Tu.asdm, Oct 1, 2012
S{’okas' Theocem :

5 P
XY plane ) S\P Rgnt Hand Kule:
dd points out of

®0@ - the  board.,

61»&5 Collows Hom  Hhe use
Og e RHR in d&giv»inj 6}&1\3

X
Totuitive  picture : Cucl i small  pateh
_b\lx
-~ DV | 2 ANy aVx
i T
AD= BAXDY E

Ax
-~ A Y ANk \ A N
fake () =0 Uxloyo S f(‘v‘ﬁr da. = (A)(, 'T\;)Z{m«&/ 1>= Ay Ay ~ A AX
S

é Ved? = \Vi(yax  + Q\,w +ovbay + (e o) (-ax) + WD (-)
= A\IY Ay — S ax
Two cectongulax patehes : 1/ Y 2

acen . QA= 4 +0, R R
ek aound pecweices f = fai +5d8 < Pors alony He
b ! “ Shared  bovder
Concels.



We  con foke any
axes  and chop it " (ele
@)

L__

19/
> Vv \Lyy
S
L

up inte +€VL\{ patches,

Ml He nteaak  lings

e Shaxeds b\{ oo

’P(ﬂ’d/\ﬁs ond  Cancel, so

We  oxe [eft  tith dhe ?e,\’imdtf.

ExaMP\a: Vi = Z7’\/ L+ xd"\ + 2z K
Compute f@\x?/) -da, ovex the hemisphere

X 2=R | Zyo. Well do this 3 ways.

N

R :D Dicect evaluation :

_ N N a)( ay az

, Txy = det| vy, vy Ve

R 4 T

R J
X

Ve AW\ [O% Vi) dv N
= (3\{z o= L"'(Bg—‘ax_i)d +(_a#'§%>l<

A

= 0% + o +(-9k = -3¢
A = R sinbd8dg ¢ = k¢ = cosd

% )
f@xv)di = ToLgéf(—Z) R'SinBcasOdO = —(oTkszudu = -31R

W=Sine



2)  Stokes'  theorem ﬁﬁx?)'di = jc\%df
S P

The boundary s a  ciccle xz+yz= R , 2=0
Which vy ocound ? Rightt hand (e — countec clockuise

dZ = Rdg 3 Rag (COS¢3\-SM¢Z\)

Vedl = Rap ( XCos@ - qy SIY\¢> X =TReos¢ ,y=Rsing
Rad.¢ (’RCosng - 428:‘6‘95)

I

gg\'fdf = f’l%z(coszgzé—‘/s‘fn1¢>d¢
= R (- L/rr> = -2nR

3> Use Stokes' thevem 1o relate nteqak ovec  the
hemisphece {0 an m{*eﬁral m the Plane  with
z He “same boundcu'\/

Now da = Axdy k (Sign Leom 'RHR>
\%§§2 y Fxv= -3k = (9x0)-dd = -3 dxay

: Joxdyaz = -2 [dxty = -2 R
& g

Avceo. ot
accle with
Cadiuws R




Dicee O QunchROV\

Sup?ose VD = _l‘_—a.‘,(\‘ _ irs \r/

What s the olive)r%e,nce ot T ?
Us‘m% He QO‘('W\ULOK l30\— TV in SPhertcal Ceosd.inates :

N 1l 2 \ 9 . V. a
J-V = ct a{(‘(z\](B T Ccsinb 56(\1651‘(\6> T Tsin® o9 \‘95

= _l\:l g-((lS +O t0 = O

This  is S’rraw\%a , because VR de@milrc\y |ooks r'olivcfgaucey“.
Whats qoing, on ?

Lefs toy with the dlivergence Heorem  owel  Some
Sphece oN odivs R centeced on (=0,

f Nl = éj[: Vedd di = Rsin6d6ds ¢
= J[ = Fsindsag
= Yy independent ot R (’7{3

ﬂe Soucce ok the  rouble s Hat all O&l He
divergonce . VR s loeaded  ab c=o. The
foemua  foc 97 in Sphexical  CooxdmateS  invdves

L L._.. .
x*r owmdk Sing ) SO ﬂ' canns© be volid. 6L+ =0.



We alse wotice Fhaf lT/c%) —Yo0 AS -0

To  Summarize / IV  is Zexo evexy whve  except Loc
ar (=0, whee i {5 oo, Pt i+ s 00 in Such
o way  Hat i\m‘eﬁfaﬂv% ows ik ges a Linite
valwe ;  namely Hre,

/ﬂfu”s 1S QA Shawae. S'r{ua:\fon) but s VEXy ivaoﬁ'avd‘
in LEM  when dzalivlg W peint charges, So we
Show\d Qislm: o hew +o  dad vorth T

These  propechies  are  described by the Divac debo
gw\d-iof\.

Dicee & w 1D
b
S(xl — io d x#o0 5 jcg(x)dx = %il_ F acock

00 -I,‘? x=0 @) OtHeecwo se

\
A a limite 36 = lim ) za -a<x<a
£y O othexwise

|

20 &//// ////

0 a X




We ceoud  alse  doake the limit of eq a Ganssian

) \ -Xz/z
S(X\: g‘_‘;’; o e 7 P\
[ |
P
o Qa +c(angle go%s
S N X
S = 4m, g (1) -aexda
O O‘Hﬁ@(m% L
[« §
-a a %

/Lzeal/y , @ 5 ¥uv\¢+icm can loe Cons—kud’ei b\/ S“'ax%m% w}H/\
C"V\Y '?’U.V\Cﬁow ’)'Z(x) which  hos & -?-inil—f_ 1“%(&\ oveN”
ol x  (whidh we con vommalizz fe Q

No

LoJ: nwdx =1
ond. then  we veswle by a fakec  a56 o At

Tt = TN 86> = fi5y Mu0e).

—Mw
%ﬁ%—g

- N




//S'\H'\vx%‘\ Pm?e,(‘%y'. Considec  some  ‘nomal (e Sinite) Linditon F(x)

_fTS(x) yax = Fio)

T)a s s 1 lqe Wmost | m?or‘(nvd Pecdure DQ a 5 qutc:'b‘ov\ .
Note  that  the ‘wn‘e(ﬂm( ned vt yum om0 do
T just needs o inclde O.

oo

AN

\

N
N X

To undestand  ths  propecty, et wse  the  limit of  the a“
'(acb.ﬂg(e_ step Lonetion ;o Which allows 08 4o limik He '\vx\-ed(ql f

o-

qQ
)
J‘Stx)QCx)olx = ,06& f"za Foo ol

and expand KGO as & Tayle Secies  about K=o

/] 3

Po = B + Fox + £fox+ 3 ey X +...
SO

po a a a
J 8o Teydy = i, %&Uﬁcoso&x + J@%w e [ boxdx +... 1
-00 - - -0

(N a a
o k=20, fxde=dldadzo | [xoes sle- )= 58
Yo <

-0



\

30 jg(X)‘FCX)dX = C—f-l_v,\/\o TAE‘F(O)Z& +«céo)'o + ‘PZO)‘%Q_S + .. ,‘l
= ﬁ‘%[?to) + foa L ... ]

Tn 8@/\0@\ ) (neac h feerm v He  sexies has Fhe
form Fios @" - Chinite vambes) , o @k derms  aside
Lom  Feo disappear  in Y limit  A-0; and

J;SOO Poax = Fo

(NO'\Z Hhat Hus only holds ;-? the  dexivatives O‘Q -\;
oe.  Bine af  x=0.)

g Practice, we  dont  need A o \Heml\\l \ be Zex0.
We  gust  wd & so swall  that w A s
V\eghgi be Compaxed 1o Say, the Precision ot o vreasuvemeny
we con  Make. This  pmeans that  He  function 6 should
et e leLaL apprec Fably aovel a Ié’,lfg’H'\ Scale A.

Cowxmg, back.  fo  elechodynamics,  F we  hae  some
char%e distcibubion  p0)  which  is  localized  within Some
length  Scde @, and  we pace i in an
el\ecthyic S\)-ie,\o\ E(.x) which Varnes on a. Enﬂ']‘)«
Scale L >a ) Hen w2 will et make  wmuch  error
by aSSuwﬁw.%, Hat ol of He charg,e 1S |oted
ot A S'ma\& r\)o‘w\’v : ”

oL — qﬁgob ) 9 i PRAX .



New, back to e Ppropestres & Ho § Lunction.
We  aan shi™y  He origin - S(x%o) +hen

_J;é(x-xb -CQ} dx = ’?(Xo\

Units: Swee S ddx = 1 dx  hus units ob metecs,

!

=00 . l
6 &) has  wniks oF densy ,  l.e.  wm.

SQali./L%: d(kx) = \T'C\Scx) see  GeMivns Ex 115

ZD 5 ’?(IUAC"iOV\:
8(2?3 = 3R OPSD & s ae =

Jdv c\,)

e S e f®= fi)

Notation:  Gaffiths uses  80o e a 3D 8. Other
outhes  uwse 8. Eithee way s mee) and
amoiguity  Sweuld  pet e becawse | I s Mgumy&
is o NecteS, caclh  element 5% the oo wmust

be  zexo.



FTV\G.”Y / back 1o V-\. We QOLLY\(X Har

Ty = zoO =0 avnd jd;r Vv = 9rx
O othemwise

So s can be  eclaind by sehing
KAV )
V(%) = 4n8w .
Al

N n
AlSO, Since V ( \”\ =~ %z ; e  have

v (Y = 4787 \

- )

[ Ronus  matesta) , tiwme rPe,vmth\M%—&
\/\”\m Se{\—wué, PL%)ocSC%) wovks : %fawi-k/ v Eacths Sm’—?a.ce

Focce on a SP\nexiaai Cow - F= f_g(%)%@ ds(‘

" @mcwml

Take ()més‘r‘)emw &gwy fied at e
= = > - A
F= W, 3&%,) Q= GRe &

What excoc have e vm.ole? Cow 3Size e O~lm. Le&d:vxg,
corcection

~~

5 GM
o~

L ~ g(\Q@) R . Co\(‘mc:ﬁm S ™~ Gt CSVMJ{).

f=‘R$
E‘ane C’S IS O\M\( Wown. to 5 Sig -CIJSI His s —Emel



\When pu%océ?*o doesytt ook

Se/‘,g-@/t@( O‘\t QA O\\(\’\' Q\/w’%e. mis will be  Coverdd
latec,  but \erQu you Can  beliee  foc  vow) the
enexgy  To Covxsﬂ\-md a chacge distribution PR
[

N = j_PL\*) V(?\)d.f‘

A\ space

heee VB s He  electestadic ?o&evﬂr.al For a  point
‘3“”8" P48, V=g,

\/\)‘9 q/ Lhre(O) = 0O, ul/\Ol\.

The Sousce ok the  Howdle s eudevy Vi)
i-@ we 80 back and ‘l'\‘\{ to To-\[ lo¢
expand V&)  about =6

bm 2+ [ L _ L L )
\/(°\): (}ro 4re. X * * 3 -t

Evex\( teem  blows  up  aF = , S Hhe (@qui e wwortt
Hhat P a® g0 o zew  doesny  hold. V& s net
aﬂpmﬁwmc\\{ Constovt el AN levuf)'f\'\ Scrle ovoud (=6
and S0 dhe  vepocemant @Y 8  dost work.

Pnothes boasy o loge af & % Hat V(d OLL()MS on
the defuils % PO @  woy Hat  doestl  vanish
when Hthe  size of y(?) shrnks & zero.



/ﬂ’lu\'sdm’ Oct 3 , 2014
E lecthmstatics

Coulomics,  Law
N Focce on  est char%e Q
- A ot ¢ due +o a Sowrce"

T,

/

o/ chax Q'j' T}‘
C O\ %Z 61/
= = _ Ct,Q ?_':%,, . ﬂcQ A
¢ F= elal W = Gme g/t
¥
- > N/
tohene Jt= C-©¢ ’Foir\‘\'s -CT‘OW\ Soucce o ob.Se(ve;r,

E, = 885 X/C)‘IZ/&:& ipe(miﬂi\;{—k\, og —Qﬁee SP&C"ZQ

electon Cha(%e: e=-l.oxi0"C
— Fovce between 2 electvons @ 1m:zx 2x lO-ZSN .

S erPe( ’FOS'\‘\'IU.O\[\ : Focce on ".'ES‘{’ Q\'\ﬂ,‘(%e & dﬂﬂ "I‘D
al  Source e,\/taxﬁes 5% 9. Qs -

0.
o\ a is Ju&\' +he Sum ot +he
G o indsviduad  Locees
%\’;,0?/0) BN N N -
C4s F= %K K +K +




Electric frerd s ELV) qn_e l??:l; (-

/"
Focce (P@( it C)Aaf%z

Wt is o tela?
\/J rk\/\()uﬂ( bC.’)'H\B)(W\.%, foo mudh  aloout /\)\/LKOSD'P[Ay , O ieli

s tﬂﬁ (like a numbec, o o vector - ie. 3 auwnbers )

ass tav\eA every  po wmt W Space.
Exa.mp\a: .1 q, What s Lf—_ ? Ask.  Students,
(,,\ X-y plave) . LG' 120" Need Hhe Vectoc  Sum 0"\? 'H’»L
,/ Fed  Qom  each chasge.
q/ Z
-~ A = Q— o\ N ~
E = L,%_,_t (—J\) E,= Zmer (COS(SO)L +Smt30°)d')
Eg = A%Eoz} (‘ cos(29) L + S"w@ffﬁ \
E-= ‘? f§ CL [(O-FCOS(SO)—@S(?,OS) 1+ (-1 +5m(z_\o)+3m(3o)3 (_\,&

= 0
As we coud have gwsseat Leomy
levvlmeh«/ arguw«mis_



Con*’muous C\/Loxge distabution -

Z ¢ — j déi_
,,dqr“ Mmeans 0‘|’M\( ot of c\/\a.(%e\\

B =7e |dg (i = Ta [ 2
This S /__23 ivﬁfﬁmf‘

o 2
E.= 7 qu/fzz ard  similar By EG).

Fc;cMS QD( dq/
\Joluwe a\/\a(ge donst - dg, = P(’r} dc = Fcr)otz‘
(. CredPidhs'
Nodotven

Briek aside:
Wit M?P@AS a =% e, =0 ? Does it blow up?

/
’ro SlM’Pl; ) ka&’ ovf Lg [N So -’Hw['l' '\;\_—_o ) 2: - ?‘/.

E(&o} = Yy, fP(\—) ("" ‘(‘ S\V\@ dfd9d¢

'?owexs & Ccmce.(, no disaste<



Suxbice chacge  dlistcibiction 2D

dﬂ, = oda o= Suctace a\/m%e da,vn.s[{«/

7 U~V\l-\-5 %@.
/ infinivessimally At N
N wn z difec}'\}on P(.T) = Ok ’Y) (S(i)
eylindiieal sheld
- \‘{’1/3 ) P(‘?}= (32 8(s) Griffiths nobdion
- o g 2 - = |— . . S is wdius wn
‘\ Z-> QY}S\M\;Q S;::Zi’:{oﬂ';‘hm Cylivtotrica-\ Ceovd.ivatesS .

phecical P(?‘“\ = 0o S (\’\)
el Qw‘émi’cess:ml[y thin
' it dlivection)

|_ineax char%e distcioukion 1D
olo

|
rd,(\_,/ dq/___ ?\dﬁ/ ?{-\EH«\;M "t

P = XG oY) S(=)

X

/POW\‘V C,‘MX%K Ao ion oD
dg.— 4
C}/‘
p = CL&'%) = q.8690(NSD




Em\m?\ei un@o(m\\{ chaxged Squaxe

o= Y2 R
Befoe we stk shald E e

-Z >
‘j__, \" A Worizontal  componend ?
If v did, whidh way  Woud

/ 1\ \ i powt 2
Ddg
o-dfd\/

Do He 'm’segmk Qor E—z_ ) Sivce Ex';E\f’—'O
\ AR L v _h
E%(-“-) — e, j)d_q(—/zf = ‘fTrC—lcj f C)"d&‘d\/ [x1+\'1+w13/z
Y %

Not a gactiodady peasat  ivtegel. Petoe /\)u«g\«‘\vvé, on,

leA ook of sowe \iwu"\tvxa, coses
14 L
Limt 2oL = &HEc7 = B, & #e & 0L = 4re.z2

Limit 2zl = xz+\(‘+z‘ o = B, & 7 f f [X +k1133’1
blows up@ x=y=0. uh oh ..

What  went  wrong? T the VLQ;,S\/\bov\'\aool of Ky, we

T

Cotl make the  agproxmation Xz Xwt.



Lefs ;\MSJY Gledae & To do  Fhi N we' achL/
Solve.  twe  easiec Peblers  and lowtl@( Som  Hheve,

Sf&p 1
Flest, gwxob Fhe ch,\c( at \/\P/C%\/\’l’ z Above.  Hu
CenteC O 73 e of C'/large of |ev%+|r\ 2W,
T: Z ’GX 0[(:{(: Ndx Jo= =%t v =R
S| ‘ \ %\1 ymmedry, e C)V\\\{ need
- o X 4w o (osy abouwy Fhe /';s
N Gom?oﬂevdj OQ E
Ellne= E(i\m:_l‘Z

A N >z
/Z_l(\:GO\S@} /LL_:' cos &

X=Z4an 0, dx= Z oye dO

Bu
E ,‘.m(z) = Yre. ’%"/Pl{ = Lnrg,, TCos®  Z% Cos 6
6. Bw
- Z/Tr—eo l Z JCOSG&Q
QY
L A /. \
= Zma, Z (Sinb,-Sin0_,
S\(\@'ﬁ /T ne Omme.z \iwz-tZL k



Step 2.

N&x'l‘, we'll  Compute the  Held due o & Square
loob ot uvxigbthl\/ C\M\@M wire, wHh  side W

My This s almost  just 4 copies
/ ‘X ot  the line. The OV\\\(
L y difference s J(Lm% Fhey
W * eaclh ode  a. tied inti
uSt aleep, W -PO
L“\ni\:;ﬁ ) A dlg\?—em,{d‘ \)\\a\/ We only @
Wownt +\,1_: k  component, which

ntrodues o pew angle E,M;JIZ = Eljwe COSO".

ﬂ& Astane s alse ot J "-(—uo'L', cather  than
du@r zZ . _—
Se  we  Sub z=1k7+wz) multp by o3 = e
cund M(LH;PH bk{ L{ —gor He  Four S‘eSMen'l'S:

2y 4w . __h
ElmP(\'\/"g = e, W Jwi2uwt’.

I’_mall\/, e <euen o the Square. We buld iF up
b\{ o buncin of lOOT/‘S of  Side 2w ; Wit
Chasge  density A= Ordw,  ond indegade
bW L

W S:‘CCJW\ 0 z Y )
["‘] & view ﬂmm
Ly . hbove
,_— _ 25-dw - W h
—Squace. TEe (Wrw)\Erawt”

0



This s an wﬁt&g you can just oS V.
Mothamakica 1o Qo« you.  Buf we Can
030 wmake @ deuaf Substitubion by dyaw
QV\O_H/\E( +( \6 CI':V\ not sure O'(: s 'Ph\/SlC&\ S'lgm-‘:lcomce)
but it helps make a god change of yaciables).

_ _h
h A fand =
| - h qwdu
» Cos dfé = Z [+2w?] h
1
W h*s 2wt
W Cos'¢ = 2. (W)
W+2w® | —2hwdW —hwdw

o dg= 208 T T (@udiiar

Y2
_ 25-dw - W h \
E&;Mm o TCE (W +W) JWraw® 7(6, f d¢ ¢ ¢L/L

8]

h h_
Tang, = w=1 = =7 Jm“%z:\ﬁ%z(%)z'

/

R

l
q
f;

E.-Stlu.ad‘c — ?_:éo

Now me‘%—*”w imt  h«l s easy Yoo = 0
(o}

A
3o E.S‘q,mrc - ’zfé,,, K .



