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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. 

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.

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.  

   Fig. 2 : shows 5 circles  Table 2 : Show the 
    created a long shadow border.          color code ranging 

in each circle. 

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.
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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. 
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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(ø/2) = (D/2) 
/ R (where ø = apparent angular diameter of the Sun, D = Sun's center diameter – 
1.391 x 106 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). 

Conclusion 
       From Figure 2 and Table 1, studying the 
eccentricity of Earth's orbit around the Sun and 
the distance from the Earth to the Sun, it is 
observed that the Earth's orbit forms an 
elliptical shape. The farthest Earth-to-Sun 
distance occurs at Perihelion on July 4, 2022, 
measuring 1.553 x 108 kilometers. The closest 
distance, at Aphelion on January 4, 2023, is 
1.498 x 108 kilometers. The eccentricity of 
Earth's orbit around the Sun is calculated as 
0.0181, resulting in a deviation of 8.38 percent. 
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Table 1: The Sun’s angular diameter and Distance between the Earth and the Sun 
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