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The study of factors affecting the occurrence of light pollution that comes from the park.
Ms. Sunisa Manocharoen (Grade 12), Mr. Jirayu kitniyom (Grade 12)
[Piboonbumpen Demonstration School Burapha University, Chonburi Province, Thailand]

Abstract

This project aims to study the shapes of lamps that maximize reflection and determine the road surfaces that
most effectively reduce light pollution. Conclusion is a rectangular pyramids base reflects light onto the ground most
effectively. Additionally and black-tinted concrete demonstrated the highest reduction in light reflection from the lamp to
the sky.

Research background

Light pollution is the light that arises from human activities during the night, encompassing the pollution resulting
from the excessive use of light. This includes the inappropriate design and installation of electric bulbs or lamps, leading
to adverse effects on both humans and the environment.

In Currently, light pollution is consistently on the rise, primarily due to urban expansion. This trend has
significantly impacted astronomical observations, making them increasingly challenging. Additionally, nighttime light
interference also disrupts the lives of wildlife.

Our team is interested in studying the factors influencing the occurrence of light pollution originating from public
parks. Our team plan to conduct experiments comparing various shapes of light fixtures to identify the shape that can
most effectively reduce light pollution. Additionally, they aim to compare the reflection characteristics of different road
surfaces, such as asphalt and concrete, to find the road surface that minimizes light pollution most effectively.

Method Z :
1.Study and gather information regarding the regulations for installing lights A @ [\ @
in public parks.

2. Design and cut plastic boards according to the shapes of the light fixtures. Fig 1 : shows the shape of the lamp
As shown in Fig 1. in various forms

3. Apply foil to the inner surface of the light fixtures. :

4. Test the light reflection of each shape of the fixtures to find the most efficient A

design in terms of energy conservation and brightness enhancement for public
parks. Install the fixtures at a height of 2 meters and measure the brightness on
the ground at points corresponding to the center of the light bulb, on the road —_—
surface directly under the light, and on the road surface at distances of 1, 2, 3,  Fig 2: shows the distance for measuring
and 4 meters away from the pole in a horizontal direction. Measure the the reflection of each shape of lamp
brightness using a lux meter, As shown in Fig 2.

5. Once you have the best shape for the lamp, for the fixtures is determined, 1§ i

proceed to conduct experiments to test the reflection on road surfaces, A

including asphalt and concrete. Measure the brightness values reflected
upward. As shown in Fig 3.

Fig 3 : shows the measurement range for
reflectivity of various types of road surfaces

Result
BRIGHTNESS AT DISTANCES ALONG
SHAPE GEssE THE HORIZONTAL PLANE FROM
e THE LIGHT FIXTURE POSITION (LUX)
0m im 2m 3m 4m
SQUARE BASE RISHT T e T TS BRIGHTNESS AT THE DISTANCE IN THE HORIZONTAL
PYRAMID - - - - : EP. | PLANE FROM THE POSITION OF STREETLIGHT ( LUX
LEFT 60.70 | 43.40 | 17.45 | 4.62 1.07 SURFACE — i e C e R
SEMI_ CIRCULAR RIGHT 2235 | 1907 | 925 | 332 1.50 1390 | 458 | 254 740 | 050
SHAPES 45 21.90 | 19.85 | 10.48 | 3.70 1.84 ASPHALT ROAD 883 | 420 | 272 | 1.31 | 0.99 3.84
LEFT 2279 | 1841 | 837 | 3.08 1.67 734 | 431 | 276 64 1 050
GYROELONGATED RIGHT 2533 | 29.28 | 10.60 | 3.51 1.53 1200 | 693 | 527 52 | 1.14
PENTAGONAL 45- 24.16 | 24.61 7.49 3.03 1.59 CONCRETE 1330 | 700 | 482 85 151 5.87
PYRAMID LEFT 24.16 23.15 6.72 1.07 1.42 ROAD 13.80 7.33 4.78 .95 1.55
RIGHT 23.64 | 2076 | 10.84 | 4.42 2.13 CONCRETE 7.43 | 2.80 61 | 082 | 056
BESTANGULAN 45- 2257 | 1987 | 907 | 423 | 208 ROAD PAINTED 11.20 | 209 | 1.06 | 042 | 041 322
LEFT 22.97 | 17.56 | 6.91 3.16 1.72 BLACK 10.9 | 607 | 1.67 | 081 | 039
Table 1 Shows the results of the experir on the ion of inside the light fixture. Table 2 presents the results of the experiment on the reflection of each type of road

Results and Discussion
Conclusion From the experimental study to find the most efficient shape of light fixtures that can help reduce
light pollution, it was found that the most efficient light fixture is the pyramid-shaped one with a rectangular base. (From
the results in Table 1.)This fixture provides better brightness values and minimizes light reflection the most. This is due to
the extensive light dispersion of this pyramid-shaped fixture, which results from the lower internal reflection angles
compared to other shapes. When light is directed downward onto the ground, it yields the highest brightness values
From the experiments, it was found that the type of road surface with the least amount of light pollution from
the ground to the sky is Black-topped colored concrete This type of road surface showed the least brightness in terms of
reflection. (From the results in Table 2.) As for the concrete road surface, it has a smoother texture compared to asphalt
and is white, resulting in more light reflection. This led to a higher level of light reflection compared to black-topped
concrete. In the case of the asphalt surface, it exhibited a higher level of light pollution, especially when it had a similar
black color to Black- colored concrete Consequently, this results in a higher rate of Light pollution compared to the black-
topped colored concrete road. Black-colored concrete is not harmful to Light pollution.
Summary

The results from the experiment indicate that a square base pyramid shape can achieve the maximum ground
reflection of light. Additionally, it was found that roads made of black-tinted concrete can minimize the rate of reflection of
light from overhead lamps to the greatest extent.

Reference

[RICHEST]. https://www. mlWauu.net [Installation of street light poles and public street lamps] (10/4/2023)

[Carolyn Collins Petersen). https://www.darksky.org/light-pollution/ [Light pollution] (16/5/2023)

[TONANASIA]. https://www.tonanasia.com/unana-mssaanuduvesuss/ [Light Intensity] (21/5/2023)
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The study of factors causing inaccuracies in determining the size of the Earth using lunar eclipse photograph
Ms. Kansiree Singnate (Grade 11), Ms.Panida Innaul (Grade 11)
[Thoenwittaya School, Lampang province, Thailand]

Abstract
This study aims to calculate the Earth's size through lunar eclipse photographs and explores factors contributing
to inaccuracies in calculation. We collected lunar eclipse photographs with various sizes of dark shadow on the moon and
clear shadow edges. Then, we found the center of the circle of the Earth’s shadow in order to calculate the shadow's
radius, employing trigonometry and similar triangles. We found that there are some factors affecting the result accuracy,
including differences of the Earth’s shadow size and position, and the variations in shadow intensity and color.

Objective

1) To calculate the Earth’s radius from lunar eclipse photographs
2) To investigate the factors causing the result’s inaccuracy with this method

Method

1) Capture lunar eclipse photos through a telescope with
a digital camera, set the real local time at the shooting
location. Capture photos that clearly show the Earth's
shadow.

2) Select one lunar eclipse photo that clearly shows the
Earth's shadow.

3) Open the selected photo in Adobe Photoshop and
convert the image into grayscale black and white.

4) Assume that the Earth’s shadow is a perfect circle.
Then find the center of the Earth's shadow by drawing
chords overlapping the Earth's shadow in at
least 3 lines. Then draw perpendicular lines at the
midpoints of each chord. According to perpendicular
line drawing will pass through the center of a circle.
Meaning that the intersection of these lines is the
center of the Earth’s shadow as shown in Fig 1.

Fig. 1 : shows 2
perpendicular lines
drawn from 2 chords

at the bottom.
Chord 1

g Chord3
Chord 2 ? ’
/SR

5) Define the edge of the shadow in order to make a circle
with respect to the center from the previous step. As
the darkest border has color codes ranging between
d-c (as show in Table 1). So the first circle, as the
reference circle, is created along this border.

#1f1f1 #e3e3e3 #d2d2d2  #c0cOcO  #b1b1b1

#f8f8f8 #eeeeee #d9d9d9  #cdcdcs  #b8b8b8
Table 1 : shows some examples of the color codes
which the first letters of each code are used to define
the edge of the shadow.

6) Then create 4 additional circles that have the same
center as step 5. Specify the size of the newly created

circles to have diameters greater and smaller than the
size of the reference circle from the previous step.
Approximately 10 pixels (Px), with the edge of each
circle matching in the color code range b-a, c-b, e-d,
and f-e respectively. So we get 5 circles with slightly
different sizes since the color codes vary.

b-a
c-b
d-c

e-d

f-e
Table 2 : Show the
color code ranging
in each circle.

Fig. 2 : shows 5 circles )
created a long shadow border.

7) As each circle represents the whole shape of the
Earth’s shadow. So get the diameter values from
the circles as in pixel units, so we get the radii of
the Earth’s shadow (r).

8) Use r to calculate the actual radius of the Earth (R)
from the following equation.

¢ (9)_ R _r
am\z) = 1

Sun Earth Moon

Fig. 3 : shows a diagram of a lunar eclipse.

9) Analyze the data statistically and summarize the
results regarding the factors causing deviations in this
method.

Conclusion
The calculation of the Earth's size from the lunar eclipse by using the similar triangle method and trigonometry can
provide a result that is accurate and close to the actual size of the Earth. The average value of the Earth's radius
obtained from this method is 6,328 kilometers which is 0.67% different from the Earth’s actual radius. This study has
found factors that may contribute to inaccuracies, including the selection of photographs with various sizes of umbra
shadows. In addition, the intensity and blurriness of the shadow slightly impact the results. Meanwhile, determining the
center of the Earth’s shadow is a factor that has the most significant impact on the inaccuracies.

Reference

National Astronomical Research Institute of Thailand (NARIT) (Public Organization). (2020). Full Moon Eclipse

Phenomenon. Chiang Mai: National Astronomical Research Institute. Retrieved from https://www.narit.or.th/
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The Study of the distance from the Earth to the Sun, and the Earth's Orbit around the Sun
through Analyzing Photographic Images.
Miss Phawinee Thawiphan (Grade 11) Miss Prita Phudwongjit (Grade 11)
[Suwannakhuhapittayasan School, Nongbualumphu province, Thailand]

Abstract

The study of this project aims to find the distance from the Earth to the Sun and examine the orbital eccentricity of the
Earth around the Sun. The investigation was conducted on the days of Aphelion and Perihelion from the Time and Date
website (*1). The plan involved photographing the Sun from July 4, 2022, to May 10, 2023, using a camera with a 10-inch
Dobsonian telescope. A total of 56 solar images were covered, capturing reference star images for angular distance
comparisons using Stellarium Program. We used 56 solar images to measure for size using Adobe Photoshop, calculating
the angular diameter by comparing with the angular distance of the reference star. The distance from the Earth to the Sun
on different days and times was calculated. The study revealed that the maximum distance from the Earth to the Sun was
1.553 x 108 kilometers, the minimum distance was 1.498 x 108 kilometers, and the Earth's orbit around the Sun is elliptical
with an eccentricity of 0.0181, showing a deviation of 8.38 percent.
Introduction

The Earth is a satellite of the Sun, and its orbit around the Sun forms an ellipse. The Earth has an average distance
of 149.6 million kilometers from the Sun. The closest point to the Sun is called Perihelion, and the farthest point is called
Aphelion. Due to the elliptical orbit, the apparent size of the Sun varies each day. This phenomenon inspired the
researchers' interest in studying the eccentricity of the Earth's orbit around the Sun and the distance from the Earth to the
Sun based on photographs of the Sun.
Method

Data Collection

1) The researcher searched for the dates and times of the Sun's closest position to the Earth (Perihelion) and the
farthest position from the Earth (Aphelion) to plan the photography schedule, using the Time and Date website,
2) Captured images of the Sun from July 4, 2022, to May 10, 2023, with significant dates being July 4, 2022 (Aphelion)
and January 4, 2023 (Perihelion,) and 3) Photographed reference stars.

Data Analysis

In the study, we conducted the following procedures: 1) Measured the angular
distance of reference stars with Stellarium. 2) Determined the angular distance of
reference stars from photographs using Adobe Photoshop. 3) Measured the Sun's
size from photographs with Adobe Photoshop as Figure 1. 4) Calculated the angular
diameter of the Sun, reference stars, and Earth-to-Sun distance. 5) Computed
Earth-to-Sun distances on various days and times using the formula tan(g/2) = (D/2)
/ R (where g = apparent angular diameter of the Sun, D = Sun's center diameter —
1.391 x 10® km, R = distance from the Earth to the Sun). 6) Calculated Earth's orbit
eccentricity using eccentricity = (Rmax — Rmin) / (Rmax + Rmin) (Where Rmax = maximum

Earth-to-Sun distance, Rmin = minimum Earth-to-Sun distance). Figure 1: Measuring the Sun’s size
o Conclusion
o 156 From Figure 2 and Table 1, studying the
Eiss T eccentricity of Earth's orbit around the Sun and
= the distance from the Earth to the Sun, it is
§153 observed that the Earth's orbit forms an
z elliptical shape. The farthest Earth-to-Sun
g““ distance occurs at Perihelion on July 4, 2022,
c 18 measuring 1.553 x 102 kilometers. The closest
» 15 distance, at Aphelion on January 4, 2023, is
O 140 1.498 x 10°% kilometers. The eccentricity of
PR PPA RSP ES S LD PP S ECE S PP Earth's orbit around the Sun is calculated as

time(day):from 4 july 2022 0.0181, resulting in a deviation of 8.38 percent.
Figure 2: Graph of the distances from the Earth to the Sun related to time

Table 1: The Sun’s angular diameter and Distance between the Earth and the Sun

5 H g3 ® 5 g| 2 i
IR R HER L
day | DateTme | wof | 2 855 [ dov| owerme | e8| T g 855 | v | owerme | T8 | 3E s 35 Doy | DatoTime | piy [ 3 ; 855
25| 5% | 3z2 $5| 5° | 5z 25|50 | 322 25| 5° | 2z2
@ 2 @ a® @ = @ H
1 | ow071221224 | 12 | 05132 | 1553x10° || 41 | 1308221513 | 075 | 0.5158 | 1.545x10° || 86 | om10vz2_1448 | 2295 | 0521 | 1524x10F || 173 | 21222 1552 | 4144 | 05312 | 1500 10°
3 06/07/22_12.15 &0 0.5132 1.553 x 10° 47 19/08/22_1329 117 | 05163 1.544 x 10° 101 | 1210v22_1223 | 2412 | 05249 1.518 x 10* 177 | 2712122 15.18 | 4239 05315 1.499 x 10#
14 1707122_11.52 324 0.5140 1.551x10° 30 22/08/22_1549 192 05168 1.542 x 10° 121 | 0OV11/22_1249 2893 05262 1515 x 10° 185 | 04001/23 1430 | 4431 05320 1.498 x 107
15 1807/22_15.22 351 0.5140 1.551 x 10° 51 23/08/22_11.28 21 0.5168 1.542 x 10° 122 | 0211/22_1542 | 2920 | 0.5262 1.515x 10° 193 | 1201/23_15.01 | 4623 0.5317 1.499 x 10°
16 1907/22_1549 are 0.5140 1551 x 107 53 27/08/22_14.44 13 osm 1.541x 10° 123 | 011/22_15.15 | 2943 | 0.5262 1.515x 10# 194 | 13001/23_15.32 | 4648 05315 1490 x 10°
17 20007/22_1527 399 05142 1.550 x 10° 56 30008/22_11.58 1380 | 0.5175 1.540 x 10° 124 | 0411722 1547 | 2988 | 05264 1514 x 10° 198 | 1701/23_1505 | 4743 05314 1.500 x 10*
20 23007/22_16.50 473 0.5143 1.550 x 10° 60 01/0922_15.07 143 05176 1.540 x 10° 127 | O7/11/22_16.20 | 3040 | 0.5267 1513x10° 201 | 20001/23_14.41 | 4815 0.5310 1.501 x 10°
2 24007/22_16.02 496 0.5145 1549 x 107 61 02/0922_16.08 1456 | 05176 1,540 x 10° 136 | 16/11/22_15.16 | 3255 | 0.5281 1510 x 10° 223 | 1102723 _15.02 | 5343 0.5202 1.506 x 10*
22 2507/22_15.40 520 0.5145 1.549 x 10° 65 06/0922_12.27 1548 | 0.5180 1.539 x 10° 137 | 171122_1542 | 3280 | 0.5282 1.509 x 10# 236 | 2402123 155 | 5656 osarr 1510 x 10*
2 26007/22_1547 544 0.5145 1549 x 10° 78 19/0922_15.09 1863 | 0.5201 1.532x 10° 158 | o&12/22_15.31 3784 | 0.5299 1.504 x 107 250 | 09%03/23_16.15 | 5092 0.5262 1515x 10
25 28007/22_15.36 592 05146 1549 x 107 8 2200922_15.07 1935 | 0.5204 1.531x 10* 164 | 1412722 1533 | 3928 | 0.5303 1.503 x 10° 263 | 2200323 1347 | 6302 05249 1518 x 10°
29 0108/22_17.06 689 0.5150 1.548 x 10° 85 26/0922_15.11 2031 0.5214 1.520 x 10° 165 | 1512722 1523 3951 0.5304 1.503 x 10¢ 274 | 020423 1311 6565 0s2n 1524 x 10*
37 | 080822 1538 | 880 | 05155 | 1546x10° || 86 | 2710922 1234 | 2053 | 0.5216 | 1.528x10° || 166 | 1612122 1529 | 3975 | 05907 | 1802x10° || 297 | 2504723_12.20 | 7116 | 05213 | 1529 10°
38 10008/22_15.07 903 0.5155 1.546 x 10° o™ 05/10/22_1520 | 2247 | 0.5229 1.524 x 10° 172 | 22121221506 | 4119 | 05312 1.500 x 10° 312 | 1000523 _12.07 | 7476 05191 1535x 10°

Reference

Puripat Tanachaiyasinwong and Thanaphon Tancharoen. (2019). Utilizing Moon Photographs for Calculating Angular
Diameter, Apparent Size, and Distance from Earth to the Moon. Bang Pakok Wittayakom School, Bangkok.

Aparna Kher. (2022). Perihelion and Aphelion. Retrieved June 29, 2022, from https://www.timeanddate.com/astronomy
Iperihelion-aphelion-solstice.html.(*1)
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The simulation of eclipsing binary system with variable star
Ms. Pimpitcha Kanchanastheira (Grade 11) and Mr. Sittirat Thongsiri (Grade 11)
[Prommanusorn Phetchaburi School, Phetchaburi province, Thailand]
Abstract
The purposes of this research are to create a simulation of 3 target groups and show its light curve from the
simulation. These target groups are (1) an eclipsing binary system, (2) a variable star, and (3) an eclipsing binary system
with a variable star. The results show that the created program can display models of the eclipsing binary star systems
with the variable star and reveal the determinant of a star system, the light curve, that is consistent with the physical
properties of that star system.
Introduction
Variable stars are stars which brightness changes over time. The light curve of a variable star differs depending
on its type. Furthermore, a binary star system is a star system in which two or more stars orbit around the center of mass
of the system. A light curve is obtained when observing a binary star system in the period covers its orbital period, which
can be used to predict the physical properties of the star system. The authors interested in creating a program to simulate
an eclipsing binary star system with a variable star in one system and to determine the physical properties of the star
system from the simulated light curve by using data from the All-Sky Automated Survey for Supernovae (ASAS-SN)
database, and Python programming language for calculate and displaying the simulation.
Materials and Methods

PART 1: Simulate an eclipsing binary system and show
the light curve.
1. Write a Python program, using Numpy to perform
mathematical operations and Matplotlib to draw graphs.
Using an equation as follows:
1.1 Newton's law of gravitation
i )
R r
where F is the gravitational force between
bodies, m is the masses of the bodies, 7 is the distance
between their center of mass, and G is the universal
gravitational constant.
1.2 Equation of position and velocity calculation for,
“Leapfrog method”7
1.3 Calculate the luminosity and brightness to
simulate the star's light curve. Using equations as
follows:

where L is the luminosity, A is surface area, ¢
is the emissivity, ¢ is Stefan-Boltzmann constant, T is
Absolute temperature, B is the Brightness, and d is the
distant
PART 2: Simulate a variable star.
1. Plot a variable star's light curve by using a Python
program, using ASAS-SN database to determine Phase
Luminosity Absolute magnitude and Radius changed by
Phase.
2. Simulate a variable star, showing its radius change
over time according to Phase from step 1.

PART 3: Simulate an eclipsing binary system with a
variable star.

1. Change one member of an eclipsing binary system in
simulation to a variable star.

2. Create a light curve of the system.

L = AsoT* @
L
" 4md? ®
Result
The result of PART 1 is shown in Fig 1. This Brightness (x10¢ W/m?)
simulation can display a binary star system orbiting 50| T
around its center of mass with different inclination and 25

shows the light curve of the system corresponding to their
eclipse.

Brightness (x1016 W/m2) Apparent magnitude

1N
_ 12.97% .
0 13.0] % 5
13.4| %, %
20 132 %
0 50 100 150 200 250  13-3 Mot
Time (Days) 00 05 10 15 20

Fig 1: the light curve of the Phase

simulated eclipsing Fig 2: the created light
binary star system. curve.

The result of PART 2 is shown in Fig 2. The
creation of a light curve that is simulated from the
simulation of variable star's collapse and expansion.

0 50 100 150 200 250 300
Brightness (x1016 W/m?)

5.0
2.5

0 50 100 150 200 250 300
Fig 3: the created light curve of the simulation of
eclipsing binary system with variable star.

The result of PART 3 is shown in Fig 3. The
light curve of the simulation of an eclipsing binary system
with a variable star. The upper graph is observed at
inclination 0°, while the lower graph is observed at
inclination 90°.

Conclusions and Discussion.

The simulation of an eclipsing binary system can display the system with various inclination angles. The
simulation uses initial conditions including mass, period, orbital velocity and their positions.

The simulation of a variable star can display the variable star with radius changed over time along with its
phase and can display its light curve. In this study, the surface temperature of the star is set to be constant. As a result,
the variable star radius is changed by its corresponding magnitude.

The simulation of an eclipsing binary system with a variable star can display the light curve that corresponds to

characteristics of each type of star. The model of the eclipsing binary star system and the variable star model are combined
in the same model. The created simulation does not account for the transfer of mass between the stars in the system.
According to the upper graph in Fig 3, a variable star that collapses and expands is represented by the diminutive curve,
and a pair of eclipses is represented by the dimmer. Furthermore, because they are not visible as the eclipsing binary
system at a 90-degree inclination, the lower graph only displays the features of the variable star.
References
Lan Morison (2008). INTRODUCTION TO ASTRONOMY AND COSMOLOGY. A John Wiley and Sons, Ltd., Publication.
United Kingdom.
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Simulating plant growth under accelerated gravity, resulting from a greater gravitational force than that on The Earth.
Ms. Sukita Veha (Grade12), Mr. Patipat Jitpinit (Grade 12)
[Piboonbumpen Demonstration School Burapha University, Chonburi Province, Thailand]

Abstract

The project purpose to study germination rate of green been planting in an accelerated rate due to higher gravitational
force than The Earth. Using a gravity simulator that has been invented for experiment. When inclined rotation in an experimental
cultivation set, 100 green bean seeds were planted. The rotation was continued consecutively for a period of 2 days and
planting an additional 100 green bean seeds normal The Earth gravity conditions. Comparing the germination rate results of
green beans by controlled in the same environment .

The results show that plants grown in the simulator exhibit a growth rate of 83% and an average weight of 0.371
grams, whereas plants grown under normal conditions show a growth rate of 97% with an average weight of 0.445 grams.

Introduction

According to population data from 2002-2017, the human population increased by 16.94 percent, raising concerns
about the future. It is implied that there are limited resources on The Earth. These resources may not be sufficient to meet the
growing needs of the human population. Humans may need to move to another planet that may have a different gravitational
acceleration than The Earth.

Plants are important to human life because they contain essential nutrients. In addition, other environmental factors It
is also important for human survival. The researcher therefore intends to experiment with growing plants to study the growth
and changes of plants under conditions of higher gravitational acceleration compared to The Earth.

Method

1)  Calculate the acceleration due to gravity using the formula RCF = 1.12 x r x (RPM+1000)?
RCF (g force) = relative centrifugal force
RPM (r/m) = revolutions per minute

2) Create a simulation of a greater gravitational force than that on The Earth, start by installing the MY-102522 250W
Gear Box 12V DC Brush Motor. Then, attach a lever with a length of 34 centimeters to the motor's rotation point

3) Create a planting set by cutting the plastwood board trays to fit the experimental dish. Drill holes to create 100 slots
per tray and cover the experimental dish with the lid to control moisture.4. Planting crops with a control set and an
experimental set within the simulation apparatus, controlling variables that have the greatest impact on plant growth
to optimize their development.

Fig 1 The Gravity Simulator Fig 2 Show planting trays, tray liners with cotton wool. Fig 3 Show a planting tray
Top with a plastic sheet with holes drilled for placing covered with clear plastic. to
the green beans. control environmental factors.
Result
Number of plant is growing (Percentage) | Average Mass (Grams)
acceleration due to gravity greater than The Earth's 83 0.371
acceleration due to gravity of The Earth 97 0.445

Table 1 shows a comparison of the germination rate and the average mass value of green beans grown in different gravity conditions.
Form the Table 1, Green beans grown in a acceleration due to gravity greater than The Earth's have a growth count
of 83 plants, an average plant mass of 0.371 grams. Green beans grown in a normal gravitational environment have a growth
count of 97 plants, an average plant mass of 0.445 grams

Conclusions and Discussion

From the experiment, it was found that green bean plants grown in a simulated gravitational acceleration environment
due to increased gravitational force had a mass that was less than the average, specifically 0.074 grams per plant. This result
was obtained over a period of 3 days of experimentation. The observed outcome indicated that the green bean plants exhibited
growth only in the initial stage of seed germination, resulting in the experiment showing the development of root sprouts in the
green bean plants.

Growing beans in an environment with a higher gravitational acceleration than The Earth's has shown results with a
lower average mass compared to growing beans under normal conditions on The Earth. This is due to the higher gravitational
acceleration, which enhances the growth of bean plant stems compared to normal conditions on The Earth. Conversely, bean
plants grown in an environment with higher-than-normal gravitational acceleration tend to have longer roots. This phenomenon
is known as positive gravitropism, causing the roots to grow in the direction of increased gravitational force.

Reference

1)  Marcrotrends. (2023). World Population 1950-2023. Retrieved April 20, 2023, from
https://www.macrotrends.net/countries/WLD/world/population

2) Merck. G Force Calculator RCF to RPM. Retrieved April 30, 2023, from
https://www.sigmaaldrich.com/TH/en/support/calculators-and-apps/g-force-calculator
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