Chapter 32
Physics 230
32.23. Model: The magnetic field is that of three currents.

Visualize: Please refer to Figure Ex32.23.

Solve: Ampere’s law gives the line integral of the magnetic field around the closed path:
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Assess: The right-hand rule was used above to assign positive signs to I1 and I3 and a negative sign to I2.

32.41. Solve: From Equation 32.28, the torque on the loop exerted by the magnetic field is 
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32.52. Model: Use the Biot-Savart law for a current carrying segment.

Visualize: Please refer to Figure P32.52. The distance from P to the inner arc is r1 and the distance from P to the outer arc is r2.

Solve: As given in Equation 32.6, the Biot-Savart law for a current carrying small segment 
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For the linear segments of the loop, B(s  0 T because 
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. Consider a segment 
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 is perpendicular to the 
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 vector, we have
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A similar expression applies for
[image: image14.wmf]arc 2

B

. The right-hand rule indicates an out-of-page direction for Barc 2 and an into-page direction for Barc 1. Thus, 
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The field strength is 
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Thus 
[image: image17.wmf]B
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  (7.85  10–5 T, into page).

32.57. Model: The coils are identical, parallel, and carry equal currents in the same direction. The magnetic field is that of the currents in these coils.

Solve: (a) The on-axis magnetic field of an N-turn current loop at a distance z from the loop center is
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If the spacing between the loops is R, then the midpoint between them is z  R/2. Since the currents are in the same direction, the field of each loop is in the same direction and the net field is simply twice the field due to a single loop. Thus
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(b) The magnetic field is
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32.61. Model: The magnetic field is that of the current which is distributed uniformly in the hollow wire.

	Visualize: 
	[image: image21.png]Ampere’s path R; <r <R,
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Ampere’s integration paths are shown in the figure for the regions 0 m < r < R1, R1 < r <R2, and R2 < r.

Solve: For the region 0 m < r < R1, 
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. Because the current inside the integration path is zero,
B  0 T. To find Ithrough in the region R1 < r < R2, we multiply the current density by the area inside the integration path that carries the current. Thus, 
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where the current density is the first term. Because the magnetic field has the same magnitude at every point on the circular path of integration, Ampere’s law simplifies to
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For the region R2 < r, Ithrough is simply I because the loop encompasses the entire current. Thus,
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Assess: The results obtained for the regions r > R2 and R1 < r < R2 yield the same result at r  R2. Also note that a hollow wire and a regular wire have the same magnetic field outside the wire.

32.73. Model: A magnetic field exerts a magnetic force on a length of current carrying wire.

	Visualize: 
	[image: image28.png]





Please refer to Figure P32.73.

Solve: The above figure shows a side view of the wire, with the current moving into the page. From the right-hand rule, the magnetic field 
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 points down to give a leftward force on the current. The wire is hanging in static equilibrium, so 
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 N. Consider a segment of wire of length L. The wire’s linear mass density is (  0.050 kg/m, so the mass of this segment is m  (L and its weight is W  mg  (Lg. The magnetic force on this length of wire is Fmag  ILB. In component form, Newton’s first law is
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Dividing the first equation by the second, 
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The magnetic field is 
[image: image40.wmf](
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32.75. Model: A current loop produces a magnetic field.

	Visualize: 
	[image: image41.png]





Solve: The field at the center of a current loop is Bloop  (0I/2R. The electron orbiting an atomic nucleus is, on average, a small current loop. Current is defined as I  (q/(t. During one orbital period T, the charge (q  e goes around the loop one time. Thus the average current is Iavg  e/T. For circular motion, the period is
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Thus, the magnetic field at the center of the atom is
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32.82. Model: The magnetic field is that of a conducting wire that has a nonuniform current density.

	Visualize: 
	[image: image44.png]dr
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Solve: (a) Consider a small circular disk of width dr at a distance r from the center. The current through this disk is
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Integrating this expression, we get
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(b) Applying 
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 to the circular path of integration, we note that the wire has perfect cylindrical symmetry with all the charges moving parallel to the wire. So, the magnetic field must be tangent to circles that are concentric with the wire. The enclosed current is the current within radius r. Thus,
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(c) At r  R, 
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This is the same result as obtained in Example 32.3 for the magnetic field of a long straight wire.

Physlet 27.5
Blue pole is north magnetic pole, green pole is the south magetic pole.  Animation 1 correctly shows the direction of the force felt by conventional current coming out of the computer screen, found by the right-hand-rule.
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