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Si la imagen estuviera a escala y los
protones y neutrones midieran 10 cm
entonces los quarks y electrones
medirian 0,1 mm y el atomo 10 km







Spiral galaxy
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Two proposed explanations:
Cosmological constant
Quintessence




The end of the Universe will depend on its total mass
(mass+energy) to determine whether it is an Open, Flat [ RESSES
or Closed Universe R
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. . Jhere are less than 10! galaxiéé.
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Hubble Deep Field

PRC96-01a - ST Scl OPO - January 15, 1996 - R. Williams (ST Scl), NASA




A spiral galaxy surrounded by a few smaller galaxies like the
Magellan Clouds and Andromeda (at 2x 10° LY) and a couple dozen
more form the Local Group. Andromeda is estimated to be 90% Dark

Matter.




Diameter: 100-120 x103 LY
Thickness: 1 x103 LY
Number of stars: 1x1011

Oldest known star: 13.2 x10°Y

Mass: 2x101! Solar massses
Distance of Sun to Galactic Center: 27 x103 LY

Sun’s rotatonal period around Galactic center:
200x10°Y




STAR FORMATION

Dense Nebulae (Molecular Clouds) ; H2 regions (90%) with 9% He
Cold (10-30K) and dense regions (103-104 cm-3)
If Cloud is dense enough, initiates a gravitational collapse (Jeans,1902)

Supernova Shock
- Galactic collisions  Tidal forces

-

ATl . - Eagle Nebulae
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Hertzsprung-Russell Diagram
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Small Star

Large Star

Stellar Cloud
with
Protostars

IMAGES NOT TO SCALE

EVOLUTION OF STARS

Planetary Nebula
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INITIAL MASS (Solar)

M< 0.01

0.01<M<0.08

0.08<M<9

9<M< 30

30<M

FINAL STAGE

Planet

Brown Dwarf

White Dwarf

Supernova+NeutronStar

Black Hole




H Burning
Shell

He Burning
Shell

Core Radius: ~1 R_

C Burning
Shell

Ne Burning
Shell

O Burning
Shell

Si Burning
Shell Envelope Radius: ~ 5 AU




THE SUN, OUR STAR
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Akenaton, 1353-1338, BC




MITRA
Persian Sun God, 2000 BC

Hindu and Roman
Cultures
adopted it too

During the IV
century AD in Rome
the cult was as
important

as christianism




Mexican civilizations

 The Aztecs believed they were living
1n the fifth creation of the world.
They called each creation a sun,
because 1ts movement maintained
human life.

The central face 1n the “Calendar
Stone” (right) seems to represent

Tonatiuh, the Sun god

The peoples of ancient Meso-
America carefully observed the sky
and used the calendar to predict solar
and lunar eclipses, the cycles of
Venus, and other celestial events.
The calendar was developed by Aztec Sunstone
observing the Sun's motions over a 12 feet wide,
long period of time. weighs 24 tons




Kinich-Ahau, Mayan Sun God




Peru

At Machu Picchu, high in the Andes Mountains

in Peru, the Incas built an elaborate and remote city. When the
Sun rose through one specific window 1n a building called the
Torreon (built around 1500), the Incan Indians knew that the dry
season had begun (winter solstice in the southern hemisphere).
This 1s how they began to develop a calendar.




ol
\\.‘\,\\\. .
ARNTRNR

Zona de

Transicion




inence

minence

mer

les

icu
 Pro

oop prom

Coronal sirea
~ Sp
1

5

o

— Coronal hole

7
e

2

¥
oy u& M«S /
ﬁnx%uwmm«ﬂt‘u 5 hﬁm

L

R
: KA

ARSI
A

, 1 s
anE TSy el
0 e » I7ae
AT A RS o L)
: W.w«hwﬂ s e, 2
s QR ST US40 rermalal
ACSHY ) BN AT A DN S Y R S Yy
A 4 ; . (R I S IO AR LIS it 2 R
s vaes St : T R A e e Y
<

‘0‘

Yy
e

o
%%

Yo nViEN 0 L i s 3 % e s e S i e

R QRS e I S S

: ! W % Ph - N
{ ; A Ak SRV

e \ ;ﬂwtaﬁw’ LA hf.anWl

Qo)
N = Jed g
ST NET ;
RSN XS24
R P g de SN e
e N S atee
L YL Aoﬂ% (IS ERND
1Y STl e ity
! AL SRR G o]
TRy
el
7))

-

>

v

#
AN
TASS

M
%

W
lament

F

15 million K

Polar plumes

(V]
CHROMOSPHERE

kY

h'\

IC arc

Magnet




The Sun, our star

Name

Parent galaxy
Type

Spectral class
Magnhitude
Distance to Earth
Radius R,

Total mass M,
Density (average)

Surface temperature
Rotation duration

Age

Number of planets

Next neighbor star

Next neighbor galaxy
Earth's distance variation

Apparent diameter

Apparent radius

1 arcsec on sun, from Earth

Energy output

Energy input into Earth
total

Sun

Milky Way

fixed star

G2

+4.38

149,598,000 km ie., 1 AU
696,000 km i.e., 109 R
1989 x 1039 kg  i.e., 333.000 M
1.409 g cm-3

5800 K

27.25 days (synodic), at equator,

25.38 days (sideric), at equator.

4.60 billion years

9, plus many tiny ones

Alpha-Centauri, at 4.37 lightyears
Magellan's Clouds, at 165,000 lightyears
+/- 1.69 % (+in July, - in January)

31'59.3" =1913.3" i.e. 0.5 degree

959.65" i.e. 1000 arcsec

725 km

3.82 x 1033 Watt

1,370 Watt/m=2

173 Mio Gigawatt viE
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DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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Total Solar Irradiance
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Solar Minimum

Solar Maximum




Prominences
Ha (656.2nm, red)

Ca ll (393.4nm, violet)




High Altitude Observatory 1945 June 28




White Light

SOLAR FLARES







2000/07/14 04:00

2000/01/08 02:40:36










THE SOLAR CORONA




TEMPERATURES IN THE SOLAR
ATMOSPHERE
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particle density N [m ]

100 1000
altitude above Teyy=1




HOW TO HEAT THE SOLAR CORONA?

Types of waves potentially involved

-sound waves, shock waves,
*fast and slow magneto-acoustic (MHD) waves,

Large Amplitude Alfvén waves, 1200 | 1 l I l —

-surface waves, , n Tx10°°K | A

-torsional Alfvén waves, 1000 |- 3x106°K | L -

turbulence, . A

‘plasma waves 800 -
|

15x 108K | ]
g

1%105°K | ]

075 %108 % | |

600

v(r), km/sec

Potential mechanisms leading to coronal heating

‘wave dissipation, 400
‘resonance absorption of waves (e.g., ion cyclotron resonance]
-current sheets and their dissipation, Parker, 1958
*Ohmic heating by field-aligned currents, | | , | , L
‘micro- and nanoflares, 0 20 40 60 80 100 120 140 160
°heaTing bY spiculae, r in units of 106 km

‘magnetic reconnection,

*heating by microturbulence (electrostatic waves),
*heating by MHD turbulence (magnetic helicity).

0.5 x 108 °K

200

Note: The coronal magnetic field plays the crucial rolel






The two states of corona and solar wind

v streamers let the
.Slow wind" emerge

’K e o | Active regions and
Coronal holes

produce the
.fast wind"

o s
—

The corona of sun at beginning activity (1998), viewed by EIT and LASCO=¢




THE ORI




Latitudinal stream boundaries

Perihel passage

Solar wind speed

J\} : —+900

km/s

Heliographic
latitude

AO

Heliographic longitude

Solar wind stream structure, seen nearly simultaneously from 1 AU and
from 0.3 AU (IMP and Helios 1) in early 1975, associated with coronal hole
structure. Note that Helios passed the northern boundary of the fast
stream, while IMP at low latitude did not.




THE “BALLERINA SKIRT?”




The ballerina dancing through the solar

At activity maximum, the
ballerina skirt flips over,
and the magnetic polarity
is then reversed at next
minimum. The magnetic
cycle of the

sun (the “"Hale-cycle")
takes 22 years!

Minimum




THE HELIOSPRERE IN 3-D

Orbit | Orbit 2

Ulysses /SWODPS

Lous Alornios ; - Loy Alurrios
HATOMNAL LABORYTORY ypoeel oA - NATIONAL LABORATORY

Ulyssea/MAC 2 | e Ulyasay/MAL g
buporiel College ol ! EIT [HASA/ESL| Imperial Callege T emen i BT {(M4ASA/ES4)
4 Mounn Leoa MIC3 (HAD) " Meruna Loa MEL (HAQ)
LASCD Cf (Nﬂl/m') LASTO CF (WASA /ESA)

Figure 1.3. Dial plots of solar wind speed with co-temporal coronal 1mages two years prior to solar mmimum (Or-
bit 1) and at solar maximum (Orbit 2). Time runs clockwise from 3 o'clock. along with heliographic latitude. The
solar wind speed scales are 500 km/s (1000 km/s) on the inner (outer) dashed circle. The 6.2 vear orbits start in
1992 and 1998. The gaps at the north and south poles reflect the maximum Ulysses latitude of 80.2°. The final U-
IT data point 1s from December 2002.




CORONAL MASS EJECTIONS

High spped streams in the solar
wind,
(Interplanetary shocks)

2000/06/05 10:20 " -°

1998/06/02 13:31




THE END OF THE HELIOS

¢—=Bow Shock
~~ ~—Heliosheath
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Some Major Solar Storms

9/2/1859 -  Strongest solar storm recorded, with aurora worldwide and telegraph disruptions
5/13/1921 - Storm shuts down NY City transit system with induced ground currents

3/25/1940 - Easter Sunday storm halts U.S. long distance phone service for hours, radio and wire
services disrupted

2/10/1958 - Radio blackout caused by one of the 10 strongest storms
3/13/1989 - Quebec power grid collapses for nine hours

10/29/2003 - “Halloween” storms cause numerous satellite problems and produce the strongest
X-ray flare ever recorded

Milestones of Solar Exploration

1859 1971-74

First solar flare
observed and
sketched by
Richard
Carrington

OSO-7, Skylab
are first space-
craft to study
solar storms

George Ellery Hale
Galileo Galilei discovers magnetic Th? Solar &
is among the g fields in sunspots -- Heliospheric
first to study . =D a key to under- Observatory_
the Sun & : standing solar (SOHO) begins
sunspots with activity sophisticated solar

a telescope study mission

—

~ g

d Solar Cycles

b ‘The 23 Recorde
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Solar observatories around the world

Pic du Midi, French Alps, 3300m a.s.|

1930s, without an eclipse




The world greatest Solar telescope
Kitt Peak, Tucson, Arizona,
2700m a.s.l.

- 2.0 meter heliostat
McMath solar telescope

- l.2meter mirror and mounting
"X Reflected light beam

N

,_ ~ Mirror aluminizing room
Observation LR =

room
Spectrograph shaft R S

1.5 meter
mirror

50.6 meters below ground =




Radioheliograph at Nobeyama (Japan)
1200m a.s.l.

W e .




TheGerman-Argentine Observatory near San Juan, Argentina,
With a coronograph (MPAe) and a telescope, 2400m a.s.l.
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EVENT
Maximo Sumerio

Maximo Piramidal

Solar activity and C'4

DURATION MAGNITUDE

2720-2610 AC
2370-2060 AC

Maximo de Stonehenge 1870-1720 AC

Minimo Egipcio
Minimo Homérico
Minimo Griego
Maximo Romano
Minimo Medieval
Maximo Medieval

420-1260 AC
820-240 AC
440-360 AC
20 AC-80 DC
640-710 AC
1120-1280 DC

Minimo de Spoerer 1418-1535 DC
Minimo de Maunder 1645-1710 DC

Minimo de Dalton
Maximo Moderno

1795-1825 DC
1900 en adelante

1.3
1.1
1.3
-1.4
-2
-2.1
0.7
-0.7
0.8
-1.1
-1
-0.8
1
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http://lasp.colorado.edu/home/science/solar-influences




The Sun, Our Star is fundamental for life on
Earth

The Sun is an active star with an 11y activity
cycle and a 22y magnetic cycle.

Solar Activity manifestations are manifold

Solar Activity influenced climate in the past.

Nowadays the influence of antropogenic activity
IS much more important




MUCHAS GRACIAS

MUITO OBRIGADO




