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1. History of the Venus exploration1. History of the Venus exploration





Ancient views of VenusAncient views of Venus
BabilonBabilon:: IshtarIshtar-- the Mother of the the Mother of the 

God who invokes the power of dawnGod who invokes the power of dawn
Maya:Maya: KukulcanKukulcan -- the Sunthe Sun’’s brother, s brother, 

patron planet of warfarepatron planet of warfare
Early Christians:Early Christians: LuciferLucifer
Greeks / Romans:Greeks / Romans: Aphrodite / Venus Aphrodite / Venus 

–– the goddess of beauty and love the goddess of beauty and love 



Venus before the space eraVenus before the space era

1610 – Galileo Galilei
observed phases of Venus. 
Early indication of that the 
planets rotate around the Sun 
not the Earth

Venus transits were used to 
determine distances in the 
Solar System 

1761 - discovery of the 
atmosphere by Lomonosov



Venus before the space eraVenus before the space era
20-th century – the 

birth of spectroscopy
1920s - cloud top 

temperature of ~ 240K
1930s - CO2

composition, low H2O 
abundance

1950s – radio 
investigations: planet 
rotation, hot surface

Venus models: from 
Earth-like to hell-like

Venus surface according to S. Arrhenius



Who will be the first to Who will be the first to 
reach Venus?reach Venus?

1960s – interplanetary spacecraft 
for Mars and Venus exploration 
was built by the Soviet Union. The 
first launch failed. The second one 
(12.02.1961) succeeded but 
communication was lost.

1962 – Mariner -2 – first Venus 
fly-by and data returned

Venera-
1

Mariner-
2



Goal Goal -- to reach the surface !to reach the surface !

VeneraVenera -- 4, 5, 6 reached ~20 km 4, 5, 6 reached ~20 km 
VeneraVenera--7 7 –– soft landing !soft landing !

Venera-
4

Venera-
7



Second generation of the Second generation of the VeneraVenera spacecraft (1970spacecraft (1970--80)80)



Second generation of the Second generation of the VeneraVenera spacecraft (1970spacecraft (1970--80)80)



First panoramasFirst panoramas

Venera-
13

Venera-
14

Venera-
14



Pioneer Venus Pioneer Venus multiprobemultiprobe mission (1978mission (1978--92)92)

Atmospheric studies 
from orbit

In-situ investigations
Plasma monitoring
Surface radar mapping
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VEGA Balloons (1984)VEGA Balloons (1984)



Global network of balloon tracking stationsGlobal network of balloon tracking stations



Venus unveiledVenus unveiled…… Venera-15-16

Pioneer-
Venus

Magellan



Venus Express Venus Express –– the first ESA the first ESA 
mission to Venus mission to Venus 



From Mars Express     to     Venus Express in 3 yearsFrom Mars Express     to     Venus Express in 3 years

Solar panels: smaller and different Solar panels: smaller and different 
composition composition 

Modified thermal designModified thermal design

Accommodation of the new Accommodation of the new 
payloadspayloads

Smaller dish of the main antennaSmaller dish of the main antenna

Second antennaSecond antenna



V1 launch, 1961Venus Express launch, 
2005



SouyzSouyz launch #1703 launch #1703 
November 9, 2005,November 9, 2005,

3:33:33 UTC3:33:33 UTC

Arrival at Venus:Arrival at Venus:
April 11, 2006April 11, 2006



Venus Express payloadVenus Express payload
•• VIRTISVIRTIS (P. Drossart, G. Piccioni) - UV-vis-near IR imaging and high resolution 

spectrometer (IPF/ DLR, MPS)(IPF/ DLR, MPS)

•• SPICAV / SOIRSPICAV / SOIR (J.-L. Bertaux, O. Korablev, P. Simon)  -UV & IR spectrometer for 
solar/stellar occultations and nadir observations

•• PFSPFS (V. Formisano) - high resolution IR Fourier spectrometer (IPF/ DLR)(IPF/ DLR)

•• VMCVMC (W.J. Markiewicz) - Venus Monitoring Camera ( MPS, IPF/ DLR, IDA/ TU( MPS, IPF/ DLR, IDA/ TU--BS)BS)

•• VeRaVeRa (B. Häusler, M.Pätzold) - radio 
science experiment ((UniUni BundeswehrBundeswehr, , 
UniUni KoelnKoeln) ) 

•• ASPERAASPERA (S. Barabash) - Analyzer of 
Space Plasmas and Energetic Atoms 
(MPS)(MPS)

•• MAG MAG (T. Zhang) – Magnetometer (TU(TU--
BS)BS)
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11 hApocentreApocentre
mosaic mosaic 
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PericentrePericentre observations observations 

PP

Orbit and operationsOrbit and operations
Polar orbitPolar orbit

Pericentre latitude 78 – 90 N
Pericentre altitude 350 -175 km
Apocentre altitude ~ 66,000 km
Period ~ 24h

Observation modesObservation modes

nadir in pericentre
nadir at ascending arc
apocentre mosaic
solar occultation
Earth radio-occultation



2. Venus in the Solar System2. Venus in the Solar System



Venus as a PlanetVenus as a Planet
Radius = 6070 km (0.95 RRadius = 6070 km (0.95 RE E ))

Mass = 0.815 MMass = 0.815 MEE

EquatorEquator--toto--orbit inclination = 3 degorbit inclination = 3 deg

Distance to the Sun: 0.72 Distance to the Sun: 0.72 a.ua.u..

Solar flux = 2 Solar flux = 2 ĚĚEarthEarth



Venus strange rotation
Sidereal Year . 225 days

Sidereal Day . 243 days (retrograde)
Solar Day (sol) . 117 days

365 d

225 d

243 d

1 d

Sun in the Venus sky

WestEast



3. Structure of the Atmosphere3. Structure of the Atmosphere



CloudsClouds
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Temperature structure Temperature structure 

ThermosphereThermosphere

MesosphereMesosphere

TroposphereTroposphere

VEXVEX
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Tellmann et al, JGR, 2009.



Radio-occultation temperature field

Tellmann et al, JGR, 2009



Static stability (VeRa)
low latitudes high latitudesmiddle latitudes

Tropopause

Tellmann et al, JGR, 2009



4. Atmospheric composition4. Atmospheric composition



COCO2 2 -- 96,5%  96,5%  
NN2 2 --3.5%3.5%

HH22O, CO, O, CO, 
SOSO22, COS, , COS, 
HClHCl, HF , HF ……

In situ measurementsIn situ measurements



Composition of the lower atmosphere by VIRTISComposition of the lower atmosphere by VIRTIS

CO (36 km) : 24 CO (36 km) : 24 -- 31 31 ppmppm
HH22O (36 km) : 31 +/O (36 km) : 31 +/-- 2 2 ppmppm
COS (33 km) : 2.5 COS (33 km) : 2.5 -- 4 4 ppmppm
SOSO22 (33 km) : 130 +/(33 km) : 130 +/-- 50 50 ppmppm



Mesospheric sounding in solar occultation



COSPAR, Montréal, July 15, 2008

SPICAV/SOIR solar occultation

To Sun

Venus

VEX

Atmosphere

Orbit 232 – Order 129

Cloud top Bertaux et al.



COSPAR, Montréal, July 15, 2008

SPICAV/SOIR solar occultation

To Sun

Venus

VEX

Atmosphere

Orbit 232 – Order 129

Cloud top

150 km

65 km

Detected molecules:Detected molecules:

COCO22, H, H22O, HDO, CO, O, HDO, CO, HClHCl, SO, SO22

Bertaux et al.



ExamplesExamples of SOIR of SOIR spectraspectra
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Summary of composition resultsSummary of composition results

SO2 CO

H2SO4
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Svedhem et al., Nature, 2007




