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Electric Field of Surface Charges: A surface charge of 5.0 μC/m2 is

located in the x-y plane in the region -2.0 m ≤ x ≤ 2.0 m and -3.0 m ≤ y ≤

3.0 m. Find analytically the electric field at the point (0, 4.0, 0) m.

Verify your answer using a MATLAB program that applies the principle

of superposition.
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As can be seen in Figure, for any point A on the surface charge, we can

find another point A' whose electric field at P has the same magnitude

but the opposite sign of that of A in the direction parallel to the surface

charge. Hence the electric field at P has only a z component .
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 To write a MATLAB code to solve this problem, we equally divide the surface

into many cells each with a length Δy and a width Δx . Each cell has a charge of

ΔQ = ρsΔxΔy.

 When Δx and Δy are very small, the electric field generated by this cell is very

close to that generated by a point charge with a charge ΔQ located at the

center of the cell.
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 Hence the electric field generated
by the surface charge at point P is
given

 Where Rj,i is the vector pointing
from the center of a cell to the
observation point.



 The location of the center of a cell is given by 𝑥 = −2 +
Δ𝑥

2
+ Δ𝑥 𝑖 − 1 , 𝑦 =

− 3 +
Δ𝑦

2
+ Δ𝑦 𝑗 − 1 and 𝑧 = 0.
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 Hence the electric field generated
by the surface charge at point P is
given

 Where Rj,i is the vector pointing
from the center of a cell to the
observation point.



Electric Flux Density: A point charge 1.0 C Q = μ is located at the origin.
Write a MATLAB program to plot the electric flux lines in the three-
dimensional space.

 Solution: The electric flux density resulting from a point charge is given

by 𝐃 =
𝑄

4𝜋 𝐑 2 𝒂𝑹, where R is the vector pointing from the point charge to

the observation point.
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We first introduce two MATLAB

functions that can help us to create a

field vector plot.

A point charge 1.0 C Q = μ is located at

the origin. Write a MATLAB program

to plot the electric flux lines in the

three-dimensional space.



We first introduce two MATLAB functions that can help us to create a

field vector plot.

1) meshgrid

Syntax:

 [X,Y] = meshgrid(x,y), [X,Y,Z] = meshgrid(x,y,z)
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[X Y]= meshgrid(-1:1:2, -1:1:3) [X,Y,Z] = meshgrid(0:1:4, 0:1:4, 0:1:2)



We first introduce two MATLAB functions that can help us to create a
field vector plot.

2) meshgrid quiver/quiver3

Syntax:

 quiver(X,Y,x_data,y_data)

 quiver3(X,Y,Z,x_data,y_data,z_data)
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A quiver plot displays vectors as arrows
with components (x_data, y_data) at the
points (X, Y)

 The matrices X, Y, x_data, and y_data
must all have the same size.

Example: Plots the vector ax + 0.5 ay at
each plotting point in the mesh grids as
shown in Figure.



 quiver3(X,Y,Z,x_data,y_data,z_data) is used to plot vectors in three-

dimensional space.

 The arguments X, Y, Z, x_data, y_data and z_data are three-dimensional

matrices.
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 The electric flux ψ in terms of D may be obtained using the surface

integral:

All the formulas derived for E from Coulomb's law can be used in

calculating D, except that we have to multiply those formulas by 𝜖𝑜

Revision-Electric Flux Density



1) Electric Flux

2) Magnetic Flux
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Electric Flux through a Surface: A point charge of 1.0 C is located at

(0, 0, 1). Find analytically the total electric flux going through the

infinite xy-plane as shown in Figure.

Verify your answer using a MATLAB program.

MATLAB Examples



 The Gaussian surface we created for this problem is shown in Figure,

where Stop and Sbottom are two parallel planes symmetric relative to the

point charge Q.

MATLAB Examples



 To write a MATLAB program, we replace the infinite plane with a finite one
with a very large area.

 We equally divide this plane into a number of surface elements each has an area
ofΔS .

 We then evaluate the flux Δψ passing through each cell and add all the Δψ
together. This approach can be summarized by:
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Electric Potential: A ring linear charge with a charge density 2.0 ρL =

nC/m is located on the x-y plane as shown in Figure below.

 Find the potential difference between point A (0, 0, 1.0) and point B (0,

0, 2.0). Write a MATLAB program to verify your answer.
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 Suppose we wish to move a point charge Q from point A to point B in an

electric field E as shown in figure below

 From Coulomb's law, the force on Q is F = QE so that the work done in 

displacing the charge by dl is:
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 Thus the total work done, or the potential energy required, in moving Q

from A to B is:

Dividing W by Q in the above equation gives the potential energy per

unit charge:

 This quantity, denoted by VAB, is known as the potential difference

between points A and B, i.e.
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 To find the potential difference between A and B we can divide the integral

path to many short segments and evaluate the potential difference along

these segments.

 The summation of those potential differences will be very close to the voltage

difference between A and B.
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 However, we have to find out the electric

field at each segment first.

 This can be done by dividing the ring charge

to many segments, evaluating the electric

field generated by each segment and adding all

the electric field contributions together.

 This approach can be summarized using the

mathematical expression
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Electric Energy: An electric field 𝑬 = Τ5 × 104 𝜌 𝒂𝝆 𝑉/𝑚 exists in

cylindrical coordinates. Find analytically the electric energy stored in the

region bounded by 1.0 m < ρ < 2.0 m, −2.0 m < z < 2.0 m and 0 < φ < 2π

as shown in Figure. Verify your answer using a MATLAB program.
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 To write a MATLAB program to evaluate the energy stored in the given region,
we can divide the region into many small volume elements and evaluate the
energy in each of these elements.

 Finally, the summation of these energies will be close to the total energy stored
in the given region. The approach can be summarized using the mathematical
expression:
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Electric Current: Let J = 400 sinθ/r2 + 4 ar A/m2. Find the total current

flowing through that portion of the spherical surface r = 0.8 , bounded by

0.1π < θ < 0.3 π and 0 < φ < 2π. Verify your answer using a MATLAB

program.
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 If current ∆𝐼 flows through a surface ∆𝑆, the current density is:

 assuming that the current density is perpendicular to the surface.

 If the current density is not normal to the surface,

 Thus, the total current flowing through a surface S is
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 To write a MATLAB program to evaluate the current flowing through the given
surface, we divide that surface into many small surfaces and evaluate the
currents flowing through each surface element.

 The summation of these elemental currents will be close to the actual current
flowing through the given surface. This approach can be summarized by the
following expression:
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