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CV., we find that the charge on the capacitor
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g, far we have beer'l co.ncerned with circuits with constant currents

alled steady-state circuits. We shall now consider circuits containin ,c:r asco' :
fors, in which the currents may vary in time. When a potential djﬁgrenpce ;
ist applied across a capacitor, the rate at which it charges depends on its
upacitance and on the resistance in the circuit.

(harging a Capacitor

(onsider the series circuit shown in Figure 28.14. Let us assume that the
apacitor is initially uncharged. There is no current when the switch S is open
Fig 28.14b). If the switch is closed att = 0, charges will begin to flow, setting
wacurrent in the circuit, and the capacitor will begin to charge (Fig. 28.14c).
Note that during the charging process, charges do not jump across the plates of
the capacitor since the gap between the plates represents an open circuit.
hstead, charge is transferred from one plate to the other through the resistor,
witch, and battery until the capacitor is fully charged. The value of the
minum charge depends on the emf of the battery. Once the maximum

tharge i reached, the current in the circuit is zero.
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To determine analytical expressions for the time depend
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the charge on the ¢

- to find capacitor as 3 fupct:

or e/ dt into Equation 28, > 2 Tunction of tj
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98.4 RC CIRCUITS

&
dqg = — ¢—t/RC
q R e dt

| integrate this expression using the condition that g = ( at ¢t —

fq 8 ¢ 0:
dg == o—t/RC
A 9%y L e dt

I grder 1O intle i righbeislomitos expression, we use the fact that

/ﬂ‘ == ¢—. The result of the integration gives

i

a

q(t) = C8[1 Aid e—t/RC] — Q[l A e—t/RC]

pere 0= CE is the maximum charge on the capacitor.
W Plots of Equations 28.13 and 28.14 are shown in Figure 28.15. Note that

je charge s Z€T0 at t = 0 and approaches the maximum value of C€ as t — ®

N e 98.15a). Furthermore, the current has its maximum value of I, = E/R at
;=0and decays exponentially to zero as ¢t — « (Fig. 28.15b). The quantity

f¢ which appears in the exponential of Equations 28.13 and 28.14, is called

fietime constant, 7, of the circuit. It represents the time it takes the current to

fcrease to 1/e of its initial value; that is, in a time 7, [ = ¢7'I, = 0.37];. In a

N ine2t, 1= eI, = 0.1351,, and so forth. Likewise, in a time 7 the charge will
iurease from zero to CE[1 — e71] = 0.63C€.

The following dimensional analysis shows that has the unit of time:
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g, *PProacheg infinity. After one time constant, 7 the current decreaseg to 37% of its initial
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cAPACITORS IN AN Ac CIRCyyy

33.6 shows an ac circuit consj
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fig™ 1 of an ac generator. Kirchhof> apacitoy
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0= CV,, sin ot

R dQ/dt, differentiating Equatiop 33.15
cun'eﬂt:

(33.15)
gives the instantaneous

1o T = wCV,_, cos wt (33.16)
Again, we see that the current is not in phase with the voltage drop across the

upacitor, given by Equation 33.14. Using the trigonometric identity
n : i L §

cos 0 = sin{ wt + 5 |» We can express Equation 33.16 in the alternative form

ic=wCV, sm(wt 5 E) , - (33.17)

Comparing this expression with Equation 33.14, we see that the current i: 90(;
ot of phase with the voltage across the capaci r.f&_plot Olf; th(?tcurr:knvﬁe
- voltage versus time (Fig. 33 ws et re?aci ;gs 1’ spe ,
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v=V,, sin ot
Figure 33.6 A circuit

of a capacitor C connect
generator.
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Capacitive reactance

934 CHAPTER 33 ALTERNATING C
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where X¢ is called the capacitive reactance.
1
Xe=—=
wC ' (3&19)

The rms current is given by an expression similar to Equation 33.18 Wlthv
moi

replaced by Vims-
Combining Equations 33.14 and 33.18, we can express the instantape,, .
G LU

voltage drop across the capacitor as
ve = Vp sin wt = I.X¢ sin wt 33 " .

The SI unit of X is also the ohm. As the frequency of the circuit increases f,
current increases but the reactance decreases. For a given maximum s’h 3 !
voltage V,,, the current increases as the frequency increases. As the »fr]ep 3
approaches zero, the capacitive reactance approaches infinity »Thereftgie:l?
current approaches zero. This makes sense since the circuit. appro#ch(;s dz '
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