Lecture 3: Stationary electric field

Energy in electric field
Boundary condition in electro-statics
Perfect conductor
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Ohm’s law



Electric field and electric displacement field

Electric field: E = ¢ r E =?/CI
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Electric displacement field: D = ¢jE D =

Electric field and potential

E=-V/, V/im

The potential difference between two points A and B:
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Poisson’s equation

Inserting E = —VV into Maxwell’s equation V - E = p/¢y gives

~v-(v) =L,
€0
which gives
vv=-~
€0
/]
Gauss’s law

Electric flux flowing out of a closed surface = Enclosed total charges
divided by the permittivity ¢ Eds = Q/¢

p
V-E=2&, 7-D=p
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Electric polarization and material permittivity

The influence of electric polarization: D = ¢,E + P

P = EOXeE
D = &yE + gpx.E = (1 + Xe)
* X is electric susceptibility

* 1+ x. = &, relative permittivity

* & = &€, electric permittivity

EoE = &,.60E = €E
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Fig. 1.3¢ Polarization of the atoms of a dielectric by a pair of equal positive charges.
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Capacitor

A two-terminal electrical device that can store energy in the form of electric charges.
It consists of two electrical conductors that are separated by a distance.

The space between the conductors may be filled by vacuum or dielectric.

Capacitance is the ability of an object to store electrical
charge.




Electric energy in capacitor

How much energy capacitor can store?

Voltage represents energy per unit charge
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The work to move a charge element dg from the negative plate to the positive plate is equal to Vdg

T -

+

+ +
+ +
+ + +

Capacitor



Energy density in electric field

C = ﬂ Volume=Ad
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Example

Assuming: infinite long cable and the permittivity of
the dielectric in between is ¢

1) calculate the capacitance per unit length
2) calculate the electric energy stored in unit length
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Boundary conditions in electrostatics

Electric field involves more than one materials

Normal component \

D,1AS — D,,AS = ps AS f D.dS =0, '
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Dnl _ Dnz = Ps \* *f’: //%/"
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Tangential component 2 ’
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Electric field change direction across two different
dielectric materials

Considering, no charge on the surface between two dielectric
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Perfect conductor in electric field

1) E=0inside the conductor.
2) pin = 0, no charge inside the conductor.

3) ps # 0, there is surface charge.
4) The electric field outside the boundary of the perfect conductor is

_ Ps _
En - ?, Et_ O,
5) The conductor is an equipotential surface.

Dyp1 — Dyp = ps

Faraday cage:

Ei1 = Ep

https://www.youtube.com/watch?v=QUOfLnucE6A&ab_channel=MITxVideos



Material conductivity

Good conductive material:
Silver: 6.2x107S /m y C ? opper, Silver,
Copper: 5.8x107S/m o~ 5 *’f R i

Gold: 4.1x107S/m TN
Aluminium: 3.5x107S/m

Non-conductive material: m
Glass x10712S/m
Rubber x10713S/m
Air x1071S/m



Material conductivity

Once there are free charges in an electric field, the charges can move along the electric field.
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The capability of allowing current to flow is defined by conductivity: 0 = 1/p.
That how many charges can move is dependent of material and electric field.
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When electrons move, they collide atoms and lost energy. =) Resistance: R=p S
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Ohm’s law

An electric current is a flow of electric charge

I d@)
o dt
Current density J is the current per unit area

I:/J-dS,
JS

Ohm’s law states that the current through a conductor between two points is proportional
to the voltage across the two points, and is inversely proportional to the conductor’s

resistance v l
_V _E R=21=p=
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Example
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A conductor with constant conductivity g, and cross — sectional area S,
the length is / and the constant current is /

|
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1) Calculating the resistance of the conductor and deriving R = 4
2) Calculating the power done by the current.

Coulomb’s law F
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Area S, and [ is also constant. J=1/S V= _jE dl

Constant o, the electric field i tant: 1 — . . ] .
onstant g, the electric field 15 constan E=J]o Work is application of force F to move an object for a distance L.
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Example

A solid conductive ball with a radius a is put into a hollow conductive ball with
inner radius b, between the two is a material with conductivity o.

a) What is the resistance between the two balls?
b) If the solid ball is buried deeply into earth, what is the earth resistance?

a=0.0m o = 1[]_2 111_19_1

I

J =
A2

r. fora<nr<hb.

E=J/oc=It/(4n0r?)
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Example

Now if a half solid ball is buried in earth as shown in picture, recalculate the resistance?
If the currentis 1000A o =10"2?m Q! r=1mogd=0.75m
What is the voltage between the two legs of the people?
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J = o, E=o——3r, forr>a
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Kirchhoff’s law

It shows current conservation:

At any node of an electric circuit, the sum of currents flowing into that
node is equal to the sum of currents flowing out of that node.

fg J-dS = 0.
S



