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(c) What is the maximum power delivered by the electron
beam?

CHAPTER 27 Current and Resistance

(6.26 X 10" MeV/s) (1.60 X 10713 J/MeV)

1.00 X 107W = 10.0 MW

Solution By definition, power is energy delivered per unit
time. Thus, the maximum power is equal to the energy deliv- ~ We could also compute this power directly. We assume that
ered by a pulse divided by the pulse duration: each electron had zero energy before being accelerated.

Thus, by definition, each electron must have gone through a
potential difference of 40.0 MV to acquire a final energy of
40.0 MeV. Hence, we have

(313 x 10" electrons/pulse) (40.0 MeV/electron)

2.00 X 1077 s/pulse P =TAV= (250 X 107* A)(40.0 X 10°V) = 10.0 MW

SUMMARY

The electric current / in a conductor is defined as

dQ

di

I= (27.2)
where dQ is the charge that passes through a cross-section of the conductor in a
time di. The SI unit of current is the ampere (A), where 1 A = 1 C/s.

The average current in a conductor is related to the motion of the charge car-
riers through the relationship

I, = nqugA (27.4)

where n is the density of charge carriers, g is the charge on each carrier, v, is the
drift speed, and A is the cross-sectional area of the conductor.

The magnitude of the current density / in a conductor is the current per
unit area:

I
J= = (27.5)

The current density in a conductor is proportional to the electric field accord-
ing to the expression

J=cE (27.7)

The proportionality constant o is called the conductivity of the material of which
the conductor is made. The inverse of o is known as resistivity p (p = 1/0). Equa-
tion 27.7 is known as Ohm’s law, and a material is said to obey this law if the ratio
of its current density J to its applied electric field E is a constant that is indepen-
dent of the applied field.

The resistance R of a conductor is defined either in terms of the length of
the conductor or in terms of the potential difference across it:

=—=— (27.8)
where € is the length of the conductor, ¢ is the conductivity of the material of

which it is made, A is its cross-sectional area, AV is the potential difference across
it, and 7 is the current it carries.



