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The Principal, Sanskrit College

To

F. J. Mouat Esq. MD

Secretary, Council of Education,
Dated Fort William, 21 January 1854.

Sir,
I have the honour to forward the following proposal which | beg to request, you will be so
good as to submit to the council for their consideration and orders.
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The examination in this Institution are held annually, this system of examination is in my
humble opinion open to serious objection. The main object of an academic examination
ought to be to supply a well regulated stimulus to proper exertion. This object is but very
partially gained by making the examination annual. Under this system the pupils release
their labours after the close of the session and do not resume them in an earnest manner till
the time of the examinations draw near. During the first month of the year they plod along
with their routine course of study with indifferent attention while the “Craming” system is in
requisition during the concluding months. Their industry therefore is unequable and the
consequence is that a habit of industry is not acquired. Moreover the over exertion of the last
two months of the session induces several chronic diseases such as headache, dyspepsia,
dysentery, opthalmia etc. This is another circumstance in the present system of examination
which is deeply to be regulated and which though accidental is altogether of rare occurrence.
A student may be well known to be intelligent, industrious and attentive and one who would
certainly be entitled to the highest records were it in his power to pass the examination, but
he may suddenly fall ill at that time of examination, and all his exertions during the whole
year would in the case remain unrewarded. | have with care and attention observed this state
of things for the last three years and am convinced that long as the present system of exami-
nation continues it will be impracticable to remove the evils complained of.

Under the circumstances | beg most respectfully to propose that the present system of
examination be discontinued and that in its stead the following plan be adopted.

1. Examination to be held every month in the Junior classes and in every two months in

the Senior ones.

2. The award of scholarships and other rewards to be decided by the aggregate result of

these examinations.

3. Of the Sanscrit and Vernacular portions of studies, examinations to be conducted by

the Principal with the co-operation of the Professors.

4. Of the English portion of studies the examination to be conducted by the Principal

with the co-operation of the Masters and Professors.

5. The final examinations alone to be conducted by the examiners appointed by the

Council.

If the Council be pleased to sanction the proposal the students will make equal progress
throughout the year. They will not be obliged to over exert themselves in the concluding
months of the session and there is no doubt they will be thus enabled to attain greater

TSA TS AN 7Afgl-2038 - 205¢ S0



proficiency than they usually manifest under the present system and above all, they will
acquire a habit of industry from the want of which it may be safely affirmed, the great major-
ity of students do not keep up their studies in after life though they distinguish themselves
while at College.

In conclusion | beg leave to request the favor of your moving the Council to sanction the
proposal at least experimentally for three years.

| have the honour to be
Sir
Your most obedient servant
Ehswar Chandra Sharma
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INDIAN ECONOMY : HOPPING FOR BETTER TOMORROW.

Pritimoy Majumder
Associate Professor
Department of Commerce

This is an era when India has hundreds of millions of mobile and net users, most
banks have shifted their operations to electronic platforms and online sales of products
were bound to open up sooner rather than latter (protests and agitations against them
are nothing but a futile attempt to block the future.). More than three decades ago,
renowned futurologist Alvin Toffler wrote about what he described as the three waves of
civilization: the agriculture wave, that lasted several thousand years; the industrial wave
that we have all seen over the past five centuries or so; and finally, the third wave of
knowledge-based economies of the 21t centu ry. The third wave he explained that all the
industrial activity that drove the second wave would continue in the third wave butona
higher technology basis. What a comment or prediction itis! All over the world people,
at present, are feeling the third wave more positively.

A total change is being noticed since 1991 particularly in India’s outlook. A foreign
exchange crisis in 1991 induced India to abandon decades of inward-looking socialism
and adopt economic reforms that have converted the once-lumbering elephant into the
latest Asian tiger. When the reforms began in 1991, critics claimed that India would
suffer a “lost decade” of growth as in African countries that supposedly followed the
World Bank-IMF model in the 1980s. They warned that opening up would allow multina-
tionals to crush Indian companies and it would hit poor people and regions. All of these
dire predictions proved wrong.

Almost a quarter of Indian districts have recorded some sort of Maoist violence, and
corruption is a major issue. Today License, Permit and Quota Raj is a thing of past. The
underlying belief is that commerce and business are not matter to restricted to fixed
national boundaries; they are global phenomena. Industrial organizations have now be-
come more efficient and market responsive. Country’s exports are on the increase. In the
modern days Globalization has launched all spheres of life such as economy, education,
technology, cultural phenomenon, social aspects etc......the term global village is also
frequently used to highlight the significance of the Globalization.

In 2008 the world economy faced its most dangerous crisis since the Great Depres-
sion of the 1930s. The ‘Financial Crisis of 2008, also called the US Meltdown, has its
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origin in the United States but gradually extended over a period of time and eventually
brought the entire world under its grip. India’s stock market started falling. On 10 Octo-
ber, Rs.250,000 crore was wiped out on a single day bourses of the India’s share market.
Indian exports have run into difficult times. Manufacturing sectors like leather, textile,
gems and jewellery have been hit hard because of the slump in the demand in the US
and Europe. Indian exports fell. Again reduction in demand affected the Indian gems
and jewellery industry, handloom and tourism sectors. Around 50,000 artisans employed
in jewellery industry have lost their jobs as a result of the global economic meltdown.
Further, the crisis had affected the Rs. 3000 crore handloom industries. Being a part of
global village India can’t avoid the effect of depression.

China, which has been the engine growth for the world economy, is now facing chal-
lenges, commodities prices are struggling there at the bottom. Even Wal-Mart, the world’s
largest retailer, which was once the darling of investors, is facing a challenge to report
growth. Condition of Greece is well-known to us. Crude oil which, a few years back, was
predicted to $200 per barrel is now being forecast to touch just $20 per barrel. As per the
World Bank report the GDP growth (annual %) of some important countries in the world
like USA, UK, Japan, France, China and Indiais 2.4, 2.9,-0.1, 0.2, 7.3 and 7.3 respectively
in the year 2014. Europe’s downward economy, Fed’s likely rate high and how low China’s
growth can go are the major points of discussion for the world economy.

India faces so many hurdles particularly since 2008 for which we can’t blame the
industrial sector as well as the government only for its siowdown. Global slowdown had
reduced the demand for Indian products and services and poor monsoons for 2 years in
a row have cut the purchasing power of the rural population. But in this context, at
present, the economic condition of India is not in bad shape at all.

Reliance tops the list in the year 2015 with its net profit Rs. 23,566 crore — an im-
provement by 5% and the growth rate of TCS is 4% with a net profit of Rs. 19,852 crore.
Wipro earns a profit of Rs. 8,661 crore up by 9%. Hindustan Zinc has increased by 18% to
Rs. 8,661 crore. Interesting picture of smart growth in case of Videocon who scores
profit of Rs. 5,120 crore recovering from losses of Rs. 2,826 crore it incurred last year.
Top four of five companies ranked by sales are in the Oil & Gas sector. Tata Motors has
seen its overall sales rise to Rs.2,62,796 crore — a rise of aimost 13%. Maruti Suzu ki, TVS
Motors and Ashok Leyland saw a rise of their sales by 14%, 23% and 34% respectively.
HUL saw a double digit growth as well as Godrej Consumer, Dabur and Nestle saw a
higher growth. Even FMCG companies are also showing decent growth.

So, we can believe that the pain has gone and days ahead are for gains. Even the
world economy is slowing down India Inc. is in a mood to grab the opportunities. India
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could emerge as the hot destination in the world and in this connect we can add a
comment of Mark Zuckerberg, “We can’t connect the world without connecting India”.
The IMF is also forecasting that the country will continue to be the world’s fastest grow-
ing economy in the fiscal year from April 2016 to March 2017 with growth of 7.5 per cent,
up from a predicted 7.3 per cent during the previous 12 months. It becomes very impor-
tant for the government now to pass the long term pending GST and Land bills to rein-
sure investors’ confidence. GST bill needs for uniform taxation structure in the country,
which will boost trade and commerce activity. In this moment, reduction of political acri-

mony is urgently required which has left the parliament ended without passage of single
reform legislation.
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EQUIVOCATION OF EVIL & THE DISCOURSE
OF AMBIVALENCE IN MACBETH

Basudeb Chakrabarti

Assistant Professor in English and HOD
Department of English

Much has already been stated about the hermeneutics of equivocation and its vari-
ous ramifications in Macbeth. For instance, when the Porter “jokes” about equivocation,
states Graham Holderness, “he foreshadows his master’s use of the same term later in
the play, when Macbeth begins: [t]o doubt the equivocation of the fiend/That lies like
truth” (Holderness 61). This links the play to the Gunpowder Plot of 1605 and other kinds
of opposition to James I’s government by the Catholics who regarded equivocation as a
legitimate form of resistance to tyranny. S. L. Bethell, as quoted by Kenneth Muir, opines
that the “whole atmosphere of treason and distrust which informs Macbeth found a
parallel in the England of the Gunpowder Plot” (Muir xxvii). Henry N. Paul’s fascinating
work The Royal Play of Macbeth: When, Why and How it was Written by Shakespeare
(1950), again aims to link Macbeth to the fall-out from the Gunpowder Plot and he shows
how paltering in a double sense, as the witches do, runs throughout the play and can be
related to the theme of destabilizing the supposedly accepted world order. This was
followed by Stephen Booth’s Indefinition and Tragedy (1983) where he argues that the
“most obvious examples of the insufficiency of limits are the equivocations that are one
of the play’s recurrent topics” (Booth 98). Finally, with Malcolm Evans the theme of
equivocation comes most strongly to accommodate the discourse on subversion in
Macbeth as “imperfect speaking” spreads across the text and upsets the hierarchies it
seeks to affirm (Evans 14).

Similarly plural and pregnant are the ways in which the concept of evil has been
deciphered in Macbeth. Edward Dowden followed Hazlitt and Coleridge in his Shakespeare:
A Critical Study of His Mind and Art (1877) to see Macbeth as “concerned with the ruin or
restoration of the soul, and of the life of man”; “its subject is the struggle of good and
evil in the world” (Dowden 224). Such critics saw the witches as prototyping evil: Hazlitt
called them “abortive” (Hazlitt 17) and Coleridge felt they were “fearfully anomalous”
(Coleridge 207). With A. C. Bradley the stress significantly shifted to the character.and
the concept of evil got internalized: “... the evil against which [the order] asserts itself,
and the persons whom this evil inhabits, are not really something outside this order, so
that they can attack it or fail to conform to it; they are within it and a part of it” (Bradley
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27). G. Wilson Knight's ‘interpretation’ initially finds that “Macbeth is Shakespeare’s
most profound and mature vision of evil” and this evil is absolute, supernatural and
objective (Knight 140). However in his subsequent book The Imperial Theme (1931),
Wilson Knight modifies this vision of evil by presenting a counter-weight of life and
death themes making Macbeth a play about metaphysical oppositions as well. L.C. Knights
followed suit in his 1933 essay “How Many Children had Lady Macbeth?” by developing
upon the binaries, already established by Wilson Knight, of good/evil, order/disorder,
the only addition being the concept of “holy supernatural” as opposed to the “super-
natural soliciting” of the witches (Knights 33). Eugene M. Waith’s essay “Manhood and
Valour in Two Shakespearean Tragedies” (1950) however, broke free from viewing evil as
exclusively metaphysical by drawing upon the cultural concepts of manhood and effemi-
nacy. The classical concept of ferritus might have constituted the basis in Waith’s con-
cept of the beast/evil but it does assume a pronounced socio-cultural dimension as
Macbeth faces the conflict between the “narrow concept of man as the courageous
male and the more inclusive concept of man as a being whose moral nature distir.-
guishes him from the beasts” (Waith 263). The question of evil got further problematized
by L. C. Knights’ Some Shakespearean Themes (1959) where he stated that “Macbeth
defines a particular kind of evil the evil that results from a lust for power” (Knights 120).
Knights opines that it is human nature which defines and judges the evil in Macbeth and
the most indispensible element of this nature is its ability and need to form relation-
ships; it is this need which produces the human order and makes killing wrong. Power-
motivations as manifesting evil form the focal point of Jan Kott’s monumental work
Shakespeare Our Contemporary (1964) where man’s capacity for destruction is shown to
demonstrate an acute sense of absurdity and Macbeth as anticipating such a post-holo-
caust vision. Wilbur Sanders moved one step further when he placed Kott’s absurdity in
terms of what Friedrich Nietzsche in The Birth of Tragedy phrased as “strong pessimism”
illustrating a “penchant of mind for what is hard, terrible, evil, dubious in existence,
arising from a plethora of health, a plentitude of being” (Sanders 253).

In the last two decades of the twentieth century the question of determining the
precise nature of evil that Macbeth illustrates took a significant turn. The dominant mid-
twentieth century perspective that the play shows the disruption of order by evil and the
eventual restoration of harmony is subtly critiqued now. Harry Berger Jr. in “The Early
Scenes of Macbeth: Preface to a New Interpretation” (1980) contends that Macbeth is
centrally concerned with “dramatizing failures or evasions of responsibility correlated
with problematic structural tendencies that seem benign because it is in the interest of
self-deceiving characters to view themthat way” (Berger 72). Reminding us of the primi-
tive forms of exchange which the anthropologist Marcel Mauss analyses in The Gift
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(1925), Berger shows that Macbeth does not portray a harmonious social order which
is disrupted by Duncan’s murder, but a highly competitive society in which the bestowal
of favours and the expression of gratitude are aspects of the competition. On both a
literal and symbolic level, the natural basis of this warrior society being blood, Macheth’s
killing of Macdonwald anticipates Macduff’s killing of Macbeth and also relegates
Duncan’s meekness ill-adapted to this world. This and James L. Calderwood’s subse-
quent view that Macbeth is a unique scapegoat, a pharmakos, incorporating the ideas
both of medicine and poison, “both the disease of violence his community suffers from
and its cure” that the motif of equivocation, though not noticed by Calderwood, swamps
upon the text to blur the very parameters that constitute the genesis of evil (Calderwood
100). The discourse that occupies centre-stage in Macbeth, as Alan Sinfield rightly points
out in “Macheth: History, Ideology, and Intellectuals” (1986), is that the play tries to
make a distinction between the supposedly legitimate violence of the state and the
supposedly illegitimate violence of those who dissent from or oppose its authority; it is
this illegitimate violence that Macbeth seeks to label as evil. The mystification that thus
comes to suffuse the concept of evil has its roots firmly implanted in the theme of equivo-
cation. The play in assuming to vouchsafe one clear meaning simultaneously ensures a
textual reservation which contradicts the initial supposition. For if conventional wisdom
affirms that Macbeth is a statement of orthodoxy in terms of its presentation of the
sovereignty of King Duncan which Macbeth’s evil act of tyrannicide/regicide violates
and overturns, the play also simultaneously equivocates to override all such ethical,
moral and political propositions. This it does not necessarily by mitigating the burden of
Macbeth’s evil, but by urging us to reassess the supposed goodness of Duncan’s sover-
eignty against which Macbeth’s villainies are judged and also by critiquing Malcolm’s
role in ushering an ideal kingship.

Let us first take into account the inputs that the text provides us in projecting Duncan
and the nature of his sovereignty as untainted. We see that Duncan’s virtues are so
overwhelming that even the Macbeths, as they prepare to murder him, praise him as
well. Macbeth is unsure, telling his wife of Duncan, ”Wf will proceed no further in this
business. / He hath honoured me of late” (1.7.31-32)". Lady Macbeth too, famously,
procrastinates before the murder: “Had he not resembled/ My father as he slept, | had
done’t” (2.2.12-13). Duncan in fact makes treason a challenge: he is a gracious leader
and a father figure. And Shakespeare helps establish the legitimacy of Duncan’s rule
through a strain of natural imagery running throughout the play. We are reminded of
Derek Traversi who writes how Duncan’s function in the play liesin “the images of beauty
and fertility which surround his person and confer substance and consistency upon the
‘symbolic’ value of his rule” (151). Asthe sun, Duncan shines gratitude and warmth on
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all his noblemen who, as a result, appear “like stars” (1.4.41). Further, he claims “to
plant” Macbeth and “will labour/ To make [him] full of growing” (1.4.28-29). And as
Banquo puts it, he can serve as Duncan’s “harvest” (1.4.33), the fruits of his careful
nurture. Such natural imagery, reinforcing Duncan’s sovereignty, contrasts explicitly with
the images surrounding Macbeth. Even as Duncan exalts his noblemen as stars, Macbeth
finds the light of stars threatening: “Stars, hide your fires! / Let not light see my black
and deep desires” (1.4.50-51). Lady Macbeth also celebrates such darkness, summon-
ing “thick Night” filled with the “dunnest smoke of Hell” (1.5.48—49). This strain of imag-
ery culminates with Macbeth’s “Come, seeling Night” speech as he prepares to get rid
of Banquo and Fleance (3.2.46-55).

Yet no sooner do we tend to polarize Duncan’s “golden blood” (2.3.105) with Macbeth’s
supernatural dagger, the good against the evil, the text catapults us to equivocate Duncan
and his brand of politics. And when we do so, we find that while opposing Duncan to
Macbeth, sovereign to traitor, Shakespeare also exposes, appropriately, how “Fair is foul,
and foul is fair” (1.1.12). A paradoxical combination of traitor and sovereign becomes
glaring in Duncan who, despite his evident virtues, demonstrates a host of striking inig-
uities compromising what we regarded as an idealized portrait of sovereignty and more
importantly, our hitherto formulated perception of unipolar evil in Macbeth. Duncan is,
after all, a bemused king. His first line in the play is a question: “What bloody man is
that?” (1.2.1), and this interrogative slant continues incessantly into the subsequent
sections of the play as well: “Who comes here?” (45), “Whence cam’st thou?” (48), “Is
the execution done on Cawdor? Are not/ Those in commission yet returned?” (1.4.1-2,),
“\Where's the Thane of Cawdor?” (1.6.20). He seems almost as clouded about the rapidly
changing state of war as he is about his thane of Cawdor. When not interrogating his
subjects for crucial information on the war, Duncan plays the perfect audience offering
brief affirmations of the speeches delivered by his subjects: “O valiant cousin, worthy
gentleman.” (1.2.24), “Great happiness!” (60), “My worthy Cawdor!” (1.4.47). Duncan’s
demeanor, that is to say, is thus hardly sovereign, in the sense of a ruler governing over
his subjects and nation. Instead, he seems more dependent upon them, relying on their
narratives in order to rule effectively. In addition to his questioning stance, however,
Duncan seems, more worryingly for us, completely out of touch with his environment. In
some of the play’s apparently funniest lines, Duncan famously describes his soon-to-be
coffin, namely Macbeth’s castle, as a “pleasant seat” whose “air/ Nimbly and sweetly
recommends itself/ Unto our gentle senses” (1.6.1-3). Even if we hesitate to fault Duncan
for trusting the hospitality of his recently-honoured subject, the king’s timing in electing
his son as his successor makes him more culpable. Macbeth’s immediate narrative
sources record that the Scottish practice of succession, tanistry, would place Macbeth as
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Duncan’s successor, not Malcolm: through elective kingship or tanistry, succession
was determined by alternating between royal lines, rather than simply through primo-
geniture. Yet Duncan reverts to primogeniture rather than tanistry which would favor
Macbeth and nominates Malcolm as king as part of the postwar spoils, an action that is
ill-timed and impolitic given Macbeth’s own recent triumph in the war in contrast to
Malcolm’s narrowly averted captivity.

Also Duncan’s “duplicity”, as it has been termed by R. W. Desai in his remarkable
essay “Duncan’s Duplicity” (1998), is all too evident in the early scenes of the play and
it goes a long way to make him responsible for the tyrannicide/regicide that Macbeth
eventually perpetrates. With the sole intention to jeopardize Macbeth’s rightful claim to
the throne of Scotland, Duncan has been extremely sly in his rulership and this begins to
take shape when for no apparent reason he couples the names of Macbeth and Banquo
Justwhen the Captain has presented a detailed account of Macbheth'’s singlehanded prow-
ess in the battlefield. Aware of the dangers implicit in allowing Macbeth alone to take
away all the honours of the battlefield, Duncan craftily embarks upon his calculated bid
to mitigate Macbeth’s accomplishments by dividing the glories between him and Banquo.
That it is merely out of courtesy to the King that The Captain reverts to the plural pro-
noun: “So they/ Doubly redoubled strokes upon the foe” (1.2.38) - becomes all the more
explicit when, as if to further accentuate Macbeth’s unaided feat, Ross enters with a
fresh description of Macbeth’s mighty performance, describing him as “Bellona’s bride-
groom” (1.2.54), with no reference to Banquo. The next instance of injustice on Macbeth
occurs when the promise of reward commensurate with his military feats is sidelined by
Duncan. In Act 1, Scene 3, Ross and Angus bring the new title “Thane of Cawdor” {103)
to confer upon Macbeth and it is made conspicuous that this salutation is only “an ear-
nest”(102) not the actual reward which should follow. However, on actual appearance
before Duncan in the subsequent scene, Macbeth is greeted with a glaring disparity
between promise and its non-fulfillment, for apart from ratifying the title “Thane of
Cawdor” Duncan practically does nothing. He talks of enlargement and increase: “I have
begun to plant thee, and will labour/ To make thee full of growing” - but decidedly re-
frains from translating these verbal assurances into tangible reality. According to the
prevalent Scottish political hierarchy, Duncan’s “you whose places are the nearest” (1.4.36)
refer to that of the earls, but Duncan prefers to circumscribe Macbeth within the limits of
thaneship for to reward him with an earldom would situate him dangerously close to the
crown. Fully aware of the intricacies of the com petitive society, of which Ha rry Berger Jr.
elaborates substantially, Duncan is meticulous to weave a web of expectation and par-
tial fulfillment in which his leading subjects would get enmeshed, each one hopeful of
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advancement and suspicious of his rival. But thisis a precarious game to play for the
moment Duncan feels he has been able to vanquish all his foes than he is outdone by
Macbeth. It is thus manifest that if the text makes Duncan benign, kindly and, to quote
Kenneth Muir, “venerable and saintly” (xliv), it also does all it can to equivocate such
virtues to make the King crafty, self-centered and tyrannical to his deserving subjects
and thereby critiquing any simplistic notion of evil.

Macbeth is designed to confound dualistic categories, problematizing our moral per-
ceptions and judgments and so, substantiating the weird sisters’ contention that “Fairis
foul, and foul is fair” And this it does by constantly equivocating the signified so as to
escape any trap of complacent straitjacketing of meaning. For if Macbeth is a traitor, by
the same parameters of treachery, Malcolm is treacherous as well. If Macbheth commits
regicide, so does Malcolm. However, this is not the widely prevalent critical view of
Malcolm which sees in him, as E. M. W. Tillyard opines in Shakespeare’s History Plays
(1944), Shakespeare’s culminating version of the ideal ruler. Says Tillyard: “He is an
entirely admirable and necessary type and he is what Shakespeare found that the truly
virtuous king, on whom he had meditated so long, in the end turned into” (Tillyard 317).
Like Wilson Knight and L. C. Knights, Tillyard affirms the importance, in Macbeth, of the
theme of order disrupted then restored through Malcolm. But this is hardly a comprehen-
sive reading of the text for Shakespeare, never letting the implications of equivocation
slip, tells us that while Malcolm represents himself as one who “never was forsworn”
(4.3.126,), who has barely “coveted what was mine own,” (4.3.127) and who never falsely
speaks, in gaining the Scottish throne, must nevertheless overthrow the fearful, usurp-
ing, but still-reigning king, Macbeth. True, Macbeth embodies the contemporary defini-
tion of a tyrant: he is usurping and self-interested, fulfilling James I's tutor, George
Buchanan’s claims that it is of the nature of tyrants that they seize office without being
legally chosen, and rule autocratically. Further, Buchanan writes, tyrants have “power
neither circumscribed by any bonds of the laws nor subject to any judicial investigation”
(Buchanan 89). Applicable to Macbeth is also the definition of the tyrant as etched by
the author of Vindiciae Contra Tyrannos (trans. 1588), attributed to Philippe Duplessis
Mornay, whereby “rulers are called ‘kings’ when they promote the people’s interest and
are called ‘tyrants,’ as Aristotle says, when they seek only to promote their own.” (Mornay
172). Yet, however strong the play’s argument in favor of unseating Macbeth may be, it
nonetheless challenges both legal statute and royal polemics among Shakespeare’s con-
temporaries, which condemn king-killing even in the case of tyranny. English treason
law, in the form of the 1534 Treason Act, regulated not only murder attempts against the
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king, but also slanderous name calling, known as treason by words.

Such legislation regulates, then, precisely the type of words and act on tyranny and
usurpation employed by Malcolm and his allies against Macbeth. In his Six livres de |g
république (1576), French political theorist Jean Bodin writes that it is illegal for “any
subject individually, or all of them in general, to make an attempt on the honor or the life
of the monarch, either by way of force or by way of law, even if he has committed all the
misdeeds, impieties, and Cruelties that one could mention” (Bodin 115). Here, obedi-

self goes on to write in A Remonstrance for the Right of Kings ( 1615), a text produced in
the political controversy surrounding post-Gunpowder Plot legislation:

“I will not deny that an heretical Prince is a plague . . . but a breach made by one
mischief must not be filled up with greater inconvenience: an error must not be shocked
and shouldered with disloyalty, not heresie with perjurie, not impietie with sedition and
armed rebellion against God and King” (James | 235).

play by refusing to take any side exclusively remains unique in its ambivalence, equivo-
cating evil and thereby tantalizing us with its array of ever eluding significations.
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Human rights seem to refer to some inherent quality or value in human life
which demands recognition, is backed by international agreements and defines a
boundary in the treatment of our fellow human beings that should not be crossed.
These are seen as those minimal rights which human beings are entitled to by virtue
of being human beings, irrespective of any other consideration. These rights are
expression of what is a life minimally worth living and are based upon primary material
and immaterial necessities of life. Of course there cannot be single opinion about
quality of life minimally worth living, about primary necessity of life and thus about
human rights.

But still some rights must be regarded as fundamental like right to life with dignity,
right to freedom of conscience and of course right to minimal means of subsistence.
Martin Ennals observed, “The protection of human rights... is a worldwide responsibility
which transcends all racial, ideological and geographical boundaries”."Human rights
have been an essential ingredient of Indian culture and ethos. The situation of human
rights in India is a complex one, as a result of the country’s large size and tremendous
diversity, its status as a developing country and its history as a former colonial territory.

A serious scrutiny of the Indian Constitution will show that this Constitution is re-
plete with contradictions and inconsistencies. The architects of our Constitution were
eager to give it a democratic countenance in preamble or in other chapters. At the same
time they took measures to keep certain undemocratic articles within the Constitution.
Therefore preserving the seamless web of India’s spirit of democracy, unity and integrity
and social revolution has been a daunting task.

In the Indian context, where life more than the law is the issue of struggle, explaining
‘right’ is not always best achieved. Eric Hobsbawm, the eminent historian of our times,
observes, “India of course, remains . . . . By far the most impressive example of a Third
World State that has..... maintained unbroken civilian supremacy though whether this
justifies the label, ‘the world’s greatest democracy’ depends on how precisely we define
Lincoln’s_‘government of the people, for the people, by the people.”” No doubt, India
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could maintain apparently uninterrupted civil governance among the Third World coun-
tries; however, whether the maintenance of civil governance could ensure a genuine
democratic rule in India during the last sixty years is a pertinent question that can be
raised. This brings us to the central paradox that this study wishes to address, i.e. a
vibrant parliamentary democracy and a plural, heterogeneous society, seems capable
consistent violation of human rights, particularly when it comes to political rights, such
as the right to dissent. The stern iron fist under velvet glove of the Indian Constitution
and other devices of the rulers take a repressive form and more often than not the state
rescinds its civility and behaves with abject brutality.

Owing to the bewildering variety of its races and cultures, Assam has long been
known as the symbol of India. Now that the fragility is being shattered by militant and
ethnic stir and sub nationalist uprisings, she has also become a symbol of the crisis-
ridden Indian polity. For these upsurges reflect not only a breakdown of the political
process, but also a profound crisis in the economy and a radical confusion and uncer-
tainty about the nature of the Indian state and its ideological foundations. Different
sections feel that they have been left out in the cold by the process of development and
have been prevented from having any say in the political decisions shaping their lives
and therefore what is urgently required is a radical restructuring of the Indian state and
its ideological foundations. Different sections feel that they have been prevented from
having any say in the political decisions shaping their lives and therefore what is ur-
gently required is a radical restructuring of the Indian state.

This is not to say that all these movements have an unadulterated democratic con-
tent. There are disturbing traces of chauvinism, aggressive intolerance and sectarian
blindness in many of them.” Assam personifies an India which can quickly become illib-
eral—ethnic violence, politically targeted violence by militant groups, state violence,
and even violent crimes with a political subtext can all go on with relative impunity. The
voice of human rights activists had become faint in the din of national security talk. Yet
pan-Indian ideas — laws, the Constitution and public discourse —have profoundly shaped
the sub national movement in Assam.

One needs to step back in time to trace the developments in the hill regions of
Assam.Since 1947, the ethnic Assamese political leadership has pursued cultural poli-
cies that have sought to define Assam state as Assamese: for instance to make Assamese
the official language of the state in 1960 and the language of instruction in the state’s
educational institutions in 19727 But before that already fissures appeared in the
Assamese society.This has happened due to the interplay of multiplicity of factors of
which continuous immigration from outside the region and a sense of economic depriva
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tion are the most important. Ever since the British occupation, there has been a continu-
ous flow of non-Assamese Indians into Assam which gave rise eventually to the “Asom”
movement.”

A serious movement for autonomy was thus taking shape in the state of Assam,
‘more serious’ because it was driven by a groundswell of grass-roots opinion rather than
by individual charisma, and because this state is located not in the Indian heartland, but
in its long-troubled extremities.7There were episodic riots in the 1950s and 1960s aimed
at driving the immigrants back to where they came from.™ There was a structural tension
between the informal cultural grammar of the nation-province —which created the axiom
of an Assamese Assam and Assam’s demographic and ethno political reality. In most
regions of India, the nation — province has been a success story. But Assam is a signifi-
cant exception to this generalization.

In August 1979, on the advice of the outgoing Prime Minister, Charan Singh, the
President of India dissolved the Lok Sabha and ordered fresh elections. Though the agi-
tation started on a non-violent Gandhian note, with students participating in
Ganasatyagrahas, eventually enormous amount of violence accompanied the movement.
Assam was in a pool of blood. The following newspaper reports give a vivid reflection of
a frightful period. For instance, The Statesman reported, “Police firing killed dozens and
violent incidents took place in Upper Assam. Mr R Mitra, technical manager of Qil India,
at Duliajan, was summoned by a false telephone call to come to the hospital to meet
some injured persons. When his car reached the hospital gate, a violent mob smashed
the car and stoned him to death.”

More violence in Assam followed shortly. According to a press report, “All the evi-
dence suggests that the explosions that damaged the radio transmitters and the oil
pipeline to Gauhati and Barauni was the handiwork of saboteurs, the last outrage set-
ting a new record for destructive zeal. The unrest in Assam was not lacking in violence
before. Apart from suspicion of coercion in obtaining support for continued boycotts,
hunger strikes, and satyagrahas, the movement had taken toll of 246 lives—about 70
explosions—losses from suspended production of fertilizers and oil alone amounted to a
colossal Rs 1100 crores.” ™ Another incident of violence took place when the Upper
Assam commissioner was killed. The Commission of Upper Assam Division, Mr. E S
Parthasarathi was killed and the Indian Oil Corporation Gauhati-Siliﬁuri product pipeline
between Sarupeta and Barpeta was damaged in two bomb blasts.

The years from 1979 to 1985 witnessed sustained political instability in the state. A
report of an investigation committee of the Delhi-based Peoples Union for Civil Liberties
gives a flavor of the early phase of the Assam movement. The Report chronicles how in
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asatyagraha (symbolic disobedience of the law) in November 1979 nearly 700,000 people
Were Killed in the city of Gauhati and an estimated two million people in the state as a
whole courted arrest. “The Satyagraha” says the report “is fairly simple. People walk to
the High Court in Gauhati or some such office in other towns, court arrest and are re-
leased a few hours later.” The entire government machinery, said the report, was party to
the Satyagraha. “The Government of Assam”, a witness told the Committee, “is running
the movement and the AASU is running the government]”lé

The entire state of Assam appeared to be in a state of seize. Breaking the chill of 18
months, negotiations were again resumed between the Assam agitators and the Central
Government in June, 1984, the ice was broken by Union Cabinet Secretary C.R. Krishna
swami Rao. The leaders came to Delhi for prolonged rounds of discussion. Indira Gandhi’s
handling of Assam problem was such that it followed a policy of long wait, indulged in
guessing game and ignored all alarm signals. Ra'iig Gandhi’s untiring and sincere efforts
to end the impasse through a political solution’™~ Was Laudabie.

The Rajiv Garlcﬂhi government was able to sign an accord with the leaders of the
movement on 15" August 1985. All those foreigners who had entered Assam between
1951 and 1961 were to be given full citizenship including the right to vote; those who
had done after 1971 were to be deported; the entrants between 1961 and 1971 were to
be denied voting rights for ten years but would enjoy all other rights of citizenship. A
parallel package for the economic development of Assam, including a second oil refin-
ery, a paper mill and an institute of technology, was also worked out. The central govern-
ment also promised to provide ‘legislative and administrative safeguards to protect the
cultural, social and linguistic identity and heritage of the Assamese people.

The response to a rising level of political violence, President’s Rule was imposed in
Assam as already mentioned. The state was declared a “disturbed area” and responsi-
bility for maintaining order was given to the army. The ULFA was banned and a major
counter-insurgency offensive—"Operation Bajrang”—was launched. During this cam-
paign, widespread human rights violations were reported. According to the Amnesty
International Report: “Every single day reports pour in from different parts of the state
about army atrocities, including killings, torture, rape and harassment...The local news-
papers are full of heart-rending reports of ordinary people being picked qu4by the army
for no reason, women being raped and houses raided at uncanny hours.”

Human Rights Abuses: Tryst with Horror

Despite attempts to rid Assam of jcnsu rgents by the state armed forces, many women
and girls continued to be raped. On 6" October 1991, Raju Baruah, a girl from Sutaragaon,
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antenna temperature which they could not account for. After receiving a telephone call from
Crawford Hill, Dicke famously quipped: “Boys, we’ve been scooped.” A meeting between the
Princeton and Crawford Hill groups determined that the antenna temperature was indeed due to
the microwave background. For this Penzias and Wilson was awarded Nobel Prize in 1978. This
discovery established the supremacy of Big-Bang over the steady state. Precise analysis shows
that CMB has a thermal black body spectrum at a temperature of 2.72548 K.

COBE

FIG. 8: Approximate comparison of anisotropies in CMB results from COBE, WMAP and
Planck.

After the discovery of CMBR scientific community appreciated the Big-Bang model, but there
were various questions yet to be answer, such as Horizon problem, monopole problem, flatness
problem etc. We are not going into much details about them. Around 1980s Allan Guth coined
Inflationary theory to get rid of these difficulties. According to Guth universe expanded in an
exponential manner immediately after the big-bang for a short while (around 1036 seconds
after the big bang to 1032s). For this rapid inflation the temperature of our universe dropped
from 107K to 1022K. Inflationary theory had removed most of the problems of the Big-Bang
theory. Now along with the inflation universe carried some small seeds of inhomogeneities and
anisotropy. These inhomogeneities latter acted as source for large scale structure formations in
the late universe. So Various expensive projects were lammched to measure and characterize these
anisotropy within CMBR. NASA launched Cosmic Background Explorer (COBE) satellite that
orbited during 1989-1996 to detect and quantify the large scale anisotropies in CMBR. Two of
COBE’s principal investigators, George Smoot and John Mather, received the Nobel Prize in
Physics in 2006 for their work on the project. It was followed by BOOMERanG experiment
by 2000 and various ground based measurements. Then again NASA launched a second CMB
space mission, Wilkinson Microwave Anisotropy Probe (WMAP), to make much more precise
measurements in 2001. The mission ended in 2010 Recently European Space Agency (ESA)
launched another satellite named Plank Surveyor to get more accurate measurements in 2009.
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sion of the university hostel warden. RajumoniBezbarooah was detained again some
two months later and reportedly severely tortured at an army camp at Golaghat. He
alleged that soldiers had destroyed the court’s order when he showed it to them.

Civil liberties organizations have played an important role in documenting human
rights violations in Assam. In February 1991, team from the CPDR visited six districts in
Assam. They gathered information on 49 cases of torture, 13 of rape, eight extra-judicial
executions and one “disappearance.” The Peoples’ Union of Democratic Rights also pub-
lished a report on Assam in May 1991. It concluded that most of the persons detained by
the army were tortured. Some forms of torture that were used were beating, stripping
and hanging victims upside down and then beating on head and chest, thumping on
chests with boots, pouring ice cold water, burying them up to chest and then beating or
keeping a bucket over the head, squeezing testicles with clamps, dipping in cold water
drums, forcefully keeping them awake for days together, denial of food or water are
some of the forms of torture used. But the most common form is electric shocks. Sensi-
tive parts of the body including ears, tongue, armpits, genitals and head were repeatedly
given electric shocks sometimes in progressively higher voltages. With electrodes at
each temple the brain was subjected to electric waves.

In March 1992, New York based Human Rights Watch sent an investigator to Assam.
The investigator was “harassed, questioned and followed by police” all through her trav-
els in Assam. Despite that, she managed to visit some of the worst affected areas of
Assam, where she interviewed families of victims of the Indian army’s abuses. She found
confirmation of reports of a pattern of human rights abuses by security personnel and of
acts of violence committed by members of ULFA. The following is an excerpt from the
Asia Watch report:

“The Indian army has conducted massive search-and-arrest operations in thou-
sands of villages in Assam. Many victims of abuses committed during these opera-
tions are civilians, often relatives or neighbours of young men suspected of militant
sympatbhies. Villagers have been threatened, harassed, raped, assaulted and killed by
soldiers attempting to frighten them into identifying suspected militants. Arbitrary ar-
rest and lengthy detention of young men picked up in these periodic sweeps, or at
random from their homes and from public places are common, and detainees of the
armed forces are regularly subjected to severe beatings and torture. Deaths in cus-
tody have occurred as the result of torture, and in alleged encounters and escape
attempts.” "~ The report also notes that dissent in Assam was severely curtailed, that
human rights activists and journalists were arrested for reporting on human rights
abuses, and that militant groups were responsible for human rights abuses through
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acts of violence including bombings, kidnappigﬁs, and assassinations, targeting dissi-
dent ULFA members and suspected informers.

A more recent report, Where ‘Peacekeepers’ Have Declared War, by a fourteen-mem-
ber fact-finding mission of, journalists, and human rights activists from various parts of
India, was published in April 1997. The team visited all seven northeastern states in
April 1996 to examine the impact of the frequent use of the Armed Forces Special Powers
Act of 1972 (AFSPA) on the region. The mission found “that despite denials to the con-
trary, the security forces have, over the last four decades, blatantly violated all norms of
decency and the democratic rights of the common people of the region.”“~ In the case of
Assam, the report lists abuses by the army in the course of dealing with ULFA and the
Bodo insurgents as well as the campaign for Karbi autonomy. It was not just the Indian
army, “at times as many as six different military and paramilitary forces—the Assam
police, Assam Rifles, Border Security Force, Army, Punjab Commandos and Black Pan-
thers—were operating in Assam.

The Latest Spate of Ethnic Violence in Assam

In the recent spate of violence that hit Assam on July 6 and Jul 19, 2012, four persons
from the minority community were killed while on July 20, 2012, four ex-Boro Liberation
Tigers cadres were shot dead. The situation turned worse in Kokrajhar, Baska and Chirag
regions. The Assam Chief Minister, TarunGogoi who was holding the home portfolio, was
criticized for not taking matter seriously and deploying adequate forces to man the dis-
turbed areas.Meanwhile, the crisis went on snowballing and finally exploded in the form
of a communal riot, throwing every aspect of public life out of gear. The Chief Minister
confirmed that 50,000 people found shelter in relief camps. The government, while try-
ing to bring the riot under control, looked to be in no position to set time frames to effect
any change for the better. The Ministry of Home Affairs, as per the Assam government’s

23

plea, deployed more troops to the violence-hit areas.

Maoists have also entered into the fray. They attempted tapping ethnic discontent to
make inroads into an already volatile region. Tehelka magazine has accessed a recent
intelligence report sent to the Union home ministry that points out that the Maoists have
come into an “understanding” with ULFA commander-in-chief, PareshBarua and that the
ULFA has provided the Maoists with Chinese grenades and firearms. The report also
says that Naga insurgents are training a group of new Maoist recruits in Myanmar. Add
to these the fact that the Maoists in Assam have brought former ULFA sympathizers and
cadres into their fold, and one could be staring at a long, bitter battle in the Northeast
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with strong ethnic dimensions.24Assam has witnessed more tribal violence in recent
years. Clashes between two tribes in northern Assam in early January 2014 left 16 people
dead and forced thousands of others to flee their homes. More than 3000 people from
the Karbi and Rengma Naga tribes evacuated their homes and took shelter in relief camps.
The state’s ethnic violence comes from overlapping claims for territory between rival
tribal groups. The then Assam Home Secretary Gyanendra Dev Tripathi conceded, “The
exodus began after the attacks last month and over 3,500 people from both communities
have taken shelter in nine relief camps opened by the government.””~ 2013 also wit-
nessed the arrest of 341 militants, in addition to 534 militants arrested in 2012 and 407
in 2011. Sustained pressure on the various rebel formations had resulted in the surren-
der of another 2055 militants during 2013. Summing up the situation, Chief Minister
TarunGogoi, while speaking at the Chief Ministers’ conference at New Delhi on April 15,
2013 observed, “In the past few years, there has been a declining trend of militant vio-
lence and talks are on with several militant outfits. However, it would be overoptimistic
to declare that the nightmare of militant violence is over”“~ The Union Ministry of Home
Affairs, while extending the term of the ‘disturbed area’ tag for the State for another year
from December 4, 2013, stated, on November 23, that the “law and order situation’ in
the state continued to be a matter of concern”.

Conclusion:

Regions of armed conflict have a heavy presence of security forces as well as armed
non-state actors and consequently are marked by militarization. Human rights violations
take place in areas of insecurity and militarization. According to recent reports from
Assam, though violent actions by armed groups declined in 2003-2004, the number of
killings went up in the same period.”” In fact deaths of civilians, insurgents as well as
security forces increased from 1994. From 1994 till 2010, 8660 civilians died in the North-
East. Many individuals ‘disappeared’ from the custody of the security forces in the 1990s.
Such unlawful termination of individuals (no matter whether they were involved in un-
lawful activities or not) has been seen as deliberate terror tactics by the state.nghe
Assam State Human Rights Commission has received 6,500 complaints from 1993 to
2008, many of which are still pending.

There has been much concern about police and army officials who have been killed
or injured when carrying out state duties in insurgent crossfire. Violence and human
rights violation are not monopolies of the state. The state has its own justifications for
carrying out certain actions. The state views national security as its primary concern that
forms the basis of their internal security and foreign policy. Armed struggles are consid
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the spacetime which is described by the metric, Bt T, is called energy momentum tensor
and it is related with the matter and all the forms of energy which exists in the surroundings.
He considered energy in the same footings with matter because he had shown previously that
matter and energy are equivalent. The relation among them is described by his famous equation
E = mc?, where E is the energy equivalent for the mass m while ¢ is the speed of light. We
have taught about it in high school physics. The constants in the right hand side of (1) are
adjusted such that the theory matches with the observational data. Here G is the gravitational
constant. The beauty of the above equation is that if we know the right hand side very well we
can calculate the geometry and its evolution with time.

As per the correspondence principle GTR retrieves all previous results about planetary motion
which we had obtained by applying Newtonian gravity. Moreover, it can exactly predict the
perihelion precession of Mercury. Further, GTR predicts some new phenomenon, which can not
be imagined from Newtonian point of view, viz.,

e Bending of light while passing through massive gravitational field and and the concept of
gravitational lensing,

e Change in frequency of light while approaching or departing from massive gravitational field.
¢ Equality of inertial and gravitational mass.
e Concept of gravitational waves etc.

With this new idea various models of the universe has been proposed.

II. THEORETICAL MODEL OF OUR UNIVERSE

Considering a spherical mass distribution, German physicist and astronomer, Karl Schwarzschild
calculated solution of Einstein's field equations (1) in 1916. To find out solution of the field equa-
tions for the the whole universe, Einstein considered that the universe is filled with homogeneous
and isotropic distribution of matter on a large scale. He believed that the universe is static and
to make it possible he considered a new constant term A which introduces a force of repulsion
between two bodies that increases in proportion to the distance between them. He modified the
field equation (1) in the following form,

1 8nG
Ruv = 5Rgu + Mgy = =T, )

In 1917, he found out geometry for the static universe. However, in the same year, Dutch
mathematician, physicist and astronomer, Willem de Sitter produced an alternative solution for
the equation (1) which was for empty universe. Although his solution seemed to be static, it was
possible to find a new set of coordinates, in terms of which it represented a dynamic universe,
where particles were all moving apart from each other. Although, these particles had no material

! Metric is the separation between two points in a spacetime curvature. If spacetime is flat then metric is nothing
but a straight line. So it describes the geometry of the surface.
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ment and the philosophy of hate disseminated by the advocates of violence. Peace and
confidence building measures can be most effective if they involve the participation of
popular mass leaders and people of known integrity and credibility, who enjoy the confi-
dence of the Assamese people.

If the hallmark of a democratic political system is to manage and negotiate differ-
ences peacefully, Assam is a paradoxical case. It has practiced democracy like most
states of India, and yet, it has witnessed a consistent politics of violence alongside it.
The case of Assam is complicated by the demographic heterogeneity of the state, with
the ethnic Assamese of the plains seldom feeling democratically empowered amid a
wide mélange of ethnic communities and tribes that have from time to time resisted the
attempt to impose the dominance of the former. The large presence of Bengalis, to-
gether with their relatively easy socialization into the native language, has culturally
threatened the Assamese and made them insecure in the face of continuous Bengali
immigration across the international border with Bangladesh. The larger tribal groups,
the Bodos in particular, have similarly felt culturally, economically and politically
marginalized and often engaged in violence against other groups. The rise and weaken-
ing of the militant ULFA, and the subsequent securitization of the threat by the Indian
state, has been largely responsible for the enormous crisis of human rights in Assam
over three decades.

This chapter thus reveals that there is little guarantee that normal institutions and
practices of democracy will ipso facto secure human rights. The politics of numerical
majoritarianism and the increasingly territorialized notions of power and governance eat
into the vitals of a democratic process and paralyze it before draconian strategies of
dominance and denial of the other, either by the militant groups or by the state. The
conventional finding that civil societal groups target the violence of the state and ne-
glects the criminality of groups as against the opposite portrayal by the apologists of the
state and security experts is also validated in the case of Assam. For this study, the most
critical aspect remains the inefficacy of democratic institutions and practices to protect
the rights of individuals and groups and create a credible buffer against large-scale
violence.
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Universe has a finite size - no joke. How do we know? Billions and Billions of dollars and Euros
are spent by NASA, European Space Agency and even by ISRO, to unveil the evolution history of
the universe. Let us tell the story in a semi-popular manner.

I. INTRODUCTION

Everyone is anxious to know how and when this universe was created. Every religion has tried
to answer this question in their own way. More or less, almost all the religious views are the
same — once upon a time God had created this vast universe. If one belicved that the universe
had been created by God, then the obvious question which would arise — why suddenly He had
created this? What was God doing before He made the world?

Not everyone, was happy with these religious ideas. Aristotle, believed the universe had
existed forever because something eternal is more perfect than something created. He sug-
gested that floods, or other natural disasters, had repeatedly set civilization back to the be-
ginning. The motivation for believing in an eternal universe was the desire to avoid invoking
divine intervention to create the universe and set it going. German philosopher, Immanuel
Kant felt logical contradictions, or antimonies, while considering the above two ideas about the
universe. If the universe had a beginning, why did it wait an infinite time before it began?

On the other hand, if the universe had existed for ever, why did it take
an infinite time to reach the present stage? Whichever be the fact, Kant
assumed the time as an absolute physical parameter. That is to say,
time went from the infinite past to the infinite future, independently
of any universe that might or might not exist. In a nutshell, time
can be considered as a fixed background to describe evolution of the
universe.

With the above idea of absolute time, Newton developed his famous
equation of motion by which one can calculate exact trajectory of a
moving body in any time if some initial information is available. He
applied it to the celestial bodies considering gravity as interacting force
between them and described planetary motion. However in 1915, Einstein
introduced his revolutionary General Theory of Relativity where space

FIG. 1: Immanuel
Kant(1724-1804)
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the universe. Let us tell the story in a semi-popular manner.

I. INTRODUCTION

Everyone is anxious to know how and when this universe was created. Every religion has tried
to answer this question in their own way. More or less, almost all the religious views are the
same —- once upon a time God had created this vast universe. If one believed that the universe
had been created by God, then the obvious question which would arise - why suddenly He had
created this? What was God doing before He made the world?

Not everyone, was happy with these religious ideas. Aristotle, believed the universe had
existed forever because something eternal is more perfect than something created. He sug-
gested that floods, or other natural disasters, had repeatedly set civilization back to the be-
ginning. The motivation for believing in an eternal universe was the desire to avoid invoking
divine intervention to create the universe and set it going. German philosopher, Immanuel
Kant felt logical contradictions, or antimonies, while considering the above two ideas about the
universe. If the universe had a beginning, why did it wait an infinite time before it began?

On the other hand, if the universe had existed for ever, why did it take
an infinite time to reach the present stage? Whichever be the fact, Kant
assumed the time as an absolute physical parameter. That is to say,
time went from the infinite past to the infinite future, independently
of any universe that might or might not exist. In a nutshell, time
can be considered as a fixed background to describe evolution of the
universe.

With the above idea of absolute time, Newton developed his famous
equation of motion by which one can calculate exact trajectory of a
moving body in any time if some initial information is available. He
applied it to the celestial bodies considering gravity as interacting force
between them and described planetary motion. However in 1915, Einstein
introduced his revolutionary General Theory of Relativity where space

FIG. 1: Immanuel
Kant(1724-1804)
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and time were no longer absolute, no longer a fixed background to events. Instead, spacetime
was a dynamical quantity shaped by the matter and energy of the surroundings. However,
spacetime is defined only within the universe, so it makes no sense to talk of a time before
the universe began. According to J. A. Wheeler, spacetime tells matter how to move; matter
tells spacetime how to curve. So Einstein considered Gravity as a geometrical phenomenon. In
a simplified manner one can understand Einstein’s view about gravity from the following example:

Let spacetime be considered as a rubber sheet arranged in tight fitting. Now if one puts a
heavy ball into the sheet, then it will bend the sheet such a way, that if one puts another light
ball near it with some initial kinetic energy it will try to move towards the heavier one. So every
heavier objects will attract other light objects near it because of the bending of the sheet. So
the force of attraction arises because of geometry of the sheet. In the same fashion one can also
understand gravity arises because of geometry of the spacetime. As the mass of the object will
be heavier its effect will be more.

m:x m,
Fj_ B F‘z = G 2
(a)Newton’s concept of gravity (b)Einstein’s concept of gravity

FIG. 2: Comparison of Newton’s and Einstein’s view about gravity

To construct the mathematics for the general theory of Relativity (GTR), Einstein considered
the following principles:

e Mach’s principle : Inertial properties are determined by the presence of other bodies in the
universe.

e Principle of equivalence : Local experiments cannot distinguish between the particles being
at rest in a uniform gravitational field and undergoing uniform acceleration in the absence
of any gravitational field.

e Principle of covariance : The laws of physics are same to all observers.

e Correspondence principle : In case of weak gravitational fields and small velocities compared
to light, the general theory of relativity should give the same result as we get while applying
Newtonian mechanics.

Based on the above considerations Einstein expressed gravity by the following equation

1 &G
Ry — §R9Lw = ?Trﬂ/ ’ 6y
N—— —— N —

Related to geometry of spacetime Related to matter or radiation present

The left hand side of the above equation is called Einstein tensor (G, which is consist of R,
and R, called Ricci tensor and Ricci scalar respectively. They are related with the geometry of
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the spacetime which is deseribed by the metric, g, 1. T, is called energy momentum tensor
and it is related with the matter and all the forms of energy which exists in the surroundings.
He considered energy in the same footings with matter because he had shown previously that
matter and energy are equivalent. The relation among them is described by his famous equation
E = mc?, where E is the energy equivalent for the mass m while ¢ is the speed of light. We
have taught about it in high school physics. The constants in the right hand side of (1) are
adjusted such that the theory matches with the observational data. Here G is the gravitational
constant. The beauty of the above equation is that if we know the right hand side very well we
can calculate the geometry and its evolution with time.

As per the correspondence principle GTR retrieves all previous results about planetary motion
which we had obtained by applying Newtonian gravity. Moreover, it can exactly predict the
perihelion precession of Mercury. Further, GTR predicts some new phenomenon, which can not
be imagined from Newtonian point of view, viz.,

¢ Bending of light while passing through massive gravitational field and and the concept of
gravitational lensing,

e Change in frequency of light while approaching or departing from massive gravitational field.
e Equality of inertial and gravitational mass.
e Concept of gravitational waves etc.

With this new idea various models of the universe has been proposed.

II. THEORETICAL MODEL OF OQUR UNIVERSE

Considering a spherical mass distribution, German physicist and astronomer, Karl Schwarzschild
calculated solution of Einstein’s field equations (1) in 1916. To find out solution of the field equa-
tions for the the whole universe, Einstein considered that the universe is filled with homogeneous
and isotropic distribution of matter on a large scale. He believed that the universe is static and
to make it possible he considered a new constant term A which introduces a force of repulsion
between two bodies that increases in proportion to the distance between them. He modified the
field equation (1) in the following form,

Ry.u 5 %Rgp,v = Ag,u.y = "é‘;‘TCrTGTpV- (2)
In 1917, he found out geometry for the static universe. However, in the same year, Dutch
mathematician, physicist and astronomer, Willem de Sitter produced an alternative solution for
the equation (1) which was for empty universe. Although his solution seemed to be static, it was
possible to find a new set of coordinates, in terms of which it represented a dynamic universe,
where particles were all moving apart from each other. Although, these particles had no material

1 Metric is the separation between two points in a spacetime curvature. If spacetime is flat then metric is nothing
but a straight line. So it describes the geometry of the surface.
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status. In 1922, Soviet physicist and mathematician, Alexander Friedmann found out another
dynamical solution of equation (1). Naturally the question arises-whether one should consider
the universe as static or dynamic?? This dilemma ended by the discovery of American astronomer
“dwin Hubble’s observation-that the universe is actually dynamic. It was one of the greatest
discoveries of 20 the century.

Hubble and his coworkers were observing Andromeda galaxy
with the 100-inch Hooker telescope at Mount Wilson Observa-
tory during 1922-1923. He found that its spiral arms included
a few bright variable stars known as Cepheid variables®. In the
preceding decade, H. S. Leavitt and H. Shapley had provided
a tight relation between the observed periods of variation of
the Cepheids and their absolute luminosities®. Hubble was
observing the apparent luminosity* of the Cepheids in the
Andromeda Nebula. Then he had estimated their absolute
luminosity from their periods using the relation given by Leavitt
and Shapley. Analysing their absolute and apparent luminosity
Hubble reached to a conclusion that Andromeda galaxy is
beyond our Milky way. Thus Hubble's discovery expanded our
universe beyond the Milky Way. Now measuring the redshift®
of the Cepheid Variables he also concluded in 1929---universe is
expanding with time and the speed of recession increases with
distance. This was known as Hubble’s law. So our universe is
dynamic and not static.
FIG. 3: Hooker telescope After this epoch making discovery, theoreticians engaged
used by Hubble. themselves to find out a theoretical model of the universe which
would support Hubble’s observations. Two different kinds of
theoretical models of the universe had been developed around the middle of 20-th century. One
is the Big-Bang model or standard model and other is the steady state model. Big-Bang means
extremely loud noise.

In 1927, Belgian priest, astronomer and professor of physics at the Catholic University of
Leuven, Georges Lemaitre independently derived the same result as found out by Friedmann
about dynamic universe. In 1931 Lemaitre went further and suggested that if projected back
our expanding universe with time it should contract more and more in size as we went in
the past. So we should arrive at some finite time in the past when all the mass of the uni-
verse concentrated in a single point. He considered it as a “primeval atom” where the fabric
of time and space came into existence. This was the earliest version of the Big Bang model.

2 Cepheid variables is a kind of star that pulsates radially, varying in both temperature and diameter to produce
brightness changes with a well defined stable period and amplitude. In short their luminosity changes with time
in a fixed manner.

3 Absolute luminosity is the total radiant power emitted by an astronomical object in all directions., -

4 Apparent luminosity is the radiant power received by us in each square centimetre of our telescope mirror. It
depends not only on the absolute luminosity, but also on the distance.

5 Redshift is the change in frequency in the light comming from a source due to recession of the source from the
observer. It is comparable to the doppler effect of the sound which we have taught at high school physics.
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This model suggests that our universe had evolved from an extremely hot and dense state.

In 1935 Robertson and Walker rigorously proved that the
solution obtained by Friedman and Lemaitre is the only
One on a spacetime that is spatially homogeneous and
isotropic. The following metric, known as Friedmann-
Lemaitre-Robert;som“-’a,lker(FLR_‘,V) metric describes such
type of universe,

ds® = —dt? + a(t)? ( + r2d6? + 72 sin? 9d¢2) . (3)

=
1—kre
In the above, time dependent function a(t) is known as
scale factor. k is a constant representing the curvature
of the space. Calculations shows as t — 0 the density of
the matter and energy and temperature of the universe
becomes infinity. This awesome situation of blowing FIG. 4: Big Bang model : universe
out of every physical parameters at a point is known as expanded from an extremely dense
singularity. So Big-bang model can describe only the and hot state and continues to ex-
evolution of the universe after this singularity. In a nutshell pand today.

universe had started its journey from an infinite hot and i

dense state. Calculation shows that it might be happened

at approximately 13.8 billion years ago.

On the contrary, according to the steady state model,
although the universe is expanding, it nevertheless
does not change its look over time; it has no beginning
and no end. Around 1948, steady state theory was
developed by Sir Hermann Bondi, Thomas Gold, Fred
Hoyle and Jayant Narlikar. Fred Hoyle was a noted
British stellar astronomer. He had various major
contribution on the synthesis of the chemical elements
heavier than helium by nuclear reactions in stars.
They modified De-Sitter model which also supported
cosmological principle as well as dynamic universe.
They postulated a continuous creation of matter in
the intergalactic vacuum, to balance the reduction in
density due to expansion. Hoyle appeared in a series
of radio talks on astronomy for the BBC in the 1950s to popularize his model,

FIG. 5: T. Gold (left) with H. Bondi
{center) and F. Hoyle (right).

With the advancement of experimental technique, observational works were also initiated. The
Cambridge radio astronomy group, under Martin Ryle, did a survey of weak radio sources in
the early 1960s. These were distributed fairly uniformly across the sky. It indicate that most of
the sources lay outside our galaxy. The weaker sources would be further away, on average. The
Steady State theory predicted the shape of the graph of the number of sources against source
strength while observations showed more faint sources than predicted. It indicated that the
density sources were higher in the past. This was contrary to the basic assumption of the Steady
State theory, that everything was constant in time.
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In the meantime various particle physicists were working on Big Bang nucleosynthesis. Nucle-
osynthesis is the process of formation of atomic nuclei from the fundamental particles. Around
singularity, temperature was so high that all the matters were in fundamental form, which means
the ultimate smallest form of the elements which can not be further subdivided. At high school
physics, we had taught that electron, proton and neutron were the fundamental form of every
element. With the advancement of particle physics it has been established except the above
three, there exists a host of other elementary particles. Again proton and neutron can fur-
ther be divisible into combination of quarks. Particle physicists divided all the fundamental
particles into two groups, named Leptons and Hadrons. Electron is an example of lepton. Ex-
cept electrons other leptons are muon, tauon and neutrinos. Hadrons were further subdivided
as Mesons and Baryons. Again Mesons and Baryons had been formed with the combination
of quarks. Mesons are combinations of two quarks while Baryons are combinations of three
quarks. Proton and neutron are baryons. Mesons are the associated quantum-field particles that
transmit the nuclear force, in the same way that photons are the particles that transmit the
electromagnetic force. Baryons forms atomic nuclel which again combining with Leptons form
atom. So in a nutshell quarks and leptons are the fundamental form of every element till now.

Murray Gell-Mann was awarded a Nobel Prize in physics in 1969 for his
contributions and discoveries concerning the classification of elementary
particles and their interactions. Again as predicted by Dirac corre-
sponding to most kinds of particles, there is an associated antimatter,
called antiparticle with the same mass and opposite electric charge. So
near singularity universe was consists of quarks, leptons and photons.
P Russian-born American physicist George Gamow, a former student of
e Alexander Friedmann, was a strong supporter of the Big-Bang model.

, Considering big-Bang model, Gamow along with his student Ralph Alpher
FIG. & Ralph published Alpher-Bethe-Gamow theory, commonly known as e — g — «
Alpher theory on the formation of hydrogen and helium from these elementary
particles in 1948. Immediately after it Ralph Alpher and Robert Herman
predicted that the the photons which were confined with the matter since the time of big-bang,
should be decoupled from the matter after nucleosynthesis. They also predicted that these
photons must exist everywhere in the present universe as background radiation in microwave
range. Alpher and Herman’s prediction was rediscovered by Yakov Zel'dovich in the early 1960s,
and independently predicted by Robert Dicke at the same time. This radiation was known as
Cosmic Microwave Background Radiation(CMBR). On the contrary Steady state model did not
supported such phenomenon.

In 1964, David Todd Wilkinson and Peter Roll, Dicke’s
colleagues at Princeton University, began constructing
a Dicke radiometer to measure the CMBR. In 1964,
Arno Penzias and Robert Woodrow Wilson at the
Crawford Hill location of Bell Telephone Laboratories
in nearby Holmdel Township, New Jersey had built a
Dicke radiometer that they intended to use for radio

R — astronomy and satellite communication experiments.
FIC. T The Hohndel Hom Antentis, On 20 May .1964 they made their ﬁrs'? measurement,
clearly showing the presence of the microwave back-
ground, with their instrument having an excess 4.2K
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antenna temperature which they could not account for. After receiving a telephone call from
Crawford Hill, Dicke famously quipped: “Boys, we’ve been scooped.” A meeting between the
Princeton and Crawford Hill groups determined that the antenna temperature was indeed due to
the microwave background. For this Penzias and Wilson was awarded Nobel Prize in 1978. This
discovery established the supremacy of Big-Bang over the steady state. Precise analysis shows
that CMB has a thermal black body spectrum at a temperature of 2.72548 K.

COBE

FIG. 8: Approximate comparison of anisotropies in CMB results from COBE, WMAP and
Planck.

After the discovery of CMBR scientific community appreciated the Big-Bang model, but there
were various questions yet to be answer, such as Horizon problem, monopole problem, flatness
problem ete. We are not going into much details about them. Around 1980s Allan CGuth coined
Inflationary theory to get rid of these difficulties. According to Guth universe expanded in an
exponential manner immediately after the big-bang for a short while (around 1036 seconds
after the big bang to 1032s). For this rapid inflation the temperature of our universe dropped
from 10K to 1022K. Inflationary theory had removed most of the problems of the Big-Bang
theory. Now along with the inflation universe carried some small seeds of inhomogeneities and
anisotropy. These inhomogeneities latter acted as source for large scale structure formations in
the late universe. So Various expensive projects were launched to measure and characterize these
anisotropy within CMBR. NASA launched Cosmic Background Explorer (COBE) satellite that
orbited during 1989-1996 to detect and gquantify the large scale anisotropies in CMBR. Two of
COBE'’s principal investigators, George Smoot and John Mather, received the Nobel Prize in
Physics in 2006 for their work on the project. It was followed by BOOMERanG experiment
by 2000 and various ground based measurements. Then again NASA launched a second CMB
space mission, Wilkinson Microwave Anisotropy Probe (WMAP), to make much more precise
measurements in 2001. The mission ended in 2010. Recently European Space Agency (ESA)
launched another satellite named Plank Surveyor to get more accurate measurements in 2009.
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FIG. 9: History of the Universe.

ESA began to publish data send by Plank after march, 2013 and its overall data analysis work
will till 2016. Except the above missions varicus ground based and baloon based experiments is
also going on to analyse CMBR.

So all such experiments established various theoretical prediction about the early universe ac-
cording to Big-Bang cosmology. We are now quite clear about the evolution of the universe at least
since the time of nucleosynthesis. At this stage we are in a quite well position to chronologically
state about the creation of our universe.

III. EVOLUTION OF THE UNIVERSE AFTER THE BIG-BANG

The total cosmic history of the evolution of our universe from the hot and dense singular state
to the present state can be divided into three parts (i) Very Early Universe, (ii) Early Universe
and (iii) Late Universe.

A. Very Early Universe

This was the first phase of the evolution. It was started immediately after the Big-Bang. During
this period universe was a hot soup of fundamental particles and radiation. Its temperature
was around 1027 K. The evolution of very early universe ended with the vary rapid exponential
inflation, between 1072* and 10732 seconds after the Big Bang. As a consequence of this rapid
inflation temperature dropped down to 10%% K.
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B. Early Universe

After exponential inflation, although the rate of expansion of the universe decreased but still
expansion continued. At this time the photons maintained a perfect thermodynamical balance
along with the fundamental particles by annihilation and pair production process®. At the be-
ginning of this period all the four fundamental forces (gravitation, electromagnetic, strong and
weak force) have got individual status. The phenomenon of early universe can be chronologically
divided as follows,

e Hadron epoch (107° to 1 second after the Big Bang)

Temperature of the universe dropped down to 103 K with its expansion. At this tempera-
ture pair production stops for Hadrons, but annihilation continues. Thanks to a subtle bias
in the laws of physics, the particles were slightly outnumbered over the antiparticles. So
after annihilation, the universe contained lots of photons and a few hadrons. At the end
of this epoch neutrinos decouple from the rest of the leptons and begin travelling through
space. Neutrinos are very weekly interacting lepton. At presents various scientific projects
are running to detect these neutrinos in the present time. Among them India-based Neutrino
Observatory (INO) Project ia a major ongoing effort in this field. If we can detect these
neutrinos, we can fetch lot of information about early and very early universe from them
Jjust like the CMBR.

e Lepton epoch (1 to 10 seconds after the Big Bang)

During this time temperature of the universe dropped below 6 x 10° K. In this situation
due to decrease in photon’s energy pair production for leptons stopped, while annihilation
continued. Now as in case of hadrons, there was some excess of leptons over the anti-leptons.
So all anti-leptons were eliminated in annihilation reactions, leaving a small residue of leptons
and huge quantity of photons.

e Nucleosynthesis (2 minutes to 20 minutes after the Big Bang)

The temperature of the universe dropped below 1.2 x 10° K. Protons and neutrons begin
to combine into atomic nuclei in the process of nuclear fusion. Free neutrons combine with
protons to form deuterium. Then Deuterium rapidly fuses into Helium when temperature
dropped below 1 billion degrees Kelvin. Nucleosynthesis only lasts for about seventeen
minutes, since the temperature and density of the universe has fallen to the point where
nuclear fusion cannot continue. By this time, all neutrons have been incorporated into
helium nuclei. This leaves about three times more hydrogen than Helium and only trace
quantities of other light nuclei. The leftover neutrons decay into protons and electrons.
Nucleosynthesis in the early universe (unlike nucleosynthesis in stars) was unable to create

5 Two photons can collide to form a particle-antiparticle pair if the energy of each photon is greater than the
energy equivalent (E' = mc?) of the particle or antiparticle. For instance, a proton has mc? of 10-10 joules.
Two photons, each an energy greater than this value, can collide to form a proton-antiproton pair. This process
is known as pair production. 5
Conversely, a particle and its corresponding antiparticle can collide to form a pair of photons. For instance, a
proton and antiproton colliding at a low relative velocity will produce a pair of photons, each with an energy of
10710 joules, (This is a high energy for a photon, corresponding to an extremely energetic gamma-ray.) The
process of converting a particle-antiparticle pair to photons is known as annihilation.
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elements heavier than the first four elements in the periodic table: hydrogen, helium, lithium,
and beryllium. For the next 2500 years or so, the universe remained in a state of (i) radiation-
dominated, (ii) nearly homogeneous, (iii) nearly flat, (iv) highly opaque (the photons were
unable to decouple from the matter due to their constant collision with the electrons).

e Matter domination (70,000 years after the Big Bang)

Now with time as universe was expanding more and more both the density of matter (pm
R™3) and radiation (p, o< R™*) began to decrease, but radiation density was decreasing
more rapidly than matter density with the increase in radius of the universe (R). So a
particular time came when the densities of matter and radiation became equal. After that
Universe became matter dominated.

¢ Recombination (377,000 years after the Big Bang)

As the universe farther cools down to approximately 3000 Kelvin, the energy of photons
decreased below the ionisation energy of hydrogen atom, i.e. 13.6 ¢V and they were unable to
ionize any stable atom. So electrons were captured by the atomic nuclei, forming electrically
neutral stable atoms. This is known as recombination process. At the end of recombination,
most of the electrons in the universe are bound up in neutral atoms. Therefore, the photon’s
mean free path becomes effectively infinite and the photons can now travel freely as if
the universe had become transparent to them. This cosmic event is usually referred to as
decoupling of photons. At the time of decoupling photon’s energy was approximately 0.25
eV. But as times goes on and universe expanded these free photons scattered through whole
space and their their energy further decreased. They are also present throughout the whole
space in this time. Calculation showed that their energy should be in microwave region in
the present time. They were first detected in 1965 as we have already stated in the previous
section and they are now famous in the name of CMBR. Therefore CMBR is a picture of
the universe at the end of recombination epoch.

e Dark Ages

When the photons were released (or decoupled) the universe became transparent. At this
time universe was filled with mostly hydrogen and helium. At this point the only radiation
emitted was the 21 cm spin line of neutral hydrogen. There is currently an observational
effort underway to detect this faint radiation, as it is in principle an even more powerful tool
than the cosmic microwave background for studying the early universe.

C. Late Universe

In this era structure formation took place. Structure formation in the big bang model proceeds
hierarchically, with smaller structures forming before larger ones. The first structures to form are
quasars, which are thought to be bright, early. active galaxies, and population III stars. We can
divide it as follows

e Reionization (150 million to 1 billion years after the Big Bang)

The first stars and quasars formed. The intense radiation they emit energized the photons
and they again reionized the surrounding hydrogen and helium atoms. This process of
ionization of matter after dark ages is known as Reionization.
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e Formation of stars

The first stars, most likely Population III stars, formed and started the process of turning
the light elements that had formed in the Big Bang (hydrogen, helium and lithium) into
heavier elements. Fortunately observations of the CMBR can be used to date when star
formation began in earnest. Amnalysis of such observations made by the European Space
Agency’s Planck telescope, as reported by BBC News in early February, 2015, concludes
that the first generation of stars lit up 560 million years after the Big Bang.

e Formation of galaxies

Large volumes of matter collapsed to form a galaxy. Population II stars were formed early
on in this process, with Population I stars formed later. The Hubble Ultra Deep Field shows
a number of small galaxies merging to form larger ones, at 13 billion light years, when the
universe was only 5% its current age. This age estimate is now believed to be slightly shorter.
Based upon the emerging science of nucleo-cosmo-chronology, the Galactic thin disk of the
Milky Way is estimated to have been formed 8.8 £ 1.7 billion years ago.

¢ Formation of groups, clusters and superclusters

Gravitational attraction pulls galaxies towards each other to form groups, clusters and su-
perclusters.

e Formation of the Solar System

The Solar System began forming about 4.6 billion years ago, or about 9 billion years after
the Big Bang. A fragment of a molecular cloud made mostly of hydrogen and traces of other
elements began to collapse, forming a large sphere in the center which would become theé
Sun, as well as a surrounding disk. The surrounding accretion disk would coalesce into a
multitude of smaller objects that would become planets, asteroids, and comets. The Sun
is a late-generation star, and the Solar System incorporates matter created by previous
generations of stars.
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e Today

The Big Bang is estimated to have occurred about 13.8 billion years age. Since then uni-
verse is expanding. Now Hubble law states that universe is expanding linearly. But recent
measurements shows that our universe is actually expanding in size with acceleration. In
1998 came the first experimental evidence for accelerated expansion (for which Saul Perl-
mutter, Brian Schmidt and Adam Riess won the 2011 Nobel Prize of Physics). This can be
explained by two ways—by changing right hand side of Einstein's equation (1) considering
some new forms of matter and energy which we have not able to find yet. They are called
dark matter and dark energy. These are called dark not because of their colour or anything
related to religious issue, but because of they can not be detected easily. According to the
Planck mission team, and based on the standard model of cosmology, the total massenergy
of the known universe contains 4.9% ordinary matter, 26.8% dark matter and 68.3% dark
energy. Thus, dark matter is estimated to constitute 84.5% of the total matter in the uni-
verse, while dark energy plus dark matter constitute 95.1% of the total massenergy content
of the universe. While the other option is by modifying Left hand side, i.e. the curvature of
Finstein’s equation. This is done in various modified gravity models.

Up to now we have only discussed how our universe evolved after Big-Bang, but did not discussec
anything about what caused the Big-Bang itself and what was the condition of the universe before
big-bang occurred. Let us concentrate in this matter.

IV. WHY BIG BANG OCCURRED?

It was confirmed that Big-Bang theory, based on GTR, was inapplicable near singularity. Now
to answer why big-bang occurred, we have to modify GTR to apply it in very early universe which
was a hot and dense mixture of the fundamental particles and radiation. Again the interactions
between fundamental particles are deseribed by rules of quantum mechanics, another major in-
vention of 20-th century. So to construct a theoretical model of very early universe we have to
meagre GTR with quantum mechanics. This was the beginning of quantum gravity, which deals
with phenomenon of very early universe. With this new theory we have to study very well about
the four fundamental forces and the interaction among themselves because all of them coexisted
in a very small region in the early universe. So a host of scientists were engage to unify all the
four fundamental forces in a single force which would control everything in very early universe. In
1979, Steven Weinberg along with Abdus Salam and Sheldon Glashow got Nobel Prize in Physics
for their contributions to the unification of the weak force and electromagnetic force. Electromag-
netic and weak force were unified until 10~¢ seconds after the big-bang. Jointly they were known
as clectroweak force. Theoretical caleculation also predicts that before it, electroweak force was
combined with strong force. It is known as grand unified theory (GUT). Strong force decoupled
from electroweak force around 1073 seconds after big-bang. It is again considered that during
the initiation of big-bang, Gravity was also coupled with others and immediately after big-bang
it was separated. It might happen around 10™%% seconds after big-bang which is known as planck
epoch. Scientists are trying to confirm the above theoretical predictions by various high energy
particle physics experiments. Now let us concentrate on quantum gravity. The pioneers in this
fields were Dirac, Arnowitt, Deser, Mesner, wheeler, de-Witt etc. De-Witt derived quantum ver-
sion of Einstein’s equation which was famous as Wheeler-De-Witt equation in 1964. Tt was soon
realised that GTR is a non-renormalizable theory. So we can not go much with Wheeler-De-Witt
equation. In the meantime Hawking announced the derivation of black hole radiation around
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1974. Hawking’s result is not directly connected to quantum gravity—it is a skillful application
of quantum field theory in curved spacetime—but has a very strong impact on this field. Shortly
after this, K. S. Stelle renormalized gravity by introducing higher order curvature invariant terms
in 1977. Unfortunately it showed ghost degrees of freedom and so non-unitary. But it had given
birth a new idea to get a quantum deseription of gravity by modifving Einstein-Hilbert action
by incorporating higher order terms. Hawking applied Feynmann’s path integral formalism to
derive wavefunction of the very early universe for curvature squared gravity. After this various
people tried to renormalize gravity in various ways. Some of these major processes are, string
theory, loop quantum gravity, canonical formulation of gravity etc. All these theory suggests
that Einstein’s gravity should be modified by incorporating some higher order geometric terms.
Although repeated attempts, full quantum theory of gravity has not been achieved yet. If is an
open challenge to the theoreticians of this era. If this effort becomes fruitful we can probe during
the starting of Big-Bang or even before it. In the absence of full quantum theory of gravity some
theoreticians had also started to study quantum cosmology. Here for a particular model, people
are trying to derive corresponding quantum equation for some finite dimension. Then it is solved
to get an essence of the phenomena occurred in the very early universe. We are working in this
field.

V. CONCLUSION

In this article we have tried to discuss evolution of our universe in a very simple way. We
need a lot of mathematics for for detail discussion. Mathematical formulation is really hard to
understand for common people. Genius like Einstein had taken 10 years to build mathematical
formulation for GTR! Whatever may be the fact, we hope that, one day someone will definitely
answer why big-bang occurred and that day we shall not be much further away to meet our GOD.

Interested readers may go through the following books for more detail.

[1] The First Three Minutes—A modern view of the origin of the universe, Steven Weinberg,
FLAMINGO, Published by Fontana Paperbacks.

[2] Gravitation and Cosmology: Principles and Applications of the General Theory of Relativity, Steven
Weinberg, John Wiley & Sons.

[3] Gravitation -Foundations and Frontiers, T. Padnabhan, Cambridge University press.

[4] The large scale structure of space-time, S.W. Hawking and G. F. R. Ellis, CAMBRIDGE MONO-
GRAPHS ON MATHEMATICAL PHYSICS.
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