Electric and Magnetic Fields


ELECTRIC AND MAGNETIC FIELDS 

Answers to ASSIGNMENT 6

1.
ABcosSYMBOL 113 \f "Symbol"
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2.
Magnitude:  ABsinSYMBOL 113 \f "Symbol"
Direction:  Out of page
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3.


4.  
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 is the force which a positive charge Q would experience at that point, divided by Q.

    
or
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 is the force which a 1-Coulomb charge would experience at that point.


5.
E = Q/(4SYMBOL 112 \f "Symbol"

SYMBOL 101 \f "Symbol"or2)

6.
The force on a charge due to a number of other charges is equal to the sum of all the forces on it due 

to the individual charges  or  electric forces add as vectors.


7.
They begin at positive charges and end at negative charges.


8.
Magnitude:  area ds
Direction: perpendicular to ds.


9.
dSYMBOL 102 \f "Symbol"  =  
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10.
Scalar

11.
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The total electric flux through a closed surface is equal to the enclosed charge divided by SYMBOL 101 \f "Symbol"o.


or  The integral of the electric field over a closed surface is equal to the enclosed charge divided 


by SYMBOL 101 \f "Symbol"0.

12.

1. Draw a diagram showing the field lines.



2. Decide on the best Gaussian surface over which to evaluate the integral.



3. Work out 
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4.  Decide how much charge is inside the Gaussian surface.



5.  Put 
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 to derive an expression for E as a function of position.


13.
E = Q/(4SYMBOL 112 \f "Symbol"

SYMBOL 101 \f "Symbol"or2)   -  the same as for a point charge.


14.
Zero.  

If it were non-zero for some reason, charges would move within the conductor.  The separation of 


positive and negative charge would set up an internal electric field which would oppose the original 


field.  In equilibrium the two fields would be equal and opposite, making the total field zero. 


15.
On the surface.


[image: image7.wmf]E

is zero inside the conductor.  Therefore, for any Gaussian surface inside, the surface integral is 


zero.  This can only be true if the enclosed charge is zero.

or (not a very elegant explanation but essentially correct) the charges inside the conductor repel 

each other and as they are free to move they get pushed to the surface>


16.
Perpendicular to the surface.

As for Q14, if it were not perpendicular, charges would move on the surface and the charge 
separation
 
would create a field which opposed the surface component of 
[image: image8.wmf]E

.  In equilibrium, cancellation occurs 

and so 
[image: image9.wmf]E

is perpendicular to the surface.


17.
FSYMBOL 68 \f "Symbol"x


18.
-q
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19.
Scalar


20.
V at a point in space is the energy which a unit positive charge would have at that point.


21. The Volt


22. Scalar

23. (i)
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(ii)
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24. 100 eV or 1.602 x 10-17 Joules.


25. Method 1 (Use the relationship between 
[image: image13.wmf]E

and V):



1.
If E is not given , find it (e.g., by using Gauss's Law)


2.
Choose the position for V = 0 (if it is not given).


3.
Work out
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Never mind about the sign.


4.
Decide whether SYMBOL 68 \f "Symbol"V is positive or negative by considering whether a positive charge 


would need to be pushed from the initial to the final position (Vfinal  > Vinitial), or whether 


it would be pulled along by the field(Vfinal  <  Vinitial).


Method 2 (Use the Principle of Superposition):


1.
Break the given charge distribution into many small elements, each of which can be 


regarded as a point charge.


2.
Put dV  =  dQ/(4SYMBOL 112 \f "Symbol"

SYMBOL 101 \f "Symbol"or) for one element.


3.
Integrate over the whole charge distribution to find the total potential.




26. One over which the potential is the same everywhere.


27. V =Q/(4SYMBOL 112 \f "Symbol"

SYMBOL 101 \f "Symbol"or).


28. No.
Positive charge must be pushed from low to high potential.
Negative charge is pulled along by the field (equivalent to "negative mass falling upwards") in the gravitational field) .


29. The work done in moving a charge between two positions is independent of the path taken:
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30. Zero

31. 
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where Vi = potential at the position of Qi due to all of the other charges.


32. Utot  =  ½QV

33. 
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Units:
J m-3

34. Uoutside  = 5Uinside      or 
Uoutside  = (5/6)Utotal
35. To find capacitance:

1.
Imagine charges SYMBOL 177 \f "Symbol"Q placed on the conductors (or just Q if there is only one).
2.
Find E (e.g., use Gauss's Law).
3.
Find the potential (difference) using  
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4.
Put C = Q/(SYMBOL 68 \f "Symbol"V)   (or C = Q/V if there is only one conductor).


36. Etot   =  EA  -  EP  =  (1/SYMBOL 107 \f "Symbol")EA , where Etot  = total field in the dielectric, and  EA  =  applied field.


37. Infinity

38.  EMBED Equation.3  
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39. Ctot  =  C1  + C2

40. (o  is replaced by K(o.
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