Physics Challenge Question 20:  Solutions

Part 1

Let us look at the three different regions on the x-axis:  to the left of both charges, in between the two, and to the right.  For easy reference, I will call the 5 C charge “1”, and the 7 C charge “2,” and the forces due to them F1 and F2, respectively.

Let us look first at the region to the left of the two charges.  Here, the two other charges will push the third charge to the left, since positive charges repel.  That means that no matter where in that region we put our third charge, it will feel a net force to the left, and will not be in equilibrium.

The same argument holds for the region to the right; both charges are now going to push the third charge to the right.

In the middle, however, one pulls it right, and the other pulls it left.  That means that if we put it at the right spot, the two will cancel, and the net force will be zero!

So the place to put it is in the middle, presumably a little closer to the 5 C charge, since that one has a smaller charge.

Changing the third charge to –1 C does not change our conclusion.  The only difference is that the charges now attract instead of repelling.  The charge still needs to be put in the middle to feel no net force.


Part 2
Let us first consider a positive charge.  If we put it slightly off to, say, the left, it will be a little closer to the 5 C charge and a bit further away from the 7 C charge.  It now feels the 5 C charge more since it is closer to it, and it gets pushed a bit to the right.  So, the positive charge gets pushed back towards the equilibrium position.

If we try the same with a negative charge, the opposite happens.  It will again feel the force from the 5 mC charge more strongly, but now it will attract the third charge, pulling it away from the equilibrium position.

Part 3
This time, we must put the charge in the region to the left.

In the middle, the charge would feel a force to the left  (The –5 C charge would attract it, and the 7 C charge would repel it.)

To the right, the –5 C charge would pull it left, but it is both further away and has less charge than the 7 C charge, which is pushing it right.  So the 7 C charge would win out.

To the left, the 5 C would pull it right, and the 7 C charge push it left.  But, the 5 C can make up for its smaller charge by being closer, and the two forces have a chance at being equal.


Part 4
We will use Coulomb’s law to find the forces due to each charge.  We also know that the total force must add up to 0.

I will call the third charge q3:
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We can either plug in all the numbers, or we can divide out k and q3 first:
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Now, we just have to solve for x.
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Plugging in numbers and cross-multiplying:
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Solving for x:
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Since we know the charge must lie in the middle region, our answer is 0.46 m.

(If you were wondering, at –5.46 m, the forces are equal in both magnitude and direction.)
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