Chapter30 Solutions

	P30.3
(a)
[image: image1.wmf] where [image: image2.wmf]

is the distance from any side to the center.
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(b)
For a single circular turn with [image: image4.wmf],
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FIG. P30.3


	P30.5
For leg 1, [image: image7.wmf], so there is no contribution to the field from this segment. For leg 2, the wire is only semi-infinite; thus,


[image: image8.wmf].
	[image: image9.wmf]
FIG. P30.5


P30.7
For the straight sections [image: image10.wmf]. The quarter circle makes one-fourth the field of a full loop: 


[image: image11.wmf] into the paper
[image: image12.wmf]
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	P30.13
(a)
We use equation 30.4. For the distance a from the wire to the field point we have [image: image13.wmf], [image: image14.wmf]. One wire contributes to the field at P

[image: image15.wmf]

Each side contributes the same amount of field in the same direction, which is perpendicularly into the paper in the picture. So the total field is [image: image16.wmf].
	[image: image17.wmf]
FIG. P30.13(a)


	(b)
As we showed in part (a), one whole side of the triangle creates field at the center [image: image18.wmf]. Now one-half of one nearby side of the triangle will be half as far away from point [image: image19.wmf] and have a geometrically similar situation. Then it creates at [image: image20.wmf] field [image: image21.wmf]. The two half-sides shown crosshatched in the picture create at [image: image22.wmf] field [image: image23.wmf]. The rest of the triangle will contribute somewhat more field in the same direction, so we already have a proof that the field at [image: image24.wmf] is [image: image25.wmf].
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FIG. P30.13(b)


	P30.17
By symmetry, we note that the magnetic forces on the top and bottom segments of the rectangle cancel. The net force on the vertical segments of the rectangle is (using Equation 30.11)


[image: image27.wmf]

or
[image: image28.wmf].
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FIG. P30.17
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	P30.19
Carrying oppositely directed currents, wires 1 and 2 repel each other. If wire 3 were between them, it would have to repel either 1 or 2, so the force on that wire could not be zero. If wire 3 were to the right of wire 2, it would feel a larger force exerted by 2 than that exerted by 1, so the total force on 3 could not be zero. Therefore wire 3 must be to the left of both other wires as shown. It must carry downward current so that it can attract wire 2.

(a)
For the equilibrium of wire 3 we have
	[image: image30.wmf]
FIG. P30.19
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(b)
For the equilibrium of wire 1,


[image: image35.wmf]
[image: image36.wmf]

We know that wire 2 must be in equilibrium because the forces on it are equal in magnitude to the forces that it exerts on wires 1 and 3, which are equal because they both balance the equal-magnitude forces that 1 exerts on 3 and that 3 exerts on 1.

	P30.21
Each wire is distant from P by


[image: image37.wmf].


Each wire produces a field at P of equal magnitude:


[image: image38.wmf].


Carrying currents into the page, A produces at P a field of [image: image39.wmf] to the left and down at –135°, while B creates a field to the right and down at – 45°. Carrying currents toward you, C produces a field downward and to the right at – 45°, while D’s contribution is downward and to the left. The total field is then
	[image: image40.wmf]
FIG. P30.21



[image: image41.wmf] toward the bottom of the page

P30.23
From Ampere’s law, the magnetic field at point a is given by [image: image42.wmf], where [image: image43.wmf] is the net current through the area of the circle of radius [image: image44.wmf]. In this case, [image: image45.wmf] out of the page (the current in the inner conductor), so


[image: image46.wmf].


Similarly at point b: [image: image47.wmf], where [image: image48.wmf] is the net current through the area of the circle having radius [image: image49.wmf].


Taking out of the page as positive, [image: image50.wmf], or [image: image51.wmf] into the page. Therefore,


[image: image52.wmf].

	P30.33
The field produced by the solenoid in its interior is given by


[image: image53.wmf]
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The force exerted on side AB of the square current loop is
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Similarly, each side of the square loop experiences a force, lying in the plane of the loop, of [image: image59.wmf]. From the above result, it is seen that the net torque exerted on the square loop by the field of the solenoid should be zero. More formally, the magnetic dipole moment of the square loop is given by
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FIG. P30.33
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The torque exerted on the loop is then
[image: image64.wmf]
P30.35
(a)
[image: image65.wmf]
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(b)
[image: image67.wmf] for any closed surface (Gauss’s law for magnetism)

P30.51
We find the total number of turns:
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Each layer contains
[image: image70.wmf] closely wound turns


so she needs
[image: image71.wmf].


The inner diameter of the innermost layer is 10.0 mm. The outer diameter of the outermost layer is [image: image72.wmf]. The average diameter is 16.0 mm, so the total length of wire is


[image: image73.wmf].
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