



 EMBED Word.Document.8 \s [image: image1.emf]28.2:  













   



 

2 2

0

total

4 d

v q

d

qv

B B B





   

page. the into T, 10 38 . 4

) m 120 . 0 (

) s m 10 0 . 9 )( C 10 0 . 3 (

) m 120 . 0 (

) s m 10 5 . 4 )( C 10 0 . 8 (

4

4

2

6 6

2

6 6

0



 

  

















 



 

 

B

μ

B



   



 EMBED Word.Document.8 \s [image: image2.emf]28.3:  

3

0

4 r

q

π

μ r v

B

    

       a)    

;

ˆ

, i r i v r v

 







 

0 ,

  

B

0

r v

 

       b)  

;

ˆ

,

ˆ

j r i v

r v

 

 

 

m 0.500 ,

ˆ

  

r vr

k r v

 

   

k B

ˆ

) T 0 1.31 ( so negative, is

T 10 1.31

) m 0.500 (

) s m 10 6.80 )( C 10 4.80 )( C s N 10 1

4

6

6

2

5 6 2 2 7

2

0





 

  

 

   



















q

r

v q

π

μ

B

        c)  

);

ˆ ˆ

)( m 0.500 ( ,

ˆ

j i r i v

  

 

v

 

m 0.7071 ,

ˆ

) m 0.500 (

  

r v

k r v

 

 

 

k B

ˆ

) T 10 4.62 ( ; T 10 4.62

) m 0.7071 (

) s m 10 6.80 )( m 0.500 ( C) 10 4.80 )( C s N 10 1

4

7 7

3

5 6 2 2 7

3

0

 

 

    

   

 

















 

B

r r v q

π

μ

B

        d )  

;

ˆ

,

ˆ

k r i v

r v

 

 

 

m 0.500 ,

ˆ

   

r vr

j r v

 

 

j B

ˆ

T) 10 1.31 ( ; T 10 1.31

m) 0.500 (

) s m 10 6.80 )( C 10 4.80 )( C s N 10 1

4

6 6

2

5 6 2 2 7

2

0

 

 

   

   



















B

r

v q

π

μ

B

     



 EMBED Word.Document.8 \s [image: image3.emf]28.4:   a)   Following Example 28.1 we can find the magnetic force between the charges:  

down). points

charge lower the on force the and up points charge upper the on force (the N 10 1.69

) m 0.240 (

) s m 10 9.00 )( s m 10 4.50 )( C 10 3.00 )( C 10 8.00 (

) A m T 10 (

4

3

2

6 6 6 6

7

2

0



 



 

   

 

 



r

v v q q

π

μ

F

B

The Coulomb force between the charges is  

N 3.75 ) C m N 10 8.99 (

2

2 12

m) (0.240

C 10 0) (8.00)(3.0

2 2 9

    





2

2 1

r

q q

k F

 (the force on the upper  charge points up and the force on the lower charge points do wn).   The ratio of the Coulomb force to the magnetic force is 

2 1

2

v v

c

  





3

N 10 1.69

N 3.75

10 2.22

3

.        b)   The magnetic forces are reversed when the direction of only one velocity is  reversed but the magnitude of the force is unchanged.      



 EMBED Word.Document.8 \s [image: image4.emf]28.5:   The magnetic field is into the page at the origin, and the magnitude is  

page. the into T, 10 1.64

m) 0.400 (

) s m 10 8.0 )( C 10 1.5 (

) m 0.300 (

) s m 10 2.0 )( C 10 4.0 (

4

4

6

2

5 6

2

5 6

0

2 2

0



 

  

















 



 

 















 

 



 

B

π

B

r

v q

r

qv

π

μ

B B B



     



 EMBED Word.Document.8 \s [image: image5.emf]28.6:   a)  

2

0

4

;

πd

qv μ

B q q

q

  



 into the page; 

2

0

4πd

v q μ

B

q

 



 out of the page.   (i)  

) 2 ( 4 2

2

0

d π

qv μ

B

v

v

  



 into the page.   (ii)  

. 0

  



B v v

  (iii)  

2

0

4

2

d

qv

B v v





  



 out of the page.   b)  

2

2

0

) 2 ( 4 d π

v v q μ

q

q



 

 



B v F



 and is attractive.   c)  

2 5

0 0 0 0

2

0

2

2

2

0 ) s m 10 3.00 (

) 2 ( 4

,

) 2 ( 4

 



  





ε μ v v ε μ

F

F

d πε

q

F

d π

v v q μ

F

C

B

C B

     

. 10 1.00

6



 

     



 EMBED Word.Document.8 \s [image: image6.emf]28.7:   a)  

.

ˆ ) 0.500 (

ˆ ) 0.866 (

ˆ ) 150 ( sin

ˆ ) 150 ( cos

ˆ sin

ˆ cos

ˆ

j i j i j i r

        

θ θ

      b)  

k k j i i r l

ˆ

) m 10 5.00 (

ˆ

) 0.500 ( )

ˆ

) 0.500 (

ˆ

) 0.866 ( ( )

ˆ

(

ˆ

3



          

dl dl d



       c)  

k k

r l

B

ˆ

) m 1.20 (

) m 0.500 )( m 0.010 )( A 125 (

4

ˆ

m) 0.500 (

4

ˆ

4

2

0

2

0

2

0

π

μ

r

dl I

π

μ

r

d I

π

μ

d

   







   

.

ˆ

) T 10 4.3 (

8

k B



   

d

     



 EMBED Word.Document.8 \s [image: image7.emf]28.8:   The magnetic field at the given points is:  

2

0

2

0

2

0

6

2

0

2

0

6

2

0

2

0

6

2

0

2

0

sin

4

. 0

) 0 ( sin

4

sin

4

T. 10 2.00

) m 0.100 (

) m 0.000100 ( A) 200 (

4

sin

4

T. 10 0.705

) m 0.100 ( 2

45 sin ) m 0.000100 ( A) (200

4

sin

4

T. 10 2.00

) m 0.100 (

) m 0.000100 ( A) 200 (

4

sin

4

r

θ dl I

π

μ

dB

r

dl I

π

μ

r

θ dl I

π

μ

dB

π

μ

r

θ dl I

π

μ

dB

π

μ

r

θ dl I

π

μ

dB

π

μ

r

θ dl I

π

μ

dB

e

d

c

b

a







 

   

 



 

   







T. 10 545 . 0

3

2

) m 100 . 0 ( 3

) m 00100 . 0 ( A) 200 (

4

6

2

0



  

 

e

e

dB

dB





         



 EMBED Word.Document.8 \s [image: image8.emf]28.9:   The wire carries current in the  z - direction. The magnetic field of a small piece of  wire 
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 EMBED Word.Document.8 \s [image: image10.emf]28.11:   a)   At the point exactly midway between the wires, the two magnetic fields are in  opposite directions and cancel.     b)   At a distance  a  above the top wire, the magnetic fields are in the same  direction and add up: 
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 EMBED Word.Document.8 \s [image: image11.emf]28.12:   The total magnetic field is the vector sum of the constant magnetic field and the  wire’s magnetic field. So:     a)   At (0, 0, 1 m): 
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 EMBED Word.Document.8 \s [image: image16.emf]28.17:   The only place where the magnetic fields of the two wires are in opposite  directions is between the wires, in the plane of the wires.   Consider a point a distance  x  from the wire carrying 
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 EMBED Word.Document.8 \s [image: image17.emf]28.18:   (a)   and (b)   B  = 0 since the magnetic fields due to currents at opposite corners of  the square cancel.     (c)    
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 EMBED Word.Document.8 \s [image: image19.emf]28.20:   On   the top wire: 
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 EMBED Word.Document.8 \s [image: image20.emf]28.21:   We need the magnetic and gravitational forces to cancel:    
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        b)   The two wires repel so the currents are in opposite directions.      



 EMBED Word.Document.8 \s [image: image23.emf]28.24:   There is no magnetic field at the center of the loop from the straight sections.    The magnetic field from the semicircle is just half that of a complete loop:  
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 EMBED Word.Document.8 \s [image: image24.emf]28.25:   As in Exercise 28.24, there is no contribution from the straight wires, and now we  have two oppositely oriented contributions from the two semicircles:  
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 EMBED Word.Document.8 \s [image: image25.emf]28.26:   a)   The field still points along the positive  x - axis, and thus points into the loop  from this location.         b)   If the current is reversed, the magnetic field is reversed. At point P the field would  then point into the loop.         c)   Point the thumb  of your right hand in the direction of the magnetic moment, under  the given circumstances, the current would appear to flow in the direction that your  fingers curl   ( i.e. , clockwise).      



 EMBED Word.Document.8 \s [image: image26.emf]28.27:   a)  

A 77 . 2

) 800 ( ) A m T 10 4 (

) T 0580 . 0 ( ) m 024 . 0 ( 2 2

so , 2

7

0

0



 

  



π N μ

aB

I a NI μ B

x

x

       b)   At the center, 

. 2

0

a NI B

c

 

 At a distance  x  from the center, 

m 0184 . 0 so , m 024 . 0 with   , 4 ) (

2

1

) (

means

) ( ) ( 2 ) ( 2

6 3 2 2

2 3 2 2

3

2

1

2 3 2 2

3

2 3 2 2

3

0

2 3 2 2

2

0

   































































x a a a x

a x

a

B B

a x

a

B

a x

a

a

NI

a x

NIa

B

c x

c x

 

 



 EMBED Word.Document.8 \s [image: image27.emf]28.28:   a)   From Eq. (29 - 17), 
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 EMBED Word.Document.8 \s [image: image28.emf]28.29:  
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

      



. A 305 m T 10 83 . 3

encl

4

encl 0

I I μ dl B

         b)  

4

10 83 . 3



 

 since 

l



d

 points opposite to 

B



 everywhere.      



 EMBED Word.Document.8 \s [image: image30.emf]28.31:   We will travel around the loops in the counterclockwise direction.         a)  
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      Using Ampere’s Law  in each case, the sign of the line integral was determined by  using the right - hand rule. This determines the sign of the integral for a counterclockwise  path.      



 EMBED Word.Document.8 \s [image: image31.emf]28.32:   Consider a coaxial cable where the currents run in OPPOSITE directions.         a)   For 
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 EMBED Word.Document.8 \s [image: image32.emf]28.33:     Consider a coaxial cable where the currents run in the SAME direction.          a)   For 
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 EMBED Word.Document.8 \s [image: image33.emf]28.34:     Using the formula for the magnetic field of a solenoid:  
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 EMBED Word.Document.8 \s [image: image37.emf]28.38:    Outside a toroidal solenoid there is no magnetic field and inside it the magnetic  field is given by 
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      c)   r  = 0.20 m, which  is outside the toroid, so  B  = 0      
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 EMBED Word.Document.8 \s [image: image42.emf]28.43:   a)   The magnetic field from the solenoid alone is:         (i)  
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 EMBED Word.Document.8 \s [image: image44.emf]28.45:         The material does obey Curie’s Law because we have a straight line for temperature  against one over the magnetic susceptibility. The Curie constant from the graph is 
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 EMBED Word.Document.8 \s [image: image45.emf]28.46:   The magnetic field of charge 
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 EMBED Word.Document.8 \s [image: image46.emf]28.47:    
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        Let the current run left to right, the electron moves in the opposite direction,  below the wire, then the magnetic field at the electron is into the page, and the electron  feels a  force upward, toward the wire, by the right - hand rule (remember the electron is  negative).      
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 EMBED Word.Document.8 \s [image: image48.emf]28.49:   Let the wire connected to the 25.0 
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 EMBED Word.Document.8 \s [image: image49.emf]28.50:   The fields add      
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 EMBED Word.Document.8 \s [image: image52.emf]28.53:   Choose a cube of edge length  
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  so the only possible field is a zero field.      



 EMBED Word.Document.8 \s [image: image53.emf]28.54:   a)           b)  
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 EMBED Word.Document.8 \s [image: image54.emf]28.55:   a)   If the magnetic field at point  P  is zero, then from Figure (28.46) the current 
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          c)   The magnitude of the field at  S  is given by the sum of the squares of the two  fields because they are at right angles. So:    
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 EMBED Word.Document.8 \s [image: image55.emf]28.56:   a)             b)   At a position on the  x - axis:                                           
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    in the positive  x - direction , as shown at left.           c)             d)   The magnetic field is a maximum at the origin,  x  = 0.           e)   Wh en 

. ,

2

0

πx

Ia μ

B a x

 

     



 EMBED Word.Document.8 \s [image: image56.emf]28.57:   a)              b)   At a position on the  x - axis:                                             
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     in the negative  y - direction, as shown at left.     c)       d)   The magnetic field is a maximum when:                   

 

 

a x x a x

a x

Cx

a x

C

dx

dB

     







 

2 2 2

2

2 2

2

2 2

2

2

0

  e )   When 

, ,

π

0

x

I

B a x



 

  which is just like a wire carrying current 2I.      



 EMBED Word.Document.8 \s [image: image57.emf]28.58:   a)   Wire carrying current into the page, so it feels a force downward from the  other wires, as shown at right.                       
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                            b)   If the wire carries current out of the page then the forces felt will  be the  opposite of part (a)   . Thus the force will be 
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 EMBED Word.Document.8 \s [image: image58.emf]28.59:    The current in the wires is 
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 EMBED Word.Document.8 \s [image: image59.emf]28.60:   a)   Note that the Earth’s magnetic field exerts no force on wire B, since the  current in wire B is parallel to the Earth’s magnetic field. Thus, for equilibrium, the  remaining two forces that act on wire B must cancel. Assuming that the length of wir e B  is 
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 and that wire A carries a current 
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       b)   Note that the force on wire B that is generated by wire C is to the right. Thus, if the  current in  wire C is increased, wire B will slide to the right.      



 EMBED Word.Document.8 \s [image: image60.emf]28.61:       The wires are in equilibrium, so:    
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 EMBED Word.Document.8 \s [image: image61.emf]28.62:   The forces on the top and bottom segments cancel, leaving the left and right sides:  
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 EMBED Word.Document.8 \s [image: image62.emf]28.63:   a)  
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means we can assume that the magne tic field from the first loop is  constant over the second loop.      
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 EMBED Word.Document.8 \s [image: image64.emf]28.65:   a)   Recall for a single loop: 
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 EMBED Word.Document.8 \s [image: image65.emf]28.66:   A wire of length 
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 Here all edges produce a  field into the page so we can just add them up:    
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  And the right and bottom edges just produce the same contribution as  the left and top,  respectively. Thus the total magnetic field is:          
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 EMBED Word.Document.8 \s [image: image66.emf]28.67:   The contributions from the straight segments is zero since 
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 The  magnetic field from the curved wire is just one quarter of a full loop:            
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  and is out of the page.      



 EMBED Word.Document.8 \s [image: image67.emf]28.68:   The horizontal wire yields zero magnetic field since 
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 The vertical  current provides the magnetic field of HALF of an infinite wire. (The contributions from  all infinitesimal pieces of the wire point in the same direction, so t here is no vector  addition or components to worry about.)            

,

2 2

1

0













 

πR

I μ

B

  and is out of the page.    



 EMBED Word.Document.8 \s [image: image68.emf]28.69:   a)  

.

2

3

3

2

2

0

3

3

2

  

     

s

R

s

πR

I

α

παR

dr r π α αrrdrdθ JdA I

         b)  

 

    

r

s

R

r

I dr r π

πR

I

drdθ r

πR

I

I R r i

0

3

3

2

3

2

3

encl

. 2

2

3

2

3

) (

     

.

2

2

3

2

0

3

3

0 encl 0

πR

Ir μ

B

R

r

I μ I μ πr B d

 

















    





l B



 

.

2

2 ) (

0

0 encl 0 encl

r

I

B I I r B d I I R r ii





            





l B



     



 EMBED Word.Document.8 \s [image: image69.emf]28.70:  

















    



































  





2

2

0 encl 0

2

2

encl

2 )

a

r

I μ I πr B d B

a

r

I

A

A

I I a r a

a

r



l



   

.

2

2

0

πa

Ir μ

B

 

   

(a). part 28.32, Exercise from found was what just is which

2

, When 0

πa

I μ

B a r

 

         























 











































    





















 

















    







.

2

1 2

1 )

2 2

2 2

0

2 2

2 2

0

2 2

2 2

0

2 2

2 2

encl

b c

r c

πr

I μ

B

b c

r c

I μ

b c

b r

I μ πr B d B

b c

b r

I

A

A

I I I c r b b

c b

r b

l



 

(b). part    28.32,   Exercise  

Ex. in    as just    0,       ,     at    and   (a), part    28.32,   Exercise   Ex. in    as just  ,

2

, When 0

   

B c r

πb

I μ

B b r

 



 EMBED Word.Document.8 \s [image: image70.emf]28.71:      If there is a magnetic field component in the  z - direction, it must be constant  because of the symmetry of the wire. Therefore the contribution to a surface integral over  a closed cylinder, encompassing a long straight wire will be zero: no flux th rough the  barrel of the cylinder, and equal but opposite flux through the ends. The radial field will  have no contribution through the ends, but through the barrel:  
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 EMBED Word.Document.8 \s [image: image72.emf]28.73:           Apply Ampere’s law to a circular path of radius 2 a.  
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 EMBED Word.Document.8 \s [image: image73.emf]28.74:   At the center of the circular loop the current 
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 EMBED Word.Document.8 \s [image: image78.emf]28.79:   a)   Below the sheet, all the magnetic field contributions from different wires add  up to produce a magnetic field that points in the positive  x - direction. (Components in the  z - direction cancel.) Using Ampere’s Law, where we use the fact that the fiel d is anti - symmetrical above and below the current sheet, and that the legs of the path  perpendicular provide nothing to the integral: So, at a distance 
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    in the positiv e  x - direction. (Note there is no dependence on  a .)         b)   The field has the same magnitude above the sheet, but points in the negative  x - direction.      



 EMBED Word.Document.8 \s [image: image79.emf]28.80:   Two infinite sheets, as in Problem 28.79, are placed one above the other, with  their currents opposite.            a)   Above the two sheets, the fields cancel (since there is no dependence upon the  distance from the sheets).        b)   In between the sheet s the two fields add up to yield 
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to the right.        c)   Below the two sheets, their fields again cancel (since there is no dependence upon  the distance from the sheets).      
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 EMBED Word.Document.8 \s [image: image81.emf]28.82:   The microscopic magnetic moments of an initially unmagnetized ferromagnetic  material experience torques from a magnet that aligns the magnetic domains with the  external field, so they are attracted to the magnet. For a paramagnetic material, the sam e  attraction occurs because the magnetic moments align themselves parallel to the external  field.     For a diamagnetic material, the magnetic moments align anti - parallel to the  external field so it is like two magnets repelling each other.                b)   The magnet can just pick up the iron cube so the force it exerts is:      

N. 0.612 ) s m (9.8 m) )(0.020 m kg 10 8 . 7 (

2 3 3 3 3

    

g a g m F

Fe Fe Fe



    But 

.

N 612 . 0

N 612 . 0

Fe

Fe

Fe

a

B

a

B

IaB F





    

    So if the magnet tries to lift the aluminum cube of the same dimensions as the iron  block, then the upward force felt by the cube  is:      
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  But the weight of the silver cube is:  
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 EMBED Word.Document.8 \s [image: image82.emf]28.83:   a)   The magnetic force per unit length between two parallel, long wires is:  
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       c)   Heig ht that the wire reaches above the original height:    
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      Approximating the belt as an infinite sheet:          
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  out of the page, as shown at left.      



 EMBED Word.Document.8 \s [image: image84.emf]28.85:   The charge on a ring of radius  r  is 
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 If the disk rotates  at  n  turns per second, then the current from that ring is:  
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  So we integrate out from the center to the edge of the disk to find:    
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 EMBED Word.Document.8 \s [image: image85.emf]28.86:   There are two parts to the magnetic field: that from the half loop and that from the  straight wire segment running from 
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 using Eq. (28.8). So the total field components are:  
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