Reactance

Inductive reactance

FIGURE 21-37 (a) Capacitor
connected to an ac source.

(b) Current leads voltage by a
quarter cycle, or 90°,
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Just as a resistor impedes the low of charge, so too an inductor impedes the
flow of charge in an alternating current due to the back emf produced. For a
resistor R, the current and voltage are related by V = /R, We can wrile a
similar relation for an inductor;

- rms or peak values, B
B = not at any instant ] (21~1is)

where X is called the inductive reactance. X; has units of ohms. The quantities
Vand 7'in Eq. 21-11a can refer either to rms for both, or to peak values for both
(see Section 18-7). Although this equation can relate the peak values, the peak
current and voltage are not reached at the same time; so Eq. 21-11a is not valid at
a particular instant, as is the case for a resistor (V' = IR). Careful calculation
(using calculus), as well as experiment, shows that

X, = oL = 27fL, (21-11b)

where @ = 27 and f is the frequency of the ac.

2GR A BN [T Reactance of a coil. A coil has a resistance R = 1.00 £}
and an inductance of 0.300 H. Determine the current in the coil if (a) 120-V dc is
applied to it, (b) 120-V ac (rms) at 60.0 Hz is applied.

APPROACH When the voltage is dc, there is no inductive reactance
(X, =2afL = 0 since f = 0). sowe apply Ohm’s law for the resistance. When
the voltage is ac, we calculate the reactance X; and then use Eq. 21-11a.
SOLUTION (a) With dc, we have no X, so we simply apply Ohm’s law:

V120V

R 1000
(b) The inductive reactance is
X, =2=fL = (6.28)(60.0s7")(0.300 H) = 113 Q.

In comparison to this, the resistance can be ignored. Thus.

Vims _ 120V
frms = X, 1130 L.o6:A.
NOTE It might be tempting to say that the total impedance is 1134 + 10 =
114 €). This might imply that about 1% of the voltage drop is across the
resistor, or about 1 V;and that across the inductance is 119 V. Although the 1 V
across the resistor is correct, the other statements are not true because of the
alteration in phase in an inductor. This will be discussed in the next Section.

= 120 A.

* Capacitor

When a capacitor is connected to a battery, the capacitor plates quickly acquire
equal and opposite charges; but no steady current flows in the circuit. A capac-
itor prevents the flow of a dc current. But if a capacitor is connected to an
alternating source of voltage, as in Fig. 21-37a, an alternating current will flow
continuously. This can happen because when the ac voltage is first turned on,
charge begins to flow and one plate acquires a negative charge and the other a
positive charge. But when the voltage reverses itself, the charges flow in the
opposite direction, Thus, for an alternating applied voltage, an ac current is
present in the circuit continuously.

The applied voltage must equal the voltage across the capacitor: V = Q/C,
where C is the capacitance and @ the charge on the plates. Thus the charge Q
on the plates follows the voltage. But what about the current /7 At point a in
Fig. 21-37b, when the voltage is zero and starts increasing, the charge on the plates
is zero. Thus charge flows readily toward the plates and the current [ is large. As
the voltage approaches its maximum of V|, (point b), the charge that has accumu-
lated on the plates tends to prevent more charge from flowing, so the current 7
drops to zero at point b. Thus the current follows the blue curve in Fig. 21-37b.
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