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1.  ABOUT THE KLE SOCIETY: 

 

 

 The KLE Society was founded in 1916. It has been playing a vital role in the academic and 

socio-economic upliftment of North Karnataka region by imparting education at every level 

of learning ranging from KG to PG. Now it has expanded its realms of activity to 

international level too. At present as many as 244 institutions, 16,000 dedicated staff serve 

their best to cater the needs of about 1,25,000 students every year. The courses offered are in 

Basic, Social & Management Sciences, Tourism, Hotel Management, Engineering and 

Technology, Nursing, Pharmacy, Dental and Medical Sciences, Educational training, among 

others. KLE Society’s institutions of higher education are spread across the country. The 

Society has established collaborations with prestigious international educational institutions 

of UK, USA, Malaysia, China and Zimbabwe, apart from many national institutes of repute. 

Another milestone in the hollowed path of growth of the society is that the medical and allied 

institutes have been brought under the umbrella of KLE University. 

The great visionary, our beloved Chairman Dr. Prabhakar Kore, M.P. and Chancellor of KLE 

University, ably assisted by the dynamic Board of Management, deserves special 

acknowledgement for the quantum leaps and spectacular growth that the society has achieved 

over the last three decades. 

Under his leadership and able guidance all our aided degree colleges have undergone first 

accreditation process by NAAC during 2004-05 and re-accredited during 2010-11. Among 

the 15 aided HEI’s 7 have been re-accredited at ‘A’ level. This only speaks of the high 

standards set by our Society in basic degree education field. Now these institutions are due 

for 3rd cycle of accreditation  in 2015-16.  
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2. FROM PRINCIPAL DESK: 

 

 

KLE’s G. I. Bagewadi Arts, Science and Commerce & PG College is located at Nipani a semi 

rural place situated in multi lingual Karnataka-Maharashtra border area. 

 

The institution is re-accredited by NACC at ‘A’ level with enviable CGPA of 3.25. Its CGPA 

ranking is the highest in within the jurisdiction of Rani Channamma University. 

 

It has UG programs in Arts, Science and Commerce and PG in Commerce & Mathematics. 

The institution conducts all its academic programs in an exquisitely excellent fashion. 

 

The college history is replete with rare feats in curricular and extracurricular arena. There are 

11 Doctorates and 08 M. Phil’s on its rolls. Some have NET and SLET qualifications also. It 

has the best of faculty who are serving their stakeholders in an inimitable fashion. Gold 

Medalists, among the faculty, are also sizeable in number. 

 

With its focus on digi-campus and ICT application in teaching methodology, ours is a virtual 

SMART campus, in the real sense of the term.  We can humbly, say that ours is a virtually 

technology enabled campus.  

 

As a part of Co-curricular activities New Indoor Stadium and eight lanes Olympics Standard 

Swimming Pool are under construction.  

 

Teachers being the heart and soul of seats of learning we feel we have no dearth of such 

teachers in our college. The faculty members keep themselves updated to make the students 

face the world with a sense of competence and confidence.  

              Prin.  Dr. M. B. Kothale 

                                                          President  

                  National Conference  
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3. FROM ORGANISER’S DESK 

 Astrophysics is a branch of astronomy concerned mainly with the properties and 

structures of cosmic objects, including the universe as a whole. Starting in the 19th century, 

spectroscopy and photography were applied to astronomical research, making it possible to 

study the brightness, temperature, and chemical composition of cosmic objects. It was soon 

realized that the properties of these bodies could be fully understood only in terms of the 

physics of their atmospheres and interiors. 

  The objectives of this conference is to know about recent advances in astronomy, 

astrophysics, planetary science, and space science which includes general fields of high-

energy astrophysics, astrophysical and astrochemical studies of the interstellar medium 

including star formation, planetary astrophysics, the formation and evolution of galaxies and 

the evolution of large scale structure in the universe.  

 Recent advances in space instrumentation have allowed astrophysics to observe 

astronomical phenomena that previously had been too far away to see. Large space-based 

observatories, such as the Hubble space telescope, continually lead to major advances in 

astrophysics by exploring parts of the universe with sensitivity never before imagined. Space 

probes, such as the Voyagers, which visited most of the outer planets of our solar system, 

have provided detailed measurements of the physical environment throughout our solar 

system. Spectroscopes, optical devices that analyze electromagnetic radiation have enabled 

astrophysicists to determine the chemical composition of distant stars or galaxies. 

 Our understanding of galaxy evolution has come to new turning point. Rapid 

advances in integral-field spectroscopy allow investigation of spatially resolved internal 

properties of galaxies, both at low and high red shifts. Particularly important is the 

deployment of wide-field integral-field unitsM (IFUs) on medium-sized telescopes. Large, 

nearby galaxies can now be dissected with unprecedented detail and sensitivity to low surface 

brightness emission. A number of surveys are now under way around the world, and even 

more ambitious ones are being planned. 

  We are grateful to UGC SWRO Bangalore for financial support. My sincere thanks to 

the Chairman and Directors of Board of Management of KLE Society, Belagavi for their 

support for  organizing this National Conference. 

 

Prof A. D. Tigadi 

Convener of 

 National Conference 

 Dr. R. G. Kharabe  

Organising Secretary 

National Conference 
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Technical Session-I  

 Shri Deepak Dhadoti 

Managing Director, Servocontrols, 

 Belagavi 

Topic: Servocontrols of Interstellar 

Journey 

1.45-2.30 pm                                           Lunch 

2.30 -3.45  pm  Technical Session-II 

Dr. Anuj Nandi 

Scientist, ISRO Satellite Centre 

Bangalore 

Topic:  
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Proceedings of   

UGC SPONSORED  

Two Day National Seminar  

on 

“RECENT ADVANCES IN ASTROPHYSICS AND SPACE SCIENCE” 

19th & 20th December, 2014 

Organized by Department of Physics 
 

INAUGURAL FUNCTION 

The Inaugural function began with invocation song by final year students. Prinl Dr. M. B. 

Kothale had welcomed the dignitaries and delegates. He also introduced about KLE Society 

and college. Dr. A. S. Jaganure introduced the President of the function Dr. C. K. 

Kokate,Vice Chancellor, KLEUniversity,Belagavi.  Dr. R. G. Kharabe introduced the Chief 

Guest Dr. Anuj Nandi Scientist, ISRO, Bangaluru and the Guest of Honor Shri Ashokanna 

Bagewadi,Vice Chairman ,KLE Society Belagavi. Dr. C. N. Naikar, Prof A. D. Tigadi, Prof 

G. B. Kumbar presented bouquet and memento to the Dignitaries as a token of love and 

respect. All the Dignitaries lighted the lamp as a formal ceremony in the occasion. The 

eminent personality bearing the title of “KLE Ratna” Shri Deepak Dhadoti, Managing 

director, Servo controls, Aero Space India Pvt. Ltd. Belagavi had felicitated by the dignitaries 

for his contribution to success of Mars Orbiter Mission  (MOM).  

 

Shri Deepak Dhadoti Managing director, Servocontrols, Aero Space India Pvt. Ltd. Belagavi 

addressed the gathering and told about the success of Mars Orbiter Mission. Later the Chief 

Guest Dr. Anuj Nandi, Scientist ISRO, Bangaluru highleted that India is Leading Country in 

the world in the field of Astrophysics & Space science. He also elobarated that for 

Astrophysics the contribution of other subjects like Chemistry, Zoology and Mathematics are 

needed. For development of scientific field Astrophysics plays an important role. To 

understand our Galaxy & Universe a technology is required. He explained that after the 

success of Mars Orbiter Mission, the successful launch of GSLV-Mark-III is also made. On 

this auspious occasion it is coincidence that this National Conference on Recent Advances in 

Astrophysics & Space Science was organized.  Dr. C. K. Kokate, Vice-Chancellor K. L. E. 

University, Belagavi remarks in presidential speech that “Today’s Science is Tomorrow’s 

Technology”. He also told that without Science we cannot think of our future life. Today 

whatever modern facilities are available; they are results of scientific research development. 

He also enlighted that Global Waste Management of Waste is today’s important issue. For 
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that development of new technology is required. If we succeed in such technology we can 

maintain ecosystem properly. Finally Dr. S. B. Solabbanavar proposed the vote of thanks. 

 

 

TECHNICAL SESSION-I 

Topic:  Servo Controls of Interstellar Journey 

Resource person: Shri Deepak Dhadoti 

                               Managing director,  

                               Servocontrols, Aero Space India Pvt. Ltd.  

                               Belagavi, 

 

The first Technical session began with welcome speech & introduction of resource person by 

Dr. R. G. Kharabe. Shri Deepak Dhadoti explained about Servo controls of interstellar 

journey and said that we travel in space with the speed of light, biological factors like age, 

time and hungry will not effect to the human body. With the study of Astrophysics we come 

to know about the past as well as future so there are many uses are there by the study of 

Astrophysics. Prof G. M. Madanalli proposed vote of thanks & Prof P. U. Takale compeered 

the session. 

 

TECHNICAL SESSION-II 

Topic:  Space Explorers Probing the life of Stars 

Resource person: Dr. Anuj Nandi 

                              Scientist, ISRO, 

                              Bangaluru 

 

The second Technical session began with welcome speech & introduction of resource person  

by Dr. R. G. Kharabe The chair person Dr. Anuj Nandi explained about Space Explorers 

probing the life of stars. He mainly concentrated on the solar system i.e. about space, 

evolution of stars, about Galaxies, about big bang theory, black holes, about Mars orbiter 

Mission project and informed about facilities of ISRO to the students. He also explained that 

the Sun is born before 5 billion years ago and after 5 billion years it will die. After that all 

living things may die or another star may take the birth which is stronger than the sun 

because every day universe expands. He also elaborated about origin of stars how the solar 

system and star took the birth? What are the different stages happening in the star and how it 

will die?  He highlighen about the Mars Orbiter Mission and presently how ISRO is working 
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about the MOM?  Prof P. U. Takale proposed Vote of thanks. Prof G. M. Madanalli 

compeered the session. 

 

 

 

TECHNICAL SESSION-III 

Oral & Poster presentation by students 

In this session students presented the paper by oral & poster presentation.  For this session, 

Dr. R. R. Mudholkar Associate Prof, Dept of Electronics Shivaji University Kolhapur was the 

Chair person as well as judge. 17 students presented the paper about their respective themes 

and 10 students did the poster presentation. Prof P.U.Takale proposed vote of thanks. Prof G. 

M. Madanalli compeered the session. 

 

TECHNICAL SESSION-IV                                                                                                                                                            

Topic:  Space Explorers Probing the life of Stars           

Resource person: Prof R. V. Bhosale  

                              Hon. Prof. 

                              Dept of Physics, Shivaji University,  

                              Kolhapur 

 

Prof R. V. Bhosale spoke extensively on the topic of ‘Present Scenario and the Future Scope 

of Astrophysics’ during the first session on the 2nd day of the two day National Conference. 

He was introduced to the delegates by Prof V. N. Chougule. In his talk Prof R. V. Bhosale, 

gave a detailed description of the electromagnetic spectrum starting from the gamma rays to 

the radio waves. He elaborated the fact that the atmosphere acts as a shield to major part of 

the spectrum by absorbing them while the visible and the radio waves reach the surface of the 

earth. Therefore, he told that it becomes essential to take the instruments up in the space in 

order to measure or detect several other radiations that might be coming from various parts of 

the universe. During his talk and later interacting with the delegates he opined that may be 

there are other universes that we are presently unaware of. Hence, he said, it is essential to 

explore the universe and the younger generation can do a lot work in Astrophysics and Space 

science.  Prof P. U. Takale proposed vote of thanks & Prof R. B. Kamble compeered the 

session. 

 

TECHNICAL SESSION-V      

 Oral presentation by teachers 

In the fifth Technical session Ten teacher delegates presented the papers on their respective 

themes. In this Smt Savita Kotgar Admin officer, ISRO Bangalore was the chief guest. Prof 
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G. M. Madanalli presented bouquet and memento to the chair person as a token of love and 

respect. The chief guest introduced about ISRO and gave the information about the facilities 

of  ISRO and explained about the job opportunities in ISRO after UG & PG.  

 

 

TECHNICAL SESSION-VI 

Topic:  Sun, its structure & its energy sources 

Resource person:  Dr. A. K. Sharma 

                           Dept of Physics, Shivaji University,  

                               Kolhapur 

The sixth Technical session started on the topic of the Sun, its structure & its energy sources 

by the eminent scholar and the resource person Dr. A. K. Sharma, Department of Physics 

Shivaji University Kolhapur. Dr. R. G. Kharabe introduced and welcomed the resource 

person. Dr. A. K. Sharma explained about the topic. He began speech with facts about the 

Sun. He told that the pioneer scientists like Aristotle, Copernicus, Kepler & Newton gave 

foundation to Astronomy. He also explained about the Solar interior i.e. about Nuclear fusion 

reaction & atmosphere, the causes of solar activity, life cycle of the Sun.  Prof P. U. Takale 

proposed vote of thanks & Prof G. M. Madanalli compeered the session. 

 

VALEDICTORY FUNCTION 

This function started with invocation song by the final year students. Shri S.B.Pawar, 

President Marathi Vidnyan Parishad, Kolhapur, Dr. I. M. Khazi, Sir C. V. Raman Young 

Scientist Awardee 2014. Special officer academic & DPR Karnataka University Dharwad 

graced the function as the Chief Guests.  Dr. A. S. Jaganure welcomed the dignitaries and 

introduced about KLE Society and college. Dr. C. N. Naikar introduced the Chief guests of 

the function. Prof A. D. Tigadi presented bouquet and memento to the chief guest Shri 

S.B.Pawar. Prof G. B. Kumbar presented bouquet and memento to another chief guest Dr. I. 

M. Khazi. Dr. S. B. Solabannavar presented bouquet and memento to the the guest Shri. S. G. 

Bagewadi, Chairman, Local Governing Body & students presented bouquets to other 

dignitaries on the dais. Shri S. B. Pawar spot that basic Science is foundation to new 

scientific research & Technology. We should develop the habit of reading scientific books. 

He suggested the students to discuss about optional subjects by making friends groups. By 

doing like this, the interest of learning increases. Curiosity & creative mind is the main step 

of success. Another Guest Dr. I. M. Khazi addressed the gathering that believe, hopes & self 

confidence are the main formulas for success. Waste management is the big task in today’s 

life. In this matter the government, Laws & Constitution will not do anything. First we have 

to be stand for this. We have to adopt Technology in our life.   Some of the teacher delegates 

& Students gave the opinion about Two day National Conference. Dr. M. B. Kothale has 
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given the presidential remarks about the brief report of the conference. . Lastly Dr. R. G. 

Kharabe proposed vote of thanks. 

102 delegates attended the National Conference. 10 teacher delegates & 17 student delegates 

from different colleges presented the papers. The students oral & poster presentation 

competition was held. The best three prizes for oral & poster presentation were given  

SPACE EXPLORERS: PROBING THE LIFE OF STARS 
Anuj Nandi, SAG, ISAC, Bangalore 

 
 

Introduction: 
 
Our Universe started almost 13.7 billion years ago! Era was full of radiation at 

very high temperature of ~1032 K! 

The present 'visible' Universe that composed of galaxies, stars etc. has began to form after 1 

billion years (approx). It was possible due to gravitational contraction over densities 

in the matter distribution in the initial Universe. The Universe becomes visible and 

spectacular with new discoveries in multiple wavebands (electro-magnetic radiation) with 

several ground and space based telescopes apart from the optical view of night sky. THAT 

was the beginning of astronomy! 

As a science astronomy has a long history – from the prehistoric age (astronomical artifacts, 

such as the Egyptian monuments and Stonehenge) to the early civilizations (such as the 

Babylonian, Greek, Chinese, Indians and Maya's) by performing methodical observations of 

the night sky. 

The word 'astronomy' has a greek origin – the word 'astron' means 'star' and 'nomy' from 

'nomous' means 'laws'. So, astronomy literally means - “laws of the stars”. However, 

modern astronomy begins with after the invention of telescope by Galileo in 1610. 

In general, astronomy involves the observation of celestial objects alongwith the motion 

of the planets, stars etc. and their luminosities, brightness, color (temperature) etc. It also 

includes the observation of strange and exotic objects and events such as pulsating stars, 

variable X-ray sources, supernovae, compact objects (eg. White dwarf, Neutron star and 

Black holes), Gamma-ray Bursts (GRBs), Active Galactic Nuclei (AGNs), Quasars, and the 

Universe as a whole! 

It is important to observe the cosmic sources (galaxies, stars etc.) continuously and in 

multi-wavelength such that radiation should not be absorbed by the Earth 

atmosphere. So, the instruments/detectors to detect radiations from the celestial objects 

must be taken to high altitude i.e., above the atmosphere. The transparency of the Earth 

atmosphere to different radiations is shown in the following figure. 
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Space Explorers: 
 

In general, space starts above 100 km from the Earth surface. But in true sense space 

should not have any atmosphere such that no molecules can scatter any form of light. On 

the other hand, space can be composed of radiations, exotic matter etc. Most of the 

space telescopes (explorers) are revolving the Earth at an altitude of above 500 km or so. 

 
 

Actually, the observation of all celestial objects was possible due to technological 

advancement in the frontier of space research. Dedicated Space Explorers have proven 

to be unique 'EYES' in different waveband in order to probe the beautiful 'visible' 

Universe. Hubble Space Telescope (HST), a dedicated space satellite is exploring the 

Universe and discovering new galaxies, stars and star forming regions in the waveband of 

optical, UV and in near-infrared. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is known to us that the entire electromagnetic spectrum which includes radiation 

from radio waves (longer wavelength), microwave, infrared, optical (visible band), 

UV and high energy gamma-rays (shorter wavelength). In general, X-rays are emitted 

from the sources/objects that are extremely hot of temperature of million of degrees K 

(~107 K) and have the atomic origin in nature. So, a radiation of wavelength 10 A will 

belong to the X-rays with energy 1.25 keV (1000 times of eV, 1eV=1.602 x 10-12 ergs). 

We know that the emitted radiation from any source directly related to the temperature (E 

= hv = kT). So, it is obvious if we observe a particular source in different 

wavelength, source features should be different. A typical example of pictorial image of a 

star (Crab nebula) in different waveband is shown in the following figure. 
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Multi-wavelength view of Crab nebula 

 

This star (Crab nebula, a dead star) is observed with different type of space instruments 

that are operating in different wavelengths. 
 
 

Evolution of Star: 
 

In general, molecular clouds are considered to be the birth place of stars. If the matter in the 

clouds gets condensed due to gravity, temperature will increase and parts of the cloud 

finally become denser to form a star. The normal stars (i.e., SUN like) follow the HR 

diagram (i.e., Temperature – Luminosity plane). These stars are called Main Sequence (MS) 

stars. A star is a delicate balance between the force of gravity pulling in, and pressure from 

the heat of fusion pushing out. Stars on the main sequence burn hydrogen in their core to 

produce heat. MS phase is the longest phase of a star's life! 
 
 

One can estimate a star lifetime in the following way, 
 

Star's life time (t) ~ energy reservoir / luminosity 
~ M / M3 (M: Mass of a star) ~ M-1. 

 
 

The above relation clearly tells that the massive stars have short lives! 

 

The evolution of main sequence stars depends on mass of the star itself and it shall evolve 

in two ways, 
 

Low mass stars (< 8 M_sun) go quietly! 

High mass stars (> 8 M_sun) go out with bang! 

 

In case of low mass, star will evolve to a Red giant phase and will become very large in 

size and eventually the core of the star will make of Carbon! So, outer atmosphere 

(layers) of the star become unstable, and force of radiation from the burning shells 

blows the atmosphere away – envelope ejected into the space. 
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The ejected envelope expands into interstellar medium, forming a beautiful planetary 

nebula. The small, dead and dense core is nothing but a dead star, called White Dwarf (WD). 

The mass of WD is less than 1.44 M_sun, which is known as Chandrasekhar mass limit. The 

small star Sirius B is a White Dwarf companion of the much larger and brighter Sirius A star. 

Typical life cycle of Sun is shown in the following figure. 
 
 
 
 
 
 
 
 
 
 
 
 
On the other hand, the massive stars (> 8 M_sun) can evolve further as they have enough 

mass and the stars become hot to fuse carbon. Eventually, the star ends up with Iron core! 

As a result, no outward pressure, gravity wins and star collapses rapidly. The result of the 

catastrophic collapse is the explosion of the core, known as Supernova explosion! The core is 

another type of a dead star.  

 

If the core mass is less than 3 M_sun, the dead star is known as Neutron Star (NS) and if the 

mass is more than 3 M_sun, it is called Black Hole (BH). 
 
 

Crab pulsar is a famous Neutron star (NS) that rotates in every 33.2 msec. Cyg X-1 is a well 

know Black Hole (BH) candidate of mass greater than 3 M_sun.The typical life cycle and 

evolution of a normal star is shown in the following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A representation of life cycle of a normal star 

Now, the obvious question how we can detect/observe these dead sources (WD, NS, and 

BH)? 
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X-ray Astronomy: 

 
 

It was possible with the dedicated X-ray astronomical space based experiment. 

The first astronomical X-ray experiments were performed in the US in 1948 and 1949 

using captured WWII V2 rockets. X-rays were detected from the Solar corona by Herb 

Friedman and his collaborators at the US Naval Research Lab (NRL) – THE BEGINNING 

OF X-RAY ASTRONOMY! 

 
 

The breakthrough experiment was carried out in 1962 by Riccardo Giacconi, Bruno 

Rossi and his collaborators at American Science & Engineering (AS&E) in Cambridge, 

MA. They designed an experiment capable of detecting 0.1 to 1.0 X-ray photons/cm2/sec, 

which was 50 to 100 times more sensitive!!! The increase in sensitivity was due to larger 

area, wide field of view to increase the probability of observing any source during the 

flight. The rocket flight carried out on June 12, 1962, was successful in detecting first non-

solar X-ray source in the constellation of Scorpius. The source was very intense in the 

night sky (~ 28 counts/cm2/sec) and was designated as Sco X-1. A follow-up campaign 

identifed the X-ray source as a binary with a compact (neutron star) primary. 
 

 

Within one decade, the first dedicated X-ray satellite UHURU (“Freedom”) was made 

and it was launched on December 12, 1970. X-ray satellites are generally placed 

well above the Earth atmosphere (~ 500 km). It carries various type X-ray detectors 

to detect X-rays from celestial objects. UHURU discovered more than 300 new X-

ray sources (eg. binary X-ray source, supernovas, active galaxies, quasars etc.). 

 
 

Since 1970, some of the successful X-ray missions for X-ray astronomy are listed below: 
 
 

EXOSAT: 1983 – 1986, discovered QPO in GX 5-1 source! 

ROSAT: 1990 – 1999, All sky scan in soft X-ray (0.1 – 2.4 

keV) ASCA: 1993 – 2000, discovery of broadening of Fe-line 

feature 

RXTE: 1995 - 2011, discovered HF QPO in NS and BH! 

Chandra: 1999 - ..., X-ray emission (image) from SN, AGN, Galaxy 

cluster etc. XMM-Newton: 1999 - ..., Emission lines AGN, Fe-line 

feature. 

INTEGRAL: 2002 - ..., High energy X-ray map of the sky.... 

Suzaku: 2005 - ..., Hard X-ray emission from the X-ray 

binaries. 
 
 

It has been observed that most of the sources (dead objects) emit X-ray radiations. In 

order to understand the emission of X-rays from these sources, the most viable option is 

to have accretion disk around these objects. The dead sources accrete matter from the 

companion and form an accretion disk around it. So, these sources are generally 

observed in X-ray binary systems. A pictorial view of an X-ray binary system is shown 

in the following figure. 
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 The concept of X-ray binary system comes into the 

picture to explain the tremendous energy release of 

luminosity ~ 1037 ergs/sec. It is explained with 

the idea of gravitational potential energy is 

converted into X-ray radiation during the process 

of accretion of matter in the form of accretion 

disk. In general, the energy release during accretion 

is taking place in the following way: 

 
 
 

 

(Potential energy ~ Kinetic energy ~ Thermal energy ~ X-ray radiation!) 
 
 

The artists' conception of X-ray binary 

system is illustrated below with a 

companion star and compact object (white 

dwarf, neutron star or black hole) along with 

the accretion disk. 

 
 
 

X-ray binary system 
 

Physical processes for X-ray emission: 
 

All the above mentioned missions reveal the nature of X-ray radiations that are emitting 

from the astrophysical sources, where matter has been heated to temperatures of millions 

of degrees (> 106 K) or where particles have been accelerated to relativistic energies. 

X-ray emission mechanisms include various types of radiations that are emitted 

from the X-ray sources. A schematic representation of various processes is given 

below: 

 

 

 

 

 

 

 

 

 

 

  

 

Artistic representation of an X-ray 

binary system 
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Conclusion: 
 

Early 1950's to present time, X-ray astronomy passes through several stages of 

development and challenges and it becomes a powerful arena/domain of astronomy & 

astrophysics to understand the nature of the celestial objects. 
 

In principle, X-ray astronomy reveals the true nature of our Universe, which consists 

of stars (normal stars, variable stars, compact objects etc), galaxies (AGNs), and cluster 

of galaxies and so on.. 
 

India's 1st multi-wavelength astronomy satellite ASTRSOAT is scheduled to be launched 

in the 3rd quarter of 2015. We hope to provide better picture of these sources with 

multiple instruments onboard ASTROSAT. We also hope that more and more young 

generations will be attracted to the 'beautiful' Universe to pursue fundamental research in 

the field of astronomy. 
 

The new direction of X-ray astronomy – to understand the Gamma-ray bursts (GRBs), 

which is considered to be the birth of a NS/BH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 typical GRB burst profile! 
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Sun, its structure and its energy source 
A. K. Sharma 

Space and  Earth Science Laboratory, 

Department of Physics,  Shivaji University, Kolhapur 

aks_phy@unishivaji.ac.in 

 

Sun is a familiar and nearest star to us. But at the same time it is unfamiliar also as almost all 

the information what we know today has come from indirect observations based on 

facilities/instruments working on the ground, onboard on the satellites, etc. Some information 

about the sun is obtained by comparing solar observations with that of the spectroscopic 

observations made in the laboratories. 

 

As other stars, our sun is formed from a cloud of dust and gas which compressed due to 

gravity. This compression led to increase in temperature and pressure inside. Sun is mostly 

made up of hydrogen and helium. Sun is a nearest star to us at an  average  distance of about 

108 kms, which is just right for the sustenance of life. Other planets in the solar system, as per 

our  knowledge, do’t have life. 

 

Our sun, as per the classification in H-R diagram, is a G type star. It has   spent about 5b 

years of its life and will be there for the same period more before it dies (??). It is one of the  

~1011  stars of our galaxy (and~ 1022  stars in the universe) 

 

Sun, with 8 planets, minor planets (asteroids) and other smaller objects ( called solar system) 

is situated  in one of the arms at about 2/3 distance  ( from the centre) of our galaxy; called 

milky way. It is moving at about 20 Km/s between constellations Lyra and Hercules (away 

from constellation Orion). 

 

Sun has about 99% mass of the solar system (whereas  only 2% of angular momentum). It is 

a gaseous body rotating at about 27 day (average) periodicity. It’s some of information is as 

follows- 

Radius ~ 700000 Km, Mass ~ 2x1030 Kg, Mean density~1.4 gm/cc, Escape velocity at the 

surface~ 618 Km/s, Effective surface temp.~ 5800 K, General magnetic field  near pole ~1-2 

gauss. Temp. at the core~14x107 K. 
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As far as structure of the sun is concerned, it can be divided , broadly into two-Internal and 

external (outer atmosphere). At its core the pressure and temperature is very high. Due to this, 

fusion of hydrogen into helium becomes possible. Normally, Hydrogen atoms ( protons), due 

to Coulomb’s electrostatic repulsion shall not come closer. But due to very high temperature 

they get sufficient momentum, come closer, collide and ultimately fuse. In this type of 

reaction 4 Hydrogen atoms fuse to produce 1 helium atom and energy. It can be explained by 

mass,energy equivalence relation, E=mc2  given by Einstein. But in such case, it is the 

change in mass (mass defect) which take part. C is well known, speed of light which is about 

3x105  km/s. One can calculate how much energy can be obtained by 1gm of mass?  Inside, 

the  sun has got radiative and convective zones. As  mentioned above, due to fusion , at the 

centre high energy (gamma rays) are produced. As the energy propagate away  from the 

centre (towards the surface), due collisions  and also due to convection, the energy is lost and  

emission is  converted into longer wavelengths. Surprisingly, in traversing  the dense medium 

in  about 7x105 km, the time taken by thermonuclear  energy (to come to surface) is about  50 

million years!! ( for comparison, light takes only 500 secs to reach the earth from its visible 

surface, called photosphere) 

 

Photosphere is the first sphere and it is visible with naked eyes. Above it there are- 

chromosphere and corona. Temperature of Photosphere (surface temp.) is about 6000 K. It 

drops to about 5000 K in the chromospheres and surprisingly  the temp. suddenly  shoots up 

to ~ 106 K in corona. The cause of the same is not fully understood by solar physicst. These 

outer two layers (chromosphere and corona) being very  thin, are visible only during total 

solar eclipse. 

 

On photosphere, chromospher and corona certain activities like- sunspots, solar falres, CMEs, 

prominences, plages, faculae, etc take place .Due to increase of such activities, sun becomes 

“active” and  lot of radiation, particles  and magnetic field is bombarded, spherically 

symmetrical from the sun, with “solar wind”. 

 

Solar wind is an expansion of million degree solar corona. During sunspot max, period this 

wind is accelerated to about 900 -1000 km/s (from speed 350- 400 km/s during  solar  quiet 

period), and leads to “geo-magnetic” storms. In turn, it disturbs high power transmission, 

high frequency communication, navigation system, becomes hazardous to cosmonauts and 

astronauts and also to satellites. 
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Dark Matter and Dark Energy- A Mystery 

Nagaraja D Hegde 

Associate Professor of Physics,  G. S. Sc. College, Belgaum-590 006, Karnataka, India. 

 

ABSTRACT 

A major challenge present day Astrophysicists and Space Scientists confront is the nature of 

the all-pervading dark matter and dark energy believed to dominate the universe.  Dark 

matter is supposed to form nearly 21% of all matter in the universe while 75% of the 

remaining is said to be dark energy. Although experiments to detect this ubiquitous dark 

matter and dark energy have been going on for the past two decades, there is still no positive 

evidence to conclude its composition. There are several experiments currently running in 

many parts of the world trying to demystify the nature of dark matter and dark energy.  

 

INTRODUCTION 

In the early 1990's, one thing was fairly certain about the expansion of the Universe. It might 

have enough energy density to stop its expansion and re-collapse, it might have so little 

energy density that it would never stop expanding, but gravity was certain to slow the 

expansion as time went on. However, the slowing had not been observed, but, theoretically, 

the Universe had to slow. The Universe is full of matter and the attractive force of gravity 

pulls all matter together. Then came 1998 and the Hubble Space Telescope (HST) 

observations of very distant supernovae that showed that, a long time ago, the Universe was 

actually expanding more slowly than it is today. So the expansion of the Universe has not 

been slowing due to gravity, as everyone thought, instead, it has been accelerating. No one 

expected this. No one knew how to explain it. But something was causing it and the universe 

continues to expand. Eventually theorists came up with three sorts of explanations. Maybe it 

was a result of a long-discarded version of Einstein's theory of gravity, one that contained 

what was called a "cosmological constant". Maybe there was some strange kind of energy-

fluid that filled space. Maybe there is something wrong with Einstein's theory of gravity and a 

new theory could include some kind of field that creates this cosmic acceleration. Theorists 

still don't know what the correct explanation is, but they have given the solution a name-Dark 

Energy.  
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DARK MATTER 

The evidence for the existence of non-radiating matter or dark matter (DM) goes back to over 

80 years ago. The Swiss American astronomer Fritz Zwicky was trying to estimate the mass 

of large clusters of galaxies. A large galaxy like our Milky Way is a gravitationally-bound 

large cosmic structure containing some hundred billion stars. There are many galaxies, 

smaller than ours, having a billion stars or less. Just as large numbers of stars cluster to form 

galaxies, galaxies themselves group to form large galactic clusters which may contain 30,000 

or more galaxies. The clusters themselves can group to form super clusters. Just as the 

Earth’s orbital velocity and distance from the Sun enables us to estimate the mass of the Sun 

using Kepler’s laws and Newton’s gravitational law, the motion of the Sun around the galaxy 

enables us to estimate the total mass of the galaxy. 

 

Similarly, the motion of the galaxies in a large cluster of galaxies and the size of the clusters 

enables us to deduce the total mass of the cluster. This mass is called ‘dynamical mass’. 

Thus Zwicky and others estimated the dynamical mass of several rich galaxy clusters.  

The mass of the cluster may also be estimated by considering the radiation emitted. By 

estimating the luminosity of the galactic cluster and comparing it with a typical galaxy whose 

luminosity is known, we can estimate the cluster mass. Thus, if it is thousand times more 

luminous than a typical galaxy, the mass must be 1,000 times that of a galaxy and so on. The 

mass measured in this manner is called the ‘luminous mass’. 

 

Zwicky learnt that rich galaxy clusters like the Coma cluster have dynamical masses at least 

100 times their luminous mass. He concluded that the matter in such clusters is not made up 

of luminous objects like stars, or clusters of stars, but consists of matter which does not 

radiate –it is dark and this was called Dark Matter (DM). 

 

90 PER CENT OF THE GALAXY MASS IS DUE TO DM! 

The observations reveal that even individual galaxies like the Milky way are dominated by 

DM. Indeed, as much as 90 per cent of the galaxy mass is due to DM. This follows from the 

fact that most of the light from the galaxy comes from the central regions, where most of the 

stars are concentrated. However, if most of the mass is also in the central part, the velocities 

of objects orbiting the galaxy, far from its center, should fall off with distance according to 

Kepler’s Law. For example, since most of the mass of the solar system is concentrated in the 

Sun, a distant planet like Pluto moves at only 3 km per sec, whereas the Earth orbits the Sun 

at 30 km per sec. Surprisingly, it turns out that objects orbiting the galaxy at larger distances 

from the galactic center move around more or less at the same velocity as objects much closer 

to the center.  
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This can only be accounted for, if the mass progressively increases with radius as we move 

out further away from the central region. But this matter does not radiate as most of the light 

is from the central region. So, the conclusion is that 90 per cent of the galaxy is Dark Matter. 

This also seems to be universally true for all types of galaxies. 

 

COMPOSITION OF DARK MATTER 

We are much more certain what dark matter is not than we are what it is. First, it is dark, 

meaning that it is not in the form of stars and planets that we see. Observations show that 

there is far too little visible matter in the Universe to make up the 27% required by the 

observations.  

 

Second, it is not in the form of dark clouds of normal matter, matter made up of particles 

called baryons. The type of matter familiar to us in our everyday life and of which we are 

made up of – atoms and molecules makes up less than five per cent of the matter in the 

Universe. This is called baryonic matter. Baryons are either protons or neutrons which 

collectively make up the nuclei of the atoms of the ninety two naturally occurring elements in 

the periodic table. The nuclei have orbiting electrons that make the atoms neutral. The 

baryonic matter is about three quarters hydrogen, about one fourth of helium and the 

remaining one or two per cent constitutes all the other heavier elements. Stars like the Sun, 

planets and all biological entities are made of baryonic matter. But baryonic matter, as a 

whole, makes up hardly five per cent of the universe. We know this because we would be 

able to detect baryonic clouds by their absorption of radiation passing through them.  

 

Third, dark matter is not antimatter, because we do not see the unique gamma rays that are 

produced when antimatter annihilates with matter. Finally, we can rule out large galaxy-sized 

black holes on the basis of how many gravitational lenses we see. High concentrations of 

matter bend light passing near them from objects further away, but we do not see enough 

lensing events to suggest that such objects make up the required 25% dark matter 

contribution. 

 

For some time, many people thought that a familiar particle like the neutrino known to have 

been copiously present in the early phase of the Universe could have clustered around 

galaxies and galaxy clusters and is perhaps the DM. But the mass of neutrinos is too small 

and may account for less than one per cent of DM. Therefore, many new particles have been 

proposed. Some important ones are WIMPS (Weakly interacting massive particles), axions, 

gravitinos, glue balls, gluinos, Q-balls and wimpzillas. They should have been produced in 

extreme energy conditions in the early Universe and may be now hanging around as DM. 

That is why the Large Hadron Collider (LHC) that mimics the energy when the universe was 
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one picosecond old is expected to produce such particles. Very recently, NASA reported a 

mysterious X-ray signal found in a detailed study of galaxy clusters using NASA’s Chandra 

X-ray Observatory and ESA’s XMM-Newton. One intriguing possibility is that these X-rays 

are produced by the decay of sterile neutrinos, a type of particle that has been proposed as a 

candidate for dark matter. But the results so far suggest that we are still in the dark about 

what really is dark matter.  

 

DARK ENERGY 

During the Big Bang event of the Universe where it began with a very hot dense phase, the 

temperature was about ten billion degrees, one second after it started expanding. This model 

predicts that the temperature of the radiation drops as the Universe continually expands. The 

discovery of cosmic microwave background radiation (CMBR) in 1965, with a temperature 

of about three degrees Kelvin, lent considerable support to this theory. Subsequently, it was 

shown that under the super hot conditions in the early Universe, about one-fourth of the 

hydrogen would have been converted into helium by thermonuclear reactions. Trace amounts 

of deuterium (heavy hydrogen) and a lighter isotope of helium would also have been 

synthesized by the primordial nuclear reactions. 

 

Now, in stars, only about two per cent of hydrogen would get converted into helium. So if 

stars are the only source for helium, all the stars put together can hardly convert two per cent 

of hydrogen to helium. However, even the oldest stars, show much higher helium abundance, 

suggesting that most of the helium is primordial. Again, deuterium and lithium are not made 

in stars, but are only intermediate products in the complex reactions. But even the oldest stars 

and interstellar gas contain deuterium and lithium in trace amounts which agrees closely to 

what is produced in the big bang. However, all this works only if the baryons make up only 

four per cent of the matter. Peaks in the microwave background provide strong evidence that 

the Universe is close to what is called the critical density. Dark matter together with the 

baryonic matter is only about thirty per cent of the matter required to make up the critical 

density. Then the question arises to account for the remaining seventy percent of the 

Universe. This is supposed to be the dark energy (DE). 

 

EVIDENCE FOR DARK ENERGY: 

The evidence for such an exotic form of matter, that is, dark energy, comes from the 

discovery that the Universe is actually accelerating. The Universe is expanding faster now 

than it was, say eight billion years ago. This was based on observations of very distant 

supernovae. The supernovae release a very definitive amount of energy, and how bright they 

appear indicates their distance from earth. In an accelerating universe, the supernovae appear 

fainter than expected as distance of separation is increasing faster with time. Dark energy 
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(DE) differs from dark matter (DM) in that it gives rise to negative pressure, which causes 

gravity to become repulsive and causes particles to accelerate faster from each other. From 

the difference in the rates of expansion eight billion years ago, when the supernovae exploded 

and at present, it was concluded that seventy per cent of the Universe is dark energy.  

 

DOMINATION OF DARK ENERGY OVER DARK MATTER: 

Dark matter and baryonic matter are too little to make the Universe to decelerate and 

collapse. It was Einstein who introduced such a repulsive force (negative pressure) while 

considering a static Universe in his theory. As gravity is universally attractive, a static 

Universe would only result if there is a corresponding repulsion on a large scale to balance it. 

So, Einstein introduced the ‘cosmological constant’ in his equations. After Hubble’s 

discovery of an expanding Universe, this repulsive cosmic term was abandoned by most 

cosmologists. But, now it appears that much of the current observations is consistent with 

such a repulsive cosmological constant dominating the Universe to the extent of seventy per 

cent or more. This may well be the dark energy.  

 

Another explanation for dark energy is that it is a new kind of dynamical energy fluid or 

field, something that fills all of space but something whose effect on the expansion of the 

Universe is the opposite of that of matter and normal energy. Some theorists have named this 

"quintessence", after the fifth element of the Greek philosophers. But, if quintessence is the 

answer, we still don't know what it is like, what it interacts with, or why it exists. So the 

mystery continues. 

 

 

CONCLUSIONS 

In conclusion, it is found that there is the existence of dark matter and dark energy that can 

put the expanding universe in perspective.  By fitting a theoretical model of the composition 

of the Universe to the combined set of cosmological observations, scientists have come up 

with the composition that ~68% is dark energy, ~27% is dark matter and ~5% normal 

matter. But the result so far is that we are still in the dark about what really is dark matter and 

dark energy. Indeed, it is no surprise that the search for dark matter and dark energy has been 

likened to looking for a black cat in a dark room!  
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BLACK HOLES 

Prasad .Kulkarni & Dr.C.S.Hiremath 
Dept. of Physics, KLE’s P. C. Jabin Science College, Vidhyanagar, Hubballi-31 

 

ABSTRACT:  

The purpose of this study is to know about the black holes, their existence in the universe and 

their effect on the surrounding space. The birth of black holes, transformation of a star into a 

black hole, the two types of black holes named as stellar mass and supermassive black holes 

are putforth.  For the existence of black hole some evidences have been discussed. 

 

INTRODUCTION:  

A black hole is an object that is so compact that its gravitational force is strong enough to 

prevent light or anything else from escaping. The existence of black holes was first proposed 

in the 18th century. The more massive an object, or the smaller its size, the larger the 

gravitational force felt on its surface. John Michell and Pierre-Simon Laplace both 

independently argued that if an object were either extremely massive or extremely small, it 

might not be possible at all to escape its gravity. Even light could be forever captured. The 

name "black hole" was introduced by John Archibald Wheeler in 1967. 

 

Black holes obey all laws of physics, including the laws of gravity. In 1687, Isaac Newton 

showed that all objects in the Universe attract each other through gravity. However, gravity 

shapes our Universe because it makes itself felt over large distances. For example, Newton 

showed that his laws of gravity can explain the observed motions of the moons and planets in 

the Solar System. Albert Einstein refined our knowledge of gravity through his theory of 

general relativity. He first showed, based on the fact that light moves at a fixed speed (671 

million miles per hour), that space and time must be connected. Then in 1915, he showed that 

massive objects distort the four-dimensional space-time continuum, and that it is this 

distortion that we perceive as gravity. 

 

SIZE OF THE BLACK HOLES:  

All matter in a black hole is squeezed into a region of infinitely small volume, called the 

central singularity. The event horizon is an imaginary sphere that measures how close to the 

singularity you can safely get. Once you have passed the event horizon, it becomes 
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impossible to escape: you will be drawn in by the black hole's gravitational pull and squashed 

into the singularity. 

The size of the event horizon called the Schwarzschild radius is proportional to the mass of 

the black hole.  Schwarzschild radius is given by,  

Rs = 2GM/c2 

Where: G = Gravitational Constant=6.67x10-11Nm2Kg-2 

 M = Mass of the black hole. 

 c = Speed of light = 3x108ms-1 

 

Astronomers have found black holes with event horizons ranging from 6 miles to the size of 

our solar system. By comparison, the Schwarzschild radius of the Earth is about the size of a 

marble. This is how much you would have to compress the Earth to turn it into a black hole. 

A black hole doesn't have to be very massive, but it does need to be very compact! 

 

Some black holes spin around an axis, and their situation is more complicated. The 

surrounding space is then dragged around, creating a cosmic whirlpool. The singularity is an 

infinitely thin ring instead of a point. The event horizon is composed of two, instead of one, 

imaginary spheres. And there is a region called the ergosphere, bounded by the static limit, 

where you are forced to rotate in the same sense as the black hole although you can still 

escape. 

 

TYPES OF THE BLACK HOLES: 

The black holes themselves are all identical, except for three characteristic properties: the 

mass of the black hole (how much stuff it is made of), its spin (whether and how fast it rotates 

around an axis), and its electric charge. So far, we have found two types of black holes: 

stellar-mass (just a few times heavier than our Sun) or supermassive (about as heavy as a 

small galaxy).  

 

Black holes can spin around an axis, although the rotation speed cannot exceed some limit. 

Astronomers think that many black hole in the Universe probably do spin, because the 

objects from which black holes form (stars for example) generally rotate as well.Black holes 

could also be electrically charged. However, they would then rapidly neutralize that charge 

by attracting and swallowing material of opposite polarity. So astronomers believe that all 

black holes in the Universe are uncharged. 
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What happens when I drop a clock into a black hole?  

According to Einstein's theory of general relativity, massive objects create distortions in 

space and time. Near a black hole, these distortions become so strong that time behaves in 

unexpected ways. We drop a clock into the black hole and compare its time to that of our 

onboard clock. The falling clock runs progressively slower. It never crosses the event 

horizon, but stays frozen there in space and time. The falling clock also becomes 

continuously redder. 

By contrast, if we were falling with the clock, time would appear to behave perfectly 

normally. We would see no slowdown as we approached the event horizon. We would cross 

the horizon without any perceptible change, and our color would not appear to change. This 

is the principle of relativity: things can appear different depending on whether you are 

moving or standing still. 

 

BIRTH OF BLACK HOLE: 

A black hole is born when an object becomes unable to withstand the compressing force of its 

own gravity.  Stellar-mass black holes are born with a bang. They form when a very massive 

star (at least 25 times heavier than our Sun) runs out of nuclear fuel. The star then explodes as 

a supernova. What remains is a black hole, usually only a few times heavier than our Sun 

since the explosion has blown much of the stellar material away. 

 

We know less about the birth of supermassive black holes, which are much heavier than 

stellar-mass black holes and live in the centers of galaxies. One possibility is that supernova 

explosions of massive stars in the early Universe formed stellar-mass black holes that, over 

billions of years, grew supermassive. A single stellar-mass black hole can grow rapidly by 

consuming nearby stars and gas, often in plentiful supply near the galaxy center. The black 

hole may also grow through mergers with other black holes that drift to the galactic center 

during collisions with other galaxies. Astronomers are actively investigating these and other 

scenarios through observations and computer simulations. 

 

BLACK HOLES FROM STARS:  

A star shines because its center is so hot and dense that hydrogen nuclei fuse together, 

creating tremendous energy. It lives for millions or billions of years while the inward pull 

from its own gravity is balanced by the outward pressure from nuclear fusion. Its life ends 

when the nuclear fuel has been used up. First the star swells, brightens and cools to become a  
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red giant. Then it collapses into a compact stellar remnant, much smaller than our Sun but of 

similar mass. 

 

EVIDENCES FOR BLACK HOLES: 

Astronomers have found convincing evidences for a supermassive black hole in the center of 

our Milky Way galaxy, the galaxy NGC 4258, the giant elliptical galaxy M87 e.t.c. Scientist 

verified the existence of the black holes by studying the speed of the clouds of gas orbiting 

those regions. 

 

CONCLUSION:  

We know how they are born, where they occur, and why they exist in different sizes. We 

even know what would happen if you fell into one. Our discoveries have revealed one of the 

strangest objects in the Universe, and there's still much we don't know. The nearest black hole 

is many light years away, so we don't have to worry about threats to the Earth. This is as 

close as you'll ever get to one.  
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UNIVERSE by BIG BANG 

Santosh P. Ghorpade & Dr.G.B.Kalkoti 
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ABSTRACT:  

The birth of the universe is one of the curious subject to all of us and the explanation for this 

is the big bang theory. The time line of the big bang theory, i.e from birth to present, different 

stages of universe like big bang, inflation, cooling and structure formation of the universe and 

evidences for the big bang theory are Universal expansion & Hubble’s Law, cosmic 

microwave background radiation, radioactive decay, quasars (quasi-stellar radio sources), 

stellar formation and evolution and Speed of light & stellar distances. These evidences are 

discussed in brief. So the birth of the universe by big bang theory is concluded. 

 

INTRODUCTION:  

The universe began by expanding from an infinitesimal volume with extremely high density 

and temperature. The universe was initially significantly smaller than even a pore on your 

skin. With the big bang, the fabric of space itself began expanding like the surface of an 

inflating balloon – matter simply rode along the stretching space like dust on the balloon's 

surface. The big bang is not like an explosion of matter in otherwise empty space; rather, 

space itself began with the big bang and carried matter with it as it expanded. The Big 

Bang theory is the general cosmological model for the birth of the universe. 

The model postulates that  at some moment all of space was contained in a single point from 

which the universe has been expanding ever since. Modern  measurements place this moment 

at approximately 13.8 billion years ago, which is thus considered the age of the 

universe. After the initial expansion, the universe cooled sufficiently to allow the formation 

of subatomic particles, and later simple atoms. Giant clouds of these primordial elements 

later combined due to gravity to form stars and galaxies. The Big Bang theory does not 

provide any explanation for the initial conditions of the universe; rather, it describes and 

explains the general evolution of the universe going forward from that point on. The Big 

Bang theory depends on two major assumptions: the universality of physical laws and 

the cosmological principle. 
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BIG BANG TIMELINE: 

Big Bang:  

As the time begins extrapolation of the expansion of the universe backwards in time using 

general relativity yields an infinite density and temperature at a finite time in the 

past. This singularity signals the breakdown of general relativity. How closely we can 

extrapolate towards the singularity is debated—certainly no closer than the end of the Planck 

epoch. This singularity is sometimes called "the Big Bang", but the term can also refer to the 

early hot, dense phase itself, which can be considered the "birth" of our universe.  

 

Inflation:  

In the most common models the universe was filled homogeneously and isotropically with an 

incredibly high energy density and huge temperatures and pressures and was very rapidly 

expanding and cooling. Approximately 10−37 seconds into the expansion, a phase 

transition caused a cosmic inflation, during which the universe grew exponentially. After 

inflation stopped, the universe consisted of a quark–gluon plasma, as well as all 

other elementary particles. Temperatures were so high that the random motions of particles 

were at relativistic speeds, and particle–antiparticle pairs of all kinds were being continuously 

created and destroyed in collisions. At some point an unknown reaction 

called baryogenesis violated the conservation of baryon number, leading to a very small 

excess of quarks and leptons over antiquarks and antileptons—of the order of one part in 

30 million. This resulted in the predominance of matter over antimatter in the present 

universe.  

 

Cooling:  

The universe continued to decrease in density and fall in temperature, hence the typical 

energy of each particle was decreasing. Symmetry breaking phase transitions put 

the fundamental forces of physics and the parameters of elementary particles into their 

present form. After about 10−11 seconds, the picture becomes less speculative, since particle 

energies drop to values that can be attained in particle physics experiments. At about 

10−6 seconds, quarks and gluons combined to form baryons such as protons and neutrons. The 

small excess of quarks over antiquarks led to a small excess of baryons over antibaryons. The 

temperature was now no longer high enough to create new proton–antiproton pairs, so a mass 

annihilation immediately followed, leaving just one in 1010 of the original protons and 

neutrons, and none of their antiparticles. A similar process happened at about 1 second for 
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http://en.wikipedia.org/wiki/Gravitational_singularity
http://en.wikipedia.org/wiki/Planck_epoch
http://en.wikipedia.org/wiki/Planck_epoch
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http://en.wikipedia.org/wiki/Fundamental_force
http://en.wikipedia.org/wiki/Elementary_particles
http://en.wikipedia.org/wiki/Particle_physics
http://en.wikipedia.org/wiki/Baryon
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electrons and positrons. After these annihilations, the remaining protons, neutrons and 

electrons were no longer moving relativistically and the energy density of the universe was 

dominated by photons (with a minor contribution from neutrinos). 

 

A few minutes into the expansion, when the temperature was about a 109 kelvin and the 

density was about that of air, neutrons combined with protons to form the 

universe's deuterium and helium nuclei in a process called Big Bang nucleosynthesis. Most 

protons remained uncombined as hydrogen nuclei. As the universe cooled, the rest 

mass energy density of matter came to gravitationally dominate that of the photon radiation. 

After about 379,000 years the electrons and nuclei combined into atoms (mostly hydrogen); 

hence the radiation decoupled from matter and continued through space largely unimpeded. 

This relic radiation is known as the cosmic microwave background radiation. The chemistry 

of life may have begun shortly after the Big Bang, 13.8 billion years ago, during a habitable 

epoch when the Universe was only 10–17 million years old.  

 

Structure formation:  

The structure formation process depends on the amount and type of matter in the universe. 

The four possible types of matter are known as cold dark matter, warm dark matter, hot dark 

matter, and baryonic matter. Over a long period of time, the slightly denser regions of the 

nearly uniformly distributed matter gravitationally attracted nearby matter and thus grew 

even denser, forming gas clouds, stars, galaxies, and the other astronomical structures 

observable today.  

 

Big Bang evidence: 

I. Universal expansion and Hubble’s Law. 

II. Cosmic microwave background radiation. 

III. Radioactive decay. 

IV. Quasars (quasi-stellar radio sources). 

V. Stellar formation and evolution. 

VI. Speed of light and stellar distances. 

 

I. Universal expansion and Hubble’s Law: 

In 1929, Edwin Hubble discovered that farther galaxies are going away from us at higher 

speeds, proportional to their distance, i.e, the spectra of more distant galaxies had higher 

redshifts. In redshift, the spectrum is shifted from shorter wavelength to longer wavelength as 

the light travels from the galaxy to us. This increase in wavelength is due to expansion of the 

very fabric of space itself over the years that the light was traveling. If the wavelength had 

http://en.wikipedia.org/wiki/Photon
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http://en.wikipedia.org/wiki/Cold_dark_matter
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doubled, space must have expanded by a factor of two. Thus, Hubble's discovery was that this 

expansion factor was roughly proportional to the distance light traveled, or equivalently, to 

how far back in time you looked. This means that the universe was smaller and smaller 

earlier and earlier. The universe has been expanding. 

 

Radial velocities, corrected for solar motion, of galaxies in a cluster are plotted against 

distances estimated from involved stars and mean luminosities (Edwin Hubble, 1929). 

 

Tracing back this expanding universe, we see that the separations between galaxies become 

smaller while the density becomes higher. This continues until all matter is compacted into a 

completely shrunk volume of the universe with an incredible density—the moment of the big 

bang. We can estimate how long ago this was by dividing the distance to a galaxy by its 

recessional velocity. This way we estimate how long ago the distance between that galaxy 

and ours was essentially zero. Calculation shows that the big bang occurred as long as 10-15 

billion years ago, which is about three times the age of the Earth. 

 

II. Cosmic microwave background radiation: 

About 100,000 years after the Big Bang, the temperature of the Universe had dropped 

sufficiently for electrons and protons to combine into hydrogen atoms, p + e --> H. From this 

time onwards, radiation was effectively unable to interact with the background gas; it has 

propagated freely ever since, while constantly losing energy because its wavelength is 

stretched by the expansion of the Universe. Originally, the radiation temperature was about 

3000 degrees Kelvin, whereas today it has fallen to only 3K. 

 

Observers detecting this radiation today are able to see the Universe at a very early stage on 

what is known as the `surface of last scattering'. Photons in the cosmic microwave 

background have been travelling towards us for over ten billion years, and have covered a 

distance of about a million billion billion miles. 
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The most conclusive evidence for the big bang arises from the observation of the cosmic 

background radiation. In 1948, Gamow predicted that the radiation from the big bang 

nucleosynthesis must still be filling the universe. He calculated how hot the universe must 

have been to yield the observed abundance of helium, and estimated that the temperature of 

this radiation would have lowered to about 5 degrees above absolute zero (5K) in the present 

universe. Most theorists at that time, including him, thought that such radiation would be too 

weak to detect. 

 

However in 1964, two radio astronomers Arno Penzias and Robert Wilson were struggling to 

get rid of a constant background "noise" from their radio antenna signals. Their efforts 

included catching pigeons that nested inside the horn-shaped antenna, and cleaning what they 

called "white dielectric material" produced by the pigeons on the antenna surface. After a 

year, they still could not remove the background noise. They learned that this constant signal 

was precisely uniform in every direction, whether they pointed the antenna toward the Sun or 

the Milky Way or the more empty parts of the sky. This meant that the signal was coming 

from far beyond our Galaxy; otherwise it would not be so uniform in all directions. The high 

degree of isotropy tells us that the signal originated very far away, or equivalently, very early 

in time. The source must have been enormously powerful for us to be detecting it.  

 

During the 1970s, various groups observed the background radiation at various microwave 

and infrared wavelengths. They all confirmed that the background radiation has a blackbody 

spectrum with a characteristic temperature of about 3K. Relatively recently in 1991, a 

satellite observatory called COBE (Cosmic Background Explorer) made a precise 

measurement of the background radiation from Earth's orbit and produced an absolutely 

beautiful result. This is considered the finest fit between theoretical and observed results in 

the history of astronomy. 

 

COBE measured the characteristic temperature of the background radiation to be 2.726+/-

0.010K. This temperature is significantly lower than the original temperature of the radiation 

http://www.bell-labs.com/user/apenzias/
http://www.nobel.se/physics/laureates/1978/wilson-autobio.html
http://www.treasure-troves.com/astro/Isotropy.html
http://space.gsfc.nasa.gov/astro/cobe/cobe_home.html
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because the expanding universe stretched the wavelength of radiation by many factors, 

making it much less energetic. The afterglow of the big bang comes from when the universe 

was only about 500,000 years old. This makes the cosmic background radiation the oldest 

thing we have ever observed. We are almost viewing the event of the big bang. 

 

III. Radioactive decay:  

As a way of checking this age estimate, we can examine the oldest things we find in the 

universe to verify that they are 10-15 billion years old, but definitely not older. From 

radioactive dating of uranium isotopes, we know that the oldest isotopes were created 

(through nuclear reactions in supernovae) about 10 billion years ago. From our current model 

of star evolution, we know that the oldest stars in our Galaxy are about 12 billion years old. 

These ages are consistent with the age estimated from the observed expansion of the 

universe. This agreement suggests that the universe really began a finite time ago, providing 

an encouraging reason to believe in the big bang model of the universe. 

 

Similarly here we can give some more evidences like Quasars, Stellar formation & evolution 

and Speed of light & stellar distances for the big bang theory. 

 

CONCLUSION:  

After the explanation of the big bang theory, No longer did people assume that the universe 

was static in size. By looking at how distant galaxies recede from us, we learned instead that 

the universe is expanding in volume. In the middle of the century, we found out that the 

nuclear reactions in this hot early universe accurately account for the previously mysterious 

abundance of helium and deuterium. Moreover, we detected a faint afterglow of the big bang 

that occurred billions of years ago. That the universe began with a big bang is essentially 

conclusive and may stand as the most profound discovery humans have ever made. The big 

bang, however, is merely a global description of the origin of the universe.  
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http://www.ugcs.caltech.edu/~yukimoon/BigBang/BigBang.htm#Author


Proceedings of National Conference on “RECENT ADVANCES IN ASTROPHYSICS AND SPACE SCIENCE”                   ISBN : 978-81-930758-0-7 
 

K.L.E. Society’s G. I. Bagewadi College, Nipani  Dept. of Physics                                                                                           Page  48 
 

ASTRONOMICAL TELESCOPES AND INSTRUMENTS  

  EXTENDING HUMANITY’S VISION 
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ABSTRACT 

INTRODUCTION: 

Astrophysics is the branch of astronomy that deals with the physics of the universe, 

especially with "the nature of the heavenly bodies. Space science is the study of everything in 

outer space. 

 

Astronomical Telescopes and Instruments:  

Astronomical instruments are used for the purpose of study, observation, or measurement 

of celestial objects in the science of astronomy. In order to find out the size and structure of 

a celestial object, observational astronomical instruments. Astronomical instruments are 

basically divided into two groups. The first group consists of all instruments that are used for 

observing celestial objects, such as the telescope and other observational instruments are 

primarily the radiation collectors emitted by stars, planets, nebulas, and galaxies. The second 

group relates to supplementary instruments in use for recording or regulating the data which 

are received by the observation instruments. Examples are astronomical instruments are 

telescopes, interferometers, imaging systems and photometers.  

 

Origin of telescopes: Astronomers build optical telescopes to gather light and focus it into 

sharp images. Optical telescopes focus light into an image. 

 

Types of telescopes: Different types of astronomical telescopes are, refracting telescopes use 

a lens to gather and focus the light, and reflecting telescopes use a mirror, the classical 

Cassegrain, radio telescopes. 

 

Reason why the telescopes should be large? 

The quantity of light that is expected from a distant, faint object depends on the size of the 

main mirror of a telescope. To resolve a number of significant astronomical problems, like 

when, how and why the galaxies were formed, astronomers need to be proficient to analyze 

the light coming from the furthest and the faintest objects in the sky. 

For most of the 20th century, astronomers faced a serious limitation on the size of 

astronomical telescopes leads to the generation of modern astronomical instruments, like 

interferometery, imaging systems. 

 

http://en.wikipedia.org/wiki/Astronomy
http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Universe
http://en.wikipedia.org/wiki/Astronomical_object
http://en.wikipedia.org/wiki/Space_science
http://www.innovateus.net/science/telescope
http://www.innovateus.net/invention/audio-tape-recording
http://www.innovateus.net/innopedia/how-light-formed
http://www.innovateus.net/innopedia/how-light-formed


Proceedings of National Conference on “RECENT ADVANCES IN ASTROPHYSICS AND SPACE SCIENCE”                   ISBN : 978-81-930758-0-7 
 

K.L.E. Society’s G. I. Bagewadi College, Nipani  Dept. of Physics                                                                                           Page  49 
 

EVOLUTION OF GALAXIES 
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ABSTRACT 

 In the night when we turn our face up we observe a wonderful Scene with twinkling light. In 

ancient time it was called as God. Till today No one knows exact reasons for formation of  

this wonderful Scene, we call this as  universe but it is difficult to answer what is universe 

rather than what is there in the universe.. Different astronomers and scientists have been 

studying about formation of universe.  Our aim is to give little information about Formation 

of Galaxies like birth and death cycle of galaxies.: 

 

Galaxies are the basic unit of cosmology. They contain stars, gas, dust and a lot of dark 

matter. Hence a large system of stars held together by mutual gravitational and isolated from 

similar systems by vast regions of space is called as Galaxy.  

There are three main types of galaxies:  

1. Elliptical,      2. Spiral,       &       3. Irregular.  

 

Elliptical galaxies are shaped like a spheroid, or elongated sphere. these galaxies look like 

elliptical, or oval, shaped disks. The light is smooth, with the surface brightness decreasing as 

you go farther out from the center. Elliptical galaxies have no particular axis of rotation 

 

Spiral galaxies have three main components: Bulge, Disk, and Halo.  

The bulge is a spherical structure found in the center of the galaxy. This feature mostly 

contains older stars. The disk is made up of dust, gas, and younger stars.  

 

The disk forms arm structures. Our Sun is located in an arm of our galaxy, the Milky Way.  

Irregular galaxies have no regular or symmetrical structure. 

 

Evolution: It seems that galaxy formation/evolution is a very complicated process involving 

star-forming history, merger history, mass, size, angular momentum, and external 

environment. But research in 2008 indicates that the mass is the only dominant factor in 

determining the properties of individual galaxies The most accepted view on the evolution of 

large scale structure is that it was formed as a consequence of the growth of primordial 

fluctuations by gravitational instability. Galaxies can form in a "bottom up" process in which 

smaller units merge and form larger units. It is referred to as the "Inside-out Theory" or 

"Merger" in the present epoch, large concentrations of galaxies  are still in the process of 

assembling.  

http://universe-review.ca/I05-14-protogalaxies2.jpg
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The opposing view is the "top down" process in which large clump breaks up into smaller 

units. It is referred to as the "Outside-in Theory" 

     

According to the two above theories. The "bottom up" theory have been given a boost in 

2008 by the first ever detection of the infant proto galaxies . These proto galaxies were 

irregularly shaped and with low star-formation rates, but the stars that did form were massive 

and consequently exploded as supernovae.  

 

By 2013 the bottom up theory becomes less sustainable with the discovery that super massive 

black hole with mass over billion Msun is common at an age about 750 - 900 million years 

after the Big Bang. Various schemes have been proposed to resolve the discrepancy, but each 

one has its own problem.  

 

Protogalaxies: 

After recombination, density enhancements either grew or dispersed. According to our hybrid 

top-down/bottom-up scenario, an assortment of enhancements formed of various sizes. Small, 

dense ones collapsed first, large ones formed slower and fragmented as they collapsed. 

 

The first lumps that broke free of the Universe's expansion were mostly dark matter and some 

neutral hydrogen with a dash of helium. Once this object begins to collapse under its own 

gravity, it is called a protogalaxies. The first protogalaxies appeared about 14 billion years 

ago.  

 

One of the most important ways that galaxies evolve is through interaction with other 

galaxies.    As the gas in the protogalaxy loses energy, its density increases enormously . Gas 

clouds form and move around in the protogalaxy on orbits. When two clouds collide, the gas 

is compressed into a shock front. The baby stars in a galaxy form in this manner. With the 

production of its first photons by thermonuclear fusion, the galaxy becomes a primeval 

galaxy. 

Star formation sites in primeval galaxies are similar to star forming regions in present-day 

galaxies. A grouping of young stars embedded in a cloud of heated gas. The gas will 

eventually be pushed away from the stars to leave a star cluster. 

 

The first stars in our Galaxy are the globular star clusters orbiting outside the stellar disk 

which contains the spiral arms. Most galaxies with current star formation have an underlying 

distribution of old stars from the first epoch of star formation 14 billion years ago.  

 

http://universe-review.ca/I05-14-protogalaxies2.jpg
http://abyss.uoregon.edu/~js/images/NGC604.gif
http://abyss.uoregon.edu/~js/images/m13.jpg
http://abyss.uoregon.edu/~js/glossary/globular_cluster.html
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Near the year end of 2004, it is reported that the NASA orbiting telescope Galaxy Evolution 

Explorer has discovered about three dozens bright and compact galaxies (Baby Galaxies) 

within one billion light years from the Milky Way. 

 

Edwin Hubble's observations, and subsequent Hubble Law (which we'll explain later), led to 

the idea that the universe is expanding. We can estimate the age of the universe based on the 

rate of expansion. Because some galaxies are billions of light years away from us, we can 

discern that they formed fairly soon after the big bang (as you look deeper into space, you see 

further back in time). Most galaxies formed early, but data from NASA's Galaxy Explorer 

(GALEX) telescope indicate that some new galaxies have formed relatively recently -- within 

the past few billion years. 

 

Death of galaxies: Kenney presented the research June 3 at the 222nd American 

Astronomical Society meeting in Indianapolis. 

  

Star formation is the essence of galactic vitality, and many of the universe’s known galaxies 

are active star factories. But due to gas depletion, many others have stopped making stars, 

rendering them in a sense lifeless. The subject galaxy — known as IC3418 and located deep 

inside the Virgo Cluster — is now all but totally out of gas, the researchers said. 

 

When there’s none left, the galaxy will no longer be fertile. “Stars, planets, and life can form 

only if a galaxy has gas to make them,” Kenney said. 

 

The Virgo Cluster is a mass of about 1,000 galaxies and the nearest large galaxy collection to 

the group that includes the Milky Way. 

 

BLUE COMPACT DWARF GALAXY: 

In the past many different criteria have been used to classify a galaxy as a BCD or not. These 

criteria were commonly based on the galaxy's luminosity and its morphological properties 

although definitions based on their spectroscopic properties are also found in the literature . 

Moreover, galaxies morphologically classified as BCDs are sometimes confused with 

spectroscopically-classified objects, such as "isolated extragalactic HII regions", "HII 

galaxies" or "Sargent-Searle objects". For instance, although the "isolated extragalactic HII 

regions" of  and SS objects of  can be undoubtedly classified as BCDs, many HII galaxies 

in  are significantly brighter than a BCD. 

 

http://science.howstuffworks.com/hubble.htm
http://science.howstuffworks.com/nasa.htm
http://science.howstuffworks.com/telescope.htm


Proceedings of National Conference on “RECENT ADVANCES IN ASTROPHYSICS AND SPACE SCIENCE”                   ISBN : 978-81-930758-0-7 
 

K.L.E. Society’s G. I. Bagewadi College, Nipani  Dept. of Physics                                                                                           Page  52 
 

HUBBLE SPACE TELESCOPE –AN OVERVIEW 

Dr. I. I. Pattanashettia*, Shri. Prabhu. M. Metib and Miss. Jyoti N. Rayarb 

a. Associate Professor and H.O.D., K.L.E. Society’s B. K. College, Chikodi 
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ABSTRACT: 

Since the earliest days of astronomy, since the time of Galileo, astronomers have shared a 

single goal — to see more, see farther, see deeper. The Hubble Space Telescope's launch in 

1990 sped humanity to one of its greatest advances in that journey. Hubble is a telescope that 

orbits Earth. Its position above the atmosphere, which distorts and blocks the light that 

reaches our planet, gives it a view of the universe that typically far surpasses that of ground-

based telescopes. The manipulation of faint light requires a great deal of ingenuity if the 

instrument (e.g. spectrograph) is to achieve its theoretical limits within the hostile 

environment of a mountain-top observatory. The design and construction of the next 

generation of astronomical instruments presents us with an even bigger challenge. Hubble's 

discoveries have transformed the way scientists look at the universe. Its ability to show the 

universe in unprecedented detail has turned astronomical conjectures into concrete 

certainties. It has winnowed down the collection of theories about the universe even as it 

sparked new ones, clarifying the path for future astronomers.  

 

INTRODUCTION:  

Telescopes have faced the problem of distorted atmosphere, since the very earliest days of 

their invention. The quandary is twofold: Shifting air pockets in Earth's atmosphere distort the 

view of telescopes on the ground, no matter how large or scientifically advanced those 

telescopes are. This "atmospheric distortion" is the reason that the stars seem to twinkle when 

we look up at the sky.  The atmosphere also partially blocks or absorbs certain wavelengths of 

radiation, like ultraviolet, gamma- and X-rays, before they can reach Earth. Scientists can best 

examine an object like a star by studying it in all the types of wavelengths that it emits [1]. 

 

The idea for the space telescope arose in 1923, when German scientist Hermann Oberth, one 

of the founders of rocketry, suggested blasting a telescope into space aboard a rocket. In 

1946, Lyman Spitzer Jr., an American astrophysicist, wrote a paper proposing a space 

observatory.  He would spend the next 50 years working to make the space telescope a 
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reality. The space telescope was named the Hubble Space Telescope, after American 

astronomer Edwin Hubble, who showed that the fuzzy patches of light in the night sky were 

actually other galaxies, far distant from our own, and went on to prove that the universe was 

expanding.  

 

On April 24, 1990, Hubble finally launched into orbit aboard the Space Shuttle Discovery.  

Hubble is a type of telescope known as a Cassegrain reflector. Light hits the telescope's main 

mirror, or primary mirror. It bounces off the primary mirror and encounters a secondary 

mirror. The secondary mirror focuses the light through a hole in the center of the primary 

mirror that leads to the telescope's science instruments. The telescope carried five 

instruments:  

➢ Wide Field/Planetary Camera 

➢ Goddard High Resolution Spectrograph 

➢ Faint Object Camera 

➢ Faint Object Spectrograph 

➢ High Speed Photometer.  

People often mistakenly believe that a telescope's power lies in its ability to magnify objects. 

Telescopes actually work by collecting more light than the human eye can capture on its own. 

The larger a telescope's mirror, the more light it can collect, and the better its vision. Hubble's 

primary mirror is 94.5 inches (2.4 m) in diameter. This mirror is small compared with those 

of current ground-based telescopes, which can be 400 inches (1,000 cm) and up, but Hubble's 

location beyond the atmosphere gives it remarkable clarity. 

 

WORKING: 

The Hubble's Space Telescope (HST) is placed at distance 569 km above the surface of Earth.  

Every 97 minutes, Hubble 

completes a spin around 

Earth, moving at the speed of 

about 8 km per second. As it 

travels, Hubble's mirror 

captures light and directs it 

into its several science 

instruments[2].  

Hubble is a type of telescope 

http://hubblesite.org/the_telescope/hubble_essentials/edwin_hubble.php
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known as a Cassegrain reflector. Light incident on the telescope's primary mirror and reflects 

from the primary mirror, which encounters a secondary mirror. The secondary mirror focuses 

the light through a hole in the center of the primary mirror that leads to the telescope's science 

instruments.  

 

Telescopes actually work by collecting more light than the human eye can capture on its own. 

The larger a telescope's mirror, the more light it can collect, and the better its vision. Hubble's 

primary mirror is 2.4 m in diameter. This mirror is small compared with those of current 

ground-based telescopes, which can be 10 m and up, but Hubble's location beyond the 

atmosphere gives it remarkable clarity [3].  

 

Once the mirror captures the light, Hubble's science instruments work together or 

individually to provide the observation. Each instrument is designed to examine the universe 

in a different way.  

Specifications of Hubble Space Telescope: 

  

 

 

 

 

 

 

 

 

 

 

Recent Hubble Space Telescope consists of following scientific Instruments. 

1. The Wide Field Camera 3 (WFC3) 

2. The Cosmic Origins Spectrograph (COS)  

3. The Advanced Camera for Surveys (ACS) 

4. The Space Telescope Imaging Spectrograph 

(STIS) 

5. The Infrared Imaging Spectrograph (IRIS) 

6. The Fine Guidance Sensors (FGS) 

7. Solar Arrays 

 

Telescope part Actual Size Meters 

Aft Shroud Diameter 4.2 

Forward Shell Diameter 2.9 

Forward shell length  6.8 

Aft shroud + Equipment length  6.1 

Solar panel length  7.6 

Solar panel width  2.5 

Antenna rod length  14.4 

Primary mirror diameter  2.4 

Total length  12.9 

Total weight  11.567kg 

http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/cos/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/acs/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/stis/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/fgs/index.php
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1. Wide Field Camera 3 (WFC3): 

The Wide Field Camera 3 (WFC3) sees three different kinds of light i.e. in the near 

ultraviolet, visible and near infrared, though not simultaneously. Its resolution and field of 

view are much greater than that of Hubble's other instruments. WFC3 is one of Hubble's two 

newest instruments, and will be used to study dark energy and dark matter, the formation of 

individual stars and the discovery of extremely remote galaxies previously beyond Hubble's 

vision. 

 

2. Cosmic Origins Spectrograph: 

The Cosmic Origins Spectrograph (COS), Hubble's instrument, is a spectrograph that sees 

exclusively in ultraviolet light. Spectrographs act something like prisms, separating light 

from the cosmos into its component colours. This provides a wavelength "fingerprint" of the 

object being observed, which tells us about its temperature, chemical composition, density, 

and motion.  

 

3. Advanced Camera for Surveys: 

The Advanced Camera for Surveys (ACS) sees visible light, and is designed to study some of 

the earliest activity in the universe. ACS helps map the distribution of dark matter, detects the 

most distant objects in the universe, searches for massive planets, and studies the evolution of 

clusters of galaxies.  

 

4. Space Telescope Imaging Spectrograph: 

The Space Telescope Imaging Spectrograph (STIS) is a spectrograph that sees ultraviolet, 

visible and near-infrared light, and is known for its ability to hunt black holes. While COS 

works best with small sources of light, such as stars or quasars, STIS can map out larger 

objects like galaxies.  

 

5. The Infrared Imaging Spectrograph (IRIS) 

IRIS is a first generation near-infrared (0.85-2.5 μm) instrument being designed to sample the 

diffraction limit of the Thirty Meter Telescope [4].  IRIS will include an integral field 

spectrograph (R~4000) and imaging camera (17″x17″). Both the spectrograph and imager 

will take advantage of the high spatial resolution achieved with the Narrow-Field Infrared 

Adaptive Optics System (NFIRAOS) at four spatial scales (0.004″, 0.009″, 0.025″, 0.05″). 

IRIS will achieve an angular resolution ten times better than images from the Hubble Space 

Telescope, and will be the highest angular resolution near-infrared instrument in the world. 

 

 

 

http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/cos/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/cos/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/acs/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/acs/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/stis/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/stis/index.php
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6. Fine Guidance Sensors (FGS): 

The Fine Guidance Sensors (FGS) are devices that lock onto "guide stars" and keep Hubble 

pointed in the right direction. They can be used to precisely measure the distance between 

stars, and their relative motions.  

 

7. Solar Arrays: 

All of Hubble's functions are powered by sunlight. Hubble solar arrays that convert sunlight 

directly into electricity. Some of that electricity is stored in batteries that keep the telescope 

running when it's in Earth's shadow, blocked from the Sun's rays.  

 

Hubble's Data Pipeline:  

A quartet of antennae on the telescope sends and receives information between Hubble and 

the Flight Operations Team at the Goddard Space Flight Center in Greenbelt, Md. Engineers 

use satellites to communicate with the telescope, giving it directions and commands. The 

telescope has two main computers and a number of smaller systems. One of the main 

computers handles the commands that point the telescope and other system-wide functions. 

The other talks to the instruments, receive their data, and send it to satellites that in turn 

transmit it to the ground.  

 

Once the ground station transfers the data to Goddard, Goddard 

sends it to the Space Telescope Science Institute (STScI), where 

staff translates the data into scientifically meaningful units such 

as wavelength or brightness and archive the information on 

magneto-optical disks. Hubble sends the archive enough 

information to fill about 18 DVDs every week. Astronomers can 

download archived data via the Internet and analyze it from 

anywhere in the world.  

 

Hundreds of engineers and computer scientists at Goddard Space 

Flight Center and STScI are responsible for keeping Hubble 

operating and monitoring its safety, health and performance. At 

Goddard, controllers monitor the telescope's health while they 

direct its movements and science activities. STScI staff also schedule use of the telescope, 

monitor and calibrate the instruments, operate the archive and conduct public outreach.  

 

Astronomers from around the world compete for time to use Hubble. More scientists want to 

use the telescope than there is time to use it, so a review committee of astronomy experts has 

http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/fgs/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/fgs/index.php
http://hubblesite.org/the_telescope/nuts_.and._bolts/spacecraft_systems/index.php#power
http://hubblesite.org/the_telescope/nuts_.and._bolts/spacecraft_systems/index.php#power
http://hubblesite.org/the_telescope/nuts_.and._bolts/spacecraft_systems/index.php#power
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to pick out the best proposals from the bunch. The winning proposals are the ones that make 

the best use of the telescope’s capabilities while addressing pressing astronomical questions. 

Each year around 1,000 proposals are reviewed and approximately 200 are selected, for a 

total of 20,000 individual observations.  

 

Hubble Space Telescope Repairs and maintenance: 

In February 2002, astronauts added the Advanced Camera for Surveys (ACS), the first new 

instrument to be installed in Hubble since 

1997. ACS doubled Hubble's field of view, 

using a much more sensitive detector than 

WFPC2.Servicing Mission 4 took place in 

May 2009.  Astronauts upgraded the telescope 

with the Wide Field Camera 3 and the Cosmic 

Origins Spectrograph, and repaired the 

Advanced Camera for Surveys and the Space 

Telescope Imaging Spectrograph. They 

replaced Hubble's batteries with new versions, and a Fine Guidance Sensor with a refurbished 

one; installed six new gyroscopes; and added new insulating panels to areas where Hubble's 

blankets had broken down. They replaced the Science Instrument Command and Data 

Handling unit (SIC&DH), which helps command the science instruments and control the 

flow of data within the telescope [5].  

 

 Future Problems: 

Almost immediately after Hubble went into orbit, it became clear that something was wrong. 

While the pictures were clearer than those of ground-based telescopes, they weren't the 

pristine images promised.  

 

Hubble's primary mirror, polished so carefully and lovingly over the course of a full year, had 

a flaw called "spherical aberration".  It was just slightly the wrong shape, causing the light 

that bounced off the center of the mirror to focus in a different place than the light bouncing 

off the edge.  The tiny flaw about 1/50th the thickness of a sheet of paper was enough to 

distort the view.  

 

Fortunately, scientists and engineers were dealing with a well-understood optical problem 

and had a solution.  A series of small mirrors could be used to intercept the light reflecting off 

the mirror, correct for the flaw, and bounce the light to the telescope's science instruments. 
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The Corrective Optics Space Telescope Axial Replacement, or COSTAR, could be installed 

in place of one of the telescope's other instruments in order to correct the images produced by 

the remaining and future instruments.  

 

CONCLUSION:  

Among its many discoveries, Hubble has revealed the age of the universe to be about 13 to 14 

billion years, much more accurate than the old range of anywhere from 10 to 20 billion years. 

Hubble played a key role in the discovery of dark energy, a mysterious force that causes the 

expansion of the universe to accelerate.  

 

Hubble has shown scientists galaxies in all stages of evolution, including toddler galaxies that 

were around when the universe was 

still young, helping them understand 

how galaxies form. It found 

protoplanetary disks, clumps of gas 

and dust around young stars that 

likely function as birthing grounds for 

new planets. It discovered that 

gamma-ray bursts — strange, 

incredibly powerful explosions of 

energy — occur in far-distant galaxies when massive stars collapse. And these are only a 

handful of its many contributions to astronomy.  

 

The sheer amount of astronomy based on Hubble observations has also helped make it one of 

history's most important observatories. More than 10,000 scientific articles have been 

published based on Hubble data.  
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ASTRONOMICAL INSTRUMENTATION 

R.G.Kharabe, A. D. Tigadi and V. N. Chougule 

KLE’s G.I.Bagewadi College Nipani 

INTRODUCTION 

Average size of the pupil of the human eye is about 5mm and with it one can view stars of up 

to 6th magnitude. When Galileo invented the telescope and observed the sky with his 

telescope (2.5 cm aperture) he could see fainter stars of up to 9th magnitude. Since then 

telescopes of bigger and bigger aperture have been built up and used in the optical astronomy. 

With recent advances in technology of making the telescopes it has now become possible to 

make telescopes of about 10m diameter which will help to study the most distant galaxies. 

 

Angular resolution 

The angular resolution of an optical telescope is determined by the width of the objective, 

termed its "aperture" (the primary mirror, or lens.) The Rayleigh criterion for the resolution 

limit αR (in radians) is given by 

αR = 1.22λ / D,  

where λ is the wavelength and D is the aperture. For visible light (λ = 550 nm), this equation 

can be rewritten: 

αR = 138 / D.  

Here, αR denotes the resolution limit in arcseconds and D is in millimeters. In the ideal case, 

the two components double stars can be split even if separated by slightly less than αR. This is 

taken into account by the Dawes limit 

αD = 116 / D.  

Essentially; the larger the aperture, the better the angular resolution  

Focal length and f-ratio 

The focal length determines how wide an angle the telescope can view with a given eyepiece 

or size of a CCD detector or photographic plate.  

The f-ratio (or focal ratio, or f-number) of a telescope is the ratio between the focal length 

and the aperture (i.e., diameter) of the objective.  

Thus, for a given aperture (light-gathering power), low f-ratios indicate wide fields of view. 

Wide-field telescopes (such as astrographs) are used to track satellites and asteroids, for 

cosmic-ray research, and for surveys of the sky. It is more difficult to reduce optical 

aberrations in telescopes with low f-ratio than in telescopes with larger f-ratio. 

http://en.wikipedia.org/wiki/Angular_resolution
http://en.wikipedia.org/wiki/Aperture
http://en.wikipedia.org/wiki/Rayleigh_criterion
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http://en.wikipedia.org/wiki/Arcsecond
http://en.wikipedia.org/wiki/Double_star
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http://en.wikipedia.org/wiki/Charge-coupled_device
http://en.wikipedia.org/wiki/Photographic_plate
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http://en.wikipedia.org/wiki/Astrograph
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Light-gathering power 

The light-gathering power of an optical telescope is directly related to the diameter (or 

aperture) of the objective lens or mirror. Note that the area of a circle is proportional to the 

square of the radius. A telescope with a lens which has a diameter three times that of another 

will have nine times the light-gathering power. Larger objectives gather more light, and more 

sensitive imaging equipment can produce better images from less light. 

Nearly all large research-grade astronomical telescopes are reflectors. Some reasons are: 

In a lens the entire volume of material has to be free of imperfection and in homogeneities, 

whereas in a mirror, only one surface has to be perfectly polished.  

Light of different colors travels through a medium other than vacuum at different speeds. 

This causes chromatic aberration.  

Reflectors work in a wider spectrum of light since certain wavelengths are absorbed when 

passing through glass elements like those found in a refractor or catadioptric.  

There are technical difficulties involved in manufacturing and manipulating large-aperture 

lenses. One of them is that all real materials sag in gravity. A lens can only be held by its 

perimeter. A mirror, on the other hand, can be supported by the whole side opposite to its 

reflecting face.  

Reflecting telescopes: 

The reflecting telescope first made by Newton in 1670 is most commonly used telescope in 

astronomy and all the big telescopes in operation in the world are of this type. Schematic 

diagram is as shown below. 
  

Reflecting Telescopes use a mirror to gather light and 

bring the image to the eyepiece. These telescopes are 

often referred to as "Newtonians" because they were 

first conceived of by Isaac Newton. Reflectors utilize a 

parabolic mirror that reflects the image to a focal point. 

Since the mirror reflects the image back towards the 

source, a small secondary mirror set at an angle reflects 

the light perpendicular to the tube so that the eyepiece is 

attached to the side of the telescope, rather than the end. 

Reflectors provide good views of all types of sky 

objects such as planets, the moon, star clusters, galaxies, 

nebulae, and multiple star systems. They require some  

 

http://en.wikipedia.org/wiki/Diameter
http://en.wikipedia.org/wiki/Chromatic_aberration
http://en.wikipedia.org/wiki/Spectrum
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minor maintenance to keep the mirrors in proper alignment. They are the least expensive 

telescopes and provide the most light-gathering abilities for the dollar. A favorite choice of 

amateur astronomers everywhere. 

Strengths 

 Great for viewing faint objects such as galaxies and nebulae, reflectors also provide 

good general viewing of clusters, planets, the moon and binaries. Affordable.  

 

Drawbacks 

 It suffers from spherical aberration. Light rays incident at different distances from the 

optical axis come to focus at different points. 

 This defect is overcome by using a parabolic mirror in place of concave mirror. 

 The focus of the reflecting telescope lies in front of the mirror. Therefore mounting of 

photographic plate or a detector at the focus partially blocks the incident rays. To 

eliminate this difficulty several alternative arrangements have been deviced. 

 

Refracting Telescopes 

 The telescope made by Galileo and other earlier telescopes were all refracting 

telescopes. A refracting telescope consists of a convex lens called the objective on 

which the light is incident.  

 Refracting Telescopes use a lens to gather light and bring the image to the eyepiece. 

These are the type of instruments that most people think of when they think of a 

telescope. They are fairly maintenance free and generally provide superb images of 

the moon, planets, star clusters and general sky gazing. They tend to be smaller in 

aperture than other types so they are not as good for viewing fainter sky objects such 

as galaxies and nebulae. Good quality refractors tend to be expensive. Beware of 

cheap refractors 
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Strengths  

 Great for viewing planets, the moon, star clusters, and splitting binary and multiple 

star systems. They have the classic telescope appearance  

Draw backs  

 It suffers from chromatic aberration. i.e. light of different wavelengths come to focus 

at different points along the laws. This can be partially corrected by using achromatic 

lenses. This arrangement objective consists of a convex lens of crown glass and a 

concave lens of flint glass. 

 Lenses of large diameter are difficult to make. As the diameter increases the objective 

becomes heavy. It is difficult to support along its r. m. Moreover the lenses of large 

diameter produce distortion. 

Eight Inch refracting telescope.

 

CASSERGAIN TELESCOPE 

 In this arrangement a hole is made at the centre of the primary mirror and a secondary 

convex mirror is mounted in front of it. The reflected from the primary mirror falls on 

the convex mirror and after reflection from it surface passes through the hole and 

brought to focus behind it. This focus is called Cassergain focus. 

 In the Newtonian telescope the light beam reflected from the primary is brought to 

focus on the side of the telescope by using a flat mirror mounted at 450 on the optical 

axis. 
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DIAGRAM

 
Current research telescopes 

 They have several instruments to choose from such as: 

 imagers, of different spectral responses  

 spectrographs, useful in different regions of the spectrum  

 polar meters, that detect light polarization.  

The Hubble Space Telescope orbits above 

Earth

 

REFERENCES 

1. Astrophysics-A Modern Perspective :   K.S. Krishnaswamy 

2. Astrophysics:    K.D.Abhyankar 

3. Internet Sources 

http://en.wikipedia.org/wiki/Polarization


Proceedings of National Conference on “RECENT ADVANCES IN ASTROPHYSICS AND SPACE SCIENCE”                   ISBN : 978-81-930758-0-7 
 

K.L.E. Society’s G. I. Bagewadi College, Nipani  Dept. of Physics                                                                                           Page  64 
 

  

DESIGNING OF 30 MHZ HIGH GAIN ANTENNA ARRAY FOR 

RIOMETER AT LOW LATTITUDE STATION 

 

Shri. S. V. Amargol 

Associate professor of Physics, J. S. S. Arts, Science and Commerce College, Gokak 

svamargol1958@gmail.com 

 

ABSTRACT 

Riometer had been installed at Shivaji University Kolhapur to study the cosmic radio noise 

absorption in the ionosphere. Using Riometer at low lattitude ionospheric absorption 

measurements were made using cosmic radio noise at 30MHz. The ionosphere contains free 

electrons and ions which are set in motion by the passage of electromagnetic wave. The ions 

being more massive their movements can be neglected in comparison to those of electrons. If 

each electron is assumed to be entirely free, so that its movement under the influence of the 

wave is uninterrupted, then it will execute regular periodic oscillations so long as the wave is 

passing. The system is powerless i.e., on the whole no energy is absorbed from the wave. The 

oscillating electrons scatter some of the incident radiation and the scattered wavelets add up 

with the incident radiation causing the change of phase of the transmitted wave and hence a 

retardation. The intensity of the incident wave undergoes some attenuation due to scattering. 

On the whole no net work is done on the electron, as the electron re-radiates what it receives. 

If electrons are not entirely free, they collide with molecules and ions which are present in the 

ionosphere and in doing so, they change the ordered energy of the oscillatory motion which 

they acquire from the e.m. wave into the kinetic energy of random movement. The energy is 

then lost from the point of view of wave and the latter becomes attenuated. Using the 

Riometer this absorption was measured. We designed for both pilot and broadside antenna 

arrays for high gain at 30MHz. The calculated beam width of broadside array is about 11.460 

in E –W and 14.320 in N-S planes. After construction of broad side array antenna, the gain 

will be about 22 dB.  
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THE INDIAN SPACE SCIENCE AND ITS FUTURE 

D. L Shruthi Assistant Professor,  K.L.E’s S.Nijaligappa College, Bengaluru 
 

Indian space programme driven by Dr.Vikram Sarbhai considered as the father of Indian 

space programme .Indian performance in the global development is increases by the credit of 

few sectors which has been enhances the national growth .space research has been the 

important catalyst as an Indian improvement .The elastic journey of Indian space programme 

is driven by vikram sarbhai. 

 

INTRODUCTION AND CONTENT 

Space activities in the country started during early 1960 with the scientific investigation over 

thumb are thiruvantapuram using small sounding rocket realizing the immunse potential of 

space technology could play a meaningful role in national development and solving the 

problems of man. Indian space programme born in church beginning space activities in the 

country concentrated on achieving self reliance and developing capability to build launch 

communication satellites for TV broadcast telecom meteorological application Remote 

sensing satellite for management of national resources.  St. Mary Magdalene’s church 

attached to this place turned out to be big deal Thumb today has become a modern station, 

from where sounding rockets take off very often . 

 

INDIAN SPACE SCIENCE APPLICATIONS 

Satellites with large area of coverage and repetitive observations help in climate 

study.Develop India as a major Space-faring nation with a multi-dimensional program 

benefiting every citizen. 

1. Space Initiative in Atmospheric Studies 

2. Study of atmospheric profiles up to 80 - 100kms 

3. Atmospheric dynamics during Monsoon onset   

4. Sea Surface Temperature 

5. Ocean Salinity, Ocean surface winds, Ocean Waves Rainfall over oceans 

6. Land cover/ Land use ,Terrain – contours, Vegetation cover, Built up areas, 

roads,Water bodies – Rivers, Lakes, Back waters Coastal zones Barren lands 

Vegetation Cover Monitoring 

Mountanouster Observation 

– NatNatural Disasters – Cyclones, Drought, Flood, Storms ….. 

Spatial coverage Intensity rends in Observation for Information ,drought monitoring.  

1. Tracking of cyclones their occur in LAND   

2. Weather Observations with Instruments 

Indian Space Research Organization (ISRO) is an esteemed organization responsible for 

space research, which is controlled by the government of India and has over the years 

attained an enviable position of being one of the most prestigious and leading space research 
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organizations in the world.  ISRO till date has successfully conducted different kinds of 

operations under the guidance of the Indian scientific community. In the last four decades 

they have been serving Indian and foreign clients with the help of their launch vehicle fleet. 

ISRO has over the years built many field installations and works together with the 

international space research community on many important bilateral and multilateral research 

agreements.ISRO was established in the year 1969 to focus the talent of Indian researchers 

into advancing the space program. There were several fledgling projects that formed the base 

for setting up the ISRO like the INCOSPAR (Indian Committee for Space Research) guided 

by Prof Sarabhai and the Tata Institute of Fundamental research (TIFR) and the Rohini 

Sounding Rocket (RSR) program. The success of the fledgling projects laid the cornerstone 

and foundation for the formation of the ISRO in 1969. 

Indian space science future plan 

❖  Forthcoming Satellites  

❖   Forthcoming Launches  

❖   Future Launch Vehicle  

❖   Human Space Flights  

❖   Space Science Missions  

 

FUTURE SPACE MISSION 

GSAT-6 is a high power S-band communication satellite. The spacecraft is  configured 

around I-2K bus with a lift-off mass of 2200 kg. It is configured with CxS and SxC 

transponders. This spacecraft will also provide platform for developing technologies such as 

demonstration of large unfurlable antenna in satellites, handheld ground terminals and 

network management techniques that could be useful in future satellite based mobile 

communication applications. GSAT-6A will be a follow-on satellite planned to be   launched 

by the end of 12th Five Year Plan. GSAT-6 is planned to be launched by GSLV. 

 

GSAT-11 is an advanced communication satellite employing a new class of bus weighing 

4000-6000 Kg. The commercial payload includes Ka x Ku-Band Forward Link Transponders 

and Ku x Ka band Return Link Transponders. 

GSAT-15 is a communication satellite of 3150 kg lift-off and 6500 W power generation 

capacity. It is designed for a mission life of more than 12 years. The spacecraft's commercial 

payload includes Ku-Band transponders and a two channel GAGAN payload 

 

http://www.isro.org/scripts/futureprogramme.aspx
http://www.isro.org/scripts/futureprogramme.aspx
http://www.isro.org/scripts/futureprogramme.aspx
http://www.isro.org/scripts/futureprogramme.aspx
http://www.isro.org/scripts/futureprogramme.aspx
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Resourcesat-2A, a follow on mission to Resourcesat-2, is intended to provide continuity of 

data to the users. The configuration is similar to Resourcesat-2 having three-tier imaging 

capability, with a unique combination of payloads consisting of three solid-state cameras, 

viz., a high resolution Linear Imaging Self Scanning Sensor - LISS-IV, a medium resolution 

Linear Imaging Self Scanning Sensor - LISS-III and an Advanced Wide Field Sensor 

(AWiFS)planned to launch on 2015-16 

  

Cartosat-2C mission is similar to Cartosat-2A/2B with a few technological enhancements and 

with the mission objective of providing high resolution scene specific spot imagery. It would 

carry Panchromatic and Multispectral cameras operating in Time Delay Integration (TDI) 

mode. The spacecraft is capable of along track and across track steering up to ±45 deg and 

±26 deg respectively. The spacecraft is planned to be launched by PSLV into a nominal 

altitude of 500 km, with a mission life of 5 years. Cartosat-2D and Cartosat-2E will have 

similar configuration of Cartosat-2C. The readiness of the first satellite is planned during 

2015-16. 

 

GISAT will carry a GEO Imager with multi-spectral (visible, near infra-red and thermal), 

multi-resolution (50 m to 1.5 km) imaging instruments. GISAT will be placed in the 

geostationary orbit of 36,000 km height to provide near real time images of large areas of the 

country, under cloud free conditions, at frequent intervals. That is, selected sector-wise image 

every 5 minutes and entire Indian landmass image every 30 minutes at 50 m spatial 

resolution. 

 

INSAT-3DR will be a follow-on satellite to INSAT-3D and it is planned to be positioned at 

74 deg East longitude in the geostationary orbit. Readiness of spacecraft is planned during 

June 2015. INSAT-3DS, the ground spare is also under development. 

 

Future Launch Vehicle 

GSLV-Mk III is the next generation launch vehicle of ISRO capable of delivering 4 ton class 

spacecraft to geosynchronous transfer orbit (GTO).  

 

GSLV-Mk III is a three stage launch vehicle with three propulsion stages and has a lift-off 

weight of 630 tones and a height of 42.4 m. The GSLV-Mk III vehicle configuration is two 

Solid strap-on boosters Stages (S200), One Liquid Stage (L110) and One Cryogenic Stage 
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(C25). The spacecraft is accommodated in a 5 metre diameter composite payload fairing of 

110 cub m volume. 

 

Activates of Human Space Flight Mission Programme  

The objective of Human Spaceflight Programme is to undertake a   human spaceflight 

mission to carry a crew of two to Low Earth Orbit (LEO) and return them safely to a 

predefined destination on earth. The programme is proposed to be implemented in defined 

phases. The pre project activities are progressing with a focus on the development of critical 

technologies for subsystems such as Crew Module (CM), Environmental control and Life 

Support System (ECLSS), Crew Escape System, etc., and performance demonstration of 

major systems through Crew Module Atmospheric Re-entry Experiment (CARE) and crew 

escape system through Pad Abort Test (PAT). 

 

Space mission      

Chandrayaan 2, India’s second mission to the Moon, is an advanced version of the previous 

Chandrayaan-1 mission. It consists of an Orbiter, Lander and Rover configuration. It is 

planned to be launched as a composite stack into the Earth Parking Orbit (EPO) of 170 X 

18,500 km by GSLV-Mk II. 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. The scientific payloads onboard the Orbiter, Lander and Rover are 

expected to perform mineralogical and elemental studies of the lunar surface.  

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. 

 

ASTROSAT is a multi-wavelength astronomy mission aimed at studying the celestial sources 

and will carry a suite of instruments sensitive over a wide spectral region covering Visible, 

Ultraviolet, Soft X-ray and Hard X-ray bands. ASTROSAT will be placed in a 650 km near-

equatorial orbit using PSLV-XL. The four X-ray payloads are: Three identical Large Area 

Xenon-filled Proportional Counters (LAXPC) instrument covering 3-100 keV region, a 
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Cadmium Zinc-Telluride Imager (CZTI) array with coded mask aperture sensitive in 10-100 

keV band, a Soft X-ray Imaging Telescope (SXT) using X-ray reflecting mirrors, X-ray CCD 

for imaging and spectral studies in 0.3 – 8 keV band and a Scanning Sky Monitor (SSM) for 

detection and monitoring of new and known X-ray sources in 2 – 10 keV region. The UV and 

Visible bands are covered by an Ultra Violet Imaging Telescope (UVIT) consisting of two 

identical telescopes, one covering the FUV band (130 – 180 nm) and the second sensitive in 

NUV (180 – 300 nm) and Visible (350 – 600 nm) bands. 

 

Aditya-1 is a scientific mission for solar studies. The major scientific objectives of the 

mission are to achieve a fundamental understanding of the physical processes that heat the 

solar corona, accelerate the solar wind and produce Coronal Mass Ejections (CMEs). It was 

conceived as a small satellite carrying only a coronagraph as a payload. In order to get the 

best science from the Sun, continuous viewing of the Sun is preferred. A Satellite placed in 

the halo orbit around the L1 Lagrangian point of the Sun-Earth system has the major 

advantage of continuously viewing the Sun without any occultation/ eclipses. Based on the 

technical studies, it was found that PSLV-XL developed at ISRO has the capability to launch 

a satellite which can be placed at a halo orbit around L1 point.                             

 

The following six proposals have been short-listed for the mission: 

 Visible Emission Line Coronagraph (VELC), IIA, Bengaluru 

 Solar Ultraviolet Imaging Telescope (SUIT), IUCAA, Pune 

 Plasma Analyser Package for Aditya (PAPA), SPL/VSSC, Trivandrum 

 Aditya Solar wind Particle Experiment (ASPEX), PRL, Ahmedabad 

 Solar Low energy X-ray Spectrometer (SoLEXS), SAG/ISAC, Bengaluru 

 High Energy L1 Orbiting X-ray Spectrometer (HEL1OS), SAG/ISAC, Bengaluru 

 

CONCLUSION: 

The space programme in India primarily aims at providing space based services in the areas 

of communication ,meteorology, resources survey and management .India has already made a 

well integrated ,self reliant programme. Indian spaced research has not only enhanced the 

communication capabilities, But now it is also widely used for advanced disaster warning, 

search and distance education in remote areas .space remote sensing is providing vitals inputs 

for agriculture, soil, forestry, land and water resources,  environment, minerals, ocean 

development and in the management of drought and flood disaster.  
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SPATIAL CALIBRATION OF NIGHT AIRGLOW ALL-SKY IMAGES 

R. P. Patil*1, S. B. Patil1, R. N. Ghodpage2 and P.T. Patil2 
1D.Y. Patil College of Engineering and Technology, Kolhapur – 416 006 

2 M.F. Radar, Indian Institute of Geomagnetism, Shivaji University Campus, Kolhapur - 416 004 

*patilrohit69@rediffmail.com 

 

ABSTRACT 

The various phenomenon and structures observed in night airglow all-sky images (such as, 

drift motions of gravity waves and plasma bubbles) these are accurately measured only after 

the spatial correction of the images. While spatial calibration is a process of computing pixel 

to real-world unit transformations although accounting for many errors inherent to the 

imaging setup. Calibration of image is important when accurate measurements required in 

real-world units. In this paper calibration includes the alignment to true north and 

measurement of field of view (FOV) of captured all sky images. To calibrate such things we 

are using stars in the all-sky imager (ASI) image as a reference points which is then 

compared and calibrated with star catalogue image to find true north and FOV of captured 

image. As a result, the spatial calibration task of the image processing routine produces a 

calibrated image. The spatial calibration of an image is useful when the imaging setup is not 

stationary. This paper presents developed simple but accurate method for spatial calibration 

of all-sky image using Mat Lab.  

Key words: airglow, star map, field of view, star matching 

 

INTRODUCTION 

An optical observation is one of the best techniques to observe nighttime phenomenon in F 

region. The equatorial ionosphere observations have been conducted from various low 

latitude sites over the past three decades to study plasma irregularities associated with 

equatorial spread F (ESF). These irregularities originate at or near the magnetic equator in the 

post sunset bottom side ionosphere and trigger the vertical development of plasma bubbles. 

There are two main categories of optical emissions from the upper atmosphere: airglow, 

generally resulting from chemical reactions leaving product species in excited states which 

then emit photons, and aurora, or photon excitation generally resulting from particle impact 

on ambient atmospheric gasses [1]. Recombination of the F region plasma at ionospheric 

altitudes of several hundred km proceeds through several mechanisms, and results in 

detectable optical emissions from atomic oxygen at wavelengths of OI 630.0, OI 557.7, and 
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OI 777.4 nm [2]. Typical airglow intensities are on the order of a few hundred Rayleighs 

(R=106 photons/s/cm2 integrated along a line of sight) [1] and are well below the detection 

threshold of the human eye. Ground-based all-sky imagers (ASI) can provide high-quality 

images of depletion structures over fields of view in excess of 1000 km diameter from a 

single instrument. The system details about the ASI are given in [3]. The basic methods 

required for the image processing of ASI images is discussed by Garcia [4].  For the large-

field information present in the all-sky data, accurate spatial calibration is essential. We can 

achieve this by using the stars in each image as known reference points in the sky [5]. While 

taking the all-sky observation from remote location it is desirable to have the correct 

knowledge about the directional orientation and field of view if the ASI is being operated 

from limited exposure. Hence, in this paper we report a simple but correct method developed 

in Mat Lab to do the special calibration of the all-sky image and field of view determination.  

 

Determination of field-of-view (FOV)  

Star Map  

Star map is a general map or image of a region of the sky which is software generated with 

high accuracy, star map may comprise a set of many images or variety of sky objects which 

produces star catalogue. One of the star catalogues is Stellarium (0.12.4) software which is 

freely available on internet, and it is easy-to-use sky map software that provides an excellent 

way to learn about astronomy and explore the sky visible in the distant past, the present, and 

the far-off future. It can display and print attractive, highly-customizable maps of the sky as 

seen from the observing station or any other location on the Earth. So this star map is used as 

reference in this paper work to calibrate ASI image. 

Field of View (FOV)  

Airglow emissions exhibit considerable temporal fluctuations over large geographic regions. 

Thus, one requirement of atmospheric imaging is to capture large areas in each image with 

high quality. A fisheye lens is a special type of ultra-wide angle lens used for capturing large 

geographic area (i.e. large FOV) with losing the straight lines of perspective as seen in 

rectilinear images. 

 

The FOV for each campaign is determined with the help of elevations of star positions on raw 

images.  Elevation angles  are  noted  for  few  stars  around the edges  of  an  all-sky  image  

and the  FOV  for  a  given operating condition is computed from these angles. This condition 

is useful when the sky is clear and dark but due to growth of city around the observing site 
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illuminate the circular edges of the all-sky image hence, it is difficult to find out the stars 

around the edges. The stars observable around the central area of the image can be considered 

for the field of view determination. The circular image generated by the Stellarium software 

by giving proper location and time parameters are circularly reduced to match with the ASI 

image by considering the stars observable in the middle portion of the image. When this is 

done the field of view given by the Stellarium software is equal to the field of view of the 

ASI image. The method is shown in figure 1 where the field of view of the software 

generated image (right side) is 146
o which is the FOV of ASI image.  

 
Fig. 1 FOV of software generated image (right) is 146

o
 equal to FOV of ASI image. 

 

All-Sky Spatial Calibration  

All-sky spatial calibration is one of the important image processing tasks. The purpose of 

performing calibration is to align image true north with the top of the image, to project the 

image top-down, and to account for elliptical lens functions. Figure 1 displays the raw image 

acquired through the data acquisition from the all-sky image (left) and The Stellarium-0.12.4 

software has star catalog (right), which contains stars information at a certain time, date, and 

location in the world, use this as a reference. The image displayed from the star catalog is 

matching the time and location of from where the image was captured from.  The star catalog 

was used as reference for calibration. In figure 1 it can be observed that the original raw 

image displayed (left) is not aligned correctly with the true north and it is not a top-down 

projection of the sky on Earth [6]. 

                             

As a result, the calibration task of the image processing routine produced a calibrated image. 

In Figure 1, the raw image (left) is compared to the calibrated image (right).  The new 

calibrated image was rotated, flipped and scaled accordingly to take into account elliptical 
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lens properties. From the calibrated image it can be noted that the image has been projected 

top-down to be able to be superimpose on top of a map for visualization. [6] 

 

              

                                     (a)                                                                               (b) 
Fig .2 Spatial calibration for limited FOV (a) Addition of image, (b) Spatial calibrated image. 

From figure 2(a) it can be observed that the stars in the southern hemisphere are well aliened 

than the starts in the northern hemispheric region of the ASI image. This effect is due to 

improper horizontal and vertical alignment of the ASI camera at the observing location. 

Figure 2(b) is the spatial calibrated ASI image for limited FOV (146
o
). 

 

In figure 3 the ASI fish eye lens has 1800 maximum FOV as shown in below left image is 

taken from ASI on open field observation and right hand side shows the stellarium software 

image with same place, time and FOV. The image generated by the software shows north 

south markings on it showing true directions. For the spatial calibration the ASI image is 

rotated in little degree in clockwise or anticlockwise depending of the ASI camera orientation 

to match with the star locations in stellarium image. To check the match add both the images, 

if there is no match then rotate the ASI image and repeat the process until the best match of 

the stars.  
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(a)                                                               (b) 

               Fig. 3 a) ASI image with 180
o
 FOV        b) Stellarium software image with 180

 o
  

 

As shown in figure 4(a) to get best match of the starts the ASI image is rotated in 

anticlockwise direction by 11
o where, small  circles around the stars shows matched stars and 

squire shows slightly miss match of stars. Figure 4(b) shows the spatially calibrated image for 

open space exposure i.e. 180
o FOV.  

                         

 (a)                                                            (b) 

  Fig. 4 Spatial calibration for 180
o FOV (a) Addition of image, (b) Spatial calibrated image 

The flow chart given in figure 5 is self explanatory and shows programming steps to 

determine the FOV and the spatial calibration of ASI image.  For the best result at least 4 to 8 

starts in both the ASI and software images should match. The rotation, flipping of the ASI 

image and addition with the software image is performed using Mat Lab software. 
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Fig. 5 Flow chart of FOV determination and spatial calibration of image 

 

SUMMARY AND CONCLUSIONS : 

The algorithms described in this paper perform the basic function of matching of stars within 

the FOV of the stellarium software. The developed software algorithms are very useful to 

determine the FOV of the ASI image in limited exposure as well as in open to sky. The 

spatial calibration performed with this new method is very easy and quick; once we find the 

correct rotation angle of one ASI image to match it with true north then it can be easily 

applied for all other images of the same location. Once the correct FOV and true spatial 

alignment for the ASI image is performed then the estimation of atmospheric parameters will 

have fewer errors.  
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INDIAN SPACE SCIENCE AND ITS FUTURE 
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K.L.E’s G. I. Bagewadi College  Nipani. 

  

ABSTRACT 

Today, India is one of a handful of nations that has the technological capability to fabricate 

small, medium and large satellites as well as launch vehicles in space science. ISRO had a 

mostly successful Moon mission from 2008 to 2009. The missions are Chandrayana-I and 

Mom. It has many applications like Tele-education, Telecommunication, Military, 

Telemedicine, Cartography, Biodiversity Information System. India’s future space ambitions 

include robotic missions to Moon and Mars, human spaceflight, a scramjet Reusable Launch 

Vehicle (RLV), and an atmospheric re-entry demonstrator capsule. 

 

INTRODUCTION  

The setting up of the Thumba Equatorial Rocket Launching Station in 1963 marked the 

beginning of the Indian space program. The Space Commission and the Department of Space  

were established by the Government of India in 1972 to promote unified development and 

application of space science for improving the quality of life here on Earth  and technology 

for national objectives. The Indian Space Research Organization (ISRO) was set up as the 

research and development wing of DOS and is responsible for the execution of India's 

national space program.  In the early years, Dr. Vikram Sarabhai, a scientist and a visionary 

who laid the foundations of the ISRO. 

 

The early experimental phase included the Satellite Instructional Television Experiment, 

Satellite Telecommunication Experiment, remote sensing application projects, satellites like 

Aryabhata, Bhaskara, Rohini and APPLE and launch vehicles, SLV-3 and ASLV. The space 

program has come a long way since. Today, India is one of a handful of nations that has the 

technological capability to fabricate small, medium and large satellites as well as launch 

vehicles for Low Earth Orbit and Geostationary Earth Orbit. India ranks among the top six 

space-faring nations of the world in terms of budget and technological capabilities. 

 

GOALS AND OBJECTIVES  

The major areas of focus of the Indian space program include:  

➢ Satellite communications for telephony, television broadcast, radio broadcast, mobile 

communications, distance education, satellite-aided search & rescue, meteorology etc.,  

➢ Remote sensing for resources survey & management, environmental monitoring and 

meteorological services, and  
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➢ Development and operation of indigenous satellites launch vehicles, and ground systems 

for providing these services. 

 

THE TECHNOLOGY  

The following section discusses the satellites and launch vehicles that form the backbone of 

the Indian space infrastructure. It also highlights the extensive network of ground stations that 

support the Indian space enterprise.  

1. The Satellite Systems  

ISRO has established two major space systems, the Indian National Satellite System series 

for communication, television broadcasting and meteorological services, and Indian Remote 

Sensing Satellites system for resources monitoring and management. ISRO has developed 

two satellite launch vehicles, PSLV and GSLV, to place INSAT and IRS satellites in their 

required orbits.  

 

Launch vehicle fleet 

During the 1960s and 1970s, India initiated its own launch vehicle programme owing to 

geopolitical and economic considerations. In the 1960s–1970s, the country successfully 

developed a sounding rockets programme, and by the 1980s, research had yielded the 

Satellite Launch Vehicle-3 and the more advanced ASLV, complete with operational 

supporting infrastructure. 

 

 

 

 

 

  

 

Satellite Launch Vehicle (SLV)    

The Satellite Launch Vehicle, usually known by its abbreviation SLV or SLV-3 was a 4-stage 

solid-propellant light launcher. It was intended to reach a height of 500 km and carry a 

payload of 40 kg. Its first launch took place in 1979 with 2 more in each subsequent year, and 

the final launch in 1983. Only two of its four test flights were successful. 

 

 

Figure: Comparison of Indian carrier rockets 

 

         SLV      ASLV       PSLV            GSLV          GSLV Mk.III 
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Augmented Satellite Launch Vehicle (ASLV)                

The Augmented Satellite Launch Vehicle, usually known by its abbreviation ASLV was a 5 

stage solid propellant rocket with the capability of placing a 150 kg satellite into LEO. The 

first launch test was held in 1987, and after that 3 others followed in 1988, 1992 and 1994, 

out of which only 2 were successful, before it was decommissioned. 

 

Polar Satellite Launch Vehicle(PSLV)   

The Polar Satellite Launch Vehicle, usually known by its abbreviation PSLV, is an 

expendable launch system developed to allow India to launch its Indian Remote Sensing  

satellites into Sun synchronous orbits’. PSLV can also launch small satellites into 

geostationary transfer orbit (GTO). The reliability and versatility of the PSLV is proven by 

the fact that it has launched 70 satellites / spacecraft into a variety of orbits so far.  

 

Geosynchronous Satellite Launch Vehicle (GSLV)      

The Geosynchronous Satellite Launch Vehicle, usually known by its abbreviation GSLV, is 

an expendable launch system developed to enable India to launch its INSAT-type satellites 

into geostationary orbit and to make India less dependent on foreign rockets. At present, it is 

ISRO's heaviest satellite launch vehicle and is capable of putting a total payload of up to 5 

tons to Low Earth Orbit. On 5 January 2014, GSLV-D5 successfully launched GSAT-14 into 

intended orbit. This also marked first successful flight using indigenous cryogenic engine, 

making India sixth country in the world to have this technology. 

 

Geosynchronous Satellite Launch Vehicle Mark-III (GSLV III)    

The Geosynchronous Satellite Launch Vehicle Mark-III is a launch vehicle currently under 

development by the Indian Space Research Organization. 

 

Extraterrestrial exploration 

ISRO had a mostly successful Moon mission from 2008 to 2009. A mission to Mars started in 

2013 and will last till 2015. 

➢ First mission to the Moon: Chandrayaan-1 

     

 

 

 

 

http://en.wikipedia.org/wiki/Low_Earth_Orbit
http://en.wikipedia.org/wiki/Expendable_launch_system
http://en.wikipedia.org/wiki/Sun_synchronous_orbit
http://en.wikipedia.org/wiki/Geostationary_transfer_orbit
http://en.wikipedia.org/wiki/Indian_National_Satellite_System
http://en.wikipedia.org/wiki/File:Chandrayaan-1.jpg
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Chandrayaan-1 was India's first mission to the Moon. The unmanned lunar exploration 

mission included a lunar orbiter and an impactor called the Moon Impact Probe. ISRO 

launched the spacecraft using a modified version of the PSLV on 22 October 2008 from 

Satish Dhawan Space Centre, Sriharikota. The vehicle was successfully inserted into lunar 

orbit on 8 November 2008. During its 312 days operational period, it surveyed the lunar 

surface to produce a complete map of its chemical characteristics and 3-dimensional 

topography. The polar regions were of special interest, as they possibly had ice deposits. The 

spacecraft carried a total of 11 instruments: 5 Indian and 6 from foreign institutes and space 

agencies which were carried free of cost. Chandrayaan-1 became the first lunar mission to 

discover existence of water on the Moon. 

 

➢ Mars Orbiter Mission (Mangalayaan)                                                          

Artist's rendering of the Mars Orbiter Mission spacecraft, 

with Mars in the background. The Mars Orbiter Mission 

(MOM), informally known as 'Mangalayaan' was launched 

into Earth orbit on 5 November 2013 by the ISRO and has 

entered Mars orbit on 24 September 2014. India is the first 

country to enter Mars orbit in first attempt. It was 

completed at a record cost of $74 million.MOM was 

successfully placed into Mars orbit on September 24, 2014  

at 8:23 AM IST. It has a highly elliptical orbit with a periapsis of 421.7 km and an apoapsis 

of 76,993.6 km.The spacecraft had a launch mass of 1,337 kg ,with 15 kg of five scientific 

instruments as payload. 

Space Applications 

• Tele-education: EDUSAT is India’s first “thematic satellite” dedicated exclusively for 

educational purposes. Delivery of educational content via EDUSAT is via the following 

modes: one-way TV broadcast, interactive TV, video conferencing, computer 

conferencing, and web-based instructions. The satellite is specially configured to relay 

through audio-visual medium, employing multi-media multi-centric system, to create 

“interactive classrooms”.                       

• Telecommunication: India uses its satellites communication network has applications 

such as land management, water resources management, natural disaster forecasting, 

radio networking, weather forecasting, meteorological imaging and computer 

communication. 

• Military: India's satellites and satellite launch vehicles have had military spin-offs. 

• Telemedicine: ISRO has applied its technology to "telemedicine", directly connecting 

patients in rural areas to medical professionals in urban locations via satellites. 

• Cartography: The Indian IRS-P5 was equipped with high-resolution panchromatic 

equipment to enable it for cartographic purposes. 

 

http://en.wikipedia.org/wiki/Chandrayaan-1
http://en.wikipedia.org/wiki/Moon
http://en.wikipedia.org/wiki/Moon_Impact_Probe
http://en.wikipedia.org/wiki/PSLV
http://en.wikipedia.org/wiki/Satish_Dhawan_Space_Centre
http://en.wikipedia.org/wiki/Lunar_ice
http://en.wikipedia.org/wiki/Mars_Orbiter_Mission
http://en.wikipedia.org/wiki/Mars
http://en.wikipedia.org/wiki/Mars_Orbiter_Mission
http://en.wikipedia.org/wiki/Mars
http://en.wikipedia.org/wiki/Indian_Standard_Time
http://en.wikipedia.org/wiki/Periapsis
http://en.wikipedia.org/wiki/Apoapsis
http://en.wikipedia.org/wiki/File:Mars_Orbiter_Mission_-_India_-_ArtistsConcept.jpg
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• Biodiversity Information System: This has been put together in a web-enabled database 

which links gene-level information of plant species with spatial information in a 

BIOSPEC database of the ecological hot spot regions. 

 

Future Space Ambitions  

India’s future space ambitions include robotic missions to Moon and Mars, human 

spaceflight, a scramjet Reusable Launch Vehicle (RLV), and an atmospheric re-entry 

demonstrator capsule that could eventually be used to ferry people into space and perhaps 

even for lunar and Martian sample return missions.  

 

▪ Robotic Exploration  

The Indian Space Research Organization (ISRO) is also planning Chandrayaan-2 for 

launch in 2011. Chandrayaan-2 will consist of a spacecraft and a landing platform with a 

Moon rover. The rover would rove on the lunar surface, pick up samples of soil or rocks, 

conduct in-situ chemical analyses and send the data back to the orbiting spacecraft. The 

rover is expected to weigh between 30 kg and 100 kg, depending on whether it will do a 

semi-hard or soft landing. The rover will have an operating lifespan of a month. It will 

run predominantly on solar power.  

In addition to the lunar robotic missions, Indian scientists are also planning a robotic 

mission to Mars by 2013.  

 

• Reusable Launch Vehicle  

In the near future, the most technologically innovative of ISRO's projects is its scramjet 

Reusable Launch Vehicle (RLV) RLV, named Avatar.  

Conceivably, Avatar could give India a radical advantage in the global launch market. 

Gregory Benford, an astrophysicist at the University of California, Irvine, and an advisor 

to NASA and the White House Council on Space Policy, is enthusiastic: "The Avatar 

RLV project will enable the Indian program to leap ahead of the Chinese nostalgia trip. 

Once low cost to orbit comes alive, it will drive cheaper methods of doing all our 

unmanned activities in space."  

 

▪ Human Exploration:     

In 2008, ISRO plans to ask the Indian government to approve a human space flight 

mission by 2014-15 at a projected cost of USD 2.5 billion. The space commission will 

review ISRO’s request, contained in a report  on the agency’s next five year plan . A 

decision is expected by the end of 2008. ISRO has already started working on long lead 

items required for human missions, including spacesuits and simulation facilities, using 

$23 million in preliminary funding already approved by the government. 
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VISION 2020  

In the spring of 2007, India's then president, A.P.J. Abdul Kalam, an aeronautical engineer, a 

visionary scientist-technologist who loomed large from the success of his country's early 

satellite launch missions, and then led its guided-missile program --laid out (via 

teleconferencing) an ambitious vision of India's future space efforts during his speech at a 

Boston University symposium.  

 

Kalam told the international audience of space experts in Boston that, besides expanding its 

extensive satellite program, India now plans lunar missions and a Reusable Launch Vehicle 

(RLV) that takes an innovative approach using a scramjet "hyperplane." Kalam said that 

India understands that global civilization will deplete earthly fossil fuels in the 21st century. 

Hence, he said, a "space industrial revolution" will be necessary to exploit the high frontier's 

resources. Kalam predicted that India will construct giant solar collectors in orbit and on the 

moon, and will mine helium-3--an incredibly rare fuel on Earth, but one whose unique atomic 

structure makes power generation from nuclear fusion potentially feasible--from the lunar 

surface  

 

CONCLUSION:  

The style, the vision, the sense and sensibility of the pioneers of India’s space program, the 

development and utilization of space technology in ways that is low on hype and high on 

impact, is unique to India. "There are some who question the relevance of space activities in a 

developing nation. To us, there is no ambiguity of purpose…we are convinced that if we are 

to play a meaningful role nationally, and in the community of nations, we must be second to 

none in the application of advanced technologies to the real problems of man and society. "  

"Twenty years from now, when space travel is likely to become mundane like airline travel 

today, we don't want to be buying travel tickets on other people's space vehicles."  

- Dr. G. Madhavan Nair, Chairman,  
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THE SOLAR INTERIOR 
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ABSTRACT 

The sun lies at the heart of the solar system. Sun formed about 4.567 billion years ago. Its 

surface temperature of approximately 5778 K. The solar interior is not directly observable 

and itself is opaque to electromagnetic radiation. The sun’s mass consists of 72 percent 

hydrogen about 26 percent helium and trace amounts of other elements oxygen, carbon, neon, 

nitrogen, magnesium, iron and silicon. 

 

Interior Zones of the Sun     

The   inside of the Sun is made up of different layers, one inside of the other. The center of 

the Sun is called the core. It is the region where the energy of the Sun is produced. We know 

that the Sun produces energy. 

 

The Sun’s energy travels outwards from the core. The energy travels first through the 

radiative zone, where particles of light carry the energy. It takes millions of years for the 

energy to move to the next layer, the convection zone.      

 

At the convection zone energy travel faster. This time it is the motion of the gases in the Sun 

that moves the energy outwards. It is very difficult see inside the Sun So Scientists use other 

Diagnostics help us know what is inside the Sun. 

 

The Photosphere  

The outer layer of the Sun that we see is known as Photosphere. The temperature of the Sun 

is about 6,000 Kelvin. It gives yellow white light that we see. 

 

The Chromosphere  

It is outer layer of the sun. This layer can only seen during an eclipse when the rest of 

the sun is blocked.   

 

The Sun’s corona  

The Sun’s corona extends millions of km into space and it can be seen very easily during 

a total solar eclipse, but it is also observable with a corona graph. The word "corona" is 

a Latin word meaning "crown", 

 

The Sun will not die in the way we know plants and animals die. But in a few billion years it 

will have changed so much it will not be recognizable as the Sun we know today 
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ORIGIN OF STARS AND PLANETS 

Prajakta. Upendra. Takale. B.Sc. III year K.L.E’s G.I. Bagewadi College Nipani. 

 

ABSTRACT 

The Solar System has evolved considerably since its initial formation. In that star and planet 

plays important role. Stars produce their own light and energy by a process called nuclear 

fusion. In the evolution of star, Stellar evolution, Protostar formation, Main sequence and 

collapse are important stages. The various planets are thought to have formed from the solar 

nebula According to the nebular hypothesis, the outer two planets are in the "wrong place". 

Uranus and Neptune exist in a region where the reduced density of the solar nebula and 

longer orbital times render their formation highly implausible. This event may have triggered 

the Late Heavy Bombardment that occurred approximately 4 billion years ago, 500–

600 million years after the formation of the Solar System. 

INTRODUCTION:  

The formation of the Solar System is estimated to have 4.6 billion years ago with the 

gravitational collapse of a small part of a giant molecular cloud. Most of the collapsing mass 

collected in the centre, forming the Sun, while the rest flattened into a protoplanetary disk out 

of which the planets, moons, asteroids, and other small Solar System bodies formed. 

The Solar System has evolved considerably since its initial formation. Many moons have 

formed from circling discs of gas and dust around their parent planets, while other moons are 

thought to have formed independently and later been captured by their planets. Still others, as 

the Earth's Moon, may be the result of giant collisions. Collisions between bodies have 

occurred continually up to the present day and have been central to the evolution of the Solar 

System. 

What is a star?    

A star is a massive, luminous sphere of plasma held together by its own gravity. causing the 

star to heat up and shine. Stars come in a variety of sizes and colors. Our Sun is an average 

sized yellowish star. Stars which are smaller than our Sun are reddish and larger stars are 

blue. 

 

Formation and evolution of star:   

• Stellar evolution: 

Stars form within extended regions of higher density in the interstellar medium, although the 

density is still lower than the inside of a vacuum chamber. These regions - known as 

molecular clouds - consist mostly of hydrogen, with about 23 to 28 percent helium and a few 

percent heavier elements. All stars spend the majority of their existence as main sequence 

stars, fueled primarily by the nuclear fusion of hydrogen into helium within their cores. 
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http://en.wikipedia.org/wiki/Protoplanetary_disk
http://en.wikipedia.org/wiki/Planet
http://en.wikipedia.org/wiki/Natural_satellite
http://en.wikipedia.org/wiki/Asteroid
http://en.wikipedia.org/wiki/Small_Solar_System_bodies
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• Protostar formation:  

The formation of a star begins with gravitational 

instability within a molecular cloud, caused by 

regions of higher density - often triggered by shock-

waves from nearby supernovae, the collision of 

different molecular clouds, or the collision of  

galaxies. Once a region reaches a sufficient density of matter to satisfy the criteria for Jeans 

instability, it begins to collapse under its own gravitational force.  

As the cloud collapses and the density increases, the gravitational energy converts into heat 

and the temperature rises. When the protostellar cloud has approximately reached the stable 

condition of hydrostatic equilibrium, a protostar forms at the core. 

• Main sequence: 

Stars spend about 90% of their existence fusing 

hydrogen into helium in high-temperature and 

high-pressure reactions near the core. Such stars 

are said to be on the main sequence and are 

called dwarf stars. Starting at zero-age main 

sequence, the proportion of helium in a star's 

core will steadily increase, the rate of nuclear 

fusion at the core will slowly increase, as will 

the star's temperature and luminosity.   

The duration that a star spends on the main sequence depends primarily on the amount of fuel 

it has to fuse and the rate at which it fuses that fuel, i.e. its initial mass and its luminosity. For 

the Sun, its life is estimated to be about 10 billion (1010) years. Besides mass, the elements 

heavier than helium can play a significant role in the evolution of stars. Astronomers consider 

all elements heavier than helium "metals", and call the chemical concentration of these 

elements the metallicity. The metallicity can influence the duration that a star will burn its 

fuel, control the formation of magnetic fields and modify the strength of the stellar wind. 

• Post-main sequence: 

As stars of at least 0.4 M☉ exhaust their supply of hydrogen at their core, their outer layers 

expand greatly and cool to form a red giant. In about 5 billion years, when the Sun enters this 

The birth of a star within a dense 

molecular cloud 

 

A Hertzsprung–Russell diagram for a set of 

stars that includes the Sun (center). 
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phase, it will expand to a maximum radius of roughly 1 astronomical unit, 250 times its 

present size. As a giant, the Sun will lose roughly 30% of its current mass.  

• Collapse: 

As a star's core shrinks, the intensity of 

radiation from that surface increases, 

creating such radiation pressure on the outer 

shell of gas that it will push those layers 

away, forming a planetary nebula. If what 

remains after the outer atmosphere has been 

shed is less than 1.4 M☉, it shrinks to a 

relatively tiny object about the size of Earth, 

known as a white dwarf. Eventually, white  

dwarfs fade into black dwarfs over a very long period of time. In larger stars, fusion 

continues until the iron core has grown so large that it can no longer support its own mass. 

This core will suddenly collapse as its electrons are driven into its protons, forming neutrons, 

neutrinos and gamma rays in a burst of electron capture and inverse beta decay. The 

shockwave formed by this sudden collapse causes the rest of the star to explode in a 

supernova. Supernovae become so bright that they may briefly outshine the star's entire home 

galaxy. When they occur within the Milky Way, supernovae have historically been observed 

by naked-eye observers as "new stars" where none seemingly existed before. Supernova 

explosions blow away most of their stars' matter.  

PLANETS: 

• What is Planet: A non-luminous celestial body larger than an asteroid or comet, 

illuminated by light from a star, such as the sun, around which it revolves.  

1. Formation and evolution of Planet   

 

Artist's conception of the solar nebula 

The Crab Nebula, remnants of a supernova 

that was first observed around 1050 AD 
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The various planets are thought to have formed from the solar nebula, the disc-shaped cloud 

of gas and dust left over from the Sun's formation. In accretion the planets began as dust 

grains in orbit around the central protostar. Through direct contact, these grains formed into 

clumps up to 200 metres in diameter. These gradually increased through further collisions, 

growing at the rate of centimeters per year over the course of the next few million years. The 

inner Solar System, the region of the Solar System inside 4 AU, was too warm for volatile 

molecules like water and methane to condense, so the planetesimals that formed there could 

only form from compounds with high melting points, such as metals and rocky silicates. 

These rocky bodies would become the terrestrial planets.  

When the terrestrial planets were forming, they remained immersed in a disk of gas and dust. 

The gas was partially supported by pressure and so did not orbit the Sun as rapidly as the 

planets. The resulting drag caused a transfer of angular momentum, and as a result the planets 

gradually migrated to new orbits.  

After between three and ten million years, the young Sun's solar wind would have cleared 

away all the gas and dust in the protoplanetary disc, blowing it into interstellar space, thus 

ending the growth of the planets.  

2. Planetary migration:     

According to the nebular hypothesis, the outer two planets are in the "wrong place". 

Uranus and Neptune exist in a region where the reduced density of the solar nebula and 

longer orbital times render their formation highly implausible. The two are instead 

thought to have formed in orbits near Jupiter and Saturn, where more material was 

available, and to have migrated outward to their current positions over hundreds of 

millions of years.  

 

Simulation showing outer planets and Kuiper belt: a) Before Jupiter/Saturn 2:1 resonance b) 

Scattering of Kuiper belt objects into the Solar System after the orbital shift of Neptune c) 

After ejection of Kuiper belt bodies by Jupiter 

 

The migration of the outer planets is also necessary to account for the existence and 

properties of the Solar System's outermost regions. Beyond Neptune, the Solar System 

continues into the Kuiper belt, the scattered disc, and the Oort cloud, three sparse populations 
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of small icy bodies thought to be the points of origin for most observed comets                                          

After the formation of the Solar System, the orbits of all the giant planets continued to change 

slowly, influenced by their interaction with the large number of remaining planetesimals. 

After 500–600 million years Jupiter and Saturn fell into a 2:1 resonance: Saturn orbited the 

Sun once for every two Jupiter orbits. This resonance created a gravitational push against the 

outer planets, causing Neptune to surge past Uranus and plough into the ancient Kuiper belt. 

The planets scattered the majority of the small icy bodies inwards, while themselves moving 

outwards. These planetesimals then scattered off the next planet they encountered in a similar 

manner, moving the planets' orbits outwards while they moved inwards. This process 

continued until the planetesimals interacted with Jupiter, whose immense gravity sent them 

into highly elliptical orbits or even ejected them outright from the Solar System. This caused 

Jupiter to move slightly inward. Those objects scattered by Jupiter into highly elliptical orbits 

formed the Oort cloud; those objects scattered to a lesser degree by the migrating Neptune 

formed the current Kuiper belt and scattered disc. This scenario explains the Kuiper belt's and 

scattered disc's present low mass. Some of the scattered objects, including Pluto, became 

gravitationally tied to Neptune's orbit, forcing them into mean-motion resonances Eventually, 

friction within the planetesimal disc made the orbits of Uranus and Neptune circular again.  

3. Late Heavy Bombardment and after 

Meteor Crater in Arizona. Created 50,000 years 

ago by an impactor only 50 metres (160 ft) across, 

it evinces that the accretion of the Solar System is 

not over. This event may have triggered the Late 

Heavy Bombardment that occurred approximately 

4 billion years ago, 500–600 million years after the  

formation of the Solar System. This period of heavy bombardment lasted several hundred 

million years and is evident in the cratering still visible on geologically dead bodies of the 

inner Solar System such as the Moon and Mercury. Over the course of the Solar System's 

evolution, comets were ejected out of the inner Solar System by the gravity of the giant 

planets, and sent thousands of AU outward to form the Oort cloud, a spherical outer swarm of 

cometary nuclei at the farthest extent of the Sun's gravitational pull. Eventually, after about 

800 million years, the gravitational disruption caused by galactic tides, passing stars and giant 

molecular clouds began to deplete the cloud, sending comets into the inner Solar System. The 

evolution of the outer Solar System also appears to have been influenced by space weathering 

from the solar wind, micrometeorites, and the neutral components of the interstellar medium.  
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CONCLUSION: 

 

The formation of a star begins with gravitational instability within a molecular cloud, caused 

by regions of higher density - often triggered by shock-waves from nearby supernovae, the 

collision of different molecular clouds, or the collision of galaxies. Stars spend about 90% of 

their existence fusing hydrogen into helium in high-temperature and high-pressure reactions 

near the core. As a star's core shrinks, the intensity of radiation from that surface increases, 

creating such radiation pressure on the outer shell of gas that it will push those layers away, 

forming a planetary nebula so collapse of star will happen. The various planets are thought to 

have formed from the solar nebula, the disc-shaped cloud of gas and dust left over from the 

Sun's formation. The period of heavy bombardment lasted several hundred million years and 

is evident in the cratering still visible on geologically dead bodies of the inner Solar System 
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THE NEW COSMOLOGY - [MODERN  COSMOLOGY] 

Kartik. K [Final Year], R.R. Wadagavi R.L.Science Institute, Belagavi.      

         

The  New  Cosmology  has  its  roots  from   a  strong  tested  theory  called  “The  Big  Bang   

Theory”. It  is  the  prevailing  cosmological  model  for  the  birth  of  universe. 

The   central  areas  which  modern  cosmology  deals  are  as  follows:- 

 Expansion  of  Universe. 

 Cosmic  Microwave  Background [CMB]  radiations. 

 Dark  Matter. 

 Dark  Energy. 

 Inflation  Theory. 

 Fate  of  Universe. 

 

A  brief  explanation  of  the  above  central  areas  of   study  of modern  cosmology  are  as  

follows:- 

1. EXPANSION OF UNIVERSE  :  The  expansion  and  contraction  of  universe  depends 

on  the    quantity  of  matter  contained  in  it. With  enough  matter  the  expansion  will   

slow  or  even  become  a  contraction. On  the  other  hand  dark  energy  drives  the 

universe  towards  increasing  rate  of expansion. 

 

Earlier  the  space  was  considered  to  be  static [non-expandable]  until  the  dawn  of  late  

19th  century. But  it  was  “Sir  Edwin  Hubble”  who  discovered  while  studying  very  

distant   galaxies  that  the  universe  was  not  static  but  rather  expanding. 
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2. COSMIC MICROWAVE BACKGROUND[CMB] RADIATIONS : The  CMB 

Radiations  fills  the  universe  and  can  be  detected  in  every  direction. These  radiations  

are invisible  to  naked  eye  and  cannot  be  seen  without  instruments. The  CMB 

Radiations  saturated  the  space  from  the  beginning  at  about  378,000  years  after  the  

“Big  Bang”. 

 

The  CMB  was  created  at  a time  in  cosmic  history  called  the  “RECOMBINAION  

ERA”. The  universe  had  cooled  to  a  temperature  of  about  5000  degree Fahrenheit 

[2700  degree Celsius], cool  enough  for  electrons  and  protons  to  recombine  into  

hydrogen  atoms, photons  were  released  during  this  process  and  today  this  radiation  

is called  the “CMB  Radiations”.   The  released  photons  travelled  freely  through  space  

and  when  we  observe them  today  they  literally  come  from  earliest  moments  of  

time. 

 

3.  DARK  MATTER :  Galaxies  in  our  universe  seem  to  be  achieving  an  impossible  

feat.  They are  rotating  with  such  speed  that  the  gravity  generated  by  their 

observable  matter could  not possibly  hold  them  together;  they should  have  torn  

themselves  apart  long  ago. The  same is true  of  galaxies  in  clusters,  which forces  us  

to  think  that  something  we cannot  see  is  at work.  Thus  concluding  that  something  

we  have  yet  to  detect  directly  is  giving  these  galaxies  extra  mass,  generating  the  

extra  gravity  they  need  to  stay  intact.  This strange  and  unknown matter  is  called  

“dark  matter” since  it  is  not  visible.   

 

Dark Matter  is  matter  that  we  cannot see.  It neither emits  nor  reflects  any light.   But  

it  is measured  dark  matter indirectly  by  observing  its  gravitational effects  in  a  

variety of  ways.  Dark matter is one of the most fascinating mysteries in modern   

cosmology. 
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4. DARK ENERGY: Since space is everywhere, this dark energy force everywhere, and its 

effects increase as space expands. In contrast, gravity's force is stronger when things are 

close together and weaker when they are  far apart. Because gravity is weakening with the 

expansion of space, dark energy now makes up  over 2/3 of all the energy in the universe. 

The  two  possible explanation for  dark  energy  are:- 

i. One  explanation  for  dark  energy  is  that  it  is  a  property  of  space.  Space  has  

amazing  properties.  The  first  property  that  Einstein discovered  is  that  it  is  

possible  for  more  space  to  come  into existence. Then  one  version  of  Einstein's  

gravity  theory, makes  a   prediction: "empty  space"  can possess  its  own  energy. 

Because  this  energy  is  a  property  of  space  itself,  it  would  not  be  diluted  as  

space  expands.  As  more  space  comes into  existence, more  of  this  energy-of-

space  would  appear.  As  a  result, this  form  of  energy  would  cause  the  Universe  

to  expand  faster  and faster. 

 

ii. Another  explanation  for  how  space  acquires  energy  comes  from  the quantum  

theory  of   matter.  In  this  theory, "empty  space"  is actually full  of  temporary 

("virtual") particles  that  continually  form  and then  disappear.  But  when  

physicists  tried  to  calculate  how  much energy  this  would  give  empty space,  the  

answer  came  out  wrong –  wrong  by  a  lot.   

 

5. INFLATION THEORY: Commonly  called  as  “Big  Bang  Inflation  Theory” 

removes the  flaws  of  the  “Big  Bang  theory”, by  successfully  explaining “  

Space-Time Flatness Problem”  and “Smoothness  Problem”.  The term inflation 

refers to the explosively rapid expansion of space-time that occurred a tiny fraction of 

a second after the Big Bang. In another tiny fraction of a second, inflation slowed to a 

more leisurely expansion that continues to this day and is accelerating.    

 

Both  flatness  and  the  horizon  problem  can  be  explained  if  the  universe  underwent  

a brief  but  massive  inflation. It’s  hard  to  talk  about  the  beginning  of  the  universe  

without  resorting  to  many zeroes.  The  inflationary era  began  with  a tiny  fraction  of  

a  second  after  the  “Big Bang”. The  figure  would  be  given  by  writing  zero,  then  a  

decimal  point, then  35 zeroes, followed  by  a  1.  This  is  roughly  one  trillionth  of a  

trillionth  of  a  trillionth  of a second  after  the  Big  Bang. Inflation  only  lasted  another  

tiny  fractional  second — that  number  would  have  about 32 zeros. 

http://www.space.com/11594-gravity-space-time-warp.html


Proceedings of National Conference on “RECENT ADVANCES IN ASTROPHYSICS AND SPACE SCIENCE”                   ISBN : 978-81-930758-0-7 
 

K.L.E. Society’s G. I. Bagewadi College, Nipani  Dept. of Physics                                                                                           Page  92 
 

 

• The  horizon problem  (also  sometimes  called  the  homogeneity  problem)  is  that no  

matter  which  direction  you  look  in  the universe,  you  see  basically  the  same  thing. 

The cosmic  microwave  background radiation  (CMBR)  temperatures throughout  the  

universe  are,  to  a  very high level  of  measurement,  almost  exactly  the  same  

temperature  in  every  direction. 

• The  flatness  problem  is  resolved  because  the  act  of  inflation  actually  flattens  the  

universe.  Picture  an  uninflated  balloon, which  can  have  all  kinds  of wrinkles  and  

other  abnormalities.  As  the  balloon  expands,  though,  the  surface  smoothes  out.  

According  to  inflation  theory,  this  happens  to  the  fabric  of  the universe  as well. 

 

6. FATE  OF  UNIVERSE: Several  possibilities  are  present  for  the  “ultimate  fate  of  

universe”  i.e., either “Big Crunch”  or  “Big Rip”.  

• If dark energy isn't a constant and instead increases over time, we could be facing what 

scientists call a “Big Rip”. The  current  strength  of  dark  energy  is  not  thought  to  be  

enough  to  overcome gravity  .  However,  if  dark  energy  gets  stronger,  it  may  be 

enough  to  counteract  even  that,  expanding  not  just  the  space  between  galaxies  but 

the  space  within  them. 

• Another,  equally  dire  possibility  is  that, if  the  strength  of  dark energy  diminishes 

over time.  In  that  case, the  expansion  of  the  universe  will  stop  accelerating  and  

eventually slow  down.  If  dark  energy  became  weak  enough,  gravity  might  

ultimately win the tug of  war  and  pull  the universe  back  in  on  itself. The   result  

would  be  the “Big Crunch”. 
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ORIGIN OF STARS AND PLANETS 

Shruti. I. Shiraganvi, K. L. E’s   G. I. Bagewadi College Nipani- 591 237 

  

 

ABSTRACT 

“Astronomy compels the soul to look upward and leads us from this world to another.” 

Astrophysics is a branch of astronomy that deals with the physical properties of heavenly 

bodies or celestial bodies. Star is heavenly body having heat and light of its own that is self-

luminous. Stars have properties such as luminosity, brightness, size, mass, etc. The stars are 

formed by the protostars. The structure of the stars is also explained in the present paper. 

Planet is heavenly body which revolves around a star in a fixed orbit. Planets are formed by 

the collisions between the clouds of rocks, ice and gas in galaxies. The planets have 

properties such as mass, size, rotation around star, angle of axis etc. The structure of the 

planets is also explained in the present paper. The origin of stars and planets is being very 

interested part of astrophysics, recently the study of binary stars and new planets out of our 

galaxy is under process. 

 

INTRODUCTION  

Astrophysics is a branch of astronomy that deals with the physical properties of heavenly 

bodies such as luminosity, size, mass, density, temperature, and chemical composition and 

their origin and evolution. 

 

ORIGIN OF STARS 

Star is heavenly body having heat and light of its own (self-luminous). The sun is the nearest 

star to us. Ex- Alpha Century, Sirius etc. The stars are formed in the following way  

 

1.  Formation of protostar 

In the beginning, the gases in the galaxies or inter stellar medium were mainly hydrogen and 

helium. They are present at very low density and temperature about 100 K. Since the gases 

were very cold, they formed very dense cloud in the galaxies. The gas cloud was very cold, 

so the gravitational pull between the various gas molecules was very large. Due to large 

gravitational force the gas cloud started contracting as a whole. The gases were compressed 

so much that they formed a highly condensed object called protostar (fig-1). Thus protostar is 

a highly condensed cloud of gases, containing mainly hydrogen and helium. A protostar does 

not emit light. 
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2.  Formation of star from protostar 

The protostar is highly dense gaseous mass which continues to contract further (shrink) due 

to gravitational force. As the protostar begins to contrast further, the hydrogen atoms present 

in the gas cloud collide one another more frequently. These collisions raise the temperature of 

protostar more and more. When the surface temperature becomes 1000K and inner core 

temperature about 50,000 K the particles accelerated towards the center. But when the 

protostar becomes 3 years old its surface temperature raise to 3000K and inner core 

temperature around 1,50,000K. At this stage it becomes highly luminous and rate of 

concentration decreases it requires 10 million years (to contract to size about 1.5 million 

miles) to reach the inner core temperature to about 10,00,00,000K. At this extremely high 

temperature nuclear fusion reaction of hydrogen takes places i.e. star was said to be born with 

its own source of energy. The energy produced during this reaction makes the protostar to 

glow and becomes a star (fig-2). 

 

3. As a normal star  

In a star which is emitting light and energy two types of forces are acting simultaneously. The 

gravitational force trying to compress the gases and the internal pressure due to nuclear 

energy trying to stop the gaseous matter from collapsing. This balance can continue for 

millions of years. During all this time, the nuclear fusion reaction continue to liberate energy 

and make the star shine. Our sun is now in this balanced state of its development, was formed 

about 4600 million year ago and will continue to give out energy for an equal period of time.  

 

Initially proton-proton chain reactions dominate and helium is formed. But at a later state 

when the inner core temperature is around 10 million K, C-N cycle also contributes. Thus 

slowly hydrogen is consumed to form helium by fusion reactions (fig-3) 

Properties of stars 

      The following are the some important physical properties of stars  

(1) Luminosity  

(2) Brightness  

(3) Size  

(4) Mass  

(5) Distance  

(6) Chemical composition  

(7) Surface temperature  

 

Structure of stars 

The simple structure of stars is explained below (fig-4) 
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The inner most part of the star is called as inner core. It is containing hydrogen fusing to form 

helium. The temperature of this region is about 15 million degree Celsius. So this part of the 

star is known as hottest part of the star. Next to the inner core there is radiative zone. Here the 

formation of radiation starts.After the radiative zone there is convective zone which lies in 

between radiative zone and outer surface of the star.The outer most layer of the star is surface 

of the star. The temperature of this layer is about 5,500 degree Celsius.  

 

Origin of planets  

Planet is a heavenly body which revolves around a star in a fixed orbit is called a planet.  Ex- 

Earth, Mercury, Mars etc 

 

The planets are formed in the following way  

To trace the origins of the planets (earth) and life in the universe, scientists need to 

study planet formation and evolution including the material around stars where planets 

form. 4,600 million years ago, the solar system formed from a cloud of rock, ice, gas. 

The icy bodies and dust in the outer reaches our solar system are evidence of conditions 

when our solar system was very young (fig-5). The cloud formed a disc of material 

around the young stars equator. The disc material stuck together to form planets. 

Scientists can directly compare those conditions to the objects and dust observed 

around other stars. The sensitive instruments on the James Webb Space Telescope will 

be able to obtain infrared images of giant planets and planetary systems and 

characterize their ages and masses by measuring their spectra (fig-6). The heat of the 

collisions caused the planet to glow red.  4,500 million years ago the surface cooled to 

form the crust. The continents broke up and reformed gradually moving to their 

present positions (fig-7) (fig-8). 

 

A key issue is to understand how the building blocks are assembled. Scientists do not know if 

all to understand how the building blocks of planets are assembled. Scientists do not know if 

all planets in a planetary system form in place or travel inwards after forming in the outer 

reaches of the system. It is also not known how planets reach their ultimate orbits or how 

large planets affect the smaller ones in solar systems like our own. 

 

Properties of planets 

                    Following are the some important physical properties of planets  

(1) Mass  

(2) Size  

(3) Distance from sun/ star  

(4) Angle of axis  

(5) Diameter  

(6) Temperature 

(7) Number of satellites  
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Structure of planets (Ex- Earth) 

The simple structure of planet earth is explained below (fig-9)  

The inner most part of the earth is solid inner core. It is containing iron and nickel. It is about 

2,400 km in diameter. This part of the earth is having the temperature about 6,600 degree 

Celsius.  

 

After the solid core there is molten core of iron and nickel. This region of the earth is 2300 

km thick. After the molten core there is mantle which is mostly composed of solid silicate 

material. This layer is 2800 km thick. Next to the molten core there is earth crust. It is 6 to 40 

km in thickness. The outer most layer of the earth is its surface. We all are on this region of 

the earth. 

 

Recent studies about stars and planets   

The study about the stars and planets is being very interesting and wide field of astrophysics, 

most of the people are studying on this. 

 

Recent study of stars is now about the binary stars. Stars orbiting in pairs are called binary 

stars and they orbit around each other about a common center of mass. There are many types 

of binary systems. For Ex- red stars orbiting blue stars, huge stars orbiting tiny stars, red stars 

orbiting neutron stars and even stars orbiting black holes.  

 

Recent studies about planets are the new planets out of our galaxy are under process. First 

planet outside our solar system was discovered in1992. Since then we have discovered a 

multiple of planets around stars. We have come to the realization that planets are in fact quite 

common. 

 

CONCLUSION  

The stars are formed by the gas cloudsin the galaxies by the formation of protostar. 

 

The planets are formed by the collisions between the clouds of rock, ice, and gas in galaxy. 

 

Recent studies of stars and planets are on binary stars and planets out of our galaxy. 
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Figure (3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4) 
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Figure (5) 

 

 

 

 

Figure (6)   

http://jwst.nasa.gov/images3/methane.jpg
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Figure (7) 

 

 

 

 

Figure (8) 
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Figure (9) 
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ORIGIN OF STARS AND PLANETS 

Mahantesh. R. Kamate, Prof. R. R.Wadagavi, R. L. Science  Institute (Autonomous),  Belagavi 

 

Astronomy  is a natural science which is the study of celestial objects (such as stars, galaxies, 

planets, moons, asteroids, comets and nebulae),the physics, chemistry and evolution of such 

objects and phenomena that originate outside the atmosphere of earth, including supernovae 

explosions, gamma rays bursts and cosmic microwave background radiation.  

 

Birth  of  star 

• Nebulae 

• Infancy of star 

• Formation of stars with big mass and low mass 

• sun  

 

NEBULAE : 

A Star is born from clouds of gas. At the moment of birth it illuminates  the remnants of it’s 

mother, the nebula. HII-regions (of the ionized Hydrogen) surround all the young stars = 

star’s nursery .Bright mother-nebula around the newborn star is the first exhalation of the 

star-baby.  This part of the star’s life is very short – millions of years. 

 

Nebulae are often star-forming regions, such as in the Eagle Nebula. This nebula is depicted 

in one of NASA's most famous images, the "Pillars of Creation". In these regions the 

formations of gas, dust, and other materials "clump" together to form larger masses, which 

attract further matter, and eventually will become massive enough to form stars. The 

remaining materials are then believed to form planets, and other planetary system objects. 

 

              

http://en.wikipedia.org/wiki/Eagle_Nebula
http://en.wikipedia.org/wiki/NASA
http://en.wikipedia.org/wiki/Pillars_of_Creation
http://en.wikipedia.org/wiki/Star
http://en.wikipedia.org/wiki/Planet
http://en.wikipedia.org/wiki/Planetary_system
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INFANCY OF STAR : 

After this picturesque birth, the star lives a long time quietly by slowly digesting the primary 

hydrogen in her belly.  

 

FORMATION OF STARS WITH HIGH MASS AND LOW MASS 

• What happens after a low-mass star ceases to produce energy through fusion has not 

been directly observed; the universe is thought to be around 13.8 billion years old, 

which is less time (by several orders of magnitude, in some cases) than it takes for 

fusion to cease in such stars. 

 

Stars with low mass (G,K,M) have low temperature inside, low energy release and 

surface temperature (more red), therefore their life is very long and dim. 

• In massive stars, the core is already large enough at the onset of the hydrogen burning 

shell that helium ignition will occur before electron degeneracy pressure has a chance 

to become prevalent. Thus, when these stars expand and cool, they do not brighten as 

much as lower-mass stars; however, they were much brighter than lower-mass stars to 

begin with, and are thus still brighter than the red giants formed from less massive 

stars. These stars are unlikely to survive as red supergiants; instead they will destroy 

themselves as type II supernovas. 

 

Stars with big mass (O,B) have high temperature in the centre => high temperature of 

the surface (more blue) and luminosity (energy loss), therefore their life is bright and 

short, as for each hero. 

http://en.wikipedia.org/wiki/Universe
http://en.wikipedia.org/wiki/Supergiant
http://en.wikipedia.org/wiki/Type_II_supernova
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PLANETS  

• The Planet Nebulae hypothesis 

• Story of planet building 

• The growth of proto planets 

THE PLANET  NEBULAE  HYPOTHESIS  

Basis of modern theory of planet  formation.  

Planets form at the same time from the same cloud as the star. 

Sun and our solar system formed ~ 5 billion years ago. 

 

THE STORY OF PLANET BUILDING 

Planets formed from the same proto stellar material as the  sun, still found in the sun’s 

atmosphere. 

Rocky planet material formed from clumping together of dust grains in the protostellar cloud. 

 

 

Mass of less than ~ 15 Earth masses:   Mass of more than ~ 15 Earth masses: 

Planets can not grow by gravitational collapse Planets can grow by gravitationally 

attracting material from the protostellar 

cloud. 

Earthlike planets Jovian planets (gas giants) 
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THE GROWTH OF PROTO PLANETS 

Simplest form of planet growth:  

Unchanged composition of accreted matter over time 

As rocks melted, heavier elements sink to the center 

 

 → differentiation 

This also produces a secondary atmosphere  

→ outgassing  

Improvement of this scenario: Gradual change of grain composition due to cooling of nebula 

and storing of heat from potential energy. 

 

BIG BANG THEORY 

• A cloud of interstellar gas or dust is disturbed and collapses under its own gravity. 

• As the cloud collapses, it heats up and compresses in the center. It heats enough for 

dust to vaporize. 

• The center compresses enough to become a proto star and the rest of the gas flows 

around it. Most of that gas flows inward and adds to the mass of forming star. 

• The gas cools off enough for the metal, rock and ice to condense out tiny particles. 

Metals condense earlier and rocks later. 

• The dust particles collide with each other and form into larger particles. 

• In some way ,the solar system is compared only of  solid, proto planetary bodies and 

gas giants. The planetesimals would slowly collide with each other and become more 

massive . 

• Eventually after ten to hundred million years ,you end up with the group of planets  

 

CONCLUSION :  

• Thus the stars we see in night sky are not eternal.infact new stars are constantly being 

born while old one are dying. 

• Our solar system is not the boundary to birth of planets ,we do not know where and 

when the planets are taking birth. Astronomy is such a vast subject. 

• Many theories have been put forward on this concept ,still researches are going on 

and it will continue in future too. 
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  THE SOLAR INTERIOR 

Shrilakshmi .D. Shettigar , B.Sc . 2nd year,  R.R.WADAGAVI, R.L.S Institute Belagavi 

 

INTRODUCTION 

 Sun is the self- luminous ball of gas held together by its 

own gravity and powered by thermo nuclear fusion in 

its core. It is a typical star among the various stars in the 

galaxy, with average mass and temperature. It is a 

dwarf star with radius of 109 times earth radii and a 

mass of 330000 earth masses. 

 

Its life is about 10 million years, after this time the Hydrogen in its core will be depleted. The 

Sun is currently 5 billion years old. 

 

Like Earth Sun is also made up of several layers each of which serves its own purpose. Sun is 

made up of Hydrogen (74%) and Helium (about 24%). It is also made up of Fe, Ni, O, Si, C, 

Ne, Ca and Cr. 

 

INTERIOR  SOLAR  STRUCTURE 

 

The Sun is divided into four interior regions based on their physical characteristics of these 

regions, 

❖ Fusion core- It is a Region of energy generation. It is also known as inner zone. It is the 

inner most layer of the sun, where temperatures and pressures are so high that fusion can 

happen. The density of the core is 150 times the density of water, and the temperatures 

are to be 13,600,000 degree Kelvin. Here photons are formed due to nuclear fusion. 
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❖ Radiation zone- The region where energy transport is by radiation flow. This zone starts 

at the edge of the fusion core and extents up to 0.7 radii. Here the solar material is hot and 

dense enough so that thermal radiation transfers the heat of the core outward through the 

Sun. Photons of energy formed in the fusion core are emitted, absorbed, and then emitted 

again by various particles in the radiative zone. 

 

❖ Convection zone- The region where energy transport is by convection cells. Outside the 

radiative zone is another layer, called the convective zone. Here heat from inside the Sun 

is carried up by columns of hot gas. Most of the stars have connective zones. In case of 

sun, it starts at around 70% of the Sun’s radius and goes to the outer surface (till the 

photosphere). 

 

❖ Photosphere- The surface where photons are emitted. It is the layer of the sun that we 

can see from the earth. The temperature of the photosphere is about 6000 Kelvin and 

gives off the yellow white light that we can see.  

 

DETERMINATION  OF SUN’S  INTERIOR     

The Structure of the Sun is determined by five relations or physical concept, 

➢ Hydrostatic Equilibrium- The fact that pressure balances the self gravity. 

 

The Sun is not neither expanding nor contracting, therefore it is in equilibrium, and the 

downward force of gravity is balanced by the higher force of pressure (as shown in above 

fig). 

➢ Thermal Equilibrium- The amount of energy generated equal to the amount of radiated 

away 
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The energy generated must be radiated away; if the energy production is increased the 

temperature goes up. Therefore the pressure goes up and the star expands- the surface area 

increases and more energy are radiated to space to balance the increase production.  

 

➢ Opacity- The resistance of the solar envelope to the flow of photons (how fast is the 

energy released). 

Low density regions have low opacity, i.e. photons flow through them easier. 

 

      High density region have high opacity and photons are often scattered.  

➢ Energy Transport- How energy is transported from core to the photosphere. There are 

three ways to transfer energy; Conduction, Convection and Radiation. 

➢ Conduction transport- The collisional transfer of energy between solids (such as your hot 

pan and hand) is called as conduction transport. This does not occur in sun 

➢ Convection transport-It is the motion of heated material (such as bubbles in boiling 

water). 
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Convection occurs when bubbles of hot gas form- high temperatures imply lower densities- 

lower density mean the bubble rises. The energy is released near the surface of the Sun, the 

temperature of the bubble drops, the density increases and the bubble sinks. This process 

continues to make a connective current. 

➢ Radiation transport- The transfer of energy by electromagnetic waves. 

Photons diffuse outward, from high density region to low density region. It takes 100,000 

years for a photon to travel from core to surface. 

 

✓ NOTE: Convection and Radiation transfer are important in the Sun. The Opacity 

determines which method is used. 

➢ Energy Production- In the case of stars energy is produced by Thermonuclear Fusion. 

      

Thermonuclear Fusion is a way to achieve nuclear fusion by using high temperatures.  

 

DIAGNOTICS  FOR THE  SOLAR  INTERIOR 

 

The Sun releases energy. It is the process that makes this energy take place in the centre of 

the sun.   

One way scientists research the inside of the Sun is to study 

helioseismology. Helioseismology is just a big word that means the 

study of the vibrations of the Sun and the waves these vibrations make. 

(If you were that hot, you'd shake a little too!) 

 

Another important diagnostic is neutrino detection. Neutrinos are produced in the nuclear 

reactions that take place in the core of the Sun. If scientists look at neutrinos and the waves 

made by the Sun vibrating, they can piece together how the Sun makes its energy. They can 

also start to figure out what will happen to the Sun during its life cycle. 

 

 

http://www.windows2universe.org/sun/Solar_interior/Helioseismology/helioseismology.html
http://www.windows2universe.org/sun/Solar_interior/Nuclear_Reactions/Neutrinos/detectors.html
http://www.windows2universe.org/sun/Solar_interior/Nuclear_Reactions/Fusion/Fusion_in_stars/fusion_in_stars.html
http://www.windows2universe.org/sun/Solar_interior/Nuclear_Reactions/Fusion/Fusion_in_stars/fusion_in_stars.html
http://www.windows2universe.org/sun/Solar_interior/Nuclear_Reactions/Fusion/Fusion_in_stars/star_life.html
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THE SOLAR INTERIOR 

PRIYA. S. PANCHAXARI & PRIYA. J. KANKANWADI,  B.Sc. 2nd SEMESTER 

KLE’s G. I. Bagewadi College Nipani 

 

ABSTRACT : 

The Sun, a typical example of a star , which is our nearest star. We are dazzled by the 

brilliance of our sun; the brightness is due to its temperature. We know that the distance of 

the sun from the earth surface is nearly   1.5X108  km. Sun light takes 8 min to travel from 

the sun to the earth. Mass of sun = 2X1030  kg which is approximately 3,30,000 times that 

of earth.  There are special telescope designed to study the sun .The solar telescopes in 

India are  situated in KODAIKANAL And UDAIPUR .It is observed that the sun rotates 

from west to east with a period of about 26 days . use of spectroscope have shown the 

existence of dark lines called FRAUNHOFER LINES in the solar spectrum , the study of 

these lines shows that the existence of elements like sodium, calcium,in addition to 

hydrogen in the sun .Surface temperature of the sun is about 6000K.But the temperature of 

sun’s gaseous envelope extends far beyond this. The amount of energy radiated per second 

by the sun in all direction is equal to 3.9    watt. and thus generates its energy by nuclear 

fusion of hydrogen’s into heluim . in its core , the sun fuses 620 millions metric tons of 

hydrogen each seconds binding energy .The centre of the sun is a very hot gas. It is            

ionized: all of the electrons have been ripped away from the nuclei because it is so hot, thus 

nuclear fusion takes place.  

 

INTRODUCTION :         

The sun is the star at centre of the solar system. It is formed 4567 millions years ago  from 

the gravitational collapse of region within a large molecular cloud. The central mass became 

increasingly  hot and dense , eventually initiating thermonuclear fusion in its core . The  Sun  

is almost spherical and consists of plasma intervoven with magnetic fields .Its diameter of 

about  1,392,684 km around 109 times that of earth . 99.86% of total mass of solar system is 

occupied by sun. The sun’s mass consists of hydrogen (73.46%), helium (24.85%),and  other 

components like oxygen (0.77%), carbon (0.29%), iron (0.16%), neon (0.12%), nitrogen 

(0.09%), ilicon (0.07%) magnesium (0.05%)  ,sulphur  0.04%) 
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STRUCTURE OF SUN : 

 
It consists of thick layer called CORONA, 

 

Next   CHROMOSPHERE , PHOTOSPHERE  ,CONVECTION ZONE , RADIATION 

ZONE, and the   center of sun which emits enormous  amount of temperature called CORE. 

Solar energy is produced at the centre of the sun, where temperature  reach 27,000,000 

degree F(15,000,000 DEGRRE C )It is the core that nuclear fusion takes place, releasing 

enormous amounts of  energy that makes the sun shine From the figure , The visible disc of 

the sun is called photosphere. :  The photosphere is the visible surface of the sun, where the 

temperature is 10000 degree F .This is the part of that gives off light. It  takes 8 min 19 sec 

for light to reach the earth  surface . The layer just above the photosphere is called 

chromosphere; this extends to about 10,000 km about the photosphere. This region is about 

1000 times less dense than the photosphere, but much brighter: The chromosphere is a thin 

layer of gas above the  photosphere. Along with the  corona , it forms  the sun’s atomosphere 

The region beyond chromosp here is called corona and extends to   million of  km. This 

region is seen as a white halo around the sun during total  solar eclipse, when the photosphere 

and chromosphere are covered .Matter in this region is in the  PLASMA and the temperature 

is of order of a few  million degrees . The convection zone carries energy to just beneath the 

sun’s surface. :  Energy from the core slowly rises in radiative zone. It takes the energy about 

1 million years to travel out the radiative zone A careful examination of the photosphere 

reveals grain like patterns ; these are called GRANULATION .Other  than this , one may also 

see thread   like structure called SPICULES .Occasionally matter streams out of the sun’s 

surface in bursts like thunder storms ; these are called SOLAR FLARES . Sometimes there 

will be huge flares which may loop back into the photosphere; they are called SOLAR   

PROMINENCES. All these phenomena indicate  various activities in the inner regions of the 
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sun. When an image of the sun , obtained by a telescope is  projected on a white screen , dark 

irregular patches present on the sun can be seen on the screen . They are  called  SUNSPOTS.  

Monitoring their position day after day , one can infer that the sun  rotates. The energy from 

the interior is prevented from   reaching the photosphere in the region of sun   spots . This is 

due to magnetic activities below the   photosphere. Hence the region looks dark relative to 

the Surroundings. The temperature here is about 4000 K . The temperature at the other places 

on the photos sphere is about 6000 K .The charged particles ejected at great speeds from the 

sun , ionise the air molecule which results in   Spectacular  colour display. These are seen 

from polar regions and are called AURORA OR POLAR LIGHTS .  Although the sun emits  

electromagnetic radiations such as X-rays and ultraviolet.  We receive only heat, light , radio 

waves and a small amount of ultraviolet . This is because of absorption by the earth’s 

atomsphere. The enormous enegry output of the sun is due to nuclear reactions taking place 

in the interior of the sun . The temperature in this region is about 20 millions degrees.  The 

energy released reaches the photosphere by radiation and convection . 

 

THE CHEMICAL REACTIONS IN THE SUN :  

NUCLEAR REACTION : Any reaction that involves a change in the nucleus of an atom .the 

mass is converted into energy given by EINSTEINS MASS ENERGY EQUATION = 

E=MC2    C=  Velocity of light.  

 

NUCLEAR FUSSION AND CARBON-NITROGEN  reactions are taking place in the core 

of sun .  

NUCLEAR FUSSION : The reaction in two or more light nuclie combine to form a heavier 

nucleus  Releasing enormous amount of energy. 

The Sun is made of atoms too.    Mostly they are ionized, so we should think of the Sun as 

being made of nuclei and electrons. About 75%   (by mass) H. About 25%  (by mass) He. A 

small amount of heavier elements. The sun is main sequence star , and thus generates its 

enegy by nuclear fusion of hydrogens into heluim. In its core , the sun fuses 620 milllions 

metric tons of hydrogen each seconds binding energy .The centre of the sun is a very hot gas. 

It is ionized: all of the electrons have been ripped away from the  nuclei because it is so hot.  

As we have seen, much more energy than that must be involved in the reactions inside the 

Sun and other  stars. The evidence is strong that the overall reaction is "burning" hydrogen to 

make helium: 4 1H + 2 e --> 4He + 2 neutrinos + 6 photons 

So hydrogen is burned to make helium with carbon as a catalyst.  The high energy photons 

produced by the  nuclear process don't get far. They are absorbed and heat the gas. The 

helium remains in the middle of the Sun.  
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The neutrinos easily zip out of the Sun.  

 

In this reaction, the final particles have less internal 

energy than the starting particles. Since energy is 

conserved. The  extra energy is released as energy of 

motion of the nuclei and electrons in the solar gas, the 

production of  lots of low energy photons and, finally, 

the energy of the neutrinos, which just zip right out of 

the Sun. That is   the gas gets hotter  and has lots of 

photons (and neutrinos). The amount of energy involved 

is 26 MeV = 26 x  106 eV each time the reaction  above 

happens. 

The CNO cycle (for carbon–nitrogen–oxygen) is one of the two (known) sets of fusion 

reactions by which stars convert hydrogen to helium, the other being the proton–proton chain 

reaction.. The proton–proton  chain is more important in stars the mass of the Sun or less.[1] 

At approximately 17 MK, the CNO cycle starts becoming the dominant source of energy.[3] 

The Sun has a core temperature of around 15.7 MK, and only 1.7% of 4He nuclei being 

produced in the Sun are born in the CNO cycle. The CNO-I process was independently   

proposed by Carl von Weizsäcker[4] and Hans  Bethe[5] in 1938 and 1939, respectively. 

 In the CNO cycle, four protons fuse, using carbon, nitrogen and oxygen isotopes as a 

catalyst, to produce one alphaparticle, two positrons and two electron neutrinos.  

 

HOW THE SUN WILL DIE : 

In about 5 billion years from now, the sun will begin to die. As the Sun grows old,  

it will expand. As the core runs out of hydrogen and then helium, the core will contact and 

the outer layers will expand, cool and become less bright. It will become a red giant star.    

The star is now a white dwarf, a stable star with no nuclear fuel. It radiates its left-over heat 

for billions of years. When its heat is all dispersed, it will be a cold,  dark, BLACK DWARF 

essentially a dead star . 

 
CONCLUSION : 

From the above information we are clearly able to understand ,how the sun is being formed 

by the gravitational collapse The Sun is made of atoms too. The H and HI components in sun. 

after 5 millions years  sun will expand ,cool, and become bright become  WHITE DRWF . 

The nuclear fussion takes  place  b/w hydrogen   and helium.. 
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MOTION OF HEAVENLY BODIES 

Vikram Mannari  and  Shashidhar  Byadagi. B.sc 3rd year G.H.College, Haveri. 

 

ABSTRACT 

The  aim  is  to  collect  the  information  about  the  motion  of  heavenly  bodies.We  are  

trying  to  provide  basic  information  about  the  nature  of  motion,  observation  of orbital  

motion,  period  of  orbital  motion,  types  of  motion  and  related  velocity, mechanical  

laws  applied  to  the  artificial  satellite  and  uses  of  satellite. 

 

MOTION OF HEAVENLY BODIES 

A  natural  celestial  object,  visible  in  the  sky,  such  as  a  star,  planet, natural  

satellite, asteroid,  comet,  the  Moon  or  the  Sun  etc  are  called  heavenly  bodies. 

Objects  in space  follow  the  laws  or  rules  of  physics,  just  like  objects  on  Earth  do. 

Things  in  space  have  inertia.  That is,  they  travel  in  a  straight  line  unless  there  is  a 

force  that  makes  them  stop  or change.  The  movement  of  things  in  space  is  influenced 

by  gravity.  Gravity  is  an  important  force that  can  change  the  course  of  bodies  in 

space.  By  the  Newton’s  gravitation  law  :-   Every  particle  of  matter  in  the  universe 

attracts  every  other  particle  with  a force  exactly  proportioned  to  the  product  of  their 

masses,  and  inversely  as  the  square  of  the  distance  between  their  centers. 

 

Every  object  in  space  exerts  a  gravitational  pull  on  every  other,  and   gravity 

influences  the  paths  in the  space.  It  is  the  glue that  holds  together  entire  galaxies .       

Galaxies  are  madeup  of  trapping  gasses  and  liquids  in  an  atmosphere.  It  can  also  

cause  life-destroying  asteroids  to  crash  into  planets. 

 

An  orbit  is  a  periodic  path  of   an  object  in  space  takes  around  another  one. Orbits  

are  the  result  of  a  perfect  balance  between  the  forward  motion  of  a  body in  space,  

such  as  a  planet  or  moon,  and  the  pull  of  gravity  on  it  in  space.  .  An  object  with  a  

lot  of  mass  goes   forward and  wants  to  keep  going  forward , There  is Presence of 

centripetal force between the object in space. These forces of inertia and gravity are perfectly 

balanced for an orbit to happen.  If there is imbalance in force then the bodies are crashed. 

There  are  mainly  two  types  of  orbital  paths-  
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1. Elliptical  orbital  path:-  A  force  such  as   

gravity,  which  pulls  the  planets straight  in  

toward  the  center  of  mass,  should  result  in  

elliptical  orbits. 

For  example,  Planets  revolving  around  the  sun. 

 

 

2. Circular  orbital  path:-  circular  orbit  is  the  

orbit  at  a  fixed  distance  around  any  point  by  

an  object   rotating  around  a  fixed  axis. 

For  example:-  Moon  revolving  around  the  

Earth. 

 

 

 

 

 

 

 

 

 

 

SATELLITE 
An  object  around the planet  is  called  a  satellite.  A  satellite  can  be  natural,  like  the 

Moon,  or  human  made.  Satellites  can  travel  around  planets. 

 

All  the  planets  are  satellites and they move around  the  Sun.  Almost  every  satellites are 

launched from  Earth, and  they are   considered  an artificial   satellites.  

Mechanical  laws  applied to all heaven bodies  which  helps  to  revolve  in  their  orbits. 

Planet Distance Revolution Eccentricity Inclination 

 (A.U.) (period)  (deg) 

Mercury 0.387 87.969 d 0.2056 7.005 

Venus 0.723 224.701 d 0.0068 3.3947 

Earth 1.000 365.256 d 0.0167 0.0000 

Mars 1.524 686.98 d 0.0934 1.851 

Jupiter 5.203 11.862 y 0.0484 1.305 

Saturn 9.537 29.457 y 0.0542 2.484 

Uranus 19.191 84.011 y 0.0472 0.770 

Neptune 30.069 164.79 y 0.0086 1.769 

Pluto 39.482 247.68 y 0.2488 17.142 
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If  path   is  circular  then  Newton’s  laws  are  applicable.  

If  the  path  is  elliptical  then  Kepler’s  laws  are  applied 

 

ARTIFICIAL SATELLITES AND ITS USES 

An  artificial  satellite  is  a  manufactured   or human made object . it  continuously   move 

around the  orbits of earth  or some  other planets. Almost all contries launched the satellites 

to space. 

Uses of Artificial Satellites 

1. Scientist  use artificial satellites for scientific research and to study the universe. 

2. Other satellites record changes in Earth and its atmosphere. 

3. Weather satellites help scientists study weather patterns and forecast the weather. 

Weather satellites observe the atmospheric conditions over large areas 

4. .It helps transfer telephone calls over the oceans. 

5. Navigation satellites enable operators of aircraft, ships, and land vehicles anywhere on 

Earth to determine their locations with great accuracy. Hikers and other people on foot 

can also use the satellites for this purpose. The satellites send out radio signals that are 

picked up by a computerized receiver carried on a vehicle or held in the hand. 

6. It helps monitor crops and other resources. 

7. It helps support military activities. 

8. Artificial satellites also have orbited the moon, the sun, asteroids, and the planets Venus, 

Mars, and Jupiter. Such satellites mainly gather information about the bodies they orbit. 

9. Communications satellites cover all land masses and there is growing capacity to serve 

maritime and even aeronautical markets. Customers in rural and remote regions around 

the world who cannot obtain high speed Internet access from a terrestrial provider are 

increasingly relying on satellite communications. 

10. Satellites effectively support on a global basis all forms of communications ranging from 

the  internet,   tvprograms   navigation etc. 

 

For example:- MOM (MARS ORBITOR MISSION)The Mars Orbiter Mission (MOM), 

also called Mangalyaan  is a spacecraft orbiting Mars since 24 September 2014. It was 

launched on 5 November 2013 by the Indian Space Research Organisation (ISRO)  It 

is India's first interplanetary mission  and ISRO has become the fourthspace agency to reach 

Mars, after the Soviet space program, NASA, and the European Space Agency.   It is also the 

first nation to reach Mars orbit on its first attempt, and the first Asian nation to do so. The 

Mars  Orbiter Mission  probe  lifted-off  from  the  First Launch Pad  at  Satish  Dhawan  

Space  Centre] 
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A PAIR OF FORWARD AND REVERSE SHOCKS ASSOCIATED WITH 

MAGNETIC CLOUD DETECTED BY ACE AT -1AU IN YEAR 2005. 

D.S.Burud,* R .S. Vhatkar. Shivaji University Kolhapur-416004 

E-mail: dipali.burud135@gmail.com 

 

ABSTRACT 

In this paper we are reporting the finding of a pair of forward and reverse shocks in the 

distant heliosphere using plasma and magnetic field data from the ACE spacecraft located at 

1 AU. Across the shocks, the solar wind plasma velocity, density, temperature and magnetic 

field strength jumps. Shocks are classified as slow and fast depending upon change in 

magnetic field strength. According to the propagation direction shocks are classified forward 

and reverse shocks. Thirty ICMEs observed During January 2005 to December 2005, out of 

which 12 ICMEs which are classified as magnetic clouds are studied further. Only five fast 

reverse and forward pairs of shocks are associated with these magnetic clouds. 

Keywords: Interplanetary coronal mass ejection (ICME), Shock, Magnetic cloud (MC). 

ACE/SWEPAM. Level 2 data, 64-second averages  

 

INTRODUCTION:- 

The energetic particles are generated by the Interplanetary shocks so that the study of shocks 

having great importance as concern with space weather. The prior information of upcoming 

large scale heliospheric structures leading to geomagnetic disturbances is given by the 

shocks. Gold (1955) first states the fast shock which cause of the sudden commencement of 

geomagnetic storms. In 1964, 1965 Sonett and coworkers observed first time a fast shock in 

the solar wind. The shocks detected at 1 AU that is near the Earth’s orbit are due to the 

interplanetary solar ejectas. It is large amount of mass energy and magnetic field is ejected 

from the sun’s corona in the heliosphere called as coronal mass ejection (CME). Some time 

shocks may generated in corotating interacting region where the slow solar wind will drags 

the fast solar wind. 

Along the shocks total mass, momentum, and energy fluxes must conserve. Maxwell’s 

equations must be satisfied at shock. 

                                                                          ɳ· B = 0 (1) 
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There are two basic types of shocks observed in interplanetary medium viz., fast shocks and 

slow shocks, which are defined below in figure 1.These classification is done by observing 

magnetic field strength  If increases in magnetic field strength is observed then it is called as 

fast shock and decrease magnetic field strength is  a sign of slow shock.  A shock (either fast 

or slow) moving away from the sun relative to the ambient medium is called a "forward 

shock." A shock (either fast or slow) moving toward the sun relative to the ambient medium 

is called a "reverse shock." Since the ambient medium moves supersonically away from the 

sun, both forward shocks and reverse shocks move away from the sun relative to the sun. By 

using plasma observations Gosling et al.1968 explains first time two interplanetary shocks 

here they are not consider the magnetic field data. Events of shocks are selected by jumps of 

the magnetic field magnitude, proton number density, bulk velocity and proton temperature. 

Further these shocks are classified as fast forward, fast reversed, slow forward and slow 

reversed shocks.  

The criteria used for the selection of  shock events from the solar wind is as described in 

figure 1:-  

1)  Fast forward shock – 

• Sudden increase in plasma velocity Vp 

• Plasma density shows abrupt increment Np. 

• Temperature of plasma Tp increases suddenly  

• Magnitude of strength of magnetic field Bt has increased abruptly. 

 

2)  Fast reversed shock –  

• Sudden decrease in plasma velocity Vp 

• Plasma density shows abrupt decrement Np. 

• Temperature of plasma Tp decreases suddenly  

• Magnitude of strength of magnetic field Bt has increased abruptly. 

 

3)  Slow forward shock-  

• Sudden increase in plasma velocity Vp 

• Plasma density shows abrupt increment Np. 

• Temperature of plasma Tp increases suddenly  

• Magnitude of strength of magnetic field Bt has decreased abruptly 

 

4)  Slow reversed shock-  

• Plasma density shows abrupt decrement Np. 

• Temperature of plasma Tp decreases suddenly . 

• Magnitude of strength of magnetic field Bt has decreased abruptly.  

• Sudden increase in plasma velocity Vp. 
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The slow forward shocks shows sudden increased in all the parameters except magnitude of 

magnetic field strength Bt. the negative correlation between magnetic field and plasma 

parameters is due to the slow magnetossonic waves. The increase in the velocity of plasma 

particles (Vp) and decrease in magnitude of strength of magnetic field (Bt)  is observed for 

both fast and slow reverse shocks because shocks are dragged by the solar wind. 

 

Data collection:- 

We have used a ICMEs list developed by Cane and Richardson which is updated upto 2013 

which is available online  

(http://www.srl.caltech.edu/ACE/ASC/DATA/Level3/icmetable2.htm). This list includes 30 

ICME during the year 2005. One hour level two data of Plasma parameters has been collected 

from (ACE/SWEPAM) solar wind electron, proton, and alpha monitor and magnetic field 

data were obtained from the magnetic field experiment on board the ACE spacecraft 

(ACE/MAG) magnetic field experiment of level two data for sixteen seconds’ similar data is 

also available the from NASA/Goddard Space Flight center, space data facility center (from 

the website “Omniweb.gsfc.nasa.gov”). 

 

 

 

 

 

 

 

 

 

Figure (1) interplanetary shock signatures 

Data Analysis:-The  analysis  is  done  by  choosing  the  time period of same length before 

and after ICMEs  event  and this time period is used for visual observations of plasma 

parameters and magnetic component. Here we analyzed one of the event in brief.  

ICME of 7 January 2005:- 
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The variations in plasma parameters and magnetic field components of ICME observed by 

the Spacecraft ACE at a distance of 1 AU on the date day 5 to11 day of the year 2005 as 

shown in figure 2. The front and rare boundaries of ICMEs were marked by solid vertical 

lines. The ICME intervals chosen in such a way that proton temperature decrement was 

observed in between the solid lines [Richardson and Cane, 1995 and 2003]. As visualized in 

panel (a) the total magnetic field strength (B in nT) was significantly enhanced with respect 

to the ambient magnetic field within ICMEs.  The low temperature (T in K) region was 

observed within the solid lines (panel b). [Richardson et al., 1995 and 2010]  Inside ICME 

proton  density (N  in cm-3)  showed  abrupt increment  (panel  C),  which  contradicts  the  

identification  criterion  of  decrease  in  proton  density  but  it indicates a clearly and  

different region from ambient solar wind. Speed (v  km/sec) decreases continuously and 

slowly in panel d within the  boundaries  of ICME. Alpha to proton (α/proton) ratio 

enchantment was observed in panel e but not exceed than 0.08. In panel (f), (g), (h) the total 

reversal of magnetic field component was observed (that is Bx, By, Bz respectively) as time 

progressed. The vertical solid line indicates the start and end time of ICME based on the 

above described criteria and this time period is used for further. A forward shock is shown by 

left dotted lines all parameter shows abrupt enhancements. Dotted vertical lines on the right 

shows the decrement in all the plasma parameters so it is called as reverse shock. 

 

Result :-  

Total 30 ICMEs are observed in year 

2005 according to the Richardson Cane 

list. We have chosen the ICMEs for this 

study which are consider as magnetic 

cloud. According to the criteria as 

discussed above we observed 12 

magnetic cloud (Burud et. al.2014) The 

five pair of fast forward and reverse 

shocks and only one slow forward and 

reverse shocks pairs are associated with 

the magnetic cloud during year 2005, 

this is the start of the declined phase of 

the solar cycle 23 so that we observed 

less numbers of slow shocks pair and 

more fast shock pairs .  

 

  Figure (2) Plasma and magnetic field parameters of the ejecta observed during days 5-11 of year 
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INDIAN SPACE SCIENCE AND ITS FUTURE 

Khushboo.Naik and Saraswati.Shebannavar, 

KLE`S G.I.Bagewadi Degree College, Nipani-591237 (Karnataka) 

 

ABSTRACT 

Indian mythology is full of stories of interplanetary travels and flights.  From the very 

beginning of civilization, space flights have fired the human imagination. India entry in 

space-age is rather late but it said that better late than never. The Beginning was made in 

1975, when India launches its first scientific satellite Aryabhatta 1 into space. It was a 

milestone in the space journey of India as it brought to India the honor of  being a Space 

Nation. India`s space programme is primarily driven by the vision of great scientist 

Dr.Vikram Sarabhai, who is considered as the father of Indian space programme. The main 

objective of India`s space programme has been to promote the development of  application of 

space science and technology for socio-economic benefit of the country. India`s 

achievements in space hand humble beginnings. It had a very systematic startingwith the 

experimental satellites like Aryabhatta, Bhaskara, Apple and Rohini. It performed satellite 

application experiments like SITE, STEP and APPLE application programme .operational 

space services consist of INSAT system and Indian Remote Sensing Satellite (IRS).The 

launching of INSAT series, GSAT, The moon mission-Chandrayaan, The MarsOrbiter 

Mission were some successful space missions of Indian space science. MOM is one of the 

greatest achievement in the history of space science. Indians are making a lot of efforts and 

showing keen interest in developing the space science in our country. Lots of efforts are 

being made over the next decade aiming to launch a handful of space craft that should 

discover thousands of additional exoplanets and characterize some of the most promising-the 

most apparently Earth like new finds in detail.Many forthcoming satellites are also designed. 

For instance GSAT-9,these satellite is planned for launch onboard GSLV. Also GSAT-15 is 

planned to be launched onboard a procured launches. In conclusion, it can be said that in  

many ways such ground work has been done and new facilities are being set up and 

newopportunities are emerging in future .All this augurs well for a bright future for basic 

space science in India.  
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INDIAN SPACE SCIENCE AND ITS FUTURE 

Sourabh Vairat and R.S. Raikar, KLES G I Bagawadi College Nipani 

ABSTRACT 

“If we need to read thousands of books it means we need to open that books, but space is an 

open book for everyone just we need to look at the sky and learn everything” When we will 

look at the sky, at night…… Ooh! What a beautiful sky view we can see there by seeing that 

view of planets, twinkling stars, constellations & galaxies we forget all sorrows of our life. 

We will get a confidence and sigh of relief. In India there are several planetariums, 

institutions & websites which are very useful to our youth they are providing very good 

knowledge to students those are future of our nation and space science and its future. And in 

next coming days India will be well ahead in space science and astronomy. Also related to 

space science there are 14 branches of space science and also we have an idea about some of 

Indian astronomer, astronauts and scientists.  Some of them have sacrificed their life to space 

missions.   Some few decades ago Indian space science had achieved success by 

launching the first experimental small satellite [ARYABHATTA] on April 1975. Whereas 

now in small budget we have succeeded MARS ORBITER MISSION and recently GSAT: 

16 [Geo Stationary Satellite] have been launched on December 7th 2014. In future Indians 

will be thinking about MAN ON MARS MISSION: [MOM II]. And also in future they will 

be thinking to overcome the difficulties of energy sources. So in future Indians will plan to 

discover the presence of energy sources on other planet which will be a major issue for our 

entire world. 

 

 Main aim of Indian Space Science is to SAVE WATER & SAVE EARTH.  
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           3.KLEs G.I.Bagewadi College,Nipani  

 

 

Abstract 

We propose a new instrumental concept for long-baseline optical single-mode interferometry 

using integrated optics which was developed for telecommunication. Visible and infrared 

multi-aperture interferometry requires many optical functions (spatial filtering, beam 

combination, photometric calibration, polarization control) to detect astronomical signals at 

very high angular resolution. Integrated optics on planar waveguide have become available 

for telecommunication applications with multiple optical functions like power dividing, 

coupling, multiplexing, etc. We present the concept of an optical interferometric instrument 

based on this new technology. The main advantage is to provide an interferometric 

combination unit on a single optical chip. Integrated optics are compact, provide stability, 

low sensitivity to external constrains like temperature, pressure or mechanical stresses, no 

optical alignment except for coupling, simplicity and intrinsic polarization control. The 

integrated optics devices are inexpensive compared to devices that have the same 

functionalities in bulk optics. We think integrated optics will fundamentally change single-

mode interferometry. Integrated optics devices are in particular well-suited for 

interferometric combination of numerous beams to achieve aperture synthesis imaging or for 

space-based interferometers where stability and a minimum of optical alignments are wished. 

 

Keywords: Interferometer 
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