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A Periodic Wave
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Harmonic Components
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Total

Harmonic # Amplitude RMS Phase Angle
1 1.0 0.7071 0.0
3 0.5 0.3536 30.0
5 0.2 0.1414 120.0
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Harmonic Analysis

• Since nonsinusoidal waves can be resolved into 
harmonically related sinusoidal waves, if you know how to 
figure the ac powers and power factors for sine waves, you 
can do it for nonsinusoidal waves.  All that your need to 
add to what you already know is how to combine harmonic 
powers.

• You could also figure the rms currents and voltages, if you 
remember how to combine voltages and currents of 
different frequencies.
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60 Hz
Sinusoidal Voltage & Current
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After 1 hour:
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300 Hz
Sinusoidal Voltage & Current
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60 Hz & 300 Hz
Non-Sinusoidal Voltage & Current
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After 1 hour:

3,600 + 36 Wh

12 V
(300 Hz)

120 V
(60 Hz)

Note:
Distortion VAh=0
Harmonic Energy=36 Wh
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2304 + 2.39 Wh

2895.9 Apparent VAh

After 1 hour:

60 Hz & 300 Hz
Non-Sinusoidal Voltage & Current
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Registration vs. Harmonics

0.0

25.0

50.0

75.0

100.0

1 3 5 7 9 11 13 15 17

Harmonic Ordinal

Pe
rc

en
t R

eg
is

tr
at

io
n

Induction Watthour Meter Response

Harmonics, Distortion, & Metering 10

Registration Depends on Sign of Harmonic Power
Induction Watthour Meter Response

Registration vs. Harmonics
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h % Load Meter Load Meter
1 100.0 1000.00 1000.00 1000.00 1000.00
2 93.6 0.11 0.10 0.11 0.10
3 83.5 0.46 0.38 -0.46 -0.38
4 73.1 0.10 0.07 0.10 0.07
5 63.7 11.90 7.58 -11.90 -7.58
6 55.5 0.10 0.06 0.10 0.06
7 48.5 6.02 2.92 -6.02 -2.92
8 42.6 0.10 0.04 0.10 0.04
9 37.5 3.60 1.35 -3.60 -1.35

10 33.3 0.10 0.03 0.10 0.03
11 29.7 2.38 0.71 -2.38 -0.71
12 26.6 0.10 0.03 0.10 0.03
13 23.9 1.68 0.40 -1.68 -0.40
14 21.5 0.10 0.02 0.10 0.02
15 19.5 1.23 0.24 -1.23 -0.24
16 18.0 0.10 0.02 0.10 0.02
17 16.5 0.94 0.16 -0.94 -0.16

----------- ----------- ----------- -----------
1029.02 1014.11 972.60 986.64

Registration = 98.6% Registration = 101.4%

           W a t t s            W a t t s
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Registration vs. Harmonics
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Registration vs. Harmonics
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h % Load Meter Load Meter
1 100.0 1000.00 1000.00 1000.00 1000.00
2 99.9 0.11 0.11 0.11 0.11
3 99.8 0.46 0.46 -0.46 -0.46
4 99.7 0.10 0.10 0.10 0.10
5 99.6 11.90 11.85 -11.90 -11.85
6 99.5 0.10 0.10 0.10 0.10
7 99.5 6.02 5.99 -6.02 -5.99
8 99.4 0.10 0.10 0.10 0.10
9 99.3 3.60 3.57 -3.60 -3.57

10 99.2 0.10 0.10 0.10 0.10
11 99.1 2.38 2.36 -2.38 -2.36
12 99.0 0.10 0.10 0.10 0.10
13 98.9 1.68 1.66 -1.68 -1.66
14 98.8 0.10 0.10 0.10 0.10
15 98.7 1.23 1.21 -1.23 -1.21
16 98.6 0.10 0.10 0.10 0.10
17 98.5 0.94 0.93 -0.94 -0.93

----------- ----------- ----------- -----------
1029.02 1028.84 972.60 972.77

Registration = 99.98% Registration = 100.02%

           W a t t s            W a t t s

Registration Depends on Sign of Harmonic Power
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Vector Powers
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(a.k.a. “fuzzy vars”)
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*Not the “Q” of Q-hour metering
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Phase “X” Formulae
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Exh and Ixh are the RMS voltage and amperage of harmonic h.  axh and bxh are the phase angles of the voltage and 
current of harmonic h with respect to the reference time-frame.  H is the highest harmonic ordinal.
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Polyphase Vector Powers Formulae
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Polyphase Scalar Power Formula
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AC Powers:  Names, Ingredients, Symbols and Units
Ref:  ANSI/IEEE Std. 100-1988; Standard Dictionary of Electrical and Electronic Terms

Phase “X” Vector Powers X=A,B, ...

Potential Current

Active
Power

Reactive
Power

Apparent
Power

Phasor
Power

Fictitious
Power

Nonreactive
Power

Distortion
Power

SX PX FX QX NX UX DX
kVA kW kVA kvar kVA kVA kVA

cos sin rms
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AC Powers:  Names, Ingredients, Symbols and Units
Ref:  ANSI/IEEE Std. 100-1988; Standard Dictionary of Electrical and Electronic Terms

Polyphase Vector Powers

Active
Power

Reactive
Power

Distortion
Power

Phasor
Power

Fictitious
Power

Nonreactive
Power

Apparent
Power

STotal PTotal FTotal QTotal NTotal DTotal UTotal
kVA kW kVA kvar kVA kVA kVA

PA PB ... QA QB ... DA DB ...


