
EXAMPLE 36. 1 Finding resistor voltages 
In the circuit of FIGURE 36.6, what are (a) the peak voltage across 
each resistor and (b) the instantaneous resistor voltages at 
• =20ms? 

'ilSUALIZE Figure 36.6 shows the circuit diagram. The two resis
:ors are in series. 

SOLVE a. The equivalent resistance of the two series resistors is 
Req =5 fl + 15 fl = 20 fl. The instantaneous current through 
the equivalent resistance is 

. vR [ 0coswt 
zR= - = 

Req Req 

( 100 V)cos(21T(60 Hz)t) 

20!1 

= (5.0 A)cos(21T(60 Hz)t) 
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FIGURE 36.6 An AC resistor circuit. 

0 5fl 
(100 V)cos(21r(60 Hz)t) 

15 fl 

b. The instantaneous current at t = 0.020 sis 

iR = (5.0 A) cos(21T(60 Hz) (0.020 s)) = 1.55 A 

The resistor voltages at this time are 

{ 
7.7V 

VR = iRR ·= 23.2 V 
5 n resistor 
15 n resistor 

1117 

The peak current is /R = 5.0 A, and this is also the peak current 
through the two resistors that form the 20 n equivalent resis
tance. Hence the peak voltage across each resistor is 

{
25V 

VR = IRR = 75 v 
5 n resistor 

15 n resistor 

ASSESS The sum of the instantaneous voltages, 30.9 V, is what you 
would find by calculating £ at t = 20 ms. This self-consistency 
gives us confidence in the answer. 

.... >ID 
_. <In 
:. It's not possible to tell. 

6.2 Capacitor Circuits 

JR 

RE 36.7a shows current ie charging a capacitor with capacitance C. The instanta
us capacitor voltage is Ve = q/C, where ±q is the charge on the two capacitor 

-1es at this instant of time. It is useful to compare Figure 36.7a to Figure 36.3 for a 
=>is tor. 

FIGURE 36.7b, where capacitance C is connected across an AC source of emf£, is the 
t basic capacitor circuit. The capacitor is in parallel with the source, so the capaci

voltage equals the emf: Ve = [, = £0 coswt. It will be useful to write 

ve = Vecoswt (36.6) 

.::ere Ve is the peak or maximum voltage across the capacitor. You can see that 
: = £0 in this single-capacitor circuit. 
To find the current to and from the capacitor, we first write the charge 

q = Cve = CVecoswt (36.7) 

current is the rate at which charge flows through the wires, ie = dq/dt, thus 

. _ dq = _(£(CVecoswt) 
ze - dt dt -wCVesinwt (36.8) 

FIGURE 36.7 An AC capacitor circuit. 

(a) ... The instantaneous current 
...-·· to and from the capacitor 

( + c - \, 

1, J,___,. ::: I , 1, 
+ -
+ -
+ -

+ ":: 
The instaritaneous capacitor 
voltage is Ve= q/C. The potential 
decreases from + to - . 

(b) r-u 
£ ~ f 0oo'w< t___J]- C ]"c 
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FIGURE 36.B Graph and phasor diagrams 
of the capacitor current and voltage. 

(a) ie peaks i T before Ve peaks. We say 
that the current leads th~. voltage by 90°. 

· . 
Ve and ie . \\ 

le 
Ve 

... 

0-;----+---+---+---+-

- Ve 
-le 

(b) le 

. r.; 
le \ 

.... 

'-...... . 
Current le 

.. ····The current phasor leads 
the voltage phasor by 90°. 

wt + 7! 
/ 2 / Voltage phasor 
~Ve 

c . 
Ve \ 

· .. These are the instantaneous 
current and voltage. 

FIGURE 36.9 In a mechanical analogy, the 
velocity of a simple harmonic oscillator 
leads the position by 90°. 

The velocity is maximum as the 
oscillator passes throug~ .. equi librium . 

x and v \ 

Vmax 
.. 

A 

0 ' 

- A 
- v max 

v max 

vP:. 
•• •• i 

···.1 

The velocity is zero when 
the position is maximum . 

...... The velocity phasor leads 
the position phasor by 90°. 

... 
(/'x 

These are the instantaneous 
veloc ity and position. 

We can most easily see the relationship between the capacitor voltage and current if 
we use the trigonometric identity - sin(x) = cos(x + n/2) to write 

ie = wCVecos (wt + ~) (36.9) 

In contrast to a resistor, a capacitor's current and voltage are not in phase. In 
FIGURE 36.Ba, a graph of the instantaneous voltage Ve and current ie, you can see that the 
current pea.ks one-quarter of a period before the voltage pea.ks. The phase angle of the 
current phasor on the phasor diagram of FIGURE 36.Bb is n/2 rad-a quarter of a circle
larger than the phase angle of the voltage phasor. 

We can summarize this finding: 

The AC current to and from a capacitor leads the capacitor voltage by TTl2 rad, 
or 90°. 

The current reaches its peak value le at the instant the capacitor is fully discharged and 
Ve = 0. The current is zero at the instant the capacitor is fully charged. You saw a sim
ilar behavior in the oscillation of an LC circuit in Chapter 34. 

A simple harmonic oscillator provides a mechanical analogy of the 90° phase dif
ference between current and voltage. You learned in Chapter 14 (refer to Section 14.l 
and Figure 14.5) that the position and velocity of a simple harmonic oscillator are 

x = Acoswt 

dx . . ( n) v = dt = -wAsmwt = -vmaxsmwt = Vmax COS wt+ 2 

You can see in FIGURE 36.9 that the velocity leads the position by 90° in the same way 
that the capacitor current (which is proportional to the charge velocity) leads the 
voltage. 

Capacitive Reactance 
We can use Equation 36.9 to see that the peak current to and from a capacitor i 
le = wCVc. This relationship between the peak voltage and peak current looks much 
like Ohm's law for a resistor if we define the capacitive reactance Xe to be 

With this definition, 

1 
Xe = wC 

Ve 
le = - or Ve = leXe 

Xe 

The units of reactance, like those of resistance, are ohms . 

(36.10) 

(36.11) 

NOTE ~ Reactance relates the peak voltage Ve and current le. But reactance differs 
from resistance in that it does not relate the instantaneous capacitor voltage and 
current because they are out of phase. That is, Ve * icXe . ..,. 

A resistor's resistance R is independent of the emf frequency. In contrast, as 
FIGURE 36.10 shows, a capacitor's reactance Xe depends inversely on the frequency. The 
reactance becomes very large at low frequencies (i.e., the capacitor is a large impedi
ment to current) . This makes sense because w = 0 would be a nonoscillating DC cir-
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EXAMPLE 36.4 Designing a filter 
For a science project, you 've built a radio to listen to AM radio 
broadcasts at frequencies near 1 MHz. The basic circuit is an 
antenna, which produces a very small oscillating voltage when it 
absorbs the energy of an electromagnetic wave, and an amplifier. 
Unfortunately, your neighbor's short-wave radio broadcast at 
10 MHz interferes with your reception. Having just finished 
physics, you decide to solve this problem by placing a filter 
between the antenna and the amplifier. You happen to have a 
500 pF capacitor. What frequency should you select as the filter 's 
crossover frequency? What value of resistance will you need to 
build this filter? 

MODEL You need a low-pass filter to block signals at 10 MHz 
while passing the lower-frequency AM signal at 1 MHz. 

VISUALIZE The circuit will look like the low-pass filter in Fig
ure 36.13a. The oscillating voltage generated by the antenna will 
be the emf, and Vout will be sent to the amplifier. 

SOLVE You might think that a crossover frequency near 5 MHz, 
about halfway between 1 MHz and 10 MHz, would work best. But 
5 MHz is a factor of 5 higher than 1 MHz while only a factor of 2 
less than 10 MHz. A crossover frequency the same factor above 
1 MHz as it is below 10 MHz will give the best results. In practice, 
choosing fc = 3 MHz would be sufficient. You can then use 
Equation 36.15 to select the proper resistor value: 

1 1 
R = - = ----------

wcC 27T(3 X 106 Hz)(500 X 10- 12 F) 

= 106!1 = lOOfl 

ASSESS Rounding to 100 fl is appropriate because the crossover 
frequency was determined to only one significant figure. Such 
"sloppy design" is adequate when the two frequencies you need to 
distinguish are well separated. 

I STOP TO THrNK J6.4 i Rank in order, from largest to smallest, the crossover frequencies 

(wc)a to (wc)d of these four circuits. 

100!1 100!1 50!1 son 

100 µ.F 200 µ.F 200 µ.F 100 µ.F 

(a) (b) (c) (d) 

36.4 Inductor Circuits 
FIGURE 36.14 Using an inductor in an 
AC circuit. 

FIGURE 36.14a shows the instantaneous current iL through an inductor. If the curren~ 

changing, the instantaneous inductor voltage is 

(a) The instantaneous current 
through t~e inductor 

iL '7.. 

---&Q_Q_Q.r-
L 

+ f 
The instantaneous inductor 
voltage is vL = L(diL/dt). 

(b) 

£ct;oo'MOL !'' 

diL 
vL=L

dt 
(36.1 6) 

You learned in Chapter 34 that the potential decreases in the direction of the currem _ 
the current is increasing (diL!dt > 0) and increases if the current is decreasi;:;.~ 

(diddt < 0). 
FIGURE 36.14b is the simplest inductor circuit. The inductor Lis connected across::

AC source, so the inductor voltage equals the emf: vL = £ = £0 coswt. We can writ= 

vL = VLcoswt (36. L , 

where VL is the peak or maximum voltage across the inductor. You can see -
VL = £0 in this single-inductor circuit. 

We can find the inductor current iL by integrating Equation 36.17. FirsL 
Equation 36.17 to write Equation 36.16 as 

. VL VL 
d1L = Ldt = z:coswtdt (36. 1 



Integrating gives 

VL I VL VL ( 'TT) iL = - coswtdt = -sinwt = - cos wt - -
L wL wL 2 

(36.19) 

=hcos(wt- ~) 
where /L = VdwL is the peak or maximum inductor current. 

NOTE ~ Mathematically, Equation 36.19 could have an integration constant i0 . An 
integration constant would represent a constant DC current through the inductor, 
but there is no DC source of potential in an AC circuit. Hence, on physical grounds, 
we set i0 = 0 for an AC circuit. <Ill 

We define the inductive reactance, analogous to the capacitive reactance, to be 

XL""' wL (36.20) 

Then the peak current /L = VL!wL and the peak voltage are related by 

(36.21) 

FIGURE 16.15 shows that the inductive reactance increases as the frequency increases. 
This makes sense. Faraday's law tells us that the induced voltage across a coil 
increases as the time rate of change of ii increases, and ii is directly proportional to the 
inductor current. For a given peak current /L, B changes more rapidly at higher fre
quencies than at lower frequencies, and thus VL is larger at higher frequencies than at 
lower frequencies. 

FIGURE l6.16a is a graph of the inductor voltage and current. You can see that the cur
rent peaks one-quarter of a period after the voltage peaks. The angle of the current 
phasor on the phasor diagram of FIGURE :s6.16b is 1T 12 rad less than the angle of the volt
age phasor. We can summarize this finding: 

The AC current through an inductor lags the inductor voltage by TTl2 rad, 
or 90°. 

FIGURE 16.16 Graphs and phasor diagrams of the inductor current and voltage. 

(a) iL peaks ~Tafter vL peaks. 
: We say that the current lags 

/' the voltage by 90° . 

.;, 

(b) 

wt - ~ ... 
{ IL 
.. ··The current phasor lags 

the voltage phasor by 90°. 
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FIGURE 16.15 The inductive reactance as 
a function of frequency. 

XL The reactance increases 
with increasing frequency. 

~Inductive reactance 
XL =wL 

EXAMPLE 16.s Current and voltage of an inductor SOLVE The inductive reactance at f = 100 kHz is 
A 25 µ,H inductor is used in a circuit that oscillates at I 00 kHz. 
The current through the inductor reaches a peak value of 20 mA at 
t = 5.0 µ,s. What is the peak inductor voltage, and when, closest 
tot = 5.0 µ,s , does it occur? 

MODEL The inductor current lags the voltage by 90°, or, equiva
lently, the voltage r_eaches its peak value one-quarter period before 
the current. 

VISUALIZE The circuit looks like Figure 36.14b. 

XL= wL = 27T(l.O X 105 Hz) (25 X 10- 6 H) = 16 fl 

ThusthepeakvoltageisVL = JLXL = (20mA)(16fl) = 320mV. 
The voltage peak occurs one-quarter period before the current 
peaks, and we know that the current peaks at t = 5.0 µ,s . The 
period of a 100 kHz oscillation is 10.0 µ,s, so the voltage peaks at 

10.0 µ,s 
t = 5.0 µ,s - - -

4
- = 2.5 µ,s 


