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Figure 8.20 A dielectric with polar molecules: (a) In the absence of an external electrical field; (b) in the presence of an external electrical
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Electrical Current

The average electrical current [ is the rate at which charge flows,

A

_Q , 9.1
At

where AQ is the amount of net charge passing through a given cross-sectional area in time Af (Figure 9.2).
The SI unit for current is the ampere (A), named for the French physicist André-Marie Ampere

(1775-1836). Since | = %, we see that an ampere is defined as one coulomb of charge passing through a

Iavc -—

given area per second.:

IAEIE. 9.2
S

The instantaneous electrical current, or simply the electrical current, is the time derivative of the charge
that flows and is found by taking the limit of the average electrical current as Ar — 0:
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Viandm - leiani (resistance - conductance)

Resistance
The ratio of the voltage to the current is defined as the resistance R: Léﬂma' ohms
V
=+ \ = R L 9.8

The resistance of a cylindrical segment of a conductor is equal to the resistivity of the material times the
length divided by the area:
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Electric Power
The electric power gained or lost by any device has the form
P=1V. 9.12
The power dissipated by a resistor has the form
VE
P=I’R=—. 9.13
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Figure 9.29 The SQUID (superconducting quantum interference device) uses a superconducting current loop and two Josephson
junctions to detect magnetic fields as low as 10~ T (Earth’s magnet field is on the order of 0.3 x 10> T).
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