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Example 7.2

Two long cylinders (radii a and b) are separated by material of conductivity o (Fig. 7.2). If
they are maintained at a potential difference V, what current flows from one to the other, in a
length L?
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Figure 7.2

Solution: The field between the cylinders is
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where A is the charge per unit length on the inner cylinder. The current is therefore

1:/J-da=afE.da=ixL.
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(The integral is over any surface enclosing the inner cylinder.) Meanwhile, the potential
difference between the cylinders is
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As these examples illustrate, the total current flowing from one electrode to the other
is proportional to the potential difference between them:

V =1IR. (7.4)

This, of course, is the more familiar version of Ohm’s law. The constant of proportionality
R is called the resistance; it’s a function of the geometry of the arrangement and the
conductivity of the medium between the electrodes. (In Ex. 7.1, R = (L/c A); in Ex. 7.2,
R =1n(b/a)/2no L.) Resistance is measured in ohms (£2): an ohm is a volt per ampere.
Notice that the proportionality between V and I is a direct consequence of Eq. 7.3: if you
want to double V, you simply double the charge everywhere—but that doubles E, which
doubles J, which doubles I.




