Lecturel 9

® This week: parallel-plate capacitor
® motion of charged particle and dipole in E

® chapter 28 (Gauss’s Law)




Parallel-Plate Capacitor

[nside the capacitor, E und.I; (a) Ideal capacitor
are parallel, so the net field 1s large.

Side view of
electrodes .9
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The field is constant, pointing from

: _E the positive to the negative electrode.
"Outside the capacitor, £, and E
are opposite, so the net field is zero.
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(b) Real capacitor
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® 2 electrodes with charge +() R =rF=as
separated by d << size of electrodes <

® inside capacitor
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(—, from positive to negative

A weak fringe field extends

® E — 0 OutSide capacitor outside the electrodes.




Motion of Charged Particle in Electric Field

E E

® Source charge creates / P
E, other charges : +/
respond to it: s
FOIl q — C]E_:> The vector is the electric  The force on a positive charge  The nuun | negative charge
C_L — (q/m) E field at this point. 1S 1n the direction of E. 1S opposite in direction to E.
® Uniform E (a =
constant): trajectory is
parabola (as in
gravitational field)

® Non-uniform field e.g.
circular motion:
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Example

® The surface charge density on an infinite charged plane
is —2.0 x 107° C/m*. A proton is shot straight away from
the plane at 2.0 x 10° m/s. How far does the proton
travel before reaching its turning point?




Motion of Dipole in Electric Field

The electric field exerts The torque due to a couple
a torque on this dipole. 1S 7 = [F = pEsin®.
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In terms of vectors. 7 =

This dlp()le 1s 1n equilibrium.

E
® Polarization force: external charge
induced dipole; attractive force on
near end > repulswe .charged object

attracts neutral...
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E’
Dipole in uniform E: no net force, but
torque, causing it to rotate

Dipole in non-uniform E: first aligns,
net force toward stronger field
(toward charged object) N
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Chapter 28 (Gauss’ Law)

Use symmetry to find geometry of E \
Today

For such fields, calculate E using Gauss’s Ll_ay

Concept of Electric Flux in Gauss’s Law

Use Gauss’s Law to understand conductors




Symmetry (unchanged under geom. transformation )
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cylinder \

Infinitely long, uniformly
charged cylinder

a
Translation (@)
parallel to End view ' __Reflection plane

the axis (b) of cylinder |
.- This field is cha

It doesn’t match T " is not changed by
R:wuo}? : + Uesll Htl‘l Cf \ —> reflecting 1t in a plane
about the c Symmetry O
axis J : 4
E the cylinder, so t E
field can’t look

Reflection E like this.

in plane

containing

the axis Reflect

The charge distribution

E contalmno the axis.
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\i perpendicular
to the axis

(a) Is this a possible electric field of an infinitely
long charged cylinder? Suppose the charge and
the field are reflected in a plane perpendicular
to the axis.

b) The charge distribution is not changed by the
reflection, but the field 1s. This field doesn’t
match the symmetry of the cylinder, so the

Reflection plane\: cylinder’s field can’t look like this.

[
\ \ \ Reflect
E




Sym m et r)’ I I Side view End view

A

® must be...

® 3 fundamental
symmetries
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Cylind rical Symmetry Copyright © 2004 Pearson Education. Inc.. publishing as Addison Wesley
Spherical symmetry

Planar symmetry

The field 1s radial

_ toward or away The field 1s radial
The field is from the axis. tpward or away
perpendicular from the center.
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More

complex
example:

Infinite parallel-plate capacitor

Coaxial cylinders Concentric spheres



Concept of Flux |

(a) The field is coming (b) The field is going (c) /?]lleldl pcllsslgc
C B Oy > By By => *C o
out of each face of into each face of the E : ‘O;?C]lll]e o
implies there’s
the box. There must box. There must be l |
. : : no net charge
be a positive charge . a negative charge in -
) . = S = in the box. .,
in the box. *, the box.
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outward flux (“flow”) of E thru’ closed (Gaussian) surface for
next positive charge inside

inward...for...negative...

no net flux...net charge




Concept of Flux I

(b) A two-dimensional
cross section through
a spherical Gaussian
surface 1s easier to draw.

A Gaussian surface
1s a closed surface
around a charge.

——
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® match closed surface to symmetry of E /charge distribution

(a) 2 :
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Two-dimensional cross sections
of a Gaussian surface

Cylindrical Gaussian
Cubic Gaussian surface
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