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Massachusetts Institute of Technology
Department of Electrical Engineering and Computer Science
6.013 Electromagnetics and Applications
Problem Set #1 SOLUTION
Fall Term 2005
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Problem 1.3
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Problem 1.4

In the steady state F =0,s0: E=-VxB

yA

. :{ v,i,; postive charge carries  _ _ _

- : ., B=Byl
-V, I,; negative charge carries

£ v, Byi,; postive charge carries
-V, Byi,; negative charge carries

c. V, =CI>(x:d)—CI>(x:O)=—J'Od Exdx:‘[d0 E, dx

_{ v,B,d; positive charge carriers
H

-V, B,d; negative charge carriers

d. As seen in part c, different polarity charge carriers have opposite polarity voltage, so the
answer is an indubitable “Yes!”.

Problem 1.5

a. As the line currents have infinite extent in the z direction the magnetic field has no
dependence on the z coordinate.
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The magnetic field of a z-directed line current at the origin is: H = 2— 1
r

Convert cylindrical coordinates to Cartesian coordinates and move the line current to

(0,d/2), the magnetic field is
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Moving the line currentto (0,—d /2) gives the magnetic field as
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The total magnetic field due to the two line currents is
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b. The force density on a line current (force per length) is F=1xB.
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