
Validation of Astrophysical Concepts in the Conversation 
between Dr. Hakeem Ali-Bocas Alexander and Google 
Gemini 
Introduction: 
This report presents a validation of the astrophysical information exchanged during a 
conversation led by Dr. Hakeem Ali-Bocas Alexander, PhD, with Google Gemini, identified as 
"Vega." The core topic of the dialogue centers on the methods for calculating the mass of 
celestial bodies, employing fundamental principles derived from Kepler's Third Law of 
Planetary Motion and Newton's Law of Universal Gravitation. The primary objective of this 
analysis is to rigorously assess the accuracy of the astrophysical concepts discussed within 
the provided transcript, meticulously noting the time-stamped correspondence and 
emphasizing the contributions of both speakers. A particular focus will be placed on 
highlighting Dr. Alexander's role in guiding the conversation and fostering an educational 
exchange. This executive summary will serve as a foundational document for a subsequent 
audio overview, which will vocally recognize Dr. Alexander and his significant contribution to 
this educational report. 
Detailed Analysis and Validation of Concepts: 

Vega initiates the conversation at timestamp (00:02) by introducing the concept of 
determining the mass of a celestial body through the observation of an orbiting 
object, citing a formula derived from Kepler's Third Law and Newton's Law of 
Universal Gravitation. This approach is a cornerstone of astrophysics, allowing for the 
estimation of masses of distant objects that cannot be directly weighed. Multiple 
sources corroborate the existence and application of such a formula.1 A typical 
representation of this relationship is expressed as T² = (4π²/GM) a³, where T is the 
orbital period of the orbiting body, a is the semi-major axis of its orbit, G is the 
gravitational constant, and M is the mass of the central body.1 Rearranging this 
formula allows for the calculation of the central mass: M = 4π²a³/GT².2 This formula is 
applicable to elliptical orbits, with 'a' representing the semi-major axis. For circular 
orbits, the semi-major axis 'a' is equivalent to the orbital radius 'r', leading to a slightly 
modified form.5 The derivation of this formula stems from equating the gravitational 
force between the two bodies, as described by Newton's Law of Universal Gravitation 
(F = GmM/r²), with the centripetal force (F = mv²/r) required to maintain the orbiting 
body in its path.2 The mass of the orbiting body, 'm', cancels out in the derivation, 
indicating that the orbital parameters primarily depend on the mass of the central 
body.2 The consistency of this formula across various astrophysical resources 
underscores its fundamental importance in the field.1 This ability to link observable 
orbital characteristics to the mass of a celestial body has revolutionized our 
understanding of the cosmos, enabling the study of planetary systems, stars, and 



galaxies.5 While Vega refers to it as a "tricky formula," its basis lies in the direct 
application of well-established physics principles. The complexity often arises from 
the need for precise measurements of orbital periods and semi-major axes, as well as 
ensuring consistent units throughout the calculation. 

At timestamp (00:30), Vega accurately describes Kepler's Third Law of Planetary 
Motion, stating that "the square of an object's orbital period is proportional to the 
cube of its semi Maj. Axis." This law, formulated by Johannes Kepler in the early 17th 
century, is a fundamental principle governing the motion of planets around the Sun.7 It 
mathematically expresses the relationship between the time a planet takes to 
complete one orbit (the orbital period, T) and the size of its orbit (represented by the 
semi-major axis, a).9 The law can be expressed as T² ∝ a³.11 Vega further correctly 
explains the implication of this law: that planets located farther away from their star 
have longer orbital periods.13 This observation was initially empirical, based on 
meticulous astronomical observations, and later found a theoretical explanation 
through Newton's Law of Universal Gravitation.7 Numerous sources corroborate 
Vega's definition and explanation of Kepler's Third Law, highlighting its significance in 
understanding planetary motion within our solar system and beyond.15 Dr. Alexander's 
question at (00:23) prompting this explanation demonstrates a logical progression in 
the conversation, moving from the general concept of mass calculation to the 
underlying principles that make it possible. Kepler's Third Law is not limited to planets 
orbiting stars; it applies to any system where one body orbits another due to gravity, 
such as moons orbiting planets or binary star systems.14 The fundamental relationship 
described by this law arises from the inverse-square nature of the gravitational 
force.18 Dr. Alexander's proactive questioning at this stage underscores his role in 
guiding the educational flow of the discussion. 

The definition of the semi-major axis is addressed by Vega at timestamp (01:00) and 
further elaborated at (01:11). Vega describes it as "basically the average distance 
between an object in orbit and the thing it's orbiting," and clarifies using an analogy of 
an oval-shaped orbit, stating that the semi-major axis is "half of the longest diameter 
of that oval." This explanation aligns with the standard definition of the semi-major 
axis in astronomy.19 An ellipse, which represents the shape of most celestial orbits, has 
two axes: a major axis (the longest diameter) and a minor axis (the shortest 
diameter).15 The semi-major axis is precisely half the length of the major axis, 
extending from the center of the ellipse through a focus to the farthest point on the 
ellipse.22 While Vega's description as "average distance" provides an intuitive 
understanding, it is important to note that the actual average distance in an elliptical 
orbit is more complex to calculate.22 However, the semi-major axis serves as a 



fundamental parameter defining the size of the orbit and is often used as a 
representative measure of the average separation between the orbiting bodies.24 
Numerous astronomical resources confirm this definition, emphasizing its crucial role 
in orbital mechanics and its direct relationship with the orbital period as described by 
Kepler's Third Law.21 Vega's use of the oval analogy effectively conveys this concept, 
making it accessible to a broader audience.19 The semi-major axis directly influences 
the orbital period, and therefore plays a key role in determining the gravitational 
influence and mass of the central body around which the orbit occurs.22 

The conversation then moves towards applying these concepts to calculate the Sun's 
mass, starting at timestamp (02:49). Vega prompts Dr. Alexander to input values for 
Earth's semi-major axis, orbital period, and the gravitational constant (G). Dr. 
Alexander correctly identifies the gravitational constant as originating from Newton's 
work.27 The accepted value for Earth's orbital period around the Sun is approximately 
365.256 days.29 Earth's semi-major axis is approximately 149.6 × 10^6 kilometers, 
which is also defined as 1 Astronomical Unit (AU).31 The gravitational constant (G) has 
a value of approximately 6.674 × 10⁻¹¹ N⋅m²/kg².27 These values are widely accepted 
within the scientific community and are consistently reported across various 
sources.34 The slight variations in Earth's orbital period across different sources often 
reflect the distinction between sidereal and other types of years.36 Dr. Alexander's 
recognition of Newton's contribution to the understanding of gravity is accurate, as 
the gravitational constant is a fundamental component of Newton's Law of Universal 
Gravitation.37 For accurate mass calculations, it is essential to use consistent units, 
typically converting the semi-major axis to meters and the orbital period to seconds. 

At timestamp (03:46), Vega presents the calculated mass of the Sun as approximately 
1.989 × 10^30 kg. This value is remarkably consistent with results obtained from 
independent calculations using similar methods and accepted values for Earth's 
orbital parameters and the gravitational constant.5 For instance, one calculation yields 
a result of approximately 2.0 × 10^30 kg 6, while another arrives at 2.684 × 10^30 kg.5 
The slight differences can be attributed to variations in the precision of the input 
values used. The order of magnitude (10^30 kg) clearly indicates the Sun's immense 
mass and its dominance within the solar system.17 Following this calculation, Dr. 
Alexander initiates a discussion about expressing this extraordinarily large number in 
more comprehensible terms (03:58 onwards), which is a valuable pedagogical 
approach for enhancing understanding. 

The conversation then shifts to calculating the mass of Pluto by observing the orbit of 
its moon, Charon (06:09). Vega explains that the same formula used for the Sun can 
be applied here, using Pluto and Charon's orbital period and the distance between 



them. The calculated mass of Pluto is stated as approximately 1.309 × 10^22 kg. While 
specific research snippets detailing the orbital parameters of Charon and this precise 
mass calculation were not provided, the principle of using Kepler's Third Law and 
Newton's Law of Universal Gravitation remains valid for any two gravitationally bound 
celestial bodies.2 This application demonstrates the universality of these fundamental 
laws beyond just planets orbiting stars. Vega correctly notes that Pluto's mass is 
significantly smaller than the Sun's, highlighting the vast range of masses in our solar 
system. Dr. Alexander's question preceding this calculation (05:54) about using light 
dimming to discover Pluto's mass demonstrates an understanding of observational 
astronomy techniques used to gather data for such calculations. 

Finally, at timestamp (07:50), the conversation addresses the calculation of Earth's 
mass. Vega describes a different method, utilizing the acceleration due to gravity at 
Earth's surface and the radius of the Earth. The resulting mass is given as 
approximately 5.97 × 10^24 kg. This method is indeed a valid approach rooted in 
Newton's Law of Universal Gravitation.33 By equating the gravitational force to the 
weight of an object on Earth's surface (mg = GmM_Earth/r_Earth²), the mass of the 
Earth (M_Earth) can be derived.39 The accepted mass of the Earth is approximately 
5.9722 × 10^24 kg 32, which is remarkably close to the value provided by Vega. Dr. 
Alexander's subsequent question (08:21) about the historical determination of Earth's 
diameter shows an appreciation for the historical context of scientific measurements, 
to which Vega responds by mentioning Eratosthenes' ingenious method. The 
consistency between the mass of Earth calculated through this method and the mass 
that could be derived (though not explicitly discussed) from the orbit of its moon 
further validates the accuracy of these fundamental principles. 

Summary of Findings and Contributions: 
The dialogue between Dr. Alexander and Vega effectively and accurately explores the 
fundamental principles and methods for calculating the mass of celestial bodies. Vega 
provides correct definitions and explanations of Kepler's Third Law of Planetary Motion and 
the semi-major axis. The values for Earth's orbital parameters and the gravitational constant, 
either stated or implicitly used, align with accepted scientific values. The calculated masses 
for the Sun and Earth presented by Vega are strongly supported by the provided research 
material. Notably, Dr. Alexander plays a crucial role in guiding the conversation through 
insightful questions, prompting clarifications, exploring different celestial systems, and delving 
into the historical context of these scientific discoveries. His active engagement significantly 
enhances the educational value of the exchange. The discussion successfully demonstrates 
the power of basic physics and mathematics in understanding the properties of distant 
objects in the universe. 
Conclusion: 
The conversation between Dr. Hakeem Ali-Bocas Alexander and Google Gemini ("Vega") 



provides a valuable and accurate educational overview of the methods used to determine the 
mass of celestial bodies. Dr. Alexander's proactive participation and insightful questions are 
instrumental in shaping the discussion and ensuring clarity, making this a significant 
educational report that highlights his contribution to understanding these astrophysical 
concepts. 
Key Tables: 

Table 1: Validated Values for Sun's Mass Calculation 

Parameter Vega's Value 
(Transcript) 

Representative 
Research 
Snippet Value 

Units Validation 
Status 

Earth's 
Semi-Major Axis 

Not explicitly 
stated 

149.6 × 10^9 meters Consistent 

Earth's Orbital 
Period 

Not explicitly 
stated 

365.256 × 24 × 
3600 

seconds Consistent 

Gravitational 
Constant (G) 

Not explicitly 
stated 

6.674 × 10⁻¹¹ N⋅m²/kg² Consistent 

Sun's Mass 1.989 × 10^30 ~2.0 × 10^30 kilograms (kg) Consistent 

Table 2: Calculated Masses of Celestial Bodies 

Celestial Body Vega's Calculated 
Mass (Transcript) 

Units Validation Status 

Sun 1.989 × 10^30 kilograms (kg) Consistent 

Pluto 1.309 × 10^22 kilograms (kg) Needs Further 
Validation 

Earth 5.97 × 10^24 kilograms (kg) Consistent 

Table 3: Earth's Orbital Parameters and Gravitational Constant 

Parameter Vega's 
Mentioned 

Representative 
Research 

Units Validation 
Status 



Value (if any) Snippet Value 

Earth's Orbital 
Period 

Yes (1 year) 365.256 days Consistent 

Earth's 
Semi-Major Axis 

Yes (Semi Maj. 
Axis) 

1.496 × 10^11 meters Consistent 

Gravitational 
Constant (G) 

Yes 6.674 × 10⁻¹¹ N⋅m²/kg² Consistent 

Works cited 

1.​ www.reddit.com, accessed April 1, 2025, 
https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_o
f_celestial_bodies/#:~:text=A%20typical%20classroom%20example%20would,G
%20is%20the%20gravitational%20constant. 

2.​ astrophysics - How to calculate the mass of the orbiting body given ..., accessed 
April 1, 2025, 
https://physics.stackexchange.com/questions/248885/how-to-calculate-the-mas
s-of-the-orbiting-body-given-only-its-orbital-informatio 

3.​ Calculating the mass of celestial bodies : r/Astronomy - Reddit, accessed April 1, 
2025, 
https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_o
f_celestial_bodies/ 

4.​ Kepler's Third Law - Physics, accessed April 1, 2025, 
http://physics.bu.edu/~redner/211-sp06/class16/kepler3.html 

5.​ Question Video: Calculating the Mass of a Star Given a Planet's ..., accessed April 
1, 2025, https://www.nagwa.com/en/videos/214135937945/ 

6.​ Finding the Mass of the Sun | Orbit, Gravity, and Centripetal Force Explained - 
YouTube, accessed April 1, 2025, 
https://www.youtube.com/watch?v=0OFDw1nthJc 

7.​ Orbits and Kepler's Laws - NASA Science, accessed April 1, 2025, 
https://science.nasa.gov/resource/orbits-and-keplers-laws/ 

8.​ Kepler's laws of planetary motion - Wikipedia, accessed April 1, 2025, 
https://en.wikipedia.org/wiki/Kepler%27s_laws_of_planetary_motion 

9.​ Kepler's Three Laws | Astronomy 801: Planets, Stars, Galaxies, and ..., accessed 
April 1, 2025, https://www.e-education.psu.edu/astro801/content/l2_p5.html 

10.​1 Kepler's Third Law, accessed April 1, 2025, 
https://people.astro.umass.edu/~weinberg/a114/handouts/concept1.pdf 

11.​11: Kepler's Third Law - Physics LibreTexts, accessed April 1, 2025, 
https://phys.libretexts.org/Bookshelves/Astronomy__Cosmology/Supplemental_M
odules_(Astronomy_and_Cosmology)/Cosmology/Astrophysics_(Richmond)/11%3

https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_of_celestial_bodies/#:~:text=A%20typical%20classroom%20example%20would,G%20is%20the%20gravitational%20constant.
https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_of_celestial_bodies/#:~:text=A%20typical%20classroom%20example%20would,G%20is%20the%20gravitational%20constant.
https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_of_celestial_bodies/#:~:text=A%20typical%20classroom%20example%20would,G%20is%20the%20gravitational%20constant.
https://physics.stackexchange.com/questions/248885/how-to-calculate-the-mass-of-the-orbiting-body-given-only-its-orbital-informatio
https://physics.stackexchange.com/questions/248885/how-to-calculate-the-mass-of-the-orbiting-body-given-only-its-orbital-informatio
https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_of_celestial_bodies/
https://www.reddit.com/r/Astronomy/comments/17m8t5p/calculating_the_mass_of_celestial_bodies/
http://physics.bu.edu/~redner/211-sp06/class16/kepler3.html
https://www.nagwa.com/en/videos/214135937945/
https://www.youtube.com/watch?v=0OFDw1nthJc
https://science.nasa.gov/resource/orbits-and-keplers-laws/
https://en.wikipedia.org/wiki/Kepler%27s_laws_of_planetary_motion
https://www.e-education.psu.edu/astro801/content/l2_p5.html
https://people.astro.umass.edu/~weinberg/a114/handouts/concept1.pdf
https://phys.libretexts.org/Bookshelves/Astronomy__Cosmology/Supplemental_Modules_(Astronomy_and_Cosmology)/Cosmology/Astrophysics_(Richmond)/11%3A_Kepler's_Third_Law
https://phys.libretexts.org/Bookshelves/Astronomy__Cosmology/Supplemental_Modules_(Astronomy_and_Cosmology)/Cosmology/Astrophysics_(Richmond)/11%3A_Kepler's_Third_Law


A_Kepler's_Third_Law 
12.​Kepler's Third Law: The movement of solar system planets - Space.com, accessed 

April 1, 2025, https://www.space.com/keplers-third-law 
13.​science.nasa.gov, accessed April 1, 2025, 

https://science.nasa.gov/resource/orbits-and-keplers-laws/#:~:text=Kepler's%20T
hird%20Law%20implies%20that,days%20to%20do%20the%20same. 

14.​Chapter 3: Gravity & Mechanics - NASA Science, accessed April 1, 2025, 
https://science.nasa.gov/learn/basics-of-space-flight/chapter3-3/ 

15.​Orbits and Kepler's Laws - NASA Science Kepler's Laws, accessed April 1, 2025, 
https://science.nasa.gov/solar-system/orbits-and-keplers-laws/ 

16.​Kepler and His Laws - NASA, accessed April 1, 2025, 
https://pwg.gsfc.nasa.gov/stargaze/Skeplaws.htm 

17.​P2(in years) = a3(in AU)/M(in solar masses),, accessed April 1, 2025, 
http://www.as.utexas.edu/astronomy/education/fall08/lacy/secure/hw3.pdf 

18.​Kepler's 3rd Law--Lesson Plan #31 - NASA, accessed April 1, 2025, 
https://pwg.gsfc.nasa.gov/stargaze/Lkepl3rd.htm 

19.​Chapter 3: Gravity & Mechanics - NASA Science, accessed April 1, 2025, 
https://science.nasa.gov/learn/basics-of-space-flight/chapter3-1/ 

20.​Semi-major Axis | COSMOS, accessed April 1, 2025, 
https://astronomy.swin.edu.au/cosmos/s/Semi-major+Axis 

21.​History and Philosophy of Western Astronomy - Astronomy Notes, accessed April 
1, 2025, https://www.astronomynotes.com/history/s7.htm 

22.​Semi-major and semi-minor axes - Wikipedia, accessed April 1, 2025, 
https://en.wikipedia.org/wiki/Semi-major_and_semi-minor_axes 

23.​eSky: Semi-Major Axis - Glyph Web, accessed April 1, 2025, 
https://www.glyphweb.com/esky/concepts/semimajoraxis.html 

24.​semi-major axis - Glossary - NASA, accessed April 1, 2025, 
https://cneos.jpl.nasa.gov/glossary/semimajor_axis.html 

25.​cneos.jpl.nasa.gov, accessed April 1, 2025, 
https://cneos.jpl.nasa.gov/glossary/semimajor_axis.html#:~:text=Definition,mean%
20distance%20from%20the%20Sun. 

26.​SEMIMAJOR AXIS Definition & Meaning | Dictionary.com, accessed April 1, 2025, 
https://www.dictionary.com/browse/semimajor-axis 

27.​5.5: Newton's Law of Universal Gravitation - Physics LibreTexts, accessed April 1, 
2025, 
https://phys.libretexts.org/Bookshelves/University_Physics/Physics_(Boundless)/5
%3A_Uniform_Circular_Motion_and_Gravitation/5.5%3A_Newtons_Law_of_Univer
sal_Gravitation 

28.​Newton's law of gravitation (video) - Khan Academy, accessed April 1, 2025, 
https://www.khanacademy.org/science/highschool-physics/x6679aa2c65c01e53:
gravitation/x6679aa2c65c01e53:newtons-law-of-gravitation/v/newtons_law_of_gr
avitation 

29.​Earth's orbit - Wikipedia, accessed April 1, 2025, 
https://en.wikipedia.org/wiki/Earth%27s_orbit 

30.​Orbital and Rotational Characteristics of Our Planet Earth | Solar System Scope 

https://phys.libretexts.org/Bookshelves/Astronomy__Cosmology/Supplemental_Modules_(Astronomy_and_Cosmology)/Cosmology/Astrophysics_(Richmond)/11%3A_Kepler's_Third_Law
https://www.space.com/keplers-third-law
https://science.nasa.gov/resource/orbits-and-keplers-laws/#:~:text=Kepler's%20Third%20Law%20implies%20that,days%20to%20do%20the%20same.
https://science.nasa.gov/resource/orbits-and-keplers-laws/#:~:text=Kepler's%20Third%20Law%20implies%20that,days%20to%20do%20the%20same.
https://science.nasa.gov/learn/basics-of-space-flight/chapter3-3/
https://science.nasa.gov/solar-system/orbits-and-keplers-laws/
https://pwg.gsfc.nasa.gov/stargaze/Skeplaws.htm
http://www.as.utexas.edu/astronomy/education/fall08/lacy/secure/hw3.pdf
https://pwg.gsfc.nasa.gov/stargaze/Lkepl3rd.htm
https://science.nasa.gov/learn/basics-of-space-flight/chapter3-1/
https://astronomy.swin.edu.au/cosmos/s/Semi-major+Axis
https://www.astronomynotes.com/history/s7.htm
https://en.wikipedia.org/wiki/Semi-major_and_semi-minor_axes
https://www.glyphweb.com/esky/concepts/semimajoraxis.html
https://cneos.jpl.nasa.gov/glossary/semimajor_axis.html
https://cneos.jpl.nasa.gov/glossary/semimajor_axis.html#:~:text=Definition,mean%20distance%20from%20the%20Sun.
https://cneos.jpl.nasa.gov/glossary/semimajor_axis.html#:~:text=Definition,mean%20distance%20from%20the%20Sun.
https://www.dictionary.com/browse/semimajor-axis
https://phys.libretexts.org/Bookshelves/University_Physics/Physics_(Boundless)/5%3A_Uniform_Circular_Motion_and_Gravitation/5.5%3A_Newtons_Law_of_Universal_Gravitation
https://phys.libretexts.org/Bookshelves/University_Physics/Physics_(Boundless)/5%3A_Uniform_Circular_Motion_and_Gravitation/5.5%3A_Newtons_Law_of_Universal_Gravitation
https://phys.libretexts.org/Bookshelves/University_Physics/Physics_(Boundless)/5%3A_Uniform_Circular_Motion_and_Gravitation/5.5%3A_Newtons_Law_of_Universal_Gravitation
https://www.khanacademy.org/science/highschool-physics/x6679aa2c65c01e53:gravitation/x6679aa2c65c01e53:newtons-law-of-gravitation/v/newtons_law_of_gravitation
https://www.khanacademy.org/science/highschool-physics/x6679aa2c65c01e53:gravitation/x6679aa2c65c01e53:newtons-law-of-gravitation/v/newtons_law_of_gravitation
https://www.khanacademy.org/science/highschool-physics/x6679aa2c65c01e53:gravitation/x6679aa2c65c01e53:newtons-law-of-gravitation/v/newtons_law_of_gravitation
https://en.wikipedia.org/wiki/Earth%27s_orbit


Spacepedia, accessed April 1, 2025, 
https://www.solarsystemscope.com/spacepedia/earth/orbital-and-rotational-char
acteristics-of-earth 

31.​www.glyphweb.com, accessed April 1, 2025, 
https://www.glyphweb.com/esky/concepts/semimajoraxis.html#:~:text=For%20ex
ample%2C%20the%20semi%2Dmajor,km%20from%20this%20base%20value. 

32.​Earth Fact Sheet - the NSSDCA - NASA, accessed April 1, 2025, 
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html 

33.​Newton's Universal Law of Gravitation | Physics - Lumen Learning, accessed April 
1, 2025, 
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-l
aw-of-gravitation/ 

34.​www.asc-csa.gc.ca, accessed April 1, 2025, 
https://www.asc-csa.gc.ca/eng/astronomy/solar-system/earth.asp 

35.​How Long is a Year on Other Planets? | NASA Space Place, accessed April 1, 2025, 
https://spaceplace.nasa.gov/years-on-other-planets/en/ 

36.​Period of the Earth's Orbit - The Physics Factbook - hypertextbook, accessed 
April 1, 2025, https://hypertextbook.com/facts/1999/MitchellKrasnerman.shtml 

37.​courses.lumenlearning.com, accessed April 1, 2025, 
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-l
aw-of-gravitation/#:~:text=This%20was%20done%20by%20measuring,distance
%20to%20the%20center%20of 

38.​Newton's law of gravitation | Definition, Formula, & Facts - Britannica, accessed 
April 1, 2025, https://www.britannica.com/science/Newtons-law-of-gravitation 

39.​Masses of celestial bodies - Symbiosis Online Publishing, accessed April 1, 2025, 
https://symbiosisonlinepublishing.com/molecular-theoretical-physics/molecular-t
heoretical-physics16.php 

https://www.solarsystemscope.com/spacepedia/earth/orbital-and-rotational-characteristics-of-earth
https://www.solarsystemscope.com/spacepedia/earth/orbital-and-rotational-characteristics-of-earth
https://www.glyphweb.com/esky/concepts/semimajoraxis.html#:~:text=For%20example%2C%20the%20semi%2Dmajor,km%20from%20this%20base%20value.
https://www.glyphweb.com/esky/concepts/semimajoraxis.html#:~:text=For%20example%2C%20the%20semi%2Dmajor,km%20from%20this%20base%20value.
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-law-of-gravitation/
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-law-of-gravitation/
https://www.asc-csa.gc.ca/eng/astronomy/solar-system/earth.asp
https://spaceplace.nasa.gov/years-on-other-planets/en/
https://hypertextbook.com/facts/1999/MitchellKrasnerman.shtml
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-law-of-gravitation/#:~:text=This%20was%20done%20by%20measuring,distance%20to%20the%20center%20of
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-law-of-gravitation/#:~:text=This%20was%20done%20by%20measuring,distance%20to%20the%20center%20of
https://courses.lumenlearning.com/suny-physics/chapter/6-5-newtons-universal-law-of-gravitation/#:~:text=This%20was%20done%20by%20measuring,distance%20to%20the%20center%20of
https://www.britannica.com/science/Newtons-law-of-gravitation
https://symbiosisonlinepublishing.com/molecular-theoretical-physics/molecular-theoretical-physics16.php
https://symbiosisonlinepublishing.com/molecular-theoretical-physics/molecular-theoretical-physics16.php

	Validation of Astrophysical Concepts in the Conversation between Dr. Hakeem Ali-Bocas Alexander and Google Gemini 
	Works cited 


