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Abstract 
 

The article focused on the consideration of a number of methodological issues related to teaching 
exploration of deep space to students of the natural science. The paper provides a brief overview of the 
issues which, in the authors’ opinion, should be taught to students at school and university. In the 21st 
century, the problem of space exploration is becoming more and more important, so students should be 
aware of various reasons why at present mankind is not yet ready to solve this ambitious task. The main 
problem that impedes such travels is cosmic radiation, which is harmful to humans. The article discusses 
the problems of phosphene generation in astronauts, the effects of cosmic radiation on laboratory animals, 
the search for materials that can absorb radiation and protect astronauts from harmful external influences. 
A set of methodological measures that would help to form students' certain ideas about the problems of 
interstellar flights: analysis of scientific articles, solving problems using real numbers and dependencies, 
conducting experimental research is discussed. In this paper, we provide examples of tasks that students 
can solve in order to improve their understanding of high-energy radiation and ways to protect against it. It 
is concluded that it is necessary to acquaint pupils and students with the problems of flights to near and 
deep space from the very beginning of studying the natural science disciplines. 
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1. Introduction 

Almost 60 years have passed since the first man went on a space journey. During this time, 

considerable progress has been made in the development of spacecraft and in ensuring living conditions for 

astronauts. As a result, long flights into near-Earth orbits have become possible, and flights into space are 

no longer considered extraordinary. The astronauts simply go on a business trip, during which they do a 

certain job. Moreover, the problems that used to arise during a long stay of the astronauts in zero gravity, 

the influence of a long stay in a confined space, and protection from radiation in near-Earth space have 

already been solved. 

One can consider that mankind has mastered near space and it is quite natural that it should desire 

to move on. Rather, to fly further and explore even more distant corners of outer space and other planets. 

The first steps have already been taken in this direction. Since 1960, automatic interplanetary 

stations have been launched, which have provided information about the characteristics of soil and surface 

rock, thermal characteristics, atmospheric composition, and the characteristics of the gravitational and 

magnetic fields of Mars. The next step in the study of this planet is to send robots there, and then people. 

This will not be just a visit as guests, but real colonisation with the organisation of settlements, the 

construction of infrastructure and much more. But how soon will this be possible? What needs to be done 

for this? 

2. Problem Statement 

The rest of the paper is not about solving the problem of overcoming the radiation hazard or other 

harmful cosmic factors. The authors are university teachers, so they are more interested in discussing 

problems of educating young people, training teachers and expanding their horizons. 

It is only natural that students who are interested in space should be watching science fiction films 

and reading books about the exploration of far regions of the Universe. In this regard, they show a keen 

interest in this problem. However, our teaching experience shows that students regard such flights merely 

as most exciting adventures, and are often unaware of the obstacles that currently make such flights 

impossible. 

This impossibility is due to a number of objective reasons, which should be discussed in classes of 

physics, biology, or other disciplines aimed at the professional training of school teachers. 

3. Research Questions 

It is well known that spacecraft that are in near-Earth space are protected from cosmic rays by the 

magnetic field of the Earth. However, even this protection is not complete. Thus, the astronauts are still 

exposed to radiation, as is evidenced by their observation of the so-called phosphenes (Narici et al., 2009). 

This phenomenon was first observed in 1969 by the astronauts who participated in the lunar expedition 

Apollo 11. NASA studies have concluded that these flares are most likely to be caused by the fast moving 

charged particles of the cosmic rays that penetrate the Earth's magnetic field, which is weakening with 

distance from the Earth. Of course, these risks should be taken into account when missions to the Moon 
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and Mars are planned, because beyond the range of the Earth’s magnetic field the crew will be subjected to 

the powerful impact of high energy cosmic particles. 

Scientists believe that the flashes of light perceived by the astronauts are caused by effects of 

ionizing radiation in the vitreous humour and the retina of the eye (Narici et al., 2009). This group of 

scientists introduced the first model of the mechanism of the generation of phosphenes. The construction 

of such a model was extremely important, as it allowed evaluating the risks associated with radiation and 

its effects on the astronauts in space. 

Research into the phenomenon of phosphenes has been conducted by several groups. Currently these 

flashes are believed to be associated with Cherenkov radiation in the vitreous humour of the human eyes 

(Tendler et al., 2020). The essence of the Cherenkov phenomenon is that when an ionizing particle moves 

through a medium at a speed exceeding the phase speed of light in this medium, radiation is produced. This 

radiation is perceived by the retina. According to some experts (Fuglesang et al., 2004), these flashes of 

light are not just a phenomenon observed by the eastronauts. In some cases, the phosphenes have caused 

sleep disorder during the space flight, which has deteriorated the astronauts’ overall health. 

The description of the phosphenes refers to cosmic ionizing radiation. Scientists indicate that there 

are several sources of cosmic radiation. Among them are galactic cosmic rays (GCR) composed of high-

energy protons, helium nuclei, and also the nuclei of virtually all elements of the Periodic Table of elements, 

predominantly carbon and iron; radiation from solar flares; secondary neutron and gamma radiation arising 

from the interaction of cosmic radiation with the material of the spacecraft and biological tissues, etc. The 

effects of these emissions are not limited to light flashes. There are also delayed effects such as cataract 

and cancer (Grigoriev et al., 2013; Krasavin et al., 2012; Ushakov et al., 2018). 

Currently, research is underway into the effect of cosmic radiation on biological systems. In 

particular, this is being done by a group of scientists working on the production in the laboratory of radiation 

similar to cosmic and its effect on laboratory animals (Grigoriev et al., 2017). These papers present the 

results of experiments proving that even small doses (20-60 cGy) of accelerated iron ions in animals lead 

the loss of spatial orientation, while irradiation with accelerated oxygen and titanium ions at doses of 5 cGy 

leads to cognitive impairment (Marshall-Goebel et al., 2019). Moreover, the effect of these radiation doses 

is expected to occur within two to three months. Currently, the research is being conducted on laboratory 

animals, but it may become relevant to astronauts exposed to cosmic radiation over a long period of time. 

Understanding the threats to the astronauts during a long space flight, scientists have begun to 

explore the possibility of creating protection against cosmic radiation. 

Moving in this direction, first of all, it is necessary to create detectors of ionizing particles. One such 

device is the compact detector LIDAL (Light Ion Detector), to be used in the machine ALTEA (Anomalous 

Long Term Effectson Astronauts) (Narici, et al., 2015, 2017a, 2017b; Rizzo et al., 2018; Walsh et al., 2019). 

ALTEA was already installed and worked on board the International Space Station (ISS) (2006-2012). It 

was used to study the radiation situation at the station. The detector design made it possible to detect protons 

with a temporal resolution of the order of 100 ps. The device is also intended for the preliminary assessment 

of the possibility of identification of particles in the detector LIDAL-ALTEA on board the ISS. Tests of 

the device on the Earth have shown that it can detect particles with energies from 90 to 228 MeV with a 

counting rate of about 109 particles per second (Rizzo et al., 2019). 
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Research is underway in another direction – the search for materials capable of absorbing radiation 

and protecting the astronauts from harmful external influences. Attempts have already been made to create 

special protective suits that can be used in emergency situations on board the ISS (Baiocco et al., 2018). 

For protection, water-filled clothing is used. To fill it, on-board water is used, which is subsequently 

processed without waste. Scientists believe that if the experiment succeeds, it will be possible to use its 

results to develop similar devices for interplanetary flights, including to Mars.  

Thus, the current research shows that there is a significant difference between near-Earth and long-

distance space expeditions. It is due not only to the preparation of the technical part of the flights, but also 

to the resolution of biomedical issues. Neither can be solved within the existing concept of preparing long 

flights. There is a point of view (Szocik & Braddock, 2019) that the preparation of such operations may 

require extra capabilities of astronauts, which may partly be based on the achievements of genetic 

engineering, nanotechnology, and robotics. This is a very serious problem that must be solved through a 

joint effort of scientists, philosophers, and psychologists. 

4. Purpose of the Study 

As mentioned above, our main task is to conduct a set of methodological activities with students 

that would help them develop certain ideas about the problems of interstellar flights. This set involves the 

use of all the tools available to the teacher: discussing specially selected fragments of scientific papers; 

solving problems with real numbers and dependences; conducting an experimental study, allowing 

independent verification of the validity of theoretical data. Of course, it is impossible to use real materials 

and energies discussed in papers in class, but it is undoubtedly possible to make estimations at the level of 

models. Examples of this approach are publications dedicated to modelling various flight trajectories to 

Mars (Singer, 2000). As the authors show, this model can be successfully used in various forms of classes 

with students (Stinner & Begoray, 2005). 

5. Research Methods 

In our opinion, as an experimental task, we can offer the study of the interaction of radiation with 

matter: the establishment of the material that is most suitable for protection against radiation; the study of 

a cataract model (as one of the problems arising from exposure to high-energy particles) (Petrova & 

Sabirova, 2016). The simple experiment described by the authors allows assessing the changes in the image 

perception that occur in a person with a cataract. The radiation passing through a partially opaque lens 

becomes not only less intense, but also undergoes a change in its spectral composition (it is shortened by 

about 20 nm at the blue end of the visible part of the spectrum). 

Another experiment that can be carried out within the framework of the students’ laboratory is an 

experiment to study the absorption of γ-radiation in matter. Recall that the standard version of this study is 

carried out with a set of metal plates made of different materials (usually aluminium and lead). By changing 

the thickness of the metal plate placed in the gap between the radiation source and the receiver, the students 

observe the weakening of the intensity of this radiation. Then, they are invited to construct a graph of the 

logarithm of the number of the counted pulses n vs. the thickness x of the absorbing layer. Since the number 
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of the counted pulses is proportional to the intensity of the radiation incident on the detector, the absorption 

coefficient μ can be determined from the slope of the straight line with the use of the law 0
xI I e−µ=  .  

We propose supplementing this practical with another task, where water will be used as the absorber 

of radiation. This does not require the significant modification of the set-up; it has only to be placed 

vertically, and the vessel can be installed between the radiation source and the detector, and be filled with 

water to any level. Thus, the students will be introduced to the results of modern experiments that will solve 

the problem of radiation protection of astronauts (recall the water-filled suits). 

The students are also offered problems directly related to the problems discussed above. 

Problem 1. According to some researchers (Sannita et al., 2006; Tendler et al., 2020) Cerenkov 

radiation may be produced in the human eye when a high-energy charged particle crosses the vitreous 

humour, and the retina and acts as a light sensor, while the brain is able, in turn, to perceive this radiation 

generated inside the eye. Estimate the minimum momentum pmin (in non-standard units of measurement 

MeV/c, where c is the speed of light in vacuum), which an electron must have in order for the astronaut to 

see flashes of light during the space flight even in conditions of very low intensity. The electron moves 

with a relativistic speed. The refractive index of the vitreous humour is n = 1,33.  

Solution. The Cherenkov effect consists in the emission of light when charged particles move in a 

substance with a speed v exceeding the speed of propagation of light waves (phase velocity) in this medium. 

Since the phase velocity of light ph
cv
n

=  (c is the speed of light in vacuum; n is the refractive index of the 

medium), the condition for the occurrence of the Cerenkov effect is phv v> , 
cv
n

> . Usually, this condition 

is written in a different form: introducing the parameter ,v
c

β =  we write the condition of the Cherenkov 

effect as 

 1.nβ >                                                                       (1) 

Since Cherenkov radiation is observed for relativistic particles, we first write the relativistic 

momentum of the particle: 

 
2 2

2

.
11

mvp mc
v
c

β
= =

−β
−

                                                       (2) 

The minimum momentum corresponds to the minimum value of the parameter β: min
1 .
n

β =  Thus, 

for the minimum momentum we obtain 

min 2
.

1
mcp
n

=
−

                                                                 (3) 
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The calculations are done in non-SI units where the unit of momentum isMeV/c. For the electron, 

2 0,511 .mc MeV=  Dividing both sides of this expression by c, we obtain 0,511 .MeVmc
с

=  

Substituting this and n = 1.33 into (3) we arrive at min 0,583 .MeVp
с

=  

Problem 2. In order to assess the possibility of protecting the crew of a manned mission to Mars 

from effects of ionizing radiation, calculate the mass of the protective shell of the capsule in which the 

astronauts will be placed (Douglas & Mellon, 2019). Choose lead ( 311 g cm−ρ = ) as a protective material 

and assume that the crew will consist of 6 people. The capsule has the shape of a sphere. There is a volume 

of about 10 m3 per astronaut, so the total volume is 60 m3. According to scientists, the greatest threat is 

presented by the solar wind, 90% of which consists of protons with average energies Ekin = 5×107 eV. Use 

the following: charged particles lose energy as a result of Coulomb interaction during collisions with 

electrons in matter. The rate at which energy is lost in collisions is given by the Bethe-Bloch formula  

222 4

2 2

24 ,
1

e

e

m vdE nZ e v
dx m v cvI

c

 
 

π   − = −       −       

                                                (4) 

where E is the particle’s energy, x is the distance travelled by the particle in the medium, n is the number 

density of electrons in the medium (cm–3), and I is the potential of excitation of the electrons of the medium. 

The Figure 1 below shows the dependence of the specific energy loss of protons in hydrogen and lead on 

the initial kinetic energy of the protons (Cazzola et al., 2015).  

 

 

 The dependence of the specific energy loss of protons in hydrogen and lead on the initial 
kinetic energy of the protons 
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Solution. Given 3 311,3 11300g cm kg m− −ρ = = (this is a constant value); 

3 760 ; 5 10 ;kinV m E eV= = ×  from the graph, 
( )

1 20,5 .dE MeV kg m
d x

−= ⋅
ρ

 It is necessary to find 

the mass of the shell of the spacecraft m. 

From the formula for the volume of the ball 34 ,
3

Rπ
=  we find its radius 3

3 2,43 .
4

R V m= =
π

 

Assuming that the thickness of the protective shell is much smaller than the radius of the sphere, we 

compute the mass ,m Ax= ρ  where 24A R= π  is the surface area of the sphere, and x is the thickness of 

the shell. 

Since we perform an estimate in this problem, we find the shell thickness from the relation 

( )
1 20,5 .dE MeV kg m

d x
−= ⋅

ρ
 From the conditions of the problem for a particular particle 

75 10 ,kinE eV= ×  we assume that x takes a specific value. Then 7 65 10 0,5 10x× = ρ × ×  Substituting the 

density of lead, we find 38,84 10x m−= × . Now we calculate the mass of the shell in SI units: 

( )22 34 11300 4 3,14 2,43 8,84 10 7410m R x kg−= πρ = × × × × × =   

Thus, the use of the graph greatly simplifies the solution of the problem. There is no need to use the 

Bethe-Bloch formula, which the students may find rather difficult. Using the data of the graph allows the 

use of the simplest relations that are familiar even to school students. 

6. Findings 

We believe that preparing students for correct understanding of various natural phenomena should 

begin already at school. The Programme for International Student Assessment is aimed at assessing the 

awareness of sciences. However, the development of science literacy should not end with graduation. Many 

graduates go to universities and encounter problems that also require that they should make correct 

evaluations and informed decisions.  

In Ref. 17, the author, the teacher of astronomy N.N. Gomulina showed how the means of the 

discipline which is being taught allow establishing the validity of the media report about the “huge energy 

facility that threatens the Earth’s biosphere” and prevent the negative consequences that may arise in society 

when such reports are read (Gorban & Gomulina, 2015). The reliability of media reports are also discussed 

in papers by Bulyubash (2010), who created a technique that allows students to examine critically the 

information flow. 

In order to enable students to use what they learn, they need to improve their theoretical knowledge, 

as well as learn how to use it in various situations. This is what the tasks proposed by the authors are 

intended to do. 

The authors proposed experimental tasks for studying the interaction of ionizing radiation with a 

substance: establishing the material that is most suitable for protection against radiation; study of the model 

of cataract (as one of the problems arising from irradiation with high-energy particles), laboratory work on 
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the study of absorption of и radiation and examples of tasks that can be solved with students to enhance 

their understanding of high-energy radiation and how to protect against them. 

Solving problems will allow students to evaluate the energies and velocities that characterize 

ionizing cosmic radiation, to get acquainted with the off-system units used in carrying out such calculations. 

The teaching methods proposed by the authors include carrying out calculations, analyzing the 

values obtained, working with graphs of functions. In Problem 2, it is shown that the use of the graph greatly 

simplifies the solution of the problem. 

The lessons conducted by the authors based on presented materials showed that this material is interesting 

to students. Students feel involved in solving serious practical problems. This, of course, increases their 

motivation to master this material. 

7. Conclusion 

Thus, we strongly believe that it is necessary to introduce students at school and university to the 

problems of deep-space flights already at the initial stage of studying science. This knowledge will help 

them satisfy their existing cognitive interest, competently evaluate information about space in the media. It 

is the current schoolchildren that will have to overcome the current obstacles of conquering deep space. 

The time when the first representatives of the Earth will travel to distant space, when Mars will be colonised, 

depends first of all on how we are now going to teach physics, astronomy, and biology to our students. 
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