B Summary

An electric battery serves as a source of nearly constant
potential difference by transforming chemical energy into
electric energy. A simple battery consists of two electrodes
made of different metals immersed in a solution or paste
known as an electrolyte.

Electric current, /. refers to the rate of flow of electric
charge and is measured in amperes (A): 1 A equals a flow
of 1 C/s past a given point.

The direction of conventional current is that of positive
charge flow. In a wire, it is actually negatively charged elec-
trons that move, so they flow in a direction opposite to the
conventional current. A positive charge flow in one direction
is almost always equivalent to a negative charge flow in the
opposite direction. Positive conventional current always flows
from a high potential to a low potential.

The resistance R of a device is defined by the relation

V = IR (18-2)

where 1 is the current in the device when a potential differ-
ence V' is applied across it. For materials such as metals, R is a
constant independent of V' (thus 7 o V). a result known as
Ohm's law. Thus, the current / coming from a battery of voliage V'
depends on the resistance R of the circuit connected to it.

Voltage is applied across a device or between the ends of
a wire. Current passes through a wire or device. Resistance is
a property of the wire or device.

The unit of resistance is the ohm ({}), where 10 = 1 V/A,
See Table 18-3.

TABLE 18-3 Summary of Units

Current 1A=1C/s
Potential difference 1Vv=1J/C
Power 1W=1J/s
Resistance 10 =1V/A

‘The resistance R of a wire is inversely proportional to its
cross-sectional area A, and directly proportional to its length {
and to a property of the material called its resistivity:

A

The resistivity. p. increases with temperature for metals, but
for semiconductors it may decrease.

The rate at which energy is transformed in a resistance R
from electric to other forms of energy (such as heat and light)

R (18-3)

. Questions

is equal to the product of current and voltage. That is, the
power transformed, measured in watts, is given by

P=1]V, (18-5)
which for resistors can be written as
s v?
P=I'R=—- 18—
R {18-6)

The SI unit of power is the watt (1 W = 11]/s).

The total electric energy transformed in any device
equals the product of the power and the time during which
the device is operated. In SI units, energy is given in joules
(1J = 1W-s), but electric companies use a larger unit, the
kilowatt-hour (1 kWh = 3.6 % 10°J).

Electric current can be direct current (de), in which the
current is steady in one direction: or it can be alternating
current (ac), in which the current reverses direction at a
particular frequency f, typically 60 Hz. Alternating currents
are typically sinusoidal in time,

[ = 1, sin wr, (18=7)
where @ = 27 f. and are produced by an alternating voltage.

The rms values of sinusoidally alternating currents and
voltages are given by

Ii] Vi]

Ims = —= and Vg = —+ (18-8)
Va2 vV

Iy

respectively, where /; and Vj, are the peak values. The power
relationship, P = I'V = I’R = V?/R, is valid for the average
power in alternating currents when the rms values of V and J
are used.

[*The current in a wire, at the microscopic level, is
considered to be a slow drift speed of clectrons, vy. The
current [ is given by

I = neAvny, (18-1)

where n is the number of free electrons per unit volume, ¢ is
the charge on an electron, and A is the cross-sectional area of
the wire.|

[*At very low temperatures certain materials become
superconducting, which means their electrical resistance
becomes zero.]

[*The human nervous system operates via electrical
conduction: when a nerve “fires,” an electrical signal travels as
a voltage pulse known as an action potential.|

1. What quantity is measured by a battery rating given in
ampere-hours (A -h)?

2. When an electric cell is connected to a circuit, electrons
flow away from the negative terminal in the circuit, But
within the cell, electrons flow to the negative terminal. Explain,

3. When a flashlight is operated, what is being used up:
battery current, battery voltage, battery energy. battery
power, or battery resistance? Explain.
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4. One terminal of a car battery is said to be connected to
“ground.” Since it is not really connected to the ground,
what is meant by this expression?

5. When vou turn on a water faucet, the water usually flows
immediately. You don’t have to wait for water to flow
from the faucet valve to the spout. Why not? Is the same
thing true when vou connect a wire to the terminals of a
battery?



