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Abstract

In this paper, the distance between Earth and the Sun or other stars is measured. The objective is to use a
different method to measure the distance between Earth and the stars. This approach for calculating the distance
between the earth and stars heavily relies on trigonometry. Even though it's theoretical, it can be demonstrated
practically, which | have done to some extent. Although the following method can be used to measure the
distance from closer stars, planets, comets, and satellites, it may need more improvisations and recalibrations for

measuring the distance of far-off stars.
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1. Introduction

Before the invention of radars [6] and radio telescope [8] astronomers and mathematicians had to depend
heavily on Trigonometry to be more specific the parallax method [12] in determining the distances of celestial
bodies. Earth’s radius was also determined by trigonometry in different times by different people like Al-Biruni
Reference [9] and Eratosthenes [10]. Where Eratosthenes used a shadow of a stick in different cities to
determine earths radius, Al-Biruni used the elevation angle and a known height of a mountain to do so. In this
paper, | am going to reverse engineer Al-Biruni's method [11]. Due to our technological advancements, we are
now aware of earths radius and we can use this radius and the elevation angle of something distant to calculate

its distance from earth's surface.
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2. The Theoretical Part
2.1 Derivation of the Main Equation

Finding a right-angle triangle with a base that is related to the radius of the Earth and determining an angle
(theta) that connects the base and the triangle's distance (height) together can be used to derive the main
equation for the theory.

O =the expected angle,
A=Angle between two
latitude or longatudes,
r=radius of earth,

d= distance between earth
and star(sun),

b=base of the right angle
triangle;

A=observer from latitude
or longatude A,
B=observer from latitude

or longatude B,
B

Figure 1: Depiction of the theoretical part

Disclaimer: The a and b points in Figure 1's description must have the same latitude or longitude; if they do, the
other two must be different (for example, a = 80°n, 50°¢ and b = 80°n, 40°w, where both points have the same
latitude but different longitudes).If two observers from two different locations (let's say a and b) look at the sun

at the same time in figure 1, they will obtain two different positions or altitudes of the sun, which will be za and
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£h. These two angles will form the base of our right-angled triangle, which is made up of the radius of the earth,
and another angle, which is extremely small, will converge in the object being observed. Figure 1 illustrates how

£b forms an angle with the base of a right-angled triangle. Thus, we can obtain that [2].

. 9_d+X
anf = —

2.2 The Variable Elements

Certain components of equation 1 change depending on the circumstance. For example, 26, the height of the

right triangle, and its base. To predict their value under various conditions, separate equations are required.
2.2.1 Base of the right triangle

Figure 1 shows that the angle between a and b (21 ), related to the base of the right-angled triangle. Figure 1
shows that a second right-angled triangle is created by combining the base of the first right-angled triangle (b)
and the radius of the earth, as well as £ 4. A trigonometric function between the earth's radius (a constant

value) and the base of the first triangle (b) is then included in the equation [4]that we derive from there. It is: -.

r2 +1r? — b?
2r2

cosA =
or, 2r%cosl = 2r? — b?
or, b?> = 2r? — 2r?cosi

or, b?> = 2r?(1 — cosA)

2 _ 9.2 .24
or, b = 2r (251n 2)
1 4
b=2r2(sin2 )

For real life scenarios on the other hand, the earth is not a perfect sphere therefore radius in two points of earth
won’t be the same. For instance, in figure 2, the observer ‘A’ (distance from the center of the earth ryis in the
pole and observer ‘B’ (distance from the center of the earth r2) is somewhere in near the equator, therefore we
can say that rp>r;. Moreover, it is important to take in account the elevation of the observation center from sea
level. Therefore, we can define, r. = Distance from earths center + elevation of the observation center from

sea level. Therefore, our equation [3] [1] can be rewritten as,

b =2. (rl.rZ)% (sin %)
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2.2.2 Angle theta

From figure 1 we can see that we can’t determine 26 by just observation though it’s linked with 2B, 2X and
2. (figure 2). It is evident in the figure-2 that £\ is directly connected with £A therefore 20. As example if ZA
is 90 and if £ A is 90- than its evident that B will converge to O, on other hand if £A stays the same and we
only change the £\ to 45° than 2B changes to 45¢. 2B is the main variable which is related to £6. In figure 2 we
can see that 20 is created when 2 B meets the base of right triangle(b). So, £B plays the most important part the
formation of £6. theta is also depended on 2X the difference between right angle and £A. Here is an equation

which determines the value 20
20 = (LA + 4B) — £X

Additionally, we must understand that £X =290- -2A. Figure 2 shows that the value of 28, rises as the values

of 2B and 24 . rise. Additionally, when £ Xrises, 26 falls for the same reason.
2.2.3The X and Y factor

This term needs to be introduced in figure 1. Only imaginary figures can use the following terms (such as the
sun's altitude in 90 ~°, which never happens). Thus, the primary formula will be:

t9—+X
an—b

or,d =b. tanf — X

or, d =b. tanf

As the X factor is irrelevant [2] in real life case, we can omit it and go forward with our last equation
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zX A=observer in latitude or longatude A,

B=observer in latitude or longatude B,

«A=observation of altitude of sun in

latitude or longatude A,

«B=observation of altitude of sun in

latitude or longatude B,

<X=difference between right angle and
P A

-©= the expected or ultimate angle

zA =angle between latitude or longatude

of A and B

b=base of the right triangle,

Figure2: (not to measure)
3. Execution

Here, we are going to try to determine the precision of 28 , Using Sun’s celestial data): -

d
— -1
6 = tan <b)

org = tan'l (150,140,000)

6378.1
Or,0 = 89.99756602

As I don’t have enough data, | am using the earths radius as the base of the triangle and the distance between

earth and sun as d. From the results it is quite evident that to measure the 26 , we must make a precise measure

of the angle (at least for 6 decimals)
4. Constraints

Due to the lack of experimentation and data this theory holds some limitations mainly in taking a precise
measurement of the desire angle and calculating the base. But in the 21st century these limitations [5] can be

solved by a few experimentations. Some of the constraints that may hinder the precise results of these theory
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according to me are:

1) Determining the r; and rp, as determining r; is dependent heavily by the observations center location
and elevation getting an absolute or near absolute value can be a daunting task. As determining r; and
r2is directly connected with the base of the triangle, slight deviations can hinder a precise result.

2) Determining the desired angle holds challenges as well. Observing a celestial body from different time
zones can create problems due to earths uneven shape. Moreover, Demography (limiting the POV of
the observer) around the observer and weather issues are stakeholders as well in observing the celestial
body.

3) Determining an angle after 6 decimals needs a precise machine. Even though we have precise machines
for the parallax methods, the machines might need to recalibrate for this approach.

References

[1]. Bradley W Carroll and Dale A Ostlie, “The Celestial Sphere” in An Introduction to Modern
Astrophysics, Cambridge University Press, October 30, 2017, pp.1-19

[2. H. S. M. Coxeter and Samuel L. Greitzer, “Some Properties of Circles” in Geometry Revisited,
American Mathematical Society, September, 1996, pp 36-40

[3]. Ed A Roy and D Clarke, “The reduction of positional observation” in Astronomy - Principles and
Practice, 4th edition, CRC Press, June 1, 2003, pp. 113-131

[4]. Hannu Karttunen , Pekka Kroger , Heikki Oja , Markku Poutanen , Karl Johan Donner, “Spherical
Astronomy” in Fundamental Astronomy ,6th edition, Springer, November 9, 2016, pp. 11-31

[5]. Alberto Javier Castro-Tirado, “Robotic Autonomous Observatories: A Historical Perspective”,
Advances in Astronomy, 12 April 2010

[6]. Sovers, Ojars J. and Fanselow, John L. and Jacobs, Christopher S., “Astrometry and geodesy with radio
interferometry: experiments, models, results”, Rev. Mod. Phys., volume 70, issue 4, pages 1393-1454,
October,1998

[7]. van Altena, W. F., “Astrometry”, Annual review of astronomy and astrophysics, Volume 21 (A84-
10851 01-90). Palo Alto, CA, Annual Reviews, Inc., 1983, p. 131-164.

[8]. M.J. Reid and M. Honma,*Microarcsecond Radio Astrometry”, ANNUAL REVIEW OF ASTRONOMY
AND ASTROPHYSICS, Volume 52, 2014

[9]. thatsmaths, Class Note, “Al Biruni and the Size of the Earth” [Online], June 10, 2021Available:
https://thatsmaths.com/2021/06/10/al-biruni-and-the-size-of-the-earth/

[10]. Cynthia Stokes Brown, Class Note, "Measuring the Circumference of the Earth” [Online], Khan
Academy,2015Available:  https://www.khanacademy.org/humanities/big-history-project/solar-system-
and-earth/knowing-solar-system-earth/a/eratosthenes-of-cyrene

[11]. Salman khan, Class Note, “How far away is the Moon?” [Online], Khan
Academy,2016Available:https://www.khanacademy.org/partner-
content/nasa/measuringuniverse/measure-the-solarsystem/a/parallax-distance

[12]. Looxix~enwiki. “Stellar Parallax”. Internet: https://en.wikipedia.org/wiki/Stellar_parallax, March

28,200

33


https://www.amazon.com/H-S-M-Coxeter/e/B001ITYBRA/ref=dp_byline_cont_book_1
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Samuel+L.+Greitzer&text=Samuel+L.+Greitzer&sort=relevancerank&search-alias=books
https://www.amazon.com/Hannu-Karttunen/e/B0D7D1M53N/ref=dp_byline_cont_book_1
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Pekka+Kr%C3%B6ger&text=Pekka+Kr%C3%B6ger&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Heikki+Oja&text=Heikki+Oja&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_4?ie=UTF8&field-author=Markku+Poutanen&text=Markku+Poutanen&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_5?ie=UTF8&field-author=Karl+Johan+Donner&text=Karl+Johan+Donner&sort=relevancerank&search-alias=books
https://onlinelibrary.wiley.com/authored-by/Castro-Tirado/Alberto+Javier
https://www.annualreviews.org/search?value1=M.J.+Reid&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/search?value1=M.+Honma&option1=author&noRedirect=true&sortField=prism_publicationDate&sortDescending=true
https://www.annualreviews.org/content/journals/astro/52/1
https://thatsmaths.com/2021/06/10/al-biruni-and-the-size-of-the-earth/
https://www.khanacademy.org/humanities/big-history-project/solar-system-and-earth/knowing-solar-system-earth/a/eratosthenes-of-cyrene
https://www.khanacademy.org/humanities/big-history-project/solar-system-and-earth/knowing-solar-system-earth/a/eratosthenes-of-cyrene
https://www.khanacademy.org/partner-content/nasa/measuringuniverse/measure-the-solarsystem/a/parallax-distance
https://www.khanacademy.org/partner-content/nasa/measuringuniverse/measure-the-solarsystem/a/parallax-distance
https://en.wikipedia.org/wiki/Stellar_parallax,

