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( NOT JNS@ P . - - )

Office : JADWIN 337

Office hours : Mondays 4pm - 6pm
in my office OI

make appointment by email .

-

If you need to quarantine, please let me

know ASAP via email
.

- Routine
very

similar to PHY /03
,
but :

- Quiz in lecture
,
not precept .

- Need to hand in one LG problem .

Use LyX : get extra point) .
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My conventions if you are unfamiliar 2L

- I would often omit arrows

above vectors : I write -0=-1%3%-99-1 . . .I
instead of Ñ

,
te , te .

Unit
Hector

Recall oi-f.to/,ez=ff)iez--- (F) .
- I use Greek alphabet :

✗ IPINA . . .

- Rn = set of Nieectors w/ real
entries

RE - 2D vectors

1123 - 3D vectors

- f : Pi→ 112 is a function

from 3D vectors into (real) numbers .

Sometimes will write

11233 ✗↳ fix) ER
to be explicit about formula , e. g. ,

11233 ✗↳ 11×11 C- [0,0) .



- Hall norm of vector : 3L

for HER
>
, 116112=-0,2+622-1 Uz2 .

- Better notation for integrals :

§f = f fcxidx _= fdx fat .

✗c- S ✗ES

- ✗ today = delta- ft : Sf 8 = fio) .
"

symbolic
"

function useful for densities :

" %) = X j day -0 If ✗ -1-0
"

- Characteristic fnnc . :

Xs Cx) = {
1 ✗ c- s

0 ✗¢-5

1^2%-1,17
Example :

-

>
✗

- ! I

- 4 units : k= g¥= 1 .
More on that later . . .



Theory recap
4L

① Two point particles w/ charges qnqz will

exert force on each Oher
.

The force
on 2 ,

due to 42 is

Fiz =

% In - rz )
Hr
,
-rzlp

"
inreerse- square

- law
"

where V1
, rz are the positions of the two

particles .

② The ee
. field at ri due ↳

the existence of 22 at re is

F-IN = ¥÷sCr,- rz )

③ The el . field at r
,

due to

gioen charge dist
. pipe → [o ,x) is

F-Cri - f dx µfI¥cr, -×)
✗c- Mh

p is called "

charge density " . Defined
c. £ .

f p = total charge in entire volume
.



Example p 's : ① Point charge q
at some

⇐

point ↳ c- Rt :

pl✗1=qdc✗- Xo)
Check : Sp = off dcx-x.mx

✗c- Rb

= q .

✓

Elm=/ ,,¥",plr-✗7dx
✗c-R3

② Linear charge density : wire of length

L and total homogeneous charge Oz :

JK) _- ¥ dcx
, )Ñ✗z)XfE

,
E]

1×31

a ✗3

(42
#

✗2

✗ <
-42

Check : f
✗c-as

P""d× = Q .

✓

③ Plate 1213) or cube ( 3D) also
possible .



Example : Infinite thin rod of charge &

✗ per unit length .

⇒ pcx
)= dcx

,)Sc✗z1X

Ecr)= fdx µ¥¥cr-✗)
✗ c- 1123

=/ da fdxzfdx
, ,f¥¥ A-×)

✗ ER ✗ZEN HER

=/ dadas fdxzdcxifdg-i.IE
HER ✗zER HER

=xS¥¥÷,d×,
XZEIR



I

I ÷¥÷d×, = - fi:÷÷i÷÷→%
HER XzER

transl . Invar .
I
= - I
*a

on
,

R i. the, there

1
=
- Emp f

go.ir
¥?É%É,y%d×,

2- i.=

✗KIRK

±
- ÷. s

2-c-

"R"£e3÷ yz
( 1- + 2-2) 3/2

= - ÷ ( - r s
⇐*
c¥¥k + "Mes f ¥¥÷)

ZEKI
by symmetry

(
'

= a←É
✗

⇒ (1%-2)-312 = ¥¥ /
z , - ✗

= 1-C-1) = 2
.



8L

⇒ F- in -- ✗ 21¥ -2×1%1%7,

Ein - za :¥¥÷→ .

÷
q a

ECM

←
A →

>

✗2"

NOI : - Does NOT dep . on rz .
✓

- If RENE , + rzez -0 , Undof . ✓

- Mag . propto to 1¥ .



Example : thin rod of charge ✗ per unit length?
of length 2L .

⇒ pcx
)=Adc×

,)fwXg↳↳(✗3)

Where yea, = { 1
aes

0 acts .

Ecr)= fdx µ¥¥cr- ✗I
✗ c- 1123

= fda fdxzfdx, ,f¥¥ A-✗I

✗ ER ✗ZEN HER

=/ dadas fdxzdcxifdxi-r.fi"±↳

✗d-RI ✗zER HER

= a 5 ,,÷µ de
✗3=-2

Case 1 : R := Me , + rzez -1-0

ECM = ✗ ft Rt (B-B)es
=- L

HRH' -11g -G)
2)Ñ %



I

= ✗ RÉ,④r¥÷⇒Ñd✗s +

L ( r
,
- XD

+

✗3=-2
(11^112+15×3,2)>12-9/3

¥ .it#-ir.,,y,.-dg=2-:--
9m¥

= g
-4T¥

a

(HRH2+1 /ryzzzgzyz
HRIIDZ

e- YI÷

= ÷ /
"¥¥

µ+÷%dZ
e- YI÷

(¥⇒ )
"

= ¥4k



I

→ f.
"¥¥

a.IE/.dZ-i----YpI-i=r#/Z---k-*z---tpI-
=¥¥÷÷¥¥÷÷÷

=r÷÷i - r÷÷ñ

= "±÷+"¥÷,

fl Cr
,
- xD

113=-2
( "RIK -1cg -g,

dig €
£ ¥27T



I

= - ¥f"¥÷ IFE It
⇐ -42¥

= ¥+75k

⇒ f
"Ñ÷
µ¥÷1 It =

⇐ -42¥

=
- ¥⇒Z= -14¥

⇐ Thin

= ¥s%rÉ+ - r¥mI-rT

= "r¥÷ -



All together we find :

Earl _=- ✗ RS
"

④£¥FÑd✗s +

✗5-
- L

+ ✗ /
< (B- xD

113=-2
( "R"-+Cr

,
-

xzpjk-%13-Yi-l.LI#
+
"¥÷, ] -1

+ xei-r-lnr-le-nri-L-e.nl .
This reduces back to the infinite case

if we take the limit ↳ ✗ :

fig Ecr) - 4k¥
.

✓

Another limit : rz=0

trying Ecr) = 4T¥ .



Another limit : fry at for j -4,213 .

↳⇐ I 1)Then F¥rñ-- TÉ¥+ññ
It ÑT Him 1/2 = I + ¥12 ELF , ¥7

1k¥" = ¥( 1+-1-20 , ¥,
> + . . . )

E¥+÷ - %ñ(É+1K1±< i. ¥1 ) -1 . . .✗= ¥1,15 -1-1 -Cri, ¥1 )÷÷,
- ÷÷,

-¥.

Similarly ,
1k¥ - ik¥~¥( 1- + ELF, ¥,>) -

- ¥11 -1-21%1=1,7)

= "%rY



→Ecr"÷+xg÷¥2, "



16L
CASI : M - Bez , IBI > L .

Eases)=xS'd✗s÷?¥F
Xz=-L

2- :-45B¥
- ✗g)
"

3 ,÷sdZ
2- =- try

B) L or Ba - L #

L- rio or - L - rio →

2- 20 2-70

Caste : 2- so

F- (Bez)= ✗ e
, /
"B

¥ dz
2- = - L- v3

L-r
}

← xe
,

- ¥ /
← - L- r
,

=xg(÷r, - ¥1
=×ez(¥ - r¥)



☒
= ✗ez 2B¥

=¥÷ §2¥- es
s

¥41 .

Makes sense that
very far

away from wire it will

behave like Coulomb law !

27L = total charge of wire

¥2 E inverse square
law



18L
E×ample_ : Hoop of radius R> 0

in the 1-2 plane of
a 3

charge GER ,

,

#
→ Density is

plx)= okxzsdlllxei-xzezn-RQ.FR

Change to cylindrical coordinates !

1¥14:
"

rsinae ) )

pfrihz) =
dczlorcr-R)z÷

Electric field :

F- Crime)=[Ñ[ rdrdzdyplrihz)

r⇒a⇒⇒[r¥÷:& ] -11¥:]
2-

H÷÷¥H÷÷→



*

[ :*:* ) -1:*:p
E

2-1 0=¥rRfd•y[¥÷*H:÷F4=0
0

How to calculate distances in

cylindrical coordinates ?

I/ [ I¥É:% ) - [8%96]/12=(2-1)- + pitrirzriraosoe-44

[1%14%1-12.196]=2-1 ez + fiasco -Rascal]e , -1

0

+ [ r' since ') - Rsinceifez
21T

dy
→ ECW

, 412-1 ) = 2-03 / [czip-pi-ri2-zriraosco.tl ' )]%+
9=0
21T

dy
+⇐ (rlcosceyei-rlsihlmezfffzip-pi-ri2-zrirao.co-4171%

9=0

- ¥12 /
"

lcosoeleitsinaeseidp

4=0 [ (2-1)
'

-1 R2 tr '
'
-zriraoscp-41142

=: %f2-eztrlcosooei-rlsih.ae ')ez)I , - Iz



22=12-42 _iR2+r12@
I

,
E f*(✗¥p÷oxq_g) 7312 §=2r'R

4=0
transl . 21T

inaar. Ifw÷*É4--0

= Some terrible elliptic functions

I
,
= f
"

tosca

1×2 - p2coscp_Ñ2d4
4--0

= not any
better

. . .

Special case : n' =o

⇒ p=0 , I 12-112-1 R2

I
,
= 2¥ - ¢¥¥→ñ
Iz = 0 due to symmetry .

⇒ F- ( r' -0,2-1 ) = Qze3_
( 12-112-1 R2)42 .



Example : Scattered finite # of point
#

charges :
µ

pen
-- €go.dk/i-rj)j--1
PCH

→ Een - f
✗ c-pis

" r- ✗ 113
(r -×)d×

= ;É:%. ÷÷.

as expected .

Special case: N - 4
a2

%,
• • %

"

• • 42
73

g. = -2,92=-21193--2%14--2
" =L:] .ru/1aJirs--l::fra--1:)

yields :



⇐
f- in --qI¥¥µ, -22 ;¥¥☒

+ % :÷. +, *
11 [¥11112 = a

'
ta
'
= zaz

→ Ear --¥:(+111 +2111-2111 -f://t.E.EE
F- lol = %÷a

.


