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Abstract:

In our entry we have calculated the distance between Earth and Moon. We
used the parallax phenomenon observed from Poland and Chile. We took
pictures of the Moon with cameras from those two observation points and
analysed the photographs in GIMP and calculated the parallax. Next, the
distance between observation points was calculated. It was used, along with
the parallax angle, to calculate the distance between Earth and Moon.

Introduction:

Everyone knows that the eclipse is an amazing view and many people would like to
see it. Last year it was possible in Chile. We knew our teacher would be going to see
this occurrence in May. In our lessons, we looked for interesting astronomical
phenomena which could be observed thanks to this opportunity. We chose parallax.
We started planning observations - we simulated them on Stellarium. At this stage
we ran into our first problem. To take photos needed for calculations we had only
one particular night - the one when the Moon was high in the night sky and it was
dark enough in both places.

Summarizing, we needed a little bit of luck. One clear night at the scheduled date.



Observations:

We took trial photos of the sky and Moon. Then, we proceeded to make a
detailed observation plan which was scheduled to set off on 19.06.2019. To
take photos we had to get up in the middle of the night between 2 and 4 am.
The next day would be the end of the school year so when we met at about 1
am. We knew that it would be a long night. Before taking photos we had
prepared cameras and made contact with our teacher to minimize lag
between pictures. Fortunately, the weather conditions were almost ideal in
both observation points, despite Poland having been a bit foggy that day.

It took us a whole night to take enough photos.

Next, we packed cameras and, tired as we were, we went straight to school to
participate in the end of school year ceremony.



Photo analysis:

We looked forward to the first possible moment to compare the photos and check
whether everything worked out. Initially we planned to work on photo mosaics, which
supposed to allow us to identify more stars.

Ultimately, we have created a mosaic from the photos from Chile only because the
conditions in Poland had been so good that we could work on a single photo. We
inverted colours to make it easier to see stars.

Pentax KP, APO TS70SDQ Canon EOS 30D, Tamron 18-200mm F3,5-6,3

After the holidays, we came back to our photos. To make the counting easier
we rotated the photos in such a way that the vertical edge was parallel to the
right ascension and the horizontal edge to the declination. We used the
graphic program GIMP. Afterwards, we overlaid them and adjusted the size so
that the stars were overlapping.

This way, we could observe the difference in the position of the Moon. We had
known that Saturn would be in our field of observation, but we were not sure if it
could be possible to observe its parallax. We have clarified that later.

When the photos were ready, we proceeded with stars’ identification. We determined
positions of stars in pixels.

Below, we include data for the five chosen stars. We chose them because these
were the brightest ones and can be spotted on the opposite sides of the photo.



The name of the | Right ascension Declination | the coordinates in the
object photo (pixels)
HIP 93683 19h05min52,04s | -21°42°35,8” X:7699 Y:5868
HIP 94141 19h10min56.35s | -20°59'22.3” X:6730 Y:5264
HIP 95503 19h26min41.38s | -23°55’16.2” X:3728 Y:7700
HIP 95477 19h26min28.58s | -24°28’03.7” X:3774 Y:8153
HIP 95077 19h21min49.18s | -22 °21'47.8” X:4647 Y:6396
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Calculation of the parallax:

Next, we read the position of the moon on both photos, and we calculated the

difference in the positions.

the name of Location on the | Location on the distance difference
the object photo made in photo made in (pixels)

Poland (pixels) [ Chile (pixels)
Moon X:6057 Y:7051 X:5418 Y:5990 X:639 Y:1061

Using the position of stars on the celestial sphere, we calculated an arc length of one

pixel in the photo respectively for right ascension and declination.

Right ascension (x axis)

The following formula was used:

|ra of star 1 — ra of star 2| __

bx of star 1— x of star 2|

arc length / 1 pixel

HIP 93683 | HIP 94141 | HIP 95503 | HIP 95477 | HIP 95077
HIP 93683 |0 0.3140 0.3146 0.3151 0.3136
HIP 94141 | 0.3140 0 0.3148 0.3154 0.3135
HIP 95503 | 0.3146 0.3148 0 0.2739 0.3177
HIP 95477 | 0.3151 0.3154 0.2739 0 0.32
HIP 95077 | 0.3136 0.3135 0.3177 0.32 0

We based our calculations on positions of five stars.

Substituting the consecutive values to the formula, we noticed that some results
differed from others. This happened only when the distance between stars was

small. These pairs of stars (orange) were not included in the calculations.
The arithmetic mean after rejecting the two extreme values equals: 0.3148 "/px.




Converting the result from the hour angle to degrees:

24h = 360°

—_ 1lo
s = 545

0.3148 * k= = 0.001312°/px = 4.72"/px

After rejecting two extreme values, the arithmetic mean equals: 4.72"/px.
Declination (y axis).
The following formula was used:

ldeli Zj;jiz: i :ﬁeo;(;{::azﬂ 2 = are length /1 pixel
HIP 93683 | HIP 94141 | HIP 95503 | HIP 95477 | HIP 95077
HIP 93683 |0 4.2939 4.3452 4.3448 4.4545
HIP 94141 | 42939 0 4.3326 4.3342 4.369
HIP 95503 | 4.3452 4.3326 0 4.343 4.301
HIP 95477 | 4.3448 4.3342 4.343 0 4.3118

After rejecting two extreme values, the arithmetic mean equals 4.34"/px.
Using above values, we calculated the difference between two positions of the
Moon.

Difference in the position of the Moon X = 1061 * 4.72”/px = 5007.9”
Difference in the position of the Moon Y =639 * 4.34”/px = 3016.1”

Name of the
object

Angular distance
in x axis (right
ascension)

Angular distance
in y axis
(declination)

Angular distance

Moon

0° 46’ 13.3”

1° 23’ 27.9”

1° 35°24.5”




Calculating distance between observation

points:

Place of observations

latitude

longitude

Poland - Maty Wisnicz

49.9426690 N

20.4760130 E

Chile - Santiago

33.004573 S

70.6544167 W

The following formula was used:
cos(A) = sin(szgl) * sin(szg2) = cos(szgl) * cos(szg2) * cos(dg1 — dg?2)
when : [lt1, It2 - latitude, Ig1, Ig2 - longitude
Calculating angular distance between observation points.
Cos(A) = sin(49.9426690)*sin(-33.004573) +
+c0s(49.9426690)*cos(-33.004573)*cos[20.4760130-(-70.6544167)]

Cos(A) = -0.4276

A = arccos(-0.4276) = 115.3°

Radius of Earth - 6371.008 km

2*sin(57.65°)*6371.008 = 10764.99 km




Final calculations:

Parallax definition
Parallax arises due to change in viewpoint occurring due to the motion of the

observer, of the observed, or of both.
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Our calculations
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d= 39 = 387784 km

Calculated distance to the Moon: 387784 km !!!



Error analysis:

Distance between Earth and the Moon is not constant. The Moon follows an elliptical
orbit which causes the change in its distance to Earth.Number that all astronomers
associate with the distance between Moon and Earth (384400 km) is an average
distance.

The actual distance between the center of Earth and its natural satellite on June 19th
2019 equalled 393926 km (data according to Stellarium). Performing the above
calculations, we have simplified it by introducing an error to our result. The formula is
true only if both observation spots are on the same meridian. Unfortunately, Poland
and Chile do not meet these requirements. The actual position of the angles was
much more complicated and is shown in the figure below:

Nowy Wignicz, Poland

Santiago, Chile

Earth

Moon

Sketch made in Autodesk Fusion 360.



Final conclusions:

All in all, we successfully planned and performed observations. After analysing the
photos, we observed a parallax of the Moon. After some calculations, we set the
distance between Earth and Moon.

We could not avoid making mistakes. When analysing our photos, we identified
Saturn and even observed its parallax! To our disappointment, it turned out that the
observing parallax of this planet was out of range of our equipment and what we
experienced was just a measurement error.

While working on this project, we have developed our spatial intelligence. We have
learned a lot about the Moon and different methods of calculating distance in
astronomy. Despite the fact that we had a different opinion on many matters and our
work styles vary, we managed to complete the project. It definitely was not the last
time we observe the Moon because there are many more fascinating phenomena to
be noticed.

All the pictures, sketches and drawings were made by us.
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Software: Stellarium, Cartes du Ciel, SMath, GIMP, Fusion 360




