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Dr Darragh OiDonoghue receives the Gill Medal
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Dr Darragh OiDonoghue (right) receiving
the Gill Medal from ASSA President, Dr
lan Glass during the Cape Centre AGM.
Image courtesy Maciej Soltynski.
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The Gill Medal was brst awarded
in 1956 to Harold Knox-Shaw,
who brought the Radcliffe ob-
servatory to South Africa. It was | (KS
designed by the noted Pretoria
Kirchhoff, who
was President of ASSA in 1954-55,
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Observer {no. of | Showers Observed and duration Total Time hrs
showers observed)
Tim Cooper (4) Eta Aquariids (2.0), Orionids (8.0), December | 17.0

Phoenicids (3.0), Geminids (3.0)
Mary Fanner (3) April Lyrids (4.8), Geminids (6.6), Velids (4.8) 16.2
Cliff Turk (1) Geminids 2009 (1.1), Geminids 2010 (4.2) 5.3
Total 38.5
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Preliminary results from the observations of DT Lupus,
a newly discovered oscillating Algol binary
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Tine Golez, St. Stanislav Ingtitution for Education, Ljubljana, Slovenia
tine.golez@guest.arnes.s

Abstract: Measuring the distance to the Moon is not a very hard task for high school students and amateur
astronomers. The article explains the measurement and the calculation details —for students of lower as well
as higher secondary school levels. The article also aims to promote cooperation between Slovenian and
South African amateur astronomers, as these two countries are very good observing points for the
measurements required.

Introduction

Parallax is aterm used to describe a phenomenon where, due to the different viewing positions of two
observers, there is a difference in the apparent position of an object with respect to its background. The value
of this apparent displacement aso depends on the distance from the object to the observer. Based on the
apparent displacement of the observed object and some simple mathematics, it is possible to determine the
distance to the object. In addition to some mathematical formulae and manipulations, some distances need to
be known, the finding of which will be explained. The method is quite useful for objects that we cannot
reach with a measuring tape, and this is the reason the measurement of parallax was, and still is, widely used
in astronomy.

Thistraditional old method is now simpler with the advance of technology, such asadigital photography and
aprinter. The method will be introduced using distances that can be physically measured and then applied to
measuring the distance of objects far away, such as the Moon, and the calculation is adapted to the
mathematical knowledge at lower and higher secondary school levels.

Parallax
Three chairsin the room are positioned asis shown in Figure 1, and are facing awindow. The neighbouring

house and its chimney can be seen from the window. Isit possible to find how far the chimney is from the
observer?

Fig 1. Thechairs (A, B and C) facing the window.
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The chimney isfirst photographed asit is seen from the chair “A” and then asit is seen from the chair B.
Comparing the images on paper or on screen it is seen that the distance between the chimney and a bell
tower on a hill in the distance behind the chimney appears larger in the second image as shown by the red
double arrow. Second image taken from chair B, see Fig 2.

T e

_

Fig. 2. Picturetaken from chair A (left) and chair B (right)

In order to find the distance to the chimney, a reference image and a measurement of the displacement of the
camera, asintermediary standards, when the camera was moved from chair A to chair B. First areference
image of an object that is approximately 30 m away is needed. The focal length of the cameralens needsto
be kept constant all the time, and was f = 80 mm for &l theimagesin this article. Next awooden plank of
length 1.205 m and placed 28.0 m from the camera is photographed. Thisimage is then displayed on a screen
or on paper at same magnification (same size) as the chimneys of the previous image. The plank’simageis
only 74 mm long. The black cloths are placed at the ends of the plank for better visibility (Fig 3).

Fig. 3. A white plank, positioned at 28 m distance.

If we moved for 1.205 meters when photographing the chimneys and the apparent displacement seen from
Figure 2 were 74 mm, the distance to the chimney would be 28,0 meters. But thisis not the case and some
calculations are needed to find the distances. With some simple mathematics and using the following
equation, the distance D to the object can be found.
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distance- to- plank " plank - length - on - ref -image
plank - length apparent - displacement

D = distance- between - observers x

Substituting the known values into the above equation, namely the distance to plank, plank length on
reference image and the actual plank length resultsin:

1.72m
apparent - displacement (m)

D = distance- betwwen - observers x

To use this method correctly, all images must be recorded (and then displayed) at the same focal length and
magnification setting.

To find the distance to the chimneys, the apparent displacement of the chimneys in the two images and the
distance that the camera moved from chairs A to B are measured and found to be 0.28 mand 0.5 m
respectively. The distance to the chimney is found to be 31 m. That is reasonably close to the actual distance
measured, 31.8 m, using atape measure. An error of around at least 3% is expected, due to the uncertainty of
the measurements.

If the pictures were taken from chairs C and B instead, the image taken from chair C would be practically the
same as the image taken from chair A. But if the distance between the chairs C and A islarge, the value of
the chimney’ s displacement would be significantly larger than the distance calculated from chairs A and B
measurement. Chairs C and B, can also be used, but in this case the distance between the observersis not the
distance between the two chairs, but rather the “perpendicular distance”. (see Fig.4).

Fig. 4 Instead of the distance between B and C (dashed line) we
need to take the »perpendicular distance«, which is marked by the
full line. The full lineis perpendicular to C-object and B-object line,
asthesetwo linesare almost parallel.

Bright, bright Moon

There are no problems when photographing the Moon, but a sturdy tripod is needed. But for measurements,
thereal problem isto get the exposure of the photograph to show both the Moon and the background stars. A
good photograph of the Moon we will need an exposure of about one hundredth of a second, the background
stars will need an exposure of several seconds. During such along exposure, the Moon will be much too
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bright, have fuzzy edges and the result will be just a strange very bright unfocused spot. There are at least
two methods to resolve this problem.

Thefirst one can be achieved with aminimal amount of equipment. The exposure timeis set to 6 seconds.
The camerafocusis set to infinity, with focal length the same as was used for the referenceimage. An object
to shadow the Moon needs to be set up in front of the camera. After approximately 5 seconds the object is
quickly pulled aside and the other hand is used to obscure the lens. With this we have given the Moon just a
fraction of second to send the light into the camera, while the neighbouring stars were given more time.
Thereis no need to worry about the last second or two, when the hand obscures the camera lens (see Fig. 5).

3

Fig. 5. An object isused to shadow thelens, but
But isquickly pulled aside. Because it would be
hard to replaceit the other hand to cover the lens.

With more sophisticated equipment, it is possible to use the following method as suggested by Mr. Oleg
Toumilovich, South African astrophotographer:

To have the stars and the Moon in one shot afilter of a suitable density is attached on a2 mm steel (or even
better copper) rod, directly attached to the camera mount, so where ever we move the camera, disc staysin
the centre of the FOV, we only need to move the camera until the disc fully covers the moon (Fig. 6)

Fig. 6. Advanced option to
achieve balanced exposure
(stars, Moon)
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Participation (and cooper ation)

When taking pictures of the neighbour's chimney it was possible to just move from one chair to another. But
for the Moon, which is very far away, the photographer would need to move for a couple thousand
kilometres to get an image with a usable apparent displacement. The other problem is that the Moon will
move during the photographer's travels and different stars will form the image background. To apply the
parallax measurement to determine the distance to the Moon, the image needs to be taken at the same time
from two different observing points. In practice, this means that one needs to find awilling colleague who
will take a picture of the Moon on the other side of the world. South Africa and Europe can be good
complementary choices. Finding a volunteer is not an easy task, but the rewards are definitely worth it. Half
ayear ago thefirst volunteer was Mr. Auke Slotegraaf, this time the weather conditions were favourable to
Mr. Oleg Toumilovich; both observers are from South Africa and are the members of the Astronomical
Society of Southern Africa

Images

The photographs can be taken in a couple of minutes, but the preparation and coordination isamore time
consuming task. It needs to take into account the weather at both places and available time of the cooperating
partners. Oleg, in South Africa (SA) used a balancing filter to take hisimage, while the author chose to use
the method of physically shadowing the Moon — this approach requires some skills but less equipment (no
filter is needed). In order to determine the direction to the Moon, a perpendicularly placed rod was used and
the shadow it cast are sufficient for this measurement. The rod was 88 cm high; the shadow was 125 cm to
the west and 191 cm to the north. This datawill be used later.

At the first glance the image taken using the method shown in Fig. 5 isafailure (Fig. 7 @), and the same
could be said for the image taken by following Oleg’s advanced method (Fig 7b). However, both images
were perfect after some computer manipulations to enhance the images.

Fig. 7 a. Image of the starsand the M oon taken Fig. 7b. Image of the stars and the M oon taken by by
method as shown on fig. 5 method as shown on fig. 6. Photo: O. Toumilovitch.

To obtain a picture where both Moon and stars can be clearly seen, some image image-processing software
needs to be used. One of the possibilitiesisto first use brightness, contrasts and midtone adjustment
functionsin such away, that the stars are clearly visible (the Moon will be much too bright and without
sharp edges in this phase). Next step is to open so modified filein MS Paint® or similar program. It is now
possible to locate the position of the brightest stars with accuracy of a pixel. The coordinate position of each
stars, isrecorded. Next, a sharp image of the Moon is created from the original image, but the stars will be
invisible because of the darker image. Thisfileis then saved and opened in MS Paint® again. Using the
stars’ coordinates their positions are drawn at the correct positions, as awhite square of nine pixels for each
star. At amagnification of 800%, thisis arelatively easy task. To save the printer cartridges, the negative of
theimage isused, see Fig. 8.
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Fig. 8. Negative image of the Moon and stars.
(to see the starsuse 200% or more display)

The author’ s image was printed on a piece of paper and attached with Scotch tape to the window. The second
image, taken by Olegin SA, was enlarged so that the star images coincided, and then superimposed on the
author's image, while the Moon was displaced by a bit more than one diameter, see Fig.9. For accuracy of
further calculations, specia care needed to be taken to ensure that the image from Ljubljana was taken at
same magnification and focal length settings as the reference image. Certainly the focal length of the South
Africa camera could be different. What matters is the magnification of hisimage.

Fig. 9. Theimage from observing point Ljubljana, Slovenia printed on paper on the window. The second image
from Johannesburg-South Africa coversit. Intentionally it isdisplaced a bit to see the coincidence of the stars.
Slovenian starsareleft dots, while S. African starsareright. However, South African Moon isleft while
Slovenian Moon isright.

The easier part of the task is now to measure the apparent displacement of the centre of the Moon with
regards to the stars in the background (in this case 29 mm when stars are not displaced, of course!), but itis
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