦ I) w.r.t. 
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Phasor and phasor diagram  

 
 

Equation of V and i  Phase difference I  Time difference T.D.  Phasor diagram 
V = V0 sinZ t  
i = i0 sinZ t  
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(1) Resistance (R) : The opposition offered by a conductor to the flow of 
current through it is defined as the resistance of that conductor. Reciprocal of 

resistance is known as conductance (G)  i.e.  
R

G 1
  

(2) Impedance (Z) : The opposition offered by the capacitor, inductor and 
condÆcÅor Åo Åhe floÈ of ac ÅhroÆgh iÅ iÄ defined aÄ impedanceʇ IÅʓÄ ÆniÅ iÄ 

ohm(:).      
rms

rms
i
V

i
V

Z   
0

0   

 
 
 
 
 
 
 
 
 
 
 

V 

i 
i V 

V 

i 
S / 2 

i 

V 

S / 2 

i 

V 
S / 2 

V 

i 
S / 3 

S / 3 

i 

V 

V 
S / 2 

i 



 
 
 
 
 
 
 
(3) Reactance (X) : The opposition offered by inductor or capacitor or both 

to the flow of ac through it is defined as reactance. It is of following two type ʦ  

Inductive reactance (XL) Capacitive reactance (XC) 

(i) Offered by inductive circuit (i) Offered by capacitive circuit  

(ii) LLXL SQZ 2   
(ii) 

CC
XC SQZ 2

11
   

(iii) 0 dcQ  so for dc, XL = 0  (iii) For dc XC = f  

(iv) XL-Q Graph 
 
 
 

(iv) XC - Q Graph 

 

 
Note : � Resultant reactance of LC circuit is defined as X = XL ~ XC . 
 
(4) Admittance (Y) : Reciprocal of impedance is known as admittance 
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(5) Susceptance (S) : the reciprocal of reactance is defined as susceptance 
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(i) inductive susceptance 
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 Types of power  
 
 
(i) Instantaneous power : Suppose in a circuit tVV Zsin0 and 

)sin(0 IZ � tii  then ViP  ousinstantane )sin(sin00 IZZ � ttiV  
 
(ii) Average power (True power) : The average of instantaneous power in 

an ac circuit over a full cycle is called average power. It's unit is watt i.e.  
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Power factor : It may be defined as  
 
(i) Cosine of the angle of lag or lead 
 
 
 
 
 
 
 
 
 

(ii) The ratio 
Impedance

 Resistance
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(iii) The ratio Icos
 power Apparent

 power True
   

kVA
kW

VA
W  

 
Note : �  Power factor is a dimensionless quantity and it's value lies 

between 0 and 1. 
 
�  For a pure resistive circuit R = Z � p.f. = cosI = 1 



 
 
 
 
 
 
 

 
 
The component of current which does not contribute to the average power 

dissipation is  called wattless current  
 
(i) The average of wattless component over one cycle is zero  
 
(ii) Amplitude of wattless current = i0 sinI  

and r.m.s. value of wattless current = II sin
2

sin 0iirms  .  

 
It is quadrature (90o) with voltage 
 
 
Note : �  The component of ac which remains in phase with the 

alternating voltage is defined as the effective current. The peak 
value of effective current is i0 cosI and it's r.m.s. value is 

II cos
2

cos 0iirms  . 
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 Different ac Circuit. 

(1) R, L and C circuits  
Circuit 

characteristics 
Purely resistive 

circuit 
(R-circuit) 

Purely inductive  
circuit 

(L-circuit) 

Purely capacitive  
circuit 

(C-circuit) 
(i) Circuit 
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(iv) Phase difference  
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(v) Power factor  1cos  I  0cos  I  0cos  I  

(vi) Power  
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(vii) Time difference  
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(viii) Leading 
quantity 

Both are in same phase Voltage  Current 

(ix) Phasor diagram   
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(2) RL, RC and LC circuits  

Circuit 
characterstics 

RL-circuit RC-circuit LC-circuit 

(i) Circuit 
 
 
 
 

 
  
 
 
 
 

VR = iR , VL = iXL 

tVV Zsin0  

 
   
  
 

 
 

VR = iR, VC = iXC 
tVV Zsin0  

 
  
 
 
 
 

VL = iXL, VC = iXC 
tVV Zsin0  
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(iv) Phasor diagram  
 
 
 
 

  

(v) Applied voltage  22
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(ix) Leading quantity Voltage  Current Either voltage or 

current 
 

 Note : � In LC circuit if XL = XC � VL = VC then resonance occurs and 

resonant frequency (natural frequency 
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 Series RLC Circuit. 

 

 

 
 

 

 

 

(1) Equation of current :   )sin(0 IZ r tii ; where 
Z
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0   

(2) Equation of voltage :  From phasor diagram 22 )( CLR VVVV ��  

(3) Impedance of the circuit : 
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       (4) Phase difference : From phasor diagram     
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(5) If net reactance is inductive : Circuit behaves as LR circuit  

(6) If net reactance is capacitive : Circuit behave as CR circuit  

(7) If net reactance is zero : Means 0 � CL XXX   � XL = XC . This is the 

condition of resonance  

(8) At resonance (series resonant circuit) 

(i) XL = XC � Zmin = R  i.e. circuit behaves as resistive circuit  

(ii) VL = VC � V = VR  i.e. whole applied voltage appeared across the 
resistance  

(iii) Phase difference : I = 0o � p.f. = cosI = 1 
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i 

C R L 

i 

V = V0 sinZt 

VR VL VC 



 
(iv) Power consumption P = Vrms irms 002

1 iV  

(v) Current in the circuit is maximum and it is 
R
V
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(vi) These circuit are used for voltage amplification and as selector circuits 
in wireless telegraphy. 

 

 

 

 

 

 

(9) Resonant frequency (Natural frequency) 
At resonance CL XX     
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(Resonant frequency doesn't depend upon the resistance of the circuit) 

 

 

 Different graphs  

(i) i - Q graph      

 

 

 

 

 

 

 

 

 

 

(ii) z - Q graph          
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  Quality factor (Q - factor) of series resonant circuit 
The characteristic of a series resonant circuit is determined by the quality 

factor (Q - factor) of the circuit.  

It defines sharpness of i - Q curve at resonance when Q - factor is large, the 
sharpness of resonance curve is more and vice-versa. 

Q - factor also defined as follows  
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