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Discovery of Saraswati Supercluster and Giant Radio Galaxies

Shishir Sankhyayan, a PhD student in the PhyBrogramme at IISER Pune has been involvec
two major astronomical discoveries that have received woideé attentior the superclustel

Saraswati, and 25 rare Giant Radio Galaxies. In this feature article, Harshini Tekur gives us a
breakdown ofvhat these discoveries mean and how they add on to our understanding of the u

I n the universe of Douglas Adams's science fiction masterpiece, The Hitchhiker's Guide to the Galaxy,
there exists a device called the Total Perspective Vostleich he describes as follows:

When you are put into the Vortex you are given just one momentary glimpse of the entire unimaginable
infinity of creation, and somewhere in it there's a tiny little speck, a microscopic dot on a microscopic dot,
whichsays,You ar e here. o

The sense of perspective this device provides can apparently turn a person'’s brain to mush. In the author*
own words, the Total Perspective Vortex illustrated that "In an infinite universe, the one thing sentient life
cannot afford to haves a sense of proportion.”

Life, the Universe and Everything

Yet humankind has persistently looked towards the skies, and sought to understand its place in the
universe. We have come a long way since Galileo first pointed a telescope at the sky, anthadw, a
with larger telescopes that are capable of detecting different kinds of radiation, we may perhaps
comprehend the enormity of the universe we live in. The observable part of it, that is.

On a cosmic scale, we live on a little planet orbiting an avest@gesomewhere on the fringes of a mildly
interesting galaxy, the Milky Way. The galaxy itself is one among several others that makes up a bigger
structure called the Local Group galaxy cluster. To scale it up further, the Milky Way galaxy, along with
albout 100,000 other galaxies, is part of the Laniakea Supercluster, which spans a distance of about 500
million light years.

These superclusters are among the largest structures in the universe, along with filamentiké&hread
structures connectingifferent regions, if the threads could contain a few thousand galaxies!), and voids
(immense spaces between filaments containing few galaxies or none at all).

The network formed by these clusters, filaments and voids in the universe is what is cdlabbhie
Web'. Cosmologists seek to understand, among other things, the origin and evolution of this vast cosmic
web that makes up our universe.

Most recently, there have been two major discoveries that have added to our existing knowledge of the
universe:the Saraswati supercluster, and the detection of 25 Giant Raalaxies(GRGSs). Shishir
Sankhyayan, a graduate student in the Physics Programme at IISER Pune, has been involved in both tearr
that made these discoveries.
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Cosmology has been a fascinationcg childhood for Sankhyayan, and this lead him to obtain his
Bachelor's degree from Lucknow University, and his Master's from Pune University, with a specialization
in Astronomy and Astrophysics. For his PhD, Sankhyayan is interested in looking at&egstisictures

in the universe, their structure and their evolution. He studies astronomical and cosmological data
available in the public domain. Using this data, he investigates the geometry and distribution of large scale
structures and makes obsergati and certain inferences from these, which may help in the discovery of
even more structures.

For example, data obtained from the Sloan Digital Sky Survey (SDSS), which collects information about
the sources and intensity of radiation from different cigjan the sky, lead to the discovery of the
Saraswati supercluster. This structure, lying in the constellation of Pisces, spans about 600 million light
years across (compare this to the Milky Way, whose size is about 150,000 light years), and consists of
about 43 galaxy clusters, connected by filaments.

How to discover a supercluster: A crash course

Sankhyayan credits the discovery of Saraswati, to an observation made by IUCAA faculty member
Joydeep Bagchi way back in 2002, when he (Bagchi) was studgingla cluster in that particular region

of the sky. Says Sankhyayan, NfBased-rapand aptcal da't
telescopes, Bagchi hypothesised that there must be other masses surrounding this cluster, which woulc
explain its @rticular structure or morphology. However, there simply wasn't enough data to substantiate
it. o

Saraswati Supercluster

The distribution of galaxies, from Sloan Digital Sky Survey (SDSS), in and around Saraswati
supercluster. It is clearly visible thidte density of galaxies is very high in the central region of the image
that is the Saraswati supercluster region. The typical size of a galaxy here is around 250,000 light years.
The galaxy sizes are increased for representation. (Image courtesy: Sargthiyayan)

It took about 15 years for the SDSS to collect enough data for that particular region of the sky, for
Sankhyayan and others to analyse, and make this discovery.

Sankhyayan e x pi4sgearsjastto maketsensembthe datas Welibdrio refine it. Which

is to say, we had to understand and remove certain theoretical and instrumental biases present in the dat:
Following this, we applied certain clustimding algorithms to the data to see whether it fits the existing
parameters fowhat may be called a supercluster. There was also a lot of bookkeeping involved. We
compared what we had with data from other papers and other catalogues. We were able to see that the
region we had identified as having a high density of galaxies, adsa high density of clusters. Likewise,

the regions where we observed voids were also matching with previously catalogued data for this region.
After performing several other checks, we were then confident that what we had discovered was indeed a
supercls t er . 0

And this was introduced to the world as Saraswati.
What's in a name?

The paper in which this finding has been reported, elaborates on the name, Saraswati, as follows:
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Saraswati is the ancient Indian goddess of knowledge, music, art, wisdom, @ed mase of all creative
endeavor. Historically, the Saraswati

river is an important river goddes
mentioned I n
Saraswati played an important role
Indian culture, since Vedic Sanskr
and the first pg
regarded to havoriginated when thg
Vedic people lived on its banks
during the second millennium BCH
The Sanskrit na
flowing stream
This may describe the present larg
scale filamentary structure
galaxies located in the Zodiaca
constellation of Pisces, having ma
clusters and groups moving a S S :
merging together. BT 650 Milon Ughtyeers |

Sankhyayan adds, fAWe call the Mil ky Way as Akas
night sky. Likewise, one may think of the supercluster as & rvesea of galaxies. So, in keeping with
this train of thought, we named it after the an

The gravity of the situation

Saraswati is a very rare object, one of only dther superclusters observed so far. It is at a distance of 4
billion light years away from us, the second farthest supercluster detected so far. Considering that the
universe is about 14 billion years old, this means that the light that we see coming from the supercluster,
was emitted when the universe was aboutilli@ years old. We are, in effect, looking at the past. And

this discovery, it turns out, has raised several important questions regarding the origin and evolution of
the universe.

Sankhyayan el aborates, AThe exi stowmwh humosgows!| o g i
structures could have formed at that stage of the universe. We believe that in the early universe, there wa:s
a moreor-less uniform distribution of energy. And very tiny fluctuations, of the order of one ina 100,000,
lead to the formatin of structures, which grew in size, aggregating more matter, because of gravity. Now,
our existing models and simulations do not predict the existence of such massive objects (like Saraswati)
at that age. o

Concepts like ‘dark matter' and 'dark energg/iavoked to explain the expansion and struefarmation
of the universe, and this discovery is likely to offer more insight into our understanding of dark energy,
as well as force scientists to revisit the current models for the evolution of the anivers

So where do we go from here? AWe | ook for more
to study Saraswati further and obtain more data about the galaxies present in it, their distances from us,
and so on. Once we have a better understgraf this, we can map out the structure and dynamics of the
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supercluster. This would be a good place to start, for testing the validity of existing hierarchical structure
formation models of the universe. o0

The Universe has more tricks up its sleeve

Whenhe wasn't busy discovering a supercluster, Sankhyayan was also involved in the recent discovery
of 25 Giant Radio Galaxies (GRGS), extremely rare astrophysical objects (only about 300 of these have
been discovered so far) that are about as large as Bg Way-sized galaxies lined up end to end. They
harbour supermassive black holes at their centres, which eject massive jets of energetic, charged particles
These appear like lobes when seen through a radio telescope, and are characteristic to GREe Their

as well as their very existence is still a mystery. Although about 200 candidate objects had been identified,
of these, 25 have been confirmed as GRGs while the others are being investigated further.

Sankhyayan's contribution to this work, was thel@gtion of the regions surrounding these GRGs.
AWhat this means, 0 he says, iis that we have |
or clusters, or something intermediate to these. We hope to explore this further and are workington it rig
now. Also, the energetics and the dynamics of GRGs are not well understood. That is, we don't really
know what i s happening at the centre of these g

The universe certainly has no dearth of mystethat need solving, and each discovery only seems to
raise more interesting questions. To quote Dou:
moment is that the universe is a lot more complicated than you might think, even if you start from a
position of thinking it's pretty complicated 1in

Herebdbs hoping that Shishir Sankhyayan unravels
guestions. We wish him the very best for the future.

The discovery of Saraswati supercérshas been reported in the Astrophysical Journal (844(1):25). The
team involved in this discovery are Joydeep Bagchi (IUCAA), Shishir Sankhyayan (IISER Pune), Prakash
Sarkar (NIT Jamshedpur), Somak Raychaudhury (IUCAA), Joe Jacob (Newman College, Thajlupuz
and Pratik Dabhade (IUCAA).

The discovery of 25 Giant Radio Galaxies has been reported in the Monthly Notices of the Royal
Astronomical Society (469(3):288306). The team involved in this discovery includes Pratik Dabhade
(IUCAA, Leiden University, Ntherlands), Madhuri Gaikwad (NCRRAFR), Joydeep Bagchi (IUCAA),

M. PandeyPommier (Univ Lyon, France), Shishir Sankhyayan (IISER Pune) and Somak Raychaudhury
(IUCAA).

- by Harshini Tekur

""Article by Harshini Tekur originally published on www.iiserpune.ac.in; Reprinted with

permission” (
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Supernova Failed? A giant dying star collapsed straight into a blackole?

Supernovathe explosion of a star, possibly caused by gravitational collapse, during which the star's luminosity
increases by as much as 20 magnitudes and most of the star's mass is blown away at very high velocity,
sometimes leaving behind an extremely dense core

Black-hole-A black hole is a place in space where gravity pulls so much that even light agat pat. The

gravity is so strong because matter has been squeezed into a tiny space. This can happen when a star is dyin
Because no light can get out, people can't see black holes. They are invisible. Space telescopes with specis
tools can help find lack holes. The special tools can see how starsatieatiery close to black holes act
differently than other stars.

Supernova Failed

It appears the path to becoming a black hole is more complex than astronomers thought. Rather than exploding
into a suparova before collapsing into a black hole, as expected, one giant star skipped the pyrotechnics and
went straight to the collapse. Thiscalled "massive fail," spotted in a nearby galaxy, could explain why so

few massive stars have been observed goingraopa, researchers conducting a new study explained. As
many as 30 percent of these massive stars may instead quietly collapse into a bla€kédjpical view is

that a star can form a black hole only after it goes supernova,”. "If a star cafatfsh supernova and still
make a black hole, that would help to explain why
dying star was about 25 times as massive as our own sun and located in NGC 6946, a spiral galaxy 22 million
light-years from Earth. Astronomers nickname this galaxy the "Flreworks Galaxy because so many
supernovas happen there, including recer|Sruu—. ] A ‘ Tl

discoveredSN 2017eawOne star in this galaxy Sl RsERCsjuvis

called N6946BH1, began to brighten weakly i ‘ -
2009. It vanished altogether 2015, and the
researchers, who had been monitoring the sky
the Large Binocular Telescope in Arizona, co
not see signs of a supernova in that zone.
astronomers aimed two more powerful spa
telescopes Hubble and Spitzer toward the are:
see ifthe star had faded a little, or was hidd
behind a dust cloud. With searches coming
empty, astronomers eliminated other possibilit
and concluded that N6948H1 had turned - & N e
directly into a black hole. Credit: NASA, ESA, and C. Kochanek (OSU)

"N6946-BHL1 is the only likely failed supernova that we found in the first seven years of our survey," "During
this period, six normal supernovae have occurred within the galaxies we've been monitoring, suggesting that
10 to 30 percent of massive stars die dsdasupernovae. These two Hubble Space Telescope images show

the giant star N694B8H1 before (left) and after it disappeared by collapsing into a black hole. The left image
shows the star as it appeared in 2007. The right image shows the same r2@Qid inith the star missing.)

Stars collapsing directly into black holes may actually make more sense than a supernova collapsing into a
black hole. That's because the supernova blows off much of a star's outer layers, leaving little mass behind to
createa massive black hole.

Reference NASA, ESA By, Atharva Kale, Email - atharvak31@gmail.com

T g, 3tk ?



Black Holes

The 'Black Hole' is most interesting and unexplored subject in modern astronomy. The research on it goes and
when we discover something about it, we get questions and it enthusiases Scientists to study it more.

Scientifically, Black Hole is a region in ape having extremely strong
gravitational pull that light also cannot escape from it. In general black
holes are the collection of large mass in very small point. The boundary
of region of a Black Hole from which no escape is possible is known as
Event Hoizon. Since light is not reflected it is difficult to observe a Black
Hole. Although the GRAVITY is considered as weakest force, but in case
of black holes it is very strong.

Black Holes of Stellar Mass are
expected to form when ver
massive stars collapst the end of their cycle. It is also predicted t
super massive black holes exit in centers of most galaxies. Our
gal axy, Mi |l ky Way has a bl ack

The History of Black Holes is much interesting. In 1783, John Mic
canme up with the concept of Black Holes. In 1915, German phys
Kar | Schwarzchil d wrote a papg
John Wheeler first publicly used the term 'Black Hole'. After 4 y¢g
Stephan Hawking stated that black hole may not beklaéer all. They may emit a form of radiation causing
them to evaporate.

There are many theories or mysteries related to Black Holes:

+ The Black Holes Consists Of Antimatter in them. In which
atombés nucleus is negat i \igslity char

+ It is stated that The Black Hole acts as a wormhole or door to
the other universe or world.

+ Itis also stated that nothing can exist inside

+  Onother hand it is also considered that time passes very rapidly

in Black Holes.

What if instead of Sunthere existed a Black Hole?

The Earth would remain in its own orbit because the gravitational pull of both the bodies would have been
same. But earth would not have got sufficieaathor due to bending of ligtherewould have been other
destructions oikarth. But it is not so because sun will form White Dwarf instead of Black Hole.

I n the tough competition of &éSpace Racebd, Il ndi a ¢
Billions of Kilometers beyond the constellation Virgo, a zoo ohster black holes has been discovered by a
Cambridge team led by Manda Banerji an Inebaigin scientist. The research estimates that there are at least
400 black holes in the cluster which is 11 billion light years aviag. unrevealing of Truth may terd but

not impossible. The Universe is fascinating. You go deeper and more knowledge you get.

Omkar Tidke. Email - tidkevb@agmail.com
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Chandrayaan-2, GSLV Mk-Ill and Aditya - L1

The Indian Space ResearOnganisation [ISRO] has carried out 76 spacecraft missions, 46 launch missions
and has planned many missions including ,those covered Lunar Mission[Chandka/d@mandrayaai2],
Interplanetary Missions [Mars Orbiter MissiotMOM)],

Chandrayaan-2 Astronomy [ASROSAT], Edh Satellites [Like Aryabhatta,
P ™ M, Bhaskar, Rohini, METSAT-Kalpana], Planned missions [
»._. | Aditya, AVATAR].
a ‘%‘“ ' Lunar Ot
, In future, India will be launching many more satellites.
. T 1 e
“ l L i Out of these, some of the information regarding
o - 5 Chandrayaa2, GSLV Mklll and Aditya L1 has leen
g'@ 7 discussed here.
- Chandrayan-1 was a successful mission, so ISRO planned

for next, Chandrayaar. It is scheduled to be launched in
20172018. Due to a successMangalyaarwhich was sent oNlars, encouragedhe Indiansdentists and
astronomers to send Chandrayaan 2 on the Moon.

The Chandrayaan 2 mission is planned to fly on a Geosynchronous Satellite Launch Vehicle (GSLV Mk 1)
with an approximate lifoff mass of 3,250 kg from Satish Dhawan Space Centre on Sritzat$fand.

Chandrayan 2 has many advantages over Chandrayanl. It has moon impact probe, which will be impacted or
the moonds surface, t hlehadaadvdaneed semsbrlthht can quicidy catah the dath a n
signal sent from the earth.

Chandrayaan 2 consists of an Orbiter, Lander and Rover configuration. It is planned to be launched as a
composite stack into the Earth Parking Orbit (EPO). The Orbiter carries the combined stack up to moon till
the Lunar Orbit Insertion (LOI). The combinsthck is then inserted into a lunar orbit of 100 km x 100 km.
The Lander is separated from the Orbiter in this orbit.

The Orbiter with scientific payloads will orbit around the moon. The Lander will soft land on the Moon at a
specified site and deploy tiRover.

During 2010, it was agreed that Russian Space Agency ROSCOSMOS would be responsible for lunar Lander
and ISRO will be responsible for Orbiter and Rover as well as Launch by GSLV. Later, due to a shift in the
programmatic alignment of this missionwas decided that the Lunar Lander development would be done by
ISRO and Chandrayaghwill be totally an Indian mission.

The orbiter will orbit the Moon at an altitude of 100 km.The mission would carry five instruments on the
orbiter. Three of them argew, while two others are improved versions of those flown on Chandrayde
approximate launch mass will be 1,400 kg. The Orbiter Hy
Resolution Camera (OHRC) will conduct higésolution
observations of the landing site prior to separation. ISRO
announced that an expert committee has decided on
payloads for the orbiter, and two for the rover.

GSLV MKIIl is a threestage heavy lift launch vehicl
developed by ISRO.It has height of 43.43m and a diamet
4m.GSLV MKk 1l is designed to carriyayload of 4 ton clas
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of satellites into Geosynchronous Transfer Orbit (GTO) or about 10 tons to Low Earth Orbit (LEO), which is
about twice the capability of GSLV MKk Il. It was successfully launched on 5th of June 2017.

ADITYA L1

Aditya-L1 is a spacecraft whose mission is to study the Sur®s
has been designed and will be built in collaboration betwis
ISRO and various Indian research organizations and will$
launched by ISRO around 202920. Ths will be the first Indian £
space mission to study the Sun, and also the first Indian mig
to be placed at Lagrangian point L1;

Lagrangian point L1 is a far away region, i.e. about 1.5 mill & -
km away from the Earth from where the continuous solar uhBens are p053|ble W|thout any occultatlon/
eclipses. Aditya.1 Satellite will be placed in the halo orbit around the Lagrangian point L1. Adliiyaneant

to observe only the solar corona. The outer layers of the Sun, extending to thousands ofekthea®e
(photosphere) is termed as the corona. The corona gets heated upto million degree Kelvin, which is much
higher than the solar disc temperature of around 6000K. How the corona gets heated is still an unanswered
guestion in solar physics.

Aditya-1 is designed to carry a total of seven payloads with diverse objectives, including the coronal heating
problem, solar wind acceleratiotJV solar radiation (which drives Earth's upper atmospheric dynamics and
global climate).

Thus the enhanced Aditlal project will enable a comprehensive understanding of the dynamical processes
of the sun and address some of the outstanding problems in solar physics.

Soham Chavan

= o

., .ashish.chavan139@gmail.com

Source: ISRO and Wikipedia

Optics

Our interest to study an Astronomy cannot be completed without studying Light / Optics. During night hours,
when we glaze the sky, large numbers of sparkling objects are seen. We could understand the presence of thes
heavenly bodies just because of thétigays which are being emitted by these objects and falls on the retina

of our eye forming an image.

You are aware that, these heavenly bodies are at the farthest distance from us. Astronomical distances are
measured in Light years. The light energy emitted by these bodies is what we call it as rays. Human eye has
Il i mi tati ons, c andhtarefardraraus. & is &ldo aot possipleto measure these distances.

Light energy emitted from these bodies will also make us to understand the nature of the body, its structure,
its size, types of gases present in its atmosphere. We can also foifferent types minerals available on

these bodies.Study of different types of spectrum obtained from the light energy received provides lots of
information about these bodies. Lot many studies can also be carried out from the study of the spe@rum of th
light receivedrom these terrestrial bodidsow we need to have some astronomical instruments to study these
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heavenly bodies. Most of the instruments are based on the properties and structure of the light and also Radic
waves.

We also need to undéasid the effect of the medium through which the light is travelling. What changes does
it takes when passes through these different mediuntisis chapter we shall study the light and its properties
along with the basic instruments used to observe the sk

Chapter No: 1 Optics: Introduction of Light:

You are reading this page as the reflected light has formed an image by the lens of your eye, much as the lens
of the camera which makes the photograph. Mirrors, lenses can also form images that incaptueed by
your eye.

Our lives are filled with light. Through vision, the most valued of our senses, light can evoke spiritual emotions,
such as when we view a magnificent Sun set or glimpse a rainbow breaking through the clouds. Light can also
simply amise us in a theater, or warn us to stop at an intersection. It has innumerable uses beyond vision. Light
can carry telephone signals through glass fibers or cook a meal in a solar oven. Life itself could not exist
without | ightoés energy.

We already know tHavisible light is the type of electromagnetic waves to which our eyes respond. That
knowledge still leaves many questions regarding the nature of light and vision. What is color, and how do our
eyes detect it? Why do diamonds sparkle? How does light?rédav do lenses and mirrors form images?
These are but a few of the questions that are answered by the study of optics.

Figure 1.1: Double Rainbow over the bay of Pocitos in Montevideo, Uruguay.

Optics is the branch of physics that deals with the
behavor of visible light and other electromagnetic

waves. In particular, optics is concerned with the
generation and propagation of light and its interaction
with the matter.

Now, we will concentrate on the propagation of light
and its interaction with matter

The Ray Aspect of Light:-

There are three ways in which light can travel from a source to another locatiorig(Seel. 2) It can come
directly from the source through empty space, such as from jth~
Sun to Earth. Or light can travel through various media, such ag
and glass, to the person. Light can also arrive after being reflec
such as by a mirror. In all of theseses, light is modeled as
traveling in straight lines called rays. @

=

Figure 1.2: Three methods for light to travel from a source t
another location. (a) Light reaches the upper atmosphere of E
traveling through empty space directly from the sourcelLidh)t I ‘
can reach a person in one of two ways. It can travel through meé e ©)
like air and glass. It can also reflect from an object like a mirror. In

the situations shown here, light interacts with objects large enough that it travels in straight lineaylike a
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Light may change direction when it encounters objects (such as a mirror) or in passing from one material to
another (such as in passing from air to glass), but it then continues to travel in a straight line or as a ray. The
word ray comes from matheatics and here means a straight line that originates at some point.

We know that the light travels in a straight line and changes its direction when it interacts with materials. There
are two laws that govern how light changes direction when it interatiismvatter. These are the law of
reflection, for situations in which light bounces off matter, and the law of refraction, for situations in which
light passes through matter.

Models of Light:

There are three different ways of thinking about lifmeviously it was understood that the (dates back at least

to the ancient Greeks), who assumed that the behavior of light is as a ray. These philosophers noted that
reflection, refraction, and formation of images can be explained by assuming objectscéanireflect light

rays that travel in straight lines until they encounter an object or surface.

By the end of the 17th century, scientists came to understand that light also behaves like a wave. It exhibits
phenomena associated with waves, such as diffraand interference (which we will study in later chapters).

Two hundred years later, scientists studying the smallest structures in nature showed that light can also be
thought of as a stream of particldeusalwep ocratlilo m p(hoort
of energy.

Whenever we look into a mirror, or squint at sunlight glinting from a lake, we are seeing a reflection. When
you look at this page, too, you are seeing light reflected from it. Large telescopes use reflectionaim form
image of stars and other astronomical objects.

1.2: The Law of Reflection Perpendicular
The law of reflection is illustrated in Figure 1.3, which also shows h , e ey
. . Incidentray ! Reflected ray
the angles are measured relative to the perpendicular to the surface E
point where the light ray strikes. \ & ! 6
Figure 1.3: The law of reflection states that the angle of reflectjoale
the angle of incidenéed r = d i The angl ¢ i 2d r el
the perpendicular to the surface at the point where the ray strikesSurface E
surface. 1

We expect to see reflections from smooth surfaces, but Figure 1.4
illustrates how a rough surface reflects light. Since the light strikes different parts of the surface at different
angles, it is reflected in many different directions, or diffused.

Figurel.4: Light is diffused when it reflects from a rough
surface. Here many parallel rays are incident, but they are
reflected at many different angles since the surface is rough.
Many objects, such as people, clothing, leaves, and walls,
have rough surfacemd can be seen from all sides. A mirror,
on the other hand, has a smooth surface (compared with the
wavelength of light) and reflects light at specific angles Fig

R
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only one diretion, since its surface is very smooth. Only the observer &

Figure 15: A mirror illuminated by many parallel rays reflects them g
particular angle will see the reflected light. %

)

When the moon reflects from a lake, as shown in Figure 1.6, a combing
of these effects takes place.

Figure 1.6: Moonlight is spread out wherisireflected by the lake, since / \V4 ;
the surface is shiny but uneven.

When we see ourselves in a mirror, it appears that our image is
actually behind the mirror. This is illustrated in Figure 1.7. We see
the light coming from a direction determined by the law of
reflection. The angles are such that our image is exactlyathe s
distance behind the mirror as we stand away from the mirror. If the
mirror is the wall of a room, the images in it are all behind the
mirror, which can make the room seem bigger. Although these
mirror images make objects appear to be where they chantite
images are not figments of our imagination (something that seems
real but is not is also called as virtual). Mirror images can be
photographed and
videotaped by instruments and look just as they do with our e| 2%
(optical instruments themselve3)e precise manner in whichﬁ‘f’ =
images are formed by mirrors and lenses will be explained ,/‘

later sections of this chapter. ¢ .

Image

Mirror

Figure 1.7: Our image in a mirror is behind the mirror. The tv y 9 ,,,,,,,,
rays shown are those that strike the mirror at just the cort 0
argles to be reflected into the eyes of the person. The im Vil

appears to be in the direction the rays are coming from wi  / "
they enter the eyes. d\L

1.3: The Laws of Refraction:

It is easy to notice some odd things when looking intislatank. For example, you may see the same fish
appearingo be in two different placeéSeeFigure 1.8). This is because light coming from the fish to us
changes direction when it leaves the tank, and in this case, it can travel two different paths to get to our eyes.

The changing of a | ight rayds directiriations (nmatters el y
(medium) is calledefraction. Refraction is responsible for a tremendous range of optical phenomena, from
the action of lenses to voice transmission through optical fibers.

Why does light change direction when passing from one mafemedium) to another? It is because light
changes speed when going from one material to another. So before we study the law of refraction, it is useful
to discuss the speed of lighg well ashow it varies in different media.

Figure 1.8: Looking at the fish tank as shown, we can see the same fish in two different locations, because
light changes directions when it passes from water to air. In this case, the light can reach the observer by two
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different paths, and so the fish seerasbe in two different
places. This bending of light is called refraction and

responsible for many optical phenomena. —— ) A
The Speedof Light: _

Early attempts to measure the speed of light, such as those [ﬁ\ {@

by Galileo, determined that light moved extremfalst, perhaps <Ot~ |

instantaneously. The first real evidence that light traveled g
finite speed came from the Danish astronomer Ole Roemer in
late 17th century. Roemer had noted that the average orl
period of one of Jupi taghfvired moons, —as measured fro
depending on whether Earth was moving toward or away from Jupiter. He correctly concluded that the apparent
change in period was due to the change in distance between Earth and Jupiter and the time it took light to travel
this distance.

Figure 1.9: A schematic diagram of early apparatus used by Michelson and others to determine the speed of
Shsarver - light. As the mirrors rotate, the reflected ray is only briefly
g i ===~ directed at the stationary mirror. The returning ray will be
reflected into the observerye only if the next mirror has
o rotated into the correct position just as the ray returns. By
stage 1 stage 2 measuring the correct rotation rate, the time for the round trip
1 can be measured and the speed of light calculated.
@) Mi chel sonbés cal cul dighewhsonlg | u e
-

@

0.04% different from the value used today.

kg ’ From his 1676 data, a value of the speed of light was
calculated to be 2.2¢xmt m/s (only 25% different from

todayds accepted value). I n mor e r ecemnumetousways , p

and with increasing accuracy. One particularly direct method, used in 1887 by the American physicist Albert

Michelson (18521931), is illustrated ifrigure 1.9. Light reflected from a rotating set of mirrors was reflected

from a stationgy mirror 35 km away and returned to the rotating mirrors. The time for the light to travel can

be determined by how fast the mirrors must rotate

The speed of light is now known to great precision. I, fdoe speed of light in a vacuuers so important
that it is accepted as one of the basic physical quantities and has the fixed value

c= 2.99724581 1p0mm& m/ s & 3.00T1

Where the approximate value of 3.@0xt m/s is used whenever thrd@it accuracys sufficient. The speed

of light through matter is less than it is in a vacuuth, because light interacts with atoms in a material. The speed
of light depends strongly on the type of material, since its interaction with different atoms, crystal latices, a
other substructures varies

Pradeep Devi

Email - pradeepdevil950@gmail.com
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