Fields and Waves - 1: Fall 2009

Assignment 1

Given Thurs , Sep 24, 2009, Due: Thurs Oct 1

Reading:  Griffiths Chapter 2.1, 2.2

Problem 1 A disc of radius R carries a uniform surface charge density o. Find the
electric field at points along the axis of the disc.

Solution:

Break it into rings of radius r, and thickness dr, and use Prob. 2.5_t0 express the field of each ring. Total
charge of a ring is o - 277 - dr = A - 271, so A = odr is the “line charge” of each ring.
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Problem 2  (Griffiths 2.3) Find the electric field at a distance z above one end of a
straight line segment of length I, which carries a uniform line charge A. Check that your
formula is consistent with what you would expect for the case z > L.

Solution:
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For z > L you expect it to look like a point charge ¢ = AL: E — 4"1‘0 %y It checks, for with z > L the x
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Problem 3  Find the electric field outside a spherical shell carrying a uniform surface

charge density o.

Solution:

E is clearly in the z direction. From the diagram,
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du. Integral can be done by partial fractions—or look it up.
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For z > R (outside the sphere), E, = ;=3 = ;7=%,s0 | E = y Z.

Problem 4 A cylinder of radius R has its axis along the z axis, and extends from
z = —L to z = L. It carries a volume charge density p = a r, where r is the distance
from the axis of the cylinder. Write down an integral  (you do not have to evaluate this
integral 1) giving the electric field at points along the axis of the cylinder.

Solution:

From symmetry, the electric field on z axis is pointing at z direction, i.e.
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QED.

Problem 5 A cone has a base of radius R and height /. The axis of the cone is along
the z axis, and the base lies in the  — y plane. The cone carries a surface charge density
along its curved surface o = 3z. Write down an integral (you do not have to evaluate this
integral !) giving the electric field at points along the z axis.

Solution:

You may choose eith&Cartesian coordinate or cylindrical

coordinate. Spherical coordinate might be a little bit complicate for this
problem.

| will choose cylindrical.
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Although this seempretty similar to problem 4, it is different in the way that its integral interval
is different. It is integrated over the surface of the cone:
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