Lecture 7: Electrostatics

Coulomb’s law, definition of electric field,
superposition of discrete charges, Chapter 4
pages 107-115
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Electric Charge
fundamental property of matter
measured in coulombs (C)

ampere (A) Is a basic unit in Sl and coulomb Is a secondary unit
derived from it

dQ

| = —— = C=AXS
dt

| IS the electric current in amperes (A)
Q Is the electric charge in coulombs (C)

t Is time in seconds (s)



Electric Charge (Cont’d)

charged particles in atoms: electrons and protons

these particles react in opposite way to the influence of external
electric fields — they have opposite charges

protons have positive charge, and electrons have negative charge
electron charge is equal in magnitude to the charge of a proton
electron charge iIs the smallest indivisible amount of charge

e~-1.602x107"°, C

we are concerned with charge distributions much larger than the
dimensions of the largest atomic nucleus (cc10-1°> m)




Point Charge

charge occupies a finite volume and may have varying density

a volumetric charge can be always considered made of smaller
charges, so small that they tend to a point

point charge features a volume which can be considered
Infinitesimal (a point) relative to the distance from its center to
the observation point

a point charge is then an infinitesimal sphere of homogeneous
charge distribution (charge density p, Is constant)

Q=p,vICle p, =2 [C/m’]
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far away




Coulomb’s Law

Origin
Force affecting Q, due to charge Q,
1 Q Q R12 = rz_ rl’
F, = 1*2a,=-F,, N _
12 Are R122 12 21 RlZ - ‘ RlZ"
k di, = R12/ R12
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Coulomb’s Law

+ o+ - - + —
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Similar charges rebel and different charges attract

F12 . 1 QlQZ R 1 QlQZ (r2_ rl)

dne RS 4ne |ry—ryf
K K

In vacuum, if the force is measured in newtons, the distance
In meters, and the charge in ampere-seconds (coulombs):

k ~9.0x10°
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Coulomb’s Law (Cont’d)

the constant
1

E=——
4k
Is called dielectric permittivity. In vacuum, it is
equal to

-9
£y~ W 8.856x102 F/m = C/(V xm)
3

For a general medium, we have & = &y&,, relative
dielectric constant >1

Air: g =1.0006 Water: ¢, ~80
Urban (dry) ground: ¢, =3



Electric Field

Origin

electric field vector — the force exerted on a unit charge

E = IimE, N/C=V/Im < F=qgE, N

q—0 q
q Is a test (probe) charge, the value and size of which are small
enough not to disturb the measured original field of the source.
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Electric Field (Cont’d)

electric field of a positive point charge located at the origin of a
spherical coordinate system

E= = Qzar, V/im
Are v

notice that in this expression the
charge is at the origin:



Superposition

superposition means adding the individual contributions of sources

superposition holds in a linear medium

vector superposition implies adding/subtracting vectors

the ESF of multiple charges at any point is a vectorial sum
of the fields created by each individual charge.

E=> E

this implies that the force affecting a test charge at a point is
the vector sum of forces caused by all charges



Field of a Point Charge

E
a point charge at the origin (spherical coordinates)
—r — v/ P(x7 Vs Z)
E— i%ar R=r-r
Are r
0
(xr, yl, Z!)
r
a point charge at position r’ r'
E(n =1 Q(lf")2 A notice source
Are |r—r'| notation!

E(r):Q(r)'(r_r) ®

Are |r—r'? Origin
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Field Resulting from Discrete Charges

E(r) = i Qn(rn)

dre =|r—rh|? An

for 2 charges:




Discrete Charges (Cont’d)
Q . (X=X1)ax +(y—-yi)ay +(z—2z)a;

El(x, 4 Z) N Are |(X—X1)2 -I—(y— yl)2 +(Z— 21)2 |3/2
Ea(x,y,2) = 22 (= Xe)ax+ (y—y2)ay + (2= 22)a,

Az |(Xx=%2)? +(y—Y2)* +(z~22)* "

E(X,y,2)=Ei(X,y,2) +E2(X,Y,2)



