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Geometry in exposing false statements

Abstract: At present, for some reason, the number of supporters of
the flat Earth hypothesis is growing all over the world. In particular,
in order to confirm this hypothesis a number of experiments using the
most modern instruments and qualified specialists have been
conducted. This paper discusses the results of these studies and
analyzes the methodology of their conduct. On the basis of the
dialectical approach, the invalidity of the arquments presented is
shown. One of the main arguments cited to prove the plane of the
Earth is the fact that the water surface is horizontal in inland waters -
lakes and reservoirs. We have explained the mechanism of this
phenomenon from the geometrical and hydrostatic point of view. A
hypothesis has been advanced about the influence of this mechanism
on the ocean expanses as well. An example of ships drifting beyond the
horizon is considered. The experience of measuring geodesic curves by
means of high-rise buildings is subjected to detailed analysis. The
instrumental base is carefully designed and implemented. Conclusions
on the results obtained do not withstand scientific criticism. The
unreliability of the interpretations in the analyzed works is explained
by the imperfection of the methodology of the studies performed.
Keywords: descriptive geometry, geometry, —exposing, false
statements, Earth plane.
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1. Introduction

It is well known that the word "geometry" in Greek means
"measurement of the earth". This science arose from the purely
practical tasks of determining the areas of land, etc. Using the laws
of geometry, the Greek scientist Eratosthenes, as early as 240 B.C,,
established the sphericity of the Earth by the difference in the length
of shadows at noon in the cities of Siena and Alexandria.

But in our time, the theory of a flat Earth has been revived and
finds more and more supporters. And even in such developed
countries as the United States or Germany. Even in Russia, which
inherited a high level of education from the Soviet Union, about 3%
of the population believe in it [1]. The Internet is full of materials
proving the flatness of the Earth. However the overwhelming part of
authors of works not scientists and not experts. They give
unsubstantiated speculative arguments such as "The horizon is
absolutely flat, and should be an arc, since the Earth is round". Most
of the arguments are not scientifically substantiated and are repeated
from clip to clip. They are relatively easy to refute, which many
bloggers do. But unfortunately, also mostly unsubstantiated, just
based on common sense.

But here a group of researchers from Brazil decided to check
on the basis of detailed experiments whether the Earth is flat or not
[2], and received quite convincing arguments in favor of the first
statement. By now, there is an unhealthy tendency in the global
community, especially among the younger generation, to believe in
such fallacies. Especially when they are supported by "practical
observations and scientific experiments. Ultimately, the degree of
societal ignorance increases, contributing to overall degradation. All
this raises serious concerns, as it can seriously affect the further
development of civilization.

Therefore, in this article we will dissect and analyze the
conclusions of the work [2] in favor of the "flatlanders", for which we
will use geometry. After all, according to the laws of dialectics,
natural and social phenomena, including science, are continuously
changing, evolving and in the course of time in their development
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return to their source, but at a higher level. And so geometry,
beginning with the measurement of the earth, will help us in
measuring the earth to prove that it is not flat.

Let's start with one of the most paradoxical phenomena: the flat
surface of water in a lake. On Lake Titicaca, at a distance of 110 km
from each other, an emitting laser and a receiver of its radiation were
installed. The scheme of the experiment is shown in Figure 1. There
is a globe O with a diameter of 12742 km. Therefore its radius
R=12742/2=6371 km. There is a laser transmitter at point A and a
receiver of laser radiation at point B. The distance between points A
and B is 110 km. The instruments at points A and B are located at a
height of approximately 1 m. The laser beam propagates in a straight
line. If the Earth is shaped like a ball, the arc ADB can become an
obstacle to the beam and the receiver B will not detect it. But for that
the height of ADB must be greater than 1 m. Let us determine if it is
true. Denote the length of the segment by x. Since OD = OB=R, OS =
R -x. CB =% AB =55 km. By Pythagoras theorem:

OC?2+ CB?=0B;,
(R —x)*+552=R?,
R?2—2 R x + x%2+552=R?,

x2 -2 Rx+552=0.

6371++/6371% —4-3025 ~ 6371+6370,05
2 2 '

X0 =

Obviously, the correct answer can only be

X, = 6371-6370,05 _ 0,025
' 2

Thus, it appears that there is a 25 meter obstacle in the path of
the laser.

But the receiver picks up the laser radiation, therefore, it freely
travels this distance of 110 km in a straight line AB! Hence, the
surface of the lake is flat, there is no sphericity!
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Figure 1: Schematic diagram of the experiment to check
the level of the reservoir

Loza also says that the surface of Lake Baikal and any body of
water in general is flat [3]. What is the essence of this paradox - a flat
lake on a round Earth?

Everything can be explained by the basic law of hydrostatics -
the pressure at all points inside the liquid is the same. It follows that
the liquid in any communicating vessels stands at the same level.

Figure 2: Profile of the lake

Let us perform a mental experiment. Take a lake and divide its
entire volume into separate sections 1, 2, ..., n. All of them will be
communicating vessels, and the water level will be the same
regardless of the bottom profile. Indeed, let us imagine that the
surface of the water in the lake corresponds to the profile of the
globe (Figure 3, dashed line). Consider an arbitrary particle on the
water surface. It is as if it is on an inclined plane. Then the weight of
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the particle P will be decomposed by the parallelogram rule into
normal N and tangential T components. And under the action of
force T the particle will slide down until it comes to a state of stable
equilibrium, which corresponds to a horizontal plane.

Figure 3: Real and imagined profile of the lake

Another experiment was conducted with high-frequency radio
waves, again above the water surface, in a lagoon. The transmitter
and the receiver were located at a height of 1 m and a distance of 14
km. The height of the curvature of the earth's surface had to be 3.84
m. Here, too, there was contact. It is explained in exactly the same
way as in the first case. Another experience carried out in the
considered work [1] is the disappearance of ships over the horizon.
The piquancy of the situation is that this fact is usually given as a
proof that the Earth has the shape of a sphere.

The essence of the experiment - the researcher visually
observed the disappearance of the ship over the horizon line, and
then began to look through a powerful Newtonian telescope, and
again saw the ship. Again we will use Figure 1. Since nothing is said
about the size of the ship in the clip, for simplicity we take the height
of the above-water part of the ship to be 10 m, that is, CD = 0.010 km.
Then in the triangle OSB the cathetus OS will be equal:

R —0,005=6370,99 xm,

and the cathetus CB will be the unknown distance x. Again by the
Pythagoras theorem:

x? = R?-6370,992

X= \/6371,002 ~6370,99° = /127,42 ~113.
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It turns out that already at a distance of just over 11 km the

ship will go behind the horizon line and become invisible. The
analyzed experiment does not mention distances. Let's assume that
since the telescope is powerful, its range exceeds 11 km, why the
experimenters were able to observe the ship for some more time.
They went further and even developed the theory of "reflection from
water" to explain the result. In fact, this phenomenon was explained
back in the last century by the influence of atmospheric refraction
[4]. Its influence increases the range to the horizon. As a
consequence, the calculated horizon point may not coincide with the
visible one. Here again, we can see the error of the methodology.
In our opinion, the phenomenon of refraction can be supplemented
by the laws of hydrostatics. But the surface area of the ocean is many
times greater than that of any lake, hence its surface cannot be flat!
Yes, it is curved, but its curvature is less than the curvature of the
globe (Figure 4, the dotted line is the ocean surface according to the
curvature of the Earth, the solid line is according to our assumption).
Based on the above calculation, we can estimate it - on the order of
tenths of a percent. Of course, at present it is rather problematic to
verify this hypothesis. But its indirect confirmation can be the fact
known to many that the visibility at sea is quite significant. Visually,
the horizon line is farther away, even taking into account refraction,
than it should be according to calculations.

Figure 4: Assumed ocean profile

The last experiment of the researchers [2] essentially repeats
the work of Eratosthenes. He considered 2 cities A and B (Figure 5),
the distance between which is known, installed poles AC and BD. At
noon he measured the length of the shadow B (there is no shadow
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from AC at noon). According to the length of the shadow
determined the angle at which the pole is directed to the Sun at
zenith and thus the angle corresponding to the arc of the circle of the
Earth. Based on the ratio of the lengths and angles of the arc,
calculated the total length of the Earth's circumference and its radius
[5].

Researchers in the considered work [2] in cities A and B at a
distance of 3050 km have chosen 2 buildings of the same location and
height (see figure 5). They installed gps-stations in the foundations
and on the roof of the building. The task was to determine and
compare the geodetic curves - distances AB and CD. Essentially, they
performed the inverse task - knowing the distance between points A
and B, to find the angle AOV of the divergence of the radii.

Thus the circle closed. If Eratosthenes in his study proceeded
from the spherical shape of the Earth, our contemporaries tried to
refute it, based on exactly the same study. This fact again shows the
dialectic nature of scientific methods, repeating their cycle, but at a
higher level.

Figure 5: Diagram of Eratosthenes' measurement of the Earth's radius

At the Earth's radius of 6371 km, the arc length of 3050 km (the
distance between cities A and B) corresponds to the central angle
AOV, equal to 0.2743 rad. If we take the height of buildings 100 m,
the corresponding new radius OS = OD = 6371.01 km arc length will
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be equal to 3050.080 km. This difference in distance was to be
recorded by the gps sensors.

However, the results were quite unexpected - the processing
of readings of devices on the foundations and on the roofs
completely corresponded to each other, which refutes the hypothesis
about the spherical shape of the Earth. Measurements and
processing of the results were carried out by INCRA specialists. As
stated in the video, it is the best company in the world in the field of
topography. Consequently, there are no measurement errors and the
result is reliable.

Only the repeated viewing of the video and analysis of
speeches allowed to find out the truth. At the 25:15 minute mark, the
INCRA representative says that they will be able to establish the
perpendicularity of the building to the horizon line.

Thus, they were not determining the geodesic curves in space,
but the location of the buildings relative to the horizon line.
Naturally, all sensors, regardless of their elevation on the
perpendicular line, will show the same coordinates of the
perpendicular location. We see a very rough error in the research
methodology. In fact, the methodology of processing the results is to
establish the perpendicularity of the buildings to the horizon, which
does not correspond to the purpose of the experiment - to determine
the distance between the buildings.

Conclusion. The studies performed in the analyzed study [2]
look convincing at first glance, especially the last one. The
instrumental base is developed and implemented in detail. But the
technique of performance of separate experiments in one way or
another contains inaccuracies, which led to an erroneous
interpretation of reliable results. This confirms the old truth about
the fundamental role of methodology in science. The hypothesis that
the Earth is a sphere is not refuted by the considered examples. We
proved it from a geometrical point of view.
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Kaaran MaaiMaeMeaepai anry aarbl reOMeTpUs

Andamna: Kasipzi yaxvimma wandaii da 0Oip cebenmepmer OyKia
aremde xazvrk XKep eunomesacvin KoAIAYuLoIAAPObIH CAHBL APMLIN
Keredi. Aman aumxanda, OYA unomesaxvl pacmay Yuiin em
samanayu Kypardap mem OiAikmi mamandapdol naudarana omvipoin,
Oipkamap  axcnepumenmmep Kypeisiadi. Bya  Kymvicma  ocvl
sepmmeyrepdit,  HIMUXKeAePi  MAAKOIAGHBIN, — 0Aapdbl  KYpzi3y
adicmemeci  mardanadvl. Auarekmukarvik — Ke3kapac — Hezisinode
KeAmipirzeH — 0aAeAdepdit,  Kapamcosdvieol  kepcemiredi.  Kep
Kazorkmulevii dareAdey Yulin Keamipirzen Hezisei dareAdepdity 0ipi —
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IWKI cyrapoa — Keadep meH cy KOUMAAApbiHda cy Oemitit, KodeHer,
opnaracyvl. bi3 OYyA KYObIALICHIbIH, MEXAHUSMIH 2e0MEMPUSADLK
Kone  udpocmamuxarvlx  mypeoidan  mycindipdixk.  bya
MEXAHUSMHIY, MYXum Kewicmizine Oe acepi MYpaAvl 2unomesa
kacardvl. Kemerepdir, kerKkuexmer mvic K032AAYLIHOIH, MUbICAADL
Kapacmuipoiaadol.  Kenxabammut  yiirep  apkbiAbl  200e3USAAbIK
KUCLIKMapdbl oAuLey maxipubeci ezxeii-mezxetiri mardaydar emeoi.
Acnanmulx, 0a3a MyKusam asipAeHzen XKoHe eHzidirceH. AAviHea
HomuKeAep O0ULIHUALA MYKLIPHIMOAP 2LIALIMU CblH2A memen Oepe
aimaidol.  Tardanamoin  erOexmepdesi  unmepnpemayusrapovit
ceMimci3dici  Kypasiremin — sepmmeyrepodit,  20icmeMmeciHin
skemiamezerdizimer mycindipireoi.

Tyiiin ce3dep: cvi30a ceomempusl, 2eoMempus, IKCNOSUL UL, KaAr2aH
Marimdemerep, 2Kep xasvikmuieot.
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I'eomeTpust B pa3o0aadeHNMM A0KHBIX
yTBEpXAeHUN

Annomayus: B nacmosujee epems nouemy-mo 60 6cem  Mupe
pacmem UUCAO CHIOPOHHUKOS 2unomesvl nAockol 3emau. B
uacmHocmu, 0ASl no0meepxKoeHus amoi zunomesot 0OviA nposedet psod
IKCNEPUMEHTNOE C UCHOADI06AHUEM CAMBLX COBPEMEHHBIX NPUOOpPOs U
K6AAUPUUUPOGAHHVIX — creyuarucmos. B dannou  pabome
00cyxKoaromes pesyAbmanmuvl IMUX UCCAe)06AHUT U AHAAUSUPYENICS
Memodorozusl ux nposedenus. Ha octose duarekmuueckozo 1odxoda
noKa3aHaA HecocmoAmeAbHOCHb npusedeHHvx apzymermos. OOHuUM
U3 OCHOBHODIX — APZYMEHNO06, MNPUGOOUMBIX 6  00KA3ANMEALCHIEO
nAOCKOCHHOCU — 3eMAU, s6Aslemca  mom  paxm, umo 600HAS
106epXHOCM 20PUSOHMAADHA 60 6HYMPEHHUX 6000eMAX - 03ePax U
sodoxparuruugax. Mot 00DACHUAU MEXAHUSM MO0 SA6AEHUS C
zeomempudeckol U udpocmamuieckot mouex 3penus. Bvickasama
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2Unome3a 0 6AUSHUL IN020 MEXAHUSMA U HA 0KeAHCKUEe NpoCHIopoL.
Paccmomper  npumep  dpelipyrowjux 3a  0pusonm  KopadAeil.
[lodpobromy — anarusy  nodéepeaemcs — onvim — U3MepeHus.
2e00e3UMecKUxX — KpusblX € HOMOULbIO  6bICOMHDLX  30AHUILL.
Mnempymenmaronas — 0asa  mujamervro  paspabomana U
pearusosana.  Buieodvt 10 NOAyueHHVIM — pesyAbmamam - He
6o10epKU6aIom HAY4HOUL Kpumuxu. Hedocmoseptocmb
unmepnpemayuii 6  AHAAUSUPYeMbIX  pabomax — o00vscCHAemcs
Heco6epuLetcmeom MemoodoA0ZUY NPOEOOUMBIX UCCALIO6AHUTL.
Katouesvie caosa: nauepmamervHas —zeomempus, 2eomMempus,
pasodAauenue, A0XHbIe YmeepkeHusl, 3eMHasl NAOCKOCD.
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