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Alternating一｛CurreⅡtCircuits

12.l ACSUurces

InChapter lUwelearnedthatchangingmagnejcfluxcan induceanemfaccUrdingtU
Faraday’ sla、vUfinductiUn.Inparticular,ifacUil rUtateSin thepresenceUfamagnetic

Πeld,theinducedemfvaΠ es sinusUidallywΠ htⅡneandleadstUanalternatingcurrent
(AC),andprUⅥdesasUu㏄ eUfACpUwer.ThesymbUlfUranACvUl扭 geSUurceis

AnexalllpleUfanACsUurceis

I.￣ (t)=℅ 血nωr

wlleretllem鈺imumValue嗚 iscalledtherJJ,9P了′r“滮 .

-嗚 sinceasine仇 1nc.tiUnvaΠesbetween+land-1.

tinleis shUwn inΓ igure12.1.1.

(12.1.1)

Thevdta麥 v缸ieSbetweenK)alld

AgraphUfvUltageasafunctiUnUf

Iπ ｝́

I:︴

F

Figurel2.1.lSinusUidalvUltagesUurce

ThesineftlnctiUn is periUdicin t丘 ne. This rneans thatthevalueUfthevUltageat tillle了

wⅢ beexaalytllesameatal放 er位meˊ =′ +Γ whereΓ is thepθ r′Uσ.The戶θσvεηφ;

,́deΠnedas.√ =l/Γ ,hastheun丘 UfinversesecUnds(s一
l),UrheΠz(Hz).Theangular

f1.equencyiSdeflnedtUbeω =2π/.

WhenavUltagesUurceiscUnnectedtUanRLσ circuit,cnergyis prUvidedtUcUmpensate

theenergydissipatiUn in theresistUr,andtheUscⅡ latiUnv沃ll nUlUngerdampUut 
′
Γhe

UscⅡlatiUns Uf charge, current and pUtential difference are called driven Ur fUrced

Usdllatbns.

AΠeran inⅡ al“甘anSient 位Ⅱle,” anACcuΠentwill nUwin thecicuΠ asarespUnsetUthe
dΠvingvUlta色 esUurce.ThecuIent,w五 ttenas

一
投
‵

一
 
 

﹉

﹉ 
 
 

一



r(r)=馬 血n(ω′-ψ)               (12.1.2)

willUscillatew丘 hthesamefrequencyasthevUltagesUurce,Withanalmplitudef° and

phaseψ thatdependsUnthedrivingfI.equency.

12.2 SimpIeACcircu∥ s

BefUreexallliningthedrivenRtCcircuΠ,Iet’ sΠ rstcUnsiderthesilnplecaseshrllereUnly
Ullec行ctl丘 demellt° resist㏄ ,an㏑dl1ctUr㏄ acapacitUr)iscUmectedtUa㎡ nusdd㏕
vUltagesUurce.

12.2.1 PureIy】 ResistivelUad

CUnsiderapurelyresistivecircuitwitharesistUrcUnnectedtUanACgeneratUr,asshUwn

in Figure l2.2.1. (As 
、
ve shal1 see, apurely reSistive circuit cUrrespUnds tU in丘nitc

capacitance(Γ =oUandzerUinductancet=U.)

φ

出/)〢﹉
;i∫ iinrz9ˊ

R髏 床′｝

Figurel2.2.lApurelyresistivecircuit

�尐pplyingKirchhUfPslUUpruleyields

◤(r)-巧子(r)=/(′ )一 再σ)R=U           (12.2.l)

where 
巧 t(′ )=巧 ‘

(r)R is the instantalleUus vUltage drUp acrUss theresistUr.The

instantaneUuscurrentin theresistUr isgivenby

(12.2.2)

Wh田 e巧 tU=℅ ,and而 U=臨 U/Ris tllemaximumcLlrrellt.CUl19paringEq.(12.2.2)witll

Eq (12.1.2),weΠ ndψ =U,whichmeans tllat而 (Ualld4lr)arein phasewitheach

Utl(r,mea㎡ ngtlΥ斑tl9eyreachtheir m狄 imumUr minimumvalueSatthesanletime.Tl〕 e
tillledependenceUfthecurrentandthevUltageacrUss theresistUr isdepictedinΓ igure
12.2.2(a).

而(了)=等 =五坐
苦
堅生=馬 U港inω了
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í什 ｝
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′(′ )
⋯

。

尕 ′熬9

t.. ︴
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Figure12.2.2(a)TimedependenceUf再 (r)alld啗 (′)acrUss thereSistUr.aDPhasUr

diagralllfUrtheresistivecircuit.

Thebeh卻 i㏄ Uf而 σ)and咘 〔)canalsUbe㏄ 四 SelltedwithaphasUrd㏑ garn,小 SllUWn

inFigurel2.2.2(b).� 尐 phaSUr isarUtaungvectUrhavingthefUllUwingprUpeltieS:

(i)length:thelengthcUrrespUndStUthealmplitude.

(ii)angular speed:thevectUrrU伍 teScUullterclUckwisewithanangtll缸 Speedω .

(iii)pr由 ect㏑n:thepr甸 ecjUnUftllevectUr㏕ UngtlleverticalaxiscUⅡ e§pUndstUthe

value° fthealternatingquantityat tiIner.

WeshalldenUteaphaSUrwithan缸 rUWabUve丘 .Thephas㏄ 4UhasacUns檢 llt

magnhtldeUf匕 ‘U Its pr由 ect㏑ nalUngtllev田 t此aldiectbn is咘 Usinω′,wⅡ ch必 equal

tU咘 (r),tllevUltaged」Upa“ Uss thereSistUratumer.Asimilar intcrp㏄ tajUnapplies

tUf〞U ㏑rthecur1.ent paSsingthrUughtheresistUr.Γ rUlll thephasUrdiagraⅡ l,、vereadily

seethatbUththecurrentandthevUltagearein phasewitheachUther.

TheaveragevalueUfcurrentUVerUneperiUdcanbeUbtainedas:

〈J〞 ω〉=打 JPω祊 =手
扣 ｛U㎡n餅 磅 =告

扣
n罕 祊 =U a22ε )

ThisaveragevanlSheSbecause

〈sin tvr〉 =手
Isin r.,tσ

r=U (12.2.4)

Sil血 larly,Unel1layΠ ndthefUllUwingrelauUnsusefulwhenavera璽 ngUverUneperiUd:



〈cUsω r〉 =÷

〈sin rr,rcUs..,r〉 =手

〈sin2ωr〉 =手

〈cUs2ω〞〉=手

FrUn〕 theabUve,weSeethattheaverageUfthesquareUfthecuⅡ ent iSnUn-vanishing:

∥
(rl)=手

扣
ω 磅 =手

扣
U血

2a〃
磅 =片 U手

I’
㎡n2〔 2夢

一

｝

祊 =〧 瑤 U(l2姁

It iscUnven怡 nt tUdefInetherUUt-mean-Square← mΦ cuⅡ entas

縣叻瑋
bedeΠnedas

析q=啎

l
一

2
l
一

2
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0
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(12.2.5)

(12.2.7)

(12° 2.8)

in the United States is

(12.2.9)

(12.21U)

〦加S=

Inasilllilar rnanner,thermsvUltagecan

吒ηs=

The rllls vUltage supplied tU the dUmestic wall Uutlets

Kms=12UVataf1.equency/=6UHz.

ThepU、verdissipatedin theresistUr is

馬(′)=而 (r)巧t(r)=片σ)R

f1.Un〕 whichtheaverageUVerUneperiUdisUbtainedas:

〈f”
(r)〉 =〈 f;(r)R〉 =〧 f弓UR=代話sR=rㄇmsㄏms二

千言:

12.2.2PureVInductiveLUad

CUnsidernUwapurelyinductivecircuitw比han inductUrcUnnectedtUallACgeneratUr,

asshU、vn inFigurel2.2.3.



Figurel2.2.3Apurelyinductivecircuit

As we shall See belUw, apurely inductive circuΠ cUrreSpUndstU inΠnite capacitance

θ =。UalldzerUresiStanceR=U.ApplyingthemUdifledKIrchhUfi● srulefUr inductUrs,

theciΥcuΠ cquatiUnreads

/(r)——93′ (t)=/(r)一 L望生L=U (12.21l)

、
vhichilllplies

〃6=上笁】=乙┴s㏑ 餅
σr   t   t

wh㏄ eKU=℅ .Integr脫 ingUV㏄ theabUveequatiUn,we丘 nd

(12.2.12)

(12.2.15)

、
vhere

§
﹉︴﹉｛′｝∵一若i莒 、

i︴︴rt9r

x乃 =ωt

is called the jησvεr9vθ rε aεraηa. It haS SI units

HU、vever,unlikeresistance,Xtdepends linearlyUn

resistancetUcurrel1tflU、 Vincreases、vithf1.equency.

6:(r｝

(12.2.16)

UfUhms(Ω),ju就 lkCresistan㏄ .

theangularfrequency ω.Thus,tl〕 e

This isduetUthefaathatathigher

巧ω =I既 =午 卜
n缾 磅=一

〔舞 ｝
cUsa=〔

舞 ｝
血

╟ 考 ｝ 
σ笈 Iη

、
vheΥ e、vehaveusedthetrigUnUmetricidentity

-cUsω′=sin〔 r,9r-吾

｝                    (12.2.14)

fUr㏄ writingtllelastexpressiUn.CUmp缸 ingEq.(12.2.1⊕ withEq.(12.1.砂,weseelll飩

theamplitudeUfthecurrent thrUughtheinductUr is

r加 =‘
;:=智



frequenciesthecurrentchangesmUrerapidlythan itdUesatlUwerfrequencies. Unthe

Utherhand,theinductivereactanceVanishesasω  apprUacheszerU.

BycUlllparingEq.(12.2.14)tUEq.(12.1.2),wealsUflndthephasecUnstant tUbe

ψ=+告 (12.2.17)

Thecurrel1tandVUltagcplUtsandthecUrrespUndingphasUrdiagralllare shUwn in the

Figure12.2.4belU、 v.

｛́6｝
i﹉。⋯

,
′

一一﹉.
一.

﹉

﹉︙﹉,
一

∵\ ︴“︴

﹉  了

((9●

\

‥⋯﹉
\↘

t⋯

F㎏u㏄ 12.2.4(a9TimedependenceUf几 σ)and

diagralll士 Urtheinductivecircuit.

巧′(UacrUss theinductUr.(b)PhasUr

AscanbeSeenfrUmthe丘 gures,tl9ectlrrellt几 (t)isUutUfphasewith巧′(r)byψ =π /2;

Π㏄aches its ma虹mllnlV㏕ueaΠer丐′(r)dUesbyUnequarterUfacycle.Thus,wes筠
/th放

12n3 PureIyCapacitiveLUad

Inthepurely capacitivecase, bUthresistanceR andinductancet arezerU. The circuit

diagralll is shU、vn inFigure12.2.5.

/啡

〡(｛ ′〕

｝́ 一
︴∴.、 凄nrr,ˊ

˙

∥

ThecurrentIagsVUItagebyπ /2iⅡ apureIinduc“Ⅳeeircu北

FigⅡrel2.2.5Apurelycapacitivecircuk
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Again,《ⅡrchhUfPsvUltageruleimplies

/〈U-吽 U=/ω一響=U    φ2的

、
vhichyields

Uσ)=c/〔)=C吒:(r,=θK:U血nωr          (12.2.19)

Wh田 eK:U=恦 .UntheUth田 hand,thecuⅡ ellt iS

rcU=+翠 =ωc,,:UcUs餅 =ωC93一 U血
╟

+晉
｝   (12.2朋

wherewehaveusedtllei㎏ UnUmetr此 identi汀

(12.2.21)

(12.2.22)

、
vhere

西 :一一           (12.2羽 )

ωC

is called the capaε 〃aKa rθa砲 Kεε. It alSU has SI units UfUhms and reprcsents the

effectiveresiStance士 Urapurelycapacitivecircuh.NUtethat】 a: is inverselyprUpUΠ iUnal

tUbUthCandω ,anddivergesasω apprUacheszerU.

BycUlllparingEq.(122之 1)tUEq.(12.l之 ),thephasecUnstant iSgivenby

ψ=-二               (12.2.24)
2

The currentalldVUltageplUtsandthecUrrespUndingphasUrdiagramare shUwn in the
Γigure12.2.6b.lU、 v.
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一
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Figure12.2.6(a9TimedependenceUf及 ;(r)alld巧 ｝(r,acrUss tllecapacitUr.a” Ph小Ur

diagralllfUrthecapacitivecircuit.

NUticethatatt=U,thevUltageacrUSSthecapacitUr iszerU、 vhilethecurrellt in thecircuit

isatama虹 mum.Infact,巧 lr)reaches is maximumbefU㏄ K一
(r)byUnequa丘 erUfa

cycle(ψ =π /2).Thus,wemylhat

ThecurreⅡtIeadsthevUltageby〞 2inacapacitivecircuit

12.3 TheRI9ε Ser㏑sC⋯cu∥

CUnsidernUwthedrivenseriesRLθ circuΠ shUwn inFigure12.3.1.

了
:.｛ ︴́     

一

鷴   ﹉ .

●   

一

)lrl

︴(︹ :i;,、
i9戈 6-︴’́      ﹉

〔∵(.｝       -

Figure126.1DΠ vensehesRtCCircuh

ApplyingKirchhUfPslUUprule,weUbtain

◤(t)一 巧tσ )一 丐′σ)一 K一 σ)=/σ )一 Ⅲ 一t午一
署
=U   (12.3.l)

、
vhichleadstUthefUllUv汀 ngdi玉erentialequatiUn:



t考手+rR+署 =嵨 sinω r (12.3.2)

(12.3.3)

(12.3.5)

(12.3.6)

(12.37)

AsSum㏑ gthat tllecapadtUr is i血 ti㏕ 玗 tmch缸gedSUth戚 f=+σ U/磅 is prUpUrt㏑ naltU

the9,Krθ aⅣ Ufchargein thecapacitUr,theabUveequatiUncanbercwrittenaS

乙
牛

+R上
夸尹

+署 二

千
血na

UnepUssiblesUlutiUntUEq.(12.3.3)is

U(r)=@UcUs(ω了一ψ)

、
vheretheamplitudeandthephaseare,respectively,

(12.34)

and

ThecU1.reSpUndingcurrent is

動
=             =

tanψ =士〔ωt-,÷二｝=∠┴景∠┴

rr,

r(r)=+土≦≧=JUsiI1(a,r一 ψ)

﹋汀thanalmplitude

馬=-UUω =一 (12.3.8)

NUticethatthecurrenthaSthesanlealllplitudeandphaseatall pUints in theseriesRtC

circuit. Un the Utherhand, the installtaneUuS vUltage acrUss each Ufthe three circuit

elementsR,乙 and(σ hasadifferentamplitudeandphaserelatiUnshipv汀ththecurrent,aS

canbeseen士rUInthephasUrdiagramsShU啊 uinFigure12.3.2.

R2+(ωt一 l/ωC)2

〞十(X,-)G:)2

扣
2十

ˊ方̄ )●:)2
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ω
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#﹉
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Figurel2.3.2PhasUrdiagrams心 r tllerelatiUnsh● sbetweencuⅡentandVUltagcin(.19

theresistUr,(b)theinductUr,and(c)thecapac丘 Ur,UfaseΠ esRLCcircu丘 .

FrUΠ1Figure12.3.2,theinstalltaneUuSVUltagescanbeUbtainedas:

咘(θ =JURsinωr=4Usinω r

,a(r)=fUx｝′Sin〔ω′十
::｝

=’,UcUsr.,r

K:(r)=fUx(sin〔 ωr-考
:｝

=一 K-UcUst加

(12.3.9)

(12° 3.lU)

Ufall thfee

(12.3.1I)

、
vhere

咘U=馬R, 巧力=馬X方 9 吽U=馬西

are the alllplitudes Ufthe vUltages acrUSS tlle circuit elementS. 
「
Γhe sum

vUltages isequaltUtheinstantalleUuSVUltagesuppliedbythe∠ 0CsUurce:

/σ)=巧｛〔)+吃 C)+K一 (′ )

UsingthephasUrrepreSentatiUn,theabUveexpressiUncanalsUbe、 ⅣΥittenas

吒=巧tU十 吃U十 K:U
(12.3.12)

asshUwn inF㎏ure12.3.3°).Ag㏕nweseetllatcurrent phaSUrJUleads tllccapacitive

vUltagephasUr2拓 by π/2 butlagstheinductivevUltagephasUr99U by π/2.Thethree

vUltagephasUrs rUtatecUunterclUckv汪 seas tiInepasses,Withtheir rclativepUsitiUnsflxed.

lU
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:;喃

∵﹉  〡

‵ψ   ｜

㏕ 呼 ㏕ 粞 血 p

The relauUnshipbe小 ⅣeendiΠ℃rentvUltageamplitudes isdepictedinFigure 12.3.3(b).

FrUmtheFigure,、 VeSeethat

嗚 =｜ 死 ├ ｜死 ｛U十 2︷ 十 2:U｜ =V巧 免
十 (巧′U

=V (12.3.13)

w㏑chleadstUthemmecxpresSiUnfUrrUasth飩 Ubta㏑ed㏑ Eq.(12.3.7).

Π 必 cmci㏕ tUnUtetllat tllemaximumanlplitudeUftheACvUltagesUurce吒
必 nUtequ㏕

tUthesulllUfthernaxillluⅡ 1vUltagealmplitudesacrUss thethreecircuitelements:

嗚≠臨U十 吃U+K:U

This isduetUthefactthatthevUltagesε fenUtin phasevλ thUneanUther,andthcyreach

their lllaxilllaatdifferent tⅡnes.

12.3.l I】ⅡPedaⅡ ce

We㏑ve㏕㏄a” Seen tll放 tlleindtlctiⅦ reactall㏄ Xˊ′=ωtalldcapacitallce犯 aCtallce

Xc=l/rr,σ playtlle.UleUfanf免 ct∼e㏄㎡stallce㏑ thepwelyinduaⅣ eandcapacⅡve

circuits.reSpectiVely.IntheseriesRtCcircuΠ ,theeΠ℃ctiveresistanceis the9η θdaησε
,

deflnedas

Z= (12.3.15)

the diagranl shU、 vn in
The relatiUnship between Z,j而 ′ andXccanbe repreSentedby
Figurel2.3.4:

ll

(12.3.14)

=馬 VR2+6t一 ,午

一
y

R2+GΥ了



Figure12.3.4DiagralmΥ naticrepresen伍tiUnUftherelatiUnshipbetween乙 X乃 and功句

TheimpedancealsUhasSIunitsUfU㎞ s.IntermSUf乙 thecuIellt mη berewritten小

r(〞 )=tΓ sin(a一句 (12.3.lΘ

NUticethattheinlpedaIlceZalSUdepcndsUntheangularfrequencyω
,asdU)aandj女 :

Us㏑gEq.(12.3.Θ fUrthephaseψ alldEq.(12.315)fUrZ,wemη readilyrecUv“ the

hmi怕 心r simplecirc血t(witllUnlyUneelement).Asumm缸 yiSprUⅥ dedinTablel2.l

belU﹋︻

Table12.lShmple-circu丘 ㎞ 丘sUftheseriesRLCcircuΠ

12.3n ResUnance

Eq.(123.15)ind沁 ates tllat tlle鈕叩 htude

whenZis飩 amlnllllum.ThiSUccurSWhen

Uftlle㎝r㏄ntfU=吒 /zreachesamaximum

)句′=x(,UrωL=1/ωσ,leadingtU

(12.317)

is callcd a resUnance, and the

公d reSUnallce, the Lmpedance

ωU=

The phenUlllenUn at 
、
vhich fUΥ eaches a maxhnum

frequency ωU is called the resUnant frequency.

becUn〕 esZ=R,thealmplitudeUfthecurrellt is

一倔

l

x‘:=石t
㎡ 〔∠t上

一

言

一

〧l一｝Z= R2+(x了Simp︳ e

Circuit
R t σ x乃 =ω I′

U Rpurely

resistive
R U °D U U

π/2 x乃purely

inductive
U 乙 ∞ x了

′
U

一π/2 Xcpurely

caDacItIve
U U θ U Xc

,
一



馬=考
:

(12.3.18)

(12.3.19)

12.3.5.

alldthephaseis

ψ=U

ascallbeseenfrUmEq.(12.3.5).Thequal丘 aIvebeh〞㎡Ur is illLlsiatedinF㎏ urc

.’’戈

Figure123.5Thean.lplitudeUfthecuⅣ entasafunctiUnUfω in thedrivenRtCcircuit.

12.4 PUwer inanΛ Ccicu∥

IntheseriesR乙θcircuit theinstantalleUuSpUwerdeliVeredbytheACgeneratUriSgiven

by

P(′)=f(r)/(t)=旦
Lsi1.l(ωi＿ψ).9乇 sin r,,r=∠二sirl(a好 一ψ)Sillax

=69:(sin2ω rcUsψ -sinωrcUsωr sinψ
)

Wh田eWehaveusedthe甘㎏UnUmethcmenti,

sin(r,,′ -ψ )=sinωrcUsψ 一cUsω t sinψ

ThetⅡⅢeaveragcUfthepUwer is

(12°4.l)

(12.4.2)

.
、

╯



φ σ》 =手 f譬
血 瑜 cUsψ 祊 一

手 〔 譬

血 列 CUS缾 血 ψ 磅

=°乏
°cUsψ〈sin2tη r〉一上色:sillψ〈sinωrcUsω r〉

=:Σ
°
乏
「

cUsψ

whereEqs.(122.5) and(12迄 .7) havebeenused. Interms UftherIns quanjties, the

aVeragepU、vercanbere、 vrlttenaS

〈
P(〞 )〉 =:旦

;:cUsψ
=!L土

∠±cUsψ =fnlnsK〕 nscUsψ             (12.4.4)

ThequantitycUsψ iscalledthepUw〃 戶Kㄌr.F⋯UmFigⅢ e12.3.4,Unecanrea山 圩 shUw

that

(12.4.3)

R
一

Z
=

(12.45)
CUSψ

Tllus,←emη㏄、
〃托(P(t)〉 小

In Γigure 12.4.1,

frequencyω .

〈P〔 )〉 =Inms吒 ns

、
ve plUt the avera

-﹉
ĺ′

一

﹉

(12.4.5)

the driving angular

drivenser怡 sRLσ cicuit.

,UrZ=R,w㏑ chis tlle

fo

俬

 ㏎

卜

㎞

陓

印

嘛
 
 卹

閡

卿

Fi」ure12.4.1AvcragcpUwerasafunctiUnUff1.equencyina

Wes&血放〈P(〞 )〉
att缸邱them㏕rnum㏕㏑ncUsψ =l

resUnan° ecUnditiUn.AtresUnance,、vehave

﹉﹉ ﹉
一

﹉
。
↘。t9

14



〈P)m林 =瑞 s吒ns

竹訌s

R
(12.47)

12.4.1 WidthUfthePeak

ThepeakhasalinewⅡth.Unew卻 tUcharacter扢ethewⅡ tll is tUdeΠ ne⊿ω=ω十一ω一’

、
vhereω+ arethevaluesUfthedrivingallgularfrequencysuchthatthepUwer isequaltU

賊 球 揣 ::若::e::91:L.:::ε翠:子I:t盟 r豆丑 駐 6冬:tll:l:e翠 .乃

ar羽研翃 vγ,小

﹉́戈́｝:一

′.(/｝  ,;一 、

-〃
(孑

一

●﹉

Figure

TUflndΔ r.9,i is instructivetUflrst

.ˋ #9

i  ﹉                r〞
⋯′ 〺∴.f⋯

12.4.2◥VidthUfthepeak

re、VritctheaveragepU、 ver〈 P(t)〉  as

ω2R2+r(r/92一 ω:)2

(12°48)吒
2R＿

＿＿＿二上
〈P(r)〉 =〧一

F百πω王-1/ωC)2 2

whll〈尺 t)〉
m小

=吇 /2R.ThecUllditiUnfUrΠIlding

:〈
P(r)〉

Iη a×
=〈 P(〞 )〉｜ωi . =舌音=:

t9+ 1S

℅
2Rr.,2

〞〞+r(〞 一㎡↗羾
一

(12° 4.9)

(12.4.〕 U)

wllich酊ves

σ一㎡y=〔∠
:一｝

2

Takin色  sqmKrUU“ ” elds加的 SUl㏕Uns,whi山 weanalyzesepπ 放 ely.

case1: TakingthepUsitiverUUtleadstU

15



ω三一ω:=十等

SUlvingthequadraucequatiUn,thesUlutiUn﹋
砬thpUsitiverUUt is

Case2:Takingthenega位 verUUtUfEq.(12.4.lU)gives

ωε一ω:=一等

ThesUlutiUntUthis quadraticequatiUnⅥ
紅thpUsitiverUUt is

(12.4.l1)

(12.4.12)

(12° 4。 13)

Thev泣 dthathalfrnaximum isthen

⊿ω=a‵  ω一

UncethewidtllΔ tr9is knUwn,tllequali垀 faa㏄

beUbtainedtl s

R

L

U (nUttUbecUnfused

(12.4.14)

(12.4.15)

withcharge9can

U=:::=
..,U� L

R
(12.4.16)

bUthcxpressiUns agree
CUlllparingtlleabUveequatbnwitllEq.(l1.8.17),we㏄

etllat

wiheachUtllerin thel虹 nit、vheretheresistanceis small,andω
′
= ㎡一(R/2L)2∼ %

城批捶燅鱴#破鷲茁藤瞞抑撥概櫼║
alternatingvUltagesUurceK(t).ThesecUndalγ

cUilhasΛ qturnsandiscUmectedtUa

“
lUadrcsistance” R,. The 

、
vay transfUrmers Uperate is baSed Un the principle that ttn

16



::Γ盤I:㎡各:吼#孫出趙呷
㏕

一

   
、

璶
:岬﹏
盡｛

●
==才
 ﹏二

F㎏ure12.5.1AtransfUrmer

In the prInary circuit neglecjng the small resistance in the cUil, Faraday’

s la、v Uf

inductiUn implies

巧=叫望
::生

、

vhereΦ Bis thenlagneticfluxthrUughUneturnUftheprⅡ
narycUi1.TheifUncUre,which

趙譁#罷∥攤雅
ycUil is

吃=一Ⅳ2望
::生

黯℉:;f;一::豔各巀蹛 甜:器環一i隱店品片隙s留::早羅造驟
,c品

:

induceallalternatingcmfUnthcsecUndary

(12° 51)

Jl巧 =几吒
(12.5 3)

Inadd丘 iUn,nUIllagnejcfluxleaksUutf1.UmtheirUncUre,andtheΠ
uxΦβthrUugheach

turn is the same in bUth the priInary and the secUndary cUⅡ
s. CUmbining the 〝v°

expreSSiUns〝 x.xreareleadtUthetransfUrmerequatiUn:

(12.5.2)

(12.54)

By cUmbinil1gthe小 〃U equatiUnsabUve,thetransfUrmatiUnUfcuΠ
ents in thet、vUcUilS

maybeUbtainedas:

17



(12.55)

Thus,weseethatthcratiUUftheUutputvUltagetUtheinputvUltageisdeterⅡ inedbythe

r〃K′㎡ 9UⅣ2/牝 .IⅣ 2>Ⅳ ｜,tllen吃 >巧 ,w㏑ chmeans tln飩 theUutputvUltagein tlle

secUnd cUil is greater thanthe input vUltage in the priInary cUⅡ . A transfUrmer 
、
vith

Ⅳ2>州 必calleda∫ rφ＿η tmlls勺 rm㏄.Un tlleUtllerhalld,ifⅣ 2<Ⅳ1,then吃 <巧 ,and

theUutpLltvUlmgeis smaller tlIan tlleillptlt.AtrallSfUrm㏄ witll既 <州 必 calleda∫′φ 一

tUwKtrans女)1.lller.

12.6 ParalleIRLε Cicu∥

CUnsiderthep缸allelRLCcircuit illus甘 atedinΓ igure12.6.1.TheACvUltagesUurceiS

/(r)=℅ sinω r.

︴π′｝● 緯付

Figurel2.6.lParallelRtCcircuit.

UnliketheseriesRtCcircu丘 ,theinstantaneUusvUltagesacrUsSall threecircuitelements

R, L, .nd 〔:aΥe the same, and each vUltage is in phase ﹋λth the ctlrrent thrUughthe

resist。r.HU、vever,thecuⅡents thrUugheachelelllent﹋ λllbedifferent.

Inanalyzingthiscircuit,we makeuseUftheresultsdiscussedinSectiUns 12.2一  12.4.

Thecurrentin theresistUr is

几

〡

ˊ

凡
一ⅣI

ŕ
＿

〡
〡

I
I
、

、

=
几

ˋ
、
I

l

I

I

—

J
ˊ

既
一
K

/
〡

〡
l
l
0

=
f

巧′
φ

=響 =午 血 a=巧 衵血n餅

whe㏄ 再 U=吒 /R.ThevUl㏑ geacrU“ tlleinductUr is

=t生L
σt

(12.61)

(12.62)

(12.6.3)

巧(ˊ )=◤ (r)=嗚 sina

whichgives

=＿
＿丘 cUsω r

tr,上′

π
一
2

一ω

/
＿

＿

｛

0

nJ=

〡

/

π
一2

一ω

ˊ
r
〡

＿

、

n℅
一炘

=
σωn

吒
一

〃
＿

山
rt(〞 )=

18



wh“e几U=嗚 /X乃 andX/.=ω t is tlle㏑ dua∥e㏄actance.

Similar圩,thevUltageacrUSStllecapacitUriSK一 (r)=℅ sinω〞

t‘:(t)=上
壑坌=ωc,()cUsωr=:亍Γsin〔ωr+:｝｝=

.
㏄

 
 
 
\
l
—

—
′

加
 
 
 π一2

C
 
 
 
a

σ
 
/
i
n
—

‵

一一 
 

栭

hilnplies

(12.6.4)

wheK毛 U=嗚 /xcandX(:

UsingKirchhUfsjunaiUn
threecurrellts.

=1/tvㄈ｝ is thecapacitivereacta1.lce.

rule,thetUtalcurrent in thecircuit is simplythesumUfall

(12.66)

(12.67)

r(t)=f,t(〞 )+巧 (r)+巧 (r)

嘟 砌 〢
㎡

飪

劉
吒

〢

耐

劉  

的

ThecurrcntScanbereprcSented、 ViththephasUrdiagralllShU、Vn inFigure12.6.2.

′

一

/i‥

Figure12.6.2PhasUrdiagramfUrtheparallelRtCcircuΠ

FrUlll thephasUrdiagran1,、 veseethat

fU=巧｛U+4用 +巧 :U

andtllema虹 mumamplittldeUfthetUtalcⅢ ㏄ llt,fU,CanbeUb在 位ncdas

fU� 几 � JRU+r/U十 J〔:U= 十(巧η一Jˊ′U)2

=吒

蔽

÷十〔暖

一

一
;一｝
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NUtehUwever,since而 (r),rt(r)alld而
:(′)缸enUt㏑ phasewitllUneanUther,fUis nUt

equaltUthesunlUfthernaxinun】 amplitudesUfthethreecu“entS:

了U≠ r,(U+4用 +巧:U

With几 =吒 /Z,the(inv田 Se)impedanceUftlledrc㎡ t isg∥enby

(12.68)

ω(
=

1
一

Z
-去｝ (12.69)

(12.6.ll)

Therel放iUnShipbetweenZ,R, alld西 is血Uwn inFigⅢ el2.6.3.

F㎏ure12.6.3Rel放 iUn出● betweenZ,R,XtandXcinapar㏕lelRLθ c比㎡t.

FrUmtheΠ gureUrthephasUrdiagralll shU、 vn inFigurel2.6.2,weseethatthephasecan

beUbtainedas

.9!rˊ

tanψ =〔
扎 辛 ┤

=亞丐 戶
二=R〔

十
一
旁 ｝

=R〔㎡ -去
｝ d拓

lω

R

TheresUnancecUnd丘 iUnfUrtheparallelRtCcircuΠ isgivenbyψ =U,h.llichimplies

氏  X′

TheresUnantf1.equencyis

rr,U=

w㏑chis thesameaSfUrthes㏄ iesRtCcic血t.FmmEq.(12.6.99,we
1/Zis minimumㄍ 汀 ZiSmaximum)飩 reSUllallce.ThecuIent in tlle

1
一

倔
(12.6.I2)

rcadily seethat

inductUrexactly

2U
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