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FIGURE 20-20 Example 20-7.
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A compass, near a current,
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FIGURE 20-21 Example 20-8.
Wire 1 carrving current [, out
towards us, and wire 2 carrying
current [, into the page, produce
magnetic fields whose lines are
circles around their respective wires.
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The proportionality constant is written” as u,/27; thus,

I :

=z [near a long straight wire] (20-6)
2 r

The value of the constant p,, which is called the permeability of free space, is

wy = 47 % 1077 T-m/A.

FSYNTFIEA Calculation of B near a wire. An clectric wire in the
wall of a building carries a dc current of 25 A vertically upward. What is the
magnetic field due to this current at a point P 10em due north of the wire
(Fig. 20-20)?

APPROACH We assume the wire is much longer than the 10-cm distance to
the point P so we can apply Eq. 20-6.
SOLUTION According to Eq. 20-6:

ugl (47 X 1077 T-m/A)(25A)

S = 5. 3T,
B = o (27)(0.10m) 0% 16T,

or (.50 G. By the right-hand rule (Fig. 20-8c¢), the field points to the west (into
the page in Fig, 20-20) at this point.

NOTE The wire’s ficld has about the same magnitude as Earth’s, so a compass
would not point north but in a northwesterly direction.

NOTE Most electrical wiring in buildings consists of cables with two wires in
each cable. Since the two wires carry current in opposite directions, their
magnetic fields will cancel to a large extent.

EXERCISE F At what distance from the wire in Example 20-7 is its magnetic field
5times greater than the Earth's?

Magnetic field midway between two currents. Two
parallel straight wires 10.0cm apart carry currents in opposite directions
(Fig. 20-21). Current I} = 5.0 A is out of the page,and I, = 7.0 A is into the
page. Determine the magnitude and direction of the magnetic field halfway
between the two wires.

APPROACH The magnitude ol the lield produced by each wire is calculated
from Eq. 20-6. The direction of each wire’s field is determined with the
right-hand rule. The total field is the vector sum of the two fields at the
midway point.

SOLUTION The magnetic field lines due to current /), form circles around
the wire of I, and right-hand-rule-1 (Fig. 20-8¢) tells us they point
counterclockwise around the wire. The field lines due to I, form circles
around the wire of I, and point clockwise, Fig. 20-21. At the midpoint, both
fields point upward as shown, and so add together. The midpoint is 0.050 m
from each wire, and from Eq. 20-6 the magnitudes of B, and B, are

el (4w X 10T -m/A)(5.0A)

B = =20 X 107°T;
' 2w 27(0.050 m)
ol (4w X 1077 T-m/A)(7.0A) 5
B, = - =28 % 107°T.
o 2 27(0.050 m)

The total field is up with a magnitude of

B=B +B =48 x 10°T.

“The constant is chosen in this complicated way so that Ampére’s law (Section 20-8), which is
considered more fundamental, will have a simple and elegant form.



