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Abstract
An electric charge located outside a closed metal box does not produce an
electric field inside the box. On the other hand, an electric charge located
inside the box can generate an electric field outside the box. A charge inside
the box can therefore exert a force on a charge outside the box, but not
vice-versa, in apparent contradiction of Newton’s third law.
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Suppose that a charged ball carrying a charge +q
is suspended by a thread inside a closed metal box
resting on an insulator as shown in figure 1. The
charge will attract electrons in the metal box to the
inside surface of the box, leaving a positive charge
on the outside surface of the box. If a charge +Q
is suspended by a thread outside the box then it
will be deflected away from the box by the pos-
itive charge on the outside of the box. However,
the charge +Q does not generate an electric field
inside the box, since metal boxes act as an elec-
trostatic shield. Therefore, the charge +q is not
deflected by +Q. Therein lies an apparent para-
dox. That is, q exerts a force on Q but Q does
not exert a force on q, contradicting Newton’s 3rd
Law.

Electric field lines surrounding the two
charges are shown separately in figure 2. The elec-
tric field generated by q alone (in the absence of
Q) is shown on the left, and the electric field gen-
erated byQ alone (in the absence of q) is shown on
the right. The field lines begin and end on electric
charges, are perpendicular to the surface of any
conductor, and the electric field is zero inside a
conductor (unless there is an electric current in the
conductor). The charge q inside the box creates an
electric field both inside the box and outside the

Figure 1. Deflection of +Q due to +q inside a metal
box.

box, but the electric field within the metal parts
of the box is zero. However, the charge Q outside
the box attracts a negative charge to the surface
closest to Q, leaving a positive charge on the sur-
face furthest from Q. The net result is that there is
no electric field within the metal parts of the box
or inside the box itself. The charge q can therefore
exert a force on any charge Q located outside the
box, but the charge Q cannot exert a force on any
charge q placed inside the box.

The charge Q in figure 2 is deflected towards
the box since the negative charge on the outside
surface of the box is closer to Q than the positive
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Figure 2. Electric field lines surrounding each charge separately.

charge on the other side of the box. Similarly, the
charge q inside the box will be attracted towards
the nearest surface, unless q is in the centre of the
box and then it will not be deflected.

In figure 1, Q is repelled away from the box,
but in figure 2,Q is attracted towards the box. The
net result will depend on the magnitudes of q and
Q. For example, if q is due to the loss of a single
electron, then it will induce a negligible charge
on the outside of the box, so Q will be attracted
towards the box. Hence,Q is repelled from the box
in figure 1 not by q but by the charge on the outside
surface of the box nearest to Q. The force on Q is
therefore equal and opposite to the force exerted
by Q on the box.

There is another significant point to note. The
electric field produced outside the box, by the
charge q inside the box in figure 2, is generated
by the charges on the outside of the box, not by
the charge q inside the box. If the field outside the
box was produced by q alone then the field lines
would point radially out from q, as they do for
any other point charge. This point is discussed in
more detail in [1–3]. These authors also describe
the effect of grounding the metal box, which acts
to remove the charges induced on the outside of
the box. In that case, charges inside the box do

not generate an electric field outside the box, elec-
trostatic shielding will work ‘both ways’, and the
chargeQ outside the box will be attracted towards
the box as in figure 2 rather than being repelled
away from the box as in figure 1.

Data availability statement
No new data were created or analysed in this
study.
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Abstract
Cross (2022 Phys. Educ. 57 023001) presents several thought-provoking
ideas about the electrical effects of point charges located inside and outside a
hollow conductor. Some amplifying remarks are made in this Comment
about his discussion.
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1. Introduction
In a recent Frontline article [1], Cross revives
interest in the question of whether there is a para-
doxical asymmetry between the electrical effects
due to a point charge located inside a hollow con-
ductor and the effects due to a point charge loc-
ated outside that conductor. Specifically, suppose
the conductor is a spherical shell, as sketched in
figure 1, which is electrically isolated and starts
out with no charges on its surfaces. If a single
point charge is now brought from faraway to a
position just outside the shell, it will produce an
electric field throughout the outside volume, but
there will continue to be no electric field in the
space inside the shell. On the other hand, if a
single point charge is brought from faraway into
the interior1 of the cavity, nonzero electric fields
will result in both the inside and outside volumes
due to the total induced charge (of opposite signs)

1 This action can be accomplished by splitting the empty shell
into two halves, and then reclosing them around a point charge
brought in from faraway, as in Geller and Bagno.

on the inner and outer surfaces of the shell. This
realization has sparked a debate about whether
it is fair to say that the outside volume is elec-
trically shielded from charges inside the cavity,
motivated by Feynman’s statement [2] that ‘… no
static distribution of charges inside a closed con-
ductor can produce any fields outside. Shielding
works both ways! In electrostatics … the fields
on the two sides of a closed conducting shell are
completely independent.’ Geller and Bagno [3]
have written that this statement is in ‘sharp contra-
diction’ with the laws of electrostatics. However,
Chen [4], without explicitly citing Feynman, and
Sharma and Reid [5], who directly cite him, have
pointed out that it depends on how one defines the
twowords ‘produce’ and ‘shielding’ in Feynman’s
statement.

It is only during the initial action of mov-
ing a point charge into the cavity (in the absence
of other free charges) that an electrostatic field
becomes established outside the shell. If the
point charge is thereafter internally moved around
(without touching the inner surface of the shell),
the electric field inside the cavity will rearrange,
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Figure 1. A spherical conducting shell partitions
spaces into three volumes: an OUTSIDE region, a
region occupied by METAL, and an INSIDE region.
The outer and inner surfaces of the shell are also
indicated.

but the outside field will not change, as illustrated
in figure 2 of Chen. Thus the outside space is
shielded from inner configurational changes2, just
as the inside space is shielded from outer config-
urational changes (such as moving a point charge
from faraway to near the outside of the shell).
Only the induced charge distribution on the inner
surface of the shell gets rearranged in response to
displacements of point charges in the cavity; that
on the outer surface does not. To express the idea
another way, starting from the uncharged geo-
metry in figure 1, if a single point charge is moved
into the cavity from faraway, the exterior electric
field is sourced (which can be taken as a synonym
for produced) by the charge on the outer surface
of the conductor rather than by the charge in its
inside space. Chen comments that the outside field
is also sourced by the equal magnitude but oppos-
ite sign charge left behind faraway when the point
charge was brought into the shell (assuming the
universe is overall charge neutral); electrostatic

2 This statement explains why people in a kitchen are shielded
from the electromagnetic radiation inside a microwave oven.

field lines must originate on positive charges and
terminate on negative charges, possibly at infin-
ity. Sharma and Reid emphasize that the outside
and inside field lines are wholly separated by the
zero electrostatic field within the metal compos-
ing the shell, and are thus ‘completely independ-
ent’ of each other after their creation, as Feynman
stated.

2. Is there a paradox?
Cross sidesteps these semantic issues by propos-
ing a possible contradiction of Newton’s third law
(N3L). A positive charge Q is suspended from
a thread (in the manner of a pendulum) outside
a spherical shell, while another positive charge
q is suspended from a second thread (whose top
end is attached to the shell) at the exact centre
of the cavity. (Cross uses a cubical rather than
a spherical shell but that does not change the
conclusions.) If Q is small enough that it does
not significantly alter the spherically symmetric
positive charge distribution induced on the outer
surface of the shell by q, then Q will experience
a repulsive force and it will swing away from
the sphere. Meanwhile q experiences zero force
from the spherically symmetric negative charge
induced on the inner surface of the shell by q. Does
that imply N3L is contradicted because the inside
point charge exerts a deflecting force on the out-
side point charge but not vice versa?

Cross does not specifically answer that ques-
tion, but it appears he would say ‘no’ based on
his use of the qualifying adjective ‘apparent’ in
a couple of places in his article. Similar to the
background discussion in section 1, the force is
not directly between the inside and outside point
charges. Instead, the force on the outside charge
Q is due to the induced charge on the external sur-
face of the shell. That is, the force pair is between
the outside point charge and the shell. The metal
box (as Cross calls the shell) repels the outside
point charge, and in reaction the outside point
charge repels the box in the opposite direction.
If the box were on insulating wheels (rather than
being fixed to the earth via an insulating block
as Cross implies it is) then the box would roll
away from the outside pendulum. Thus the answer
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to the preceding question is no because Q and
q are not a steady-state force pair. They rapidly
decouple from each other as electrostatic equi-
librium is established in the metal region of the
shell by the migration of induced charges onto its
surfaces after chargesQ and q are moved into pos-
ition from faraway.

Cross supplies part of a counter-example that
makes this argument clearer. Suppose that, rather
thanQ being very small compared to q, the oppos-
ite is true, namely Q is large while q is due
to the loss of only a single electron. Then Q
would induce negative charge density on the sur-
face of the box nearest itself and it would be
overall attracted toward the box, despite the like
charge on q which would otherwise cause Q to
be repelled. One again sees that the force on
Q is due to the charge on the box. The inside
charge q affects the surface charge on the box,
but q is not the direct force agent on the outside
charge Q.

3. Zero outside field with a nonzero inside
charge
Once more, suppose there are no nearby point
charges outside the shell in figure 1 but there is
a single positive point charge q inside the cavity.
If q was brought into the cavity from infinity, then
Gauss’s law implies there must be induced charge
−q on the inner surface of the shell, induced
charge +q on its outer surface, and left-behind
charge−q at infinity. The charges+q on the outer
surface and−q at infinity are the sources (respect-
ively the origin and termination) of field lines in
the outside region. One could think of the −q
charge at infinity as being distributed uniformly
on the inner surface of a hollow metal sphere of
infinite inner radius. That sphere is by definition
a ground (i.e. a conductor of infinite surface area,
just as is the Earth to a good approximation).

In the final paragraph of his article, Cross
observes that if the shell is now grounded, the
outside electric field will disappear. In effect, the
ground wire connects the shell to the infinite hol-
low metal sphere on which charge −q was left
behind. That charge is attracted to the shell by the
point charge q inside its cavity. Consequently −q

flows along the wire onto the shell, thereby can-
celling the induced charge+q on its outer surface.
There thus remain no source charges on the outer
surface of the shell nor at infinity to create any out-
side field.

The same idea can be effected more simply as
follows. Instead of moving charge q from infinity
to the interior of the shell in figure 1, simply scoop
charge q off the shell. Move it to any desired point
inside the cavity, leaving charge−q behind on the
shell (because it started out with no net charge).
Gauss’s law will again imply that the left-behind
charge −q will distribute itself entirely on the
inner surface of the shell. None of it will remain in
the bulkmetal or on the outside surface of the shell
when electrostatic equilibrium is attained. Con-
sequently there will again be no external source
charges to produce an outside field.

4. Summary of key ideas
In the conclusions of their article, Geller and
Bagno ‘wonder what Richard Feynman had in
mind when he made the statement quoted’ in the
first paragraph of section 1 above. It is proposed
that he means the region of space outside of a con-
ducting shell is shielded from charge rearrange-
ments that occur entirely within the inside volume,
and vice versa. The fields inside and outside the
shell are independent of each other, except dur-
ing the transient period of time in which charges
are dynamically crossing from one volume (or its
boundaries3) to the other.

Any electric field existing in the outside
volume in figure 1 is sourced entirely by charges
that exist in that volume or on its boundaries.
All action-reaction force pairs are between these
external source charges alone. There is no contra-
diction with N3L.

Data availability statement
No new data were created or analysed in this
study.

3 The boundaries of the outside volume in figure 1 are the outer
surface of the shell and infinity. The boundary of the inside
volume is the inner surface of the shell.
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Carl Mungan has amplified my discussion concerning an apparent paradox in
electrostatics. I amplify his Comment.
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Carl Mungan [1] describes electrostatic shielding
in terms of a spherical metal cavity rather than the
rectangular metal box that I used when presenting
my own discussion on shielding. There is no fun-
damental difference, but Mungan presents a sur-
prising result that could easily baffle students. The
result is shown in figure 1(b) and is compared with
with a simpler result in figure 1(a). Suppose that
an isolated charge +q is located at the centre of
a spherical metal shell. That charge will attract a
charge−q to the inner surface of the shell, leaving
a charge+q on the outer surface. The electric field
at any radius r inside the shell cavity or outside
the shell is given by E= q/(4πϵ0r2), by Gauss’s
Law, and the electric field inside the metal itself is
zero, also from Gauss’s Law. Alternatively if it is
assumed that E= 0 in the metal, then the charge
on the inner surface must be −q.

In figure 1(b), the charge inside the cavity is
moved off-centre, with the surprising result that
the charge +q on the outer surface of the shell
remains where it was, the charge −q on the inner
surface of the shell is re-distributed around the
inner surface, the electric field inside the cav-
ity is no longer equal to E= q/(4πϵ0r2), but
the electric field outside the shell remains equal
to E= q/(4πϵ0r2). Mungan presents this result
without explanation, as evidence that the space
outside the shell is unaffected by or shielded from

any movement of the charge +q inside the spher-
ical cavity.

In figure 1(a), the charges on the inner and
outer surfaces of the shell are distributed uni-
formly around each surface by symmetry. The
electric field generated by+q on the outer surface
is given by E= q/(4 πϵ0r2) at any radius r outside
the surface and is zero inside the surface. Simil-
arly, the electric field generated by−q on the inner
surface is E=−q/(4 πϵ0r2) at any radius r out-
side that surface and is zero inside the surface. The
electric field generated by +q at the centre of the
cavity isE= q/(4πϵ0r2) at any radius outside that
charge. The electric field at any given point is the
sum of the three separate fields, so it is given by
E= q/(4 πϵ0r2) at all points in space other than
inside the metal where E= 0.

If the charge +q at the centre of the cav-
ity is moved upwards, as in figure 1(b), it will
attract a larger negative charge to the inner sur-
face at the top of the shell. The electric field in
the metal remains zero, so from Gauss’s Law, the
total charge inside a spherical surface within the
metal remains zero, which means that the negative
charge on the inner surface of the metal remains
equal to−q. The extra negative charge at the top of
the shell is therefore due to a transfer of electrons
from the bottom of the shell rather than from the
outer surface of the shell. The charge on the outer
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Figure 1. Electric field inside and outside a spherical metal shell when the charge +q inside the shell is located
(a) at the centre of the cavity and (b) off-centre.

surface of the shell is unchanged and so is its dis-
tribution since no electric field lines from inside
the cavity pass through the metal to disturb the
charges on the outer surface.

The additional negative charge at the top of
the inner surface generates a larger electric field
in that region, both inside the metal and inside the
cavity. The electric field inside the metal remains
zero since the electric field in the metal due to+q
inside the cavity also increases when +q moves
closer to the top of the shell, but the electric field
inside the cavity is altered. The field lines inside
the cavity are no longer directed radially outward,
since all field lines meet the inner surface of the
cavity at right angles. In a similar way, the electric
field generated by the negative surface charge at
the bottom of the shell is reduced, again cancelling
the electric field in the metal generated by the off-
centre charge +q.

Data availability statement
No new data were created or analysed in this
study.
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