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Preface

This is written for a discussion section at University of Wisconsin-
Milwaukee. The up-to-date version is available at https://ta.gwlab.page.
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CHAPTER 1

Electrostatics

1.1 Coulomb’s law
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Figure 1.1: Coulomb’s law. The source charge @ sits at r’ and the charge g
sits at r, which feels the force F due to @.

F = keQ—qu, (L.1)
IR|
where
_ 1 9N . m2/02
k, = Treq ~9x10 N-m#/C (1.2)
R=r-r (1.3)
R=_— (1.4)
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1.2 The electric field

Instead of having a Coulomb force between two charges @ and g, we can
have a different interpretation: The charge @ does not interact with charge
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1.2. THE ELECTRIC FIELD 2

q directly. Instead, the charge @ creates an electric field E(r) around it,
and the charge g at position r feels a force from the electric field E(r)
locally at r.

The electric field E is a vector field. We may think of a vector field as: “at
every point in the space r, there is a vector V (r) (a little arrow) attached to
that point r.” Because of that, a vector field V (r) is a function of location,
i.e., space coordinate, r = (x,y,2).
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Figure 1.2: Same as Figure 1.1

To make our two-charge example more explicit, we can refer to Figure 1.2.
Here, charge @ creates an electric field:

Eu)=@é%ﬁ (1.5)
_p, Q@ r-r (1.6)

w—rPE-T]’

and change q feels the force

F(r) =qE(r) (1.7)
— kLR (1.8)
IR

Quantitatively, this is the same as the Coulomb force in the static case,
and it seems the E field is just a mathematical tool to facilitate calculation.
However, this is in fact a deep breakthrough in theory, which later on leads
to the prediction of the existence of electromagnetic waves.



1.3. GAUSS’S LAW 3

S (Gaussian surface)

Figure 1.3: A Gaussian surface S of arbitrary shape enclosing the charge
Q. At each point of S, the electric field E meets the area element dA at
an angle 0 that varies over the surface. Even so, every electric field line
crosses S, so the total flux through S is @/¢g.

1.3 Gauss’s law

Gauss’s law The total electric flux @ through any closed surface S,

known as a Gaussian surface, equals the total charge .. enclosed
by S divided by €j:

<1>E=958E-dA=Q€e—élc. (1.9)

* The surface integral ¢, means “add up over the whole closed
surface”. On each small patch, dA points outward, and E - dA =

E dA cos0 counts only the part of E that passes through the
patch.

¢ Only the charge inside S counts. A charge outside sends as many




1.3. GAUSS’S LAW 4

field lines in through S as out, so the net flux due to an outside
charge is zero.

Since Gauss’s law holds for a closed Gaussian surface of any shape, a
clever choice of the surface is the key to simplifying the problem.

Figure 1.4: A spherical Gaussian surface S’ of radius R centered on the
charge Q. Everywhere on S’, E is parallel to dA and has the same magni-
tude.

Dp = Dene (1.10)
€0
= EA = E(47R?) = % (111)
0

_ 1 Qenc

= Treg R (1.12)
For a pair of infinitely large parallel plates in vacuum:
Oy =EA=4 (1.13)
€0
E=2 (1.14)
€0

where o = % is the surface charge density.



1.4. ELECTRIC POTENTIAL ENERGY

1.4 Electric potential energy
W=F:Ax

AV =E - Ax

For a point charge Q:

1 Q . _
T (when choosingV =0at R — o)

1.5 Capacitance and dielectrics

_ AQ
C — W

For a parallel-plate Capacitor,
C = 6%

The energy U stored in a capacitor with capacitance C is
Q
U= [ dgV(a)

- [

1.6 Resistor

(1.15)

(1.16)

(1.17)

(1.18)

(1.19)
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AppPENDIX A

v—t Diagrams
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Figure A.1: The v—t diagram for constant acceleration. Motion with a
constant acceleration a corresponds to a straight line with slope a. The

line starts at the initial velocity vy and climbs at the rate a, so over a time

Vg + aAt. The area under it is

the displacement Ax, and it’s the sum of a rectangle vyA¢ and a triangle

interval At it gains a At and reaches vy

(aAt) (At) sitting on top.
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