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

PbU2+3H++HSU↙ +2c.-→ PbSU4 +2H2U
發 好 健 i忘 pUsc.)blefUr紐Uthσ andH︳ tUtraVe〡 frUmUneterm;na｛ tUtheUthe「 :

Pb+PbU2+H2SU4一〉2PbSU4 十2H2U  〢4.4eV

G.Sc︳
。

l︳a-MrF           8U22一 Lecture8

3



筳甑
「

騩犣躚毽針郛 《盬棲

收  Whenterm｜ na｜ sarenU七 CUnnected:nUΠUwUfe-

一

 EinbatterYdUesnUta｜ ｜UwΠUwUfH+→ ︳nhibits reacUUn

好  VVhenterm:na︳ SarecUnnected:e︳ edrUns startΠ UW︳ ngfree｜ y

亡  E｜ eCt「︳cne｜ dis reduced→ H+canf｜Uw→ react︳ UnUccurs

EM一 Ufba蛙ery:¢(+terminal)一 ¢(一 term:na｜ );△Vavai︴ ab(etUd︻ veCirCu吒

+termin甜

EΛtF=I。倔
.temlinnl

G.SCi。︳︳a-MIㄒ           8U22一 Lecture8

Ξ

〦

薌⊕魴贙觳薌甐倘鉯

齒 1lVe〡 ndicate狂 M╓ V㎡ththiS$yrnbU〡 :

騴 LUngside:十 term:na｜

擁 ShUrtSide:-termina｜ v生
下

Thecurrentf㎏W$ξrUm#tU一
撥 C。 unte〢 ntuit:veifYUuth︳ nkabUut it︳ ntermsUfe︳ ectrUns.‥

G.SCi°｜︳a-MIT 8.U22一 Lecture8

4



‵

一

:﹉
﹉

﹉
﹉一

↑

ω

﹉
●﹉

一

﹉ -

“一



:潦
台
︴氨

選
琪

一

”
餃

:午

一

卷
-:—

—

∴凗

層衋餒廠碁

鬤臠繸衋靋

㏑



〝〝〡。︙所

a—﹉﹉a÷

b◣哦十∥◣ㄍ

Q+﹉﹉Q〡

一
...。:va.﹉.‧╮﹉﹉φ...﹉

Φ一.:一

﹉﹉﹉ Φ一Ⅱ一
a﹉
﹉﹉﹉﹉‧σ。..﹉

Ξ‧
>一↓>一u∞。
a﹉﹉﹉

﹉﹉﹉‧一﹉ >一﹉﹉﹉﹉↓〉一一.。

↓—﹉﹉﹉﹉。﹉二一.‘‧」╰一‧:‧.。.‧
﹉﹉﹉.﹉.ψ。｝‧.﹉。﹉ㄈ一>。‵.

:=̇..a﹉.﹉﹉‧i﹉ω
.˙一‘‧
)E˙.﹉:﹉。一.

v\〝—



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

◤-t:巧 =/-′
:Σ馬=U→ ′

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

R上
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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
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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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