


13.6 PHASE RELATIONS

If the waveform is shifted to the right or left of 
0°, the expression becomes

If the waveform passes through the horizontal 
axis with a positive going (increasing with 
time) slope before 0°, as shown in Fig. , the 
expression is

If the waveform passes through the horizontal 
axis with a positive-going slope after 0°, as 
shown in Fig. , the expression is
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If the waveform crosses
the horizontal axis with a
positive-going slope 90°
(π/2) sooner, as shown in
Fig. , it is called a cosine 
wave; that is,
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In Fig. , the cosine curve is said to lead the sine
curve by 90°, and the sine curve is said to lag the cosine curve by 90°.

The terms leading and lagging are used to indicate the relationship between two sinusoidal 
waveforms of the same frequency plotted on the same set of axes.



The geometric relationship between various forms of the
sine and cosine functions can be derived from Fig.
For instance, starting at the +sin α position, we find that
cos α is an additional 90° in the counterclockwise
direction. Therefore, cos α = sin(α + 90°).
For -sin α we must travel 180° in the counterclockwise
(or clockwise) direction so that -sin α = sin (α ± 180°),
and so on, as listed below:
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EXAMPLE 13.12 What is the phase relationship between the sinusoidal waveforms
of each of the following sets?
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13.7 AVERAGE VALUE
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EXAMPLE 13.14 Determine the average value of the waveforms in Fig.
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EXAMPLE 13.16 Determine the average value of the sinusoidal waveform in Fig.

The average value of a pure sinusoidal waveform over one full cycle is zero.
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13.8 EFFECTIVE or Root 
Mean Square (rms) VALUES

MSc. ZAHRAA HAZIM
11

The average power delivered by the ac source is
just the first term, since the average value of a
cosine wave is zero



EXAMPLE 13.22 Find the rms value of the waveform in Fig.
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EXAMPLE 13.21 The 120 V dc source in Fig. (a) delivers 3.6 W to the load. Determine
the peak value of the applied voltage (Em) and the current (Im) if the ac source [Fig.
(b)] is to deliver the same power to the load.
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EXAMPLE 13.24 Determine the average and rms values of the square wave in Fig.
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