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This project is about a live observation of the transit of Mercury on 9th May 2016. This transit period is

estimated from the captured images by means of an obscure camera. To do so we need to know first
the distance between the Earth and the Sun.

After having calculated it the 2016 transit of Mercury has been compared with the transit of Venus on
9th June 2004, which had already been studied by former students of our high school. The

relationship between the radii of both planets has been experimentally determined by means of a
photo program.

Finally, we have proceeded to calculate again the transit period of Mercury by means of a different
method, using the third Kepler's law. We have used the transit period of Venus, calculated by former
students in 2004, to work it out.

The exciting world of Astrophysics is barely known by people, not by the deposited interest,
but by the lack of resources to be able to enjoy it, like for example having a good telescope,
and also the lack of information. In this research project we will try to capture the world in a
simple way and on the other hand we aim to report it in our High School.

We wanted to bring this astronomical event to the educational community of our High
School. We assemble our telescope at school, however, due to weather conditions nothing
could be seen anything, so we looked at it on the internet. The transit was observed
simultaneously from a telescope in London and through the retransmission of the European
program STARS4ALL, with the collaboration of the IAC and sky-live.tv. We put the relay at
school so other students could also watch the event and know what a transit is.




1. Show the transit of Mercury on May 9th, 2016 to the educational community at “Institut
Guindavols” in Lleida.

2. Know the relative positions of the Earth, Mercury and the Sun when a transit is
produced.

3. Make an experimental estimation of the distance from the Earth to the Sun.

4. Compare the transit of Mercury on May 9th, 2016 with the Venus transit on June 8th,
2004.

5. Make an estimation of the period of translation of mercury assimilating the movement of
Mercury to a uniform circular motion.

6. Experimentally determine the relation between the radius of Mercury and Venus.




What is a transit?

It is an astronomical phenomenon! consisting in the passage of one planet ahead of another

one with respect to the Sun, covering it completely or partially from the point of view of the
observer.

In the case of the Earth there are only two possible transits, the Mercury and Venus, ones
since they are the unique planets of the solar system that have an innermost orbit to the Earth.

The transit situation is not the same from any site, but it depends on the distance of the Earth
and the Sun and also influences the position of the observer (image 1). That is to say that the
shadow of Mercury will change depending on the place that we look at it.

Image 1: Position of the transit of Mercury.

If Mercury and the Earth orbitted in the same plane, we would see a transit whenever Mercury
was lower, i.e. on the same celestial conjunction, and as its Synodic period (the time that it
takes to turn its orbit) is on average of 116 days, there would be a transit three times a year.

However, the transit will only occur when the orbital planes of Earth and Mercury agree on
the line of nodes (which is one of the two points where an inclined orbit crosses the plane of
reference) (Image 2).

This event only happens twice a year, between 8 and 9 may or 10 and 11 November. If an
inferior conjunction occurs in any of these dates, there will be a transit. This occurs as average
13 times per century in intervals of 3, 7, 10, 13 years.
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Image 2: Positions to happen a transit.

Mercury!?!

Mercury Is the planet of the Solar System which is closest to the Sun and the smallest one. Its
orbit is inside the Earth and it hasn’t got any satellites. Its translation period is of 88 days and
its period of rotation of 59 days.

It has a surface similar to the Moon since it has different craters caused by meteorites. It is
studied since the time of the Babylonians until present day. In recent years several proves
such as 'Mariner 10, "MESSENGER" or the "BepiColombo" have been launched to study it

in depth.

Image 3: The planet studied, Mercury.




4.1.1 Description of the experiment:
This experiment consists in projecting the image of the Sun on the screen of an obscure
camera and measure the size of the image (D2) and the distance from the screen to the hole

(L2). As we have the information about the measure of the diameter of the Sun (D1), we can
know the distance from the Earth to the Sun (L1) using Thales' theorem (image 4).

DETERMINACIO DE LA DISTANCIA TERRA-SOL AMB UNA CAMBRA FOSCA
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Image 4: Representation of the experiment.




4.1.2 Procedure

1- To build an obscure camera (Image 5)
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Image 5: built an obscure camera.

2- Attach the obscure camera to the support and place one of the small holes in the strip built.
We face it to the Sun and measure the diameter of the projection of the Sun on the screen of
the obscure camera with a gauge (image 6).

Image 6: measure of the diameter of the projection
of the Sun on the screen.

3- Measure the length of the obscure camera (L) with a tape measure.

4- Calculate the distance from the Earth to the Sun using the formula derived from Tales
Theorem:

D, D, L, XD,
—=—" s |[L,=———
L, L, D,




4.1.3 Materials

Obscure camera:
- black cardboard

- Scissors
- Glue
- Translucent paper

4.1.4 Assembly design

Tripod / Support
Vernier caliper (precision 0'1 mm)

Tape measure (1 mm Precision)

PANTALLA

Image 7 and 8: assembly schemes.




4.1.4 Results. Analysis and discussion.

The results of the various measures are as follows:

Measure L,/mm D,/mm |_1=L2 XDZ/km
1
1 361 4,1 1’2x10%
2 359 3,4 1’4x10 8
3 360 3,3 1’5 x10®
4 356 3,5 1’4x10%
5 370 3,5 1'4x108

Making the overage of the results we will have a more successful outcome:

Measure Li/km Ea=|L1 — L—1|/km
1 1’2x10® 0’2 x10®
2 1'4x10 8 0
3 1’5 x108 0’1 x10®
4 1'4x10% 0
5 1'4x108 0
L- Z% - 14 x10° km Ea max=0"2 x10° km

The end result is as follows:
(L;#Ea max) = (1°4+0°2)x10° km

Finally, we will compare the value with the real value:
L real= 1°5x10® km
L1 =1"4x10° km

|Ly =L (1,4-1,5)x108
= Labrl 00 <! |

Er
Ly 1,5x108

x100 = %xlOO: 6,7%

The relative error is the 6,7%, therefore a very successful outcome.




4.2 Experiment 2: Experimental estimation of the translation period of
Mercury

4.2.1Description of the experiment

In this experiment we will make an estimation of the translation period of Mercury by catches
of screen, made by us, of the transit of this year observed from the telescope at "Queen Mary
University of London Observatory”. The initial idea was to make our own photographs with
our telescope, but due to the weather conditions no photograph could be done. From the
images of the transit the distance travelled by Mercury on the solar disk will be determined.
This is done by comparing the lengths of the segments to the path of Mercury on the solar
disk with the length of the diameter of the Sun. The actual distance traveled by mercury is
obtained by assuming that the diameter of the Sun is 1400.000 km.

The graphic treatment of the images of the transit has been done with the photo editing
program “Gimp®!.

Knowing the distance travelled by Mercury on the solar disk, and the distance from the Earth
to the Sun the angular displacement of Mercury (A6) can be determined.

If we know the time (At) that the displacement of Mercury has talon, and if we assimilate its
movement to a uniform circular motion (despite the fact that its orbit is very eccentric), we
can make an estimation of the translation period (T) from the expression:

_ E _2m

__ 2m-At .
w==" T = " (Expression 1)

4.2.2 Materials
e Program “Gimp 2”
e Program “Microsoft Word 2010”
e Telescope MEADE LX90 GPS.

e Camera Canon EOS 1000D attached to the telescope.
e Solar filter.




Imagen 9:

Telescope MEADE LX90 GPS solar
filter and camera Canon EOS
1000D attached to the telescope.
(05-09-2016 ).

4.2.3 Procedure

In order to estimate Mercury's translation period, the following approximation will be made:

Mercury's orbit is assumed to be circular and we will assimilate its motion around the Sun
into a uniform circular motion.

1- We have done photographs of the transit of Mercury of May 9th, 2016, as well as the
time from the respective outlet:

11:19 UT 11:32 UT




1304 UT 1347 UT

1407 UT

2- The overlap of these 5 images with "Microsoft Word" allows tracing the path of Mercury
on the solar disk (image 10). This can be done by cutting the images, and then sticking them
one on top of the other to make more layers. Finally, modifying its transparency is achieved
that all black spots (Mercury) appear on the solar disk.

Image 10: different positions of the transit of
Mercury.
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3- Drawing a line that passes through the different positions of Mercury, we obtain its
trajectory on the solar disk (image 11).

Image 11: Path of Mercury on the solar disk
between 11:19 and 14:07 (UT).

4- To estimate the distance traveled by Mercury on the solar disk (image 12) during transit we
will assume that the path is straight (yellow line). The parallel diameter to the path of
Mercury will be drawn (green line) and the lengths of these lines will be compared. The
measurement of each length will be expressed in pixels. To know the actual distance travelled
by Mercury on the solar disk, it is necessary to know the equivalence between pixels and
kilometers.

Image 12:
Mercury trajectory (blue line)
Mercury trajectory adjusted to a straight line (yellow line)
Diameter of the Sun (green line).

( 1
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If we know that the diameter of the Sun (D,) is 1,4 x 10%km and that equals 533,77 pixels in
our photograph, then the distance travelled by Mercury (X pixels) will be:

5- We have determined that the distance from the Earth to the Sun (Ds_;) is 1,4 x 108km ,
and we know that the diameter of the Sun (D,) is 1,4 x 10°km . Therefore knowing the
length of the path that describes the transit of Mercury (L,), we know the angular
displacement of Mercury (AB) using expression 2.

Lr/2
AG (Expression 2)
tanT =

s—t

Image 13: displacement of Mercury (A@) during the transit.
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7- Knowing the angular displacement of Mercury (A0) and the elapsed time (At) we will
determine the translation period using the formula of angular velocity of uniform circular
motion:

A9 _2m | _2m-At
== =
CENTT AD

4.2.4 Results obtained. Analysis and discussion.

We have obtained that the diameter of the Sun of our photograph is of 666 pixels and the
length of the line drawn by Mercury during the last transit is 177 pixels, therefore:

) 1,4 X 10%km
176,98 pixels X ———=———— = 464192 km
533,77 pixels

Subsequently we have calculated the angular displacement of Mercury using the value of the
distance of the Earth to the Sun (D,_,) previously calculated:

L
/2 464192
A6 /2
tan7 =

= —=166-107° -
D, ; 14-10°km

S

tan™11,66 - 1073 = 1,66-10"3rad - A0 =2-1,66-1072 =3,32- 1073 rad

The time elapsed between 11:19 and 14:07 is 2h 48 min (10080s)

From expression 1:

,_2m: At _2m-10080

= = 190766595
A0 332103
190766595 x — " x L4 _ 590794
5736005« 24n  “cU P aays

This result differs greatly from the period of the actual translation (88 days) by the fact of
having assumed that his movement described a circular motion uniform rather than following
an elliptical path. And also we did not consider the rotation of Mercury, so it is not always in
the same position. This approach works in the case of Venus, but not for Mercury.




4.3 Experiment 3: Experimental determination of the relationship between
the Mercury and Venus radius.

4.3.1Description of the experiment

In this experiment an estimate of the ratio of the Mercury and Venus radii will be made. For
this we will compare a photograph of the Mercury transit of May 9th, 2016 with a photo of
the transit of Venus of June 8th, 2004 taken by students of this High school. This is achieved

by overlapping both images making them part of the same circumference. In this way we will
obtain the apparent sizes of Mercury and Venus in a single photo.

4.3.2 Materials
e Program “Gimp 2”
e Photographs of the transits of Mercury (2016) and Venus (2004).

e Program “Microsoft Word 2010”

4.3.3 Procedure

We will use a photo of Venus made on June 8th, 2004 by former students of high school
(image 14) and an image of Mercury performed on May 9th, 2016 by Josep Masalles (image
15), because due to the weather we could not take our own photos.

Image 14:
Transit of Venus ( 06-08-2004). Image by former Image 15:
students of high school: K Wierzchos, A Agraz,  Transit of Mercury (05-09--2016). (Josep Masalles)

and O. Puértolas.




1- With "Microsoft Word" we will open the photo of the transit of Mercury and paste the one
of Venus above, so that they form part of the same circumference (image 16).

Image 16: Mercury and Venus in the same solar
disk.

2- With the program "Gimp" we will measure the diameter of both planets in pixels (Figure
17).
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Image 17: Count the number of pixels of the diameter of the planets with the progrém "Gimp™.




3- The last step will be to consider that the apparent dimensions of Venus and Mercury
depend on the distance to which they are with respect to the Earth.

As a consequence of the straight-line propagation of light, it can be shown that the ratio of the
radius of the planets (RV/RM) is directly proportional to the product of the ratio of apparent
radii (RV’/RM’) and from the relation of the distances of the planets to the Earth (equation 3)

Ry _ R', dyy { d;, = distance Earth — Venus
R, R,  dgy, \dpy = distance Earth— Mercury
(Equation 3)

4.3.4 Results. Analysis and discussion.

The results obtained are:

Venus: 21

Apparent diameters (pixels) {M ercury: 4

Knowing that:

Distance from Earth to { Venus: 41,4 - 10° km

Mercury:91,7 - 10° km
Then using the formula mentioned above (formula 1) we will be able to calculate
experimentally the relation existing between the radius of Mercury and Venus:

Ry _ Ry dpy 21 414-10°

|4
— == X ——

— = 2,37
The value accepted by the international scientific community is: 2,48

|L1—L;|
Ly

|2,37-2,48|

Therefore, the relative error is: Er = x100 = x100 = 4,44%

The most important origin of this error is to suppose that the orbits of the planets (Earth,
Mercury and Venus) are circular.




4.4 Experiment 4: Experimental determination of the translation period of
Mercury from the translation period of Venus

Kepler's third law allows us to determine the period of Mercury if we know the period of
Venus (determined in 2004 by former students of our high school following the transit of
Venus) and the middle radii of the orbits of the two planets. The value found in 2004 was
221,2 days.

The average distance from Venus to the Sun (d,) is 108,2 - 10°km, and the one of Mercury
to the Sun (d,,,) 7,9 - 10%km

Tv2 _ dl?;s
T dis
Kepler's third law

2
d3, . xT 57,9:100)3x221,22
Then: T, = —ms_ U ”:\/( )

d3 (108,2:106)3

= 86,6 days

Therefore the relative error:

Er= 'TlT;Tr' X100 = w X100 = 1,6%

T




Due to bad weather conditions, the educational community of Guindavols High
school was unable to observe Mercury's transit through the telescope. However, it was
possible to be observed by the students of 1st year of High school through internet.

The distance from the Earth to the Sun has been determined experimentally. The value
found is 1.4 -108. The relative error is 6.7%.

No satisfactory results have been found in the determination of the translational period
of Mercury due to the approximation of considering its circular orbit.

Comparing the transit of Mercury (09-05-2016) with the transit of Venus (08-06-
2004) has been able to determine that the radius of Venus is 2.37 times greater than
that of Mercury, with a relative error of 4.4%.

From the translation period of Venus determined by former students of our high
school in 2004 has been able to determine the translation period of Mercury using
Kepler's third law. The value obtained is 86.6 days, with a relative error of 1.6%.

To Josep Masalles: for sharing his photograph of the transit of Mercury.

To Rosa Borrell: for the correction of the English version.




1. “Transit de mercuri 9 de maig de 2016”. “Activitats”

Link: foradorbita@planetari.cat - www.planetari.cat

2. Mercury. Wikipedia.

Limk: https://es.wikipedia.org/wiki/Mercurio (planeta)

3. Gimp program.

Limk: http://gimp.es/

4. K. Wierzchos, A. Agraz y O.Puértolas. 8 de junio. A observar se ha dicho!”.

Link: http//www. xtec.cat/~acosiall/venus/

Images:

e Image 2: positions to allow a transit.
Enlace: http//www.astroasheville.org/wp-content/uploads/2016/01/nodes-image.jpg

e Image 3: Mercury.
Link: http://esoterismomagico.com/wp-content/uploads/2015/01/mercurio.jpg

e Image 15: image shared by Josep Masalles Romén. Taken at 15 h 14 min the UT
09.05.2016 at Vilanova i la Geltr(, Catalonia.
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