
§ ﹉虹 ‵ ∴ ﹉﹉﹉、 〝

〢 ﹉. ︙ . ﹉ ┤ 工 一 . 一

. ˙ ﹉﹉﹉﹉﹉﹉﹉﹉Ω ﹉. = 汁

﹉﹉﹉﹉﹉﹉﹉﹉﹉ ﹉﹉ ﹉﹍﹉﹉﹉﹉﹉﹉﹉. ﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉﹉‥



一 一
﹎ -﹍ t一 .斑 錢 f一 五 m搓

一
塗 在 .＿

t

t名贙 ⋯r.r/在ε6

一
ξ瑤羿δ

﹉
 
一

↑

〡
p
﹉

 
﹉

留 =√ 叩
﹉ 
一一

i6ㄔ ′古   ′-

.﹉  ﹉ 中 一δ 千..′′︷

Z.╯宅′c〞t磁t＿ 勿6t乃翃  ﹉﹎

﹉﹉一 一 臨 t� :↙ㄔ一三

﹉ 一中 ′f‵ 千＿Iπ

ˊ
γ
-I咋t

拉 羽 台 羽 一
形 ε

㏒

＿ε ﹎
一

彬

三
﹍

一
﹉ ﹉ ﹉ ﹉

d/扣
留3φ
↙﹎一‘θ刀︼t′u&免t出坊名

′ t:ˊ′

吃 〞瑤′嗚帤
ξ一
〞′︶ㄏ

一

咿淠 :〞名
′勺午́ ′ — —

一′δ  ﹉
ξuㄏ ﹎ :≡一 

﹉ 
﹉且

6:::︴ :::︴ ;｜:;魔屁騖﹉﹉夕﹉:::一 :::;
一  εtrεtt● Z∴ 妨4ˊ6口r4rJ〞θ

刀 ∟ 打

L鈾 6至  ′

垚 史

一

﹎      

一

     

＿   

＿

′。潪 伽 生′乃 ′ 亡釘者′〞cC 扐 ＿Z/96

﹉I侻℃夕駕為

一

rr〞
磁i╯ㄔ′多

fγf∵咡券窈努宏多↙窕

士

﹉垚〞〞ㄋ沙ㄙ已
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H2SU4

〦

藤  Whe俄 什nme「SedinaCid′ PbprUVide$f「 ee⊕ :ect「Un$:

Pb十 HSU4￣ → PbSU4+H+十 2σ

＿  Atthe║ eadUxidee冶(走rUnˊ thi$reacti◇ ll isenergetical〡 yξavU「 e¢ :
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7.2〕EIeetrUIllUtiVeFUrce

Inthe㏑ stChaptef,wehaveshUwnthatelectricalenergymustbesuppliedtUm血 nt缸na

cUnStalltcurrent inaclUsedcircuit.ThesUurceUfcnergyiscUmlnUnlyreferredtUasthe

clectrUmUjVefUrce,Uremf(Ⅳ mbUlε ).Batter怡 s,sUlarcel㏑ andthermUcUuplesarcsUme

examplesUfemfsUurce. ThcycanbethUughtUfasa‘
‘chargepun可 /’ thatInUveScharges

frUmlU、verpUtentialtUthehigherUne.Ⅳ Iathematicallyemfisdeflncdas

〞〞
◤

ε ≡ 一

〞σ

(7.2.l)

whichis the、vUrkdUnctUIllUVeaun丘 chargein thcdirec位 UnUfhigherpUtenua1.ThesI

unitfUrε is thevU㏑ CV).

CUnsider a s虹 nple circuit cUnsisting Ufabatte〃  as the emfsUurce and aresistUr Uf

resistanceR,asshUwn inFigure7.2.1.

Figure7.2.1AshnplecircuitcUnsistingUfabatteF/andaresistUr

AS肌田㎡ngthatthebatte〃 hasnUintemalresistance,thepUtellt伍 ldifferenceΔ /(Ur

terminalvUltage9betlveenthepUsitivealldthenegauveterlninalsUfthebatte呼 isequal

tUtheemfε .TUdrivethecurrentarUundthecircuit,thebatte呼 undergUesadischarging

器揧岩舞三韞 井屠輩蠶咒亃:識:翠將菩#辛海H縣此
mUvingach缸 geσ arUundaclUsedlUUpduetUthecUnsentativenaturcUftheelectrUstatic

fUrce:

.
′

一
r
博

:
ˋ

 
‵



〞◤=一σσ
二.〞6=U (7.2.2)

LetpUintainFigure7.2.2bethestartingpUint.

Figure7.2.2

WhencrUssingfrUIll thenegativetUtllepUsitivete」 Ⅱinal,thepUtential incrcaseSbyε .

UntheUtherhand,aswecrUss thereSistUr,thepUtentialdecreasesbyanalmUullt刀 匕 and

thepUtentialenergyiscUnvertedintUtllerInalcnergyin theresistUr.AssuⅡ Ⅱngthatthe
cUnnecting wire ca」Πes nU resistance, upUn cUmpleting the lUUp, the net change in
pUtentialdifferenceiszerU,

ε-JR=U (7.2.3)

wllichinlplies

ε
一R
=r (7.2.4)

HUwever,arcalbattc,㏕ w砰 scarriesanin托m㏕ reSistallcerσ 堆與re7.2.免),

駐︴  尹     ii〡∴̄∵i｜∴﹉
:瑋﹉郲騙 : ﹉儺曣√﹉ 一

F㎏ure7.2.3(的 CircuΠ witllanemfsUurcehavingan internalre血 stance〞 andare血 stUr
UfresistanceR.(b)ChangeinelectricpUten位 alarUundthecicuΠ .

andthepUtenjaldifferenceacrUss thebatte=yterlllinalsbecUmes

Δ◤=ε-J,.             (7.2.5)

Sincethereis nUnetchangein pUtentialdifferencearUundaclUsedlUUp,wehave

(7.2.6)

3

艸 ′

ε＿rr＿ 4R=U



r=一Ξ (7.2.7)

F㎏ure7.2.3(b9dc9cts tllechange㏑ clectr沁 pUtenthlaswetraversethecirc㎡ t

clUck、汀se. FrUm tlle Figure, ◥Ⅳe see thatthe highestvUltage is immediately aΠerthe

batteηr「ΓhevUltagedrUpsaseachresistUr iscrUssed.NUtethatthevUltageisessentially

cUnStantalUngthe、 位res. This isbecausethewircshave ancgligiblysma11resistance

cUmparedtUtheresistUrs.

FUfasUurcewithemfε ,thepUwerUrtherateatwhichenergyisdeIveredis

P=rε =r(fR+J〞 )=r2R+r2r           (7.2.8)

ThatthepUwerUfthesUurceemfisequaltUthesuInUfthepUⅥ 犯rdiSSipatedinbUththe

internalandlUadresistanceis requiredbyenergycUnservatiUn.
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一

. lNeimp〡
icit〡yderivedan｜ mportant result.WewrUte:

◤-t:巧 =/-′
:Σ馬=U→ ′

潑 WhatdUe$it mean? Samecurrentfi◇
wingin thesetwUc:rcu;ts:

R上

G.Scio∥a-MrF
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曲  ReS子 StUr$in$eries:

Π Thecurrent rlowin9isU)leE》 addres｜ stUrs→ makethepathharder
→ 王deCreases→ Req︴ ncreases→ 民q㏑ rgerthanany由 nglere戲 $tUr

I

ReSiS七 UrSin porai｜ e｜ :

撥 了heCurrentflUwsis manyreSistorS〢 》addres｜ stUrs→ makepatheaS:er
→ I:ncreases→ R釣 心 Sma胎rthanany封 ng)ere由 StUr
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7.3Re§istUrs inSeriesaⅡdiⅡ ParaⅡ eI

ThetwUresistUrsRIandR2inΓ igurc73.larecUnnectedin seriestUavUltagesUurceΔ /.
BycurrentcUnservajUn,thesamecurrentfisflUwingtllrUugheachresistUr.

≠＿ ,＿

/麔

FigⅡ re7.3.1(a)ResistUrs in seΠ es.(b)Equivalentcicu北 .

ThetUtalvUltagedrUpfrUmatUε acrUssbUthelements is thesumUfthcvUltagedrUps
acrUss thcindividualresistUrs:

Δ◤=rR｜ +r馬 =r(民 +R2) (7.3.l)

ThetwUresistUrs in seriescanbereplacedbyUneequ∥ alcnt resistUr民qσ㎏ure7.3.lb)
withtheidenticalvUltagedrUp Δ/=fReq whichimplicsthat

Req=R︳ +馬 (7.3.2)

The abUve argtlment canbe extendedtU ΛㄏresistUrs placed in series. The equivalent
resistanceisjust thesumUftheUriginalresistances,

Ⅳ

凡q=馬十R2+‥ .=Σ馬 (7.3.3)
i=l

NUticethatfUneresistance民 必lnuch㏑ rg㏄ thantheUtherresistances几 ,thenthe
equⅣ alellt resistanceReq isapprU㎡ matelyequaltUthe上 fg㏄tre血 stUrR1.

Noxtlet’ scUnsidert、 vUreSistUrs馬 and馬 th飩 arecUmectcd㏑ parallelacrUssavUltage
sUurceΔ/σ㎏ure7.3.2a9.

←一
﹏-⋯ ⋯勺恥↙-⋯⋯⋯ ⋯﹁

Figure7.3.2(的 TwUre血stUrs in paralle1.a》 Eq血valent re血stance



BycurrelltcUnse

intUac1lrrent巧

resistUrR,Each

HUwever, the p(

cUnservatiUnthe」

vatbn,thecl1rrentJthatpassesthrUughthevUltage mustdivide
thatpassesthrUughresistUr代 andacurrent馬 t passes thfUugh
res抬tUr in山Ⅵdual圩 sa“●dsUhm,slaw,Δ K=馬 Δ既=馬翠′

:::::sacrUss the resistUrs are the same, 

Δ96=↑
｜

=Δ ◤ .Current

(7.3.4)

R四 ㏕山

fUrtwU

(7.3.5)

(7.3.6)

r=rl+几 =全丕+全丕=Δ
<青
十
青 ｝   ｜

｜

n be replaced by Unc equivalen║

釦Πngthese results, the equivalent｜
lel isgivenby                 ｜

1       l      1                            ｜
—— =一 +——
民q 民 凡         ﹉

esistUrscUnnectedin parallel     ﹉

寺噹+青一
味吝音 ﹉

｜          ｜
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