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MESSAGE FROM
PRINCIPAL DESK

VIGYAN PATRIKA fem

M&?!ST, our College e-Magazine kindles

the imagination of our learners. Cradled y s

in the lap of nature on the one hand and

archeological edifice on the other,

swaying from serious thinking to playful inventiveness, four thousand women students at
Osmania University College for Women are brimming with a zeal for life empowering
themselves with skills and creativity.

| congratulate the staff and students of all faculties who used various mediums of
expression to present their ideas. As long as our ideas are expressed and thoughts kindled we
can be sure of learning, as everything begins with an idea. | appreciate every student who
shared the joy of participation in co-curricular and extracurricular activities along with their
commitment to curriculum. That little extra we do, is the icing on the cake. ‘Do more than
belong— participate. Do more than care — help. Do more than believe — practice. Do more
than be fair — be kind. Do more than forgive — forget. Do more than dream — work.’

Just as our mother earth gives us more and more, VIGYAN PATRIKA 1%@1?( oz
will enable our learners to give and get a little more of learning.

I'm extremely sincere about KAIZEN ACADEMY. Since its inception in 2020, it has
offered itself as a shell to shelter and nurture human minds in their raw state to mature into
empowered renaissance, paradoxes and innovations. | wish all the best for the magazine.

Happy Reading!

Ranjith Kumar

Principal
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""Science is a way of thinking much more than it is a body of knowledge"

Q(/" ---Carl Sagan
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WHY THE SKY IS BLUE?

Prof. C.V. Raman

When | was

asked to choose a
scientific subject for
my lecture | had no
difficulty at all in
choosing the subject
of "Why the sky is
blue." Fortunately,
nature has been
kind today; as |
look up and see, the sky is blue: not
everywhere, as there are many clouds. |
chose this subject for the simple reason
that this is an example of something you
do not have to go to the laboratory to see.
Just look up look at the sky. And I think it
Is also an example of the spirit of science.
You learn science by keeping your eyes
and ears open and looking around at this
world. The real inspiration of science, at
least to me, has been essentially the love of
nature. Really, in this world, wherever we
see, we see all kind of miracles happening
in nature. To me, everything | see is
something incredible something absolutely
incredible. We take it all for granted. But |
think the essence of the scientific spirit is
to look behind and beyond and to realize
what a wonderful world it is that we live
in. And everything that we see presents to
us not a subject for curiosity, but a
challenge, a challenge to the spirit of man
to try to understand something of this vast
mystery that surrounds us.

Science continually attempts to meet this
challenge to the spirit of man. And the
great problem today, which Dr. Sarabhai
has addressed himself to, is how to rouse
the younger generation of our country to
meet this great challenge before us, once
again to build up India into a great center
of knowledge and learning and endeavor.

Well, 1 wish you
all success. Now
let me turn back
to my problem
"Why the sky is
blue?"

I raised this
question because
it is an easy
subject. | only
have to look up
and see that the
sky is blue. But why is it blue?

The interesting point is that it is easy to
answer that question in a casual way. If
you ask a Botanist, why are leaves green?
He murmurs, 'Chlorophyll'. Finished. You
see all scientific questions can be disposed
of in that summary fashion, in one or two
words. You can surely pass your
examinations with that kind of answer, but
that is not the real answer. As | said
before, the scientific challenge of nature is
to think not only to discover but also to
think, to think continually and to try to
penetrate this mystery: "Why is it blue?"
That is a very interesting problem, because
two things are there. The sky is there and |
am here. | see it is blue. It is the human
brain and the human mind as well that are
involved in this problem. Now suppose we
put this problem before the young people.
Don't read any book about it; don't ask
your teacher. Let us sit dawn and try to
think out this problem: Why is the sky
blue? Look at it as if it is a completely new
scientific problem about which nobody has
troubled himself before. You sit down and
think it out and you will find it a most
exciting thing to ask yourself that question
and see if you can discover the answer for
yourself. Now | will put it to you in this
way. The best way to answer a question is




to ask another. At night, we all see the
stars. On a fairly clear night you see the
stars twinkling in the sky. Why are the
stars not visible in daytime? Please ask
yourself this modest question. Well, the
reason obviously is that the earth, as a
lady, has hidden herself under a veil. The
sky is a veil, which she has thrown around
us. We cannot see the stars during the day,
because the veil hides the stars. And what
is this veil? The veil obviously is the
atmosphere of the earth. The same veil,
which at night is so transparent that we can
see the faintest star and the Milky Way, is
covered up in daytime. Obviously, it is the
atmosphere, which is the veil. And we see
the sky as blue only because we have not
got other
thicker
veils like
these
clouds.
You see
for
example,
those
clouds
high in
the blue
sky.
Obviousl
y
therefore
, for the
sky to be
really
blue, there must be nothing else, no clouds
and perhaps no dust. The clearer the sky is,
the bluer it is. So the sky is not always
blue; it is sometimes blue and sometimes
not blue at all. So that the mere looking at
the sky enables us to understand the
condition of the atmosphere.

Let me say one thing more. Obviously, the
sky and the atmosphere are lit up by the
sunlight. Sunlight is passing through this
great column of air and obviously it is the
atmosphere, something that is transparent
and invisible at night, that is seen to us by
the light - sunlight - passing through the
atmosphere. Now | want you to ask
yourself another question. | don't know if

any of you have had the curiosity to look
at the clear sky on a full-moon night. You
know that moonlight is only the sunlight
incident on the moon and is diffused or
reflected. | don't know if any of you have
really watched the sky on a clear full-
moon night. You will be astonished to find
that the sky is not blue. It appears pale,
you just see some light and you see some
of the stars even under the full-moon sky,
but the sky is not blue. Why is it that the
sky, which appears blue in sunlight, does
not appear blue in moonlight? The answer
obviously is - the illumination is far less
powerful. You don't require to be much of
a mathematician to calculate the ratio of
the intensities of full- moon light and
sunlight. |
present it to
same young
mathematicia
n to sit down
and work
out. How big
is the moon?
What should
be the
brightness of
moonlight? It
is a little
astronomical
problem.
Rough
arithmetic
would  tell
you that
moonlight is something like half a
millionth part as bright as sunlight; you
would think it is terribly small. But
moonlight, when it is there seems very
bright though it is only half a millionth
part of the brightness of sunlight. Why
does it look so bright? Well, the eyes have
got accustomed to much lower levels of
illumination. So moonlight appears very
bright but not so bright, as to veil all the
stars. But the sky, it does not appear blue.
So this comparison of sunlight and
moonlight brings to our notice a very
remarkable fact. It is an absolutely
fundamental aspect of human vision that to
perceive colour, you must have a high




level of illumination. The sky is blue,
merely because sunlight is brilliant:
moonlight is much less brilliant and so you
don't perceive colour. This is a principle,
which perhaps is not so widely appreciated
as it ought to be. Colour is only perceived
at high levels of illumination. The higher
the illumination the brighter are the
colours. You go down to low levels of
illumination, say, a millionth part, half a
millionth or a hundred thousandth part of
sunlight, the sense of colour disappears.
Now this is a very fundamental fact of
human vision, which simply comes out of
nothing else but just observation and
thinking, that's all. I can go on giving any
number of illustrations. Perhaps the most
striking illustration emerges when you
look at the stars or such objects as the
Orion nebula through small telescopes. Let
me say here and now, my belief that there
IS no science so grand, so elevating, so
intensely interesting as astronomy. It is
amazing to see how many people high up
have never seen the sky through the
telescope. | want to tell them something
which is absolutely incredible: Nothing
more than a pair of binoculars, a good pair
of binoculars is needed to educate oneself
in the facts of astronomy | think a man
who does not look at the sky even through
that modest equipment - a pair of
binoculars - cannot be called an educated
person, because he has missed the most
wonderful thing and that is the universe in
which he lives. You must have a look at it.
You don't see much of it, but you see a
little and even this little is enough to
elevate the human soul and make us
realize what a wonderful thing this world
is.

| come back now to the problem of the
blue sky. | want to pose to you a very
difficult question. Why is it that we
perceive the blue colour only under intense
illumination in sunlight, and not in
moonlight? | will bypass that and come
back to the question: Why is the sky blue?
Well, we all know that white light is
composed of all the colours in the
spectrum. You divide white light into

various colours; you start with deep red at
one end, light red, orange, yellow, green,

blue and violet, so on, the whole range of
colours. When | look up at the sky, | see
only the blue; what has happened to the
rest of the spectrum? This is the basic
question. The question becomes a very
pressing one when | remark that when we
actually spread out sunlight into a
spectrum, the blue part of it is the least
intense part. Less than 1/40th of the whole
energy of the brightness of the sunlight
appears in the blue of the spectrum and we
see only that 1/40th part. You don't see the
rest of the spectrum. It has simply
vanished. It is not there at all. You can
look very very hard and try to see if you
can see any red or yellow or green in blue
sky. We don't see it. The blue has just
masked the rest of the spectrum. This is a
very remarkable fact. If you watch the sky
on some occasions, you get great masses
of white clouds, what they call the
cumulus clouds not huge things, just little
bunches. It is a beautiful sight to see the
blue sky and these little masses soaring
above. | have derived great satisfaction in
just doing nothing at all and looking at
these masses of clouds and the blue sky.
The interesting point is precisely when you
have the clouds moving about that the sky
is bluest. What it means is that these
cumulus clouds in the course of their
formation just cleaned up the rest of the
atmosphere. They take up the dust
particles and concentrate them on the
white clouds. The rest is left nice and
clean. You see the beautiful blue view
against the brilliant white; it is a very
lovely sight. A sight for the Gods; only
you don't bother to look at it because it is
so common. You may ask me, how is the
cleaning process accomplished? Now here
is a wonderful story. When | ask the young
people, "What is the cloud?" “Oh! Sir, it is
steam". The usual answer you get is that
the cloud is steam, but it is nothing of the
sort. The cloud consists of particles and
what looks to us, as great masses of white
clouds are just droplets of water. Water is
heavy but why does it not fall down? We
find it floating in the air! You see that is




another problem. Already | am going from
one problem to another. We ask ourselves,
what is a cloud? Why is it floating in the
air? The moment you ask the question,
"Why the sky is blue?" you go deeper and
deeper into some of the deepest problems
of Physics. Now the interesting point is
this you cannot have a cloud unless you
have dust particles about which it can
form.

There must be particles of some sort, may
be very small, maybe very large. They call
it in learned language 'Nuclei'. If there is
no dust in the air, there will be no cloud
and no rain. You see how from the blue
sky, we have got on to the origin of rain,
rainfall and so on. One thing leads to
another. That is the essence of science.
You must go deeper where it leads you.
You cannot go thus far and no further. The
moment you raise a question, another
question arises, then another question, so
on and so on. Ultimately, you find that you
have to travel the whole field of science
before you get the answer to the question:
Why the sky is blue? So | told you this fact
about the clouds.

Well, I should say the clouds clean up the
atmosphere. Clouds form and then leave
the atmosphere clean, comparatively free
from dust particles and other

nuclei and that is why the sky is blue. So
we came down at last to getting some kind
of answer to the problem. The sky is blue
because the atmosphere is clean and free
from dust and all nuclei. The clearer it is,
the bluer it looks, provided there is enough
light. So you come somewhere near the
answer to the question. What is it you are
able to see? The fact is that when we see a
blue sky, we see the atmosphere of the
earth, the gases of the atmosphere, they
diffuse the light and we see the blue light
of the sky. But still we are far from the
answer.

| told you that blue is only 1/40th part of
the sunlight. What happens to the rest of
the light, the sunlight? That is the question.
Now this question can be answered in the
following fashion. You look at the white
cloud and look at the blue sky. You can
compare them with the help of a pocket

spectroscope and you find strangely
enough that you have to look very-very
carefully before you find any difference in
the spectrum of the blue sky and the
spectrum of the white cloud. White cloud
is certainly very much brighter. But so far
as the spectrum is concerned, you see in
the blue sky and in the cloud the same
spectrum. It also starts with the red end
and goes on till the blue. But in one case
you see the blue, in the other case you see
the white. And with great trouble, you look
very carefully; you see that there is some
difference in the relative brightness. You
can see the yellow and the red, not so
bright relatively. Mind you, it is a mental
calculation. You see the relation of
brightness between the blue part of the
sky, the blue part of the spectrum and the
violet part and the rest of the spectrum.
Relatively to the red, the yellow and the
green, the blue and violet are stronger in
the scattered light in the diffused light of
the blue sky. Still you are very far from the
answer. It does not explain why don't we
see the rest of the spectrum. Actually in
the blue sky the green and the yellow and
the red are still there, they are still far
brighter, perhaps not so perhaps not 40
limes but perhaps ten times brighter than
the blue. Then why do we see the blue and
why don't we see the rest? Here again you
come across an extremely difficult
question to answer. The actual brightness
of the blue part of the spectrum in skylight
is still much smaller than the brightness of
the rest of the spectrum but we don't
perceive that part of the spectrum. Now
this is very simple and very surprising. But
there is a nice little experiment which,
perhaps one day, will be shown at the
Science Center which will enable you to
see at least that it is not an exceptional
phenomenon. It is one of the most
fundamental facts of human vision that the
blue part of the spectrum inspite of its
weakness dominates the spectrum in
certain conditions and plays a role
tremendously far more important that its
actual brightness warrants. Now the
experiment is the following it is a very
easy experiment. You take water and put a




little copper sulphate in it and then put
excess ammonia in it. You will get a
solution called cuprammonium. It is very
strong it will transmit only deep violet
light. Put it in a cell. You go on adding
water in the cell and look at the colour of
the bright lamp and see that the following
thing happens. The deep violet changes
into blue. The blue changes to

a lighter blue and so on. But till the very
last, it remains blue. In the spectrum of the
light the solution is transmitting red light,
green light, not of course yellow. Lot of
light comes through the spectrum and the
blue is still only a minor part of the whole.
Whatever light comes through the
spectrum you cannot see and you cannot
even imagine any other colour coming
through. And the reason for it is as
follows. If you examine the transmitted
light through a spectroscope you will find
that the yellow part of the spectrum is
diminished by the influence of
cuprammonium. It absorbs and cuts out the
small part of the width of the spectrum, but
a very important part and that very
important part is the yellow of the
spectrum.

Never mind how it absorbs the yellow part
and controls the colour. The light is blue
simply because the yellow is absorbed and
the blue comes into vision. If you take the
whole spectrum and if you reduce the
strength of the yellow part of the spectrum,
at once you find the blue part of the
spectrum and the blue colour dominates.
This is again a fact of physiology. If you
want any colour whatsoever to be showy,
you must take out the yellow. Take for
example that red carpet which has been
spread in my honor, I suppose. You look at
it through a spectroscope. | can tell you
beforehand, there will be no yellow in it at
all. To get any colour, red, green or blue,
you must take out the yellow.

Yellow is the deadly enemy of colour. All
other colours | mean. Look at the green
leaf. All the leaves are green, not because
of the presence of chlorophyll - the
chlorophyll has a strong absorption of red
no doubt. But the real factor, which makes
the color green, is the fact that the yellow

Is taken off chlorophyll has enough
absorption of the yellow to reduce the
strength of yellow. Well, | examined silks
for this. Bangalore is a great place for silk
manufacture. | managed to purchase about
25-30 blouse pieces. | got them to verify
the proposition that all brilliant colours
require the suppression of the yellow
region of the spectrum.

Look at the rice field. It is wonderful.
Look at the rice field with a spectroscope.
It looks very much like the spectrum of the
blue sky. But the only visible difference
you can actually see at a glance between
the blue sky and the green rice field is that
the blue part of the spectrum has been cut
off and that is produced by the so-called
carotenoid pigments that are present here,
which cut off the blue; the rest of the
spectrum looks almost alike. But if you
look very carefully, you will see that in the
colour of the rice field, you do not get the
yellow. The removal of yellow is essential,
before you can perceive the leaves as
green. You see always this predominance
of the yellow. On the contrary, if the
yellow is taken off, the blue dominates. If
you don't take off the yellow, the yellow
dominates. The two are contradictory and
they are enemies to each other. The fact is
that you can divide -- the physical
explanation is deeper still - you can divide
the whole spectrum into two pelts. The
division is just where green the blue ends:
that part of the spectrum extending to
green, yellow, orange and red amounts
only to yellow. The other parts of the
spectrum summed up amount to blue. Now
if you take off this or reduce this you get
the other. This is the real explanation of
the blue colour of the sky and is very
significant. You reduce -- not that you
abolish -- the intensity of the yellow in the
spectrum and of course of the green and
the red. It is the reduction of the yellow of
the spectrum that is to say the
predominance of the blue, which is
responsible for the blue light of the sky.
Well, one can carry further and say that it
is the reduction of yellow that is basic.
And why is it reduced? So here comes the
second part of it. | could have started with




that and said, "Why is the sky blue?" “Oh,
the scattering of light by the molecules of
the atmosphere”. | could have dismissed
the whole lecture in one sentence. | could
have said just as the botanist says "Why is
it green?" "Just chlorophyll”. I could have
said, "Why is the sky blue?" "Scattering of
light by the molecules of the atmosphere."
One sentence, "Then sir" you would ask
me, “why this entire lecturer”. Because,
my young friends, | want you to realize
that the spirit of science is not finding
short and quick answers, the spirit of
science is to delve deeper -- and that is
what | want to bring home to my audience
and deeper. Don't be satisfied with the
short and ready quick answers. You must
never be content with that: you must look
around and think and ask all sorts of
questions; look round the problem and
search, and search and go on searching. In
the course of time you will find some of
the truth, but you never reach the end. The
end, as | told you, is the human brain, but
that is very far away yet. This is the spirit
of science. | should give you an illustration
of how by pursuing a simple question, |
can go on talking to you as if | have just
begun, the real subject of my lecture:
"Why the sky is blue". "The sky is blue
because the illumination of the sky light is
due to the scattering of light by the
molecules of the atmosphere”. Now this is
a discovery, which came rather slowly.
The person who first stated this
explanation was the late Lord Rayleigh.

| think that dreams are the best part of life.
It is not the realization, but the
anticipation; I am going to make a
discovery tomorrow, that makes a man of
science work hard, whether he makes the
discovery or not. And this is what | want
to emphasize once again. Science is
essentially and entirely a matter of the
human spirit. What does a poet do? What
does a painter do? What does a great
sculptor do? He takes a block of marble,
chips, goes on chipping and chipping. At
the end of it, he produces the dream in the
marble. We admire it. But, my young
friends please remember what a
tremendous amount of concentrated effort

has gone in to producing that marble piece.
It i1s the hope of realizing something,
which will last, forever, which we will
admire forever that made him undertake all
that work. Essentially, | do not think there
Is the least difference whatever between
the urge that drives a man of science to
devote his life to science, to the search for
knowledge and the urge that makes
workers in other fields devote their lives to
achieving something. The greatest thing in
life is not the achievement but it is the
desire to achieve. It is the effort that we
put in, that ultimately is the greatest
satisfaction. Effort to achieve something in
the hope of getting something; let it come
or not come, but it is the effort that makes
life worth living and if you don't feel the
urge towards the search for knowledge,
you can never hope to be a man of science.
You can perhaps get a job in some of the
departments, get a nice comfortable salary,
in which you don't have to do anything
except to wait for the monthly cheque: but
that is not science. The real business of a
scientific man is to try to find something
real and to look forward to the
acquirement of knowledge.

Having said all this, may | again come
back to the blue sky? I have not finished
yet. In fact, to tell you the honest truth, I
have only just begun my lecture. Why is it
that the molecules of the air scatter light?
The obvious thing is this, as | told you, the
long waves in the spectrum -- I am using
the language of wave optics -- the long
waves of the red, yellow and the green are
scattered less in the diffused light and the
rest quite strongly, with the result that the
eye perceives this and not that. Now why
is that? The answer is very obvious. The
molecules of the atmosphere are extremely
small in size, incredibly small compared
with what is the standard of comparison,
the wavelength of light. The same thing
you notice, for example, if you look at a
big lake. The wind blows on the waves and
you have a piece of cork or wood floating
on it. You see the wood trembling. Why?
Because the size of the wood is
comparable with the size of the waves. But
suppose you had a big boat going on the




. Iake; I don‘t know how big the boat can be,

but you see that the big boat is not

_disturbed so much as the small particle. It

Is the relationship between the size of the
disturbance and the size of the particle that
determines the effect the waves produce on
the particles and vice versa, the effect
produced by the particles on the waves.
This is the basic principle, which results in
the scattering of the shorter waves by
preference. You can show that by any
number of experiments in the laboratory;
for that, you don't require molecules of air.
You require just some water and put in it
some substance like bit of soap. You can
also make the experiment with smoke:
particles small enough will scatter the
shorter waves by preference. But you don't
get the real rich blue colour unless the
particles are extremely small. And as |
have already indicated, you must have
adequate  illumination.  Unless  the
illumination is strong enough, the
sensation will be just the palest of pale
blues. Now | have came from the
scattering of blue sky to the study of
molecules. And there the subject begins
and it goes on. In fact, | started the subject
in the year 1901. What | told you was
known pretty well except the vision part of
which | have spoken about. That is my
most recent work, but what | spoke about
molecules and so on was all known in
1921. At that time, we thought it was
finished. Today, we know that the faculty
of vision and the quality of vision play an
immense role in the subject.

The subject of my lecture is not the blue of
the sky, but as you must have all
understood by this time - it is the spirit of
science. What is science? And how can we
in this country hope to advance science?
How can we try to really make ourselves
worthy of our ancestors in the past? That is
the real topic of my lecture. It is only the
peg to hang the subject upon. Well, the
story begins there. The question is how
does light interacts with molecules and
what happens with molecules and what are
molecules and so on. Science never stops.
It is going on. The more you find, the more
appears that you have to find. That is the

attraction of science, provided you are not
distressed too much by other people
getting in front of you. Don't bother about
them. The real point is that it is an endless
quest and every new discovery opens new
paths for discovery. New questions arise,
requiring new answers.

But then, | cannot give this lecture without
making some reference at least as to how
all this I am talking about is united up with
meteorology all the time. But the real
interest in the subject is not in meteorology
at all. The real interest in the subject is the
scattering of light, which is the most
powerful weapon we have today for
understanding the ultimate nature of the
molecules of the air. You can count the
molecules. You can make the experiment
in the laboratory. It is an experiment,
which every student of science ought to
have seen. You take a glass bottle, a flask
and a cork and get all the dust out of it and
send a beam of light, it may be sunlight, it
may be any thing else but see that the
beam of the light goes through the air. You
can see the air. The air is not such a
transparent, colourless gas; it is not
invisible. You can make air visible by
means of this scattered light. This is a very
simple experiment and ought to be seen by
every student of science at least once in his
lifetime. You can see air. You can see any
gas. You can see any vapour, by the
strength of the light diffused by the
individual particles. And the more particles
you have, the stronger the diffusion. From
the strength of the diffusion, you can
actually count the number of molecules. |
use the word counting, not like one, two,
three, four: it is a son of differed type of
counting. When | was in the currency
office, they used to count the rupees. You
know what they did; they did not count the
rupees. They counted the bags: they
weighed the bags; each bag was supposed
to contain 2,000 rupees -- that had to be
taken on trust — and then multiply the
number of bags and you get a crore (10
million) of rupees. Like that, you count the
molecules of the atmosphere. It is only a
sort of estimate. But more than that, we
can actually see the scattering of light




simply by looking through an instrument;
you can find out whether a molecule is
short or long, whether it is spherical or
tetrahedral shape and so on. The study of
the blue sky is an immense field of
research, an unlimited field of research,
which was opened up and is still being
pursued.

The quest, you see, is the more the deeper
you go. Then the question arises what
about light? I cannot possibly enter into all
that. Because, my idea, as | told you is just
to give you a simple glimpse into how a
familiar phenomenon is linked up with
deeper problems of Physics and
Chemistry. That is the lesson we learn
today. From the familiar fact, it is not
necessary to hunt round the textbooks to
find problems of science. You keep your
eyes open and you see that all round you,
the  whole
world
bristles with
problems to
solve;  but
you  must
have the wit
to solve it;
and you
must  have
the strength
of mind to
keep going
at it until
you get
something.
This is the
lesson,
which | want to bring home to the younger
generation in front of me. What is the use
of all this? Here again, | want to stress the
philosophy of my life. Never to ask what is
the use of all this.

As | told you before, it is the striving that
is worthwhile. Because we have certain
inherent powers given to us to use -
observation and thinking -- we must use

them. The more we use them, the sharper
they become, the more powerful they
become and ultimately something will
come out of it so that humanity is
benefited, science is benefited. Ultimately
the aim of scientific knowledge is to
benefit human life. And that comes
automatically because the problems with
which we are concerned in science are
always those that lie nearest to hand. They
are concerned with things about us. So
long as we deal with the problem which
arise our of our environment, you never
can say that any particular piece of work
can be useless. The most important, the
most fundamental investigations, though at
first might seem an abstraction of nature,
are precisely those, which in due course,
affect human life and human activities
most profoundly. This is a very heartening
thing
because one
should not
think  that
scientific
work in
order to be
valuable
should  be
useful.
Scientific
work is
valuable
because it
will
ultimately
prove its
value for the
whole of human life and human activity.
That is the history of modem science.
Science has altered the complexion of
things around us. And precisely those
scientists who have laboured not with the
aim of producing this or that, but who have
worked with the sole desire to advance
knowledge, ultimately prove to be the
greatest  benefactors of  humanity.

( Prof. C.V. Raman's lecture delivered on December 22, 1968 on the Foundation Stone-
laying ceremony of the Community Science Center, Ahmedaba.)
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N The Importance of
“FEnvironmental Science

\ .
\. o

Smriti Chamuah
L
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communicates to them that there is a part of their lives that you beliex
should be discussed. <A A
In environmental science the physical, biological, and information
sciences are brought together to examine the earth's great natural systems.

This study is an interdisciplinary field of research eager to find solutions

for the deteriorating state of environment. Most of the people don't know
the importance environmental science. :

Environmental studies focus on the importance of environmenta
sustainability. Environmental initiatives and awareness programs
also help us in clearing our doubts and building our knowledge
on important issues such as climate change and sustainable livinge* P
It helps to avoid stream pollution and re-educate the general
population about the importance of recycling to preserve our
available resources.

An understanding of the relationship between humans and
their environment is important to establish a sustainable future. Humans
have been abusing and exploiting the environment for years and have
caused environmental degradation around the world. Environmental
science is important because of the growing presence of calamities in our
world. -7
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THE USEFUL SIDE OF MICROBES .

Bernie Gogoi

Microbes are tiny living things that are found all around us and are
too small to be seen by naked eye. Some_common types of microbes are
protozoa, bacteria, fungi etc.

Today two men are credited among us with the discovery of
microorganisms using primitive microscopes: ROBERT HOOKE who
described the fruiting structures of molds in 1665 and ANTONI VAN
LEEUWENHOEK who is credited with the discovery of bacteria in 1676. i

We found microbes to be present in everywhere like soil, air, water, .
inside our bodies and that of other plants and animals. Even they can grow in =
the sites where no other life forms could possibly occur and grow colonies in
nutritive medium. The question arise, how microbes are useful to us along W|th
its harmfulness?

Microbes is household products : Microbes or products derived from it
have a common use among us such as the production of curd from milk.
Lactobacillus and lactic acid bacteria (LAB) grow in milk and when a smal
amount of curd added to fresh milk, LAB multiplies and converts milk to curd?
which also improves its nutritional quality by increasing Vitamin B12 and alsa
play a role in stomach in checking disease causing microbes. The dough that us
to make dosa idli is fermented by bacteria and for bread, fermented_
(Saccharomyces cerevisiae). Traditional drinks are also fermented by microbes
such as "Toddy" of southern India. Microbes fermented soyabeans, fish an
bambooshots. Even cheese is the oldest food where microbes are used and give
it varieties of characteristic texture, flavour and taste.
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Microbes in  industrial
products: Microbes are used to
ynthesise a number of products
valuable to us such as beverages and
Antibiotics. Microbes require large
ssels called fermentors for
production on an industrial scale.
Fermented beverages: Microbes
such as yeast is used for the
production of beverages like wine,
beer, rum etc. Saccharomyces
cerevisiae is also used for
fermenting malted cereals and fruit
juices to ethanol.
Antibiotics: Antibiotics preduced
by microbes are regarded as one of
the most significant discoveries of
. the twentieth century and have great
contributions’to the human welfare.
It can kill or retard the growth of
other disease causing microbes.
Penicillin was the first antibiotic
. from microbe.
Chemical, Enzymes and other
Bioactive elements:Microbes are
used for commercial and industrial
production of certain chemicals like
organic aeids, alcohols and enzymes.
Lipase in detergent formulation are
helpful in removal of oily stains.
Bioactive  molecule such as
% cyclosporin A, is used as an
Immunosuppressive agent in organ-
transplant  patients  which  is
produced by fungus Trichoderma
polypsporum.
Microbes in sewage
treatment: Bacteria play a vital role
In sewage treatment and other such
microbes are protozoa, algae, fungi
etc. Microbes in waste water
treatment serve as a valuable tool to
treat sewage and to produce
enzymes and bioactive compounds.

. Biofertilisers are the living

They mix with water in the activated
sludge product and meet
biodegradable metarials in waste
water, which they then consume as
food.

Microbes in the production
of biogas: Methane is the predominant
gas present in the biogas mixture.
Certain bacteria grow under anaerobic
conditions and produce a large amount
of methane along with carbon dioxide
and hydrogen. The bacteria which
produce the gaseous mixture are
collectively known as methanogens.

Microbes as biocontrol
agents: Such microbes include
bacteria, viruses and protozoans.
Microbes act as biocontral agents in
three ways - either they cause

disease in the pests or compete with 2,
them or Kkill them. Microbial E\'. <
biocontrol ‘agents (MBCASs) are d

applied to crops for biological
control of plant pathogens where
they act via a range of modes of
action.

Microbes as

biofertilisers

microorganisms that help in the
growth and development of plants or -
crops by enhancing the availability
and supply of primary nutrients to
the plant. Rhizobia are the bacteria
that help in the nitrogen fixation and
thus help in replenishing ‘soil
nutrients and act as a biofertilisers.
Hence, there is a need these
days to push for use of biofertiliser
in place of chemical fertilisers. It
clear from the diverse uses hum
beings have put microbes to that
they play an important role in the
welfare of human society. '
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NATIONAL SCIENCE DAY 2022

Integrated approach in science and Technology for sustainable future - National science day
(NDS) is celebrated every year on February 28 to commemorate the discovery of the
'RAMAN EFFECT' government of India designated February 28 as National science day in
1986 on this day scientist CV Raman announced the discovery of the ' RAMAN EFFECT' for
which he was awarded the Nobel Prize in 1930.0n this occasion, theme- based science
communication activities carried out all over all over the country.

It was the process of development that brought man from forest to settlement. Even to day it
is gaining increasing speed. Such development which not only fulfills the needs of the present
generation but also dose not compromise for the coming generation is called

‘Sustainable is development' that meets the needs of the present without compromising the
ability of future generations to meet their own needs.

The world ‘Sustainable development' was first used by the ‘world conservation
strategy’. The National sciefce day, 2022 is likely to held a special place in the annals of
India history the year- long celebration marking 75 years of India's Independence. The idea
behind the chosen theme for this year, Integrated Approach in science and Technology for
sustainable Future is to adopt a four-fold approach namely integrated of the scientific
department that can work on theme — based approach, extended scientific integration
encompassing engineering, medical and other institutions, extra scientific integration
involving ldentifications of the needs of other ministries like water, energy, railways etc.
And extended science- driven all — inclusive approach integrating start ups- industry. The aim
of the sustainable development is to achieve a balance in the use of resources so that it can be
enjoyed without harm. It is defined as an ecological process in ecological system and their
species live in perfect balance with the resources that are present in their environment. The so
called ecological balance in which species are in harmony with the environment. They
survive‘ proliferate and compete based on national resources and interaction between species.

Sustainable development is a wonderful way to conserve the natural resources we have by
changing our approach towards the use and development of technologies we should not stop
using these resources rather we should use it in a sustained manner so that it doesn’t become
extinct and lead to the extinct of species.

Collected by- Pranamika Dutta
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ENDANGERED SPECIES

Reshmita Doley

An endangered species is defined as any species of organism that faces a high risk of
extinction within a portion or the entirety of its geographic range. The endangered species
concept, however is a human construct subject to debate and interpretation. Internationally,
the IUCN Red List of Threatened Species is the most well-recognized catalog of threatened
species. Generally speaking, the criteria for "endangered status™ are:

1 a very significant reduction in population size of a large percentage over recent

years -

1 a continuing decline

"1 a severely shrinking geographic range

Sociopolitical actions undertaken to preserve endangered species and their natural
habitats often conflict with human economic interests. It is necessary, therefore, to define
endangered species in terms of their aesthetic, practical, and economic value for humans.
Preservation of endangered species is important and practical for a number of reasons:
» organisms other than humans have intrinsic moral and ‘ethical value,
. and a natural right to exist,
» many plants and animals have an established economic value, asis the -
case of domesticated species, and exploited wildlife like deer, salmon,
and trees, p
» other species, including undiscovered medicinal plants and potential "
agricultural species, have as-yet unknown economic value, and
» most species play a critical role in maintaining the health and integrity
of their ecosystem, and therefore indirectly important to human
welfare.

Species become endangered for two main reasons:
(a) Loss of Habitat

A loss of habitat can happen naturally. Dinosaurs, for-instance, lost their habitat about
65 million years ago. The impact of the asteroid forced debris into the atmosphere, reducing
the amount of heat and light that reached Earth's surface. The dinosaurs were unable to adapt
to this new, cooler habitat.

As development brings people deeper into a species range, they may have more
exposure to wild species. Poisonous plants and fungi may grow closer to homes and schools.
Polar bears, mountain lions, and alligators are all predators brought into close contact with
people as they lose their habitat to homes, farms, and businesses. As people kill these wild
animals, through pesticides, accidents such as collisions with cars or hunting, native species
may become endangered.

(b) Loss of Genetic Variation

Genetic variation is the diversity found within a species. That's why human beings
may have blond, red, brown or black hair. Groups of species that have tendency to inbreed
usually have little genetic variation, because no new genetic information is introduced to the
groups. Inbred species do not have the genetic variation to develop resistance to the diseas
For this reason, fewer offspring of inbred groups survive to maturity.




Biologists say that during the last ice age, cheetahs went through a long period of
inbreeding. They cannot adapt to changes in the environment as quickly as other animals, and
fewer cheetahs survive to maturity. Overhunting and overfishing have reduced the
populations of many animals. A breeding pair is made up of two mature members of the
species that are not closely related and can produce healthy offspring.

Monoculture, the agricultural method of growing a single crop, can also reduce
netic variation. However, climate change is also threatening wild varieties. That means
domesticated plants may lose an important source of traits that help them overcome new
threats.
How to protect endangered species:
Conserve habitats.
Make space for our wildlife.
Recycle, Reduced and Reuse.
Plant Native plants that are local to the area
Control Introduce plants and Animals.
Join an organization.
Slow down while driving.

ANANE N NN

Four reasons why we should save endangered species:

(a) Ecological Importance --

Healthy ecosystems depend on plant and animal species as their foundations. Each species
that is lost triggers the loss of*ether species within its ecosystem. Without healthy forests,
grasslands, rivers, oceans and other ecosystems, we will not have clean air, water or land. If
we allow our environment to become contaminated, we risk our own health.

(b) Medical --

Over 50% of the 150 most prescribed medicines were originally derived from a plant or other
natural product. Tens of thousands Americans die every year from illnesses for which there is
no known cure. The cures for this diseases may eventually come from plants. Therefore, we
must protect all species before they are lost forever from nature's medicine cabinet.

(c) Aesthetic / Recreational --

The American tourism industry is dependent on plant and animal species and their
ecosystems for their multi-billion, job-intensive industry. The U.S. Park Service logs over
200 million visitors to our National Parks every year. The preservation of our nation's
biological diversity is an immensely important facet to the survival of the travel industry.

(d) Agrlcultural -

Agrlculture also plays an important role in the protectlon of species, farmers are often seen as
the original conservationists. Many farmers set aside portions of their land as wildlife habitat
and also work in partnership with groups such as Trout Unlimited to restore river and stream
habitats for endangered and threatened fish and reptiles. In addition, wild relatives of
common crops contain important genetic material needed to maintain these crops.

Hence, endangered species show us that our world may not be as healthy as we
think. An endangered species is one which has been categorized by the International Union
for Conservation of Nature (IUCN) as likely to become extinct. We must try harder to help
endangered animals increase in number to prevent more animals from becoming extinct. The
lives of the animals and plants mainly depend on how us as humans live. So it must be
protected and saved so that future generations can experience their presence and value.
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Lysosoms—The Suicide Bag

Ankurjyoti Gogoi

-

Lysosomes, popularly known as the suicide bag is a subcellular organelle that is
found in almost all types of eukaryotic cells which are also responsible for the
digestion of microorganisms, old cell parts, and macromolecules. They contain a wide
variety of hydrolytic enzymes capable of breakdown molecules such as proteins,
nucleic acid and polysaccharid®s..Lysosomes were discovered by the Belgian cytologist
Christian Renésde Duve in the 1950s.

Lysosomes are generally originated by budding off the membrane of the trans-
Golgi network, a region of Golgi complex responsible for sorting newly synthesized
proteins, which may be designated for use in lysosemes, endosomes or the plasma
membrane. The main functional task of a lysosome is digestion and waste removal.
They pulled foreign particles into the «cell through the process of endocytosis.
Lysosomes also help to keep the cell clean by digesting any foreign material. Foreign
materials which entering the cell, such as bacteria, as well as old oracles end up in the

lysosomes, which break them up into small pieces. Lysosomes. are able to do this

i
because they contain powerful digestive enzymes capable of breaking down all organic

materials.

As lysosomes work as a waste disposal system of the cell by processing undesirable
materials and degrading them, both from the exterior of the cell and waste
constituents inside the cell. However, during the disturbance in cellular metabolism,
the cell gets damaged and the digestive enzymes may burst from the lysosome, and
this can even cause the cell to die. Therefore, lysosomes are also known as the 'Suicide

Bag' of a cell.
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A BRIEF
~ COLLECTION OF
"~ QUOTES FOR
SUCCESS, LIFE
LESSONS AND |
INSPIRATION OF CV  §
RAMAN

* "I am the master of my failure.... If

[ never fail how will I erarn"

* "Ask the*right questions and nature

will open the doors to her secrets."

"I would like to tell the young men
and women before me not to lose
hope and courage. Success can only

come to you through courageous

devotion to the task lying in front of

you.

« "Treat me right and you will see the light... Treat me wrong and you will be gone."

* "If someone judges you they are wasting space in their mind.... And the best part is
that.. It's their problem."

* "In the history of science, Often Natural phenomenon has been the starting point in

the development of a new branch of knowledge."

* "The essence of science is Independent thinking, Hard work and not equipment.

When I got my novel prize, I had spent hardly 200 Rupees on my equipment."

Collected by - Khaninandan Gog



CELL
Sukanya Borah

DISCOVERY OF CELL:

Once upon a time, a sCientist with an artistic bend, accidently discovered the, cell
while peeping .though a microscope. In 1665 Robert Hooke discovered slices of cork are a
part of the bark of a tree. He took thin slices of cork and observed them under a microscope.
He noticed partitioned boxes or compartments in the cork slice. These boxes appeared like a
honey comb. He also notices that one box was separated from the other by a wall or partition.
Hooke coined the term ‘Cell’ for each box.

Cells of living organisms could be observed only after the discovery of improve
microscope. Very little was known about the cell for the next 150 years after Robert Hooke’s
observations. Today, we know a lot about ell structure and its function because of improved
microscope having high magnification.

WHAT IS CELL?

Cells are the smallest living units of all living organism. The cell is the basic
structural, functional and biological unit of all living organism. Cells are often called the
“building blocks of life”. The study of cell is called cell biology.

KINDS OF CELL:

There are two kinds of cells: Prokaryotic cells and Eukaryotic cells. Prokaryotes,
bacteria and archaea, are simple cells that have no nucleus. They do have bacterial micro
compartments.

Eukaryotic are complex cells with many organelles and other structures in the cell.
They are larger than prokaryotic cell. They can be as much 1000 times greater in volume.
Eukaryotes store their genetic information on chromosomes in the.cell nucleus. Organisms
which are made up of multiple cells are eukaryotes.

NUMBER OF CELLS:

Human body has trillions of cells which vary in shapes and sizes. Different group of
cells perform a variety of functions.

Organisms made of more than one cell are called multicellular organisms. The number of
cells being less in smaller organisms does not, in any way, affect the functioning of the
organism. We will be surprised to know that an organism with billions of cells begins life as a
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Single cell 'which is fertilized egg. The
fertilized egg cell multiplies and the
number of cells increases as development
proceeds.

Amoeba, Paramecium both
organisms are made up of a single cell.
The single cell organisms are called
unicellular organisms. A single cell
organism, like amoeba, captures and
digests food, respires, excretes, grows and
reproduces.  Similar  functions  in
multicellular organisms are cartied out by
groups of specialized cells forming
different tissues. Tissues, in turn form
organs.

SHAPE OF CELLS:

Usually, the cells are round, elongated or
spherical. There also some cells which are
long and pointed on both the ends. Such
cells exhibit spindle shape. In some cases,
the cells are very long. Some may be
branched like the neuron or the nerve cells.
The nerve cell transfers and receives
massages.

It therefére, helps in coordinating and
controlling the working of the different
parts of the body. The components of the
cells are enclosed in a membrane. This
membrane provides shape to the cells of
animals and plants. There is cell wall
surrounding them.

SIZE OF THE CELLS:

The cell size is variable. In the living
organisms, the cell size may be as small as
a millionth of a metre or may be as large as
a few centimeters. Usually all the cells are
microscopic in size and are not visible to
the naked eye. Thus, they need to be
enlarged by a microscope for seeing cells.
FUNCTIONS OF CELLS:

A cell performs these major functions
essential for the growth and development
of an organism. Important functions are as
follows:

PROVIDES
STRUCTURE:
All the organisms are made up of cells.
They form the structural basis of all the
organisms. The cell wall and the cell
membrane are the main components that
function to provide support and structure
to the organism.For eg.,the skin is made up
of a large number of cells. Xylem present
in the vascular plants is made of cells that
provide structural support to the plants.
Other functions of cells are:

1. The cell provides support and structure
to the body.

2. It helps in reproduction.

3. It provides energy and allows the
transport of substances. '

PARTS OF CELLS:

CELL MEMBRANE:

The cell membrane separates the material
outside the cell, extracellular, from the
material inside the cell, intracellular. The
cell membrane surrounds the cytoplasm of
living cells. The cell membrane plays a
role in anchoring the cytoskeleton to
provide shape to the cell, and in attaching
to the extracellular matrix and other cells
to hold them together to from tissues.

SUPPORT AND

.CYTOPLASM:

The cytoplasm is the gel like fluid inside
the cell. It is the medium for chemical
reaction. All of the functions for cell
expansion, growth and replication are
carried out in the cytoplasm of a cell.
NUCLEUS:
The nucleus formed by a nuclear
membrane around a fluid nucleoplasm is
the control Centre of the cell. The nucleus
determines how the cell will function, as
well as the basic structure of that cell.
Studying cells helps us understand how
organisms function. Cellular components
work together to carry out life functions.
Cellular processes enable organisms to
meet their basic needs.
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BIOTECHNOLOGY

i ECO-FRIENDLY LAB-GROWN

ARTIFICIAL MEAT
Migang Pegu !

The researchers in IIT-G have developed a novel technique-in the Biomaterial and: Tissue
Engineering laboratory through which they can formulate artificial meat. The lab-grown meat
will be comparable to raw meat in terms of nutritional value and taste and is completely
natural. Researchers have applied for a patent for the lab-grown meat. According to the
researchers, the final meat product can be filled with nutritional values as per customer needs,
and without compromising the taste of the final product. Also added that “Usage of external
chemicals like hormones, animal serum, growth factors or antibiotics have been restricted in
this preparation, hence it is safe on ethical concerns.”

2Dr. Biman B Mandal, Associate Professor, Department of Bioscience and Bioengineerin
the lead member of the team of researchers.
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THE PROCESS
The muscle progenitor cells, which were taken from animals via small biopsies, were grown
n an edible material substrate or base. The researchers are also trying to grow fat cells,
tilage cells and bone cells in conjunction with the muscle stem cells in different layers.
“These tissue engineered meat are being cultured and grown in inexpensive culture media
recently developed and patented in our laboratory,” added Dr. Mandal.
The most fascinating aspect of the product is how the meat can be made lean or fatty by
manipulating the production method. The lab-grown meat can also be converted into solid
dry meat products in various shapes and sizes. “Daily edible components are being used to
make the support matrix in order to increase the nutrient content of the meat product,” added
the researcher. -
Not only is the final product ethical and cruelty-free, it can also be preserved for future use in
various shapes and sizes with the edible components through printing on a 3D bioprinter. The
ultimate goal is to have bioreactors.produce this product at a much larger scale, according to

}' Dr Mandal.
: THE TECHNOLOGY
X The technology was 1st initiaté8*by NASA scientists and Dutch universities in 2001. Then in
r 2011 Patrick O« Brown, founder of Impossible foods, developed plant-based meat products.

Their work was funded by Bill Gates, Google Ventures, Khosla Ventures, Hong Kong
billionaire Li Ka-shing’s Horizon Venture and many more. The same year Eat Just, Inc.,
founded by Josh Tetrick and Josh Balk, produced plant-based alternatives to conventionally
produced egg products. The work was funded by various investors including Bill Gates in
2013.
Slowly and steady, the technology is gaining it’s pace. However, the achievement of the
Indian Researchers, led by Dr. Mandal was a huge achievement and another milestone to the
technology.
NEED FOR THE TECH
Studies shows that the meat industries are not able to the rising demands of it’s products.
Moreover, farmers who are using cruelty-free methods to rear livestock and poultry, the meat
industry is known to treat animals in an extremely cruel way, and billions of animals are
killed each year to keep up with the pressure of food requirements for the growing
% population. Reports say that around 4,000 liters of H,O is required to produce just a kilo of
chicken and the math goes up for higher organisms. The livestock industry is responsible for
wasting potable water, unchecked emission of greenhouse gases such as methane and carbon
dioxide, and it is estimated that its carbon footprint is wider than all of the world’s
transportation combined.
Thus, including these various factors, the need for such technological alternative is in great
need.
The meat alternatives though will have a lasting effect on human physiology in the long run
However, scientific testing about the impact on humans over decades is not yet possible with"
lab-grown meats, but it is also expected in the near future with the advancements in bio
technology.
Sources:- Corey’s Digs, Inc 42, Biotecnika
Image source:- scitus academics
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- WHAT IS ASCIENTIFIC MIND ?
Monikuntal Gohain N \

A scientific mind is one which never settles for a moral reason to things happening )
around us. It inquires for a logical reason behind phenomena. It seeks answers, feasons
and explagations ranging from what exist at the edge of our universe to the reason
behind why we even exist. It accepts the truth however bitter it is and does not veil
its eyes with‘fn"e more acceptable but inaccurate explanation. It finds beauty in both

the complexity and the simplicity.
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