10.

Chapter 24: Alternating-Current Circuits

The voltage in the European wall socket oscillates between the positive and negative peak voltages, resulting in an rms
voltage of 240 V.

Multiply the rms voltage by the square root of two to calculate the peak voltage.

Calculate the peak voltage: Vo = V2V, =2(240 V) =

A light bulb dissipates power as the voltage oscillates across its filament resistance.

Calculate the resistance from the average power and the rms voltage using equation 21-6. Then, from the resistance and
rms voltage, solve for the rms current using Ohm’s Law (equation 21-2). Convert the rms current to maximum current
by multiplying it by the square root of two. Finally, use the resistance and maximum current to calculate the peak power
dissipation.

v, > (120V)

1. (a) Solve equation 21-6 for R: R=—"m -2 7~ —1190Q
(2) Solve eq Saalyy

V,,, 120V

2. (b) Use Ohm’s Law to calculate I _: [ =—>=—"—=0.625A
R 1920
3. Convert to peak current: Lo =21, =/2(0.625 A)=[0.88 A
4. (c) Calculate maximum power: P.. =12, R=(0.884 A) (192 Q) =150 W =[0.15 kW

A capacitor connected in series with an oscillating voltage source limits the current in the circuit.

Solve equation 24-9 for the capacitive reactance, and then insert the capacitive reactance into equation 24-8 to calculate
the rms current.

. 1 1
1. Calculate the capacitive reactance: Xe=—0= =152 Q0
wC |:272'<100.0 s*l)]losﬂF
V 200V
2. Solve for the rms current: == =[1.32 A
™ X, 1520
An oscillating voltage drives an alternating current through a capacitor as in the
circuit depicted at the right. v
Calculate the capacitive reactance using equation 24-9 and insert it into equation rms@ ® =
24-8 to calculate the maximum voltage. Calculate the phase angle for which the I
current is 0.10 A using equation 24-2. Insert the phase angle into the equation rms
e .

V =V, sin(8—-90°)to calculate the voltage.

1 1
1. (a) CaI_Cl_JIate Xo=—= =60.29 Q
the capacitive reactance: oC [27(1205™)]|22uF
2. Insert X, into equation 24-8: Vome = Xc |y =60.29 (015 A) =



3. (b) Calculate the phase angle 6: I=1,siné@
L sint 0.10 A

6 =sin" — =41.8° or 138°
Imax A
4. Calculate V when | is increasing (0 = 41.8°): V =V, sin(6-90°)=9.04 Vsin (41.8°-90°) =
5. (c) Calculate V when | is decreasing (6 =138°): V =9.04 Vsin(138°-90°) =
21. An oscillating voltage drives an alternating current through both a capacitor and a R
resistor that are connected in series. AN
Divide the rms voltage by the rms current to calculate the impedance Z of the Vrms
circuit. Insert the impedance into equation 24-11 and solve for the resistance. OO =C
rms
V, —
1. Calculate Z: Z=-"= BV =130 Q
l.. O072A
B 2
. 1 1
2. Solve equation 24-11 for R: R=,/Z° —[—J =,1(130 Q)2 - =10.10 kQ
o 27(150 s7)(13x10°° F)
22. An oscillating voltage drives an alternating current through both a capacitor and a resistor R
that are connected in series. My
Solve equation 24-11 for the impedance Z of the circuit. Divide the rms voltage rms@m =
by the impedance to calculate the rms current. Solve equation 24-12 for the phase angle ¢. Lims
===
1Y 1 2
1. (a) Calculate Z: Z=,|R? +[—J =,/(3.35 kQ)2 + =3.727 kQ
wC 27(655™)(1.50 uF)
. \Y, 135V
2. Find the rms current: | o=—me = =227 _[36.2 mA
™ Z 3727 kQ
. R 3.35 kQ
3. (b) Solve equation 24-12 for ¢: p=cos'—=cos| ———— |=[26.0°
A 3.727 kQ
32. An oscillating voltage drives an alternating current through both an inductor and a R
resistor that are connected in series.
Use equation 24-15 to calculate the impedance of the circuit, and then divide the 0] I,
rms voltage by the impedance to calculate the rms current.
1. Calculate the impedance: Z=\R*+0’L® = \j(525 Q) +[27(60.0 Hz)(0.295H) | =536.6 ©
- _ V.. 200V
2. Divide the voltage by the impedance: s = 7 53600 37.3mA

36. An oscillating voltage drives an alternating current through an inductor.

Divide the rms voltage by the reactance (given by equation 24-14) to calculate the rms current. Set the current less than
1.0 mA and solve for the possible range of frequencies.



48.

50.

. V, V, Vv,
1. Calculate I interms of f: I = = = = —=—<1.0 MA
X oL 27zfL

V
2. Solve for the frequency range: f> e = 12v =8.7 GHz
27L(1.0mA) 27z(0.22uH)(1.0 mA)

3. Write out the frequency range: 8.7GHz<f <o

An oscillating voltage drives an alternating current through a resistor, an inductor, R
and a capacitor that are all connected in series. A
Calculate the rms voltage across each element by multiplying the reactance or Vrrms
resistance of each element by the rms current. To calculate the rms current, divide ) L
the rms voltage by the impedance, given by equation 24-16.
1 1 Irms C
1: Calculate X, : Xe=—2= =
oC  27(60.0 Hz)0.15 uF
=17.68 kQ
2. Calculate Xt X =olL= 27[(60.0 Hz)(25 mH) =942 Q
3. Calculate the impedance: Z =[R2 +(X, ~ X, )’ = /(9.9 k)? +(0.00942 k2 ~17.68 kQ2)’
=20.25 kQ
ivi V
4, D_|V|de the v.oltage by | Vims _ 115V 57 mA
the impedance: ms 7 90.25 kQ
5. Multiply the current by
. V, =1 _R=568mA(9.9kQ)=|56V
the resistance: me R mA( )
6. Multiply the current by
. : \% =1_ X, =5.68 mA(9.42 Q)=| 54 mV
the inductive reactance: me b st mA( )
7. Multiply the current by
e \% =1_X.=568mA(17.68 kQ2)=100V =[0.10 kV

the capacitive reactance: ms, G s e ( ) 0.10 kv
The image shows an inductor (L = 0.22 mH) in series with a 15-Q resistor. These L R
elements are in parallel with a second 15-Q resistor. An ac generator powers the —0N—WWA
circuit with an rms voltage of 65 V. R
In the limit of high frequency, the inductor behaves like a very large resistor. In AMAAN
such a case nearly all of the current flows through the branch with the lone resistor.
Calculate the current by dividing the rms voltage by the single resistor. .

ﬂ...

R

In the limit of low frequency, the reactance of the inductor approaches zero. In such a case the current flows through

each resistor equally. Use equation 21-10 to calculate the equivalent resistance and divide the voltage by the equivalent

resistance to determine the current.

1. (a) Calculate the current at high frequency: . = Vi _ 85V _ 43 A
R 15Q
. . 1 1) R 15Q
2. (b) Calculate the equivalent resistance at low frequency: Ry = (E + Ej =5, " 75Q
. . . \Y 65 V
3. Divide the voltage by the equivalent resistance: | =—=——=|87A




52. An oscillating voltage drives an alternating current through a resistor, an inductor, R

and a capacitor that are all connected in series. V.
rms
First calculate the capacitive reactance (equation 24-9) and the inductive reactance ©
(equation 24-14) of the circuit using the given values. Then use these in equation Ims C
24-17 to calculate the phase angle.
. 1 1
1: Calculate the capacitive reactance: Xe=—= =177 kQ
oC  27(60.0 Hz)1.5 uF

2. Calculate the inductive reactance: X, =wlL=27(60.0 Hz)(250 mH) =94.2 O

X, —X 942 QQ-1770 Q
3. Solve equation 24-17 for the phase angle: =tan' ———S=tan™ =

; phase ang ¢ R 3900 &



