Problem 1.2

FElectric field along the line passing through two point charges.
A point charge (77 = +3 uC is placed at the origin, and a point charge )2 = =7 1C is placed at * =0.4 m
on the z-axis of a cartesian coordinate system.

(a) Determine the electric field, E(z) = E(x)#, at all points along the z-axis.


Jeff
Cross-Out


(b) Plot E(z) vs. z for < 0.

(c) At what points, if any, (apart from |z| = 00), is E(z) = 07
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Problem 1.2
FElectric field along the line passing through two point charges.

(Note: In these solutions, as in the text, we will always denote vector quantities such as the
eleciric field by boldface foni: E. In lectures, and probably in your own handwritien work,
vectors are more commonly written with an arrow over the fop: E.)

QF +3uC Q= -7pcC
— . x
0 0.4m

(a) Let us first determine the electric field due to @, alone. From the expression for the
electric field due to a point charge,
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If we are at position x on the x-axis, r = &, r = V&2 = |z|, and # = r/|r| = (x/|z|)#, and
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Note that E; is in the & direction for x > 0 and in the —& direction for z < 0, as we would
expect, since the charge is located at # = 0. Similarly,
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{variables always measured in SI units unless otherwise noted). Note that E, changes direc-
tion depending on whether we are to the left or right of the charge at x = 0.4 m. The total
E is the sum of E; and E3:
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This expression is good for —oo < x < 00, but it is worthwhile writing it out as follows:

10-8 (=3/x>+7/(x—04)))% —co<x <0
E= T (+3/x2+T7/(x —04))% 0<zx <04
TO N (+3/2>=T/(z—04))) % 0d<z <00 .

Note the sign changes as one passes over the positions of the two charges and the field due
to that charge reverses.
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(b) For z < 0, 1 —
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This function has a zero at x = —0.758 m, and a maximum at x = —1.225 m, with a value
there of 0.652 m~2. As we move toward z = 0, f{z) blows up to —oo, because of the positive
charge at z = 0. As we move toward x = —oo, f{z) goes asymptotically to +4/x2, which

simply means that far enough away (|x| > 0.4) the field looks like that due to a point charge
of charge ¢J1 + (2 = —4 pC.

(c) There are no other zeros of E{x) except at x = —0.758 m. A glance at our expression
for E(x) above clearly shows that there can be no zeros in the range 0 < x < 0.4 (sum of
two positive terms can never be zero). You might think that we could get a zero in the
range 0.4 < x < 00, but the negative charge (which is of greater magnitude than the positive
charge) is closer throughout this range, and the electric field is therefore always in the —&
direction. Solving for the zeros of the expression for E(z) in the 0.4 < & < oo range will
give zeros that are outside of that range and therefore unphysical.
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