Our Weird Universe

An exploration of the odd phenomena and
extreme conditions In far outer space

@j Hartmut Winkler
Physics Department, University of Johannesburg
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The first milestone that we pass is our Moon

Distance: ety

~0.00000004 Ilght years
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The Moon is ~380,000 km
from Earth

With the enormous
distances and associated
zeroes, we will now
Introduce an alternative
means to measure
distance

Light moves at 300,000 km/s

It thus takes 1.3 s for the
Moon's light to reach us
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Distance: ~0.000016 light years
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The Solar System

not to scale — inner sections much smaller

/ 9,000,000,000 km
Diameter: ~0.001 light years
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The red
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The moons of Jupiter: Europa
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The moons of
Jupiter: 1o

The most
volcanically
active body In
the solar
system

nasa.gov
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nasa.gov
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Pluto

nasa.gov
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Alpha Certauri A £ 8 W

Proxima
Centanrs

Distance:
~4 light years
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There are L
thousands of pen .. @ ,
other stars within ®* e+ .= =~ = = | ’ .
afewhundred =« * . r p. T - g
light years from . ) e -

us. Stars come in . ’ ‘ T

many types and - _ . s s
sizes. There are ‘ °

also massive gas . |
clouds 5 3 ;
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artist impression

Some stars have close
companions with which
they interact

The brightness fades
periodically as one
star moves in front of
the other

brightness
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The
Jewel Box

An open
cluster with
hundreds of
nearby
stars
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Eta Carina LB
nebula

A gas cloud
with one of the | T
most massive = =~ ¢ e - e
and unstable L .
stars known in
Its middle

0 e A
Brightness: e
4 million x Sun .
“Temp: 50,000°C
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The Plelades

Open cluster
with a
Reflection
Nebula

These blue
stars are
some of the
hottest
known
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Novae (exploding stars) — a nova is a previously
Invisible or much fainter star that suddenly brightens
manyfold and then fades after a few days or weeks

A look at its spectra shows strong atomic emission
lines, evidence of an expanding gas cloud

Nova Aql 93[2]
2000 Magyg 31

Nowva Aql 99[2]
1999 Dec 23
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artist impression
Related to novae are

the cataclysmic
variables

A small, hot blue star is
sucking onto itself

material from a large
cooler star, leading to
frequent radiation outbursts

-

An accretion disk is formed around the hot star. In some
cases magnetic fields of 103-10* Tesla are found in these
systems, which then disrupt the disk
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The
Eskimo
Nebula
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r V838 Mon erupted a few years ago ...

V838 Mon Light Echo

HST ACS/WFC

Hubble Heritage
-
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May 20, 2002

October 24, 2004

February 8, 2004

December 17, 2002
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925,000,000,000,000,000 km
i Diameter: ~100,000 light years
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Andromeda galaxy

8'327,396, 1 w,m’m'm km Leo /

Distance to

Andromeda:
wWiLM '.~2 000,000
# 39 735,360,000,000,000,000 km  light years
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Supernova
1987a

In February
1987 an
otherwise
faint star
exploded in
the nearby
Large
Magellanic
Cloud

| the last 500 years
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Supernova
1987a

(MEWAEES
after explosion)
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Extreme supernova events are accompanied by bursts
of gamma rays, the most violent explosions known

~ For no more than a second or so these become
~ 1018 times as bright as the Sun
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artist impression
Neutron stars

So dense that even protons and
electrons have been compressed
Into neutrons

Form from normal stars if these
have masses of ~2x the Sun

1 ‘teaspoon’ of neutron
star material has a mass
of 5 million million kg

Radius: ~12 km
Density: ~10'4 x Sun
Gravity: ~10! x Earth
Temperature: 1012 (initially) Can rotate as fast as
100 times per second
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Pulsars

They are neutron stars with very
strong magnetic fields

The turning axis and magnetic
axis are misaligned, resulting in
pulsed beams along the
maghnetic axis

The most extreme cases (magnetars) have magnetic
fields of ~101° Tesla. Compare this with the Earth’s
magnetic field (0.00005 T) or the 10 T achievable in

. specialised laboratories
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The Crab Nebula 2 AN
T - JRTERT »m;

e, by

A supernova
remnant with a
pulsar in its
middle

The Chinese . TR ST
recorded a bright et

supernova here A F e B 3
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. Distance to Virgo cluster: 65 million light years
’;, :"..Vr'rjo Cluster
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Active Galactic | e

Nuclel . : "
@
Spectrum of
narrow the nucleus ¢
‘forbidden’
: broad
lines
hydrogen
lines
LR e e .
-
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Quasars artist impression

Quasars are the most P
extreme active galactic & T
nuclei. Their nuclei are oE S
sometimes so bright that PE \Q .
they outshine the rest of AN W %

the galaxy G . S

Quasars are the brightest and most
energetic sources in the universe.

o They are also the furthest objects
visible in the universe
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A radio image of the jets generated by a tiny active
galactic nucleus (small dot in the centre)

Particles are ejected from the nucleus and move
extremely rapidly until crashing into other particles
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® Narrow Line
s » / Region
o

Active Galactic Nuclel .
are almost certainly .
powered by massive black *
holes at the very centre of Jet
a galaxy

Broad Line
Region

R Accretion
Material is sucked towards L e Disk
the black hole into a p
spinning accretion disk yd .

Obscuring
The enormous energies s

released in the fall are
reprocessed as radiation > .
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artist impression
Black holes . )

A black hole is a body so
massive and dense that
speeds above that of s
light would be neededto * .. oy
escape from it. Thus L g
even light is forever

trapped inside it

Black holes in active galactic nuclei have masses of
up to 1 billion solar masses
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Isplay of the effect of gravity on

qvitational Lenses
N <
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Ive of the bright images and three of
eveals they are one and the same

Gaffixy Cluster SDSS J1004+4112
HST AGS/WFC_ -
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Gravitational lenses are caused by light from bright,
distant sources becoming ‘bent round’ other line-of-
sight massive objects

Thus the distant source
appears to be displaced
from its actual location A

Under special circum-
stances, two or even
more images of the
distant source are
generated
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Distance to Coma supercluster: Po—
300 million light years R Rk B A 0. A
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~2 billion
light years
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