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Chapter One

The environment 
of outer space

■ Deep space

■ Near space
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Deep space
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In the Solar System distance measurements are commonly

expressed in astronomical units (AU). One AU is the length of the

semi-minor axis of the Earth’s orbit, that is, 149597870 km.

In the distant universe, which extends beyond the range of

today’s probes, they are expressed in light years (1 light year

� 9.461�1012 km) or parsecs (1 parsec � 3.26 light years).

Deep space refers to the central part of the Solar System

(fig. 1.1).This contains:

■ one star, the Sun, of radius 696 000 km,

■ the nine principal planets whose mean distances from the

Sun, or mean heliocentric distances, vary between 0.39

AU for Mercury and 39.44 AU for Pluto (see table 1.1).

The motion of the planets against the celestial sphere of

fixed stars has been observed since the earliest times,

earning them the name of wandering bodies (from the

Greek ��������).

The planets are divided into two groups according to their

physical properties.The terrestrial planets, Mercury,Venus, Earth

and Mars, are relatively small, with a solid surface and an

atmosphere. The Jovian or giant planets, Jupiter, Saturn, Uranus

and Neptune, are distinctly larger and much less dense.

Finally, Pluto falls into neither of these two families, being a

small planet of low density.

The Solar System also includes:

■ Natural satellites (moons) and rings orbiting certain

planets (table 1.1).

■ The asteroids, numbering several thousand, and grouped

into families with orbits showing a wide range of eccen-

tricities, sizes and inclinations to the ecliptic.The majority

follow quasi-circular orbits at heliocentric distances

between 2 and 3.5 AU, where they make up the main belt.

Further out, the Hildas gravitate around 4 AU and the 
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Table 1.1. Planetary characteristics.

Trojans around 5 AU (see fig. 8.30).

■ Several hundred other objects, similar to asteroids, which

gravitate beyond the orbit of Neptune.These form the

Kuiper Belt. Pluto and its moon Charon are now consid-

ered as members of this group.

■ The comets, which have eccentric orbits, and primitive tra-

jectories with semi-major axes measuring several tens of

thousands of AU.

In addition, like the rest of the interplanetary medium, deep

space is filled with:

■ a flow of ionised particles originating in the Sun and

known as the solar wind,

■ interplanetary dust.

Certain parameters are used to locate positions of celestial

bodies in the Solar System relative to Earth.

The geocentric distance depends on both the orbit of the celes-

tial body and the orbit of Earth, and also on the position of

these bodies on their orbits at the relevant time. Neglecting

the different inclinations of the orbits relative to the ecliptic, it

depends on the phase angle, that is, the angle between the planet,

the Sun and Earth. At its maximum, the geocentric distance is

close to the sum of one AU and one radius of the planetary

orbit in question.This occurs at conjunction, in the configura-

tion planet–Sun–Earth. Its minimum is close to the absolute

value of the difference between one AU and the radius of the

planetary orbit at opposition or inferior conjunction.

The synodic period is the time required for the system

planet–Sun–Earth to come back to the same configuration as

viewed from Earth.This period varies from 115.9 days in the

case of Mercury, to 2 years 49.5 days for Mars. The synodic

period marks the return of certain special conditions, such as

a favourable configuration for sending out probes.
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3Deep space

Figure 1.1. The Solar System.
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The near space medium is dominated by the presence of a

gaseous envelope, the atmosphere, held around Earth by gravity,

and by the existence of a magnetic field, the magnetosphere,

generated by the outer part of the terrestrial core.

Above the atmosphere, a plasma (ionised gas, composed of

positively and negatively charged particles and ions) is trapped

by the lines of force of the magnetosphere.This plasma consti-

tutes the ionosphere and the various plasmatic regions of the

magnetosphere.

The atmosphere

The atmosphere can be subdivided in different ways (fig. 1.2):

■ By its composition, which remains constant in the 

lower convection zone or homosphere, up as far as the

homopause (90 km). Ozone is most abundant between 

40 and 50 km. Light elements predominate more and

more in the heterosphere and, photoionised by solar 

ultraviolet radiation, give rise to the ionospheric plasma.

Beyond the exobase (500 or 600 km), only the lightest

atmospheric components remains (helium and hydro-

gen).These are liable to escape, although slowly, from

Earth’s gravitational attraction.This region is called 

the exosphere.

■ By pressures and densities, which decrease more and

more slowly with altitude. 50% of the mass of the atmos-

phere is located below 5 km, 90% below 16 km and

99.9% below 60 km. Even the most tenuous atmosphere

exerts a braking effect on satellites, out as far as 600 km,

thereby limiting their lifespans.

■ By temperatures, which decrease with altitude by 5 �C to

10 �C per kilometre in the troposphere down to a first mini-

mum in the tropopause.This is situated at 9 km altitude near

the poles and about twice that near the equator.Aeroplanes

fly mainly in the troposphere.Above the tropopause,

temperatures increase with altitude under the effects 

of ozone dissociation by solar UV radiation, reaching 

80 �C at around 50 km altitude, at the top of the stratosphere.

This is called the stratopause.They then decrease to �70 �C 

in the mesosphere. Finally, beyond the mesopause (90 km),

they increase rapidly in the thermosphere (which coincides
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Figure 1.2. Main divisions of near space showing airborne and space vehicles that visit them.
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with the heterosphere) to reach the exospheric temperature

of 1200 �C to 1300 �C, corresponding to the absorption 

of extreme UV solar radiation by photoionisation.

The magnetosphere

The magnetosphere forms a magnetic cavity in the solar

wind, resulting from the interaction between the terrestrial

dipolar magnetic field (fig. 1.3) and the interplanetary mag-

netic field ‘frozen’ into the solar wind (fig. 1.4).The surface

on which the two fields balance is called the magnetopause.

Beyond the magnetopause is a shock wave due to the super-

sonic flow of the solar wind. Between the two is the magne-

tosheath, where the magnetic field varies greatly in intensity

and direction.This is dominated by particles from the inter-

planetary plasma (fig. 1.5).

Plasmas in the magnetosphere

The ionosphere begins in the outer thermosphere and is due to

ionisation of the components of the terrestrial atmosphere car-

ried to high altitude.This ionisation is caused by solar UV radi-

ation and also by X-rays and primary cosmic radiation.Also to

be found here are particles from the interplanetary plasma and

5Near space
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Figure 1.3. Terrestrial magnetic field

without the effects of the solar wind.

Figure 1.4. Terrestrial magnetic field under the influence of the solar wind. The magnetic field extends on the

right, beyond the cross-section represented here to show the structure.
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disintegration products from meteoritic and cometary grains

in the upper atmosphere (source of metallic ions).

Above the terrestrial ionosphere proper, lines of force in

the magnetosphere channel ionised particles in the direction

of the magnetic field, thereby organising their distribution.

The polar clefts represent the path of least resistance for

charged particles to enter Earth’s atmosphere. In periods of

increased solar activity, accelerated particles (particularly in

the  magnetotail) are able to penetrate as far as the upper

atmosphere along this route. There they excite atmospheric

molecules, causing the polar auroras, borealis and australis.

Different zones can be distinguished in the magneto-

spheric plasma, in particular:

■ The Van Allen belts, stable trapping zones in which particles

(e.g., very high energy protons and electrons originating

in cosmic rays, low energy electrons) bounce back and

forth along the lines of force (taking between 0.1 and 

2 seconds from one pole to the other, depending on 

the particle), whilst rotating about the Earth. Electrons

complete this rotation in times from 1 to 10 hours 

in the sense of Earth’s rotation, whilst protons move 

in the retrograde sense with a period of 5 seconds to 

30 minutes. High energy protons are generally located

between 2000 and 6000 km, but may fall much lower

(down to 400 km) with the help of a magnetic anomaly

between Brazil and South Africa.The radiation belts are

filled with high energy particles which damage the 

silicon cells making up solar arrays, making them poor

locations for satellites.

■ The plasmasphere is made up of a very low energy plasma 

of the same composition and apparent origin as the iono-

spheric plasma, but at lower density (50 particles/cm3).

Thermal conditions

Bodies in space are subject to different temperatures that

depend less and less on the air temperature as the air

becomes more rarified. In the mesosphere and beyond, heat

exchanges are effected mainly by radiation, the principal

sources in near space being the Sun (1200 kcal/m2/h) and

Earth (187 kcal/m2/h by its own radiation, 430 kcal/m2/h

by reflection of solar radiation).

Solar radiation supplies the energy for most satellites oper-

ating in near space. In deep space, the greater the distance

from the Sun, the lower the available energy and the more

likely it becomes that other energy sources will be necessary,

such as nuclear energy. Furthermore, the predominance of

solar radiation in the thermal analysis of space vehicles means

that, when there is no atmosphere, the surface exposed to the

Sun heats to high temperature whilst the opposite surface

cools by radiating into space. In order for satellites to func-

tion properly, it is important to establish a certain homogene-

ity of temperature (see table 1.2). One way of doing so is to

use reflective cladding on the parts exposed to the Sun and

absorbent cladding on the parts which need to be warmed

up. During eclipses, in which the Earth prevents the satellite

from receiving solar radiation, problems arise both from the

reduction in radiation received and the thermal shock to

which the various components of the satellite are exposed.

Dust and debris

Like the rest of interplanetary space, near space is filled with

dust of cometary or other origins. Some of this dust may

reach Earth’s surface in the form of meteorites (the larger

fragments) or micrometeorites (tiny fragments, less than 

10 micrometres across). Fragments of intermediate dimen-

6 The Environment of Outer Space

Table 1.2. Environmental influences on space flights.

POSITION

EFFECTS

ON SATELLITES

EFFECTS

ON HUMANS

COUNTER-

MEASURES

Reacceleration;

heat shield; pressurisation

Aeraemia at 5 000 m

Anoxia at 15 000 m

Boiling of body fluids at 19 000 m

Deceleration proportional to atmospheric

density (=1/2ρν 2 x ballistic coefficient,

ρ being the specific density, ν the velocity).

Negligible at 800 km, the loss of altitude is

on the order of metres per revolution at 600 km,

tens of metres at 400 km

and hundreds of metres at 200 km.

Overheating is linked with deceleration.

0 to 800 km

DENSITY OF THE ATMOSPHERE

Insulating materials; temperature

exchangers; louvres, anti-infrared visors; air

conditioning

Depend on the emissive

power and reflectivity of

module walls

Flux of 1200 kcal/m2 per h facing the Sun,

none in the shade,

variation of temperature

on the order of +150 °C to –150 °C

From 90 km ;

stable from 500 km (inverse to the

square of the distance from the Sun)

THERMAL EFFECT OF

INFRARED RADIATION

Materials

and visors

containing filters

Destruction of

exposed tissue

Only affects

certain sensitive

materials

(e. g. film)

From 50 km

stable at around

500 km

ULTRAVIOLET

RADIATION
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sions are called meteors, which may disintegrate in the ter-

restrial atmosphere and be observed as shooting stars.

Near space is also cluttered with more and more debris

from rocket launches, former satellites no longer in use,

or satellites that have been destroyed.The disintegration of 

one satellite alone, Kosmos 1275, produced 242 detected

fragments and millions of particles from the same source

which are now moving through circumterrestrial space

(see pages 54–56). Impacts from interplanetary dust and

debris represent a real threat to satellites. Impact craters due

to tiny particles have been observed on the Space Shuttle.

7Near space

Figure 1.5. Cross-section of the magnetosphere. The Van Allen belts consti-

tute a dangerous zone for satellites. Fortunately, the orbits of many Low Earth

Orbit (LEO) satellites are located below them, whilst those of the Geostation-

ary Earth Orbit (GEO) satellites lie well above them (from T. Encrenaz and J.-P.

Bibring, 1987).
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