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Some: Electrostatics Revision

¢ For the moment, Electric Charges are
assumed to be stationary In the lab
frame of reference

¢+ Moving charges are a much more
difficult problem...as you will
eventually discover.

¢ [he discussion proceeds from the
experimentall measurement of forces.
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One Animal was most definitely harmed in the making of these images.
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Some Basics on Electrostatics

¢ Ancient Experimental Observations:
o [here are two kinds of electric charge

o \When you have two massive objects that
have this property, there is a measurable
force between them

e [his force can be either attractive or
repellent.

o [f the objects are sufficiently small compared
to their distance. The force obeys an inverse
sqguare law. (Kind of like Gravity it seems.)

e \We all know and love this law!
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s I’he Eorce law:

/

correctly if we

label our two i \

‘*kinds’ of charge a
¢+1 and R :Iri_gin






Fofee Lirleelr Wit ine Crieifc)e

causing a force to be evident on my test object.




E = Lo(X, Y, Z )dXdy'dZ

47,

aIIspace‘r —I

Note that the integral is over the primed coordinates.



he electric field due to a
finite line ofr charge.

(show: next slide)
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Some HelpitlirRUIEes

s Find E-field at arbitrary. point P in the
positive guadrant (or octant) and start
with Cartesian coordinates.

s Use symmetry to simplify if you can!

¢ Draw i to point P and r“te an arbitrary.
place in the charged body.

Use the positive octant Nere too: i you can

goMm#or P!ysms .




Diveryerice arid Curl of ine =-flel

, We have an

expression for E. . 9E. OE, O9E
N OE=—>+—+—
. We can ‘just’ take ox oy oy
it’'s divergence... 9 o
OE=——00 | —o(F")av’
4'7E‘0 aIIspace‘r r'

Notice that the vector derivative does not depend on
the primed coordinates.

This is important for several next parts.



(D
@
5‘_
(D
I?T
o
(X

Diveryerc

)
~—

g = A
gO

Differential form of Gauss’s Law.
Integrate this equation over all space,
apply the Divergence Theorem,

And you get Gauss’s Law from the 1st year course.



Curl of trie =-field
., We have an
expression for E.
., We can ‘just’ take
it's curl... ) 1 o
xE=——0x | ———=p(")dV’
47E0 aIIspace‘r -r

Does not look quite so nice.
We can try to use the fact that the curl is with respect

to the unprimed coordinates again.

But maybe it would be better to start this one from the
end and work backwards.



But we have an arbitrary Surface.

So it must be the integrand which is zero!

—
XE =0
T—> Important to Remember This




Curl of tne E-fleld

xE=0

This is pretty Important for the 2" year course
Because the static E-field has no curl
And Since:

x[OV(F)=0

|

We can define E = -grad(V)









Forrm of Scalar Potenilal

The result does not depend on Theta or Phi.
So f cannot be a function of either of those.

Apparently then: f = f(r)
ONLY




Forrm of Scalar Potentlzl

ov

Remember that the ‘del’ operator did not operate on the primed
coorindates. So we find the expression for V' alone.

V :i j (IO(F')/ » jdV'
4']E‘O all space ‘r !

So we discover that:

_ -1 =
V=, — | ol )D(}\/F—F’

0 all space







