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UNIT1 ASTRONOMY, SPACE EXPLORATION
RXFE KZRE

ARTICLE 1 INTRODUCTION &t

READING ASSIGNMENT
1. What does astronomy deal with?
2. What does astrophysics deal with?
3. Please list the names of some spacecraft.

Astronomy Astronomy is the science that deals with the origin, evolution, composition, dis-
tance, and motion of all bodies and scattered matter in the universe. It includes astrophysics, which
discusses the physical properties and structure of all cosmic matter.

Until the invention of the telescope and the discovery of the laws of motion and gravity in the
17th century, astronomy was primarily concened with noting and predicting the positions of the
Sun, Moon, and planets. The catalog of objects now studied is much broader and includes, in order
of increasing distances, the solar system, the stars that make up the Milky Way Galaxy, and other
more distant stellar objects and galaxies. With the advent of scientific space probes, the Earth also
has come to be studied as one of the planets, though its more detailed investigation remains the do-
main of the geologic sciences.

During the 20th century astronomy has expanded to include astrophysics, the application of
physical and chemical knowledge to an understanding of the nature of celestial objects and the physi-
cal processes that control their formation, evolution, and emission of radiation. Study of the nuclear
reactions that provide the energy radiated by stars has shown how the diversity of atoms found in na-
ture can be derived from a universe that originally consisted exclusively of hydrogen. Concemed with
phenomena on the largest scale is cosmology, the study of the evolution of the universe. Astro-
physics has transformed cosmology from an almost purely speculative activity to a moder science ca-
pable of predictions that can be tested.

In spite of its great advances, astronomy is still subject to a major constraint; it is inherently
an observational rather than an experimental science. Almost all measurements must be performed at

great distances from the objects of interest, with no control over such quantities as their temperature,
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pressure, or chemical composition. There are a few exceptions to this limitation — namely, mete-
orites, rock and soil samples brought back from the Moon, and interplanetary dust particles collected
in or above the stratosphere. These can be examined with laboratory techniques to provide informa-
tion that cannot be obtained in any other way. But much of astronomy appears otherwise confined to
Earth-based observations.

Space exploration Space exploration is the investigation, by means of both manned and un-
manned spacecraft, of the reaches of the universe beyond the atmosphere of the Earth. Spacecraft,
vehicles that operate above the Earth’s atmosphere, include sounding rockets, Earth satellites, and
lunar, planetary, and deep space probes.

On October 4, 1957, the Soviet Union launched the world’s first artificial satellite, Sputnik 1,
and set in motion a series of programs of space exploration. The first U.S. satellite, Explorer 1,
was launched on January 31, 1958, not quite four months after Sputnik 1. Both nations participated
during the next decades in a space race, with more than 5 000 successful launches of satellites and
space probes of all varieties: scientific research, communications, meteorological, photographic re-
connaissance, and navigation satellites, lunar and planetary probes, and manned space flights. The
Soviet Union launched the first man into orbit around the Earth on Aprl 12, 1961. On July 20,
1969, the United States landed two men. on the surface of the Moon. On April 12, 1981, the 20th
anniversary of manned space flight, the United States launched the first reusable manned vehicle,
the Space Shuttle.

Many of the spacecraft, such as manned and reconnaissance vehicles, are designed for recov-
ery. Most operational satellites become inert after a few months or years of operation. The North
American Air Defense Command (Norad) keeps a constant watch on the thousands of objects of hu-
man origin circling the Earth in a variety of orbital paths. Both radar and optical telescopes
used. :

For some years the launching of spacecraft was limited to the United States and the Soviet Union.
The reason was that the rocket-powered launch vehicles were based on long-range ballistic missiles,
which only these countries had developed. France.was the third nation to launch a satellite (1965),
followed by Japan (1970), the People’s Republic of China (1970), and the United Kingdom (1971).
Under the auspices of the European Space Agency (ESA), the nations of westem Europe developed
their launcher during the 1970s to assure themselves of independent launch capability.

NEW WORDS AND EXPRESSIONS

astronomy [ o'stonomi] n. X% ;)

astrophysics [eestou'fiziks] n. KEEKYH¥ cosmology [koz'moladzi] n. FHAEME, F
the Milky Way Galaxy $BF[ & Hit

stellar ['stels] o. BH; HEN; KEK speculative [ 'spekjulativ] a. BRH; HNML
advent [ 'edvont] n. B, HMR : constraint [ kon'streint] n. 43R, R
domain [dou'mein] n:. TEHEH, SUK . meteorite [ 'mitiorait] n. A

celestial [si'lestjol] a. X#9, X LM); KIK  stratosphere [ 'stretousfio] n. [FIRE; FHZE



sounding rocket #RZ KHF, KWW K Hf

earth satellite  HUER T2

lunar probe  F BRI 2%

planetary probe 172 F M35

deep space probe IR IF WS

artificial satellite A5 T2

Sputnik [ 'spatnik] 1 FFH 15

reconnaissance [ ri'konisons] n. 1%, ¥ &,
B

meteorological reconnaissance X INE, K&
7%

navigation satellite FA{ T2

3
anniversary [ ,@ni'vosori] n. F4ELEH

recovery n. [EIIY
operational satellite W HALE, U TE,

ERIE, EETE
North American Air Defense Command b %73
) i
payload ['peiloud] . HHEET, HRER
launch vehicle iz #k kK #f
long-range ballistic missile L2 3H 54
auspices [ 'aspisiz] n. (pl. )8, %
European Space Agency BAMALX & (ESA)
launcher KHTH¥E

ARTICLE 2 STUDY OF THE SOLAR SYSTEM
A B &

READING ASSIGNMENT

1. What are the nine planets in the solar system?

2. Is lunar exploration important? Why (not)?

3. When is Comet Halley predicted to retum next time?

4. What do planetary studies cover according to this article?

The solar system took shape 4 600 000 000 years ago, when it condensed within a large cloud
of gas and dust.. Gravitational attraction holds the planets in their elliptical orbits around the Sun.
Besides the Earth, Mercury, Venus, Mars, Jupiter, and Satum have been known from ancient
times. Since then, only three others have been discovered: Uranus by accident in 1781, and Nep-
tune and Pluto in 1846 and 1930, respectively, after deliberate searches.

The average Earth-Sun distance was originally defined as the astronomical unit (a.u.) and
provides a convenient measure for distances within the solar system. The astronomical unit is approx-
imately 150 million kilometers. Mercury, at 0.39 a.u., is the closest planet to the Sun, while Plu-
to, at 39.5 a.u., is the farthest. As viewed from far above the Earth’s North Pole, nearly all plan-
ets move in the counterclockwise direction in their orbits, with the two exceptions of Venus and
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Uranus.
All of the planets, apart from Mercury and Venus, have satellites very diverse in appearance,

size, and structure. Four planets—Jupiter, Satum, Neptune, and Uranus—have rings consisting of
small rocks and particles that are confined to disk-like systems as they orbit their parent planets.

Most of the mass of the solar system is concentrated in the Sun. The solar system also contains
a very large number of much smaller objects. In order of decreasing size, these are the asteroids
(also called minor planets), comets, meteoroids, and dust particles.

The surfaces of the terrestrial planets and many satellites show extensive cratering produced by
high-speed impacts. On Earth, with its large quantities of water and an active atmosphere, many of
these cosmic footprints have eroded, but remnants of very large craters can be seen in satellite and
aerial photographs of the terrestrial surface. On Mercury, Mars, and the Moon, the absence of water
and any significant atmosphere has left the craters unchanged for billions of years, apart from distur-
bances produced by infrequent later impacts. There is clear evidence for a continued cosmic drizzle
of small particles.

Lunar exploration Investigations of the Moon and some understanding of lunar phenomena
can be traced back to a few centuries B. C.. In ancient China the Moon’s motion was carefully
recorded as part of a grand structure of astrological thought. In both China and the Middle East, ob-
servations became accurate enough to enable the prediction of eclipses, and the recording of eclipses
left data of great value for later scientists interested in tracing the history of the Earth-Moon system.

During the U.S. Apollo missions of the modem era, a total sample weight of 381 kilograms
was collected; 300 grams of lunar material also was returned by three unmanned Soviet Luna space
vehicles. Less than 10 percent of the samples has so far been distributed for analysis, but planetary
science has been revolutionized by these expeditions. A wide range of laboratory techniques has been
employed on the lunar samples. The results of the analysis have enabled investigators to determine
the composition and age of the lunar surface. Seismic techniques have made it possible to probe the
lunar interior. In addition, a retroreflector left on the Moon’s surface by Apollo astronauts returns a
high-power laser beam emitted from the Earth, enabling researchers to monitor on a regular basis the
Earth-Moon distance to an accuracy of a few centimetres. This experiment provides data that can be
used in calculations of the dynamics of the Earth-Moon system.

Planetary studies Mercury is too hot to retain an atmosphere, but Venus’ brilliant white ap-
pearance is the result of its being completely enveloped by thick clouds of carbon dioxide. Below the
upper clouds it has a hostile atmosphere containing clouds of sulfuric acid droplets. The cloud cover
shields the planet’s surface from direct sunlight, but the energy warms the surface, resulting in a
very high surface temperature of almost 480°C . Radar can penetrate the thick Venusian clouds and
has been used to map the planet’s surface. The Martian atmosphere is very thin, only about 0.006
that of the Earth, and composed mostly of carbon dioxide (95 percent), with very little water
vapour. The outer planets have atmospheres composed largely of light gases. For example, hydrogen
and helium, along with some methane and ammonia, have been detected on Jupiter.

Each of the planets rotates on its axis, and nearly all of them rotate in the same counterclock-



wise direction, as viewed from above the ecliptic.

Some of the planets have magnetic fields. Jupiter has a stronger magnetic field than the
Earth’s. Satum has a magnetic field that is not quite as strong as Jupiter'’s. Mercury has a weak
magnetic field that is only about 1 percent as strong as the Earth’s. No magnetic field has been de-
tected around any of the other planets.

Investigations of the minor bodies Approximately 3 500 asteroids have now been identified .
Most move in the asteroid belt located between 2.3 and 3.3 a.u. from the Sun. About 250 of these
asteroids are larger than 100 kilometres, and their total mass is thought to be roughly 1/2 000 that
of the Earth.

Comets orbit the Sun at distances of 30 000 to 100 000 a.u. More than 600 comets have so far
been discovered. Most make only a single pass through the inner solar system, but some are deflect-
ed by Jupiter or Saturn into orbits that allow them to retum at predictable times. Comet Halley is the
best known of these periodic comets, with its next retum predicted for A. D. 2060. About 30
comets have periods of less than 100 years. Comet masses have not been well determined, but most
are thought to be 1 000 000 000 times smaller than the Earth.

Even smaller than comets are the meteoroids, lumps of stony material. Meteoroids vary in size
from small rocks to large boulders weighing a ton or more. A few have orbits that bring them into the
Earth’s atmosphere and down to the ground as meteorites. Smaller meteoroids that enter the atmo-
sphere may heat up sufficiently to vaporize and appear as meteors. Many, perhaps most, of the mete-
ors occur in showers and follow orbits that seem to be identical with those of certain comets. For ex-
ample, each May the Earth crosses the orbit of Comet Halley, and the meteor shower becomes visible.

Determinations of age and chemical composition The age of the solar system, about
4 500 000 000 years, has been derived from measurements of radioactivity in meteorites, lunar sam-
ples, and the Earth’s crust. Abundances of the isotopes of uranium, thorium, and rubidium and
their decay products, lead and strontium, are the measured quantities.

Assessment of the chemical composition of the solar system is based on data from the Earth,
Moon, and meteorites, as well as on the spectral analysis of light from the Sun and planets. In
broad outline, the abundances of the elements decrease with increasing atomic weight. Hydrogen
atoms are by far the most abundant, with 93 percent; helium is next, with 6.7 percent; and all
other types of atoms together amount to only 2.3 percent.

Theories of origin The origin of the Earth, Moon, and solar system as a whole is a problem
that has not yet been settled in detail. The Sun probably formed by condensation of the central re-
gion of a large cloud of gas and dust, with the planets and other solar-system bodies forming soon af-
ter, their composition strongly influenced by the temperature and density. Less-volatile materials
could condense into solids relatively close to the Sun to form the terrestrial planets. The abundant,
volatile lighter elements could condense only at much greater distances.

The origin of the planetary satellites is not settled. There is still the question as to the origin of
the Moon, and professional opinion has been swinging between theories that see its origin and con-

densation simultaneous with the formation of the Earth, to an explanation in terms of a large impact
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on the Earth resulting in the expulsion of material that subsequently formed the Moon. For the outer
planets with their multiple satellites, many very small and quite unlike one another, the picture is
even less clear. Some of the satellites may have formed along with their parent planets, and others
may have formed elsewhere and been captured.
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ARTICLE 3 STUDY OF THE STARS f8&€

READING ASSIGNMENT
1. What are stellar astrophysicists interested in?
2. What do you know about black holes?

Measuring observable stellar properties The measurable quantities in stellar astrophysics
include the externally observable features of the stars: distance, temperature spectrum and luminosi-
ty, composition of the outer layers, diameter, mass, and variability in any of these. Theoretical as-
trophysicists use these observations to model the structure of stars and to devise theories for their for-
mation and evolution.

Apparent stellar brightness is measured in magnitudes. Magnitudes are now defined so that a
first-magnitude star is 100 times brighter than a star of sixth magnitude. The human eye cannot see
stars fainter than about sixth magnitude, but modem instruments used with large telescopes can
record stars as faint as about 26th magnitude.

There are several methods of measuring a star’s diameter. From the brightness and distance ,
the luminosity can be calculated; and from observations of the brighiness at different wave-
lengths , the temperature can be calculated, thus providing a means of calculating the star’s ra-
dius. Also, it is possible to monitor the intensity of the starlight, which produces diffraction
fringes whose pattem depends on the angular diameter of the star, thus calculating the star’s an-
gular diameter.

Many stars occur in binary systems, with the two partners in orbits around their mutual centre
of mass. Such a system provides the best measurement of stellar masses. From diameters and mass-
es, average values of the stellar density can be calculated, and thence the central pressure. And the
central temperature can then be calculated. Thus, for example, in the Sun the central density is
158 g/cm®, and the pressure is calculated to be more than 1 000 000 000 atmospheres and the tem-
perature about 15 000 000 K.

Other stars, both more and less massive than the Sun, have broadly similar structures, but
the size, central pressure and temperature are functions of a star’s mass and composition. For a
given temperature, there are stars that have luminosity much greater than main-sequence stars.
Conversely, stars with a luminosity much less than that of main-sequence stars of the same tem-
perature must be smaller and are termed dwarfs. White dwarfs are stars with temperatures that
typically range from 10000 to 12000 K, and they appear visually as white or blue-

white.



