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Electricity and Magnetism

Topic Covered: Maxwell’s Equations (In Free Space)
Gauss Law & Faraday’s Law
Applications of Gauss' Law
Electrostatic Boundary Conditions
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Gauss’ Law

Flux of . g through closed surface $ = net charge inside V

/SEOE -dA = /V pdV = Qenclosed

EoE
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Point Charge Example

Apply Gauss’ Law in_integral form
making use of symnfietry to find

» Assume that the image charge is
uniformly distributedat I =— OO .
Why is this important ?

* Symmetry
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Gauss’' Law Tells Us ...

... the electric charge can reside only on the surface of the conductor.

[If charge was present inside a conductor, we can draw a Gaussian surface around
that charge and the electric field in vicinity of that charge would be non-zero !
A non-zero field implies current flow through the conductor, which will transport the
charge to the surface.]

... there is no charge at all on the inner surface of a hollow conductor.

... that, if a charge carrying body has a sharp point, then the electric field at that
point is much stronger than the electric field over the smoother part of the body.

Lets show this by considering
two spheres of different size,
connected by a long, thin wire ...
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SPHERE B Because the two spheres are far apart, we can

SPHERE A assume that charges are uniformly distributed
across the surfaces of the two spheres,
with charge q, on the surface of sphere A

WIRE and q,, on the surface of sphere B
ga +qp = ¢q
qb da
Vi -
"7 4reb Va dmea
since Vi, =V, then
b a
qp = q——— Qa — q—

a—+b a-+b

... and the E-field on the surface of the spheres is:

db _ q = da _ q
4eb?  4me(a + b)b 2 4rea?  4drme(a+ ba

Note that E, >> E, if b>>a

By =
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Lishtning Rod

When a conductive body
contains sharp points,
the electric field on
these points is much
stronger than that on the
smooth part of the
conducting body.

Lighting Rods are connected to the ground. When a cloud
carrying electric charges approaches, the rod attracts opposite
charges from the ground. The Electric field at the tip of the
rod is much stronger than anywhere else. When the E-field
exceeds the
air breakdown strength (of 33 kV/cm), charges start to travel
to ground.
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Dynamic ok
form: ¢ xE—0 =E=-vo b
an q)a—cbb:/ E -dC
Static form: d a
7{ E-dC =0 (KVL)
A
a b .
Path Path = F - dC + / F -dC =
I 11 o “
Path Path
| |
a _ A b ) a
B — / E.dC = / E - dC
b a
Path Path
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Boundary
Conditions

Area A gi_r)r(l) Gauss = (egFa | —egEp | )A = psA

n- (EoEA — GoEB) = Ps

Normal E is discontinuous at a
surface charge.

lim Fa,raday = (EAH = EB”)L =0

0—0
_, C
E,, > A x (Ea—Eg)=0
/ \ ) A static field
T < Frangential  is continuous ~ terminates 0
Ea : at a surface. perpendicularly “

on a conductor
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Point Charges Near Perfect Conductors

+ + + + + + + + + + + +

Negative charge on top

.— surface of conductor

Positive charge on
top and bottom
surface of
conductor
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Uniqueness and Equivalent Image Charges

Equivalent Image Charge
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Electrostatic Boundary Conditions

—a _

n-(EOE —EoE)=O'3 NS
There is a jump in the normal

electric field as one passes

through a surface charge
S + +q'+++"'+"'+i+"'+"'+"'»"

X (EG—E):O ol =0

Tangential field is ﬂ)‘/
continuous L l
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