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Robert Millikan (right in'the photo) verified Einstein's photoelectric equation in 1916, although he
himself was not ready to believe in the Planck-Einstein theory of light quanta...!
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Editancal. ..

IAPT RC-7, motivated by veteran nuclear physicist Prof. S. P. Pandya, organized a Science Writers'
Workshop at Science City Ahmedabad in mid-2009. An important outcome of the Workshop was a
decision to bring out a publication of articles on Physics and related areas in Gujarati, and thus started
Pragaami Tarang. The first article in the first volume of Pr Trwas the Gujarati translation of renowned
astronomer Prof. Jayant Narlikar's article 'why study astronomy’, on the occasion of the International
Year of Astronomy 2009. And now, we are so happy that the present (VIlIith) volume of Pr Tropens up
with an elegant article written by Prof. Narlikar, on the hot topic and a big discovery of gravitational
waves. ltis a pleasure to thank him for kindly agreeing to write for our magazine-journal. Veteran
scientist and writer Prof. J. N. Desai continues to unravel here the wonders of the universe, and this
time he narrates the birth of the Earth and the first four billion years.

This volume brings to you a rich variety of other topics ranging from fundamental constants of Physics,
to photonics - the 21st century technology. A physics teacher nicely narrates the developments in
electrostatics-electricity and magnetism that culminated finally into electromagnetism. Resonance, a
phenomenon of far reaching implications and applications, is the theme of a yet another interesting
article. Also explored here is entropy, a mysterious looking concept of Physics. Itis refreshing to see
the new avatar of entropy in the form of Information theory. It will also be interesting to read about the
field-concept in classical and quantum Physics. A young worker from the field of Forensic Science
has written on spectroscopies and their applications, while an M. Sc. student writes on radio-telescope,
a wonderful window to the universe. Finally a young teacher gives a brief account of theory and
experiment on a lengthening pendulum. The last page is devoted to humour as usual. In all there are
11 articles with 03 in English in this issue. Box items and quotes etc that seek to add sugar and spice
to main themes of the articles are retained in English. We hope to continue the tradition of including
about three to four articles and other items in English, for a wider readership.

It is a pleasure to put on records that Pr Trteam comprises of about 10 motivated authors, who are
basically mid-career Physics teachers in different institutions, and that is over and above the retired
but active teachers/scientists.

We are thankful to the IAPT - Central Body for facilitating the IAPT PRAGAAMI TARANG GUJARATI
PUBLICATION CORPUS FUND, and to the Kanpur Office for their consistent support. Itis also nice
to see this publication uploaded on the website Indapt.org.

We acknowledge with many thanks the donations received in the Corpus Fund so far. Pragaami
Tarang, the progressive wave, will continue to progress in space and time with the support - financial
and moral as well -from all.

Aavjo ... till we meet next...!

September 05, 2016 - Editors
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Gravitational Waves: Their Searches and Discovery

Prof. Jayant V. Narlikar
Inter-University Centre for Astronomy & Astrophysics
(IUCAA) Pune

Editors are highly grateful to Prof. Narlikar for kindly agreeing to write this article for
Pragaamitarang - 2016.

A hundred years ago

The year 2015 was known amongst scientists as the 'Centenary Year' of the remarkable theory
of General Relativity. When in 1915, Albert Einstein published his famous paper on this theory, there were
very few who understood it. To the typical physicist, it was hard to extract the crucial physical content
out of the highly messy mathematical equations that described it. Normally, a physical theory is understood
and tested for validity, by as many different ways as possible. Not so with General Relativity (GR in brief
hereafter). Indeed, it was hard even for scientists to appreciate that GR was a theory of gravitation, unlike
the famous Law of Gravitation of Isaac Newton which, clearly stated that the phenomenon of gravitation
was described by a force of attraction between two masses, say, M, and M, separated by a distance
d, amounting to

F=GMM,/d
Here G is the constant of gravitation.

There is considerable argument about when to date the origin of the law of gravitation. We may, to
fix ideas, date this law as originating around 1680, say. The law was remarkably successful in explaining
the dynamics of heavenly bodies like the Sun, the planets, satellites like the Moon, asteroids, comets, etc.
However, on the laboratory scale, there were very few experiments to test the law. The pioneering one
amongst these was the experiment conducted by Henry Cavendish in the year 1797-98. It measured the
gravitational force between two laboratory scale masses and succeeded in measuring the value of G.

Testing GR

Against this background of a highly successful Newtonian theory, what did GR have to offer? To
begin with, it showed that if the gravitational attraction is weak in strength, then the GR is no different
from the Newtonian law of gravitation. While this was satisfactory that all the Newtonian tests would be
passed by GR, the scientists' real interest was in those experiments wherein the two theories differ in
their prediction. In short, could one devise a test which would tell which theory was right or whether both
were wrong?

That is why when in the years following 1915, the Cambridge astronomer and mathematician
Arthur Stanley Eddington proposed one such experiment, the idea was greatly welcomed. The experiment
involved measuring the shift in the image of a star when the light rays from it graze the surface of the
Sun. The rationale of the measurement was simple: if the huge mass of the Sun and its considerable
gravitational effect bent the ray from the star, the star image in the observer's view should shift its position
(See Fig. 1) and, measurement of the shift should tell us how much was the bending.
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Figure 1 : The dotted line is the Euclidean straight line along which light from the
star A travels to the observer O, when the Sun is not anywhere near this line of
sight. If, however, the Sun comes in the way, its gravitation modifies the geometry
in its neighbourhood, making it non-Euclidean. The light from A then 'bends’ as
shown by the continuous line, and the observer O sees the image of A shift to A’
tangent to the light path at O.

Newton's law as interpreted by scientists gave the answer as 0.875 arc-second, although Newton
himself had refused to make a prediction, stating that the issue was too speculative for him to undertake
the calculation. His famous reaction to highly speculative ideas was well known through the Latin sentence:
Hypotheses non fingo (I do not frame hypotheses). The answer given by GR to the same question was
double the Newtonian value, at 1.75 arc-second. We should remember that one arc-second measures
an angle that is so small as 3600th part of a degree.

The measurement of actual bending of course could not be done except at a total solar eclipse,
for it alone provides a set of conditions when the star can be seen while the Sun is in the observer's part
of the sky. Eddington planned to take advantage of the total solar eclipse due in 1919. To appreciate how
small these angles are, 3600 arc-second make one degree of angle.

In the pioneering experiment Eddington had two teams of observers, one going to Sobral in Brazil
and the other to the island of Principe in Guinea in Africa. He himself opted for the latter. The actual
account of the experiment is full of trials and tribulations. Bypassing that, we come to the final answer
which favoured the GR value. While the changeover in belief from the Newtonian regime to the relativistic
one was gradual, matching the improvement in the design and conduct of experiments used to distinguish
between the two theories, today GR takes the place of honour as the theory of gravitation.

GR and geometry

Why was GR considered too complex for understanding? The main difficulty for physicists to
grasp was that the theory did not consider gravitation as a 'force'. Rather, it considered gravitation as
manifesting through geometry. To understand this conclusion a little 'tutorial' is called for. In our school
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geometry we learnt what parallel lines are. Two parallel lines never meet one another even if they are
extended to arbitrary lengths. So if we are given a line / and a point P lying outside it (See Fig. 2), how

Figure 2: The parallel postulate of Euclid, described in the text.

many lines through P can we draw parallel to /? Our intuition gives the answer as 'one'. But do we have
a proof of this result?

The answer is 'No'. Indeed, Euclid, the originator of geometry tried to prove this result as one of
the theorems. He could not, and eventually included it amongst his axioms or unproven basic assumptions.
And, later mathematicians argued that there ought to exist other geometries that permit either (i) more
than one line to be drawn parallel to I or, alternatively, (ii) no line to be so drawn. Such geometries are
collectively called by the name Non-Euclidean geometries.

One example of such a geometry is that on the surface of a sphere. Take two points on the
surface of a sphere >, X and Y, say. A straight line connecting X and Y can be found by stretching a
thread across these points. This is because a straight line between two points lies along the track of
shortest distance. Indeed it can be shown that such lines are cut out on X by planes passing through
the centre of 2. These lines are in fact circular and are called great circles. It can be shown that any
two such great circles intersect and so there are no parallel lines on a sphere.

Our purpose in going through this example was to show that a non-Euclidean geometry is not
such an outlandish idea after all. But do such geometries have any useful role to play? It was Einstein's
genius that led to an affirmative answer with the medium of GR. Using an over-simplified example we
can say that the presence of a massive body in space leads to a change of geometry from a Euclidean
to a non-Euclidean one. The change is a manifestation of gravitational effect of the massive body. A
thought experiment may help clarify this issue.

Imagine that three observers A, B, C are stationed around the Sun to form an equilateral triangle
whose sides are light rays connecting these observers. How much should the three angles of the space
triangle ABC add up to? If Euclidean geometry prevailed the answer should be 180 degrees. The actual
result predicted by GR is around 4 arc-second more than that. Small though the difference is, it is very
significant in testing the theory.

/3
yandil aal Vol. VIl




However, practical difficulties prevent such a test! Our observers will not survive to near the Sun,
for example. The test conducted by Eddington described earlier is somewhat similar and has been
considerably improved in accuracy.

We now consider the main theme of this article.
Gravitational waves

The above example illustrates how difficult it is to measure tangible effects predicted by GR and
why the theory has remained aloof from the rest of physics. Thus one important question that needed
to be answered was: Do gravitational effects travel as waves across vast cosmic distances with the
speed of light? The reason for raising this question was the expected similarity between electromagnetic
theory and gravitation. In the former theory it was well established that electric and magnetic effects travel
across space at the speed of light. However, that theory was formulated differently from gravitation. The
electric field and the magnetic field are two inter-related entities which travel outwards whenever an
electromagnetic phenomenon occurs. For example, when alternating current is passed through a loop
of wire, electromagnetic waves emerge in all directions from the loop. Should we expect similar waves
of gravitational nature to arise, if, say, two massive objects collide?

The question is very simply worded but not easy to answer! In the geometry based picture of GR
that we earlier saw, it is hard to separate the changes of geometry of the ambient space from the
changes of gravity that arise from collision. Indeed the question was not answered in Einstein's lifetime
although there were several attempts (including claims that turned out to be wrong) to do so. Leopold
Infeld, a Polish physicist who had come to work with Einstein in the Institute of Advanced Study at
Princeton narrates one incident in his autobiographical account called Evolution of a Physicist. On this
occasion Einstein found that his mathematical analysis led him to the conclusion that gravitational waves
do not exist. Realizing that this was an important result he agreed to give a seminar on the work. The
seminar was announced but as per practice Einstein's name was withheld in the notice. [This was the
usual practice since it was felt that his name would draw a horde of media persons from New York.]
However, checking through the algebra of his work on the previous day, Einstein was horrified to detect
a mistake of sign. When corrected for the same, his claimed conclusion did not stand. Should he cancel
the seminar? After some deliberation Einstein decided to go ahead with it. At the seminar he went
through his calculation on the blackboard and concluded by showing where he had gone wrong.

In the early 1960s (Einstein died in 1955) work by several authors including the active group at
King's College, London consisting of Herman Bondi, Ivor Robinson and Felix Pirani, helped clarify the
various tangled issues and led to the conclusion that gravitational waves do exist. The next challenge
before the general relativists was: How to detect them? The problem here was not one of conceptual
nature but practical one. Most sources were too weak to be detected by the technology available. We
will briefly look at the kind of problem presented.

Sources of gravitational waves

A comparison with the electromagnetic example will help appreciate the issue. We had mentioned
an alternating current being passed through a loop of wire. A hand-held loop will be able to generate
electromagnetic waves detectable by a laboratory receiver. A corresponding lab-source of gravitational
waves may consist of two masses of M kg each, made to go round each other so fast that they make
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one revolution in a millisecond. If the length scale of the system is L metres, calculations show that for
typical laboratory values like L = 10 Metres, say, and M = 10 kg the gravitational radiation emitted by the
source is as low as 5x1073' Watt.

This example demonstrates that a technology of foreseeable future will not be able to make a
laboratory source for testing the existence of gravitational waves. As a short term experiment therefore
one needs to make the best of cosmic sources. [Recall, the law of gravitation was first tested in the
cosmic setting rather than in the laboratory.] Thus instead of two masses spinning around each other
in our laboratory example, we now have two stars going round each other.

Indeed the radio astronomers J.H. Taylor and J.M. Weisberg in 1984 examined the period of the
binary system made of a pulsar with catalogue humber PSR 1913+16 and a neutron star. They found
that the period of the binary is decreasing at the tiny rate of 2.4 picoseconds per second. Indeed this
minute measurement was possible because the pulsar in the system provides a very accurate timepiece.
The result could be explained by arguing that as the binary system emits gravitational waves it loses
energy and its period decreases while the orbit size decreases. The latter effect was also found. Moreover
the rate of increase of the period agreed with the relativistic formula.

There can be other cosmic sources of gravitational waves: supernovae for example describe
exploding stars. These will be transient waves since their origin is due to an exploding event of limited
duration. Colliding stars especially massive black holes are another on the source list. We have
described binary stars as a steady source. Here the binary orbit steadily shrinks. More dramatic will be
such binaries when they approach a limit when the two stars come close enough to merge. Coalescing
binaries, as they are called, have not yet been seen by optical or radio telescopes and are expected to
be of short duration as they approach this limit but they will be more dramatic. Additionally we should
reserve a new category of sources not yet known. For example, the quasi-steady state cosmology
which was proposed as alternative to big bang needs explosive creation events which will certainly emit
gravitational waves.

Detection of gravitational waves

In early 1960s Joe Weber at the University of Maryland, USA had taken the lead in devising a
detection system for such waves. He used metallic bars with piezoelectric strain transducers. The idea
was that as a gravitational wave passes through space it carries with it information of small geometric
changes. Since space geometry is influential in measuring distances of objects, the changed distances
in the piezoelectric material will cause strains to arise and these can be detected and measured by
electrical means. Weber had set up two such bar detectors, one in Maryland and the other in Chicago.
A multiple detection system generates more confidence in a signal: for, if both detectors show it then the
signal would be genuine: otherwise it may come from some local artifact.

Weber's system failed to detect a credible gravitational wave signal. The main reason was that
his equipment was not sensitive enough. Other bar-detectors like those in Rome and Perth (Australia)
also failed to detect a signal. The next generation of detectors using interferometers became popular.

At the time of writing there are Laser Interferometric detectors which use the Michelson interferometer
for detection. In an interferometer (See Fig.3) a light ray, after being split up in two parts, is made to travel
along two alternative paths before combining. The interference of these rays leads to a measure of
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Figure 3: The LIGO detector (photograph by the courtesy of the LIGO team).

distance travelled. The passage of a gravitational wave alters the space time geometry which leads to
slight changes in the distance travelled by the light beams. These changes are very minute but these, the
interferometer is supposed to detect. To make the equipment more sensitive, the rays are from a laser
and they travel in a high grade vacuum over large distances (the longest being 4 km).

The first and pioneering detector was built in two places in the USA, one in North West in
Washington State and the other diagonally across the continent near New Orleans. Known as the "Laser
Interferometric Gravitational-wave Observatory (LIGO)" the observatory started functioning in the last
decade of the twentieth century. For several years the detector failed to detect any credible signal. The
instruments were upgraded in 2015 and the observatory is now known as "Advanced LIGO". There are
other smaller detectors in Europe like VIRGO, GEO and there is TAMA in Japan.

LIGO finally hit the jackpot and reported positive signals in February 2016, although the signals were
first detected a few months earlier, on September 14, 2015 at 5.51 am. A crude calculation indicates that
these arose from a collision of two black holes of 29 and 36 solar masses some 1.3 Billion light years away.

This important discovery was recognized by major awards to three principal founders of LIGO,
including Caltech's Ronald W.P. Drever and Kip S. Thorne, and MIT's Rainer Weiss. Additionally, more
than 1000 scientists including 37 from India were recognized as part of the LIGO collaboration responsible
for this discovery.

This discovery opens out another major method of looking at the cosmos, perhaps as important
for astronomy as the use of telescope. It is encouraging therefore that India is joining the LIGO network
by contributing a similar detector as in advanced LIGO. An additional detector will improve our perception
of the direction of the source. We should also mention that Indian expertise in data analysis played a
major role in this discovery. As the hardware technology improved, the software component also progressed
mainly as Indian contribution under Sanjeev Dhurandhar and the scientists trained in India by Sanjeev.
With LIGO India coming on line the scope for research in this area looks promising.
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foigd dstiefl
Bisd & doilzedl, a13e1die

'Birth of the Earth-the first four billion years' 21 2/l¥so11 31 2132 Quiofl 241 Agdie
Ul 3. Aot Ay sl 8.

yedlofl ¥ox sAR el M Ad &A1 2! 21 Rl YR Dl 2N Ad Wiz dial Uitk 7! SIY uel VLIRS idl
Adidl YA d d1e11QAs 8. i1 Auidi A yedlall ¥oi 2l dell MUH 4 el d¥oll dstifais sivll s2alell . 2Blue
Al e AIA 3, ‘WaIpfl dar’ell A211Ball ishHi A, sl ASRIFA Ay Agilds Ad va wadiselel Yy
uRld, Adl A clieididl venge sé 8 d d clisidl 241 &dl.

(1) HuQ] AR dalis, 2l dd, 2R 13.7 billion (iei%) avl yd qRdAcusi A1 2 (1 qHoi¥=10°)

(2)  delisdi ¥ A3UAI Ad F UHIRRI gl YR~y & d 3d] Ad ARUUAI Iy ? iRyds s3Y ANYA 3,
G&liSell UIReiall @261 did Glie MIAMS dedl alggl¥el dial gldlay AxiAi, FAi Ui s2w-1g:012u
aal diefl yer edi. clislell AARAMRIS drdl dRRAl6l 2161 elrpi H 24d He &l 13 sdla «féigla 2q=dyel
(synthesis) &Rl Beeicai 8. H el He BuRidall 61R dedl, 3 Fdl vied] el dRIzMi 2122 2% F2dl
o WHIRPI Al %A 8. Bedi @61 13.6 ey dvliel drRIilal d16lHi s1gQlydd leflapaii 3uid (Nuclear
fusion)el ufBa1 3l 2104 uicl]l 28] 8. B2dIs eIk €NER dRIRAMI d 3UidR ‘@R’ dedl Yl yel 2qRia gl
8. % 3 ARRIs Aqda’ell 21 a1 elldl el dicll AHA2N01 €21 H 24l He ol 21021 wHIRRT olg
M2l 32 usal adl. yel Hwell did 8 3 avrell s dedl uHIRRi Yelidi Al eIk dedlg A4del el
RAUY U FUIGER B. 241 Aupli AUE A WY 8 3, yedl g, 3 Yo AMWARRIS cigRRI G@liseRd
2uielli A9 2Hc21 uS 8 d ARAcyAi 2 Ad el | Aen ‘oli@ AL IR, RAlGl, YroiA Ad dUWYol
GigRRPI AIUSULl olelis did AP A1 Adladl €ATd 8, ¥AR 3210, yedl, s wd oftl A Ywucd vssIn
dzdlall cladl 8.

2 Aa Geeia N el yedlall, duy el AsHiaiel 2! i1 el AqIgGs vaIdl 203 A€lal ideid)
cigr; d yd A usrell RARYRRA dddl 8 &dl. (1) drdrRiel dd, ¥ gudi ARdEnie Y Geoicall, duiel
ZogcAPll cind dld gdauIsR yeldl cigRr s, FHiEl Aal A=A (2) YA ydell (Giailksi (Nebula)uigl ofisuila
s<ioll ¥&UIRAfl ¥Id2-21801 (accretion) &AA &2. dl vdNORARNA JroRAYel el Hic2ol dHY FE% al Vool
Hd el Yol dvs sig 2o diRl A1dl usAl, Fail d3caisyeld d18 il oflsall uddi dienyiell sH: Asl clo
8620, A3 YuA UH A 8 3 SIY dRidll 2RI AsHIIG] Rcll A dRIdll sl A1 RAsAR—-E As AdRAPIICA AS R
8, 3 Uyl vdcds clodl UeliSeRel Asd Eisd ASWHId & 7!

Al Adiddll &d 1] 213l ¥Rl 8, 33 3 64 dl AsSldll AvARi AsHIORAA WM s12di 2A1dd 8. dH odi
yedlell 3iss et GRRI Sl S A MIPA ¥ &2 dH APl AMNE ol YA 3 34 7! d &y Wi el i 3 el
Yool g2 Agd el YQAsRid DUa LRIad] AsUIl Ae 8 yed]l, Fofl Gesildell lAaIA HEF Vid RAUE 8.
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3 glofl WYall

AT 64 AvAIcig ARAR A8 (exo-planets) MR cllg, A U 4 8 3 AsHINI6] Rall A YiE dRIdl
Rollo AS Cloal 2id1 . Sl AidR-dRS1A wE-dieq (interstellar molecular cloud) 2isiUldi 3ogedl diR clal
8, WIR AY 44 3 F Us 243U g &1 8, d ¥l Udi Udi AGl R~ 8. dyell QI olicidii UG ciEiall
@2drR 3l @d1e01 50 vdlofly 2idR (Astronomical Unit, AU) el [QRd? 8. A8l RuRAIol direll [QdRMi
slgQival, eldla ar #da, Wildliel oiks 243Ul dRidl 21R¥lall SREI cilvy ciofl dAY A5 Al clis] ] -
AlcdIB2 usRg %, AP U WHIRI Al geAlHig] ‘VieRall AUR vigsIa terrestrial eyssl Aal g, s, yedl il
WO Glaidl upAl. defl ANA gl [@AdRMI dRRiell 2141 Yl o &ldi BuRdsd ciisulla geaixiell [@QRie A8l 213, 2,
Yol al ARYol Glol. A UG d YR ASlall ‘GleR’all UGl ddF ¥AR ofel, Ys, yedl el HdNall ‘2ie'all A
a3 Gedul s29j.

IfE-2AR [Gisifks (proto-solar nebula)d idlRs ude (collapse) 3 Udi ¥ Vsl [@AdRMI vissia seil
%AIdig] 2160 (accretion) 3 &Y. vidllefla R A9 &s1 21N Ad] €As &%1R dvall AR dl HEISIA Clald] VISS]
(boulders) ydell 21geiy epal dRAL A1 vissl N Avapii Poll 2oy AlAA-EdYRIA s2i s2di i
AIUAAI AHYSIdI YRl 81 . d3ioll B Ueliofl AU A2 9 81 d URUR FSIgal s A2 Ueld clal. 2 Sdi Bedls
[Qznasiy Ae-2w1 (planetesimals) ueldl oloflad @216l adausiz epidl Al &9 A1 deisd yedldl s s ¥ooR
qais A 8 ! cioy Ag 3 d ARAPMI GG AW Al A As-A¥1 UEIAT a@dIel As ¥ s el @l &dl.... ugl dl
yeg o 3] ?! d Glodl AYSIAL..! Al AYSPHEI, BUR Fal AMNE vissIa seildfl ¥HIge-2160 (accretion) séd 8, dell
R 5 sAs 9y (50 million years, My)¥i &dd Fa uRend yediiigfl 2igol wod &al. ik yedlol Il 2418
vYsHeRI ¥Ad dal 'Theia' (the mother of the moon goddess in Greek mythology) i3 2Arudpii A41dd 8. didl]
sig gzl uRend yedldl exenzig ool (axial tilt) uel &ar upy &2l. yedlel wuinellA 210601 A Guel A
2Yssl, 2NaISR «gl ddl, ueldl 8. did d Sy dggASl HdInadll d3cdisiepi 3sulg ¥l el &2 d¥ dIdl 8. €,
adl ol dl yedlofl AurRt As ld uldgn uRRAQ &dl. i Do dl sAig] AMA 2! QPHIA6l Z2dIS eidIRd I
gdidl ¥ Ueldl 21601~ accretion upAl aigldl dall R AR yecdl U Yg 2wl &dl. yedl Fdi Asla Uldiell saii Hiddi
@l 1 veidigl gesiRA Aagapii oflwi As ey F2dl AU dRAL RIRGIE YRl Ald 3 1wl 3.8 oy 9y ugdi
s usRall GIR ‘cilopiiRl’el Mladldl (late heavy bombardment period) i<l gldiell il Hd 8. qoil
olinasiziRiel yedl u a:fl 2aiddi d ueighioll gl di igRell Aeloll @dRAiE] Aadr slaigfl eiRg 2430 viell vel
A8 digdl &dl. Hiodi 2419 8 3 241 Ad yedlal el veanii viell e &d. (GiEM AAdl el Aius 8 3 v uReni,
219 4.4 veiy (4.4 By) av yd uel grdl BuR URGIS HeRIPR dl olol YsAl &dl. Aldll YRIdl AUaR el 8
'Zircon' (ZrSiO,), s uRfleiay vidly ueldl 3 I 2sles ciarel YA 8 3 d wiellai BN cda &2l

yedl gl (Asiy

el yedl w2 Siga Sig Ad Dda UaIz] el UitkRf A As Helvll gzl 21e1. yedl U dd Eldia 2lel
%ol Yaudl stromatolites vissl &Rl 44 8 3 ¥ lichens ool DU gRI IR ARG &dl. AVag] vielie] 61
U2 A9dig] dl d ugl geil guid clod. Hwell did olellA 3 uidRdl AV Yedl Urell didigreldll Besildai urdlzu
@131 G1¥ <], doll ASRICHS ¥dIehi, A didIdRRl YRl d Bdal esigdpi AU @Rl e¥gdl d1PY | Bl 28I9d] dl
qgrRdidl Sig usin geRIENRA sda Faigzel (biosphere) ia dididrel (atmosphere) URUReli Ys el AGIRAS
oidfl 2edi. 2 £fREig 6d aga ag dlgd cladg w1 & dofl da el URfe AlRAHI dRUR B¥I2R sAMI A1dd
8. URUR AESRall s ¥ evidl AR dl yedlofl =uail A2l gaoliA 4l Elfdlgdl (luminocity) icaiR @161
30% agf 8 d ©di yedl U] AR drvdiel @216l AG /] 8 3 el wiell JuAucd ugigl 2430 &d Gd 8.... 8
a 3d] aigsell uRRAUM@ 172
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RN, yedlell uaIfdell agy RidR Angdl Hi2 241uEl edRuIR3 (Geology) 1&d1 64fdstial (Geoscience)oll
vyidlell Ul 3adlA. yedlel visshii Y3fein (U) 2a &lRay (Th)el sli-ufa ug dicll ®desia &Riydl
AHRAUIMGS] B 8. yaeid Ad dl 1l drdl AHY &SI DUASINAIN] o SIRN1-ABY uelEiell olludl 2iryeiad Adl ifE-
AR [eiRksrig] a3 HAd 8. eRdldl Veioiell dlisadl A &l el Brecil yedla idks dd 6wl 2dld
Y wid 8. dell gdl 2ieell 91991 8, Fa srel yedlel Ulusie] udl siasd oead] el 8. 2l doiss yedldl
idRs Wollall APiIed vAId Al dl &Rdloll ¥ aiss2 ei191 UR AIUE 813 GIA dal yeiwrel (lithosphere) s&
8, ddl ool s Re1P8 %<Aa ashenosphere s& 8. cARGliE Bsigfll s3I upper-mantle, lower-mantle, outer-
core al 3og@13] inner-core AH1dd 8. AlAs o yd Alfred Wegener (31 dl sdiileiiRsf] )2 & dIcali AAadISall
saf. (1) yedl uell slciall I visl & dell AbaIRAl URURA Hadl 3 cigdydl 211d 8, A 3 As Hel gsspiel sndla
Qe sal gl dg adl. yedlel as2il U iRl 23RN yd BoliAl el 1f%s1 visall uEpi Kol Fdi A clieid
ure Y1y 8. (2) agai, efier 23Rs100 Yd oliRl U2 dial 2AifEsioll uRpi BotiRl U 3ofl 2q1adi MRl Bdlofl 2RIA
@201 AS Hlal 8l B, Q) 3 SIE SIG) 1 cidl visl As ¥ A 62 d¥ dIdl. viSlall AsdIdll yderen (continental
drift hypothesis) ¥l [@QfAg visld] sicdl ISR W1, yneid dd s 02l Ad1 e)fvisal qediell cidd 8. el
uddl eiflvisl siasi 1N €A wsla 2! Usdl 211 B. UM A AR 3 wIY oloy s Ad; d idlall Zedls yAURI
dl elldi &di, ug ofl [RHYg usldi avii HelRIPRIA Esig ugila Meniial A3 g, id As AIHISRS did
sneidl qofl. A ¥R 3 HeRiPRIo Yeindi yddHiadl (ridges) due Gls] vfleil (trenches) uel 241dd &l 8.
Ridges #i#gll 2igkdll mantle [AdiRe] %c ciglR 241 &8 dl trenchesyigll 3 2iex Badl w1y 8. viSlall [QAdReldl]
ulbal sgs u4eledl A3 Yy 8. 1 Ad ARIERA (plates)sl uRadaid 'plate tectonic theory' Rdcuxi 211dd 8.
Ul Rigid sl visl @36 (A Aewaell eyeillds (geophysical) ulsiell 2pidl %A 8. 211 ulbsal A yed] Agoll
[Ayal 8. Hioanii 241d 8 3 Scdl @R ‘olropiRl’ (late heavy bombardment) ol 211 ugdl yedlail vlusi gélal
3edls oRIARA ool 62 3 F Re1PYU %l UR A8l HidA &2, dofl 2AMd Hig] ¥38 URGin &g yedlel idRs 213
eiRdly Buvis Fidfl ¢ieddl d Gondwana plate 1 Eurasian plate ofl ofld 2sdl 28] 8. da uRend Byl
ydcainiil AR 8. A3 dl d oid 9 el (Tethys) oiidiall 2w34g &dl, ¥ A YA 2Aal AR AR 3 Ui
sAs (40-50 My) ol yd @aiced uddainiel el Y. 2ia SRA A1F YRl d [QAR ASUARD d AdE] oidfl
VA 8. sYs Al ¥ sRRIMR HARsIel 3dlgiel [@dR yel eigud] AsaAdidINl [dR 21 8.

A viIRd oflag A 3 HeleiRlall vissia Asld] Hiss yedl yel s ‘[Giooidl ula [is’ (differentiated body)
8; Ald 3 divis d olsd FdI @IR dedl yedlal aNaial vteieiPnii ugil 213d 8. 14 Aldlde Fai sdsl veldl Gurall
@13l AH1dd 8. yedlal 2Nacll 8s ieoll @261 1200 [5.R). wsigoll [AdR 3 F Fe i Ni ol cidd 8 d AUURiall
IR €olitlal SRV €al AURYUPT 81 8. dofl Burdll 412R 1200 [5.M.all sy 4l [@AdR Mgl 8, du [QAgdall dies
8. 18l yedloll epeidl s1RA [Qgdudial el A1 8. al dal $1RE Bcuodl &l 8, yedlof Yeiscd ! [Qyd siuaHl Fal
A1 [QdRell BUR &lof RfG329] Gl mantle Bd 8. U dail BUdl @1P1 Re1PE UdIgl 3 dRd Fd] 8. Asthenosphere
alidall 2l R3P8 dRel UR visRIdIHAl ardll 28 8. 41 Ukl 32dis My ol 2udi eilolfds el sREI cid 8. Aeg
% olgl uel yedl uell iclledl (¥adiy, climate)d yel 2R s 8. el.d. 2R 5 sAs 9y (50 My) yd [@xicd]
yddaial eigR AAiddi [ddzal Mgl aul-[AEa cicd] 8. 11 2uedl ofl® As did vl vendlA 3, visla RidiA qgedl
Ua 3 sididl sgs ald wendl uba 500 Myl dHiadsiag] gdl dar 36 8.

&R, yedl Asal s 21(d2Md eilfds uenfd 3 d» (dynamic physical system) 21l i d AR 3y Gudai
(sub-systems) €19 8. A Budail 8, FdIgREI-AVY YR (biosphere), wdigrei-uiellal @AdrR (hydrosphere),
didigrel-gd1 (atmosphere) el Foil U2 MG LNA €l d ef-19el (geosphere). i1 dH Gudilui AHge|d
diddiag] BuaiB1 (interaction) uidd] 28 8. d U] ej-iaRel 3 epvisiell wBIQeIRIs @ardl 44A Aadl. &d did
A 8 didigreldl.
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dididReI-MIRIdIell Bgeid

vedl g slde] 21% F2dl MIRIdIY 3 S0l AlRdg] didiaRel A g2l skl Adl AHEUYoiYsd usi2l
J=dyel (oxygenic photosynthesis)a sR@ 8. yedle] uR@is dldidRel dl A9 Y€ ¥ &d. MIReiall A didiurel [A¥ef
AR slld 39 greN3Y 8. URGIS didiRepi H 24d He d1 sdsl diydl sl oel ala 34 3, 20i e id
A1A1Y e faIsedial sRE vissia Aal-yedl el o 2ARI-d diyRila Mad] 3d el &, gofl yefl Wdiofl 'T
Tauri' viaenii A 4y AR udddi ag wHIRId d1E yel 6asI Ayl GigR F518 ¥dl upAl 621, AP yed] (id
vissia A8l )i ¥ URIGIS dldicRel ooy d G alicidig] Ui &5 (1) Asoll ierell e cigR oflsadl diRyA i
Y &dl CO,, 2id (2) eIk ‘clopiRl’ &RI ololl UEIE] 3 As-2w31 [S] g1 s digapii 209a crsuzlla
verdl, i YuAcd &g uiell el A &di oRg 243U WAGAI 2Aal Ao,

AIF el (AYss 3 ¥clQfEa) dldigrepii @161 21% O, 8, 78% N, 8 %R sl w1 adied! 6t
a1y Ar of 8. olis] @dl cundielell Ald 3 0.037% Fedl CO, diy dell &ledd)e 24w green house effectd srRA
AveRI ¥ddiRyel Hi2 Guigly siRel cad 8. didigrepi uieflel aring IRl cedd B 8, ial d AT olud] i
dld 3 troposphere [QeiPnii @c &l 8. IO U dldiael yedlofl AuipielA 1cia 2l eqidl Yuacd CO,
a1y §R19 8. Ysoll 2z CO, Ysd didicRelofl dl did ¥ o] 8, ial dAi A AAcAR ofdl uslA. gsi, yedl uz
¥ AUYIEIU Vlolod dIdIRRI RUIRY 8, d AIeF] & AqEHYaYsd UsiRI-A=AYRIG, 3 FHi g2l giRl uiefldl Heeel]
(Ausizioll &1¥i) aldicrRelell CO, diye] 2Uel AR 8, el &drti O, Ysd U 8.

sAR al 2N Ad A3 Y 41 UlkAL.. 2! 2A1d] AHDA. Al dl 53¢ AYA 3, 2Ale A3iIde] UA3Y B
Aaqql W2 geviz dl usiRRI2ANEI WR AIYIRd dald. 2016 el Gedu s 8, d APR-Y2INd]l uddHiniA
(ridges)Higl 2R¥MPIRY gldRl U3V AcsISall Vol GlgR olsdl 8. d ¥2ARAA @R divdiel 8601 ULl dicl SSI Idl
A4l gldig] YRI™A 8. 1 AVA] USIRRI2ANERI UR deidl odl. id d Uldid] G 2Acsiegfs vidllwl U wgiRd cAseRal
&RI Ad 8. As Hd Ad] el 8 3 Ik W3udl DY SER- AT WIRA &2 Gl UR Dl Beuliell Auid aeil 2@
8 d d &y 63dR a&ll. (Panspermia ddl3 dlaviidl s arReN Y¥ol DUl BeuRig Y0 cli@iasiBii B B.)

RSN, yedldl sanii 6d 211d 8. s 2] dizdicis dais !

Al 2ieI¥ 2.8 i 9y (By) uzai qs¥i sauis AAA-AseRaI (cyanobacteria) aidioll Y24 DU &R
5ds 6 Ad O, Ysd sdl usirRizAvRl B A3 Y. 211 As vio ¥ sildsid] azaisHell of 3aa yedle qldicrel
GEAIR], YRl AIRAIY ADY Gesildoll ARQARMI vel voor FRsR ical. yedlol uReiRl uH1 Yellal AN
AU olald A1 HeTdyRl d2aiA AgH VaA3UG [QAsAdiall HioT sl s3] 22l yedlall gidiarelell A s¥gi: O,-
sl 2idloll eaRrIRMY YrAARA yel #d 8. edanii al od€lBaiR Hadl Zedls visshi gica 2931 ferric UsIRg
dlvis 28d &1d 8 ¥ g1 U3Yoll ferrousel IfE3Aal &1 cldd &l 8. wigicy ferric dlvis-AAlval A AIF dlvise
WlcAg] vioflr 8.

Busd usiRRI=AYERI (Bl a0 didicReldl O,-s2eldl A1eA1e URl[AelIRis yedl U As Yaldl id el
al oldl Y21 A3 &AL AR 2.5 Aeiy 9y (By) yd 3 &Ad w3210 2484l dl ‘scu’al WiARIgs scu (Proterozoic
Eon) s8 8. il A4A-SCU €3Alal &4l AISHYold] MAHILI A3AIdall @216191 1% A3 s3d &ldall 2R (21%) U2
ugiRy. eRdIRY glderRii siddl scu (Eon)A 'Phenerozoic Eon'-¢f 21sia ddl ajfedll 214-s3d1 8. I
AHA-scudi B4 A MRl 2439 eRapig dl u i, MefibHi AAG WME wHIRl (F3i H2A¥RAEN GuAldl
yel ARE &d) A Al A9dldfl [AANdl &dl. dal Hi2 el wiiepi AHEAYe digell (A8 HAe13U) ¥32 usdl d@ll.
oA [QURRA 3 AI%g YAsRa 24(ABcsia Dot Slal 2ieiR] 8...2! Udi dre DY ARGl al....!
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93 s isdid s3] dgA, 116 s&f A yedldl Raliell URA YAof d¥ slcdll WuipiRHI 30% F2d Y
&d. ¥ ©di URGIS dldigRRig] diudia di uiefle udidl 243y Mad]l AW d usRg &qg. i1 2 Ad cle3 &2, d As
SIS 3 [QRAgIeIR 8, Fal faint Sun paradox s& 8. dell Yl A Ad Hudnii 01d 8 3, d A }IEAY d&ld]
wg Mt (CH,) aiy &dl. ddl (CO, sdi yLl) ol eRcoJe AA SRA d w4 yedl U2 gs19] dldicRel €]
sy &2,

didigrelell O,-seldfl did u2 vl Al dl d siIEISRS dl &d ¥, uel digll s 2] ussik Gell yer &3l.
O,ofl At 2418ofl B 1A sunti Aolg] IR B2dl @I1PY, dell &Rd2je AR aeiel]l US] el €l €l sai €dl
U2 As @uyYal (Ice Age) =iidl usail...! d Jled Y&l 3 Proterozoic Eonofl u3iicai yedl adiedr gaell ga el
oI &SI 1. I AHA2NAIG snow ball earth Ag ol AU 8. I clicidell eRdRARNA YA4RA yedl il
g€l el [@Qariig Holl 20dd 8. 23 A uer wendlA 3 ger gel erdruRAA Yo (Geological epochs)eii o,
% A @R v Hofl A1qd vissI 3 A4 uRel uisapii A1dd 8. BuYel vdidi ¥ Gl W2, I “usal
W uig” sgdid ddl uRRAUM gl upfl. As AR oRse AIdREI vUIF A Aed d ue W2l el YFUSIRIg YRl
gl I3l 1 AN aldicRel §9 esi9] 2 Ad 6 &A?! i1 As cisARd W41 B. 243 G clisidlall (g 53 usIA.
d AN GRAIES WHIRI Eedi ViSSIg] EldiRl 812 el d sRI SI6ldl SIRIISAIESSA Siolidedi 3uid? Uel 82, d SRRIRR,
aiapullinie] dlsadr CO,g eunii w2l €R €R ggal @Y. dl oly dicid A 3, Plate Tectonic ubaiilal
agaigl yaiapuliig] Beiveg MRl vel dgd. ¢s¥i sEIRA dl, el RAilal AR, BuRvIkd yedl uR Siga Sief
Ad sRacje iR sl A3 UY Hal oidl RGN AUR YA, W1 A AAPI, cieiasiBiY] diddi dRs (el
(cosmic rays), yedlal wddiyHi j co1 ¢i¥d 8 dall SIg Gedu wudl sAT a2l

Gusd Buyoriiell ok ical uglall @dleidl Asie el gviall 216l grjuig dl RRdIe A4 &dl, Hdl dol
selq%yeis- boring billion-sgari 2414 8. %1 3 Aed w3 3, vt s2ll GucuIbd 9oRell 241 29 sigsivla Dl algae,
fungi gcailkall Beaid &Rl di¥adi AG uel ¥eIR 8 3, RARIGRT 211 w4210 dfs Bed (cosmic rays)q
Wil S5 iR 1Y @) 6q. yedloll ¥ddiy U AHasiHig iadi dRis Bed 2 2w 81 A3 A Y€ ATl Ay
8. AR udldl aidl ¢si ¥endlA dl yedl Guz oflw siefl AR B4y 24id] 2111, Fioll Asie dl viol 6 us]
ddl &dl. ug AR ‘U’ dHigl BV cleR id] 211!

AAId

qius Mall, el Yellatl deiopii AEl yedloll vonell Hisla M2y AR oty gy YeN 211d] ugiRaul. ¢§ Yorddol
sdA dl A6l ¥od 3 LR 4.56 oty oy (By) yd il 1Rl cARelIEd ¢8I 211 21601 (accretion) ulkia
id, Al 3 el AR 4.54 el 9y ugdi yedlall s a3 Geerd Al &y dl yedl ciad i dl 'Theia' aipioll
Ae-A el AYSIRA 2l yedlal Rugall AUIUHI BUAE 3 ool AIRER HeAl igell G4 4.53 By dlRIR. cARGIE
yedlA eaicie) el el olig@l clleiRIo Ueldial ABidl sAT. 1 § d¥i dueId yssa uHiepi viefl vel 1oy &d.
Ddofl UIAMs A3Id AHiUs &dl, dl s A=2AYRIG] UIRE YRl diZUIcHS &dl. yedloll UReIell MYH AR Aol dYd
yd-3woflae (pre-cambrian) w4 s8 8. ¥AR 8cdl 50 sAs 9y (500 My)dll gzaizNel eRYR AHiUS A
Boflaa’ w4 52 8.

1 Bedl B ADY ARA Gesilde] ¥ 21000 ARy efed] & A dl vcid RAUE B....URed..... 2124l
@f1A.... 11!
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eil[As2ARdcl Yaeid 2AANIS] - As [A8AIYcISol

ul. fade . sss2
cilfasen AP
22 ULl adasfos sides wils aieod, ed

cA&liSall 2xatiH il YeeR ALl ddl 4aed illds AANSe] 215 sds 21 Quii Arudri
211d] 8.

eilldsAReBii AE geacHi 2iad yAPRIART Adl gediilel 2HeAR sAA G, ellldsARNAI AR
Alddl Rigidldll uiRiBis usiiell 2laiR 8. d Rt d Rigid IS cleidl oiell. i, Ag sél AsiA 3 eillds2us
As URIBIS Msliel 8 24a Axi elllds ARG Huclg el 2ARIg HeTd 8. 6illds ARIAA AlssA s3I HiudEi 2419
8. 6illlds ARGl HIYal &RI AIURIA gEddll Bedls 6]l 2Ha Rigidldl 2019 HG 8, Fall U] YA gedal Aol
Mlcol s3A ¢lA. 21 Ad Aveid F G Ud Ul B, d¥i Bedis Adl AR yel A1 8 4 eilfAsARe Hed
UANIST s3dpi A1 8. 241 U] Zealis A1dBis wAiS) weldl 8, I 3 “o3cdisdeiell A1dBis vAais (G)”. i
Riaiy yer ofl gell AAnisiell AR Yehii A4 uRRid 4y YsaAl GlA. eilldsARNI A a3 Hecd uel 8.
eilldsasnii Aal Hadl Aduey A1dBis wAais G 8. dell Auidl A3iId deliefl s33A.

azcdisyerl A1dBis wyais (G):

1 AN iy eillAs2AR3N YRS o2eal N 23cdiselall A1dBIS (G114 (Vi Higo21gotall AMN2AAIE)Hi
Aldl AHANIS B. oYgololl [G1N AR M, 2d M, €N &RIddl Adl AAsellnell r ik @Al A Yeldl A didl
d3cuIsyel cing] e B,

M M

F=G—=—5= (1)

FHi G 23cdisveiell A1d3is wANis B. JsH €0 GRIYdI A Ueldia discllnell As¥ R Y3dl &1, AR d¥al
a3 diRldl 33cdisdil clng 3e A1 AIBIs AN Fed 81 B. Goll YeAol AU 2iely 3ol 3463 &.24. 1798
Aol &dl. d4Rl cid Adedild dnRiddel i ARilell ciddl & ANAAl 93 s3d MAPI Ul A1 YA Ay &d.
i 3 346321 211 UAI2I 23cdisyelall A1dBIs AN YA Madl HI2 olgldl sAl. eslsai Al uiellofl A2 yedlofl
goldl HIudicll MAcol §3 &I &l al d HIZ2 A 3cdisveloll BuAldl s3] &1 &dl. MBI ANddl Eoldlsll A1 HCial

2

11 N
UIGUR G of et dual 6.754x107" kZZ Hoy &d. 3A16321 ciie aen dsif@sIA &l g€ ugldal Gullal sd Gof

YEA AHIUdlall MAcoll sAT, FH 3 G, dAA Y91, Gol YA HIUdlell Bedl YR ERASHI YAdI MAPN el 3[As] (ol
glodee)e ii5 250lldIVall ¥lol AosRol el d¥all A ofl€] 3 Gail HeAHi 5.9 dvoll 1adsin w18 Y2H 38R
R B ol Al FRSR Aol 221 Fd] @A B, ¥ digld (1)xi el 8. aval serR vald &2 3 [kageoll dolighii Yal
FRsRall AI9dSIN YRl oRIGR 5.9 9 ¥ 8. %3 21 A dicidld s A Aol 8 3 39 d &6 Yl U &Y el
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6.676
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G (10" mPs? kgt

6.672
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1985 1990 1995 2000 2005 2010 2015

6.671 ' ‘ ‘

Date (yr)

1gla-(1)

d3caisyeldl AIdBIs wANiS YA HIudig SP e B, SRERI 3 AR Ynejd cioll Us] d3cuisdelg o 2le

doig] 8. BURid, 3cdisvelall AIBIS AYNISoll Yol HIUal Hi2 GUAPRI Adidl Algeiad o YeIdTofl d3caisy]
. ~ .N e 11 Nm® <
el Ysd Avl U221 sRalef SIF @611 iRASA B. ST Ugldi doj yeau 60.67408x10 et

godlasidi usidl xsy (c):

UsIRell 2N A SRl Ryddeisla doN 8, ¥ YoAiasiepi AMd ssuell 21fd s3 8. YoA1gsiPi UsIRIel]
%SU Hiudiell AlMeH $Ps A AN 58 ASIA Ad] UAcol AHR cldioll SodiSell VdNNRIRNA 16804i 3T &dl. dHdl
313 Agall g o ol 2fdell AadIsal U] YoAlUsIPIi USIRAl 35Ug] YA AN, AR Addl YoAlUsIBIi USIRAo]
%SUoll YA U] oYedl 2MeR 5 iecll ssudll 2ufd sl usiiell (Beid 3 yedl Y&l wigdi waefl 216 Mlcized
AUA AL, ARl A1 UAI U] s1gDoA Uel oiusi2nii UsiRidll 35U HIudiell UAlol SAT. duel d YA AR 2.2
divi Bl @ Ass Fed Ao, ¥ dell dRAMS YA Sdi AP V. ARGIE gell AsESIA YoAIAsIRBT USIRIe 35U
HIudiell MAcal s3AT, ¥4 3 FA Asdll, A, SIS), Higsajal, g4, Sdloal Y32, YoAlusIHi UsIRIe 35U (C)d HeA
Angal Hie) Agilds ulsel 18643 281811 eilldsuR R34 sci§ AsAAA 0al Qgaaisla ddidiexdi 4a 8. il
A1s2e ofld Yo 8.

1

e e 2)

Wi g, = YolasiRioll URANA (uadydis) ia p, = YoAasiel wANRAZA (uRIBAI)

C =

igo2igolall (AR AN2AUIE AR %<, [ABRERI 3 Aoy slgurl HIRl 3 243doll YoAlusIHI HETH %SU
c edl glef 2B, oiddi ¥ €nfAf@al sl dl ¢al % USRell Al al dHi Adl §281R”1 yel HedH ¢ Fed] »sU 2ld s3]
A5 8. gozIgolall ANAUIE AAgfAR YoAIUSIPAI 2[3ccIsYT dR2llell dd1 Y@l ¢ F2dl ¥ &ld 8. YoAIYSIPHI USRIl
AR ssud g sinyedd anfidls sial s Asdidll 3eay xsu U el Hafel w1dl w8,
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~

Aigfais eilldsQsiionii UsRIol %5U ¢ ol ciglol MR Gedu dl HA B. ¢ of HEA AHA AUSIA-ANY
vilsddi (space-time continuum)xi A1sAiel 8 8. ¢ df YA USIRAall BENHlIe AYAI 241 BENHRIe B [GIEACNMH
g 8, dell USR U2 LR Avig odl. ¢ ol YAl BUAPI sdlal deligoll AsH Heell carval 2ruanii 2dl 8.

. 1 . . . P s
oAIgsIi USIIel (50 - Fed] AssHi sIUAl idd s Hle: sy, SI uglddi dof 3 ¢ = 299792458 m/
s 8.
Adlaigleil uyais (N,):

geicdlal dsiifeis 5N AAAQA 1811341 i 3, ANl diudial ial €GB Adlal SE ERIAd dIJAHI
Al ARRA /Ul 2AvA1 WIal &1” B, AT AN dIVdIal Al EGIB], FEI FEI IERT dIYloll SE Aol
gla 8. veidoll ANal veuri A1ddl seidll AvAlell Auey ey Wl a6l As Rizis Aal AAs iR
Al gdl. As Hd yerhHi 1dal ARRA 3 uIRRAH vl AyN 81y 8. 19094i FU eilldsAR Dot URA I
NS AGIIG) AAANIS al¥ AN, ¥ 3 d YAl YRl RARRIARNI AIG] AvAl BuDlapii Adld] &d), el carva
%€l &dl. Wal Va UAHIRUA &IIQI¥aloll 1 AP-ENAI AITAI URAHIRRA] RAvAIa AIG] LAl dF AvAIRA 7
&dl. cligdi siclalall 18RM2IY 2C ol 12 A g¥i AIAA URHIR[RAlG RQvAlal ADNG) AvAI 1 AR sAUBHI
Al sifuel draell As e A1ddl seiell AvAl AsWHlel &lA & a4 ADBIG 2Ais N, Fedl ga 8.
AlIgflld1, Ald @AY AGNGla sAY vAld a@ldl. Hld AGE dl d¥oll YcYoll gl 9Nl ugfl AdRPi A, AGIBG)
AUYAisall BUAII GllcgxHolall AUNIS Al F3all AUANS ANl HI2 YRl Y1 8, d ANE ARIO BUR AR, AIG
AANiSg YA Vo Wefldl uisldf]l Heeefl Aad] usia 8. SI ugldai AAAG) 2ANisd] YA N, = 6.022140857
(74) x 10% mol' &. RAYUE clicid A & 3 ddl oflA Yo yel exld] sy 8.

BB @3)
23

AGIAIG] NSl HiolHi €2 9N 23 ATseloRrell A% 6:02 am &l 6:02 pm Yelloll w4y [Qstiol wAe1AHI Hd
ka2 adl3 Gyaanii 2414 8.

goatasiedl uffelfael (eg):

gloiasitiell URIEQE [QgydAoRviiRdlel UAR Y4l Edidll YolasiRidll 2idl €ATd 8. oAU AV
@ydeiRl vel Gvidl ive 53 8, I eld 8 3 goAlusiudl] uRTERE] 20 814 & sREl $ A oAldsiRidll uRTERE
Rlod 81 dl elgsii AVAI [@gydeiRl Glvdall 2ue 3l A3 dlf@. Burid, Yodsitiell ulTERAZ] RUARYdd yned
(o123 Al 2iT4ell (G143 WYl HI2 yel ¥33 8. [Ayad> siggalsgs Higana 3dl Ad 242 52 8 o sIgIASEs HIEAHol
A2 U g AR YR B, A exfag Uy HigAHofl URIERE) 8. i d [Qyd A2t el [Ayd WisticRal Aisad] s8]
Aol B. LA HIZ dal sH [Qydd €ls Yuies uefl Yseiaidl, A Ad AnvARd saABi 2019 8. I HIgAHd
URIEIQAE As sdi daR &y, d Hieiall [AgdeiRlal gdleidaad d18 dai gar Qidl 0ue R 8.

gloiasiRicll URIEAZ) ial JoiusiRicll wATCIAZ] Adl & wANIS] B, § oIl 93 YoAlusIRIall Uidg] (identityd])
(il & 8. yoAiasial Aed sgj odl... siguel dqeient uel «dl- A4 aslerR didl, Ueg geiasitiell =R U212
IR . g, il p, US| Al cidl AAAiS] A [QAgdeira AAsHal SI ugldai exfaar w2 GulPR1i Aapii Aiddl AJyAis]
8. ¥ Qydeira 216l AsHu (i exfaanii 2119, dl YoAlUSIRAcl Al cid AAAiSlall YA 1 AsH AdiHi 2419
8. SI ugldai dd e g, = 8.8541878176 x 1072 F/m 8.
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godlasiglofl wraffeif@el (u,):

oigsigiell wATCIAZ oatasipii Yeisla Asia dPidl aA9 eATq 8. (HEAH Hi2 d cli@l Aiofl a1
HigAoll Yoilsa Y Asdlell 2idlg] Hiu €A1 8. HigAMoll Yoisly saisA doidl 2Hal YoislA dlddlial e HigHo]
WIGIGE] exld 8.) usiRiell a2 s USRI [Aydeisly dd0 8 o YoAlasikPi dofl 35U AMd 8, ¥ exfd &

1

&y Ko

3 golgsiziell URIAQZ id oiusildl WwRAIGIGZ] 1o Al wANIS] Sldl AP, sRRI & € = 8.

Tm
A

~

SI ugldmi dof yed 1y =47 x 107 8.

dilczsololl ANis (k,):

AR2Ual eildsR ¢sAal cllcgxsia ilsigaMsAy el RRR2sA MBMeisAoll Qs 24EA sI0 2D
&dl. a4l diYoll slofl G il dIYall diudiclal Aisng YA AN, ¥ SI As UMIRIS dIYoll SRIg €N m Hal dg]
(6021 drudiel T &, dl =il 42 ol Yo avll sk

AR k,al ollczsiololl 2ANis 52 8. Wllsl (4) ld 8 3 £, Tonl ulaier Gldenl ulaier Far « 8. A1dGis
diy AANIS R Al AdIG 2RANis N ol el vel ollczsde ynis ¥ €211 8.

18774 ollegosilal Aol idl Riciidalial Asclln A1 Aiscl, U A Yol SIF AyNis AHA algldl A2,
AsA Ao 2Nl 101 Yeidoll G [AdRel AHizall Y2lofl drRaefli A MeHdR 1 BANIS £, Evid SAT 2Adl dgf AlssA
PG IRVEIEHTIES

SI ugldai k, = 1.3806488 13 x 102 J/K 8.
AdBis a1y »yais (R) :

el URRAIAHT aiyell adils idal HiRell Agilds wdlsepii 21adl 241 As RS B, Fa A1dBIs NER
a1y [oadis 24l AI1dBIS Ay ARANTS U] IERT AIY AJYNIS YUl HI2 dIY ANiS S dlaviapii 2419 8. As
Nd €] dIYoll EGIRI el dofl SEall JRlIISRA doll [GRU2I diuMIel 93 eRIdl Hag yea A1d[Bis ARy AAANis Fed
gla 8. As Nd e diRYall diudiodti AYN €GB As AsH F2dl $8R SAI Hi2 59 usd sIT uel AdBis iRy
AANis 2 &1A B.

£ RAREIRIRA 34 Wi Aaddl UIRAIFIS uRMIRNG Bullal sdla A3IdHi AIdBIS ARy AANiSY YA ANney
ed. d&l AdBis g1y 2Agisa aellar el 2A0is (Regnault constant) a3y uer 2dlaviapti 2419 & 214d dell «
dal R 2isll 93 exifganii 2419 8. SI uglddi def 3 R = 8.3144621(75) J/mol K 8.

yaeld fAydeir (e):
189741 4R ¥. F. &hAal [QydfAeiR ddflall d¥all visl ¥ welldl vl UReEll JAsaoll MNe s3] (%3 dHES
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dal gAsglol ol clglg 1), Hal doll deiEdil vel Aacl. d uel AIcid &Y 3 gAslel s [AydeilRa sel 8. (A3
glAal s3dl A1 uAPI uREl Al gdAslololl [QgdeiRg YeA afd, ud gAsglolell [QYdeiR el el dJeildR e
&dl.) gAsglolell @ydeiRa Yneid RydenR sgapi 219 8. aeflar gdsgle (A4l Meld)al [RAydeira MAMSs
Qydeir ad3 uel AHlaviapi 2413 8. 21 yaed Aydeire ye AluLd 19094i ARsH eilldsurR Acié ARsd
d¥all vier % elldl ‘ddall Ui’ ol MAPRT AN &g. i1 MAIA eilfdsARNI cARUId sAdcl v Uslall €2
A4 s AN 22Ul YA 419 8. A4S Aadd YeAHi sldall IS YeA sdi 0.5% F2dl ¥ K8 8. geai 1ol
Agdl I yel RAydeir Q 1 yneid [Rydeired yeifs delisHi &l4 8, I [Qydeirg sdlc2igBie €21 8. AYalicHs
Ad, Q = ne.

ellfdsRsri AydeiR 2icifid ol yel As 3yaed Rigid 2RA &R 8. Fa QAgdeiRal A2ARIe (G143
s& 8. I [GHIgRIR, Qyddl 2[RA a2l sl dodicll RAydeiRiel dFs AU &3 AN B 8. SI ugldi,
e=1.602176565 35 x 10719 C 8. A €=lopi AvioA 3 241 "C" A ‘gciot’ol sl 8. usiiell 21 "c" A YeAui Al
yel RAsiPi olell & 1!

gdsgloig, RYR €a (m) :

seiloll eilfdsuRapii seilall dRienioll AHIUR d¥ell USR UBdl 8. ¥ Us] gAsda A As USRAl Al & id
gl Alalal yneyd seil a3 2Navianii 2419 8 sRel 3 da ST AidRs cigrel &, d4 6 YE Meidl 1oy ol
YA weflA €A 3 AR Val UAIRl GiEFRERI d&I VI di d¥all dRIENT Hi2 JAsZld YUIGER & i Al dof €0
cdd Y2H 8ldl vdi weig ¥33 8. sig vddisasRel ANA I FAslalell 35U Qo &1, ddl JAselall Enal YASSIalo]
R e m, 58 8. JaAslolg] RRR €01 Madlell As Ad Rsedlell 2AAis GUAII sAUIGl] B,

SI ugldai, m_= 9.109 382 15 (45) x 107" kg 8. digorelgotall efldl s E = mc? 2HofAR €N ol
@ scllnal wigea 8. dell gAsglolg] RAUR en gefllar m = 0.51099906 MeV/c? 48 el exfaanii 2419 8.

ulelelg, R¥2 €0 (m,):

Protodll 1 &1 8, Il 212l Y0 2H&dl ULH. MiElaell doll JRIERT AlBdoll 2Ayel Nav 1920011 2RI
g, Midlol A 9ol [AydeiR dradl UBiIfRus sel 8, Foll Uell [QYydeiRg YA JAsglololl [Qydeir F2d ¥ 8. U
dg RAR €0 m JAsetell RU €N Sl IR 1836.16 1] 8. sen ol el Wdlatal Haeld sLI AP A1)
&dl. Ug sUIfRAg AR oiss] &I clie &3 dal eI s@I ARIYRI Aidd] aiEll. dH ©di, dg e eilldsQsiido As
yaeld 2ANis . def 3ea m = 1.67262177774 x 1077 kg 2i&d1 938.27231 MeV/c? 8.

dosoll uANis (h):

ailldsuRspii a1 Hodl 42Y YA YRAAd] AAANIS) USlell 21 As AN B. ¥lol eillds2usl (B3 sl sial
veidell [AMsele U2l e Hadl dRRI AHMUdl HIZ HHed el 6illAsuRaf AsA Wed 190041 NGl dledi
AluLHdR 2HAAiS T’ ol BedAul Adl HG . Josdll AANiS 9B AR Va gcg] sAlo2IgBAcl HY ASIA B. I
AAis A Akl sel va dd1 2a3uell adejs wuuadl 12 dHA dAR s3dl 2fBIdI Yaidll As dlziflisdl 8.

o3 ANAl diE dgfAR s verdHigl [ABele] BRu¥ol i Myl dAdd Gvell veani &y 8. 241 [Afsel-
sdlcz¥ell G, doll 29I VA1 Wos ANiS &RI oflAall Y2 RN AsAd B.

E=hv (6)

19234 ¥ dslifeis ggia € oledl A gcaddl Hi2 Aaddl dapidl Uial daIdelly ol Acieni YRl Wosdl
AYais 2Asnddl 8. € oliodllg wflsen oflA Yyl 8.
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A =—
e — (7)

SI ugldai h = 6.62606957 (29) x 10~ J.s 8.

sial veidall [Ael0 uRNBIS URRIPNG Gulal sd Wdod Uld Aadg / o 3yed 6.55 x 102 J.s &d, %
oll 211 e s2di ANY 8. d Adoll GuAldl sda A clicesHololl AUUNISY HeA YRl AN &g, HoSoll
AANisall BUAPI sda oA HYaeid AJYNiS], FdI § FAsad RUR a1, JAIBIG WANiS, YNeid [@QydeiR, ollgR
AUYAis 93l YAl yel And] s 8. Wosdll AJUNiSe] 3eA eid AR allg] Pl &1, UG IEYfeis [QAslia-
28alldIDall [ASI24Mi dell Ficid HeTdall SN 8, A SElA dl dHl 28 Rl A[ARMAIGE ol SRRl 3 WJoSdll dIE idl
dall 1 AJYN|S URAHIR[-AR] Roll, ASUIES] el IRGIIE gloRsReR, IC U5lRall URIBI 8. I UY[SAA US] ¥ AHIg[ais
sinRged, Heligd ddiRg] iRl AU clo & id HIRRIe VUi AUBE URddal 21d] 213 8.

. . . . h .
allel: 2UsRSIV] Aal sdlloz MBollsAi Wosell 211 AUANis e dRAd] 2yis /i = ve clglal IR
T

GuAPRII dapii 2419 8. Aol 243yl [ABel Siddddl Gl 2 oA Yo avll sk
E=he, & w=22 e, (8)

sl 71 ofl u3uni Al ag weld e WAl slgsdcdial AlRiddiol Rigid 8,

Ap, Ax 2

X

N | S+
B
©
N

vk ofiEflA 3 7igf sy A siefla dapileig] AsH 8.
§334il wyais (F):

1832-33ui 3 [Qydayasswlell 24AvA UAPN sAT &dl. 41 WAl URRIRIGA FHA & (Gl U3 Y
saf, ¥ 3ol [Qydayasswel [GIRIA ddl3 v 8. 241 UAPI e2A10 dHA [AydRARIRIS STyl FAss uIA g2l
usdl ueldoll € o [Qydsigerig] uAR saAl usdl [RAydeir aell Aeig uAINA sAT el d uell ol RANIS
IR sApi el Rydsiderigl As Aride ueld g2l uisdl digl uAR sUI usdl [AydeiRel Yol F3dll
UYAis seapii A1 8. ofly As AVAI ARAR, As Hd JASIel Ul [QAydeiRd el A0S s3ABi 2419 8.
aligofld did 21 8 3 d¥oll A4AHI FASZIel Adl doll 21521 [AgdeiR (AN S1 IR of &dl. FBall iANis 240 A A19BIS
AYANIS], YAsaloll [QAYdEIR Ad AdIIG ANiS Wi oflA Yol eid] sy .

F=eN, (10)
SI ugldmi F = 96485.3365 (21) C/mol 8.

allel: As Nd JAsal Uell [Agfdeira As RS ([AydeiRedl is4) s& 8. s Ad €ls s RS [AYdeiRrd RS
YIS SBUI.

[R2 gol-clleg %A ololl AANiS (0):

[R2501-cllcgsMololl [o123 Hofu1R Ayel sial ueidhHigll sy Wi Asu A0 €ls BRAVd Gl doll (G102
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diuloiall AGY eidoll AHMHIRRI 81 8. 1 (613 AYR] s101 ueidoll AsH A €ls BcAYd Ad] uIdR el €id
8. A,

W= o1 e W=eoT* (11)
At
Ul G ARt dsiifeis R2sal ¢.24. 187941 uRNBIs Ad ia oflw R2Ua dsiif6is ¢sal cllegxsal
188441 Agilds Ad drl &dl 2al dell dal R2se-cllczsNalell 613 ddlB NAVAB 21T . AHUHICIdIl AANTS
G d R2sa-cllcgxsAalall AUAANis sgdPi 41 8, ¥AR e AUIldl] BRi¥sdI €21 8. 6 o 3 oll ANISIoll 243U
Aadl usi1. (243 "e” led electronail «igl, emissivity ol e...!)

ST uglhi ao 3ea o= 5.670367x10° 2LK4 3.

m

dloicil 2¥ldlialA 2unis (b):

ool eillAsQsiell @AcdH dla 1wl A4Hi 2id eiRkii sl ueidell QAo Gsieiyds e sal.
d4@ sial ueld Hizoll ARl dladl [@QRg dIdagel 1A Ul diRe 3 el Y&l diudia Y€ Y€l d2IdcIgA

10 Fultraviolet ; visible | infrared

i
i
!
1
1
i
i
!
1
I
i
1
b

6

Intensity / (arb. units)

1]
T

0 1.0 2.0 3.0
Wavelength & (um)

2igfa-(2)
Qe dlddig] uew 3 A6 8. (1gld-2). ¥ adideg Qe dladl 2ead R, d dRidog (1) d sial

verdall (61021 divdlel (7)dl Aisadl 2juanis ded ¥ dlooll eUlctiala 2Anis. &slsari 4 o A a1 sial
yeidal 61021 diuMicioll &A2d UHIRPI 8lF 8. M,

1
A a? ApHYNM AT =0 (12)

i b d dlolell WIdtiada ANis 58 8. dlolell Wistidla wANisel] Heedl Y il oA dRIlg dIUIel
el s 8.
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ST uglci def yea b = 2.8977721(26) x 107 mK 8.
Asodlell uunis (R, ):

1Sl eilldsstiofl Aaioll2t AseidT upnIRUA geluzdl AeAIRA HiZ %39 Ad] AAANis Aall, F sIIQI¥al
A2 R, Aol Ao ardl A2 R alE danii 2413 8. 4@ R_Ai ol AL B, ieid €I oYfSHAA HIR. dsciololl
AAis A PAslaloll oYfsHAA A1dell citlaBlidl Aisad] As UAANiS V. EIYQI¥al UAIRoll drTuzall AEAR €Al
d4d Aaddl Aigeils (empirical) A2 Al 21 AAis evid SAT &dl. Ascidlell ANTS BISQ¥el UBHIRPIY]
BAYd = A3 ddl MeTA dR2I-2AvAI UR GrRIGEI diE 8. oflv el s8R, dl Aseidldl wANis slIgGlval UAIRL
dofl &R il ARl sal W2 ¥3¢ agad Qidinn Sldlell dal-2ivl exfd 8.

s1ggloval i Ascidloll wANiS Hidg] YA oflA Yol B.

4
memp e

R, =

e 213
m,+m, 8syh’c

sIg uaIfeus gAsglol n, sdleen Aisdidll saipiel n sdloey Aisaiofl s21pii 2AsilA 83, AR BA¥Idl d21RivI
Hizg] Asaidl Andg geilfds Y2t olA Yol 8.

SI ugldai Ao yea R = 1.0973731568539 (55) x 107 m™" 8.

AU cigRRldl AANis (a):

%ol eillAsfstioll ildllcs A4EES 191631 AN d¥ell UBHIRUY digdi drluedl Al 20cid 2y cigrRel
UYAis N2l sslsadi s1gGlval UAHIRL Q1% 2ol [Qeiivoiofl Yl AUl HIZ AHBES oligRell dIEHi JUIR
sl &dl. A3 gAsglolell RISz ddnisRell oed dogdla aifl dlel 21a gAsglololl €01 UR dail dotell A214IE]
AA yel exlopii dlEll. 31 sl AHE Al JoPii As AYANiS d¥al HeA], Fa dHEI Y2H CIURERI AAANIS ol
AN, Al AAN[S o Held AAANIST A8 ofldall Y2 93 AsOFdl .

2
e

B 4re, he

Al Y2 cgrel AYais MRS [AydeiRd sell aAofl Rydajeisly HidbAldl usiad wH¥al HI2 el viel
% HeTdoll 8. 2l AANiSg] YA v /c YA 9 el 24l AsHRA, Wi v, A v olgz (adaisk) errisainii gadsglolof]

~

%SU 8 al ¢ QoAIdsii UsIRIell 15U 8. I AIsA1 AREesA Aol Yololl diRuell e3A10 HeY,

Y2 GigRRIcl AANiS s AsHABA el URMIRRIRd wHANis 8. AUS Jotilal 211 AANISA “VUddifsd YoHolell
(coupling) 1uqis’ &l “yirdfAs gdse Hi2 diRdAs $12la BRAYd sl HiZall SUlARAR” s8d 8. AIYGis
eilldsstionii "a" of ey AR B. SI uslddi dd 3ea o = 7.2973525698(24) x 10~ &4l o ~ 1/137 8.
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olgz AAela (u,):

d uiifeuy seildl ol s exifdal Hizal AsH 8, F 3ol eilldsurRsll ol cllgell Aiotii clleR
Ao a3 vy 8. A2 Ace U dslifais I3 w2l &dl. ollgx WALld Acedl AlMeH Gedv UldlA
192031 @vidl dell As Avdi saAl &dl. "7 " Fedl slefly dapiiaefl sefla 21fd sdi gAslelell doll Gp MU
Joisla AISHINg A s oligR FA2ol Feq &lA 8. ollgell UAHIMRUA obfall UHIG! I LIS IASelofl AgyT™
@odaiddl ereisail 8.

olgR ¥A2olg dMM2ual 3 ofldoll Y2t weE Aadll AsI:

_eh

Hp= 2m,

SI uglcmi dej year 4, =9.274009994 xlOz“% 2u@ial 11, =5.78838180 xlOS% 8.

@ AsA Aledl Yaed 2#Aisl @AY iRl 2rudl MRS sAT 8. ud As clicidd] oitl dgA 3 1 yneyd
UYAislofl 69 g AlsAISYds d 6 guiR A18s i8] A1 Hival sAlofl ¥3R YEIA B.

2id s AIeQAs U A BeMd 8 3 ANISloll A1 AlsSA Aol SIY YR &2 viAl 2! 1 AANiSlall YR
8, dell sdi &si yei 8ld dl deliell ElASARNG 2al AHAAAI Hiddd¥da S 2 USA 8ld ViRl...? SERI &l ¥
UYAiSloll YR AR B dell Sdi YEi &ld, dl SER AR] Gl@lis Uel YE &ld, SER AE] ARAY o yel &ld
dl dl 241 Av yel duiRkll o &ld.

... Thank God, the fundamental constants are as they are....!!

...

Cosmological constant denoted by capital lambda A represents the
energy density of the vacuum of space. It was introduced first by Einstein
in his general relativity (1917), in an attempt to achieve ‘static’ (neither
expanding nor contracting) Universe in his theory. Later Einstein aban-
doned this idea when observations made by Hubble (1929) led to the
discovery that Universe is expanding. Therefore, till 1990s the constant
A\ was assumed to be zero, but then the ideas of accelerating universe
and dark energy started gaining ground. Astronomical observations are
indicative of the need for a non-zero Cosmological constant, and efforts
are on to determine its value precisely.
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QRyd d Yoiscd - Wda URel, AAelRs Wiy

sl. ddd 5. leIwl
dlifdeeoe UISAR, Idofdoe dlelodt SIA%,
dsee-15, dlitllodI2

i) a221-2015"4i Yoiscaal] gfez sivll 21994 2i1d] édl. A tgpRicial 241 Qv yer s
Glot2].

1. HIRdIfds

Qyd (Electricity) id Ysis (Magnetism) 21 oif gl dicll 142el, 2 AGA dl QBadq Ad AldeiRis
olig] Adiofl A3Id A, d ugdigl weldi 8. ¢.21. yd 6008 As urfla dcaRiasl R¥R Qyd (Static Electricity)ofl
g2aliRAIYl URRIA &dl. dil Meldi &di 3 AR R (gallall eid wRNed Ulo 210 ufuRels 4U3u)d 3a1d]
gR1adi AMsi (Fur-s2) 218 aAdiii 2119 AR d SIPINall 4SSI dllall alloll g8SIA 3 dllall WTorRAl I endl yeidia
isddicll JeIEn] Ui §3 8. Uid P Udl Uil dsiifGis deaell dN AMEI &dl. 2iElF 2200 ol Yl syl
A QAR dRIdl dQeIent s wA ¥ W &dl. Aleoii A3oiR Hizg) URlel ol YAt (Elektron) ial sl i
gdsgu (Electrum) &g. 2iiell & ) oI, QG BidciE ¢.21.16004i 2Aluee gvid Electricity 210€ w21 sl &dl, A
ok Y1 isdelell deienia electric force ddly Naviical &dl. Yoiscdoll PlAsR ULl Jled]l ¥ RAUE & al d
2031 yel QR édsuri-disaruisizl uuldd 8. el ag uAd Edsal ¥l AH1wel d@216121 4000 oy uzdi URfle
Gk ARAall HIBa2 t1usI (Mount Ida) uddsiniel AARIR (Magnesia) ool [@dRMi A1 (Magnes) dlidail
eRUIS AS duid Uldiall d2ixAla AAddl dg 2R &dl, AR dBl Heeicd] $ doli UdRuiell dlvisdl vilcllAl e ddll
dissSloll 83 A11dd dlvise] 9, d ¥ 1A Pldll viss UR Glell &dl dofl 2418 Asex Ales] wdi &di. i1 USRI HHIsHRIg
SREI ¥ Id] Hi2 YA Udll ¥3flal viledi dlvisall ueldia AHisdalell AR deient SrUd] R Md 3ll, ¥4 diseld
ddl3 Aavianii d1c]. dIsAWol USRIl I vissa AARRAI ¥4l AAlal o ueEl AA2ife (Magnetite) ddl3
AHlavignii Aicl. diselol A gedl Ad una adl e Yasla speient sradl dvisd] viely Fe,0, 0l ciddl &dl. 21,
gedl Ad ¥ wflaigl urd adl AsAal A AMLH Yois adld welldl UA &dl. Adeid, disaddl Mel cllg
diciPian YEN d SR3AIcAIRA] Aal 2iaQae SAA] @l 4d d Mg ABHA G 8 AY Hollg @, 241 dIsaloli
1M speieniiofl Mg 4 As duy Aldfl disla 2ruanii 2419 8. .4, yd vadl A€1i (99 BCel 55 BC eA21a1)
Aol $A Ad dcalRids g3RIA dcdsiiolall Rigidiefl 2AeiR eiRifas Haisicy "De Rerum Natura™i joisoll 68v
g3d 8. AR uadl A g.A. 7741 uslaiRsfl 21a Avis [&ofl & AesA dail Aleat eiNPi d@vidl slieisil "Naturalis
Historia"si el gexd] yois dis2lolall BV S3A 8. WA ¥di disla A4 3 AN21ge A $5d dlvisa 211sT & &
g oell, uel A dal AAISRg celidlal ulell dg ysurii 1A di d Gu-eFRl EAni ¥ RAUR Uiy B, d 1 Ad
URMGIS ERARUS 8IskRidlell A¥alall YR civiiR]l. 241 AA21ge A 2 YAoi Hee3u g alaiEll dal [EuRyus ueaR
(Leading stone) 3 dis:2la a3l v Hdll. diselaldl]l 2ME clie WHAall dicll 201 JEN d AHizial I AHI2HRIYols
Yoiscdofl ged] azall ¥ clofl 28l &dl.

RIRGIE Bs A AT .24, 12693 Fou Qgilal Ul WBIelA A Aoi SP1 S Sdi Yoiscd Bu AU
uA121N AT &dl, el Yoisall RIgM] deil Mot "Epistola de magnete" usi 243U AcEcig s3al YRIICAI &dl. dHdo,
dda welld adigf @RIl 3 2l Ua A @Rk 9BURE] Hd §d AR UsWeNdll Giddl As Y &dl. Yoisdl Aechi ga
(Pole) 2ucedl Bual dHE) 2AlMeH quid AT &dl. i1 i dAHA Yeisell gdl [, Yoisal GTR id el gdidll
Ao, Yoisell Asollan U adl wAA AUy Yoiscdoll AisHel 2al vuIsHelotall (o1l dsBld dela s &d. duel
d quid Q@eaiiet Adl viellHi adl Yoisla Mg @lsiRia GuRid HeAddl vildl uR ysd {d 2 usdl Yasl 24
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gRA9dl old-Agd BlsiRidell Ay uel AN &dl. dHA As Alal YoislA dMaldfl el s &dl 3 Fal vasieM 12
(celestial axis)d wMidR adeR@d &3] U2 Aviapii 2419 dl d ki Ais epel yel s d4dl Add Alddi Wdl 2o
(perpetual machine)dfl scueiiii uel Yeisoll Gullafdiildl AsAAIRAG QAR Y sl F.A. 154431 ol gyalR
¥ &l1éHa Yoisly AlAof g “‘oiial adn (dip circle)” As2Aicy &g. i1 Aopii 24@AY 2421 U2 Ysd dAd &
3 ddl Yoisla A Ged i Aviai 21dl &dl. ddord 1 [5u A5aui Yoisly Madi ¥ %519 (oal slRl) HAdl
Hadl &dl, dell Uiell 262l &5 AT AUMRI &dl el A1l A 1] %819 Al ofl HA d Hi2 d¥ell Al AT YUIR]
$d1 HI2 HYdI W@l F.A. 15871341 i3 vidiRll Aeié ofbia "New Attractive" yReisi usiRid sdl. i a1 dlselol
al dall dlufuse (Navigation)ui caiggilRs Gualaile delel s3d &d. FHi AHE “f5u ASa’’ofl ueed] yedldl Yoisl
ol JuiRAl &RI ARy A1l vl Aed 3 Yoisly Adiall %s1d 3] Ad well AsH 8 d AN &d. AT AU
el gl 3 Beddadi sl Joisla M W4RAx 418 I viell A 8 dd d U6 o¥d siel (Angle of Magnetic
Inclination 3 ¥4 Magnetic Dip 3 Dip Angle uel sgapii 2419 8) s& 8. ol Slelg] 3c —90° &l +90° 4 AuY B
A1 8. Al obial 4N &RI F A WUNGl ool Sl U] ASIA B. YoislA AlAg) A1 USRY AAdlcal A ¥ d YA
A’ BUR AILIRd 81, [Qiol BgAal Qi d ARAAY GuAl2Nl ol 8.

2. 2ddal [ASIAdll doissi

Iy A%¥dollel (3 Il AN AMA31A48-1011l idid doflet &dl), ugldiRN ia eilfdsRdl Al QG
Ricieig ¢.21.1600%i Aleal eiri "De Magnete" & usiRid sail. A1(@8 [@gyd 4d Yeiscdoll 241 [ASIAell doiss]
I3 A, i1 i dHA RAluYH guid BAW sAT 3 ““yed] Uld uel As 0g Yois B.” 1 uddi di AG Hdanii BHiag
ed 3 gu (Polaris)dll diRl 24&di dl yedlell G gd U2 A11dd AN Yaisly sludl sRA Yaisla A1 B dg RRAR
iR 8. Pideid Yois U MAPI sal HiZ2 d¥all YA ARd Al &dl. dHE Hdaidl 2l @Rlel A4 yYedlall
Joiscdal AN <Aldd sAT &dll. §A © YdSlell ciadl dloll 1 #eIRIY dedl Hi2 Ueilds @l 3 dai PidciE Yoisdl
adldl uAPNofl Gsierydsdl A1RM w4 2Arudiol H2ARI SAT il A1 A1 A gvid¥i Hdddl URlel Yoisla dIg] ial
AdilcAdIAA oSl SIZAl &dl. PIAGE dell 241 ALi WeR &RI Beeiddi RAUR [Qydoll sREI Bgeadl HisyRIdll
yAoNall BV el AT &dl. Al Al ueH RAUd Rgydeirdl a1%3] durRidl Hize) gl (Versorium) e MRIGIS
[Aydesis (Electroscope) clalicy] &d. @QgydeiR g & d 2031 dl &y dsliaidl ¥ udddl &dl, uid R Fal yeldia
52 A18 aAd] redi Geetag HisHRl l Yois &R Beeiddl disHRIY] a2 &g, d A NN &d. 214 PidoiE
Alug guid ‘Qyd’ via Yoiscd’ dAdll [BizAdiila el 2ure s3] &dl. 21e ¥ dl dAlA sARs ‘Qgyd 2l Yoiscadll
ois AR A 8. BidciE ldidl geli Mdile] dela yedlal aiall Yeisly 2Nl 2a3ud]l U@AsA (3 I dual
terrella sgj &d- 231 A ool yed izell Alal 2Ace 8,)dll Heedfl s2G 8. A(A BeAlgUi 241l ¥Fal AUl s Ad)
eldl (doid, Ciagd Wid eidl) yel s divll 3 yedldl 211 Yoisla AlEdal sRA « g A yedldl RMRI eniel
s 8.

Ul dRg YA Qyda 24xdl Aizell qaxel Adl 8] &dl. g.a. 172941 22s0t I3 UAPI &R cidicy 3
Qydo] dsol & AB B, AR 17334i sloall AICA sloAAl € R122a SY§ A Al MY guid Agdell YJaies) (conductors)
al Aqdies] (insulators) a3ell dsgiad AN &dl, doid 21 Hi2 A AggsA electrics Ha non-electrics 2AcE
y2ldl sAT &dl. A4l [Agdell dgolell "two-fluid" ol die uel A &dl FHi d4E "vitreous" idl "resinousofl
Riscudl AN &dl, Fa 24y ¥dl Yol dl¥eiR vd 2Rl dlweiR diF Alauiapii Aiul. .24, 174541 sy [Qsiidll
diRasaA Al ueH duid RAR MAyddl AAe s AB Al ie2 i clgR digall aul @ndd]l siRiofl orRell Fd) 20l
ololld] ol A ‘dIase wR™ s AHlflA ¢lA, ¥ AAs [@Qya 2dames (conductor / capacitor) 2. .24,
175241 As disdiksl Yol AARSPI RdI-Y> AexBlal Fos(Col el [AIGAH FoslAal A dlxdllal ssisi-eisisidlnl
dieneil diglell didigRRBi vidRells Adl Uddlall M2 sAT o el 3 s dlvofl A RAyden sRA adl g2l
8, dlal 2l Qydd AsBid yel s?l s, dHE AN &R 4Ny 3 2siRfl ol 28 Qyda Yaies Adflal 43
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A floti Balid]l Tanii 1A ol el Hel BAA) dal usioHi dlyefle] adi gsulalal 2esidl sy 8. ial 241 Ad 241
yAdlell uReIM 2430 d4A v guid sl dxoflel 21l Aagar Hizal “RAydrais (lightning rod)”dfl Mg
s3] &dl. udie [Agd Hizall @lall (%0l Yo dl 8s 17813 ddfl 3A(632A S3cl AIASA ¥Rl MAPNAI &dll, FHE oliER]
ed 3 ‘“velocity (current) varied directly as the degree of electrification (voltage)”. ideid d duid diA
@ydudigs] 3 Uldidll AR UR dIRIdl RAISell MAHIRI &RI WY &g. %ol ¥IQvAld il Gy V = IR
g.4. 1827341 RAcui A &dl.

20 eillds2sll A1 2PRe € gerd 178431 A Rigad dlveiRl 4 Beeiadi syl 3 vuisdel RUAYd
ol (Electrostatic Force) oil gcirolall [oi3 (ogotall A41d3is 3cdisyricinel (G110l d1fRIfds 243y Id] %) URLg
sall. 2l (G111 Yol A Rigad dlveiRl aA Beeiag RRAYdeia A duall dleiRlell Yeilall 2RISRl AHMHIRMI
al d¥ell dall icRell 9dToll cud WHIRMI &A1 8. dl I e d A dlxeiRla Asdl ARviiell kpii &la 8. i1

(Grrel e 2A3ui A1 Y¥el AR 1] F=k BT i g, ¥a g, A dlveiRlel el 8 Al r A Aol u3Ag]
r

R 8. WAR Kk A geoioll AqAANiS B. APIO ¥di 1 (6= [Qydjoisla die (Theory of Electromagnetism)oil
@sRpi AlGarR Ad AIURAS ool Bdldll &dl.

&.24.18004i g2ifGa RAALIARA duy ellfdsuRsl AUdsxsiegql diceiRA As 2AlE) QAgyd Aeddl M s &dl,
dicel &Rl clelidapii A9l 211 d2dl A 2 AYA dl As [AydRARIRIS SN &dl 3 i dl gigel ol e AcYRs
Risall A4y [Es el Sturell & dlwddlell Gl sAB 1] &dl. dicziR [QyaRmA1AMIS SiNofl ol s2dl duid
QRu aigAiell N agfal UAPN sAT &dl al €21icd] &g 3 Geeraal Ayauaiged eR Il U2 &l 8. AR
dicei A uel o] 3 A dldllell 24val ggRaMi 219 dl 9giR wieni [Qgdudie Mnd s3 usi. diczidfl 211 dedldf]
ueed] AL guid Add 2Ha WURN RAydudie Und sanii Asadl qofl &dl. 21 M uddi ssd RUA Ayddl ¥
AUEAR Yd] 1]l &dl. UG 1 MY olie &9 Udlg [QAgdoll AUGARAl &R YicAI &di. 2P, Udig-[Agyd (Electricity)oll
[@siuell glderRMi 241 s sifdsid] Ma edl. diceiol 211 M 92R SEIR AIvYoll IEYIs 2salldIVall [ASIR ASY Gloa]
ol &ld.

A, “Qya’ el ‘Yoiscy’ A ciad Aai ARG yA10- 20MNeloll Ascllnefl a2l ad1 [@AuAl ddl3 adi @i
ug 183 €] 21a 8s 193] A€loll UBai A s YEN dISl 1 @A clicidl U2 I8IRd Ad] Ryd azaiAl idl
Yoisly azaliAIEl 8ls gls iR aids aldl odi, ‘QAya’ da ‘Yoiscd’ a2 Slgs 2Acig &2 doiEl dids daldl. uel &d
udlall eillds ¥aldall ‘@gyd’ Aa ‘Yoiscd sl Aeohi PlAeR NS 3 sUe cleddl dRg APIA gell @l &d.
182031 Al M 211 ¥2Idal AR [RAyaeisly aie (Classical Theory of Electromagnetism)eil [Qs1R1 d2s
APIN YUIGLP HEESY Glaldlofl &d]. d 2iea] 69 did 2419 & 3ol ellfds, @A 21 WFAR Ad! dilsd
[Qgilol & 210 2122 (Oersted)ell 3 Filell ‘dljoisca’sll 2Meal defal s ofdl Yololl 2IRe1 U2, §5d 22 Aol
43 RS UIAA.S).oll uedl Aadla 1806341 s5d 29 a¥oll 9 JatiSoll Slucidalal YlAURIi cilldsuR RAvAall
UIZAR Glodl. d¥all SCIA eRAl iz M AvaAni QuieflAl B3] usdl &di. A2 vl i Js s AvAIdI &dl.
182031 2iR2es M [GiERiol A418g] caurvulel ANl @1 &dli, AR dHA olied] 3 wAR dedl A1 AScll Ydigs diRyigl
@ydudie UAR sARI A1 B, AR YdIes dR UIRA AvidPi AHIAd Yoisla Al2Ai slenddd Adl 4d 8. dedld -
ARl guid AlG-cid sa Hadi qAddlsaofl viofl s, 11 ugl guiR uAPI sfa dHA udle @Yd Ha Yoiscd 9ol
Aoig WRUINA sAT el eaicd 3 AR Ydies drMig] Al (Steady) [Agdudie YAR sAP 241d 8 AR diRell
AR adausiR Yoisluda Beaid 8. ¥ dRell Gl AAdEHi &1d 8. Yaisla Adioll dladl A drRuigl yAR adi
Qyaudigell Yol AxMAHIRAT &1~ 8. 1 A dlwjeiscy (Electromagnetism)oll 2As 3H&cdoll 2ARAMaN dx ‘Qyd’
a ‘Yoiscd’ 9ol As]sAell YR civilAl.
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RSl 241 WA NRAal Fodu eilfAsAR i difRiaiRN Aig- ARV 241 BT 210 20Nl
841 Hi2 €lol Blogd s, AHQ olied] 3 [QAycMaIge] dgol Scl A dR dA isRl 8 3 AuIsyEl dofl AR diRMiel]
UAR adl Ayduaie As ¥ i 8 3 Ascllnell ARg fupii 8, dotl w2 &l 8. eilldsQsiiooll glasrRpi Al
(VAN (G144 il [Qydudigell JIsH Ampere &Rl 242 olofl 2141 ARVAR 1A AUy YaislAARN AH cidlall
ARAdlicus ©es d¥ dddi &la ddl siculeis "Electrodynamic Molecule"dll iRdcd (@Al did ver 2% s3 &dl; d
seI) gdsgloidl Ma drs €1 ¥l A2 &21...!7

1 oy G112 eilfdsuRsl QA 2% &.21.1824%i R2sd Meell MRigal uRfBis dlojeis (Electromagnet)
du [Aydleel] e s3l. vdoid, 229 clalidd A1 URIGIS dldeis uHIREI doig] &d. €], 3Rel (Inductance
L)oll sy Henryell 241Ul uRRid €A, 211 283 FHall oy UeEl 2419 & A 23ARsal [Asiiell AAs 2ddlA ¢.21.
18303 YeaaR¥d Ad YurRdl ag ABAANG] dl9>feis] claicai. M diclidll diR U2 RpHell €1 dlzidlad gorydes
dRR clallcl el cARGIE ideildl (Core) BUR 1Al dRell 6igfAg 2cRldil &2 AieiAl Alal Nl dlxjers)
olallcall. 212, 2l dl¥joisloll sRE ¥ dl 1% [Qyd seslell aga [@Qgyd Ae, Ryd Yoie?, gloAHR, dIBs RUS, YR
slotel aislal AiA 2UsMle2, WA AR, H2lld, Yoisla Adle2ua sl €lsdl A2dd 2ol ia skl udaisl (Particle
Accelerators) el 2As¥ clodl 8.

“Nothing is too w
to be true, if it
consistent with th
of nature;

things as t
experiment is
test of such
consistency

Michael Faraday (1791-1867) was one of the most influential British scientists in the history
of human civilization. There is a long list, not only of his discoveries and inventions, but also
of unique features of his personality as a philosopher-scientist. Faraday was working as a
book-binder when he got opportunity to attend lectures of Sir Humphrey Davy a famous
chemist of his times. Michael took meticulous notes of Davy's lectures to make a neatly
bound book (- that was his bread earning work...!) and presented it to Sir Davy. Subsequently
he was employed as a scientific assistant in Davy's Lab, where his true genius got into real
bloom. Humphrey Davy, himself a great chemist who discovered several chemical elements,
proudly described Faraday as his greatest discovery...!

World today remembers Faraday, amongst others things, as the inventor of electromagnetic
induction, which eventually led to dynamo and electrical generators. After he found out the
phenomenon in his lab, he took the apparatus to give a demo to the British Prime Minister,
who was quite impressed by the gadget. Praising Young Michael, he asked, "well my boy,
thisis truly great, but of what use is this...?!". Faraday said plainly, "Sir, this will help you one
day in earning taxes....!!".

And that is true today............ I Have a look at our monthly electricity bill.....!!!
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&d, dlxjeiscdell gldelRpi As o dd viel ¥ dlcg] AP BAAdIg &g d uLl As A4l Al &R 3
F2A deiel] 4185 URRAUMS agfal s5d aibdig ¥ URMGIS HluAIfs Riziel urd s &d. Uldiel al géciell 21DMAsI
Hi2 $5d 14 avofl G2 A=A As ofs-cllgfesal @i sP AR, i 7 9 YeN s s S ggRIel AH3i [Qslof
QAvas QQY Ydsle dide-ieAda sa AdluiRs Ad « Riziel uid 3. Astiei duall R el & AsA 2120
3 69 d4@ Ydshii didd] clieidl U2 MAPN salg] A3 s, Aled ¥ el uel Uldiofl didRysel Al el oldl M1
sdl dirl. KdiRiksa A1 D¥dl @1 dcaRids Adl ¥elol 224 due AAd Ulrsiondii A¥idl wvld dsiifis
Al AR &gl 3dloll urvAlell Aieindiofl ds Al sARY U o &dl. Aol cArvAlolHiY] dild viel ¥ el U
e &dl. Al w2 8¢ Sdlall carvuloflofl olie) YRl sl &l 1 ollEi Uldiall %37 JaRI ggiRl GIa d4d s 300
Ulallg] 62d(AfSid Yds dAR s ial >pRAISR sda R 6341 3dla d Yrds AHd s3. 18133 [Gizdloll Auct UlNSIal
(Royal Institute)dll u210B11 RARICI AelRAS dZ s A, vid 21 Ad [sial ¥dIda As YR yA2IRIRA,
dcdRias, eilfds2iRsll dusy RAARIARS Aal Higsa FuBell Az Hofl. (gl Box)erdl 3dl 218 dell AelRIs a3
dsiifeis 8d 2R slo, RU%Aes, daid]l, Ay 93l i eel 5. d MUl dilal 2Aals dslifeis AU
Yalisid du ds yeiariid] dsiifeisia Hadiall S Hel &dl. VR FABoll Ydisid ARVAR A1, AR MdloHi
duell yaisid diczl A18 uel Y &dl. &.24.18214i FASA dl¥joisly uReel s A19e (Electromagnetic Rotation
Apparatus) [As2d1cy. @1 2i2iel Al Yldioll viIcloll SIRE 323 AG AHleidl g FRAAI &dll 3 A [QAgcdyaIgal SRA
Joisla Aot Beotag alA dl Yoisla At &Rl Ul Qgdudie Beeiadl Hg. i1 QARG 3og 2Uld Avfld dA s
y21oN sl Adl dell uRuIs 39 18313 3BV [Aslicl ial 2salldIVall Aeali As wicdid Hecayel Ad] “dlx=jeis]y
Mel (Electromagnetic Induction)”’ el azaiiofl 2Ner s3). &3 A Ay dvid “Yeisla oo A (Magnetic Lines
of Force)”dll yel 2iscudl 2l &dl uig, d 24A YAual Z2ais 2nfRiAs ellAsAsielAA 211 vaid sondl el
&dl. (doid, Uing] AsAAA cia WAl $ASddl Riscudidl ISR AT &dl.) 24 ASA dl $RAS 2AMBId3Hi vl ¥
dleial &dl, Ud ddloll MA2N Adl dotl URRIPA u=ell dlaRjciscdoll als Hecdall 2RIl dIE] AAvRIA UNd &3l... !
3d] yoell aid 8 3 [QgydeiRlall dgoiell [Qgydudiss] GRilel U1 & i 1 [Aydudigdl sRE Yeislay Aot Geed 8..!
1, [Agydioioll BERIdg] SRRI AYdeiR & Al Yoisly Asiall Beeide] sRRI [Agdudie (didl QydeiRr) 8. Yeiscud
AYeiudl i el ol 24D AsI ¥ YEN Yoisly Breioll vald [@sRA of &dl, A ¥ Ad @ydd el AYeiudl i
YEN ol w4 As1Y A YEN Qydeirel vaid [AsA] o &dl.

3. Rgyd id YoeiScdoll AHcdY-dld]l Y2lall AHSIRI

@Qyd ial Yoiscaoall YlaeRi &d [GiRIAs doiss Ueld 8. ueH o¥R Asellne] deael [Bioo dRIdi A A2N- [Qyd
al Yoiscdall Asoflo A1d Aisdiall AluLH UAcol 1wl eI €l2A ay uddi 281821 anftidly elldsRA I
sdl$ AsAAA s3AT &dl. AHA Qgaieisla ABeN6 AR die 29 sdal AlMe guia €211 3 Aya-Yeiscd HHa usIR
A As ¥ ©edlell QARY AGABIA 8. 21 AYA dl i1 Ad AsAAd g1 6lASARNHI Bcid Hecaypl AHoU
3 Aslsel (Unification) yMNa &Ad. 1855-564i gsd 15 avell 93 ¥ AsAdd 3hay diAEsa ARv§) w421
"On Faraday's Lines of Force" Rinis 8sa 2iileidl uat 2% sY &d. 211 BuRid 1861-62ui AsAdd “‘fcllRilsa
AfXel Aos wold ilg AReA""Ai "On Physical Lines of Force" [Qua Uz s dig 2uMNda ua usiRid s &d,
FAi A2NA d A [QAyd el Yoiscd ANl Hadlal sliolal IR0 2NRIQAS 2430 Y sAT &di. 18623 AsAAA ¥R
cisalol (5o 1A% viid <Arvlel AAN] @1 &dl AR Al [Qgd-Yeisly ddilell MRl 15Ul d1e1ad] sd &dl,
AR UskIdll 21fdofl 255U Fedl « &dl. 18643 Aud WA~ "A Dynamic Theory of Electro-Magnetic Field"
@Ay U2 ANA UvAId gsdedi AsAAA JAsgIsRIaRISAa SNl w4 udi 58] &g 3 “Usial AR o
[Afsen A [Qya-Yoisla [6Rrle AgRidi [QAya Yeisla Al 2430 a2l 3 [Q2ilell ¥ 8, A Aleidl HiZal Al Ui
Acia srell 8. uiwad]l 21 AldeiRis Yu Kdiiksd gloAsua ils AAd WA, dscidi 186541 UsIRIA &3
&d, ¥ Mgya-Yoisla d2iell RAcda elfag AlMen IR &g.
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22V B=0.iiiiiiiiene Gauss' Law for Magnetism

3. VxE =— s Faraday's Law of Induction

OE
4. VxB=y, (J'i‘SO Ej Modified Ampere's Circuital Law

James Clark Maxwell (1831-1879) was a Scottish theoretical physicist who brought forth a profoundly important
unification of electricity and magnetism into electromagnetism, through the four equations of electrodynamics.
This was the second epoch-making unification in Physics, after the first one was realized by Isaac Newton in the
form of universal law of gravitation.
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gelal 52 8. Box itemai 2uflser (1) [Qya A= Hizell 2116yall (o123 eld . 21 (G131 [AYdeiR Hd dell SR
Beerddl RAUR [Ayd At 9ell Acig AU 8. WIS (2)A Yoiscd Hizoll 2Bl (14 €1d 8. ¥ Y¥ol AdA
Yaisly gdl (Magnetic Monopoles) iRdcd giddl &ldi oefl, % 3 dHi¥ail Yapii d Mavilael SIAS] cidd 8.
Alse1 (3)A 3RSl Yoisly BReloll (o exld 8; wuR Wflsel (4) A AsAddall JURI A18ell ARVAeA (o143
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¢= Jito *3x100m/s u@i 8, 3 usiziell Youtasizmi xsu Fedl ¥ S B...! (el 1, A eiasiRiell uRIRAI
0“0

2l g, A YolasiRiel uAdYdis B.) Bu dvid 2yssi Adi Wlls2elg difdcd (elegance) F2il...! doll siofl ciiy
"c" ) usiRI-2IRA (Optics)qf MAMGIRIcY 83 8. wel cliydll =AyNiS] Agyd-Yoiscdall A0Ysd eds B. al eilldsARsd
AN Avilal AsYA Glifl & 1 WAIsN... ! agpi wel “°c”” A U %23 UsIAI ¥ oldl, slguel dlx-Yoisla ddiell ysd
vasial (Free Space) i 921 8.

AsAdd WfIs2M g1 UAs [Qyd-Yoisla vediila w4l Asi 8. “Qya-Yoisla geoll” G 2y
A1dq ol eid d gvid ¥Ry Beuzidl didlg &ld UG A1l AR ARl Bdoti 1] uals [Agd-Yaisla a2t
qeiRd]l g AslA gl ¥ 5, qvell ARURI [@QHd el ol as] ¥y AslA €A d usia duw UsA 3

/26)

yanail aa




2(AMA%01 ¥ AAURIA HoflR¥al Y3 UIS B. I AIUE] Yol US| Asofl 218 Asial 28] ASIA ¢l dal Aoiga RFAd)
i 1 QAgya-Yoisly dailal A1 8. 24 ALA dl eillAsAR 4 2saldiel AR ANi 211 AflsAeNell Buial
adl 811 ddl ciieidiell Ak aell dicll &R, el Wleini 6lASAR BURid 2AMBIAAR AUy AeD(aaLIall
AeARMI dlyeiscdoll A1 sAPMI 2419 8.

AsAAd A 19 26€loll As Adl QI 2¥all @ilfAsuRA &di; 203 2ulal el[ASARY BU ULl d3ell viel
Helld &dl, 1 AsAdd WAIsweNoll AHE@HI AuMUdi YiE Aico o2l S&] &g 3 “lARMe AN2igiE (Special
Theory of Relativity)oll 3o Qgyd-Yoisla Sololl AsAddati 21{s2ell 8. AsAdddl Agilds siFeh eilldsQsiiorii
As oldl Ylall HsIRI UAi. 187941 Aol ddlel clie 18884i ¥3dl eilfdsuRsl Bailks 3Sles 683 dipole antenna i
A1gaefl A52A1 ddN Beuool 83 cidicdi. ol oy (G121 e5id 860l GiRAHI 1895011 AN ¥2IEIRRIg ¢l yel
di ddN Bcuool SABN AN 3.

194 2ulall Beall A €IS NS s wARsHI NBIs AsiRA dofl U ABHIA &dl A ¥ BiRRAPI LA
A5Act 2al [GISIdl 22dl 923, diSiall & Hd AAPIs 2ai dlevef] ualAisdl Hizol DC 21a AC udie Usld s¢
2salldIell Buldl sl 4g GiaaR el [Bdlug 8, dell AE6T ¥olRed slloidd Y& AUl &d. i1 "War of the nerves"
(3 War of currents!)¥i 2id faisldl 22diell AC Mdigdll Qe &0 &dl. & 2031 A€l MRS §2] @1 &dll. ial dofl
dsiifeis il islA dl dl As odl A dvidl U3, HiZ iR, N

Lightning and thunder .... One would wonder....!

Lightning and thunder in rain clouds are the earliest natural phenomena observed on
the earth, and even today they are not fully understood. When water vapour (being
lighter than air) rises up and condenses, it eventually forms the rain cloud containing
small bits of ice. Somewhat like electric charges produced by friction or rubbing,
collisions among the cloud particles caused by turbulence result into separate positive
and negative charges. The huge build-up of charge continues until there is an electrical
break down and a sudden strong electric discharge occcurs. The charged particles
released, including electrons, heat up the nearby air so much so that that the air
molecules are excited and they emit light. In the process the molecules like N, and
O, are dissociated into their atoms, which form various oxides that dissolve in rain
drops and reach ground. Besides, the pressure waves generated along the path of the
lightning bolt create a big sound i. e. thunder.

Electrically charged cloud up there induces opposite charge on the ground, and what
we have is a big 'capacitor'. When moist air in between occasionally yields to electrical
break-down, the lightning strikes the ground.
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(Photonics- the 21st century technology)
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VloldIES:

st. €lus . are1pM

5%lsa [Aeipl, 2 2ils el

d|eseld YfaidiEl, anaeldie

204] 2€] A gasgloflseioll €] &dl, al 214] €] skelollsaioll aar vef 261 8. Jasgloflsel
slelollset azsail [Asi2 ] s vigqya werias dsulas Qs 8, via 21 69 ¥2ida Ueid
82 8. slelollsaiof] ¢S 2rudial] 242 w2 S3d 8.

ARSsol [AARS AR Seolell Hd [sliciol U2AMA sifodNel Y B, il A €253 [Qstiol Ay 2salldAIVAl aicl]
il vigal upfl 8. d 2idlell Gelgell elA dl 193] A QAyaonon Kl MeN, 203 A€l wisell sdleexdle,
igo2igolall 6 ANUAIE] 2ia Bcd Bed JAsfais Ay, AuR-5eN Guid 31 (chaos) I [QeiiddiAl ddlRa
aell s

196041 A=uell 2Mel uefl [Rslial el 2sANAIDAI eRUH FSR] Il B, Yol s5d [Qsiial ¥21d ¥ gl ug
A4 Alotad UellfAd A B. el AHBAI HIRRIg SiuRI ST AU olel &a 3 F usIAall §B3 Ald AR 93 ueQd
ol ¥ &l2. [Asilol ial 2salldlVall i1 Besildsin exAlol ‘QclallsA’ olidg] D15 URMILI Beid] icy 8. vidviR dl sdloey
gasglofls, usiNa gAsglollsn 2a d uell sugi: ‘QlellsA’ ol ol i 8. AR 2SolcAIVoll [ASIRAG AHiIcR
AH1lsd sigorR] (Usil /WA )oll vl [@AsiA adl 210 8. a@d1ei91 150 avell 2118 duil ugl 2=lsa 1ol 2Né
AERAIAYEIR Adl Adea MGl 21l cled] aiivfl 8. A= 2a 2 Elsd s1g61 Hollad ¥ 2SlldlD U 8, A &
Photonics.

sicloflsa g & 7

Al A3 3 s USR] YAsllsA &l A Pl B... viZ o ! qUA FeflA YA 3 qiesHig] AR Udi Asll
@yd udie A 8. YeI YeI USRIl eldBig]l gASol AR SAI HIZ FEI YEI RAIRAl B, APIIoA Ad [Ayd uRueaii
gdsgla digsHiell UAR U1y & d e1Aldl AHARAUS], 21, 3URAle, gossed Udi3 aesl dudl HdNHi 81y 8. 41 21(AHlal
gasgloioll 2idl /A0l GuAldl sdla ARTagiRd, 2Rfded, slud (vels) Gusel, dloie-[Qale AHi2oll [AgYd
Busell 931 ydidl AsIA B. YASalol UdIE BcUoal s31, doj [eiRidERl sa YeI Yel UsRall Qgyd uRuY daAR sal
Hizg] AR A2d gaAsglolls?.

&d Ayl usiel sell ($181) @A AT sdg). sl 2Nl 3 Ald UG s3al 21U K12lel Beuool 53 ASIA.
il §l2latoll Udlgal [GRIBId sal Hi2 ANE Ao, 2RI, usil ArsI [Qeiys (ol 2udleR) dus vild-cig salddl s0
(1220)all BuAlal 53 ASIA I, Foll &I1 AAUE GUAL[ A1Eall Fai 3 e Ao YAIE cloiid] ASIA A, sile
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AoAwAall BuAldl sla 2Bl 2dldlxe yeNl@ siAiledd s3] ASIA A, A1 USIRI-SLI-2ARA photonics As USR
Qsiiol duer 2sclldl® 8 3 i usiNY seldl BcuRl, Ao BcAi%al, UAAS Hdal A2y Ad dell 21(Ag] (GrRivel sdla
@Ry GuseN oaidl usi. doil, [Qyd yRudledl 23 el Ui usil sel AHURd uRugl ver 8¢ 3. < {4,
(A Y2 RAyd uRudla SIg qaR-ye (substrate) uR 2ifsd sg Jodl3es ‘gasollsu’ @sia upy 8, d « d
‘fi2lo’al [eRiBId sl Y2y GuseN (S1eldlls A1) uR wgIRd godlAes i2ldlsA yel [@si upll @ 8. 2] Ad
usiIRIRA (optics) A usig MAsiiel 8, d Ad usiAse-ARA (g12ldlsA) A usildl 2sdldlw 8.

Audel 2ME ugdl usil [Asiiaiefl As oid] Al Bed AAT 8. Fal 23uly usi [siiol non-linear optics s&
8; F PRI gefla usRISRI-ARY dilS [@AsiA unY 8. gkl 3 As ¥ d2IGGIYal A USIRI ARSI GRIGR Asoflvidl
AN A1 dl g YA ? s ¥ oEl, AN Z WYY SIS ¥ of GlA A A clod A ¥AALY UAR UL WA 8. g A
AsY B, 3 As d1Idagell A usial Bel @2l YA olly Si ddIdage] usiRl Bl oid 2! A AR ¥ ASA ol
3 AR USRIl cloa [5eilg] AAM¥al 2Rvfld (non-linear) 1. w1 2ARIN AT s2di ugdi vl usig [silel
Y dgA.

3vfly usi sl (Non-Linear Optics-NLO)

usial A dodld Qgyayoisly a1 8 d efddl AsAAdall diE A oYea 3 Aiga2igololl 6il[AsAsiicHi Ml
F2dl ¥ dlcAall B. YoAlUsIRPi [AYdjoislA 2N Hizoll AsAddoll WIS 241 Yol 8.

1 s wefl gl sig] @Asa w2l od 8, I 241 W,

- 2 7
sz—izaan:o ................. )
C

Aflse1 (2) QAyaeisla d2ile (usig) Youlasigpi uAel €ATd 8. usiia gdleyd s Asiy 8, dall

Hddol 3 U1~ 3 d dedld dd1 8. AsAddg] 21 s (1) &Il Uelol A As Ad Bdzudlee A Def 24y(A 2110
8, ¥ Qyayoisla d2iell QYddat iRl UM/ ARl €ol Al 2pRI [Ayd iRl Wlslled? (BdeA0e) A1
Asndd 8. [Qyqolell sRE AR [yd Mggdlil Geeid 8. RydAial sRA 2RI Qyd syl electric

dipoles Gemd & el AsyH sexi 8d @y sydl s NAAYSRU P e2ld 8. sigedsdls weennpii Sadaiioz

-> > >

- - -
A Do YA D=¢g E+P, Wi P=¢, yE

21l B:go (1+;()ZT= ¢E, i & 3 Weapial siggdsdls wunis 8. e AR Wlswl (2) d 8,

- 2 2 . o N . ~ . .

V2E _"_2 o f =0 i n=S 3 wiganiol afloideis B a8l y B HiEPRi USRI Ad1 B, [@Qydaeisla donell
¢ ot v

usld 21 [gdla syol vfla @sa wflser o 24D s 8. 21 Wfsell Guilal slad wriddel asleidel, ([Qade

] azaiAlall AAeARI Aed AR Alg 2Alg fla usiRIIRA linear optics ! vidvir usiRidll gt 118l B1-uldk

2 2 i Y N
Uid1eg3Uel Poll cavall ueell P 21a) E 93l Y 2eig Rl [gdla el 1l [Qsa 1lse1 93 44 ASK 8.
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usial Aa g ARl AidMBAld] UUT AAell 2Me UBdi va ugl, AU A doissiHi ]l ¥33 . A4zl
Me uddiofl did sAA dl YRicig (incoherent) A6 Ai€ldol sdi [@Ayd Aol dldd @a1e121 105-107v/m
Fedl g1 8. Fofl AN uBNERPAI oG (oY(SURA) %R JASola Agjeidlg AidRs @y 10810 v/m il s¥g]
gl 8. 111 1 AidRs [AYdA APIIeA USIA-dldli [QAgYd@t Sdi @21e191 10° 21 YaR 81 8. 21 APIIcA USIRIg
@yd A yAIRMi @l dde FAsZlolal ¥2A MY s2 8, Fi [ARRIY BAYal 3 YRl UG &1A B. I¥all FHloiHi
Nd-YaG 2ulkd (pulsed) AR 2ial 30l AR i USRIl BE2R 43 BRAFd UsIRIg ofl® [AgdA 101°-10"2v/m
F2d Mol gl & F UAIRMI W\l FASZel U Hgjeididl AidRs QYA sdi ULl YUR &1A 8. 1 USR] ABlogd
s AR (5e1 udnIRRAlg vRAdIsel (ARAalIgRA) sda a1l Bcuool sAlofl 2pudl vl gAd 8. 1 BApii

. . - -
el Beerddi Yld NAAIRU Pal Eoll oiguel 20s@ P=g yVE+ 5, y? E* + 6, 4% E* +...... 98
eld]l s, oflv Ad sédi, P=P, +P,, Wi P, =g, 7" E 2d P, A clisldl gl 2vfld ue exld 8. 2

~

AlMcalsad AsAddall AHseMi ysdi duRld [#(da s3d x3vfla Rsa wdflsel 4ad &, xald

2 2 2
0°E O P ~ - -
2p P02 0 TN g oiully usiikiRsiel uiRl 21d 8.
ko ot?

doiddel P=g, yVE+sy yP E* 46, 7P EP+.... A 2AR1E (Sloadar) Fell 8, 21l

(n+1)
<<1

X
PR
y . . - ~
arl 3 l()g YR 1 sy &ld dl 77 @101 1041 sudl, 7 @d10101 100 ofl s3] U3 1 B. Akl
24 ysdi A1 A UEl AY2IRY &ddi, ¥ A0l B2Ani 8d AAg2iell AsIA d¥ aiell. 23vla NAASBRAHI A1l

yeal Agidllal usigioll ol saell 2Rvilaudl, 3 Al 50l 2idvfladl w3k 8¢S 3. Geigel adld P = g 4 E? ue

uRell usiziell ol soll 2RI vaig 219 8. adll, £=E o (j=+/-1) aluell usiRig ol suef 2vfl

uldugBiel 919 8, I 2y YR GRidg &” 8. Aed 3 800 nm dIdGIY dudg AR sRel vl 282]sHid]
AR Ydi ol sgf iRl WIAAIRRAG 2gieiddla 400 nm dR2Idolgell 82 Bcuool s d % Ad ¥l Y€l HgRioll
A A2 [Rel 2dlsHiell UAR di 1 AAIYRRAGN AAINI dal cliais] Fed] IgRiai Beilell 3udi HaA. 41 As

adloidl 8, % viRi ollelA. agpi S usiiell Aflan saell 2ivflac ALA dl PP = ¢, @ E* ai asleigais (n)

U2 A2 (BReldll dldadi T ofl adl 242 Herdell 8. wEl A4 @ull ASIA 3, n(l) = ny, £n, 1. asleiddisal 231y
g2s o RiG Got 3 oul Sl AB. s HEAHAHI N A2 AvAI &1A B i nall siculeis (imaginary) aes Myl s
A1 Asqdd &l 8. 2ni, % n,<0 &l dl dlddi [ qgirdi albeiddis 240 dell 2Myel AHis o Ul 8. Aed 3 2y
sifecis (threshold) dladiel aarR dladi 312 Mgy uRels olad 8, AR deigll 28] dlddl Hi2 d 2uReRls o 8.
1 52 s Agud (AYwie1) 2ANEl €A1 B, 2l 1 USRI HIEAHA ‘Al 2Mus] 58 8. defl 6dg = n,>0
gl dl dlddiell gl A1 Myelis a8 8 3 Yl g HeAn G dlgdl iz 2HuRels oid 8.

usiiofl 2l dlaal Hi2 2urels /urels &l wiR 9 dlddl 42 uRels/2uRres &, dai sidldls ueiel
Gudoey 8. Bu eldd usiRfla ueidl 3 Aol GuAlal usikfla logic gates (difss &RR) cloigdl Hi2 g 3.
@i AHIUS diYs Agey QA welA ElRA. AEA usildl & d2d1 ABdldll 2Rl 1 Ad 2 AslA. 4R
3 A 2d B 2 A ufdfcioll (images) 8 ¥4l AHgi3u MAReI (transmission) s T, 2ia T, 8. &d, il usiiell dlydl
I, &1 Aq dwR (Brer 21 A uldlCiclxig uAR Rl R die dofl dlgal )T, T, F2dl &2, 2162y2 (Mela-lorusy)
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dal gotye (2lela) dlddilall el u=ell el T, T, udi, ¥ A usiel A3dlell RISk cdid 8. A il
dqeisikRal ugdu AND Slgedl AcA1ddl sles (truith table) od exldl uslA. 1 1, 21a L, dlddiell d221 2i3dl ofly
2udle: beam splitteri @211 &1 dl dell 24162y 24148l usiflA OR dgedl sies o3 e2iid] AslA. 2111 optical logic
gatedl vId AISR YA 8.

&d iRl 3 A usiRlell dvfla gca ueld (NLO material)d 21182y uR 2pvfl3l €. 11 usRg HIga
Agid 2Mus &ld dl usiiall sifod dladigl agy e Hi2 d uResls &2 2id defl Al dladl #i2 2uResds &21. 'OR’
gz UsRRell HIEAH HiZ RN 3 [, el I, a2 sifod dlddl sdi Alei Yl 8. yel wai [ + 1, A sifed dlyal
sdi g &R 8. A, (L+L)ell BaAnti vy usian gy uresls glaigll 2Arueid 'AND' Slgfe usiRe] Acu1dl
sies udl 8. A S Hefla usIAl AN A USRg AVIA 3 ¥ UlARigud (reverse saturable) 2ilus &, dl d
usiRiofl agy dldidi Hi2 AAURERTS il el USIA HIZ URERTs HIga3 &ld 8. (Y 2115(d-1). ol usRd dlzif@isdl
XOR 3Jigferti &l 8. x4 24yl NOT, NOR, NAND 43 usRail Slgedfl diziflisdl eriddl 2iRvild usigl Higilel
Gulol sdla usial 93 AAIGA shye optical computerddl a1 QAR ASIRA.

JidHi MG 241 USRall ANgeAa Asy ueld AHieAHAi Asolla Aisefla @yd Al Il ol clalidf] ASTA,
% usiNla IC 3 optical chip a3 ad. iidl AR Aedl 3 aiYsal Qv siledlsA A A A gAdsledlsual [Ascu
Y2l uisql.

204 €l @d gasollsell &dl, ug 211 24€l s1dlallsyell &2.

L X X X

Increase in intensity
Saturable absorber At higher intensity material is transparent
While at low intensity it is opaque

000

> Increase in intensity
Reverse Saturable absorber At higher intensity material is opaque
While at low intensity it is transparent

215 [a-1
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Ygalle- As Adcand]l @zl

sl. dgpl 12, MAdeT
@iifasen AP
@ldod SIA%, SISIR

illasAstiol 210 2salldlatl [QQg o] 24as Ad use ad] eeatl Red daie. N3 A QuiH]
da 214yel 2152] def us1A ael, y2og el dail carys Rdr ¥32 Ho2).

1. vIdIlds

%ol 10, 2000011 A% ciSal 2AZRA A3 ai€lall BaliR ol cigAa 'Millenium Bridge'dl disidel @i e121 dal
81l olPIRST B3] usaul &dl. 320 2R dicll 1 Hell*A (G, UeARIA HIZ2 clisdi AHIRA &dl Al [AHall A
AU AUy PyalAA Y s [Sxsigforiiell 241 [Givwoll [Exsigfol uRie sAS &l 241 Bivwe] foiilal A A yel
AldeIRis &g 3 @161 As A€l Uyl A oié] UR SIY oldl [Givvg] [Griflel 4 &1, AdR albAINall €uoll 2SR ¥AR (G
AUARYUR HIZ vicd] USRI AR &R0 olRIRSIA 41 (G U2 ueARil 3 s3. ug A A3 sATfl lsls el 241 G
ellais 2d sddld A2d 3 Aidlldid dig A3 sY. Gy U YAR Ydi dISlA AgHel NAYUl Ucol S USU ol
3edis disldi gls W ollueii 2eRridldl ¢ Rhyme 'London Bridge is falling down..." uer xar @il
oligisioll (orsRIld g¥aAA o] 3 1[G i€lcol €RAlol Ui [A&UIualall (lateral displacement) ideid sAddl
&dl idl deli dli€ldalell 29I 0.5 Hz &l 1.1 Hz F2cll oiguia &dl. cligisi Aol Aol ol ial [Grvlidl Hi2
1 gedl As SIAS] ool A Ha AR dHA el[ASARA dR§ o2 s3.

Busd geidd (A eilldssidl As viol ¥ Hetddl] d2all “vdatie” (Resonance) sk @ 8. Resonance
A Adlal 2ce resound’ uRefl Beeidd & ol A¢ 'to sound out together with a loud sound' & 8. eflfdsuR
UoRAR €35 6lllds ueld wydl da1, MIgAs (natural) S$udl wgal €ddl €RAA B e d €ddl [@RId As 3 ag
YR AiElAd Adi &A 8. ug il Sudll Y4l Elciall Y2H aldial SREI ARIa o] AW 23lal ofell el defl
A dal ¥s Ueld dilB odinA ¢lA. A 1 ¥S ueldoll Uiglds Sudll UR Glial 48] Suall /€lcioll AIuId SAM
19 il ¥ cidl Sudll Asw vl A1gRI SAd YA dl d Suallell SUQRAR HeT¥ Gid & d d Ueld/do HeT
sufddrefl Aigfdd g aid 8. Millenium Bridgeoil (52:4p1i uel 24 ¥ 6lod. G uefl UAR di yeAAlAdli
sldi eRdlell AIYRI el [Givati Uiglds Suallofl YRS Aol Gloldi A (G HedH Su@dRY] AHiAd gl dPA
al Gligsia AR sdi A1 URG “Uejelle” A Alad QUR sdi g ali. viol 2iMeal uefl B3doll @IPIZY i1 Gy
W2 91 Fedl dampers (AUa¥eS]) sl Eapii A1l I [Givvoli Suall wifkd (damp) . A g ugdl 200241 1
[Gioyal disioll Gullal HI2 ASNAIYS Yied] HSURI AICAL. AofollE S AR cldd &ld dali 4o GeIGRAU ARSI
1940%i &3d Tachoma Bridgesdll €i2ail yel «efldl 8. divisel sI diR U2 d2sdl il Adal Udelj dlslel oS, dISS
deli yeilfka €doll (clia uRGinedl 21242 86%ali Elddll) al ged] 2IgRIAlell AN cRIGR A=Al 2Rl.... 2a UsisieR
A G gl usail.

AN, 2401 30 dl el didl sdad ‘eilag’ d 2d dd eidic... i ‘ead’ 7 A wiglds YR 4
‘A9 sdicgf’ A cliacind] Addl uelfa idldelell 2IgRI a1, v d 2! el A¥cRAYell Eles s uel
S2ARS VlgfallEof] 2AAR oG AN Al 1A B. AR Rdl UR 2Ifks RAd urd due] [#us] dlsa (GeR, As, s
93iR) dgal Gleil 1A Aal A eIR digol U idlal Glef 2@ dl doll SUoilell AR 86 AIUR| dIgel YRl SUdl AIS]
8, ¥ golieol] AR €21 8. AHRAIC i GliR Ae viidll UAI &l AR A Ulots AeFaie]] arai ciidl-ciRel lsls
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210l Ui gloliEall AR 360 ¥l dIS B. dNIASall §8 A(d €ANAlel A 2N1ASali €qlol SUoll ial AN USEI SIRall
Widlali MISMAs Sudlofl AIYRIoN YA A dl gjalieal]l 2442 3601 A SI”Ual W] ¢l ULl us 8. 'Opera’ USRai
uiglicy Aldeil €afGiell dlddi olel ug dell 2IgfRia s1RA A €afGiell el % Gl sI~Ucll Wl UR AsHEl VR & il
dell d siuell widl ¢él ud 8. cpflupii cllasd [Busl U sdiddidll (51 €10 sdia assl HRdl auvd Jledl «
@l arydlA ¢l Fed] ciofl Misfds 2HgRioll Bl gla el defl %l dicll w42 YEN “ofalle’oll 1A 3601 d Al
s2 8. [siolell yAPIRNORI, QUILfRAl ¥AR Vigsliest] MAIell ACARY ST B AR &l SAd 2asiel (tunning
fork)ai Sudllell 21g[R1, Hejolles alofli W@al &dloll 2Nadll A19R F2d] olad AR iy €dlel Bcuoo &R S dl d
@Qenell Haclisel o8 8. QuiellAiA RARCIIRNAHI qud] s2usicfli g5 il RN yel saRs qonusg] &....! il
sAaicll (test tube) ojalle AF AR dal sl dalies (Helmholtz resonator) ddl3 laviapii 2419 8. sARs
vilell siuefl 2NMall vt wiA el A g5 HRAR 219 di A 2NN A1R0E H4R 8. cia nella iz 8 3 dell Guadlol
MedNS] el Mewligsdi exhausts] tunning sal 42 &1 8 Il d d19RAed s1F 82 8. [A¥ldall elee AW sal
42 yel 1 Helmholtz resonatorail ieRiell Gull2l &1y 8. 18623 Hermann Von Helmholtz diiiell dsiifoi3
deil 2R s 'On the sensations of Tone' ydsyi dofl [ARqgd venye sd &dl.

196001 211011341 R s Meidlze Jimi Hendrix 21a Pete Townshend 21 “igjslie’ofl 24 Builal sl &dl.
R AddMduies dMeroll dra sRIBRIA AR dell A18 FAsi¥dd dl¥eisly A1ge 241 Eldailal 'electric pulse™i
3vidRd 83 da [Qads (amplifier) wiA Hsd 8, ¥ da 2U1s2 ds €3 WA 8. R A 2Iswell Auidlell Sudilofl
AIYRI el MeRell diRali Sudllofl 2119 s vll 8l dl ofslieal 51V, I pulse Hi2 Yai:ladeie (feedback)
A¥Y 8 dux dell SRV d pulsedi Gl BAA Uy & Aed 3 Is?, MekRell diRell $Udlell Gl daRl 83 8. A2
6d ¥ [yd RiAua (electric pulse) Bcuos Y & d Qufld (amplified) 2a3usi &4 & dux duigll Geusd adl
edfoioll 21l (volume)Hi g€l 82 8. 1 €2all 3] §3lal AAdl 2B 8 dl B2 VoA igliv qiedloll €aloial YeiPi
a3dl € Wit dfleRell ¥ AdIY AIURIA AR B.

A1LRA1Y slaii ej2101i (sorry! earphone, headphone) aivflal 2ivfld Aiciadied 24 GRidalRIA HiZ2 Adaellad
yel Bedvl s, eI sidell usel (eardrum)ali Sudflall SufddR Hcid s521 €dlol Hi2 AP €l 24U s
gel qurR 8y 8. NQsiiee]l uRRId 2ud Al welA dlA 3 G (E) A sul@dr (A)dl ddlell Aviepi &
(E a A?). 22d 3 % sulAdR 10° &id dl dofl Gl 102l iRk &ld & F viel &) Aol 21 ia A&l sARS
dail SR siaiell Adl olsag &l sl eigl (permanent deafness)dll 2ieiidel Glefl & 8.

2. YadlE-C]IUS €l

divuRue (electrical circuits)i ‘oalle” AT dH scudll sl §BA @19 U3 ojalied] d 2ilel A
Belgel 8. RLC usRoll dlyufRugai i1 gedl %dl 4d 8 i R A [Agd 2aRdg, L A AvicidiRel dd C A
dlveifoa /dlxRiarsdl eid 8. 11 g8l uRkunii A%d] @ydB@lig Gl Gxiai 3uid 82 8. AR RLC uRugyi
dlorvaie uAR sJAMi A1 AR d Jlovaisyi dl 38R0 QA L' 52 8 ¥ Yoisly Gliall 24ve 52 8, [AydBloil
26 'C' 82 8 (i Q) dal A4URs ddl3 AaflA ¢lA) 21d 'R’ A udigd vgAedlg] s1F 82 8 (dal e (friction)
A18 Avid] AsIA). HIZ2 ¥AR AARS C o inductor/HIcHdRs 'L' A1 Asdii 2419 AR §d G1xioli [Qyd ial Yoisl
3UicR] Alddi 2@ B. Al b2dllg Add Yoriddol el dlaulua, Mislds gL idl@a i 8, ia dofl AIYRig
URig Y2 8,

1

2N LC

o uRusigl AR adi AC Mdlgell AIYRI 2Aa uRu Uislds GRS ¥l olal dl @yd “igjalle’ A
8. LCR uRua As usik 2gRi Aol a1qefl-frequency filter-adls uer spi @idl 8.
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Bcysdidll 2u@l RUIRRA 3 doll Gulal g &2, dl AueId eI 8 3 A3, 2cll@xsd, Helgd Fdi Bus:e
42 Wireless Communication, ‘Xsjolie’sll @izaiial SREI % ASA Gid 8. Al d 241 Bus:elldl 'signal’, 'carrier
frequency’ a3 iaviidl AlssA aigfRiE ‘transmitter’ a3 laviidl dlyuRug giRI URARRI sAMT 21T B. I
zglopfleR s 'antenna’ A18 AsiAd 8 F dl¥Yeisla d2Ngf w1 241 'carrier frequency'sll AUgRIA 82 8. & A
u2l @dl UsA FU1 Gus:ellell dlvulRud 418 «isidd antenna 11 Rrid Aldl d 8. aiefds & 3 Ul SAAA
Alud 418 gidiareldl] Yrseii 28d1 Ao IR ERI4dI background signals i1 carrier frequency 218 eligeiel]
3adla FAsiy 8, ¥ GusweNal Acell Aldl A 8. ud GusweNall dlyuRudl el Ad] Ad sAS 8 3 F Y[
(uen Ak carrier frequency), Gus:wlell uRusll Eldallall 1gRI Fedl ¥ 2RI ©Ad Jed 3 “golifEd’
i) da « dIsR 8. A carrier frequency ¥2dl A9 &Ri4Udl carrier wavedl s$UfddR (amplitude )i §8R
(modulation) s3 ugdl & MAREI A2 Asadpi A1 dl AN dal Aladl Guselloll URUY dal e AIgRIY a2
uisl (demodulate) s3] ugdl « €alci3U MRARRI 82 8. 11 UlsAId AM ed 3 Amplitude Modulation s& 8, %l #lel
¥ 83 d e ddNofl gRiall elenzell ssuell ueifdd i 8 a0 dell doll €afoiofl dqeiadi aiciefl gl 8. uid A
'carrier wave'sll AI9RPI ¥ Y2H RsR s3] Uyl UARERI sAP 1A dl dd FM (Frequency Modulation) a3
Alaviapti 2419 8 ol €dfaiofl dpeiad AM uARRI sdi ag A1 &ld 8. AqI¥sid FM s ag uAldd cidd 8.

AR yel S geaii A AUl AiEldall YoRudldd adi &1a AR dxigll “gjalie’oll @2oll AAdlofl AsAC
81 8. 195241 %ol eilfdsRsl W.D. Schumann 3 delie 2al yedl adell Aciell i3 RAUE 2uMNeal 5. i3
dle s 5 wvel yedla s2d 'ionosphere's) wisHiysd iigRel A41dg 8. (41 A% ionosphereg] 2R 8 Fuiell
AEAIAYER Hizall AUBA ddN wAdldd S 242 yed]l uR Zaiy 8). yedlal quidl 2l dlweiRd &la du addl
glaidll, didicrel s RfURs (capacitor)dl Hiss dlxeiRd (charged) @ 8 21a AR didslg (thunderstorm)
A AR dl¥fdeir (discharge)d srel As usiRel ‘viRidigals’ dlwddl &y 8. 241 dlxdilol 30isRI gRAiE
dlovall sedi aefl ag QRuIH a1y 8 diy dofl A1 AUBA ddN yel A2 8. 211 AUsA1 dRdllell YR viery e
gldid SRE dueli Sudll yedloll eRI AUy Yoiscda SREl Bcuodl adi dlwjoisla RAUd d#N (electromagnetic
standing waves) A18 idalie AV & i yed] el RlaIElAR As cavity-resonator A 8. 14 yedldl 6y
dlofalle AYR1 Mel AsIA B. agy UAPN el AMeal &121 Schumann A ¢lied] 3 yedlol igalifed 2119 7.83 Hzofl
d®s 8 a ARl dd 'Schumann Resonance(s) dd3 uel Alavidni 2419 8. 41 dl 3 yedl yel il
goisiRl A 8 d¥ AIlcid Ui & ! ud w1l uel gg RAUE clicid A 8 3 'Schumann Resonance' 3 Ge2 Ial 3edls
Adlell Wi 8l IAs €asl (biological oscillators)al AR §3 8 id d¥ell ddel du Eleis Bl 38R
ald 8.

AUNE Al gedoll ot, HaId], d1y Y sl GRURAIY URRIA GlA. G diudidlA A%l scuoll
URAellgd udRAUIA w1l (plasma) wedl gcuofl A e’ a3 wavianii 2419 8. dsifeiSiell Hd ¥l AN
W@lise] 99% % LIS AUYUI EGRIG 8 el HI2A 1% ARUBI ¥ AV YRl 1] 8. dRi, YA Ay 2o 2Hasi2l
veldl 211 298l g 8. ol eYoidige, olAle usial Fdi ll%i&d USI, WISl AH4loll MAMAd Belgel 8. dg)
[QrdRyds 1A dl YRl 3 4<Aall diViclell YR A1D dHi \BAI ARI-UAMIRRAG o YRl Y1 & el dell
d¥ell 93Aofl 21&spiR1 (collisions)ell Acidelri Ul LRl A1 8. A1 HUSPIRN UHAYB] AN AR B2dIS IR
gaslol [Quiel us. duxr ¥ uIRRAMIY] JAsglel 921 US d ‘VIdel’g] 2U3U UREI S 8. 32dIS UBMIRRA 1 U
Y2is d3 ¥ &1%3] AN de uBiIR ailE dd 8. 21 SRERIRR el USRel sl FAdsglal, el AU d2Y UHIR[]
el gl 8. A gasiotell Aval 'n 'GA A3 AlAcllofl AvA1 ‘N’ &l dl sl AU Aol N, =~ n_al SRE A
ARG ‘dly de’ a3 dIsRrapii 2419 8. MR SAseld] €01, Aalloll €N S 2N laiel] iR d gg) s5uL]
dfd 52 8 dal Al A ‘dlvudig’s] A¥al S B. A2 WWISHI AAGRAIA sARS ‘sdlRfl oyzd’ (quasi-neutral) a3 el
Alovidpii 2419 8. 1Aal, FASLlol Adl de UAIRell R0 2A(A Q% (<1/2 mv2>), Wil A4l 2Alel SARY
Afl &l oiell a0 defl diudial A1l 2Acig efdg YA €Alai @A dl <1/2 mv?> = 3/2 KT dAR il 31
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SR, L1251 A4I ENAlol, dIulolell AsANA] UEHIY AHofeid Sdl ofell. ARiIcA dIvId, g1y [Qyd AHdies (insulator)
ddl3 ad 8, uel d ¥ 91y G diudIaNA “WIsHl’ Yl AXdi ‘[Qyd Ydies’ (conductor) a¥ ad 8. i
wWisHii ‘gasglal’ Acia oifist ¥ 8 sRel 3 cliel dl¥@oiddl &1%3a d xssudl ufdfka 240 8. &d URl 3 sig As
218 wdislell As [@QdRMI gRll ciEl gAslel Aissl AR dl A ‘dlvdat’ (electric field) Bcuoa 82 8. 11 1A,
sl Adl FAsglal wiel dlxaiilkd aldidl sREI, Ascllwe] g2 ¥l A2 H¥oR 52 8. 2Rl d AQ F ¥2A W
gasgloioll J1R6I%¥?] A d Wil ‘tat dl¥eiR’ a3 ad 8. 218l &d FAsgial UILI Uldiall YN Wlal dRs JIsHTA .
2l @eotloll Yoruddoldl]l Aielcioll AU B al 1 idldolloll 2IgRIA “wadsul 2119 @ ) (plasma frequency)
a3 Aavianii 2119 8. w1 AiEAd FAsglaa ‘@UA AN (space charge) duw d¥ell Elddla 'space charge

oscillations' 1gal 'plasma oscillations' a3 dlaviapii 21d 8. 41 Elddlell sdleedls2ela 'plasmons’ d?l3

dlavianpi 2419 8. M@ gk ‘0 A dI¥eiR gddl (charge density) 'n,' U 18R AW 8 Wi 0, & Jr. . Red
3 A wsil AR eAlal dl¥veiRedl goidl g€ 814 dl 'space charge oscillations'sfl IgRiai yeA uel Qi
&20. &d 9 'space charge oscillations' U2 diuisiofl 244 URl AN AP 2419 dl 21 oscillations d21le) 243y
gRel 53 & Aa dal 'plasma waves' ad¥ daviapii 201d 8. 19203 Irving Langmuir oiiiall eilfdsuia1 defl
e s glaigfl d aRellal 'Langmuir waves' ddl3 uer daviapii 219 8. dlxjoisla daNofl I3 w1l d2ail el
a1(d, G, doniial ] dI21BISARA] €A 8. A1 ddNofl A2 360 FAs2lal MABId AR & Ad dcRiciell B 'GeV!
sHofl &1 8. dlwaisla d2d0 ial wIsHl d2Noli Eldallofl YR 24l Y1 dl “wa1sl Agjalle’ (plasma resonance)
2R 8. yedlell aieidt 90 kmofl GAIFA ISl 2RI LRI4d ionosphere'sf 2dR 211dg 8 ¥ ydali UV [QAfs:eila
sRA ARAIfGIgd &Ad B. lonosphered 2cR AR wdINRAl duy¥ CME (Coronal Mass Ejection) &l ueiQd & 8.
% F skl BcA%iAd charged particles, yedlall Yoisla Aoni AusiA dl d 20ga (dsfas) 211 Baia precipitate
s& 8) ionospheredl 2dR A18 2sAA & ial ¥ I charged particlesail €ldailell 2AIg[RI du ionosphereyi 8dl
IAolloll Elcialloll YR A3Ial clal dl “gjolle’al SR d 2dMi 'substorms' (41 dlsiell) du 'aurora (Aurora
Borealis, Aurora Australis)' usii A% 8. yedl uell 24asi2pii BA AHlddAFd BuAs A1 AEAIAYERA] AU
sd] &la d iz GuAlPkii Adidl ABAT a2Nofl A1gRY, “WisHl gjolie” e2MAlel Al ‘Wl AIYRY s=di agy &l
g ¥efl AU5AI a9l 4 'ionosphere'sl [AE] AZ oAUl 41 ABA @20 yedl u2 YrAddel Uil 8. 21 ABA d2Nal
Aol yed] uR o ReR=AICAYER HIZ GUAlPRi dal gl dl 2dIeAs 8 3 d dRollddl AIYRI “wWisHl AR’ sdi e
aldl «igfA el w3u yedl u siguel ¥2a1Ad dd ionospheredl 2didRel uefl wrAdlda sl HAsdl Asi. wa@sH
AIgRiE A%idl gotiedl Gualial 'RADAR' ol s13d 32 yerl &y 8.

Wil gl did oflsell 8 dl 2Rl Ayl el 3 w1 A4 A1 Aggdlieddl ¥ As usRk ECR
(Electron Cyclotron Resonance) 2isnidd 8. sl 141 I4 dlodia €r1d 8 dx d static uniform magnetic
field el €19 8. 21 R¥Ud Yauisla i Asglel, diRegxs el (Lorentz force)dll 42w 8601 adaisk 2ifd s2 8.
A A9 €Al Gli@l [QAyaZa dd) uisani 2419 di d gadsgld gdaisik (helical) 21fd & gRel $2 8 ¥ AR UISd
cliel Adid dol ddl uella 214 vy &ld 8 Aa ddl gasgle 21ldugd 'cycloid' dil¥ uel Alaviapi A1d 8. Al
cycloidell siefla A1gRI el @Ry widd Avtofl AIYRI AR 10l olal AR A¥dI golied Electron Cyclotron
Resonance (ECR) i3 2ilavidinii 2419 8. 11 g2aliell wdisHl 24428lg] (o140l 53 2UsIA 8. ECRoll Guiial 3ol
Aorell ARUR, idIgseil Beulgdl, S22 32 DRAM memory BuRid particle accelerators &3 duw paintseil
Bculea HI2 Uy 8.

Vigalle dd deflefl [Asiia

AigYais aillAsArRai AuMe A3 BusAeNall Ay dgidi, igjalit doflofl Rstiani [GiEls A= (diagnostics )i
sifd cid] €€l 8. } cafd doflell AR slasi w10 YU R@d] &dl duiofl Zeclls caifEil uell usel selagnii, MRI-
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Magnetic Resonance Imaging uld21 ygcdell @il eivell 8. NMRI (Nuclear Magnetic Resonance Imaging)
ddl3 yer Alaviidl 211 ugld, 2qgls deflofl Qstiote] ufciarRt v ool YS1 8. 41 gl igfolle’oll HeTUal WHYY
&2 dl Al S dofl A1 AsNAA UIRIg) Asiiol AH¥YG USA. UMM Bl LI Aed 3 FAsd, Mdle ia
oyglol 2a2ieull uRkeniel (spin) s 8. C'?2 Ral 3edis udIRRA A2 uReniel Y3 Adl Ay 8 3 ukIe| o6
(nucleus) ¥i2 sd sping e gJod 2@ 8. Ug H' 21a C' udi1all ofIf®1, sping 24led 3cA &R 8. sdlozy oIS
AR 11 sping] 3eA d U] dliftiell ksRUMA (orientation) [EiRid s 8. clia Yoisla Aidll eI UMY
alf® s wefl G aadl EsRAUM 6 8. ug cli@ Yuisla A2aofl avii, d uiI oliftiell Yaisla G 2dR
[@eival (splitting) 219eid & ia d €35 Bl 2dRal Yeisly sdleeyn 2is-M (magnetic quantum number-M) g
efaiy 8. (YA hgld-1)

I 3, 2l
i —y P
&1 /
| / 2igfa-(1)
/) Ao sdloeH s 1/2
® .
1 AN gRA9dl AR ol ol
= \\\ @i 2da:l (energy levels)
) M = +1/2
c
L

HRAR U] lIfGial Yeisla Aot d1d) uisapii 2419 AR Q% dell UGS 24vAl, Boltzman [Qdrel o1
aiss] & 8. uHIRelIGial Gl oflul Ye2A eRIUdI B%iaAe] B YA Yiddl B%id?] ds Ryayeisla [@keldf]
ueedl Ga¥d s usiA 8. 241 A2 Qyayeisla Azl 1YRigf e, 211 Gl 2aAofl Gl YeRilall dsidd AE R
aissl &Rt 8. BEA AE =hv i v goll€] g1 8. ¢ Nuclear Magnetic Resonance (NMR)i gcldli
UAHIRLlI(G1 ofalifkdud dljois]a Blvg] Myl sdlal spin flip udl 8. NMRI [Gielel Ukl 21s Uoin Yoisal Hiold
A Bl AHRRAlA WicR ANsddnii 2419 8. AR FeA G4 3 aold ALl RAyd A uiefl (H,0) e el
g1 8. H,Odi u12olifG1 MI2let 9 8. 141 Midleiofl EsRAUMG (orientation) M = 1 &l 8. 4216 2AMEA did 3
d¥ AR oli@l YoislA At i3] uisaii A1 AR UM @l Udi Midlel SiaisHA dgfal Uldiell €3] 4o Mielalell &3]
A1 AR Avll, As eAi dMNsuleg wal WA V. I EsRUMMI Udi 38RA 'precession’d] gzal sgai w1 &
a4 d i9[ia 'Larmor frequency' a3 avianii A1 8. Ueln Joiscd Add] YaislA Aiofl 219 il Welotof]
loises (RUlat Bate-spin flip) AIYRI s A3lol Gidl IR ¥ gjollE AT 8. Yoisly A Fs1R saIEl, Wlat AN
R Bu¥ol 53 8 Fall uel MRI 2BoiR HioldiRali 2idilell Bi-uRaienii (3D) cisM dAuR s3 8, } [GiEla HI2
GuAAl oflyd 8. (@ Yoisla A2Aoll UeidMi 325R s ARall FeI FeI 2], FE] Y€l AYRIA ofalifed &
8. Hlod A3 A ABRs 2Aisl (tumors)dfl &1vd] &la dl ddi wielle] MRl dRAIERRI HARi daR Sdigfl dell
dgalifEd AIYRI, A0l 2028 SN ERAYdI 2idNall A1YRI sadi Y€l &A & ial A dof [GiElal ASA clal . HIZ i
ugldal saRs ‘Udlet NMR ugl@’ a3 yer aHaviapii 249 8. gofl NMR 1 11 1fdsiiol 24a Du@stioni yel
AMeotg] GuAA A1l B.
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ERdl, 89 UG &Rali RAISi dRg o%¥R HiSIA dl Microwave Oven a sidd sdidl 2H19[I 2.45 GHz 8,
% yieflell 2AAlfl AHIgRiofl [Bioot & i&id HgHAY Tdatell 2IgMRA, UIRflall iRl Adfaliftd 2119[RI sdi @]
A 8. A d¥ of &ld dl Vi Ueldl U] oig] o Uil MY A ug A vy ueld iee] il 9oR sIRA W] WA !

Vigolle d AY3ed (damping)

AR Yelloll AT 24l R4ue Belgeil Ad] vy Glofl 533 F AieldNefl “ojalle’ A & d 4Ad 2. uig
diRdlAs RAQHI A1611efl dgol [Qudld cld 8. sigurl si@l ke 9o yel, eyl clolid] 4= 3601 Elddl s¥2U: g2di

oA 8, ¥ vwica (damping) dadd vy 8. 241 elall, Elddal 2I(dofl @A Akt id dofl %SUGli AHMHIRPI
sid 83 8, Fa olAdi QAsd sl efary 8:

md*x dx

—+b—+kx=0
dt dt
@ m A seld en 8, AR 'b'a 'damping constant' dd¥ Aavianii 2419 8. N b = 0 & dl Add Aicd]
MRa lgd 21(Aqf wlsel 4G 8. Shock absorbers, 6j§u [AdiRell R 6IRN U3R HIZ AWPiEdiall AOARS URI HgolIE

Fedl ¥ HeTdall Allcid YR B. oiyslioll 2115fA-2 €21A B 3 wdieaiofl AN igjalieof] UGdl Hal doil A oisS] 52 .

« &909 Apica (Q-uY)

Téu Q2dIR

Holn Bpiga(Q-20111)

/\

A1gla-(2)

Ay

dgjlieof] Moindiol vaId Aud] uRMIRRIRd ARG deigd 2is (quality factor) Q s& 8.
3. AUV
RSN, ANYE ddalle A1V sEUAIA Sl Sl iRl s oflsefl 2p1..... 7!

2130 A€ 2gfais eilldsurRid R0Meid A Ad ewising] [siidloll QYA 43l AbiISI Grd & @l B.
2031 AlHi Asoflnell ulddd AldaiRkl [Qsiiololl @QyAla sl A€hi Asollon 9o Ad Ay «ell, dad del
ywseii ellldsuRslell uRilell Rigidl /2A11P0g AdIeldl B B. AME AL ASAI 3 HIoA dolle” Fd] As ¥ €ealldl
edlotii Aanti A1d dl A [stlololi 2Aod Adilal olleruizt Ad ue@a sal 8. ni ellds@sio Ascizain]
(multidisciplinary) siiel cid 8.

eillldsAsiial crRidl-eiengdni vel Rizis-Ruel aA 1RA-2>R da Gcilgoli HiEidal ¥ el s USR
“Bgjalle’ U312, dl 9o A A Gidl...!!
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Aozl - As wyd, d)g, [G1RU2 [QAeidal

st. o3, Ul a3
Toiqd €8, Fhssa 1Al
d|seld SIAw, HIAEIUIE

ul. 5. ad. =wivlyzl
feiqu uigae
2elR ued Ylaafdel, dcae Q&iadie

Aozl Hed a2, 2 [A201%01s Yel qralds vaid gxlsidalisa1el] 243 el siqHi sai
sl v uelza]l 8 7 qdfl, Aoghllon ‘aisr’#iel] SIS Aa ‘ausre’ des ¥ usi vig 7 2ol dd ?
2191 291clloll Yol (21619c:) 41 QuiHi #a2].,

1. vIdIf4s

Aol 12 2llNs giflad 21 U sRel 3, ¥ [Qeiddicl Yo 185431 led 3 w19l €zAel yel g aull
ygdi &2l 81, dofl gldeR cvidicll 811 3 dof AeAAdl SAig] 81A1 7 eillds Asiioi 41ud €kl 11-1231 F eiell/
alendl a1 dvi 89 o 3] GARIe] & 2! 1 Uglell YdIct HIUS! VidHi AeSR]. Al ML dl RAUE did A B 3, ¥lol
@sioll scifuA Aeglofl [eiidc 185431 2y §3, UG MIREMI dal ol ANUUBI AIAA al8ld. de] aiPisA Yo
ugl 11 a¥ 186541 sanii AR, 1% uel dg eillds vdaza 2uelal 260 RURYI 38l T 8. ela duig d@idl 3,
lagilell [Qeiigalial 2igicizlla 2008&ll 2010011 2ni A. Ben-Naim eiiioll [@siioflA @1 Yds] dvi 8, il ol
8 Entropy demystified, A farewell to Entropy id Discover Entropy and second low of thermodynamics.
6 1ids dy UBdi ¥ Fal HIZ 2Rl YdS] duiiki 8- d ViRVR 2@ AR ¥ SBURI & 1?2 243 AAIUA 1 eilfds AR @AY
8ig Ridal s, s did 1Y dgA 3, el A gell Ad QARRe vaid 8.

AgYaIs Hd HYro Aegdlell 2iscual eilldsusidl Fel-9€l vl el 2ARUA SR 8, ug dal UARI
Adue G-I (thermodynamics )i &dd alaiell AA uel cig uiRel s3AA. GrHI-2ziiRiMHi SIS daioll
uGRYl (state) AR QA &RI Y s AsR. d QA & divdiel T, AlidRs G U, Gl [l Q id AAeg]
S. agloll Hoii BwuI-2ANRA1R3all [6143H] el Slolle As UR IR HIER] BrHI-Alo¥olall VAIA 2IcAoll GIIRI G
8. 2P YA dl 85 177301 2RAMI 324 dle gRI BHI-Vllo¥old yaRMi dIddioll MUY MAcol YA &dl. ARGIIE
AiBis s ia Golall vAIA] U U] AP B¥HI-A2IRIRMNel UBA] al ofldl 613 @161 AILRAIY R Eldlg]
Holld 8. doil UBAl (o3 A B 2AR2iCloll Rigice] As 243y 8. 1l G Yol dvlell AidRs Gabii adl 32812 AU
A datd Adpi AHiddl i@l 881 Q al d UlsAl €A1l d 95 Adi ST Woll dsidad Fedl &l 8, AU = Q —
W. 18l 31 2uwe g oiefl 3, w1 24l siiall Ao e3ulal SIS U1 2461@Qd 3 Uldcilfid &2 8 3 33 | uy (611
Ho Aeq 58 8 3, sig uel ulbari G 2A2ALIcll Rigia yadidl AgA. gexd] ubadbi 2As UsRdll ‘f2r’¢ll vid
AU 8. ofl¥ (61, ¥ 58 8 3, AUAA cli@isiiall JREIwHT Brilg) dgal &I 21RM yeldell &si ueld ds a1y 8.
1 1 AddIsd albsddl el Yneid GRRI 3 (Gi¥e] 243U AIUUBI AIY . I [G13g] YAUSSA Sddi AS idIcal
Q9 Ae] @AY eisid] 4a 8. AR S geadl ulbal s g RUGANY 3 aga ol :idfAd RUMA uaid
8 AR Ukl A Ad Yy 8 3, duldald 3281 €12A101 URAR Al ddiofl @ AUl 48R YA, Vial A 3281R uldald
gl dl d 2UA 2@, AUAAld 38R 1 YAULl AHd sABI gl AsHR( digel-cagsrR (one-way traffic) fdl 8.
Aogloll vaId 2y Sdi sAlRNAA As YoI uads Qe s &g 3, “lA w4a (Universe)ddl ga Gl ua @ 8

AR gd AoVl gadl WA 8. 2y AL As2A 3, oflw [Giagf S8l A As USRA AHAsAd e2ifag Qe 8. gf def
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sigf onfRidla wflsel &g B vig 2 &1, d Awdl Hi2 ‘0’ WA ieRd diRye T diudial qddid]l ueel Rl aiya
dQ 6wl adi AHUd €ollel P A doll s& Vaii dV gaikl iy 8. 243 AU = 0, dell

dQ = dW = PdV
&d PV = nRT wdl, dQ = (nRT/NV)dV, 3¢l dV/V = (1/nR) . dQ/T

s€ [A2aRel dV olle diyell ARRAle 28lel el AdIoRi dg A6 Riddl 219 8, d&ll dV/Val d<uRddlg]
As Ay vl ASRI, Fal 18R dQ/T u 8. dell dQ/T A vdAddri 94 eifad] ellds AR . 4 Al
S 3 dotall s deiEnt 8, i Adl A ey (infinitesimal) FRsiR dS ol Yxo ARG 1> 8.

dS=da/T e, (1)

lleR] Boal AloYaloll Slalle Us U AHILRA ofl (G121 sl A 5B & 3, SIY ULl Bl AloYaloll sl
100% &g 23 oidl. 1 clicidell 2idlcAdl A 8 3, d [Asiiol el 2SaNAIVoll LRI URlIZA GS] 24 53 8. T 2§22
2R 43lRell AloYaiall 3 uedl ARSI (solar cell)dll siFdanial (efficiency)ell Adid 81d @R ARl 8 3, eilsiaMsAel)
ofl*fl (G123 As vidalias d3 dd 8, AHa viddIRSI 8 Al | Bu AW As Ad] [6iE=l sAT 8 3, el g
ed dolofl ieR vRdARAdI ¥4I A9l (disorder or randomness )i dgiRl. quldald R SIY AHa2
83 dol, vaUP 9gRl Uik d Ad 2Rl g0 8. elllds Qslicial SI Ri2is 3 QAufla €210 US 3 dell 33 olg ¥
rdead U 211 B dl A g s8A72°“.... 3ofl Aol aell 21g B1...”" gexd] G2aliRAli Aol ggdiali aRN BelgeN
Adl HA B, As AIEAd Adi didsel QAR s3A, AA1EUA dl d¥i RAUMBA 4 21[AG=¥ell URUR 3Uid di Bdi
AP, U &dlall AWRAga SRE wddea (damping) diefl dofl B sAsA &dicll ARRAfl H2d<ud 21(Q3i &S]
qeRl 82 8 d 842 didsd] GuAll G vidRl Y Y d d RAUR Y A 8. &d Al RUR dids AAG AIYGlIYoll
ganig] GaHIGA 53 g Aadlal AiAd Ul didl dg oleig aiefl. @1 3 241G Gidl dl vel dHi gl [ey dsell sig
gigl @AY oell. aui 21S1 A1 B ofl 613, 211 Aeehi 3cAoi-1dise seal 211 WHIA 8. “Ad] eilsiudMs ulsl
3 Fofl A2t al A2 AR B¥HIg) YRY3 3UicR AiBIs s U1 d AsA o@ll.”” 241 AATell As oflA YR yel Wial
4] 8. ged] ulsadlal Yaidll ALNA1Y A9l 3 AUl glig adl 8 8. il clicid AHAall YBdiell As $3 Y]
dl AAcll ggelell As [kl €2A1A 8. al 21 d GwaI-aufdsly Yus R (thermodynamic arrow of time) exiid 8.

2. zY-seilal daiefl Aoglyl

BuRsd AT ANE AU ‘A dIY 3 Adi SIY A2 ¥l 6jee il (macro-system)ell QAR sAT. 243
cjee Aed Aq g daA 3 F APBIAYA ANdl HA B, Hal Fali eillds opeienil P, V, T a3k AdAMen A4piiea dsiifeis
A1goel Hidl s, &3 1 dol, AMQ Y2H %R of TUIR— ddl UMIR[-ARRAlY Glald &A1 85 I dvlell ojeg eIl
(macroscopic properties) 2 Y2 2eigl (microscopic properties) U2 2giRd &la d diei@As 8. ol
[Qeiidalicll [@AsReH 211 USRell W1 Gllcz3Aal el 2l otiial [QstioflAIA 193] kol Beal erausRAMI 2% sAT &dl.
ollcgsal A2 dd df sAT 3 sigfuel dol Agdeidi 811 3 of &lA Rl dofl 221l 24| 6j6E_ 248l (Macrostate )
SIg Y2u AHaRYUIRA (microstates)dl A1 &l 8. Y2 A48l A deli 2idold sl lel Al dopiiaie] cAvAIRd
iy 8. &d da 3 ueigi sel (AeI-uMIRRA)d Al dl gell gell 0E 8, Ad del Wisi-AdPiidlel [AAR s3A
dl [Ree RAvABI Y2H vdAURA Aeid] 3. dofl Y2u AHRURAY AL £ Y& 8 dl ULl dal AU A1l doidll
GjeE AU SIF Vs ¥ &Y AB. AL s viel dlIzslA scudll sTAA dl YRl B Iyl dHIH ARRA S ¥ Adlsl dPlol
P SRAA B. 1 iRieid URRAUQHI Adoid s UL JRAGRYUI ol USA. UG A I ARRA WA 3 As ¥ Y
AGRYPI Wi &2A. A 3 g ol aefl. Zaa w1sRs Ad g eld dl yel d Ridddd] URRAUM 8, A dig 23
ol | ¥ Y2 wURYURAG Ay ggy Wed 3 FH AUAURAUI Ug M ddA RAgddlell dEY dVS E1A. I USR] AifS]
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2i1RIR3t (statistical mechanics)dfl edldl uzell cllegasilal As HeTdgf AHSAA dIREY. dadi Y2H ARG AvAlal
o (%1)dl s AR ual A k, A cllegxsdol 2HANIS &1A dl cllegsdo Aol wfls2er 8.

S=kytnw 2)

A @ vjol N AvAI 8 ANed dell AARe danii 219d 8 d ar Yus 8. (eilllAsNsiiell clicexsNaloll soi
U2 Al Wflsel Ysapi 241dd 8.)

el U2 A Beeid 3, Y2H AR 3 YN (¢f6E) AU A ViduR 8 §)?! s BEIREI &RI A AV, SCUal
s 3 s AR 1000 RuEfRA 1B 8 a Al As-4H1a 211921ef] &1 aiefl. dl 24IeiAs & 3, €35 Qe 2A914
AUEI A2 Y-URHIoi 2Aal A USRIl AUd 3 ole-H%i usdlal 1udl &ld. €35 Qo] Uidig yel uRdald As
fScidld YUl YA 2GR B, W3 3 €35 QU] A A4 dolg] s Aldd 3 2L’ 21ell s, uRdldle [QRudIH
SRENAR A8l RdRAddI 8, da HIfedlall deid 8. Sig Q] d MAial 8 3 slgl, Al di d sAR 3di 9301 gl
1192 doll [A2 s¢] s8] AsIA aidl. aoll Fed AR agy Aecl AGRiddI gg).... d Aed] & 3 A6l BB cllas] Sig
Ead AAs Al 910 El.d. 6Y o] Do Ul A1 dofl Aeiidall @161 dlgldd 2RIR...! 3O AIAIA ¥ 1 Gidl
adl g Hi2 v 9y Yell A6 Ad] us....1! ollcgxHalell ¥ Mo yel Aaglg 2fBId AHVA 8. U Al datdl
#i2 Canonical Ensembledl [@Qeiigall 241dl, 3 i ges-seil uRuR dideEA1 (interaction) sdl 23 8. 3dll6isd
dled Adandl 21l uHIRIed ia AcAzoid Aed A4 €lal 3 AY@S AIsdal. doAd eIl AuIs2e1 cllczsHaloll
Aol AIsN1 S2di $5d s wU™ANiS Yd ¥ YE uS 8. ¢si,

S (Boltzmann) = S (Gibbs) + Constant (3)
Aoyl el sdled (Aeiidoil:

logilell vIdall Aciel sdleHdIe al AIgYais sdlen HIBlasA A1 el FAsanii 2l 8. 43 Al s3AA 3
19000f] Ad1ci AsA i3 s11 ueidoll QBN UY B3cdl A2 Biall sdlexlseiell MiERs gren /] &dl. caRolE
gol Uellofl AR Gwil, UAHIRLl el ial delue 4dlRal gicellal sdiendied As AUR WU WdIZY F By sdle
M3feisAuxi ukeny. sinl veiddi Qe 2A4eid Wiy ¥ Rigid-die (theory) 10d d¥i AifAs] 2191 (statistical
mechanics)ell AR Adpii A1l &dl. UG AUi Yu gREI A s 2] 3, sia1 uelgui Gio Gei%ol 3 MNNEI
S 2es veuURi ¥ U AB. ueIdhi Gl Aol 3 MRl SRR Elds sk (oscillator)dll Gia E, el 21 ueidal
(6921 drusisial T selA dl s AR @Ay ¥a partition function Z s& 8, ddfl vl ofld Yy 8.

Z=2 epl-E/kT) (4)

i AaAINIGll YAsis i A seloll AP YA AHdRURAG 1] A 8. ot ¥ A 8 3 kT d ulaieldfl efe
G €211d 8. A8 Zotl [Qsa adl3 w4 dotell deIEni] s s3 As1A 8. dell 2GR Ad] draefl s sy 3, 6o E ol
yel 2fes 3 yag (discrete) 8 B. wigas ailldsARMI sRI-d321, sd-U§QA el Al RiddI-Rigidell uR U sdizy
W3GisAoll uall suUBi 2i1d] B, Yol Bis drRuell A B 3, ¢ig dol (bound system)dfl Glall el Add aidl uel yas
g 8. sdies M3faisell diRIcRANR eisI AP s HeTU] MElol ¥Blal Slol AleMal oliiall Agiilds cillAsARNA
1930011 22411 8 &d. 2AgYais uReirpi ¥ Von Neumann Entropy s& 8 defl cani ofld 210d 8.

S(p) = —kg.Tr[ptnpl (5)

i L A Uoldl AlRIs 8 al 2Asll Tr A AfBisell uRad (transpose) eid 8. 1 clicid QAN YA of Usdi

dled ¥3R veudlA 3 P d yaeyd Ad ieiiddl Yddi (probability density) 8, ¥ s 3 dolell sdies 21(Asla daI
@8 (wave function) u:ell uai 8.
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dlogldl 2d AMd 2d (black hole):

logilall 3Mz21d (classical) vaid €l €l k10 gdla grdl uell 2Rk ¥ uaiRal 8, did ods alddl
logdl A8 yel didl g 28] 8. APIE dUd A AHA-AUSIAH] WA GIR %<A-UEIS 8 3 Fofl RS d3caisilof] 42424
sRA dxiegfl sgj ¥ cleR wesl ¥ B odl, Aedl &8 3 usia 3 dlwoisla a2 yel del. AI¥sId AP 2Adall g2l
Zifd (event horizon)d ¥4l A2 black hole thermodynamics il Ggeid &1 8. I sial ueidal [Afserd
AHdl A2 AiAS] =Ax10148 A3vId Ad] ¥, 89 58 8 3, AMd 2ldall AIAS] AAARAG AUl UAcoi¥iel]
QUANTUM GRAVITYdfl 421 2uwe &2, 41 2ieehi URLg vielafdsiicl 28sa 81T el ai3atéldlall ol wefd
i B adl dMA ‘gzl @Bifdxell’ Aeglof Y2t uel ANE 8.

3. AogIUl-As dal Algyfas ylMzyi

dl R, sdlRf§A, olicgasilal el dfloAuall 20018 21UE AH1 A3 53] ial Aelall Bwpdifdis]a Ul Aancal.
wiisell sdigudiga Aol A1 Aisdiall UAcol ARIN deidi Slol allegflaofl sdlen o] el aef A 8, dl 2E]sa
alshol eds glaMi uel Sig 243U Aeglali 2ol 82 8. GxRIMASIA VA6l s (Gresy vl RAUE Al Kayglell ekl
8. i [aresy 'heat death of the universe' dil$ uRIg 8. [AuA42ddll d¥i GUA( B¥ vidiR S ¥ AHal 6if]
390 oflaiBuilofl Bv1 del dal AHg3u HeTH Aeglg] AN I WA A eilfd uRgsy (future scenario)d walisell
As 2id 3 Ycgy 2Ll ASI. AHIF A 3 Galisdl Bcul, RUM ua @ AN g 2ure dsiifais vaidl UAMGd &1 8. ug
AogiVloll 2ieochi, ARsa [AsiicisUl dAvis Isaac AssimovA dud didi 'The Last Question' diyal }dl 8.

8d dipfl A€ol eI 13 sa, AR BxRIARIIRMN6l APHISIRA UR s eidi 5AUR AT 8, dl
HRd Rigidaie (Information Theory) idoid d s «idl 24ddR €Rel 82 8. AI¥all Information Technologyoil
Yonii slgal yglA 3 "What is information....?" dl d 2judiga s&, 'No information !" €idl, HIf@d] e S eizall
3 2isll 3 siguel olicidoll A1 FAsiAd 248 A4y doll Mgddl (meaning and relevance) oidid 8. Dataeil 243U
dofl 241U @ &Iy & al MBid GBoll 2430 Hudiii 2419 8. s1ye: ¥ duluoll dliall Euildi 2x¥i uel gefleel ol
led 3 dfw2-Fa Memory s& 8 d-8d &l 8. Selall weelal SIcS HHal sigai [QeifFd sapii 2419 8. AvAlcie sI1gd
dl glesral sl sifla erRuldll cya&Idl Compression s& 8, ¥ Asol 4 Zip-file cid 8. dal diydl #i2 9] uisd]
3 extract sdl us. sigfai di 2ieul, 121, 2ld, NSl 93R arjeg gla. da Asat sAPi Yl AsAIYS of YRl B idl
SERI gis2Ulel ULl AR, ¥ 3 MAcol dl AIGee Yyl AIlRd] Hisadiell gl 8, uig 100% Heflys ojs2ilel doRRefl Yoi:
MIRd 2s¥y oi®fl, Adl d dlicid SIg AUl 3 Aogilall [6iE21 s3 8.

ElRdl, A1 dl Aol A ciSRICIS Hal [GRIAIY¥S ASCUll B; U lEYRd AogUlal As vieifd His Ha &
Informational aidiftd vaicell. 211 ad] AuRERIg) A12d 3 Information Theoryofl 24l s2a1g) F Claude Shannon
ailiall gyl Qsiidflad 1 8. 213 2fReslel A dd cedid 8 3, Aol Alad 3 HiRdlofl Brrudl QAR sAlA cled vie
HIRdl BUR ¥ €alol Blogd sAPI 2419 8. 213 A4 el Sllle Ale¥aiefl Aislal AIgYGis Shye? Yelloll duy gddlel aislal
disiRlell ¢ds gld Yelloll Arviloll €35 usigni w12 Ui~ & Aogil....! Aegiloll vidotdl v diSIoll WA ag
vyl Gefl i d uBdi 21 Av YA sAA..... 1L

There are four laws of thermodynamics...0th, 1st, 2nd and 3rd...! Here is the
'4th' law - a Uniqueness theorem in thermodynamics...!! "'Thermodynamics,
unlike any other branch of Physics, is UNIQUE, since this is the only branch of
physics where the sequence of laws starts from zero..... not from one.'
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Field Concept in Physics

Dr. Nisarg K. Bhatt
Department of Physics
Sardar Patel University

Vallabh Vidynagar

This article discusses the concept of field, its role and importance in elementary and
advanced level Physics. Considering an example of electromagnetic field in vacuum,
the notion of field and associated mathematics is described using classical (non-
relativistic) mechanics. We also touch upon field quantization, and point out some
applications within the relativistic quantum field theory.

1. Introduction

In the present article, we attempt to understand the field, a very well-known concept or notion in
physics. Perhaps, we are introduced to the word force-field in 8th or 9th standard for the first time. For
example, we talk about gravitational field, electric field and magnetic field. So, what do we really mean by
'field'? Let us try to answer this question and also to explore related aspects such as its need in physics,
associated mathematics, the concept of field in relativistic regime and quantum mechanical field.

Dictionary meaning of ‘'field" is, "affected region”. For a possible definition in a lighter way, we should be
thankful to Hindi cinema: for example, quite often a villain tells the hero '..... Yeh Mera llaka Hai...I'" By
this he emphasizes a 'region' where his own presence is felt or experienced. But, what is the significance
of such a region or field in context of Science? This question can be answered as follows. We know that
forces of Nature can be classified into two categories: (i) contact force, and (ii) non-contact force. For the
case of contact force, the interaction (mechanism elucidating the effect of force) between two objects can
be explained through their physical contact; but what about the second case...? For the case of non-contact
forces, a question naturally arises; what is the underlying mechanism? What are those responsible ‘invisible
transporting carriers or trucks' (having a universal permit!!), that carry the effect of force (in terms of
potential) from one object to another? This invisible 'something’, which develops a necessary mental picture
to visualize an interaction between two objects and related change in potential energy, is called field.

From the time of great scientists like Kepler (1571-1630), Newton (1642-1727), Boscovich (1711-1787),
Laplace (1749 -1827) and others, the idea hidden in the term 'field' was in discussion; however, a true
credit for giving its correct definition and contemporary meaning should be given to Faraday (1791-1867)
and Maxwell (1831-1879). Perhaps, from this time (~1884) onwards, the Oxford English Dictionary has
added the meaning of field as "the area or space under the influence of OR within the range of some
agent". Thus, we can explain the interaction between particles or objects in terms of force-field. Now,
rather than saying that a particle is applying force on another particle, we can equally say that a particle
creates field surrounding to itself, and when another particle (with some specific property) enters into the
field, both will experience force. So, interaction between two particles can be explained as particle-field-
particle interaction. For example, a charged particle experiences force in the field of another charge.

Thus, we speak of electric field-strength E as electric force per unit charge. That is, if F is the force

-

- F o
acting on a small test charge +4,, then E = q_ Sometimes we speak of E as the electric field. Also
0
common in Physics are scalar as well as vector fields. A simple example of a scalar field is temperature
at each point in a certain region.
(42
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In the language of communication we describe interaction between two objects as signal, and signals
reaching from one object to another give 'information’ (i.e. interaction) to the second one. In Newtonian-
or Galilean-mechanics, these signals are assumed to be travelling with infinite speed and describe
instantaneous interaction. Thus, in such classical mechanics these signals (which we now call field)
travel with infinite speed, and therefore they represent time-independent and (only) space dependent
interaction. On the contrary, as per Einstein's theory of relativity, speed of such signals or field can be
very large but always finite (at the most equal to the speed of light in vacuum, ¢ = 3x10® m/s). That is,
interaction between two objects (which spreads like field) will be a function of space as well as time
coordinate. Effect of interaction between two particles can be experienced only after the lapse of time
interval. This idea itself advocates that the field is not merely a term to provide mental imagination of an
interaction, but like other physical quantities it can be described either as function or functional of space
and time coordinates; i. e. 'field" is a real physical quantity. The field possesses momentum, energy, etc.
However, in contrast to functions describing particles (properties), functions (or functional) representing
field are continuous functions of space and time. This difference demands that we should first examine
field-equations before studying its concept and applications. Also in general, the mathematics of the field
concept should not be limited to only continuous mechanical system (e.g. particles), but should be
capable of describing fields which are propagating even in absence of mechanical system.

To elaborate this entire idea, we next discuss the case of electromagnetic field as an example.
2. (a) Classical Mechanics and ‘Field" concept

It is seen that and it can be proved also that the majority of the fields discussed in physics can be
represented by small oscillations produced in some continuous systems (media). For instance, acoustic
(or sound)-field in gas is due to longitudinal oscillations of gas atoms/molecules, or elastic waves
propagating through a solid substance are due to vibrating lattice-particles (ions). Similarly, electromagnetic
field can be explained also in terms of 'some' kind of harmonic oscillations. It is to be recalled that, in
classical electrodynamics, the fields are described in terms of 'potential energy' and 'potentials'. In the

simplest time-independent case, the electrostatic field E is the negative derivative of scalar potential ®.

— — - d/i) rd — — -
For simplicity, we write the field-strength £ and B as E = ——— = —A and B =V X A, respectively,

dt
with 4 as the vector potential. To understand this point, electric field produced by charged particle is
represented by using Fourier integral as a plane-wave. To achieve this end, time-independent electric field
is written as a superposition of such plane-waves. For example, consider a static electric field prevailing
in a chargeless (e.g. vacuum) cube of length L and volume V = L3. In the end, of course, we will take
volume of the cube as V' — « . As explained above, all physical properties defining field can be presented
as Fourier series over a volume of cube. (It is because of large but finite size of the cube.) Also, by
considering space and time coordinates independent of each other (not applicable to strictly relativistic
case), their effect can be written as a product of time-dependent and space-dependent functions. With

this idea, a vector potential A can be written using Fourier series expansion as follows.

1= - iz'% . - . .
A Z age™ " for all permissible values of . Or equivalently, we may also write,

a3\
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Here, k is a field propagation vector. Like the case of stationary waves on a string tied from both the

ends, k will take different discrete values depending on the dimension of the cube. Here, a_]; is a time-

, — daz
dependent parameter, which according to a relation d;~e™'! = iE = _atk , depends on time. Now
2 o dd; . 0a‘; ..
E can be written as, E = —Z —k ikt 4~k o—ikr L
£ ot ot
k>0

In this sense, depending on the difference (E T =y t), each term in Eq. (1) represents a wave travelling

—
Xy =

. . . _ v o 2 % k — _ . g .
in k direction. Defining X3 = a; + ar and therefore Tk Xz = —iwy (az - a_E), total energy stored

in static field inside the cube is (we take €y = ty = 1),

£ =B =3 [k (6 5) + (B x 55 - B x D)

T T (2)
Equation (2) is frequently written as,
(VN2 of V)
5=Z§ (m) |Xz| + Wi (m)”ﬂ swith c=wpk 3)

k>0

— V_)

V —_ v, — ~ e
Further, writing mXE as Qp and |32 Xy as P ; these new variables @7 and Py can be
s

regarded as canonically conjugate generalized coordinate and generalized momentum, respectively. In
this case Hamiltonian (= total energy) can be written as follows.

1
H = Zz(pg + wfQ?)
7

Applying Hamilton's equation of motion to Eq. (4), viz, — = Qz and 6: = —Py , we can write an
dPz *
k k

equation for canonical conjugate coordinate Q—E) as QE + w,%(TE = 0. This is precisely an equation for

a particle of unit mass performing simple harmonic motion (SHM) with angular frequency ,. This

similarity suggests that coordinates representing electromagnetic field and therefore the field itself and
associated all physical quantities (e.g. Hamiltonian Eq. (4)) can be understood by comparison with the
corresponding physical quantities of simple harmonic oscillator (SHO).

N
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2. (b) Quantum Mechanical Field
In the quantum mechanical approach, generally space-dependent part is written as a function,

while time-dependent parameters a; and a% are regarded as non-commutative adjoint abstract operators;

> ~ —_— - —_ —_— —_— — .
ie. dz = dy and a; - a%, and therefore Q@ = Q7 and P; — P;. In this regard, the quantum

commutation condition (basically, Heisenberg uncertainty principle between canonically conjugate quantities)
—_ —_ - > _ 7 . - —p >
between @ and Py is given by [Q}’(T):P}’(r )] = lh5(r -r ) Here, 5(7‘ —7) is the Dirac delta

function representing continuum singularity. In this language, d; and a% behave as annihilation (or

destruction) and creation operators, respectively. Also, the product a% ap = N\E acts as number operator.

The number operators are those whose eigenvalues are positive integers including zero. Thus, in the
language of quantum mechanical operators, the Hamiltonian operator and corresponding energy eigenvalue
(total energy) associated with static electromagnetic field (which is equivalent to SHO) are given (after
some algebra) by,

_ 1 1
H=Zhwk<NE+—) = €=hw<nk+§);nk=0,1,2,... .................. (5)

y- 2
k>0

We can realize that the second of above equation (5) is nothing but Planck's quantum hypothesis. This
in the present case reads as follows; "energy associated with each plane electromagnetic wave is equal
to integral multiple of fundamental quantum of energy, hf = hw - A quantum of electromagnetic field is
known as photon. (Similarly, we can think of quantization of elastic waves in lattice as phonon, etc.) A

1
term > hw is the very significant zero-point energy. When added for all possible (infinitely large) different

values of k, the sum of second term in Eq. (5) gives infinite energy. Nonetheless, this infinite amount of

1 -
energy is distributed equally = Ehw among infinitely large k — states. Thus, the above example, Eq. (5),
illustrates the concept of field-quantization; i.e. how field (= wave) goes over to particle. Since each k-
mode is quantized (particle character), n, can be interpreted as number of particles. From this point of
view, equation (5) is said to be representing Hamiltonian of a system made up of infinite SHO. Thus, the
quantized-field theory just discussed is equivalent to the Schrédinger equation of infinitely many non-
interacting particles, which is analogue to the normal modes of vibrating coupled oscillators in classical
mechanics. It is now natural that a system that comprises of infinitely large number of particles has
infinite degrees of freedom. In three dimensions monatomic gas has three degrees of freedom; diatomic
molecule has either six or five (rigid rotor) degrees of freedom or, so on. With this understanding, we
arrive at the quantum mechanical definition of the field.

"A system having infinite degrees of freedom is known as Field" - and it can be described by
space and time dependent amplitudes at all points in space.

In this regard, the amplitude P t) and its complex conjugate ¥*(7;t), now operator ¥ (#;1),

(a5)
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representing field play the role of generalized field-coordinate and generalized canonically conjugate field-
momentum, respectively. Thus, quantum condition on these canonical pair reads as,

[Q%(?)'p%(?’)] = [1/3(?;1:),1/7*(7; t)] =ih5(?—7)- This fact leads to significant conceptual

improvement. For example, a scalar field (also known as Schrédinger field) 1/3(7‘"; t) obeys time dependent
Schrédinger equation, viz;

P (¥ t) h? -
h————= = —— V2 (7 t) + VY (i t
ih—— =V D + V(0
Recalling that in the quantum mechanics of particle dynamics, physical quantities deduced from Eq. (6)

are quantized quantities. Since in the continuum-dynamics (field theory) field-coordinates V(@ t)
themselves are quantized through above mentioned delta relation; so to speak, the system is further
'quantized’ at higher level. In this sense, it is the second time that Eq. (6) is quantized. Thus, the field
quantization is also referred to as second quantization.

2. (c) Relativistic Quantum Field and Applications

The main motive of the relativistic quantum field theory (RQFT) is to describe the dynamics of the field
by writing either a Lagrangian or a Hamiltonian density in terms of field components of a system with an
infinite number of degrees of freedom, and then by employing the action principle of the quantum
mechanics. In genuine relativistic regime, kinetic energy of a system may become comparable or even
more than its rest-mass energy. According to the principle of mass-energy equivalence of relativity, this
fact gives rise to creation of new particles at these energies. Obviously then, conservation of particle
number cannot be expected in relativistic quantum mechanics. The RQFT fundamentally violets the
conservation of number of particle!!! Thus, it's not only the quanta of the electromagnetic field but also
other particles (including particles having non-zero rest mass) may be born and disappear as a result
of their interaction with other particles. This idea is the basis of modern RQFT and the theory of
elementary particles. Thus, the RQFT aims to describe the creation and destruction of particles. In this
sense, the RQFT can be visualized as an extension of the particle dynamics, and is helpful in describing
a situation where number of particles does not remain conserved before and after an interaction. Following
decay process illustrates non-conservation of particles.

(i) High energy photon, hv - e~ + et (Pair-production)
(i) n—>p+e” + v (B-decay process) Here, U represents anti-neutrino.

It is found that larger the energy involved in the interaction, larger the number of particles (= quantized
form of energy and matter), either created or destroyed.

A further boost to RQFT came from the Dirac's relativistic equation. Unlike the Schrédinger wave equation,
the Dirac wave equation satisfies both the Lorentz invariance (treating space and time coordinate on
equal footing) and the rules of quantum mechanics. The Dirac field equation can naturally incorporate
the spin-'2 value and magnetic moment of the electron (in general all spin-’z fermions), and can predict
the hydrogen spectra more accurately. This led to a foundation of associating the concept of ‘spin’ to
quantum mechanical field. Not only that, a major outcome of the Dirac field theory is the existence of anti-
particle (hole) which arises from the explanation of the negative-energy states through plane-wave
solution of the Dirac equation.

Based on the intrinsic spin, we can classify the field as scalar (spin, s = 0), spinor (s = %), vector
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(s =1) ortensor (s > 1). It is to be noted that the field always decays with space and time coordinates.
Nevertheless, its scalar, vector or tensor properties will be retained. Since space-time decay process of
field does not alter its spin property, it is said to be an intrinsic property like its charge. These intrinsic
properties and associated symmetry conservation and symmetry breaking rules determine internal structure
of the field and its quantization. This has opened up varities of new aspects in modern physics, challenging
and going beyond the present mental perception leading to philosophical regime.

To list a few, the other major successes and theoretical progress in this area are (i) interpretation of a
quantum field theory of photons and electrons - quantum electrodynamics QED, (ii) quantum
chromodynamics QCD, (iii) grand unified quantum field theory, etc.

As a final remark, due to historical reason relativity was always associated to mass of a system; in RQFT

we use natural system of units (nsu). In nsu, h = ¢ = 1 are dimensionless, and therefore all physical
quantities are expressed with dimension of mass.

3. Summary and Conclusions

In the present article, starting with elementary understanding of the field-concept, non-relativistic
classical description to relativistic quantum mechanical description of the field is presented. Taking an
example of electromagnetic field the underlying concept is elaborated. Firstly, it was shown that
electromagnetic field can be cast into the frame-work of SHO, and then by applying the rules of quantum
mechanics for SHO the quantization of field was explained in a straight forward way. It is realized that
the basic assumption of quantized field theory is the continuum postulate. Its use and necessity in
nuclear physics and high-energy particle physics is illustrated through RQFT. It was demonstrated that
the RQFT is also useful when number of particles is not conserved. For example, its application in the
Large Hadron Collider (LHC) process, is now well known. In a quest to know how particles are assigned
mass through the Higgs mechanism, in LHC a head-on collision of very high energy hadrons (e.qg.
protons) is performed. This results into a zoo of particles. A satisfactory theoretical explanation can be
given in terms of field-creation and field-annihilation operators. Thus, we can conclude that the field theory
represents a genuine many-body theory formulated in terms of continuous space-time coordinate and
other intrinsic parameters of the system. However, it is also to be noted that some of the aspects
pertaining particularly to relativistic gravitational-field (= wave), its quantization and symmetry etc are
beyond the scope of the present article.
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iR4Rall / BT¥ollell USRS AR AP 2419 8. d ¥ d BUR ¥RIY A3 HIusl Ugldd AGR dof ddflsel oA Ywel
sAPi 219 8.

(1)

(2)

Absorption Spectroscopy : 3 ueld/sc giRl [Qyd-Yoisla deiuzel ¥ [@dRel [QkReld Myel Ui &
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a ag AIgRI eRigdl wRAA "anti-Stokes Lines" ddl3 dlavidnii 2419 8. 1 cidd UsRell vidla I-d
veidoll arzifdisar e 8.

Al Adell BuAl2I RARERI Asiionii gell Ad Y1 8, IH 3 SIS 2RIl AARUMRIS cieni Udi §SRIl AUCAIRY
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Fluorescence Spectroscopy: 1 #ld wReRel BwR AIEYIRd 8, i veld/gcd Gu G AIgRi/ Gl
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X-Ray Spectroscopy: ¥R si¢f ueldi/sca BuR 2i-f5el (X-Rays) a iuid sapii 2419 8 AR, d sl
UAIRRAlell FAslol 2isild 52 & YAl dl d Ysd olal 8. Ia 19 si dl Al 2030 Q% GA%id 8 w1¥al di Glvig
el &1 8. Geavial 3 Muidl A5 el 21gRi/Glod 2 F d sgcaoll urHIRell AAs 2121 cizif@isdl 8l 8. (6ifZid
sall UHIR| A8 SIS [61B1d Glo¥l 2isndd &1y 8, ¥ s BUR 21-510 AHuId Adi d GlwiHi $sR] U 8. F SR
F-d g<Aall AARAMCIS citiofl 21121l diifBIsdl &la 8. 9 APy Busl 93 A1 dizif@isdl X-Ray gl 3 gdsgleel]
@1 ryanii 19 dl, doll GURREl F-d Wudqf cigrRERl 3 AARIRIS citidl UsR well Asiy 8. X-Ray Emission 3
X-Ray Absorption Spectroscopyeil Buaila| 41 I [Asilel Aal HRZRACA ARcAHI A1us dd AR 8. 4 3 Energy
Dispersive- X-Ray fluorescence Spectrometryoil si3fois dl2e24di BUAI URERTS Hol 3 Il ACARE HIZ
duy sidllais RARENG AeAIRIMI Y11 8. dux Scanning Electron Microscope-Energy Dispersive X-Ray
Spectrometrydll siRfcAs AlRAcAAI BUAI 4ol fCASLNG USR HRIAI AHY %ol GIERRIG AUEARI SAJAI HI2
sJAMI A1 8.

Spark / Arc Emission Spectroscopy: il {d €la ueiiizi €ig dedl /ueidiell &1%3 durRidl Hi2 aui 8.
FAi AN BucHiel G [Qyd eoll@l 2UIS UAR Sdi Audg] diudial 98 8. ol dlf doil 2RI 6AFd A 8,
va yE-€l aIdug eriadl [QAReI/UsIIg BRi¥ol 82 8. ¥ usIIg APIed Spectroscopic Methods 43
ygssel sAPi 2419 8. dofl uefl ANl i sAl dig ded /Ueldoll a1%dl 8 d el usi 8. 21 ¥ Ad vHeg
dedlall udlaiel A2 Axudd Asige d w148 /A1Bes AP AId 8. ARGIE BUAsd Ad 93 AHald dcd /uelddl a1
31 duia 83 sy 8. qIglas A4 [GRIFIA A1 (Controlled Discharge) a3 Asuaai gig 3 Helig ded/
veldig waiel yer el usi 8.

UV Spectroscopy: @1eidl eigie IRl UV-[@AdRAi el 53 8. sRel 3 UV-usiRidl §idlodll G
UAHIRRAlol gAsglolal GFa sul Hi2 Ydl &la 8. A AIYRI vieiw B &l di Photo-ionizationdll ufkai 201l
i) 8. BRAFd adi g1l 2191 UV-Renaidll &l 8. UV-Spectroscopyedll Guaiial Alssd Ad1uewdi aell Ad i
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8. ¥4 3 A1 Wélol vial DNA Aigdl «neial dux S gigepti Mdea-DNAG el «eidl Hi2 i 8. duy
81 Organic / Inorganic Compounddl 2Alav 32 el g1y 8. I3 3 UV-Spectro-Photometerdl $R(c3s Alo1Mi
Gulol YeI-YEl USRIl sloifas-usicllels 2uA1ydll /HIsseA, AARAURIS FR id PISlall AUCARBI A1 B.

Infrared Spectroscopy: 1 i ANd A3ud BU (6iRid d2IdaiES eriddl IR-[ABeN 2HId saAB 419
8. ANdl el AR AAIRAMRIS I8 IR A1 ddNg] FEI-YEI MAHIRMT AMNERI Y1 S. 41 MYRI geluzal HCAIR
GuRell Audg] uilaiel (Analysis) sanii 2419 8. 21 dd &Rl FE-F€ AIYRIA SUdll /Eldall s udMIRdlS Gielloll
ldoll #d] dell AAeAIRA sJABI A1 8. v s8a Organic Compoundi 2iyel defue Bu]l d¥ell ciglell usik el
2SI 8. Foll BUAE] F-d Aruddll 2l YRy 8. 11 Spectroscopyell Buailal UldhiRi, 22181, a1 e KaA
fdl [QRY yeieiol AHeARY HI2 AR .

Near-Infrared Spectroscopy: [@Qyd-Yeisla gefuzal IR-Region el Yei-[eiplai aguiddl 8. ¥ [@eiial
aily igsA Near Infrared, Mid Infrared ia Far Infrared 8. ¥ Usl Near Infrared (NIR) Region A did 321 ¢lig
dd ¥ 4dl [Qeivr 8, Fofl uRANBIs GuAIBIdI aell el 8. srel 3 sig Juaai dell B3 Yell waldfl 2ial Mid
Infrared s2di qaiR 8. d&fl NIR-Spectrometerdil 2is 230l (Scan) e3lal A2l uHIRRI Axudg] Analysis s3] s
8. ¥l Spectroscopyadll BUIdl all¥e] YUSSAKI sl IR, shilYRsd A3 edrdld]l clalidei el doll 93 dl
g, cliRizsdldl® A3, DdlifsAcl yassepii, MIZRIMASA YaUssABI, ol GigRRId A1eAR HI2, 22121
goslosui, viig ueldiofl usiiell sal Hi2, wiRes-2221gd U1 ueldial clalideyi, ¥gilel s19dl durRidl 2,
ARzl A3, dosiil A RAsAd YEI-YEI USRal 3ucAall 21 931 A2 s3] AsIA B.

Fourier Transform Infrared (FTIR) Spectroscopy: 21 dddi Fourier Transform Spectrometer ied 3
AfAd (Moving) i&R112A &RIgdl Michelson Interferometerdf] see a3 yRicig AkeNall Geapiiiel S1ef gea /Axud
6uR Infrared AR diuid sAP 2419 8. PozEA 2Rl cid uAIRA &I di deIs WRAAdddla 18 Beeiydl
ydsidad Buefl Fourier Transformation ol Buil sdla As driue A 8. ¥ geiue Buell Axudd] avi /sigRel
al dail il el sy 8. Hidd AWied UAR Adi IR-AReN g1 RR3I6 ghlddlfCiolofl Aigdrii FsiR &I
8, Fall &Il A1 ehdclfCioigf iRl el sl 8. A4y viik-ueidiofl usiRielii, sPiRYRscRudd clalidz el doll
Bculeohi, [A128] (Explosives)dl UsIR aiss] sal Hi2, Narcotics Drugsell UsR Ridl Hi2 e violofla 2HeR11Hi
2l Adall GuAPI YR 8.

Nuclear Magnetic Resonance (NMR) Spectroscopy: i1 3ddi SIgf sciall uAIRloll o3fstiauell clifCls
(Characteristics) 1a sdloey-2i3isla (Quantum Mechanical) il diifRisdl 423 adi eillds igelie (Physical
Resonance)dl 1611, dI2] Uiddl cligl Yeisla Adiell sl supii 219 8. gen dsifeis iMadl I 3 AiCus
eilldsuRsl 25les id ikslesya (Crystalline & Non-Crystalline) ugigiioll vieRii NMR @eallell Guilol & 8.
Alssd Ao Magnetic Resonance Imaging (MRI) viol & uulGd 8.

qeiuz@siiol A As Ad] Al & 3, Foll Qsiicioll UAS A23i %cAofl UK A1 HIZ AHY A¥oll @l[AS il
AARRIS RIEni] wRidl Hi2 Y1y 8. A3y Aasil Qstiol A3 yel dell Gulal gell dadl drdl 8. $RIAS ARIeAN
Hel eiRlall AAIAMIS Yessel Hi2 Spectrometers / Spectroscopic Techniquesadll Gulal &1 8.

aid] 2s0lldivall Bul21el Bedls Buseidl Bud ia se yel gell 8] 213d 8. duy yssAl Hi2 o¥ysile) Ui
yel, 32l Gusel Hi2 8 ] gg) Adg &d, ¥ & ppm (Parts Per Million) 2ial detigfl yel g & 213 8. AI¥all 143
"2l eidloll Yassl SIS As ¥ UsRell Spectrometer &Rl g A3 d pii gen Ml aid] @i 8.
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vollaa doflRuidiofl [EcyefRe-35AT2dlsIu

@A 4. ysani
ULl uzd dicteeee 2iis daids aieieeia
A13de, Uil

A, A2/, 011 Qenelld aid 241 Guini 2216 dstilas Hiled] Ul2dla 8.

IE-ialifEsIn] Hidd] isIRall Y3, Yok, A8, dRIlA AleielH ofluidl i 8. dryeRN AP yedlo
dididRel %23 USIRI HI2 AR AY UReRls 8. A4 Qyayeisla qeiuesi gausil dl As 2A14 ol [QeHP1 A2 8, ¥AR
g2 usiRl 3 [ABRel dl daideng (1) 284l 20gR1 (v)oll 2fd RAMa ¢14f@ (range )i $d1dd 8. A Y o
dgsiefl veidl @Ry "A" (AY4A"V') o g3y [ABReld GA%ol s2 8. d AR ANoI-gadl wHIRMI AR
gidisReii MNIga AHuen el uald 8. 1 il Q@AY IR 2ngld-13i ruanii 20l 8. dol uell yediedl
Auidlefl y€l-%€l GRIYA saul usRall [0 Fedl UHIRR MYERI U 8, dall vAId A1 8. UR 8 3 42 UsIRd
Higs ABAI-d2N yel didicReri gga adldl Auidl Jel el 3 8, ¥ UsARMGSIU skl Aldl Asiy B.
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AI§A-1 adlofl Aui] & veludl [QARY daRadcgai [seil

s 2Aslu A vidlolly A18al 8. dRI, AISIIRII, SAAR, YURelldl dl e vidlldly ueildl ¥ (AR
QM52 10 BcAFol 52 & 2ia ¥ el Aivil AY Asd] oell, dai A -c2Nell yer AN i 8. AUBAT 2(ASIUHI
cli@igsiig]l AHiadi AsA-aoNa yedl u Aldl s ddl el sapii 219 8. A1 a2Nell dRAAAIS AR
1 Rdhfle: &l 100 dille: Fed] 302 gl 8. s 2(AsIU A 1A grell AHasiAA [S) &R BRIFd adi [QAfsel6
Alclla deil GeciaAld [@A¥all HIRA 2l A RAdldg] R yel cleiid]l 2110 8.

52 2SI Huacd el eiRNg clalg gl 8. (1) A Aeeatl (FRMlaR) (2) W& (3) UBA urAUds.

ABA vidNIRdcll ¥ois SId o8] &dl. dil [QHQuld 2dlsial Sudl dd Aolizedni, s AEARA
qgiRii ¥ vidd 1dd] &dl, dell U2 SP1 Sl &dl. ¥oSlg] P de] SIRRI USS] uisdig] &d. 19304i sid ¥10S1A

/53) ‘
a3 a9l Vol. VIl @}




luer quid 2qHasizpid] 2iad 25 ABA ussAl &dl. AA UsA ol Aldl 213 dg 100 g2 dicf 24a 12 g2 uely]
@d1691 30 ez Aceoll Glalicd]. 2ol AN &I AllCid s 3 1 vidd cli@iasiBii g1 dHiadi N &R A1~ B.
&d vidllaiRsflAl aasizpieg] gen el Risiig diddr A ABdlal uss)l wzlisq 2iMea s 8.

delisii sA-ddNell Bv%ololl Yoy UMbl 2N 62 2 i1 Adidel ¥dicl MNddl #i2 &g eil[dsQsiiol 24D,
galisii Al uPR Ak AURAY YRIU] dcd B sIFQYal. BIF¥al UAMIR WMelal (alIfd) ia FAsatall RUolall
deohi A sdloed AURYUIRAI AsA 8. (@) Glodall RUa A HidR (anti-parallel) &, &l (b) clodall RUdl AHidR
(parallel) &l 211 A AdRYIA 9 ey WHIRMI B dsidd &1d 8. dedl ¥R Gud]l wHaARi olud] BHuBHI
AsHel (transition) &I AR wiisdll sl E=h v Yxol "V' AIgRiof 521 A1 BRivda 8, Fal igj3u dRdIceIe
"\ d@areR1 21 AR, Fedl gy 8. vislaRiRsHi 11 35 vl 21 cm line of hydrogen d?l3 URlg 8, id d Hiledlal
vivgloll Y2l uid 8.

g€ly€l 2nali asila Qs Rl Gisidl Qdeisld dd0 yedl dg Bd?l 211 8, ug dxigl 42 usI2l idl
s ANl didiareia Agla yed] YeN el (e v gd 8. delisdl gl Aasizfia veidia AHlavial 32
Ay 2dllsIu 33l 8. AUsA 2ddlsiu A usifY 2dlsIu sdi 204s Ad ag A7 A A3 B.

el ANA RRY Enel Adasifla [isiel AeA1RA sAl defl 241 3541 2dl2s1ud] Heisi SII R¥UR sdld
duigl 2hgar A1 Awiddla Alddrii 219 8. 241 Hiwa Aried Ad (A He sldidl da AsBia s3 Sl 9 wIdd
glsd Ulgoz U2 Bfogd sApi 2419 8. ssi i 211 WwiAlal AMaR Yell ag wanii 219 8. i AR dal A1 2434
Y 82 B. I Alg $1Y2R yuUss\d AR ¥ d Aasikll Qs 211601 Riat daarR 53 2410 B. 211 Ml s¢, cieRel,
iR, YR, 243U, BRAYd U B B ia doll MR Y3ell AlssA HIR uda JAsAleis Guswe daurR si
AN 8.

9eR e a ALyl AIedl Aagal w2 sdrR (array)ell 2sdllsell Gullal sAUBi I V. SR AURYBI
geli oigi 35 2dlsIu AsaRkdi 81y 8, d &Rl ABAAGA] A 2dlRSIU clalid] AsIA . As 2¥YAdfl SdiRa el
Q=i oflosi A1 8] ASIA B, Aal il [A21d1 Aad] ASIA 8. As sdi 94 AsA 2dlS1u 241 Ad druRdidl ygldal
5N -goeZANRE v 8. 1 ugldal [QsAtgal #i2 Fodosel 33 YMeiaRiZa eilldsu 1o Ada 19744
aldd Mg AqANAMi A1 &g. ABA 2R8IV IRI cli@igsiRiell Ddlall vl sal Hi2 [QsiellAl ¥@ud Bsid] @1 8.

s -cd1 A dioll daRaiced, dr Al AgRI SA 8. dofl A8 8 3 AUBA d2Noall §1lotell Gl vier ed]
gl 8. aefl sARlRsIudl sl (asdl) sy dedl gaR carRidl idl AgA. 2iRfell A w422 8] viid 211dg A2
Alell @210 s 2ell28u 8. ol Slaiell <R 1000 g2 Fedl 8. 2ARsIol oy AEAS] A%pi 25 ez ARt gruad]
27 SN g1y s Ysanii A1) &dl. 11 cigi ABA 2cll2slud 2Nsddl Vi UsRell cidel sAB A1 B dl A
Agd clollgapii 1A 8. A AsAIY ials LA 2cllSIu siRid sl A cigi R AldiFdai AwiAg Asofls2er sd
d well asiNy [islg R dar sq A A4 0 aid 2@,

52 22y A cli@iasiiell Hdlell vl s2al A2 BuRid YeI-Yel diy (A1) Madl Hi2 qA4SIRAall AAd]
@QdRidl iRl Aad]l 4110 8, ¥ sIiR¥s gnel eRd &1y . 1 ISIA vFNRIRA A RiMNddlell As AxiAs AN B,
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Lengthening Pendulum: Theory and Experiment

Dr. Chirag A. Jhala

The Galaxy Education System
(An IBO affiliated school)
Rajkot

Is a simple-pendulum, introduced to students at std.11, simple enough in nature? Let us examine.

When displaced from its equilibrium position, the restoring force —mg sin 6 acting on the pendulum
bob of mass m will bring it back to the center. Here ¢ is the angle made by the pendulum string with
vertical axis. With L as the (fixed) length of the pendulum, one obtains the well-known second order
differential equation for simple harmonic motion in terms of 8 = 4(t). The simple pendulum becomes a
complicated affair if one considers a lengthening pendulum. We assume that the length of the oscillating
pendulum is increased very slowly, and analyze the problem theoretically as well experimentally.

A simple yet versatile lengthening pendulum can turn a boring high- school physics lab into an
active space. Let us first highlight the theory, by supposing that the string length of initial value L, is
increased slowly according to L(t) = L, + v.t, with v as its speed. Now, since the y coordinate is changing,
the angle 6 is depends on L together with time § = 9(L;t). The resulting differential equation is not purely
a second order differential equation of SHM. Rather it becomes the Bessel differential equation in terms
of variable 'L'. From the solution it can be deduced that the periodic time of this system is given by,

T(t) = 2nV(L(t)/4)

To verify this, we used a high-school level setup. This experiment introduces to students the
concepts and kinematics of a system evolving with time. While the analysis of experimental data, for
different rates of descent of the pendulum bob, explains phenomena such as phase-space and beats,
theoretical analysis of the system introduces students to second order differential equations and their
solutions. A small discrepancy between the theoretical and experimental values of T(t) can be ascribed
to various factors such as friction and air drag.

This is a brief report. For details please see,

[11 M. McMillian, D. Blasing and H. Whitney, Am. J. Phys. 81 682 (2013)
[2] Lego Mindstorm website
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. At the cross roads of space and time....

Passenger steamer SS Warrimoo was quietly sailing through the waters of the mid-Pacific
onits way from Vancouver to Australia. The navigator had just finished working out a star fix
and brought the master, Captain John Phillips, the result. The Warrimoo’s position was
latitude O degrees x 31 minutes north and longitude 179 degrees x 30 minutes west.

The date was 30 December 1899. “Know what this means?” First Mate Payton broke in, “we’re only a few miles from the
intersection of the Equator and the International Date Line ....!” Captain Phillips was prankish enough to take full
advantage of the rare opportunity for achieving the navigational freak of a lifetime. He called his navigators to the bridge to
check and double check the ships position. He changed course slightly so as to bear directly on his mark. Then he
adjusted the engine speed. The calm weather and clear night worked in his favour, as the precious moments passed by.
At midnight the ship Warrimoo lay on the Equator at exactly the point where it crossed the International Date Line .... !

The consequences of this bizarre position were immense. The forward part of the ship was in the Southern Hemisphere
and the middle of summer. The stern was in the Northern Hemisphere and in the middle of winter. The date in the aft part
of the ship was 31December 1899. Forward it was January 1st 1900.

This ship was therefore not only in two different days, two different months, two different seasons and two different years
but in two different centuries - all at the same time.

. Did you look back ....?!

Normally one would not like to look back; One must be forward looking for ever. Here is a very interesting story of how
'looking back' resulted into one of the most profound discoveries of Physics and Science.

This is the story of E. Rutherford who was investigating on distribution of electric charges in an atom - Thomson's atom
at that time. He and his colleagues Geiger and Marsden performed the famous experiments on scattering of a. - particles
from thin gold foil. As the preliminary results were brought to him by the two colleagues, Rutherford thought for a while
and said in a flash, "well, did you also look back...? Pl try to see the a - particles, if any, reflected back from the metal
surface." They tried to observe the back scattering ... and the rest is the history of the discovery of the atomic nucleus
in 1911. Rutherford was surprised to see the small but significant back scattering, and he remarked, " This is almost as
incredible as if you fired a 15-inch shell at a tissue paper and it came back and hit you....!?".

o Einstein on taxes....!
"The hardest thing in the world to understand is the income tax.'
- Albert Einstein

However, let us not miss any chance to save income tax. ....! By donating to 'lAPT PRAGAAMI TARANG GUJARATI
PUBLICATION CORPUS FUND' you can get the benefit of 80G. The Corpus Fund Account has been established at the
IAPT Kanpur registered office, and contributions have been coming for the past one year or so.
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