Chapter 26

The Magnetic Field
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	Determine the Concept Because the electrons are initially moving at 90( to the magnetic field, they will be deflected in the direction of the magnetic force acting on them. Use the right-hand rule based on the expression for the magnetic force acting on a moving charge [image: image1.wmf]B
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, remembering that, for a negative charge, the force is in the direction opposite that indicated by the right-hand rule, to convince yourself that the particle will follow the path whose terminal point on the screen is 2. 
[image: image2.wmf]correct.
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	Determine the Concept False. An object experiences acceleration if either its speed changes or the direction it is moving changes. The magnetic force, acting perpendicular to the direction a charged particle is moving, changes the particle’s velocity by changing the direction it is moving and hence accelerates the particle.
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	Picture the Problem We can use Newton’s 2nd law for circular motion to express the radius of curvature R of each particle in terms of its charge, momentum, and the magnetic field. We can then divide the proton’s radius of curvature by that of the 7Li nucleus to decide which of these alternatives is correct.

	Apply 
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to the lithium nucleus to obtain:
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	Solve for r:
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	For the 7Li nucleus this becomes:
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	For the proton we have:
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	Divide equation (2) by equation (1) and simplify to obtain:
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	Because the momenta are equal:
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[image: image10.wmf]correct.
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	Determine the Concept Application of the right-hand rule indicates that a positively charged body would experience a downward force and, in the absence of other forces, be deflected downward. Because the direction of the magnetic force on an electron is opposite that of the force on a positively charged object, an electron will be deflected upward.  
[image: image11.wmf]correct.
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	Picture the Problem We can use [image: image12.wmf]B
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to find the force acting on the segments of the wire as well as the magnetic force acting on the wire if it were a straight segment from a to b.


	Express the magnetic force acting on the wire:
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	Evaluate 
[image: image14.wmf]cm
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)

(

)

(

)

[

]

(

)

(

)

(

)

j

j

k

i

F

ˆ

N

0648

.

0

ˆ

N

0648

.

0

ˆ

T

2

.

1

ˆ

cm

3

A

8

.

1

cm

 

3

-

=

-

=

´

=

r




	Evaluate 
[image: image16.wmf]cm
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	Substitute to obtain:
	
[image: image18.wmf](
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	If the wire were straight from a to b:
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	The magnetic force acting on the wire is:



	
[image: image20.wmf](
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in agreement with the result obtained above when we treated the two straight segments of the wire separately.
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	Picture the Problem We can apply Newton’s 2nd law to an orbiting particle to obtain an expression for the radius of its orbit R as a function of its mass m, charge q, speed v, and the magnetic field B. 


	Apply [image: image21.wmf]c

radial

ma

F

=

å

to an orbiting particle to obtain:
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	Solve for r:
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	Express the kinetic energy of the particle:
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	Solve for v to obtain:
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	Substitute in equation (1) to obtain:


	
[image: image26.wmf]Km

qB

m

K

qB

m

r

2

1

2

=

=

       (1)



	Using equation (1), express the ratio Rd/Rp:


	
[image: image27.wmf]2

2

2

1

2

1

p

p

p

d

d

p

p

p

d

d

p

d

=

=

=

=

m

m

e

e

m

m

q

q

Km

B

q

Km

B

q

R

R




	Using equation (1), express the ratio R( /Rp:
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	Picture the Problem The trajectory of the proton is shown to the right. We know that, because the proton enters the field perpendicularly to the field, its trajectory while in the field will be circular. We can use symmetry considerations to determine (. The application of Newton’s 2nd law to the proton while it is in the magnetic field and of trigonometry will allow us to conclude that r = d and to determine their value.
	[image: image29.jpg]="






	From symmetry, it is evident that the angle ( in Figure 26-35 equals the angle (: 
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	Use trigonometry to obtain:
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or r = d.



	Apply 
[image: image32.wmf]c
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to the proton while it is in the magnetic field to obtain:
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	Solve for r:
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	Substitute numerical values and evaluate r = d:
	
[image: image35.wmf](
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	Picture the Problem We can use a constant-acceleration equation to relate the velocity of the crossbar to its acceleration and Newton’s 2nd law to express the acceleration of the crossbar in terms of the magnetic force acting on it. We can determine the direction of motion of the crossbar using a right-hand rule or, equivalently, by applying
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. We can find the minimum field B necessary to start the bar moving by applying a condition for static equilibrium to it.


	(a) Using a constant-acceleration equation, express the velocity of the bar as a function of its acceleration and the time it has been in motion:
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	Use Newton’s 2nd law to express the acceleration of the rail:
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where F is the magnitude of the magnetic force acting in the direction of the crossbar’s motion.



	Substitute to obtain:
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	Express the magnetic force acting on the current-carrying crossbar:
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	(b) 
[image: image43.wmf]right.
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	(c) Apply 
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	Solve for Bmin to obtain:
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