PHYS 191 Activity 5: Gauss’s Law

1. Sketch electric field line diagrams for three highly symmetric charge distributions: the
point ¢, the infinite line with uniform charge density A, and the infinite plane with uniform
charge density 0. Make your best attempt at a 3D diagram for each. Show multiple
perspectives if necessary.

Remember the rules for field lines: they start (end) on positive (negative) charges, they
never cross, and the strength of the field is proportional to the number of lines per unit
area.

Next to each diagram, write the proportionality of the electric field to distance r (for
example, for the point charge ¢, E oc 1/r%.)

Answer: Wrap a sphere around the point charge. Rotational and reflection symmetry
dictates that the field lines will be of uniform density and be directed radially outward. The
number of lines going through concentric spheres of different radii will remain constant,
but the area the lines go through will increase like 4712, the surface area of a sphere. So
the field strength, proportional to the areal density of lines, will go like E oc 1/r2.

Wrap a cylinder of length [ and radius r around the line of charge. Rotational and
reflection symmetry dictates that the field lines will be of uniform density and be directed
radially outward. Therefore no lines will go through the end caps of the cylinder. The
number of lines going through the sides of concentric cylinders of different radii will remain
constant, but the area the lines go through will increase like 27rl, the surface area of the
side of a cylinder. So the field strength, proportional to the areal density of lines, will go
like £ o< 1/7.

Draw a cylinder (or any pillbox shape) with end caps on either side of the plane,
parallel to the plane. Rotational and reflection symmetry dictates that the field lines will
be parallel, of uniform density and be directed outward from the plane. No lines will go
through the sides of the pillbox. The number of lines going through the caps of pillboxes
with different lengths will remain constant, and the area will also be constant So the electric
field has to be uniform, not depending on 7.

2. With field lines, F number of h?lfﬁtcggzzmg a surface’ and number of lines o< charge.

How could you use these proportionalities to determine how much charge is inside a region,
by only using the electric field line diagram far away from the charges?

Answer: Count the lines crossing a closed surface enclosing the charges.

3. The mathematical measure of the number of field lines crossing a surface is the electric
flux, dp = [ E - da. Here, dd = dan, with da an infinitesimal area and n the unit
vector perpendicular to a surface. The dot product picks out the part of the electric field
perpendicular to the surface, i.e. only the field lines that cross the surface, not skim along
its surface. The integral sums up over the whole surface under consideration.

Find the electric flux of the point charge field through a sphere of radius R centered



at the charge, and the electric flux of the infinite line charge field through a cylinder of
radius R and length L centered along the line.

Answer: First, the point. The unit vector n is directed radially outward, and so is the
electric field; £ || n. Therefore F - dd = E da.

dp= [ E-di=F [ da=E(4rFR)
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Now the line. On the end caps of the cylinder, E_Lh 1, and so E-d@ = 0. On the sides,
E | nand E-dd = FE da.

@E:/ E-da:E/ da = E (27RL)
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4. Gauss’s Law:
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Use Gauss’s Law to determine the electric field of a hollow shell with uniform charge
@ and radius a, both inside and outside the shell. You will have to (i) decide the direction
of the field using symmetry; (ii) pick a good surface to integrate over; (iii) calculate the
enclosed charge as a function of the size of the surface.

Answer: The direction of the field, from symmetry, will be radial. The surfaces to
integrate over need to respect the rotational symmetry: they will be spheres. The argument
with the point charge applies: ®p = 47 R%E.

First, inside the sphere: R < a. The total charge inside the Gaussian surface will be
zero. Therefore £ = 0.

Outside the sphere, R > a, Q;, = Q.
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