—_ The ratio of the gravifational force Gm?*/r* to the
s eouls:on is Gm*/e* which is
7 x 10°x (16 x 102 Y8 x107°) T4 % 107
S -=0""m +the electrical force €*/r% is
L% = I dynes, equivalentfo 23 newtons — about 5 pounds !

e 7 o 10 M=03kg ¢9=98 ms™" r=0.5m
. f F = 0.1 Mg F=q'/4me,r*
e \ . q-= r(‘HTEo F)?
B ' q° . | , .
9= 0.5(LIl x 10 "x 0.1x0.3x98)% = 286%I0 C
LS F m9 ¢ _ Qq
:____.‘.;___Ofﬁ F = Z(Z)Qz-}'(rz-a)z (—“a/ﬁ)i
e
e F=0for Q =(5 *75)q = 0.957q

| Equilibrium is unstable : inward displacement
“-------0 of a corner charge results in inward force on it.

éR—C%sme
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I.11

y (@) The field E cannot be zero
\ anywhere between two charges
3 of opposite sign, or at any point
N B closer to the greater than fo the
1! & o lesser charge. Hence the point we
%=0 xX=|

seek must lie on the negative x-axis.
I+ is well to be clear about this before plunging into
algebra. Let the point lie at x=-s. The field will
vanish there it [/s* = 2/(1+s)*, giving us the
quadratic equation $* - 2s-1 =0, with rootfs

s= | £ VZ, The positive root locates the point

of vanishing field at x=-"2.414 . What is wrong with
the other root ? (b) At (0,y) the field component

l 2
Ey has the value vE — M"l{)?h . This wvanishes

if 2y =(1+ y‘)% which can be written

=

(&

2%y" = |+ y*, giving y= 1/(2%-)=].205



On +the sphere of radius r, the field
is the same as if all charge inside
that sphere, which amounts to ‘ﬂ;f.
were at the center :

Er =(§rep)frt = 47RL (r <o)

b)

Outside the whole charge

. Er distribution the Ffield is
afoor— Er= 3228 (r>a)

e o —

2 ¥ Er is continuous at r=qa
To discuss the continuity of the electric field in the
neighborhood of the origin, look at Ex as a function
of x: Ex; . 50 clearly there is no discontinuity ;
7}% There is no singularity whatever.
Ex<O The singularity suggested by plotting

Er like this: \ ,E’i is spurious.

-

There is, properly,no negative range of r.
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Use superposition :

A more remarkable fact, not hard to prove, is that
within the cavity on the right the field E is perfectly
uniform in magnitude and direction. Itis -E./2 at
gvery point in the cavity.



_ LT (@) The total flux is 4'}‘1’CL (Gguss’s law). The
flux through every face of the cube must be the same,
because of symmetry. Hence, over any one of the six
foces : [E-da = 4mq/6 = 2mq/3

Because the field of q

is paralle] +o the surface
on each of the three faces
A, B and C, the flux
through these faces is zero.

The flux through the other
three faces must therefore add up to 4mq /8, because

our cube is one of eight such surrounding q . The
Three faces being symmetrically loca+ec} with respect
Toq, tThe flux through each must be ‘5"‘1;& = 2%

6
.19 o The totfal charge per cm® is ¢ +fd. For
! x<0, Ex= 2r(0+Pd) and for X >d
57 i/
/% Ex=2n(0+Pd). More generally, at
(/é{w/{; X any point x, Ex = -2 (charge per
:d cm? to right of x) + 2n (charge per
%=0 %=

cm* to left of x) or Ey = -2w(d-x)p
+ 2w (0 +xP) for 0<x<d.

Ex
/T— Ei = 2x0 - 21Tj°d & 471‘}07(
| 4rPd

_—LE/X"\——"L} ides
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The cylindrical tube of charge on the left has perfect axial
symmetry. Hence E. and E: must be radial and equal
1 magnitude.. Applying Gouss's Law, 2nrE, = 47X,
where A is the charge per cm length of tube, and

= =24a/r, justasif the charge were concentrated

on the axis. Inside the tube symmetry also demands
“hat E,= Ey4. But Gauss's Law requires that the surface
~fegral over the cylinder of radius a be zero.

—~ence E,=E,; = 0.

For the square tube of charge the integral over the

cylinder of rodius r must equal 4 % charge enclosed, but
nothing requires that E,= E, . The integral of E over the
small inner cylinder vanishes, but it can do so with
=, #E, if, osis the case, they point in opposite
directions. By comparing this tube witha square charged
~onducting  tube, within which the field is indeed zero,

ou can deduce that Ey must point inward (if the charge
s positive).




L2} The fraction of the negative charge which lies
within o sphere of radius r, will be given by

frlpdv/f?)dv. With p= ce”% and dv =4mradr

all we need is the integral x

X, x & XT ' _ 4 2 ol 2
] x* e dx = -(x +2x+2)EJ =2-(x! +2x,+2)e

0

0

For x =e0 the m’regral is 2. Forr,=a,, X,=2 and the
integral is 2 -10e* The fraction of elecfron charge
inside r=a, is (2 10e 2)/2 = ""(2 792 = 0.323

The net positive charge inside r=a, is therefore
0.677 x 4.8 x107"° esy and the field Er at that radius
is 0.677 x 4.8 x 107

= LI5 x 10" dyne/esu
(052 x. |0 -8)*

1.29
| . %
\ /'a AN
% \
7
E=4no E-'-m &?
—— &> —-}
E =0 o E=2n0 E
/ field of /
isolated
! h disk
I} d
V'

E at center of hole: 2rno

The field of the complete charged spherical shell is a
superposition of the field of the charged disk and the field of
the shell with a hole.
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. e|EC'l'ronJeHy

field at radius r :

& r’) . ZLr
E.= "ze(a‘—") = -5

\/ E[\
“ Q\,,r—?

/
+o1'q{ charge

e R— charge inside radius r

Total force on proton

imbed kb=t b is zero if :
rotons i ® - o 2 *
protons in e e Ze.ab = S . or
electron jelly: & 4b

= a/z



