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A technician works on the mirror assembly of a T/E;ﬁale model of the JWST. Image Courtesy NASA
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For now over two decades the HubldeaceTelescope has alloweastronomers all over the world
look deeper and farther outto space and timéhan any other observatory present on the ground.
Since its launch in 1990 on board the Space shuttle Discovery, the Hubble has revolutionized
understanding of the universe

The James Webb Space Telescope (JWST) will be a large infrared telescope witheter6.5
primary mirror. Launch is planned for 20&Board an Arian& rocket JWST will be the premier
observatory of the next decade, serving thousands of astronomers&dwafe. It will study every
phase in the history of our Universe, ranging from the first luminous glows after the Big Bang,
the formation of solar systems capable of supporting life on planets like Earth, to the evolution c
our own Solar Systenicontinued on next page)
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(continued from previouspage) Several innovative technologies have been developed for JWST. These include a foldi
segmented primary mirror, adjusted to shape after launch; dightweight beryllium optics; detectors able tecad
extremely weak signals, microshutters that enable programmable oBgetction for the spectrographnd a cryocooler for
cooling the midR detectors to 7K

(Lef) The famousHubble Deep Field. This revolutionary image changed
perception of the miverse. Each spec of light in this image is a galaxy.The H
took this image in n area of the sky which has relatively very few foreground
in Ursa Major). After over ten consecutive days of exposure between Dec
18 and December 28, 1998ientists were astonished to see thousands of gala
in the picture. These galaxies are the oldest known Baryonic matter (the stu
and me are made out of) in the univerSéhe image was assembled from 3
separate exposures taken with the Space Stalpe's Wide Field and Planete
Camera 2lmagine staring at something continuously for 10 days!

DID YOWKKNOW?
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Saturn has moon$ike Promethes and Pandoraorbiting it within its system

Hubble Deep Field
Hubble Space Telescope «- WFPC2

of rings. These moons are callé@&hepherd moore. They are called that
becausetheir gravity helpsto stabilizethe shape of the rings

The We bbo6s L a gThis&lat’éri@Neisadhpféd frofad KA i)reis release)

The WST will observe primarily the infrared light fro
faint and very distant objects. But all objects, includi
telescopes, also emit infrared light. Too#l swamping
the very faint astronomical signals with radiation fro
the telescope, the telescope and its instruments mt
be very cold. Therefore, JWST has a large shield
blocks the light from the Sun, Earth, and Moon, whi
otherwise would heat uphe telescope, and interfere
with the observations. To have this work, JWST mus
in an orbit where all three of these objects are in abc
the same directionThe answer is to put JWST in .
orbit around the L2 point.The L2 orbit is an elliptica
orbit about the semistable second Lagrange point .

The L2 orbit is an elliptical otbabout the semistable second Lagrange point . It is one of the five solutions by the
mathematician Josephouis Lagrange in the 18th century to the theedy problem. Lagrange was searching for a stable
configuration in which three bodies could orbitarother yet stayn the same position relative to each othede found five



such solutions, and they are called the five Lagrange points in honor of their discolretieree of the solutions found kthe
mathematicianLagrange, the bodies are in line (L1, L2, and b3he other two, the bodies are at the points of equilateral
triangles (L4 and L5). The five Lagrangian points for thee&tth system are shown in the diagram below. An object placed at
any one of these 5 points will stay in place relative to the other.t

TR IVIANhich Lagrange Point is NASB8olar and Heliospheric Observator

(SOHOWYrhiting in? (Go to the end of the newsletter for the correct answer

In the case of JWST, the 3 bodies involved are the Sun, the Earth and the JWST. Normally, an object circling the &uin furtt
than the Earth would take more than one year to complete its orbit. However, the balance of gravitational pull at tietL2 p
means that JWST will keep up with the Earth as it goes around the Sun. The gravitational forces of the Sun and the Ear
nearly hold a spacecraft at this point, so that it takes relatively little rocket thrust to keep the spacecraft in orhi atu

Monsoon Eclipse T Aug 1 2008

In recent times most of the eclipses have been visible with a very small fraction afitheefig seen as eclipsed, from India.
The last total solar eclipse from India had not been too happy an experience, with most of the totality belt having be
clouded out during the eclips&Ve now have the eclipses of 2008 and 2009, also falling in thesaon season, and will
therefore need to gear up and scan Indian Geography and its monsoon vagaries very carefully, to decide where we are |
to be, to observe the 2009 Total Solar Eclipge August 1st 2008 Total Solar Eclipse will be seen asial paitpse from
India, so perhaps people might not travel to different locations in India, for this eclipse, and will more likely wantvto kne
what are the chances from their home location, of viewing this ecliBséore we discuss anything else, itéwimportant to
emphasise that viewing the eclipse with naked eyes would be very dangerous for the eyes. Viewing the Sun throu
telescope or a binoculars without a proper filter is many times more dangerdosnot ever do that, it could destroy your
eyesight. The safest way of viewing a partial solar eclipse is through the method of projéetons now, look at the
circumstances of the August 1st 2008 eclipse, for different locations in India. We may be missing the totality of tkis ecli
but, the northern parts of India do get to see a large fraction of the disc of thee8ipsed.
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Circumstances for the Aug 1 2008 Eclipse



In this figure, adapted from  http://eclipse.gsfc.nasa.gov/SEpath/SEpath2001/SE2008Aug01 Tpath.html
The path of totality is marked in dark blue, and passes well to the North of India. The dark gredndinate regions where
the eclipse will start at the times indicated. These timings are in Universal Time (UT) to which we need to add 5.5 houl
obtain the Indian Standard Time. The light blue lines are contours of coristlipse Magnitude

The Elipse Fraction is defined as the fractional diameter of the Sun eclipsed, at the maximum of eclipse at any given pc
The southern parts of the country will see between-20 % eclipse fraction, the central regions betweer6@0% while the
Northern pats of the country see between 610 eclipse fraction, at maximum, during the 2008 eclipse. There is another wa
of looking at a partial eclipseghrough a quantity known as th®bscuration FractiariThe obscuration fraction is the fractional
area of the sk of the Sun covered by the disk of the Moon. For Delhiirfstance, the eclipse magnitude is 62.26 % while the
maximum obscuration fraction is 53.7 ¥sing the box projection apparatus mentioned above, and by projecting an image ¢
the Sun on to amgph sheet and photographing that image, one can make some estimates of the obscuration fraction as f
eclipse progresses from beginning to end and check them against known theoretical values. Try it, it is great fun!

Here is a graph of the measured obsation fraction of the eclipse of March 2006, compared with theoretical values. The
measurement and comparisons were done by members of the Amateur Astronomers Association, Delhi, at an ecl
skywatch organized at the Nehru Planetarium, New Delhi.

March 29 Solar Eclipse Phase W5 Time
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Eclpse obscuration fractions obtained from images taken AAAD membeiGuntupalli Karunakar and processed for
obtaining the measurements by Vidur Prakash and Vidushaia

The binocular box projection apparatus can also be used to measure the relative amfjamaeter of the Sun and the
Moon, using simple school geometry. This is an exciting activity to do, if we are located in the partial zones of anotal o


http://eclipse.gsfc.nasa.gov/SEpath/SEpath2001/SE2008Aug01Tpath.html

annular eclipse. With such a measurement we can discern whether the eclipse is total or anrthlaigentral belt, even if
we are situated far from the central belt. A kind of a celestial ventriloquism that we can pragtice :
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We might also be able to measure the position angle of the first contact point, with such an apparatus, if theresizoa sun
visible on the day of the eclipse. The First contact is the very beginning of the eclipse as the first dent or a mitd@scule
appears to have been taken out of the Suthe first external tangency between the Moon and the Sun, as seen from &
givenlocation. The position angle of this contact point is defined as the contact angle measured edooksvise from the
north point of the Sun's disk.

What we need is an-X axis drawn on the image of the Sun, along the N8dhth and EastVest directionsHow do we
do this, with our projected image of the Sun?

Well, first, have a circle drawn on a sheet of paper that would exactly be of the same diameter as that of the projec
image of the Sun that you get with a telescope or the binocular box projeapparatus. Let the projected image of the
Sun, fit exactly in this disk and image it at this point. Now, let the image drift out of the circle with the diurnalratatio
the Earth and keep marking the new location of the sunspot (the smaller the syribpdietter will be our accuracy). This
straight line path within the circle is the direction East West. Well, if there are any sunspots on the disk of the Sun,
their position on the page as the image drifts. This will give the direction East Viléay & little nudge to the apparatus in

a rough North direction and noting the direction in which the image shifts, will allow one to locate the relativeSduritn
perpendicular to this East/est axis.



There, we are all set, if we manage to do thisefalty and obtain our Eadest and NorthSouth axis on our projected
image that we capture just at first contact, we should be able to pull out the position angle of the first contact reasonal
accurately.

So, goahead and make your binocular box project apparatus, or a simple projection apparatus for a telescope with a
stand, and enjoy watching the eclipse safely. Be sure to do a little something quantitative, with measurement of so
eclipse related parameters, to enhance your enjoyment of the esllipsd look ahead, to the July 22009 Total Solar
eclipse in India.

Here is a screen captured image of the location of the totality belt passing through India, for this eclipse.

The website of the Nehru Planetarium, New Delhi, has detailed disogssionpiled fromhttp://fallingrain.com/ about the
weather conditions expected for each and every city, town and village falling within the totality belt. You might find tf
useful to decide where you wish to bechted, to observe the July 2009 Total Solar Eclips@review it at
http://www.aaadelhi.org/?q=node/6

Safely View the Sun

A tree with dense foliage would work very well, to give projected images of the Sun, and for discerning that there is
eclipse. Howver, we need to look out for suitable trees that would show pinhole images at the time of the eclipst
Moreover, the eclipse of August 1st 2008 is an evening one and that of July 2009 is a morning one, so that we may ne
look for suitable walls on walh pinhole images from tree foliage might show us the eclipse in a beautiful and interestin
way.One method that allows us to view a reasonably large sized disk of a projected image of the Sun, would be throu
handmade box projection apparatus that cba used in conjunction with a pair of binoculars or a small telescope. It would



