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ELECTROSTATIC FIELDS IN FREE SPACE

An electrostatic field may be defined as the space surrounding a
charged body,

By experiment we know that a body may be charged by rubbing, by being
touched to either post of a battery, or by being touched with another charged
body. We know that the body is charged because it now exerts a force on other
bodies near it, which force it did not exert before it was charged. Further,
we know that the magnitude of the force is independent of the method of '
charging, but its direction is not,

wa suppose we: have a charged body whose charge is nolt necessarily

- constant, and we . suspend a much smaller test body near 1tb

2)
mn ;ﬂ) : '
_ We may measure, the force F by notlng how far the sma%; test body (1)
is displaced, (Note F may be pqﬂiﬁlve or negatlve) "Now if E (%, ¥, 2
the electric field, we may say 75’ (x, y, 2z) where e is a constant scmea

how related to the charge on the bod‘y° Now if we make this measurement at a
given point, say (1)9 with e teking a value ey and ey we find°
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Likewise if we say € = constant9 i.e. charge does not change, and we

move the small test body to a mew position (2) where the field is Ezg we finds
S -

i Fl E F‘zi EEZI _ in other wordsi ! Ell

2’ | |

Now these forces may be thought of in maily ways. One way, due to
Maxwell, is to think of the force on the small test body as due to the inter—
action of the body with the electric field around the charged object., Another
way, due to Newton, is to think of the force on the small body as a function
of the distance separating the bodies., Both ways are largely a matter of
definition, and either will yield correct results.

" The above equations relating the Force on a small body to the charge
on the charged body and the field strength at the small body leads us to the
"Law of Forces® or "Coulcmbs Law®,

ki at (1) and (2) we have xespectlvely e, charges and e, charges
separated by a distance

- (2) | | e
= ~e, charges ' we may say'\Fi* °1. % o
. tﬁ?jz
(1) vhere f ig a constanto_
ey charges ‘ '

e pr s -> L
Now if £ = 1, | Fl is in dynes and |r| in em, Then e is in gsu, or
in other words, 1 dyne forece at 1 cm, S X esu of -charge, But 1f\ is given
in Newton®s Kg meter ) . 107 dynesgl r |1n‘metersg and e in coulembs, then
, Sec
f = 1 where K = 8 85 % 10712 | cduldmb/volt meter,

LT K,

This latter system of units is known as the M.K.S., System and is one
the most generally used in engineering problems since current has the units of
amperes, potential the unit of volts9 etc,

Thus in the MoKoSo System9 Coulomb's Law would be wr1tten°
4,H°K Br!
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Now if we have a point charge e and at some distance r a small test

body whose charge is efs g -
Test Body then F = e! ¢ 5 r
=3
LWE, A
ince ¥ el B
since e
Point Charge e - =
: ~ .
: E = ' e ¥ volts/
4T K, = meters,

Thigs expression is very similar to the one previously derived for the
field of velocity around a point source emitting fluid,

—> N\ -
Vo 9 X or vedsmqg

similarly:

which is the mathematical expression of Geuss! Law. In other words, the
field leaving a closed surface is equal to the amount of charge enclosed
within the surface, Now if there are a mumber of charges:

D ) '.‘ % .
Eeas=J) %L = - dV;-/divEOdV
. - Ko A K ‘

v
0
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where (¢ is considered'as charge density and has the units Of’ c‘ou.‘].,cmbs/me’te:r:':3 o

These equatlons indicate that a field set up by po:Lnt charges is
:erotatlonal sinces

. / ‘_’
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- |
" divE e _/°_ which is one of Maxwellls equations
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DISCONTINUITY AT SURFACE OF CHARGED BODY

In congsidering the condition at the sturface of a ;charged body, it
may be shown that a discontinuity in the field exi:

a flat ¥pillbox"™ on the surface of the body such that no flux leaks out the
sides of the boxe

Wheres ) T ) | | ;'/

= Unit normal vector

é,, Areai of top of "pillbox® »

Eq E'Eiectrosﬁatic field _gxfg%;iignt-' outside body
’EZ o= Eiectrosta‘@ic fieic?,, gradient inside body
& = Surface chérge» density (cmllombs/méfei‘z)

In generé.ls | - - |

For this cases
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FIELD OUISIDE UNIFORMLY CHARGED SPHERE

Consider a umfomly éhargéd spherez

Wheres,

: / m charge density in sphére (coul"..ombs/me't:er’3 )
a g radius of éphere |
R ;> distance of some poir.;'b” from center of spﬁere
-g m Electrostatic field gradient at above pOiﬁ'b
and if V = volume of sphere, and Q = total charge on sphere, théng

P = 4 a3 _£
Xy - 3 ( K

Ex A'((' R? ; ng

s
E .

This shows that a uniformly charged sphere is equivalent to a point
charge at the center of the sphere with all the charge concentrated at the
point, ' ‘ o

FIELD INSIDE UNIFORMLY CHARGED SPHERE
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Wheres
& = radius of sphere = _
¢ = charge density in sphere

Flux leaving any sphere of radius r¢

ELAT ™ & _L_ £ av
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THIN METAL SPHERE IN ELECTRIC FIELD

Merrse

SPycRE _
£

No ceccT7erc
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SPHERE /S SN .
EeECTRIC fFreed ' r

POISSON! S EQUATION

Congider a field around a point charge es

— A : .
E=x_1 6 Tz —grad _e . g Volts (scalar)

bw Ky g2 LTE T

e =V
AT Ky v
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V & Electrostatic potential in volts (McK.S.)

Ewe=grad V= £ r (iceo E is irrotational field)

3K,

Qiv grad Eg = _A~ __ | Poisson's Equation

£

Considering a group of charges, €15 €59 = = =8,

' )/02/4//\/‘ -
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CAPACITY OF A METAL SPHERE

Wheres , ' v

a =.radius of sphere

Lo

e = charge (concentrated on surface)
potential at ay, V= e
T Aﬁn‘Kb a
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defining _e g G, ecapacity = charge/voliage
. v

C°Ves
C w & Kpa in farads _( a in me't}ers)
For e:icample,, for a sphere one méter in diame‘i:ergz

CmiT = 8:85x1/2 /'/”F
' CAPACITY OF GONGENTRIC SPHERES

a. g radius of inner sphere
b = radius of outer sphere = -~

AVe o - o _
AT K e LTEK,D

i

. Cwmdl Ko ab (where a and b are in meters)
, be=a ) R _

CAPACITY OF PARALLEL PLATES

/\/_o"/-_‘/‘545>
FPenres

A = area of 1 plate

d = distance between plates |
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surface charge density 4y~ m K  E

ShK,EAgKg 34
3

c E TA K A
v om0 82 L
3V a

.G._g 8,85 _A_ /U/'/ £ (where A is in 1lne'lzer*s;2 and d is in meters),

pleé
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