PHY481: Electromagnetism
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4.3

Plates charged

-0

.{)

0=CV,=¢,4V,/d,

Stored energy

1

E=—CV,=—"y

2

2 d,

B

No battery

0 -0

Charge remains at Q
Potential changes to V;

O=CV = goAVl/dl
V=V dl/do

1 d
€ = _C1V12 =—& T
2 d

0

Spread plates

With battery

-0, +0,

||  J

EH

Char'ge changes to @,
Potential remains at

Q=ClV;= 8OAVB/d1
Q= Qdo/dl

, d
g --cy,=2¢ l‘?
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4.3

Field between the plates is the

= A E =0/¢
gscV |g=fos sum of the field of both plates 2 /&
A A § Force on +Q generated by field g _ 6/28
-0 o of the -Q charge on one plate : 0
V=0 V=" :
E, Battery disconnected  Battery connected
‘/
- 0=0, V=V,
F=¢qE,
2 2
M \ _ _ 0% _ O _ &4V, g AV
= —|If= F=qE =0—"—= =—— 0% 0
v &, 2¢e,4 2x, 25>
X, +Ax 2
Wlo:k done ‘;obpulAl _ [ Fidee £,V L g, AV, = Ax
plates apart by Ax ; 2 X 2 xy(x +Ax)
nef’nve
2 2 2 2
Cap. energy U Q" Energy A= Q2 9 g, AV, Ax ~&,47, Ax
STOI"Gge - 2C Change - 2C 2C - 2 2 2 X (x + AX)
0 XO 0\""0
Energy stored 2 Ax
_ _ e, AV,
by Battery AE = AQV, = 0 0 x, (x, + Ax)
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4.4

Capacitors in Series

_ : _ 0 — c, C
Vy=Vi+Vy 9=0,=0, ot G
0_0,0 —
C C G, |

|
I|_|_
1 = 1
11,1 l.gl 7
cC ¢ C, c 4c
L —9 4
Capacitors in Parallel IC
1
0=0,+0,; V,=V =V, _Q2| +0,
=CV,+CJ, b
Ccv,=(C +C,)V, |
I|_|_
n VB

C=C +C, c=>C
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4.6

Potential of charge over conducting plane, via MoI is a discrete dipole potential

__ 4 1 1 Radi
V(p,z)= — adius on 2_ 242
4”80[J(p2+<z—zo>2) J(p2+<z+zo>2)} the mid-plane ¥~ "7

Electric field on the mid-plane ;# —m‘f
E(O)__a_V __q Zo }li ll**l‘i ll*
AP 0z l.eo  2me (2 2)? / ///////
Charge density on the conductor surface 7
Z
0(p)=&,E,(p.0) =3 - | |
(p + ZO) Radius enclosing half the surface charge
Total charge on the on conductor surface 4 _, ’ (P)pdp = 1 ’
OO R B LSRN,
0=2n[o(plpdp=-4z | —— = 0 p+z) |
0 0 (p t 2, ) 1 1 /
— = ne X=1/7
2 (x2 + 1)1 :

_1 B asS
el o (e
{(p2+zg)l/2]0 expected xzr/ZO; x:\/g; r:x/gzo
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4.7

Force on +g from negative charge 0
drawn onto the conductor

Force on +g from negative charge -g in the image.

2 2 2 2
Fo_ 94 _ 4 4 o4 ¢ z

dmey”  4me (22,)° 16me,z, 167, 2, z;®

Energy in field is work done o move +g to the point z,

2 2 z, 2
U= W:_JZOF.ﬁdr: q JZO &G [_l} — |
& lome, = > 167, = lome,z, —Z,?

Another way to get field energy. Use delta function charge distribution
2 2

1 N B - —q 3 —q —q
U=— xVW(x)dx =—|gd (x—z Kk —d x= - — E
2J.P( V() ZJq ( 0 )47r80‘x+zok 8%80‘20k+20k 1671'8020
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4 10a

Find potential of an upward facing dipole above a grounded conductor

Potential via M.o.I is two dipoles (SAME DIRECTION)

Single dipole potential z z
0
Vd (]/',9) _ P COS :
4me r

Double dipole potential

p 1 1 —Z
v, (2,0)= { . }
0

e
S
-
N
et e+
e
e
g
N
— —LD+

Conducto

S

i (Z_Zo)2 (Z+Zo)
Vzd(z,O)z P >, 2>z
271'802

E=-AV = psﬁ
71'802
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4.14

Use Gauss's Law to determine the field and potential between shells.

Denc o . f 11
J‘E.dA:—e E = T V(r):_JE.fdrzi[___}
S € 4re,r e, Lr b

Determine the field energy
2

e 0 b4 Qz 1\ Qz b
U=?OJ.E2d3x=—Jr—4r2dr=—(——)a= : -0

87[80 . 871780 v 87r80 ab

Determine the capacitance

1 1 1
U=-CV; VB=V(a)=L[———}
2 dre,La b
Q2 (b—aj _}_‘ +
=V
C o 2U _ e, \ ab _ . ab B
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4.15

9, o %o
Potential via M.o.I uses ¢,atz, Determine them using points a,b
Geometry V =0 V,=0 o K
9 _ _~4 9 _ _~4
zy —rcosf+ z,—R R-z z,+R z,+R
Cross multiply Image
. qo(R_Zl)z_ql(Zo_R) . J R R
rcosf—z, - =4, Z,=—
| 9o (Zl +R): _ql(ZO +R) “0 %0
b
2
_qO RZ() 12 j} _ 2 Jq zdz qu 1
2 2 ==
4re, (Zo —R ) o 47&9 (zz — Rz) 8me, ( 3 - Rz)
2 2
”o:\/’” +z, —2rz,cos E(r H)Z_BV: q [r—zocos0+R(zgr—zochose)]
P 3 3
7, = \/Z§r2 + R —2r ZOR2 COSQ/ZO dr  AmE, "o "
. 3/ 3
1 14 zsnB| 1 R/z
V(r,@)z—{@+ﬁ} E,(r,0)=— - 2% = /3 :
471'80 A n ro0 471'80 r v
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Charge q, above a hemispherical "blister” on a flat grounded plane.
Use Method of Images to determine potential above the plane

zy—4o 7
1) Get V = O on blister surface. R, 2
See problem 4.15 for image of q5: 41 = %o Z—; z, =
0

2) Get V = 0 on plane. . 2 z

q2 IS image Of ql X q2:q0_03 Zzz__o

Z0 ZO
q; isimage of qo: 9, =—q,; 2Z;=-2,

2) V(r.,0) is sum of the point potentials.

1/2

V(r, 9)——2{’/ } rl.:‘x—xi‘:[r2+zi2—2rzicost9]

0 i=0
3) Answer given suggests that the easiest way to find the hemisphere's charge is to
subtract the charge on the plane from the total charge: ¢, +¢, +q, =—q,

On the plane the normal componenT 13 3 -
- q.z.sinf
of the field is in the direction 0| -k E,= ——2 80l i 2 — 7
E (r.m/2)=—E,(r,7/2) E i 0 i=0| 1?1 27 — 21z cosf |
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4.16 (cont)

Charge density on the plane g (r,0)=—E,(r,0) when sin(7/2) =1, cos(7/2) =0

13
o(r)= EOEZ (r,0) |9:,,/2 A 204 [ ]3/2
=0 " +z,

Total charge on the plane

1

2r o - _3/2 _1
— I dgbj o(r)yrdr= — q.Z.J. [rz + 22] rdr = Zq z. (R 2 12
) 2 — 11 R() 1
R0 I
Image Cth‘gGS: q,= —q()&; z, = & 9, =49, %Q Z, = —é =49 %=7%

0, == [2az (R +23 =24, (R 5) (R + &y /297"

=qO(R§ 2)/[ z,(R, +Z§)1/2]
Using ¢, T4, t4;=—4,

— [(_qo) -0, ]/(_qo) = B (Z(? - R, )/[ o(R 2)1/2]
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Two spheres charged by a battery

Because the two spheres are very far apart the

potentials of each sphere are independent. Charged by a battery, each must have
L the same magnitude of charge
Reference each potential with 0
respect to V = O at infinity =
+0 e \
/ F\ d / \
Comparing the potentials of each sphere a | |
with respect to V = 0 at infinity U
v(r)=—1
4me r
v=v(®)-v=—2 2
dme,b  4me a
0(a+b) C:2=4ng ab
D 0
Are,ab 0 (a+b)
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420

See lecture 16 for derivation of charge density

on a grounded sphere in an external field

General potential spherical
coordinates in simple situations

" 4
New boundary conditions o) 0, vire)=2iBe Ccos6 + DrcosO
0=0, = A#0 = ane a r r
New term Grounded sphere in external field
, E0a3cos0 0=0 = 4=0
V(r.6) 5 Horeost V(a,0)=0; V(r0), .=-E,z
4 o0(0)=3¢,E, cosO
V'(a,9)=——I—ancosO—EOacosO: 0 A= 2 —
a ATE A ATE,  Add positive
3 charge Qg here
2E a cos0 |
E;(r,O):—aV(r’e): & ~+ °a3 + E cosO
or Are,r r
’ _ Q()
Er(a,H)— : +3E, cos6 .
4Are,a 0’(0) > 0; cosf =-1
’ 0 S __ 3¢ E 2
o’(0) = eoEr(a,O) = ~+3€,E, cos6 2~ %0 Q,=12ma ¢ E,
dra 4ma
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422

Line charge above a grounded conducting plane Image with another line charge
Single line V) = —Alnr -\ below the mid—planye
charge potential 27E, Yoo "« 2 line charge
— 1 7,
Double line V(r)= —Mn(rl/rz) Yo=Y ) !
charge potential 2me,, 0 ——
lectri A - + Yo+
E1"e<|:dmc =-(vp), = 2 - 2 o 2 - 2 ~ 0
ie 2me, | 4+ Vo =2y, 1 +y,+2w, o <——A line charge
0
. _2 -1
Fl‘edld ;)n E (x)= zyo . Charge density 5(y)= eE (x)— - Yo 5
mia-plane 7~ ngo(x +y0) on conductor n(x +y0)
= Ay, 7 d —A B
. A= ja(x)dxz Yo f S arctan ——
Linear charge density "= T ( 2 2) T y
S X+, 0 J oo
on conductor
—A
A= ——[arctan(e) — arctan(—c0)] = -2
T
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