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Afrer switch 5 is thrown closed
at t = {l, the current increases
toward 1ts maximum value
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The time rate of change of
current is a maximum at { = (,
which is the instant at which
switch § is thrown closed.

di
dt

£
L

28 ABlall ca Cpaillg 12 JS& Baal B el Ll G dABMall (@):(13) Jsdd
a3ty S el s a3l Jarad G A8 (b)

28 AMall Coun e 512 JSG B slall 8 Sl Ll o A8 ey 139 IS
Sy 13, g /R A t=00 ) AledY Laojlaia (e (8 Coans Al Lall A5 el (o)) Jaadly

58



4 yall g glall dayill dgléa / Joly dsoly 2 g hlides dailssase 10 03 dsilae

O8I o) LAl dad sy 5 26 Aad) B jiall dyess T gy 0 Lo
Ladie (g/R YAl aied I Y sm s de juay S0Y) Ll 2123y A (Liea Sl 3 il
oall el dad Jual

oo J sl (S Ll 5 Jane Sl J puaall (o 3l Apilly 28 Alalaall dlislic

B _ Lot/ (29)

dt L
e die iall Jeary jiia (el die daid alae) ) deay il sl e 3l Jaad) o)
13 JSal 8 LS Aty Lo s ylaia
JG 8 LS 5 ~likall 8 (g /R ) Ailed) ALEN aiad ) Ll J ga g 2an 43 a4
Aaleall J 955 Sy g 5ax e il 4y jUaill adlall 5 5al) o)) sl cpy ddaill ) g ddadill (4 ]2
' 26

dl
IR+L% =0 (30)

10 i 30 Aalaalal) Aabeal) Jan
| = %e—t/r — Iie—t/r (31)

Ul (6 asa g ddaad ALY JLAl ga [ = /R 5 o aull dxdlall 5 8l s g o) Cus
RL 35 A il JOlaecal Ualas Jiai 3] Aalaall 5 ddadil) 2ic
Ayl 4l 3 die jieallde pun Gallin Ll gl e e 5 siad Y 5 ilall clS 1)
IS 5 ol IS5 Ll (el g Ll 8 (il Sl 408 Cindll 2 5m g Alla 8 L
o e ) ey Gl Ll Ol Gaw G e 3 5 Ll G A8l ma sy 14
At ¢ = 0, the switch is thrown to

position band the current has
its maximum value £/R

I

e Ll Ll e ABSaY) 5(14) Js&d)

R

Oscillations in an LC circuit <iiSaycila o g gia33 yila & byl 8-3

Oadodie |LC syl andi 3oal 15 JSA 8 LS calay () gadin (BiSh Jua 6 die

o alae )y iy GRS B a5 5 b Ll e NS 3 S Al 3Dl 5 il
b LS5 500 b iaa L ) Al S 5

59



4 yall g glall dayill dgléa / Joly dsoly 2 g hlides dailssase 10 03 dsilae

Gy oS Lo L) oS8 Aol 8 @S e KN dmdll ol gmd e ]
Ol e 3l mm.szax/ZC 6 bt s Sl 8 U e Al ol i 138 5 Qpoax
Jalall 845 A A8l aa 3 Y Sl ¢ yhua (g gl 3 plall & Ll

4 LC 34 :(15) Jsil

Q[]l'd.'l’.

S

S L5 s (b Aall i g diiand o i 8 S Ty S Fld) D) xie 2
A8 3o 35 (Sl eS Ul ) e 8) Sl 8 45 sl 48Ul (55 13gn 5 alall )
(ubline Jlae s ) sea ) 55kl Cald) 846 53l

Al mpaly atiad S a8 o ) caldl ) CaSA (e A8 Qa1 jaiey 3
(ool calall 845 ja JalsIl

S alall e ddlal) Jain s et s geSleall olad¥) 8 ST Al Alaall ) S5 4
e S 5 S

AV ane & mdas e @ 5 Aidall ALK AS a dylead) s2a B

5 AL s 8 |l S Al

QTznax
_ 2 _ . -
U= 2 kx U= 2C (4_1.4153\) &AAJAMMLL

1 2 1 2
K =—mv K=2L 48 jal) A3l

Sl Al G ABDle ) 5t ey sl ie 3alkl s2a Al 5o (S A8l ais Tase Jlesinly
Sy (Alaga A glaall) dls 2 48U o328 5 U & Al a8kl ol Wle ccalal) 4 il
Al Al 548 )a dilhs ) pa o g 50

— R
U=Uc+U, =2+ LI (32)

Dlie )k 3V e el Adlly 32 Alabeall Junlaill ddee ¢ jals dU/dE = 0 gaase
el be e el g B Q 5 | O

60



4 yall g glall dayill dgléa / Joly dsoly 2 g hlides dailssase 10 03 dsilae

dUu Q* .\ _Qde
dt dt<_ 2_L1> C dt LIE 0

i aa 5 e (g Lelan s Alobaal) gl el [ = S8 Ailal) (b il g (o il
.. . ..

0 Q _ a2 _ _ 1
ctlmz=0 = iyl (33)

ddarial) 2,88) g3l AS jad) Aalas 3 ) g (b & 5 Al Aa el (e dilatia Zolialds Aalas oda
AUl Adalaally axy Ja L1 32 ddalaall & ji ) 8 Adial) AU

Q = Qmaxcos(wt + @) (34)
i sl g s ol 3N 20 3l sa @ g Sl A i) alaal) dadl) & Qa0 Sus

W = (35)

L
VIC
ccalall 1Al ) (oSl drs (e IS e aaing (5 ) 0 3 5l o ) el e

o) by salay) (Sad il g Sl G A8 JlES e gl s osall b Ll Ll

sl Al 34 Aabeall Juzalatl

_ 4o _
=— = —0 Qngxsin(wt + ¢) (36)
S st Dl (B =0 3 2ie (L WS ¢ (the phase angle) Lshll sl sl (Sas
8] LS‘ ¢ Ja
0 = —w Q,q,SIiN P (37)
A (e e pe bl s Aancill (40 SIS (8 uail) (e el (S dle 5 = 0 O (i 12
sl pilalaal)
Q = Qmaxcos wt (38)
[ = —w QpaxSin wt = — L, Sin wt (39)

Juj\ L)Sj} ¢ ‘Imax 4"“.'.‘55\_5 Imax 3.45153\ O ‘—’mm.. JL.PMJ 'Qmax 2"‘:'33\_9 Qmax M‘ o ‘—D"Jl’
oabae A Ll 6K ] jiea daail) () 5S5 Ladie 5 ) jhea )
Al ddabedll Je Jeass 32 Aalaall & Ll g 4slll (e DS e s gl

61



dtyall gglall dgyill dgléa [ 4Ly dnols 2 dpuuglalises dsilisase 10 05 ayilao

2
U = Uc + Uy = 2% cos? wt + - LIZ g, sin? wt (40)

The charge (and the current [
are 90° out of phase with each

other.
Q
s NANS e Aial) e ¢ 1(16) JS&
i i Gal ga LN ABMe g ¢pa )
Pl
"rma.u___: : : :
i\ :

/\ ,

U \/! l\/
0 T T 3T 2T
2 2

SIS A8l Al an by el 3 ANl Aiaill Gaaay 13 A0S 28U Alslae oo
A8l () 63 Ladie Ol gt (e 3 pe alall 8 45 il ddUall g (RSl 8 4G iad) A8l (pa
oSall 5 jia (g il & 4 sl A8l dad ) oS oS L ST RSl b A sl
die adl Cua g iUl & gana (g sty ARG i KN Aa (At e sl die (KI5 munaa

(VS e ey 138 5 G gludia (piiUal) (0 6K5 LAl adaall sl g Ain il alaall dagdl

Qfax _ 1
T = — Ll (41)

1 SIS 40 Usbaal) eaa 41 sbaall Jlaxily
— QTznax 2 sa2 — Qrznax
U= (cos* wt + sin® wt) = = (42)
2¢ 2C

Al i) pa o A8l 8 238 ax g Y (6l e glial) Jlaa) Alla 8 Jad (Giaia |2

12V 4adlall i a4y ey J gl e Jaia 6Q 4iagliay 3H S aia cale 11U
rtan ) dlege dplalall Lgtaslaa g

Bl 8le o pmar Ul gad Jara -]

TA Y 40 Josi Lasie Ll gai Jona -2

Bl Ble e 0.25 (o) sluatil axy Ll 305 -3

B_lall 4iad ) il Jsea s 22y calall 13a 8455 53l 48U 4

62



dtyall gglall dgyill dgléa [ 4Ly dnols 2 dpuuglalises dsilisase 10 05 ayilao

e—IR-LY=0 = 4=
dt

& RI -
= - — dt&a&\ ) -1 |
—~ =7 26 4l e -1 :dal

L
dl 12 . . R TR “ts
E:?:AI.A/S cﬂlﬂc‘)smtﬁj\.ug‘)w\a}\ﬂ\dlc{);@

dl 12 6X1
Z_22_2_24/s 2
dt 3 3

I=S(1-e®)=2(1-¢75 )= 0654  28ladi e

1 1 122 ] .
U=2—Llﬁmx=2—x3x(?) = 6] 19 Aslaall (ye -4

3VARL Sl dadlall Wil 4y a5 10QAesler NIl o dialy 3H S 43 Cale 1 m
o2 Gl e (.35 oud e sliaiil axy e s o gllaall 5 dlage ddalall Lgia glia
-3yl
Aol e A sdaall 3800
Aa il 3 ALl 5,0l —
bl ol el e 33U 5l e

940 (123 juaal :2 Jlia

In Figure 32.14, the hattery has an emf of 12.0 V, the inductance is 2.81 mH,

. . . . [ 5
and the capacitance is 9.00 pF. The switch has been set 1o position 2 fora long o
time s0 that the capacitor is charged. The switch is then thrown o position b, i
removing the battery from the eircuit and connecting the capacitor directly
acrass the inducror. N
. R - | pg— L (SR
{A} Find the frequency of oscillation of the circuit. -
SOLUTION
Conceptualize When the switch is thrown to position & the active part of the Figure32.14 (Example 32.6) First

the capacicor is fully charged with

circuit is the right-hand loop, which is an L circuic. d -
the switch sct to positian a. Then the

Categorize We use equations developed in this section, so we categorize this switch is thrown to position &, and the
. . hatteryis no lenger in the circuir.
example as a substitution problem. E

b 1
Use Equation 32.22 to find the (requency: = m— —
q fuenc f=5- Yy
1
Substituce numerical values: f= = 140 x 10 Hz

x[(2.81 > 107 H) (.00 x 1071 F) V2
{B) Whar are the maximum values of charge on the capacitor and current in the cireuit?

SOLUTION

Find the initial charge on the capacitor, which equals Q= CAV= {000 x 1072 F){(120V) = LO8 > 10719 C
the maximum charge:

oy
|

Use Equation 32.25 to find the maximum current
{rom the maximum charge:

e = 000 = 20 0, = (3 X108 a7 ){LO8 x 10710 ()

G.70 X 1074 A
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Consider the circuit in Active Figure 32.2 again. Suppose the circuit elements have the following values: € = 12.0 V, R=
6.00 (1, and L = 30.0 mH.

(A) Find the time constant of the circuit.

SOLUTION
Conceptualize You should understand the behavior of this circuit from the discussion in this section.

Categorize We evaluate the results using equations developed in this section, so this example is a substitution problem.

-3
Evaluate the time constant from Equation 32.8: T = £ = M = 5.00ms

R 6.00 Q

(B) Switch S, is at position , and switch 8, is thrown closed at ¢ = 0. Calculate the current in the circuit at £ = 2,00 ms.

SOLUTION
> 12.0V

Evaluate the current at ¢ = 2.00 ms from I==(1-¢%"")=

R 120V () smsonms) 9,004 (1 - ¢049)

Equation 32.7:
= (0.6569 A

(C) Compare the potential difference across the resistor with that across the

inductor. Q,V V)
12
SOLUTION s NGE
At the instant the switch is closed, there is no current and therefore no potential "
difference across the resistor. At this instant, the battery voltage appears entirely AV
across the inductor in the form of a back emf of 12.0 V as the inductor tries to 0 ; 1‘1 F‘. ;; ]‘0’ (ms)
maintain the zero-current condition. (The top end of the inductor in Active Fig.
32.2 is at a higher electric potential than the bottom end.) As time passes, the emf Figure 32.6 (Example 32.2) The
across the inductor decreases and the current in the resistor (and hence the volt- time behavior of the voltages across

iy s : : the resistor and inductor in Active
age across it) increases as shown in Figure 32.6. The sum of the two voltages at all resisor ANt mCuetor i ACty

times is 12.0 V. Figure 32.2 given the values pro-

vided in this example.

m In Figure 32.6, the voltages across the resistor and inductor are equal

at 3.4 ms. What if you wanted to delay the condition in which the voltages are equal to some later instant, such as ¢ =
10.0 ms? Which parameter, L or R, would require the least adjustment, in terms of a percentage change, to achieve that?

Answer Figure 32.6 shows that the voltages are equal when the voltage across the inductor has fallen to half its original
value. Therefore, the time interval required for the voltages to become equal is the halflife t, ;; of the decay. We intro-
duced the halflife in the What If? section of Example 28.10 to describe the exponential decay in RC circuits, where
ty o = 0.6937.

t1/2 10.0 ms
r= N hdhoiid
0.693 (.693

From the desired half-life of 10.0 ms, use the result = 14.4ms

from Example 28.10 to find the time constant of the

circuit:
-3
Hold L fixed and find the value of R that gives this T = L — R= L = 30.0 x 1077 H = 2.08 0}
time constant: R 4 14.4 ms
Now hold R fixed and find the appropriate value of L: T= % — L=7R=(14.4ms)(6.00 ) = 864 X 10°*H

The change in R corresponds to a 65% decrease compared with the initial resistance. The change in L represents a 188%
increase in inductance! Therefore, 2 much smaller percentage adjustment in R can achieve the desired effect than would
an adjustment in L.
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Energy oscillations in the LC Circuit and the mass-spring system
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