Chapter 29
Alternating-Current Circuits

Conceptual Problems

*1 °
Determine the Concept Because the rms current through the resistor is given by
s = Erms / R and both & and R are independent of frequency, | (b) is correct.

2 .
Picture the Problem We can use the relationship between V and V. to decide the effect
of doubling the rms voltage on the peak voltage.

Express the initial rms voltage in V. = Ve
terms of the peak voltage: ™2
Express the doubled rms voltage in N = V'
terms of the new peak voltage ™2
Vl max :
Divide the second of these equations V' nax
by the first and simplify to obtain: Nims _ A2 or 2= ¥ max

Vrms Vmax Vmax

V2

Solve for V' .., : V' =2V__ and| (a)iscorrect.

3 .
Determine the Concept The inductance of an inductor is determined by the details of its
construction and is independent of the frequency of the circuit. The inductive reactance,

on the other hand, is frequency dependent. | (b) is correct.

4 .
Determine the Concept The inductive reactance of an inductor varies with the frequency
according to X, = wL. Hence, doubling » will double X,. | (a) is correct.
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*5 .

Determine the Concept The capacitive reactance of an capacitor varies with the

frequency according to X, =1/@C. Hence, doubling e will halve Xc.

6 .

(c)is correct.

Determine the Concept Yes to both questions. While the current in the inductor is
increasing, the inductor absorbs power from the generator. When the current in the

inductor reverses direction, the inductor supplies power to the generator.

7 .

Determine the Concept Yes to both questions. While charge is accumulating on the
capacitor, the capacitor absorbs power from the generator. When the capacitor is

discharging, it supplies power to the generator.

8 .

Picture the Problem We can use the definitions of the capacitive reactance and

inductive reactance to find the Sl units of LC.

Use its definition to express the
inductive reactance:

Solve for L:

Use its definition to express the capacitive
reactance:

Solve for C:

Express the product of L and C:

X,

X, =27l
L= XL
274

X, =1

274C
1

27X ¢
Lc=2

T2 24X, 4ntiiX,

Because the units of X, and Xc cancel, the units of LC are those of 1/f ? or s°.

(a) is correct.

*9 o0

Determine the Concept To make an LC circuit with a small resonance frequency
requires a large inductance and large capacitance. Neither is easy to construct.
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10 -
(a) True. The Q factor and the width of the resonance curve at half power are related
according to Q = @, /Aa); i.e., they are inversely proportional to each other.

(b) True. The impedance of an RLC circuit is given by Z = \/RZ + (XL - Xe )2 At

resonance X, = Xcandso Z=R.

c) True. The phase angle Jis related to X, and X according to 6 = tan'lM. At
(© p g g R

resonance X, = Xc and so 6= 0.

11 -
Determine the Concept Yes. The power factor is defined to be cosd = R/Z and,

because Z is frequency dependent, so is coso.

*12 .
Determine the Concept Yes; the bandwidth must be wide enough to accommodate the
modulation frequency.

13 -
Determine the Concept Because the power factor is defined to be coss =R/Z ,ifR =

0, then the power factor is zero.

14 -
Determine the Concept A transformer is a device used to raise or lower the voltage in a

circuit without an appreciable loss of power. | (C) is correct.

15 -
True. If energy is to be conserved, the product of the current and voltage must be
constant.

16 oo

Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the
secondary. Assuming no loss of power in the transformer, we can equate the power in the
primary circuit to the power in the secondary circuit and solve for the current in the
primary windings.

Assuming no loss of power in the P=F
transformer:
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Substitute for P, and P, to obtain: LV, =1V,
Solve for 1;: L= V, _ILV, _ B
AV
and | (b)is correct
17 -

(a) False. The effective (rms) value of the current is not zero.
(b) True. The reactance of a capacitor goes to zero as f approaches very high frequencies.
Estimation and Approximation

*18 oo

Picture the Problem We can find the resistance and inductive reactance of the plant’s
total load from the impedance of the load and the phase constant. The current in the
power lines can be found from the total impedance of the load the potential difference
across it and the rms voltage at the substation by applying Kirchhoff’s loop rule to the
substation-transmission wires-load circuit. The power lost in transmission can be found
from P, =12 R _ . We can find the cost savings by finding the difference in the

trans rms” ‘trans
power lost in transmission when the phase angle is reduced to 18°. Finally, we can find
the capacitance that is required to reduce the phase angle to 18° by first finding the
capacitive reactance using the definition of tand and then applying the definition of
capacitive reactance to find C.

lem 52 !-2
— AW
Buad G) Z =R+ ix, |Om = 10KV
§=25

f=60Hz
(a) Relate the resistance and R=2Zcoso
inductive reactance of the plant’s and
total load to Z and & X, =2Zsino
Express Z in terms of the current | in 7 = Ems
the power lines and voltage &ms at I
the plant:
Express the power delivered to the P, = &gl ims COSO
plant in terms of &ms, lims, and oand and



solve for lyms:

Substitute to obtain:

Substitute numerical values and evaluate Z:

Substitute numerical values and evaluate R
and X.:

(b) Use equation (1) to find the
current in the power lines:

Apply Kirchhoff’s loop rule to the
circuit:

Solve for gp:

Evaluate Z:

Substitute numerical values and
evaluate &yp:

(c) The power lost in transmission
is:

(d) Express the cost savings AC in
terms of the difference in energy
consumption

(P2se — P1go)At and the per-unit cost u
of the energy:

Express the power list in

Alternating-Current Circuits

I _ av 1
™ &, C0sS 0
7 g2 . CoOSo
Pav
2 o
7 (40kV)’ cos25° _ 6300
2.3MW

R = (630Q2)cos 25° =| 571Q
and
X, =(630Q)sin 25° = | 266 Q)
s = 23MW__ _ 63.4A
(40kV)cos 25°
gsub - Irms Rtrans - IZtot =0

gsub = Irms(Rtrans + Ztot)

Ztot = R2+XE

= J(571QY + (266 Q) =6300

£, =(63.4A)5.2Q+630Q)

=| 40.3kV
Ptrans = Irzmthrans = (634A)2(52Q)
=| 20.9kW

AC = (P, — Py JAtu

709
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transmission when 6= 18°;

Find the current in the transmission _ 2.3MW _605A
lines when 5= 18°: " (40kV)cos18°
Evaluate Pyg.: P = (60.5A)(5.2Q)=19.0kW

Substitute numerical values and evaluate AC:

AC = (20.9kW —19.0kW (16 h/d)(30d/month )($0.07/kW -h) = | $63.84

Relate the new phase angle Sto the tan s — X, = X¢
inductive reactance X, the reactance R

due to the added capacitance Xc, and

the resistance of the load R:

Solve for and evaluate Xc: X. =X, —Rtand

=266Q —(571Q)tan18° =80.5Q

Substitute numerical values and evaluate C= _11 ~[33.04F
C: 27(60s)(80.50)

Alternating Current Generators

19 -

Picture the Problem We can use the relationship &, = 22NBAf between the
maximum emf induced in the coil and its frequency to find f when gy IS given and &max
when f is given .

(a) Relate the induced emf to the E=¢&,, Cosat
angular frequency of the coil: where
Eax = NBAw = 27NBAf

max

Solve for f: f E nax
27NBA
Substitute numerical values and _ 10V
f= 4 2
evaluate f: 272(200)(0.5T)(4x107 m?)

=| 39.8Hz
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(b) From (a) we have: E..x = NBAw = 27NBAf

Substitute numerical values and & = 27(200)(0.5T)(4x10* m?)(60s )
evaluate &gmax: 51V

20 -
Picture the Problem We can use the relationship &, = 22NBAf between the

maximum emf induced in the coil and the magnetic field in which it is rotating to find B
required to generate a given emf at a given frequency.

Relate the induced emf to the Ex = NBAw = 27NBAf
magnetic field in which the coil is
rotating:
Solve for B: B— & max
27NFA
Substitute numerical values and _ 10V
B= -1 -4 2
evaluate B: 272(200)(6057)(4x107* m?)
=|0.332T
*21 e

Picture the Problem We can use the relationship &,,,, = 22NBAf to relate the

maximum emf generated to the area of the coil, the number of turns of the coil, the
magnetic field in which the coil is rotating, and the frequency at which it rotates.

(a) Relate the induced emf to the magnetic ~ &€,,,, = NBAw = 27NBAf (1)
field in which the coil is rotating:

Substitute numerical values and evaluate gmax:

& o = 271(300)(0.4T)(2x10? m)(L5x102 m)(60s*)=[ 13.6 V

max

(b) Solve equation (1) for f: f o Ema
27NBA

Substitute numerical values and evaluate f:
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110V
272(300)(0.4T)(2x102 m)({1.5x10* m)

=| 486 Hz

22
Picture the Problem We can use the relationship &, = 22NBATf to relate the

maximum emf generated to the area of the coil, the number of turns of the coil, the
magnetic field in which the coil is rotating, and the frequency at which it rotates.

Relate the induced emf to the magnetic &« = NBAw = 27NBAf
field in which the coil is rotating:

Solve for B: B = _Ema
27NFA

Substitute numerical values and evaluate B:

24V
272(300)(60s)(2x102 m)(1.5x10? m)

=1 0.707T

Alternating Current in a Resistor

*23 .
Picture the Problem We can use P, = &, |, to find Iy, 1., = V2l s 10 Find Ty,
and P, =1 ,,,E a0 find Pray.

max ™" max

(a) Relate the average power Py = Emslims
delivered by the source to the rms

voltage across the bulb and the rms

current through it:

Solve for and evaluate l,ps: | = Py _ M -1 0.833A
En 120V

(b) Express Imax in terms of yg: ok = V2l s

Substitute for Ins and evaluate I e = V2 (0.833A)=| 1.18A

(c) Express the maximum power in Prax = lnax€max

terms of the maximum voltage and
maximum current:
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Substitute numerical values and evaluate P = (1_ 18 A)\/E(lZO V) = 200W

Prmax:

24
Picture the Problem Wecan |, = V2 I to find the largest current the breaker can
carry and P, = I,.V,,to find the average power supplied by this circuit.

rms ” rms

(8) EXPIess Imax in terms of Ims: I, =~/21_ =~/2(15A)=] 21.2A

(b) Relate the average power to the Py = nVims = (15A)(120V)
rms current and voltage: —[1.80kW

Alternating Current in Inductors and Capacitors

25 o

Picture the Problem We can use X, = wlL to find the reactance of the inductor at any
frequency.

Express the inductive reactance as a X, =olL =24l

function of f;

(2) At f = 60 Hz: X, =27(60s)1mH)=[0.377Q
(b) Atf = 600 Hz: X, = 27(600s)(mH)=[3.77Q
(c) Atf=6 kHz: X, =27(6000s)1mH)=[37.70
26 -

(a) Relate the reactance of the X, =ol =24fL

inductor to its inductance:

Solve for and evaluate L: L X, _ 1000 =| 0.199H

"~ 24 27(80s7)

(b) At 160 Hz: X, =27(160s)(0.199H)=[ 2000
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27 o
Picture the Problem We can equate the reactances of the capacitor and the inductor and
then solve for the frequency.

Express the reactance of the X, = ok =24l
inductor:
Express the reactance of the x -+ _ 1
capacitor: ¢ wC 2A4C
Equate these reactances to obtain: 2L = 1
274C

Solve for f to obtain: ‘¢ 1 1

“2zVLC
Substitute numerical values and 1 1

, f=— | ————— =|159kHz

evaluate f: 2 (10 uF)(lmH)
28 -

Picture the Problem We can use X. =1/«C to find the reactance of the capacitor at

any frequency.

Express the capacitive reactance as _ i _ 1

a function of f: ¢ wC 24C

a) Atf=60 Hz: 1

@ X, = ~[2.65MQ

~ 2z(60s7)(2nF)

(b) Atf = 6 kHz: X, = 1 _[26.5kQ
27(6000s™ )(LnF)
(c) At f=6 MHz: X = 1 _[2650

¢ 22(6x10°s)(nF)

*29 o
Picture the Problem We can use I = &max/Xc and Xc = 1/@C to express Imax as a
function of gmax, T, and C. Once we’ve evaluate |4, We can use lyys = ImaX/\/E to find Iy
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EXpress Imax in terms of gnax and Xc: | = & nax
max
XC
Express the capacitive reactance: X = i _ 1
© @C 24C
Substitute to obtain: | ax = 27fC &,

27(2057%)(20 1F)(10V)

(a) Substitute numerical values and

max

evaluate |max: —[251mA

(b) EXpress lyms in terms of Iy |- | e _ 25.1mA _[178mA
V2o 2

30

Picture the Problem We can use X =1/wC =1/27fC to relate the reactance of the

capacitor to the frequency.

Using its definition, express the reactance X = i _ 1
of a capacitor: © T wC 24C
Solve for f to obtain: 1
27CX
(@) Find f when Xc =1 Q: f 1 _[15.9kHz

27(10 4F)(1Q)

(b) Find f when Xc = 100 Q: f o 1 _[150H7
27(10 4/F)(100Q)

(c) Find f when X¢ = 0.01 Q: _ 1 _[159MHz
27(10 4F)(0.01Q)

31 oo

Picture the Problem We can use the trigonometric identity
C0S 6 +C0S ¢ = 2051 (8 + ¢)cos L (9 — #)to find the sum of the phasors V; and V, and

then use this sum to express | as a function of time. In (b) we’ll use a phasor diagram to
obtain the same result and in (c) we’ll use the phasor diagram appropriate to the given
voltages to express the current as a function of time.
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(a) Express the current in the resistor:

VoV Y,
R R

Use the trigonometric identity cos @ +cos ¢ = 2cos (6 + ¢)cosi (6 —¢)

to find V; + V3

V, +V, = (5.0V)[cos(at — & )+ cos(at + a )| = (5V)[2cos 4 (2wt Jcos  (— 2c )]

=10V coszcosa)t =(8.66V )cos wt
6

Substitute to obtain:

(b) Express the magnitude of the
currentin R:

The phasor diagram for the
voltages is shown to the right.

Use vector addition to find [\/| :

Substitute to obtain:

(c) The phasor diagram is shown to
the right. Note that the phase angle
between V; and V, is now 90°,

Use the Pythagorean theorem to

find V|:

[ (8.66V)cosat _

(0.346 A)cos wt
250

R

V.

A{ %
w&\
Vl

V| = 2\V,|cos30° = 2(5V)cos 30°
=8.66V

Y

8.66V
[I| =———=0.346A
25Q
and
| =|(0.346 A)cos wt

V= W i = VT v

=8.60V
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Express | as a function of t: | = %cos(a}t + 5)

where
5 =45°—(90°— )= ox — 45°

=tan ‘{%} —45°=9.46°=0.165rad

Substitute numerical values and | = 8.60V
evaluate I: 25Q

= (0.344 A)cos(wt +0.165rad)

cos(wt +0.165rad)

LC and RLC Circuits without a Generator

*32 e
Picture the Problem We can use X, = wL and X¢ = 1/&C to show the J/\/ LC hasthe
unit s> Alternatively, we can use the dimensions of C and L to establish this result.

Substitute the units for L and C in 1 1 N pe
the expression ]/«/ LC to obtain: VH-F \/(Q'S)(Sj \/5_2
Alternatively, use the defining [C] _ M

equation (C = Q/V) for capacitance V]

to obtain the dimension of C:

Solve the defining equation [V] [V] [V][T]2
(V = Ldl/dt) for inductance to [L]= di] Q] ~ [q]
obtain the dimension of L: [dt} [T]2

Express the dimension of 1/«/ LC:

Because the Sl unit of time is the second, we’ve shown that ]/\/ LC has units of | s7.
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33
Picture the Problem We canuse T =274 wand @ = 1/ LC to relate T (and hence f) to
L and C.

(a) Express the period of oscillation T = 2_7r
of the LC circuit: I
For an LC circuit: 1

JLe

Substitute to obtain: T =27z~LC (1)
Substitute numerical values and T =27/(2mH)(20 4F) =| 1.26 ms
evaluate T:

(b) Solve equation (1) for L to Lo T !

obtain: T 4AxC ArtfiC

Substitute numerical values and L= 1 . —[88.0mH
evaluate L: 47[2(608‘1) (80 4F)

34 e

Picture the Problem We can use the expression f; = 1/ 27~/ LC for the resonance

frequency of an LC circuit to show that each circuit oscillates with the same frequency. In
(b) we canuse |, = @Q,, where Qq is the charge of the capacitor at time zero, and the

definition of capacitance Q, = CV to express Iya in terms of @, C and V.

Express the resonance frequency for fo 1
. . 0o~
an LC circuit: 27~/ LC
(a) Express the product of L and C Circuitl:L,C,,
for each circuit: Circuit 2:L,C, = (2L,)(3C,) = LC,,
and

Circuit3: L,C, = (1 ,)(2C,) = LC,

Because L,C, =L,C, = L,C,, the resonance frequencies of the three
circuits are the same.

(b) Express Ima in terms of the lnax = @Qp



charge stored in the capacitor:
Express Qg in terms of the
capacitance of the capacitor and the
potential difference across the

capacitor:

Substitute to obtain:

35 oo
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Q =CV

| = @CV

or, for wand V constant,
Imax o« C

The circuit with C =C, has the
greatest | . .

Picture the Problem We can use U =1 CV ?to find the energy stored in the electric
field of the capacitor, @, = 2f, = 1/«/ LC to find fo, and I, = @Q,and Q, =CV to

flnd Imax.

(a) Express the energy stored in the
system as a function of C and V:

Substitute numerical values and
evaluate U:

(b) Express the resonance frequency
of the circuit in terms of L and C:

Solve for fo:

Substitute numerical values and
evaluate fo:

(c) Express s in terms of the
charge stored in the capacitor:

Express Qq in terms of the
capacitance of the capacitor and the
potential difference across the
capacitor:

U =3(54F)(30V) =|2.25mJ

1
W, = 27Zf0 = F
:;
° 2zJLC
- 1 —[ 712Hz
° 27,J00mH)(5 F)
Imax = a)QO
Q,=CV
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Substitute to obtain:

Substitute numerical values and evaluate

Imax:

36 -

ax =a)CV

| o = 277(71257)(5 4F) (30 V)
=[0.671A

Picture the Problem We can use its definition to find the power factor of the circuit and

lms = &/Z to find the rms current in the circuit. In (c) we canuse P, =12

average power supplied to the circuit.

(a) Express the power factor of the
circuit:

Express Z for the circuit:

Substitute to obtain:

Substitute numerical values and
evaluate cosd:

(b) Express the rms current in terms
of the rms voltage and the
impedance of the circuit:

Substitute numerical values and
evaluate lms:

(c) Express the average power
supplied to the circuit in terms of
the rms current and the resistance of
the inductor:

Substitute numerical values and evaluate
Pay:

R to find the

cos5:E

Z
Z :1/R2+Xf
COoSo = R

JR? + X7 JRZ (2ALY

s 1000
2000 +[27(60s)(0.4H)]’
[ 0553
£ ¢
"oz 2 1 (2AL)
) 120V
™ J@00Qy + [2x(60s*)(0.4H)]?
_[0.663A
P, =12 R
=(0.663A)*(100Q2)=| 44.0W
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*37 oo

Picture the Problem Let Q represent the instantaneous charge on the capacitor and apply
Kirchhoff’s loop rule to obtain the differential equation for the circuit. We can then solve
this equation to obtain an expression for the charge on the capacitor as a function of time
and, by differentiating this expression with respect to time, an expression for the current
as a function of time. We’ll use a spreadsheet program to plot the graphs.

Apply Kirchhoff’s loop rule to a Q dl
clockwise loop just after the switch E LE =0
is closed:
Because | =dQ/dt: 2 2
Q/ Ld 2Q+9:Oord?+iQ:O
dt C dt LC

The solution to this equation is: Q(t)=Q, cos(a)t — 5)

where @ = 1/i

LC

Because Q(0) = Q,, =0 and: Q(t) =Q, coswt
The current in the circuit is the dQ .
derivative of Q with respect to t: gt E[QO cos wt | = —aQ, sin et

(a) A spreadsheet program was used to plot the following graph showing both the charge
on the capacitor and the current in the circuit as functions of time. L, C, and Q, were all
arbitrarily set equal to one to obtain these graphs. Note that the current leads the charge
by one-fourth of a cycle or 90°.

1
|

Charge :
= = = Current

0+ ’
Y '
. ’
N ’
Y "
\“ ’,
\‘ /
1 \/
0 2 4 6 8 10
t(s)
(b) The equation for the current is: | =—wQ, sin wt 1)

The sine and cosine functions are . T
related through the identity: —siné = cos 9+E
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Use this identity to rewrite equation

(2):

RL Circuits with a Generator

38 oo

| =—wQ,sinwt =| 0Q, cos(a)t +%j

showing that the current leads the charge
by 90°.

Picture the Problem We can express the ratio of Vg to V|_and solve this expression for
the resistance R of the circuit. In (b) we can use the fact that, in an LR circuit, V,_ leads Vg

by 90° to find the ac input voltage.
(a) Express the potential differences
across R and L in terms of the
common current through these

components:

Divide the second of these equations
by the first to obtain:

Solve for R:

Substitute numerical values and
evaluate R:

(b) Because Vr leads V| by 90° in an
LR circuit:

Substitute numerical values and
evaluate V:

39 e

V, =IX =lwL
and

Vi, =1R

Ve _IR_R
V., loL ol

R= (—ijn(soyl)(1.4 H)=[3%60Q

V= VZ V7

V =30V} +(40V) =[50.0V

Picture the Problem We can solve the expression for the impedance in an LR circuit for
the inductive reactance and then use the definition of X, to find L.

Express the impedance of the coil in
terms of its resistance and inductive
reactance:

Solve for X, to obtain:

Z = |R?+X?

X, =42*-R?



Express X, in terms of L:

Equate these two expressions to
obtain:

Solve for L:

Substitute numerical values and
evaluate L:

40 o
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X, =24

27L =+/Z? - R?

NZ?-R®

278

L =

_J(200Q) —(800) _

L= 29.2mH
27(1kHz)

723

Picture the Problem We can express the two output voltage signals as the product of the
current from each source and R = 1 kQ. We can find the currents due to each source
using the given voltage signals and the definition of the impedance for each of them.

(a) Express the voltage signals
observed at the output side of the
transmission line in terms of the
potential difference across the
resistor:

Express I; and I,:

Substitute for I, and I, to obtain:

Vl,out = I1R
and
Vz,out = IzR
| oV (10V)cos100t
'z, \/(103 Q)Z N [(1008'1)(1H)]2
= (9.95mA )cos100t
and
_V, _ (10V)cos10*t
22, \/(103 Q)Z N [(104 S—l)(lH)]Z
= (0.995mA )cos10*t

V, o = (10°©Q)(9.95mA )cos100t
= (9.95V)cos100t

and
V, o = (10°Q2)(0.995mA )cos10*t

= (0.995V )cos10*t
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(b) Express the ratio of Vi gy to A _ 995V _ 100
V2,out: VZ, out 0995 V :
41 e

Picture the Problem The average power supplied to coil is related to the power factor by
P, = E el ims COSI . In (b) we can use P, = 12 R to find R. Because the inductance L

rms " rms rms

is related to the resistance R and the phase angle Saccordingto X, =wL =Rtanod, we

can use this relationship to find the resistance of the coil. Finally, we can decide whether
the current leads or lags the voltage by noting whether X is less than or greater than R.

(a) Express the average power Py = E sl ims COSO
supplied to the coil in terms of the
power factor of the circuit:

: P
Solve for the power factor: 0SS = av
Substitute numerical values and 0SS = 60 W 0333
evaluate CoS&. (120V)(@5A)
(b) Express the power supplied by P, = IfmsR
the source in terms of the resistance
of the coil:
Solve for and evaluate R: R P, _ 60W 670

Io @LSAY

(c) Relate the inductive reactance to X, =oL=Rtano
the resistance and phase angle:

Solve for L: L Rtans R tan(cos‘l 0.333)
w 2f

Substitute numerical values and L — (26.7 Q)tan7170.5 _[0.200H

evaluate L: 27:(603 )

(d) Evaluate X,: X, =(26.7Q)tan70.5° = 75.4Q

Because X, > R, the circuit is | lags & by 70.5° |.

inductive and:



42 e
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Picture the Problem We canuse |, = (C,‘max/\/ R? + (a)L)2 and

V

L,max

=1.,X_ =Ll tofind the maximum current in the circuit and the maximum

voltage across the inductor. Once we’ve found V| max We can find V| ms using

VL,rms
U

L,max max

=VL,max/\/§- We canuse P, =31

=1Ll 2 to find the maximum energy stored in the magnetic field of the inductor.

R to find the average power dissipation, and

The average energy stored in the magnetic field of the inductor can be found from

U, = [P.dt.

Express the maximum current in the
circuit:

Substitute numerical values and
evaluate Iy

Relate the maximum voltage across
the inductor to the current flowing
through it:

Substitute numerical values and
evaluate V| max:

Vi ms IS related to V| max according
to:

Relate the average power dissipation
to Imax and R;

Substitute numerical values and
evaluate P,

The maximum energy stored in the
magnetic field of the inductor is:

The definition of U, is:

gmax gmax
ImaX = =
Z  JR?+(wly
_ 345V
" J@oqy +[1507s)@6mH)|’
—[7.04A
VL,max = ImaxXL = a)LImax
Vi e = (1507571)(36mH)(7.94A)
135V
Ve 135V
Ve =t = 29V o585y
L,rms \/E \/E

P, =1(7.94A)(40Q)=| 1.26 kW

U =4LI12, =1(36mH)(7.94AY

max

=|1.13J

L,max

1 T
U Lav — ?_EU (t)jt
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L i 1 2
U(t) is given by: U(t)-?-['(t)]

Substitute for U(t) to obtain:

Evaluating the integral yields: U :L l';ax T :lLIriax
’ 2T |2 4
Substitute numerical values and evaluate U, = E(SGmH)(7.94A)Z —[ 05677
UL,av: ' 4
43 e

Picture the Problem We can use the definition of the power factor to find the
relationship between X, and R when f = 60 Hz and then use the definition of X, to relate
the inductive reactance at 240 Hz to the inductive reactance at 60 Hz. We can then use
the definition of the power factor to determine its value at 240 Hz.

Using the definition of the power 0SS — R_ R 1)
factor, relate R and X, : Z JR*+ X!
Square both sides of the equation to 2 R?
obtain: Cos™ 0 = RZ+ X2
' L
Solve for X 2(60Hz): X2(60Hz) = R? 1
g cos’ &
Substitute for cosd and simplify to ) o2 1 2
Sbtain: XZ(60Hz)=R W—l =1iR
Use the definition of X, to obtain: XZ(f)= a2
and
XZ(f)= 4L
Divide the second of these equations XI(f)_ anf?? 12
by the first to obtain: XE(f) 42> f?
XI(f) 4?12
XZ2(f) 4?2 f?



Substitute numerical values to
obtain:

Substitute in equation (1) to obtain:

*44 e

Picture the Problem We can apply Kirchhoff’s loop rule to obtain expressions for Iz and

Alternating-Current Circuits

1

:16(1 sz _10p
3 3

2405’
Xf(24OHz)=(WJ X 2(60Hz)

(COS 5)240 Hz =

=,—=|0.397

IL and then use trigonometric identities to show that | = Ig + I = I s €0S (at — 6), where
tan 5= R/X_ and lyex = max/Z With Z72 =R + X 2.

(a) Apply Kirchhoff’s loop rule to a
clockwise loop that includes the
source and the resistor:

Solve for Ig:

(b) Apply Kirchhoff’s loop rule to a
clockwise loop that includes the
source and the inductor:

Solve for I:

(c) Express the current drawn from
the source in terms of |, and the
phase constant o:

Use a trigonometric identity to
expand cos(at — 0):

ExCOsat—1,R=0

IR

_ | Emex cos ot
R

£, cos(awt—90°)—1, X, =0
because the current lags the potential
difference across the inductor by 90°.

I, = gXLixcos(wt—90°)

| =1,+1 =1_, cos(at-5)

| =1,,,(coswtcoss +sin wtsin 5)

max

=1, COSawtcosd +1 . Sinwtsind
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& max
I=1:+1 = B cos awt

From our results in (a):

1 Emax cog( ot — 90°)
L

& & .
=X cos @t + —"%-sin wt
XL

A useful trigonometric identity is: Acos awt + Bsin at
=~ A% + B? cos(wt - 5)

where

Apply this identity to obtain:
X L
and
gmax
S=tan™ Xo |_ tan‘l(—] (2)
gmax L
R

Simplify equation (1) and rewrite
equation (2) to obtain:

XL

| = \/[ € max jz +(‘9max T cos(at - 5)

where
tans =| < land = = L 4+ 1
X, Z R X[

45 e
Picture the Problem We can use the complex numbers method to find the impedances of
the parallel portion of the circuit and the total impedance of the circuit. We can then use
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Kirchhoff’s loop rule to obtain an expression for the current drawn form the source.
Knowing the current drawn from the source, we can find the potential difference across
the parallel portion of the circuit and then use this information to find the currents drawn
by the load and the inductor.

(a) Express the rms currents in R, - E s N, - Vo ms and
C,and R;: ,rms 7 L, TmS ]
o =
L
Express the total impedance of the Z=R+Z,
circuit: where Z, is the impedance of the parallel

branch of the circuit.

Use complex numbers to relate Z, 1 _ 1 1 _ R +IX,
to R. and Xc: Z, R IX_ iR X,
or
— iRLXL
R +iX
Multiple the numerator and IR X, R —iX,

denominator of this fraction by the
complex conjugate of R_ + iX,_ and
simplify to obtain:

Substitute numerical values and
evaluate X, :

Substitute numerical values and
evaluate Z,;

Substitute to evaluate Z:

P TR +iX, R_—iX,
__RX? . RIX,
RE+ X2 R+ X}

X, = ol =24
= 27(500s)(3.2mH) =10.1Q

(200)(10.1Q)
P (20Q) +(10.1Q)
(20Q)(10.10Q)
(200) +(10.1Q)°
=4.06Q+i(8.05Q)
and
2, =/(4.062) +(8.05Q) =9.020

Z=4Q+4.03Q+i(8.05Q)
=8.03Q+i(8.05Q)
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Express and evaluate the power
factor:

Apply Kirchhoff’s loop rule to
obtain:

Solve for and evaluate Ig s

Express and evaluate Vp, ims:

Substitute numerical values and
evaluate I ms:

Substitute numerical values and
evaluate I

(b) Proceed as in (a) with
f = 2000 Hz. Substitute numerical

values and evaluate X :

Substitute numerical values and
evaluate Z,;

Substitute to evaluate Z:

and
| = {(8.03Q) +(8.05Q) =11.40

C0SO = R = 8050 =0.706
Z 11.4Q
grms R rms|Z|

E.. 100V/y2

Tz 1140

Vp, rms IRL rms YA ‘
=(6.20A)(9Q)=55.8V
& e _58V _5o9A
8 20Q
L, rms :M = 552A
™10.10
X, = ol =27l
= 27(20005)(3.2mH) = 40.20
_ (200)(4020)
" (20Q)* +(40.2Q)
(20Q2)°(40.20Q2)
(20Q)° +(40.2Q)°
=16.0Q+i(7.98Q)
and

2,|=/16.0Q) +(7.98Q) =17.90

Z=40Q+16.0Q+i(7.97Q)
=20.0Q+i(7.98Q)
and

1] = (20.0Q) +(7.98Q) =21.5Q




Find the power factor:

Apply Kirchhoff’s loop rule to
obtain:

Solve for and evaluate Ig 1y

Express and evaluate Vp, ms:

Substitute numerical values and
evaluate Ig ms:

Substitute numerical values and
evaluate I s

(c) Express the fraction of the
power dissipated in the resistor:

Evaluate this fraction for
f =500 Hz:

When f = 2000 Hz:

46 e
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coss - R _ 2000

= =0.930
Z 215Q

& Z|=0

ms IR,rms

— grms — lOOV/‘\/E —

g ms = 125 = =|3.29A
| z| 2150

Vp, ms — IRL,rmS Zp‘
=(3.29A)(17.90)=58.9V
R, rms :M =| 2.99A
L 20Q0
L,rms =M =|147A
’ 40.2Q2
I:>L,rms _ IévamRL
Ptot - grmis,rms cosd
P s _ (279A)(200)
Pot |+_s00rz (100\/} 6.20A)(0.706
/| (6:20A)(0.706)
=0.503 =| 50.3%
I:)L,rms (295A)2(20Q)
Pt

~ (100V
f=2000 Hz — [(3.29A)(0.930
( A ( ) )

—0.804 = 80.4%

Picture the Problem We can treat the ac and dc components separately. For the dc
component, L acts like a short circuit. For convenience we let & denote the maximum
value of the ac emf. We can use P = &’ / R, , to find the power dissipated in the resistors

due to the dc source. We’ll apply Kirchhoff’s loop rule the loop including L, Ry, and R, to
derive an expression for the power dissipated in the resistors due to the ac source. Note
that only the power dissipated in the resistor R, due to the ac source is frequency
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dependent.

(a) Express the total power
dissipated in Ry and Ry:

Express and evaluate the dc power
dissipated in R; and Ry:

Express and evaluate the average ac
power dissipated in Ry:

Apply Kirchhoff’s loop rule to a
clockwise loop that includes Ry, L,
and R,:

Solve for I,:

Express the average ac power
dissipated in Ry:

Substitute numerical values and
evaluate Py, 4

Substitute in equation (1) to obtain:

(b) Proceed as in (a) to evaluate P,
ac With f =200 Hz:

P=P,+P, &
2 2
p =22 UOV) s e
“~R " 100
and
2 2
P, = &2~ UOV) 5 0w
“7R, " 80
2 2
p L& _L{OV] 0

2
1 &R
2, 2°2°%2 2 Z2 2 2 22
1 (20VY(8Q)
P2,ac:_r 2 a1 21
2 (8 +(27f00s e mH]) |

=205W

P, = 25.6W+20.0W = 45.6 W
P, =32.0W +205W =[ 52.5W

and
P=P+P,=|98.1W

(20v)'(8Q) ,
(8Q) +(27{200s o mH]} |
~132W
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Substitute in equation (1) to obtain: P, =25.6W+20.0W =| 45.6 W
P, =32.0W+13.2W =| 45.2W

and
P=P+P,=]90.8W

(c) Proceed as in (a) to evaluate Py, 5 1 (20 V)2 (8 Q)

. p == -
with f = 800 Hz: CL (8 Q)z + (27[{800 gt }{6 mH})ZJ
=1.64W

D —h

Substitute in equation (1) to obtain: P, =25.6W+20.0W =| 45.6 W
P,=320W+1.64W =| 33.6 W

and
P=P+P,=|79.2W

47 oo
Picture the Problem We can use the phasor diagram for an RC circuit to find the voltage
across the resistor.

Sketch the phasor diagram for the voltages “‘\\
in the circuit: / N

Use the Pythagorean theorem to V, = [ g: —V?

express Vg:

Substitute numerical values and V, = \/(100\/)2 —(80V)2 ~l60.0V
evaluate Vg:

Filters and Rectifiers

*48 oo

Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation
relating the input, capacitor, and resistor voltages. We’ll then assume a solution to this
equation that is a linear combination of sine and cosine terms with coefficients that we
can find by substitution in the differential equation. Repeating this process for the output
side of the filter will yield the desired equation.
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Apply Kirchhoff’s loop rule to the

V,-V-IR=0
input side of the filter to obtain:

where V is the potential difference across
the capacitor.

Substitute for V;, and | to obtain: dQ
Vieak COS 0t =V — RE =0
Because Q = CV: d—Q—i[CV]—Cd—V
dt  dt C T dt
Substitute for dQ/dt to obtain:
< Vpeax COS 0t =V — RCZ—\: =0

the differential equation describing the
potential difference across the capacitor.

Assume a solution of the form: V =V_cosawt +V,sin ot

Substitution of this assumed V. +oRCV, =V,

solution and its first derivative in and

the differential equations, followed

by equating the coefficients of the Vi —@RCV,; =0

sine and cosine terms, yields two

coupled linear equations:

Solve these equations y 1 y

simultaneously to obtain: R (coRC)z peak
and

oRC
V.=—F""-"2YV
* Lo (wRCY

Note that the output voltage is the V

i =V, cos(at - 5)
voltage across the resistor and that it where Vu. is the amplitude of the sianal
is phase shifted relative to the input H P gnat.

voltage:

Assume that Vy is of the form: V,, (t) = v, cosat + v, sin wt

The input, output, and capacitor
voltages are related according to:

Vi () =V, ()-V ()

Substitute for V,, (t) Voeak (t) and Ve =Voea — Ve
V(t) and use the previously and
established values for V. and V; to vV, ==V
obtain:

Substitute for V. and V; to obtain: (a)RC )2

c = W peak



Vy, Ve, and v; are related according
to the Pythagorean relationship:

Substitute for v, and v; to obtain:

49 e
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Picture the Problem We can use some of the intermediate results from Problem 48 to

express the tangent of the phase constant.

(a) Because, as was shown in
Problem 48, V,, = V> +V? :

Also from Problem 48:

Substitute to obtain:

(b) Solve for &

As o —0:
(c) As @ — oo:

50 oo

tano = A
VC
_ (@RCY
° 1+(wRC) "
and
=_ﬂzvpeak
1+(a)RC)
oRC vV
T [ ~~\2 Vpeak
tano = 1+(wR(2:) -t
(@RC)" |, wRC

S =tan ‘1{— L}
wRC

o —| —90°

5—>E

Picture the Problem We can use the results obtained in Problems 48 and 49 to find f3 45
and to plot graphs of log(Vou) versus log(f) and & versus log(f).
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(a) Express the ratio Vou/Vin:

When V, ,, =V, /N2

Square both sides of the equation
and solve for wRC to obtain:

Substitute numerical values and
evaluate f; gg:

(b) From Problem 48 we have:

From Problem 49 we have:

Rewrite these expressions in terms
of f3 45 to obtain:

11
1 ¥ V2
1+[]
oRC
oRC =1= w= =

f =
€ 27(20kQ)(15nF)

3dB —

27RC

531Hz

\Y
Vout = e
1 2
1+ (j

wRC
S =tan ‘{— i}

wRC
V — Vpeak — Vpeak

A spreadsheet program to generate the data for a graph of Vo, versus f and &versus f is

shown below. The formulas used to calculate the quantities in the columns are as follows:

Cell Formula/Content Algebraic Form
B1 2.00E+03 R

B2 1.50E-08 C

B3 1 Vpeak

B4 531 f3d8

A8 53 0.1f345
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C8 | $B$3/SQRT(1+(1($B%$4/A8))"2) Vioea
2
1+ f3dB
f
D8 LOG(C8) log(Vour)
E8 ATAN(-$B$4/A8) tan-tl foum
| f
F8 E8*180/PI1() din degrees
A B C D E F
1 R= | 2.00E+04 | ohms
2 = | 1.50E-08 | F
3 V_peak=| 1 \
4 f 3dB=| 531 Hz
5
6
7 f log(f) V_out | log(V_out) | delta(rad) | delta(deg)
8 53 1.72 0.099 -1.003 -1.471 —84.3
9 63 1.80 0.118 —0.928 -1.453 —83.2
10 73 1.86 0.136 —0.865 -1.434 -82.2
11 83 1.92 0.155 -0.811 -1.416 -81.1
55 523 2.72 0.702 —0.154 —0.793 —45.4
56 533 2.73 0.709 —0.150 —0.783 —44.9
57 543 2.73 0.715 —0.146 —0.774 —44.3
531 5283 3.72 0.995 —0.002 —-0.100 5.7
532 5293 3.72 0.995 —0.002 —0.100 5.7
533 5303 3.72 0.995 —0.002 —0.100 5.7
534 5313 3.73 0.995 —0.002 —0.100 5.7

The following graph of log(Voy:) versus log(f) was plotted for Vyea = 1 V.

log(V our)

0.0

-0.2 1

-0.4

-0.6

-0.8

-1.0

/

/

/

15 2.0

25

3.0
log(f)

35

4.0

A graph of din degrees as a function of log(f) follows.

737
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-10 A
-20 4
-30

P

-40 A
-50

/

-60

J

delta (degrees)

-70

pd

-80 A

-

-90 ‘
15 2.0

2.

5

log(f)

3.0 3.5 4.0

Referring to the spreadsheet program, we see that when f = f3 45, 0 =

—44.9°. | This

result is in good agreement with its calculated value of —45.0°.

51

Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation
relating the input, capacitor, and resistor voltages. Because the voltage drop across the
resistor is small compared to the voltage drop across the capacitor, we can express the
voltage drop across the capacitor in terms of the input voltage.

Apply Kirchhoff’s loop rule to the
input side of the filter to obtain:

Substitute for V;, and | to obtain:

Because Q = CV¢:

Substitute for dQ/dt to obtain:

Because the voltage drop across the
resistor is very small compared to
the voltage drop across the
capacitor:

Consequently, the potential
difference across the resistor is
given by:

V,-V.-IR=0
where V¢ is the potential difference across
the capacitor.

Vieak COS @t =V, — Rd—Q =0
dt
Q_d CV.]=C Ve
dt dt dt
Ve COSat =V, —RC d(\j{[C =0

the differential equation describing the
potential difference across the capacitor.

Vpeax COS @t =V 0

and
Ve Ve COS it
dv d
V,=RC—& ~| RC— cos wt
R dt dt b/peak ]
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52 )

Picture the Problem We can use the expression for Vy from Problem 48 and the
definition of g given in the problem to show that every time the frequency is halved, the
output drops by 6 dB.

From Problem 48: v - Vpeak
H — 1 2
1+ (j
oRC
or
ho 1
V eal 2
peak 1+( 1 j
oRC
Express this ratio in terms of f and V, 1 f
f34a: V - 2 2
peak \/l—l—( fsdB ) \/ f32dB (1+ ffzJ
f 3dB
For f << f3dB: VH N f . f
ea 2 - f
peak \/f32d5(1+ : ) 3dB
deB
From the definition of # we have: B = 20l0g,, V,
peak
Substitute for Vi/Vpear to obtain: f
f=20log,, ——

3dB

Doubling the frequency yields:
g q yy £ = 20log,, f2f

3dB
The change in decibel level is: AB=p5-p1

2f —20IoglofL

3dB 3dB

=20log,, 2 =| 6.02dB

= 20log,,

*53 oo

Picture the Problem We can express the instantaneous power dissipated in the resistor
and then use the fact that the average value of the square of the cosine function over one
cycle is % to establish the given result.
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The instantaneous power P(t)
dissipated in the resistor is:

The output voltage Vo is:

From Problem 48:

Substitute in the expression for P(t)
to obtain:

Because the average value of the
square of the cosine function over
one cycle is ¥2:

Simplify this expression to obtain:

54 e

2

V
Pt: out
0="2

V,, =V, cos(at —5)

V2
P(t):FHCOSZ(a)t—5)

V 2
= peek cos’(at - 6)

(|

VZ

peak

Pave =
1 2
2R| 1+ (j
{ wRC

P = Vpiak (a)RC)Z
¥ | 2R (1+(wRCY

Picture the Problem We can solve the expression for Vy, from Problem 48 for the

required capacitance of the capacitor.

From Problem 48:

We require that:

Solve for C to obtain:

_ peak
V, = —
l+(j
oRC
Vy 1 1
Vieak 1 ¥ 10
1+(j
oRC
or
2
L%Jszm
wRC

1 1

C: =
JO9uR  27+/99Rf




Substitute numerical values and
evaluate C:

55 oo
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1

27+/99(20kQ2)(60 Hz )

Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation
relating the input, capacitor, and resistor voltages. We’ll then assume a solution to this
equation that is a linear combination of sine and cosine terms with coefficients that we
can find by substitution in the differential equation. The solution to these simultaneous
equations will yield the amplitude of the output voltage.

Apply Kirchhoff’s loop rule to the
input side of the filter to obtain:

Substitute for V;, and | to obtain:

Because Q = CV:

Substitute for dQ/dt to obtain:

Assume a solution of the form:

Substitution of this assumed
solution and its first derivative in
the differential equation, followed
by equating the coefficients of the
sine and cosine terms, yields two
coupled linear equations:

Solve these equations
simultaneously to obtain:

Note that the output voltage is the
voltage across the capacitor and that
it is phase shifted relative to the
input voltage:

Vi, V., and V; are related according
to the Pythagorean relationship:

V,-IR-V =0
where V is the potential difference across
the capacitor.

Vpeax COS 0t — R(L—?—V =0
d_Q:i Cv]:Cd_V
dt dt dt
dv

Vea COS @t — RCE—V =0

the differential equation describing the
potential difference across the capacitor.

V =V, cosamt +V,sin ot

V., +wRCV, =V
and
V,-wRCV, =0

peak

oRC
V.=——"2_YV
* Lo (oRCY

V,, =V, cos(wt—05)

where V_ is the amplitude of the signal.

VAERARAYA
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Substitute for V. and V; to obtain:

2 —_
1 @RC
Vo= || — v Ry
- \/L.+(0)RC)2 "eak} +L+(a)Rc:)2 Pk

Simplify algebraically to obtain: v Voeak
L= | —==—

1+(wRCY

N

Asf -0V, -V, .Asf 5oV —0.

peak

56 [ 1)
Picture the Problem We can use some of the intermediate results from Problem 55 to
express the tangent of the phase constant.

From Problem 55: V, = /ch +V52

where tano = £
V

Also from Problem 55: 1
Vc = 2 Vpeak
1+(wRC)
and
oRC

Substitute to obtain: oRC

=| wRC

Solve for & 5 = tan™(wRC)
As o —0: S — E
(C) As @ —co: 5 —|90°

Remarks: See the spreadsheet solution in the following problem for additional
evidence that our answer for Part (c) is correct.

*57 e

Picture the Problem We can use the expressions for V| and & derived in Problem 56 to
plot the graphs of V| versus f and & versus f for the low-pass filter of Problem 55. We’ll
simplify the spreadsheet program by expressing both V_and & as functions of f; gg.
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From Problem 56 we have: vV
V|_ — peak

1+(wRCY
and
5 = tan™(wRC)

Rewrite each of these expressions in terms V

N peak \%
of f3 45 to obtain:

"~ i+ (2ARC) _\/“[ ; jz

peak

and

5 = tan"*(24fRC) = tan ‘{Lj

3dB

A spreadsheet program to generate the data for graphs of V versus f and ¢ versus f for
the low-pass filter is shown below. Note that Ve« has been arbitrarily set equal to 1 V.
The formulas used to calculate the quantities in the columns are as follows:

Cell Formula/Content Algebraic Form
Bl 2.00E+03 R
B2 5.00E-09 C
B3 1 Vpeak
B4 (2*P1()*$B$1*$B$2)"-1 f3 a8
B8 | $B$3/SQRT(1+((A8/$B$4)"2)) Vipeac
f 2
)
deB
C8 ATAN(A8/$B$4) f
tan ‘1( j
f3dB
D8 C8*180/PI() din degrees
A B @ D
1 R= | 1.00E+04 | ohms
2 C= | 5.00E-09 | F
3 V _peak=|1 \Y%
4 f 3dB=3.183 kHz
5
6 f(kHz) V _out | delta(rad) | delta(deg)
7 0 1.000 0.000 0.0
8 1 0.954 0.304 17.4
9 2 0.847 0.561 321
10 3 0.728 0.756 43.3
54 47 0.068 1.503 86.1
55 48 0.066 1.505 86.2
56 49 0.065 1.506 86.3
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| 57 | 50 | 0064 | 1507 | 864 |

A graph of Vy as a function of f follows:

1.0

0.8 1

Vou (V)

0 10 20 30 40 50
f (kHz)

A graph of das a function of f follows:

100

80

60 -

40 -

delta (degrees)

20 A

f (kHz)

58 (1 1]
Picture the Problem We can use Kirchhoff’s loop rule to obtain a differential equation

relating the input, capacitor, and resistor voltages. We’ll then assume a solution to this
equation that is a linear combination of sine and cosine terms with coefficients that we
can find by substitution in the differential equation. The solution to these simultaneous
equations will yield the amplitude of the output voltage.

Apply Kirchhoff’s loop rule to the V,,—IR-V. =0
Input side of the filter to obtain: where V¢ is the potential difference across
the capacitor.

Substitute for Vi, and | to obtain: dQ
Vieak COS0t —R—= -V =0
dt
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Because Q = CV: daQ _ i[CV J-cC dV.
dt dt- € dt
Substitute for dQ/dt to obtain:
< Vo COS 0t — RC d\/tc -V, =0

the differential equation describing the
potential difference across the capacitor.

The output voltage is the voltage dV,
across the capacitor. Because this Vioea COS @t —RC at
voltage is small :

~0

Separate the variables in this 1
differential equation and solve for Ve = R_ijpeak cos wtdt
Ve:

*59 (1 1]

Picture the Problem We can apply Kirchhoff’s loop rule to both the input side and
output side of the trap filter to obtain an expression for the impedance of the trap.
Requiring that the impedance of the trap be zero will yield the frequency at which the

circuit rejects signals. Defining the bandwidth as Aw = ‘a) — Wy, |aNd requiring that

z

wap|= R Will yield an expression for the bandwidth and reveal its dependence on R.

Apply Kirchhoff’s loop rule to the Vi — IX = 1X; =0

output of the trap circuit to obtain:

Solve for Vi: Vo = H(X 4+ Xc) =12,y (1)
where Z,., = X+ X¢

Apply Kirchhoff’s loop rule to the V., —IR=IX_ —-1IX.=0

input of the trap circuit to obtain:

Solve for I: V. V.

| in _ in

"R+X_+X, R+Z

trap

Substitute for | in equation (1) to Z oo
obtain: Vou =Vin
R + Ztrap
Because X, =iwlL and .
u . L [0 Ztrap — I(&)L _ij

—Ii aC
Xe =—:

aC
Note that Zyap = 0 and Vo, = 0 1

provided: = ﬁ

745
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Let the bandwidth Aw be: Aw = ‘a) ~ Oy (2)
Let the frequency bandwidth to be 1
defined by the frequency at ol " oC =R
which‘Ztrap =R. Then: or
@’LC-1=aRC
1 2
Because @, :F. @ _1=aRC
a)trap
Rl P @2y RC
a)trap
Solve for &* — g, 0 — W, = (a) — Dy )(a) + a)t,ap)
Because @ ~ @rap, o* - a)tzrap ~ 2a)trap (a) ™ Oyrgp )
w— a)trap ~ 2a)trap :
Substitute in equation (2) to obtain: Rca)frap R
Aw = ‘a)—a)trap :T = Z

60 oo

Picture the Problem For voltages greater than 0.6 V, the output voltage will mirror the
input voltage minus a 0.6 V drop. But when the voltage swings below 0.6 V, the output
voltage will be 0. A spreadsheet program was used to plot the following graph. The
angular frequency and the peak voltage were both arbitrarily set equal to one.

08 TRVA
06 |\ - - -V_I:ut \ /
\ — \ [

S A
02 \ / \ /
0 \ / \ /

0.6
-0.8 1
-1.0 T T T T

\ iny \Y out (V)
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61 oo

Picture the Problem We can use the decay of the potential difference across the
capacitor to relate the time constant for the RC circuit to the frequency of the input signal.
Expanding the exponential factor in the expression for V¢ will allow us to find the
approximate value for C that will limit the variation in the output voltage by less than 50
percent (or any other percentage).

The voltage across the capacitor is V. :Vine—t/RC
given by:

Expand the exponential factor to g-URC zl—it
obtain: RC
For a decay of less than 50 percent: 1

1-—t<05

RC

Solve for C to obtain: 2

C<—t
Because the voltage goes positive 2 (1
every cycle, t = 1/60 s and: C< kaleod)™ 33.3 uF

LC Circuits with a Generator

62 e
Picture the Problem We know that the current leads the voltage across and capacitor
and lags the voltage across an inductor. We can use | =& /X L and

I = &/ X to find the amplitudes of these currents. The current in the generator

will vanish under resonance conditions, i.e., when |I_|=|I¢|. To find the currents in the

L,max max

C,max

inductor and capacitor at resonance, we can use the common potential difference across
them and their reactances ... together with our knowledge of the phase relationships
mentioned above.

(a) Express the amplitudes of the | _ Enax
currents through the inductor and hmCX,
the capacitor: and
I — gmax
C,max —
XC
Express X and Xc:

X, =wlLand X, :%
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Substitute to obtain:

(b) Express the condition that
1=0:

Solve for wto obtain:

Substitute numerical values and
evaluate w:

(c) Express the current in the
inductor at w = w:

Express the current in the capacitor
at w= an:

(d) The phasor diagram is shown to
the right.

| _loov
L (4H)w
- 25VIH , lagging & by 90°
a
and
,__loov
C,max — T
(25 1F )
1 (25%10°V-F)o,
leading & by 90°
1] =[1c|
or
€ _ ¢ _ce
ol 1
wC
o=
VLC
1
® = —————=|100rad/s
4H)(25 uF)
I, = ig(\)/sltl ] cos[(100 rad/s)t —90°]

=[(0.250A)sin[(100s *)t]

I =(2.5x10° V-F)(100s)
x cos|(L00 rad/s)t +90°]
=[=(0.25A)sin|(100s* )t
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63 e
Picture the Problem We can differentiate Q with respect to time to find | as a function
of time. In (b) we can find C by using w = 1/«/ LC . The energy stored in the magnetic

field of the inductor is given by U =4 LI ?and the energy stored in the electric field of

QZ
the capacitor by U, = %?
(a) L_Jse the definition of current to | _dQ :i{(l&uc)cos(lZSOt +Zﬂ
obtain: dt dt 4

= (15 4C)(1250 s‘l)sin(1250t + %}

=| -(18.75 mA)sin(lZSOt + %j

(b) Relate C to L and w: o 1
JLC
Solve for C to obtain: C- 1
- 2
oL
Substitute numerical values and C= 12 _[ 2286 4F
evaluate C: (12505*1) (28 mH)

(c) Express and evaluate the magnetic energy Up:

m

U, =4LI?=1(28mH)(18.75mAY’ sin2(1250t +%)

=| (4.92 yJ)sin2[1250t + %j
Express and evaluate the electrical U =1 Q_2
energy Us: © ?2cC
2
= %M 0052(1250t +ﬁj
22.86 uF 4
=|(4.92 m)cos2(1250t +%)

The total energy stored in the electric and magnetic fields is:
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U=U_+U, = (4.92;1.])sin2[1250t+%)+(4.92;¢J)c032[1250t+%j =[4.92

*64 oo

Picture the Problem We can use the definition of the capacitance of a dielectric-filled
capacitor and the expression for the resonance frequency of an LC circuit to derive an
expression for the fractional change in the thickness of the dielectric in terms of the
resonance frequency and the frequency of the circuit when the dielectric is under
compression. We can then use this expression for At/t to calculate the value of Young’s

modulus for the dielectric material.

Use its definition to express
Young’s modulus of the dielectric
material:

Letting t be the initial thickness of
the dielectric, express the initial
capacitance of the capacitor:

Express the capacitance of the
capacitor when it is under
compression:

Express the resonance frequency of
the capacitor before the dielectric is

compressed:

When the dielectric is compressed:

Express the ratio of @ to ay and
simplify to obtain:

Expand the radical binomially to
obtain:

_stress AP 1)
strain  At/t
COZK‘EOA
t
CC:K‘EOA
t—At
S S
> JCL \/K‘EOAL
t
1 1
a)C: =
JC.L \/KEOAL
t—At

K, AL
&:_\/t:\/l_ﬂ
@, |ke, AL t

t—At

2
&:(1_£j 1At
@, t 2t

provided At <<t.



Solve for At/t:

Substitute in equation (1) to obtain:

Substitute numerical values and
evaluate Y:

65 00

Picture the Problem We can model this capacitor as the equivalent of two capacitors

Alternating-Current Circuits

gzz 1-%
t W,

AP

Y=
=
2
v _ (800atm)(101.325kPa/atm)

o116 MHz
120MHz

=11.22x10° N/m?

751

connected in parallel. Let C; be the capacitance of the dielectric-filled capacitor and C, be

the capacitance of the air-filled capacitor. We’ll derive expressions for the capacitances
of the parallel capacitors and add these expressions to obtain C(x). We can then use the

given resonance frequency when x = w/2 and the given value for L to evaluate C,. In Part
(b) we can use our result for C(x) and the relationship between f, L, and C(x) at resonance

to express f(x).

(a) Express the equivalent
capacitance of the two capacitors in
parallel:

Express A, in terms of the total area
of a capacitor plate A, w, and the

distance x:

Express A; in terms of A and A;:

Substitute in equation (1) and
simplify to obtain:
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Find C(w/2):

Express the resonance frequency of
the circuit in terms of L and C(x):

Evaluate f(w/2):

Solve for C, to obtain:

Substitute numerical values and evaluate
Co:

(b) Substitute for C(x) in equation
(2) to obtain:

Substitute numerical values and evaluate f(x):

K+l
-C —=
° 2
f(x)= 2)
27,/LC(X)
f(%):;
27 |Lc, K+t
2
1 2

" 27\ (x +1)LC,

C, = L
2 Zfz(W)L(K+1)
2
c - 1
° 22%(90MHz) (2mH)(4.8+1)
=|5.39x10°F
f(x)= -

70.0MHz

f(x)= !

272'\/(2 mH)(4.8)(5.39x 10 F){l— 4_4'8_1 x}

J1-(3.96m)x

8(0.2m)



Alternating-Current Circuits 753
RLC Circuits with a Generator

66 -
Picture the Problem We can use the expression for the resonance frequency of a series
RLC circuit to obtain an expression for C as a function of f.

Express the resonance frequency as =24 = 1
a function of L and C: JLC
Solve for C to obtain: 1
C - 2¢2
Az f-°L
Substitute numerical values and C _ 1
evaluate the smallest value for C: T 472 (1600 kHzZ Y (1 uH )
=9.89nF

Substitute numerical values and C _ 1
evaluate the largest value for C: 9 4722(500 kHzZ )P (1 H )

=101nF
Therefore: 9.89nF<C <101nF
67 o

Picture the Problem The diagram shows
the relationship between 6, X., Xc, and R.
We can use this reference triangle to
express the power factor for the circuit in
Example 29-5. In (b) we can use the
reference triangle to relate wto tano.

X — X

(a) Express the power factor for the R R
o C0SO =— =
circuit: Z \/R2+(XL—Xc)2
Evaluate X, and Xc: X =0l = (400 S‘l)(Z H)=800Q
and
1 1

o (aos )2 00

C
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Substitute numerical values and 0SS = 20Q
evaluate coss: J(20QY +(800Q 1250 Q)
=10.0444
(b) Express tan&: ol — 1
tans = X =Xe _ oC
R R
Rewrite this equation explicitly as a LCw’ —CRtandw—-1=0

guadratic equation in w:
Substitute numerical values to obtain:

[(2H)(2 1F)e? - |2 4F)(20Q)tan(cos ™ 0.5)k—1=0

or

(4x10°5?)o? +(69.3x10°s)w—1=0
Solve for @ to obtain: @ =| 491rad/s |or @ =| 509 rad/s
68 o

Picture the Problem The diagram shows
the relationship between 6, X., X¢, and R.
We can use this reference triangle to
express the power factor for the given
circuit. In (b) we can find the rms current
from the rms potential difference and the
impedance of the circuit. We can find the
average power delivered by the source
from the rms current and the resistance of
the resistor.

XJ. - XL'

(a) The power factor is defined to _ R R
C0SO =—=
NS
With no inductance in the circuit: X, =0
and
C0SO = R = R
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Sublstitute nudmerical values and oSS = 80Q 1
evaluate cosd: )
(80Q) + v .
(4005 f(20 1F)
=| 0.539
(b) Express the rms current in the Emax
circuit: | Ems _ V2
ms 7 \/Rz + Xé
—_ 8max
\/E\/ R? + 21 ;
wC
Insert numerical values and evaluate | 20V

i ms
lrms:

V2 \/(80 Qf +

(4005 f (20 uF)?

=| 95.3mA
(c) Express and evaluate the average P, =12 R=(95.3mA)(80Q)
power delivered by the generator: _[0727W

*69 oo
Picture the Problem The impedance of an ac circuit is given by

Z= \/R2 +(X_ =X, ) . We can evaluate the given expression for P, first for

X. =Xc =0and then for R = 0.

(@) For X=0,Z=Rand: po_ Rgrzms B Rgrzms B gﬁm
vz R? R
(b), (c) 1fR =0, then: RE. (0)e2,
Pav = 2 = > = @
YA (XL - Xc)

Remarks: Recall that there is no energy dissipation in an ideal inductor or
capacitor.

70 oo
Picture the Problem We can use o, = ]/\/ LC to find the resonant frequency of the

circuit, 1., = &, /Rto find the rms current at resonance, the definitions of X¢ and X, to
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find these reactances at @ = 8000 rad/s, the definitions of Z and I, to find the impedance
and rms current at o = 8000 rad/s, and the definition of the phase angle to find o.

(a) Express the resonant frequency
wp in terms of L and C:

Substitute numerical values and
evaluate ax:

(b) Relate the rms current at
resonance to &ms and the impedance
of the circuit at resonance:

(c) Express and evaluate Xc and X,
at o = 8000 rad/s:

(d) Express the impedance in terms
of the reactances, substitute the
results from (c), and evaluate Z:

Relate the rms current at

o = 8000 rad/s to &ms and the
impedance of the circuit at this
frequency:

(e) Using its definition, express and
evaluate &

71 oo

1

Wy = —F7—
¢ JLC

1
" JomH)2.F)
7.07 x10° rad/s
_ Ems _ Emp _ 100V
ms R \/ER \/5(59)
14.1A

1 1

= =|62.5Q

Xe= e (800057 )(2 4F)

X, = ol =(8000s)(10mH)=[80.0Q

Z =R+ (X, - X, )

= J(5QY +(80Q-62.5Q)

1820
— grms —_ gmax — 100V
™z J2z J2(1820Q)
3.89A

O =tan —1(Mj
R

tan_l(sog—sz.mj_

74.1°

5Q

Picture the Problem We can use f; = 1/ 27~/ LC to find the resonant frequency of the

circuit, the definitions of X¢ and X, to find these reactances at f = 1000 Hz, the definitions
of Z and I, to find the impedance and rms current at f= 1000 Hz, and the definition of
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the phase angle to find 6.

(a) Express the resonant frequency 1

f =
fy in terms of L and C: 0 27/ LC
Substitute numerical values and _ 1 —1.13kHz
evaluate fo: ’ 277\/ (10mH)(2 1F)
(b) Express and evaluate Xc and X, X = 1 _ 1
at f = 1000 Hz: ¢ 24C  27(1000s7)(2 4F)
=|79.6Q
and
X, =27L = 27(1000s* )10 mH)
=|62.8Q
(c) Express the impedance in terms 7 = \/RZ +(X, =X )
of the reactances, substitute the 5 5
results from (b), and evaluate Z: = \/(59) + (62-89 - 79-69)
=117.5Q
Relate the rms current at | = Eims _ Emax _ 100V
f = 1000 Hz t0 &ms and the ™z 2z J2(1750)
impedance of the circuit at this _[204A
frequency:
(d) Using its definition, express and 5= tan‘l( X —Xe j
evaluate ¢

—73.4°

_ a1 6282-79.60) _
5Q

72 e
Picture the Problem Note that the reactances and, hence, the impedance of an ac circuit
are frequency dependent. We can use the definitions of X, Xc, and Z, ¢, and cosd to find
the phase angle and the power factor of the circuit at the given frequencies.

X, =X

Express the phase angle 5a_nd the S =tan Y 2L c Q)

power factor cosé for the circuit:

and
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(a) Evaluate X, Xc, and Z at
f =900 Hz:

Substitute in equations (1) and (2) to
obtain:

(b) Evaluate X, Xc, and Z at
f=1.1kHz:

Substitute in equations (1) and (2) to
obtain:

cosézﬂ
Z

X, =24L

()

= 27(900s)10mH)=56.50,

1 1

Xe=odc 272(900s7)(2 4F)

=88.4Q,

Z = JRZ X, - Xq

= J5QY +(56.5Q-88.4QY

=32.3Q

56 59—88.49]_

o =tan? =—
50

and

COSO = ﬂ =| 0.155

32.3Q

X, =27l

=| -81.1°

= 27(1100s™)(10mH) = 69.10,

1 1

X = =
¢ 24C  22(1100s*)(2 F)

- 7230,
and
Z =R +(X, - X, )

= J(6Q) +(69.10-72.3Q)

=5.94Q

5 — a1 89-1Q-7230
50

and

C0SO = S—Q 0.842

5.94Q

—-32.6°

j:




(c) Evaluate X, Xc, and Z at
f=1.3 kHz:

Substitute in equations (1) and (2) to
obtain:

73 oo

Picture the Problem The Q factor of the circuit is given by Q = w,L/R, the resonance

Alternating-Current Circuits
X, = 2L
= 27(1300s)(10mH) =81.70Q,
w - 1 _ 1
© " 24C  22(1300s*)(2 4F)
=61.20,

and

Z =R+ (X, - X, )
= J5QY +(81.7Q-61.2Q)
=21.10

5:tan_1(81.7Q—61.2Qj: 630

5Q

and

cosézﬂ

=1 0.237
21.1Q

width by Af = f;/Q = @,/22Q , and the power factor by cosS = R/Z . Because Z is

frequency dependent, we’ll need to find Xc and X, at @ = 8000 rad/s in order to evaluate

COSO.

Using their definitions, express the
Q factor and the resonance width of
the circuit:

(a) Express and evaluate the
resonance frequency for the circuit:

Substitute numerical values in

equation (1) and evaluate Q:

(b) Substitute numerical values in
equation (2) and evaluate Af:

759

~ 1
Q R 1)
and
Af = o @ @
Q 22Q
o Lo 1
°JLe J@omH)(2 4F)
=7.07x10° rad/s
3
Q=(7.07><1o rad/s)(L0mH) _
5Q
3
Af = 7.07x10" rad/s _ 29.8 Hz

27(14.1)
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(c) Express the power factor of the COSS = R
circuit: Z
Evaluate X,, Xc, and Z at X, =wlL
= 8000 rads: — (80005 J(LOMH)=80.002,
X 1 _ 1
© wC (800057 )(2 uF)
=62.5Q,

and
Z =R?+ (X~ X,

= JBQY +(80Q-625Q)

=18.2Q

Substitute numerical values and 0SS = 5Q _[0275
evaluate cosd: 18.2Q
*74 oo
Picture the Problem We can use its definition,Q = fO/Af to find the Q factor for the
circuit.
Express the Q factor for the circuit: o o

Af
Substitute numerical values and evaluate _100.1MHz 2002
Q: 0.05MHz
75 ')

Picture the Problem We can use | = &,,,, /Z to find the current in the coil and the

definition of the phase angle to evaluate 5. We can equate XL and XC to find the
capacitance required so that the current and the voltage are in phase. Finally, we can find
the voltage measured across the capacitor by usingV, = X .

(a) Express the current in the coil in | = E ax
terms of the potential difference YA
across it and its impedance:

Substitute numerical values and | = M =|10.0A
evaluate I: 100




(b) Express and evaluate the phase
angle &

(c) Express the condition on the
reactances that must be satisfied if the
current and voltage are to be in

phase:

Solve for C to obtain:

Substitute numerical values and
evaluate C:

(d) Express the potential difference
across the capacitor:

Relate the current | in the circuit to
the impedance of the circuit when X,

= Xc:

Substitute to obtain:

Relate the impedance of the circuit to
the resistance of the coil:

Solve for and evaluate the resistance
of the coil:

Substitute numerical values and
evaluate V¢:

76 e

Alternating-Current Circuits 761
s=cos' R —sint X
Z Z
=sin™ 80 53.1°
100
X, =Xc0r X, =
1 1
X, 274X,
= ! =| 332 uF
27(60s7)(80) -
V, = IX,
=Y
R
v Ve oV
R 27fCR
Z =+R?+X?
R=+22-X? = J10Q) - (8QY
=6Q2
V, = 100V =[133v

272(6057)(332 4F)(692)

Picture the Problem We can find C using V. =1, X and |, from the potential

difference across the inductor. In the absence of resistance in the circuit, the measured

rms voltage across both the capacitor and inductor is V = [\/L —VC| .
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(a) Relate the capacitance C to the V. = _ | s
potential difference across the ¢ mTC o4C
capacitor:
Solve for C to obtain: C- Ims

27V,
Use the potential difference across |V
the inductor to express the rms ™ X, 24l

current in the circuit;

Substitute to obtain: C- V,
- L
(27 ) LV,
Substitute numerical values and C= 50V
evaluate C: [22(60s)*(0.25H)(75V)
=1 18.8 uF
(b) Express the measured rms V=V -V

voltage V across both the capacitor
and the inductor when R = 0:

Substitute numerical values and evaluate V: Vv =[50V -75V|=| 25.0V

77 e
Picture the Problem We can rewrite Equation 29-51 in terms of w, L, and C and factor L
from the resulting expression to obtain the given equation. In (b) and (c) we can use the
expansions for cot 'x and tan™*x to approximate Sat very low and very high frequencies.

(a) From Equation 29-51: oL-1oC o’L-1C

tano =
R oR
L(a)2 —]/LC)_ L(a)2 —a)é)
R oR
(b) Rewrite tand as: tan S = a)_L 3 1 1)
R wRC
For o << 1; tan s ~ — 1

wRC
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and
cotd = —wRC or & = cot™* (- wRC)

. -1 ~ T
Use the expansion for cot X to cot™ x = iE _x

obtain:
Recall that, for negative values of T S—_uwRC
the argument, the angle approaches
—2", to obtain: or
5= -Z+aRC
2

(c) For @>> 1, equation (1) tans ~ ok 5~ —
becomes: R
Use the expansion for tan™'x to a r 1 T R

. tan" X=—-—ord=| ———
obtain: 2 X 2 oL

“You can easily confirm this using your graphing calculator.

78 e
Picture the Problem We can use the definition of the power factor to express cosdin the
absence of an inductor and simplify the resulting equation to obtain the equation given
above.

(a) Express the power factor R R
. o C0Sd =—=
for a series RLC circuit: Z \/RZ +(X =X
With'no inductance in the 0SS = R _ R
circuit, Z \/Rz +(_ Xc)2
XL =0 and:
Substit.ute for X¢ and simplify 0SS = R _ R
to obtain: R2 4 1 R I+ 1
(C)’ (@RCY
B @RC
1+ (wRC)

(b)A spreadsheet program to generate the data for a graph of cosé versus @RC is shown
below. The formulas used to calculate the quantities in the columns are as follows:
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wRC
1+(wRCY

ohm

DO ©.— O L o« & Sx O |[8x O
Lo Esc—mas-—0Oocwmwowecw O .0 |[da AN ——d + LN AN ~< —O .0~
O o — — <~ <™ 0
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3

4 omega | cos(delta)
5 0.0 0.000

6 0.5 0.447

7 1.0 0.707
13 4.0 0.970
14 4.5 0.976
15 5.0 0.981

The following graph of cos das a function of o was plotted using the data in the above
table. Note that both R and C were set equal to 1.

1.0

'

0.6 /

0.4 -

cosine(delta)

0.2

0.0

omega

*79 oo

Picture the Problem We can find the rms current in the circuit and then use it to find the
potential differences across each of the circuit elements. We can use phasor diagrams and
our knowledge the phase shifts between the voltages across the three circuit elements to
find the voltage differences across their combinations.

(a) Express the potential difference Vg = s X1 (1)
between points A and B in terms of
Irms and XL.
Express l;ms in terms of ¢and Z: | = & &
rms E -
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Evaluate X, and Xc to obtain:

Substitute numerical values and
evaluate lms:

Substitute numerical values in
equation (1) and evaluate Vg:

(b) Express the potential difference
between points B and C in terms of
Iims and R:

(c) Express the potential difference
between points C and D in terms of
Irms and XC:

(d) The voltage across the inductor
lags the voltage across the resistor

as shown in the phasor diagram to

the right:

Use the Pythagorean theorem to find
Vac:

(e) The voltage across the inductor
lags the voltage across the resistor
as shown in the phasor diagram to
the right:

X, =27L = 27(60s™)(137 mH)

~51.6Q

and

w _ 1 _ 1

© 24C  2x(60s™)(25 uF)
~106.1Q

L 115V

™ J(60Q) +(51.6Q-106.10)
~155A

V,s =(1.55A)(51.6Q)=| 80.0V

Vee = 1 .R=(155A)(50Q)

=| 77.5V
Vep = 1., X =(1.55A)(106.1Q2)
=164V
1‘?.'5(' ________ ‘F)"

VAC = \/VAZB +VBZC

= J(80.0V +(775V) =[ 111V

- -

Vo Vip




Alternating-Current Circuits 767

\L/Jse the Pythagorean theorem to find Vg = ,/VCZD +V&
BD-

— J(164VY +(77.5V) =[ 181V

80 oo
Picture the Problem We canuse P,, = &,.,1,,,s C0So to find the power supplied to the

rms " rms

2 R to find the resistance. In () we can relate the capacitive reactance

circuitand P, =1 .
to the impedance, inductive reactance, and resistance of the circuit and solve for the
capacitance C. We can use the condition on X, and X¢ at resonance to find the
capacitance or inductance you would need to add to the circuit to make the power factor

equal to 1.

(a) Express the power supplied to Py = Eumslims COSO
the circuit in terms of gms, lyms, and
the power factor cos?o:

Substitute numerical values and P, =(120V)(11A)cos45° = | 933W
evaluate P,,:

(b) R_elat_e the power dissipated in P, = |r2msR or R = %

the circuit to the resistance of the I

resistor:

Substitute numerical values and R 933V\£ _[7710

evaluate R: (11A)

(c) Express the capacitance of the C = 1 _ 1 )
capacitor in terms of its reactance: X 27X,

Relate the capacitive reactance to 22 =R*+(X_ - X.)

the impedance, inductive reactance,
and resistance of the circuit:

Express the impedance of the circuit B
in terms of the rms emf £ and the 2

rms current lyms:

Substitute to obtain: &?
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Solve for [X, — X(|:

Note that because | leads &, the
circuit is capacitive and X¢ > X,.
Hence:

Substitute numerical values and
evaluate Xc:

Substitute in equation (1) and
evaluate C:

(d) Express the relationship between
X_ and Xc when coso = 1:

Because X, = 18.1 Q, we could
make X, = X by adding 7.75 Q of

inductive reactance to the circuit.
Find the series inductance
equivalent to 7.75 Q of inductive
reactance:

Alternatively, we could make

X, = X, by reducing the capacitive
reactance by 7.75 Q. Find the
capacitive reactance that you have
to added in parallel to the existing
capacitive reactance to reduce the
equivalent capacitive reactance by
7.75 Q:

2
2 2
iz, "
rms

|XL_XC|:

|XL_XC|:_(XL_XC)
and

2
Xe =X, + ‘%—R2

rms

2
— oL+ | & —R?

rms

X =27(60s)(0.05H)

+ \/M—(mlg)z

(11A)
~ 26.60
= ! —[99.7 4F
27(60s7)(26.60) —~
X =X¢
X, _ 1750 _rpoe—

~ 24 27(60s7)

1 _ 1 .1
181Q 266Q X,

and
X =56.6Q
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Find the capacitance corresponding C- 1 1
to a capacitive reactance of 56.6 Q:

24X, 27(60s™)(56.6Q)
= | 46.9 uF

81 (1]
Picture the Problem We can find X¢ using the equation relating Xc, X, R, and tandand
then solve the defining equation for X for C.

Express the capacitance of the C= 1 _ 1
circuit in terms of its capacitive X 27X,
reactance:

Express the phase angle 5in terms tan s = X, =X
of X., Xc, and R: R

Solve for X¢ to obtain:

Substitute numerical values and
evaluate Xc:

Substitute numerical values and
evaluate C:

82 oo

Xc =22L-Rtano

X = 27(5005)(0.15H)~ (35Q)tan 75°
=3410

1
275005 )(341Q)

=[0.933,F

Picture the Problem We can use the condition on X_ and X at resonance to find f,. By
expressing the phase angle d'in terms of X, Xc, and R we can obtain a quadratic equation
in o that we can solve for the frequencies corresponding to the given phase angles. We
can then use these frequencies to express the ratios of f to f, for the given phase angles.

(a) Relate Xc and X, at resonance:

Solve for fy:

Substitute numerical values and
evaluate fo:

or

27 L=

24,C

1 [
" 2r\LC

o1
® 27\(0.35H)(5 4F)

=|120Hz
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(b) Express the phase angle §in tan s X —Xe
terms of X, Xc, and R:

or

Rtan5:a)L—i
oC

Rewrite this equation explicitly as a LCw® - (RC tan 5)(0—1 =0
quadratic equation to obtain:
Substitute numerical values and (1.75><1O‘6 F- H)a)2
simplify to obtain: ~[2x10° @-H)tan 5]w-1=0
or
(LF-H)o® —[(1.14x10° Q- H)tan 5w
~-5.71x10° =0
For 5= 60°: (LF-H)o® —(L.97x10° Q- H)o
~-5.71x10° =0
Solve for the positive value of «: o=2.23x10%s"
and
3a-1
F_0 2.23x10°s _ 35517
2r 2r
Calculate the ratio f/fo: f _ 355Hz 7296
f, 120Hz '
For 5= —60°; (LF-H)o? +{1.97x10°Q-H)w
~-5.71x10°=0
Solve for the positive value of wand ®=256s"
then for f: and
-1
fo @ 205 4n7h;
2r 2r
Calculate the ratio f/f: f _407Hz ey
f, 120Hz

Remarks: Note that these ratios are reciprocals of each other.

83 oo
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Picture the Problem The impedance for the three circuits as functions of the angular

frequency is shown in the three figures below. Also shown in each figure (dashed line) is
the asymptotic approach for large angular frequencies.

(@ (b (c

[} [ [

*84 oo
Picture the Problem We can substitute for X, and Xc in Equation 29-48 and simplify the
resulting equation to obtain the given equation for I .

Equation 29-48 is: | & max
\/R2 +(XL - Xc)2

max

Substitute for X, and X¢ to obtain: Emax

e

max

Simplify algebraically to obtain:

I —_ gmax _ gmax — gmaX
\/R2+a)2L2(1—w2LCJ \/R2+a)2L2(1—Z))°2j \/R2+a)2(a)2—a)§)
& &

max max

i i-)\/a)ZRZ PR -] | 'R + (07 - )

85 oo
Picture the Problem We can use the constraints on L and C at resonance and the given
values for X, and Xc to obtain simultaneous equations that we can solve for L and C. In
(b) we can find Q from its definition and in (c) we can calculate Imax from g and Z.

: 1
(a) Relate X, and X at resonance: X, =X, or o, = =
)
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Solve for the product of L and C:

Express Xc and X.:

Eliminate w between these
equations to obtain:

Solve equations (1) and (2)
simultaneously to obtain:

(b) Express Q in terms of R, L, and
n:

Substitute numerical values and
evaluate Q:

(c) Relate the maximum current in
the circuit to gna and Z:

Substitute numerical values and
evaluate |max:

86 oo

LC=— = =10°%s* (1)
@ (10* rad/s)

X =i=16Q
@C

and

X =oL=4Q

L

—=64Q° 2

C )

L=|0.800mH |and C =| 12.5 uF

— a)OL
=R
o- (10° rad/s)(0.800mH) _
50
£ &

max __ max

Imax -
z \/R2+(XL_XC)Z

26V
JBQF +(4Q-16QY
~[2.00A

max

Picture the Problem We can find the maximum current in the circuit from the maximum
voltage across the capacitor and the reactance of the capacitor. To find the range of
inductance that is safe to use we can express Z? for the circuit in terms of &2, and

12 and solve the resulting quadratic equation for L.

(a) Express the maximum current in

terms of the maximum potential
difference across the capacitor and
its reactance:

V
— C,max — a)CV

max C,max
XC



Substitute numerical values and
evaluate Iy

(b) Relate the maximum current in
the circuit to the emf of the source
and the impedance of the circuit:

Express Z%in terms of R, X,, and Xc:

Substitute to obtain:

Evaluate Xc:

Substitute numerical values to

obtain:

Solve for L to obtain:

Denoting the solutions as L. and L_,
find the values for the inductance:

Express the ranges for L:

87 oo
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... =(2500rad/s)(8 4F)(150V)

max

=|3.00A
2
Imax = gmax or Zz = grznax
z |

max

Z7=R*+(X_ =X, )

2

@: R* +(XL - Xc)2
1 1

Xo=—== =500

© oC (2500rad/s)(8 uF)

200V)
Ean)
+((2500rad/s)L —50Q2)

or

8440 = (25005 )L -50Q)°

| _500+8440°

2500s™

L, =31.6mHand L =8.38mH

8.00mH < L <8.38mH

and
31.6mH < L <40.0mH

Picture the Problem We can find the impedance of the circuit from the applied emf and
the current drawn by the device. In (b) we can use P,, = 12 Rto find R and the

definition of the impedance of a series RLC circuit to find X = X — Xc.

(a) Express the impedance of the
device in terms of the current it

Z=$
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draws and the emf provided by the

power line:
Substitute numerical values to 7 _ 120V _ 1200
obtain: 10A
(b) Use the relationship between the P,=12R
average power supplied to the and
device and the rms current it draws P
; : R=—"2L= 120W =|7.20Q
to find R: |2 (10A)2
Express the impedance of a series 7 — \/RZ n (X L= X, )2
RLC circuit:
or
2P =R+ (X =X )
Solve for X, — X: X =X, -X.=+vZ?-R?
Substitute numerical values and X = \/(12 Q)Z _(7_2 Q)Z ~19600
evaluate X:

(c) | If the current leads the emf, the reactance is capacitive.

*88 oo
Picture the Problem We can use the fact that when the current is a maximum,

XL = Xc, to find the inductance of the circuit. In (b), we can find Imax from &y, and the
impedance of the circuit at resonance.

(a) Relate X and Xc at resonance: X =X or w.L = 1
L C 0 (()OC
Solve for L to obtain: L — 1
w;C
Substitute numerical values and evaluate L: L= 1 _[4.00mH
(50005 (10 4F)
(b) Noting that, at resonance, | = Emax _ 10V -l0.100A
X =0, express | g in terms of the "z 1000 :

applied emf and the impedance of
the circuit at resonance:
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89 oo

Picture the Problem We can use Ohm’s law to express the current through the resistor
as a function of time. Because the resistor and capacitor are in parallel they have the same
potential difference across them ... the emf of the source. We can relate the charge on
the capacitor as a function of time to its capacitance and the potential difference across it
and differentiate this expression with respect to time to express Ic(t). We can then apply
Kirchhoff’s junction rule to express the total current drawn from the source. Using the
results of (a) and (b) we can show that | = I + Ic = I COS (at + O), where tan 6= R/X¢
and lax = &max/Z With Z2 =R + X

(a) Apply Ohm’s law to obtain: 1,(t)= V(t) _ &y COS O
()= =
R R
gmax
=| —2Ccos wt
R

(b) Express the p.)oter_ltial difference V. (t) _ @ or q(t) —CV, (t)
across the capacitor in terms of the C

instantaneous charge on the

capacitor:
Differentiate q(t) to express the | (t) _ dQ(t) —C E(V (t))
current to the capacitor: ¢ dt dt ¢
d
=C p (&, COS )
=-wC&,,, Sin wt
Use the definition of X¢ and th
e e 1o (t)=| Emex cos(at +90°)
gonometric identity c

cos(a +90°) = —sin « to obtain:

(c) Apply Kirchhoff’s junction rule I=1;+1.

to obtain:
= % cos ot + % cos(at +90°)

C
:@coswt —gﬂsin ot
R Xc

We know that the current is also I =1, cos(a)t + 5)
expressible in the form:
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Expand this expression, using the
formula for the cosine of the sum of
two angles, to obtain:

Equate these expressions and

rewrite the resulting equation to
obtain:

Express the conditions that must be
satisfied if this equation is to be true
for all values of t:

Rewrite these equations as:

Divide equation (1) by equation (2)
and simplify to obtain:

Square equations (1) and (2) and
add to obtain:

*0(0 oo

| =1, COsatcosd -1, sinwtsind

&
(% — 1, COS 5) cos ot

_(fm&—hwsm5J=o
X

C

&
%—Imaxcosézo

and

Emx | sing=0

C

Imaxsin5=@ (1)
XC
and
|, COSO = E max (2)
tano = R
XC

12, sin®o+12, cos’ s
=12, (sin? 5 +cos’ )

e Y (e Y
X R

2
= griax 12 + 12 = Emx
X2 R

or

&

I — max

max
VA

whereZ 2 =| X2 +R™

Picture the Problem Because we’ll need to use it repeatedly in solving this problem,
we’ll begin by using complex numbers to derive an expression for the impedance Z, of



Alternating-Current Circuits 777

the parallel combination of C with L and R in series. The total impedance of the circuit is
then Z =R + Z,. We can apply Kirchhoff’s loop rule to obtain expressions for the
voltages across the load resistor with S either open or closed.

Use complex numbers to relate Z, to

R, X., and Xc:

Multiple the numerator and
denominator of this fraction by the
complex conjugate of

RL+i( XL — Xc):

Simplify to obtain:

(a) S_s closed. Because L is
shorted:

Evaluate Xc:

Substitute numerical values in
equation (1) and evaluate Z,, Z, |Z| ,

and o

In Problem 29-77 we showed that
for a parallel combination of a
resistor and capacitor, the phase
angle dis given by:

1_1, 1
Z, -iX. R_+iX,
_RL+i(XL_XC)
T XX, —iR X,
or
XX, =R X,

PR +i(X, = X,)

; _ XX —iR X R —i(X, —Xc)
’ RL+i(XL_XC)RL_i(XL_XC)

__ RX¢
i RE+(XL _XC)Z
—i XC[RE+XL(XL_XC)]
RE+(X, = Xc )

M)

X, =0
w 1 _ 1
¢ 24C  2z(10s?)(8 uF)
=1.99kQ

Z, =30Q-i(0.4520),
Z=400-i(0.4520),

and

| = y(40QY +(0.4520Q) =[ 40.0Q

o= tan‘l(iJ
XC
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Substitute numerical values and ) 400
, o=t —— |=|—-89.4°
evaluate & —-0.4520
No phasor diagram is shown because it is
impossible to represent it to scale.
(b) S is open: i.e., the inductor is X, = ol = 24L = 22(10s*)(0.15H)
in the circuit. Find X: =9420)
Substitute numerical values in Z, =30.3Q+i(9.01Q),
equation (1) and evaluate Z,, Z, |Z|, Z =40.3Q+i(9.01Q),
and & 1Z| = (40.3Q) +(9.010) =[41.30
and
o= tan‘l(ﬁj =tan™ 9.01Q
R 40.3Q
=[12.6°
The phasor diagram for this case is 2
shown to the right. _Z 1_55[“’
| Re
(c) Sis closed. Apply Kirchhoff’s £-1R —VRL =0
loop rule to a loop including the
source, R, and R;.:
Solve for V : Ve, =€-1IR
Express the current | in the circuit: | = &
Z
Substitute and simplify to obtain:
V, = e-8R_|1_R &, COS(ct — &)
-z 2|
From (a) we have: Z, =300Q-i(0.4520),

Z=40Q-i(0.452Q),
|Z|=40.0Q, and



Substitute numerical values to
obtain:

S is open. Apply Kirchhoff’s loop
rule to a loop including the source,
R, L, and R_ when S is open:

Solve for V :

Express the current | in the circuit:

Substitute to obtain:

Substitute numerical values and
evaluate Z, and Z:

Substitute numerical values and evaluate
V

R -

(d) Find X_ and Xc when
f=1000 Hz:
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S = tanl(_ 0452) =—0.647° ~ 0°
40

Ve = 1-%}(1oov)cos[(20s-l)7zt]

=| (75V)cos|(20s )t |

E-IR-1X_ -V, =0

Ve =€-IR=IX_ =€-1(R+X,)

=&
YA

Ve = (1— %]Emax cos(wt — &)

Z, =30.3Q+i(9.01Q),
Z =40.3Q+i(9.010),
Z|=4130,

and

o=tan? ull =tan‘1w
R+R, 40.3Q

=13.2°

L 4130
X (100V)cos|(20s )zt ~13.2°]
= | (53.0V)cos|(20s )t —13.2°|

v, - l_lOQ+9.4ZQ]

X, =27(1000s)(0.15H) = 9420

and
1

Xe = 22000057 )8 4F)

=19.90Q
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S is closed. X, =0, and Z, simplifies
to:

Substitute numerical values in
equation (1) and evaluate Z,, Z, |Z|,

and &

A phasor diagram for this circuit is
shown to the right,

S is open. Substitute numerical
values in equation (1) and evaluate
Zy Z, |Z|, and &

Find the total impedance, its
magnitude, and phase angle for the
circuit:

The phasor diagram is shown to the
right.

(€)

_RXZ L RIX
PRI+ XE R+ X2

Z,=9.17Q-i(13.8Q),
Z=19.17Q-i(13.8Q),

z| = J29.17QY +(13.8QY =[ 2360
and
5= tan‘l(_lasgj =|-35.7°
19.17Q

R,

~N

Z

X.\lt_)

R,

Z, =0.0140Q-i(20.30),
Z =10.0Q-i(20.30Q),
12| = 10.0Q) +(20.3Q) =[22.6Q

and

Z =10.0Q-i(20.40Q),

Z =10.0Q) +(204Q) =[ 2270

and
S=tan? —204Q) —63.9°
10Q
JRP
N\
\Z
AN
Y Xy g
R

The load voltage at the higher frequency is much more attenuated with S open,
while opening S does not reduce the low frequency load voltage significantly.
Therefore, S open is the better arrangement for a low - pass filter.

91 e
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Picture the Problem We can find the resonant frequency of any parallel ac circuit by
setting the imaginary part of the reciprocal of the impedance equal to zero. In (b) we can
use complex numbers to find the impedance of each branch of the circuit and then relate
the common potential difference across each branch to its impedance and the current in
the resistors.

(a) Express the reciprocal of the 1 1 N 1

impedance of the circuit: Z R -iX. R,+iX,

Rewrite this expression with a 1_ (R, +R,)+i(X, —X.)
common denominator and simplify Z (RR,+ X X, )+i(RX, —R,Xc)

to obtain:

Multiply this expression by 1 in the form of the complex conjugate of the denominator
divided by itself and simplify (separate the real part of the expression from the imaginary
part) to obtain:

lz (R1+ Rz)(Rle + XCXL)+(XL — Xc)(Rle — szc)

Z (R1R2+XCXL)2+(R1XL_R2XC)2

(XL - Xc)(Rle + XCXL)_(R1+ Rz)(Rle — szc)
(Rle + XCXL)Z +(R1XL - szc)2

+i

Set the imaginary part of 1/Z equal to zero to obtain:

(XL _Xc)(Rle + XCXL)_(R1+ Rz)(Rle _szc):O

Substitute numerical values for R; 1 L
. w,L — 8+—
and R, (suppress the units to save w,C C
space and make the resulting 4
equation more readable) to obtain: - 6| 20, - =0
,C
Simplify this equation by clearing (8LC2 +L’)C-12 LCZ)a)O2 =L-16C

the fractions and combining like
terms to obtain:

Solve for ay: B \/ L-16C
) =

8LC? + L*C -12LC?

Substitute numerical values for L 1.15x102 g
and C and evaluate : Wy = \/W =11.64x10" rad/s
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(b) Express the currents in each
branch at resonance:

Evaluate Zc s and ‘Z

C,res

Substitute to obtain:

Evaluate Z, s and ‘Z

L,res

Substitute to obtain:

Express and evaluate the rms
current supplied by the source:

92 oo

£ &
lc.=—and | =—
Szl
Ze =20 .
Cree (1.64x10°s*)(30x10°F)
=20-i(20.30),
Zc o =4/(202) +(2030Q) =2040,

40V

lems === =|139A
cm T J2(2040)
and
O = tan‘l(—_ 20.39} =| —84.4°
20
Z, o =40 +i{1.64x10°s)(12x10° H)
=40+i(19.70),
1Z, e = J@Q) +(19.70) =20.10,
40V
lms = == =| L.41A
b J2(20.10)
and
5 = tan_l(lg.mJ 755
4Q
| = IL,rms COsS + IC,rms COS ¢
=(1.41A)c0s78.5°
+(1.39 A)cos(-84.4°)
=| 0.417A

Picture the Problem We can use its definition to express Q in terms of ay and Aw. By
expressing the current drawn from the source we can obtain an expression for the energy
stored in the system each cycle and then use this result to establish the relationship
between @, R, L, and C when the energy stored per cycle is at half-maximum. Finally, we
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can solve the resulting equation for the values of @ that will allow us to determine Aw.

The definition of Q is: @y

Q=-L
Aw
where Aw is the width of the resonance at

half maximum.

Express the resonance frequency of w. = 1
the circuit: ° VLC
Substitute to obtain: 1
Q=—"F7—— (1)
VLCAw

Express the current to the capacitor: =Y v

c = =

XC

with I¢ leading V by 90°.

Express the current in the inductor: V. VvV

|
bOX, ol
with 1, lagging V by 90°.

Express the current in the resistor: | = \a
"R
with I in phase with V.
Express the total current drawn from v 1)? 1 2
the source: 7 ( Rj (a)L j
2
\Y 1
=— [1+R?* ——wC
R ol
At resonance, the reactive term is | = !
zero and the total current is the ° R
current in the resistor:
Substitute to obtain: 1 2
I =1,,/1+ RZ(——a)Cj
ol
Express the total energy stored in 02

the circuit per cycle: ot oc
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where Qq is the maximum charge on the

capacitor.
Relate the maximum value of the lax = @Q
current to the maximum value of the
charge:
Substitute to obtain: 12, 1 V?
Ui =55~ =5 3~ 57
20°C 2w°CR
_1 Iy
"~ 20°C 2
1+ Rz(l —~ a)C)
wl
At resonance we have: I(f
Utot s o 2~
’ 20°C
At half Utotyres: 1 |02
_Utot res 2.~
2 4o°C
1 12
 20°C 2
1+R? (1 —~ a)CJ
ol
or
1 1
2 - 2
1+ Rz(l - a)Cj
ol
1 . 1
Solve for R| @C —— |to obtain: RloC—-——|=%1 2
ol ol
Rewrite equation (2) explicitly as a RLCow’+Lo—-R=0
quadratic equation:
Letting + denote the roots with a 1 1V 1
positive coefficient of @ and — the w, = 2RC + (ZRCj + LC
roots with a negative coefficient, d
an

solve this equation for . and @_:

1 ( 1 T 1
w_=-— * +—
2RC 2RC ) LC
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Express Aw: Ao=0, -0 = i
RC
Substitute in equation (1) to obtain: RC C

=7 | ML

93 e
Picture the Problem We can use the expression for the resonance frequency derived by
equating the capacitive and inductive reactances at resonance to express axy in terms of L
and C. In (b) we can use the result derived in Problem 92 to find R from Q, L, and C.

(a) Express the resonance frequency 1
. Wy =
ap in terms of L and C: JLC
Solve for C to obtain: C 1 1

T WL ArtfiL

Substitute numerical values and C= 1
evaluate C: 47z2(4><103 5‘1)2(4 mH)
=| 0.396 uF
(b) From Problem 92 we have: C
Q=R
L
Solve for R to obtain: L
R=Q E

Substitute numerical values and 4mH
. R=8|—=,804Q
evaluate R: 0.396 uF
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94 e
Picture the Problem We can use the expression for the resonance frequency derived by
equating the capacitive and inductive reactances at resonance to express axy in terms of L
and C. We can use the result derived in Problem 92 to find the Q-value resulting from
halving the capacitance and to find the resistance necessary to give Q = 8.

Express the resonance frequency ay o = 1 or f. = 1
in terms of L and C: * JLC ° 2zyLC
Substitute numerical values and fo 1
0 =
evaluate fo: 272'\/% (4mH)(0.396 1F)
=| 5.66kHz
From Problem 92 we have: C
Q=R (1)
L
Letting C'represent the halved C'
. . Q' =R,|—
capacitance, express Q' L
Divide Q' by Q and simplify to R c
obtain: Q _ L _[C
C
Q r|C
L
1 .
Because C'=1C: Q.:g:i: 5 66
v2 2
Solve equation (1) for R to obtain: L
R=Q,—
C
Substitute numerical values and
_ R-8|—2MH 774k
evaluate R: %(0.396 yF)

95 e
Picture the Problem We can use its definition to find the resonance frequency of this
series RLC circuit and the fact that, at resonance, Z = R, to find the resonance current.
Because, at resonance V| = V¢, we can find the voltage across either element from the
product of the current and its reactance. In (c) we can use the definition of the Q factor to
find the angular frequency corresponding to f = f; +1 Af and then use this result to
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find X., Xc, and Z at this frequency. Finally, we can use these values for X, Xc, and Z to
find the rms current and the rms voltages across the inductor and capacitor.

(a) Express the resonance frequency

fo in terms of L and C:

Substitute numerical values and
evaluate fo:

(b) At resonance, Z =R and:

Express and evaluate the equal (at
resonance) rms voltages across the
capacitor and the inductor:

(c) Express the rms current in the
circuit and the rms voltages across
the inductor and capacitor:

Express the Q factor for an RLC
circuit:

Solve for Af:

Express f:

Substitute numerical values and
evaluate f and w:

Calculate X, and X¢ at
84.7 krad/s:

f_ 1
° 2zJLC
_ ! _[13.26kHz
° 2z,/(36mH)(4nF) :
— £ — 20_V — 200 mA
R 1000

V. =V, = IX, = o,IL = 24, IL
= 277(13.26kHz)(0.2A)(36 mH)
=| 600V

| :;vL —1X,,and V, = IX,

Q= R zAC()_E
Af = R f,
w,L
f:fo+if0:fO 1+ R
2w,L 2m,L

f =(13.26kHz)

100Q
x| 1+
[ 47(13.26 kHz (36 mH)j
=13.48kHz

and
o =2nf =27(13.48kHz)=84.7 krad/s

X, = ol = (84.7krad/s)(36 mH)
=3.05kQ
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Now we can find Z:

Substitute numerical values and
evaluate I, V, and V¢:

96 o00

and
w -1 _ 1
¢ wC  (84.7krad/s)(4nF)
= 2.95kQ

Z =R+ (X, - X, )

= /2000 +(3.05kQ - 2.95kQ)’
~1410

|20V _

=22 ~[142mA ],
1410

V, = (142mA)(3.05kQ) = | 433V

and

V. =(142mA)(2.95kQ) = | 419V

Picture the Problem We can use complex numbers to find the impedance in the

branches of the given circuit. We can then use Kirchhoff’s loop rule to find the currents

in the branches and a current phasor diagram to find the total current and its phase

relative to the applied voltage.

(a) Use complex numbers to find
Z, |ZL|, and &.:

Use complex numbers to find Zc,
|ZC|, and &:

Z, =R, +iX_ =40Q+i(30Q),

|ZL|:1/R22+XE

= J(400) +(30Q) =[50.0Q

and

S, ﬂan‘{ﬁj:tan‘l 300 _3gee
R 400

Z. =R, +iX, =10Q-i(10Q),
Ze|= R+ X2

= J10Qy + 100y =[14.10

and

S, =tan™ Ko ) gant| Z209
R 10Q

=[-45.0°




(b) Apply Kirchhoff’s loop rule to
the source and the inductive branch
to obtain:

Apply Kirchhoff’s loop rule to the
source and the capacitive branch to
obtain:

(c) The current phasor diagram is
shown to the right.

Express the total current in terms
of its horizontal and vertical
components:

Find the horizontal component Iy
of the total current:

Find the vertical component I of
the total current:

Substitute numerical values and
evaluate | and &

Alternating-Current Circuits 789

V-l X, =0
or

_ V. 110V
oz, 50Q

=| 2.20 A lagging the voltage by 36.9°

V-1.X.=0
or

_ V. 110V
¢z, 1410

=| 7.80 A leading the voltage by 45.0°

_ [z 2
I_ Ihor+|vert

and
I
5 — tan —1( vert
I hor
lor = 1o COSO. + 1, oSS,

=(7.80A)cos45° +(2.20 A)cos 36.9°
=7.27A

ler = 1cSINS. — 1 SINS,
= (7.80A)sin 45°—(2.20 A )sin 36.9°

=4.19A

vert

| =/(4.19AY +(7.27AY =[8.39A

and

o=tan™ A9A 1 _ 30.0°
7.27A
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Remarks: The total current leads the applied voltage by 30.0°.
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Picture the Problem We can manipulate Equation 29-47 into a form that has the ratio of
L to R in it and then use the definition of Q to eliminate L and R. In (b) we can
approximate @° — a)(f , Near resonance, as 2m,A® and substitute in the result from (a) to

obtain the desired result.

(a) From Equation 29-47: oL-1oC @’L-1C

tano =
R @R
L(w®-vLC) Ll -?)
wR R
Express Q in terms of ax, L and R: Q- oL
R
Solve for L/R to obtain: L_Q
R w,
Substitute to obtain: 2 _ ot
tan o = Q(a)—a)o) (1)
o,
(b) Near resonance: o’ —af =(0+a,)0-o,)
= 20,A®
Substitute in equation (1) to obtain: an s = QRmAw) | 2Q(0-w,)
ww, w

(c) A following graph of ¢'as a function of x = @/ ax was plotted using a spreadsheet
program. The solid curve is for a high-Q circuit and the dashed curve is for a low-Q
circuit.
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2.0

15

10

—Q:]_O
Q=2

0.5

0.0

delta

-0.5 A

-1.0

-1.5

-2.0
0.0

0.5

15

2.0
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Picture the Problem We can rewrite Equation 29-45 in terms of the current and then
differentiate Equation 29-46. Substituting for I, dl/dt, X, and X¢ will allow us to use the
trigonometric identities for the sine and cosine of the sum of two angles to rewrite the
equation in such a form that we can equate the coefficients of sinwt and cosat to obtain
Equation 29-47 and an equation that is satisfied provided Z is given by Equation 29-49.

Rewrite Equation 29-45 in terms of

the current:

Equation 29-46 is:

Differentiate Equation 29-50 with

respect to time to obtain:

Evaluate j Idt:

Substitute to obtain:

|_—+R|+—j|dt_

| =1, cos(at—5)
di

E =-ol max

sin(wt - 5)

[rdt=1

:I‘ﬂsin(a)t—é)
w
L(- al,, sin(at - 5))
+RI,,, cos(at - o)

1[|
+_
C

@

I cos(wt — &)dt

ax COS it

—max_ sin( et — 5)} =& Cosot
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Divide through by I to obtain: L(~ wsin(at — 5))
+Rcos(at - 5)

+é(£sin(a)t - 5)] = %cos ot

w max
Use the definitions of X, Xc, and Z — X sin(at — &)+ R cos(at - &)
to obtain: + X sin(ot - 8) = Z cos wt

Use the trigonometric identities for sin(a + /)and cos(a + £)to obtain:

— X (sin @t cos § — cos wt sin § )+ R(cos wt cos & + sin wt sin &)
+ X (sin wt cos & — cos wt sin §) = Z cos wt

Collect the terms in sinwt and cosat;

(~ X cosS +Rsin§ + X cos &)sin wt
+(Rcosd — X sind + X sin&)cos wt = Z cos ot

Equate the coefficients of sinet and — X, C0sd+Rsino+ X.coso=0
Coswt to obtain: and
Rcosd— X sind + X, sind =2

Solve the first of th tions f -
olve the first of these equations for tan s — X, —X¢ Equation 29-47
tand: R
- - . Z
Rewrite the second equation as: R—X tand+ X, tans =
Co0So
or
(X, —xc)tan§+R=i
coso

Simplify this equation to obtain Equation 7 \/Rz +(X _X )2
29-49: ¢

99 o00

Picture the Problem In (a) we can apply Kirchhoff’s loop rule to obtain the 2™ order
differential equation relating the charge on the capacitor to the time. In (b) we’ll assume a
solution of the form Q =Q,,, Cos et differentiate it twice, and substitute for d°Q/dt*

and Q to show that the assumed solution satisfies the DE provided
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Qrax = —Hc;ma_—xwz) . In (c) we’ll use our results from (a) and (b) to establish the for
0

Imax given in the problem statement.

(a) Apply Kirchhoff’s loop rule to
obtain:

Substitute for £and rearrange the
differential equation to obtain:

Because | =dQ/dt:

(b) Assume that the solution is:

Differentiate the assumed solution
twice to obtain:

Substitute in the differential
equation to obtain:

Factor cosat from the left-hand side
of the equation:

If this equation is to hold for all
values of t it must be true that:

Factor L from the denominator and
substitute for 1/LC to obtain:

g-2-1% o

C dt

d Q

L—+==¢ cos wt
d c ™

L 90, Q

e & ax COS 0

Q = Q. COS 0t

aQ _

proi —Q,,,, SIN ot
and
2
ddt? =-0°Q,, Cosat
2 Qmax
-0 LQ,,, COsSwt + ~ cos wt
= & . COS Ot
(— o’LQ,, + @j cos ot
C
=& . COSat
Q
- 0)2 LQmax + (r;ax = gmax
or
&
Qmax —_ max
—o’L+ =
gm
Qmax = =
L(— ® + ]
LC
—&
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(c) From (a) and (b) we have: I dQ —Q,,,, SIN ot

=1, Sinaot
where
a)gmax gmax
e L‘a)2 - a)é‘ L‘ 2 _a)z‘
@ 0
— gmax gmax
wl — i |X L XC|
wC

If @> an, X. > Xc and the current | =1, sinat=| 1, cos(wt—90°)
lags the voltage by 90°. Therefore:
If @< ap, X, < Xc and the current | =—I, sinwt=| I, cos(wt+90°)

leads the voltage by 90°. Therefore:

100 see
Picture the Problem We can use the condition determining the half-power points to
obtain a quadratic equation that we can solve for the frequencies corresponding to the
half-power points. Expanding these solutions binomially will lead us to the result that Aw
= w, —an ~ R/IL. We can then use the definition of Q to complete the proof that Q ~ ay
IAw.

Equation 29-58 is: p— X R’

v Lz(a)2 —w§)2 +@°R?
The half-power points will occur L@ —an?)* = o’R* ~ ay’R?
when the denominator is twice the or

H . 2

value near resonance, that is, when: L ( ) 2)2 o

R 0" -wy ) =w,
Let w, and a, be the solutions of L z(a)z B a)z)z 2
this equation. Then: R 1 o/ — ™0

and
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Solve these equations for @y and @, R y2
to obtain: 1 0 w,L
and
( . Jm
@, = Wy 1+ ——
w,L
Expand these solutions binomially )
- @, = w,| 1- + higher order terms
to obtain: @,
and
R .
@, = o, 1+ + higher order terms
2w,
For R << X, (a condition that holds R
_ @, = o, 1- ,
for a sharply peaked resonance): 20,L
R
@, = @,| 1+ ,
2m,L
and

From the definition of Q: R_ao,
L Q
Substitute to obtain: Ao ~ @y
Q
Solve for Q: Q= @y
Aw
101 o000

Picture the Problem We’ll differentiate Q = Q,e "?" cos @'t twice and substitute this

function and both its derivatives in the differential equation of the circuit. Rewriting the
resulting equation in the form Acosa@'t + Bsina/'t = 0 will reveal that B vanishes.

Requiring that Acoswt = 0 hold for all values of t will lead to @'=4/(I/LC)—(R/2L)’ .

R _ - . 2
Equation 29-47b is:  4Q.Q pdQ_,

dt> C dt
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Assume a solution of the form: Q=0Q,e ™ cosw't

Differentiate Q(t) twice to obtain:

Q _ —Q,e M [w'sin ot cos ot
dt 2L

and

2 2 |
d ? = Qe % R—z—a)'z coswtt "2 sin wit
dt 4L L

Substitute these derivatives in the differential equation and simplify to obtain:

2 |
LQ,e "2t R—Z—a)'z coswtt R sin it [+ 2 e 2 cos it
41 L C

—RQ,e ™ [w'sin w‘t+2—|T_cos a)'t} =0

or

2 |
L R—z—w'z COSw‘t+R—a)Sina}'t +1COSa)'t—R[a)'sina)'t+£COSa)'t =0
4L L C 2L

Rewrite this equation in the form Acos@'t + Bsin@/t = 0:

2 2
(Re' —Ra')sin a)'tj{L( R a)'z}ti—%}cosw't =0

42 C
or
2 2

R Lw'? +l—R— cosw't=0

4L C 2L
If this equation is to hold for all R® Lo? +£__2 B
values of t, its coefficient must 4L C 2L
vanish:
Solve for o'

, 1 (RY

o=, |—-—
LC 2L

the condition that must be satisfied if

Q =Q,e ™2 cosw't is the solution to
Equation 29-47b.
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Picture the Problem We can use L = yonzAﬁ to determine the inductance of the empty

solenoid and the resonance condition to find the capacitance of the sample-free circuit
when the resonance frequency of the circuit is 6.0000 MHz. By expressing L as a
function of f, and then evaluating dfy/dL and approximating the derivative with Afo/AL ,

we can evaluate y from its definition.

(a) Express the inductance of an air-core
solenoid:

Substitute numerical values and evaluate L:

L =(47x107 N/AZ)(OA'OO

(b) Express the condition for
resonance in the LC circuit;

Solve for C to obtain:

Substitute numerical values and
evaluate C:

(c) Express the sample’s
susceptibility in terms of L and AL:

Solve equation (1) for fo:

Differentiate f, with respect to L:

Approximate dfy/dL by Afo/AL:

2
i
04mj 4

L = u,n* Al
(0.003m)*(0.04m) =| 35.5 uH
X, =X
or
27 L = — (1)
°T 24,.C
1
4r*frL
C= L =| 119 4F
47%(6 MHz)(35.5 1H) a
AL
== 2
X= )
f o1
° 2zJLC
dafg 1 diwe_ 1 e
dL  274JC dL 4z\C
I S (1
4rNLC 2L
A,  f, AR, AL

——=——=o0r -—
AL 2L~ f, 2L
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Substitute in equation (2) to obtain:

Substitute numerical values and
evaluate y:

103 [X1)

Picture the Problem We can find the angular frequency @ for the circuit in Problem 91

__,[5:9989 MHz - 6.0000 MHz
d 6.0000 MHz,

=|3.67x10™"

such that the magnitudes of the reactances of the two parallel branches are equal by
equating the reactances in the two branches. We can use P =1 1°R =(£/Z*(R/2),

where Z is, in turn, Z, and Z, to find the power dissipated in each resistor.

(a) When the reactances of the
parallel branches are equal:

Substitute numerical values to
obtain:

(b) Express the power dissipation in
a resistor in an ac circuit:

Find Z, and |ZL| at 1.67 krad/s:

Find Zc and |Zc| at 1.67 krad/s:

X, =X and a):L

JLC
w= 1 =| 1.67 krad/s
Je2mH)EowF)
2
g
P=1I1’R=1|Z|R
()
Z =R, +ioL
=4Q+i(1.67krad/s)(12mH)
=4Q+i(20.0Q)

and
Z,|=(4Q) +(20Q) =20.40

1

Z.=R-i—
C 1 IQ)C
: 1
Q-1
(1.67 krad/s)(30 F)
=20-i(20.00Q)

and
Z|=4/(2Q) +(20.0Q) =20.10




Evaluate the power dissipated in Ry
and R,:

104 ooe
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2 2
p-il LR =12V | 5q)
2\ z, 2| 2010

=|3.96 W
and
1(eY_ 1 a0V Y
P==|=|R,== (4Q)
2\ 2, 212040
=| 7.69W

799

Picture the Problem We can equate the power dissipated in the two resistors to obtain a

relationship between the currents in and the resistances of the two branches. Expressing

the currents in terms of the impedances of the two branches and the common potential
difference across them will lead us to an equation that is quadratic in «* that we can solve
for @. In (b) we can use complex numbers to find the reactances of each of the two
parallel branches and then use these results to draw the phasor diagram of (c). We can use
the results of (b) to find the impedance of the circuit in (d).

(a) Express the condition under
which the power dissipation in the
two resistors is the same:

Express the ratio of the squares of
the currents in the two resistors:

Equate these expressions to obtain:

Substitute for X, Xc, and the ratio of
R, to R; to obtain:

17 R
I/R, =I?R,or L =—2
I, R
&y
W[ Ze |z
N N 4
ZL

—zj:16Qz+a)2L2

— 5 =160 + &’ L?
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Combine like terms and clear L’C?0* + (8(22 )Cza)2 -2=0
fractions to obtain:

Substitute numerical values to (1.30 x108s* )a)4

obtain: +(7.20x10°s*)w? 2 =0
Use the "solver” capability of your w*® =3.89x10° (rad/s)’

calculator to solve for «': and

®=11.97x10°rad/s

(b) Express and evaluate Zc, |Z|, Z.-R —ii
and &: .
=2Q—i
"(L.97 10° radis)(30 1)
=20-i(16.9Q)
Z|=(2Q) +(16.90Q) =[17.0Q
and
Oc = tan‘l(&j = tan‘l[_m'gQJ
R 20
=|-83.3°
Express and evaluate Z,, |Z, |, and Z =R,+iaL
& = 4Q +i(1.97 x10° rad/s)(12mH)
=40+i(23.6Q)
Z,|=(4QY +(236Q) =] 2390
and
o, = tanl(ﬁj = tan{—zaggj
R 40
=|80.5°

(c) The applied voltage and the
currents in the two branches are
shown on the phasor diagram to the
right.




(d) Express the impedance of the
circuit and simplify to obtain:

Multiply Z by 1 in the form of the
complex conjugate of

6 Q +i(6.70Q2) divided by itself and
simplify to obtain:

Find the magnitude of the circuit’s
impedance and the phase angle for
the circuit:

The Transformer

*105 -
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7 = Z,Z;

Z +Z.
_[40+i(23.60Q)]20-i(16.9Q)]
40+i(23.6Q)+20Q-i(16.9Q)
4070 -i(20.407)
~ 6Q+i(6.70Q)

L _[4079-i(20407)
| 60+i(6.70Q)
6Q-i(6.70Q)
X S S ——
6Q-i(6.70Q)

_ 258x10°Q°—i(2.85x10°Q°)
- 80.9Q°
=31.90-i(35.2Q)

2| = J(31.9Q) +(35.2Q) =[ 4750

and

= tan‘lﬁ
R

=tan™ —352Q) _ —47.8°
31.90 :

Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the
secondary. We can use V,N; =V,N,and N,I, = N, I, to find the turn ratio and the

primary current when the transformer connections are reversed.

(a) Relate the number of primary
and secondary turns to the primary
and secondary voltages:

Solve for and evaluate the ratio
N2/N1:

(b) Relate the current in the primary
to the current in the secondary and

V;N; =ViN, )

NZ
<
N
=
<
| =




802 Chapter 29

to the turns ratio:

Express the current in the primary Vv,
winding in terms of the voltage )
across it and its impedance:

Substitute to obtain: | :&V_Z

' Nl ZZ
Substitute numerical values and
evaluate I4: 1l 120
106

Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the
secondary. We can decide whether the transformer is a step-up or step-down transformer
by examining the ratio of the number of turns in the secondary to the number of terms in
the primary. We can relate the open-circuit voltage in the secondary to the primary
voltage and the turns ratio.

Because there are fewer turns in the secondary than in the primary

a
@ it is a step - down transformer.
(b) Relate the open-circuit voltage V. = &V
V, in the secondary to the voltage V, 2 N, !
in the primary:
Substitute numerical values and v, = i(lZOV) 240V
evaluate Vs: 400
(c) Because there are no losses: Vi, =V,I,
Solve for and evaluate I,: , :ﬁ I, = 120V (0.1A): 5 00A
Vv, 240V

107 -
Picture the Problem Let the subscript 1 denote the primary and the subscript 2 the
secondary. We can use 1,V = I,V, to find the current in the primary and V,N,; =V,N, to

find the number of turns in the secondary.

(a) Because we have 100 percent 1V, =LV,
efficiency:
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Solve for and evaluate I: I, = |2V_2 _ (20A) A -l150A
\'A 120V

(b) Relate the number of primary V,N; =V|N,
and secondary turns to the primary
and secondary voltages:

Solve for the ratio N,/N;: V.
a N, =N,
Vl
Substitute numerical values and N, = 9V (250) _188~/19
evaluate No/N: 120V
108 -

Picture the Problem We can relate the input and output voltages to the number of turns
in the primary and secondary using V,N, =V,N, .

Relate the output voltages V; to the V N, V.
input voltage V, and the number of ? N, '
turns in the primary N; and

secondary N,:

Solve for N,: N, =N, \i
Vl
Evaluate N, for V, = 2.5 V:
S N, = (500)| 22V | _[10.4
120V
Evaluate N, for V, =7.5V:
2 N, = (500)[ 2V | [313
120V
Evaluate N, for V, =9 V:
21or Y2 N, = (500)[ —¥_ | -[375
120V

109 -
Picture the Problem We can relate the input and output voltages to the number of turns
in the primary and secondary usingV,N, =V,N, .

Relate the output voltages V., to the v. = N2y,
input voltage V; and the number of ? N, !
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turns in the primary N; and
secondary N:

Solve for Ny: N, = N, Vi
VZ
Substitute numerical values and
_ N, = (400) 2000V ) _ 3333
evaluate Ny: 240V
*110 e

Picture the Problem Note: In a simple circuit maximum power transfer from source to
load requires that the load resistance equals the internal resistance of the source. We can
use Ohm’s law and the relationship between the primary and secondary currents and the
primary and secondary voltages and the turns ratio of the transformer to derive an
expression for the turns ratio as a function of the effective resistance of the circuit and the
resistance of the speaker(s).

Express the effective loudspeaker R. — Vi
resistance at the primary of the ot I,
transformer:
Relate V; to V,, Ny, and Ny: N
1 2, N1, and Nz V, :Vz_l
NZ
Express |, in terms of 15, Ny, and N,: | =1 Nz
17 "2
Nl
Substitute to obtain: vV N,
2 2
€
N LN,
Nl
Solve for Ni/Ny: N, LRy Retr. 1)
N2 V2 RZ
Evaluate N1/N; for Ret = Rint: N, 2000Q 158
N, | 8Q =
Express the power delivered to the P, =1 R4 (2)

two speakers connected in parallel:



Alternating-Current Circuits 805

Find the equivalent resistance Ry, of 11 N 1 _ 2 _ 1
the two 8-Q speakers in parallel: R, 8Q 8Q 8Q 4Q

and

R, = 4Q
Solve equation (1) for Res to obtain: N 2

Reff = RZ —

N2

Substitute numerical values and Ry = (4Q)(15.8)" =999
evaluate Res:
Find the current drawn from the I, = vV _ 12V  4.00mA
source: Rot 2000Q+9990
Substitute numerical values in P, = (4 mA)Z (999 Q) =1 16.0mwW

equation (2) and evaluate the power
delivered to the parallel speakers:

111 e
Picture the Problem We can substitute 1, = V,/Z in Equation 29-62 to show that I, =
&[(N1/N2)?Z] and then use this result in Ze = &1, to show that Ze = (No/N2)°Z.

From Equation 29-62 we have: | =Nz
1 N1 2
or, because |, = V,/Z,
LNV,
1
N, Z
From Equation 29-61 we have: V, = &Vl _ &g
1 Nl
Substitute to obtain: 2 ¢ )
NN (N_] 3
= =
N, Z N, Z
_ g
- 2
(Ny/N,)'Z

Express the effective impedance Z of the 7
speaker in terms of cand I;: eff
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Substitute for I, to obtain:

General Problems

112 -

Picture the Problem We canuse P,, =&

rms " rms

—T (Nl/Nz)ZZ

I =~/2l ms 10 find the maximum current drawn by the dryer.

max

(a) Express the average power
delivered by the source in terms of
Erms AN s

Solve for and evaluate lys:

(b) Relate the maximum current Iy
to the rms current Iy

(c) Proceed as in (a) and (b) to
obtain:

113 -

to find the rms current and

Pav :grmslrms
|, =t LA Yy
Ene 240V
| =~/21,. =~/2(20.8A)=] 29.5A
l,.=|41.6Aand I, =[59.0A

Picture the Problem We can use its definition to find the reactance of the capacitor at

the given frequencies.

Express the reactance of a capacitor:

(a) Evaluate X¢ at f = 60 Hz:

(b) Evaluate Xc at f = 6 kHz:

(a) Evaluate Xc at f = 6 MHz:

Xe =

1

1
oC  24C

1

X
¢ 27(60Hz)(10 F)

1

X . =
¢ 22(6kHz)(10 uF)

B 1

X . =
¢ 27(6MHz)(10 4F)

265Q

2.65Q

2.65mQ
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114 e
Picture the Problem We can use its definition, |, = 1/il 2 LV to relate the rms current

to the current carried by the resistor and find (I Z)av by integrating 1.

(a) Express the rms current in terms of | =./12
the (12),:

Evaluate 12

12 =[(5A)sin1207t + (7 A)sin 240t]*
— (25A%)sin? 1207t + (70 A2 )sin 1207t sin 2407t + (49 A? Jsin? 2407

Find (I Z)av by integrating I° fromt=0tot =T = 27w and dividing by T:

(%) =52 """ (2547 )sin?120t + (70 A% Jsin 120zt sin 24072
T

+ (49 A% )sin? 2407 fdit

Use the trigonometric identity (I Z)av =125A% +0+24.5A%* =37.0A°
sin® x =1 (1 - cos 2x) to simplify
and evaluate the 1% and 3" integrals

and recognize that the middle term is
of the form sinxsin2x to obtain:

Substitute to obtain: .= I37.0A2 =| 6.08A

(b) Relate the power dissipated in the P= IfmsR

resistor to its resistance and the rms

current in it:

Substitute numerical values and P= (6.08 A)2 (12 Q) =| 444 W
evaluate P:

(c) Express the rms voltage across the Vims = ImsR

resistor in terms of R and I,s:

Substitute numerical values and V.. =(6.08A)12Q)=| 73.0V
evaluate Vs
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Picture the Problem The average of any quantity over a time interval AT is the integral
of the quantity over the interval divided by AT. We can use this definition to find both the
average of the voltage squared, (V Z)av and then use the definition of the rms voltage.

(a) From the definition of Vs we V.. = VOZ
av
have:
. 2 _\2
Noting that -V, =V, evaluate V. = V2=V, =120V
Vrms:
(b) Noting that the voltage during V=V,

the second half of each cycle is now
zero, express the voltage during the
first half cycle of the time interval

TAT:

Express the square of the voltage VZ=V/

during this half cycle:

Calculate (VZ)alv by integrating V2 (Vz) _ Vg it it :ﬁ[t]%ﬂ _1y?

fromt=0tot= 1 AT and dividing MOAT AT 520 20

by AT:

Substitute to obtain: V. = 1V2 _ Vo 12V oy
J2. W2

116 ee

Picture the Problem We can use the definitions of I, and V. to find the rms value of
the waveform and the average power delivered by the pulse generator.

(a) From the definition of ;s we 1. =/l 2 N
have:
Evaluate (I z)av over 1s: ( 2y (0.15)17 +(0.9s5)(0)
I )av =
1s
2
_ (0'12)' ~ (0.1)15AY



Substitute to obtain:
(b) Express the average power
delivered by the pulse generator in

terms of l;ms and Vins:

From the definition of V., we have:

Evaluate (V ? )av over1s:

Evaluate Vi ns:

Substitute numerical values and
evaluate P,

117 e
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| =+/225A =[ 4.74A

Pav = IrmsVrms
_ 2
Vrms - \4 av

2, - (0.1 2 +(0.95)(0)

1s
_ —(0'1138)‘/ © _(01)200VY

=1000V?

V... =4/1000V? =31.6V

P, =(4.74A)(31.6V)=| 150 W

Picture the Problem We can use the definition of capacitance to find the charge on each
capacitor and the definition of current to find the steady-state current in the circuit. We
can find the maximum and minimum energy stored in the capacitors using U = %Cqu 2,

where V is either the maximum or the minimum potential difference across the

capacitors.
(a) Use the definition of capacitance

to express the charge on each
capacitor:

Substitute to obtain:

Q =CV, and Q, =C,V,

or, because the capacitors are in parallel,
Q =CV and Q,=CV

where V = & + 24V

Q, =C,(&+24V)
= (3 4F)[(20V)cos(1207t )+ 24 V|
=| (60 1F)cos(1207t )+ 72 uF

and
Q, =C,(e+24V)

= (1.5 4F)[(20V )cos(1202t )+ 24 V |
=| (30 uF)cos(1207t )+ 36 1F
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(b) Express the steady-state current ~dQ d

_ o l=—<=—(Q+Q,)
as the rate at which charge is being dt dt
delivered to the capacitors:

Substitute for Q; and Q, and |:i 60 LF 1207+ 72 1F
" [(60 1F)cos(1207t) + 72 4

evaluate I
+(30 1F)cos(120t ) + 36 4iF]
= —1207(60 1F)sin(1207t)
—1207(30 F )sin(1207t)
=| —(33.9mA)sin(1207t)
(c) Express Upey in terms of the U, = %Ceqv,ﬁax

maximum potential difference
across the capacitors:

Because Vina = 44 V and U, =3(454F)(44VY =| 4.36mJ
Ceq=Cr+Co=3 uF + 15 4F

= 4.5 4F:

(d) Express Upiy in terms of the Uin =2 CoVoin

minimum potential difference across
the capacitors:

The minimum energy stored in the U
capacitors occurs when
Vmin = 24 V - gmax = 4 V:

=1(454F)(4V) =|36.04

min
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Picture the Problem The average of any quantity over a time interval AT is the integral
of the quantity over the interval divided by AT. We can use this definition to find both the
average current I, and the average of the current squared, (I Z)av

L .
From the definition of I,, and I, We :ﬁﬁ ldt and 1= J(1°

I av av

have:
(a) Express the current during the I :it
first half cycle of time interval AT: AT

where | isin Awhentand T are in
seconds.
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av

TATh AT (ATY

4 tz AT
= {—} =(2.00A

Evaluate I 1 cam 4 " 4 J~ATt
0

(aT) [ 2 ],
Express the square of the current 2 16 .
during this half cycle: (AT)
Noting that the average value of the (I 2) 1 J‘AT 16 24t
. av T AT TaT\2
squared current is the same for each AT % (AT)
Time intfervaleT, calculate (1 2)avby 16 [v AT 16
mtegr_at_ln_g I“fromt=0tot=AT (AT)3 3 i 3
and dividing by AT:
Substitute in the expression for |
- P " s = 2 A2 =[ 231A

to obtain: rms 3
(b) Noting that the current during the I =4A
second half of each cycle is zero,
express the current during the first
half cycle of the time interval 5 AT :

- 4A AT 4A 12
Evaluate I, L, — OA dt :E[t]ém _[200A
Express the square of the current 1> =16 A?
during this half cycle:
Calculate (I Z)av by integrating I? (I 2) _16A? par ot
fromt=0tot= 1 AT and dividing YOAT

2

by AT: — 16A'-IA-\ [t]gAT — 8A2
Substitute in the expression for Iyps l,..=+/8A% =| 2.83A
to obtain:
119 o

Picture the Problem We can apply Kirchhoff’s loop rule to express the current in the
circuit in terms of the emfs of the sources and the resistance of the resistor. We can then
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find Iax and Iy by considering the conditions under which the time-dependent factor in |
will be a maximum or a minimum. The average of any quantity over a time interval AT is
the integral of the quantity over the interval divided by AT. We can use this definition to
find average of the current squared, (I z)av and then lyys.

Apply Kirchhoff’s loop rule to &E+E&,-1R=0
obtain:
Solve for I: | = & +E&,
R
Substitute numerical values to | (20V)cos(27r(1803’1)t)+18v
obtain: Bl 360

=0.5A+(0.556 A)cos(1131s )t

Express the condition that must be cos(ll3ls‘l)t =1

satisfied if the current is to be a

maximum:

Evaluate lax: l.x =0.5A+0.556A=1.06A
Express the condition that must be COS(llBls’l)t =-1

satisfied if the current is to be a

minimum:

Evaluate Ipn: l i =0.5A—-0.556A =| —0.0560 A
Because the average value of cosat I, =| 0.500A

=0:

Express and evaluate the average | _& _ 18V _ 05A

current delivered by the source * R 360

whose emf is &:

Because I, = (0.556 A)cos(1131s )t :

5.56 ms(

(17), = 5.52 — [, " (0ss6Af cos?(1131s™ Jtdt

Use the trigonometric identity cos® x = (L1+ cos2x) to obtain:
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0.309A2
(1), - 2(5.56 ms)jo

5.56 ms (

1+c0s2(1131s™ )t )dt

5.56 ms

- (27.8A2 /s){t + 22612 sin(22625‘1)t}

-1
S 0

Evaluate (If) ;

av

(17), = (27.8A% /s)[5.56 ms +ﬁsin(2zezs*)(5.56 ms)} — 0.1543A°

Express (I 2)av: (' Z)av = ('12 )av + (' 22)av
=0.1543A° +(0.5A)
= 0.4043A%

Evaluate Ins: s =/(12),, = 1/0.4043A2
-[0.636A
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Picture the Problem We can apply Kirchhoff’s loop rule to obtain an expression for
charge on the capacitor as a function of time. Differentiating this expression with respect
to time will give us the current in the circuit. We can then find I . and Inin by
considering the conditions under which the time-dependent factor in | will be a maximum
or a minimum. We can use the maximum value of the current to find I;ys.

. , t
Apply Kirchhoff’s loop rule to & +&, _% -0

obtain:
Substitute numerical values and q(t) = (2 4F)(20 V)COS(llBlS‘l)t
solve for q(t): + (2 ,uF)(18V)

= (40 4C)cos(1131s )t + 36 1.C
Differentiate this expression with | = dg _ i[(40 ,uC)cos(113ls‘1)t
respect to t to obtain the current as a dt dt
function of time: +36 1C]

=| —(45.2mA)sin(1131s )t

Express the condition that must be sin(llBls’l)t =1
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satisfied if the current is to be a
minimum:

Express the condition that must be
satisfied if the current is to be a
maximum:

Because the dc source sees the
capacitor as an open circuit and the
average value of the sine function
over a period is zero:

Because the peak current is
45.2 mA:

21 oo

and

=| —-45.2mA

min

sin(1131s )t = -1
and

=| 45.2mA

.. 452mA

max

TR

=| 32.0mA

Picture the Problem The inductance acts as a short circuit to the constant voltage
source. The current is infinite at all times. Consequently, Imax = lims = o0; there is no

minimum current.
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