Lecture 3, Jan 13, 2023

Continuous Charge Distributions

e What is the electric field due to a charged plate?
— Consider a point at P(0,0, z), and a plate with total charge @ and area A on the zy plane
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— Break the plate into pieces, by superposition Et ;= E; =
’ ;  dre|| R — K2
— As N — o0, the summation becomes an integral and Q; become d@’, which are point charges
* Note primes denote source charge
Q

— Define the charge density ps, in this case with area C/ m? and p, = 1
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* R’ is a function of z and y
« Instead of considering discrete (point charges), which are confined to an infinitesimally small point, in
most practical problems charge is distributed in one or more dimensions

There are 3 types of continuous charge distributions:
e Linear: Q = /pl dl
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o Surface: Q://ps ds
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e Volume: Q:/// po dV
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In each case p denotes the charge density, and the subscript denotes the dimensionality

Differential Elements in Orthogonal Coordinate Systems

o In Cartesian coordinates:
— Differential lengths are dx, dy, dz, so a differential length vector is dl'=dz Gy +dyay +dxa,
ds, = dydza,
— Differential surface vectors are { d§, = dzdza,
ds, =dzdya,
— Differential volume is dV = dzxdydz
e In cylindrical coordinates:
— Differential lengths are dr,r d¢, dz
— Differential length vector is dl=dra, +r dpay +dza,
ds,. =rdedza,
— Differential surface vectors are ¢ ds, = drdzae
ds, =rdrdoa,
* ds,. represents the cylindrical wall
* d&y represents a vertical plane coming out of the z axis
* d3, represents a horizontal plane



— Differential volume is dV = rdrd¢dz
In spherical coordinates:
— Differential lengths are dR, Rd#, Rsin 6 d¢
— Differential length vector is dl'=dRéagp + Rsinf deags + Rdfag

dsp = R?sinfdodh ag
— Differential surface vectors are ¢ ds, = RdfdRa,

dsy = Rsinfd¢dRay
— Differential volume is dV = R?sinf dRd¢ d6
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