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Tony R. Kuphaldt is an author of technical educational books.  Instructor at Ballingham Technical College 

for over 12years, his technicial experience includes Alcoa Intalco Works and British Petroleum. 

This  chapter deals directly with power  factor  concepts dealing directly with  air  conditioning  systems 

with  the  intention of giving a practical and  field  tested explanation  for  students and  to dispel certain 

errors and provide clarity  lacking  in other textbooks on this topic. Mr. Kuphaldt explains the reasoning 

for writing this book. 

“They say that necessity is the mother of invention. At least in the case of this book, that adage is 
true. As an industrial electronics instructor, I was forced to use a sub-standard textbook during 
my first year of teaching. My students were daily frustrated with the many typographical errors 
and obscure explanations in this book, having spent much time at home struggling to 
comprehend the material within. Worse yet were the many incorrect answers in the back of the 
book to selected problems. Adding insult to injury was the $100+ price.  

Contacting the publisher proved to be an exercise in futility. Even though the particular text I 
was using had been in print and in popular use for a couple of years, they claimed my complaint 
was the first they'd ever heard. My request to review the draft for the next edition of their book 
was met with disinterest on their part, and I resolved to find an alternative text.  

Finding a suitable alternative was more difficult than I had imagined. Sure, there were plenty of 
texts in print, but the really good books seemed a bit too heavy on the math and the less 
intimidating books omitted a lot of information I felt was important. Some of the best books 
were out of print, and those that were still being printed were quite expensive.  

It was out of frustration that I compiled Lessons in Electric Circuits from notes and ideas I had 
been collecting for years. My primary goal was to put readable, high-quality information into the 
hands of my students….” 
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is to try to derive it from vector, or complex quantities of voltage, current, and impedance that 
we've worked with so far.  

 REVIEW:  
 In a purely resistive circuit, all circuit power is dissipated by the resistor(s). Voltage and 

current are in phase with each other.  
 In a purely reactive circuit, no circuit power is dissipated by the load(s). Rather, power is 

alternately absorbed from and returned to the AC source. Voltage and current are 90o out 
of phase with each other.  

 In a circuit consisting of resistance and reactance mixed, there will be more power 
dissipated by the load(s) than returned, but some power will definitely be dissipated and 
some will merely be absorbed and returned. Voltage and current in such a circuit will be 
out of phase by a value somewhere between 0o and 90o.  

True, Reactive, and Apparent power 

We know that reactive loads such as inductors and capacitors dissipate zero power, yet the fact 
that they drop voltage and draw current gives the deceptive impression that they actually do 
dissipate power. This “phantom power” is called reactive power, and it is measured in a unit 
called Volt-Amps-Reactive (VAR), rather than watts. The mathematical symbol for reactive 
power is (unfortunately) the capital letter Q. The actual amount of power being used, or 
dissipated, in a circuit is called true power, and it is measured in watts (symbolized by the capital 
letter P, as always). The combination of reactive power and true power is called apparent power, 
and it is the product of a circuit's voltage and current, without reference to phase angle. Apparent 
power is measured in the unit of Volt-Amps (VA) and is symbolized by the capital letter S.  

As a rule, true power is a function of a circuit's dissipative elements, usually resistances (R). 
Reactive power is a function of a circuit's reactance (X). Apparent power is a function of a 
circuit's total impedance (Z). Since we're dealing with scalar quantities for power calculation, 
any complex starting quantities such as voltage, current, and impedance must be represented by 
their polar magnitudes, not by real or imaginary rectangular components. For instance, if I'm 
calculating true power from current and resistance, I must use the polar magnitude for current, 
and not merely the “real” or “imaginary” portion of the current. If I'm calculating apparent power 
from voltage and impedance, both of these formerly complex quantities must be reduced to their 
polar magnitudes for the scalar arithmetic.  

There are several power equations relating the three types of power to resistance, reactance, and 
impedance (all using scalar quantities):  
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fed back to the generator. It cannont be sold; though, it does waste power in the resistance of 
electric lines between load and generator. The parallel capacitor corrects this problem.  

Note that reduction of line losses applies to the lines from the generator to the point where the 
power factor correction capacitor is applied. In other words, there is still circulating current 
between the capacitor and the inductive load. This is not normally a problem because the power 
factor correction is applied close to the offending load, like an induction motor.  

It should be noted that too much capacitance in an AC circuit will result in a low power factor 
just as well as too much inductance. You must be careful not to over-correct when adding 
capacitance to an AC circuit. You must also be very careful to use the proper capacitors for the 
job (rated adequately for power system voltages and the occasional voltage spike from lightning 
strikes, for continuous AC service, and capable of handling the expected levels of current).  

If a circuit is predominantly inductive, we say that its power factor is lagging (because the 
current wave for the circuit lags behind the applied voltage wave). Conversely, if a circuit is 
predominantly capacitive, we say that its power factor is leading. Thus, our example circuit 
started out with a power factor of 0.705 lagging, and was corrected to a power factor of 0.999 
lagging.  

 REVIEW:  
 Poor power factor in an AC circuit may be “corrected”, or re-established at a value close 

to 1, by adding a parallel reactance opposite the effect of the load's reactance. If the load's 
reactance is inductive in nature (which is almost always will be), parallel capacitance is 
what is needed to correct poor power factor.  

Practical power factor correction 

When the need arises to correct for poor power factor in an AC power system, you probably 
won't have the luxury of knowing the load's exact inductance in henrys to use for your 
calculations. You may be fortunate enough to have an instrument called a power factor meter to 
tell you what the power factor is (a number between 0 and 1), and the apparent power (which can 
be figured by taking a voltmeter reading in volts and multiplying by an ammeter reading in 
amps). In less favorable circumstances you may have to use an oscilloscope to compare voltage 
and current waveforms, measuring phase shift in degrees and calculating power factor by the 
cosine of that phase shift.  

Most likely, you will have access to a wattmeter for measuring true power, whose reading you 
can compare against a calculation of apparent power (from multiplying total voltage and total 
current measurements). From the values of true and apparent power, you can determine reactive 
power and power factor. Let's do an example problem to see how this works: (Figure below)  
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