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The most common conceptual issues:

e Spherical versus cylindrical coordinates.

e How to use orthogonality.

Tonight’s discussion will review these topics.

People who scored below about 50% (10/20) should see me.
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Capacitors

This is an important application of dielectrics.

One purpose of a capacitor is to hold charge. One limitation is the “breakdown
voltage”, so we’d like to make C=Q/V as large as possible: large Q, small V.

Let’s look at a parallel-plate capacitor:

Top Plat 2
On each plate, o, =1Q/A. Al e
Area =A Charge = +Q 7.
p=0, fr=0: = A
£=%r i S e s
c Permittivity: € = (1+X) ‘. 80 .......................................... > fills the gap.
d -Q
V=Fd= Gf — Qd V = Q_d Note: Q is free charge.
We put it on the plate.
E EA 80
Q A A A
C=—=€—=¢ —|1+ C=¢ —
"4 d Od( %) °d

V is reduced, because there is bound surface charge.
Cis increased by a factor of (1+x) = €, (the dielectric constant).



Boundary Conditions ..

We saw that for a point free charge embedded in a dielectric, the bound charge
resides at the free charge. This is a general result for uniform dielectrics (y not a

function of position). L ¥ = X
Pb:—V-P:—V-[—D]=—[—]P
1+y 1+y )/

This simplifies problem solving. If there is no embedded free charge (e.g., there is
only an externally applied field), p, =0. There is only bound charge at the surface.

What are the boundary conditions? 0, only -
e At the surface,V-D =0, so ﬁout NE 5/.” ‘n. Hout \( /)’
The normal component of D is continuous. /
Notes:
° This is not true of E or P, because they are Xin \
sensitive to g,,. T 'i\ D,P,E,
° 'V x D might # 0, so the tangential component

is not necessarily continuous. Surface of the dielectric

e VxE does equal zero, so[the tangential component of E is continuous.
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We usually want to calculate E and V

—

so rewrite the D boundary condition: = El
out in
This means: € tl =£ 1.
Problems with uniform dielectrics (constant ) v v
in external fields (no embedded charge) reduce g — =€ —
to Laplace’s equation with this boundary condition. on| . on|_
Example: (G, Ex 4.7)
Dielectric sphere in an otherwise uniform E field.
“Otherwise uniform” means £ — E_ at large distances. ZA
Eo )
Boundary conditions: B
1) Vis continuous atr=R. p
v, v, , €o
2) &3 =&7 ,
zZ=rcosf

3) Vout%—EOI’COSQ forr>R

So, for all r >R, V_ . must have this form:

=, B
Vout (r,@):—EOrc059+2—1P COSQ) <€—— All these terms go to zero as r goes to .
(=0

rl+1 l(
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So, for every [ # 1:

Forl=1

Condition 1: (continuity of V at r = R) tells us: ZAZRZPI(COSO):_E RCOSO-I—Z - l(cose)
— R™
=0 V,,atr=R \QmatrlRO
B
I _
AzR o Rz-lu
B
AR =—ER+—
R

Condition 2: (continuity of D) is: ii‘lAlRl']Pl(cosé?)——E cosO— E(HI) (cos@)

€, =0

Forl#1: grlAlR” =

Fori=1:|e A =—E ——L

r 1

(l + 1)Bl | took the r derivative of V
and moved g, to the left side.
Rl+2

/e, = €,, the dielectric constant.

f?3

B, [+1]) 1| B
The [ # 1 equations have no non-zero solutions, because ——=—
£

3E,
For/=1: A=-

f?l] l ,?Lu

€ -1
andB— RE

8+2 8+2

Fall 2013

Note the behavior
as €, approaches 1.
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What does it look like?

e -1 cos@
Vv :—Eorc059+[ r ]E R’

ot €+2)° r’ 7 A+ :
r dipole potential . .
3 . et
V =-— E rcosf . 7 ;
in gr -|—2 - EEO == 3 :_
Unlike Griffiths, | am plotting contours of g P —

constant V. Y

=P = =
Uniform (reduced) field inside. —

Increased field outside, near the poles. (why?) &

gr 1
gr 2

Uniform field, plus a dipole, outside. p= 4%80( )E0R3 :(gnRs)(;—é)Eo.

The surface of the sphere is not an equipotential.

End 10/7/13
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