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re9.8.lCalculatingtheInagneticΠ eldUffthesymmet呼 axisUfacurrent lUUp.

,asshUwll inExample9.l,thedifferentialcurrentelement is

〞百=Rσψ(一 sin〞 :+cUsψ ,:)

andi pUsitiUn isdescribedbyΓ =R● Usψ
’
:十 Sinψ

’j).Un tlleUtherhand,thefleldpUint
P Ⅱ㏄㏑the〞 planewithㄋ =ˊ j十 Zi,小 山Uwll㏑ ΠgⅢe9.8.1.The

ingrelativepUsitiUnvectUr is

子 =Ξ｝
＿ rI=＿ RcUsψ 呼 十 (ˊ 一 RSinψ I):+zi

(9.8.1)

magnitude

r=〣 =V(-RcUsψ )2十 (ˊ 一 RS㏑ ψ)2十 Z2=抑
2+ˊ 2+z2-2↗

s㏑ ψ θ .8.2)

unitvectUr

。
=三 =rP＿

Γ

r ｜馬)一 Γ’｜

frUIn五↗6tUP.ThecrUss prUduct〞 百×?canbesimplifledas

〞 ●×9==Rσ ψ
,｛

一sinψ
’
:十 CUSψ

’j)×
I一RcUsψ

’
:十 (ˊ 一 RSinψ )j十 Zi〕

(9.8.3)
=Rσψ’〔zcUsψ f+z由 nψ

’j+(R-ˊ㎡nψ
)i〕
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gtheBiUt＿ Savart law,thecUntributiUnUfthecurrentelement tUtheInagneticfleldat

芳午嘮午噿翠寧甥瑞畔〞剛
magncticflcldatPis

二(U,ˊ,z)=∠十旁午fπ
三上

i:台
:二

-￣

:｝午:言÷:::ㄘ:一

洘∟旦三σ〞

mpUnentUf〕BcanbereadilyshUwll tUbeZerU

βx=/zUJRzrπ

(9.8.5)

The

B

cUsψ ’σψ
’

(9.8.5)

(ˊ +ˊ
2+↙ -2刃㎏㏑的

v2

king a change Uf variable 〃=R2+ˊ 2十 ↙-2ˊR血nψ
’
, fUllUwed by a

㏑rwardintegrat㏑n.Unemη alsUinvUkewmmet〃 arguments tUveⅡ打 that

=U

by

Si㏕

tV到n必h;namely,thecUntributiUnatψ ’iscallcelledbythecUntributiUnatπ -ψ ’
.

Unt Utherhand,theˊ andtllezcUmpUnelltsUf二
,

易=馬
JRzfπ sinψ

’σψ
’

(9.8.7)

(′ +ˊ
2+↙

-2ˊR血的
v2

(9.8.8)

invUl θ〃〞π9t犰彪g〞aJj.whichcanbeevaluatednumerically.

lilnitˊ =U,thefleldpUintPis lUcatedalUngthez＿ axis,andwerecUvertheresults

凡=一券旁午fπ

石者宕考毲砰

In

inExample9.2:

易= f緬 w 0=

π
2
 
0

ψ
oc一= (9.8.9)
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子=舞

晶
fπ

σψ
,=舞

(R2十 Z2)v2K′ -

E

let’ s cUnsmerthe 均“illt＿dΦ Ule’
’

lim北 where R《 (ˊ
2十

↙)I/2=尸 , i.e., the
teristicdⅡnensiUnUfthecurrent sUtlrceis muchsmallercUmparedtUthedistance
theInagneticΠ eldis tUberneasured.Inthis lInit thedenUIninatUrin theintegrand
expandedas

阞叮↙例血叮”÷｝+ ｜
魏

÷:嗙〔 ｝┤

禦 】血幗

This

Theq

4=π
Z=r

=彥今

一

旦寺÷竿至fπ
㎡n2ψ╮σψ,=ㄘㄘ

一

努靽

βz∼上生三∠1fπ｜l-:〔         ｝｜(R-ˊ sinψ )〞ψ’

=上上土望望12｜ 2＿
辛馬

一

+higherUrderterlnsI

(9.8.l1)

θ.8.12)

(9.8.13)

u=Π ,where

V=〞 SInθ and

(9.8.14)

nti妙 r(πR2)mη beⅡ entiΠedasthemagneticdipUlemUment
is the area Ufthe lUUp. Using spherical cUUrdinates n,here

θ,theabUveexpressiUnsInaybereⅥ Tittenas

β少=uU(Jπ
R2)3(′ 血nθ×rcUsθ)=uU3u㎡ nθ cUsθ

4π    r3
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,weseethatthemagneticfleldatapUint r〕 》RduetUacurrent ringUfradiusR
beapprU㎡matedbyasmall magnejcdbUlemUment p㏑ ccdattheUr㎏㏑ σ㎏ure
).

F㎏ure9.8.2Magnet沁 d●UlemUmentΠ =ui

leticΠ eldlinesduetUacurrent lUUpanda山pUlemUment(smallbarmagnet)
edinFigure9.8.3.

9.8.3Magnet沁 ΠeldlinesduetU(a9actIrrent lUUp,andΦ )asmallbarmagnet.

icfleldatPcanalsUbewritten in sphericalcUUrdinates

二=馬 ’+易
。

Π
 
h
eT

θ.8.1Θ

The

by

hericalcUlmpUnents馬 and馬 arerelatedtUtheCartesiancUlllpUnents易 and罵

罵=易 血nθ十罵cUsθ,  馬=馬 cUsθ -凡 血nθ

itiUn,wehave,fUrtheunitvcctUrs,

9=sinθ j十 CUSθ i,   o=cUsθ :一 sinθ i

theabUverelatiUns,thesphericalcUmpUnents rnaybewrittenas

(9.8.17)

(9.8.18)

37



β〃=上生王
馬::ㄓ

聖巨
fπ

(R2+〃
2＿

2′Rsinθ sinψ
’
｝
3/2 θ.8.19)

(9.8.2U)

(9.8.21)

馬(r,Θ =上生生三
rπ

liⅡItwhereR《 ′,weUbtain

β′∼馬Ⅲ
2cUsθ

fπ
σψ, ＿uU2π工ㄝ cUsθ

4π   r3
一uU2ucUsθ

4π  ′
3

=一套÷二「㎡跁譯守豻∼︴今:手 rπ｜-㎞θ〔-:÷
;｝｛考半畀｝血n〞+3㎞θsI↗↙｝〞

寫上一堅:(＿2πRsinθ +3πRsinθ)=

一uUu血nθ

4π  /3

9.9 ppeⅡ dix2:HelmhUIt2CUi1§

Sy

twU 〝-turll circular cUils

,withtheircenters lUcated

directiUnarUundeachcUil,

Πeld Untheaxis說 adiStancezfrUm

(9.8.22)

Uf radius R, each perpendicular tU the axis Uf

atz=± 了/2.ThereisasteadycurrentJfIUwingin

asshUwn inFigure9U.1.Let’ sflndthemagnetic

thecelltcrUfUnecUi1.

the

﹉﹉﹉﹉

一

﹉﹉﹉﹉

Figure9.9.l HelmhUltzcUils

(′ +↗ -2以 sinθ sinψ〕
v2
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