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Abstract 

There are four known fundamental forces of nature and there is a need to combine them into 

a unified theory. Progress has been made toward this goal but gravity remains an issue. 

However, the four forces are body forces that act on points. They together do not make the 

universe a closed system. Here, I identify a surface force, which acts outward normal to the 

surface of the universe. Further, using water drop hanging in a vacuum as a model, I provide 

a formula to find the magnitude of this force. The fifth force may be generated by surface 

tension, a property of the quantum vacuum field.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

In the early universe,  matter may have frozen out due to quantum fluctuation1,2 of a quantum 

vacuum field3. Further, classicalization of the quantum fluctuation may be responsible for the 

structure formation in the early universe4,5. Furthermore, the freeze-out may be responsible 

for the expansion of the universe, and the origin of galaxies has been explained based on a 

first-order phase transition of the vacuum6.   

Since mass at the surface of the universe is pulled inward by the gravitational field, one can 

conclude that in absence of an opposite surface force, the surface of the universe will be 

decelerating. Since the rest of the universe is expanding at equilibrium, the deceleration of the 

surface will make the universe an open system. Therefore, I postulate that a fifth fundamental 

force, acting outward normal to the surface of the universe, exists. 

To find the surface force, I consider the universe analogous to a water drop hanging in a 

vacuum or a medium. An inward normal force acts on the surface of the water drop because 

of an imbalance between the higher cohesive force between the surface and interior water 

molecules and the lower adhesive force between surface water molecules and outside 

medium (or vacuum). This compressive force is balanced by the surface tension of the water 

drop.  The net result of the surface tension is an outward normal force, acting on the surface 

of the drop, balancing the difference between the cohesive and adhesive forces.  

Here, I present a surface tension model of the fifth force. Using water drop as a model, I 

provide a formula to determine the magnitude of this force.  Further, I compare this formula 

with the one derived by considering that the surface tension force originates from the 

quantum vacuum field.  

 

 

 



Results 

Formulation to determine the fifth fundamental force 

One of the cohesive/adhesive forces acting on the surface of the universe, Fcg, can be given 

by Newton’s law of gravitation as: 𝐹𝐹𝑐𝑐𝑐𝑐 = −𝐺𝐺 
𝑚𝑚𝑖𝑖  𝑚𝑚𝑠𝑠𝑟𝑟2                                                                                                                        (1) 

where, mi is the internal mass of the universe, ms is the mass at the surface of the universe, 

and r is its radius.  

Other cohesive and adhesive forces acting on the surface are the electromagnetic force, the 

strong force, and the weak force. Since Newton’s second law of motion, applies to an inertial 

frame lacking acceleration, the universe can be assumed to be expanding at equilibrium. 

Thus,  the net force, F, acting in the normal direction on the surface: 𝐹𝐹 = ∑  𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐹𝐹𝑠𝑠 = 0                                                                                                                (2) 

where, 𝐹𝐹𝑐𝑐𝑐𝑐 is a cohesive/adhesive force acting on the surface and Fs is the surface tension 

force that must act outward normal on the surface.  

Based on the analogy of the universe with a water drop hanging in a vacuum, the force Fs can 

be given by the Young-Laplace equation. 𝐹𝐹𝑠𝑠 =  
2𝛾𝛾𝑟𝑟 . 4𝜋𝜋𝑟𝑟2                                                                                                                          (3) 

where, 𝛾𝛾 is the surface tension of the universe. 

Further, besides the Young-Laplace equation, the surface tension force can also be 

determined from the quantum vacuum field. The derivation of Ford3,  which is devised to 

remove divergences of the energy-momentum tensor by introducing a cut-off function, to 

determine the energy density and pressure of the quantum vacuum field is being reproduced 

here with a difference that, here, I choose a different cut-off function to account for a variable 

field strength while Ford chose a constant field strength of unity. 

The field strength T is defined based on the density of the field and volume of the universe: 



𝑇𝑇 = �43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐                                                                                                                    (4) 

The cut-off function f is chosen to remove the ultraviolet divergences when the wave number  𝑘𝑘 → ∞ . Thus, when 𝑘𝑘 → ∞, 𝑓𝑓 → 0. Further, for long-wavelength modes, when 𝑘𝑘 → 0, 𝑓𝑓 →𝑇𝑇. A suitable choice of, f, is: 𝑓𝑓 = �43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐  𝑒𝑒−𝛼𝛼𝛼𝛼                                                                                                            (5) 

The field satisfies the equation3: ◻ ψ + 
16𝑅𝑅 ψ +  𝜇𝜇2ψ = 0                                                                                                     (6) 

Where, ◻= ∇𝛼𝛼 ∇𝛼𝛼, R is the scalar curvature, and 𝜇𝜇 is the mass of the field. For the conformal 

scalar field,  the energy-momentum tensor, 𝑇𝑇𝛼𝛼𝛼𝛼 is 3: 𝑇𝑇𝛼𝛼𝛼𝛼 = ψ ′ 𝛼𝛼ψ ′ 𝛼𝛼 −  
12  𝑔𝑔𝛼𝛼𝛼𝛼 ψ 𝜌𝜌′  ψ 𝜌𝜌′ − 16∇𝛼𝛼(ψ2) 𝛼𝛼′ +

16𝑔𝑔𝛼𝛼𝛼𝛼 ◻ (ψ2)− 16𝐺𝐺𝛼𝛼𝛼𝛼ψ2 +  
12𝑔𝑔𝛼𝛼𝛼𝛼𝜇𝜇2ψ2 

(7) 

Where, 𝐺𝐺𝛼𝛼𝛼𝛼 is the Einstein tensor. The vacuum expectation value of the energy-momentum 

tensor is 3: 𝜌𝜌0 =
14𝜋𝜋2 𝑟𝑟3  ∑ (𝑛𝑛 + 1)2𝜔𝜔𝑛𝑛∞𝑛𝑛=0                                                                                                   (8) 

𝑃𝑃0 =
14𝜋𝜋2 𝑟𝑟3  ∑ (𝑛𝑛 + 1)2 �𝜔𝜔𝑛𝑛2−𝜇𝜇23𝜔𝜔𝑛𝑛 �∞𝑛𝑛=0                                                                                          (9) 

where, 𝜔𝜔𝑛𝑛 = 
�(𝑛𝑛+1)2+𝜇𝜇2𝑟𝑟2�1/2𝑟𝑟  are the eigenfrequencies with a degeneracy of (𝑛𝑛 + 1)2. 𝜌𝜌0is the 

energy density and 𝑃𝑃0 is the pressure. 𝜌𝜌0 = ⟨0|𝑇𝑇00|0⟩ and 𝑃𝑃0 = −⟨0|𝑇𝑇11|0⟩ = −⟨0|𝑇𝑇22|0⟩ =−⟨0|𝑇𝑇33|0⟩. These are the divergent quantities. The cut-off dependent quantities 𝜌𝜌� and 𝑃𝑃 � are 

determined from equations (8) and (9) as: 𝜌𝜌� =
14𝜋𝜋2 𝑟𝑟3 ��43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐�  ∑ 𝑚𝑚2(𝑘𝑘𝑚𝑚2 + 𝜇𝜇2)1/2𝑒𝑒−𝛼𝛼𝛼𝛼𝑚𝑚∞𝑚𝑚=1                                                      (10) 

𝑃𝑃� =
112𝜋𝜋2 𝑟𝑟3 ��43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐�  ∑ 𝑚𝑚4(𝑘𝑘𝑚𝑚2 + 𝜇𝜇2)−1/2𝑒𝑒−𝛼𝛼𝛼𝛼𝑚𝑚∞𝑚𝑚=1                                                  (11) 

where, 𝑘𝑘𝑚𝑚 =
𝑚𝑚𝑟𝑟  



Substractions 𝜌̅𝜌 and 𝑃𝑃� are calculated by letting 𝑟𝑟 → ∞. From equations 10 and 11,   𝜌̅𝜌 = lim𝑟𝑟→∞𝜌𝜌� =
14𝜋𝜋2 ��43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐�  ∫ 𝑘𝑘2(𝑘𝑘2 + 𝜇𝜇2)1/2𝑒𝑒−𝛼𝛼𝛼𝛼𝑚𝑚∞0  dk                                      (12) 

𝑃𝑃� = lim𝑟𝑟→∞𝑃𝑃� =
112𝜋𝜋2 ��43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐�  ∫ 𝑘𝑘4(𝑘𝑘2 + 𝜇𝜇2)−1/2𝑒𝑒−𝛼𝛼𝛼𝛼𝑚𝑚𝑑𝑑𝑘𝑘∞0                                   (13) 

These quantities are the eigenvalues of the energy-momentum tensor when t→ ∞  for an 

expanding universe3. Then the physical energy density and pressure in the Einstein universe 

are 3:  𝜌𝜌 = lim𝛼𝛼→0  (𝜌𝜌� − 𝜌̅𝜌)                                                                                                              (14) 𝑃𝑃 = lim𝛼𝛼→0  (𝑃𝑃� − 𝑃𝑃�)                                                                                                             (15) 

Following the rest of the derivation by Ford 3, 𝜌𝜌 =
14𝜋𝜋2𝑟𝑟4 ��43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐� � 1120− 124 𝜏𝜏2 − 18 𝜏𝜏4 �ln

𝜏𝜏2 + 𝑒𝑒 +
14� + ∑ �𝑚𝑚2(𝑚𝑚2 + 𝜏𝜏2)

12 −𝑚𝑚3 −𝑀𝑀−1𝑚𝑚=1
12 𝜏𝜏2𝑚𝑚 +

𝜏𝜏48𝑚𝑚� +  ∑ 𝑏𝑏𝑛𝑛𝜏𝜏2𝑛𝑛  ∑ 𝑚𝑚3−2𝑛𝑛∞𝑚𝑚=𝑀𝑀∞𝑛𝑛=3 �                                                                          (16) 

and 𝑃𝑃 =
112𝜋𝜋2𝑟𝑟4 ��43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐� � 1120 +

124 𝜏𝜏2 +
18 𝜏𝜏4 �3ln

𝜏𝜏2 + 3𝑒𝑒 +
74� + ∑ �𝑚𝑚4(𝑚𝑚2 + 𝜏𝜏2)−12 −𝑀𝑀−1𝑚𝑚=1

𝑚𝑚3 +
12 𝜏𝜏2𝑚𝑚 − 3𝜏𝜏48𝑚𝑚� + ∑ 𝑐𝑐𝑛𝑛𝜏𝜏2𝑛𝑛  ∑ 𝑚𝑚3−2𝑛𝑛∞𝑚𝑚=𝑀𝑀∞𝑛𝑛=3 �                                                                (17) 

Where, 

 𝜏𝜏 = 𝜇𝜇𝑟𝑟 and M is any integer greater than 𝜏𝜏. 

𝑏𝑏𝑛𝑛 =
(−1)𝑛𝑛−1(2𝑛𝑛 − 3)‼

2𝑛𝑛𝑛𝑛!
�                                                                                              (18) 

𝑐𝑐𝑛𝑛 =
(−1)𝑛𝑛−1(2𝑛𝑛 − 1)‼

2𝑛𝑛𝑛𝑛!
�                                                                                               (19) 

and 𝑒𝑒 = 0.577 …is the Euler’s constant. 

Thus, from equations 16 and 17, for a massless(𝜇𝜇 = 0)  field, the pressure P is 𝑃𝑃 =
𝜌𝜌3 =

11440𝜋𝜋2𝑟𝑟4 �43𝜋𝜋𝑟𝑟3� 𝜌𝜌𝑣𝑣𝑣𝑣𝑐𝑐                                                                                              (20) 

 



Therefore, 𝑃𝑃 =
2𝛾𝛾′𝑟𝑟                                                                                                                                    (21) 

Equation 21 agrees with the Young-Laplace equation used to determine the pressure due to 

surface tension. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Discussion 

Another possibility for the surface tension has been explored previously. Witten has 

conjectured that in a first-order QCD phase transition the quark matter may get concentrated 

in invisible quark nuggets7.  Further, using a Fermi gas model, Farhi and Jaffe have found the 

conditions under which quark matter is stable and may not get evaporated in the early 

universe8. Furthermore, Berger conjectured that the quark matter may be the dark matter that 

closes the universe9. However, Alcock and Farhi found that only the strange matter lumps 

with baryon number larger than 1052 could survive the evaporation10. In contrast, by taking 

into account the reabsorption of emitted hadrons, Madsen, Heiselberg, and Riisagar11 suggest 

that quark matter with a much lower baryon number could have survived the evaporation. 

Finally, Berger 9 calculated the surface tension of quark matter and concluded that it is 

insufficient to save it from boiling away in the early universe. Thus, quark matter may not be 

the dark matter that is responsible for the surface tension of the universe. On the other hand, 

the surface tension of the quark matter may be responsible for the formation of stellar objects 

such as quark stars12 and may have other astrophysical implications13-17. Further, the surface 

tension force originates from the quantum vacuum field because the Young-Laplace equation 

of the surface tension force is identical to the functional form of the force due to the field.  
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