Electric and Magnetic Fields


ELECTRIC AND MAGNETIC FIELDS


ANSWERS TO WEEK 8 ASSIGNMENT
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A suitable co-ordinate system has N-S-E-W 
in the X-Y plane, as shown, with +z 

representing upwards and -z downwards.

The magnetic field has two components, 
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in the -x direction and 
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 in the -z 
direction.  

The electron's velocity, 
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,  is in the -y direction. 

The magnetic force on the electron is
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has magnitude vBv, and, by the right hand rule, points along the +x axis (South).
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has magnitude vBh, and, by the right hand rule, points along the -z axis (Down).

Therefore
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Putting     
e  =  1.602 x 10-19  C     
Bv  = 1 x 10-4 T
 


Bh  =  3 x 10-5 T       

v = 2 x 106 m s-1, 


we get
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  -(3.20 x 10-17) 
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    +    (9.61 x 10-18) 
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.    
The magnitude is    F  =  [(-3.20 x 10-17)2   +  (9.61 x 10-18)2]1/2   =  3.34 x 10-17    Newtons.
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The direction is upwards and northwards, 

at an angle SYMBOL 113 \f "Symbol"  to the horizontal, given by

tanSYMBOL 113 \f "Symbol"  =  Fz/Fx  =  Bh/Bv  =  0.3   


SYMBOL 222 \f "Symbol"  
SYMBOL 113 \f "Symbol"   =   16.7o  

Q2
As shown in the lectures, the electron travels in a circular path with radius r given by





.

Putting 
me  = 9.11 x 10-31  kg
e = 1.602 x 10-19 C
v = 107 m s-1 
B  =  3 x 10-4 T, 





gives 
r  =  190  mm.



If the electron hits the screen having been deflected by 

a distance x, as shown, then


r2  =  (r - x)2 + L2
(
x2  - 2rx  +  L2  =  0. 


Therefore 
x  =  r  (  (r2  -  L2)1/2 .


Putting r  =  190 mm  and L  =  100 mm, we get
 


x  =  190 ( 162  mm
(
 x  =  28 mm or  352 mm.




The larger value corresponds to the opposite side of an 

electron’s circular orbit, which it never reaches.  Therefore  x  =  28 mm.



Q3
(a)  In the lectures, we derived this 

equation for the Hall potential for a 

rectangular conductor of sides a and 

b carrying current I:
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The current density is 
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and 
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, the Hall electric field.






Therefore
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so
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(b)
Copper:   RH  =  6 x 10-11  V m A-1 T-1. 



(i)
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=   1.04 x 1029  electrons m-3



(ii)
(  =  8.9 x 103 kg m-3 


mCu = 1.06 x 10-25 kg.  




(   No of Cu atoms/ cubic metre is  NCu  =    
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Therefore each atom contributes  
[image: image20.wmf]28

29

10

x

40

.

8

10

x

04

.

1

  

  

  

 

  =  1.24  free electrons.
Q4
(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 
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is just dL because 
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 and 

are perpendicular, and the 
magnitude of 

 is 1.


By the right hand rule, the direction of 
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 is  perpendicular to the coil, pointing into

the page.



Let 

 be a unit vector pointing into the page.    Then  
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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
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 because


their 
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 and 

 vectors are parallel.


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


two contributions.



Inner loop: 
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Outer loop: 
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Therefore
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So
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8 for a good 


diagram


with the


vectors clearly shown
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6 for a correct


equation for the magnetic force on the electron 





5 for working �it out





3 + 3 for final magnitude
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10 for finding


r correctly 





10 for getting the geometry right 





5 for the final answer





5 for using


this equation
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10 for deriving this�(5 + 5 for method and correct derivation)
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5 for a good diagram showing the vectors





4 for getting something �like this








4 for deriving the integral + 4 for solving it 
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4 for the �method








4 for deriving the answer correctly
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