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History of the displacement vector D gold-leaf
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Michael Faraday
(1791 —1867)
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@ Conducting current Displacement current

« Faraday tried many types of insulators but never prevented the displacement of charge
‘ « The charge displaced was always Q, equal to that placed on the left plate.
« A sketch of the original system used by Faraday:




The relation between €,,¢,¢, D, E in Linear-Isotropic-Homogeneous medium
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Boundary condition for the electric field

Is this is true in the case of time dependent fields?

b

2. Q=[fD-6s= | D,ds+ | —DZNds:(DlN—DZN)As:E—SS p. =D, -D,y =

top bottom

and (4) gk, =¢E,,

An important emphasis: Os IS not Ps; 4




= Ena Regarding the charge on the interface plan:

Pspn = Psp1~ Psp2

Why is ps,, not expressed in Equation 4?

; Introducing ¢ =g,¢, :
Ey61Eng = 64€,,Ey, 3 INtroducing ¢, =1+ y:
€0 (1+ 751) Ey, =& (1+ Zz) Ev.=
EEn1 T &0 1 Ent = 60BN, + 60 1,Ey, ; recalling that P = g, yE:
&En; + Pup = &Ey, + By, s recalling that B = p

= & (Eny —Enz) = Pus = Pui = Ppn — 0. @nd therefore:

Psp2 ~Pspr P
ENl_ENZZM: - (5) As in a capacitor

The advantage of Eq. 4 over 5 is due to the value of ¢ being known, while ps,,, is unknown and to be calculated.



The particular case of E,

The electric fields of point charge, infinite wire, charged sphere, infinite charged plane and more,
where all calculated for vector field perpendicular to the medium surface. Assuming medium-vaccume
interface, one get from Eq. 4:

That is to say that the field in vacuum is &, times greater than that in medium.

Employed this on the case of electric field of a point charge one gets: G _Am 4 ¢

o 2 2
g &g dre,er”  Amer

and for homogeneously charged infinite plane:

and so on... and therefore in all the expressions of electric field one should introduces ¢ instead of ¢,.

Is crossing the interface between two media might change the direction of the electric field vector and how?

As for the electric potential:




As for the electric flux:

And the capacitance:




Continuity of the current density J

What happens to J in the interface
conductor-insulator (o, — 0)?

From Kirchhoff Junction law we get: J - = | Jds=(Ji—dy)=

bottom

In insulator ] = 0 = Jy; = 0 = Jy,. On the other hand Ey, # 0, yet contradicts t
since Jy, = 0,EN, but 6=0. In any case, at any point within a conductor E = D = ON_e.
out Of Wthh ETZ = 0 and DNZ = ()

tanelzh; tang, =12 =——1
The relation between the direction of J1 and J2 at the interface: L Inz

tang, =tan g, il
0,
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Field Component | Any Two Media | I;zfét?;:: llcl D\l:;::lr?: :_ J D\l::i':il:: l] (\:Si;::?:ni
Tangential E | | | EnmEr=0
Tangential D | Dyi/e) = &) | Diy=Dx=0
Normal E g1Ein—&2Em = ps E\n = ps/&; Exn =0

- Normal D Din — Dap = ps Div= 05 Dy =0



tanle%;

N1

tan @, =tan g, Oz
0

Therefore, for a; » 0, = 6, — % and hence for every current arriving the conducting-isolator, it apparently
flow along the interface. However, though current can not exist in insulator, electric field does.

In summary, the only component of the electric field exist is
perpendicular to the interface conductor-isolator (see figure)

Does this result correlate with what we know about
currents and equi-potetial surfaces?

10



The continuity of J in the interface between two conductors:

From the continuity of D (ADy = ps): | |
&E —&E,y = p, ; introducing E =—

J
g —+—g,—L=p_;since J,, =

In good conductors ¢ — ¢, and hence:

Why a voltage difference is developed between the to sides of a resistor? 11



The duality between J and D (electrostatics):

Conductor Insulator
JIE-dl'=0 JIE-di' =0
J=0E=-0 gradV D=gE=-¢ gradV
div J=0 Div D=0

delta Jy =0 delta D=0

Jr1/01 = J12/ 02 Dir/e1 = Dry/€;
R = 1/6A C=eA/l
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Magnetism: Units
MKS :
{ ¢ } =Weber (Wb)

{E} P Wb _gr (Tesla)
m2 2

m
1T =10"Gauss(cgs)
‘éEarth ~ OSG

Kg-m* J

(Wb} =

=Volt-sec=T -m?* ===10%M
sec? - A m A *
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Biot—Savart law and the vector potential 4

| x| —grad 1) [1]

From vector analysis : curl (¢A) = gcurl A— Ax gradg = Ax grad¢ = gcurl A—curl (¢A) [2]

E:—ﬂ—olm 1curldlq—curl[d—l) - ﬂ—olcurlﬁﬂjz

Ar 5| r =0 r - 4z r
curl Ho (dl ]Ecurl,& ; [I§ =curl,&] [3]
CAr T
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| { di 1 Jdsdl 14, J1dsdl
SEOUEN

l,s

Q  (err o dv
 Azer _LUI Arer

consequently one get the similarity between V and A:
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VA =—ud, ;s VIA =—pud, VA =—



The integral and differential expression of Ampere's law:

s
Stokes theorem <L/ /\)
J

Current is the source of magnetic field and charge is the source of electric field

212712020 18



Lorentz force

i Y
[
’ The magnetic force acting upon a current caring wire is given by:
_ : Fy|=[IT < B| = 11Bsin 6 = JSIBsin 6 = p,vBsin 6 = QuBsin 0 = |QV x B|
o P

- A
Hendrik Antoon Lorentz 1853 -£1928

And in the presence of eclectic field the total force is:

F=Q(E+vxB)

2/2712020 17


http://upload.wikimedia.org/wikipedia/commons/3/33/Hendrik_Antoon_Lorentz.jpg
http://upload.wikimedia.org/wikipedia/commons/3/33/Hendrik_Antoon_Lorentz.jpg

Faraday law

Michael Faraday (1791 — 1867)

212712020

Hence the circulation integral should include the contribution of the magnetic
field as well:

Conservative field

Stokes theorem

—H(VxE) —di”éd§:> VXE:—@



Maxwell Equations

. divE=£L [[ID-ds=q,,; dvD=p,] ; E=—gradv; vy =2
S ‘90

divB=0 [mﬁ-d§=0,d|vH:O] ;. B=curlA; V’A=—uJ
=——|(B-ds ; VXE:_E:_T:_VXA — E,.., =-gradV —A

22712020 19



Relating to the differential aspect of equation VI

curlH=J —» dlvcurIH dle

=0 7&0\

— P _}\ . Following the continuity law
divl + p, =0 > 2L =divVE — g, = g,diVE =
&0

div(i +£E)=0 = div(J+D)=div(J. +J,)=0
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m'—-.
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dé.

. d -~ .
Vv : qu-dl = 1ol +15) = p1(Ic + 5= ) = ,uo(lc+goa.£E-ds):>

—

— V><B:,/vlo(‘T(:_'_‘TD):alflo(‘T(:_'_‘C"oE):/flo(j»(:_'_Ij)

20



The magnetic field intensity-H

80 = g1, = 1Bl =1, ;[EEH :g:,,oq]
L L Ho 0

—

—>Via Stcokes Theorm : [f]B'-d#: _” VXB-ds = H uJ . -ds=
L

S(L) S(L)

[VXH =J f]

B: Themagnetic flux density
H : Themagnetic field intensity

212712020 2l



Types of magnetism:

Diamagnetism

No
Electrons spin orbital

Opposite
Cupper, Lead, Diamond,

Mercury, Silicon
~ —10"°

2127712020

Paramagnetism

Yes but weak
Electrons spin

Identical
Aluminum, Calcium, Magnesium,

Tungsten
~ 107>

Ferromagnetism

Yes and constant
Magnetizing regions

Magnetic field

Source of
magnetism

Direction of B in
respect to H

Varies, Hysteresis

Iron, Nickel, Cobalt  Typical materials

Typical y,,

X m| > 1

| > 1 Typical
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Diamagnetism

Paramagnetism

Ferromagnetism

2127712020 23



Atomic / Magnetic Behavionr
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https://www.google.co.il/search?q=kerr+effect&rlz=1C1GGRV_enIL751IL751&oq=kerr+effect&aqs=chrome..69i57j0l5.13495j0j7&sourceid=chrome&ie=UTF-8
https://en.wikipedia.org/wiki/File:Moving_magnetic_domains_by_Zureks.gif

Boundary conditions for B and H
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