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INTRODUCTION

A transit of a planet across the face of the Sun can be one of the rarest and most interesting astronomi-
cal opportunities that you can have in your lifetime. To see Venus in transit will only happen one time for
those of us living today, so you must make every effort to see this! Historically the reason for observing
the transit of Venus was to assist with understanding the precise distance between Earth and the Sun.
But that is known with accuracy today. Now science is concerned with making very precise mesurements
of the diminishing brightness of the Sun as a small portion is blocked by Venus. That information will be
used by scientists to estimate the effect of a distance Venus-sized planet transiting a star in another so-
lar system. Such calibration research is specialized and mostly beyond the abilities of amateur astrono-
mers. So what is left is simply to photograph or video the 2nd and 3rd contact points as Venus first ap-
pears at the edge of the Sun and at the pont where it begins to exit for some evidence of the Black Drop
effect. This has no scientific usefulness and may just be an exercise in testing the capabilities of your in-
struments.

Perhaps the most beneficial effect is to advertise this event to the general public, have them come out,
look through a telescope with proper filter or to watch a projected image as this very long process will
occur. Attracting people who know little about astronomy is a positive step toward influcencing especially
powerful people like local leaders and politicians to interact with the basic beauty of the sky and what it
holds. The Venus transit knows no political boundaries since it passes over many countries without any-
one being able to stop it. Anyone who is poor or rich can have the same experience providing someone is
there from the astronomy community to show them. This is the true meaning of astronomy!

Paul D. Maley
email: pdmaley@yahoo.com

Sl [ 10 5
Translation: Zahra Soltani
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Observing and Timing
Paul Mealy - Atila Poro

Currently, most of the our knowledge about the sky and our surroundings is due to the light. The coming light from
the stars and other objects affords valuable information about their physical properties and distances. Apart from
light, time and timing have also important role for studying the events that take place in the sky.

It is possible to mention various roles for time in the astronomical events. There are similarities in many branches of
amateur astronomy, equipments, techniques, reports and observation features. Nevertheless the time and timing is
always a very important factor in many serious observations in amateur astronomy. In occultation, eclipse and transit
events, timing is the most important factor to obtain the preliminary data and consequently to analyze them. Before
1995 most of the observations by amateurs have been performed as visual timing. Today, however timing is per-
formed by modern methods and techniques and by application of video cameras, GPSs and CCDs camera.

Nevertheless, still in many parts of the world the visual timing is being used even by the experienced amateur
astronomers. In a visual timing, the observer records the timing by his/her vision and simultaneously using the tim-
ing devices like stopwatches. In the visual timings recorded by Paul Maier in 1970, he used a 6 inch self made New-
tonian telescope equipped with 2 short wave receivers and two sound recorders to accomplish the first valid timings
for the grazing occultations. He used a short wave radio which was showing the time to determine the reference
time. He had the following approach: the sound of radio which was announcing the time in terms of ticking was re-
corded by a sound recorder which was switched on in a definite time. The observer who was using the telescope was
announcing gone (and also Out) and back at the beginning and end of occultation, respectively. So the voice of the
recorder was recorded together with the ticking and he was able to obtain the corresponding times after the occulta-
tion just by comparison. By this method, he has observed and recorded about 100 grazing occultations. In timing the
events like occultations, eclipses, and transits, the meaning of time is the GMT time. Consequently the beginning
and the end of these events are measured according to this time reference. For that reason, if you only measure the
time interval between the start and the end of an occultation by a stopwatch, it would not be possible to analyze your
report in international scientific communities. In fact you should report your data according a time reference on the
earth and like the other observers all around the world you also have to set your watch according to GMT and then
perform timing.

Some points about visual timing.
1. It is recommended that in the observation of first occultation, the observers only watch that event and
avoid doing any activity. This would help the observers to obtain initial useful experiences which would
help them in the next occultation timing.
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2. According to the fact that in Iran as well as many other places around the world there are few possibilities for
performing precise timing by the equipments and devices like GPS and video cameras, the visual timing is
an appropriate option for the serious and interested observers. In many cases, the reference of timing is
given by the websites that give the GMT time. According to the practical experiments by some observers, if
the observer has set the time 15 minutes before the occultation begins through asymmetric digital sub-
scriber line (ADSL) with reliable websites that afford time, it would be possible to obtain a well defined
timing reference.

3. The performance of the equipments like stopwatches (of different types) which are used for the timing is very
important. Here we are talking about the time scales that even in presence of an error in the order of some
tenth of second, would lead to the recorded data with have errors and hence might lose their scientific
value. As these kinds of details while using the mechanical and electrical equipments for timing are be very
important, it is recommended to use the devices that have high reliability and their errors have been calcu-
lated before.

4. Avoid using unusual methods in timing. Typically, announcing the time by telephone to the observer by a
person other than the observer, is a very unusual method and would lead to a large error.

5. Using different kinds of GPS devices, can introduce a large error some time after the beginning of the timing.
Therefore it is necessary that observer tests the devices several times before using them for an occultation
observation. These errors can be tested by means of the websites that give the GMT time.

6. The details like having virus in the computer or laptop, using the observation devices without testing them,
paying attention to warmness and coldness of the place and their effects on the devices and etc, could be
very important.

7. Even when the observer is not using video recording devices and proper GPSs for the occultation observa-
tion, the best way to record the events is the record of observer voice while observation. The observer can
use simple devices like his mobile phone or a sound recorder to record his voice. Many observers declare
the weather conditions, their physical conditions, vibration or shaking of the telescope, the amount of light
pollution, the beginning and end of observation, the beginning of timing, wind blow and temperature, tele-
scope properties, time, and etc. while recording their voice as the observation conditions.

8. May be in the best situation, your performance for recording the time in a visual timing is about £0.3 s but for
a timing performed by proper devices, for example using video camera for recording an eclipse or transit
event, the error can be lowered up to £0.02 s. Sometimes having an assistant might improve the perform-
ance for the record of time. Observers are encouraged to test and improve their performance by different
methods. Anyway, there is always an interval between the time seen by the eye, processed by the brain and
applied by hand or said through the mouse, there is a long distance and timing error will be unavoidable
and so the error in timing is inevitable.

9. For announcing the beginning and end of an observation, the observers should try to use the words that have
very short and sharp pronunciations. For example in English it is better not to use the words on and off as
both of them begin with O and it might lead to confusion. Usually in Iran people use the numbers one and
two for this purpose.

- A part of Occultation book.

025515 3l yo 555 1oz
Translation: Dr. Marjan Zakerin
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Determining the Radius of the Earth

To be able to derive an own measure of the Astronomical Unit from the self determined value of the Sun's parallax
by the following equation.

R
1AE = dg = 2
Mg

For this reason, you may contact other participants of our project who are suitably located with respect to your own
site.

Because there are other collaborative projects which have been executed in the past and the material of which can
still be found in the internet (see, for instance, the Erathostenes project and its final report) the basic idea and some
methods of measurement are described here only shortly.

Basic Idea

The Earth's radius can be calculated if, for some path on the surface of known length s, the central angle alpha can
be measured. But how is it possible to measure an angle at the Earth's center? It was the ingenious idea of Erathos-
tenes to use the fact that the sunlight enters different sites on Earth in parallel direction and to make use of the
methods of "geo-metry" in order to determine the unreachable angle in the center by measuring two angles z; and z;
on the Earth's surface.

- r—

ta—tge
sl 2—=1 329

=2 -2 J_ __ T 24k g ]
--------------- 1 =

-ﬁ:E — : _______________ Iff' COF P 0
Plane containing the common cir- Plane containing only the common
cle of longitude of the both observ- circle of latitude of the both observ-
ers, the center of the Earth and the ers. The axis of rotation is perpen-
Sun. The axis of rotation lie in the dicular to plane of paper.
plane of paper.

Methods of Measurement

Two observers of (about) the same longitude
For these observers, it is not necessary to use a clock. Both of them measure the length I of the shortest
shadow of a vertical pole of length /. In that moment it is local noon, that means the Sun culminates. Than,
the angles z; can easily be calculated from the ratio /y/1.
The central angle and the Earth's radius can than be calculated as shown in the left picture above.

Two observers of (about) the same latitude
For these observers, it is crucial to have synchronized clocks because they must exactly measure the time
at which the length of the shadow of a vertical pole is at its minimum. As, around the time of culmination,
the length of the shadow is changing only slightly it is better to determine the time of the shortest shadow
by the method connoted in the picture below:
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test shadow by the method connoted in the picture below:

Samentary pasities of e shadow §

daily trise of the shadow

1. Put the vertical pole in the center of a suitably sized circle.

2. Measure the two times at which the length of the shadow equals exactly the radius of the circle.

3. Than, the Sun has culminated exactly at the central time of these two moments.

The direction to south determined in this way should be marked as exactly as possible. It is the basis not

only for position measurements on Earth but also for precisely locating the Sun and determining the
sideral time (see the additional project Determining of the own geographical coordinates)!

The central angle which is, in this case, located not at the Earth's center but at the axis of rotation, and the Earth's
radius can than be calculated as shown in the right picture above. The geographical latitude must be known.

In both cases, the distance between the observers along the Earth's surface must be known. Usually, it will be
taken, for instance, from a map. Nevertheless, it would be more satisfying to determine that distance by an own trip
but that is possible only for short distances. But in that case, one has to measure the length of the shadow very pre-
cisely.

If you use a pin hole instead of the tip of a stick it is possible to reduce the error to about 0.1 degree. Than, you
may be able to measure the distance by bike: The angle belonging to a trip of 30 kilometers is about 0.25 degree.

Pinhole and pendu-
lum serve as a ver-

tical pole.

The pinhole generates an elliptic picture of the Sun
whose center can be located very precisely.

From: http://www.venus2012.de/relatedprojects/earthsradius/rearth.php

o e e
Translation: Maryam Nemati
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Can I Use Welding Glass to View the Sun?

Dr. B. Ralph Chou, author of Viewing the Transit & Eye Safety, notes a shade number 14 welder's glass provides
suitable protection. However, this type of glass is becoming less readily available and is now a special order
item. Importantly, polycarbonate welding filters now on the market are not sufficient unless they have gold coat-
ing. Polycarbonate filters without gold coating protect from high levels of visible light but are highly transparent of
infrared.

It is imperative that the welding hood houses a #14 or darker glass filter. Do not view through any welding glass if
you do not know or cannot discern its shade number. Be advised that welders typically use glass with a shade much
less than the necessary #14. Just because the hood makes the sun somewhat more tolerable to see does not mean the
welding glass is of the proper kind.

The view through a proper #14 welding glass (left) shows only the sun, which will appear green. The surrounding
landscape is not visible.

A welding glass that is less than shade #14 allows too much light to pass. In the picture at right, an insufficient weld-
ing glass permits so much light to pass through that the landscape can be seen. This view is not safe.

TIP: Because the view should be dark, you essentially want your eyes to adapt to the darkness as if you were seeking
night vision. With your body facing the sun, look down toward your feet and hold the #14 welding glass near the
bridge of your nose. Slowly raise your head to meet the sun, with your eyes continuously protected by the proper
filter. If you simply look toward the sun and then raise the glass in place, your eyes will need time to adjust to the
sudden darkness and will be unnecessarily exposed to the sun, even if only briefly.

http://www.transitofvenus.org/faq/354-can-i-use-welding-glass-to-view-the-sun :zxe
S T a5
Translation: Ryhaneh Fallah karami
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The situation of the above celestial sphere

picture, but now projected
to the plane of meridian.

Neasa)
http://www.venus2012.de/relate
dprojects/sunsradius/rsun.php
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Measuring the Angular Radius of the Sun

To get an own measure of the Astronomical Unit by means of the following formula for the Sun's parallax.

Be (2 1)),

Mg = z
A sinw \ry

you need to determine, among other quantities, the angular radius pg of the Sun.
By evaluating pictures taken during the transit of Venus (or Mercury, respectively) you get all results relative to the
sun's angular radius pg . For instance, by comparison of simultaneously taken pictures of different observers you get
the relative parallax effect f. To be able to derive its absolute value 48 you must know the angular radius of the Sun:
Ap=fps

Of course, you know pg roughly (about 15 arcminutes) and you can find its exact value - even for the day of interest.
But:

We want to determine ps by measurements of our own!
There are, at least, two simple possibilities for this measurement:
1.In nature, you often can find round or elliptical so called "sunspots". These spots are caused by the sunlight com-
ing through little holes, for instance between the leaves of big trees:

Light rays causing the spots

Sunspots on the ground on the ground

The spots are pinhole camara pictures of the sun! Therefore, the angular radius pg of the Sun can be determined by
measuring the linear radius r of a spot and its distance d to the hole of its origin.

ps=arctan(r/d) = r/d
2. A more exact method make use of the movement of the projection of the Sun due to the earth's dayly rotation.
When you project the Sun on a sheet of paper with a simple optical lens, a binocular or a telescope, respectively, the
picture is quite sharply limited.

1. Mounting of a binocular for observing and measuring the sun's movement
2. The both projection of the Sun (during an eclipse)
3. Projection with ...

4. ... Solarscope
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Having the optical system fixed you will soon remark that the Sun's picture tends to wander over the sheet.

. Determine the speed of this movement. The most exact procedure for that is to draw a circle on the sheet,
slightly larger than the projection picture, and to measure the time, which the picture needs to completely
leave the circle (from "third contact" #; to "fourth contact" ¢, ):

* If you know the declination ds of the Sun (see Geographical coordinates) you can calculate the angular speed @ of
the Sun:

o=_ 2% COSJ

24*3600s

Therefore, the angular radius of the Sun must be:

i —

Zenit
Pal
) dally pastiof the San While the hour angle increases by A7 the Sun is moving at the
oo\ reosd _ celestial sphere by rcosdsdt. The corresponding central angle
[ Bqurecr is, therefore, cosds At.
; __."..-ﬂ.'l
Y | |

The situation of the above picture, but now projected plane of meridian
to the plane of meridian

hosimontal plane

From: http://www.venus2012.de/relatedprojects/sunsradius/rsun.php

Translation: Samaneh Shamshiri
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The Radius of Venus' Orbit around the Sun

If you have determined the parallactic displacement f of Venus on the sun's disc by combining two photos which
have been taken simultaneously from different sites you can derive the distance to the sun or, respectively, the
sun's parallax g with the following equation.
RE 1 TE
e[ L),

rv

In order to get an own measure for the Astronomical Unit you need to determine, among other quantities, the
radius ry of Venus' orbit or, to be more precise, the relation ry /rg between the radii of the orbits of Venus and the
Earth.

Therefore, in this project we propose methods of determining the radius of Venus' orbit by an own measurement.
There are several possibilities for this measurement:

1. Measuring the maximum angular distance between the sun and Venus by
A. direct observation when both of them are visible above the horizont at the same time by means of a simple
device for angle measurements or, alternatively, with a sextant
B. observing Venus at the night sky, recognizing her position relative to stars in the neighborhood and determin-
ing her equatorial coordinates by drawing her into a star map and
C. measuring the exact horizontal position of the sun and transforming her horizontal to equatorial coordinates.
(For this method, you need to know how to determine the local sideral time and your own geographical position.)
2. observing Venus during her retrograde motion at least two times and calculating the angular distance between
these positions.

All of these methods make use of the following simplifications:

Venus moves in the same plane as the earth.

Her orbit is a circles with the sun in its center.

Venus moves with constant speed.

1. The maximum angular distance between Sun and Venus
When the angular distance between Sun and Venus, observed from Earth, has its maximum value the triangle
Sun - Venus - Earth is rectangular

Therefore, the radius of Venus' orbit, in Astronomical Units, can easily be determined by
measuring the maximum angular distance between Sun and Venus:

. Tv
S Irbma:r = S
TE

Because Venus will reach the maximum angular distance to the Sun around the end of March 2012 (to be
precise: March, 27") the suitable time for doing these measurements are the weeks of March and April 2012!
In these weeks, Venus will play the role of the evening star so that the measurements can be done in the eve-
ning.

The following possibility will occur after the transit in August 2012 (August, 15"). Then, Venus will act as the
morning star.
possibility will occur after the transit in August 2012 (August, 15"). Then, Venus will act as the morning star.

1. a. Direct measurement

The simplest method to measure the angle and to determine
its maximum is to observe both objects above the horizont,
simultaneously. If you observe Venus at the night sky early in

the evening you will be able to find her shortly before sunset 77 ) 3 \ Y
on the following days. 711 /‘H ) :‘\\
i '! 1
I, Vs _._,...J-F""H_r 1 |
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Proposals for rough measurements of the angle: (You may get an impression of the measurements on our first
result page build for the transit in 2004)

* Mark the lines of sight with pins on a piece of carton.

* Use a pair of compasses.

* Perhaps you will find other simple possibilities.

* A more precise method is to use a sextant a device which was invented just for this
kind of measurements.

1. b. Measuring the equatorial positions of Venus and the sun

This method is more precise than that described above. But it is more indirect and you
need more knowledge (about celestial coordinates and sideral time, for instance) and more mathematical abilities
(transformation of coordinates and so on).

1. B. 1. POSITION OF THE SUN

The simplest method of measuring the equatorial position (0,.,ds.,) of the Sun is to measure the exact time of its
culmination and its maximum elevation. Then, there holds a simple relation between declination of the Sun, geo-
graphical latitude of the observer and the maximum elevation, for instance with a gnomon (see also geographical
coordinates):

(for northern latitude) lim = hm - (900 - (19]

0 4ok

The right ascension of the sun is just the exact local sideral time of the time of culmination. o, = ec ibn

(for southern latitude) [im =

1. B. 2. POSITION OF VENUS

The easiest method of determining the celestial position of Venus is to observe her exact position among the stars
after sunset (or before sunrise) and draw her into a sky map from which you can read the equatorial coordinates.

F1 Einstellungen F2 Darstellung F3 Fortsetzung F4 Fernrohr FY Hilfe Esc

Horizontdarstellung des Himmels (m <= 4.5 mag)

Ort: 50.2® n.B., 7.4°% 5.L. Datum © 27.3.2012 Uhrzeit : 19.00 Uhr (MEZ)

Moon, Venus and Mars in the evening of
March, 27th, 2012

lor: A= 75.36°, h= 39.81° 3
Fgu: r= 3hi9nin, d= 21.59° Name: linke Maustaster

1. B. 3 EVALUATING THE HORIZONTAL @ =cosToosd =cos Acoshcos@tsinkcos @
POSITION OF VENUS AND THE SUN

bi=sintTcosd =sn Acosh

For this method, you have to measure the azimuth 4, for co=sind = —cosdcosdcos o +ain ksin @
instance with a magnetic compass, and the elevation 7

above the horizont and the exact time of your measurement. _

From these values, you can derive the equatorial coordi- d=arcsine

nates by the following algorithm: T l-cosT cosd—a cos A -
tan§= - = 5 = T=_Zarctan ————
sin T
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From the hour angle 1, you can derive the right ascension when you know the local sideral time: a=8-t

1. B. 4 CALCULATING THE ANGULAR DISTANCE

If you know the equatorial positions of Venus and the sun it is not difficult to calculate their angular distance by the
following formular (see below):

cos® =sin Jysin &, +cos J; cos dy cos(@s — &)

2. Observing Venus during her retrograde motion
This method can be applied only in a short time interval around the transit, that is between May 15th, 2012 and
June 27th, 2012! o

Venus' retrograde motion between May, 15th, and June, 27th,
2012.

Around the inferior conjunction of Venus, at the sky the planet
will move retrogradely that means opposite to its usual direction
(from east to west). That's why Venus overtakes the earth in that
time. The picture below gives an explanation for this fact not only in a qualitative way but in a quantitative, too.

2.a. Special case B B

Explanation of the retrograde motion of a superior planet.
In the case of the inferior planet Venus you must change
the letters P and E. The argumentation remains unaltered.

In the triangle sun - E£; - P;, the following equation holds: e gin P

s sin{n+ 8)

Looking at the triangle sun - E; - S you may realize the following identity:
p=7—(e+n = sinpg=-sinfe+n)

Combining the both equations, we get the following result:

rp  sinfe +#) sinfe 4 7)
— =" = fp=—"AU
rg  sin{B 4+ T sin(B8+ 1)

We hope that we will be able to observe and to measure Venus's position in its inferior conjunction, that is during
its transit! Thus, we can measure its right ascension and declination on that day.
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If we will be able to measure Venus' position on an additional day during its retrograde motion we can determine the anglular
distance i between these both positions by the following relation:

cos 7 = sin dy, sin dy, + cos dy, cos dy, cos(ay, — oy, )

The central angles at the Sun can be derived from the mean daily motion of the planets which are due to their sid-
eral periods:
2% 2%

T A e— A= — A
36505600 €~ M 994.70d

B = ppirt
2.b. Example 1
In 2004, we offered an example for this calculation. It may serve as an illustration, here.
2.c. Generalization
If we will be unlucky and not able to observe the transit we, nevertheless, can apply the above method by measur-
ing Venus' position during its retrograde motion twice. In this case, the following equation must hold:

sinf{er + 1) _ sinfea + 172 _ sinfes + 1 + #7)
sinfBy + ) sin{B+n)  sin{B+m+n)

In this equation, the single angles #; and #, are unknown. Only the angle #=n,-#; has been measured. The central

angles are again determined with respect to the date of conjunction.
The following function f must, therefore, be zero at the point #;:

flm) = sinfey +71)sinBz + 71 + 1) — sinfe; + 1 + ) sin(fy + 7)) = 0

This is a well known numerical problem and can be solved by trial and error, by a graphical method or by a nu-
merical algorithm, respectively. You may download a little program which does the work for you.

2.d. Example 2

In 2004, we offered an example for this generalized method, too.

3. Former Results

For our 2004 project, groups of students in Fiirstenwalde und Essen, Germany, have determined the radius of Ve-
nus' orbit between the end of December 2002 and the end of January 2003. The results are shortly combined in a
result page of our 2004 project.

The mean value of these measurements is:

TVenus — 0.7T3AU

From: http://www.venus2012.de/relatedprojects/orbitsradius/rorbit.php#dsvdirekt
dl’. 0050 1des )
Translation: Mozhdeh Bay
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Determining of the own geographical coordinates and
the projected distance between different observers

To be able to derive an own measure of the Astronomical Unit from the self determined value of the

Sun's parallax by the following equation.
RE 1 e
- T

A sinw \ry

you need firstly to determine, among other quantities, the distance 4 between the two observers or, to be more
precise, the relation 4/Rp between the distance and the radius of the Earth. Secondly, you must determine the
angle of projection w because you must calculate the the projection of the distance parallel to the direction to the
Sun.
The distance 4 can be calculated when the geographical coordinates of the both observers are known. For the
calculation of w it is necessary to determine the local sideral time of the observers and the position of the Sun,
that means its geocentric equatorial coordinates.
There are two tasks for measurements:

Determination of the own geographical position. This may be done in advance.

Measurement of the Sun's position on June 8th which can be done best at noon.
Of course, very exact measures of both quantities are easily to be obtain, the geographical position, for
instance, by GPS (Global Positioning System), the position of the Sun from every astronomical almanach
or computer program. Nevertheless, we will try to get own measures in order to understand better the
foundations of the astronomical distance ladder!
Because the geographical positions influence the result for the parallax of the Sun only weakly quite rough
methods of "astronomical navigation" are sufficient.
1. The geographical position
For these measurements, it is suitable to have determined the exact direction to south in advance
(earthradius)!
1.1 Geographical latitude

1.1.1 AT NIGHT

The geographical latitude equals the elevation of the northern celestial pole and, with sufficient accuracy, that of
Polar Star:

= hne 22 Rpoaris

k. Harthean cebatal pols

cmlepizal spbare! of Ebe chearver

Borieestal plase of the Sheecver
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Unfortunately, there is no as simple method for observers on the southern hemisphere! But it is possible to apply the
method which is described for the Sun, below, to a star with known declination.
1.1.2 DURING THE DAYTIME

The simplest method is to measure the elevation of the Sun at noon. The best way to do that is described in Radius
of the earth where not the maximal elevation but the time of culmination is of interest.

ralertinl equstor

dadly ;u.‘."'. b 5
ARIE LA
|I |.
f I hoete
, .
HF
anm =3
maximal elevation for northern sites maximal elevation for southern sites

5'9 =0 — (hcuim - 900) = 5 —I_ (hﬁ‘uim T QDD)

1.2 Geographical longitude
Measurements of longitude are measurements of time! (A possible device is
pictured in Measuring the angular radius of the sun.)

1.2.1 AT NIGHT

If you know the local sideral time you can derive the longitude by the following algorithm:

Your actual sideral time differ from that of Greenwich by 4min/degree times your longitude (which we count posi-
tive if your site is east of Greenwich):

dnian
1 4]

9(t) = B (t) + X

The sideral time at the time t(UT) can be derived from that at midnight:

B () = B, (0.00U7TY + 1.0027379 * ¢
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The factor 1.0027379 is due to the fact that, during 24 hours, the Earth rotates more than once and, therefore,

more than 24 h sideral time pass.

® The Greenwich sideral time at midnight of the day of interest may be taken from an astronomical alma-
nach. Combining these relations we find the following equation which makes it possible to derive the lon-
gitude from the local sideral time at #:

A= 1 (8(t) — 6, (0.00UT) — 1.0027379 % £)

dmin

The simplest way to determine local sideral time is to use the "celestial clock":

N " A more precise way is to measure the time of culmination of a star with known
‘2 =" right ascension:
T, N g(tcuim) =
.., o To be able to recognize the time of culmination you should know the exact di-
T e o rection to south.

1.2.2 DURING THE DAYTIME

In this case, you should measure the time of local midday, that is the time at which the Sun culminates, by the
method described in Radius of earth:

dmin

10

o = 12.000T — X

If you live east of Greenwich the Sun will culminate before 12.00 UT! For exactness, this equation had to be
corrected by the equation of time. But because in June this correction would be small it has been omitted.

Your longitude, therefore, can be calculated in the following way:

A= (12,000 — )

Adimin

2. The position of the Sun

The position of the Sun ca be determined by the same procedures as described above (Caution: There is a cer-
tain danger to get into a tautology!)
1. The declination can be determined by measuring the maximal elevation.

5.5'1!.71 = + (hmim - QDD)

2. The right ascension can be determined by observing the exact time of culmination and calculating the asso-
ciative sideral time.

Youn = g@cui’m)
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3. The angle of projection w

To be able to calculate the angle of projection w you must know the vector connecting two observers and the
vector directing to the Sun in the same coordinate system. As we already know the position of the Sun in geo-
centric equatorial coordinates we want to transform the positions of the observers in that system, too.

§ sare

* As the picture above shows the declination of an observers equals, ob- e
viously, his geographical latitude; | '

d =1

ke Slwerver's horisastal plase

* When the observer is located in the x-y-plane (as in the picture above) his right ascension is, obviously, zero.
Additionally, the vernal equinox is just culminating for him, that is his local sideral time is 0.00h. Then, due to
the rotation of the Earth his right ascension is growing with the same rate as his sideral time. Therefore, his
right ascension always equals his sideral time:

o= 4§
Pooh, a lot of work have been done. But now it is easy, at least in principle, to calculate the angle of projection:

1. Transform the equatorial positions of the observers from polar into rectangular coordinates:

r; = Hgeosa;cosd;
w = KHgsino;cosd;
z = Hgpsind
The rectangular positions are then given by: Tobserver; = ( T, Ui, zi)

2. The distance, therefore, is the length of the vector connecting the both observers:

A
— 2 2 2
. \/(Iz — 21 )P+ ( — ) + (2 — 2)
3. Transform, in the same manner, the E
position of the Sun to rectangular coordinates.

4. The angle of projection can then be calculated with the scalar product:

(FGbSET‘T.IE‘TQ - Tﬂbserveri) ) F.S'un = |FDbSE‘T‘HETQ - TGbser*ueri | |F.S'un| cosw

Finally, we get the projection angle from (Fﬂbserve e — TObserver ) . FSuﬂ,
the following equation: COosw =

|FGbBE‘.|I"tJEi'2 - TDE!BEF‘UE?H ||FSuu|

From: http://www.venus2012.de/relatedprojects/geographicalpositions/geogrpositions.php
(& oy 5 loww oz 3
Translation: Samaneh Shamshiri
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Transit of Venus Event Times — June 5, 2012 Transit of Venus Event Times — June 6, 2012

Ingress Ingress Deepest Sun's

Deepest Sun's Egress Egress
City begins complete transit altitude . . . .
City transit altitude begins complete
Calgary 4:05 pm 423 pm 7:26 pm 19¢
Bangkok 8:32 am 36° 11:32 am 11:50 am
Chicago 5:.04 pm 522 pm §:26 pm 0=
o B Berlin — — 6:37 am 6:55 am
Dallas 3:05 pm 323 pm 8:26 pm 0=
Denver 405 pm 423 pm 7:26 pm ge Bombay 7:03 am 13® 10:05 am 10:23 am
Halifax 7-03 pm 721 pm = —_ Cairo — — 6:38 am 6:56 am
Los Angeles 3:06 pm 324 pm 6:26 pm 18° London — — 537 am 555 am
WETEEE S S - - Moscow 531 am 4= 837 am 8:54 am
Miami 6:05 6:22 —
o o Rome — — 6:38 am 6:56 am
New York 6:04 pm 621 pm — —
Stockholm 3:30 am 0= 6:37 am 6:54 am
Québec 6:.04 pm 621 pm — —
j -02 e - 24
Seattle 3:06 pm 324 pm 626 pm 23° Tehran 6:02 am - 507 am 924 am

Conndgn 3 S5 L il oo 500 LadliS oo o0lel Lis 45 (6,530 sloyi ¢ SIS oamie LT S50 (slo e syt |y 65 s md Slipusl o8
Qg ol8T 0g5 e tBg ay )35 alisee J>lie 385 oylej 5l 4t g4, 05
gy dnles ard o> [L3LY o5l 4y 5 gwsd ASBOY 5 e a4y olw aSU S aiile (35 6l 0,05

_ Edcliptic

Contact |  22:10 (June )
Contact Il 22:28
Mid-transit  1:30 (June &)
Contact Il 4:32
Contact IV~ 4:45
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Transit of Venus: June 56, 2012

by The Editors of Sky & Telescope

Often we're told about a particular astronomical event — eclipses and planet line-ups, for example — that happen
only rarely. But Venus crossing the face of the Sun on June 5-6, 2012, takes "rare" to a new level. Don't miss the
chance to see this, because you'll never have another chance in your lifetime.

June's celestial spectacle, called a transit of Venus, happens only four times every 243 years. However, the spacing
between each occurrence is very uneven: it's 121% years, then 8 years, then 105% years, then 8 years again. The last
transit occurred in June 2004 — and after this June's event there won't be another until December 2117.

Fortunately, unlike the narrow, fleeting path of visibility for a total solar eclipse, the upcoming transit by Venus will
last for about 6% hours and can be seen from more than half of Earth's surface.

Fred Espenak combined 17 exposures taken at 20-minute in-
tervals to create this sequence from the transit of Venus in
June 2004. Fred Espenak

As the map here shows, North Americans are positioned to see at least a portion of it on the afternoon of June 5th.
Unfortunately, almost everyone in South America will miss out. On the other side of the globe (click on the map),
portions of the transit are observable at or after sunrise on June 6th from Europe, northeast Africa, west and south
-central Asia, and western Australia.

The best-positioned skygazers are those in eastern Asia, eastern Australia, Alaska, New Zealand, and all of the
Pacific from Hawaii westward. They have ringside seats for watching the entire transit, including the crucial
events around both its start and finish.

Seen from anywhere on Earth, the transit starts within a few minutes of 22:10 Universal Time (6:10 p.m. EDT) on
June 5th and ends within a few minutes of 4:45 UT June 6th. The two tables below offer local times for a sam-
pling of cities positioned to see at least parts of the event.




IOTA/ME PAGE 42

Transit of Venus Event Times — June 5, 2012 Transit of Venus Event Times — June 6, 2012

Ingress Ingress Deepest Sun's

. i _ . Deepest Sun's Egress Egress
City begins complete transit altitude . B . .
City transit altitude begins complete
Calgary 4:05 pm 423 pm 7:26 pm 19¢
Bangkok 832 am 36" 11:32 am 11:50 am
Chicago 5:.04 pm 522 pm §:26 pm 0=
Dallas 5:05 pm 523 pm 826 pm 0° Berlin - - 637 am 635 am
Denver 405 pm 423 pm 726 pm g Bombay 7:03 am 13= 10:05 am 10:23 am
Halifax 7:03 pm 721 pm — — Cairo — — 638 am 6:56 am
Los Angeles 3.06 pm 324 pm 6:26 pm 18° London _ _ 337 am 5:55 am
Mexico City 5:06 5:24 — — - -
5 el i Moscow 531 am 4= 837 am 8:54 am
Miami 6:05 pm 622 pm — —
Rome — — 6:38 am 6:56 am
New York 6:04 pm 621 pm — —
- o - S
Québec 6:04 pm 621 pm _ _ Stockholm 3:30 am 0 6:37 am 6:54 am
Seattle 3:06 pm 324 pm 626 pm 230 Tehran 6:02 am 2° 9:07 am 9:24 am

Fred Espenak provides more extensive listings for cities in the United States, Canada, and elsewhere in the
world. You can also find precise times and circumstances for your exact location by clicking your position on the
map here.

During its historic dash, Venus will appear as a black

silhouette 58 arcseconds wide, about 3% of the Sun's (Y
diameter. That's easily large enough to be seen with {
any kind of optical aid — and many observers should 22
be able to glimpse the black dot with their eyes alone.

(Is your eyesight sharp enough? Try this test, sug- " s § i
gested by Baltimore observer Herman Heyn: Draw a TR P 4
black dot exactly 2 mm across on white paper. Put the Eopi 5"
paper in good light and stand 23 feet, or 7 meters, e Tpte

away. Can you spot the dot?) E— B S —W

Contact | 2210 (June 5)
Contact Il 22:28
Mid-transit  1:30 (June &)
Contact lll  4:32
Contact IV 445

Venus will take about 6 hours 30 minutes to cross the
northern side of the Sun. The line is plotted as seen
from Earth's center. Universal Times (also geocentric)
are given for the event's four contacts: I and II as Ve-
nus moves onto the Sun (called ingress), III and IV as
it leaves (egress) and for Venus's deepest encroach-
ment onto the solar disk.

Important: You'll need to take careful precautions when attempting to view the transit. There are several good
ways to do this safely. You can view through special "eclipse shades" (not regular sunglasses) or a dark rectan-
gular arc-welder's glass (#13 or #14). Or, you can set up your telescope or even tripod-mounted binoculars to
project the Sun's image onto a white card or other flat surface. Solar filters are also made to fit over the front of
your telescope. Check out these safe-viewing options recommended by the editors of Sky & Telescope.

Transits Then and Now

The first known observation of Venus crossing the Sun was on December 4, 1639. A young English astronomer
named Jeremiah Horrocks had predicted the event after refining calculations by Johannes Kepler. "Horrocks
completed his calculations in October 1639, barely a month before the transit," explains historian Eli Maor. "He
hurriedly alerted a few friends, urging them to observe the rare event with utmost care.
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He knew that the transit would provide astronomers with an opportunity to measure Venus's apparent diameter, a
task nearly impossible to achieve at any other time due to the planet's intense glare."

Your location north or south on Earth slightly affects the apparent path you see Venus taking south or north across
the Sun. In 1716, Edmond Halley realized that measurements of this offset, done by timing Venus's contacts with
the Sun's edges, could be used to determine Venus's parallax as seen from Earth and hence the distance to both
Venus and the Sun. That in turn would give the correct scale of the entire solar system, which was poorly known
at the time.

Sky & Telescope illustration

Yet Horrocks almost missed the chance to make history — he spotted the planet's dark silhouette using a small
refractor only a half hour before sunset! Click here to learn how Maor carefully researched and retraced Hor-
rocks's historic accomplishment.

Years later, Edmond Halley realized that careful timings of such transits, made from widely separated locations on
Earth, could be used to determine the distance to Venus and thus, in turn, to the Sun and all the other known plan-
ets.

4 - i ., s e e ! - g o |
Observers and administrators gather at the U.S. Naval Observatory in Washington, D.C., in preparation for the
American expeditions to time the 1874 transit of Venus.

U.S. Naval Obs. Library

Halley's realization led to an all-out international blitz by astronomers to observe the transits of 1761 and 1769.
Notable among these was the unsuccessful quest by French observer Guillaume Le Gentil, who spent 11 years
traveling but missed seeing either event. Finally returning to Paris, he found that he'd been declared dead, his wife
had remarried, and his relatives had divvied up his estate. Captain James Cook had better luck: on his first voyage,
he observed the 1769 transit from Tahiti at a location still known as "Point Venus".

Many modern observers, both professional and amateur, will again return to the Pacific to witness the upcoming
transit. Some are heading to Tahiti to stand where Cook and his crew had some 2% centuries before; others are
going to Hawaii, where the event concludes less than a half hour before sunset.

Weather Prospects
For those wishing to witness the entire spectacle, from ingress through egress, success will depend not only on
location (basically eastern Asia and the western Pacific) but also on the weather.
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0% 0% 20% 303 A0%

Based on statistical averages of daytime clouds during June, the American Southwest, northern Australia, and
the Middle East offer the best chances of clear skies for the transit of Venus. Click here for a larger version.

Jay Anderson

"Within that zone," says meteorologist Jay Anderson, "one country stands out above all others for its clear
weather in early June: Australia." He notes that some climate stations in Queensland and the Northern Territory
report having June days that are sunny, on average, at least 90% of the time.

In the United States, the best clear-sky prospects are in the Southwest and along parts of the Pacific Coast. The
odds get steadily worse eastward.

For a more complete weather picture, check out Anderson's website.

More About the Transit

NASA's transit website (compiled by Espenak) provides a wide assortment of maps, tables, and technical de-
tails. So do the comprehensive transitofvenus.nl website, amassed by Steven van Roode and Frangois Mignard;
Chuck Bueter's transitofvenus.org, and Jay Pasachoff's transitofvenus.info.

There's no shortage of online resources to let you relive past events and to plan for the one in June. Here on
SkyandTelescope.com, for example, you can see how observers worldwide fared during the 2004 transit, which
favored Europe, the Middle East, Africa, and most of Asia. Historian William Sheehan offers tales from the 18th
and 19th centuries, and Anthony Misch describes how he and Sheehan created an animation of the 1882 transit
using archived images. Sky & Telescope's January 2012 issue offers a detailed preview by Espenak and Ander-
son.

Here are more transit-related resources worth checking out:

* Lou Mayo of NASA's Goddard Space Flight Center (astronomer2go (AT) verizon.net) has established a Transit
of Venus Working Group (TOVWG) to coordinate public-outreach efforts. He calculates that his efforts may
reach 50 million people by the time of the event.

* Larry Marschall's CLEA (Contemporary Laboratory Experiences in Astronomy) online/DVD student lab exer-
cise on the transit illustrates neatly how transit observations can be used to measure the astronomical unit. The
manual with the exercise tells the history and method.

* Jean-Eudes Arlot of the Institut de Mecanique Celeste (IMCCE) at the Observatoire de Paris in France is coor-
dinating a public-outreach program that will use pooled observations to re-measure the astronomical unit.

* Tying the event to the cutting edge of modern extrasolar-planet studies, a group of astronomers plans to study
the light skimming through Venus's atmosphere during the transit — "firstly, to use Venus as an example of a
transiting exoplanet. Astronomers will use the transit to test the techniques they have developed to analyse the
composition, structure and dynamics of exoplanetary atmospheres. Secondly, they will be able to make simulta-
neous Earth- and space-based observations of Venus's atmosphere. These joint observations will give new in-
sights into the complex middle layer of Venus's atmosphere, a key to understanding the climatology of our sister
planet."

* Filmmaker Maarten Roos is making a documentary film about transits of Venus.

« Jay Pasachoff (Williams College) has uploaded a 22-minute lecture about the transit of Venus, with historical
discussions and contemporary science.

* The Canadian composer Victor Davies has written an opera, Transit of Venus, based on the play of that title by
the Canadian playwright Maureen Hunter. It's about the expedition of Le Gentil (here's a plot summary). It was
performed by the Manitoba Opera in 2007 and is available for further performances.

From: http://www.skyandtelescope.com/observing/highlights/134332798.html
R N
Translation: Mozhdeh Bay
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Measuring the distance between Earth & Sun by using Halley method
Aydin M. Valipoor

Title: Measuring the distance between Earth & Sun by using Halley

Purpose: Measuring the distance between Earth & Sun (Astronomy Unit “AU”) by timing
the third contact

Computational Method: Using the Parallax law

Keywords: Parallax, The apparent size of the sun, Kepler’s third law, longitude, latitude,
timing, third contact, safe observing

Required tools: Each tool that is able to indicate the third contact’s exact time

A: Telescope:

*Type & size: not important

*Immunization methods: Mylar filter, Solar funnel, illustration of enlarged view (for small telescopes)
B: Binocular:

*Type & size: not important

*Immunization methods: Mylar filter, H-alpha filter,illustration of enlarged view

C: Tools without magnification: Illustration with large pinhole

D: Timing tools: Seethe particularsection of timing

-Required data: the exact time of the second & third contact

-Data gathering methods:

.YTime: Visual timing, video timing

Project Description:

The distance between earth & sun can be measured by using the Parallax law & the Kepler’s third law. It is obvi-
ous in the picture below that, by
this method, the distance between
AB & A’B’ must be measured.

As regards, the interval between
these parallel lines is very small, so
Halley issued a method that makes
this measurement very easier &
accurate. According to Halley, by
timing the second & third contacts,
that are the contact places of the parallel lines AB & A'B” with the sun’s plate, the measuring with high accurate
will become possible. As seen the picture below, the distant “d” can be calculated with some simple math work.
The transition of 2012 will not be observable completely from the most parts of the Middle East. So the timing of
second contact is impossible, though we must use the recorded data of observers that could see the complete
transition. In this method, exact timing of the third contact is very important. The third contact happens at once
that the disk of the Venus hits to the disk of the sun from inner side of the sun’s disk.

Therefore, the black-spot is the phenomenon that increases the error. The solution of black-spot & absence of the
first & the second contacts is to use Huddle method, that we’ll explain that in the second project.

So far, the Halley’s method just needs the exact timing of the second & third contacts.

For more information about the timing, refer to the particular part of the timing in the transit bulletin.

A'B'

PI

AB

k=T s a0z 5
Translation: M. Ajili
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Thikness estimate of sun's atmosphere by timing of third & fourth contacts
Aydin M. Valipoor

Title :Thikness estimate of sun's atmosphere by timing of third & fourth contacts

Purpose: Thikness estimate of sun's chromosphere with visualdifferencesbetween thedifferent filters
Computationalmethod : With use of Angular velocityofVenus

Keywords :Parallax, Apparentsize ofthe Sun, Latitudeandlongitude, Timing, Safe Observation, Thethird and
fourth contacts, H.—Alpha Filter, The sun's atmosphere

Required tools:

A: Telescope

*Typeandsize: The largersizewillgivebetterresults. For doing this project, twotelescopesatadetermined locationis
required.

*Methods ofimmunization : Mylar filter, H-Alpha Filter

B :Filtersrequired: One of thetelescopeswithMylar filter and the other one with H-Alpha Filter

C: Timingtools:Seethe specialtimingsection

-Required data : The exacttimingofthethird and fourth contacts through both Mylar filter and H-Alpha Filter
-The methods of getting data

.V Time :Visualtiming, video timing

ProjectDescription :As regards the H-Alpha Filter reveals a layer ofthe sun's atmosphere calledthechromosphere
andthis layer is not obviouse with Mylar filters,during thethird and fourth contacts through the Mylar filter,
venushas notyetentered the sun's chromosphere layer.So youcan estimate thethicknessof this beautiful layer of the
sun, with the exact timingof thesecontacts through the mentioned filters and withtheangular velocityof Venus.
Solar flares duringthis projectmaybe presentatthe exit siteof venusandby using the samemethodcanalsomeasurethe
height ofsolarFlares.

Sl Al tdoz ¥

Translation: H. Amiri
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Measuring the distanceof two observation places on earth by use of parallax
Aydin M. Valipoor

Title : Distance measurement of two observation places on earth by use of parallax
Purpose: Distance measurement of two observation places on earth by use of parallax atacertainmoment.
Computationalmethod : With use of parallax
Keywords :Parallax, Apparentsize ofthe Sun, Kepler's third law ,Latitudeandlongitude, Timing, Safe Observation
Required tools:
A) Telescope
*Typeandsize: Typeandsize is not important.
*Methods ofimmunization: Mylar filter, Solarfunnel, Enlargedviewillustration ( for small telescopes)
B) Binoculars:
*Typeandsize: Typeandsize is not important.
*Methods ofimmunization: Mylar filter, Enlargedviewillustration
C) Tools without magnification: Illustration with large pinhole.
D) Timingtools:Seethe specialtimingsection.
E ) Camera:Anycamera canbe used.
-Required data: Takecomplete photo fromsun andvenusat the timespecified.
-The methods of getting data:
.YPhoto: Take complete photo fromsun atthe exacttimespecified
-Project Description: Unlike the first project, by having the distance ofEarth from Sun and taking complete photo
fromsun andvenusat the timespecified,you can find the distance of different observation places with image analy-
sis. So for participating in this project and taking photos, we announce these hours: 4:30, 4:00, 3:30, 3:00, 2:30
(GMT).
S0l anile sy

Translation: H. Amiri



IOTA/ME PAGE 50

Huddle g, ;1 oolisen! b awis y95 G ooy 6 abold (g S 03103

8 (9 oo (| todiowy o

5 sk o Iy sl S (zmi Glo 5l oolitl b (AU cagzs alg) 05 b (e (5 alols (5.5 o3l sdam -
Slasye JBlas o3l 5l eoliul Parallax g 5l eslicwl : slosles g, -

Slasye Jlaz 53l crmal oy i Oloj atledliiz Jsb 5 (20 S pom 09 o3 (6,8l (s ojlil ParallaX da ol oS -
S Gl 5)lop S Cu S gl Wl ad oS el do, LS Il e ke 990 sla )l -

osSls A

Al g0 e £ 5 03l olal g g0

(SzsS b @oSds 1) 00l S5 sles 3l gl (gl 55 e (L) 3L kb igile el gl b, #
3l (god s €55 5 03l 03Il 5 58 s etz g (so (nyse B

bl S5 sled s3be pgpal (ML) Hob L rsile el o g,

S5 S e Sl s caled S5 o sla )l C

7 Ol 5 ey oo 4 05 52 sz ol ol D

255 )18 ool 8,50 W5 g0 (fny3d £95 2 i olSe 90 B

4833 1 sgu Gloj sl alold b oSe jo (o olyen a4 T GLL B )35 5l )l oS 53 3550 sl o0l -

(G ools gl g, -

Epgpds (P Ol s par (i Oloj 10k )

025 9 9ulye> JolS (o8 jladd Ve jp S SyieSe ¥

0590 Troy
6o35ﬁ¢>br,¢..é5544.)d & 4ol Qa)ﬂ Cewd 4y (6l 0,05 3525 oo 95 1 sled (5 snalive Sl (e (5 0,5 bl I (g by o Al amg b

b0y 8o (s alold o nSe al 0908 Jelow (59, 3l G 5 S35 wdpsr oS (03 5, 5l Jlse sl oSe Ul (0 (055 axz e )
Gy IS8 sillae) o 5T s 4y 1) 055 5,0l 55 e

d-squared {arcmin squarad)
"
@
[=]
Ao o

160
’ B
140 o—__ g%
120 T T T T T T T T
o 30 60 90 120 150 180 210 240 270

time (seconds)

Sedyg> 3y e (5 Abold (7S Ll (oo (S esaliie 0l (oo a5 Josed 3 oS )lel (9 Slaye Sl il s Sl ol b s
055 dlona |y 095 B (a5 ahald ol oo hliie (sla olSaus; ;00 (55, 515 051 oo 1y 005 5 50 b

Sle oSe g Sl slo alold o a5 Cunl (pl 0355y Coonnd [ yloge w0 LS o 1y culSe Glo (90 Sl (858 4 e mie sy (0 00
6 Aol (g oo 09l 48T Se Al B Ve a0 WSy U s il nil atine o0 oles 4 o] S (2 3 U S sl e ol w2l
ol esolel (o) 5l oolital 4y azgi b ol plonil (olmler e (28,5 (g alaxd 515 08,5 L )0 gl Sas; Ul g addle o 1) Sl
o ol 5 ol 6 pgs Jalos B 3,08 5 L (6 0aimo Linled 5 domio 2 Ogas oSt o sl g 23 sl LialS el ax b lallas
Syg0 50 Sdgaze g Sewl oad Bk JolS jobo a4y Wgd (i oS (lnl )3 g g Jsl sed e aSul g olew (5 0 yka8 SASAL ) (o
4t 1) 90295 5l ssel Cews &y gl Sl Se Sy 4D Wiz 8 0 ages do) o (b 3 Ol (o0 L) el aly S 4 o (eges slans,

2,5




PAGE 51 AR o, )‘;\j°j’“i5C);;J9—f

Measuring the distance between the Earth &the Sun by using Huddle method
AydiN M. Valipoor

Subject: Measuring the distance between the Earth & the Sun by using Huddle method

Purpose: Measuring the distance between Earth & Sun (Astronomy Unit “AU”) by timing from consecutive images
of transition.

Computational Method: Using the Parallax law, usingthe Least Squares method

Keywords: Parallax, The apparent size of the sun, Kepler’s third law, longitude, latitude, timing, third contact, safe
observing, Least Squares method

Required tools: Each tool that can safely give image of sun for taking picture

A: Telescope:

* Type & size: not important

* Immunization methods: Mylar filter, Solar funnel, illustration of enlarged view (for small telescopes)

B: Binocular:

* Type & size: not important

* Immunization methods: Mylar filter, H-alpha filter,illustration of enlarged view

C: Tools without magnify: Illustration with large pinhole

D: Timing tools: Seethe particularsection of timing

E: Camera: All kinds of cameras can be used

- Required data: Taking picture of transition at 10 minute time intervals by knowing the exact time of each shot.

- Data gathering methods:

1. Time: Visual timing, video timing

2. Picture: one picture from full sun & Venus every 10 min

Project Description:

As you know, the residents of most parts of earth cannot observe all the four contacts, thus, measuring the distance
“d” (refer to project 1) will be possible by pictures that are taken from the phases of transition.

Then by using the Least Squares method, (the method that is seen in the figure below) the minimum distance be-
tween sun’s center & Venus’ center can be calculated.

The type of your camera is not important in this method; the important job is to take obvious pictures from sun &
Venus in 10 min time intervals. It is not so much important that you take pictures at exactly 10 min time intervals,
because the statistical method that is applied, removes these errors. The time intervals can be different, relevant to
observer’s facilities. It is recommended to take pictures from monitor vertically, whereas it makes image analyzing
easier.

In this method, it’s not important that the first & second contacts cannot be seen, or there is no more worry about
black-spot, and it can be held in public programs, because you just need some pictures every 10 minutes.
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Translation: M. Ajili
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