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Charge of drops qr = -CDropUL and ql = -CDropUR where CDrop is the “effective drop 
capacitance” – coefficient of proportionality.  
Writing Kirchhoff’s laws for the currents and taking into account that 
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We can write from the sum of currents for Left side: 
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 Similarly from the sum of currents for Right side  
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From the symmetry considerations UL=UR or UL= -UR. Let’s consider these cases. 
A) For UL= -UR, the voltage growth equation for the left side takes the form 
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and the similar is for UR. 
B) For UL=UR the voltage growth equation for the left side takes the form 


ࡸࢁࢊ

࢚ࢊ  ൬࢘ࡰ 


ࢊ࢛࢘ࡳࡾ
൰ ࡸࢁ ൌ  

and the similar is for UR. 
The complete solution is the sum of solutions (A) and (B)  
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 It is clear, that solution (B) vanishes exponentially, while for the solution (A) for 
the voltage growth it is necessary, that  
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 Comparing the equations (4),(5),(6) with (1),(2),(3) we can see that a=2 , b=1. 
Also we can conclude, that to obtain large charges and high voltage we must provide 
good insulation Rload→∞; Rground→∞ and also the intensive jets of charged drops 
nCDrop in the constructed generator. 

4. Evaluation of accumulated charge. 
Let’s evaluate what possible charge can be accumulated in the Kelvin’s dropper 

in ideal conditions.  
In normal conditions 1 liter of water contains ~10-7 moles of ions, or N ~ 1016 

ions; the charge of each ion is e = 1.6 • 10 -19 Coulomb. If all of ions will accumulate 
in collectors, the whole charge will be  



Q = N • e ~ 10 -3Coulomb                                       (7)  

though it is obvious, that this charge is huge, and unreal. Here it is worth to note that 
the electric forces in Kelvin’s dropper also polarize water molecules and split them 
into ions thus increasing the number of ions and making the effect stronger. 
 
5. Evaluation of the accumulated charge. 

Now let’s evaluate what voltage can be achieved using  the Kelvin’s dropper. 
It is not very difficult to estimate the voltage between the two charged cylinders. 

After some calculations we get:  
ࢁ ൌ ࣌

ࢿࢿ࣊
·  ࡾିࢊ

ࡾ
     ,                                                (8) 

Where σ=Q/hcyl  - is charge per unit of cylinder height, d is the distance between 
the cylinder’s axes of symmetry, R is the radius of each cylinder ; d > 2R. From this 
formula we also can see, that the larger is the distance d between the collectors - the 
higher voltage can be achieved.  

Using parameters of our setup: d=0.3m, R=0.05m, ε=1, the height of collector 
hcyl=0.2m and noting that for this height from (7) one gets σ=5•10-3Coulomb/m we 
obtain from (8):  

 U≈ 5 ·10 8V                                                      (9)  

(if we assume that all the ions of 1 Liter of water were separated).  
It is obvious that, this voltage as well is huge and unreal. In real experiments there 
are factors that prevent achieving such huge charges and voltages (though several 
ten thousands of volts we did get). 
 
6. Factors affecting the result. 

In the real conditions there are factors that prevent a high charge and voltage 
growth in Kelvin’s dropper and also factors which support obtaining a higher result. 

Preventing factors are: 
a) Electrostatic Corona discharge; 
b) Electric forces affecting the water drops;  
c) Humidity of environment;  
d) "Parasite" currents.  

Supporting factors are: 
a) Increase of the number of ions in liquid;  
b) Increase of the number of drops per second; 
c) Increasing insulation and distance between collectors.  

Let us discuss these factors. 
 

a) Electrostatic Corona discharge.  
Electrostatic discharge in air takes place when the voltage of electric field 

reaches 10 - 30 kV/cm. Thus it is real to get 30 000 V with our “Kelvin’s dropper”. 
Obtaining higher voltage will be possible in the case of covering the parts with good 
dielectrics (insulators). On the other hand, at high humidity discharge takes place at 
smaller voltage as well.  

 
b) Forces affecting the water drops. 
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