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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 is an 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. Thisis a political task- whichis why
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 those who are working
towards mass 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 from most parts of
the world. The entire transit will be visible from India. Occurring after 121
years, there is nobody alive today who has witnessed 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 Earth was something that Newton and Galileo 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
which was about40% 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 this mass scientific experiment is outlined
inaform that can be used by any school teacher or high school student.
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Measuring the Universe with a String and a Stone.

In the third century BC a Greek scientist Eratosthenes first measured 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 a man named Anaxagorus, who was trying something else, something
bigger, something far more ambitious.

Anaxagorus lived at a time when the Greeks were beginning to systematize
geometry. As everybody knows, geometry arose from measuring 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 of banishment for standing by 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 to a different question - the question answered by Eratosthenes
two hundred yearslater - "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 best minds. Even the great Galileo and Newton 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 of breakthroughs 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 of human history 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, we will have to observe the
Sun on a very special day : the 8th of June 2004. On that day will occur the
extremely rare Transit of Venus.

Between now and June 8, 2004 we will have to do a few more simple
experiments. To do these great experiments in science we will 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 can make one with a string and a stone.

“Simplicity is the Essence of Generality”

-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 B we
use the TOV to measure the distance of the Sun from Earth. And we will have to
learn alittle mathematics as follows:

7.

Whatis anangle?
How can we measure angles with a string and stone?

Whatis a ratio of two numbers?

The sum of the angles of a triangle is always the same.
Similar triangles and their properties.

How to deal with 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 it is.
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SUN IN YOUR HANDS.

HOW TO 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 before we can comfortably observe it. We can build a high power solar
observatory which will give us images of the Sun with only a pocket mirror.
With some or all of the materials in the following list you can make your own
Solar observatory to image the Sun and observe the Transit of Venus. .

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.l. 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 from where 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
and mirror. The ball provides a sensitive but steady mount. As in any good
telescope the mount is as important as the optics. The optics is provided by
the pocket mirror, If you don't have a hollow plastic ball, a watermelon can
also provide a good mount.

{: o -

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

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

A cylindrical ring forms the base for the ball and mirror. 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 plate1.)

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

Believe it or not, but with this simple projector you can actually see sunspots
on the sun. There are two ways to improve the resolution of the image. The
firstis to adjust the distance between the projector and the screen till you get
the sharpestimage 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 a powerful telescope with which
one can get sunimages as large as one wishes, limited only by the size of your
dark room. For very large image ( one meter diameter, and even larger ) You
will have to also increase the size of the mirror aperture. Use trial and error
for bestresults.

For best results use trial and error, which always works better than theory.
Practice now during April and May and you will be ready for the 8" of June,
2004.
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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 of lens /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 gives a
large image of the sun more than 9 cm in diameter.

gl U

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 shade with 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 plate4.)

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 the Navnirmiti centres in Mumbai and Pune.

ooooOOOOOoooo
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Sun in your hands

A.3. Imaging the Sun with telescope.

You can make a simple telescope with which to project Sun' image. Though
it is possible to look directly at the Sun through the telescope with a proper
filter, we do not recommend this method as most common filters are not
safe, and a telescope concentrates light making eye damage more 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. You will 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 easily made in the shape
of triangular prisms out of mount board as is shown in the photographs.

T ™~
O

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.
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MEASURING THE UNIVERSE
WITH A STRING AND A STONE.

TRANSIT OF VENUS EXPERIMENT




Measuring the Universe
B.1. What we can measure with a string and a stone.
1. Wecan measure lengths.

2. We can measure angles.
3. We can measure Time.

B.1.1. We can measure lengths.
Use a 1 metre length of string as your measuring instrument. You can divide

itinto one hundred equal parts and use it to measure length in centimetres.

B.1.2. We can measure angles.

Fig. 1. K
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Plate 1. The Ball and Mirror Solar Projector




Plates 2 & 3. Adjusting the solar projector on its mount. 30 metres
away on a white screen in a dark room, a large image of the Sun is
obtained . Here sun spots are clearly visible.




i dh

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 the middle. Hang the string from the notch so that the two stones
dangle oneither side of the card. This is your angle-dangle metre.

Atthenotch, draw the perpendicular NM (Fig. 1.)
To measure 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

areallin astraight 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.

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.

=
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Measuring the Universe

B.2. The Sun card

B.2.1.

Take a card the size of a post card. Punch a small hole near the centre of the
card witha 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
castsashadow 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.

B22.
Observe what happens to the images as you increase or decrease the
distance between the card and the screen (ground).

a. Asthedistanceincreases or decreases, the sizes of the circular ima ges
increase and decrease.

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

size.

¢.  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 Lby I. You
will geta number which 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. It will always be approximately 110. Look at the shade of a tall tree.

Within this shade you will see circles of light. Measure the diameter of the y
largest circle, divide this number by the height of the tree. You will get an

answer of approximately 110. Why is L/ always 110?
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Measuring the Universe

Fig. 4.
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L/I=S/D = 110

In a pinhole camera the ratio L/l is 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 samei.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? We will 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?’. Hereishow you candoityourself.

oooOOOOOOOooo
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Measuring the Universe

B.3. TOV image.

B.3.1.

In part A we learned different ways of imaging the Sun. If we image the Sun
onthe day of Venus 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' of Venus in the image.

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

B.3.5.

But we must 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). How much 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 Venus_as 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. But what is the diameter of Venus ? Before we
come to this question, let us understand a little better the subject matter of
point B.3.7 above.

B.3.9.
Note also that we now have a simple formula for the Sun's distance:

Sun's distance = 110 x Sun's diameter = 110 x 112 x Venus’ diameter.

ooOOOOQQOOOoo
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Measuring the Universe

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 of March.
Venus reached maximum height towards the end of March 2004.

B.4.2.
We can measure the angle directly with our angle-dangle metre. It turns out
to be approximately 45 degrees, towards the end of March 2004.

B.4.3.

Another way to measure the angle is to measure 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 to move
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 of 1:1.414 (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 triangles we calculate that Venus appears to be magnified by a factor
0f1.414/0.414, whichis 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
e
End March 2004 - » E,
Eig 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.
Venus moves in a circle around the Sun - the inner circle.

B.5.2.
Earth also movesin a circle around the Sun - the outer circle.
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Measuring the Universe

B.5.3.
The angle VES is what we observe. It is the angle made by Venus above the
horizon as the Sunsets. (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
circleis perpendicular to the tangent.

B.5.5.
Since for Venus this maximum angle is approximately 45°,
V.S/ES =1/sqrt(2) =1/1.414 .. Why?

B.5.6.
V.S/ES=V,S/ES .. 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/E,V,=1.414/0.414=34

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)
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Measuring the Universe

B.6. How big is Venus?

B.6.1.
We had arrived at the formula:
Distance of the Sun = 110 x 112 x 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 for measuring 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. What we will get in that case is only a very rough idea of how far
the Sun is from us. However, the assumption we have made is luckily pretty
good. Venus is as big as the Earth within a margin of less than 10 percent!
Had Jeremiah Horrocks made this assumption he would have gone down in
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, if Venus is as big as the Earth, to get the diameter of Venus, we must 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.

oooOOO O OOOooo
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Measuring the Universe

B.7.How bigis 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 beach with a tall
building, or a high cliff, nearby. Do the following experiment with the help
of a 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 the moment when she sees the Sun dipping below
the sea horizon. You measure the time between this moment and the
moment when you see the Sun dipping below the horizon. You can measure
the time with a stop watch, or with your 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=Y 2x HxR, where R is theradius 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 a minute is 2880.

B.7.8.
This is also the ratio of the circumference of the Earth to X.
(2xpixR)/X= (24x60)/(¥2) = 2880.
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Measuring the Universe

B.7.9.
From this we deduce that
X=(2xpixR)/2880
Therefore, X2= (4 x pi2x R?)/(2880) 2 =2HR
Therefore, R = (2880) 2x H) /2 pi?

B.7.10.

This gives us the radius of the Earth in terms of the height of the building. All
that we have to do now is to measure the height of the building. How do you
measure the height of a building with a string and a stone ?

Fig. 8.

(R+H)’

>
+
A

1

R’+2RH + H’

x?= 2RH + H’

We can neglect H?, which is

small compared to 2RH

2
Therefore X = 2RH
Or X = 2RH

B.7.11.

Inthe above we assumed that the time difference was one half minute. In the
actual measurement, lets say that it is T seconds. By the same kind of
argumentasin B.7.9 above, we get

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

ooooOOOOOoooo
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Measuring the Universe
B.8. How high is the building?

Of course this is the easy part. We can measure the height of the building
with a string or we can measure angles and use similar triangles. You walk a
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 building when 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 can make 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 TOV with a solar filter.
Venus will appear large enough to be seen
without magnification.

Enjoy the rare spectacle !
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SIFMEl gFh

TR (Copy Right) & HaedsT SRR HiedTal 8id 3iTe. GITBIeT
HieqaAae! N 3megfe AETeIas v 9 FHequard AFf &8 Pl
ST, TSTER SHIER HIeih! 8 AR JTa I3 R, AT Teh
JIRER &} ST, §T e 8% ahard i TRER AhT v e
QT STHTOITER ST ATUM0F & e Qe el QRIa URURT Jifdeied! 31Te.
MYUMER AT ReAT I AeH T T SUGR S ATDRUITE

RO} T ARAKIA T IRORT ATed. AgP N1 Thered & AT oS
ROV U 377Rd.

FataT qurgargul 19 @ 8 39 ERIERd el 819 Add. o aadrd
SARARIE, TR IredT JIId AR B, e &R, faqereven e
TR, & AN P AR, FEUHY RASTIRIREAT goadien Uee, Bidl
e JRIRET A9 HLAIRIA 3ifeld ITgar IR ATE. HRU & PRI
TEUN STHIORET AhaRIa gD wUS 3Me. ‘Hafdrdt s’ &1 AR
B P PRUTIIYS SThelel § 3ME 3B,

TEUT TRl Pt P AR 3N SHRAT W d g e Gxa).
AT U AR 78U 8 IRddT JIIRuTAT, JrumaT qair el 3
ATaTE Ral dHY AT YR IR ST TR @1, [eR0r @R, @it
T, GERI, AT UG R T Tt ATl 1, oG —H1§0 febar piorerer
R T ol AR<auRd dldiadd argraar. gRae! edeltd, dasm
T JETeT 3T BT AT YRRTehd 8ah G Jdeiel A, ot Aafvrdt et

- SI. fad® Hic



IeT fea ATY 1 18 - SR !
1. fads Al

dpaTse fifeeT, o, 3. & ATICHAR, J98 - goo ol

g1 929 A 7 TSelel A1 ¢ T 00 ST ATHIAT TSUR 3R, I7 Raefht
a1 geprd STfAIHHTT BN TR,

qEpTe AR TEUS BI?

et 92— Tl iRed e SIS & e Breey. GIe0TTel TS 1O et e
TG AR ST RIa Ty G ietases 9 &1 T8 R ST U 3778,

ST &1 Tl B8cieta ATel. & JMarefi ATee SrITedT Jsnesell TRT foRiviR 3.
Hof ARATIH O HHIS! 0 o GURT @ 3R Yuides UTae AUTR 3778,

frsTrTean SfereTTa ST AT TeAT WM e 31e. aTgdT SieeT 3T SifermHuT
€ 9 TS TS BId, eaT gt 3nfdr G aieardiss 3icR F=araer rgad- AT
SRICT ST BYelT. & 3icR T80l Ges AT 16 Heware U (IR HITaes Ife AU)
3R, e e AT T Hehodia a1 WS Tandhrdlt Sufta e et
STToTa Bielt. RIe M7 Aosfesant a1 HE™ dsMBHIaE!S & 3R HTeld Head.

AfIeHHOT rosTet gt - SFeRTE AT AT IS5 AN < ¥ HRITG AT Gegeirat
T TSHE 8o TiT TeT MEGETe ot BIeh. AT UGl el i1 dbrel PreabiR AT frae
HI9 FROATE AN AR I 3aES Metiarar (Spherical trigonometrical
calculations) TR FRUITE FIIS Bidl. AT NSS! 81 Tgal araee g -t
G TSo I ATa.

T TEIe aTRe TR A & SR AToara JRINT STTe siad e feneafradie aar

JugTIDRT YT BT, SRS {0 T SaT ¢ I Uit BIUTR SfRIhHUT UTg AhUTR
3T, & VAN ST Dicarad Aot e B i,




&1 TANT AT TETUIER Qe femef= ol evell Ao, ITell AT TNe IRNT
IR ATt a1 gRTehd de ATe.

S T SR ey |Tg A

VeI (Eratosthenes) a1 fid deT+a™ 3. 9. 4. RRF=AT 2cepra T gedtan
TP HoTeT. fsiTerean Wuuf SferTceaT Safd Tew@rer Sal FarTide 81 Wb JarT.
frery TEUS T ATIARITS) ST ATRS e Tad I T e Fead!, TRt e
200 g aet FFFRAIRIS (Anaxagorus) Yo qToRef! Blcll, TR ITeT HeATE
IR OIS,

S AT e ST ST & WA AT AR 3MTed. S Hler Sraaele e
et Yfircirean Rigiard 2 v Sauard ST Yad sl deal SaarRe a1
TSNS SIaTe YfAcit 3N ESLTSTAT Ul aTiR e (9% HISTodTe! Hele
eI 3T, IT Fe=d! afeett TRRT =8 T yedt—J SfaR T [ 3MdR
Aot g, el 3R AR Yoo frarier anfdr Tafar @ AR €o
fepeareieR 3reft ST T fwTast. v Aiedt T foTw Sed ATeEs T guf
QT BIH. & 37aTl SFTIUI HISUaTH Sfesgh BIvaTgaent AIS! e AT Aol BHTe.
T Ve eI ghia ald 0T < 78T ‘G HUTE 318’ . UK T Hed=T T,
TR I eI gt BT Histe aldl. Thad = 3Tl reaTal e ‘g
3MHR hagl’ I FHTE IR i1 TS el

SRIGH e &t SHaAIIRG Tt Feaa € Yoo fharfiex & STr yedt—w aiar 71,
TR <t gefiht o ame.

o foreht gR ammg?

TETITEe SHARIRTIRG TTaT HEwnal T8 SRR e, 3T} 3evredT aemazid &
T ST USHII Ifed. Tosfesail ST RIS TR & g Seheses Heael, SieTerd IR
e AT AT HTfhd 16 Yoo ard g, I Aot IRIr=ar 990 U
JERTER 318, B HIfhd ool T TSNS e Heward faT ahasd Ihese
g,



U gaoradt

teh T et ot farsTTer R erepet ATeY. ‘Treger awvi” &1 farsTe Rrebuarer e A1f
318, RIS TRANT IR ST, <1 MgeedT MET 7o B} =R 3R,
forstrTean sfeRiTce & 581 e AT SMed T S SRNT aRugTe vt
R00Y § I¥ IMUeATST <. IS garer M AT Sedies G@TaT ST Jeite wa:
TR ] oo TN o1 et S et e -

9. YT AHR HaeT e ?
R. AT STHR Faar AR ?
3. g fanelt 5% amme?

AT TS TATE SR ANGUITS TRATeT UfH feb=aTeR SiTa1 g ieare fipar
o e eaTe AER) 35T UTER 31T, SoR & HEeT SRS SMueTaT
¢ ST 008 RISl BT 1HHUT oI AT ST gehrer Frdterr are o,
theh ‘TRITATGS TGV FOSTET TSRS MMy sreamegfves wver far Suawor
T, TG TR VS HICT IS0 TS, Tl A7 !

LT 2008 G IATATST DBTET FANT SO MOTeT=aT Yeftes TRTe Sotesutt A1 oot
I BIIOTR 372 -

I TEUIS DI ? T BT TSR ?

S T ONRR R PITE ?
Prepromrean i siTet s foch srer?
FHRY FenroT 31T i Jurer.
ITTeed Ha™

TRIITIRET Rigia.

G M £ x w N o

I, IS AN Ies () TTeft SR STt 37efeh HTG epT STTIUT fI&TeT SATehRTET
ERITS] BT HIBUIR MR, 4T 391, Il 31uv ek 77 3117 SR aToROIR
3mEa! '




e 3T S aTUR B HioTT 95 ¢
9. SN B
2. T A0TSR PIHTID ATIReH DI
3. TS AT SN B AR .

q. S 7oA :
Tep Hiex i S & B ASvarE e 8 . T FHM d00 HRT

R. B ATYATATS! ST ST SR Pl -

o TR Ua Hiex Bidtear IR S i Tad SIS S,

o RE TS - 9 (Fig 1) 7 SRIRCTTIHATY! Teb STITDR 7 ATDHUIRT 97T ST
1. ST T ST A8l TEATER U T TS,

o N I GiedT fIgURET NM 3111 &9 Pial.

o AR DT TS TTSH! SR} Hedbdl. AT 6 TIR, YS! PITHTID !

o TR SRS RfeeT fihar smamencies arr i Sffeft bose B
ATITEIS! 8 ATE AToReT A5, Yo A 81 fig Srasiaes gv 3fr

B
Fig1 A =




TRATHS T8, JAedT ToIedT SRISR R e AB & a1 A 3791 ey
98T &1, o &, Q (Fig 2) THTOY AR, A, B 37101 SiebT 1 et 8
3T TTfR.

o 3T ERIBT THSHT TS NX I SEeT Brea = axom= W I3,
TRT-3MYU-SH I TS £ XNM & DI AT, Bl 379 B 31e.

3. TS 0T SRVTT Beh AT BTG

Teh HIeR BTe1ed] SRIGT U ST Siel. & ST NIST Se, TeT SiTehl &, STl
U1 SlepTehg ST ST STTUTTEST SRV e STl RIS 318, RIS
QT 3 0 FFIT ARTUNRT b TSI, TR TepT ST I BT, IR I T e,
T Aehe TRIG, AHUR & 3Tl Sehre Tedre = b — 3 (Fig 3) AR SRITH
3Te.
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7 gfRTHET SRTEST ATSEATO! 3ATe -

1) ged—4f 3icR 37 AT :
et e SR FIGUITS! ST A TR 1! 3Te. WIS
AT AT YT P FRITY 3.

T 9 -

TR

HEL 3~

H s =

T 4

HT O ~

o @,
G-y} 3 G ST fabdl] 9e HE?

e Tt e Gafd BRI
GaT 2T e ST 35 92 3Te 7

915 31 g ATt AT I A,
afor

- e 3O G — gt feie Ui,
G5 GG T e} 70T [eeiel HIE?

ST STTHR.
3T9eT Telician : GEpTaT ST JedigaiaId.

Qe DR,
gezfiey 27 [ 2 SR T SF1wT BTl G

7) 9 - vreST Bl TR IS ?
9. BT 3R gt uferT fiesar (Pocket mirror projector)
2. it SiRT e R AR e SR Rt
(Very Large Focal Length-VLFL- Convex Lens)
3. Rl o Gt ufemr frsger (Telescope)

it iR ARt gidrea dach et oTe.



W 9 - GIoTs

9.9 URCHIST SBRIE PURIET T B BT, TR YR Go @b BIE, oo
T, AT SRR A& AIS Heb greT. AR BT 92e5, 9 SRR
& 1S DI &1, 3T IS SR SRl FeNeR &=, 7 ey Feei
TR G SN MR i s,

9.2 PIE AU T I SR FaeefE . e el
Rl TiaegaT e .

9.3 TIBIHR FIufHET @ ‘1’ 3N FISIRET 3R ‘L’ 92 fbar SR
AT, Qe TORR L /1, 900 =7 MUY 385 (IR HreaRan
HiTRIE @R d 990 3[D).

o JIHIE AR 7163, TR IR A e, @ Sifdfivas Je &)
R S8 g

o U IS FUIER Qral s TR ST R TRHT |0 Wora
BRI .

o S IR diacHEd 3% TR AR

9.8 BTl SR PIS TG IR, AT 37N 3R S Tedm. W &
~ TOIRR A1EHE 990 2T IR VeI, PrSieanasl! 99 e G
feum= RfafcmTe 710w Feel 89 UNR greTeT e, et Siftfar
feqor=T ad@TeR fufcmitet wafa At wferr fFrag feram =g Ao,
M STSTeT SHIST JRT. IR 9 90 T TSI TS P17

s Sun

Pinhole

(Fig.4)

Sun’s image screen
L/I=S/D=110




Rt e - ¢ (Fig 4) 98 fOeele aroe-t Maifia drosed! St ST 31re.
R Freprome ot @ee ST L/ 3or S/D & o FHI A B
eI U, 32 D &1 T T 31Te i S @ ged—d 3R 3HTe. T
S/D 2 TOIRR R 17R. 3fT I7 TRINTIER SMTavT 3R aNerss &1 990
3N, TTET A IHFANRE B! e,

& Tt T g fosfea A -

L/1=S/D=110
(g -geah oicR) / @R = 110

9.4 Trae yedit-f 3feR  TIfT STEA 990 0T 3.,

9.5 IPrSTAT YANTG &7l 3M3S JSie qeward G eIl Tep BefTd
CEIDERCIEE
geefl-f 3R = 990 x QI TN

9.0 3mrar i freh 7St 3112, § AT 6 e 9 Geoard D!
ST ATRISHHUT HTBICI5 TANTI SATI0T AT ST AISUIR SATE.

T ? - SIEFAYT FTeKie Jaitd SRR :

2.9 ITgdfe gerd STRAFHHU ¢ ¢ R TS 1S Bl AT T Teboides 433
S ST, SRANT T IR, & HASIIG HUTTS T Il Heosas! et
BT T, o FHid — 4 (Fig 5) UeT. el Uie=dT |aifeR Iehra el
fuept fexrer 3R, 3T Wi fdha i aveft firesaradt amht =t o g8
FRUTR 3MET.




2.2 [ ARIERAIS! AT IS e GaTE S ‘D' 91 vt ebroswiIgeeh Snfor
31 HINT.

2.3 TR, I BRTRATS b1 T V' g e Sroeiigde 3fr
3T AT,

.8 DSV A TR JUNRR 3 3 T TIUN IS5, JITaT AR LepredT
AT 33 UT 312 3 a6 arcal. T Ueh Heeard | e A& Sariel
&,

2.Y arfrepHur Bresret G AOT geaft Tea Hedr g A, aran aref gafien g
YT SR 15 TS, STeseT IR, e UET gt sl [,
&1 R YT T ATe. SR G ST I Yeprdr JFeRTER 39, TR ‘D' =
goma 'V’ ot fhea ot TRt Sl TRy a1 SRIRETT 31T JRid S
TR IRV SISHT 378

2.§ IR T 3N Gatea areciaedis Bl TaMeT O% Gar SRIT™ ATl
A M. TRE g1 T% TR A% NI, dafed Sacurd
mﬁmﬁmmméﬂm :
mwmmwwwaméﬂ

"D/ V'’ & TONRR GO o] TR UTfera, TITRATST SMTUREY Te HART e
31T, <araT R feRr=a anfr dtezn v e dhet 31Te.

W 3 — ¢ 3T AT 1S BT A9

‘D/V’ B ONR oI IRVIMAIST ¢ 7 it gefiarg g Jfor b Fea e

SHI0T BRI 3RS, & MEs Tfeor. el ufgdt urat weu g — geefiadte s -

355 &1 DT} TS foheTel AT 37Te.

9ep N7 geft & T et e — afusor swara. aRem, gt deufa

PHIE HIes A AN 1 U AT THenc 8T, ATTedTe b AT g

greaTclies BT qEERIT TEH HEH AU HRITE M. e 008 T4T A4 &1 DI
3.9 TR 2003 AR Ih AT DHTa! U ST FREuIR 3172, G SRrat
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STTURTeTd e s ST e ATciosieft fahet Sfermerm eI ehwall & STauT HIooTR
3Me.

3. TSR, IS &S — SR DIFHIIG I BIeT. AB STSTET SR BT
EPTDHS TET. I A, B 37T ST =5 I8 31077 AT £ XNM FIST,

3.3 I1 DY A9 HRUGTH AURHIE! T Ugd o, off v @ swera
AT fehct! Je5T1 Yo HTcil & AT, DI 1S ST & 46 TAR
1= AT 3R,

3.8 gl Tae:Hiad! 38 ARG U Heféon quf o, aren aref f wa: e
R TN 3§ o et e, gedt Tqa: it fhwa arveam @ 21
TR 3§ 0 I PR T8 3T NMISATHT STV, T80T T AR
94 3Tt I AT A, SR I RaITeier 3 AT (3 3 e
HISTRre 3fre) gieh Ao 3R, TR T — gedadics v — 316 & B 2
8Y ST B9, AR &1 Thed T A AT 37 a7,

URT 8 ~ [F -0 ST - gt sieie Ioie
1 DT ATIR o] QAL L& O gedt e afeie oM herT e, earara
& 78 I a1 s delcc ageTaR DA R, 3R STI0T TN e,
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Fig 7
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1.414
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B
L

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

P B IS 2. FBUN 3G — € (Fig 6) T8 SRIYITSHT cared
pared ATex JeaTedT URYHUITE @8l 3R, £ VES (£ Iep-gedi—) ar
DI PTG fhea SHTI0T AT Ff-aredT e} AiTa! 3.
g E | AR Piese! Tffe mrean oéier 9o el e, a9
VES I1 ST et 1o 3. off 84 ° TaT STRIIRT WRe &l
AT A S V,E, T feR .
1 I £ SV, E , It i Ro° 3T, HRUI V E ﬁw@mm
@R, £SE |V, = 84° A R S0 HefeT .
(mammammmm.wwmm
9@ TN IARW.) AT Dleh Bepwmear v, s e E S a1 A A
TR 8,

V,S/E,S = 1/sqrt(2) = 1/1.414 -
A TG ¢ S 008 A G, I N1 et Fear Tt AW
Xcfies ST SRaedT (ST S, V, MM E ) 3med. 3ifiigsHure Terear
ST ST SewoeT 3RTeT et e~ b gedt—f & 3ick seag
HIard BRI ATel. 78U

V,SIES=V,S/ES=1/1.414
rferpurEet I, b 31 gedft uamra R X AUIR 3mRe Ay
ep-gf anfor geeft—gf ar 3feRie TR 9 ¢ 9.9898 M.
UNg, TS TR JeI-Jd 37T geeft-gpen a1 3feRid ToIRR &4 311,
HTCT 3Tl — € P HAIC UTal. Jedt-9[eh & 3R o Hosarrg o:is @,
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et —3f AT SR Lop— & IR I DRId BRI, Ao HeoT

FeTd AU & 979 e

w.€ araT a1ef AfepHuT e gedi-J Smfd geddt-ge A1 SR UK
9.89% : 0.8 IR NS, T fbAa 3.8 3R,

8.l T AV ST e pwfrraT SR febdn ‘D / V' AT JUIRRTST
3.8 7 TUF & % 9he Tifet, AT D/ V' UIRRE 992 € g
fehA ITYS AR TTfE.

g.¢ 9 9.§ T U G TES Bl:

geeft-3f &icR = 990 x g1 AN
émwaﬁéa
gedlt -3 3fcR = 490 x 99 x LD AT
STEpTeN ST AT, Y IR gt ATt YRRy T feet SfeTe 3ime, a1
T8 SR BT IS5, TUT I[hTaIT ST HTa i1 ?

R 4 — STEhTET PR :

Y. 9 STIOT AT Tob T VISIITATET I SIS ST SATENel. el ETeit Sies
T 3T HEwTd g3 376 38 :
geefi-J TR = 990 x 99 x YehTAT ATH
S[EPTelT ST FIToST, St a1 T3 dAToRo Yyt T faell STeRTeR 3ime am
TSTE SR BT A, TUT hraT ST AT o ?

4.2 ITVeATE SR AYUITATS! SMIU U Tew! fIem FHRuTR 3Meta JMfor o

TElcieh TRV AV TEK. g4 87 Vo eI I8 Siviel, JeTel
v eI} GeeieT STTVERT SiTe.
T8 & TENT ST e, AT el FEUIO T 3R, ! ST e
3T} &1 TEI ERe1? DIURATE! JeTTell Ao Fefter geai—f SR Aot
TS TRV, T 1 IRUTRATS! T < STTobel SHToT=T fermefea srarertel
3rE.

4,3 TR GEEY TehTd FEv], AbTes, I SIE! T JATHR AR -Tciioa]. A

R




S|

4 A4 =2 ™

e e L

3oy e e ey femenf+ waa: Siadar ar U e SRS, aid
TEETE] S8 HeTHET QI AT I oA T e .
QTR R e TEIhred] T5hesd S 318, YT &ld a1 &
TR NBHRICS PR 40 TTTITUET BT 3T,

4.8 I BH A G, L MO gedTal ATPR FHA FAAedr™ A0l

TGSt g STHIR A1, .
4.4 QR TaeT AR ST Jeias AT Foe AIRe! i
geefl-qd 3R = 990 x 99 x YEhE AT
T e & G 3 T800 |
geeft—qd 3R = 990 x 99 x yedTar &A™

Y.€ Hob Uy AISATITATS! 31T 3MUedTeT gedtan S dael AT 3. P

YT § — GeAIET ATHR T8 HadT?

§.9 7Y SRR T+ ATIRSS| Wl Aehrdl 10 ehell. IR T8 & |t
IEd IATHS IR,

§.? RGN URHGSIs DUl 9% [ T=ITeR HETsT Gaie TTersT 8
ST, Y, frraToTaes Tt 99 $RG fdhar SR 7 aifeet. o gl W
T gedTd Broar anargdt a1e. (3rTe v g e gatearean
JSIE v Aa.)

§.3 IRTgE! grel 99 SARG T TR qaRid SH el AT B @ret S+

€.8 TR WIel ST SrRIo@T g i T UTed 3T, R &l geifeiaran
dgcan fig TTvaRETS! STEd w1 &oft @ &1 @R e fobar R arore
JETCT Hohdl Ne. THY ciadrd TedTes fdhal ¥eradra o1 &t g et
IR, @ TR greTeT 9 iR T Tdte. BRun gret SateR

§.Y gafer daca fig faxtt Jor aroararett deim ard e o=, 2o fmramacean
e feaeter TaiedTaT &oT ST graTel fieten v & ardie
Jo¥dT IRe Jalell fAeTeT.
B Ao A AT ST HEAT I TBId €% 6, TEIST
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AT FETe HahaHaR 3o Hdhai ! U SedTd JMese 3T (Sedeld
TRINTIE Sff I HIGTes! ST et TORTTTS! aToRIg 318, & greTes! [Tt
TR ATEY).

Fe! R S Jefler 3RATe, e S 36 JraTal 9 ok ane.
TRUTSTY T Jebel] GredT STl Hee 3ne. B o Sefar S 8. T,
el H SR SW SMTEN 0T X Saer SieRTafd T et 31TeTd. gt
Mo 3R, 3 Te exea™ ¢ it oicR (2 anemer g
frec amfor forek 3 areTrast e fsgeY) savean Tfweh S drear A
X =(sqrt) (2xHxR), 39 R & gefi=ft iz arme.
TSRS T diahe TeT.

2

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

We can neglect Hf which is
small compared to 2RH

Therefore X2= 2RH
Or X = \2RH

X2+R* = (R+H)?
= R2+2RH + H?
X2 = 2RH+ H?
ITchie 2RH =1 o H2 9 e @u ot o1, =au
X2 = 2RH
fefrr
X = (sqrt)(2RH)



&.0

gC

&%

&.90

.29

< fiacht gedt 2 T Yab Mafaon yuf e, arer aref <t 3 € o ST
forRet fohar <earct -zt aREaeT MA@ Hos R A, SMTIeTelT JTed =T
3RT IRTS & M 3§ 0 SR IR g TRAT HIReH. T fper=ararod
nfor H a1 Seflase fRRAum=n i Jard 30 Wdhaial o 3le.
e 30 Hdereft o qoiR o gedfiea altETE X a1 SRt SRR,
TR e TR TG & T 3 HiedT I

geeflar aRer / X = 24 * 3600 /30 (TaT T Aehe = 3600)

-
geefiar ulkg / X = 2880
fefarr
2T1R/X=2800
X?=(211R)?/(2880)>
WY &.§ T
X2 =2HR
S

2HR = (2 T R) 2/ (2880) 2

2H=(211/2880)*R
T AT MUeaTen yediear Asde G 3 Fied 450 —

.R=2880 H/2I1*

e ATCIe 2880 &) TREAT 24 TRAAT 30 FHH! AT ! IATe.
SIEITeT AR ek ST SerTaer o=t Fafeiiea Jeie “T" feparar
TRP IS, TN RS T 3 8L
R=[((24x60x60)/T)2]x[H/(21?)]
2 3 TR 3T et el gt wifear, & Sfle Jiete e,
& I U BIFETS I SN T g TE AN, 9916,
TR THY A 15T SRS,
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&M T QY 3R, I7e] UahaT STS—aRrdl DI e, fafestar awer fag amfir AB
TR TR X SATOT. 3TfOT 7R AT SfT. fAfeSTIRIT 3ceh SR ST &t £ XNM & 45°
EIIRT &4, AT RfCSTURgTa e 3R P 3oy fafeem=h St H & w9 o110, (8Y
— 8Y — Qo 3fermaT i) BT SN e, <™ P Ao, & H = .

gedteT A TN FRUITS! SNIUIRT H1fee SITAUT STl JRARTIHT SHfdSe! 3TTe.
gefosrean AT gHUC SR 3R & &l e HiTerd JIeKd 3Te.

TS B IATAT HIS 378 4.4 TS IS G &ld —
A -gedt 3R = 900 x 99 x YT AN

AT FaTAT fS8me Ueh I8 31TIUT IHTSH 3MTe. Jeii—3d & iR S1myur Toeh:
AN 3. TSI 490 = RIS, 6 gafar @ el 3Rie I Ui SR 3aedn
fresTeTaa ST 3112, 313 ST 008 ISt BIUTAT YhTeAT ATAHAVTET SUAIT BT
YT TEETS TN TR T2 TR TR e 3T,

T B, Ucae axvan e e, ﬁeamvfrm
e AT} et ST MY SMeh e, & <ief) T o, N
T, IrE PIURT TN hete O STFRIAT TR PHedal.



) 3 TavTemesT et qUR HRIB?

AISTeaT TANTITSSTE SRTHR Slfefata anfor qr=ure 3rame T ofe. a1
TRINTITES TG SR J0TRT <Sifefepra oy =i &ffor srepreT i el eRugRATa!
< &1 AT Al STaesT IR 3T, T HHIemd! g SRR 318, &
cfreran it e gafe 3Tt SIeiHT AR 7 Bl BT BRI, T IAC]
U5 SR, AT ITaT 3N FRUTTATS! & 12 3 Tl g -
TRIMTSITGST TR T Ael. ST STt GUwferT fesqui 8 ITcle Hexard B
T 1 gt 37T,

) BIT 3=™T —Pocket Mirror Projector
® AT BB Al AT SR fgde 377 - VLFL Convex

Lens

o X<t — Telescope

N9 T TT TR Jral LehreT JHTShHUITE TR T B Al
9.9) BT RAT Ao qatar gfer T fresau

( Pocket Mirror Projector )

gt wfem fresauar € Fafa @t efd waw ggd 3. vt
el I SIS ATET AR So qutfe o e .

¢ ST SRANTRATSY 3Maeer ot aneft ) el efrler. aret gt
IR FRR SIUITHTS! HIT =07 T MY 3{TeT.

FoeTCaTaRe & et Sf1fdT RIRTAR AR 30 Hex A S et
a1eft e ST UTER AT, AT Hed ST ReaR; T, el A T,
(TosHoIeaTaRE o AT ARFHIRET ATt} ST SFTE I1 SRel. ) IR
SquaTET ST YR S 31Tet UTfRey. € Wielt IS oy 38RT el A
STEHReH SATd! ARG

et 37T T Sy 3reft e
U ST @i BT, Saeaidds . cal. w1 WiadTsddl. TATedT JATc Tehl
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STS[elT TTGNT BIIE fReheal. & Uil Huamen u<al. I ISear ISR
1oL ST 98T STS— S Fea Aot 31er Sefis arar. g2f ey greprean
TIfT e A9 oS! a1 Reedhian AN gise. TsamedT FHRIe STl SHe!
&Y, BRI AT T R 31T SR, 1 STSfeT Heguri 716 Mefidr

NP IR, ATl ST TIR | :
< ’

ST B ST T 3G 30 HieR SARTAR S7aTd EReledT AR 1
el ofcrT B, AR 3 0 Wit Tt e, T nifer e

ST ST & S Y ST BT RUR XaTeT =TeT 3T SifeT o gery.
R HATAT Chg STRTIT el ok TTES T PIT 30T ITES ST,
SRR DI febfICTE! aaeten TRY 3T U ST SRICATR WIHT 0 5%
ST, BT 98T AequaraTs! waemefier anfor fRR et smasgedr e,
PIUTCTET DI SMTOT R STER 3T AT

T Sl ReeadT AIST diet BT, T U A UTgH T aTed, KT, Hieh URel
fRreegs ST FeuTel aTes, aTeR ASUIR ATEY. STgedT Hid =T aiera) Jrar
IR A, AT SIS SIeTaR BICT IR e, ST IS el Wb
R THUIRT TS T, TETE GaIaR 8T MebT IaTd ok JARET FRR Jaui
30T ITfe e febfRieraT i aetv SI-etet |TerT A, gae el o}

TETET ST AT} B+ TeR 1] 3del axial & P algal.

1< JANT ¢ 9 003 ST AT TR GAR 30 Jft cgrrea qiufemdawes
9 et ATt genTedt wforT RaaT e,
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9.) A Seeidrd Hisar AT eRTe aftds R arave gEfuferr fresavi
(Very Large Focal Length Convex Lens)
gfedss e Igfemor Team o Ameflurelt (W) wmaeard, 81 ATaRoT
IHE e, TRy, e A1y 3R Wy IR 3RY®, oK A g} Aidt
mferT e, <t e saRmEn sia A 3Ry gad (fUele dr=am
U T TRV SSed ST 319U Ui 3ed).
e 9/ 2 3iemEr B o SR, GIUfrET JMHR AR Tfor
7 37 378
uferrar @t / (2 I F) = (1/2 degree) / (360 degrees)
A 'F' & P Al 3ieR 21me. & SR HeHie e 3R, o) gavfomean
TS G IvTeedT HUTd 3R fovie -
ufcrrar & ([.HA98) = (11/360) x i 3R ([ H#.79)
SR 3oy € Hiex i sieR anfdr yo 1 Y. e T gaa, o wfemn
MR RFTUET ATST 3. e el afeds T et iR fawor
Thaedrd, T TIS] Tl SRS, 3RT el Sulid diedd FMeR SR
AT Y3oaTea HETIRT q¥9del o) JIaaTedT AIaeiges qarel $E Hie T

TR

g

X
IRT Ao Aty SR e T B fAide ? Wouarn g
reft SR R Suesy SRIATd. UNg, Tre! Siaced] TsITedT Tl
+0.340 e i AT ag oS> arehall. AT e Aofiar 3reR @ Hiex
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q.3) Rafihe Emfemr :

GUufcmT BrvaT A 3eft grafifer gret oxt awig 2re. foredT Iéte
IATRATST (Objective) ® AR 9 Hex ity sferra afgdes 7 g,
Reffdrear Srearmeis YRS (Eyepiece) AR 4 1. 1. Al fermd
T Ry, 2 S RIS U (AR 9 HieR) Sid 37T gAv) 3TRgS AR
SES B, E BIC! AR B9 ARI ARpadT ! TTet. TRial a1 Fadi
TR T ST YTfesid, HATese arsen BAaiund & i sagy Bt
TeT TR AT A9 T,

3191 SRR faeneemdr aies a fRFmear amiig 2iaviear oiRIgEe!
fereht femes &mar 20 (9 Hex / 4 A . & Rt Firean ot
I3, TR AT SRENAhd UM T for Xdflg fesclis. @ eme
IR SPITATA! ST SR, ST PlBTcTaT SRa Al SUIT

T 39T ufemT fiesg, ardpet.

Ry guftmes HHid dTerE A18L. T4 degT gE HrEE
ggids UTETUgT] thald Igd @, &l fthecH Jie! SR od 3R
ATEY. 3MTOT BAIT €T i SISRABHHE U1 Uhace ST, ST Sl
T 81 hal. Iy, s SRaffaf¥amg dve grear Acdhie, e
ﬁmﬁwﬁﬁsﬁaﬁmvaﬁammﬁm 90,000 UdH

Ro




- =. = 4. 7 3

o O] RS A o R o

Tafafefe :

o1 & st frerome AT fAdhexor & Sfese ee ‘Fafffdl’ 9] Y UL & avd
3R, TRATSY, Tl FASTFIRIRINATS 3iiah ATfaraquf demfAies wesoft 3o Seifores e
39 TR BId. T %I’ TTeR ATV 81 HefT 377e.

FafaffdiTed a8ie TANTHTS! ARIIR Ydier Wy SUeey 31Te -

q : Fu
2 Aok e STicRRIsT [RaT FHHITHIY ST, Wi fifteda SRt 4
3G AT e i 90,000 T FH B,
fheex fha Tad! e 4 37t .

SR 900 V&I SR fheexa aTfe] I Alefidid, av e ! fhaa
3.40 T 3G, ATA! AN 90,000 heewH! 3N, TR b TAD!

.40 T IMS.
3. WA SRaRibaTSt e v (%5. 900 TRAHY)
( 1 m focal length objective and 3 cm focal length eyepiece)
& R aroee et gReRfier e a9
3. HIGade SidiE qrear Ay iR afgds (%. 900 TRAHY)

Very Large Focal Length Convex Lens

75 mm diameter, 4 m focal length

Ceasuk bR EIRCERERED)

STHHT Y=IT:

Tafiff, Taffit, gor

=P 32, @I WTEC AT, PR, Y& ¢ &, AFER US,
. 3. . FHCHAR, 7.3} 3. JhTR,
uqg, §98 800 01§ VST i, GO 899 030
B 7 —(023)461931Y, W F - 020-48Y %Y,
4] 8093§3%

£ : vivekem@vsnl.com £ : atulgita@vsnl.com

JEqTEe : www.navnirmiti.org, www.sunderstanding.net
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