IV‑3. THE FORCE BETWEEN TWO CHARGED SPHERES

The force between electrically charged bodies depends on their separation and on the magnitude of their charges. The nature of the dependence can be measured in several ways. One simple method, which will be used in this experiment, measures the force on a charged body by balancing it against a known force‑the force of gravity. We can suspend a small charged sphere with an insulating thread and bring another charged sphere close to it. From the deflection of the suspended sphere from the vertical, we can measure the electric force on it in terms of its weight.

Suspend a light, conducting ball A at the bottom of a "V" of very fine nylon thread so that it can swing in only one vertical plane (Fig. 1). Arrange a light to throw a shadow of the ball on a centimeter scale. Read the position on the scale of one edge of the shadow of the hanging ball. Charge the ball by induction and bring a like‑charged ball B on an insulated support near it. Take readings of the two shadows on the scale for different positions of the balls as B is moved closer to A along a line that is in the plane of the ball's swing. Be sure to use the same side of each ball every time you read its position (P1 and (P1 in Fig. 1).

Some charge may leak away slowly across the surface of the thread and the insulating support, thereby introducing an error. How can you test for leakage? When should you test for it, during the run or at the end?

When the suspended ball is at rest, the net force acting on it is zero. That is, the vector sum of the tension in the thread T and the weight of the ball mg is equal and opposite to the electric force F. From Fig. 2 it can be seen that, for small angles, the ratio of the magnitude of the electric force to the magnitude of the weight F/mg is equal to d/L, the ratio of the horizontal displacement of to the suspended ball to the length of the suspension. Hence F=mg/L times d = (constant) times d..
Since we are not concerned here with par​ticular units of force, we can measure the force in terms of d. Furthermore, the horizontal displacement d of the ball is proportional to the horizontal displacement D of its shadow on the scale. Similarly, the distance r between the two balls is proportional to the distance R between their shadows. We can, therefore, study the dependence of F on r by plotting D as a function of R.
Plot a graph of the force as a function of the separation of the two balls (note that the distance between the two shadows is proportional to the distance between the two balls). How is the force at a separation r related to ‑the force at a separation of ½ r, 2/3r? What kind of dependence does this suggest? Plot a graph to check it.

