
Harmonic Measurements 
 
French mathematician Jean Baptiste Fourier determined 150 
years ago that any periodic waveform can be mathematically 
defined to be the sum of a fundamental frequency equal to the 
periodic rate and additional frequencies that are multiples of the 
fundamental frequency.  Thus, any repeating waveform that does 
not appear to be a pure sine wave can be replicated by adding a 
collection of sine waves of varying frequencies, phases, and peak 
amplitudes.  Since the frequencies are exact multiples 
(harmonics) of the fundamental, the waveform could be 
considered to be distorted from a pure sine wave by the addition 
of harmonic frequencies.  The total harmonic distortion provides 
an accurate measure of how distorted from a pure sine wave, a 
waveform is.  
 
There are several related measures of interest: 

▪ Fundamental frequency 
▪ Harmonic frequency 
▪ Harmonic number 
▪ Harmonic amplitude 
▪ Harmonic phase angle 
▪ THD (total harmonic distortion) 
▪ K factor. 

 
The fundamental frequency is the first harmonic.  It is discussed in 
the Frequency Measurements section.  The harmonic frequencies 
are the frequencies that are multiples of the fundamental 
frequency.  For instance, the 7th harmonic of 60 Hz is 

7 60 420Hz = .  In this case, “7” is the harmonic number of 420 

Hz in a 60 Hz system. 
 
The RMS value of a harmonic frequency is its harmonic 
amplitude.  They can be expressed as relative to the amplitude of 
the fundamental frequency or as an actual RMS amp value.  For 
instance, if the fundamental frequency has a current of 120 amps 
and the 5th harmonic has an amplitude of 30 amps, then the 5th 
harmonic has a magnitude of 30 amps or a relative magnitude of 
50%. 
 
The harmonic phase angle is the number of degrees that it leads 
the fundamental frequency.  Comparing the difference in the 



phase angle between voltage and current of a given harmonic 
allows you to determine the “direction” of the harmonic. 
 
There are two basic types of THD calculations used in power.  
Normally, THD normally refers to finding the THD of the harmonics 
relative to the fundamental frequency (THD-F).  THD-F is defined 
as the square root of the sum of the squares of the magnitude of 
each harmonic of the fundamental frequency divided by the 
square of the magnitude of the fundamental frequency:  
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For instance, if you are monitoring a 60 Hz current that has high 
distortion, H1 (the magnitude of the 60 Hz fundamental) might be 
120 amps, H3 (the magnitude of the third harmonic, 180 Hz) might 
be 60 amps, H5 might be 30 amps, H7 might be 15 amps, and all 
the other harmonics might have magnitudes of 0. 
 
In this case, the magnitude of the THD-F would be 
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K factor is a derivative of calculating THD where the frequency is 
given extra weight.  Each harmonic current amplitude is divided by 
the total RMS current, multiplied by the harmonic number, then 
squared, and then summed over the first 50 harmonics.  
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This is a valuable measurement to observe when the heating 
effect of harmonics is a concern.  Using the numbers from the 
example above for calculating THD, the total current of the 
waveform is: 

2 2 2 2120 60 30 15 138.3Irms A= + + + = . 
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  0.75 1.69 1.18 0.58 4.20= + + + =  

 

Harmonic Measurements in PowerSight 
 
PowerSight performs all 
commonly desired 
measurements of harmonic 
distortion.  Individual 
harmonics can be seen in 
real time by pressing the 
[Harmonics] key. THD or total 
harmonic distortion can be 
seen if you switch to Table 
mode by pressing the [Graph 
or Table] key while looking at 
the graph of harmonics. There you can then press the [THD V] or 
[THD I] keys to view the text of the THD calculation.   
 
Your meter does a complete harmonic analysis of every cycle of 
every input.  Harmonic magnitude of odd harmonics through the 
50h can be displayed on the graph view of the harmonics.   
 

Harmonic Measurements in PSM-A 
 
The consumption data log can record the average THD-F of each 
phase of voltage and each phase of current for each logging 
period.  The summary values at the top of the screen are the 
average of all the values shown on the screen. 
 
When viewing a consumption waveform, transforming it into a 
harmonic graph presents a bar chart showing the relative 
magnitude of each of the first 50 harmonics.  The THD-F is listed 
at the lower right.  Transforming a consumption waveform into 
harmonic data presents a chart of the magnitudes and phase 
angles of each harmonic.  The THD-F and K factor are also listed. 
 
The measurements of voltage presented on the PS5000 can also 
be displayed in PSM-A by using the remote-control feature. 
 
In addition, our ReportWriter software will present average THD-F 
for voltage and current of each phase during any one or two 
intervals of time set by the user.  If the use of two time intervals is 



chosen, it will report the percent change and the actual change 
between the two intervals.  For instance, if a comparison report is 
chosen and THD-F of V1N is 4.8% during the first interval and 
4.7% during the second interval, then the report would show: 
 

 Before After Units Change 
% 

Change 

THD, Voltage, Phase 1 4.8 4.7 % -0.01 -2.1% 
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