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AC Circuits

MODULE - II
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∴ In dc circuits,

POWER



4

Instantaneous Power: p(t)

In AC circuits,

For AC circuits, the voltage and current are

v(t) = VM cos(t+v)

i(t) = IM cos(t+i)

The instantaneous power is simply their product

p(t) = v(t) i(t) = VM IM cos(t+v) cos(t+i)

= ½VM IM [cos(v- i) + cos(2t+v +i)]

Constant
Term

Wave of Twice 
Original Frequency
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Average Power (P)

 Calculate average power (integrate power over 

one cycle and divide by period)

 Recall that passive sign convention says:

P > 0, power is being absorbed

P < 0, power is being supplied
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Complex Power (S)
 Complex power is expressed in units of volt-amperes like 

apparent power

 Complex power has no physical significance; it is a 

purely mathematical concept
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Real Power (P)

 P is the real or average power

 Alternate expressions for the real or average power

(P)
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Reactive Power (Q)

 Q is the reactive or quadrature power, which indicates

temporary energy storage rather than any real power

loss in the element; and Q is measured in units of volt-

amperes reactive, or var

 Alternate expressions for the reactive or quadrature

power (Q)
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In circuits excited by ac sources, the voltage and current are sinusoidal
quantities which varies with time. When voltage and current are time
varying quantities, the power is also a time varying quantity.

For time varying quantities, the power is defined as average over a period of
time. Since the average value of sinusoidal voltage and current are zero, we can
take, the rms value of voltage and current.

We know that, the rms values of voltage and current are complex and so the
power is also complex. “The complex power is denoted by S and it is defined
as the product of rms voltage and the conjugate of rms current”.

Various powers in AC circuits Unit

1. Instantaneous power (p) - VA
2. Complex power (S = P ± j Q) - VA
3. Apparent Power [abs(S)] - VA
4. True or Active or Real or Average power (P) - Watts
5. Reactive power (Q) - VAR
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Power Triangle

 The power triangle relates pf angle to P and Q

 
power gereal/avera

power uadraturereactive/q
 

P

Q
iv tan

– the phasor current that is in

phase with the phasor

voltage produces the real

(average) power

– the phasor current that is

out of phase with the

phasor voltage produces

the reactive (quadrature)

power



11



12

The real part of S is called active power or simply power. The imaginary
part of S is called reactive power. The power is denoted by P and expressed in the
units of watts, W. The reactive power is denoted by Q and expressed in the units
of volt-ampere-reactive, VAR.
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In ac circuits, the phase angle ϕ may be positive, zero or negative.
(Remember that ϕ is phase difference between V and I)

When ϕ is positive,

• the current lags voltage.
• the circuit is inductive.
• the active power is positive.
• the reactive power is positive.

When ϕ is zero,

• the current is in-phase with voltage.
• the circuit is resistive.
• the active power is positive.
• the reactive power is zero.

When ϕ is negative,

• the current leads the voltage.
• the circuit is capacitive.
• the active power is positive.
• the reactive power is negative.



The ratio of active power and apparent power is defined as power
factor”. The power factor is a measure of active power in the apparent
power.

P = S cos ϕ

14

*

IVS 

Complex power in terms of V and I 

Complex power in terms of Z 

*

2

Z

V
S  ZIS

2



irms

vrms

II

VV









Complex power should be calculated using RMS values of V and I

*

2

*

*
*

Z

V

Z

V
VIVS 



15



16

 Deviation of power factor (0  pf   1)

 A low power factor requires more rms current for the

same load power which results in greater utility

transmission losses in the power lines, therefore utilities

penalize customers with a low pf

 
   

LZiv

rmsrms

ivrmsrms

rmsrms

 =  = 
I  V

  I  V
 =

 
I  V

P
 = 

power apparent

power average
 = pf




coscos
cos




Power Factor (pf)



17

Power Factor Angle (ZL)

 power factor angle is v- i = ZL (the phase 

angle of the load impedance)

 power factor (pf) special cases

 purely resistive load: ZL = 0°  pf=1

 purely reactive load: ZL = ±90°  pf=0

Power Factor Angle I/V Lag/Lead Load Equivalent

-90 < θZL < 0 Leading Equivalent RC

0 < θZL < 90 Lagging Equivalent RL
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