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¿ÀɨÙ ÖɰÊÚ, ÑɟεÜ¾ ÍÓɴ Ţ¾ɟεÜÍ 

ÞɰÒɟÏ¾ ÖɰÊÚ9 θÛÑ× ÅɨÜɠ, ÃɭÍÑ ÒɟÈɡÙ, ÜȓÕɟɰÀɠ ¾ιÊxÙɭ zζÌ ÞȓÅɟÍɟ ÔɟÔØ 

ÞɰÒɟÏ¾ɥ× 

yवकाश, ब्रह्ाांड, ववश्व, अशा अनेक नावाांनी आपण आपल्या जगाला सांबोधत असतो. त्यातील अज्ञाताचा शोध हा 
्ाणसाला काय् आकवषित करीत आला आहे. त्यातून अनेक ववस््यकारक गोष्टी आपल्याला ्ाहीत झाल्या आहेत. 
अत्यांत ्ूलभूत अशा शोधाांनी आज खगोलशास्र ववपुल आहे. परांतु त्यातील अजून सखोल ज्ञान म्ळवण्याची 
्ानवाची तहान भागलेली नाही. प्राचीन खगोलशास्रा्ध्ये भारतीय वैज्ञाननकाांचे अन्ोल योगदान आहे. आज पुन्हा 
भारतीय खगोलशास्रज्ञाांचे नाव जगा्ध्ये घेतले जाते आहे आणण कदाचचत पुन्हा एकदा सांशोधनाचा सुवणिकाळ 
आपल्याला पाहायला म्ळेल अशी काही चचन्हे ददसू लागली आहेत. खगोलशास्रीय दृष््या २०१७ हे वषि खास 
्हत्वाचे आहे ते दोन कारणाांसाठी, एक तर इस्रोने केलेला उपग्रह प्रके्षपणातील ववक्र् आणण दसुरे म्हणजे “ÞØĦÛÍɠ 
ÏɡȑÁx¾ɟ ÞÖȕßɟ̵चा शोध! हे वषि भारतासाठी खरोखरच अमभ्ानाचे आहे. नुकताच सरस्वती या दीनघिकाांच्या ् हास्ूहाचा 
शोध भारतीयाांच्या नावे प्रमसध्द झाला आहे. ही ववश्वरहस्य शोधाची एक नाांदी ठरू शकेल. मशवाय भारता्ध्ये 
वैज्ञाननकाांसाठी ही एक पे्ररणादायी गोष्ट आहे. पुणे येथील आयुका आणण आयसर या सांस्थाांच्या शास्रज्ञाांच्या च्ूने 
याचा शोध लावला आहे. याांच्या सोबत एनआयटी, ज्शेदपूर आणण न्यू्ॅन कॉलेज, थोडुपुझा येथील शास्रज्ञदेखील 
या शोधाचा भाग आहेत. ववश्वननम्ितीच्या शोधा्ध्ये दीनघिकाांच्या ्हाकाय स्ूहाांचा अभ्यास अनतशय ्हत्वाचा 
असतो. म्हणूनच सरस्वती दीनघिका स्ुहाचा शोध हा अत्यांत ्हत्वपूणि शोध ्ानला जात आहे. 

खगोल ा्ंडळ, नामशक ववभागातरे्फ ननघालेल्या पदहल्या अांकाला उदांड प्रनतसाद म्ळाला. एका आठवड्यात सु्ारे 
तीनशे लोकाांनी या अांकाची ्ागणी केली. अनेकाांनी कौतुक केले तर अनेकाांनी इांग्रजी्ध्ये देखील काढावे अशी सूचना 
केली. याचे स्वागत आहेच. परांतु सध्यातरी ्राठी आणण इांग्रजी अशा दोन भाषेतील लेख घेऊन ही पत्ररका ननघेल. 
थोडी स्स्थरस्थावर झाल्यावर कदाचचत द्वैभावषक काढता येईल. प्रनतसादासाठी सवाांचे आभार! 

असेच उदांड पे्र् राहो! 
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Discovery of Saraswati Supercluster and Giant Radio Galaxies 
 

 

 

 

 

In the universe of Douglas Adams's science fiction masterpiece, The Hitchhiker's Guide to the Galaxy, 

there exists a device called the Total Perspective Vortex, which 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, 

which says, "You are here.ò 

The sense of perspective this device provides can apparently turn a person's brain to mush. In the author's 

own words, the Total Perspective Vortex illustrated that "In an infinite universe, the one thing sentient life 

cannot afford to have is 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, and now, armed 

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 average star, somewhere 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 

about 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 filaments (thread-like 

structures connecting different 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 called the 'Cosmic 

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 Radio Galaxies (GRGs). Shishir 

Sankhyayan, a graduate student in the Physics Programme at IISER Pune, has been involved in both teams 

that made these discoveries. 

Shishir Sankhyayan, a PhD student in the Physics Programme at IISER Pune has been involved in 

two major astronomical discoveries that have received world-wide attention-- the supercluster 

Saraswati, and 25 rare Giant Radio Galaxies. In this feature article, Harshini Tekur gives us a detailed 

breakdown of what these discoveries mean and how they add on to our understanding of the universe.   
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Cosmology has been a fascination since 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 large scale structures 

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 observations 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 objects in 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 studying a single cluster in that particular region 

of the sky. Says Sankhyayan, ñBased on the data available at the time from radio, X-ray and optical 

telescopes, Bagchi hypothesised that there must be other masses surrounding this cluster, which would 

explain its particular structure or morphology. However, there simply wasn't enough data to substantiate 

it.ò 

 Saraswati Super-cluster 

 The distribution of galaxies, from Sloan Digital Sky Survey (SDSS), in and around Saraswati 

supercluster. It is clearly visible that the 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: Shishir Sankhyayan) 

 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 explains, ñIt took us 3-4 years just to make sense of the data. We then had to refine it. Which 

is to say, we had to understand and remove certain theoretical and instrumental biases present in the data. 

Following this, we applied certain cluster-finding algorithms to the data to see whether it fits the existing 

parameters for what 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, also had a 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 

supercluster.ò 

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, and nature, muse of all creative 

endeavor. Historically, the Saraswati 

river is an important river goddess 

mentioned in the Rigôveda. 

Saraswati played an important role in 

Indian culture, since Vedic Sanskrit 

and the first part of the Rigôveda are 

regarded to have originated when the 

Vedic people lived on its banks, 

during the second millennium BCE. 

The Sanskrit name also means ñever 

flowing stream with many pools.ò 

This may describe the present large-

scale filamentary structure of 

galaxies located in the Zodiacal 

constellation of Pisces, having many 

clusters and groups moving and 

merging together. 

 Sankhyayan adds, ñWe call the Milky Way as Akash Ganga, because it appears like a river of stars in the 

night sky. Likewise, one may think of the supercluster as a river, or sea of galaxies. So, in keeping with 

this train of thought, we named it after the ancient river, Saraswati.ò 

The gravity of the situation 

Saraswati is a very rare object, one of only 4-5 other 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 about 10 billion 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 elaborates, ñThe existing cosmological models do not explain how such humongous 

structures could have formed at that stage of the universe. We believe that in the early universe, there was 

a more-or-less uniform distribution of energy. And very tiny fluctuations, of the order of one in a  100,000, 

lead to the formation 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.ò 

Concepts like 'dark matter' and 'dark energy' are invoked to explain the expansion and structure-formation 

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 universe. 

So where do we go from here? ñWe look for more superclusters!ò, replies Sankhyayan. ñWe are also going 

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 understanding of 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.ò 

The Universe has more tricks up its sleeve  

When he 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 33 Milky 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 GRGs. Their size 

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 the exploration of the regions surrounding these GRGs. 

ñWhat this means,ò he says, ñis that we have looked at whether these GRGs exist in cosmological voids 

or clusters, or something intermediate to these. We hope to explore this further and are working on it right 

now. Also, the energetics and the dynamics of GRGs are not well understood. That is, we don't really 

know what is happening at the centre of these galaxies that jets that powerful are emanating from them.ò 

The universe certainly has no dearth of mysteries that need solving, and each discovery only seems to 

raise more interesting questions. To quote Douglas Adams again, ñAll you really need to know for the 

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 in the first place.ò 

Hereôs hoping that Shishir Sankhyayan unravels more mysteries of the universe, and poses even more 

questions. We wish him the very best for the future. 

The discovery of Saraswati supercluster has 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, Thodupuzha) 

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):2886-2906). The team involved in this discovery includes Pratik Dabhade 

(IUCAA, Leiden University, Netherlands), Madhuri Gaikwad (NCRA-TIFR), Joydeep Bagchi (IUCAA), 

M. Pandey-Pommier (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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ÛȗÝÕ ÍɟØ¾ɟÞÖȕß 

Ûȗषभ तारकास्ूह हा आयननक वतृ्तावरील दसुऱ्या क्र्ाांकाचा तारकास्ूह आहे. याने आकाशाचा ७९७ चौरस अांश 
भाग व्यापला आहे. नोव्हेंबर - डडसेंबर ्दहन्यात हा रारभर 
आकाशात ददसू  शकतो. 

्ाणसाला अगदी अश््युगापासून ्ाहीत असलेला  हा 
तारकास्ूह आहे. फ्ाांस जवळील लास्को (Lascaux) येथे 
एका गुहेत इ.स.पूवि १७,३०० इतकी जुनी मभवत्तचचरे 
आढळली आहेत; ज्यात वषृभ तारका स्ूह, त्याचा बैलाचा 
काल्पननक आकार, जवळ कृवत्तकेच्या ७ चाांदण्या अगदी 
ठळकपणे दाखवले आहेत. 

याच्या “V” सारख्या आकारात बैलाची कल्पना केली जाते. बहुताांश 
सांस्कृतीत याचा सांबांध बैल, शेती याच्याशी जोडलेला आढळतो. या 
तारकास्ूहात कृवत्तका आणण रोदहणी ही दोन भारतीय नक्षरे येतात. 

ĦÎɟÑ: या तारकास्ुहाचे स्थान आयननक वतृ्तावर आहे. याने आकाशाचा 
७९७ चौरस अांश भाग व्यापला आहे. 

व्याध्याच्या तेजस्वी ताऱ्यापासून ्गृाच्या तीन ताऱ्याांपयांत काढलेली 
काल्पननक रेषा अजून पुढे वाढवली की ती वषृभेच्या रोदहणी ताऱ्याला 
जाऊन म्ळते. वषृभेचा “V” आकार अगदी ठळकपणे ओळखता येतो. 

ÏɰÍ¾Îɟ: या तारकास्ुहाला जवळपास सगळ्याच सांस्कृतीत बैल ्ानले आहे. ्ेसोपोटाम्यन लोकाांनी याला स्वगीय 
बैल म्हटले तर इस्जस्शशयन लोकाांनी पुनजिन््ाचा कारक पववर बैल. ग्रीक सांस्कृतीत एक कथा आढळते. णझऊसने 
राजकन्या युरोपला वश करण्यासाठी एका बैलाचे रूप घेतले. तो बैल म्हणजे वषृभ. आपल्या पूविजाांना हा एक छकडा 
वाटला म्हणून याचा उल्लेख रोदहणी शकट असा होतो. 

ÕɟØÍɠ× Ñàŝɭ - वषृभेतील सगळ्यात तेजस्वी तारा अल्देबरान म्हणजे भारतीय रोदहणी नक्षर. आपल्या पौराणणक 
सादहत्या्ध्ये चांद्र हा रोदहणीचा पती असल्याचे वणिन आढळते. प्रजापतीने प्रथ् ववराट नावाची स्री उत्पन्न केली. 
पण दहला यज्ञात योग्य तो ्ान न म्ळाल्या्ुळे ती उांच आकाशात गेली. उांच चढत जाणारी, आरोहण करणारी या 
अथािने नतचे नाव रोदहणी पडले. रोदहणीच्या पुढे एक खुला तारकागुच्छ ददसतो तो म्हणजे कृवत्तका नक्षर. याांना 
सशतषींच्या पत्नी ्ानले जाते.  

 

 

तारकास्ुहाांच्या ववश्वा्ध्ये 
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ÖßĕÛɟÃɭ ÍɟØɭ- 

ɻ-अल देबरान हा या तारका स्ुहातील तेजस्वी अल्र्फा तारा. हा एक नारांगी 
ताांबडा ्हातारा (Red giant)  असून त्याचा व्यास सूयािच्या व्यासाच्या ५६ पट 
आहे. ६८ प्रकाशवषि दरू असणाऱ्या या ताऱ्याची दृश्य प्रत ०.८७ आहे. या ताऱ्याचे 
स्थान चांद्राच्या भ्र्ण ्ागाित आहे. त्या्ुळे बऱ्याच वेळेस चांद्र रोदहणीचे वपधान 
करतो. रोदहणी तेजस्वी असल्याने चांद्र जवळ येईपयांत ती ददसत असते. त्या्ुळे 
हे वपधान सुांदर ददसते.  

ɼ-अलनाथ नावाचा हा तारा या स्ुहातील दसुरा तेजस्वी तारा आहे. हा आपल्या 
पासून १३० प्रकाशवषि दरू आहे. 

yÛ¾ɟÜĦÎ ¿ÀɨÙɡ× ÛĦÍȕ 

ØɨȏßÌɠ ÀȓċÄ - हायडेज क्लस्टर या नावाने ओळखला जाणारा हा एक खुला तारकागुच्छ आहे. १३० प्रकाश वषि दरू 
असणाऱ्या या तारकागुच्छात २५९ तारे आहेत याचा व्यास ८० प्रकाशवषि 
इतका आहे. 

¾ȗθǡ¾ɟ ÀȓċÄ /(M45) /(Pleiades ) - हा साध्या डोळ्याने ददसू 
शकणारा तारकागुच्छ आहे. हा तारकागुच्छ दतु्रबिणीतून खूप सुांदर 
ददसतो. यातील २५० ताऱ्याांपैकी ६ तारे डोळ्याने ददसतात तर ७५ तारे 
दतु्रबिणीतून सहज ददसू शकतात. भारतीय परांपरेत याला कृवत्तका नक्षर 
्ानले असून यातले ६ तारे हे अांबा, दलुा, ननतांती, ् ेघदस्न्त, अभ्रयस्न्त, 
वषियस्न्त या सशतषींच्या पत्नी असणाऱ्या ६ कृवत्तका आहेत. सशतषींनी 

रागाने कृवत्तकाांचे तोंड न पाहण्याचे ठरववले. ननरीक्षण केल्यास आपणास ददसेल, की कृवत्तका आकाशात ्ावळण्यासाठी 
पस्श्च्ेकडे सरकल्या मशवाय सशतषी उगवत नाहीत. 

¾¾x ÍɭÅɨÖɭÁ/ (M1) / (Crab Nebula)  / Taurus A  - हा एक अत्यांत सुांदर तेजो्ेघ आहे. हा तेजो्ेघ ४ जुलै 
१०५४ साली झालेल्या अनतनवताऱ्याचे अवशेष (supernova remnant)  आहेत. याचा व्यास ६ प्रकाश वषि असून 
आपल्या पासून तो ६३०० प्रकाशवषि दरू आहे.  

NGC 1647  - हा ३० ताऱ्याांचा एक खुला तारकागुच्छ असून ४०० प्रकाशवषि दरू आहे.  

ÛȗÝÕĦÎ }ġ¾ɟÛÝɟxÛ (Taurids)  - वषृभ तारकास्ूहातून २० ऑक्टोबर ते १० डडसेम्बर दरम्यान वावषिक उल्कावषािव 
होतो. १२ नोव्हेंबरला सवोच्च वषािव होतो. याला हॅलोववन र्फायरबॉल असेही म्हटले जाते. एनके नावाचा धु्केतू या  
उल्का वषािवाचे कारण आहे.  

θÛÑ× ÅɨÜɠ+ ˷̖̙̎̚ , vinayjoshi23@gmail.com  
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ÈɡÈɡ×Þ , ÔɨʪÞ ȑÑ×Ö  

Ñ् स्कार वाचकहो! ्ागच्या अांकात आपण चांद्राच्या कला कशा ओळखायच्या हे पादहले. आता आपण सूयि् ालेतील 
अांतरे ढोबळ्ानाने कशी काढतात या ववषयावर चचाि करणार आहोत. याबद्दलचा ननय् ÈɡÈɡ×Þ,ÔɨʪÞ ननय् 
म्हणून ओळखला जातो. पण याआधी आपल्याला खगोलीय एकक बद्द्दल ्ादहती करून घ्यावी लागेल.कारण वरील 
ननय्ाने येणारे उत्तर खगोलीय एककात असणार आहे. तर एक खगोलीय एकक म्हणजे सूयि आणण पथृ्वी याांच्यातील 
अांतर, जे साधारण १५० कोटी ककलो्ीटर आहे. 1AU १५०००००० km ककां वा 1AU १Ȣ५ 8 १०८ कक्ी  टीटीयस - 
बोड्स ननय् पुढीलप्र्ाणे: 

सूयि आणण पथृ्वी याांच्यातील सरासरी अांतर = ०.४+ ०.३ x २n ककां वा = १
१० ४  ३ x २ , n म्हणजे सूयािपासून 

ग्रहाचा क्र्ाांक 

ग्रह बुध शुक्र पथृ्वी ा्ंगळ लघुग्रह प्टा गुरु शनी युरेनस नेपच्यून शलुटो 

n -Ð ० १ २ ३ ४ ५ ६ ७ ८ 

उदा. ा्ंगळ ग्रहाचा क्र्ाांक आहे n = २. 

सूयि आणण ा्ंगळ याांच्यातील सरासरी अांतर = १
१० ४  ३ x २२  = १

१० ४  १२  = १
१० १६  = १.६ खगोलीय एकक.  

साधारणपणे युरेनसपयांत अांदाजे उत्तर बरोबर म्ळते. ् ार नेपच्यून व शलुटो याांच्याकररता खूप ् ोठी तर्फावत आढळून 
येते. तर इतर ग्रहाांचे सरासरी अांतर काढून पुढचा तक्ता पूणि करा. 

 

 

 

 

 

 

 

 

ÃɭÍÑ ÒɟÈɡÙ+ 

˷̖̙̎̚ , chetanpatil.phy@gmail.com  

ग्रह प्रत्यक्ष अांतर (AU)  ननय् वापरून काढलेले सरासरी अांतर (AU)  

बुध ०.३९    

शुक्र ०.७२  

पथृ्वी १.००  

ा्ंगळ १.५२  

लघुग्रह प्टा २.८  

गुरु ५.२   

शनी ९.५५  

युरेनस १९.२  

नेपच्यून ३०.१  

शलुटो ३९.५  

ओळख खगोलीय सूराांची….. 

mailto:chetanpatil.phy@gmail.com
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ÜɨÐ ÒØŐßɟÛØɡÙ ÅɠÛÞȗĥÈɡÃɟ 

¿गोल शास्रातील सगळ्यात लोकवप्रय ववषयाांपैकी एक असणारा हा ववषय, अनेक लेख, ्ादहतीपट आणण 
चचरपटाां्ध्ये झळकलेला ददसतो. "आपल्याप्र्ाणेच इतर कुठल्या ग्रहावर जीवसषृ्टी असेल का?" हा भोळा प्रश्न 
बहुतेक सवाांनाच पडला असावा. त्यावर बरेच तकि -ववतकि  आणण वाद- वववाद देखील आपण सवाांनी ऐकले असतील. 
असे भोळे आणण बामलश प्रश्नच खरां तर ववज्ञानाच्या प्रगतीसाठी कारणीभूत असतात. ववशेष म्हणजे, अशा प्रश्नाांना 
अनेक वेगवेगळी उत्तरे असू शकतात आणण त्यातील प्रत्येक उत्तर हे ववज्ञानाचा एक ववमशष्ट पैलू ननरखून पाहण्यास 
आपली ्दत करत असतां. 

पाहुयात या प्रश्नाची काही प्रचमलत उत्तरां: 

• आपण अस्स्तत्वात आहोत हा पुरावा आहे की जीवसषृ्टी नन्ािण होऊ शकते. नक्कीच एवढ्या ववशाल 
ब्रह्ाांडात कुठे-न-कुठे तरी आपल्या सारखी जीवसषृ्टी असेलच. 

• ्ध्य् ताप्ान, द्रवरूप पाणी, Carbon, Hydrogen, Nitrogen आणण Oxygen सारखे ्ूलतत्त्व हे 
आपल्या जीवसषृ्टीच्या ननम्ितीसाठी अनतशय ्हत्त्वपूणि घटक आहेत. त्या्ुळे अशी पररस्स्थती उपलब्ध होणे 
दमु्िळच, परांतु त्याची शक्यता नाकारता येणार नाही. )अथाित, जरा अवघडच ददसतांय...( 

• आपला दृस्ष्टकोन केवळ Carbon पयांत सीम्त आहे. शक्य आहे की इतर कुठल्यातरी ्ूलतत्त्वापासून 
देखील जीवसषृ्टी तयार होऊ शकते. Carbon भेदभाव )Carbon Chauvinism) न बाळगता सांशोधन होणे आवश्यक 
आहे. 

• पथृ्वीवरील जीवसषृ्टीच ्ुळात इतर कुठे तरी उग् पावली असण्याची शक्यता आहे. धू्केतू, उल्का इ. 
याांच्या ्ार्फि त ती इथे पोहोचली असावी. त्या्ुळे, जीवसषृ्टीचां खरां ्ूळ कदाचचत अजूनही अस्स्तत्वात असेल परांतु 
आपण नतथपयांत अजून पोहोचू शकलो नाही. 

जैववक रसायनाांची आवश्यकता, अनुकूल पररस्स्तथी, ताऱ्यापासूनचां अांतर इ. अश्या अनेक ्ापदांडाांचा उपयोग करून 
हया ववषयावर भाष्य केलां जातां. जैववक ववज्ञानाचा हया ववषयाबद्दलचा दृस्ष्टकोन तसा बऱ्यापैकी प्रमसद्ध आहे. 
पाहूया, गणणत आणण भौनतक शास्राच्या दृस्ष्टकोनातून हया ववषयावर काय उत्तर म्ळतांय... 

वर म्हटल्याप्र्ाणे, वेगवेगळी उत्तरे ववज्ञानाचे ववववध पैलू पाहण्यास आपली ्दत करतात. आपल्याला जर एखादा 
ठराववक पैलू उलगडून पाहायचा असेल तर त्यासाठी योग्य असा प्रश्न देखील शोधायला हवा. 

त्या्ुळे, " परग्रहावरील जीवसषृ्टीचा शोध", हा ववषय असताना, " जर अस्स्तत्वात असली तर ती जीवसषृ्टी आपल्याला 
सापडेल काय?", हा प्रश्न भौनतक शास्राचा पैलू उलगडून पाहण्यासाठी उपयुक्त ठरेल. 

हा प्रश्न ववचारताच लक्ष वेधलां जातां ते आपल्या क्ष्तेच्या सी्ेकडे. "ननसगाित काय शक्य असेल?" त्यापेक्षा 
"आपल्याला ते साध्य होणे शक्य आहे का?" हा प्रश्न उपस्स्थत होतो. 

शोध......... 
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नुकताच आढळलेल्या ‘सरस्वती’ दीनघिका ्हास्ुहाचां उदाहरण घेऊ... 

कल्पना करा की या ्हास्ूहातील एखाद्या दीनघिकेत अशी एखादी सौर्ाला असेल स्जच्या्ध्ये जीवसषृ्टी असलेला, 
पथृ्वीसारखा ककां वा तत्स् ग्रह आहे. आता हा ्हास्ूह आपल्यापासून सु्ारे ४ अब्ज प्रकाशवषे दरू आहे. स्जा 
नतथे देखील आपल्याप्र्ाणे बुद्चध्ान जीव सध्या राहत असतील आणण त्याांनी आपल्या ददशेने ककां वा आपण त्याांच्या 
ददशेने एखादा सांदेश आज पाठवला, तर तो सांदेश पोहोचायला पुढचे ४ अब्ज वषे लागतील! 

शेजारच्या ग्रहाभोवती कर्फरणाऱ्या ा्ंगळयानाशी होणाऱ्या सांपकाित सुद्धा काही म्ननटाांचा ववलांब होतो. थेट प्रके्षपण 
होणे शक्य नाही कारण प्रकाशालाच तेवढे अांतर 
कापायला वेळ लागतो. त्या्ुळे, एकाच कालखांडात 
असून सुद्धा, प्रचांड अांतर असल्या्ुळे, त्या 
बुद्चध्ान जीवाांशी थेट सांवाद होणे शक्य नाही! 
आइनस्टाइन हयाांच्या मसद्धाांतात साांचगतलां आहे 
की हया ब्रह्ाण्डात कुठलीही वस्तू, ऊजाि अथवा 
्ादहती एका ठराववक वेग्यािदेपेक्षा अचधक वेगाने 
प्रके्षवपत केली जाऊ शकत नाही, आणण ती ्यािदा 
आहे प्रकाशाचा वेग. जर प्रकाशालाच आपल्यापयांत 
पोहोचायला ४ अब्ज वषि लागले असतील तर 
आपण 'सरस्वती' ्ध्ये कर्फरायला जाण्याचा प्रश्नच 
उद्भवत नाही! 

ही तर झाली प्रकाशाची नैसचगिक वेग्यािदा. आता 
आपल्या क्ष्तेची सी्ा ओळखणासाठी उदाहरण 
घेऊ आपल्या सगळ्यात जवळील म्र ताऱ्याचे 
)Alpha-Centauri). तसां बघायला गेलां तर हा 
तारा आपल्यापासून सु्ारे ४ प्रकाशवषे दरू आहे. 
सध्याची आपली ताांत्ररक क्ष्ता पाहता, एखादां यान 
आज म्र ताऱ्याकडे पाठवायचां झालां तर त्याला 
तब्बल ६० हजार वषे लागतील प्रवास पूणि करायला! 
अथाित, आपल्याला ववकास करायला पुष्कळ वाव 
आहे! 

प्रकाशाच्या वेग्यािदे्ुळे ्गृजळ अनुभवण्याची देखील शक्यता आहे, बरां का? 

कल्पना करा की आज अचानक आपल्याला ववश्वाच्या कुठल्या तरी कानाकोपऱ्यातून एक सांदेश प्राशत झाला. एखादी 
बुद्चध्ान जीव असणारी जीवसषृ्टी सापडल्याचा आपल्याला आनांद झाला. आपण त्या ददशेने एक ्ोही् पाठवली... 
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आणण जेव्हा आपले यान प्रत्यक्ष त्या सांदेशाच्या स्रोतापयांत पोहोचले, तेव्हा लक्षात आले की नतथल्या "बुद्चध्ान" 
जीवाांनी युद्ध करून सांपूणि जीवसषृ्टी उद्ध्वस्त करून टाकली आहे! 

ककां वा असे देखील होऊ शकते की त्याांच्या सौर्ालेचा तारा म्हातारा झाल्या्ुळे त्याांच्या ग्रहावरील पररस्स्तथी प्रनतकूल 
होऊन ती जीव सषृ्टी लोप पावली... 

जेव्हा येण्या-जाण्यातच लाखो वषाांचा कालावधी लागू शकतो, तेव्हा, त्या कालावधीत अशा प्रकारची कुठलीही अडचण 
येऊ शकते, ्ुख्यतः जेव्हा आपल्या सभ्यतेची १ लाख काय, १० हजार वषे सुद्धा पूणि झालेली नाहीत. पुढच्या 
शांभर वषाित काय होईल हयाची देखील शाश्वती नाही. अशा पररस्स्थतीत , दसुऱ्या कुठल्या जीवसषृ्टीपयांत 
पोहोचण्याआधीच ती लोप पावण्याची शक्यता खूप दाट आहे. 

अशा प्रकारे, भूत काळातली जीवसषृ्टी सापडणे अवघड आहे आणण वति् ान काळातली जीवसषृ्टीशी सांपकि  करणे 
अशक्य. भववष्यात कुठे जीवसषृ्टी नन्ािण होऊ शकते हे साांगणे अवघड असल्या्ुळे, ददैुवाने, " दसुरी जीवसषृ्टी 
असल्यास आपल्याला ती सापडेल का?" हया प्रश्नाचे उत्तर र्फारसे सकारात््क नाही. 

हयातून एकच मसद्ध होते की एवढ्या प्रचांड ब्रह्ाण्डात आपले अस्स्तत्व र्फारच ककरकोळ, क्षणभांगूर आणण कु्षल्लक 
आहे. भौनतक शास्राच्या हया दृस्ष्टकोनातून बनघतल्यावर आपल्याला आपल्याच ्यािदाांचे गाांभीयि लक्षात येते. आपले 
अस्स्तत्व ककती सीम्त आणण आपल्या क्ष्ता ककती ् यािददत आहेत, हयाचे भान आपल्याला येते. परांतु आपल्यावरील 
बांधनाांनी भारावून जाणे बरोबर नाही. हेही लक्षात घेणे गरजेचे आहे की एवढ्या ववशाल ब्रह्ाण्डात आपण दमु्िळ 
आहोत! त्या्ुळे, आपल्या ग्रहाचा, त्यावरील प्राकृनतक सांपदेचा आणण जीवसषृ्टीचा आपण आदर, सांवधिन आणण 
सांरक्षण केले पादहजे. जेणेकरून, आपण दसुरी जीवसषृ्टी शोधू नाही शकलो तरीही चालेल, पण कक्ान आपली 
जीवसषृ्टी दसुऱ्या कोणी शोधण्यासाठी उपलब्ध असेल... 

कदाचचत असे देखील होऊ शकते की येत्या काही वषाित अचधक वेगवान यानाांची ननम्िती होऊन जवळपासच्या 
सौर्ाला आपण सहज पादाक्राांत करू शकू. ककां वा असे देखील होऊ 
शकते की आपल्यापेक्षाही प्रगत एखादी सांस्कृती आपल्याला शोधून 
काढेल आणण आपल्या भेट देण्यासाठी थेट पथृ्वीवरच अवतीणि होईल. 
ते शरूच्या स्वरूपात येऊ शकतील, ककां वा म्रच्या स्वरूपात सुद्धा. 
गणणताच्या दृस्ष्टकोनातून हया सवि शक्यता ग्राहय धरण्यायोग्य आहेत. 
पुढची ववलक्षण घडा्ोड काय असू शकेल हयाचा काही ने् नाही. 

हया सवाितून एकच सांदेश आपल्याला म्ळतो: वैज्ञाननक सांशोधनाला कधीही अांत नाही आणण ही प्रकक्रया अखांड सुरु 
असावी. एखाद्या परग्रहावर जीवसषृ्टी असेल व ती आपल्याला सापडेल की नाही, हे साांगता येत नाही, परांतु आपण 
शोध घेणे सतत सुरु ठेवले पादहजे. 

yÖɭ× ÑȕÙ¾Ø  

Email - super.amey@gmail.com  
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¾ȼÑ ÍØ Òßɟų 

न्स्कार म्राांनो, गेल्या वेळी सूयािचे दतु्रबिणीतून सुरक्षक्षतरीत्या दशिन कसे करायचे ते पादहले. आता आपण सूयित्रबांब 
पाहण्याची आणखी एक सोपी पद्धत पाहणार आहोत. वपन-होल कॅ्ेऱ्याबद्दल तुम्हाला कदाचचत ्ादहती असेल. 
तीच पद्धत वापरून आपल्याला LθÒÑ,ßɨÙ Þȕ×x ÏÜx¾M बनवायचा आहे.  

 

 

 

 

प्रनत्ा 

 सूयि                       वपन-होल               बॉक्स ककां वा नळी 

 

आकृती )क्र. १( θÒÑ,ßɨÙ Þȕ×x ÏÜx¾ 

त्यावरून तुम्हाला सूयि आणण पथृ्वी याांच्यातील अांतर वापरून सूयित्रबांबाचा व्यास सुद्धा काढता येईल. यासाठी 
आपल्याला एका लाांब खोक्याचा )बॉक्स( ककां वा नळीचा वापर करायचा आहे. लाांबी साधारणतः ३०ते ५० से्ी असली 
पादहजे. ्ार एक लक्ष्यात असू द्या, जेवढी लाांबी अचधक तेवढी प्रनत्ा ्ोठी. नळी ककां वा खोका दोन्ही बाजूने खुला 
असला पादहजे. आता एका बाजूला कर्फल्टर पेपर )अल्युम्नीय्चा पातळ परा( आणण दसुऱ्या बाजूला से्ी-ट्रान्स्र्फरन्ट 
कागद आकृतीत )क्र.२( दाखवल्याप्र्ाणे चचटकावयाचा आहे. दोन्ही बाजूने एकस्ान पातळीत पेपर लागला असल्याची 
खारी करून घ्या. सुई ककां वा सेफ्टी वपनच्या सहाय्याने अॅल्युम्नीय्च्या पेपर वर ्धो्ध एक लहानसे नछद्र तयार 

करा.  

 

 

 

 

 

आकृती )क्र.२( 

करून तर पाहाų 
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नछद्र व्यवस्स्थत ्ध्य भागात असेल तरच दसुऱ्या बाजूला 
म्ळणारी प्रनत्ा बरोबर ्धो्ध म्ळेल. आता 
अॅल्युम्नीय् पेपर ची बाजू सूयािच्या सरळ ददशेत धरा. 
दसुऱ्या बाजूला से्ी-ट्रान्स्र्फरन्ट पेपरवर तुम्हाला सूयािची 
प्रनत्ा तयार झालेली ददसेल )आकृती क्र. ३(. प्टीच्या 
साहाय्याने सूयित्रबांब प्रनत्ेचा व्यास ्ोजा. खोक्याची )बॉक्स( 
ककां वा नळीची लाांबी वापरून पुढील सूराचा वापर करून आपण 
प्रत्यक्ष सूयािचा व्यास काढू शकतो!          
          आकृती )क्र.३( 

सूयािचा व्यास सूयित्रबांब प्रनत्ेचा व्यास
नळीची लाांबी सूयि आणण पथृ्वी याांच्यातील अांतर 

येथे,  सूयि आणण पथृ्वी याांच्यातील अांतर १Ȣ५ १०८ ्ीटर 

एक गोष्ट ्ार नेह्ी लक्ष्यात घ्यायची आहे ती म्हणजे Þȕ×ɟxÃɭ ÏÜxÑ Ţĕ×à ÊɨĢ×ɟɰÑɠ ¾ɭÙɭ ÍØ ÊɨĢ×ɟɰÑɟ {Åɟ ßɨÛȕ 
Ü¾Íɭ- तर घरी बसल्या-बसल्या काढणार ना सूयािचा व्यास! हा होता LθÒÑ,ßɨÙ Þȕ×x ÏÜx¾M. या दशिकाने सूयिग्रहणाचे 
सुद्धा व्यवस्स्थत ननरीक्षण करता येवू शकते.्ग घेणार ना हा नवा अनुभव! 

ÃɭÍÑ ÒɟÈɡÙ 

˷̖̙̎̚ , chetanpatil.phy@gmail.com   

¨Ë ÖɰÀÚɟÃɠ 
्ागील ककत्येक शतकाांपासुन ्ानवाचे अांतराळाववषयीचे कुतूहल ददसून आले आहे. पथृ्वीवरील जवळ जवळ सविच 
सांस्कृतीांनी अांतराळाचे पुरातन काळापासून सांशोधन केले. ववज्ञानाच्या प्रगतीनांतर अांतराळसांशोधनाला बरीच गती 
म्ळाली. आपल्या आकाशगांगेतील तसेच आकाशगांगेबाहेरील खूप दरूवर असलेल्या तारकाांची आणण ग्रहाांची ्ादहती 
आपण म्ळवत गेलो. अक्षरशः डोळ्याांनी न ददसणाऱ्या कृष्णवववराांबद्दल देखील आपल्याला ज्ञान म्ळाले. या 
प्रगतीत सवाित ्हत्वाचा वाटा होता तो म्हणजे ्ानवी कुतूहलाचा. 

या कुतूहलाने ्ानवास्ोर अनेक प्रश्न ्ाांडले, पथृ्वीव्यनतरीक्त परग्रहावर कुठे जीवन आहे का? ्ानव पथृ्वी बाहेर 
अन्य ग्रहावर जगू शकतो का? या प्रश्नाा्ं ुळे सुरूवात झाली एका अखांडडत प्रवासाची. असा प्रवास, ज्याला आपल्या 
अवकाशाप्र्ाणे कुठल्याही सी्ा नव्हत्या. त्यातूनच जन्् झाला एक अशा कल्पनेचा की, जर ती कल्पना कोणी 
एका शतकापूवी ्ाांडली असती, तर ती व्यक्ती पथृ्वीवरील सवाित ्ूखि स्जली गेली असती. ती कल्पना म्हणजे 
्ानवाचे ा्ंगळग्रहावरील वास्तव्य. 

mailto:chetanpatil.phy@gmail.com
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पथृ्वी आणण ा्ंगळाची तुलना केली असता सांदभि नक्कीच द्यावासा वाटतो की, अशा दोन बदहणी ज्याांना एकाच 
सुयिदेवाने जन्् ददला, दोघी नेह्ी सोबत रादहल्या आणण 
कालाांतराने एकीचा सांसार चाांगलाच रु्फलला; परांतु दसुरीला 
सांपूणि जन््तः यातना सहन कराव्या लागल्या. परांतु 
ा्ंगळ ग्रह नेह्ीच असा उजाड नसल्याची शक्यता 

वतिववली जाते. Asteroid ्ुळे तर असे होत नाही ना याच 
शांकेचे ननवारण करण्यासाठी ्ानवाने कृत्रर् उपग्रहाांद्वारे 
ा्ंगळ ग्रहाभोवती हस्तके्षप करण्यास सुरुवात केली.  

उपग्रहाां्ार्फि त आपल्याला ् ांगळाबद्दल भौगोमलक ् ादहती 
म्ळाली; परांतु ्ानवी कुतूहलाचाच पररणा् की, एका 
प्रश्नाचे उत्तर हे आपणाला शांभर प्रश्न नन्ािण केल्यामशवाय म्ळत नाही. म्हणूनच आता ा्ंगळाच्या पषृ्ठभागाला 
स्पशि करण्याची इच्छा झाली. त्याचेच पररणा् स्वरूप ा्ंगळ ग्रहावर सांशोधन करणाऱ्या Rovers पाठवण्याची प्रथा 
आली. या प्रयत्नातून ् ांगळ ग्रहावर ् हत्वाचे जीवनावश्यक तत्त्व सापडल्या्ुळे ् ांगळावर देखील भूतकाळात जीवसषृ्टी 
अस्स्तत्वात असल्याची शक्यता अजूनच दाट झाली. 

आकार्ानाने ा्ंगळग्रह पथृ्वीच्यातुलनेत पथृ्वीपेक्षा जवळ जवळ ननम्म्याने लहान असला, सुयािपासून पथृ्वीपेक्षा दरू 
असला, तरीही ् ांगळवरील ददवस पथृ्वीच्या तुलनेत र्फक्त ४० म्ननटाांनी ् ोठा आहे, तसेच तो जीवनोत्त्पत्ती होण्यासाठी 
्हत्त्वपूणि असलेल्या Goldilocks zone ्ध्ये देखील आहे. या आणण यासारख्या अनेक सकारात््क कारणाां्ुळे 
्ानवाला ा्ंगळग्रहावर वास्तव्य करण्याची इच्छा झाली. त्याचवेळी ‘The Martian' सारखा एखादा जबरदस्त चचरपट 
या इच्छेची ्नात पूती करून जातो. आपल्याला जीवनावश्यक असलेल्या पाणी, ऑक्सीजन या सारख्या गोष्टी 
ा्ंगळग्रहावर उपलब्ध असलेल्या तत्त्वाांचा वापर करून, सूराां्ार्फि त तयार करता येत असल्याने चचरपटातील वास्तव 

खूप दरू नाही, हे नक्कीच.                                    

परांतु हे भववतव्य ्ानवी इच्छाशक्तीववना पूणित्वास जाऊ शकत नाही. त्यासाठी इस्रोसदहत अांतराळ सांशोधनातील 
बऱ्याच सांस्था आपला वाटा देत आहेत. अशाच वेळेस SpaceX सारखी ध्येयवेडी सांस्था, त्याांच्या तांरज्ञानाच्या 
जोरावर, त्याांची ा्ंगळ ग्रहावर ्ानवाला घेऊन जाण्याची आणण सुखरूप परत आणण्याची योजना घेऊन येते. खरां 
बनघतलां तर सुरूवातीला ा्ंगळ ग्रहावर जाणारे सविच “श्री ा्ंत ा्ंगळपे्र्ी” असतील, कारण सध्या तरी ्ोठ्या 
गुांतवणकुीमशवाय अशी भव्यददव्य योजना शक्य नाही. 

भववष्यात ्ानव नक्कीच ा्ंगळ ग्रहावर वास्तव्य करणार, तसेच ववज्ञान- तांरज्ञानाच्या जोरावर हा प्रयत्न देखील 
होईल की, पथृ्वीप्र्ाणेच ा्ंगळ ग्रहावर जीवसषृ्टीसाठी पोषक वातावरण तयार केले जाईल. 

चेतन चव्हाण 

˷̖̙̎̚ , chetan.1130@gmail.com  

mailto:chetan.1130@gmail.com
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Supernova Failed? A giant dying star collapsed straight into a black-hole? 

Supernova- the 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 can not get out. The 

gravity is so strong because matter has been squeezed into a tiny space. This can happen when a star is dying. 

Because no light can get out, people can't see black holes. They are invisible. Space telescopes with special 

tools can help find black holes. The special tools can see how stars that are very 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 supernova before collapsing into a black hole, as expected, one giant star skipped the pyrotechnics and 

went straight to the collapse. This so-called "massive fail," spotted in a nearby galaxy, could explain why so 

few massive stars have been observed going supernova, researchers conducting a new study explained. As 

many as 30 percent of these massive stars may instead quietly collapse into a black hole. "The typical view is 

that a star can form a black hole only after it goes supernova,". "If a star can fall short of a supernova and still 

make a black hole, that would help to explain why we don't see supernovae from the most massive stars.ò The 

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 "Fireworks Galaxy" because so many 

supernovas happen there, including recently 

discovered SN 2017eaw. One star in this galaxy, 

called N6946-BH1, began to brighten weakly in 

2009. It vanished altogether in 2015, and the 

researchers, who had been monitoring the sky with 

the Large Binocular Telescope in Arizona, could 

not see signs of a supernova in that zone. So 

astronomers aimed two more powerful space 

telescopes Hubble and Spitzer toward the area to 

see if the star had faded a little, or was hidden 

behind a dust cloud. With searches coming up 

empty, astronomers eliminated other possibilities 

and concluded that N6946-BH1 had turned 

directly into a black hole.     Credit: NASA, ESA, and C. Kochanek (OSU) 

"N6946-BH1 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 as failed supernovae." (These two Hubble Space Telescope images show 

the giant star N6946-BH1 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 region in 2015, with 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 

create a massive black hole. 

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

चाल ू घडा्ोडी 
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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 space 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 Horizon. 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 very 

massive stars collapse at the end of their cycle. It is also predicted that 

super massive black holes exit in centers of most galaxies. Our own 

galaxy, Milky Way has a black hole named óSagittarius A*ô. 

The History of Black Holes is much interesting.  In 1783, John Michele 

came up with the concept of Black Holes. In 1915, German physicist 

Karl Schwarzchild wrote a paper describing óSingularityô. After that 

John Wheeler first publicly used the term 'Black Hole'. After 4 years 

Stephan Hawking stated that black hole may not be black after 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 

atomôs nucleus is negatively charged and positron particle orbits it. 

 It is stated that The Black Hole acts as a wormhole or door to 

the other universe or world. 

 It is also stated that nothing can exist inside  

 On other hand it is also considered that time passes very rapidly 

in Black Holes. 

What if instead of Sun there 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 sufficient heat or due to bending of light there would have been other 

destructions on Earth. But it is not so because sun will form White Dwarf instead of Black Hole. 

In the tough competition of óSpace Raceô, India also contributes in this search of the mystery of Black Hole. 

Billions of Kilometers beyond the constellation Virgo, a zoo of monster black holes has been discovered by a 

Cambridge team led by Manda Banerji an Indian-origin scientist. The research estimates that there are at least 

400 black holes in the cluster which is 11 billion light years away. The unrevealing of Truth may be hard but 

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

Omkar Tidke. Email - tidkevb@gmail.com 

mailto:tidkevb@gmail.com
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Chandrayaan-2, GSLV Mk-III and Aditya - L1 

The Indian Space Research Organisation [ISRO] has carried out 76 spacecraft missions, 46 launch missions 

and has planned many missions including ,those covered Lunar Mission[Chandrayaan-1 & Chandrayaan-2], 

Interplanetary Missions [Mars Orbiter Mission- MOM], 

Astronomy [ASROSAT], Earth Satellites [Like Aryabhatta, 

Bhaskar, Rohini, METSAT-Kalpana], Planned missions [ 

Aditya, AVATAR].  

In future, India will be launching many more satellites. 

Out of these, some of the information regarding 

Chandrayaan-2, GSLV Mk-III  and Aditya- L1 has been 

discussed here.                             

Chandrayan-1 was a successful mission, so ISRO planned 

for next, Chandrayaan 2. It is scheduled to be launched in 

2017-2018.  Due to a success of Mangalyaan which was sent on Mars, encouraged   the Indian  scientists  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 II) 

with an approximate lift-off mass of 3,250 kg from Satish Dhawan Space Centre on Sriharikota Island. 

Chandrayan 2 has many advantages over Chandrayan1. It has moon impact probe, which will be impacted on 

the moonôs surface, the lander will make soft landing. It has a advanced sensor that can quickly catch the data 

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 combined stack 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 the Rover. 

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 mission, it was decided that the Lunar Lander development would be done by 

ISRO and Chandrayaan-2 will 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 are new, while two others are improved versions of those flown on Chandrayaan-1. The 

approximate launch mass will be 1,400 kg. The Orbiter High 

Resolution Camera (OHRC) will conduct high-resolution 

observations of the landing site prior to separation. ISRO has 

announced that an expert committee has decided on five 

payloads for the orbiter, and two for the rover. 

GSLV MKIII  is a three-stage heavy lift launch vehicle 

developed by ISRO.It has height of 43.43m and a diameter of 

4m.GSLV Mk III is designed to carry Payload of 4 ton class 
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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 Mk II. It was successfully launched on 5th of June 2017. 

ADITYA L1                         

Aditya-L1 is a spacecraft whose mission is to study the Sun. It 

has been designed and will be built in collaboration between  

ISRO and various Indian research organizations and will be 

launched by ISRO around 2019-2020. This will be the first Indian 

space mission to study the Sun, and also the first Indian mission 

to be placed at Lagrangian point L1; 

Lagrangian point L1 is a far away region, i.e. about 1.5 million 

km away from the Earth from where the continuous solar observations are possible without any occultation/ 

eclipses. Aditya-L1 Satellite will be placed in the halo orbit around the Lagrangian point L1. Aditya-1 is meant 

to observe only the solar corona.  The outer layers of the Sun, extending to thousands of km above the disc 

(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 

question in solar physics.  

Aditya-1 is designed to carry a total of seven payloads with diverse objectives, including the coronal heating 

problem, solar wind acceleration, UV solar radiation (which drives Earth's upper atmospheric dynamics and 

global climate). 

Thus the enhanced Aditya-L1 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 

˷̖̙̎̚ , ashish.chavan139@gmail.com  

Source: ISRO and Wikipedia 

 

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 these 

heavenly bodies just because of the light rays 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 

limitations, canôt locate the objects which are far from us. It is also not possible to 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 find out different 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 spectrum of the 

light received from these terrestrial bodies. Now we need to have some astronomical instruments to study these 

Optics 

mailto:ashish.chavan139@gmail.com
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heavenly bodies. Most of the instruments are based on the properties and structure of the light and also Radio 

waves.    

We also need to understand the effect of the medium through which the light is travelling. What changes does 

it takes when passes through these different mediums. In this chapter we shall study the light and its properties 

along with the basic instruments used to observe the sky.  

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 in turn are captured 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 amuse 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 lightôs energy. 

We already know that visible 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 travel? How 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 

behavior 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 location. (See Figure 1. 2) It can come 

directly from the source through empty space, such as from the 

Sun to Earth. Or light can travel through various media, such as air 

and glass, to the person. Light can also arrive after being reflected, 

such as by a mirror. In all of these cases, light is modeled as 

traveling in straight lines called rays.  

Figure 1.2: Three methods for light to travel from a source to 

another location. (a) Light reaches the upper atmosphere of Earth 

traveling through empty space directly from the source. (b) Light 

can reach a person in one of two ways. It can travel through media 

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 lines, like a ray. 
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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 mathematics 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 interacts with matter. 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 light. Previously 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 objects emit and/or reflect 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 diffraction and 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 particles we call ñphotons,ò each carrying its own individual portion (or ñquantumò) 

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 reflection to form an 

image of stars and other astronomical objects. 

1.2:  The Law of Reflection 

The law of reflection is illustrated in Figure 1.3, which also shows how 

the angles are measured relative to the perpendicular to the surface at the 

point where the light ray strikes.  

Figure 1.3: The law of reflection states that the angle of reflection equals 

the angle of incidenceð ɗ r = ɗ i  The angles are measured relative to 

the perpendicular to the surface at the point where the ray strikes the 

surface. 

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.  

Figure 1.4:  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 surfaces and 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 

1.5 
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Figure 15:  A mirror illuminated by many parallel rays reflects them in 

only one direction, since its surface is very smooth. Only the observer at a 

particular angle will see the reflected light. 

When the moon reflects from a lake, as shown in Figure 1.6, a combination 

of these effects takes place. 

Figure 1.6: Moonlight is spread out when it is reflected by the lake, since 

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 exactly the same 

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 cannot be, the 

images are not figments of our imagination (something that seems 

real but is not ï is also called as virtual). Mirror images can be 

photographed and 

videotaped by instruments and look just as they do with our eyes 

(optical instruments themselves). The precise manner in which 

images are formed by mirrors and lenses will be explained in 

later sections of this chapter.     

Figure 1.7:  Our image in a mirror is behind the mirror. The two 

rays shown are those that strike the mirror at just the correct 

angles to be reflected into the eyes of the person. The image 

appears to be in the direction the rays are coming from when 

they enter the eyes. 

1.3:  The Laws of Refraction:                            

It is easy to notice some odd things when looking into a fish tank. For example, you may see the same fish 

appearing to be in two different places (See Figure 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 light rayôs direction (loosely called bending) when it passes through variations in matter 

(medium) is called refraction . 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 material (medium) 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 light as well as how 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 seems to be in two different 

places. This bending of light is called refraction and is 

responsible for many optical phenomena.  

The Speed of Light:  

Early attempts to measure the speed of light, such as those made 

by Galileo, determined that light moved extremely fast, perhaps 

instantaneously. The first real evidence that light traveled at a 

finite speed came from the Danish astronomer Ole Roemer in the 

late 17th century. Roemer had noted that the average orbital 

period of one of Jupiterôs moons, as measured from Earth, varied 

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 

light. As the mirrors rotate, the reflected ray is only briefly 

directed at the stationary mirror. The returning ray will be 

reflected into the observer's eye only if the next mirror has 

rotated into the correct position just as the ray returns. By 

measuring the correct rotation rate, the time for the round trip 

can be measured and the speed of light calculated. 

Michelsonôs calculated value of the speed of light was only 

0.04% different from the value used today. 

From his 1676 data, a value of the speed of light was 

calculated to be 2.26×ρπ m/s (only 25% different from 

todayôs accepted value). In more recent times, physicists have measured the speed of light in numerous ways 

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

Michelson (1852ï1931), is illustrated in Figure 1.9. Light reflected from a rotating set of mirrors was reflected 

from a stationary 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 for the light to be returned to the observerôs eye. 

The speed of light is now known to great precision. In fact, the speed of light in a vacuum c is so important 

that it is accepted as one of the basic physical quantities and has the fixed value 

c = 2.9972458Ĭ10 8 m/s å 3.00Ĭρπ m/s 

Where the approximate value of 3.00×ρπ  m/s is used whenever three-digit accuracy is sufficient. The speed 

of light through matter is less than it is in a vacuum, 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 lattices, and 

other substructures varies. 

Pradeep Devi 

Email - pradeepdevi1950@gmail.com 
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लेख ्राठी तसेच इांग्रजी अशा दोन्ही भाषाां्ध्ये स्वीकारले जातील. शब्द ्यािदा ७५० असावी. आपला लेख 
युननकोड्ध्ये टाईप करून पाठवावा. लेख स्वीकारणे व छापणे हे सविस्वी सांपादक ्ांडळाच्या हाता्ध्ये 
आहे. लेखासांबांधी काही चचाि करावयाची असल्यास लेखकाांशी ददलेल्या ई-्ेलवर सांपकि  करावा. 
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