ALTERNATING CURRENT

31.1. IDENTIFY: The maximum current is the current amplitude, and it must not ever exceed 1.50 A.
SerUp: [ =1/ V2. Iis the current amplitude, the maximum value of the current.

EXECUTE: [=1.50A gives I ¢ _1504 =1.06 A.

NG

EVALUATE: The current amplitude is larger than the root-mean-square current.
31.2. IDENTIFY and SET UP: Apply Egs. (31.3) and (31.4).

EXECUTE: (a) [ =~/21, =+2(2.10A)=2.97 A.

2
(b) 1 rav — _

V4
EVALUATE: (c) The root-mean-square current is always greater than the rectified average, because
squaring the current before averaging, and then taking the square root to get the root-mean-square value

will always give a larger value than just averaging.
31.3. IDENTIFY and SET UP: Apply Eq. (31.5).

EXECUTE: (a) V, V_H0V

™=
(b) Since the voltage is sinusoidal, the average is zero.
EVALUATE: The voltage amplitude is larger than V.

1=2097A)=189 A.
T

=31.8V.

31.4. IDENTIFY: We want the phase angle for the source voltage relative to the current, and we want the
capacitance if we know the current amplitude.
1

21 fC
EXECUTE: (a) ¢ =-90°. The source voltage lags the current by 90°.

V. 60.0V
(b) Xc=

SET UpP: XC:; and X, =

=11.3Q. Solving X = for C gives

1 530A 21 fC
C= 1 _ 1

2rfX- 27(80.0 Hz)(11.3 Q)
EVALUATE: Thisisa 176-uF capacitor, which is not unreasonable.

=1.76x107* F.

31.5. IpENTIFY: We want the phase angle for the source voltage relative to the current, and we want the
inductance if we know the current amplitude.

SETUP: X, =; and X; =2z fL.

EXECUTE: (a) ¢ =+90°. The source voltage leads the current by 90°.
V450V

b) X;=—=

® X = =3 50A

EVALUATE: The angular frequency is about 1200 rad/s.

=11.54Q. Solving X; =2z fL for fgives fzﬁ 11540

=t =193 Hz
27L  27(9.50x107 H)
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31-2 Chapter 31
31.6. IDENTIFY: The reactance of capacitors and inductors depends on the angular frequency at which they are
operated, as well as their capacitance or inductance.
SET UP: The reactances are X =1/wC and X; = wL.
1 1
EXECUTE: (a) Equating the reactances gives 0L =— = 0 =——
(a) Equating g v Jic
. . 1 1
(b) Using the numerical values we get w= = =7560 rad/s
£ £ JVLC  |/(5.00 mH)(3.50 1F)
Xc=X; =wL=(7560rad/s)(5.00 mH)=37.8 Q
EVALUATE: At other angular frequencies, the two reactances could be very different.
31.7. IDENTIFY and SET UP: Apply Egs. (31.18) and (31.19).
EXECUTE: V =IX:s0o X = y_1nov _ 200Q
I 0850A
| 1 _
Xo=— gives C = = =1.33x107° F=13.3 uF
oC 2w fX- 27(60.0 Hz)(200 Q)
EVALUATE: The reactance relates the voltage amplitude to the current amplitude and is similar to
Ohm’s law.
31.8. IDENTIFY: The reactance of an inductor is X; = @L =27 fL. The reactance of a capacitor is
1 1
C = =
oC 2rmfC
SET UP: The frequency fis in Hz.
EXECUTE: (a) At60.0 Hz, X; =27(60.0 Hz)(0.450 H)=170 Q. X, is proportional to f'so at 600 Hz,
X; =1700 Q.
(b) At 60.0 Hz, X = ! e 1.06x10° Q. X is proportional to 1/f, so at
27(60.0 Hz)(2.50x10™ F)
600 Hz, X =106 Q.
1 1 1
(¢©) X; =X, says 2rfL=—— and f = = =150 Hz.
2z fC 27N LC 275\/(0.450 H)(2.50x107° F)
EVALUATE: X increases when fincreases. X decreases when f'increases.
31.9. IDENTIFY and SET UP: Use Egs. (31.12) and (31.18).
EXECUTE: (a) X; =wL=2xfL=2x(80.0 Hz)(3.00 H) =1510Q
. X 120Q
(b) X, =2xfL gives L=—L-= 0 =0.239 H
2z f 2m(80.0 Hz)
1 1 1
© Xe=—= = - =497Q
oC  27fC 27(80.0 Hz)(4.00x107° F)
1 . 1 1 5
d) Xe=——givesC= = =1.66x10" F
2w fC 2rfX- 27(80.0 Hz)(120 Q)
EVALUATE: X increases when L increases; X decreases when C increases.
31.10.  IDENTIFY: V; =IlwL
SET UP: @ is the angular frequency, in rad/s. f = 2ﬂ is the frequency in Hz.
V4
EXECUTE: V, =lwL so f = 4 (120V) =1.63x10° Hz.

20IL  27(2.60x1073 A)(4.50x107* H)
EVALUATE: When f'is increased, / decreases.
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Alternating Current 31-3

31.11.  IDENTIFY: Inan L-R ac circuit, we want to find out how the voltage across a resistor varies with time if
we know how the voltage varies across the inductor.
SETUP: v, =—IwLsinax and vy =V cos(ax).
EXECUTE: (a) vy =—[wLsinax. w=480rad/s. IwL=12.0 V.
120V 120V
WL (480 rad/s)(0.180 H)
vg =Vpcos(ax) =(12.5 V)cos[(480 rad/s)z].
(b) vy =(12.5 V)cos[(480 rad/s)(2.00x107> §)]=7.17 V.
EVALUATE: The instantaneous voltage (7.17 V) is less than the voltage amplitude (12.5 V).

1

=0.1389 A. 7 =1IR =(0.1389 A)(90.0Q)=12.5 V.

S I . .
31.12. IDENTIFY: Compare v, thatis given in the problem to the general form v = Esma)t and determine @.

SET UpP: Xczé. Vg =iR and i=Icosar.

1 1
@C (120 rad/s)(4.80x107° F)

EXECUTE: (a) X, = =1736 Q

Ve 160V
X 1736Q

vp =IiR= (4.38><10_3 A)(250 Q)cos((120 rad/s)t) = (1.10 V) cos((120 rad/s)z).
EVALUATE: The voltage across the resistor has a different phase than the voltage across the capacitor.
31.13.  IDENTIFY and SET UP: The voltage and current for a resistor are related by vz =iR. Deduce the

(b) I= =4.378x107> A and i=Icosar =(4.378><10_3 A)cos[(120 rad/s)t]. Then

frequency of the voltage and use this in Eq. (31.12) to calculate the inductive reactance. Eq. (31.10) gives
the voltage across the inductor.
EXECUTE: (a) vy =(3.80 V)cos[(720 rad/s)t]

Vi _(3.80V

VR =iR,s0i=—"=
R 150 Q

jcos[(720 rad/s)¢] =(0.0253 A)cos[(720 rad/s)t]

(b) X; =wL

w="720rad/s, L =0.250 H, so X; = wL = (720 rad/s)(0.250 H) =180 Q

(¢) If i=Icosax then v; =V, cos(ax +90°) (from Eq. 31.10).

V; =1wL=1X; =(0.02533 A)(180 Q)=4.56 V

vy =(4.56 V)cos[(720 rad/s)t +90°]

But cos(a+90°) =-sina (Appendix B), so v; =—(4.56 V)sin[(720 rad/s)¢].

EVALUATE: The current is the same in the resistor and inductor and the voltages are 90° out of phase,
with the voltage across the inductor leading.

31.14. IDENTIFY: Calculate the reactance of the inductor and of the capacitor. Calculate the impedance and use
that result to calculate the current amplitude.

. . X
SET UP: With no capacitor, Z = \/R2 + Xz and tan¢ = TL X, =wL. I= g V; =I1X; and Vi =1IR.
For an inductor, the voltage leads the current.

EXECUTE: (a) X, = oL = (250 rad/s)(0.400 H) =1009Q. Z =+/(200 Q)% +(100Q)? =224 Q.

(b) [ _V_300V =0.134 A
VA Q
(c) Vg =1R=(0.134 A)(200Q)=26.8 V. V; =1X; =(0.134 A)(100Q) =134 V.
X; 100Q o . .
(d) tang = = 3000 and @ =426.6°. Since ¢ is positive, the source voltage leads the current.

(e) The phasor diagram is sketched in Figure 31.14.
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31.15.

31.16.
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EVALUATE: Note that Vz +V; is greater than V. The loop rule is satisfied at each instance of time but the
voltages across R and L reach their maxima at different times.

Figure 31.14

IDENTIFY: Apply the equations in Section 31.3.
SETUP: @w=250rad/s, R=200Q, L=0.400 H, C=6.00 uF and V' =30.0 V.

EXECUTE: (a) Z =+ R+ (0L —1/aC)>.

Z =(200 Q)2 + (250 rad/s)(0.400 H) — 1/((250 rad/s)(6.00x10™° F)))? =601
V30V

b) I== =0.0499 A.
z Q

(c) 9= arctan(%j = arctan (Mj =-70.6°, and the voltage lags the current.

200Q
(d) Vi = IR =(0.0499 A)(200 Q) =9.98 V; ¥, = IwL =(0.0499 A)(250 rad/s)(0.400 H) =4.99 V;
o=t (0.0499 A) 333V,

@C (250 rad/s)(6.00x107 F)
EVALUATE: (e) Atany instant, v=vp +v-+v;. But vo and v; are 180° out of phase, so v can be
larger than v at a value of ¢, if v; +v; is negative at that ¢.

IDENTIFY: For an L-R-C series ac circuit, we want to find the voltages and voltage amplitudes across all
the circuit elements.

1 2 2 V X, —Xc
—, X;=wL, Z=yR"+(X; —X,)", [=— and tang=—-—"=_ The
- AL v (X -Xc) 7 ¢ R

instantaneous voltages are vy =Vjy cos(ax) = IRcos(ax), v; =—V; sin(ar) =—1X sin(axr),
ve =Vesin(ax) = IX - sin(axt) and v ="V cos(wr + ¢).
@C (250 rad/s)(6.00x107° F)

X, =L = (250 rad/s)(0.900 H) =225 Q.

SETUP: X-=

EXECUTE: =666.7 Q.

Z=\R2+(X, - X¢)* =200 Q)2 +(225 Q—666.7 Q)> =484.9 Q.

V300V 6 66187 A =61.87 mA.
Z 4849Q
tang=2L "X _225Q-6667Q _ ) 465 and g=—1.146 rad.
R 200Q

(a) vy = Vg cos(@r) = IRcos(er) = (0.06187 A)(200 Q)cos[(250 rad/s)(20.0x107> §)]=3.51 V.
v, =V, sin(ar) = —IX sin(er) = —(0.06187 A)(225 Q)sin[(250 rad/s)(20.0x107 §)]=13.35 V.
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31.17.

31.18.

31.19.

31.20.

ve =Vesin(ar) = IX - sin(ax) = (0.06187 A)(666.7 £2)sin[(250 rad/s)(20.0x 107 $)]=-39.55 V.
v=V cos(axt+¢@)=(30.0 V)cos[(250 rad/s)(20.0><10_3 s)—1.146 rad]=-22.70 V.

Ve +vp +ve =351 V41335 V+(-39.55V)=-22.7 V. vp+v; +v, is equal to v.

(b) Vp=IR=124V. Vo=412V. V; =139 V.

Ve +Ve+V, =124V +412V+139V=675V. Vi +V-+V; isnotequal to V.

EVALUATE: The instantaneous voltages do add up to v because they all occur at the same time, so they
must add to v by Kirchhoff’s loop rule. The amplitudes do not add to ¥ because the maxima do not occur at
the same time due to phase differences between the inductor, capacitor and resistor.

IDENTIFY and SET UP: Use the equation that preceeds Eq. (31.20): yi= V,% +(V - VC)2

EXECUTE: V = \/(30.0 V)2 +(50.0 V=90.0 V)? =50.0 V

EVALUATE: The equation follows directly from the phasor diagrams of Fig. 31.13 (b or ¢) in the textbook.
Note that the voltage amplitudes do not simply add to give 170.0 V for the source voltage.

IDENTIFY: For an L-R ac circuit, we want to use the resistance, voltage amplitude of the source and
power in the resistor to find the impedance, the voltage amplitude across the inductor and the power

factor.

SET Up: PavzlﬂR, z=r Vg = IR, and tang =L
2 I R
EXECUTE: (a) B, =~ IR 1=\/2P'fw = PCIW) _yg0a 2222300V g0
2 R 300Q I 120A

(b) Vz =IR=(1.20 A)Y300Q)=360 V. V, =\/V2 . =J(500 V)? = (360 V) =347 V.
X, _V, 347V
R Vp 360V

EVALUATE: The voltage amplitude across the resistor cannot exceed the voltage amplitude (500 V) of
the ac source.

(c) tang = gives ¢ =43.95°. The power factor is cos¢ =0.720.

IDENTIFY: For a pure resistance, F,, =V, [ o = IﬁnsR.
SET UpP: 20.0 W is the average power P, .
EXECUTE: (a) The average power is one-half the maximum power, so the maximum instantaneous

power is 40.0 W.

(b) Ly =2 =229 W 167 0
Vims 120V

(©) R_izﬂ_nog

T2 (0167 A

2 2 2
VR mms _ Vems — w =20.0 W.
R R 720Q

IDENTIFY: The average power supplied by the source is P, = Vol rms €0s@. The power consumed in the

EVALUATE: We can also calculate the average power as F,, =

: - )
resistance is B, =1 R.

SETUP: w=27f =27(125x10° Hz) =7.854x10° rad/s. X, =wL=157Q. X, =$=909 Q.

EXECUTE: (a) First, let us find the phase angle between the voltage and the current:
X, —Xc 157Q-909Q

and ¢ =—65.04°. The impedance of the circuit is
R 350Q

tang =

Z= \/R2 +(X;-X¢ )2 = \/(350 Q)2 + (752 Q)2 =830 Q. The average power provided by the generator

2 (120 V)?

v
isthen B =V__ I _ cos(¢)=—"Scos(¢)= cos(—65.04°)=7.32 W.
wv = Vimsrms €0S(9) 7 )] 9300 ( )
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31-6 Chapter 31
120V
(b) The average power dissipated by the resistor is P, = IinsR = [mj (350Q)=7.32W.
EVALUATE: Conservation of energy requires that the answers to parts (a) and (b) are equal.
31.21. IDENTIFY: Relate the power factor to R and Z for an L-R-C series ac circuit. Then use this result to find
the voltage amplitude across a resistor.
. IR R
SET Up and EXECUTE: (a) From Figure 31.13(a) or (b), cos¢ = 7 = A
(b) Using the result from (a) gives Z = i 1= 4 = m.
cos ¢ zZ R
Ve =IR=Vcos¢=(90.0 V)cos(-31.5°)=76.7 V.
EVALUATE: The voltage amplitude for the resistor is less than the voltage amplitude of the ac source.

31.22. IDENTIFY: We want to relate the average power delivered by the source in an L-R-C circuit to the rms

current and resistance.
SET UP: From Exercise 31.21 we know that the power factor is cos¢ = ; We also know that
Py =VimsLims €OS 9.
R R Vims 2
EXECUTE: (a) B, =V ol ims COSP. COSP =E so B, = VrmsIrmsE' But 7 =1, so B,=1,.R.
(36.0 VY’
V. V2 NG
(b) Ly =12 and ¥y = VA2, so P, =i o e =TS W.
EVALUATE: The instantaneous power can be greater than 6.75 W at times, but it can also be less than that
at other times, giving an average of 6.75 W.

31.23.  IDENTIFY and SET UP: Use the equations of Section 31.3 to calculate ¢, Z and V.. The average power
delivered by the source is given by Eq. (31.31) and the average power dissipated in the resistor is IrzmsR.
EXECUTE: (a) X; =wL=2rfL=2x(400 Hz)(0.120 H)=301.6 Q

C=L= L _ ! T =5451Q
oC 2z fC  27(400 Hz)(7.3x107° F)
X; - X, 1.6Q-5441Q .
tan ¢ = —L ¢ = 301.6 > , S0 ¢ =+45.8°. The power factor is cos¢ =+0.697.
240 Q

() Z=+R? +(X; - X¢)? =240 Q)2 +(301.6 Q- 5451 Q)? =344 Q
(©) Vs = LmsZ =(0.450 A)(344 Q) =155V
(d) P, =1 nVims c0s@ = (0.450 A)(155 V)(0.697) =48.6 W
(e) P, =12, R=(0.450 A)*(240 Q) =48.6 W
EVALUATE: The average electrical power delivered by the source equals the average electrical power
consumed in the resistor.
(f) All the energy stored in the capacitor during one cycle of the current is released back to the circuit in
another part of the cycle. There is no net dissipation of energy in the capacitor.
(g) The answer is the same as for the capacitor. Energy is repeatedly being stored and released in the
inductor, but no net energy is dissipated there.

31.24. IDENTIFY and SET UP: P, =V, [ cos@. [ = VerS . cosg= ;

80.0V 75.0Q
EXECUTE: [, =—"—=0.762 A. cosg= =0.714. P, =(80.0 V)(0.762 A)(0.714)=43.5 W.
ms =050 ?=T050 av = ( X )(0.714)

EVALUATE: Since the average power consumed by the inductor and by the capacitor is zero, we can also
calculate the average power as F,, = IrzmsR =(0.762 A)*(75.0 Q) =43.5 W.
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31.25. IDENTIFY: The angular frequency and the capacitance can be used to calculate the reactance X of the
capacitor. The angular frequency and the inductance can be used to calculate the reactance X; of the
inductor. Calculate the phase angle ¢ and then the power factor is cos¢@. Calculate the impedance of the
circuit and then the rms current in the circuit. The average power is B, =Vl ms €0S@. On the average no
power is consumed in the capacitor or the inductor, it is all consumed in the resistor.

SET Up: The source has rms voltage V= % BV 31.8 V.

NG

EXECUTE: (a) X, = oL = (360 rad/s)(15x107> H)=5.4 Q.

XC=L= ! ——=7%4Q. tan¢:XL_XC:5'4Q_794Q and ¢ =-72.4°,
oC (360 rad/s)(3.5x107° F) R 250 Q
The power factor is cos¢@ =0.302.
) Z =[R2 +(X; - Xc)? =250 Q) +(5.4Q-794Q)> =827 Q. I, =%=%=o.o385 A

P, =Vimslims c0s@=(31.8 V)(0.0385 A)(0.302)=0.370 W.
(¢) The average power delivered to the resistor is P, = IﬁnsR =(0.0385 A)2(250 Q)=0.370 W. The

average power delivered to the capacitor and to the inductor is zero.
EVALUATE: On average the power delivered to the circuit equals the power consumed in the resistor. The
capacitor and inductor store electrical energy during part of the current oscillation but each return the
energy to the circuit during another part of the current cycle.

31.26. IDENTIFY: At resonance in an L-R-C ac circuit, we know the reactance of the capacitor and the voltage
amplitude across it. From this information, we want to find the voltage amplitude of the source.

SET UP: Atresonance, Z=R. Vo=IXc.
EXECUTE: [= Vo0V
X 200Q

EVALUATE: Atresonance, Z =R, but X is not zero.

=3.00A. Z=R=300Q. V =1Z=(3.00 A)(300 Q) =900 V.

31.27. IDENTIFY and SET UP: The current is largest at the resonance frequency. At resonance, X; = X and
Z =R. For part (b), calculate Z and use I =V/Z.

EXECUTE: (a) f0=;=113HZ. I =V/R=15.0mA.

27N LC

(b) Xo=1/0C=500Q. X, =wL=160Q.

Z =\/R2 +(X, - X0)? =\/(200 Q)2 +(160Q—-500Q)* =3945Q. [=V/Z=7.61mA. X.>X, so the

source voltage lags the current.
EVALUATE: @, =27 f, =710 rad/s. @=400 rad/s and is less than ay. When w<ay, X >X;. Note

that / in part (b) is less than 7 in part (a).
31.28.  IDENTIFY: The impedance and individual reactances depend on the angular frequency at which the circuit is driven.

[ 2
SET UP: The impedance is Z = R>+ (a)L - ij , the current amplitude is / =V/Z and the instantaneous

values of the potential and current are v =1V cos(ax +¢), where tang = (X; — X-)/R, and i = cos .
. . 1 S
EXECUTE: (a) Zis a minimum when wL = Pt which gives

1 1
©=lc J(8.00 mH)(12.5 uF)
() I=V/Z=(25.0V)/(175Q)=0.143 A
(¢) i=Icosax=1/2, so cosaxt = %, which gives @t =60°=7x/3rad. v=V cos(ax + ¢), where
tang = (X; —X-)/R=0/R=0. So, v=(25.0 V)cosaxr =(25.0 V)(1/2)=12.5 V.

=3162 rad/s, which rounds to 3160 rad/s. Z=R =175 Q.
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Ve =Ri=(175 Q)(1/2)(0.143 A)=12.5 V.

ve =V cos(awt —90°) = IX - cos(awt —90°) = 0.143 A c0s(60°—90°)=+3.13 V.
(3162 rad/s)(12.5 uF)

vy =V cos(ax +90°) = LX; cos(ax +90°) = (0.143 A)(3162 rad/s)(8.00 mH)cos(60° + 90°).

vy =-3.13 V.

d) vp+v, +ve =125V +(=3.13V)+3.13 V=125V = v e

EVALUATE: The instantaneous potential differences across all the circuit elements always add up to the
value of the source voltage at that instant. In this case (resonance), the potentials across the inductor and
capacitor have the same magnitude but are 180° out of phase, so they add to zero, leaving all the potential

difference across the resistor.
31.29. IDENTIFY and SET UP: At the resonance frequency, Z = R. Use that V' =1Z,

Ve =IR, V; =IX; and V- =IX,. P, is given by Eq. (31.31).
(a) EXECUTE: ¥ =IZ = IR =(0.500 A)(300 Q) =150 V

(b) Vg=IR=150 V

X, =wL=L(LC)=LIC =2582Q;V, =IX, =1290 V
Xo=1/(@C)=LIC =2582Q; V- = IX =1290 V

(©) B, = %VI cos@ = %IZR, since V' = IR and cos¢ =1 at resonance.

P, = %(0.500 A)?(300Q)=37.5W
EVALUATE: Atresonance V; =V. Note that V', + V- >V. However, at any instant v; + v, =0.
31.30. IDENTIFY: The current is maximum at the resonance frequency, so choose C such that @ =150.0 rad/s is

the resonance frequency. At the resonance frequency Z =R.
SETUP: V; =IwL

EXECUTE: (a) The amplitude of the current is given by 1 = v > Thus, the current will
\/ R+ (a)L - 1)
oC
. . 1 1 1
have a maximum amplitude when @L =—. Therefore, C=——= 5 =44.4 uF.
aC o°L  (50.0 rad/s)“(9.00 H)

(b) With the capacitance calculated above we find that Z = R, and the amplitude of the current is
V120V
TR 400Q
V; =1(wl)=(0.300 A)(50.0 rad/s)(9.00 H) =135 V.
EVALUATE: Note that V} is greater than the source voltage amplitude.
31.31. IDENTIFY and SET UP: Atresonance X; =X, ¢=0andZ=R. R=150Q,L=0.750H,
C=0.0180 uF, V =150 V

=0.300 A. Thus, the amplitude of the voltage across the inductor is

EXECUTE: (a) At the resonance frequency X; = X and from tang = % we have that ¢ =0°
and the power factor is cos¢ =1.00.
(b) P, =1VIcos¢ (Eq.31.31)
24
At the resonance frequency Z =R, so [ = ~ = 3

14 y: (150 V)?
P, =1y| —|cosp=1-—=12"—""2 —750
w2 (Rj ¢ ZR 2150Q
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(c) EVALUATE: When C and fare changed but the circuit is kept on resonance, nothing changes in

2 : . -
B, =V~/(2R), so the average power is unchanged: F,, =75.0 W. The resonance frequency changes but
since Z =R at resonance the current doesn’t change.

31.32.  IDENTIFY: abz;. Ve=IXc. V=IZ

JLe

SET UP: Atresonance, Z =R.
1

JIC ™ J(0350 H)(0.0120x10° F)

EXECUTE: (a) @, = =1.54x10* rad/s

wy v=1z=| Y|z Y |p Xcziz . ! ——=541x10° Q.
X, X @C  (1.54x10” rad/s)(0.0120x107° F)

V= (L\g)moo Q)=40.7 V.
5.41x10° Q

EVALUATE: The voltage amplitude for the capacitor is more than a factor of 10 times greater than the
voltage amplitude of the source.

. 1 1
31.33.  IDENTIFY and SET UP: The resonance angular frequency is @y =——. X; =wL. X = e and

JLc
Z=\R*+(X, —Xc)z. At the resonance frequency X; = X and Z=R.
EXECUTE: (a) Z=R=115Q
1
\/(4.50><10‘3 H)(1.26x107° F)

() @y = =1.33x10* rad/s. @=2a, =2.66x10* rad/s.

1

X, = oL =(2.66x10* rad/s)(4.50x107> H) =120 Q. XC=$=(266 O redsn1 23 10_6F)=3OQ
. X raa/s . X

Z=\/(115 Q)2 +(120Q2-30Q)> =146 Q

() @=my/2=6.65x10% rad/s. X; =30Q. XC=$=IZOQ.

Z= \/(l 15 9)2 +(30Q-120 Q)2 =146 Q, the same value as in part (b).

EVALUATE: For w=2a,, X; >X.. For w=ay/2, X; <X,. But (XL—XC)2 has the same value at

these two frequencies, so Z is the same.
31.34. IDENTIFY: Atresonance Z=R and X; = X.
SETUP: @, - y-nz Ve =IR, V,=IX; and V. =V].

VLC
1

1
EXECUTE: (a) o= =
VLC /0280 H)(4.00x107° F)

(b) /=170 A atresonance,so R=Z= 14 = 120V =70.6 Q
I 170A
(c) Atresonance, Vy =120V, V; =V, =1wL =(1.70 A)(945 rad/s)(0.280 H) =450 V.

EVALUATE: Atresonance, V=V and V;, —V-=0.

=945 rad/s.

31.35. IDENTIFY and SET Up: Eq. (31.35) relates the primary and secondary voltages to the number of turns in
each. I =V/R and the power consumed in the resistive load is Iﬁns = Vnzns/R. Let I}, V| and I,, V, be rms
values for the primary and secondary.

EXECUTE: (a) ﬁ=& SO ﬂ:ﬂ:ﬂ_

=10
W N, Ny, ¥V, 120V
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31-10 Chapter 31
M) I, :ﬁ:%:lm A
R 500Q
(©) P, =I3R=(2.40 A)*(5.00 Q) =28.8 W
(d) The power drawn from the line by the transformer is the 28.8 W that is delivered by the load.
45 V2 (120 V)?
P, =—1 SORzgzuzsoog
R P, 288W
N 2
And (Flj (5.00Q)=(1 O)2 (5.00 Q) =500 Q, as was to be shown.
2
EVALUATE: The resistance is “transformed.” A load of resistance R connected to the secondary draws the
same power as a resistance (N;/N, >R connected directly to the supply line, without using the transformer.
31.36.  IDENTIFY: £, =V, /g and By =6, 5. %:g Let [}, V] and I,, V, be rms values for the
2
primary and secondary.
SETUp: ;=120 V. V,=13,000 V.
EXECUTE: (a) Ny B B0V 108
N W 120V
() P, =V,1, =(13,000 V)(8.50x107> A)=110 W
P, 11
© I, :ﬂ:ﬂ:0.917 A
v, 120V
EVALUATE: Since the power supplied to the primary must equal the power delivered by the secondary, in
a step-up transformer the current in the primary is greater than the current in the secondary.
31.37. IDENTIFY: Let [}, V] and I,, V, be rms values for the primary and secondary. A transformer transforms
voltages according to 4] = & The effective resistance of a secondary circuit of resistance R is
1 1
2
Ref =———— . Resistance R is related to F,, and Vi, by FB,, =—2%. Conservation of energy requires
(No/Ny)
Foi=Fyo so N =10,
SETUP: Let /1 =240V and V, =120V, so P,,, =1600 W. These voltages are rms.
EXECUTE: (a) V=240V and we want V, =120 V, so use a step-down transformer with N,/N; = %
P, 1600 W
b) P, =W1,, so [} == =6.67 A.
( ) av 1“1 1 Vl 240 V
. . V2 (120v)? . . .
(¢) The resistance R of the blower is R =—— =-————=9.00 Q. The effective resistance of the blower is
v 1600 W
.00 Q
off — % = 360 Q
1/2)
EVALUATE: [,V, =(13.3 A)(120 V) =1600 W. Energy is provided to the primary at the same rate that it
is consumed in the secondary. Step-down transformers step up resistance and the current in the primary is
less than the current in the secondary.
31.38.  IDENTIFY: Z =+ R*+(X, — X()% with X; =L and X, =$.

SET UP: The woofer has a R and L in series and the tweeter has a R and C in series.

EXECUTE: () Zyeorer = R +(1/oC)?

(b) Zwoofer =V R2 + (a)L)2
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©) If Ziyeeter = Zwoofer» then the current splits evenly through each branch.

(d) At the crossover point, where currents are equal, R* +(1/@C?) = R* +(wL)*. @= el 2C and

= o 1

2 2zJLC’
EVALUATE: The crossover frequency corresponds to the resonance frequency of a R-C-L circuit, since the
crossover frequency is where X; = X.

31.39. IDENTIFY and SET UP: Use Eq. (31.24) to relate L and R to ¢. The voltage across the coil leads the
current in it by 52.3°, so ¢ =+52.3°.

X; - X, . . . S
EXECUTE: tan¢g= LTC But there is no capacitance in the circuit so X =0. Thus

tang = % and X; = Rtang = (48.0 Q)tan52.3°=62.1Q.

X, 621Q
2z f 2m(80.0 Hz)
EVALUATE: ¢>45° when (X; — X)> R, which is the case here.

=0.124 H.

X, =wL=2xfLsoL=

v,
31.40.  IDENTIFY: Z =+ R*+(X; = X0). I =2 Vis = LensRe Vs = Lems X0V gns = Tims X1

_ ¥V 300V
V2 V2

EXECUTE: (a) @=200 rad/s, so X, = L = (200 rad/s)(0.400 H)=80.0Q and

SETUP: V, =212V.

X Lo ! —=833Q Z=\/(2009)2+(80.OQ—833Q)2 =779Q.
oC (200 rad/s)(6.00x107° F)
V.. 212V
=8 = =0.0272 A. ¥} reads Vi g = IR =(0.0272 A)(200Q)=5.44 V. V, reads

w7z 779Q
Vi ms = Ims X1 = (0.0272 A)(80.0 Q) =2.18 V. V5 reads Ve e = Iy X =(0.0272 A)(833Q) =227 V.

VL —Vc

V2

(b) @=1000rad/s so X, = wL=(5)80.0Q)=400Q and X, =

V, reads =[Vrms = Ve ums| =[2-18 V=22.7 V| =20.5 V. V5 reads Vo =212 V.

1
oC
v 212V

7 =4(200Q)> +(400Q-167Q)> =307 Q. [ =10 = =
\/( ) ) mez307Q

V, reads V=276 V. V3 reads Vi s =11.5 V.

0.0691 A. V| reads Vg s =13.83 V.

Vy 1€ads |V s = Ve ms| =[27.6 V=11.5 V|=16.1 V. V5 reads Vi, =21.2'V.

EVALUATE: The resonance frequency for this circuit is @y = ﬁ =645 rad/s. 200 rad/s is less than the

resonance frequency and X~ > X;. 1000 rad/s is greater than the resonance frequency and X; > X.

31.41. IDENTIFY: We can use geometry to calculate the capacitance and inductance, and then use these results to
calculate the resonance angular frequency.

g4
SET Up: The capacitance of an air-filled parallel plate capacitor is C = 07. The inductance of a long
2

g A . . .
solenoid is L = M. The inductor has N = (125 coils/cm)(9.00 cm) =1125 coils. The resonance

frequency is fo=ﬁ. £ =8.85x10712 C¥/N-m?. py=47x10"" T-m/A.
TT
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g A (8.85x107'2 CH/N-m?)(4.50x107% m)?

EXECUTE: C : =224x10"12 F.
d 8.00x107> m
2 -7 —2 2 2
[ Mo AN? _(4zmx107'T m/A)7z(0.25(2)><10 m?(11257° .oy
/ 9.00x10™* m
@y = ! =3.59x10" radss.

\/(3.47><10‘4 H)(2.24x107'2 F)

EVALUATE: The result is a rather high angular frequency.
31.42. IpENTIFY: Use geometry to calculate the self-inductance of the toroidal solenoid. Then find its reactance
and use this to find the impedance, and finally the current amplitude, of the circuit.

2
SET Up: L=”°2N A X, =2, 7= [R2+ X2, and 1=V1Z.
r

2 2 -4 2
Execute: L=N"A_ 00107 1. mya) 2200 (0.450><210 ™) _g41x107* H.
27 9.00x1072 m
X, =27 fL=(27)(365 Hz)(8.41x107* H)=1.929Q. Z=+|R*+X? =3.40Q. I=%=%=7.06 A.

EVALUATE: The inductance is physically reasonable.
31.43. IDENTIFY: An L-R-C ac circuit operates at resonance. We know L, C, and 7 and want to find R.

1 1
SET UP: Atresonance, Z=R and w=wpy=——. Xo=—,1=V/Z.
DT T we

EXECUTE: w:;:633.0 rad/s X, _ L !

= =329.1Q.
NLC oC (633 rad/s)(4.8()><10_6 F)
[:E: 80.0 V =0.2431 A. Atresonance Z =R, so ]:K, R:K:M:BOQ
Xco 329.1Q R I 02431A

EVALUATE: At resonance, the impedance is a minimum.
31.44. IDENTIFY: X;=wL. B, =V I COSP
SETUP: f=120Hz; w=2xf.
Xy, 250Q

== _0332H
©  27(120 Hz)

EXECUTE: (a) X, =wL= L=

R v, V2 R
() Z=+R? + X2 =/(400 Q)2 +(250 Q)* =472 Q. cosp =" and [y, =~ B ="I 2 5o

[P /800W
V. =Z ] =(472Q) [—— =668 V.
ms R ( ) 400 Q
V.

EVALUATE: [ =—"%= 08V _ 1.415 A. We can calculate P, as

™z 4120
12 R =(1.415 A)*(400 Q) =800 W, which checks.
31.45.  (a) IDENTIFY and SET UP: Source voltage lags current so it must be that X~ >X; and we must add an
inductor in series with the circuit. When X~ = X, the power factor has its maximum value of unity, so
calculate the additional L needed to raise X; to equal X.
(b) EXECUTE: Power factor cos¢ equals 1 so ¢ =0 and X = X;. Calculate the present value of
Xc—X; tosee how much more X; isneeded: R=Zcos¢=(60.00Q)(0.720)=43.2Q

Xc

tan¢=XL+ soX; —X.=Rtang

cos¢ =0.720 gives ¢ =—43.95° (¢ is negative since the voltage lags the current)
Then X; — X = Rtang =(43.2 Q)tan(—43.95°) =-41.64 Q.
Therefore need to add 41.64 Qof X;.
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X, 41.64Q
27f  27(50.0 Hz)

EVALUATE: From the information given we can’t calculate the original value of L in the circuit, just how
much to add. When this L is added the current in the circuit will increase.
31.46. IDENTIFY: Weknow R, X;, X, and V; for a series L-R-C ac circuit. We want to find Vp, V-,V and

the power delivered by the source.

X, =wL=2xfLand L=

=0.133 H, amount of inductance to add.

4
SET Up: 1=X—L, V=IX, P, =I2R.
L

Pi 30V _ 500 A. 7 = IR =(0.500 A)(300Q) =150 V.
X, 900Q

(b) Vi = IXc = (0.500 A)(500 Q) =250 V.

EXECUTE: (a) [ =

(© V =V +(V, —Ve)* =4(150 V)? + (450 V =250 V)? =250 V.

o 1o 1VE 1(150 V)?
@ fo =l = R = R =2 30002
EVALUATE: The voltage amplitude of the source is not the sum of the voltage amplitudes of the other
circuit elements since the voltages have their maxima at different times and are hence out of phase.

31.47. IDENTIFY: We know the impedances and the average power consumed. From these we want to find the

power factor and the rms voltage of the source.

R
SETUP: P=1I2R. cosg =" Z=R?+ (X, = X)? . Vs = IimiZ.

EXECUTE: (a) [, = \E = /63%'8 g =0447A. Z= \/(300 Q)% +(500 Q—300 Q)> =361 Q.

cos¢:£:w:0.83l.
Z 361Q

(b) Ve = I Z = (0.447 A)(361 Q) =161 V.

=375 W.

EVALUATE: The voltage amplitude of the source is Vmﬁ =228 V.

31.48. IDENTIFY: Use V., =1,Z tocalculate Z and then find R. P, = IfmsR
SETUP: X =50.0Q

Expcute: Z=2ms = 230V 000 [R2+ X2 = R? +(50.0 Q). Thus,
1. 300A

R= \/ (80.0 9)2 —(50.0 Q)2 =62.4 Q. The average power supplied to this circuit is equal to the power

dissipated by the resistor, which is P = IénsR =(3.00 A)2(62.4 Q)=562 W.

X;—Xc —50.0Q
R 62.4Q

P =Vl ims €08 @ = (240 V)(3.00 A)cos(—38.7°) =562 W, which checks.

31.49. IDENTIFY: The voltage and current amplitudes are the maximum values of these quantities, not
necessarily the instantaneous values.
SET UP: The voltage amplitudes are V =RI,V; = X1, and V= X[, where I =V/Z and

2
Z= R%(a;L—Lj .
wC

EXECUTE: (a) w=2xf =27(1250 Hz) = 7854 rad/s. Carrying extra figures in the calculator gives
X; =L = (7854 rad/s)(3.50 mH) =27.5 Q; XC =1/@C =1/[(7854 rad/s)(10.0 uF)]=12.7 Q;

EVALUATE: tang= and ¢ =-38.7°.

Z=R2+(X, - Xc)? =4/(50.0Q)% +(27.5Q-12.7Q)* =57.5 ;
[=VIZ =(60.0 V)/(52.1 Q)=1.15 A; Vg = RI =(50.0 Q)(1.15 A)=57.5 V;
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31.50.

31.51.

V=X I1=275Q)1.15A)=31.6 V; Ve =X 1 =(12.7Q)(1.15A)=14.6 V.

The voltage amplitudes can add to more than 60.0 V because the voltage maxima do not all occur at the
same instant of time. At any instant, the instantaneous voltages across the resistor, inductor and capacitor
all add to equal the instantaneous source voltage.

(b) All of them will change because they all depend on @. X; = @wL will double to 55.0Q, and

X =1/@C will decrease by half to 6.35 Q. Therefore Z = \/(50.0 Q)? +(55.0Q-635Q)> =69.8Q;

I =VIZ=(60.0V)/(69.8 ) =0.860 A; V; = IR =(0.860 A)(50.02)=43.0V;

V; =1X; =(0.860 A)(55.0 Q)=47.3 V; V- =1X,=(0.860 A)(6.35Q)=5.46 V.

EVALUATE: The new amplitudes in part (b) are not simple multiples of the values in part (a) because the
impedance and reactances are not all the same simple multiple of the angular frequency.

IDENTIFY and SET UP: X = é X; =wL.

EXECUTE: (a) L =@l and LC = Lz At angular frequency @,
ocC o

X, ol o 2 1
2L 2 ot C=(2 —=4. X, >X .
Xc VanC “2 (2a) 0)12 L ¢

(b) At angular frequency aj, X _ a)32LC = (ﬂjz [Lz] = l Xc>X;.
Xc 3 o) 9
EVALUATE: When @ increases, X; increases and X decreases. When @ decreases, X; decreases
and X increases.
(c) The resonance angular frequency ay, is the value of @ for which X, =X;, so @, =a.
IDENTIFY and SET UP: Express Z and / in terms of @, L, C and R. The voltages across the resistor and

the inductor are 90° out of phase, so V; = JV,? + VLZ.
EXECUTE: The circuit is sketched in Figure 31.51.

l‘:nul I = E S
Z

Figure 31.51

Vow =INR2 + X2 = INR? + 0?12 =,

@ small

2
As o gets small, R? +(a)L—Lj e%,Rz +w’l? > R
wC w°C
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2
Therefore @ = @RC as @ becomes small.
Vs /o C*)

w large
12
As w gets large, R? +(a)L _Ej >R+’ 1* - 0** R + 0’7 - o1

o’ I?

Therefore, @% 53
Vs 'L

=1as @ becomes large.

EVALUATE: V
If the source voltage contains a number of frequency components, only the high frequency ones are passed
by this filter.

31.52. IDENTIFY: V=V.=IX.. I=V/Z.

/Vy = 0 as @ becomes small, so there is V, only when the frequency @ of V; is large.

SETUr: X, =wlL, X, =$.

EXECUTE: V= Vp = —— = Yout _ 1 |
oC " Vo R + (0L -1/wC)?

Vs 1 1
Vo aC\R*+(@L-1aC)*  aCy(eL)? (LO&

If w is large:

If w is small: hz;=£=l.

s wcyawc)y? @
EVALUATE: When o is large, X issmall and X islarge so Z is large and the current is small. Both
factors in V- =X are small. When @ is small, X is large and the voltage amplitude across the
capacitor is much larger than the voltage amplitudes across the resistor and the inductor.

31.53.  IbENTIFY: [=V/Z and B, =1I°R.

SETUP:  Z =+/R: + (0L —1/aC)>

EXECUTE: (a) I=K= r .
Z R +(wL-1wc)?
2 2
1 1(V V2R/2
(b)Pavz—Isz—(—J R=— =
2 2\ 7 R* +(wL-1/aX)

(¢) The average power and the current amplitude are both greatest when the denominator is smallest, which

occurs for oL = L S0 @y -
“ a,C’ JLc'

(100 V)*(200 Q)/2 250?
) £y = 2 e ) 3 2 WV
(200 Q)% +(@(2.00 H)—1/[a(0.500x107° F)])>  40,0000” + (2 — 2,000,000 s~2)

The graph of P,, versus @ is sketched in Figure 31.53.

EVALUATE: Note that as the angular frequency goes to zero, the power and current are zero, just as they
are when the angular frequency goes to infinity. This graph exhibits the same strongly peaked nature as the
light purple curve in Figure 31.19 in the textbook.
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Power
(W)
0.000800
0.000600
0.000200
Angular
0.00 == — frequency
0.00 400 800 12X10° 16X 10° ()
Figure 31.53
1
31.54. IDENTIFY: V; =IwL and V.=—.
oC
V
SET UP: Problem 31.53 shows that 7 = .
JR + (0L - 1/[&C])?
EXECUTE: (a) V; =1wL = VoL .
JR? + (0L - 1/[aC])?
1 vV
b)) Ve=—= > =
oC  uC\R? + (0L -1/[X])
(¢) The graphs are given in Figure 31.54.
EVALUATE: (d) When the angular frequency is zero, the inductor has zero voltage while the capacitor has
voltage of 100 V (equal to the total source voltage). At very high frequencies, the capacitor voltage goes to
. . 1
zero, while the inductor’s voltage goes to 100 V. At resonance, @, = ﬁ =1000rad/s, the two voltages
are equal, and are a maximum, 1000 V.
Inductor voltage (V) Capacitor voltage (V)
0.00 : i Angular 0.00 : I Angular
0.00 2,00 x 10 4,00 x 10>  frequency 0.00 2.00 x 10 4,00 x 10°  frequency
(rads) (rad/s)
Figure 31.54
31.55. IDENTIFY: Weknow R, X and ¢ so Eq. (31.24) tellsus X;. Use B, =Ir2mSR to calculate /.. Then

calculate Z and use Eq. (31.26) to calculate V,; for the source.
SET UP: Source voltage lags current so ¢ =-54.0°. X-=350Q,R=180Q, F,, =140 W
— XC

X
EXECUTE: (a) tang= LT
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X; =Rtan¢+ X =(180Q)tan(-54.0°) +350 Q =-248 Q +350 Q2 =102 Q

(0) Py =Vymsyms cOs@ = I3, R (Exercise 31.22). I, = /% = /% =0.882 A

(©) Z =R+ (X, - X)? =(180Q)% + (1022 -350Q)> =306 Q
Vims = IimsZ =(0.882 A)(306 )=270 V.
EVALUATE: We could also use Eq. (31.31): B, =V, /s COS@
P, 140 W
I/I‘I'ﬂS = =
I nscos¢  (0.882 A)cos(—54.0°)

when X > X, and this agrees with what we found.

=270V, which agrees. The source voltage lags the current

31.56. IDENTIFY: At any instant of time the same rules apply to the parallel ac circuit as to the parallel dc circuit:
the voltages are the same and the currents add.
SET Up: For a resistor the current and voltage in phase. For an inductor the voltage leads the current by
90° and for a capacitor the voltage lags the current by 90°.
EXECUTE: (a) The parallel L-R-C circuit must have equal potential drops over the capacitor, inductor and
resistor, so vy =v; =V =v. Also, the sum of currents entering any junction must equal the current
leaving the junction. Therefore, the sum of the currents in the branches must equal the current through the
source: i =ip+i; tic.

(b) ip :% is always in phase with the voltage. i; = LL lags the voltage by 90°, and i~ =vwC leads the
1)

voltage by 90°. The phase diagram is sketched in Figure 31.56.

2 2
(c) From the diagram, 122113 +(IC—IL)2:(%j +[Va)C—LLj .
10)

1 1Y 4 1 1 1Y
(d) Frompart (¢): [ =V,[———+|wC——| . But I=—, so —=,[—+| oC——| .
R? wL z Z \RrR? )

1 . . .
EVALUATE: Forlarge w, Z — Pk The current in the capacitor branch is much larger than the current

in the other branches. For small @, Z — @wL. The current in the inductive branch is much larger than the
current in the other branches.

l'.(' I
Iy

Figure 31.56

31.57. IDENTIFY: Apply the expression for / from Problem 31.56 when @, =1/vLC.

2
SET UP: From Problem 31.56, 12V\/%+(¢0C—LJ .
R wL

1 1 14
EXECUTE: (a) At resonance, =—oC=——=I[=Va,C=——=1; so
( ) 2 \/ﬁ @y a)OL C 2 wOL L

I=1p and/is a minimum.
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2 2

(M) P, = ‘;‘S cosg = 3 at resonance where R <Z so power is a maximum.

(¢) At w=a,, I and V are in phase, so the phase angle is zero, which is the same as a series resonance.

EVALUATE: (d) The parallel circuit is sketched in Figure 31.57. At resonance, |ic| = |iL| and at any instant

of time these two currents are in opposite directions. Therefore, the net current between a and b is always

Zero.

(e) If the inductor and capacitor each have some resistance, and these resistances aren’t the same, then it is

no longer true that i +i; =0 and the statement in part (d) isn’t valid.

f
b

Figure 31.57
31.58. IDENTIFY: Refer to the results and the phasor diagram in Problem 31.56. The source voltage is applied

across each parallel branch.

SETUP: ¥V =2V, =311V

11
EXECUTE: (a) Ip = K = 3—V =0.778 A.
R 400Q
(b) I =VawC=(311V)360 rad/s)(6.00x107° F) = 0.672 A.
1 672 A
(¢) ¢ =arctan ~C |=arctan % =40.8°.
Iy 0.778 A

@) [=\13+12 =J(0.778 A)’ +(0.672 A2 =1.03 A.

(e) Leads since ¢ > 0.

EVALUATE: The phasor diagram shows that the current in the capacitor always leads the source voltage.
31.59. IDENTIFY and SET UP: Refer to the results and the phasor diagram in Problem 31.56. The source voltage

is applied across each parallel branch.
EXECUTE: (a) Iy = K; Ic=VaC;I; =L.
R oL
(b) The graph of each current versus @is given in Figure 31.5%a.
©w—>0:1r—>0;1I; D00, W00l —00;[; —0.
At low frequencies, the current is not changing much so the inductor’s back-emf doesn’t “resist.” This
allows the current to pass fairly freely. However, the current in the capacitor goes to zero because it tends
to “fill up” over the slow period, making it less effective at passing charge. At high frequency, the induced

emf in the inductor resists the violent changes and passes little current. The capacitor never gets a chance
to fill up so passes charge freely.

@ ool 1
VLC  [2.0 H)(0.50x107° F)

in Figure 31.59b.

o1-{5] o]

2 2
I= [Mj +] (100 V(1000 s™")(0.50x107° F) —# =050 A
200 Q (1000 s™")(2.0 H)

=1000 rad/sec and f =159 Hz. The phasor diagram is sketched
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- - 100V
(f) Atresonance I; = I =V C = (100 V)(1000s™)(0.50x107° F) = 0.0500 A and I, :% :2(())% =0.50 A.
EVALUATE: Atresonance i- =i; =0 atall times and the current through the source equals the current

through the resistor.

T(A)

' | | Iy

 ——

Sk i I Iy

n
6p-

.“ ) C ol
0 ek Y P e e ———  (rad/s)
0.00 2.00 4.00 6.00 8.00 10.0

(@ (b)
Figure 31.59

31.60. IDENTIFY: The circuit is in resonance, and we know R, L, C and V. We want the resonance angular
frequency, the current amplitude through the source and resistor and the maximum energy stored in the
inductor and capacitor.

|
“=Trc

V; =1; X;. The maximum energy stored in the inductor is U; = %L[ LZ. The maximum energy stored in

Vv

SET Up: and at resonance, Z=R. [= 7 Ve=Ve=V,=V. Ve=IpR, Ve=1-X(,

the capacitor is U = %Cch.

EXECUTE: (a) @, = ! =5.77x10° rad/s.
\/(0.300 H)(O.lOOxlO‘6 F)
(b) =LV 20V ha0a
Z R 100Q
14
() I =E=2'4O A.

(d) X, =wL=(5.77x10° rad/s)(0.300 H)=1.73x10° Q.
14 240 V

=— =—"""  -0.139A.
X, 1.73x10°Q

L

1 1
(€ Xe=—72= 3 3
oC  (5.77x10° rad/s)(0.100x10° F)

(h U, =111, =1(0.300 H)(0.139 A)* =2.90x107> J=2.90 mJ.

=1.73x10° Q. I-=1; =0.139 A.

Ue =1CV:% =1(0.100x10™° F)(240 V)* =2.90x107 J =2.90 mJ.

EVALUATE: The maximum energy stored in the inductor and capacitor is the same, but not at the same time.
1

27LC

. 1 .
31.61. IDENTIFY: The resonance angular frequency is @y = ﬁ and the resonance frequency is f, =

SET UP: @ is independent of R.
EXECUTE: (a) ay(orfy) depends only on L and C so change these quantities.
(b) To double @, decrease L and C by multiplying each of them by %
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EVALUATE: Increasing L and C decreases the resonance frequency; decreasing L and C increases the
resonance frequency.
31.62. IDENTIFY: The average power depends on the phase angle ¢.

2
SET UP: The average power is B, =V [...cos@, and the impedance is Z = R? +(a)L —éj .

EXECUTE: (a) B, =Vl cos¢=%(Vm‘slmls), which gives cos¢ =

rms” rms

%, so ¢=m/3=60°.

tang = (X; — X)/R, which gives tan60°=(wL —1/@wC)/R. Using R=75.0Q, L =5.00 mH and

C =2.50 uF and solving for @ we get w=28760 rad/s = 28,800 rad/s.

(b) Z=R?+(X; —X)?, where X, =L = (28,760 rad/s)(5.00 mH) =144 Q and

X¢ =1/aC =1/[(28,760 rad/s)(2.50 uF)] =13.9 Q, giving Z =+/(75 Q)> + (144 Q2 -13.9Q)? =150 Q;
I1=V]Z=(15.0V)/(150 €)=0.100 A and B, =% VIcos@ =%(15.0 V)(0.100 A)(1/2)=0.375 W.

EVALUATE: All this power is dissipated in the resistor because the average power delivered to the
inductor and capacitor is zero.

31.63. IDENTIFY and SET UP: Eq. (31.19) allows us to calculate 7 and then Eq. (31.22) gives Z. Solve
Eq. (31.21) for X;.

EXECUTE: (a) V= IX, so1=2c 30V _ 7504
Xo 480 Q
) V=1zs0z=L=12V _1500
10750 A

(© Z*=R*+(X, - X.)*
X, - Xo=+Z*-R*, so

X, =Xo+NZ?-R? :4809i\/(1609)2 —(80.0Q)> =480Q+139Q
X, =619Q or 341Q

1 .
(d) EVALUATE: X, = pva and X; = wL. Atresonance, X =X;. As the frequency is lowered below

the resonance frequency X increases and X; decreases. Therefore, for w< @y, X; < X,. So for

X =341Q the angular frequency is less than the resonance angular frequency. @ is greater than
when X; =619 Q. But at these two values of X, the magnitude of X; — X is the same so Z and [ are
the same. In one case (X; =691Q) the source voltage leads the current and in the other (X; =341Q) the

source voltage lags the current.
31.64. IDENTIFY and SET Up: Calculate Zand [ =V/Z.
EXECUTE: (a) For @w=2800rad/s:

Z= \/RZ +(wL—-1/aC)? = \/(500 Q)% +((800 rad/s)(2.0 H) —1/((800 rad/s)(5.0x107" F)))>. Z =1030 Q.
V100V

Z 1030Q

Vo = 0.0971A =243V and ¥, = IwL =(0.0971 A)(800 rad/s)(2.00 H) =155 V.

@C (800 rad/s)(5.0x10~ F)
( oL - 1/(a)C)J B

¢ = arctan — =z ) —60.9°. The graph of each voltage versus time is given in Figure 31.64a.

=0.0971A. Vi =IR=(0.0971 A)(500 Q)=48.6 V,

(b) Repeating exactly the same calculations as above for @ =1000 rad/s:
Z=R=500Q; $=0; 1=0.200A; V=V =100V; V- =V; =400 V. The graph of each voltage versus
time is given in Figure 31.64b.
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(¢) Repeating exactly the same calculations as part (a) for @=1250 rad/s:
Z=1030Q; ¢=+60.9°% I =0.0971A; VR =48.6 V; V- =155V; VV; =243 V. The graph of each voltage
versus time is given in Figure 31.64c.

1 1
EVALUATE: The resonance frequency is @y = = =1000 rad/s. For o< @, the
JLC  {/(2.00 H)(0.500 uF)

phase angle is negative and for @ > @y, the phase angle is positive.

Voltage (V)

300 ;
200
0
—100 |
O i
~300 : — Time (s)
0.00 2.00 4.00 6.00 8.00 10.0 12,0
@
Voltage (V)
] I “Tav=y
I = ¥R
400 av,
oV
Time (
0 ime (s)
—300 : - ; E Time (s)
0.00 2.00 4.00 6.00 8.00 10.0 12.0 14.0

Figure 31.64

31.65. IDENTIFY and SET UP: Consider the cycle of the repeating current that lies between

1 1
[#idr and 12, =——[ " dr.

-7 ty—t"h

t =7/2 and t, =37/2. In this interval i:&(t—r). I, = .
2 2
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37/2
37/2

EXECUTE: [, = ! jtzidt=l i ﬂ(t—r)dtz@{lﬂ—n}

[2—11 h T 7/2 T T 2 7/2
20\ 972 372 7 P 1,

L= 2| - — |=(2))L(9-12-1+4)=-2(13-13)=0.

av (sz[ 3 2 3 2 ( 0)8( ) 4( )
1 t 1¢37/24]

2 2 _ 2.2 2 0 2

Irms_([ )av_tz—tl J-tl - 2 P} ( T) dl

2 2 2 3 3
2 Mo 32 g Moy 3T (T) (LT
s = NG XE S HELMNE 2113 :
2
2 _ 1 2
Im5=?°[1+1]=%10

[ 1
Il’IIlS = Irzms = TO3

EVALUATE: In each cycle the current has as much negative value as positive value and its average is zero.
i is always positive and its average is not zero. The relation between /.. and the current amplitude for

this current is different from that for a sinusoidal current (Eq. 31.4).
31.66.  IDENTIFY: Apply Vo =1nZ.

1 [»2 2
SETUP: @y =—— and Z=4R"+(X; - X()".
VLC

1 1
VLC  [1.80 H)(9.00x107 F)

(b) Z = R* +(&L ~1/aC)?.

EXECUTE: (a) @, = =786 rad/s.

Z= \/ (300 ©)? +((786 rad/s)(1.80 H) —1/((786 rad/s)(9.00x107 F)))* =300 Q.
Vins _ 60V

7o =tms S9NV 5500 A
ms0 =77 7300 Q
2
(C) We want [ = llrms-() - VrmS — Vrms . R2 + (C()L —l/a)C)Z — 4£/rm5_.
2 Z R+ (@L-vacy Tims-0
5 2
I 4 21 2—£+R2—%:0 and (0212 + @ RZ_E__“ZMS +L2:0.
wC C rms-0 ¢ Imls-o ¢

Substituting in the values for this problem, the equation becomes (a)2)2(3.24) +a’ (—4.27x10%) +
1.23x10'? = 0. Solving this quadratic equation in @ we find @* =8.90x10° rad?/s? or 4.28x10°
rad?/s> and @=943 rad/s or 654 rad/s.

(d) ) R=3009Q, I, o =0.200 A, | — | =289 rad/s. (i) R=30Q, I, o =2A, |@) — @] =28 radss.
(i) R=3Q, I;;.0=20 A, | — | =2.88 rad/s.

EVALUATE: The width gets smaller as R gets smaller; /., gets larger as R gets smaller.

31.67. IDENTIFY: The resonance frequency, the reactances, and the impedance all depend on the values of the
circuit elements.

SET UP: The resonance frequency is @, =1/vLC, the reactances are X; = @L and X =1/wC, and the
impedance is Z = R* + 0.6) —XC)Z.
EXECUTE: (a) @ =1/+/LC becomes 1 —1/2, so @, decreases by 1.

V2L2C ’ 2

(b) Since X; =wL, if L is doubled, X, increases by a factor of 2.
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31.68.

31.69.

(¢) Since X =1/wC, doubling C decreases X by a factor of %

) Z=+R*+ (X, —XC)2 —Z= \/(ZR)z +(2X, —%XC)Z, so Z does not change by a simple factor of

1
2 or >

EVALUATE: The impedance does not change by a simple factor, even though the other quantities do.
IDENTIFY: Atresonance, Z=R. I=V/R. Vy=IR, Vo=IXy and V; =IX;. U, =%CVC2 and

Uy =1iLr.

SET UpP: The amplitudes of each time-dependent quantity correspond to the maximum values of those
quantities.

EXECUTE: (a) 1=K= v . At resonance a)L:L and 1., :K.
Z R +(oL-1/aC) oC R
(b) chlXch:K A
RapyC RNC
14 V |L
)V, =IX; =—apyl=—,—.
©7 L= % R\/;

1 1 viL 1, v?
@ Up=scrg=tcl L 1,7
2 2 R*C 2 R?
1 1 v?
(@ Uy=—LI’=—L—.
2 2 R
EVALUATE: Atresonance V- =V, and the maximum energy stored in the inductor equals the maximum
energy stored in the capacitor.
IDENTIFY: [ =VIR. Vg =IR, Ve=IXc and V; =IX;. Uo=1CVZ and U, =1LI.

SET Up: The amplitudes of each time-dependent quantity correspond to the maximum values of those
quantities.

EXECUTE: w= %

a I:—: =
® zZ

2 9L
2, (&L \/RZ i
\/R +(2—2/a)0Cj v

(b) VC:])(C:iLz /i _r
,C oL NC [ 9L

S T (v
R*+-= RP+-=

2LV?
R*+ oL
4C
Lv?
2L
4C
EVALUATE: For w< @,V >V; and the maximum energy stored in the capacitor is greater than the

1

@ Ue=-CVe=
1.2

(e) UL:EL[ =

1
2

maximum energy stored in the inductor.
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31.70.

31.71.

31.72.

IDENTIFY: [ =VIR. Vg =IR, Ve=IXc and V; =IX;. Uc=2CVZ and Uy =1L,
SET UP: The amplitudes of each time dependent quantity correspond to the maximum values of those
quantities.
EXECUTE: w=2w,.
V_ 14 14

72" R+ cal-12a0) \/Rz 9L’
4C

(a) =

1
®) VC:IXC:za;OC\/ 5 9L \F
R \/ 9

L
(©) VL=IXL=20)0L\/ 5T \E\/

L 2
@ Up=—CVE= .
2
8.|R +3£
4C

Lv?
2,|R +2£
4C

EVALUATE: For @> @), V; >V and the maximum energy stored in the inductor is greater than the

() U, :%le =

maximum energy stored in the capacitor.

. V, N . .
IDENTIFY: A transformer transforms voltages according to —==—2. The effective resistance of a
1 1

. . . R
secondary circuit of resistance R is Ry =———-.
(N2/Ny)

SETUP: N, =275 and }V;=25.0V.
EXECUTE: (a) V, =V|(N,/N;)=(25.0 V)(834/275)=758V
R 125Q
(N,/Ny)™ (834/275)
EVALUATE: The voltage across the secondary is greater than the voltage across the primary since
N, > N. The effective load resistance of the secondary is less than the resistance R connected across the

secondary.

ms”* rms

IDENTIFY: P, =V nlimscos@ and [ V‘;S Calculate Z. R=Zcosg.

SETUP: f=50.0Hz and w=27xf. The power factor is cos¢.

2 2 2
EXECUTE: (a) P, = V}ns cosp. 7= Vims €0s@ _ (120 V)~(0.560)

= =36.7 Q.
P, (220 W)

R=Zcos¢=(36.7Q)(0.560) =20.6 Q.

) Z=\R2+X}? - X, =\Z?—R> =\/(36.7Q)? —(20.6 Q)2 =30.4Q. But $=0 is at resonance, so the

inductive and capacitive reactances equal each other. Therefore we need to add X =304Q. X, = é

therefore gives C = ! = ! = ! =1.05x107*F.

wXo 2mfXe  2m(50.0 Hz)(30.4 Q)
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_VE_(120V)?

(¢) At resonance, B, = =699 W.
R 206Q

EVALUATE: P, = IrzmsR and [, is maximum at resonance, so the power drawn from the line is
maximum at resonance.
L di .
31.73. IDENTIFY: pp= i’R. pp=iL—. pc= 4;
dt C
SETUP: i=Icosax

EXECUTE: (a) pg =i*R=1°cos>(a)R =Vl cos*(ax) = %VRI(I +cos(2ar)).
_Lpr o Vel T Vel r
Pu(R)=— | ) Prdt == | o (L cosRan)dt ==Lo{elg =3Vl
| T
(b) p; = Li% =—wLI”* cos(ea)sin(wr) =—1¥, Isin(2ar). But jo sinQar)dt =0= P, (L) =0.
t

T
© pc= %i =vci = VI sin(wt)cos(wr) = %VCI sin(2ar). But .[0 sinCar)dt=0= F,,(C)=0.

(d) p=pg+pp+p.=Vplcos’ (@) -1V, Isin2ar)+ 1V Isin(2wr) and

p=1cos(ax)(Vycos(awt)—V sin(ar) + V- sin(ar)). But cos¢ = VVR and sing = LVVC

, SO
p =VI cos(ar)(cos@cos(ar) —sin @gsin(ax)), at any instant of time.

EVALUATE: At an instant of time the energy stored in the capacitor and inductor can be changing, but
there is no net consumption of electrical energy in these components.

31.74. IDENTIFY: V; =IX;. C;L =0 at the @ where V; is a maximum. V. =IX. Zﬁ =0 atthe @ where
@ 1)
Ve is a maximum.
V
R + (0L —1/aC)?

SET UP: Problem 31.53 shows that / =

EXECUTE: (a) Vj =maximum when Vi =V, = 0=w, =

1
JLC’

(b) V; =maximum when 4 =0. Therefore: 4y =0= 4 VoL .
dow do — do| \[R? 4 (oL -1/aC)?
2 2 2
0= Ve Ve L,Z(L Var O ’;1/3‘/"2 O R4 (wL-1aC) = (12 ~1/0"C).
JR2+(@L-VaC)? (R +(@L-1/aC))
22

PN R N P I W

o’C* C  &'C* w 2 NLC-R*C*12

(¢) V¢ =maximum when 62& =0. Therefore: d& =0= i v
w

A0\ o\[R? + (0L -1/C)? |

14 V(L= C)(L+1/a’C)

0=- .
@*CR? +(@L-VaC)?  C(R* +(oL-1awC)’)"?

R* +(wL-1/aC)? =—a*(I? -1/ a*C?).

2
R2+(1)2L2—2—L=—a)2L2 and o=, |- &
C LC 217

R+ &’I* - % =-w’I’.
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EVALUATE: 7V is maximum at a frequency greater than the resonance frequency and V- is a maximum
at a frequency less than the resonance frequency. These frequencies depend on R, as well as on L and

on C.

31.75. IDENTIFY: Follow the steps specified in the problem.
SET UP: In part (a) use Eq. (31.23) to calculate Z and then I =V/Z ¢ is given by Eq. (31.24). In part (b)
let Z=R+iX.

EXECUTE: (a) From the current phasors we know that Z = \/ R*+ (wL -1/ a)C)z.

2
= [(400 Q)% +| (1000 rad/s)(0.50 H)— ! - =500 Q.
(1000 rad/s)(1.25x107° F)
V200V 6400 A
Z 500Q

(b) 9= arctan(

ol — 1/(a)C)j b= arctan[(l 000 rad/s)(0.500 H)—1/(1000 rad/s)(1.25x10~° F)
' 400 Q

J:+36.9°

1 1
¢) Z.,, =R+i| oL —— |. Z,, =400 Q—i| (1000 rad/s)(0.50 H) — =
© Zep ( ij *® (( X : (1000 rad/s)(1.25x107° F)J

400 Q—-300 Q.

Z =+/(400 Q) + (300 ©)2 =500 2.

v 200V 8+ 6i
Z_ . (400-300)Q 25

cpx
Im(lp) _6/25

Re(lyy) 8/25

JA =(0.320 A)+(0.240 A)i. [ = (Mj (8;56’} A =0.400 A.

(@ T = 25

(e) tang=—P" =222 -0 75— ¢ =+36.9°.

cpx

() Vrepx = IR = (8;6’j(400§2) (128 +961)V.

Viops = zlcpxa)L—z(g;LS j(looo rad/s)(0.500 H) = (=120 +160)V.
I

Ve =i—2% = (8+6’j ! = (+192— 256i)V.
oC (1000 rad/s)(1.25%10° F)

(®) Vepx =Vrepx +Viepx T Veepx = (128 +96i) V + (=120 +160i)V + (192 - 256i) V=200 V.
EVALUATE: Both approaches yield the same value for 7 and for ¢.
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