Electric and Magnetic Fields


ELECTRIC AND MAGNETIC FIELDS 

ANSWERS TO ASSIGNMENT  7

Q1

Plate dimensions 
5 x 5 cm


(
Plate area  A  =  2.5 x 10-3  m2 



Plate separation 
d  =  2 mm



Dielectric const.
(  =  4



Charge



Q  =  ( 5 x 10-8  C 



(i) 

Capacitance:
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=  4.43 x 10-11 F  
=  44.3 pF


(ii)

(V between the plates:


(V  =  Q/C  
=  1.13 kV


(iii)
E between the plates:



E  =  (V/d   
=  565  kV m-1


(iv)
Electric energy density:


u  =  (((oE2)/2 
=  5.64 J m-3


(v)

Total electric energy:



U = u(Volume) = uAd  
=  2.83 x 10-5  J  













or

Utot  = ½CV2
=  2.83 x 10-5  J

Q2

This configuration is equivalent to two 



capacitors in parallel.  Let C1​  be the 



capacitance of the section with the air 



gap and C2 be the capacitance of the 



section with the dielectric gap.










For a parallel plate capacitor,
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(see lecture notes).



Therefore
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and
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For two capacitors in parallel, 
C  =  C1 + C2  (see lecture notes).



Therefore
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Putting ( = 2 gives
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Q3
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(a)

(i)  r < a: Inside the inner conductor, the electric field must be zero because all the charge is distributed over the surface.  Therefore a Gaussian 
surface of radius r < a encloses no charge.  So









 E(r)  =  0    for r < a.

For a < r < 3a:
The field lines originate at the positive charges on the inner conductor and terminate on the negative charges on the outer conductor.

By spherical symmetry, the field lines are radial, and the field  is the same as for a point charge at the centre.  So,


(ii)
  a < r < 2a:
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(iii)  2a < r < 3a:     
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(iv)  r > c:

A Gaussian sphere of radius r > c will enclose no net charge because it 





contains +Q ​on the inner conductor and  -Q ​on the outer conductor.  So,  








E(r)  =  0  for r > c.

(b)  
To find the potential difference we integrate the electric field between r = a and r = 3a.  



Since we have two different regions with different formulas for E(r), we must split the 



integral into two parts. 



Relationship between (V and E:
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Choose a radial path (along a field line), 



so dl is parallel to E and dl  =  dr.   Therefore
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So, 



[image: image14.wmf]D

V

Q

a

 

  

=

7

48

0

pke




The inner conductor is at a higher potential as we would need to push positive charge 



inwards from the outer conductor.






(c)
  Putting C  = Q/V  gives
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Q4
(i)
Voltage: 
V(t)  =  E(1 - e-t/RC)  
=  5(1 - e-t/0.02)
  

V



Current:
I(t)  =  (E/R)e-t/RC   
=  (2.5 x 10-5 )e-t/0.02 

A


(ii) 
Q = CV, so the charge is equal to its 90% of its final value when V(t) is equal to 90% of 


its final value.  The final value of V(t) is 5 V.  Therefore, the required value of t is given by



V(t)  =  0.9(5)  =  5(1 - e-t/0.02)



(  t  = 46.1 ms

(iii) 
The stored energy is U  =  ½CV2 =  2.5 x 10-7 (1 - e-t/0.02)2 




So
U  = 0.9U(final)     (
(1 - e-t/0.02)2   =  0.9
(  t  =  59.3  ms

Q5

Consider the situation when some charge has already been 



accumulated in a sphere of radius r (r < R).




Let a thin shell of charge, thickness dr, be added.



Work done in adding the shell is dW  =  Vr dq




where 
Vr = potential at surface of sphere of radius r






dq = charge in shell



Let ( = charge density (
charge on sphere is 
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Potential at surface of sphere is
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Charge contained in the shell is



dq  = ((4(r2dr) 






Therefore 
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To find the total work done in assembling a sphere of radius a, we must integrate this 



from r = 0 to r = a:
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Substituting 
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4 marks


for each part: �


2 for using correct equation, 2 for correct numerical answer





a





b





d





x





Dielectric
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5 for using correct formula capacitors in parallel


5 for getting the final answer





5 for using correct formula for parallel plate capacitor





5 for knowing that it’s capacitors in parallel.�Another 5 for explaining why�





35





5 for a good diagram





12 = 3 each for (i) to (iv) :


2 for correct answer, 1 for few words of explanation





dL





E





a





3a





4 for using relatiionship between (V and E





5 for deriving the integral














4 for solving it





5 





15





5





shell of


thickness dr





r





R





4 = 3 for method 2 for result 





5 = 3 for method 2 for result 





3 





3 





~1 for using 


dW = Vdq





~2 for using correct volume element and deriving an expression �for dW





~2 for working out the integral











_1047455552

_1047455556

_1047455560

_1047455562

_1047455564

_1047455565

_1047455563

_1047455561

_1047455558

_1047455559

_1047455557

_1047455554

_1047455555

_1047455553

_1047455548

_1047455550

_1047455551

_1047455549

_1047455546

_1047455547

_1047455545

