HHo/22 Anpere. [aw

In Mc\gnefosbﬁca, one Qan irdl the magnetic Feld
by Biot- Savart @us (HHo/21). On one Canwnfe
the Comesponciing Mexwell) equation a inggmy f&omn.

S — — sk Ampene

VxB =4, — [%B'dr = ML o

* Let ws 7’7y fo denve the infegral (Gvm by Qhoosing o tiny Coop.

- The Circudlation condists of 4 pets :
}@@-»y \é‘gdrﬁ= [@((y)—&(yf—d)f)t] oA

X
8 dy * [5y(x+dx)“ 5y(><>] dy
=5 58 _ /= =
¢ B o = 3?’-@5") dxdy = (PxB)_dxely
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Wrtte the. above resulf on vecter ferm,
f FB ol = (BB da = pg Frok = ,aorj*ﬁr“ e

When using Ampere A, there are different chorces ofF Surfaces
for the same Amperian @xyp . Lef wn consitder the ;%@?om‘/@
. . ©xample andl Seq how Ampere Qo workds B
: \/ 3 Ggﬁﬂ’f‘é:/uor As Corg an the Amperien
| = M (54 ) bocp o the same, the.
: * Endpsed] > days
2 2 Cs 615‘ B = U T iéc Same_denpite of difF,

s, Chosen Surfeced ¥
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D Long steaighit wire. Consider a Gong straight wire of \
racius R, Cary qument I wnifermQy. The Cuurent denxity :\gﬂff
I= % = T/mR% (s Contant: Lef ws compule the B At
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by Ampere facs. For points culside. fhe wire,
< By Symnetry arqument, the B freld
G‘i’ - (s cllong the tengent direchion,
f EBdf = p, T —b B-omd =4, T
T
T

S A s the Same as dernved by Biot-Svert Cacs &
27T What Rappens By points inside the wire?
R = B dF =M —v 8ol = 4, T el®
e £ 72 el =

~ AT
> B= pMTd = T2 oo §
I T

The B field af the aenterof the wire i

Zero, increpsing Ginearly up fo 2R,
Hhep decreasing ay /d_oculside the wire.
Try fo obfaun the result by Bt Savart
Caw — You Sha@k fincl (- rother measy &

Consider an (dexl solroidd — the B

—— field insidle & wnif@rm and vanishen
e eemssssmmy | O SIde the Soloncicl.  Choose. the Ampenin
) G e o’ A \
[ — > [ B @Jop an Show, > wire number
| . S \ iz insicle. the.
; = ; §6‘dr=/uol"(f-/\/) Antpe»fa/\é%op
BN S BB s

The cired&tion can be separated into 4 pacts:
\555“.01? = f%-dr"\‘ +fg§-‘«an=‘ + f%.d? + f’é“‘ofr?‘
/ 3 .
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Thuws, Ampere aw- tells wy ©

By = MT ()3 >

We can extimate the B feld outside to see the
above appeximation (S reasorable of ot~ ©

- L
5-_/('Iol- 3

Suppose the. solercicl (s HightQ, packed spira0Qy. The totedl
Q),/\g#\ L.=ND where D i the dmmefef‘of#\e wire. 1o
exfimale the B feld outside, one can
Choose the. rollowing Amperian Geop.

B 4 2mr=pu L [
B A R o

Bec’au.ée. the wire (S .3@(&.@//8 there (> one T ~
wite passing though the gutecs . That's why

we put gust M-I on the nsht-hard Scle.
{Bzgoz KPBOMM/Z?T/‘:L_D

=

cut o B  ALXN/ omrn 2m

IAAAANA,

, the dimeferof the wire 1S rather snall D<n
The B el cudside can be Sa;%@y (gnorect 0]

@ E:Qépﬁofrtn@neﬁsm ard reledivity.  Consider the mar)eﬁ'c
tBree on a mowrg charge an Shown belew. The Yinear
i; E C/Y:?/B-Qdé’/\&’r/‘ré& Ap= A=Ay 81 Fhat

x 7%6, fotel) d\?/gz denxity is zero. —PFQFQ\

= AU 2
@@:®@® &L_ 8:&_0_8

o e = q)\o o T

Jock ;; + = TFOI %CE
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Now switch to TiRs moving frame.. ]Z)Zi(@@&
® ot rext? 1 atresl and thusthe.
o Megastic Bree Fnz0 §
Q@ ® ® ® @\ > What Rappens 1o the reculsive
S force between the. point

— —4> .
v dn/axzm\ol%ewme?
FrIrref i1t

T fumd out the c/\a/ge dendities c/\cmgz due 1o @Qng#\
M. (5550 E-(5888) g

est
)\o= QO/L'O A= (D/L_
T R G i Y XY=
(1) Charge Conservation gived @= Qo i
(2) [orentz cotrachon Caods to L=/ 1797 Lo

1 charae dennity ¢
Th A= A g Hy o &arger
ud, //_ 02/02 o B ﬂ"OU'!\f\s O[\C?fa% .

JieR

In T308 fame, the pos:ﬁ‘uedwgzs move —» Ar>Aq
The nNesative charges become at rest —# A< Ao

A= —— A The foaQ charge denaity A= Ay -
+ 1Y% 1 -
Sl "%L) s
/\_2 /"OQ/CQ' )\o ©

= o L= ] A #o

The wire row Games a S4ght oraige density A >0 due
fo refativiatic Coechon Yo
B [ » Not waag neaﬁ’ai?

A S~ ()
- i 2 o o Qf'ymaﬁe_oOO
= mg
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77\3 er_cﬁnc Brce on the c/\cz»ge Can be easily Gomputed,
_92o (__.) ’\\'J /V/q/nga,be of the identty,
c

= E —
i 7 2Tegd | Q/UC =L. The Companisn
befwe;zr\ M anol FE becomes Mpara\f o)
_/gaq_)\_o_ - LY 2 B e
(T°h> 2nrd zrreol ( ) =i )
It e H\a/f ma

77\6(,{) the B Gl aan

be weweo{ an reﬁahwshc correchon of 4he E feld. To
moke 700 Sense of reativity theory, we must freat both
flells fogetter —® Ex, By, 5,8, By, Bz & Comporent field.
Not a saalar not a vectsr, So, WHAT IS IT 3
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