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Physical Science Context Lecture 1 Gauss's Law Flux - Exvacuo

Example: Consider two point charges in the figure below which have ... Surface S3: The E field flux =0 since there are no enclosed charges hence the same. 
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Physical Science Context Lecture 1 Gauss's Law Gauss's law is a generalised reformulation of Coulomb's law which allows one to simplify the determination of an electric field. It is especially useful in symmetrical situations which greatly reduce the amount of work required to calculate an electric field. Central to Gauss's law is the hypothetical closed surface called a Gaussian surface which can be of any shape that we choose to make it but it is usually chosen to simplify the calculation for the problem. Quite often these surfaces are spheres or cylinders or some other symmetrical body but the important aspect as the surface must be closed, ie there must be a clear distinction between the inner surface and an outer surface of the object. Gauss's law relates the electric fields at a point on a (closed) Gaussian surface to the net charge enclosed by that surface.



Flux We define the flux as the volume flow rate of something through an area. For example the flux of air particles passing though a square loop as in figure 1 below:



Figure 1
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The number of particles passing through the loop or the flux of these particles through the loop depends on the velocity of the particles as well as the area of the loop. From figure 1(a) the flux is simply Φ = vA In the general case where the trajectories of the particles make an angle θ with respect to the surface of the loop as in figure 1(b) we have Φ = v cos( )A This can be written more generally as a vector quantity: Φ = v •A A is know as an area vector with a direction perpendicular to the surface as shown in figure 1(c).



Flux of an Electric Field We now define an arbitrary closed surface (Gaussian surface) as shown in figure 2, that is immersed in an electric field.



Figure 2
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This surface can be broken up into a series of smaller surfaces ∆A each with area ∆A and a vector associated with it ∆A with the direction of the vector perpendicular to the surface. The flux of the electric field lines passing through the small surface ∆A is given by Φ ∆A = E • ∆A The sign of the scalar product depends on the product directions and may be positive, negative or zero (ie E parallel to ∆A). The total flux will be just the sum of each of the fluxes due to each ∆Ai: Φ A = ∑ E • ∆Ai i



In the limit, as the each of the surfaces tend to zero, then the summation becomes a continuous integral: Φ A = lim



∆Ai → 0



∑ E • ∆A = ∫ E •d A i



Electric Flux through a Gaussian Surface



i



The electric flux F is proportional to the net number of electric field lines passing through the surface. The integral defining the flux is called a surface integral and the loop symbol tells us that the integral is over the entire surface. These types of integrals will be considered in-depth in Maths IIA and EMII next year. Example: Calculate the electric flux though a cylindrical Gaussian surface in a uniform E field as shown



The flux is given by Φ A = ∫ E •d A The integral is over the entire surface which can be broken into three surfaces, two at each end of the cylinder (a and c) and one surface that is perpendicular to the electric field (surface b) as shown above. Hence
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Φ A = ∫ E •d A = ∫ E • d Aa + ∫ E • d Ab + ∫ E • dA c a



b



c



where each integral is given by



∫ E •d A = ∫ E cos(180)dA a



a



a



∫ E •d A = ∫



= − ∫ EdAa = −EA a



E (904)dA 1cos 4 42 4 3b = 0



b



b



E⊥dA b



∫ E •d A = ∫ E cos(0) dA = ∫ EdA c



c



c



= EAc



c



Hence the flux is ⇒ Φ = −EA EA 14a2+4 3c = 0 A a = Ac



This is what we would expect since the E field lines passing through the left cap exit at the right of the surface ⇒ Net Flux over the entire surface = Zero



Gauss's Law This law relates the net flux of an electric field through a closed surface to the net charge enclosed by that surface: Φ=



qenc 0



where qenc is the total net charge enclosed by the surface. Recall that the flux is related to the electric field by Φ A = ∫ E •d A Hence Gauss's law can be rewritten as



∫ E •d A =



qenc



Gauss's Law



0



This equation is valid for an electric field in a vacuum (and you can assume for our purposes air). E is the total electric field due to charges inside and outside the Gaussian surface. If qenc is positive then the flux is outward while the flux will flow into the surface if the enclosed charge is negative. The charges outside the surface do not count towards the flux, only those bounded by the surface, and the location of the charges within the Gaussian surface doesn't matter. This law is completely equivalent to Coulomb's law as will be shown soon.
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Example: Consider two point charges in the figure below which have charges that are equal in magnitude but opposite in sign with four different Gaussian surfaces.



Surface S1: The E field flux due to the enclosed charges is outward since qenc>0. Surface S2: The E field flux due to the enclosed charges is inward since qenc 
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