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9.1 Introduction

A sinusoid is a signal that has the form of the sine or cosine function.

A sinusoidal current is usually referred to as alternating current (ac).
Such a current reverses at regular time intervals and has alternately pos-
itive and negative values. Circuits driven by sinusoidal current or volt-
age sources are called ac circuits.
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9.2 Sinusoids

Consider the sinusoidal voltage
v(t) = V,, sinwt
where

V,, = the amplitude of the sinusoid
w = the angular frequency in radians/s
wt = the argument of the sinusoid
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A periodic function is one that satisfies 7(¢) = £(¢ + nTl), for all £ and
for all integers 7.

v(t + T) = v

2
vt +T)=V, smw(it+T)=V, sinm(r + g)

=V, sin(wt + 2m) =V, sinwt = v(t)

w=2mf

N =
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v(t) =V, sin(wt + ¢)
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Figure 9.2

Two sinusoids with different phases.
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Find the amplitude, phase, period, and frequency of the sinusoid Example 9.1
v(t) = 12 cos(50¢ + 10°)
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Find the amplitude, phase, period, and frequency of the sinusoid E)(ample 9.1
v(t) = 12 cos(50r + 10°)

Solution:

The amplitude 1s V,,, = 12 V.

The phase is ¢ = 10°.

The angular frequency i1s w = 50 rad/s.
2w 2w

The period T = o 50 = 0.1257 s.

1
The frequency is f = T = 7.958 Hz.
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Given the sinusoid 30 sin(47rt — 75°), calculate its amplitude, phase, Practice Problem 9.1

angular frequency, period, and frequency.
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Given the sinusoid 30 sin(4 7t — 75°), calculate its amplitude, phase, Practice Problem 9.1

angular frequency, period, and frequency.

Answer: 30, —75°, 12.57 rad/s, 0.5 s, 2 Hz.
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Calculate the phase angle between v, = —10 cos(wt + 50°) and v, = Example 9.2
12 sin(wt — 10°). State which sinusoid is leading.

Solution:
Let us calculate the phase in three ways. The first two methods use
trigonometric identities, while the third method uses the graphical

approach. » COS W

B METHOD 1 In order to compare v, and v,, we must express 50°
them in the same form. If we express them in cosine form with pos-
itive amplitudes,

v, = —10 cos(wt + 50°) = 10 cos(wt + 50° — 180°)
v, = 10 cos(w? — 130°) or v, = 10 cos(wt + 230°)  (9.2.1) "‘\
I-"l l“ﬂl
and
v, = 12 sin(wt — 10°) = 12 cos(wt — 10° — 90°)
v, = 12 cos(wt — 100°) (9.2.2) )
It can be deduced from Eqgs. (9.2.1) and (9.2.2) that the phase differ- Y
ence between v; and v, is 30°. We can write v, as sin wt

v, = 12cos(wt — 130° + 30°)  or v, = 12 cos(wt + 260°) (9.2.3)
Comparing Egs. (9.2.1) and (9.2.3) shows clearly that v, leads v, by 30°.
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Calculate the phase angle between v, = —10 cos(wt + 50°) and v, = Example 9.2
12 sin(wt — 10°). State which sinusoid is leading.

B METHOD 2 Alternatively, we may express v, in sine form:
vy = —10 cos(wt + 50°) = 10 sin(wt + 50° — 90°) g
= 10 sin(wt — 40°) = 10 sin(wt — 10° — 30°)
50°

But v, = 12 sin(wt — 10°). Comparing the two shows that v, lags v,
by 30°. This is the same as saying that v, leads v, by 30°.

Y

N \ lﬂn::
)
A
sin wt

Dr. Akram Al-Mahrouk



Practice Problem 9.2 Find the phase angle between
iy = —4sin(377t + 55°) and i» = 5 cos(377t — 65°%)

Does i, lead or lag i,?



Practice Problem 9.2 Find the phase angle between
i; = —4sin(377t + 55°) and i» = 5cos(377t — 65°)

Does i, lead or lag i,?

Answer: 210°, i; leads i,.
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