PHYSICS 507 — SPRING 2020
1 HOMEWORK- Solutions
Dr. V. Lempesis

Hand in: Sunday 9" of February at 23:59

1. The electric field of a distance z above the center of a circular loop as shown in the
1 qz 5

figure, which carries a uniform line charge 4, is given by: E = 7K
4”80 (r2 + Zz)

What is the value of the field at a distance z such that z << r.? Give a qualitative
explanation of the result. (2 marks)

Solution:

When z << r we have

E-_ £ __R—E=~ ! k> E=~ ! Lk -0
4, (rZ _,_ZZ) 4, (r2) 4me, 1

This is natural because in this case z is very.close to the center of the ring. In this case
due to symetry (anti-diametric elementary charges dg on the ring produce opposite
electric fields at the center) the total €lectric is zero

2. (a) Find the value of the electric flux through the surface of a sphere containing 12
protons and 10 electrons. |&| = Liax 107 {7 5y = BB 1074 I fin.

(2 marks)
(b) Does the size of the sphere matter in the answer of question (a)?
(1 mark)

Solution:
(a) The electric flux through the spherical surface is given by ® = gnet /. Thus

@ = gnet /20 = 2|e|/ €9 = 3.61x10™ Nm?/C
(b) No, the size plays no role.

3. Two infinite parallel planes carry equal but opposite uniform charge densities +o .
Find the field in each of three regions: (i) to the left of both, (ii) between them, (iii) to
the right of both. (5 marks)

Solution:
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We know that an infinite uniformly charged plane c S’X]ectric field of
magnitude £ = o/2¢. The direction of the fields c® y the two planes are

shown in the figure. So the total electric ﬁe%
Region (I): E=E +E, = 9 5.9 5-0.
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Region (I): E=E +E, = a =23,
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Region (IIl): E=E, %—z -—17=0
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4. An infinitely lonéﬁarries positive charge with uniform linear charge density 4.
As the figure shows there is an interruption of the wire of total length 2L. Find the
total electric atpoint A at a distance z from the center of the interrupted region

(5 marks).
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Solution:
The problem can be considered as a superposition of two problems:



One infinite wire of positive linear charge density 4 and one segment of length 2L and
negative charge density —4.

From Q2.17 we have shown in the class that the field of the infinite wire is:

A oA

E, k

) 2meyz
From Q2.3 we have shown in the class that

AL l’%

2me Nz + L

Thus the total field at A 1s:
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5. Find the charge density p if the electric field in the region is given by the relation

az A ~
E="F+brg=cr'’k
r

where a, b, ¢ are known positive constants.and the vectors shown are the unit vectors
in spherical coordinates. (5 marks)

Solution:

From the Gauss law«{(differential form) we have:

§E=£:p=£O§E
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In spherical coordinates we know that:

v-E=-12(E)+L
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V-E=——(z)+éﬂ+crzai=>
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