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ELECTRIC FLUX DENSITY 
 

 

 

 

 

 

 

 

 

 
GAUSS’S LAW 
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The electric flux passing through any closed surface is equal to the total charge enclosed 

by that surface. 
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APPLICATION OF GAUSS’S LAW: SOME SYMMETRICAL 
CHARGE DISTRIBUTIONS 

 

 
 
 

Choose a closed surface which satisfies two conditions: 

1.   is everywhere either normal or tangential to the closed surface, so 

that  ∙  becomes either     or zero, respectively. 

2. On that portion of the closed surface for which   ∙  is not zero,    
        . 

 
if we cannot show that symmetry exists then we cannot use Gauss’s law  
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Example (Flux density of infinite uniform line charge): 

 
 

           

A closed right circular cylinder of radius  extending from      to       is 
choosen as Gaussian surface and shown in Figure 3.4. 
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Example (Flux density of Coaxial Cable): 

 
 
 

 
 

Two coaxial cylindrical conductors. 

The inner of radius  and the outer of radius  , each infinite in extent. 

A charge distribution of   on the outer surface of the inner conductor. 
 

           

 

A right circular cylinder of length  and radius   where      , is necessarily 
chosen as the gaussian surface; 
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The total charge on a length  of the inner conductor is 

 
from which we have 
 

 
This result might be expressed in terms of charge per unit length because the 

innerconductor has     coulombs on a meter length, and hence, letting   
      , 

Identical infinite line charge. 
 

Thetotal charge on outer surface must be  
 

                              

 
The surface charge on the outer cylinder is found as: 

 
Or 

 
Choosing a cylinder of radius     b, for thegaussian surface: 

 
An identical result would be obtained for    .  
 

 Thus the coaxial cable orcapacitor has no external field (we have proved 
that the outer conductor is a “shield”),and there is no field within the center 
conductor. 
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 Our result is also useful for a finite length of coaxial cable, open at both 
ends, providedthe length L is many times greater than the radius b so that 
the nonsymmetricalconditions at the two ends do notappreciably affect the 
solution. Such a device isalso termed a coaxial capacitor.  
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APPLICATION OF GAUSS’S LAW:  
DIFFERENTIAL VOLUME ELEMENT (Introducing the Divergence) 
 

 
 

 
Choose a closed surface the small rectangular box, centered at P, having sides 

of lengths   ,   , and   . 
 
AssumeD is almost constant over the surface. 
 
To obtaininformation about the way D varies in the region of our small surface. 
 
The value of D at the point P 
 

 
 
Apply Gauss’s law 
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Since the surface element is very small, D is essentially constant (overthis 
portion of the entire closed surface). 
 

Approximate the value of   at this front face. The front face is at a distance of
  

 
 

from P(the small change in D may be adequately represented by using the first two terms 

of the Taylor’s-series expansion for D.) 
 

 
 

 
 

For the back surface 

 

 

 
Adding; 
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Collecting all results; 
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DIVERGENCE  
AND MAXWELL’S FIRST EQUATION 

 

From previous discussion, allowing the volume element  to shrink to zero 

 
 

This could be done for any vector Ato find     
 

for a small closed surface, 

leading to 
 

 
 

The divergence of A is defined mathematically as; 

 
 

Definition: The divergence of the vector flux density A is the outflow of flux from a 

small closed surface per unit volume as the volume shrinks to zero. 

 
A positive divergence for any vector quantity indicates a sourceof that vector 
quantity at that point. Similarly, a negative divergence indicates a sink. 
 

 
 

 
 

 
 

The divergence is an operation which is performed on a vector, but that the result 
is a scalar. 
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Combine the following Eqs.; 
 

 

 
To obtain 
 
 
 
 

 
This is the first of Maxwell’s four equations as they apply to electrostatics 
andsteady magnetic fields, and it states that the electric flux per unit volume 
leaving avanishingly smallvolume unit is exactly equal to the volume charge 
density there.This equation is called the point form of Gauss’s law. (per-unit-

volume basis for a vanishingly small volume, orat a point.) 
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Illustration, the divergence of Din the region abouta point chargeQ located at the 
origin. 

 

 

 
Thus,      everywhere except at the origin, where it is infinite. 
 
The divergence operation is not limited to electric flux density; it can be appliedto 
any vector field. 
 
 

THE VECTOR OPERATOR∇ 

AND THE DIVERGENCE THEOREM 
 

 
 

 
 

 
From previous analysis, we know that: 

 
The first and last expressions constitute the divergence theorem,which may be 
stated as follows: 
 

The integral of the normal component of any vector field over a closed surface is equal 

tothe integral of the divergence of this vector field throughout the volume enclosed by the 

closed surface. 
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