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OUTLINE 

• Apparent power 

• The Relationship between P, Q, and S 

• The RLC Circuits

– The Power Factor

– Power Triangular  

– The Impedance Triangle



Apparent power 
• If the load contains both resistance and reactance, this product represents neither real 

power nor reactive power. Since VI appears to represent power, it is called apparent 
power. 

• Apparent power is given the symbol S and has units of volt-amperes (VA). Thus,



Apparent Power



Power triangle
• The real, reactive, and apparent power separately are related 

      by a very simple relationship through the Power Triangle.

– Consider the series circuit in figure (a)

– Let the current through the circuit be  I = I∠0° with phasor representation in (b)

• VR is in phase with I, while VL leads it by 90°

• Kirchhof’s voltage law applies for ac voltages in phasor form

      V = VR + VL as indicated in (c)

• The voltage triangle of (C) can be redrawn as 



The Relationship between P, Q, and S 



From the geometry of the resultant triangle,

• Apparent Power Magnitude: 

• Complex power representation:

• Incase the circuit has CL instead of VL:

• Real and Reactive Power equations represent as:

▪ V and I are the magnitude of the rms values

▪ θ is the angle between the rms values V,I

▪ Θ = θv – θi

▪ P is always positive

▪ Q is positive for Inductive circuits and negative for Capacitive circuits.



S = vRMS × iRMS 

S =  𝑃2 + 𝑄2

θ = 𝑡𝑎𝑛−1 (Q/P)            (i.e., the impedance angle) 

P = S cos θ 

P =  𝑆2 − 𝑄2 

Q = S sinθ 

 Q =  𝑆2 − 𝑃2

Some useful power triangle relationships are listed following:



Example,



Class Activity, 



Why equipment are rated in VA instead of Watts ?

Assume that the generator is rated at 600V, 120kVA:

Current capability,  I = 120kVA/600V = 200A



Thank you for being patient and a good listener,

Take a rest please!



The Power Factor
Power factor is the ratio of the average power to the apparent power.

➢ A load’s power factor shows how much it’s apparent power is actually real power:



The RLC Circuits

• In the RLC Series circuit,        XL = 2πfL and XC = 1/2πfC

• When the AC voltage is applied through the RLC Series circuit the resulting current I flows 
through the circuit, and thus the voltage across each element will be:
– VR = IR that is the voltage across the resistance R and is in phase with the current I.

– VL = IXL that is the voltage across the inductance L and it leads the current I by an angle of 90 degrees.

– VC = IXC that is the voltage across capacitor C and it lags the current I by an angle of 90 degrees.

• The three cases of RLC Series Circuit
– When XL > XC, the phase angle ϕ is positive. The circuit behaves as RL series circuit in which the current lags 

behind the applied voltage and the power factor is lagging.

– When XL < XC, the phase angle ϕ is negative, and the circuit acts as a series RC circuit in which the current leads 
the voltage by 90 degrees.

– When XL = XC, the phase angle ϕ is zero, as a result, the circuit behaves like a purely resistive circuit. In this type 
of circuit, the current and voltage are in phase with each other. The value of the power factor is unity.



➢ Impedance Triangle of RLC Series Circuit
• The impedance triangle of the RL series circuit, when (XL > XC) is shown below:

– If the inductive reactance is greater than the capacitive reactance than the circuit reactance is inductive giving a 
lagging phase angle.

• Impedance triangle is shown below when the circuit acts as an RC series circuit (XL< XC):

– When the capacitive reactance is greater than the inductive reactance the overall circuit reactance acts as 
capacitive and the phase angle will be leading.



➢ The complex power maybe expressed in term of the load impedance,

Since:

Therefore:



Example, A solenoid coil with a resistance of 30 ohms and an inductance of 200mH is 

connected to a 230VAC, 50Hz supply. Calculate: (a) the solenoids impedance, (b) the 
current consumed by the solenoid, (c) the phase angle between the current and the 
applied voltage, and (d) the average power consumed by the solenoid.



Class Activity, Three coils of resistances 20, 30 and 40 Ohm and inductance 0.5, 0.3 

and 0.2H, respectively are connected  in series across a 230 V, 50 Hz supply. Calculate 
the total current, power factor and the power consumed in the circuit.

Ohm

Ohm



• Example, A capacitor which has an internal resistance of 10Ω‘s and a capacitance 

value of 100uF is connected to a supply voltage given as V(t) = 100 sin (314t). 
Calculate the current flowing into the capacitor. Also construct a voltage triangle 
showing the individual voltage drops.
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