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The sun‘s importance for mankind
11} # #
Our solar system

$

How the sun works / s
Birth/ $

energy production /

Other stars and planets /

Solar activities /
solar cycle, sunspots / %
prominences and flares / #
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Sun — day
moon & stars — night

2

-

Stars are only visible when the sun has set, and vice versa
) ! # () )
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The sun — a normal star?

Stars = large balls of hot gas
= Sun

/ ]
/

The sky is full of stars
0

The sun is a star just like all
the others we can see at night
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The Solar System
El Sistema Solar

Sun: central star/ +

8 planets / 5#

4 rocky inner planets
6 #

4 large gas planets
6 #

Pluto: dwarf planet

&+ #

Inner planets /
Mercury / Mercurio
Venus / Venus
Earth / Tierra
Mars / Marte

Outer planets /
Jupiter / Jupiter
Saturn / Saturno
Uranus / Urano

_ Neptune / Neptuno
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The Solar System

Inner planets: significantly smaller orbits
+ ) & !
Diameter of Solar System: 30 AU (30 times the distance

Sun — Earth)
) +78 9 78)
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The sun: numbers and facts
+ ; (
Age: 5 Billion years / +<! 2
Mass: 1.9891x103° kg (=332,900 x Earth)
+=>757= x=878 [77@ ?88 x:
Distance to Earth: 1.496 x108 km

(=8 min 19 s at light speed)

Distancia a la Tierra: =>6?Ax=85 /5 =7
) B
next nearest star: 4.2 years at light speed!
0 + 6>@ 2 )

B
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The sun: numbers and facts
+ : (

Composition: 74% hydrogen, 25% helium,

1% other
0% # & + CeD @<D =D

Temperature / : #

5,700 K on surface
<C88E #

16,000,000 K In core
-A888888E
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The sun — an ordinary star

Many different sizes, colours,

ages of stars
2 (

sun is fairly average, rather small

star
! # 0!
#1 2

Masses range from ~0.1 M, to

>100 M,
= G8>= H=88

Lifetime of the sun: 10 billion

years — we‘re halfway through
+=8!
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How was the sun born?

da dark cloud

7

dense core

f- 200,000 AU -»

b gravitational collapse

k10,000 AU-»! _ time = 0

d T Tauri star
bipolar

flow
protoplanetary * ¢
- disk

Ny

central
star

L "

100,000 to
=—100 AU—-» 3,000,000 years|

C protostar
bipolar
flow

envelope
7
disk

10,000 10
[«— 500 AU—> 100,000 years|

€ pre-main-sequence slar
planetary debris
disk

(&

3,000,000 to

f young stellar system

planetary
system

after

[—100 AU—> 50,000,000 yoars|«— 50 AU —» 50,000,000 yoar:
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How does the sun work?

W& 13
Large ball of hot gas that

undergoes nuclear fusion
| 1

&
hydrogen burns into

helium
|

A lot of energy (=heat) Is

created in the centre
/

This heat makes the sun
shine
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The interior of the sun

extremely hot —
here the nuclear fusion
takes place

1 &

thermal
radiation of heat

&
K

hot
material Is carried
outwards
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The exterior of the sun
El exterior del Sol

about
6000 K; granule

structure

A888 E
0

extremely

hot, several
million K

)
E

creates sunspots
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Hydrogen burning
| &

»@ 4+ — energy —
1%He

The source of all energy of the sun

Basically: 4 Hydrogen nuclei form 1 Helium nucleus

LO + 6 ; \% & =
\
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Why Is the sun stable?
1 K |

percctbalance of - [EENUN—
gravity and | ol

pressure

L #

) (# &
Pressure: energy
created by
hydrogen burning

& +
# & 1

Gravity: the sun‘s ~ pressure Jg=T gravity
own material 3
+ # #
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What happens Iif the hydrogen is all

used up?
&

7o

Then the sun will die!
4

Pressure decreases  gravity wins
& )
Core collapses, heats up, outer layers will

grow
$; # #

Will swallow even the Earth‘s orbit!
&!

Don‘t worry: ~5 billion years to go
$ # # +G<! 2 # 1
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Simulation of the sun‘s death
&




Lifetime of stars

5011 *

5011~ #
6
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Other stars  planets?

#
PLANETS AROUND NORMAL STARS

- [ ] B .
HERCURY VENUS EARTH MARS

Star/Planet Sizes NOT TO SCALE .5 Myup
R 2

ORBITAL SEMIMAJOR AXIS (AU)

Picture Credit E. Wiliams, G harcy, and L -4, BcConnaughey, (UG Berkelay), (SFSLY
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The sun
— fortunately the perfect size!
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Solar activities
)

The solar magnetic field
# K

Sun spots

The solar cycle

Flares and prominences
L (#




The solar magnetic field
# K

The sun has a strong
magnetic field
#
K
North and South pole, as
the Earth

® X

But: not constant
+

Sun rotates drags
magnetic field lines with it
Sol rota

# K
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Magnetic field
% # K




Sunspots

Dark, “cold” spots on the sun’‘s surface
' #
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Sunspots
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Sun spots
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Magnetic field
% # K
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Solar cycle
%

The sun - an ordinary star

Maximum of sun spots every
11 years
0

When sun spots reach their
maximum: magnetic field
totally entangled
% 0

B 0 + #

K

Break down of magnetic field
and built-up of new field with
opposite polarisation

2 # K (

i
# B & #

Old North Pole new South
Pole
N3 $ )




Solar cycle
%

At maximum of solar cycle we see:
0 ) +
most sun spots /
polar lights on Earth/ #
The solar cycle influences:
" +
solar atmosphere / atomésfera solar
magnetic field / campo magnético

frequency of flares and prominences / frecuencia de bengalas y
prominencias

geomagnetic fields / campos geomagnéticos
Temperature / temperaturas
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Prominences

loops of gas erupting | Earth shown

for siz mparison
from the solar surface ettt

! # &
#

prominences follow
the solar magnetic
field lines

i K

can last for weeks
H#

much larger than our

entire planet!

0 1
# 4
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Flares
L

violent eruptions of hot

matter into space

# )
#

extremely hot: several
million K

+)
=

flare occurs when energy
built up in the sun is

suddenly released

! i
!

#

Bengalas ocurren cuando

la,energia construye en ... ..oy siar
sol
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Flares & Prominences
L
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