ELECTRIC CHARGE®Y

The force experienced by a charge ¢ in an electric field F is:

F =qE (1)
Charges create electric fields. For a point charge?:
Epoint charge — 7272 (2)

For a more general distribution of charge:

Electric fields add with vector addition:

Eora = Y E; (4)

The component of the electric field in one direction 2 is>:

E.=(E-2)z=(|E|E-2)z = |E|cos(a)2 ()

POTENTIALS(?3)

The potential energy U is the charge g times the potential V:

U=qV (6)
The electric force is conservative so F = —VU, and from Eq. 1, we find:
F:—VU:>E:—VV<:>V:/ E -dr (7)

Integrating, we find the potential of a point charge is:

k
Vpoint charge — 7q (8)
r
Similarly, for a more general distribution of charge:
k d
v [ 4 9)
charge r

Electric potentials add with scalar addition:

‘/total = Z V;. (10)

2k = 1/4meo is a constant equal to 8.988 x 10% [N m?/C?]
3Example 21.9 in the 13" edition is a good demonstration of where this is useful, e.g. if you have equal amounts of charge
on both sides of the point of consideration



GAUss’s Law(#2)

Gauss’s Law is a key topic on the midterm?:

P = anclosed (11)
€0

The flux is:

E/AdA-E (12)

The enclosed charge is:

enclose 1 1
Qenclosed _ 1 dg=— | pdv (13)
€0 € Jv € Jv

If E is parallel to A everywhere on the Gaussian surface (dA - E = 1), and the charge distribution is
symmetric (| E| is uniform on the surface), then we have the very nice relation:

Qenclosed
FE| = 21— 14
| — Lot (14)

CALcuLUS REVIEW

Some differential charge elements, dg ~ Adxz ~ 0dA ~ pdV (these might be good to put on your index card):

line Az)dz (15)
strip o(x)wdx (16)
disc o(r)2mrdr (17)
cylinder ,o(r)27rrhdr (18)
sphere p(r)dmrid (19)

Integralsto-knew—{in-order-ofimportance): If you need an integral, it will be provided.

dx T
/(mQ T a2)3/2 = a2(22 + a2)1/2 (20)
T dx 1
/ (22 + a2)3/2 = 7@2 T a2)i/2 (21)
__dr In |z + (22 + a?)'/?| (22)
(22 + a2)1/2

? dv x 2, 21
_ /2
/ (z2 +a2)?2 (2% 4 a?)1/? iz (27 +a7) (23)

4QGauss’s Law is an application of Stokes Theorem from Math 32B



SeeciAL-Torics:- DiroLEsZ Dipoles will not be covered on the midterm.

ﬁ »
E d /T4

The dipole moment is for charges +¢q and —q separated by d:

p=qd < p=yqd (24)

The electric field works to align the dipole with the field:

T=px E < 7=pEsin(¢) (25)

The potential energy of a dipole in a field is:

U=—-p-E=—pFEcos(9) (26)

SPECIAL Topics: CONDUCTORS AND INSULATORS(??)
22.23 Finding the electric field within a charged conductor.

(@) Solid conductor with charge ¢ (b) The same conductor with an internal cavity (c) An isolated charge ¢ placed in the cavity

qdc

Arbitrary
Gaussian
surface A

= . .
E = 0 within
conductor

. T ; ;
The charge ¢ resides entirely on the surface of Because E = 0 at all points within the conductor, For E to be zero at all points on the Gaussian
the conductor. The situation is electrostatic, so the electric field at all points on the Gaussian surface, the surface of the cavity must have a
E = 0 within the conductor. surface must be zero. total charge —q.

Conductors have some properties:
e There is no net charge inside a conductor: all charges reside on the surface

e The potential on any one surface of a conductor is the same (so field lines are L to the surface)

(left) Electric field lines (right) There is no elec-  Field pushes electrons  Net positive charge
. . . . . toward left side. remains on right side.
of a point charge in a cav- tric field in a cavity : ;
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jected to an electric field. W
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Field perpendicular to conductor surface

Insulators have fixed charged distributions, do not share the above properties with conductors.
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