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CHAPTER 24:
Gauss’s Law

Consider a heat source asymmetrically

placed inside an irregularly shaped, closed surface.
Assume the amount of /ieat per unit area per unit time
passing through the surface is defined by a position
function / (that is, you give me a coordinate and I give
you the goods). How much /Zeat per unit time passes
through the entire surface?

If we could identify a differential surface area through which heat was

passing, we could multiply the /ieat per unit area per unit time function / by that
surface area dA to produce the heat per unit time through that area. Summing
(integrating) over all the areas for the entire surface would generate the amount of
heat that passes through the entire surface per unit time.

So ﬁOW 6[065 the math work on this?

2)




We start Ey defining on the surface a

differential surface area vector dA whose
magnitude dA4 is equal to the surface area
of the differentially small patch and whose
direction 1s perpendicularly out from the
surface. That vector, along with h, is
shown to the right.

What we are interested in 1s the
component of h along the line of dA
times the magnitude of dA . In other
words, we want the differential heat flux
through the patch, which will equal:

do —(‘ﬁ‘cose) ‘dl‘;‘

heat ~

—hedA

component will

~
~

=~ )

~-)

component will

produce heat A

through the patch” |
’ h‘ cos9

dA

TﬁlS 1S tﬁe mathematical definition of flux. Any vector field can have a flux

through a surface, whether it be an open surface or a closed surface.

not produce heat
_ through the patch
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Gaussian surface

So let’s assume our hot object is

actually a point charge g. What can we do
with that situation?

Cjauss made the simple but powerful

observation that there would be an electric
flux through the closed surface, called a

Gaussian Surface, as long as there was charge enclosed inside the surface.

What’s more, he surmised that the amount of flux would have to be proportional to
the amount of charge enclosed inside the Gaussian surface. In other words,

mathematically:
O N j]:: - dA proportional to Qenclosed

The Joroyortiona[ity constant that made the relationship into
an equality was the inverse of our old friend, the permittivity of
free space (i.e.,% ), so Gauss’s Law 1s written as:

(Tiny note: Some books use dS as the surface area vector, so JE dS = A

=7 Dopelose
jE-dA_ 81 d

(o)

nclosed )

€, 4.




Some Observations About Flux:

1.) Remember back to the impulse relationship F At = Ap_and the instances when
you were asked to determine the impulse on an object. You had the choice of
determining the namesake of the operation (F At) OR, you could determine Ap ,
depending upon what you knew.

You have a similar situation when asked to determine the electric flux
through a closed surface. You can determine jE - dA over the surface, OR

you COUIdet determine the total net charge enclosed inside the surface and
80

use dencosed /"t determine the flux. The two will be the same.

2.) The units for electric flux ateNem?>/C .

3.) The area vector dA used in electric flux calculations is ALWAYS defined
perpendicularly outward from the Gaussian surface.

4.)C ﬁarge outside a Gaussian surface will generate no net flux through the closed
surface. (Think about it, charge outside the surface will produce electric field lines
that first pass into the surface, but then will pass out of the surface on the other side
generating no net flux through the surface).
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Back to Gauss’s Law

Gauss’s Law is ALWAYS TRUE, no matter how the geometry shakes out, but it 1s
pretty useless unless you can exploit symmetry in a problem.

EXCLWLJO [¢ 1: Use Gauss’s Law on the spherical 7 N

surface of radius R and charge O as shown. / E \

What the mte(gm[ J «dA 1is apparently asking us to do ( Q/% \}

1s to define an arbltrary, differential surface area dA \ j

(remember, d4 has a magnitude equal to the area of the . J/
enclosed surface and is directed perpendicularly outward S e
from the surface), evaluate both the direction and " Gaussian surface

magnitude of the electric field at that surface, dot the E
and dA into one another, then do that for all the differential surfaces over the
entire structure and sum them by integrating.

Gauss was m’gﬁt That flux WOULD equall% . But because no two points on
the surface are the same distance from the charge Q, and no two dot products are
going to be the same (angles different) doing that integral would be a

6.
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EXOLTHJO&Z 2. This is Example I done more ey %}uésm surface \\\\

reasonable: Derive an expression for the electric field /// \\ E

function for a point charge Q. : (lb&
Tmportant observation: There is no given Gaussian \\\ /
surface to begin with in this problem, just a hanging AN //
charge. We need to create an imaginary Gaussian e 7

surface around the charge, one that exploits the symmetry of the charge’s electric
field. That 1s, we need to create a surface such that ever point on the surface 1s

equidistant from the charge.

With the imaginary Gaussian surface centered on the charge, ANY differential
area vector d4 will be radially outward, which is to say, in the direction of E, and
the angle between the electric field vector and the differential area vector will be
zero (so the cosine in the dot product will equal 1). With that, we can draw (see
sketch), then write:

J‘ EedA = qcnclosed

oo -2
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Herein [ies the beauty of the method. Because every / \E
point on the surface is equidistant from the charge, the , :
evaluation of the magnitude of £ at every differential l\ d,'IA
surface dA WILL BE THE SAME, which is to say, [SA /
CONSTANT VALUE, and because it 1s a constant, we AN S
can pull it out of the integral. (Note that we couldn’t do el - -
that with the original Example 1 because each point was
a different distance from Q.) With that, we can write: J- ‘E” d A‘ _ Q
s €

(¢}

That makes [ife Wonc[e?fuf, as now the only thing inside the _ ‘E‘ J‘ ’d A’ _ Q
integral 1s the differential surface area dA4, and summing that > €,
over the surface simply yields the total surface area of the
sphere (4mR?) . .. So we can further write

gl Q
| or| -
. n_Q
Look famiﬁ’ar? It should. It’s the same as the - ‘E‘(4RR )_ €,
electric field function we derived for a point charge — |E’ __Q

using Coulomb’s Law! 4me R*
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Tnsulators and Gauss’s Law

What is characteristic of insulators is that free
charge stays put in an insulator, it doesn’t migrate around
in response to an electric field. With that in mind: /

fxamjofe 3. Derive the electric field function, both {'

inside and outside, for a spherical insulator of radius R, that
has charge -O evenly distributed throughout its volume.

a.) for r>R.: Start with an J‘ BedA = Jenclosed
imaginary Gaussian sphere of  Js €, Gaussian surface
] - _
rad'1us r, where r R, and _ J‘ EdA cos0° = —-Q
write out Gauss s Law for the S €,
situation (there are notes on — E J‘ dA = ﬁ
the process on the next page): S €,
= B(4m?)=—2
8O
___Q -
= E=- - And yes, this looks
TE I

° like a point charge! |




Subtleties:

1.) The LEFT SIDE of Gauss’s Law is always the EASY PART of the
equation. Assuming you’ve picked the appropriate geometry, the magnitude
of ]::, which 1s what the dot product is interested in, should be the same
everywhere. That means ‘]:: will be a constant and you will ALWAYS pull it
out of the integral which, in turn, means you will ALWAY'S end up integrating
over dA. So for spherical symmetry, the left side will ALWAY'S end up

equaling: E( 4 Tcrz)

2.) The dot }oroofuct deals with magnitudes, so the £ being determined by Gauss’s

Law should be the magnitude of the electric field as evaluated at (or on) the

Gaussian surface. So what’s the deal with the negative sign?
To make the math easy, always assume that E is outward in the same direction

as dA. That will make the dot product positive. If you are clever, though, and
include the sign of the charge in q_, ..., @ N€gative sign showing up in the final
expression for £ will tell you that you’ve assumed the wrong direction for E (i.e.,
it’s inward, not outward). In other words, the negative sign doesn’t technically
means a negative electric field direction, but it sorta does . . . This will be a lot

more important when you get to complicated charge configurations.
10.)




5.>f01’ r<'R: Again, start with an imaginary
Gaussian sphere of radius r, this time with » < R,
and write out Gauss 5 Law for the situation.

Note that we to need to figure out how much charge is
inside ». We can do this two way. I’ll show both.

—_————_——
——— e — ————

‘Using ofenswy functwn (works for all 31tuat10ns)

—_——————

Stmigﬁt ratio (works only for

. \ Noting that: _chg  -Q .4 dv, = 471:a da
constant density) \ p= vol ‘ynRS sugt;ae%e
\ 3
Qenciored = (fraction of Q inside r)(—Q) | :
( ) \\\ Qene = qu = J‘a:()pdv
15 R R
.‘ QAT
ll :% 3(%f/)-"a:032da
r / %R
g
\ 3(-Q)(a’ ),
\ = RS 3 Jla=0 -
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6‘)f0?’ r<R: (con’t.—doing this with the density
function . . . though either way would do here)

J-rzo pdV

- A
a ~——"Gausd1an surface

jSE-d;&: .

0

)

T

L gfaa QL _/5(—Q)(a3 | )

= J. EdAcos0° =
S

e R’ ~ gR* (3
= E(4Tcr2):8_Q3 r
= E=- Q T
4mte R

(¢}

Note that this is a linear E-field inside the sphere!
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c.) What does the graph look like for electric field
magnitude versus position?

—

g

N
(@)

N—
wl’_‘

4me )t
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Conductors and Gauss’s Law

What is characteristic of conductors is that free

charge can move around freely within the conductor,
migrating in response to an electric field. With that in mind: /

/

fX&lm'}?[é 4 Derive the electric field function, both

inside and outside, for a spherical conductor of radius R, \
that has charge O placed on it.

Gaussian surface

a.) for r>R: The imaginary J EedA = enclosed

Gaussian sphere of radius 7, S €,

where 7 > R, looks just like it N J EdA cos0°® = Q
S

did for the insulator, except the €,
charge 1s not shot through the Q
= E| dA=—
volume but resides on the -[ S €,
volume’s surface (like-charge —~ E ( ATt r2) _ Q
attempts to get as far away €,
from like charge as possible). — E= Q Still Tooks like a
So... 4me 1’

0 point charge! 14)




6.) for r<R: This is easy. With all the charge on the
surface, the charge enclosed inside the Gaussian
surface 1s zero and:

jE-dA:g
S 80
= E=0

c.) What does the graph look like for E-field magnitude versus position?

Note that this suggests that E-fld
functions are discontinuous . . .

15.)




Now for the Real Fun

fxam]oﬂe 5 A thick skinned, conducting, spherical

shell with inside radius b and outside radius c has a net
charge 30 on it. At its center is a solid conducting
sphere of radius a that has a net charge of —Q on it.

a.) How will cﬁarge distribute itself on these structure?

OBSERVATIONS:

1.) The electric fie[c[ inside a conductor in a static

situation will always be ZERO. Why? Because if
an electric field existed, electrons would respond to it and move until the

field was nullified.

2.) For the fE-ﬁe[c{ to be zero inside the conducting sphere, the net charge
inside a Gaussian surface in that region must be zero. How can this be?
Free charge in the amount —Q (1.e., electrons) must migrate to the outside
surface of the conductor (hence the total charge inside the Gaussian surface
inside the shell will sum to zero).

16.)




a.) (con’t)
OBSERVATIONS (con’t)

3.) Being a conductor, the electric field inside the
shell must also be zero. As there is ~O’s worth of T
charge on the solid sphere at the center, electrons in
the shell will be repulsed and migrate out from the
inside to outside wall leaving the inside surface
with +Q’s worth of charge on it and no charge
enclosed for a Gaussian surface inside the shell.

4.) 1F the shell had been electrically neutral, the migration
of electrons in the shell due to the —Q at the center would have left the
inside surface at +(Q and the outside surface at —Q.

5.) 1F the cﬁarge at the center didn’t exist, on the other hand, the +3 0
net charge on the shell (meaning 3Q’s worth of electrons had been
removed) would reside on the outside surface.

6.) Comﬁining observations 4 and 5 leaves us with a net charge on the
outside surface of +20 and a net charge on the shell of +30 (look at sketch).

17.)




b.) Derive an expression for the E-fld forr >c.

‘Using an imaginary Gaussian sphere of
radius », where » > ¢, and including ALL
the charge enclosed, we can write:

LE-dZ&:M

8O
+2Q+Q -
= JEdAcosO"z Q+Q-Q
S 80
= E dA:2—
S go
- E(4nr2):—Q
8O
2
= E= Q
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c.) Derive an expression for the E-fld for b<r<c.

‘Using an imaginary Gaussian sphere of radius
r, where 7 is inside the shell, we can write:

LE-dZ&:%

(o)

= J.EdAcosOO:
S
= E=0

+Q-Q

(

(o)

Gaussian surface
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d.) Derive an expression for the E-fld for a<r<b.

‘Using an imaginary Gaussian sphere of
radius r, where r is between the shell and
the sphere, we can write:

L EedA = qcnedosed

0

= J. EdAcos0° = —Q
S €

(o)

— EJ dA = ﬁ Gaussian surface /T +Q
S

= E=- >
4me r
where the negative sign tells us the £-fId is not outward as assumed but, instead,
opposite the assumed direction and inward (you’d expect this with net negative
charge on the inside of the region and net positive charge on the outside).
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e.) Derive an expression for the E-fld forr <a.

‘Using an imaginary Gaussian sphere of
radius 7, where 7 is inside the sphere:

jSE-dA:m

8O
= J EdAcos0° = 9
S €
= E=0 °
f) What does the graph
look like for E-field as a ~
vector versus position? ‘E|
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Real Fun With a Twist .

fxam]oﬂe 6: Let’s assume that someone 1

touches an insulator to the inside of the conducting
shell, and in doing so transfers O 5 worth of charge
to the shell. What 1s going to happen in that case?

1.) An important point, which I haven’t men- Q added -~
i i .. (which migrates) +

tioned yet, 1s that physicist have no qualms + /

about looking at situations like this from the charge ends up here’

perspective of the motion of POSITIVE

CHARGE. That is not what is really happening, but you can view theoretical

situations as though it was happening, and come out with reasonable conclusion.
Doing that in this case suggests the following will happen: The bits of positive

charge making up the transferred O will migrate to the outside edge of the shell
leaving it with a net charge of O on that surface.

2.) In rea[ity, electrons are drawn from the shell’s outside edge, leaving it with a
net charge of O, migrating through the shell to the inside edge where they jump to
the insulator (that’s how the shell becomes more positive).

22)




And FEven More Fun

fxamjoﬂe /. A thick skinned, insulating

spherical shell with inside radius b and outside
radius ¢ has a volume charge density p = kr, ,
where the constant k =1 C/m*. Atits centerisa |
solid conducting sphere of radius a that has a net ,'I
charge of O on it. ll
|
\
\

a.) Derive an expression for the magnitude of
the electric field for » > c. \

We need the total charge inside a Gaussian
surface that engulfs the entire charge
configuration. The O on the center sphere 1s
easy, but the charge shot through the shell is not R
so easy as it 1s slight at the inside and gets Gaussiﬁﬁsuzf\age
heavier as one moves outward (that is, it isn’t i
uniform). To do this, we need to be clever.

-~

—_
~—— ——
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@efine a differential volume dJ as a differentially
thin shell of radius / and thickness dh. Its
magnitude will be its surface area (47th?) times its
differential thickness /4, or dV = (4mth’dh). With
a given volume charge density of p=kh, where p
has been evaluated at /2, we can write:

[
P= 2_3 dh
= dq=pdV
=p(4nh’dh)
= (kh)(4mh’dh)
= 4nkh’dh

With this, we can determine the charge shot through < ___ -
the entire shell, or through just part of the shell.
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With dq=p(4rh’dh),
and figuring out the charge between b and c inside
the Gaussian radius 7, we can write:

J E . d;‘x — qenclosed
S 80
Q+[ pdv
= E(4m’)= jh=bp
8O
. E:Q+  (kh)(4mh*dh)
4mr’e,
_ 1 i € 13
= :Q+(47tk) _h dh}
1 h* ).

~ 4me 1 Q+(4k) Ij ”’}
B PO
dme x| 4 4
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b.) Derive an expression for the magnitude of
the electric field for ¢ > r > b.

This is easy as it’s the same as Part a except
the shell’s contribution to the charge is only  dh
the charge out to the Gaussian radius r. That

1S:

J'SE «dA = Denctosed

€
I Q-+ (kh)(4mh’dh)
_ 80

) 41; r2 Q+{4rk) hr=bh3dh}
o = . 3

B 47&1 r’ Q+(4nk) hZ] -
10 ) 4 bzﬂ

:47(:8 2 Q+(4713k) %—Z :l
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¢.) Derive an expression for the magnitude of the electric
field for b > r > R.

The on[y cﬁarge inside the Gaussian surface for
this section 1s that on the inner conductor, which
1s O, so:

J.SE-dA:M

d.) Derive an expression for the magnitude of the electric
field for » < R.

No cﬁarge enclosed inside the Gaussian surface, so £ = 0.

N

~ P
Gausstan-surface

27)




Cy[ino[m’caf Symmetry and Gauss’s Law

cylindrical

fxamjo[e 8: Derive an expression for the Gaussian

surface

electric field function for an “infinitely long”
insulating rod whose linear charge density is a
constant A .

What you are looking for in a Gaussian surface is a =

surface upon which the magnitude of E is constant AND

the dot product 1s either the same everywhere, or zero. With a linear charge
distribution, a sphere clearly won’t do. What will work, if you are clever, 1s a
cylinder. How so? If the charge configuration is infinitely long (or in a pinch,
very, very long), the electric field will be radially outward (or inward, depending
upon the charge). A Gaussian cylinder will have ends whose dA4 s will be
perpendicular to the electric field (hence producing no electric flux and a zero dot
product) and a curved surface whose dA4 s are along the line of £. In short, a
cylindrical Gaussian surface will do the job.
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Cl\ﬂ)ting that the amount of charge inside an cylindrical
imaginary, cylindrical, Gaussian surface will be G;l‘fg;n
the linear charge density times the length of the

surface, and the surface area of a cylinder 1s the
circumference 27r times the length L, we can
write:

E-dA +2J E.dA_, _ Yenclosed

curve curve 8

0 AL
= CurveEdACurve cos0° +2 curveEdAendC 90° _g
= B curve A e = }LL
= E 27@[ Mé
= E= A

2TE 1
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fX&lWl}O[é 9. A cylinder of inside radius ¢ and outside radius 5 has a volume

charge density that varies as 7 (i.e., p = kr, where £ 1s a constant).

a.) Derive the electric field function for a <r < b:

The set-up 1s shown below:

top view

end view

Gaussian
surface

30.)




end view

We need the total charge inside a
Gaussian cylinder, but as the density
varies, we need to determine the

charge in a differentially thin
cylindrical shell inside the Gaussian

surface, then integrate over all the
shells.

The c{i’ﬁ(erentia[ volume of a

differentially thin cylindrical shell of

radius c 1s the circumference of the shell
(2mc) times the differential thickness of
the shell dc times the length of the Gaussian
Gaussian cylinder L. That is: dV =(2ncL)dc surface

ﬂ(nowing that dq=pdV , we can write dg evaluated at ¢ as:

dqg =pdV
= (kc)[(ZneL)dc]
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With that, Gauss’s Law becomes:

J E.dS = jcr:apdV
= E(2ml)= Lr:a(kc)[(%cL)dc]

3e.r
b.) Derive an electric field for r<a: (It’s zero as no charge inside Gaussian surface.)

c.) Derive an electric field for r> b:

Same yroﬁfem as Part a exception of the limits of the integration are different
(you are now adding up ALL the charge inside the cylinder, so the limits go
from ¢ = a to ¢ = b instead of ¢ = a to ¢ = the Gaussian radius r.)
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Flat Sheets cf C ﬁarge and Gauss’s Law

There is a suﬁt(ety we need to

thin co sheet
look at before we can make sense out of

3-D view

Sheets Of Charge. thln oo sheet thin oo sheet
insulator conductor
--An insulator typically has free fromside  from side
charge infused throughout its volume. rh -
For insulators, an area charge density o f
. . + +
function G _say, “Multiply me by a e -
++
surface area and you get how much o -
charge is behind that surface shot o -
+
through the structure.” £ !
+++ -
--A conductor has charge on its surface o E
. .. . . +++
with NO free charge in its interior. For i -
conductors, an area charge density e :
. . ++
function G, say, “Multiply me by a Dok -
+++ L
surface area and you get how much charge
Gll’lS GCOI'I

1S on the surface of the area in question.”

T hese are two very cﬁﬁ(erent critters!
30.)




With that in mind:

thin oo sheet

fxamjo[e 10: Derive an expression for th;ﬁsjl’aigfet 3-D view
the electric field function for an “infinite” from side

sheet of insulating material whose area f

charge density 1s a constant G . e

We 1’1660{' ( Gaussian surface whose «— [V 1>

faces either yield zero flux or a flux E ::::i E
whose electric field evaluation is a i
constant. It turns out that a plug whose o
end-faces are symmetrically placed on S
cither side of the slab will do the job. e

The flux through the curved section will w

be zero as E and dA4 will be at right- i
angles with one another, and with dA4 Oins

defined as outward on both outside
faces, £ will both have the same
evaluation and will provide the same dot
product. That is:
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E-dA +2J. dE-dAend:M

curve
€

0 0

curve

0 , O
= cuwe(E)dAcuWM +2 end(E)dAend cos()” = o8 cnc

= ZEI dA_, Gins—Aend

=>2E/x/ﬁﬁ

:>E—

28

(0)

thin oo sheet

insulator

from side

32)




fxamjofe 11 Derive an expression for et
1N oo SNEC

the electric field function for an “infinite” thin oo sheet 3-D view
sheet of conducting material whose area Coﬁgﬁfgﬁge
charge density 1s a constant G ___

(,]‘[81’6 is Wﬁé?’é the difference in the

charge configurations comes into play. dA
We could use the same plug we used «—
with the insulator, but there would be E
two surfaces upon which there was

charge placed, each of which would have

a charge density of 6_,,. That means:

qcnclosed
J Acurve + ZJ end _
curve

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

IR R N N N R S N NN NN B NN N NN NN NS NN N N NN N NN BN B S N N RGN

(@)
o
=

— IE }9{ con end
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thin oo sheet

As a side Jaoim‘, another i et 3D view

possibility would be to utilize the fact Coflﬂfts‘i’ge
that inside the conductor, the electric
field is zero. That means the Gaussian | .
surface could have looked like: 1k -
1+ dA
d: 4 :
ana. 4 F ——
0 ]—“j = O‘i‘?/ E ] E’
J E//dﬁ/ +J E . d;x _ Yenclosed -;t E
curve end A H
curve end € 4 -
A ° 1k
o d 4 I+
:> E dAend — con en i i
end € 1 -
0 Tk
e) il o
— E g — _—¢o end jr JJ:
8 i I+
0 1k
= E = gon Gcon

Same result either way!
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Parallel Sheets of C ﬁarge

fxam]oﬁe 12: Two infinite, parallel sheets of

opposite charge sit side by side and have a charge A
density of 0 on each. What is the electric field intensity l
on either side, and in-between the configurations?

l

viewed from side

B

!

The Gaussian surfaces for both the positive and E—

negative charge configuration is shown for region
A. Each is identical to the configuration E
associated with an insulator. As such, each o
electric field magnitude will be equal to Ae

As the fields will be in opposite directions,

though, they will add to zero. The same will be

true in region C.

—

>

Between the sheets in region B, the fields are in the

fem

++++

0

A

same direction with the same magnitude, so we have a

A

net field of
280 €,

+++++ 4+
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Parallel Plates and a Bit @C Tricke

fxamjofe 13: Two infinite conducting plates with equal

but opposite charge densities ¢ on them sit side by side.
What is the electric field intensity between the plates?

Assuming the Jofates are very close together (in comparison
to their plate area), we can approximate them as infinite
conducting sheets. If we do that, Gauss’s Law yields:

CA
E[ dA,, =
end end 80 - +
— EA = GAend from side
en 80

E

o
— E= 8_ <€

But an intrepid observer will undoubtedly notice that THIS

IS THE SAME FUNCTION we got for a SINGLE infinite
sheet . . . so how can that be (‘cause there’s two sheets here!)?
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The trickiness is, again, in the definition of ¢ .

le you start with a sheet that has charge density g, on it,
then bring a similar but oppositely charged plate in parallel
to 1t, what’s going to happen to the original plate?

Flectrons in the original plate will migrate away from the
negative charge on the encroaching plate, leaving the
original plate’s inside surface MORE ELECTRICALLY
POSITIVE than it had been (and as that happens, more
negative charge will be drawn to the inside surface of the
encroaching plate keeping the charge distributions equal
and opposite). In other words, 1t’s plate charge density will
have changed to a new value G..

In other words, Gauss’s Law will still worked, but the charge
density function will be altered from the original situation.

+ + + + + + + + +

9

¥ ¥ ¥ ¥ ¥ F F F F

t+++++++++++++4++++

9
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A Disk

fxampﬁe 14: Can you use Gauss’s Law to

determine the electric field function for a flat, finite,
positively charged disk?

Te ecﬁm’ca[fy, there is no Gaussian surface that will
accommodate the symmetry (or lack of symmetry)
associated with a disk. However, you could use a plug
and the technique used with the infinite sheet of charge
as long as your point of interest was close to the central
axis and » was small in comparison to the radius R of the
disk.

38.)




Example 15

Physlet E.24.3
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Example 16 - Faraday' s Ice Pail Experiment

Courtesy of Mr. White:
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