PHY481: Electromagnetism

Capacitance
Point charge near a conductor
solved by
Method of Images
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Parallel plates (cont'd)
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Parallel plates (cont'd)

Capacitance 1 5
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Two ways to know the electric field
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Energy change in separating the plates

Disconnect battery  Leave battery connected

Plates charged and separate plates  and separate plates
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Cylindrical capacitor

Capacitance of nested long cylinders A =o (2ra)
Find charge Q for the given V= |

Gauss's law between the cylinders

+Q=ﬂ,aL 7|
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S 80
Field between the cylinders

Potential between the cylinders

r /l rdl" )« 2 L
V(r)y=—|Edr=-—"“ =—%In(b/r) —A L= V,=CV,
{ Zneo-l[ ro 2me, =4, In( /a)
Charge and potential relaﬁonsh/ Capacitance per unit length
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Dipole potential & field on the mldplane

= Finite dipole potential (x £+ 7 k) ) P
~ q 1 ) 1 +q near
V(X)_477:80 [ 2 2 22 2 2 2 /2 zZ; far
X +y +(z—z,) ] [x +y +(z+z,) ]
I hote signs -

= Dipole potential on the midplane // y
X _

z=0, then V(x,y,0)=0 —z; 3/’(") -

Midplane is an equipotential (O) T 6 (x—zk)

3 A
= Islaplace's equation, v’y (x)=0 satisfied everywhere? —0 (x+z,k)

Get dipole field E , then —V-E=V-(VV)=VV(x)

e

q xi+yj+(z-z )k xi+yj+(z+z

o)ﬁ
4re, |:x2+y2+(z—zo)2]3/2 [x +y +( z+zo)2]
Not obvious that  1f it s, then Laplace’s Eq.

V-E=0 is satisfied everywhere (x#+z k)

E(x,y,z)=-VV =
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For a dipole field V7(x)=-V-E=0

= C(x,y,z) is the position dependence of E-field of the + charge

xi+yj+(z-z )k - X

[xz"‘yz"'(z_zo)zf/z x [x2+y2+(z_20)2]

C(x,y,z)= etc.

3/2°

aCx B 1 3x
B /2 /
o [x2+y2+(z—zo)2]32 [x2+y2+(z—zo)2]52

dC, 3 3[x2+y2+(z—z )2]
V- Clx,y,2)= ox. - 2 2 B2 T 2 o 2 5/2
[x +y +(z—zo)] [x +y +(z—z0)]

Now you can see that this really is equal to ZERO

This duplicates the discussion about the Dirac delta function

= At the charges xF:z 012 =0 and V¥ (x)= —p(x)/e, #0
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Compare dipole & charge above conducting plane
= Dipole field

q xi+yj+(z-z )k xi+yj+(z+z

0)12
4”80 [x +y + z—2z, 2]3/2 |:x +y + Z+ZO)2:| _.

= Dipole field on the midplane is normal to plane

E(x,y,z)=

—qz k

E(x,y,0)= 5 ° 2 F=x+ y2
2re, [r +zo] _

We should have known, E normal to equipotentials X _E“_T

1) Dipole potential satisfies Laplace’s equation. (y « + - k)

2) Dipole potential is zero on the mid-plane.
Compare with a point charge above a grounded conducting plane.

;9 -ﬁ V satisfies Laplace's equation
t l l l l ¥ y | l l | § V=0,onthe surface

s Suggests a "method of images”
RO ////////////4 for solving Laplace's Eq.
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Uniqueness of solutions to Laplace's Eq.

Solving this problem is equivalent to  solving this problem

o z

+lr“il+ ”r?l“
Conductor ield of a dipole on the /
W rfl:'\id plc::\e iszlr'eady solved! %Y

E field on conductor's surface = E field of dipole on the midplane

Bt ,0) = —— 20K
(xaya )_ 5 3/2 ],.2 — x2 +y2
2me, [r +ZO:|
Conductor's surface charge density Conductor's total charge
—qz, 2 —qz, 7 rdr
= FE = ’ _ 0 _

o(x,y)=€,E, (x,5) [ ) 2]3/2 gﬁSG(x,y)d x' = = Jd(pj e q

2| r +Z0 0 0 (]/' +ZO)
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