Electrical Potential

Review:
W, , , = work done by force in going from a to b along path.
b —> — — —
W, ,, = [ Fedl = qu-dl ?
b -
AU =U,-U, =-W, ,, =—[ qE «dl 0
, a dl
U = potential energy
W b - -
AV =y, -y, =29 Yo=Y *>2 = —[ Eedl

4 4 4

- Potential difference is the negative of the work done per unit
charge by the electric field as the charge moves from a to b.

* Only changes in V are important; can choose zero at any point.

Let V,= 0 at a = infinity and V, — V, then:

J-r Eodl V = electric potential

b



Electrical Potential

Two ways to find V at any point in space:
* Sum or Integrate over charges:

q1 r'1 P

q2 & V = 1 qi
r3 i 472'50 rl

q3

- P

S
Arre,” 1

Example of integrating over distribution:
* line of charge
* ring of charge
- disk of charge

Be able to do these.



Electrical Potential
* Determine V from E V = —jr E ° dr

Example: V due to spherical charge distribution.

Determining E from V: o b
AV =V, -V, =—[ Eedl = dV

a a —>»
For an infinitesimal step: E
. = 0
dV =—-E edl =—EdI| cosé& >
dl
Cases: directional derivative

-0 =0: dV=Edl (maximum)

-0=90% dV=0 . .
.9=180% dV=-EdI dV depends on direction

Can write: o i i A i i A
dV =-Eedl =—(E,I +E, ] +E,k) e (dxI +dy ] +dzk)

=—(E,dx+ E,dy + E,dz)



Potential Gradient

Take step in x direction: (dy = dz = 0)
dvV =—(E,dx+E dy+E,dz) =-E dx

dVv oV

E,=- dx T T partial derivative

y,Z const.

y @y 7 az

Similarly:

And:

E= —(—| +8—VJ+%—VIZ)——

oy

V=(=—i+—]+—Kk) gradient operator
X

Gradient of V points in the direction that V increases the fastest

with respect to a change in x, y, and z.
>

gpoim‘s in the direction that V decreases the fastest.
perpendicular to equilpotential lines.



Potential Gradient

Example: charge in uniform E field N
U = qEy :
V=U/q-=Ey 9
where V is ‘r%ken as@O at )é: 0. 1

E=-VV =— (i +— ] +-—Kk)Ey 4

ox oy oz Y

=—(0i +E ]+OI2) =—Ej

Given E or V in some region of space, 0
can find the other.

—-» . .
Cylingrical and spherical symmetry cases: EXample: € of point charge:

For E radial case and r is distance c oV 0, ¢
from point (spherical) or axis " ar ar Ame,r
(cylindrical):

Y _ a1l g
Ef__ﬁ (47z50)(r2) Arre,r?



The electric Potential V in a region of space is given by

V(X,Y,2)= AX* -3y +12?)
Derive an expression for the electric field E at any point in this region

Express the vecior E in the form EJ', E_a,, E-,W]'IE:I‘E! the x, v, and z

coOmponenis are separated hy commas.

= — a:‘ 8 2 5"
E=-VV=—(=i+—j+—Kk){AX* -3y* +7?
(ax i Rapw H{A( y )}

—(2AxiA—6AyJ°+2AzIZ)
= —2A(Xi —3Yj +zK) V = const?



Example 1:

+1F
This graph shows the electric

potential at various points
along the x-axis

A\E—//c




Example 1:

+1F
This graph shows the electric

potential at various points
along the x-axis

A\E—//c



Example 2

The electric potential in aregion of space is given by

The x-component of the electric field €, at x=2 is

E. =0 (b) E,>0 (c) E <0

X X




Example 2

The electric potential in aregion of space is given by

The x-component of the electric field €, at x=2 is

[(a) E, =0 ] (b) E,>0 (c) E, <0

L,
o

We know V(x) “everywhere”

To obtain E, “everywhere”, use



CAPACITOR

e A capacitor is device formed with two or Conductom

more separated conductors that store charge
and electric energy.

 Consider any two conductors and we put

+Q on a and —Q on b. Conductor a has constan

V, and conductor b has constant V, , then

Tb . .
a ducation, Inc., publishing as Addson Wesky

fa
 The electric field is proportional to the charges £Q. If we double the
charges +Q, the electric field doubles. Then the voltage difference is
V,-V, proportional to the charge. This proportionality depends on
size, shape and separation of the conductors.

Q =const x (V5 —Vp)

D)

Conductor b

Y&F fig. 24.1




CAPACITOR, continued

o If we call this constant, Capacitance, C,
and the voltage difference, V=V -V,, then,

Conductor a

Conductor b

icafion, Inc., puidishing as Addison Wes

a positive quantity by its definition (voltage difference and charge
of + conductor)

* UNITs of capacitance, Coulomb/Volts or Farads, after Michael Faraday



Example:
Parallel Plate Capacitor

Calculate the capacitance. We
assume +o, -ocharge densities

on each plate with potential A
difference V: ] .+ +
C = Q
Vv
Need @ Q=0A
b
Need V¥ from def'n: V.-V, :_J'E.dr
— Use Gauss’ Law to find & 2



Recall: Two Infinite Sheets

(into screen)

+ +9 +
Q

e Field outside the sheets is zero E=0

e Gaussian surface encloses
zero net charge

 Field between sheets Is not zero:

e Gaussian surface encloses
non-zero net charge Q=o0A

§ E ° d§ = AEinside » [E G]




Example: Parallel Plate Capacitor

 Calculate the capacitance:

* Assume +Q, -Q on plates with
potential difference V. ; ++ + +
c_o_Q o
& Ag,
b
— (Eedi =Ed=_2 C:Q:AgO
Vb—Va——;[EodI _Ed_A—god — -3~

 As hoped for, the capacitance of this capacitor
depends only on its geometry (A,d).

 Note that C ~ length; this will always be the case!



Cylindrical Capacitor Example

o Calculate the capacitance:

e Assume +Q, -Q on surface of
cylinders with potential difference V.

e Gaussian surface is cylinder of L
radiusr (a<r <Db)andlength L
Law: (EedS=2aLE=" E-_
» Apply Gauss' Law: {EedS=2mrLE= = P
& 0

If we assume that inner cylinder has +Q, then the potential V is
positive if we take the zero of potential to be defined at r = b:

a a b 4
= Al Q Q (bj Q2 ,L
V=—|Eedl =—|Edr= dr = In| — p— C = =—=

! ! j 2nefl 2zl \a Vi (b_j




Spherical Capacitor Example

Suppose we have 2 concentric
spherical shells of radii aand 6
and charges +Q and -Q. Q

Question: What is the capacitance?

E between shells is same as a point
charge +Q. (Gauss's Law):

(-1 9
7E, T
c.Q _ Q
a" i b" - Vad Q (L_i)
Vy, =V, -V, =—[Eedl = [Eed a7z ‘a b
b a
b b Q 4 e .ab
=|E dr= dr _ 0
!: r ;‘:477‘90"2 — [ - b—a ]
Q[ o 11

_47zgor . - dre, a b



Capacitor Summary

A Capacitor is an object with two spatially separated conducting
surfaces.
The definition of the capacitance of such an object is:

-Q
A Q  A°
++ + +
d
""" b
Parallel Plates Cylindrical Spherical
C:Ago o _ 27 L C_47250ab

d .n(b_) ~ b-a

a



For next time

- HW #3 - get cracking (Hints posted)

+ Office Hours immediately after this class
(9:30 - 10:00) in WAT214

+ Don't fall behind - next 2" Quiz Friday




