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Introduction 
 
The Van de Graaff (VG) generator is ubiquitous in qualitative electrostatic 
demonstrations because of the large static charge that it produces and dramatic 
sparks that result from this static charge. Sparks occur when the VG generator 
produces an electric field that exceeds the dielectric strength of air (breakdown 
field). The overall goal of this research is to develop a technique to determine the 
dielectric strength of air using the VG generator. To do this, we will measure the 
force of attraction between the VG and a grounded sphere at the moment the spark 
occurs. The method of images will be used to create a model of the charge 
distribution on the spheres that is consistent with the observed force. The electric 
field at the time of the discharge (dielectric strength of air) is subsequently 
determined from the resulting charge distribution.   
 
(Below Infrared image of a Van de Graaf electrical discharge.) 
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Original Experiment 

Although the VG generator is mainly used for qualitative demonstrations, 
approximately 10 years agao Mr. Albert Read outlined an experiment to determine 
the breakdown electric field of air. Renko, French and Gallagher [2008] 
subsequently developed the experiment to measure the breakdown electric field 
and its dependence on atmospheric conditions. In this experiment,  
  
1) The electric current (I) charging the VG was found by measuring the current as 
the large sphere (see above) discharges through an ammeter. 
2) When the ammeter is removed, sparks occurring at regular intervals discharge 
the sphere. The charge (Q) on the sphere when a spark occurs is deduced from the 
electric current (I) and the period between discharge sparks (∆t). 
 
 
3) Assuming a uniformly charged sphere, the electric potential in the region 
surrounding the sphere is then 
 
 
 
4) Since the grounded sphere is assumed to be at a potential of V=0 volts, the 
magnitude of the average electric field between the spheres is equal to 
 
 
 
 
While the values break-down electric field values found by Renko, French and 
Gallagher (2008) (2-4x106 V/m) were within reason, they expressed concern over 
the determination of the charging current. Furthermore, the relationship between 
charge and the electric potential on the large sphere is likely to be more 
complicated because induction effects will cause a non-uniform distribution of 
charge on the spheres.  
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The Method of Images (MOI) 
 

In the method of images, the calculation of the electric field surrounding conductors is simplified 
by placing image charges within the conductor. The size and location of the charges are chosen 
to replicate the electric potential boundary conditions at the conductors. The solution to 
Laplace’s equation depends on the boundary conditions. Since the charges reproduce the 
boundary conditions, they will obtain the same solution.  
 
In the figure below, the charge on the VG results in an electric potential at the grounded sphere, 
that is not zero. An image charge (q’) can be positioned within the grounding sphere to maintain 
a potential of zero on the sphere. However, this charge will produce an asymmetry on VG, 
which may be corrected by a second image charge (q’’). The existence of q’’ will require an 
additional image charge q’’’ on the grounded sphere and so on. Each subsequent image charge 
is smaller in magnitude and located further from the center of the sphere. Using just two image 
charges as an example, the force between the spheres may be written in terms of the overall 
charge on the Van de Graff (equations to lower right) 

 

Future Work 

•  Further develop experiment and analysis to obtain reliable 
measurements of the maximum force between the VG and the 
grounded sphere.  

•  Develop a more practical expression (or algorithm) for determining the 
image charges from the force. 

•  Obtain an expression for the breakdown field in terms of the image 
charges. 

•  Conduct a detailed analysis of the uncertainty of the electric field 
determination. 

•  Apply the analysis to a variety of spheres and separation distances. 
•  Apply the analysis to examine the effects of different atmospheric 

conditions on the charging and the breakdown field. 

Method of Images Verification 
The electric potential (V) in the region between a charged conducting 
sphere (V=V0) and a grounded conducting sphere (V=0) is found using 
the MOI. The electric potential obtained by the MOI is compared to that 
found using the Method of Relaxation (MOR) to validate the application 
of the MOI to the two conducting sphere problem.  
 
The MOR uses the property of the solution to Laplace’s Equation              
 
that the electric potential at each point is the average of the surrounding 
points to find a solution by repeated averaging.  
 
The MOR and MOI (10 image charges) were used to find the electric 
potential surrounding two conducting spheres with an arbitrary potential 
difference on a 3D grid (arbitrary distance units). The electric potential in 
the x-y cross-section through the center of the spheres for the MOI (left) 
and MOR (right) are shown below.  
 
 
 
 
 
 
 
 
 
 
The strong agreement is also evident in a plot of the electric potential 
along the x-axis through the center of the spheres. The MOI (green) and 
MOR (red) plots show strong agreement (except near the extremes 
where boundary conditions have a strong influence). The blue curve 
shows the electric potential assuming that it is produced by a uniform 
charge distribution on the non-grounded sphere and highlights the need 
for using an asymmetric charge distribution to interpret the images. 

An Alternative Method for Determining the Breakdown Field 
  

To improve the breakdown field determination, we sought a 
quantity, related to the VG charging, that could be more reliably 
determined than the charge Q.  
 
Following Cohen [2012], The grounded conducting sphere was 
hung from a Pasco Force Sensor and suspended over the large 
sphere on the VG generator. As the VG generator charges, it 
induces a positive charge on the grounding sphere and there is 
an attractive force between them. The force sensor is used to 
determine the force that the VG exerts on the grounding sphere. 
This force must be related to the charge distribution on the 
spheres.  

 

The blue curve in the plot to the left shows the 
force on the grounded sphere plotted as a function 
of time (in seconds). The units on the left scale are 
Newtons. There is a positive offset on this scale so 
as the downward electrostatic force increases in 
magnitude the overall recorded force is smaller. 
  
As the VG charges, the downward pull on the 
grounded sphere increase until the spark occurs. 
The sparks are observed by enhancements in  the 
in tensi ty of sound that were measured 
simultaneously (orange curve). After the spark, the 
force values oscillate (inset) because of the sudden 
removal of the electrostatic force. In this case, the 
maximum electrostatic force is about 0.4 N. 
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