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NOTE !
,
If you are living in the Americas
on the
the Transit of Venus will occur
evening of June 5th instead !

RESOURCES
Websites
http://www.daytimeastronomy.com - General information and how to perform
experiments in the daytime using the Sun, including Transit observations
http://www.sunderstanding.net/index.html - Navnirmiti site on how to observe
& measure the Transit
http://www.transitofvenus.org/ - General Information
http://transitofvenus.nl/wp/where-when/local-transit-times/ - times, tracks and more,
for your town
http://www.sunderstanding.net/filterindia.htm – to obtain solar filters in India
http://mutha.ncra.tifr.res.in/ncra/for-public/transit-of-venus - to download this book
in more than 10 languages !
Books
Measuring the Universe with a string and a stone – Transit of Venus experiment,
by Dr. Vivek Monteiro, Navnirmiti (http://www.sunderstanding.net)
Transit of Venus, by Dr. B.S. Shylaja, Navakarnataka Publications
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Many people will be getting up very early indeed, on that day, to see Venus,
a small black dot, move slowly across the Sun's disk in the sky. Why bother, though?
Venus will only be 1/30 as big as the sun and will take 8 hours to cross it.
but people did bother.
for over 250 years,
the most powerful
nations have been
sending their best
astronomers....
...to sail across oceans and climb over mountains, just to glimpse
such an event. Why did they think it was so important ?
Our story starts way back in 1631, when Johannes Kepler (the guy
who gave us his three laws of planetary motion) predicted that
Venus would come in between the Earth and the Sun on Dec 6th 1631
It wasn't visible in Europe unfortunately, since it
occurred at night. soon after...
..A clever young man, Jeremiah
Horrocks, calculated that these
transits actually occur in pairs
and the next one would occur on
Nov 24th 1639,
He was the first, along with his friend, to observe the
Transit of Venus. however He made a wrong assumption
in his calculations. he deduced a value of 96 million km for
the Earth-Sun distance, from his observations. but more on
this later. Horrocks was a brilliant scientist, could even
calculate planet orbits when he was just 17, and was a bridge
between Kepler and Newton, but tragically died at the age of 22 !

Jeremiah Horrocks
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It was Halley (of Halley's Comet Newt
fame) who, in 1678, asked all on
countries to send their scientists
around the world to time the transit.
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which neatly explained why Kepler's
laws work. using his laws,
astronomers wanted to know...
...how big is the
Solar System ?
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"... I recommend it therefore, again
and again, to those curious
Astronomers, who ... diligently
apply themselves with all their
might to the making
of this observation.''
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In fact, a couple of centuries later, even the distances to the stars, and the size of
our Galaxy was tied to the Earth-Sun distance –now you know why it was so
important. By the mid-1600s, scientists already knew that...
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Halley's idea was simple. Imagine you are travelling
by train and you notice a nearby object like a hut
or an electric pole.. As the train moves, your
position changes, and this object appears to be
in front of different parts of the distant landscape.
Similarly, astronomers seeing the transit from
two different places on Earth would see Venus
against different parts of the Sun's disk. Halley
wanted all these astronomers to note down, at the
same time, where on the Sun's disk they saw Venus.
Simple trigonometry would then give us the
distance between Venus and Earth and hence
the value of 1 A.U. in km.

sun

0

venus

e1

earth
e2
d_ve

we can measure this too !!
0 =

distance between e1 and e2 on earth
distance between venus and earth d_ve
we measure this !

the angular distance between
the position of venus on
the sun as seen from e1 and e2
at the same time

seen by
observer e2

sun

seen by
observer e1

we can now compute this.
earth-sun distance =

(earth-sun)/
X earth-venus
(earth-venus)

3.4

Making measurements at the exact same time, from different parts of the Earth,
was incredibly difficult 300 years ago. Hence he also thought of another clever
method which didn't need them all to observe the transit simultaneously .
However, all these methods needed timing of the transit to be made
with an accuracy of a second.
Norw

Measuring the transit was difficult
for other reasons too – they occur in pairs, Newfoundland
every 110 years or so, and each pair occurs every
8 years. They also need not be visible from places
which were easily accessible in those days.
After Halley's announcement,
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For every one of the first four transits, many
countries – primarily England, France, United
States and Russia - mounted huge expeditions.
Scientists went to many countries.
These voyages, especially in
the 18th century, took months,
and many ended in failure.
For instance, when the Englishmen
Mason and Dixon, sailed to Sumatra
in 1761, the French killed eleven of
their shipmates.....

...... and had also captured
Sumatra before they could
reach it.
.
The most tragic
story, is of Guillame
Joseph Hyacinth JeanBaptiste Le Gentil de
la Galaisiere (yes,
thats just one guy!),
a French astronomer.

He set sail for
Pondicherry to measure
the 1761 transit. Before he
could arrive in India, he
learnt that the British had
captured the city.......
...during the transit itself, he
was stuck on his ship in the
middle of the Indian Ocean. He
couldn't really measure anything
properly from a ship bouncing
on top of the waves ! He was a
stubborn and dedicated man,
and hence decided to just wait
around the Indian Ocean till
the next transit in 1769 – he
had a good time sailing to
various islands.....

then he started towards
Philippines. The Spanish,
however, were in control
in Phillipines by then, and
sent him back. So off he
went to Pondicherry.
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Having wasted 11 years of his life, he
went back home to France, where he
discovered that he had been legally
declared dead, his wife had remarried
and his relatives had enthusiastically
plundered all his property ! Being an
Astronomer in those days was
sometimes frustrating.
Others, however, had more luck.
combining all the available
observations in 1761 and 1769, the
Earth-Sun distance was calculated
to be 153 +/- 1 million kms - a fast

airplane, travelling at 1000 km/hr,
would take 17 years to reach the
Sun ! however, this estimate was

The cause of such a large uncertainty
was a strange phenomenon. Astronomers
needed to time the exact moment the
disk of Venus touched the disk of
the Sun.

still not accurate enough.

However, they discovered that when the two disks almost
exactly touched, a black extension would appear, which
would take aminute to go away – hence, their timings were
accurate to only a minute, rather than a second. This
was incredibly frustrating.
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Hold your fingers against a bright light
and bring them close together. Just before
they touch, a bridge seems to appear,
connecting the two fingers. This is similar
to the Black Drop effect during Venus Transits.

The 1874 transit was eagerly
awaited by the next generation
of Astronomers. this led to
one of the earliest examples
of international scientific
collaboration. India was
one of the places it could be
seen from, and there were a
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times from India –
Patmhaannta,
Sa Puri
,
Pietro Tacchini from
hary
Raghruansathac
Nursinga Row,
Italy measured it from
d
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M
Vizag
Muddapur in Bengal, James
Francis Tennant from
Roorkee, Normal Pogson
from Madras Observatory,
and so on.
There were, notably, Indian Astronomers who made
measurements independently – raghunathachary even
wrote a popular pamphlet about it for the people, and
historical estimates of 1 au
in units of the radius of earth
got it translated into many languages.

300 BC
200 BC
180 BC
1635
1639
1659
1672
1771
1895
1909
1941
Modern

10000
490
1210
14000
14000
24000
21700
24000
23440
23420
23466
23455

pamphlet translated
in Urdu by Ragunathachary
Muddapur Observatory

From the observations in 1874 and 1882, astronomers
now knew that the Earth was 149.59 +/- 0.31 million
km away from the Sun.
In the last 50 years though,
technology has advanced so much that
we no longer need the Transit of Venus to
measure the Earth-Sun distance. scientists can
transmit a strong radar signal towards venus,
which reflects some of this back to us.

We then measure how
long it takes before we
receive this bounced-back signal.
Since we know the speed of light,
we can calculate the Earth-venus
distance from which the earth-sun distance
is calculated to be 149.597870700 million
kilometers, with an accuracy of 3 metres !
We have even sent
spacecrafts to venus !!

Starting in 1961, the USA and USSR sent
a number of spacecrafts, the Mariners
and the Veneras. these orbited venus,
and some landed on it as well.
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Lately, Europe and Japan have sent
spacecrafts too. We now know a
lot about Venus – its atmosphere
and weather, its terrain, its soil
and so on.

Since we know the distances between the planets and
the Sun so accurately these days, why is the 2012
Transit of Venus important ?
it is a beautiful sight. Over a few hours, we can
actually see our sister planet move majestically
through space, in its orbit around our Sun. The historic
importance of the event involving so many adventures
makes it even more interesting. Scientists, however, still want to
study the Transit of Venus, but for a completely different reason.

kepler 6b

discovered more
Since the last few years, we ndhave
than 763 planets going arou nearby stars.
About 230 of these were discovered
by the Transit method - the star
dims slightly (by < 1%) over a few
hours when its planet comes between us
and the star. Detecting this dimming
is difficult and Astronomers are
hoping to refine their experiments
by studying the Venus Transit.
On June 6th, they will
this planet took 2.5 hrs to
carefully measure the
cross its parent star
light from the Sun, ...
... pretend that they do not know about the Venus Transit,
and try and detect Venus purely from their data.
We hope that they indeed 'discover' Venus once again !
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Make sure you find a location which has a clear
view of the East where the Sun rises.
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You can see the Transit of Venus by a
variety of ways....
a safe way to observe the
Transit is to PROJECT the
image of the sun from a
telescope or binoculars onto
a piece of paper and look at
the paper. Be careful not to

even accidentally look at
the light from the telescope
directly.

Take a plastic ball, say 20 cm big
and cut a 1 inch size hole in it.
pour in some sand to make it heavy.
Get a reliable Place
a flat mirror on the hole and stick
solar filter it to the
ball using cellotape. Place the ball
(ask your
on
a
cellotape
ring, or a vessel from the
planetarium
kitchen. adjust the ball to reflect the Sun
where to get
into a darkened room. For a better image,
them from)
a sheet of paper with a small hole
to look through. hold(4-5
mm) in front of the mirror.

Download this book in
more than 10 lanuages
from http://mutha.ncra.tifr.res.in/ncra/for-public/transit-of-venus
Send your pictures, videos, write-ups etc
on the Transit to
nirujmohanr@gmail.com

Do not look at
the Sun directly
or through any
telescope, lens,
binoculars etc –
you will permanently damage your eyes or even go blind.

Enjoy the last Transit of
Venus of this century...
safely !

