
Galileo and the phases of Venus 
I) Periods of Venus 

1) Synodical period and phases 
The synodic period1 of Venus is 584 days  
The superior2 conjunction occured on 11 may 1610. 
Calculate the date of the quadrature, of the inferior conjunction and of the next superior 
conjunction, supposing the motions of the Earth and Venus are circular and uniform. 
In fact the next superior conjunction occured on 11 december 1611 and inferior conjunction on 26 
february 1611. 

2) Sidereal period 
The sidereal period of the Earth is 365.25 days. Calculate the sidereal period of Venus. 

II) Phases on Venus in geo and heliocentric models 
1) Phases in differents models 

1) Determine the phases of Venus in geocentric models, where the Earth is at the center of the 
universe and planets orbit around (Venus “above” or “below” the sun) 
* Pseudo-Aristoteles model : Earth (center)-Moon-Sun-Mercury-Venus-Mars-Jupiter-Saturne 
* Ptolemeo’s model : Earth (center)-Moon-Mercury-Venus-Sun-Mars-Jupiter-Saturne 
 
2) Determine the phases of Venus in the heliocentric model, where planets orbit around the sun. 
Copernican system : Sun (center)-Mercury-Venus-Earth-Mars-Jupiter-Saturne 

2) Observations of Galileo 
Galileo (1564-1642) observed Venus in 1610-1611 with a telescope. Read the letters of Galileo. 
May we conclude that the Copernican model is the only one available ? 
When did Galileo begins to observe Venus? 
Give the approximate dates of the quadrature and of the inferior conjunction? 

 
What are the approximate dates of the 5 observations of Galileo supposing the figure from the 
Essayer, was drawn in 1610-1611 

                                                 
1 The synodic period is the time that it takes for the object to reappear at the same point in the sky, relative to the Sun, 
as observed from Earth; i.e. returns to the same elongation and planetary phase. This is the time that elapses between 
two successive conjunctions with the Sun 
The sidereal period is the time that it takes the object to make one full orbit around the Sun, relative to the stars. 
2 An inferior conjunction occurs when Venus and the Earth lie in a line on the same side of the Sun.  
When Venus is on the opposite side of the Sun, it is a superior conjunction. 
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III) Distances Venus-Earth and angulars diameters 
Data : Venus’s diameter : 12 100km  Jupiter’s diameter 143 000km  
Earth-Sun = 1 a.u.= 150 000Mkm  Venus-Sun = 0.723 a.u. Jupiter-Sun=5.2 a.u. 

1) Greatest elongation 
What is the date of the greatest elongation of Venus (angle β) 
Why is the elongation not equal to 0° at the inferior conjunction (8° in 1610)? 

2) Distances  
-Calculate the distances ∆ Earth-Venus and the apparent diameters of Venus at the conjunctions VSC 
and VIC and at the greatest elongation VME
-Compare to the apparent diameter of Jupiter at the opposition 
 

 
 

IV) Drawing of the terminator 
Calculate the phase (angle ε) of Venus on 15 september 1610 and draw the phase. 

V) Heliocentric planetarium 
1) Place Venus and others planets on 1st december 2009 

2) Phases of Venus in 2009-2010 
The inferior conjunction occured on 27 march 2009. 
Calculate the approximate dates of the superior conjunction and of the next inferior conjunction 
2010 Dec 09 JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEPT. OCT NOV DEC. 
MERCURY 297 82 223 302 93 225 315 112 237 331 135 248 343 
VENUS 226 275 324 8 57 105 156 204 254 303 351 40 88 
EARTH 69 101 132 161 192 221 251 279 309 339 8 39 69 
MARS 103 294 130 143 156 170 183 197 212 227 242 258 275 
JUPITER 332 8 337 340 342 345 348 351 354 357 359 2 5 
SATURNE 178 179 180 181 182 183 184 185 186 187 188 189 190 
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VI) Solutions 
1) Periods of Venus, dates of quadrature and conjunctions 

1) Quadrature (α=90°) 11 may 1610+146 days : 4 october 1610 
Inferior conjunction (α=180°) 11 may 1610+292 days : 28 february 1611 
Superior conjunction (α=360°) 11 may 1610+584 days : 11 may 1611+219=16 december 1611 
In fact the real dates are a bit different (11 may 1610 superior conjunction, 26 february 1611 
inferior conjunction, 11 december 1611 superior conjunction) because the Earth and Venus don’t 
move with a circular uniform motion  
 
2) Sidereal period of Venus 
angular velocities : ω   ωsynVenus=ωVenus-ωEarth

ωVenus=ωsynVenus+ωEarth=2π/584+2π/365.25=2π/TVenus
TVenus=365.25*584/(584+365.25)=224.7 jours 

2) Phases of Venus in different models 

  
 

Drawings according to Paolo Palmieri 
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Tycho’s geo-heliocentric system (right), with a 
fixed, central earth, hangs more weightily in 
Urania’s balance than Copernicus’ heliocentric 
system (left)  
Frontispiece of Giovanni Battista Riccioli’s Almagestum 
novum (Bologna, 1651). 

Tychonic universe. 
In such a system, the phases of Venus are the 
same as in the Copernican system 

 
Galileo concluded from this that Venus moves around the sun. Tycho Brahe (1546-1601) advocated 
an alternative to the Ptolemaic geocentric system, a geo-heliocentric system now known as the 
Tychonic system. In such a system, the phases of Venus are the same as in the Copernican system 

3) Elongations and distances 
(TVS)=90° for the greatest elongation 
∆= 2724.01( − =0.69a.u. and β=46.33° α=136.33° t=221 days till the superior conjunction 
Date of the greatest elongation : 18 december 
 
The real greatest elongation occurred on 16 december 1610. Our model is a 2D model for a 3D 
phenomenon, and the real motions are neither circular nor uniform.  
Elongation=8° on inferior conjunction because Venus and Earth don’t orbit on the same plane. The 
elongation is 0° only when a transit occurs (ecliptic latitude of Venus=0°) 
 

 Sup. conjunction Max elongation Inf. conjunction Jupiter opp. 
Distances 1.723 0.69 0.277 4.2 

Ang. (“ of arc) 9.7” 24.1” 60.1” 46.8” 
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4) Terminator 
15 september = 127 days after sup. conj. 
α=127*360/584=78.3° et  ( ) °= 7.101TSV
∆2=SE2+SV2-2SE*SVcos(TSV)=1.314a.u. 
 
sinε/ES=sin(180-α)/∆ 
Phase angle ε=49° 
 
We can draw the phase  
 

 

VII) 
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Bibliography « Galileo and Venus » 
OGG=Opere di Galileo Galilei, ed nazionale, ed by A. Favaro 

1) Letters and books of Galileo 
11 december1610 to Giulano de Medicis,OGG X 483 
1th  january 1611 to Giulano de Medici, (OGG XI, 11-12 
30 december 1610 to Benedetto Castelli, (answer to his letter of 22 august 1610) OGG X, 502-504 
30 december 1610 to Cristoforo Clavius , OGG X 499-502 
12 february 1611 to Paolo Sarpi,, OGG XI, 46-50 
The essayer, 1623 
Dialogue concerning the two chief world systems 1632, OGG VII, 350-…, 366) 

2) Articles 
Phases of Venus in 1610. O. Gingerich. Journal for the History of Astronomy, XV, 1984: 209-210. 
The appearances of Venus and Mars in 1610, William Peters, JHA, XV 1984 
Galileo, Kepler and phases of Venus, Stillman Drake, JHA, XV, 1984 
Galileo and the discovery of the phases of Venus, Paolo Palmieri. JHA XXXII 2001: 109-129. 
Cahiers Clairaut n°5 et 28 (revue du Comité de Liaison Enseignants Astronomes) 

3) Ephemerides 
http://www.imcce.fr/page.php?nav=fr/ephemerides/formulaire/form_ephepos.php
Stellarium : http://www.stellarium.org/  (choose language at the foot of the home page) 

4) Excerpts from Galileo’s letters (Traduction Stillman Drake) 

a) Letter to Giuliano de Medicis, Prague (for Kepler), 11 december 1610 
“Haec immatura a me iam frustra leguntur o.y.  
Most illustrious Sir and high Patron  
I await desirously the reply to two of mine lately written to your Excellency, to hear what Sig. 
Kepler shall have said about the oddity of Saturn. Meanwhile I send you the cipher of another 
particular newly observed by me, which draws in train the decision of great controversies in 
astronomy, and in particular contains in itself a strong argument for the Pythagorean and 
Copernican arrangement; and in its time I shall publish the decipherment and other particulars.  
I hope I have found the method to determine the periods of the four Medicean planets, deemed with 
good reason almost insoluble by Sig. Kepler, to whom may it please your Excellency to pay my 
affectionate respect, as also to Sig. Seggett. From Sig. Hasdale I hear no more, I do not know why. 
Excuse my brevity, as I do not feel well, and hold me in your grace, for which I am anxious. And 
with ail reverence I kiss your hand.  
From Florence, 11 December 1610 (OGG X, 483) “ 
Galileo  revealed on New Year's Day 1611 that the anagram’s signification was “Cynthiae figures 
aemulatur mater amorum”, i.e. “Shapes of the Moon are imitated by Venus” 

b) Letter to Castelli, Florence. 30 December 1610 
“To you Reverence's most welcome letter of 5 December I shall give a brief reply, being still 
troubled by an illness that has kept me in bed many days. 
I heard with great pleasure your thought of coming to lodge in Florence, renewing my hope to be 
able again to enjoy and to serve you for some time. Stay fast in this purpose and be sure that I shall 
always be ready to your convenience, though the felicity of your mind makes it not needful of my 
works or those of others. As to your questions, I can partly satisfy you, which I do most willingly.  
Know then that about three months ago I began to observe Venus with the instrument, and I saw it 
round in shape and very small; it went daily growing in bulk and keeping the same rotundity until 
finally, coming to a very great distance from the Sun, it commenced to lose rotundity from the 
eastern side, and in a few days was reduced to a half-circle. In that shape it stayed many days, but 
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always growing in size; now it begins to become sickle-shaped; and as long as it is seen evenings it 
will go on thinning its little horns until they vanish. But then returning [in the] mornings, it will be 
seen with horns thin and still turned away from the Sun; it will go on growing toward a half-circle 
until maximum elongation. Then it will remain semicircular for some days, though diminishing in 
bulk; then from the semi-circle it will pass to ail round in a few days, and will be seen that way for 
many months, both as morning and [then as] evening star, all round but very small in size. The very 
evident consequences drawn from that are well known to your Reverence.  
As to Mars, I dare not affirm anything as certain, but observing it for the last four months, it seems 
to me that in these last days, being in bulk hardly a third of what it was last September, it shows 
itself somewhat diminished on the east, if my wish does not deceive me, which I do not believe [is 
the case]. But it will be better seen early next February around quadrature, though by [then] 
appearing so small, its shape will be hard to distinguish, whether perfectly round or something 
lacking. But Venus I see as clearly and bounded as the Moon itself, the telescope showing me its 
diameter equal to the radius of the Moon seen with the naked eye.  
Oh, how many consequences, and of what kinds, my dear Benedetto, have I deduced from these and 
other observations of mine! But what of it? Your Reverence almost made me laugh, saying that the 
obstinate can be convinced by these observed appearances. You must not know that to convince 
those capable of reasoning and desirous of learning the truth, other demonstrations previously 
adduced were enough; but to convince the obstinate who care only for vain applause of the most 
stupid and stolid herd, testimony by the stars themselves would not suffice, even if they came down 
to Earth and spoke for themselves. Let us manage to know something for ourselves and rest in that 
satisfaction only, giving up the wish and hope of advancing in popular opinion, or gaining assent 
from bookish philosophers .... (OGG X, 502-4) 

c) Excerpt from the letter to Cristoforo Clavius, 30 December 1610 
“... when Venus began to be visible in the evening sky, I started observing it and saw that its figure 
was circular, though extremely small. Afterwards, I saw [Venus] growing in magnitude 
significantly, though always maintaining its circular shape. Approaching maximum elongation, 
[Venus] began to lose its circular shape on the other side from the Sun and within a few days had 
acquired a semicircular shape. This shape it maintained for a number of days. More precisely, it 
maintained [this shape] until it began to move towards the Sun, slowly abandoning the tangent. It 
now begins to assume a notable corniculate shape. Thus, it will continue to decrease during the 
period in which it remains visible in the evening sky” 

d) Excerpt from the letter to Paolo Sarpi, 12 february 1611 
“we are now certain that Venus orbits the Sun, neither [revolving] below (as Ptolemy believed), 
where it would always show [a phase] less than one half of a circle, nor above (as Aristotle fancied), 
since if it were above the Sun one would never observe it crescent, but always much more than one 
half and almost always perfectly circular.” 
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