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Our Place in Space

This book is about the earth. To understand the earth and

how man relates to it we should learn of it and our place in
space. We will start our study with a description of the
universe the most inclusive of 1 the astronomical systems.
The universe is so vast and parts of it are so remote from us
here on the earth that astronomers can do no more than
conjecture 2 about some of its characteristics. Scientists are
not too certain as to how the universe came to he — nor where
it will go.

We will then focus attention on one of the units within the
universe our Milky Way galaxy 3 . Astronomers have learned

1  inclusive of ...

universe “ " a party of
eight inclusive of the host from Monday to Friday
inclusive Monday through
Friday
2 conjecture v. ... can do no more than ~
3 Milky Way galaxy galaxy the Galaxy

Milky Way



2 Earth and Man

a lot about this galaxy. It is close enough to the earth that they
know most of the details of its composition and organization.
Finally we will narrow our survey of astronomy to the solar
system eGreat stores of data are on file about this small system.
This file includes many details about the earth as an
astronomical object. We can then bring into even sharper
focus ! the earth and man. Building this background in
astronomy is the purpose of this chapter.

A. THE UNIVERSE

Our universe is a staggering concept 2 — a thing of gigantic
dimensions enormous mass and apparently blessed with an
endless lifetime. To make it more easily understood the
universe will-be divided into several levels of organization.
These levels are the universe itself the galaxies or stellar
star systems the solar system and a very small system
made up of the sun the earth and the moon. To give an
accurate definition of the universe is virtually impossible its
scope is so vast that we can merely say that the universe is the
whole of everything of matter space and time.

By far the one comConent in treatest volume is s ace.
Space is the preponderant constituent 3 of everything from
the total universe down to the smallest atom. Most of the
volume occupied by our small solar system for example is the
space within which various objects composed of solids liquids

1 bring sth. into focus

s »

3 prepoderant constituent



Our Place in Space 3

and gases move. If we were to scale down ! the earth and
sun so that the diameter of the sun were e,ual to minch the
earth would have to be blaced at a distance of about 1 600 miles
from that scaled-downminch sun. Plotted to the same scale 2
the earth would be no more than a dot with a diameter of 0.008
inch. Almost all of the space between the earth and the sun is
made of just that space.

Man likes to have boundaries for everything nations
states building lots rooms etc. To establish boundaries for
sCace seems an almost imCossible task. When one teneration of
astronomers defines the outermost limits of space the next
generation of astronomers finds new objects beyond those

outermost” limits. Because the universe includes the whole of
everything it includes all of space. Perhaps as one scientist
has expressed it the outermost limit of space is the

curvature 3 of space itself. In other words 4 a straight line
projected into space will ultimately curve back on itself and
thus will establish a boundary for the universe. So space
however much their is of it 5 is the main component of the
universe and of all things within the universe.

Matter is the second component of the universe. Galaxies
and planetary systems ¢ alike are groups of matter moving in
there own paths within space. It is possible that matter is
composed of bundles of energy held together in forms ranging
from gases through liquids and solids to supersolids 7 S

1 to scale down scaled-down

Plotted to the same scale
curvature

In other words

...however much there is of it

planetary systems

~N O e LD

ranging from gases through liquids and solids to supersolids
forms Prices range
from £15 to £ 40. 15 40
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Physical restraints on these bundles of energy determine their
form ! and as more restraints are added these bundles are
changed into denser forms. As these physical restraints are
lessened matter becomes less dense and may change from a
solid to a liquid from a liquid to a gas.

Energy itself is not completely understood. Energy is best
known by the ways in which its presence is shown. Thermal
energy is expressed at levels ranging from cold to hot.
Electrical energy is shown in the work that electricity does and
in the sparks that jump across a break in an electrical wire.
Kinetic energy 2 is the energy present in a moving object
and when the kinetic energy of the object has been used up the
ohject stops moving Chemical energy can be built into such
explosives as dynamite 3 .

The manner by which energy can be held together to form
matter is difficult to understand. Solar energy energy from
the sun is an example of disruptive energy 4. The sun is
losing matter by the very fact that 5 it radiates energy —
sunlight — at a near-constant rate that has continued for at
least 4.5 billion years. But how was the sun a great mass of
matter ever compacted from such a wildly explosive thing as
energy

Another component of the universe and of all its parts is
distance. Distance is the space between two points and is a
measurable characteristic.

Time is the last comMbnent of the universe. Time is no

“ ”

Kinetic energy
dynamite
disruptive energy

s W =

by the very fact that ... very
This is the very thing I want. that
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more than an invention of man to serve his own convenience.
Insofar as the universe is concerned ! time may never have
begun and may never end. Time is now always was and
always will be.

But enough of abstractions — there are more concrete
concerns to consider the character distribution and motions
of the subsystems and space that together make up our
universe. First to be examined will be the giant collection of
stars known as galaxies This study will then be narrowed to
focus on the system so vital to earth our solar system eAs the
last item in this review of astronomy some detailed attention
will be devoted to a part of our solar system the sun-earth-

moon systent .

Galaxies in General

Galaxies are organized units of matter within the vast space of
the universe. Astronomers estimate that there are 10 billion
galaxies within range of the 200-inch telescope of Mt.
Palomar 2. There are several kinds of galaxies. One of them
the spiral galaxy or nebula 3 is the most common account-
ing for 4 more than 75 percent of the total. Our own sun is a
member of such a galaxy the Milky Way galaxy. Less common
forms are the elliptical galaxies and the irregular galaxies 5 c
The averale distance sebarating galaxies is thoulht to be about
m million light years. One light year is the distance that light
travels in one year . However the ralaxd closest to our own is

1 Insofar as the universe is concerned so far as ... he
concerned So far as I am concerned...
2 Mt. Palomar
200
3 spiral galaxy or nebula
4 accounting for
5  the elliptical galaxies and the irregular galaxies
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the galaxy Andromeda ! which is estimated to be 2.2 million
light years away from the earth. Far beyond the range of
visibility even through the most powerful telescopes are
quasars 2  masses from which great bursts of energy are
released and recorded here on earth by radio telescopes.

We on earth measure distances and sizes in inches feet
miles or centimeters meters and kilometers. Beyond the
earth but not at great distances from it astronomers use the
mile as a unit of measure. Beyond the solar system however
distances are so great that expressing them in miles would be
incomprehensible to us 3 . One common unit of distance is the
lioht wear. Lilht moves at a near-constant sheed of 186 400
miles a second. In the course of a year a particle of light
moves throulh a distance of k trillion miles the number k
followed by 12 zeros . Also used to measure astronomical
distances is the astronomical unit AU 4 the distance from
the earth to the sun. That distance 93 million miles is one
unit in this scale. Mars is 1.52 AU from the sun or 141 million
miles. And yet another far-distance unit is the parsec 5 paral-
lax second a unit useful to astrophysicists and astronomers
but not necessary to earth scientists.

Most galaxies consist of about 100 billion stars. However
there are some that are smaller with stars numbering in the
scores of billions 6 . At the opposite extreme 7 are the riant

I Andromeda
2 quasars
3 be incomprehensible to us

4 astronomical unit

5  parsec =3.26

6  with stars numbering in the scores of billions
stars

7 At the opposite extreme
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galaxies with stars numbering in the hundreds of billions. In a
galaxy the stars move in orbits rounded or oval paths.
Although little is known about these orbits it seems that the
stars move in great loops from positions near the center of a
galaxy out toward the remote regions of the galaxy. They then
return toward the center of the galaxy before starting yet
another orbit.

The galaxies held together by a mutual gravitational
effect 1 move through space at very fast speeds. Galaxies
close to our own Milky Way are thought to be going away from
us at speeds of several million miles an hour. More distant
galaxies may be moving away at speeds of as much as 200
million miles an hour. Astronomers refer to this motion away
from us as an examCle of the Doppler effect 2 a shifting of the
color bands in a spectrum toward the red end of the spectrum.

It does seem rather unusual that the earth and the Milky
Way galaxy are at the center of the universe and all other
galaxies are moving away from us. This may just be a
coincidence but it is a possibility that the Doppler effect is not
valid with respect to the rate and direction of the movement of
external galaxies. Perhaps light does not move through the
vacuum of space at the nearconstant speed usually assumed. A
slowing of the speed of light as it moves toward the earth from
distant galaxies may be due to the slowing of the speed of this
form of radiant energy by the minute particles of matter which
astronomers believe are scattered throughout space. 3 At

1 held together by a mutual gravitational effect

galaxies
2 Doppler effect Doppler shift
3 A slowing ... may be due to . .. as

which astronomers believe
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distances very far from us the rate that light travels would be
slowed most markedly by this dust-particle interference and
the Doppler shift toward the red end of the spectrum would be
most pronounced. This could lead to what may be an incorrect
conclusion that the far-distant galaxies are moving faster than
the galaxies nearest us. It might even be that galaxies occupy
rather fixed positions in space hardly moving at all.

Studies of photographs made by the best modern optical
telescopes ! indicate that there may be a billion galaxies within
the viewing range of these telescopes. Radio telescopes
recently developed enable astronomers to extend their
investigations of the universe far beyond the viewing limit of
the optical telescope. Galaxies are not necessarily single
independent masses of stars. In fact they seem to occur in
clusters. AnL one cluster mal include anl.where from three to
10 000 galaxies.

The Milky Way Galaxy

The Milkw Waw is one of a cluster of seventeen galaxies known
as the Local Group of galaxies. 2 As all galaxies the Milky
Way is a closed gravitational system consisting of gas dust
particles stars energy and space. Two satellite galaxies the
Magellanic Clouds 3 lie close to the Milky Way. They contain
no more than several billion stars each far fewer than the
typical galaxy. In general form the Milky Way galaxy is a
flattened disc measurinl 100 000 lilht Lears in diameter and
16 000 light years along its polar axis 4 . Were we able to view

optical telescopes radios telescopes
Local Group of galaxies
Magellanic Clouds

BV I S

along its polar axis
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it from above one of its poles we would find that it is a spiral
galaxy in which two curved arms spiral outward from a great
central cluster of stars. All of the stars including the stars that
form the spiral arms are thought to rotate ahout the central
point in the galaxy. Along the spiral arms are small knots of
star groups.

The entire galaxy is enclosed in a haze which is actually
the light of millions of stars throughout the galaxy. Surround-
ing the galaxy are found star clusters that form the galactic ha-
lo. ! Extending through the center part of the galaxy is a
dimmer region the dusty region in which new stars apparen-
tly are in the process of forming. Astronomers estimate that
the galaxy turns one full revolution on its axis every 200 million
years.

The sun lies in one of the shiral arms at a distance of about
30 000 light years from the center of the galaxy. When the sky
is clear and the earth is in the right position an overhead haze
of white light can sometimes be seen stretching from the
northeastern horizon off toward the southwestern horizon the

* milky way.” 2

Estimates of the number of stars in the Milky Way range
from 100 to 500 billion. Of the total there are 6 000 stars that
can be seen by the naked eye 3 000 each to viewers of the
northern and southern hemisbheres. Stars in the lalaxL lie
about U light years apart. Other than the sun the star nearest
to us is Proxima Centauri 3 which is 4.3 light years away S

1 galactic halo star clusters that
2 stretching ... haze

3 Proxima Centauri
4.3
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Arcturus 1  a fairly bright star is 40 light years away from
the earth. This star was used to light the Chicago World's
Fair 2 in 1933. Chicago had hosted a great world’s fair the
Columbian Exposition 40 years earlier in 1893. Light that had
started on its journey from the star to the earth in 1893 reached
the earth in 1933. Using an electric eye mechanism 3 the
light from Arcturus turned on the lights of the 1933 fair — and
made a good news story.

Many of the stars in our galaxy are double or multiple
stars 4. Such stars are separate from one another but revolve
around a common gravitational point ° . Sirius a very bright
star is a binary actually two stars that revolve about a
common center of gravity. In the middle of the constellation
Ursa Major the Big Dipper ¢ is a binary of the stars Mizar
and Alcor. Proxima Centauri astronomers now know is
actually a triple star. Multiple stars are rather common in the
universe.

Stars range widely in their physical characteristics. A
near-average star in terms of 7  size and temperature is the
sun. Much larger than the sun is the giant star Antares 8
with a diameter of 480 million miles and a brilhtness 3 200
times that of the sun. Antares’ densitl is estimated to be
0.0000003 a densitd that would be about the same as a gvirad of

1 Arcturus a
2 Chicago World’s Fair Columbian Exposition

3 electric eye mechanism
4 double or multiple stars
5 revolve around a common gravitational point
a about a common center of gravity
6  Ursa Major the Big Dipper
7  in terms of
8  Antares brightness density
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powder blown vigorously into the air. The surface temperature
of Antares is thoulht to be 3 100C . Even larger than Antares
is Ras Algethi with a diameter of 690 million miles and a firm
claim to the title of the' supergiant” of the Milky Way.

Another noteworthy star in our galaxy is Beta Centauri ! .
In most aspects it is a typical star. Its diameter is 11 times that
of the sun its brilhtness is 3 100 times that of the sun and its
density is only 0.02. Most unusual however is the surface
temperature of Beta Centauri an estimated 25,000C.
Seemingly ridiculously small is the star 40 Eridani Beta 2.
with a diameter of 0.019 that of the sun and only about twice
that of the earth. However 40 Eridani Beta is as dense as
almost anything could be 64 000 times denser than water. Its
surface temperature is appreciably higher than that of the sun
about 9,500C. The star Van Maanen is apparently the
ultimate in a negative way among stars. Its diameter is less
than that of the earth but its densitL is fulll. 100 000 times the
density of water. An object as small as an olive would weigh a
ton if it were composed of matter as dense as that which makes
up Van Maanen'’s star.

In its evolution a star may begin its life in the lower end
of the main sequence. It then rapidly expands and becomes a
red subgiant star 3. It is thought to then go through a
pulsating stage to cross the main sequence as it contracts and
becomes a white dwarf star 4. Finally cooling slowly over
millions of years the star becomes a dark star 5 clts light-
giving life is over at least for a while. Other stars mad follow

1 Beta Centauri §

2 40 Eridani Beta 40 B

3 red subgiant star red giant star
4 white dwarf star contract v.

5  dark star
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different paths from positions near the upper end of the main
sequence. By expansion they become red giant stars go
through ! a period of pulsations and cross the main
sequence growing smaller all the time 2. They then pass
through the white dwarf stage and finally become dark stars.

Small stars are thought to live longer than large stars and
their ultimate fates may be quite different. Small stars gently
fade away whereas the large stars disappear in a gigantic
explosion. Which of these two fates awaits the sun is not
certainly known. Astronomers believe that the luminous life of
the sun will be about 10 billion years. Stars with masses ten
times that of the sun may live for perhaps no more than 10
million years but stars with masses one-tenth that of the sun
may survive for trillions 3 of years.

Exploding stars are not unusual. Astronomers have record-
ed fifty such explosions within the past 75 years. When a star
has reached old age and is just about to explode it swells and
becomes reddish in color. The star continues as a red giant
until all of the hydrogen the light-giving fuel of the star is
used up. Once its fuel supply is gone the star contracts to a
size perhaps no larger than the earth but composed of very
dense matter. Surface temperatures rise as the star contracts
from a red giant to a white dwarf and the loss of energy
finally changes the white dwarf to a dark star. Large stars in
the galaxy are thought to collapse 4 to Mroduce the element

1 go through " go through
pass through
2 all the time

3 trillion 10%2 1018

4 to collapse large stars



