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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 vrith 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 chargedo Further9 
we know that the magnitude of the force is independent of the method of 
charging$ but its direction is not., 

Now suppose we have a charged body whose charge is not necessarily 
constant~ and we suspend _a much smaller test body near ito 

I 
I m,s 

-+ 
We may measure~the force F by noting how far the sm~ test body (1) 

is displac:d., . (Note F may be pos-1tivvr neg~tive).- Nqw i~E (x9 y 9 z) is 
the electr~c f~eld~ we may say F g e ~ (x 9 y 9 z) where e ~s a constant same= 
how related to the charge ori the body., Now if we make this measurement at a 
given point 9 say (1)'9 with e taking a value e1 and e29 ·we findg: 
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Like·wise if -we say e ~ consta~t~. ioe., charge does ~ot c~a~ and i·Te 

the small test body to a ne-w pos1.t1.on (2) where the fJ..eld l.S E2 S~ we find:;: 

I ~~~J\1 and ~ ~~oJ ~~I in other words 1 ~~ _I ~ / 
,F;,-)~1 

Nm-T these forces may be thought of in many way so· One vray » 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 objecta Another 
way 9 due to Newton 51 is to think of the force on the small body as a fUnction 
of the distance separating the bodieso Both ways are largely a matter of · 
definition51 and either wilJ. y:ield correct restiltso 

· 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 
HLaw of Forcesn or 1ffCoulombs Law" o 

If at (1) and (2) we have I'espectively e1 charges and e2 charges 
separated by a distance~ 

(2) 
e
2 

charges 
~ a.. e 

we may say\ F f= __ J.. 2m r 
l~J2 

where f is a constanto 

. -7 -?; 
Now if f ·l!:!! l.s; 'F I is in dynes and I rj in Cillo Then e is i~9 or 

in other vords 51 1 dyne force at 1. cmo ~ 1· esu· of·charge., But if\ ]TJ is given 
in Newton's (Jig s::~•r) ::o m5 dynes,\ r-'1 in meters, and e in coulombs, then 

f ~ 1 where K ~ 8o85 x 10=12 coulomb/volt metera 
4 K o l'r 0 

This latter system of units is known as the MoKoSo System and is one 
the most generally used in engineering problems since curTent has the units of 
amperes 51 potential the unit of volts9 etco 

Thus in the MoK.,S., System$ CoulambU s La~.r would be written:;: 
~ lFlt!!i ele2 

4 rr Ko 171 z-= 
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Now if we have a point charge e and at same dist~nce r a small test 
body whose charge is e' ~ ~ ~ 

Test Body then F c e' e ~ 

field 

Point Charge 
e· 

0 4 rr Ko r 2 r-t I 
et 

~ ~ 
since F c ell E 

~ 
E ~- l 

477' K0 

e 1'\ ;· -~~,r volts; 
r'2 meters., 

Thi~ expression is very similar to the one: previously derived for the 
of velocity around a point source emitting fluid., 

~ /\ 
v :'l g r_ 

4Tfr2 
ds c q 

J similarly~ Q ds ~ _§_ 

Ko 
. s. 

which is the mathematical expression of Gauss• Law., In other words,~~ the 
field leaving a closed surface is equal to the amount of charge enclosed 
vrithin the surfaceo Now if there are a number of charges~ 

ftc as :;E ~ ~ r 
/ .. · · K

0 
}v 

s 
K 

0 

dV:: f div 1' Q dV 
-~ ' 

where f?· is considered as charge density and has the units of' coulombs/meter-' o ' 

These equations indicate that a field set up by point charges is 
irrotational since~ 

£ .L.._dV r= 
V K . 0 . 

£div 1 ~ dV 
v 

---:} 
. di v E fl!ll L_. which is one of Maxwell v s equations 
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DISCONTINUITY AT SURFACE OF CHARGED BODY 

In considering the condition at the siirface of a'charged bodyp it 
may be shown that a discontinuity in the-field'exists at the surfaceo ·Consider 
a flat "pillbox11 on the surface of the body such that no nux leaks out the 
sides of the box~ 

Whereg:: 
1\ . 
n ~ Unit normal vector 

dA : Area of top of &apillboxu 
~ 

/ 

Ei m Electrostatic field gradient outside body 
~ 
E2 = Electrostatic field gradient inside body 

6': Surface charge. density (coulambs/meterZ) 

In general~ 

b ·. =;: ..,-___ .· _..!3_·11 
_/ E ..- nQA _,:;: .1\.. ~. Wj. 

0 

For this casei 
(.::; A ~ 

j .El o· ridA .., ~ 

~ /YorG .J//.S COHT/NV~7'Y (1'-?'o.etF 

L./Nc:.s Oe/r.S I'.:Pt: .Bo;r 'T#~IY /N.s /.Z,e) 
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FlELD OUTSIDE UNIFORMLY CHARGED SPHERE 

Consider a uniformly charged sphere~ 

Where~• 

~ g charge density in sphere (coulambs/meter3) 

a = radius of sphere 

~ = distance of same point from center of sphere 
__. 
E e Electrostatic field gradient at above point 

and if V ~ volume of sphere~ and Q = total charge on sphere 11 them; 

_/-
(:? dV ~:::·. ~ 7r a3 _e_ 
K0 • 3 K0 

2 . 
Ex4"'([R:;; Q 

Ko 

Em Q 
4Tr K R2. 

0 

This shows that a uniformly charged sphere is equivalent to a point 
charge at the center of the sphere with all the charge concentratedat the 
pointo 

FIELD INS:IDE UNIFORMLY.CHARGED SPHERE 

Consider a ttni.for.mly charged sphereg 

' ;, 

.. 
~1 r' 



Where~; 

a :: radius of sphere 

~ ~ charge density in sphere 

Flux leaving any sphere of radius r ~­

E 47r r 2 = ..1._ I fav 
Ko _/ 

r 

3 :-'z_((r 
3 

r 

~ 
K 
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THIN METAL SPHERE IN ELECTRIC FIELD 

POISSON'S EQUATION 

No tr~Gc r.e1c 
C:,t~A}~t::;G 

/.IYS/.Z>E H/NGN 
.S.PHc-..e£ /.S //1 

ttE .t. .c e r ,e,. e:: ,e/t5" .e. Z> 

Consider a field around a point charge eg 

r 

~ 1\ 
E ~ . 1 e r - ... grad e 1!: Volts (scalar) 

4u- K0 T = 4VK
0 

r 



V :Electrostatic potential in volts (MoKoSo) 
~ 

E m - grad V = ~ r (ioee E is irrotational field) 
3K . 0 

-7 
curl E = 0 

-+ 
divE: ...e:__ 

K 0 

Poisson's Equation 

Considering a group of charges, e1$ e2 t - - -ei~ 

p O.elt!fiH 

0 

e, 

e3 • 

CAPACITY OF A METAL SFHEBE 

Where~ 

• 

• 

a : radius of sphere 

v * l 
4VK0 

v= 1 . r~ 
41fK

0 
) ~r 

e ~ charge (concentrated on surface) 

potential at a 9 V : e 
4 1r K0 a 

dV 



defining _!_ ~ c~ ~apacity = charge/voltage 
v 

For example~ for a sphere one meter in diameter~ 

C ~ 4"1fX 8o85 X 1/2 // F 

CAPACITY OF CONCENTRIC SPHERES 

a ~··radius of inner sphere 

b : radius of outer sphere / 

.e 

C m 4'tr K0 a b (where a and b are in meters) 
b-a 

CAPACITY OF PARALLEL PLATES 

A = area of 1 plate 

d ~ distance between plates 
--:> 
E::::: V 

T 
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surface charge density Q" c K
0 

E 

.r A K E A Ko d A 
Q c.; 0 r:: -..;;r,..~-

d 

,.. K VA K A "'··= 0 &1. 0 
dV d 

C m 8o85 _!_ // :t: (where A is in meteri and d is in meters)o 
d~ . 


