Chapter 27

Sources of the Magnetic Field
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	No. The magnitude of the field depends on the location within the loop.
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•


	Determine the Concept Applying the right-hand rule to the wire to the left we see that the magnetic field due to its current is out of the page at the midpoint. Applying the right-hand rule to the wire to the right we see that the magnetic field due to its current is out of the page at the midpoint. Hence, the sum of the magnetic fields is out of the page as well. 
[image: image1.wmf]correct.
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	Determine the Concept While we could express the force wire 1 exerts on wire 2 and compare it to the force wire 2 exerts on wire 1 to show that they are the same, it is simpler to recognize that these are action and reaction forces. 
[image: image2.wmf]correct.
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•

	Determine the Concept The force per unit length experienced by each segment of the wire, due to the currents in the other segments of the wire, will be equal. These equal forces will result in the wire tending to form a circle.
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	Picture the Problem We can substitute for 
[image: image3.wmf]v
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 and q in the equation describing the magnetic field of the moving proton (
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 for each of the given points of interest, and substitute to find
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	The magnetic field of the moving proton is given by:
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	(a) Find r and 
[image: image8.wmf]r

ˆ

for the proton at 

(3 m, 4 m) and the point of interest at (2 m, 2 m):
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	Substitute for 
[image: image12.wmf]r
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	(b) Find r and 
[image: image15.wmf]r

ˆ

for the proton at 

(3 m, 2 m) and the point of interest at (6 m, 4 m):
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	Substitute for 
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	(c) Find r and 
[image: image22.wmf]r

ˆ

for the proton at 

(3 m, 4 m) and the point of interest at the (3 m, 6 m):
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	Substitute for 
[image: image26.wmf]r

ˆ

 and evaluate 
[image: image27.wmf](

)

m

6

,

m

3

B

r

:



	
[image: image28.wmf](

)

(

)

(

)

(

)

(

)

(

)

k

k

j

j

i

B

ˆ

T

10

00

.

4

m

4

ˆ

m

T

10

60

.

1

m

2

ˆ

ˆ

2

ˆ

m

T

10

60

.

1

m

m,6

3

23

2

2

22

2

2

22

-

-

-

´

=

÷

÷

ø

ö

ç

ç

è

æ

×

´

=

´

+

×

´

=

r




26
•

	Picture the Problem The centripetal force acting on the orbiting electron is the Coulomb force between the electron and the proton. We can apply Newton’s 2nd law to the electron to find its orbital speed and then use the expression for the magnetic field of a moving charge to find B.


	Express the magnetic field due to the motion of the electron:
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	Solve for v to obtain:
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	Substitute and simplify to obtain:
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	Substitute numerical values and evaluate B:
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	Picture the Problem We can find the ratio of the magnitudes of the magnetic and electrostatic forces by using the expression for the magnetic field of a moving charge and Coulomb’s law. Note that v and 
[image: image35.wmf]r
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is the vector from one charge to the other, are at right angles. The field 
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	Express the magnitude of the magnetic force on the moving charge at (0, b, 0):
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and, applying the right hand rule, we find that the direction of the force is toward the charge at the origin; i.e., the magnetic force between the two moving charges is attractive.



	Express the magnitude of the repulsive electrostatic interaction between the two charges:
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	Express the ratio of FB to FE and simplify to obtain:
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where c is the speed of light in a vacuum.


50
••

	Picture the Problem Note that the current segments a-b and e-f do not contribute to the magnetic field at point P. The current in the segments b-c, c-d, and d-e result in a magnetic field at P that points into the plane of the paper. Note that the angles bPc and ePd are 45( and use the expression for B due to a straight wire segment to find the contributions to the field at P of segments bc, cd, and de.

	[image: image42.jpg]





	Express the resultant magnetic field at P:
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	Express the magnetic field due to a straight line segment:
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)

2

1

0

sin

sin

4

q

q

p

m

+

=

R

I

B

            (1)

	Use equation (1) to express Bbc and Bde:
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	Use equation (1) to express Bcd:
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	Substitute to obtain:
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	Substitute numerical values and evaluate B:
	
[image: image48.wmf](
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	Picture the Problem The configuration is shown in the adjacent figure. Here the z axis points out of the plane of the paper, the x axis points to the right, the y axis points up. We can use 
[image: image49.wmf]R

I

B

2

4

0

p

m

=

 and the right-hand rule to find the magnetic field due to the current in each wire and add these magnetic fields vectorially to find the resultant field.
	[image: image50.jpg]





	Express the resultant magnetic field on the z axis:
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	Substitute for 
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	Express B due to each current at 

z = 0:
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	Substitute to obtain:
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•

	Picture the Problem Because point P is on the line connecting the straight segments of the conductor, these segments do not contribute to the magnetic field at P. Hence, we can use the expression for the magnetic field at the center of a current loop to find BP.


	Express the magnetic field at the center of a current loop:
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where R is the radius of the loop.



	Express the magnetic field at the center of half a current loop:
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	Substitute numerical values and evaluate B:
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	Picture the Problem The magnetic field at P (which is out of the page) is the sum of the magnetic fields due to the three parts of the wire. Let the numerals 1, 2, and 3 denote the left-hand, center (short), and right-hand wires. We can then use the expression for B due to a straight wire segment to find each of these fields and their sum.


	Express the resultant magnetic field at point P:
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	Because B1 = B3:
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	Express the magnetic field due to a straight wire segment:
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	For wires 1 and 3 (the long wires), (1 = 90( and (2 = 45(:
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	For wire 2, (1 = (2 = 45(:
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	Substitute and simplify to obtain:
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	Picture the Problem The force acting on the lower wire is given by [image: image79.wmf]B,
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 where I is the current in the lower wire, ( is the length of the wire on the balance, and B is the magnetic field at the location of the lower wire due to the current in the upper wire. We can apply Ampère’s law to find B at the location of the wire on the pan of the balance.


	The force experienced by the lower wire is given by: 
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	Apply Ampère’s law to a closed circular path of radius r centered on the upper wire to obtain:
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	Solve for B to obtain:
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	Substitute for B in the expression for the force on the lower wire:
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	Solve for I to obtain:
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	Noting that the force on the lower wire is the increase in the reading of the balance, substitute numerical values and evaluate I:
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	Picture the Problem We can use a proportion to relate minimum current detectible using this balance to its sensitivity and to the current and change in balance reading from Problem 123.


	The minimum current Imin detectible is to the sensitivity of the balance as the current in Problem 123 is to the change in the balance reading in Problem 123:
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	Solve for and evaluate Imin:
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	Picture the Problem The diagram shows the rotating disk and the circular strip of radius r and width dr with charge dq. We can use the definition of surface charge density to express dq in terms of r and dr and the definition of current to show that dI = ((r dr. We can then use this current and expression for the magnetic field on the axis of a current loop to obtain the results called for in (b) and (c). 
	[image: image89.jpg]





	(a) Express the total charge dq that passes a given point on the circular strip once each period:
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	Using its definition, express the current in the element of width dr:
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	(c) Express the magnetic field dBx at a distance x along the axis of the disk due to the current loop of radius r and width dr:
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	Integrate from r = 0 to r = R to obtain:
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	(b) Evaluate Bx for x = 0:
	
[image: image94.wmf](
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	Picture the Problem From the symmetry of the system it is evident that the fields due to each segment of length ( are the same in magnitude. We can express the magnetic field at (x,0,0) due to one side (segment) of the square, find its component in the x direction, and then multiply by four to find the resultant field.
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	Express B due to a straight wire segment:
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where R is the perpendicular distance from the wire segment to the field point.



	Use (1 = (2 and 
[image: image97.wmf]4
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to express B due to one side at (x,0,0):


	
[image: image98.wmf](

)

(

)

(

)

1

2

2

0

1

2

2

0

1

sin

4

2

sin

2

4

4

0

,

0

,

q

p

m

q

p

m

l

l

+

=

+

=

x

I

x

I

x

B




	Referring to the diagram, express sin(1:
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	Substitute to obtain:
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	By symmetry, the sum of the y and z components of the fields due to the four segments must vanish, whereas the x components will add. The diagram to the right is a view of the xy plane showing the relationship between 
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and the angle ( it makes with the x axis.
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	Express B1x:
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	Substitute and simplify to obtain:
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	The resultant magnetic field is the sum of the fields due to the 4 wire segments (sides of the square):
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	Factor x2 from the two factors in the denominator to obtain:
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	For x >> (:
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where ( = I(2.
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