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Chapter 2-B 

 
POWER COMPUTATIONS(B) 

(focus: non-sinusoidal 

voltages/currents) 

 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 



Effective Value (RMS (root-mean-square)) 

• Effective value (of a periodic voltage) is based on the 

average power delivered to a resistor by a dc voltage: 

 

• For a periodic voltage, “effective voltage” is defined as the 

voltage that is as effective as the dc voltage in supplying 

average power.  

– So the effective voltage can be computed using 

– Calculation of P (average power with periodic voltage)  



• Equating the expressions 

 

 

 

 

 

• V(t) is first squared, and mean calculated, and rooted 

• Root-mean-square (RMS) 

• Why RMS? 

– Computing power absorbed by resistances 

– AC systems are given in rms values 



• EXAMPLE 2-4 



Figure 2.7 

2

2 2 m
rms m

0

V1
V V sin ( t)d( t)

2 2



   
 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 

EXAMPLE 2-5 RMS values of Sinusoids 

Sinusoidal voltage 

Full-wave rectified sinusoid 

Half-wave rectified sinusoid 



Figure 2.8 
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Example 2-6 Neutral current in a 3-phase system 
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RMS OF THE SUM OF VOLTAGE WAVEFORMS 
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For orthogonal functions, this is zero 





Example 2-7 RMS value of sum of waveforms 

(a) Different frequency case 

 

 

(b) Same frequency – apply phasor analysis first 



Example 2-7 RMS value of sum of waveforms 

(a) Different frequency case 

 

 

(b) Same frequency – apply phasor analysis first 



Figure 2.9 
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Example 2-8  RMS OF TRIANGULAR WAVEFORMS 
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• Triangular wave form with offset (of Idc) 



APPARENT POWER (S) 

Magnitude of complex power S 

 

 

 

 

 

  

POWER FACTOR (pf) 

Ratio of average (“real”) power to  

apparent power 
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Power Computation for SINUSOIDAL AC CIRCUITS 
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• Voltage & currents in Power 

Electronics are non-sinusoidal 

• But they can be represented by a 

Fourier series sinusoids 

 

• Instantaneous power 

 

 

 

 

 

• Average Power 



Power Computation for SINUSOIDAL AC CIRCUITS 
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• Average Power: 

 

 

• Reactive Power (for inductor and capacitor): no net power absorbed 

or supplied in steady-state: 

• ½ cycle: energy stored 

• The other ½ cycle: energy  retrieved 

• Inductor: absorbs positive reactive power 

• Capacitor: absorbs negative reactive power 

 

• Complex Power 

 

• Apparent Power 

 

• Power Factor (pf) 



Power Computation for Non-Sinusoidal Periodic Signals 

 

• Power electronic circuits have voltage/current periodic, 

but not sinusoidal 

 

• Common mistake: Application of the formula for 

sinusoids to non-sinusoidal periodic signals 

 

• Fourier series describes non-sinusoidal periodic signals in 

terms of a series of sinusoids 
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FOURIER SERIES 
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A periodic function f(t):  

Constant, average, dc 
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FOURIER SERIES 
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A periodic function f(t):  

a0: constant, 

average, dc 

 

w0: 

fundamental 

frequency 

 

n*w0: 

harmonics 

 

Cn: 

harmonic 

coefficient 



FOURIER SERIES 
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RMS value of f(t): 

 

 

 

 



FOURIER SERIES 
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Average Power (P):  



P(avg power) calculation details 



Figure 2.10 

NONSINUSOIDAL SOURCE AND LINEAR LOAD 

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. 

Non-sinusoidal source = 

combination of Fourier series 

sinusoids 

 

Current can be obtained by 

superposition 



• Example 2-9 (non-sinusoidal source and linear load) 

 

 

 

 

 

 

 



SINUSOIDAL SOURCE AND NONLINEAR LOAD 

• Current will not be sinusoid 

• Current will be represented by Fourier series 
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Reactive Power 

Distortion volt-amps 

 

 

 

 

 

 

Form factor and crest factor  



Example 2-10(Sinusoidal source and a nonlinear load) 





LTSpice  (Example 2-11) 
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Example 2-12 



Fourier Analysis 



Fourier Analysis – up to 4th harmonic 



Example 2-13   with Vcc=90 V and Initial pulse voltage = -10V 





Summary of Power Computation 

• Instantaneous power 

• Average Power 

 

 

• RMS values 

 

• Apparent Power 

• Power factor 

• In steady-state periodic condition: 

• L: average voltage = 0 

• C: average current = 0 

• Non-sinusoidal periodic signals 

• Use Fourier series of sinusoids 

• Total Power: 


