
Physics teacher support material 1

Investigation 5 (annotated)

Determining solar characteristics using planetary data 

Introduction 

The Sun is a G-type main sequence star at the center of the Solar System around which 

the planets, including our Earth, orbit. In this investigation I will be examining the Sun and its 

physical characteristics. I will use a database provided by the European Space Agency, found at 

http://pdb.estec.esa.int/, to acquire various pieces of information about the planets in the Solar 

System and then use that to determine some of the Sun’s characteristics through the laws of 

astrophysics. 

Feature 1: Mass 

The most basic characteristic about the Sun that I can find is its mass. The mass of the 

Sun must first be found before it is possible to determine characteristics based on gravitational 

force. I plan to determine the mass of the Sun using data from the planets. This can be done 

through the application of Johannes Kepler’s laws of orbital motion. Kepler’s third law states 

that:  

“The square of a planet’s orbital period is directly proportional to the cube of its semi-major 

axis.” 

 This law can be demonstrated using the planets in our Solar System and their orbits around the 

Sun. I found a graph on the internet which shows the accuracy of Kepler’s third law in our Solar 

System. 

EX A more focused (and singular) research question 
would have helped the student produce a more 
interesting investigation. 

C A clear and direct introduction helps the reader 
understand what is to follow. The student’s 
language is clear and direct in most cases. 

EX This database also gives the mass of the Sun. 

A The student has indeed selected appropriate data 
given their research questions. 

EX The topic is clearly identified, a series of basic 
research questions will be answered, and 
appropriate concepts and techniques are to be 
used here. This investigation is not of sufficient 
complexity to be commensurate with the level of 
the course.  

EX A better physics IA would have been one that 
focused on a single research question and then 
went into more depth. This investigation is more 
like a homework problem than an experiment. 

C The graph ‘shows’ this to us only if we appreciate 
the gradient of the log-log graph. But we know what 
the student means here. 
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http://burro.astr.cwru.edu/Academics/Astr221/Gravity/kepler3.htm 

The orbital period of a body is the time it takes to complete one full orbit. The semi-major axis 

is half of the longer diameter of an orbit’s elliptical path.  

Any proportionality statement can be expressed in an equation through the addition of a 

constant. In this case, the constant must relate to the gravitational force which guides the 

orbits and their circular paths. The full equation for Kepler’s third law is given as: 
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Where P is the orbital period, G is the universal gravitational constant (6.67x10-11m3kg-1s-2), M1 

and M2 are the masses of the two celestial bodies and a is the semi-major axis of the orbit.  

This equation can then be rearranged to find the solar mass, M1: 

EX The method is appropriate. Equations are 
explained but background and context are very 
limited here. 
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Now, using data from the planetary database, I can calculate the mass of the Sun. To improve 

the accuracy of the result, I did this calculation for each of the eight planets.  

Sample calculation using data from Mercury: 
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These are the results I obtained for the solar mass using data from each of the planets: 

Planet Solar Mass (kg) 

Mercury 1.9897x1030 

Venus 1.9897x1030
 

Earth 1.9897x1030 

Mars 1.9897x1030 

Jupiter 1.9878x1030 

Saturn 1.9891x1030 

Uranus 1.9896x1030 

Neptune 1.9896x1030 

All the results are very similar when rounded. The main difference occurred when going from 

the smaller and lighter inner planets to the larger and heavier outer ones. The greater mass of 

these planets changed the value calculated slightly. I decided to take an average mass from 

these results and got my final value for the solar mass as 1.9894x1030kg. 

EX This approach gives credit to the student for 
using an appropriate method. However, the student 
is not aware of any uncertainties in the database or 
of significant figures in their calculations. 

A For the first research question, the amount of 
data is sufficient. However, there is no appreciation 
of precision or accuracy in the data that is 
considered here. 

C and A The language here is vague and not 
scientific. 

PE This perception might be considered ‘personal 
input and initiative’ but given the overall report, 
Personal Engagement is hard to find (until there is a 
hint of PE at the end of the report). 

EV Yes, but what is the precision of this value? 
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Feature 2: Surface Gravity 

After successfully determining the mass of the Sun through Keplerian calculations, the 

Sun’s gravitational force can be calculated. The surface gravity of a body is the acceleration due 

to the force of its gravity when at its surface. The mathematical formula for acceleration due to 

gravity is derived from Newton’s law of universal gravitation. 

Newton’s law is shown in the picture below. 

Then, taking Newton’s second law, F mg=  and setting the two forces equal to each other we 

get: 

2

GMmmg
r

=

The masses then cancel out allowing one to solve for the acceleration due to gravity using the 

following formula: 

2

GMg
r

=

Where g is the surface gravity, G is the gravitational constant, M is the mass of the body and r 

the distance from the body’s center of gravity. To calculate the surface gravity, the value for r 

must be set equal to the body’s radius. In the last section I determined the mass of the Sun. Its 

EV How does the student know this? More 
explanation is expected. 

EX This is really a second research question. 

C The source of this image is needed here. The 
teacher should have caught this omission. 
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radius can be found through measuring its angular size in the sky and then, knowing the 

distance from the Earth to the Sun, the radius can be calculated trigonometrically. I was unable 

to do this myself, so I obtained the radius of the Sun from my database, as 695500km. Using 

this data, the surface gravity of the Sun can be calculated.  
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As a comparison, the surface gravity on Earth is 9.81ms-2, almost 28 times less. Its very large 

gravitational force is how the Sun manages to keep all the planets in orbit.  

Feature 3: Escape Velocity 

The escape velocity of a celestial body is the velocity required by an unpowered object 

to escape that body’s gravitational field. At escape velocity, the gravitational potential energy 

of the object and its kinetic energy will equal zero when added. The formula for escape velocity 

can be derived through this. 

Kinetic energy has the formula 21
2kE mv=  and gravitational potential energy is given by 

1 2
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When these two are added, they must equal zero, so: 
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2
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A Technically, the student used the ‘datum’ (a single 
value) from the data base. This is hardly sufficient. 
Again, this approach is more like a homework 
problem. 

A Again, there is no appreciation of errors, 
uncertainties, assumptions or significant figures. 
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This now allows us to rearrange this formula to solve for v, the escape velocity. 

2GMv
r

=

Now the values that we obtained can be inserted into the equation. 
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This value I obtained is the velocity an object fired from the surface of the Sun to be fired in 

order to escape its gravitational field – about 617.7kms-1. However, this value does not have 

many practical applications as we do not fire objects from the surface of the Sun. A much more 

useful value to calculate would be the velocity required to escape solar orbit when launched 

from the Earth. This allows us to launch probes into the interstellar medium. To calculate this 

value, the Earth’s average distance from the Sun, one astronomical unit, must be set as the r 

value in the equation. 
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In order to escape the Sun’s gravity when launched from the Earth, a velocity of 42kms-1 is 

required. This value can be used if probes ever need to be sent on a solar escape trajectory. 

EX and C Although the student is correct here, they 
are taking attention away from the quality and 
nature of the IA, and as such this digression adds 
nothing. 
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Conclusion 

Using data provided in an online database, I was able to determine the mass, 

gravitational force and escape velocity of the Sun. To check the accuracy of the results I 

calculated, I compared them to the actual accepted values. 

The mass of the Sun that I obtained was 1.9894x1030kg. The actual accepted value is 

1.9891x1030kg. My result was only 0.015% higher than the accepted value. This shows that 

through the application of Kepler’s third law, celestial masses can be calculated with a very 

good amount of accuracy.  

The next characteristic that I calculated was the surface gravity of the Sun. The value I 

obtained was 274.3ms-1. The accepted value is 274.0ms-1. My value is 0.15% higher which is 

once again very close. The reason that my result is higher is because I used the mass of the Sun 

that I calculated in the first part, which was also slightly higher than the actual mass. However, 

my calculations were still very accurate. 

The final characteristics I calculated were the escape velocities from the surface of the 

Sun and also the solar escape velocity from Earth. For the escape velocity from the surface of 

the Sun, I got a value of 617.7kms-1. This is identical to the accepted value, which means that I 

was able to perform my escape velocity calculation very accurately. The result that I calculated 

for the solar escape velocity from Earth was 42.1kms-1. This is also identical to the accepted 

value. My escape velocity calculations were extremely accurate. 

Overall, the values I obtained through my calculations in this investigation were very 

accurate with regards to the actual values and I am pleased with how it turned out. I was able 

to apply Kepler’s and Newton’s laws of astrophysics to the planets and the Sun in our Solar 

System well and through this I was able to confirm the accuracy of these laws.  

C Headings for the three investigations and the 
Conclusion and Evaluation sections help the reader 
appreciate content. The language is clear and 
direct, with only a few digressions. The overall 
report is focused and flows. 

EV and C This data needs a reference. We only 
assume it came from the same database. 

EV A complete evaluation would include the 
propagation of uncertainty given the data and 
processing, not just comparing the result to the 
accepted value. However, the student was wise to 
make this comparison. 

EV Yes, the three calculations are exceptionally 
good as one would expect using a basic plug in the 
values method. More depth is expected here, even 
with a database. 
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Evaluation 

I chose to do this investigation because of a personal interest in the field of astrophysics. 

I chose to do our Solar System because it is the system that we are most familiar with and we 

have an abundance of data to do with the celestial bodies in it. The Sun, being the focal point of 

the Solar System, was the best choice for me to conduct my investigation on. I knew that I could 

use the orbital data of the planets to calculate various characteristics of the Sun. For my 

database, I chose the one provided by the European Space Agency because it has very accurate 

and precise information with easy accessibility. The database proved very useful throughout my 

investigation and gave me very accurate results in the end.  

Throughout my investigation, I had to apply various physical laws. In order to conduct 

the first part of my investigation I had to familiarize myself with Kepler’s third law, a topic that 

we only studied briefly in class and I did not know too much of. I was able to use the law 

properly and accurately to calculate my data. Newton’s laws of gravitation were ones that we 

had studied more extensively so I was also able to apply them in a proper manner and 

effectively. The accuracy of my results shows a good application of these laws. 

I am pleased with how the investigation turned out and the results I managed to obtain. 

If I could add more to this investigation I would probably look into doing further calculations of 

different factors, examining characteristics such as the Sun’s surface temperature, luminosity 

and energy output. I would also probably do more calculations for my current factors, such as 

expanding my solar escape velocities to include those from all the planets. In this investigation I 

only looked into a small fraction of the solar characteristics available. However, I think that 

what I did with my investigation went very well.  

PE Stating one’s interest and demonstrating that 
interest are not the same. 

PE Could this be a justification for the research 
project?  

EV Although the student is aware of extensions of 
this study, none of them prove any more interesting 
than just plugging in numbers. 
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