Finding the net electric force on a charge due to two other charges (2-dimensional

symmetric arrangement)

Refer to the diagram below. Charges gr =+ 4.0 uC and gg =+ 4.0 puC are positioned as shown. A green
charge gg =+ 1.0 uC is positioned on the perpendicular bisector of the line joining the red and blue
charges. What are the magnitude and direction of the net, electric force on the green charge?

Solution

Notes

x- and y-coordinate axes are selected to take
advantage of the symmetry of the situation. We
will see that with this selection, the x-component
of the net force will be 0, and the y-component of
the net force will be twice that of the y-component
due to either the red or blue charge.

The positions xg, X, VG, are given with respect to
the defined axes. These may be positive or
negative numbers. The distances, drg and dpg, on
the other hand, are magnitudes. They are
calculated using the Pythagorean theorem.

The force diagram is drawn. The forces extend
from a single point at the position of the green
charge. Since the red and blue charges are equal
and are equidistant from the green charge, we
know that the magnitudes of the forces due to the
red and blue charges on the green charge will be
equal.

The two forces are resolved into their components.
Now we can see how the problem is simplified by
the symmetry of the arrangement of charges (the
green charge is equidistant from the red and blue
charges) and the fact that we selected the y-axis to
be the perpendicular bisector of the line joining
the charges, the origin being centered on that line.
With this arrangement, Fpx = - FGrx; therefore,
the x-component of the net force on the green
charge is 0.

The y-components of the two forces are equal so
we can say:

F net,Gyy — 2F GR,y

We are left to calculate only a single force, Fgr.y.




Fip =| Fyp |sIn6

The y component of the force of the red charge on
the green charge is the magnitude of Fgr
multiplied by the sine of the angle, 6. Note that
this angle is the angle that the x-axis makes with

GR.y the line joining the red charge to the green charge.
_ 196 119 | Y6 The side opposite 6 1s yg, and the hypotenuse is
B dR62 e drg. Thus we substitute the ratio yg/ drg for siné.

We also substitute Coulomb’s Law with the
charges in absolute signs.

We collect the terms in drg and apply the

Fop, =klagll g, | Y ¢ Pytha}gorean theorem to drg. N01':e that the
’ dpg positions under the square root sign are placed
y between absolute signs, since we’re interested in
=k|q; gz - 3 distances here. Of course, since the values are
( |y [P+ xg [ ) squared, the result will be positive in any case.
=k|q. g ae The y¢ in the numerator is not in absolute value
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signs, because the sign of yg determines whether
the force component is in the +y or — y direction.

We double the previous result to get the y-

Py =2Fr, component of the net force on the green charge.
- Ve
=2k 4l 9z | (v [ +]x, ) In making substitutions below, note the
¢ 8 conversion of microcoulombs to coulombs.
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The y-component of the net force on the green charge is +10.9 N, and the x-component is 0; therefore, the
magnitude of the net force is 10.9 N and the direction is 90°.




