PH 2420 Electromagnetism
Worksheet 1

CAPACITORSAND CYLINDRICAL SYMMETRY

Write your name here to get your first mark ..........ccccoeeiiiiiiiiii e,

Q
} A cylindrical capacitor is constructed from
b +Q two long concentric cylindrical conductors
O Aa > of lengthl and radius andb (wherea<b).

There is a charge ofGon the inner
conductor andQ@ on the outer conductor.

First, a few questions to introduce the idea of surface charge density

a) What is the surface area of the inner tube? Area = ......cccccunnnnnnn.

b) Since the charge on the inner tube@ &nd knowing its
area, the areal charge density, the charge per unibasea o=+ .......cccevvvviinrennnn.

C) The units ot are UNItS oo,
For completeness, let us consider the outer tube as well.

d) The surface area of the outer tube is Area = ........ccceeeeenn
e) The surface charge densityon the outer tube is (o R
Now we shall consider the electric field E between the cylinders.

Note that it is because of the symmetry of the system that we can use Gauss’s law — but c
course the cylindrical symmetry only applies so long as we can ignore the effects at the

ends, that is, if the cylinders are longs b.

f) By considering the symmetry of the system, what is the
direction ofE between the cylinders? Direction is: ........cccceeeeveeeenn

g) What is the component &f along the length
of the cylinder? Axial componehtisf ..............ccevueennn.
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To evaluate the electric field E
we construct a ‘gaussian’

cylinder of radius r and length /\ “r \
d placed concentrically i | |
between the inner and the \/ /

outer cylinder.

- >

h) Gauss’s law tells us that the fluxBthrough the surface
of the cylinder/E.da is given by 14, times what? L

)] In terms of the total charg@, what is the charge

enclosed by the ‘gaussian’ cylinder? Charge = .....ccooeeevinnnnnn,
)] How much flux passes through the

ends of the gaussian cylinder? Flux throughends = ......................

K) What is the surface area of the gaussian cylinder
through which the lines & penetrate? Surface area = ........ccceeeevevnnnn..

)] Since thek field is is perpendicular to the curved surface
of the cylinder, and it is constant over the surface of the
cylinder, Gauss’s law tells us that

E x area = charge encloseg}/

So at a radius what is the magnitude &? E(N) = e

At this stage you should have obtaindd)&Q/2nreyrl. If not then you must go back and
check — if necessary refer to your notes on Gauss’s law

m) The potential difference between two points is given by
the work done in moving/hatbetween the points? 1Y/ [0)V/] o T H

n) The work done in moving a chargeparallel to an electric
field E, is given by the integral W= q)
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0) What is the - sign doing in this expression?
The - sign is here because we must do work by applying the force  ......................
the electric force experienced by the charge.

P) Thepotential differenc& between the two cylindrical conductors of rachendb
Is the work done in moving a unit charge from one cylinder to the other:

b
V o= f E(r) dr .

Since the dependenceBbnr is known, this integral can be evaluated. Find the expression

for V:
Do your working in the box below

V = i,
q) Thecapacitancas given in terms of the potential
differenceV and the charg®. The expression is: C =
r So what is the expression for the capacitance of the
cylindrical capacitor, in terms of its dimensions etc.? C = i

Some interesting observations:

In the expression fa€ we have the factorn2,. This is typical of systems with
cylindrical symmetry, just as one findsg, for systems witlsphericalsymmetre — e.g. the
field or potential of a point charge.

Note also that thivgarithmin the expression fdC is also a characteristic of
cylindrical symmetry.

The capacitance is proportionalglp For a dielectric medium the electric
permittivity is enhanced by the dielectric constant. We see that the capacitance is enhanc
by the same factor.
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