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I, CONDUCTCRS IN ELECTRIC FIELDS

Ao Point charge e and a conducting plane of infinite areasg

=e is an image of e

.  Potential Ve __e - __e _,
| W W

therefore at any point on plane Ty= Tp
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V= e - e =0
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« field lines

All f::.eld lines leaving e arrive at
mirror image —e
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1 - Electrostatic potential at
. 2 any proint in space between
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When 2 = O, E; & e 2a potential gradient from plane to

4Tk, (a i_r2) 3/2 - e'at»the plapeo

Surface charge on ¢onductihg plate o =k, E

Total charge Q &= ‘//c;‘dA

For infinite area Q & 1/2 _a_ e 20r d r
(-]
o
= a e 1 . ‘m -t

(a2+;2-)%1/2 '
, ‘ ]

This charge is said to have been induced on the cohducting surface,

Be Point Charge and a conducting plane of finite areag

Some field lines miss the plane and go

" on to infinity, so the toltal charge
would be less than the expression of
Q above,

Cg Force Between a point charge and a plateg -

F o? The same as the force between two
' 2 : point charges separated by a distance
4T kg (Aa ) of 2a, Called an image force.

D, To find g sphere'of zero#potehtlal, Tt follows that there is a constant
potential surface between any two charges and that a metal surface could be ingerted
such that it would have potentlal = 0o Let e 7 e o

R A r
o |2
e 3
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MBE‘)
Vo 1 &1 - % from part A
41{'k0 Ty To
. s e.R R e. e
If potential is to be zeros 1 = "1 or i = 2
e22_ r22 ry 'rz
2 - 2
By lav of cosines and by dividing: Y1 f‘pl 2hpy cos & &y
' 2 ' 2.
Ty R-+—p2 = 2Bp, cos & = e
» 2. 2
Let R2 = Py By and 1" - Pl Py 4 P17= 2py ’Pl Py cos ©
2 P Po 4 Py = 2D, lpl 2 cos &
2
" o P+ p 2 [p Py coze)
2 ¥ .
) Py (p+ Py, =2 By, cosO)
2 2 e 2 e 2 P . . .
R* = P2 1 = constant, L = 1 this defines the spherical
es e R Py surface, so that the ratio
2 is independent of 8.
E, Sphere of finite surface snd groundeds
™ PZ . '612 = Py
Bl e2'. 2
Q "”CZ = z‘ej, __.—_p2 N
R e P
) 2 ]
-~——————— p, — Po=  R_ and =, = S R
S — Pq Py
Note as Py > oo s & —> O

Only enough charge in field lines ccmes from e1 through sphere to make up €50
Excess lines from eq go to infinity in other directions.
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Fe Sphere of finite surface and not groundeds

If sphere is not grounded then there

R _¢z+ is no way for charge to get on sphere
+C, and net charge is zero., However, &
e dipole moment is induced and the
— P ' potential the sphere takes is
y | Ve_ 22
i Ft _—"‘H LT ko R

If the ungrounded sphere is in a uniform field, lets

P > o2 ' Pze Py dipole moment
e -4—=_> ac eq R3 :
l © Po = d dipole moment
ey ) * E E Py
lmk Py 3
. 2 . eq R
Bz B seame; By By = 12
Pl Py’

Go Effect of a dipole fieldsg -

v/ =% | 1
L ) LTk,

T, o rl-f‘ d cos © for A< Te

Ve 1 |- %1
'/4'“-1_‘?0 r rl-l-d cos @
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Tw_ & 1e_. 1
AT ky 1y l+d cos @
1
e 14+ 4 cos 8 = 1
Vo 1 1 ﬂ 3
Ty LTk 144 cos @
1
vy __ & 1 4 cos 8
Ty ATk T2
Vo %1 ~8cos8 v d oos @ pand T, YT,
LT k. 17T ~ =
T % 1 2 ATk, ”
Vo P‘. cos 8 where ¢1 d m P dipole moment
4Tk, b
S P
>
Eg-grad Ve 0V
2r

. ;-_ﬁ_ag___z' for 8 & 0°
- ATko T

V= Eo- 7 where 2 m 'r‘ cos & (rl %’ » :c*z)

VesEyrcose

3 ‘ :
Vg Eyrcos = Eo R"c0os 8  potential of an ungrounded metal sphere

= in a uniform field,

IT. DIELECTRICS

A, Condenser capacity changes with insulating materialg

For a parallel plate condenser

Cmkyk A 777777 77N lat
/SRS S ates
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Where: k, is a constant dependent on thé'units.
A g‘plate ares,

d = gap length

k has no dimensions and is called dielectric constant.

k Material
1,0000 Vacuun
1,0006 Air
81 Water
5 e Glass
1000 v Titanium Dioxide

. Dielectric constant varies with frequency of charge variation, At high
frequency (say frequency of light) the high dielectric constant material such
as Titanium Dioxide drops to about 5 = 7,

e y
c?i" 3 £

For the plate condenser shown, on each plate there is a charge of surface
‘density + 4~ where:

T o=k (,._2_:.:._3;_

IE I k, (Assume a vacuum k &= 1)

If we now insert in the condenser a plate of insulatlng materlal, of thick—-
ness d and dielectric constant k, we obtain in that part of the condenser which
is occupied by the materlal a different surface density of charge*

o sk k -VZEV:L sk k |E I

While the dielectric is being inserted in the condenser, the battery must
accordingly supply a quantity of electricity,

o - Rk (D) (M) 2 ko (k1) |, |

for every unit area covered by the dielectrics that it does so may easily be
verified by an smmeter, . l
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The opening between the plate and the dielectric does not alter the capacity
or charge of the condenser; hence in the opening the intensity must have the value:

e =k, k ,.vz.,gv;. =k k lEo}g‘E‘?, k,

. for the plate surface has now a vacuum adjacent to it, In the interior of the
‘dielectric the intensity must still be E_, It follows thet when we pass fram the
opening into the dielectric, the 1nten31%y E jumps from k Eo to Eje But a

. sudden change in the normal component of the field strength is always equivalent
to the presence of a surface charge, The effect of the dielectric on the
electrostatic field is therefore the same ag if 1ts surface carried a charge of
surface dens1ty 67— ¢ wheres

g s () (Eem)

 Eo being the intensity in the insulator, and n the normal to the 1nsulator, dravn

fv outwardse.
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