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the tube than to other liquid molecules, the liquid will
depress by a convex surface [1, 2]. Mathematical evaluation
of the capillary interaction suggests that a narrow tube will
withdraw a liquid column higher than a wide tube [3].

Abstract—The aim of the Study was measuring the effects of
narrowing capillary interspaces on a weighing mass with
certain planar surface. Method: Distillate water (201g) and
glass plates (2x125x57 mm, and 37502mg) were weighed with
electronic scale separately. A stage of micrometer mobilized
one glass plate and later the glass cube (133x125x57 mm, and
250988mg) to create a capillary interspace (width <1mm) on
the weighing objects. Changing amounts of weights were
recorded as results. Result: Weights of the glass plate and
water were decreased 10 mg (1.40mg/cm2) and 8mg (1.12
mg/cm2) by capillary interaction like a force of attractions
respectively. Discussion: When planar and parallel two objects
close to each other within capillary distance in air, a weight
decreasing effect develops that calculable as attraction force
and drives them to connect (capillary collapse). This is bigger
than the gravitational force, less than the force originated from
atmospheric pressure, depends to chemical compositions, and
increases by decreasing width of capillary. Therefore, the
capillary collapse and gravitation could be complicated to each
other. This result must be considered in search or analysis of
process at the capillarity. New researches are required to
explore relationships between this force, distance and chemical
composition.

B. Practice of Capillary action
Chemists
utilize
capillary
action
in
paper
chromatography, in which a solvent moves vertically up a
plate via capillary action. Dissolved solutes travel with the
solvent at various speeds depending on constitutional
features of solutes, solvents, and papers. Paper blotters,
towels, and wicks absorb liquid through capillary action,
allowing a fluid to be transferred from a surface to the
capillary interspaces of construction [4]. The small pores of
a sponge act as small capillaries, causing it to spontaneously
absorb a comparatively large amount of fluid by expanding
volume [5].
Determination of the volume of packet erythrocytes
(hematocrit) can be accurately performed on capillary;
blood from a skin puncture wound flows spontaneously into
a capillary tube (75 mm length with a diameter of 1.2 – 1.5
mm) by simple connection of blood [6]. Mechanists are
using paper separators between glass plates to avoid contact
and capture (stick) phenomenon of them, and it is not a real
stick or a chemical interaction. The pressure of gas is related
by collisions between surfaces and gas molecules, and the
force of capture phenomenon is explained by zero air
pressure between glass plates and continuing environmental
air pressure on the external surfaces that push them to each
other. Therefore, the required force to separate of two
connected planar glass is over than multiplying the
atmospheric pressure with connected area of glass surface
due to two external surface pressed by air [1].
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I.

INTRODUCTION

The aim of the study is measuring the effects of
narrowing capillary interspaces on a weighing mass with
certain planar surfaces.
A. Capillary Effect or Capillarity
The famous effect of surface tension is the ability of a
liquid to rise inside narrow (capillary) pipes in apparent
violation of the response to gravity. This case is called
capillary effect or capillarity. The capillarity is explained by
concepts of surface tension, cohesion, adhesion, and gravity.
Two attractive forces of them are opposite to each other:
adhesion between the molecules of the liquid and those of
the container, and cohesion between the molecules of the
liquid. If molecules of liquid (like as water) are more
strongly attracted to inner surface of a tube (adhesion) than
to other nearby liquid molecules (cohesion), the liquid will
rise in the tube and forms a concave surface (meniscus). If
molecules of liquid (like as Mercury) are less attracted to

C. Electromagnetic waves and capillary space
Capillary space effects molecular vibrations and
electromagnetic waves. Helical oscillation of a string is
polarized between narrow interspaces of parallel plates by
loosing vibrations perpendicular to surfaces of plates.
Similar polarization is available for lights that vertical
waves cannot pass through a horizontal and narrow slot of a
barrier, and this slot will allow only the vertical component
of wave to pass. Therefore, the horizontal waves
perpendicular to surfaces or direction of slot are filtered.
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where m1, m2 are the masses of two objects, r is the distance
between their centre of mass, and G is the gravitational
constant [21].
In a modern laboratory apparatus, the Cavendish balance
is basically the same as the original. However, results of
these experiments are formulated by distance between
centers of masses, but the real width of the narrow (as close
as) spaces between surfaces of the masses were not
evaluated. Very seldom studies were done in vacuum
without sufficient comparison. Most of the studies discussed
the sources of errors like as convection, temperature,
oscillation, torsion resistance, and altitude. In addition to
factors having effect on dynamics, the electromagnetic field
of connected masses is higher at the surface of the small
sphere than the big one, and if two spherical mass connected
by a conductive wire, they polarized as positive and
negative that attached to each other [22 - 24].

Because of this polarization, the complex helical waves lost
some component and turns into planar wave. These
examples of polarizations including lights are observed and
performed in the real capillary spaces. [1, 7, 8]
It is suggested for capillary electrophoresis that a surface
charge exist only on the walls of the capillary, and the
electro-osmotic flow profile is essential flat like a piston [9,
10]. Two parallel plates behave as a capacitor, and
electromagnetic fields transmit and flux over this system,
and those transmissions are not lossless [11, 12].
Electromagnetic interactions of metal couples, capillary
spaces and surfaces are unusual, and working a grounded
apparatus that connected to ground by a conductor wire
operates and protects the physical features of a medium [1].
D. Biological system and capillarity
Capillarity is one of the causes of the upward flow of
water in the plants, and it does not spend energy as seen in
active transport [13, 14]. Avascular heart of frog that
myocardium devoid of coronary vasculature and blood
circulates in myocardial sponge capillary bed that filled by
blood at the short diastolic phase in spite of dilatation of
myocardium and period of decreased blood pressure in
ventricles [15].
Average of the total cross-sectional area of the systemic
vessels is 2900 cm 2 and the biggest part of it, is capillary
that 2500 cm2 for human body. The pressure in the aorta is
high, averaging approximately 100 mm Hg, but in a
capillary vessel, it is only about 17 mm Hg [16, 17].
Relationships and reciprocal stoichiometric interactions of
vessel diameter with blood temperature, blood viscosity,
blood flow rate, blood flow velocity, blood pressure and
hematocrit is reported as a circulatory control system
analysis [18, 19]. The mechanical equivalent of heat for
kinetic energy and pressure of blood flow is reported that
high speed (sometimes turbulent) blood flow enters to the
capillary vessels, and the energy of blood flow turns into
heat by frictions (collisions), and therefore, pressure of
blood flow decreases approximately up to zero at the vena
cava and the entrance of the right atrium [20].

II.

METHODS

A sensitive electronic scale (Precisa XB 220A, Made in
Switzerland, e=0.001g, d=0.0001g), stage of a clinical
microscope that vertically mobile on the body accepted as a
micrometer and carrier of glass objects with sensitive
motions of fine adjustment switches, a cup of distillate
water (201 000 mg), smooth glass plates (2 x 125 x 57 mm,
and 37 502 mg) and a glass cube (133 x 125 x 57 mm, and
250 988 mg) were used. Weights of objects are observed as
given above that all digits are represented with level of
milligram on the scale screen. Bottom and upper surfaces of
these glass objects were equal and rectangular (125 x 57
mm). The reasons of choosing glass materials were the real
smooth surfaces that essential to make a detectable capillary
space, and inertia in electromagnetic fields.
During the whole periods of the experiment; the stage of
the microscope, pan of the scale and surface of glass plates
were kept in parallel positions to the surface of water. The
glass plate and then the glass cube were attached to the stage
of the microscope by a vertical wooden pipe one by one,
and the wooden pipe is free from thermal expansion and
magnetic fields. Nasal mask and cotton gloves were used to
avoid heat transfer to the apparatus from the body of
researcher. Body of scale and microscope connected to the
ground by thin cupper wires to avoid the effects of
electromagnetic accumulation and static electrical charge.
The electronic scale is free from iron and effects of
magnetic fields. The weight of one glass plate and later the
water was measured on the scale separately. Remaining
glass plate and afterward the glass cube was mobilized
vertically with the stage of the microscope to constitute a
narrowing capillary interspaces on the upper surface of the
weighing mass. Therefore, during the separate capillary
interactions between mobile objects (on the stage of the
microscope) and the stable objects on the scale; the four set
of experimental weighing process (the glass plate by the
glass plate; the glass plate by the glass cube; the glass plate
by the water; and the glass cube by the water) were done.

E. Gravity
The Cavendish experiment done in 1797- 98 by Henry
Cavendish was the first to measure the force of gravity
between masses, and the first to yield accurate values for
gravitational constant and the mass of the Earth. When two
massive lead spheres were brought as close as to two small
balls, the gravitational forces of attraction made the
suspended system turn slightly to a new position of
equilibrium. In 1687, Newton presented his law of universal
gravitation, according to which every massive body attract
the other body by a force F given by;
F=Gm1 x m2 /r2,
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object returned to the normal first value without any
fluctuation of the values. When the mobile glass plate
(attached to stage of the microscope) was displaced by the
heavy glass cube that surfaces of them were equal, the
results of measurements (decreasing weight= 10 mg) were
the same (stable). Maximal amount of decrease for observed
weight of water was 8 mg by narrowing capillary distance,
and the decreasing weight like force of attraction per unit
area = 1.12 mg/cm2 (8 / 7.12=1.12 mg/cm2).
When the distance returned to the long (over than 1 mm)
distance between surfaces, observed weight of water
returned to the normal first value. Displacement of glass
plate by the heavy glass cube did not change the result that
decreasing weight of water was the same (8 mg); the
capillary interaction surfaces were the same 7.12 cm2 for all
experiments. When a minimal contact appeared between
surface of the water and the surface of the mobile object, the
nearby surface of water upraised on the border of glass plate,
and the weight of water was decreased a 175 (+/-3) mg
suddenly. The force of attraction per unit area was 175/7.12
= 24.57mg/cm2. There was not a contamination (residue) of
water on the surfaces of glass at the end of this step of
experiment. In addition, after removing the mobile object to
a long (over than 1 mm) distance; the weight of water
returned to the normal first value. However, when the
mobile glass was immersing into the water, the observed
weight of water was increasing on the scale. According to
the aim, the subject and the method of the study (capillary
distance), complicated results of the experiments with
connection of glass surfaces by water were excluded from
the study.

While measuring the weight of a stable object, the capillary
width between the stable and the mobile object was
decreasing to the minimal narrow space (less than 0.5 mm)
by slow motion of two rotary switches of the stage. Between
every step of minimal motion of stage of the microscope,
one minute of motionless period was given to control of
fluctuation and balance of the scale.
While narrowing the capillary space, measured minimal
stable weight of the object was recorded as a result that just
before connection. These periods of measurements were
controlled very carefully to avoid of any complication of
connection between objects. These complicated results of
measurements that exhibited an acute change of weight or
fluctuation of scale cursor due to connection were excluded.
Every set of experiment was repeated numbers of times to
obtaining experience for sensitively manipulate the stage of
the microscope by minimal motion of switch. When the
measured minimal weights become stable at least twelve
times consecutively, these amounts of weights were
collected as correct results. Laboratory temperature and
other conditions were kept stable, and whole apparatus were
avoided from airflow or direct sunlight during the
measurements.
III.

RESULTS

When the width of capillary interspaces between stable
surface on scale and mobile surface on the stage of
microscope was narrowing to (approximately) less than
1mm, the monitored weight was starting to decrease, and
later reaching a minimal value of weight just before
connection of two surfaces. During five minutes of
motionless pause at the capillary width (0.5 mm), the
decreased weights were clearly stable without any
fluctuations, and later adjustment of the capillary space
produced the same weights at the known width by back and
forth motions of the switches. Later then reaching the
minimal weight at the narrowest capillary width, to collect a
more little weight was becoming very difficult that the
minimal motion of the stage was producing a connection
between two surfaces. According to all of the observations,
there was a negative relationship between capillary width
and decreasing weight (force of capillary collapse) of the
mass. However, the exact mathematical relationships
between force and width (linear or inversely related to
square of capillary distance) could not determine by these
apparatus and condition of the laboratory. Thinking the
decreasing weight like force of attraction should be
dependent on the surface area of capillary interaction,
decreasing weight per unit area was defined as:
Decreasing weight (like attraction force) per unit area =
decreasing weight / area of capillary interaction surface.
Weight of the stable glass was decreased 10 mg exactly.
The decreasing weight per unit area = 1.40 mg/cm2
[(125x57=7.12 cm2); (10 / 7.12=1.40 mg/cm2)]. After that,
when the mobile glass was taken back to a long (over than 1
mm) distance from the stable object, the weight of the stable

IV.

DISCUSSION

A. Concept of capillary collapse
According to information given in the introduction,
capillary space could changes the features of some physical
process. Result of this study suggests that when two objects
have planar surfaces and approached (close) to each other
up to capillary distance (approximately less than 1 mm) by
parallel position of their surfaces, a factor appeared like as
force of attraction, and it is detectable via decreasing weight
of the objects on the scale. In fact, the nature of this weight
decreasing effect originated narrowing capillary space is
unknown at this step of the study. It could be only
decreasing air pressure (force) on the weighing object with
capillary effect. However, long and stable period of
decreased weight on the scale must be explained by
stoichiometric and mathematical relationships of variables
of the experiments. Therefore, up to collecting clear evident
for nature of this weight decreasing effect, temporarily using
term of “force” may be useful for mathematical process that
factors like pressure, area of surface, decreasing weights
like force must be prepared in one equation for evaluate of
this experiment. On the other hand, if it is not a new force, it
must be a force decreasing effect on factors of this
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the decreasing weights per unit area of the objects are very
little than atmospheric pressure (76 cm Hg=1033.6 gr/cm2).
According to collision dynamics and the theory of
probability, a speculative evaluation could be performed
that while narrowing the capillary space, an amount of gas
molecules could be exhausted by collisions out of the
capillary, and it is presumable that exhausting is easy, but
entering back to the narrow capillary orifice (split) between
two surfaces is difficult and less probable for randomly
mobile air molecules. When motions of air molecules are
represented by vectors, it could be proposed that parallel
orientation of direction (vectors) of moving air molecules to
the surfaces of capillary space is very less probable, and
therefore, molecules could not enter in the narrow orifice of
the capillary space. In addition, reaching of the air
molecules into the deep space of the capillary medium must
be more difficult due to increased collisions with inner two
surfaces of capillary. Collisions between air molecules and
capillary surfaces could be result in decreasing kinetic
energy of molecules due to conversion of kinetic energy into
heat by collisions on the surfaces that result in decreased air
pressure in the capillary space.
According to these evaluations, this capillary action like
attraction force must be greater between big capillary
surfaces for per square meter. Using mathematical and
stoichiometric evaluation suggests that increasing length of
side (line of capillary split) decreases the ratio of “area
cm2/sum of side cm” for a square, and making a sample
calculation is easy that the ratio is 0.5 for square of2x2cm
(length of sides), and 2.5 for square of 10x10 cm. If these
approaches are true, capillary systems decreases the kinetic
energy (and pressure) of air molecules, and then capillary
space collapses.

experiment. This force measured during capillary interaction
between two surfaces like as attraction was very big than the
gravitational attraction, and little than the force originating
from atmospheric pressure. When the areas of capillary
surfaces of two glass objects were equal to each other for
the capillary interaction, the amounts of the decreasing
weights were the same in spite of increasing weight of
mobile mass (glass cube) on the stage. However, decreasing
amount of weight is related by distance. In addition, when
the experiment done between the same glass surface and
water surface, the changing weight was related to the
distance, but affected by chemical composition of weighing
mass. While long experimental periods of open capillary
space, the stable state of decreased weights of objects are
additional proofs that there is a newly diagnosed condition
or a factor in here and it deserves a new name and it could
be “capillary collapse”. By the way, the width of capillary
space is suitable for increased effects of gravitational
attraction, and compatible by the direction of gravitational
force produces collapse of mass [25]. It could be concluded
that declining of the mass into the centre is a common
feature for these two fact ors, and the capillary collapse
must be complicated by gravitation, and the gravitation
experiment (implicated with very close two spheres) of
Cavendish could be complicated by factor of capillary
collapse.
B. Base of capillary collapse
Information and the results of the experiments given
above could not prove a reason for decreasing weight of
objects in relation to the decreasing amplitude of the
capillary width. There is a famous example that when a ball
enters into a narrow tube by big amplitude of vibrations; it is
entrapped and continues to vibrate with increased frequency
but little amplitude for a short time. Decreased amount of
the kinetic energy of the ball is turned into the heat and
sound via increased frequency of collisions between the ball
and surface of the tube. Therefore, reason of capillary
collapse could be concluded that the pressure and kinetic
energy of gas molecules were decreased concomitantly in
the capillary medium. One of the mechanisms could be
decreased (extinguished) kinetic energy of air molecules via
increased collisions between narrow capillary surfaces and
gas molecules that kinetic energy of molecules converted
into heat and then radiated or transferred to the periphery by
mass of surfaces. This kind of process is called as
isothermal reactions [1].
On the other hand, when an amount of air molecules are
exhausted from capillary space by collision (pressure) of
capillary surfaces, the air pressure of interspaces decreased,
and this is an reasonable event. However, why free
environmental air molecules did not refill this open capillary
space, and why the decreased weights were stable during the
long and motionless pauses of measurements? In addition,

C. Chemical Composition and Capillarity
In spite of equal areas of (7.12 cm 2) surfaces for capillary
interaction, the difference of force of capillary collapse
between glass by glass couple and glass by water couple
could be explained by vapor of water surface. At the study
of gravity, it is interesting that the result of Cavendish
experiment depends on the chemical composition and
internal structure of the test apparatus [12]. Thus, collapse
phenomenon could be affected by gravitation and chemical
compositions of mass at the capillary medium.
While little connection of two surfaces, closed surface of
water by a mobile glass plate (attached on the stage) could
be resulted in decreasing atmospheric pressure on surface of
water. In addition, uprising a narrow line of surface of the
water on the border of glass plate must be evaluated as a
factor. The increased weight of water by immersed mobile
object could be explained by principle of Archimedes that
“such a body experiences an upward force equal to the
weight of the fluid that would fill the space occupied by the
immersed part of the body.”
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D. Increased Mass and Capillary Collapse
Changing (Increasing amount) of the mass (from the glass
plate to the glass cube) did not change the decreasing
amount of the weight on the scale while capillary interaction.
These are conflicts to force of gravitation, or presumably the
sensitivity of scale or increasing amount of mass of mobile
object was insufficient. However, according to the results
and limitations of the study, the capillary collapse must be
related to distance between plates, area of surface and
chemical composition of mass.
E. Biological functions of the capillarity
If the concept of capillary collapse (Decreasing amplitude
of motion in capillary space) is true for every capillary
space; it could be expected that the capillary vessels entraps
the turbulent, vibrant or chaotic flow of blood, and capillary
vessel decreases the pulsatile (amplitude of pulsation)
properties of blood flow that originated from contraction of
myocardium. Whole biological cells and their cytoplasmic
tubular systems fall within capillary dimensions and they
placed in some capillary constructions. Therefore, it could
be proposed that mass transfer and chemical events of cells
are affected by capillary features of the medium.
Hematopoietic bone marrow is a gelatinous material
interspersed within narrow trabecular bones formed by
lamellar bone sheets and constitutes spongy capillary spaces
that connected and opened to each other by capillary and
sinusoidal blood circulations [26]. At the every step of
running, all of the cells in bone marrow of femur are
vertically pressed with over than 40 cm height of gelatinous
mass by consecutive dashes. Compare that thrombocytes
and erythrocytes are disrupted by a little shaking of a blood
tube, and erythrocytes are destructed by centripetal
gravitation of clinical centrifuge (r=9 cm) over than
3000/rpm [9, 26]. Thus, feature of the capillary construction
could be evaluated as a protector system for the sensitive
parenchyma of organs that absorbs vibrations, collisions and
pulsatile pressure of blood. Compare that capillary porous
fluid systems could be stored fluid without fluctuation, and
may improve fuel transfer systems on future spacecraft
safely. In addition, stored fuel (propane, hydrogen, or
oxygen) in capillary porous system could not explode,
fluctuate, resonate, or dash easily in empty space. The old
lighters are safety for risk of explosions and leakage that
explosive fuel stored in a capillary reservoir made by
compressed cotton fiber.

that distance between their surfaces is 0.5 mm, it is
calculated that distance between centers of two mass is
equal to 0.5 mm +2r=10.5 cm. However, when the distance
between two surfaces of two plates is the same as 0.5 mm,
and thickness of plates are equal to 1 mm, the distance
between centers of masses of plates is equal to 1.5 mm
(mass centre of plates is placed in middle distance of
thickness that is 0.5 mm, and 0.5+2(0.5)=1.5 mm).
According to equation of the gravitational force (F=Gm1 x
m2 /r 2), it is expected that gravitational force between two
parallel planar mass is higher than gravitational force
between two spheres, in spite of equal mass. Therefore, it
could be concluded that shape of spheres produces
minimum gravitational forces between two spheres. In
addition, gravitation is focused in center, and increased
collisions between particles produce spherical shapes.
Probability of tangential collision between two spherical
mass is more over than collisions between two spherical
mass in centre-to-centre positions. Therefore, these
statistical distributions of multiple collisions result in
motion of rotation that mostly fates of kinetic energy should
be turn into angular velocity via multiple tangential
collisions. [27].
As a result, energy and mass distribution are related and
determine to each other, and therefore, it could be expected
that fate of free (kinetic) energy of air molecules is different
in capillary space from free air space with increased
collisions between air molecules and the capillary surfaces.
Thus, new searches are required to collect very sensitive
data based on a real time synchrony recorder for scale and
micrometer, and correlation analysis among area of surfaces,
width of capillary, force of capillary collapse and gravitation.
Searching the effects of vacuum, darkness, stable
temperature, increasing amount of masses, plate shapes in
vacuum, and different area of surfaces with a regular
gradient, and changing atmospheric pressure are required.
Additionally, effects of different chemical feature of several
mass (Glass, copper, iron or etc) and liquids must be
searched. The more extended period (hours) of motionless
weighing may yield different information. Whole apparatus
of these experiments must be grounded by conductor wires,
and working in an isolated laboratory like as Faradays cage
must be tested.
V.

CONCLUSION

Nature of capillary collapse must be separated from
gravitation by further studies. The new concept and results
of this study could increase the number of physical,
chemical, and biological parameters. It should be considered
in nanotechnology, mass and energy transfer in capillary
spaces, and application or analysis of process at the
capillary systems. This research and the manuscript is the
first about the concept of capillary collapse that based on
proven reality of the experiments and measurements. It is
obvious that the air pressure is zero between connected
planar glass plates. However, an initial point of distance for

F. The Cavendish experiment and capillarity
It is obvious that the forces of gravitation and the
phenomenon of capillary collapse are complicated by each
other in capillary space. Suppose that there are four equal
mass, two of them are in spherical shapes and the others are
smooth and equal two plates. When two spheres (radius is
r=5 cm) are close to each other for experiment of Cavendish
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pressure decreasing process is unknown, and relationships
of distance and pressure was obscure up to day. However, at
least four important questions are subjects to further
investigations to collect more information: Which forces,
how, the longest period of persistence, and in which
relationships? Controlling and directing of some physical
and chemical reactions may be different in capillary space,
and additional studies will lead to further advantages at the
field of theory and practice.
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