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Root Mean Square (rms) Values and Phasors 



Impedance of linear elements 



Instantaneous  and Average Power, Power Factor 



Pure Resistive Load 



Pure Inductive Load 



Resistive-Inductive  and resistive-capacitive Load 



Example: analyzing AC circuits with phasors 

Find the instantaneous current i(t) 



Complex Power,  Apparent Power and Reactive Power 

|S| = |V||I| = (P2+Q2)1/2 = Apparent Power 
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Power Triangle 



Power Consumption of Linear Circuit Elements 



Power in inductive and capacitive circuits 



Example: Active, Reactive, Apparent Power 



Conservation of Power 



Example: active and reactive power generation 

Find the real and reactive power generated by the source 



Example: active and reactive power generation 

Find the real and reactive power generated by the source 

j100 Ω 



Capacitors in Power Systems 

Capacitors are used extensively in power systems to generate  

reactive power locally in order  to correct the power factor, reduce 

the source current, regulate the voltage and improve system  

efficiency. 



Example: power factor correction 



Example: Partial Power Factor Correction 

The power triangle below shows that the power factor is  

corrected by a shunt capacitor from  65%  up to 90.26% 

49.5o 



Practice Problem 1 
You are asked to connect a pool pump to a 240 V, 60 Hz circuit that is protected by a 15 A circuit breaker (i.e., the 
breaker will trip if the current exceeds 15 A). Assume that this motor draws 3 kW with a power factor of 75% (lag). 

1. Will the circuit breaker trip when connecting the motor? Explain. If so, make some suggestions on how to fix this 
in a sentence or two.  

       source current = 16.67 A …. Circuit breaker will trip. 

1. The equivalent impedance of the motor is nearly equal to 

– 19.2 Ω in series with j21.77 Ω         ---  19.2 Ω in parallel with j15.5 Ω       -- 10.8 Ω in parallel with j9.52 Ω              
----  None of these (answer: 10.8 + j 9.5 Ω, or 19.2 Ω //j21.77 Ω) 

 

2. A shunt capacitor size (in terms of its VARs rating) that results in a source current that is equal to the breaker 
current rating (i.e., 15 A) is nearly equal to  

– 1,990 VAR           --- 402 VAR             ---- 655 VAR              --- 800 VAR 

 

3. The installation of a capacitor bank that is rated at 1.5 kVAR will result in an overall power factor of nearly 

– 90.8% lag          ---  93.4% lag                ----  95.3% lag         ----  97.2% lag 

 

4. The optimal shunt capacitor size (in µF) that results in minimum source current is nearly equal to  

– 48 µF           --  75 µF               ---  82 µF                     ---  122 µF 

 

5. Suppose the optimal shunt capacitor in 5) above is placed across the motor terminals. Which of the following 
loads will trip the circuit breaker when added to the circuit? 

– A pure resistive load with R = 100 Ω                             

– A load that draws 500 W and 800 VAR                 

– A load that has an apparent power of 800 VA with power factor of 50% lag                        

– A pure resistive load with R =  90 Ω 

 

 



Practice Problem 2 
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1. Source current    20 A 

2. Voltage across the cable impedance  4.47 V 

3. Source voltage magnitude and phase (relative to load voltage) 119 V, +0.96 deg. 

4. Real and reactive power supplied by the source  1,880 W and 1,460 VAR 

 



Homework Assignment # 1 

Consider a single-phase circuit where a 14 kV, 60 Hz voltage source feeds an 
electric load through a feeder whose impedance is 1.5 + j 3 Ω. The load is 
known to consume 4 MW and 3 MVAR. Let V and δ represent the rms voltage 
and its phase angle (relative to the source voltage) at the load terminals. Two 
equations are needed to solve for V and δ.  

 

1) Derive two analytical expressions in terms of V and δ that need to be 
solved.  

2) Determine the values of V and δ (hint: numerical solution is required) . 

3) Determine the active and reactive powers supplied by the source.  


