Experiment To Study Electrostatic Isopotential Curves
A REPORT BY ANIRBIT (CMI 1ST YEAR)
P.S The graphs are not a part of this soft copy which are attached to the print out submitted
1. Objective 

            i) Given a system of conductors at a given and constant potential   


difference we try to experimentally plot the isopotential curves.

                ii) By choosing appropriate combinations of conductors we try to show the 

 validity of the image charge method .

                iii) We try to demonstrate the screening effect of conductors and hence  

   the validity of the uniqueness theorem and hence show their 



   equivalence.

2. Procedure
             i)  We take an electrolytic bath in which the electrolyte is a dilute     


   solution of KCl in water . We take aluminium plates of the following      

   shapes:

                                     i) 2 open cylinders of different radii.

                                     ii) a ‘L’ shape

                                    iii) 2 rectangular strips.

                       The electrolytic tank has a laminated graph sheet pasted at its bottom for direct reading of the relative positions .

                        We also have 3 point electrodes.

               ii)   For each configuration we simulate the conditions by placing an appropriate combination of Al plates and point electrodes and connecting them to sockets of an AC supply (provided) which maintains a prescribed potential difference between its sockets.
              iii)   Then we insert the 2 probes of the DMM into the electrolyte and keep 1 of the probes fixed at a point and we note down its coordinate from the laminated graph sheet beneath . Then we move the 2nd probe around in the bath to find out as many points (5 – 8) as we can such that the DMM shows a 0 potential difference between these 2 probe locations in the AC voltage mode.This set of points must lie on an isopotential curve.

                      Then we vary the location of the 1st probe to a point (not on the iso-potential curve ) already detected and again detect another set demarcating another io-potential curve.

3. Some Theoretical Remarks

i)   The Al plates (conductors) maintained at fixed potentials correspond to          the Dirichlet boundary conditions of solving a Laplacian equation for the electrostatic potential (
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 ) i.e div ( grad 
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) = 0 and the uniqueness theorem guarantees the existence and the uniqueness of a a solution within the boundary .The iso-potential curves detected correspond to some member of the family of solutions of the form 
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(x,y) = c for various values c.
              ii)    The point electrodes approximately simulate point charges.

              iii)   The KCl only acts a conducting medium and has ideally no effect on the solutions of the Laplacian equation.

             iv)     A.C voltage is used to prevent electrolysis of KCl.

4. Analysis Of The Curves Plotted Above 

           i)  We can observe from the plots         and          that the pattern of the              isopotentials within the two cylinders is invariant with the presence or absence of a point charge outside it.

                      This demonstrates the “ Screening Effect “ of conductors that the field configuration inside a region bound by conductors is not dependent on the environment outside the region.

             ii)  We see in the plot    that we have been able to detect an ‘L’ shaped (approximately under the considerations of the experimental inaccuracies ) isopotential and that the nature of the isopotentials to the right and above are qualitatively the same as in        .

                          This shows that a point charge on the angular bisector of a ‘L’ shaped conductor is equivalent on its own side to a configuration of having 2 more ‘  reflected  ‘ charges of opposite parity (as if the conductor is a mirror ) and the ‘L’ removed.
                          This verifies the validity of the “ Image Charge “ method and the uniqueness theorem gurantees that there does not exist any other family of isopotentials such boundary conditions as created by either of these two.

          iv)  The qualitative equivalence of       and      also validates the uniqueness theorem i.e the boundary conditions ( Dirichlet ) are sufficient to determine the nature of 
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 inside irrespective of the environment outside.
5. A Suggestion Motivated From Theoretical Considerations
a) The Theoretical Motivation 
               We  assume 2 dimensional situations. Then corresponding to every 
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(x,y) solution of the Laplacian we can create a function 
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 (x,y) (inspired from the Cauchy-Riemann conditions of differentiability of a complex function on the argand plane) such that:
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   Then  
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 is also a solution of the same Laplacian as 
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 ( as can be checked by direct substitution into the expression of the Laplacian ) .

    So 
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 and 
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 are 2 different families functions but are solutions of the same laplacian . Now enters the role of the boundary conditions (say the Dirichlet conditions as here ) which will fix either 
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 or 
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 to represent the potential and then the other one’s constant lines (coming from the constant of integration ) would become the electric field lines since they are so constructed that they intersect orthogonally at theior points of intersection .

b) The Experimental Suggestion
              We  don’t have a method of directly finding out the field lines of given boundary condition. But the above discussion provides a ray of hope . We know that the field lines are orthogonal to the conductors which form the boundary.And we know that given a 
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 there exists such a family of functions 
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 whose every member cuts 
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 ‘s iso-curves orthogonally.
            So by the above experiment we can determine the 
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 = c family and then take for e.g the ‘L’ shaped conductor and place it on the graph such that it intersects the curves orthogonally.So the 
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 = c lines have become the electric field lines of the present boundary conditions and now repeat the experiment to find out the iso-potentials in the new conditions.
  So the iso-potentials detected now are the electric fields of the original configuration.

 { The author would like to thank Prof. Shekhar for a crucial help in the last step of the above analysis regarding the positioning of the ‘L’ shape }
6. Analysis Of The Experiment

a) Technical Aspects

            i) Observations regarding the procedure have already been ststed in  the previous section  3. Some Theoretical Remarks
            ii) Analysis of the data collected has been done in the the previous section 4. Analysis Of The Curves Plotted Above 

               iii)  Sources Of Errors And Their Remedies Suggested/Adopted
      i)  The probe of the DMM has a sensitivity radius of about 6 mm i.e it shows a 0 potential difference at a point then it does so in  about a radius of 6 mm.

             We have adopted the convention to report the centre of these regions as points on the iso-potential curves.

        ii)   The Al plates are nopt smooth and hence the potentials respond to the undulations and quite intensely at the edges.

                We have avoided taking iso-potentials near to the plates but have taken far away so that the local effects are reduced.

       iii)   The point electrodes are rusted at the tip and hence the approximation to ‘point’ charges is not good and its local effects are intense at times.

        iv)    The oxide layer of the Al plates sometimes react with the KCl to give floating white AlCl3 precipitate which affects the conductivity of the solution.

                   This can be prevented by avoiding usage of high potentials unless sensitivity requires so.

        v)     The DMM probes should necessarily be vertical to the plate or else the fluctuations in the reading is very high.         

 b) Educational Aspects
      i) Fundamental Concepts 
             This experiment involves the following broad areas of physics and hence motivates the student to grasp the following to be able to efficiently do the experiment :

                                              i) Solving elctrostatics potential functions given the appropriate boundary conditions
                                             ii) Importance of the boundary conditions and the uniqueness theorem and its connections to the screening effect and the image charge method and to differentiate among them like the Dirichlet and the Neumann conditions

                                            iii) The orthogonality properties of the iso-potentials and the electric field lines.

      ii) Connecting The Theory And Experiment

            Through this experiment the student realizes the following correspondences and discrepancies between theory and reality:

                                        i)  Mathematically it is proved that there exist boundary conditions like the Dirichlet conditions or the Neumann such that given it fixes completely the potential function within it but this does not guarantee a tractable solution to get it. This is realized from experiment that there are experimental methods to get the solution of the Laplacian in practical cases without solving it actually.

                                      ii)  The student realizes through this experiment the various idealization assumption that are made in the theoretical analysis and how much the theoretical solutions deviate from reality where the assumptions are not valid.
                                    iii)  In theory the student is habituated to woking with charge distributions quite often but through this experiment he/she realizes that it is a practically unfeasible option and hence sees how point charge  situations can be simulated in the laboratory.

iii) Experimental Skills and Data Representation

        In this experiment the student develops the following experimental skills :


       i)  The student learns to operate electronic gadgets like the DMM and a AC supply of fixed potentials and hence learns to handle errors that these equipments involve with which he/she might be hitherto unacquainted with being familiar with mechanical instruments

                 ii) As explained earlier in the section on error analysis the student learns the various precautionary measures that he/she should take while working with high voltages 

                 iii)   The ability to choose the appropriate origin and scales to be able to make the relations among the data collected visually apparent.

iv) Oppurtunity To Innovate

         The deep mathematical foundations of this experiment give the student an opportunity to see how much and what more mathematical theories which are apparently quite abstract can have physical significances and how their physical manifestations can be experimentally observed as has been suggested in the section 5.
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