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PHYSICS ©

FOR SCIENTISTS AND ENGINEERS A STRATEGIC APPROACH 4/E

Chapter 3 ture

RANDALL D. KNIGHT

IN THIS CHAPTER, you will learn about and analyze AC
circuits.
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Chapter 32 Preview

What is an AC circuit?

The circuits of Chapter 28, with a steady € Peak

current in one direction, are called DC £ emf
circuits—direct current. A circuit with an 0 t
oscillating emf is called an AC circuit, for a 2
alternating current. The wires that transport
electricity across the country—the grid—
use alternating current.

< LOOKING BACK Chapter 28 Circuits
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hapter 32 Preview

How do circuit elements act in an AC circuit?

Resistors in an AC circuit act as they

do in a DC circuit. But you'll learn that
capacitors and inductors are more useful
in AC circuits than in DC cireuits.

u The voltage across and the current
through a capacitor or inductor are

90° out of phase. One is peaking when
the other is zero, and vice versa.

The peak voltage V and peak current

I have an Ohm’s-law-like relationship

V = IX, where X, which depends on
frequency, is called the reactance.

Unlike resistors, capacitors and inductors
do not dissipate energy.

€ LOOKING BACK Section 26.5 Capacitors
¢ LOOKING BACK Section 30.8 Inductors
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_Voltage

o

&
Current

The current and voltage
are 90° out of phase with
each other.
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apter 32 Preview

What is a phasor?

AC voltages oscillate sinusoidally, so

the mathematics of AC circuits is that of
SHM. You'll learn a new way to represent
oscillating quantities—as a rotating vector
called a phasor. The instantaneous value of
a phasor quantity is its horizontal projection.

£ LOOKING BACK Chapter 15 Simple
harmonic motion and resonance

©2017 Pearson Education, Inc.

I

I .
Instantaneous

5
R emf
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hapter 32 Preview

What is an RLC circuit?

A circuit with a resistor, inductor, and
capacitor in series is called an RLC circuit.
An RLC circuit has a resonance—a

large current over a narrow range of
frequencies—that allows it to be tuned to a
specific frequency. As a result, RLC circuits
are very important in communications.

©2017 Pearson Education, Inc.
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Chapter 32 Preview

Why are AC circuits important?

AC circuits are the backbone of our technological society.
Generators automatically produce an oscillating emf, AC power
is easily transported over large distances, and transformers allow
engineers to shift the AC voltage up or down. The circuits of
radio, television, and cell phones are also AC circuits because
they work with oscillating voltages and currents—at much higher
frequencies than the grid, but the physical principles are the same.
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Chapter 32 Reading Questions
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Reading Question 32.1

In Chapter 32, “AC” stands for

Air cooling.

Air conditioning.
All current.
Alternating current.

moowp»

Analog current.
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Reading Question 32.1

In Chapter 32, “AC” stands for

A. Air cooling.

w

Air conditioning.
C. Allcurrent.

v'D. Alternating current.
E. Analog current.
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Reading Question 32.2

The analysis of AC circuits uses a rotating vector
called a

Rotor.

Wiggler.
Phasor.
Motor.

Variator.

moowp»
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Reading Question 32.2

The analysis of AC circuits uses a rotating vector
called a

A. Rotor.
B. Wiggler.
’C. Phasor.
D. Motor.
E. Variator.
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Reading Question 32.3

In a capacitor, the peak current and peak voltage
are related by the

Capacitive resistance.
Capacitive reactance.
Capacitive impedance.

OO0 w>»

Capacitive inductance.
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Reading Question 32.3

In a capacitor, the peak current and peak voltage
are related by the

A. Capacitive resistance.
’B. Capacitive reactance.

C. Capacitive impedance.

D. Capacitive inductance.
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Reading Question 32.4

In a series RLC circuit, what quantity is maximum
at resonance?

The voltage
The current
The impedance

o w>»

The phase
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Reading Question 32.4

In a series RLC circuit, what quantity is maximum
at resonance?

A.
v'B.
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The voltage
The current
The impedance
The phase
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Reading Question 32.5

moows»

In the United States a typical electrical outlet has
a “line voltage” of 120 V. This is actually the

©2017 Pearson Education, inc.

Average voltage.

Maximum voltage.

Maximum voltage minus the minimum voltage.
Minimum voltage.

rms voltage.
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Reading Question 32.5

oo w >

VE.

In the United States a typical electrical outlet has
a “line voltage” of 120 V. This is actually the
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Average voltage.

Maximum voltage.

Maximum voltage minus the minimum voltage.
Minimum voltage.

rms voltage.
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Chapter 32 Content, Examples, and

QuickCheck Questions
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AC Sources and Phasors

Peak

The emf oscillates
as E=&ycoswt.

””ﬂ [

NAVA
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VA

Ih\. oscillation period
is T= lif =2mlw.

= Circuits powered by a
sinusoidal emf are
called AC circuits,
where AC stands for
alternating current.

= Steady-current circuits
studied in Chapter 28
are called DC circuits,
for direct current.

= The instantaneous emf
of an AC generator or
oscillator can be written

£ = E&jcoswt
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AC Sources and Phasors

The phasor rotat

ccw at angular

frequency @.. = -
7

+ Phase

' angle

Phasor

/ length &,

A
Thetipof "~.
the phasor goes
once around the
circle in time 7.
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B .
The instantaneous emf

value is the projection
of the phasor onto the
horizontal axis

An alternative way to
represent the emf and
other oscillatory quantities
is with a phasor diagram,
as shown.

A phasor is a vector that
rotates counterclockwise
(ccw) around the origin at
angular frequency w.

The quantity’s value at
time ¢ is the projection of
the phasor onto the
horizontal axis.
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AC Sources and Phasors

= The figure below helps you visualize the phasor rotation
by showing how the phasor corresponds to the more
familiar graph at several specific points in the cycle.
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QuickCheck 32.1

This is a current phasor. The
magnitude of the instantaneous
value of the current is

A. Increasing.
B. Decreasing. I
C. Constant.
D. Can't tell without knowing which way it is rotating.
2017 Parson Eteaton Sided223

QuickCheck 32.1

This is a current phasor. The
magnitude of the instantaneous
value of the current is

W A. Increasing.
B. Decreasing. 1

o

Constant.
D. Can't tell without knowing which way it is rotating.

3/25/2019

©2017 Pearson Education, Inc. Slide 32-24




Resistor Circuits

= In Chapter 28 we used the symbols 7 and V for DC current
and voltage.

= Now, because the current and voltage are oscillating, we will
use lowercase i to represent the instantaneous current and v
for the instantaneous voltage.

.~ The instantaneous current
in the resistor

R
> —
u &
" The instantaneous resistor voltage
is vg = ixR. The potential decreases
02017 Parson Eceaton. in the direction of the current. Sidea225

Resistor Circuits

This is the current direction

= The figure when £ > 0. A half cycle later
shows a resistor it will be in the opposite direction.
R connected P
across an AC
generator of
peak emf equal AViuree = €
to Vi.

= The current through the resistor is
. Vg Vi cos wit
ip = R = T= Iy cos wt

where I = Vi/R is the peak current.
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Resistor Circuits

vg and ig
= The resistor’s Ve "R Vi coswr
instantaneous | ip = Iy cos @l
current and voltage
are in phase, both 0 :
oscillating as ' T
coswt.
_[R -
7VR M
. vg  Vpcoswit
iR=-—-=—"———=Igcoswt
R R
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Resistor Circuits

= Below is the phasor diagram for the resistor circuit.

= Vg and I point in the same direction, indicating that
resistor voltage and current oscillate in phase.

Voltage phasor, length Vi
A
Vr
Iy
w,\‘Curreni phasor, length I

T
R VR

Instantaneous

current and voltage
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Capacitor Circuits

= The figure shows current i charging a capacitor with
capacitance C.

- The instantaneous current
to and from the capacitor

g
= Y
et 1 R
+ —
+ e
+ Aim
+— -

Y

The instantaneous capacitor
voltage is ve = ¢/ C. The potential
decreases from + to —.
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Capacitor Circuits

= The figure shows -
a capacitor C lc
connected across £=E,coswt l - CIUC
an AC generator
of peak emf equal

to Ve

= The charge sitting on the positive plate of the capacitor at a
particular instant is

g = Cve = CVicoswt

3/25/2019
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Capacitor Circuits

= The current is the rate at which charge flows through
the wires, i = dg/dt, thus
'—d—q—i(CV ) = —wCVesinwt
Ic ar dr ¢ COS wi wC Ve Sinw
= We can most easily see the relationship between the
capacitor voltage and current if we use the
trigonometric identity
—sin (x) = cos (x + 7/2)
to write

T
ic = wCVccos | ot + E)
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Capacitor Circuits

ic- peaks _{I before v peaks. We say
that the current leads the voltage by 90°.

= A capacitor’s

current and veandic ]
voltage are notin Ic Voltage ve =
Vet~
phase.
= The current peaks
one-quarter of a . :
period before the
voltage peaks. Ve
—ic ~ Current ic
m
ic = oCV¢cos |wt + 5)
©2017 Pearson Education, Inc. Slide 32-32

Capacitor Circuits

= Below is the phasor diagram for the capacitor circuit.

= The AC current of a capacitor /leads the capacitor
voltage by #/2 rad, or 90°.

Ic ....-The current phasor leads
' the voltage phasor by 90°.
wr+§

Zy /Voltage phasor

Ve
wi

e i3
i, Yoy

“ These are the instantaneous
current and voltage
©2017 Pearson Eweation, I Slide 3233
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QuickCheck 32.2

In the circuit represented by these

©2017 Pearson Education, Inc.

phasors, the current the voltage
A. leads

B. lags

C. is perpendicular to

D. is out of phase with

3/25/2019
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QuickCheck 32.2

is out of phase with
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In the circuit represented by these

phasors, the current the voltage
A. leads

'B. lags
C. is perpendicular to

Slide 32-35

QuickCheck 32.3

In the circuit represented
by these graphs, the

current the voltage
A. leads

B. lags

C. islessthan

D. is out of phase with

©2017 Pearson Education, Inc.

Voltage and current

L0

0 1
:‘ Current i, 2T

.

N
Voltage v,
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QuickCheck 32.3

In the circuit represented ~ Voltage and current

by these graphs, the v,
current the voltage [
A. leads o
V'B. lags v,

C. islessthan
D. s out of phase with

©2017 Pearson Education, Inc.

C

urrent i,

iT

.

N
Voltage v,
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Capacitive Reactance

Xc . The reactance is very

* The peak current to £ large at low frequencies.
and from a capacitor
is Ic = wCV.

* Wecan find a Capacitive reactance
relationship that looks o 1
similar to Ohm’s Law Xe=—"7
if we define the
capacitave reactance
to be The reactance is \'cry--"‘“

small at high frequencies.
yem L o
€ wC
l/C
Ie= XT: or Ve=I:X¢
2017 Pearson Eweaton, i Side 32-38

QuickCheck 32.4

If the value of the capacitance is
doubled, the capacitive reactance

& = Eycoswt

A. Is quartered.

B. Is halved.

C. Is doubled.

D. Is quadrupled.

E. Can't tell without knowing w.

©2017 Pearson Education, Inc.
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QuickCheck 32.4

If the value of the capacitance is
doubled, the capacitive reactance

& = Eycoswt C
A. Is quartered.
V' B. Ishalved. X.=
C. Is doubled.
D. Is quadrupled.

1
wC

E. Can't tell without knowing w.

©2017 Pearson Education, Inc. Slide 32-40

QuickCheck 32.5

If the value of the capacitance is

doubled, the peak current ic
&= & coswt l G
A. Is quartered.
B. Is halved.
C. Is doubled.
D. Is quadrupled.
E. Can't tell without knowing C.
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QuickCheck 32.5

If the value of the capacitance is
doubled, the peak current ic

E = Eeosat I C
A. Is quartered.
B. Is halved.
V/C. Isdoubled. /.=_-=--
D. Is quadrupled.
E. Can't tell without knowing C.
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Example 32.2 Capacitive Reactance

EXAMPLE 32.2 | Capacitive reactance

What is the capacitive reactance of a 0.10 pF capacitor at 100 Hz (an audio frequency)
and at 100 MHz (an FM-radio frequency)?

SOLVE At 100 Hz,

1
Xe(arl00HD) ™ e
e 00 R = = IO ) (10X 107 F)
Increasing the frequency by a factor of 10° decreases X, by a factor of 10°, giving
Xe(at 100 MHz) = 0.016

ntial reactance at audio freques

= 16,000 £2

ASSESS A capacitor with a substs s has virtally no

reactance at FM-radio frequencies.

3/25/2019
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Example 32.3 Capac rrent

EXAMPLE 32.3 | Capacitor current

A 10 uF capacitor is connected to a 1000 Hz oscillator with a peak emf of 5.0 V. What
is the peak cur to the capacitor?

VISUALIZE
circuit.

igure 32.7b showed the circuit diagram. It is a simple one-capacitor

E=Socoswr® —_—Cv

©2017 Pearson Education, Inc. Slide 32-44

Example 32.3 Capacito rren

EXAMPLE 32.3 | Capacitor current

SOLVE The capacitive reactance at w = 27f = 6280 rad/s is

1 1
e T

The peak voltage across the capacitor is Vi = & = 5.0 V; hence the peak current is

Ve 50V
e =—S=2—=031A
X. 160
AsSESS Using reactance is just like using Ohm’s law, but don't forget it applies to only
the peak current and voltage, not the instantaneous values.

©2017 Pearson Education, Inc. Slide 32-45
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RC Filter Circuits

= The figure shows a circuit
in which a resistor R and
@ £ =&, coswr capacitor C are in series
\ with an emf oscillating at
Ve

AAAA
YYYY
=
«—
=

angular frequency .

= If the frequency is very low, the capacitive reactance will be
very large, and thus the peak current I will be very small.

= |f the frequency is very high, the capacitive reactance

approaches zero and the peak current, determined by
the resistance alone, will be I, = £ /R.

©2017 Pearson Education, Inc. Slide 32-46

Using Phasors to Analyze an RC Circuit
Step 1 of 4

h- I

= Begin by drawing a current phasor of length 7.

= This is the starting point because the series circuit
elements have the same current i.

= The angle at which the phasor is drawn is not relevant.

©2017 Pearson Education, Inc. Slide 32-47

Using Phasors to Analyze an RC Circuit
Step 2 of 4

Ve

VC
= The current and voltage of a resistor are in phase, so draw
a resistor voltage phasor of length Vy parallel to the current
phasor 1.

= The capacitor current leads the capacitor voltage by 90°,
so draw a capacitor voltage phasor of length V. that is 90°
behind the current phasor.

©2017 Pearson Education, Inc. Slide 32-48
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Using Phasors to Analyze an RC Circuit
Step 3 of 4

= The series resistor and capacitor are in parallel with the
emf, so their instantaneous voltages satisfy vy +vc= €.

= This is a vector addition of phasors.
= The emfis £= £, cos wt, hence the emf phasor is at angle wr.
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Using Phasors to Analyze an RC Circuit
Step 4 of 4

Ve
Ve
&

The length of the emf phasor, &, is the hypotenuse
of a right triangle formed by the resistor and
capacitor phasors.

= Thus £)2=Vp2+ V2

©2017 Pearson Education, Inc. Slide 32-50

RC Filter Circuits

= The relationship £ = Vi? + V2 is based on the peak values.
= The peak voltages are related to the peak current by Vi = IR
and V. = IX, so

EL =V +VZ = (IR’ + (X = (R* + XA
= (R*+ lo’CHI?

= This can be solved for the peak current, which in turn gives
us the two peak voltages:

g ER &R
= IR= =
VR +XZ VR + l/oC?
EoXc &yfwC
Ve =IXe = =
VR4 XE VR + le'C?
©2017 Pearson Education, Inc. Slide 32-51
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RC Filter Circuits

= The figure shows a graph of the resistor and capacitor peak
voltages as functions of the emf angular frequency .

= The frequency

at which Ve=V¢ Vr and Ve The capacitor voltage approaches
is called the & as w approaches 0.
crossover frequency: &4 —
_ 1 7 The resistor voltage
e = RC ] approaches &, as w
approaches =
/Crossover frequency
0 T T T —w
0 (o8 2w, 3w, 4w,
©2017 Pearson Educaton, I Slide 32-52

QuickCheck 32.6

Does Vg + Ve =£&,?

®E=Et,coswr
A. Yes
5 No. R

C. Can't tell without knowing w.

©2017 Pearson Education, Inc. Slide 32-53

QuickCheck 32.6

Does Vi + Ve =€,?

@ £ = E,cosmn

A. Yes
v'B. No ——r

C. Can't tell without knowing w.

Instantaneous voltages add.
Peak voltages don’t because the voltages are not in phase.

©2017 Pearson Education, Inc. Slide 32-54
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RC Filter Circuits

= The figure below shows an RC circuit in which v is the
output voltage.

= This circuit is called a low-pass filter.

Low-pass filter
R

AAAA
YYVy 2

E@ Frequency v ——=C VYou = Ve

o
Transmits frequencies @ < w, and
blocks frequencies w > o,
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RC Filter Circuits

= The figure below shows an RC circuit in which vy is the
output voltage.

= This circuit is called a high-pass filter.

High-pass filter

L
-
> —
E@ Frequency « =R Vour = Vg
<>
oV
Transmits frequencies @ > w, and
| ¢
blocks frequencies w < w,
©2017 Pearson Ecaton, i Slide 32-56

Inductor Circuits

= The figure shows the instantaneous current i; through an
inductor.
= |f the current is changing, the instantaneous inductor voltage
s . The instantaneous current
Vo= Lﬂ through the inductor
. dr
l]_\.'4>
= The potential decreases in Q Q Q Q
the direction of the current if
the current is increasing, and L
increases if the current is tem———
decreasing.
The instantaneous inductor
voltage is v = L(di /dr).
2017 Parson Eteaton Sides257
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Inductor Circuits

= The figure shows
an inductor L
connected across -
an AC generator of £=EGcosr @y l
peak emf equal
to V.

QOO0

= The instantaneous inductor voltage is equal to the emf:

vy = Vicoswt

©2017 Pearson Education, Inc. Slide 32-58

Inductor Circuits

= Combining the two previous equations for v, gives

Vi

Vi
dip = Ldtifcoscutdt

L
= Integrating gives

V \% \% T
i = L coswrdt = Y sinwt = —cos|wr — —
L wL wL 2

= [} cos t*z
L . 2

where I, =V, /oL is the peak or maximum inductor
current.

©2017 Pearson Education, Inc. Slide 32-59

Inductor Circuits

iy, peaks %T after v, peaks.
= An inductor’s vy and i ._.WL‘ say that the current lags
current and voltage v & the voltage by 90°.
are not in phase. & b
= The current peaks
one-quarter of a ? .
period after the | T
voltage peaks. ; Current i,
—I, -
i1 Voltage v,

©2017 Pearson Education, Inc. Slide 32-60
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Inductor Circuits

= Below is the phasor diagram for the inductor circuit.

= The AC current through an inductor /ags the inductor
voltage by #/2 rad, or 90°.

Vi
—Voltage phasor
w!
T
= i W
Wt — 3 ., L L
i L
*~The current phasor lags
the voltage phasor by 90°.

Slide 32-61
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Inductive Reactance

. The reactance increases
= We define the with increasing frequency:.
inductive reactance, E

analogous to the 3

capacitive reactance,

to be

X =oL ™ Inductive reactance
Xy =wlL
w
VL
I,= )TL or V.=hLX,
[—— Sidos22

Example 32.5 Current and Voltage of an

Inductor

EXAMPLE 32.5 | Current and voltage of an inductor

A 25 uH inductor is used in a circuit that oscillates at 100 kHz.
The current through the inductor reaches a peak value of 20 mA
at t = 5.0 us. What is the peak inductor voltage, and when, closest
to + = 5.0 us, does it occur?

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

the current.

Slide 32-63
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Example 32.5 Current and Voltage of an

Inductor

EXAMPLE 32.5 | Current and voltage of an inductor

VISUALIZE The circuit looks like Figure 32.15b.

Vi
—Voltage phasor
wt
T
wt — 5 Lo
A
i\
*The current phasor lags

the voltage phasor by 90°.

©2017 Pearson Education, Inc. Slide 32-64
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Example 32.5 Current and Voltage of an

Inductor

EXAMPLE 32.5 | Current and voltage of an inductor
SOLVE The inductive reactance at f= 100 kHz is

X =wlL=27(10X10°Hz)(25 X 10°H) =16 Q
Thus the peak voltage is V; = [;X; = (20 mA)(16 Q) =320 mV.
The voltage peak occurs one-quarter period before the current
peaks, and we know that the current peaks at = 5.0 us. The
period of a 100 kHz oscillation is 10.0 us, so the voltage peaks at

10.0 ps

t=50pus— =25us

©2017 Pearson Education, Inc. Slide 32-65

The Series RLC Circuit

R 1\-R = The circuit shown,
where a resistor,
£=Eycoswr () inductor, and capacitor
L IVL are in series, is called
a series RLC circuit.

= The instantaneous current of all three elements is the
same: i =iy = i = i¢

= The sum of the instantaneous voltages matches the
emf: £ =vg + v +ve

©2017 Pearson Education, Inc. Slide 32-66
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Using Phasors to Analyze an RLC Circuit
Step 1 of 4

= Begin by drawing a current phasor of length 7.

= This is the starting point because the series circuit elements
have the same current I.

= The angle at which the phasor is drawn is not relevant.

©2017 Pearson Education, Inc. Slide 32-67

Using Phasors to Analyze an RLC Circuit
Step 2 of 4

Vi
VR

Ve
= The current and voltage of a resistor are in phase, so draw a
resistor voltage phasor parallel to the current phasor 1.

= The capacitor current leads the capacitor voltage, so draw a
capacitor voltage phasor that is 90° behind the current phasor.

= The inductor current /ags the voltage, so draw an inductor
voltage phasor that is 90° ahead of the current phasor.

©2017 Pearson Education, Inc. Slide 32-68

Using Phasors to Analyze an RLC Circuit
Step 3 of 4

= The instantaneous voltages satisfy £= vy + v + v¢.

= This is a vector addition of phasors.

= Because the capacitor and inductor phasors are in opposite
directions, their vector sum has length v, - V.

= Adding the resistor phasor, at right angles, then gives the

3/25/2019

emf phasor £at angle wt.

©2017 Pearson Education, Inc. Slide 32-69
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Using Phasors to Analyze an RLC Circuit
Step 4 of 4

VL - VC
&o

Vi

= The length of the emf phasor, £, is the hypotenuse of a
right triangle.

= Thus &2 = Vg2 + (V- Vo)?

©2017 Pearson Education, Inc. Slide 32-70

The Series RLC Circuit

= If V| <V, which we’'ve assumed, then the instantaneous
current i lags the emf by a phase angle ¢:

i=Icos(wt— )

= Based on the right-triangle, the square of the peak
voltage is
EF = Vid+ (N — Vi)? = [R*+ (X, — X)AI?

where we wrote each of the peak voltages in terms of
the peak current I and a resistance or a reactance.

= Consequently, the peak current in the RLC circuit is

. & 3 &
VR + (X, — X)) VR + (oL — 1/wC)?
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Phase Angle in a Series RLC Circuit

The current lags the emf by

J = ltis often useful to know
the phase angle ¢
between the emf and the
current in an RLC circuit:

xL—xc)
R

= Vel (X, — X
¢ =tan ‘lQ\:um “- L
" ve | 2 | R

! 3

b= |an"(

Vg =& cos¢d

3/25/2019
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Resonance in a Series RLC Circuit

I -+ The maximem = Suppose we vary the emf

o currentis E/R. frequency w while keeping

e R=30 everything else constant.

= There is very little current at
very low or very high
frequencies.

= Jis maximum when X; = X,
RSB0 which occurs at the
_—R=500 resonance frequency:

T 1
[ 2wy Wy = 7\/5

©2017 Pearson Education, Inc. Slide 32-73

QuickCheck 32.7

If the value of R is increased, the
resonance frequency of this circuit R

A. Increases. E® L
B. Decreases.

C. Stays the same.
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QuickCheck 32.7

If the value of R is increased, the
resonance frequency of this circuit R

A. Increases. £Q I
B. Decreases.

V/C. Stays the same. T

The resonance frequency
depends on C and L but not on R.

3/25/2019
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QuickCheck 32.8

The resonance frequency of this
circuit is 1000 Hz. To change the
resonance frequency to 2000 Hz,
replace the capacitor with one

having capacitance Q)

Cl/4
Cr2
2C
4C

It's impossible to change the resonance frequency
by changing only the capacitor.

moow >
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QuickCheck 32.8

The resonance frequency of this
circuit is 1000 Hz. To change the
resonance frequency to 2000 Hz,
replace the capacitor with one
having capacitance

VA CH4
B. Cr
C. 2C
D. 4C
E. It'simpossible to change the resonance frequency

by changing only the capacitor.
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Resonance in a Series RLC Circuit

= Below is a graph of the instantaneous emf and
current in a series RLC circuit driven below the
resonance frequency: o < w,

In this case, X; < X, and ¢ is negative.

Eand i The current leads the emf.
T <0

Below resonance: @ < @y,
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Resonance in a Series RLC Circuit

= Below is a graph of the instantaneous emf and current
in a series RLC circuit driven at the resonance
frequency: w = w,

= Inthis case, X; =X., and ¢ =0

Eand i -The current is in phase with the emf.
" & h=
oL =0

~—

Resonance: w = o,
Maximum current

©2017 Pearson Education, Inc.
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Resonance in a Series RLC Circuit

= Below is a graph of the instantaneous emf and current in
a series RLC circuit driven above the resonance
frequency: o > w,

= In this case, X; > X, and ¢ is positive.

Eandi The current lags the emf.
Fe>0

T T
V T
&

Above resonance: w > w,
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Power in AC Circuits

= The graphs show the
instantaneous power loss
in a resistor R carrying a
current iy:

Pr = iR = IR cos* wt
= The average power Py is

the total energy dissipated
per second:

Py= %IRIR (average power loss in a resistor)
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Power in AC Circuits

= We can define the root-mean- r \

square current and voltage as %Co

I, Ve Q‘%‘

L= Vo=F e

V2 NG &W

= The resistor’s average power loss 3’
in terms of the rms quantities is

(Vem)? _
R

e

The power rating on a
I lightbulb is its average
power at V,,, =120 V.

P (iR =

= The average power supplied by
the emfis

Prgurce = Trs €rms
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Example 32.7 Lighting a Bulb

EXAMPLE 32.7 ‘ Lighting a bulb

A 100 W incandescent lightbulb is plugged into a 120 V/60 Hz out-
let. What is the resistance of the bulb’s filament? What is the peak
current through the bulb?

mMoDEL The filament in a lightbulb acts as a resistor.
VISUALIZE FIGURE 32.21 is a simple one-resistor circuit.

Jo0 W bulb
/

120 VA0 Hz (00
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Example 32.7 Lighting a Bulb

EXAMPLE 32.7 | Lighting a bulb

SOLVE A bulb labeled 100 W is designed to dissipate an average

100 W at V,, = 120 V. We can use Equation 32.39 to find
(V) _ (120 V)?
= = =1440
Pe 100 W
The rms current is then found from
Is 100 W
=Ln _J0OW_ ) g3aa

= To0v

The peak current is fy = V21, = 1.I8 A.
Assess Calculations with rms values are just like the calculations
for DC circuits.
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Capacitors in AC Circuits

Ve
Ve Kﬂpucllm voltage
1] 3
T
I
I
|

= Energy flows into
and out of a capacitor
as it is charged and
discharged.

The energy is not
dissipated, as it would

i
1
1
1
i

-Ve .

1= a1 411~ be by aresistor.

+| |- -1+ +| |- .

AR ey f i ApF = The energy is storec_l

= : =Lk : +11= as potential energy in
\Discharges; Charges | Discharges, Charges the capacitor’s electric
E decreases, E increases | E decreases| E inereases, field.
! Energy ! Energy | Energy ! Energy
1 1 I ]
y from ; from , from y from I
y fieldwo | circuitto | fieldto | circuitto |
1 circuit 1 field I circuit 1 field 1
1 1 I 1 1
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Capacitors in AC Circuits

= The instantaneous power flowing into a capacitor is
1
Pe = veic = (Veeos wf)(—wCVesinwr) = 75':"'CVC2 sin 2ew!

| Discharges, Charges | Discharges; Charges |
|E decreases, E increases | decreases, E increases,
: Energy | Enerzy : Energy :Enurgy
| from | fom | from | from

| fieldo | cireuitto | fieldto | cireuit (0
| cireuit 1 field cireuit 1 field

]

Pe
Prnax

2

;
.
.
.
|
i
|
i
|
.
T

P \ The average

= power is zero.
Capacitor power
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The Power Factor in RLC Circuits

= In an RLC circuit, energy is supplied by the emf and
dissipated by the resistor.

= The average power supplied by the emf is:
Prurce = 316,008 = I, £ 008

= The term cos ¢, called the power factor, arises
because the current and the emf are not in phase.

AR B

Large industrial motors, such
as the one shown, operate
most efficiently, doing the
maximum work per second,
when the power factor is as
close to 1 as possible.
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Chapter 32 Summary Slides
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Important Concept

AC circuits are driven by an emf

&= Ecoswr
that oscillates with angular frequency @ = 2af-
Phasors can be used to

represent the oscillating
emf, current, and voltage.

The horizontal projection
is the instantaneous value £.
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Important Concept

Basic circuit elements

Resistance/

Element iand v reactance Tand V Power
Resistor In phase Ris fixed V=IR s
Capacitor ileads v by 90° Xe = lwC V=1IXc 0
Inductor ilags v by 90° X, =al V=IX. 0
For many purposes, power, the root: square (rms)
quantities.

Vae=VINZ L. =lIN2 E.,=&I2
are to the DC

©2017 Pearson Education, Inc.
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Key Skills
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Using phasor diagrams

* Start with a phasor (v or i)
common to two er more
circuit elements.

¢ The sum of instantaneous
quantities is vector addition.

Use the Pythagorean theorem For an RC circuit, shown here,
to relate peak quantities. etve=€

Ve +VE=§&"
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[ and peak it
The i ies v and i v idally. The
peak quantities V and [ are the maximum values of v and i. For
capacitors and inductors, the peak quantities are related by

V = IX, where X is the reactance, but this relationship does
not apply to v and i.

Kirchhoff’s loop law says that the sum of the potential differences
around a loop is zero.

Charge conservation says that circuit elements in series all
have the same instantaneous current i and the same peak
current [.
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Applications
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RC filter circuits

R 2
MM ve = ok
VR + X3
£ G Yo ve—=>&asw—0

A low-pass filter transmits low frequencies and blocks high
frequencies.

&R
—
L VR X
6 RS = g Easw—> ®

A high-pass filter transmits high frequencies and blocks low
frequencies.
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Applications
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Series RLC circuits

3 I'= &JZ where Z is the impedance

£6 7 Z=VR+ (X, — Xc)

= VR=IR Vi=IX, Ve=IKXc

I

When @ = w, = 1/VLC (the resonance frequency), the current in
the circuit is a maximum [, = E/R.

In general, the current i lags behind £ by the phase angle

& =tan'((X, — Xc)/R)

The power supplied by the emf is Pouee = iy £y 08 b, where
cos ¢ is called the power factor.

The power lost in the resistor is Py = fyViggs = (Ime) 'R-
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