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Suppose +he, array Aas been built Arom the left as Q’:Q_? - 2
far‘ as f/lﬁ ﬂe?q 7‘-,1/& ID/’) A 7o Md -/—/')e. nexf- /On ._-/-——-; -—Q/;i,)—___~_\1~75§0\__ . ___\ ’_AA“” a, QA
’ - = = 2 o —
B pomitive fon, requires o amount of werks | U Somh T £2 s b ghags 2
2 > . —_ e ____ A ._.. —_— __/. -~ ‘ —5—"—4
- "?"'1 + zg_g" - _}%" + [/ z f ‘7 T/)é decrease ix ehersy s U-—,?,U/ N _i_ —
. o S -
7he expansion of In(1+%) is 1 -X 4 2<3— - U-20 [/ 2’“’37 = (27”) lll—g

- I. Fvident/y rhe svm /% bmcke/: ' .
Ca""e?”? For /<X % ' W/f/\ ven o d;‘r >
of the chain, per 10, /s —O. 4,9?-—» . ( ) Q THS ¢

-U—— U' = 2 /9
’T/Ie c/mrge m the _S‘/Dﬁere_ o /d’?f ~ ; 2 ‘217'[ z, 9"‘/0] [?2’ 4«FX/0] = 6. 7x/() 55

md/wr s ?‘C'm/‘f Its exteenal Z >\\ § /MQV hex15® ey, Hence (/-2 = 2o /ey

7
\ SR
)

Lield is the same as i* 9 were at / 7% / |
the center The nex? f/se// 7o be \dr[ g | i I Zj@ At the point P ‘ fP ‘
added contains charge __Z P F = -_-—’_1. 2 _4_L 2 o 2\
&(Z 2T A rp. - The Luor/c Aone 1 \ // Wk ) E 72! \7//«\
bringing dg. /s therefore o= —/13%%_ statvol/te/em | '/ ® \0,77
AW = 70(7 (47’_/")/“‘/9(;/' Building o> 7he I S = 3 4z // 1 \ '
Wwhole S,b/aer‘e_ 7his /4/&9/ reguires 7he worl : (W—Z?) [H R ‘]’7? :?I-Eux 4 ;.' +\lf es:

. . 1 . - — € 2Crm —m
w = / sl sy~ GTD 25 The charge in . T T rMois/om

3 32 4+ ,

p)
N
v
N
[S»)

| /
. ; iEJ‘Q (Exl ) (J"o f1or + 4§y = (00‘:—25‘)_;—‘
The complete sphere is: Q = Gafp. Thus Phe e (a5, f?bfra//‘f/Cﬁ?.lg 8 =t 10 _ 4p°
pa/exv‘/a/ ehefjr A W/)/CA fe The same as W can S 9 =

be written: U = £Q@%a.. MNotice That &/o. has
the proper dimwnsions. (€ herselt/ distance. maeed we
covldl hove predicted  [hat” much oF our re:(//f without

calevlation,

'S, hearer f/\_a Sralfe~r oFf Fhe HFwo charser, by
0/‘ between hem, The copdtrorn /s ! - 4

—_—

./S Ad_i’ fd\/ﬂ ,"('0"7": X= é g xa; (9('—1)7- - mf_

5 The Fieldr of The Fu ot :
3 e2— i 3 ¢ 0 Jources gre eSusf -

) }Ol .S‘e%hn? the potenticl enersy T equal 72, "é”f 1ot eppasiie.  The only paint where e
me>  and solving For /5 o: Is  Eero /s fhe puaif X=6
(4,80 x/5'°)= S A Y

'j:O) Z=0,

.

=2 S 2 /.69 x/0
: 0 TFmer £ U x15% )(3x10"°)*
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4,// 70 /}*lo( f/?Q //‘lpl/f~ f'GS‘/J‘/‘QnCQ /e /‘Q,a/(/ce }‘/‘]e 4' Ae?‘ P be f/)e /DOWG)" &//_{f//pafed /N fe,S'/_f/'OI" /?3
C//‘CU/?‘ _Y/‘C/) by _;745,9 : 18 7
R, -~ ;\\ I = m . o—/\/l\e/\,h ?
A% : o Lo ! t
+ R g \+/ . ' o i
RS YA Vo (R, +R;3) »
: RRy+ RR; +R,R, .
/ * /?(/?7«/?,) We want R = /ﬁ” ar | * -
R, + ( (/Q-H?,) V=V —-IR =V Ve R, (Rt Rs) v RuRs
@ ! ° - =03
K2R, +R,) R (26, +R,) + R, (& +R,). = RRIR Rs+R Ry °RR4RRARA
: 2 e 2
Co//ecfm7 /‘ermy /e =R or o = /80/1/?—, A v /\)le | we want 2P _ .
| L F (RRr R R +R R R =0
N

/

|[.12] E—/é"””/’

(R,/? +RR3+R Ry)" —2K Rs (R, + R, )(R, /\’1 *R Ry +RR,) = 0

=V R R
L /'IIS rﬁ&/U‘CCJ 7o /?R - R ,Q _RR = or R R /?
- " b R, + R,
. V" 4‘£ V = 3//6‘/‘/0) s C0h0//7‘/0r\ 7's yq/—,:}‘/qd /? IS am exFremum
So/ve fr £ amrd V R = 50 0. V = r20 VO/?'/_'I fua/év A max/murn) wi A respoct 7v variation oFf

/F The battery hod inrernol resssrance Re fhr*eq Wit R, an R Constan?, P

e S el e e y 8 T e e
J , 7 ANce 7 : g e , s —>/?3+AE>3) !
il; /2(-' , » . ' C,‘QU":E’— only & fecano(-ory{e/— :
T‘ RrRIP = = R, 9e /N, rAat ’s AP~ (A,Qj,)l RZ ,%;,;
} L nen F Mote Fhat KR, /s /’UI/‘ TAe

_ K +R,
Zance of K and Ry, i~ paralle). As 'seon by " K,
onstant vol/rage source

V= f/(/?ﬁﬁ)

and 7he res/5/vrs

14./3/ Let P o= power a’,sr//aa/ed moresssfor AR are Qovivalent 1D a  battery witn
P =% [~7€6,/; o e V\\ f?t\/:(ﬁ/n?‘er‘r\a/ res/stamce . ‘
+ (/awe) N (A N
%_ @567«/?) —zk(f—ff) - : ;W
7 (z TR = 0TV
For /?"/Q( % . ,4/.(0/ d’o <0 Fyr E):Q A\b |\\ L—\"—Q

>0 For R<R:. Hence # Y i1
%LD his (s cand,hgn for maximum P PR - Circurt voltage of The box on Fhe Jeft s
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the end Face, only the axial Freld component is “6 /9, Consider any  point
involyed. Therefore 7he Flux must be just half The Vveh as 2 e de); fo
jateriar Fux. bihow Thot the Field B af
K) For 1he sawme reason, the Flux Fvbe on Tthe sursface. p s "c:/‘rcumferenh‘a/f’; FApt
of which tThe 7#re/d Yne Cﬂf les mvst Flare ouF /5, It lies i the plome
as /7 approaches . the end face  so fhat /s ross- £FGH, & plane confaining
section there becsrmes A  circ/e  of iW/'CQ%#‘e'“'”e@p and pecpirdicviar Fo 1he 4 &
contaming The same amount of flux. pr=ami;, o V2, Qors, and 7 is pecpendiclar N & ) PO
The a/ﬂumm,‘j vsed in (b) and @) lead To a mare 7‘0 7Ae, 1Adivs P/‘am P 7y JAe \A A ,/
general sfatement about the Freld of the semi~infinfe + 0)(/5 Consider a paic of forns A
ECD ant AR'c/p’ Symmetrically  Jocated wira
fegpect 7o A ’
)  7he contribotions 7o 7Ae
bald ot P From Al
mmetrically /0Cofed wire -
0((/ ard d[,' Combrine
o a resultant in Fhe

Soleno/d = — 2

At two corresponding  points P and P: symmes-rically
/m.‘a/‘e‘p{’w/'f/\ respect To the end plane anA 8901"‘
distant from the axis, The fields B ond B’ are

relored as Follows: The radial componenss of [3 and
B’ are egua/, The sum oF the axial componenrs of

oS

fe that each rgc;‘ar lies in 7Ae i ‘ I
ne ELGH.)
%e CMI‘r/éu/‘/'anS‘ 7o FAhe p(.Qz_ ///ﬂ

B and B /s egval Fo B, IFf P Jies inside The Co/,

or 7o Zero, If P Jes outside the coil. The conclusioll

of () amd ) Fllsw N ThAe special case i which P ””"’27("7“?//)' Jocated prre-
ond P’ coincrde. Elemenrs 4l ana b also

mbine 1o Frrmm a resul/tant \\

_Fhe  circumferentinl divection, ‘ 4
e the imndivigo vectors are e
of The plane, gnd the SN

Since  Fhe  Fwo rectangular furns  can be enfirely
('h,oz)SeA Nt such  elements, and Fhe entire coif
be  decomposed /nto  such poirr of furn s, it

wr Thet  7he 7012l Field af P must be circmrmntial,
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ring 2 ring)

\K'@ T
1 b

The outer n‘n§ 7The
Alux  Throvsh The

= R, RML
. 2 = é;/ - H—Qz C’E
or @’2,: 2_77C;_[__/§3 Syppose we chinge K, 7o
/

R + 4R , by ewpanding the ouler ring while holding T

constant.  The r‘en//f/hj change M ‘@_‘2/ /5
Y c R

Let B be the FrelA shrensth af rhe [adivs of Fhe
quter ring, & . /' we now expand the ovter ring by
4R, The Fflux &,
of redivs R +4K, . (Prebhtm 7,15 explained why /f 15
a pl_ecrem.re ) 7Ae charge h ux 1§ '

ady, = -5 27K 4f,
Jgrnce MK AR, /S The area betweer the circ/es.

Ouvr theorem @;L—-—p@;/
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with current L i

(ner  ring, far (DR, ,is:

Noew consider a current I /i~ the inner ring, ring 2,

decreases by jus? The amount o
flox between the circle of radivs R and rAe Crrele

7u,vr‘an/‘ ees 7hat Agi; A*@—,Z/ |

 lengrh 151,, radivs @, . 7he correction fictsr e sinply
~— 2&2 ——— e
- cos (Fan —b:) or 5;/‘/4_"7’-4%{— ‘

This  will s#/)
not Jead vs F0 . an exact result, Fgr the snrer cor/
melvdes & Finite volume Jn whirch TAe Field sfrength
varier simewhat.  But Fpr Fhe Proportions showns in

the Figure, 1He  aeproximation will be prefty godd.
7he Flox //’m(“/‘/)7 7he thmer col/ /s

&, ~ Wa BN .- ar’r Af,Nza,z/ b )
C 2 =
L ABe _ _pydl 2 (Votaar
e e E =M e ‘

™

have, i CGS ks

M= AT NG,
\h-

N
céz

b, - )
f _ /Mz’_‘-/- 44
E express M //'_7 ;)e p
]/(5.9 . ”‘)U; /‘e;b/Ace  The  constant bt A),

M = 47/')(/5?/\4,145;/’-

/1 on ;7J

I U/'/j‘ehf L /s t/n/;"a/‘m/y AiHrrboted over #he
cross=rection of the mner cordvctor, and.
rRIYNS [ outer condector whese Fhiclkness -
we  neglect.

The field /nside, approximately vmiForm in The region

1z My

¢ by

We have sssymed here fhat f".z i ag larse tAal we
. * 2

occopied by the rinner solenoid, s o =

can vre the Formula Fir an inFfinite solenoid. We can

The Freld af rthe center of a Fncte salenoid of
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refine  this by vsing £9.6.44 page 203, 70 calcolate

Hence: 2T Rr R =
- == 7?_—14/?, = — B-21K 4K, AT TRR, AIE Lo < agrB, o B 220
i TRy L ~ ' ‘ =
fa/V/’/)gLJfU/" p-3 B = c/%,? gr imore gcncra//)} For a_</"<b/ G = 2'271- /7,5 p)é/ £=0
B = 7R, L ot g;h)/ /yp/)‘v;‘ m The p/nne 0/‘7‘4‘8 I"/‘hs WAQ"E 7 /?Z - 2. a. - - : A
cr7 . _ _ eroy stored = L (Pgvr _ L (/>7-1> 4 >
. — , e Vo= S (2LD ) arrdr + 2 | rar mAr
1. 21\ Assume current T Flaws i the auvter solensid. a M)\ cax £ /C_f:)

b ]

LI%(3, . Az y

L (rdr + &L aAr - _ s/ £ -
Sl EJE - Mpest) -z

&
/ 4 ,

| 4 = %f/—a_—%/é?&‘) L the Current I /s
g very l”ﬂ/ﬂ/’"ﬂ/ﬁll The corrent p{enr/')j/ wWill not be

m .,.‘;—) The snner Corductons  fn He high-Freguency limit] |
current Is all on the surface at r=m yand L> 24 4,2
- '

115
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Termpergfures IS %‘7_’ Thus f/)e

;wcya;‘ié///;‘) A oar of NTP Shovid be

-4 _ —p
2.4 x/0 (Jl) (:z,ff.x /019 = 2.30x07
273

valurne

10.3] £5 641, paoa: B = arbr
C(Azfz'jg/"

For 24t we can reslef b* compared 7o z*
i 7he denominater, and the  Arrula redvier 7o
L ~ 2rlr
¢ 3z
CZ '
Sinee LT s The area of Fhe Juap, s
PBSrRIR.  bomen7 U LT and  7he
: c

written £ =~ 2]
2 23 )
whrchk 3 /uJ/‘ AR Ae/p{ of a a/,pa/a o~ i axis,
More  exactfy, 7A  Facter (b +i<)/"

be exporded i~ poners oF [?é)s-

expresyon  abwve  can be

‘Can

B = 26T /-f—y = 2774;”1' _ = 4”;

e ( ) TceT [I 237

the Tl wil be

#eld ;1 2L <
2

FProm which we see that
within 1% of The  dipde

or  Z STiso b =~ /2 5b.

=2
2 5~

v e;;*/ma/'e_

nlany/:al Ofﬁa C I‘ICI’[)/ -and- maghetism -by-purcell-2nd-edition/

the solenoid, /ef vs syspose that it ir eguivalent 7o

A point dipole A/A/c/» would ,or-oduce 20 c/n away on /T3
oxrs, a Field strensth B, egual fo that of the end of
fhe solenoid, namely [fooo gavss.,
pecause 7Ae magneric Freld  contiouration near the
end  sF the solenoid and beyond  Joaks »o# recy

oI'P Ferent From a d//aa/e FrelA.

C ThSs Iy reasonabdl/e

On 7AIS assumption,

- :
/8000 = L /ms= 72x/0 cgr wmit *

M order of ma?n,‘fupk}
L~ I 7’(/07
re  azxie?

= 2.S—X/X }dlf.}‘f

This is small Compared 7o FAhe
earth’s 7"/’@// and L I+ were perﬁcf//v

sFeady could nof be noticed. But IF

f'reyuenf/y switched o and ofF I rn/«?/uf cause. Yyvub/le,

*An exact ca/cu/af/ah fﬂkmq inte  account Fhe
cfval  current disteibotion  fe Me corl, giver for its
(pole moment~ rhe valve 6,2 x/6°, so +Ae, above
s /)/'ef/‘)l 9064

_O_éj W N”"MM‘-S’W‘*\?‘:( pole
\ = 062 94vss

;/’*/A, N€\>

/0. 4 ,y“k}
N Ty

) 20 Qm

V.
HGie

70 esfimate roughly the magnetic dipole maoment

154
Download full file from answersun.com

2 '/,’OU/Q rmprment M o=

{{mrehf regurred 7o

= (00 komn = £.4 x/8 CrP7

For cenfral Adipole af
= 22
3

Br3

3 2_
@) fitne®)’ - g, ad

, , 2
vorcent I grypps Howin g in ring
mlr?,

/0

ff‘)’eﬂﬁf/x 723,

/76/‘)()8 7 =

Cj; wnlty
0o rad/vs r  Agr

/fence Fhe esusfrrial

maoke & dipsle momens-






