SP212 Lesson 32 - Maxwell’s Equations

Maxwell’s Equations are the four equations that (together with F = q(E+7x B))
form the basis of all of classical electromagnetism. Taken together, these laws also
explain what light is: a traveling electromagntic wave. They are:

fﬁ-ﬁdA:-Qi"S*de fﬁdf: _ Yo
s €o c di
. . - dge
B-1ndA=0 B'dl=[iolc+/l0€0—

These equations are:

e Gauss’s Law: says that electric charges create electric fields

e Faraday’s Law: says that time-varying magnetic fields create electric fields
e Gauss’s Law for Magnetism: says that magnetic monopoles do not exist

e Generalized form of Ampere’s Law (the Ampere-Maxwell Law): Says that both
currents and time-varying electric fields will create magnetic fields
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Most of these are not new. The truly new addition is the extra +uo€o% added

to the end of Ampere’s Law. This means that a time varying electric flux (such as
inside a capacitor that is in the process of being charged) will create a magnetic field.
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We can define the displacement current as Iy = 60% (where this current points in
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the same direction as —) and then use this as a current in Ampere’s Law.

As we have done before, the Ampere-Maxwell equation is useful in cases of cylin-
drical symmetry. In that case our Amperian loop is a circle of radius r centered
on the axis of symmetry and which passes through the point in space where we are
attempting to find the magnetic field (this point is space is clearly a distance r away
from the symmetry axis). For this symmetry the Ampere-Maxwell equation reduces
to

B2nr = NO(I + Id)enclosed

where the right hand side has both the real current and the displacement current
that are enclosed by our Amperian loop.
If you wish to determine the direction of the induced magnetic field, you can say
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that the displacement current points in the direction of e You can use a right

hand rule for finding the field direction.




SP212 Lesson 32 - Maxwell’s Equations

Below are 4 positions around a parallel plate capacitor. The capacitor is being
charged. This means that current is flowing through the wires, and that the electric
field inside the capacitor is changing in time.

(a) Compare the magnetic fields at position 1 and position 2. Which is bigger?

(b) Compare the magnetic fields at position 3 and position 4. Which is bigger?

R e —--___lg:'—'AAPer-‘*\ /U.fu

vl Z = 5
ui e earatie = 58 a) Same [ away
f i 3 \'t, i"‘ ;‘:_4;- M‘_—J-- ‘:_’1
e e -
N D |¢___.5 #-’2 /ocf) (,..‘~Ic,‘-.) (A rre-ﬂ‘ I

‘dl ’(’DP Coy ‘;1!

IA: ° ol ﬂpz
’3) Bt, > B3 Came © c\uay

#7 loop  contely -Hwe Curret
43 ’00{) elfclajcj - a'F ";ue o[,; f/ue ,s-,a.,‘ﬁ Ct ch,‘/L

Inside a circular capacitor the electric field is pointing out of the page. There is
a magnetic field that makes counter-clockwise circles. Is the electric field increasing
or decreasing in strength?
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A ccw B-field means that the displacement current
points out of the page.

The displacement current points along the
CHANGE
in the electric field with time.

The E-field is changing in the same direction it
Induced B Points.

Therefore E IS
INCREASING.


A ccw B-field means that the displacement current
points out of the page.

The displacement current points along the CHANGE
in the electric field with time.

The E-field is changing in the same direction it points.



Therefore E IS INCREASING.





