Flipping Physics Lecture Notes:
Gauss's Law - Charged Plane Electric Field
http://www.flippingphysics.com/gauss-law-plane.html
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Determine the electric field which surrounds an infinitely large, thin

Soo5/ind

plane of positive charges with uniform surface charge density, o: - -< +o0 >
First off, we know the electric field will be directed normal to and - + >
away from the infinite plane of positive charges. This is because the N
plane is infinitely large; therefore, every component of the electric < + =
field, dE, which is parallel to the plane of charges and is caused by < + A Sige:
infinitesimally small, charged pieces of the plane, dq, will cancel out :
leaving only electric field components of dE which are perpendicular € . >
to the plane and directed away from the plane. <o -:u S
We pick a Gaussian surface such that it is a cylinder with ends — ﬁ‘(.' . : r "> —
parallel to the plane of charges and a side parallel to the electric dAend<_:_ |, | _f_>dAend
field and use Gauss’ law. The two ends of the Gaussian cylinder are <1
equidistant from the charged plane. > e _j_ B .
— — qin Cylindrical:—/‘ + >
D = E-dA = E_ Gaussian Surface |*
CDEZ fE’dAside‘*'fE’dAend'*’ fE'dAend:E_m -— : SIgi
side left right ¢ < N >
end +
end ¢ : >
- N >
< ' >
-00
q.
= Of = f EdA cos B4jqe + f EdA cos Bgng + f EdA cos Bgng = E—'"
side left right ¢
end end
q.
= D = f EdA cos (90°) + f EdA cos (0°) + f EdiA cos (6°) = 1"
side left right ¢
end end
Gin
= =E [dA+E [ dA=EQAea) = 2"
: 0
left right
end end
Q ai oA d ()
&Oz—z—m :qinZOAendﬁE(ZAend): .l =F=—
Notice this electric field is uniform and is independent of the distance from the infinite plane of charges.
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And notice what happens if we have two infinite parallel
planes of charges, one with positive charge and one with
negative charge:

The electric field outside the planes of charges cancels
out to give zero electric field outside the planes of
charges:

Eoutside =0

And between the two planes of charges, the electric
fields add together:
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And we have begun our journey towards determining the
capacitance of a parallel plate capacitor...

Epetween = 2Eone plate = 2

Notice that a positively charged particle moving through
a constant electric field will experience an electrostatic
force in the direction of the electric field. This force will
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be constant and equal to gE. In other words, the motion of a charged particle through a constant electric
field will have similar characteristics to a mass moving through the constant gravitational field near the

surface of a planet. This is very similar to projectile motion.
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