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1. Magnetic field of a coil of wire (electric currents create magnetic fields)
http://www.youtube.com/watch?v=AgZHqgfIBkUI

2. Lorentz Force
http://www.youtube.com/watch?v=n0SJ6nxHiHO

3. Oersted's Experiment
http://www.youtube.com/watch?v=p bU2CInQDE

4. Magnetic field of a current (an electric currents creates a magnetic fields

in the surrounding space)
http://www.youtube.com/watch?v=3KkOgVEalol

5. Direct Current Electric Motor
http://www.youtube.com/watch?v=Xi708cMPIOE

6.Charged particle in a magnetic field
http://www.youtube.com/watch?v=a2 wUDBI-g8
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6) NPT TIT 7T, NPV HPYN

7) Interlect " nxN

http://www.interlect.co.il/MatriculationExams/MatriculationExams.aspx

8) http://he.wikipedia.org/wiki/%D7%9E%D7%92%D7%A0%D7%98

9)http://he.wikipedia.org/wiki/%D7%9E%D7%95%D7%A0%D7%95%D7%A4%D7%95%D7%9

C %D7%9E%D7%92%D7%A0%D7%98%D7%99

10) http://www.youtube.com/watch?v=0BgV-ST478M
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Advanced Electromagnetism: Lecture notes for high school teachers.
David J. Bergman

1. Some mathematical properties of vector fields

Theorem 1: Any vector field B(r) that decreases at large distances at least as fast
as 1/r2 can always be written as a sum of the gradient of a scalar field ¥ (r) and the
curl of a divergence-free vector field A(r), i.e., a vector field that satisfiesV- A = 0.
Proof: Given the vector field B(r), we would like to find ¢ (r) and A(r), where
V- A = 0,suchthat B= Vy + V x A. Applying the V - operator to the last equation,
we get

V3 =V-B
We have thus obtained a Poisson-type equation for . This has the solution
( ) 1 vV - B(r’) e 1 n | |
=—| — X — — 00
Y(r yrel R T " when |r

The vector field B — Vy is divergence-free, therefore the equation VxA = B — Vi
has the following solution

BG) VY s
lr — 7’|

1
A(r) :EVXf (1.1)

Clearly this expression is divergence-free.

Theorem 2: Any scalar field ¢ (r)which vanishes outside of some finite volume

V' and integrates to zero over that volume can be written as the divergence of a vector
field that vanishes outside V.

Proof: We would like to find a vector field P(r) that vanishes outside /' and satisfies

p=V-P (1.2)

From the previous theorem we know that, if there exists such a field P, then there also
exist two fields, ¥ (r) and A(r), such thatP = Vi) + V x A. Applying V - to this
equation we get

VY =V-P=¢

Again this is a Poisson-type equation where the right hand side is known and vanishes
outside V. A solution of this equation is

Y = —i o) d3r’

4 ) |r — 1|
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: : 1
and this decreases at large distances asr—z.

Theorem 3: Any divergence-free vector field J(r) which vanishes outside of some
finite volume V' can be written as the curl of a vector field that also vanishes outside /
1 J(")
A(r) =-—V X
) 41 f |r —r'|
We now try to add to A the gradient of a scalar field ¢ such that the sum vanishes
outside V' but leaves A unchanged inside V

d3r'

A V60 = {0y TEL =40

Applying the V - operator to this equation we get a Poisson-type equation for ¢,
namely V2¢ = V - A", This can be solved, and thus the field A’ = A + V¢ vanishes
outside V' and its curl equals J. Note that V - A" # 0 in general.

Again, the solution for A’is unique, because adding to it a gradient Vi)', with

V2’ = 0, will always make A’ nonzero outside V.

2. Ampere’s law and the Lorentz force

Shortly after Oersted discovered that an electric current produces a magnetic field
around it (in 1819), Ampere discovered that two long, straight, parallel wires,
carrying currents |, and I, , exert a force F upon each other in the perpendicular
direction. He found that the force per unit length of wire is proportional to I,1, / d,
where d is the distance between the wires. Since the units of current are charge/time,
i.e., Coulomb/second, therefore the proportionality coefficient must have the units of
1/(velocity)?. We will write this as

aFl_2nn

dl ~c2 d’

where we have chosen the symbol ¢ for this velocity, in anticipation of the fact that it
will turn out to be the velocity of EM waves in vacuum.
Oersted also found that a perpendicular force is exerted on a current carrying wire by
the presence of a magnetic field that is perpendicular to both the wire and the force
and that this force is proportional to the current. These findings, taken together with
Ampere’s observation, lead to the idea of defining the magnetic field B as a vector
that is perpendicular to the wire and the force, which also satisfies

_ 2
|B,| = R (2.1)
d|Fi| L|B,|
= 2.2
dly c 22
Here 7 is the perpendicular distance from the I, wire.
Extending Eq. (2.2) to currents in a non-straight wire we write
dF =2dlx B, > F==[]x B, d’r (2.3)
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The first of these equations can be transformed by writing the electric current in the
form of a time derivative of charge ¢: 7 = dg/dt, and by associating d¢ with the line
element dl to get the velocity of that charge: v = dl/dt. In this way we get the
following expression for the infinitesimal force felt by an infinitesimal charge moving
with velocity v in a magnetic field B:

dF =<y x B (2.4)

This can immediately be generalized to a non-infinitesimal charge ¢ by omitting the &
from both sides of this equation. This force is called the “Lorentz force". Combining
this with the Coulomb force exerted on such a particle by an electric field, we
conclude that a charge ¢ moving in an electromagnetic field experiences the
following total force:

F=qE+q§xB (2.5)
An important conclusion which can be drawn from this equation is that, if E and B
have comparable magnitudes, then the Lorentz force is usually smaller than the
Coulomb force by a factor of order |v|c, which is much less than 1 for a non-
relativistic particle.
Application: The Hall effect. When an electric current density J flows through a wire
subject to a perpendicular magnetic induction field B = |B|eB , the Lorentz force first

accelerates the charge carriers in a direction perpendicular to J and B. Very quickly a
nonzero surface charge density builds up on the sides of the wire until the resulting

electric field E,,,, exactly cancels the Lorentz force (¢ = %|¢| is the charge of each of

the itinerant charges, either hole (upper sign) or electron (lower sign), and » is their
density):

|B|

1
EU X B) = —nqEyau = Enan = puan(es XJ) where pyqy = nqc

is the “Hall resistivity”. The resistivity of an isotropic free electron or free hole
conductor is no longer a scalar quantity, but is rather a tensor "4 with off-diagonal
components which are anti symmetric:

Pa  —PHau O
P = | Puau Pa 0

0 0 Pa

where pg, is the Ohmic resistivity and where we assumed that B || z. In contrast with
pq, Which is always positive and depends on transport properties like the mean free
time between successive electron collisions, py4;; €an have either sign and is
independent of any transport properties. In practice, measurements of py,; can serve
to determine both the sign and the density of the itinerant charges.
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