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< Coulomb’s law —-> Experimental law

= _ 2 1199
Fo=a, kK¢
12 R, R122
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w Force: F (N)
< Electric field intensity (&8 A 2 %)

[V/m] or [N/C]

- why? - Not to disturb the charg

charge distribution
of the source
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< Two fundamental postulates of electrostatics

V.eE=LZ  —D  (MKS) note V-E=4zp (cgs)
9 6‘0

VxE=0 — irrotational —@

D - IVV-Edv = g—lojv pdv

- cﬁs Eds=2| Gauss's law
&0

2 — CJSCE-dfz 0
458 (VXE)eds = SBE-dizo

L Kirchhoff's voltage law
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+» Conservative field

Eedl + E dl =
¢
R = T R = 7 i
E.dl =- E.dl
! P,
Along C; Along C,
2
= [ Edl
J AlonglC2 2
Why?

(Usually j E.dl depends on integral path)

cf) -+ E is irrotational!!
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% Coulomb’s law

§ Eds=¢ (RE)-Rds =

o
q >y
“Ey= ———
" 4ng,R?
(a) Point charge at the origin. (b) Point charge not at the origin.
E=RE,=R—1— [V/m] or [N/C]
4dre R
L General Expression
_ ) R_R .
E=— 9 g, = ARTRL o Fog G
47, [R-R 47, [R-R 7Eq
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< Charged Shell

dE — ps dS]_ . dSz
dre, \ 1] r;
2 2
solid angle 46" _ 5920
dS1 dsz
.~ dE=0

< Discrete Charges
E 1 < qk(R—R?%

)

472'6‘0 k=1 ‘R_RIZ

[V/m]
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N NN A4 IFla ez~ 21
o-9.1 EleCtricC riel

< Electric dipole

4

) R-J
E:4q ) _?3 o
g, ||
0 R—Q
2
a»—3
g-d :Kﬁ__.
2
3 Rdcosé ]
— —
. 2
ER_{l_de} =R” 1+§ Rde (binomial expansion)
note (1ix)”:1inx+n(n 1) 2 n(n 1)(!’] 2) 3
2! 3l
-3 :
R+ =g 1—§R 2d
2 2 R
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Define p=qd (electric dipole moment vector)

then, E=—* . 3-R'2p§—5 ,2=cosOR-sin0 0
4dre,R R

(ﬁ-ﬁz Rpcos&’)
p= p(licos@—ésin@)

— p A ~
E = R2cos@+8sin@ /m
47rgOR3( ) [vim]
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% Continuous distribution

dE=R 'OdV2 >E=——| Iﬁﬁzdv', where R=1
4dre,R 47250 v R

" E = dv /m

7 j poy dv' [V/m]

cf) Surface & line charge density case

= E=—T [ RZds' [Vim]
drsy*S R

s Eot [ RELdI' [Vim]
drey*t R
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< Determine the electric field intensity of an infinitely long,
straight, line charge of a uniform density p, in air

sol) R=Fr—2z", pdl'=p, dz'

pdz' R pdz' fr-2z' .
dE = 4'% 3 = 4'7[8 5 = dE, +ZdE,
0 0 ( +Z'2)2
where dE, = prdz -
4re,(r* +2%)? dE,
dE, = p z'dz’ : dE; dE
4rg,(r* +2%)?
( p, rdz'
dE, = ! 3
Are,(r* +2%)2
at z=12", - dy
—p, 2'dz
dEZ‘z:z' - I 3
4re,(r* +2'%)?

.
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(dEr _ prdz 3
, 4rze,(r? +2'%)2
atz=-z", < L
dEzL_z- _ Afz dz : =—dEz‘z=z|
47rgo(r2 +2 '2)E
CE_eE _e AT » A7 s P
..E:rEr=r47rgoj_w 3 :r27z50r [V/m]

(r’+z%)2

HW. Integrate to have the above result
cf) Symmetry — Gauss law
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% Cylindrical symmetry

> V°E=£:>J.v,(V-E)dv _Q

&y €o
E =0 : —
< By Divergence theorem N Ee dS :2
S 80
Cylindrical |
Gaussian | L 2 L
: . .
surface | > E,dg:J- E rd¢dz:27z—rLE — P 1
S 0odo T ' c
0
£ -0 where, E=rE,, E, =0
z Infinitely long
uniform line - E = P
charge, py . - 2 e
0
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e N 2N < N UL (U PR I PR
X o=/ SMIlICliCal clieCLU Ol 10U
p=—p, , for0<R<b < Spherical symmetry — i.e. E=fE,
p=0 , forR>b )0<R<D
- _>_ _ 2
P | <j‘>si E-ds= ERLi ds = E 47R
/ & dr
l/ " Q:jvpdvz—pojvdv=—po'?R3
\ |
\ f _. R
\ / ~E=-R-£2R, 0<R<b
N /" “Electron 35
cloud 0
- ii) R> b
b
N >R Q:-po%”tﬁ (fixed)
|
| L 3
—%gg——— e E:_ p0b21 RZb
3g,R
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% VxE=0—E=-VV (Vector Identity)

W__
g
P— — P— — P, ~ P,

vz—vlz—jp E-dl [V] -.-—jp E-dlz—jp (-VV)-(l dl):jp dv

_[ :2 E-dl [J/C or V] (Work must be done against the field)

» Remember when we define gradient

dvzdvodndeCOSa’:dV ﬁ.l":(vv).l"
dl dn dl dn dn
~odV =(VV).dl

cf) Refernece point of potential: the zero potential point is usually at infinity.

.
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< Point charge at origin, potential at R w.r.t. that at infinity

E-R- 9
4rgyR
Rlg_ 4 5 .
...V:— R J RdR = V
L( 471'80sz ( ) 4dre,R V]

<+ V,, : Potential difference between point P, and P,

q 1 1
Va=Ve, Ve = ( R, RJ
0 2
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-1

i: R—Ecosé’ ~R* 1+ic036’

R, 2 2R
d<R, 3 B

1. R+9COSI9 ~R™ 1—100549

R 2 2R

qd cosé 1
V = > =
dre,R° Arne,

= p-R, where p=qd : dipole moment vector

E-w=pd gV __p °(I§2cos:9+ésin6’)
OR RoO 4reg,R°
of) WV =l:il oV . oV oV

+U, +U,
hou, h,ou, h,ou,
Note

1. Equipotential line : R = ¢, +/cosé&
2. E —field line : R = csin* @
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“Potential due to continuous charge

>V _ L Loy [V] : volume charge distribution
4re, V' R

»V :i [ P s’ [V] : surface charge distribution
4re, s R

Vot [ Agr [V] : line charge distribution
e, *- R
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D

Y S T
[

ormly charge

+¢ Obtain a formula for the electric field intensity

sol) ds' = r'dr'd¢' and R=~z*+r"

47z5 J‘ZEJ‘ 2 dr'd¢'
z +r' )

1
ZZL;[(ZZ +r'2)2 —\zq

b

0

1 . 2 12 2
cf) j 1 dr', substitute z° +r* =k
(z2 +r'2)2

@r'=0, k> =2 >k=[z|

3\

@r'=h, k2:22+b2—>k=(22+b2);$:..j kdk —jdk k\“bl
® 2r'dr'= 2k dk (kZ)

J
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5 L [1—z(zz+b2)_%}, 7>0

= .oV 28,
E:—VV:— a—:< .
Z 2
5P 1+2(22+b*) 2 |, 2<0
2¢,
% Note
b? A4 sz' 2>0
— TE
For very large z, E=2Z p;_< 0
7ot _;-Q =, <0
4re,z
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Wireless f Channel / Microwave

«» Conductor : Free Electrons
> The electrons in the outermost shells of the atoms of conductors are free to move

+* Insulator or dielectrics
> The electrons in the atoms of insulators are confined to their orbits: no free
electrons

+» Semiconductors

— Allowed energy bands for electrons.
— Forbidden band — Band gap

.
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¢ Charge introduced — Field will be set up — Charges will move away

from each other to reach conductor’s surface until the charge and the field
inside vanish _

- Inside a conductor p=0,E=0

+“ Under static conditions, the E field on a conductor surface is everywhere
normal to the surface — Equipotential surface (No tangential component)

Free space

<j> __E«dI=E, Aw=0 (- E inside conductor is zero)
-[E =0

§ E-G5=E, as=228
S (90

.. En:ps
&y
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I adll @ Wy

~ - P [ R qf T R Lo [P R pap |
O-0 LOINUJuUcClors 11 staliC cliecuic ricel

< Boundary conditions at a conductor / Free space interface

(E, =0

{p (. E field = O inside conductor)
E =2

' €o

< Uncharged conductor in a static field

- Electrons move in a direction opposite to that of the field
- Positive charges move in the direction of the field
- So that induced free charge will distribute on the conductor surface and create an

induced field in such a way to cancel the external field inside the conductor and
tangent to its surface

. .
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Wireless f Channel / Microwave

< Determine E and V as functions of the radial distance R
"Ungrounded”

(@) R >R, "~ Spherical Symmetry E = E_R
$,E-ds = Eg, 47R* = Q

&o

Q R Q
Ep=—2 V= (E,)dR=—2—
" 4me,R?T T L( ) 4rg,R

(b) R <R<R,, Inside aconductor

e

E=0 . E,=0

V, :V1|R:RO — L

, whole conducting shell is an equipotential body
4dre, R,

-~ Conducting
shell

Note

An amount of negative charge equal to —Q must be induced on the inner shell surface
at R = R. in order to cancel out the field induced by positive charge +Q at center.
This implies again that + Q must be induced on the outer shell surface at R = R,.

Radio Technology Laboratory Seoul National Univ.
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Q Q
=——,V,=—| E;j;dR+C = +C
 4zg, R I " 4dre,R

where, V;atR=R, isequalto V, atR =R,

C= Q i—i .'.V3= Q i+i_i
aze,| R, R aze,\R R, R

ER‘ V?
- )
4dregR, | I
I\j’R l | R
Ri Ry

0 0 Ri R,

Electric field intensity and potential variations of
A point charge +Q at the center of a conducting shell
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