
Space Astronomy 
Lauri Alha & Jussi Ahoranta 

Course consists of LECTURES, an EXAMINATION, 

and two EXERCISES with some weekly HOME WORKS.  

Lecture time: Thursday 12:15-13:45, 19.1.-26.4.2012  

Exam : May 2012 (“laitostentti”) 

Delivery of exercise : by the end of April 

EXERCISE topics: 

1) Determination of an effective area for a single pixel Si 

PIN detector with a large FoV (Alha) 

2) Characterization of a TES calorimeter (Ahoranta) 

 

     The four last lectures will be held in the computer 

class, where hands on supervision is given for 

finalizing the exercises.  

 



Space Astronomy 

Contents of the course 

 

1. Introduction (history, general information) 

2. Telescopes and instruments  

3. Targets and processes 

4. Instrument characterization   

 

Also introduction to data reduction, analysis 

and observations with space observatories  



 

Space astronomy (SA) is astronomical research with measuring  

devices sent to the space (above the Earth’s atmosphere).  

 

SA supports traditional astronomical research which is based on  

ground-based observations. It does not make the "classical"obser- 

vational methods obsolete.  

 

Considering merely the astronomical observations and their quality, 

 the atmosphere is nothing but trouble. 

 

Practical aspects (financial and technical limitations) make ground- 

based optical and radio astronomy very competitive with similar  

research by space instruments 

 

- space environment is also very hostile 





                High energy range of EMR:: 

 

           l/nm            n/s-1                E/eV              T/K      

UV     300-100      1E15-3E15     4-10              10000 

EUV   100-1          3E15-3E17    10-100           100000 

X-ray  1-0.01         3E17-3E18    100-100000  1M-10M 

G          <0.01         >3E18             >100000      >100M 

 

1 eV = 1.67E-19C x 1V = 1.67E-19J (E=QU, Q=e) 

 

Photon energy: E = hn = hc/l, l = hc/Ue,  E=kT 

 

E = mc2           h = 6.626E-34Js     k = 1.28E-23J/K 
 

Information obtained from astronomical targets related to EMR: 

I(E), I(t) ja polarization 
 

 



        WHERE DOES SPACE BEGIN? 

 
-5.3 km, hypoxia, i.e. lack of oxygen causes unconscious within 30 

min (medical or physiological) 

-16 km, pressurized cabin or pressure suit is required (medical or 

physiological). 

-20 km, body fluids begin to boil. p=47 mmHg (medical or 

physiological) 

-32 km, not enough air for the operation of turbojets. Ramjets 

operates up to 45 km. Separate oxidizer requires, i.e. the vehicle must 

bee a rocket (propulsion engineer). 

- 81 km, United States Department of Defense awards all pilots 

astronaut wings (bureaucratic). 

- 100 km, aerodynamic forces are no longer effective. Required speed 

to control  a vehicle would be greater than orbital velocity 

(aerodynamics engineer, Karman line).  



      ATMOSPHERIC EFFECTS 

 
 EMR is attenuated by traversing through the atmosphere. 

 Attenuation = scattering + absorption   

-scattering is redirection of radiation by reflection and 

refraction 

-attenuation is wavelength dependent 



ATMOSPHERIC SCATTERING 

 
Rayleigh scattering 

•scattering by molecules and small particles whose sizes 

are << l  

•mostly due to O2 and N2 

•scattering intensity is proportional to l-4 

•a clear sky is blue and the Sun is red close to horizon  

(lblue=0.46 nm, l red=0.66 nm --  (0.66/0.46)4=4.24 





      Mie scattering 

 
•particle size is about equal to the l 

•water droplets and dust, (l-1) 

 

Non selective scattering 

•particle size is >> l (5100 µm)  

•aerosols, ice crystals and smog 

•equal scatter of visible and IR 

•independent of wavelength l0 , i.e. const. 

•clouds appear white  





In the atmosphere radiation is primarily 

absorbed by 

 

H2O          water vapor and droplets 

CO2               carbon dioxide 

O2                   oxygen 

O3                   ozone 

ALL THESE TOGETHER CAUSE AN               

ATMOSPHERIC EXTINCTION 

  





There is any scattering without an atmosphere! 



                          SEEING 

 
•point sources break into the speckle patterns 

(FWHM > 0.”4) 

•long integrations yield blurred images 

•brightness of targets fluctuates 

 

SCINTILLATION 

•interferometer fringes move rapidly 

•plane waves are perturbed due to the turbulent   

layer in the atmosphere 

 

                   ADAPTIVE OPTICS! 



Copy: Erik H. Arend 



S/C ENVIRONMENTAL REQUIREMENTS 
 
1. PRE-LAUNCH 

long storage time-> contamination -> cleanliness  

requirements 

 

2. LAUNCH 

- acoustic and mechanical vibrations 

- acceleration 

- mechanical shocks 

-rapid pressure change 

 



SMART-1 S/C vibration test on a shaker 

MECHANICAL TESTS: 

-vibration up to 100 Hz 

-shock 

-acustic, e.g. 146 dB 

 

ELECTRICAL: 

-EMC  (Electromagnetic  

Compatibility) 

 

THERMAL: 

-cycling in a vacuum chmber 

 e.g. between -50 oC and  

+50 oC 

-solar simulator 

 

FUNCTIONAL: 

-payload instruments vs. S/C 

 



Sun simulator subsystem – This provides a horizontal solar beam of 6-m diameter with 

excellent uniformity and very high long- and short-term stability (less than 0.5%). An 

intensity level of one solar constant (the standard solar energy received at Earth distance 

from the Sun, equivalent to 1380 watts per square metres) can be produced by operating 

12 of 19 xenon lamp modules at a nominal power of 20 kilowatts per lamp. With all lamps 

at full power, engineers can achieve flux in excess of 2700 watts per square meter.  

The Sun simulator therefore has a high degree of redundancy which means that engineers 

can carry out tests for long periods or at high intensities.  

If required, engineers can also equip the Sun simulator with 32 kilowatt lamps.  

BepiColombo  MMO (Mercury Magnetospheric Orbiter ) in a solar simulator 

Xenen arc lamp spectrum vs solar spectrum -> 



3. SPACE ENVIRONMENT 

- particles, van Allen belt (SAA) 

-electronics, SEU  (Single Event Upset S/W) and SEL (Single 

 Event Latchup HW) 

- dielectric charging 

- solar flares and CME 

- cosmic radiation: 83% p+, 13% alphas, 3% e-  and 1% nuclei 

with Z>2   (102MeV…1020 MeV).         

- micrometeoroids 

- man-made space debris 

- direct solar radiation: S/C thermal control 



Inner and outer Van Allen radiation belts, drawing. by Michael Palomino (2006) 

VAN ALLEN BELTS 



STS-35 Space Shuttle window pit from orbital debris impact. 

Typical solar-cell impact features  

Copyright: R. Aceti & G. Drolshagen 

Copyright: NASA 



CLASSIFICATION OF SPACECRAFTS 

 
Flyby S/C 

-continious solar orbit or escape trajectory 

-no orbital capture on a planetary orbit 

-a space probe, which continues its voyage from the Earth orbit 

towards, for example, another planet. The full duration of the mission 

may be several months  tens of years, but the active time of the 

measurements may be only a few minutes or hours after a long  

voyage to the target, e.g. flyby or rendezvous.  

 

Orbiter S/C 

-must carry propulsive fuel to decelerate to perform an orbital 

Insertion 

 

ATMOSPHERIC S/C 

-in-situ observations during a decending, e.g. with a parachute 



ROVER S/C 

-main objective to get a mobile platform opertational on the surface 

of a planet , e.g. equipped with wheels or caterpillar track 

 

OBSERVATORY S/C 

-several payload instruments for observing distant target (detectors with 

 telescopes) 

-mission durations can be several years 

-earth or solar orbiting, L1 or L2 

 

TELECOMMUNICATION AND NAVIGATIN S/C (MILITARY S/C) 

LANDER S/C 

-reaching the surface of a planet 

-sufficient surviving time to perform experiments and up link of the 

data (in-situ”) 

 

PENETRATOR S/C  

-needs to survive of high impact  forces 

-measuremens of the (cometary) soil  underneath the surface 



SATELLITE ORBITS 

 
1. LOW EARTH ORBIT (LEO) 

-altitude between 160 – 2000 km 

-atmospheric drag < 300 km 

-ISS 320 -347 km 

 

2. MEO 2000 – 36000 km, P=2 - 24 h 

 

3. SUN SYNCRONOUS (SS) 

- polar orbit with i=98 deg 

- constant surface illumination angle 

- altitude 600 -800 km,  P=96-100 min 

- tuned precession rate, 1 revolution per year 

 

4. GEOSTATIONARY TRANSFER ORBIT (GTO) 

- highly elliptic orbit 

- apogee < 36000 km 

- inclination changed 0 deg at apogee 





5. MOLNIYA 

- highly elliptical 

- inclination of 63.4 deg 

-orbital period 12 h 

 

6. GEOSTATIONARY 

-orbit usually right above equator 

-orbital period 24 h 

-about 36000 km above sea level 

 

7. L1 and L2 (~150000 km) ,HALO ORBITS 

  

 

8. HOHMAN TRANSFER ORBIT 

-half ellipse orbit 

-connects two co-planar circular orbits 

-voyages between Earth and Venus or Earth and Mars 

 

9. INTERPLANETARY TRAJECTORIES 

-gravity assist required 

-Mercury missions and mission to the outer solar system 



(Highly Elliptic Orbit=HEO)  

Molnya orbit 
Sun-Earth L1 and L2 are about  

at 0.01 AU off the Earth (NASA) 



SOHO 

WMAP 



Mars         1.52       1.8 yr        1.71 yr 

Jupiter       5.20      11.8 yr       2.73 yr  

r/AU      P              travel time   

Hohman transfer orbits 



GRAVITY ASSIST  



    PAYLOAD REQUIREMENTS 

    The three most important basic parameters for the manufacturer 

of a space-borne observing/measuring device are (instrument 

scientist’s top three):  

     1. Total mass 

  -cost for lifting an instrument (payload) to space directly 

proportional  to the weight. 

     2. Power consumption 

 - power of batteries and solar cells is limited at the S/C Data rate 

     3. Telemetry systems are not very fast, since the power is limited, 

and one has to use robust space qualified electronics, which is 

not ”state-of-the-art” compared to ground-based toys (wouldn’t 

last a minute out there...). 



Advantages of space-borne observations: 

  
Better angular resolution (sharper images), due to lack  

of atmospheric effects (scintillation and seeing).  

 

Limitations in the wavelength region are removed  

and extinction corrections not necessary. 

  

There is no atmospheric background, e.g. full moon 

 

Direct measurements of particle radiation in space possible. 

 

Longer periods of continuous observations are possible,  

if the satellite orbit is long or highly elliptic.  

 

No weather permissions excluding the space weather!  

 

Observations near the target and sometimes even  

touching the target is possible (”in situ”) in Solar  

system research.  



Disadvantages 
 

Manufacturing is much more expensive than of similar 

 ground-based instruments, since 

  - must function without any service for years 

  - radiation tolerance must be considerably better  

In case of damage, repair is usually not possible, or 

extremely expensive (e.g., the Hubble Space Telescope).  

Lifting the instrument above the atmosphere is expensive 

(costs for launch)  

Control of the instruments from the Earth and  data transfer 

require a telemetry system 

 - in many cases not on-line all the time (telemetry sessions) 

 - there may be significant time delays (e.g. Saturn/Titan) 



The primary tasks of antennas and data delivery systems: 

 

1. Acquire telemetry data from spacecraft. 

2. Transmit commands to spacecraft. 

3. Track spacecraft position and velocity. 

ESA’s Villafranca ground station 

Aerial view of ESA’s VIL-1 15-m S-band antenna at the European Space Astronomy Centre at 

Villafranca, near Madrid. Credits: ESAC 



 

Costs (main contributions) 

 

Launch/launcher 

 - rocket, space shuttle or balloon 

Satellite or space probe 

 - platform for the instruments and the spacecraft (S/C), 

   including power sources and telemetry systems 

Instruments (telescopes + sensor/detector systems) 

 - Tools for the observations 

Ground station 

 - Link for the data 

Analysis and archiving facilities of the data 

Maintenance of all above systems (except the launcher) 



History 

 
The history of space-borne astronomy began during the Second World War 

In the beginning, USA (NASA) was the most active (1940’s-60)  

Also the Soviet Union active (especially in "dogged" space-flights, e.g. Sputnik. Sputnik  

was the first  satellite orbiting the Earth in 1957  

The predecessor of ESA, called ESRO, joined in at the beginning of 1960's (Great Britain, 

Germany, France and Sweden the most active)  

56 rocket launches 1964-67 (sounding rockets) 

1968 started ESRO's period with satellites (ESRO-1A,ESRO-2,Heos-1).  

ESRO and ESA 1972-73. 

Collaboration of ESA and NASA began in 1970's (IUE:1978)  

Japan strongly involved from 1980's on (e.g. ASTRO-A,-B,-C,-D, and -E  satellites), which  

are satellites built by the Japanese Institute of Space and Astronautical Science (ISAS) 

nowadays NASDA. 

Finland joined the ESA as a full member in 1995 

 



  

 

 

THE INVENTION OF X-RAYS Wilhelm Konrad Röntgen invented X-rays in 1895 

Ruhmkorf high voltage coil  

X-ray tube  



  Motives to begin X-ray astronomy 
G. Marconi’s first wireless transatlantic radio experiment in 1901: 

Why was it possible?  -> Reflecting layer in the upper 

atmosphere -> Kennely-Heaviside-layer - > ionosphere 

Transfer 

distance: 

~3000 km 

Sending station 

  in Ireland 

Receiving station 

in Newfoundland 

Reflection from  

the ionosphere 



Victor Hess discovered the ionizing radiation 

With balloon experiments above 5 km. 

He won the Nobel Prize in Physics in 1936 

Spectroscopycal observation of the 

solar corona during a total eclipse 

Strange emission line was found at 

503.3 nm -> new element coronium 



  What is the origin of the ionospheric plasma? 

The Sun or cosmic radiation? 



  

  

The origin of the coronal highly ionized FeXIV was solved by 

W. Grotrian & B. Edlen in 1939. 

The solar coronal temperature must be greater than  

100000 K? 

The mysterios green line at 530.3 nm was from the Fe XIV. 

Coronium was ruled out! 

Lyot 1931 A coronagraph enables to observe solar corona by 

blokcing the emission from photosphere. 

X-ray Sun by YOHKOH  



  

  

The first X-ray observation of the Sun in 1948 (Burnigth) 

with a V2 rocket  

Wernher von Braun (1912-1977) was one of the most important rocket developers  

and champions of space exploration during the period between the 1930s and the 1970s.  

The solar X-ray emission was first verified with an X-ray film underneath a Be-filter. 



  

  

X-ray Gas detectors were widely used 

in the early era of space astronomy 

GEIGER-MUELLER detector 

Herbert Friedman at al. discovered solar X-rays with photon energies 

above 2 keV during 1950’s. 



  

  

Solar X-ray output is about one million photons/sec/cm2 at 1AU. 

Solar X-ray flux measured from the distance equal to Alpha Centauri  

would be only 0.0001 photons/sec/cm2. Detection sensitivity was  

about 10-100 photons/sec/cm2 during 1950’s. 



Pinhole camera photograph of the Sun (R.L. Blake et al. 1960) 



  

  

Sounding rocket observation 



  

  

The first cosmic X-ray source was found in 1962 Sco X-1 (Giacconi et al.) 

Neutron star + red dwarf  (1966) 

P = 18.9 h, 1.4 x M SUN, 1-2 x M SUN 

The detector sensitivity was increased 100 fold compared to earlier expriments due 

to the larger detector area and anticoincidence shield to reduce particle background.  



  

  

The first pinpointing of the cosmic X-ray source in 1964 

Crab nebula: SN remnant (explosion year 1051) 

Total sounding rocket observing time during 1969’s was about one hour! 



Famous X-ray observatories 



THE FIRST X-RAY SATELLITE IN 1970 SAS-1 UHURU 

UHURU 



UHURU X-RAY SATELLITE 1979 - 1973  

    Instrumentation: 

    E = 2 - 20 keV, two proportional counters  

    FOV1 = 5 deg x 5 deg and FOV2 = 5 deg x 0.5 deg 

    perigee/apogee 520/560 km, P = 96 min 

    spin period 12 min 

 

     Science high ligths: 

- first comprehensive all-sky survey with the sensitivity of 1 mcrab 

- X- ray binaries and SN remnants 

- diffuse X-ray emission from cluster of galaxies  



HEAO-2 The Einstein Observatory 1978 -  1981 

- the first imaging X-ray telescope in the space, Woter-1 type (f = 3.3 m  

  with an aperture dimeter of 57 cm) 

- apogee/perigee 526/548 km, P = 95.4 min 

   

 Instrumetation: 

 

- four focal plane instruments: IPC, HRI, SSS and FPCS 

- HRI performance: E = 0.15 – 3.0 keV, sp.reso = 2’ and FOV = 25’ 

 

Scientific outcome: 

 

- high resolution morphological studies of SN ramnants 

- coronal emission of stars 

- numerous of point sources in the Andromeda and Magellanic clouds 

- X-ray jets from Cen A and M87 with radio jets  

 



EXOSAT (European X-ray Observatory SATellite) 

1983 - 1986 

Orbit: 

- highly eccentric, pergee/apogee 350 km / 191000 km 

- P = 90.6 h (maximum integration time per orbit 76 h), operation r > 

50000 km 

Instrumentation: 

-  two Wolter-1 telescopes (0.05 – 2.0 keV, FOV = 2 deg) 

-  Channel Multiplier  Array (sp. res. = 18 ’’) 

-  Position Sensitive Detector 

- two TGs 

 

Science highlights: 

-  discovery QPO in LMXRB and X-ray pulsars 

-  AGN variability 

-  measurement of iron line 



ROSAT (The Roentgen SATellite 1990 - 1999) 

Orbit: 

- highly eccentric, pergee/apogee 350 km / 191000 km 

- P = 90.6 h (maximum integration time per orbit 76 h), operation r > 

50000 km 

Instrumentation: 

-  two Wolter-1 telescopes (0.1 – 2.5 keV, EUV = 62 – 206 eV, FOV = 2 

deg) 

-  PSPC (sp. res. = 20 ’’) and HRI (sp. Res. = 5 ’’) 

 

Science highlights: 

- all-sky survey catalog of 750000 objects 

- Morphology of SN remnants and cluster of galaxies 

- Number of isolated neutron stars 

- X-ray emission from comets 

 

 



  

  

Lagrangen pisteet L1 ja L2, SOHO ja WMAP 



The greatest X-ray observatoris operating today 

XMM-Newton: 

•Focal length7.5 m 

•Spatial resolution15’’ 

•Source limit: 10-15 erg cm-2 s-1  

 

Chandra: 

•Focal length 10 m 

•Spatial resolution 0.5’’ 

•Source limit:  10-16 erg cm-2 s-1  

 

1 arcdecond = 1/3600 deg 



             

    Chandra  

X-ray image 

Optical image 

http://chandra.harvard.edu/photo/cycle1/0007/m31.xrayopt.jpg


ATHENA (former International X-ray Observatory 

2025?) 



ATHENA halo orbit at L2  

 

 

 

 

 

 

 

 

 

 

 

 



Science performance requirements are related to the early 

 universe of high z: 

Telescope mirrors:  

A_eff           3 m2 at 1.25 keV / 0.65 m2 at 6 keV / 0.015 m2 at 30 keV 

X-ray Microcalorimeter Spectrometer: 

Spectral resolution  DE=2.5eV at  0.3-7keV  (FeKa- line diagnostics) 

Wide Field Imager (CdTe): 

Spectral resolution  DE=150eV at  5.9keV (0.1-40keV) 

X-ray Grating Spectrometer (Bragg/CDD): 

A_eff=1000cm^2    0.3-1.0 keV  

High Timing Resolution Spectrometer (Silicon  drifted diods): 

Count rate            106 cps with < 10%    dead time 

X.Ray Polarimeter: 

Polarization sensitivity   1% at 2-10keV with 1mCrab (100000s integration time)  

 

 

Nobel Prize in Physics 2002: 

 R. Davis Jr. (1/4), M. Koshiba (1/4) and Riccardo Giacconi (1/2)   

 



Famous gamma-ray observatories 



Copyright ESA 

INTEGRAL SATELLITE 



Date: 17 Oct 2002 

Satellite: INTEGRAL 

Location: Baikonur, Kazakhstan 

Copyright: ESA-S. Corvaja, October 2002  



Telescope: 45 cm, f/15 Ritchey-Chretien 

Cassegrain 

Spectrographs: Echelle (115 nm to 198 nm 

and 180 nm to 320 nm) 

Apertures: 3" and 10" by 20" image 

quality 2" 

Resolution: 1.8×104  corresponding to 

0.008 nm @ 140 nm (17 km s-

1) 

   1.3×104 corresponding to 

0.017 nm @ 260 nm; (20 km s-

1) 

   27° in low resolution mode @ 

150 nm 

   40° in low resolution mode @ 

270 nm 

Cameras:    

SWP (115-197 nm) sensitivity: 2×10 -15 ergs s-

1 cm-2 Å-1 

LWP (175-330 nm) sensitivity: 1×10-15 ergs s-1 cm-

2 Å-1 

LWR (175-330 nm) sensitivity: 2×10-15 ergs s-1 cm-

2 Å-1 

Orbital parameter  Predicted Achieved 

Semi-Major axis (km) 42 164  42 156 

Eccentricity  0.250  0.239 

Inclination (°) 28.7 28.63 

Argument of perigee (°)  257  257.04 

Period (h) 23.93  23.927 

Perigee height (km)  25 230 25 669 

Apogee height (km) 46 340  45 887 

IUE 1978-1996 



Famous IR-observatories 

Spitzer former Space Infrared Telescope Facility 

Launch Date: 25 August 2003  

Launch Vehicle/Site: Delta 7920H ELV / Cape 

Canaveral, Florida  

Estimated Lifetime: 2.5 years (minimum); 5+ years (goal)  

Orbit: Earth-trailing, Heliocentric  

Wavelength Coverage: 3 - 180 microns  

Telescope: 85 cm diameter (33.5 Inches), f/12 lightweight 

Beryllium, cooled to less 5.5 K  

Diffraction Limit: 6.5 microns  

Science Capabilities: Imaging / Photometry: 3-180 

microns; Spectroscopy: 5-40 microns; Spectrophotometry: 

50-100 microns  

Planetary Tracking: 1 arcsec / sec  

Cryogen / Volume: Liquid Helium / 360 liters (95 Gallons)  

Launch Mass: 950 kg (2094 lb) Observatory: 851.5 kg, 

Cover: 6.0 kg, Helium: 50.4 kg, Nitrogen Propellant: 15.6 

kg 



Famous microwave observatories 

launch date Jun. 30, 2001 

launch vehicle Delta 7425 

launch site Cape Canveral 

orbit  halo about L2 

mass 840 kg 



Hubble Telescope  

Payload: Optics: The telescope is an f/24 

Ritchey-Chretien Cassegrainian system 

with a 2.4 m diameter primary mirror and a 

0.3 m Zerodur secondary. The effective 

focal length is 57.6m. 

INTRUMENTS: 

Faint Object Camera (FOC) 

Faint Object Spectrograph (FOS) 

Goddard High Resolution Spectrograph (GHRS) 

High Speed Photometer 

 Wide Field Planetary Camera (JPL) consists of 

four cameras that are used for general astronomical 

observations from far-UV to near-IR. The Faint 

Object Camera (ESA)  

The Faint Object Spectrograph (FOS) is used to 

analyze the properties of celestial objects such 

as chemical composition and abundances, 

temperature, radial velocity, rotational velocity, 

and magnetic fields. The FOS is sensitive from 

1150 Angstroms (UV) through 8000 Angstroms 

(near-IR). The Goddard High Resolution 

Spectrometer (GHRS) separates incoming light into 

its spectral components so that the composition, 

temperature, motion, and other chemical and 

physical properties of objects can be analyzed. The 

HRS is sensitive between 1050 and 3200 

Angstroms.  



JAMES WEBB SPACE TELESCOPE (IR) 2018?  

TELESCOPE: 

18-segment primary mirror 6.6 meters in diameter – over 

2.5 times as large as the 2.4-m mirror of the Hubble 

Space Telescope  

-Each of the hexagonal mirror segments measures 1.3 m 

in diameter and weighs just 20 kg. They are made of the 

lightweight metal beryllium. Although the completed 

primary mirror will be much larger than that of Hubble, it 

will weigh roughly half as much. 



JWST INSTRUMENTS 



 
Finland has not launched any national satellites, but has participated in a large number of 

international space missions beginning in late 1980's with subsystems or instruments built 

in Finland 

There are currently a number of space projects running at the Observatory, University of 

Helsinki 

Participation in:  

 A) Use of archival data (public databases) 

 B) Guest Observer (GO)  programmes (= observing proposals) 

 C) Building instruments for near future missions (proposals to e.g. ESA) 

 D) Developing technology for future instruments (funded e.g. by Tekes) 

 

University of Helsinki 

ESA space science 

Infrared Space Observatory (ISO). Participation in ISO science programme from 1989. Co- 

investigator/data analysis. 

International Gamma ray Astrophysics Laboratory (INTEGRAL). launched in 7 Oct, 2002. 

JEM-X X-ray monitor built partly in Finland (Metorex). Several Co-Investigators at the 

Observatory, still operating 

Cassini–Huygens (Atmospheric pressure sensor, FMI) was launched 1997. Orbital insertion  

around Saturn occurred 2004. Mission  will be operational intentional impact on Saturn until 

2017? 



Mars Express.  HRSC (High Resolution Stereo Camera) –instrument Co-Investigator.  

Herchel-Planck). Participation in science planning. Launch on 14 May 2009. 

Small Missions for Advanced Research of  Technology 1 (SMART-1). XSM solar monitor 

Principal Investigator (PI), and several Co-Is for D-CIXS X-ray camera and AMIE optical 

camera at the Observatory. Launch on 27 September, 2003. Terminated by controlled crash 

to Moon on 3rd of September, 2006. 

X-ray Evolving Universe Spectroscopy Mission (XEUS). Observatory coordinates instrument 

technology development in Finland for this future (2017-20) X-ray mission. Also participation 

in science planning. IXO-> ATHENA 

BepiColombo. Department of physics has PI for the SIXS instrument, and Co-PI for the MIXS 

instrument. BepiColombo is ESA’s cornerstone mission to Mercury. Launch in September 

2014, arrival to stable Mercury orbit in 2020.  

 

Other international space science (not ESA) 

Odin. Small satellite built by Sweden, Canada, France and Finland. Participation as Co-I. 

Launched 20.2.2001. Millimetre and Submillimeter research of star forming regions. 

Chandrayaan-1. Moon mission of India (ISRO) was launched in 2008. Observatory has Co-PI 

for UK-lead C1XS instrument complex, which includes a Finnish X-ray Solar Monitor (XSM) 

similar to the one on SMART-1.  



INSTITUTES, ORGANIZATIONS AND COMPANIES WORKING WITHIN 

SPACE INSTRUMENTATION IN FINLAND: 

 
-University of Helsinki, Espoo, Turku and Oulu 

-VTT (Technical Research Center of Finland) 

-SSF onboard S/W (Space System Finland Oy) 

-FMI  (Finish Meteorological Institute)  

-Vaisala Oy (Mainly instrumntation for planetary missions with FMI) 

-Patria Oy (S/W, DPUs and power supplies) 

-OIA Oy (Oxforf Instruments Analytical), X-ray detectors 

-Finish Geodetic Istitute (Erath nadir pointing instruments and gravity anomaly  

 measurements) 

 

FUNDING ORGANIZATIONS: 

 
-TEKES (Finish Funding Agency for Technology and Innovation), manufacturing and  

 designing of space instumentation  

-SA (Academy of Finland), Research funding 


