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JOURNEY -
THROUGH THE

Written by Glles Sparrow

Our home in the universe is a giant spiral system containing
many billions of stars - but how much do we really know about it
and what do we still have to learn?

32 WWW.SPACRANSWETS. COMm



.y -

L -

‘..q"ﬂ . f

Look up at the sky on a dark, clear night and you
can't miss the Milky Way - a broad swathe of pale
light winding its way around the sky among many of
the brightest individual stars. Ancient astronomers
saw it as a stream of milk spilt across the sky by the
goddess Hera when she suckled the hero Hercules,
but today we know the Milky Way is something very
different - an enormous disc of stars some 100,000
light years across, containing (at the latest estimate)
around 200 billion individual stars.

Unsurprisingly, then, our Solar System is an
insignificant speck within the overall scale of the
Milky Way - all the planets and other large bodies
orbiting the Sun are confined to a region just a few
light hours across. In our part of the galaxy, stars
are spaced far enough apart that even our nearest
stellar neighbours appear as mere specks of light. The
closest of all, the triple star Alpha Centauri, is still
around 4.3 light years away.
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The overall shape of our galaxy has been likened
to two fried eggs placed back to back, with a broad,
flat disc of scattered stars, gas and dust surrounding
a bulging central hub where stars are more densely
packed together. Our Solar System and its neighbours
lie in a relatively sedate, outlying region of the Milky
Way, about halfway between the centre and the
edge. With a little understanding of the Milky Way’s
structure, the band of light across the night sky is
easy to understand: when we look across the plane
of the Milky Way'’s disc, we see far more stars lying
in any given direction and these effectively merge
together into a generalised glow. On the other hand,
when we look ‘up’ or ‘down’, out of the galactic plane,
we are staring into largely empty intergalactic space,
with only relatively nearby stars in our part of the
disc to get in the way.

In 1785, astronomer William Herschel made the
first attempt to map the Milky Way in detail, by
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exhaustively counting the number of stars he could
see in different directions across the sky. He proved
beyond doubt that the Milky Way was a flattened
plane, but unfortunately misunderstood its shape
because he believed that our own Solar System was
near the centre of the galaxy.

In the late-Twenties, Jan Oort set out to study the
movement of individual stars in different parts of
the sky. He soon confirmed that the Milky Way is
rotating, showed that its centre lies in the direction
of the constellation Sagittarius, and also proved that
galaxies do not rotate like solid bodies - instead the
stars closer to the galactic hub move more quickly
along their orbits, while stars further out circle
more slowly - a phenomenon known as ‘differential
rotation’. The Sun, for instance, takes around 200
million years to complete a single orbit. Later
measurements in different parts of the disc showed
that orbital speeds do not change as dramatically as
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they should do if they are governed by the mass of
the Milky Way's visble matter alone - evidence tha

cur galaxy contains large amounts of transparent
but weighty ‘dark matter’

Even today. our undersanding of our galaxy s
constantly evolving thanks to new theores and new
observing wchnclogies. Radw, infrared. ultraviclet
and X-tay cbservabons can plerce the dense clouds
of stars and dust that obscure large pants of the
Milky Way in vissbde light, while new analy tical
techmiques allow astropomers to learn far moee from
Lhe stars we can observe. So whaat is our curremt
understanding of this enarmous stellar system?

The Milky Way i 4 barred spiral galaxy. around
00,000 light years across and with a disc roughly
LOOO Tight years thack in most places. s central bub
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originated from the coming together
of 3 number of smaller irragular clouds
of stars as well as gas and dust within a
couple of bilion yaars of the Big Bang in
- which the urrverse Itseif was bom.

@ 2. Giant star cloud
Initially, the combined cloud would have
had a show rotation n a move of less random
direction, As it coliapsed inwards undear its own
gravity, it gradually began to spin more rapidly.

“The most brilliant stars don't survive
long enough for their orbits to carry
them out of the spiral arms”

i lormed by a denssly packed ball of stars roughly
8000 light vears in dlameter. out of wineh a bar

of stars some 27000 Ngle years long emeiges. The
har poines move or less directly towards our Solar
Syaten, and a8 a pesult IS existence was uncertain
until it was fimally confirmed by NASAs infraned
Spitzer Space Telescope in 2005,

Two major sptral arms emerge from the ends of
this bar. Until recertly, our galaxy was thought to
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have four major arms,. bue further observanions have
bed to two of them being ‘downgraded’. The two
survivors are Known as the Scutum-Centaurus Amn
and the Persens Arm. They alternage with the two
recently demoted arms - the Sagitiarius and Novma
arms. The pxtare is comphicated by numercus
other discannected regions that lollow the genetal
sweep of the speral arms. For mstance, our own Solar
System lies on the inside edge of 4 10000 light year
fork in the Sagittarms Arm, known as Orlon Spur,
while both the Sagattarius and Norma arms are
thowughe to tranl off into disconnected clumps that
wrap thelr way around the galaxy's outer perimeter.
The outer extension of the Noema Arm, whach lies
on our sxle of the galactic centre and 15 therefore
more eamly seen, is known as the Outer Arm,

The Milky Way's sparal arms are nol pesimaness,
Hinked structures - otherwise the differential
rotaton discovered by Jan Oort would cause them
to wind up' after just a few rotanons. [nstead, they
perpetually renew themnselves, In fact, the arms
seem 10 be celestial naffic jams, created where stars
and gas 1n circular orbuts around the galactic nb
cater a spiral density wave region where they are
slowed down and jamimed together. Thas triggers
the creation of new star-forming nebu las that
Lighst up the sparal arms with the penkish glow of
bydrogen emsson, and ulkimately give bireh o
‘open clusters’ of stars,

However, these ssellar foundries are shott-lived on
a gakactic tamescale - Lhey exhaast thear supplies of
star-forming gas within a few million years, and 1he
heaviest stars squander their fuel in a feww mallon
moge, As a resuh, the most betlilant stars don’t
survive long enough for thear orbits %o carry them
our of the spiral arms - Instead it's the more sedate.
lomgerlved stars hike our own Sun that make st out
of the taftic jam 1o continue thetr oris around the
galactic disc over billions of years.

Clowds of gas and dust in randorm orbits would have
tended to colide and merge, canceling out their
random mobions until they
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were concentrated n 2

® 4 Dominant disc -
As the galaxy evolved, new stars
formed anly in the desc and hub
regions, the hato as an ancient
mmﬁﬂunahuﬂnﬂﬁm
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ALY Virgo

‘ I ‘ B The Local Group Hes on the outskats of 4

. galaxy superchuster centred around the Virgo

: ? : CHister socpe GO million Iu.;l'r_ YOAlrs dway

Local Group

s cluster of galaxies, dominated
by the Milky Way and Atdromeda
CNCOMpasses 2 egyon of space

rougghly 1O muilbion hight years across. ; "‘
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- - A - Ouir region of the Milky Way contains a maxture of
- - — e | single and multiple stass’of many different types
g | sepazated by o few light years on average.
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Our Solar <

Ot torthe edge of the Xuiper bell

The Milky Wax s roughly 100,000 light years (the zooe of small, distant Xy
acrosd, but 1s gravitational influence covers a regio dwarf worlds) our Solar System is AW
several bundred thousand hight years wide roughty a ight day across
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some 10 million light years across’

B Galactic centre
£ven at the encemous resadutan
aclieved by the VISTA image, the
® Lagoon Nebula suparmassive black hole and s
This large and famous star- surrounding star clustes are jost
tocreng rebula, Ao known as " an mtense blaze of starlighe

Messier £_lies on the pesrside of
the Carma -Se@ttanus spiral arm
just 5,000 hightyoars from Earth,

This famous stec-forrming nebula
N SCorpmas Bes arownd 5,500

|
| ' B Cat's Paw Nebula

Gaze into the

Heht years from Earth, and 18

¥ Dark tendriis aso located on the nearsice of
c cenue In places aven the multple the Carma-Sagittaris spirdd arm
. infrared wiews captured by the

VISTA praject cannot penetrate
the dense intergafactic dust.

hits huge mosawe mmage offers the mast detatled
v Vel ol stars sround e galacte ceislze. COvering
soune 315 aguare derrees 44 lirthe Jess than one
cent of the sntire ska) it cotains at least 84 qmillon
INAVidual stars. and an incrediie Nine gLgapese|s
£ cata ol full resblution. The image was created
sing the 4 1-metre VISTA telesrons [Tl ad n
Ul Buropean Southern Observatory 1 Chile I
CS VIEWs faken df AiBerenl waveengt i
scparate nearinfrared hilters oves NGL 644)
of abseeving time. The nfrare Al a distance of roughly 25000
Nt vears fram Earth, this
dense shaobuilar star chuster, hes
below the plane of the Milky
Way i Scorpus, on the oppases
sade of the galactic centre, It s
(st ope of many such custess
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Studying the Milky Way

Mission
profile

Chandra X-rav
Observatory

Launch date: 23 July 1999
Launch vehicle: Space
Shartle Columbia

Mass: 4,790kg
Telescope diameter: | 2m
Mission: Chandra was
desgned to image the
hagh-eneagy X-1ay sky at
higher pesolutions than eves
beftire, detecting phenomena
such as hot tnterstellar and
"N T ; “lmergalactic gas clouds, black
St R . Chane  holes and other stedlar remnants. .
; e ?1. % ;j“ . =y f:.- . - hl::m F!ulﬂl‘-l
>  ermure # allowed the megion around
mm; WS, : Sagittanus A® to be imaged in
. detail, winle the X.ray achoes it
has detected have shown that
the supermassive black hole has

. - - been active i the recent past,

@ Cool telescope
Swilzer collects mirared with 2

berylbxim.

- was coaled to -268°C {450°F
4 hellum 5035 N0t t0

i ot 5 August 2003

ope diameter: 0 550
RN —

1 Al i*l&"l-mgf of obects,
from star forming nebulas and
newbom solar systems o distan
4 slaxes. Ahhough the coclant
*wlled lor b primary mission
owas exhausted In May 2009, i

s still cperational i its "'Warm

Mission' phase.

Key discoveries: Syt zers
nfrared vision allowed it to
poerce Lhe dust that Bocks our
view of the galact cemte,
providhing the first detanled
Enages of the gant star dusters
and toetured gas clouds found In
the wgon

|rf

<+




Carina-Sagittarius Arm @
This minor arm runs in front of
both the Scutum-Centaurus arm

| and the galactic hub as seen
’ from Earth. It contains some of
> the richest starfields and most |
- impressive nebulas in the sky.

Perseus Arm @

This major arm emerges on the far
side of the central bar, and wraps
its way around the opposite side of
the sky from the hub, as seen from
Earth. It contains many of the rich
starfields and nebulas seen in the
northern Milky Way.

Galactic halo @
The halo region above and below the galaxy’s
flattened disc is home to stray ancient stars and
globular clusters - huge balls of long-lived red and
yellow stars.

38 C

@ Zone of Avoidance
This mysterious region lies on

. the opposite side of the hub

from our Solar System, and is
largely unknown. As wellas
features of the Milky Way, it -
also conceals galaxies in the
space beyond.

kP%JI g
T ngofstars gasand

ght to be the bigge
and brightest centre of stz
formation within our . ;_F_,

) You are here o~
Solar System lies roughly
_ OMIight years from the

gala bout half

ub and the
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¥ SagDEG
Discovered in 1994 as an unusual concentration
of stars on the far side of the galactic hub, the
Sagittarius Dwarf Elliptical is a small galaxy in
the procegs of being torn to shreds by the Milky

Way's gravity.

— @ Galictichube. -

- Sagittarius A*
The superma black hole at the centre of
our galaxy weighs more than 4 million Suns, but
only gives its presence away through X-ray and
radio emission.

The central bu of)the Milky Way is roughly
lightyears in diameter and dominated by
pad(ed Iéng-lwed red and yellow stars.

winds blowing out from massive stars. Infrared
telescopes, meanwhile, show the distribution of stars
themselves - the region is home to two of the largest
open clusters in the galaxy, the Quintuplet Cluster
and the Arches Cluster. A third cluster surrounds the
Sagittarius A* region itself, but while its individual
stars have been mapped, none coincides exactly
with the mysterious radio source.

Since the Seventies, astronomers have suspected
that Sagittarius A* might mark the location of an
invisible black hole with the mass of millions of
Suns, but the evidence to back this up has only
recently been found. By mapping the central star
cluster over several years, astronomers have plotted
the orbits of two stars that orbit the object every few
years. Based on the speed of these stars, Sagittarius
A* must contain the mass of at least 4 million Suns
concentrated in a region roughly the size of Uranus's
orbit around the Sun. With such enormous density,
it can only be a supermassive black hole.

However, Sagittarius A* seems surprisingly
quiet compared to similar objects elsewhere in the
universe+ other supermassive black holes in distant
galaxies wreak havoc with their surroundings.
Astronomers think the big difference is that
these black holes are feeding on material that
strays too close. Sagittarius A* on the other hand,
seems to have long ago cleared out its immediate
surroundings, and anything that still orbits in the
central region stays safely out of reach.

Recent discoveries, however, suggest that
Sagittarius A* may have been active surprisingly
recently. In 2007, NASA's Chandra satellite
discovered X-ray ‘echoes’, created as radiation when
an event roughly 50 years previously affected gas
clouds near the central black hole. It seems likely
that Sagittarius A* took a substantial snack at this
time, when a large gas cloud strayed too close. And
in 2010, the Fermi Gamma-ray Space Telescope
found evidence for an even larger outburst
thousands of years ago.

There's one final question that’s worth asking
about our galaxy - where does it end? Although
the spiral arms seem to lose their intensity and
the number of disc stars falls off dramatically over
50,000 light years from the hub, a disc of neutral
hydrogen gas extends out to almost 100,000
light years and seems to retain the overall spiral
structure. The Milky Way's gravitational influence
extends even further - the halo of stars and globular
clusters reaches out to around 150,000 light years
or more. However, beyond this distance the orbits of
halo objects are disrupted by two interlopers - the
Magellanic Clouds. Until recently, these two irregular
clouds of gas were believed to be in orbit around
our galaxy, but it now seems that they are merely
passing by on their own paths through space.

On a larger scale, the Milky Way is one of the
major components of the Local Group - a galaxy
cluster 10 million light years across. The other is
the Andromeda Galaxy, some 2.5 million light years
away. These two galaxies exert a strong influence
on everything in their vicinity, and are approaching
each other at 110 kilometres per second. They will
eventually collide and merge together about 4 billion =
years from now in a process that will signal the end
of the Milky Way as an independent galaxy. ®

©® Alamy; NASA; SPL; ESO; S. Guisard; Ata Sarajedini
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