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An AC circuit consists of circuit elements and a power source that provides an alternating voltage
Av. This time-varying voltage is described by:

Av = AV, 4 SINn Wt
Where AV,,,,, 1s the maximum output voltage of the AC source, or the voltage amplitude.

The angular frequency of the AC voltage is:
21

a)=27'[f=?

Where f is the frequency of the source and T is the period.

Because the output voltage of an AC source varies sinusoidally with time, the voltage is positive
during one half of the cycle and negative during the other half.

Likewise, the current in any circuit driven by an AC source is an alternating current that also
varies sinusoidally with time.
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» Consider a simple AC circuit consisting of a resistor and an AC source —@— :

» At any instant, the algebraic sum of the voltages around a closed loop in a circuit must be zero
(Kirchhoff’s loop rule). M

» Therefore,Av — Avgy= 0, so that the magnitude of the source voltage equals the magnitude of the voltage
across the resistor:

Av = Avp= AV, 4, SID T

» Where Avy, is the instantaneous voltage across the resistor.

» Therefore, the instantaneous current in the resistor is:
. AUR AVmax
l — —
R™ R R

» Where I,,4, is the maximum current:

®

sin wt = L4, Sin wt Av=AV, . sin ot

A circuit consisting of a resistor of
resistance R connected to an AC source,
_ AV designated by the symbol

I
max R

» The instantaneous voltage across the resistor is:

Avp= L4, R Sin wt
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» Aplot of voltage and current versus time for this circuit is shown in Fig. (a):

= At point a, the current has a maximum value in one direction, arbitrarily
called the positive direction.

= Between points a and b, the current is decreasing in magnitude but is still in
the positive direction.

= At b, the current is momentarily zero; it then begins to increase in the
negative direction between points b and c.

= At c, the current has reached its maximum value in the negative direction.

» The current and voltage are in step with each other because they vary identically
with time.

» Because iy and Avg both vary as sin wt and reach their maximum values at the
same time, as shown in Fig. (a), they are said to be in phase.

» Thus, for a sinusoidal applied voltage, the current in a resistor is always in
phase with the voltage across the resistor.

» For resistors in AC circuits, there are no new concepts to learn. Resistors behave
essentially the same way in both DC and AC circuits.
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b . R ot
T
c
(a) (b)

(a) Plots of the instantaneous current ir and instantaneous voltage
Avg across a resistor as functions of time. The current is in phase
with the voltage, which means that the current is zero when the
voltage is zero, maximum when the voltage is maximum, and
minimum when the voltage is minimum. At time t = T, one cycle
of the time-varying voltage and current has been completed. (b)
Phasor diagram for the resistive circuit showing that the current is
in phase with the voltage.
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» To simplify our analysis of circuits containing two or more elements, we use i A, insAvp
graphical constructions called phasor diagrams: \ .
= A phasor is a vector whose length is proportional to the maximum value of T |-= 7~ iR
the variable it represents (AV,,,, for voltage and I,,,, for current in the av. | Avy .
present discussion) and which rotates counterclockwise at an angular speed , T
equal to the angular frequency associated with the variable. T !
= The projection of the phasor onto the wvertical axis represents the
instantaneous value of the quantity it represents. -
» The projections of the phasor arrows onto the vertical axis are determined by a sine (a) (b)
function of the angle of the phasor with respect to the horizontal axis. (a) Plots of the instantaneous current ir and instantaneous voltage

Avg across a resistor as functions of time. The current is in phase
with the voltage, which means that the current is zero when the
> Thus, we can use the projections of phasors to represent current values that vary  voltage is zero, maximum when the voltage is maximum, and

sinusoidally in time. minimum when the voltage is minimum. At time t = T, one cycle
of the time-varying voltage and current has been completed. (b)
Phasor diagram for the resistive circuit showing that the current is
in phase with the voltage.

» For example, the projection of the current phasor in Fig. (b) is I,,4, Sin wt.

» We can do the same with time-varying voltages.

» The advantage of this approach is that the phase relationships among currents and
voltages can be represented as vector additions of phasors.
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Quick Quiz 32.1.i Consider the voltage phasor in the following figure, shown at three
instants of time. Choose the part of the figure that represents the instant of time at which
the instantaneous value of the voltage has the largest magnitude.

Answer (a). The phasor in part (a) has the largest projection onto the vertical axis.

Quick Quiz 32.1.ii For the voltage phasor in the following figure, choose the part of the
figure that represents the instant of time at which the instantaneous value of the voltage (a) (b) (©)

has the smallest magnitude.
] _ o A voltage phasor is shown at three instants
Answer (b). The phasor in part (b) has the smallest-magnitude projection onto the

vertical axis.
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» For the simple resistive circuit, the average value of the current over one cycle is l
zZero. 4

» The collisions between electrons and the fixed atoms of the resistor result in an 0 /\ t
increase in the resistor’s temperature. Although this temperature increase depends \/ \

on the magnitude of the current, it is independent of the direction of the current.

» We can understand this by recalling that the rate at which energy is delivered to a
resistor is the power P = (%R, where i is the instantaneous current in the resistor. 9

» Because this rate is proportional to the square of the current, it makes no difference
whether the current is direct or alternating—that is, whether the sign associated with
the current is positive or negative.

» However, the temperature increase produced by an alternating current having a
maximum value I,,,,, 1s not the same as that produced by a direct current equal to (b)

Iy (a) Graph of the current in a resistor as a function of time. (b)
Graph of the current squared in a resistor as a function of time.
Notice that the gray shaded regions under the curve and above the
dashed line for I2,,,/2 have the same area as the gray shaded
regions above the curve and below the dashed line for I2,,,/2.
Thus, the average value of i2 is 12,4, /2.

» This is because the alternating current is at this maximum value for only an instant
during each cycle (Fig. (a)).
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» In an AC circuit, the average value of current is referred to as the rms current. l

» The notation rms stands for root-mean square, which in this case means the square max - /\

root of the mean (average) value of the square of the current: I,.,,,s = \/l:2 : 0 \/ \ !

] g . > o. 1 5
> Because i? varies as sin® wt and because i? is Elrznax (see Fig. (b)), the rms current

1S:

Imax 1

Loms = 5 - 0.707 L0y

» Thus, the average power delivered to a resistor that carries an alternating current is:

(AVyns)?
R (b)

(a) Graph of the current in a resistor as a function of time. (b)

Graph of the current squared in a resistor as a function of time.

Notice that the gray shaded regions under the curve and above the

AV ax dashed line for I2,,,/2 have the same area as the gray shaded

AVrns= 2 = 0.707AVinax regions above the curve and below the dashed line for IZ,,,/2.
Thus, the average value of i? is 12,4, /2.

Pov = IﬁmsR : rms(AV;‘ms) =

» Alternating voltage is also best discussed in terms of rms voltage, and the
relationship is identical to that for current:
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Example 32.01

Comparing this expression for voltage output with the general form Av = AV, sin wt, we see that AV,,,,,= 200 V. Thus, the rms voltage is:

AV 200

AV, .= = =141V
rms \/E \/E
Therefore,
AVims 14
Lms = R —100—1.41A

Phys 104 - Ch. 32 - Dr. Alismail ©
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Problem 32.01

AV, 170
(a) AVrms= — = =120V
V2 W2
_ (AVrms)?
av R
(AVpns)?  (120)7
Py 750 103
(Whme)? _ (120)2
b) R= = = 144 0
(®) P 100
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Question  32.01 Additional question |

Each meter reads the rms value. AV =100V
AVyar 100

AV = = = Y (=)

rms \/7 \/E @

AVis  70.7
Lops = Ry 295 A CAD
R=2400Q
MWy
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Problem 32.04

AVrms= AVrmsl= AVrmsz= AVrms3
AV, Lamp Lamp Lam
P av — Irms (AVrms)r Irms =— P P P
R 1 2 3

P, 150 AV... 120
I = = = 1.25 A, R, = = = 96.0 Q. m i i
rms1 = 3y~ = 120 1= e 125 i N g
Loy = —2- =220 _10ca R, =20ms _ 129 _ 9600 li”’% ﬁmﬁ -
TMS2 T AV 1200 T 2 L 12570 7O

Ps 100 AV, 120
I = = =0.833A, R.= = =144 () 120V
TMS3 T AV 120 > L. 0.833
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Consider an AC circuit consisting only of an inductor connected to the terminals of
an AC source.

If Av,=§&;, = —L(di/dt) is the self-induced instantanecous voltage across the
inductor, then Kirchhoft’s loop rule applied to this circuit gives Av + Av; = 0, or:
A L di 0

v—L—=

dt

When we substitute AV}, ,, Sin wt for Av and rearrange, we obtain:

di |

Av = LE = AV, qx SID WE

Solving this equation for di, we find that:

AV,

di = Tax sinwt dt

Integrating this expression gives the instantaneous current i; in the inductor as a
function of time:

AV, AV,
i =% sinwt dt = — (ZZax

cos wt

Phys 104 - Ch. 32 - Dr. Alismail ©
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®

Av =AV_ .. sin ot

A circuit consisting of an inductor of inductance
L connected to an AC source.

T

>
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» When we use the trigonometric identity cos wt = — sin(wt — m/2), we can express
[; as: Avy iy,

AVmax T ‘
iL - Sin (a)t - _) Imax ————— 78
wL 2 . )

max

» Comparing the result of i; with Av, we see that the instantaneous current i; in the ' Na \.
inductor and the instantaneous voltage Av; across the inductor are out of phase by “ T 4
(m/2) rad = 90° (Fig. (a)). 7

ol

A”UL

A"UL | _ AV
wt

max

-7

max

» In general, inductors in an AC circuit produce a current that is out of phase with the
AC voltage.

» For example, when the current i; in the inductor is a maximum (point b in Fig. (a)), (a) (b)

the voltage across the inductor is zero (point d). (a) Plots of the instantaneous current i; and instantaneous voltage

> Note that the voltage reaches its maximum value one quarter of a period before the ~ Avp across an inductor as functions of time. The current lags
current reaches its maximum value. Thus, we see that: behind the voltage by 90°. (b) Phasor diagram for the inductive

circuit, showing that the current lags behind the voltage by 90°.
for a sinusoidal applied voltage, the current in an inductor always lags behind the

voltage across the inductor by 90° (one-quarter cycle in time).

» From the phasor diagram (Fig. (b)), the phasors are at 90° to one another,
representing the 90° phase difference between current and voltage.

Phys 104 - Ch. 32 - Dr. Alismail ©
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» The current in an inductive circuit reaches its maximum value when cos wt = —1:
Avy iy
AVmax
I =
max a)L Imax ————— b g
» In fact, wL must behave in a manner similar to resistance, in the sense that it . | |
represents opposition to the flow of charge. Therefore, wL must have units of ohms. AVinax 5 | i Avy | sl av
d e w
0 o o t
» Notice that because wL depends on the applied frequency w, the inductor reacts “ I 4
differently, in terms of offering resistance to current, for different frequencies. 7 i
| .
» For this reason, we define wL as the inductive reactance: LT fnax
X; = wlL
(a) (b)
» And we can write I, as: : .
AV o (a) Plots of the instantaneous current i; and instantaneous voltage
Lnax = Y Av; across an inductor as functions of time. The current lags
L

behind the voltage by 90°. (b) Phasor diagram for the inductive

» For the expression of the rms current in an inductor, I,,,,, is replaced by I.,,s and circuit, showing that the current lags behind the voltage by 90°.

AVpax 18 replaced by AVypps.
» For a given applied voltage, the inductive reactance increases as w increases.
» The instantaneous voltage across the inductor is:
di

Av;= —L I = —AVqx SIn Wt = —1,, ;X Sin wt

Phys 104 - Ch. 32 - Dr. Alismail ©
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Quick Quiz 32.2 Consider the AC circuit in the following figure. The frequency of the
AC source 1s adjusted while its voltage amplitude is held constant. The lightbulb will R
glow the brightest at:

(a) high frequencies.
(b) low frequencies.
(c) The brightness will be the same at all frequencies.

Answer (b). For low frequencies, the reactance of the inductor is small so that the
current is large. Most of the voltage from the source is across the bulb, so the power
delivered to it is large.

(D

At what frequencies will the bulb glow the brightest?

Phys 104 - Ch. 32 - Dr. Alismail ©
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Example 32.02

X, =wL=2nfL=2XmX60.0Xx250x1073=942(0Q

The rms current is:

AV, 150
Lpms = —2 — = 159A A |
Xy 9.42 < UL >
What If? What if the frequency increases to 6.00 kHz? What happens to the rms current in the circuit? 000

Answer If the frequency increases, the inductive reactance increases because the current is changing at a
higher rate. The increase in inductive reactance results in a lower current.

Let us calculate the new inductive reactance:

X, =wL=2nfL=2Xmx%x6.00X103Xx250x1073=942Q

®

The new rms current is: Av =AV, . sin ot
AVy vms 150
I = ' = = 0.159A
rms Xy 942

Phys 104 - Ch. 32 - Dr. Alismail ©
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Question 32.02

X, = wlL = 2nfL

At 60.0 Hz:
X1160.0 Hz 54.0
L= - = = (0.143 H
2nf 2xXmx60.0
At 50.0 Hz:

X, =wL =2nfL =2Xmx50.0x0.143 = 45.0 Q

AV, V2(AV, V2 % 100
Imax — max — ( rms) — — 314A
X, X, 45.0

Phys 104 - Ch. 32 - Dr. Alismail ©
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» Consider an AC circuit consisting of a capacitor connected across the terminals of

an AC source. |< At I >
» Kirchhoff’s loop rule applied to this circuit gives Av + Av.= 0, so that the

magnitude of the source voltage is equal to the magnitude of the voltage across the I I

capacitor: C

» Where Av. is the instantaneous voltage across the capacitor.

» Using the definition of capacitance that C = q/Av. gives:

q = CAV,p g, Sin wt @

» Where q is the instantaneous charge on the capacitor. Av=AV

hax SIN @7
» Because i = dq/dt, differentiating q with respect to t gives the instantancous

: S0 A circuit consisting of a capacitor of
current in the circuit:

capacitance C connected to an AC source.

dq
ic = —— = wCAV,,4, COS Wt
dt
» When we use the trigonometric identity cos wt = sin(wt + m/2), we can express i,

as:

s
ic = WCAVy,, 45 SIN (a)t ar E)

Phys 104 - Ch. 32 - Dr. Alismail ©




Comparing the expressions of Av. and i., we see that the current is (7/2) rad =
90° out of phase with the voltage across the capacitor.

A plot of current and voltage versus time (Fig. (a)) shows that the current reaches its
maximum value one quarter of a cycle sooner than the voltage reaches its maximum
value.

Looking more closely, consider a point such as b where the current is zero.

This occurs when the capacitor has just reached its maximum charge, so the voltage
across the capacitor is a maximum (point d).

At points such as a and e, the current is a maximum, which occurs at those instants
at which the charge on the capacitor has just gone to zero and it begins to charge up
with the opposite polarity.

Because the charge is zero, the voltage across the capacitor is zero (points ¢ and f).
Thus, the current and voltage are out of phase.

As with inductors, we can represent the current and voltage for a capacitor on a
phasor diagram.

The phasor diagram in Fig. (b) shows that:

for a sinusoidally applied voltage, the current always leads the voltage across
a capacitor by 90°.

Capacitors in an AC Circuit

Ave, i

max

AV,

max

(a)

ng2s11 S1loll

King Saud University

max

Av~
“2CAV,

max

at

(b)

(a) Plots of the instantaneous current i, and instantaneous voltage
Av. across a capacitor as functions of time. The voltage lags
behind the current by 90°. (b) Phasor diagram for the capacitive
circuit, showing that the current leads the voltage by 90°.

Phys 104 - Ch. 32 - Dr. Alismail ©
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» The current in the circuit reaches its maximum value when cos wt = 1:

Vinax Ave, 1o v
I = wWCAV o= "<
max max (1 / w C) ; ic
]nmx Imax ——
» As in the case with inductors, the denominator must play the role of resistance, with v L\ | A
units of ohms. " / | e NI
t
: o . . . cf b T ol
» We give the combination 1/wC the symbol X, and because this function varies
with frequency, we define it as the capacitive reactance:
e
1
Xe == (a) (b)
> Andwe can write L. .. as: (a) Plots of the instantaneous current i, and instantaneous voltage
e Av. across a capacitor as functions of time. The voltage lags
AV ax behind the current by 90°. (b) Phasor diagram for the capacitive
Imax = Xc circuit, showing that the current leads the voltage by 90°.

» For the expression of the rms current in a capacitor, I,,4, is replaced by I,,,s and
AVpax 18 replaced by AVypp,s.

» The instantaneous voltage across the capacitor is:

Ave= AVppax SN Wt = [0, X SIn wt

Phys 104 - Ch. 32 - Dr. Alismail ©
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» For a given applied voltage, as w of the voltage source increases, the capacitive reactance
decreases and therefore the maximum current increases.

» Again, note that the frequency of the current is determined by the frequency of the voltage source
driving the circuit.

> As the frequency approaches zero, the capacitive reactance approaches infinity, and hence the
current approaches zero.

» This makes sense because the circuit approaches direct current conditions as w approaches zero,
and the capacitor represents an open circuit.

Quick Quiz 32.4 Consider the AC circuit in the following figure. The frequency of the AC source is
adjusted while its voltage amplitude is held constant. The lightbulb will glow the brightest at:

(a) high frequencies.
(b) low frequencies.
(c) The brightness will be same at all frequencies.

Answer (b). For low frequencies, the reactance of the capacitor is large so that very little current
exists in the capacitor branch. The reactance of the inductor is small so that current exists in the
inductor branch and the lightbulb glows. As the frequency increases, the inductive reactance
increases and the capacitive reactance decreases. At high frequencies, more current exists in the
capacitor branch than the inductor branch and the lightbulb glows more dimly.

Phys 104 - Ch. 32 - Dr. Alismail ©
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Example 32.03

1 1 1

X, =3320

~“wC 2nfC  2Xmx60.0x8.00x 106
The rms current is:

 AVeyms 150

[ = = =0452A
Tms T X, 337~ 04

What If? What if the frequency is doubled? What happens to the rms current in the circuit?

Answer If the frequency increases, the capacitive reactance decreases—just the opposite as in the case of an inductor.
The decrease in capacitive reactance results in an increase in the current. Let us calculate the new capacitive reactance:

1 1 1
~ wC  2nfC 2 xmx120.0 x8.00 x 106

The new rms current is:

 AVeyms 150

= = =0.904 A
lrms =~ = g = 0:90

= 166 ()

Xc

Phys 104 - Ch. 32 - Dr. Alismail ©
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Question 32.03

1 1 1

X. =478 Q)

T~ wC 2nfC 2xmx90.0x3.70 x 10-6
The maximum current is:

I = ’ = = 0.100 A =100 mA
max = "y T T 478 o

Phys 104 - Ch. 32 - Dr. Alismail ©
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» Fig. (a) shows a circuit that contains a resistor, an inductor, and a capacitor ™ AR —fa— AU —sle— AV —>|
connected in series across an alternating voltage source. AN 000,
R L

I
|
» As before, we assume that the applied voltage varies sinusoidally with time. It is C

convenient to assume that the instantaneous applied voltage is given by:

Av = AV, 4, SiD Wt

> While the current varies as:

2O,

[ = L4, Sin(wt — ¢)

» Where ¢ is some phase angle between the current and the applied voltage.

» The current will generally not be in phase with the voltage in an RLC circuit. Avgl/] l /\ /
Our aim is to determine ¢ and I,,,,. : \:/ \/ p

! |

» Fig. (b) shows the voltage versus time across each element in the circuit and : |
their phase relationships. Av; N :/'\ /'\

C

» Because the elements are in series, the current everywhere in the circuit must be

: (a) A series circuit consisting of
the same at any instant.

a resistor, an inductor, and a
capacitor connected to an AC
source. (b) Phase relationships
for instantaneous voltages in
series RLC circuit.

AUC

D <
D C

» That is, the current at all points in a series AC circuit has the same
amplitude and phase.

C
<

» Therefore, the voltage across each element has a different amplitude and phase. (b)

Phys 104 - Ch. 32 - Dr. Alismail ©
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» In particular, the voltage across the resistor is in phase with the current, the e AVp—sfe— AV —fe— AV —>]
voltage across the inductor leads the current by 90°, and the voltage across the ANV 000,
R L

I
capacitor lags behind the current by 90°. I(:
» Using these phase relationships, we can express the instantaneous voltages

across the three circuit elements as:

Avg= LyaxR sin wt = AVg sin wt

2O,

s
Av; = [,4, X} Sin (a)t + E) = AV} cos wt

yia
Ave= LyaxXc SIn (wt — E) = —AV, cos wt

5_
™

Avp, :
» Where AVg, AV, and AV, are the maximum voltage values across the elements: : \V \/ P
|
AVp=1 R AV, =1 X AV-=1 X I I
R max L max“*L C max“C Av, N :/-\ /-\

» At this point, we could proceed by noting that the instantaneous voltage Av
across the three elements equals the sum:

~

C

(a) A series circuit consisting of
a resistor, an inductor, and a
capacitor connected to an A

D C

Av = Avg + Avp, + Ave Ave

D

172}
o
c
=
(@]
(¢}
G
~
hu
=
b}
172}
(¢}
=~
(¢}
Y
=
o

for instantaneous vo
(b) series RLC circui
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AV
» It is simpler to obtain the sum by examining the phasor diagram (upper Fig.). v v \4
w w w
» Because the current at any instant is the same in all elements, we combine the %
three phasor pairs to obtain (lower Fig.), in which a single phasor I,,,,, 1s used I AV L o
to represent the current in each element. WA
» The vector sum of the voltage amplitudes AVg, AV, and AV, equals a phasor
whose length is the maximum applied voltage AV, ,,, and which makes an angle (a) Resistor (b) Inductor (c) Capacitor
¢ with the current phasor I, Phase relationships between the voltage and current phasors for (a)

> The magnitude of the maximum applied voltage is: a resistor, (b) an inductor, and (c¢) a capacitor connected in series.

AV, A

AV
AVinax= \/AVRZ + (AV, — AVp)? = \/(ImaxR)z + (Imax X1 — lnaxXc)? A
g AV, - AV
AVnax= Imax\/R2 + (XL, — X¢)? = I Z . I AV,
AV, vy
» Where Z is called the impedance of the circuit and plays the role of resistance. b
Therefore, impedance also has units of ohms.
(a) (b)

Z =\R? + (X, — Xc)?

(a) Phasor diagram for the series RLC circuit shown in Figure

» Therefore, we can express the maximum current as: 32.13a. The phasor AVy is in phase with the current phasor I,,,,,, the

AV AV phasor AV} leads I,,,4, by 90°, and the phasor AV, lags ;5. by 90°.

— UL — ol The total voltage AV,,,, makes an angle ¢ with [,,,,,. (b) Simplified
\/ R? + (X, — X)? Z version of the phasor diagram shown in part (a).

Phys 104 - Ch. 32 - Dr. Alismail ©
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» Note that the impedance and therefore the current in an AC circuit depend upon the
resistance, the inductance, the capacitance, and the frequency (because the reactances are
frequency-dependent).

» By removing the common factor I,,,,, from each phasor in the previous Fig., we can
construct the impedance triangle. From this phasor diagram we find that the phase angle
¢ between the current and the voltage is:

X, — X¢ R X, —X¢
— -1 = ) = 1) =gin~1(——=
¢ = tan ( m ) cos (Z) sin ( Z

» When X; > X, (which occurs at high frequencies), the phase angle is positive,
signifying that the current lags behind the applied voltage, and the circuit is more
inductive than capacitive.

An impedance triangle
for a series RLC circuit
gives the relationship

Z =\ R2+ (X, — X()2.

» When X; < X, the phase angle is negative, signifying that the current leads the applied
voltage, and the circuit is more capacitive than inductive. 7 AV

max max

AV,

max

AV,

max

» When X; = X, the phase angle is zero and the circuit is purely resistive. I

max

Quick Quiz 32.5 Label each part of Figure 32.17 as being X; > X, X, = X¢, X, < Xc.
Answer () X; < X, (b) X; = X, and (¢) X, > X,.

(a) (b) (c)

Match the phasor diagrams to the relationships betwee
reactances.
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Impedance Values and Phase Angles for Various Circuit-Element Combinations®

Circuit Elements Impedance Z Phase Angle ¢

R

—MWN— R 0°
C
— X, —90°

L
._\.QQQJ_. XL + 900
L C
AAJ ”_' VR? + X° Negative, between — 90° and 0°
R L
VYWy—000 VR? + X;? Positive, between 0° and 90°
R L. C

—MAN—000—]|—= R+ (X; — X()2 Negative if X¢ > X;

Positive it X < Xj

“In each case, an AC voltage (not shown) is applied across the elements.

Phys 104 - Ch. 32 - Dr. Alismail ©




The RLC Series Circuit

Example 32.04
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(a) The reactances are:

X, =wL=377x%x125=4710Q
1 1

= 758 ()

X =] =
€™ wC ™ 377 x3.50x%x10-6

The impedance is:

Z =+JR2 + (X, — X;)? =+/(425)2 4 (471 — 758)2 = 513

AVpar 150
(b) Imax = —7 5 = g5 = 0.292 A

X; — X 471 — 758
(c) ¢ = tan"1< L C) = tan‘l( ) = —34.0°

~

R 425

Because the capacitive reactance is larger than the inductive reactance, the circuit is more capacitive than
inductive. In this case, the phase angle ¢ is negative and the current leads the applied voltage.
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Example 32.04

(d) The maximum voltages are:

AVp= IR = 0.292 X 425 = 124V
AV, = Ly X, = 0292 X 471 = 138V
AVp= T, Xc = 0292 x 758 = 221V

The instantaneous voltages across the three elements are:
Avg= (124 V)sin 377t

Av;= (138 V) cos 377t

Ave= (—221V) cos 377t
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Example 32.04

What If? What if you added up the maximum voltages across the three circuit elements? Is this a
physically meaningful quantity?

Answer The sum of the maximum voltages across the elements is AV + AV, + AV.= 484 V. Note that
this sum is much greater than the maximum voltage of the source, 150 V. The sum of the maximum
voltages is a meaningless quantity because when sinusoidally varying quantities are added, both their
amplitudes and their phases must be taken into account. We know that the maximum voltages across the
various elements occur at different times. That is, the voltages must be added in a way that takes account
of the different phases.
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Question 32.04
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\dditional question |

(@) X, =wl =2nfL=2xmX50.0Xx250x1073 =785Q
1 1

Xe=—= = = 1591 Q = 1.591 kQ
(b) Ac =3¢ 2nfC~ 2 x 1 % 50.0 X 2.00 x 10~°

(c) Z=+R2+ (X, — Xc)? =+/(150)% + (78.5 — 1591)% = 1520 Q = 1.520 kQ

d) I _ AVnax _ 210 = 0.138A = 138 mA
() fmax = =77 = 7550 = 0-138A=138m
X, — X, 78.5 — 1591
e — -1 — -1 — — . (e]
(€) ¢ =tan ( = ) tan ( = ) 84.3
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Question 32.05

< ol 1
2

jaYa Lo fail U Woll ||
King Saud University L=

\dditional question |

(a) X, =wL=100x160x10"3=16.00Q
1 1

Xc

wC 100 %x99.0 x 10=°

Z =+JR2 + (X, — X)? =+/(68.0)2 + (16.0 — 101.0)2 = 109.0 O

AV, 40.0
B _ BVmax _
(®) fmax Z 109.0

(€) I,q = 0.367 A
w = 100.0 rad/s

X, — X 16.0 —101.0
¢ = tan~? ( L C) = tan‘l( ) = —51.3°

= 0.367 A =367 mA

R 68.0
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Problem 32.16

X, =wlL=2nfL=2xmx50.0x185x%x 1073 =58.10
1 1 1

X = = =]
CT wC  2mfC 2xmx50.0x650x10-6

= 49.0 Q

Z = JR2 + (X, — X)? =+/(40.0)2 + (58.1 — 49.0)2 = 41.0 Q

_ AVppgyx 150
Imax = Z  41.0

(@) AVi= IR = 3.66 X 40.0 = 146.4V
(b) AV,= Ly X, = 3.66 X 58.1 = 212.65V
(C) AVp=I,,.Xc = 3.66 X 49.0 = 179.34V
(d) AV, — AV, = 212.65 — 179.34 = 33.31V

=3.66 A

The RLC Series Circuit

g1 SJJoll
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0 .

40.0 Q

185 mH

65.
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The power delivered by a battery to a DC circuit is equal to the product of the current
and the emf of the battery.

Likewise, the instantaneous power delivered by an AC source to a circuit is the
product of the source current and the applied voltage.

For the RLC circuit shown in Fig. (a), we can express the instantaneous power P As:

P =ilv = I, 4, sin(wt — @) AV, 45 SiD Wt = Ly, 45 AV gy Sin 0t sin(wt — ¢)

>

By using the trigonometric identity sin(wt — ¢) = sin wt cos ¢ — cos wt sin ¢p, we
obtain:

P = Ly g AV gy SiN? 0t c0S @ — Ly g AVy gy SIN Wt COS wt Sin @

The time average of P over one or more cycles, noting that I,,5,, AVyax, ¢ and w are
all constants, gives:

Pov = ElmaxAVmax cos ¢

Where P,,, is the average power. It is convenient to express the average power in
terms of the rms current and rms voltage:

Pav = lrmsAVrms €OS @
Where the quantity cos ¢ is called the power factor.
Phys 104 - Ch. 32 - Dr. Alismail ©
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(a) A series circuit
consisting of a resistor, an
inductor, and a capacitor
connected to an AC source.
(b) Phase relationships
instantaneous  volt
the series RLC ci
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A A A
» By inspecting Fig. (b), we see that the maximum voltage across the resistor is given [e— AR —sle— AV —sfe— A —>]
by AVgr= AV,0x €OS ¢ = L 44R. AMN 000 “
R L

> Using the fact that AV,,,o= AV,.5,./V2 and cos ¢ = LygxR/AViyqy, we find that we c
can express P, as:

AVmax) ImaxR — I ImaxR
\/E AVmax e \/E

> After making the substitution I,y,s = Iy, /V2 , we have:

Pov = IzmsR

Pav = LrmsBVims €0S P = Ly (

@

—_
jas}
—

5_
™~

» In words, the average power delivered by the source is converted to internal Avp,
energy in the resistor, just as in the case of a DC circuit.

» We find that no power losses are associated with pure capacitors and pure
inductors in an AC circuit. Avp

<
S

D

(a) A series circuit
consisting of a resistor, an
inductor, and a capacitor
connected to an AC so

~

<

D«
D C

C
<

Instantaneous

(b)

Phys 104 - Ch. 32 - Dr. Alismail ©



Power in an AC Circuit

Example 32.05

(a) The reactances are:

X, = wlL =377 x1.25 =471 0
1 1

= 758 Q

X = 0T 377x350 x 10-¢

The impedance is:
Z =+R2 + (X, — X-)? =/ (425)2 4+ (471 — 758)2 = 513 Q)

AV,.. 150
= = ——=0292A
() Imax = —7= =573

X, —X 471 — 758
(c) ¢ =tan"1( - R C) =tan‘1< 425 >= —34.0°

Because the capacitive reactance is larger than the inductive reactance, the circuit is more capacitive than
inductive. In this case, the phase angle ¢ is negative and the current leads the applied voltage.

~

g1 SJJoll

King Saud University
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Example 32.05

(d) The average power delivered is:

1 1
Py = ElmaxAVmax cos ¢ = 5 %X 0.292 X 150 X cos(—34.0) = 18.2 W

We can obtain the same result using P,,, = I2,,cR.
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Problem ' 32.21

AV 210

=2.80A

frms = Z 750
Py = 2R = (2.80)? x 45.0 = 353W
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Question 32.06

(a) Pav = LrmsAVrms cOs @ = IzmsR
_ AVpscos¢ 180 X cos(—37.0)

R = 16.0 Q

Ims 9.00

) ) = ;XC

X, —X; =Rtan¢ = 16.0 X tan(—37.0) = —12.0 Q
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A series RLC circuit is said to be in resonance when the current has its maximum value.
» In general, the rms current can be written:
Lo = AVims _ AVims
Z JRZ + (X, — X()?

» Because the impedance Z depends on the frequency of the source, the current in the RLC circuit also
depends on the frequency.

» The frequency wg at which X; — X = 0 is called the resonance frequency of the circuit.

» To find w, we use the condition X; = X, from which we obtain wyL = 1/w,C, or:

1

w =
0 VLC

» The current in a series RLC circuit reaches its maximum value when the frequency of the applied
voltage matches the resonance frequency—which depends only on L and C.

» Furthermore, at this frequency the current is in phase with the applied voltage.

Quick Quiz 32.7 The impedance of a series RLC circuit at resonance is:
(a) largerthan R (b) lessthan R = (c¢) equalto R  (d) impossible to determine.
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Example 32.06

The current has its maximum value at the resonance frequency w,, which should be made to match the

“driving” frequency of 5000 s~ 1:

1
—

Wo =

1

1
C =
ng (5000)2 x 20.0 x 10~3

=2.00 X 107® F = 2.00 pF
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Resonance in a Series RLC Circuit PEEsemy -

Question 32.07

1

Wo =

N
1 1 1

€= — 1.82 x 10712 F = 1.82 pF
wZL  (2uf)?L (2 X7 x 99.7 X 106)2 x 1.40 X 10-¢ p

Phys 104 - Ch. 32 - Dr. Alismail ©
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