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IMPRS June 2003

Space Instrumentation (13) 
 

Lectures for the IMPRS June 23 to June 27 at MPAe Lindau 
Compiled/organized by Rainer Schwenn, MPAe, 

supported by Drs. Curdt, Gandorfer, Hilchenbach, Hoekzema, Richter, Schühle 
  

Fri, 27.6., 15:00 How to do experimental research in space (RS) 
    

IMPRS June 2003

Organigram of ESA, in the late 1980s

http://www.esa.int/export/esaCP/GGGZM2D3KCC_index_0.html
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ESA‘s 1990 budget 

IMPRS June 2003

Return of funds to ESA countries 
by industry contracts etc
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NASA‘s budget, state of 1995,
the „Zahnpastatubenplot“

http://www.nasa.gov/home/index.html?skipIntro=1
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ESA‘s Long-term plan
„Horizon 2000“,

prepared in Dec. 1984
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Call for mission concepts by space agency

IMPRS June 2003

A mission proposal, 
submitted to the agency by a 

team of scientists 
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The Assessment Study,
produced by a team of scientists, 

called in ad hoc by the agency

IMPRS June 2003

Science Definition Team report,
produced by a team of scientists 

invited ad hoc  by the agency
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The Phase-A study,
produced by a team of scientists and 

ESA-engineers in order to prove 
feasibility of the mission

IMPRS June 2003

The „AO“, 
issued by the agencies
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The „AO“, 
issued by the agencies

IMPRS June 2003

The first time schedule, as given in the AO
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Science payload for SOHO, 
as listed in the AO, 1987

IMPRS June 2003

The „proposal“,
in respones to the AO,

produced by a dedicated 
team of scientists
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Proposal selected by the agency!

IMPRS June 2003

The final (SOHO) payload, 
as selected by the agencies
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Unterlag en für den Gutachteraus s chuß, 
zur Beratung im Herbs t 1999, 

zus amme ng es te llt vo n Rainer Schwe nn 
4.Okto be r 1999 

 
SECCHI für STEREO 

(Sun Earth Conne ctions  Coronal and Helios pheric  Inve s tigation) 

 
Princ ip al Inves tigator: Dr. Rus s e l Howard, Naval Res earch Laboratory (Was hington, USA) 

 
Bete ilig te  Ins titute :  

Naval Res earch Laboratory (Was hingto n, US A), 
Univers ity of Michigan (USA), 

Applied Phys ics  Labo ratory der Johns  Hopkins  Univers ity (Laure l, US A),   
Goddard Space  Flight Center (Greenbelt, USA),  

Lockheed Martin Palo  Alto  Res earch Laboratory (Stanford, USA), 
Stanford Univers ity (Stanford, US A), 

Bos ton Colleg e  (Bos ton, US A), 
Jet Propuls ion Laboratory (Pas adena, USA), 

S AIC (San Diego, USA), 
Mullard Space  S c ience  center (UK),  

Univers ity of Birmingham (UK), 
Laboratoire d’As tronomie  Spatiale  (Mars e ille , Frankre ich), 

Univers ität Paris  (Frankre ich), 
Obs ervatoire  de  Paris  (Frankre ich), 

Univers ität Lüttich (Belgien),  
Univers ität Kie l,  

Max-Planck-Ins titut für Aerono mie  (Lindau) 
 

Ausführende  Fors chungs ins titute  in Deuts chland : 
Max-Planck-Ins titut für Aeronomie , Lindau, 

Ges chäfts führender Direktor: Prof. Vytenis  Vas yliunas  
Univers ität Kie l 

 
Pro jektwis s ens chaftler am MPAe : Prof. Rainer S chwenn 

 
Ko-Inves tigatoren d es  MPAe Lindau: Dr. Bernd Inhes ter, Pro f. Eckart Mars ch,  

Prof. Sami Solanki, Prof. Rainer S chwenn 
 
 

Ko-Investigatoren der Universität Kiel: Dr. Volker Bothmer, Horst Kunow,

In Germany: evaluation by 
„Gutachterausschuß“, 

installed by DLR/BMFT ,
in order to decide about funding

IMPRS June 2003

Presentation of schedule for the Gutachterausschuß
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The Experiment Interface Document
EID-A: Spacecraft requirements,
EID-B: Experiment requirements,
EID-C: Data handling requirements

IMPRS June 2003

The EID-A contents: 
interfaces to instruments
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The EID-B contents: interfaces to S/C

IMPRS June 2003

The EID-B contents: interfaces to S/C
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The EID-B contents: interfaces to S/C

IMPRS June 2003

How to make an instrument space proof?

• Chose a sound design
• Build up a collaborative, competent team
• Chose good contractors,
• Spend much effort into testing.

Environmental testing for space instruments

„Qualification testing“, usually performed with prototype instrument: 

• Prove conformity of instrument with EID-B with respect to
phsyical properties (shape, mass, mounting provisions) and 
electrical function using a S/C simulator.

• Prove that instrument is capable of withstanding even worse environments 
than expected during the whole mission (including ground tests, launch, and 
mission operations in space).

„Acceptance testing“ required for Flight units and flight spare unit

• Prove conformity with EID-B,
• Prove that instrument will withstand expected mission environments 
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Qualification testing includes usually:

Vibration (at 150% levels!): 
• Sinusoidal excitation 
• Random noise,
• Shock acceleration,
• acoustic noise

Thermovacuum (at 100 beyond requirements!)
• Functionality under both hot and cold exposure in vacuum,
• Switch-on capability after hot and cold storage in vacuum,
• Functionality after a series of thermal cycles.

Electromagnetic compatibility (EMC)
Magnetic cleanliness.

All these test have to be passed successfully before FM production!

Qualification testing includes usually:

The same tests as qualification, but at „normal“ levels. 
Acceptance test have to be repeated each time the instrument has been 
modified!

IMPRS June 2003

The Sunrise balloon-borne telescope

• Vector-magnetograph/polarimeter (1 m mirror!),
• extreme high spatial resolution,
• International project, PI at the MPAe,
• long-duration balloon flight over Antarctica,
• Launch date 2006,
• future space application not excluded...

Planned missions and instruments
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• A NASA mission within STP 
• dedicated space weather mission,
• to be launched in 2006,
• made international: Europe funds 

50% of payload!

SECCHI, the telescope array

STEREO

IMPRS June 2003

Future  important missions 
http://sec.gsfc.nasa.gov/ilws/ilws.htm
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Primary scientific goals:
• Characterize the dynamic state of the Sun on temporal and spatial scales that 

enhance  understanding of  solar processes and space weather phenomena
• Explain the evolution, emergence, and decay of magnetic regions and their 

relationship to the onset of solar flares and coronal mass ejections
• Understand how solar activity affects irradiance and how changes in 

irradiance affect the Earth
• Improve the predictive capability of large-scale solar events

Solar Dynamics 
Observatory (SDO)

• The first NASA mission within 
the ILWS enterprise,

• to be launched in 2007,
• a mission for 20 years,
• with TV telemetry rates,
• international partners

Planned missions and instruments

IMPRS June 2003

Solar Orbiter                                  F2/F3 Presentations, 12 Sep 2000

Solar Orbiter firsts

explore the uncharted innermost regions of our solar 
system

study the Sun from close-up (45 solar radii or 0.21 
AU)

fly by the Sun tuned to its rotation and examine the 
solar surface and the space above from a co-rotating 
vantage point 

provide images of the Sun’s polar regions from 
heliographic latitudes as high as 38°

The Solar Orbiter

• An ESA initiative,
• explore new territory,
• to be launched in 2011 (?),
• new technology required
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Solar Orbiter: Novel Orbital Design
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Solar Orbiter: Heliospheric in-situ package

Instrument Mass
kg

Power
W

kb/s

Solar Wind Plasma Analyser (SWA) 6 5 5

Radio & Plasma Waves Analyser (RPW) 10 7.5 5

Coronal Radio Sounding (CRS) 0.2 3 0

Magnetometer (MAG) 1 1 0.2

Energetic Particle Detector (EPD) 4 3 1.8

Dust Detector (DUD) 1 1 0.05

Neutral Particle Detector (NPD)       1         2 0.3

Neutron Detector (NED) 2 1 0.15

Gamma-ray Detector (GRD) 
(ext. of EPD)
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Solar Orbiter: Remote-sensing Instruments

Instrument Mass
kg

Power
W

kb/s

Visible Light Imager &
Magnetograph (VIM)

26 25 20

Extreme UV Spectrometer (EUS) 22 25 17

Extreme UV Imager (EUI) 36 20 20

UV & Visible Light Coronagraph
(UVC)

17 25 5

Radiometer (RAD) 4 6.5 0.5

5103Heliospheric Imager

0.545Hard X-ray Imaging Spectrometer 
(STIX)

IMPRS June 2003

Solar Orbiter: S/C heliographic latitude
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Solar Orbiter: Launch 
Configuration

IMPRS June 2003

Solar Orbiter in Cruise Phase
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Solar Orbiter in Observation Mode

IMPRS June 2003

BepiColombo/Solar Orbiter Schedule

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

Solar Orbiter
Launch

Phase C/D

PDR

Ph. B

SPC

AO

AO

Definition Phase

KOM

ITT

MPO, MMO
LaunchesCDR

Solar Orbiter
Definition

SPCAO

PDR

Solar Orbiter
AO

Solar Orbiter
Ph. B
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Space Research!
Basic rules for developing instruments and missions:

No mass,
No power,
No cost.

Further advice for potential space researchers:
be young, and live long,

be experienced,
select your CoIs cafefully,

build up a good team of scientific and technical coworkers at home,
have creative ideas, 

stop having creative ideas in time,
have an demo-instrument ready in time,

develop good contact to your bosses, space agencies and funding agencies,
be communicative,

be patient and stress-resistent...
do not forget to keep up-to-date in science!

IMPRS June 2003

Space Instrumentation 
 
 
 
 

Lectures for the IMPRS 23. 6. to 27.6. 2003 at MPAe Lindau 
presented/ compiled/ organized by Rainer Schwenn, MPAe, 

supported by Drs. Curdt, Gandorfer, Hilchenbach, Hoekzema, Pardowitz, Richter, Schühle 
 
Mon, 23.6.  14:00 Introduction into the techniques of space research (RS) 

15:00 An illustration: the „Ozonometer“. From the idea to the publication of results (RS) 
16:00 Plasma detectors. Electrostatic analyzers: Helios, Giotto IMS, TAUS (RS) 

 
Tue, 24.6. 14:00  Seminar extern. Dr. Jon Rotvig: Dynamos and convection: mean flow generation 

15:00 Modern particle analyzers in planetary research: TOF, ENA (RS) 
16:00 Energetic particles. Detection of interstellar gas (RS) 

 
Wed, 25.6. 14:00  Measuring magnetic fields in space (Richter, TU Bs) 
 15:00 Radioastronomy from space (RS)  

16:00  Optical instruments, an overview (RS) 
 
Thu, 26.6.  14:00  Solar EUV spectroscopes (Curdt)  
  15:00  Imaging detectors in various spectral regimes (Pardowitz, Gandorfer, Schühle)  

16:00  Planetary and cometary exploration: cameras, landers (Hoekzema) 
 
Fri, 27.6. 14:00  In-situ instrumentation for planetary surface exploration  (Hilchenbach) 
  15:00 How to do experimental research in space (RS).  


