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Reading 

Textbook 

Elements of Electromagnetics, 7th Edition 
Matthew Sadiku 
Oxford University Press 

Required Reading 

Chapter 4, pp. 110-140. 

Point Charges 

Problem 1 – Single Charge 

A single point charge of 7.2 nC resides at position (0,0,0) within a silicon medium with relative 
permittivity 𝜀𝜀r = 3.5.  Calculate the electric field intensity 𝐸𝐸�⃗  at position 
(10 mm,−20 mm, 5.0 mm). 

Problem 2 – Two Charges 

A first point charge of – 2.4 nC is at position (1.0 μm, 2.0 μm,−3.0 μm). A second point charge 
of 5.6 nC is at position (−2.0 μm, 1.1 μm, 2.7 μm). Both point charges reside in a ceramic 
medium with dielectric constant 𝜀𝜀r = 6.2. 

a) Calculate the electric field intensity 𝐸𝐸�⃗  at position (−0.5 μm, 0.5 μm, 0.5 μm). 

b) Calculate the force 𝐹⃗𝐹 on the second charge. 

MATLAB 

Problem 3 – Sine Function 

Plot the function 1 + 2 sin(𝑥𝑥) in the interval −𝜋𝜋 2⁄ ≤ 𝑥𝑥 ≤ 𝜋𝜋 2⁄ . Be sure the plot is professional 
and publication ready. Include a graphics checklist at the end of the assignment. 
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Reading 
I have completed the required reading for this assignment. 

______________________ 
            Student Name 

Point Charges 

Problem 1 – Single Charge 

A single point charge of 7.2 nC resides at position (0,0,0) within a silicon medium with relative 
permittivity 𝜀𝜀r = 3.5.  Calculate the electric field intensity 𝐸𝐸�⃗  at position 
(10 mm,−20 mm, 5.0 mm). 

Solution 

The electric flux density 𝐷𝐷��⃗  around a point charge is calculated independent of the relative 
permittivity of the medium according to 
 

𝐷𝐷��⃗ =
𝑄𝑄�𝑟𝑟 − 𝑟𝑟𝑄𝑄�

4𝜋𝜋�𝑟𝑟 − 𝑟𝑟𝑄𝑄�
3 =

(7.2 nC)[(10 mm,−20 mm, 5.0 mm) − (0,0,0)]
4𝜋𝜋|(10 mm,−20 mm, 5.0 mm) − (0,0,0)|3  

                                =
(7.2 nC)(10 mm,−20 mm, 5.0 mm)

4𝜋𝜋 ��(10 mm)2 + (−20 mm)2 + (5.0 mm)2�
3 

                                = (0.4763 × 10−6  C m2⁄ ,−0.9526 × 10−6  C m2⁄ , 0.2382 × 10−6  C m2⁄ ) 
 
The electric field intensity 𝐸𝐸�⃗  is calculated from the electric flux density by taking into account 
the relative permittivity of the medium. 
 

𝐸𝐸�⃗ =
𝐷𝐷��⃗
𝜀𝜀0𝜀𝜀r

=
(0.4763 × 10−6  C m2⁄ ,−0.9526 × 10−6  C m2⁄ , 0.2382 × 10−6  C m2⁄ )

(8.854187812813 × 10−12  F m⁄ )(3.5)  

                  = (1.5370 × 104  V m⁄ ,−3.0740 × 104  V m⁄ , 0.7685 × 104  V m⁄ ) 
 
Expressing this in more convenient units gives 
 

𝐸𝐸�⃗ = (15.4 kV m⁄ ,−30.7 kV m⁄ , 7.68 kV m⁄ ) 
 
 
 
 
 
 
 
 
 



Applied Electromagnetics 
Homework 1 – Introduction 

Page 3 of 6 
 

Problem 2 – Two Charges 

A first point charge of – 2.4 nC is at position (1.0 μm, 2.0 μm,−3.0 μm). A second point charge 
of 5.6 nC is at position (−2.0 μm, 1.1 μm, 2.7 μm). Both point charges reside in a ceramic 
medium with dielectric constant 𝜀𝜀r = 6.2. 

a) Calculate the electric field intensity 𝐸𝐸�⃗  at position (−0.5 μm, 0.5 μm, 0.5 μm). 

b) Calculate the force 𝐹⃗𝐹 on the second charge. 

Solution 

Part (a) 
The electric flux density 𝐷𝐷��⃗ 𝑖𝑖  is calculated separately for each point and then added. 
 

𝐷𝐷��⃗ 1 =
𝑄𝑄1�𝑟𝑟 − 𝑟𝑟𝑄𝑄1�

4𝜋𝜋�𝑟𝑟 − 𝑟𝑟𝑄𝑄1�
3 =

(−2.4 nC)[(−0.5 μm, 0.5 μm, 0.5 μm) − (1.0 μm, 2.0 μm,−3.0 μm)]
4𝜋𝜋|(−0.5 μm, 0.5 μm, 0.5 μm) − (1.0 μm, 2.0 μm,−3.0 μm)|3  

                                   = (4.1790 C m2⁄ , 4.1790 C m2⁄ ,−9.7510 C m2⁄ ) 

 

𝐷𝐷��⃗ 2 =
𝑄𝑄2�𝑟𝑟 − 𝑟𝑟𝑄𝑄2�

4𝜋𝜋�𝑟𝑟 − 𝑟𝑟𝑄𝑄2�
3 =

(5.6 nC)[(−0.5 μm, 0.5 μm, 0.5 μm) − (−2.0 μm, 1.1 μm, 2.7 μm)]
4𝜋𝜋|(−0.5 μm, 0.5 μm, 0.5 μm) − (−2.0 μm, 1.1 μm, 2.7 μm)|3  

                                   = (32.8727 C m2⁄ ,−13.1491 C m2⁄ ,−48.2133 C m2⁄ ) 
 
𝐷𝐷��⃗ total = 𝐷𝐷��⃗ 1 + 𝐷𝐷��⃗ 2 
           = (4.1790 C m2⁄ , 4.1790 × 10−6  C m2⁄ ,−9.7510 C m2⁄ )

+ (32.8727 C m2⁄ ,−13.1491 C m2⁄ ,−48.2133 C m2⁄ ) 
           = (37.0517 C m2⁄ ,−8.9701 C m2⁄ ,−57.9642 C m2⁄ ) 
 
The electric field intensity 𝐸𝐸�⃗  is calculated from the electric flux density by taking into account 
the relative permittivity of the medium. 
 

𝐸𝐸�⃗ total =
𝐷𝐷��⃗ total
𝜀𝜀0𝜀𝜀r

=
(37.0517 C m2⁄ ,−8.9701 C m2⁄ ,−57.9642 C m2⁄ )

(8.854187812813 × 10−12  F m⁄ )(6.2)  

                           = (0.6749 × 1012  V m⁄ ,−0.1634 × 1012  V m⁄ ,−1.0559 × 1012  V m⁄ ) 
 
Expressing this in more convenient units gives 
 

𝐸𝐸�⃗ = (0.675 TV m⁄ ,−0.163 TV m⁄ ,−1.06 TV m⁄ ) 
 
Electric fields are very intense at locations close to charges! 
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MATLAB 

Problem 3 – Sine Function 

Plot the function 1 + 2 sin(𝑥𝑥) in the interval −𝜋𝜋 2⁄ ≤ 𝑥𝑥 ≤ 𝜋𝜋 2⁄ . Be sure the plot is professional 
and publication ready. Include a graphics checklist at the end of the assignment. 

Solution 
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Appendix A – MATLAB Codes 

MATLAB Code for Problem 3 
% HW0_Prob3.m 
% 
% Homework 0 -- Example 
% Student Name 
%  
% Applied Electromagnetics 
% Spring 2060 
 
% INITIALIZE MATLAB 
close all; 
clc; 
clear all; 
 
% CALCULATE REQUIRED SINE FUCNTION 
N = 1000; 
x = linspace(-pi/2,+pi/2,N); 
y = 1 + 2*sin(x); 
 
% OPEN A FIGURE WINDOW 
figure('Color','w'); 
 
% PLOT THE FUNCTION 
plot(x,y,'-b','LineWidth',3); 
 
% FORMAT PLOT 
set(gca,'FontSize',18,'LineWidth',2); 
xlabel('$x$','Interpreter','LaTex','FontSize',24); 
ylabel('$1+2 \sin x$','Interpreter','LaTex','FontSize',24); 
xlim([min(x) max(x)]); 
ylim([-1.2 3.2]); 
 
% SET X TICKS 
T = pi*[-0.5:0.25:+0.5]; 
L = {}; 
for m = 1 : length(T) 
    if T(m)==0 
        L{m} = '0'; 
    else 
        L{m} = [ num2str(T(m)/pi,'%3.1f') '\pi']; 
    end 
end 
set(gca,'XTick',T,'XTickLabel',L); 
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Appendix B – Graphics Checklist 
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