Sinusoidal Alternating

Waveforms




Examples of alternating waveforms
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FIG. 13.1
Alternating waveforms.

13.2 SINUSOIDAL ac VOLTAGE o _ _
CHARACTERISTICS AND DEFINITIONS Smusoidal ac voltages are available from a vanety of sources.
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FIG. 13.2
Fariowus sources af ac power: (a) generating plant; (b)) portable ac generator;
o) wind-power station; (d) solar panel; (e) function generator:
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FIG. 13.3

Important parameters for a sinusoidal voltage.

Waveform: The path traced by a quantity. such as the voltage in
Fig. 13.3. plotted as a function of some variable such as time (as
above). position. degrees, radians. temperature, and so on.

Instantaneous value: The magnitude of a waveform at any instant
of time; denoted by lowercase letters (e;. e1).



Peak amplitude: The maximum value of a waveform as measured
from its average, or mean, value, denoted by uppercase letters (such
as E, for sources of voltage and ¥V, for the voltage drop across a
load). For the waveform of Fig. 13.3. the average value is zero volts.
and E,, 1s as defined by the figure.

Peak value: The maximum instantaneous value of a function as
measured from the zero-volt level. For the waveform of Fig. 13.3.
the peak amplitude and peak value are the same. since the average
value of the function is zero volts.

Peak-to-peak value: Denoted by E,, or V,, the full voltage
between positive and negative peaks of the waveform. that is. the

sum of the magnitude of the positive and negative peaks.

Periodic waveform: A waveform that continually repeats itself
after the same time interval. The waveform of Fig. 13.3 is a periodic
waveform.



Period (7): The time interval between successive repetitions of a
periodic waveform (the period Ty = T; = T3 in Fig. 13.3). as long as
successive similar points of the periodic waveform are used in deter-
mining T.

Cvcle: The portion of a wavetform contained in one period of time.
The cycles within T;. T5. and T3 of Fig. 13.3 may appear different in
Fig. 13.4. but they are all bounded by one period of time and there-
fore satisfy the definition of a cycle.
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The unit of measure for frequency is the herfz (Hz). where

1 hertz (Hz) = 1 cycle per second (c/s)




Frequency ( f): The number of cycles that occur in 1 s. The fre-
quency of the waveform of Fig. 13.5(a) 1s 1 cycle per second, and
for Fig. 13.5(b). 2% cycles per second. If a waveform of similar
shape had a period of 0.5 s [Fig. 13.5(c)]. the frequency would be 2
cycles per second.
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FIG. 13.5

Demonstrating the effect of a changing frequency on the period of a sinusoidal
waveform.



f=Hz
T = seconds (s)
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EXAMPLE 13.1 Find the period of a periodic waveform with a fre-
quency of

a. 60 Hz.

b. 1000 Hz.

Solutions:
1 1 . -

a. I =— = = 0.01667 s or 16.67 ms
I 60 Hz

(a recurring value since 60 Hz is so prevalent)

1 -
b, T=—=—1 _ —107?

= s = 1 ms
f 1000 Hz



EXAMPLE 13.2 Determine the frequency of the waveform of Fig. ‘.
13.8. 10V

Solution: From the figure. T = (25 ms — 5 ms) = 20 ms. and / \ A /
! ! o 5 15 25 35 t(m
f=—= —— =50 Hz . f (ms)
T 20xX10 s

_ FIG. 13.8
Angular velocity Example 13.2.

w=27f (rad/s)

EXAMPLE 13.4 Determine the angular velocity of a sine wave hav-
ing a frequency of 60 Hz.

Solution:
w = 27nf = (27)(60 Hz) = 377 rad/s



13.4 GENERAL FORMAT FOR THE SINUSOIDAL
VOLTAGE OR CURRENT

The basic mathematical format for the sinusoidal waveform is

A, sin o (13.13)

where 4,, is the peak value of the waveform and o« is the unit of mea-
sure for the horizontal axis. as shown in Fig. 13.18.

A,
m, 180° 2m, 360°
0 & (% or rad)
Aﬂf
FIG. 13.18

Basic sinusoidal function.



For electrical quantities such as current and voltage. the general for-
mat is

I = I, sin wi = I, sin «

e=FE, sinwf=E, sin o

EXAMPLE 13.8 Given ¢ = 5 sin «, determine e at o« = 40° and o« =
0.87.

Solution: For o = 40°,
e = 5 sin 40° = ﬁ([l.ﬁéll&} = 3.214V
For ¢ = 0.8,

180°

a () = (0.87) = 144°

5 sin 144° = 5(0.5878) = 2.030V

and e




