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Abstract 

This paper explores how to detect the viscous force of dark matter fluids. In a microscopic 

environment like the Earth, the ideal measuring device is the gravitational constant measuring 

device. However, although the order of magnitude of the viscosity force of dark matter fluid is 

equivalent to the gravitational constant, due to the symmetry arrangement of the gravitational 

constant Measuring device itself, the influence of various external factors including the viscous 

force of dark matter fluids has also been eliminated. Of course, The gravitational constant 

measuring device used in a general physics laboratory may not be accurate. It requires 

sophisticated professional equipment to complete. In addition, the direct measurement with other 

devices is not very good. The main thing is that the accuracy requirements are higher. In the 

interstellar range, the use of artificial satellites and spacecraft to make measurements may also be 

affected by gravity, and there are also some key problems to solve. In order to solve the above 

problems, this paper proposes a method that uses the principle of superconducting diamagnetism to 

balance pendulum, effectively eliminating the problem of symmetric placement of pendulum. 

1 Introduction 

To measure the effect of the viscous force of dark matter on visible matter, it can be analyzed by 

Newton's formula for gravity. The viscous force of dark matter fluid superimposed on gravity is 

equivalent to a slight increase in the gravitational constant. That is 

𝐹 =
𝐺𝑀𝑚

𝑟2
 

where m is the mass of the pendulum that drives the fiber to turn. While M is the mass of the 

attraction ball, r is the distance between the attraction ball and the pendulum. F is gravity. G is the 

gravitational constant. In this way, the resultant force after adding the viscous force of the dark 

matter fluid is 

𝐹 + 𝑓 =
(𝐺 + 𝛿𝐺)𝑀𝑚

𝑟2
= 𝐹 +

𝛿𝐺𝑀𝑚

𝑟2
 

where f is the viscous force of the dark matter fluid. 
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So  

𝑓 =
𝛿𝐺𝑀𝑚

𝑟2
 

Or 

𝛿𝐺 =
𝑓𝑟2

𝑀𝑚
=

𝑓1𝑘𝑔𝑟2

𝑀
 

Where 

𝑓1𝑘𝑔 = 6.71 × 10−11(𝑁) 

If  

𝑟 = 0.16𝑚 

𝑀 = 0.78𝑘𝑔 

Then 

𝛿𝐺 =
𝑓1𝑘𝑔𝑟2

𝑀
≈ 6.71 × 10−11 ×

0.162

0.78
≈ 2.2 × 10−12(m3kg−1s−2) 

Of course, the direction of the viscous force of the dark matter fluid will deviate from the direction 

of gravity measured in the experimental device, but even if you consider this, it can be seen that the 

change in the gravitational constant is still considerable. By measuring over different time periods, 

it should be possible to obtain large differences in gravitational constants. 

For example, in Wuhan, the minimum angle between the viscosity direction of dark matter fluid and 

the perpendicular direction of the experimental plane is -36.6 degrees. The maximum angle is 83.4 

degrees. That is, if the gravitational constant is measured during the day, the measured gravitational 

constant will be reduced. That is 

𝛿𝐺 = −2.2 × 10−12 × 𝑠𝑖𝑛36.6 ≈ −1.31 × 10−12(m3kg−1s−2) 

After 12 hours of measurement, the gravitational constant was measured. That is 

𝛿𝐺 = 2.2 × 10−12 × 𝑠𝑖𝑛83.4 ≈ 2.19 × 10−12(m3kg−1s−2) (1) 

From the calculation results, as long as the accuracy of more than 2% of the experimental device 

can complete this experiment. In addition, if the mass of the attraction ball is reduced or the distance 

between the attraction ball and the pendulum center of mass is increased, the accuracy requirements 

of the experiment can also be reduced. 
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So which of the current devices used to measure the gravitational constant can measure this change 

in the gravitational constant? Let's first take a look at some parameters of the gravitational constant 

measuring devices that are currently commonly used in college physics laboratories. One of the 

typical devices has a distance of about 3cm between the attraction ball and the ball on the pendulum, 

and the mass of the attration ball is about 1.5kg. Substituting these parameters into Equation (1) 

allows us to find out the variation in the measurement of the gravitational constant caused by such 

parameters 

𝛿𝐺 ≈ 4 × 10−16(m3kg−1s−2) 

It can be seen that the error of this experimental device is too large to measure the effect of the 

viscous force of dark matter fluid on the gravitational constant. 

Therefore, to measure the influence of the viscous force of dark matter fluid on the gravitational 

constant, it may still require more professional and high-precision measurement equipment. And 

these devices should be more expensive. However, these professional and high-precision equipment 

have a symmetry problem that is difficult to solve. Therefore, it may eventually be necessary to 

design a completely new set of equipment to complete such experiments. 

2 Comparison of devices for measuring 

gravitational constants 

2.1 Two commonly used methods for measuring gravitational 

constants 

Although the viscous force of dark fluid is a very macroscopic force, we can still measure it on 

Earth through very precise experiments. From the calculation results of the viscous force of dark 

matter fluid [1], its order of magnitude is actually about the same as the order of gravity. It's just that 

because gravity has a cumulative effect, that is, when the mass is relatively small, it is difficult for 

us to feel the existence of gravity. But if the mass is very large, this gravitational force produces a 

very considerable macroscopic effect. But this is not the case with the viscous force of dark matter 

fluids. Whether the mass is large or the mass is small, the effect of the force it produces is basically 

the same. That is to say, although the greater the mass, the greater the viscous force of the dark 

matter fluid, but by dividing the viscosity force by the mass, we can find that it is a constant value. 

It does not affect the acceleration effect of the viscous force of dark matter because of the size of 

the visible matter. 

On Earth, it is now possible to measure the effects of gravity in the laboratory. This is mainly done 

through very precise gravitational constant measurement experiments. Since other factors, including 

electrostatic forces, the magnitude of the force far exceeds the gravitational force, a very 
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symmetrical structure is used in the experiment of measuring the gravitational constant in order to 

eliminate the influence of these other factors on the measurement results. For example, two equal 

mass attraction balls are used, and the masses at both ends of the pendulum are symmetrical and 

equal. This makes it very effective to shield against the effects of various external forces. Of course, 

this can also shield the viscous force of dark matter fluids. 

However, unlike the effects of other factors, the direction of the viscous force of the dark matter 

fluid is related to the movement of the earth and even the movement of the solar system, so if the 

gravitational constant measurement time is long enough, then this change in the direction of the 

dark matter fluid caused by the Earth's rotation will bring great uncertainty to the measurement 

results. Therefore, relatively speaking, the time-of-swing method is relatively less affected by the 

uncertainty of the direction of the viscous force of dark matter fluids. However, for the angular-

acceleration-feedback method, due to the very long measurement time, the viscosity of the dark 

matter fluid may have a larger impact in this case, resulting in a larger deviation in the measurement 

results. 

Therefore, in order to be able to measure the effect of the viscosity force of dark matter fluid on 

visible matter, we can do the following work: 

The first is to reduce the symmetry of the gravitational constant measuring device. That means we 

can do without two or four balls. Let's just use one attraction ball to do the experiment. In this way, 

when the direction of dark matter fluid flow changes, we can accurately predict the effect of dark 

matter fluid viscosity on the experimental results. Then we measure according to the different 

positions of the Earth's rotation, which can be used to compare the difference in the measured results 

when the viscosity direction of the dark matter fluid is different. 

The second is to choose different times to measure. In a relatively short period of time, the influence 

on the viscosity direction of dark matter fluid is mainly the direction of the Earth's rotation. From 

the analysis results of the paper [2], we can see that the direction of the viscous force of dark matter 

fluid is the most different between the two times of day and night. Therefore, a more varied 

gravitational constant should be obtained. 

In this way, after the improved experimental device, we can choose the time-of-swing method to 

measure the single attraction ball. The experimental measurement device is shown in Figure 1. The 

two types of the placement position of pendulum is different according to the distance from the 

attraction ball, which is called near configuration and far configuration. 
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As can be seen from Figure 1, the two methods are consistent with the orientation of the time-of-

swing method's device for measuring gravitational constants. Just reduce the attraction ball from 

symmetrical two to one. In this way, the two angular frequencies of the near configuration and the 

far configuration of the pendulum are measured, which are 𝜔𝑛 and 𝜔𝑓  

𝜔𝑛
2 =

𝑘𝑛 + 𝐺𝐶𝑔𝑛

𝐼
 

𝜔𝑓
2 =

𝑘𝑓 + 𝐺𝐶𝑔𝑓

𝐼
 

where k is the elastic coefficient of the pendulum hanging fiber and C is a coupling coefficient 

related to the attraction mass and the measured mass distribution. These two parameters are different 

in the two configurations. I is the moment of inertia of the pendulum. 

The gravitational constant thus measured is 

𝐺 =
𝐼(𝜔𝑛

2 − 𝜔𝑓
2) − (𝑘𝑛 − 𝑘𝑓)

𝐶𝑔𝑛 − 𝐶𝑔𝑓
 

However, despite this, we can find that although there is only one attraction ball and there is no 

symmetry of attraction ball, the force of the dark matter fluid on the pendulum is still symmetrical. 

Therefore, it will not be possible to generate a torsional moment on the pendulum, and naturally it 

will not be possible to measure the viscous force of the dark matter fluid in the device. Therefore, 

other approaches are needed to solve this problem. 

If you want to affect the measurement results simply by changing the symmetry of the attraction 

ball, you may still need the angular acceleration feedback (AAF) method to measure. The influence 

of the viscous force of dark matter on the measurement of the gravitational constant by the AAF 

Far configuration Near configuration 

Mass 

Pendulum 

Pendulum 

Mass 

Fig. 1 The time-of-swing method with only one attraction ball 
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method has been analyzed in detail in the paper [2]. 

In the AAF method, if an asymmetrical structure is used, i.e. only two attraction balls are installed 

on one side on the rotating disc and the two attraction balls on the other side are canceled. This 

should help increase the error in the gravitational constant measurement. However, this error may 

come from other non dark matter fluid viscosity factors. Therefore, it is not a very good method 

either. And although the symmetry of the attraction ball is canceled, the symmetry of the pendulum 

cannot be eliminated, so the uncertainty of the experimental results becomes very large. 

3.2 Use the cold atom interferometry 

Unlike measuring the gravitational constant using pendulum, the use of cold atom interference is an 

absolute gravitational acceleration measurement method that can measure the gravitational 

acceleration g of the Earth with very high accuracy. At present, very high accuracy can be achieved 

using cold atomic interferometry method, and of course it can also be used to measure gravitational 

constants [3]. 

If the viscous force direction of the dark matter fluid is towards the atom, the result is to increase 

the acceleration of the atom, that is 

𝐹 = 𝑚(𝑔 + 𝛿𝑔) = 𝑚𝑔 + 𝑓 

where m is the atomic mass, g is the acceleration due to gravity of the atom, and f is the viscous 

force of dark matter experienced by the atom. 

So  

𝑓 = 𝑚𝛿𝑔 

Or 

𝑚𝑓1𝑘𝑔 = 𝑚𝛿𝑔 

So  

𝛿𝑔 = 𝑓1𝑘𝑔 = 6.71 × 10−11(𝑚𝑠−2) 

Of course, the direction of the viscous force of the dark matter fluid will deviate from the direction 

of gravity measured in the experimental device, but even if you consider this, it can be seen that the 

change in the acceleration of gravity is still considerable. By measuring over different time periods, 

it should be possible to obtain differences in gravitational acceleration.  

Of course, this has relatively high requirements for the accuracy of cold atom interferometry that 

measures the gradient of gravitational acceleration. As far as the current development of cold atom 

interferometry equipment is concerned, it is still difficult to achieve such accuracy. 
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3 Other methods 

3.1 Only pendulum  

Only use pendulum directly to make measurements. The main thing is to measure the magnitude of 

this pendulum shift to equilibrium position under the action of the viscous force of dark matter fluid. 

Since this deviation is very small, more sophisticated distance measurement tools may be required, 

and we can roughly estimate the distance traveled. 

If the length of the pendulum's suspension fiber is 1m, the gravity of the pendulum is mg. If the 

pendulum is simultaneously subjected to a dark matter viscosity force f perpendicular to the 

direction of gravity, then at this time we can calculate the angle of the pendulum fiber to deviate 

from the equilibrium position 

𝑥 =
𝑓

𝑚𝑔
≈ 6.71 × 10−12(𝑚) 

It can be seen that this deviation distance is very short. That's about 0.007 nanometers. Such a short 

distance is very difficult to measure even with today's very sophisticated laser interferometric 

instruments. So the only way to solve this problem is to extend the length of the pendulum line. But 

the longer the pendulum line, the longer it is, the more disturbed by the surrounding environment. 

So this approach is not very applicable on Earth. 

3.2 Satellites 

If we can manage to lengthen the length of the pendulum line to a very long length, this should 

alleviate the problem of measurement accuracy to some extent. So if we measure through satellites 

in space, this length can become very long. In addition, because the satellite is in a microgravity 

environment, the acceleration of gravity is very small, and the force of the entire satellite at this time 

is mainly the viscous force of the dark matter fluid. Then we can measure the distance of the satellite 

from the equilibrium position by laser interference, which should be able to obtain the observable 

effect of the viscous force of dark matter on the satellite. 

We can calculate the acceleration of satellites due to the viscous force of dark matter. This 

acceleration is 

𝑎 =
𝑚𝑓1𝑘𝑔

𝑚
= 𝑓1𝑘𝑔 = 6.71 × 10−11(𝑚/𝑠2 ) 

This acceleration is small, but if it is long enough, it can make the satellite's speed observable. 

For example, if it can last for such a long period of four months, the speed generated by the moon 
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due to the viscous force of dark matter can be reached 

𝑣 = 𝑎𝑡 = 6.71 × 10−3𝑚𝑠−1 

That is, a speed of 6mm per second, which is still easy to observe. 

However, this method also has a problem, that is, the solar system and artificial satellites are actually 

in the same dark matter fluid. The viscous force of dark matter fluids causes artificial satellites to 

accelerate, and the same acceleration will occur throughout the solar system. Therefore, if we use 

the solar system, or any planet in the solar system, as a frame of reference, we should probably not 

be able to observe the acceleration effect of this dark matter fluid in general. 

3.3 Instability of dark matter fluids 

Considering that dark matter fluids may be unstable fluids, for example, we can see several galaxies 

like the Stephen Quintet galaxy group, whose rotation directions are different, it is believed that it 

should be due to the unstable flow of dark matter fluids caused by changes in the direction of galaxy 

rotation. Therefore, we can also try to use the instability of this dark matter fluid to detect the 

viscosity of the dark matter fluid. 

However, this instability can occur at a more macroscopic scale. It is mainly manifested in the large 

spatial span and the long time span. Therefore, in a local environment like Earth, it may be difficult 

to detect the instability of this dark matter fluid. So we can look at a slightly larger environment to 

detect. For example, throughout the solar system, there should be some instability of dark matter 

fluids. 

In this relatively macroscopic environment, if an artificial satellite is separated from the 

gravitational pull of the sun, it may bring different behaviors from the dynamic mechanism of the 

entire solar system due to the instability of dark matter fluids. For example, the current Voyager 

spacecraft is believed to have been separated from the gravity of the solar system. In this case, some 

of the Voyager behaviors may be different from those of planets in the solar system. 

4 A device based on superconducting 

diamagnetism 

From the above analysis, it can be seen that the biggest problem for existing gravitational constant 

measurement devices is how to eliminate the symmetry of experimental equipment. One of the most 

difficult to eliminate is the symmetry problem of pendulum. Because if the pendulum uses an 

asymmetrical structure, it cannot be stably suspended by fiber, let alone obtain an accurate value of 

the gravitational constant. To solve this problem, superconducting magnetic levitation can be used 

for equilibrium. The device is shown in Figure 2. 
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In Figure 2, since the pendulum is a superconductor, it levitates under the action of the magnet below 

because of diamagnetism. In this way, even if the hanging fiber is not fixed in the center of mass 

position of the pendulum, it will not cause the tilt problem of the pendulum. The fiber is not 

completely fixed at the end of the pendulum, which can also give the fiber a certain tensile force to 

obtain torsional stress. 

In this way, the symmetry problem of pendulum in traditional gravitational constant measurement 

devices can be effectively solved. And on the other side of the pendulum is installed a attraction ball. 

If the attraction ball deviates from the direction of the pendulum, it will cause the pendulum to shift 

due to gravity, which in turn will cause the fiber to twist. By measuring the torsional angle of the 

fiber, the gravitational constant can be measured. 

And if the pendulum made of superconducting materials is subjected to the viscous force of the dark 

matter fluid, it will change the interaction force between the attraction ball and the pendulum. The 

angle that causes the fiber to twist changes. From the above formula (1), we can determine the size 

of the viscous force of the dark matter fluid by calculating the change in the gravitational constant. 

Although superconducting diamagnetism is very complex nonlinear interactions. But fortunately, 

gravity is a very weak interaction force. Therefore, in the experimental device, as long as the 

superconducting material pendulum is in a stable suspension state, because the displacement caused 

by gravity and the viscous force of dark matter fluid is very small. With such a small displacement, 

we can approximately treat all of these interactions as linear. 

5 Conclusions 

If the viscous force of dark matter is orders of magnitude consistent with gravity, this will allow us 

to measure the viscosity of dark matter fluid using an improved gravitational constant measuring 

device. This also provides us with the possibility of detecting the presence or absence of dark matter 

in Earth's ground laboratory. From the analysis of this paper, due to the symmetry and accuracy of 

Magnet  

Mass Pendulum 

Fig. 2 A gravitational constant measuring device for detecting 

dark matter 

Fiber  

(Superconductor)  
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the experimental equipment, the existing gravitational constant measurement devices are not 

suitable to use to detect the viscosity of dark matter fluids. This paper proposes a method to balance 

pendulum using the principle of superconducting diamagnetism, which well eliminates the problem 

of pendulum symmetry in traditional gravity laboratories. In this way, the viscous force of the dark 

matter fluid acts on the experimental device, which can produce a more obvious effect. At the same 

time, after simplifying the experimental device, the size of the viscous force of dark matter can also 

be measured more accurately. 
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