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OutlineOutline
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�� The sunThe sun‘‘s importance for mankinds importance for mankind
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�� Our solar systemOur solar system

�� $�������������
����
�$�������������
����
�

�� How the sun works / How the sun works / %%&&����������
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�� Birth / Birth / $
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�� energy production / energy production / 
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�� Other stars and planets / Other stars and planets / '��
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�� Solar activities / Solar activities / ����������	
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�� solar cycle, sunspots / solar cycle, sunspots / %��������
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Sun Sun –– dayday
moon & stars moon & stars –– nightnight
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�� Stars are only visible when the sun has set, and vice versaStars are only visible when the sun has set, and vice versa
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TheThe sun sun –– a normal star?a normal star?
�������������� �� ��
��������
�����
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�� Stars = large balls of hot gas Stars = large balls of hot gas 
= Sun= Sun
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�� The sky is full of starsThe sky is full of stars
�� ������������������������ 00 ����������������
�����������������
�

�� TheThe sunsun is a star is a star just like all just like all 
thethe othersothers wewe cancan see at nightsee at night
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The Solar SystemThe Solar System
El Sistema SolarEl Sistema Solar

�� Sun: central star / Sun: central star / ���+��������
������
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�� 8 planets / 8 planets / 5�#�
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�5�#�
���
� ::
�� 4 rocky inner planets4 rocky inner planets
�� 6�#�
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��������������������6�#�
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�� 4 large gas planets4 large gas planets
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�� Pluto: dwarf planetPluto: dwarf planet
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�� Inner planets / Inner planets / 
�
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������������
�
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������������ ::
�� Mercury /Mercury / MercurioMercurio
�� Venus /Venus / VenusVenus
�� Earth /Earth / TierraTierra
�� Mars /Mars / MarteMarte

�� Outer planets / Outer planets / 
�
���
������������+
�
���
������������+
�� Jupiter / Jupiter / JupiterJupiter
�� Saturn / Saturn / SaturnoSaturno
�� Uranus / Uranus / Urano Urano 
�� Neptune / Neptune / NeptunoNeptuno
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The Solar SystemThe Solar System
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�� Inner planets: significantly smaller orbitsInner planets: significantly smaller orbits
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�� Diameter of Solar System: 30 AU (30 times the distance Diameter of Solar System: 30 AU (30 times the distance 
Sun Sun –– Earth)Earth)
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The sun: numbers and factsThe sun: numbers and facts
������+��������+�� ;; ������(�������������(�������

�� Age: 5 Billion years / Age: 5 Billion years / ��
�+�<�!�����������
��
�+�<�!�����������
 22����

�� Mass: 1.9891Mass: 1.9891××10103030 kg (=332,900 kg (=332,900 ×× Earth)Earth)
�� 	
�
+�=>?5?=	
�
+�=>?5?= ××=8=87878 ����/77@�?88�����/77@�?88� ×× :����
 :����
 

�� Distance to Earth: 1.496 Distance to Earth: 1.496 ××108108 kmkm
(=8(=8 min 19min 19 s at light speed)s at light speed)

�� Distancia a la Tierra: Distancia a la Tierra: =>6?A�=>6?A�××=85=85 ����/5����/5 ����=?����=? ����
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�� nextnext nearestnearest star: 4.2 years at light speed!star: 4.2 years at light speed!
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The sun: numbers and factsThe sun: numbers and facts
������+��������+�� ;; ������(�������������(�������

�� Composition: 74% hydrogen, 25% helium, Composition: 74% hydrogen, 25% helium, 
1% other1% other

�� %��#�����%��#����� &&�+�C6D������������@<D��������=D�������+�C6D������������@<D��������=D������

�� Temperature / Temperature / :��#��
���
:��#��
���
 ::
�� 5,700 K on surface5,700 K on surface
�� <�C88�E������#�����<�C88�E������#�����

�� 16,000,000 K in core16,000,000 K in core
�� =A�888�888�E�����=A�888�888�E����� ;; ��������
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TheThe sun sun –– an ordinaryan ordinary starstar
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�� Many different sizes, colours, Many different sizes, colours, 
ages of starsages of stars
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�� sunsun isis fairlyfairly average, ratheraverage, rather smallsmall
starstar
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�� MassesMasses rangerange from ~0.1 Mfrom ~0.1 Msunsun to to 
>100 M>100 Msunsun

�� F
���������
�
�������G8>=�	F
���������
�
�������G8>=�	 ������ ���H=88����H=88�
		 ������

�� Lifetime of theLifetime of the sun: 10 billionsun: 10 billion
years years –– wewe‘‘rere halfwayhalfway throughthrough

�� :���#�����)��
��������+�=8�!�����������:���#�����)��
��������+�=8�!�����������


 22������ �� ���
����
����
������
�������
����
����
������
����



13.08.201013.08.2010 The sun The sun -- an ordinary staran ordinary star

How was the sun born?How was the sun born?
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HowHow doesdoes thethe sunsun work?work?
%%&&�����
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!
3
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�� Large ball of hot gas thatLarge ball of hot gas that
undergoesundergoes nuclearnuclear fusionfusion
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�� hydrogenhydrogen burnsburns intointo
helium helium 

�� I���
�������������������I���
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�� A lot of energy (=A lot of energy (=heatheat) is) is
created in thecreated in the centrecentre
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������ ��
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�� ThisThis heatheat makesmakes thethe sunsun
shineshine
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TheThe interior of theinterior of the sunsun
��������������������������������������

�� Core:Core: extremely hot extremely hot ––
herehere thethe nuclearnuclear fusionfusion
takestakes placeplace
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�� RadiativeRadiative zone:zone: thermal thermal 
radiation of heatradiation of heat
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�� ConvectiveConvective zone:zone: hot hot 
material ismaterial is carriedcarried
outwardsoutwards
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The exterior of theThe exterior of the sunsun
El exterior del SolEl exterior del Sol

�� Surface:Surface: about about 
6000 K; granule 6000 K; granule 
structurestructure

�� ��#�������+��#�������+ �����A888�E���
������A888�E���
�
���������
����������������
������� 00 ��������

�� Corona:Corona: extremely extremely 
hot, several hot, several 
million Kmillion K
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�� Magnetic field:Magnetic field:
creates sunspotscreates sunspots
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HydrogenHydrogen burningburning
I���
������I���
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�� TheThe source of all energy of thesource of all energy of the sunsun
�� "
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��������������
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�� Basically: 4 HydrogenBasically: 4 Hydrogen nuclei form 1 Helium nucleusnuclei form 1 Helium nucleus
�� LL00 ���
�����+�6�����
�����+�6�� ;; ���������M������������M��� &&���������
��=�����������
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WhyWhy isis thethe sunsun stable?stable?
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�� PerfectPerfect balance of balance of 
gravity and gravity and 
pressurepressure

�� L
�
����#�����������L
�
����#�����������
��
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�� Pressure:Pressure: energyenergy
createdcreated byby
hydrogenhydrogen burningburning
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�� Gravity: Gravity: thethe sunsun‘‘ss
own materialown material
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WhatWhat happenshappens ifif thethe hydrogenhydrogen is all is all 
used up?used up?

I�I� KK #
�
�����������#
�
����������� &&�������������B
����������������B
���
�����#������#����.�����#������#����.

�� ThenThen thethe sun will die!sun will die!
�� ������������������������ ��
4
4

�� PressurePressure decreases decreases �� gravitygravity winswins
�� 
����
���� &&�������������������� �� �
�
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���
)��
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�
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���
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�

�� CoreCore collapses, heats up, outercollapses, heats up, outer layers will layers will 
grow grow �� Red GiantRed Giant
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�� Will swallowWill swallow eveneven thethe EarthEarth‘‘ss orbit!orbit!
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�� DonDon‘‘tt worry: ~5 billionworry: ~5 billion years to goyears to go
�� $�����#�����#��+�G<�!�����������
$�����#�����#��+�G<�!�����������
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Simulation of the sunSimulation of the sun‘‘s deaths death
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Lifetime of starsLifetime of stars
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Other stars Other stars �� planets?planets?
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The sunThe sun
–– fortunately the perfect size!fortunately the perfect size!
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Solar activitiesSolar activities
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�� The solar magnetic fieldThe solar magnetic field
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�� Sun spotsSun spots
�� 	
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�� The solar cycleThe solar cycle
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�� Flares and prominencesFlares and prominences
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The solar magnetic fieldThe solar magnetic field
����
�#���
������
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�� The sun has a strong The sun has a strong 
magnetic fieldmagnetic field

�� ������������������������
�#��������������������������
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�
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�� KK��������

�� North and South pole, as North and South pole, as 
the Earththe Earth
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�� But: But: not constantnot constant
�� 
���+���������
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�� Sun rotatesSun rotates �� drags drags 
magnetic field lines with itmagnetic field lines with it

�� Sol rota Sol rota �� 
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Magnetic fieldMagnetic field
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SunspotsSunspots
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�� Dark, Dark, ““coldcold““ spots on the sunspots on the sun‘‘s surfaces surface
�� '�������'������� ,, �������� ,, �
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SunspotsSunspots
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Sun spotsSun spots
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Magnetic fieldMagnetic field
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Solar cycleSolar cycle
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�� Maximum of sun spots every Maximum of sun spots every 
11 years11 years
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�� When sun spots reach their When sun spots reach their 
maximum: magnetic field maximum: magnetic field 
totally entangledtotally entangled
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�� Break down of magnetic field Break down of magnetic field 
and builtand built--up of new field with up of new field with 
opposite polarisationopposite polarisation
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�� Old North Pole Old North Pole �� new South new South 
PolePole
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Solar cycleSolar cycle
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�� At maximum of solar cycle we see: At maximum of solar cycle we see: 
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�� The solar cycle influences:The solar cycle influences:
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�� solar atmosphere / solar atmosphere / atomatomóósfera solarsfera solar

�� magnetic field / magnetic field / campo magncampo magnééticotico

�� frequency of flares and prominences / frequency of flares and prominences / frecuencia de bengalas y frecuencia de bengalas y 
prominencias prominencias 

�� geomagnetic fields / geomagnetic fields / campos geomagncampos geomagnééticosticos

�� Temperature / Temperature / temperaturastemperaturas

..........
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ProminencesProminences
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�� loops of gas erupting loops of gas erupting 
from the solar surfacefrom the solar surface
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�� prominences follow prominences follow 
the solar magnetic the solar magnetic 
field linesfield lines
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�� can last for weekscan last for weeks
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�� much larger than our much larger than our 
entire planet!entire planet!
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FlaresFlares
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�� violent eruptions of hot violent eruptions of hot 
matter into spacematter into space
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�� extremely hot: several extremely hot: several 
million Kmillion K
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�� flare occurs when energy flare occurs when energy 
built up in the sun is built up in the sun is 
suddenly releasedsuddenly released
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�� Bengalas ocurren cuando Bengalas ocurren cuando 
la energla energíía construye en el a construye en el 
sol sol 
maximum of solar cycle maximum of solar cycle ��
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FlaresFlares
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Flares & ProminencesFlares & Prominences
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