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Summary and Notes 

 

 

Notes: 
1- Make a good sketch of the problem.  A professional engineer should be able to express the problem 

with appropriate engineering drawing. 

2- From the sketch, try to use symmetry to simplify the analysis, whenever applicable. 

3-  An example of scalar fields and vector fields in Electromagnetics are: 

   Electric Potential V in Volt (V) 

Electric field intensity E in V/m 

We are going to investigate these fields in details in our course. 

4- For a point charge Q in C, located at the origin, we have: 

𝐄 =
𝐴
𝑟ଶ 𝐚௥ 

 



V =
𝐴
𝑟

+ 𝐶𝑜𝑛𝑠𝑡 

Where 𝐴 ∝ 𝑄 

5- For an infinite line on the z-axis with uniform charge density 𝜌௅ C/m, we have: 

𝐄 =
𝐵
𝜌

𝐚ఘ 

V = −𝐵 ln(𝜌) + 𝐶𝑜𝑛𝑠𝑡 

Where 𝐵 ∝ 𝜌௅ 

 
 

 
 
 
Thinking Questions: 
 
a) What are the units of constants A and B above? 

b) Can you guess the relationship between V and E? 

c) What should make the surfaces on which V is constant for point charge and infinite line charge 
cases? 

 

  



Solved Examples: 

Example 1: 

 
Consider the field Eሬሬ⃗ = ௫௬

ଷ
 aሬ⃗ ௬.  Sketch the field components at P(x=3, y=4, z= 5) in x-y and -z planes.  

Show on the figure the components of E in cartesian, cylindrical and spherical coordinates.   
 
 
Solution:  
 

E௉ሬሬሬሬ⃗ =
3 × 4

3
 aሬ⃗ ௬ = 4 aሬ⃗ ௬ 

Starting from project of P on x-y plane, sketch a vector of magnitude 4 in aሬ⃗ ௬ direction. 
Project E on aሬ⃗ ఘ and aሬ⃗ ఝ directions. 
Measure E components and sketch it starting from P on -z plane. 
Project E on aሬ⃗ ௥ and aሬ⃗ ఏ directions. 
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Example 2: 

 
Using the figure below, find: 

i.  
ii.   

 
i. If point charge Q is located at the origin, what is V and E? 

ii. If there are two charges Q1=Q at O and Q2=Q at A, find V and E at P(2,2,0). 
 
 

           

           

           

           

           

           

           

 
i) One charge is located at the origin.  

From Note 4 above: 

𝐄 =
𝐴
𝑟ଶ 𝐚௥ 

V =
𝐴
𝑟

+ 𝐶𝑜𝑛𝑠𝑡 

Where 𝐴 ∝ 𝑄 

ii) We can make use of symmetry in this case. E has only ay component. 
𝑅 = 2√2 

 
𝐄 = 𝐄ଵ + 𝐄ଶ 

𝐄ଵ =
𝐴
8

(1,1,0)
√2

 

𝐄ଶ =
𝐴
8

(−1,1,0)
√2

 

𝐄௉ = √ଶ ஺
଼

𝐚௬ V/m 

𝑉௉ = 𝑉ଵ + 𝑉ଶ = 2𝑉ଵ 

V௉ = 2
𝐴

2√2
+ 𝐶𝑜𝑛𝑠𝑡 
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Example 3: 

 
i. In the figure below, an infinite line with uniform charge density L is located at x=4 and y=3.  Find: 

ii.   

 

 

i. E at O 
ii. V at P 

 
           

           

           

           

           

           

           

           

 

Solution: 

From Note 5 

𝐄 =
𝐵
𝑅

𝐚ோ 

For field at O,  R=5 and 𝐚ோ = (ିସ,ିଷ,଴)
ହ

 

𝐄𝑶 =
𝐵(−4, −3,0)

25
 

For V at P 

V௉ = −𝐵 ln(3) + 𝐶𝑜𝑛𝑠𝑡 
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Example 4:       
Line x=3, z=4 carries uniform charge.  Identify the equipotential surfaces.  

Remember: without a correct sketch, your answer has no engineering value. 
 

 
          

          

          

          

          

          

          

 
 
Equipotential surfaces are cylinders with axis at x=3 and z=4 
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Example 5:       

 
A line charge with uniform charge density exists between points A(0, -1, 0) and B(0, 1, 0).  Find the 
direction of E at P(0,0,2). 
Solution: 
 

First sketch the problem.   
Remember: without correct sketch, your answer has no engineering value. 
From symmetry E should be in 𝐚௭ direction 
 
 

          

          

          

          

          

          

          

          

 
  

y 

z 

A B 

P 

É at at diretti

i

Ér



Example 5:       
 
Given that  𝑉 = 10𝜌ଶ sin ∅  V, find V at P(x=3, y=4, z=5)  
 
 
 

b.  
c.  

Solution  
 
Make a sketch.  From figure, =5  and sin(∅) = 4/5 

𝑉 = 10 × 25 ×
4
5

= 200 𝑉 
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Problems: 
 
Vector Algebra : 
 
Q1) Correct the following statements: 

i. Aሬሬ⃗ × Aሬሬ⃗ = Aଶ 
ii. Aሬሬ⃗ ∙ (Bሬሬሬሬ⃗ ∙ C)ሬሬሬሬ⃗ = Bሬሬ⃗ ∙ (Cሬሬሬሬ⃗ ∙ A)ሬሬሬሬ⃗  

 
Q2) Find the vector component of Aሬሬ⃗ = 6 aሬሬ⃗ ௫ + 2  aሬሬ⃗ ௬ − 3  aሬሬ⃗ ௭ along Bሬሬ⃗ = 3 aሬሬ⃗ ௫ −   aሬሬ⃗ ௬ 

Q3) Find the shortest distance from point P(0,0,3) to the line that passes through origin and A(2,2,2) 

 

Coordinate Systems: 
 
Q1) Describe the following geometries: 

i. 𝜃 = 30°   
ii. 𝑟 = 3   &  𝜃 = 30°   
iii. ∅ = 𝜋/2 
iv. 𝜌 = 5 & ∅ = 𝜋/2 
v. 𝑥 = −10 
vi. 𝑥 = −10  & 𝑦 = 3 

 
Q2) What is the unit normal vector to the cone: 𝜃 = 30°? 
 
Q3) Sketch the field Eሬሬ⃗ = 𝑥𝑦 aሬ⃗ ௫ + 2𝑧 aሬ⃗ ௬     + 2𝑦 aሬ⃗ 𝒛 at point P(x=0, y=1, z= 1) in x-y and -z planes.  

Hence, express E௉ሬሬሬሬ⃗  in cylindrical and spherical coordinates.  

 
Q4) Sketch the field Eሬሬ⃗ = 𝜌𝑧 aሬ⃗ ఘ + 𝜌ଶaሬ⃗ 𝒛 at point P(x=0, y=-1, z= 0) in x-y and -z planes.  Hence, express 

E௉ሬሬሬሬ⃗  in Cartesian and spherical coordinates.  

 

E and V Fields (See Notes 4 and 5 above: 
 
Q1) A charge Q is located at P(2, 3, 0).   

i. Identify the equipotential surfaces.  

ii. Find direction of E at A(2, 0, 0) and B(-, 3, 0). 

Q2) An infinite line charge is located at x=4 and z=3.  Find E and V at A(2, 0, 3) 

Q3) Three charges of magnitude Q are located at A(-1, 0, 0), B(1, 0, 0) and C(3, 0, 0).  

 Find E and V at P(-3, 0, 0). 

Q4) Given that  𝑉 = ଵ଴
௥

sin(θ)cos ∅  V, find V at P(x=3, y=4, z=5) 
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