STUDY OF ELECTROSTATIC FIELD ON MODELS

OBJECT

e To map the equipotential lines of an electric field depending on the electrode configuraiton.
e To draw the lines of force.

e To determine the maximum electric field and evaluate its uncertainty.

THEORY

Electrostatic fields can be investigated in several ways: numerically, graphically, by direct
measuring and by modeling. In this experiment we will use the last approach. The principle
of such modeling is based on the fact that different physical processes are described by
the same equations. For modeling electrostatic fields, we use their similarity with electric
current fields. The similarity between these two fields can be demonstrated by
the following equations

i=7E D=¢E,

where j is the current density, y is conductivity, E is electric field, D is electric
displacement and ¢ is the permittivity of the medium. We can also write

J-_-jsjjds w=I§[DdS,

where J is current and dS is a vector associated with an elementary surface dS. The electric
flux is denoted as y. For the electrostatic field and electric current field we can also write

div j=0 div D=0.

From these equations it can be seen that there is an analogy between the following physical
quantities

j and D
 d and v
¥y and £.

The electric current field for the purpose of modeling can be realized in various ways, for
example, using a network of resistors, resistor paper or an electrolytic tank. In this
experiment we use an electrolytic tank. The electrolytic tank is a relatively big but shallow
vessel, made of an insulator, filled with an electrolytic solution. A sketch of
the experimental apparatus is shown in the following figure.
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Experimental apparatus.

On the bottom of the electrolytic tank are placed the electrodes E; and Ej.

The conductivity of the electrodes must be higher than the conductivity of the solution.
The electrodes are usually made of iron. An electric field is produced by connecting
the electrodes to a low frequency generator GEN. Alternating current is used to eliminate
polarization effects, which can disturb the measurements.

Points of equal potential are discovered by a movable exploring probe S connected to
a sensitive voltmeter V. The series of points, all of the same potential, define
an equipotential line. In this way the entire field pattern is explored.
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Detail of the tank with orthogonal scales.



PROCEDURE

1.

2:

11. Estimate the relative error of measurement of the electric field E.

Arbitrarily place two electrodes in the tank. The electrode must be placed within
the area designated on the bottom of the tank.

The position of the electrodes is determined with a pointer, which is inserted into
the holder H of the probe, see-preceding figure. To do this we use two orthogonal
scales that are attached to the side of the electrolytic tank and to the movable
positioner. Draw the shape of the electrodes on to millimeter paper.

Connect the AC generator to the electrodes.

Insert the probe S into the holder of the electrode. The point of the probe should be
inserted 1 - 2 mm below water level.

Switch on the generator and voltmeter.

Using the movable positioner, find the points of equal potential. The potential is
measured with the voltmeter V. Transfer the equipotential point directly to the paper.
Move the probe to another point of equal potential and continue in order to find a series
of equipotential points in the field. Special attention must be devoted to the points near
the sharp edges of the electrodes.

Plot the distribution of the electric field. The equipotential lines obtained will be spaced
to show an equal drop in potential 1 V between successive lines. Lines of force or
electric field lines are everywhere perpendicular to equipotential lines.

Determine the magnitude of the maximum electric field using the following equation

where Ag is the change in potential in the distance As.



