Electric and Magnetic Fields


ELECTRIC AND MAGNETIC FIELDS 

  Answers to ASSIGNMENT 9


Q1
(a)
The magnitude of magnetic moment is
(  =  (Current)(Area)(Number of turns)




So, (  =  (2)(0.05)2(10)  =  0.05  A m2

(b)
The torque vector is       
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Its magnitude is 

(  =  (Bsin(.



Its direction is perpendicular to 
[image: image2.wmf]m

and 
[image: image3.wmf]B
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Applying the right hand rule, we find 


that ( is into the paper (in the -z direction).



(c)
The torque tends to align 
[image: image4.wmf]m

and 
[image: image5.wmf]B

, decreasing the angle (.  


In equilibrium, ( = 0 with the magnitude of the torque also = 0.


(d)
If the coil is at an angle ( to the x-axis, and is rotated through an angle d(, then the 


work done is 








dW  =  (d(  =  (Bsin(.



To find the work done in rotating the dipole from (  =  0  to (  = 180o, we integrate 


this from 0 to (.



So, 




Q2 

Step 1: Draw diagram showing field pattern







By symmetry, the magnetic field lines will form circular loops around the axis.  
B  will be zero inside radius a because the enclosed current is zero.

Step 2: Choose best path for the line integral


Use a circular path of radius r:  
[image: image6.wmf]B

 and 
[image: image7.wmf]L
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and the magnitude of the field, B,  is constant 
for the whole path, so we can take B outside the integral.  

Step 3:  Work out the line integral


[image: image9.wmf]ò

ò

ò

p

=

=

=

×

 

)

(

 

 

 

 

 

 

L

B

r

2

B

dL

B

BdL

d


This applies for a < r < b and for r > b as it depends on the geometry 
of the field pattern which is the same for both regions.

Step 4: Find the enclosed current

a < r < b : 
Ienc is given by the current density multiplied

 


by the area of the pipe within radius r:








Ienc  =  J((r2  -  (a2).

r > b:

Ienc is now the total current flowing through 



the pipe:     






Ienc  =  J((b2  -  (a2).

Therefore 

B(2(r)  = (0J((r2  -  (a2)

Step 4: Equate the line integral to (oIenc

B(2(r)  = (0Ienc

(





  
for a < r < b 

(




[image: image10.wmf]r

2

)

a

b

(

J

B

2

2

0

-

m

=

 

 


for  r > b.


Sketch of B vs. radius:

Note that B = 0 for r < a as a closed path in this region encloses no current.

Q3
(a)  Consider the loop as seen from above.  Let the 
 
current flow as shown.  The contribution of a small 
 
element, dl, to the magnetic field at the centre, O, 

is given by   
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The magnitude of 
[image: image12.wmf] 

r

L

Ù

´

d

is just dL because 
[image: image13.wmf]L
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 and 

are perpendicular, and the 
magnitude of 

 is 1.


By the right hand rule, the direction of 
[image: image14.wmf] 
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 is  perpendicular to the coil, pointing into

the page.



Let 

 be a unit vector pointing into the page.    Then  
[image: image15.wmf] 
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To find the total field, we integrate around the length of the semicircular loop, i.e., from  
L = 0 to  L = SYMBOL 112 \f "Symbol"r, to get
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(b) 
Let 

 point into the paper.


The straight sections don’t contribute to
[image: image17.wmf]B

 because


their 
[image: image18.wmf]L
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 and 

 vectors are parallel.


From the result of part (a), the field at O will have 


two contributions.



Inner loop: 
[image: image19.wmf]Ù
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Outer loop: 
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Therefore


[image: image21.wmf]Ù

ú

û

ù

ê

ë

é

-

m

=

a

  

  

B

 

+

 

B

 

=

  

B

outer

inner

2

1

0

R

1

R

1

4

I

.


So
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coil seen edge-on
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8 for method and 4 for correct answer 
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B  (inwards)





B  (outwards)
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Circular lines of B





SIDE VIEW





AXIAL VIEW





6 for good diagram


showing field pattern








3 for some explanation of field pattern








6 


3 for choosing and explaining the right path


3 for evaluating the integral


correctly
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3 each








Area = (r2 - (a2 
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3 each
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~ 1 for each region 
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�EMBED Equation ���





dL





25





5 for a good diagram showing the vectors





4 for getting something �like this








4 for deriving the integral + 4 for solving it 








I





O





R2





R1





4 for the �method








4 for deriving the answer correctly
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