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Conclusions 
The dielectric strength of air was determined to be 
3.12x106N/C. Our results are within 4% of the nominally 
accepted value of 3x106 e.g. hypertextbook.com. 
 

Future Work 
• Quantify the impact of errors in the measurement of the 
force and distance between the spheres on the breakdown 
field determination. 
• More data should be obtained to increase confidence in 
results. 

• Collect more data to study the trend of decreasing 
electric field with increasing distance. 
• Collect additional data adjusting experimental parameters 
allowing longer spark periods to allow oscillations to die 
out. 
• Ensure robust ground connection on the upper sphere to 
obtain accurate results. 

• Use the electric potential obtained through the method of 
images to calculate the instantaneous charge distribution on 
the two spheres. 
• Study the effect of air temperature and humidity on the 
breakdown field. 

 

 

Method of Images 
 

 

Results 
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Introduction 

The Van de Graaff (VG) generator is commonly used for qualitative 
demonstration of electrostatic principles in general physics. The 
sparks that the VG generator creates occur when the electric field 
produced exceeds the dielectric strength of air (when the air 
breaks down). The purpose of this study is to determine the 
dielectric strength of air using the VG generator. We determine 
this by measuring the force, using a Pasco Force Sensor, exerted 
on a grounded sphere by the VG generator at the instant a spark 
occurs. The method of images  allows us to create a 
representation of the charge distribution on both spheres at the 
instant the VG generator discharges. The electric field at the top 
edge of the VG generator, where we suspect it will be the 
greatest, can be calculated from the charge distribution. The 
electric field when the spark occurs will be the dielectric strength 
of air. Data was collected at 100Hz and then analyzed to 
determine a baseline force, spark force and net force. The 
distance between the spheres was measured by analyzing 
photographs taken with a ruler in the same plane as the spheres 
and also by inserting a flip book between them and measuring the 
height of the book. 
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Code 
 

From the measured force 
we are able to deduce the 
ensemble of images 
charges. The electric field 
at the surface of the VG 
may be determined from 
the image charges.  
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clear, clc 
   %define spherical and image parameters 
   
   R1=.1323;    %Radius of sphere 1 
   R2=.1202;    %Radius of Sphere 2 
   d=.0281;    %the distance between the spheres 
   a1(1)=R1+R2+d;  %the distance between the radius of the spheres 
   b1(1)=0;     %the distance from the charge to the center of sphere 1 
   q1(1)=1.;  %charge on sphere 1 
   %q1(1) = 4.617e-7 
   a2(1)=R1+R2+d;  %the distance between the radius of the spheres 
   b2(1)=0;  %the distance from the charge to the center of sphere 2 
   q2(1)=0;  %charge on sphere 2 
   x1(1)=(50)-(d/2.)-R1; 
   y1=50; 
   x2(1)=(50)+(d/2.)+R2; 
   y2=50; 
   k_max = 20; 
   FS= .3277;  
   for i = 2:k_max 
       q2(i)=-R2*q1(i-1)/a1(i-1); 
       b2(i)=R2*R2/a1(i-1); 
       a2(i)=a1(1)-b2(i); 
       q1(i)=-R1*q2(i)/a2(i); 
       b1(i)=R1*R1/a2(i); 
       a1(i)=a2(1)-b1(i); 
       x1(i)=x1(1)+ b1(i); 
       x2(i)=x2(1)-b2(i) ; 
   end  
   F=0; 
   Eo=8.854e-12; %(C^2/N m^2)    %Permeability of free space 
    
   for i=1:k_max                   %image charges on VG 
       for j=1:k_max               %grounded sphere 
           F=F+(1/(4*pi*Eo))*((q2(j)*q1(i))/(R1+R2+d-b2(j)-b1(i))^2);           
       end 
   end 
  F 
  G = 4*pi*Eo * F 
  qp1(1) = sqrt(-4*pi*Eo*FS/G) 
  qp2(1) = 0.0 
  E1 = qp1(1)/((R1-b1(1))^2); 
 
  for i = 2:k_max 
       qp2(i)=-R2*qp1(i-1)/a1(i-1); 
       qp1(i)=-R1*qp2(i)/a2(i); 
       E1=E1 + qp1(i)/((R1-b1(i))^2) - qp2(i)/((d+R2-b2(i))^2); 
  end 
E1 = E1/(4*pi*Eo) 

Electric Potential when  
d=0.0122 m, FS=0.2107 N 

Electric Potential when 
d=0.0281 m, FS=0.3277 N 

The table above summarizes the Electric Field determination for the four experimental trials. 
Trials 1, 3, 4 were taken when the room temperature was 76.8 degrees Fahrenheit and the 
relative humidity was 18% 


