
THE ELECTROSTATIC POTENTIAL

- Using the fundamental theorems for divergence &

curl
,

we've learned that :

F. Etr ) = FIXE = O

÷÷÷÷÷÷÷÷÷:t÷÷÷÷÷÷÷:÷÷÷÷
is strictly Zerg .

- Knowing about the divergence of E leads to Gauss 's

LAW
.

What  do we learn from Ix E -

- O ?

DIE -

- O ⇒ E = - IV

- The fact that Ix E -
- O means we can always

find a scalar function V such that - TTV is the

electric field .

- We call V the ELECTROSTATIC POTENTIAL .

- This is a very useful concept ; we 'll explain why
in a moment .

But first : Wht does FxE=0 tell us

there must be something like V ?

- Suppose  you walk into the room E
.

I tell you
that  it  is full of electric field

.
I give  you a little

detector that lets you measure E at any point .



- Next
,

I tell you to start @ some point near the door

with coordinates Fr = Xp I tyeytz ,
I ( the

' R' is for

' reference point
' ) and walk to  your desk located

@

Fa
=

Xa5+4*5
t Z

,
I

.

Follow any path you like ,

but along the way you need to use the detector

to  monitor E and keep a running tally of - DIE .

In other  words
,

calculate :
-

← Your  desk I ,

E
A

RW→ ←P ¥, insisting:#
I

t Ref . pt .

P a ,
I

,

#

- Since THE =0 you get the same result for any
path P from the reference point to  your desk .

- So the integral depends on Fa & 're ,
and also  on

the details of the electric field along the way but

not  in a manner where the path matters
.

- Lets call this Yatra )
.

It depends on where  your
desk  is located - the coordinates Fa - and also

the ref . point where  you started .

- Meanwhile
, your friend was asked to do the same

thing , except their desk  is located @ FB -
- XBnxty.si/tzBE .

Their  result  was Vel FB )
.

- Now the two  of  you compared your  results by taking
the difference . f

Could drop this  sign
if  you swap the

Vrtrrs ) - Yatra ) = - fete.EE ) - f - fire .EE , ) limits  Tac.
ie !



- I then ask
" does that  reallydepend on R ?

"

After  all
,

both results were independent of the paths  you took

( because Ex E -
- o ) .

÷i÷÷ " "  " *⇒=¥÷i±÷ :* .

= - S E

-

Louaggie
.

After all
,

when you write out the

integralsas above
, you realize that  it's really just

the same as starting @ Fa , going backwards along

Pyo to Fe ,
then from there to FB along path Pfriend .

But Ex E -
- O

,
so adding die . E from Fa to  TB should

give the same result for ant path from A to B .

- You could add up  - DI . E along a path from Fa to

FB that  never visits that point  Fe ,
so the

differencebit  your friend 's integral & your integralcannotdepend or Tre .
In  other  words :

f!!I . Etr ) = Vtr
,

) - Vera )

- That  is
,

there has to be some function whose

Value @ FB minus its value @ Fa tells you the

value of that  integral .

- I can more your  desks around
,

too ! So this has

to be true for any Fa
, any TB ,

and any path
from Fa to FB .



- Thats when  you remember the FUNDAMENTAL

THEOREM FOR GRADIENTS
,

which says that  if  you
have some function Vtr )

,
then

fiacre . Evers = VE
.
) - viral

for any Ta , any FB ,
and any path from A to B .

- Comparing your result for Vtr
,

) - Vira ) to the

FT for gradients , you have an A - HA ! moment :

Ife Every = - f!!e. Eir )

And the only way this can atways be true
,

for

any Ta and any FB and any path between them
,

is if :

⇒ E = - Fiver )

- In other words
,

there has to be a function

✓ LF ) whose ( minus ) gradient gives E
.

We were

able to show this with liberal use of path -

independence of the integral of DI . E
,

which

follows from BxE=0
.

So  it's only true that

E = - TTV if TTXE = O !

- The function Vtr ) is not unique .

There's nothing
tricky here :  if I add a constant to VCF ) that

doesn't change E
,

because the gradient of  a

constant  is zero ! TT L Vtr > t  canst ) = I Vtr ) .



- This fact  is sitting right there in our integral for

VLF) :

z

Vrtr ) = - foil'
. ELF ' )

t
k

If we more the reference pt . to FE this changes
the potential :

,

r

Yztr ) = - SDI
'

. ELF ' )
÷

- But the result can 't  depend on the path from FE
to I

,
and we're free to evaluate it along a path

from Fz tore to  I !

Veli )= - fide : Etr 's - f,÷ ELF 's

- .
-

What  we called Veli )
I Depends on  Te sire

,
but

not I
.

- This  is just another way of saying that
'

the
'

potential @ T is always given with respect to some

reference point ,
and if  we change the reference

point then the potential @ T changes by a car -

stunt
.

- So
, given  an electric field ECF )

,
the electrostatic

potential@ I relative to Some reference point  Tre is :

I

Vtr ) = - fdt.EE )
F

R



- You will see an example of how to compute Vtr )

starting from Elf ) in class .

- But this can 't be it
, right ? The potential only makes

things useful ( in the sense of letting us avoidCoulomb
integrals ) if  we can compute it directly from

what we know about the charges ,
and then use

it to find Elf ) !

- How do we do this ? In Phys 126 you learned that

the potential for a point charge q @ the origin
is :

Eq
.

Vtr ) = y¥eo÷* I A scatty !

q a y
<

x

- Or  if  you more the origin , so that q is located

@ F '

,
this is :

.

" "

÷÷÷÷÷:
- And if there are multiple charges q ;

located @

position Fi '

,
i = I

,
. . .

,
N

,
then the potential @ F is :

N q ;VLF )=¥e
. Fil



- From here
, we make the jump to a distribution of

charge , w/ infinitesimal bits dqlir ' ) located along
a curve ( dqLF 'S = XCF ' ) de

' ) , spread out
i

over a

surface ( dqCF
' ) =  Otr ' ) da ' ) ,

or throughout a

volume( dqtr
' ) = gtr

' )dI ' ) .
Then :

¥eofpde'X f
IMPORTANT : Arrived at

tr - F 't this starting from V for  a

collection  of point charges ,

Vtr )
=/

¥eofgda
' IIIT ,

which have VLr→o ) -20
.

These formulas can break¥eo¥E÷
.

Is:*. this: iis:
charge - we 'll discuss in

class !

- Finding Vtr ) is usually preferable to evaluating the

corresponding Coulomb integral for ECT ) because :

Li ) V is a scalar & E is a realer
.

You  do  one integral
instead of 3 .

Lii ) The integrals for V are sometimes easier .

Liii ) Be Etr ) = Fogle ) ⇒ DUCT ) = - etoglr )
,

and we can

Use powerful techniques for Solving diff .  egns .
to

find V this way .

- In class  you  will see an example of calculating V

by setting up & evaluating the integrals above .


