
817

Exoplanets in physics classes

Katalin RADNÓTI 
Eötvös Loránd University, Faculty of Science, Institute of Physics, H-1117 Budapest,

Pázmány Péter promenade 1/A. Hungary 

I present the opportunity to use a new scientific discovery in physics lessons to illustrate
how they can be interpreted in the course of public education. Students were asked to
estimate the mass of a red dwarf star using the data regarding its planets published in an
article, and through the use of the learned laws of physics.
The aim is to develop the students' knowledge of mechanics, to expand the elements of
the  Newtonian  approach,  to  deepen  their  astronomical  knowledge  and  to  practice
research methods. This new approach was tested in 2 classes, and the results were the
basis of the thesis of a graduate teacher. The problem was also solved by 70 college
freshmen.

The course of the lesson 

Introducing the topic 
Analyzing the text of the online news article1 through questions
Calculating the mass of the red dwarf in three different ways
Calculating the mass of Jupiter from the data of its moons as a homework 
Watching, analyzing, and comparing similar news reports on exoplanets

Questions asked about the article:

1. What did the researchers discover?
2. Where is the telescope with which the discovery was made?
3. Where were the researchers?
4. What methodology did the researchers use?
5. What kind of celestial body were investigated? How far is it from us?
6. Why did the researchers continue to explore and what tools did they use?
7. What further research is planned and what will they use? 
8. How long have we known about exoplanets and how many were discovered?
9. What types of exoplanets have been first discovered and why?

A simple problem was solved using the data published in the article.

The problem

Seven small, Earth-sized planets circulate around a so-called dwarf star named TRAPPIST-1,
about 39 light years from us, so relatively close by. It was announced by researchers at NASA
in a press conference on 22th February 2017. The circulation preiod and the average distance
of the planets from their star is given in the table below, and it was also depicted in a graph.
- Use the data and the graph (Figure 1) to estimate the mass of the dwarf star! 
- Compare the mass of this star with the mass of the Sun!
- What approximations and assumptions were used in the estimation?
One Astronomical Unit is the Sun - Earth distance of 1.5.1011 m, the gravity constant is   =
6.67.10-11 Nm2/kg2, the mass of the Sun is 2.1030 kg.
Calculations using the data of planets or moons is a part of the compulsory curriculum, so it
can be solved as a regular task in class. For the graph method, it is an important element to
discover the Kepler’s Third Law in the equation of the fitted curve (the exponent being 1.5).

1 https://m.ipon.hu/elemzesek/a-het-torpe-meg-a-voros-torpe/3101
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Working on this project the key competencies of my students have been increased a lot, 
beside the stage performance they have used their ICT and multimedia knowledge preparing a
real film, which can be downloaded and watched [4]. 

3 Unique activities organised for the Researchers’ Night in Hungary

The “Researchers’ Night” initiative started in Europe in 2005. This project was launched first 
by the European Commission as a Europe-wide educational festival, and repeated annually on 
the last Friday of September.  

Since 2006 Hungary has also joined the initiative with different colourful activities organized 
in many educational and research places of the country.  

This unique event, organized on behalf of Roland Eötvös Physical Society in cooperation 
with the company Ericsson Hungary, is called “Follow Professor’s Öveges’ path”, and it has a 
target audience from age 6 to 100. The event starts in the afternoon and finishes around 
midnight; the participants are kids, parents, students, teachers, etc.  

During the event students are involved in the experiments; they learn (non-formal) a lot by 
games and with “doing”. 

One of the biggest successes of these Researchers’ Night programs was based on our 
suggestion, when we attempted to achieve a Guinness record which worked on physics 
principles (acoustics), and which involved many young people. Hip-hop band Punnany Massif 
and its audience succeeded to break a Guinness record at their concert in Budapest during that 
night, when 4,000 people played Beethoven’s Ode to Joy together on plastic tubes [5].  

In this presentation some hands-on experiments and good examples of non-formal learning 
will be presented. 

4 Conclusions 

Finally, we can conclude that motivated students can design and make interactive lecture 
shows, or on-stage performances based on physics or chemistry experiments. The use of ICT and 
multimedia effects can also contribute to explain the physics and chemistry concepts with much 
better effects. 

Öveges’ path event has a huge impact on the teachers and students, because the audience is 
involved in the experiments and physics is explained in a much more attractive way [6]. 
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Fig. 1. The orbital data of the planets.

The foundations of the solution

Newton’s law of gravitation is applied to the planetary system, where  M is the mass of the
star, and m is the mass of one planet. The orbit of the planet is approximated to be circular, the
effects of the planets on each other is ignored. The motion equation is: 
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hence we can simplify with the mass of the planet m
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which is actually Kepler's Third Law, which we can rearrange to the following form for 
further calculations:
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Three methods of solving the problem 

1. Calculations using the data of each planet using the equation above. 
2. Using Excel or other spreadsheet software, applying computer skills.
3. In the graph method it is an important element to discover the Kepler’s Third Law

in the equation of the curve. 

School Trial

The above methods were tried out in a session on gravitational interactions in a high school
physics class. The only difference was that the teacher only used SI units so the students
didn’t have to convert. The text was to be read by the students at home and the questions were
answered individually,  which was then discussed together.  The students liked this  kind of
lesson and the appearance of such a new discovery on the classroom.

The research was supported by the Faculty Pedagogical Research Program of the Hungarian
Academy of Sciences.
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