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1. (a) Write down Ohm’s law and the differential forms of Maxwell’s equations? (5 points)

(b) Which Maxwell’s equation leads to a discovery of electromagnetlc fields propagatmg in
free space with the speed of light? (3 points)

(c) What does the linear, homogeneous, and 1sotropic medium mean? (3 points)

(d) Under an assumption of the linear, homogeneous isotropic, and source-free medium, de-

rive the follomng general wave equatlon of the electric fields E from Maxwell’s equatlons
(8 points)
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(Vector Identlty V x V X F V(V F) V2F € d1electrlc constant; p: magnetic
- permeability; o: conductrwty)

V2E = ua

(e) Under which conditions, the general wave equatlons wﬂl become tlme—dependent wave
| (or Helmholtz) equations? (3. points)

(f) What will ha.ppen to a plane wave if the ‘wave 1s propagating in a conducting medlum‘?
(3 points) B
2. (a) Explain Coulomb’s law and Gauss’s law for the electrlc ﬁelds (6 points)

~ (b) Derive the electric field mten51ty a.t a.ny pomt due to an infinite plane with a surface
charge density p, using Coulomb’s law. (10 pomts) |

(c) Derive the electric field intensity at any point due to an mﬁmte plane with a surface
charge density p, using Gauss’s law for the electrlc fields. (9 points)

3. (a) Explam the Blot-Sa.vart law and Ampere’s circuital law. (6 pomts)

(b) Derive the magnetic flux density at any point due to a very long, very thin, straight wire
carrying a current I using the Biot-Savart law. (10 points)

" (c) Derive the magnetlc flux density at any pomt due to a very long, very thin, stralght wire
- carrying a current I using Ampere s circuital law. (9 pomts)

4. The motion of a cha.rged pa.rtlcle is governed by the Lorentz Force equ&tlon Wlth the
equation, discuss the possible trajectory and the energy change of a positive charge movmg -
with a velocrty V under the followmg condrtlons of the electric and magnetlc fields:

(a) No electric and magnetic ﬁelds (5 pomts)
(b) Uniform electrlc fields; (5 pomts)

(c) Uniform magnetic fields; (5 points)

(d) Uniform electrie and magnetic ﬁelds but the electrlc fields are perpendicular to ‘the
magnetic fields; (5 points) | |

(e) N onuniform magnetic fields with a gradient perpendjchla.r to the magnetic fields. (5
~ points) - _ _




