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Abstract 
Lift force of an asymmetric capacitor in arbitrary shape still cannot be pre-
cisely calculated. For an irregular surface of a general asymmetric capacitor of 
which electric charge is nonuniformly distributed, we dedicate effort to filling 
the gap of lift force calculation problem. Through theoretical derivation, a 
general formula result is achieved. By applying theoretical formula combining 
with experimental method based on similarity principle of dimensional anal-
ysis, we can almost figure out all types of lift force of asymmetric capacitor. It 
is really an exciting method which can universally solve the hard thrust force 
calculation problem completely. 
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1. Introduction 

A formula 
2

1 2

1 1qf
S Sε

 
= − 

 
 was performed for a kind of ideal asymmetric  

capacitor [1] in former paper. It looks simple and brief. But there are still a series 
of problems that need us to solve like the quantity of electric charges and what’s 
the surface distribution. The formula is suitable for an ideal asymmetric capaci-
tor and its surface electric charges are uniformly distributed. But for an irregular 
surface of a general asymmetric capacitor of which electric charges are nonuni-
formly distributed, how can we figure out the lifter force is the main problem we 
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will further analyze. That is to say, we will make the lifter force calculation for-
mula of asymmetric capacitor generalizations. 

We derived the lift force formula of asymmetric capacitor [2] in ideal case. But 
in normal conditions, asymmetric capacitor isn’t in an ideal regular shape (refer 
Figure 1). So we must expend the equation into general case suitable for practic-
al engineering. In the next content below, we will show the lift force formula of 
asymmetric capacitor in general firstly, and then, the derivation process is given 
out. 

For a normal asymmetric capacitor, after loading with a DC high-voltage on 
its two plates, the lift force produced on the capacitor is  

( ) ( ) ( ) ( )1 2
1 1 2 2 1 1 2 2 2 10 0

1 d d
t t

f S S S S S S
q

σ σ σ σ
ε

= ⋅ − ⋅  ∫ ∫         (1) 

where f is lift force of asymmetric capacitor, q is carried electric charge of the 
plates, 0rε ε ε=  is permittivity, 1S  is area of small plate, 2S  is area of large 
plate, ( )Sσ  is charge density distribution function relevant to geometric shape 
and location.  

2. Derivation Process 

The lift force calculation formula is shown in Equation (1). This is suitable for a 
general asymmetric which surface charge is normally uneven distributed on 
most of actual situations [3] [4] [5] [6] [7]. The detail derivation process is ex-
panded as follows. Before concrete derivation, we will list some preconditions 
and steps.  

The derivation starting point is established on these assumption conditions:  
1) Electric field line is always closed. All of the Electric field lines emit from 

positive electrode patches, return to negative electrode patches, but can never be 
blocked by others neutral objects. Total charge carried on the positive electrode  

1 1 1d dq q E Sε= = ⋅∫ ∫  is ever equal to that on the negative electrode  

2 2 2d dq q E Sε= = ⋅∫ ∫ .  

2) For a different element area on a negative electrode, the more charge it car-
ries, the more electric field strength it owns. In other words, the electric field 
strength is distributed in proportion to the negative charge it carried. 

 

 
Figure 1. An asymmetric capacitor of nonuniform distribution of electric charge in gen-
eral case. 
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3) Similarly, for a different element area on a positive electrode, the more 
charge it carries, the more electric field strength it emits to send out. In other 
words, the electric field strength is distributed in proportion to the positive 
charge it carried. 

Initial conditions:  
There are 2 capacitor plates: (small) plate 1 and (large) plate 2. They are sepa-

rately electrical charged with q± . We take different operating patch area: 1dS  
on plate 1 and 2dS  on plate 2. And meanwhile make sure that areas of the two 
different operating patches are the same. That is to say, it satisfies 1 2d d dS S S= = .  

Based on these conditions, we have following corollaries. 
For plate 1, there are  

( )1 1 1 1d dq S Sσ= ⋅ , [ ]1 10, tS S∈  

( )1 1 1
1

1

d
dds

S qE
S

σ
ε ε

= =
⋅

                     (2) 

10 0q =  

( )1 1
1 1 1 1 10 0

d dt tS S
tq q S S qσ= = ⋅ =∫ ∫                  (3) 

For plate 2, there are similarly 

( )2 2 2 2d dq S Sσ= ⋅ , [ ]2 20, tS S∈  

( )2 2 2
2

2

d
dds

S qE
S

σ
ε ε

= =
⋅

                     (4) 

20 0q =  

( )2 2
2 2 2 2 20 0

d dt tS S
tq q S S qσ= = ⋅ =∫ ∫                 (5) 

So, the electric field strength nearby plate 2 is 2
2

2

d
ddS
qE
Sε

=
⋅

. From the first  

and the third assumption conditions, we known that: the total electric field lines 

2dSE  emitted from plate 2, not only distribute to the area differential element 

1ds  on plate 1 (which is charged with electric quantity 1dq ), but also distribute 
to the rest of area (the total area corresponding to 2ds ) on plate 1 (which is 
charged with total electric quantity q). Hence the area differential element 1ds   

actually achieves a electric field strength 1
1 2

d
dS h dS

qE E
q

=  which is derived from 

2ds .  

The assumption of equal electric density causes the remaining charge pro-
duced on one differential element of plate 1 which electric density is actually 
higher than plate 2. The remaining charge 1 2d dq q q∆ = −  on one differential 
element of plate 1 1ds  which satisfies 1 2d d dS S S= = . 

So we can get the force produced by remaining charge q∆  in the assumption 
electric field 1dS hE  

( )1 2 1
1 2 1 2

2

d d d
d d d

ddS h dS
q q qf q E q E q q
q S qε

= ∆ ⋅ = ∆ ⋅ = − ⋅ ⋅
⋅

        (6) 
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Integrating Equation (6), we have  

( )

( ) ( ) ( ) ( )

1 2 1 2 2 1
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ε

= = − ⋅ ⋅
⋅

⋅ ⋅
= ⋅ − ⋅ ⋅ ⋅   ⋅

∫ ∫ ∫ ∫

∫ ∫
     (7) 

Combining the initial condition 1 2d d dS S S= = , we can further simplify 
above equation 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )
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⋅
= − ⋅  

= ⋅ − ⋅  

∫ ∫

∫ ∫

∫ ∫

     (8) 

So we get the lift force formula in general form. 

3. Similarity Principle 

Equation (8) of calculating lift force is based on knowing electric density distri-
bution function ( )Sσ . But in most situations, the electric density distribution 
is normally unknown. In this case, we should use theoretical combining with 
experimental method based on similarity principle of dimensional analysis to 
figure out the final force produced between two plates. The detail steps should be 
as follows. 

1) Establishing a smaller model in scale 1: a  ( )1a >  that is similar to the 
original asymmetric capacitor.  

2) Applying a voltage to the miniature model of which the value is 1 a  of the 
original. 

3) Electrifying the asymmetric capacitor, and actually measuring the lift force 
produced by the miniature model which is 2f . 

4) Achieving the lift force of original model which is equal to square value of 
the small similar one, using magnifying method 2

1 2f a f= . 
Before calculating the final lift force of the right side lifter (refer Figure 2), we 

may measure lift force of a small scale model similar to it firstly, and then 
achieve the lift force of original model by scale magnifying method. If we meas-
ured the lift force is 0.2 N on the left side lifter, the lift force of original right side 
lifter (10 times larger than the left side one) is 2 2

1 2 10 0.2 20 Nf a f= = × = . 

4. Affiliated Verification 

A brief verification is performed by simplifying Equation (8) from general to 
special case. If the both plates of an ideal asymmetric capacitor are distributed 
with uniform charge, there are following relations. 

Firstly, we can take a part area from plate 1 1pS  whose electric quantity is 
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Figure 2. Scale magnifying method to calculate lift force of arbitrarily shaped asymmetric capacitor (or called lifter). 

 

( )1 1
1 1 1 10

1

dpS p
p

t

S
q S S q

S
σ= ⋅ = ⋅∫                   (9) 

So we get the distribution function of electric charge density that is 

( ) 1
1 1

1 1

p

p t

q qS
S S

σ = =                       (10) 

Secondly, we can take a part area from plate 2 2 pS  whose electric quantity is 

( )2 2
2 2 2 20

2

dpS p
p

t

S
q S S q

S
σ= ⋅ = ⋅∫                  (11) 

So we get the distribution function of electric charge density that is 

( ) 2
2 2

2 2

p

p t

q qS
S S

σ = =                      (12) 

Lastly, plugging the Equations (10) and (12) of special case of uniformly dis-
tribution of electric charge into Equation (8) of general case of nonuniform dis-
tribution of electric charge, we have  
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= ⋅ ⋅ − ⋅ 
 

 
= ⋅ − 

 

∫ ∫

∫ ∫

∫ ∫        (13) 

Therefore, we can finally find that the lastly corollary is as the same as the 
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former formula for calculating lift force of electric charge at ideal uniformly dis-
tribution in special case. 

5. Conclusion 

From above derivation, we get the general calculation formula of lift force of 
asymmetric capacitor. And by further simplification, we finally find the formula 
in ideal case is the same as previous deduction. The general calculation method 
can help us to get the lift force of asymmetric capacitor precisely in any shape. It 
is really an exciting method which can universally solve the hard thrust calcula-
tion problem completely. 
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