
SUurcesUfMagⅡ eticFields

9.l BiUt＿ SavartLaw

Currents wllich arise due tU the mUIUnUfcharges are the sUurce Ufmagnetic flelds.

Whencharges lnUveinacUnducting、 vleandprUduceacuIent 尾 thelllagneticfleldat
any pUint P due tU the current can be calculated by adding up the magnetic fleld

cUⅢr山ut㏑ns,兆 ,frUm sm㏕ lsegmentsUfthewire〞 j,(Figure9.1.l).
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Figure9.1.lⅣIagnejcfleldσ BatpUintPduetUacurrent＿ caⅡyingelement rσ 6.
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÷i:馬:驟呈發:「:牲言土UfthesegmentandpUintingin thedirectiUn

SUurcecall thenbe、 vrittenas′ σ百.

LetrdenUteasthedistancefUrlll thecurrent sUurcetUthefleldpUintP,and°
the

cUrrespUndingunitvectUr.TheBiUt＿ Savart lawgivesanexpressiUnfUrthernagneticfleld

cUntributiUn,<差 B,frUmthecurrent sUurce,ld6,
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σ二=音
努

′σ‘×Γ

whereuUisacUn就 antcalledthepθ 尸J99θ a加〞〞o尤〞θθΨaεθ:

馬 =4π ×1U￣
7T.m/A
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(9.1.l)

(9.1.2)

lawfUrthe electric

σE=清
咢
禦,

integ接血lξU您::e驟::掛:ξ

U Πnd the magnetic Πeld at the

(9.1.3)
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(9.1.4)

Theintegral isaveaUr integral,wⅡ chmeans thattheexpress㏑ nfUr二 is real圩 three
integrals,UnefUreachcUnlpUnentUf二 .ThevectUrnatureUfthis integralappe別

ΓSin the
crUss prUductJσ 6× 9. Understallding hU、 v tU evaluate dIs crUss prUduct and then
per山rm theintegralwⅡ lbethekeytUlearninghUwtUuSetheBiUt＿ Savart law.
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SUlutiUn:

This isatypicalexalmpleinvUlvingtheuseUftheBiUt＿
Savart la、 v.WesUlvetheprUblem

usingtlielnethUdUlUgysummarizedinSectiUn9.1U.

(l)SUurcepUint● UUrdinatesdenUtedwitllap㎡ mel

cUnsmera山 fferelltialelementσ §=激吋 c缸呼ingcⅢreIltJin thex＿ directbn.The
lUcatiUnUfthis sUurceis㏄ presentedbyI’ =x’ :.

(2)Fieldpdnt(cUUrdinatesdenUtedwithasubscript‵
P’
’
)

SincethefleldpUintPis lUcatedat(x,v)=(U,a),thepUsijUnvectUrdescribingPis

rP=羽 .

θ)RelativepU㎡ tiUnvectUr

ThevectUrΓ =可 一 I’ isa‘
‘
relajvσ’pUsitiUnvectUrwh此 hpdntsfrUmthesUurcepdnt

tUtheΠ eldpUint.Inthiscase,Γ =㎡＿x,:,aIldthemagnitude〃 ╡Γ�Va2+xp抬 the
distancef1.UⅡ 1betweentheSUurceandP.ThecUrrespUndingun丘 vectUr isgivenby

?=::=:手亨誓:芎

一

吉Γ=sinθ :＿ cUsθ :

(4)ThecrUss prUductσ 6× 9

ThecrUss prUduct isgivenby

σj×
°
=(&x,:)× (＿ cUsθ :+sinθ :)=(血x’ sinθ)i

φ )WritedUM,ll thecUntribujUntUthemagneticfleldduetUJ〞 百

TheexpressiUn is

掘=彥ㄘ乒望＿≒

一

二=ㄘㄘ

一

穻 i

whichshUws tllat tllemagneticfleldatPwill pUint in tlle+idirectiUn,UrUutUfthepage.

(Θ Simpliㄅ andcar,Utlt tlleintebUratiUIl



Thevariables ax and〞 are nUt independentUfeachUther. InUrdertU cUmpletethe
integratiUn,letusrewrΠ ethevariablesxandr in termsUfθ FrUmFigure9.1.3,wehave

｛;I:::l子 ::c】

tt一

acsc2θσθ
l〡ξ︴I:掤 騩

血 山 呻 即 ressiU職 血 敞 ㎜ coIILibu.Unb血 m卹 c

歲B=上上(-acsc2θ σθ)sinθ
4π    (acscθ )2

IntegrajngUvera1langlessubtendedf1.Um一
atU

辟蕊號i較幫驟I痲
脆”mm㎡血

B=一∠上土
馬

sinθ σθ=1謗
手

(cUst乳 +cUs名 )

=＿∠生二sinθσθ
4πa

另 (anegative㎡ gn is neededfUrain

lengthextendedin thenegativexaxis

Theflrst term invUlving名 accUuntsfUrthecUniibu位 Unf1.UmthepUrtiUnalUngthe十 X
axis,whⅡ etllesecUndterm invUlⅥ ngacUllt㎡ ns thecUntr山 utiUnf1.Um tllepUrt㏑ nalUng
the一xaxis.The小 〃Utermsadd!

Let’ seXanⅡnethefU11Uwingcases:

(i)InthesymmetriccaSewhere哦
=一a,thefleldpdntPis lUcatedalUngthe

perpendicularbisectUr.IftheIengthUftherUdis2Z,tllencUsa=t/V乙 2﹁
├a2 andthe

magneucfleldis

B=劈 cUsa=劈
瓦丐

一
甹

一

一
歹 (9.1.6)

〔●TheinΠ㎡telengthlimit t→∞

This limit isUbt㎡nedbychUUs㏑ g(a,名 )=(U,U).Themagneticfleldatadistallcea
awaybecUmes

(9.1.5)

(9.1.7)
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(2)Fi+ldpULI

Since｜
●
he fleldpUintP is Unthe axis Ufthe lUUp at a distancez frUm the center, its

pUsiti中 nvectUr isgivenby 可=zi.
︳﹉

(3)Re｜ ativepUsitiUnvectUrΓ =一P一Γ,

There║ ativepUsitiUnvectUr isgivenby
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σ)WritingdoⅣm魔

UsingtheBiUt＿ Savart law,thecUntribujUnUfthecurrentelement tUthelnagneticΠ
eldatPis

(⊕ Simpliㄅ㏑gthecrUss prUdua

TheaUss prUductσ j× (可 -Γ )canbe㎡ lllplifledas

σ ‘×(弘 一 Γ)=Rσ ψ
’

｛
一 sinψ

｜
:+cUsψ ︳j｝ ×I-RcUsψ

’
:一 Rsinψ ’

:十 Z五V

=R羽’
VcUsψ

’:+zs㏑ψ,:十 R甸

σ二二
ㄘ告

一

σj× ’
=ㄘ

ㄘ
二σ‘×Γ

=ㄘ
ㄘ
二望

汗::ε≒手;γ

一

=一券:三    硹
(6)CaΠ yingUut tlleintegrat沁 n

UsingtheresultUbtainedabUve,thernagneucfleldatPis

二=一
套÷早fπ

望≡旦三
‘:＿＿::另普:上

土上一三σψ
〡

Thexandtheˊ cUmpUnentsUf二 canbereadilyshUwll tUbezerU:

凡= r幼〞= 血礑牡U

易 = f0V硹
一  哪

作

牡 U

(9.1.lU)

θ.1.11)

(9.1.12)

(9.1.13)

(9.1.14)

Unth。 Utherhand,thezcUmpUnent is

﹉  罵=務。
π丁÷另二,,丁 fπ

σψ
’=務。

π;6二三;,丁
=ㄎ°

貢參告弓一;,丁
  θ.1.1’

Thus,weseethatalUngthesymmetricaxis,罵
is theUnIynUn〢翻miShingcUmpUnelltUf

thernagneIcΠ eld.ThecUnclusiUncanalsUbereachedbyusingthesymlnet〃
arguments.



TllebehaⅥUrUf罵 /馬 wlle㏄ 馬 =/rUJ/2R抬 themagnet此 Πeld就rengthatz=U,asa
ftlnc位UnUf2/Ris shUwlIinΓ igureΩ .1.7:

:           
一

 :● K

F㎏ure9.1.7TheratiUUftllemagneticΠ eld,易 /馬 ,asafunct㏑nUfz/R

(b9IfweplaceamagneticdΦ UleΠ =u女 at tllepdntP,as山 scussedinChapter8,due
tUthenUn＿ unifUrΠItyUfthel1,agnejcfleld,thedipUle、

vⅡlexperienceaibrcegivenby

Fε =V(Π .E)=V(u′
乳)=/J〔

券 ｝

女

UpUndifferenjatingEq.(9.1.15)andsub豇 itutingintUEq.(9.1.16),weUbtain

Fβ =-ㄎ
手青等考

一

至;磊,女

Thus,thedipUIeisattractedtUwardthecurrent-car心/ingrin& UntheUtherhand,ifthe
diectiUnUfthedΦ Uleis rⅣersed,Π =一姓i,tller㏄ t1ltingfUrcewillberepulsive.

9.1.l ⅣIagⅡ eticFieIdUfaⅣ IUviⅡgPUintCharge

SuppUse 
、
vehave an inflnitesilllal cuⅡ entelement in the fUrm UfacylinderUfcrUss＿㏄m㏕ areazand胎n啟h赤∞外面㏑蚵

彿玉::f穹W#驟 ︴:!驟舞
,

atacUIlullUnvelUcity予 alUngtheaxisUfthe

翠瑞cr古:此紮早i惢.既偷 t£琺:堆忌:e:岔
i橇

絲營f〡∵:;I獄耕::全
Ufthe

(9.1.15)

(9.1.17)

(9.1.18)η4σ｜予｜=f

ThetUtalnumberUfchargecarriers in thecuⅡ
entelement is siInplyσ Λㄏ=η 4赤 ,sUthat

u㎡ngEq.(9.1.1),themagneticΠ eldσBduetUthe〞Λㄏchargecarriers isgivenby



馬一物
=一翃

(幼4σ ︳予︳)σ §×9

r2

′如 (刀 4挽j)σ 予×
°

4π    〞
2

′如 (砳V)σ 干×f

4π    〞
2

(9.1.lㄌ

#j奲  撰磁聯撰甘聯攡摧
三=±L旦 v× r

4π  〞2

NUte,hUwever,that sinceapUintchargedUesnUtcUnstituteasteadycurrent,theabUve
equatiUn strictlyspeakingUnlyhUldsin thenUn＿

relauvisticlilnith.herev《 <ε ,theSpeedUflight,sUthattheeffectUf“ retardatiUn” canbeignUred.

TheresultInaybereadⅡyextendedtUacUllectiUnUfi∼ ㄏpUintcharges,eachmUvingwitha
differentvelUdty.Lettheλ hcharge仍 belUcatedat(馮 ,乃 ,馬 )andmUⅥ ngwithvelUdty
予′.UsingthesuperpUsitiUn principIe,thernagne位 cfleldatPcanbeUbtainedas:

Π=:二舞σ′予′
(x￣馮):+(VΓ ′́)j十 (Z一馬)i

(9.1.2U)

(9.1.21)

馮)2+(V——,:)2+(z-馬 )2︳

︽〢〢●∥●na1:MagⅡeticΠeldUfaMUvingC㏑㎎e

FigⅢe 9.1.8 shUws Une frallle Uf

翠激為掛:Υ:哥全::ep咖
ch缸g免

the anima位Uns Uf
aSsuΠingthespeed縏拶忌::ttl監:抭虛:生:

Figure ,.1.8 The m:

negativecharge,whenthespeedUfthech缸 geiSSmallcUmr

lU



Ahi●nat:on9.2:ⅣIagⅡeticFieIdUfSeveraICharge§ ⅣIUvinginaCircIe

SuppUsewewant tUcalculatetheInagneticfleldsUfanumberUfcha㎎
esmUvingUnthe

circumferenceUfacirclewithequal spacingbetween tllecharges. TUcalculatethisfleld

wehavetUaddupvectUHallythemabUneticfleldsUfeachUfchargesu㎡
ngEq.(9.1.19).

I斃現瑟f壬裝。誤器:t乳最#是罕t蟲窩t甘W埕I。為:丑ξ抎?轟胖
s㏑屾e山e

︳nteractiveSⅡ nu︳白tion9.2:】4agne古 icFieIdUfaRingUf】 旺UviⅡ g(二 harges

n十Ⅵ::::器::9#魄器質Γl枕此孓::::
ng.z尐stheadditiUn prUceeds,、 vealsUshUw
ledisplay).

Figure9.1.lU AShUckWave
flndthelllagneticfleldduetU

pUintUntheaxisUfthecircle.

sInulauUnUftheuseUfthe
3UmUvingchargesmUving

principleUfsuperpUsitiUntU

inacircleatanUbservatiUn

ll



膷搣輔職笙垚男驟驟 %£裝£驟
!suptUgivethetUtalfleld.

InFigure 9.1.l1, 
、
ve shUwan interacjve ShUckWVavedisplaythat is silllilartU that in

發

報裚舞  茁巀鋘數攕墓誰熙:留紫生:
#瑋好騮 糞毛#I邐緩變押

㏕就anCeaandc唧㏒㎝IeⅢs巧 錮d馬 ㏑

泮

酃

Figure9.2.lFUrcebet、 veent、 vUparallelwires

Them確 llet沁 fUrce,瓦 2,exeΠedUllwirel” wi㏄ 2mη becUmputedasfUllUws:U㎡ ng
theresultf1.UInthepreviUusexample,themagnejcfleldlinesduetU」

乙gUingin the+x＿
&rect㏑nareci㏄ lescUncentricwitllwire2,witll tllefleld二

2pdlltingin tlletallgellt㏑ l

。
乙



山 reabn.Thus,atanarutrarypdlltPUnwire1,wehaveB2=一
(/JU几 /2πa刃 ,w㏑ ch

pUints in thedirecuUnperpendicu比 ΥtU、vire1,asdepictedinFigure9.2.1.TherefUre,

Fl2=rlJ一 ×Π2=rl｛了:｝ ×
｛
＿
告券告:｝ =一上

告;:上
i (9.2.l)

CIear玗 丮2pUilits tUwardwire2. The cUnclusiUn we can draw f1.Um this 血mple
calculajUn is thattwUparallel

eachUther. UntheUtherhand,
fUrce、villberepulsive.

wirescarryingcurrents in thesamedirectiUnv技 llattract
ifthecurrentsflUwinUppUsitedirecⅡ Uns,theresultallt

l騷都釋哇發j孅驖雖拒腳多垚鐵
prUducearepulsiUnbetweenthewires.

F㎏ure9.2.2(a9The飩 traaiUnbetweentwUwiresca可 ”ngcuⅡent in thesamediectiUn.

段 :驟 己;:廿︴∴港:∵::◣I:｝芾 ::三各ξ

bythemUⅡ UnUftheUrallgesphereSin the
carryinbUcurrent inUppUsitedirecjUns.

9.3Ampere’§Law

轟報奲琳Υ攤鎞職雜箝摵堪
:;毛

一

lt∴;忌 .::::les will be defIected alUng
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Let

Δ百=

卜 
 
 
.
一

﹉ ﹉﹉‥﹉﹉

清
├ ｜ ﹉

一

∵﹉
、

﹉
、

﹉﹉﹉-﹉ i:

Figure96.1DefIectiUnUfcUnlpass needlesnearacurrent-carrYingwire

nUwdivideacircularpathUfradius r intUalargenulnberUfsmal1lengthvectUrs

心Φ,th說 pUillt㏕UngtlletangelltialdirecjUnv汀 tll magnitudeΔ ∫σ㎏ure9.32).

一

ω

(∴╮﹉
i-

琤
FigⅡre9.3迄 AmpeⅡanlUUp

mitΔ 6→ U,weUb㏕n

σi.σ‘=Bσ ∫́=〔
:ㄘ手｝(2πr)=uUr θ.3.1)

llt abUve is Ubtained by chUUsing a clUsed path, Uran ‘
4尐mperian lUUp” that

UneparticularmabUnetic fleld Iine. Let’ s cUnsideraslightlymUre cUmplicated
η 】︿︵〝 h︿ 1t︵ t＿●＿＿＿＿  . ﹁.    ︿ ︵ ︵lUUp,asthatshUwll inΓ igure9.3.3

Γ
/....一

賤‵‵常↖n

Figure9.3.3AnAmperianlUUp invUlvingtwUfleldlines

肌
㎞
Ampe
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a丹L二

.〞 一=I二 .σ ‘+︴二.σ‘+。二.σ 6十

c｝

二.〞 :

=U+β2(侈θ)+U+月比(2π -θ
91

輔戰 站釕午鈺獅全扭雄押棩i㏎習
a居L二

.σ ‘=苦
旁:(侈

θ)+:券
÷

比(2π 一θ
)〕 =勞 θ+型型:(2π 一θ)=/rUJ  (9.3.3)

We seethatthe sameresult is Ubtained h,hetherthe clUsedpath invUlves UneUrtwU

magneticfleldlines.

AsshUwll inExanlple9.l,incylind五
calcUUrdinates(〞

,φ,z)、
、

ㄏ丘hcurrentflUw㏑ gin the

在I#I生lΓ蠶撥:比守緊技:三
陑Ⅳ2π●◆.An曲啊㏑nghdelment㏑

TheIneintegralUftllelllagneⅡ cfleld缸 UundthecUntUura乙 εaais

σj=跏°
+〃 σφ◆+茲 e

Figure9.3′ AnAlllperianlUUpUfarbitraryshape.

(9.3.2)

(9.3.4)

wⅡchimpl怡 s

﹉
山s主缸h三

.σ 6=山
s主敵h〔舞 ｝

rσφ=彥
ㄘ

一

d巀屾
σφ=彥

ㄘ

一

勿 =馬J θ絢

InUthγ w㏄惢 ,tllelineint緊I㏕ Ufσ三 .σ ‘arUtllldanydUsedAmperianlUUp拍
prUpUrtiUnaltU几

nc,thecurrentendrcledbytllelUUp.

一

:一
‵,‵﹉

一
一

.
〝

.
‵

烝
﹉

︙︴

‘一

.

\
一

﹉﹉﹉﹉∴ 、﹉‥〔‵帄‥﹉﹉﹉一一﹉﹉﹉
.
一

.
﹉

.
﹉

一
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Thegen釘 aHZa位UntUanyclUsedlUUpUfaⅡ 9trarysllape仆 eefUrexample,Γ igure9.3ˊ D
that invUlvesIllanymagneticΠ eldlines is knU、 ⅣmasAmpere’ sla、v:

σ二.σ‘=馬几nc (9.3.6)

Almpere’ Slawin lllagneⅡsIll isanalUgUustUGaus『 slawinelectrU㎡atics.InUrdertU
applytheIn,thesystemmust pUsseSscertain synlllletry.InthecaseUfan inflnitewire,the

systelll pUssesses cylindrical sy㎜ et垀  alld Ampere’ s law can be readily applied.
HU氓免Ver,hrllenthelengthUfthewireisflnite,BiUt＿ Savart㏑wmustbeusedinstead.

Amp● rσ slawisapplicabletUtllefUllUwingcurrelltcUnflgurat㏑ ns:

1.InflnitelylUngstraightⅣ啦rescaΠyingasteadycurrent r(Exalnple9.3)

2.InflnΠelylargesheetUfthickness乙 w丘hacurrentdensiyJ(Example9.4).

3. In● n丘esUlenUid(SectiUn9.4).

4.TUrUid(Example9.5).

we中allexamille㏕ lfUⅢ cUnΠgⅢ皕Ulls indetai1.

Exa四pIe96: FieIdInsideandUutsideaCurreⅡ
t＿Carη iⅡgWire

cUns● aa㏑ ng就 女虹glItvλ㏄ Ufra山 LlsRcalTyiIlgacurrent rUftlllⅡ brIllcurrentdens”
,

asshUWn inF㎏ ure9.3.5.Findthemagneticfleldeve〃 where.

Figurc9.3.5AmperianlUUpsfUrcalculajngthe〕 B ΠeldUfacUnducting、 vireUfradiusR.

BiUt＿ SavartLaw 二=今
I∠兮:上二

generalcuⅡ ent sUurce

ex:fl㎡tewi㏄

Ampere’ slaw σ忌.σ 6=/rU瑰 nc
currentSUurcehascertain sylIllllet,

＿＿┘望一。fl㎡tewire●∥indrical)

16



tsⅡethewirewhcrer≧ R,tlleAmpeΠ anlUUp● ircle

t,i.e.,孔nc=J.App圩 ingAmpere’ slawy跆 lds

l)cUmpletelyencirclesthe

σ二
.σ ‘=Bσσ∫=B(2π〃)=uUf

B=些止
2πr

idethcⅥ士ewherer<R,theamUuntUfcl1rrentencircledbytheAmpe五
anlUUp

2)is prUpUrtiUnaltUtheareaenclUsed,i.e.,

(ii)I

(clrc﹉

We
runti

几nc 〔筭｝′

σ二.σ .=B(2π′)=馬 J〔房子;｝   =〉  騶
thatthemagneticfleldiszerUatthecenterUfthewireandincreases linearlywlth
′=R. Uutsidethewire,thefleldfallsUffasf/r.ThequalitativebehaviUrUfthe

fleldi ictedinFigure9.3.6belUw:

、﹏⋯“﹏⋯⋯螂⋯﹋●⋯﹏ 〝蟀 ′
’

FigⅡ .3.6IVIagneticΠeldUfacUnducjngwireUfradiusftcaΠ
bㄏingastcadycurrentf.

Exam 9.4: Ⅳ【agⅡeticField】 DuetUaⅡ IⅡflniteCⅡ rreⅡ tShee七

an inflnitelylargesheetUfthickness乙 lyingin theK/planew丘 haunifUrln
nsi妙

。
=JU:.Πndthemagnet沁 Πeldeve〃 where.

武

17



We

di

pUln

We
Ampe

FUrthe

lS

‵一

.

SUlut

pUln

frUm

ythinkUfthecurrent sheetasasetUfpara1lelwirescar巧
河ngcurrents in the十 X-｝n. FrUmΓ igure 9.3.8, 

、
ve seetllatmagneticfleldatapU丘 朮PabUVetheplane︹ +t︿   ＿. 」:′＿＿＿′.    ＿.

1   一  ￣  ￣ ﹀ ﹀  ︶  ︶..︶
 γ

八-l八 ︶

in the┐ ＿́directiUn. Thez＿ cUmpUnentvanishesafteraddingupthecUntributiUns
lwires.Similarly,wemayshUwthat tllemagneticfleldatapUintbelUwtheplane
nthe+,＿direcjUn.

Figure9.3.7An inΠ nitesheetwithcurrentdensity。 =而ε.

√+

︴

i . ﹏﹉ ﹉

一

 ; ∵ ; ﹉

一

 

—

￣
● ﹉i﹉ ﹉;﹉

﹉-﹉
﹉﹉

:﹉
 
﹏｝

Figure9.3.8、 6agneticfleldUfacurrent sheet

nU、vapplyAmpere’ slaWtUflndthelllagne位 cfleldduetUthecurrent sheet.The
nlUUpsareshUwn inΓ igure9.3U.

←∴

一

砵《中 ← ● ﹉-∵
↗﹉;‵﹉∵

—

＿ ↑
一
↑
一
. .一

Figure9.3.9AmperianlUUpsR江 theCurrent sheets

ldUutsⅡ e,weintegr飩ealUngpathq.TheamUuntUfcurrentenclUsedbyq

18



(9.3.7)

ApplyingAmpere’ s㏑wleadstU

σ二.σ‘=Bφθ=/JU几l㏄ =馬 (吨a) (9.3.8)

UrB� uUJUt/2.NUtethat tllemagneticΠ eldUutsidethesheet iscUnstant,㏑ dependeⅡ
Ufth° di就anCefrUmthesheet.Nextweflndthemagneticfleldin血 dethesheet.The
amUuuUfcurrelltenclUsedbypathq is

几㏄=妒 .瘚 =而《知紗

﹉      几㎎=妒 .派 =而φ｜z｜ t)

ApplyingAmpere’ slaw,weUbtain

﹉       σ三.σ 6=B(2t)=/rU几 nc=u伊’Uφ︳z｜ t)

UrB〒 馬JU｜ z├ Atz=U,themagneticΠ eldvanishes,asrequiredby
result,canbesummarizedusinbUtheunit-vectUrnUtatiUnas

z>t/2

一乙/2<z<t/2

z<一t/2

Z>U

Z<U

(9.3.9)

(9.3.lU)

Symme竹y. Thc

(9.3.ll)

(9.3.12)

B=

-響∴
/̄rUJUzj,

響 :,

Let’ s.U、vcUnsiderthelⅡnitwherethesheet is inflnitesⅡⅡa1lyuin,、vitht一)U.Inthis
case,i平 teadUfcurrentdensi妙

。

=JU:,wehavesurfacecurrelltR=K:,whereK=JUt.
NUte中at tlledimensiUnUfKiscurrent/length.Ill tllisIimΠ

,tllemagneticΠ eldbecUmes

兮

J
,
 
 

〈
.
J
,

㎡
一2
㎡

一2

一

｝

—=
→
B

9.4 SUIeⅡ Uid

群技:撒#攤排鱗#趙排撒群構盡
lΩ



UrB一 uUJU乙 /2.NUtethatthemagnet此 fleldUut血dethcsheet iscUn就 ant,independent

Ufth● distance f1.Umthe sheet. Nextwe flndthe magnetic fleld inside the shect. The

amUulltUfcurre斑 ellc㏑ sedbyp疵hq必

蜢=打j.派 =而 (tt)

App玗㏑gAnlpe㏄’slawleadstU

〢〡二.σ志=B(2t)=〦﹄teⅡ°=〦、
(JUtt)

﹉      几㎎=l戶

一

瘚=而φ｜z︳ U

ApplyingAmpere’ s㏑w,weUbtain

σi.σ‘=B(2θ =●rU几
n° =/zUJU(2z｜ t)

一uUJUt∴
 z>t/2

/̄rUt/Uzj, 一乙/2<2<t/2

uU努
:, z<-j/2

(9.3.7)

(9.3.8)

(9.3.9)

(9.3.1U)

(9.3.ll)

(Ω .3.12)

UrB一 馬而 z├ Atz=U,tllemagneticΠ eldvanishes,asrequiredbysymme位 y.The
reSult忘 canbesummarizedusingtheunit-vectUrnUtatiUnas

B=

Let’ suU、VcUnsiderthelInitMIherethesheet is inflnΠ es上nallythin,w丘 ht一)U.Inthis
CaSe,●伈 teadUfcuⅡ entdellsity。 =JU:,weh小 KStlrfacecuⅡ entR=K:,whereK=./Ut.

NUte”at tlledimensiUnUfKiscuⅡ ellt/length.Inthis limΠ ,tllemagneticΠ eldbecUmes

9.4 S° IenUid

AsUle● UidisalUngcdlUfwire位 ght玗 wUundin thehelicalfUrm.Π gure9.4.lshUws tlle
magn。 jcΠeldlinesUfasUlenUidcaI”ngasteadycuⅡ ent工 Weseethatiftheturnsare
clUselyspaced,theresultingmagnejcΠ eldinsmetllesUlenUidbecUmesfairlyu㎡ fUrm,

19



prUvidedthatthelengthUfthesUlenUidis l1.uchgreaterthan itsdiallleter.FUran“
ideal’

’

sUlenoid,m,hichis inΠ ηitelylUngwithturns tightlypacked,themagneticfleldinsidethe
sUlenoidisunifUrnlandparalleltUtheaxis,andvanishesUutsidethesUlenUid.

﹉荽

Figure9.4.lⅣIagneticΠeldlinesUfasUlenUid

WecanuseAmpere’ slawtUcalculatethernagnejcfleldstrengtll insideall idealsUlenUid.

TheC“ 沁 S-SeCtbnalv跆 wUfanidealsUlenUidis sh洲 〝 inΓ㎏ ure9.4.2.TUcUlllpLIte二
,

wec?n血derarectmgularpathUflength了 andwidthwalldtraversethepathina
cUunt° rclUckwiselllanner.ThelineintegralUf三 alUngthis lUUp is

σ二.σ :=I己 .σ 6+I己 .〞 6+I二 .σ‘+I己 .σ 6
I234 (9.4.l)
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Figure9.4.2AmperianlUUp士 Urcalcu㏑㎡ngthelnagnejcfleldUfanidealsUlenUid.

Ill theabUve,tllecUlltr山 tljUIlsalUngsⅡ es2alld4arezerUbecallse三 is perpen&culartU
σ6.I● addΠiUn,二 =δ alUngsidelbecausethelnagneIcΠ eldis nUn-zerUUnlyinside
the sUlenUid. Un the Utherhand, the tUtal current enclUsed by the Amperian lUUp is

几n° =ΛΥ ,wh㏄ eⅣ is thetUtalnumb㏄ Ufturns.ApplyingAmpere’ slawyields

(9.4.2)

2U

Ur

σ三.σ 6=B′ =/JU〝1



Where刀 =Λㄏ
/′ represents thenumberUfturns perunit length.,Interll1sUfthesurface

curre“ ,Urcurrellt peru血 tlengthK=Kf,themagnejcfleldcanalsUbeⅥ uttenas,

B=uUK

rJU╯WB= =uUηr (9.4.3)

(9.4.4)

(刀JJZD (9.4.5)

瑪竹athappens iftheIengthUfthesUlenUidisfln加 e?TUΠndthelmagneticfleldduetUa
flnite sUlenUid, we sha1l apprUxirllatethe sUlenUidas cUnsisung Ufalarge numberUf

掛甘
°
翠涔緊馬i:零抾:::::免咒£:::║甜裘留1膫驟

e↙

三:生气::早f:::各
位ghtlypackedlUUps lUcatedat2’ withathickness庬’

,asshU、vn inΓ igure9.4.3

The amUunt UfcuIent nUvλ ng thrUugh is prUpUrtiUnal tU the thickness Ufthe crUss
sectb● andisgⅣenby〞 =r(ndz)=r(Ⅳ /′)庬

’
,wh研eη =Ⅳ /ˊ is thenumberUfturns

perullit length.

Figure9.4.3FiniteSUlenUid

ThecU一 ributiUntUthemagneticΠ eldatPduetUthis subsetUflUUps is

毽=I╒者皂即〃=
/JUR2

2I(z-z)2+R匆 3/2

Integra︳ingUvertheentirelengthUfthesUlenUid,、 veUbtain

色=嚶此万瑤「嚶  旺(9.4.6)

=上ㄘ多
二
〡可π
°
÷今≒芎芬手予╕╤歹

+可

π
°
÷≒≒咢芬÷予╕

。歹
I
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報確帝

A
勺 Uf几 /馬 ,where馬 =馬 〃 必 themagneticΠ eldUfan inΠ nitesUlenUid,asa

nUfz/Ris shUwn inFigl1re9.4.4fUrˊ =1URandJ=2UR.

re9.4.4MagneticΠ eldUfaΠ nitesUlenUⅡ fUr(a9′ =1UR,andaD′ =2UR.

thatthevalueUfthemagneticΠ eldin theregiUn｜ z︳ <〃 2is nearlyⅢifUrlnand

elyequaltU馬 .

E ple9δ :TUrUid

CUnsI

fleld

ratUrUid、 vhichcUnsistsUfΛㄏtums,asshUwn inΓ igure9.4.5.Findthemagnetic
江VWhere.

FigⅡre9.4石 AtUrUidⅣ㎡thⅣ turIls

uinkUfatUrUidasasUlenUidlvrappedarUund、 vihitsendscUnnectcd.Thus,the
fleld is cUmpletely cUnflned inside the tUrUid and thc fleld pU血 is in the
山rectbn● lUckwiseduetUthewη thectlrrent nUws,asshUwn inF㎏ l1re

SU︳u

Une

magne
az1

9.4.5.)

Applyj Ampere’ slaw,weUbtaln
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Ufa

9.5

Let

¢二.σ‘=σB的 =Bσ赤』(2πr)=馬M

B=uUΛ
Υ

2π′

Figure9.5.1Earth’ s lnagneticfleldcUmpUnents

95.1 we shUwthemagnejcfleldatⅣ IITduetUthedipUle.
tsUfthernagncticfleldaregivenby

烏 一 舞

上 血 θcUsθ,罵
一 舞 勞

(3cUs2θ 一 D

r is thedistanceIneasuredfrUmthecenterUfthetUrUid..UnliketheInagneticfleld

nUid,themagneucfleldinsidethetUrUidis nUn＿ unifUl1IlanddecreasesaSl/r.

FieIdUfa〕DipUle

㏑山pUlemUmentvectUr口 =-ukbeplacedattheUriginφ .g.,centerUfthe

in the/plalle.Ⅵ啦at你 themagnet㏑ Πeldatapdntφ .g.,MIT)adistance′ awaY
Urigin?

(9.4.7)

(9.4.8)

Theˊ＿andz＿

(9.5.1)

(9.5.2)

則

Ⅲ

㏑

仇

arcreferredtUSectiUn9.8fUrthedetailUfthederivatiUn.

沁alcUUrdin放eSσ ,a@,theradialandthepUlarcUmpUnentsUfthe magnetic

bewrlttenas

一∠±L生 cUsθ易=易 sinθ 十凡cUsθ =
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and

NUtic﹉ethesimil到ΠtybetweentheabUveexpressiUnandtheelectricfleldduetUanelectric
dipUleΠ (seeSUlvedPrUblenl2.13.6):

易 =易 cUsθ -B＿ sinθ =一
IrU上

sinθ

respectively.Thus,themagneticfleldatⅣ ⅡTduetUthedipUlebecUmes

B=Bθ

。

十 Br’ =￣ 上生 ∠上 (sinθ

。

十 2CUSθ ?)

二=務m爭工

TherajUUftheradialandthepUlarcUmpUnents isgivenby

至∟=一 :::彥告±cUsθ
=2cUtθ馬 一舞#血θ

(9.5.3)

(9.5.4)

(9.5.5)

(9.5.5)

E=:°
ㄞ丟
一一°(sin t9。 ┤├2cUSθ f)

The.ega伍vesign inEq.(9.5.4)isduetUthefactthatthelllagneucdipUlepUints in the

-＿/《IrecjUn.Illgeneral,themagneticΠ eldduetUa山pUlemUmentΠ canbewrittenas

9.5.l﹉ Earth’ sMagneticFieIdatMIT

TheEartll’ sfleldbehavesasiftherewereabar rnagnet in it.InFigure95.2an imagina〃
magnet isdrawn insidetheE孔 比hUrientedtUprUduceamagneticfleldlikethatUfthe
Earth’ s lnagne位cfleld.NUtetheSUuthpUleUfsuchaInagnetin thenUrthernhelnisphere

inUrd.rtUattracttheNUrthpUleUfacUmpass.

It is rnUst nσ比faltUrepresent thelUcajUnUfapUilltPUnthesurfaceUftheEarthusing
thespheΠ calcUUrdinates(r,θ ,ψ),wherer is thedi就 ancefrUmthecenterUftheE屾 ,θ

is thepUlarallglefrUm tlle一/-ax拍,witllU≦ θ≦π,andψ is thea五mtlthalangle㏑ the〃
plane,measuredfrUm tllex-axis,with U≦ ψ≦2π (SeeF㎏ure9.5.3.)、丙thtlled必 tance

flxed斜 r=4,theradiusUftheEarth, thepUilltPis parameteΠ zedbythetwUanglesθ

andψ .
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Figure9.5.2MagneticfleldUftheEarth

In pr● ctice,alUcatiUnUnE鈕 thiSdescribedbytwUnumbers一 latitudeandlUngitude.
HUwaretheyrelatedtUθ alldψ ?ThelatitudeUfapUint,denUtedasδ ,isameasureUf
thee1● vatiUnfrUm tlleplaneUftlleequak汀.ThuS,Π is relatedtUθ ● UmmUnlyreferredtU

::。l:盡 驟 :η s比tf品 苦 祥 璫 溉 :∴l;#豔 tiI三戶

qu脫UrhaS㎞ udeφ ,md

帶｜f早︴f:F捄1營l::端:蕊翠黠驟臨蘶電驟 ::::三:︴║︴tF:蟹“全絲
驟雪:筴確旺:最┘皆Ξ蓄出㎡土》║翠〧盒驟

U㏕㏕Ubs“v飩U〃 ㏑G㏄en㏕ c圠 UK,拍
gitude.

╮
.

∴
一
∴﹉∵﹉﹉ 邴曲r

‵民
、

l了 1l〕
:9π

.凌 心

Figure9.5.3LUcatingapUintPUnthesurfaceUftheEalthusingsphericalcUUrdinates.

Let th. z＿axis be the EaΠ h’ s rUtatiUn axis, and the x-axis passes tllrUugh the prilne
m㏕&烈LTl9ecUrrespUn山ngmagn皕cdpdemUmeⅢ UftlleE㏕hcanbeⅥ itten小

口E=戶 L(Sin乳 cUs死 :十 血n乳 血
而 :十 CUS乳 的

=′伍(￣U.U62:+U.18:＿ U.98i) (9.5.7)
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