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2) Gauss’s Law 

3) Applications of Gauss’s Law 

 



 Faraday used the equipment shown in figure below to study static 

electric fields 

 

 The inner sphere was given a positive charge and the outer sphere was 

discharged by connecting it momentarily to ground. 

 

Electric Flux Density 



Charging by Induction and Induced Charge: 

Electric Flux Density 



 It was found that the total charge on the outer sphere was equal in 

magnitude to the original charge placed on the inner sphere  

 

 This was true regardless of the dielectric material separating the two 

spheres 

 

 It was concluded that there was some sort of displacement from the 

inner sphere to the outer sphere which was independent of the medium. 

 

We now refer this flux as displacement flux or simply electric flux  

Electric Flux Density 



 Faraday’s experiments also showed that a larger positive charge on the 

inner sphere induced a correspondingly larger negative charge on the 

outer sphere 

 

Hence there exists a direct proportionality between the electric flux 

and the charge on the inner sphere 

 

 If the electric flux is denoted by ψ and the total charge on the inner 

sphere by Q, then from Faraday experiment: 

 

Electric Flux Density 



We can obtain more quantitative information by considering an inner 

sphere of radius a and outer sphere of radius b, with charges of Q and –

Q. 

 

 So at the surface of the inner sphere, ψ coulombs of electric flux are 

produced by the charge Q (= ψ) distributed uniformly over a surface 

having an area of: 

 

 

 The density of the flux at this surface is called electric flux density and 

is denoted by D. Mathematically: 

 

 

 

 

Electric Flux Density 

Coulombs per Square Meter 



 The direction of D at a point is the direction of the flux lines at that 

point and the magnitude is given by the number of flux lines crossing a 

surface normal to the lines divided by the surface area 

 

At a radial distance r, where   

 

 

 If we now let the inner sphere become smaller and smaller, while still 

retaining a charge of Q, it becomes a point charge, but the electric flux 

density is still given by the above equation 

 

 The electric field intensity is given as: 

 

 Therefore, we have in free space: 

Electric Flux Density 



 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 

Electric Flux Density 



 For Example, 

 So for an infinite sheet of charge, we have: 

 

 

And for a volume charge distribution, we have: 

 

Electric Flux Density 

𝑬 =
𝜌𝑠 

2𝜖𝑜
 𝒂𝒏 



1) Electric Flux 

 

2) Magnetic Flux 

 

 

 

 

 

Surface Integral-Examples 
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Gauss's law states that the total electric flux ψ through any closed 

surface is equal to the total charge enclosed by that surface: 

 

 

 That is: 

 

 

 

 

Or: 

 

 

 

Gauss Law 



By applying divergence theorem to the middle term:  

 

 

 

Comparing the two volume integrals above: 

 

 

 This is the first of the four Maxwell's equations to be derived 

 The equation states that the volume charge density is the same as the 

divergence of the electric flux density. 

 

Gauss Law 

The divergence theorem: Total outward flux of a vector field A through 

the closed surface ‘S’ is the same as the volume integral of the divergence 

of A. 



 Integral form of Gauss law: 

 

 

Differential or point form of Gauss law: 

 

Both state Gauss law in different ways 

 

Gauss's law provides an easy means of finding E or D for symmetrical 

charge distributions  

 

Examples of symmetrical charge distributions are a point charge, an 

infinite line charge, an infinite cylindrical surface charge, and a spherical 

distribution of charge 

Gauss Law – Important Points 



Gauss Law – Illustartion 



Problem-1 



A uniform volume charge density of 80 μC/m3 is present throughout the 

region 8mm< r <10mm. Let ρv = 0 for 0< r <8mm. 

 

 a) Find the total charge inside the spherical surface r = 10 mm: 

 b) Find Dr at r = 10 mm: 

 c) If there is no charge for r > 10 mm, find Dr at r = 20 mm: 

Problem-2 



Volume charge density is located as follows: ρv = 0 for ρ < 1 mm and for 

ρ > 2 mm, ρv = 4ρ μC/m3 for 1 < ρ < 2 mm. 

 

 a) Calculate the total charge in the region 0 < ρ < ρ1, 0 < z < L, where 1 

< ρ1 < 2 mm: 

 b) Determine Dρ at ρ = ρ1: 

Problem-3 
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We will now consider how we may use the Gauss’s law below: 

 

 

 

 

 

 

 The procedure for applying Gauss's law to calculate the electric field 

involves, first knowing whether symmetry exists. 

 

Once symmetric charge distribution exists, we construct a 

mathematical closed surface (known as a Gaussian surface) that also 

must be symmetric around the source of electric field (i.e., charge) 

Gauss’s Law 



 The solution to the Gauss’s law equation is easy if we are able to 

choose a closed surface which satisfied two conditions: 

 

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

so that Ds.dS becomes either DsdS or zero, respectively 

 

2. On that portion of the closed surface for which Ds.dS is not zero, Ds = 

constant 

 

We will now apply Gauss’s law to the four types of charge sources, 

namely point, line, surface and volume charge 

Gauss’s Law 



 Suppose a point charge Q is located at the origin 

 

 To determine D at a point P, it is easy to see that choosing a spherical 

surface containing P will satisfy symmetry conditions 

 

A Point Charge 

 

 Thus, a spherical surface centered at the 

origin is the Gaussian surface in this 

case as shown in figure 



 Since D is everywhere normal to the Gaussian surface, that is, D = Drar, 

applying Gauss's law (ψ= Qenclosed) gives: 

 

 

 

Where  𝑑𝑆 =   𝑟2𝑠𝑖𝑛𝜃𝑑𝜃𝑑∅
𝜋

0

2𝜋

0
= 4𝜋𝑟2 is the surface area of the 

Gaussian surface 

 

 Thus: 

 

 

Which is the same result obtained previously  

 

 

A Point Charge 



 Suppose the infinite line of uniform charge ρL C/m lies along the z-axis 

as shown in figure 

 

 

Infinite Line Charge 

 To determine D at a point P, we choose 

a cylindrical surface containing P to 

satisfy symmetry condition 

 

D is constant on and normal to the 

cylindrical Gaussian surface; that is: D 

= Dρaρ 

 



 If we apply Gauss's law to an arbitrary length lof the line: 

 

 

 

Where  𝑑𝑆 = 2𝜋𝜌𝑙 is the surface area of the Gaussian surface 

 

Note that  𝐃. 𝑑𝐒  evaluated on the top and bottom surfaces of the 

cylinder is zero since D has no z-component; that means that D is 
tangential to those surfaces 

 

 Thus: 

 

 

Which is the same result obtained previously 

 

Infinite Line Charge 



Consider the infinite sheet of uniform charge ρs C/m2 lying on the z = 0 

plane as shown in the figure below 

 

Infinite Sheet of Charge 

 

 To determine D at point P, 

we choose a rectangular 

box that is cut 

symmetrically by the sheet 

of charge and has two of 

its faces parallel to the 

sheet 



As D is normal to the sheet, D = Dzaz, and applying Gauss's law gives: 

 

 

 

Note that D.dS evaluated on the sides of the box is zero because D has no 

components along ax and ay 

 

 If the top and bottom area of the box each has area A, the above equation 

becomes: 

 

And thus: 

 

Or: 

Infinite Sheet of Charge 



Consider a sphere of radius a with a uniform charge ρv C/m3 

 

 To determine D everywhere, we construct Gaussian surfaces for cases 

𝑟 ≤ 𝑎 and 𝑟 ≥ 𝑎 separately 

Uniformly Charged Sphere 

 

 Since the charge has 

spherical symmetry, it is 

obvious that a spherical 

surface is an appropriate 

Gaussian surface 



 For 𝑟 ≤ 𝑎, the total charge enclosed by the spherical surface of radius r, 

as shown in figure (a), is: 

Uniformly Charged Sphere 



Hence, 𝜓 = 𝑄𝑒𝑛𝑐 gives: 

 

 

 

Or: 

 

 For 𝑟 ≥ 𝑎, the Gaussian surface is shown in figure (b) 

 

 The charge enclosed by the surface is the entire charge in this case, that 

is:  

Uniformly Charged Sphere 



We have the total flux as: 

 

 

 

Hence from the previous two equations, we have: 

 

 

 

Or: 

Uniformly Charged Sphere 



Uniformly Charged Sphere 
 Thus D everywhere is given as: 

 

 

 

 

 

 

 The sketch of |D| versus distance from 

the center of the sphere is shown:   



Problem-1 



 The electric field density in a region is given by 𝐃 = 10𝒂𝒓 + 5𝒂𝜽 +
3𝒂∅ nC/m2. Calculate the electric flux passing through the surface 

bounded by the region 𝑧 ≥ 0 𝑎𝑛𝑑 𝑥2 + 𝑦2 + 𝑧2 = 36. 

Problem-2 



 In a rectangular coordinate system in free space: 

𝐃 = 𝑦2𝑧3𝒂𝒙 + 2𝑥𝑦𝑧3𝒂𝒚 + 3𝑥𝑦2𝑧2𝒂𝒛 pC/m2 

 

a. Find the electric flux in the given surface in a direction away from the 

origin 

𝑥 = 3; 0 ≤ 𝑦 ≤ 2; 0 ≤ 𝑧 ≤ 1 

 

a. Find the magnitude of the electric flux field intensity at P(3,2,1) 

Problem-3 



APPLICATION OF   

GAUSS LAW - PROBLEMS 



Consider a coaxial cable where radius of the inner conductor is a and that 

of outer conductor is b. The length of the conductor is L and line charge 

density is ρL. Determine the electric field E in terms of ρL at the region: 

a. Between the two conductors of the coaxial cable 

b. Outside the coaxial cable    

Problem-1 



 If 𝐷 =  (2𝑦2  + 𝑧)𝒂𝒙  +  4𝑥𝑦𝒂𝒚  +  𝑥𝒂𝒛 C/m2, find 

 

a. The volume charge density at (— 1, 0, 3) 

b. The flux through the cube defined by 0 ≤ 𝑥 ≤ 1,0 ≤ 𝑦 ≤ 1,0 ≤ 𝑧 ≤ 1 

c. The total charge enclosed by the cube 

Problem-2 



A charge distribution in free space has ρv = 2r nC/m3 for 0 ≤ 𝑟 ≤ 10m 

and zero otherwise. Determine E at r = 2m and r = 12m 

Problem-3 




