EMF    
EXERCISE CLASS 8

1.



·  Long copper pipe

·  Inner radius a and outer radius b. 

·  Current uniformly distributed over its 
cross sectional area between a and b, 
with current density J    

Show that the magnitude of the magnetic 
field as a function of radial distance r from 
the axis is 
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for a < r < b 


and 
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for  r > b.

Sketch B vs. r.


2.


Large thin conducting plate lies 
in the x-y plane.  


Current flows in the y direction 
such that current crossing 
the x-axis is ( A m-1. 




Show that the magnitude of the magnetic field at a point above the plate is given by 










B  =  (o(/2.

Q1 

Side and axial view diagrams:





By symmetry, the magnetic field lines will form circular loops around the axis.  
[image: image3.wmf]B

 will be zero inside radius a because the enclosed current is zero.

For r between a and b:
Apply Ampere’s Law to a circular path of radius r:  
[image: image4.wmf]B

 and 
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 are always 

parallel, and the magnitude of the field, B,  is constant for the whole path.

So, 
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The enclosed current is given by the current density 

multiplied by the area of the pipe within radius r:






Ienc  =  J((r2  -  (a2).

Therefore 

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

(





  
for a < r < b 

For a < r < b:
  The line integral is the same as before:
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But the enclosed current is now the total current flowing through the pipe:     Ienc  =  J((b2  -  (a2).

So 






for  r > b.


Sketch of B vs. radius:

Q2
Adopt a point of view such that the current flows directly out of the page.  This means that the y-
axis points out of the page.


Current flows outwards all along the x-axis.  The lines of 
[image: image8.wmf]B

point in the -x direction above the x-
axis and in the +x direction below it.  To see this, consider the current as being carried by lots of 
parallel wires and think about the field pattern produced by one wire (apply right hand rule).



Apply Ampere’s Law to a rectangular closed loop, sides  a and b, as shown:
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Sides 1 and 3:
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 and
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 are parallel
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Equal contributions from the two sides 
(
total contribution = 2Ba


Sides 2 and 4:
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 and 
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 are perpendicular
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Enclosed current  =  (current density)(length of the x-axis enclosed by the loop)  =  (a.


So
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B  =  (0(/2.


Note that 
[image: image17.wmf]B

 is independent of distance from the plate.




Current flow
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Dotted line = loop 


for line integral
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Current flowing out of 


page all along the x-axis
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AXIAL VIEW
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Circular lines of B
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Area = (r2 - (a2 
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