0. 2.3€, = 2.3 x 8.85 x 10°?

o>
m
H

i

farad 204 x 10" farad/ meter

s= .00l inch = 2.54 x 10°m C = 5 x10°° farad

A= sC/e = .062m* ribbon width = .05 m
Length of dielectric tape needed = .062/.05 = 1.24m
You need an equal length of aluminum tape, not twice
as much. Roll up a sandwich 62 cm long

ke 062 m —

Area of cross-section = 0.5cm? ; overall diameter
obout | cm.

10.2]  Assume height = 2d (result will depend

somewhat on proportions ossumed ).

1 1 liter =10°cm?= 2d x §d? , or d=B.6cm

'3321|'
! 5 T- area of capacitor = nd x 2d+%d2= %Trdz

2 ozem 1o = 52z em?
', A J/ 4m x 0.2

| d | This is the capacitance of a sphere of
830 c¢m radius, or about
54 feet diameter.



10.3 (a) /(I)\"qu

d/'\ P
7/ E N\ Jl p=24'2d = V3qd

/ lZd

o— 1" _\@

*+q +q
b)p=0

e——od —

S P, = *+3qd
©) "Zq,?T ?'i'q, % 1«
-q

P =~V5qd = 3.16 qd

— — @ +ZCL N\’l&qo

fge—o
~
xl
<°
i}

o4 =~ p = .28 XI0°cm X 4.8 X 10 °esu
[-e__\_xe = 6.15 x 107 esy - cm,
! T_,’—T which is about six +imes the
| 2% x lo-scm\—?ﬂ’/ | actual dipole moment, 103 x 107

By the "center " of a charge distribution we mean the
point with respect 4o which, as origin, fr pdv =o0.

Considering +he positive charges by themselves, the
center lies 15 (1.28 x 10™cm) ‘Prom +the C.L nucleus :

-—)] L2Z8 — o071 x 10 %cm

18
x
+17e @ 2 — —
center of + charge

S 1.28x |07 ——>

center of negative charge distribution, total charge
-18e, must lie fo left of cen‘rer of + charge by distance %
such that I8ex = 1.03 x 107%, or

1.03 x 10713 -3
X = 18 % 48 x 10°"° = 0119 X0




2 x1.0% x I0~'®

02 ? 1 E = ﬁ:‘ = 3
N 7% z (107)
'\o 3 statvolts

\‘ = 2.06 X 10 o
P

/‘)\ _.\/k'\ E= P
S H/W 103 x ,03 m

N m

it

10.6 1A Q = CV = 250 x6 = I500 esu
g: P =QS =500 x .5 = 2250 esu- cm
Q
ol - 2p . 2x2250
8: A+ A, E r3 ————-*(300)3
¢ ! 3o0em = 1.67 x 10™* statvolts/cm
A B
.5 cm -
At B,E=E = 0.833 x 10 statvolts/cm
07]  the +ime constant was T = RC = RS . A _L
A 4ms T 4w

With dielectric constant €, C is increased by that
factor, so T = {?ﬁ%

If C, per cm?*, is 107 farad , this implies a dielectric
thickness S such that

-6 n_. € - 3 = 2.6 x 107
10 - X 9 %10 pre= or S T <9 % 10° X cm

T = RC = 1000 ohms x 107 farads = (07 sec. (independenT
of area, since C ~ area, R ~area™).

1000

P = 76 x 107 = 4 % 107 ohm - cm .



10.9
p

B
N _ PCOSS q) -
7N =" AT az

// K J, = 707 _ 144p
i S \3_ ° (az/z) a?
0.414 p

AL — —g— == 5
work done = - @), = %
0.9 Y‘
P P %
4 5 5 = %
-p JdEy _ 3p
Ey=%+0’ ox x=0 b7

E . 6
axx> PRk L S
—F tan™' 05 = 26.6
(2 2 6.7l p?
r F = 'EW 324p2 = b"P

Rl A poin’r where the dipole’s field = -5 must lie in
the y-z plane. There are only 2 such

points, p, and p, , where E; =0

ﬁ ond E, = -5.
Y TIfE,=0, 3cos*’6-1 =0, or
b = 200 cos*e =3 sin*6=5% |
‘Ey = 2P3N8c08 - 5 with p=200

2= 22290542 = 5657 r= 3.84cm

At p, y=-rsin® = -3.135 c¢m; Z=rcos® = 2.216 cm



0.1 z o r= rosinze X = r,Sin?@  Z=r,5in’ cos®
_d_x. = in%
\ m G5 = 2Tsin®e cos o
o
T

1%y

’3% = 1, (2sin® cos®e -sin®) = 1, sind (3cos?o 1)
dz _ 3coste-1_ _ E; .. o S o2
dx = 3sinocos6 Eax in field of ipole pZ.

1012} Refer to Sect. l0.10. Eq.46 gives the polarization

of the dielectric sphere: p = —37, -g——;—'z—Eo. In the limit

€ > 00, this becomes P = ZZE,. The field strength
inside the dielectric sphere, E = z%—g E, (Eq45) goes
to zero as € »o0. In the limit the sphere becomes
an equipotential, which is correct for a conducting

Sphere. p = volume X P= é‘—,;—‘——(:\3 X%Eo = a’E,

Hence t+he polarizability e, defined by p=xE, , is
just a? for the conducting sphere of radius a.

o<, =066 x 10°tcm® (Table 10.2) A conducting sphere
of equal polarizability has o radius

(0.66 x 073 = 0,87 x10%cm |

L C= l%% Work done in
charging capacitor = 5 C CPZ

d = Es volume = As
_ energy stored _ L €A\ 2 2/ 1 \ _ z
U voilume Z(qns)s E (’A‘;) - EE/STT

In the electromagnetic wave in the dielectric, if the
amplitude of the electric field is E,, that of the magnetic
Field is B, = V€ E,. Hence the energy density in the
magnetic field, B*/8m , is equal to that in the electric
field, as in a wave in vacuum.




04| ] Area A

- - A
VI T 2 G-= 4ms
A4

| 3 N '_'fr_;/&z V I-g
I T

L Y= Ce7 25

This is equivalent to two capacitors, C, and C, in series
Q

C. Zec, VEVtV, zc (+e)

The capacitance of the combination is :

. Q& _ 2¢C _ 2e
c= oI+ E T €A Co

",
< e ol ob oot C' cz
This is equivalent to two L—ij

capacitors C, and C, in paralle] .

=& C,= % QEcve=5CV  aEqVv

The capacitance of the combination is :

_ 8 - Q+Q, _ €+
C'V ""\7"—‘%_ 2C°

1015

The number of water molecules in | cm? is

n= 6x 1018 = 3.3 x I0** cm™

P=np=233x10%cm™x 1.84 x 10'®
= 6.1 x 10*esyem™

to 6.1 % 10*/4.8 x (07,

esu — ¢m
This is equivalent

or |3x 10% electrons per cm?

[Nofe that this is somewhat smaller than the number
of surface molecules per cm?

, Which must be something
like n%3 =~ 1.0 x 10" cm™.]



10,16

(@) Apply Gouss's law to sphere of

radius r : charge enclosed = %Eraf’ ;
4nr?E = 4mq = 4w (4 r2p)

E = ff_aﬂpr‘
b) ===
// // .\\ \\ Let s be the vector displacement
(£ L'/T;z \ P\ from C, to C,. At the point P,
\ A\ ) ) Ri= Bl ad E= TG
\\ \ // // The total field is thus

E=E+E,= FP(L-1)
But rr-r, = s Hence E = 4137/" s

This holds for any point inside both distributions. Note
that -3 is the displacement of the positive charge
distribution with respect fo the negative , so that the
volume polarization is P = - fs . Therefore,

E= 47P2 = - ‘%T_ p  in agreement with Eq.43.
©) For the cylindrical distribution,
Gauss's law applied to unit length
of cylinder is :

2nrE = 4m(nr*p),or E=2nrp
Asin (b): E, =2mpQ

E,=12nm ('-P),EZ
Thus E= E,+E, = 2mp(r,-r,) = 2mps .  In this
case also, p = -ps so we obtain, for the field

~N

inside a cylinder with uniform +ransverse polarization:
E= -2nP

~



bringing in dipole work 1o turn

/ /\ in t+his orientation into final
/\\ does no work orientation
@ pf ) BlﬁP ----- (eza - - -— =peB= p/d®

/ B
© == Zp —---f----- -2 p/d?
B = 2B
d? g
(d):':l> /4)_—:, —___‘i?_______ 2P2/d3

[ 1018] l/---/HZO molecule P = 1.84 x 10 'Besu - cm

/_"—.,.\, - ~¥ negaz'hve ion q= -e
- { \ ¢ /I E = £P =eE
St \Nl~- rs
o o0
r work 1o separate :j.@%;_ dr = f.r___[;_
For r, =15 x 10" cm - ,
~10 -18 _
work = 4B XIOCX B4 X107 _ 394 512 = 24 e -
(1.5 % 1078) P
A positive ion would be bound like this : ¥ \_\‘ /’:,5\
(v =/ Ml
N
L'_@fi‘ ¥  neutral atom ' .
// N polarizability o /_(Ion, charge q,
P \ / q \
[ S (7
/
\ Eion / ‘\E?_
S~ =7 pole
< r >

Field of ion, Eion = %‘z , induces dipole p= & Ej, in

heutral atom. Field of induced dipole, Eg.,. =%r§_ ,



causes force F =qE,,,, on ion:

F :q(Z_P_ = 29, “q, = 2"‘61,2 . This force is
r2 rs

attractive for either 5|9n of q.

Work to separate from distance r; = der = ?T%"

Tfg=e and & = 27x 10’ Hem?® this is L+x 10 "'erg for

27 x 107 x (4.8 x 1071927 _
r.=[ 2 < 1o- J = 9x 10%m
1020 - . —_
//A AN polarizable a‘mes/\)B/ o(\\
| => | \ =y |
\ Pa v . Ps
~ ~ — s N — _7
DS r >l
P, is induced by +he field of dipole p, : pgy = er:
p, is induced by the field of dipole p, : p, = o ZPaB
r
Yok’

Then p, = “re—p, , Which is satisfied by p, =0

or by any value of p, if r®= 4«* If ré< 4u* p,
(and p,) would increase until limited by nonlmearrfy
of polarizability. The critical distance r. is (20)*2. Atomic
polarizability o is typically, in order of magnitude, an
atomic volume. (Section 10.5). Thus r. is not much larger
than an atomic radlus _30 the object we are concerned
with looks like this:” A \\. Whether the lowest
state of this system \ /| is a spontaneously
polarized structure cannot be” decided by considering only
the interactions of dipoles. Ordinarily the lowest state
of two similar atoms would be symmetrical with

Pa tPy =0 But we cannot exclude the possibility that

‘the symmetry is "spontaneously broken".



- Loz

‘ 1.4 % 104 vol+ 8
= = |
In ST : E max 254 x 10°m 5.5 x 108 volt/m
2
stored energy = P_E_‘E_ZELE_ = 4.3 x 10° J/m?
3% 10°Tm™>
stored energy per kg = qugox ko :;_T = 3100 J/kg
N 3100
gh = .75 x 3100 h= > ;-8 = 240 meters

The "D" cell in Prob. #.29 stored 1.8 x10° J/kg ,
60 times as much as this mylar capacitor. But the

capacitor can deliver all the stored energy in less than
a microsecond !

l0.22 _ €-1 _ CNp? - -
76 = Tr = T'TE"_ kT = 4x 107" erg
€ N P C
H,0 80 33x10%cm™ 1,84 x 10" esu cm 2.2
N H, 23 29 x 10% 143 x 107" 1.2

CH,oH 34 2.5 x 10% 170 x 107"® 1.4



1022] Energy stored in unit volume = €E;
Power dissipated in ohmic resistance, 2 per unit volume,
= E*0c Time average dissipation = + EZ &
Q = w X energy stored _ we
- power loss 4mo
For seawater O =0.04(chm-cm)™ = 3.6 x 10° sec™

2m % 109 x 80 = L

9 _
For 10°H, @ = 4n x 3.6 x 10"°

[Energy is lost before wave has time to travel more than
a fraction of a wavelength. Microwave radar wont find
submarines | ]

1024 /‘ incident wave {,.E.. = :\Z. E; sin(ky - wt)
A
X

E =2 E sin(ky - wt)
B B. sin (ky - wt)

{E =2 E, sin (k’y - wt)
B

wave inglass| B = % B, sin (k’'y - wt)

At y=0, E and B must be continuous (no jump in
either at the surface of the glass). :
E,+E. =E B, -B. =B,
Bi = E‘_ Br = Er Bo = nEo

E, +Er = E, }_) E, I-?—n
E,

=
E




