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The Right to Know.

'Copy right': This concept is becoming increasingly obsolete. Like the sun
and fresh air, knowledge can be free. Instead, today access to knowledge is

sought to be restricted, so that knowledge can be controlled, censored,
bought and sold for the profit of those who own and control
knowledge.

Denial of access to knowledge isan old tradition in every country. Every
exploitative system has found it necessary to deny the common people
access to quality knowledge. So. with modern capitalism. In our country,
denial of access to knowledge as well as the struggle to gain access for all
are both ancient traditions. Shambuka and Eklavya were heroes and
victims of that tradition.

Access to quality knowledge for all is a real possibility in today's world. But
the obstacles which come in the way of achieving this possibility must be
removed for that to happen. The knowledge monopolies must be

systematically broken and eliminated. This is a political task-which iswhy
the science movement cannot shy away from political issues like the cost,
content and quality of school education, declining state support for quality
universal education, new patent and copyright laws which are modern
forms of knowledge denial. This is a challenge for all thosewho areworking
towardsmass science.

Instead of copyright, what we assert is THE RIGHT TO KNOW ': All
users/readers are hereby invited to distribute, copy, modify, improve and
disseminate as widely as possible the contents of this booklet. No further

payment is necessary, other than what you have already paid for this
booklet.

We would however appreciate an acknowledgment.
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Introduction

On June 8, 2004, the transit of Venus (TOV) will be visible frommost parts of
the world. The entire transit will be visible from India. Occurring after 121

years, there is nobody alive todaywho haswitnessed a TOV. None occurred
in the twentieth century.

In the history of science, the TOV occupies an important place because it
was the first time in human history when the astronomical unit (AU), the
distance of the Sun from Earth, was measured with reasonable accuracy.
Measuring the astronomical unit was the missing link in the edifice of
Newton's Solar System. This was first achieved in 1761. The distance of the
Sun from Earthwas something thatNewton andGalileo did not know.

That TOV can be used to measure the AU was proposed in a paper by
Edmund Halley. Halley could not implement his proposal, because no TOV
occurred during his lifetime. Halley's method involves some delicate
measurements and fairly arduous spherical trigonometrical calculations.

It is well known that in 1639 Jeremiah Horrocks was the first to observe a
transit of Venus. What is not so well known is that he also attempted to
measure the AU during that experiment using Venus as a gauge. For this he
had to make a simplifying assumption about the relative sizes of Earth and
Venus. He made the wrong assumption - that both Earth and Venus
subtend the same angle at the Sun, and ended with a measure for the AU
whichwas about 40% too small.

With another, equally plausible, but different assumption, however, the
measurement of the AU becomes so simple that any eighth standard school
student can do it. This booklet tells you how this can be done by anyone.
This gives rise to the possibility of a mass scientific experiment on June 8"
2004, involving millions of school students all over the world. In this
booklet, the series of activities for thismass scientific experiment is outlined
ina form that can be used by any school teacher orhigh school student.
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Measuring the Universe with a String and aStone.

In the third century BC aGreek scientist Eratosthenes firstmeasured the size
of the Earth. This was undoubtedly one of the ten greatest scientific
experiments of entire history. However, it appears that Eratosthenes did not
discover the method he used. It was discovered two hundred years earlier

by aman named Anaxagorus, who was trying something else, something
bigger, something farmore ambitious.

Anaxagorus lived at a time when the Greeks were beginning to systematize
geometry. As everybody knows, geometry arose frommeasuring land.

Anaxagorus had the crazy idea of putting together geometry and

astronomy to measure the universe. He wanted to obtain both the distance
of the Sun from Earth, and its size. He got an answer of about 6500
kilometers for the Sun's distance, and about 60 kilometers for the size of the
Sun. So sure was he of his calculations that he was willing to pay the heavy
personal price ofbanishment for standingby his predictions.

Both his answers were wrong, of course, though there was no error in his
calculations. The only mistake was in one of his assumptions. Anaxagorus
assumed the world was flat. Though he was wrong, he had obtained the

right answer toa different question - the question answered by Eratosthenes
two hundred years later - "How big is the Earth"?

Eratosthenes put in the right assumption - that the Earth was a sphere,
and deduced that 6500 kilometers was not the distance of the Sun, but the
radius of the Earth.

How far is the Sun ?

This question remained a mystery for thousands of years till the 18th.
century and beat the bestminds. Even the greatGalileo andNewton did not
know the answer to this basic question. But Anaxagorus was right in one

important point. He had discovered that the Sun is approximately 110 times
as far as it is big. He may have been wrong, but what he had done was

among the greatest ofbreakthroughs in science.
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An Extraordinary Possibility.

Nobody can taste science merely by reading books. The only way to taste
science is to do it. The thrill of discovery is even sweeter than the joy of
doing. The year 2004 offers us an extraordinary possibility : Every child in
school who knows eighth standard mathematics will be able to do and
understand for himself / herself two of the ten greatest scientific
experiments ofhumanhistory to answer the following questions.

How big is the Earth ?
How far is the Sun ?
How big is the Sun?

To answer the first question, we will have to observe the beautiful sight of
the Sun setting into the ocean on a clear day at a beach on the west coast of
India. To answer the second and third question, wewill have to observe the
Sun on a very special day : the 8th of June 2004. On that day will occur the
extremely rare Transit ofVenus.

Between now and June 8, 2004 we will have to do a few more simple
experiments. To do these great experiments in science wewill not need any
fancy expensive apparatus. We will need a string and a stone, a pocket
mirror and a watch. But even if we don't have a watch it doesn't really
matter.We canmake one witha string and astone.

"Simplicity is the Essence ofGenerality"

-M.K. Gandhi
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About this booklet.

This booklet is in two parts. In part A we learn how to construct a low cost/
high magnification solar observatory to observe the transit of Venus. In part 3 we
use the TOV to measure the distance of the Sun from Earth. And wewill have to
learn a littlemathematics as follows:

1.

6.

7.

Whatis anangle?
How canwemeasure angles witha string and stone?

2. Whatis a ratio of two numbers?

3. The sum of the angles of a triangle is always the same.

4. Similar triangles and their properties.

5. How to dealwith large numbers?

The importance of approximation.

Pythagorus theorem.

We measure the universe by measuring angles, lengths and time intervals
with the string and the stone. That's all. That's how simple itis.

C) (00000
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A.1. Imaging the Sun with a ball and mirror solar projector.
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To measure how far the Sun is from us.
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B.2. The Sun card.
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A
SUN IN YOUR HANDS.

HOWTO BUILD YOUR OWN
SOLAR OBSERVATORY



Sun in your hands

Astronomical observatories are built to observe and study the stars and

galaxies in the universe. To study the stars and galaxies we need to use

telescopes in order to gather and concentrate the faint light of these stars.
This is because the stars are so distant from us.

The Sun is our nearest star. To study the Sun we do not need to gather and
concentrate its light. On the contrary, we need to dilute the intensity of it's
light beforewe can comfortably observe it. We can build a high power solar
observatorywhichwill give us images of the Sunwith only a pocketmirror.
With some or all of thematerials in the following list you canmake your own
Solar observatory to image the Sun and observe the Transit ofVenus. .

Ball and Mirror Solar Projector
Pinhole Projector - Sun Card

Very Long Focal Convex Lens Projector
Simple Telescope Projector
Solar Filter

+
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Sun in your hands

A.1. Imaging the Sun with a ball and mirror projector
This is by far the simplest method to project the Sun's image, which works
because the sunlight intensity is so strong. This experiment can be done in
any room which has a window or door opening outside, and which can be
sufficiently darkened by putting dark cloth over the places fromwhere light
enters the room. Complete darkness is not necessary. Just how much
darkness is needed you can discover for yourself by trial and error.
However, the darker the room the better the results.

You can make a powerful sun telescope at very low cost with a plastic ball
andmirror. The ball provides a sensitive but steadymount. As in any good
telescope themount is as important as the optics. The optics is provided by
the pocketmirror, If you don't have a hollow plastic ball, Cca watermelon can
also provide a goodmount.

Make a small hole in the plastic ball and fill the hollow with sand as fully as
possible. Seal theholewith tape.

Now cover themirrorwith an opaque paper screen except for a circular disc
of diameter 2 cm at its center. Your optics is ready. Fix themirror on the ball
with adhesive tape.

C) ()Oo0000
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Sun in your hands

A cylindrical ring forms the base for the ball andmirror. The ball can be set at
any angle in its base. The sand inside adds to its weight and makes it stable.
Your solar telescope is now ready for use. (see coloured plate 1.)

Place the ball andmirror on a stool outside the room in the sunshine. Adjust
the angle of themirror so that it projects the sun into the darkroom onawhite
screen . Increase the distance of the mirror from the screen to around 30-40
metres. At this distance youwill get a nice big image of the sun around 35 cm
in diameter. (see coloured plates 2 & 3.)

Believe it or not, butwith this simple projector you can actually see sunspots
on the sun. There are two ways to improve the resolution of the image. The
first is to adjust the distance between the projector and the screen till you get
the sharpest image of the sunspots.

The second is to hold a card with aperture hole punched out between the
mirror and the screen, and experiment with different apertures. (Further
refinement can be obtained by using elliptical apertures on the mirror
depending on the sun's position in the sky. But this is only for the

perfectionists).

This amazing little optical device is really Cca powerful telescope with which
one can get sun images as large as onewishes, limited only by the size of your
dark room. For very large image ( onemeter diameter, and even larger ) You
will have to also increase the size of the mirror aperture. Use trial and error
for best results.

For best results use trial and error, which always works better than theory.
Practice now during April and May and youwill be ready for the 8" of June,
2004.

-0000 C) (CQOcooco
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Sun in your hands

A.2. Imaging the Sun with a Very Long Focal Length
(VLFL) convex lens.

_
It is commonly believed that a convex lens concentrates the light from the
Sun. This however is true only if the focal length is small. As the focal length
of the lens increases the size of the Sun's image increases. The relation is the
same as for a pinhole projector. Image diameter =focal length oflens/110.

For a very long focal length (VLFL), the diameter of the Sun's image can be
quite large, larger than the lens itself. Navnirmiti has developed VLFL
lenses with focal lengths of 4 metres and 10 metres. The second lens givesa
large image of the sunmore than 9 cm in diameter.

For a 90 mm diameter lens with a focal length of 10 metres, the image of the
Sun will be larger than the lens itself, showing that a convex lens doesn't
necessarily concentrate light. Using a VLFL convex lens, fixed within a
cardboard shadewith a hole cut in the centre, you can get a nice big image of
the Sun on which sunspots are clearly visible, if the lens is of good quality.
(see coloured plate 4.)

Where can you get a good quality VLFL convex lens? These are not easily
available and have to be specially ground and polished. They are also
available at theNavnirmiti centres inMumbai and Pune.

C) CQOooce
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Sun in your hands

A.3. Imaging the Sun with telescope.

You canmake a simple telescope withwhich to project Sun' image. Though
it is possible to look directly at the Sun through the telescopewith a proper
filter, we do not recommend this method as most common filters are not
safe, and a telescope concentrates lightmaking eye damagemore likely. The
safer method is to project the Sun's image with your telescope. A simple
telescope can be made with only two lenses. The front lens (objective) has
long focal length (about 1 metre is ideal), and the eyepiece should have a
short focal length of around 5 cm or less. Youwill also require one long tube
(1 metre), and another tube which slides inside the longer tube. (see
coloured plate 5.) The tubes can be effectively and easilymade in the shape
of triangular prisms out ofmountboard as is shown in the photographs.

-Ss

The telescope can be used for projecting Sun's image as shown in the figure
and photographs. The advantage of this method is that with good lenses
you can get excellent resolution and study some details of the Sun's image.
A lens kit to make your own simple telescope is available at low cost at
Navnirmiti centres.

0000
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Measuring the Universe

B.1. Whatwe canmeasurewith a string and a stone.

1. Wecanmeasure lengths.
2. Wecanmeasure angles.
3. Wecanmeasure Time.

B.1.1. We canmeasure lengths.

Use a1 metre length of string as yourmeasuring instrument. You can divide
it into one hundred equal parts and use it tomeasure length in centimetres.

B.1.2. Wecanmeasure angles.

Fig. 1.

Star

Fig. 2. Bo
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? THE PLATES

Plate1. The Ball andMirror Solar Projector
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Plates & 4 Adjusting the solar projector on its mount 30 metres
away ona white screen ina dark room, a large image of the Sun is
obtained Here sunspots are clearly visibie
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Plates 4. Four metres below the VLFL lens, a sharp image of the Sun is
obtained.



Plate 5. The low cost telescope is made with mountboard and two
lenses.



Measuring the Universe

We make an angle dangle metre.

1. Take a piece of string about a metre long. Tie two small stones at each
end.

Take a rectangular piece of stiff cardboard. Make a notch in one edge,
near themiddle. Hang the string from the notch so that the two stones

dangle on either side of the card. This is your angle-danglemetre.

2.

At the notch, draw the perpendicularNM (Fig. 1.)

Tomeasure the angle of a star, or the angle of the top of a distant tower,
hold A near to the eye, and hold the cardboard on that A, B and the star

3.

4.

are all ina straight line, along the line of sight (Fig. 2.)

In this position, the stone on the string hangs down N X. Measure
the angle XNM. This is the angle of the star with the horizontal.

5.

B.1.3.We can measure time.

We can construct a one second pendulum with a one metre string with a

stone. A one metre pendulum takes about one second swing from one side
to the other (Fig. 3.)

Fig. 3.

1M

sec
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Measuring the Universe

16

B.2. The Suncard

B.2.1.
Take a card the size of a postcard.Punchasmallholenear the centre of the
cardwitha paper punch. Also puncha slightly larger hole in the card at
some distance from the first hole. Hold the card in direct sunlight, so that it
casts ashadow on the ground. Increase the height of the card and observe
the shadow. You will observe two circular images of the Sun within the
shadow.

B.2.2.
Observe what happens to the images as you increase or decrease the
distance between the card and the screen (ground).

a. Asthe distance increases or decreases, the sizes of the circular images
increase and decrease.

b. At any given distance, both the images are approximately the same
size.

c. One image is brighter than the other, but both are approximately the
same size.

B.2.3.
Measure with a centimetre scale the diameter T' of the circular image. Also
measure the distance 'L' between the card and the screen. Divide L by I. You
will get a numberwhich is approximately 100 (more accurately, about 110).

B.2.4.
You can measure I and L for different distances. Then both I and L will
change. However, the number that you get when you divide L by I will not
change. Itwill always be approximately110. Look at the shade of a tall tree.
Within this shade you will see circles of light. Measure the diameter of the
largest circle, divide this number by the height of the tree. You will get an
answer of approximately 110. Why is L/I always 110?

C)Qccoce



Measuring the Universe

Fig. 4.

Sun

Pinhole

Sun's image screen

L/I = S/D = 110

Ina pinhole camera the ratio L/Tis equal to S/D where D is the diameter of
the Sun and S is its distance. Since S/D is constant, therefore L/I is always
the same i.e. 110.

B.2.5.
This number is the first hint of the Sun's distance. It tells us that the Sun's
distance is approximately 110 times the Sun's diameter. But what is the

diameter of the Sun?Wewill learn about this in the experiments to follow.

B.2.6.
For now we have the following result :

Distance of Sun = 110 x diameter of Sun

B.2.7.
What is the diameter of the Sun? The Transit of Venus gives us an

opportunity to measure the diameter of the Sun. It tells us "How Big is the
Sun?'. Hereis how you candoityourself.

00000C)(_) C)Ocoee
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Measuring the Universe

B.3. TOV image.

B.3.1.
In partAwe learned differentways of imaging the Sun. If we image the Sun
onthe day ofVenus Transit,whatwe will see is something like the
photograph shown here. The photograph below, of Venus transiting the
Sun,was taken in 1882,more than 120 years back. On the bright background
of the Sun, you can see the small dark disc of the planet Venus.

Fig. 5.

B.3.2.
Measure as accurately as possible, the diameter 'D' of the Sun in the image.

B.3.3.
Measure as accurately as possible the diameter 'V' ofVenus in the image.

B.3.4.
Divide D by V, you will get a number which is approximately equal to 33.

C)©Cocco
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Measuring the Universe

B.3.5.
Butwemust not forget that in the photograph, Venus, relative to the Sun, is

appearing bigger than it really is. This is because, during a transit of Venus,
Venus is much closer to us than the Sun. We are not seeing two objects
which are at the same distance from us. The nearer object appears larger.
(See B.3.6. also). Howmuch larger is Venus appearing?

B.3.6.
We know that the moon is much smaller than the Sun. But it appears to be
the same size as the Sun due to the fact that it is nearer to us. There are
innumerable instances of a nearer object appearing larger because of its

proximity. The solar eclipse is due to this effect.

B.3.7.
How much larger is Venus appearing? We can calculate this from the next

experiment, which involves measuring the maximum angle between the
Sun and VenusSas seen from the Earth. We measure this angle at different
times of the year. The maximum angle occurred towards the end of
March 2004. The maximum angle between the Sun and Venus is about 45°
(precisely 47°). By a simple calculation, which is given in B.4 we deduce that
Venus at the time of transit, is approximately three and half times closer to us
than the Sun. Because of this, Venus appears approximately about three and
a half times (more accurately 3.4 times) larger than it really is relative to the
Sun.

B.3.8.
We must now multiply 33 by 3.4. We get 112. This means that the Sun's
diameter is really about 112 times the diameter of Venus. So we now need to
know the diameter of Venus. Butwhat is the diameter of Venus ? Beforewe
come to this question, let us understand a little better the subjectmatter of
point B.3.7 above.

B.3.9.
Note also thatwe now havea a simple formula for the Sun's distance:

Sun's distance = 110 x Sun's diameter = 110x112x Venus' diameter.

O QO0000
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Measuring the Universe

20

B.4. Measuring the maximum angle between Venus &
the Sun.

As the Earth and Venus go around the Sun, the relative position of Venus
with respect to the Sun changes. At certain times of the year, Venus is a

morning star, being visible before the Sun rises. In other months it is an
evening star. From September 18" 2003 Venus appeared as an evening star.

B.4.1.
We measure the angle which Venus makes with the horizon at the moment
when the Sun sets. This angle increased from September to the end ofMarch.
Venus reachedmaximumheight towards the end ofMarch 2004.

B.4.2.
We canmeasure the angle directlywith our angle-danglemetre. It turns out
to be approximately 45 degrees, towards the end ofMarch 2004.

B.4.3.
Anotherway tomeasure the angle is tomeasure the time between the setting
of the Sun and the setting of Venus. The maximum time turns out to be
approximately three hours.

B.4.4,
Since the Earth rotates once in 24 hours, the stars and the Sun appear tomove
through an angle of 360 degrees in 24 hours. They appear to move through
15 degrees (360 degrees divided by 24 hours) in one hour. The maximum
three hours time difference between the two setting times means that the
maximum angle between the Sun and Venus is approximately 45 degrees.

B.4.5.
From these measurements, and a few plausible assumptions, (like the
assumption that the Earth and Venus go around the Sun in circles with the
Sun at the centre), we can calculate that the Sun-Venus and the Sun-Earth
distance are approximately in the ratio of1: 1.414 (see B.5.)
B.4.6.
What this means is that at the time of transit the Sun -Earth distance and the
Venus Earth distance are in the ratio 1.414 : 0.414. From the properties of
similar triangleswe calculate that Venus appears to bemagnified by a factor
of 1.414/0.414,which is approximately 3.4.
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Measuring the Universe

B.5. The ratio of the Sun-Earth distance to
Earth-Venus distance.

Fig. 6.

June 8 2004

+ JE,
45°

End March 2004 >E,

Fig. 7.

1.414

0.414

Eye
Venus is really Venus appears this

this big big against the Sun

We assume that Venus and Earth both go around the Sun in circles with the
Sun at center.

B.5.1.
Venusmoves ina a circle around the Sun - the inner circle.

B.5.2.
Earth alsomoves ina a circle around the Sun - the outer circle.

C)©O0c00
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Measuring the Universe

B.5.3.
The angle VES is what we observe. It is the anglemade by Venus above the
horizon as the Sun sets. (Fig. 6.)

B.5.4.
Note that this angle is maximum when EV is tangent to the circular orbit of
Venus. At this juncture SV,, is at right angles to E,V, because the radius of a
circle is perpendicular to the tangent.

B.5.5.
Since for Venus this maximum angle is approximately 45°,

V,S/E,S = sqrt(2) =1/1.414 ... Why?

B.5.6.
V,S/E,S=V,S/E,S... Why?

B.5.7.
Therefore at the transit of Venus, when Venus is at V,, and Earth is at E,
then

V,S / E,S=1/1.414
Also E,S/V,S =1.414/1
E,S/V, = 1.414 / 0.414 = 3.4

B.5.8.
In other words, at Transit, Venus is 3.4 times nearer to us than the Sun. It
therefore appears 3.4 times larger than its real size relative to the Sun. (Fig. 7)

OCo0ce00
22



Measuring the Universe

B.6. How big is Venus?

B.6.1.
We had arrived at the formula:

Distance of the Sun = 110x112x Diameter of Venus.

How big is Venus?
B.6.2.
We answer this question by making a rather big assumption: That Venus,
being a planet like the Earth, is approximately the same size as the Earth.
You may question this assumption, and rightfully so. Why have we made
this rather large assumption? Basically to have a method formeasuring the
Earth Sun distance that anyone can do. We make the assumption in the
interest of simplicity.

B.6.3.
But Venus may not be the same size as the Earth, you may protest.
Justifiably.Whatwewill get in that case is only a very rough idea of how far
the Sun is from us. However, the assumptionwe havemade is luckily pretty
good. Venus is as big as the Earth within a margin of less than 10 percent!
Had JeremiahHorrocksmade this assumption hewould have gone downin
history as the first person to measure "How far to the Sun?" (Like
Anaxagorus, Horrocks made the wrong assumption and obtained an
answer which was the correct answer to a different question : How far is
Venus from the Sun?)

B.6.4.
So, ifVenus is as big as the Earth, to get the diameter ofVenus,wemust only
measure the diameter of the Earth.

B.6.5.
Because we have assumed that Venus and the Earth are the same size, we
have the following formula:

Distance of the Sun = 110 x 112 x diameter of the Earth

B.6.6.
Wenow need to find outhow big is the Earth to complete our calculation.
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Measuring the Universe

24

B.7. Howbig is the Earth?

B.7.1.
We could do it by the method used by Eratosthenes. But there is a simpler
method.

B.7.2.
Go to a beach on the west coast of your country where you can see the sun
dipping below the horizon into the sea at sunset. Choose a beachwith a tall
building , or a high cliff, nearby. Do the following experimentwith the help
ofa friend.

B.7.3.
Your friend stands on the beach. You stand on top of the building on the
terrace. Because you are ata height, you can see further.

B.7.4.
Both of you watch the moment of the setting Sun. Because you can see
further, you will continue to see the Sun even after it has dipped below the
horizon for your friend on the beach.

B.7.5.
Your friend signals to you themomentwhen she sees the Sun dipping below
the sea horizon. You measure the time between this moment and the
momentwhen you see the Sun dippingbelow the horizon. You canmeasure
the timewitha stopwatch, orwithyour one second pendulum.

B.7.6.
From a height H, how far can you see? Let's call this distance X. You can
calculate X from Pythagorus theorem . The answer is that you can see for a
distance X= 2xHxR,where R is the radius of the Earth (Fig. 8.)

B.7.7.
Lets say that the time measured by you in step (B.7.5.) above was half a
minute. The ratio of 24 hours to half aminute is 2880.

B.7.8.
This is also the ratio of the circumference of the Earth to X.

(2xpixR)/X= (24x 60)/(72) = 2880.
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Measuring the Universe

B.7.9.
From this we deduce that

X = (2 x pi x R) / 2880
Therefore, X? = (4x pi? xR2) / (2880) 2 = 2HR
Therefore, R= (2880) 2xH)/2 pi?

B.7.10.
This gives us the radius of the Earth in terms of the height of the building. All
thatwe have to do now is tomeasure the height of the building. How do you
measure the height of abuildingwitha string and astone?

Fig. 8.
wH

2X + R = (R+H)
= R'+2RH + H

x*= 2RH +H?

x

2

We can neglect H', which is

small compared to 2RH

2
Therefore X = 2RH

Or X =,}2RH

B.7.11.
In the abovewe assumed that the time differencewas one halfminute. In the
actual measurement, lets say that it is T seconds. By the same kind of
argument as in B.7.9 above,we get

R = [( (24 x 60 x 60)/T )?] x [H/ (2 x pi2)]

(_)©Oo0coe
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Measuring the Universe

B.8. Howhigh is the building?
Of course this is the easy part. We can measure the height of the building
with a string orwe canmeasure angles and use similar triangles. Youwalka
certain distance away from the building. You measure your distance from
the building. Measure the angle made by the top of the building with your
angle - dangle meter. When the angle is 45° stop. Measure your distance
from the building. This is equal to the height of the buildingwhen the angle
is 45°. That's all. From the height H we calculate R (B.7.11.) once we have R,
we use formula:

Distance of Sun = 110 x 112 x 2R

EUREKA !
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The following kits are available from Navnirmiti :

1. Solar Filters
Navnirmiti's solar filters conform to international safety standards and have
an optical density of 5. These filters are safe for viewing the Sun and reduce
the intensity of light by a factor of 100,000.

These filters are priced at Rs. 5/- each.
For more than 100, they are priced at Rs 3.50 each.
For more than 10,000 they are priced at Rs.2.50 each.

2. Simple telescope lens kit.
You canmake a simple telescope with this kit (1 metre focal length
objective, 3 cm focal length eye piece )

The kit is priced at Rs. 100.

3. Very Long Focal Length lenses

75mm diameter, 4 meter focal length Rs. 100 per lens
90mm diameter, 10 meter focal length Rs. 500 per lens

Packaging & Postage charges extra.
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Everybody can watch TOVwith a solarfilter.
Venus will appear large enough to be seen

withoutmagnification.

Enjoy the rare spectacle !
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STS afer Skt aaa GS Alora Agar :

0. ahh ore.

3. are aftr Bae IS.
2. ats aftresha

q. HratATS :

ven tex anh 8 aidt Ure VhsMe. Ard GAM Joo TPT

2. AAASSTS VATPTAA :

© CARweAlex aidtean ShearSt ClanaUbeSTS STEM.

© RAMAH -9 (Fig 1) AASSAA UhAAT FT ATHUNRT SATSYT
785 330 1ST.

© Aaa STSTSA ENTHEHA. HeyH TAR, BIT BATT !

o <r rr Sa SNH Hoe ary
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We AB et areAss StaAA
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3.

-sasaria
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Atex oietear atten vay ers Ser. et STO AGH BID, CASH GI. GUSTO
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UTOPRAH SRTASTATA sire -

Ht) qeat-at staxWt
scx

UTS APTASISA HAHAT
0 - aa ars.

yeaoie TEome?

eafawrarea.
leat TEHe?

3 - Oop amir Bet arches HATesMATa ATA.

APT ¥ - Suga aftr aef--gedt stare TOA.
gap rereAVIA aTPactMATeaaie?

QTE STAR,

NTHTENT + ART

ArT &
- Gedhar Sep.

pearareff}?

TT

TT G

BleaSRM Baratwiensat (Pocketmirror projector)

2. Areaarta starr seamfrareswarewie Prosar

(Very Large Focal Length-VLFL- Convex Lens)

3. Ratatat arent quretwitar frat (Telescope)

afta arfect tact fest sre.



UrT 9 - aeford:
0.0 armedaloo wes arg ear CHER VOR Tas Ves wre. foe

AT, SATHTSSORT Saige ERT, are ereFee?
OTST,waarwear TSH,

0.2 ae sort ured ore Star waar a. coreeet afieatas
3ETGa EM.

Aen. L/1, ¢Joo wa (ae Great
UPTATTt 440 skis).

0.3 ferret cane 'I' aftr stax 'L' adh frat

aeweerAlea fear.
SEMelas

SAATSTENT
strep frais

q.8 areca ore es area, are anit sine seat sada. Wg8
e ts 990 AUNTWels. SrSkaNaaSAASA TAA
WaitaraaresarealSa TOMARGrete
adoreanteswateattaferPraga cara Aten

COM Selon APT, SA 990 TATWAU BesBI?

Sun

ly Pinhole
(Fig.4)

Sun's image screen
L/I=S/D=110
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faapale - ¥ (Fig 4) 178 aresVataHatGarewafer sre
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Peeves sDayaaane one sift S 8 sia ae. "SUA
S/D @ TNR ane siftaparas ToT are ales ATT 000
SS. UTAMTFARIA SAIS Slay.

&aire adaGlow fated age -
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(qa-geetsr) / Gara cant = 110

9.6 arch odio Feast ATCT Ve Ha
BAe :

gedi-aet stag = 900 x Gara ang
0.19 sien feetAlar are, 8 Alors HtHeWa Years HH!

VARIA STU ca ATS Stele.

- spanHondoTarewrarfes :

cael fet ates -4 (Fig 5) Ver. areaUISTYaar Year Hroo#4r

fea ae. ana aeftProaerdtartwatara ye
GRO
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Sl ANSTS are. UR STAM oss VTA SICA SRA, AR 'D'
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SISA SMe

2.5, rrr
larvae feI,GIPROPS SHRMGem aera Taoore

sept, staresHATA ATH TSU
Gral aftSoe Vater Sar aches.

'D/V' STOR SORTSRTTRS TAS, TAPATSTSova VenAPT aRITAT
are, caren fara fea aftrdear Progrer sre.

3 - :
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woureadat oopareaorale fest sigan aayarc & sarge ASTUTE
aretd.

3.2 -0057 CX, aoe are - praTH os. AB soc sree tor
Unies VET. A, B aor Stoor GeesWet sot arf Z XNM AYST.

TeUMeR featGort oopAad Aha HTT HATS St aosGAT
araret SRA.

3.8 Yedt eae 2y area ve Tefen aed. ara ef eaq:atact
28 3§0 Sart fired. gedt fleet ef 28

3&0 Bett freq aire SF SISA Tod. SoG VET TRAST
04 sat fear feel. GR 3 ara (sree dos treat
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Fig7 1.414

A
0.414

Eye Venus is really Venus appears this
this big big against the Sun

Tex aeroHan se. Z VES (Z ore
alae pares fora arrayare afeearean Stach are.

VES ofGreat feaHATS sto. Tt war sagas ANSete,
8.3 AAT ASV.E, ara fear aera,

a fast ZSV,E , art 20° STs. BRTVE , er eafefar are.

aaa, ZSE = 84° dar SGU

V,S/E,S 1/sqrt(2) = 1/1.414

8.8 are arate' ¢ 5a 2ooy tah a, gw anit ged alee var aR

HRV Aet. -Soy
= V,S/E,S = 1/1.414

8.4 agp anit geet vena eeeMat done anda aftr

Stat are - ¢ we =e urer. yedl-ga @ stae ae Proaed ante ax,
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HaraAIT St ATs He.

8g ore ef after yedt-agt onftr gedt-ge a siaxra qlee
0.808. 0.898 ae ase, are foc 3.8 ae.

ferredBGSaaatUTS.
B.¢ SUT 9.& AA WH Ua Ase Set:

yeaa = 9490 x Qatar cara

& aren ort BSS :

sick = 990 « 992 x Gara

Wars SAR ectALS. GUYsaAT AAA PAT?

SER aTaT OTIS. spclawA TET

(9 © care arfitcd qepmierrar care feat "D/ Vv Ot YUNARTesT

ana Atsret, Ht atte Ga Feats fect UT

PT 4 - STIR :

4.0 STIL SAT FH HH SHATTA STA STENT. Smear

Uh AUTASAT VABS :

HER -190 x 992 x A

WATS SARSct AFH. TOT YoTACAAAYAHAT?

4.2 OT Weare Kewanee soar arse fers aOR aratet safer a
GHP BT VP TEHACIA, IeoraT

CERT

gale EE ore. ect actwe
ard ar ci? ar
UEFEU, HAGTGROATATSTSOTAaArosSOTA tvEAT SATqATT

G3 trae ate Pau] genres, Hl Strat Ted storUREaaa. AT.

Sra Arora, SHaioWS Teco feret UT

ATOR

OATES Foren

Tela STORGAM Sled, AA Teta
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TSM Gal WMATA Tea Vy Neal SAR Fors Kaa: steel sraciier.

TEA FRG Fo TaranHat sre.
T 4.8 Sa SA BG ae. IH aftr gedtenr snare GAM AMeas STU
I sree ATGrepay

yedt-ygt saz = 000 x 002 x Se aa

yedt-aai see = 000 x 992 x Jedhar are
4.& Ue STATSTAA CART STS.

MPT & - Gedrar see wast?

y Tae
0 STOTT TARGA Vet ATGMeal. carer

TT. at, arrangewareSa SANG fearSr ara Aa Getowary

TT ont gedrdtRoe send are. (arara wartof fooaarae qafeareat

&.3 BofeagedlGatSagarciaafarcallaSAWer, TraFaUrs SAT
HAT Bat.)

iT Cele, tarsalBakearHAch doo Aearaet sare.

aca figWoT Giger car atoll at Stet aR Geet fear arses

&.4 sacar fagr factdort ten Alearr. TeoreyAA
1. Pare feaeton Garearar aor sirftr Graven f&oto Bahearar ator archer
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TRO ATat).

&.& gral rtd cred Saxes
TTdoaGren SalehUse ore. Fa yea setae slay. GAT,

Ge H Veta oF area aftr x gaa sierra Uregrep BHrETa. Yeett
Nes oe, ort Tela acura & fafeornfad siae (fered arent Waste
Freel aftr fort eat srecronTTT feta) tearare SreeBe.
X=(sqrt)(2xHxR), SYRgett are.

Mahe TET.

SAS, TAG oe.

2 + Ro = (R+H)
= R+2RH +H

2RH +H'x 2

We can neglect H, which is
-small compared to 2RH

Therefore X= 2RH

Or X =,/2RH

2

= R?+2RH +H?
X? = 2RH+H2

aide 2RH Geta H? at frawuat are. FeO
= 2RH

X = (sqrt)(2RH)

X? + R? = (R+H)?



g.0 taattadt gedt av arava wefeon axe. ara aefat 3&0 steel

oesUaeHtPUP 3&0 OY Qe TATAe, BASTRAE

aaa 30 Vaarsht ot yoreda yediearWheres x AT Serie SRAM.

&.¢ DUraerearafr asa 2 BNI ArSc ad:

gedtar /X = 24 * 3600/30 (varara dae = 3600)

ORESWERTae achat AG. ATCA Tsay

21R/X=2800
X? = (2 TT R)?/(2880)?

g.3 Wg §.§
X? 2HR

oe / X = 2880

2HR = (2 IT R)?/(2880)?
2H=(211/2880"?R

aticCarat saeaen yedieanART Ya AisaAgs -
-R=2880? H/2

Go ales 2880 ftPea 24AAT 30 Vaart Brestae.

seo:
R=[((24x60x60)/T)?]x[H/(2IP)]

§.99 8ea fact Gatesafer, 2 cates stores ores.
steps.

Soot "T'
ORG saa, a ales

WA Fadia
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UPT © - SARA Sat sie Aree :
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FHT TROWeST XN a1 45°

CIS Ba. ste sie HY 8AF as. (84
84 - So Saray Fant) erateRt area. TIM P Ato. eta H Tt fra,

fee3rrfer ABPTATA STS ANATHAANDpHIST

ASATGUCAPT SRA S StAMSAUISTWelt
WISHF SATMIS Be. 4.4 43 BTS Gs eld -

afar = Joo x 992 x YodaAy

reaWaail Pars Vo VERT STITT se. yedt-Bl S slaw srg Laat:

VAT Se. SS Wood Woh SOIoT ssrA SIUMHHA
000 2 APIS, care fer aro are}Ward Sax sea

aPais, ruemwa RaRewer, fleg erageoer
wartdef onacar angen arctan'.

goreafter ce, fasrrraarg

GA)?
H ATS

wart
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TAR Heres?

ara saferGaray SMUT ATS,Be. UT

ATR HostGal, BtSIERO facta sade.
AMSAT Pala HAGA ARI Bre. wear AaawR sre. St

WH SAA. ATS Bhar spars Hat sierat yawatewt -
VEAP TARRAT Ae, STA SatherVienFeat SBras FearsGe,

aed.

Gert Saha SPIT SISTA ART A SIART RIGA, SATESCT

e BlET BRA -PocketMirror Projector
alga chsesiate teenaria aterere afedss fet -VLFL Convex
Lens

e qrafsiar -Telescope

ARMKITT aaa gEY YewreATSHUTATT SIT SW TAHT.

2.9) Bret SARAATS
( Pocket Mirror Projector )

SCTGU SATAATLA STA Surfeltwer Prosarac.

erst arreft TANT aerdt Arter. art Gare

RET FOR Gr BROT ATMST SATA.

sft CAAA GAR Alex Alene slot
sift var Sar. OT Wart Aart

VIPAaaGor SeyTST. Arahatwetaaa stent aren oer

arta ae Safe ofern ear ager. oeHa aR toaGlare Ye
saaratAPIA.

ereft srrforaKaSTR FAT :

Ua AlarGta EAT. Sh. cal. Valera ©sca. UTA SATA Vent



WS HME faHmca, etwe Qvaray Tsar. a UsSareay sharler
UST GSI ster Sich orc. ag ant goorecn

edt, Greer depre BaratRG SeaGTO. SAT AEAFit ANSMTOR
GR. Sell SABA TI y

~ ZIRE

etSHRGti7 SIA 30 Alex STARGST ARASH SRAM TAT
Parenica ear. 30 Vatoratwea, Taewear fade.
SA STISAMAASTAlSTASTFRE ATA HART eee,

2S Sir.

Tel. STWPa siftare Tesch staggerT are.

Set EAT. TATA Ves MaOSA CATT STEART. GR

Sem fermen. arenGrease Stet ve
FRR THOTTSWOT, WATEBISA StNot aX Fee Saut
3176i

TT WANT ¢ UT Qooy vollder aeGA 30 SH aarareanwinfesaw
0 Stcarat gorewieneRe

STE SPAT

VSFora

CUA SaoGat 8HT esetTET Sera
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(Very Large Focal Length Convex Lens)
afeds fridaation tears a arefareft (clea) BT STARUy

oe. wd, ire aria SA WT sls, ae
pier Prod. dt freer streprerdanaxa arggtend (foreleARI
PROUTGATT STRAT TASH SRTCATS Bara UTfees sea).
wifes 9/2 sera att ard aeear, sreeGOTart
Ua se :

cara / (2 WF)=(1/2 degree) / (360 degrees)

Gara 'F'éParaaria sex aire. 8 Seieexna ania, aeeneEgear

CARAT GAATAWAT ae fetes -

uniter core (Sate) = (11/360) x ster

oR samy € Alexala Staxafr 4o St. frdas, ax
ara freer Atal Tee Sales sede Art Aettawaa fee

AMAM Sle. se auld sed PUTTER GR

are Float arta steered ated Pin ats Prades? gare
aria PrtGIST SAA. We,
+0,340 separ. Para arta ser v Alex

SIS DA
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SoaSAAR set qrafsian grat act sag grepar.

(Objective) & Par 0 Alex arta sara sfeds Art araer.
Stouts (Eyepiece) VAR 4 a At. arta sierra

9 Alex) ais sidGat aregs Aabt
Sete are. awet ate asta VHT arckt urfest. atest arAor

Ted West. Ae seenPatna FtPt sagaRath
FORT GRO BT GATT.

san fasremterten axlesattPreeatte TURRET
ast, ax

20 (9 Alex / 4 Sat.)
oradia, ae sien wie eae aftr wala Proce. car arta
TRATTTCASURAT STANSRA. SAAroargaloreSart

STOBeer readMtepeit.

Tél. aft aedanaReais caerc
ees erect, cectace, aft
waitin' coaee onda amearentdae qo,c00me

WerteAre. THHous
Med. APTS

TET ale. Wg
sar. theca arrest shaded
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nfra 0 fast frendareca& tert 'Aaah 9834 OF ERT
ane. GRAS, ea ASAINeH sewafeeagel tenfraswootsilt Staritrepefeca
go eld. 'AT AH TSO St GRAM aire.

q: apie
3Gla fheee HearsayGeaAGA ate. caret sitecnetSAT 4

aeware 40,000 TEMHat ate.
fhocedhRiva oad ) sieht aire.4

SJoo tan aedhoaxaie airqr alafachta, ae caratweet fer

Lfescar SacteeT

3.40 VU HAS. Sse 90,000 ax fora
2.40 wad

(1 m focal length objective and 3 cm focal length eyepiece)

8Peaoe qrafefan sac Aga.

-=-((%. 100 ert)

2 (%. JooWert)

Very Large Focal Length Convex Lens

75 mm diameter, 4 m focal length

APTAWar

aarti,
fxaarse, urgesarc war, 4exa, shade,
ara, ara. Et. ICA, La, FHeAyAR,

a -(022)24603 204, Hr - ©20-QY48y YORY,

R4YGSAGRC BOFRERS
gta: vivekem@vsnlcom §

4a: atulgita@vsnl.com
: www.navnirmiti.org, www.sunderstanding.net
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