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Abstract 
 
In this paper we calculate the volume, mass, gravitational attraction to the Earth, angular momentum the or-
bit of the Trojan asteroid (TK7) [1]. In this paper, we use classical Newtonian mechanics to analyse some of 
the physical and orbital properties of the Trojan asteroid, which are still experimentally unknown. The aster-
oid should remain in Earth’s orbit for the next 100 years. We conclude by providing informed estimates of 
2010 TK7’s yet unknown physical properties: i.e. mass, volume, gravitational attraction to Earth and angular 
momentum. 
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1. Introduction 
 
TK7 is located in the L4 Lagrangian point, 60˚ ahead of 
the Earth in orbit of the Sun, and was first observed in 
October 2010 by NASA’s Wide-field Infrared Survey 
Explorer (WISE) [2]. 

From the data received about TK7 from NASA’s 
WISE satellite we approximate the volume of TK7 as 
circa 1.1310 × 108 m3. From NASA’s JPL Small Body 
Database Browser [3], 2010 TK7’s orbital properties 
have the: aphehelion of 1.19095 AU, perihelion of 
0.80955 AU, semi-major axis of 1.00025 AU, eccentric-
ity of 1.9066, an orbital period of 365.394 days, a mean 
anomaly of 217.384˚, inclination of 20.8656˚, a longitude 
of ascending node of 96.5426˚ and an argument of peri-
helion of 45.7551˚. It is currently 80,000,000 km from 
the Earth. TK7’s dimensions are believed to be 300m in 
diameter [1]. 

In Section 2, we will review the current literature on 
Trojan asteroids, and on Lagrangian points. We will not 
use the three-body problem [4]1. Instead, in Section 3, 
we use classical Newtonian mechanics to determine the 
gravitational attraction of the Trojan to Earth, and we 
calculate its angular momentum based on its known 
physical and orbital properties. In Section 4 we provide a 
synoptic table of the numerical results of this paper. Sec-

tion 5 concludes the paper discussing its results and pos-
sible future uses. 
 
2. Review of Literature on Trojan Asteroids 

and Lagrangian Points 
 
2010 TK7 was discovered in October 2010 by NASA’s 
satellite WISE. Once discovered, the asteroid has been 
followed by the Canada-France-Hawaii Telescope [5]. 
Figure 1 evaluates the data of orbital properties. These 
data were published by Connors M. et al. 2011 [1]. 

The suspicion that Earth had a Trojan asteroid had 
however been present for some time [1]. 2010 TK7 is the 
first Trojan asteroid to have been confirmed to be orbiting 
the Earth. In the past, Trojan asteroids have been found to 
orbit around many of the gas giants, such as Jupiter or 
Saturn, however 2010 TK7 is the first known to have 
begun orbiting the Earth. 

Most Trojan Asteroids originate from the Kuiper Belt 
[6], and follow the orbit of a planet, 60˚ behind, or 60˚ 
ahead, with the Sun as the pivot. Joseph-Louis Lagrange 
determined these points as coordinates where Trojan 
asteroids can be located. Lagrange also worked on the 
three-body problem [4], where a gravitationally based 
calculation is made for a system with three celestial bod-
ies instead of two. Since it is impossible to find an exact 
answer to the three-body problem, we are not exploring 
this further (Our limitations have been explained by chaos 

1We do not analyse use the three-body problem since only approxima-
tions can be made. 
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theory [7]). An example of post-Newtonian work on the 
three-body problem can be found in Fawzy A. Abd El- 
Salam, et al. (2011) [8] 

The Lagrangian points are commonly used to calculate 
many of the orbital properties of celestial bodies [9]. 

This paper focuses on celestial planetary mechanics, 
most of which was developed by Sir Isaac Newton. Other 
notable examples of modern work on planetary mechanics 
(although based on a different, Quantum mechanical 
model) were by Nie Q. X. (2011) [10]. 
 
3. Analysis based on Newtonian Physics 
 
3.1. Universal Gravitation 
 
Although the mass of the asteroid TK7 is unknown, we use 
the average density of Trojan asteroids (2800 kg/m3) [11] 
to calculate its estimated mass (m) (based on spherical 
approximations) to be 1.4844 × 108 kg (based on the fact 
that the radius is 150 m) by 
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By applying Newton’s Law of Universal Gravitation 
[12], we obtain the gravitational attraction (F) 
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3.2. Angular Momentum 
 
The basic law of angular momentum (L) states that L = r × 
p, r being the distance between the body, and the pivot 
around which it is orbiting, and p being the linear mo-
mentum of the body. We calculate the momentum of TK7 
as:  
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From the data published in “Earth’s Trojan Asteroid” 
[1], we use the data of the distance between 2010 TK7 
and the Earth; 80,000,000 km. Therefore:  

78 10 km 0.5347 AUr            (4) 

Now, by substituting Equations (3) and (4), (giving us 
p and r) into the equation for angular momentum L = r × 
p, we obtain:  
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Figure 1. Orbital Dynamics of 2010 TK7 [1]. 
 
3.3. Explanation of Figure 1 
 
Figure 1 [1] shows the orbital path of 2010 TK7 through 
the inner Solar system. The graph was compiled with data 
derived from the images taken by the Canada-France- 
Hawaii Telescope [5], and from NASA’s WISE satellite 
[2]. Graphical approximation methods suggest that the 
orbit can be represented by the function: 2.4 1y x   . 
The horseshoe orbit loosely follows the function of 

2.4 1y x   , yet instead of orbiting in a standard fashion, 
such as other moons or planets, it follows the typical 
low-eccentricity path of a horseshoe orbiter [13]. The 
discovery of 2010 SO16 was the first horseshoe orbiter of 
the Earth. The defining aspect of horseshoe orbiters of 
planets is their low eccentricity, which in this case is 
1.9066 [3]. 
 
4. Data Table 
 
The table below summarizes the data estimated in this 
paper from Newton’s laws for the asteroid TK7. 
 
5. Conclusions 
 
In this paper, we have calculated: the estimated volume 
and mass of the asteroid from an informed estimate of the 
mean density (2800 kg/m3) [11]. This data is vital before 
any other calculations may be made for the physical 
properties of the asteroid. We have also calculated the 
gravitational attraction between 2010 TK7 and the Earth 
by using classical Newtonian mechanics. We have cal-
culated the angular momentum which is affecting the 
movement of the asteroid. 

 
Table 1. Data about TK7 calculated in this paper. 

Mass 1.4844 × 108 kg 

Volume 53014.3760 m3 

Gravitational attraction with Earth 9.2466 × 106 

Angular Momentum 1.1162 × 1017 kg·m2·s–1 
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From our analysis above, having used the the data from 
the WISE satellite [2] and from Earth’s Trojan Asteroid 
[1], our calculations of the physical and orbital properties 
have served to build on existing knowledge of the Trojan 
asteroid 2010 TK7. 
 
6. Acknowledgements 
 
I would like to thank Professor Guido Barbiellini Amidei 
and Mr. Gabriele Albasio for fruitful discussions on ear-
lier versions of this paper. The responsibility of any mis-
takes remains of course mine. 
 
7. References 
 
[1] M. Connors, P. Wiegert and C. Veillet, “Earth’s Trojan 

Asteroid,” Nature, Vol. 475, 2011, pp. 481-483.  
doi:10.1038/nature10233 

[2] V. G. Duval, W. R. Irace, A. K. Mainzer and E. L. 
Wright, “The Wide-Field Infrared Survey Explorer 
(WISE),” Proceeding of SPIE, Vol. 5487, Glasgow, 21 
June 2004. 

[3] JPL Small-Body Database Browser, NASA, 2010.  
http://ssd.jpl.nasa.gov/  

[4] J. L. Lagrange, “Essai sur le Problème des Trois Corps,” 
Oeuvres de Lagrange, Vol. 6, 1772, pp. 229-332. 

[5] O. Boulade, et al., “Development of MegaCam, the Next- 
Generation Wide-Field Imaging Camera for the 3.6-m 
Canada-France-Hawaii Telescope,” Proceedings of SPIE, 

Vol. 4008, 2000, pp. 657-668. doi:10.1117/12.395524 

[6] P. Lacerda, “A Chan ge in the Light Curve of Kuiper Belt 
Contact Binary,” The Astronomical Journal, Vol. 142, No. 
3, 2011, p. 90. doi:10.1088/0004-6256/142/3/90 

[7] J. Hietarinta and S. Mikkola, “Chaos in the One-Dimen-
sional Gravitational Three-Body Problem,” 
arXiv:chao-dyn/9304001v1 

[8] F. A. A. El-Salam and S. A. El-Bar, “Formulation of the 
Post-Newtonian Equations of Motion of the Restricted 
Three Body Problem,” Applied Mathematics, Vol. 2, No. 
2, 2011, pp. 155-164. doi:10.4236/am.2011.22018 

[9] Y. A. Abdel-Aziz, A. M. Abdel-Hameed and K. I. Khalil. 
“A New Navigation Force Model for the Earth’s Albedo 
and Its Effects on the Orbital Motion of an Artificial Sat-
ellite,” Applied Mathematics, Vol. 2, No. 7, 2011, pp. 
801-807. doi:10.4236/am.2011.27107 

[10] Q. X. Nie, “Comprehensive Research on the Origin of the 
Solar System by Quantum-like model,” International 
Journal of Astronomy and Astrophysics, Vol. 1, No. 2, 
2011, pp. 52-61. 

[11] Bucknell University. “Astronomy 101: Problem Set #10 
Solutions,” 2011.  
http://www.eg.bucknell.edu/physics/astronomy/astr101/pr
ob_sets/ps10_soln.html. 

[12] I. Newton, “Philosophiæ Naturalis Principia Mathe-
matica,” Cambridge University Press, Cambridge, 1726. 

[13] A. A. Christou and D. J. Asher, “A Long-Lived Horse-
shoe Companion to the Earth,” Monthly Notices of the 
Royal Astronomical Society, Vol. 414, No. 4, July 2011, 
pp. 2965-2969.  

 

http://dx.doi.org/10.1038/nature10233
http://dx.doi.org/10.1117/12.395524
http://dx.doi.org/10.1088/0004-6256/142/3/90
http://dx.doi.org/10.4236/am.2011.22018
http://dx.doi.org/10.4236/am.2011.27107

