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Suppose an AC generator with ¥ (7)=(150V)sm(1007)is connected to a series RLC
circuit with R =40.0 Q, L=80.0 mH. and C =50.0 «F. as shown in Figure 12.9.1.
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C Figure 12.9.1 RLC series circuit

(a) Calculate V,,. V;, and V., . the maximum of the voltage drops across each circuit
element.

(b) Calculate the maximum potential difference across the inductor and the capacitor
between points b and d shown 1 Figure 12.9.1.



Solutions:

(a) The inductive reactance. capacifive reactance and the impedance of the circuit are
given by

X, = 1_: . _1 —— =200 Q (12.9.7)
@C (100 rad/s)(50.0x10™ F)

X; =®L=(100 rad/s)(80.0x107 H)=8.00 Q (12.9.8)

and



Z=yR*+(X, - X.) =,/(40.0 Q) +(8.002-200Q) =196 Q  (12.9.9
\/ L CJ

respectively. Therefore. the corresponding maximum current amplitude 1s

v, 150V
Z 196 Q

0=

—0.765A (12.9.10)

The maximum voltage across the resistance would be just the product of maximum
current and the resistance:

Voo =1,R=(0.765 A)(40.0 Q)=30.6V (12.9.11)
Simularly, the maximum voltage across the inductor 15

Vo =1,X, =(0.765 A)(8.00 Q)=6.12V (12.9.12)



and the maximmum voltage across the capacitor 1s
Voo =1,X-=(0.765 A)(200 Q) =153V (12.9.13)

Note that the maximmum mput voltage ¥y 1s related toVz,. V;, and V., by

Vo =Vast + Vg~V (129.14)
(b) From b to d. the maximum voltage would be the difference between V;, and 7,

1V, |2 Vg Vg | = Vg = Vo |=6.12 V=153 V| =147V (12.9.15)



A smusoidal voltage V' (f)=(200V)smar 1s applied to a sertes RLC circuit with
L=10.0mH. C=100 nF and R =20.0 Q. Find the following quantities:

(a) the resonant frequency.
(b) the amplitude of the current at resonance.

(c) the quality factor O of the circut, and

(d) the amplitude of the voltage across the mductor at the resonant frequency.



Solution:

(a) The resonant frequency for the circuit 1s given by

=L gL _ 1 L —_—5033Hz (12.9.16)
27z 27 NLC 2714/(10.0x107° H)(100x10~ F)

(b) At resonance. the current is

¥ 200 V
I,=—"2= —10.0A (12.9.17)
R 2000

(c) The quality factor O of the circuit 1s given by

27(5033 s )(10.0x10"° H
O =L _ { A ) _ 15.8 (12.9.18)
R (20.0 Q)

(d) At resonance. the amplitude of the voltage across the inductor 1s

Vie =1y X, =Ty L =(10.0 A)27(5033 s )(10.0x107° H)=3.16x10°V  (12.9.19)



G 1.C circuit. A 1200-pF capacitor is fully charged by a 500-V dc
power supply. It 1s disconnected from the power supply and is connected. at
t =0, toa75mH inductor. Determine: (a) the initial charge on the capacitor;

(b) the maximum current; (¢) the frequency f and period T of oscillation; and
(d) the total energy oscillating in the system.

SOLUTION (a) The 500-V power supply, before being disconnected, charged the
capacitor to a charge of

Q, = CV = (1.2 x 107F)(500V) = 6.0 x 107" C.
(b) The maximum current, /.. .18 (see Egs. 14 and 15)

0, (60 x 107 C)
Imaxy = w0y = — = = 63 mA.
VIC  V(0.075H)(12 x 10°F)

(c) Equation 14 gives us the frequency:

( 1

f=—= —— = 17kHz.
27 (27 VLC)




and the period 7T is

T = 1 _ 6.0 = 10" s.
J
(d) Finally the total energy (Eq. 16) i1s
= 6.0 < 1077 C)
v = £ _ ': ) _ 1.5 = 107*1J.

2C 2(1.2 = 107 °F)



Damped oscillations. At 1 = 0, a 40-mH inductor is placed in
series with a resistance R = 3.0{) and a charged capacitor C = 4.8 uF.
(a) Show that this circuit will oscillate. (b) Determine the frequency. (¢) What 1s
the time required for the charge amplitude to drop to half its starting value?

(d) What value of R will make the circuit nonoscillating?

SOLUTION (a) In order to oscillate. the circuit must be underdamped. so we must
have R® < 4L/C. Since R* = 9.00Q° and 4L/C = 4(0.040H) /(4.8 < 10°°F) =
3.3 = 10* ©2°, this relation is satisfied. so the circuit will oscillate.

(b) We use Eq. 18:

poo @ /1 R?
2ar 2o N LC 412

(c) From Eq. 19, the amplitude will be half when

iy
2L —— =
€ 7

= 3.6 = 10° Hz.

or

21,
I = —In2 = 18 :
R n ms

(d) To make the circuit critically damped or overdamped. we must use the criterion
RE=4L/C = 33 = 10* (*. Hence we must have R = 180 ().



301108 Reactance of a coil. A coil has a resistance R = 1.00() and an
inductance of 0.300 H. Determine the current in the coil 1f (a) 120-V dc 1s applied
to it, (b) 120-V ac (rms) at 60.0 Hz 1s applied.

SOLUTION (a) With dc, we have no X, so we simply apply Ohm’s law:

V. 120V
I = 2100 120 A.

(b) The inductive reactance is
X, = 2afL = (6283)(60.0s7')(0.300H) = 1134

[n comparison to this, the resistance can be 1gnored. Thus,

Vs 10V
L = X, = Tho 1.06 A.



EIAMPLE A LRC circuit. Suppose R =2500. L =30.0mH, and
= 12.0uF in Fg. 19, and they are connected in series to a 90.0-V ac (rms)

EEHJ—I-IE source. Calculate (a) the current in the circuit, (b) the voltmeter readings
(rms) across each element, (¢) the phase angle ¢, and (d) the power dissipated in

the circuit.

SOLUTION (a) First, we find the reactance of the inductor and capacitor at
f = 500Hz = 500s':

X, = 2afL — 9420, Xe = 3 }C — 26.50.
T

Then the total impedance is
Z = \/R*+ (X, — XcfF = W (25.00)? + (9420 — 26.5Q0)* = 72.210.

From the impedance version of Ohm’s law, Eq. 27,

Ims = V;‘-‘ = % = 1.25 AL

(H) The rms voltage across each element is
(Vidims = FTems R = (125 A)(25.00) = 312V
(Vi)ims = Tms X = (1.25 A)(94.20Q) = 118V

(Vidime = Iems Xe = (1.25A)(26.50Q) = 33.1V.



Example /
A coil consists of 200 turns of wire. Each turn is a square of side d =18 cm, and a uniform magnetic field

directed perpendicular to the plane of the coil is turned on. If the field changes linearly from 0 to 0.50 T in
0.80 s, what is the magnitude of the induced emf in the coil while the field is changing?



A long solenoid of radius R has n turns of wire per unit length and carries a timevarying current that varies sinusoidally as |
5 Imax cos vt, where Imax is the maximum current and v is the angular frequency of the alternating current source (Fig.).
(A) Determine the magnitude of the induced electric field outside the solenoid at a

distance r . R from its long central axis.

di d dB
Evaluate the right side of Equation 31.9, noting (1) — = o (BwR*) = —wR? ™

that the magnetic field ﬁ mside the solenoid is per- dt
pendicular to the circle bounded by the path

of Integration:

Path of ntegration
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Evaluate the magnetic field inside the solenoid from (2) B=pul=pnl . coswt

H
-

d g a

= — o R onl 7 [cos awi) = v R%pnd . o sin wi

(3]

(4) % E -d¥ = E(2wr)

E(2wr) = o R nl o sin wi

:-l:'l:lﬂfu:ll:l MR:E .
B = oy =T o f (for r = H)




(B) Whatis the magniude of the induced electric field innde the solenmd, a distance r from its axis?

d g d dB
5) 2= L gt = —art S
O T Ta\T T T
di
(6) —T: = —m'rguuﬂfmilztm wi) = wrip,nl__w sin wi
E{2mr) = miu nl . wsin wf
nd
E= o ran wi  (for r< K)



Consider a uniformly wound solenoid having N turns and length €. Assume £ 18 much longer than the radius of the
windings and the core of the solenoid 1s air.

(A) Find the inductance of the solenoid.

(B) Calculate the inductance of the solenoid if it contains 300 turns, its length is 25.0 cm, and its crosssectonal area
is 4.00 cm®.

(C) Calculate the selfinduced emf in the solenoid if the current it carries decreases at the rate of 5000 A /s,

- _ | N N2
‘lla—ﬂﬂ—uum-l—;.a.:.?lr‘l I = I_l= MTA

300°
25.0 % 107*m

=18l % 10T -m*A = (L18] mH

L= (47 % 1077 T -m/A)

(4.00 % 1074 m?)

E = —L£= —(1.81 * 10" H)[—5D.0 A/ s) (né)"?

dt L=pg
Q.05 mV

A = pgnAf = pgn®V



Suppose the circuit elements have the following values: € = 12.0 'V,

R = 6,000),and L= 30.0 mH.

(A) Find the time constant of the circuit.

(B) Switch 5 is at position a, and switch 5, is thrown closed at ¢ = 0. Calculate the current in the circuitat ¢ = 2.00 ms.

L 300%107°H
=_= = 500
YT o
j= %{l . E—l'.-"'T] — %[1 _ E—ﬂ.ﬂﬂm."ﬁ.mm} — 2.{“}1'!1 {1 . E—l:l.iﬂl:l}

= (.659 A



[na purely inductive AC circuit, L = 25.0 mH and the rms voltage 15 150 V. Calculate the inductive reactance and rms
current in the circuit if the frequency is 60.0 Hz.

X, = wL = 2q7fL = 27(60.0 Hz)(25.0 x 10~* H)
= 9420

AV
I, = —=== 1OV _ 150a
X, 9.420

X, = 27(6.00 % 10° Hz)(25.0 x 107 H) = 942 ()

150V

I_. = = 0.159 A
042 ()




An 8,00-yF capacitor is connected to the terminals of a 60.0-Hz AC source whose rms voltage is 150 V. Find the capaci-
tive reactance and the rms current in the circuit.

1 1 1
Xp=—-= = = 332 ()
“ wC 2mfC  27(60.0 Hz)(8.00 x 107FF)

AV, 150V

= 0.452 A
mE X, 832 ()

What if the frequency is doubled? What happens to the rms current in the circuit;

1 1
- wC  27(120 Hz)(8.00 x 107°F)

;o 150V
™ 166 ()

X, = 166 ()

= 0904 A




A series RLC circuit has R = 425 (), L = 1.25 H, and C = 3.50 yF. It is connected to an AC source with f= 60.0 Hz and
AVgax = 150V,

(A) Determine the inductive reactance, the capacitive reactance, and the impedance of the circuit. continued

w = 27f= 2q(60.0 Hz) = 377 57!

X, = wl = (377s71)(1.25 H) = 471 {)

1 1

— — — TESH
wC (3775 D)(3.50 x 107°F)

XI.“.'

Z=VR®+ (X, — X¢)*

=V (425 Q) + (4710 — 758 0) = 5130

. : : L AV, 150V
(B) Find the maximum current in the circuit. [ = T 0.293 A

X - X 471 () = 758 ()
_ -1 M K — o] —_ =
tan ( R ) tan ( 20 ) M.

(C) Find the phase angle between the current and voltage.



(D) Find the maximum voltage across each element.
AVp=1__R=1(0203A)(425(}) = 124V
AVy
AV

[ Xp = (0.203 A)(471 02)

138V

222V

(E) What replacement value of L should an engineer analyzing the circuit choose such that the current leads the
applied voltage by 30.0° rather than 34.0°7 All other values in the circuit stay the same.

X; = X+ Rtan ¢
1
wl. =——+ Rtan ¢
e
1 1
L=—\|—+ R
&J(mC mnqb)
1 1

— + (425 0} —30.0°
(377 s 1) [[3‘?? s 1)(3.50 = 107 % F) (425 {1) ean ( ]]
I.= 1.36 H

I




Awvg = (124 V) sin 3771

Av, = (138V) cos 3771
Av, = (—222 V) cos 377t



Consider a series RLC circuit for which R = 150 {}, L = 20.0 mH, AV__ = 20.0 V, and w = 5 000 s7.. Determine the
value of the capacitance for which the current is a maximum.

i, = — 00
(5.00 > 10°s1)*(20.0 x 107°*H) 200



An electricity-generating station needs to deliver energy at a rate of 20 MW to a city 1.0 km away. A common voltage

for commercial power generators is 22 KV, but a step-up transformer is used to boost the voltage to 230 KV before
transmission.

(A) If the resistance of the wires is 2.0 {} and the energy costs are about 11¢/kWh, estimate the cost of the energy
converted to internal energy in the wires during one day.

Feg 20 10°W
AV, 230 x 10°V

I —

rms

P;.'ires - Ir_:lrm- R= {ET A}E{E‘ﬂ ﬂ] = 15 kW
Ter = P A= (15 kW)(24 h) = 363 kWh

Cost = (363 KWh)(30.11/kWh) = $40



7 Pm-rE 20 ¥ 10°W
AV 22 % 10°V

=909 A

P.. =1 R=(909A)*(200) =17 X 10°kW
Ter = P At = (1.7 ¥ 10°kW)(24 h) = 4.0 ¥ 10* kWh

Cost = (4.0 ¥ 10 kWh)($0.11/kWh) = §4.4 x 10°






