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Die Sonnenkorona



Die Sonnenkorona 2006



Ludwig Biermann 1951 - Kometenschweife und solare 
Korpuskularstrahlung“, Zeitschrift für Astrophysik 29

Komet Hale Bopp - März 1997, John Goldsmith, Sky and Telescope



Ludwig Biermann 1951 -Kometenschweife und solare 
Korpuskularstrahlung“, Zeitschrift für Astrophysik 29

Komet Hale Bopp – ESO 1997



Eugene Parker 1958 - Dynamics of the Interplanetary Gas 
and Magnetic Fields, The Astrophysical Journal 128 



Solar Wind Predictions for the 
Parker Solar Probe Orbit

Volker Bothmer and Malte Venzmer
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Parker Solar Probe

A NASA Mission to Touch the Sun



Sonnenwindmessungen auf dem Mond –
Apollo 11, 20. Juli 1969

Uni Göttingen WS 06/0710Images: NASA

I.

II.



Koronale Löcher beobachtet mit Skylab 1974



Helios 1,2 Sonnenwindmessungen im 
Erdabstand

Plasmageschwindigkeit  V 300 – 800 km/s

Protonendichte NP 10 cm-3

Protonentemperatur TP 4 · 104 K

Elektronentemperatur TE 1.5 · 105 K

Magnetfeldstärke B 4-5 nT

Plasmazusammensetzung 95% Protonen, 4% 
Heliumatome wenige 

schwere Ionen.
Gleiche Anzahl freier 

Elektronen, 
Quasineutralität. 

Helios-Orbit:

0.29 – 1 AE

Erde

Sonne



Schneller

Sonnenwind aus

“Koronalöchern” als

Quelle erhöhter

erdmagnetischer

Aktivität

Bothmer & Zhukov (2006)



Zur Zeit: Abflauender schneller Sonnenwind bei der Erde



Ulysses: Der Sonnenwind außerhalb der Ekliptik

Credit: ESA/NASA

Credit: ESA, space.com



Ulysses: Sonnenwind über drei Sonnenfleckenzyklen 

Credit: ESA



Häufigkeitsfunktionen des Sonnenwindes im 
Erdabstand

Credit: M. Venzmer
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Auswirkung des Sonnenwindes auf das Erdmagnetfeld



S

N

„Magnetische Rekonnexion“
Interplanetares Magnetfeld (IMF)  Äußeres Erdmagnetfeld (Magnetosphäre)

Abstand Sonne – Erde = 1 AE ≈ 150 Millionen Kilometer

2 nmV2 = B2 (rMP)/2µ0

„Magnetische Kurzschlüsse“ als Ursache von 
Magnetosphärenströmen

ESW=-v×B



Das Erdmagnetfeld im anströmenden Sonnenwind –
Erdmagnetische Stürme und Polarlichter

Goodrich et al. 1997



Stürmische Sonne beobachtet mit SOHO: Zeitraum 
Dez. 1999 – Jan. 2000

• Coronal Mass
Ejections (CMEs) 
treten auf 
variablen 
räumlichen und 
zeitlichen Skalen 
auf: 
v = 300 - 3500 km/s 

• SOHO 
beobachtete 
>10.000 CMEs 
im Zeitraum 
1996-2007



Koronale Massenauswürfe im Oktober 2003

Strahlenbelastung für Astronauten, Flugzeugbesatzungen und Passagiere



Polarlichter über Göttingen am 30. 
Oktober 2003



Spektrum der Wissenschaften 03/09

Auswirkungen auf Transformatoren durch 
„Ground Induced Currents“ (GICs)



Schädigung von Transformatoren 



Gauss-Messungen während Polarlichtaktivität –
1837 bis 1841

§ 18. Februar 1837

§ 4. Januar 1840

§ 21. September 1840

§ 21. Dezember 1840

§ 25. September 1841



Rätselhafte Hieroglyphenschrift der Natur – Gauss 1837

,,Wir müssen vorerst unser Bestreben nur sein lassen, 

Abschriften von dem, was sich darbietet zu sammeln, und 

denselben immer mehr Zuverlässigkeit, Treue und 

Mannigfaltigkeit zu verschaffen: reichem Stoff wird, wie wir 

zuversichtlich hoffen dürfen, dereinst auch die Entzifferung nicht 

fehlen… Es wird der Triumph der Wissenschaft sein, wenn es 

dereinst gelingt, das bunte Gewirr der Erscheinungen zu ordnen, 

die einzelnen Kräfte, von denen sie das zusammengesetzte 

Resultat sind, auseinander zu legen, und einer jeden Sitz und 

Maß nachzuweisen.’’



Start von STEREO am 25. Oktober 
2006, 20:52 Uhr Ortszeit



SDO, Proba2

Multi-Satellitenmessungen

Heutige Positionen von STEREO A 
und B –

17. Oktober 2017

STEREO/SECCHI



STEREO/SECCHI/HI 1 A „FIRST LIGHT“

M22 
Globular Cluster

M25 
Open Cluster

M17
Omega Nebula

Small Sagittarius Cloud

Venus

M16

F-Corona
(Zodiakallicht,
symmetrisch zur

Ekliptic)

Approximate 
Location of 

Sun

Image Annotation 
provided by Dan Moses 
and Dennis Wang, NRL



Beobachtung eines CMEs von der Sonne
bis zur Erde



193 Å
~1.4 MK

Sonnenwind aus Koronalöchern - SDO



Aufnahmen des Sonnenwindes mit STEREO 

SECCHI 14-day movie (40min cadence)



Komet F1 Loneos – SECCHI HI 2 A: Beobachtung vielfacher
Schweifabrisse im Oktober/November 2007



Dynamik der Sonnenkorona (SDO)

171 Å
~0.6-0.9 MK



Flare und CME



“Sonnentsunami” – SDO/AIA, Februar 2014



Aktuelle Aufnahmen im September 2017



Aktuelle Aufnahmen im September 2017

Credit: A. Vourlidas



Das Heliophysikalische Observatorium –
Neue Missionen



NASA Solar Probe STDT – JHU/APL, nahe 
Washington, D.C., 2004



Solar Probe Report 2005

.ATIONAL�!ERONAUTICS�AND�
3PACE�!DMINISTRATION

'ODDARD�3PACE�&LIGHT�#ENTER
'REENBELT��-ARYLAND������

September 2005

NASA/TM—2005–212786
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$ElNITION�4EAM
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COMPOSITION� AND� ORIGIN�� AND� ABOUT� ITS� INTERACTION�
WITH� THE� NEAR
3UN� PLASMA� AND� GAS� ENVIRONMENT��
/F�PARTICULAR�INTEREST�IS�THE�CONTRIBUTION�OF�THE�DUST�
TO� THE�hINNER�SOURCEv�OF�ENERGETIC�PARTICLES��!S� ITS�
FOURTH� OBJECTIVE�� 3OLAR� 0ROBE� WILL� EXPLORE� DUSTY�
PLASMA�PHENOMENA�IN�THE�NEAR
3UN�ENVIRONMENT�
AND� THEIR� INmUENCE�ON� THE�SOLAR�WIND�AND�ENER

GETIC�PARTICLE�FORMATION�
4O� ADDRESS� THESE� OBJECTIVES�� 3OLAR� 0ROBE� WILL�

EXPLORE� A� REGION�OF� THE� SOLAR� SYSTEM�NEVER�BEFORE�
VISITED� BY� A� SPACECRAFT�� 7ITH� THE� DATA� IT� TRANS

MITS�BACK�TO�%ARTH��SOLAR�AND�SPACE�PHYSICISTS�WILL�
ANSWER�QUESTIONS� THAT� CANNOT� BE� ANSWERED�BY� ANY�
OTHER�MEANS� AND�WILL� ATTAIN� A�DEEP� UNDERSTAND

ING�OF�PHENOMENA�AND�PROCESSES�IN�THIS�FASCINATING�
AND�CRITICAL� REGION��!ND�AS�WITH�ANY�GREAT�VOYAGE�
INTO�UNCHARTED�REALMS��3OLAR�0ROBE�S�JOURNEY�TO�THE�
3UN�HOLDS�THE�PROMISE�OF�MANY�MORE�UNANTICIPATED��
DISCOVERIES�NEW�MYSTERIES� TO� CHALLENGE� HUMAN

KIND�S� EVER
EXPANDING� KNOWLEDGE� OF� OUR� HOME� IN�
THE�UNIVERSE�

3CIENCE�)MPLEMENTATION
3OLAR�0ROBE�WILL�ADDRESS� THE�FOUR�SCIENCE�OBJEC


TIVES� THROUGH�A� COMBINATION�OF� IN
SITU� AND� REMOTE

SENSING� OBSERVATIONS� PERFORMED� FROM� A� POLAR� ORBIT�
ABOUT�THE�3UN��)NSIDE�A�DISTANCE�OF�����!5�ON�BOTH�
SIDES� OF� PERIHELION�� 3OLAR� 0ROBE� WILL� MAKE� IN
SITU�
MEASUREMENTS� OF� PLASMA�� SUPRATHERMALS�� ENERGETIC�
PARTICLES��MAGNETIC�lELDS��WAVES��AND�DUST�IN�THE�NEAR

3UN�ENVIRONMENT��%XTREME�ULTRAVIOLET�AND�MAGNETIC�
IMAGING�OF�SOLAR�WIND�SOURCE�REGIONS�AND�WHITE
LIGHT�
IMAGING�OF�CORONAL�STRUCTURES�WILL�BE�PERFORMED�ON�
BOTH� INBOUND� AND� OUTBOUND� LEGS� OF� THE� SOLAR� PASS��
4HE� REMOTE
SENSING�OBSERVATIONS�WILL� ALLOW� IN
SITU�
MEASUREMENTS�TO�BE�RELATED�TO�MAGNETIC�AND�PLASMA�
STRUCTURES�AT�THE�3UN��#LOSEST�APPROACH�WILL�OCCUR�AT�
A�PERIHELION�ALTITUDE�OF���23�ABOVE�THE�SURFACE��3UP

PORTING� REMOTE
SENSING� OBSERVATIONS� FROM� GROUND

BASED�� SUB
ORBITAL�� AND� SPACE
BASED� ASSETS� WILL� BE�
COORDINATED�WITH�THE�PERIHELION�PASS�TO�PROVIDE�CON

TEXT�FOR�3OLAR�0ROBE�S�IN
SITU�MEASUREMENTS��!�LARGE�
AND�DEDICATED�THEORY�AND�MODELING�PROGRAM�WILL�BE�
AN�INTEGRAL�PART�OF�THE�3OLAR�0ROBE�MISSION��STARTING�
��YEARS�BEFORE�THE�lRST�PERIHELION�PASS��

3OLAR� 0ROBE�S� BASELINE� PAYLOAD� IS� A� SINGLE��
INTEGRATED� PACKAGE� CONSISTING� OF� BOTH� IN
SITU�
AND� REMOTE
SENSING� INSTRUMENTS� SERVICED� BY�
A� COMMON� $ATA� 0ROCESSING� 5NIT� �$05	� AND�
,OW
6OLTAGE� 0OWER� 3UPPLY� �,603	�� 4HE� IN
SITU��

INSTRUMENTATION� INCLUDES� A� &AST� )ON� !NALYZER�
�&)!	��TWO�&AST�%LECTRON�!NALYZERS��&%!S	��AN�)ON�
#OMPOSITION� !NALYZER� �)#!	�� AN� %NERGETIC� 0AR

TICLE� )NSTRUMENT� �%0)	�� A� -AGNETOMETER� �-!'	��
A� 0LASMA� 7AVE� )NSTRUMENT� �07)	�� A� .EUTRON�
'AMMA
RAY� 3PECTROMETER� �.'3	�� AND� A� #ORONAL�
$UST� $ETECTOR� �#$	�� 4HE� REMOTE
SENSING� INSTRU

MENTATION�COMPRISES�A�0OLAR�3OURCE�2EGION�)MAGER�
�032)	��FOR�%56�AND�MAGNETOGRAPHIC�IMAGING�OF�
THE� SOLAR� WIND� SOURCE� REGIONS�� AND� A� WHITE
LIGHT�
(EMISPHERIC� )MAGER� �()	�� FOR� IMAGING� CORONAL�
STRUCTURES��!N� INTEGRATED�PAYLOAD�DEVELOPED�BY� A�
SINGLE� COMBINED� INVESTIGATOR� TEAM�WAS� BASELINED�
IN�THE�STUDY�AS�A�MEANS�OF�ACHIEVING�THE�MAXIMUM�
SCIENCE�RETURN�FOR�THE�MINIMUM�MISSION�COSTS�AND�
OF�REDUCING�PAYLOAD�MASS�AND�POWER�WHILE�PROVID

ING�ADDED�FUNCTIONAL�REDUNDANCY��

"ASELINE�-ISSION
4HE� BASELINE� MISSION� PROVIDES� FOR� TWO� mYBYS�

OF�THE�3UN��SEPARATED�BY�^����YEARS��THUS�ALLOWING�
3OLAR�0ROBE�TO�MEASURE�THE�SOLAR�WIND�AND�CORONA�
AT�DIFFERENT�PHASES�OF�THE���
YEAR�SOLAR�CYCLE��INDE

PENDENT�OF� LAUNCH�DATE��&OR�A� LAUNCH�IN������� THE�
lRST�mYBY�WILL�TAKE�PLACE�IN�������AROUND�THE�PRO

JECTED� ACTIVITY� MINIMUM� OF� SOLAR� CYCLE� ���� 4HE�
SECOND�SOLAR�mYBY�WILL�OCCUR�IN�������AT�A�TIME�OF�
INCREASING�SOLAR�ACTIVITY�
3OLAR�0ROBE�WILL�USE�A�*UPITER�GRAVITY�ASSIST�mYBY�

�CLOSEST�APPROACH�^���2*��MINIMIZING�EXPOSURE�TO�
THE�JOVIAN�RADIATION�BELTS	�TO�ACHIEVE�A�POLAR�ORBIT�
ABOUT�THE�3UN�WITH�A�PERIHELION�OF���23����23�ABOVE�
THE�SURFACE	��4HE�SPACECRAFT�WILL�ARRIVE�AT�THE�3UN�

4HE�3OLAR�0ROBE�TRAJECTORY��%NCOUNTER�SCIENCE�BEGINS�AT�
����!5����DAYS�BEFORE�CLOSEST�APPROACH��AND�LASTS�UNTIL���
DAYS�AFTER�CLOSEST�APPROACH�

865 kg, 2100 K



Solar Probe Orbit
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��
DAY� LAUNCH�WINDOW�OPENS� EVERY����MONTHS� TO�
ALLOW�THE�DESIRED�TRAJECTORY�AND�3UNn%ARTH�GEOM

ETRY�FOR�THE�lRST�ENCOUNTER�TO�BE�ACHIEVED��4HE�CUR

RENT�BASELINE�MISSION�ASSUMES�A�LAUNCH�IN�/CTOBER�
������

������ ,AUNCH� AND� ,AUNCH� 6EHICLE� 3ELECTION��
3OLAR�0ROBE�WILL�BE�LAUNCHED�FROM�THE�%ASTERN�4EST�
2ANGE�AT�#APE�#ANAVERAL�!IR�&ORCE�3TATION��&LOR

IDA��&OR�A������LAUNCH��THE���
DAY�LAUNCH�WINDOW�
OPENS�ON�/CTOBER�����4HE�MAXIMUM�LAUNCH�ENERGY�
#��FOR�THIS�WINDOW�IS�����KM

��S���&OR�A������LAUNCH��
THE�MAXIMUM�#��WOULD� BE� REDUCED� TO� ���� KM

��
S��� "ASED� ON� THE� CURRENT� ESTIMATE� OF� 3OLAR� 0ROBE�
LAUNCH�MASS��INCLUDING�A�����MARGIN	�AND�LAUNCH�
VEHICLE�PERFORMANCE�CALCULATIONS�PROVIDED�BY�+EN

NEDY�3PACE�#ENTER��+3#	��ASSUMING�THE�CONTRACTED�
PERFORMANCE�FOR� THE�.EW�(ORIZONS�0LUTO�MISSION��
EITHER�AN�!TLAS�����OR�A�$ELTA�)6�(EAVY��COMBINED�
WITH�A�34!2���"�THIRD�STAGE��COULD�PROVIDE�THE�HIGH�
LAUNCH�ENERGIES�REQUIRED�BY�3OLAR�0ROBE��4HE�!TLAS�
����HAS�BEEN�BASELINED�AS� THE�3OLAR�0ROBE� LAUNCH�
VEHICLE�FOR�THIS�STUDY�

������ $6�2EQUIREMENT��3OLAR�0ROBE�S�ONBOARD�$6�
REQUIREMENT�IS�FAIRLY�SMALL�BECAUSE�NO�DETERMINISTIC�
BURNS�ARE�REQUIRED�AND�A�FREE�RETURN�TRAJECTORY�WILL�
BE�USED�FOR�THE�SUBSEQUENT�ENCOUNTER��!N�ESTIMATED�
����M�S�OF�$6�IS�BUDGETED�FOR�

s� -ANEUVERS�TO�CORRECT�LAUNCH�VEHICLE�DISPERSION�
ERRORS

s� -ANEUVERS�TO�CORRECT�NAVIGATION�ERRORS�PRIOR�TO�
THE�*'!�AND�SOLAR�ENCOUNTERS

s� $E
SPIN�AFTER�THIRD�STAGE�SEPARATION
s� -OMENTUM�DE
SATURATION�

������ *UPITER�'RAVITY�!SSIST��&OR� A������ LAUNCH��
THE�*'!�WILL�OCCUR� IN�-ARCH�������WITH�A�CLOSEST�
APPROACH� DISTANCE� OF� APPROXIMATELY� ��� 2*�� 4HIS�
TARGET� POINT� WAS� SELECTED� TO� ACHIEVE� THE� DESIRED�
SOLAR� ENCOUNTER� GEOMETRY� WITH� ACCEPTABLE� RADIA

TION�DOSES�AT�THE�*UPITER�mYBY��)T�RESULTS�IN�A����
YEAR�
CRUISE� FROM� LAUNCH� TO� THE�lRST� SOLAR� ENCOUNTER��!�
SHORTER����
YEAR�mIGHT�TIME�IS�POSSIBLE�BUT�REQUIRES�
CLOSEST�APPROACH�TO�*UPITER�TO�OCCUR�AT�A�DISTANCE�LESS�
THAN���2*��THUS�EXPOSING�THE�SPACECRAFT�TO�UNACCEPT

ABLY�HIGH�LEVELS�OF�RADIATION�FROM�*UPITER�S�RADIATION�
BELTS�

������ 3OLAR�%NCOUNTER��3OLAR�0ROBE�WILL�APPROACH�
THE� 3UN� FROM� THE� SOUTH�� REACHING� A� MAXIMUM�
VELOCITY� OF� ���� KM�S� AT� PERIHELION�� 4HE� POLE
TO

POLE�PASSAGE�WILL� TAKE�PLACE�WITHIN���23�AND�WILL�
LAST�ROUGHLY����HOURS��4HE�ENCOUNTER�TRAJECTORY�AND�
TIMELINE� ARE� SHOWN� IN�&IGURE� �
���4HE�lRST� SOLAR�
ENCOUNTER� WILL� TAKE� PLACE� WITH� THE� %ARTH� ���� OFF�
QUADRATURE� AS�3OLAR�0ROBE�PASSES� THROUGH�PERIHE

LION� �&IGURE� �
�	�� 4HIS� GEOMETRY� WILL� ALLOW� THE�
0ROBE� TO� TRANSMIT�DATA� IN� REAL
TIME�AT� A�HIGH�DATA�
RATE� DURING� THE� ENCOUNTER� AND� WILL� ENABLE� SIMUL

TANEOUS� CONTEXTUAL� IMAGING� FROM� %ARTH� OF� THE�
CORONAL� STRUCTURES� THROUGH� WHICH� THE� SPACECRAFT��
IS�mYING�
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Kosten: 1.25 Milliarden US$



Solar Probe Plus Report 2008

• Anzahl der Umläufe um die 

Sonne nahe der Ekliptik 

< 30 RS bzw. 0.14  AE

• Erstes Perihel bei 35 RS bzw. 

0.16 AE nach 88 Tagen

• 24 Perihel-Durchläufe über 

Zeitraum von 7 Jahren nach 

Start Juli 2018

• 1000 Stunden Mess-Zeit 

< 20 RS



Missionsverlauf

• Startzeitraum: 31. Juli bis 18. August 2018

• Dichteste jemals stattgefundene Annäherung an 
die Sonne, auf 24 Millionen Kilometer, bereits
3 Monate nach dem Start im November 2018. Zum
Vergleich: Die dichteste Annäherung der Solar 
Orbiter Mission beträgt 42 Millionen Kilometer

• 7 Venus “Gravity Assists” über 7 Jahre

• 2025: Dichteste Annäherung an die 
Sonnenoberfläche im Abstand von 6 Millionen
Kilometer.



Solar Probe Plus Missionsverlauf

30 N.J. Fox et al.

Fig. 13 SPP trajectory viewed
from above the ecliptic plane
with launch date on July 31,
2018. The seven Venus gravity
assists (i.e., Venus Flybys [VF];
green dots) with the
corresponding dates are also
shown as well as first perihelion
and the first minimum perihelion

Fig. 14 SPP-Sun distance through the mission, showing walkdown to minimum perihelion. Venus flybys are
indicated by the circular brown icons

encounter phase, that part of the orbit where the spacecraft is closer than 0.25 AU, and a
downlink/cruise phase outside the solar encounter region. The bulk of the science opera-
tions take place during the solar encounter; during this time, instruments collect data and
store measurements of interest on the spacecraft and instrument suite solid-state recorders.
Communications are limited during these close approaches to the Sun, so science collection
is autonomous and only limited health and safety telemetry are downlinked. Table 3 gives
a breakdown of the time spent in various regions near the Sun. Outside the solar encounter
period, the downlink/cruise phase is where all other activities needed to operate the mission
take place, including science and housekeeping data downlinks, navigation contacts, trajec-
tory correction maneuvers, and command uploads for autonomous activities. SPP will make
science measurements during the downlink/cruise phase as power is available and when
other activities are not in progress.

The SPP trajectory requires high launch energy, with maximum C3 over the launch pe-
riod of 154 km2 s−2. To meet these requirements, SPP will launch on a Delta IV Heavy class
launch vehicle and an upper stage based on the STAR-48B solid rocket motor. Launch will
take place from Kennedy Space Center/Cape Canaveral Air Force Station. A backup launch
period is planned in May 2019, in the unlikely event that the mission cannot launch during
the primary period. If the backup launch is used, the trajectory of the mission will require
an additional Venus gravity assist and two phasing orbits to insert SPP into an orbit similar
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tory correction maneuvers, and command uploads for autonomous activities. SPP will make
science measurements during the downlink/cruise phase as power is available and when
other activities are not in progress.

The SPP trajectory requires high launch energy, with maximum C3 over the launch pe-
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launch vehicle and an upper stage based on the STAR-48B solid rocket motor. Launch will
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period is planned in May 2019, in the unlikely event that the mission cannot launch during
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Solar Probe Plus Orbit



Solar Probe Plus – Perihelmessungen



Problem der Koronaheizung

Chromosphäre
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Saha-Gleichung:

Photosphäre

Models: Fontela et al., ApJ 1990; Gabriel, Phil.Trans.R.Soc. 1976

Aschwanden, Springer/Praxis 2004



Solar Probe Zielsetzungen

1. Bestimmung der Struktur und Dynamik des 

Plasmas und des Magnetfeldes in den 

Ursprungsregionen des Sonnenwindes 

2. Messungen der Beschleunigungsprozesse des 

Sonnenwindes und der Mechanismen der 

Koronaheizung

3. Messung der Beschleunigungsmechanismen 

energiereicher Teilchen und deren Transport



Wissenschaftliche Nutzlast

• Sonnenwindteilchen: 
Solar Wind Electrons Alphas and Protons 
Investigation (SWEAP), Smithsonian 
Astrophysical Observatory, Cambridge

• Messungen magnetischer und elektrischer
Felder, sowie Radiowellen:
Fields Experiment (FIELDS), University of 
California, Berkeley

• Optische Beobachtungen des Sonnenwindes
und der Korona:
Wide field Imager for Solar PRobe
(WISPR), Naval Research Laboratory, 
Washington, D.C.; University of Göttingen

• Messung energiereicher Teilchen:
Integrated Science Investigation of the 
Sun (ISΘIS), Southwest Research 
Institute, San Antonio.

• Missionskosten: ca. 1.4 Milliarden US$.
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Fig. 15 Anti-ram side of the
SPP configuration, with
instruments and significant
components identified

Fig. 16 Ram side of the SPP
configuration where most science
instruments are mounted

analyses and detailed models of the solar environments enabling the spacecraft design (e.g.,
Lario and Decker 2011; Lario 2012; Strong et al. 2015).

4.2 SPP Spacecraft

The SPP spacecraft, shown in Figs. 15, 16, is 685 kg (including propellant) at launch, ap-
proximately 3 m in height, and 2.3 m in diameter at the thermal protection system (TPS). The
TPS is a carbon-carbon composite/carbon foam sandwich that makes the umbra to protect
other spacecraft systems. For most spacecraft operations, the TPS is pointed sunward with
only portions of the solar arrays, the SWEAP SPC (K2015), and the FIELDS Electric Field
antennas (B2015) outside the umbra. When away from the Sun, the solar arrays are fully
extended beyond the edges of the TPS with the cells pointed to the Sun. As the spacecraft
approaches the Sun, the arrays are angled back increasing the flap angle so that the larger
primary array is contained within the umbra and only the secondary array is illuminated.
Although there is more than adequate solar flux for power generation at solar encounter,
SPP power is limited to minimize the size of the active solar array cooling system (SACS),
contributing to the ability of the spacecraft to meet the launch mass constraint.

The solar array for SPP is specifically designed to accommodate the high solar irradiance,
both to maximize power production and to manage the thermal environment under nominal
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Die PSP  WISPR (Wide Field Imager for Solar 
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Parker Solar Probe - Instrumente

N.J. Fox et al.

Fig. 15 Anti-ram side of the
SPP configuration, with
instruments and significant
components identified

Fig. 16 Ram side of the SPP
configuration where most science
instruments are mounted

analyses and detailed models of the solar environments enabling the spacecraft design (e.g.,
Lario and Decker 2011; Lario 2012; Strong et al. 2015).

4.2 SPP Spacecraft

The SPP spacecraft, shown in Figs. 15, 16, is 685 kg (including propellant) at launch, ap-
proximately 3 m in height, and 2.3 m in diameter at the thermal protection system (TPS). The
TPS is a carbon-carbon composite/carbon foam sandwich that makes the umbra to protect
other spacecraft systems. For most spacecraft operations, the TPS is pointed sunward with
only portions of the solar arrays, the SWEAP SPC (K2015), and the FIELDS Electric Field
antennas (B2015) outside the umbra. When away from the Sun, the solar arrays are fully
extended beyond the edges of the TPS with the cells pointed to the Sun. As the spacecraft
approaches the Sun, the arrays are angled back increasing the flap angle so that the larger
primary array is contained within the umbra and only the secondary array is illuminated.
Although there is more than adequate solar flux for power generation at solar encounter,
SPP power is limited to minimize the size of the active solar array cooling system (SACS),
contributing to the ability of the spacecraft to meet the launch mass constraint.

The solar array for SPP is specifically designed to accommodate the high solar irradiance,
both to maximize power production and to manage the thermal environment under nominal



PSP Orbit – Beobachtungen im Bereich
0.25 bis 0.046 (9.86 RS) AE

VPSP~ 200 km/s (700.000 km/h)
VHelios~70 km/s

Start: 31. Juli 2018



Es wird bis zu 1.400 K heiß !



Parker Solar Probe TPS



PSP Website





Cape Canaveral Launch Complex



WISPR auf der Parker Solar Probe Raumsonde



Simulation von WISPR-Beobachtungen
während eines Perihelions bei 10 RS

SPP/WISPR Consortium



Solar Wind Predictions for the 
Parker Solar Probe Orbit

Volker Bothmer and Malte Venzmer

Institute for Astrophysics
University of Göttingen

Germany

Parker Solar Probe Plus 
A NASA Mission to Touch the Sun



Vorhersagen für die PSP Orbits
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Vorhersagen für das erste PSP Perihel
im November 2018 @ 0.16 au (34 RS)
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Dezember 2024 @ 0.0459 au (9.86 RS)

Venzmer & Bothmer 2017



Calvin: Why does the sun set?

Dad: It’s because hot air rises. The sun’s 

hot in the middle of the day, so it rises high 

in the sky. In the evening then, it cools 

down and sets.

Calvin: Why does it go from east to west?

Dad: Solar wind.



Zusammenfassung und Ausblick

• Die NASA Parker Solar Probe Mission wird im Juli 2018 gestartet und erstmals 

die Sonnenkorona in einem Abstand von 6 Millionen Kilometern über der 

Sonnenoberfläche direkt durchfliegen

• Die Temperaturen betragen bis zu 1.400 K, die Geschwindigkeit der Sonde wird 

bis zu 700.000 km/h (200 km/s) betragen 

• Die Instrumente werden hinter dem Hitzeschild auf Raumtemperatur gehalten

• Die Instrumente werden die Ursprungsregionen und Beschleunigungsprozesse des 

Sonnenwindes und die Meachanismen der Heizung der Korona klären helfen

• Die deutsche Beteiligung an der PSP Mission - CGAUSS – optimiert den 

Missionsbetrieb der WISPR-Kamera und deren wissenschaftliche Datenanalyse

• Wir sind selbst sehr gespannt auf die neuen Messungen 



Vielen Dank für Ihre Aufmerksamkeit !


