FIGURE 36.17 >
You can make a very simple

galvanometer with a magnetic

needle and insulated wire.

FIGURE 36.18 »>

a. A common galvanometer
consists of a stationary
magnet and a movable coil
of wire. b. A multimeter can
function as both an amme-
ter and a voltmeter. (The
resistance of the instrument
is made to be very low for
the ammeter, and very high
for the voltmeter.)
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36.8 Meters to Motors

The simplest meter to detect electric current is shown in Figure 36.17.
It consists of a magnetic needle on a pivot at the center of a number
of loops of insulated wire. When an electric current passes through
the coil, each loop produces its own effect on the needle so that a

very small current can be detected. A sensitive current-indicating
36.8

instrument is called a galvanometer.

Common Galvanometers A more common design is shown in
Figure 36.18a. It employs more loops of wire and is therefore more
sensitive. The coil is mounted for movement and the magnet is held
stationary. The coil turns against a spring, so the greater the current
in its loops, the greater its deflection.

A galvanometer may be calibrated to measure current (amperes),
in which case it is called an ammeter. Or it may be calibrated to mea-
sure electric potential (volts), in which case it is called a voltmeter.
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Electric Motors If the design of the galvanometer is slightly modi-
fied, you have an electric motor. @ The principal difference between
a galvanometer and an electric motor is that in an electric motor,
the current is made to change direction every time the coil makes a
half revolution. After it has been forced to rotate one half revolution,
it overshoots just in time for the current to reverse, whereupon the
coil is forced to continue another half revolution, and so on in cyclic
fashion to produce continuous rotation.
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FIGURE 36.19 A

A simplified DC motor can be constructed
from a magnet, a rotating loop of wire,
and a voltage source.

A simple DC motor is shown in bare outline in Figure 36.19. A
permanent magnet is used to produce a magnetic field in a region
where a rectangular loop of wire is mounted so that it can turn about
an axis as shown. When a current passes through the loop, it flows in
opposite directions in the upper and lower sides of the loop. (It has to
do this because if charge flows into one end of the loop, it must flow
out the other end.) If the upper portion of the loop is forced to the
left, then the lower portion is forced to the right, as if it were a gal-
vanometer. But unlike a galvanometer, the current is reversed during
each half revolution by means of stationary contacts on the shaft. The
parts of the wire that brush against these contacts are called brushes.
In this way, the current in the loop alternates so that the forces in the
upper and lower regions do not change directions as the loop rotates.
The rotation is continuous as long as current is supplied.

Larger motors, DC or AC, are usually made by replacing the per-
manent magnet with an electromagnet that is energized by the power
source. Of course, more than a single loop is used. Many loops of
wire are wound about an iron cylinder, called an armature, which
then rotates when energized with electric current.

The advent of the motor made it possible to replace enormous
human and animal toil by electric power in most parts of the world.
Electric motors have greatly changed the way people live.

CONCEPT: What is the main difference between a galvanometer
CHECK: and an electric motor?
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~think! —

How is a galvanometer
similar to a simple electric
motor? How do they fun-
damentally differ?
Answer: 36.8

A motor and a genera-
tor are the same device,
with inout or output
reversed. The electrical
device in a hybrid car
operates both ways.
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Physics on the Job

Earth scientists who study the oceans and
seas are called oceanographers. Using
submersibles that resemble spacecraft,
oceanographers study the composition and
characteristics of the ocean floor. Some
oceanographers use sensitive instruments
to identify and measure the magnetic fields
found in deep ocean rocks. By studying
these magnetic patterns, they have learned
that the Atlantic Ocean gets a little bit
wider each year. Job opportunities exist for
oceanographers in academic, private, and
government research laboratories.

Oceanographer

36.9 Earth’'s Magnetic Field

@ A compass points northward because Earth itself is a huge
magnet. The compass aligns with the magnetic field of Earth. The
magnetic poles of Earth, however, do not coincide with the geographic
poles—in fact, they aren’t even close to the geographic poles. Figure
36.20 illustrates the discrepancy. The magnetic pole in the Northern
Hemisphere, for example, is located some 800 kilometers from the geo-
graphic North Pole, northwest of Sverdrup Island in northern Canada.
The other magnetic pole is located just off the coast of Antarctica. This
means that compasses do not generally point to true north. The discrep-
ancy between the orientation of a compass and true north is known as
the magnetic declination.

FIGURE 36.20 A
Earth is a giant magnet.

Moving Changes Within Earth It is not known exactly why
Earth itself is a magnet. The configuration of Earth’s magnetic field is
like that of a strong bar magnet placed near the center of Earth. But
Earth is not a magnetized chunk of iron like a bar magnet. It is sim-
ply too hot for individual atoms to remain aligned.

Currents in the molten core of Earth provide a better explanation
for Earth’s magnetic field. Most geologists think that moving charges
looping around within Earth create its magnetic field. Because of
Earth’s great size, the speed of moving charges would have to be less
than one millimeter per second to account for the field.
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The convection currents in Earth’s molten interior, shown
in Figure 36.21, are driven by rising heat from radioac-
tive decay within Earth’s core. Perhaps such convection
currents combined with the rotational effects of Earth
produce Earth’s magnetic field. A firmer explanation
awaits more study.

Magnetic Field Reversals Whatever the cause, [ ——

the magnetic field of Earth is not stable; it has flip-
flopped throughout geologic time. Evidence of this
comes from analysis of the magnetic properties of rock
strata. Iron atoms in a molten state tend to align them-
selves with Earth’s magnetic field. When the iron solidifies,

the direction of Earth’s field is recorded by the orientation of the FIGURE 36.21 A

domains in the rock. The slight magnetism that results can be mea- Convection currents in the
sured with sensitive instruments. The evidence from the rock shows molten parts of Earth’s

that there have been times when the magnetic field of Earth has interior may produce Earth’s

diminished to zero and then reversed itself. magnetic field.

This reversal of magnetic poles is clearly evident in the seafloor
of the middle of the Atlantic Ocean. On the ocean floor at mid-ocean
ridges, continuous eruption of lava produces new seafloor. This new
rock is magnetized according to the existing magnetic field. Older
seafloor is pushed away from the ridge as newer seafloor forms.
Magnetic surveys of the ocean floor reveal a zebra-striped pattern
centered along, and symmetrical to, the mid-ocean ridge. Because
each stripe indicates magnetic direction, the alternating stripes show
the change from periods of normal polarity to periods of reversed
polarity.

More than twenty reversals have taken place in the past 5 million
years. The most recent occurred 780,000 years ago. Prior reversals
happened 870,000 and 950,000 years ago. Studies of deep-sea sedi- Like tape from a tape
ments indicate that the field was virtually switched off for 10,000 to recorder, the ocean
20,000 years just over 1 million years ago bottom preserves its

> X : ) own record in a mag-

We cannot predict when the next reversal will occur because the netic record.
reversal sequence is not regular. But there is a clue in recent mea-
surements that show a decrease of over 5% of Earth’s magnetic field
strength in the last 100 years. If this change is maintained, we may
well have another magnetic field reversal within 2000 years.

E:INECE:Z Why does a magnetic compass point northward?
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