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A The speed of light



Equations for Electricity and Magnetisr

A DI dza af@ eldctFicfields

FEQIA /e,

the electric flux out of a volume = (charge insidg)/
A DI dza & Q mdgheticfiel2 NJ

BGA e
A There isno such thing as magnetic chargeagnetic

field lines justirculate so for any volume they flow
out of, they flow back into it somewhere else.



Equations for Electricity and Magnetisr

A Electrc . (no changing fields)
FE G/
around any closed curve: this means the work done agalit

the electric field from A to B is independent of path, the
field isconservative a potential energy can be defined.

ACI N} RII & Q4 f:lindhe grésendeyoffaldatying 2
magnetic field, the above equation becomes:
FEGH =df df FdA dz/-d
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magnetic flux through the loop induces an emf.




Equations for Electricity and Magnetisr

A Mangnetostatics

GBI 7

around any closed curvd: is the total current flow across
any surface roofing the closed curve of integration.

A Fields changing in time changed the electrostatic equatic
what about thismagnetostaticequation?
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Spherical Current

A Att = 0, a perfectly spherical ball of charge is
placed at the center of a very large spherical
conductor. The charge flows away equally In
all directions. What Is themagnetic field

generated?

A 1) It points outwards equally in all directions

A 2) Same but pointing inwarc

A 3) It circles around t

ne nitia

A 4) No magnetic field
currents

)

sphere

IS produced by these
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A Cannot produce a magnetic field!

A The configuration hagerfect spherical
symmetryt it would not be changed by
turning it through an angle about any axis.

A Theonly fields satisfying this would point in or
out along radii everywhenme but that could
onlyhappen with a net magnetic charge (N or
S)atthecenter{ 2> y2 FTASEtR |
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A Imagine in 3D currents flowing spherically
outward symmetrically from a ball of
charge Iinjected into a large conducting
medium.

<12 A Imagine &acircular curvelike a crown,
placed above the source. Clearly some of
the current flows through a surface roofing
this loop, sal Is nonzero.

A But/gd@ic & around the loop, because
field B is zero everywhere!
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A Suppose now a capacitor i
being charged by a steady
current in a wire.

Al 2y aAARSNI I Yi.

&
circular contour around ‘

2 |

thewiret A 0 Q& & dzL
be the same foanysurface
Sroofing the circle, but we
could chooses,, going
between the platessono
currentcrosses it



http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg
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A Maxwell knew Faraday had generalized tne
electrostatic law to include ame-varying magnetic
field by adding the changing flux through the curve:

FEGH =d/ df A d5~d
Al'S Yy20A0SR UKI G 6KSYy ! YLJ
atime-varying electric fieldhrough the surface
roofing the curve, and suggested including it like this:

A (Wl’ltlngﬁECMA , the electric flux.)

EI


http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg

Why the Two Surfaces Give the Same Res

A The current!l flowing
through surfaces is therate g5 1

of change of chargen the “
top capacitor plate] = dQ/dt.
A If the plates are close, all the ‘

electric field from the top
plate will point down, none
will crossS, so [y EGIA ©/ e,

and e N

. _dF, dQ

— e NEQA =¢— — | . _
dt o dt dt Bottom line the rate of change of electric
= flux throughS, = current throughs,.



http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg
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itself for ' surfaces spanning
a circle like this:

A The surface, is drawn to
avoidthe current. This is only
possible because charge is
piling up.The rate of change
of electric flux just equalk/ &,
times how fast the charge is
LIAt Ay 3 dzLdz TN

A This must equal the ingoing
currentt so the integral oveg = that overs..



http://upload.wikimedia.org/wikipedia/commons/f/fd/Displacement_current_in_capacitor.svg
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A The four equations that together give a
complete description of electric and magnetic
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EQA =/ e, BQA 6
Maxwell himself
called this term the

PEQ/ =d- ; /Hdt GRAELI F O§Y
OdzNNB Yy U £

produces magnetic
dF = field like a current.
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online notes



http://galileoandeinstein.physics.virginia.edu/more_stuff/Maxwell_Eq.pdf

Magnetic Field In Charging Capacitor

A Taking the field between plates
uniform, use HI

e -

A For a disc surface between the ‘“IIIII.'
plates, there is no curreritthrough
the surface, there Is a changing
electric field uniform over the area,
generating a circular magnetield.

A For thetotal plate area



