CHAPTER 33 Alternating Currents

Answers to Understanding the Concepts Questions

1. The core material plays a major role in linking the two coils, so it should efficiently amplify the
magnetic field as well as confine it to the linking region. This means that the energies within these
materials are substantial, and there are forces present that require that the core have a sufficient
mechanical strength. Cores used in demonstrations for introductory physics often involve thick wires
tied into a spiral for mechanical strength.

2. If you go to a foreign country where the voltage of the standard power source is higher than 110 V (e. g.
Europe and most of Asia), and you need to take along with you an electronic device that operates on 110
V, then you need a step-down transformer than converts 220 V to 110 V. Similarly, if a foreign visitor
needs to do the opposite by bringing in a device that operates on 220 V to be used in this country, a step-
down transformer would be necessary. As a matter of fact, nearly all the electronic gadgets you use, from
laptop computers to cell phone charger to portable CD players, etc., operate on a voltage other than 110
V (usually much lower), so they feature a built-in transformer that comes along with the power supply.
Also, a neighborhood step-down transformer the size of a small table is used to lower the voltage from
power lines from hundreds of thousands of volts to several hundred volts.

3. At very high frequencies the charging/discharging processes reverse back and forth very rapidly, so
the maximum charge accumulated on the capacitor is very small, and therefore the maximum voltage
difference across it is almost zero. Indeed, the reactance of a capacitor of capacitance C is 1/wC, which
approaches zero as w becomes very high.

4. A superconductor is superconductive only when the current density stays below a certain critical value.
If it is driven by an oscillatory power source at resonance frequency, eventually the current density in
the superconductor would exceed this critical value and the material reverts to a normal conductor,
with a finite amount of resistance. So the current can never actually reach infinity.

6. The lightbulb is essentially a resistor. So the circuit in question is an RLC circuit, which has a resonance
angular frequency @, =1/(LC)"2% The rms current is the greatest at this frequency, and hence the
lightbulb glows the brightest when w = w,.

7. The current alternates, sometimes negative and sometimes positive. In the harmonic form, every time it
has a certain positive value there is another time when the current has the same value, only negative.
The average of the current itself is simply zero, and this does not tell us much about important features
we want to study.

8. The loop rule equation that gives the relationship between the emf of the power supply and the
corresponding current in the circuit is a linear equation, so it satisfies the linear superposition principle.
This means that, if the emf that powers the circuit consists of two separate terms, each alone
generating a current I, and I,, respectively, then the total current in the circuit is I; + I, .

9. In principle, a transformer can indeed be reversed, whereupon a step-up transformer becomes a step-
down transformer, and vice versa. One must observe the power rating so as not to overload the circuit,
however.
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Chapter 33: Alternating Currents

The lamp is a resistor, and the “brightness” with which it burns is a measure of the energy loss within
it, hence of the energy loss in a driven RC circuit. Recall also that a capacitor acts like an open switch
for direct current, but passes alternating current more and more easily as the frequency increases. With
these statements we can see that (a) is false except when the generator frequency is zero (direct current).
We would also reckon that (b), but not (c), is true. We can verify this by recalling Eq. (33-38), which
shows that for a driven RC circuit with an emf amplitude V,, the power loss is given by

V2R /2[(1/ wC)* + R?]. As w increases, this loss increases.

A capacitor acts like an open circuit at very low frequencies and like a wire at high frequencies. So at
very low frequencies the capacitor can be effectively removed from the circuit, as practically all the
current would flow through the lightbulb, which burns brightly. At high frequencies the voltage across
the capacitor, which is the same as that across the lightbulb, is almost zero. The lightbulb would not
burn, or be very dim, at high frequencies. So the correct answer is (b).

The maximum current is most often determined by capacity of the appliance to dissipate thermal
energy, and that in turn is a function of the internal resistance. The result of too much current through a
resistor is so much thermal energy generated that the device melts! Other factors that may enter have
to do with the stability of semiconductor materials and of microcircuits to withstand the changes
generated by elevated temperatures.

An inductor is suitable for the job. As the power is turned on the current starts from zero. The inductor
prevents the current from changing too fast (from zero), so that limits current spikes. Also, the voltage
across the inductor is L(dI/dt), which can exceed that of the power supply just after the power is turned
on, as dI/dt is significant over the short time duration before the current reaches a steady value. This
provides the necessary large voltage that starts up the light.

The power delivered by the heater is P = V?/R. A higher voltage V results in a higher power.

Resistors in series are equivalent to a resistance that is the sum of the individual resistances, so that
the formula in question is indeed correct in this case. And when individual capacitors are placed in
series, their inverses add to an equivalent inverse capacitor, so that once again the impedances add. A
similar result holds for inductance. We can see all this from Eq. (33-48). The reason the individual
impedances do not add when more than one element is involved has to with the fact that the different
terms in effect enter with different phases. The phase does not matter when only one type of element is
involved, but the problem is made more difficult when the phase is present. In fact, when the
impedance is written using complex numbers, there is a very useful method to handle phase
complications: impedances connected in series are indeed equivalent to a single impedance whose
(complex) value is the sum of the (complex) individual impedances. In this language Eq. (33-48) is an
expression for the magnitude of the impedance.

In a DC circuit w =0, so X = 1/ wC becomes infinity. Physically, what this means is that, since the
current never reverses its direction of flow in a DC circuit, the capacitor will sooner or later be fully
charged. Once the charging process is over, no current can flow in the circuit. This is reflected in the
equation I = V/ X = 0 as X becomes infinity.

Just because a capacitor’s impedance for low frequency is large does not mean it is infinite, and just
because an inductor’s impedance for high frequency is large does not mean it is infinite either. There is
plenty of room for current to pass for frequencies that are neither zero nor infinitely large.

Since X; = wL, as w doubles so does L. The answer is (c).

Using antenna wires of the same impedance Z ensures the delivery of maximum power — see the
discussion on impedance matching in the textbook.
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There are two features of appliance plugs worth noting. Each are associated with safety. First, some
appliances have three-prong plugs. The third prong is a grounding line. It connects to ground in a wall
receptacle which connects that prong to a metal pipe or a grounding cable somewhere. Its purpose is to
make sure that a loose wire or extraneous piece of metal in the appliance will not make the outer case
“hot,” but rather connects the hot wires to ground and thereby causes a fuse to blow. The second feature
is something that nearly all new appliances with two-prong plugs have, and that is that one of the
prongs takes a flat spade form that can only enter the wall receptacle in one sense. The spade-accepting
receptacle is connected to ground, while the second receptacle is “hot,” with a potential that varies
from positive to negative. Thus the spade-shaped prong plays much the same role as the third prong in
the first case we discussed. Unfortunately, older buildings may not be equipped to take these plugs, and
in these cases many people will file the spade shape down. User beware!

When the frequency of the emf is equal to the resonance frequency of the LRC loop, i.e., fy=
1/[2x(LC)"?], the amplitude of the current in the loop will be the greatest, so bulbs 1 and 2 will be
bright, while bulb 3 will be dim since the net current going through it, I = I, + I, is close to zero at that
frequency.

Yes. All CRT’s have a high-voltage source that accelerates the electron beams, so a step-up transformer
is necessary to increase the voltage from 110 V to a considerably higher value.

It is always possible to use transformers to change the voltage amplitude when it becomes desirable.
The possible amplitude of a generator has to do with factors such as the speed of rotating turbine blades
and the strength of the magnetic field within which the rotors turn. Most often this amplitude is
considerably less than the high voltages that make for efficient transport of electrical energy, and
transformers are used at the transition area between generating plant and power lines.

No, the current is not carried by sparks. As the voltage across the capacitor plates change, so must the
charges carried by each plate; as Q = CV. As a result charges flow in and out of the plates, and hence
the current.
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Chapter 33: Alternating Currents

Solutions to Problems

We find the voltage in the secondary from
&/& =N,/N;;
£,/(600 V) = (1500 turns)/ (100 turns), which gives

& :'

For the power delivered by the transmission line, we have P = IV. The power lost to Joule heating is
P, =I?R=(P/V)R.
The cost of this lost power is
cost = (rate)P, ., = (rate)(P/V)?R.
(a) For a voltage of 750,000 V, we have
cost = ($0.18/kWh)[5.0 x 105 W)/ (7.5 x 105 V)2 x
(150 Q)(10-3 KW /W)(1 yr)(365 days/yr)(24 h/day) = 5105
(b) For a voltage of 1440 V, we have
cost = ($0.18/kWh)[(5.0 x 10° W) /(1440 V)]2(150 Q)(10-3 kW/W)(1 yr)(365 days/yr)(24 h/day)

We find the number of turns in the secondary from
& /& =N,/Ny;
(12V)/(110 V) = N, /(550 turns), which gives

N, - tumy

We find the current in the primary coil from
£/& =N,/N; =1,/1,;
(24V)/(115V) =1,/(2.0 A), which gives

11:'

When all turns of the secondary coil are used, the voltages of both coils are the same, so there must be
1200 turns on the primary coil. We find the number of turns of the secondary to be used for 45 V from
&/& =N,/N;;
(45V)/(120 V) = N, /(1200 turns), which gives
e
We find the current in the secondary coil from
&€ =1/1;
(45V)/(120 V) = (10 A)/1,, which gives

I, =7 Al

We find the number of turns on the first coil from its self inductance:
Ll = ,UOleA/Q;
74 x 103 H = (4nx 107 T-m/A)N,%(35 x 10~*m?)/(0.20 m), which gives

N, =|1.8 x 103 turns|

We find the number of turns on the second coil from the mutual inductance:
M=ugN,N,A/§ =L,N, /N;
43.5 x 1073 H = (74 x 103 H)N,, /(1.8 x 10°), which gives

N, =[L1 x 10° turns}.
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B. We find the voltage of the secondary coil from
& /€ =N,/Ny;

€,/(220 V) = (40 turns) /(1200 turns), which gives €, =7.33 V. g
We find the current in the secondary coil from
N N
A

88 W =1,(7.33 V), which gives I, =12 A.
We find the current in the primary coil from
N, /N, =1,/1,;

(40 turns) /(1200 turns) = I, /(12 A), which gives I, =040 Al.

8. (a) We find the voltage of the secondary from
& /€& =N,/N;;
€,/(220 V) =1/15, which gives &, =[15V]
(b) We find the current in the secondary from
& =5Ry
15V = 1,(15 ), which gives I, =[L0 A]
We find the current in the primary coil from
N, /N, =1I,/1L;

1/15=1,/(1.0 A), which gives I, =[0.067 A}.

(c) For the same power to be drawn directly from the 220-V generator, we have
€2/R=1R, =1,&,;

(220 V)2/R = (1.0 A)(15 V), which gives R =32 x 103 Q]

9. If we call the secondary windings N, and N, , we have
& /€ =N,/N;, and §&/€ =N,/N,;, which combines to
&,/& =N,;/N,;
(11 V)/(220 V) = N, /(1000 turns), which gives N, =[50 turns|

(T
z
Z F
) J))
s

10. For the two induced emfs, we can write
€ =-Ldl/dt, and & =-MdI/dt.
Because L and M are proportional to y, [the ratio of the emf’s is independent of .

11. We find the input frequency from
Xc =1/2nfC;
1.0 @ = 1/[2rf(12 x 10-° F)], which gives f=1.3 x 10* Hz =13 kHz|.

12. We find the current from
I=V/R=(V,/R) sin(wt)
=[(130 V)/(25 Q)] sin[2r(60 Hz)t] = 5.2 sin(120mt) Al.

13. If we write the current as I = I, sin(wt), the emf in the solenoid is
€=-LdI/dt=-Ll,w cos(wt) = — €, cos(wt).
We find the angular frequency from
& =Llyo=1,X;;

330 V = (2 A)(15 x 103 H)w, which gives w = [L.1 x 10* rad/s}.
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Chapter 33: Alternating Currents

14. If we write the current as [ = I, sin(wt), the voltage across the capacitor is
Ve=q/C=(1/0)J1dt=-(,/Cw) cos(wt) = -V, cos(wt).

We find the maximum voltage from
Vo=1,/Co=1,X,-

= (2.26 A)/[(40 x 10-6 F)2n(60 Hz)] = [1.50 x 102 V],

15. We find the capacitance from
Vo=1Xc=1,/Co;
95V = (2.45 A)/[C2n(180 Hz)], which gives C = 2.28 x 10->F = [22.8 uF|.

16. We find the inductive reactance from
Vy=1,X,;
4V =(0.065 A)X, , which gives X, =62 Q.
The inductance of the circuit is

L=X;/w=(62Q)/2n(220 Hz) = 45 x 103 H:_

17. The maximum value of the capacitive reactance occurs at the minimum frequency:

Xemax =1/ 0pinC = 1/(300 rad /s)(2 x 10-6 F) =

The maximum value of the inductive reactance occurs at the maximum frequency:

X max = @maxL = (1000 rad /s)(0.3 H) = [300 Q]

18. The current exists for positive and negative values of t. For simplicity, we find the positive values,
recognizing that the sequences can be extended to negative values.
(a) For the current I = I sin[wt + (1/4)], the peak current occurs when
sinfwt — (1/3)]=+1, or wt—(n/3)=m/2,3n/2,5m/2,..=(n-PYmn, n=1,2,3, ....
The times are
t=1/w)n-(1/6)]n=[1/2n(60 Hz)][n - (1/6)]n(10° ms/s), n =1, 2, 3, ..., which gives
t=].., 6.9 ms, 153 ms, 23.6 ms, ..|.
(b) We find the peak voltage from
Vy=1,X, = l,oL
= (2.3 A)[2n(60 Hz)1(0.25 H) = P17 V]
The voltage across the inductor is
V =L dI/dt=Lwl, cos(wt —1/3) =V, cos(wt —1/3) , so the peak voltage occurs when
cos(wt—m/3)=+1, or wt-m/3=0,m2m, 3n,..=nm, n=0,1,2,3, ...
The times are
t=1/w)n+ (1/3)]n=[1/2rn(60 Hz)](n + 1/3)n(10° ms/s), n =1, 2, 3, ..., which gives
t=]|., 2.8 ms, 11.1 ms, 19.4 ms, ..].

19. Both the voltage and the current in the circuit are sinusoidal, so we have
(V2)=V,2 (sin*(wt)) = 3V? and (I?)=1,? (cos*(wt)) = 31,2.
We find the inductive reactance from
Vo=1X,, or (V)=(P)X?
(30 V)2 = (2 A)2X,2, which gives X, =[15 Q]
We find the frequency from
X, = wL = 2nfL;

15 Q = 2mf(25 x 10-3 H), which gives f =95 Hz
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20. Because the different frequencies have different inductive reactance, we find the current from each term
of the voltage and add them.
For an angular frequency of 400 rad/s, we have
X;1 = oL = (400 rad /s)(40 x 10-6 H) = 16 x 10-3 Q.
The maximum current is
Io1 =(0.3V)/(0.016 Q) = 19 A, which lags the voltage by im, so we have
I; = (19 A) sin[(400 rad /s)t — in].
For an angular frequency of 2700 rad /s, we have
X;1 = oyL = (2700 rad/s)(40 x 10-6 H) = 0.11 Q.
The maximum current is
Io1 =(0.3V)/(0.11 Q) =2.7 A, which lags the voltage by im, so we have
I, = (2.7 A) sin[(2700 rad /s)t — in].
The total current is
I=1; +I,= |19 A) sin[(400 s~ )t — In] + (2.7 A) sin[(2700 s~ 1)t — n]]

21. (a) We can write
D cos(wt + ¢) = D sin[wt + ¢ + (1/2)], (a) (c)

) |D is more advanced in phasel, Y N
(b) The phase difference is /2, or . |5 1eads|_ L -
(c) We can write A B
f(t) = A cos(wt) + B sin(wt) X ot X
= fsin 8 cos(wf) + f cos & sin(wt)
= fsin(wt + 9),
where f= (A% + B?)'/2 and [tan = A/B|
Whether ]? leads or lags C depends on whether 6> ¢, or §< ¢.
22. The voltage from the source is also the voltage
across the inductor, so we have ILi Ici
V, sin(wt) = I; dI; /dt. € . i
The current is given by the integral of sin(wt): @ 3 L —_C

I; ~ [ sin(wt) dt ~ E cos(wt)|

23. For radio waves, we have
c=fA=wk/2m
We find the capacitance from the natural frequency of the circuit:
wo = (1/LOV2=2mc/ Ay

[1/(14 x 10-6 H)C]'/2 = 2r(3.0 x 108 m/s)/ (42 m), which gives C = 3.5 x 10-11 F =35 pH

24. We find the capacitance from the natural frequency of the circuit:
w, = (1/LO)YV/2 = 2nf.
For the lowest frequency, we have
[1/(12 x 10-3 H)C, /2 = 2n(540 x 10° Hz), which gives C; = 7.3 x 10-12F = [7.3 pf|
For the highest frequency, we have
[1/(12 x10-3 H)C,]'/2 = 2n(1600 x 10° Hz), which gives C, = 0.83 x 10-12F =[0.83 pH
The capacitance range needed is 0.83 pF to 7.3 pF.

25. At the resonant frequency the impedance is the resistance:
ImaX: Vo/Z: Vo/R
To double the current we have

Imax2/Imax1 =2 =Ry /R, , which gives [R, = IRy]
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26. For resonance, the driving frequency must be the natural frequency:
w=w,=(1/LO?%

2r(750 Hz) = [1/(5 x 10-3 H)C]'/2, which gives C = 9.0 x 10-6 F =[9.0 uF|.

27. We find the maximum charge from

Qoo =L/ @ = (100 x 10-3 A) /2r(60 Hz) = .7 x 104,

The emf is

V=1L Z = (100 x 10-3 A)(40 Q) = [£0 V]

28. Let the resonance frequency of the circuit be that of the Channel 6 audio signal:
fo=1/[2m(LC)"?]; so
L=1/@7fyC)=1/[4x* (87.75 x 10° Hz)*(20 x 1012 F)] =/0.16 uH].

. The impedance of the circuit is Z = [R* + (wL)?]'/?, so the current in the circuit is I = €/Z, and the voltage
across the resistor is
Ve=IR=ER/Z = ER/[R? + (wL)*]'?, which gives
L=[(E/Vp)*~11"*R/w=[(110 V/40 V)*~1]'/* (150 Q)/ (60 rad /s) =64 H]

30. (a) Xc=1/wC=1/[2r(60 Hz)(15.0 x 10-6 F)] = [I77 Q]

X, = oL = 2m(60 Hz)(30.0 x 10-3 H) =[11.3 9

Z=[(X,-X)?2+R12={[(11.3 Q) - (177 Q)]* + (18 Q)2}1/2=[167 Q|.
(b) X =1/wC =1/2r(500 Hz)(15.0 x 10-6 F) =p1.2 Q.

X, = oL = 2r(500 Hz)(30.0 x 10-3 H) =[4.2 @]

Z=[(X, - X)?+ R[/2=[(942 Q212 Q)2 + (18 Q)*]'/2=[5.2 Q]
(c) Xc=1/wC=1/[2r(20.0 x 103 Hz)(15.00 x 10-° F)] =[0.531 Q]

X, = oL =2m(20.0 x 10% Hz)(30.0 x 10-3 H) = 3.77 k9]

Z =[(X; - X0)? + RJ1/2 = [(3770 @ - 0.531 Q) + (18 @)2]'/2=B.77 k]

31. Xc=1/wC =1/[2r(1200.0 Hz)(2 x 106 F)] =[66.3 9]
X, = oL = 2n(1200.0Hz)(92 x 10-3 H) =694 Q]
Z=[(X, - X0)? + RJ/2 = [(694 Q- 66.3 Q)% + (500 Q)2]'/2=[802 Q]
Quax = Vo/ ©Z = (80 V)/[2r(1200.0Hz)(802 Q)] = 1.3 x 10-5 C=[13 uC.
tan ¢ = (X, - X.)/R = (694 Q@ - 66.3 Q) /(500 Q) = + 1.26, which gives ¢ = [+ 51.59

I.x=Ve/Z=(80V)/(802Q)=[010 Al

32. For a frequency of 1000 rad/s, we have the following values possible:
X1 =1/wCy =1/(1000 rad/s)(1 x 10-6 F) = 1 x 10° Q;
X2 =1/wC, = 1/(1000 rad /s)(100 x 10-6 F) = 10 ©;
X;1 = wL; = (1000 rad/s)(10 x 10-3 H) = 10 Q;
X, = wL, = (1000 rad/s)(25x 10-3 H) = 25 Q;
Ri=1x10Q; R,=3x10°Q.

To minimize the impedance, Z = [(X| - X.)? + R?]! /2 we want to minimize X; - X and R so we choose

C,,L;,and Ry, which gives
Z . =110 Q) - (10 Q)2 + (1 x 103 Q)2}1/2=[1 x 103 Q, for C, = 100 uF, L; =10 mH, R, =1k}
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33. Because the emf is turned on at t = 0, we have
V=V, sin(wt).
All elements have zero voltage at t =0 s. 0.10000 seconds is 120 cycles, so any transient currents will
have subsided, and the steady-state current will have been reached.
The voltage on the capacitor is
Ve =Q/C==(Qyax/C) cos(wt — ¢)
= [(13x 106 )/ (2 x 10-6 F)] c0s[2400m(0.10000 s)(180° /m) — (+ 51.5°)] = [14.05 V]
The current in the circuit is
1=(V,/Z) sin(wt - ¢),
so the voltage across the inductor is
V,=Ldl/dt=+(LV,/Z)w cos(wt - ¢) = + (X, V,/ Z) cos(wt — ¢)
= [(694 Q)(80 V) /(802 )] cos[2400m(0.10000 s)(180°/m) — (+ 51.59)] = [r43.1 V]
Note that the voltage across the resistor is
Vz =IR=(V,R/Z) sin(wt — ¢)
= [(80 V)(500 )/ (802 Q)] sin[2400r(0.10000 s)(180° /1) — (+ 51.5°)]
=-390V,
so the sum of the voltages is 0, which is V at t = 0.10000 s.

34. We assume that the current is up, given by I = I, sin(wt).

For the connections shown, the horizontal voltage is
Vg =—RI=-RI; sin(wt) = - (12 Q)I, sin(wt). e e

(a) The inductive reactance is
X, =wL = 2m(60 Hz)(0.95 x 10-3 H) = 0.36 Q. @

Because the voltage of the inductor leads the current,
for the vertical voltage we have |
V, =V, +V,
=—rl, sin(wt) - X, I, sin(wt + i)
=—(0.650 Q)I, sin(wt) — (0.36 Q)I, sin(wt + im) .
The oscilloscope deflections are proportional to the voltages, or
x x — (12 Q) sin(wt);
y o« —(0.650 Q) sin(wt) — (0.36 Q) sin(wt + im),
With wt as a parameter, this gives an ellipse.

(b) The capacitive reactance is I /
Xc=1/wC =1/2m(60 Hz)(0.5 x 10-3F) =53 Q]

(a) Inductor

Because the voltage of the capacitor lags the current,
for the vertical voltage we have
VZ = V,, + VC
=—rl, sin(wt) - X1, sin(wt — im) (b) Capacitor
=—(0.650 Q)I, sin(wt) - (5.3 Q)] sin(wt — im) .
The oscilloscope deflections are proportional to the voltages, or

x « — (12 Q) sin(wt);
y o = (0.650 Q) sin(wf) — (5.3 Q) sin(wt - i), (\\
With wt as a parameter, this gives an ellipse. . .\\-—>- x

() IfX;=0o0rX. =0, the ellipse will degenerate to a straight line.

Thus a narrower ellipse corresponds to smaller reactance.

We could vary the angular frequency. If the ellipse becomes
Narrower with increasing w, the reactance must be capacitive.
If the ellipse becomes broader, the reactance must be inductive.
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. We find the reactances and the impedance:

36.

37.

38.

X.=1/wC =1/2m(60 Hz)(2 x 10-6 F) = 1.33 x 10° ©; 3
X, = oL = 2m(60 Hz)(0.8 H) = 302 Q; @
Z=[(X; - X.)? + R2J1/2
= [(302 Q2 - 133 x 10° Q)2 + (600 @)2]1/2 = 1.19 x 10° Q. RS 3 .
We find the maximum current from $
I..=Vy/Z=(110V)/(1.19 x 10> Q) = 0.092 A =[R2 mA|.

The maximum potential drops are | |
V rmax = ImaxR = (0.092 A)(600 ) = [55.5 V] I
V cmax = ImaxXc = (0.092 A)(1.33 x 10° Q) = [123 V]
Ve = Inax Xz, = (0.092 A)(302 Q) =[7.9 V]

We find the resonant angular frequency from

wo = (1/LC)V/2 = [1/(0.8 H)(2 x 106 F)]'/2= [7.9 x 102 rad /4]

At this frequency, Z, =Rand I, = V,/Z,=V,/R. To reduce the current to one-half, we have
Z=2Z,, or [(X;-Xc)?+R|V/2=2R; [(wL-1/wC)?+R2]'/2=2R.

This is a quadratic equation for w:
Lw?+Rawv3-1/C=(0.8 H)w? + (600 Q)(V3)w —1/(2x10-%F) = 0, which gives

W= |3.7 x10%2rad/s or 1.67x10° rad/sl.

With a scaling of 1, the new value of the capacitance is
Cy = &A,/dy = €)(3)*A,/ (3dy) = 3Cy.
If the coils of the solenoid are tightly wrapped, reducing the wire size will increase the density of
turns. With a scaling of 1, the new value of the inductance is
Ly = gy * Ay, = 1 (2m;)(3)*A1 (38,) = 3Ly
We find the new resonant frequency from
w,=(1/L,C,)"/2=[1/(AL)AC,)]}/2 = 2w,. The resonant frequency would [double].

From the proposed solution, we find the other terms in Eq. 33-28:
Q== Qpax cos(ot - ¢);
dQ/dt=+ Qo sin(wt — ¢);
d?Q/dt? =+ Q,,,,w? cos(wt — ¢).
When we substitute these in Eq. 34-28, we have
V, sin(wt) - L d?Q/d* =R (dQ/dt) - Q/C=0;
V, sin(wt) - LQ, ., @? cos(wt — ¢) - RQ, . o sin(wt — ¢) + (Q,,,./C) cos(wt — ¢) = 0.
We expand the sine and cosine functions to get
V, sin(wt) = (LQ,,.,@? + Qparx/ Olcos(wt) cos ¢ + sin(wt) sin ¢] —
RQ,, . @lsin(wt) cos ¢ — cos(wt) sin ¢] = 0.
When we combine all of the sin(wt) and cos(wt) terms, we get
[Vy + (= LQpp @ + Qpan/ ©) sin ¢ — (RQ,,,,, @) cos ¢] sin(wt) +
[(- LQ,ax@? + Qax/ C) cos ¢+ (RQ, . @) sin ¢] cos(wt) = 0.
For arbitrary times, this equation will be satisfied if each of the coefficients is zero:
cos(wt) term: (- LQ, ,, ®?+ Q,.../C) cos ¢+ (RQ,,,, ) sin ¢ = 0, which gives
tan ¢ = (Lw-1/wC)/R;
sin(wt) term: V, + (-LQ, . 0>+ Q,.,./C) sin ¢ — (RQ,,,, w) cos ¢ = 0, which gives
Quax = Vo/[(La? —1/C) sin ¢ + Rw cos ¢],
which can be reduced, by using the result for tan ¢, to
Q...=V,/wZ,  where Z = [(Lw)* - (1/ oC)?] + R?]'/2
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39.
(a) o (b) o
C circuit L circuit
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t t
0 0 e Current
—
Time Time
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\ 4
0 to t o t
s A\ -
Time Time Time

40. For the purely resistive circuit, we have
VO = ImaxR;
80V = (3 A)R, which gives R =27 Q.
For the RC circuit, we have
VO = ImaxZ;
80 V = (1.5 A)Z, which gives Z =53 Q.
We find the capacitance from
Z2=X2+R%;
(53 Q)2 =X-2 + (27Q)?, which gives X-=46Q, or
C=1/wX-=1/2n(60 Hz)(46 Q) = 58 x 10-6 F = [58mF.
We find the voltage drops from
Vcmax = Lnax Xe = (1.5 A)(46 Q) =

V kmax = ImaxR = (1.5 A)(27 @) = 11 V]

41. We find the inductance from the resonant frequency:

w,?2=1/LC;

[2r(60 Hz)]? = 1/[L(16 x 10-¢ F)], which gives L = 0.44 H.
At resonance the reactances are equal:

X-=X; = oL =2m(60 Hz)(0.44 H) =166 Q, and Z =R =30 Q.
The voltage across the capacitor is

Vemax = InacXe = VoXo/ Z = (12 V)(166 Q) / (30 Q) =
which is also the voltage across the inductance. Because the inductance voltage lags the resistance

voltage, Viax = InaxR by /2, we find the voltage across the inductor-resistor combination from
Virimax = Vemax2 * Vima: = (12 V)2 + (66 V)2, which gives Vi, . =[67 V]

42. For the maximum voltages to be equal, we have
IaR=1 . X-=1 X, or R=X.=X , which gives

max max max

1/wC=R, or C=[/2nfR}
wL=R, or L=[R/2mf

43. We find the inductance from the resonant frequency:
w2 =1/LC;

[2m(180 x 10® Hz)]? = 1/L(70 x 10-° F), which gives L = 1.1 x 10-> H =11 yH|.
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44. We find the equivalent values for each of the components:
two resistors in series: R, =R, +R);
two capacitors in series: 1 /Ceq =1/C, +1/C,;
two inductors in series: L., =L; + L,.

For the reactances, we have
Xeog=1/0Cq=1/0C, +1/0Cy = X, + X

XLeq = wLeq =owl; + wL, =X, + X ,.
The total impedance is

Ztotal = [(XLeq -X

Ceq )+ RG22 = {[(X g + X 5) = (X + X)) PP + (Ry + Ry},

45. With V(t) = V, sin(ot) and I(t) = I, sin(wt — ¢), we find the @)

phase difference between the two from Y VR f I
tan ¢ = (X; - X.)/R. \
(a) For a circuit with a resistor and capacitor, we have || v
tan ¢ = (X; - X.)/R= -X-/R. /
Thus ¢ < 0, and the current leads the voltage. @ x
The potential drop across the resistor is v
Vg = RI =RI, sin(wt - ¢). ¢
The potential drop across the capacitor is
Ve=Q/C=-(Qy/C) cos(wt - ¢). b)
(b) For a circuit with a resistor and inductor, we have Yy v \
tan ¢ = (X, -X.)/R= + X, /R.
Thus ¢ > 0, and the current lags the voltage. ¢ I
The potential drop across the resistor is %3 Vi
Vg =RI =R, sin(wt — ¢). wt
The potential drop across the inductor is X
V. =LdI/dt = LI, cos(wt - ¢).

46. For the power dissipated in a resistor circuit, we have

(Py=(P)R =1l 2R = 1(1.36 A)%(120 Q) = [111 W]

47. We find the maximum current from
(Py=(P)R = 3l,,,’R;
150 W =11 2(12 Q), which gives I, =5.0 A.
Because this is the current at t = 0, we have
I=1, cos(wt)
= (5.0 A) cos[2n(75 Hz)(0.04 5)] = (5.0 A) cos(6m) =[5.0 A]
Note that 0.04 s is 3 cycles.

48. From the charge on the capacitor,
Q =CV =CV, sin(wt), we have
I1=dQ/dt=CV,w cos(wt).
The instantaneous power is
P=1v
=[CV, o cos(wt)][V, sin(wt)] = |a)C V2 sin(wt) Cos(a)t)| =1wCV,? sinQwt).
The average power is
(P) = 30CV Xsin(Qwt)) = ﬂ, because the average value of a sine function over a period is zero.

We know this is so because there is no loss of energy in the capacitor; the charge oscillates.
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49.

50.

51.

52.

53.

The average power in an RLC circuit is
(Py=3V?R/Z = 3Vo?R/[(X; - X0)* + R*JV/2 = 3V?R/{[(wL) ~ (1/ wC)* + R}1/2.
(a) When w — o, Z — wL, and we have
I
The current is a very small because there is a large induced emf in the inductor.
(b) When w— 0, Z—1/wC, and we have
(P) = 1V2RwC — 0|,
The current is a very small because the system approaches a DC circuit, which would have
[ro current through the capacitor|.

(a) We find the resistance from

(Py=(V?)/R=3V,.., 2 /R

8.0 x 102 W = 1(110 V)2/R, which gives R =[7.6 Q|
(b) We find the rms current from

(Py=1_2R;

rms

8.0x10°W =1 2(7.6 Q), which gives I =[10.3 Al.

(c) The maximum current is

Lax = Lmsv2 = (10.3 A2 =[14.5 A]

(a) For a pure capacitive circuit, R =0, X; =0, Z= X, so we have
cos §=R/Z=0/X-=[]

(b) For a pure inductive circuit, R =0, X- =0, Z=X, , so we have
cos ¢p=R/Z=0/X, =[]

(c) For a pure resistive circuit, X =0, X; =0, Z = R, so we have
cos p=R/Z=R/R=[]

From the current

I =1, sin(wt - ¢), we get

V,=LdI/dt=-Ll,w cos(wt — ¢).
The instantaneous power is

P=1v,

=1, sin(wt — ¢)][- LI w cos(wt — ¢)] = — wLI,? sin(wt — ¢) cos(wt — ¢) = - 1wCV? sin[2(wt - ¢)].

The average power is

(P) = - CV 2 (sin[2(wt — ¢)]) = 0, because the average value of a sine function over 2 cycles is zero.

(a) For RL circuits,
Xc=0, Z=(X;2+R?*"2 so we have

cos p=R/Z=[R/(X,2 + R?)1/2
(b) For RC circuits,
X; =0, Z=(X2+R»)'2 s0wehave
cos p=R/Z=[R/(X.2 + R?)1/2,
(c¢) For LC circuits,
R=0, Z=X,-X.,sowehave
cos p=R/Z=0/(X,-X)=[
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54. The impedance is

Z=E. /I _=170V/04 A =425Q =04 k|
From P =1, R = (I,.., /V2)* R we get
R=2P/I_%=2(18 W)/ (0.4 A =225 Q=[02 kQ)

Finally, from Z = [R* + (wL)*]"/* we solve for L:
L=(Z*-R)"?/ 0 = [(425 Q) - (225 Q))|"/*/[2(60 Hz)] = 0.956 H =[L H]

55. (a) The resonance frequency is
fo=wp/2m=1/[20(LC)"?] = (1/2m)[(170 x 10-6 F)(24 x 10-3 H)]'/>=[® HZ|
(b) FromP=PR=(E/Z)’R we have
P(w)/ P(wy) = [Z(w) | Z(0)]* = (Rwp)*/ [(Rw)* + LA @* - )]
For w = 1.01w,, P(w) = 0.02 P(w,); so
(Rwy)?/[(1.0TRwy) + LX(1.012 = 1) w;] = 0.02;

56. We find the voltage amplitude from
Vo= V,meV2 = (78 V)v2 =[110 V]
For the current, we have
I..=V./Z=(78V)/(20Q)=
Iy=V,/Z=(110V)/(20 @) =55 Al

57. We find the impedance of the coil from
(P) = (Vi 12,) 05
200 W = [(110 V)2/Z,](0.6), which gives Z, =363 Q.
The resistance of the coil is R =Z, cos ¢ = (36.3 Q)(0.6) = 21.8 Q.
We find the inductive reactance from
Z2=X2+R%;
(36.3 Q)% =X,% + (21.8 Q)?, which gives X, =29.0 Q.
When the capacitor is added to the circuit, we find the impedance from
(Py=V_ 2R/Z2;
200 W = (220 V)?(21.8 Q)/Z,2, which gives Z,=72.6Q.
We find the capacitive reactance from
2,2 =(X, - X)? + R
(72.6 Q)2 =[(29.0 Q) - X-J* + (21.8 Q)?, which gives X =98.2 Q.
The capacitance is C=1/wX; = 1/2n(60 Hz)(98.2 Q) = 2.7 x 10-5F = 7 uF
To maintain the same power factor with the same resistance by adding a capacitor, we have
R/Z,=R/Zy, or Z =2y
(X, —X:3)? =X, 2, which has two solutions:
X5 = 0, which is the original circuit, and X.;=2X; =2(29.0 Q) =58.0 Q.
The capacitance is
Cy=1/wXcs = 1/2m(60 Hz)(58.0 Q) = 4.6 x 10-5 F =46 uf]
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58. We will take all currents and voltages as rms values.

(a) Because the capacitor is plac.ed in parallel, its current V, sin(w!) _I) I
leads the voltage by im; we find the total current as the
sum of the currents in the branches: @ IZ\l 7 C
I, =1 sin(wt- ¢) = I, sin(wt) cos ¢ — I, cos(wt) sin ¢;

Ic =1 sin(wt + i) = I; cos(wt); |
I=1; +Ic =1, sin(wt) cos ¢ — Iy cos(wt) sin ¢ + I; cos(wt)
= I, cos ¢ sin(wt) + (I; — I, sin ¢) cos(wt).
To get a power factor of 1.0, we want the current to be in phase with
the voltage, V =V sin(wt), which means we want the cos(wt) term to be zero:
I, =1 sin ¢= (120 A) sin 40° =77 A.
We find the required capacitance from
Xc=1/wC =Vy/1; ;
1/2m(60 Hz)C = (220 V) /(77 A), which gives C = 9.3 x 10-4 F=[080 uH.
(b) The rms current becomes
I=1Iycos p=(120 A) cos 40° = [2 A]
(c) We find the total power from
P=1Vy=(92 A)(220 V) = 2.02 x 10* W =[20.2 kW]|.

@. We find the impedance and resistance of the motor from

(P)=(Vy?/2Z,) cos ¢,

5 x 103 W = [(220 V)?/2Z,1(0.80), which gives Z, =3.87 Q;

R,=Z, cos ¢ =(3.87 Q)(0.80) =3.1 Q.
The current in the circuit is

1,=V,/Z, =(220 V)/(3.87 Q) = 56.8 A.
If we include the transmission line, we find the impedance from

Z,2=(X; - X)?+(Ry +R,))?2=Z,2-R,%2 + (R, + R)?;
=(3.87 Q)2 - (3.1 Q)* + (3.10 Q + 2.5 Q)?, which gives Z, = 6.07 Q.

The voltage that must be supplied at the input is

Voa=1,Z, = (56.8 A)(6.07 Q) = 345 V]

The power that must be supplied at the input is
(P,) = Vo 2(R, +R,) /27,7 = (345 V)2(3.1 Q + 2.5 Q) /[2(6.07 ©)?] = 9.1 x 10> W =[0.1 kW],

60. We find the resistance of the device from
(P)=V,2R /2722 = (V2 /| 2R)(cos ¢)?*;
4 x 103 W =[(220 V)?/2R](0.85)?, which gives R = 4.4 Q.
We find the rms current from
<P> = IrmszR;
4x103W =1, 2(4.4 Q), which gives I =302 A.
The power lost in the transmission line is
P =1.2R,= (302 A)X(15 Q) = 1.4 x 10* W =14 kW]

Because this is almost the power delivered, better transmission cables should be used.

61. We find the impedance from
Vo=1,Z; 220V =(80 A)Z, which gives Z =2.75 Q.
For a power factor of 0.55, the maximum power is
Pt = 102Z cos ¢y = (80 A)2(2.75 ©)(0.55) = 9.7 x 103 W =[0.7 kW]
For a power factor of 0.95, the maximum power is
P . .=1,2Z cos ¢, = (80 A)2(2.75 Q)(0.95) = 16.7 x 103 W =16.7 kW]|.

max2
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62.

63.

64.

The capacitive reactance is

Xc=1/wC =1/[2n(60 Hz)(4.5 x 10-° F)] =[90 Q]

We find the impedance from
Z2=X2+R?
= (590 Q)? + (20 Q)?, which gives

We find the current from
V,=1,Z;
110 V =1,(590 Q), which gives

10:'

We find the power from
(Py=1_ 2R = 1I,R;

rms

= 1(0.186 A)(20 Q) = [6.9W]
The power factor is
cos p=R/Z = (20 Q)/(590 @) =[0.034]
The added inductance has a reactance of
X, = oL = 2r(60 Hz)(0.035 H) = 13.2 Q.
We find the new impedance from
72 = (X, —-X)2 + R
=(13.2 Q-590 Q)% + (20 Q)?, which gives
z=pr7 9]

We find the current from

Vy=1,Z;

110 V = 1,(577 Q), which gives 1,=10.191 A}.
We find the power from

<P> = IrmszR = %IOZR’.

=1(0.191 A)2(20 Q) =[0.365 W|.

The power factor is

cos p=R/Z = (20 Q)/(577 @) =[0.035]

Before the capacitor is short-circuited

P=1_2R;so

R=P/I,>2=(200 W)/(3.00 Ay =[2.2 Q| Also
mms = Ems 1Z =220 V/[R* + (X; - X)?]"* = 3.00 A.

After the capacitor is shorted out

Chapter 33: Alternating Currents

I,.=E../Z=220V/(R*+X2)'*=220 A. R=222Q; X,=98Q; X.=168 Q.
The last two equations yields XL= and X.=[168 Q| (Note that X.> X, ).

The resonance frequency is
fo=1/[2n(LC)"?; s0
L=(1/2nf)*/C

=1/[2r(2.2 x 106 Hz)]?/ (6.6 x 10-12 F) = [0.79 mH].

According to Eq. 32-43
Aw=R/L =2x[2(3.0 x 10° Hz)]; so
R =L Aw=(0.79 mH) 47(3.0 x 103 Hz) = [0 Q]
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65. (a) We find the reactances and the impedance:
Xc=1/wC =1/[2n(60 Hz)(20 x 10-¢ F)] = 133 Q;
X; = oL = 2r(60 Hz)(10 x 103 H) = 3.77 Q;
Z=[(X, - X2+ RJ/2 = [(3.77 Q=133 Q)2 + (50 Q)] /2 = 139 Q.
The power factor is
cos p=R/Z = (50 )/ (139 Q) = 0.36.
We find the power absorbed from
(Py=1_27 cos ¢p=(V,..2/Z) cos ¢

=[(110 V)2/ (139 ©)](0.36) = BL W]

(b) If the resistance is halved, we find the new impedance:
Z=[(X, - X2+ RJ/2=[(377 Q=133 Q2 + (25 Q)] /2= 132 Q.
The power factor is
cos p=R/Z = (25Q)/(132 Q) = 0.19.
We find the power absorbed from
(Py=1,2Z cos ¢=(V 2/Z)cos ¢

=[(110 V)2/ (132 ©)(0.19) = [I7 W].

(¢) The maximum power drawn is

Pax = 2(P) = 2(17 W) = B4 W]

66. We use the expression for the resonance frequency in the definition of impedance:

R_ R _ R _ R
Z
T T o
= R _ 1
2
Vel (50 (5-3)
= L ,whereQ:w—I(g“,
V1-ola-3)
67.
o Q-values
1.0 B /q‘\\\ L
09 /. m\\ - :
L , Ilu‘ \ _____
0.8 , " . 0
0.7 / ’:'.\\ ~. |- 100
06 F 7 II:'E\ \\
05 | J [0 ~_
/ I [ ‘ \\
04 + R
03 t /l E :. \\
0.1 | /,/ ': '& \‘\~§_§___
0.0 i ___-—"‘ R S o _ e N —‘____l
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68.

69.

70.

71.

72.

Chapter 33: Alternating Currents

For small values of the resistance, the bandwidth is
Aw=R/L, so we have
Aw/w=R/Lw=R/Lwy)(w,/w)=(1/Q)w,/ w).

When the resistance is small, @ = w,, so we have Aw/w=1/Q.

For the RC circuit, we have I C
Xo=1/wC, —> ||
Z=(XC2+R2)1/2, I I
[=V,/Zand V.=IX.=V,X./Z.

(a) X, =1/[2r(100 Hz)(5x 109 F)] =3.2x 105 Q,

Vv, sin(wf
Z=[(32x10°Q)2 + (120 QR[1/2=32x10° Q, 1 sin(wf) @
Ve =(0.20 V)(3.2x 105 Q) /(3.2 x 10° Q) =[0.20 V|.

(b) X.=1/[2n(10° Hz)(5 x 102 F)] =3.2x 102 Q, WA=

Z=[(32x102 Q)2 + (120 Q)2]1/2=34x 102 Q, R

Ve =(0.20 V)(32x 102 Q)/ (3.4 x 102 Q) =[0.19 V],
(¢) Xo=1/2n(10x 106 Hz)(5 x 10-°F) =32 Q,
Z=[(32Q)+ (120 Q)2]'/2=120Q,

Ve =(0.20 V)(3.2x 1073 Q)/(120 Q) =[5.3 x 10-° V|.

This is a low-pass filter (filters high frequencies).

For a high-pass filter, we put the capacitor and resistor in series and

use the voltage across the resistor as the output. At low frequency, the |1 C

reactance of the capacitor will be large and the voltage across the resistor 11

will be small. At high frequencies, the reactance of the capacitor will be

small and the voltage across the resistor will be almost the input voltage. Vin Viout
If we set X = R, we have R

Z=(X2+R)V2=RV2, $0 Voy=IR = ViuR/Z = Vinv2,
which we will use as the condition at our cut-off frequency:

R =1/2nfC, which gives RC =1/2nf=1/2n(8 x 103 Hz) = 2.0 x 10-5s~1.
We can satisfy this requirement with many combinations, e. g., R =20 Q and C =1 uF.

For a high-pass filter, we put the inductor and resistor in series and
use the voltage across the inductor as the output. Atlow frequency, the
reactance of the inductor will be small and the voltage across the R

inductor will be small. At high frequencies, the reactance of the inductor —_—
will be large and the voltage across the resistor will be small.
If we set X; = R, we have

V
Z=(X2+R)V2=XV2, s0 Vo =IX; = VinX; /Z=V;,/2, " % b o
which we will use as the condition at our cut-off frequency:

R =2nfL, which gives R/L = 2nf = 2n(8 x 10° Hz) =[5.0 x 10* s71|.

We can satisfy this requirement with many combinations, e. g., R =2.5 kQ and L = 50 mH.

When the reactance terms are equal and opposite, we have
(P)= €., Ry (Ry + Ry)?.

We want to maximize the average power, so we set d(P)/dR, = 0:
din) _ 1 R | o Ri+R-2R
S RS e R

1 + RZ
which gives R; =R,.
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73. The current through the diode for one cycle is
I=1,sin(wt), 0<t<T/2;

I1=0, T/2<t<T whereT=2mn/w.
The average current is

T/2 7
f Iy sin(wt) dt f Iy sin(wt) d(wt) I 0(— cos 0)
-2 - - - L
T 2 ZTC b1 8 0-
L dt fo d(wt)

We find the rms current from

T/2 2 .2 T 2 .2
(12)210 Iy sin (a)t)dt:f0 Iy sin”(wt) d(wt) Io( /2) 1

T 2n 4
f dt f d(wb) 2m
0 0

Iy, which gives

=1
Ims_'

74. The impedance of the circuit is
Z=(X2+R)2=[(1/wC)*+R?)]'/2
The input voltage is V,, =1,Z, and the output voltage is s
Vo = hR, which gives Vy sin(wt)
Vo V= RIZ = R/[1/oCF + ROIV2
At low frequency, X —> 0, Z — oo, 1, = 0,50V, — 0. 1_
At high frequency, X —=0,Z—=R, I, >V, /R,soV_,—V,.
Thus at low frequencies, X is large, so the current and VOut = IR are small.

U

Vout/ Vin
1
0.8
0.6
0.4
0.2

0 ' ) ' = f

Frequency

75. The impedance of the circuit is
= (X2 +R)V/2=[(1/ wC)? + R2J1/2,
The input voltage is V, =1,Z, and the output voltage is
V out = [oX, which gives
Out/v =X./Z= <1/azC)/[(1/ wC)? + R2)]1/2. Vi sin(oh

At low frequency, X — oo, ,80V = Vi

At high frequency, X —0, SO VOut —0.
Thus at high frequencies, X is small, and V_, is small.

Vout/ Vin
:
0.8
0.6
0.4
0.2
0 ' ' ' -

Frequency
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76.

77.

Chapter 33: Alternating Currents

(a) With X; >> X, the impedance of the circuit is
Z=[(X; -X)?"2=X,.
The currentis I, =V, /Z=V,/X,.
The output voltage is V, sin(wt)
Vouw=Ve=IXc= (XC/XL)VO‘
(b) We can treat the emf as a superposition of AC and DC

components. From part (a), we see that
Vou = X /X))V, << 1, so there is very little AC output.

For the DC component, the voltage across the inductor is
V,=LdI/dt=0,50V ,=V-=V,.

For the junction equation, we have

I=1.+1, w
) _—
For the loop equations, we have I Icl ILl
left loop: V, cos(wt) —IR-Q/C=0; € \
right loop: V, cos(f) — IR — L (dI, /df) = 0. @ —— 3 L
Using our trial solution, I = I, cos(wt + ¢), we find the
capacitor current from

Q =C[V, cos(wt) —I;R cos(wt + ¢)];

I =dQ/dt =— wCV, sin(wt) + wCI,R sin(wt + ¢) = - (V,,/Xc) sin(wt) + ([,R/X) sin(wt + ¢).
We find the inductor current from

dI, /dt=(V,/L) cos(wt) —(I,R/L) cos(wt + ¢);

I, =J(dI/dt) dt=(V,/oL) sin(wt) - ([,R/wL) sin(wt + ¢) + constant

=(V,/X)) sin(wt) —(I,R/X,) sin(wt + ¢) + constant.

By using the appropriate expansion of the trigonometric functions, we have

I =1I,[cos(wt) cos ¢ — sin(wt) sin ¢],

Io= - (V,/Xo) sin(wt) + (I,R/X)[sin(wt) cos ¢ + cos(wt) sin ¢],

I, = +(V,/X)) sin(wt) - (I,R/X;)[sin(wt) cos ¢ + cos(wt) sin ¢] + constant.
For the junction equation to be satisfied for arbitrary ¢, the coefficients of sin(wt) and cos(wt) must
satisfy the junction equation, which gives

constant =0,

—I,sing=V,(1/X, -1/X.) +I,R(1/X--1/X]) cos ¢,

+ 1, cos ¢=I,R(1/X.—1/X,) sin ¢.
When we combine these equations, we get

tan ¢ = XX, /(X; - X-)R, which gives

Xoq=XcX, /(X - X0).
This is the equivalent reactance of the two parallel elements. Because I.leads the V-and I, lags V,,
there is a m phase difference between the two, which gives the negative sign in the denominator.
The impedance of the circuit is

Z=(X2+R)2,
When we use these results in the current equations, we obtain I, = V;/ Z, so the three currents are

1=|(Vy/Z) cos(awt + )|

Io=|(V /X )R/ Z) sin(wt + ¢) — sin(wt)]|

I, =|(Vy/X)I= (R/ Z) sin(wt + ¢) + sin(wt)]|
To see if there is a resonance frequency, we look at the impedance:

Z ={[XX, [ (X, - X)]? + R}.
If X, =X.,Z—>,501,—0,and I = 0. This means I~ =—-1;. There could be a large current in the

LC circuit when @? = 1/LC, so [there is a resonant frequency).
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78. We assume that the two circuits are hooked up to the same emf. Since the inductor and capacitor do not

79.

80.

81.

82.

consume any net power, for the circuit at the top the average power consumed is simply
<Pl> = 8rm52/R1‘
For the circuit at the bottom, we first find the rms current I, that flows through the resistor R,:

Lms = &, / [(wL)* + R?]"'?, so the average power consumed on R, is
<P2> = Irmsz RZ = 8rm52 RZ/ [(wL)z + RZZ]'

Equate the expressions for (P;) and (P,) to obtain
€.2/R =&, R,/[(wL)*+R,’], which gives

R, R,=R}? + (wL)*=R} +L/C;
R, =R, +L/R,C|

(a) For the capacitors, we have
Vi =IpXe; =1/ C, = (1.55 A)/2m(8000 Hz)(6 x 10-¢ F) =[.14 V]
Vo =1)Xe, = I/ oC, = (1.55 A)/2m(8000 Hz)(14 x 10-° F) = .20 V]
(b) For the inductor, we have

vV, =1,X, =(1.55 A)(1.51 Q) =[2.34 V|

Note that, because there is a m phase difference between the capacitors and the inductor, we have
Ve + Vo=V, = V.

The equivalent capacitance of the two capacitors in series is
C=CGC,/(C,+Cy) £
= (4 uF)(9 uF)/(4 uF + 9uF) = 2.8 uF. @
The reactances are
Xc=1/wC =1/[2r(600 Hz)(2.8 x 10-¢ F)] = 95Q; g
L

X, = wL = 2m(600 Hz)(70 x 10-° H) = 0.26 Q. — Cy

The impedance of the circuit is
Z=|X, - X.| =95 Q) - (0.26 Q)| = 95 Q. T
(a) We find the maximum current from 11
Vo=1Z; G
4V =1,(95 Q), which gives I, =[0.0424]
(b) We have
wy = (1/LC)V2=[1/(70 x 10-6 H)(2.8 x 10-6 F)]'/2 = 7.1 x 10* rad /s,
so the resonant frequency is

fo=wy/2m=(7.1x10*rad/s)/2m =11 x 10* Hz|.

Starting from Eq. 33-31, we have
tan ¢ = (X,—~X)/R = (L —1/wC)/R = (0 -1/ wLC)L/R
=(w-w}/w)L/R = (* - w)L/ wR.
Here we used X; = wL, Xc=1/wC, and w,°=1/LC.

If we let 1 represent the amplifier and 2 represent the speaker,
for the transformer we have Amplifier Speaker
V,/V,=N,/N,, and L/I, =N,/N,. Nl%"éNz I:I

The current in each component is determined by V and Z:
Vi=LZ, and V,=17Z,.

If we form the ratio, we have
Vz/vl = (12/11)(Z2/Z1)/ Nz/Nl = (Nl/Nz)(Zz/Zl)/
(N,/Ny)2=2,/Z, = (3,000 )/ (8 Q), which gives N, /N, =[19]
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83. The reactance of the capacitor is

Xc=1/wC =1/2n(3000 Hz)(2 x 10-° F) = 26.5 Q. Z4
The total impedance of the circuit is .
7 - [Xcz + (R, + R2)2]1/2 € =V, sin(wt) @ Z)
—[(26.5 Q)2 + (15 Q + 8 Q)2]1/2=35.1 Q.
The current in the circuit is

1,=V,/Z=(3V)/(353Q)=85x10"2A, and I =I,/V2.
The power dissipated in Z, is

P,=1,2R, =1(8.5x10"2 A)X(8 Q) = 2.9 x 10-2W =29 mW].

84. The equivalent capacitance of the two capacitors in parallel is mg
C=C, +C, = 20 uF + 30 uF = 50 uF. Y
The reactances are
Xoy =1/wC, = 1/[2r(400 Hz)(20 x 10-6 F)] = 20 ©; L %
Xy =1/ wC, = 1/[2n(400 Hz)(30 x 106 F)] = 13 @; G
Xc=1/wC =1/[2n(400 Hz)(50 x 10-° F)] = 8.0 ©;
X; = wL = 2m(400 Hz)(10 x 10-3 H) = 25 Q. C,
The impedance of the circuit is

Z=[(X,-X)22=25Q-8.0Q|=17 Q.
(a) The maximum current in the circuit, which is the maximum current
in the inductor, is

I,=1,=V,/Z=(12V)/(17 Q) =071 A]

The voltage across the equivalent capacitance is the voltage across each capacitor:
[pXe =Ie1Xer = 1o Xcos

(0.71 A)(8.0 Q) =1,(20 Q) = I,(13 Q), which gives I, = and I.,=[044 Al

(b) The resonant frequency is

fo=wy/2m=(1/2m)/(LC)/2 = (1/2m)/[(10 x 10-3 H)(50 x 106 F)]'/2=[25 H]

85. (a) For each capacitor, the maximum voltage is

Ve=Ve=Ve,=1Xc= (071 A)8.0 Q) =[5.7 V|
(b) The maximum voltage across the inductor is

V, =1,X, = (071 A)25 Q) = [18 V]

86. We write a loop equation for each loop: Loop 1 Loop 2
loop1: €-L,(dl,/dt)-M(dL,/dt) =0;
loop 2:  —M(dI, /df) - L,(dI,/df) - LR =0. e

Mutual Inductance M

87. We find the inductance from the resonant frequency:
w, =2nf, = (1/LO)'/%
2m(18 x 106 Hz) = {1/[L(33 x 10-12 F)]}/2, which gives L =2.4x10-¢H =4 uH]
We find the resistance from the width of the power vs. frequency curve:
Aw =2 Af=R/L;
2m(40 x 10° Hz) = R/ (2.4 x 10-° H), which gives R =[0.060 Q]
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88. Because the resistor and capacitor are in parallel, the maximum voltage is the same across each:

89.

90.

V=R =I.Xg;
110 V = I,(62 Q) = I.(3Q), which gives I,=177A and I.=36.7 A.

These maximum currents do not occur at the same time; there is a 90° phase difference because the

capacitor current leads the voltage. The maximum current of the combination is

Iy = (L2 + 1)V = [(1.77 AR + (36.7 AR]'/2=[37 A]

The reactance of the capacitor is I
Xo=1/wC =1/[2n(60 Hz)(15 x 106 F)] = 177 Q. 07 t
The impedance of the circuit is
Z=(X2+R)12=[(177 Q2 + R[1/2,
so the rms current is
I =V, /Z=(110V)/[(177 Q) + R2]'/2.
The power delivered to the circuit is the power
dissipated in the resistor:

P= IrmszR = VrmszR/Zz = ‘/rmszR/(}(C2 + RZ) . 0 1 1 1 L R
To find the value of R for which the power is maximum, 0 250 500 750 1000
we setdP/dR =0: Resistance, ©

dP/dR =[V,, 2/(X2 +R)] + [V, 2R(-2R) /(X 2 + R?)?]
=V, X2+ R-2R?)/ (X2 + R)2 =V, 2(X2-R?)/(X2 +R2)2 =0,

which gives R=X.= .

(a) The capacitive reactance is
Xc= 1/wC =1/[2n(60 Hz)(35 x 10-¢ F)] = 75.7 Q.

Because the elements are in series, the maximum current in the circuit is the maximum current in

the capacitor:
VCmaX = IOXC;
1200 V = ,(75.7 Q), which gives I, =15.8 A,
(b) We find the minimum impedance of the circuit from
IOmax = VO/Zmin = (Vrms\[z)/zmin"
158 A =[(220 V)V2]/Z..., which gives Z_. =19.6 Q.
For the minimum impedance, we have
Zmin2 = (XL _XC)minz + RZ;
(19.6 Q)2 = (X, = X() jn” + (10 )2, which gives
(X}, = X0 i = 169 Q.
For a fixed value of X, there are two regions where Z>Z . .
If X, <X, we have

XC _XLmax = |(XL _XC)|mir1 , Or X

Lmax

min”’

min

=757Q-16.9 Q =58.7 Q.
For this condition, the maximum value of the self-inductance is

L. =X, o=(587Q)/2n(60 Hz) = 0.155 H = 155 mH.
If X, > X, we have
X, —Xe=|(X, ~ X, OF X, =757Q+169Q=926Q.

For this condition, the minimum value of the self-inductance is
L =X,/ = (92.6 Q)/[2n(60 Hz)] = 0.245 H = 245 mH.

min
The two ranges at which the inductance can be safely set are
30mH<L<155mH, and 245 mH < L <300 mH.

Note that the two ranges are separated by the resonance peak, so the inductance cannot be changed

from one range to the other with the power on.
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91. (a)

(b)

92. (a)

(b)

93. (a)

(b)

(c)

Chapter 33: Alternating Currents

For the complex charge, we have
Q. t) = CV.(t) = CVyeiet,
For the complex current, we have
I.(t) =dQ.(t)/dt = iwCVyeiet,
For the current, we have
I=Im[I(1)] = Im{iwCV, [cos(wt) + i sin(wt)]} = Im[iwCV, cos(wt) + 2wC V, sin(wt)]
=Im[iwCV, cos(wt) — wCV, sin(wt)] = wCV, cos(wt).

(i) We find the complex current by direct integration of the loop equation:

LD =[dI()=(1/L)[ V) dt = (Vo /L) | et dt

(W iobe = FivToDer]

(ii) We assume the complex current is I.(t) = [y e’ and differentiate:

V(t)=LdI(t)/dt;

Voel® =Ll(iw)e', which gives Iy=V,/iowL =—-i(Vy/wL), which is the result from (i).
For the current, we have

I[=Im[I.(t)] = Im[- {(V,/ wL) cos(wt) —i2(Vy/ wL) sin(wt)]
=Im[-i(Vy/ wL) cos(wt) + (Vy/ wL) sin(wt)] = - (Vy/ wL) cos(wt) = (Vy/ wL) sin(wt - ).

We differentiate the defined Q.(t) = —iQg.e*:
Ic(t) = dQC(t)/dt =- iZ(UQUc elot = wQUc eiwt;
dI(t)/dt = iw*Qy. et .

When we make the substitutions in the circuit equation, we get

v =190 20 gy gy,

VOceiwt — l'szQOCeiwt _ I%OCeiwt + RwQQ[eiwt_
Every term contains e/, so we get

Ve = iILa*Qor — iQpe/ C + Rw Qpe, or Que = (V! 0)[ilLw — 1/ wC) + R]™ .
For the complex charge and complex current, we have

0. = iQueivt = —— 0",
w[i(Lw - %) + R]
Ic(t) cw VOCeiwt _ VOCeiwt ‘
w[i(Lw - %) + R] [i(Lw - %) + R]

We simplify the factor in brackets with the definitions X; = Lw, and Xc =1/ wC.
The magnitude of the complex number in the brackets is
Z =[(X; - Xo)% + R2J1/2,
If we divide numerator and denominator by Z, we make the following definitions
cos¢=R/Z, and sin¢=(X;-Xc)/Z;
which allows us to express the denominator as a complex exponential:
[R +i(X; —X)]/Z = cos ¢ +isin ¢ =e?.
We can write the complex charge and current as
Q) =~ i(Vo/ wZ)eit] et = —i(Vy/ wZ)el @ =9);
I(t) = (Vo/ Z)ei! [ !t = (Vo | Z)ellt = 9).
For the charge we have
Q=Im[Q.()] = Im[-i(V,/ 0Z) cos(wt - ¢) - i*(V o/ wZ) sin(wt - ¢)]
=Im[-i(V,/ wZ) cos(wt — ¢) + (Vy/ wZ) sin(wt — ¢p)] = |—(V0/wZ) cos(wt — ¢)|.
For the current, we have
I=Tm[I(1)] = Im[(V,/ Z) cos(wt - ¢) + i(Vy/ Z) sin(wt — ¢)] =[(Vy/Z) sin(wt - ¢)]
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94. We define the complex impedance and use the result for the complex current:
Z(t) = V() 1t) = Voeiet | (Vo] Z)e@t=9) = Zeit,
which is independent of time.
The magnitude of the complex impedance is
|Z(t)| = Z|ei?| = Z(cos? ¢+ sin? §)1/2=Z = [(X; - Xc)2 + R2]V/2 = [(Lo - 1/ wC)? + R2]V/2.

95. We differentiate the proposed solution:
Qut) = Qo™

dQ. (¢ ,
I(t)= %t( ) =iwQ,.e'“t;
dr(t) . , .
T — zza)zQOCe“"t - _ wzQOcewﬁ‘

When we make the substitutions in the circuit equation, we get

Ldlciit) + Qét) +RI(t) =0;

- La?Q et + %eiwt + iRwQ, e,
Every term contains Qq.ei, so we get
—-La?+1/C +iwR=0, or «?-i(R/L)w-1/LC=0.
The solution of this quadratic equation for w is
w=[[(1/LC) — (R?/412)]'/2 + i(R/ 2L)|.
We make the following definitions:
a=R/2L, and o' =[(1/LC) — (R?/412)]'/2, so we can write
w=w+ia.
The complex charge becomes
Qc(t) = QOc elvt = QOc e—ateiw't,

which has the exponential decay and the sinusoidal oscillation at angular frequency w'.
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