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Thesis
ABSTRACT

In this paper the structure of equipotential surfaces of uniformly charged
symmetric polyhedral conductors is discussed. It is observed that the
structure of the equipotential surface is influenced more by the shape of the
symmetric polyhedral conductor if it is evaluated at a smaller distance from
that conductor. As we move away from the conductor, the equipotential
surface becomes similar to that due to a point source, which is spherical in
shape. The distance between the symmetric polyhedral conductor and the
first occurrence of its spherical equipotential surface has been theoretically

calculated in this paper.
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credited.

INTRODUCTION

Now, we know that for a uniformly charged conductor all charges reside on its surface (Figure 1).

(for simplicity one face of the cube is considered),

Figure 1. A face of the uniformly charged cubic conductor showing the distribution of charges when uniformly charged.

Equipotential surface is any surface that has an equal value of potential (in our case it will be electric potential) at

every point on it (Figure 2). The surface of a uniformly charged conductor is an equipotential surface [1.2],

Figure 2. Equipotential surface due to a point charge.
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Research gap

In previous research papers the concept of the curvature of equipotential surfaces at sharp bends for cubical
conductor has been discussed. No theory regarding the equipotential surface of other polyhedral conductors has been
proposed. The concept of the curvature of equipotential surface at sharp bends of uniformly charged conductors and
it becoming spherical at far fields has been explained in previous research papers using concepts which might be
unfamiliar to high school students. The distance between the conductor and the first occurrence of its spherical
equipotential surface has never been derived. The aim of this paper is to explain the dynamics of equipotential

surfaces of various symmetric polyhedral conductors in more simple way for the reader to understand [3-5],

The curvature of equipotential surfaces at sharp bends of uniformly charged symmetric polyhedral

conductors

Each face of the uniformly charged symmetric polyhedral conductor is like a charged conducting surface and for a
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charged conducting surface the electric fields lines due to it are normal to its surface whereas the charges at the
sharp bends and corners have their electric field lines radially outwards.

If the face of the uniformly charged polyhedral conductor is divided into individual points, then each point will behave
as point charge with its electric field lines projecting radially outwards. As the nature of the electric field of the
individual are similar, there will be repulsion between the electric field lines of the individual points (Figures 3 and 4).
As inside the charged conductor the net electric field is always zero, the side of the face inside the conductor is

neglected (61,

Figure 3. a) Electric field lines of the individual points initially when they are far enough; b) Repulsion between the
electric field lines results in them bending away from each other as the individual points get closure; ¢) Repulsion
causes the electric field lines to bend more; d) When the points get close enough the repulsion increases so much
that from each individual point a single electric field line projects out perpendicular to the surface thus formed by
bringing the individual points together.
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Figure 4. Shows Electric field lines at the sharp bends of the charged polyhedral conductor.
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We know that:

dVv

Cdz

Where V is the electric potential, E is the electric field due to the charge and x is the distance from the charge.

V:fE-daf
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For equipotential surfaces V is constant, so work done=0, i.e., Electric field is perpendicular to the surface (Figure 5).

Figure 5. Electric field and equipotential surface due to a uniformly charged cubic conductor (for simplicity 2-D figure
of a cube is considered).
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The conductor’s surface is itself an equipotential surface and as we move away from the conductor’s surface, more
cubical equipotential surfaces are formed with curved vertices (Figures 6-10). And with increase in distances the

vertices curve to such an extent that the equipotential surface then resembles a spherical equipotential surface [7-91,

Figure 6. Equipotential surface of the cubic conductor of edge a and at a distance of x from the cube’s charged

surface.
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Now let's consider a symmetric tetrahedral conductor:

Figure 8. A symmetric tetrahedral conductor.

A
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Figure 9. Electric field and equipotential surface due to a uniformly charged symmetric tetrahedral conductor.
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Figure 10. Equipotential surface of the cubic conductor of edge a and at a distance of x from the tetrahedron’s
charged surface.
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In Figure 10, we can see that at the vertex part the equipotential surface looks like the arc of a sector of a circle of

radius x subtending an angle of 120 degrees.

In a research paper on “the electric field of a uniformly charged non-conducting cubic surface” it was concluded that
“the electric field magnitude can diverge to infinity for a charge distribution that has a sharp bend like the edges of
the uniformly charged cubic surface. This can happen even though the charge density does not itself diverge in

magnitude near an edge or vertex, as is the case for a charged conducting surface with a sharp bend”.

Occurrence of spherical equipotential surface for polyhedral conductors (Figure 11).

Figure 11. Transition of the equipotential surface of the cubic conductor from a cubical structure to a spherical
structure.
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x=radius of the small quadrant at the vertices.

R=radius of the large quadrant of the spherical equipotential surface.

As x increases from from its initial point P on the vertex to R, from the perspective of the consecutive equipotential
surfaces the cube shrinks in size and the point P shrinks from zero to a/2 for the spherical equipotential surface.
As x increases from zero (taken from a vertex ‘P’) to R by a length of dx (very small change in x), the area of the small

quadrant increases and finally becomes equal to the area of the large quadrant.

Area of the small quadrant be ‘AY’

wxdx

dA, = 3
Area of the small quadrant be “Ar’

TR
4

R
AR:/ dA,
0

Ap = / CdA,
0

(Rate of change of x from zero to R is equal to that from zero to a/2)
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Distance between the center of a uniformly charged cubic conductor and its spherical equipotential surface=distance
between the center and a vertex+distance between the vertex and its spherical equipotential surface=(\3a/2)+(a/2)
(Figure 12).
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Figure 12. Transition of the equipotential surface of the tetrahedral conductor from a tetrahedral structure to a
spherical structure.

x=radius of the small sector at the vertices.

R=radius of the large sector of the spherical equipotential surface.

As x increases from its initial point P on the vertex to R, from the perspective of the consecutive equipotential
surfaces the tetrahedron shrinks in size and the point P shrinks from zero to a/2 for the spherical equipotential
surface.

As x increases from zero (taken from a vertex ‘P’) to R by a length of dx (very small change in x), the area of the small

sector increases and finally becomes equal to the area of the large sector.

Area of the small sector be ‘Ay’
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(Rate of change of x from zero to R is equal to that from zero to a/2)
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Theory

For a uniformly charged symmetric polyhedral conductor where length of a side is ‘a’, its equipotential surface curves
at the vertices as we move away from it and finally becomes similar to a spherical equipotential surface and the
diagonal distance between its vertices and the first occurrence of its spherical equipotential surface is equal to half

of ‘a’.

Let ‘R’ be the diagonal distance between the vertices of the uniformly charged symmetric polyhedral conductor and its
first occurrence of its spherical equipotential surface.
Then,

a
B=3

Relation between r and the number of vertices and faces of a polyhedral conductor
The surface area of a polyhedron is equal to the sum of the area of all of its faces.

Let the number of faces of the uniformly charged symmetric polyhedral conductor be ‘f’
Surface area=f x area

and the area of one face of a symmetric polyhedron=% x (perimeter) x (apothem)

(apothem=distance between the centre of a face of a polyhedron and one of its sides)

Let the number of sides of one face of a symmetric polyhedron be ‘s’, the no of vertices of one face of a symmetric
polyhedron be ‘v’ and ‘a’ be the edge length.

For a face of a symmetric polyhedron, v=s

Perimeter of one face of a symmetric polyhedron=s x a

=V X a

1
Area=; x p xa x apothem

Therefore,
Surface area=% x f x v xa x apothem
Keeping surface area constant (say ‘c’)

RRJOMS | Volume 11 | Issue 4 | July, 2023 8



Research & Reviews: Journal of Material Sciences ISSN: 2321-6212

1
c=5 % f x v xa x apothem

[4

=1
Exfxvxaxapothem

Therefore,a a 1/fanda a 1/v
And,Ra a
Therefore, R a 1/(f x v)

Comparing R for a cubic and a tetrahedral conductor:

Keeping the surface area of both the polyhedral conductors equal to 1,
v and f for cubic conductor is 8 and 6 respectively

v and f for tetrahedral conductor is 4 and 4 respectively

(v x f) for cubic conductor is 48

(v x f) for tetrahedral conductor is 16

v x f (cubic)>v x f (tetrahedral)

AsR a 1/(f x v)

Therefore, R (cubic)<R (tetrahedral)

Now, keeping the surface area of the both polyhedral conductors equal to 1 m2,

a for cubic conductor is 0.408 m

a for tetrahedral conductor is approx. 0.76 m
R (cubic)=a/2=(0.408 m)/2=0.204 m

R (tetrahedral)=a/2=(0.76 m)/2=0.38 m

R (cubic)<R (tetrahedral) (proved)

Theoretical proof

Here, R is inversely proportional to v.

If v—>o0,

Then, R—0, according to the theory.

Now we know that a sphere is a polyhedron where v—o and its vertices connect and form a spherical surface.

And for a uniformly charged spherical conductor its first spherical equipotential surface is its own surface, hence the

R in this case becomes zero.

CONCLUSION
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In this paper, | have explained how the equipotential surface is influenced by the shape of the symmetric polyhedral
conductor and how it finally becomes spherical as it would be if the polyhedral conductor is replaced by a point charge
placed at the center of that conductor. As we move away from the polyhedral conductor the consecutive equipotential
surfaces curve more at the sharp bends. A pattern is observed when the diagonal distance from the vertex of the
conductor to the first occurrence of its spherical equipotential surface for all symmetric polyhedral conductors is

mathematically calculated which is half of the length of its side.
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