March 29, 2005

PHY 114 — Third Hour Test — Solutions
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(a) Gauss’s law which is equivalent to Coulomb’s law and which describes how electrical
charges produce an electric field.

]{E-dA:Q/eo. (10)

(b) Gauss’s law for magnetic fields which is consistent with the observation that there are
no magnetic monopole source.

f B.dA = 0. (11)
(c) Faraday’s law which represents the production of electric fields by a time varying

magnetic flux.
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(d) Ampere’s and Maxwell’s law which represents the production of magnetic fields by a
current and by a time varying electric flux.
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For a plane-wave form of an electromagnetic wave, with the electric field along the ¥
direction and the magnetic field along the z direction, Faraday’s law and Ampere-Maxwell’s
law reduce to
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We can substitute these equations into each other, to find two uncoupled equations for the

electric and magnetic fields:
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These are both wave equations with velocity ¢ = y/1/(uoe€o)-
3. (a) Reading the vertical axis of the graph, we see that E.x =2 V/m.
(b) The wave completes a cycle at  ~ 0.6 m. So we infer the A\ ~ 0.6 m.
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(d) The magnetic field is oriented along the z axis and has the maximum magnitude
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4. (a) We can use Snell’s law n;sinf; = ngsinfly. We

know the angles #; and 6, and therefore can find
the ratio of the refractive indices.
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(b) From the previous analysis, we see the ny > na so
the light can be totally internally reflected within
medium 1 as shown in the diagram. The smallest
angle 6 for which this can occur is
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*******************End of Exam*********************



