ALTERNATING CURRENT

31.1.

31.2.

31.3.

31.4.

IDENTIFY: i=/Icosar and I_, = I/\2.
SETUp: The specified value is the root-mean-square current; I =0.34 A.
EXECUTE: (a) I, =034 A

() I=+2I_ =2(0.34 A)=048 A.
(c) Since the current is positive half of the time and negative half of the time, its average value is zero.
(d) Since I is the square root of the average of i% the average square of the current is Iﬁm =(0.34 A)* =0.12 A?

EVALUATE: The current amplitude is larger than its rms value.
IDENTIFY and SET UP:  Apply Eqs.(31.3) and (31.4)

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

M, = ZI = 2(2.97 A)y=1.89 A

T
EVALUATE: (c) The root-mean-square voltage 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.
IDENTIFY and SET UP:  Apply Eq.(31.5).

EXECUTE: (a) V__ = Y _450V

RN
(b) Since the voltage is sinusoidal, the average is zero.
EVALUATE: The voltage amplitude is larger than V__.

IDENTIFY: V =IX_ with X =L.
aC

=318V.

SETUpP: @ is the angular frequency, in rad/s.
EXECUTE: (a) V=IX_= é so I =VaC =(60.0 V)(100 rad/s)(2.20x107° F)=0.0132 A.

(b) I =VaC =(60.0 V)(1000 rad/s)2.20x107° F) =0.132 A.
(©) I =VaC=(60.0V)10,000 rad/s)(2.20x10™° F)=1.32 A.
(d) The plot of log/ versus logw is given in Figure 31.4,
EVALUATE: [=@VC so log/ =log(VC)+logw. A graph of logI versus logw should be a straight line with
slope +1, and that is what Figure 31.4 shows.
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31.5. IPENTIFY: V =IX, with X, =wL.
SETUP: w is the angular frequency, in rad/s.

EXECUTE: (@) V=IX,=IwLand = Y = 600V =0.120 A.
oL (100 rad/s)(5.00 H)
(b) I=L: 600V =0.0120 A.
®L (1000 rad/s)(5.00 H)
©1I 14 0.0V =0.00120 A.

"L (10,000 rad/s)(5.00 H)

(d) The plot of log I versus log wis given in Figure 31.5.

EVALUATE: = LL so logl =log(V/L)—logw. A graph of log I versus log @ should be a straight line with
@

slope —1, and that is what Figure 31.5 shows.
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Figure 31.5

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.
SETUP: The reactances are X, =1/wC and X; = wL.

. . 1
EXECUTE: (a) Equating the reactances gives 9L=— = 0 =—

(b) Using the numerical values we get @ = = 7560 rad/s

JLC  J(5.00 mH)(3.50 uF)
X=X, = @l = (7560 rad/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: For a resistor v, =iR. For an inductor, v, =V cos(ewr +90°). For a capacitor,
v =Vcos(wr—90°).
EXECUTE: The graphs are sketched in Figures 31.7a-c. The phasor diagrams are given in Figure 31.7d.

EVALUATE: For a resistor only in the circuit, the current and voltage in phase. For an inductor only, the voltage
leads the current by 90°. For a capacitor only, the voltage lags the current by 90°.

Figure 31.7a and b



Alternating Current 31-3

31.8.

31.9.

31.10.

31.11.

Figure 31.7¢
1 1 I
v,
Ve L
Ve
resistor inductor capacitor
Figure 31.7d

. . I 1 1
IDENTIFY: The reactance of an inductor is X, = wL =2z fL . The reactance of a capacitor is X, =—=——

oC 27fC
SETUP: The frequency fis in Hz.

EXECUTE: (a) At 60.0 Hz, X, =27(60.0 Hz)(0.450 H)=170 Q. X, is proportional to fso at 600 Hz, X, =1700 Q.
1

(b) At60.0Hz, X .= =1.06x10° Q. X_ is proportional to 1/f, so at 600 Hz, X, =106 Q.
¢ 27(60.0 Hz)(2.50x107° F) ¢ ¢

=150 Hz.

1 1 1
(© X,=X_,says 2rfL=——and f=———=
e 27 fC 22JLC  27,J(0.450 H)(2.50x10~ F)

EVALUATE: X, increases when fincreases. X decreases when fincreases.

IDENTIFY and SET UP:  Use Eqgs.(31.12) and (31.18).

EXECUTE: (a) X, =wL=2xfL =27(80.0 Hz)(3.00 H)=1510 Q

X, 120Q

272f  272(80.0 Hz)

11 1

oC 27fC " 272(80.0 Hz)(4.00x10™° F)
1 1

2rfX,. 27(80.0 Hz)(120 Q)

EVALUATE: X, increases when L increases; X decreases when C increases.

() X, =27 /L gives L = =0.239 H

=497 Q

(© X, =

@ X = 1 gives C = =1.66x10" F
27

IDENTIFY: V, =IwL

SETUP: ® is the angular frequency, inrad/s. f = 22 is the frequency in Hz.
T

2.
EXECUTE: V,=IwLso f= Y (2.0 V) =1.63x10° Hz.

201 27(2.60x10° A)4.50x10~ H)

EvALUATE: When fis increased, / decreases.
IDENTIFY and SET UP:  Apply Eqs.(31.18) and (31.19).

EXECUTE: V=IX_ s0oX, _r_1nv =200Q
I 0850A
XC=L gives C= L ! =1.33x107° F=13.3 4F
wC 2rfX. 27(60.0 Hz)(200 Q)

EVALUATE: The reactance relates the voltage amplitude to the current amplitude and is similar to Ohm’s law.
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31.12.

31.13.

31.14.

31.15.

T I . .
IDENTIFY: Compare v, thatis given in the problem to the general form v, = Rsm orand determine @.

SET Up: Xczi. vy =iR and i=Icosw.
aC

1 1

EXECUTE: (a) X, =——= ——=1736Q
oC (120rad/s)(4.80x10° F)
V., 160V 3 ) 3
(b) I=—-= =4378x10™ A and i=1cosar =(4.378x107 A)cos[(120 rad/s)t]. Then
X. 1736 Q

v, =iR= (4.38x107* A)(250 Q) cos((120 rad/s)t) =(1.10 V)cos((120 rad/s )r).
EVALUATE: The voltage across the resistor has a different phase than the voltage across the capacitor.
IDENTIFY and SET UP:  The voltage and current for a resistor are related by v, =iR. Deduce the 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) v, =(3.80 V)cos[(720 rad/s)¢]

380V
150 Q

. .V
vy =iR, s0i=*%=
R

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

(b) X, =wL

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

(¢) If i=Icosar then v, =V, cos(ar+90°) (from Eq.31.10). V, = IwL=1X, =(0.02533 A)(180 Q) =456 V
v, =(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.

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

SETUp: With no capacitor, Z=+/R>+ X and tang¢ =%. X,=oL I =—‘Z£' V, =1IX,and V, = IR. For an

inductor, the voltage leads the current.
EXECUTE: (a) X, = @wL=(250rad/s)(0.400 H)=100 Q. Z = J(zoo Q)% + (100 Q)* =224 Q.

M) I =K=30'0 v =0.134 A
Z 224Q
(¢) V., =IR=(0.134 A)200 Q)=268 V. V, =IX, =(0.134 AY(100 Q)=134 V.
(d) tang = % = %and @ =+26.6°. Since ¢is positive, the source voltage leads the current.

(e) The phasor diagram is sketched in Figure 31.14.
EVALUATE: Note that V, +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: v,(t)is given by Eq.(31.8). v,(¢) is given by Eq.(31.10).
SETUp: From Exercise 31.14, V=30.0V, V, =268V, V, =13.4 V and ¢ =26.6°.
EXECUTE: (a) The graph is given in Figure 31.15.
(b) The different voltages are v=(30.0 V)cos (250t +26.6°), v, =(26.8 V)cos(250¢),

v, =(13.4 V)cos(250t +90°). At t =20ms: v=20.5V, v,=7.60V, v, =12.85V. Note that v, +v, =v.
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31.16.

31.17.

(© At t=40ms: v=-152V, v, =-22.49V, v, =729 V. Note that v, +v, =v,
EVALUATE: It is important to be careful with radians versus degrees in above expressions!
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Figure 31.15

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

. . X, ~-X 1
SETUp:  With no resistor, Z=/(X, - X.)* =|X, - X.|. tang="L—C_ X = X, =owL. For an
Zero
inductor, the voltage leads the current. For a capacitor, the voltage lags the current.
1 1

=667 Q.

EXECUTE: (a) X, =wL =(250rad/s)(0.400 H)=100Q. X, =—= —
@C (250 rad/s)(6.00x107° F)

Z=|X, - X |=]100 Q-667 Q=567 Q.

) 1=Y =300V
Z 567Q

() Vo =IX =(0.0529 A)(667 Q=353 V. V, = IX, =(0.0529 A)(100 Q)=5.29 V.

X, —X._100Q-667Q

Zero - Z€ro -

=0.0529 A

(d) tang =

—eo and ¢ =—-90°. The phase angle is negative and the source voltage lags

the current.
(e) The phasor diagram is sketched in Figure 31.16.
EVALUATE: When X_. > X, the phase angle is negative and the source voltage lags the current.

I

Vi

VC
Figure 31.16

IDENTIFY and SET UP:  Calculate the impendance of the circuit and use Eq.(31.22) to find the current amplitude.
The voltage amplitudes across each circuit element are given by Eqgs.(31.7), (31.13), and (31.19). The phase angle
is calculated using Eq.(31.24). The circuit is shown in Figure 31.17a.

No inductor means X, =0

oS
R R=200Q, C=6.00x10°F,
_l Xi_ V =30.0 V, @=250 rad/s

Figure 31.17a
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31.18.

31.19.

EXECUTE: (a) X.= ! =666.7 Q

a)C (250 rad/s)(6.00x10™° F)
Z =R +(X, - X.)* =(200 Q) +(666.7 Q) =696 Q
_V _300V

®) 1 T Z 69%6Q
(e) Voltage amplitude across the resistor: ¥, =R =(0.0431 A)(200 Q)=8.62V
Voltage amplitude across the capacitor: ¥, = IX. = (0.0431 A)(666.7 Q)=28.7V
X, -X. 0-666.7Q

R 200Q

The phase angle is negative, so the source voltage lags behind the current.
(e) The phasor diagram is sketched qualitatively in Figure 31.17b.

=0.0431 A=43.1mA

(d) tang =

=-3333 50 p=-73.3°

=KX,

Figure 31.17b
EvaALUATE: The voltage across the resistor is in phase with the current and the capacitor voltage lags the current
by 90°. The presence of the capacitor causes the source voltage to lag behind the current. Note that ¥V, +V, > V.

The instantaneous voltages in the circuit obey the loop rule at all times but because of the phase differences the
voltage amplitudes do not.

IDENTIFY:  vp(f) is given by Eq.(31.8). v.(#)is given by Eq.(31.16).

SET UP: From Exercise 31.17, ¥ =300V, V,=8.62V, V., =287V and ¢=-73.3°.

EXECUTE: (a) The graph is given in Figure 31.18.

(b) The different voltage are:

v=(30.0 V)cos(250r ~73.3°), v, =(8.62V)cos(250¢), v, =(28.7 V)cos(250f —90°). At t=20ms:
v==-251V, v,=245V, v, =-27.5V. Note that v, +v. =W

() At t=40ms:v=-229V, v, =-723V, v, =-15.6 V. Note that v, +v, = .

EVALUATE: Itis important to be careful with radians vs. degrees!
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Figure 31.18
IDENTIFY: Apply the equations in Section 31.3.
SETUP: @=250rad/s, R=200LQ, L=0.400H, C=6.00 uF and V' =30.0 V.

EXECUTE: (a) Z =\/R2 +(wL-1/wC)*.
Z = (200 Q) + (250 rad/s)(0.400 H) — 1 /(250 rad/s)(6.00x 10 F)))* =601

(M) I _r_30v ———=0.0499 A.
T Z 601Q
(¢) = arctan(M] = arctan [%&J =-70.6°, and the voltage lags the current.
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(d) V, =1IR=(0.0499 A)(200 Q) =9.98 V;
V, =IwL=(0.0499 A)(2501ad/s)(0.400 H) =499 V; V. = 1 (0.0499 A) —=
wC  (250rad/s)(6.00x10™ F)

EVALUATE: (e) At any instant, v =v, +v. +v,. But v, and v, are 180° out of phase, so v, can be larger than v

333 V.

at a value of ¢, if v, +v, is negative at that .
31.20. IDENTIFY: v,(?) is given by Eq.(31.8). v.(¢) is given by Eq.(31.16). v, (¢) is given by Eq.(31.10).
SETUpP: From Exercise 31.19, V=30.0V, V, =499V, V,=998V, V. =333V and ¢=-70.6".

EXECUTE: (a) The graph is sketched in Figure 31.20. The different voltages plotted in the graph are:
v =(30V)cos(250t — 70.6°), v, =(9.98 V)cos(250¢), v, =(4.99 V)cos(250¢ +90°) and v, =(33.3 V)cos(250r —90°).

(b) At t=20ms: v=-243V, v,=283V, v, =479V, y.=-319V.
(© At r=40ms: v=-238V, v, =-837V, v, =271V, yv.=-18.1V.

EVALUATE: In both parts (b) and (c), note that the source voltage equals the sum of the other voltages at the
given instant. Be careful with degrees versus radians!
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Figure 31.20

31.21. IDENTIFY and SET UP: The current is largest at the resonance frequency. At resonance, X, = X, and Z =R. For
part (b), calculate Zand use I =V /Z.
1

2z LC
() X.=1/@C=500Q. X, =0L=160Q. Z=\R*+(X, - X.)* =4/(200 Q) +(160 Q-500Q)* =394.5 Q.
I=V/Z=7.61mA. X_>X, so the source voltage lags the current.

EVALUATE: @, =2xf,=710rad/s. @ =400 rad/s andis less than @),. When w<®,, X, > X,. Note that [ in
part (b) is less than [ in part (a).

31.22. IDENTIFY: The impedance and individual reactances depend on the angular frequency at which the circuit is
driven.

=113Hz. I=V/R=15.0mA.

EXECUTE: (a) f,=

2
SETUp: The impedance is Z = R*+ [a)L— é] , the current amplitude is I = V/Z, and the instantaneous

values of the potential and current are v = V cos(ax + ¢), where tan ¢= (X, — Xc)/R, and i = I cos ax.

EXECUTE: (a) Zis a minimum when oL = L, which gives @ = 1 = 1 = 3162 rad/s =
oC JLC  \/(8.00m

H)(12.5uF)

3160rad/sandZ=R =175 Q.

b)Y I=V/Z=0250V)/(1750)=0.143 A

(©)i=1Icos ax=1/2,s0 cosax = %, which gives ax =60° = /3 rad. v = V cos(ax + ¢), where tan ¢= (X, — X)/R =

0/R =0. So, v = (25.0 V) cosax = 25.0 V)(1/2) = 125 V.

ve = Ri = (175 ©)(1/2)(0.143 A)=12.5 V.

ve = Ve cos(ax— 90°) = IX- cos(ax — 90°) = 0.143 A c
(3162 rad/s)(12.5 uF)

0s(60°-90°) =+3.13 V.



31-8

Chapter 31

31.23.

31.24.

31.25,

31.26.

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

vy=-3.13 V.

Wvetv, +ve=125V+(3.13V)+3.13 V=125V =y

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.

IDENTIFY and SET UP:  Use the equation that preceeds Eq.(31.20): V> =V +(¥, -V,.)?

EXECUTE: V= J(30.0 V)*+(50.0 V-90.0 V)* =50.0 V

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

IDENTIFY and SETUP: X, =wland X = é

1 1 L 1
EXECUTE: (@) If w=w,=———,then X=00L———and X =—— =0.
@ * JLc wC JLC c/JLc
(b) When w>w,, X >0
(¢c) When w<a@,, X <0
(d) The graph of X versus o is given in Figure 31.24.
EVALUATE: Z=+R*+X’and tang=X/R.
X
/l
'/
w

Figure 31.24
IDENTIFY: For a pure resistance, P, =V, [ =I2.R.

S~ TS

SETUP: 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.

) [, =2 200W 1674
V.. 120V
P, 200W

(¢) R= 720 Q

Ve 2 (120 V)
EVALUATE: We can also calculate the average power as P, =2 = Vo _§ )
R R 720 Q

IDENTIFY: The average power supplied by the source is P=V_ I cos¢. The power consumed in the resistance
is P=I* R.

=20.0W.

SETUP: w=27f=27(125x10° Hz)=7.854x10° rad/s. X, =wL =157 Q. X_.= é =909 Q.
EXECUTE: (a) First, let us find the phase angle between the voltage and the current:
X, - X, 157Q-909 Q
tang = =
R 350 Q
Z= \/Rz +(X, - X,)? =350 Q)* +(-752 Q)* =830 Q. The average power provided by the generator is then

V2 (120 vy’
P=V_1 =1 == 7

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

cos(—65.04°)=7.32 W
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31.27.

31.28.

31.29.

31.30.

(b) The average power dissipated by the resistor is P, =2 R = [ 120V

830 Q

EVALUATE: Conservation of energy requires that the answers to parts (a) and (b) are equal.
IDENTIFY: The power factor is cos@, where ¢ is the phase angle in Fig.31.13. The average power is given by

2
] (350Q)=732W.

Eq.(31.31). Use the result of part (2) to rewrite this expression.
(a) SET Up: The phasor diagram is sketched in Figure 31.27.

v _ Y EXECUTE:
I/ AN From the diagram
| \ 1
" V, IR R
cosgp=—"ER="=—,
V=% ¢\ v =TTz
'R
as was to be shown.
v
Figure 31.27
®) P, =V_I_ cosg=V_I_ (g] = {VE‘S ]IrmsR' But % =I_,soP =IR.

EVALUATE: Inan L-R-C circuit, electrical energy is stored and released in the inductor and capacitor but none is
dissipated in either of these circuit elements. The power delivered by the source equals the power dissipated in the
resistor.

IDENTIFY andSETUP: P =V_ [ cosg. [ = V;S . cosg= %

EXECUTE: [__= 80.0V _ 0.762 A. cos¢= 75.0Q

™ 105 Q 105 Q
EVALUATE: Since the average power consumed by the inductor and by the capacitor is zero, we can also
calculate the average power as P, =12 _R=(0.762 A)*(75.0 Q)=43.5 W.

IDENTIFY and SET UP:  Use the equations of Section 31.3 to calculate ¢, Z and V. The average power

=0.714. P, =(80.0 V)(0.762 A)(0.714)=43.5 W.

delivered by the source is given by Eq.(31.31) and the average power dissipated in the resistor is I R
EXECUTE: (a) X, =wL=2xfL =2x(400 Hz)(0.120 H)=301.6 Q
1 1

oC 27fC 27(400 Hz)(7.3x10° F)
X, —X. 3016 Q-5441Q

R 240 Q

) Z= \/RZ (X, -X.) = J(240 Q) +(301.6 -54.51 Q)* =344 Q
) V.. =1_2Z=(0450A)344 Q)=155V
d P, =1_V._ . cosg=(0.450 A)(155V)0.697)=48.6 W
(€) P, =1 _R=(0.450 Ay (240 Q)=48.6 W
EvALUATE: The average clectrical 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.
IDENTIFY: The angular frequency and the capacitance can be used to calculate the reactance X, of the

=5451Q

C

tang = , S0 ¢ =+45.8°, The power factor is cos¢g =+0.697.

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¢g. Calculate the impedance of the circuit and then the
rms current in the circuit. The average poweris P, =V_ [ cosg. On the average no power is consumed in the

ms” rms
capacitor or the inductor, it is all consumed in the resistor.

SET UP: The source has rms voltage V_ = Y5V 31.8 V.

NERN
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EXECUTE:  (a) X, = L = (360 rad/s)(15x10° H)=5.4 Q. X, =—— !

; = =794 Q,
@C (360 rad/s)(3.5x107° F)

X, -X, 54Q-794Q

tang = 2 250 0 and ¢=-72.4°. The power factor is cos¢ =0.302.
b) Z=R*+(X, - X.) =/(250 QP +(5.4Q-794 Q) =827Q. I = V;s = 31'8;; =0.0385 A.

P, =V._1I_ cosg=(31.8 V)0.0385 A)0.302)=0.370 W.

rms” rms

(¢) The average power delivered to the resistor is P, =12 R =(0.0385 A)*(250 Q)=0.370 W. The average power

delivered to the capacitor and to the inductor is zero.

EvVALUATE: 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.

31.31. IDENTIFY and SET UP: At the resonance frequency, Z=R. Use that V=17, V,=IR, V, =IX, and V. =IX_.. P,
is given by Eq.(31.31).
(a) EXECUTE: V =1Z=]R=(0.500 A)(300 Q)=150V
() V,=IR=150V
X, =wL=L1/JLC)=L/C =2582Q; V, =IX, =1290 V
X, =1/ aC)=yL/C=2582Q; V.=IX,=1290 V
(¢) P, =1VIcos¢=1I’R, since ¥ =1IR and cos¢ =1 at resonance.
P, =1(0.500 A)*(300 Q) =37.5W
EVALUATE: Atresonance V, =V.. Note that ¥, +V, > V. However, at any instant v, +v, =0.

31.32. IDENTIFY: The current is maximum at the resonance frequency, so choose C such that @ =50.0 rad/s is the
resonance frequency. At the resonance frequency Z = R.
SErUp: V, =IwL

y

EXECUTE: (a) The amplitude of the current is given by 7=
\/Rz +(wL- iﬁ

. Thus, the current will have a

maximum amplitude when @l = L Therefore, C = 1 - 1 =444 uF.
aC @’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

I= % = f)% =0.300 A. Thus, the amplitude of the voltage across the inductor is

V, =I(wL)=(0.300 A)(50.0 rad/s)(9.00 H) =135 V.
EvVALUATE: Note that ¥, is greater than the source voltage amplitude.

31.33. IDENTIFY and SETUP: Atresonance X, =X, ¢=0andZ=R. R=150Q, L=0.750 H,
C=0.0180 uF, V¥ =150V

EXECUTE: (a) At the resonance frequency X, = X and from tang = —XLI;—XC we have that ¢ = 0° and the

power factor is cos¢ =1.00.
(b) B, =LVIcos¢ (Eq.31.31)

At the resonance frequency Z=R, so [ = g :%
2 2
B, :%V[K]cosgb =%V—=%——(150 vy _ 75.0 W
R R 150 Q

(¢c) EVALUATE: When C and fare changed but the circuit is kept on resonance, nothing changes in
P, =V?*/(2R), so the average power is unchanged: P, =75.0 W. The resonance frequency changes but since Z =

R at resonance the current doesn’t change.
1

), = —F—.
¢ JIc

SETUP: Atresonance, Z =R,

31.34. IDENTIFY: Ve=IX,. V=1IZ
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31.35.

31.36.

31.37.

1 1
EXECUTE: (2) @, = = =1.54x10* rad/s
* JLC  J(0350 H)(0.0120x10* F)
®dV=1Z= 143 Z= Yo R XC=L= - ! —— =5.41x10° Q.
X, X, wC  (1.54x10* rad/s)(0.0120x10° F)
= ﬂ\i—]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
IDENTIFY and SET UP:  The resonance angular frequency is @, =———. X, =@wL. X,.=—— and
g qf Y o \/R L he

Z=\JR*+(X, - X_.)". Atthe resonance frequency X, =X, and Z=R.
EXECUTE: (2) Z=R=115Q
1

b) w, =
®) @ J(4.50x107 H)(1.26x10° F)

=1.33x10" rad/s . @ =2, =2.66x10* rad/s.

X, =wL =(2.66x10" rad/s)(4.50x10~ H) =120 Q. X = L

1
=—= " 5 =3OQ
@C  (2.66x10° rad/s)(1.25x10™ F)

Z=J(115 Q)* +(120 Q-30 Q)* =146 Q

(©) w=w,/2=6.65x10" rad/s. X, =30 Q. X0=é=120 Q. Z=,1159Q)+(30 Q-120 Q)" =146 Q, the

same value as in part (b).

EVALUATE: For w=2am,, X,>X,. For w=w,/2, X, <X,.. But (X, —X_)"has the same value at these two
frequencies, so Z is the same.

IDENTIFY: Atresonance Z=R and X, = X_.

SET Up: a)oz;. V=IZ Vy=IR, V;=IX, and V.=V,.

JLc

EXECUTE: (a) @, = !

1 -
JLCc (0280 H)(4.00x10° F)

(b) 7=1.70 A at resonance, so R=2 =K=M
I 170A
() Atresonance, ¥, =120V, V, =V, =IwL=(1.70 A)(945 rad/s)(0.280 H) =450 V.
EVALUATE: Atresonance, V, =V and V, -V, =0.
IDENTIFY and SET UP:  Eq.(31.35) relates the primary and secondary voltages to the number of turns in each. 7 =
V/R and the power consumed in the resistive load is 172, =V> /R.

Ny oM W _120V

EXECUTE: (a) L=— so —+ 10
N, N, ¥V, 120V

=945 rad/s.

=70.6Q

1
v, 120V

b) [,=-2= =240 A
®) L, R 5000

(c) P, =I’R=(2.40 A)*(5.00 Q) =288 W
(d) The power drawn from the line by the transformer is the 28.8 W that is delivered by the load.

2 2 2
})avz_I/_ SoR:V_z_(IZO—\])
R P 28.8' W

av

=500 Q

2
And [Z—;l] (5.00 ) =(10)*(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.
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31.38. IDENTIFY: P, =VI and

av,1 =

N,
PavZ' —L=
g Nz

<<

SETUpP: V, =120V. V,=13,000 V.
M Y B0V
N V. 120V

(b) P, =V,I,=(13,000 V)(8.50x10” A)=110 W

EXECUTE: (a) =108

(© 1=t J1OW 59174
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.

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

1 1
2

circuit of resistance Ris R = W Resistance R is related to P, and Vby P, = e Conservation of energy
2 1

requires P, =F, ,so VI =V,[,.
SETUP: Let V=240V and V, =120V, so P,

2,av

EXECUTE: (a) V, =240V and we want V, =120 V, so use a step-down transformer with N,/N, =1

=1600 W. These voltages are rms.

() P,=VI,s0 I = Fo = 1600 W =6.67 A.
Vv 240V
. . V? (120 V)? . . .
(c) The resistance R of the blower is R =—=-————=9.00 Q. The effective resistance of the blower is
P 1600 W
9.00 Q
off = > = 3
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.

3140. IDENTIFY: Z=.R’+(X,-X_)’, with X, =L and X, =~1‘-

wC
SETUP: The woofer has a R and L in series and the tweeter has a R and C in series.

EXECUTE: (a) Z, .. =R +(/@C)*

() Z,ose =R +(0L)’
Kz =2

tweeter woofer ?

then the current splits evenly through each branch.

(d) At the crossover point, where currents are equal, R*+ (1/ aC 2) =R+ ((UL)Z. w= ; and
NLC
fo 1
2 27JLC
EVALUATE: The crossover frequency corresponds to the resonance frequency of a R-C-L circuit, since the
crossover frequency is where X, = X ..
31.41. IpENTIFY and SETUP: Use Eq.(31.24) to relate L and Rto ¢. The voltage across the coil leads the current in it
by 52.3° so ¢ =+52.3°.

X, -X . . . o X
EXECUTE: tang= % But there is no capacitance in the circuit so X, =0. Thus tang = TL and X, =

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

3142, IDENTIFY: Z=\R*+(X,-X.)’. I_ = V;s. V=L, R Ve =1.Xc. V, o.=1.X,.

SErUr: V =L2=

Rtang =(48.0 Q)tan52.3°=62.1Q. X, =wL=27nfLso L= =0.124 H.

ns
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31.43.

31.44.

31.45.

EXECUTE: (a) w=200rad/s, so X, =@L = (200 rad/s)(0.400 H)=80.0 Q and
Xc=-—1—= 1 ——=833 Q. Z=\/(2OOQ)2+(80.0 Q-833Q)Y =779 Q.
@C (200 rad/s)}6.00x10™ F)

Vo, 212V

™7 779Q

Vims = L X, =(0.0272 A)(80.0 )=2.18 V. V, reads V=1 X, =(0.0272 A)833 Q)=22.7 V. V, reads

VL _Vc
NG

=0.0272 A. V, reads V, . =1 R=(0.0272 A)(200 Q)=5.44 V. V, reads

,Ims

= ‘VL,rms

- VC.rms

=[2.18 V-22.7 V|=20.5 V. V, reads V, =212 V.

1
(b) ®=1000 rad/s so X, =wL=(5)80.0 Q)=400Q and X_ =E=¥=167 Q.

V., 212V
Z =.J(200 Q)* + (400 Q167 Q) =307 Q. [ =-T5 -
\[( > ) ™ Z 307Q

=115 V. V, reads |V, ., = Ve me

1l

=0.0691 A, V, reads V, =138 V. V, reads

Vims =276 V. V, reads V,
V.=212V.

=[27.6 V-11.5 V|=16.1V. V; reads

,Tms

o 1 .
EVALUATE: The resonance frequency for this circuit is @, = \/—L_C— = 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 .
IDENTIFY and SET Up:  The rectified current equals the absolute value of the current i. Evaluate the integral as
specified in the problem.
EXECUTE: (a) From Fig.31.3b, the rectified current is zero at the same values of ¢ for which the sinusoidal
current is zero. At these ¢, cosar =0 and wr =17/2, £3x/2,.... The two smallest positive times are
tL=rl20,t,=312w.
2 ; (T Y P .
(b) A= ‘ _[ idt‘ = —_[ Icosatdt =—I| —sinat | =——(sinat, —sinwt,)
gt fi 4] ) 4]
sinat, =sin[(xr / 2w)] =sin(x /2) =1
sinat, =sin[w(Br/2w)]=sin(37/2)=-1
I 21
A= [—](l—(—l)) ==
@ 4]
() I @, -t)=21lw
o2 21
ot,—-t) w@Br/20-7/2w)
EVALUATE: We have shown that Eq.(31.3) is correct. The average rectified current is less than the current

amplitude /, since the rectified current varies between 0 and 1. The average of the current is zero, since it has both
positive and negative values.

IDENTIFY: X, =wl. F,=V_JI_ cos¢

SETUr: f=120Hz, w=2xf.
X, 250Q

EXECUTE: (a) X, =ol=L="4t=——7—-=0332Q
o 2r(120Hz)

2
) Z=R+X," = J(400Q) +(250Q)" =472 Q. cos¢=§ and [, = P = msg, 50

V,.=Z, /i ~(4120) POV _cesv.
R 400 Q

EVALUATE: [ _ = V;S = 23% =1.415 A. We can calculate P, as I> R=(1.415 A)*(400 Q) =800 W, which

=£, which is Eq.(31.3).
/2

rav

checks.
(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, toequal X,.



31-14

Chapter 31

31.46.

31.47.

31.48.

(b) EXECUTE: power factor cos¢ equals 1 so ¢ =0 and X.=X,. Calculate the present value of X.—- X, to
see how much more X, is needed: R =Z cos¢g =(60.0 2)(0.720)=43.2 Q

tan¢:% so X, ~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 Q of X, .

X,  41.64Q
2rf 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.

IDENTIFY: Use V=1 Z to calculate Z and then find R. P, =12 R
SETUP: X_.=500Q

. _ Vrms _ 240V _ _ 2 2 _ 2 2
EXECUTE:  Z=—=% =27 =80.0Q =R’ + X2 =R*+(50.0Q)". Thus,

ms

X, =wL=2rfLand L= =0.133 H, amount of inductance to add.

R= \/ (80.0 Q)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 =12 R=(3.00 A)*(62.4 Q)=562 W.

X,-X, —500Q
R 62.4 Q

P, =V_I_ cosg=(240 V)(3.00 A)cos(—38.7°) =562 W, which checks.

ms™ rms

EVALUATE: tang= and ¢=-38.7°.

IDENTIFY: The voltage and current amplitudes are the maximum values of these quantities, not necessarily the
instantaneous values.
SET Up: The voltage amplitudes are V3 = RI, V; = X;1, and V. = XcI, where I = V/Z and

2
Z= R%[wL—L] .
wC

EXECUTE: (a) w=2xf=2n(1250 Hz) = 7854 rad/s. Carrying extra figures in the calculator gives X; = @l =
(7854 rad/s)(3.50 mH) = 27.5 Q; X = 1/aC = 1/[(7854 rad/s)(10.0 uF)} = 12.7 Q;

Z= \/Rz +(X, -X,) = \/(50.0 Q)P +(27.5 Q-12.7 Q) =52.1Q;

I=V/Z=(60.0V)/(52.1 Q) =1.15A; Vx=RI=(50.0Q)(1.15 A)=57.5V;

Vi =X I=0275M(1.15A)=31.6 V; Ve =XI=(12.7Q)1.15A)=14.6 V.

The voltage amplitudes can add to more than 60.0 V because these voltages do not all occur at the same instant of
time. At any instant, the instantaneous voltages all add to 60.0 V.

(b) All of them will change because they all depend on @ X; = @l will double to 55.0 Q, and X = 1/awC will
decrease by halfto 6.35 Q. Therefore Z = \/(50.0 Q)Y +(55.0 Q-6.35 Q)* =69.8Q;1=V/Z=(60.0V)/(69.8Q)=
0.860 A; Vy =IR =(0.860 A)(50.0 Q) =43.0V;

Vy =I1X; =(0.860 A)(55.0Q)=473V; Ve =L1Xc=(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 SETUP: X = é X, =oL.

1 1 X L
=@L and LC=—;. Atangular frequency w,, —%*= G
wC ; X, VaC

EXECUTE: (a) = wzch = (20’1)2 Lz =4.
W,

1
X, >X..
X oY1) 1
b) At angular frequency @, —L=a)2LC=[—‘] — == X.>X,.
(b) g quency &, X, 3 3 o) 9 ¢~ AL
EVALUATE: When w increases, X, increases and X decreases. When w decreases, X, decreases and X

increases.
(c) The resonance angular frequency @, is the value of @ for which X=X, so o, =@,
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31.49. IDENTIFY and SET UP: Express Z and 7 in terms of @, L, C and R. The voltages across the resistor and the

inductor are 90° out of phase, so V,, =+/VZ +V..
EXECUTE: The circuit is sketched in Figure 31.49.

XL =wlL, XC ZE
2
Z= R2+[a)L——]
V4 1V
\/R2+[a) ——]
Vout
Figure 31.49

2 2r2
V=R + X2 =INR +&’l* =V, Ml—z
\/R2+[a)L———]
wC

o) small

1

w2C2 4

2
As @ gets small, R® +[a)L—$J - R*+o’'’ S5 R?

2
Therefore Q - % =wRC as @ becomes small.
V. I/ w*C*)

s

 large

2
As @ gets large, R*+ wL—L > R 2+ 0 > &'’ R + &’? - *I*
g g wC

1% fa)sz
Therefore, 2% — ,|—— =1as @ becomes large.
V. oL

EVALUATE: V

out.

out

/V, — 0 as @ becomes small, so there is V_ only when the frequency @ of V, is large. If the

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

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

SETUP: X, =al, Xczi_
wC
EXECUTE: V,, =V, =——= Yo 1 N
@C V. oC R +(wL-1aC)

Vv 1 1 1
If @ islarge: 2L = - _ '

|4 a)C\/R2 +(a)L—1/a)C)2 wC\/(a)L)Z (LC)&?
If w is small: Q:;=_&_’C_:L

Vo aCy(Yec) @€

EVALUATE: When @ is large, X is small and X, is large so Z is large and the current is small. Both factors in

V., =1IX, are small. When w 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.
31.51. IDENTIFY: [=V/Z and P =1I’R.

SETUP:  Z =/R*+(wL—1/@C)’

EXECUTE: (a) I =K 14

Z" R +(ol—taC)
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2 2 \Z

2 2
)P, =112R=l[_‘i] Rz—Lz-
R*+(wL-1/aC)

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

for o, L=——,sow, —L
ac T JLc
2
200Q)/2 ?
@ P, (100 V) )/ _ 250

The graph of P, versus w is sketched in Figure 31.51.

(200 )’ +(@(2.00 H)~1/[@(0.500x10° F)])’ 40,0007 + (20" -2,000,000)

2

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.

e ——i

Power
(W)
0.000800
0.000600 /"\
0.000400 / \
0.000200
0.00 ——-*/ \
0.00 400 800
Figure 31.51
31.52. IDENTIFY: V,=]wlLand V.= L.
wC
SETUP: Problem 31.51 shows that I = 4 .
JR* + (0L -1/[0C]Y
EXECUTE: (a) V,=IwL= VoL = VoL =
Z R +(eL-1/aC)
1 I 1
(b) VC =

(c) The graphs are given in Figure 31.52.
EVALUATE:

o CZ o [R+(wL-1/laC])

12 X 10°

1.6 x 10°

Angular
frequency
(radfs)

(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 zero,

while the inductor’s voltage goes to 100 V. At resonance, @), =

are a maximum, 1000 V.
Inductor voltage (V)

1000
800
600
400
o]\
0.00
0.00 2.00 X 10°  4.00 X 10°

1
JLC

Capacitor voltage (V)

1000

800

600

400

200

Angular 0.00

frequency 0.00

(radfs)

Figure 31.52

=1000 rad/s, the two voltages are equal, and

/1

N

Angular

2.00 X 103

4.00 X 10°

frequency
(radfs)
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31.53.

31.54.

IDENTIFY: U, =1L U,=1CV

SETUP: Let (x) denote the average value of the quantity x. (i*) =11 and (v2)=1V_. Problem 31.51 shows
that [ = v . Problem 31.52 shows that V. = v .
JR? +(oL - 1/[oC1) wC\[R* + (@L—1/[wC])

2
EXECUTE: (a)U, =3Li* = (U,)=$L{(i*) =1 LI =%L[%} =iLr%
C

2
U, =402 = (U)= 7€) =% =h¢ | ] =4
(b) Using Problem 31.51a

2 2
(UB)=1L12 1 4 = LV

4 4 \/R2+(a)L—1/a)C)2 _4(R2+(a)L—1/a)C)2)-

. 2 V2
Using Problem (31.47b): (U,) =1CVC2 -1ic 4 = —.
4 4" &C* (R +(oL-1aC)) 40°C(R*+(aL-1/aC))
(c) The graphs of the magnetic and electric energies are given in Figure 31.53.
EVALUATE: (d) When the angular frequency is zero, the magnetic energy stored in the inductor is zero, while the

electric energy in the capacitor is U, =CV? / 4. As the frequency goes to infinity, the energy noted in both

. . . 1
inductor and capacitor go to zero. The energies equal each other at the resonant frequency where @), = TL—C_ and

. _LV?
BTYE™T 2"
4R
Magnetic energy (J) Electric energy (I)

0.140 0.140

0.120 ; 0.120

0.100 : 0.100

0.080 0.080

0.060 0.060

0.040 I 0.040 I

0.020 l \ 0.020 l \
: / \ Angular : Angular
0.00 frequency 0.00 frequency

0.00 1.00¢ + 03 (l‘ad/S) 0.00 1.00e + 03 (rad/s)
Figure 31.53

IDENTIFY: At any instant of time the same rules apply to the parallel ac circuit as to parallel dc circuit: the
voltages are the same and the currents add.

SETUp: 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 v, =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, +i, +i..

() i, = % is always in phase with the voltage. i, = ﬁ lags the voltage by 90°, and i. =vwC leads the voltage

by 90°. The phase diagram is sketched in Figure 31.54.

2 2
(¢) From the diagram, 12=IR2+(IC—IL)2=(%} +[V0)C—ﬁ] .

/1 1Y
d) Frompart (¢): [I=V,—+|@wC—-—| . Bu
(d) part (c) e [ a)L]

~

Il
NI <

o

(@]
N~

|
%[~

+
VR

|
E:[H
N~

. N
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31.55.

31.56.

31.57.

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

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

Figure 31.54

IDENTIFY: Apply the expression for I from problem 31.54 when @, =1/VLC.

2
SETUP: From Problem 31.54, 1=V Lz+ [a)C —L]
R wL

1 1 Vv
EXECUTE: (a) Atresonance, @) =——>0)C=—-=1[.=Vo,C=
JLC , o

=1, so I =1, and/is a minimum.

2 2 :

b) P, =—5cos ¢ = — at resonance where R < Z so power is a maximum.
v Z R P

(c) At w=aw,, 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 31.55. At resonance,

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.

iC| = |iL| and at any instant of time

a

e +=c B
|
b

Figure 31.55

IDENTIFY: Refer to the results and the phasor diagram in Problem 31.54. The source voltage is applied across
each parallel branch.

SETUP: V=+2V_ =311V
_V 311V

EXECUTE: (@) [,=—=——=0.778 A.
R 400Q

(b) I, =VaC =(311V)(360 rad/s)(6.00x10° F)=0.672 A.

(¢) ¢ =arctan I =arctan 0.672 A =40.8°.
I, 0.778 A

) 1 =w/I§ +17 =\/(0.778 A)2 +(0.672 A)2 =1.03 A
(e) Leads since ¢ > 0.

EVALUATE: The phasor diagram shows that the current in the capacitor always leads the source voltage.
IDENTIFY and SET UP:  Refer to the results and the phasor diagram in Problem 31.54. The source voltage is
applied across each parallel branch.

EXECUTE: (a) I, = %; I.=VoC;I, = %

(b) The graph of each current versus @ is given in Figure 31.57a.

© >0, 201, 5o @l >o1, =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 cutrent 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.
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31.58.

31.59.

1 1 . . .
d) o=—=—= =1000rad/sec and f =159 Hz. The phasor diagram is sketched in
JLC /(2.0 H)(0.50x10° F)

Figure 31.57b.

© 1 =\/@—]2+[Vaﬂ——a‘)/z]z.

f 2 2
1= 100 v +| (100 V)(1000 s‘l)(0.50><104 F)———%— =0.50 A
200 Q (100057 )}2.0H)
1 6 vV 100V
(f) Atresonance [, =I.=Vw@C=(100V)1000s)0.50x10™ F)=0.0500 A and [, = E = m =0.50 A.

EVALUATE: Atresonance i. =i, =0 at all times and the current through the source equals the current through the
resistor.

1(A)
12 A
Ip — —~
10 I ~mmee
8k Ic Ip
i
6 1)
4% -
\ -
‘\ —
2 \\ - - IL
(Nl ST PR PR SR Ay o (radfs)
0.00 2.00 4.00 6.00 8.00 10.0
@ (b)
Figure 31.57

IDENTIFY: The average power depends on the phase angle ¢.

: : : 1Y
SETUp: The average power is Py, = V,nJimscOs &, and the impedance is Z =, [R* + (a}L __CJ .
W

EXECUTE: (@) Py = Vinlims€0S @#= 1 (Vimelims), which gives cos ¢= 1, so ¢=n/3 = 60°. tan ¢= (X, — Xo)/R,

2
which gives tan 60° = (. — 1/@wC)/R. Using R =75.0 Q, L = 5.00 mH, and C = 2.50 uF and solving for @ we get
@= 28760 rad/s = 28,800 rad/s.

(b) Z=\JR*+(X, - X.)*, where X, = al. = (28,760 rad/s)(5.00 mH) = 144 Q and
Xc= l/aC = 1/[(28,760 rad/s)(2.50 uF)] = 13.9 Q, giving Z =+/(75 Q)*+ (144 Q~13.9 Q)* =150 Q;
I=V/Z=(15.0 V)/(150 Q) =0.100 A and P,, = L VIcos ¢= L (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.

IDENTIFY: We know R, X and ¢ so Eq.(31.24) tells us X,. Use P, =12 R from Exercise 31.27 to calculate
I_.. Then calculate Z and use Eq.(31.26) to calculate V__ for the source.
SETUP: Source voltage lags current so ¢ =-54.0°. X . =350 Q, R=180€Q, P, =140 W

EXECUTE: (a) tang = XL%}(C

X, =Rtang+ X _ = (180 Q)tan(—54.0°)+ 350 Q =-248 Q+350 Q=102 Q

(b) P, =V, ], co59 = IR (Bxercise 31.27). I,,, = [T = [FOW g7 o
R V1s0Q

© Z =R +(X,— X.) =/(180 Q>+ (102 Q-350 Q)> =306 Q
Vs = ImsZ = (0.882 A)(306 Q) =270 V.
EVALUATE: We could also use Eq.(31.31): P, =V_.I_ cos¢
Voo P _ 140 W

™ I cos¢ (0.882 A)cos(—54.0°)
X > X,, and this agrees with what we found.

=270V, which agrees. The source voltage lags the current when
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31.60. IDENTIFY and SET Up: Calculate Zand 1=V /Z.
EXECUTE: (a) For @ =800 rad/s:

Z =R +(@L -1/ &C)* = /(500 Q) +((800 rad/s)(2.0 H)~1/((800 rad/s)(5.0x10” F))*. Z=10309Q.
V100V 09714, V,=IR=(0.0971 A)(500 Q)=48.6 V, V, = L 0.0971 A —
Z 1030Q wC  (8001ad/s)(5.0x107 F)

wL-1/(aC)
R

=243V

and ¥, =Ial =(0.0971 A)(800 rad /s)2.00 H)=155V. ¢ = arctan( j =-60.9°. The graph of each

voltage versus time is given in Figure 31.60a.

(b) Repeating exactly the same calculations as above for @ =1000 rad/s:

Z=R=500Q; ¢=0; I=0200A4; V,=V=100V; V=V, =400 V. The graph of each voltage versus time is
given in Figure 31.60b.

(c) Repeating exactly the same calculations as part (a) for @ =1250 rad/s:

Z=1030Q; ¢=+60.9% 1=0.0971A; V,=48.6V; V,=155V; V, =243 V. The graph of each voltage versus

time is given in Figure 31.60c.
1

1
“JIC  J(2.00 H)(0.500 4F)
angle is negative and for @ > @, the phase angle is positive.
Voltage (V)
300

EVALUATE: The resonance frequency is @

=1000 rad/s. For @ < @, the phase

oV AV |
200 [0V O Ve |. % LN
2 Y.V

—300
0.00 2.00 4.00 6.00 8.00 10.0 12.0 14.0

Time (s)

Voltage (V)

500
ogv= VR

400 ................ A
0Oty X %2 oV

0| ' Ve § 4L
o %. P

100 o B b
‘2002%\ g f%‘ 2y wf
"0 £ R Xf

—500 Time (s)
0.00 2.00 4,00 6.00 8.00 10.0 12.0 14.0

Voltage (V)
300

200

100

—100

~200 ' ‘ j Q@Waf

-30Q T
000 200 400 600 800 100 120 120 me®

©
Figure 31.60
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31.61. IDPENTIFY and SET UP: Eq.(31.19) allows us to calculate 7 and then Eq.(31.22) gives Z. Solve Eq.(31.21) for L.
V. 360V

EXECUTE: (a) V. =IX s0ol=—-=—7"=0750A
X, 480Q
b) V=IZ soZ=K= 120V =160 Q
I 0750A

(©) Z°=R*+(X,-X.)
X, -X.=tJZ"-R*, s0

X, =X, 47— R* =480 Q £ /(160 Q) —(80.0 Q)* =480 Q + 139 Q
X, =619 Qor 341 Q

(d) EVALUATE: X, = é and X, = wL. Atresonance, X =JX,. Asthe frequency is lowered below the

resonance frequency X increases and X, decreases. Therefore, for w < @, X, < X.. So for X, =341 Q the
angular frequency is less than the resonance angular frequency. @ is greater than @, when X, =619 Q. Butat
these two values of X, the magnitude of X, ~ X is the same so Z and ] are the same. In one case (X, =691 Q)

the source voltage leads the current and in the other (X, =341 Q) the source voltage lags the current.

31.62. IpENTIFY and SET UP: The maximum possible current amplitude occurs at the resonance angular frequency
because the impedance is then smallest.

EXECUTE: (a) At the resonance angular frequency @, =1/vLC, the current is a maximum and Z = R, giving

L.« = V/R. At the requlred frequency, I = I,,/3. I =V/Z = Imax/_’; (V/R)/3, which means that Z = 3R. Squaring
gives R” + (@l — 1/aC)* = 9R? . Solving for wgives w=3.192 x 10° rad/s and w= 8.35 x 10" rad/s.

(b) V=2V, =42(35.0 V)=49.5 V. pofom V85V (a4
3 3R 3(125Q)
For @=8.35x10" rad/s: R=125Q and V,=IR=165Q; X, =wL=125Q and ¥V, =16.5V;

X.=— =479Q and V. =632 V.
wC

For @=3.192x10" rad/s: R=125Q and V,=IR=165Q; X,=wl=479Q and V, =63.2V;

X,=—=125Q and ¥, =165 V.
wC

EVALUATE: For the lower frequency, X, > X, and V. >V;. For the higher frequency, X, > X_ and V, >V_.
31.63. IPENTIFY and SET UP:  Consider the cycle of the repeating current that lies between ¢, =7/2 and ¢, =37/2. In
1

. . /:
this interval = 2 (t —I idtand 12, =—— ["idt
t,—t

av

37/2
EXECUTE: [ =t— —J'mzi( ~T)dt = {;tz—rt}

/2

21,97 312 7 I
I, =| =L || = ——=———+—[=(2]))1(9-12-1+4)=-2(13-13) =0.
v (rZJ{ T 2 3 2] (24,)5( ) 4( )

g 1 31/2413 )
=%, = - f zdt—;fm -

) _4]3 312 3c/2 412 Y
T =" 7 (- )dt_ [ =7 )l/z - —E

2o=lipen=yp
rms_z[ ‘]—? 0

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 7 and the current amplitude for this current is
different from that for a sinusoidal current (Eq.31.4).
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31.64. IDENTIFY: Apply V. =1_Z

1 2 2
SETUP: @, =———and Z=R*+(X, - X.)".
JLC

1
~Jic J(1.80 H)(9.00x107 F)

EXECUTE: (a) @, =786r1ad/s.

b) Z= JRZ +(@l-1/aCy. Z= \/(300 Q)* +((786 rad /s)(1.80 H) —1/((786 rad /s)(9.00x107 F)))* =300 Q.

0= Vs = SOV _ 6900 A,
Z  300Q
(c) We want J = llm_o = _ Voms . R+ (wL-1/aC)? = 4V
2 z \/R2+(a)L—1/a)C)2 Lo
2 2
(z)szﬁt%—éﬁtR2 4V Zms —0and (@) I’ +@°| R* - 2L 45 +L2=O.
@ C C ms-0 Irms 0 C

Substituting in the values for this problem, the equation becomes (@”)*(3.24) + @* (—4.27x10°) +1.23x10" = 0.
Solving this quadratic equation in @ we find @ =8.90x10° rad® /s? or 4.28x10° rad’/s? and

®=943rad /s or 654rad/s.

@ (HR=300Q, 1, =0200 A, 2|—289rad/s (i)R=30Q, I, =
(i) R=3Q, I, =20 A, 2 88 rad/s.

tms-0
EVALUATE: The width gets smaller as R gets smaller; I__, gets larger as R gets smaller.

—@,| =28 rad/s.

31.65. 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; = el and X = 1/@C, and the impedance
is Z=\R*+(X, - X.).
EXECUTE: (a) @, =1/vLC becomes ;—)1/2 so a decreases by &,

’ V2L2¢ ’ 2

(b) Since X; = ai., if L is doubled, X; increases by a factor of 2.
(¢) Since X = 1/wC, doubling C decreases X by a factor of ; .

d) Z=JyRP+(X,-X.)Y »Z= \/(ZR)Z +(2X, -1 X_.), so Z does not change by a simple factor of 2 or +
EVALUATE: The impedance does not change by a simple factor, even though the other quantities do.

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

R
(N /N
SETUpP: N,=275and ¥,=250V.
EXECUTE: (a) V, =V(N,/N,)=(25.0 V)(834/275)=758V
(b) R; = R = 1250 >=13.6Q
(N,/N)Y*  (834/275)
EVALUATE: The voltage across the secondary is greater than the voltage across the primary since N, > N,. The

circuit of resistance R is R

effective load resistance of the secondary is less than the resistance R connected across the secondary.
1

22JLC

31.67. IDENTIFY: The resonance angular frequency is @, = ﬁ and the resonance frequency is f; =

SETUP: @, is independent of R.
EXECUTE: (a) w,(or f,)depends only on L and C so change these quantities.
(b) To double w,, decrease L and C by multiplying each of them by 1.

EVALUATE: Increasing L and C decreases the resonance frequency; decreasing L and C increases the resonance
frequency.

31.68. IDENTIFY: Atresonance, Z=R. I=V/R. V,=IR, V,=IX. and V, =IX,. U,=1CV} and U, =1LI".
SETUP: The amplitudes of each time dependent quantity correspond to the maximum values of those quantities.
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31.69.

31.70.

EXECUTE: (a) I=K= r =. At resonance oL L and I =K.
z \/R2+(a)L—1/coC) oC R
Vv VL
b) V. =IX.= =—,/=.
®) Ve =1Xe Rao,C R\C
|4 V(L
(c)VLszinwoin 'C—

1 1 vL 1.7
& U, =<crp=2cl L .
W= Ve=3"% ¢ 2"
1 1.7
U, =—LI’=-L—.
© =3 2R
EVALUATE: Atresonance ¥, =¥, and the maximum energy stored in the inductor equals the maximum energy
stored in the capacitor.
IDENTIFY: [=V/R. V,=IR, V,=IX, and V, =IX,. U,=1CV? and U, = ’L12

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

[4))
EXECUTE: @= 7°

@1=2- =

z L 2 \/ , 9L
2 o _ R +=—
\/R +[ ) 2/w0C] 4C

©V,=IX,= \f
2 \/RZ 9L \/
1 LV?
@ U, ==CV?= 2 .
2 R? 9L
4C
2
@U, =il IV
2 2R2+2~L—
4C

EVALUATE: For @< ®,, V. >V, and the maximum energy stored in the capacitor is greater than the maximum
energy stored in the inductor.

IDENTIFY: [=V/R.V,=IR,V,=IX ,and ¥V, =IX,. U, =1CV} and U, =1LI*.

SET UP: The amplitudes of each time dependent quantity correspond to the maximum values of those quantities.
EXECUTE: @=2a,.

(@) I= r_ 4 -
Z JR+QaoL-120,) \/Rz 9L

1
b) V. =IX, =
®) Ve C2cu0C 9L (\/

RZ

(© V, =IX, =2w,L

g

1 v
) U, =ECVCZ =
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2
(e U, =%L12 14

31.71.

31.72.

31.73.

31.74.

2/R2+2£
4cC

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

energy stored in the capacitor.

IDENTIFY and SET UP:  Assume the angular frequency @ of the source and the resistance R of the resistor are
known.

V, lol «L

EXECUTE: Connect the source, capacitor, resistor, and inductor in series. Measure ¥, and V. 7L R - R
R

and L can be calculated.
EVALUATE: There are a number of other approaches. The frequency could be varied until ¥, =V,, and then this
frequency is equal to 1/VLC. If C is known, then L can be calculated.

rms” rms

IDENTIFY: P, =V_ [  cos¢ and I = % Calculate Z. R=Zcos¢.
SETUP: f=50.0Hzand w=27zf. The power factor is cosg.
2 2 2
560
EXECUTE: (1) P, = /m cosg, 7 = m: 080 _ (120 V)'(0.560)
z P (220 W)

av

=36.7 Q.

R=Zcosg=(36.7 Q)(0.560) = 20.6 Q.
) Z= \/R2 +X72 X, = JZP R = \/(36.7 Q)Y —(20.6 Q)Y =30.4Q. But ¢=0is at resonance, so the inductive

and capacitive reactances equal each other. Therefore we need to add X, =304Q. X, = _le therefore gives

c=—»>i -1 . ! =1.05x10*F.
wX,. 2xfX. 2r(50.0Hz)(30.4Q)
2 2
(c) At resonance, P, = v _(@20Vvy _ 699 W.
R 206Q

EVALUATE: P, =12 R and I_ is maximum at resonance, so the power drawn from the line is maximum at

reésonance.

di
IDENTIFY: p, =i'R. pinL;;_ pe=1i.

C
SETUP: i=Icosat

EXECUTE: (a) p, =i"R=1" cos’(ax)R =Vl cos’(ax) = %VRI (1+ cos(2ax)).
1T WL gt Wl T_ 1
R(R)=7 L Pt =5 [ 1+ cos2aryt = AR =4Vl
M) p,=Li %; = —wLI* cos(wt)sin(wr) = —1V,Isin(2wr). But LT sin(2at)dt =0= P, (L)=0.

© p-= %i =v.i =V, Isin(wr)cos(wrt) =LV Isin(2wr). But _[OT sin(2at)dt =0= P, (C)=0.

() p=p,+p,+p, =Vcos’(wt)—L1V,Isin(ar)+ 1V Isin(2er) and

V, v, -V,

p=1cos(an)(V, cos(wr) -V, sin(ar)+V, sin(ar)). But cos¢ = 7 and sing = LT, )

p =VI cos(wr)(cos @ cos(wr) —sin gsin{ar)), 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.

dv,

IDENTIFY: V, =IX,. o 0 atthe w where V, is a maximum. V, = IX_.. ave
)

=0 atthe @ where V isa

maximum,
vV

SET UP: Problem 31.51 shows that / = .
JR? +(@wL -1/ aCY

EXECUTE: (a) V, =maximum when V.=V, > w=0, =

1
JILC'
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31.75.

(b) ¥, =maximum when v, _ 0.Therefore: Ll 0= a Vol .

dw dw do| R +(oL-1/oC)

2 _ 2 2
0= L VoLl 1/“’C)(L+zlf/‘f O R4 (@L-1/0C) =* (P -1/ 0*C?) .
JR*H@L-1/aC)? (R +(@L-1/aC))
RC? 1
R2+wzlc‘2 —%=_wzlc‘2. #=LC— f and w=_22——.
LC—-R*C*/2
d 14

(¢) ¥, =maximum when Ve _ 0. Therefore: Ve _ 0=— .

dw dw do| oC\[R* +(@L-1/ aC)

B v _V(IL-1/&*C)L+1/@’C)

@C\R* +(wL—-1/wC)* CR*+(@L-1/aCy’y"*" R+ (@1 -1/ 00 ==0" (L' ~1/&'C).

2
R+l 2L - w1 and a)=1/L—R—2.
C LC 2L

R+’ ' - % =—@’ >,

EVALUATE: ¥, is maximum at a frequency greater than the resonance frequency and X, is a maximum at a

frequency less than the resonance frequency. These frequencies depend on R, as well as on L and on C.
IDENTIFY: Follow the steps specified in the problem.
SETUP: In part (a) use Eq.(31.23) to calculate Z and then 7=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 = \/R2 +(@L-1/ wC)*.

1
(1000 rad/s)(1.25x10™° F)

Z= \/(400 Q) +[(1000 rad/s)(0.50 H) - ] =500 Q.

=K=M=0.400 A.
Z 500Q

®) g= arctan[w_L%/(a)Q]_ b= arctan[(1000 rad/s)(0.500 H)—1/ (1000 rad/s)(1.25x10™® F)] 436.9°

400 Q

1
(1000 rad/s)(1.25x10° F)

() Z,, =R+ {wL —é] Z,,, =400 Q—i[(lOOO rad/s)(0.50 H)— J =400 Q—300 Qi.

Z =J(400 Q) +(-300 Q)* =500 Q.
vV 200V [8 +6i

(d) ]cpx == =
Z_ (400-300/)Q L 25

cpx

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

Im(l,,) _6/25

e) tang=——"- =0.75=> ¢ =436.9°
(€) tang Re(l,,) 8/25 9
(@) Ve =L, R= (8;’—56’] (400 ) = (128 +961)V.

Vi =i p 0L = i(8;56l] (1000 rad/s)(0.500 H) = (=120 +160i) V.
1 .

Vs = i ={8+6’) ! = (+192-2560) V.
@C 25 ) (1000 rad/s)(1.25x10™ F)

®) Ve =Vaeps Voo TV

Repx Lepx Cepx

=(128+96i) V+(—120+160i)V +(192-256;) V=200 V.
EVALUATE: Both approaches yield the same value for 7 and for ¢.



