Chapter 6 Problem 77 f
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a =200 Nm/C
b=20m
c=20

€0 = 8.85 x 10712 C*/Nm?
Solution
Find the net charge enclosed by the shaded volume.

From Gauss’s law we know that
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The shaded volume is a rectanglular box, which has 6 surfaces. We need to do the integral over each
surface. Since electric field is only in the ¢ direction, we will not see any flux going through the sides of
the box that are parallel to the x-y plane and parallel to the x-z plane. The surfaces that are parallel to
the y-z plane will have flux going through them.

In two-dimenions the flux integral for surfaces in the y-z plane look like
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The dot product between two parallel unit vectors is 1 and since the electric field function has no
dependence on y or z, we can rewrite the integral as
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The y-z surface has an area of
Ay, = (1.5m)(1.0 m) = 1.5 m?

When we define a surface vector in Gauss’s law, it needs to be pointing outside of the volume. At z = 0,
the outside direction is in the —¢ direction. The area vector is opposite of the electric field direction;
therefore, we need to include a negative sign
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Now we need to calculate the flux through the plane parallel to the y-z plane at x = 2.0 m. In this case
the area vector is in the positive ¢ direction, so the dot product will give a positive flux.

a aA

By = FyA, — —2 A |y — — 0
? T by e velo= b+ ¢(2.0 m)

(200 Nm/C)(1.5 m?)
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dy = 50 Nm?/C
The total flux for the box is
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d = Py + ®y = —150 Nm?/C + 50 Nm?*/C = —100 Nm?/C
Now using Gauss’s law, the enclosed charge is
Gene = €0® = (8.85 x 1072 C?/Nm?*)(—~100 Nm?/C) = —8.85 x 107*° C

This would be —0.885 nC' or —885 pC.



