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Abstract: We have measured orbital perturbations of Venus during its transit. This examination is 
based on comparing pre-observation calculations of the time of contacts, and experimental results. The 
following results indicate that except for a 3_second_difference in the first contacts, there was perfect 
agreement in the rest of the three contacts in both software calculations and observational data. If the 
discrepancy in these two first contacts is considered as observational error, then Venus orbit has not 
been disturbed during the transit. 
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INTRODUCTION 

 
 The transit of Venus is one of the rarest celestial phenomena. The orbital plane of Venus is inclined by 3.9˚ 
relative to the ecliptic plane. Venus passes between the Sun and the Earth almost every 584 days, but it usually 
is a little bit above or below the Sun, invisible in the Sun’s glare. Indeed, for an earth-bound observer, the transit 
of Venus occurs when the Venus passes directly between the Earth and the Sun. 
 According to historical documents, Avicenna was the first person, observing a transit of Venus.  
 Venus transit results are important scientifically and are used for Earth’s radius determination, measuring 
the angular radius of the Sun, measuring the Earth’s distance from the Sun, proving the existence of Venus’ 
atmosphere and etc. (Zeilik, 2009). 
 We have determined the orbital perturbations of Venus by timing of contacts during the Venus transit.Eight 
transits of Venus have been observed and recorded since the invention of the telescope. (Table 1). 
 
Table 1: Transits of Venus. 

 Day Month Year Time intervals between transits 
First 7 December 1631 The time interval between 1st and 2nd one is 8 years. 

Second 4 December 1639 
    After 122 years 

Third 6 June 1761 The time interval between 3rd and 4th one is 8 years. 
Fourth 4 June 1769 

    After 105 years 
Fifth 9 December 1874 The time interval between 5th and 6th one is 8 years. 
Sixth 6 December 1882 

    After 122 years 
Seventh 8 June 2004 Khordad 19, 1383 (Persian solar year) 
Eighth 6 June 2012 Khordad 19, 1383 (Persian solar year) 

The time interval between 7th and 8th one is 8 years. 
    After 105 years 

Ninth (in the future) 11 December 2117 Khordad 1496 (Persian solar year) 

 
 As can be seen from table 1, Intervals between successive transits are eight years, 105, eight years, and 122. 
So far three transits have been recorded in Iran. The first Venus transit was recorded in 1874 by “Mirza Abdul 
Ghaffar Khan Najm al-Dawla”, in Tehran. The second one was recorded in 2004 and the third one in 2012 by 
Gholamhossein Rastegarnasab in the city of Rey along with other groups of observers. 
 

RESULT AND DISCUSSION 
 
Some of Gravitational Effects:  
 Gravity is the weakest of the four basic forces; however gravity has long range and can affect very large 
objects such as, structure of galaxies, black holes, or expansion of the universe. Moreover, gravity causes 
celestial phenomena in small scale such as, planets’ revolution around stars, comets’ orbits, tides, increasing the 
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distance between the Earth and the Moon and slowing down the Earth’s rotation and is the reason why the other 
objects in the universe are in their current orbits. (Power. 1391). 
 
Assumptions:  
 Nowadays, before a Venus transit occurs, timing of the contacts are calculated and predicted by means of 
special software. The question is, whether the pre-observation computations and data from experimental 
observations are the same or there might be differences between them. Therefore the time of each contact will 
be calculated and compared with observations. If there is no discrepancy between them, it means that there were 
no perturbations or at least it was not large enough to be noticed.  
 If the planet’s disk touches the disk of the Sun earlier than expected, its orbit may become closer to the 
Earth than before, in this way its angular radius has become bigger, so it reaches the disk of the Sun sooner. But 
if it passes at the expected time for first contact and the disk of the planet does not touch the disk of the Sun, it 
probably means that due to gravitational forces the planet has been driven away from the Earth and is closer to 
the Sun. Therefore its angular radius has been decreased. 
 The first step in this research was to get the specific pre-observation calculations of Venus transit, 
determined by reliable sources and compare them with the data from experimental observations. 
 
Explanation of Contacts: 
 The event begins with contact I when the planet's disk is externally tangent to the Sun. The entire disk of 
the Venus is first seen at contact II when the planet is internally tangent to the Sun. At contact III, the planet 
reaches the opposite limb and is once again internally tangent to the Sun. The transit ends at contact IV when the 
planet's limb is externally tangent to the Sun. (Zyazy Najafi, 1391). 
 
Table 2: Time of each contact according to pre-observation calculations. 

Contact Local standard time Universal time 
1st Ft 07: 14: 01 22: 14: 01 
2nd St 07: 32: 02 22: 32: 02 
3rd Tt 13: 29: 15 04: 29: 15 
4th Ft 13: 46: 58 04: 46: 58 

 
 Pre-observation computations for Venus transit were calculated by software in Astronomical Centers and 
eventually it was gotten from the internet.  
The place of observation: Manado island- Indonesia- The roof of Mathematics department 
Geographical coordinates of place of observation:  N= 01: 27: 31      E= 124: 49: 34 
The difference of local and international time: +9 hours 
Equipments:  20 cm Cassegrain telescope, glass solar filter, photography and movie cameras, clock and precise 
chronometer  
 
Procedure: 
 The telescope was taken to the roof of the mathematics' department at sunset by Gerhana Puan and was 
adjusted. The Polaris axis alignment was done before dark and observations started a few minutes before sunrise 
and lasted from 7:17 till 13:50 local time. 
 
Table 3: Time of each contact according to observations. 

Contact Local standard time Universal time 
1st Ft 07: 14: 04 22: 14: 01 
2nd St 07: 32: 02 22: 32: 02 
3rd Tt 13: 29: 15 04: 29: 15 
4th Ft 13: 46: 58 04: 46: 58 

 
Comparison Pre Observation and Observation Data: 
 As can be seen, the time of all contacts except the first one, are the same in both tables. In table (2), pre-
observation calculations, the time of the first contact is 07:14:01, while according to the experimental 
observation it is 07: 14:04 and there is 3_second difference between them. In fact external edge of the Venus 
must be tangent to the Sun at 07:14:01, while this occurred at 07:14:04.  
 Therefore, the angular radius of Venus has been reduced and that is the reason of its delay to touch the outer 
edge of the Sun at first contact. The point is, if this delay was due to Venus’ smaller angular radius, this time 
difference must be observed in other contacts, as well, but apart from the first contact, the rest are consistent 
with predictions. So it can be considered to be first contact’s timing error. Besides, point which most of 
astronomers and amateur astronomers refer to is that, regardless of observer’s attempt to record data with high 
precision, due to unclear observation of planet’s disk, sometimes it is difficult to measure first contact’s exact 
time. Therefore the probability of error increases. According to what previously mentioned and also accepting 
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the measurement error in timing of first contact the experimental results are the same as calculated ones and 
therefore gravitational forces of the solar system have not affected Venus’ orbit.(picture 1).  
 

 
 
Picture 1: The beginning to the end of the transit of Venus. 
 
Conclusions: 
The following conclusions might be drawn: 
1) The calculated values and experimental observations are the same; there are no significant differences 
between them. Therefore the orbit of Venus is stable and has not been perturbed.  
2) Gravitational forces have been affected the orbit of Venus but since the time between developing and using 
prediction software was too short in comparison with experimental observations, these gravitational effects on 
Venus’ orbit could not be detected. 
3) Studying perturbations in the orbits of planets are so complicated that more observations in various locations 
around the globe must be made.  
4) Perhaps astronomers have considered all the probable perturbations in their computer models and that is why 
the results are the same.  
 
Note: 
 Communications with local and foreign universities have been done to find out whether the orbital 
perturbations have been considered in predictions or not. 
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