absolute zero [ U 00

It is the zero point of the ideal gas temperature scale ,denoted
by O degree on the Kelvin and Rankine temperature scales,
which is equivalent to 273.15 and 459. 67. For most gases
there is a linear relationship between temperature and pres-
sure, i.e. , gases contract indefinitely as the temperature is
decreased. Theoretically, at absolute zero the volume of an
ideal gas would be zero and all molecular motion would
cease. In actuality,all gases condense to solids or liquids well
above this peint. Although absolute zero cannot be reached,
temperatures within a few billionths of a degree above absolute
zero have been achieved in the laboratory. At such low tem-
peratures, gases assume a noniraditional state, the
Bose-Einstein condensate.
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n@b Example

1. Absolute zero is the least possible temperature for all sub-
stances.
goodboooouoooouoon

2. At absolute zero the molecules of any substance possess no
heat energy.
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3. A figure of -273. 157 is generally accepted as the value
of absolute zero.
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accretion disk [ [ [

A disk of gases or other interstellar matter around a black
hole, neutron star, or other celestial body, formed by the
gravitational attraction of the interstellar matter to the celes-
tial body.
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@ Example

. In our own solar system, the planets and asteroids formed
from the accretion disk as the sun grew in the embryo
core.
ooooddoooooodgddooooddn
OO000000o0oooooood

2. Accretion disk is a relatively flat sheet of gas and dust
surrounding a newborn star, a black hole, or any massive
object growing in size by attracting material
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Word Bank

black hole [0

neutron star L[ [J [
interstellar matter 0 U 0O 0
eelestial body [ [

embryo core U [0



acid rain U [

Acid ran is defined as any rainfall that has an acidity level
beyond what is expected in non-polluted rainfail. In essence,
any precipitation that has a pH value of less than 5.6 is
considered to be acid precipitation.

One of the main causes of acid rain is sulphur dioxide. Natural
sources , which emit this gas, are volcanoes, sea spray, rotting
vegetation and plankton. However, the burning of fossil fuels,
such as coal and oil, are largely to be blamed for approxi-
mately half of the emissions of this gas in the world. When
sulphur dioxide reaches the atmosphere, it oxidizes to first
form a sulphate ion. It then becomes sulphuric acid as it joins
with hydrogen atoms in the air and f{alls back down to
earth. Oxidation occurs the most in clouds and especially in
heavily polluted air where other compounds such as ammonia
and ozone help to catalyze the reaction, econverting more sul-
phur dioxide to sulphuric acid. However, not the entire sulphur
dioxide is converted to sulphuric acid. In fact, a substantial
amount can float up into the atmosphere ,move over to another
area and return to earth unconverted.
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3 Example

1. Acid rain and the dry deposition of acidic particles are



known to coniribute to the corrosion of metals and deteri-
oration of stone and paint on buildings, statues, and cul-
tural objects.
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2. Rain as acidic as lemon juice fell in Wheeling, West Vir-
ginia, and many lakes in New York State are dying from
acid rain.
Oo0ddob00do0odoboooboooboooooag
OO0000O0o0o0ooooooobooobobooog
OOoooOoooog

Word Bank

fossil fuels O 0O 00
voleano U

plankton 000
sulphur dioxide 0 0O 0O [
sulphuric acid [ U

nitric acid 0O [
hydrochloric acid [0 [
nitrogen dioxide U000

corrosion [ [



albedo [ [

It is the reflectivity of the surface of a planet, moon,asteroid,
or other celestial body that does not shine by its own
light. Albedo is measured as the fraction of incident light that
the surface reflects back in all directions. A perfect reflector
by definition has an albedo of unity,i. . ,all the incident light
is reflected; a body that reflects no light at all would have an
albedo of zero. Real surfaces have albedos between these val-
ues. The albedos of planets, moons, and asteroids provide
valuable information about the structure and composition of
their surfaces. The dark regions on the earth’s moon give it the
very low average albedo of 0. 07, while highly reflective clouds
give Venus an albedo of 0. 85, the highest of any body in the

solar system.
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@ Example

1. Albedo is a measure of the reflecting power of a

non-luminous surface.
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2. Albedo is expressed as the ratio of energy reflected in all

directions to total incident energy.
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anthropic principle [ 00 [0

Weak Anthropic Principle (WAP): The observed values of
all physical and cosmological quantities are not equally
probable but they take on values restricted by the requirement
that there exist sites where carbon-based life can evolve and
by the requirements that the Universe be old encugh for it to
have already done so.
Strong Anthropic Principle (SAP): The Universe must have
those properties that allow life to develop within it at some
stage in its history. Because:
1. There exists one possible Universe ‘designed’ with the
goal of generating and sustaining * observers .
2. Observers are necessary to bring the Universe into being.
3. An ensemble of other different universes is necessary for
the existence of our Universe
Final Anthropic Principle (FAP): Intelligent information
processing must come into existence in the Universe, and,
once it comes into existence, it will never die out.
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I Example

1. This statement and variants of this statement are the gist of
the anthropic principle.
O0000do0bObo0oobbooooooooo

2. Note that the snihropic principle is probably true and says
that there is nothing mysterious about why our Universe is
special.

0000000000 DbO0O0O00o0o0oOoooOooDDOo
O0000D0D0O00DODOOoOoooOg

Word Bank

weak anthropic principle U U OO0
strong anthropic principle U U0 U0
final anthropic principle 0 U 0000
carbon-based life U 0 U0
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universe U U



astrophysics U0 00O

Application of the theories and methods of physics to the
study of stellar structure, stellar evolution, the origin of the
solar system, and related problems of cosmology. The dis-
tinction between astrophysics and moderm astronomyis disap-

pearing in scientific usage.
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B> Example

1. Astrophysics is a branch of astronomy that applies the laws
of physics to the study. interstellar matter and the stars,
their constitution, evolution , luminosity.
gootbooooooodddoooooouood
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2. The Center for Astrophysics studies the origin, evolution,

and ultimate fate of the universe.
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Word Bank

stellar evolution U000
solar system [ 0[]
astronomy [ 00



atomic clock [ [ [

Electric or electronic timekeeping device that is controlled by
atomic or molecular oscillations. Using the oscillations of
atoms or molecules can attain much greater accuracy. Because
the frequency of such oscillations is so high, it is not possible
to use them as a direct means of conirolling a clock. Instead ,a
highly stable crystal oscillator whose output is automatically
multiplied and compared with the frequency of the atomic
system controls the clock. Errors in the oscillator frequency are
then automatically corrected. The cesium-beam clock is the
most accurate standard of atomic time currently in use; it is
estimated that such a clock would gain or lose less than a
second in three million years. Prototypes of atomic clocks us-
ing other kinds of atoms,such as hydrogen or beryllium, could
be thousands of times more accurate even than today’s cesium
clocks. Current atomic clocks using the hydrogen atom maser
can attain an ervor rate of about one part in 2 quadrillion.
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@ Example

. Atomic clock is a clock whose frequency of operation 1s

controlied by the frequency of an atomic or molecular

process.
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2. Global positioning system (GPS) satellites, the Internet,
and other telecommunication networks require precision

timekeeping. For these applications, an atomic clock offers
accuracy.
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Word Bank

crystal oscillator oogno

atomic oscillation Oo0oo
cesium-beam clock [ [

hydrogen atom maser [0 00

global positioning system 000000



barred spiral galaxy Oooo

[n about a third of spiral galaxies,the arms spiral out,not from
the center, but from a straight bar of stars, gas, and dust that
extends from both sides of the bright nucleus. Hubble classi-
fied these barred spirals into sub-groups “a” to “¢” in order of
increasing openness of the arms, but with a “B” for barred
inserted: “SBa’, “SBb”, “SBc” . Here are examples of these
three sub-groups of barred spiral galaxies.

A new image from the Hubble telescope first posted on
“Astronomy Picture of the Day” reveals a barred spiral galaxy

with a starburst ring near its center, where new stars are being

formed.
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ﬁ Example

l. There are many basic problems to be solved about the
barred spiral galaxy, such as how did the rod structure
formed and what role did play in the evolution of the

galaxies.
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2. Spiral galaxy can be divided into two parts: normal vortex

galaxy and barred spiral galaxy.
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D Word Bank

galactic nucleus 0 00

spiral galaxy 0O 00U

bright galaxy U 00U

galaotic disk U U0

galactic halo 0 00

normal barred spiral galaxy UUO0O OO
lenticular barred spiral galaxy U0 00000
irregular barred spiral galaxy 000000
normal vortex galaxy U0 U000



binary stars [ [

Binary stars are pairs of stars that, because of their mutual
gravitational attraction, orbit around a common Center of
Mass. If a group of three or more stars revolve around one
another, it is called a multiple system. It is believed that ap-
proximately SO percent of all stars belong to binary or multiple
systems. Systems with individual components that can be seen
separately by telescope are called visual binaries or visual
multiples. The nearest “star to our solar system, Alpha Cen-
tauri, is actually our nearest example of a multiple star sys-
tem, it consists of three stars two very similar to our Sun and
one dim,small,red star orbiting around one another.

Most stars are found in groups of stars that are gravitationally
bound with each other. The majority of these stars are found in
binary systems, which are systems of two stars in orbit around
a common center of mass.

One can classify binary stars based on their appearance from
earth. Stars that are far enough apart to be distinguished from
each other are known as visual binaries. Other binaries are too
close and far away to be seen separately but can distinguished
using the Doppler shift of their spectra. These are spectro-
scopic binaries.

In rare instances, such as with the star Algol the binary stars
are close enough so that the eclipse one another. In this case,
one can calculate not only the mass of the binary star systems,
but also the radiation of the stars.
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E‘b Example
Seme binary stars, which strongly emit X-rays, may have

black hole companions.
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Word Bank
[

companions U

primary star [ [J
secondary star [ [J

close binary U 0O 0O 0O
radic binary U U 0 [
eruptive binary U 000
binary pulsar 0 U0
x-ray binary X0O OO



black dwarf U U [

A black dwarf is the final phase in the stellar evolution of
white dwarfs. Such stars have exhausted their nuclear energy
sources; thus any light they produce is from gravitational
contraction. The cold, dark hulks that remain when this energy
1s expended are called black dwarfs. Because they are small

and emit no hight,no black dwarfs have yet been discovered.
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n@ Example

t. Black dwarfs are difficult to detect because they emit ne
radiation.
goddooooooudgood

2. Black dwarf is the final stage of a white dwarf when it is
devoid of light or heat.
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Word Bank

white dwarf [0 0
gravitational contraction [ U U [
stellar evolution [ U [0



black hole [0

An extremely small region of space-time with a gravitational
field so intense that nothing can escape,not even light.
Black holes are believed to be the final stage in the collapse
of a dying star, which was very massive.

Black holes are the evolutionary endpoints of stars at least 10
to 15 times as massive as the Sun. Any emitted photons are
trapped into an orbit by the intense gravitational field; they
will never leave it. Because no light escapes after the star
reaches this infinite density, it is called a black hole.

But contrary to popular myth, a black hole is not a cosmic
vacuum cleaner. If our Sun were suddenly replaced with a
black hole of the same mass, the only thing that would change
would be. the Earth’s temperature. To be “sucked inlo a
black hole, one has to cross inside the Schwarzschild ra-
dius. At this radius, the escape speed is equal to the speed of
light, and once light passes through, even it cannot es-
cape. The Schwarzschild radius can be calculated using the
equation for escape speed.
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B3Z> Example

1. Black holes are believed to be the final stage in the collapse
of a dying star which was very massive.
gootdddoodoooouuuoououoood

2. The government created a bureaucratic black hole that
swallows up individual initiative.
boooduooooooooooooogd

Word Bank

gravitational field U000

collapse [ [J

Schworzschild radius OO OO 000
final stage [0

bureaucratic black hole 00O 0O OO
escape L[]

escape speed U0 U0



