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COULOMB’S LAW AND ELECTRIC FIELD INTENSITY 

 قانىن كىلىم وشدة المجال الكهربائي

1. The Experimental Law of Coulomb  

Coulomb stated that “The force between two very small objects separated in a vacuum 

or free space by a distance which is large compared to their size is proportional to the charge 

on each and inversely proportional to the square of the distance between them”. 

" القوة بين جسمين صغيرين جدا يفصمهما في الفراغ أو الفضاء الحر مسافة كبيرة بالنسبة لمقاييسها  :قانون كولوم

   .تتناسب طرديا مع الشحنة عمى كل منهما وتتناسب عكسيا مع مربع المسافة بينهما"

                  

  
    
     

 
   

 

Where: 

 F: Force in newton (N),  

Q1 and Q2 are the positive or negative quantities of charge in Coulomb(C),  

R:  is the separation in meters (m)  

   is called the permittivity of free space and has the magnitude, measured in farads per 

meter (F/m)  

   
 

   
                    F/m 

 

The coulomb is an extremely large unit of charge, for the smallest known quantity of 

charge is that of the electron (negative) or proton (positive), given in mks units as 1.602 x 10
-19

 

C; hence a negative charge of one coulomb represents about 6 x 10
18

 electrons. 
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If point charges Q1 and Q2 are located at points having position vector r1 and r2, then the 

vector force F12 on Q2 duo to Q1, shown in Figure 2.1, is given by  
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If Q1 located at (x0, y0, z0) and Q2 at (x1, y1, z1), then  
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Example: Find the force on Q1 (20μC) duo to charge Q2 (-300μC), where Q1 located at (0, 1, 2) 

and Q2 at (2, 0, 0)? 

Solution: 

 

    (   )   (   )   (   )   

 

 

                

 

| ⃗    |  √           

 

  
    

    |   | 
      

        (    )      

             | | 
 
           

 
 

 

              

| |  √             

 

 

2. The Electric Field Intensity (E)        (شدة المجال الكهربائي)  

If we now consider one charge fixed in position, say Q1, and move a second charge slowly 

around, we note that there exists everywhere a force on this second charge; in other words, this 

second charge is displaying the existence of a force field. Call this second charge a test charge 

Qt. The force on it is given by Coulomb's law, 

   
    

    |   |
 
      

Writing this force as a force per unit charge gives 

  
  
 

  
    |   |

 
                       ( ) 
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The quantity on the right side of (*) is a function only of Q2 and the directed line segment 

from Q2 to the position of the test charge. This describes a vector field and is called the electric 

field intensity. 

Using a capital letter E for electric field intensity, we have finally 

  
  
  

 

 ⃗  
  

    | |
      

Where  ⃗  is electric field intensity measured in v/m 

Let us arbitrarily locate Q1 at the center of a spherical coordinate system. The unit vector 

aR then becomes the radial unit vector ar, and R is r. Hence 

 ⃗  
  

    | |
 
    

 

Example: Find the electric field intensity (E) at (0, 2, 3) due to a point charge Q (0.4µC) located 

at (2, 0, 4)? 

Solution: 

  (   )   (   )   (   )   

 

              

 

| |  √           

 

  
 

    | | 
    

        

             | | 
 
           

 
 

                              

| |  √                                
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3. Field of n  Point Charge          

Since the coulomb forces are linear, the electric field intensity due to n point charges, Q1 at 

r1 , Q2 at r2,and Qn at rn is the sum of the forces on Qt caused by Q1 and Q2 acting alone, or 

 ⃗   ⃗    ⃗      ⃗   

      
  

    |  |
 
     

  
    |  |

 
       

  
    |  |

 
     

 

Example: A charge of -0.3µC is located at (25, -30, 15) (in cm), and a second charge of 0.5µC is 

at (-10, 8, 12) cm. Find E at: (a) the origin; (b) (15, 20, 50) cm 

Solution: 

( )            

   
  

    |  |
 
    

                           (         )      (              )     

                                                       (         )      (              )     

                         

   √                       

   
         

              (     ) 
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4. Field Due to a Continuous Volume Charge Distribution          

If we now visualize a region of space filled with a great number of charges separated by 

minute distances, we see that we can replace this distribution of very small particles with a 

smooth continuous distribution described by a volume charge density (   )     ⁄  . 

بوىب وستطٍع ارا تصىسوب مىطقت مه انفشاغ ممهىءة بعذد هبئم مه انشذىبث انمىفصهت عه بعضهب بمسبفبث صغٍشة جذا , ف

 ادلال هزا انتىصٌع نجسٍمبث صغٍشة جذا بتىصٌع امهس ٌىصف بكثبفت شذىت دجمٍت

 

The total charge within some finite volume is obtained by integrating throughout that 

volume, 

  ∫      
   

 

 ⃗  ∫
    

     
 
  

   

 

 

 

Example: Calculate the total charge within each of the indicate volumes: 

(a)                     ;    
 

    
 

(b)         ,          ,                ;     
           

(c) Universe     ;    
    

  
⁄  

Solution: 

( )  

  ∫      
   

 ∭
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5. Field of a Line Charge 

If we now consider a filament like distribution of volume charge density, such as a very 

fine, sharp beam in a cathode-ray tube or a charged conductor of very small radius, we find it 

convenient to treat the charge as a line charge of density    C/m. 

هٍئت تىصٌع فتٍهً, مثم دضمت دقٍقت جذا ومشكضة فً اوبىوت اشعت انكبثىد , أو ارا اعتبشوب كثبفت شذىت دجمٍت عهى 

 .C/m   ري كثبفت  شحنة  كخطمىصلا مشذىوب ارا كبن وصف قطشي شذٌذ انصغش, فبوىب وجذ اوت نمه انمىبسب معبمهت انشذىت 

Let us assume a straight line charge extending along the z axis from -∞ to ∞, as shown in 

Figure. We desire the electric field intensity E at any and every point resulting from a uniform 

line charge density    

  ∫      
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Example: A uniform line charge of 16nC/m is located along the z-axis: (a) find E at P(1, 2, 3) 

(b) Q(1, 2, 7) ? 

Solution: 

(a) 

  
  

     
    

  √      √      √  

  
       

              √ 
                   

                 
  
    

       

(     )
 

       

             
 
      

(     )
               

( )     √      √      √  

  
       

              √ 
                   

 

Example: Two uniform line charges of     nC/m each are parallel to the x axis, one at z = 0, 

y = -2 m and the other at z = 0,   y = 4m.   Find E at (4, 1, 3) m? 

Solution: 
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6. Field of a Sheet Charge  

Another basic charge configuration is the infinite sheet of charge having a uniform density 

of    C/m
2
. Such a charge distribution may often be used to approximate that found on the 

conductors of a strip transmission line or a parallel-plate capacitor. Where static charge resides 

on conductor surfaces and not in their interiors; for this reason,    is commonly known as 

surface charge density. 

C/m   انهىح الاوهبئً نهشذىت, رو انكثبفت انمىتظمت 
2 

اسبسً اخش نهشذىبث . ومثم هزا انتىصٌع نهشذىت قذ , هى شكم 

ٌستخم كثٍشا نتقشٌب رنك انمىجىد عهى انمكثف ري انهىدٍه انمتىاصٌٍه . دٍث ان انشذىت الاستبتٍكٍت تستىطه اسطخ 

 .تعشف عبمت بكثبفت انشذىت انسطذٍت     انمىصلاث ونٍس فً داخههب ونهزا انسبب فبن

Consider an infinite sheet charge in the xy-plane with uniform density    . The charge 

associated with elemental area dS is  
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Where aN is a unit vector normal to the sheet 

Example: Three infinite uniform sheets of charge are located in free space as follows: 3nC/ m
2
 at 

z = -4, 6nC/m
2
 at z = 1, and - 8nC/m

2
 at z = 4. Find E at the point: (a) PA(2, 5, -5); (b) 

PB(4, 2, -3); (c) Pc(-1, -5, 2); (d) PD(-2, 4, 5)? 

Solution: 
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Example: The finite sheet             on the z=0 plane has a charge density 

      ( 
       )

 

   nC/m
2
. Find: 

a- The electric field (E) at (0, 0, 5)? 

b- The force experienced by a -1 mC charge located at (0, 0, 5)? 

Solution: 
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Example: A uniform sheet charge with        nC/m
2
 is located at z = 5 m and a uniform line 

charge with          nC/m at z =-3 m, y = 3m. Find E at (x, -1, 0)m.? 

Solution: 

 

        

E1 due to a surface charge  

E2 due to a line charge  
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Home work 

 

Q1: Let a point charge Q1 = 25 nC be located at P1(4, -2, 7) and a charge Q2 = 60 nC be at 

 P2(-3, 4, -2). (a) Find E at P(1, 2, 3). (b) At what point on the y-axis is Ex = 0? 

 

Q2: A circular ring of radius a carries a charge Q C and is placed on the xy-plane, find electric 

field E at (0, 0, h) 

 

 

 

 

 

 

 

Q3: The circular disk        in the z = 0 plane has a charge density    
    

 
.Determine the 

electric field E at the point (0, 0, h)? 

Q4:  Two infinite sheets of uniform charge density       
      C/m

2
 are located at z = -5 m 

and y = - 5 m. Determine the uniform line charge density pL necessary to produce the same 

value of E at (4,2,2) m, if the line charge is located at  z = 0,   y = 0.  

Ans.   0.667 nC/m 

Q5:  A uniform line charge of    √  
    

 
  C/m lies along the x axis and a uniform sheet of 

charge is located at y = 5 m. Along the line y = 3 m, z = 3 m the electric field E has only az 

component.  What is    for the sheet?   

Ans.   125 pC/m
2
 


