60 Hz (the unit “hertz,” as we saw in Chapter 11, means cycles per second). In
many countries, 50 Hz is used.

Equation 18-2, V = IR, works also for ac: if a voltage V exists across a
resistance R, then the current [ through the resistance is

I= R = % sinwt = [, sin e, (18-7)

The quantity 7, = Vj/R is the peak current. The current is considered posi-
tive when the electrons flow in one direction and negative when they flow in the
opposite direction. It is clear from Fig. [8-21b that an alternating current is as
often positive as it is negative. Thus, the average current is zero. This does not
mean, however, that no power is needed or that no heat is produced in a
resistor. Electrons do move back and forth, and do produce heat. Indeed, the
power transformed in a resistance R at any instant is

P = I’'R = I Rsin’ wi.

Because the current is squared, we see thal the power is always positive, IR =113R
as graphed in Fig. 18-22. The quantity sin® et varies between 0 and 1; and it is  j2pl =
- . . o . 0
not too difficult to show that its average value is 5, as indicated in Fig. 18-22. -
Thus, the average power transformed, P, is S O T L Y O A VS
E
— - a.
=41t g
; : . '
Since power can also be written P = V?/R = (Vi/R)sin’ wt, we also have that Time
the average power is
o V2 FIGURE 18-22 Power transformed
P = T in a resistor in an ac circuit.

The average or mean value of the square of the current or voltage is thus
what is important for calculating average power: I° = 112 and V* = LV], The
square root of each of these is the rms (root-mean-square) value of the current
or vollage:

=

Ims =V o= \,::’E = 0.7071,, (18-8a)  rms current
/= W

Vo= VV = \—/‘,5 = 0.707V,. (18-8b) s voltage

The rms values of V and [ are sometimes called the effecrive values. They
are useful because they can be substituted directly into the power formulas,
Eqgs. I8-5 and 18-6, to get the average power:

P= Lo Vims (18-9a)

P =31IiR = I'nR (18-9b)

x V3 7

P 1t ms 18-9¢
3 R _R (18-9¢)

Thus, a direct current whose values of 7 and V equal the rms values of [ and V'
for an alternating current will produce the same power. Hence it is usually the
rms value of current that is specified or measured. For example, in the United
States and Canada, standard line vollagc'r is 120-V ac. The 120V is V,: the
peak voltage Vj, is

V, = V2V, = 170V.

In much of the world (Europe, Australia, Asia) the rms voltage is 240V, so the
peak voltage is 340 V.

"The line voltage can vary, depending on the total load; the frequency of 60 Hz or 50 Hz, however,
remains extremely steady.
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