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The study of methods on the Geminids Meteor Shower’s (2020) height
Mr. Thanapat lampramool (grade 10) [Varee Chiangmai School]

Abstract

Photograph from two location were used to measure the hight of Geminids Meteor shower. The meteor's heights
were found to be around 30 to 180 kilometers above the sea level, where meteor should start to burn up. In this research,
pictures were captured by DSLR camera on the 13" December 2020. Apparently, after analyzed by trigonometric and
parallax method, both methods have approximately same accuracy. Both of methods are similar and could be used as
the same, the decision is up to information from pictures and number of observation points.

Introduction

Meteor shower is a made up of ion, dust, and debris that light up while falling down through earth’s atmosphere
in many numbers. The Geminids meteor shower is special, it came from debris of an asteroid / rocky comet called 3200
Phaethon instead of comet like other meteor showers.

Methods

1. Set camera to same setting and capture pictures in areas that are at least 15 kilometers apart (for accuracy).

2. Separate the calculation into two parts, parallax and trigonometric method
Parallax method : First, overlaid two pictures from both observations and find the angular distance. Second, calculate
angular distance by comparing to the distance between Pollux and Castor from the picture. Finally, use TAN'’s function
to calculate the meteor’s height and plus the result then divide by two to find the average height.
Trigonometric method : Match stars in meteor’s picture with reference stars in the ‘Stellarium’ program, draw lines
using angle from azimuth and altitude of meteor and find the intersections. Measure the distance and use TAN's
function in excel to find the height of the meteor and make them on average.

3. Analyze and compare the results that we got from both methods, find the error and discuss for conclusion.

Result and Discussion

Meteor number 6’s height was found reaches over 250 kilometers in parallax method and reaches over 300
kilometers in trigonometric method. The result from parallax method show in table 1 and table 2 . And the result from
trigonometric method show in table 3 and table 4.

The reason predicted is the chosen picture was taken around 2 AM of 14" December 2020, has Geminids
constellation around the zenith, and has altitude point higher if compared to other meteor head to tail distances. Also, they
might be an error from sky obstacles and other light disturbance.

Table 1 the height of meteors’ tails (parallax)

Distance between meteor’s tails Meteor’s tails angular distance The height of meteor’s tails
Meteor number R "
(Pixel) (Degree) (Kilometer)
1 469.07 4.20 178.50
2 544.68 4.87 153.62
3 628.59 8.17 91.21
4 507.28 6.54 114.31
5 1001.01 8.98 82.93
6 225.58 2.93 256.23

Table 2 the height of meteors’ heads (parallax)

M Distance between meteor’s heads Meteor’s heads angular distance The height of meteor’s heads
eteor number . "
(Pixel) (Degree) (Kilometer)

1 529.88 4.74 157.93

2 551.38 4.93 151.75

3 696.32 9.05 82.21

4 584.20 7.53 99.12

5 1100.89 9.87 75.28

6 250.50 3.25 230.69

Table 3 the height of meteors’ tails (trigonometric)

Distance of meteor tails from Meteor tails’ altitude The height of the meteor
Meteor number| observation point (Kilometer) (Degree) (Kilometer)
Point 1 Point 2 Point 1 Point 2 Point 1 Point 2 Average number
1 630.31 552.08 31.63 31.70 115.40 101.36 108.38
2 800.18 773.47 48.46 39.98 268.47 192.79 230.63
3 27.50 108.91 76.56 67.87 34.20 79.60 56.90
4 57.03 160.82 75.94 60.52 67.69 84.56 76.12
5 129.65 86.00 71.09 70.51 112.50 72.23 92.36
6 681.03 626.87 66.6 70.25 467.80 518.98 493.39

Table 4 the height of meteors’ heads (trigonometric)

Distance of meteor heads from Meteor heads' altitude (Degree The height of the meteor
Meteor number| observation point (Kilometer) 9 (Kilometer)
Point 1 Point 2 Point 1 Point 2 Point 1 Point 2 Average number
1 623.51 542.35 30.12 30.62 107.53 95.42 101.47
2 379.11 340.78 37.53 40.47 86.57 86.42 86.50
3 24.04 108.76 74.48 67.28 25.73 77.21 51.47
4 37.01 141.22 76.08 59.16 44.38 70.31 57.35
5 129.32 70.60 68.59 69.82 98.04 57.10 77.57
6 595.15 534.42 64.74 69.02 374.93 414.26 394.60
Conclusion

The meteor's heights were found at the same range around 30 to 180 kilometers above the sea level, where
meteor should start to burn up. Conclude that both methods have approximately the same accuracy. An accuracy from
both methods are almost the same but, the trigonometric method’s information can be used to find incident angle that
improves the credibility of the result.

Acknowledgement: | am deeply appreciating to NARIT for giving a help and new knowledge and also, to my advisor Mr.
Sarawut Pudmale and Mr.Thanakrit Santikunaporn whose impossible to be working without.

Reference: Richard Dibon-Smith. (2016). Gemini Transit Date of principal star. Retrieved January 13, 2021 from
http://www.dibonsmith.com/gem_con.htm
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The Study of Distance between the Earth and Moon with an occultation of Mars by the Moon
by Lunar Parallax Method
Miss Ploysai arkkarapongchanaporn (Grade 11)
[Demonstration school of Phuket Rajabhat University, Phuket, Thailand]

Abstract

The study aimed to measure the distance from the Earth to the Moon from the phenomenon. In addition, this
study identifies trends of deviation. Data were collected by imaging the Moon and Mars in different regions on April 17",
2021, using 10-inch Dobsonian reflectors connected to a DSLR camera. The result shows that the distance from Earth to
the Moon, calculated using the Lunar Parallax method, was correlated with the distance, and the discrepancy results were
affected by the distances.

Introduction

The distance from the Earth to the Moon can be measured using the parallax method, so this study is observed
by the change in position of an object relative to its background from a different perspective. In this research, the
researcher studied the distance from the Earth to the Moon from the occultation of Mars by the Moon that occurred on
April 17, 2020, by using the Lunar Parallax method.
Methodology of research
1. Data Collection

1.1 Study the phenomenon of the moon obscuring _

Mars (Occultation of Mars by the Moon) on April 17, 2020, from o e
8:00 PM to 8:45 PM on the Stellarium program.

1.2 The moon and Mars’ pictures were carried out by
using the 10-inch dobsonian reflector telescope and DSLR
cameras from 8 positions of observation, from 7:30 p.m. until the
moon eclipsed.

2. Data analysis

2.1 Measure the distance between locations by using
Google Maps and taking pictures of each location. Overlay and
measure the apparent magnitude of the moon and its parallax
on the Geometer's Sketchpad program. (figure 1)

2.2 The distance from the Earth to the Moon is
calculated

Figure 1. Angle measurements in Geometer's Sketchpad
(GSP) program.

Moon Distance (D) = (—dismme 4and B)

tan(p)

D = Moon Distance (km)
P = Parallax Angle(°)

Result and Discussion
1. Table 1: Distance from Earth to Moon photos at the same time.

Distance . Moon
Cities between cities Mog;l dnii::;'ce ::rf‘:l?:; Distance Error (%)
(km) . g (km)
AandB 1,227.27 397,794.62 0.15 461,748.12 16.08
DandC 113.35 399,033.02 0.01 539,919.71 35.31
Dand E 691.14 400,373.82 0.09 443,446.94 10.76
Dand D 536.56 398,936.77 0.08 415,063.72 4.04
Dand G 744.59 399,162.72 0.08 541,761.41 35.72
Dand B 695.15 397,696.62 0.09 444.673.07 11.81
CandE 614.60 399,183.58 0.09 414,800.09 3.91
CandF 582.53 398,881.16 0.08 402,942.68 1.02
CandB 668.36 398,885.41 0.08 500,411.79 25.45
EandF 1,192.62 398,999.06 0.17 405,801.33 1.70
Eand G 56.22 399,243.75 0.02 154,362.43 61.34
Eand B 336.03 398,973.06 0.04 475,742.27 18.24
EandH 1,011.42 399,309.30 0.16 375,606.75 5.94
Fand G 1,248.48 399,415.88 0.17 417,390.14 4.50
Average 399,009.73 429,820.43 7.72

Conclusions

A study of the distance between Earth and the moon with an occultation of Mars by the Moon by Lunar Parallax
Method found that the simultaneous photographs got the average distance from Earth to the Moon is 421,760.35 km, with
an error of 5.71% the data show in Table 1. When considering the Earth-to-Moon distance trend by the Lunar Parallax
method, there is an error in calculating the Earth-Moon distance by the Lunar method. The error is correlated with the
distance with larger observer distance giving more accurate measurements.

Acknowledgments: | would like to thanks Mr. Nattapong Songumpai, Khomson Thuree, Astronomy Information Officer,
National Astronomical Research Institute of Thailand (Public Organization) and my family for their encouragement

References: Romanized Title [Astronomical Phrnonena]. Chang Mai: National Astronomical Research Institute of Thailand
(Public Organization) and Matipon Tangmatitham. (2020)
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The Study of Trojan Motion Using N-body Simulation
Mr. Kritsakorn Sataratpayoon (Grade 11)
[Prommanusorn Phetchaburi School, Phetchaburi, Thailand]

Abstract
The purposes of this research are (1) to be able to derive the motion of an object in the solar system, and
(2) to be able to simulate the motion of trojan asteroids in some studied cases. After simulating the motion of an object in
the solar system, the position data was compared to JPL's Horizon. The simulation produced low error, with a mean error
of 0.0333% and a standard deviation of 0.119%. Mercury has the highest error of 0.17400%, while Mars has the lowest
error of 0.00108 %. According to experiments, trojan motion is influenced by its velocity and mass. The trojan’s orbit
around lagrage point, L4, expands as its velocity increases. But as its mass increases, trojan’s orbit become more stable.
Introduction
Trojans are celestial bodies that orbit near the L4 or L5 Lagrange point of stability. Newton's law of gravitation
states that all objects interact with one another. As a result, each object must withstand multiple forces. One method for
determining the trojan orbit is to use N-body simulation. The N-body problem is a complex and difficult problem to solve
with an accurate solution. Computer programming has become one of the methods for assisting in the evaluation of the
N-body problem. The leapfrog method, also known as the "kick-drift-kick" method, is one of the efficient numerical methods
for evaluating the N-body problem. The simulation of trojan motion in Python 3 is developed in this work using the
Leapfrog method as well as the N-body problem.

Summary 4
PART 1: The solar system simulation T
An N-body simulation is created in Visual Studio Code using x 9 ./_\
Python 3 and the NumPy and Matplotlib libraries. The simulation °3
employs Newton's Law of Gravitation and is calculated using the o 0
Leapfrog method, which is stable for oscillatory motion, in this case e
planetary motion. % -2
- G 2
F= m13m2‘ T 4
r
- Aty _ At
7(t+5) =70 305 4 2 0 2 4

At distance (10° km)

r(t+Aa0 = r(t)A+ v (t + 7) AtA Figure 1: The created solar system simulation
t t

v(t+ At) =V(t+7) +§(t+At)7

Using positions and velocities of the objects in the solar system on January 1, 2021, 0.00 UT from JPL's
HORIZON as the initial conditions, then run the simulation as shown in figure 1. After that comparing the simulated
positions to database.

Table 1 The comparisons of mean percentage error all over 149 days in simulation.

Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune

Error (%) | 0.17400 0.03827 0.04550 0.00108 0.00318 0.02660 0.00147 0.00927
As a result of the comparison, the mean error is 0.0333%, and the standard deviation is 0.119%. Mercury has

the highest error of 0.17400%, while Mars has the lowest error of 0.00108%. As shown in table 1.

The fact that Mercury has the highest error is likely due to the simulation using classical mechanics, but Mercury
orbits in a strong gravitational field, so there must be a relativistic effect causing more error. This means that the simulation
works well in solving the N-body problem if none of the objects is too close to each other.

PART 2: Derive the trojan motion

The simulation from PART 1 is converted into a three-body problem model. Then apply the positions of all the

object included trojan. Simulate and collect the positions in all timesteps for further analysis.

(1 () 3) 4

distance (10° km)
o -
'Y
[ ]
[ ]
[ ]

[
-

-1 0 1 -1 0 1 -1 0 1 -1 0 1
distance (10° km)
Figure 2: Diagrams of the trojan’s path with (1) massless (2) massless with 0.5% higher velocity
(3) 80% mass of Jupiter (4) 80% mass of Jupiter with 0.5% higher velocity

The results of this simulation show that increasing trojan's velocity causes trojan's orbit to grow larger, but
increasing trojan's mass may affect Jupiter's motion, making trojan's orbit more stable. As shown in the figure 2 above.
Acknowledgement

| would like to thank Mr. Taweerak Thunphuttha, Mr. Matipon Tangmatitham, and the National Astronomical
Research Institute of Thailand (Public organization) for supporting the project.
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Chiang Mai: National Astronomical Research Institute of Thailand (Public organization).
Greenspan, T. (2014). Stabilty of the Lagrange Points, L4 and L5. [online]. available on:
http://staff.ustc.edu.cn/~bjye/LX/lagrange2.pd
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The Simulation of Interplanetary Motion in Solar System
Miss Pimchanok Kesorn (Grade11)
[Prommanusorn Petchaburi School, Petchaburi, Thailand]

Abstract
This project is a simulation of the spacecraft movement between planets in our solar system. The project's goals
are to (1) model planet motion in the solar system, and (2) simulate interplanetary spacecraft motion in the solar system
with varying initial velocity. Python 3 was used to create the model, which included Euler's approach as well as the
Hohmann Transfer Orbit. The database's information on the planet’'s positions and orbital velocity were used as initial
conditions. The result of the study revealed that the created model can accurately simulate planet motion in the solar
system. The largest percentage difference between the planets and the Sun is 1.65% for Venus and Mercury, and the
smallest is 0.00028% for Saturn. And for all stars, the average discrepancy is 0.507%. The journey from Earth to Mars
takes 192 days in this simulation, with an initial velocity of 33.84 km/s and a speed difference (Av) of 4.31 km/s.
Introduction
Sending spacecraft is one of the methods scientists use to explore or study objects in the solar system. One
method of moving a spacecraft between objects in the solar system is the Hohmann Transfer Orbit, which determines
orbits under the influence of the Sun's gravity. At the high school level, physics models can be used to study space
exploration. In physics modeling with computer programing Euler's approach is one of the numerical methods that can be
used in physics modeling with computer programming. The goal of this study is to use computer programming to create
a representation of a spacecraft traveling between objects in the solar system.
Materials and Methods
5. Compare the model's results, positions, to the data in
the database and determine the percentage error.

PART 1: The solar system model
1. Create a model with the Python 3 language and Numpy

and Matplotlib modules.

2. Create a function for calculating acceleration. To be
used to update acceleration, velocity, and position
changes over time (At):

GM1M2 .
at)y=—73—r D
v(t +At) = v(t) + a(t)At 2)
7F(t+ At) = 7(t) + v(t + At)At 3)

3. Using the positions and speeds of solar system objects
on January 1, 2021, 0.00 UT from JPL's HORIZON
database as the default in modeling.

4. Run the simulation using a one-day calculation update
period and a 100-year calculation period

PART 2: The interplanetary model
1. Create functions and equations for processing
spacecraft motion, utilizing Kepler's 2" law to
determine the criteria for a transiting orbit's initial
velocity.
GM; 1,
L Ty ®
2. Using the Tkinter module, write a program to build an
interface for making the variation of spacecraft’s initial
velocity.
Simulate the journey of a spacecraft from Earth to Mars and
Mars to Earth.

Result and Conclusion
Figure 1 and Figure 2 shows the results of the simulated
movements of planets in the solar system. The created
model is effective. The reference distance is compared to
the simulated one for each object. The largest percentage
error between the planets and the Sun is 1.65% for Venus
and Mercury, while Saturn has the smallest at 0.00028%.

B And for all stars, the average discrepancy is 0.507% as
shown in table 1. The simulation can be more accuracy by
decreasing the time step or reduce the calculation time.

Table 1 The comparisons of percentage error
Sun Saturn  Uranus Jupiter Neptune
error (%) 2.88 x 107 2.88 x 107 1.47 x 107 3.35 x 10 3.35 x 10°
Mars Earth  Venus Mercury Average
error (%) 1.19x 107 1.13 113 165 507 x107
* Sort from the lowest to the highest percentage error.
PART 2: The interplanetary model
The results reveal that the solar system's model of
interplanetary spaceship takes 192 days to journey from
Earth to Mars and a speed difference (Av) of 4.31 km/s.
However, the orbital plane in z-axis doesn’t consider for this
study. So, the result may not be applied to the real situation.
Acknowledgments: | would like to thank Mr.Taweerak
Thunphuttha, and the National Astronomical Research

PART 1: The solar system model

Solar System Solar System

o,

.

Times: 366 days Times: 366 days
Figure 1 (Left) The inner planets’ movements.
(Right) The outer planets’ movements.

Solar System Solar System

Tlmes 830 days Times: 1569 days

Figure 2 (Left) Transfer orbit from Earth to Mars. Institute of Thailand (Public organization) for supporting the
(Right) Transfer orbit from Mars to Earth. project.
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The study of Hydrogen to Helium ratio and metallic element in the main sequence stars by the Spectroscopy technique
Mr.Oliver Phoom Harris (Grade 10)
[Varee Chiangmai School, Chiangmai, Thailand]

Abstract

This research aimed to compare the Hydrogen to Helium ratio of the main sequence stars in every spectral
type. In this research, the Planewave CDK700 telescope at Nakhon Ratchasima observatory was used to observe and
capture the spectrum photographs along with the ISIS software to create the spectrum lines. From the observation data,
the ratio and the metallic element's absorption intensity of each star were later compared with each other. Type A star
has the highest ratio of Hydrogen to Helium and the metallic elements absorption intensity.
Introduction

Stars are formed from large clouds of gas and dust. The gravity of the gas and dust in the clouds causes them
to slowly shrink and collapse. There are seven main types of stars which include type O, B, A, F, G, K, and M. Stars are
also divided by their Luminosity classes.
Material and methods

Firstly, the main sequence star photographs were taken with the Planewave CDK700 telescope at Regional
Observatory for the Public, Nakhon Ratchasima. Secondly, Tungsten and Thorium Argon photographs were taken and
used as a navigation line for the spectrum analysis, and the ISIS software was used to calibrate in the analysis. Third, the
spectrum lines were made by the calibrated pictures in the ISIS software. Next, find the absorption point for each element
in the possible wavelength that we can observe and find the intensity in every star and compare the results with other
stars. Finally, find the ratio of Hydrogen to Helium of stars in every spectral type and observe the metallic elements.
Result and Discussion

After finding the ratio of Hydrogen to Helium and the metallic elements, the data were compared to find the
difference for each spectral type. Figure 1 shows the ratio of Hydrogen Gamma to Helium which the black graphs are
indicating the binary star systems. Moreover, after finding the metallic elements absorption intensity, Type O and B cannot
observe Iron and Magnesium and Type A star got the highest metallic elements absorption intensity in all of the spectral

types.
Hydrogen to Helium ratio in the Main sequence stars
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Figure 1. Shows Hydrogen to Helium ratio in every Spectral types
Conclusion

From this spectrum project, every spectral type in the main sequence can be observed except for type M which
the instrument does not have the resolution to observe this spectral type star. The ratio of Hydrogen to Helium depends
on the star spectral types however there are exceptions for several stars such as AO Cassiopieae V, Sirius, 18
Andromedre, and Chi Ceti. For other normal Main Sequence stars the ratio of Hydrogen and Helium, Type A star has the
highest ratio of Hydrogen to Helium ratio followed by Type O, B, F, G, and K however Sirius B is a white dwarf star which
result in the lowest ratio in all of the other stars. Metallic elements that can be observed in every spectral type is Sodium,
however, Magnesium and Iron can only be observed in type A, F, G, and K which Type A got the highest absorption
intensity followed by type F, G, and K
Acknowledgement
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Pulsar Map
Miss Kanrawee Chamsaeng (Grade11)
[Prommanusorn Phetchaburi School, Phetchaburi, Thailand]
Abstract
The study on pulsar map aims to (1) create an interstellar map to the solar system based on known pulsars, and
(2) create a pulsar map that points to other planetary systems. The data for each pulsar comes from the Australia
Telescope National Facility (ATNF) database, and the SIMBAD astronomical database is used to find stars with life
habitats. The TRAPIST-1 star system was selected for this study. It is a star system in which some of the planets are in
habitable zones that could support life. According to the results, a pulsar could not be detected in all directions. This
depends on the pulsar's pulse width and the angle of observation. The pulse width of each pulsar varies depending on
the pulsar's rotation period. So not all pulsars can be used, it depends on the area where the signal is observed.
Introduction
A pulsar map is the starburst-like diagram that shows the location of the solar system relative to known pulsars.
In 1971, the pulsar map was sent into space with Pioneer 10 spacecraft in the hope that any creatures that discover the
ship will be able to comprehend the pulsar map. Pulsars are all different because of their rhythmic radiation. To determine
the positions of the solar system, it needs at least three pulsars to find the intersection of the pulsar's radio beam. The
pulsar map is made up of 14 pulsars, with the dash representing binary numbers and the intersection of the pulsar’s radio
beam representing the solar system's positions. The binary numbers represent each pulsar's self-rotation rate, while the
length of the line drawn between the solar system and each pulsar represents the distance between the two. We are
interested in how to create and read the pulsar map as well as how to make a map with destination on another exoplanet.
Materials and Method
PART 1: Create a pulsars map using ATNF 5. Make a map
1. Define the pulsar data required for mapping, including
pulsar spacing, galactic coordinates, rotation period,
and distance of the galactic center.
2. Find the desired pulsar information from ATNF
database.
3. Convert each position's coordinates into a cartesian
coordinate system, with the sun as the centerpiece.
4. Choose pulsars that meet the following criteria for
mapping: 1) Earth distance, 2) rotation period less than
1 second, 3) variety of directions.
5. Create a map using the rotation period of the pulsar in
a binary number system based on the HI transition unit.
PART 2: Create a pulsar map for other planetary systems
1. Obtain the coordinates of TRAPIST-1 data from the
SIMBAD astronomical database and convert them into
cartesian coordinate system. Then move the center PR
from Earth to TRAPPIST-1. A I T

2. Use the equation to calculate the pulsar's pulse width.
(Lorimer & Kramer, p. 70, 2005): Figure 3: Pulsar map that pointing to TRAPPIST-1
1

Conclusions and Discussion
PART 1: Creating a pulsars map using ATNF
A pulsar map can be created by converting galactic
coordinates to cartesian coordinates and selecting a pulsar
with a close distance to Earth (see Figure 2). Choose a
pulsar with a variety of directions and shorter rotation
periods of 1 second as they become longer and signal
more accurate over time. This pulsar map, on the other
N hand, will show the rotation period of pulsars in HI
o transition vibration period units.
g PART 2: Creating a pulsar map for other planetary systems
N Earth To choose a pulsar, the pulsar’s pulse width must be
Y \beam boundary determined versus the angle at which the pulsar is
Vo observed to predict whether radio waves can be detected
in that planetary system. Result is shown in figure 3.
Different pulsars could also be used to make pulsar maps
for other stars.
Figure 1: Pulsar Geometry ACknOWIngm‘?nts
4. Select pulsars based on the following criteria: 1) a | would like to thank Mr. Taweerak Thunphuttha, my
pulsar that can be observed from Earth, 2) a pulsar that ~ @dviser for support this project.
is close to Earth, 3) a pulsar with a rotation period of
less than 1 second, and 4) a pulsar with a variety of
directions.

54P 2

s
P is the rotation period of the pulsar, and p is beam
angle (see Figure 1).

3. Determine the angle at which the pulsar is visible
from trappist-1 (angle A), which must be less than

2p. As shown in Figure 2.
Trappist-1
rotation axis
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